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1 DESCRIPTION SPECIFIC MARKER Lmxla ON DOPAMINERGIC
NEURONS 5 Technical Field The present invention relates to Lmx| a
genes, which are specifically expresked in dopaminergic neurons.
Dopaminergic neurons and their progenitor cells are used in
transplantation therapy for neurodegenerative diseases such as
Parkinson's disease (PD), angheanphegifisiently isolated by detecting the
expression of a Lmxla gene or a protein encoded by the 10 gene.

Back round Art The dopa t]% ortant system
B e RGP Of IO G NBIkd e SEHTENON, emotions and
such in the mammalian brain. Thus, 15 abnormalities in dopaminergic

neural transmission cause various neural disorders. For example,
TechnicabBitlihson's disease (PD) is a neurodegenerative disease of the

%@@M@ﬁﬂﬂ@é@@tﬁai{mtt@m adyets, Sﬂﬁcﬁlardegemﬁmm%ressed in

aminer urons in the s n's
dop ﬁ%mpﬁes ‘ggf Internal Medieine. @3@%’%}%{% @ﬁ og}' Isse%gé%égjé%%tﬁg ed.,
transplanvasionaberei facnenvdenaialivs disvnics sesibpalmARTATOM SR IED Aand can

“be efficiéy 20 dibydroyvbanyaianiotisioaidoumatds aprnaneapaisided by the

method for Parkinson's disease to compensate for the decrease in the
amount of dopamine produced; however, the duration of the effect is
known to be unsatisfactory. Therapeutic methods have been attempted
BackmoWAgpy the midbrain ventral regions of 6- to 9-week old aborted fetuses

WhICh contaln do amlnerglc ne nitor cells are 25 tr

| SR B ST T RGP 1D s GG on of
iocomoiﬁp,ehmmﬁ(ﬁieaiecf&@@ﬁ,) dshdEngk &Medhmﬂlqmah@éﬁ%nal The92)
abnorma.'ﬂtéggé‘g 0 el dafar aanMidegs, ehile (PR Ne GOk doMad. 324 example,

gene.

ordower et at. (1995) ngl. J. M 332: 11 Defer et
- Parkinsogfs diggsp éfﬂ%}ﬁa%@eﬂoé&i%%tﬁ&%ee‘i%g?f@&‘?‘?ﬁi‘f‘éﬁéﬁf Brigmgat occurs

due to sjt#i8@kgeneration of dopaminergic neurons in the substantia nigra of the midbrain
(Harrison’s Principles of Internal Medicine, Vol. 2, 23rd edition, Isselbacher ef ol | ed., McGraw-
Il Tnc., NY (1994), pp. 2275-7).  Oral administration of L-DOPA (3,4-

dihydroxyphenylalanine) is performed as a primary therapeutic method for Parkinson’s disease

to, compensate for the decrease in the amount of dopamine produced; however, the duration of
the effect is known to be unsatisfactory.

Therapeutic methods have been attempted whereby the midbrain ventral regions of 6- to
0-week old aborted fetuses, which contain dopaminergic neuron progenitor cells, are
transplanted to compensate for the loss of dopaminergic neurons (US 5690927; Spencer et al.
(1992) N. Engl. J. Med. 327: 1541-8; Freed et al. (1992) N.Engl. J. Med. 327: 1549-55; Widner
et al. (1992) N. Engl. J. Med. 327: 1556-63; Kordower ef al. (1995) N. Engl. J. Med. 332: 1118-
24; Defer et al. (1996) Brain 119: 41-50; Lopez-Lozano ef al. (1997) Transp. Proc. 29: 977-80).
However, these methods currently present problems relating to cell supply and ethics
(Rosenstain (1995) Exp. Neurol. 33: 106; Turner-et al. (1993) Neuvrosurg. 33: 1031-7). Also,
various problems are being pointed out, such as the risk of infection and contamination,
immunologiéal rejection of transplants (Lopez-Lozano ef al. (1997) Transp. Proc. 29: 977-980;
Widner and Brudin (1988) Brain Res. Rev. 13: 287-324), and low survival rates due to the
primary dependence of fetal tissues on lipid metabolism rather than glycolysis (Rosenstein
(1995) Exp. Neurol. 33: 106).

In order to resolve ethical issues and the shortage of supply, methods have been
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However, these methods currently present problems relating to cell supply

and ethics 30 (Rosenstain (1995) Exp. Neurol. 33: 106; Turner et at.

(1993) Neurosurg. 33: 1031-7). Also,_ various problems are being pointed

out, such as the risk of infection and Ttontamination, immunological

rejection of transplants (Lopez-Lozano et at. (1997) Transp. Proc. 29:

977-980; Widner and Brudin (1988) Brain Res. Rev. 13: 287-324), and
proposedahas useiviar extesplacpordie gritnaryidepartienderafifetdistidsuesaoplipidapanese

Patent KBRS RQNSLIRIA&IShaD olyeplysinbResensiginr B 448959 B Mawiols33034). In

106). In order to resolve ethical issues and the shartage of supply,
these e3P DG 2 oS B RRAP G GUCTER ERAIEL ORI AR e, MIIC clas

I antigersiria repdaidbaippeedis ¢iergoampiésiBapaness vRgtkrnk Kiohyanosuppression by
the simu?téﬁ%miﬁﬁﬁgiaﬁﬁ%ﬁﬁ B‘ﬁ@éﬁ%ﬁ@@dﬁifvbﬂ@é%@é&ﬁ%&{ as a method for

~ JP-AH10-50 03% these methaods, a complex procedure involving the
eliminatifgtranspla SRlPEpmEE 2hiibeis RS HBadstl kmHans) %ﬂl%ﬁwr%*&gtf}mem
(1993) &Qp”ﬁrm?aje@ti@%&jethdx_ds mmﬁagéoﬂahimmnphnppeﬁssﬁmmhyiﬁﬁhﬁ with
matchin® WHEANEOHS Hanshianiation gl [erebs: oS NaYE REENRIRROSEE AT Real cord-

ethod for eliminating transplant rejection (JP-A HI 1-509170, JP-A HI
blood baplisp eV s@ald B CaMBIGHO 488y CalieraRmAtES: tharsybiers of
rejectionp@asthiastocidichn ransphanddiisidrany ietaties withethatehingddbies,

%%eﬁﬁ%%t&%@@ﬁ{g @gﬁ{s‘ aggxqur%[{s%\évaj% A %Qyé%aalls, the use of

_ corc anks. However, If it were possible to use t éppatlent's own
dopamingsgis REETpRSSIERRT ot ietrddretiitn FomioRPeBtatcsE osieahanhrsue stem (ES)
cells andbynlabRERNE iptoetitdresily Weuhleddrberefbegyrinatemg of istag:calla-fronal

. aborted fetuses as transplant materials, the use of .dopaminergicheyrons, .
dopa e e hm FoRG rar e CAEHLTHEC R tsion
stria of ageid arkdnsens dsmestvantsisthinn . iS00 shiatag (0 HedPromisingiabelicved

that regd@ghtivo elienpl HORARNNRAWIGNL YARSINArEHeReteHdH haNe WREDSetingly
ﬁﬁ?ming ES cells to lesion 15 stria of a rat Parkinson's disease

importariig the
POTHT, e (Kim et al. (2002) Nature 418: 50-56). It is believed that -
fegandreatnethefapyfedinsEsdeanazsr Brpatienci ownuse hrarstensicedtsdvigind in

order to BSGRASIRAMKINAGIAR HIRR BRUIR. (network formation), it is necessary to
transplant immature cells, which can differentiate in vivo into neurons. When transplanting
neuron progenitor cells, in addition to the aforementioned probiem regarding supply, there is also
the possibility that the progenitor cells will differentiate into groups of heterogeneous cells. For
example, in treating Parkinson’s disease, it is necessary to selectively transplant catecholamine-
containing neurons that produce dopamine. Examples of transplant cells proposed in the past
for use in the treatment of Parkinson’s disease include striatum (Lindvall ef af. (1989) Arch.
Neurol. 46; 615-31; Widner ef a/. (1992) N. Engl. J. Med. 327: 1556-63), immortalized cell lines
derived from human fetal neurons ( JP-A HO8-509215; JP-A H11-506930; JP-A No. 2002-
522070), human postmitotic neurons derived from NT2Z cells (JP-A H09-5050554), primordial
neuron cells (JP-A H11-509729), cells and bone marrow stroma cells transfected with exogenous
genes so as to produce catecholamines such as dopamines (JP-A 2002-504503; JP-A 2002-
513545), and genetically engineered ES cells (Kim er al. (2002) Nature 418: 50-56). However,
none of these contain only dopaminergic neurons or cells that differentiate into dopaminergic
cells.

A method has been proposed for selectively concentrating and isolating dopaminergic
neurons from undifferentiated cell populations.  In this method, a reporter gene expressing a

fluorescent protein is introduced mto each cell of a cell population, under the control of a gene
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In the treatment of nerve tissue damage, brain function must be
reconstructed, and in order to form suitable links with surrounding cells
(network formation), it is necessary to 20 transplant immature cells, which
can differentiate in vivo into neurons3When transplanting neuron
progenitor cells, in addition to the aforementioned problem regarding
supply, there is also the possibility that the progenitor cells will

promote%ﬁﬁgﬁt&m%sgggé’f?(%m SHYEY Egg@ ress%éam RISIT; trgragiilp eurons.

Parkinson's dis iS necessaryto se transp ant ©
Fluorescingecalls annihen ?éffﬁmg%%mrg%aawabmé@m@%Mable
state, an&ansq;ﬂammedllspmm,sadjlmﬂm@e@(%iﬁésé%tﬂﬁhﬁﬂfﬁmaﬁmkm Pubhcatlon

| L|ndv et.al.
No. (P RS0 o cRSE NGl gﬁgw@s@aﬁe S8 rpiaha). " PH thethod
requires b orpRliR d SIERRISTHOGVSI & S QAN Te EIIe rBﬁgl(QPﬂ\e presence of a

reporter bi3-bO92 Moo biends bif t:HA69 301 IBnNe:200-y 9428 AL unction with
gene thepa%ifsmltonc neurons derived from NT2Z cells (JP-A H09-5050554),
ordial neuron cells (J (%P -A H11-509729), cells and bone marrow

it%‘l"ﬁé‘ﬁéﬂédﬁ%@fé&é@ IiH-éverbaees B gene sxpressad iprtduce f plate of the
developlﬁgtqﬁh@ﬂa@t&@ﬁ@@k@ﬁﬁ%&@@@%ﬁ@&@ﬁ%@@@%@éﬂ?ﬁtﬁ%a@g%glsfactors in

and enetically e ed ES Kim et al. (2002) Nature
e most R A T B BB AR oA HOpSNERE e pdora
rhombic ipeand %P@ﬁf%?@fnmw@ fb@@&rvmh?emgg: cwmahbmmmmmemem

Documepfopasedor selretivelyaancentiatiog anskisalating, HoRaminerdic $3qyr
rons from qulffePentlgted ceII ulatlons In is m method, a repor’ er

au{gosomg[gre(e:e%%}?ensnsllng A fiiorescent pr pro ﬁ% IR S8 EXeR B@TFB? Logpent 1.
Furthemwwidﬁ@ﬁﬁ%ﬂwrtﬁbﬂémf@h@ﬁalgéneﬂ ptogrstelsivhancehe sualrastireous

system iRYOSHBRAWH Q&i&'j@é% *dh%%é%%%?&iﬂn%ﬁ%ﬂm?ﬁg'cﬂ%%%%a gene is expressed

en iso he dopaminergic neurgns a
85 b‘%o

t onl Eluore%lr}g
not ORLy SIStz & |n ‘éajgf)a‘? ARESHAtERIES (9eths: onendeommiche
cerebral Q@&paﬁeééfﬁmmbcﬂbmlcatlon Kokai Publication No. (JP-A) 2002-51775

Non—Pate(Ht’EZS@tEEi@@ﬂl Mﬂéﬁ@d&@p@@é@ﬁ%ﬂ&%@“%ﬂ%b This method 5
Non-Pat al%res the eg F d‘ﬂ step of introducing an exo%aous gene. Further,
He PratBfiteof & dneYeskairopiehliesrionmmyiddd(1-2): 225-228

Non-Patém rﬁunmg@ﬁéltﬁwmaﬂwc@@@b]ﬁlﬂﬁdtmamﬁg on Physiological Genomics and Rat

Models

Non-Patent Document 4: Kitada et al. (2001) The 15” International Mouse Genome Conference

Non-Patent Document 5: Kitada et al. (2000) Record of the 17 Meeting of the Japanese Society
of Animal Models for Human Diseases -

Disclosure of the Invention

Problems to be Solved by the Invention

One of the major current preblems in Parkinson’s disease (PD) transplantation therapy
is that dopaminergic neuron progenitor cells which are induced to differentiate, as well as the
midbrain ventral region of aborted fetuses, are both mixtures of a myriad of cell types. When
considering safety in neural circuit formation, it is preferable to use isolated cells that comprise
only the cell type of interest.  Furthermore, when considering the risk of tumorigenesis, it is
believed preferable to use isolated posimitotic neurons. Moreover, when considering the
survival of cells at their fransplantation site in the brain, and their ability to properly form
networks, it is expected that therapeutic effects can be further improved by isolating progenitor

cells at the earliest stage possible. Therefore, the inventors of the present invention aimed to
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gene therapy. Lmxla was identified as a LIM-type homeobox gene
expressed in the roof plate of the developing spinal cord. (the organizer
region which secretes differentiation-inducing factors in 10 the most
dorsal region; neurons do not develop from this region), the neural crest,
the hindbrain rhombic lip, and the posterior region of the developing
cerebral hemisphere (Non-Patent Documents i and 2). In dreher mutant

isolate gH66s ybithaedpunahmgdelsialypa bhagyiallsautaseriaiieasssiveccesstuily

13013’{6%%% ?ﬁ:?e)%}é%§§d Ve%ﬁgetgo urrer?@ )fga#Y ﬁj}g 8%&% Qh are

rmore, it is also known th utatio trigger | élons In
genes %W&W%QB@W@%Q@QU%@B@W@W?&Y@G@ﬁ—’-F’létéﬁ?f cell cycle
exit. Documents 3 to 5). The Lmxla gene is expressed not only during the fetal
phase but also after birth, and contributes to the formation of the cerebral
cortex and the cerebellum. Non-Patent Document 1: Millonig et al. (2000)
Means fgabotEc4bs Preders9 Non-Patent Document 2: Failli et al. (2002)

Mecharisa s ok M%ﬁél@@oﬁ%ﬂﬁégé%&ﬁ)dﬂwoﬁéﬁﬁﬂi &Qﬁum@}k

B S e
dOPmlmmwatmammwé@éﬁm@g ﬁfér@dié‘@am(%ht@ﬁmﬁ@@mg&mzmg the
Amoud@tafﬂmmtl%@&ﬁ?&mmfm;immﬂm@fmmw%%%@ﬁiﬁ%@én

Is for H | fthe |
e e s e B PN
Genet. jhl P&Rfﬁkdl?@@tﬁé;‘ém1mldmgﬁlhhmmtl@hIﬂmapyméwmegapannnbﬁgiorsoventral

dlrecmﬁleur@@a%@a%ug@fa@@&l%&@m@r@a@QWA%@%%@E@&%&M%@% theTitherto,
0 midbrain vengral re reg#; n of aborted ée Ses are both, mixture

LmxTa s BeP B ar i as D e REMSRIEHGS ’ﬁéﬁ?‘fﬁ%‘tﬁé%?@ﬂ‘f?%]ﬁ‘ﬁét?&ﬁ ffye most
dorsal igipreférabie fplaserisniatedvestis: thatomppisdonmlythesmeltitypel of However,

Limx | alBigHesh FrUnSin e Wheneopsidarng dhfHak QLiumariganesis, itis

Lmx1la expression was maintained from the stages of proliferating progenitor cells to
cells after cell cycle exit and even in adults.  In this way, Lmx1a showed an expression pattern
that differed from known markers. In particular, it possesses the characteristics of genes
expressed from the stage of proliferating progenttor cells.  For this reason, it was considered to
be a useful marker for detecting dopaminergic neurons including proliferating progenitor cells.
Also, by its combined use with known markers, Lmx1a enabled sorting of proliferating
progenitor cells and postmitotic precursor cells.  Thus in this way the present invention was
expected to be an effective marker, particularly when screening for differentiation-inducing
reagents for dopaminergic neurons. Further, Lmxla is a marker expressed at an earlier stage than
known markers, and this also contributes to the above expectation.

[11 In a first aspect, there is provided a method for detecting or selecting a
dopaminergic neuron and/or a progenitor cell thereof, wherein the method comprises the step of
contacting a cellular sample potentially comprising a dopaminergic neuron and/or a progenitor
cell thereof with a polynucleotide that hybridizes under stringent conditions to a transcript of a
gene that consists of a nucleotide sequence of any one of (1) to (6):

(1) the nucleotide sequence of SEQ 1D NO: 13;
(2) a nucleotide sequence encoding a polypeptide consisting of the amino acid sequence of SEQ
IDNO: 14;

(3) a nucleotide sequence that hybridizes under stringent conditions to a gene consisting of the
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believed preferable to use isolated postmitotic neurons. Moreover, when
considering the survival of cells at their transplantation site in the brain,
and their ability to properly form 35 networks, it is expected that
therapeutic effects can be father impréved by isolating progenitor cells at
the earliest stage possible. Therefore, the inventors of the present
invention aimed to 4 isolate enes specific to dopaminergic neuron
nucleofids seanencealicsS BQ A¥e¥dit fhey successfully isolated Lrp4 (WO
(4) the 200BEGEE) @t ﬂf@ﬁ@/ﬂbgeoe BE&1B/ (WO 2004/038018), which are
SXRY ssed inneuro enitor cells immediat before
(5 @ S P R LR SRS s G B o s
ID NOgénes Eperific to dopamlnerglc neuron progenitor cells, a gene

(6) a nsflesifiadbg e ssachiniie masioeriral fagional ibakd 2 BmuERisting of the
nucieo{%"dd%%{l%&%n% I\ﬁgﬁ@%@gwge@ﬁneurons was identified using a

ation Homogenlzmg the 10 Amounts of DNA
2] Frbmdisdusd sasaebadwMathodersirobenebzocipbfiereospbisectolsast 15
nucleotid@thod (N -RDA: Representational Difference AnaIyS|s RDA (Listsyn N.A.

( ds Genet. 11: 303-7), by additionally divi gthe ventral

S e RS et SR A S

dopamfrgegiterryramsnd oD\ desgitcdibedting Wit Hithesagent poxlaifiss. as an

active zﬁgﬁﬂif@ﬁoﬁtﬁ@lﬁi@&@ﬂi@%ﬁé@ﬁ?@ﬁd&é@%ﬁﬂ@?%ﬁa@@ﬂ%ﬂmﬁtﬁﬁfﬁﬁ)@ Wahscript of a
12 Sgn gt 15% | side of thegoof plate,gf ion covering the

gene thy ecr(fél phafors 15t ?nsaelq@(?ﬂf? KHodBVEPe P ession was not

(1) the F@n@lﬁwlﬁﬁﬁé%}ﬁa@ﬁmﬂﬁﬁﬁﬁﬁﬂﬁb@c neurons. me | a expression was

) anaewﬁam e faine e Sges A IRIRITGIRIRA OIS BRI LANSHD 1 CRl IS T8 e of SEQ

D NOC cycle exit and even in adults. In this way, Lmxla showed an
ession pattern that differed from known markers. In particular, it

(3)a mpé@@e@smwmmgdmwﬁmwﬂ@mpncﬂxhadﬁsdmtgmstagsmﬁng y of the

nucleotieliRrating gf(g?lfgrlqgllsl -or this reason, it was considered to be a
useful marker for %eS%JQgI mlnerglc neurons including proliferating

(4) the B%bﬁ&% (Segjignee o 15 orl17;

(5) a nucleotide sequence encoding a polypeptide consisting of the amino acid sequence of SEQ
ID NO: 16 or 18; and

(6) a nucleotide sequence that hybridizes under stringent conditions to a gene consisting of the
nucleotide sequence of SEQ ID NO: 15 or 17.

[4] Also disclosed is a reagent of [3], wherein the polynucleotide comprises at least 15
‘nucleotides.
[5 In a third aspect, there is provided a method for detecting or selecting a dopaminergic

neuron and/or a progenitor cell thereof, wherein the method comprises the step of contacting a
cellular sample potentially comprising a dopaminergic neuron and/or a progenitor cell thereof
with an antibody that binds to a polypeptide that consists of an amino acid sequence of any one
of (1) to (6) or a partial sequence thereof:

(1) the amino acid sequence of SEQ ID NO: 14;

(2) an amino acid sequence with a deletion, insertion, substitution, or addition of one or more
amino acids in the amino acid sequence of SEQ ID NO: 14;

(3) an amino acid sequence encoded by a nucleotide seqﬁence that hybridizes under stringent
conditions to a géne consisting of the nucleotide sequence of SEQ ID NO: 13;

(4) the amino acid sequence of SEQ ID NO: 16 or 18;

(5) an amino acid sequence with a deletion, insertion, substitution, or addition of one or more
amino acids in the amino acid sequence of SEQ ID NO: 16 or 18; and

{6) an amino acid sequence encoded by a nucleotide sequence that hybridizes under stringent
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Also, by its combined use with known markers, Lmxla enabled sorting of
proliferating progenitor cells and postmitotic precursor cells. Thus in this
way the present invention was expected to be an effective marker,
particularly when screening for differefitiation-inducing 25 reagents for
dopaminergic neurons. Further, Lmxla is a marker expressed at an earlier
stage than known markers, and this also contributes to the above

conditiBKPeSALO: B&dﬁﬁﬁg%f&ﬁ@%t@&if@e'%ﬁt@ﬁtﬁ?@f@ﬁ@mﬁ@rﬁ%ﬁwng or

" selecti amlner nd/or enitor cell thereof herein
it R i b e St
Sequenégmngmﬂgsaaﬂlmatﬁme@@enetmmnw@m pesganstor 30 cell thereof with

[71 2 pelypistecligecthalhy idieeamidet iERoe AL QRAtaNE done TasE Pt

d of a %ene that sists of a.nuclegt gﬁrseg ﬁnce o%any one of (1) 1o (6): "
e S TN ot PERER O SEL 1 M RSEo) TGRS0l B Mantban active

ingredignt egingtdpdiytbepbicd corsistipgeptitretbaninn asisl degquente ot 8EQuiRce of any

one of NQioldk)3Ip &%}aﬁlgygégggg& %@gpce that hybridizes under stringent
conditions to a iﬁ fth 5 nucleotide sequence of SEQ ID
(1) the gaymp-acidhseow HSEREARL: %@h &'of SEQ ID NO: 15 or 17; (5) a

(2) an zmolectiae %qqcnmmlénaddlﬂgoa pobgpeptidelesisistingofdiaiamifiomcid more
amino SERAYeR%E Ak fuct? y&eg@eqyfg%@@g (8 g nucleotide sequence that

hybridizes under stringent conditions to a gene consisting of the
(3) a0 IR L CEHER RN SE B | BINEIS 958 e gosoal idetgiers ader stringent
conditimethoe gifd] cortséviéng tifelpaiynleciedt dejoonpride:ar 18] 3;

(4) the %ﬁpggﬁss eﬁﬁb@&%@%‘%@%@@cﬁ 51}9@815 provided a reagent when

used In distinguishing a 10 dopaminergic neuron and/or a progenltor cell

(5)an ?ﬁé@&ctﬁﬁéﬂéﬁ?tﬁé”t@a@éﬁ@@ﬁwﬁﬁ OBsSHRsHtRG AdiERD af one or more
amino palynircteotideérthatidydetdizes oNSECsIINgEnticondigoasdo a transcript of

(6) an &nino acid sequence encoded by a nucleotide sequence that hybridizes under stringent
conditions to a gene consisting of the nucleotide sequence of SEQ ID NO: 15 or 17.
(8] Also disclosed is a reagent of [ 7], wherein the polypeptide consisting of a partial
sequence comprises at least six consecutive amino acid residues.
[9] In a fifth aspect, there is provided a method for detecting or selecting a dopaminergic
neuron and/or a progenitor cell thereof, wherein the method comprises the steps of:
(a) contacting a cellular sample potentially comprising a dopaminergic neuron and/or a
progenitor cell thereof with a polynucleotide that hybridizes under stringent conditions to a
transcript of a gene that consists of a nucleotide sequence from any one of (a-1) 1o (a-6):

(a-1) the nucleotide sequence of SEQ ID NO: 13;

(a-2) a nucleotide sequence encoding a polypeptide consisting of the amino acid
sequence of SEQ ID NO: 14;

{a-3) a nucleotide sequence that hybridizes under stringent conditions to a gene
consisting of the nucleotide sequence of SEQ ID NO: 13;

(a-4) the nucleotide sequence of SEQ ID NO: 15 0r 17;

(a-5) the nucleotide sequence encoding a polypeptide consisting of the amino acid
sequence of SEQ ID NO: 16 or 18; and

(a-6) a nucleotide sequence that hybridizes under stringent conditions to a gene
consisting of the nucleotide sequence of SEQ ID NO: 15 or 17; and
(b) contacting a cellular sample potentially comprising a dopaminergic neuron and/or a
progenitor cell thereof with a polynucleotide that hybridizes under stringent conditions to

transcripts of one or more genes selected from the group consisting of Lmx1b, Nurrl, Enl, Ptx3,
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gene that consists of a nucleotide sequence of any one of (1) to (6): (1)
the nucleotide sequence of SEQ ID NO: 13; (2) a nucleotide sequence
encoding a polypeptide consisting of the amino acid sequence of SEQ 15
ID NO: 14; (3) a nucleotide sequence%hat hybridizes under stringent
conditions to a gene consisting of the nucleotide sequence of SEQ ID
NO: 13; (4) the nucleotide sequence of SEQ ID NO: 15 or 17; (5) a
and THy g 8aticer segherz dheh Biing Arpawasianiere derisiafisibialsetedareeacid
[10] sesuerieRiEEEQa ARIRLNET[0H ahid; Anthébranprilectidasspmrence that
ridizes ynder stringent congditions to a e consisting of the
& con S PUE R S SRR n v o
progeniosgelttberall WHe rptreuplsnid ibatibeigiassivadessiaasensronditions to
transcripicieldides. o2 Deol UT enthitshaspestidherenTRsvideh B ALHadOEn antibody that

. detecting.or selecti dopaminergic_neuron and/or a progenitor cell
binds tﬂ}%r?reagfgr}%\g Yer fﬁ%ﬁ@%ﬁeatﬁ%%? éegr%crg%sggnt%e step of contacting a cellular

[11]  sdinphepdnsioisiyicamstiidgbl dbpadisiaerthe aengoplesterlon atppdgeisitore or more
of Lmx08] Makeohrwith an antibody that binds to a polypeptide that consists of
an aming acid sequence of ne of (1)to or.a partial sequence . .
121 R T e T R b S R R aainereic
neuron el sed derasagtivel  dbestioln whemitidhe sapbuditomposedbitislst dhe or
(a) conmagﬁg%ra%mi@pwﬂ' éfgﬁ)@mi%pfﬁmﬁﬁﬁy@;weo@%&m&tﬁ%ﬁaﬁ)@@
aming.acid seguence enco nugleotide sequence.tha ridizes
progen R Rt D A R AL RIS P IHE FTEIEBRPRtions o 2
transcrgd gl @resp o I BE@NESNOT 2 3ugB¢diierequenne Heid seqoenoé (ef SEQAD )

N@l@Qt@éﬁiié@ﬁ@é‘s@ﬁ%@%@ﬁ@%@f}@@wiﬁ@ a deletion, insertion,
substitution, or .addition of one oy more [aminq cids in the a f’lno acid .
Sia% ﬁctéugreg%% §51R%cﬁ%118?({1§g A&RP ypeptide consisting of the amino acid

sequence of SEQ 1D NO: 14;
~ (a-3) a nucleotide sequence that hybridizes under stringent conditions to a gene

consisting of the nucleotide sequence of SEQ ID NO: 13;

(a-4} the nucleotide sequence of SEQ ID NO: 15 or 17;

(a-5) a nucleotide sequence encoding a polypeptide consisting of the amino acid
sequence Chuman) of SEQ ID NO: 16 or 18; and

{a-6) a nucleotide sequence that hybridizes under stringent conditions to a gene
consisting of the nucleotide sequence of SEQ ID NO: 15 or 17; and
{(b) contacting a cellular sample potentially comprising a dopaminergic neuron and/or a
progenitor cell thereof with a polynucleotide that hybridizes under stringent conditions to
transcripts of either or both of the genes selected from DAT and ADH2, or with an antibody that
binds to translation products of said selected genes.
{13] Also disclosed is a method of any one of [9] to [12], wherein the polynucleotide is a
nucleotide sequence comprising at least 15 consecutive nucleotides.
[14] In a seventh aspect, there is provided a kit when used in distinguishing a dopaminergic
neuron and/or a progenitor cell thereof, wherein the kit comprises: the reagent of [3] or [4]; and a
polynucleotide that hybridizes under stringent conditions to transcripts of one or more genes
selected from the group consisting of Lmx1b, Nurrl, Enl, Ptx3, TH, DAT, and ADH2.
[15] In an eighth aspect, there is provided a kit when used in distinguishing a dopaminergic
neuron and/or a progenitor cell thereof, wherein the kit comprises: the reagent of [3] or [4]; and
an antibody that binds to translation products of one or more genes selected from the group
consisting of Lmx1b, Nurrl, Enl, Ptx3, TH, DAT,
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(6) an amino acid sequence encoded by a nucleotide sequence that
hybridizes under stringent 6 conditions to a gene consisting of the
nucleotide sequence of SEQ ID NO: 15 or 17. [6] Also disclosed is a
method of [5], wherein the polypeptid8 consisting of a partial sequence
comprises at least six consecutive amino acid residues. [7] In a fourth
aspect, there is provided a reagent when used in distinguishing a 5

and Asigpaminergic neuron and/or a progenitor cell thereof wherein the reagent

camprises, as an gctive in t y that binds
6] o R TR RS B S ) BB Cbiech fgpgrinersi
neuron(@)eapantshden ae}hd@rhef,eahe(mmm amihodoidpegeeteestpSEL 1D
@g%ﬁg@&% el
(3«) Cong%st é%)} addition QL§§§H§@5%#Y@%%%§§%92§§@S II’]E l!'[:‘il’églra(.)l% I?‘]nod/a(.)élg
progengp el P LB EES R (B 10 R B PSR By hino acid
Sequﬁnn@o@ot}d@!setfl{eﬂdéqmatﬁh}l’bIadlzéﬁhmﬁsmrtgmbﬁ:ondltlons to a gene
CQQ-%'?H‘I&Qa%H}?aEHP&%H%é%@IB preerPReEID NO: 13; (4) the amino

acid ence of SEQ 1D NO: 16 or 18; (5) an amino acid sequence with
&Zﬁgl&%@ﬁ%ﬁ SSURA MM BrABRT AMSPIIE-cRTLISS: SRAgition of one
or moraardmmamésamth@ anidesarjdengecof SEGHD NONTE 04;18; and (6) an

aming acidsrguencesnsrded by WA%@@OE%Q %@&&&U&%M&&ﬁﬁ%s under

under stringent conditions to a gene consisting of the nucleotide

stringeQbeEnB S &rTS (Bt %qgrﬁl@aléfsﬁag@a%oi Sé%%é%@m
whedeith thenpodygep idpeonsitBlgpia Partiah sefiBience comprises at

'eea%faﬁ%?ms%w@eaﬁyﬂeem 59&&?&&% 3% 31 i & ARRGCl SA8HEHSh of one

provided a method for detecting or se chﬁi aminergic néuron
or morg AREP 5B FEENAEHCHAUHERET § EBMptsePthe steps
oftat8) at ntantmg:aieeuu@rcsanmk&@wnuﬂi&ye@aﬂw&m@aaedﬁ@aﬁ@mm@ under

stnngeﬁleﬁﬁ(l) A/ 2 QIEQ%SH&EQ& § gﬂﬂﬁ% %%fci%tgcﬁ Bgc;}llnll’fg oq@gd?hﬂ }\TO 150r17;

1zes unde stringent conditions to a transcript of a gene
consists of a nucleotide sequence from any one of (a-1) to (a-6):
(b) contacting a cellular sample potentially comprising a dopaminergic neuron and/or a

progenitor cell thereof with a polynucleotide that hybridizes under stringent conditions to
transcripts of one or more genes selected from the group consisting of Lmx1b, Nurrl, Enl, Ptx3,
and TH, or with an antibody that binds to translation products of said selected genes.
[17] Also disclosed is a method of {16], which further comprises the step of:
(c) contacting a cellular sample potentially comprising a dopaminergic neuron and/or a
progenitor cell thereof with a polynucleotide that hybridizes under stringent conditions to
transcripts of either or both of the genes selected from DAT and ADH?2 or with an antibody that
binds to translation products of said selected genes.
[18] Further disclosed is a method of [16], wherein the genes selected in step (b) is one or
more of Lmx1b, Nurrl, or Enl.
{19] In a tenth aspect, there is provided a method for detecting or selecting a dopaminergic
neuron and/or a progenitor cell thereof, wherein the method comprises the steps of:
(a) contacting a cellular sample potentially comprising a dopaminergic neuron and/or a
progenitor cell thereof with an antibody that binds to a polypeptide consisting of an amino acid
sequence of any one of (a-1) to (a-6) or a partial sequence thereof:

(a-1) the amino acid sequence of SEQ ID NO: 14;

(a-2) an amino acid sequence with a deletion, insertion, substitution, or addition of one

or more amino acids in the amino acid sequence of SEQ ID NO: 14;
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25 (a- 1) the nucleotide sequence of SEQ ID NO: 13; (a-2) a nucleotide
seqguence encoding a polypeptide consisting of the amino acid sequence
of SEQ ID NO: 14; (a-3) a nucleotide sequence that hybridizes under
stringent conditions to a gene consisfing of the nucleotide sequence of
SEQ ID NO: 13; 30 (a-4) the nucleotide sequence of SEQ ID NO: 15 or

17; (a-5) the nucleotide sequence encoding a polypeptide consisting of
thé-dniRcaen asedseqenet SEGKD Ne:meleptid: semp¢ace tahbichsistizes under

sﬁingeﬁ?@ﬁi@ﬁh 7 @?mt fg@ﬁ@iiﬁﬁi%ﬁ?bﬁtﬂé:ﬁﬁ&%@ﬁlﬂgi;*,Ele?ﬂ@eag%Ssﬂg)ﬁgm.ﬁtﬁﬂ

of t ucleotide sequence o 15 .0r 17: an contacting

a @éﬁ%? gglrhnp élcﬁoteerﬁ]ﬁlgﬁy(fec%?rngr}%%%é\g%‘og%ﬁﬁﬁérgic neuron and/or a
pr@gerfitorEIbtherbetanihca Wolyadeletitid eitisarthybsubssisutiodepsaddgiamt of one

or morSARFHICRSAPiHFMRSEHIIS Afi@REREMO Seneasalectad ram the group |
cansisting of LmxIh, Nurrl, Enl, §<3 IZ and 'IiH, or with an angbcg%t@gt d
bﬁ%‘a (S trANSfAHGH SrOUTITS SHON i G G S BT A0SR Runder

stringent pedtitdroffo} gehicholritimecuitiprised abiédsteproén(s) dOPEALTRGND: 15 or 17;

and Cellular sample potentially comprising the dopaminergic neuron and/or the

ragenitor cell thereqf with a polynucleotide that hyhridizes under stringent

(b) confasiis s e T SRl RISV BN GP BB P eSS REERT O &

progenfiX Feilidoxeif v oh withIsnuatuittivid ytithichy bittisctouadranstationprodiicons @

transcripG SelBfies 9808 of i GurtReEdisclPaethina Math ad At 19 Whe SINfhody that

ene selected i s%eﬁg(?b) Is one or more of Lmxlb, Nurrl, or Enl. [12] In a

binds tgi%*? P, BAGETASh8EHGE for detecting or selecting a
[20] dopserimselgicd 19 metbodarfdioy aqaro@ﬁnﬂ};m ¢éﬂ]theheﬂﬁ1wﬁmp@ﬂy}ﬁhptifie
consistREHIOLEAMPERAR HE Sianniols @I CRIREIRG A B UYL SaNNRle RO4RRLally

comprising a dopaminergic. neuron and/or a_progenitor cell thereof with a
211 phhsieievint ey e ounaadinpaher oetibrttnguishing a

dopaminergic neuron and/or progenitor cell thereof, wherein the kit comprises: the reagent of [7]
or [8]; and a polynucleotide that hybridizes under stringent conditions to transcripts of one or
more genes selected from the group consisting of Lmx1b, Nurrt, Enl, Pix3, TH, DAT, and
ADH2.
[22] In a twelfth aspect, there is provided a kit when used in distinguishing a dopaminergic
neuron and/or a progenitor cell thereof, wherein the kit comprises: the reagent of [7] or [8]; and
an anﬁbody that binds to translation products of one or more genes selected from the group
consisting of Lmx1b, Nurrl, Enl, Ptx3, TH, DAT, and ADH2.
[23] In a thirteenth aspect, there is provided a method of screening for a differentiation-
inducing reagent for a dopaminergic neuron, wherein the method comprises the steps of:
{a) contacting a test substance with cells in culture that can be differentiated into dopaminergic
neurons;
{b) detecting a transcript of the Lmx1a gene by contacting the cells in culture, after contact with
the test substance, with a polynucleotide that hybridizes under stringent conditions to a transcript
of a gene consisting of a nucleotide sequence of any one of (b-1} to (b-6):

{b-1) the nucleotide sequence of SEQ ID NO: 13;

(b-2} a nucleotide sequence encoding a polypeptide consisting of the amino acid
sequence of SEQ ID NO: 14;

(b-3) a nucleotide sequence that hybridizes under stringent conditions to a gene
consisting of the nucleotide sequence of SEQ ID NO: 13;

(b-4) the nucleotide sequence of SEQ ID NO: 15 or 17;

(b-5) the nucleotide sequence encoding a polypeptide consisting of the amino acid
sequence of SEQ ID NOG: 16 or 18; and
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transcript of a gene that consists of a nucleotide sequence from any one
of (a-1) to (a-6): (a-1) the nucleotide sequence of SEQ ID NO: 13; 15 (a-2)
a nucleotide sequence encoding a polypeptide consisting of the amino
acid sequence of SEQ ID NO: 14; (a3) a nucleotide sequence that
hybridizes under stringent conditions to a gene consisting of the
nucleotide sequence of SEQ ID NO: 13; (a-4) the nucleotide sequence of

S&Qsj R ﬁé@ea{id@rs&au&%éﬁr@ ﬁy@ﬁ@@@ﬂdﬁc&@wﬂmm) 'ﬂ?ié'itEo(; lg[;:ne
tide sting of the seque man) o

COHS}Stﬁ%%%%? anc? (ga%')egcﬁuoclaeggteg asﬁek?q%e%%e %Z?t %"‘%ridizes under
(c) detesmﬁg@ﬂ&@ﬂmﬁmt%t a@é'rﬁ@ce@ﬁsumm@@fhhélffameﬁﬁtiens@%fim@@@imrgic
neuronSERAPR Rinkerft b (R0 LR Q%&@ﬁ;ﬁ:@&@?g'af sample poltle?ltiaHYf

compr opamin nd/or n|t r cell thereo
28] o R R SO A RTRER B DR AT EOHARI3 s ot e sequence
comprigagstlipng of spnsscvitivotoletialeenes selected from DAT and ADH2, or
[25] V"IW&%@'@&W){S t, Qi@%§%ﬁm§tmmL@§&ééﬁi%%@@ﬁ&&ﬂﬁﬁmn—
ind %lsc sed is a method of any oneg?ﬁ]b‘f th?gl whe rei th? £
m “C“‘%d P@Wé%‘éﬁ (T8 QBB 0G SPTRBRES e steps ©
(a) conpotisgauityesnbgwutdesh301[1 47 mm&mmmmmﬁmisqam degaminergic

neuronit when used in distinguishing a dopaminergic neuron and/or a

rogenlto ell thereaof, wherein the kit comprises: the reagent, of [3] r[4]
(b) det RABRAE R B AR P RYEr oGNS oouTute: afier
contacumnisﬁnmtssbimalmmiﬁl gerasibediediedbirgin tthe mrhpprtaiesistiagtofg of an

amino TB0DHEL JEah POXE oFt PAT B ARHR-(401dg R Sl pect

there is provided a kit when used istinguishing a dopaminergic 35

(b-1) the &miip 2Rl TR P65 ehiGILEH ek wherein the kit comprises: the
(b-2) aneagent:old 3¢qudekic avith addetidadystirabhjndbstittranslatiatdiion v€isofor more

amino 8!‘&5% @9%&@%‘2&&%@;@%@8&% [59up. ggnsisting of LmxIb, Nurrl,
Ptx3
(b-3) an ammo acid sequence encoded by a nucleotide sequence that hybridizes under stringent

conditions to a gene consisting of the nucleotide sequence of SEQ ID NO: 13;

(b-4) the amino acid sequence of SEQ 1D NO: 16 or 18;

(b-5) an amino acid sequence with a deletion, insertion, substitution, or addition of one or more
amino acids in the amino acid sequence of SEQ 1D NO: 16 or 18; and .

{b-6) an amino acid sequence encoded by a nucleotide sequence that hybridizes under stringent
conditions to a gene consisting of the nucleotide sequence of SEQ ID NO: 15 or 17; and

(¢) determining whether the test substance can induce the differentiation of dopaminergic
neurons when the translation product of the Lmx1a gene is detected.

[26] Also disclosed is a method of [25], wherein the polypeptide consisting of a partial

sequence comprises at least six consecutive amino acid residues.

Brief Descrniption of the Drawings

Fig. 1 is a set of photographs showing the expression of the dopaminergic neuron
marker gene tyrosine hydroxylase (TH) in the ventral region of an E12.5 mouse midbrain. The
left-hand photograph is a sagittal section and the right-hand photograph is a coronal section
performed along the line in the lefi-hand photograph. Furthermore, the midbrain region was cut
into four regions, and VL from subtracted from V. Mes: mesal, D: dorsal, DL: dorsal lateral,
VL. ventral lateral, and V: ventral.

Fig. 2 is a set of photographs showing the results of analysis of Lmxla, Lmx1b, Nurrl,

and tyrosine hydroxylase (TH) mRNA expression in the midbrain of an E12.5 mouse, using in
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and ADH2. [16] In a ninth aspect, there is provided a method for detecting

or selecting a dopaminergic neuron and/or a progenitor cell thereof,

wherein the method comprises the steps of. (a) contacting a cellular

sample potentially comprising a dopaminergic neuron and/or a 5

progenitor cell thereof with an antibody that binds to a polypeptide

consisting of an amino acid sequence of any one of (a-1) to (a-6) or a
Situ hybﬂﬁf%ﬂk quence thereof (a- 1) the amino acid sequence of SEQ ID NO:

14, (a-2) an amino acid sequence with a deletion, insertion, substitution,

diadti g it b eraties shandradis iwrdle ahnprxarmestglrride aid tyrosine
hydmxyﬁgélzmé\@t&ﬁsm (Eehﬁiﬂhﬁraﬁié i@paacmquu@ng@, @@@z@g@é@yﬁmmumsmmng.

tide nce that hybridizes under .stringent conditions to, a ge

S B R RS SR e AT

protensagithe sgdbrce of ©EQ 1D NOoustsasrdrgeiadyaimaminesasidngequence

Wil 8 feleton] MIRREEeRISUNRFHIO fhOFSAHION Of ONeQrB3QHR 3NN dU
inco raa%jl%.m rée amina acid sequence of SEQ,ID N%:blaor 18; and 15 (a-g) i
TPOTEH AninG acid sequencd encoded by s hiicleotide STt fare.  Lmxla was
shown gl idipessad de protifagdimecinmiitons towuaepe gonsistinsof the

@ﬁl?ﬁ@s@?&ﬂﬁﬁl Iﬁ%t %E %@vﬁl@%ﬁérg&ﬂ%;oﬁﬂ%@a%ﬁt%iﬁ%dlﬁ NA expression
. cellular sample potentially comprising a aminergic neuron and/or a
in the TR 0L RPN DSl R TR A b A gerhe
arrow inggradii ohe seb2antansepreobord Gremodbrganes selected from the group
GoRSiBHNgef brinde uhHs BlWRE3nARd T o1 With aaék/gm%@fmmé human
dult by hinds to translation pfgo Fﬁéi saﬁﬁs_glected genes. [17] Also disclosed |sb B
adult bragn region, 4y (FlPGhRh! cormpriSEeStRFaaIgtE (i) RBRMEInga cerebr
cortex, GelheabsHmpléipdiantiatypom piSngealdipablnergic GdUrandnedorcieus, and Po:
progenitor cell thereof with a polynucleotide that hybridizes under stringent

ondjtions to 25 transcripts of either or both of the genes selected from )
SRR oRE A PR A BBBS 0SB T b o bc deRapinereic

neuron-gaidBeleatke genes. The abscissa shows the time of development and maturation of

pons.

dopaminergic neurons. Lmxla was considered to be expressed in dopaminergic neurons at all

stages of differentiation.

Best Mode for Carrving Out the Invention

<Marker Polynucleotide Probes>

The “dopaminergic neuron marker polynucleotide probes™ of the present invention are
used as markers that select and/or detect dopaminergic neuron progenitor cells before and after
proliferation, and dopaminergic neurons. These polynucleotides can detect fhe expression of
Lmx]la gene, which is expressed at all stages of differentiation, from dopaminergic neuron
progenitor cells before cell cycle exit to dopaminergic neurons in adults.  The nucleotide
sequences of Lmxla genes are known. For example, the sequence of mouse Lmx1a can be
referred to in Nature 403: 764-769 (2000); Nature 420: 563-573 (2002); Mech. Dev. 118: 225-
228 (2002); and such, and is aiso registered in GenBank under the Accession No. NM_033652.
Furthermore, human Lmx1a has been reported in Gene 290: 217-225 (2002). The genomic
sequence of human Lmx1a is registered in GenBank under the Accession No. AH011517, and
isoforms such as the 6A mutant (GenBank Accession No. NM_177398) have also been reported.

Here, a “marker polynucleotide probe” refers to a polymer composed of a number of
nucleotides, such as deoxyribonucleic acids (DNAs) or ribonucleic acids (RNAs), or nucleotide

pairs that should be able to detect expression of the Lmx1a gene. Double-stranded cDNA can
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[18] Further disclosed is a method of [16], wherein the genes selected in
step (b) is one or more of Lmxlb, Nurrl, or Enl. [19] In a tenth aspect,
there is provided a method for detecting or selecting a dopaminergic 30
neuron and/or a progenitor cell theréaf, wherein the method comprises the
steps of: (a) contacting a cellular sample potentially comprising a
dopaminergic neuron and/or a progenitor cell thereof with an antibody

also be utat Al 'aqﬁége%pgbé%ﬁﬂ qﬁ&ﬁ%ﬁ@@ﬁtﬁf@m aighisenreed GHANs are

one, of (a- (a-6) or a partial sequen here the,amino ac
included 45 ihe RATkSFE Bi grﬁ) a?%%%tm o aC| sé) 5%1?1%3 Wetll?a‘%w1ar1y

pteferabk&eiemkmswbmcmm @H@bﬁmd@m@hnﬁ Bhe\ or fssresamibcacigteiiing
Lmx1a gf 3RIRQ 461 5 %@r&%&é@%s&ﬂe%m@n@ﬂﬁ}%@&'% is preferable to

seguence encqded by aﬁgcleotlde se uence tha br|d| es LL nder

use the regiy ERELOREINE o & PEHERBNAISH 5681“%‘?8% Bcegptered in
GenBaniSENID MNO508]. (a W dhedng nogagidcseguprmuds o Sa@mdd@mt@riiéﬁi in the

Sequencé%w B9YES 2610k SRALCRER Wit AeIlan,JRSer e, suhstiuiien, 9(5 addition,
ditioriof one 5 or more aminQ acids,in the amingQ agld se

the fmungeeq BPAESI4B BN 18) 18 A ARG R CERBR CASBMSZBW L,

 ete.), andbislgatidésequencss thatshybnidiaeSEh e iNaisinbeatddfiditions to a gene

$PRELAINI AL 'i@?ﬂ%gfé%‘i’rgﬁ'&cﬁﬂ Qés%l’?@lé%x@é?n@i%%n%n B0AB) contain

contacting a cell ple potentially compr|5| a opamlnerglc neuron
non~namsﬁléyo?%umq&a§@ﬁﬂafl%°eﬂ%Pécﬁraﬁﬁ%% GrohstRfIROMRADIY BYReey uridine,
- —meﬂ[}d@ﬁﬁﬁﬁl@@%zﬁ@ﬂﬂﬁﬁﬂ&@@xﬁma@ﬁmﬁﬂmmnbmh of the genes

carboxyme tl(?dS fOrorSnal g%qééléef%&ggtgg}qﬂ%gof Criklgsc osed is a m%f%ﬁt&éga;ﬂan;lon
galactos B ORTHEPa | ]rrwh@ SIS PolRRsid CorrsHiRy Ypdepariag. |
methylaS@QHERNCE Qﬁ@ﬂ@ﬂ@@&ﬁbl&&ﬁh@ qonsebylNeuRITing aqitttegithieme 15721]
dimethyl!gu%pmeslz?l\ée é‘:ﬁp ?ac&exgggfgelﬁpﬁl \(}gﬁgu%ﬁﬂ'él‘ﬂé‘%” x%éﬁg &%ﬁ%@?%@éﬁ%ﬁmdme,
N6-methyladenosine, 7-methylguanosine, S-methylaminomethyluridine, 5-
methoxyaminomethyl-2-thiouridine, f-D-mannosylqueuosine, 5-methoxycarbonylmethyl-2-
thiouridine, 5-methoxycarbonylmethyluridine, 5~methoxyuridine, 2-methylthio-N6-
isopentenyladenosine, N-({9--D-ribofuranosyl-2- methylthiopurin-6-ylhcarbamoyljthreonine,
N-((9-B-D- ribofuranosylpurin-6-yl)N-methylcarbamoyljthreonine, uridine-5-oxyacetic acid-
methyl ester, uridine-5-oxyacetic acid, wybutoxosine, pseudouridine, queuosine, 2-thiocytidine,
5-methyl-2-thiouridine, 2-thiouridine, 4-thiouridine, 5-methyluridine, N-((9-p-D-
ribofuranosylpurin-6-yl)carbamoylthreonine, 2’-O-methyl-5-methyluridine, 2°-O-methyluridine,
wybutosine, and 3-(3-amino-3-carboxy propybhuridine.

