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HUMAN ENZYME MOLECULES

TECHNICAL FIELD
This invention relates ta nucleic acid and amino acid seqnences of human enzyme molecules
and 1o the wse of these sequences in the diagnosis, treatment, and prevention of
autcimmunefinftammation disorders, genetic disorders, nevrelogical disorders, and cell proliferative
disorders ncluding cancer, and in the assessment of the effects of exogenous compounds on the

cxpression of nucleic acid and amino acid sequences of human enzyme molecules.

BACKGROUND OF THE INVENTION

The cellular processes of bivgenesis and bindegradation involve a number of key enzyme
classes inclnding oxidoreductases, tanstferases, hydrolases, Iyases, isomerases, Jigases, und cofactor
biosynthetic enzymes. ‘These enzyme classes are ench comprised. of numerous substrate-specific
enzymes haviog precise arl well repulated Rmctions. These enzymes function by facilitating
metibolic processes such as glycolysis, the iricarboxylic cycle, and fatty acid metabolism; synthesis
or degradativn of aming acids, steraids, prosphelipids, aleohols, cte.; regulation of cell signalling,
proliferalion, inflamation, apoptosis, efc., and through catalyzing critical steps in DNA. replication

und repair, and the process of translation.

Oxidoreductases

Many pathways of biogencsis and biodegradation require exidoreductase (dehydrogenase or
reductase) activily, coupled to the reduction or oxidation of a donor or aceeptor cofactor. Potential
cofactos inelude cytochromes, oxygen, disalfide, iron-salfer proteing, flavin adenine dinucleotide
(FATY), and the nicotinamide adenine dintclestides NAD and NADP (Newsholme, E.A. and Leech,
AR, (1983} Biochemistry for the Medical Sciences, John Wiley and Sons, Chichester, UK. pp. 779-
793). Reductasc activity catalyzes the transfer of electrans between subsirate(s) and cofactor{s) with
concurrent oxidation of the cofactor. The reverse deydrogenase reaction catalyzes the reduction of 4
cofactor and conscguent oxidation of the substrate. Oxidoreductase enzymes are @ broud superfamily
of proteins that catalyze mmerous reactions in all cells of organisns runging from bacteria to plants
to humans. These reactions include metaholisn of sugar, ceftain detoxification reuctions in the Lver,
and the syntiesis or degradation of faty acids, amino acids, glococorticoids, cstrogens, androgens,
and prostaglandins. Different family members are named nccording to the direction in which their
redctions arc typically catalyzed; thus they may be referrcd to as oxidoreduciases, oxidases,
reductases, of Jeliydrogenases. In addition, family members often have dislinet cellular localizations,

including the cytosol, the plasma membrane, mitachondrial inner or cuter membrane, and
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peroxisomes.

Short-chain alsohol dehydrogenascs (SCADs) are a family of dehydrogenases that only share
15% to 30% sequence identity, with similarity predominantly in the cocuzyme binding domain and
the substrate bindiog domaln, Tz addition to the well-Enows rols in detoxification of etbangl, SCADSs
are also mvolved in synthesis and degradation of faity acids, steroids, and some prostaglandins, and
are therefore implicated in a variety of disorders such as lipid storage discasc, myopaihy, SCAD
deficiency, and certain genetic disorders. For example, retinol dehydrogenase is a SCAD-farly
mocmaber (Simon, A. et al. (1995) I. Biol. Chemn. 270:1107-1112) that converts retinol to tetinal. the
precnrsor of retinoic acid. Retinoic acid, 4 regulator of differentiation and apoptosis, has besn shown
to down-regulate genes involved in cell prodiferation and inflammution (Chai, X. et al. (1995} I. Biol.
Chem. 27(:3%00-3904). (n addition, retinel dehydrogenase bas beer linked (o hereditary eye diseases
such as autosomal recesyive childhood-onser severe retinzl dystropby (Simon, A. et al. ([996)
Genomics 36:424-430},

Propagation of nerve impulses, modulation of cell proliferation und differentiation, induction
of the immune response, and tissue bomeostasis invelve neurotransmitter metahioliso (Welss, B.
{1991) Mewrctoxicology 12:379-386; Collins, 5.M. ot al. [1992) Ann. Y. Acad. Sci. 664:415-424;
Browm, K. and Trnam, H. {1921) L. Ioherit. Metab. Dis. 14:436-458), Many pathways of
newrotransmitter metabolism require oxidoreductase activity, coupled to reduction or oxidation of a
cofactar, such as NADYNADIT (Newsholme, 1A, and Leech, A R. (1943) Biochemistry for the
Medicat Seicnces, John Wiley and Sons, Chichester, UK. pp. 775-793). Degradation of
catechelamines (epinephrine or norepinephrine) requires zlcohol dekydrogenase (in the bram) or
aldehyde dehydrogenase (in peripheral tissue). NAD*-dependent aldchyde dehydrapenase axidizes
5-hydroxyiodole-3-gcctate (the produet of S-hydroxytryptamine (serotonin) metabolism) in the brain,
blood platelets, liver and pulmonary endothelium (Newsholme, E.A. and Leech, AR, (xupra) p. 786).
Other neurotransmitter degradation pathways that utilize NAD /NADH-dependent oxidoreductase
achivily melnde those of L-DOPA {precnrsor of dopaminc, a nenronal excifatory compound}, glycine
(a0 inbibitory nevrolransrnilier in the brain und spinal cord), histarnine (liberated from must cells
during the inflammatory response), and taurine {an inhibirory nevrotransmitter of the brain stem,
spamal cord and reting) (Newsholme, E.A. and Leech, AR. supra, pp. 790, 792). Hpigenetic or
genetic defects in newrotransmitier metabolic pathways can result in a spectrum of disease stutes in
difterent tissnes including Paridinsen disease and inherited mygclonus (McCance, K.L. and Huether,
5.E. {1994} Pathophysiolegy, Mosby-Year Book, Inc., Si. Lovis, MO pp. 402-404; Gundlach, AL.
{19%0) FASER J. 4:2761-2746).

Terrahydrofolate 15 a derivatized glutamate melectle thar nots as a carrier, providing

activated one-carbon units to a wide variety of biosynthetic reactions, including syntbesis of purines,
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pyomidines, and the amino sl methionine. Tetrabydrofolate is zenerated by the activity of 2
holoenzyme complex called tetrahydrofolate synthase, which includes three engysne activities:
tetrahydrofolate dehydrogenase, tetrahydrofolate cyclobydrolase, and tetrahydrofolate synthetase,
‘Thus, wetrahydrofolate dohydrogenase plays an important role in generating building blocks for
nucleic and amino acids, crucial to proliferating cells.

3-Hydrozyacyl-CeA dehydrogenase (JHACID) is involved in latty scid metabolism, Tt
catalyzes the reduction of 3-hydroxyacyl-CoA to 3-oxoacyl-CoA, with concomitanl exidation of
NAD to NADH., in thie initochondria and peroxisomes of enkaryotic cells. Tn peroxisomes, 3HACD
and enoyl-Ced hydratase form an enzyme comples called bifunctional enzyme, defects in which are
associated with peroxisemal bifinctienal enzyme deficiency. This interruption in fatty acid
metabolism produces accumulation: of very-long chan fatty acids, disrapting development of the
brain, booe, and advenal glands. Infanrs bom with this deficiency typically die within 6 months
(Watkins, P. et al. {2989} I. Clin. lavest, 83:771-777; Online Mendelian Inheritance in Man (OMIMV),
#261515). The neurodegeneration that is characteristic of Alzheimer’s diseage involves development
of extracellular plagoes in certain brain regions. A major protein companent of these plaques is the
peptide amyloid-{ (AP}, whicl: is one of several cleavage products of amyleid precursor protein
(APP). 3HACD has been shown i bind the AP peptide, and is overexpressed in neurons affected in
Alzheimer's disease. In addition, an antibody against 3HACD can block the wxic effects of AP ins
cell culture madel of Alzheimer's discase {Yan, 5. ot al. (1997) Nature 389:682-695; CMIM,
#602057).

Stercids, such as cstrogen, testosterone, corticosterone, and others, are generated from a
commen precarsor, cholesterot, and are inkerconverted into one another. A wide variety of enzymes
act upon cholesterol, including & rumber of delydrogenases. Steroid dehydrogenases, such as the
hydroxysteroid dehydrogenases, are invelved in hypertension, fertility, and cancer (Dmax, W.L. and
Ghash, 1. {1997} Steroids 62:95-100). One such dehydrogenase is 3-oxo-5-g-steroid debydrogenase
(0ASD), a microsomal membrane protein ighly expressed ju prostate and other androgen-
responstve. tissues. OASTY catalyzes the conversion of testosterone into dihydrotestosterone, which is
the most potent androgen. Dihydrotestosterone is sssential for the formation of the male phenotype
during embryogenesis, as weil as for proper androgen-nediated growth af tssucs such #s the prostate

and male genitalia. A defect in ©ASD that prevents the conversion of testosterone intg

dihydrotestosterane leads to a rare form of mals p
formation of the exlernal penitalia {Andeezson, 8., etal. (1991} Nature 354:159-161; Labrie, F., et al.
{1992} Endocrinology 131:1571-1573; OMIM #264600). Thus, OASD plays a central role in sexual

maphroditis, ized by defoctive

differentiation and androgen physiclogy. -
17B-hydroxysteroid dehydrogenase (17FHSDE) plays an important role in the regolation of
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ihe mate reproductive bormone, dihydrotestosterone (1DFITT). 17 BHSTS acts to reduce levels of
DHTT by oxidizing a precarsor of DIVTT, 3a-diol, to androsterons which is readily ghicarenidated
and removed from: fissucs. 17BHSDE is active with bath androgen and estrogen substrates when
expressed in embryonic kidney 293 cells. At least five other isozymes of 17 BHST? have been
identified that catalyzs oxidation andfer reduction reactions in various tissues with prefercnces for
Jifferent steroid substratas {Biswas, M.G. and Russell, .W. (1997) 1. Biol. Chem. 272:15650-
15966}, For example, 17BHSD1 pretersntially redoces estraiol and s abundant in the ovary and
placenta. 17PASZ catalyzes oxidation of andogens and is present in the endometrivm and
placentz. 17PHSDR is exclusively a reductive enzyme in the testis (Geissler, W.M. <t a1, {15994)
Natura Genet. 7:34-391. An excess of androgens such as DHTT can conlrbute to certain disease
states such as benign prostatic byperplasia 2nd prostate cancer.

Oxidoreductases are components of the fatty acid metabolism pathways in mitochondria and
peroxisories. The main bera-oxidation pathway degrades both saturated and unsatarated fatry acids,
while the auxjliary pathway perferms additional steps required fof the degradation of unsaturated
Tatiy acids. The auxiliary hata-oxidation enzyme 2 4-disnayl-CoA reductaze catatyzes the romeval of
sven-numbered double bonds from unsatrated fatty acids prior to theic entry inte the main bata-
oxidation pathway. The enzyme may also remove add-numbcered donble bonds from unsatrated
fatty acids {Koivoranta, K.T. ct al. (1994) Biochem. 1. 304:787-792; Smeland, TE. ¢t al. (1992) Proc.
Nail. Acad, Sei. USA 89:6673-6677). 24-dienoyl-CoA reductase is Jocated in bath mitochondria and
peroxisornes. [nherited deficienciex in mitachondrial and peroxisomal bela-oxidation enzymes are
associated with severe diseases, some of which manifest themselves snon after bitth and lead to death
within a few years. Defeets i beta-oxidation are agsociated with Reye’s syndrome, Zellweger
gyndrome, neanatal adrenolenkadystrophy, infantile Refown's disease, acyi-CoA oxidase deficiency,
anl bifunciions protein deficiency (Suzuki, Y. et ul. {1994) Am. 1. Hum. Genet. 54:36-43; Hoefler,
supra; Cotran, R.S. et al. (1994) Robbins Pathologic Basis of Disease, W.B. Saunders Co.,

Philadelphia, DA, p.866). Peroxisoma beta-oxidation 18 impaired in cancerans tissuc. Althongh
neoplastic human breast epithelial cells have the sume mrmber of peroxisomes as do normal cells,
fary acyl-CoA oxidase activity is lower than in control tissuc (el Bovhtoury, F., et al, (1992) 1.
Patiol. 166:27-35). Human colon carcinomas have fower peraxisomes than nermal colon tissue and
bave lower fatty-acyl-CoA oxidase ard bifenctional enzyme (including enoyl-C'oA hydraiasc)
activities thon normal tissue £Cable, 5., et al. (1992} Virchows Arch. B Cell Fathol, Inci. Mol. Pathol.
62:221-226). Anuther important oxidoreductese is isecitrate dehydrogenase, which catalyzes the
conversion of isocitrate 1o a-ketoglutarate, a substrate of the citric acid cycle. Isocitrate
dehydregenase can be either NAD or NADP dependeant, and is found in the cytasol, mitochondria,

and peroxisomes. Activity of isocimrate dehydrogenase s regutated developmentally, and by

JP 2004-504008 A 2004.2.12
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horsmones, neurotsansimiters, and growth factors.

Hydroxypyruvate reductase (HFR), a peroxisomal 2-bydroxyacid dehydrogenase in the
glycalute pathway, catalyzes the conversion of hydroxypyruvate to glycerate with the oxidation of
both MADH and NADPH. The reverse dehydrogenase reaction reduces NAD® and NADP*. HPR
recycles nuclenticks und hases hack intu pathways Jeading to the synthests of ATP and GTP. ATP
and GTP are used 1o produce DNA and RNA and 10 control varipus aspeets of stgnal transduction and
encrgy metabolism. Inhibitors of purine nuclectile biosynthesis have long been employed as
antiproliferative agents to treat cancer and viral diseasss. HPR also regalates hiochsmical synthests
of serine and cellular serine levels available for protein synthesis.

The nutochondrizal slectron transport (or respiratory} chain is a seties of oxidoreductase-type
enzyme complexes in the mitochoodrial membraoe that is responsible for the trunspori of clectrons
from NADH through = scries of redox cenlers within these complexes to oxygen, and the coupling of
this oxidation Lo the synthesis of ATP (oxidative phospborylation). ATP then provides the primary
source of energy for driving a cell’s many energy-requiring rsactions. The key complexes in the
tespicatory chain are NADH: ubiguinone oxidoreductass (complex [), suceinaterubiguinotie
oxidoreduectase (complex 1), cytochrome ¢,-b oxidereductase (complex 11T}, eytochrome ¢ oxidase
{complex 1Y), and ATP synthase (complex V) (Alberts, B. eral. {1994) Molecular Bioiogy of the
Cel}, Garland Publishing, inc., New York, NV, p. 677-678}. All of these complixes are Jocated on
the tamer malrix side of the mitcchondrial membrane except complex [T, which is on the cytosolic
side. Complex I transports clectrons generated in the citric acid cycle to the respicatery chain. The
electrons generated by oxidation of succinate o firmarate in the citrie acid cycle arc transforred
through electron carriers in complex IT to membrane bound wbiquinone (). Transcriptional
regulation of these nuclear-encoded genes appears to be the predominant means for controlling the
blogenesis of respitatory shzymes. Defects and altered expression of enxymes in the respiratory
chain arc associated with 2 vanety of discase conditions.

Other dehydrogenase activities using NAD as a cofactor are alse impartant in mitochondrial
functien. 3-hydroxyiscbutyrate dehydrogenase (SHBD), linportant in valine catabolisin, catalyzes the
NAD-dependent oxidation of 3-hydroxyisobutyrate 1o methylmalenate sernjaldehyde within
mitochondria. ) Elevated levels of 3-hydroxyisobulyrate have been repertad in a number of diseuse
states, including ketoucidosis, methylmalonic acidemia, und other disorders assaciated with
deficiencies in methy!malonate semialdchyde dehydrogenase {Roograff, P.M. et al. (1985) 1. Biol.
Chers. 264:5899-5903).

Another mitochondrial dehydrogenase important In amine acid metabolism is the enzyme
isovaleryl-CoA-dehydrogenase (IVD). IVD is involved in levcine metabolism and catalyzes the
oxidation of isovaleryl-CoA to 3-methylecotonyl-CoA. Human IVD is e tetrameric flavaprotein that

w
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is encoded in the nncleus and syathesized in (he eytosol as 2 43 KDa prectuser with a mitochondrial
import signal sequence. A genetic deficiency, cavsedd by a mutation in the gene encoding IVD,
1esults in the condition known as jsovaleric acidemia.  This muatation results in inefficient
mitochondrial import and provessing of the TVD precursor {(Vookley, I. et al. (1992) 1. Biol. Chemn.
267:2494-25013.

Transferases

Transtorases are enzymes that catalyze the transfer of moleeular grou;';s. The teaction may
involve an oxidation, reduction, or cleavage of covalent bonds, and is often specific to a substrate or
to particular sites on a type of substrate. Transfernses participate in reactions essential to such
functions as syntbesis and degradation of cell compenents, regulation of cell functions including ccll
signafing, veli proliferation, imflamation, apoptosis, secretion: and excrstion. Tromsferases are
involved in key steps tn disease processes involving these functions. Transferases are frequently
classified according to the type of group transferred. Yor example, methy! fransferases iransfer one-
carbon uethy! groups, aming transferases wansfer aftrogenous amino aroups, and similarly
denominated enzymes transfer aldchyde or ketane, acyl, glycosyl, alkyl or aryl, isoprenyl. saccharyl,
phosphorgus-conizining, sulfur-containing, or selenium-containing groups, as well as siall
enzymalic groups such as Coenvyme A.

Acyl transferases nclude pecoxisomal carmitize octanoy] transferase, which is fuvolved in the
fotty acid beta-oxidation pathway, and mitochondrial carnitine palnitoy] transferases, invoived in
Tatty acid metabolism and transpert. Choline O-acetyl transfzrase catalyzes the biosynthesis of the
neuroiransmitier acetyleheline.

Amino transfetases play key roles in prolein synthesss and degradation, and they contribute to
ather processes as well. For example. the amino transferase S-amincicvulinic acid synthase vatalyzes
the addition of succinyl-CoA to glycine, the first step in heme biosynthesis. Other amine transferases
participate in pathways important for neurelogical function and metabolisn:. For exaraple,
glutamne-phenylpyruvate amino ransferase, also known as glotaming transaminase K (GTK),
catalyzes several reactions with g pyridoxal phosphate cofactor. GTK catalyees 1he seversible
conversion of L-glutamine and phenyipyrivate to 2-oxoglutaramate and L-phenylatanine. Other
aming #cid substrates for GTK inclede L-methicnine, L-histidine, and L-tyrosine, GTK also
watalyzcs the conversion of kynurenine o kynurenic actd, 4 tryptophan metabolite that is an
antagonist of the MN-methyl-D-aspartate (NMIA} receptor in the brain and may excrt &
nearomadulatory fonction. Alteration of the kymenine metabelic pathway may be associated with
several vencologicsl diserders. GTE also plays arole i the metabolism of halogenated xenobiotivs

conjugeted o glotathione, lerding to nophrotoxicity in rats and neurotoxicity in humans. GTK is

JP 2004-504008 A 2004.2.12
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expressed in kidney, liver, and brain, Both human and ral GTKs cemain a putative pyridoxal
phosphate binding site (BxPASy BNZYME: BC 2.6.1.64; Perry, 5.1 et al. (1993) Mol. Pharmacal.
43:660-665; Perry, S. etal. (1995) FEBS Lett, 360:277-280; and Alberati-Giani, D. et al. (1995) 1.
MNeurochern. 64:1448-1455), A second amine transferasc associated with this patbway is
kynurenine/g-aminoadipate amino transferase (AadAT). AadAT catalyzes the reversible convarsion
ol e-aminnadipate and ¢-ketoglutarate to o-keloadipate and L-glutamate during lysine meetabolism,

AudAT also catalyzes the transamination of kynvrenioe te kymirenic acid. A cytosolic AadAT is

expressed in rat kidney, fiver, and braio (Nakatani, Y. et al. (1870) Biochim. Biophys. Acta 198:219-
228, Buchli, R. et al. (1995} 1. Biol. Chem. 270:29330-25335).

Glycosy] transferases include the mammaliap UDP-glucouronosyl transferases, a famsly of
membrane-bound microsomal enzymes catalyzing the transfer of glucourenic acid 1o Jipophilic
substrates in reactions that play impottant roles in detoxification and excreton of drugs, carcinogens,
and other fareign substances. Another mammalian glycesyl transferase, mammalian UDP-galactosc-
ceramide galactosyl transferase, catalyzes the transfer of galactose to ceramide in the synthesis of
gelactocersbrosides in my¢hin nembranes of the nervons system. The UDP-glycosy) angterages
share a conserved signature domain of about 50 amine acid residuce (PROSITE: PDOCOO359,
hitpi/fexpasy houge.ch/sprai/prosite. html).

Methyl transferases are invelved in a variety of pbarmacalogically important processes.
Nicotinamide N-methy] transferase catalyzes the N-methylation of nicotinamides and other pyrdines,

an impoertant step in the cellular handling of dmgs and other Foreign compourcts.

Phenylethanolamine N-methy! transferase catalyzes the conversion of noradrenalin te adrenalin, 6
O-methylguanine-DINA methyl transterase reverses DNA methylarion, an important step in
carcinogenesis. Uroperphyrin-T1 C-methyl transferise, which catalyzes the transier of tweo methyl
groups from S-adeposyl-L-methionine o uroporphytinogen (11, is the first specific enzyme in the
hingynthesis of cobalemin, 4 dietary enzyme whose uptake s deficient in pemicious anemia. Profein-
arginine methyl (ransferases catalyze the posttranslutional methylation of arginine residies in
proteing, resulting in the mono- and dimetiylation of arginioe on the gnanidino group. Substrates
include histones, myelin basic protein, und heterogeneous nuclear phonugleoproteins volved in
mRNA processing, splicing, and transport. Protein-arginine methyl transterase interacts with
proteing vpregulated by mitopens, with proteins involved in chronic lyrphocytic leukemia, and with
interferon, suggesting an important role for methylation in eytoking receptor signaling (Lin, W -1, et
al. {1996) I Biol. Chem. 271:15034-15044; Abramaovich, C. ct al. {1997} EMBO I. 16:?;60—266: and
Soott, LS. ot al. (1998) Genomics 48:330-340).

Phospho bansferases catalyze the tcanster of high-energy phiosphate groups and are important

n energy-Tequiring and -releasing reactions. The metabolic enzyme ercatine kinase catalyzes the
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reversible phosphate transfer between creatine/creatine phosphate and ATP/ADP. Glycouyamine
knase catalyzes phosphaie transfer from ATP Lo guanidoacetale, and arginine kinase catalyzes
phosphate transTer from ATP (o arginine. A cysteine-containing active site is conserved in this
family (PROSITE: FDOCH103).

Prenyl transferases are haterodimess, consisting of an #lpha and a beta subunit, that catalyze
the trunsfer uf an tsoprenyl group. An example of a prenyt ransferse is the manvoalian protein
farnesyl transferase. The alpha subunit of famesyl hansferase consists of 5 repeats of 34 amino acids
each, wilh each repeat containing an invariant tryptuphan (PROSITE: PDOCO0703).

Suacchary] Irnsferases are glycating enzymes involved in a vadety of menabolic processes.
(Higosaceiryl transferase-48, for example, is a recepior for advanced glyeation endproducts.
Accomulation of these endpraducts is ohserved in vascular complications of diabetes, macrovascular
disease, renal insufficisncy, and Alzheimers disease (Thomallcy, P, (1998) Cell Mol. Binl. {Moisy-
Le-Grand) 44:1013-1023).

Coenzyme A (Cod) rangferase catalyzes the transfer of CoA between two carboxylic acids.
Succinyl CoA:3-oxoacid CoA transferase, Tor example, transfors CoA from succinyl-CoA (o a
recipient such as acctoacctate. Acetoaccrate is cssential 1o the metabolism of ketone badies, which
accumulate in tigsues affected by metabolic diserders such as diabeies (PROSITE: PDOCIN030).

Hy

Hydrolysis is the breaking of a covalent bond m a substrate by inieaduction of a waler
molecule. The reaction involves o nucleaphilic attack by the water molecule’s oxygen atomona
target bond in the substrate. The water molecule is split across the target bond, breaking the bond and
generating two product melecules. Hydeolases participate in reactions essential to functions such as
cell signaling, cell proliferation, inflamrmation, apoptesis, secretion and excretion. Hydrolases arc
involved in key steps in disease processes involving thess functions. Hydrolases, or hydrolytic
anzymes, may be grouped by snberate specificiry into classes including anfnahydrolases,
phospholipases, catboxyl-esterases, phosphodiestersses, lysozymes, glycosiduses, giyoxalases,
suifatases, phosphehydralases, and serine hydrolases.

Fhosphodicsterases catalyze the hydrelysis of one of the two ester bonds in a phosphodiesisr

[

p 1. Phosphodi ases are, therefore, Grucial 10 a variety of cellular processes.
Phosphodiesterases inclode DNA and ENA endo- and cxo-nucleases, which are esscotial to cell
growth and replication as well as protein synthests.

Pancrearic lipase and colipase form p complex that plays a key role in distary fat digestion by
comverling nsoluble long chain triacylgycerols into more polar molecules able to cross the brush

harder of intestinal cells. Colipase binds to the C-terminal dornain of lipase.

JP 2004-504008 A 2004.2.12
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Carboxylesterases are proteins that hydrolyze catbexylic esters and are classified into three
caegories- A, B, and . Most type-B carboxylesterases ave evolutionarily related and are considered
w comprise a farmiy of proteins, The rype-B carhoxylesterase family of proteins includes vertebrate
acetylcholinestorase, mammalian tiver mivrosomal carboxylesterase, mammalian bile-sali-activated
tipase, and duck falty acyl-C'oA hydrolase. Some members of this proiein family are not catalytically
active but contain a domain refated evolutionarily to other type-B carboxylesterases, such as
thyroglobulin and Drosphila protein neuractin,

Acyl-CoA thioesterase is another raember of the carboxylesterase family (Alexson, S, et

al. (1963) Eor. I. Biochem. 214(3); 7]9-727). Bvidence suggests that acy)kCoA thicesterase has 2

regulatory role in steroidogenic Hssnes (Fiokielstein, C., ot al. (1998} Bor, ). Biochem, 256(1): 60-
663

A phosphelipase A, inhibiter hias been identified that has 33% sequence homology with
human leucine-rich a,-glycopratein (Okuroura, K., et al. (1998} 1. Bio). Chem. 273(31): 19469-
19475). Lewcine-rich repest (LRR) cupsensus sequences have alse been found in the primoary
structure of many proteins, including proteins that participate in biologically important processes,
such as receptors for hormones, enzymes, snzymes inhibitors, proteins for cel) adhesion, and
ribosome-binding proteins. All proteing containing LRR domains are thought 1o be involved in
protein-pratein itteractions.

Lysozyms ¢ superfamily consists of conventiona! 1ysozymes c, calcium-binding Iysozymes <,
and e-lactalbumin (Prager, G.M. and loites, P. (1986} EXS 75: 9-31). The proteins in this
superfamily have 35-404% sequence homology and share & comman three dimensional fold, bui can
have different functions. Lysozymes bind and cleave the glycosidic bond linkage in sugars (fyer,
L.K. and Qasba, P.K. {1999) Protzin Bng. 12(2): [29-139). Lysozymes ¢ ate ubiguiious i a variety
of tissuss and secretions and can lyse the cell walls of ceratin bacteria (McKenzie, ILA. (1996) EXS
78: 365-409).

The glyoxylase system consists of glyoralase I, which catalyzes the fonvation of 5-I-
lactaylglutathione from methyglyoxal, a side product of iriese-phosphate encrgy metabelism, and
glvoxylase II, which hydrolyzes S—D‘—]acluylg]uu\ihicue te D-lactic acid and reduced glutathione.
Mathyglyoxal levels are cievated during hyperglyceniia, likely due to increased triose-phosphate
energy metabolism. Elevaied levels of glyexylase 1L activity huve bocn found in humen and in o rat
model of non-insulin-dependent diabetes meliitus, The plyoxylase systom has been implicated in the
detoxification of bacterial toxins, and in the control of cell proliferation end microtubule assembly.
Elevated levels of S-D-lactoyiglntathione, the substrate of glyoxylase IL, indueed growth arrest and
toxicity in FILSO cells. Thus, the glyoxylase system, and glyoxrylase I in particular, may be

assaciated with cell proliferation and autoimroune disorders such as diabates.
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The alphalbeta hydrelase fold is a protein fold that is common % sevecal hydroleses of
diverse phylogenetic otigin and catalytic functions. Bnzymes with the alpha/heta hydrolase fold have
4 comman core siructure consisting of eight beta-sheets connectad by alpha-helices. The best-
vonserved structural feature of this fold s the loops of the nucleophile-histidine-acid catalytic triad.
The bistidine in the catalytic iriad {s completely conserved, whils the nuclzophile and acid loops
accommadaie more than one type of amino acid (Ollis, DL, et al. {1992) Prowin Eng. 5:197-211).

Sulfutuses are members of a highly conserved gene family that slure extensive soquence
homology and a high degree of structural similarity. Sulfatases catalyze the cleavage of sulfae
esters. Te perform this function, sulfatases undergo a unique posttanslational modification in the
endoplasmic reticulum that involves the oxidati‘un of 4 conserved cysteine residwe. A human disorder
called multiple sulfatase deficiency is doe to a Jefect i this posttranslational modification step.
leadibg 10 inactive sulfatases (Recksiek, M., o1 al. £1928) J. Blol Chem. 27311 6096-6103),

Phosphohydrolasss are enzymes that hydralyze phosphate osters. Some phosphohydrolases
consain a mutT demain signature sequence, MutT is a protein involved in the GO system responsible
for cemoving an exidatively damaged form of guanine from GINA.,

Glycosidases caialyze the cleavage of hbemiacetyl bonds of glycosides, which are compounds
that contain one or more suger. Memmalian beta-galactosidase ramoves the terminal galactose from
ganghiosides, glycoproteins, and plycosaminoglycans. Beta-galactosidases belong to family 35 in the
classification of glycosyl hydrolases,

Scrine hydrolases arc a functional class of hydrolytic cozymes that contain a serine residne in
their active site. This class of enzymes contsios proteinases, esierases, and lipases which hydrolyze a
variety of substrares and, therefore, have different biological roles. Froteins in this superfamily ¢an
he further grouped jnto subfamiliss based on substrate specificity or amine acid similarities (Prente,

X.5. and Lopez-Onr, C. (19955 1. Biat. Chem. 270(21): 12926-12932),

Lyvises

Lyases are a class of enzymes that catalyze the cleavage of C-C, C-0, C-N, C-5, C-(hahde},
P-0O or other bonds without hydrolysis or oxidation to form two melecules, at kst one of which
contains a doubls bond (Stryer, L. (16935) Biachemistry W.H. Freeman and Co. New York, NY
P.620}. Lyases are critical components of cellular biochemistey with roles in metabolic enorgy
production including fatty acid inetabolism, &s well as other diverse cnzymatic processes. Further
classification of Lyases reflects the type of bond cleaved as well as the nature of the cleaved group.

The group of C-C lyases include carboayl-tyases (decarboxylases), aldehyde-tyases
(aldolasos), oxo-acid-lyascs and ofhers. The C-Q lyase group includes hydre-lyases, Ivases acting on

prlysaccharides and other lyases. The C-N Iyase group inchides amimania-lyasee, amidine-lyases,

1
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aminz-lyases (deaminases) and ather Tyases.

Proper regulation of lyases is erizical to normal physiclogy. For example, mutation indrced
deficiencies in the uroporphydnogen desarboXylase can lead to photosensitive eataneous lesions in
the genciicaliy-linked disorder (amilial porphyria cutanea tarda (Mendez, M. et al. (1998) Am. T.
Genet. 63:1363-1375). 1t has also been shown that adenosine deaminase (ADA) deficiency stems
fron: genctic mutations in the ADA pone, resulting in the disorder severe combined

immupodeficiency disease (SCID) (Hershfield, M.S, (1998) Senxn. Hematol. 35:2%1-208).

Iscmerascs

[zomierases are & class of snrymes that catalyze geomottic or stractiral chamges within a
molecule to form a single product, This class includes sacemases and epinerascs, cis-tans-
isomcrases, intramolecular oxidoercductases, intramolecular transferases (mutases) and intramolecular
lvases. Isainerases arc critical components of cellular biochemtistry with reles in protein folding,
photpiransduction, and metabiolic anergy production inchuding glycolysis, as well as other diverse
enzymatic precesses (Stryer, L. (1995} Biochemistry W.IT. [reemar and Co. New York, NY pp 483-
507).

Haucemases are a subset of isomerases that catalyze inversion of 2 molecules confignration
arpund the asynuvetric carhon atom in a substrate having a single center of asymmetry, thereby
intercanverting two racemers. Epimerases are another subset of isomerases that catalyze inversion of
confipuration aroumd an asymmetric carbon atom i a substrate with more than one center of
symmetry, thereby interconverting two epimers. Racenases and epiizerases can act on arnimo avids
and derivatives, bydroxy acids and derivatives, as well as cathohvdrates and derivatives. The
intercomversion of UDP-galactose and UDP-glucose is catalyzed by UDP-galactose-4' -epimerasc.
Froper regulation and function of this epimerase is assential to the synthesis of glycoproteins and
glycolipids. Elevated bHlood galactoss levels have been correlated with UDP-galactose-4"-cpimerase
deficiency jn screening programs of infasts (Gilzelmann, R, {1972} Helv. Pacdial. Acta 27.125-130).

The peptidyl prolyl eis-rrans isomerases (PPlascs) are a class of folding enzymes that
isomerize cortain proline imidic honds in what is considered to be & rate limiting step in protein
matration and export. PPlases caialyze the cfs to rrais isoroerization of certein proling imidic bonds
in proteins. There are three evolutionarily unrelated families of PPlases: the cyclophilins, the FK506
binding proteins, and the nowly charactezed panvulin famnily (Rabteld, JU. et al. (1994) FEBS Lett.
352: 180-184).

The cyclophilins (CyP) were originally idearified as major receptors for the
immunosappressive drog cyclosporii A (CsA), ar inhibitor of T-cell activation (Handschumacher,

RE. et al. (1984) Science 226: 544-347; Hawding, MW, ¢t al. (2986) 1. Biol. Chem. 261: 8347-8335).
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Thias, the peptidvl-prolyl isomerase activity of CyP may he part of the signaling pathway tat leads to
T-cell activation. Subsequent work demonstrated that CyP's isomerase aotivity is sssential for correet
protein folding end/or protein trafticking, and may also be involved in assemblyfiisassembly of
protein complexes aud regulaiion of protein aclivity. For example, in Dresophiia, the CyP NinaA is
required for correet lncalization of rhedopyms, while a mammalian CyP (Cypd0) is part of the
Hsp90/Hsp?0 complex that binds steroid receptors. The mammalisn CyP (CypA) has been shower (o
bind the gag protein from human [mmuncdeficicocy vitus 1 (HIV-1}, an intcraction that can be
inhibited by cyclosporin. Since cyclasporin has potent anti-BBIV-1 activity, CypA may play an
esyential function in HIV-1 replication. Finally, Cypd0 has been shawo te bind and inactivate the
transcription factor o-Myb, an effect that 1s reversed by cyclosparin. This effect implicates CyP in the.
regelation of transetiption, temsformation, and differentiation (Bergsma, D.J. ot al (1991) 1. Biol.
Chem. 266:23204-23214; Hunter, T. (1998) Cell $2: 141-143; and Leverson, L.IY and Ness, 5.4,
(1998} Mol. Cell. 1:203-211).

Anather class of folding enzymes are the protein disnlfide isomerases. One of the major rate
limiting sleps in protein tolding is the (thicl:disulfide exchange that is necessury for correct protein
assembly. Although incubation of reduced, nnfolded proteins in buffers with defined ratios of
oxidized and reduced thiols can lead to native conformation, the rate of folding is slow and the
attainment of native confonmation decreuses proportionately with the size and number of cysteines in
the protein. Certain cellular compartments such as the endoplasmic reticulum of enkaryotes and the
periplasmic space of prokaryotes are maintained in a more oxidized state than the surrounding
cytosol. Corect disolfide formationr can occur in these compartmments, bur at a rase that is insufficient
for normal cell processas and inadequare for synthesizing secreted proteins, The protein disulfide
Isomeruses, thioredoxins and glutaredoams are able (o catalyze the fonnation of disylfide bends and
regulats the redox envitonment in cells to enable the pecessary thiokdisulfide exchanges (Loterer, H.
(19953 ). Biol. Chem. 27(0:2G178-26183}.

Each of these proteing has somewhat different funclions, but all belong to a group of
disnlfide-containing redox proteins that contain a conserved active-site sequence and are ubiquitously
distributeid in eukaryotes and prokaryotes. Protein disulfide isomerases ate fonmd in the endoplasmic
retisuinm of enkacryoles and it the periplasmic space of prokaryotes. They firrction by exchanging
their own disulfide for a thiol in a folding peptide chaic. In contrast, the reduced thioredoxing and
glutaredoxing are generally found in the cytoplasm and functior by directly reducing disulfides in the
sibstrate proteins.

Thess catalytic moleenies not only facilitate disulfide formation, but also repulate and
participate n @ wide variety of physiological pracesses. The thioredoxin system serves, [or example,

as a hydrogen donor for ribonnclestide reductase and as a regulator of enzymes by redox conirol, Tt
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also modulates the activiry of iranscription factors snch as NF-xB, AP-1, and steroid receptors. More
recenily, several cytokines or secreted cytokine-like factors such as adult T-cell leukemia-derived
factor, 3B6-interleukin-1, T-hybridoma-decived (MP-6} B cell stimulatory factor, and sarly pregnancy
facior have heen reported to be identical to thioredoxin {(Holmgren, A. (1 945) Anou. Rev, Biochem.
54:237-271; Abate, <. et al., (1290) Science 24%:1157-1161; Tagaya, Y. &t al. (1989) EMBO I. 8:757-
T654;, Wakasugi, H. (1987) Proc. Natl, Acad. Sci. USA $4:304-808; Rosen, A. et al. (1995) Int.
Immunol. 7:625-633). Thioredoxin has also besn shown to have many exiracel lular activitios
including 4 role as a regulator of cell growth and a mediator in the immune system (Miranda-Vizuete,
A etal. (1996) 1. Biol. Chermn. 271:19099-19103, Yamauchi, A. et al {1992} Mol. Iomunal, 29:263-
270).

Oxidoredoctzses can be isomerases as well, Oxidoreductases catalyze the reversible transfer
of electrons from a substrate that becomes oxidized to a substrate that becomes reduced. This class of
enzymes includes dehydrogenases, hydroxylases, oxidases, oxygenases, peroxidases. and reductases.
Proper maintenance of oxidoreductase levels is physiologically imeportant. The pentose phospbate
pathway for example, utilizes enzymes which ar responsible for generating the teducing agent
NAIDPH, while ai the same time oxidizing glucose-G-phosphate to ribose-5-phosphate. NADPH
serves as the fiel for reactions vndergeing reductive biosynthesis. Ribose-5-phosphate and jis
derivatives become part of critical bivlopical molecules such as ATP, Coonzyme A, NAD*, FAD,
RNA, and DNA. The pentose phosphate pathway has both oxidative and non-oxidative branches.
The exidative branch steps, which are catalyzed by the enzymes glucose-6-phosphate dehydrogenase,
lac 2, and &-phosphogluconate dehydrogenase, convert glucose-§-phosphate and NADP to

ribulose-6-phosphate and NADPR. The non-oxidative branch steps, which are catalyzed by the
enzymes phosphopentose isomerase, phosphopentose epimerase, tmsketolase, and transaldolasc,
aliow tha interconversion of three-. four-, five-, six-, and seven-carbon sugars.

Anather subgroup of isomerases are the transferases (or mutases). Transferases rransfer a
chemgcal group ftem cne compewnd (the dener) to another compound {the acceptor}. The Lypes of
gronps trunsferred by these enzymes include acyl greups. amino groups, phosphate groups
{phosphotransferases or phosphamutases), and others. The transferase camitine palmitoytransferase
i% an imporiant component of faay acid metabolism. Genetically-linked deficiencies in this
transterase can {ead W myopathy (Scriver C.R. et. al. (1993} The Metabolic and Molecnlar Basis of
Inherited Disease, McGraw-Hill Mew York NY pp.1501-1533).

Yet another subgroup of isomerases are the topoisomersases. Topoisomerases are enzymes
that affect the lopological statz of DNA. For example, defecrs i topoisomerases or their regulation
can alfect normal physiclogy. Reduced levels of topoisemerase 11 have been correlzted with some of

the 1DNA processing defects associated with the disorder ataxia-telangiectasia (Singh, S.P. et. al.

13
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(1988} Nucleic Acids Res. 16:3919-3929},

Ligases catalyze the formation of a bond between two snbstrate melecules. The process
invotves the hydrelysis of & pyrophosphate bond in ATE or a similar encrgy donor. Ligusers are
classified based an the naturc of the type of bond they form, which can include carbon-oxygen,
carbon-sulfur, carbon-nitrogen, carbon-carbon and phosphoric ester bands.

Ligases forming carbon-oxygen bonds include the aminogcyl-trensfor RINA ((RNA}
synthetases which are important RNA-associated enzymes with roles in manslarion. Protein
biosynthesis depends oo cach amino acid forming a linkage with the appropriate tRNA. The
amincacyl-tRNA synthetases ave responsible for the activation and correct attachment of an amdno
acid with its cognate (RNA. The 20 aminoacyl-tRINA symhetase enzyines can be divided into lwo
stuemral classes, and each class is characterized by a distinetive topology of the catalytic demain.
Class [ enzymes contain a catalytic domain based on the nucleotide-binding Rossman “fold’. Class Il
enzymes contain @ central catalytic demain, which consists of a seven-stranded antiparaliel B-sheel
motif, as well as M- and C- terminal reguiatory domains. Class [[ enzymes are separated inte two
groups based on the heteradimeric or homudimeric siructure of the enzyme; the latter greup is fucther
subdivided by the structare of the M- and C-terminal regulatery domains (Hartlein, M. and Cusack,
8. {19253 J. Mol. Evol. 40:519-530). Autcantibadios against aminoacyl-tRNAs are generated by
patients with dermatomyositic and polymyasitis, and corretate strongly with compiicating interstitial
lung discase (ILD). These antibodies appear 1o be zenerated in respense to viral infection, and
coxsackis vires has been used to induce experimental viral myositis in animals.

Ligases forming carbon-sulfur bonds (Acid-thiol ligases) mediate a large number of cellnlar
biosynthetic intermediary metabolism proceyses mvalve intermalecular transfer of carban
atern-containing substrates (carbon substrates). lixamples of such ceactions include the tricarboxylic
ucid cycle, synthesis of fuity acids and long-chain phasphalipids, synthesis of alcohols and aldehydes,
syathesis of intermediary metabolites, and reactions invelved in the amino acid degradation
pathways. Some of these reactions require input of energy, usually in the form of conversion of ATP
to either ADP or AMP and pyrophosphate.

Tn many cases, a carbon substraie is cesived from a small molecule containing at lcast two
earhon atoms. The carbon substrate 15 ofien covalently bound w & Targer molecule which acts as 2
carbon substzale carrier molecule within the cell. In the biosynthetic mechanisms deseribed above,
the carrier molacule is coenzyme A, Coenzyme A (CoA) is structuralty related to derivatives of the
nucleatide ADP and consists of 4™-phosphopantetheine linked via a phosphodiester bond to the alpha
phosphate group of adenosine 3, 5bisphosphate. The terminal thiol groap of 4-phosphopantetheine

14
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acts as Lhe site for carhon substrate bond fermation. The preduminant carbon substeates which utilize
CoA as a carrier mobecuie during biosynthesis and intermediary metabolism in the cell are acetyi,
succinyl, and propionyl moieties, collectively refermad to as acyl groups. Other cashon substrates.
include enoy! lipid, which ucts as a fatty acid exidation intermediate, and carnitine, which ucts as un
acetyl-CoA flux regulator/ mitochondniad acyl gronp transter pratein.  Acyl-CoA and acetyl-CoA are
synthesized in the cell by aey)-Cof synthetase and ucety-CoA synthetase, respectively.

Activation of fatty acids is mediated by at least three forms of acyl-CoA synthetase activity:
1) acetyl-CoA synthetase, which activates acetate and several other low molecular weight carboxylic
acids and is found in mouscle mitochondris and the cytesol of other tssues; i1} medivarchain
acyl-CoA synthetase, which activates fafty acids containing between four and eleven carbon atoms
{predoramantly fram dictary sources), and is present only in liver mitochondria; and iii) acyl CoA
syntietase, which is specific for Jong chain fatty acids with between six and twenty caxbon atoms,
and is found in microsomes and the mitochondria. Protcins associated with acyl-CoA synthetase
activity bave been identified from many sources including baciteria, yeasi, plants, mouse, and man.
The activity of acy-CoA synthetase may be modulated by pbospherylation of the enzyins by
cAMP-dependent protein kinase.

Ligases fonning carbon-mitragen bonds include amide synthases such as ghrtamins
synthatase {gintarmate-ammania ligase) that catalyzss the amination of glntamic acid to ghitamine by
wnmonia using the encrgy of ATF hydrolysis. Glutamine js the primary sougee for the amino group
io various amide transfer reactions involved in de novo pyrimidine nucleotide synthesis and in purine
and pyrimidine ribonucieotide interconversions. Overexpression of glutamine synthelase has been
observed in primary Hver cancer (Christa, L. eral. (1994} Gastroene. 106:1312-1320).

Agid-amine-acid ligases (peptide synthases) are represented by the ubiquitin proteases which
are associated wirh the nbiguitin conjugation sysem (UCS}, a majer pathway for the depradarion of
cellnlar proteins in cukaryetic cells and seme bacteria. The UCS mediates the elimination of
abmormal proteins and regulates the half-lives of important regulatory proteins thal control celiular
processes such ag gene transcription and cell cycle progression. In the UCS pathway, proteins
turgeted For degredaiion arc conjugeted to & ubiquitin (L), 4 small beat stable proiein, Ub is st
activated by a ubiguitin-activating enzyme (E1}, and then transferred to one of several k-
conjugating enzymes {E2). E2 then links the Ub molecule through its C-terminal glycine to an
internal lysine {accoptor lysine) of a target protein.  The ubiquitinated proteio is then recognized and
degraded by proteasorne, a largs, multisubunit prateolytic enzyme complex, and ubiquitin is released
for rentilization by ubigmitin protease. The UCS is implivated in ihe degradation of miletic cyclic
kinases, oncoprotelns, turnor suppressor genes such as p33, viral proteing, ccll surface receptors

assucialed with signal ransduciion, transeriptional regulators, and mutated or damaged proteins

15
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{Ciechanover, A, (1994} Cef] 79:13-21). A murine proto-oneogene, Unp, encodes a auclear ubiquitin
protease whose overexpression Ieads to encogenic rransformation of NIH3T3 cells, and Ihe human
homolog of thiz gene is cansistently elevated in woall cell tumors and adenocarcinomas of the lung
(Gray, DA (1995} Oncogene 10:2179-2183).