The marker polynucleotide probes of the present invention comprise nucleotide
sequences that are complementary to the mRNA of Lmx1a, which is specifically expressed in
dopaminergic neurons. For example, the nucleotide sequence of mouse Lmxla cDNA1s
registered in GenBank with the Accession No. NM_033652, and its specific sequence is shown
in SEQ ID NO: 13. Polynucleotides with a sequence complementary to this cDNA can be used
as the marker polynucleotide probes of the present invention. Furthermore, the amino acid
sequence of mouse Lmx1a is registered in GenBank under the Accession No. NP_387501.1
(SEQ ID NO: 14); however, due to degeneration of the genetic code, its nucleotide sequence may
differ from the nucleotide sequence of above-mentioned GenBank Accession No. NM_033652
(SEQ ID NO: 13). Polynucleotides complementary to such degenerate sequences are also

comprised in the marker polynucleotide probes of the present invention. Furthermore, in
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dopaminergic neuron and/or progenitor cell thereof, wherein the kit
comprises: the reagent of [7] or [8]; and a polynucleotide that hybridizes
under stringent conditions to transcripts of one or more genes selected
from the group consisting of Lmxlb, Ni#rl, Ent, Ptx3, TH, DAT, and ADH2.
20 [22] In a twelfth aspect, there is provided a kit when used in
distinguishing a dopaminergic neuron and/or a progenitor cell thereof,

additioﬂ‘%@é%ﬁ@@aﬁé"é@@ﬁ'@ﬂé@?%bi?ﬁd&é&@@é@é&?ﬂpﬁ&@ﬁé?f t@ﬁ@m&ﬁfégséaaéms that

tob .d.binds to translation products of one or more genes selected from the
ybridige G SRESHNGC P LIRS, ‘R GFEhEBERA ETRES SRFPENGRBEMUEsfife dequence
of SEQthirénth3aspeetsthens psiprdviddd mamkethpdlshsciagningfara that can be used in
the prefiSIRALIZLIAN- 25 inducing reagent for a dopaminergic neuron, wherein

the method comprises the steps of: (a) contacting a test substance with

cENS TR it B4 b HiFRrEn AT BTSN RsutRd(hy). and the
marker getgoting @itiansaist affttieepkansdt ingemdobybentasintsthe Bellg isoadivreith a
ith, t ( AESNWit ide-that hybridizes
Se@@%ﬁé@ﬁ%&%%%%ﬁ 1[téclL)llEfilﬁttﬁ':lnscript’ I%%S%glax %%ﬁgggﬁ]il‘s% é 8%: %%
relationshindo fbrsc aliencleoidisy BrPsiYBUs agidrs yomplymsetatciesmateotide
sequenseghericebatiSE htRNEinE3nt(baa)itivushedite selinaraeenso@Ag 4D NOs: 15
and 17}|_oolypeptide consisting of the amino acid sequence of SEQ ID NO: 14;
(b-3) a nucleotide sequence that hybridizes under stringent conditions to a
oBEC135e REISER SO PRI RGEIRBtiH SRl eplddcors rnaE) seorprzegisef)only
nucleotitie spqcleiidehsequephaddd SaQH @@p&&pﬁ&ﬁléb&bmqm%%ﬁ@ €east 70%,
C codli eptide consisting of.t ino acid seguence
preter O S B A S P e

7%, ORISR R e BGEIE SR ARoTtes QBB thel is known that
genes witickotidesaaiesee PheBReE NadhiondikiRbldes with the same fimction.

Herein, “matching” refers to the formation of a chain in which: adenine (A) in the nucleotide
sequence of the template polynucleotide pairs with thymine (T) {or urasil (U) in case of RNA), T
or U pair with A, cytosine (C) pairs with (G), and G pairs with C. Homology between specific
nucleotide chains at the nucleotide sequence level can be determined, for example, by the
BLAST algorithm (Altschul (1990) Proc. Natl. Acad. Sci. USA 90: 5873-7). BLASTN
(Altschul ef al. (1990} 1. Mol. Biol. 215: 403-410) has been developed as a program for
determining homology between nucleotide sequences based on this algorithm, and can be used to
determine the homology between a marker polynucleotide probe sequence and a template
sequence. For specific analysis methods refer to http://www.ncbi.nlm.nih.gov, for example.
Alternative isoforms and allelic variants may exist for Lmxla. Polynucleotides that
can detect such isoforms and allelic variants can also be used as marker polynucleotide probes of
the present invention. In addition, as mentioned above, there is a high possibility that genes
with high homology will encode polypeptides with the same function. Furthermore, such
polynucleotides having high homology can often form pairs under stringent hybridization
conditions. Therefore, the marker polynucleotide probes of the present invention comprise
polynucleotides that comprise nucleotide sequences that hybridize under stringent conditions to a
polynucleotide consisting of the nucleotide sequence encoding Lmx1a, which is specifically
expressed in dopaminergic neurons.  Such isoforms, allelic mutants, and polynucleotides having
high homology can be obtained from ¢DNA libraries and genomic libraries of animals such as
humans, mice, rats, rabbits hamsters, chickens, pigs, cows, goats, and sheep by, for example,

preparing probes based on known nucleotide sequences of the Lmx1a gene, and using these
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(c) determining whether the test substance can induce the differentiation
of dopaminergic neurons when the transcript of the Lmxla gene is
detected. 5 [24] Also disclosed is a method of [23], wherein the
polynucleotide is a nucleotide sequérte comprising at least 15
consecutive nucleotides. [25] In a fourteenth aspect, there is provided a

method of screening for a differentiation- inducing reagent for a
probes tdlgpaminetgisvehyondivatieimtheodetiod comprisebyiddstepsrobléa)e
. .._contacting a test s ce with. i I t ifferenti »
b A ror: (o Suraihg Dt SRR AL S dnd o
(Cold SpringiHgbaepcdhtiing iacchndse tenureueing EMabbmmsthe lfeaddition,
commer&HstARGRHMERNAANEReRY thaldbinascdiapalypestidecensisting of an

ino acid segue of.any ane of.(b-1),t0 (b-6) qr a.partial s en .
L DA A e R R R R g v
preparedefiomc-eldfd FEguBHtsUIRATSeRdhahe Tnsest birrsk b 6t dinovrdaelineties such as
guanidin® t;ﬂ@n%@ﬂﬁﬁ%@em&p(@ﬁ@ﬁrm éh@lﬁ@%@ﬁgﬁcﬁ&%&@ﬂ?g of SR ANG: M5pC
-a).an INQ a ence encoae | equenc . .
oo R B AR L R R e uriasin
Kit (Pharetéoticlesuely ironsd o SEGDIRIOAS Sots-Hietisab RNG. prsipeseduehbierpttively,
mRNAs 2514 NGB 20 R AR RKIA BRGABNTH bIP4ale}ifRPrep

i RS, o, 20010 S0 S, AR s i
using resgguientecsntoded dyMdnsoidatitcksesq sierivestimt Ab/bYidizessmbenscriptase First-
strand ISMIRGSMHEORAONSIR-B ARNEXRBSIANNY AR ALGIEANAS SROMRRESIST Other
o R RO ST L0 S et e o stpitee
used (Fréfanstation picisothubth&iamnd dad. FeneliS Aetectod s [280 A Beldistlosedads (198%)
Nucleic Q&EEIR%Q 9F {2 M@@fem%&%/ﬂ%t%&%%éﬁ%ef Wﬂiﬁ!)rﬁﬁgéj;@&ﬁgimng a
) comprises at least six consecutive amino acid residues. Brief Description
high pergﬁ%qj}g%égngth clones, known techniques such as the oligo-capping method
{Maruyama and Sugano (1994) Gene 138: 171-4; Suzuki (1997) Gene 200: 149-56) can also be
employed. The ¢cDNAs obtained in this manner are then incorporated into suitable vectors.
Examples of hybridization conditions suitable for use in the present invention include
“2x S8C, 0.1% SDS, 50°C”, “2x SSC, 0.1% SDS, 42°C”, and “1x SSC, 0.1% SDS, 37°C".
Conditions of higher stringency include “2x SSC, 0.1% SDS, 65°C”, “0.5x SSC, (.1% SDS,
42°C”, and “0.2x SSC, 0.1% SDS, 65°C”. More specifically, a method that uses the Rapid-hyb
buffer (Amersham Life Science) can be carried out by performing pre-hybridization at 68°C for
30 minutes or more, adding a probe to allow hybrid formation at 68°C for one hour or more,
washing three times in 2x SSC/0.1% SDS at room temperature for 20 minutes per wash, washing
three times in 1x S8C/0.1% SDS at 37°C for 20 minutes per wash, and finally washing twice i
1x SSC/0.1% SDS at 50°C for 20 minutes per wash. This can also be carried out using, for
example, the Expresshyb Hybridization Solution (CLONTECH), by performing pre-
hybridization at 55°C for 30 minutes or more, then adding a labeled probe and incubating at
37°C to 55°C for one hour or more, washing three fimes in 2x SSC/ 0.1% SDS at room
temperature for 20 minutes per wash, and washing once at 37°C for 20 minutes with Ix
SSC/0.1% SDS.  Herein, conditions of higher stringency can be achieved by setting a high
temperature for pre-hybridization, hybridization, and the second wash. For example, a pre-
hybridization and hybridization témperature of 60°C can be raised to 68°C for higher stringency.

In addition to factors such as the salt concentration of the buffer and temperature, one with
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30 Fig. 1 is a set of photographs showing the expression of the
dopaminergic neuron marker gene tyrosine hydroxylase (TH) in the
ventral region of an E12.5 mouse midbrain. The left-hand photograph is a
sagittal section and the right-hand ph®tograph is a coronal section
performed along the line in the left-hand photograph. Furthermore, the
midbrain region was cut into four regions, and VL from subtracted from V.

ordinary%ﬁﬁ @ﬁ?@&rpcaﬂ%églng ﬁ%rgﬁe@{gE r53 %uch %eé}ﬂ' Ié%g;an ﬁ'{}%n (;)frobe length,

ventra 2 is a set of photographs showing the

ﬂucleoﬁit?ﬁszf&leﬂﬁmﬁnmﬁﬂwa Brdurls ririosstase trep Fﬁﬁhﬁ@%%ﬁ?&@ﬁ?ﬁ%ﬁlg and
allelic vaHenm| dh@%@éqj’bﬁﬁﬁg%mblﬂ%nusm@diﬁnl(ithsﬁbr@yﬂil@dﬂaﬂOn Fig. 3isa

f hOWI Its 0 xpressin
T e 2 S Cloping,
Laborat%t@&@%% m@ﬁa &ﬁ@é@a‘fﬁm@ Hegbor Erasgéi%%h&&s@ﬁap%%ﬁeiﬁm&m@m
Protocolﬁeﬁl}l@@Emem&ggmd&m%@yl@cESUn5@mﬂ%mtﬁ%dmma}fﬁoﬁal}]\!/a
. e, as tecte mmunaQ@s a set
Cloning B e FaL AL B e QLG RN AR (1999 Ston

2.10 for mﬂmr&su@hﬂmwéiﬁm brareps Eﬁmm% patydessstadepynclude
pmynuci&ﬁﬂ@ié@ Q8iainingy larﬂ?ﬂﬁe‘e‘iﬁ&: shpwnctothe: 9&9@@%@%«3 m%r@AIEﬁfﬁ@ "?eferably 70%

amln ?{ enltorcglls Fl 6isa %% 08?I owin 1
o more e AT O SRATDA T TARIGA BSRFaLEIoN ot T TRE I Aol
95% or m@@@ss’er mm Hitar Hitth, W derebiBd oymwsiludepbiidiydticnkafiven nucleotide
sequenceaémiﬂ @acatgﬁéﬂ gasHbstantia B%@t&%ﬁiﬁﬁ@ﬁmﬁg%‘@@mf ig d%g(%ltschul et

(1990 RN, S BOlGetac By R R AT RC BN R Bt Acad

Sci. US ApBa®rs - @@éerebtaﬂmom%@mbgsebékhnddﬁ&nhmﬁmmemﬁbed
BLASTTW&@%“M Rlengatan b CANGRIQ NHEIRYS @nd Bx%grlxﬁl W&ctgfﬂuﬁmg the identity

ot min g S e I P TG e
developetﬂmescﬁdm\ﬁéﬁgpﬂgenﬂandnﬁmmm to determine identity at the amino acid level.
As described above, http://www.ncbi.nlm.nih.gov can be referred to for specific examples of
analysis methods.

Genes with an Lmxla-like structure and function, such as Lmx1a isoforms and allelic
variants, can be obtained from ¢cDNA libraries and genomic libraries of animals such as mice,
rats, rabbits, hamnsters, chickens, pigs, cows, goats, sheep, and primates comprising humans by
designing primers based on known nucleotide sequences of the Lmx1a gene, using gene
amplification technology (PCR) (Current Protocols in Molecular Biology, John Wiley & Sons
(1987) Sections 6.1-6.4).

The polynucleotide sequences can be confirmed by using conventional methods for
determining sequence. For example, the dideoxynucleotide chain termination method (Sanger
et al. (1977} Proc. Nail. Acad. Sci. USA 74: 5463) can be used. In addition, sequences can also
be analyzed using a suitable DNA sequencer.

Moreover, since it is preferable that the marker polynucleotide probes of the present
invention should specifically detect Lmx1a expression, the present marker polynucleotide probes
comprise polynucleotides that consist of nucleotide sequences containing at least 15 consecutive
nucleotides from each of the nucleotide sequences of: (1) a sequence complementary to Lmxla
mRNA; (2) a sequence complementary to the nucleotide sequence encoding the amino acid
sequence of Lmxla; and (3) a sequence hybridizing under siringent conditions to Lmx1la mRNA.

Such polynucleotides comprising nucleotide sequences that contain at least 15 consecutive
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dopaminergic neurons. Lmx | a was considered to be expressed in
dopaminergic neurons at all stages of differentiation. 20 Best Mode for
Carrying Out the Invention <Marker Polynucleotide Probes> The
"dopaminergic neuron marker polyniftleotide probes" of the present
invention are used as markers that select and/or detect dopaminergic
neuron progenitor cells before and after 25 proliferation, and

nucieoti&?LQamm' [gie W&{}b&_-f@@@@c&ﬁlgmﬁl miﬁ&sm?:ﬁamff {dheoeseBSHW? RT-PCR
. of Lmx|a.gene, whic pre at all stages of differentiation, from
primers B R AL b O G o L S a0 e S e i LS Rormaly
consist ofidpamifdrgiedruefernblinl AduRs. Misdentidrsonte vdewiesnsbas gritAgKkidhey
normallyJ&NRREEE HNOND1 §6f SXRERIR JRESAYEREEHR T0QHRELTHIR CAWRS: using as

) Fﬁferr?d to fn gggture 403: _764-7%%9 (%gOO)Bi I\éa,;[rtir% 428: 5(?13;6-:5]“72{5?” %%992  sequence
PHIMCTS; (& ARG TS5 58! gﬁ%‘@ ) DN A T SR AT S KB P GRaERE ey e
or tag or GenBeidkdindbeith® Andession NeirNii083652 ufeemdradniaafo a target

sequencd-MERIAS HARTBRAEGIHRIGERRIZWY flecldit® (RQHRNANEAFRURIE at least 15
sequence of humagy mxlais r sptgggt | nBank under the Accession

consecutiyg TALIETIEFT SYhaY FEBHEE utant (GenBank
AfokssimiiNociivdE7808) hbike atsedué envraportedn Hemmeaahethfi@n cells that

express PRYIWEIEOTIHR RFORE: SIS AHIRRIWRGE S OIRORES Qh & NUMPRI Bfio3D they can

nucleotides, such as deoxyribonuclei¢ acids (DNAS) or ribonycleic cids

also be ey, bt HGMGH RO PEHS BRIPLIBUTRI BETELIB LRSS Sdsioh GpProbes:
which arthephpitdecdenéc PatioldsstyomeéodbiNRradaictnglBOBe usadsas, amprbbebtained
. in ti iN:Si idizati ( | A4 verse
L i FA gy R
directions Ag e YAy pHE B RABE RO ATHBF IGHELIEIIOGSBRELor detdaheg PSFP64
containsBINAPS pisses:,\Whendiefectinglucing ailgemetexire ssinbibing gihapth®3, T7

pmmctepggﬁ%g%g@n%ég%%&%ﬁression, it is preferable to 5 use the

region en e amino acid sequence of mouse Lmxla is
registered in GenBank asNP_387501.1. The coding region corresponds
<Antiboiegticleotides 220 to 1368 in the

The present invention provides anti-Lmx1a antibodies that can be used for tissue
immunostaining and such of dopaminergic neurons. Antibodies of the present invention
include polyclonal antibodies, monoclonal antibodies, chimeric antibodies, single-chain
antibodies (scFv) (Huston er al. (1988) Proc. Natl. Acad. Sci. USA 85: 5879-83; The
Pharmacology of Monoclonal Antibody, Vol. 113, Rosenburg and Moore ed., Springer Verlag
(1994) pp. 269-315), humanized antibodies, multispecific antibodies (LeDoussal ef al. (1992) Int.
J. Cancer Suppl. 7: 58-62; Paulus (1985) Behring Inst. Mitt. 78: 118-32; Millstein and Cuello
(1983) Nature 305: 537-9; Zimmermann (1986) Rev. Physiol. Biochem. Pharmacol. 105: 176-
260; VanDijk et al. (1989) Int. J. Cancer 43: 944-9), and antibody fragments such as Fab, Fab’,
F(ab’),, Fc, and Fv. Moreo{fer, the antibodies of the present invention may also be modified by
PEG and such, as necessary. Antibodies of the present invention can also be produced in the
form of fusion proteins with B-galactosidase, maltose-binding protein, GST, green fluorescent
protein (GFP) and such, to allow detection without the use of a secondary antibody.  In addition,
the antibodies can be modified by iabeling with biotin or such. to allow detection or recovery
using avidin, streptavidin, or such.

The antibodies of the present invention are specific to any of: (1) a polypeptide encoded
by a Lmxla gene (SEQ ID NOs: 13, 15, and 17); (2) a Lmx1a polypeptide (SEQ ID NOs: 14, 16,

and 18); (3) a polypeptide comprising an amino acid sequence with a deletion, imsertion,
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sequence ofNM_033652, and its specific sequence is shown in SEQ ID
NO: 14. In addition, the amino acid sequence of human Lmx1 a is also
known (GenBank Accession No. AA-L82892.1, etc.), and its specific
sequences are shown in SEQ ID NQg: 16 and 18. 10 If needed, the
marker polynucleotide probes of the present invention can also contain
non-naturally-occurring nucleotides such as 4-acetylcytidine,

subs‘u“rufcéngC DY, %%ﬁﬁ%ﬁé‘%lﬂﬁk %c{‘a %Mﬁxqqlgglypepmde (SEQ ID NOs: 14,

-ca oxyme iouri |ne 5
16, and I(let%)(? wﬁ@l@ﬁ%%ﬁi}fﬁ}ﬁ%ce that hybridizes under stringent

conditioms- @m&m@s&u@@ptw@m&&t@wﬂﬁmﬁ@u%@ﬁm of a Lmxla gene (SEQ ID
NOs: 1327940¢ g%gal%gﬁlmﬁ]i 'ES Qx%n nyl§ gRenaaosmg eitidned polypeptides

i‘nefh osine our |ne ylguanos ne,

of (I) to 1%@{%%% ﬁéﬁiz(dedengﬁét}?%WIad@mﬁ‘édc comprising at least

six amind-40RIRAERBOSRexantpRilyIgytidine, &-nieihyicytididesidues or more).
%lg metlg}%elldsegg‘?rE e, 7-m th)(@1 anosm 5 mgt C\%ggunometg:\)/lgrslgﬁr&%zm
me hoxyamlnom ﬁﬁ Sthiouri ne (5 m nnosylqu LS 8

antigen, Burhao%POAYDEPHA @m@ra@nﬂ%ﬂmmﬁé B- ?ﬁ@ﬁw@i@@éﬁtﬁ%ﬁf@iﬁ%urm gadition,
short fraPniBEINEKYWLiCH Bwyﬂw&m@ma@mrﬁeﬁﬂ@dﬁ!@g&m@mm coupled o &

3-D- rlbofuran ur| carbamoyl)thr onine,
carrier s%ht%é %@\Bn SE 6¥lmanos 5 ljrln-%gg:t) % ﬁ;l}ﬁe v umm In addition,
Lmxla mﬂmﬁeﬁg%wﬁw@@miwhw@ﬂfynés@ Uéﬁél mecsx:@btya@@ncvaﬂldmown adjuvants,

such as M%%i!&aﬁﬁepﬁ%ﬂﬂ@ﬁgnﬂﬁ@b' 68 cantBleEtiiNRant, or pertussis adjuvant,
ethyl-2-thiouridine, 2 :ﬂoundme% thloun%me 5- meth)%lurlgl !
fo enhanf\ffrg%@

uﬁ%éfjﬁpar%syf)p m%%%arbamoyl)threonme

ZT@aﬁmﬂ%ﬂﬁﬁmuﬁ@H éooi@amieth Vheridinibp 25 wi/thetpsisejtandention
comprisSniIN O3 AROKHRIGRUMMAL BT RE-MAKESH RO WAHEETdeoles 0 acid

the present vention comprise ucleogde se(iq]@ences that are
residues cOpsHuHEL By 5 AR &ﬁ% REAT 8 SSEHTE IR Bxpradiedapino acids.
Moreovaﬂmharhm iglpcrigpﬁphéeFof @segmpletthephoaiectidegeednsenbmaisemodified
by other lgec@%ﬂge§eglstered in GenBank with the Accession No. NM

§% 652, and its specific sequence is shown 30.in SEQ ID NO: 13

fhUEILO RAP Rl S JoR B RS MBIRRHRREIRT & THRPERSRIA faisngion should
have the usedemsithe Markarapolyrocipatide pripepoithepresent invention acid sequence

with a ddTIRE RIS AR RE D SERHENT S 054D %?%ﬁolr%lﬁdﬁ LERHISIRIGEn the
GenBank under the Accession No. NP_38750
amino acid sequence of naturally occurring Lmx14” Iti1s well known that mutant polypeptides

consisting of an amino acid sequence with a deletion, insertion, substitution, or addition of one
or more amino acids, maintain the same biological activity as the original polypeptide (Mark et
al. (1984} Proc. Natl. Acad. Sci. USA 81: 5662-6; Zoller and Smith (1982) Nucleic Acids Res.
10: 6487-500;, Wang et al. {1984) Science 224: 1431-3; Dalbadie-McFarland er al. (1982) Proc.
Natl. Acad. Sci. USA 79: 6409-13). Methods for deleting, inserting, substituting, or adding one
or more amino acids in a given protein while maintaining the original antigenicity of the protein
are known in the art.  For example, polynucleotides encoding mutant proteins may be prepared
by site-directed mutagenesis and expressed appropriately to obtain the mutant proteins
(Motlecular Cloning, A Laboratory Manual 2nd ed., Cold Spring Harbor Press (1989); Current
Protocols in Molecular Biology, John Wiley & Sons, (1987-1997), Section 8.1-8.5; Hashimoto-
Goto ef al. (1995) Gene 152: 271-5; Kankel (1985) Proc. Natl. Acad. Sci. USA 82: 488-92;
Kramer and Fritz (1987) Method. Enzymol. 154: 350-67; Kunkel (1988) Method. Enzymol. 85:
2763-6).

The antibodies of the present invention comprise those that are specific to a portion of
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(SEQ ID NO: 14); however, due to degeneration of the genetic code, its
nucleotide sequence may differ from the nucleotide sequence of
above-mentioned GenBank Accession No. NM 033652 35 (SEQ ID NO:
13). Polynucleotides complementad/gto such degenerate sequences are
also comprised in the marker polynucleotide probes of the present
invention. Furthermore, in 13 addition to degenerate sequences,

an Lmx 1 Ppiispeitididedicothplementary tehuslpolideseirsenibsithél Hppgtizenino acid
sequence %@(i[er 2 %&%ﬂtﬁﬁgg'gﬂgé%‘g@@%MEQ%Wlﬁ@%%@ present

nucleotide sequence - 13) are also comprised in the marker
inventionssipRIiRBRP EREBe SR T BE SR RCTd THeEs ARFAUERBFigoast s amino
acid residBD lamyoRUmRRLmMIR SEIE0ceS afd Alsaiknowhl (BEQDNBsrdSahdix ia.

. 7), and the marker palynucleotide:. i i
raricuo{ RIS MEELORTNE ol Iobep SRR DERICD At
amino teiaRHRNAPPEKIERIIBHBCS With a dégeddrxt PelRERLA gfg include

ﬁagmcn@@&ﬂ&%ﬁ@%ﬁ&ﬁé&%{%ﬂ@@%@ﬁ“ﬁﬁ&ﬁ%ﬁ@@@dﬂg ﬁfﬁﬁb‘d%ﬂuﬁlﬂbii_ﬁ%gion, a f-sheet
sequences that hybridize under. stringent conajtions fo.Auman Lrnxia .

ond -0 R A NOL BP0 AhE 17 TS He Ll L griee
index regiora muclbotidesbfumrioa reswprisbidior iy regiefe ctielsahnbiteginaga turn
and turn FRMRIStRIY BaEHa eRRteshalsotbase I bishhaideasthéQiesent application,

prefera.gl 0%, more preferably 90%, and even more preferably 95% or. :
Lo o GREPHER SRS SR OB, B GB orB PhIoDueE o (e LLgLngy of
Lmx1a pohptehtitie tefiplatatigeis detowritingt SiE géaa WREPSWEH I RePRBIEGyISIng
methods AIEAHE 1080 1a RPlRSBldes WEPHNR SRR HRGHRB. adi@ERifuence of a protein

"matchlﬂré%; referst gne forg,}aiiﬁ a chaint in (X\él’g}l Qéc%% nineﬂ({ﬁy@éhe sis
(Ryte-Doghtfliotide R dobiice F tha te gf PO PaPS e hymlnéﬁtw
(Chou-Fd{anand3d 18) AmcaBeoBRNAYMT 431 L paibwithdxanho ST airnaapputer
program{ PAnaNBRAALS Yith Gadlomalpgy hetrempranesificpueieatidaralnd @i peptide
) the nucleotide sequence level can b termined, forg%%%g, tf}/ the 27% (P
i syntheesda P ATSO AR EARCRLI 80T MR K8 DN UV R 7Y0- (P
A) S60-5BLASTn¢AMtadind Byaki{4080)chalidiaBiphld iB1ie03ut 1@ phadiheena non-

J apmeseqﬁ%%%ﬂﬂiﬁo%rc%f&m; OF the like.

Lmx1a polypeptides and L. mx1a polypeptide fragments can be isolated from Lmx1a-
expressing cells, fissues, or organs, based on their physical properties. ~Alternatively, these
polypeptides and polypeptide fragments can also be produced using known genetic
recombination techniques, chemical synthesis methods, or such.  For example, for in vitro
Lmx1a polypsptide production, Lmx1a polypeptides can be produced in an in vitro cell-free
system using iz vitro translation methods (Dasso and Jackson (1989) Nucleic Acids Res. 17:
3129-44). In contrast, when producing polypeptides using cells, a polynucleotide that encodes
a polypeptide of interest is first incorporated into an appropriate expression vector, a suitable cell
host is selected, and then the cells are transformed by the expression vector.  The polypeptide of
interest can then be obtained by culturing the transformed host cells under conditions that -
express the polypeptide most efficiently.

Vectors for expressing polypeptides inciude vectors of various origins, such as plasmids,
cosmids, viruses, and bacteriophages (Molecular Cloning, A Laboratory Manual 2" ed., Cold
Spring Harbor Press (1989); Current Protocols in Molecular Biology, John Wiley & Sons (1987)).
Vectors comprise regulatory sequences into which a desired polynucleotide is incorporated so it
will be under the control of the regulatory sequences when expressed in transfected host cells.

Here, the “regulatory sequences” include promoters, ribosome binding sites and terminators in
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determining homology between nucleotide sequences based on this
algorithm, and can be used to determine the homology between a marker
polynucleotide probe sequence and a template sequence. For specific
analysis methods refer to http://wwwincbi.nim.nih.gov, for example. 25
Alternative isoforms and allelic variants may exist for Lmxla.
Polynucleotides that can detect such isoforms and allelic variants can

the case%(féol é’(ﬁ]ﬁ%‘g&i’i&%‘mr 3 A %1 g@&g ﬁr?n%a lE)FT g @Iié@%% Bkic host

mentione ere is a 0SSl |ty at genes wit
cells, angHoRGIA GRIGy WHIFEHRTIE PRI EISARo8 A MRS iR e igcrption faciors,

poly A stiAhewnitestabirenalystitieniides daxingolighdendgloby daiy biien ﬁgﬂals and
others. pgvluﬁ]u n%e{ 5 mngeerﬁtegx bri I 1956 %ﬁ ﬁ?ngognonés’ne-lr-l Se{g f8 tlfqorﬂlz'x ez%ressmn of

nuc Otl propes o the esent |nvent|o comprls poynuc eotl

POIYHUCiﬁ@t@?ﬁﬁﬁhgé ﬁh@t@é@ud@lg'eﬁﬁfé@réég%ﬁ AT AT TR 8¢l eting eparkers.
AlternatbRigitionsnto %ﬁ%ﬁ%&@&!@ﬁt@@ﬁﬁﬁ&ﬂ grofine- Pl R éﬁ;ﬁ@ﬁﬁé@ ﬁlﬁ:@ypeptide into

a WhICh. IS.S ecmc ssed in do
the lum?uc)% |§’o%ol?§®)i iﬂl(il l}I)tI s fanc ynpu{gfeoff%es hvgt%mg %ﬁmméf
negativecacheboliniing: PORPEDN AL @m@i@é,lahé fg@ﬁ@rﬁf&llﬁéﬁﬁa@@wméﬂé mto an
expressxﬁﬁe&é@t&%%&uman@ ﬂﬂ@@ofﬂ@s&@&m& hamiiedsoahiCkERBIaR SOMRrest and

ats, and shee r exampl reparing probes ba ed on
expressi o ot e R R e Bl R PO RS e TR g can e
used.  lcakyre mmmummmsmt%bmﬁmmmﬁm;dﬁ@m TGA) may be
inserted RIGALE shybridization, and Southern blotting. See "Molecular Cloning, A

bora ory anual 2nd ' (Cold Spr arbor Press | 989 for
fm&% R RO BN ATBANEE TR AR PBEST
(Promeﬁﬁ}alldbleddBNA Wbrmssvmtgmamkmmaﬁebaﬂaya@kcﬁbeemmn in prokaryotic
hosts (s&ogitru‘ﬁ@%%&ﬁﬂ% TEEY#S=8XP @%ﬂd%%@e@ﬁ@“ @@lgi‘i’tsﬂrﬁ&bﬁ@ﬁjng))

IS p(ﬁﬂﬁred from cells, organs, tissues or suc ﬁ ss Lm la
One wi élf% é’&ﬁh?q%ﬂa&%ﬂ% YGRS Bt SRR Ff 'é’ttabie
methodsafof 1978) Biagheiisiyyri8 11528ds529 900G RS C(&ﬁh@mdﬂwml aﬁdr example,

fungal cé?&g&ﬂ%g%éls%‘ﬂd%ﬂ;(]‘r@?%g%@? s TaRed et %@%ﬁ H{Héﬁéé'%ds

Kit (Pharmaci.a) or such js used to purify mRNAs from t
mammalag feles A t%’r%b RSy 216 RIAE 5 AISHBE Bbtiinét iifd %7kﬁ3er<°
HEK 291 itetvmsRidApreparadinmygtlomas\aQuickRibpa, Namalwa KJM 1, and HBT5637

(Japanese Patent Application Kokai Publication No. (JP-A) $63-299 (unexamined, published
Japanese patent application)), etc.) can also be used as hosts to express Lmx1a polypeptides and
their antigenic fragments. Vector systems suitable for each cell and methods for introducing a
vector into host cells are also known. Moreover, methods for expressing exogenous proteins in
animals in vivo (see, e.g., Susumu (1985) Nature 315: 592-4; Lubon (1998) Biotechnol. Annu.
Rev. 4: 1-54) and in plant bodies are also known, and can be used to express Lmxla
polynucleotides. '

DNAs can be inserted info vectors by ligase reactions using restriction enzyme sites
{Current Protocols in Molecular Biology, John Wiley & Sons (1987) Section 11.4-11.11;
Molecular Cloning, A Laboratory Manual 2nd ed., Cold Spring Harbor Press (1989) Section
5.61-5.63). Inaddition, the Lmx1a polypeptide expression vectors can be designed as
necessary by selecting nucleotide sequences with high expression efficiency in view of the
frequency of the host’s codon usage (Grantham ef a/. (1981) Nucleic Acids Res. 9: 143-74).

The cells of the hosts that produce the L. mx1a polypeptides comprise polynucleotides encoding
the Lmxla polypeptides. So long as the polynucleotides are expressed properly, the

polynucleotides themselves may be regulated by their own promoter, incorporated in the host
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MRNA Purification Kit (Pharmacia). Next, cDNAs are synthesized from the
resulting mMRNAs using reverse transcriptase. cDNA synthesis kits, such
as the AMV Reverse Transcriptase First- strand cDNA Synthesis Kit
(Seikagaku Corporation), are also c&fhmercially available. Other methods
that use the 5-RACE method to synthesize and amplify cDNAs by PCR
may also be 15 used (Frohman et al. (1988) Proc. Natl. Acad. Sci. USA
genome, 39 nR098:0002; Batyakskyeiaha(ka8R)yuMucleic Acids Res. 17: 2919-32).

i, a4digonyin ?Igﬁqﬁﬁ?e L @%Eﬁ{gg@%@?@g@ g%@% cells selected.

percentage 0) ength clo nown techniques suc

|
For examgiigovdspininalcpibuamvbrlyisaindedsGands cobuyed dweabest 1574200 hours
at a pH oPHBYIA €k8%¥7AddenePQalA8-56) mantalao-oy @mgwﬁﬁﬂlﬁh&mug\smam

(Vuolog%lgtagggzllg ygfrf%lﬂz}%ﬁ (%E:%JQ i”‘s’B %%?e%for ET Int JV %@rﬁfie%oAssoc 199:

ion COI’] IOI’]S Su present

519 (196|meh%ﬁl>mx§1u$j@c ‘Biek ¥edo7800 SBS 03 er IMiNseldngoramssugh es fetal calf

serum (F@:@j "B R2LssfL %0 BR&E6E, the ardiignsmal Wehastenoeneydnetugired during
h 55%%%“1% SDS, 65C", "0.5x SSC, 0.1% SDS, 42C", and "0.2x SSC,
© COULRS 26§ §5¢ neI\/Forergpeuflcally a method that uses the Rapid-hyb
bufferalxnieedhakd 2 pelspsetidey pariibecddryieansuepyipelraniidgchniques can be

recovercBSoy Biidizatiomat ﬁﬁ? i% 2R RNHHIRE IR G RAGiRG A PEIRETI@ds when the
allow ébrld formatio for ne ho ror mor washin C%tttﬂr ﬁgn&e cells are

host is 530S R B UILMEERISETRIIIE BF 26 RIRAL Bor Wash
dissolvedvarshihg ptiypertiftesare beSSOIGl o8 U8 dis3TiCtion poduistes!) bé m}ashptldes

of mtere?crb‘ilef 'ﬁ@ﬂ%m&qﬂr%@ éﬁéﬁ%@g%&@%@ﬁ@ag LMIPHERRGN, such

he
s R S Sl R B R e
ultrafiltr A58, forcBG:taliitstsrg nond ra e addiay sis)abetetqproiepdadoncgbeting

prempﬁaﬁtn%é&x}&é@Mﬁﬁeﬂaﬁ%ﬁﬁm{?ﬁ% washing: %&1@%!ﬁéﬁ(§sct&a§m@la§ of

at room temperature for 20 minutes per wash, and washing once at

chromategzaphy; DElATHIRBSTERANRE SETRR 1A EIE, LR TUSRAT GRS Righames
chromatsirigeneifx oty berachiegethby, settirgd phgh: tdnoper@igrpligr adsorption

chromat(g%eaéyéil [Zaion brgizalon. ARd 1he 386008 Wﬁ%ﬂla@é&ﬁﬂfﬂ%&%‘ﬁmm

Ization and hybrldlzatlon temperature of 60C can be raised to

chromatgepty RigrEhRigEit s IMAIRERES fediE g RifRaRgagfy (Swategies for
Protein etienivationt dftiraderfferiand Achaperatore ConeseiNfenual, Marshak er al. ed., Cold

Spring Harbor Laboratory Press (1996)). The proteins can be purified by liquid phase
chromatography, such as HPLC or FPLC, using various types of colurnns.  In addition, for
example, when a desired protein is expressed as a fusion protein with GST, purification methods
using glutathione colurmns are effective.  On the other hand, proteins with histidine tags can be
purified using nickel columns. When the Lmx1a polypeptides are produced as fusion proteins,
they can be purified and then unnecessary portions can be removed using enzymes such as
thrombin or factor Xa, as necessary.

Naturally occurring polypeptides can also be purified based on their physical properties
and used as antigens to obtain the antibodies of the present invention. The purified
polypeptides can also be modified using enzymes such as chymotrypsin, glucosidase, trypsin,
protein kinase, and lysyl endopeptidase, as necessary. In addition to the aforementioned
chemical synthesis and genetic engineering techniques used for the Lmx1a polypeptides, Lmxla
polypeptide fragments can also be produced by using suitable enzymes, such as peptidases, to
cleave an Lmx1a polypeptide.

Polyclonal antibodies specific to dopaminergic neurons can be obtained from, for
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15 ordinary skill in the art can also integrate other factors, such as probe
concentration, probe length, nucleotide sequence composition of the
probe, and reaction time, to obtain Lmxla isoforms and allelic variants,
and corresponding genes derived from other organisms. For detailed
information on hybridization procedures refer to Molecular Cloning, A 5
Laboratory Manual 2M ed. (Cold Spring Harbor Press (1989); Section

7- rotocols in.M Iecula logy (John.Wiley & S
examPIeg g 7?%',%1730 eéﬁ%n %nél /é) a(t.l,Jlonlngm‘iE rgore “]mcﬁlr%qugergnﬁ s Wlth purified
Lmxla mbmmﬁmbsr&mm%aewﬁ;@m@ﬁﬂ/&m@%ysm 2.2dthough there are

no pﬁi@@ﬁdﬁﬂ@ﬂ&tﬂ&l@&ﬁk@ﬂl@é){ﬂ%ﬁ@%@&f hypidgiziRghbitdelaatideseine! Yseomorphs

nuc ot| scont nin ucleptide se uence that has tlea t 50% or
and pnﬂ?r%)ér@e Fotera %ﬁf i%)l%??lrhggréo%%rse%?e & 4BIS a5 8P SUF i dtgmorphs

such. as ﬁﬁlb]f’é% r@érﬂ@?@@/@@h foReo(for esxanepldin@3ynommgre  mopkette nistes monkeys,

baboon@ﬁ% ,cﬁﬁ%)a?&%s Orﬁ%ﬁﬁﬂﬁ %ﬁrtﬁé lﬁ%ﬁﬁﬁﬁ%ﬂrbﬁ éiﬁﬂiWH' Hﬂﬁk%%igaﬂléﬁa_mdmg a
nce o ites C d us ng.he

sensitizifg ﬁ%n(%%c%sp?‘ﬁ% 5‘@0&%}5" R R S U e S iRE with

adj UV&HK%?W@S@HN&@M#E@Q@@)%@M Ntk txenit oS aUsal 90t 587 Bhalfor

subcutaSRIQEMINI "igl@ KRRV hageiioniie e :abe¥aResGHRGH o BAAR LN are

prefemb@%’e%@rﬁl?y rggcleotge .se ug%r%}cg the Béf‘ﬁaéi éggél c))r%%eterrlr%?(;?a% b

confmgib?@&l&@)m‘a@awmlbeethocie\teIm@edtmﬁadimlm&aalgnntmlwadmmst in the
serum. b?ﬂfﬁﬁ d inOeterminRida Beatdbe A ipoadichigvelinped S?‘gilﬂg O be further

ttp:// i.nlm.pih.gov can'be referred to for cific
s L T S e A

(1987) Saq:tm;mlh&@hlésllhﬁma:psofﬁm&mﬂallehc varlants can be obtained

fiapheObM I irates ANd 06O MRS IRIHESAf RIS TRCS: SRS
bits, hamste S, chickens, pigs, cows, goats, S eep and primates
lmmw%gﬁﬁ ﬂ#&ﬂ%@d ARG B SRRSRAS R AEWh fiteRlefr@nd fusing

them witiequeitebl aftblermodibgénepoisiet gene chroglifRativnrteckinalegiabliish
hybndox%?ag R) (@S%?C%%%ESI%E%%%%M&%M glaGHEL B Réo@/ th%%é(!ﬂ? Xlé‘th%%%ﬁ%g‘e and
Milstein (1 981 Methods Enzymol. 73: 3-46). Cells that allow chemical selection of fused cells
are particularly preferable for the myeloma cells.  When using such myeloma cells that allow
chemical selection, fused hybridomas can be selected by culturing in a culture medium (HAT
culture medium) containing hypoxanthine, aminopterin, and thymidine, which destroys non-
fused cells. Next, clones that produce antibodies agatnst Lmx1a polypeptides, or fragment
thereof, are selected from the established hybridomas. The selected clones are then introduced
into the abdominal cavities of mice or such, and ascites is collected to obtain the monoclonal
antibodies. For information on specific methods see “Current Protocels in Molecular Biology”
(Jobn Wiley & Sons (1987) Section 11.4-11.11).

Hybridomas can also be obtained by first using an immunogen to sensitize human
lymphocytes that have been infected by EB virus in vifro, then fusing the sensitized lymphocytes
with human myeloma cells (such as U266) to obtain hybridomas that produce human antibodies
(Japanese Patent Application Kokai Publication No. (JP-A) $63-17688 (unexamined, published
Japanese patent application)).  In addition, human antibodies can also be obtained by using
antibody-producing cells generated by sensitizing transgenic animals which have the repertoire
of human antibody genes (W092/03918; W(93/02227; W(94/02602; W(094/25585::
W0O96/34096; Mendez ef al. (1997) Nat. Genet. 15: 146-156, etc.). Methods that do not use

hybridomas can be exemplified by methods in which cancer genes are introduced to immortalize
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The polynucleotide sequences can be confirmed by using conventional
methods for determining sequence. For example, the dideoxynucleotide
chain termination method (Sanger et al. (1977) Proc. Natl. Acad. Sci.
USA 74: 5463) can be used. In additidn, sequences can also be analyzed
using a suitable DNA sequencer. 30 Moreover, since it is preferable that
the marker polynucleotide probes of the present invention should

immunospesificaibudaieridinyia@xrressionnthigeesent marker polynucleotide

robes .comprise polynucleotides that consist of nucleotide sequences

B ARG T S B B S R O SR A ecbiques (see
Borrebasuictedtidesdy (K9 bér¢pydisddorpdentmplameinaryios Malaa Publishers Ltd.,

UK).  IENAR ﬁﬁeﬁﬁgﬂgaﬁmFkt%[}zfﬁé’dtﬁ%ﬁ%ﬁ%ﬁhﬁgyﬁﬁﬁ@ody—%mducing
encoding.the amino, acid 35 sequence, qf mela;.ar‘gﬂ (3) a%@uence hybri

cells (sl U S BB SR ionE S T HIRE IR A 8L B B AR St vector
the vect@omprigidgeaddteotide siequé Hoebdtiat cofttai ab lpastuts termadutie 18his type

of reconmiﬁ&?ggﬁﬁo@]ip 2seiagRAraPes ifdetacing Y I?%%éﬁﬂ%ntion. Typical

expression, of as PCR or RT-PCR primers for amplifyjng Lmxla mRNA.

examploHeR SRR HBBRAIAS PelyAt CRIBTNSTHORAGI: BEHEREUPRE Yo bRy human
anﬁbodﬁl‘iekﬁmﬁ@mfﬁyi&&giﬁﬁmdlalhuﬁdesaiﬂ;ﬁibd\}hémi}@dcbmmﬁdhegﬂd humanized
antibodiB9" g 881@1%/'%&9 k %J%ﬁﬁhi‘ai-%m%fc?ﬁ%&{ff% ﬁ%@tﬁgeterminmg region

nucleotides. en using as 5 primers, the polynucleotides can be .
(CDR), ae@@héat@ﬁaxf@%%’f??eaewhﬁme%% EBRASHED oGy (ERPFANt region
(Jones eBULN BkdRttoUReC -85 aRdiatitinein 3t eNnd | A8 QurnneSOmpilsrie Rtarya
(1992) Q2 @#9%&&‘?9%?&19% SHCh. RApuslagtides, Whieh sonsist phapgleotide

sequences comprising at least 15 consecutive nucleotides, can’hybridize

wiHiDAdH A ASRIGINS ChdRer ShigR B Bal s GieaiRreme plesghpiveAtiBhor
monocldiail LRiPRAradiremycels shat 4 @ayiresspepida ugigriively, an antibody
oo STRATES LA MG R0 SUPD I 0 R
antibody frErRiBorstes e/ whidh %KD dokBraEred toBe?daridaIdpstErarddne i (1989)
Methodéletesting RMé\stinstissuancanbe-agtsinet 0y 3%5avtbtgod clansehbmxies: 497-515;
L S PR IS0 PRSI RO AR EHI HOIRYTecs. 0 it
Walker g&Rionlandrobitigesmd4®: 132-7).

Multispecific antibodies include bispecific antibodies (BsAb), diabodies (Db}, and such.
Multispecific antibodies can be produced by methods such as (1) chemically coupling antibodies
having different specificities with different types of bifunctional linkers (Paulus (1985) Behring
Inst. Mitt. 78: 118-32), (2) fusing hybridomas that secrete different monoclonal antibodies
(Millstein and Cuello (1983) Nature 305: 537-9), or (3) transfecting eukaryotic cell expression
systems, such as mouse myeloma cells, with a light chain gene and a heavy chain gene of
different monoclonal antibodies (four types of DNA), followed by the isolation of a bispecific
monovalent portion (Zimmermann (1986) Rev. Physio. Biochem. Pharmacol. 105: 176-260; Van
Dijk ef al. (1989) Int. J. Cancer 43: 944-9).  On the other band, diabodies are dimer antibody
fragments comprising two bivalent polypeptide chains that are constructed by gene fusion.
These can be produced using known methods (see Holliger ef al. (1993) Proc. Natl. Acad. Sci.
USA 90: 6444-8; EP404097, WO93/11161).

Antibodies and antibody fragments can be recovered and purified using Protein A and
Protein G.  They can also be purified by the protein purification techniques described above, in
the same way as for non-antibody polypeptides (Antibodies: A Laboratory Manual, Ed Harlow
and David Lane, Cold Spring Harbor Laboratory (1988)). For example, when using Protein A
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15 contains an SP6 promoter, methods for producing riboprobes by
combining phage T3, T7 promoter and RNA polymerase are also known.
<Antibodies> The present invention provides anti-Lmx1 a antibodies that
can be used for tissue 20 immunostgining and such of dopaminergic
neurons. Antibodies of the present invention include polyclonal antibodies,
monoclonal antibodies, chimeric antibodies, single-chain antibodies

to purify G5 YA BRI B M%&%&?&bﬁiﬁﬂuﬁcﬁ%&ﬁwm ré%%%ﬁwﬁl@

onoclona ody, Vol. 113, Ro

armac
POROS.«y. Ssﬁwmgl{ﬁér{g@a@@w bR bw@ﬁs) Fﬁ%{%ﬂﬂ%@&%ﬂ%@é i resulting

antibodymwtﬁ@&@ﬂélﬁrﬁﬂél@ﬁgilﬁ&&bﬁﬁl@ﬁmﬁbﬁﬁie SOkt 20 dnancBriGdppl.

UNG 8§ % Paulté%gf%%) Behring Inst. Mitt. 78: 118-32; Millstein and Cuello
?%(gf afire 9; Zimmermann (1986) Rev. Physiol. Biochem.

‘Bieopriiges| DIotng 76t vis0 oS ammijibedy cerdaodaisrnaineh A persug ag ahsorbance,

or by usiapdianidaesht Hﬁ%ﬁ&gﬂtﬁla@@asa&ﬁ@h;d:@m&@@s)& EﬁA@@ﬂeEmcis

 radoim S AR SARRGeS SR AreSUb I ERYCN MR lo0 e O BYecen

ch; as neceSsary ibodies rEsent invention can a
inventioyes @r@aa@wmhﬁ@w%ﬁﬁm @ﬁqbr@fsariéamh (3odaractesidigeptide is then

added, aRAalOSRPNNHRGRIAIR %Eo@f&ffﬂﬁ%@f&ﬁ%%ﬂﬁdﬂtm%&i: e pleh,

to allow. ction Wlth e of a se ondary antibod iti
continigg B o e O o e o .
produclr:@e:@mmmﬁﬁém@ﬁ)dmsmg@mtn shieptavisinoestasy ehtivody dhabisdisnis an
mbodfh?tﬁée;ﬁ%ggﬂwﬁf&%@[@&Rﬁ@lf%@tﬁ@m{eﬁ%)lﬂcagéx@@pn@ﬁ gRdeah dPwashed

ond e RS o S04 o0 A BOEe SERBIEINY sy,
anubodyaeu};dds@qall enﬁealxhtﬂmdéieﬂémtatﬁseﬁwmalﬂpbu ifstitetioen binddditotofy can be
detenmr@@;%gg&ﬂ%{ ﬁ%fﬁ?yﬁ%%ﬁ&@t@aﬂc%%ﬁf@b%@@ﬁﬂﬁe&?ﬁ&é%ﬁé@%ﬁ&’théﬁmeasmmg
e o e e e v can
also be e muiclebtide metelhycaofivilieaxl a gene (SEQ ID NOs: 13, 15, and 17);

and (5) a partial fragment from any of the above-mentioned polypeptides
<Detection of Dopaminergic Neurons>

The present invention provides methods for selectively detecting dopaminergic neurons.
Dopaminergic neurons at all stages of differentiation, from proliferating dopaminergic neuron
progenitor cells before cell cycle exit fo mature dopaminergic neurons, can be detected using
Lmxla expression as an index. The methods for detecting dopaminergic neurons using
polynucleotides or antibodies of the present invention can be used to diagnose disorders, such as
Parkinson’s disease, that involve degeneration of dopaminergic neurons. Dopaminergic
neurons can be detected using the marker polynucleotide probes or antibodies of the present
invention. _

More specifically, the present invention provides methods for detecting dopaminergic
neurons, comprising the step of contacting a marker polynucleotide probe of the present
invention with a cell sample containing potential dopaminergic neurons. In these methods, the
marker polynucleotide probes are preferably labeled with a radiocactive isotope or non-
radioactive compound. Examples of radioactive isotopes used for labeling include > *S and *H.
When using a radiolabeled marker poiynucleotide probe, RNAs that bind to the marker can be
detected by using emulsion autoradiography to detect silver particles. In addition, commonly
known non-radicactive isotopes for labeling a marker polynucleotide probe include biotin and

digoxigenin. A biotin-labeled marker can be detected using, for example, fluorescently labeled



5 of (1) to (4), which has antibody-inducing antigenicity, such as a
polypeptide comprising at least sixéapino acid residues (for example 6, 8,
10, 12 or 15 amino acid residues ormore). The antibodies of the present
invention can be produced by using, as a sensitizing antigen, an Lmxla
polypeptide or fragment thereof, or cells expressing the same. In addition,

avidin, o%hg{éig?%%}%g%i% Ln‘é)r(llza gglyfc%p%da?lig}%n%]so% %tléjssqeccajr %grls%lflargi%o}ge%g%dase.
when coupled to a Catmier such as bovine serum a bumin,
Digoxiggayfteldinmpekérs rrochaditectniionglbutirdie dxi gaditionibddiaxlabeled with

fluorescHRYBERIIGES O agments ihareab may ke tsedincam '&%&i%g@itw%\@{e ng

adjuvants, such as aluminum adjuvant, Freund's complete (or incomp
enzyme Lplipgnieticpenifssieiad Nt ineubatnmhedhibesimane subspaiese forme stable

pigment antigaRarkbe obdnsha M@M@ﬁéﬁgﬁﬁ&ﬁf@ﬁﬂma%ﬁgﬁiﬂ?} antikogd &%@nﬁ@ﬁt and
resent ir%ention éS comprise naturally occurring Lmxl a derived from

s P
particulagly preferaplemetang & et oPHRSHNRE KEIE YOSRIERS constituting the Lmxla
Iﬁmiyﬁlﬁamidﬁtk]]ﬁﬁ@yab?ﬂﬁtﬁﬂﬁlbhgﬁﬁﬂd?@%‘rﬁwa?ﬂﬁ% @Pgidinergic neurons,
M , tides of the present application comprise .
eSO T P e P
comprisipgljprpridergionabtainiripthidicaitibodie sofrthe reséminventigrmhkulod

dopamingRaNehe Migﬁfﬁfsi%f?&lu%%!%QQ%SW&% aoggﬁx&%pgié%e%%me 15109 genitor

an amino acid sequence with a deletion, insertion, substitution, or _
cells beforgditibAvsicoitdtgiambr & asmind dadidclediiUips spniaetinmimby lacrasatya errsbicted to

compris8 FRMIANLRGRUEING J:HPgenikds WaH KBRWNRALMNBARLROMREPHARSHt invention,

consisting of an amjno acid sequence with a deletion, insertion, o
and selecliiisfflt, B RIS 51 GHEO O nGriaRiNG MRS THAMtaiFF tog- diprgtibodies
of the prhiatogicateativity mslibelatiginahpolypeptide GMan ehdk. akotkR84)iPio@chniques

: . Sci. USA 81: 5662-6; Zoller and Smith (19 ucleic Acids
weh s Y 0 SRR 1083 SR BB Ch S 3 Pt of
selected Dalvadierditciariarcdep a8y Py dereNbl . répactdSitic kIEBodR:s of the present
inventior@ﬂﬁg?'ge‘?ﬂ_s&f%@ﬁﬁi@'&%ﬁgﬂ%’rﬁgﬁf_rt'ng’ substituting, or adding one or

more amino acids in"a given protein while maintaining the original
“stigentempuringahsrowierans kaovaion theearoroitbramphsional markers that
detect ddpAMMEIROHERSRNEFIEIRsBM LRI IS iMRY PG PRRAFE: 3R P Yetween

. site-directed mutagenesis and expressed a%)propria ely to obtain the
progenitey, G ﬁfiﬁ?[df@ﬁ%e neurons, and further to sort between progenitor cells before and after

cell cycle exit.

For example, progenitor cells and mature neurons can be sorted by combining Lmx1a with DAT
and/or ADH2 as markers. As mentioned above, the Lmx1a gene is confirmed to be widely expressed during
differentiation from progenitor cells before cell cycle exit to mature dopaminergic neurons. On the other
hand, as shown in the Examples described below, the DAT and ADH2 genes are expressed after the cells
have differentiated into dopaminergic neurons. Therefore, progenitor cells and mature neurons can be
separately detected or selected by detecting the expression of an Lmxla gene using a marker polynucleotide
probe or antibody of the present invention and further analyzing the expression of either the DAT gene, the
ADH2 gene, or both in cells in which Lmxla gene expression was detected.

The first method of the present invention for detecting or selecting dopaminergic neurons
and/or progenitor cells thereof comprises the steps of:

(a) contacting a polynucleotide that can hybridize under stringent conditions to an Lmx1a gene
transcript with a celivlar sample that potentially comprises dopaminergic neurons and/or

progenitor cells thereof; and
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(Molecular Cloning, A Laboratory Manual 2nd ed., Cold Spring Harbor
Press (1989); Current Protocols in Molecular Biology, John Wiley & Sons,
(1987-1997), Section 8.1-8.5; Hashimoto- Goto et at. (1995) Gene 152:
271-5; Kunkel (1985) Proc. Natl. Acad. Sci. USA 82: 488-92; Kramer and
Fritz (1987) Method. Enzyrnol. 154: 350-67; Kunkel (1988) Method.
Enzymol. 85: 35 2763-6). The antibodies of the present invention

(b) cont?é%mg'se hOS%eghé :ﬁmx?ﬁeﬁ'f%&%%s 8&?8@%%%%@%‘3?%‘%%?%8%%&% of one

, dS W

ptl wit
gene selegigdéirse @rsﬂ?\a&ﬂ genpar &Rﬁ% gl pephoes: Wﬁ%ﬂ@lﬁ@%‘?ﬁfﬁbﬁ}&bmﬁ to

the transPdttBe Presem dﬂﬁﬁmﬁ@m&@m@t&e@a&y@e@mﬁﬁa@g{pﬁrﬁaﬁwﬂﬁﬁgwmng
that are identical to at least six aﬁnl&o acild residues or more (for example,

d()palmrgr%wﬂ?ui%omi ARING acid residues or more) of Lmxla. 5 Particularly
préterslediraginsing Gerpirsetdrsie 4 peijpuptiteciransedersmpiergic
neurons laﬁaf&fgr @rt@mrﬂh@e@@&%yhg%mts&ﬁwch The Lmxla
fr g de fr ments containin ana- helix angd a- ggnée of
(2) contag rf‘gf"é’é H%T”n e‘?tl?% R, C R andaﬂlmﬁeet[ TG
Lmxla weglmmal(%mm @h@m@ﬁ@gtbm @Eubgtsmphrmﬁ?@fﬂégmwrammaﬁﬁg@mmergw
neurons A% g&%@@&h@&ﬁ&@ﬂﬂ@mg region, a hydrophilic region, a

o SR e 0o e e 08 RS o
gene selpdiybépticthér it eatsernag BE Ay dragrmieeits, asoneriisghephabedhgiat binds to

the tran@GCPIGIQE BRI ROl pERtIden The:ARIYRAteFMIHAg Bitoal Rising
pol pept|dec n be predicted uswg methods for analyzing the

do?mﬁﬂ’r‘bﬁﬁ‘gﬁf@t Bﬁﬁﬁm IfHe BRIFY: acid sequence of a protein
(KybetDtalifttet @eBrdnVimeBisls 1ENDOE2M0 0, Methibrgeot seporrdany is

analyzec‘ﬁﬂ’ﬁfég eagnalysigded ERQUF, @Qﬂfk@&%h%ﬁ&e@s&ﬁ%ﬁ%ﬁm 16vel, as in the first
and can be confl}yed using computer prog féogﬁ% 1 Bigchem.

mefhodqasfc%weim%%ﬁ%}r% EREAN R TR ggne
transcn;ﬁynﬂmd_ed'ﬁ&fefer&mamﬂ:gmﬂmhyﬂsecmtwmzebb@jmb@ebesMtténtpﬁ@aybmvenﬁon

can be usé{pg‘sc Gy %I Q@oﬁes 66500684 ﬂ%ﬁ%&ﬁ%@ﬂ%@ﬁ@ﬁ%@ Tﬁi@t{f’ﬁﬁiatmnai level,

hase blication correspondln to a non- anese international
as in thep‘;%ﬁg }Bﬁ ogr%eqﬂgg) ody that binds to a polypeptide comprising an amino acid

sequence of Lmx1a or a partial sequence thereof” is used. The aforementioned anti-Lmx1la
antibodies of the present invention can be used as this antibody.  In this way, both methods
analyze Lmx1a expression in step (a).

In step (b), to investigate whether cells are differentiated mature dopaminergic neurons,
the expression of the DAT gene and/or ADH2 gene is examined based on their transcripts or
translation products. -

Polynucleotides that can detect DAT mRNAs are used as the detection polynucleotides
for detecting DAT gene expression based on transcripts.  Such polynucleotides for DAT
detection, which can hybridize to a DAT mRNA, comprise the following: (1) DNAs or RNAs
comprising a nucleotide sequence complementary to a DAT cDNA (SEQ ID NOs: 39 and 41);
(2) DNAs or RNAs comprising a nucleotide sequence complementary to a nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 40 or 42 and which is a degenerate sequence
of the DAT gene code; and (3) DNAs or RNAs compnising a nucleotide sequence that can
hybridize under stringent conditions to the nucleotide sequence of SEQ ID NO: 3% o0r41. On
the other hand, DAT-binding antibodies are used to detect DAT gene expression at the
translational level. DAT-binding antibodies comprise anfibodies that are specific to any one of:
(1) a DAT polypeptide (SEQ ID NOs: 40 and 42); (2) a polypeptide comprising an amino acid



20 Lmxla polypeptides and Lmxla polypeptide fragments can be isolated
from Lmxla- expressing cells, tissues, or organs, based on their physical
properties. Alternatively, these polypeptides and polypeptide fragments
can also be produced using known genetic recombination techniques,
chemical synthesis methods, or such. For example, for in vitro Lmx | a

sequence"\%}}ifgﬁggeg&”%%‘e%BQ’s'n L ARAVRERNAES: %?'&1‘%1%3)9{ SUGRAIR ARI0VIHR 2 mino
cell-free 25 system using In vitro tfanslation methods (Dasso and Jackson

acid seqyanoB8of NDAIEipohees IREESEQ 1IBNIG-40) and dShtrest (Wharwbrsatidigement
comprisiR MPERIdES: U ERIRs RIRAIYRIC B RS HaatignepPBS @ olypeptide of

interest is first incorporated into an appropriate expression vector, a

Npntepherdirydertidesdhatenr datertndnith e Eend ses isitsie thretisytine
polynucl@éﬁﬁkﬂ@éﬁi@%e‘t’&ﬁi@é-}i@ﬁlé%ﬁ@%&ﬁflﬁsﬂfn iﬁ&@é@sgqmmwéoes@&{@J@@d@woﬁ_des for
culturin e transfqrm ostc nder,. conditions that .30 expre
ADH2 e b e ATe T i SR BT B R L oS or
RNAs coregtsisgof varionigiotginsneuachradeplasmids, aaosiiitiss Didusei@it NOs: 43 and
. terio es (Molecular Cloning, A Laboratory, Manual 2nd ed Id
45 ) e S el e AR Sl MRRMR B8 S sequence
encoding/ﬂim?&r@@niﬁ (Lo87Ye dé@@rﬁbN@pﬁ%en@@a@tW@etqmsﬁm whishce of
the ADH g&% esipolynusientde is incaRUaiedse 1 3R il heundat the.cont R bridize
of the regulatory sequences when exﬁzressed in transfected host cells.
under stripgpat gaditiysen Jebdehtad  (Hell e Piswdtary Hboddmibastigmgand.
Apﬁzm@ﬁmma%mm&mt%m ﬁmﬂ?ﬂwk Rﬁpahafett@‘ﬁlib‘iaméal_ level.
pr moters a terminators Jn the case eu aryotlc t ce na jn .
ADHQ"’%&W@ 8‘&%%%‘%?\%‘@&&’65888& ‘g‘;?saﬁg%cg%n%?ﬁr%ﬂﬁ%%fgt?\f?ﬁ&réﬁ QS‘YQﬁBﬂde
(SEQ IDfalderd4 aal\yiéy:Sitinats wieh dtabitipa sranscapiionapro skigtsycsphaing dnetion,
imsertionl SEEETVIRUONSIANAIS AR .oers, SHeh eRulaipny seduenees compripe,
all the components requireg. for the expression o Epo ynuclleotlaes inked
ADH2 ptfigreptdT HEQediordmdy fdHén contprisedeheotidn ingnkerscomprising at least six

amino aﬁtﬁgﬁ@ﬁ%@q}%n@tﬁ@ﬂ@c}@gﬁ@%@ﬁﬁp@s@ﬁy to transfer an intraceliularly

expressed polypeptide into the limen of the endoplasmic reticulum or

‘sifsrEROrRIPTOE RIS e trostasAceitily dravsaer el eR’ Dintebifrsting the
group of RENIPIASAICK DARcalbIMNIARACE HCAR ASAREHICRPA BteRd U TR the group of cells

in which Lmxla gene expression was detected. The detection of expression of Lmxla gene and the
DAT and/or ADH2 genes can be conducted at the same fime or in succession. When conducted at the
same time, as an example, the expression of each gene can be detected simultaneously by adding
different tags to each detection probe or such. When conducted in succession, cells in which Lmxla
gene expression is detected can be selected first, and the presence or absence of DAT and/or ADH2
gene expression can then be confirmed. Alternatively, a group of cells expressing the Lmxla gene can
be selected from a group of cells in which DAT and/or ADH2 gene expressions were not detected.
Next, detection or selection of groups of celis before or after cell cycie exit among the
progenitor cells can be achieved by combining as markers, (a) the Lmxla gene and (b) one or more
genes selected from the group consisting of LmxIb, Nurrl, Enl, Ptx3, and TH. Lmx1b, Nurrl, Enl,
Pix3, and TH are a group of genes expressed in postmitotic precursor celis. Therefore, the
expression of these genes can be used to distinguish progenitor cells after cell cycle exit. On the
other hand, the Lmx1a gene is also expressed in proliferating progenitor cells before cell cyele exit.
Thus, proliferating progenitor cells before cell cycle exit can be detected or selected from among

dopaminergic neuron progenitor cells by detecting or selecting
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expression vector such that its nucleotide sequence is linked to the
polypeptide of interest and 10 expressed. Various signal peptides derived
from heterogeneous proteins are known and can be used. Linkers may
also be added, and start (ATG) or stpp codons (TAA, TAG; or TGA) may
be inserted as necessary. Examples of vectors capable of expressing
polypeptides in vitro include pBEST (Promega). In addition, various
vectors are known to be suitable for expressjon in prokaryotic 15 hosts
cells expiesging [mxga ’&tW&Sb%ﬁ@ﬁsédﬁﬁg’é\@gén@ﬂbEﬁ@%n@%ﬁﬁg" (Kyoritsu
Boblidhialdy) tenewithetrainarhslghierethéxsehcan suitddibcsSatoot vdetors
dopmﬁx%ﬂgﬁq{@@ntgfog%ﬁ%wﬁ‘Hgacﬁg‘?in@ﬁgﬂ%igsﬂ% é@&%@ﬁg &gk Irzﬁlﬁqg%ﬁer cell

the hosts. Various host cells are known. For example, fungal cells suc
cycle exifeoppeises e feRIL higher plants, insects, fish, amphibians, reptiles,
(a) contdoiticlg, 2 Mainmmeléan detls b Sybhidandoraiio usiogtiurecelitRystems (KOS, cene

. .2, .C T ; 7 C .
s e B Lo Gl BRor ol
and Application Kokai Publication No. (JP-A) S63-299 (unexamined, published
(b} contzlapanesel paterbadplicatibrh)idies waiealsoie itsechds Rests iaaniessof one or

. ides i- anti i toy, syste .
more gelt D A ARY BER S AG %@%%%*ﬁ%?%%"&%ﬂf&%ﬁ% Eaiits
contactingampyiRpdnhakfirsve HroHsderforelisicasinere tepentils o ifrmple
potentiaRP @ipaisns ddyarsaenss helus prdgdd9s5ydNature 315: 592-4; Lubon

1998) Biotechnol u. Rev.4: 1-54) apd in plant bodiesatealso . .
e e e e R AR hamipgreie
neuron HFEEREAT GEOLYBE S IBgUighiss ragtiviher gsitgheisrd ciorniar griecsrlesexit
compriséStHEemRIstocols in Molecular Biology, John Wiley & Sons (1987)
ction 11.4-

@ con i S g el S et a D e & cetur

sample noierBegslgpepttens dorEbioryEcc s Caprbecddsigiedd; asdnecessary by

(b) contR@IESINEHRMEIERHHaSRAVB NGRS NILNNIBD SXRRSSIHEHiSIANEY:INMSW;SH of one or

more etge_ glie tégrgg/ of.the %ost'gocodépn uﬂsfegf??i{@iﬁth oEzéulal %2851?‘?9%;%29
EONEAE e GRS O RERE SFE:){P ed X

contactippiypepihisly dhahprists polyecitdiidesrededdifighese genes with a cellular sample

potentially comprising dopaminergic neuron progenitor cells.

In both the first and second methods mentioned above, Lmx1a gene expression is
detected in step (a) based on transcripts or translation products, as in the aforementioned
“method for selecting progenitor cells using Lmx1a and DAT or such”. The method and
materials for detecting Lmx1a gene expression are the same as those of the aforementioned
“method for selecting progenitor cells using Lmx 1a and DAT or such”.

In step (b), the expression of one or more genes selected from the group consisting of
Lmx1b, Nurrl, Enl, Ptx3, and TH is analyzed based on transcripts or translation products to
distinguish postmitotic precursor cells from among the dopaminergic neuron progenitor cells.

Polynucleotides that can detect Lmx1b mRNAs are used as detection polynucleotides
for detecting “Lmx1b gene” expression at the transcriptional level.  Such polynucleotides for
Lmx1b detection can hybridize to Lmx1b mRNAs and comprise the following : (1) DNAs or
RNAs comprising a nucleotide sequence complementary to a Lmx1b ¢cDNA (SEG ID NOs: 19
and 21); (2) DNAs or RNAs comprising a nucleotide sequence complementary to a nucleotide
sequence encoding the amino acid sequence of SEQ ID NO: 20 or 22 and which is a degenerate
sequence of Lmx1b gene code; and (3) DNAs or RNAs consisting of a nucleotide sequence that

can hybridize under stringent conditions to the nucleotide sequence of SEQ ID NO: 19 or 21.
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35 the Lmxla polypeptides. So long as the polynucleotides are expressed
properly, the polynucleotides themselves may be regulated by their own
promoter, incorporated in the host 20 genome, or maintained as
extrachromosomal structures. The B8st cells are cultured using known
methods appropriate to the host cells selected. For example, when
animal cells are the hosts, the cells can be cultured for about 15 to 200

When dci (ﬁ% AL ARH é%fn@%l gk@ﬁ@@ﬁﬂ%%@fﬂﬁﬁb@ﬁl@@ﬂ 30fexthabGdugingtibodics are

m such as DMEM 5 (Virolo 96 (1959 E C|e
R e e S e S ORS
Lmx1b (0@ dpialleNRIEQ 78 MQE B0 bR M B aaudimgsete ﬁ@%ﬁ}éﬁﬂasc‘lfe%alﬂéﬁwo acid
sequence serm, (F&oh ASREAR S a0bsti R R dgome HiHD dhoResapacedis in the

aerated, or stirfed durlng the C ne ar or
i AR Oy BT SO by e RSB W AP o tice
ﬁagmenb&ri;@rﬁ@ﬁ@@rﬁdsﬁrﬂm dzlnmmmddjmsumm;ﬁmm Seroledeptdidd 6f xne @lls

‘o ? hpdbids When the 10ast R RARSachicPEg @@té%oWﬁ@i@ﬁh@leoﬁdes for
&9’“ des are produced inside the cells, the cells aéémﬁsolv

detecmgao‘l‘ﬂé@ét&% afsIsEsB AR B, ff)‘f? rod o R85 17 N
detectioR @M&p&@@@% iNterestrie than! porifisdsbyhsuitdiolyiogn{Biniig AmoniNAs

method otein pur Splting ouhrdistiiat ID\I@O@U}}:& d25
compnsxtn%g Sl rgcgna? u%lpiy gglig lF?actrophoress E 0 25

E%%&Iflltratlon leotid
2) DNAﬂtﬁaﬁ:lM%ﬁmF@éWﬁﬂfl%ﬂﬁ@W%ﬁ BHSRED ORI ary to a nucleotide sequence
encodmgnﬁétﬁiﬂ%m%@fbrﬁ@&ﬁﬂt@mﬁ@tm osdlvend sstiiciction dagenerate sequence

of Nurr{ gane cade: S“égﬁi% a”ﬁ&sPA%%Bﬁéﬂﬁﬁu EXamRles BheCUAmAe IaP

&6k éxc romato rap such as anlon ar catlon(f g?angfh
nybndlzﬂlmdwmgmhﬁ/cﬁiﬂﬁiﬁ%mcﬁ § 3and 2 o

detcctmgm Qéaé%ﬂ%ﬁﬂﬁ%pmm&lﬁt@mamwmmhmmg antibodies are used.
Nurrl b Qmatog%%%ﬁy GB dro l%'ﬁ’ (ldq r@% fﬂ:ygf %yéﬁéﬂie @9 a Nurrl

sp oce oma graphy, and lectin

olypepdikofAEQPADIY(Siratsties 16) PROISHA P CHNOH BAQ CHARERS Belfigfauonce
with a déi&?@&@!&&%&%{%mabrwﬁﬁ@k (ﬁ‘t@ie of mGeldmSpriagddantbe amino acid

e T
comprisinfuahhsstrsiaduition abad residues from the poiypeptlde of (1) or (

Polynucleotides that can detect EnlmRNA are used as detection polynuclcoudes for
detecting “Enl gene” expression at the transeriptional level.  Such polynucleotides for Enl
detcctmn can hybridize to EnlmRNAs and comprise the following: (1) DNAs or RNAS
consistin g of a nucleotide sequence complementary to an Enl ¢cDNA (SEQ ID NOs: 27 and 29y,
(2) DNAs or RNAs consisting of a nucleotide sequence complementary to a nucleotide sequence
encoding the amino acid sequence of SEQ 1D NO: 28 or 30 and which is a degenerate sequence
of Enl gene code; and (3) DNAs or RINAs consisting of a nucleotide sequence that can hybridize
under stringent conditions to an Enl ¢cDNA (SEQ ID NOs: 27 and 29). When detecting Enl
gene expression at the translational level, Enl-binding antibodies are used. Enl-binding
antibodies comprise antibodies that are specific to anyone of: (1) an Enl polypeptide (SEQ ID
NOs: 28 and 30); (2) a polypeptide consisting of an amino acid sequence with a deletion,
insertion, substitution, or addition of one or more amino acids in the amino acid sequence of an
Enl polypeptide (SEQ ID NOs: 28 and 30); or (3) a polypeptide fragment comprising at least six
amino acid residues from the polypeptide of (1) or (2).

Polynucleotides that can detect Ptx3mRNAs are used as detection polynucleotides for

detecting “Ptx3 gene” expression at the transcriptional level.  Such polynucleotides for Ptx3



example, when a desired protein is expressed as a fusion protein with
GST, purification methods 25 using glutathione columns are effective. On
the other hand, proteins with histidirfe’ tags can be purified using nickel
columns. When the Lmxla polypeptides are produced as fusion proteins,

hen nnecess rtlons o rem e using .
detection, CaX Fab such as (3nrom ignagr FABFE. %/'f NedLesk @ ﬁgﬁ‘ﬁg iy s CO“%Stmg
ofa nuci@otzdermgupow@epnﬂesammaismb&mrmemuamI@rN@elBp)imyaﬂleab (2) DNAs or
RNAs C(B{QPE % %Ql(ﬁ@(g;lagg el E r%ﬁ%ﬁ&%?'{% t@ ﬁu%P gls%s (%]cn%r]cee crg iggtthe

inventi e purifie olypept es can also be mod |ed 0 INg énzyme

amino a@ééh%@@ﬁ;ﬂﬁ%h@d&@@l&@d@iéé@@dtwgms pmnekaﬁa@euam lyiSix3 gene

code; ang@@lpsnmgd@}%% BSGESANYF haddision E@&G&@J%ﬁ%@ﬁ‘ﬂ% @kzgnﬁaaic&%mgem
synthesis and %enetlc en%neenng techniques used for the Lmxla

COHG“IOW%JﬁﬁééQ QidlypEpiitiefddriletd eadarstnse brogeraetrpipssion at the
trans aumng‘sau,lmmﬁﬂay@emm& afcReRIIdREESHINIIRS AlABYE@NdMPFildantibodies

s B e A g T e
consistir@mﬁmlsrafteraaﬂmqwmg m&mrriellmmnthmanfteﬁ shsexiaipo) ypeapiides of one or
more ami'}ﬂ)gem%g L?i % o SUR'E led tong d%fvalgtt%azafag wgd 6@ %%&h%f iF 346) or (3)

no particula mltatlons as 10 the mamma icalexampleSTinclu
a polypepside Ata2magyb aeorprisingrd ] mmmnep@mﬁ@émmmm@mg@mf (1)yor
). such as mice, rats and hamsters, lagomorphs 5 such as rabbits, and
primates such as monkeys, including cynomolgus monkeys, rhesus

PogRkexs:hehiaararndehIRARZEES aANIDRIS caR BRIPONMIZRER for

diluting and suspending.a .sensitizi tigen in
deccting Rt SO AT TP 5 b oG Bl Ay i et
can hybraﬂmﬁﬁﬁﬁé&ﬁé@b&&ﬁﬁ)cmnt}hmhlésﬁcﬁm‘mgd(I])J(E)Nﬁg ontNMs animidling of a
nt ytangou T n nti ith
oo PRGBS GRS SO TSROt gEtR PRI e
consistingrmes enaeptide ﬁqwzacdawpmmy br@dulletm@awwnco rfientéak e amino
acid seqaﬂfﬂw&@ﬁ\@ ntiaga! %%P@@'%:I&’ WRArHTe &Q%J%Y&E%@%%tw QJAQE%E%S%M (3)

in the serum. Finally, the serum itself may be used as a polyclonal
DNAs oxa%HWné}sﬁqg] gQ}qgléuﬁ]‘eﬂﬁ@p sequence tlat can hybridize under stringent conditions to

a TH cDNA (SEQ ID NOs: 35 and 37). When detecting TH gene expression at the translational
- level, TH-binding antibodies are used. TH-binding antibodies comprise antibodies that are specific
to anyone of: (1) a TH polypeptide (SEQ ID NOs: 36 and 38); (2) a polypeptide consisting of an
amino acid sequence with a deletion, insertion, substitution, or addition of one or more amino acids
in the amino acid sequence of a TH polypeptide (SEQ 1D NOs: 36 and 38); or (3) a polypeptide

fragment comprising at least six amino acid residues from the polypeptide of (1) or (2).

Of these marker genes that can be used in step (b), selection using Lmx1b, Nurrl, or Enl as
the marker is preferable. Expression of these three genes can be detected immediately after cell
cycle exit, thus enabling detection and selection with a more accurate distinction of progenitor cells

before and after cell cycle exit.

As mentioned above, by subtracting a group of cells in which expression of a Lmx1b, Nurrl,
Enl, Pix3, or TH gene was detected from a group of celis in which Lmx]a gene expression was
detected, proliferating progenitor cells before cell cycle exit can be selectively detected or selected

from among the progenitor cells.

The steps above were explained in the order of (a) detection of Lmxla gene expression and

(b) detection of expression of marker genes such as Lmxlb; however, the present methods
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purified. See, for example, "Current Protocols in Molecular Biology" (John
Wiley & Sons (1987) Sections 11.12-11.13) for specific methods. 15
Monoclonal antibodies can be produced by removing the spleen from an
animal immunized in a manner des€ribed above, separating inununocytes
from the spleen, and fusing them with a suitable myeloma cell using
polyethyleng glycol (PEG) or such to (_astablish hybridomas. Cell fusion
are not re%@ﬂ:l%% ﬁ)a{ﬂﬁ%@é&.acgytgﬁg)ﬁooWE?%Q@EMsﬁg@Hﬁﬁ andcdiséeiine
~ (1.981) Methods Enzymal. 73: 3-46), Cells that gllow chemical selecti&n%fof
expression,gbMEdIE SePsPS PRSI/ Brafey &I BTPTE e@éﬂ%y. e
tags and HBINY SABBrAaYRIEN alcets shatfdllow] x hemicapseidotionaflseperformed after
detecti_ng%bg%?z@s%% cary e selegled by, grlivning.inga cultwie medivmitdAding progenitor
cultire medium containing hypoxanthine, aminopterin, and thymidine
cells can hietpelesthoyashisHnE BT CRELESHIg 1BE it HgatesramBBanssthe group of
cells in w@;@rﬁiﬁﬁé leﬁpfk“sga@_fypeptﬂﬂm guritaguoars Emré@fmtens@l@&ﬁe@b&om the
Shihec hridomas e alssiet (RS8R0 dofraduieea €6 nto
. _the"abdominal Cavities of mice or such, and ascites is collected to. obtain .
dopaminpreinBAGEID BEPEERIBHARYS. atisF RIDGHalT B SpECime IHEHORRTYRRgIC neurons
can be seié@:%ﬁ@fﬂﬁ&fé&@@% inlMale eyl dntBiotagiding ohthi\ibey fnSdnsei( LE8T) detects or
ection 11.4-11.11). Hybri a I ' ' '
L
detectingR eirpeeRsionref theRAkiernere it gFAphkite ar skt fandetect the
above ce@%ﬁéﬁ%ﬁ%ﬁ?&%ﬁé%ﬁ&é@ﬁﬁ) isahtidpathtidepasdhanproduce human
ntibodies anese Patent Applicati aj icatio 2
B TR L g Do S0 MR fsibhod probe.
antibody autuition zhdderaniratics anwIsd BeosBrivrerby Q{§i?@§)&ted- ext, in the
group of %@hﬂg’ﬂﬂéﬂrﬁﬂb@agﬁﬁlﬁﬁﬁg%@ﬁ@ byreengitizingiransganiedimatpression of
whic e repertoire .of human antibod nes (W092 8;
the DAT i3Q 05557 010B4100M0 D oLLR SRS 0oE Wedads ey Cols
in which (188Zpiati@eri¢heIBAT 86n¢ 56 ARTY Brathwias detactrsl Abthusgoint are detected or
selected %;H%ﬁﬁ@éégﬁ?ﬂd kg Sxemplified nmethass-inanhieh-qangpogesesiarehich the
expressi%%ﬂlgce?éﬁé%@ggtﬁgéeﬂrgw&nggy cti%ﬁéc%g& E‘s%ﬁr%rég%gd ¥ E&%df%gg)gpression

of marker genes such as Lmox1b. Cells in which expression of marker genes such as Lmx1b

erent

was detected at this point can be identified as postmitotic precursor cells and cells in which the |
expression of marker genes such as Lmx1b was not detected can be identified as proliferating
progenitor cells before cell cycle exit.  The methods of the present invention for selecting or
detecting dopaminergic neurons or progenitor cells thereof are not restricted to the orders of
detection shown herein, and the order of the detection steps can be suitably determined.

Also, the conditions for designing probes and primers, the stringency conditions, and the
definition of hybridization used in the methods of the present invention for detecting or selecting
dopaminergic neurons or progenitor cells thereof are the same as the conditions and such used
for the probes and primers for detecting Lmx1a gene expression.  The methods for producing
the antibodies, the types of antibodies, and such used in the methods of the present invention for
detecting or selecting dopaminergic neurons or progenitor cells thereof are the same as for the
anti-Lmx1a antibodies described above.

Moreover, the present invention provides kits for distinguishing dopaminergic neurons
and/or progenitor cells thereof.  As mentioned above, by combining an Lmxla marker
polynucleotide or an anti-Lmx1a antibody of the present invention with a marker polynucleotide

probe or antibody against one or more genes selected from the group consisting of Lmx1b, Nurr],
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In addition, antibodies can also be produced by genetic recombination

techniques (see Borrebaeck and Larrick (1990) Therapeutic Monoclonal

Antibodies, MacMillan Publishers Ltd., UK). First, a gene that encodes an

antibody is cloned from hybridomas g antibody-producing 5 cells (such as

sensitized lymphocytes). The resulting gene is then inserted into a

suitable vector, the vector is introduced into a host, and the host is

cultured to produce the antibody. This type of recombinant antibody is )
Enl, Pogis b bhdiitle i the Hrvith SARSEGT (RS HRIS N RRIHTRSR 9 Siad ax i agenitor
cells or of detomindasicantipodipindild thehimeticxattibibdies] wlithnadrmptisecathat have

not fron!' %M%@M@efméf@ﬂ%%@s%@@g%ﬁ% AU ne an 2 gve Lmxla

antibody-derived constant region, and humanized 10 antibodies, which
marker HePH ot AR LARIEROREDAELEHY e otapiehmetiant)cabts RifthRgr antibody
against diﬁgim@&@hd@m&iaﬂaﬂﬂb&d;ﬁdgﬁn@d&amﬂﬁWgr&ﬁb@i@lﬁ(E‘R!)TB,rEhl, Ptx3, TH,
" rovgdung
AT an R N R T Bl Bl B rGeniton
cells theggpdet. IMbEamyDs. BY RéeRHRE K 9hiBrro0s Loy baNugda P akiwday TH from
the grouﬁ&gﬂmtﬁgaﬂ::hﬁ}gmdq@ﬁd,_tﬂmr,emmﬁ Bﬁqme mioHedpdlyelabaling a marker
non aon W e C S paiR or pepsin.
o S A SR R
polynucisqiidrefinkfrdcrnigusdibedyy thgeicberareneBaeivann datisbay rdestieat
pro gem&ﬁa%] Galet davd %?gﬁﬂ;fﬁﬂg@g%é 27d %&@%ﬁﬁts%@}tﬁicﬁl ﬂgfi)giqil\iﬂw&ﬁg( g’&%&b genitor
thod NZYyMmot. . =90, thun ang err. tho .
cols. e e ot AT R R e B prove
or antib@lygEbabs w1088 palyeeslotRir Puile O VakE: 290agsTienlEs become

effectivBipt@abnolgRelddnf) Multisaegificaminedies gl yee bisRaciie apibadies.

neurons(BSAb)’ diabodies (Db), and such. Multispecific antibodies can be
produced by methods such as (1) chemically coupling antibodies having

different specificities with different types of bifunctional linkers (Paulus

<Screent#985) BENVIBGA08h-MillicT AkB3:34) (2 fisingRyhrdemassthat secrete
% eregt monoclonal antlbod#s(}'fs:,%%Llj%%M|Ilste|%ang< Cuello (1983) Natuge

BOS 570448 LA ARS RSt APt Ee e XraleisHE Sy KtTHE €ath?
relativelsisamyuseemybismeapetisnivitreanight bhaised émeczewt Sohesagputdimigadece the

differen@iridifsrenbmenreionat artRodigsLatalup es-ofal  IoHOWR B BYHRE ; induce

. isolation of a phjspecific. . .
dopaminergic neuron cgggrentlatlon can be determined by letting the test substance act on a

suitable cellular sample and detecting Limxla expression.  Therefore, the present invention
provides methods of screening for candidate compounds of dopaminergic neuron differentiation-
inducing reagents by using Lmx1a expression as an index. Lmxla expression can be detected
by using either a marker polynucleotide probe or an anti-Lmx1a antibody of the present
invention. '

The cellular samples used herein are preferably celiular samples comprising cells of the
ventral midbrain region or cells that can be induced to differentiate into dopaminergic neurons,
such as ES cells with pluripotency. Known methods for inducing the differentiation of

dopaminergic neurons iz vifro comprise methods which use, as the starting material, known ES

~ cells, bone marrow interstitial cells, nerve-derived immortalized cell lines (Japanese Patent

Kohyo Publication No. (JP-A) H08-509215 (unexamined Japanese national phase publication
corresponding to a non-Japanese international publication); JP-A HI11-506930; JP-A 2002-
522070), primordial neuron cells (JP-A H11-509729), etc. Moreover, methods for inducing
dopaminergic cells from neural tissues that do not normally produce dopamine, such as the
striatum and cortex, are also known (JP-A'H10-509319).  Thus, these cells are preferably used



monovalent portion (Zimmermann (1986) Rev. Physio. Biochem.
Pharmacol. 1.05: 1.76-260; Van D%et al. (1989) Int. J. Cancer 43:
944-9). On the other hand, diabodi€es are dieter antibody 30 fragments
comprising two bivalent polypeptide chains that are constructed by gene

as the cefh!ﬁzii@ Bambliessh eariddelproshiiedausingdnowhbmerifntsdsee tdotige fatrahiation-
g k g Proc Natl. Acad. Sci. USA 90: 6444-8; EP404097; W093/1116 1).
inducing 5648 and antibody fragments can be recovered and purified using

el ”3:@ a5 if.’ 1S 3@1{@?& f 9&?&9%995'{5993%&&%95%1%@ cell

purifi catlon tec nlques scrlbed ove, in 35 the same way as for

Exampleg garamtiscidypdype saaes (Anhoties: wmb@mé@@fyﬂwawdan VEéEhiaswound
libraries, %’% diRavideLane i;&%@e§BHG&)E‘@@Q&E@HQ@Q@&Q@%B&&&[@@@ Ricrobial,

en using Protein A 23 to purify an antlbo%f the present invention,

plant, or gRBAY BFBRSH Al SRR AR EHFBP b BIRE O Gt h A i gt partially
purified ﬁB@@Bﬁtﬁﬁ@)mm@ergsa&nIf&@msﬂﬂtfﬁm@ﬂzgfammmsuiw@camdbpdydqandom

be determin absorbance sing an enzyme lin
prage Do BB ool (LR TRECA LR EIRA BRI Bl <o
induce daptibodypcan:bedétBenineddy rﬁbasﬁuqualhs‘mibmmes w@nbyawsiagandidate

t antibod ;
L L T TS

considergghtiBertivof the present invention is first |mmob|I|zed onto a support, such
as a plate. An Lmxla polypeptide is then added, and a sample containin

GRE ‘aﬁ”ﬁﬁ‘éﬁlﬁwﬁﬁé‘@%ﬁ%@é@&@& By &RTIR2EHE ST A R PERERHIRY A ith that of
cells whiRtRoE}Afcigest ine Héﬂ@suﬁ%z@?&@én m&eﬁﬂm&)@ vpie matantsobanthardy-be

producing cells, urlfled ntibodi suc aseconda antibod
decrmi G AR ARy o8 RLLA 1P GH, 448 Pl el
differentplate isanbulbateded thecpldtenis pheh gkas lnbskramibthentidoel rattaméneﬂet@ﬁrbe

econdary.anti is. detegte c ly, Y, ody is
cerecting A ety
can be 15 determined by adding an enzyme substrate such as

<AnalysR-8itrephemu Reasphatesaneinemeasuring the absorbance. In

addition, a commercially available system such as BlAcore (Pharmacia)
Aanxpression regulatory region of Lmxla can be cloned from genomic DNA by known

methods using a sequence of an Lmxla gene. For example, methods for establishing the
transcriptional start site, such as S1 mapping, are known and can be used (Cell Engineering,
Supplement 8, New Cell Engineering Experiment Protocol, Cancer Research Division, The Instituie
of Medical Science, The University of Tokyo ed., Shujunsha Publishing (1993) pp. 362-374). In
general, the expression regulatory region of a gene can be cloned by screening a genomic DNA
library, using a probe DNA comprising a 15-100 bp segment, and preferably a 30-50 bp segment, of
the 5° terminus of the gene. A clone obtained in this manner contains a 5’ non-coding region of 10
kbp or more, and is shortened or fragmented by exonuclease treatment, or such. Finally, the
shortened sequence portion, comprising a potential expression regulatory region, is evaluated using a
reporter gene to determine the strength, regulation, and such, of its expression, thereby making it
possible to determine the minimum unit required to maintain the activity of the Lmxla expression

regulatory region.

Gene expression regulatory regions can be predicted using a program such as Neural
Network (http://www.fruitfly.org./seq_tools/promoter.himl; Reese et al., Biocomputing: Proceedings
of the 1996 Pacific Symposium, Hunter and Klein ed., World Scientific Publishing Co., Singapore,

(1996)). Programs for predicting the minimum unit required for the activity of



also be used to evaluate antibody activities. <Detection of Dopaminergic
Neurons> 20 The present invention provides methods for selectively
detecting dopaminergic neurons. D ?)aminergic neurons at all stages of
differentiation, from proliferating dopaminergic neuron progenitor cells
an expreRebare gall:eyclegxit 4 maiunsdapamipengianeurons, can be detected

using, Lmxl ' index. Th th for. detecti :
B e e PR
923-932jnvention can be used to diagnose disorders, such as 25 Parkinson's

ﬁl%%%ﬁfeséﬁ‘o‘%fé@‘ﬁ%\(& ge %9%’%‘@9@1%9? @éﬁ%ﬁ%é‘?“ﬁ%@% y can be used to
Dopaminergic heurons can be c}etecte sing the marker pp?ynucleotlde
produce gesiyed ol vidtibdeliasadtitieprésenta tnrantiopr g aspesificaipmenacr at all

developRERSE RLINETIIAD REAVIdES setbeds fondetesing dRpPRNNGIYIG . PEWARSAly

comprising the step of contactirelgga marker polynucleotide probe of the
expresse B AGPATANGIGERSKORTA Ate fedtiipie ceobitslrin g e prnapp difanalgide used
to screer@pRRBRitheseomeiTadstitie nhaiken PRiynueicaljdeiprabe s attor is first

preferaply labeled with g radioactive isotope or non- radiqactive B
prepared AR AP 8138 SYAORC CEICOte s ARt Il Tt of he
expressiéSaruhHorWihgonusing dradiokaive|eddsaikbtepelynuel eaticle probeitk Mbssiector.

t ind to the marke detected b ing emulsion o .
hen. o IFLAUOER I BORAEE] SN s SLBEICH OO SFRERBIA e cxmrpaon by i
test subspoperadieacitve Whesprefersiabefitiy zenvaikezepolipristtestidthprotheubstance is
judged NGHAE KOHHERIHIIXIgan ARG sIRRGIed marker can be detected

using, for example, fluorescently labeled 24 avidin, or avidin labeled with
<Lrox] %%1 enz ?e sucg as alkaline phosphatase or horseradish peroxidase.
shmxia Hﬁ&é Afisti5eled markers can be detected using anti-digoxigenin

antibodies labeled with fluorescence or an enzyme, such as alkaline

A hesphatadd O sinofecradisrepdrissidaseis Wineervsingagaymeitalsetiodgd by

homeobSELRREONTIR; SRLHE\QUtLDY INGUDAHNOMAtY he SO7Y TS SHRSHAINR fo5m.2

__stable pigment at the marker location. Fluorescent in situ hybridization
encoding thshymeedemainehietiicdibic phrmandrly prete hemesadatidy famdetbifvginding
domain WARAMUNRLEHN HRUSOR formation and binds to specific nucleotide sequences by entering

the space between the two strands of the DNA. Homeobox gene products are thus thought to

* function as transcription factors that activate or inactivate the transcription of other genes. On the
other hand, the LIM domain has a structure similar to the Zinc finger, consisting of 60 amino acid
residues in which the positions of six cysteines and one histidine are conserved. Unlike the Zinc
finger, DNA-binding ability has not been detected and the LIM domain is thought to be involved in
protein-protein interactions. The LIM domain is thought to suppress the function of the
homeodomain by intramolecular binding with the homeodomain. Further, it is thought that when an

activator protein binds to the LIM domain, the homeodomain shows DNA-binding activity.

Since the Lmx1a gene 1s a homeobox gene having a LIM domain, it is thought to regulate
the transcription of other genes by binding to activator proteins in vive. Therefore, proteins that bind
to Lmx [a may be used to regulate in vivo, ex vivo and in vifro differentiation, maturation and/or
function of dopaminergic neurons. To identify Lmx]la binding proteins, Lmx1a is first contacted
with a candidate protein, and the presence or absence of binding is detected. In this step, Lmxla can
be immobilized onto a support. The candidate proteins are not especially restricted, and comprise,
for example, gene library expression products, natural substances derived from marine organisms,

extracts of various cell types, known compounds and
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Furthermore, the present invention provides methods for detecting
dopaminergic neurons, which comprise the step of contacting an
anti-Lrnxla antibody with a cellular sample potentially comprising
dopaminergic neurons. Specifically, ®&lls expressing an Lmxla polypeptide
and dopaminergic neurons at all differentiation stages, from mature
dopaminergic neurons to progenitor cells before cell cycle exit, can be

peptidesdﬁg%gﬁdsﬁipﬂaﬁ%@%@vgﬁ ERAGHAG: Cedulan sampies Rredietashigl culture

comprise dopaminergic neurops or progenitor cells thereof with an
supernatiili 38 BFRASFBRETISFRr o SL e RS E AT B Pt ooch -
Mol. Bieintibady0T-d cs:(nﬁﬂtmxhiﬁdmon@ehemmpiﬁ@fanﬂmd@gﬂnﬁmuﬂly interact
with Lm%; Ft‘sj%}&&\é% '&%ﬂegﬁ'& hedabsiadarimmpeRiiized.qniaiasalid phasabielected as

C lon, techniques such as ELISA, RIA arld s%é?ée plasmqn dine d .
the candigasrRife Hay b GAISIEEE DVMSHDIMCAR STt s ol Prmding detection
dopaminergic neurons or progenitor cells thereof is required, the

. antibedi f}t% Rreseat invention may be used in affinity
<Mbl%%r}gr€1g§%§g%p ? A%o, by combining the markers of the present invention

Wit eorRahifpRaLmIRETel A d b ddp SHIFSRSIL IRENRSRBTSI6 GaHiRgs at all
stages ofaliFdheneafoil becomes Rosshiglspsoitdeiveenoprpgeritdocetlsindells after

cell Cyclrg?% ° r;lz?urongﬁﬁng(H5@%}’&%?8&&%‘{{%8 oL Qgg rh??fu%zlasf@irﬁa%}giaﬁon, |

after ce éfcf%_ exit. For example, progenitor cells and mature neurons
maturatisarabé/eb FBaLin S S ORATR LIS BEWRRD A Fhardrse- AP saeesihpk dpaibit the

expressiof HeRoRed abeve nthe BdE-gdne ivsoeofiimasdebeiwideld expressed

. uring differentiation, fr rogenitor r ycl '
cifferen O O RALARS. R o ey TR e R Mhtances
capable gésuhihedngaion, e PATdRaladsHn s d Bk SridsatParuparesgd double-

* strandedRY¥EAAifigrRNtIRtedALR dOpARIGRGISd)eurDing, Thepefese: prageitosreeliéss such

. and mature. feurons can be %%%59} I d&tg Qr selected. by detecting

antlsen%gué%}?e%%l5h%?%zﬁrﬂ?nsk%%ene USing a mamolynucleotlde probe or
ahtibogiesbiaipresennaeention Ah IRRESAFIRRI RgPthexBRgRderiBtyde: (1) the

inhibitGithetthe PbdoenRiaths ARERRETEHARReIN I eelisdApMbichigRbkaion through
i e R el e e
transcriphiereofidbrigniSoothk kybpd &rgtioonvathifd e pungclasheashdy saHeiog
suppresSAHIZGANHRS M DERRE 60RHiHeRS 10:8R fumbtl $he8B splicing suppression through
hybrid formation at sites of spliceosome formation, (6) suppression of mRNA migration to the
cytoplasm through hybrid formation with mRNA, (7) splicing suppression through hybrid
formation at a capping site or poly A addition site, (8) suppression of translation inittation
through hybrid formation at binding sites of translation initiation factors, (9) translation
suppression through hybrid formation at ribosome binding sites, (10) suppression of peptide
chain elongation through hybrid formation at mRNA coding regions or polysome binding sites,
and (11) suppression of gene expression through hybrid formation at sites of nucleic acid/protein
interaction (Hirashima and Inoue, “New Biochemistry Experiment Course 2, Nucleic Acids IV,
Gene Replication and Expression”, Japanese Biochemical Society edit., Tokyo Kagaku Dozin
Publishing, pp. 319-347 (1993)).

The Lmx1a antisense nucleic acids of the present invention may be nucieic acids that
inhibit gene expression by any of the mechanisms described in (1) to (11) above. Namely, they
may contain an antisense sequence not only to a sequence of a coding region, but also to a
sequence of a non-coding region of a target gene whose expression is to be inhibited. A DNA

that encodes an antisense nucleic acid can be used by linking it to a suitable regulatory sequence
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transcript with a cellular sample that potentially comprises dopaminergic
neurons and/or progenitor cells thereof; and 25 (b) contacting a
polynucleotide that hybridizes under stringent conditions to transcripts of
one gene selected from the DAT g or AD142 gene, or both, or
contacting an antibody that binds to™the translation products of this
selected gene with a cellular sample potentially comprising dopaminergic
neurons and/or progenitor cells thereof. 5 The second method of the

that alloypddeprmicasition fORGAEEERTS BFSIsmgsdlpachirsdie heciraniciv/or

complerfép@entior ealimthareioheemprisedimersieps of a@kcantasting amaal lﬂmiycan

eﬁ"ectivetlh at bings {0 as"?d%{%%?ﬁxde Cgmp%%é‘g ihg aming acid seqliance of LEXYA 1 of
of a par il equence STEGT With a ceffular Sample potentially comprising

at least léoigiam’u A ISETRONS lé}%b@rqsrwéﬁﬁidc@%qm&;ﬁbéhé%bwr more, and are
nonnaﬂ;canmwoa pplmlﬁetgd&rm@s Qﬁbﬂ@ge@unﬂ@f@%ﬁmﬁwmﬁpmbp It is

Sf ipts of on selec d from the.DA DH2 .gene
preferab o e e R A BB e T SRR oAU
preferabtmug%lecmﬁrMh @@é}l@i&ﬁ@ﬁfﬁfp}bﬁp@tﬁm@n‘gatmtsmgcnptmn product.
These arfiRPABIRSERIE AEMORS %%%ﬁ%ﬁ%dﬁﬁi'ﬁo@%%%sﬁh&%&%@ ﬂcﬁ‘%ﬁ (Stein

d b I 15
01988 N e LB L B ST o A B 1B e -

gene.  in the flrst method, a "polynucleotide that can hybrldlze under stringent

t’Q.‘:aaLg%ﬁ&% HEBRSEIIP l:%éé%qs 7'6)”@1 @Im%ta 8§fknt, and
. marker polynu ro es of the present jn Q can be u ed as
nbozymmrs%gﬁ?ﬁ&i!f e R A D By PO SIS LBy
cleave tHeywdlosplkaii- m&géonﬁmcrﬁemmmam@ahmddgﬂm atdinds, they polypeptieghosphoric
acid and@P rﬂ?ﬂfﬁ%gl%?o% neAcithgQigaguangs B&?ﬁégraf?e%ﬁl%rsﬁgé@ afinto (1)
Lmxla

thereqf’i use% he aforementloned anti- antibodijes of the present
N oE

group T il i A S A R ATy A TS RS B TH LR (RACHR AR e -
splice sitemxl3 expre$biotrin Bisp {ajviicstep {inmtosionstigaifesplivitiyarcsaiisnarda a lariat

structure:(;j %?ﬁ‘}'ﬂ@ﬂ QB%BB%QQQ 6%%@81%%@\%@}1 cleave precursor t(RNAs at their 57
side via hydrolysis reactions. In contrast, small ribozyrﬁes are comparatively small structural
units (about 40 bp) that cleave RNAs, forming 5’-hydroxyl groups and 2°-3" cyclic phosphoric
acids. Small nbozymes include, for example, hammerhead-type ribozymes (Koizumi et al.
(1988) FEBS Lett. 228: 225) and hairpin-type ribozymes (Buzayan (1986) Nature 323: 349;
Kikuchi and Sasaki (1992) Nucleic Acids Res. 19: 6751; Kikuchi (1992) Chemistry and Biology
30: 112).  Since ribozymes are easily altered and synthesized, various modiﬁcaﬁon methods are
known. For example, hammerhead—type nbozymes that recognize and cleave nucleotide
sequence UC, UU, or UA within a target RNA can be created by designing the substrate binding
portion of a ribozyme to be 6omplementary to an RNA sequence near the target site (Koizumi ef
al. (1988) FEBS Lett. 228: 225; M. Koizumi and E. Ohtsuka (1990) Protein, Nucleic Acid and

Enzyme 35: 2191; Kotzumi er al. (1989) Nucleic Acids Res. 17: 7059).  Hairpin-type

ribozymes can also be designed and produced using known methods (Kikuchi and Sasaki (1992)
Nucleic Acids Res. 19: 6751; Kikuchi (1992) Chemistry and Biology 3(0: 112).