Cyelo-ligases and other carben-nitrogen ligases comprise various enzymes and enzyme
complexes that participate in the de nove pathways 1o purine aod pyrimidine biosynthesis. Becanse
these pacthways are critical 1o the synthesis of nucleotides for replication of buth RNA and DINA,
many of these enzyrnes have been the targers of clioical agents for the treatment of cell proliferative
disorcers such as cancer and infectious diseases.

Purine biosynihesis occurs de nova from the anino acids glyeine and glatamine, and other
small molecules. Three of the Key reactions in this process are catalyzed by a trifunctional enzyme
composed of glycinamide-ribenucleotide synthetase (GARS), aminoimidazole ribonucleotide
synthetase (ATRS), and glycinamide ribonucleotide transformylase (GART). Together these thioe
enrymes combine ribosylamme phosphate with glyeine to yield phospheribesy! aminoimidarzale, a
precurser to both adenylate and guanylate nucleotides. This kifunctional protein has been implicaed
in the pathology of Downs syndrome (Aimi, J. ef al. (1990) Nucleic Acid Res. 18:6565-6672),
Adenylosuccinate synthetase catalyzes a later step in purine biosynthesis that coaverts inosinic acid
to adenylosuccinate, a key step on the path to ATP synthesis. This euzyme is also similar to another-
curban-nitrogen ligase, argininosuceinats synthetase, that catalyzes a similar reaction in the wrea
cycle (Powell, §.M. et al. (1992) FEBS Lett. 303:4-1¢).

Likc the de povo biosynthests of purines, de nova synthesis of the pyrimidine avcleotides
uridylate and cytidylate also arises from a common precorsur, in this ipstance the mucleotide
orotidylate derived from arotate and phosphoribosyl pyrephosphate (PPRP). Again a trifunctional
enxyme comprising threc carbon-nitogen ligases plays a key role in the process. In this case the
enzyrges asparlate transcarbamylase {ATCase), carbamy! phosphate synthetase I, and dihydroorotase
(DHOQasc) arc cncoded by a single gene called CAR. Togeiher these thrse enzymes combine the
initial reactants i pyrimidine biosynthess, glutamine, €O, and ATP to form dibydroorotate, the
precursor Lo oretate and erotidylate {wahane, H. et al. (1996) Biochem. Biophys. Res. Commun.
219:249-755). Further steps then lead o the synthesis of wridine nucleotides from oretidylare.
Cytidine nucleatides are degived trom uridine-3'-triphosphate (UTF) by the amidation of UTF wsing
glutumine us the amino danor and the enzyme CTP synthetase. Regulatory mutations in the buman
CTP synthetase are believed to confer multi-drug resistance to agents widely used in cancer therapy
(Yamauchi. M. et al. {1990) EMBO I. %:2085-209%).

Lignses forming carban-carbon honds include the carboxylases acetyb-CoA carbexylase and

pyruvate carboxylase. Acetyl-CoA carboxylase catalyzes the carboxylation ot Acety]-Cod, from CQ,
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and H,Q using the energy of ATP hydrolysis. Acetyl-CoA carboxylase is lhe ratc-lmiting step n the
biogenesis of long-chzin fatty acids. Two isoforms of Acety]-CoA carboxylass, types | and types 1L,
are expressed in human in a tissue-gpecific manner (Ha, §. et al. (1994) Bur. I. Biochem. 219:297-
306). Pymuvate carboxylase is a nuclear-encoded mitochendrist enzyme that catalyzes the conversion
of pyruvate o oxaloacetare, a key intermediote in the cirric acid cycle.

Ligascs forming phosphoric cster bonds inciizde the DNA Jigases involved in bnth DNA
replization and repair. DNA Jigases seal phesphodiester bonds between two adjacent oucleatides in o
DA chain using the energy from ATP hydrolysis to first activate the free 5”-phosphate of one
nucieotide and then react it with the 3°-OH group of the adjacent nucleetide, This resealing reaction
is used in both DNA replication to join small DNA fragments called "Okazaki” fragments that are
iransiently formed in the process of veplicating new DN A, and in DNA repair. DNA repair is the
process by which accidental base changes, such as those produced by oxidative damags, hydrolytic
attack, or uncontrotled methylation of DA, ate corrected before replication or franscription of the
DNA can ccour. Bloorn's syndreme is an inherited human discase in which individuals are partialiy
deficient in DNA ligation and consequently have an ivereased incidence of cancer (Alberts, B. e al.

{1994) The Moteculsr Biglogy uf the Cell, Garland Publishing Inc., New York, NY, p. 247).

Cofactor Biosynthetic Enzymes

Cofactors, including coenzymes and prosthetic groups, are small molecular weight macganic
or organic compaunds that are required for the action of an enxyme. One particular cofactor, the
mialybdenum-containing cofacter molybdopterin, is an ubiquitons molecule which. is required for the
activity of a vaciety of enzymes, including nitrars reductase, sulfics oxidase, xanthine dehydrogenase,
and aldehyde oxidase.

Molybdopterin biosynthesis is performed via a two step reaction pathway. First, a guanosine
derivative is convertad to an imermediate called procursor Z. Precursor Z is then converted to
malybdopterin. In humans, the MOCS | transcript encodes two enzymes, MOCS1 A wnd MOCS] B,
which arc involved in the first step. MOCS2 is 2lso a single transeript which encodes the two
subunits of inolybdopicrin synthase, the cozymne catalyzing the second step, in two overlupping
reading frames (Retss, J. et al. (1999) Am. J. Hum. Genet. 64:706-11). In Aspergifing nidulans,
CnxABC catalyzes the first step in the molybdopterin hiosynthesis pathway. The second step in A.
ridulans is catalyzed by molybdopterin syithase, as it is in humang. Ia addition, a converting facter,
Cnx[, has also been discovered in A. midulsany (Appleyacd, M. et al., {1998) J. Biol. Chem.
Z73:14869-14876). Cox¥ is similar to Z. coff MoeB, an encyme which transfers sulfur atomns 1o the
synthase and makes it capable of adding the dithislene group to precursor Z, CoxEis thought o

mediate the same reaction 1n A, sidulans. CoxF is also similar to ThiF, an enzyme required for
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thizmin biesynthesis; HesA, which is iovolved in hetercyst formation; and the evkaryotic ubiquitin-
activating protein EI. However, no obvious physiologicat relationship exists between Coxk’ and
these latter proteins.

A deficiency in wolybdopterin Biosynthesis will result in the loss of molybdaprerin-
dependent enzyme activity. Deficiencizs in molybdopterin-dependent enzymes cause neonafal

4505 caused by defects in cofactor

seizaces, mental retardation and lsns dislocation. Otber dis
metabolistt inclede pecnicious anemia and metbylmalonic aciduria.

The discovery of new buman enzyme maolecuies and the polymucleotides encoding than:
satistics # reed in the art by providing new compasitions which are usefil in the diagnosis,
preveniion, and treatment of autoimimunefinflammation disorders, genctic disorders, nesrological
disorders, and cell proliferaiive disorders inclnding cancer, and in the assessiment of the effects of
sxogenons compounds on the expression of nucleic acid snd amino acid sequences of human enzyme

molecules.

SUMMARY OF THE INVENTION
The invention features purified polypeptides, human enzyme molecules, referted o
collectively as “HEM” and individually as “HEM-1,” “HHM-2,” “HEM-3,” “HEM-4,"“HEM-

- 5,""HEM-6,"“HEM-7,"*HEM-8,"“BEM-0.*“HEM-10,"“HEM- 1 1,"“HEM-12,”"HEM-13,”"HEM-

14,"“HEM-15,"“BEM- 16,"“HEM-17,""HEM-18,"*HEM-19,""HEM-20," "HEM-2 " ‘HIEM-
22,"“HEM-23,HEM-24,""HEM-25," and “BEM-26." In one aspect, the invention pravides an
isoluied pulypeptide comprising an amine acid sequoence selected from the group consisting of &) an
amine ackl sequence selected fiom the group consisting of SEQ 1D N(:1-26, b} a naturally oceurring
aming ackl sequence having at keast #)% sequence identity to un amino acid sequence selected from
the group consisting of SEQ 10 N0O:3-26, ) a biologically active fragment of an amino acid sequence
selected from the group consisting of SEQ 1D NO):1-26, and d) an immomogenic fragment of an amine
acid sequence selected From the group consisting of SEQ ID NO:1-26. In one alteynative, the
invention provides an isolated pelypeptide comprising the amino acid sequence of SEQ 1D KO:1-26.

The invention further provides an isolated polynueleotide encoding a pelypeptide comprising

an amine acid ssquence sslected from the group consisting of £} an amine acid sequence selected
fram the group consisting of SEQ ID KO:1-26. b} a naturally occurring amine acid sequence having
at least S0 sequence identity to an amino acid sequence selected from the group consisting of SEQ
D NC: 1-26, ¢} a biologically active fragiment of an aming acid sequence selected from the gronp
congigting of SEC ID NO:1-26, and d} an imrupogenic fragment of an amino acid sequence selected
from (he group consisting of SEQ ID NQ:1-26. Ip one aliernative, the pofynucivotide encodes &
palypeptide selected from the group comisting of SEQ ID NO:1-2G. In another altermative, the

JP 2004-504008 A 2004.2.12
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palynucleotide is selected from the group consisting of SEQ ID NO:27-52.

Additionally, the imvention pravides a recambinant polynueleotide comprising & promoter
sequesice operably linkad to a polynncleotide enceding a polypeptide comprising an amino acid
sequence selected from the group conssting of 4 an amino acid scquence selected from the group
consisting of SEQ 1D NO:1-26, b} & naturally occurring amine acid sequence having at least 0%
sequence identity 1o an amino acid sequence selected from the group consisting of SEQ 1D NO:1-24,
¢} a biologically active fregment of ap amino acfd sequence sekected from the group consisting af
SEG ID NO:1-26, and d} an immunogenic fragment of an amine acid sequence selected from the
group consisting of SE(Q ID NCO:1-26. In one wltemative, the iovention provides a cell transformed
with the recombinant polynuclectide. Tn another altcrnative, the Javention provides a transgenic
organism comprising the recombinant polynucleotide.

The invention also provides a methed for producing a polypeptide comprising an aming acid
sequence sclected fram the group consisting of 4} an ammino acid sequence selected frem the group
consisting of SEQ ID NO;:1-26, b) a naturally ecenrring amino acid sequence having at loast 90%
sequence identity ko an amino acid seqaence selected from the group consisting of SEQ ID NO:1-26,
<) 2 biologically active fragment of an amino acid scquence selected from the group consisting of
SEQ ID NO:1-26, and d) an imamnegenic fragment of an amina acid sequence selected from the
group consisting of $HQ TD NO:1-26. The method comprises a) euliuring s cell under conditions
suitable for expression of the polypeptide, whetein said cell is transfermed with a recombinant
polymucleotids comprising a promotet sequatce sperably linked to a palymicleotide encoding the
polypeptide, and b) recovering the polypeptide so expressed.

Additionally, the invention provides an isclated antibody which specifically binds to a
pelypeptide comprising an amiso acid scquence selected from the group consisting of a) an amino
acid sequence selected from the group congisting of SEQ 1D N 1-26, b) a naturally eccorring aming
acid sequence having at Jeast 90% sequence identity 1o an amine acid sequence solected frein the
group cousisting of SEQ Ty NO:1-26, ¢} a biclogically active fragment of an amino acid sequence
selected from the group consisting of SEQ ID 90 1-26, and d) an tmmunegenje fragment of an amine
acid sequence selected from the group consisting of SEQ 1D NO:1-26.

Thie invention fnther provides zn isclated polyrucleotide comprising a polynucleotide
sequence selected from the group consisting of a) 2 polynucleatide sequence selected from the group
consisting of SEQ I NC:27-52, b} a naturally ocowrving polynucleotide sequence having at least

0% sequence identity to a polynucleotide sequence selected from the group consisting of SEQ 1D

M0:27-52, ¢) a polynucleotide seq compl. itary to ), d) a polymaclentide sequence
complomentary to b, and ) an BNA cquivalent of a)-d). In one alternative, the polynuclectide

comprises af least 65 contiguous nucleotides.
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Additionally, the invention provides a method for detecting a target polynucieotide in a
sumple, said target polynuclestide having a sequence of a polynucleotide comprising a pelynuclsotide
sequence selected from the group consisting of a) a polynucleotide sequence selectzd from the gronp
consisting of SEQ D N(:27-32, b) & naturally ovaurming polynucleotide sequence having at least
90% sequancs identity to a pelynucslsotide sequence setected from the greup consisting of SEQ I
NQ:27-52, ¢) a pelyoucleotide sequence complementary to a), d} a polynucleotide sequence
complementary o b), and &) un RNA equpivalent of a)-d). The methed corprizes a) bybiidizing the
sample with a probe comprising at least 20 contiguous nucleotides comprising a sequence.
complementary (o said target polynucleotide in the saraple, and which probe specifically hybridizes to
said target pelyoucleotide, under conditions wihereby a hybridization complex is formed between said
probe and said farzet polynneleotide re fragments thereof, and b) detecting the presence or absence of
said hybridization complex, and optionally, it present, the amount thereof. In one alternative, the
probe comprises at least 60 contiguaus nucleotides.

The invention further provides a method for detecting a target palymicleotide ip 2 sample,
said target polynucleotide having a sequence of a pelynuclectide comprising a polypuclectide
sequence selecterd from the group consisting of 4) 2 polynucleotide sequence sclocted from the group
consisting of SECQ D NO:27-52, b) a naturally occumring pelynncleatide scquence having at least

0% sequence identity to a polynucleotide sequence selected from the group consisting of SEQ ID

ND:27-52, ¢} a polynockeatid i comy ury to a), d} o polynueleotide sequence
complementary to b), and £} an RNA equivalent of a)-d). The method comprises a) amplifying said
target polynucleotide vs fragrent thereof using polymerase chain reaction amplilication. and b}
detecting the presence or absence ¢f said amplificd target polyanclectide or fragment therenf, and,
oprionally, if present, the amoune thereof.

The inveniion further provides a composition comprising an sffsctive amount of a
polypeptide comprising an amine acid ssquences sclected from: the group consisting of a} an amine
acid sequence selected [rom the group consisting of SEQ D NO:1-24, b a natarally oceorring amine
acid sequence having ar least 90% sequence identity to an amino acid sequence selected from the
group censisting of SEQ 1D NO:1-26, ¢} a biclogically active fragment of an amino acid sequence
selacted from the group consisting of SEQ TN MO:1-26, and d) 2n immunogenic fragment of an amino
acid sequence selected from the group consisting of SEQ 1D NO:1-26. and a pharmaceutically
acceptable excipient. In one embodiment, the compesttion comprises an aming acid sequence
selocted from the group consisting of SEQ) ID NO:1-26. The invention addidenally provides a
method of treating a disease or condilion associated with decreased expression of functional HEM,
comprising adminisiering 1o 2 patient in need of such trcatment the composition.

The invention also provides a melhed for screening a compound for effectiveness as an

0
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agonisi of a polypeptide comprising a0 amino acid sequence selected from the group consisting of a)
an amine #<id sequence selected from the group consisting of SEQ 1> NO:1-26, b) a naturafly
oceurting amino acid sequence having at Jeast %)% soquence identity 1o an amino acid sequence
selected from the gronp consising of SEQ D NO:1-26, ¢) a biclogically active fragment of an amino
acid sequence selecizd from the group consisting of SEQ I N(:1-26, and d) an immuanogenic
fragment of an amine acid sequence selected from the group consisting of SEQ [D NO:1-26. The
methou comprises a) exposing a sample comprising the pulypeplide to a compound, and b) detecting
agonist activity in the sample. In ooe sltemative, the invention provides & compositivn, comprising an
agonist compannd identified by the method and a pharmaccntically acceptable excipient. In another
alternative, the inventton provides a method of treating a discase or condition associated with
decnzased expression of functional HEM, comprising adminisiering o a patient in need of such
freatment the composirion.

Additionally, the invention prevides a methed for screening 2 compound for effectiveness as
an antagonist of i polypeptide comprising an amine acid sequence selected from the group consisting
ol a) an amine acid sequence selected from the group consisting of SEQ 1D NO:1-26, b) a narerally
oceurting aming acid sequence having at least 90% sequence identily to an amine acid sequence
selecied from the group consisting of SEQ 1D NO:1-28, ©) a biclogically active [ragment of an amino
acid sequence selected from the zooup consisting of SEG ID NG 1-26, and <) an immunogenic
fragment of an amino acid sequence sclected from the éroup consisting of SEQ ID NO:1-26. The
method comprises a) exposing a sample comprising the polypeptide to a compound, snd by delecling
antaganist activity in the sample. In one alternative, the invention provides a composition comprising
an antagonist compound idensfied by the method and a phannacentically acceptable excipient. In
anether allernative, the invenlion provides n method of freating g disease or condition assecisted with
overexpression of funcrional HEM, comprising administering o 2 patient in need of sucl treanuent
the composition.

The iovention further provides a method of screening for a compound that specifically binds
ta a polypeptide comprising an aming actd sequence selected from the group consisting of 4 an
amino acid sequence selected from the group conststing f $EQ I NO:1-26, b) 2 nuturally occurring
amine acid sequence having at least %0% sequence identity to an amine acid sequence selected from
the group consisting of SE(2 1 N0:1-26, ) « binlogically aclive fragment of an aminn acid sequence
selected from the group consisting of SEQ W NO:1-26, and d) an innnunogenic fragment of an amino
acti sequenve selected from the group comsisting of SEQ 11 NO:1-26. The method comprises a)
curabining the polypeptide with ot least one test compound under suilable conditions, and by
detecting binding of the polypeptide to the test compound, thersby identifying a compound that
specifically binds to the polypeptide.

JP 2004-504008 A 2004.2.12
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The inventien further provides a motbed of sereening for a compound (hat modulates the
activily ¢ a polypeptide comprising an amino acid sequence selected from the group cansisting of a)
an amine acid sequence selected trom the group consisting of SEQ ID NQ:1-26, b) a natarally
gocuring amine acid sequence having at least 9055 sequence jdenrity 10 an aminao acid sequence
sclected from the group consisting of SEQ 1D NG:1-26, <) a biotogically active fragment of an aimino
acid sequence selected from lhe grovp consisting of SEQ TD MO:1-26, and ¢) #n immunagenic
tragment of an amine acid sequence seleciced from the group consisting of SEQ 110 NO:1-26. The
method comprises a) combining the polypeptide with &t leas! one test compound under conditions
permissive for the aclivily of the polypeptide, b) asssssing the activity of the polypeptide in the
prescnes of the test componnd, and ©) comparing the activity of the polypeptide in the presence of the
test compound with die activity of Lhe polypeptide in the absence of the test compound, wherein a
changr in the activity of the polypepide in the presence of the test compound is indicative of a
conpound that modulates the activily of the polypeptide.

The invention firther provides a method [or screening a compound for effectivenass in
altering cxpression of a target polynucleotide, wherein said target polynuclectide comprises a
sequence selested from the group consisting of SEQ 1D NO:27-52, the methed conoprising a)
exposing a sampls comprising the targer polynuclectide to a compound, and b detecting altered
expression of the taget polynucleatide.

" The nvention further provides a method for assessing toxicity of a test compound, said
method commising a) hreating a biolegical sample containing pucleic acids with the rest componod;
b) hybridizing the nucleic acids of the treated bivlogical sample with a probe comprising at least 20
contigaous nuclsotides of a polynucleotide comprising a palynucledtivie scquence selected from the
group consieting of i} a palynueleotide sequence selected from the group consisting of SEQ 1D
WNO:27-52, ii} a naturally ccenrring polynucleotide sequence having at legst %% sequence identity to
a pelynucleatide sequence selected from the group consisting of SEQ TD NO:27-52, iii) a
polynucleotide yequence complementary to i}, iv) a polynucleatide seqrence complementary w ii),
and v} anr RNA equivalent of 1-iv). Hybridizatien occurs under conditions whereby a specific
hyhridization complex is formed between said probe and a target polynucleotide in the bivlogical
sample, sail targer polynuclentide comprising a polyueclectide sequence selected from the group
consisting of iy a polynucleotide sequence sclested from the group consisting of SFQ D NC:27-52,
ii) # naturally oczurming polynucleotide sequence fraving at least 90% sequence identity W a
polynuclectide sequence selected from the growp conststing of SEQ 1D NO:27-52, i) 2
pelyoucleatide sequence complementary to 1), iv) a polyouclectide scquence complementary to i),
and v} an RMA equivalent of i}-iv). Alteraatively, the target polynucleotide comprises a Fragment of

a palynucleotide sequence sclected from the group consisting of i)-v) above; ¢) quantifying the

22
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amaunt of hybridizaton coroplex; and d) comparing the amount of hybridization complex in the
treated biological sample with the amount of hybridization complex in an untreated biclogical
sample, wherein a difference in the amount of hybridizarion comglex io the treated biological sample

is indicative of toxicity of the test compound.

BRIEF DESCRIPTION OF THE TABLES

Tahle I summarizes the nomeaclatire for the Fall Iength polynuclentide and polypeptide
sequences of the present invention.

Table 2 shows the GenBank identification number and annetution of the nearcst GenBank
homolag for polypeptides of the invention. The probability scors for tbe maich between exch
polypeptide and jits GenBank homolog is also shown.

Table 3 shows siructural features of polypeptide sequences of the invention, ncluding
predicted motifs and domains, along with the methods, algorithms, and searchable databases used for
anslysis of the polypoptides.

Tahle 4 lists the cDNA fragments which were uscd to assemble polynucleatide sequences of
the invention, along with sclocted fragments of the polynuclectide sequences.

Table 5 shows e representative CONA library for palynmuclentides of the invention.

‘T'able 6 provides an appendix which describes the tissues and vectors used for construction of
the cDNA libraries shown in Table 3.

Table 7 shows the toals, programs, and algorithms used to analyze the polyoecleotides and
palypeptides of the invention, along with applicable descriptions, references, und threshold

parameters.

DESCRIPTION OF THE INVENTION
Before the present proteins, nucleotide sequences, and methods are described, it is undecstood
that fhis invention is not linited to the particular machines, materials and metheds described, as these
may vary. It is also to bo understood that the terminelogy used herein is for the purpose of describing
particular embodiments only, and is ot intended to Lirnit the scope of the present invention which
will bz limited only by the appended claims.

Te must be noted that as used herein and in the appended claims, the singular forms “a,™ “an,
and “the” include plural reference unless the context clearly dictates atherwise. Thus, for example, a
reference to “a host cell” incledes a phiralily of such bost celts, and a reference to “ap antibody™ is a
reference to ane or moere antibadies and egui valents thereof known to those skilled in the art, and so

forth.

Unless defined othorwise, all technical and scientific temus used hegein bave the same
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meanings s commenly understood by one of ordinary skill in the art t¢ which this invention beiongs.
Although any muchines, materials, and methous similac or equivalent io those described kersm can be
used to practice or tesi the present invention, the preferred machines, materials and methods ave now
described. Al publications mentioned hercin are cited for the purpose of describing and disclosing
the cell lines, protocols, reagents and vectors which are reported in the publications and which might
be used in connection with the invention. Nothing herein is to be construed as an adinission that the
inveation is net entitled tw antedate such disclosure by virue of prior invention.
DEFINITIONS

“HEM" refery to the amino acid sequences of sobstantial by porified HEM obtaingd from: any
species, particulasly a mammalian specics, incloding bovine, ovine, porcine, murioe, equine, and
i, and from any source, whether natural, synthetic, semi-synthctic, or recombinant,

The tenm “agonist” rafers to a molecnle which intensifies or mimics the biological activity of
HEM. Agonists may include proteins, nucleic acids, carbahydrates, small molecules, or any other
compound or composition which medulates the aclivity of HEM either by directly interacting with
HEM ar by acting oo compouents of the biological pathway in which HEM participates.

An “allchc vartant” is an alternative form of the genc encoding HEM. Allche variants may

- result from at least one tmutation in the nucleic acid sequence and may resuli in altered mBNAs o1 in

polypeptides whose struetare or function may or may not be altercd. A gene mnay have none, one, or
many allelic vaviants of its natorally ocourring form. Common mutational chauges which give rise to
allelic variants ure generally ascribed 2o natural deletions, additions, or substitutions of nucleotides,
Each of these types of changes may occur alone, or in combination with the others, one ar more times
in a given scquence.

“Altered” nucleic acid sequences encoding HEM include those sequences with deletions,
nsertions, or substitutions of different nncleotides, resulting in a polypepride the same as HEM or a
polypeptide with at least one functional characicristic of HEM. Included within this definition are
polymarphisens which may or may not be readily detectable using a particular oligonucleatide probe
of the polymcleciide encoding HEM, and lnopreper or unexpected hybridization to allslic vaciants,
with z lecuy other than the nomnal chrormaosomal locus for the polynucicotide sequence cocoding
HEM . The encoded pratein rnay also be “alterad . and may contain deletions, insertions, or
substitutions of amine acid residues which produce a silent change and resuit in a functionally
equivalent HEM. Deliberate amino acid substitutions may be made on the hasis of simtfarity in
polarity, charge, selubility, hydrophobicity, hydrophilicity, andfor the amphipathic nature of the
residues, as long as the biological or immumelogical activity of HEM is retaived. For example,
negatively charged amino acids may include aspartic acid and glulamic acid, and positively charged

amine acids say include lysine and arginine. Amuno acids with uncharged polar side chaing having
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siniilar hydrophilicity values may include: asparagine and glutamine; and serie and threonioe,
Amino acids with uncharged side chaivs having similar kydrophilicity values may include: lencine,
isoleucine, and valine; glycine and alanine; and phenylatanine and tyrosine.

The terms “mnino seid” and “aming acid sequence” rafer 1o an olignpepride, peptide,
polypeptide, or protein sequence, or 2 frasment of any of these, and to naturally occurring or synthetic
molecnles. Where “anino acid sequence” is recited to refer 10 2 sequence of a naturally occurring
protein molecule, “amine acid sequence” and Jike terms are not meant 1o limil the amine actd
sequence 19 Lhe complete native amine acid sequence assonated with the cecited protein melecule.

“Amplification” relates to the production of additional copies of & rucleic acid sequence.
Amgplification is generally carmied out using polymerase chain reaction (PCR) technologies well
known in the art.

The term “antagonist” refers to a molecule which inhibits or attenuates the bivlogical activity
of HEM. Antagonists may include proteins such as antibodies, rucleic acids, carbohydrates, small
molecules, or any other compound or composition wiieh reodulates the activity of HEM cither by
directly inferacting with HEM or by acting on comporents of the bielogical pathway in which HEM
participates.

“The ierm “antibody™ refers to intact immunoglobulin moflecules as well as to fragments
thereof, such as Fab, Flab'},, and Fv fragments, which are capable of binding an epitopic determinant.
Antibodics that bind HEM polypeptides can be prepared using intact polypeptides or using fragments
containing small pephides of interest a3 the immunizing antipen. The polypeptide or oligopeptide
used Lo immunize ap animal (.8.. @ meuse, « Fat, or & rabbit) con be derived from the gapslution of
RNA, or symhesized chemicaily, snd can be conjugated to a carrier protein if desired. Commnonly
used cacriers that are chemically coupled to peptides include bovine serum albumin, thyroglobulin,
and keyhole limpet hemoeyanin (KRLH). The coupled peptide is then used to imniumize the animal.

The term “antigenic determinant” refers to that region of 4 melecule (i.¢., an epitope) that
makes contact with a particular antibody. When a protein or a fragment of & protein is nsed to
immunize 2 host anima), numerons regions of the protein may indvce the production of anribodies
which bind specifically to antigenic detexminants (particular regions or three-dimensional structures
an tie protein}. An antigenic delepminant may compete with the intact autigen (i <., (he immunegen
used to elicit the immune response) for binding to an antibady.

The term “antisense™ celers o any comgosition capable of base-paiting with the “sense”
{coding) strand of a specific nucleic acid sequence. Antisense compositions may include DNA;
RNA; peptide nucleic acid (PNA); eligonucleotides having modified backbone linksges such as
phosphorothivates, methylphosphenates, or benzylphosphonates; oligenueleatides having modified

FUgRS groups stich as 2-mothoxyethyl sugers or 2 methoxyethexy sugars: or oligoneclootides having
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modlified bases such as S-methy] cytosine, 2-deoxyuracil, or 7-deaza-2 deoxyguanosine. Antisense
molecules may be produced by any method including chemical synthesis or ttanseription. Once
introduced inte a cell, the complementary antiscnse molecule base-pairs with a naturally accurring
mucleic acid sequence produced by the cell to fonn duplexes which black either banscription oo
transiation. The designation “nogative” or “minus” can refer to the antiscnse strand, and the
designation “positive” or “plus™ can vefar to the sense strand of a reference DNA molecule.

The term “biologically active™ rafers to a prorein havipg structeral, regulatory, or biochemical
functions of o naiurally ocewrring molecule, Likewise, “immwociogically active”™ or “inununogenic™
refers to the capability of the natural, recombinant, or synthetic HIZM, or of any oligopeptide thersof,
Lo induce a specific immune response in appropriute animals or cells and te bind with specific
antipodies.

“Complementary” describes the refationship between two single-stranded nucleic acid
sequences that anneal by base-pairing. For exarnple, 3'-AGT-3' pairs wiih its complement,
3-TCA-5.

A “composition comprising a given polynuclectide sequence™ and a “composition comprising
it given aming acid senuence” refer broudly to any composition containing the given polynucieotide
or aming acid sequence. The composition may comprise a dry formulation or &n aqueots selution.
Compositions comprising polynucleotide sequences encoding HEM or fragments of HEM may be
employed as hybridization probes. The probes may be stored in fresze-dried form and way be
agsociated with a stabilizing agent such. as a carbohydrate. In hybridizaticns, the probe may be
depleyed in an aquecus solution containing salts (e.g., NaCl), deisrgents {¢.g., sodium dodecyl
sulfate; 8135}, and other corponents (2.5, Denbard(Cs solution, dry milk, salmon sperm DA, etc.).

“Consensis sequence” refers 10 a nucleic acid sequence which has been subjected to repeated
DNA sequence analysis to resolve nncalled bases, extended nging the XL-PCR. kit (Applied
Biosystcms, Foster City CA) in the 5' endfor the 3 direction, and resequenced, or which has been
assemabled from one or more overlapping cDNA, EST, or genomic DNA fragiments using & computer
program for fragment assembly, such as the GELVIEW fragment asscimbly system (GCG, Madison
WI) or Phrap (University of Washington, Seattle WA). Some sequences have been both extended and
assemhled to procuce the cansensus sequence.

“Conservative aming acid substitutions™ are those substitutions that are predicted to least
interferc with the properties of the original protein, .., the structure and especially the function of
the protein is comserved and not significantly changed by such substitutions, The fable below shows
aming acids which may be substituted (or an origing) amino aid in = protein and which are regarded

A5 conservative amino acid substitutions.
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Original Rosidue Congervative Substitacion
Al Gly, Ser
Arg Itis, Lys
Asn Asp, Gln, His
Asp Asn, Glhu
Cys Ala, Ser
Gln Asu, Glu, Hiz
Gla Asp, Gln, His
Gly Al
His Asn, Arg, Gln, Glo
Te Leu, ¥al
Leu e, Val
Lys Arg, Glo, Gln
Met Leu, fie
Phe His, Met, Leu, Trp, Tyr
Ser T Cys, Thr
Thr Ser, Val
Tep Fhe, Tyr
Tyr His, Phe, Trp
Val lle, Leu, Thr

Conscrvative antino acid substitations gencrally maintain (a) the stnicturs of the pelypeptide
backbone in the area of the substituiion, for example, as a beta sheet or wipha helical conformution,
(B) the charye or bydrophohicity of the molecule at the site of the substitution, and/or {c) the hulk of
the stde chain.

A “deletion™ refers to a change in the amino acid vz nucleotide sequence that results in the
absenes of one or more amine acid residucs o1 miclectides.

The term “derivative” refers to a chemically modified pelynucleetide or pulypeptide.
Chemical modifications of a polynuclectide can include, for example, replacement of hydrogen by an
alkyl, acyl, hydroxyl, or amine group. A derivative polynucleotide encodes a polypeptide which
retains at least one biological or immunological function of the natural moleculs. A derivative
polypeptide is one modificd by glycoesylation, pegylation, of any similar process that retains at least
anc hiclogical or immunetogical function of the polypeptide from which it was derived.

A “detectable label” refers to a reporter molecule or enzyme that is capable of generating a
measurable signal and is covalently or noncovalently joined to a polynuclcotide ar polypeptide.

A “fragment” is a unique portion of HEM or the polynuclestide encoding HEM which is
identicz] in sequence to but shorter in leagth than the parent sequence. A fragment may comprise up
1a the entire length of the defined sequence. mimis one nuclentide/amino acid cesidue. For example,
& fragment may comyprise from 3 to 1000 contiguous nuclectides or amine acid rosidues. A fragment
used as a probe, primer, antigen, therspeotic molecule, ar for other purposes, may be at lease 5, 10,
15, 16, 20, 25, 30, 40, 50, 60, 75. 100, 150, 230 or at lesst 500 contigeous nucleotides or amino scid

Tesidues in length. Fragments may be preferentially selecied from certain regions of 2 molecule. For
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example, a polypeptide fragment may comprise a verlain length of contiguows amine acids selected
from the first 250 or 300 amino acids {or first 25% ar 50%) of a polypeptide as shown in a cestain
defined sequence. Clearly these lengths are exemplary, and any length that is supported by the
specification, including the Scquence Listing, tables, and figures, may be cncompassed by the present
embodiments.

A feagment of SEQ ID NO:27-32 comaprises a region of unigue polynuclectide sequence that
specifically identifies SEQ 1D NQ:27-52, for exampie, as distinet from any other sequence in the
geneme from which the fragiment was obtained. A fragimeot of SEQ ID NO:27-52 s nzeful, for
cxample, in hybridization and amplification technotogies and in analogaus raethods that distinguish
SEQ ID N(:27-52 from related polynucieotide sequences. The precise length of a fragment of SEQ
I NOx27-32 and the region of SEQ ID NO:27-52 to whicl: the fragment corresponds are routinely
determinable by one of ordinary skill in the art based on the intcnded purposs for the fragment.

A fragment of SEQ ID NO:1-26 is encoded by a fragment of SEQ D NO:27-52. A fragment
of SH(3 112 N{: |-26 comprises & region of unique amino acid sequence that specifically identifios
SEQ D NO:3-26. For example, a fragment of SEQ 1D NO: 1-26 iy veeful as an immenogeaic peptide
for the development of antibodies that specificaliy recagnize SEQ T NO:1-26. The precise length of
a fragment of SEQ 1D NO:1-26 and the region of SEQ 1D ¥0:1-26 to which the fragment
sorresponds are routincly determinable by one of brdinzry skill in the ant bused on the intended
purpose for the fragient.

A full lengih” polynucleotide sequence js one conraining at least a translation initiation
vadon {e.g., methionine) Fallowed by an open reading frame and 2 teanslation termination codon. A
“Fult length” palynuclectide sequence encudes a “full kength™ polypeptide sequence.

“Homology” refers to sequence similarity or, mterchangeably, sequence identity, between
twa or more polynucleotide sequences or two or more polypeptide sequences.

The terms “percent identity” and "% jdentity,” as applied to polynuclectide scquences, refer
to the percentage of residue matches betwesn at Jeast two polynuclectide sequences aligned vsing 2
stendardized algorithm. Such an algeritht may inscr, in a standardized and reproducibile way, gaps
in the sequences being compared in order to optimize alignment between rwo sequences, and
therefore achieve a more meaningtul comparisen of the fwo sequences,

Fercent identity between polynucleotide sequences may be determined using the default
parameters of the CLUSTAL V algorithm as incorporated inte the MEGALIGN version 3.12e
sequence alignment program. This program is part of the LASERGENE software package, a suite of
molecnlar biclagical analysis programs (DNASTAR, Madisen WI). CLUSTAL ¥ is deseribed in
Higgins, D.G. and F.M. Sharp (1989) CABIOS 5:151-153 and in Higging, D.G. et &1 {1992) CABIQOS
§:1849-191. For pairwise alignments of polynucleotide scquences, the defawlt parameters arc st as
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follows: Ktuple=2, gap peaalty=5, window=4, and “diagonals saved’=4. The “weighted” residue
weight table is selected as the default. Parcent identity is reported by CLUSTAL ¥ as the “percent
similarity™ between aligned polynucleclide sequences.

Allematively, 2 suite of connnonly vsed and freely available sequotice comparisen algorithms
is provided hy the National Center for Biotechnology Infonmation {NCBI) Basic Local Alignment
Secarch Tool (BLAST} (Altschul, 5.F. et al. £1990) J. Mol. Biol. 215:403-410}, which is available
from several sources, including the NCBI, Bethesda, M, and on the [nternet at
hitp/fwwowachi nlminih.gov/BLASTY. The BLAST software suile includes various sequence
apalysis programs inclading “hlasm,” that is wsed to slign a known polynucleotide sequence with
other polynucleotide sequences from u variety of databases. Also available is a tool called “BLAST 2
Sequences” that is used for direct pairwise comparison of twa nucleotide sequences. "BLAST 2
Sequences” can be accessed and used interactively at http:/fwww.ncbinln.oih.gov/gorffbl2 html.
The “BLAST 2 Sequences™ tool can be used for both Rlastn and blastp (discassed below). BLAST
programs are: commenly wsed with gap and other paraimeters set to defaull senings. For example, to
compare bwo aucleotide seguences, one may use biastn with the “BLAST 2 Sequences” wol Version
2.0.12 (Apnl-21-2000) set at default parameters. Such defanlt parameters may be, for example:

Mairix: BLOSUMS2

Reward for match: §

Penally for irismateh: -2

Open Gap: 5 and Extenxion Gap: 2 penalties

Gap x drop-off: 3¢

Expect: 10

Word Size: 11

Fifter: on

Percent identity may be mepsured over the length of an entire defined sequence, far exaimple,
as delined by a parsicular SBQ ID number, or may be measured over a shoster length, for example,
over the lenpth of & fragment taken from a larger, defined sequence, for instance, a fragment of at
least 20, af least 300, at Jeast 40, at least 50, at least 70, at least 100, or at least 200 contiguons
nucleatides. Such lengths are exsnplary only, and it is understood that any fragment length
supported by the sequences shown herein, in the tabjes, figures, or Sequence Listing, may be usad to
desceibe a length over which percentage ideniily may be measured.

Nucleic acid #eguences that do not show & high degree of identity may nevedheless encode
similar saioo acid sequences due to the degeneracy of the genetic code. 1t 1s understood that changes
in a nueleic acid sequence can be made usinyg this degeneracy to produec multiple nucleic acid

sequences that all evcode substantially the same protein,
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The phrases “percent identity” and “% identily,” as applied to polypeptide sequences, refer to
the percentage of residuc matches betweon ar [east two polypeptide saquences alimned using a
stndardized algorithm. Methods of polypeptide sequence alignment are well-knawn. Some
alignment metbods take into aczount conservative amino acid substimtions. Such couservative
substitutions, explained in more dotail nbove, generally preserve the charge and hydrophobicity at the
site of substilution, thus preserving the structure {and (herefore function) of the polypepiide.

Fercent iderrity betwesn polypeptide sequences way be determined using the default
parameiers of the CLUSTAL V algorithm as incorporaied into the MEGALIGN version 3.12e
sequence alignment program {Jescribed and referenced abave). For pairwise alignments of
polypeptide sequences using CLUSTAL V, the default parameters are st as follows: Ktuple=). gap
ponalty=3, window=35, and “diagonals saved”=5. The PAM250 matrix is selected as the default
residue woight table. As with polynecleotide alignments, the percont identity is reported by
CLUSTAL V¥ as the “peresnt similarity” betwesn aligned polypeptide sequence pairs.

Abternatively the NCBI BLAST software suilz 1ozy e used. For example, for a pairwise
comparison of twe polypeptide sequences, ope may use the “BLAST 2 Sequences” tool Version
2.0.12 (April-21-2000} with blastp set at default paramelers. Such defanlt parameters may be, for
example:

Matrix: BLOSUMS2

Gpen Gap: 1 and Extension Gap: 1 penaitivy

Gap x drop-eff: 50

Expect: [}

Word Size: 3

Filter: on

Percent ideniity may be measered over the length of an entire defined polypeptide sequence,
for example, as defined by a patticular SEQ TD number, or may be measurad gver a shorter Icng(b, for
example, vver the length of a fragment taken from 2 Jurger, defined polypeptide sequence, for
instance, a fragment of at least 15, at least 20, at least 30, at Isast 40, at Teast 30, at least 70 ot at least
130 contiguous residues. Such lengihs are exemplary only, and it is understood that any fragment
length supported by the sequences shown herein, in the tables, figures or Sequence Listing, may be
used to deseribe a length over which percentage identity may be measred.

“Human artificial chromosomes" (HACs) are lincer microchromosorges which may contain
DNA sequences of about 6 kb to 10 Mb in size and which contain all of the clements required for
chromosome replication, segregation and maintenance.

The term “berpanized antibody™ refers to an antibady meleettie in which the amine acid

sequence in the non-antigen binding regions has been altered so that the aotibody mosc closely
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resermnbles 4 hunian anbibody, and stil) rewins its eriginal Sinding abilicy.

"Hybridization™ refers to the process by which a polynucleotide strand anneals with a
complementary strand chrongh base pairing under defined hybridization conditions. Specific
hybridization is an indication that twe nucleic acid sequengces share a high degree of complementarity.
Specific bybridization complexes form under permissive annealing conditions and remain hybeidized
after the “washing™ step(s). The washing step(s) is particularly imporcant in determining the
stringeney of the hybridization process, with more stringent conditions allowing less non-specific
Binding, i.e., binding between pairs of pucleic acid strands that are not pesfactly matched. Permissive
conditions (or annealing of nucleic acid sequences are routinely determinable by one of ordipary skill
in the arf and may be constslen! among hybridization experiments, whereas wash conditions may be
varied among experiments o achieve ihe desired stringency, and Iherefore hybridization specificity.
Permissive annealing condilions occur, for example, at 68°C o the presence of about 6 x 38C, aboat
1% {w/v) SDS, and about 100 pg/ml sheared, denatured salmon sperim DINA.

Generally, stringeoey of hybridization is cxpressed, in pare, with reference to the temperatate
under which the wash step is carried out. Such wash temperstures are typically selected o be about
5C to 20°C Jower than the thermal meiting point (T} for the specific sequence at a defined iondc
strength and pH. The T, js the temperature (under defined ionic strength and pH} at which 50% of
the target sequence hybridizes to a perfectly matched probe. An equation for caleulating T, and
conditions for nucicic acid hybridization are weil known and can be found in Sambrook, 1. et al.
(19589) Moleenlar Cloning: 4 Laboratory Manual, 2 ed., val. 1-3, Cald Spring Harbor Press,
Plainview NY; specifically ses volume 2, chapter 9.

High siringency conditions for hybridization between palynucleotides of the present
invention include wash conditions of 68°C in the presence of about 9.2 x 35C and about 0.1% SDS,
for 1 hour. Aleernatively, wmperanres of about 637C, 60°C, 35°C, or 42°C may be used. 88C
concentration may be varied from about 0.1 te 2 x 5SC, with SDS being present at about 0.1%.
Typically, blocking reagents arc used fo black non-specitic hybridization. Such biscking rcagents
include, for instance, sheared and denatured salmen sperm DNA at abowt 100-200 pg/ml. Organic
solvent, such as formamide at a concentration of about 33-50% viv, muy aiso he used under particular
circumsiances, such as for RMA:DNA hybodizations. Useful vadalions oo these wash conditions
will e readify apparent to those of ordinary kil in the arl. Hybrdization, particubacly under high
stringency conditions, may be suggestive of evelutionary similarity between the nucleatides. Such
similarity is strongly indicative of a sjmilar role for the nuclcotides and their encoded pelypeptides.

The term “hybridization complex” refers to a complex (omned belween two nueleie acid
sequonces by virtue of the formation of hydrogen bonds between cumplmncn[éry bases. A

hybrdization complex. may be formed in solution (c.g.. Cot or Rot analysis) or formed between one
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nucleic acid sequence present in solution and anather nucleic acid sequence immobilized on a solid
support (e.g., papes, membranes, tilters, cbips, pins or glass slides, or any other appropriate substrate
1o which cells or their nucleic acids have been fixed).

The words “insertion” and “addition” refer t changes i an aming acid of nuclaotide
segrence reenlting in the addilion of one or more amino acid residues o nucksotides, respestively.

"Tmroune response” can rofer to conditions associated with inflammation, trasma, imimune
disorders, or infeetious of genetic discase, eic. These conditions can be characterized by expression
of various factors, .g., cytokines, cherookines, and ofher signaling melecules, which may affect
ccllolar and systemic defense systems.

An “immunogenic fragment” is 2 polypeptide or oligopeptide fragiment of HEM which is
capable of ehciting an imroune response when introduced inte a living organism, for example, a
mammal. The term "immunogenic [ragment” also includes any polypeptide or oligopeptide fragment
of HEM which is useful in any of the antibody production methuds disclosed herein or known in the
art.

The term “microarray”™ refors to an arrangerment of a plurality of polypuclectides,
polypeptides, or other chemical cowpounds on a substrate,

The terms “clement” ard “array element” refer to a polynucleotide, polypeplide, or other
chemical compound having a unigue and delived position on a microarray.

The lerm “modulate” refers (o a change in the activity of BEM. For examgle, modulation
may causc an increase or & decrease in protein activity, binding characteristics, or any other
biolegical, functional, or Immunological propertics of HEM,

The phrases “nucleic acid™ and “nncleic acid sequencs™ refer to 4 nucleatide, oligonncleotide,
polynucieotide, or any fragment thereof. These phrases also sefer to DNA or RNA of genormic or
iynthetic ortgin which may be single-sirsnded or tkmble-stranded and may represent the sense or the
antiscnse strand, Lo poplide nucleic acid (PNA), or to any DNA-Like or RMA-like material.

"Operably linked" vefers to the situation in which a first nucleic actd sequence is placed in a
functionz) relationship with a second nucicic acid sequence. For instance, @ promoter is operably
linked to a coding sequence if the promater affects the transcription or expression of the coding
sequence. Operably iinked DA sequences may be in close proximily or coniiguous and, where
necessary 1o juin two protein coding regions, in the same reading frame.

“Peptide nucleic acid” (PMA) refers Lo an antisense molecele or anti-gene: agent which
cumprises n oligonecleotide of a1 least about 5 nucleetides in length linked {o 2 peptide backbone of
amine acid residues ending in lysine. The terminal lysine confers solubility to the composition.
PNAg preferentizlly bind complernentary gingle stranded DNA or RNA snd stop transcript

elongation, and may be pegylated to extend thefr ifespan in the cell.
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""Post-transtational medification” of an HEM may imvalve lipidation, slycosylation,
phosphorylation, acetylation, racemization, proteolytic cleavage, and other modifications known in
the art. These processes may occur synthetically or bischenically. Biochemical medifications witl
vary by cell type depending on the enzymatie milien of HEM.