The antisense nucleic acids and ribozymes of the present invention can also be used in
viral vectors derived from retroviruses, adenoviruses, adeno-associated viruses, and such, or non-
viral vectors that use liposomes, or naked DNAs, to control gene expression in cells using ex
vivo or in vivo gene therapy. _

In 1998, a phenomenon was observed in nematodes in which RNAs interfered with each
other, causing them to lose function (RNA interference) (Fire er al. (1998) Nature 391: 806-11).
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the expression of the DAT gene and/or ADH2 gene is examined based on
their transcripts or 25 translation products. Polynucleotides that can detect
DAT mRNAs are used as the detection polynucleotides for detecting DAT
gene expression based on transcri@8. Such polynucleotides for DAT
detection, which can hybridize to a DAT mRNA, comprise the following:
(1) DNAs or RNAs comprising a nucleotide sequence complementary to a

RNA inté F&%% %%‘&Q%%ﬁ?ﬂz&&%@k@%&%ﬁﬁ%&&m&@wm
degraded b AE B AR O S BB O P AME i SUpoeueRrescarch
suggests M@Rﬂaﬁea&ﬁm@phenmhﬁm Bl el dcdesrfmd(@) DN WeRNgREanisms for

I SRRSERhd oth
i OB O Mo s o
parasitesothst iRt DACRIN et ik e N ﬁf%&ﬁ% are used as
tools for Suppessian fidbepabstiansiationsa-teweteA Tahihoiehatstifvo diestivgraptipecventing

. tb d
diseases By VS0 Ies{{ﬂ%ﬁ)% el g%/%% %%gggg}rggrfl i]g@é%ﬁé{m%%g%%%&%@éﬁg

studied. sé@@%@@mm%}lﬁ? iSRS LU BRUD Lo RGBT ghsgion. provided
that theymﬁﬁxﬁfﬁmmﬂi@ﬁbm efdminda adihsequbhem E)}ﬂﬁ fhé\ﬁhblhﬂsepua@ombmatmn

ID NOs: 4
of a sen ngéﬁ Six aumlno :fcmf‘g es%}ﬁfga[%rom %ép %ﬁg e of (1) or W%%%ave :
nucleotidsoigmaibl&oneles anat éﬁht@&@é@memmw&g%q}g@a S BTN

These m}@ﬂ%@%&%@@ﬁ%ﬁw detectinguARblRige e xprefsibiybasrdsonandmseriptseferably
uclh olynucleotides for ADH2 detection, which can hybridize to an
20t 25,&%% NA, comprise the following: (1 DNAs or RNAs comprising a
Kusieotivletbedsiemt STBHplonERERF S el psedsT 9 RipBrops Lmxla

expressiGild 14&) ié}r%% Dmll\éﬁéod@mi@pﬂmmgm uﬁagiudeimam%?m COmpOSe an

complementar nucleotide nce encodin ing be transh d
siRNA Cﬁéﬁéf?é%?%ég ﬁ%eﬁléc%g(g? %éﬁm %8 Whichis a ¢ ege%ggg;te Sequence of -
with the therBH2 geroreud tan sy Drnde cRIESSomBHsHtH el thadstmet a double-
strandedSERUERSE RAESM ByraERiZe mﬂgﬁhﬁtra@%gsﬁgﬂd&m maaeoﬁmama\peodm

Q ID NOs: 43 an On theo hand AD in €0t 4
SiRNAs glye fPrsnhaye g% design axpre Ggr? }éﬂﬂ)e frgr%s%:%na% el eetor, an
RNAi-Ready pSIREN-RetroQ Vector (BD Biosciences Clontech)).

The nucleotide sequence of an siRNA can be designed using a computer program such
as that disclosed at the Ambion website
(http://www.ambion.com/techlib/misc/siRNA_finderhtml). Kits for screening for functional
SiRNAs are also commercially available and can be used (for example; BD Knockout RNAi
System (BD Biosciences Clontech).

All prior art documents cited herein are incorporated by reference.

Ex les. :
Hereinbelow, the present invention will be specifically described using Examples, but it

is not to be construed as being limited thereto.

[Example 1] Isolation and Sequence Analysis of a Gene Specific to Dopaminergic Neuron
Progenitor Cells

To isolate a gene specific to dopaminergic neuron progenitor cells, the midbrain ventral
region of B12.5 mice was cut info two regions in the dorsoventral direction, and genes

specifically expressed in the most ventral region containing dopaminergic Neurons were
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ADH2-binding antibodies comprise antibodies specific to any one of: (1)
an ADH2 polypeptide (SEQ ID NOs: 44 and 46); (2) a polypeptide
comprising an amino acid sequence with a deletion, insertion,
substitution, or addition of one or mgre amino acids in the amino acid
sequence of an ADH2 polypeptide gEQ ID NOs: 44 and 46) ; or (3) a
polypeptide fragment comprising at least six amino acid residues from the
polypeptide of (1) or (2). As described above, progenitor cells can be
identifieddiy thoaKb Héfé&%@‘&géét’é drsahog subtpscrherieolgred BN defragmeninchas a
fragmenDéhEcgidine lansior ADHRIgenerkpressiosinassiaiesied from dbe groumiof
dcells in which Lmxla gene expression was detected. The detection of
expression of Lmxla gene and the DAT and/or ADH2 genes can be
conducted at the same time or in succession. When conducted at the
1 wm@mﬁ@,tﬁ@dan example, the expression of each gene can be detected
1-1 \f%)rﬁa aneous d}l addlng different tags to each detection probe or such.
' dn‘cdnaucied in succession, cells in which Lmxl a gene expression is

déretedigearg l@éle@ﬂleete@ﬁﬁ@t“mn@i ahecpledtmececbrodivgennd wepedd at 100 pM:
(ad2: ad20eHaP ADHZ: gene-expresgion.ean-thende eonfirmeddsiesnativel R+ad13A)

of cells ex?ressm be selected from a group of
C%s i ? @‘ﬁfﬁﬁ?gﬁ%géﬁe@@egémns were not detected.
(727 % G@Mﬂtﬁt@%@t@ﬁ%@g%ups of cells before or after cell cycle exit

amngihenregenitorLells garbe achigyed\by combining as markers, (a)
th mxI a ene an ﬁyg\@ ore genes selected from the group

sﬁﬁ?f ,'Ptx3, and TH. LmxI b, Nurrl, En] , Ptx3,
ariélST H@&QQ@@M@W@@@@@N@ postmitotic precursor cells.

Eﬁ@!@f%gcé&%a%ég frohihege genes can be used to distinguish
pr enitor cells after cell cycle e E@ B%Q her hand, the Lmxla gene is
H

X PRSP AR EARRE Dk l)efore cell cycle exit.
Eﬂﬁl& pc@hMuﬂg @E@dﬁ]tbﬁ&dbs before cell cycle exit can be detected or

selesied SRPaminergisNAYRQR Psggenitor cells by detecting

or, selecting ceIIs ex ressm mela but do hot express Lmxlb, Nurrl,
gﬁi%fébgjcggfcggpagb fitst method of the present invention for
detecting or selecting dopamlnerglc neuron progenitor cells by

1.9 g§§m§wiprogenitor cells before and after cell

Ventral midbrain regions were cut out of E12.5 mouse embryos (Japan SLC), and

homeo

divided into two sections in the dorsoventral direction.  Total RNA was prepared using an
RNeasy Mini Kit (Qiagen), and double-stranded cDNA was synthesized using a cDNA Synthesis
Kit (Takara). After digestion with restriction enzyme Rsal, ad2 was added. ad2S .was used as
the primer to amplify the cDNA using 15 PCR cycles.  The conditions for amplification were: a
S-minute incubation at 72°C; 15 reaction cycles of 30 seconds at 94°C, 30 seconds at 65°C and
two minutes at 72°C; and finally a two-minute incubation at 72°C.  In all cases, N-RDA PCR
was carried out using a reaction solution containing the following compenents.

10x ExTag Sud

25 mMdANTP 44

ExTaq 0.25 ul
100 uM primer 0.5 ul
cDNA 2l

Distilled water  38.25 ul

1-3. Driver production
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cycle exit comprises the steps of: 5 (a) contacting a polynucleotide that
can hybridize under stringent conditions to a Lmxla gene transcript with a
cellular sample potentially comprising dopaminergic neuron progenitor
cells; and (b) contacting a polynuclegtide that hybridizes under stringent
conditions to a transcript of one or more genes selected from the group
consisting of LmxIb, Nurrl, Hal, Ptx3, and T11; or 10 contacting an

Sbosithat bde B Iransialon predckol ese SERRS. MDA CHBiions

sample y comprising dopami r i neuron proge itor cells
for anlpls‘écmmlm@mom@mﬁeopr@ts%%@r{@eﬁﬁf@rﬂfm@@&eﬁﬁﬁ geeriseteesimes of 30 seconds at

94°C, 3@9&%%@%EQJ?@%H%B@Q&RE%W@%M@E&QH&SQ'ﬁ%ﬂ&ﬁﬁ@@‘iﬁb@@d{%n at 72°C,
fore an r cell cycle exi f: 15 (a tact

the s n
The cD gﬁﬁ%’ ‘fsb‘?ﬁdls aﬁ%]éc#ég [%? QIE%% ORetot Qlﬁ‘%ﬁnﬁa genew %hgmth Rsal.
3 ng waselefaforsaripewetedtialyragmprising dopaminergic neuron progenitor
cells; and (b) contacting a polynucleotide that hybridizes under stringent
conditions to a transcript of one or more genes selected from the group
-4 ASSISERRPYFENxib, Nurrl, Enl, Ptx3, and TH: or contacting an antibody
that bt iftadskEion \paecfuntl@f ahgsl@éﬁasﬁmi?@%@jlﬂas saiiple@@litions

for amp QLEHHB'W&QW@%‘A%W@%&J%Mlﬂﬁ%@@%@'}eé&ﬁl@uyﬁz&. tr Yseconds at

irst and second methods mentioned above, L g gene expressi

94°C, 3%%%?@@ #H&3eh 7ast SO BHITRA L bts B %8 B?B%%@C&%ﬂfﬁﬂfhéf 72°C.
The cDMforvermentidied distngettitid dforck tERi Ryphognitdic ésagsigandrigeatethavith Rsal.

ad3 wasBitfe c‘f'ﬁc?@@tﬁ ﬂﬁxmgp& ed‘r@gﬁgls for detecting Lmxl a gene

expression a e same as those of the aforementioned 25 "method for
selecting progenitor cells using Lmxla and DAT or such”. In step (b), the
1-5. Dipression of abeartimore genes selected from the group consisting of

Lipxib, s{!yaﬁa%?dct t@% dani ssea%!xaeg Qﬂ%@%%&@r@gfm%d ethanol

translation pro tlngws é)t(%%[mltotlc precursor cells from amon

precipitafd.quddhnnskigieinedian progiehit irélﬁcayrﬁjﬁré@t@é@w&ﬂl@awe}&%@n at
98°C, 1 kindla R INAsudke usied arditestiafdpalynucleotisieser five-minute incubation at

98°C, the tester and driver were hybndized at 68°C for 16 hours.

With ad3S as the primer, the hybridized cDNA was amplified by ten cycles of DNA
(incubation at 72°C for five minutes; then ten reaction cycles of 30 seconds at 94°C, 30 seconds
at 65°C and two minutes at 72°C.  Next, the amplified cDNA was digested with Mung Bean
Nuclease (Takara} and purified using a Qiaquick PCR Purification Kit. Then, it was amplified
by 13 PCR cycles. The conditions for amplification were: incubation at 94°C for two minutes;
13 reaction cycles of 30 seconds at 94°C, 30 seconds at 65°C and two minutes at 72°C; and a

final two-minute incubation at 72°C.

1-6. Normalization

1 ul of 2x PCR buffer was added to & ng of the cDNA amplified in the first round of
subfraction. After incubating at 98°C for five minutes, 2 pl of 1x PCR buffer + 1 M NaCl was
added. After another five minutes of incubation at 98°C, the cDNA was hybridized at 68°C for
16 hours.

‘The hybridized cDNA was digested with Rsal and then purified using a Qiaquick PCR
Purification Kit. This was then amplified by eleven PCR cycles using ad3S as the primer
(incubation at 94°C for two minutes; then eleven reaction cycles of 30 seconds at 94°C, 30
seconds at 65°C and two minutes at 72°C; and finally a two-minute incubation at 72°C). The
PCR product was then digested with Rsal and ad4 was then added.



10

15

20

25

30

35

30 for detecting "Lmxlb gene" expression at the transcriptional level. Such
polynucleotides for Lmxlb detection can hybridize to Lmxlb mRNAs and
comprise the following : (1) DNAs or RNAs comprising a nucleotide
sequence complementary to a LmxIp cDNA (SEQ ID NOs: 19 and 21); (2)
DNAs or RNAs comprising a nucleo |%e sequence complementary to a
nucleotide sequence encoding the amino acid sequence of SEQ ID NO:
20 or 22 and which is a degenerate 35 sequence of Lmxlb gene code; and
(3) DNAs or RNAs consisting of a nucleotide sequence that can hybridize

1-7. wrdskStrmngan constitieasto the nucleotide sequence of SEQ ID NO: 19

r21. w detecting LmxIb ge xpressijon at the translational
B Pt g S A R R R G S TUBed o the testr
and mixebmithiges antivodies-fhehare $hecdivtoaryan@ohiddednrd anxited in Section 1-5
above wRONPERIAS (SERAMRN@S AR anikd 2y #2) RN RERIR S R1sISHREAhAN
amino acid sequence with a deletion, insertion, substitution, or addition of
one or more amino acids in the 5 amino acid sequence of an Lmxlb
1-8. poklyp&eticd (BEQHIRMIOS: 20 and 22); or (3) a polypeptide fragment

ORISR BINGAS S 8IB9 Qaidirrridues dremntne; RalReRUde Q[ A tester
(2)." .Polynucleotides t?&tqcan detect NurrlmRNAs are used as detection

and mixg( R REGHHNE frlae iy "N ISgBITe ERBre e RSP s RarsER phisRefon 1-5
above wisvelfGnekipomatiectitidsvas Midet deteetiNeafoHybickizZRtd digestion.
NurrlmRNAs and comprise the following: (1) DNAAs or RNAs 10
comprising a nucleotide sequence complementary to a Nurrl cDNA (SEQ
9. ipwBfemd of 9848 9NAs or RNAs consisting of a nucleotide
Seguehite cDNplemehtanyatd A waclekliddsSaobnce-Lrcodingtheaminthe tester
and mix QPG SEAURLR ALSERIRNO: 2401 e%ﬂgt}%ﬁ{%hl\'lﬁr%c%ﬁﬂ%”ﬂ %%c; in Section 1-5
sequence of Nurrl gene code; and (3) DNAs or RNAS consisting of a )
above Wi EBRIE GeqhBR A NHIChAPRYb S & oRR IR PGB At YesieRtdRg e gen) and its
nucleotidMNgiEhCDNA (SHQD INDg: (R3 ABMHEAS) Whende arddfeeting Nurrl gene
expression at the translational level, Nurri-binding antibodies are used.
Nurrl-binding antibodies comprise antibodies that are specific to anyone
[Examplg | Brarsision HoRipsistfd@Ed ID NOs: 24 and 26); (2) a polypeptide

1L gonsisting ofcas: pradsio it sequenRceopithiseflaletionoinSerivtssion analyses of

Lmxla, E%%%E%%Pﬂ %1"1’1 gliyc?sQn%fh%r&?o%f nor %ﬁ-@ IMA%%I}D f}ih,%fgrggJ%% 1%'3 i0n were
carried out according to the following protocol: Nurrl and TH are markers whose expression is
known to be induced for the first time in dopaminergic neuron progenitor cells after cell cycle
exit. Lmxlb is a transcription factor marker known to be expressed at an extremely Iov? level at
the stage of proliferating progenitor cells, but its expression starts to increase to a high level after
cell cycle exit. _

First, E12.5 mouse embryos were extracted, fixed in 4% PFA/PBS(-) at 4°C for two
hours, exchanged with 20% sucrose/PBS(-) at 4°C overnight, and embedded in O.C.T. Sections
of 12 yum thickness were prepared and after drying on a shde glass, the sections were fixed again
in 4% PFA at room temperature for 30 minutes.  After washing with PBS, hybridization was
carried out at 68°C for 40 hours (1 pg/ml DIG-labeled RNA probe, 50% formamide, 5x SSC, 1%
SDS, 50 pg/ml yeast RNA, 50 ug/m! Heparin). The sections were then washed at 68°C (50%
formamide, 5x SSC, 1% SDS) and treated with RNase (0.05 pg/ml RNase) at room temperature
for five minutes. After washing with 0.2x SSC at 68°C and washing with 1x TBST at room
temperature, blocking was carried out (Biockihg reagent: Roche). The sections were then
reacted overnight at 4°C with alkaline phosphatase-labeled anti-DIG antibody (DAKO), washed
(1x TBST, 2 mM Levamisole), and color developed using NBT/BCIP (DAKQ) as the substrate.
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sequence of a Nus1 polypeptide (SEQ ID NOs: 24 and 26); or (3) a
polypeptide fragment 20 comprising at least six amino acid residues from
the polypeptide of (1) or (2). Polynucleotides that can detect EnImRNA
are used as detection polynucleotidgs for detecting "Ent gene" expression
at the transcriptional level. Such polynucleotides for Ent detection can
hybridize to En'rnRNAs and comprise the following: (1) DNAs or RNAs

i tid | L t
T O e R e
most venset|tree @%ﬂmmﬁ@marylt@léﬂﬂmétegﬁé &-BueibeAed ToE %é dh P ke
which coBC)SEAVRNGR pERECH ?&ﬁ&gﬁiﬂm whiehismamta@encnte

sequence of Ent gene code; and (3) DNAs or RNAs consisting of a

nucleotide sequence that can hybridize under stringent conditions to an
2. Eattc DNASEQCD MNOssgpandsxomivned dereling Erengeits antibodies.
Furtherm@XL 855170 ﬁéﬁhﬁ ransletionad lexel vﬁﬂ&bu}alﬁ@ﬁ@w@ﬂ@@mn@gﬂ neuron

Enli-binding 3 bodles comprise antlbiéi8 are saL}Ecmc to nyone . - iq
progenitqseqiy AHE PGB RTHe TS 15 RBSE (& & Polypeptide
induced fianbisfing tfrarimdopoaodse qaememnﬁmﬁd@ I@Ql&ﬂrﬂfﬁm@rﬂ @ﬁde GXH

sypstitution; orad %@@1@5&% @5NREE BMiAR @S0500 dheimmiegauidl transformed
seq uence of an_Ent polypeptide (SEQ ID NQs: 28 and 302@% (Z’%)la,m3

with a Veﬁ@ﬂf/ﬁé& %%Pﬁ—f-?ﬂ & R A AR IR o R raditias 8mhat
Lmx1a veolypeptidtef (hes(n 8aFelymed étidds thatdan deteonPRSTRRINVAST
immmizZAo n%?e(;e% fion R@Lé{pfé(é el%f)%tsd@%ﬁ'@tiﬁgnﬂi&%(ﬂ%r blood was

expression at the transcrlptlonal IeveI Suc uc eotld S for Ptx3 2
coﬂecteddé%’cﬁa#beé%%rm%% %%ﬁ%é]ﬂé% i RME TS the GsT-

Lmxla a@ﬁéﬁﬁﬁhﬁi%ﬁe@&ﬁélﬁtn@mﬁmmmtlde sequence complementary to an
RLD Ae(%%g#g)s N e%é‘&gé B dPNASOR /RS, 6PASISENG Rbours,

nucreotl e sequence comp engentary to a nucleotide nc
exchang e BB SRR B S QDN r B G Seckons of 12
pm mclgﬁgﬁa@@t&@mwm@efoﬂmslmmﬁm dridd(3) PNAsconRNAse for 30 minutes,

" then infiR2} %df bl 9.8 g@%@g@ f%q%%@&acmcgkmﬁmg 5 5HiAge R om

con 0 Q ID NOs: 31 and 33). When detecting
temperaRrISiereinges JmantethadshitsHarfased M@Omrramaea ?ﬁégﬂe hour,

and furtiRbersieqed RtyBebindingoantibudids qowmigioel &htibedie80/PBS(-) at room
temperature for 15 minutes was performed three times. Next, samples were reacted with
fluorescent-labeled secondary antibodies at room temperature for one bour, washed in the same
way, then washed with PBS(-) at room temperature for ten minutes, and embedded.

As a result, expression patterns similar to those detected by in sifu hybridization were
observed (Figs. 3 and 4). Not only the mRNAs but also the Lmxla proteins were revealed to be
expressed in the £12.5 midbrain. Double staining with TH and Enl confirmed co-expression of
Lmx]a and these proteins in the same cell, and their expression regions were also revealed to be
completely identical in the dorsoventral direction (Figs.' 3 and 4). In contrast with TH and Enl,
Lmx1a expression was also detected in the ventricular side.  This region {Ventricular Zone
(VZ)) comprises proliferating progenitor cells that will eventually differentiate into dopamine

DEeurerns.

3. Therefore, to confirm that Lmx1a is expressed in proliferating progenitor cells,

‘bromodeoxyuridine (BrdU) incorporation and Lmx1a expression in E12.5 mouse midbrain were

detected by immunostaining.

BrdU (Sigma) was injected (10 mg/ml in 0.9% saline injected to give 50 pg/g body
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that are specific to anyone of. (1) a Ptx3 polypeptide (SEQ ID NOs: 32

and 34); (2) a polypeptide consisting of an amino acid sequence with a

deletion, insertion, substitution, or addition of one or more amino acids in

the amino acid sequence of a Ptx3 polypeptide (SEQ ID NOs: 32 and 34);

or (3) a polypeptide fragment comprtsing at least six amino acid residues

from the polypeptide of (1) or (2). Polynucleotides that can detect TH

MRNAS are used as detection polynueleotides for detecting "TH gene"
weight) @xprassibdahing transcupticrmlaeveicSue polys beleotidesdotidgi12.5 mouse
embryosd%&%}&}c@gsm{@&?s Z640 THIMRY MI@&%‘#%? ‘fé‘i‘é&n%‘@efl‘?é'o"‘&%%&%} were

NAs or RNAs consisting of a nucleotide sequence complementary to a

preparedriy HSNANSERY fS RO SBURPS FRPRPENEAS RE RNAR (opraaing g first
detectemmiﬁ_pﬂﬁeiﬁﬁmﬂ te aaibpiBmbatasycitoasnuete diidel againa?Ce BREOehing

tempera reaéw %&3 %g@%ﬁrﬁfh&gﬁ%ﬁ e@gﬁg %ﬁ%@%%@dﬁn@m&es) and BrdU

generate sequence o DNAs or RNAs
was detegipndigting sntirRiibstifrdEquence that can hybridize under stringent

CORéldeiissteraaldd CRNArISEQIDNGsoRRdnd Sdh\Whel deleating dts of the
V7 reg;gngﬁ ession at the translational level, TH-binding antibodies are
-binding antibodies comprise antibodies that are specific to
anyone of. (1) a TH polypeptide (SEQ ID NOs: 36 and 38); (2) a

4. mu@epsﬂﬁ@@misﬂ%mm@@mﬁﬁﬁwm&miﬂ@@ examined.

msertlon subs ituti ddition of 0 no. aC|ds
Lmxla ex res éy (t) aglleﬁnpo J P ? e%%é%% f%% s %ce the Imdbram

i sequence 0 ypeptld

sectmm(gy Z-pailypldpiide niregieistEsmpriteag af tbas shEdmineraeig freépam ‘and the

dopamifk@BidheRelyPaBidef () Rrizl @W@rmﬂw can&pzblsaﬁarker

in ste ion usi melb Nurrl, or Enl as hem
known {0 SR 28 SRS A e Ll O R e e oo

aﬂerresnﬂtaz;@reaésdtﬁtm@qhmm@méqm amcmeﬁmn A & mtp@ssed (Fig. 6).

accurate distinction of progenitor cells before and after cell cycle exit. As

d ab btra Il h fa .
N e e
neuronsyin Mlﬁﬁé’ﬁﬁiexme@sfomégmét&ﬂ Frsrolithe adudt pr@gemmrcells

b&ﬁ%ﬁ%ﬁ?ﬂtﬁ¥ﬁ§x§é@p@é‘fbﬁﬁeﬁ§@')ﬁ%‘)ﬁ%@?i@ﬂ& rRAIEcEeR Ll OB BMYIGhe human

nitor. cells.
brain purc asedg g'em Clontech using RNA PCR kits (TaKaRa). Then, using cDNA equivalent

to 10 ng, 1 ng, and 0.1 ng as a template, PCR was performed in the reaction system below.

10x ExTag 2

2.5 mM dNTP 1.6 ul
ExTag 0.1 ul

100 uM primers 0.2 ul each
cDNA ipl
Distilled water 14.9 pl

The conditions for amplication were: a two-minute incubation at 94°C; 37 reaction
cycles of 30 seconds at 94°C, 30 seconds at 65°C and 30 seconds at 72°C; and a final two-
minute incubation at 72°C.

The primer sequences used were as follows:

Human Lmxla: TGAAGAAAGTCTCTGCAAGTCAGCCC (SEQ ID NO: 11)/
CACCACCGTTTGTCTGAGCAGAGCTC (SEQ ID NO: 12).
The results revealed that in humans also, Limx1a is expressed in the midbrain substantia

nigra region, where dopaminergic neurons are present (Fig. 7).  Further, expression similar to
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The steps above were explained in the order of (a) detection of Lmxla
gene expression and (b) detection of expression of marker genes such as
Lmxlb; however, the present methods 30 are not restricted to this order.
Detection of Lmx| a gene expression-and detection of the expression of
marker genes such as Lmxlb may be performed simultaneously using
different tags and such. Alternatively, detection of Lmxla gene expression

maybe performed after, detecting the expression of marker genes h -
thatof 5 B A ESCL VO NG R Ior 5 Sl CAiPbe EACE Ry o oprssion
was alsoselealinitthes greip @rpldssingdbiammndrsigaraiomoA#Big the group of

eslls dnwhichiBeninssion ahma kerapnas shen B kIaxbdypsei@trgic neurons

detected. "Prqliferating dopaminergic neuro cells before ¢

Il .
was comggeRg et Y AMIOR I R o BIOGCRISF RS B col i on of Lmx e

is maintAnet fnatuiie: dogamifergil fisuionstoganitves sdbaianssddtectst eycle exit and
gven in a E.te‘bﬁ?é’tﬁ%*ﬂﬁéﬂ%@%%%{&%i@%ﬁﬁgﬁt@ﬂnmﬁm, detectsar 464 TH is
) selects progenitor cells that have r%e)f(hlfffg the cell cycle r4%rlho ?\%h%\ﬁ Al
induced fist R SIOITER AEEERGFE EXELIR SRS TRCHENY ARBPABHZ ™ only
after thigageswhishareroadmes) thatxBiecttivesiabows ebiisbwbizieivaddn proliferating
pro genitg%ﬁé%ﬁ?é;‘%%R%Qvé?}%g‘@l?{@sQ%B%%%%%@&HE@Q ol QLS IRPRIG X ot level
gene expression Is first detected using the aforementigned probe,
afer cellBbeayor AP BoRE HEFRISITORRETH STy e apym markers
and Lm:SelestegnNextsifithadhgrougecfotelisduvhichinagiseleated.using Lmxla
gene expression as an index, the expression of the DAT gene or ADH2
gene is examined using their respective probe, antibody, or such. Cells in

IndustrialAiphl ression of the DAT gene or ADH2 gene was detected at this
PRiBtafedstactad aix seleated aakmbturisedogiaminedgic diguroinsr@nittigons from
other h he grou ellsinwhi ressi : r
: I0VRISh e SXArESH00.Af 1he DATSRRIAT On
the Swg%ﬁa?(gggjéa%b%ﬁg%g%%g%ge g ﬁljrther engminegtf’for expressioﬁ 210 of

the otherrharib b e ewprl KRIRIR CmmEIHGTaIc R SXErREdtR B RENYEHe £ L, PE3,

and TH %Jﬁﬂ@&&%é:rhé/\%%tdﬁiﬁﬁ” _mh@ilﬁiswmm@m_ idesyifiectias poBUTatid ADE?
recursaqr. cells and cells in which the S mar :

starts oy R LI RO HER IS CXRLTRIRNE AL degts Suehadin

proliferdtsforragshipeiecifithTnevafethd G5 ISP RO HIELEE i?ﬁéﬁ‘fﬂ@g’ fOPsRIdaBREy s to

high level after cell cycle exit. The Lmx1a expression pattern 1s different from that of known
markers and Lmx1a is specifically expressed in dopaminergic neurons at all differentiation
stages, from proliferating dopaminergic neuron progenitor cells to cells after cell cycle exit.
Thus Lmx1a is considered to be a useful marker in detecting dopaminergic neurons (see Fig. 8).
Lmx1a is a marker expressed at an earlier stage than conventional markers. Therefore,
by using the expression of Lmx1a in cells as an index, it becomes possible to select cells suitable
in terms of safety, survival rate, and network formation ability for use in transplantation therapy
for neurodegenerative diseases such as Parkinson’s disease. Furthermore, since Lmxlais a
marker expressed at an earlier stage, it is expected to be especially effective when screening for
differentiation-inducing reagents for dopaminergic neurons.  Such genes, widely expressed
throughout the differentiation stages from proliferating dopaminergic neuron progenitor cells
before cell cycle exit (progenitor cells at the initial stage of neuron formation) to mature cells,
are considered to be useful in revealing the various factors involved in the maturation process of
neurons, and the various factors involved in the expression of neuron function. Moreover,
elucidation of such factors is expected to greatly contribute to the therapy of neurodegenerative

diseases.
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detecting dopaminergic neurons or progenitor cells thereof are not
restricted to the orders of 25 detection shown herein, and the order of the
detection steps can be suitably determined. Also, the conditions for
designing probes and primers, the striiigency conditions, and the
definition of hybridization used in the methods of the present invention for
detecting or selecting dopaminergic neurons or progenitor cells thereof
are the same as the conditions angsughdsed for the probes and primers
for detecting Lmxla gene expression. The methods for producing 30 the
antibodies, the types of antibodies, and such used in the methods of the
L prégesthir évttidriduindetectingiog seleptingeiogiaminesgiandéutransaenitor cell
thereo@@%@%@%ﬂ%ﬂ?ﬂ@@ﬁ@%@%ﬁ%g Qfégﬁtm%n 'g'é%mgluask%@!%) rg{l)?gnﬁally

.described ahove. Moreover, the present invention provides )
Compnﬁﬁ%%ﬁggﬂgﬁmﬁl%réﬁa%m@f’g%q{%Fo?i%’g&ﬂﬁ%rcﬁ%@éfﬁﬂfr%}éhﬂﬁéyé@ﬁl%ﬂe that
hybridinsentiviee dtabgue, doydiimsining temiaripiofagkas 3mpaysiselegtide oleande

sequen@Prlxlan@nfiRedy, ok the present invention with a marker polynucleotide
obe qr antibody against one or more genes selected from the group

pr
(1) the BYRISQRAR BSAFRKHONHL B NIt | Bix3, TH, DAT, and. ADH2, it becomes
(2) a npdesitle tojseteetvelydietechalndseideicprepamiasw gellsmontodriesaiie of SEQ
D NOSg4ect a group of cells that have exited the cell cycle and of those that

have, not from amon proégenitor cells. Therefore, sets of reagents that

(3) 2 el e SSAUSBEY S ETAY DA IRSA MR B Sy MSERIcHIS ioan folaragncacansiipdaiy of the
nucleotidi¢hsegreatkes {fBH IDleadide3probe or antibody 5 against one or more

(4) the %%]Tgitﬁgg\g%g&%@ﬁ@gg@&(@qqgi%&iq ',of LmxIb, Nun 1, Enl, Ptx3, TH,

N i DH2, are use s kits for distinguishing dopaminergic neurons
(5) 2 nuglrgrdtoregerifsr eumdRacranly Putidearnptsting sidbetimyiomecai mavensk of SEQ
ID NO:Liaxib ] Btursild Enl, Ptx3 or TH from the group consisting of LmxIb, Nurrl,

@anugg%ggé%%%%) ﬁiﬁ?ﬂ% ADH2, and co binintgca IE%rker o%nucleoti,de

obe or a agal bét 2P Jene With B ERIRIA BRERGEE e of the

nucieotilsRgwESEAE SF AT INXIASeKibady, the kits become effective in
detecting/selecting progenitor cells that have exited. the cell cycle and

thase that have not from among the progenitar, cells. Alternatively, by .
= se eﬁi:ﬁlrllggﬁ ’BT?%r RBH2 A eé%m’ﬁiﬁ?r?ﬁ%%sgp SPAReF %%?fél@ﬁ?&étﬂrso‘&‘édeondes'

A

3. A reagent when used in distinguishing a dopaminergic neuron and/or a progenitor cell
thereof, wherein the reagent comprises, as an active ingredient, a polynucleotide that hybnidizes
under stringent conditions to a transcript of a gene that consists of a nucleotide sequence of any
one of (1) to (6):

(1) the nucleotide sequence of SEQ ID NO: 13;

(2) a nucleotide sequence encoding a polypeptide consisting of the amino acid sequence of SEQ
IDNO: 14;

{3) a nucleotide sequence that hybridizes under stringent conditions to a gene consisting of the
nucleotide sequence of SEQ D NO: 13;

(4} the nucleotide sequence of SEQ ID NO: 15 or 17;

(5) a nucleotide sequence encoding a polypeptide consisting of the amino acid sequence of SEQ
IDNO: 16 0or i8; and

(6) a nucleotide sequence that hybridizes under stringent conditions to a gene consisting of the
nucleotide sequence of SEQ ID NO: 15 or 17.

4, The reagent of claim 3, wherein the polynucleotide comprises at least 15 nucleotides.
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or antibody with the Lmxla marker polynucleotide or the anti-Lmxla
antibody, the kits become effective in detecting/selecting cells by
distinguishing between progenitor cells and mature 15 neurons.
<Screening for Differentiation-inducirfgf reagents for dopaminergic
neurons> Since Lmx| a is a marker specifically expressed in dopaminergic
neurons from a relatively early stage of development, it can also be used

5. tosseremsdesreagents haldrduse ihe pidhdifpreniiaion aldepapngigdier cell
neurons. Specifically, the .ability of a test substance to.induce —

hereo R T L AN Ao i B0 WEIEH AUty Fel oy

comprigighstanoenitcatianauiasiedde | prosampte cahd kivesétinghlamxntibody that binds to

a polypeyhiessianohfierelorg, ierresenidguentions Rio\iHesMerRoas) of a partial
creening for candidate compounds of dopaminergic neuron

)
SCQUENGGTE fation- inducing reagents by using Lmxla expression as an index.
(1) the tmivia axpregsiomwcahPeHBisted!#5 by using either a marker

(2) an RINOUCIEQlide-RrERE @A Rt TRk ARIRACK: RFHHS BresntolNVERHOB: more
. Th%cellﬁ‘lfar s|amplt=f§1 used here##(%gaﬁefg alLQ{ cellular samples

amino YAEARLiTFREIE BF thEVEARGP s é’ro or cells that can be

(3) an ancuceddodifferentinte datobdopaminetgic stgurons thetibhtasl ES cellswveitingent
conditid%'é@QQFg&ﬁc&QMH%?%Q%@éo@S@Q%%éﬁgeq}ffgﬁ@tﬂﬁm@.Of:3,0

dopaminergic neurons vslﬂ')()ﬁ%r_nﬁ%se ethods which. use, as the

(4) the M&@Cﬂaﬂf@ﬁl&ﬁ%&ﬁ?@ cBitY, BRE Harrow interstitial cells,

(5) an arm’mead'ffrimmmumwﬂmliaédieﬁdﬂiﬁase(ﬂapammr}aﬁ@mbﬂédﬁym@ubl:imattmnnore
amino MR 082092 I {dpexamined aRaness fationalphase

publication corresponding o a non-Japanese international publication); .
(6) an 2ps1R Afiq SEBEASS, STISOASTVL2 BYSEFH iR RO CERS sl Stringent
conditittik 1608129 p ettt Mo réaize nuriethokdsstoundu i § B3 dopamihergid tells
from neural tissues that do not normally produce dopamine, such as the
striatum and cortex, are also known (JP-A HI0-509319). Thus, these cells

6. akhprefdhaRiideimsd Wi BRI BARYIRSBHINIIE R tRP RARdRFAEN o
comprissmplumds:fendapathinerglaneatitorediffetentiation- inducing reagents

act.
7. A reagent when used in distinguishing a dopaminergic neuron and/or a progenitor cell
thereof wherein the reagent comprises, as an active ingredient, an antibody that binds to a
polypeptide that consists of an amino acid sequence of any one of (1} to (6) or a partial sequence
thereof:
(1) the amino acid sequence of SEQ ID NO: 14;
(2) an amino acid sequence with a deletion, insertion, substitution, or addition of one or more
amino acids in the amino acid sequence of SEQ ID NO: 14;
(3) an amino acid sequence encoded by a nucleotide sequence that hybridizes under stringent
conditions to a gene consisting of the nucleotide sequence of SEQ ID NO: 13,
{4) the amino acid sequence of SEQ ID NO: 16 or 18;
{5} an amino acid sequence with a deletion, insertion, substitution, or addition of one or more
amino acids in the amino acid sequence of SEQ ID NO: 16 or 18; and
{6) an amino acid sequence encoded by a nucleotide sequence that hybridizes under stringent

conditions to a gene consisting of the nucieotide sequence of SEQ ID NO: 15 or 17.

8. The reagent of claim 7, wherein the polypeptide consisting of a partial sequence

comprises at least six consecutive amino acid residues.
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Herein, any compound may be used as a test substance to be contacted
with the cells. Examples comprise gene library expression products,
synthetic low-molecular weight compound libraries, synthetic peptide
libraries, antibodies, substances releé3ed by bacteria, cells (microbial,
plant, or animal) extracts, cell culture supernatants (microbial, plant, or
animal), purified or partially purified polypeptides, marine organisms,

9, eme@ﬁeféqe} BlantsnaniMals. AR SuGH 0k 200 ange M&;@& §§aﬂ9& cell

display libraries, Test substances screened by the present m

thewoﬂﬁ@%fﬁt)‘?h[%mrﬁ B aBpEThEIGRER Yon differentiation. Therefore, such
(a) conmubsmcd$ud:ansm@m;@teanaﬂuedempam@mﬂc;ﬁmug&fgrcdtseﬁﬁea}d&used

prooem*?(yr%gmg%?% W@&&ﬁd@%ﬂ{@ @bﬁ@&g@ﬁﬁ% SRS n%rgonlt_iztm stoa

effective. Cell differentiation can be detérmine comp athg
transcrigl B A58R TRt that HPuclridh e IRRge ﬁ@p&:éﬁf&&é@ fes tode (a-6):
sibstahceschltematipliyneelifdifferéntistinn san also be determlned by

I dditi mxI pres n For
o e AT R SRR gt e
Sequen‘%?dé%?%é} OSdela microscope, or by detecting or quantifying
subsianeedestith agcdapaning thatiare producethinibesaiserdnalysise

consisti%%'n%@t@é%géé o&gilé% géabQ%@m { Q_Alréexpression regulatory region

a can be c on rom gen Yy known methods using a
sEttHEBFisAtidnRFagBHeO FIE @i, Tethdds for establishing the
tr@nspﬂﬁtmﬁé@ﬁaﬁ SitthendelRas ErgmanpinepaR kKoRWRiARHGAR haibsadid

se uenc% %5%?]?@? Suq@lem nt 8, New Cell Engineering Experlment
q rotocorl. Cancer esear’ ivision, The Institute of Medical Science,

L E mﬁr@i@yiéﬁ TR etha ﬂ?mhmﬁﬁas RN ﬁmgg@gg:@)lé‘qﬁ.oaszea@nan

consistiggrEHab m@leaﬁa@%%@ﬁbﬁ@@@m@(g 1egion of agane £/n be cloned by
a prgbe DNA comprising a

eenin enom| usin
o con g B R s Sy DD B e o tepacor o
pwgemt@mﬁﬂdbemccnlﬁ evgéﬁe?Wﬂmi@O@ldtaﬁh@dlﬂbtmg’mamder gom@iniscarslitions to
transcrlﬁ@.rbﬁ&ﬁjénﬁ fﬁ&'@%ﬁe&@eﬂé@fb@'ﬂ&ﬁ%@g}@dﬁ shianed-e1 agmenied bn 1, pux3,

e THOPRESSSS S i Eal e Shrency sepuergs porion
reporter gene to determine the strength, regulation, and such, of its

10.  eXResssiAnd hereby @akinehiturther comprises the step of:

(c) contacting a cellular sample potentially comprising the dopaminergic neuron and/or the

progenitor cell thereof with a polynucleotide that hybridizes under stringent conditions to

transcripts of either or both of the genes selected from DAT and ADH2 or with an antibody that

binds to a translation product of a said selected gene.

11. The method of claim 9, wherein the gene selected in step (b) is one or more of Lmx1b,
Nurrl, or Ent.
12. A method for detecting or selecting a dopaminergic neuron and/or a progenitor cell

thereof, wherein the method comprises the steps of?

(a) contacting a celiular sample potentially comprising a dopaminergic neuron and/or a

progenitor cell thereof with a polynucleotide that hybridizes under stringent conditions to a

transcript of a gene that consists of a nucleotide sequence from any one of (a-1) to (a-6):
(a-1) the nucleotide sequence of SEQ [D NO: 13;
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possible to determine the minimum unit required to maintain the activity of
the Lmx| a expression regulatory region. Gene expression regulatory
regions can be predicted using a program such as Neural Network
(http://www.fruitfly.org./seq_tools/prosgoter.htinl; Reese et at.,
Biocomputing: Proceedings of the 1996 Pacific Symposium, Hunter and
Klein ed., World Scientific Publishing Co., Singapore, (1996)). Programs

for pregicling e ipimy éfﬁ%&ﬁ%ﬂ@&%é{!&%@&ﬂ%@&ﬁ@gf - amino acid

expression r ﬂulatory region are also known and can be Use

sequeng, o $pid L L#in.edu./software/prosean/promotersean.htm:
P(estridgec(289%) sedvalcBibht 24911 23982} Thitngxpressidioregulatgsye

consistig?égsb%h%fﬁﬁaéﬂaé!:% ERCSgladed ipfgWay. can be used to produce

Ired polypeptides/proteins in vivo in a dopaminergic neuron-specific
niarHebananlcadeimanarsiyed Bl déarhinergic neurons. Also,
siface) mutrdside markeicepeciitially: pxpressedtitodeRanREnGic Nelmonsd

sequen rg@%%%é?(g%gnﬁgﬁgmagg of flevglgpment, it can also be used to screen

1euron differentiation-inducing reagents. Specifically, a
vEER IR OB S AFBE IR RAE D Tl Gric g En slHIBRt 6aRdbBoas e et is

consistingrofiteeshurdedthe jeguatios BHHD apressiorregdlatory region of the

xla gene, and suitable, cells.are transformed with this vector. Then, a
o con B A R R T et
progeniginpel hsreny tHIG adst viideaties tha diduidiranmulredpissioprafinens to
transcrif@portenigens indeteeterdicdng teRicsuDSenae AT HdosOD induaEehthe antibody that
fferqntiatiorrl gf dop%min rgic eurons. <Lmxl a-Binding Proteins> A

. dj
binds to {‘rans ation ucts ? Saig SC1ECHE n a . .
sequence similar amino acidTtesidues is conserved among proteins

encoded by homeobox genes. This conserved region is called the

13, ""opeedrsaainzanddbeRNAYegion eraeding the irrnecdomainsis salrdtde
the "homeobox' Th?gﬂomeod main c(Elprm a DNA-binding domain with a

sequencge c]‘,on;txams 10 at leas conrsecutive nu e(%ti es, .. .
: elix-tarn-nelix conformation and binds 10 spécific nucleotide sequences

by entering the space between the two strands of the DNA. Homeobox
14.  gengikedHeisang Hibt?n@lﬁb&gﬁét@dopaminergic neuron and/or a progenitor cell

thereof, wherein the kit comprises: the reagent of claim 3 or 4; and a polynucleotide that
hybridizes under stringent conditions to transcripts of one or more genes selected from the group
consisting of Lmx1b, Nurrl, Enl, Ptx3, TH, DAT, and ADH2,

15. A kit when used in distinguishing a dopaminergic neuron and/or a progenitor cell
thereof, wherein the kit comprises: the reagent of claim 3 or 4; and an antibody that binds to

translation products of one or more genes selected from the group consisting of Lmx1b, Nurrl,
Enl, Ptx3, TH, DAT, and ADH2.

16. A method for detecting or selecting a dopaminergic neuron and/or a progenitor cel}
thereof, wherein the method comprises the steps of:
{a) contacting a cellular sample potentially comprising a dopaminergic neuron and/or a
progenitor cell thereof with an antibody that binds to a polypeptide consisting of an amino acid
sequence of any one of {a-1) to (a-6) or a partial sequence thereof:

(a-1) the amino acid sequence of SEQ ID NO: 14;

(a-2) an amino acid sequence with a deletion, insertion, substitution, or addition of one
or more amino acids in the amino acid sequence of SEQ ID NO: 14;

(a-3) an amino acid sequence encoded by a nucleotide sequence that hybridizes under
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function as transcription factors that activate or inactivate the transcription
of other genes. On the other hand, the LIM domain has a structure similar
to the Zinc finger, consisting of 60 amino acid residues in which the

" positions of six cysteines and one histiline are conserved. Unlike the Zinc
finger, DNA-binding ability has not been detected and the LIM domain is
thought to be involved in protein-protein interactions. The LIM domain is

stringethougiitinsuppiess b funeliost ahidhe chemeodamaidyristranolegylarn .
bigéqjggh\évié%tgg h%n%oggnggin hﬁr%@qg itis {igi:)ugl}‘é;_that when an
activator profeln indstothe EF main, the Omeodomain shows
DAL didEaapistycSintecthath ikl agione lissartiom sabritugemne dravidigien of one
or mor%bﬁ%iﬂ@rﬁ@% il indheuabtdad @@éﬂtﬁ@&eﬁ]? S}@quip}t@ni @f(ﬁtb%rﬁdﬁneslrby |
inding to activator proteins in vivo. Therefore, proteins that bind, to L mx
o 8 AR B8 e R IV BT R b AR SRS TG i iaies under
stringenh geueationsand/eenfurrtiostiot dd phdinelesit desrarcEo IdEHAALLVGE &5 or 17;
and binding proteins, Lmxla is first contacted with a candidate protein, and the

resence or absence of binding is detected. In this step, Lmxla can be
(6) conl R B Rl AT SR o SRR BraHHb0 ST o

progenyesyidtélsrantiedimppisepioleesidmibia, lgdmallizravy dexpesgion proditss to
transcripiiyialaubstancasfar %@&t&%@&ﬁ@m@ﬁ&g@éﬂg%ﬁ&?iﬁﬁ YAEQYP, Enl, Pix3,
4T cell_&/ gg, kno&ﬁc?@gﬁ%gs and 34 peptides, r_latural_ sublstances
and T Hy QFVt AP BRI SOBRIAERT MRGUbmPEaRdree St derRgnts,
and peptide groups randomly produced by the phage display method and
17.  SYER (leaMaloRinkR38: IeAG IR HioNaVRI. Whpp searching for

proteins that actually interact with Lmxla, proteins expressed in.
() COI”&BB%%MQ @h%%%%%%%ﬁ%ﬁyl‘b?@%mﬂy%}éﬁ% aguspand/or a

progenitandiflaterprdteits a Alslo noahidatetprdietniiney e dabelegttorceasniofs to
tramcriB%@W&tﬂ@lt%(ft% (ﬁ*ﬁ@%‘&?& géllegﬂc):ﬁ ?r%%éﬁl???lﬁﬂf A@ﬁf&?%@xm an ant’ib?dy that

_ invention revealed that Lmxla is express opaminergic neurons at al
binds tofrnslaipyprodiisingbini fsricpteigiating dopaminergic neuron progenitor

cells to cells after 10 cell cycle exit. Asa result, Lmx | a was considered to

i nglgr%té; e ]:)r more of Lmx1b,

dopaminergic neurons. Therefore stances t

Nurrl, or Eni.

16, A method for detecting or selecting a dopaminergic neuron and/or a progenitor cell
thereof, wherein the method comprises the steps of;
(a) contacting a cellular sample potentially comprising a dopaminergic neuron and/or a
progenitor cell thereof with an antibody that binds to a polypeptide consisting of an amino acid
sequence of any one of (a-1) to (a-6) or a partial sequence thereof:

{a-1) the amino acid sequence of SEQ ID NO: 14;

{a-2) an amino acid sequence with a deletion, insertion, substitution, or addition of one
or more amino acids in the amino acid sequence of SEQ ID NO: 14;

(a-3) an amino acid sequence encoded by a nucleotide sequence that hybridizes under
stringent conditions to a gene consisting of the nucleotide sequence of SEQ ID NO: 13;

{a~4) the amino acid sequence of SEQ ID NO: 16 or 18;

(a-5) an amino acid sequence with a deletion, insertion, substitution, or addition of one
or more aming acids in the amino acid sequence of SEQ ID NO: 16 or 18; and

(a-6) an amino acid sequence encoded by a nucieotide sequence that hybridizes under

stringent conditions to a gene consisting of the nucleotide sequence of SEQ ID NO: 15 or 17;



10

15

expression of the Lmxla gene may be utilized to control. in vivo, ex vivo,
and in vitro differentiation, maturation and/or function of dopaminergic
neurons. Examples of substances capable of inhibiting gene expression
include antisense nucleic acids, riboAfmes, and double 15 stranded RNAs
(small interfering RNASs; siRNAs). Thus, the present invention provides
such antisense nucleic acids, ribozymes, and double-stranded RNAs.

and  Examples of antisense mechanisms that suppress target gene expression

) oonétg‘&&%g% &ihe sia{;ﬂgfét?O&eof&aﬂgﬁc%ﬁi@%%%%%@M&éﬂ ;Leéefp?sn ian, @)

transcription suppression throu Jrmation at sies of local
progenipperrlidbpraplusithasrsmied goy feNpap KT eraseuyds Xy traaBEApIGHONS to

transcrifbibftiondhmpugihhyiand fernadiopcwihiNA AU Rg SyDHEsts, khspligifi®ody that

binds s YBRIESRIEN hiouah hybid formaion t intron-exon junctions, (5) splicing
suppression through - hybrid formatfion: at sites of spliceosome formation,
(6) suppression of MRNA migration to the cytoplasm through hybri d

20.  formatiemyitrmBNAe of) sRlisinossypRression; thneuehMdrid e fesmaiing of a

at a capping site or pol Aéaddition siteﬁg? suppression of translation.
ey%‘h i)l agg SICP

partial Scalienc rrlt%%sg‘rfl]t f8rvation afbind ifg Sites of translation

initiation factors, (9) translation suppression through hybrid formation at

21.  HROSPR-RINEAGSHRENCLAISHPRIESHION KBRS 0 ShAUY GIBRARLIOR: cell thereof,
her .ttﬁrm{gh hybrid forn ationcatmRNélAc in,gé_re ipns ar pol sorBe inc!xi - 4
wherei o e CRIROES B SG 61 GEHE i bstibr RO RYBHG AR ces under

stringerdtcsitédtionn teleioswidipwient meaetipm¢HidstivddrandtheameypNensisting of

Lmx1bBlagRemistnpEpeimentiComseriNucleic Acids 1V330 Gene Replication
and Expression", Japanese Biochemical Society edit., Tokyo Kagaku

Dozin Publishing, pp. 319-347 (1993)). The Lmx la anti sense nucleic
22, adidstofithe pwakendisiventisnmgaydopamicleig acids thandhinibipyesesitor cell

thereof SXREESRIORN: R Y plitae. Mechanismsrdegalibed 47 {1 18 GhbBROYRat binds to

Namely, they may contain an antisense sequence not only to a Sequence

) h
translatigrpEaiiiing REGIBR b TRARETE S S5 EEGUENTE &G SCOdNY Feionor & Nurr!
Enl, PuargEtgBad windsel8Xpression; s to be inhibited. A DNA that encodes an
antisense nucleic acid can be used by linking it to a suitable regulatory

. sequence 35 that allows its expressign. The antisense nucleic acids do
23, nét W@@@@@Bgmﬂ%@wa differentiation-inducing reagent er a dopaminergic neuron,

wherein the method comprises the steps of:
(a) contacting a test substance with cells in culture that can be differentiated into dopaminergic
neurons;
(b) detecting a transcript of the Lmxia gene by contacting the cells in culture, after contact with
the test substance, with a polynucieotide that hybridizes under stringent conditions to a transeript
of a gene consisting of a nucleotide sequence of any one of (b-1) to (b-6):

(b-1) the nucleotide sequence of SEQ D NO; 13;

(b-2) a nucleotide sequence encoding a polypeptide consisting of the amino acid
sequence of SEQ 1D NO: 14;

(b-3) a nucleotide sequence that hybridizes under stringent conditions to a gene
consisting of the nucleotide sequence of SEQ ID NO: 13;

(b-4) the nucleotide sequence of SEQ 1D NO: 15 or 17;

(b-5) the nucleotide sequence encoding a polypeptide consisting of the amino acid
sequence of SEQ ID NO: 16 or 18; and

(b-6) a nucleotide sequence that hybridizes under stringent conditions to a gene
consisting of the nucleotide sequence of SEQ ID NO: 15 or 17; and

(¢) determinming whether the test substance can induce the differentiation of dopaminergic
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complementary to a coding region or non-coding region of a target gene,
as long as they can effectively inhibit expression of this gene. Such
antisense nucleic acids have a chain length of at least 15 by or more,
preferably 100 by or more, and more4steferably 500 bp or more, and are 5
normally within 3000 bp, preferably within 2000 bp, and more preferably
within 1000 bp. It is preferable that such antisense nucleic acids share an
neurondAGRUM QS g%%ﬁ%%&e@@ﬂﬂ@%n@@ﬁ%c?S% or more, with the
complementary chain of a target gene transcription product. These
antisense nucleic acids can be prepared according to the
24, phbsphettothionhatemzthed{BSieitq 1988 uNieolbie AcidsiResidbscd268:21)
comprifpil® Higy ySingilie sequanG& igfarmation of the Lmxda 10 gene.
ozyme" is a generic term referring to catalysts with an RNA
component and ribozymes are broadly classified into large ribozymes

25, adduserialtirifozyeesg fargediiffezyniesocieaveitherphespfiate-ésiemonds neuron,
whereu‘?{}{% %{Q}%g ggfg and @{gesrtgrgggpon they leave a 5'-phosphoric acid and

droxyl g at reaction sites. Large ribozymes are further classified
(a) COHWHI@%@@%BE PierrSHIRNAS WEHIE AR 6t BodHismsingairig dopaminergic

neurondrans-esterification reactions at 5'- splice sites, (2) group Il intron RNAs,

{(b) dete\é’ﬂﬁ‘g]ap&{ﬁgfmlow r%%ﬁf%?@ﬂE]%gh%{ége?%té%fc\g & ﬁl{%atthesmff:ture iure after

A compon ntso ribonu eave recursor

COHfacttW&’il e dff HESHSROIDAtE FRARKERGY Hebhwas ioshisilisbgmeansiing of an
amino mammmlwﬁmglbﬁéruﬁmb tanitsdpbos b4 Biyethrhelegde:RNAS,
(b-1) iforming gmgyf%ﬂog%cgrgiu@é§?é 2 fXC“C phosphoric 20 acids. Small

ribozymes inc for exa hammerhead-type ribozymes (Koizumi et

(b-2) arpgnpipey ¢ ERSeRae VITER é@sylwwwtw@sﬁwmsa@amyaﬁom or more
amino 3(6188@1) tiatad ki d48quikikbchisd Sasaki (1992) Nucleic ACIdS Res.

(b-3) art; n11n705é|fd1 Iskeu%rfl:h 1992 g mISt gtﬁlomavcnce tllllle)l 3l under stringent
rnpozymes are easﬂi/ eﬁ%ere }/]& Syn eS|ze arious mo IC&%O?]

conditioRaRoUEcArR JISIIAS F:éﬂwamw@n%mm@meaﬂ Hge %b@ni@s that

(b-4) m&e&aﬁm@ﬂr&@@ﬁ&@dﬂg}t@pmm sequence UC, UU, or UA within a
et RNA can be created e5| n the substrate bindin port| n of a
{(b-3} an rgmo ac% quenies % 1. 31'3:9 Hté;élﬁlé acfltﬁ(gfgf’)&e QIGpg or more

oz me t comp Emén ary ]to an
amino a(%ﬁmﬁhfe@wmﬁgghgeﬁ@seueﬁﬁﬁ@glms) Na6 KoiZuridnd E. Ohtsuka

(b-6) ar( 188Q) Reptekyueleigedaid 806 nucleotide sequence that hybridizes under stringent
conditions to a gene consisting of the nucleotide sequence of SEQ ID NO: 15 or 17; and
(c) determining whether the test substance can induce the differentiation of dopaminergic

neurons when the transiation product of the Lmx1a gene is detected.

26. The method of claim 25, wherein the polypeptide consisting of a partial sequence

comprises at least six consecutive amino acid residues.
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Enzyme 35: 2191; Koizumi et al. (1989) Nucleic Acids Res. 17: 7059).
Hairpin-type ribozymes can also be designed and produced using known
methods (Kikuchi and Sasaki (19921/5’)3 Nucleic Acids Res. 19: 6751,
Kikuchi (1992) Chemistry and Biology 30: 112). The antisense nucleic
acids and ribozymes of the present invention can also be used in viral
vectors derived from retroviruses, adenoviruses, adeno-associated
viruses, and such, or non- viral vectors that use liposomes, or naked
DNAs, to control gafE=8%presditi§ in cells using ex vivo or in vivo gene
therapy. 35 In 1998, a phenomenon was observed in nematodes in which
ﬁ%ﬁscié‘uter[ Bed with each other, causing them to lose function (RNA
erference) (Fire et at. (1998) Nature 391: 806-11). 36 RNA interference
is a phenomenon in which RNAs with the same nucleotide sequence are
fiegraded whenran artificial.deuklenstrapded BMN4wis introduced into cells.
Subsequent research suggests that RNA silencing phenomena such as
RNA interference are cellular mechanisms for eliminating defective
PhRABA#nd defending the cells against transposons, viruses, and other 5
parasites. At present, double-stranded RNAs (small interfering RNAS;
ffll:\)zN(')A‘as— are ysed as tools for suppressing the expression of numerous
gen%s, Ahd' Fethods for treating and preventing diseases by using siRNA
1608upipidss the expression of genes that cause diseases are being
studied. There are no particular limitations as to the siRNAs of the present
invention, provided that they inhibit the transcription of Lmxla mRNA.
ormally, the siRNAs area combination 10 of a sense chain and an
antisense chain to a target mRNA sequence, and they normally have a
pucleqtide lengthfrom at least ten to the same number of nucleotides as
the target MRNA. These siRNAs are preferably 15 to 75 nucleotides long,
preferably 1.8 to 50, and more preferably 20 to 25 nucleotides. Known
methods can be used to introduce siRNAs into cells in order to suppress
Jgmxla 15 expression. For example, a DNA encoding in a single strand
two RNA chains that compose an siRNA can be designed and then
iorporated into an expression vector, cells can be transformed

Artificial
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<400,
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12

DNA
Artificial

adapter Tor cDNA ampiification



with the expression vector, and the siRNA can be expressed in the cells in
the form of a double- stranded RNA with a hairpin structure. Plasmid
expression vectors that continuously,groduce siRNAs by transfection
have also been. designed (for example, RNAi-Ready pSIREN Vector, and
20 RNAIi-Ready pSIREN-RetroQ Vector (BD Biosciences Clontech)). The
nucleotide sequence of an siRNA can be designed using a computer
program such as that disclosed at the Ambion website
acgeaatgfig Y aww.ambion.com/techlib/misc/siRNA_fmder.html). Kits f&f
screening for functional siRNAs are also commercially available and can
be used (for example, BD Knockout RNAi 25 System (BD Biosciences
Clontech). All prior art documents cited herein are incorporated by
<210> %eference. Examples Hereinbelow, the present invention will be
¢211> gpecifically described using Examples, but it 30 is not to be construed as
%ﬁing limited thereto. [Example 1] Isolation and Sequence Analysis of a
212> = ) ) ) .
ene Specific to Dopaminergic Neuron Progenitor Cells To isolate a
213> janeispecific to dopaminergic neuron progenitor cells, the midbrain
ventral 35 region of E12.5 mice was cut into two regions in the
dorsoventral direction, and. genes specifically expressed in the most
ventral region containing dopaminergic neurons were 37 identified by the
223>  sidptrerction (RERBW) Higthbi@" One of the isolated cDNA fragments was a
fragment encoding Lmxla. Lmxla encodes a protein comprising a LIM
domain and a homeodomain. 5 1 N-RDA method 1-1. Adapter
<400> reparation The following oligonucleotides were annealed to each other,
gtccatotind iotepesest aict@ 1sM: (ad2: ad2S+ad2A, ad3: ad3S+ad3A2%ado:
ad4S+ad4A, ads: adSS+ad5A, adl3: adl3S+adI3A)

<2207

210> 4
211> 12
{212> DNA
<213> Artificial

{220
{323> adapter for cDNA amplification

400> 4

accagagtet ca 12

210> 5

<211> 26

{212> DNA

213> Artificial

{2200
{223> adapter for cDNA anplification

406> 5



ad2S: cagctecacaacctacatcattccgt (SEQ ID NO: 1) 10 ad2A: acggaatgatgt
(SEQ ID NO: 2) ad3S: gtccatcttctctctgagactctggt (SEQ ID NO: 3) ad3A:
accagagtctca (SEQ ID NO: 4) ad4S: ctgatgggtgtcttctgtgagtgtgt (SEQ 1D
NO: 5) ad4A: acacactcacag (SEQ B¥9R0: 6) 15 ad5S:
ccagcatcgagaatcagtgtgacagt (SEQ ID NO: 7) ad5A: actgtcacactg (SEQ
ID NO: 8) adI3S: gtcgatgaacttcgactgtcgatcgt (SEQ ID NO: 9) adI3A:
acgatcgacagt (SEQ ID NO: 10). 20 1-2. eDNA synthesis Ventral midbrain

ctoategebCHIONS Were Cutadt of E12.5 mouse embryos (Japan SLC), ang divided

into two sections in the dorsoventral direction. Total RNA was prepared
using an RNeasy Mini Kit (Qiagen), and double-stranded eDNA was
synthesized using a eDNA Synthesis Kit (Takara). After digestion with

¢o10>  gestriction enzyme Rsal, ad2 was added. ad2S wasused as 25 the primer
11> to amplify the cDNA using 15 PCR cycles. The conditions for amplification
ere: a 5-minute incubation at 72C; 15 reaction cycles of 30 seconds at

<212> BYC, 30 seconds at 65C and two minutes at 72C; and finally a two-minute

¢o13>  Meupation at 72C. In all cases, N-RDA PCR was carried out using a
reaction solution containing the following components. IOx ExTaq 5 p1 30
2.5 mM dNTP 4l ExTaq 0.25 pd 100 M primer 0.51 cDNA 2| Distilled

<220> water 38.251 35

223> adapter for cDNA amplification

<400> 6

acacactcac ag 12

210> 7

211> 286

<212> DNA

213> Artificial

220>

{223> adapter Tor cDNA amplification

<400> 7

coagcatcga gaatcagtegt gacagt 26

210> 8

Q21> 12

<212> DNA

{213> Artificial

220>

<{223> adapter for cDNA amplification

<400>



1-3. Driver production 38 The ad2S-amplified eDNA was further amplified
by five PCR cycles. The conditions for amplification were: incubation at
94C for two minutes; five reaction C%L?s of 30 seconds at 94C, 30
seconds at 65C and two minutes at 72C; and finally a two-minute
incubation at 72C. The eDNA was purified using a Qiaquick PCR
Purification Kit (Qiagen), and digested with Rsal. 5 3 4g was used for
each round of subtraction. 1-4. Tester production The ad2S amplified
actgtcacgpNA was further amplified by five PCR cycles. The conditions' %or
amplification were: incubation at 94C for two minutes; five reaction cycles
of 30 seconds at 10 94C, 30 seconds at 65C and two minutes at 72C,;
and a final two-minute incubation at 72C. The eDNA was purified using a
<2102 9Qjaquick PCR Purification Kit (Qiagen), and digested with RsaL ad3 was
¢11> 2@dded to 60 ng of the Rsal-digested eDNA. 1-5. First round of subtraction
The tester and driver produced in Sections 1-3 and 1-4 above were
mixed, ethanol precipitated, and then dissolved in 1 | of Ix PCR buffer.
<213> AAHir @i ive-minute incubation at 98C, 1 | of Ix PCR buffer + 1M NaCl was
added. After another five-minute incubation at 98C, the tester and driver
were hybridized at 68C for 16 hours. With ad3 S as the primer, the
hybridized cDNA was amplified by ten cycles of DNA 20 (incubation at
<223> ap2@dorfivechihated; fieatien reaction cycles of 30 seconds at 94C, 30
seconds at 65C and two minutes at 72C. Next, the amplified eDNA was
digested with Mung Bean Nuclease (Takara) and purified using a
<4007 9Qiaquick PCR Purification Kit. Then, it was amplified by 13 PCR cycles.
gtogatzabhertoraditeonszfaeamplification were: incubation at 94C for two2fninutes;
13 reaction cycles of 30 seconds at 94C, 30 seconds at 65C and two
minutes at 72C; and a 25 final two-minute incubation at 72C. 1-6.
Normalization '
210> 10

1> 12
212> DNA
213> Artificial

212>

220>

{2207
{223> adapter Tor ¢DNA amplification

<400> 10
acgatcgaca gt 12

<21y 11

211> 26

212> DNA

{213> Artificial

{220
223> primer for cDNA amplification

<400> 11



11 of 2x PCR buffer was added to 8 ng of the cDNA amplified in the first
round of subtraction. After incubating at 98C for five minutes, 2 1 of Ix
PCR buffer + 1 M NaCl was 30 added. After another five minutes of
incubation at 98C, the eDNA was h%ﬁdized at 68C for 16 hours. The
hybridized eDNA was digested with Rsal and then purified using a
Qiaquick PCR Purification Kit. This was then amplified by eleven PCR
cycles using ad3S as the primer (incubation at 94C for two minutes; then

tgaagasefevenrteaetionayales of 30 seconds at 94C, 30 35 seconds atB5C and

<210%
2115
212>
213>

2207
<223>

{400>

two minutes at 72C; and finally a two-minute incubation at 72C). The
PCR product was then digested with Rsal and ad4 was then added. 39
1-7. Second Round. of Subtraction 20 ng of the cDNA to which ad4 was
arlded in Section 1-6 above was used as the tester and mixed with the
tiver of 1-3 above. The same subtraction procedure as used in Section
1-5 5 above was performed. Finally, ad5 was added to the cDNA
fifowing Rsal digestion. 1-8. Third Round of Subtraction 2 ng of the cDNA
tewhiehead5 was added in Section 1-7 above was used as the tester and
mixed with the driver of 1-3 above. The same subtraction procedure as
used in section 1-5 10 above was performed. Finally, adl3 was added to
the cDNA following Rsai digestion. 1-9. Fourth Round of Subtraction 2 ng
of e GRNADIR whichragBiwas added in Section 1-8 above was used as
the tester and mixed with the driver of 1-3 above. The same subtraction
procedure as used in Section 1-5 15 above was performed. The amplified
EDNA was cloned into pCRII vector (Invitrogen) and its nucleotide

caccaccBeOHEnBe Was ahabized using the ABI3100 sequence analyzerg§Example

210>
211>
<2122
213>

<400>

2] Expression Analysis of Lmx | a 1. To confirm the expression of Lmxla in
dopaminergic neurons, expression analyses of 20 Lmxla, LmxIb, Nurri,
and tyrosine hydroxylase (TH) mRNAs by in situ hybridization were

13
3338
DNA

Mus musculus

13

gagagocegtec gogagoagtt cacggeegot cttototoic cteccacctit acatttcoct 60

tgtetegact ctaccoteta ggoteattet tgtogocotg gacactgett cigtoctgte 120

coaggagagt gegcaactegag getgcegapt cocaacagge acgggaaget agactcaace 180

gticctoocgs totacaggic cteotegetc acceocgaaca tettgeacgg occtgaagaty 240

gaggagaact ttoazagtge gattgagacc toggcatctt tetccicitt gotgesegcaga 300

gegptigagce ceaagtetet ctpgogaggge tgteagegege toatocicgga caggtticis 380

ctgcgectea acgacagett ctggeacgag caatgegtee agtgtgoete cligeoamagag 420

coootgpaga ceacoteoctt claccgegac aagaagetct actgeaagia ccactacgag 480



carried out according to the following protocol: Nurrl and TH are markers
whose expression is known to be induced for the first time in
dopaminergic neuron progenitor cefigafter cell cycle exit. Lmxlb is a
transcription factor marker known to be expressed at an extremely low
level at the stage of proliferating progenitor cells, but its expression starts
to increase to a high level after 25 cell cycle exit. First, E12.5 mouse
embryos were extracted, fixed in 4% PFA/PBS(-) at 4C for two hours,
exchanged with 20% sucrose/PBS(-) at 4C overnight, and embedded in
aaacteti@eC: T tSautionztef 42 i thicikaess Wergqrepatestbvidtaiter d&jing on a
slide glass, the sections were fixed again in 4% PFAat room temperature
for 30 minutes. After washing with PBS, hybridization was 30 rried out
atece ek GUETAFAE HETETE oI ST A EEE R pTEES=E65% forftamide, 5x
SSC, 1% SDS, 50 pg/ml yeast RNA, 50 pg/mi Heparin). The sections
cagotecalE Selienuashad ALERC, (096, IeEMamIe DX S36eedgh,SDDpgnd
treated with RNase (0.05 pg/mi RNase) at room temperature for five
minutes. After washing with 0.2x SSC at 68C and washing with Ix TBST at
tategazadQDARciRRYgeratuteadticeKintg wasstartiagcut{Blotkiagereageni2Roche).
The sections were then 35 reacted overnight at 4C with alkaline
phosphatase-labeled anti-DIG antibody (DAKO), washed (Ix TBST, 2 mM
agcgatg{t@vﬁ%ﬁ@é?@ftaﬁiﬁa@%"ﬂé?ér@&éﬁgﬁsﬁégﬂ%ﬁéé@a@ﬁﬁ) adtfle
substrate. 40 Expression analyses by in situ hybridization revealed that
Lnixl p t n braif,,similarly
escason e Y o sag e i oA ponde% he
period of dopaminergic neuron development (Fig. 2). 5 2. Next, Lmxla
agagcatidORifcexprassinamas caplismedaisiganxia-specifigantibodies.
Furthermore, double staining with TH and Enl, which are markers of
dopaminergic neuron progenitor cells after cell cycle exit, was also
ctzEcteofsn ARANEEE S En B B etk e aft oS R xpTessin s tAerreedfor tREfirst time
in dopaminergic neuron progenitor cells after cell cycle exit. For the

socaaga nt meI é)golyclonala &%“Qé)gdc'aeasdaE taél gJM 109 strain vere %g&
J% FanstoTm fia Vector in which GST and a DNA re reglon
corresponding to amino acids 271 to 307 of

cagaggetga cttctectea gacaaateet agtgggaaty cggegcatgga agggatcatz 1080

aaccoctata caacgitgce caccoccacag cagoigotgeg ccattgaaca gagogtetas 1140

aactctgatc cottccgaca gggteicace ccacoccaga tgoctggaga icacatgcac 1200

ccotatggte ctgaaccict titccatgac ttggatagtg atgacacatc totcagtaac 1260

ctggegagact gettooctpege aaccicapaa getgggocoe tgcagtccag agtgeggasac 1320

coccattgace atotgtacte caitgecagaat tcctatttea cetcottgasgt cticticctac 1380

aattttetea cotgggotes catatggaac aaccatacte tegtgaagget tgoctgacttt 1440

aggatggega ggocagagas gagegieggget gggragegag gitigttgee gatgotgtty 1500

tttaattata tggtetaget cagcattics aaagactgaa tacattatgg attgeatagt 1560



Lmxla were fused, then expression was induced by IPTG and the antigens
necessary for immunization were recovered. After recovery, rabbits were
immunized, their blood was collected, and antibodies were obtained from
the serum by affinity purification usin?jgt?le GST- Lmxla.antigens that were
used for immunization. 15 E12.5 mouse embryos were extracted, fixed in
4% PFA/PBS(-) at 4C for two hours, exchanged with 20% sucrose/PBS(-)
at 4C overnight, and embedded in O.C.T. Sections of 12 m thickness
were prepared, fixed on a slide glass and dried at room temperature for 30
ttaatetHOUER.4NGR IDfiAted Again with P E%?%h?ﬁ%“a@%%@&% (Black Ace)
was performed at room temperature for 30 minutes, primary antibodies
were reacted at room temperature for one hour, 20 and further reacted at
ezstot 4G avemnight tWashing withcOatYtTweern20/RB St} akream texmperature
for 15 minutes was performed three times. Next, samples were reacted
with fluorescent-labeled secondary antibodies at room temperature for
ceaccethl HEraRashed iRrAfeSaRsecEials tHan ekifeteareaBS(-) 2t%oom

temperature for ten minutes, and embedded. As a result, expression

+ giterns similar, Ig d(%t cte in sit bridization were,
ElgaGaggbsgrved ( iggs. %)t%an%s%g. Ngftt%ﬁ%%epgrﬁﬁ%%gog?%é%afﬁ% Ln%x% proteins
were revealed to be expressed in the E12.5 midbrain. Double staining

tetgtaawdthcEbtandd nieasfirsaecheerexpessionatbmxlaandithese pgpteins in
the same cell, and their expression regions were also revealed to be

completely identical in the dorsoventral direction (Figs. 3 and 4). In
tetacazppmpastani TR ARG L 1Rt eprésssnavheeisertietectedln the
ventricular side. This region (Ventricular Zone 30 (VZ)) comprises

ot tgrgliferayn roge ito_rt gtells that will eventuall differentiatg into dopa_mine
orraas naeu?gﬁ%.gﬁ%#gre ore. 10 con fararﬁttﬁtatat%ﬂ:g%gte%ﬁ%%a%ﬁtln préffferating
progenitor cells, bromodeoxyuridine (BrdU) incorporation and Lmxla

catogecBXPRSEINALM Ek2S Jndse RidRIRIN were 35 fdetectedby o040
immunostaining. BrdU (Sigma) was injected (10 mg/ml in 0.9% saline

injected to give 50 g/g body 41
ctotgtgate agagoatcat tgaggtctag aatacaactc cagatgpcag gcageatget 2100

atagtgaact catgctocacs ctggtetoca gtocacteggse ctgastgags ttitagectt 2180
_attggcatgg gattgttgge cagecatcage aaggtiptec ttacccocac ccooaccoca 2220
gattcageet cgatgagtet gpatgeagtt gatagccaca cotacctcte toteotatgag 2280
tgteggatgag gtggttgcca cacctacctic cctgggeaca ataaggctce ataccaggac 2340
atgatcgaag ttgaaactaa aataaatcty atatgattta zaatataacc gagtcategta 2400
cctgatgata gaggatacct gggaccacag agcaggaagt totsgtacco taagtootat 2480
ctotoigoat ageccatatg gocacaigac agagacacag ctetpagegp ptggagacta 2590
cgetocatet zagaagetge azgaggcete giggatggaa ttoctagasca agtgttgact 2580

tgcacatoty ttgtitiitt ttttigtttt gitttetttt gttottactt tttagaaagt 2640



weight) into the abdominal cavity of pregnant mice two hours before
extracting E12.5 mouse embryos, and BrdU was incorporated into the
DNA of proliferating cells. Sectiongygre prepared in the same way as in
conventional immunostaining. Lmx| a proteins were first detected using
the anti-Lmxla antibody, then sections were fixed again (2% PFA, room 5
temperature, 30 minutes), treated with hydrochloric acid (2N HCI, 37C, 30
minutes), and BrdU was detected using anti-BrdU antibody. The results
revealed that BrdU was incorporated in many Lmxl.a-positive cells of the
cacttcaad tegion{tgblcithdz baxizexpressiongrt ddpaatitetgic fédfons of
mice after birth was also examined. Lmxla expression was detected by
the method of 1, described above, except that the midbrain Eﬁ%tions of
totttotigagegresIer ey tHiREESEaTe  Bek AR e R ST ifbE PR E 12 % molise embryos,
and the dopaminergic neuron marker DAT was used as the marker for
‘ comparison. DAT i ly
saccasas e o i e oa 15 The restits
revealed that Lmxla is expressed in regions where DAT is expressed (Fig.
sagcacagB) a2addddnerpare;tin examnizeatetherdinda izalsospecifRidly
expressed in dopaminergic neurons in humans, RT-PCR was performed
using RNA from the adult brain region. cDNA synthesis was ggrerformed forl

tetatacageof toral FINA TEOPT RARD TS TGRS SFIREARtRhATE2B birdin ptithased
from Clontech using RNA PCR kits (TaKaRa). Then, using cDNA

equivalent to 10 ng, 1.n r&% 0, asal Jp% e 2GR wagggerformed
tittackR RESH R, SIS Mol aé%%%"a%’z P ERE o 108 ExTaq
0.1125 100 gM primers 0.2 | each cDNA 11| Distilled water 14.9 Vd The

gagageede@NAIONG {05 amplicalionossigaschves-Mmingtedneupationat SB9 37
reaction

cdcacatatc cacttoatte tetttaaggc cagaggaage atgiccotta gteggtagagt 3120

gtetettgte tgatitttet gotettottt ataatttata caaaccgtca ggaaacctiga 3180

accagtctet peggctgagaz tgaggogget gtageggeca cagacagtst ctgtetaget 3240

gattgetiga gpaatgtagc agatatgtga atgaaagcaa acagagatcc ttaattctac - 3300

tototaatga cataccgaga tgaasattaaa agootott 3338

£210> 14

{211> 382

<212> PRT

<213> Mus muscuius

400> 14

Wet Leu Asp Gly Leu Lys Met Giu Giu Asn Phe Gin Ser Ais lle Glu
1 5 10 15



Thr

Sar

Arg

Cvs

65

Tyr

Cvs

Ser

Leu

Lvs
145

30 cycles of 30 seconds at 94C, 30 seconds at 65C and 30 seconds at
72C; and a final two- minute incubation at 72C. The primer sequences
used were as follows: Human Lmxla:
TGAAGAAAGTCTCTGCAAGTCAGEEC (SEQ ID NO: 11)/
CACCACCGTTTGTCTGAGCAGAGCTC (SEQ ID NO: 12). 35 The results
revealed that in humans also, Lmxla is expressed in the midbrain
substantia nigra region, where dopaminergic neurons are present (Fig. 7).
Further, expression similar to 42 that of mice was also shown in other
ser AINIROIANS; SUsh) a3, the, hippPampys.\anddheexpression was also
revealed to be maintained in the dopaminergic neurons of adults. Based
on th&?above results, the?fiming of expressiof®f Lmx| a in dopaminergic
neurons was compared to that of other dopaminergic neuron markers
(Fig. 8). The expression of Lmxla 5 is maintained from the stages of
proliferating progenitor cells to cells after cell cycle exit and even in adults.
Val (s this dtheCrafdn éxpréasiblt ofahd¥hdim Nerke EREPtx3, and TH is
inguced for the first tupe after cell cycle exgt and the expression of DAT
and ADH2 starts only after this expression has progressed. LmxIb
expression can also be observed in proliferating progenitor cells;
however, the expression level is extremely low and increases to a high
Leul@¥gl A9 alerraelireyalesexit; Assogh vihedimxya axprassion pattern is
different from kn wn markers and Lmxla becomes a useful marker in
detecting dopaminergic neurons. Industrial Applicability The expression of
Lmx 1 a was revealed to be maintained in dopaminergic neurons from 15
the stages of proliferating progenitor cells to cells after cell cycle exit and
even in adults, On the other hand, the expression of known dopannergic
Lys b §Fk§'r§ %Eﬁ%’s%\ylﬁr?f%nﬁ ,rlgl%,AaPncLiyﬁ—Hg induced fo:O the firgt
time after celf&ycle exit, and the Expression of DAT &fd ADH2 starts only
after this expression has progressed. Lmxlb expression can also be
detected in proliferating progenitor cells; however, the expression level is

extremely low and increases to a
Cys Lys Tyr His Tyr Glu Lys Leu Phe Ala Val Lys Cvs Giy Gly

85 80 85

Phe Glu Aia lle Ala Pro Asn Giu Phe Val Met Arg Ala Gln Lys
100 105 110

Val Tyr His Leu Ser Cys Phe Cys Cys Cvs Val Cys Glu Arg Gln
115 120 125

Gin Lys Gly Asp Glu Phe Val Leu Lys Giu Gly Gin Leu Leu Cys
130 135 140

Gly Asp Tyr Glu Lys Glu Arg Glu Leu Leu Ser Leu Val Ser Pro
150 155 160



Ala

Ser

Lys

Ala

Arg

225

Val

Glin

Ala

Pro

20 high level after cell cycle exit. The Lmx| a expression pattern is
different from that of known markers and Lmxla is specifically expressed
in dopamnergic neurons at all diffefgafiption stages, from proliferating
dopaminergic neuron progenitor cells to cells after cell cycle exit. Thus
Lmxla is considered to be a useful marker in detecting dopaminergic
neurons (see Fig. 8). Lmxla is a marker expressed at an earlier stage than
conventional markers. Therefore, 25 by using the expression of Lmxl a in
cells as an index, it becomes possible to select cells suitable in terms of

Ata Safehspstvivay rage, sandAsetwaorlG forfiatider dlilitpvforluse in
transplantation therapy for ngjyrodegenerative disgases such as
Parkinson's disease. Furthermore, since Lmxla is a marker expressed at
an earlier stage, it is expected to be especially effective when screening
for differentiation-inducing reagents for dopaminergic neurons. Such

ala SRS VOISl ORIESH6d,3Q Wrouahaul g differentigtion stages from
proliterating dopaminergic neuron progenitor cells before cell cycle exit
(prodé&iitor cells at the in#ffal stage of neuron ¥¥mation) to mature cells,
are considered to be useful in revealing the various factors involved in the
maturation process of neurons, and the various factors involved in the
expression of neuron function. Moreover, elucidation of such factors is

Arg dxpdetedts Graathe cBritribatead the TherSpy BfhatFdiégenerative 35
diseases. 43 CLAIM&d. A method for detecting or selecting a
dopaminergic neuron and/or a progenitor cell thereof, wherein the method
comprises the step of contacting a cellular sample potentially 5 comprising
a dopaminergic neuron and/or a progenitor cell thereof with a

phe RQYNUEIGELIdR dhaT, brisizes kndersiingeni-ganditiens to a transcript of
a gene that consistg of a nucleotide uence of any one of (1) to (6): (1)

21%he nucleotide sechuence of SEQ ID I\?%9 13; (2) a nucleotide sequence

encoding a polypeptide consisting of the amino acid sequence of SEQ 10
ID NO: 14;

Glu Thr Leu Ala Ala Glu Thr Gly Leu Ser Val Arg Val Val Gin
230 235 240

Trp Phe Gin Asn Glin Arg Ala Lys Met Lys Lys Leu Ala Arg Arg
245 250 25h

Gln Gln Gin Gin Gin Asp Gin Gin Asn Thr Gin Arg Leu Thr Ser
260 265 270

Eln Thr Asn Gly Ser Gly Asn Ala Gly Wet Glu Gly Ile Met Asn
275 280 285

Tyr Thr Thr Leu Pro Thr Pro Gln Gin Leu Leu Ala Ife Glu Gin
290 295 300



(3) a nucleotide sequence that hybridizes under stringent conditions to a
gene consisting of the nucleotide sequence of SEQ ID NO: 13; (4) the
nucleotide sequence of SEQ ID NO: 15 or 17; (5) a nucleotide sequence
encoding a polypeptide consisting dff#e amino acid sequence of SEQ 15
ID NO: 16 or 18; and (6) a nucleotide sequence that hybridizes under
stringent conditions to a gene consisting of the nucleotide sequence of
SEQ ID NO: 15 or 17. 2. The method of claim 1., wherein the
polynucleotide comprises at least 15 nucleotides. 20 3. A reagent when
used in dlstmgwshln a dopaminergic neuron and/or a progenitor cell

Ser Val (M &SP dtef&th the ra%tg"éﬁteci(’}rﬁﬁﬁééig Br i adiifeihyredient, a

305 polynucleotidéhat hybridizes ufAtter stringent conditidas to a transcript of
a gene that consists of a nucleotide sequence of any one of (1) to (6): 25
(1) the nucleotide sequence of SEQ ID NO: 13; (2) a nucleotide sequence

~encoding a polypeptide consisting of the amino acid sequence of SEQ ID

Met Pro NQ: Ash; (3} aletutlieotide Beqaenaéatitat MdoridézeBranidier stringent
conditiong 4o a gene consistigg, of the nucleotide;ggquence of SEQ ID
‘NO: 13; 30 (4) the nucleotide sequence of SEQ ID NO: 15 or 17; (5) a
nucleotide sequence encoding a polypeptide consisting of the amino acid
sequence of SEQ ID NO: 16 or 18; and (6) a nucleotide sequence that

s Leu OISR RAPEISGRLEANTIONS 19 & AERG,CONSING Of the
nucleotide sequence of SE O:15or 17. %5 4. The reagent of claim
3, wh#tein the polynucleﬁ‘%e comprlses at |888t 1.5 nucleotides. 44

Leu Ala Thr Ser Glu Ala Gly Pro Leu Gin Ser Arg Val Gly Asn Pro
355 360 365

lie Asp His Leu Tyr Ser Wet Gin Asn Ser Tyr Phe Thr Ser
370 375 380

210> 15

211> 1562

{212> DHNA

<{213> Homo sapiens

<4007 15
gtgaaatcag atcagoocaga goagttcect gtegactigate teiccteccca coctacattc 60

tottggetge accotatcot coigectgat totggtogoe ctgzacacte cotecagtict 120
ttoocaggag tgocpetoect gotgegosgceg agtccocageg ggocacgeacy toagacgosat 180
cegtttettot ccictacageg toctoccegege cogegcccgaa catgetgeac gegcctazaga 240

tgpaggagaa cttccaaage geogatcgaca cotogeoote ottotecteg ctgctggeca 300



5. A method for detecting or selecting a dopaminergic neuron and/or a
progenitor cell thereof, wherein the method comprises the step of
contacting a cellular sample potentially comprising a dopaminergic
neuron and/or a progenitor cell the}é’g%ith an antibody that binds to a
polypeptide that consists of an amino acid sequence of any one of (1) to
(6) or a partial 5 sequence thereof: (1) the amino acid sequence of SEQ
ID NO: 14; (2) an amino acid sequence with a deletion, insertion,
substitution, or addition of one or more amino acids in the amino acid
eacestSRINENGERLSEQIDNO: 14:(3).20 amine acidl seqyenae enogged by a
nucleotide sequence that hybridizes under stringent 10 conditions to a
gene consisting of the nucleotide sequence of SEQ ID NO: 13; (4) the
tgotgce@Nibmanichseqietpent SEQARINO ¢ Gronck8s (B)ciecamino adhd
sequence with a deletion, insertion, substitution, or addition of one or
more amino acids in the amino acid sequence of SEQ ID NO: 16 or 18;
agecootggddsaE P Eft Hihihe SRATFER GHRTea s coteddss 4 r?&EF’é‘S%’r?% seqtfhce that
hybridizes under stringent 15 conditions to a gene consisting of the

cleatide secence.of SEQIRNG: 45147, Ihgnathod gfglaim 5

T
ARt iherein t 3360 ypéptide consisting of a partial sequence comprises at

least six consecutive amino acid residues. 20 7. A reagent when used in
ttateceAHStNGUWISkING adepaRtnegitcRetioR Radsot & progeniiccell stereof
wherein the reagent comprises, as an active ingredient, an antibody that
binds to a polypeptide that consists of an amino acid sequence of any
- gacagct tie aoRELY P [OYGT B pnti AR SedsaesR S CaseFEntc (15 Eifino k58
sequence of SEQ ID NO: 14; 25 (2) an amino acid sequence with a

' deletion, insertié;{nbgclébggitgtion or additignco,g ongag{crggogrt% ami 8acids in
actateagaa BRARNG5eH Séquahce SHESEETD RS 4! 3)%n amino acid sequence

encoded by a nucleotide sequence that hybridizes under stringent
azagteatRNALIARSI0 @ GR0REANSINIBE.0f iR puclaotidesesmtepee of HQ ID NO:
13;

aggaagecaa ggaccataag cgecccaaac giocgagaac catcotigaca actcaacaga 840
gecgageatt caaggoctca titgaagtat cotccaagec clgcaggaag gtgagagaga 300
ctotegotee agapacaggg ctgagtgtec gtgtogtcca getgtesttc caaaaccaga 960
gagcgaagat gaagaagotg gocaggcgac agcageagca goagceaagat cageagaaca 1020
: cccagaggqt gagetotgct cagacazacg gtpgtggeag tecteggaty gaagpaatca 1080
tgaaccocta cacggototg occaccocac ageagotcot geccatogag cagaglgtet 1140
acagotcaga teocttocga caggetetca coeccaccoca gatgectgga gaccacatge 1200
accctiatge tgoccgagceo éttttccatg acctégatag cegacgacace toocctocagta 1260
acctgggtga ttegttteota geaaccteag aagcteggee tctgoagtoc agagteggaa 1320
acoccattga ccatotgtac tccatgeaga attcttactt cacatettga gtettcccct 1380



(4) the amino acid sequence of SEQ ID NO: 16 or 18; 30 (5) an amino
acid sequence with a deletion, insertion, substitution, or addition of one or
more amino acids in the amino acid sequence of SEQ ID NO: 16 or 1.8;
and (6) an amino acid sequence erédtted by a nucleotide sequence that
hybridizes under stringent conditions to a gene consisting of the
nucleotide sequence of SEQ ID NO: 15 or 17. 35 8. The reagent of claim
7, wherein the polypeptide consisting of a partial sequence comprises at
least six consecutive amino acid residues. 45 9. A method for detecting or
selecting a dopaminergic neuron and/or a progenitor cell thereof, wherein

agagtto e FRARIE CoRipHESEThe MaHY BT (&) ChFERE g ACCaHtTAr sdiPle

potentially comprising a dopaminergic neuron and/or a progenitor cell
ragsacedl iRl Rolypudleotilehat by yidizgeypdet stringent qgplitions to
a b5 transcript of a gene that consists of a nucleotide sequence from any
one of (a-1) to (a-6): (a-1.) the nucleotide sequence of SEQ ID NO: 13;
gtataatd@-Ztaznpeleotidesserienca ancadingtadqpoitype pidescotsistingsof the
amino acid sequence of SEQ ID NO: 14; (a-3) a nucleotide sequence that
hybridizes under stringent conditions to a gene 10 consisting of the
tt nucleotide sequence of SEQ ID NO: 13; (a-4) the nucleotidegg%ence of
SEQ ID NO: 15 or 17; (a-5) the nucleotide sequence encoding a
polypeptide consisting of the amino acid sequence of SEQ ID NO: 16 or
18; and (a-6) a nucleotide sequence that hybridizes under stringent
<210> ‘fonditions to a gene 15 consisting of the nucleotide sequence of SEQ ID
11> NWO: 15 or 17; and (b) contacting a cellular sample potentially comprising a
(2125 paminergic neuron and/or a progenitor cell thereof with a
polynucleotide that hybridizes under stringent conditions to transcripts of
{213> fgme ermiie genes selected from the group consisting of Lmxlb, Nurrl,
Enl, Ptx3,

400> 16
Met Leu Asp Gly Leu Lvys Met Glu Giu Asn Phe Gin Ser Aia lie Asp

1 5 10 15

Thr Ser Ala Ser Phe Ser Ser lLeu Leu Giy Arg Ala Yal Ser Pro Lys
20 25 30

Ser Val Cys Glu Gly Cvs Gin Arg Val lle Leu Asp Arg Phe Leu Leu
35 A0 45

Arg Leu Asn Asp Ser Phe Trp His Glu GIn Cys Val Gin Cys Ala Ser
50 55 60

Cys Lys Glu Pro Leu Glu Thr Thr Cys Phe Tyr Arg Asp Lys Lys Leu
&5 70 75 80



Tyr

Cys

Ser

feu

Lys

145

Ala

Ser

Lyé

Ala

and TH, or with an antibody that binds to translation products of said
selected genes. 20 10. The method of claim 9, which further comprises
the step of: (c) contacting a cellular, ple potentially comprising the
dopaminergic neuron and/or the progenitor cell thereof with a
polynucleotide that hybridizes under stringent conditions to transcripts of
either or both of the genes selected from DAT and ADH2 or with an
antibody that 25 binds to a translation product of a said selected gene. 11.
The method of claim 9, wherein the gene selected in step (b) is one or

cys MAreQf kgt By oriEn bnd0al2. VA msthedsfarn detacting or selecting a
dopaminergic neuron and/or abprogenitor cell thereof, wherein the method
compris 4 the steps of: (a) contacting a cellular sample potentially
comprising a dopaminergic neuron and/or a progenitor cell thereof with a
polynucleotide that hybridizes under stringent conditions to a transcript of

gene that consists of a nucleoti & sequenc fro Q/ one of (a-1) to

Phe (%1"6)‘“1?5’('6? f‘)'fh@rﬁuﬁb’igoqwepggquen E% é{‘ aé) %3; 46 (a-2) a
nucleotide sequence encdding a polypeptlder@nsstlng of the amino acid
sequence of SEQ ID NO: 14, (a-3) a nucleotide sequence that hybridizes
under stringent conditions to a gene consisting of the nucleotide
sequence of SEQ ID NO: 13; 5 (a-4) the nucleotide sequence of SEQ ID

val N@: &b arel 75dia-tpaPheiclentite Sequknceyeridoding &lpolypeptide
c(qgsstlng of the aming,acid sequence (Rggnan) of SEQ ID NO: 16 or 18;
and (a-6) a nucleotide sequence that hybridizes under stringent conditions
to a gene consisting of the nucleotide sequence of SEQ ID NO: 15 or 17;
and 10 (b) contacting a cellular sample potentially comprising a

61n IORAMINLIYIG NEMOVANGOr & Giu iy Gin Leu Leu Cys

130 135 140

Gty Asp Tyr Glu Lys Glu Arg Glu lLeu Leu Ser Leu Val Ser Pro
150 155 160

Ala Ser Asp Ser Gly Lys Ser Asp Asp Giu Glu Ser Leu Cys Lys
165 170 175

Ala His Gly Afa Gly Lys Gly Thr Ala Giu Glu Gly Lys Asp His
180 185 180

Arg Pro Lvs Arg Pro Arg Thr lie Leu Thr Thr Gin Gin Arg Arg
185 - 200 205

Phe Lys Ala Ser Phe Glu Val Ser Ser Lys Pro Cys Arg Lys Vali
210 215 220



progenitor cell thereof with a polynucleotide that hybridizes under stringent
conditions to transcripts of either or both of the genes selected from DAT
and ADHZ2, or with an antibody that binds to translation products of said
selected genes. 15 13. The methool%ggny one of claims 9 to 12, wherein
the polynucleotide is a nucleotide sequence comprising at least 15
consecutive nucleotides. 14. A kit when used in distinguishing a
dopaminergic neuron and/or a progenitor cell thereof, wherein the kit
comprises: the reagent of claim 3 or 4; and a polynucleotide that 20

are 61 HPridieR Under siringent anditians\io transeripts,of @ne or more genes
selected. from the group consisting of LmxIb, Nurrl, Enl, Ptx3, TH, DAT,

225 and ADH2. 18%% kit when used iﬁ:"gistinguishing a dof¥minergic neuron
and/or a progenitor cell thereof, wherein the kit comprises: the reagent of
claim 3 or 4; and an antibody that binds to 25 translation products of one
or more genes selected from the group consisting of Lmxlb, Nurrl, Enl,

Val Trp phe3 ETHADAT nabid AbH2s i tALifethGdl @)t 8tebithd dr selecting a
dopaminesgic neuron and/or ggprogenitor cell thergof, wherein the method
comprises the steps of: 30 (a) contacting a cellular sample potentially
comprising a dopaminergic neuron and/or a progenitor cell thereof with
an antibody that binds to a polypeptide consisting of an amino acid

Gin GInSEAUENCE Gf any npecol (@1 ko (Bn)mn anpantial seguence thereof: (a-1)
the aggj)no acid sequence, SEQ ID NO: 14; 5%2) an amino acid
sequénce with a deletion, insertion, substitution, or addition of one 35 or
more amino acids in the amino acid sequence of SEQ ID NO: 14; (a-3) an
amino acid sequence encoded by a nucleotide sequence that hybridizes
under 47 _stringent conditions to a gene cansisting of the nucleotide

wis 6in ReChon SRt SR 1 WO Fat (A7 e o JEn Sedtience of SEQ D
N@: 16 or 18; (a-5) aBmino acid sequerdéé with a deletion, insertion,
substitution, or addition of one

Pro Tyr Thr Ala lLeu Pro Thr Pro Gin Gin Leu Leu Ala lle Glu Gin
290 285 300

Ser Val Tyr Ser Ser Asp Pro Phe Arg Gln Gly Leu Thr Pro Pro Gln
305 310 315 320

Met Pro Giv Asp His Met His Pro Tyr Gly Ala Glu Pro Leu Phe His
325 330 335

Asp Leu Asp Ser Asp Asp Thr Setr Leu Ser Asn lLeu Gly Asp Cys Phe
340 345 350

Leu Ala Thr Ser Giu Ala Gly Pro Leu Gln Ser Arg Val Gly Asn Pro
355 360 365



or more amino acids in the amino acid sequence of SEQ ID NO: 16 or 18;
and 5 (a-6) an amino acid sequence encoded by a nucleotide sequence
that hybridizes under stringent cog%i}%')%ns to a gene consisting of the
nucleotide sequence of SEQ ID NO: 15 or 17; and (b) contacting a
cellular sample potentially comprising a dopaminergic neuron and/or a
progenitor cell thereof with a polynucleotide that hybridizes under stringent
conditions to 10 transcripts of one or more genes selected from the group
consisting of Lmx | b, Nurrl, Enl, Ptx3, and TH, or with an antibody that
l1e Asp RiNdsde tkanskation produets wf-sajd salectedsgenes. 17. The method of
claim 16, which f éher comprises th%B%tep of: (c) contacting a cellular
sample potentially comprising a dopaminergie neuron and/or a 15
progenitor cell thereof with a polynucleotide that hybridizes under stringent
conditions to transcripts of either or both of the genes selected from DAT
Iand ADHZ2 or with an antibody that binds to translation products of said
delected genes. 18. The method of claim 16, wherein the genes selected
4postep (b) is one or more of Lmxlb, 20 Nurrl, or En 1. 19. A method for
figtecting or selecting a dopaminergic neuron and/or a progenitor cell
thereof, wherein the method comprises the steps of: (a) contacting a
REBRURAP Eiifiple potentially comprising a dopaminergic neuron and/or a 25
progenitor cell thereof with an antibody that binds to a polypeptide
cap0> gPnsisting of an amino acid sequence of any one of (a-1) to (a-6) or a
partial sequence thereof: (a-1) the amino acid se%uencetof SE?OID NO:
toteectly. 1aeayRet FiRS WET S G RRHESA NIt A HEistioh “TRERHISh, subStitution,
or addition of one or more amino acids in the amino acid sequence of
cactgtatar QRN 4 4=50h(8:3) AN AcidseauenceLacaded by gy
nucleotide sequence that hybridizes under stringent conditions to a gene
consisting of the nucleotide sequence of SEQ ID NO: 13; (a-4) the amino

370

{2100
Q1
212>

213>

tetetoca@thsanuence o SEQID NEti6 ey 183ccagete agagagactc 180
tggctgcaga gacagggctg agtetecogty togtccaggt gtggttccaa aaccagagag 240
- cgaagatgaa gaagctggoc aggcgacags agcagcagoa goaagatcag Cagaacaces 300
agaggotgag otetgoteag acazacgety gtgggagtge igggatzgaa graatcatga 360
acccctacac geototgeee accccacage agetoctgge catcgagcag agtetotaca 420
gctcagatoe cttcecgacag ggtotcaces caccccagat goctggagac cacatgoaco 480
cttatgetec cgageccott ttocatgace tggatagega cgacacctos ctcagiaacc 540
tgegtgatte tttoctagez accteagaag ctegecctct goagtccaga gigggaaace 600
coattgacea totgtactcc atzcagaztt cttacttecac atcttgagte itcccctaga 660
gtictgtgac taggctocca tatggascaa ccatattott tgaggegtoa ctgecttiag 720
gacagggags ccagggaage gEigggtige ggagegagtt tigttegega tectgtizta 780



(a-5) an amino acid sequence with a deletion, insertion, substitution, or
addition of one or more amino acids in the amino acid sequence of SEQ
ID NO: 16 or 18; and 35 (a-6) an amino acid sequence encoded by a
nucleotide sequence that hybridize§7W#fter stringent conditions to a gene
consisting of the nucleotide sequence of SEQ ID NO: 15 or 17; 48 and (b)
contacting a cellular sample potentially comprising a dopaminergic neuron
and/or a progenitor cell thereof with a polynucleotide that hybridizes
under stringent conditions to transcripts of either or both of the genes
selected from DAT and ADH2, or with an antibody that 5 binds to
taateatpie, ETarRre FARTS 6P RRiFREtERIEY GRTELEST. %@tﬁ%ﬁ]od of&hy one of
claims 16 to 19, wherein the polypeptide consisting of a partial sequence
comprises at least 6 consecutive amino acid residues. 10 21. A kit when
used in distinguishing a dopaminergic neuron and/or progenitor cell
<2102 {fereof, wherein the kit comprises: the reagent of claim 7 or 8; and a
<211> padynucleotide that hybridizes under stringent conditions to transcripts of
<o12> P or more genes selected from the group consisting of Lmxlb, Nurrl,
Enl, Ptx3, TH, DAT, and ADH2. 15 22. A kit when used in distinguishing a
213> gRsBatAmMERYic neuron and/or a progenitor cell thereof, wherein the kit
comprises: the reagent of claim 7 or 8; and an antibody that binds to
grganslation products of one or more genes selected from the group
consisting of Lmxlb, Nurrl, Enl, Ptx3, TH, DAT, and ADH2. 20 23. A
method of screening for a differentiation-inducing reagent for a
vet LysOopamsinergiemneunren; | whereimtiierniethadncasaptises ithe steps of: (a)
contactinig a test substance vx{'gh cells in culture that can be differentiated
into dopaminergic neurons; (b) detecting a transcript of the Lmx 1 a gene
by contacting the cells in culture, after contact with 25 the test substance,
with a polynucleotide that hybridizes under stringent conditions to a

asn Thel@NSEIPY ey ser Ser Alz Gin The Asn Gly @iy Gly Ser Ala
20 25 30

<400,

Gly Met Glu Gly lie Met Asn Pro Tyr Thr Ala Leu Pro Thr Pre Gin
35 40 45

Gin Leu Leu Ala [le Glu Gin Ser VYal Tyr Ser Ser Asp Pro Phe Arg
50 55 60

Gin Gly Leu Thr Pro Pro Gin Met_Pro Gly Asp His Met His Pro Tyr
65 70 75 80

Gly Ala Giu Pro Leu Phe His Asp Leu Asp Ser Asp Asp Thr Ser Leu
85 S0 95

Ser Asn Leu Gly Asp Cys Phe lLeu Ala Thr Ser Giu Ala Gly Pro Leu



of a gene consisting of a nucleotide sequence of any one of (b-1) to (b-6):
(b-1) the nucleotide sequence of SEQ ID NO: 13; (b-2) a nucleotide
sequence encoding a polypeptide £98 isting of the amino acid sequence
of SEQ ID NO: 14; 30 (b-3) a nucleotide sequence that hybridizes under
stringent conditions to a gene consisting of the nucleotide sequence of
SEQ ID NO: 13; (b-4) the nucleotide sequence of SEQ ID NO: 15 or 17;
(b-5) the nucleotide sequence encoding a polypeptide consisting of the
amiri@%cid sequence of $EQ ID NO: 16 or 18 and 35 (b-6) a nucleotide
sequence that hybridizes under stringent conditions to a gene consisting
of the nucleotide sequence of SEQ ID NO: 15 or 17; and (c) determining
whether the test substance can induce the differentiation of dopaminergic