"Frobe” refers i nucleic acid sequences encoding HEM, their complements, or fragroents
thereaf, which are used to detect identical, allche or related nueleic acid sequences. Probes are
isalated oligonucleotides or polynuckeotides attached 1o a defectable label ar reporter molecule.
Typical labels include radinactive isutopes, ligands, chemiluminescent ageots, and enzyines.
“Prirers” are short mcleic acids, usnally DiNA oligomucleotides, which may be anncaled to a fargst
polynucleotide by complementary base-pairing. The primer may then be extended zlong the target
DMA strand by a DMA polymerase enzyme, Primer pairs can be used for amplification (and
identification) of a nucleic acid sequence, e.p., by the polymerase cheain reacticn (PCR).

Frobes and primers as used in the present invention typically comprise af leasi 15 contiguous
nucleotides of a known sequence. [n order to enhauce specificity, longer probes and primers may also
be employed, such as probes and primers thal comprise at least 20, 25, 30, 40, 50, 60, 70, 80, 90, 100,
or at [east 156 consecutive nucleotides of the disclesed meclsic acid sequerces. Probes and primers
may be considerably longer than these examples, and it is understond that any length sepported by the
specification, including the tables, figures, and Sequence Listing, may be used.

Methods for preparing 2nd using probes and primers are described in the references, tor
example Swmbrowk, I. et al. (1989) Molecular Clonine: A Laboratory Manuval, 2™ ed., vol. 1-3, Cold
Spring Harbor Press, Plainview IY; Auschel, F.M. et al. {1987) Cacrgnt Protocols in Molecular
Biology, Greene Publ. Assoc. & Wiley-Interseiences, New York NY; Innis, M. et al. (1990} PCR
Frotocols, A Guide 10 Methods and A pplications, Academic Press, Suan Diego CA. PCR primer paits
can be derived from a known sequence, for example, by using computer programs intended for that
purpase such as Primer (Version 0.5, 1991, Whitehead Institute for Biomedical Rescarch, Cambridge
MA].

Ofigonucleotides for nse 55 primers are selected using software known in the 21t for such
purpose. For example, OLIGO 4.06 software is useful for the selection of PCR primer pairs of up to
100 nucleolides each, and for the analysis of oligonucleotides and larger polynucleotides of up to
5,000 nucieotides from an input polmucleotide se-quence of up to 32 kilobases. Similar primer
selection programs have incorperated additional features for expanded capabilities. For example, the
PrimQU primer selection program {available i the public from the Genoxe Canrer at University of
Texas South West Medical Center, Dallns TX} is capable of choasing specific primers from
megabase sequences and is thus useful for designing primers on a genome-wide scope. The Primer3

primer selection program (available ta the public from the Whitebead Institute/MIT Center for
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Genome Research, Cambridge MA) allows the user to inpul 2 “mispriming library,” in which
sequences (o avoid as primer binding sites are wser-specified. Primer3 is uscful, in particular, for the
selection of oligonucizolides for microarrays. (The source code for the latter bwo primer selection
programs may also be obtained from their respective sonrees and madified 10 meet the user’s specific
needs.} The PrimeGen program (available te the public from the UK Human Genome Mapping
Project Resource Centre, Cambridge UK} dexigns primers based on multiple sequence alignments,
thereby allowing selection of primers that hybridize io either the most conserved or [east conserved
regions of aligned nucleic acid sequences. Hence, this program is useful tor identification of bath
uniqae and conserved oligonucleotides and palynucleotide fragments. The oligonucleotides and
polynucleotide fragnents identified by any of the above selection methods are useful in hybridization
technologizs, For example, 4s PCR or sequencing primers, microarray elements, or specific probes to
identify fully or partialiy cemplementary polynucleotides in a sumple of nucleic acids. Methods of
oligonucleatide selection ars nol limited fo those described above.

A “recombinant nucleic acid” is & scquence that is not natwrally occurring or has i sequence
that is made by an artificial combination of two or more otherwise separated segments of sequence,

This artificial combination is often accomplished by chemical synthesis or, more commonly, by the

artificial manipulatipn of isolated segments of nucivic acids, e.g., by genelic enginecring techniques
such as those desoribed in Sambrook, supra. The term recombinant includss nacleic acids that have
Lecn attersd solety by addition, substitution, or deletion of 2 porticn of the nucleic acid. Frequently, a
recombinant nucleic acid may include 2 nucieic acid sequence operably linked to-a promoter
sequence. Such a recombinant oueleic acid may be part of a vector that is used, for example, to
transtorm a cell.

Altematively, such recombinant nucleic acids may be part of a viral vector, e.g., based on a
vaccinia virus, thet could be use tr vaceinate a mannal wherein the reeombinant nucleic acid is
expressed, inducing a profective immunological response in the manmmal,

A Fregulatory element” refers to a nucleic acid sequence usually derived from untranslated
regions of @ gene and includes enbancers, promaters, ntrons, and 5’ and 3 ontrumslated regions
(UTRs). Regulatory eiements interact wilh host or viral proteins which contral transeription,
teanslation, or RNA stabifity.

“Reporter molcculés” are chemical or biochernical moieties used for [abeling a nu¢leie acid,

amino acid, or antibody. Reporier molecules include radionuclides; enzymes; fluorescent,

i or chromoegenic agents; substrates; cofactors; inhibitors; magnetic particles; and
other mojeties known in the art. :
AR “RINA equivalent,” in refarence w a DNA sequence, is composed of the same linear

sequence of pucleotides as the reference DNA, sequence with the exceprion that all cocumences of the
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niltogencus base thymine are replaced with uracil, and the sugar backborte is cowposed of rdbose
instead of deoxyribose.

The term “sample” 18 used in its brondest sense. A sample saspected of conemining HEM,
nieleic acids encoding HEM, or fragments thereaf may comprise 2 bodily fluid; an exitact from 2
cell, chramosome, orgeaelle, or membomie isolaied from a ol a cell; genomic DNA, RNA, af
cDNA, in solation or houndt to 2 substrate; & tissue; a tissue pont; ete.

‘The terms “specific binding” and “specificalty binding" refer to that imeraction betwaen
protein or peptide and an agonist, an untibody, an antagonist, 2 small melecule. or any natwral or
synthetic binding composition. The interaetion s dependent upem the presence of a particular
stnuctore of the protein, ¢.g., the antgenic determinant or epitope, recognized by the binding
mwlecule. For example, if an antfbody is specific for epitope “A." the presence of s polypeptide
comprising the spilope A, or the presence f free unjabeled A, in a reaction containing free labeled A
and tho antibody will reduce the smount of fabsled A that binds to the antibady.

The rerm “substantially porified” refers to nueleic avid or amino acid sequences that ace
rornaved fron their tiaturs! epvironment and arc isolated or separated, and ave at Jeast 60% free,
preferably af least T8% free, and most preferably at least Y05 free from other componests with which
they are natwrally associued.

A “substitution” refers to the replacement of one or more amino acid easidues or nucleotides
by ditferent amita asid residucs or nclentides, respectively,

“Bubstrate” refexs t any switable rigid or seri-rigid suppoert including membranes, fiters,
chips, slides, wafeis, fibers, magnatic or nonmagnstic beuds, gels, hing, plates, polymers,
microparticles and capillarics. The substrase can have & variety of surface forms, such as wells,
trenchics, piss, channels and pores, te whicl polynuciectidss o1 polypeptides are board.

A “transcript image” refers €0 the collective pattern of gene exprossion by a particular cell
t¥pe or Hissuc under given condittons al a given time,

“FransCormation” describes a process by which exogenous IDNA is mredoced bnto a recipient
cell. Transformation may eccur under natural or actificial conditions sccording o various methods
well known in the aet, and way sely on any known method, for the insertion of foreigm nucleic acid
sequences into a prokaryolic or eularyotic host csll. The method for transformation is selected based
on the rype of host cell being transfonned and may include, but iz not Innited to, bacteriophags or
virgl infection, electroporation, heat shock, lipofection, and particle bombardment, The term
“iransformed cells” includes stably transformed cells in which the insetied DN, is capable of
ephication either 2s an autenomeusly repHeating plasmid of as part of the bost chromosoze, a5 well
o5 transiently transforoed cells which cxgress (e inserted DNA or RNA for limited periogs of time.

A "transgsnic organism," a3 used horein, is any organism, inchuding but not Himitsd w

JP 2004-504008 A 2004.2.12
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antmals and plants, in which one or mare of the colls of the arganism cunlains keterologous mucleic
acid irtroduced by way of humive intervention, such as by rransgenic technigues well known in the
art. The nuclkeic acid is inteoduced fnto the cell, direelly or indirectly by introducticn into a precursor
of the cell, by way of deliberate genetic manipulation, such as by micreinjeclion or by infection with
a reeombinant virus, The zem genstic manipulation does not include classical cross-breeding, or in
¥itro fertilization, but rather is directed to the introduction of a recombimant DNA melecute. The
transgenic oiganismms contemplited in accordunce with the present invention include bactena,
cyanobacteria, fongi, plants and animals. The isolated DNA of the present favention can be
initoduced into the host by metheds known in the art, for example infection, transfection,
transformation or transconjugation. Techniques for transferring the DNA of the prasent invention
to such organiams are widely known and provided in references such as Sambrook et al. (1989),
supra,

A “variant” of a particular nneleic acid sequence is defined as a nucleic acid scquence having
at least 40% sequence identity to the patticular nueleic acid sequence over a certiio length of one of
the mucleic acid sequences using blastn with the “BLAST 2 Sequences” 100l Version 2.0.2 {May-07-
19993 set at default parameters. Such o pair of nucleic acids imay show, far example, at least 50%, at
Jeast 60%, at least 70%, ut least 8%, at Jeast 85%, al least 209%, at least 915, at least 924%, at leasi
9%, af leqst 34%, ar least 95%, at loast 3%, at Jeast 97%. at least 98%. or at least 99% or greater
sequence dentity over u certain defined length. A variant may be described ag, for cxample, an

“allelic” {as detined above}. “splice,” “species,” or “polymeorphic’” variant. A splice variant may bave
significzn identity to a reforenee moleculy, but will generally have a greater or lesser number of
polyaucleotides due to altzrnative splicing of exens dwing mRNA processing. The corvesponding
polypeptide may pessess additienal functionai domains or lack domnains thar arc preseot in the
reference molecule. Specics variants are polynucicotide scquences that vary from one specios to
another. The resulting polypeptides will generally have significant anino acid jdentity relative to
each other. A polymorphic variant is a variarion in the polymucleatide sequence of a particular gene
between individuals of 2 given species. Polymorphic varianls also may encompass “single nucleatide
polytmarphisms” (SNFs} in which the polynuclectide sequence varies by one nucleotide base. The
presence of SNP's may be indicative of, for cxample, a certzin popuelation, a diszase stale, or a
propensity for a disease state.

A *varlant” of a particular polypeptide sequence is defined as a polypeptide seqnence having
at least 40% sequence identity ta the particular polypeptide fequenes over a certain length of one of
the polypeptide scguences using blastp with the "BLAST 2 Sequences™ ol Yersion 0.9 (May-07-
1949} st at defeult parameters. Such a pair of polypeptides may show, Tor example, at least 50%, at
least 6%, at least 70%, at least $0%, at Jeast 0%, ai least 91%, at least 92%, at Jeast 93%, at Jeast
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9496, ot Jeast 95%, at least 96%, at least 97%, atleast 98%, o at least 99% or greeter sequence
identity overa certain defined length of ens of the polypeptides.

THE INVENTICN

The invention is based on the discavery of new human enzyme motecules (HEM), the
polynueleotides encoding HEM, and the vse of these compasitions for the diagnosis, treatment, or
prevention of antoimmume/inflammartion digorders, genetic disorders, newrological disorders, and cel)
proliferative disorders including cancer.

Table 1 suramarizes the nomenclature for the full length palynueleotids and polypeptide
sequences of (he invention. Each polynucicotide and its corresponding polypeptide are correlated to a
single Tncyte project identification number (Incyte Froject D). Bach polypeptide sequence is denoted
by both a polypeptide sequence identification number (Polypeptide SEQ ID NQ:) and am Tncyie
polypeptide sequence number (Incyle Polypeptids 1) as shown. Each polynucleatide sequence is
denated by hoth a polynucleotide sequence identification number (Pelynucleotide SEQ ID NO:) and
an Incyte polynucleotide consensus sequence mimber {Incyte Polynucieotide 10) as shown.

Table 2 shows sequences with homolagy to the polypeptides of the invention as identified by
BLAST analysis against the GenBank protein (genpept) database. Columns 1 ant 2 show the
polypeptide scquence idensification aumber (Polypeptide SEQ T NO:) and the corresponding Incyle
pelypeptide sequence pumber {fncyte Polypeptide 1D) for polypeptides of the invention. Column 3
shows the GenBank klzntification number (Genbank I0 NO:) of the nearsst GenBank homalog,
Culumn 4 shows the probability score [or the match hetween each polypeptide and its GenBank
homoleg. Columm 3 shows the annotation of the GenBank homolog along with relevant citations
wheie applicable, all of which are expressly Incorporated by reference herein.

Table 3 shows various structural features of the polypeptides of the inveotion. Columns | and
2 shaw the polypeptide sequence idesification numper (SEL) ID MNO:) and the corresponding Incyre
polypeptide sequence aumbert (Incyte Palypoptide [D) for each polypeptide of the invention. Cokemn
3 shaws the aumber of aming acid residues in sach pelypeptide. Colurmn 4 shows potential
phosphorylation sites, und column 5 shows potential glycesylation sites, as deternvined by the
MOTIFS program of the GOG sequence analysts software package (Genetics Corputer Groap,
Madison WI). Column 6 shows amino acid residues comprising signature seauences, domains, and
motifs. Column 7 shows analyticat metheds for protem structure/fenction analysis and in some cases,
searchable ditabases to which the aralytical methods were applied,

Together. Tables 2 and 3 summarize the properties of polypeptides of the invention, and these
prapetties establish that the elaimed palypeptides are human enzyme molecules. For example, SEQ
ID NQ:5 is 84% identical, from resifue M) to residue B384, to Rattus norvegicus beta-alanine
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syothase (GenBank ID g203106) as detennined by the Basic Local Aligmneot Search Tool (BLAST).
(See Table 2.} The BLAST probability scors is 0.0, which indicates the prebability of obtaining the
observed polypeptide sequence wignment by chance, SEQ 1D NQ:S alse contains a carbon-nittogen
hydrolase domain as determined by searching for statistically significant matches in the hidden
Markov madel (HMM}-based PFAM database of conserved proteii family domaing, (See Table 3.}
Diata from BLIMPS and additional BLAST analyses provide Nurther corroborative evidence that SEQ
1D NO:5 is 2 hwdrolase. SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, 8EQ ID NOx4, $EQ 1D NO:6,
SEG I NOYT, SEQ T2 KO8, SEQ I NO:2, SEQ D NO: 10, SEQ ID NO:11, $HQ 11D NO:12, SEQ
[D NO:13, SEQ T N4, SEQ ID NO:15, SEQ ID KO:16, SEQ ID NG:17. SEG 1D NO:18, SEQ 13
NO:19, SEQ I NO-20, 8EQ [D NG:Z1, SEQ 10 NO:22, SEQ 1D NO:23, SEQ D N0:24, SEQ [D
NO:2S, and SEQ JD MO:26 were analyzed and annotated in a similar manner. The algorithms and
parameters for the analysis of SEQ ID NO:1-28 are described in Table 7.

As shown in Table 4, the full langth polynucleotide gequences of the present invontion were
assermbled using cIINA. sequences or coding (exon) sequences derived from genomic INA, or any
combination of these twe types of sequences. Coluions 1 and 2 ist the polynucleotide sequence
identisication number (Polynncleotide SEQ 112 NO:j and the corresponding Incyte polymucleotide
conRENsUs sequence oumber (Ineyte Polynucleotide [D) {or cach polynucieatide of the invention.
Coluznn 3 shows the Jength of each pelynucleotide sequence in basepairs. Cohuan 4 lists fragments
of the polynuclectide sequences which are vseful, for example, in hybridization or amplification
technologios that ideniily SEQ D NO:27-52 or that distingnish between SEQ ID NQ.27-52 and
related polynuclestide sequences. Column § shaws ideotification numbers cocresponding to cDNA
sequences, coding sequences (exons) predicted from geoomic DNA, and/or sequence assemblages
comprised of both ¢DNA and genomic DNA. These sequences were used to assemble the fall lenpth
polynuclectide sequences of the invenrion. Celumns 6 and 7 of Table 4 show the nuclentide srart (5
and stop {3') pasitions of the cDNA sequences in cotumn 5 relative to their respective full length
sequences.

The identification aumbers in Column 5 of Table 4 may refer specifically, for example, to
Incyte cDNAs along with their comesponding cDiNA librarics. For example, 3540084H1 is the
identification pumber of an Incyte cDMA sequence, and SEMVNOTO4 is the cDNA libiary from
which it it decived. Incyte cDNAs for which cDNA librarics are nof indicated were derived from
poaled cDMA librares {e.g., SXADY0083V1). Alternatively, the identification numbers in colurn 5
may refer to GenBank cDINAS or ESTs (c.g., g£2795888) which contributed ta the assembly of the full
length polynaclectide sequences. Altersatively, the jdewtification numbers in column 5 may refer to
coding regions predicesd by Genscan analysis of genomic DNA. The Genscan-predicled cading

sequences may have been edited prior to assembly. (See Example IV.) Alternatively. the
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dentification numbers n column 5 may refer 1o assemblages of both cBNA, and Gensean-predicied
exons bronght together by an “exon stiiching” algorithm. {Sce Example V) Altsmatively, the
sdentification numbers in column 5 may refer to ussemmblages of both cDMNA and Genscan-predicicd
exons brought wogetiser by an “exon-strerching” algorithm. {See Example ¥.) In some cases, Incyte
cDMA coverage redundant with the sequence coverage shown in column 5 was obtained to confim
the final consensus polynucleotide sequence, but the relevant Incyte IDMA identification numbers are
not shown.

Table 5 shows the representarive cDNA libraries for these full length polynncleotide
sequences winch were assembled nsing Incyte cDNA sequences. The representative cDNA lbrary is
the Incyte cDNA libracy which is most frequently represented by the Incyte cDNA sequences whicl
were used to assemble and confirm the above pelynucleoticde sequences. The tissaces and veetors
which were used to construct the cDNA libraries shown in Table 5 are described in Tabls 6.

‘The jovention 2lso encompasses HEM variants, A preferred BEM variant is one which bas at
Jepst about 80%, or alternatively at Jease about 90%, of even ar least about 95% aming acid sequence
identity to the HEM wmino acid sequence, and which contains at least one functionat or structural
characteristic of IHHM.

The invention also encempasses polynucleotides which cneode HEM. Tba particular
embodiment, the invention encompasses a polynucleotide sequence comprising a sequence selected
from the group consigting of SEQ [D NQ:27-52, which encodes HEM. The polynucleotide sequences
of SEQ I N0:27:52, as presented in the Seqnence Listing, embrace the equivalent RNA. sequences,
wherein eecurrences of the nifrogenous base thymiae are replaced with vracil, and the sugar backbone
is composed of rihose inytead of deoxyribese.

The invention also encompasses a variant of a polynucleotide sequence encoding HEM. In
particular, such a variant polynucleotide sequenee will have at least about 70%, or alternatively ac
Jeast about ¥5%, or even at least about 95% polynuclectide sequence identity to the polynueleotide
sequence encoding HEM. A particular aspect of the invention eacompusses o variant of a
polynucleotide sequence comprising a sequence selected from the group consisting of SHQ 100
MNO:27-52 which has at least ubaut 70%, or alternalively at least about 839, or even at lsast about
3% polynucleotide sequence identity te a nucleic acid sequence selected from the gronp conststing
of SEQ ID NO:27-52. Any ane of the polynucleotide variants deseribed above can envode an amino
acid sequence which contains at least ene functional or structural charactertstic of HEM.

T will be appreciated by those skilled in the art that as a resul of the degeneracy of the
genetic code, a multitude of polynucleotide sequences onooding HEM, sowme bearing mininal
similarity to the polynucleotide sequences of any known and naturally accurring gene, may be

produced. Thus, the Invention conteraplates each and every possible variation of polyncieotide
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sequence that could be made by selecting cormbinations based on possible coden choices. These
combinations are made in accordance with the standard triplet genstic code as applied to the.
palymucleotide sequence of naturaily cecurrting HEM, and all sach variations are to be considered as
being specifically disclosed.

Although nucleotide sequences which encode HEM and its variants are general [y capable of
hybridizing to the nucleotide sequence of 1he navaraily oceurring HEM under approprialely selected
copditions of stringency, It 1nay be advantageouns to pmoduce oucleatids sequencss encoding HEM or
its derfvatives posscssing, o substantially different codon usage, .12, inclusion of non-natraily
occuming codons. Codons may be selectad to increase the rate at which expression of the pepiide
oceaTs i particutar prokaryoiic or enkaryotic host in accordunce with the frequency with which
particular codons are utilized by the hast. Other reasons for substantially altering the nuclectide
sequence encoding HEM and ils derivatives without altering the sncoded amine agid sequences
include the praduction of RNA teanscripts having more desirable propertics, such as 1 greater
halfJife, than transcripes preduced from the naturally eceurring sequence.

The invention also encempasses production of DNA sequences which eneode HEM and
HEM derivatives, or fragments thereof, entirely by synthetic chemistry. After production, the
synthefic sequence may be inserted into any of the many wvailable expression vectors and cell
systerns using reagents well known in the art. Morenver, synthetic chemistry may bs used ta
introduce mutations into a sequence encoding IEM or 2oy fragimsat thereof.

Also encompassed by the invention arc polymmcieotide sequences that sre capable of
hybridizing to the claimed polynuclectide sequences, and, in particular, to those shown in SEQ ID
N0:27-52 and frugments thereof under vartous conditions of siringency. (Sce, c.g., Wahl, GV, and
3.L. Berger (1987} Methods Enzymol. 152:399-407; Kimmel, A.R. {1987 Mcrhods Enzymol.
152:507-311.) Hybridization conditions, including appealing and wash conditions, are described in
“Definitinng.”

Methods for IDNA. sequencing are well known in the art and muy be nsed to practice any of
the embodinents of the invention. The methods may employ such cuzymes ag the Klenow fragment
of DNA polymerase I, SEQUENASE (US Biochemical, Cleveland OH), Taq polymerase {Applicd
Biosystems), thermaostable T7 polymerase (Ainersham Pharmacia Biotech, Piscataway NI}, or
comhbinations of polymerases and preofreading exonncleases such as those found in the ELONGASE
amivli fication system (Lile Techoelogies, Gaithersburg MD). Preferably, sequence preparation is
automated wilh machines such as the MICROLAR 2200 liquid transfer system (Hamilton, Reno NV},
PTC200 thermal cycler (MJ Rescarch, Watcrtown MA} and ABI CATALYS'T 800 thermal cycler
(Applicd Bicsystems). Sequencing is then carried out ueing cither the ABL 373 or 377 DNA
sequencing system {Applied Biosysterns), the MEGABACE 1000 DNA sequencing system

JP 2004-504008 A 2004.2.12
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{Moleculer Dynumics, Sunnyvale CA}, or other systems known in the act. The resulting scguences
are analyzed vsing a varisty of algorithms which are well known in the art. (See, e.g, Ausubel, F.M.
(1997 Short Protoculs in Malecular Blolegy, Jobn Wiley & Sons, New York NY, unit 7.7; Meyers,
R.A. (1993) Moleo Bigtogy and Biotechnology, Wiley VCH, New York NY, pp. 856-833)

The micletc &cid sequences encoding HEM may be extendzd utilizing a partial muclectide
sequence and employing varions PCR-based methods known in the ar Lo detect upstream sequences,
such as prometers and regulatory elemments. For example, one method which may be employed,
restriction-site PCR, uses universal and nested primers to amplify uaknown sequence from genomic
DMA within a cloning vector. (See, e.g., Sarkar, G. (1993) FCE Methods Applic. 2:318-322)
Anather method, inverse PCR, uses primners that extend in divergent directions to amplify unknown
sequence from a giroulatized template. The templale s denived from restriction fragments comprising
a known genemic focus and surmounding sequonces. (Sce, v.g., Triglia, T. et al. (1988) Nocleic Acids
Res. 16:8186.) A thicd method, capture PCR, involves PCR amplification of DNA fragments
adjacent to krown sequences io human and yeast artificial chromosome DINA. (Ses, &g, Lagersirom,
M. et al. (1921} PCR Methods Applic. 1:111-115.) T this method, multiple res{riction enzyme
digestions and lgations may be used to inseri an engineered double~stranded sequence jnto a region
of unknown sequence hofore performing PCR. Other metheds which may be used to retrieve
unknown sequences are known in the mt. (See, .., Parker, LI, et al. (1991} Nucleic Acids Res.
16:3055-3060). Additionally, one may nse PCR, nested primers, and PROMOTERFINDER librartes
{Clontech, Pale Alto CA} to walk genomic DNA. This procedure avoids the need to scroen librarics
and is useful in finding intronfexon junctions. For all PCR-based methods, priwers may be designed
using commercially available software, such as QLIGE 4.06 primer anal ysis software (National
Biosciences, Plymouth M) or anather approprizie program, to be about 22 to 30 mucieotides in
length, to kave a GC conleut of about 50% or more, and to agneal to the terplate at temperatanes of
about 68°C ta 72°C.

‘When sereening for full length cDNAs, it is preferable to use libraries thit have been
size-selected to include larger CONAS. In addilion, random-primed libraries, which often include
secuences contaiming the 5' regions of genes, are preferable for situations in which an oligo (T}
litrrary does not yield a full-length cDNA. Genomic libraries may be useful for extension of sequence
into 5 non-transeribed cegulatory egions.

Capillary electrophoresis systems which are commercially available may be used to analyze
the size or confirm the nuclesotide sequence of sequencing or PCR products. In particular, capillary
sequencing may employ flowable polymers [or electrophoretic separation, four different nucleatide-
specilic, laser-stimulated fluorescent dyes, and a charge coupled device camera for dstection of the

cmitted wavelengths. Output/light intensity may be converted to elecirical sigmal using appropriate
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software {e.g., GENOTYPER and SEQUENCE NAVIGATOR, Applied Biosystems), and the entire
pragess from foading of samples to computer analysis and electronic date display may be computer
comtrolled. Capillary electrophoresis 13 especially preferable for sequencing small DNA fragments
which may be present in limited amounts in a particulur sample,

In anather embodiment of the invention, polynucicotide sequences or fragments thereof
which encode HEM may be cloned in recombinant DNA moleceles rhat direct expression of HEM, or
fragments or functional equivalents thereof, in appropriate hast cells. Due to the inherem depsneracy
of the genctic code, other DNA sequences which encode substantially the same or a functionally
equivalent amine acid sequence may be produced and used o express REM.

The nueleotids sequences of the present invention can be engineered using methods generally
known in the art in order to alter IEM-encoding scquences for 2 variety of purposes including, but
not limited to, modification of the cloning, processing, and/or expression of the gene procduct. DMA
shutfling by rendem fragmentation and PCR reassembly of gene fragments und synthetic
cligonucleotides may be used to engineer the nucleotide sequences. For cxample, oligonncleotide-
mediated site-directed mutagenesis may be used to introduce mutations that create new restriction
sites, alter glycosylation patterns, change codon preference, prixluce splice variants, and 5o forth.

The nucieotides of the present invention may be subjected to DNA shuffling tchniques such
us MOLECULARBREEDING (Maxygen inc., Sunta Clura CA; described in U.S. Patznt Nomber
3.837,458: Chang. C-C. et al. (1999) Nat. Biotechnol. 17:793-797; Christians, F.C. et al. (1999 Nal.
Biotechnol. 17:252-264; and Crameri, A. et al. (1996) Nat. Biotechnol. §4:315-319) to0 altcr ot
improve the biological properties of HEM, such as its biologioal or enzymatic activity or its ability to
bind to other roolecules or compounds. DMA shutfiing i a process by which a library of gene
variants is produced using PCR-mediated renombination of gene fragments. The library is then
subjected to selection or screening procedurss that identify those gene vaniants with the desired
properties. These preferred vadants muy then be pooled and further subjected Lo recursive rounds of
DMA shuffing and selectionfscreening. Thus, genetic diversity is created through “srtificial”
breeding and rapid molecular evolution. For exaraple, fragments of a single gene containing random
PoiRt mutations may be recombined, sureensd, and then reshuftted until the desired properties are
opticnized. Alteraatively, fragments of a given gene may be recombined with Fragments of
homologous genes in the same gene family, either from the sange or different species, therehy
imaximizing the genetic diversity of multiple natorally cccurring geues in 2 direcied and controllable
marmer.

In another embodinent, sequences cncoding HEM may be synthesized, in whole or in part,
wsing chemieal metheds well knowt in the art. (Seg, o.g., Camithers, M.H. of al. (1380) Nucleie Acids
Symp. Ser. 7:215-223; and Horp, T. et al, {1930) Nucleic Acids Symp. Ser. 7:223-232.}

42



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

it

a5

ki

35

(144) JP 2004-504008 A 2004.2.12

WO OE4R%6 PCTATSNA06R06

Alernatively, HEM itscif o & fragment thereof may be synthesized using chemical methods. For
example, peptide synthesis can be performed using various solution-phase or selid-phase technigues
(See, e.g., Creighton, T. {1984) Proteins. Struciores and Moleculay Properties, WH Freeman, New
York MY, pp. 55-60; and Roherge, J.Y. et al. (1995) Science 269:202-204.) Antomated synthesis
iy be achisved using the ABI 43 1A peptide synihesizer (Applicd Biosystems). Additionally, the

amino acid sequence of HEM, or any part thereof, may be alteced during direct synihesis andfor
gombined with sequences fron other proteins, or any part thereat, (o produce a variune polypeptide or
a palypeptide having a sequence of a naturally occurring polypeptide.

The peptide may be substantial ly purified by preparative high performance ligud
chromatography. (See, .z, Chiez, RM. and F.Z. Regnicr (1990} Metkods Enzymol. 182:392-421.)
The composition of the synthetic peptides may be confirmed by amino acid analysis or by
sequencing, (Ses, e.g., Creighton, supsa, pp. 28-53.)

In otder to express a binlogically active EM, the nucjeotids sequences eacoding HEM or
derivatives thereof may be ioseited into an apprapriale expression vecior, i.e., a vector which contains
the necessary elemenls for transcriptional and Iranslational control of the nserted coding sequentce in
a suitable host. These elements include regulatory sequences, such as enhancers, constitutive and
indveible promoters, and 5"and 3 wntranslated regions in the vector and in polynuclectide sequences
encoding HEM. Such elements may vary in their strength and specificity. Specific initiation signals
roay alse be used to achieve mors efficient rranslation of sequences ercoding HEM. Such signials
include the ATG initiation codon and adjucent sequences, e.g. the Kozalk sequence. In cases where
sequences encading HEM anid its initiation codon and upstream regutatory sequences are mserted inta
the appropriate expression veotor, ne additional transcriptional or ranslational control signals may be
needed. However, in ceses where enly coding sequence, or a tragment thereof, is inserted, exogsnous
wanslarional contrel signals including an in-frame ATG initiation coden should be provided by the
vectar. Exogenows translalional elements and initiation codons may be of various origins, bath
matural and syathetic. The efficiency of expression may be enhanced hy the inclusion of enhancers
appropriate for the particular host ccll system used. (See, e.g., Scharf, D1, ot al, (1924} Results Probl.
Cell Differ. 20:125-162.)

Methods which are well known to those skilled in the art may be used (o construct expression
vectars containing sequences encading HEM und appropriate transcriptional and trenslational contrel

elements. These methods inclnde jn vitkn recombinant DINA technigues, synthetic technigues, and jn

vivo genelic recombination. (See, ©.g., Sambrovk, J. et al. {1989) Molecular Cloning, A Laboratory

Manual, Cold Spring Harbor Press, Plamnview NY, ch. 4, 8, and 16-17, Ausubel, F.M. et al. (1995)

Currept Protocols in Molecular Biology, Joha Wiley & Soos, New York NY, ch. 9, 13, und 16.)

A variety of expression vector/host systems may be utilized to contain and express sequences
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encoding HEM. These include, but are not limited to, microcrganiems such as bacteria transformed
with recombinant bacteriophage, plasmid, ar cosond IDNA expression vectors; yeast transtormed with
yeast expression vectors; insect cell syslerns infected with viral expression vectors (e.g., bacutovirus);
plant cell sysierns transformed with viral expression veetors (e.g., cauliflower mosate virus, CaMV,
or tobacco mosaic virus, TMY) or with bacterial expression vectors {e.g., Ti or pBR322 plasmids); or
animal cell systems. (See, e.g., Sambrook, supra, Ausubel, supra; Van Heeke, G. and 8.4, Schusier
{1989} J. Biol. Chem. 264:5503-5509; Engelhard. EK. o1 al. {1994} Proc. Nail. Acad. Sci. USA
91:3224-3227; Sandig, V. et al. {1996} Hum. Gene Ther. 7:1937-1945; Takamatsu, N. (1987} EMBO
1. 6:307-311; The McGraw Hill Yearbook of Scienge and Technolgsy (1992) McGraw Hill, New
York NY, pp. 191-156; Logan, ). and T Shenk {1584) Proc. Natl. Acad. Sci. USA 81:3655-3639; aud

Harringion, 1.1 et al. (1997} Nat. Genet. 15:243-355.) Expression vectors dertved from relrovirases,
adenoviruses, or hetpes or vaccinia virsses, or from various bacterial plasmids, may be used for
delivery of nucieotide sequences to the targeled organ, tissue, or cell population. (See. e.g.. Di
Nicola, M. ot al. (1998) Caocer Gen. Ther. 5(63330-336: Yu, M. et al. {1993} Proc. Natl. Acad. Sci.
USA 90{13):6340-6344; Butler, R.M. ot al. {1985) Natwre 317(6040}:813-815; McGreogor, D.P. ot al.
{1994} Mol. Immunol. 31(3):219-226; and Yerma, IL.M. and N. Somia (1997} Nature 389:230-242.)
The invention ix not limited by the host cell employed.

In bacterial systems, a number of cloning and cxpression veetors may be selected depending
upon the use intended for polynucteotide sequences encoding HEM. For example, routine cioning,
subcloning, and propagation of polynuclentide ssquences encoding IWEM can be achieved using 2
multifunctional . coli vector such as PBLUESCRIPT (Swatagene, La Jolla CA) or PSPORT1
plasimid (Life Techoologies). Ligation of sequences encoding HEM into the vectar's multiple clontng
site dismpts the lacZ gene, allowing a colorimeiric screening pracedure for identification of

transformed bactera conlaining recombinant molecules. In addition, these vectors may be useful for

in vitra transcription, dideoxy sequencing, single strand rescue with helper phage, and crearion of
nested delctions in the cloned sequence. (See, e.g.. Van Hecke, G. and 8.3, Schuswer (1989) J. Biol.
Chem. 264:5503-5508.) When large quantities of HEM are needed, ¢.g. for the production of
antibodies, vectors which direct high Jevel expression of FIEM may be used. For example, vectors
containing the strong, inducible SF6 or T7 buctenophage promoter may be used.

Yeast expregsion systems ay be used For production of HEM. A number of vectors
containing constitutive or indueible promoters, such as alpha factor, alcohol oxidase, and PGH
promoters, may be nsed in the yeast Saccharomyces cercvisiac or Pichia pastoris. In addition, such
vectors ditect either the secretion or intraccllular cetention of expressed proteins and enable
integradion of foretgn sequences into fhe host penome for stable propagation. (Sss, e.2., Ausubel,

1095, supra; Bitter, G.A. et al. (1987) Methods Enzymol. 153:316-344; and Scorer, C.A. ef al. (1994}

JP 2004-504008 A 2004.2.12
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. Plant systems may also be used for expression of HEM. Transcription of sequences encoding
HEM may be driven by viral promoters, e.g., the 358 and 195 promaters of CaMV used alone orin
combingtion with the omega deader sequonce from TMV (Takamaisu, N. (1987} EMBO J.
#307-311}. Altermatively, plant promoters such as the small subunit of RUBISCO or hear shock
promoters may be used. (See, e.g., Corzzi, G et al. (19843 EMBO 1. 3:1671-1680; Broglie, 2. et al.
{1984) Science 224:838-843; and Winter, J. e al. (1991) Resalts Probl. Cell Differ. 17:85-103.)
These constracts can be mtraduced oo phnt cells by direct DINA transformation or
pathogen-mediated (ransfection. (See, e.g., The MeGraw Hill Yearbook of Science and Technology
{1592) McOraw Hill. New York NY, pp. [91-196.)

In mammalian cells, & nurmber of viral-based expression systems may be utilized. [n cases
where an adenovirus is used as an expression vector, sequences encoding HEM may be ligated loto an
adenovirus transcription/translation complex consisting of the late promoter and tripartite Leader
sequence. Tnsertion in a non-essential H1 or B3 region of the viral geneme may be used to obtain
infective virus which expresscs HEM in hosi cells. (See, e.g., Logan, I, and T. Shenk {1984} Proc.
Natl. Acad, Sci. USA 81:3655-3659.} In addition, transcription enhancers, such as the Raus sarcoma
virus (R5V) enhancer, roay be used io increase expression in mammalian host cells. V44 or EBV-
based vectors may zlse be used for high-level protein expression.

Human artificial chrowosomes (HACe) ray alsa be employed to deliver lacger fragments of
DA than czn be containgd in and expressed from a plasinid. HACY of wbout G kb 1o L0 Mb are
constructed and delivered via conventional delivery methods (itposomes, polycationic aming
polymers, or vesfcles) for therapeutic purposes. (See, e.g., Hamington, 1.J. ot al. £1997) Nat. Genet.
15:345-355.)

For long term production of recombinant peotaing in mansnalian systems, stable expression
of HEM in cell lines is preferred. For example, sequences encodiang HEM can be transformed into
cell lines nsing expression vectors which may contain viral origins of replication andfor endogenous
expression elements and a selectable marker gene on the sae ot on & separate vector. Following the
inteoduction of the vector, calls may be allowed 1o grow for ubout 1 fo 2 days in eoriched media
befors being switched to selective media. The purpase of the selectsble matker is to cunfer resistance
1o & selective agent, and its presence allows prowth and recovery of cells which successfully express
the mtrodneed scqnences. Resistant clones of stably transtormed cells may be propagated nsing
tissue collure techniques appropriate to the cell type.

Any mamher of selection systems may be used to recover transfotmed cell lines, These
tnclude, but are not Yimited to, the herpes simplex vims thymidine kinase and adenine

phosphoribosylizansferase geney, for vse in 2k and apr cells, respectively. (See, e.p., Wigler, M. et
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al. {19773 Cell 11:223-232; Lowy, L et al. {1980 Cell 22:817-823.) Alsa, antimetaholite, antibiotic,
or herbicide resistance can be used as the basis for selection. For example, dhfir confers resisiance to
methotrexats; zee confers resistance o the aminoglycosides ncomycin and G-418: and afs and par
confer resistance o chlovsuifuren and phosphinateicin goetyliransferase, respectively, (See, eg.,
Wigler, M. et al. {1980} Froc. Matl. Acad. 3ci. USA 77:3567-3570; Colbere-Garapin, F. ctal. (1981}
I. Mol. Biol. 150:1-14.) Adlditiona] selectable genes have been described, e.g., #rpB and hisD, which
alter cellular requirements for metabolites. (See, e.g., Hartman, 5.C. and R.C. Mulligan { 1988) Proc.
Matl. Acad. Sci. USA 85:8047-8051.) Visible markers, e.g., anthocyanins, green [oorescent proteins
{GFF; Cloniech), B glusuroridase and its xubstrate B-glueuronide, or luciferase and its substrate
luciferin may be used. These markers can be used not only (o identify transformants, but also to
guandify the amount of transient or stable prolein expression atiribotahle to a specific vector system.
(See, e.g., Riodes, C.A. (1995) Masthods Mol Biol. §5:121-131.)

Although the presencefabsence of murker gene expression suggesis that the pene of interest is
alse present, the presence and exprossion of the gene may noed to be confinned. For example, if the
sequence encoding HEM is inserted within 4 marker genc scquence, transformed cells containimg
sequences encading JEM can be identified by the absence of marker gene tonction. Allematively, a
marker gene can he placed in tandem with 2 sequence encoding FTEM under the control of a single
promoter. Expression of the marksr gene in respanse to induction or selection uspally indicates
expression of the tandem gene as well.

I general. host cells that comtain the macleie acd seqience encoding BEM and that expeess
HEM may be: identified hy # variety of procedwres known o those of skill in ihe art. These
procedures include, but are not hmited (o, DNA-DNA or DNA-RNA hybridizations, PCR
anplification, and profein bicassay or innmnoassay technigues which include membrane, solution, or
chip based technolegies for the detection andfar guantification of noeleic acid or projein sequences.

Tngmmeological methods for detecting and measuring the expression of HEM using either
specific pelyclonal or monoclenal antibodics are known in the art. Cxamples of such techniques
include enzyme-linked immuneserbent ascays (ELISAS), radioimmuncassays (RIAs), and
{fluorescence activated cell sorting {(FACS). A two-site, monaclonal-based immunoassay utilizing
monoclonal antibodies ractive 10 two non-interforing epitopes on HEM is prefereed, but a
campetitive binding assay may be employed, These and other assays are well known in the art. (See,
e.g., Hampton, R. et al. (1950} Serologjcal Methods. a Laboratory Marmral, APS Prass, St. Paul MN,
Sect. IV; Coligan, LE. ct al. {1997) Current Protocals in Immunalogy, Greene Pub. Associatas and
Wiley-Interscience, New York NY, and Pound, 1.1, (1998) Inmunochermical Protocols, [Tumama
Press, Totowa NI )

A wide vagiety of labels and conjugalion I.e-c:lmiqucs are known by those skiiled in the art and
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may be used in varions pucleic acid and amine acid assays. Means for producing labeled
hybridizaticn or PCR probes for detecting sequences related te polynucleatides encading HEM
include oligelabeling, pick translation, end-labeling, or PCR amplification using a labeled nucleotide.
Altematively, the scquences eacoding HEM, or any fragments thereof, may be cloped inte a vector
far the production of an mRNA probe. Such vectors are known in the art, are commerciatly available,

znd may be used to synthesize RNA probes in vitro by addition of an appropriate RNA polymerase

such as T7, T3, vr 8P6 and Iabeled nueleorides. These procedures may be condusted using a vuriety
of commercially availablz kits, such as these pravided by Amersham Pharmacia Bioteoh, Prommga
adison WI), and US Biochemical. Suitable reporter molecules or labels which may be vsod for
ease of detection include radicnuclides, enzymes, fluprescent, cherni{luminescent, or chromopenic
agents, as well as substrates, cofactors, inhibitors, magnetic particles, and the like.

Haost eells transformed with nucleotide sequences encoding HEM may be cultured voder

conditions suitable for the expression and recovery of the protein from cell colture. The protein

- produced by a transformed cell may be seersted or retained intracellulacly depending on the sequence

and/or the vector used. As will be understood by those of skill in the ant, expression vectors
containing polyntelectides which encode HEM may be dosigned to contain signal ssquences which
direct secretion of FTEM through a prokaryctic of eukaryotic cell inembrane.

In addition, 2 host cell strain may be chosen for its ability to madelate expression of the
inserted sequences of to process the expressed protein in ihe desited fashion. Such modifications of
the polypeptide include, but are not limited to, acetylation, carboxylation, glycosylation,
phosphorylation, lipidaiion, and acylation. Post-translational processing which cleaves & “prepra” or
“pro” forsn of the protein may also be used to specify protein turgeting, folding, and/ot activity.
Different host cells which have specific cellulac machinery and characteristic mechanisms for
post-translational activities (e.g, CHO, HeLa, MDICK, HEK293, and WI38) are available from the
American Type Cuituce Collection {ATCC, Manassas VA} and muy be choscn to ensurs the conect
modification and processing ol the foretgn protein.

In another 2mbodiment of the invention, natural, medified. or recombinant nucleic acid
sequences encoding HEM may be Jigeted 1o a heterologous scquence resulting in translation of &
fusion protein in any of the aforementioned host systeros. For example, a chimeric HEM protein
containing a heterelogous moiety that can be recognized by a commercially available antibody may
facilitate the screening of peptide libraries for inhibfiors of HEM, actvity, Beterologous protein and
peplide meieties may also faciiitate purification of fusion proteins using commercially available
affinity matrices. Such moieties include, but are not limited to, glatathions S-fransferase (GST),
wialtose hinding protein {MBP), thivredaxin (Trx), calmedalin binding peptids (CBP), 6-His, FLAG,
c-mye, and hemaggintinin (HA). GST, MBP, Tk, CBP, and 6-His enable purification of their
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cognate fusion proteins on immaobilized ghotathione, maltose, phenylarsine axide, calmodulin, and
metal-cheldte reging, respectively. FLAG, c-mye. and hemagglutinin (HA) enable iimmuncatfinity
purification of Fusron proteins using conmuercislly available moneclonal and polyclonal antibodies
that specifically recognize thess epitope tags. A fuston protein may alse be engineered to contain a
proteolytic cleavage site located betwecn the HEM encoding sequonce and the heterologous pratein

sequence, 5o that HEM may be cleaved away from the heterologous moiety following pumification,

Methods tor fusion protein expression and purification are discussed jo Ausubel (1995, sapra, ch. 10).

A variely of commercially available kits may also be used 10 facilitate expression and purification of
fasion proteins.

In a furlher embodiment of the invention, synthess of radiolabeled HEM may be achieved jg
yitro using the TINT rabbit reticulgeyts Iysare or wheat germ extraet system (Promega). These

systems couple transcription and transtation ol protein-coding sequences operahly associuted with the
T7, T3, or 5P6 promoters. Translation tekes place in the presence of a radiclabeled amino acid
precursor, for example, ¥S-methionine.