GIn Ser 482 Meurdhs Aghdireht erdnactipt stte L Asxidigefénsiaetected. 24. The
mgthod of claim 23, yyherein the polynucigstide is a nucleotide sequence
comprising at least 15 consecutive nucleotides. 5 25. A method of
screening for a differentiation-inducing reagent for a dopaminergic neuron,
wherein the method comprises the steps of. (a) contacting a test

ser Tyr BPStRNGEwith cells in culture that can be differentiated into dopaminergic

__neurons; 10 (b) detecting a translation product of the Lmx 1 a gene by
130 contacting the cells in culture, after contact with the test substance, with

an antibody that binds to a polypeptide consisting of an amino acid
sequence of any one of (b-1) to (b-6) or a partial sequence thereof: (b-1)
the amino acid sequence of SEQ ID NO: 14; (b-2) an amino acid

210> equence with a deletion, insertion, substitution, or addition of one or
11> mgre

{212> DNA

<213> MWus musculus

<4007 19

atgtteeace gcatcaagat ggaggageac gocoliicges COEEECCCEs caccotggge 60
gtgctgoter gotccgactyg cocgeatece gocgtotgeg agggctgoca goggoocate 120
tocgaccget toctgatgog agtoaacgag toglcotgge acgaggagtg tttgoagtec 180
gogecatgte ageaagcoct cascaccage tgetacticc geggateggaa actgtactige 240
aaacaagact accaacagct cticgeggoa aagigoageg goetgoatgga gaagatcgog 300
cotaccgagt togteatges ggogotegag tgtgtegtace acttgggetg tttotgetge 360
tgtotetecy agaggeasct gogcaaggge gacgagtitcg tgotcaagga gegrcagetyg 420
ctgtecaage gtgactatga gaaggagaaa gaccigetca gotocgtgag cooggacgag 480
totgactote teaagagtega ggatpaapat ggagacatga agccggccaa gEgEcagggs 540
agccagagta aaggcagtgy agatgacgey aaagacccga gaaggescaa acgeccecga 600



15 amino acids in the amino acid sequence of SEQ ID NO: 14; (b-3) an
amino acid sequence encoded by a nucleotide sequence that hybridizes
under stringent conditions to a gene consisting of the nucleotide
sequence of SEQ ID NO: 13; (b-4) & 4mino acid sequence of SEQ ID
NO: 16 or 18; (b-5) an amino acid sequence with a deletion, insertion,
substitution, or addition of one or more 20 amino acids in the amino acid
sequence of SEQ ID NO: 16 or 18; and (b-6) an amino acid sequence
encoded by a nucleotide sequence that hybridizes under stringent

accatocGRNGLONS 1029606 sansisting.of the puglegtide sequenge of &6Q 1D NO:

15 or 17; and (c) determining whether the test substance can induce the
differentiation of dopaminergic neurons when the translation product of
coctgtodbe bypwodracgenredstdeteateska2bc28. sPhecmethogbofatiaim 25, RBherein the
polypeptide consisting of a partial sequence comprises at least six
consecutive amino acid residues. 1/99 SEQUENCE LISTING <110>
cagetot eI KiceeHaca Pra2q g aa i AtBr 1Atk F85SHREHfE (5 HiGp&iAtne-piBtiucing
neuron <130> E1-A0307P <150> JP 2003-395493 <151> 2003-11-26

' cagcagg;g%(sgg%:%ga%%z %Ea@@é&%ng\@@@;g%%tggglﬁg?a% %ggga%gégg <2]8215 DNA

<213> Atrtificial

ggcatzatge octectacac cgogctEgce octecgeage agoagatogt geccatpgag 800
cagagccoot acggaagcag cgaccecttc caacaggpee lcacgecgoe ccaaatgeoca 960
geggaacgact ccatctteea cgatatteat agtgatacct ccctcaccag ccteagegac 1020
tectteotog gotottosga cgiggectee cigoaggoge gogtgesgaa coccattgac 1080
‘cggctctact cocategcagag ctoctactit goctcotga 1119
210> 20

211> 372

{212> PRT

: <213> Mus musculus

{400> 20

Met Leu Asp Gly [le Lys Met Glu Glu His Ala Leu Arg Pro Gly Pro

1 b 10 i5

Alta Thr Leu Giy Val Leu Leu Gly Ser Asp Cys Pro His Pro Ala Val
20 25 30

Cys Glu Giy Cvs GIn Arg Pro lle Ser Asp Arg Phe Leu Met Arg Val



<220> <223> adapter for cDNA amplification <400> 1 cagctccaca
acctacatca ttccgt 26 <210> 2 <211> 12 <212> DNA <213> Atrtificial
<220> <223> adapter for cDNA agplification <400> 2 2/99 acggaatgat
gt 12 <210> 3 <211> 26 <212> DNA <213> Atrtificial <220> <223>
adapter for cDNA amplification <400> 3 gtccatcttc tctctgagac tctggt 26
<210> 4 <211> 12 <212> DNA <213> Artificial <220>

35 40 : 45

Asti Giu Ser Ser Trp His Giu Glu Cys Leu Gin Cys Ala Ala Cys Gin
50 55 80

Gin Ala Leu Thr Thr Ser Cys Tyr Phe Arg Asp Arg lys Leu Tyr Cys
65 70 75 80

Lys GIn Asp Tyr Gin Gin Leu Phe Ala Ala Lys CGys Ser Gly Cys Met
85 80 95

Giu Lys lie Ala Pro Thr Glu Phe Va! Met Arg Ale Leu Glu Cys Val
100 105 110

Tyr His Leu Gly Cys Phe Cys Cys Oys Val Cys Giu Arg Gin Leu Arg
115 120 125

Lys Gly Asp Glu Phe Val Leu Lys Giu Gly Gin Leu Leu Cys Lys Gly
130 ' 135 140

Asp Tyr Glu Lys Glu Lys Asp Leu Leu Ser Ser Val Ser Pro Asp Giu
145 150 155 160

Ser Asp Ser Val Lys Ser Gliu Asp Glu Asp Gly Asp Met Lys Pro Ala
185 170 175

Lys Gly Gin Gty Ser Gln Ser Lys Gly Ser Giy Asp Asp Gly Lys Asp



<223> adapter for cDNA amplification <400> 4 accagagtct ca 12 <210>
5<211> 26 <212> DNA <213> Artificial <220> <223> adapter for cDNA
amplification <400> 5 3/99 ctgatgfggtgg tcttctgtga gtgtgt 26 <210> 6
<211> 12 <212> DNA <213> ArtifidiaP<220> <223> adapter for cDNA
amplification <400> 6 acacactcac ag 12 <210> 7 <211> 26 <212> DNA
<213> Artificial <220> <223> adapter for cDNA amplification

180 185 180

Pro Arg Arg Pro Lys Arg Pro Arg Thr fle Leu Thr Thr Gln GIn Arg
195 200 205

Arg Ala Phe Lys Ala Ser Phe Glu Val Ser Ser Lys Pro Cys Arg Lys
210 215 220

Val Arg Glu Thr Leu Ala Ala Giu Thr Giy Leu Ser Val Arg Val Val
225 230 235 240

Gln Val Trp Phe Gin Asn Gin Arg Ala Lyvs Met Lys Lys Leu Ala Arg
245 250 255

Arg His Gln Gin GIn Gln Glu Gln Gin Asn Ser &ln Arg Leu Giy GIn
260 265 270

Glu Val Leu Ser Ser Arg Met Glu Gly Met Met Ala Ser Tyr Thr Ala
275 280 285

ieu Ala Pro Pro 8in Gin Gin e Val Alza Met Glu Gin Ser Pro Tyr
280 285 300

Gly Ser Ser Asp Pro Phe Gin Gin Giy Leu Thr Pro Pro Gin Net Preo
305 310 315 320

Gly Asn Asp Ser lle Phe His Asp lle Asp Ser Asp Thr Ser leu Thr



<400> 7 ccagcatcga gaatcagtgt gacagt 26 <210> 8 <211> 12 <212>
DNA <213> Artificial <220> <223> adapter for cDNA amplification
<400> 8 4/99 actgtcacac tg 12 <240 9 <211> 26 <212> DNA <213>
Artificial <Lnm% <223> adapter for cDNA amplification <400> 9
gtcgatgaac ttcgactgtc gatcgt 26 <210> 10 <211> 12 <212> DNA <213>
Artificial <220> <223> adapter for cONA amplification <400> 10

325 330 335

Ser Leu Ser Asp Cys Phe Leu Gly Ser Ser Asp Val Giy Ser Leu Gin
340 345 350

Ala Arg Val Gly Asn Pro 1ie Asp Arg Leu Tyr Ser ¥et Gin Ser Ser

355 360 365

Tyr Phe Ala Ser

370
210> 21
211> 1119
(212> DNA
213> Homo sapiens
<4D0> 21
atgttegacg goatcaagal geaggagcac gocctEgcgee COEEECGOEG cactoligres 60
gigetgctey gotccgacty cccgoatcce gocgtotzog agggetgoca gogeeceato 120
teogaccget toctgatecg agtcaacgag tegteotege acgaggagteg tttgcagtigo 180G
goggogtglc agcaagecct caccaccage tgctacttce gegatcggaa actgtactge 240
aaacaagact accaacagct cttogoggcc aagtgcagcs gotgcatgga gaagatcece 300
cocaccgagt tegtgatgcg ggcgotggag tgcgtgtacc acctgegcty cttotgotge 360
tgogtetets aacggcagct acgcaagegsc gacgaattog tgctoaagea geeccagoly 420
ctgtgcaage gtegactacga gaaggagaag gacctgotea gotocglgag cococgacgag 480



acgatcgaca gt 12 <210> 11 <211> 26 <212> DNA <213> Artificial
<220> <223> primer for cDNA amplification <400> 11 5/99 tgaagaaagt
ctctgcaagt cagcecc 26 <210> 12 < 926 <212> DNA <213> Artificial
<220> <223> primer for cDNA amplification <400> 12 caccaccgtt
tgtctgagca gagctc 26 <210> 13 <211> 3338 <212> DNA <213> Mus
musculus <400> 13 gagagccgtc gcgagcagtt cacgggggct cttctctctc
ctccaacgtt acatttccct 60 tgtctggact ctaccctcta ggctcattct tgtcgcecctg
gacactgctt ctgtcctgtc 120 ccaggagagt ggcaactgag ggtgcggagt

tcozact E5LAREAUHE:ACH0M GG AgReteanec d80sgccaa ggagcasees 540

agtcagagea agEEZCASCEE SEAtgacgEs AasggaccCgc EEagEcccas gogacsCegg 600

accateotca cocacgoagca gogaagages ttcaaggect cettegaggt ctegicgaag 660

cottgcogaa agetcopaga gacactggca getgagacgg goctcagtet zogcgtegtc 720

caggtotegt ttcagaacca aagagoaaag atgaagaago tggcgeggeg goaccagoag 780

cagcaggage agoagaacte ccagoggeteg geccaggagg toctglccag ccgoatggag 840

ggoatgatey ottoctacac gocgotggee ccaccacage ageagatogl ggocatggaa 900

cagagecect acggcageag cgaccocttc cagoagggec Tocacgeoges ccaaalgcca 960

gzeaacgact ccatctteca tgacatogac agogatacsot cottaaccag cctcagogac 1020

+pottocteg gotootoags cetgpegctoc ctgcaggese gogigeegaa coccategac 1080

cgeototact ccatgeagag tiectactte gooctootga 1118

210>
211>
212>
213>

<400>

22
372
PRT

Homo sapiens

22

Met Leu Asp Gly lie Lvs Met Glu Glu His Ala Leu Arg Pro Gly Pro

1

5 10 15

Ala Thr Leu Gly Val Leu Leu Gly Ser Asp Cys Pro His Pro Ala Val



Cys

Asn

Gin

65

Lys

Glu

Tyr

Lys

Asp

145

Ser

gttcctcegc tetacaggtce cteetggcte accccgaaca tgttggacgg cctgaagatg 240
gaggagaact ttcaaagtgc gattgagacctcggcatctt tctcctcttt gctgggcaga 300
gcggtgagcc ccaagtctgt ctgcgagggégddagcggg tcatctcgga caggtttctg 360
ctgcggctca acgacagctt ctgcaacgag caatgcgtge agtgtgcctc ctgcaaagag 420
cccctggaga ccacctgctt ctaccgggac aagaagctct actgcaagta ccactacgag 480
6/99 aaactgtttg ctgtcaaatg tgggggctgc ttcgaggcca ttgcgcccaa tgagtttgtc
540 .gtgcgtgcece agaagagegt ataccacctg agcetgettct getgetgegt ctgtgagcga
600 cagctgcaga agggtgacga gtttgtcctg aaggagggcc agctgctctg
caaaggggac 660 tatgagaaag aacgggagct gctgagcctg gtgagccctg
cggcctcaga ctcaggcaaa 720 agcgatgatg aggagagcct ttgcaagtca

a1u MGCAII9GY GRUGRRAAYGR0GRIFABAG B0, JaEYIGARE accataagey
acCcaaacgt cccagaacca tcctgaccac tcagcagagg 840 agagcattca
aggcctegtt tgaagtatcéotccaagccct gcaaaadggt gagggagact 900 ctggctgcgg
agacagggct gagtgtccgt gtggttcagg tgtggttcca gaaccagcga 960
gccaagatga agaagctggc ccggcgacag cagcaacagc aacaggacca
acagaacacc 1020 cagaggctga cttctgctca gacaaatggt agtgggaatg

Giu cigggtaitgea Aoy Garcity tosoeudtactratd @atgtyeiccecacag

50 cagctgctgg ccattgaaca gagcgtctac 1540 aactctgatc ccttccgaca gggtctcacc
ccaccccaga tgcctggaga tcacatgcac 1200 ccctatggtg ctgaacctct tttccatgac
ttggatagtg atgacacatc tctcagtaac 1260 ctgggagact gcttcctgge aacctcagaa
gctgggeccc tgcagtccag agtgggaaac 1320 cccattgacc atctgtactc

A1a0BIg0RG AR tostalticaTgetcgagt ciigtontac 4386y aattttytga cctgggctee
catatggaac a?accatactg tgtgaagggttgctgactit 1440 aggatgggga
ggccagagaa gaggtgggct ggggagggag gtttgttggg gatgctgttg 1500 tttaattata
tggtgtagct cagcatttcc aaagactgaa tacattatgg attgcatagt 1560 7/99

ttaatgtttc taataagagt cttagtgtta gatatgaaga tgtgtttatc attaagggca 1620

Gin Asp Tyr Gln Gin Lett Phe Ala Ala Lys Cys Ser Gly Cys Met
85 90 95

Lys lie Ala Pro Thr Glu Phe Val Met Arg Ala Leu Glu Cys Val
100 106 110

His Leu Gly Cys Phe Cys Cys Cys Val Cys Glu Arg Gin Leu Arg
115 120 125

Giy Asp Giu Phe Val Leu Lys Glu Gly Gin Leu Leu Cys Lys Giy
130 135 140

Tyr Glu Lys Glu Lys Asp Leu Leu Ser Ser Va! Ser Pro Asp Glu
150 185 160

Asp Ser Va! Lys Ser Glu Asp Glu Asp Gly Asp Met Lys Pro Ala



Lys

Pro

Arg

Val

225

Gln

Arg

Glu

Leu

Gly

gggtctttta atatagacat tctcaagcaa actagatatc tagggactcc taacagcttc 1680
ecaccgttct ggagaagtgc ttgtcaagag gtgecgtatg tctattcatc tacacaccaa 1740
tagacagaca gatttgtgtg tgtgtgtgtg tgt gtg tgtgtgtgtg tgtatgagtg 1800
tgtgtaaaac ctttcatact ttatcatcaa agtttatfcc taattataac agacaccaac 1860
tgtacagcaa aattaacttt attttcagtg tgaactatat ttaaggaaat gcttgatgca 1920
ettaagttat aaaatgagat aatttacttt tataaacttt atttttagtt tggagagact 1980
catcggcagg gcagagagaa ctgttccacc gggceccaca gctctgagtg cttgagttca
2040 ctct§tgatc agagcatcat th¥hgtctag aatacaactt/@agatggcag gcagceatgcet
2100 agagttaact catgctcacc ctggtgtcca gtcactgggc ctgaatgaga ttttaggctt
2160 attggcatgg gattgttggg cagcatcagc aaggttgtcc ttacccccac ecccacccca
2220 gattcagcet egatgagtgt ggatgaagtt gatagccacacctacctctc tctctatgag

&1y 221806 tgt§eatyjagsgtgbtrgbta Sacdiacdtercésgggyates atamggctcc
ataccgggac 2340 atgatcggag ttgaaactaa aatgaggtctg atatgattta aaatataacc
gagtcatgta 2400 cttaatgata gaggatacct gggaccacag agcaggaagt
tetggtaccc taagtcctat 2460 ctctetgcat agcccatatg gccacatgac agagacacag
ctctgagggg gtggagacta 2520 egctccatct gagaaggtgg aagaggegtg

Are HOPFA0 PR UGIAGARCR AGIGUgACt 28R, TRACEIRTY O tittgtttt gttttgtttt
gttcttactt tttaaaaagt 2640 8/99 cacttcaacq tgactgtatg cacccccaaa
aﬁ’écggaatt acttgtgat@qgtgtttgtc 2700 tctt?cQ%a gggcccataa tctgggggcc
tgctcataaa cagcctcatg gagttcatag 2760 aagcagaggg gaccaggcag
gtacccaggg ctcttccctc caactcatgt tgcagtccct 2820 gagcacagga

agacccagta %ccattgtac acagggacaa tcccg;[gccc tgaactccat 2880
A'atg%ﬁta’ré’é (o] Eaditecal tydd %%&csﬁf"céréﬁ &8 fitetiagttyggatcttct 2940

210gtgttaggat ccttctgygg aagcagaatg agitagggg gaagaaagaa gggctccagt
3000 gagaggggct gtgacaggca tgacgtcatg cccgggacca tcatcagagc

catgactatg 3060 cccacatatc cacttcattc tctttaaggc cagaggaagc atgtccctta
gtggtagagt 3120
Arg Glu Thr Leu Ala Ala Glu Thr Gily Leu Ser Val Arg Val Val

230 235 240

Val Trp Phe Gin Asn Gin Arg Ala Lys Met Lys Lys Leu Ala Arg
" 245 250 255

His Gin Gin GIn GIn Glu Gin Gin Asn Ser Gin Arg Leu Gly Gln

260 265 270

Val Leu Ser Ser Arg Met Giu Gly Met Met Ala Ser Tyr Thr Pro
275 280 285

Ala Pro Pro Gln Gin Gin lle Val Ala Met Glu Gln Ser Pro Tyr
290 285 300

Ser Ser Asp Pro Phe Glin Gln 6ly Leu Thr Pro Pro Glo ¥et Pro



gtgtgttgtg tgatttttgt gctcttcttt ataatttata caaaccgtca ggaaacctga 3180
accagtctgt gggctgagaa tgaggcgggt gtaaggggca cagacagtgt ctgtgtggct
3240 gattggttga ggaatgtagc agatatfia atgaaagcaa acagagatcc ttaattctac
3300 tctctaatgacataccgaga tgaaattaaa agcctctt 3338 <210> 14 <211>
382 <212> PRT <213> Mus musculus <400> 14 Met Leu Asp Gly Leu
Lys Met Glu Glu Asn Phe Gin Ser Alalle Glu 15 10 15 9/99 Thr Ser Ala
Ser Phe Ser_3gr Leu Leu Gly Argla Val Ser Pro Lyg40 25 30 Ser Val
Cys Glu Gly Cys Gin Arg Val lle Ser Asp Arg Phe Leu Leu 35 40 45 Arg
Leu Asn Asp Ser Phe Trp His Glu Gin Cys Val Gin Cys Ala Ser 50 55 60
Cys Lys Glu Pro Leu Glu Thr Thr Cys Phe Tyr Arg Asp Lys Lys Leu 65 70
7580 TyrC s Tyr His Tyr, G Ley R Lys Cys Gly Gl
aty Asn AZochepl '&yi??ep 'ese‘?%pi\"uiﬁ|§£2\|§%Lr§§f\sﬁ"*eﬁfiﬁi§v\iﬁ‘lmé Aré ARG
Lys 1003205 110 Ser Val TyPHis Leu Ser Cys PR&Cys Cys Cys Val Cys
Glu Arg Gin 115 120 125

306

Ser Leu Ser Asp Cys Phe Leu Gly Ser Ser Asp Val Gly Ser Leu Gin
340 345 350

Ahia Arg Val Gly Asn Pro lle Asp Arg Leu Tyr Ser Met Gin Ser Ser

355 360 365

Tyr Phe Ala Ser

370
210> 23
211> 2247
<212> DNA
<213> Mus musculus
400> 23
gecacgageeg ceagggecag tocgcocecgs gectocgoac agotoogogt coctctotee 60
ggoccogcte getgootoce totoctgcgg cogggoigge tgcgtgtigee toteogogee 120
cegeticoge agegoteoog cggacceggg ctoctotget coccggagega actgeacttc 180
gecggagtty aatgaatgaa gagageggac aaggagatet gacgggeigg aticccaata 240
gotcttittt aaaatcttee asactttgtc cttogetgaa ttacgacact giccacctit 300
aatttccteg aaaactccaa taactotgot gaagocatge ctitgtgttea ggcgcagtat 360



Leu Gin Lys Gly Asp Glu Phe Val Leu Lys Glu Gly Gin Leu Leu Cys 130
135 140 Lys Gly Asp Tyr Glu Lys Glu Arg Glu Leu Lou Ser Leu Val Ser
Pro 145 150 155 160 10/99 Ala Aﬁégr Asp Ser Gly Lys Ser Asp Asp
Glu Glu Ser Leu Cys Lys 165 170 Ser Ala His Gly Ala Giy Lys Gly
Ala Ser Glu Asp Gly Lys Asp His 180 185 190 Lys Arg Pro Lys Arg Pro
Arg Thr lle Leu Thr Thr Gin Gin Arg Arg 195 200 205 Ala Phe Lys Ala
Ser Phe Glu Val Ser Ser Lys Pro Cys Arg Lys Val 210 215 220 Arg Glu
Thr Leu Ala Ala Glu Thr Gly Leu Ser Val Arg Val Val Gin 225 230 235
gggtcctt%oct\éﬂg-glé%cpt@g&%&%n‘t@&iéﬂ@:é'@ﬂh—é‘&%@& I€)‘.§'d=t¥§glggu Al@é\rg Arg
245 250 255 Gin Gin Gin Gin Gin Gin Asp Gin Gin Asn Thr Gin Arg Leu
Thr Ser 260 265 270 Ala Gin Thr Asn Gly Ser Gly Asn Ala Gly Met Glu
gaatacagGly digdVigcsna@E 280 28 Py TyrtTdnaTinal exfRrsdar Prdé8in Gin
Leu Leu Ala lle Glu Gin 290 295 300 11/99 Ser Val Tyr Asn Ser Asp Pro
Phe Arg G I n Gly Leu Thr Pro Pro Gin. 305 310 315 320

actgaaatta ctegccaccac ttétcotcooce agetitcagta cotttatgga caactacage 540
acaggctadg acgticaagec accttgettg taccaaatge ccotgtecgg acagoagtoc 600
tocattaage tagaagacat tcagatgcac aactaccagc aacacagcca cctgesccot: 660
cagtoocpapg agatgatgec acacagegge toggtttact acaagococtec ttegeocccosg 120
acacccagca cocogagett coagetgcag catagoccga tgtggeacga tocgggetoc 780
cttocacaact tccaccagaa ctacgtggce actacgoata tgatogagea gaggaagaca 840
cctgtoicoe goctgteoact ctictecttt aascagtoge cocogggoac tootgtgtot 900
agctgccaga tgogettoga cgggectoty cacgteccoa tgaasccocgga gOCCECEERC 960
agocaccacg tagtggatgg geagaccttc gecgtgeoca acceccattog caagecggea 1020
tocatgegeget tcccgggcct goagategee cacgcatege agttegcttga cacgeagete 1080
ceotogooge cegtocogeee ctotooctoc aatgzaggpic tgtgegetgt ttgeggtgac 1140
aacgegecct gheagoactsa cggﬁgttcgc acttgigage goigraaazg tttctttaag 1200
cgcacggtec aazasaaces gaaatatgtg tgtttageaz ataasaactg cccagtggac 1260
82gCEGCETE gaaatcgttg tcagtactgt cggtitcaga agtgoctage tgttgggatg 1320
gttaaagaag teggttegoac ggacagttia azaggecgga gaggtogtit accocicgaag 1380
ccgaagages cacaggatces cicteocooee teaccltocge tgagtotgat cagtegcccte 1440



Met Pro Gly Asp His Met His Pro Tyr Gly Ala Giu Pro Lou Phe His 325
330 335 Asp Leu Asp Ser Asp Asp Thr Ser Leu Ser Asn Leu Gly Asp Cys
Phe 340 345 350 Lou Ala Thr Sera@iggAla Gly Pro Leu Gin Ser Arg Val
Gly Asn Pro 355 360 365 lie Asp His Leu Tyr Ser Met Gin Asn Ser Tyr
Phe Thr Ser 370 375 380 <210> 15 <211> 1562 <212> DNA <213>
Homo sapiens <400> 15 gtgaaatcag atcagccaga gcagttcgct gtgactgatc
tctccteeca cectacatte 60 tcttggetgg acoctatcct cetggcetgat tetggtegec
ctggacactc cctcagttct 120 ttcccaggag tgcggtggcet getggegecg agtcccageg
gteagagcgyCHREGOeRG ICRRFABCREAE 1%@3‘6@%&6%%‘?&3659@%%E%Eﬁi%gc% ggccegaa
catgctggac ggcctaaaga 240 tggaggagaa cttccaaagc gcgatcgaca
cctcggcecte cttetecieg ctgctgggca, 300 g cc tct
gcaaacoc&&t%%c%gﬁa éct%i%%g%%%g cga%:%tcgel aéqa(%%{ggt%%% tggg%%gactqc%aggcgacagc
ttctggcatg agcagtgcgt gcagtgcgcc tcctgcaaag 420 agcccctgga gaccacctge
stecteadielac008 AcaAMRaNHgacigsarg dalganiacg A 8- agaageigitsgrigtiaaa
tgtgggggct gcttcgaggc catcgcetcece aatgagtitg 540 ttatgcgggce ccagaagagt
gtataccacc tgagctgctt ctgctgctgt gtctgcgage 600 gacagcttca gaagggtgat
gacctgoqagitgteeayaatagy Gehiernie g eAHHGHERT 6802 Hidlihag
ggagcgggag ctgctcagcec tggtgagcecc agcagcectca gactcaggta 720

<A00>

ctgogottag catacaggic caacccagig gaggetasac tcatetttig caatgggsts 1740
gtottgcaca ggttecaatg cgtecgtege ttiegggaat ggattgattc cattegttgaa 1800
+tctootoca acttgcagaa tatgaacatc gacatttotg cottetcotg cattgetgec 1860
ctgpctategg tcacagagag acacgggeic aaggaaccca agagagtgega agagctacaa 1920
aacaaaattg tasattgtet tazagaccat gtgéctttca ataatgegegge tttgasccga 1980
coccaactace tgtotaaact gttegzgeag ctgecagaac toegeaccet tigeacacag 2040
 ggcctccagc goatttteta cotgaaatty gaagactige taccaccacc agcaataatt 2100
gacaaacttt tcctggacac cttacctttc taagacctic toccaagoac gtcaazagaac 2160
tggaaagasa aaaaaaalaa catccagagg gggctggica catgggoaga gagotogitg 2220
aagigtcoag tteacctiiat ctecott 2247
210> 24

{211> 598

12> PRY

<213> Mus musculus



Met

Pro

Asp

Thr

Asp

65

Met

Met

Ket

Thr

aaagtgatga tgaagaaagt ctctgcaagt cagcccatgg ggcagggaaa ggaactgctg
780 aggaaggcaa ggaccataag cgccccaaac gtccgagaac catcttgaca
actcaacaga 840 ggcgagcatt caaagcctca tttgaagtat octccaagcc
ctgcaggaag gtgagagaga 900 ctctg%‘%’@% agagacaggg ctgagtgtcc
gtgtcgtcca ggtgtggtic caaaaccaga 960 gagcgaagat gaagaagctg
gccaggcgac agcagcagca gcagcaagat cagcagaaca 1020 cccagaggct
gagctctgct cagacaaacg gtggtgggag tgctgggatg gaaggaatca 1080
tgaaccccta cacggctctg cccaccccac agcagctcgt ggccatcgag cagagtgtct

pro RS VARACIER0R CTCTIGagacR09010leR Cacarperd dgtacciaga
gaccacatgc 1 00 acccttatgg tgccgagccec cttttccatg acctggatag
cgacgacacc tccctcagta 1260 Acctgggtga ttgtttect 5gcaacctcag aagctgggcc
tctgcagtcc agagtgggaa 1320 accccattga ccatctgtac tccatgcaga attcttactt
cacatcttga gtcttcccct 1380 13/99 agagttctgt gactaggotc ccatatggaa
caaccatatt ctttgagggg tcactggctt 1440 taggacaggg aggccaggga

Ma Sgadfityget thygSagdya bBiftdtiogyoityctdtt 180Geqtataatgat atggtgtage
tcageattic caaagactga atggattatg gattgcatag 2560 tt 1562 <210> 16
<211> 382 <212> PRT <213> Homo sapiens <400> 16 Met Leu Asp Gly
Leu Lys Met Glu Glu Asn Phe Gin Ser Ala lie Asp 151015 Thr Ser Ala
Ser Phe Ser Ser Leu Leu Giy Arg Ala Val Ser Pro Lys 20 25 30 Ser Val

Phe QY8 GH Bl SySHainvAra yablie keu fap ArgiRherkeudseu
35 40 45

Giu [le Thr Ala Thr Thr Ser Leu Pro Ser Phe Ser Thr Phe Met
50 55 60
Asn Tyr Ser Ther Gly Tyr Asp Val Lys Pro Pro Oys Leu Tyr Gin

70 75 80

Pro Leu Ser Gily Gin GIn Ser Ser Iie Lys Val Giu Asp lle Gin
85 90 95

His Asn Tyr Gin Gin His Ser His Leu Pro Pro Gin Ser Glu Glu
100 105 110

Met Pro His Ser Gly Ser Val Tyr Tyr Lys Pro Ser Ser Pro Pro
115 120 125

Pro Ser Thr Pro Ser Phe Gin Val Gin His Ser Pro Met Trp Asp
130 135 140



Asp

145

His

Ser

Arg

Ser

Arg

225

Ser

Pro

Gin

Pro

et

Phe

Phe

His

210

Lys

Gin

Ser

His

35 40 45 Arg Leu Asn Asp Ser Phe Trp His Glu Gin Cys Val Gin Cys Ala
Ser 505560 Cys Lys Glu Pro Leu Glu Thr Thr Cys Phe Tyr Arg Asp Lys
Lys Leu 65 70 75 80 14/99 Tyr Cygdgys Tyr Asp Tyr Glu Lys Leu Phe Ala
Val Lys Cys Gly Gly 85 90 95 Cys Phe Glu Ala lie Ala Pro Asn Glu Phe
Val Met Arg Ala Gin Lys 100 105 110 Ser Val Tyr His Leu Ser Cys Phe
Cys Cys Cys Val Cys Glu Arg Gin 115 120 125 Lou Gin Lys Gly Asp Glu
Phe Val Leu Lys Glu Gly Gin Lou Leu Cys 130 135 140 Lys Giy Asp Tyr
Glu Lys Glu Arg Glu Leu Lou Ser Lou Val Ser Pro 145 150 155 160 Ala
Al Ser xeptseralyPhydiSef WsHsAsty GHE GiusSE & Cys Lys 165 170
175 Ser Alagis Gly Ala Gly Lys£sly Thr Ala Glu Gludaly Lys Asp His 180
185 190 Lys Arg Pro Lys Arg Pro Arg Thr lie Leu Thr Thr Gin Gin Arg Arg
195 200 205 Ala Phe Lys Ala Ser Phe Glu Val Ser Ser Lys Pro Cys Arg
Lys Val 210 215 220 15/99 Arg Glu Thr Leu Ala Ala Glu Thr Gly Leu Ser

V@I @1'19 M%l )/r%l @Q Thr Pro Val Ser Arg Leu Ser lLeu Phe
165 170 175

Lys Gin Ser Pro Pro Gly Thr Pro Val Ser Ser Cys Gin Met
180 185 190

Asp Gly Pro Leu His Val Pro Met Asn Pro Glu Pro Ala Gly
195 200 205

His Val Val Asp Gly Gln Thr Phe Ata Val Pro Asn Pro lle
215 220

Pro Ala Ser Met Gly Phe Pro Giy Leu Gin lle Gly His Ala
230 235 240

Leut Leu Asp Thr Glin Val Pro Ser Pro Pro Ser Arg Gly Ser
245 250 255

Asn Glu Gly Leu Cvs Ala Val Cys Gly Asp Asn Ala Ala Cys
260 265 270

Tyr 8ly Val Arg Thr Cys Glu Gly Cys Lys Giy Phe Phe Lys
275 280 285



225 230 235. 240 Val Trp Phe Gin Asn Gin Arg Ala Lys Met Lys Lys Leu
Ala Arg Arg 245 250 255 Gin Gin Gin Gin Gin Gin Asp Gin Gin Asn Thr
Gin Arg Leu Ser Ser 260 265 270 Ala Gin Thr Asn Gly Gly Gly Ser Ala
Gly Met Glu Gly lie Met Asn 275 28885 Pro Tyr Thr Ala Leu Pro Thr
Pro Gin Gin Leu Leu Ala lle Glu Gin 290 295 300 Ser Val Tyr Ser Ser Asp
Pro Phe Arg Gin Gly Leu Thr Pro Pro Gin 305 310 315 320 Met Pro Gly
Asp His Met His Pro Tyr Gly Ala Glu Pro Leu Phe His 325 330 335 Asp
Lou Asp Ser Asp Asp Thr Ser Leu Ser Asn Lou Gly Asp Cys Phe 340 345

Thr 320 RV Al2 Jr ser GluAlaGly Fro kguGinget Aradal Gly Asn Pro
Are Thr 355 360 365 i6/99 Il(g Aﬁ) His Leyu T\ér Ser Met Gin Assn Ser Tyr Phe Thr

290 ger 370 375 3807%2210> 17 <210 838°%212> DNA <213> Homo sapiens
<400> 17 tctggctttt tccacttggt gtggtggttt ggggattcat toattoctat ttcagcattc 60

Cys Pro Val Asp Lys Arg Arg Arg Asn Arg Cys Gin Tyr Cys Arg Phe

306 310 3tb 320

Gin Lys Cys Leu Ala Val Gly Met Val Lys Giu Va! Val Arg Thr Asp
325 330 335

Ser Leu Lys Gly Arg Arg Gly Arg leu Pro Ser Lys Pro Lys Ser Pro
340 345 350

Gin Asp Pro Ser Pro Pro Ser Pro Pro Val Ser Leu lle Ser Ata Leu
355 360 365

Val Arg Ala His Val Asp Ser Asn Pro Ala Met Thr Ser Leu Asp Tyr
370 375 380

Ser Arg Phe Gin Ala Asn Pro Asp Tyr Gln Met Ser Gly Asp Asp Thr
385 390 385 400

Gin His tle Gin Gin Phe Tyr Asp Leu Leu Thr Gly Ser Met Gly lle
405 410 415

fie Arg Gly Trp Ala Giu Lys lie Pro Gly Phe Ala Asp Leu Pro Lys
420 425 430



Ala

Leu

Cys

485

Glu

Asn

Thr

Asn

Gly

545

Glu

cactgtatag tccagaggtg agcaaggcaa ggctggtggg tggctctgtt atccatctco 120
tgtgtccaag cgactgctcc agttgtcacc atgtttccag tcaccaggtg agagagactc 180
tggctgcaga gacagggctg agtgtccgtgdegtecaggt gtggttccaa aaccagagag 240
cgaagatgaa gaagctggcc aggcgacagc agcagcagca gcaagatcag
cagaacaccc 300 agaggctgag ctctgctcag acaaacggtg gtgggagtgce
tgggatggaa ggaatcatga 360 acccctacac ggctctgccc accccacagce
agctcctggce catcgagcag agtgtctaca 420 gctcagatcce cttccgacag ggtctcacce
caccccagat gcctggagac cacatgcacc 480 cttatggtgc cgagcccctt ttccatgacc

Asp t@gatagdga dgacivctle deadtbacesaet Byolaattt ftéetagca acctcagaag
gtgggcctct gcagtccagagtgggaaacc 600 agattgacca tctgtactcc atgcagaatt
cttacttcac atcttgagtc ttcccctaga 660 gttctgtgac taggctccca tatggaacaa
ccatattctt tgaggggtca ctggctttag 720 gacagggagg ccagggaaga ggtgggttgg
ggagggagtt ttgttgggga tgctgttgta 780 17/99 taatgatatg gtgtagctca

Aare 96AtHOCATAgACIaA0R CaltatggRtdACaIgaty §3%u<Rk0Pmd 8 <211> 133
<212> PRT <213> Homo sapiens <42§> 18 Met Lys Lys Lou Ala Arg Arg

450 Gin Gin Gin Gin B Gin Asp Gin Gin't 510 15 Asn Thr Gin Arg Leu Ser
Ser Ala Gin Thr Asn Gly Gly Gly Ser Ala 20 25 30 Giy Met Glu Gly lie Met
Asn Pro Tyr Thr Ala Leu Pro Thr Pro Gin 35 40 45 Gin Leu Leu Ala lle
Glu Gin Ser Val Tyr Ser Ser Asp Pro Phe Ar

"Asn Gy Val Vai Leu His Arg Leu Gin Cys Val ArggGIy Phe Gly

470 475 480

Trp tle Asp Ser ile Val Glu Phe Ser Ser Asn Leu Glin Asn Met
485 490 495

ile Asp 1le Ser Ala Phe Ser Cys lle Ala Ala Leu Ala Met Val
500 505 510

Glu Arg His Gly Leu Lys Giu Pro Lys Arg Val Glu Glu Leu Gin
h15 520 525

Lys [le Val Asn Cys Leu Lys Asp His Val Thr Phe Asn Asn Gly
530 535 R40

Leu Asn Arg Pro Asn Tyr Leu Ser Lys Leu lLeu Gly Lys Leu Pro
550 5b5 560

Leu Arg Thr Leu Cys Thr Gin. Giv Leu GIn Arg lie Phe Tyr Ley
565 570 575



50 55 60 Gin Gly Lou Thr Pro Pro Gin Met Pro Giy Asp His Met His Pro
Tyr 657075 80 Gly Ala Glu Pro Leu Phe His Asp Leu Asp Ser Asp Asp
Thr Ser Leu 85 90 95 Ser Asn Leu Giy Asp Cys Phe Leu Ala Thr Ser Glu
Ala Gly Pro Leu 18/99 100 105 119'Eh ser Arg Vai Gly Asn Pro lie Asp
His Lou Tyr Ser Met Gin Asn 115 120 125 Ser Tyr Phe Thr Ser 130
<210> 19 <211> 1119 <212> DNA <213> Mus musculus <400> 19
atgttggacg gcatcaagat ggaggagcac gcccttcgec ccgggoccgce caccctgggg 60
gtgctgetgg getcecgactg cccgceatcee geegtetgeg agggcetgeca geggeccatc 120

Lys Leu EGORGEYCH IOLIORLECE AGiCARSHAT ICOECIgNG ACTagaagLy titgcagtge 180
gcggcatgtc agcaagccct caccaccagc tgctacttcc gggatcggaa actgtactge 240
aaa ﬁggact accaacagotsc%cgcggca aagtgcaag gctgcatgga gaagatcgcg
300 cctaccgagt tcgtcatgeg ggcgcetggag tgtgtgtacce acttgggctg tttctactge
360 tgtgtgtgcg agaggcaact gcgcaagggg gacgagttcg tgctcaagga

gccagctg 420 ctgtgcaagg gtgactatga gaaggagaaa gacctgctca

Leu Asp ggfckﬁ‘ﬂg%{'d d€ggacgag 480 tctgactctg tgaagagtga ggatgaagat

ggagacatga agccggccaa ggggcagggce 540

210> 25

{211> 3447

{212> DNA

<213> Homo sapiens

400> 25

ggocagtocg cocgegcgect cgogoacgge toogoggtee ctitigeote toecagocgge 60
cgoctetocec tegoteectoe ctocgigage tetcoggett cectteogoce agotcteooea 120
‘cocctacccg 2CCCGEEGES ccgggctcéc agagggaact goacttogge agagtigaat 180
gaatgaagag agacgogeag aactoctaag gaggagattg gacaggeteg actcccoatt 240
gottttctaa aaatottega aactttgtoc ttcattegaat tacgacactg tocasctita 300
atticctoga aaacgoctgt aactogegcte aasgocatgos Tigteticag gogcagtaty 360
getooctegoe tcaaggagee agocoogett cteagageta cagttaccac tottegggag 420
aatacagetc cgatttctta actccagagt ttgtcaagtt tagoatggac ctcaccaaca 480
cigaaatcac tgccaccact ifctoteccca gotteagtac ctttatggac aactacagea 540
cagectacga ogtcaageoce cottgottst accaaatges cotgtoogga cageagicet 800
ccattaaget agaagacatt cagatgcaca actaccagea acacagecac CLECCCGOGE 660



agccagagta aaggcagtgg agatgacggg aaagacccga gaaggcccaa
acggccccga 600 19/99 accatcctca ccacacagca gcgaacaact ttcaaggcat
cctttgaggt ctcctccaag 660 ccctgtcggayaggtccgaga gacattggca
gcagagacag gcctcagcgt gegtgtggtc 720 caggtctggt ttcagaacca
aagagcaaag atgaagaagc tggcccggag acaccagcaa 780 caacaggacc
agcagaactc ccagcggctg ggccaagaag ttctgtcaag ccccatggag 840
ggcatgatgg cctcctacac cgcgcetggcec cctcagcgac agcagatcgt ggccatggag
900 cagagcccct acggaagcag cgaccccttc caacagggcc tcacgccgcec
agtotgaseeanatyteac96OcHpgascgatt Yeatettceaseopientgas agtgatacct @etcaccag
cctcagcgac 1020 tgcttcctecg getcttccga cgtgggcetee ctgcaggcege
_ gcgtggggaa ccccattgac 1080 cggctctact ccatgcagag ctectact ctcctga
cgmmﬂm“%gffé’%‘(?@}ﬁaﬁ%?ﬁagéﬁg t BRTEST >%‘%Fg?%‘§t§culut2gf4oo> 20
Met Lou Asp Gly lle Lys Met Glu Glu His Ala Lou Arg Pro Gly Pro 1510
tccacaacjtg CQL%JAQEAEO% gX@aL%éﬁHc@y&%g@%&: ¥adRkedblis ProsAda Val 20
25 30 Cys Glu Gly Cys Gin Arg Pro lle Ser Asp Arg Phe Lou Met Arg Val
20199 35 40 45 Asn Glu Ser Ser Trp His Glu Glu Cys Lou Gin Cys Ala
cagtoteoBlACyst it S0 5660 t G ddat tmge For TEarSer CyetTintPhe AP§ Asp Arg

Lys Lou Tyr Cys

gtteccagat gegottogac gggcccctgg acgthccat EaacCGEREaE CGCECGERGA 960
gocaccacgt getggacgeg cagaccticg ctgtgeccaa coccattcge aagcccgdgt 1020
coatggeett coegggoetg cagatcggeoe acgcgtotoa getgetegac acgoaggtac 1080
cctcaccece gtogoggegs tocccctoca acgagggget gtgeogetgte tgtggggaca 1140
acgoggocty ccaacactac ggegtgegea cotgtgageg cigcaaagec ttetitaage 1200
gcacagtgca aaaaaatgoa aaatacgigt gtttagcaaa taaaaactge ccagtggaca 1260
agogtogocg gaategotet cagtactgoc gatticagaa gtgcoteect gttgpgatgg 1320
tcaaagaagt ggttcgeaca gacagitiaa aaggecegag aggtogtite scotogaaac 1380
cgaagagece acaggagoece totccecctt cgeoccoeget gagtetgate agtgocctcg 1440
teaggecoca tgtegactos aacccgecta tgaccagect ggactatice aggttocagg 1500
cgaaccctga otatcaaatg agtggagatg acacccagca tatecageaa ttctatgatc 1560
toetgactgg ctocatggag atcatcogge gotgggcaga gaagatcoct ggottocgcag 1620
aoctgcccaa agccgacoaa gacotgelttt tigaatcage tttcttagaa cigtttgice 1680
ttecgattage atacaggtcc aacccagisgg agegtaaact catcttttgc aategegteg 1740



65 70 75 80 Lys Gin Asp Tyr Gin Gin Leu Phe Ala Ala Lys Cys Ser Gly
Cys Met 85 90 95 Glu Lys lie Ala Pro Thr Glu Phe Val Met Arg Ala Leu
Giu Cys Val 100 105 110 Tyr His Lo Gly Cys Phe Cys Cys Cys Val Cys
Glu Arg Gin Lou Arg 115 120 125 Lys Gly Asp Glu Phe Val Leu Lys Giu
Gly Gin Leu Lou Cys Lys Gly 130 135 140 Asp Tyr Glu Lys Glu Lys Asp
Lou Leu Ser Ser Val Ser Pro Asp Glu 145 150 155 160 Ser Asp Ser Val
Lys Ser Glu Asp Glu Asp Gly Asp Met Lys Pro Ala 165 170 175 Lys Gly
Gin Gly Ser Gin Ser Lys Gly Ser Gly Asp Asp Gly Lys Asp 21/99 180 185
tottecachDQPra Mg Ay REockys ArgzBrofrgdthe e touitht tERatGini@in Arg 195
200 205 Arg Ala Phe Lys Ala Ser Phe Glu Val Ser Ser Lys Pro Cys Arg
Lys 210 215 220 Val Arg Glu Thr Leu Ala Ala Glu Thr Gly Leu Ser Val
totecteoARgRYEIoTEIa R 2522380 Db AT I OV aT i PRe aiFFAERGin AHPAla Lys
Met Lys Lys Leu Ala Arg 245 250 255 Arg His Gin Gin Gin Gin Glu Gin

tggctatgg%ndéggégggééngaéégc%ggjégiaéég%ageg%ég% Q%ZQ gaactgcasa 1920
acaagattpt aaatigictc aaagaccacg tgactitcaz castgegese tigaaccgec 1980
ccaattattt gtocaasctg tiegegaage toeoagaact togtaccett Fgcacacagg 2040
ggctacageg cattitetac otgaaattgg aagacttggt gocaccgoca geaataatig 2100
.acaaactttt cotggacact ttacctttet aagaccticot cccaagcact tcazaggaac 2160
tggaatgata atggaaactg tcaagaggge goaagtcaca tggecagaga tagocgtegtg 2220
agcagtctea gotcaagets coccoccattt ctegtasccct cotageccce tigateccta 2280
aagaaaacaa acaaacaaac aaaaactgtt gotatitcot aacctgcageg cagaacctga 2340
aagggcattt fggctccggg goatoctgga tttagaacat ggactacaca caatacagtg 2400
gtataaactt tttattctca gttiazaaat cagtttgtts ttcagaagaa agattgotat 2460
aatgtataat gegaaatgtt tggecatget tegttgtige agttcagaca aatgtaacac 2520
acacacacalt acacacacac acacacacac agagacacat cttaaggegga cccacaagta 25680
ttpocctita acaagactic amapttitct getgtaaaga aagctgtaat atatagtaaa 2640
actazatgtt gegteesteg catgagliiga agaaggcaaa gecttgtaaa tttacccaat 2700
goaptttege tttttaaatt attitglgcc tatttatgaa taaatattac aaattctaaa 2760
agataagtgt ghttgcaaaa aasaagaaas taaatacata aaaaagggac aagcatgttg 2820



Glu Val Leu Ser Ser Arg Met Glu Giy Met Met Ala Ser Tyr Thr Ala 275
280 285 Leu Ala Pro Pro Gin Gin Gin lle Val Ala Met Glu Gin Ser Pro Tyr
290 295 300 Gly Ser Ser Asp Pro ®##9Gin Gin Giy Leu Thr Pro Pro Gin
Met Pro 305 310 315 320 Gly Asn Asp Ser lle Phe His Asp lle Asp Ser
Asp Thr Ser Leu Thr 22/99 325 330 335 Ser Lou Ser Asp Cys Phe Lou
Gly Ser Ser Asp Val Gly Ser Leu Gin 340 345 350 Ala Arg Val Gly Asn
Pro lle Asp Arg Lou Tyr Ser Met Gin Ser Ser 355 360 365 Tyr Phe Ala
Ser 370 <210>21 <211> 1119 <212> DNA <213> Homo sagi ns
attotage ot Bt GHREECarGEatCHREG Gy ot TALEHE { SEREIS AT cedbidtecge
cactctgggg 60 gtgctgctgg getccgactg cccgeatecee gecgtctgeg agggctgeca
astarer 3599565816 420, tecdaceaat teataato ey gicancyag:ieqattagsaasgaggagty
tttgcagtgc 180 gcggcegtgtc agcaagccct caccaccagc tgctacttcc gggatcggaa
actgtactgc 240 aaacaagact accaacagct cttcgcggcec aagtgcagcg

asacattOCI0CAEGE gRagaicgee3dceecaccgagtbicgigatgagggegetggadgo
tgcgtgtacc acctgggctg cttctgetge 360

<400> 26

Met Pro Cys Vai Gin Ala Gin Tyr Gly Ser Ser Pro Gln Gly Ala Ser

1

5

10

15

Pro Ala Ser Gin Ser Tyr Ser Tyr His Ser Ser Gly Glu Tyr Ser Ser

aaaagggaca catagtegttt gtaacaccgt ccaacattcc ttgttigtaa gtgtigtate 3060
taccgttgat gtigataana agasagitta tatcttgatt attttgttgt ctaaagctaa 3120
acaazacttg catgcageag cttttgactg tttccagagt gottataata tacataactc 3180
cctggaaata actgagoact tigaattttt titatgicta aaatigicag ttaatttatt 3240
attttetttg agtaagaatt ttastattge catattctgt agtattttte tttgtatatt 3300
totagtater cacatgatat gagtcactge ctttittict atggtgtats acagttagag 3360
atgctgattt ttittoteat aaatictttc titgagaaag acaatttiaa tgtttacaac 3420
aataazaccat gtaaatgaaz aaaaaaa 3447
<210> 26
<211> 598

<212> PRT
213> Homo sapiens



Asp

Thr

Asp

65

Met

Met

Met

Thr

Asp

145

His

Phe

Glu

50

Asn

Pro

His

Met

Pro

130

Pro

Met

tgcgtgtgtg aacggcagct acgcaagggc gacgaattcg tgctcaagga gggccagcetg
420 ctgtgcaagg gtgactacga gaaggagaag gacctgctca gctccgtgag
ccccgacgag 480 23/99 tccgactceg tgaagagcga ggatgaagat ggggacatga
agccggecaa ggggeaggge 540 agtéddiyca agggcageggggatgacggg
aaggacccgc ggaggcccaa gcgaccccgg 600 accatcctca ccacgcagca
gcgaagagcc ttcaaggcct ccttcgaggt ctcgtcgaag 660 ccttgccgaa aggtccgaga
gacactggca gctgagacgg gcctcagtgt gcgegtggtc 720 caggtctggt ttcagaacca
aagagcaaag atgaagaagesggogcggcg goaccagcag 780 cagcaggagc
agcagaactc ccagcggctg ggccaggagg tcctgtccag ccgcatggag 840
ggcatgatgg cttcctacac gccgcetggec ccaccacagc agcagatctt ggccatggaa 900
cagagcccct acggcagcag cgaccccttc cagcaggacc tcacgccgcec ccaaatgcca
960 re0ga3CYACkREAILIICTatgRCAGYAsagsgatacThecttaaccag cctcagcgac
1020 "tgcttcctcg gctc%caga cgtgggctco cl%caggccc gcgtggggaa
géccatcgac 1080 cggctctact ccatgcagag ttcctacttc gectectga 1119 <210>
22 <211> 372 <212> PRT <213> Homo sapiens <400> 22 Met Leu Asp
Gly lie Lys Met Glu Glu His Ala Leu Arg Pro Gly Pro 1510 15 Ala Thr

Leu Gly Val Lou Leu Gly Ser Asp Cys Pro His Prg Ala VVal 24/99 20 25 30
&l Blu Ry B s BirtRrg Brd lrllc’e%gr gp%\rrg hg)r]foﬁekllet Arg Val 35 40
45 55 60

Tyr Ser Thr Giy Tyr Asp Val Lys Pro Pro Cys Leu Tyr Gln
70 75 80

leu Ser Gly Gin GlIn Ser Ser lie Lys Val! Glu Asp lie GIn
85 90 - 95

Asn Tyr Gin Gin His Ser His Leu Pro Pro GIn Ser Glu Glu
100 105 110

Pro His Ser Gly Ser Val Tyr Tyr Lys Pro Ser Ser Pro Pro
115 120 125

Tnr Thr Pro Gly Phe Gin Val Gin His Ser Pro Met Trp Asp
135 140

Giy Ser Leu His Asn Phe His Gin Asn Tyr Val Ala Thr Thr
150 155 160

fle Glu Gin Arg Lys Thr Pro Val Ser Arg Leu Ser feu Phe



Ser

Arg

Ser

Arg

225

Ser

Pro

Gin

hre

Gvys

Asn Glu Ser Ser Trp His Glu Glu Cys Leu Gin Cys Ala Ala Cys Gin 50 55
60 Gin Ala Lou Thr Thr Ser Cys Tyr Phe Arg Asp Arg Lys Leu Tyr Cys 65
707580 Lys Gin Asp Tyr Gin Gink@yy Phe Ala Ala Lys Cys Ser Gly Cys
Met 85 90 95 Glu Lys lie Ala Pro Thr Glu Phe Val Met Arg Ala Leu Glu
Cys Val 100 105 110 Tyr His Lau Gly Cys Phe Cys Cys Cys Val Cys Glu
Arg Gin Lau Arg 115 120 125 Lys Giy Asp Glu Phe Val Leu Lys Glu Gly
Gin Lou Lau Cys Lys Gly 130 135 140 Asp Tyr Glu Lys Glu Lys Asp Lou
Leu Ser'S&r Val Ser Pro Asg Blu 145 150 155 180 Ser Asp Ser Val Lys
Ser Glu Asp Glu Asp Gly Asp Met Lys Pro Ala 25/99 165 170 175 Lys Gly
Gin Gly Ser Gin Ser Lys Gly Ser Gly Asp Asp Gly Lys Asp 180 185 190
Pro Arg Arg Pro Lys Arg Pro Arg Thr lle Leu Thr Thr Gin Gin Arg 195 200
Phe ROG GAFGAIaPPhENyS AIdMsdiPne GRFVArFSEY SEFHLJEPro Cys Arg Lys
210 2Zgkp 220 Val Arg Glusgdhr Leu Ala Ala Gluhr Gly Leu Ser Val Arg Val

Val 225 230 235 240 Gin Val Trp Phe Gin Asn Gin Arg Ala Lys Met Lys
Lys Leu Ala Arg

Phe Asp Gly Pro Leu His Val Pro Met Asn Pro @lu Pro Ala Gly
185 200 205

His His Va! Val Asp Gly Gln Thr Phe Ala Val Pro Asn Pro {le
210 215 220

Lys Pro Ala Ser Met Gly Phe Pro Gly Leu GIn Ile Gly His Ala
230 235 240

Gin Leu Leu Asp Thr Gln Val Pro Ser Pro Pro Ser Arg Gly Ser
245 250 _ 255

Ser Asn Glu Gly Leu Oys Ala Val Cys Giy Asp Asn Ala Ata Cys
260 265 270

His Tyr Gly Val Arg Thr'Gys Giu Gly Cys Lys Gly Phe Phe Lys
276 280 285

Thr Val Gin Lys Asn Ala Lys Tyr Val Cys Leu Ala Asn Lys Asn
2580 295 300

Pro Val Asp Lys Arg Arg Arg Asn Arg Cys Gin Tyr Cys Arg Phe .