HEM of the present invention or fragments thereof may be used to screen for compounds that
specifically bind to HEM. Al least one and up ta 4 plurality of lest compounds may be screensd for
specific bindina to HEM. Examples of test compounds include antihodies, aligonucleatides, proteins
{e.&r., receptars), or small molecules,

In one emhodiment, the compound thus identified is clasely related to the natural figand of
HEM, e.g., 8 ligand or fragment thereof, a natural substrate, a strucrural or functional mimetic, ora
natyral binding partner. {Sce, c.g., Caligan, J.E. et al. (1991} Cupent Prolocols in Immunolesy 1(2):
Chapter 5.) Similarly, the compound can be closely related to the natural feceptor to which HEM
binds, or te at least a fragment of the teeeptor, ¢.g., the Jigand binding site. In either case, the
componnd can be rationally designed nsing koown technigues. In one embodiment, screening for
these compounds involves producing appropriate cells which express HEM, either as a secrered
pratein or on the coll mcbrane. Preferred cells melude cells from mammals, yeast, Drosophila, or

E. coli. Cells expressing HEM ot cell membrane fractions which cuntain HEM are then confacted

with a test compound and binding, stimulation, or inlibition of activity of either HEM or the
compound 15 analyzed,

Am assay may simply test binding of a test compound to the polypeptide, wherein binding is
detected by a fluorophore, radioisotope, enzyme conjugate, or other detectable tabel. For axanmple,
tle assay may comprise the steps of combining at least eng test compoand with HEM, cither in
solution or affixed to a solid support, and detecting the binding of HEM te the compound.
Altematively, the assay may defect er nieasure binding of a test campound in the presence of 2

Jabeled competitor. Additionally, the assay may be carried ous asing cell-free preparations, chemica)
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libraries, of natural product mixtures, and the test compomna(s may be free in solution or affixed to a
solid snppert.

HEM of the present invention or fragenents thereof may be used ta screen for compounds thal
modulate the activity of HEM. Such compounds may include aponists, antagonists, or pastial or
inverse agonists. In one embodiment, an assay is performed under conditions permissive for HEM
activity, wherein HEM is combined with at feast one test compound, and the activity of BEM in the
presence of a test compaund 15 compared with the activity of HEM in the absence of the test
compoad. A change in the activity of HEM in the prosence of ihe test compound is indicative nf a
compound that modulries the activity of HEM. Alternatively, a test componnd is combined with an

in vitro or cell-free system comprising HEM under conditions suitable for HEM activity, and the

assay is performed. In either of these assays, a test corppound which modulates the activity of HEM
may do so indirectly and need not comne in direct contact with the test componnd. At least one and up
te a plurality of test compomnds may be screened.

In ancther embodiment, polypucleotides enceding HEM or their marmmalizn homolegs mary
be “lnocked cue” in an animal madel system using hemelogous recombination in embryonic stem
(ES) cells. Such techniques are well known in the art and ars useful for the geveratian of animsal
yandels of human disease, (Sec, c.g.. U.S. Patent Mumber 5,175,383 und ULS. Patent Number
5,767.337.} For examplz. monse ES cells, such as the mouse 129/3v] cell line, are darived from the
eatly monse embryo and grown in colece, The BS cells ace transformed with a veetor containing the
gene of interest Gisrnpted by a marker gene, e.y., the neomyein phosphotransferase gene (neo:
Caprechi, M. R, {1989} Science 244:1288-1292). The vector integrates into the covresponding region
of the host geneme by hemolagous recombination.  Alternatively, homologous recombination tukes
plase nsing the Cre-loxP systern ta knockout a gene of interest in a tissne- or developmental stage-
specitic manner (Marth, J.D. {1996} Clin. Invest. $7:1999-2002; Wagper, ICU. et al. (1997) Nucleie
Acids Res. 25:43234330). Transformed ES cells are identified and micrainjected into mouse cell
blastoeysts such as those from the CSTBL/G monss strain. The blastocysts are surgically transferred
to psendapregnant dams, and the resalling chimeric progeny are genotyped and bred o produce
heterogygous or homozygous strains. Transgenic animals thus geneputed may be tested with potential
therapeutic or texic agents.

Polymacleatides sncoding HEM may also be manipeiated in vitro 1 ES cells derived from
human blustocysts. [Tuman UGS cells bave the potential to differentiate into al least eight separate cell
lineages including endoderm, mesoderm, and estodsrmal cell types. These cell lincages differentiate
fute, for example, neral cells, hermatopaietic lineages, and cardiomyccytes (Thomson, J.A. ol al.
{1998) Science 282:1145-1147).

Folynuclentides encading HEM can also be vsed o create “kneckin™ huomanized aiimals
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{pigs) or teansgenic animals (mice of rats) to model buman disease. With knackin technology, o
region of a polynucleotide encading HEM is injected into animal ES cells, and the injected sequence
integrates inte the animal cell genome. Transtormed celis are injected into hlastulac, and the
blastolae are implunicd as described ubove. Transgenic progeny or inbred lires are studied and
treated with potential pharmaceutical agents to abtain information on treatment of a mman diseasc.
Alternatively, a mammil iobred to averexpress HEM, e.g., by secreting HEM in its milk, may also
serve us A convenient source of that protein (Janne, J. =t al. (1998) Biotechnol. Annu. Rev, 4:55-74).
THERAPEUTICS

Chemical and structoral similenity, c.g., in the contexl of sequences and motifs, exists
betweeri regions of HEM, and human enzyme molecules, In addition, the expression of MEM is
closely associated with pancreatic, urogenital and cancerous tissues. Therefore, HEM appears o play
& role in autvimamnedinflammation diserders, genetic disorders, neurological disorders, and cell
proliferative disorders including cancer. In the treatinent of disorders assaciated with mcreased HEM
expression or activity, if is desirable to decrease the expression or activity of HEM. In the treatment
of disorders associated with decreased HEM expression or activity, it is desirable to increase the
cxpression or activily of HEM.

Therefore, in one embodiment, HEM or a fragment or derivative thereof may be adivnistered
to a subject 1o treat or prevent a disorder associated with decreased expression or activity of HEM.
Fxampies of such disarders include, but are not limited io, an antpimmune/inflammation disorder
such as acquired immunedeficiency syndrome (AIDS), actinic keratosis, Addison’s disease, adult
respiratory distress syndrome, allergics, ankylosing spundylitis, amyleidosis, ancmiz, asthma,
atherosclerosis, autoirmmme hemolytic anemia, autoi_mmune thyraiditis, anteimmune
potvendecrinopathy-candidiasis-cctedermal dystrophy (APECED], bronehitis, bursitis, cliolecystitis,
cizrthasis, contuct dermatitis, Crohn's discase, atopic dermatitis, dermatomyositis, diabetes metlitos,
emphysems, episodic lymphopenia with lvmphocytotoxins, erythroblastosis fetalis, erythema
nadasum, atrophic gastritis, glomerlonephritis, Goodpastare’s syndrome, gout, Graves” disease,
.Hashimoto's thyroiditis, paroxysmal octurnal hemoglobinuria, hepatitis, hypereostnophilia, imteble
bowel syndrome, episodic lymphopenia with lymphocytaexios, mixed corneetive tysoe dissase
(MCTL}, multipk sclerosis, myasthenia gravis, myocardial or pericardizl inflamimation,
myelofibrosis, ostearthritis, osteoporosis, pancreatitis, pelycythemia vara, polymyosits, psoriasis,
Reitet’s syndrome, theumatoid archritis, sclerederma, Sjégren’s syndrome, systemic anaphylaxis,
systernic lapus orythematosis, systentic sclerosis, primacy thrombocythemea, thrombocytopentc
purpara, ulcerative colitis, uveitis, Werner syndremne, complications of cancer, hemodialysis, and
exiracocpareal circulation, viral, bacterial, fungal, parasitic, protozoal, and helminthic infections,

trauma and hemutopoietic cancer including lympheims, leukemia, and mayeloma; a genetic disorder
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such as adrenolenkodystrophy, Alport’s syadrome, shoroidersmia, Duchenns and Becker muscular
dystrophy, Down’s syndrome, cystic fibeosis, chronic granulomatous disease, Gaccher’s disease,
Huntingten's chorey, Marfan's syndrome, muscular dystrophy, myotanic <ystrophy, pycnodysostosis,
Relsum's syndrome, retinoblastoma, sickle cell anemis, thalassemia, Werner syndrome, von
Willebrand's disoase, Wilms tumor, Zellweger syndrome, peroisomal acyl-CoA oxidase deficiency,
perosisomal thiolase deficiency, peroxisomal bifunctional protein deficiency, mitochondrial carnitine
palmitoyl transferase and camitine deficiency, mitochendrial very-long-chain acyl-Coa
dehydrogenase deficiency, mitochondrial medium-chuin acyl-CoA dehydrogenase deficiency,
mitochondrial short-chain zeyl-CoA debydrogenase deficiency, mitochondrial electron transport
flavopralein and electron transport favoprotein:abiquinose oxidoreductase deliciency, mitechondrizl
trifunctional protein deficiency, and mitochondrist short-chain 3-hydroxyacyl-CoA dehydrepenase
deficiency; a newrological disorder such as neonatal seizores. epilepsy, ischemic cercbrovascutar
disease, stroke, cerebral neoplasms, Alzheimer's digease, Pick™s disease, Huntington's disease,
dementia, Parkinson's disease and other extrapyraridal disorders, amyotrophic Iateral sclerosis and
other motor neuron disorders, progresaive neural muscular atrophy, retinitis pigmentosa, hereditary
ataxias, multiple sclerosis and other demyelinating diseases, bacterial and viral meniogits, brain
abseess, sabdural empyema, oprdoral abseess, sopporative mtracranial tlrombophlebitis, myelitis and
radiculitls, viral centeal nervous system disease, prion diseases including kura, Creutzfeldt-Jakob
disease, and Gerstmann-Straussler-Scheinker syndrome, fatal famifizl insomnia, nutritional and
metabolic disesses of the nervous system, oeurofibromatosis, luberous sclerosis, cerebelloretinal
hemzngioblasiomatosis, encephalomrigeminal syndrome, mentsl rotardation and ather developmental
disorders of the central nesvons sysiem including Down syndrome, cercbral palsy, neuroskeletal
disorders, autoenomic nervous gystem disorders, cranial nerve disorders, spinal cord diseases,
mascular dystrophy and other nenrorusoular disorders, peripheral nervous system disorders,
dermatomyesitis and polymyositis, inkerited, metabolic, cadocrine, and toxic myopathies,
myasthenia gravis, periodic paralysis, mental disorders including moad, anxiety, and schizophrenic
disorders, scasonal affective disorder (SADY}, akathesia, amnesia, catatonia, diabetic nenropathy,
turdive dyslinesia, dystonias, parancid psychoses, postherpetic nevralgia, Tourette's disorder,

progressive sp lear palsy. corticobasal degeneration, and familial frontotemporal dementia s 2

cel] proliferative disorder such as actingc keratosss, arteriosclerosis, atherosclercsis, bursitis, cirthosis,
hepatitis, mixed connective tissue disease (MCTD), myelofibrosis, paroxysmal necturnal
hemoglebinuria, potycythemnia veru, pseriasis, primary thrembocythemia; und cancers including
adenocarcinoma, lenkemia, lymphoma, melanoma, myelorma, sarcama, teratocarcinoma, and, in
partrenlar, acancer of the adrenal gland, bladder. bone, bone roateow, brain, breast, cervix, gil

bladder, ganglia, gastrointestinal tract, heart, kidnoy, liver, lung, muscle, avary, pancreas, parathyrord,

3
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penis, prosiate, salivary glands, skin, spleen, testis, thymus, thyroid, and ulems.

Tn anathes embodiment, a vecier cupable of expressing HEM or a (ragment or denivaiive
thereof may be admiuistered to a subject to treat or prevent a disorder associated with decreased
expression or activity of HEM inclnding, but not limited to, thosc described above.

In & farther erbodiment, a composition comprizsing a substantially purificd EEM in
conjunction with a suitable pharmacentical carricr may be administersd to a &u‘bject to treat or prevent
a disorder associated with decreased expression or activity of HEM incloding, but not limited to,
those provided ahove.

T still another embodiment, an agonist which modulates the activity of HEM iway be
administered to a subject te treat or prevent a disorder associated with decreased expression o
activity of HEM including, but not Linmited to, those listed above.

Tn & further embodiment, sn antagouist of HEM may be administered to a subject to treat or
prevent a disorder associated with increased expression or activity of [IEM. Examples of such
disorders include, but are not limited to, those avtoimmune/inflammation disorders, genetic disorders,
neurological disorders, and cell proliferative disorders including cancer described above. In one
aspect, an antibady which specifically binds HEM may be used divectly as an antagonist or indirectly
as u targeting or delivery wechanism for bringing a pharmaceutical agent to cells or tissues which
express HEM.

In an additional cmbediment, a vector expressing the cemplement of the polynaclectide

encoding HEM may be adminigiered 1o a subject to reat or prevent a disorder associated with

increased expression or activity of HEM including, but not limited to, those deseribed above.

In othcr embodiments, any of the proteins, antagonists, antibodics, agonists, cornplementary
sequences, or vectors of the invention may be administered jno combination with other appropriate
therapeutic agents. Selection of the appropriate agents for use in combinztion therapy may be made
by one of ardinary skill in the art, according o conveniional pharmacentical principles. The
combination of thorapeutic agents may act synergistically to cffcet the trealment or prevention of the
various disorders described above. Using this approach, one may be able to achieve therapeutic
efficacy with lower dosages of each agent, thus reducing the potentisl for adverse side effects.

An antagonist of HEM may be produced using methods whick are generally known in the ary.
In particular, purified HEM may be used ro produce antibodies at to sereen libraries of
phafmacentical ageats to identify those which specifically bind HEM. Antibodies to BEM may also
be generated using metheds that are well known in the art. Such antibodies may include, but arc not
Tiraited to, polyclonal, monoclonul, chimeric, and single chain antibodics, Fab fragments, and
fragments procinced by a Fab expression library. Neutralizing antibadies (1.e., those which inhibit

dimer formation} are generally preferred lor therapeutic use.
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Faor the production of antibodies, various hosts including goats, rabbits, rats, mice, humans,
and others may be immunized by injection with HEM or with any fragmeat or oligopeptide thereof
whick has immunogenic propertics. Depending oz the hosl species, varions adjuvants may be osed o
increase immunolopical response. Such adjuvants include, Tt ate not limited 10, Frennd's, mineral
gels such as aluminum bydroxide, and surface active substances such as fysolecithin, pluronic
polyols, polyanions, peptides, oil emuisions, KLH, und dinitrophenol. Among adjuvans used in
hurans. BCG {bacilli Calmette-Gucrin} and Corynebacterium parvem are especially prefurable.

1t is preferved that the oligopeptides, peptides, or fragments used to induce antibodies to HEM
have an amine acid sequence consistiug of at least about 3 anvino acids, and generally will consist of
at least ahant 10 aminG acids. It is also preferabie that these aligopeptides, peptides, or fragimetits are
dentical to @ purtion of the aming acid sequence of the oitural protein. Short stcetches of HEM
amino peids may be fused with these of another protein, such as KLH, and antibodies to the chimeric
noleenle may be produced.

Monaclonal apiibodics to HEM may be prepared using any technique which provides for the
production of antibody molecules by continuous ceil lines jo culture, Thess include, it e not
limited to, the hybridoma technigue, 1he buman B-cell hybridoma techaigque, and the IRV -hybridoma
techiique. {See, e.g., Kohler, G. et al. (1973) Mature 256:495-497; Kozbor, D. et al. (1933) L.
Immoancl. Methods 81:31-42: Cote, R.F. et al. (L983) Prac, Natl. Acad. Sci. USA 803:2026-2030; and
Cole, 8.P. et al. (1954) Mol. Cell Bial. 62:109-120.)

In zddition, technigues develnped for the production of “chimeric antibodies,” such as the
splicing of wanse antibody genes to human antibody genes to abtain a meleouls with appropriate
antigen specificity und biological activily, con be used. (See, e.g., Mormison, 5.L. et ul. (1934) Proc.
Matl. Acad. Sci. USA £1:6851-6835: Neuberger, M.S. et al. (1984) Nature 312:604-608; and Takeda,
§.etal (1985) Nature 314:432-454.) Alternatively. techriques described for the production of singls
chain antibadiss may be adapted, nsing methods known in the avt, to preduce HEM-specific single
chain antibodies. Antibodies with related specificity, but of distinct idiotypic composition, may be
gonerated by chain shuffling from randem combinatorizl immunoglebuiin itbraries. (See, e.g.,
Burton, DR (1991} Froc, Natl. Acad. Sei. USA 88: 10134-10337)

Antibaddics may zlsa be produced by inducing in vivo production in the lymphoeyte

population or by screening inunnoglobulin Hbraties or panels of highly specific binding reagents as
disclosed in the literature, (See, e.g., Oclandi, R. et al. (1989) Proc, Natl. Acad. Sci. USA
B4:3833-3837; Winter, G. et al. (1991} Natre 349:263-289.)

Antibody fragments which contain specific binding sites for HEM may alsc be generated.
For example, suck fragments include, but are not limited to, F{al'), fragments produced by pepsin

digestion of the entibody molecule and Fab tragments generated by reducing the disulfide bridges of
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the F(ah}2 fragments. Alteratively, ab expression libraries may be constracted to allow rapid and
easy identification of moneclonal Fab fragments with the desired speeificity. {See, e.g., Huse, W.D.
ot al. {1989) Scienve 246:1275-1281.)

Various immunoassays may be used for screening to identify antthadies having the desired
specificity. Numerous protocols for competitive binding or imnunoradiometeic assays using sither
polyclonal or monaclanal antibodies with established specificines are well known in the art. Such
immimosssays typically involve the measurement of complex formation between HEM and its
specific antibody. A Lwo-site, monoclonal-based immunnassay utilizing moneclenal antibodies
reachive to two nen-interfering HEM epitopes is generally used, but a competitive binding assay may
also be employed (Pound, sapra).

Various methods such as Scatchard analysis in compunction with radicimmmoassiy
techniques may be used to asscss the affinity of uniibodies for HEM. Affinily is expressed as an
associalion constant, K, which is defined as the molar concentration of HEM-antibody comaplax
divided by the molar concentrations of free antigen and free antibody wnder equilibriwin conditions.
The K, determined for 4 preparation of polyclonal antibodies, which are hetercgeneous in their
affinities for multiple HEM epitopes, represents the average affinity, or avidity, of tbe antibodies for
HEM. The K, determined for a preparation of monecional antibedics, which are monospecilic for a
particular HEM epitepe, represents o true measure of affinity. High-affinity antibody preparations
with K, ranging from abont 10° to 107 L/mole are preferred for use in iminunoassays in which the
HEM-antibody complex must withstand rigorous manipolations. Low-affinity antibody preparations
with K, ranging from about 10° te 107 L/mole are praferred for use i inmwnopurification and similar
procedurcs which ultimately require dissociation of HEM, preferably in active form, fram the
antibady (Catty, Ir. (1988) Antibodies, Volume I A Practical Approach, TRL Press, Washington DC;
Liddeil, J.E. and A. Cryer (1991) A Practival Guide to Mongclonai Antibodies, John Wiley & Sons,
New York NY),

The titer and avidity of polyclonal antibody preparations may be further evalnated to
determine the quality and soitability of such preparations f'or certain downstream applications. For
example, A polyclenal antibody preparation containing at least 1-2 mg specific antibody/iml,
preferably 5-10 mg specific antibndy/ml, is generally employed in procedures requiring precipitation
of HEM-antibody complexes. Pracedures for evalvating antibedy specificity, iter, and avidity, and
aidelines for antibedy quality and usage in varicus applications, are generally availuble. (See, e.p.,
Cartty, supra, and Coligen et al. supra.)

To another crabodiment of the invention, (he polymnciectides sncuding HEM, or any fragment
of complement thereof, may ba nsed for herapeutic purposes. In one aspeet, modifications of gene

expression can be achieved by designing complementary sequences or antisense molecules (DA,
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RNA, PNA, or modilied oligeoncleotides) (o the coding or regulatory segions of the gene encoding
HEM. Such tectinclogy is well known in the art. and antisense oligonuclectides or larper frapments
can be designed frown vavious losations aleng the coding or contral regions of sequences encoding
HEM. (See,e.q., Agrawal, 5., ed. {1996} Antiseaice Therapeutics, Humana Press Inc., Totawa NJ.)

In therapeutic use, any gene delivery systen suitable for introduction of the antisense
sequences into appropriate target cclls can be nsed. Antisense sequences can he delivered
intracellulardy in the form of an expression plasmid which, upon trenseription, produces a sequence
complementary to at least # portion of the callular sequence encoding the target protein. (See, «.g.,
Shater, JB. et al. £1998) 1. Allergy Cli. Tnmanol, 102(3%:469-4753; and Scanlon, K.J, et al. (1995}
(13 1288-1286.) Antisense sequences can also be introduced intracellularly through the use of vical
vectors, such as retrovirug and adeno-assoctaled vinus vectors. (See, e.g., Mitler, A.D. (19%0) Bload
T0271; Ausnbel, supre: Ucken, W. and W. Walther (1994) Pharmacol. Ther. 63(3):323-347.) Other
gene delivery mechanisms include liposome-derived systems, ariificial viral envelopes, and osher
systems knawn in the art, (Ses, e.z., Rossi, 1.1, (1995) Br. Med. Bull. 51¢1%:217-225; Boada, B.J. ct
al. (199%) ). Pharm. Sci. 87(11):1308-1315; and Mornis, M.C. 1 al. {1997) Nucleic Acids Res.
25(14):2730-2736.)

In ancther embodiment of the tnveatien, polynucieotides encoding HEM. may be used for
somatic or germline gene therapy. Gene therapy may be petformed to {i) carrect 2 gepetic deficiency
(&g, in the cases of severe combined immunodeficiency (SCID)-X | disease chamcterized by X-
linked inheritunce (Cavazzana-Calvo, M. et al. {2000} Science 288:669-672), severe combined
immunodeficicney syndrome associated with an inberited adenosine deaminase {ADA) deficiency
(Blaese, R.M. et al, {1993) Scicnce 270:473-480; Bordignon, C. ot al. {19%5) Scionce 270:470-473),
cystic fibrosis (Zabner, J. et al. (1893) Cefl 75:207-216; Crystal, K.G. et al. {1993} Hum. Gene
Therapy 6:643-666; Crysial, R.G. et «l. (1995) Hum. Gene Therapy 6:667-703), thalassarmias, famiiial
hypercholesterlemis, and hewmuphilia resulting from Factor VII or Factor 1X defictencies (Crystal,
R.G.(1993) Scicaoce 270:404-410; Verma, LM. and M. Somiz ( 1997) Naturc 359:239-242), (i)
express a conditionally lethal gene preduet {e.g., in the case of cancers which result from unrsgulated
cell proliferation}, or (1ii) express a pratein which affords protection against intracellular parasites
{&.g., ugainst human retroviruses, such us human immueodeficiency virus (HIV) (Maltintore, D.
{1988) Nature 335:395-396; Poeschla, B. et al. {1996) Prov, Natl. Acad. Sci. USA. 93:11395-11399),
hepatitis B or C virus (HBV, HCV); longal parasites, such as Candida albivans and Paracoccidioides
bragilisnsis; And protozasn paragites such as Plasmodium falejparum and Trypanosnma crued). In the
case where & genctic deficiency in HEM expression or regulation cauzes disease, the expression of
HEM from an appropriate population of transduced cells may alleviate the clinical manifestations

caused by the genetic deficiency.
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In 2 further embodiment of the invention, diseases or disorders caused by deficiencies in
HEM are treated by constructing rmammalian expression vectors encoding HEM and inliroducing
these vectors by mechanical means into HEM-deficient cells. Mcechanical transfor tschnologies for

nse with eells jn vivo or ex vitro include (i) direct DINA microinjection into individaal cells, (ii)

bellistic gold particle delivery, (i) lippsome-medisted transfection, (iv) receptor-mediated pene
trznsfer, and (v} the use of IDNA trenspasons (Morgan, R.A. and W.F. Anderson (1993) Annu. Rev,
Biochem. 62:191-217; Ivics, Z. (1997) Cell 01:301-510; Boulay, J-L. and H. Récipon (1998} Curr.
Opin. Biotechnol. 2:445-430).

Expression vectors that may be effective for the expression of HEM jaclude, but are not
lisnited to, the FCDNA 3.1, EPITAG, PROCMYZ, PREF, PYAX vectors (fovitrogen, Carlshad CA},
PCMY-SCRIPT, PCMV-TAG, PEGSH/PERY (Steatagene, La Jella CA), and PTET-OFF, PTET-ON,
PTREZ, PTREZ-LUC, PTK-HYG {Clontech, Pale Alto CA). BEM may be expressed using (i) &
constitutively sciive promoter, {e.g., from cytomegglovirs (CMV), Rous sarcoma viras (RSV). SV40
virus, thymidine kirase (TK), or p-actin genes), (1) an inducible promoter (e p_. the
letrdc}‘diﬂ&mgu]aled‘ promoter (Gossen, M. and H. Bujard {1992) Prou. Natl, Acad, Sci. USA
89:5547-5551; Gossea, M. ctal. (1995} Science 268:1766-176%; Rossi, FM. V. and H.M. Blau {1598)
Cure, Opin. Biotechnol. 2:451-456), commercially available in the T-REX plasmid {Invitrogen}); the
ecdysone-inducible promoter (available in the plasmids PYGRYE und PINT; Invitrogen); the
FK506/rapamycin inducible promoter; or the RUABG/mifepristone inducible promoter {Rossi, F.M.V,
and Blaw, H.M. supra}), or (i) o tissue-speerfic promoter or the native promoter of the endogenous
gene encading HEM from a normal individual.

Commercially available liposome tansformation kits (e.g., the PERFECT LIPID
TRANSFECTION KIT, availzble from Invitrogen) allow one wich ordinary ekill in the art to deliver
polynucleotides to target cellx in enlture and requice minimal effort to aptimize expedmental
paremeters. In the alternative, trapsformation is performed wsing the caleium phosphate method
{Graham, F.L, and A.T. Eb {1973} Virclogy 52:456-467), or by elsctroporation (Meumann, E. et al.
{1982) EMBQ J. 1:841-845). The jiurcduction of DNA to primary cells requires modification of
these standardized mamumalian transfection protocols.

Tn another embodiment of the invention, diseases or disordexs caused by genetic defects with
respect to HEM expression are treated by constracting a retrovirus vector consisting of () the
polynucleoiide cnooding HEM under the conrrol of an independent promoter ar the retrovirs Jong
rermipal repeat (LTR) promoter, {it} appropriatc RNA packaging signals, and (ifi) a Rev-responzive
element ({RRE) along with addirional retrovirs cis-acting RNA sequences and coding sequences
requirsd for efficient chtor propagation. Retrovirus vectors (e.g., PFB and FFBNEOQ} are

comuercially available (Stestagenc) and are based ou published data (Riviers, I el al. (19935) Proc,
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Watl. Acad. Sei. USA 92:6733-6737), incorporated hy reference herein, The vector is propagated In
a0 appropriate vector progucing cell Lins (VPCLY that expresses an envelops gene with a tropism for
receptors on the target cells or @ promiscucus envelope proiein such as VSVg {Armentano, D, et al.
(1987) 1. Virol. 61:1647-1650: Bender, MLA. et al. (1987) 1. Virol. 61:1639-1646; Adam, M.A. and
A.D. Miller (1988) T, Vivol. 62:3802-3806; Dull, T. et al. (1998) I. Virol. 72:8463-8471; Zufferey, R.
eral. (1998) 1. Virol. 72:0873-9880). U.3. Patent Number 5,910,434 10 Rigyr {“Method for obtaining
retrovirus packaging cell lines producing high transducing efficiency retroviral supernatant™)
discloses a method for oblaiming rstrovinis packaging cell fines and is herohy incarporated by
reference. Propagation of retrovirus vectors, transduction of a population of cells (e.g., CD4™ T-
cells), and the retum of transduced cells to & paticnt are. procedures well known o persons skilled in
the art of gene therapy and have been well documented (Raoga, U, et al. (1997) 1, Virel. 71:7020-
T029; Bauer, G. et al. (1997) Blood 89:2259-2267; Bonyhadi, MLL. (1997} 1. Viral 71:4707-4716;
Eanga, U. et al. (1998) Proc. Natl. Acad. Sci. USA 95:1201- 1206, Su, L. (1997) Blood 89:2283-
2280).

In the alternative, an adenovirus-based penc therapy delivery system is used to deliver
polynuclestides encoding FFEM to cells which have one ot more genelic abnormatities with nespect ta
the expression of HEM. The construction and packaging of adenovirus-based vectors are well known
to those witk ordinary skill in the ait. Replication defective adenovims vectors bave proven te be
varsatile for importing genes encoding immunoregniatory proteins into intact islets in the pancreas
(Csete, MUE. et al. (1995} Transplantation 27:263-268). Potentially uscful adenoviral vectors are
described in ULS. Patent Namber 5,707,618 to Anmentano (" Adenovirus vectors for gene therapy”),
hereby incorporated by reference. For adenoviral vectors, see also Antinoza, P.A. etal. (1999)
Anma. Rey. Nute, 19:511-544 and Vermay, TV and N. Somia (1997) Nature 18:359:232-242, both
incorporated by reference herein,

In another alternative, a herpes-based, gene therapy delivery system is used te deliver
polynucleotides encoding BEM to target cells which have one or inors genetic abnormalities with
respect to the expression of HEM. The use of herpes simplex virus (H3V)-based vectors may be
especially valpable for imroducing HEM to cells of the central nervous system, for which H3V has a
tropism. The construetion and packaging of herpes-based vectoxs are well kmown to those with
orddinazy skill in the art. A replication-competent herpes simplex virus (H8V) type I-based vecter has
been used to deliver a repetter gene ic the eyes of primates (Liv, X. et al. (1939) Exp. Eye Res.
169:385-395). The construction of a HSY-1 virus vector has alse been disclosed in detnl in U.S.
Patent Number 5,804,413 to DeLuca ("Herpes simpiex virus strains for gene transfer”), which is
hereby incorporated by reference, ULS. Patent Number 3,804,413 teaches the use of recombinant

HSYV 4492 which cansists of a genome containing al least one exagenous geoc to be teansforred to &



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

30

33

(159) JP 2004-504008 A 2004.2.12

WO OE4R%6 PCTATSNA06R06

cell under the conteoi of the appropriate promoter for purposes including buman gene therapy. Also
taught by this patent are the construction and use of recombinant HSY stains deleted for 1704, ICP27
and JCP22. For HSV vectors, se alsa Goins, W.F. et al. {1999} 1. Virol. 73.319-532 and Xu, H. st al.
(1994 I¥2v. Rial. 163:152-161, hereby incorparared by reference. The manipulation of eloned
herpesvinus sequences, the geveration of recombinant virus following the transfection of multiple
plasmids containing different segments of 1he large herpesvitus genemes, the growth and propagation
of herposvirus, and the infection of ceils with herpesvirus are techaigues well known o those of
ovdinary skill in the art.

o another alternative, an alphavires {positive, single-stranded RMA virus) vector is used to
deliver polynucleaiides encoding HEM to target cells. The biology of the protatypic alphavims,
Semliki Forest Vinss (SFV), has been sludied extensively and gene transfer vectors have been bused
on lhe SFV genome (Gagof, H, end K.-J. Li {1998) Curr. Opin, Biotechne], 9:464-469}, During
alphavitus RNA replication, a subgenomic RNA is generated that normally epcocles the viral capsid
proteins. This subgenomic RNA replicaics to higher levels than the full length genomic RNA,
resulting in the overproduction of capsid proteins relative to the viral proteins with enzymatic activity
{e.g., pratease and polymerase). Similarly, inserting the coding seguence tor HEM into the alphavimus
genome in place of the capsid-coding repion results in the praduction of 2 large number of HEM-
coding RNAs aml the synthesis of high levels of FIEM in vector transduced cells. While alphavins
infection is typically associated with cell lysis within & few days, the ability to establish & persistent
infection in hamster normal kidney cells (BHE-21) with a variant of Sindbis virus (STN) indicates that
thes ytic reptication of alphaviruses can be altered to suit the needs of the gene thempy applicaiion
(Dryga, 5.A. et al. (1997) Viralogy 228:74-83).  The wide host range of alphavirases will allow the
introduction of HEM inte a variery of czll types. The specific rransducrion of a subser of cells ina
population may require the sorting of cells prior to transduclion. The methods of manipulating
infections cDNA cloncs of alphaviruses, performing alphavirus cDNA and RNA transfections, and
performing alphavirus infections, are well known to those with ardinacy skill in the art.

Oligonucieotides derived from the transcription initiation site, e.g., between about positions
-10 and 10 fron: the stact site, may also be employed to iohibit gene expression. Similarly,
inhibitian can be achicved using triple helix base-painng methadelogy. Triple helix pairing is usefuol
beganse it causes inbibition of the atility of the double belix to open sufflelently for the bindiag of
polymerases, transeription factors, or regulatory molcoules. Recent thorapeutic advances using
triplex DNA have been described in the literature. (See, o.g., Gee, LE. of al. (1994} in Huber, B.E.
and B.1. Curr, Molecular and Immunolosic Appreaches, Futura Publishing, Mt. Kisco NY, pp. 163-

177.) A comp ry ar anti molecuie may also be designed ta black transiation of

1

mRNA by preventing the transcript from binding o ribosomes.
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Ribozymics, enzymatic RNA melecales, may also be used te satalyze the specific cleavage of
RNA. The mechanistn of rbozyme action involves sequence-specitic hybridization of the ribozyme
malecule to complewmentary lurget RNA, fellowed by endonuclealylic cleavage. For example,
engineered hammerbead motif ribozyme melecules may specifically and efficiently catalyze
endonucleolytic cleavage of sequences encoding HEM.

Specific riborxyme cleavage sites within any potential RNA targef are initially identifiad by
scauning the target malecule for nibozyme cleavage sites, including the following sequences: GUA,
GUU, and GUC. Qnce identified, shori RXA sequences of between 15 and 20 ribonucleotides,
corvesponding to the region of the target gene containing the cleavage site, may be evaluated for
secondary stroctural features which may render the oligenucleotide inoperable. The suitability of
candidate argets may also be evituated by testing accessibility to hybridization with camplementary
oligonucleotides using rihonucleage protection assays.

Complementary ribonucleic acid molecules and xibozymes of the ipvention may be prepaced
by any method kpown in the act for the synthesis of nucleic acid molecnles. Thess include technicues
for chemically syntbesizing oligenucleotides such as solid phase phosphoramidite chemical synthests.

Alternatively, RNA molecules may be generated by in vitro and in vivo transcription of DNA

sequences encading HEM. Such IDNA sequences may be incorporated into a wide variety of vectors
with svitable ENA polymerase promoters such ax T7 or SP8. Altcrnatively, these cl¥NA consttucts
that synthesize complementary RINA, comstitatively or indneibly, can be introduced into cel! Jines,
cells, or tissues.

EMA molecules may be modified to increase intracellalar stability and half-lifc. Possible
meodifications include, but are not limited to, the addition of flanking sequences at the 5'andlor 3’
ends of the molecule, or the use of phospharothicae or 2° Q-methyl tather than phosphedicsterass
linkages within the backbone of the molecule. This cencept is inherent in the production of PNAz
wnd can be extended in all of these malecules by the inclusion of pontraditione] bases such as inosipe,
qnecsine, and wybutosine, as well as acetyl-, methyl-, thiv-, and similarly modified forms of adenins,
cytidine, guanine, thyrmine, and wridine which are not as casily recognized by endogencus.
andonucleases

An additions] embodiment of the invention sncompasses a method for screening for 2
compound which is effective in altering expression of a polynucleotide encoding HEM. Compounds
which may be eliective in altering expression of a specific pelynucleotide way include, but arc not
limited to, oligonnclestides, antisense eligonncleatides, triple helix-forming aligonucicotides,
transeription factors and other polypeptide transcriptional regulators, and non-macromolecular
chemical entitics which ure capable of mteracting with specific polynuclootide seqneaces. Effective

compounds may alter polynuclentide expression by acting as either inhibitors or prematers of
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polynucieotide: expression. Thus, in the treatment of disorders associzted with increased HEM
eXpression or activity, a compound which specifically inhibits expms&i(;n of the polynuclectide
encoding HEM may be therapentically vsefinl, and in the treament of disorders associated with
decreased HEM expression or activity, 2 compound which specifically promotes expression of the
polynuclentide encoding HOM may be therapentically useful.

At least one, and up to a plurality, of test compounds may be sereened for effectivencss in
alicring expression of a specific polynucleatide. . test compound may be obtained by any method
commenly known in the art, including chenrical medification of 4 compound kmown to he effective in
atecing polynucleotide expression; selection from an existing, commercialty-available ot proprictary
library of natwally-occucring or non-natural chemical compiunds; rational design of a componnd
bascd on chernical and/or siroetural properties of the tarpet polynucleotide; and selection from
Tibrary of chemical compounds created combinatorially or randomly. A sample comprising a
polynucleotide encoding HEM is exposed to at least one tost compound thus obtained. The sample
may coraprise, for examuple, an intact or permeabilized cel), or an in vitro cell-free of reconstituted
biochemical system. Alterations in the expression of a polyancleotide encoding HEM are assayed by
any method commeonly known in the ait. Typically, the expression of a specific nucleatide ix

detected by hybridization with 2 probe Baving a nueleotide sequence pl tary to the sequence

of the polynucleatide enceding HEM. The amount of bybridization may be quanltified, thus forming
the busis for 2 comparisan of the expression of the polynuclestide both with and without exposure to
one or more 18t componnds. Detection of a change in the expression of a polynuclzetide exposad to
1 test compeund indicates that the fest cornpound is effective in zitering the expression of the
polyoncleotide. A screen for a compound effective in altering expression of a specific polynuclectide
can be carried out, for example, using a Schizosaccharomyges pombe gene expression system
{Alkins, D ctal. {1999} 1.8, Patent No. 5,932,435; Amdt, G.M. ot al. {2000) Mucleic Acids Res.

L.. et al. (2000} Riochem. Biophys. Res.

28:E15} or a humar celf line such as HeLa cell {Clarke, A
Coounun. 268:8-13). A particular embodiment of the present inveutian involves screening a
combinaterial library of oligonucleotides (such as deoxyribonucleotides, ribonucleotides, peptide
nucleic acids, and moedified oligenucleotides) for antisense activity against a specific polynucleotide
sequence {(Bruice, T.W. er ab. (1957) ULS. Patent Mo, 5,686,242; Bruice, T.W. ot al. (20001 U 5.
Patent No. 6,022,691),

Many methods For introducing vectors inte cells or tissues are available and equally suitable

for wse in vive, in vitro, and ex vivo, For gx vive therapy, vectors may be introduced into stem cells

taken from. the paticnt and clopally propagated for auiclogous transplane hack inte that sane patienat.
Delivery by transfection, by liposome injections, or by polycationic anino polymers may be achieved
using mctheds which are well known in the art. {See, e.g., Goldman, C.K. et zl. (1997} Nzt
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Biotechnol. 15:462-466.)

Any of the therapeutic methods described above may be applied t0 any subjeet in need of
such therapy, inclnding, for example, mammals such as lumans, dogs, cats, cows, hotses, rabbits, and
monkeys.

Axn additional cmbodiment of the invention relates to the administration of a composition
which generally comprises an active ingredient formlated with a pharmaceutically acceptable
excipisnt. Excipients may include, for example, sngass, starches, celluloses, gums, and protejns.
Various formulations are commonly known and are thoroughly discussed iu the latest edition of
Remingtan’s Pharnaceutical Sciences {Muuck Publishing, Faston PA). Such compositions may
consist of HEM, antibodics to HEM, and mimetics, agonists, antagonists, or inhibitors of HEM.

The eomnpositions utilized in this invention may be administered by any number of routes
including, but not limited to, oral, intravenows, mtramuscular, intra-arterial, intramedullary,
intrathecal, intraveniricular, pulmonury, mansdermal, subcutaneous, intraperitansal, intranasai,
enteral, tapical, sublingnal, o rectal means.

Compositions for pulmonary administration may be prepared in Equid or dry powder form.
These compositions are penerally acrosclized immediately prior to inhalation by the patient. In the
case of stpall molecules fe.g. traditional low molecular weight organic deugs), asyosel delivery of
Tast-acling formulations s well-known in the art. In the case of macromolecules {c.g. larger peptides
and profeins), recent developrents in the ficld of primenary delivery via the alveclar region of the
Tung have enabled the practical delivery of drugs such 2 insulin to bload circulation {ses, e.g., Palton,

1.8, etal., U.S. Patent Nu. 5,897.848). Pulmonary delivery has the advantuge of administration

without nesdle injection, and vbviates the need for potentially texic pensiration cnbancers,

Cempositions suitable for use in the Invention include compositions whereln the aciive
ingredients are cantained in an effeclive amount 1o achieve the intended purpose. The detsrmination
of an effective dose is well within the eapability of thase skilled 1o (he arz.

Specialized fonns of cempositions may be prepared for direct intracellular delivery of
macramelecuies conprising HEM or fragments thereof, For example, liposome preparations
eontaining a celi-mpearmeable macromolecule miry promote cell fusion and intraceltular delivery of
the mactomolecuin, Alternatively, HEM or a fragment thereof may be joined to a short cationic N-
terminal portion from the HTV Tai-1 protein. Fusion proteins thus generated bave been-found te
transduce into the cells of all tissues, including the brain, in 2 mouse model system (Schwarze, 5.R. et
al. (19997 Science 285:1569-1572).

For any compound, the therapeotically effective dose can be estimated initially either in cell
culture assays, e.g., of neoplastic cells, of in antmal nyodels such as snice, mats, cabbits, dogs,

monkeys, OF pigs. An animal model may aiso he used to determine the sppropriaie concentration
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range and coute of administration. Such nformation can then be nged to determine usefin) doses and
rontes for administration in humans.

A therapeutically effective dose refers (o that ameunt of active ingredlient, for example HEM
or fragments thereof, antibodies of HEM, and agonists, antagonists or inhibitors of HEM, which
amelivrates the symptoms or conditien. Therapeutic efficacy and toxicity may be determined by
standard pharmacentical precedures in cell cultures or with experimenial amimals, such ax by
calcufating the EDyy, (the dose therapeutically effective in 30% of (he population) or LDy, (the dose
Jethal 1o 50% of the population) statistics. The dese ratio of toxic to therapeutic effects is the
therapeutic indux, which can be cxpressed as the LDWED,, ratio. Compositions which exhibit large
thetapeutic indices are preferred. The data obtained from cell endture assays and antmal studies are
used to formulate a raage of dosage for human use. The dosage contained in such compositions is
preferably within a range of circulating concentrations that includss the EDt, with Liftle or no toxicity.
The dosage varies within this tange depending upon the dosage form employed, the sensitivity of the
patient, apd the rowe of administration.

The exact desage will be determined by the praclitioner, in light of Factors related to the
subject requiring treatment. Dosage and sdminisiration are adjusted to provide sufficient levels of the
active moiely or to maintain the desired offost. Factors which may be taken into account inchede the
severity of the discase state, the. gencral health of the subject, the age, weight, and zender of the
snbject, time ond frequency of administration, drrg cormbination(s), reaction sensitivities, and
response to flerapy. Long-acting composilions muay be administered every 3 to 4 days, every week,
or biweekly depending on the balf-life and clearance rate of the particular forrmulation.

Nonmal dosage amounts imay vary from about 9.1 wg to 100,000 wg, up to a total dose of
about 1 gram, depending upon the coure of admimstration. Guidance as to particular dosages and
methods of delivery is provided in the literatere and generally available to praciitioners in the art,
Those skilled in the art will employ different formulations for nucleptides than for proteins or their
inhibitors. Similatly, delivery of polynucleolides ar pelypeptides will be specific fo partoutar cells,
conditions, locatong, ete.

AGNOSTICH

In another embodiment, antibodies which speeifically hind HEM may be used for the
diagnosis of disorders characterized by expression of HEM, or in assays to monitor patients being
treated with HEM or aganists, antagonists, or inhibiters of HEM. Antibodies useful for diagnaste
purposes may be preparcd in the same manner as described above for therapeuties. Diagnostic assiys
for HEM iuclude methods which utilize the antibody and a Jabel to detect HEM in human body fluids
or in extracts of cells or tiszues. The antibodics may be used with or without modification, nd may

be labeled by covalent ar pon-covalent anachuent of a reporter molecule. A wide variety of reporter
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melecules, several of which are described abave, are known inthe art and may be used,

A variety of protocols for measuring HEM, including ELISAs, RTAS, and FACS, are kagwn
i the act and provide & basis for dingnosing altered or abnonmal levels of HEM expression. Normal
ar standard values for HEM expression are established by combining body fluids or cell extracts
taken from notmal mammalian sebjects, for example, human subjects, with antibodies to HEM under
conditions suitable for complex formation. The amount of standard complex formation may be
quantitated by various methods, such as photomnetric means. Quantitics of HEM expressed in subject,
control, and discasc samples from biopsied tissnes arc compared with the standard valucs. Deviation
between standard and sulyject values astablishes the paramerers for diagnosing disease.

In another embadutent of the invention, the polynucleatides encoding IIEM may be used for
diagnestic purposes. The polynocleoiides which muy be used include olipopucleotide sequences,
complementary RNA and DNA moleculss, and FMAs. The polynucieotides may be nsed to detect
and yuantify gene expression in biopsied tssues jo which expression of HEM may be correlated with

s

. The dingnostic assay may be used to determine absence, presence, and cxcess cxpression of
HEM, and to monitor regulation of HEM levels during therapeutic infervention.

In one aspect, hybridization with PCR probes which are capable of detectng polynucleotide
sequences, including genewic sequences, encoding HEM or closely ralated molecules may be used (o
identify nucleic acid sequences which sncode HEM, The specificity of the prebe, whether it is made
from a highly specific region, e.g., the 5 regulatory region, or from & less specific region, e.g., 2
conserved motif, and the stringeney of the hybridizatiou or amplification will determine whethor the
probe identifics anly naturally eceurring sequences encoding HEM, allelic variants, or related
SEQUENCES,

Prohes may also be used for the detection of related sequences, and may have at least 50%
sequence identity to any of the HEM encoding sequeaces. The hybridization probes of the subject
invention may be DNA or RMA apd may be derived from the sequence of SEQ ID N(0:27-52 or fram
genomic sequences inchuding promoters, enhancers, and introns of the HEM gene.