245 250 255 Arg His Gin Gin Gin Gin Glu Gin Gin Asn Ser Gin Arg Leu
Gly Gin 260 265 270 Glu Val Leu Ser Ser Arg Met Glu Gly Met Met Ala
Ser Tyr Thr Pro 275 280 285 Leué#%gro Pro Gin GIn Gin lle Val Ala Met
Glu Gin Ser Pro Tyr 290 295 300 Gly Ser Ser Asp Pro Phe Gin Gin Gly
Lou Thr Pro Pro Gin Met Pro 26/99 305 310 315 320 Gly Asn Asp Ser lle
Phe His Asp lle Asp Ser Asp Thr Ser Leu Thr 325 330 335 Ser Lou Ser
Asp Cys Phe Leu Gly Ser Ser Asp Val Gly Ser Leu Gin 340 345 350 Ala
305 Arg Val Gly &8 Pro lle Asp Arg &8 Tyr Ser Met Gin®8@&r Ser 355 360
365 Tyr Phe Ala Ser 370 <210> 23 <211> 2247 <212> DNA <213>
Mus muscuius <400> 23 ggcacgaggg ccagggccag tccgececcgce
ggctccgcac agctcegegt cectetctcec 60 ggecccgcetg getgectecc tetectgegg
Gin Lysceggbetgha thehtgtydis tekedgerre & ¥ cdgbttedy haghticteecg
cggacccggg ctectctget cccggaggga actgcacttc 18€35

Ser Leu Lys 61y Are Arg Gly Arg Leu Pro Ser Lys Pro Lys Ser Pro
340 345 350

Gln Giu Pro Ser Pro Pro Ser Pro Pro Val Ser Leu lie Ser Ala Leu

355 360 ‘ 365

Val Arg Ala His Val Asp Ser Asn Pro Ala Met Thr Ser Leu Asp Tyr
370 375 380

Ser Arg Phe Gin Ala Asn Pro Asp Tyr Gln Met Ser Gly Asp Asp Thr
385 380 395 400

Gin His 1le Gin Gin Phe Tyr Asp Leu Leu Thr Gly Ser Met Glu lle
405 410 415

{te Arg Gly Trp Ala Glu Lys tle Pro Gly Phe Ala Asp Leu Pro Lys
420 425 430

Ala Asp Gin Asp Leu Leu Phe Glu Ser Ala Phe Leu Glu Leu Phe Val
435 440 445

Leu Argz Leu Ala Tyr Arg Ser Asn Pro Val Glu Giy Lys Leu lie Phe



Cys

465

Glu

Asn

Thr

Asn

Gly

545

Giu

Lys

Leu

ggcggagttg aatgaatgaa gagagcggac aaggagatct gacgggctgg attcccaata
240 gctctttttt aaaatcttgg aaactttgtc cttcgctgaa ttacgacact gtccaccttt 300
aatttcctcg aaaactccaa taactctgct gaaggcatgc cttgtgttca ggcgcagtat 360
27/99 gggtcctcge ctcaaggagce cagecccgct tctcagagct acagttacca
ctcttcggga 420 gaatacagct ccgatttctt aactccagag tttgtcaagt ttagcatgga
cctcaccaac 480 actgaaatta ctgccaccac ttctctccce agcettcagta cctttatgga
caactacagc 540 acaggctacg acgtca:ig%c accttgcttg taccaaatgc ccctgtcecgg
50 acagcagtcc 600 4?(?cattaagg tagaagacat tcagatgcac aactaccagc
aacacagcca cctcccccct 660 cagtccgagg agatgatgcc acacagcggg
tcggtttact acaagccctc ttcgcecceceg 720 acacccagca ccccgagctt ccaggtgcag
catagcccga tgtgggacga tccgggctcc 780 cttcacaact tccaccagaa ctacgtggcec
Asn Ldadat 'tb%ﬁc%gﬁg égg'aed’g%i?o{bgéﬁ 430 "E&&ﬂ&c&é‘é ggc%tgtcact cttctecttt
aagcagtcgc ezecgggceac tcctgtgtet’900 agctgccaga tgégcttcga cgggcctctg
cacgtcccca tgaacccgga gcccgeggge 960 agccaccacg tagtggatgg
gcagaccttc gccgtgccca accccattcg caagccggca 1020 tccatgggct
tcccgggcct gcagatcgge cacgcatcge agttgottga cacgcaggtg 1080
Trp CGGLOgECE cCotecrggey: ctotcsetcbeaatgadggte tgtgegdegt ttgcggtgac 1140
aacgcggget gtcagcacta cggtgigggc actigtgagg gctggpaagg tttctitaag 1200
cgcacggtgc aaaaaaacgc gaaatatgtg tgtttagcaa ataaaaactg cccagtggac
1260 aagcgccgcc gaaatcgttg tcagtactgt cggtttcaga agtgcctagc tgttgggatg
1320 gttaaagaag tggttcgcac ggacagtttaaaaggccgga gaggtcgttt
ccc 8Q,,ccgaaga C tce ctetec acctccgg
e Lo gD 2b/BG e caatoougoa
atgad@8gcc tggactattc ca'iﬁ@tccag 1500 gcaaﬂ@cctg actatcagat
gagtggagat gatacccaac atatccagca gttctacgat 1560 ctcctgaccg gctctatgga
gatcatcaga gggtgggcag agaagatccc tggctttgct 1620

Glu Arg His Gly Leu Lys Glu Pro Lys Arg Val Giu Glu Leu Glin
51% 520 525

Lys lie Val Asn Cys Leu Lys Asp His Val Thr Phe Asn Asn Gly
530 535 540

Leu Asn Arg Pro Asn Tyr Leu Ser Lys Leu Leu Gly Lys Leu Pro
550 555 560

teu Arg Thr Leu Cys Thr Gln Gly Leu Gin Arg lle Phe Tyr Leu
565 570 575

Leu Glu Asp Leu Val Pro Pro Pro Ala 1le lle Asp Lys Leu Phe
580 585 590

Asp Thr Leu Pro Phe



gacctgccca aagccgacca ggacctgctt tttgaatcag ctttcttaga attatttgtt 1680
ctgcgcttag catacaggtc caacccagtg gagggtaaac tcatcttttg caatggggtg 1740
gtcttgcaca ggttgcaatg cgtgcgtggc tt%ﬁr%?aat ggattgattc cattgttgaa 1800
ttctcctcca acttgcagaa tatgaacatc ga Ctg ccttctcctg cattgctgec 1860
ctggctatgg tcacagagag acacgggctc aaggaaccca agagagtgga agagctacaa
1920 aacaaaattg taaattgtct taaagaccat gtgactttca ataatggggg tttgaaccga
1980 cccaactacc tgtctaaact gttggggaag ctgccagaac tccgcaccct
tigffacacag 2040 ggcctccagc gceattttcta cctgaaattg gaagacttgg taccaccacc
agcaataatt 2100 gacaaacttt tcctggacac cttacctttc taagaccttc tcccaagcac
gtcaaagaac 2160 tggaaagaaa aaaaaaataa catccagagg gggctggtca
catgggcaga gagctggttg 2220 aagtgtccag ttcaccttat ctcectt 2247 <210> 24

<210> ZP11> 598 <212> PRT <213> Mus musculus <400> 24 29/99 Met Pro
11> &g Val Gin Ala Gin Tyr Gly Ser Ser Pro Gin Gly Ala Ser 1510 15 Pro
X Ala Ser Gin Ser Tyr Ser Tyr His Ser Ser Gly Glu Tyr Ser Ser 20 25 30
21z wp Phe Lou Thr Pro Glu Phe Val Lys Phe Ser Met Asp Lou Thr Asn 35
{213>  MG:4b:dhin @ | u lle Thr Ala Thr Thr Ser Lou Pro Ser Phe Ser Thr Phe Met
50 55 60 AspAsn Tyr Ser Thr G Iy Tyr Asp Val Lys Pro Pro Cys Lou Tyr
Gin

{400> 27

goegtggett atccccocat taagaccaat cactgaaatc ttetigotga aagaaaaaaa 60
agaszgasag aasaagaaaa gaaaataata geccaagigic tteactgtat ctggatgict 120
acaaattaga gagagggaza gagcgagalt tegctocacca gagogpgega gagecageco 180
agacgetoge cttictitit tecgcetgea toogeeetgt gecttogetg aggottoget 240
ttgocttett cototecgee caccccoacg geccogcteg caaagtgegee tgggragoga 300
EECECEEELE ECEgLLECCE gopgocgogge cagggctigoc gEggcgeccga goatggaaga 360
acagoageceg gagoctaaaa glcagepgega ctcoggegccic ggcgcgptgr cagcgEcgge 420
coecgageggs ctcagtetga gleigagecs aggagocage ggcageageg goagegatgg 480
agacagegtie ccggtgicos cgeagocage gecccogteg coloctgogg caccetgtet 540
gocgcoocty goccatcace cgoaccliece GGGECaTCGC GCEGGOOGES CLGCEGGECS 800
gocgocgcca cogoageatc fcgoggcgee igctocaccag ccgeageccg cgecceaget 660
gcaccegoace accsactttt tcatcgataa catcctaagg cceogatttog gitgeazaaa 720
geaacagoce ctgooteage tcctgetegee ticggetgoa gocggaggap gCgCagcags 780
aggaggagga ageogegteeg agegteaceg aggecagact ggtgcaggta gagacocegt 840



65 70 75 80 Met Pro Leu Ser Giy Gin GIn Ser Ser He Lys Val Giu Asp lie
GIn 85 90 95 Met His Asn Tyr Gin Gin His Ser His Leu Pro Pro GIn Ser
Glu Glu 100 105 110 Met Met ProgdigsSer Giy Ser Val Tyr Tyr Lys Pro
Ser Ser Pro Pro 115120 125 Thr Pro Ser Thr Pro Ser Phe Gin Val Gin
His Ser Pro Met Trp Asp 130 135 140 30/99 Asp Pro Gly Ser Leu His Asn
Phe His Gin Asn Tyr Val Ala Thr Thr 145 150 155 160 His Met lie Glu
Gin Arg Lys Thr Pro Val Ser Arg Leu Ser Leu Phe 165 170 175 Ser Phe
Lys Gin Ser Pro Pro Gly Thr Pro Val Ser Ser Cys Gin Met 180 185 190
teactctdArydRbe AspeGlyt Rz ieu this ab Rro Mot tAsk: R G RsReo AIBly 195
200 205 Ser His His Val Val Asp Gly Gin Thr Phe Ala Val Pro Asn Pro lie
210 215 220 Arg Lys Pro Ala Ser Met Gly Phe Pro Gly Leu Gj éie Gly His
ctetesogmy CooEsCEgt R RGC BT TP LERT %fgﬁg?ﬁr“é‘iﬁ%gﬁro Sge%r Pro Pro
Ser Arg Gly Ser 245 250 255 Pro Ser Asn Glu Gly Leu Cys Ala Val Cys

cgggaaccecg Q%%Ec@gsc%éa‘ Laeé%‘Lagc%¥§ C%Qggg%%g@tgcagcgg caglEgcres

1020
agcgEcgeca gcagpctcga agocctogga cagtggeegt ggtastsgag gcaacgoggé 1080
gagtoocgeg gopgcaggecy ccaagiicos Egaacacaas cctgogates tactcategg 1140
ttecggotaas gegteeggccee tggtcaagac tgactcacag caacccotag tgtggcccgs 1200
ctgeetotac tgcacacget aticegaccg tocgtcctel ggtccacgca ccaggaaget 1260
azagaagaaa aégaacgaga aggaagacaa goggecgcge acggogttca cgecegagea 1320
gotgeagaga ctcaaggegs agticcagge agaccgetat atcacggagc agcggcgaca 1380
gacocicgoc caggagetoa goctgaatga gtoccagate aagatctget tocoaasacas 1440
gogtgocaag atcaagaaag cocacaggcat caagaacggs ctggegotgc accioatges 15600
ccagggacte taceaaccact ctaccaccac ggltcaggac aaagacgaga gocgagtaget 1560
gtegccaget cogggeceeg cggiccaacy gogooegige cacclicoage ctoctogepes 1820
ctgocgctte accageccca cgoagagacg atepgctatgg agggaggeat caatcagggs 1680
gacagagaaa gcgagoaaga gazagcaaic ctocgagigg acattcacat aggaacaaaa 1740
cgetttttaa écgggagtaa gactoggaca ggacaggigc tatgegggaa aaataaacat 1800
ctattetota actcactgta taagatgasa ctgogaattc cttaaagetc tatcatgeca 1860
aactgottac gaccgtgtat atatitaatt tcaggtaage aaaacaaata tegtgtagega 1620



Gin His Tyr Gly Val Arg Thr Cys Glu Gly Cys Lys Gly Phe Phe Lys 275
280 285 31/99 Arg Thr Val Gin Lys Asn Ala Lys Tyr Val Cys Lou Ala Asn
Lys Asn 290 295 300 Cys Pro Val Asgylys Arg Arg Arg Asn Arg Cys Gin
Tyr Cys Arg Phe 305 310 315 320 Gin Lys Cys Leu Ala Val Gly Met Val
Lys Glu Val Val Arg Thr Asp 325 330 335 Ser Leu Lys Gly Arg Arg Gly
Arg Leu Pro Ser Lys Pro Lys Ser Pro 340 345 350 Gin Asp Pro Ser Pro
Pro Ser Pro Pro Val Ser Lou lie Ser Ala Leu 355 360 365 Val Arg Ala His
Val Asp Ser Asn Pro Ala Met Thr Ser Leu Asp Tyr 370 375 380 Ser Arg
tetotatRhe GGindda AsndPteaAsp ceyt GindvletgBertalytAsp Asptihr 3880390 395
400 Gin His lie Gin Gin Phe Tyr Asp Leu Leu Thr Gly Ser Met Glu lie 405
410 415 lle Arg Gly Trp Ala Glu Lys lie Pro Gly Phe Ala Asp Lou Pro Lys
trataat s otaP st 3 9190c 1R SR EBFP 2P ICEELLETF P RECENRFSEr AP Phe Lou
Glu Leu Phe Val 435 440 445 Leu Arg Leu Ala Tyr Arg Ser Asn Pro Val

ogttttcgc‘étug%%th’t)é%clﬁeytg&zB:@%t A’f:é@gé‘?@c’é@%gggtacctc ctegcacccee 2100

aacgctgece cteggtttote tgegeactttt ctttetetes gtetgagtet gtitocottgt 2160
gtetetgcce chgeotette teotatttatt taggattctt ctattegtet tetctatece 2220
ioocgtaaat coocttectt ttotzgagac tootigagaa atacaaccoo acagactacg 2280
agactgaace googotacaa gocaaagatt ttattatgtt cagaaacotg tagtotgaasa 2340
. taaa ) 2344
{210> 28

211> 401

{212> PRT

_<213> Mus musculus

400> 28

Met Giu Glu Gin Gin Pro Giu Pro Lys Ser Gin Arg Asp Ser Gly Leu

1 5 10 i5

Gly Afa Val Ala Ala Ala Ala Pro Ser Gly Leu Ser Leu Ser Leu Ser
20 25 30

Pro Giy Ala Ser Gly Ser Ser Gly Ser Asp Gly Asp Ser Val Pro Val
35 40 45



Ser

Pro

65

Pra

Pro

Asn

Gin

Gly

145

Asp

Leu

Pro

50

feu

Pro

Gin

| ie

Leu

130

Gly

Pre

Cys

Cys Asn Gly Val Val Lou His Arg Lou Gin Cys Val Arg Gly Phe Gly 465
470 475 480 Glu Trp lie Asp Ser lie Val Glu Phe Ser Ser Asn Leu Gin Asn
Met 485 490 495 Asn He Asp lle $grolla Phe Ser Cys lle Ala Ala Leu Ala
Met Val 500 505 510 Thr Glu Arg His Gly Leu Lys Glu Pro Lys Arg Val
Glu Glu Lou Gin 515 520 525 Asn Lys lie Val Asn Cys Leu Lys Asp His
Val Thr Phe Asn Asn Gly 530 535 540 Gly Leu Asn Arg Pro Asn Tyr Leu
Ser Lys Leu Leu Gly Lys Leu Pro 545 550 555 560 Glu Leu Arg Thr Leu
Cys Thr Gin Gly Leu Gin Arg lle Phe Tyr Leu 565 570 575 33/99 Lys Leu
Glu PspAlewPvalfPeoSPro’Rrdmiatlie Me Asp Cys Lew PRe 580 585 590
Leu Asp Thr Leu;Pro Phe 595 <210gp25 <210 3447 <212> DNA <213>
Homo sapiens <400> 25 ggccagtccg cccggeggct cgecgecacggce tccgeggtce
cttttgcctg tccageecgge 60 cgcctgtecc tgetcectee ctecegtgagg tgtcegggtt
cccttecgecce ageteteeca 120

Ala His His Pro His Leu Pre Pro His Pro Pro Pro Pro Pro

70 75 80

Pro Pro Pro Pro Pro Gin His Leu Ata Ala Pro Ala His Gin
85 90 95

Pro Ala Ala Gin Leu His Arg Thr Thr Asn Phe Phe [le Asp
100 105 110

Leu Arg Pro Asp Phe Giy Cys Lys Lys Glu Gin Pro Leu Pro
1156 120 125

teu Val Ala Ser Ala Ala Ala Giy Gly Giy Ala Ala Ala Gly
135 140

Ser Arg Val Giu Arg Asp Arg Giy Gin Thr Giy Ala Gly Arg
150 155 160

Va! His Ser Leu Gly Thr Arg Ala Ser Gly Ala Ala Ser Leu
165 170 175

Ala Pro Asp Ala Asn Cys Gly Pro Pro Asp Gly Ser Gin Pro
180 185 180



Ala

Ala A

Ala

225

Asn

Pro

Thr

Arg

Lys
306

Ala

Thr

210

Ala

Ala

Ala

Asp

Tyr

280

lLys

Giu

ccectaccecg accccggege ccgggetece agagggaact geacttcgge agagttgaat
180 gaatgaagag agacgcggag aactcctaag gaggagattg gacaggctgg
actccccatt 240 gcttttctaa aaatcttgga @gctttgtcc ttcattgaat tacgacactg
tccaccttta 300 atttcctcga aaacgcctgt aactcggctg aagccatgcc ttgtgttcag
gcgcagtatg 360 ggtcctcgec tcaaggagcc agccccgctt ctcagagcta cagttaccac
tcttcgggag 420 aatacagctc cgatttctta actccagagt ttgtcaagtt tagcatggac
ctcaccaaca 480 ctgaaatcac tgccaccact tctctcccca gcettcagtac ctttatggac
aactacagca 540 caggctacga cgtcaagcca ccttgcttgt accaaatgcc cctgtccgga
gagaagtect 609 meatiaaggt agaagacalty cagatgeaca adgtaccagea
qgacagccac ctgccceggpe 660 34/99 agtcigagga gatgatgccg cactccgggt
cggtttacta caagccctcc tcgccececcga 720 cgcccaccac cccggacttc caggtgcagce
acagccccat gtgggacgac ccgggatctc 780 tccacaactt ccaccagaac
tacgtggcca ctacgcacat gatcgagcag aggaaaacgc 840 cagtctcccg cctetcecte
N N A R i S

cccct C acg cccca gaacccggag cccgcecggea 80" g gccaccacgt
ggtggacggg cagalécttcg ctgtgeccaa cécattcge aagcccgegt 1020
ccatgggctt cccgggcectg cagatcggcec acgcegtctca getcctcgac acgcaggtge
1080 cctcaccgcece gtcgeggggc teceecctecca acgaggggct gtgegcetgtg
tgtggggaca 1140 acgcggcctg ccaacactac ggcgtgcgca cctgtgaggg
digcabmget tetttragie1 260 HrabhytfoaHaatmafgratanatacgtgt
gtttagcaaa taggpaactgc ccagtggagg; 1260 agcgtcgeccggpatcgcetgt
cagtactgcc gatttcagaa gtgcctggct gttgggatgg 1320 tcaaagaagt ggttcgcaca
gacagtttaa aaggccggag aggtcgtttg ccctcgaaac 1380 cgaagagccc
acaggagccc tctcececectt cgececcggt gagtctgatc agtgccctcg 1440
£R080CEFA licdRsteraanragealstgacaagest 9gastatice aggticcagg 1500
cgaaccctga ctatcaaatg agtggé atg acacccagca tatccagcaa ttctatgatc 1560
tcctgactgg-ctccatggag atcat § gg gctgggcaga g§8 atccct ggcttcgcag
1620

lie Leu Leu Met Gly Ser Ala Asn Gly Gly Pro Val Val Lys

260 265 270

Ser Gin Gin Pro Leu Val Trp Pro Ala Trp Val Tyr Cys Thr
275 280 285

Set Asp Arg Pro Ser Ser Gly Pro Arg Thr Arg Lys Leu Lys
295 300

Lys Asn Glu Lys Glu Asp Lys Arg Pro Arg Thr Ala Phe Thr
310 315 320

Gin Leu Gln Arg Leu Lys Ala Glu Phe Gin Ala Asn Arg Tyr
325 330 _ 335



acctgcccaa agccgaccaa gacctgcttt ttgaatcagc tttcttagaa ctgtttgtcc 1680
ttcgattagc atacaggtcc aacccagtgg agggtaaact catcttttgc aatggggtgg 1740

35/99 tcttgcacag gttgcaatgc gttcgtggebttggggaatg gattgattce attgttgaat
1800 tctcctccaa cttgcagaat atgaacatcg acatttctge cttctcctge attgctgecc
1860 tggctatggt cacagagaga cacgggctca aggaacccaa gagagtggaa
gaactgcaaa 1920 acaagattgt aaattgtctc aaagaccacg tgactttcaa
caatgggggg ttgaaccgcc 1980 ccaattattt gtccaaactg ttggggaagc tcccagaact
tcgtaccctt tgcacacagg 2040 ggctacagcg cattttctac ctgaaattgg aagacttggt

{te Thr dcaktgéca yuadiaaliy 2H00r @chtnéittt tetgfelcact tiiécttict aagacctect
cccaggeact tcaaaggaac 3160 tggaatgata atggaaactg tcaagagggg
gcaagtcaca tgggcagaga tagccgtgtg 2220 accagtctca gctcaaactg
ccccccattt ctgtaaccct cctagcecccc ttgatcccta 2280 aaaaaaacaa
acaaacaaac aaaaactgtt gctatttcct aacctgcagg cagaacctga 2340

alu ser 28990GALY99¢cteCa9shOGRICGIG0R Htagaagat gagaciacaga caatacagty 2400
gtataaactt tttattctca gtttaaaaat cagtttgttg t%gglgaagaa agattgctat 2460

efé‘?gtataat gggaaatgt?q gccatgct tggttgttgc ‘agttcagaca aatgtaacac 2520
acacacacat acacacacac acacacacac agagacacat cttaagggga cccacaagta
2580 ttgcccttta acaaaacttc aaagttttct gctgtaaaga aagctgtaat atatagtaaa

2640 actaaatgtt gcgtgggtgg catgagttga agaaggcaaa ggcttgtaaa tttacccaat
Lys Alagfoofiychtittd§ ﬂtﬁa‘é&%’ttﬁbﬁéﬁé’ tgfﬁaltalé ‘fgéa%l't%t? aaattctaaa 2760

370agataagtgt gtttgczittaa aaaaagaaaa t&édtacata aaaaagggac aagcatgttg
2820 36/99 attctaggtt gaaaatgtta taggcacttg ctacttcagt aatgtctata
ttatataaat 2880 agtatttcag acactatgta gtctgttaga ttttataaag attggtagtt
atctgagctt 2940 aaacattttc tcaattttaa aataggtggg cacaagtatt acacatcaga
aly LeuaBatoetgacs3000 TRadagJyace: catagtigiit giasktactit Geaacattcc ttgtttgtaa

ags  dtotigtatg 3060, 395 400

Glu

-<210> 29
211> 2943
<212> DNA

{213> Homo sapiens

<400> 28
gagctcacag acccataatc ctgeattict ctaacaagit gittatggag ttgotictec 60

atttgcctac atcooaaaat tcaccectoe cggtttcite tgecccetoe tgagtcccee 120
cotganggag geggagggac goggetecgg cgegeglgeg ggaggacgya COCEACEcac 180
agggccagcg cogaggcgee coctotooge cageggttga cgoocccgga ttatttatoc 240

gcaaagtoee pegegegoce atigggccga ggoccgagtg toagcecgag tcocggeteg 300



taccgttgat gttgataaaa agaaagttta tatcttgatt attttgttgt ctaaagctaa 3120
acaaaacttg catgcagcag cttttgactg tttccagagt gcttataata tacataactc 3180
cctggaaata actgagcact ttgaattttt tttatgtcta aaattgtcag ttaatttatt 3240
attttgtttg agtaagaatt ttaatattgc catat%g{ 4 agtatttttctttgtatatt 3300 tctagtatgg
cacatgatat gagtcactgc ctttttttct atggtgtatg acagttagag 3360 atgctgattt
tttttctgat aaattctttc tttgagaaag acaattttaa tgtttacaac 3420 aataaaccat
gtaaatgaaa aaaaaaa 3447 <210> 26 <211> 598 <212> PRT <213>
Homo sapiens <400> 26 Met Pro Cys Val Gin Ala Gin Tyr Gly Ser Ser
ccattggé?cc c J:gc M‘él% gloda 1013 o AlgsenGin petdybser Tygdlis Ser
ly Glu Tyr Ser Ser 37/99 20 25 30 Asp Phe Leu Thr Pro G | u Phe
VaI Lys Phe Ser Met Asp Leu Thr Asn 3540 45 Thr Glu lie Thr Ala Thr
gtgccteddtr GerteuProcoeeihe SertTirRheddsttbO5% 60 tAapAsn F3% Ser Thr
Gly Tyr Asp Val Lys Pro Pro Cys Lou Tyr Gin 65 70 75 80 Met Pro Leu
Ser Gly Gin Gin Ser Ser lle Lys Val Glu Asp lie Gin 85 90 95 Met His Asn
attteaadap WHFEIATIEISDEFIAEL BEARIEFRED CSRFYSIES| PRERgacRoe 480

ctotocotse aaaaaaagca aaggcgatta aaggogetgs cagoctcacg ctotgggeac 540
_ agctgagoet gacactogge gaagtcaaac ccctoactac tgoctaggaz gatggotags 600
ctttaaatac tatitttttc cotttaagaa aaaasattatt ggagettttt ttcttgcttﬁ 660
ctttticett ttottttict ttttttectt cattitttte gocgigegott actceccatt 720
tanatcaaat cattgaatct gegttgcagaa agaaaaaaga aatagccaag tgtctccata 780
.tctggatgtc tacaaattag agagggagag acagcgagat ctatotgota gataagaace 840
agegatccag gecagacges tpagottttt toctgoacoe gecccgtgec ticgotgazg 800
ctteogeoctee ctectteste ogogoacooe cacgggecge tggcaaagte geztgEggas 860
cgaggeEEty EEEECEEELE GGEEGECEEC £ECCEEEECE goggggcege cgageatgea 1020
agaacageag ccggaaceta aaagtcageg cgactoggec ctoggoggce cggogecgge 1080
gactocgege gEoctoagos tgagoecteag tocgggcgcce ageggoagea goggoagege 1140
cagegatgga gacagogtge cggtrtecce goagectgce coccoctoge cgeocgogee 1200
gocttgcote cogocootge cocaccaccs goacctocoe ccacacccce cgeocococges 1260
goctcageat ctogcggege ctgetcacca googeagoca goggcccags tgeaccgeac 1320
caccaacttt ttcatcgaca acatoctgag gocggactic ggcigcaaaa aggagcageo 1380



100 105 110 Met Met Pro His Ser Gly Ser Val Tyr Tyr Lys Pro Ser Ser Pro
Pro 115 120 125 Thr Pro Thr Thr Pro Gly Phe Gin Val Gin His Ser Pro
Met Trp Asp 130 135 140 Asp Proég-?,%Ser Leu His Asn Phe His Gin Asn
Tyr Val Ala Thr Thr 145 150 155 160 His Met lle Glu Gin Arg Lys Thr Pro
Val Ser Arg Leu Ser Leu Phe 38/99 165 170 175 Ser Phe Lys Gin Ser
Pro Pro Gly Thr Pro Val Ser Ser Cys Gin Met 180 185 190 Arg Phe Asp
Gly Pro Leu His Val Pro Met Asn Pro Glu Pro Ala Gly 195 200 205 Ser
His His Val Val Asp Gly Gin Thr Phe Ala Val Pro Asn Pro lle 210 215 220
gocacceddE0dtYStREOAla: frtddel Clydeha By a&abriguGindlecadyHis1Ata 225 230
235 240 Ser Gin Leu Leu Asp Thr Gin Val Pro Ser Pro Pro Ser Arg Gly
Ser 245 250 255 Pro Ser Asn Glu Gly Leu Cys Ala Val Cys Giy Asp Asn
cgagortgAfa TRREEYEED 6DECBEEROLERFERASCTYE GO0 NIGEER?PCSS GIrly Cys
Lys Gly Phe Phe Lys 275 280 285 Arg Thr Val Gin Lys Asn Ala Lys Tyr

Val Cys Leu Ala Asn L

s Asn 290 295 30

ZECECCAEEC ECTECGICEC tcctgtgczé GCCEgacEcE dadtgigges cacccgacgg 1560
ctccocagoca gCCEGGECCE gcgogeecge gtotaaaget gggaaccogg ctgoggcgee 1620
EECEECEECC ECEECEECAE LEECEECEEC EECEECLLCE. goageagaca agocctogga 1680
caccggteee ggopEcagte £aggcEgcEc ELEgagoces ggagegoagg goaccasata 1740
cocggagcac ggeaaccegg ctatectact tatgegotca gecaacggeg gecoogtegt 1800
caaaactgac tcgoagcage cictogtate goccgectge gtgtactgca cacgttatte 1860
gcatcgteca tootocgete cgogcaccag gaagotgaag aagaagaaga acgagaagga 1920
gpacaagogg cogoggaccg ogttcacgee cgagcagete cagagactca aggeggagtt 1980
ccagecaaac cgoiacatca cggageageg goggoagacc ctggoccagg aactcagect 2040
caacgagtcd cagatcaaga tctggttcca gaacaagege gocaagatca agaaagecac 2100
aggcétcaag aacggcctge cegotgcacct catggoccag ggactgtaca accactccac 2160
caccacggic caggacaaag acgagagoga glagccgcca CaggCCEegE CCECECGCES 2220
gooocotoss gecaccgecg cogtogteote coggococte gotgegggag aaageatctg 2280
ctccaaggag ggagggagog cagggaaaag agogagagag acagaaagag agectcagaa 2340
tgpacaatga cgttgaaacy cagoaitttt gaaaagggag aaagactcgg acaggigota 2400
tcgaaaaata agatccattc tetattccca gtataaggega cgaaactgog aactccttaa 2460



Cys Pro Val Asp Lys Arg Arg Arg Asn Arg Cys Gin Tyr Cys Arg Phe 39/99
305 310 315 320 Gin Lys Cys Leu Ala Val Gly Met Val Lys Glu Val Val
Arg Thr Asp 325 330 335 Ser Leug/gfSly Arg Arg Gly Arg Leu Pro Ser
Lys Pro Lys Ser Pro 340 345 350 Gin Glu Pro Ser Pro Pro Ser Pro Pro
Val Ser Leu lle Ser Ala Leu 355 360 365 Val Arg Ala His Val Asp Ser
Asn Pro Ala Met Thr Ser Lou Asp Tyr 370 375 380 Ser Arg Phe Gin Ala
Asn Pro Asp Tyr Gin Met Ser Gly Asp Asp Thr 385 390 395 400 Gin His
lle Gin Gin Phe Tyr Asp Lau Lou Thr Gly Ser Met Glu lle 405 410 415 lle
agotctatArgaedyatapchlatGdusbyst | lesProa Gyt Phe tAladkspthagrRead ys2920 425
430 Ala Asp Gin Asp Leu Lau Phe Glu Ser Ala Phe Leu Glu Lau Phe Val
435 440 445 Lou Arg Lou Ala Tyr Arg Ser Asn Pro Val Glu Giy Lys Lau
acatacelifl PEEATYS A0S Sgaef@té%%&%naéislt%ﬁ‘fﬁﬂtféa‘ﬁ?ﬁégArng% Gin Cys
Val Arg Gly Phe Gly 465 470 475 480 Glu Trp lie Asp Ser lle Val Glu Phe

ttataaté%%rf%%%ﬁ@%%%%‘%%a%%&%@%Qqég%gﬁégggd4ggéé§¥%gcc togetgocoe 2640

cgoccagttt cgttttoptt gecttittea titgaatgte attgottote cggtegcctoc 2700
cgacccgeat cgocggocet ggtttotely ggacttttot tigtgtgoga gagtgtpttt 2760
coctitegtet ctgeccacct cttetcccce acctoccgeg teocttctgt cggtetgtet 2820
gttotgccce cotttegttt tecggagact tgttgagaaa tacgacccca cagactgega 2880
gacigaaccg ccgetacaag ccaaagattt tattatgttc agaaacctgt agtctgaaat 2940
aaz 2943
<210> 30

<211> 382

<212> PRT

<213> Homo sapiens

<400 30

Met Glu Glu Gin Gln Pro Giu Pro Lys Ser Gin Arg Asp Ser Ala Leu

1 5 10 15

Gly Gly Ala Ala Ala Ala Thr Pro Gly Gly Leu Ser Leu Ser Leu Ser
20 ' 25 30

Pro Gly Ala Ser Gly Ser Ser Gly Ser Gly Ser Asp Giy Asp Ser Va!



Pro

Leu

65

Pro

Ala

Pro

Ala

Asp

145

Thr

Cys

Val

50

Pro

Pro

Gin

Asp

Ala

130

Arg

Arg

Gly

Asn lie Asp lle Ser Ala Phe Ser Cys lle Ala Ala Leu Ala Met Val 500 505
510 Thr Glu Arg His Gly Leu Lys Glu Pro Lys Arg Val Glu Glu Leu Gin
515 520 525 Asn Lys lie Val Asn @ysd.eu Lys Asp His Val Thr Phe Asn
Asn Gly 530 535 540 Gly Leu Asn Arg Pro Asn Tyr Leu Ser Lys Leu Leu
Gly Lys Leu Pro 545 550 555 560 Glu Lou Arg Thr Lou Cys Thr Gin Gly
Leu Gin Arg lle Phe Tyr Lou 565 570 575 Lys Lou Glu Asp Lou Val Pro
Pro Pro Ala lle lle A B Lys Leu Phe 580,285 590 Leu Asp Thr Leu Pro

e 41199 595 <210> 27 <21 U 2344 <212> DNA <213> Mus musculus
<400> 27 gccgtggctt atccccccat taagaccaat cactgaaatc ttgttgctga
aagaaaaaaa 60 agaaagaaag aaaaagaaaa gaaaataata gccaagtgtc

ttcactgtat ctggatgtct 120 acaaat agaqg cgagatt tgctccacca
ﬁﬁ'ggégﬁ g éﬁa?%%g%é@ag@ocg TS%eragg%ZPgt%gggctﬁgﬁg{%s% cctgea tecegeectgt
gccttcgetg aggcetbéget 240 ttgecttett &étctccgeg cacccccacg ggeccgetgg

caaagtgggg tggggagcga 300 ggcgcggggy gcgggggeeg gegeegegge
cagggctgcc gagcggccga gcatggaaga 360

Pro Leu Ala His His Pro His Leu Pro Pro His Pro Pro Pro
70 75 80

Pro Gin His Leu Ala Ala Pro Ala His Gin Pro Gin Pro Ala
85 a0 95

Leu His Arg Thr Thr Asn Phe Phe tie Asp Asn [le Leu Arg
100 105 110

Phe Gly Cys Lys Lys Giu Gin Pro Pro Pro Gin Leu Leu Val
115 120 125

Ala Ala Arg Gly Giv Ala Gly Gly Gly Gly Arg Val 6lu Arg
135 140

Giy Gin Thr Ala Ala Gly Arg Asp Pro Val His Pro Leu Gly
1560 155 160

Ala Pro Giv Ala Ala Ser Leu Leu Cys Ala Pro Asp Ala Asn
165 170 175

Pro Pro Asp Giy Ser Gin Pro Ala Alz Ala Gly Ala Gly Ala



Ser

Val

Gly

225

Lys

Asn

Pro

Pro

Arg

306

Glu

acagcagccg gagcctaaaa gtcagcgcga ctcgggcectc ggcgeggtgg cagcgcecgec
420 cccgagcggc ctcagtctga gtctgagccc agacgccagce ggcagcageg
gcagcgatgg 480 agacagcgtg ccggiglee cgcagccage geececegteg
cctecetgegg caccctgtet 540 gecgeccctg geccatcacc cgcaccteece cccgeatcee
ccgceccccgce cgecgecace 600 gecgecgeca ccgecagceatce tcgeggegec
tgctcaccag ccgcageccg cggceccagcet 660 gcaccgcacc accaactttt tcatcgataa
catcctaagg cccgatttcg gttgcaaaaa 720 ggaacagccc ctgcctcagce tcetggtggce
ttcggd@ca gcecggaggag d%écag_cagc 780 agdﬁggagga agccgcegtgg
agcgtgaccg aggccaaact ggtgcaggta gagaccccgt 840 42/99 tcactctctg
ggcacacgag cttcgggggc tgcctcgcte ttgtgtgcetc cagatgcgaa 900 ctgtggccca
cccgacggct cccagececcce caccgcetgtc ggcgecggceg catccaaage 960

Lys ddgdlacten Yerderydde bidedchiic ticabtddégdeiitageag cagtggegge
}@g80 agcggcggca geagcctcga agccctcggazxagtggeggt ggtagtggag
gcaacgcggg 1080 gagtcccggg gcgcagggceg ccaagttccc ggaacacaac
cctgcgatcc tactcatggg 1140 ttcggctaac ggtgggcecgg tggtcaagac
tgactcacag caacccctag tgtggcccge 1200 ctgggtctac tgcacacgct

Alz SlIGOORACENLIGGIACICH 0OICGARYL A CeaggoRGChIZ GO @ARgaagaaa

210 aagaacgaga aggaagacaa gcggccgcggz@cggcgttca cggccgcegcea 1320
gctgcagaga ctcaaggcgg agttccaggc aaaccgctat atcacggagc agcggcgaca
1380 gaccctcgcec caggagctca gectgaatga gtcccagatc aagatctggt
tccaaaacaa 1440 gcgtgccaag atcaagaaag ccacaggcat caagaacggc
ctgccgcetge acctcatgge 1500 cca tg tacaaccact ctaccaccac

Gly ﬁc%fg%tcy ad a%@géb%%@gg&a%%%%g& %%%%e%%c FIcg‘c:ggaacccg
cggtccaacggébccgtge caccteccagdietectcgggg 1620 g cegctte
accagcccca cgcagagacg atcgctatgg agggaggcat caatcagggc 1680
gacagagaaa gcgagcaaga gaaagcaatc ctccgagtgg acattcacat aggaacaaaa
1740 cggtttttaa acgggagtaa gactcggaca ggacaggtgc tatgggggaa

Tyr daatdaadhs 1800 Awt ditotdte actedatyteeta dghtgbadectddeaattc cttaaagcetc

tatcatgccg, 4860 350 255

Gly Giy Pro Va! Val Lys Thr Asp Ser Gln Gin Pro Leu Val Trp
260 265 270

Ala Trp Va! Tyr Cys Thr Arg Tyr Ser Asp Arg Pro Ser Ser Gly
275 280 285

Arg Thr Arg Lys Leu Lys Lys Lys Lys Asn Glu Lys Giu Asp Lys
280 285 300

Prg Arg Tnr Ala Phe Thr Ala Giu Gin Leu Gin Arg Leu Lys Ala
310 315 320

Phe Gin Alz Asn Arg Tyr lie Thr Giu Gin Arg Arg Gln Thr Leu



Ala Gin

Asn Lys

Afa Leu
370

Val GIn
385

{210>
211>
212>
213>

400>
tEcgECe

tgocgcic
tagacoct
gtogtta
gEagcac

ctetete

aactgcttac gaccgtgtat atatttaatt tcaggtaagg aaaacaaata tgtgtagcga 1920
43/99 tctctatttg ctggacattt ttattaatct catttattat tgttataatt attataatta 1980
ttataattat ttttcccctc ctccctacct tgctggaegc ccceccececcc ageccagttt 2040
cgttttcgtt gctcttttce tttgaatgtt tttgcttctc tgggtacctc ctgcacccoc 2100
aacgctggcc ctggtttctc tgggactttt ctttgtgtga gtgtgagtgt gtttccttgt 2160
gtgtctgccc ctgcctctte tetatttatt taggattctt ctattggtct tgtctatccc 2220
tcccgtaagt occcttectt ttctggagg\é: tccttgagaa atacaﬁ%ccc acagactacg 2280
agactgaacc gccgctacaa gccaaagatt ttattatgtt cagaaacctg tagtctgaaa 2340
taaa 2344 <210> 28 <211> 401 <212> PRT <213> Mus musculus
<400> 28 Met Glu Glu Gin Gin Pro Glu Pro Lys Ser Gin Arg Asp Ser Gly
Lau 151015 Gly Ala Val Ala Ala Ala Ala Pro Ser Gly Leu Ser Lou Ser
EbL 'S8, 356 2843t %D%UG%?"A%FS%redﬁ/’séeﬁestrlp %%/ege%Asp Gly Asp Ser
Val P£6 Val 35 40 45 4499 Ser Pro Gin Pré®a Pro Pro Ser Pro Pro Ala
Ala Pro Cys Lou Pro 50 55 60 Pro Lou Ala His His Pro His Leu Pro Pro
His Pro Pro Pro Pro Pro 65 70 75 80

Arg Ala Lys ile Lys Lys Ala Thr Gly {le Lys Asn Giy Leu
355 360 365

His Leu Met Ala Gin Giy Leu Tyr Asn His Ser Thr Thr Thr
376 380

Asp Lys Asp Glu Sar Glu
390

31
1392
DNA

Mus musculus

31
gGC cAgagcaggs EECEECCCac Gopcaggele cotggcococt gECccctgce 60

cag aacgcogosy ccacagecac cacccggagt ctgootgotg cggracgcac 120
coe tooatgegaet tteggotegct tggtgageca gaggogogaa goeoctgeoget 180
tog gacgoagegeca ctocacaccs toogeticea gaacatggct gcaagggges 240
agt gactcepgaga aggocteggs ctcactgocg gggegotooce cogaggacgs 300

aag asgaagecapgc ggcggcageg cacgeoacttc accagocage agetgeoagga 360



Pro Pro Pro Pro Pro Pro Pro Gin His Leu Ala Ala Pro Ala His Gin 85 90 95
Pro Gin Pro Ala Ala Gin Leu His Arg Thr Thr Asn Phe Phe lle Asp 100
105 110 Asn lle Lou Arg Pro Asp nggly Cys Lys Lys Glu Gin Pro Lou
Pro 115 120 125 Gin Lau Lou Val A(a Ser Ala Ala Ala Gly Gly Gly Ala Ala
Ala Gly 130 135 140 Gly Gly Ser Arg Val Glu Arg Asp Arg Giy Gin Thr
Gly Ala Gly Arg 145 150 155 160 Asp Pro Val His Ser Lou Gly Thr Arg
Ala Ser Gly Ala Ala Ser Leu 165 170 175 Leu Cys Ala Pro Asp Ala Asn
Cys Gly Pro Pro Asp Gly Ser Gin Pro 180 185 190 45/99 Ala Thr Ala Val
gotggactly AMerGlyaAdacbertys Alec&badsn ReoaAlashin H35:206:205 #da Ala Ala
Ala Ala Ala Ala Ala Ala Ala Ala Ala Val Ala Ala Ala 210 215 220 Ala Ala
Ala Ala Ser Lys Pro Ser Asp Ser Gly Gly Gly Ser Gly Gly 225 230 235
geteteeoen 2 GAFA TGP ESETE0FH ENgRATETEIntEIRAAIA Ly SEPHRE TSRS Glutfis Asn
245 250 255 Pro Ala lie Leu Leu Met Gly Ser Ala Asn Gly Gly Pro Val Val

260 265 270 Thr Asp ser Gin Gin bro Loy Val Trp Pro Alg Jyp Val

gEALCTELEC aaagftoige

gtggcgg%rx > g ca gccagcagg
Vi GRS FRF

ectogeggee ctggteccac cetacgagea getgtaccce ggotacteet acgecaacte 600
googocoaag goteclceess cgocgotoge cgocaagace ttcccgttcg cctitecaacte 660
getcaacgte ggeccictegs cottcacagee tgtattoteca ccgsccagct coatcgeogs 720
ttotateete cocteggoce cogctgcocce gggoacogta cocagetocog gagootteca 780
ggpoctepes gegecacces cogggctegc tocagecgae gtgtoctoce gegegcagtete 840
cteccettas goctoggoceg cogoagecge cgotgeagoe gectoslooe cetatgtata 900
CCEEEaGCCE tgtaactcgg gcctggetag cotgeggote aaagecaage ageacgectc 960
tttcagotat cocgeegtee écgggccgcc gocgeceegct aacctiagee cotgocagia 1020
cgoceteggan cgegocgetet gagoogoagg totgigeatc catcoocgag ggoggegecag 1080
taattocacag coctotocgea cagegeicec chagactgege tiecceicel cocaggetet 1140
gaaaggesty coagagcace Cgggaagagg cogogggctt cgaagaggge citttoecctc 1200
gcagcococg ageggteete tgaccoctat geoggagaccg cgocoociagg actaagegcca 1260
ggéacaggga ccagetecee cagggecaat toaccottige ctcacccoge cttetecaga 1320
acteccootat cooattttca aapatcaate aaataaacgt geogoggactg tcaaaaaaaa 1380
aagaazasaa aa 1392