Means for producing specific hybridization probes for DNAs encoding HEM include the
cloning of polysuclcotide sequences cacoding HEM or BEM derivatives into vectors for the
production of mRNA probes. Such vectors are known in the arf, arc commercinlly available, and mey

be vsed to synthesize RMA probes in vitro by means of the addition of the appropriate ENA

polymerases and tbe appropriate labeled nucleotides. [Tybridization probes may be labeled by a

variety wf reporter groups, for example, by radiopuclides such as **F or 8, or by enzymatic Jabels,

such as alkaline phosphatase couplad to the probe via avidin/biotin covpling systerus, and the like.
Polynucleotide sequences encoding HEM may be used for the dizgnosis of disorders

associated wilth expression of HEM. Examples of such disorders include, but are not limited to, an
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autgimmwnedinflammation diserder such as acquired inunmunodeficiency syndrome {(ATDS), actinde
keratosiy, Addison’s disease, adult respiratory distress syndrome, allergies, ankyiosing spondylitis,
amytoidosis, ansmia, asthma, atherosclerosls, autoinmune hemolytic anemia, sutoimmune thyroiditis,
avtoimmune polyendocrinoparhy-candidissis-ectodermal dystrophy (APECHKID), bronchitis, bucsits,
cholecystitis, cirrhosis, contact dermatitis, Crohn's disease, atopic dermatits, dermatomyasitis,
dighetos mellilizs, emphysema, episodic lymphopenia with Jymphocytotoxins, erylhroblastosis fetalis.,
erythizma nodosum, atrophic gastritis, glemerulonephrilis, Goudpasture's syndrome, goot, Graves’
disoasc, Hashimoro®s thyreiditis, paroxysmal necturnal hemoglobinaria, hopatitis, bypereosinophilia,
irritable bowel syndrome, episodic Iymphepenia with lymiphocylotoxing, mixed connechive tissue
discase (MCTD), multiple sclerosis, myasthenia gravis, myocardial ar pericardial inflammation,
myelofibrosis, osteoarthritis, ostcoporosis, pencrealitiz, polyeythemia veca, polyiayositis, psoriasis,
Reiter’s syndrome, rhenmatoid arthritis, scloroderma, Sidgren’s syndrome, systemic anaphylaxis,
systemic lupus erythematosus, systemic sclerosis, primary thrombocythemia, thrombocytopenic
purpura, nlcerative colitis, uveitis, Wemner syndrome, complications of cancer, hemaodialysts, and
extracotporeal cireulatian, vicsl, bactertal, fungul, purasilic, protozoal, and helminthic infectons,
trausna and hematopoietic cancer mcluding lymphomi, leukemia, and myelomy; 1 gensiic disorder
such as adrenclenkodystrophy, Alport’s syndeome, chomideremia, Duchenne end Becker muscular
dystrophy, Down’s syndrome, cysiic fibrosis, chronic granulomatous discase, Gaucher's disease,
Huntington's chorea, Marfan's syndrome, muscular dystrophy, myotonic dystrophy, pycrodysostosis,
Refsum’s syndrome, retinoblastona, sickle cell anemiy, thalasseinia, Wemner syndrovwe, von
Willebrand's disease, Wilims' tamor, Yellweger syndrome, peroxisormal acyl-CoA oxidase deficicncy,
peraxisomal thiolase deficiency, peroxisomal bifunctional protein deficiency, mitochondrial carnitine
palmitoyl fransferase and carnitine defimency, mitochondrial very-long-chain acyl-CoA
dehydrogenase deficiency, mitochondrial mediwm-chain acyl-CoA dehydrogenage deficiency,
mitochondrial short-chuin acyl-CoA debydrogsnase deficiency, mitochondrial electron wanspert
fluvuprotein and eleciron iransport lavoproein:ubiquinane oxidorsductase deficiency, mitochondrial
trifunctional protein deficiency, and mitochondrial short-chaim 3-hydroxyacyl-Cos dehydrogenase
deficioncy; a neurological disorder such a5 neonatal seizures, epilepsy, ischemic cerebrovasenlar
discass, stroke, oerebial negplasms, Alzbeimer’s disease, Pick’s disease, Huntington®s discase,
demeniia, Parkinson’s disease and other extrapyramidal disorders, amyotrophic lateral sclerosis and
olher motor neuren disorders, progressive neural muscwlar atrophy, retinitis pigraentosa, hereditary
atpxias, multiple selerasis and other demyelinativg diseases, bacterial and viral meningitis, braim
ahbscess, subdnzal empyema, epidural abscess, suppurative intracranial rh;‘nmhophlebz‘tis, myelitis aod
radiculitis, viral central nervous systent discase, prion diseases melding kum, Crevtzlelde-Jakob

dizease, and Gerstmarm-Stranssler-Scheinker syndrome, fatal familial insomnia, natritonal and
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metsbolic diseases of the nervous system. neurofibromaiosis, tuberous sclerosis, cerebellop:tinal
hemangiohlastomatoests, cricephalotrigeminal syndrome, mental Tetardation and other developmental
disorders uf the ceptral norvous systews including Down syndrome, cexebre) palsy, netroskeletal
disorders, antonomic nervows system disorders, cranial nerve disorders, spinal cord diseases,
muscular dystrophy and other ncuromuscular disorders, peripheral nervous system disorders,
dermalomyosilis and palyiyositis, inherited, metabolic, endocrine, and toxic myopathies,
myasthenta gravis, periodic paralysis, mental disorders including mood, anxiety, and schizophrenic
disorders, seasonal affective disorder (SAD), akathesia, amnesia, catatoniz, diabetic neuropathy,
tardive dyskinesia, dystonias, paranoid psychoses, pestherpelic nevralgia, Tourette’s disorder,
progressive supranuclear palsy, corticobasal degeneration, und familial frontoternporal dementia ; 2
cell preliferative disorder such as sctinde keratosis, arterioselerosis, atheroselecosis, bursitis, circhosis,
hepatitis, mixed connective tissue disease (MCTI), myelofibrosis, paroxysmal nocturnat
hemoglobinuria, polycythemia vera, psoriasis, primary thrombocyibernia; and cancers inclnding
adenocaccinotna, ionkemia, lymphoma, melanoma, mycloma, sarcoma, teratocaccinoma, and, in
particular, a cancer of the adrenal gland, bladder, bone, bone martaw, brain, breast, cervix, gall
Bladder, ganglia, gastrointestinal tract, heart, kidney, liver, lung, muscle, ovary, pancreas, parathyroid,
petis, prostate, salivary glands, skin, spleen, testis, thymus, (hyroid, and uterus. The polynaclectide
sequences enceding FIGM roay be used ip Seuthern or northem analysis, dot blot, or other
membrane-based technelogies; in PCR technolugies; in dipstck, pin, and multiformat ELISA-Liks
assays; and in micrearrays utilizing floids or tissues from patients te detect altered HEM expression.
Such qualitative or quantitative imethods are well known in the act,

In & particuiar uspect, the nuclectide sequences encoding HEM may be useful in assays that
detect the presence of associated disorders, particnlarly those mentioned above. The nucleotide
sequences encoding HEM may be labeled hy standurd methods und sdded to 4 fluid or tissuc sample
from a patient under conditions suirable for the formation of hybridization complexes. Aftera
suitable incubation period, the samaple is washed and the signal is quantified and compared with 4
standard value, If the amownt of signal i the patient saple is significantly alterad in comparison to
a control samgle then the presence of altered levels of nucleotide sequences encoding FLEM in the
sample indicates the presence of the associated disorder. Such assays may also be used to evaluate
the efficacy of a particular therapeutic lreatent regimen in animal studies, in clirical teials, or to
Toopitor the teeatrment of an individual parient.

In order to provide & basis tor the dingnosis of & disorder assotiated with expression of HEM,
a norwal or standard profile for expression is established. This may be accomplished by combining
Body fuids or celi exiracts taken from normal subjects, either animal or human, with a sequence, or &

fragment therenf, encoding HEM, under condiiions suitable for hybridization or amplification.
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Standard hybridization mmay be quantified by compating the values abtained from normal subjects
with values from an experiment in which a known amount of 2 substantially purified polynueleotide
s used. Standand values obtained i this manner may be compared with values obtuined fom
samples from patients who are symplomatic for & diserder. Deviation from standard values is used to
cstablish the presences of a disordor.

Ouce the prosence of & disorder is established and a restment protecol is iniliated,
hybridization assays may be repeated on a regular basis te determine if 1he level of expression in the
paticnt beging to approximate that which is observed in the normal subject. The results obtained from
successive assays iy be used 1o show the efftcacy of weatment over a perivd ranging from several
days to menths,

With respect to cancer, the presence of an abnormal amount of transerips (either under- or
averexpressed} in biopsied tissue from an individual may indicate & predisposition for the
development of the disease, or may provide a means for detecting the discase prior to the appsarance.
of actoal clinical symptoms. A more definitive diagnosis of this type may allow health professionals
0 employ preventative measures or AZEressive teatment earlies thereby preventing the develapment
or further proaression of the cancer.

Additional diagnostic uses for aligonuclectides designed from the sequences encoding HEM
muy involve the use of PCR. These oligomers may be chemically synthasized, generated

enzymatically, or produced in yitro. Oligomers will preferably contain a fragment of a polynucleciide

encoding HEM, or a fragment of a polynacleotide complementary to the polynnclectide encoding
HEM, and will be cmployed under optimized conditions for identification of a specific gene or
condition. Oligomers may also be employed under less stringent conditions for detection or
quantification of closely related DNA or RNA sequences.

In a particular aspest, oligoneleotide primers derived trom the polynuclsotide sequencex
encoding HEM may be used to detect single nucleotide polymaorphisms (SNPs). SNPs are
substitations, insertions and deletions that are a frequent cause of inherited or acquired genetic
disease in humans, Methods of 8NP detection include, but are not limited 1o, single-stranded
conformation polymorphism (SSCP) and fluorescent SSCI (fSSCT) metheds. In SSCP,
aligonucleotide primers desived from the polynucleotide sequences encoding HEM are used (0
amplify DNA vsing the polymerase chain reaction (PCR). The DNA may be derived, for example,
from diseased or normal tssue, iopsy semples, bodily fluids, and the like. SNPs in the DNA cause
differences in the secondacy and tertiary structures of PCR products in single-stranded form, and
these differences are defectzble using gel vlectrophoresis io nen-denaturing gels. In f3CCP, the
cligohucleotide primers are flaorescently labeled, which allows detection of the amplimers in high-

throughput cquipment such as DNA seguencing machines. Additionally, sequence database analysis
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mctheds, termed in silico SNP (isSNP), are capablc of identifying polymorphisms by comparing the
sequence of individual overlapping INA fragments which assemmble into a commen consensns
sequence. These computer-based methods filter out sequence varations due to laboratery preparation
of DNA and sequencing ercors using statistical madels and antomated asalyses of DNA sequence
chromatograms. In the altcroative, SNFs may be detecied and characterized by mase spectrometry
using, for cxample, the kigh threughput MASSARRAY system (Sequenom, Inc., San Diege CA).

Methods which may also be vsed to quantify the expression of HEM include radiolabeling or
biotinylating nuclestides, coanplification of a control nucleie acid, and mrerpolating results {rom
standand curves. {Ses, ep., Melby, P.C. et al. (1993) ). Immunol. Methods 159:235-244; Duplag, C.
et al. {1993) Anal. Biochem. 212:229-236.) The speed of quantitetion of multiple samgles may be
accelerated by running the assay in a high-throughput forome where the oligeraer or polynecleotide of
interest is presented in various dilutions and u spectrophetometric or colorfmetric response glves
rapid quantivation.

In further emmbodiments, oligoneclectides or longer fragments derived from any of the
polynucleotide ssquences described hersin may be nsed as elements on a microarray. The microarray
can be used in transcript imaging technigues which monitor the relative expression levels of farge
nunibars of penes simultancously as dascribed below. The microaray may also be used to wdentify
genetic varants, mulations, and pelymorphisms. This information aray be used to determine gene
function, to understand the genctic bazis of 2 disorder, to disgnose a disorder, to menilor
progressionfregression of discase as a funchion of gone expression, and to develop and monitor the
aclivities of therapewtic agents in the treatment of disease. In particnlar, thix imformation may be used
tv develop a pharmacogenomic prefile of 2 patent in order to select the most appropriate and
effective treatment regimen for that patient. For exsinple, therapeutic agents which are highly
effective and display the fewest side effects may be selected for a patient based it hisher
pharmacogenomic profile.

In atiother embodiment, BEM, fragments of HEM, or antibodies specific tor HEM may be
used as elemeits on a microarcay, The microarray may be used to monttor or measure protein-protein
interactions, drog-target Literactions, and geoe expression profiles, as described above.

A particular erthodimant relates to the wse of the polymuclectides of the present invention to
generate a franscript image of a tissue or cell type. A transeript image represents the global pattern of
gene expression by a particnlar Hssue or cell type. Global gene expression patterns are analyzed by
quantifying the number of expressed genes and their relativs abundance under given condivions and at
a mven time. (See Scilhamer et al., “Comparative Gene Transeript Analysis,” U.S. Fatent Nurober
3,840,484, expressly incorporated by reference herdin.) Thus a transenipt image may be genorated by

hybridizing the polynuclectides of the present invention or their complements to the totality of
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transcripts or reverse transcripts of a particular tissuc or cell type. In one embediment, the
hyhridization takes place in high-throuphput format, wherein the polynuclentides of the present
invention o their complements comprise & sthset of a plurality of elements on a microarray. The
resultant transcript image would provide a profile of gene activity.

Transcript images may be goperated using tratiseripts isolated from tissues, cell lings,
binpsies, or other biclogical samples. The traoscript imags may thus reflect gene expression in vive,
as in the case of 2 tissue or biopsy sample, oF in vifro, s in the case of a cell lve.

Transcript images which profile the expression of the polynucleotides of the present

invention may also be used in conjunction with in vitco model systerns and preclinical evaluation of

pharmaceuticals, as well as roxieological testing of indusitial and naturally-occurring environmental
compounds. All compounds induce characteristic sene expression patterns, frequently rermed
molecular fingerprints or toxicant signatures, which are indicative of mechanisms of action and
toxicity {(Nuwaysir, EF. et al. (1999} Mol. Carcinog. 24:153-15%; Steiner, 8. and M.L. Andlerson
(2000} Toxivel. Lett. 112-113:467-471, cxpressty incorporated by refercnce berein). If a test
compound has a signatore similar to that of a compound with known toxicity, it is likely to share
those toxic praperties. These fingerprints or signatures are most nsefu} and refined when they contain
expression information (rem z large number of genes and gens families. Tdeally, & genome-wide
measurement of expression provides the highest quality signature. Bven genes whoss cxpression is
not zltered by any tested campounds are important as well, as the levels of expression of these genes
are used to normalize the resdt of the expression data. The normalizition procedure is useful for
comparison of axpression data after treatment with different compeunds. While the assignment of
gene fuoction to elements of a toxicant signature aids in interpretation of toxicity mechanisms,
knowledpe of gene function is not necessary for e statistical matching of signatures which leads to
prediction of toxicity. (See, for example, Press Release (0-02 from the Natiopal Institute of
Environmental Health Sciences, released February 29, 2000, availablc at

http:/fwww nishs.nik.goviocews/toxchip. htn) Therefore, it is important and desirable in
toxicolegical screening using toxicant siguatures {o include all expressed gene sequences.

In one embodiment, the toxicity of & test compound is assessed by meating a biological
sample centaining nucleic ucids with the test compound, MNucleic ucids that are expressed i the
treated binlogical sample are hybridized with one or more probes specific to the polynuclestides of
the present invention, so that transcript levels corresponding te rhe pelynucleotides of the present
mvention may be quantified. The transcript levels in the treated biological sarple are compared with
levels in an untreated binlogical sample. Differences in the transcript levels between the two samples
are indicative of a texic response caused by the test componnd in the treated sample.

Ancther particular embodiment relares o the use of the polypeptide sequences of the present.

4%
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invention to analyze the prorenme of a tissne or ccll type. The term proteome refers 1o the global
pattern of protein expression in a particnlar tissye of cell rype. Each protein compenent of a
proteome can be subjected individually to frther analysis. Proteome expression pattems, or prefiles,
are analyzed by quaniifyiog the munber of expressed proteins and their relative abnndance under
ziven conditions and ata given time. A profile of & cell’s protecine may thus be gensruted by
separating and analyzing the polypeptides of a particular tissue or cell type. In one embodiment, the
separation is achieved using two-dimensional gel electrophoresis, in which proteins from a sample are
separated by isoelectric focusing in the first dimension, und then according to moiecular weight by
sodium dodecy] sulfaie slab gel eleciophoresis in the second dimension (Stetner and Andearson,
supra). The proteins are visualized in the gel as discrete and uniquely positioned spots, Typically by
stainiog the gel with an agent such as Coomassie Blue or silver or fluorescent staing. The: optical
dunsity of each protein gpot is generally propertional to the Ievel of the protein in the sample. The
optioal densities of equivalently pasitioned protefn spots from different saroples, for example, fram
biologicul samples either treated ar untreated with a test compound vr therapeutic agent, are
compared to identify any changes in protein spot density related to the treatment. The proteins in the
spots are partially sequenced using, for example, standard methods emnploying chemical or enzymatic
cleavape followed by mass spectrometry. The identity of the proiein in z spot may be determined by
companng its partial seqaence, preferably of at least 5 contignous amine acid residues, to the
pulypeptide sequences of the present invention. In soine cases, further sequence data may be
obtained for detuntive protein ideatification.

A prateomic profile may also be generated using antibodies specific for ITEM to quantify the
levels of HEM eapression. In one embodiment, the antibodies ave used as elements on a micreariay,
and protein expression levels are quantified by exposing the microarray to the sample and detecting
the levels of protein bound to eacl aruy element (Lueking, A. et al. (1999) Anal. Biochem. 270:103-
111; Mendoze, L..G. et al. (1999) Biatechniques 27:778-788). Detection may be performed by a
variety of methods known in the art, for example. by reacting the protcing in the sample with a thiol-
or amipa-reactive Fluorescent compound and detecting the amount of flucrescence bound at each
aray element.

Texican! signatures at the proteome level are also useful for toxicological sereening, and
should be analyzed fo paralle] with toxicant signatures at the transeript level. There i 4 poor
correlation between transcript and protetn abundances for some proteins in some tissues {Anderson,
NL.L.and I. Seilhamer (1997) Blectrophorests 18:533-537), so protecine toxicant signaturcs may be
wseful in the analysis of cempounds which do not sigaificantly affect the trunscript imuge, but which
altey the prateomic profife, [n addition, the analysis of transcripts in body fluids is difficult, due to

rapid degradation of mENA, so proteemic protiling may be more reliable and informative in such
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cases.

In another embodiment, the toicity of a test compound is assessed by treating a biological
sample containing proteing with the test compound. Proteins that are expressed in the treuted
biological sample ate separated so that the amount of each protein <an be quantified. The amennt of
each profein is compared to the amomt of the carresponding protein in an untreated hialogical
sample. A difference in the amount of protein between the owo samples is mdicative of 2 toxic
response to the test coropound m the treated sample. Individual proteins are identified by sequencing
the zmino acid residecs of the individual protcins and compariog thess partial sequences to the
polypeptides of the present invention.

In another embodiment, the toxicity of a fest compound is assessed by treating u biological
sarnple containing proteing with the test componnd. Proteins from the biological sample are
incubated with antthodies spectfic to the polypeptides of the present invention. The amount of
protein recognized by the antibodies is quantified. The amount of protein in the treated biological
sampic is sompaced with the amount jo an untrsated biclogical sample. A difference in the amaunt of
protein betwsen the two semples is indicative of 2 texic response o the test compound in the treated
sample.

Microarrays roey be prepared, used, and analyzed veing merthods known in the art. (See, 8.2,
Brennan, T.M. ct al. (1395) U.S. Patent No. 5,474,796; Schena, M. et al. {1996} Proc. Nall. Acad, Sci.
USA 9%:10614-10619; Baldeschweiler ot al. (1995) PCT applicution WO93/251116; Shalen, D. e al.
(1995) PCT application WO95/35505; Heller, R.A. et al. (1897) Proc. MNatl, Acad. Sci. USA 94:2150-
2155, and Heller, M.J. ct al. {1997} U 5. Patent No, 5,603,662, Various types of microarrays are
well known and thoroughly described in DNA Microareays: A Practical Approach, M. Schena, ed.
{1993) Oxfard University Prass, London, hereby expressly incorporated by reference,

In anather embadiment of the inveation, nucleic acid seqnences encoding HEM may be nsed
to generate hybridization probes vseful in mapping the paterally aceurring genomic sequence. Either
coding or noncoding sequences may be used. and in some instaces, nencoding sequances may be
preferable over coding sequences. For cxanple, coaservation of a coding sequence umeony; members
of a mulli-geoc family may potcatially cauge undesired cross hybridization dunng chromosoroal
mapping. The sequences may be mapped to a particular chromosome, 1o a specific region of &
chromesome, or to artificial chromosome constructions, e.g., human astiticial chromesomes (HACs),
yeast artificial chromosomes (Y ACSs), bacterial attificial chromosemes (BACS), bacterial P1
constructions, or single chromosome cDNA libracies. (See, e.g., Harrington, 1.1 eral. {1997) Nat.
Genet. 15:345-355; Price, C.M. (1993) Blaod Rev. 7:127-134; and Trask, B.L {(1991) Trands Genet.
7:149-154.) Once mapped. the nucleic acid sequences of the invention may be used to develop

genetic Yinkage maps, for example, which comelate the inheritance of & disease state with the
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inheritance of a particular chromosomc region or restriction fragment length polymorphism (RFLPY.
{See, for example. Lander, E.S. and D. Botstein (1986) Prac. Natl, Acad. Sci. USA 83:7373-73573

Fluarescent in sttu hybridization (FISH} may be correlated with other physteal @nd genetic

map data. (See, e.g., Heinz-Ulrich, et al. {1595} in Meyers, gupma, pp. 965-963.) Examples of genetic
map data can be found in various scientific joumals or at the Online Mendelian Inberitance jn Man
{OMIM) World Wide Web site. Correlation between L Jocation of the gene encoding TIEM on g
physical map and a specific disorder, or 2 predisposition 1o 5 specific disorder, may help define the
region of DNA associated with that disprder and thus may forther positional cloning cfforts.

It siws hybridization of chromosemal preparatons and physical mapping techniques, such ax
linkage analysis using established chromosomal markers, may be vsed for extending genetic roags.
OMen the placement of a gene on the chromasone of anather mamnialian species, such as mouse,
may reveal assaviated markers cven if the exact chremesemal locos is not knewn. This information is
valvable to jnvestigators searching for discase genes nsing positional cloning or other gone discovery
techniques. Once the gene or genes responsible for o disease or syndrome have been crudely
Jocalized by genetic linkage to 2 panicular genoric region, e.g., ataxia-tzlangiectasia to 11g22-23,
any sequUenNces mapping ke that arca may wepresent associsted or regulatory genes for further
investigation. (See, e.g., Gatti, R.A. et al. (1988} Nature 336:577-580.) The nucleotide scquence of
(e instant invention may also be used (o deiect differences i the chromeosomal location dus o
translocation, inversion, ctc., among normeal, carrier, or affected individuals,

In ancther embodiment of the invention, HEM, its catalytic or immmunogenic fragments, or
oligopeptides thereal can be used for serecning librarivs of compounds in any of a varicty of drug
screening techniques. The fragment employed in such screening may be free in solution, affixed to a
solid support, borne on a cell surface, or located intracellularly. The formation of binding complexes
hetween HEM and the agent being tested may be measured.

Another technique for drug screening provides for high throughput screeniog of comnpounds
having suirable binding affiuity to the protein of interest. (See, 8.z, Geysen, et al, (1984) PCT
application WO84/03564.) In this method, large numbers of different siall test compounds are
synthesized on 2 solid subsiraie. Tha test compounds are reacted with HEM, or fragiments therecf,
and washed, Bound FEM is then detecied by methods well known i the art. Purified HEM can also
be coated dircctly onto plates for use in the aforementioned dmg screening techniques. Alteroatively,
non-neutralizing antibodies can be used to capture the poptide and immobilize it on a solid supgort.

Tn ahother embodiment, ong may tse campetitive dreg seteening assays in which neutralizing
aniibodies capable of binding HEM specifically compete with a test compound for binding HEM. In
this manper, antibedies can be used to detzct the presence of any peptide which shares one or more

antigenic determinants with HEM.
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In additional embodiments, the nucleotide sequences which encoede HEM may be used in any
molecular biclogy techniques that have yet 1o be developed, provided the new techniques rely on
praperlics of nucleotide sequences that are currently known, including, but not liwited te, such
properties s the triplel genetic code and specific base pair interactions.

Withont further elaboration, il is believed that one skilled ie the art can, using the preceding,
descripfion, ufilize the present invention to its fullest extent. The following crabodiments are,
theretare, to be construed as mesely illustrative, and not limitative of the remainder of the disclosure
in any way whatsoever.

The disclosures of all patents, applications and publications, mentioned sbove and below, in
particular U.S. Sor. No. 60/186,307, U.S. Ser. No. 60/193,57¢8, and U.S. Ser. No. 60/192,532, are

expressty incorporated by refereuce herain,

EXAMPLES
L Coupstruction of cINA. Likraries

Incyie cDNAs were derived from cDIVA libraries described in the LIFESHO GOLD database
{Incyte Genomics. Pale Alte CA) and shown in Table 4, volumn 5. Some tissues were homegenized
and lysed in guanidinium isethiocyanate, while others were homogenized and fysed in phenol orina
suilzble mixture of denaturants, such as TRIZOL (Life Technslogies), a monophasic salution of
phenel and guanidine isothiocyanate. The resulting lysates were centrifuged over CsCl eushions or
extracted with chioroform. RNA was precipitated from the lysates with cither isopropattol or sodinm
goetate and ethuanal, ot by other routine methods.

Phenol extraction and precipitation of RINA were repeated as necessary to increase RNA
purity. In some cases, RNA was trealed with DNase. For most libraries, paly(A)+ RNA was {solated
uging alige d(T)-coupled paramagmetic particles (Promega), OLIGOTEX latex particles {QLAGEN,
Chatsworth CA), or an OLIGOTEX mRMA purification kit (QIAGEN). Alternatively, RNA was
igolated directly from tissus lysates using other RNA jsolatien kits, e.g., the POLY(A}PURE mRNA
purification kit {Ambion, Austin TX).

In some cases, Stratagene was provided with RNA and constructed the conresponding cDINA
libraries. Qtherwise, cDNA was synthesized and cDNA librarics were constructed with the UNIZAP
vector system (Stratagene) or SUPERSCRIPT ptasmid system (Lite Technologies), vsing the
recammended procedures of sivilar methods known in the art. (See, e.g., Ausubel, 1997, supra, units
5.1-6.6.} Reverse anscription was initiated using olige Jd(T) or random primers. Synthetic
aligonucleatide adapters were Kgated to double stranded cDNA, and the cDNA was digested with the
appropriie restriction cnzyme or enzymes. For most libraries, the ¢cDINA was size-sclected (300-
1000 bp) using SEPHACRYL- 81000, SEPHARQSE CL2E, or SEPHAROSE CL4B colunm

72



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

0

33

(174) JP 2004-504008 A 2004.2.12

WO OE4R%6 PCTATSNA06R06

chromatography (Amersham Pharmacic Biotech) or preparutive agarase gol clectcophoresis. cDMNAs
were ligated into compatible restriction enzyme sites of the polylinker of 2 suitable plasmid, e.g.,
PBLUESCRIFT plasmid (Stratagens), PSPORTI plasmid (Life Technologies), PCOWAZ.1 plasmid
{(Invitrogen, Carlstad CA), PBK-CMYV plasmid (Strategenc}. o pINCY (Incyte Genomics, Palo Alto
CAJ, or derivativas thereof. Recowtbinant plasmids were transformed into competent E. coli cells
inclnding ¥LI-Blue, X1.1-BineMRF, or SOLR from Stratagene of DRSa, DH10E, or ElectroMAX
DH.IOB from Life Technologies.

IL Isolution of cDNA Clones

Plasmids obtained as described in Exampie [ wers recovered from bost cells by ip vive

exciston nging the UNIZAF vector system (Stratugene) or by cell lysis. Plasinids wers purified vsing
at least one of the following: a Magic ar WIZARIY Minipreps DNA purification systom (Promegal; an
AGTC Miniprap purification kit (Bdge Blosystems, Gaithersburg MD): and QIAWELL 8 Plasmid,
QIAWELL 8 Plus Plasmid, QIAWELL 8 Ultra Plasmd purification sysiems or the RE.AL. PREP 46
plasmid puritication kit from QIAGEN. Tollowing precipitation, plasmids were resuspended i 0.1
ml of distilled water and stored, with or without lyephilization, at 4°C.

Alternatively, plasmid 1IN 4 was amplified from host cell lysates using direct Hnk PCR in &
high-thronghput format (Rac, V.B. (1994} Anal. Eioche. 216:1-143. Host cell lysis and theemal
cycling steps were carried oot in 2 single reaction wixture. Samples wers processed and stored in
384-well plates, and the concentration of amplified plasmid DNA was quantified flucrometricaily
using FICOGREEN dyc {(Molecular Probes, Eugene OR) and a FLUORQSKAN II flucrescence:
scammer (Lahsystems Oy, Helsinkd, Finland).

II.  Seguencing and Analysis

Ineyte cDNA. recovered in plasmids as described in Example 1T were sequenced as follows.
Sequencing reactions wene processed using standard methods or high-thronghpat instromentazion
such as the ABT CATALYST 800 {Applied Biosystems) therraal eycler or the PTC-200 thermal
cyeler (MJ Research) in conjunction with the RYDRA microdispenser (Robbins Scicntific) or the
MICROLAE 2200 (Hamilton) Liquid iransfer system. cONA sequencing reaclions were prepared
using reagents provided by Amersham Phatmacia Biotech or supplied in AB1 sequencing kits such as
the ABIPRISM BIGDYE Terminalor cycle sequencing ready reaction kit (Applied Biosystems).
Blectrophorstic separation of cDNA, scquencing reactions snd detection of lubeled polynucleotides
were carried out using the MIEGABACE 1000 1DMA sequencing system (Malecular Dynamics), the
ABIPRISM 373 or 377 seguencing system (Applied Biosystems) in conjunction with standard AET
protocols and base calling software; or other sequence analysis systems known in the art. Reading
frames within the cDNA sequences were identified using standard methods (reviewed in Ansubel,

1957, supra, unit 7.7). Some of the cDNA sequences were selected for extension using the rechnigues
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disclosed in Example VI
The polynucleotide sequences derived from Incyie cDNAs were validated by removing

vactor, Yinker, and pely(A} sequences and by masking ambigoous bascs, wsing algeritbrms and
programs based on BLAST, dynamic progranuning, and dinucleotide nearest neighber analysis. The
Ineyte cDNA sequences of translations thersof were then queried against a selection of pablic
databases such as the GenBank primate, rodent, mammalian, vertehrate, and eukaryote dutabases, und
BLOCKS, PRINTS, DOMO, PRODOM, and bidden Markev model (HMM)-based protein family
databases sveh as PEAM. (HMM is & probabilistic approach which anatyzes cons

5 primary
structurcs of gene families. Sce, for cxample, Eddy, 3.R. (1236) Curr. Opin. Struct. Biol. 6:361-365.)
The gueries were performed using progeams based an BLAST, FASTA, BLIMPS, and HMMER. The
Incyte cDNA sequences were assernbled Lo produce full Jength polynucleotide sequences.
Alternatively, GenBank cDNAs, GenBank ESTs, stitched scquences, slreruﬁed sequences, oF
Genscan-predicted coding sequences (sce Examples TV and V) were used to extend Incyte cDNA
asgemblages to full lenpth. Aszzembly was performed wsing programs based on Phred, Phrap, und
Consed, and ¢DNA assemblages were screened for open reading frames using programs based on
Genelvark, ALAST, und FASTA. The fult length polynucleotide sequences were translated to derive
the carresponding full tengih polypeptide scquences. Altecnatively, a polypeptide of the invention
may begin at any of the methionine residues of the full length ranslated polypeptide. - Full length
polypeptide sequences were subsequently analyzed by querying against dutabases such as the
GenBank protein databases {genpept), SwissProt, BLOCKS, PRINTS, DUMD, PRODOM, Prosite,
and hidden Markov model (FIMM)-based profein family databascs such as PEAM. Full length
polynocleotide sequences are also anatyzed using MACDNASIS PRO sottware (Hitachi Software
Engineering, South San Francisco CA) and LASERGENDE software {DNASTAR). Pelynucleotide
and polypeptide sequence alignments are generated using defauls parameters specified by the
CLUSTAL algorithor as Incorporated into the MEGALIGN mukisequence aligament program
(IDNASTAR), which alse calcufates the percent tdentity between aligned sequences.

Table 7 summarizes the tools, programs, and aigorithms used for the analysis and assembly of
Incyte cDNA and full length sequences and provides applicable descriptions, references, and
threshold parameters. The first colomn of Table 7 shows the taols, programs, and algorithms used,
the second column pravides brief descriptions thereof, the third column presents appropriare
references, all of which are incotperated by refercnee herein in thoir entirety, and the fourth column
prescnts, whete applicable, the scores, probability values, and other purapieters used to evaluate the
strength of a match between two sequences (the higher the score ar the lower the probability value,
the greater the identity belween bwo sequences).

The programs described above for the ussembly and analysis of full length polynuclectide
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and polypeptide sequences were also used to identify polynucivotide sequence fragmeils from SEQ
T W0:27-52. Fragments from about 20 o aboui 4000 nucleotides which are usoful in bybridization
and emplification technologies arc described in Table 4, colamn 4.
v, Identification and Fditing of Coding Seqaences frem Genomic DNA

Putative hnman enzyme molecules were initally ideartified by mnning the Genscan gena
identification program against public genomic sequence databases {e.2., gbpri and ghhig). Genscan iz
a general-purpose. gene identification program which. analyzes genomic DNA sequences from a
varicty of orgznizms (See Buree, C. and 8. Karlin (19973 I. Mol. Biol. 268:78-94, and Burge, C. and
S. Karlin (1998) Curr. Opin. Struct. Bicl. 8:346-354). The program concatenates predicted cxons to
form 2z assembled cDNA sequence extending fror a methionine to a stop codon. The output of
Gensean 15 a FASTA darabase of polynucleeride and polypeptide sequences. The maximum rangs of
sequence for Genscan to analyze at ence was set o 30 kb, To determing which of these Genscan
predicied clJNA seguences encade human enzyme motecules, the cncoded polypeptides were
analyzed by querying against PEAM medels for buman cnzyme molecules. Potonttal human enzyme
molecules were also identifizd by homelogy to Incyte cDNA sequences that had been anmataied as
husnan enzyme molecules. Thess selected Genscan-predicted sequences wers then campared by
BLAST analysis to the genpept and ghpri public datsbascs. ‘Whore necessary, the Gonscan-predicted
sequences were then edited by comparison to the top ELAST hit from genpept ta correct crrors in the
sequence predicted by Gensean, such as extra or omitted exons. BLAST analysis was also nsed ta
find any Incyte cDINA or public ¢DNA coverage of the Genscan-predicted sequences, thus providing
cvidence for franscription. When Incyte cDNA coverage was available, this information was uscd to
comrect or confimm the Genscan predicted sequence. Fuil length pelynuclectide sequences were
oblaimed by assembling Genscan-predicted coding sequences with Tneyte clINA sequences andior
public cI¥NA sequences using the assembly process described in Example [ Alternarively, fuil
length polynucleotide sequences were derived entirely from edited or uncdiied Genscan-predicted
cnding sequences.
V. Assembly of Genomic Sequence Data with cDNA Sequence Data
"Siitched" Sequiences

Partiul cDWA, sequences were extended wilh exous predicted by the Genscar gene
identification program described in Lixample IV. Partial cDNAs assembled as deseribed in Example
1N were mapped te genomic DNA wnd parsed into clusters containtng related cDMAS and Genscan
exon predictions from ene or mere genamic sequences. Bach cluster was analyzed using an algerithm
based on graph theory and dynamic programming to intograte cDNA and genomic infornation.
generating possible splice variants that were subsequenity confinped, edited, or extended to create a

full length sequence. Sequence intervals io which the entire length of the interval wis present on

75



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

pis)

177) JP 2004-504008 A 2004.2.12

WO /64596 PCTATRN/06806

more than one scquence i (he chister were identificd, and mtervals thus identified were considered to
be equivaleot by transitivity. For example, if an interval was present onoa cDNA and two genomic
sequences, then all thres intervals were considered to be equivalent. This process allows unrelaicd
but consecutive genomic seguences to be brought togetber, bridged by cDNA sequence. Intervals
thus identified were then “stitched” together hy the stitching algorithm in the order that they appear
along their parent sequences to generate the [ongest possible sequence, as well #s sequence varants.
Linkages between intervils which proceed along one type of pareni sequence (cDINA to cDNA or
genomic sequence by genomic sequence) were given preference over linkages which change parcnt
type (¢DNA to genomic sequence). The resuitant stitched sequences wore translated and compared
by BLAST analysis to the genpept and ghpri public databases. Incorroct cxens predicted by Genscan
were corrested by comparison to the top BLAST bt from genpept. Sequences were further extended
with additional cDNA sequences, or by inspection of genoinic DINA, when necessary.
“Stretched” Sequences

Fartial DNA sequences were extended ta full length with an algorithm based on BLAST
analysis. First, partial cDINAS assembled as described in Hxample BT were queried against public
databases such as the GenBank priroate, codent, mannalian, vertebrate, and eukaryote databases
using the BLAST program. The nearest GenBank profein homolog was then compared by BLAST
analysis to either Tneyte cDNA, sequences of GenScan exon predicted sequences described in
Exumple IV, A chimeric profein was generated hy using the resultant high-scoring segment pairs
(HSPs) to map ihe translated sequences onto the GenBank protein homalog. [nsertions or deletions
may oceur io the chimeric protein with respect to the original GenBank protein homolog. The
GenBank protein homolag, the chimeric protein, or both were used as probes to scarch for
homelagous genomic sequences from the public human genome databases. Partial DNA sequences
were therefore “stretched™ or exlended by the addition of homologous genomie sequences, The
reseltant stretched sequences were examined to deleomine whether it contained a complete gene.
YI. Chromosomal Mapping of HEM Encoding Polynucleotides

The sequonces which were used to asserable SEQ D N:27-32 were compared with
gequcnccs from the Ineyte LIFESEQ database and public domain databases using BLAST and other
implementations of the Smith-Waterman aigorithm. Sequences from these databases that matched
SEQ ID NO:27-52 wese assembled into clusters of contigueus and overlapping seguences using
assembly algorithms such as Phrap (Table 7). Radiation hybrid and genetic mapping data avatlable
from public resources suck ag the Stanford Human Gerome Center (SHGC), Whitehexd Instmte for
Genome Research (WIGR), and Généthon were used to determiue if any of the clustsred sequences
hadt been previously mapped. {nclusion of a mapped sequence in a cluster resulted io the assignment

of all sequences of that cluslter, incloding its particnlar SLQ W NO:, io fhat map location,
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Map lncations are reprosented by ranges, or jutervals, or human chromasomes. The map
position of an interval, jn centiMorgans, is measured relative to the terminus of the chromasome™s p-
arm. (The centidorgan (M} is a unit of measurement based on recornbination frequencies between

chromasomal iarkers. On average, 1 oM is roughly squivident to 1 negabase (Mb) of INA in

hurnans, afthough this can vary widely due to hot and cold spots of recombination.} The cM
distaoces are based on genetic markers mapped by Généthon which provide boundaries for radiation
bybrid markers whose sequences were includel in each of the ciusters. Human genome maps and
other resources available to the public, such as the NCBI "GeneMap 99" World Wide Web site.
(http:/Awww.nebinlm nib.gov/genemap/), can be employed to determine if previously identitied
disease genes map withis or in proximily to the intervals indicated sbove.

In this manner, SEQ ID NO:32 was mapped 1o chromosome 20 within the interval from 11.0
10 20.9 centiMorgans. SEQ 11D NO:33 was mapped Lo chromosome 2 within the interval from 175.0
10 180.6 cenriMorgans aod within the intecval from 190.8 to 196.3 centiMorgans. SEQ 113 NO:4]
was mapped 1o chromosome 1 witkin the interval from 235.8 to 237.2 centiMorgans and within the
interval from 243.3 to 245.2 contiMorgans. SEQ ID MC:47 was mapped to chroinosome 2 within the
interval from 118,010 127 4 ceatiMorgans. Maote than one map Iocation is reported for SEQ ID
NC:33 and SEQ [ NQ:41, indicating that sequences having different map locations were asserhled
inte u single cluster. This sithation occurs, for exsmple, when szquences having strong simifarity, bat
not complete identily, are assembled into « single cluster.

VIL.  Analysis of Falyneclcotide Expression

Northern analysis is a lzhboratory technigue used to detect the presence of a transeript of a
gene aud involves the hybridization of a labeled nucleotide sequence ty a wembrane on which RNAs
from a particular cell type of tissus have been bound. (Sze, e.g., Sambrook, supra, ch. 7; Ausebel
{1995) supsa, ch. 4 and 16.)

Analogous computer fechniques appiying BLAST were used to search for identical or related
molecules in cDNA databages such as GenBank or LIFESEQ (Tneyte Genomics). This analysis is
mmuch faster than multiple membrane-based hybridizations, To addition, the sensitivity of the
compueer search can be medified o determine whether any particular match s categorized as exact or

similar. The basis of the search is the product soore, which s defined as:

5 % minimum {lsngth(Seq. 13, length(Seq. 23}

The product score takes into account both the degres of similarity between two sequences and Lhe

length of the sequence match. The product score is a normalized valve between Qand 109, and is

7
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calculated as follows: the BLAST score is multiplied by the percent nucleotide identity and (he
product js divided by (3 times the length of the shortar of the two sequences). ‘The BLAST score is
caleulated by assigning a score of +3 for every base that matches in 8 high-scaring seginent pair
(5P, aud 4 for every mismatch, Two sequences may share morc than one HSP (scparated by
¢ups). If there ig more than ene HSP, then the pair with the bighest BLAST score {5 used 10 calenlate
the product score. The product score represents a balance betwsen fractional overlap and quality in a
BLAST alignment. For example, a product score of 100 is produced only for 1004 identity over the
entire length of the shorter of the ™o sequences being compared. A product score of 70 is produced
either by 100% identity and T% overlap al one end, or hy 38% ideatity and 100% overlap at the
other. A product scors of 50 i produced either by 100% identily and 30% ovedap at one end, or 79%
identity and 100% overlap.

Alicmatively, polyoucleotide sequences encoding HEM ure analyed with respect (o the
tissue seurces from which they were derived. For exarnple, some full length sequences ars
assembled, at least tn part, with overlapping Incyle cDNA sequences {see Example ). Bach cDNA,
sequence is derived from a cDNA library constructed from a human tissue. Zach buman tissue is
classified into one of the following organ/tissue categoriss: cardiovascular system; connesiive lissne;
digestive system; embryonic structures; endocrine system; exacrine glands; genitalia, fermale;
genitalin, male; gerim cells; hernic and i mnne system; liver; musculoskeletal system; nervouz
wystem; pancreas; respiratory systemy; sense organs; skin; stowatogoathic system; unclassified/mixed;
ot urinary tract. The number of libraries in each category is counted and divided by the total numnber
of librariey across 1)) categories. Similarly, each human rissue is classified into onc of the following
diseave/condition catepories: cancer, cell line, developmental, inflamumation, neurological, truuma,
cardiovascular, pooled, and other, and the number of Jibraries in each category is counted and divided
by the tatal number of librares across all catzgories. The resulting percentages reflect the tissue- and
disease-specific expression of cONA encading HEM. ¢DMNA seguences and cDMA library/tissue
information gre found i the LIFESEQ GOLD database (Incyte Genonidos, Palo Alto CA).

VIIE.  Extepsion of HEM Encoding Polynuclevtides

Full length polynucleotide sequences were also produced by extension of an appropriate
fragment of the full length molecule using oligonuclectide primets designed from this fragment. One
primer.was synthesized 1o initiate 5 extension of the kaown fragrent, and (he other primer was
synthesized to initiate 3' extension of the known fragment. The initial primers were designed nsing
OLIGO 4.06 saftware (National Biosciences), or anather appropriate program, te be about 22 to 30
nuelestides in fength, to bave a GC content of about 50% or more, and to anneal io the sarget
sequence at temperaturcs of about 68°C to about 72°C. Any strefch of nucleotides which would

result in bairpin structures and primer-primer dimerzations way avaided.

7%
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Selected human cDNA librarics were used to extend the sequence. Tf more than ane
extensian was fecessary or desired, additional or nasted sets of primers were desjgned.

High fidelity amplification was abtained by PCR using methods well known iu the art. PCR
was performed ip 96-well plates using the PTC-200 thermat cycler (M1 Research, Ine.}. The reactien
mix contained DNA template, 200 nmol of cach primer, reaction buffer containing Ma®, (NH,),50,,
and 2-mercaptoethaned, Taq DNA polymerase (Amersham Pharmicia Biotech), HLONGASE enzyme
{Life Technologies), and Pfu DNA polymerase (Stratagene), with the following parawseters for primer
pair PCIA and PCLB: Step 1: 94°C, 3 min; Step 2: 94°C, 15 sec; Step 3: 60°C, 1 min; Step 4: 63°C,
2 min; Step 5: Steps 2, 3, and 4 repeated 20 times; Swep 6: 63°C, 5 nin; Step 7: storage at 4°C. Inthe
alternarive, the parameters for primer pair T7 and 8K+ were as Tollows: Step 1. 94°C, 3 min; Step 2:
94°C, 15 sec; Step 3: 57°C. 1 miw: Step 4: 68°C, 2 niin; Step 5: Sreps 2, 3, and 4 repeated 20 times:
Step 6: 63°C, 5 min; Step 7: storage at 4°C,

The concentration of DNA in sach well was determined by dispensing 1K) pl PICOGREEN
quanlitation reagent ((.25% {v/v) PICOGREEN; Molecular Probes, Eugene OR} dissalved in 1X TB
and 0.5 p of undiluted PCR product into each well of an opague flucrimeter plats {Corning Costar,
Acton MA), allowing the DNA to bind to the reagent. The plate was scanned in a Fluoroskan IL
{Labsystems Oy, Helsinki, Finland) to tneasure the (uorescence of the sample and to quanlify the
concentration of DNA. A 5 110 10 gl aliquot of the reaction mixture was analyzed by
electrophoresis on a 1 % agaross gel to detennine which reactions were suecessful in extendiog the
SCNSHCE.

The exlended nucleotides were desalied and concentrated, ransferred to 384-well plates,
digested with Cvill cholera virus endonuclease (Molecular Biology Research, Madison WI. and
sonicated or sheared prior o religation jnta pUC 1§ vector (Amersham Pharinacia Biotech). Fer
shotgun sequencing, the digested nucleatides were separated on low concentration (0.6 to 0.8%)
agarase gels, fragments were excised, and agar digested with Agar ACE (Promega). Extended clones
were religated using T4 ligase (New England Biolabs, Bovorly MA) into pUC 18 vector {Amersham
Pharmacia Bioteeh), treated with Pfu DNA polymerase {Stratagene) to fill-in restriction site
averhangs. and tramstected into campetent 1. coli cells. Transtormed cells were selecied on
antibiotic-containing media, and individual colanies were picked and cultured overnighi at 37°C in
384-well plates in LB/2x carb lignid media.

The cells were lysed, and DNA was anoplified by PCR using Tag DNA polyincrase
¢Amersham Pharmacia Biotech} and Pfu DINA polymerasc (Stratapene) with the following
paramecters: Step 1: 94°C, 3 min; Step 2: 94°C, 15 sec; Step 3: 60°C, 1 min; Step 4: 72°C, 2 min;
Step 5: steps 2, 3, and 4 repeated 29 times; Step 6: 7Z°C, 5 min; Step 7. storage at 4°C. DNA was
quimlified by PICOGREEN reagent (Melecular Probes) as described above. Samples with fow BNA
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recoveries werc reamplificd using the samc conditions os described above. Samples wers diluted
with 204% dimethysulfoxide (1:2, v/v), and sequenced uging DYENAMIC energry trunsfer sequencing
primers apd the DYENAMIC DIRECT kit {Amersham Pharmacia Biotech} or the ABT PRISM
BIGDYE Terminator eycle sequencing ready reaction kit (Applied Binsystems).

In Jike manmer, full Jeagth polynucleatide sequences are venified using the above procedure or
are nsed te obtain 3 regulatory sequences using the above procedure sleng with oligonuelectides
desiyned for sueh extension, aud an appropriate genomic Lbrary.

Ix Lubeling und Use of Individual Hybridization Probes

Hybridization probes derived front SEQ ID NO:27-52 are employed to screen cDMNAs,
genomic DNAs, or mRNAs. Although the labeling of oligonucleatides, consisting of about 20 buse
pairs, is specifically described, sssemiady the same procedure is used with larger nucleotide
fragments. Oligamucleotides are designed using stake-of-the-art software suclh as OLIGO 4.06
software {Mationa! Biosciences) and labeled by combining 50 pmol of each oligomer, 250 20 of
[y-"*F] adenesine triphesphate (Amersham Pharmacia Biotech), and T4 polynuclsotide kinuse
{DuPent NEN, Boston MA}. The labeled aligonuclectides are substantially putifted using a
SEPHADEX G-23 superfine size axclusion dextran bead column {Amersham Pharmacia Biotech).
Au aliguot containing 107 counts per minute of the labeled prabe is used in a typical membrane-based
hybridization analysis of buman genomic DIXA digested with one of the following endenucleases:
Ase §, Bgl I, Beo RI, Pst I, Xha 1, or Pvu 1l {DuPoot NEN)

The DNA from cach digest is fractionated oo 4 0.7% agarosc gol and ransferred to nylon
membranes (Nytran Plus, Schleicher & Schueell, Durham NH). Hybridization is carried oul for 16
bours at 40°C. To remove nonypecific signals, blots are sequentiaily washed at room temperature
under conditions of up to, for example, $.1 x saline sadinm citeate and §.5% sodium dodecyl sulfate.
Hybridization patterns are. visnalized using anroradiography of an aiternative imaging means and
compared.

X Micrearrays

The linkage or synthesis of aray elerments upon a microarray ean be achieved vtilizing
phaiolithagraphy. piexoeleciric printing {ink-fet priming, See, .g., Baldeschweiler, supra)),
mechanical microspotring technologics, and derivatives thereof. The substrate in each of the
aforementioned technologies should be uniform and solid with a non-porous surface (Schena (19%9),
supra). Suggesied substrates include silicon, silica, giass slides, glass chips, and silicon wafers.
Alematively, a procedure anzlogous to e dot or slot blot may alse be vsed to arrange and fink
elements to the susface of = substrate vsing thermal, UV, chemical, or mechanical bonding
procedures. A typical amvay may be produced using available methods and machines well known to

those of ordinary skill io the art and may contain any appropriate aumber of eloments. (Ses, &.g.,
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Schena, M. el al. {1995 Science 270:467-470; Shalon, 1. ct al. { 1996) Genome Res. 6:639-645;
Marshall, A, and J. Hodgson (1998) Nat. Biotechnol. 16:27-31)

Full lengih cDiNAs, Expressed Sequence Tags (ESTs), of fragments ar oligomers thereof may
camprise Lhe elements of the microarray. Fragments ot oligomers svitable for Ilybridimti(;n can be
sclested nsing software wel) known in the art such as LASERGENE software {DNASTAR). The
arcay clements are hybridized with polynucleatides jn 2 biglopical sample. The palynuclectides in the
bivlogical sample ate conjugated to 4 fluorescent Iabal or other melecular tag for case of detection.
Atter hybridization, nenbybridized nucleotides from the biological sample are removed, and a
fieorescense scanner, is used 1o detect hybridization at euch array element. Alicmatively, laser
desorbtion swl mays specirometry may be used for detection of hybridization. The degree of
complementarily and the relative abundance of each palyancleotidc which hybridizes to an element
on the microarray may be assessed. [n one embodiment, microacray preparation and usags s
described in detadl below.

Tissue or Cell Sample Preparation

Total RNA iz isolated from tissuc samples using the guapidinium thincyanate method and
poly(A¥ RNA is purified using the oligo-(dT) cellniose method.  Hach poly(A)* RNA sumple is
reverse transcribed using MMLY reverse-transcriptase, 8.05 pg/ul oligo-(dT) primer (21men), 1X
first steand butfer, 9.03 units/pl RNase inhibitor, 500 pM dATP, 500 pM JGTP, 500 )M G171F, 40
uM dCTP, 40 uM dCTP-Cy3 (BIXS) or dCTP-Cy 5 (Amersham Pharmacia Biotech). The everse
transcription reaction is performed in a 25 m] volume contaming 200 ng polytA)* RNA with
GEMBRIGHT kits (Incyte). Specific control poly(AY RNAs are synthesized by in vl transcription

from non-coding veast genomic 1JNA. After incubation at 37°C for 2 hr, each reaction sample (cpe
with Cy3 and another with Cy5 labeling} Js treated with 2.5 ml of £.5M sodivm hydroxide and
incubated for 20 minates at 45°C to the stop the reaction and degrade the RNA. Sampies are purified
using two successive CHROMA SPIN 30 gel filtraticn spin colomns (CLONTECH Laborateries, Inc.
(CLONTECH), Pale Alto CA) and after combining, both reaction ples are ethanc? precipirared
using 1 ml of glycogen {1 mg/ml), 50 ml sodium acetate, and 330 ml of 100% ethanol. The sample is

then dried o completion using a SpeedVAC (Savant. Instruments Inc.. Holbrook MY} and
resuspended in 14 pl 5X SSCH.2% SDS.
Microarray Preparation

Sequences of the present invention are used to gonerate array slements. Each array slement
is amplified from bacterial cells containing vectars with cloned cDINA inserts. FCR amplification
uses primers complementary to the veetor sequences flanking the cDINA Insert. Array clenents are
amplified in (hirty cycles of PCR from ap fvitial quantity of 1-2 ng to a fina) quantiey greater than §
pg. Amplifisd array elements are then purified using SEPHACRYL-400 (Amersham Pharmacia
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Biotech).

Purified armay elements are immobilized an polymer-coaced glass slides. (lass mictoscope
slides (Coming} sve cleaned by ulirasound i {.1% S and acetone, with extensive distilled water
washes between and after treahments. Glass slides are elched in 4% hydrotluoric acid (VWR
Scientific Productis Corporation (VW) West Chester PA), washed exiensively in distilled water,
and coated with $.05% amiropropy! silane (Sigma) in $5% ethanal. Coated slides are caved ina
110°C aven.

Array elements are applied to the coated glass substrate using a procedure described in US
Patemt No. 5,807,522 , incorporated herein by reference. 1 pil of the array element DINA, at an average
coneentration of 100 ngful, ix loaded into the open capillary priniing element by a high-speed rebotic
apparatus. The apparatus then deposits about 5 nl of array element sample per slide

Microarrays are UV-crosslinked using a STRATALINKEE UVecros:

ker (Stratagene).
MicrowTays are washed at room temperamre once in D.2% SDS and three times in distilled water.
Mon-specilic hinding sites ane blocked by incubation of microarrays in 0.2% casein in phosphate
buffered satine (PBS) (Tropix, Inc., Bedford MA) for 30 minutes at 60°C followed by washes in
0.2% SD& and distilled water as beforc.
Hybridization

ITybridization rexclions contaio 9 pf of sample mixivre consisting of 0.2 pg cach of Cy3 and
Cy5 lubeled cDNA syathesis products in 5X 38C, 0.2% SDS hybridization buffer. The sample
mixtare {5 heated to 65°C for 5 minutes and is aliquoted onta the microarray susface and covered
with an 1.8 era® coverslip. The arrays arc transferred to a watceproef chamber having a cavity just
shizhtly lacser than a micrescope slide. The chamber s kept at 100% humidity intemally by the
addition of 140 ul of 5X SSCin a comer of the chamber. The chamber containing the amays is
incobated for abowt 6.3 hours at §0°C. The arrays are washed for 10 min ar 457 C in a first wash
buffer (1X SSC, 0.1% $128), three times for 10 minmtes each at 45°C in o second wash bulfer {0.1X
88C), and driek.
Detection

Reporter-labeled hybridization complexes arc detceted with a microscope equipped with &n
Innova 70 mixed gas 10 W laser (Coherent, Inc., Sanra Clara CA) capable of generating spectral Lines
at 488 nm for excitation of Cy3 and at 652 nm for oxcitation of Cy5. The excitation laser light is
forused on the array using a 20X oicroscope objective (Nikon, Inc., Melville NY). The slide
cowtaining the array is placed on a computer-controlled X-Y stage on the oucroscope and raster-
scanned past the objective. The 1.8 crn x 1.8 em atray ased in the present example is scannsd with o
resolution of 20 micrometets.

In two sepurate scans, 2 mixed gas multiline laser excites the two flucropberes sequentially.
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Emitted light ig gplit, based on wavelength, into two photomultiplier tube detectors (PMT R1477,
Haramatsu Photenics Systems. Ecidgewator NJ) cozresponding to the two fluorophores. Appropriate
filters positioncd botween the array and the photommltiplier tebes are usedl to filter the signals. The
emission maxima of the fuorophores used are 565 nm for Cy3 und 650 w for Cy5. Euch amay is
typically scanned twice, one sean par fleorophore using the appropriate filters at the laser sonrce,
although the apparatus is capable of recording the spectra from both fluorophores simmltaneonsly,

The sensitivity of the scans is typically calibrated using the signal intensity generated by a
cNA control species added o the sample miximne of a known coscenteation. A specific location an
the array containg 4 complementary DINA, sequenes, allowing the intensity of the signal at that
Locatian to be correlated with a weight ratio of hybridizing species of 1:100,000. When two samples
frown differant sources (2.g., vepresenting test and control cells), sach Inbeled with a different
tlracophore, are hybridized to a siagle array for the purpese of identifying genes that are
differentially expressed, the calibration is done by labeling samples of the calibrating cDINA. with the
two Flnorophores and adding idenvical ameunts of each to the hybridization mixture,

The output of the photomukhiplier tube is digitized using a 12-bit RTT-§35H unalog-to-digital
(A/L) conversion board {Analog Devices, nc., Norwend MAY installed in an [BM-compatible PC
computer. The digiiieed data are displayed as an image where the signal intensily is mapped vsing a
linear 20-color transfonmation to a pseudocolor seals ranging fror bl (ow signal) to red (high
signal). The data is also analyzed quaniitatively, Where rwo different flucrephores are excited and
measiered simmltancously, the data are first corrected for optical crosstalk (doc to overlapping
emission spectra) between the fluorephores using eack fluorophore’s emissiun, specirum.

A grid is superimpnsed over the fluorescence signal image such that the sipmal from each
spot is centered in cach elemment of the grid. The fluorescenee signal within cach clement is then
integrated (o obtain a numerical value corresponding to the average intensity of the signal. The
software used for signal analysis is the GEMTQOLS geoe expression analysis progeam (Incye).

XI. Complementary Polynucleotides

Sequences complementary 1o the HEM-enceding sequences, or any parts thereof, are used o
detect, decrease, or Inhibit expression of natarally occuming HEM. Although use of oligomulsotides
coraprising from about 13 to 38 base pairs js described, essentially the same procednre is nsed with,
sinailer or with larger scquonce fragmenis. Appeopriate oligonucleotides are designed using OLIGO
4.5 saftware (National Biosciences) and the cading sequence of HEM. Ta inhibit transeription, a
coraplementary oligonucleotide is designed from the most unique 5’ sequence and used to prevent
promater binding to the coding ssquencs. To inhibit translation, a coraplementary oligonnelsotide is

designed to prevent ribosemal binding Lo the HEM-encoding transcript.
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X0.  Expression of HEM

Expression and purification of HEM, is achieved using bacterial or virus-baved exprassiom
systeme. Tor expression of HEM in bactera, clINA i3 subclened into an appropriate vector
containing an antibictic resistance geoe and an jnducible promoter that diveets high levels of eDNA
transcription. Examples of suck promoters include, but are not litited €o, the trp-fac (fac) hybrid
promoter and the T3 or T7 bacteriophage promoter in conjunction with the dac operator regulatory
element. Recombinant veetors are ransformed into suitable bucterial hosts, e.g., BLZI(DE3).
Antibictic resistant bactetia express HEM wpon induction with isopropyl beta-D-
thiegalactopyrancside {IPTG). Expression of HEM iu eukasyotic cells is achizved by infecting insect
or mammalian cell lines with recorobinant Auicgraphica califormica nuclear polykedsosizs virs
[AcMNPY), commonty knawn as baculovitus, The noncssential polyhedoin gene of baculovirs is
replaced with cDNA encoding HEM by cither homologous recorabination or baclerial-mediated
transposition involving transfer plasmid intermediates. Viral iofectivity is maintained and the strong
polyhedrin promoter drives high levels of CDNA transcription. Recombinant baculovirus is used to
infecl Spodopters frugiperda (Sf9) insect cells in mast cases, or human hepatocyles, in some cases.
Infection of the latter reguires additional genetic modifications to baculovims, (See Cngelhard, KK,
ctail. {1994} Proc. Natl. Acad. Sei. USA 91:5224-3227; Sandig, V. et al. {1996) Hum. Gene Ther.
T:1937-1945.)

In most expression syslems, HEM is syntbesized as a fusion protein with, £.g., glutathions 8-
tansfzrase (GST) or a peptide epitope tag, such as FLAG or 6-His, pexmitting rupid, single-step,
affinity-based purificition of recombinant Fusion protein from crude cell lysates. GST, a 26-
kilodalton enzyme from Schistosoma japonieum, enables the puritication of fusion proteios oa
immeobilized glutathionz under conditions that maiptain protein activity and antigenicity (Amersham
Pharmacia Biotech). Fellowing purification, the GST meisty can be proteolytically cleaved from
HEM at specifically engineered sites. FLAG, an 8-amino acid peptide, enablos immunoaffinity
purification nsing commiescially available monoelonal and polyclonal anti-FLAG antibedies (Castman
Kadak). 6-His, a stretch of six consecutive histidine residues, enables purification on metal-vhelate
resins (QIAGEN). Methods for protein expression and purification are discussed in Ausubel (1993,
supra, cb. 10 and 16}, Puritied HEM obiained by these methods ¢an be used directly in the assays
shown in Examples XVT and V11, where applicable.

XIlIl. Functional Assays

HEM function is assessed by expressing ihe sequences encoding HEM at physiologically
elevated levels in mammualian cell cultare systems. ¢DNA is subcloned into a mammalian expression
vector containing 4 strong promoter that deives bigh [ovels of cDINA expression. Veciors of choice
include PCMY SPORT (Lifc Technologies) and PCR3.1 {Invitrogen, Carlsbad CA), hoth of which

4
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contain the cytomegalavirus promoter. 5-19 g of recombinant vector ure trnsiently translected fnto
a lmian cell iine, for examplc. an codothelial or hematopeieric cell line, using ejther liposeme
formulations or electroporation. $-2 ug of an additional plasmid containing sequences snceding a
marker protein are co-transfected, Expression of a marker pratein provides & means to distingiish
transfected cells from nontransfected oells and is & reliable predicior of cDNA expression fram the
recombinant vectar. Marker proteins of choice incInde, e.g., Green Fluorescent Protein (GFP;
Clonech), CD64, ar a CD64-GFP fusion protein. Flow cytormetry (FCM), an automated, laser optics-
based technique, js used to jdentity wansfected cells expressing GFP or CDE4-GFP and (o cvaluate
the apoplotic state of the cells and other cellular properties. FCM detects and quantifics the nptake of
flugrascent molecules that diagnose events preceding or coincident with cell death. These events
include changes in muclear DNA content as ineasured by staining of DNA with propidivm iodide;
changes in c2ll size and granulatity as measured by forward light scatter and 90 degree side Light
scatter; dewn-regulation of DINA synthesis as measured by decrease in bromodeexyuridine uptake;
alterations in expression of cel! surface and intracellular proteins as measored by reactivity with
specific antibodies; and alterations in plasma membrane composition as measured by the binding of
fluoresoein-conjngated Annexin V protein to the call swrface. Methods in flow cylometty are
diseussed in Crmerod, M.G. (1924) Flow Cytometey, Oxiord, New York MY,

The influence of BIIM on genc expressicn can be asscssed using highly purifisd papulations
of eells Wansfected with sequences encading HEM and either CDA4 or CD64-GFP. CD64 and CDE4-
GFP are expressed on the surface of ttansfected eells and bind o conserved regions of human
immanoglobulin G (IgG). Transtected cells are efficiently separated from nontransfected colls using
maphetic beads coated with either buman Iz or antibody aguinst CD&4 (DYNAL, Lake Success
NY). mRNA can be pusified from the cells using methods well known by those of skill in the art.
Expression of mRNA encoding HEM and olher genes of interest can be analyzed by northem analysis
or micrearray techniques.

XIV. Prodoction of HEM Specific Antibodies
HEM substaniially purificd using polyacrylamide ge) slectrophorssis (PAGE; see, e,

Harrington, M.G. (1990) Methods Enzyrmol. 182:488-425), ot other purilicaiion wechniques, is used to
irommmize rabbits and to produce antibodies nsing staadard protecals,

Alternatively, the IIEM amine acid sequence is analyzed using LASERGENE software
{DNASTAR]) to deformine regions of high linmunogenicity, and 4 corresponding oligopeptide is
synthesized and nsed to raise antibodies by means known te those of skill in the art. Methods for
seleetion of appropriate epitopes, such as thase near the C-termimis er in hydrophilic regions are well
deseribod in the art. (See, e.g., Ausnbel, 1995, supra, ch. 11.)

Typically, oligapentides of about 15 residues in length are syrahesized using an AB1431A
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peptide synthesizer (Applied Biosystems) using FMOC chemistey and conpled to KL (Sigma-
Aldrich, St. Louis MO) by reaction with: N-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) to
increasc immuniesenicity. {Sce, e.g., Ausubel, 1993, supra.) Rabbits ure immunized with the
oligopeptide-K LH conplex in complete Freund™ adjuvant. Resulting antisera are tested for
antipeptide and anti-HEM activity by, for zxample, binding tbe peptide or HEM to a substrale,
blocking with 19 BSA, reacling with rabbit antisera, washing, and reacting with radio-fodinated goat
anti-rabbil Iz,
XV. Purification of Naturally Oeenrring HEM Using Specific Antibodies

Naturally cceurting or s hi HEM is sub jally purified by immuncalfinily

chrommatography using antibodies specific for HEM. An immunocaffinity coluran is constructed by
covalently coupling anti-HEM antibady to an activated chromatographic resin, such as
CHBr-activated SEFBAROSE (Amersham Pharmtacia Riotecly), After the coupling, the resiin 15
blocked and washed according to the manufactorers nstractions.

Media containing HEM are passed over the immunoaftinity column, and the colnmn is
washed under conditions that allow the preferennial absorbance of HEM (e.g., high ionic strength
buffers in the presence of detergent). The colurnn is elursd wader conditions that disnapt
antibodly/HEM binding (.g., & buffer ol pH 2 w pH 3, or 2 high concentration of a chaotrope, such as
urea or thiccyanate ion}, and HEM is collected.

XVI. Idcntification of Melecules Which Tnteract with HERM

HEM, or biologically active fragments thereof, wra Jabeled with ™I Bolton-Kunter reagent.
fSee, e.g., Bolton ALE. and W .M. Hunter (1973) Biochem. J. 133:529-532.} Coandidate molocules
previously artayed :n the wells of 2 multi-well plate are incubated with the labeled HEM, washed, and
any wella with labeled HEM complex are assayed. Data obtained using different concentrations of
HEM are uzed to calenlate values for the nuraber, atfinity, and association of HEM with the candidate
molecules.

Alternatively, molecules inferacting with HEM are analyzed using the yeast rwo-hybrid
system as described in Ficlds, 5. and O, Song (1939 Nature: 340:245-246, or using commercially
available kits based on the two-hybrid systera. such as the MATCHMAKER system (Clontech}.

BEM may also be ased in the PATRCALLING process (CaraGen Corp., New Haven CT)
which employs the yeast two-hybrid systemn in & high-throughput manner to determine zlf interactions
hetween (he proteins encoded by bwo Jarge librades of genes (Nandabalan, K. et al. (20000 U.S.
Patent No. 6,057,101).

X VIl Demonstration of HEM Activity
Cofactor Biosynthetie Envvine Activify

The molybdoepterin synthase sulfurylase activity of HEM ix measured, for sxample, by

86
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transforming an Aspergilius nidilans enyP mutant with a snitsble expression vector containing the
polynacleotide scquence of HEM and observing whether the A. nidwlans cells aps able ro grow on
nitats or hypoxanthins-containing media (see Appleyard, M. ot 2l supra). Since molybdopterin
synthase solfurylase activity is wbsent in A wédulany cacF ntants, and his activity is necessary for
utilization of nitrate or hypoxanthine, the tescee of (hese mutants with an expression vector
containing the polynoclectide sequence of HEM indicates that HEM has molybdopterin synthase
smifarylase setivity. Alse, the levels of melybdopterin and intermediates in the biosynthetic pathway
are measured wsing HPLC apalysis (see Appleyard, M. ot al, supra).

Isomerase activity of FIEM is demonstrated through a variety of specific enzyme assays, some
of which ure outlined below.

Peptidyl Prolyl cis-zrans Isamerase Acrivily

HEM peptidyl prolyl eés-trans isomerase activity can be assayed as deseribed [Rahfeld, T.U.
atal. (1994) FEBS Lott. 352:180-184). The assay is performed at 10°C in 35 mM HEPES buffer,
pH 7.8, containing chymotrypsin {0.5 mg/al) and HEM at 2 variety of concentrations. In this assay,
the substrate is a peptide containing four hydrophobic residuss, The peptide contains a succinate
group at the N-ferminus and a mitroanilide group at the C-terminns. The suhstrate is in equtlibriom
with respect to the prolyl bond, with B3-95% iu trans and 3-28% jn cis conformation. Aw aliquet (2
ul) of the substrate dissolved in dimethyl sulfoxide {10 mgfmi) is added to the reaction mixmre
dexcribed above. Only the cis 1somer of the substrate is a sabstrate for cleavage by chymetrypsin.
Thus, as the substrate is isormerzed by HEM, the product is cleaved by chymotrypsin to produce 4-
nitroanilide, which is detected hy its absotbance ar 390 nm. 4-Nitroanilide appears in 4 tirae-
dependent and an HEM concentration-dependent manner.

Alternatively, peptidyl prolyl eiv-rrans isomerase activity of HEM can be assuyed vsing &
chremogenic peptide in a conpled assay with chymotrypsin (tischer, G. et al. (1984) Biomed.
Bicchim. Acta 43:1101-1121).

Thipredoxin Activily

HEM thioredoxin activity is essdyed as described (Luthman, M. (1982) Biochemistry
21:6628-6633). Thioredoxins catalyze the tormation of disulfide bonds and regulatz the redox
environment in cels to enable the necessary thiok:disulfide exchanges. One way to measure the
thial:disulfide exchange is by measuring the redoction of insulin in 2 mixlure containing 0.1M
potassium phosphate, pB 7.0, 2 mM EDTA, 0.16 pM insulin, 0.33 mM DTT, and (.48 mM NADPH.
Ritferent concenirations of BEM aye added to the mixiure, and the reaction rate is followed by
monitoring the oxidation of NADP at 340 nbl.

&7
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HIZM transferase activity is measured through @ methyl tramsferase assay in which the transfer
of radiclabeled methy! groups between 4 donor substrate and an acceptor substrate is measured
{Bokar, T.A. ct al. {19943 J. Biol. Chem. 269:17697-17704). Reaction mixtures {50 pl final volume)
contain 15 miv HEPES, pH 7.9, 1.5 oM MgCl,, H) mM dithisthreitol, 3% polyvinylalcahol, donor
substrate (1.5 pCi [methyl*HlAdeMet (0.375 pM AdoMet} (DuPont-NEN)), 0.6 pg BEM, and
acceptor substrate (0.4 pg (¥S|RNA or 6-mercaptopurine (6-MFP) to 1 mM final concentration).
Reaclion mixtures are incubated at 30°C for 30 minutes, then 65°C for 5 minutes. The products are
separated by chromartography or electrophoresis and the level of methy| transferase aclivity is
determined by quantification of methyl-*H-RNA ot srethyl-*H-6-MP recovery.

Hydrelase Activity

For purposes of example, an assay measuring the B-glucosidass activity of an HEM molecule
is described. Varying amnounts of HEM ar: incabated with 1 mM 4-niiropheny) fi-D-glycopyranaside
{a substrate) in 30 mM sodiurn acetate buifer, pH 5.0, for various tmes (typically -3 minutes) at
377C. The reaction i terminated by heating to 100°C for 2 miouwtcs. The absorbance is ineasured
spectrophotometrically at 410 ., and the change in absorbance is proportional to the activity of
HBEM in the sample. {Hrmova, M. et al. {1998) J. Biol. Chem. 273:11134-11143))

Varigus modifications and variations of the described methods and systems of the invention
will be uppatent fo those skilled in the art without departing from the scope and spirit of the
invention. Although the invention has been described in connection wilk cartain embodiments, it
should be understood that the invention as claived should not be unduly limited 1o such specific
embodiments. Indeed, various medifications of the deseribed modes for canrying out the invention
which are obvious to those skilled in molecular biclogy or related fizlds are intended to be within the

seope of the following claims.
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What ie claimed js:

1. Anisolated polypeptide comprising an amino acid sequence selected fron the group
consisting of:

3) o aming acid sequence selected from the growp conststing of SEQ ID NO:1-24,

B aasturally ocowring amino acid sequence baving at least #0% sequence identity (o an
amino acid sequence selected from the group consisting of SEQ D NO:1-26,

<) n bialogically active fragment of an aminc acid scquenee selected from the group
copsisting of SBQ ID NO:1-26, and

4) an immunogenic fragment of an amino acid sequence selceted from the gronp consisting
of SEQ 1D NG:1-26.

2. Anisolated polypeptide of cluim 1 selecied from the group copsisting of SEQ 1D NO:I-
26,

3. Anisolated polynucieotide encading & polypeptide of claym 1.
4. A isolated polynucleatide encoding a palypeptide of claim 2.

5. Anisolated polynvclcotide of claim 4 selested from the group consisting of SEQ ID
NC:17-52.

6. A recombinant polynucleotide comprising u promoier sequence operably linked toa

palynucleotide of claim 3.
7. A cell transfarmed with a recombinant polynucleotide of claim 6.
2. A transgenic organisni comprising a recorbinant polynueleotide of claim 6.

9. A method for producing 3 polypeptide of claim 1, the method comprising:

) culturing a cell under vanditions suitable for expression of the polypeptide, whorein said
cell is transtormed with a recombiuaot polyauciectide, and said cecorzbinast palyoucleatide
SOMPriSCS 4 promater sequence operably linked to a polyanclzotide encoding the polypeptide of
claim 1., and

b) rcecoverng the polypeptide so exprossed.

110
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10. An wselaied antibody which specifically binds ta 2 polypeptide of claim L

IT. Aniselated poiynuclectide comprising & polymickotide sequence selected from the
group consisting of:

4) a polynueleotide sequence selected from the gronp consisiing of SEQ TD NQ:27-52,

b} apaturally occnrring pelynuclectide sequence having at Jeast 90% sequence identity to a
pelynucteotide sequence selzcted from the greup consisting of SBQ 1D NO:27-52,

©) a pelynucleotide sequence complementary to a),

d) a polynucleotide sequence complementary to by, and

€) an RNA equivalent of aj-d).

12. An isolated polynucleotidc comprising at least 60 contiguous nucleotides of a

polynucieotide of claim 11,

13, A method For detecting a tacget polynuelzotide in a sample, said target polynncleotide
having a sequence of a polynncleotide of claim 11, the method comprising:

2} hybridizing the sample with a probe comprising at least 20 contignous nucleotides
COMprising 4 sequence complementary to said target polynucleotide in the sample, and which probe
specifically hybridizes to said target polynucieotide, under conditions whereby a hybridization
vomplex is formned between said probe and 8aid target polymueleotide or ragments thereof, and

b} detecting the presence or absenee. of said hybridization compiex, and, optionally, it

present, the amount thereof,
14, A method of claim 13, wherein the probe comprises at least 60 contigeous mucleotides.

15, A melhod for detecting o target polynucleotide in a sample, said farget polynucleotide
having & sequence of a polynuclectide of claim 11, the method comprising:

a) amplifying sajd target polynucleolide or fragment thereof using polymerase chain reaction
amplification, and

b} detecting the presence or absence of said amplified target polynucleotide or (ragment

thereof, and, optionally, if present, the amout thereof.

16. A composition camprising an effective amount of a polypeptide of claim 1 and a

pharmacentically acceptable excipient.

111
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17. A composition of claim 16, wherein the polypeptide comprises 2n aming ucid sequence

selected from the grovp consisting of SEQ ID NO:1-26.

18, A method for treating a disease or condition ussociated with decresased expression of
functional HEM, comprising admimstermg to & patient in need of such treatment the compasition of

claim 16.

19 A method for screening a compennd for effectiveness as an agonist of a polypeptide of
claim 1. the method comprising:
&) cxpesing a sample comprising a polypeptide of clabm 1 to a compound, and

b) detecting agonist activity in lhe sample.

20. A composition comprising an agonist compound jdentified by a method of claim 1% and

a pharmaceuticalty aceeptable excipient.

21. A method for treating a disease or condition associaied with decreased expression of
fonctional HEM, comprising adiministering to a patient in need of such reatment 2 coraposition of

claim 20.

22. A method for screening a compound for effceiivencss as an antagonist of a polypeptide.
of ¢lain 1, the method comprising:
&) bRpesing a sample comprising a polypeptide of claiin 110 a compound, and

b) detecting antagonist activity in the sample,

23. A composition comiprising an antagonist compeund identified by a method of claim 22

and & phermaceutically acceptable excipient.

24, A method for Lreating a disease o condition associated with overexpression of fumetional

HEM, comprising administering to a patient in need of snch mreatment a composition of claim 23.

25 A method of screesing for a componnd that specifically binds to the polypeptide of claim
1, said method comprising ihe steps of:

a) combining the polypeptide of claim 1 with at least one test compound under suitable
conditions, and

b) detecting binding of the polypeptide of claim 1 to the test compound, theveby idemifying a

1z
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compound that specifically hinds to the polypeptide of claim 1.

26. A method of screening for a carepound thal modulates the activity of the polypeptide of
clatm 1, sard ncthod comprising:

a) combining the polypeptide of claim 1 with at least ope test compound under cohditions
permissive for the activity of the polypeptide of claim 1,

b} ussessing the activity of the polypeptide of claim 1 in the presence of the test componand,
and

c) comparing the activity of the polypeptide of claim 1 in tbe presence of the tes compound
with the activity of the polypeptide of claim 1 in the absence of the test compound, whereit 2 change
in the activity of the polypeptide of claim 1 in the preseuce of the test compovnd is indicative of a
compound that modulates the activity of the polypeptide of claim 1.

27. A methed for sereening a cornpound for effectiveness in allering expression of a target
polynucloatide, wherein said target palymicleotide comprises 2 sequence of claim 5, the inethed
comprising:

a) exposing a sample comprising the target polynucleotide to a compound, under conditions
suitable for the sxpression of the target polymucleatide,

b} detecting altered expression of the target polynueleatids, and

€) comparing the exprassion of the target polynucleotide in the presence of varying amounts

of the compound and in the absence of the compound.

28, A method for assessing toxicity of a test compound, said methed comprising:

) treating a biclogical sample containing nucleic acids with the test compound;

b} hybridizing the nucleic acids of the reated biclogical sample with a probe comprising ar
least 20 contiguous nucleotides of a polynuclentide of claim 11 under condilions whereby a specific
hybridization complex is forined between ssid probe 2nd a target polynucleotide in the biological
sample, said larget polynucleotide comprising a polynuclectide sequance of a polynuclectide of claim
11 or fragment \hereof,

¢} guantifying the amount of hybridization complex; and

d) comparing the amount of hybridization complex in the treatzd biolegical suraple with the
amaount of hybridization complex in an untreated biclogical sample, wherein a difference in the
amount of hybridization complex in the weated Mological sample is indicative of toxicily of the text

compaund,
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Lys Leu 3lo Pre Asa

Mel Phe et Ala Gin

Asr: Phe Fro Gla Glu

2133162001

Asn Asn Lys
Ly® Arg Asp
Asn His Tyr
Liys Prc Ser
Ile Zer His

Val Lys Asp

Val

Met

Leua

Ser
Als

Asn

Val
Sex
val

Gln

L Ph=

Len x

=34

Arg

Azn
oyrT
Vai

Ala

Ciy

Len

Fhe &

Thr

Lys

Lew
Il=
Gin

Glu

Glu

ala

Mol A

Ila

Lau

> Leu

His
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Lys

Ile

= Ale

Glu
Ala
ys
&1ln

A=zp
as

Tys
e

~u Leu
235
His=
140
Len
185
hrg

al
Liett

Iiys

Asn

Lys
2

Le 2

Lcu

Tz

Rsh A

Gly 1

Met

Ile =

rhe

val

Lau

x5

: Trp

Ser
ala
Glu
Pro

Glu

Ala
Lys
cly

Gly

Asp

TYE

Ala I

Ile
Lys

Pro

535

543
Arg
560
Cys
573
Ary

Thy

Gln

aly

¢ AEN

Leu

ala

el

KHis
ger

Thr

L hla

Lys

5lu

Het

cya
Thr
Lsr

Rsn

zeu
Asp
Val

Leu

Lys ]

Lys

: Rrd

Fae
Ile
=lu
T
1le

Len

Val X

Asn

Bla

Giln
hrg

Leu

Rsp

Leu
beu

Leu

Bap
LYS

Leu

Ser
Asp
asn
Glu
Ser
Dro
Arg
et
Lys

Lew

Phc
ico
Pro
LS

ASP I

30
i ¥a)
145
Val
F60
Thx
175
Arg
156G
Ala
205
Ehe
220
Gln
235
TYr
250
Lys
265
Gla
239
nsp
285
Irg

Gln

463
Ty
a5
Ala
490
ale
505
Asp
520
Hel
535

550

Arg L

565
TYY
sgo
cer

£3/30

he

Sar

Lla
al

Pha

Thea

Het

Ala
Lau

Len

e

Ilz

nER

Thr =

Leu
Ala

Leu

Thr

Glu

arg

Rla
Arg
aln
2rg
aly
Arp
al=
&In
Arg

Gln

REp

Leu
Len
ik oid
ZE=n
Fhie
ket
Asrn
Lys
Lys
asp
Lys
Val
Fhe
Lys
Tys

[EaNH

@in ]

Lys
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Ala
150
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S50
Arag Lew His Lys Lys
G605
Fir als Met 3la Gly
()
Lys Thr Lys Thr As:
835
Lys Lys Gln Tys Asz
650
Arg Ser Lys asn Lys
565
Arg Asp Ala Leu Tan
GBC

<310
<211l> 1390
«212> PRT
<213 Homo zapizis

=220
<221 misc_feature
«223> Incyte ID Ho:
400> 14
tet Ala Brg His Vval
1 5
Tor Tar Leun Ile His
Yal pro val AEp ©ly
Ary Rrg Tle Gly Pha
Pro Lew ser hrg Val
Cys Arg Val &¢ly Glo
Lex Ala Leu Pra val

Gy Gl hrg Val Oys

Phe Ser ¢lo Leu FPhe

155
¥al Pl dzn Val Thr
170
Ila val Thr Cys Val
i85
<210 135
213> 284
<gi2= FRT

«213> Homo sapiens
=220=

<221> wisc_fzature
223> Incyte ID No:

<400> 15
¥et Pro ATg Tyr Ala
K 5

lys Sar Thr Tyr Oys
20

Asil Arg Ser Val ¢

Lys Iys Mg

Z5656T7CDL

Phe Leu Thr
Iiys Ala Sex
Fhe 1yr hr
hsn Val Val
Gly eu &lu
Tyr Val Val
Ll AYg ASh
Val Ile Asp
Il= Glu Ala
Thr
Glu Glu Ile
Lys Glu Asn

Gln Ser Ser

3803488001

Glp Deu Val
Ala THY Hakb

Val Lsn

Hat
ALy

Tys

Il=
hrg
Arg

Aryg

385
Lys
0

Lys
625
Ser
49
Rry
655
[£2183
6873
hrg
885

=1y
10
Gln
25
AEp
4a

14139

Arg

Fie

Asn

ala

Iys

Gly

o Tys

Lty

Val
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GO0
Tea Ala
615
Arg Lys .
G3L
Glu Lys
645
asn val
B&O
£la Zeu
75

Ser S

cln

Thr Arg
Lys

© Phea

Leu
Lys
rED

Lou

re Ale Sly

His Oys Glu

Pra Ala Ala

Pro hsp

sor 2ly
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FPhe Asn Tyr Ser val
asp Asp Val Met 6lu
Gly Leu Val Pha Cys
Leua Glu aszn
Asy Cys Prao

Lys Glu Leu

Gly val Phe Leu Val
140
The Ile S&r Gly lle
15%
@le Ile Poo Gln Val
170
Lys lys Ala T.¥5 Lys
185
Tyr Ser Leuw Leu Giu
200

Phie Lys Lys Lea Thr

Ser Met Val

230
Met zen Ile Val Leu

245
asp DLes Giu The
260

Sar Sex Mot Ihe Rsp ¢

275

210> 1&
<211» 245
«21i» PRT
<2133 Homo sapiens

<3220
=222 misa_feature
«A23> Ineyte 1D Nn:

<400> 16
Mel Alz asn Glu Ala
1

Lea Glu Tyr Gly Gly
Lys Ala Tyr val Thr
Tie val Ile Gln Asp
Tyr Ile ala Asp Met
Fro Asp Pha Pha val

Trp Ser Ils Fhe Pro

Cys Hiz Ala Gln Lys
Thxr Ale Val His His
cly Val Ser Val Tyr
i55
Asn Leu Lys Asn Pro
170

Leu

Glu

Aia

aEp

Ciu

Hetr
hla
Ile

I:ze

His

Gln

Tyr I

Len

Prie

1 Glu

&ln
2ls
Met
Glu
thr

Tle

5391816001

Tvr

Ly

* Fhe

Ala

3 Gly T

¥et
Ile

Leu

s
Erg
Pro

Gly

- Gly

Glu
Leu

Ile

Meat
a )

Fhz

VY

oln 4

Leu

Thr

Tep

ABn

Lys
Lau
Val
ys
Lys

Ila

@
[

Arg
55
Erg Fhe
Rla Asn

Lsp hsp

2y Ten

Phc Rlia
o
Glu Ery

&lu Cys

Cys Bso I

Yal Gln

Gl Teen
t;_l;( hid o
TYp Asp
Thr Arg
Ve Tyr
Gly Foe
bl

Tyr Ser

hAsn
Tyr
Tien)

Pha

Gl

Gln

Val

Gly =

rre
K
Pro

Asn

nrg
Ser
Il=
Len
Lo

Ser

» ARP

Glu
@ln
Azp

&ap

Gly

val
Phe
Ser
Leu
Bep
Livs
RED
Glu
Ty
Glu

Flu

Ala

Thr

Ilz &

Gly
cln
cln

cly

2 AYY

ila
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150
Mol
148
Tys
210
Ty
A28
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249
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255
Ser

270
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Val Ile Pro Lea Lys 7
185

Slu His Cya Iiys Val
200

Thr His ©ly Phe val
215

Asp Lys Pre iwr Ile
23

Led Lsn Lye Tyr Met
245

“210= 17

<Z1lx 231

ne saplens

<izlr niac_feature

<223> Incvita ID Mo
<d00= 17

e Teu Val Gly

s

Ile Gln val

20

Wal Asp Val Mst dla

25

His Avg Arg Tle Val

=0

Asn Gly Bsp Ile Esn

(3]

Gln Pro asp Ardg Bre

Thr Asp Lys Ala Arg

@lu Trp Ser val Thr
Lew G1lu Ay Ser Leu
“hr Gly Leu Ala Alx
Iyr Leu Tew Pro Tyr
<210 18

~211x 475

<2k2> PRT

«213> Home sapiens
<3220

«221* misc fsature

<223> Incyts ID No:

<40D> 18
et 2la Ala Leu Thr

1
Asp Arg Tyr Ile Lvs

Gln
Lys

Rrla

S885989(D1

Thr

Aala
Ala
Ala
Arg

Tyr

Ala f

Gly
“ln

Val

723432001

Law

Ile

Gly
Leu

val

Lieu

AAT

Thr

Leu

Ile

Leon
150
Eys
275
Glu
220

arg
235

Lew
Len
Arg

Y

Lan

n Lys

e Ser

Ser

Ile

AED
Leu
Asn
Eis
Gly

Tien

Slu

Lya

Zla

= Fro

i leu

Phe

Pro

Thr
Val

Thr
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195
Gln
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ala
325
TER
240
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Hix
225

Thr Leu Pne Lys Tyr Ile Asp Glo Asn Gln
o 15

Lys Leu Ala Zys Trp Val
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Val
Glu

Tieu

Lys

Lies: X

Leu

™

<210>
<211
<212>
313>

Sar
val

val

pe=
Rsp
val

aln

Lrel
hEp

Ile

Low

Leu
=

Glu

: Asp

Gly
Fro

Het.

aly
Arg

Tvr

1g

421
DRT
llome sapions

Val
Rsp
Iys
wly
Ile
Gly

Fha

Fre

Phe

149
Fro
145
S

470

Phe T

Val
Le
Gy
Leu
Val
Het
ciy

Val

lu A

Liye

Val

s Gln

T

Gly

Thr

Asp
Il=

G1n

r Tle
- Gly
. Gly

Asn

it )

Gly

Val

Ta211

Rrg
ATg
Thr
a1y

alu

Lau L

Gln

e

hTg

Giu

cly s

325
P
3490
Glu
353

g Ser

370
Trp
385
Ala
400
Gly
115
ys
430
Fis
445

4&0

Asp
47

17139

ile

Gly

Asp @

oly

val
val
Azp
Leu

Ty

Sexr

Gln

Val
Wak
Sly
Rsa
Ser

Lys

Fhe
Leu

Fro

Gy

Tie

Ser
val
cln

Mat

. 2l

e Leu

hEp

¢ln

FPae
Tle
v
Ser
Glu
Lys
ala
ASp

His

Lhr
Gl
Asp
Thr
Ile
Het
hsn

e

Mat )

Val
G1lu

Fro

val

Lys &

Iye T

GLly
Ala

Zer

Ile

Jar

Fro
T.eu
Glu

Ala
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T
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I¥om:

_Fealure

» Incyte ID No:

<400> 1%

G1n

Ley

GIin
Uy
aly
Fhe
Ala

Glu

Arg
Asn
hla
Cys
Thr

Pro

<2195 20
«211= 319
<2l2» PRT

Alsa

s Rla

ely
<ys
Ila
TIp
Arg
Ser
Ile
Val
Psh
zsp
Bsp
clu

Leu

cly
Tremy,
Arp
Asp
Dro
Phe
=In
Leu

Dau

Leu
Val
Val
whr
Liem

Asn

Thr 3

Cys
Lla
Thie

Bry

Ber =

Zla

Val
Leu
Ala
Arg
Asp
Ala
aly
Gln

Fitersd

hrg
5

Ala
oo

1552963001

His

Ala

Law
Gln

Thz

val

Tiew

His
Lys
val
Rsn
Axry

Lys

Fhe

val

Thr

Ile @l

Ala

Toar S

val
ek
wval
Zln
Liys
Gln

&lu

2la val :

Val Lys

Ieh Ala
150
Tir Zhe
175
Ila Phe

Mat Gly

Len Gln

Asp Asn

Asp Lys
Len Wal
Yal Thy
2ls Val

374G
Leu Arg

400
Gly Pro
415

18139

Leu

Zirg

Mat

REp

His

Met

Fhe

Gly

Gy L

ser
Axg

Len

Sear

Asn

8 Aan

Asn

Sar

Met
Cys
al
Tyr
Sy

Mek

cly
aGly

Asm

Bla
Val

GIn

Pra
Ala

Sax

Gly
Tyr
cla

Ary

Val L

5 Tyr

Bis

Gly

Glu A

&ly
Leu
&ln
Gly

Leu

Thr

Pro
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<213~ Eoma sapiens
<220

=221 mige Feature
223> Incyte ID Kos

<ADTn 20
wek ala =iy Ala Ala
1

G]_j,r Pro Tra

Glu Phe Leu Arg hla
Asp Pro Ala Asn Glu
2ly 5lu Leo Val Gly
@ly Pro Asn Gly Gly
Esp Deu
Tyr Phe
Bis Cly 3

Lew Arg Tew Thr Bla

Asp Prou Ala Lys Phe o

Met Leu Hiz Val Gin

360
Low ol Ala Meb Met
275
ger Ser Thr Leou aly
290
Fin Ser Val &lu Gln
3cs
<238 21
<21l> L94
«212» PRL

=213> Homo sax

=220
<221 misc_femturs
223> Ineyte ID No:

=400 21
et Glu Ala HMet Trp
1 5
Trp Glv Pha Leun Trp
20
Erg Glu Gl Gly aly
35

Va) Ile kla His Pro

15n3416CDL

Pro Tar Thr

: Gly Tys Thr

Leu Gly Arg
Gy Ten Pro
Leu ¢ly asp

Leu ey Tyy

Tyr Cys Phea
Ger Rla Ala

Ile Gln @lu

GElu Rla Het

175a587cal

Lzt Len Cys
Val Top Asp
Ry Leo 3ly

Rap Asp Glu

Ala ¥

hr

nrg

i

Val

Gly

i ST

Gln
Zla

Lau

Lau
am
ger

The

GIn

val
Ala

Ala

Gln
Asp

ala

Val

Gln

Vol
Met
Thr

hlaz

Val
Het

s

His

Ser

Leu
Tya
Tey

re
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val Leu Gly

Phe Sar Mla

Hlv Low Ten
Val vek Ila
Gln Trp hep
Glu val hen
Wal 2

Ala Teu His ser glu

70
Phe Cys Lys GLy Pra
L85
=210> 22
212> 349
<A412» DPRT

=313= Homo sanlens

<220
221> mige_featura
223> Incyte iD Ho:

«abl> 22
Met Ala ala Glu Glu
1 5
Arg Ser Gly Trp Lau
20
Ser Ile Her [Hs Leu
35
Val Pro Cys Lhr lyr
50
Zsn Lys Ila Trp Thr
55
Thr Pro Lens Val Lau
80

Trp Ala Leou Bsn Bha

Glu Glu Trp Arg Cys

110
Gly His &sn Leu Sly
155
Tyr Fre Sor Rxg val
170
Phe Pro Glu Rrg DPro
125
val Trp Ylo Bog Ala
200
—eu ala GlY Teu Arg
215
Gln Arg Leu Arg Pra
230
Glu Asp Asp Thr Val
245
Thr Pro ser Gly Glu
249

Qly Trp Ala Lys 2rg

Leu Rrg
Tyr Asn
Rsp Val
Arg Asp
val hla
Tl Val
Be=n His Ile
Z1y Lys Leu

&ln Asp Thr

1%13i509CD1

Glu Glu Val
Thr Gy Top

Lys Zlu hls

Taw Lys Phe

Len His Gly

Gly Phe Leu
Asz: His Leu
Lsp Leu Bla
ou Gly hla

Iile Bla Gly

Asp Phe Lys i

Thr Glu Ty
Thr xla whe

Pro Het Leu

ln
Leu

Pra

Pro

Val

Asp
Leu
©iu
Pre
Ser
*he
Cys
Axg
Asn

Leu

145
Leu
1
Lys
175
Pro
el

Val
zlu
Ile
Asp
Leu

The

Tor T

Liys

Arg

Aryg
Leu
Pra
Gl
Ala
Ala
Ala

Asn

Gly

5 Pro
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Fro asp Ile
Asp Gly Asn
Tyr Val Lys
Ala Esp Glo
asp Thr Val
~210x 23

<211> 245
<213 PRT

275
Vel
200

305
Tle
320
clu
235

«213> Home 3apiens

sar

val
Sar
tle

Ehe

- miar_teature
Ineyte ID No-

2210170CD]

23

Het Val
Lys GL
Lys Pro
Livs Gly
Ala Leu
Val Asp

Gly Asn

24

Ila
Gly

oys

Val
Pro
Gly
Fro
Lew
Asp

Amn

= Tle

Val

Lys

Ala
Tyr
Zlu
ile
Val
Leu
Hat

Ile

aln Brg Lew Leu

5

Gly Ala Thr Ala
20

Thr 3ln Tle Mat
Gly Wal Lys Gl

Gly Lye Scor ihr

Gly Fre Ser Vsl
Leu Sexr Gln Sar

Bla Cys Met Ser

T2t

o

Thr =

Tys
Pro
Asn
Mek

Dt

I'ro

Gly
Gly
Gly
B1ly
val

val

Pho
245

255
PRT
Homo sapiens

232200
«221> misc_feakure
«222= Incyle ID No:

<400> 34

a2
i

66401

Bls

val

TYr

235

21139

Ardg
Arg
His

Ty

1y

ger
Li=u
Val

nsn

2 Bly

L el

hxe

Hekb 5

Laa

Gin

Ser

Tyr

Glu

Val

Glu
Pra
ala
Len
Leu
AET

Pro

L Val

Glu

2 Thr

Sox

RAla

Leu

Lisu

Glu

- Ala

Tyr
Ser
ToE
st

val
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Mok
1

Arg

Sln

581

Val
L
ala
Lew

His

Arg

His

«210= 25
~211= 37
212> PRT

<213

230>

231>
<223

<400> 25

Hel
1.

Gl

s val

Ala
Ala

Ala

T

Glu

Tvr

Pro
cly
Al
Arg
Wal

3Ly

Trp Glu

Fhe Asp

Mome sapiens

wisc_foaturs
Incyte ]

Ho:

Pro &lu

5
Ile Tyr
Ile Fro
Ala Teu

Mab Qlu

GLly Gly

vy Tieu

wal
Arg

Gln

3y
Glu
aAla
Teu
Lye
Pro
Met
Mat
Val
hep
Val
)
Ala
Ser
Leu
Pra

Glu

Rre
val
Tro
clu
Gly
REL:
Glr
Asp
=

rro

Teu &

Ber
Gln
aly
Ber
Brer

Bep

2834114001

Pre
Pro
Arg
Lys

Mzt

7 Val

aly

T Ala

Ila

His

1 Asp

Ala
Glu
Rla

Gln

Aza

Sex
I
Bla
Asp
His

hakt
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[=ARE)

Tyz A

Pro

=L

wal
Ala
al

Glu

Tr T

Gly

Val

Sex
Ty
Fhe

<ln

Gy

gar
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Fhe

Gln

Het

Ser
cys

Sor
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s Pro
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TyT
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cys
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Ala T
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Thr
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Byy
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Azg

Arg
GLy

Thr

Lys

Gly as

Vel

Fro

L
Asp

Ila

=210% 28
<21%> 403
«Z12» PRT
213> Home seplens

<320

=220
=223

B

<400> 24

Haz

Glu
Rla

Lew

BED B

Val
Ser
ye
P
Ile

Sly

. Val

Sar

Dieu

Cys

Tie
Asn
Asp
Asp
Arg

Gl

Phe
Cly
fer
Val
Wal
Cys
nla

Mat

Gy
Thr
Ris

Thr

Ser
Rrer
cln
Thy

Een

Gon L

155
Glu
179
Val
185
Leu
200
Ber
218

Gly
320
Gla
235
Pro

385

se_feature
neyte 1D

No:

ATg

Hig

Asp

Il=a
Asp
Lys
wval
an
val
Leu

Fhe

Thr
Ary

Py x

4103559001

Gin

Ile

al

Lys
Glu
Het

Pro

Leu

Adn
Arg
Asn
Glu
Har

Fho

ala ]

Pre

ile

Lys
Ala
Gin

Lys

@lu °

Gln
s

Azp

= Thr

By

Asn
Gla

Lew

re
Asn

Asn

Fis

Liye

Tyr I

Leuy 2

Lea
BYo

Gln

Fhe
Asn

Leng

Rsp

Ber

Phe ?

2Ary

@l

Mak

Leu

Lys

Tyx
Liys
Ala
Zle

11=

&lu

Ile

s

2aN
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BEn
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Rla

Lhr

JEL_

Leu
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Ile Lys Gly

Asn FPro Bsp

ile 2ly Het

ry Asp Tla

asn Tla Ser

Gln Lys e

Pro Ser Thr I

Thr

Elu

Agp Leu Val

<2iy 27
«211= 1478
<21%» DHA
<213> Homo

220>
<321l> misc
<223 Ine

<400> 27

CcLocgaggan
Jtecooaggy
gEoecagcy
guecggagte
ggagoagyas
cggeegagte
attgatoggoa
cgtageaata
tggcatkbgat
actitbette
gaggaacatt
aaactbtcaa
tgatetagtt
Lartgaactt
tatacagett
tgoigeaaat
baceastaty
ogtact

S Lo la]
cratygaagat
aaatfttbca
azzaaagcan
agaccocaty
nbglttasagc

210> 28

Yaazt)

Lys k]

Ala

188
Thr
aco
Sar
21k
Ser
210

Law i

=R e tat

Ser

365

3as

capiens

ID

eature

Mo

Lew

@ly Met Rrg Glu Leu Als
2

Pro Asn Tle Lys

Ala Lyw Gln Leu val Lys

Pro GIn Leu Phe Thr Cly

Ll Ty &ly Pro Pre Gly

val alza thr elu C¢ys Lys

Thr Tla Val Sar Tys Trp

Wwal Leu Phe Glu L=u ala

Tew Asp GIu Deu Gl Ser

Gly Gly Gl His Glu GLly

2783442c31

guectatogy agtobogiag

cletgageta
agcaace
fulei=ly fulal:

q OOCYRANTSD
o eugagtotagt

attgoocagy agaggagtat
cgeatogara agatgagete
thgrarcgza tougsatbtub
gtaggrgtty gtggagtacyg

angttgctac totttgokta
caacckeatc aageauyy

aabcctgatyg trctbttbga
cakiteatog atagaataag
cilLagetgly tggacaatto
ggacasaval ggatagaate
ataatbocty gagaatetge
atbgatgaaa agackcigaa
aotgbogtlg cigggacctt
ghtagbtttt moettgogata

cdanateocto agtgtgatas
glagosgoae toectas

aatyaatyuy gtabblgagot
ggtoeagbtte crgacttace
gaagabtoty toactgagtt
gocaaaatga adaatabogha
ctobgecoll gamattaaaa

Ala ~la Sor hen Leu

acgtgbetgt

> gyogaggige

geoggiqasgg
gagogre ek
geagghaceg
agaggrgghy
aagcgactak
tagtgbgact
tgacaagytg
aaylaaagkt
agLacscaas
taatagytars
tgaagcloga
Loggyteagt
togtbthgeg
acgagazgyt
agtacaaaac
caatgoaakty
crRgaaattde
sgaggttaka
ggtaketgay
bumaggastt
aacagtggaz
catantggac
amgaatla

2439

Thr
T

Ala

[
ilm
Thr
Thr
g
Arg

Val

Ala

Pro

Phe
Sexr
Val
Ash
Ala
Ll
Gly
Thy
Gly

Tyr

(238)

PCTATSNA06R06

135
AEp Bis
219
rla Phe
225
Val gor
240
2zp Tla
255
Val wval
E¥aY
Ser Pro

Mer 8er

Leu
Arg

orp

Ser GIu

whgtgagysy ctygglycac

cracgh acoectooer

cecgggetgg gagegktagge
vagcagedgy tocagdaget
SFIAICCICy IR Iygys
gattegaate ecctacayeoy
gagaaaskbce gtacschtrge
gotganatge tgacaagatg
goactageca atatgaatay
caageagcay aacatacicl
tataatataa coasagtyags
Etagapyazy gamaaccigh
atgacaatas atacagctty
gassatgeay ttteanggos
tgtgetcone factighagt

gtilgigoag
glgtkaaagk
caggattttt
adgaagcado
caapaagagy =
grttoagsag

aggaacigaa

zeagtggeat acacaattoe
gatietggty azagottoa
teggatatat tgeatttete

&9
124
180
240
300
369
4240
4BO
L4
500
BAD
1an
7an
840
300
960
1020

t 1080

1140
12008
1260
1320
1380
144G
1478
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(239) JP 2004-504008 A 2004.2.12

WO OE4R%6 PCTATSNA06R06

211> 1183
212> DNA
«213> Homo sapiens

mizc feature
Tasyte 10 Mo: 211620060R1

«400x 28

coocacgegto cooccacgey boogatoooa gUCTaRFags ogododoasda goagtgogga 60
gatboager cgcgogagte cotgatotgg goeatgtety gotgtuatye teogggaggga 120
gackgkbtgtt aoegusgaty cogoycdoay gacasgoags atcocaagata ccbgatonca 180
gaacttigea nzcaghttta croatthaggs tgoyhoactg goectggagy agyaattage 240
tigaagocatg gegatgaant ctacattget cottcaggag tgoaaaagge acgaattcag 200
robgaagacsa Lgtbightity Lgatataast grzaagoaca tasgtggave blegecatog 260
aRgaagctaa aazacageca ytgtactcet cttttoacga atgettacac aatgagaggs 420
Jcaggrgoag bgaticatarc coactotaza tguoccaccocl totetttcoa 480
duacdggaglt Ctausallac acat c gazbaaagas atgraclt £40
quegegtatt atagatatya Cgalzatghita © ttottgaygas tacacctyang 800
gagazagase tcasagabtay aatggotoat aatacceaga cboctgtoea 660
gtaclggkea aglzlalgly tgggggga=ma calgggzgaa ccaaaacc 720
atght Ayt o thialttgat attgccgtabk caatgsagan aglaggactt 780D
gateootbeoas agotoaaagt bggagassat ggaattgiot aagaaaszasy naaghbobaat 840
tatatacags cataaxgcba ascgbantba ttatttazak gazagetact ttcttazacyg 200
aatigaaatt btitecatgabtg ctaclaalll goecactasak aclgoasstg glcaccchga 960
atckcttaty montbggaby btatbtgctt atattobtat aattttaast gagggoacag 1020
tgasatgaza atttbabact ctatglbltel gbttatbtit azalccttaa cagcaaaatz 1029
tthgectila atttotllbt tatabalacl cloagagsab teclothast bitlaaagal 1140
grbggtgabn atamanttca Ctagupaatt taasaaazasg zaa 1183

<Z210> 29

=211 1572

=212> DA

«<213> Homo sapliens

220>
2221> misc_feahburs
<223» Incyte ID ¥o: 5735224CE]

=A00> 29
gocgacgoTyg gogadgagtay chobgeg cagaacctge chkottstcog goougggodd G0
cgigaggggy ctgtggasty googeooges gbvagalaty assaabelaa agoeattgga 220
aggggtanan attctggate tamcaagaght ccolggeggge cohibbgcta ctatgaatit 180
aggagatcett ggagoagasg ttatsasagrt goagaqaces gyagobggtyg atgatacacg 240
aacliocggey ccacctbtty ttgggacage zagbacabab tatcbeaghy Ttaaccgasa 300
taaaagaagt attgetytia atatcaagys Yoradaaggo ghgasazica tcammgagoel 360
Egeagotgit bgtgatgtgt thghggaaaz ctatgtaact ggomaactgt ctgeaatggy 420
ccbgggatatl gaagatalag acgegattgc atctatigtt ccmtcacags 480
gtatggteay acaggiccas thictoagoy @ galgotgikg cokegycict

Etotygtety atgeoacataa cagygectga coaghboges caggagtags €00
tatgactygal ctbgecacky gootgtatge alatggaget akiatggetg gattgat 650
asuntacaas ackyggasag gactgbleoal tgartgtaac clactgtuat covagobgee 720

grgbttgtot cacatagety canabtateh tatigatean asggasg
tacagoteat ggoadbatedy thootha gyetbitoan accangy: gotatatfygs
agttggagea guamsatascc agocaghtbye cacegbcige magatcibgg akttgoolga 900
gitgattgat azbiccaagt atasaactzse coacottogy ghacacaata gasasgages 363
tattazaata ttatobgeac gutitgaads agasctgece ageandtgdt tataten
tgarggcagt ggagtocoygt atggoccast caacaacatg aagaztgtat ttgeageace 1080
toargtatte cacaatggec tagttatgua gatggageat ccoaactghyyg ggaagakbtoe 11490
wgtceecagge ceagebagtga gatacaghtza gttcaagatg teoagaggoca guccgecooo 1200
gotgeteggy cagoacacaa cgcacatect gaaggaggtc ctgagatacg atgacayyoe 1260
catcguggay cigotoagey afggeg=gus gyacczacat gamackteact gacaaagyaa 1320
cclcatasse togatcegaa bacactggea aaggeaszecac tiigetigga 1380
cagiirigat accacimana agaagabtta cagiaastce agattlioiia 1440
catggeateotb ceagaztyye lotgotatia abgaatatag tgectttbaa atgtatcoca 1LECQOD
cgtttbgbhe cotecomtet tttttticag abgatgatbt cabbtatsgat ttgtgogatht 18560
thiasnaata aa 1572

aacythgo:

25/3%



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO OE4R%6

<219» 30
<211 1335
=212 DIA
<213 Homo

rdeby

sapiens

<221> misc_featurs

<223 Incyte

<420~ 30

Gacgsaagq
aggtgcegde
coaaghgacy
toratryogy
[elalod efet=
sgtge
totoggcage
accooeoaay
gyagtatgat
abgggaact
ggbtgtycty
cetgggadgs
ggcaggaata
ygctocatos
coegagoctia
calcatgetg
gtattootic
caagggooty
teclkel
phteobgttoe
ttttcaacto
cttoteocttt
cacbananaa

<219» 31

w21Lh= 134
<212 DNA
213> ¥oma

=220

gag

cgescerans
acaggettea
trggictece
chgoogagrt
aggttoagos

 tgalgagaac

cucntagaga
[eipledatein te ol 4
gaagacagec
geageoragye
gUeCrtydgy
cooategget
chtgaccecaty
kocgoracta
atcectekce
ctyggagugss
coagagetay

gontgtt

Eccacottab

atogtaagat
acgotgtaba
Admda

zEpiens

“221» misc_featursa

223> Incyte ID Wo:

<d400> 31

conBaygygca
getgaghgga
Faagiyaage
ttegaagaety
Hageagohga
cooycaaatg
gtagaggtey

Letoccakten
atckecaatt
gatbteaacy
cagktoggaa
atgkacagca
agegagteoe:
wgegecatea

gofeadt logt
agtogotoga
gogtlctoia
cotocagaga
gangacaocy
coentgtoge
ctycaatgty
tetatacgay
ccacsagatt
toggaacgaga
deggagoagt
agteaactts
gratogeggt
tocaacggcge
tgtaggeorat
ategagtydy

2 No: 187D03%ECEL

coaactocac
thgggacage

wagaslakan
cetanoaaagy

acaalligla
ctgebgaaty

gaaag

gogatgoeor
egggooatan
ctgtgageta
crazecantt
tagteacngg
caggadggds
Lt eotogaga
gegatgocat
caggedacea
cocttgasge
abgctgagtt
aoagegotgt
agaaggtgak
gagrbaoett
2beacagget
atetggtict
tutchbcaaog
ttoeegobtt
dagaaktgohe

13864 1CBL

gegeggaac
agastgetbg
Logoaaggaa
agactttgaa
catrgtgoze
ayaarcagghc
Lggagtcaac
argaraagoet
chghoagaag
cagoyageoat
cctogdanag
chacatggag
gaacatttge
tgagatcalc
SoarDCeCagy
caccgageac

aagtagoogy
Jeaagtytay
thmaattocs

= gachkt
olcctgynek

L goecageaggt

gogagctogc
sikoaghgeo
caggettaac
agaoaagyiy

tggobacthe
gtoocoghage
geakgatyl
cgaagebys
tgoccitgyag
atgtecaggt
a

FocCgy
cghoaacetg
agetgatave
tggatgyaat
gekbggciaaa
tgtagettae
aitbgachsn
tretacacge
gggecacate
attcbiecec
asacracgtg
tyrocagace
dggtgeaagoet
ccoacggega
anaguagali
tocaggtbag
tagattecle
cogtaatele
agrttotaka
tgeagriiay

sagecackggr
gagaageans
ctcaggaage
chgeagigat
groggggetay
totgoootl
atcatetgtl
cettygacny
ctagogaarna
gaqgyatgit
ACCREgASER
gaaaace boy
tacopgecoe
ttcaaccoct
aacgoagors
theaogazag
tatggokegn
cugyatggac
tggaactbea
zaghkocaacs
tgaggaagac
totocecaat

26i39

atcacghngy
YeegFAgaga
cactagagea
gaaacchtoo
qreatoncod
taccageeoca

tagyatacaca
CcAcgyyshes
tirgghychg
gietibpgge
acactggeca
grageetaag
geastgtgan
Eoccagteek
atcaggt
aatgroctgs
crcaataaaza

dgazeghgme
tgoogotoce

tgatctgeoe
atgoutitoa
troagasong
atagaogeal
Locagaasgc
aabtbtyatoa
accatgacat
tgkgqaatac
accacakoco
geaacaccgh
acocaccooct
zgyccacgak
ttgecaalica
agkttacets
gekatgtsge
tactagilige
agatgacgyg
ALAGnoTCAs
aucleotgooo
aacattyico

(240)

PCTATSNA06R06

Lhttcogaty
scagaggocn
atgagotcge
acatcelcoas
CAGLERIHAC
AanTAGAGHE
BAGCCCCRCE
gtetgactyge

2 toghassdan

tgogoteany
thegestygy
tegoggacct
tgaatggagh
coctgguesy
gacagogtge
ckggekacca
taggkoatgg
taggeteage
ckhhececatt
wacakbaate
ayoLguasca
taaakogbct

cgacktgoay
cagggaaget
ageageiyag
agtoeocote
amaggctate

atggackalyg
gtoageadag
gytggrogty
agocgbyghg
cagagigoyt
gttocagacy
czactggett
agrragqoache
otgoticacc
gggagatgya
ageocactgac
taagekocgac
cagygltalgag
catoghzaasn
cagtgratta
aggttegtel

60
120
1gQ
240
309
260
450
480
549
Leilil
562
722
780
845
300
35D
1026
1086
1148
1266
1260
1320
1335

: 60

129
180
249
300
60
429
480
5440
590
/60
F20
7a0
840
200
859
10z4
1080
1140
1260
1260
i3zo
1341
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WA 01764896 PCTTSN I /06RDG
=210> 32

<21i» 785

<212 DR

=213> Home saplens

G
<227 misc feature

<223r Incyte ID Mos 14B5405CBL
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«400> 32
ggCtgagegg
Cocgsoccage
ceg

geatcetoog
aagacyaloc
anatgoatge
agtgtatage
ttctgactga
gagamraasch
gtgeteagaa
tallamaata

<210> 33
<211> 2380
<212> IR
<213» Homo

=220

tthegageey
ttaaggtekes
cgeggtbies
cgacalgaay
JRALARGOIH
JIRLAGCHIG
coapthoaas
tagtateaty
anatooeRt
CCARFIUAca
agtyacagay
aadagattyt

sapiens

<221> misec foature

=223> Incyte 1D wo:

«4G0> 23

ggcycacchy
cootgagoey
cekbgr
CHoCTAGUDAY
el=bte el o3 2
acaajgttcac
actycatgag
gagatatokht
agaagbbtgt
alglcaaags
aceoagacct
acacaaagab
taagoscort
goiacaacan
groceRtton
trgtgtboea
cattocagtco
aaaadqaagty
totrttetgb
glgogakckg
teagecteat
gochgocage
gaatyatokg
tetgecagaa
cioggaagbt
tottatbttee
Legatatgga
gacacataya
oletéisfele (44104
2aclgetica
ctoagueacy
occtgoteazy
rogagagata

cAFAYCCITa
gyctyggragt

tgatthye
cactyeacta
cgaqatgoac
coganagbyt
catteostgakt
gotoacztgga
ghgugetate
cernetbotge
aggcaclkgac
gotcteccte
tdtcageten
glakckcase
agagaaggan
chtheotaag
qyaggbcack
ccccakcaca
gaakbectgo
caagteaget
ccbgbeacen
gktgokgkct
agacceacgy
tgecbatagt
acagaaagac
agkkgtiaaa
caacattece
agetiacoag
gkccaaagag
amasagraty
cackgohiog

geglogyuda
gyegtacgey
ttoggctgac
roogtoghay
gtygractagy
ageg v ied
geaggthgrg
gt gUasaang
20actLygene
gegoagittg
ayasacaand
canaadtaag
goasataaas

2G245617CE1

gattgstaoy
cuetegge
CULCATCACS
canecaccags

T bhttacacta

aaggeoact
coegtgg
gigagoag o
ttigaggact
gucaaagtog
Lecetbgtgoea
ctgeagtect
Lacgkg:
Aatgagoaag
actgatcaaga
zamalggelyg
acagiggats
dzagtgdana
tgtaaateagy
gycgagagty
ggcatgtaty

ctetlicaatt
cytgaagugy
gagagatgict
tatgacktege
Ltoctgaley
clggatygate
gactoctaca
aacttaygaas
agetggocac
gLgggyacca

geggogytar
tactgoggty
tttggacgas
Luyiglecacan
eaboyl
atgeogbaga
gutstgtott
arctgtotge
ggchhgtoat
cageajgetat
agogoctgoa
tetkbacokzs
2aaaas

=Y

goatacgete

ttgoigaadg
gactgoagac
asgaatccan
acattoigot
tocacgggeca
cagoctacak
ctgtygratyy
gtgtgaagoo
agcttgtggs
gaatcoccoon
togactdtan
goaabgaala
guaattatgc
bogatyggotye
rmeaghgtcat
tgockgaghgs
&

agelggggaz
toczcnacta
cagaaattey
cageoketEeg
geazagekel
aggetigeas
stgtgeagts

goatygkatg
acatgtaate
agcaghteatt

27739

cyggeygely
cockgugote
gecklkbegeot
cgycygagenr
ageogoeoace

cygugriyge 60
teccgaggac 120
goo 180
[2=14

gogagetighe ol

gaacacaaak
aggagcagty
gaazasgasa
guggyttuca
ARBAAGAAY
ggotogeatt

cakgaaggs
gogtoeascoey
2acpgeucag

> alcagasagh

soagganogn
atoagatoct
cagcaggtggs
cotgasecay
totggatoge
ccckomgeiy
trazcyggoeac
cctracotak
casagaycca
taaccooaty
cazagoagan
~algggltlic
catcggetat
cettgatate
gocagocace
toaagoagty
ecagtityoc
ggtygtacce
cageoatagy
toacaas
gaacaagact
aaggtttgee
gecatgttust
agtaatoct
cam aly

zactoagget ©

accacagote
catazccase
Tgatdactta

CUTCALTGET 540

gagqat tg &00
catgamaasy 650
actttgggagt 723

chgeagaagy 0
agooggages
ggeagagaga 120
gocaigetol 240
atevctatos 300
cggoraagay 69
ctetbggace 420
goattoogaa 450
atciityagy 540
gcoeugheasn

goeatcboca 720
agtgygcclbges 780
gtoaatgoty 240
magtbbgatt 906
agcaakgcea S60
tatcteaagy 1020
tacttecage 1080
ckogocaacy 1140
cgocaaraccs 1200
thoeoacgtygy 12
aabtgteatay 1520
gggacragct 1380

g aygractoky 1440
gtggtoaace 1500
thgtoageca 1560
geagstgaag 1520
tilgcoazgg 1680

i
atggacagoc 1850
naazntacta 1920
gyntagtget 1980



WO OE4R%6

ttctatggya
aggacacctyg
gooooacica
cecatcatgag
acagaatalg
toooehtgye
katttegige

«2L0x 34

=211> 294D
<2ta> LiEa
<213 IHomo

<220

rtcaaaatan
caqtacsget
aaaccatcoo
ogagataate
ggaagtogga
cagyacalge
teazataaze

saplens

<221> misc_feature

a223% Tmeyte ID No:

<400 34
casaabtbgy
atcoagoaang
atgecagoag
tycaggatac
cagkooyqos
geagtigbag
tetbgegana
TRockbgbe
aztbgraagh
caagagatel
acgecgtyyy
actcotakcoa
catacabiga
gaggacatet
ataaagagaa
aggctgctca
agaaggagay
tomciigell
aotrbetglye
agacgeakaa
atacagakee

agetacacgt ag

gacotaadgas
agttatgoga
gycctagagy
cttagoobgy
gaagagkcac
aTiygttygte
agaccoaagy
cotgeatktg
tocagaagtt
Lyaagagact
cgggeceage
tagbockygga
tToagitoat
ggggaagaty
AGECALSICE
cagtattbck
Etecangota
ctgcacacgg
cgatatthgg
gtattatott
Eagaatggty
Ltocactgeo
ghcatkbitca
tottakbtett
teoaaataazace
t.kgccagaza
atyyctaata

aptgatacat
aatalocaac
goeaggtace
atctggoaag
TAGEACHIUY
geragtotage
ccaggqgact
cgtogaattt
gttgcaacsas
cecaggehtce
cocacckaco
ttgtgagaga
<zaagagall
gamgagangg
agqtotaaza
dFangtagat
gaaggagaag
cacgoatgas
o te2-Tolu -Tod o
Litetttre
tiatcaycte
mactanty
tottygatgtt
togatgggan
BOCtacacsyg
togactagac
tatgagozas
totgctgage
cataagytty
eacogaccaa
zalratbiga
watoatotgy
cocagoetge
waggacattt
cagatgtica
Ltgaccaagy
toctebboac
tlbtaactit
coctuggtac
agackeatog
greggetiyy
ttgantateog
acttbctoag
tocgtantga
getagatgat
tEatbttiac
crcCasggac
atattgeaty
atgttogtyy

cepabto
atecagagay
agototioas
tygtggagsy
stggcotatss
Lgokyct
Ettnatiacs

¥

472I827CHL

tocotagtgoa
agtoaantoa
agacagoohy
stteganttc
amcototasy
taccgtgaca
ccasagLaca
GRALO TR
agasacatby
agtggtagca
actgtoogag
gmactonacs
paageletge
angrotgaggy
aagraagaga
aguaasctge
agacgyeaga
zacaaccact
tctaacaata
Egtgagtity
acaaatacay
gagrbragas
FHAAATIAGY
ggttaztcag
Egboaabgaa
taakbackthby
alaasacasa
acgeotoigke
goaaarcace
cabLaagtec
attcigaaca
aancegathbt
ageeoatteg
ttyaagatea
ceatggeeac
togagaagan
toboocobgs
ttkatibgta
ctttatycay
thatanttta
tonhgatttn
taggyacata
tgtctaaanc
agthtbkgatt
ctkgeacttt
aggcttatca
gacacacagh
tghtbthacet
tgaaaakans

L Cagcagana

153
actygggotte
ccagytetoe
actetagota
acakggettt
gotaacagne
anatoainnn

ARgEpyCasa
wttgeeraasa
tgzacaacoy
acaagtgtaa
ctegoeggott
deagangeca
agococagatt
tatatgacat
ctaagegktea
BWAFFFITAA
tgacacacaa
aatoggoong
aagalaaaal

aactibbicaa

gERRYTUHYA
ggcagacage
acacckachky
ctastygobt
kgeacacggk
getygioaany
atggaggang
cecogbctca
aAacatcbaty
aaggatbtag
Eaagacktcaa
aa-gyagako
toattbgacc
agagagbana
cLggagaaza
cagbgyogak
CREYEACOy
actatatccl
cgeagaata
toacgazaay
iLagatgasa
aactaalaaa
tagsagetag
atatotgcca
tragettgttt
agqiatataca
ttgecaccos
cattittaac
gagattazaas
gtekcactgt
alggatoaca
cgacttgcka
tzaataagta

28/39

agtacataga
aaggtacage
totteokotrn
coatgencat
agzagkotgg
aailllalag
EEERELEEE)

Ltictacgta
tatgaacyyy
gogcagadys
aggacooagh
coaboacaaa
aaganagogt
tgiceatact
aaatctoyaa
Leatgangge
galgetegoa
glgillttatk
agegtggang
Laagaaklia
cogtanacan
ccatattoso
CifadaRaac

agagtgoage =

ceogbtatay
glgtltucght
Lttggagtat
agaoegagas
atataageay
atatyacot

ctgoagas
aghacagaca
atagagtatt
actgotoaza
gcototgotg
tigecagoty
cibgastgga
accgaaaaat
ggeatgacag
anagarctie
cobgbgoatt
egaagiastt
gagaagooas
ctgtlacctt
ggkaakcaca
tgageatoto
agaghagaaa
ghbtogtinhy
tgttatcoeaa
tygtazaket
cantaganht
tgccatgtot
tggetghoat
tablgtibga
azatagatba
BACRARRRAR

-

(242)

PCTATSAI

agggacteag
ckaatggott
cohgaagana
ghacatateo
agaaatctas
acagagasag

agauggasga
Loaaagaact
ggaaabgeat
gacckgeotoa
aZeazagagt
caacggeaat
cggoagacac
gaagaagaay
cASRAYGYAC
gatagoagea
cttcoomatg

graccataagg
agagaagkgs

agctaltaca
ceat

aacctgggat

acagttaate :

tttgatakbga
atttbgeata
Lycaacccas
cacagaggac
caaclggoaa
amaclacaga
tgeaetgecl
atgacggatt
actongaktyga
accthbcaaan
atascgacat
gascyeqgcsa
agctagaget
cccagtatgy
ccgatggazat

cdageatage 2

agcacclaga
2ocotaaada

106806

2040
2160
2160
2220
2280
2340
2380

gocaccaaca 22

agosagoggt
ganagygtyrg
tactanazca
Teaaga ke
tEcaacacac
thraasbgne

atktgattay 2

tgtgacaaag
calktaagekl

goagaaagys 2

asszaaazan
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<216+ 38

=211~ 1417
<Z1l3= Lafa
<213» Homo

<220

SARI ans

<221 mige_faature

223> Tnoyte 1D Na:

<400> 35

richgucage
ctgetacyggh
cooacceda
totoagacadg
kgochgaaaa
atgkgottct
SRACACACCra
tograggsce
ggckigcock
gecctygaga
gigyLagaca
gagatcascag
azcctggeca
dgeacacaaty
cteaccagty
gRgSyRycaa
tacacteogee
gocctgebea
geceaggestt
caaagaceat

aczcrgtatbg
aabaaagacc

210> 36

<211> 21233
<ZL2» DNR
“213> Homo

=320
<7717 misc

<400z 36
ogetbggtes
daaggaggac
aggaatagbe
agoaggaaga
gtagek
Loty
gootggooge
ddggaagaga
agat taggagb
aacttoaggg
dtgkazaaga
aygeccbblbt
tgggtaccat
gtggagyst
coadgyasa
gasygcaagtt
aggteetaan
crekgggbsa
teocaattat
atgoecebbaa
gtesagtytg
tamgactgtk

gagadongey
aagtatggoe
gac taaggy
togzatghyo
tgggccctag
grOTacecee
aoauatygots
tacccooong
totoccagce
PUCUROCUART
agcteteoet
glotgagrac
acotgetoot
gitdasodots
ctetgaatgy
gcagoeacke
tgtotgggca
geateotgtea
toggeacesat
ctgotybons
agagcaggey
aetgetgge
caetate

cocegotgooe

o

sapians

featura
<223» Jncyle I3 Wo:

Frttyoacte
rrggttotac
tocotggant
eacycamagt
acktoogeoey
traagagatt
tggtatgott
cgagascgag
tuagactaty
tgattcagag
gaaggoccak
camcacgetg
ctotgagaac
CCrCCoatcn
grccogaagt
cancllitect
catcctbddgag
caatgoagsa
tocaaaacty
taactlgagh
tgatgacaco
azccaacaty

54C8814CBL

agagaygtgty
cecacaatgg
gractagggg
tgutecoart
agctogoada
taceccacte
cleteocagy:
gccoatgoay
caagytcacy
ctotcaggge
gtatgtgget
2tghgetd
theck

agaacacgygc
shecncicea
gtggagaces
caggeccatg
aaccachyea
taceangygat
cocackgggt
ggecacatet
criazaaaaa

1252792CB1

ttectatage
ctygarceea
cectgcagat
tgtcaagaac
cgacgtghge
Cglcoragel
ateggygety
anantcligog
asaggagcha
gteaageaty
Loaggatoco
aaggaacagy
aggaceetty
aggagtegat
sagagrancd
batzasacktg
conzcanakbg
btatteattta
atazaadtan
gkgaacgcag
atggbctgte
actgbpacta

cagoogagto
gatggegoag
aggygecgag
ARGUAMACTS
CAFUGrAIEE
cetooockto
Loageagoay
acGctoatsot
gagctgigea
coacclocca
coggggaagg
geagageaty
o cage
ctgotocaag
ghcgatageoa
cozadgaada
gackcgeaca
caggaockge
tatggggtca
cacelggseg
cttoocoocay
chootggooca
Sgegagtagy
EECLTEES

aragaggyed
goagtaggae
cthggggooy
cazgLogage
gegeortotok
ataccatyey
gtgectucka
acgaagacoa
asactaacgn
agytgag

acageggagr
caagigTaas
sacegagthe
ctagggooug
ey tonago
atgatskttat
akcchbltak
accagama iy
aagacacaakb
aaaatcaggg
gcttgygacts
atcattacea

20739

(243)

PCTATSNA06R06

actactgoel yooigootas
JHCAYRIGE
teakg:

TEgtooagay aaggcotgag
ggatcttaas actgggeact
giacgtaccs aaccatgege
tttbcgacat guaggocact

tgetggetgt ccacagatgh =

cagkteoctes accacegagt
colgaagror bgoagooans
ggogtoaaty Eriigatoas
cacageecty
cagaoelgae
toaactgoget
grlacagoel

Lygatgbooryg
dgatgetoac
taggacrang
caotagleee
tgeegigaces Lggagoocta
toctgacctt ggragtagec
ceaagazgoa asatckgacg

afagggooty tggectyygy
gekgbgoost

£ tfgugaacaa
gaggocagic caacechloy
tyecectecagay crdrgoecyca
ggaesagage gagectatrr
cogoactogy gaagotggot
etgtghatac agactggett
ggagtetacy gaceestoag
tguggcaggy Eobgggyoca
dygackegag gakbsgtecgg
tggoctagay goooaggoecs

dggraggcasa gogyctaggy

actekgoeca ygagocaogy
aogeaTagen agtugasaaal
tacaacatgy ~ctgtocgogs
gagtgekoce gacctocaan
Fenngsagta gocttgglea

cabtacggan tiogatagty -
aattagggans aagactiaca -

caagattaad acgtacarca

btoctatteobt

tgestugty

Toycag atygelggge 1

1020
1020
140
1200
1260
1320
1380

i
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thegagackt
aactaatTat
taccatoaga
tecttzcect
goamaganbt
aysaaztean
tat cac
acgatgtgat
agclgotalt
tggtiorggtt
agaaaganbtt
cotasackga
tattkstrat
2azzazaasa

“2ld> 37
<211> 182%
<21Z> LCHA
<213> Hane

w220w
<221 o
<223> I

L
<460 37

YEGUCoHrct
cegeoaeody
tgoogeciee
cuoegtgrke
agAFTAFTCy
ttggagttie
agancoegtght
traceatggt
facnacalta
caacazgabt
agqtgaaaga
AYTARYZAAR
aggngaatya
angoogaatt
aaaaigatos
coctactags
aaatakloca
acaatagago
rggataachn
aatttggaaa
atctttktacs
acacagagat
gganacasac
caglgggtgs
ubaacaaget
gootoaatay
gaccttaacs
coaaancaly
atgtacaeict
teagggaagt
taktctgata

<310 38
<311 2323
<213 1R
«213% Homo

<320=

tebtogettby tlalicctgg
azactkbact gaanakocag
atkgatktan onotttaata

& ataastgaca
cagcagangt toacthtrtt
agocackages aatcscaaty
acklclaattt goaghobgte
tigtaaattc tttgrtbtbte
ttggaataat gactakbenta
taggatyans catibtaagy
tattgattig atctbattac
caatgaattg gttatacabeo
tetaagacit gtgtitkcako
gicydooge bogoanboba

saplens

faaturs
= ID He: 1299305CEL

gtyragagac gooakg
gggehtgoce teaag:
cgaceckgay gegtogacte
locgoagane coggrmooge
ocgacctgotiy davadygalog
tokagetara smagaaght
acrabghbaza coagdgacay
tyetobbyec at ety
tybtcocgaa cagaai
actgatbtoc taagty
agagzaagct tatassgock
agaaggraas agtastyaaa
agccazatgs cogaalbcaa
atathbgagn faamagbtby
Lhtglickte aaacchgygta
agocalagla gagagsgcokhk
tgactbggat

aakgg getaghggkg
Egeaatgett tatggbbaco
Eggatacete asaccagaaa
gtetbgggat amagagggta
gtatggtrcy tgtagaaage
cagtagtgte ctgckggres
teccocaaga gugaatcatby
cacegebity aagalbooes
ccatagygbtge anantgaght
acatttttaa gastaaatht
aniycliaa ttttgtaatg
atabty tttttactlt

<221l> misc_faatura

223> Tneyk

<400> 38

e I Ko: 23851930B1

gaaaloacty
oratgaoang
angaartggdn
acataazams
Ecktatican
atetggtgqt
ccazacaats
atkgtguegta
taktcataaca
akgecaaate
ctagattygsy
atgeataags
aatzaagtig
gaa

Pygengagos
cotgotecag
aggakgaggl
ggteagaaqgy
ttatgogaat
aageagggan
aagaatabga
gaatkcgboa
tgazagatbgat
agaatgarht
aacclggcaz
azasttcaat
gteagthikt

caggatgiaa

chytyoagga
aaAngRAnCy
gattbclghte
aagttyggyct
caatygbrat
axtalgraal
ancyycakta
ktoctagandga
cttetateat
Ltgmatitge
abhtetgaggt
gaaatagagt
ghotbthakt
tgaaaazay

N3P

caccaagata
agagctggte
Eadagag
Leraagey
agaghcebyga
gaaagtazaa
tigagatatt
tatggtasay
grtgactoaty
amatattagt
atftitbaal
tacantbtta
tgktktaage

agragtgack
rateca Deug
geoacnggay
grkgetnoges
gEoTgoa
thttaggttat
Luclagcate
actbygalckh
aggtgaanzy
ttatgaanag

gazagagaat g

ractanated
gapaaagaat
tgartoccta
caact
Lyggac
agaaazcgag
thgtaonac
agtgogh

ggcgEogggt
tgotboa
acteggataca
atgraacaky
taaagmcayn
tttttbgaaa
ataatbgask
gtagaattgg
tgltaascet

(244)

PCTATSNA06R06

cagattatgae 1280
thytasag 1440
cibeohtaata 1500
geatcatoca
grEtgtgtta
ghooteanag
tgeoagttagg
agaleotitihe

ttagttgtaa
attigtzcac

tattagtita
RAgIE(azana

gecogygetg B0
cgegocaggs 120
cagtoooteg 18O
agagecatog 240
ggeateglog 00
gotgatgtby 360

anagbe 420

garc
gatttigaza 780
agattattta 840
tttygetata
ta

acaccttacy 1080
gaccttobga 1140
Jasa 1200
coba

[

caakctgttg 1500
tocagactgat 1560
cattasagtt 1620
geagagaabkt 1680
tecttiatac 1740
tgaaataana 180C
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cgagetecad
ggacccgogt
aceoggacgs
cotggenaan
gactoos
taarcalgic
ggtggaagya
gggactacak

cogbeal gea
cagoanctoo
ttateatgaa
CLORgggoac
JUCRgaAIRCT
cagcagaoak
acagcabcaa

gugoocagng
Llaliacoea
tagacuatot
acghtgaaat
ttgttogtoca
togTgnagooe
aagireaceda
Letogteeloyg
acciocgtts
chgactteet
agagtluaaasz
getalogtag
tggoocy
chgreoggat
LyyCr gagy
cgagagagea

acebangaeo
tacatectac
coRgooogat
agacgeeatt
acgygagage
Lgaglcigga
goctggoetet
Lgcaccalug
gansaccoos
aacngooact
gecangigan
CHACCCA! &
sacacagoct
geacootgte
atiggtogat
Ceatatygllyg
attgttgtaa
cgstganate
agaacggatt
catcaataat
gz
a7 s
etocacoooa
gractacens
gaagokgogy
caAJIganct
gractetgay
coocnocdays
vcaccooaght
geoasagebg
cEgudaluyd
CoARgUALIG
cagatgtcoa

gagaaategt ggo

cagh.tgggge &

goecgtecty
yccoggyekc
acteotangoe
chgotggtte
=210% 38

3 > 292
- > DHN3

<213> Homa

220>

tgkoctazac
cakcllgazc
cibocotygta
aaataaacoc

szoiens

<221 misc_faabure

«223r Incyte ID No:

=103> 38

gotgeagohg
gogangbelyg
goecgeagtta
goagtataat
casngascta
cokaagbaat
tocagatoby
apatccatas
gaganagact
guacsataaz
tgcazccgsa
gaatgatoa

aaasasdang
ceaagattel

geagggattg
tcligcagoca
cagaatotan
cactacaaat
goagagekgg
tbtteockeaag
cumabgacakb
agcotaatag
tbatacacac
phgaatgtag
gocaagatat
aanactyhea
cctbtganat
gaggatyaty
Coraaaaals
sacaasccag
grugaasaac

atgegeanga
restettott
tteoggagkoy
tocadgeddy
goacasogey
cacaghragc

gctgoccoge
Gadedgaady
cocoetguag
gtygkaccaga
gtyugteady
gaccagatga
ghagiigaly
greeaacacke
angyascgay
grikttooctgy
gacryeanac

: cagattgetyg
- acagacctea

tooeccagen

cigtoratbgt
gieaacktab
geaggaccty
ttooagloel
tonoasacga
algagasagl
gaartgboaty
tocoocogetyg
CCCaAgAca

; gbgactatga

aqggacasgo
toctiblion
aggrtgagygon
agicotocoa

2133352081

eggggtgecy
azatgotooaa
toaagoaiga
ccaatgtgas
tgatgtbtat
aggtgasaga
titgcaaage
aactettote
atabigtaac
babbgeasaa
ctttagatogt
atditatoas
botttattgg
gRCCaRCags
Agaaamagbh
aggtgtbtas
tactazageos

aagtegoat
cottegyecs
ggagytgTocca

st byget
=4~ {-X=1-T-1-]
clygecicia

{#alde)

atgeteoage
qgactatgde
coecctgogoo
tocagaacay
cocazactact
attggtgtgs
testyggyeot
caguguagyn
ggggcaacca
aTACACRICT

gtebotacaz
acgastooan
tebtgoagas
tgaloal lga
tacartgcsa
tecbggiaan
gkiccagcoco
Loy lgagaita
tookoacog
wotetygete
caggggacch
QIg=Igagag

agbagtes
gogatoaoac
agtyggagga
gggacagang
ggytetggang
aatanazana

gregtohgay
cagasarauc
[eltilefaleledi a1}
gabibttoaaa
gacacagakt
teibebotor
ttboatbothy
tgazctbtte
tqaktabcoaag
tttoatgbac
aatgattgas
sactgoatgt
gaaagabgsa
BAYRGACTUT
el CEEEU Y
cttbteages
gottgastor

31139

(245)

PCTATSNA06R06

gagadaacty akatoagota
agatttectt aggggctgea
tiktotoier (Loocacgil
cageetooct gooeconeas
caatcageanr cegeghtagg
Lgggalagng Cugogytone
Lyt agteggyage
cagogaagag acasgezott
Agoaggtgy Lossaacans
contotagad angoocatey
aghgacanggt gooicbacca
acccaanGey Jagadggang
aogcat achgosgoad
goceocagay cycatyaage
cagtgoccatec gagtacchgl
coaggyyaca ggeasgtoca
ceagaggact tatghtiteo
gaccegtgge atcgactkch
calcolgage oobichaboe
gtaceacctt oocoatacts
cac tgc cabglugtga
gllcokgeag acagoagaga
cagoteatey gootocgatg

caaagutege eqagaggact
ceageicalby geoocaclcoo
tgbotioooy gogotbocas

ctbentggac agtgaagcag

actelbbctee chgetgeckg 2

coygaye caactygatbet
gangaactgy ttooackacy
gueagagtas ageogestyge
colgggicer cagtghactg
agaoagoagy cotgatggar
agggecagge ceocraceet
tacaaactty agatggggea
gtotgaskbyy toeccaggaa
ciskieceky
tygazcagat

aas

citittiann actgetogeo
aacaagoils ooagoaacch
tacatogasy agtttotaca
t C
agroactgok accoagagta
tycasleata coglatigya
chgagarata agaatctcat
egttgacaty ataaacttat
aatataanty caaaacacaa
accatgttaa gagatagoes
ctetacagan ggaacatcty
ttetatangy teaceangat
gatgasazac aggacagtga
chaglaczat atgctacagg
atgazagtge Lcaagaaadca
atteactign thoabgatcee
taotaagoaua goiltgasgt

ataazcccag -

ik}
i2d
p2: s}
240
300
360
420
4ac
540
a0
a6k
720
TR0
340
200
aga
1420
1ca0
1140
13040
o
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gaagatyalg
caatthctat
celicbghtt
gettakbgact
aggaatoaat
bctoenagace
aackibtgatht
baageotana
agaktacatt
Lygaagakgga
tgatghgoza
grocatagag
guaagacktte
gaaatgoeay
actttototE
actageaack
aacazaboca
gatgeogybsk
goeaciacga
ttecatbock
tgttoghhta
agcaalltl

glyglastgl
tatteattgt
acagcLiage
totagtagay
tyaggatady
aaaggtter
ttgggtacat
fatijted ol & ool o
choacthiia
ttgagetges
ctgtttagct

LOKE
Hero

«400= 40

gogacaoqoy
avcccanccl
geacgbitic
tgaggttrta
QEIEIITGAR
gagaqt.begy
egacctgact
Lggoocaggy
gotitteatt
aatccecagtt
toatysaggty
gtgcgbgcag
ceagthcaag
ggaaccttyt
gatcaaazas

41
1472
DNA&
Hermaa

srealgeace thalckenag
<ecbbtlbye aaaggbttet
gotgeacang catctoaboa
gtograxacs atbtttgltoc coacangsas
gotataragy agataacadc togatgtock
cteagt ataaaacaca caaggataag
» gascactysa tootoagabg
gapgectooe tagaagoang agtacragsa
acaggagycag aagttotgga agtigagasa
lgggaszgta ccayglcbcag tgagosggsyg
cactottoey atgaagaaca goaagaasne
CaFeggRagy ccaaageios ageocatoage
cagaasatos gralegooon aatyagasaa
Asgaygesat acattgaaat agacagtga:
cgggacatty aacgenrkna tazaaageoca
geazlggeby gaaayacaga cogaaaagas
Lltleocavkt cgacassatbaa agagaagass
agotagdanty tooggtoaaa azataagogt
gatgeacttt bgazazagay azazagaaty
agaagaatge teacktighy toctioo
cattaraasay btcocagacaca chotatbtg
bgtttttatt Stggagacgy ctaatogbag
aaaakeatll cabliatcat tcatgoaaam
cactghagal gousascgas tegagrighas
tgiyagyyiy gocacacata totgiattia
dilaactzea tatbbetghby aggtoeacton
agttatatat tettatazga caanacas
btactitgtaca taggetttco lLgelgaaanc
aattitagekbe ttbtagtoaa tooaagagat
Etghbtbtgh catgocatgt
amantgoott aagtatasab aghbaccohbilg
~tcatactgg tttooicage cktecttcag
Tgreteaaka aanggttbct zabtgeocaat

attzghggga

0

sEpiers

mise_featurs
Ineyh

e TN No: 284567030

ghyggeggyt cotgaghoye garectoagle
ggaclkgotoe colgacegra accockaces
chaaceyggc coucaggaght tyganas
aaatcototg gtotgootat tgataaa

-t
agaatagaqat tegatgrogt cacgibyce

ttagagecete cacctggasa acoigaatos
tehttbtgage agttggeact acecghathyg
cazagagtat gogteatooga tgagattggg
caagchbgtte gtcagacget glhclaccoca
colazeygad ageeactygge tottgtageaa
titaatghea ¢oaagynansa cagaazccas
agoagcagyga aghtgasgaca cgigeattce
aggagectga tygaocootg colgloyayy
gyggethbtbet agagaaamnut caacagetyt

saplals

22213 mise_featurs

3239

atteakgayc

aatgtastga
crgoaganyga
Lacggaygant
gangagaaky
galtgoetgakby
Locangnags
actagoogay
gaacttgakby
JRAgAFeCaE
aagtotgaca
thEgtoagga
adacagaana
tectkocgay
nagtancttc
gaamattygt
aaaactosty
gaatyttaat
anaagtatys
coeokttoant
cagtygeagtyg
gyccttatoy
cagidacaaty
agg ctoe
ttaagtgace
aaaggetttt
gaaktacalttl
coltgkaglal
andaaaaana

cogacebgac
cogooracesa
acatitaatan
taracogaay
gRcacooagy
cgagthoagge
aggaatagacy
aagatggagc
gggectataa
gaazatcagaa
ettobgoecag
tgocklboegh
ctygtatyuet
tteccabaza

(246)

PCTATSAI

ttetectehi
taacenagat
tteastoatt
toatdacant
ctgaagaact
Lgtctgotay
aattecrygy

tagatgstaa
wlgaazaigs I

ghgaatggal
tgazcagoat
tkttaacica
chgccooany

ggggtyaatt

aagxgacaag
aganaaccan
actitatgat

zaaaacagtt 2

ctggTaagtt
Tcamgoa
crbgrbgee
gtaaatagto
attgagogen

taactety

rracaagagh 2

totacagathb
CRIGOCINeN
tygthtoagac

agltcatcak 2

Liloagouca
az

chgasttgey
gtatggocog
ataaagcoay
aagtezgnos
ggcctitate
agtatgtygh
actgeagcad
toclhlcagteca
teocttggeas
ACEGAARFYR
atakcgigac
gasggagiye
aimgggtial
atgbttanana

Aagyeabby
gatagttc 25

106806

a0

120
18GC
240
309
360
420
480
5S40
a00
660
720
TED
240
450
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«223> Incvte ID Mo

<400 41

CUCICGAATT
cagetortea
cachangany
Ftoasciact

tq
gatigbceoag
cageiogage
gtugagteat
gasatbeoege
gasatloayga
ttazgaagen
ageaigghic
cagcatattg
cgtsaagato
agagtitact
citcasagoa
ctttateage
grtygaatetk
aatgoacata
tattttoack
cogaaggyaa
ttoctatact
gagakbatygta
2zatastata

<21fF 42
< = 1561
=Z12> DIKA

«213> Hone

=220=
<231 mige
«223 IOy

=A00> 43

cogecceake
atecoecogegt
cgeatactet
cgactozaat
gacttuagka
ceaaateoee
agttgeecan
ttooagackt
ctgagtgget
agtatcetdan
gamctgokgh
atggeatogh
Ehgetyaana
sagaacacky
tgcatcggsa
guaatttaat
gaatagetst
ttttataaaz
taggacghbaa
aeaaggtely
grggytggat
atcteotacan

tgatagagas
t

ctaacggaght
toggcaoage
aactoanaeg
cogbtgaigge
tgcgattany
actogetoua
gteagatica
agtggcegtt
Loaagtttat
acgtcaacat
gablitlags
aaaaattesa
gaktitbacc
atktkgooat
agtettocto
anaagtaade
tgcamtagta
cteatgocty
ttagtattat
gakttatata
ttktgtatta
zaagcetgcaa
gaaaatgtat
tgtgtatata
cattitocta

saplens

Lreature

cgugettgee
coctegoteoge
ggattoggee
chotycaaty
tggagggeta
galgea
taccagatak
ctilylagog
HRARATAATR
aomacaghbgh
ceatcatkbg
caaggatbct
toatgthoty
casagtigaa
gagagaagak
toegbggcotg

teagtgtaga
tgeatgaazk
accaggbgta
cocotgaggt
zaantacana
ctgagooaca

: caclaclgta

ataaatazah
tgatagagra

T Mo: 5391816C]

3503488CB1

gtegeagasg
gygoagcirgd
gratghoeza
tgacakboeoeoy
tocoaacopa
gaactgtott
gttgtacacl
cogagtotgt
ttctygeate
zatgeczaas
Looagacatyg

g ohol of}
atchaaagay
guaarqctact
azktcaaatth
zacageaten
taazktagee
trcttgagak
ggstatatakb
atkatikata
Lasaagaanc
tattgazazt

totaceagga
cgeghocacy
toogoaegot
gotancgaay

caagagoett
aatgoonnga
catgoocndga
atqatgaaal
gaagacattt
attecactsa
tatcaaztia
kgrctcaccty
arcaagtaca
Estgetigga
antoctaaaa
aakbilaattt
gtycetcaty
caggagttbg
azbtagootyg
agaatcaata
chchagoaty
anztazzat
ataccetaat

El

aclorgygadg
andagoasct
grtgtaaace
gmactgateo
gorabtgghan
ggecatgtag

e

ggagbttthe
ktggeagooe
abggalelyc
tattotttat

gaatabrbto
cttghyycca
tattttaaty
ttaattatke
cbibagatkt
cclgagotaa
gongygaatba
aagoccacty
Laucttaasa
aaagytooit
gt

gockaogaot
toeolbeboge
goagegeagh
cttabecolic
Lirvaagloga
teattgteat
tgatecleacy
ggpaccrcte
agatogatag
anattdgeat
mobesgaatt
aczatttaas
agzegqtate
zascatttte
cagacaages
bgtaganaga
aatagktaga
tigaltatth
gacaigta
coigtarttc
agsccageock
gtetggtagt
gascorayga
gaoagoeagay
aranEoRGE
Tallagttaa

33439

ceaacabgoe
achghgaaac
tgratooage
zgobggatga
thhgeatgga
aagacgacka
tgaig=aaca
thgrhgatbo
toagtgecat
Lyadtaazad
tagaagatho
gtogactga:
aaaycatgaa

g aabbtaaaga

aagaatgeos
Aaccageaga
Asaaamagte
fgaanatyct
tgtaagtcea
ggttaaggeh
ctgtaa. A
cttatctyta
agtaaaaata
aaboath

guageocackg
L !

azaiggatac

bogegaclgn
agagatoagt
cytgggatte
AGITCALE
gaaccocact

ttgotgact
Egogoagact
otacailiyac
atazagygea
Zoathtgatk
cakkzgaaac
cabegaaten
cagoacttiy
ggocancaky

gracazeclgl @

ggtogagact
Lgagas
caglacotag
ancchacaga

el

(247)

PCTATSNA06R06

tegatatagog
catggtacag
agoagazeac
tgtaatggay
ghacttbges
cateebilth
gohggtoeeay
teagtbeatg
gaichkotcola
agladacang
Lacaaghgas
tgatgactac
catbgtakty
accazaggasa
agataaakbga
acatbotict
amackttboght
getgttbaaa
aattgaaaty
ggkekaasct
atatgtatgs
tocklbcccalt
acbatgbbtt
Ggnc at

gkecocogoagg @
I?

e e
gggaczagee

attggoraca

gestatytea
t

tetatell

octatektga =

tgetogygty
gtgtecutck
ttgttcattk

cagaagtiga 7

cakagghttcg
SEUTCCAGHA
agocttacta
taaktitoas

acaaaktcag 1

Luatthanum
gyaggcoans
gLgagaccce

teccaget
GragLyages
toteasazat
agaattigaa
cogggtgtgg

60
120
1a0
240
300
360
420
480
S4u
500
960
720
784
240
agn
460
G20
1CBQ
1140
1200
1264
2320
2380
1420
1472
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=al9r 43

=211> 1943
<212 A
<213> Homo

<220
<221= mi
=223=

<400> 43

geockggeoT
tagtggggeg
goggocagaa
teocccotgeoto
Leciggasga
atceazgo iy
gtocgigcage
ttgotgeaya
S letelstepeliie )
agacgtteos,
kEibgagaczca
garAcaCayc
cgeatcaaty
mactogggcd
agelboceoleg
agoctbeoteak
BEUTHYLCCT
togteteage

AACRFCRACT

gggct

gygaantcak
gttgagatak

5]
[siAAAAA RS
azagoccoag
aktccagcagh
bctagggaca

<210> 44

<21i» 2321
«212> DHA
<213> Homo

<2205

sapiens

cggotgetac
tacgggocto
craagytost
tccagtgatt
bgitktckggh
tecagcaget
caggataceo
acggogacat
agoetgetoas
agtactteat
agaagttget
Lygoacyset
P

s-gtaccr.gcc
acatgotoac
aggeckocoat

ereclocana
gantcagoge
Lcaagaaaka
gtuatogtgt
dantastyggo
coctctotaadg
griggaccas
Eiztgatact
cicteogtgus
zcglagggkt
crigyacctetn
cctgekgele
EtLtEELtEL
getgagttag
acaghantia
gugacagtgt

saplons

<322% misc_foaturc

«223» Incybe IJ No-

=400> 44

cogggacacyg
tgggeoottco
ctteckbcea
cackzeccty
atgggtggek
gatggasghh
cggaaaacaa
Fgotggootce
tgoageectyg
getgratgyg
ggazgcgtok
catggaggay
il taageal

tggtacqogaa
bteceagoke
adzeesbtod
tttaagtaca
atceagaghyg
gotgetgeag
aagctooctg
gacceoacadga
gaggacggoh
agagglLoga
cagnaaacay
kcaggcohetg
gtagactazg

SEEEYBICREI

gogggretge
Lrttgeaage
tckggcactco
chtytagebac
gggocbgasa
gggeiylgey
Egocoaccyy
eantcgonag

CYSCaALCans o

cegggaatac
camghacaty
gakgongogg
cohtgacagan
CACtanacys
getnagghth
ooan G
ctatetoett
cacacacaca
tgggestety
gectgotgte
grgakagoad
tetgtugeoa
cal tacoos
gygLticeat
garggeccag
taacgchyta
tgtgkaglgs
tggtattecy

h

geogaaactt
cttathoat

723433081

coggegooge
Yoecctoagh
agatrbgogg
ragatgazaa
bgtetgegty
atgtiaagea
atggcetegga
agaagaseyt
aggacagogs
ctgatgataa
gocayyadat
mgggechaca
totocattic

caaegacocq
ctgagt bacy
ctokggtgga
tggetoogha
gogggcatiyg

gigattgacy
cyeatagtag

agetacgtga
aagracaccg

pEYs Nltalads {-EN
caggktcatee
goggbectea
ctgoctbacg
ggaggctyas
CacacHTaACAR
brpisezag
ctroccact
cagteagags,
tectocagaqge
attatogect
giteaancay
gueaneccagt
gosggady
Locensuboe
tgtaczecat
atazettiba
Lacaaotage
atacoan
gectoght

tb

gotkgetget
clhozactaga
tetgoooteh
teaggatoge
yecqgagasy
gtiggggage
gaboeoogato
ghgeatbtac
goccttcase
gggeccggty
toctgleaas
cgagatyatt
tgecaatbac

34/39

gyegacesan
atgtartgag
aogeococat
gtotegarga
cebeaggoas
tggacytygat
aggbaehtogy
aceclgabtskt
trogoaangs
thotggatat
tgghaghtata
accgaangs
Lgooogooa
Tothgracae
cRG!

gecaggtaaa
atacacaca

toceglolilt

tgggaggoca
azacctecte

LCaacangyge
atggetiget
accagoctot
tgoktaiboc
ncottgetytt
Lhiketttta
teteagbbca
cecoboznaca,
bteckactaga

ggtaacaggo
gacaggacly
gattgaeaga
taanaikaags
agapgegaan
Lobghggasc
acobockatic
gogracctyy
clogtogags
geoggetgge
groogabtoh
tttgocegaa
tagctgggan

(248)

PCTATSNA06R06

tttogagqgoa

cgogtegtat &
aggorasact 1

cageototekt
gagctoaghg
JUCCCgECRS
cactgagpote
tzmaccagect
gatgakgaayg
Lalel AcTuliid
chgoganags
cacagaggoc
totootagac
raagetgas
tgocattagec
cactcangge
acateetgbt
caczTaraca
ggoglgtalo
gonoctasag
Ctietytygy
agggttoact
agtogaccac
ceteecetag

tetgggegan
clgoraceoe
tettgocket
tttettette
gyeactytot
tirtrontts
ctgtazgoco

ccktgootag
accayt Lgel
Eageggo
ARCTCYCATA
Ecaggageat
bgotggateat
tgectoyycay
atgtgeagee
gJagacgocas
teancgoecht
geetefangd
magacncath
agasgasucs

Ageaags il

el

1z0
180
2L0
30D
360
420
430
540
GO0
&&ED
720
180
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ctgeatazon
cAgagaccic
tttgotgetg
ggcegtggae
agaggagtst
cetralycac
tgggtebygy
cgkgocgann
gttbgckgaa
ctggghotoc
trEbgangte
teagqgaggee
comcLocoay
cgogtacatg
ccaatyagaa
gttooololy
giatoocaget

cagacatggt
cthyagacoa
goaatgtags
d

«210> 45
c211> 1619
213> TNAE
<313» Homo

<220%

tacagootoa
cattobggog
qoctotttgy
gocytcacoy
gocaacrgats
cgatggeags
gUoRagaroy
atgactoctg
ctacg

gactioagty

gagooagaoh
acgggoaaga

tectikoeoct
gtococacgggh
ehaggtaagt
aagcacaagg
togagoacth
chaggoracs
agtgtatgoo
agagtitgay
aagrtcctgh

sapians

<221> mise_feature

=323» Incyte ID MHo:

&G0 45

tycagelgge
tgbocugeogy
tgacagrggt
avasagacty
tgboetacyt
aaggaaggac
acbatge
eocbggs
tcagaaatony
AROACCRTAC
hesiateirisiels i)
atgtactica
atticckict
agytlelgay
giggectgay
tggroonooy
actggattge
toogattood
coegtgtgogh
tclacaagys
acacgreboda
cagaagatay
ctggagagen
ttgetgrtge
CCCYYUgAYS
getggetggt
agagtacacc

<Zl0> 48
=21Lx 1448
<2)2> DL

gaaatbyage
cglgyzcage
gbttatgaay
tgaagalygst
manggaglal
teccaatent
tgtggalaat
agatuuagaa
gthtgaagth
cttetttete
attaacgaas
gangaaagag
tocagtatety
aacacataza
agagreetyy
gacagaceac
ggagyageek
coaccagabg
gacagebgtg
gaacgaghgs
gnagggccag
tocaggoctyg
gymccoabgg
coazagoaga,
cecagdaaga
[efsiels pois (o fatatal
gaggogacct

gaggraittyg
tutacgygoy
todanaagag
aagagagoR
Egggggegea

i
aagteatger
tozacaggla
L cocagetgan
T coboacctaa
ctbgteagot

agagty
bteotroggaaa
tgguaggssa
aaasaaga
tgtagtooea
cobgegghda
ctotacaaga

1332863CR1

gactggegaa
geoeglygceg
aactygaact

gtectbigage
aaaatyogy
arecaggtte
gagttigtas
ercatygyca
cagectogas
ogttogtboa
tacgbagluy
cangecctgh
coocgrageac
goactagigo
caggebgioe
ctgggeageg
cgcagagcty
agtecetiye
etggyegget
dEaayImgYY
goobo c

gagttoock o

fs{alate helefepea)

ctacikbtic
atogotgoak
guygaacaie
caagctgtec
gatectocky

t gtoeckocakt

gaaggkggtt
cgagecaggbs

T caaggkgtac

cotggetygy
aggoggoagt
grtgeoctgoo
Lascitacala
aggactan
acottkbaea
catcombgac
gttgogott,
gteaguatyy
gtholggttg
agacaggagy
ctgeckotac
gocactoaga
gretgbgaatyy
agattittta

tgeaggoctt
cgotychogal
cactggatya
gocagabelbl
Lgtlengtoa
Geancaagoa
algooalige
cgaageadyt
tammackact
cdzaggatye
araaassoye
tgtgtticat
ckggteastt
tgtatascoht
agaaggacay
acagggacct
Lagkcogaga
cobalygtast
gtgooettge
ggaagatock
Jgalggesan
tetgacagay
ggtgagoagt
ckggn b

oA CoCe
ctgtogggac

35/39

atcgaggtag
gaggeeatga
ebgateocey
gacgacalo
camagccacs
ggcatcgaag
ggraagtict
acaagotace
aLggg
agazgag
atboocogliaa
qurteagege
dadgaaton
aagcoctaby
acttgacaay
tttagagaac

athgaschgs
Lcggotgyggs
atcacttgag
aazaagtita
aggotgaggoe
cavacggeae
aagatgagoe

geggeacyte
gaggoggana
acatggsgte
agacalcech
chibtigaal
cateaaattt
cacugglear
taagaageee
acaygoagot
corgagyaga
togckgagant
COULARYALT
tabbiceata
gggccagaga
cgbraayggh
getgagyacs
crnagabgato
gaceebraak
cacaggacay
Jcggetagyy
tgagageoce
atggatetyc
ceoadgtgoeoc
gtocgaaaag
ctoetggebge
cagudaggdt
ageghtagaak

. ggaglgacag

(249)

PCTATSNA06R06

aglgcagcas,
ctoatotent
goattaaous
acktbtgacat -
agazaagacat
gogootoote
coabeaggel
tanctaagas
glgagaagec
tgaagacagh
cettoagett
atgacgrage
agatgctgge

tgtgooabek
ggazgtggad
agecncaagt

agaagatacs
accacggete
geoorggaghe
agaatgage
aggagygatey 2100
toaageckgg 21670
aagtgtyghy 2220

gtgtgogoas 60

acagettta 5490
accatcttec £00
agaciboakec 661
aattitganc 724
gangasaata 780
gcAazacatag 844
gacgrtgthtg 300
ageagaytage 6L
gagtgocact 1020
caagatggos L1080
thigotgrgh 1140
ceghbotgoct 1200
agkgaczngoe 1260
Tagaaguanc L3220
aagggecags 1380
cokgeaggyg 1440
toggageatct 1500
thocomccks 15683
azacataay  1e6l9
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<213» Homa sapiens

<Z20»
321> misc_featura
<223» Incyke ID He: 155

<400> 46
getglkboogga aghogagtha

cggtoteage bebtecgoot ga
ggaceatege ackeagtote gt

3410CBL

oqac ba

SIS o
ctoogacd

gacckgotoc gogoogosay cogecaatyy

aggcggtgat cogocogoeg g

e Cragga

tectgogoge dotgggcorg cocatagtgy
tgeogtacyga gtotgecgty gacghggoeg
wgeigeguel ggggocesac ggoggoctoo

tggactgget gogtgocasg ©

Legasosee

caggecagat ggagetotgo acgeatoacy

[af3 (=T
ctygoeaagtt catiicagta o
occacateaa eotootbtor a
acctggacta ctacacagag
accettbebt cogoeactac
aragyeottgh orootitate o
tgeaqyetgk gygatasagos
aagccakgab gtoetgecgea
aggagaagta esbggcacce £
aacaagUiey accchiggaga ¢
Ugalgoagge btgeosgaccoa a
ggatatteag ctotgoaasg gi
acorcccaia o agtae

ctygtectar teaggotolyg algazatylty

EEELEGET

<210 47

“211w» 2225

=214> DA

<213~ llcmp sazisns

«221> misc_featurc
<223» Incyte ID No:

-

B

=460 47
agagagagag agagagaact o
ggegttogeg ghottggear g

tggga cokcagygstg actgooghes

tutgkarct
agatggace
tgyace
agotea

gatact
gagageed
CURACCAHLT
caggatyea
gagoasgbs
sottotgoe
grongtang

258/CBL

ghohogage
gyyoticet

gagtegugay caggoaggac ggolgggage

ccotgacgat gaagocatgt b
ctuyggbobac clgecbbtges ©

tbbkkgcteo
ckekgeagy

gaasgaactl tkgeagaycoct ghgatgtall
St

tgacaacagy
agbectectl cag

cecag abgacceagg
catay aagbgasigg

gguagtasgl ggccacagca atcacatige

agaagygaay ttacctasay g
ceotetgaga aacttatgay g
geagagueay
aggttobate
aggthtoece
toktecagke tgaacteoaat
ggatgottga tgamcaaatc ©
tgacectace tgaccalila o
gyteagteat acctoacegy

c

tanggebty
gagcarabtt

ggoegeoaca

gockgoctyg
tagelttti

cocatennon

goctgagt
calgace
caatacga

gtgeocttte takgtgppat decboaaalny

Lgactakaght tigtttgacs o

thatatcaa

apcaceaatt Cacagattay azsactgaga
tgteaattct tgactgacag sgolygaaco
tgketcotlb acttsetsts gotthgaggt

Ctttotuyta gguracacey o

2ugtagagy

asgoiggecy
oggotacoty
sagsogenge
agaccangla
sggkgazacck
agerggtggy
tockactgeat
Lecgoggosa
gogoetigod
acctegbgoa
cooleg. c
tealigagea
kotootamoct
akragzagot
Eocaggacaa
gtttegyage
ackteecattft
crytdgagca
taztccagea
ckecorgeos
CHHRHAZTTER
ctotgggooe
ctacaataca

catoatygan
ctgggTtigy
CgRAAGOOGY
dacagtgcta
azattsctac
gquggattoca
catycagtggy
catcantoty
toctotatgea
ttectittoe
goanatccac
ctetteclga
cagggecacc
cagaguytay
aaccaak tag
afgasctoth
coecztgotta
agaticaaty
agcettacsaa
toctytgaga
ctygagagtgy
agglotclaa
agceagatet
ghtageoeajecc

3659

qaeotg b

ecoogtitte
Locganaascy

ctgsotugge
GURITTHYST
getgggegac
ggagtacctyg
ctacilzclc
cagaatatte
ttoctoactac
catoctooar
Statgggraag
gebtgacoae
agkgoag
guagagoato
[EIe B CTeler 2
ctottcoaca
ggamgcsaty
sbgggygadag

gagetagegy ¢

gacakggloe
Tgecaccnga
agaghkitall

geaatgtodgs
gacteocteag
accckgokgy
Fgocttggeoa
aatcaaggay
cltectocagtg
gacacagags
gtoggtgackt
getgtgasgy
nasgggeean
agagagoigs
cteacctoaa
tekggatgag
atgttttaca
acagrttgra
ctazcccac
geetotebgy
aabgRaaacy
gocatpatga
ceggoagqgbe
T taagggact
actoccaaka
cazcctotay
aggtctkcia

(250)

PCTATSNA06R06

gaca
acglacly
cotgtgagtt

gocttagogao 2

atgagtgagt
saAR YU
graatggacy
gaagcaaasc
tkeogactgee
caaal g
tgcacagass
gkggaaztac
ckggectiea
ctggehtotg
atogaagact:
CRFEYALLOC

cgaagehhgg
ckgyocates
cageigtaye I

aggatec

CRAJOACREC
aagiogages

ttoctasazas

teotgtyghat
ancyaltgas
teatagegea
gectaaggca
agackagtaa
taatgattat
acglggceag
togatgeagy
cectgoacte
sagatackgt
coleoagooga
gutacetgge
Lagrgaggec
cockctegtat

azkgacktget §

atazagha

mccagttict 2

Eaagkagbil
actbbggaaca

boacactate

ttgecaagha

cagtaaltec 1
cagacaacch 1
tggoectttt 1

goaagg i
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actogbtcka
geaatgetgl
goggnaantc
agatgetetg
gatetgecet
ytggracagg
ckctacatta
gaagggties
gestgdeant
sagggagaca
coaaagaanc
grtoattghoe
cigggoaggt
adaam

w2i0> 48

<21l=> 14C0
<212 DNA
=213>» Homa

<230

qobyozagsa
gooccackgte
tggetygagy
tyctcacoot
tykbetotget
CoAagRnmEs
tolbtcoleceg
caggkccaay
gaetbattoy
atgtaggcoca
aaanacanac
aasacaath
coctattate

sapiens

teatoagoas
ctgecoiges
coleaagges
teagtotothe
Leakacgoay
catgtoctge
gtacalgaga
fracazagdd
aobgageton
gggyatgtes
CROCCCARTY
acataatgac
ataaatgaac

«221» misc_feature
<223>» Incyte ID No: 1911509CRI

<466 48
gogoengooe OREGoYycce aghogyocty
gogd cHRchalogs gdcoagaay
aggat oretaastgy tlguctoc

4

zaagamgclg aagagaagat gttaaaatgh
autatggaca

cglavakcla ak
actooacttg toctto
ggagatettt goaccaacay
agtagaceca gotttgacas toatgoagas
gaagagtoya gatgtgacet aggattygac
ggattottog chgcto ctegetgaag
gtggageeth ggggtlicoce Lgaacgaccs
ggatca yagechliyggy ageagoatiy
jac cottbggrtt aagictagh
a tptbedaags egetactgh
actecraghy grgagacasys Tticaagnat
craatgosce agogaattygg taaaatgeoas

geoccgatoct gomtagatoug caattobgoe
tabtybgeaga zaatag bethggggea
gaaktcaacc agaaa Fgagatctge

gatgggaaaa cohggbtgact gatatagltg
agtagigaat acaacacaca accagyoans
ttaguaattc zcicacacat ttmaaccagh
clteetavaca aaathgasat atecaagkcl
rtigtccotec byaadaaaza

h
Home szpians

<221 mise_feature
=233> Incyte ID No: 221c170cH1

<480 49

cegogacagt ttoccageag yggoctoacage
tekgotgelt tthgytogyg botegetozg
gogaagecga gegalygbth gtggoeges
soaaagaags acacasatea Lytecogagy
toaacaagtt atagttgbgy ctteotggaas
gaatcbigea cttyeactay cagogaacua
gyatghgtat gyacocttcag thogaaagal

agoycagebb
clygagocaca
tatcacttan
antgtogotoe
gatgtectch
CUCCYORGCS
atraactoac
gaanatagas
aggagatens
aaactccage
ataateatay
adagtagaty
atanaagtgc

teoagoogget
gaggaagtay
avabgytyee

gtgacttaca

ctgaaghtLel
ggaggtetie
getkttgace

gaaytgiyage &
aaaataatet
tacecatcas

cotgacatte
accagcatcc
ggacattaty
gacactgtoy
tbcageaata
cktohigact
tagtgoctto
claaakataa

ageghtocge
cuctogtygc
ghtghobgye
actitocaaag
gggtagaglc
Licgbosaay
gatgaabohy

3739

tagtgacaca
sgglagaggy
ceetptator
gcangtacet
tegtgeleaa

toknasmacs

tegagataay
ackeotgoogs

chacglelal at

catazazaaa
cloatzatat
ggetetgygge
tattoggthn
toaghitgt
bgettyguca
gggktaatea
atcaagacag
ancebilage
ggachgattt
tulaccactyg

tatabgeaga
actgaacaca
atbtoatagke
atactbtgea
tagaagaaty
tacoibtaaa

gteatgygs
ggagecacty

cret
ggaazaccta
goeattgght
asayggazakc

(251)
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gzascacgyty
aggatgctca
frtoeateca
ctecetictg
cagdtaradaa
fa ol wle] ogo
ctgaagerbl
agaggaccty
geotatgens
ggoaaaaann
agobkctcan
agoeoaghge
chozanasan

1500
1560
1520
1480
1740
1800
1860
1820
1880
ac40
2109
21640
2220
222%

tecceggeget G0
carcagagag 120
acacett

accaaticca .
togootaagg Y20
camacgaaag TEO
Laatgtgoag 840
ggoazanagd 200
gate

el
accacattca
t.caaccagaa
Stgaagotot

tglgatygaay 1200
catgtiitct 1260
gottkoettt 1320
taaaaggkta 1283

tttggeageg &0

ccocegoktoy 120
agaccckaaa 180
Tagaagytgt 240
ctacagoagt 370
tgektagalkgt 3€&0
cyaattatc 420
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ascagagaaan
totgagttgas
ganatlgkig
sgusactgga
Egketoonog
cagaglicrac

acatgictat
tcotatagaag
aghohintag
Cgraaasasag
ttothotagy
agatazaaat

ctaabagagye
gazagtgazc
aggcaggtagy
gatgtgcaght
cococaggasa
ghocorghay
caagtoattyg
aglockagth
acalyakatk
tactacttct
gaaahtattt
attactirtk
agacacttca
aracaannta

clbcbcligaa
sagtartttor
atigorggbon
tatoagtobe
tegeattgab
gegtttacag
Anaaclacay
tatcettbeg
aztccataayg
cteatacttiy
agatagatagr
btocttetgoo
ggatottote
attazastta

akttgocohgot
CoaAMTaRS

210> 50
<211> 293
<212> TNA
<213 Homa

aktaagaaac
aguaaaalay

sapiens

2A2L> mige_fearure

<223> Inmcyte ID No:

<400% 50

gaaggEocsg
guosgucLes
agogebacon
teogtye
quazcagh
actactoate
gobggyasas
tegagaaggy
obyaaggtgt
guggeogatl
sagcotatia
tebacstzat
Legtotoacs

gtgottacat
caatacagas
210> 51

=211» 1367
=212 DA
=213 Homo

220>

cggeletbgge
ygagtlaceg
gFTyCRIOn
celagageoeg
cocltgagetac
agtegkggtyg
catyrakgtyg
cacgatggakb
coacactghg
tatctecaazg
tagotggboo
geacaagyye
seasagacnel
tyccatbony
ckecicaggh
CoCAggEeo
cagobocaas

Sapiens

<32l> misc_foature

<223> Ineyka 1D Ko:

400> 51

clygazscoel
aagooggaags
tatatotata

ctaggttaty
gctacgatca
kcotggagagl
getgteatgy
gatotgeace
gtygtcooige

ggcocgagico
Loggaggayco
gbcoogagta
tgeabtebtt
tggoetacakt
aggkcagcca
zetgoecnge
cagstgacca
ggorteakge
gaalattazg
ntgragatgy
aczaattcte

Ltaasteoat
Lacgcaatak

234684CBL

tgoceggegg
gagrggaact
gattoetgoes
gagstacoas
aegekgline
getygeoatge
cgyaago by
geoctgetay
Fascagator
actbotgekg
clgaggealy
qugangetea
cocacckeac
RLeiyaggos
agbiggaatt
boatgectaa
Tagaaaaaaa

2884114CB1

gaaaanages
guagIRATeg
tgtcagtaty
gt tgnaioa
azaggagatg
agagagcgak
cactdaadgy
afgas
BEAgAAARgRE
aftgogacyn
tgtagaagac
ccoaggatth

btalggiakt
gagacqoatt
actggactac
acagaatath
ggatgocazac
cltlcactgkg
tlgaagttbl
gtgactitan
aallglbaaaa
cagotatooe
gehtgaatay
tcotacag
cetaatbtyy
gqabdggugtha
geraggogty
azaaacBItgc

tigagageoat
geggalacey
cctacgatty
coyaggaccy
Coggaggott
aggebogekba
acttcocoag
CLYCHgAacy
tgactragat
cacooeactt
vlacclalyy
ghtotgueccca
vttgctkecer
agageakbygh
cchgact bag
gatagagggt
aaa

agaktotogas

tatgeactge
gecaccltee
vatgatcate
aktathtgact
gacgyaatgt
gangeatoty
aaaktitgagn
geatrcagtt
ttaoccaggaa

38739

toatantgt
ttagttgtay
cobatazcag
2aggyty
zaacobotaz
aaltktagkter
Azacacacth
canccbbeag
tgacanaana
atcacttaty
cascteakkt
tggaakgaza
gaagtysagh
Lacogtygact
<

ggectetoca
ognagtogag
Frteggagac
Eateoctogzy
coctaat
Egaceat
toct.

agatccolgg
gageegosty
teogaceaga
nagegyilbic
gotggatoty
toaggactca
¢eteragoct
gashigygyt
ggaagegaac

aglggetgeg g

ggcagtoyot
taguecaagat
ataagcagat
acactgatge
cggacticcat
abgoageage
geaazgac
gttbtegtta
gtakbeteta
toacctocaa
caggtygasgt

a

(252)
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ctakbygypet
eqirecattga
acatgacaoe
gtoetgtgat
agakgtttoy
aactottoks
tglgcagaag
ataggtacan
gtaagagier
zaalbiacaay
TGUBRFCHER
atagatoaca
gltaaazat.

cagtasacaa
trtotagoay

ggggeaggta
tactggoate
tieboctoet
ctagyttgey
accagtgkgy
cegagetge

- getataghoo

acogkgtecl
obtghocoty
cactatyeec
caczbiccale
FUFCCeRAR
gatcatyacy
tooctgeeatk
tgggbocasn
ccacatgaan

azcggotbt
ggtoccaght
woorasangy
gaggakagit
tlatebgoag
agaztataqy
takaggaggg
aatiasctgs
reteaatgat
cgtggatityg
agtcatgace
gtctgatget

480
5ay
€00
3]
24
7840
240
aca
30
1020
i08n
1240
1200
1260
1320
1381

60

1za
180
240
)
87
A4%C
4&0
540
00
860
F20
7890
&840
500
4a0
203

g0

120
1z0
244
3040
360
£320
£30
540
600
a6l
720
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ggcetagags agogacegta
gasaaatatt aceagaboty
arageagtog bottacaget
aacatgactec cagboggant
acactoattt tuguaorago
ttgaccayyy toatcotago
acagcatatg ctoctgatta
gagocecare gaatecaaca
Eagttgacag aszgagatoa
egtgtttatg caageagtth
ttocigaasa tticcaagyy

<210» 52

<211 1317

<A1> O8N

%313 e sapions

<220
#221> mizc_Zeature

ckacagtota
tyasagluta
gugagctrac
tyrgoaagtgt
aggctataac
Yaazacacta
totgctggan
aatcckosac
agttbecaga
gtggaatitg
gratraagtg

=223> Incyte ID No: 4133539CB1

=400> R2
actagggl
CAGHCdCUEy
attbogeatt atttaacacs
actaaactgg ggitacgacy
atyggaataty agagttatta
Teaboagasa cagaaaataa
macgacagtt ¢toaaaateot
goggggadaca cagoggaras
gataacacte gactggaasg
aghkygagacy azamalgccca
wcagal.gera Loaagggagcs
gaccecteay aacgactget
cgagaaktgy ragoogtagt
aatgacatta thggacttga
ataaggrate cacagerant
ggeschocag gtacaggaaa
acotictbta acatttctoe
ctogibegpy bottatttga
gagrlggagh

tquguabya &
tizgkek
taeatitica ggaghcacta

tegcacagkag
cotgega

totgyatggay
iatgaggaca
agangggtat
Jt.itgaagtt
ttitgtaaza
ttracogoaa
taeczagate
ceaalcgeole
trccaackic
cecacgaaga
aaccaghg=a
caaacetoty
GATCOYFAc
Egeagecaay
faoaggaath
gacthtacty
atecaccatt
tcktgoooge
Leagagagge
ackgybocay
toacctgoa

agtgoazaka

aatgbgeeea
ctaaaggasy
acaatagetg
cllaaglbaca
cttygecaaca
tectatgaya
ateoacgocaa
tacatcaasag
getgeggags
Lgactgeagyg
oraygebyegs

chitectacc
gRAyCacyas
atogatacay
“glgacaaca
Libougaast
agatgtagag
aatcagoaga
amtaaggage
ggontacata
ggccaaalkea
othgeckhya

aagitagtca
ctbtatceet
gcoazagehy
gtcagoaaat
tastacgaes
acagechhclg
atggatgyge
tggtaagaga
aazaittiial

39139

Liocaggatog
Labaccaagy

qgyatecocat g
teettcaatg ¢

cggctegatyg
toccagatea
agctgecogee
gyaatchgaa
ggtgectata
gasaatkkhga
toctarg

agaccctgas
gagazzatch
caaatyetit
tigatehtoa
accenasask
TORAGACOAT
qgeacaggta
atcctaalea
tatcaagaat
Ligectteca
acacckliega

ataate

aagaagetst
oazaqgact
Lggecactga
Sangagdsa
caticacgnl
gyggayasca
Lyggoacgstc
ccangagacgt
allyaccact

(253)
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catacaagak
crEtaatece

teagtittha
agacogoast
gealglygyte
atgaagacay
magamatias

atkbocacgent
tobkeatbliy
ggagTangan

aackatllog
Lot caaazsayg :

aaggatgaty
cadaaccaca
gyagglagte
cogtaangac
agggetgcte
crataatecs

cagogagatyg

cataaaghgn
tgtghakbesct
actgotgtad
atgtaaaacs
Ltcaganans
attectggac
tLgsaggaago
agaagators
aratthEgaa
tcaazaa

780
240
900
960
10z0
1080
1140
12q0
1269
1329
1387
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Imensia Asisatante. PGTIUS 81 /06806

FURTHER INFORMATION CONTINUED FROM  PCTISA/ 21q

This Intermatienal Searching Authority found multiple (groups of)
inventions in this international anplication, as follaws:

1. Claims: 1-19 22

An isolated

25-78

polypeptide armd an isolated polynucleotide

|

encading it and their uses, wherein the polynucieotide and
polypeptide are Seq Id Hos 1 and 27, respectively.

2. Claims: 1-1% 22 25-28
An isolated polypeptide and an isolated pelynucleotide
enceding it and their wses, wherein the palynucieotide ang
polypeptide are Seq Id Mos 2 and 28, respectively.

3. Claims: 1-19 22 25-28
An isolated palypeptide and an isolated polynucleotide
enceding it and thelr uses, wherein the polynucleotide and
polypeptide are Seq Id Nos 3 and 29, respectively.

4. Ctaims: 1-19 22 25-28
An isolated polypeptide and an fsolated pelynuciectide
encoding it and their uses. wherein the pelynucleotide and
poiypeptide are Seq Id Nos 4 and 30, respectively.

5. Claims: 1-19 22 25-28
An isclated polypeptide and an isoiated polynucleotide
encading it and theiv uses, wherein the polynucleotide and
polypeptide 3are Seq Id Moz 5 and 31, respectively.

6. Clafms: 1-19 22 25-23
An isalated pelypeptide and an isolated polynucieotide
enceding it and theiv uses, wherein the polynuclestide and
polypeptide are Seq Id Nos 6 and 32, respectively.

7. Claims: 1-19 22 25-22
An 1selated poiypestide and an itsclated polynucleotide
encoaing it and their uses, wherein the polynucleotide and
polypentide are Seq Id Hos 7 and 33, r~espectively.

5. Clafms: [-19 22 25-28
An 1solated nolypeptide and an isolated polynucieatide
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FURTHER INFORMATION CONTINUED FROM  PCTISA: 210

11,

12.

encading it and their uses, wherein the polymucleotide and
polypeptide are Seq Id Mos 8 and 34, respectively.

. Claims: 1-19 22 25-28

&n isolated polypeptide and an isolated polynucleotide
enceding it and their uses, wherein the polynucleotide and
polypeptide are Seq Id Nos 9 and 35, respectively.

. Claims: 1-13 22 25-28

An jsolated polypeptide and an isolated palynucleotide
enceding 1t and their uses, wherein the palynuciestide and
nolypeptide are Seq Id Nos LD and 36, respectively.

Craims; 1-1% 22 25-28
An tsalated polypeptide and an isolated polynuclectide
encoding it and their uses, wherein the polynucieotide and
polypeptide are Seq Id Nos 11 and 37, respectively.
Clafms: 1-19 22 25-28
An isclated polypeptide and an isalated polynucleotide

enceding it and their uses, wherein the polynucleotide and
polypeptide are Seq Id Hos 12 and 28, respectively.

13. Claims: 1-1% 22 25-28

14,

An isolated polypeptide and an isolated polynucieotide
encading it and their uses, wherein the polynuclectide and
polypeptide are Seq Jd Hos 13 and 39, respectively.

Claims: 1-19 22 28-23

4n isolated pelypeptide and an isolated polynucTeotide
encoding it and their uses, wherein the poiynucleotide and
polypeptide are Seq Id Hos 14 and 43, respectively.

. Claims: 1-19 22 25-28

An iselated poiypeptide and an isolated pelynucleotide
encoding it and their uses, wherein the polynucieotide and
polypeptide are Seq Id Neos 15 and 41, respectively.

. Claims: 1-19 22 25-28
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An isolated polypeptide and an isolated polynuciectide
enceding it and their uses, wherein the polynuclectide and
polypeptide are Seq Id flos 15 and 42, respectively.

17. Claims: 1-19 27 25-28
An isolated polypeptide and an isolated polynucieotide
encoding it and their uses. wherein the polynucleotide and
polypeptide are Seq Id Hos 17 and 43, respectively.

18, Claims: 1-19 22 25-2B
An isolated polypeptide and an isclated polynucleotide
encoding it and their uses, wherein the polynucleotide and
polypeptide are Seq Id Mas 18 and 44, respectively.

19, Claims: 1-19% 22 25-28
An isolated polypeptide and an isolated polynucleatide
encoding it and their uses, wherein the paiynucleatide and
pelypeptide are Seq Id Hos 19 and 45, respectively.

28, Claims: 1-19 22 25-28
An isolated polypeptide and an isolated pelynucleotide
encoding it and their uses, wherein the polynuclectide and
pelypeptice are Seq Id Hos 2@ and 46, respectively.

21. Claims: 1-19 22 25-28
An isolated polypeptide and an fsolated polynucleotide
encoding it and their uses, wherein the polynucleotide and
polypeptide are Sew Id Nos 21 and 47, respectively.

72, Claims: 1-19 22 25-28
An 1solated polypeptide and an isolated polynucieotide
encoding it and their uses, wherein the poiynucleotide and
polypeptide are Seg id kos 22 and 48, respectively.

23. Claims: 1-19 22 ?5-23
An isolated polypeptide and an jsolated polynucleotide

encoding 1t and their wses, wherein the polynuclectide and
polypeptide are Seq ld Nos 23 and 49, respectively.

24, Claims: 1-19 22 25-26 J
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FURTHER INFORMATION CONTINUED FROM  PCTISAI 210

An isolated palypeptide and an isolated polynucleotide
encoding it and their uses, wherein the polynucleotide and
polypeptide are Seq Id Hos 24 and 50, respectively,

25, Claims: 1-19 22 25-28
An isolated polypentide and an isclated polynuclentide

encoding it and their uses, wherein the polynucleotide and
polypaptide are Seq Id Nos 25 and 51, respectively.

26. Claims: I-19 22 23-28

An isolated polypeptide and an isolated polynucleotide
encoding it and their uses, wherein the polynuclestide and
polypeptide are Seq Id MNos 26 and 52, respectively,
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FURTHER INFORMATION CONTINUED FROM  PET/SA: 218
—

Continuation of 8Sox I.1

Although clatm 18 is directed to a method of treatment of the
human/animal body, the searci has been carried out ang hased on the
alleged effects of the compound/composition,

Rule 39.11iv)  PCT - Method for treatment of the human or animal body by
therapy

Continuation of Box 1.2

Claims Mes.: 20, 21, 23, 24

Claims #0,21,73,24 refer to agonists/antagonists of the polypeptide of
claim 1, identified by the method of claim 18 or 22, without giving a
true technical characterization. Mareover, no such compoungds are
specifically defined in the description. It is enly indicated that they
“may include proteins® (such as antibodies)”, nucleic acids,
carbohydrates, smatl molecuies, or any other cempound or compastion wich
modulates the activity of HEM eithar by directly interacting with HEM or
by acting on components of the biological pathway in which HEM
participates." (page P4 lines 13-15; page 25 iines 13-15). In consequence
the scope of said ¢laims is amhiguous and vague, and their subjeci-matter
is not sufficiently disclosed and supported { Art. 5 and 6 PCT). Ho
search can be carried out for such claims whose wording is, in fact, a
mere recitation of the resuits to be achieved.

Claim & has only teen searcn in 56 far as it cofcerns non-human
transgenic organisms.

The applicant's attention is drawn to the fact that claims, or parts of
claims, relating to inventionz in respect of which no internaticnal
search report has been established need not be the subject of an
international preliminary exemination (Rule 86.1(=) PCT). The applicant
is advised that the £P0 policy when zeting as an International
Pre)iminary Exemining Autherizy is normally not to carry out a
oreliminary examination on matter which has not been searched. This s
the case irrespective of whether or not the claims are amensed following
receipt of the searct: report cr during any Chapter 11 proredure.
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