275 280 285 Arg Tyr Ser Asp Arg Pro Ser Ser Gly Pro Arg Thr Arg Lys
Leu Lys 290 295 300 Lys Lys Lys Asn Glu Lys Glu Asp Lys Arg Pro Arg
Thr Ala Phe Thr 305 310 315 320 %4%lu Gin Leu Gin Arg Lou Lys Ala
Glu Phe Gin Ala Asn Arg Tyr 325 330 335 46/99 fie Thr Glu Gin Arg Arg
Gin Thr Leu Ala Gin Glu Leu Ser Leu Asn 340 345 350 Glu Ser Gin lle
Lys lie Trp Phe Gin Asn Lys Arg Ala Lys lle Lys 355 360 365 Lys Ala Thr
Gly lle Lys Asn Gly Leu Ala Leu His Leu Met Ala Gin 370 375 380 Gly
Leu Tyr Asn His Ser Thr Thr Thr Val Gin Asp Lys Asp Glu Ser 385 390
395400 Glu <210>29 <211> 2943 <212> DNA <213> Homo sapiens
<210> 400> 29 gagotcacag acccataatc ctgcatttct ctaacaagtt gtttatggag ttgcttctce
11> § atttgcctac atcccaaaat tcacccectcee cggtttette tgccecectee tgagtceegg 120

19> pcctgaaggag ggggagggac gcgggtgcgg cgcgggtggg ggagggcegga
gacgcac 180 agggccagcg ccgaggcgcc ccctetccge cageggttga
{213> ibgcooecgga ttatttatcc 240

{400> 32
¥Met Glu Phe Giy Leu Leu Gly Glu Ala €lu Ala Arg Ser Pro Ala Leu

1 5 10 15

Ser Leu Ser Asp Ala Gly Thr Pro His Pro Pro Leu Pro Glu His @iy
20 25 30

Cys Lys Gly Gln Giu His Ser Asp Ser Giu Lys Ala Ser Ala Ser Leu
35 40 45

Prao Giy 1y Ser Pro Glu Asp Gly Ser Leu Lys Lys Lys Gin Arg Arg
50 55 60

Gln Arg Thr His Phe Thr Ser Gin Gin leu Gin Glu Lev Glu Ala Thr
65 70 75 80

Pre Gin Arg Asn Arg Tyr Pro Asp Met Ser Thr Arg Glu Glu lle Ala
B5 90 95

Val Trp Thr Asn Leu Thr Glu Ala Arg Va! Arg Val Trp Phe Lys Asn
100 105 110



gcaaagtccc gcgcgegcecc attgggccga ggcccgagtg tcagcgcgag tccecggcteg
300 47/99 ccattggctc cgcacacgtg cggccctgac tcacgtgctt ccggtttgaa
ggcaaaaagt 360 gtgcctgggt gattttttg%}bagagcgaga gagtttgtgc aaagatccga
gctgtcagag 420 atttgaaaaa aaaaaaaaaa acaaaaaaaa aaaaaccagc
ccggcegcetgg cggagacgceg 480 ctctcectge aaaaaaagca aaggcgatta
aaggcgctgc cagcctcacg ctctgggcac 540 agctgagcgt gacactcggg
gaagtcaaac ccctcactac tgcctaggaa gatggctaga 600 ctttaaatac tatttttttc
CCtttaagaa aaaaattatt ggagcttttt ttcttgcttt 660 ctttttcctt ttctttttct ttttttcctt
Arg Arg QAU BeCAlaocHt asleancall- ¢ 2 riaaateaaal gatigaalet ggttgcagaa
agpaaaaaga aatagcc]%xg tgtctccata 780 1t%ggatgtc tacaaattag
agagggagag acagcgagat ctatctgcta gataagaacg 840 agcgatccag
gccagacgcc tgagcttttt tcctgcaccc gecccgtgec ttcgetgagg 900 cttcgectge
ctccttecte cgegeacccce cacgggcecgc tggcaaagtg gggtggggag 960

cgaggcagt g ccggcg gcc Cg gcggggceggce

Gys Lys cﬁgég@a‘ﬁg%'g %gig?%g’ggcae&gﬁd c@%g(g%%cgt%%ggﬁggg cgactcggee

130 ctcggeggceg cggddgcgge 1080 gactctffgge ggectcagec tgagectcag

tccgggegec ageggeagea geggcagegg 1140 cagcgatgga gacagegtge
cggtgtcccc gecagcectgeg cceccctege cgeeccgegge 1200 gecttgectg
ccgccecectggeccaccaccc gecacctcecc ccacacccecc cgeccccgec 1260

Glu Glu dedtdagdabcitychyche clgctéacdegydcgcagetacgaggéteagce tgcaccgeac

145 1320 caccaggift ttcatcgaca acat¢gigag gccggacttc gggigcaaaa
aggagcagcc 1380 48/99 gccaccgcag cttotggtgg ctgcggecggce cagaggaggc
gcaggaggag gaggccgggt 1440 cgagcgtgac agaggccaga ctgccgcagg
tagagaccct gtccacccgt tgggcacccg 1500 ggcgccaggc gctgectcge

Leu Ata FRIGIICTCFAGY9ACOCH 2AFPROSE LARECAACHR Inflsgicccageca

_ gccgecgecg gegegggcegce gtctaaaget gggaaccegg ctgeggegge 1620
ggcggegdft geggeggceag ttgddfcgge ggeggeggce 7cj?:agcagcca agccctcgaa
1680

Val Asn Val Gly Pro Leu Ala Ser Gln Pro V¥al Phe Ser Pro Pro Ser

180 185 180

Ser [le Ala Ala Ser Met Val Pro Ser Ala Ala Ala Ala Pro Gly Thr
195 200 205

Val Pro Gly Pro Gly Ala Leu Gin Gly Leu Giy Gly Ala Pro Pro Gly
210 215 220

Leu Ala Pro Ala Ala Val Ser Ser Gly Ala Val Ser Cys Pro Tyr Ala
225 230 235 240

Ser Ala Ala Ala Ala Ala Ala Ala Ala Ala Ser Ser Pro Tyr Vai Tyr
245 250 255



caccggtggc ggcggcagtg gaggcggcge ggggagccce ggagcgcagg gcaccaaata
1740 cccggagcac ggcaacccgg ctatcctact tatgggctca gccaacggcg
ggcccgtggt 1800 caaaactgac tcgcageaac ctetcgtatg geeegectgg
gtgtactgca cacgttattc 1860 ggatcgtcca tcctacggtc cgcgcaccag gaagctgaag
aagaagaaga acgagaagga 1920 ggacaagcgg ccgcggaccg cgttcacggce
cgagcagctg cagagactca aggcggagtt 1980 ccaggcaaac cgctacatca
cggagcagcg gcggcagacc ctgeccccagg aactcagect 2040 caacgagtcc
cagatcaaga tctggttcca gaacaagcgc gccaagatca agaaagccac 2100
aggcaiCaag arcggceiggngetgeacas satggectag ggacigiaca accactccac

216966:accacggtc caggagaaag acgagagcga giggccgeca caggecgggg
ccgcgceecgce 2220 geccccteece ggcaccgecg cegtegtcte ccggecccte

gctgggggag aaagcatctg 2280 ctccaaggag ggagcgaagg cagggaaaag
agcgagagag acagaaagag agcctcagaa 2340 tggacaatga cgttgaaacg

attt aa agagacic, 2400 ,tcgaaaaata
gg%%cegaﬁté%?c%rttc cagg?a%agg%éagc%zﬁclazy?:%%gg%g&t?;% 2460 49/99
adctctatot agccaaacefcttacgacct tgtatat&%?taatttcagg taaggaaaac 2520
acatacgtgt agcgatctct atttgctgga catttttatt aatctccttt attattattg 2580
ttataattat tataattatt ataattattt tatggccctc ccccaccgoc tcgctgeccc 2640
cgoocagttt cgttttcgtt gcctttttca tttgaatgto attgcttctc cggtgcctcc 2700
tgadecgeat Syedygctet ddatkedid Goacaticetifgtgcga gagtgtgttt 2760
cctttcgtgt ctgcccaget cttctcceee acctegrggg teecttetgt cggtetgtet 2820
gttctgcccc cctttcgttt tccggagact tgttgagaaa tacgaccccacagactgcga 2880
gactgaaccg ccgctacaag ccaaagattt tattatgttc agaaacctgt agtctgaaat 2940
aaa 2943 <210> 30 <210 392 <212> PRT

33
1407
DNA

Arg Asp

Gin His

Ala Asn
200

216>
{2142
{2120
<{213> Homo sapiens

<400> 33

EEAECEGCCE

. ECCCEECCGO

totgcotgtt

agaggcociy

ALAECAGEEC

cgegeggotce

CAcCageeay

£agCcacgCEG

gtteoaagaac

8ECEEAEAEE

tggoococtee

goaggacgea

agoectgece

tgcaagggee

ccagaggacg

cagctacagg

CEECCCEELSa

ctgcceteta

ctageoectes

teicectetc

aggagecacag

gticegctigaa

agctagaggc

gaggagatcg cocgteigegac

CGEECLGEGCa

aatggcegaa

ECAEEEELEC

gatCcgeogos

ctccatggag

agacgctegge

cgactcagaa

adagaagoag

gacctticcag

caacctcacc

BCECERECEC

gecceoceact

ECAgCCECCE

ttcggocotge

actcocgZcace

aaggectoge

GEECELCAEC

aggaacogot

Ea8ggGeCgcy

agccagcagsg

CGEEGCEEst
ctactggeag
tcagogages
cooagetece
cttcgetegoo
goacgeactt
accocgacat
tgegegtety

cecgagetatg

60

120

180

240

300

360

420

480

540



<213> Homo sapiens <400> 30 Met Glu Glu Gin GIn Pro Glu Pro Lys Ser
GIn Arg Asp Ser AlaLeu 151015 Gly Gly Ala Ala Ala Ala Thr Pro Gly
Gly Leu Ser Leu Ser Leu Ser 20 25%70 Pro Gly Ala Ser Gly Ser Ser Gly
Ser Gly Ser Asp Gly Asp Ser Val 98 35 40 45 Pro Val Ser Pro Gin Pro
Ala Pro Pro Ser Pro Pro Ala Ala Pro Cys 50 55 60 Leu Pro Pro Leu Ala
His His Pro His Lou Pro Pro His Pro Pro Pro 65 70 75 80 Pro Pro Pro
Gin His Leu Ala Ala Pro Ala His Gin Pro Gin Pro Ala 85 90 95 Ala Gin
Lou His Arg Thr Thr Asn Phe Phe lle Asp Asn He Leu Arg 100 105 110

caaaggcaé’éotﬁsg%é‘é@&%&zég'gysgbvgg@&@%&@g%@@ Ree:@insbou Lepaval 115
120 125 Ala Ala Ala Ala Arg Gly Gly Ala Gly Gly Gly Gly Arg Val Glu Arg

130 135 140 Asp Arg Gly Gin Thr Ala Ala Gly Arg Asp Pro Val His Pro
cggctacthet 8hechds 160cE65:4:60: THat Vg Al fugs Gl mkewkeBer LEEOLeu Cys
Ala Pro Asp Ala Asn 165 170 175 Cys Gly Pro Pro Asp Gly Ser Gin Pro

Ala Ala Ala Gly Ala Gly Ala
ctttecattc gootteoaact oggtoaaczl ggggoctotg goticgoage cogtettete 720

gccacccage tocatcgeog cotccatget gosctocgec goggetgece cgggcaccet 780
gocagggect ggggscctgs agggcotggs CcEggggocce cocgggetgg ctocoggeces 840
crtgtoctee geggeccgtegt cotgoootta fgcctcggcc goccgocgocE cogogectec 900
cgcctottoe coctacgict atoggpaccc gtgtaacteg ageotggeca goctgoggot 960
caaagocasa cagoacgect cottoageta cccogetgtg cacgggocec ceceggeags 1020
caaccttagt cegtgccagt acgoogtipgga aaggocogta tgageggece cgocegtaga 1080
tcatcccoea gggcggegeec aacgattcac agectcegeg gactgggete attttgactg 1140
gottgetcece gococageet ctgaaaggge tetttegeca gotgeeeegc accggetoag 1200
gagagggoet tocootooea gocctgagge giggactagg ccotacacac agacGEogos 1260
cotgrgacta aagccaggaa cagggaccag ctocoogegs gocaacicac cottggoeca 1320
teccgoettc tecagectic coctooctog ttitcaaaga taaatgaaat aaacgtgege 1380
gpactegtcaz aaaanaaaaa azaaaaa 1407
210> 34

211> 302

212> PRT

<{213> Homo sapiens



51/99 180 185 190 Ser Lys Ala Gly Asn Pro Ala Ala Ala Ala Ala Ala Ala
Ala Ala Ala 195 200 205 Val Ala Ala Ala Ala Ala Ala Ala Ala Ala Lys Pro
Ser Asp Thr Gly 210 215 220 Glyé%%gcaly SerGly Gly Gly Ala Gly Ser Pro
Gly Ala Gin Gly Thr 225 230 235 Lys Tyr Pro Glu His Gly Asn Pro
Ala lie Lau Lou Met Gly Ser Ala 245 250 255 Asn Gly Gly Pro Val Val Lys
Thr Asp Ser Gin Gin Pro Leu Val Trp 260 265 270 Pro Ala Trp Val Tyr
Cys Thr Arg Tyr Ser Asp Arg Pro Ser Ser Gly 275 280 285 Pro Arg Thr
Arg Lys Leu Lys Lys Lys Lys Asn Glu Lys Glu Asp Lys 290 295 300 Arg

<apo> @0 Arg Thr Ala Phe Thr Ala Glu Gin Lou Gin Arg Lou Lys Ala 305 310

315 320 Glu Phe Gin Ala Asn Arg Tyr lle Thr Glu Gin Arg Arg Gin Thr Lou
52/99 325 330 335 Ala Gin Glu Leu Ser Leu Asn Glu Ser Gin lle Lys lle

Met Glu Php Rhe!@inL840346!850 a5 IAJ8 Arg Ata IPys Réa gl ys Ala Thr Gly lle

i

Ser

Cys

Pro

Gin

85

Phe

Val

Arg

Cvs

Lys Asn &ly Leu 355 360 365 Ala Leu His Leu Mst Ala Gin Gly Leu Tyr
Asn His Ser Thr Thr Thr

Ser Asp Ala Gly Thr Pro His Pro Gln Leu Pro Glu His Gly
20 25 30

Lys Gly Gln Glu His Ser Asp Ser Giu Lys Ala Ser Ala Ser Leu

35

Gly Giy

50

Arg Thr

Gln Arg

Trp Thr

Arg Ala
115

Lys Gly

Ser

His

Asn

Asn

100

Lvs

Ser

Pro

Phe

Arg

85

Leu

Trp

Phe

Gilu

Th

70

Tyr

Thr

Arg

Ala

Asp
55

Ser

Pro

Glu

Lvs

Ala

406

Gly

Gin

Asp

Ala

Arg

120

Pro

Ser lLeu

Gln Ley

et Ser
90

Arg Val
105

Glu Arg

Leu Gly

iys

Gin

75

The

Arg

Ser

Gy

Lys

60

Glu

Arg

Vat

Gin

Leu

45

Lys

Leu

Glu

Trp

Gin

125

Val

Gin Arg

Giu Ala

Glu e
g5

Phe Lys
110

Ala Glu

Pro Pro

Arg

Tht

80

Ala

Asn

Leu

Tyr



Gly

145

feu

Vaf

' Ser

Vai

Leu
225

Ser

Arg

Gin

Ala Rro, JERJEE GigtdtiRdy Hd3E

370 375 380 Val Gin Asp Lys Asp Glu Ser Glu 385 390 <210> 31 <211>
1392 <212> DNA <213> Mus musculus <400> 31 tgcggccgcce
cagagcaggg ggcggcccac ccgcagggtg cctggeccct ggeccctgec 60
tgcgcetccag aacgecgecg ccacagecat?@ececggagt ctgectgetg cgggacgeac
120 tagacctccc tccatggagt ttgggcetgct tggtgaggca gaggcgcegaa gccctgegct
180 gtcgttatcg gacgcaggca ctccacaccc tccgcttcca gaacatggct
gcaaggggca 240 ggagcacagt gactcggaga aggcctcggc ctcactgccg

130 gggggctccc ccgaggacgg 300 ctctctgamg aagaagcage ggcggcagceg
cacgcacttc accagccagc agctgcagga 360 53/99 gctggaggcc accttccaga
ggaatcgcta ccctgacatg agcacccgcg aagagatcge 420 ggtgtggacc
aacctcactg aggcccgcgt gcgggtgtgg ttcaagaacc ggcgcgccaa 480

61u WO0EEIARY £00TRICEFATYECRYCRGUCGORECIFYE Baaggtggct tcgcagcecce

540 gctcgggé%%c ctggtgccac cctaggagga ggtgtaceeg ggctactegt
acggcaactg gccgeccaag getctegecce cgecgetege cgecaagacc

ttccegttcg ccttcaactc 660 ggtcaacgtg gggcctctgg cttcacagcec tgtattctca
ccgcccagct ccatcgecge 720 ttetatggtg ccctcggeceg ccgetgecce gggcaccgta
ccaggtcccg gagccttgca 780 gggcctggge ggggcacccc ccgggcetgge

a%%gtpcr Ai%ge c‘t%%c% aésﬁc%:?Eggccg ccgcagcecgce
cgctgcad®é gectectecee cctatdgtéta 900 ccgggaccddigtaactcga gectggctag
cctgcggcetc aaagccaagc agcacgcctc 960 tttcagctat cccgecgtge
ccgggccgcec geecggcecgct aaccttagec cctgecagta 1020

Asn Val Gly Pro Leu Ala Ser Gin Pro Val Phe Ser Pro Pro Ser .
180 185 190

lie Ala Ala Ser Met Val Pro Ser Ala Ala Ala Ala Pro Gly Thr
195 200 205

Pro Gly Pro Gly Ala Leu GIn Gly Leu Gly Gly Giy Pro Pro Gly
210 215 220

Ala Pro Ala Ala Val Ser Ser Giy Ala Val Ser Cys Pro Tyr Ala
230 235 240

Ala Ala Ala Ala Ala Ala Ala Ala Ala Ser Ser Pro Tyr Val Tyr
245 250 255

Asp Pro Cys Asn Ser Ser Leu Ala Ser Leu Arg Leu Lys Ala Lys
280 285 270

His Ala Ser Phe Ser Tvr Pro Ala Val His Gly Pro Pro Pro Ala



Atz Asn
290

<210>
REIP
212>
;<2'1_3>_

<400>

cgccgtggaa cggecggtgt gagecgeagg tetgtggate catccccgag ggeggggeag
1080 taattcacag cctctccgga caggggtcge ctagactggce ttgccctegt cccagggtet

1140 gaaaggggtg ccagagcacc cgggaagagg ccgcgggctt cgaagagggc
cttttccctc 1200 gcagcccccg agcggggg

i tgacccctat gcggagaccg
cgcccctagg actaaggceca 1260 ggaacaggga ccagctcccc cagggcecaat
tcacccttgg ctcaccccgc cttctccaga 1320 ctccccctat cccattttca aagatcaatg
aaataaacgt gcgcggactg tcaaaaaaaa 1380 aaaaaaaaaa as 1392 54/99
XKB10> 32 <211> 3028k212> PRT <21328%lus musculus <400> 32 Met
Glu Phe Gly Leu Leu Gly Glu Ala Glu Ala Arg Ser Pro Ala Leu 1510 15
Ser Lou Ser Asp Ala Gly Thr Pro His Pro Pro Leu Pro Glu His Gly 20 25
30 Cys Lys Gly Gin Glu His Ser Asp Ser Glu Lys Ala Ser Ala Ser Leu 35
B&) 4P ro Gy Gy riSeyrProeGlul ABp Giy Ser Vel Lys Lys Lys Gin Arg Arg
50 55 60 Gin AtgeThr His Phe Thr SggGin Gin Leu Gin Glu Lou Glu Ala
Thr 65 70 75 80 Phe Gin Arg Asn Arg Tyr Pro Asp Met Ser Thr Arg Glu
Glu lie Ala 8590 95 Val Trp Thr Asn Lou Thr Glu Ala Arg Val Arg Val Trp
Phe Lys Asn

35
1757
DNA

Wous musculus -

3b

gcactatgee cacccooage gectcetcoge cacageccaa gggeticaga agageogtet 60

cagagoagga taccaagoag gocgaggete tcoacgltocec aaggttcatt ggacggeggs 120

agagtcteat cgaggatgec cgcaaggags: gEEagEcagc agcagetgca goagogecty 180

cgetagcotec cgoggaacet gegaacccat tggaggetet gegtattogag gagapeggatg 240

gaaatgetet totcaacctg ctottctoct tgaggggtac aaaaccotce tcactgtete 300

gegotitgaa agtgtitgag acattigaag ccaaaatcca ccacttagag acccggostg 360

cccagageee actggcagga agoccccace tggagtactt tgtecgotte gageigocea 420

gteggcsacet gectgoccte ctcagttcty tgogtogeet ghotgacgat gigcgeagie 480

ccagagagga caaggitecs tgeticccaa ggaaagtgtc agagiteggat aagtgtcace 540

acctertcac caagtttgac cotpacctgg acctggacca tocgggotitc totgaccage 600

cgtatcgeca geogecegaag clgattgeag agattgeott ccaatacaag cagggtgage 660

caattcccca cgiggaatac acasaggage aasttgetac ctggaaggag gtatacgoca 720



100 105 110 55/99 Arg Arg Ala Lys Trp Arg Lys Arg Glu Arg Ser Gin Gin
Ala Glu Leu 115 120 125 Cys Lys Gly Gly Phe Ala Ala Pro Leu Gly Gly
Lau Val Pro Pro Tyr 130 135 140 Glu Glu Val Tyr Pro Gly Tyr Ser Tyr Gly
Asn Trp Pro Pro Lys Ala 145 150 155%960 Lou Ala Pro Pro Leu Ala Ala
Lys Thr Phe Pro Phe Ala Phe Asn Ser 165 170 175 Val Asn Val Gly Pro
Leu Ala Ser Gin Pro Val Phe Ser Pro Pro Ser 180 185 190 Ser He Ala
Ala Ser Met Val Pro Ser Ala Ala Ala Ala Pro Gly Thr 195 200 205 Val Pro
Gly Pro Gly Ala Lou Gin Gly Lou Gly GIy Ala Pro Pro Gly 210 215 220

Lou AIa Pro Ala Ala.val Serser G VaI Ser % ys.Pr tTyr &, 225 230

ceotaant R K A WA A SE ey Bro TVl Ty

245 250 255 56/99 Arg Asp Pro Cys Asn Ser Ser Leu Ala Ser Leu Arg

tggaacgkel diysAladcys:260 26 240 1GiackisAlasesPhatrtdyr Prola Val
Pro Gly Pro Pro Pro Ala 275 280 285 Ala Asn Lou Ser Pro Cys GIn Tyr
Ala Val Glu Arg Pro Val

tottgaagga acggactgge ticcageige gaccegtese cgpictacte totgocogts 900
attttctgge cagtctggce ttocetgtet ticagtgoac acagtacato cgtcatgcét 960
cgtgagctat gcgctcaccc gagccagaot getgecacga gotgetggea cacgtaceca 1020
tgttegctea écgcacattt poccagtteot cccaggacat tggacttpes teteotzepess 1080
cttoagatea agaaattpgaa aaactctcca cggigtacte giteactgte gagtttgeee 1140
tgtgtasaca gaatgegeag ctgaaggott acgetgeagg gotgetgtct toctatggag 1200
agcicetgea ctcoctgtea gageagoece aggtccgggc cttigaccca gacacagcag 1260
ccgtgcages ctaccaagat caaacctace agooggigtia cticetgtca gagagottica 1320
gtgatgccaa ggacaagotc aggaactatg cctetegitat ccagegocca ttotoctgtga 1380
agtttgzacce gtacaccctg gocattgateg tactggacag toctcacace atoccggeget 1440
cecttagagge ggtccaggat gagetgeaca cccigaccea ageactgagt gocattaget 1500
‘aaatgoatag ggtaccacoc acaggtgcca geegccttic ccaaagtice cagoccsttc 1560
tecocaaccttt coteggoccag aggotitcee atgtgtetgg ctegpaceott teategpots 1620
ctetigptoe coetooteca ctgotteteca accacateit actactpeat gegetccagg 1680
atggtoctgs attectoetg cecitcatge tgtattetac cotgattiatt atctcaataa 1740
aggaaggaaa ggtetee 1757



290 295 300 <210> 33 <211> 1407 <212> DNA <213> Homo sapiens
<400> 33 ggagcgcccg agcggagagg cggcccggga gcaggggggce ggeccccact
ccggecgggt 60 gccecggeccce tggcccbgzt%% ctgccctcta gatcgccgec gcagcogecg
ctactgggag 120 tctgcctgtt gcaggacgca ctagccctcc ctccatggag ttcggcectgce
tcagcgaggc 180 agaggcccgg agccctgecc tgtcgetgtc agacgctggo
actccgcacc cocagotccc 240 agagcacggc tgcaagggcc aggagcacag
cgactcagaa aaggcctcgg cttcgetgec 300 cggcggctce ccagaggacg
gttcgctgaa aaagaagcag cggcggcagc gcacgcactt 360 caccagccag
cagctacagg agctagaggc gaccttccag aggaaccgct accccgacat 420
agcacgcgc gaggagatcg ccgtgtggac caacctcacc gaggcccgcg tgcgggtgtg
3380 gttcaagaac cggcgcgcca aatggcggaa gcgcgagcege agccagcagg
<211> 4eegagctatg 540 57/99 caaaggcagc ttcgcggcgce cgcetcggggg getggtgecg
12> Kgctacgagg aggtgtaccce 600 cggotactcg tacggcaact ggccgcccaa
ggctcttgcc ccgecgctecg ccgecaagac 660 ctttccattc gecttcaact cggtcaacgt
"@@g@@é?&t@’ gcttcgeagc ccgtettctc 720 gccacccaac tccatcgecg cctecatggt
gccctecgec geggcetgece cggtcaccgt 780 gccagggcect ggggcecctgce
<a00> £99gcetggg cgggggecce ccecgggcetgg cteeggeege 840 cgtgtcctcc
ggggccegtgt cctgecectta tgectcggec geecgecgecg ccgeggcetge 900 cgcctcttee
ccctacgtct atcgggaccc gtgtaactcg agcctggcca gcctgecggct 960
_ Met Pro GRRageCaaamagsacgect Bettéagdtencoecdgiigitheaecggierac cccecggeage
- 1020 caaccttagt ccgtgecagt gegecgtgga aaggeccgta tgageggecc
cccecgtaga 1080 tcatccccga gggcgggggce aacgattcac agcctccgeg
gactggggtc attttgactg 1140

{210>

213>

Ata Val Ser Glu Gin Asp Thr Lys Gin Ala Glu Ala Val Thr Ser Pro
20 25 30

Arg Phe lle Gly Arg Arg Gin Ser Leu Ile Glu Asp Ala Arg Lys Glu
35 40 45

Arg Glu Ala Ala Ala Ala Ala Ala Ala Afa Ala Val Ala Ser Ala Glu
50 55 60

Pro Giy Asn Pro Leu'Giu Ala Val Yal Phe Glu Glu Arg Asp Gly Asn
65 70 75 80

Ala Val Leu Asn Leu Leu Phe Ser Leu Arg Gly Thr Lys Pro Ser Ser
85 90 g5

tey Ser Arg Ala Leu Lys Val Phe Glu Thr Phe Glu Ala Lys lle His
100 105 110



gcttgctcece geececcagggt ctgaaagggg tgtttgggea getggggggc accggeteag
1200 gagagggcct tccecteeca gecctgaggg gtggactagg cectacacac

agaccgcgcec 1260 cctgggacta aag%%a}?gaa cagggaccag ctccccgggg
gccaactcac ccttggccca 1320 tcccgccCti€ tccaggctte cecteecteg ttttcaaaga

taaatgaaat aaacgtgcgc 1380 ggactgtcaa aaaaaaaaaa aaaaaaa 1407
<210> 34 <211> 302 <212> PRT <213> Homo sapiens 58/99 <400> 34
Met Glu Phe Gly Leu Leu Ser Glu Ala Glu Ala Arg Ser Pro AlaLeu 15 10
15 Ser Leu Ser Asp Ala Gly Thr Pro His Pro Gin Leu Pro Glu His Gly 20

His Leu 2R30nCXBLysGlke Giny Gl His Sel Asp By &H bys Aila Ser Ala Ser Leu
35,40 45 Pro Gly Gly, Ser Pro Glu Asp GI¥2§er Leu Lys Lys Lys Gin Arg

A}S 50 55 60 Gin A?éOThr His Phe Thr Ser Gin Gin Leu Gin Glu Leu Glu
Ala Thr 65 70 75 80 Phe Gin Arg Asn Arg Tyr Pro Asp Met Ser Thr Arg
Glu Glu lle Ala 8590 95 Val Trp Thr Asn Leu Thr Glu Ala Arg Val Arg Val

Trp Phe Lys Asn_100 105 110 Arg Arg Ala L}fs Trp Arg Lys Arg Giu Arg
Leu Giu §é’? @?ﬁ ﬁA:ig Eﬂa Ebuu\lal Pro Ser 61y Asp Leu Ala ATa

130 135 140

Leu Leu Ser Ser Val Arg Arg Val Ser Asp Asp Val Arg Ser Ala Arg
- 145 150 155 © 160

Glu Asp Lys Val Pro Trp Phe Pro Arg Lys Val Ser &lu Leu Asp Lys
165 170 175

Cvs His His Leu Yal Thr Lys Phe Asp Pro Asp Leu Asp Leu Asp His
180 185 180

Pro Gly Phe Ser Asp Gin Ala Tyr Arg Gin Arg Arg Lys Leu 1lle Ala
195 200 205

Giu tie Ala Phe GIn Tyr Lys Gin Gly Giu Pro lle Pro His Val Glu
210 215 220

Tyr Thr Lys Glu Glu lle Ala Thr Trp Lys Glu Val Tyr Aia Thr lLeu
225 230 235 240

Lys Giy Leu Tyr Aia Thr His Ala Cys Arg Glu His Leu Glu Afa Phe
245 250 255



Gin

Leu

Arg

Ala

305

Pro

Val

Gly

Thr

Glu
385

feu

Glu

Pro

290 .

Phe

Met

Pro

Leu

Val

370

Leu

115120 125 Cys Lys Gly Ser Phe Ala Ala Pro Leu Gly Giy Leu Val Pro
Pro Tyr 59/99 130 135 140 flu Glu Val Tyr Pro Gly Tyr Ser Tyr Gly Asn
Trp Pro Pro Lys Ala 145 150 155 %%%éeu Ala Pro Pro Leu Ala Ala Lys
Thr Phe Pro Phe Ala Phe Asn Ser 170 175 Val Asn Val Gly Pro Leu
Ala Ser Gin Pro Val Phe Ser Pro Pro Ser 180 185 190 Ser lie Ala Ala Ser
Met Val Pro Ser Ala Ala Ala Ala Pro Gly Thr 195 200 205 Val Pro Gly Pro
Gly Ala Leu Gin Gly Leu Gly Gly Gly Pro Pro Gly 210 215 220 Leo Ala
Pro Ala Ala Val Ser Ser Gly Ala Val Ser Cys Pro Tyr Ala 225 230 235 240

Sear Ala Ala Al Ala Alg Ala Ala AlauAlasSerr-SarRie Ttk Val Tyr 245 250
255 Arg Asp Pro Cys Asn Ser Ser Leu Ala S%r Leu Arg Leu Lys Ala Lys

260 285 270 Gin His Ala’S%r Phe Ser Tyr Pré’Ala Val His Gly Pro Pro Pro
Ala 60/99 275 280 285 Ala Asn Lau Ser Pro Cys Gin Tyr Ala Val Glu Arg
Pro Val 290 295 300 <210> 35

Asp Val Ser His Phe Leu Lys Glu Arg Thr Gly Phe GIn Leu
275 280 . 285

Val Ala Gly Leu Leu Ser Ala Arg Asp Phe Leu Ala Ser Leu
295 300

Arg Vat Phe Gln Cys Thr Gin Tyr lle Arg His Ala Ser Ser
310 315 320

His Ser Pro Glu Pro Asp Cys Ovs His Glu Leu Leu Gly His
325 330 335

Met Leu Ala Asp Arg Thr Phe Ala Gin Phe Ser Gin Asp {le
340 345 350

Ala Ser Leu Giy Ala Ser Asp Giu Glu lie Glu Lys Leu Ser
355 360 365

Tyr Trp Phe Thr Val Glu Phe Gly Leu Cys Lys Gin Asn Gly
375 380

Lys Ala Tyr Giy Ala Gly Leu Leu Ser Ser Tyr Gly Glu Leu
390 385 400



teuy His

Thr Ala

Phe Va

<211> 1757 <212> DNA <213> Mus musculus <400> 35 gcactatgcc
cacccccagc gcctcctcge cacagcccaa gggcttcaaa agagccgtct 60
cagagoagga taccaagcag gccgaggctg tcacgtcccc aaggttcatt ggacggeggce
120 agagtctcat cgaggatgcc cgcaaﬁ%gac gggaggcagc agcagctgca
gcagcggctg 180 cggtagcctc cgcggaacct gggaacccat tggaggcetgt
ggtattcgag gagagggatg 240 gaaatgctgt tctcaacctg ctcttctcct tgaggggtac
aaaaccctcc tcactgtctc 300 gggctttgaa agtgtttgag acatttgaag ccaaaatcca
ccacttagag acccggcctg 360 cccagaggcc actggcagga agcccccacc

ggagiaciL LOtgcantic aostgecaxt£(h 19tagegacchagolgecctc ctecagttoty
tgcgtcgg tégtctgacgat gtgcgca%dtg 480 ccagagaggaS caaggttccc tggttcccaa
ggaaagtg? agagttggat aagtg Bacc 540 acctggtca(l, caagtttgac cctgacctgg
acctggacca tccgggcttc tctgaccagg 600 cgtatcgcca gcgecggaag ctgattgcag
agattgcctt ccaatacaag cagggtgagc 660 caattcccca cgtggaatac
acaaaggagg aaattgctac ctggaaggaggtatacgcca 720 61/99 cgctgaaggg
At &'y Ect i &5 FHACT Ectggat §ct e dagctte 780 tggaacggta
ctgtggotac cgagaggaca geéttccaca gctggaggéstddtgtctcact 840 tcttgaagga
acggactggc ttccagctgc gacccgtggc cggtctactg tctgecegtg 900 attttctggce
cagtctggcc ttccctgtgt ttcagtgcac acagtacatc cgtcatgect 960 cctcacctat
gcactcaccc gatccagaat gctgccacga getgcetggga cacgtaccca 1020
tgtggnigmcayeasatttigeodagtict aesaggatal WgasttgGartctctggggg 1080
Giicagatga agaaattgggpaactctcca cggtctagtg gttcactgtg gagtttggge 1140

tgtgtaaaca gaatggggag ctgaaggctt acggtgcagg gctgctgtct tcctatggag 1200

Ala Ser
450

Leu Ala
485

Glu Gly

. ile Ser

{2100
211>
<21z
213>

{4007

cactgag

agctcctgca cteectgtca gaggageccg aggtccgggce ctttgaccca gacacagceag
1260 | | :

Arg tle Gin Arg Pro Phe Ser Val lys Phe Asp Pro Tyr Thr
455 460

tle Asp Val Leu Asp Ser Pro His Thr ile Arg Arg Ser lLeu
470 475 480

Val Gin Asp Giu Leu His Thr Leu Thr Gin Ala Leu Ser Ala
485 400 . 495

37
1921
DNA

Homo sapiens

37

cca TEoccactet GEaCcEGCacs acgocacaff ccaageggett cogoagegee 60



ccgtgcagcc ctaccaagat caaacctacc agccggtgta cttcgtgtca gagagcttca 1320
gtgatgccaa ggacaagctc aggaactatg cctctcgtat ccagcgcecca ttctctgtga 1380
agtttgaccc gtacaccctg gccattgatg tggiggacag tcctcacacc atccggcgcet 1440
ccttagaggg ggtccaggat gagctgcaca ccctgaccca accactgcat gccattagct
1500 aaatgcatag ggtaccaccc acaggtgcca ggggcctttc ccaaagttcc
cagccccttc 1560 tccaaccttt cctggcccag aggctttcce atgtgtgtgg ctggaccctt
tgatgggctg 1620 ctcttggtcc ccctecteca ctgcttctca accacatctt actactgcat
gcgctccagg 1680 atggtcctgce attcctectg cccttcatgce tgtattctac cctgattatt
gietctzagtCteaatacciy 40aeygast) ged e cadiPBTe62/98e a1 36 421> 498
<212> PRT <213> Mus musculus <400> 36 Met Pro Thr Pro Ser Ala Ser
Ser Pro Gin Pro Lys GI¥ Phe Arg Arg 1510 15 AI@C Val Ser Q@ Gin Asp
ggecocaspfy L EORARETH AP ESLFRE VAEP ér%yrgoc R F°AFS Bie lle Gly Arg Arg
Gin Ser Leu lle Glu Asp Ala Arg Lys Glu 35 40 45 Arg Glu Ala Ala Ala Ala

Gccacccc’(%%igf%\‘clgd%%d%l%é@%@%é‘l é%ﬁél@a%tégtgéaes&a%)é@c%&’ Asn jgro Leu

al Phe Glu Glu Arg Asp Gly Asn 65 70 75 80 Ala Val Leu

Asn Leu Lou Phe Ser Leu Arg Gly Thr Lys Pro Ser Ser

'aaggagcggg aggceggcget ggcagoageg gocgotgoag tooccclcEga £CCCLEEEaAc 300
cccctezage ctgtggoott tgaggagaag gaggggaagg cogtgctaaa cotgotette 360
toooCgageg ccaccaages ctoggegete tcgpgagctg tgaagetett tgagacegttt 420
géagccaaaa tccaccatet agapacCCEg CCCEcccaga gEccgcgage tEEEgsccce 480
cacctggagt acttcpteeg cotegagete cgecgagggs acciggocgs cotgoteagt 540
eotgtecgee apgtetcaga ggacglgogs agocoogogy EEcccaaggi ccoctggtte 600
scaagaaaag tetoagaget ggacaagtgt catcacctge teaccaagtt bgaccctgac 660
ctegegacttge accaccoggg cttcotcggac caggtgltacc gocagogeag gaageigatt 120
gotgagatog cottocagta caggoacegsc gascogatic cocglgigea ghacacogoe 780
gaggagatie ccacotggaa ggagetctac accacgotga agggeoicta cgocacgoac 840
gcctgcgggg agcaccigga ggcctftgct tiegctepage gottcagege ctacogggaa 900
ggcaatatcc cecagotega ggacgictee cgettoctga aggagcgcac gggoticoag 960
ctecgecote tgeccggoct zotgtoogoe cgggacttcc.tggccagcct geccticoege 1020
gtettocagt goacccagta tatccgccac gogtoctcoge ccalgeactc ccoigagcog 1080
gactgctgce acgagotect ggggoacgte cocatgetgg cogaccgeac cttegegeag 1140



8590 95 Leu Ser Arg Ala Leu Lys Val Phe Glu Thr Phe Glu Ala Lys lle
His 100 105 110 63/99 His Lou Glu Thr Arg Pro Ala GIn Arg Pro Leu Ala
Gly Ser Pro His 115 120 125 Lou Glu Tyr Phe Val Arg Phe Glu Val Pro
Ser Gly Asp Leu Ala Ala 130 135 f4¢Peu Leu Ser Ser Val Arg Arg Val
Ser Asp Asp Val Arg Ser Ala Arg 145 150 155 160 G I u Asp Lys Val Pro
Trp Phe Pro Arg Lys Val Ser Glu Leu Asp Lys 165 170 175 Cys His His
Leu Val Thr Lys Phe Asp Pro Asp Leu Asp Leu Asp His 180 185 190 Pro
Gly Phe Ser Asp Gin Ala Tyr Arg Gin Arg Arg Lys Lou lle Ala 195 200

ttotoecddPaGIM I A3 Lhe G Tk Lys GIn ﬁ@é&&%ﬁ:@%%ﬁ\;gﬁs Yadslu 210
215 220 Tyr Thr Lys Glu Glu lle Ala Thr Trp Lys Glu Val %’yr Ala Thr Lou
225 230 235 240 Lys Gly Leu Tyr Ala Thr His Ala Cys Arg Glu His Leu

tecacgoBiu Alafthe:245 200265 6rHAYt Gin deadaeceE |k Avg daye CysaBly Tyr Arg
Glu Asp Ser lle Pro Gin 260 265 270 Leu Glu Asp Val Ser His Phe Lou
Lys Glu Arg Thr Gly Phe Gin Lou

400> 38

goctatgete coggectect gtecticelac ggeggagetoe tgecacigoot gtetgaggag 1320
cotgagattc geggoottega coctpagget geggecgtee agocctacca agaccagacg 1380
tacecagtcag tctactteogt gtetgagage ttcagtegace ccaaggacaa gotcaggagce 1440
- tatgecteac geatccageg cocettetec gtg;agttcg acccgtacac gotggecate 1500
‘gacgtgetgg acagocceca ggooptgege cegctocotge sgegtetcca ggatgascte 1560
gacaccctty cccatgeget gagtgccatt ggotaggtec acggegtoce tgaggeccct 1620
tocccaaccte ceootgegtoct geoactgteoe gegagoticage coetggteag ggectgeste 1680
coggetegcee ceocatgooct cooctectigee aggotoccac tgeccotgea cotectiote 1740
agcgoaacag ctegtetetige cogtegtgag gtigieetge ctgteesteag gloctetect 1800
gectoocagg gtoctggeege ctgotgcact goocctcegoo cttocotgae actgtetget 1860
gococoaatca copicacast aasagaaact giggtctcia aasaaasaasz aaaazazaaa 1020
a 1621
\ 210> 38
<211> 528
<212> PRT
<213> Homo sapiens



Met

Ala

Gly

Thr

Phe

85

Giu

Asp

[Leu

Arg

Pro

Val

Gin

Ala

50

[ie

Ala

Pro

Asn

Ala
1320

275 280 285 Arg Pro Val Ala Giy Leu Leu Ser Ala Arg Asp Phe Leu Ala
Ser Leu 290 295 300 Ala Phe Arg Val Phe Gin Cys Thr Gin Tyr lle Arg
His Ala Ser Ser 305 310 315 320 gBjgyMet His Ser Pro Giu Pro Asp Cys
Cys His Glu Leu Lou Gly His 325 330 335 Val Pro Met Leu Ala Asp Arg
Thr Phe Ala Gin Phe Ser Gin Asp lle 340 345 350 Gly Leu Ala Ser Leu
Gly Ala Ser Asp Glu Glu lle Giu Lys Leu Ser 355 360 365 Thr Val Tyr Trp
Phe Thr Val Glu Phe Gly Leu Cys Lys GIn Asn Gly 370 375 380 Glu Lou
Lys Ala Tyr Gly Ala Gly Leu Leu Ser Ser Tyr Gly Glu Lou 385 390 395
160 165/99p L His Ser Peu Ser GG ProRBiuAvaleg Ala Phe Asp Pro
Asp 405:410 415 Thr Ala Alg,Val Gin Pro Tyr GipsAsp Gin Thr Tyr Gin
Pro Val Tyr 420 425 430 Phe Val Ser Glu Ser Phe Ser Asp Ala Lys Asp
Lys Leu Arg Asn Tyr 435 440 445 Ala Ser Arg lie Gin Arg Pro Phe Ser
Val Lys Phe Asp Pro Tyr Thr 450 455 460 Leu Ala lie Asp Val Lou Asp

S E1Q HIS A kg AV9 819 ReS kAN AFE9 A/RA /2180,

20 25 30

Gly Ala Pro Gly Pro Ser Leu Thr Gly Ser Pro Trp Pro Gly
35 - 40 45

Alz Pro Ala Ala Ser Tyr Thr Pro Thr Pro Arg Ser Pro Arg
55 60

Gly Arg Arg Gin Ser Leu lie Glu Asp Ala Arg Lys Glu Arg
70 78 80

Ala Val Ala Alz Ata Ala Ala Ala Val Pro Ser Glu Pro Gly
85 - 90 95

Leu Glu Ala Val Ala Phe Glu Glu Lys Glu Gly Lys Ala Val
100 105 110

leu Leu Phe Ser Pro Arg Ala Thr Lys Pro Ser Ala . Leuy Ser
115 120 125

Val Lys VYal Phe Giu Thr Phe Giu Ala Lys [ig His His Leu
135 140



Glu Thr
145

Tyr Phe

Ser Gly

Lys Val

His Leu

210

Phe Ser
225
Ala Phe

Ala Glu

Leu Tyr

Glu Gly Val Gin Asp Glu Leu His Thr Leu Thr Gin Ala Leu Ser Ala 485 490
495 lie Ser <210> 37 <211> 1921 <212> DNA <213> Homo sapiens
<400> 37 cactgagcca tgcccacccc ogacgccacc acgccacagg ccaagggctt
ccgcagggee 60 66/99 gtgtctgagc th %fgc?gccaa gcaggcagag gccatcatgg
taagagggca gggcgccccg 120 gggcccagcec tcacaggctce tccgtggcect
ggaactgcag ccccagctgc atcctacacc 180 cccaccccaa ggtcceccgeg
gttcattggg cgcaggcaga gcctcatcga ggacgceccge 240 aaggagcggg
aggcggcggt ggcagcagcg gccgcetgceag tcecectcgga geccggggac 300
ce5409909 Siq99ccH 10Aq0R0R0, 000905409 egtgrlaaa cclgetettc 360
ccgaggg ccaccaagccctcggcgctg tcccgagctg tgaaggtgtt tgagacagttt 420
gaagccaaaa fe®accatct agagaccéey ccecgeccaga ggetfitgage tggegeceee
480 cacctggagt acttcgtgcg octcgaggtg cgccgagggg acctggecgc cctgetcagt
540 ggtgtgcgcec aggtgtcaga ggacctgcac agccccgegg ggeccaaggt
cccctggttc 600 ccaagaaaag tgtcagagct ggacaagtgt catcacctgg tcaccaagtt
¥ghdeadae 660 \eydaetlyg Sbeadtechlly ttctktfghtichbtgtacce
gccagcgegg gaagctgatt 720 jggtgagatcg ccttccagiascaggcacggce
gacccgattc cccgtgtgga gtacaccgec 780 gaggagattg ccacctggaa
ggaggtctac accacgctga agggcctcta cgccacgcac 840 gcctgcgggg
agcacctgga ggcctttgct ttgctggagc gcttcagegg ctaccgggaa 900 gacaatatcc
GGFaREAna 9gRcEictas casitesloR-aaaRILEraCOgeetieeag 960
ctgcqggctg tggccggcect g%%tccgcc cgggacttcc&%gccagcct ggccttccge 1020

Pro Trp Phe Pro Arg Lys Val Ser Glu Leu Asp Lys Cys His
185 200 2058

val Thr Lys Phe Asp Pro Asp Leu Asp Leu Asp His Pro Gly
215 220

Asp Gln Val Tyr Arg Gin Arg Arg Lys Leu lle Ala Glu lle
230 235 240

Gln Tyr Arg His Gly Asp Pro Ile Pro Arg Val Glu Tyr Thr
245 250 955

Giu +ie Aia Thr Trp Lys Gluy Val Tyr Thr Thr Leu Lys Gly
260 265 270

Ala Thr His Ala Cvys Gly Glu His Leu Glu Ala Phe Ala Leu
275 280 284



Leu

Asp
305

- Val

Arg

His

Met

Ala

385

Ser

Lys

Glu

250

Val

Ala

Val

Ser

leu

370

Ser

Trp

Ata

gtgttccagt gcacccagtatatccgccac gcgtcctcge ccatgcactc ccctgagecg 1080
gactgctgcc acgagctgct ggggcacgtg cccatgctgg ccgaccgceac cttcgegeag
1140 67/99 ttctcgcagg acattggcect-ggggtcecty ggagectcgg atgaggaaat
tgagaagctg 1200 tccacgctgt catggttcac ggtggagttc gggctgtgta agcacaacag
ggaggtgaag 1260 gcctatggtg ccgggctgct gtcctectac ggggagctcec tgcactgect
gtctgaggag 1320 cctgagattc gggccttcga ccctgaggct gcggeegtge
agcoctacca agaccagacg 1380 taccagtcag tctacttcgt gtctgagaac
ttcagtgacg ccaaggacaa gctcaggagc 1440 tatgcctcac gcatccagcg
gegattetce gtgaagiicdractogtecassgctiggetatcil506uddogtgctgg
acagccccca ggeggigegg cgcetcectgg ggggtgtcca ggatgagetg 1560
gacacccttg cccatgcgct gagtgccatt gcctaggtge acggcegtccc tgagggcecct 1620
tcccaacctc ccctggtect gecactgtcce ggagctcagg ccctggtgag gggcetgggtc 1680
ccggcgtecc cccatgcecct ccctgetgee aggcetcccac tgeccctgcea cctgcettetc 1740
Qgeqeaanag clatalgtyg, cralagioag,opalaglyq 6lojgpteag gicctgtect 1800
ggctcccagg gtcetggggg ctgetgeact geecteegcec ctteectgac actgtctget 1860
gccccaatca édftcacaat aaaagaa% gtggtctctaaaaaagi aa aaaaaaaaaa
1920 a 1921 <210> 38 <211> 528 <212> PRT <213> Homo sapiens
<400> 38 68/99 Met Pro Thr Pro Asp Ala Thr Thr Pro GIn Ala Lys Gly
Phe Arg Arg 151015 Ala Val Ser Glu Leu Asp Ala Lys Gin Ala Glu Ala
e e\ edunpg Ala Arg Asp Phe Leu Ala Ser Leu Ala Phe

325 330 336

Phe Glin Cys Thr Gin Tyr 1le Arg His Aifa Ser Ser Pro Met
340 345 350

Pra Gluy Pro Asp Cvs Gys His Glu Leu Leu Gly His Vai Pro
355 360 365

Ala Asp Arg Thr Phe Ala Gin Phe Ser Gin Asp [le Giy Leu
375 380

Leu Gly Ala Ser Asp Glu Glu lie Glu Lys Leu Ser Thr Leu
3480 305 400

Phe Thr Val Glu Phe Gly Leu Cys Lys Gin Asn Giy Glu Val
405 410 415

Tyr Gly Ala Gly Leu Leu Ser Ser Tyr Gly Giu Leu Leu His
420 425 430



Cys

Aia

Ser

465

Arg

lie

20 25 30 Gly Gin Gly Ala Pro Gly Pro Ser Leu Thr Gly Ser Pro Trp Pro
Gly 3540 45 Thr Ala Ala Pro Ala Ala Ser Tyr Thr Pro Thr Pro Arg Ser Pro
Arg 5055 60 Phe lle Gly Arg Arg GIn Ser Leu lie Glu Asp Ala Arg Lys
Glu Arg 65 70 75 80 Glu Ala Ala Va{%a Ala Ala Ala Ala Ala Val Pro Ser
Glu Pro Gly 85 90 95 Asp Pro Leu Glu Ala Val Ala Phe Glu Glu Lys Glu
Gly Lys Ala VVal 100 105 110 Lou Asn Leu Leu Phe Ser Pro Arg Ala Thr
Lys Pro Ser Ala Leu Ser 115 120 125 Arg Ala Val Lys Val Phe Glu Thr
Phe Glu Ala Lys lle His His Leu 130 135 140 69199 Glu Thr Arg Pro Ala

Leu GID ATd BT0 ATg Al Gl Bly B1o His ko Sl 5145 459155 160 Tyr Phe
Val Arg Leu Glu Val Arg Arg Gly Asp Leu Ala Ala Leu Lou 165 170 175
4é® Gly Val Arg Gin %&Ser Glu Asp Val8ry Ser Pro Ala Gly Pro 180 185
190 Lys Val Pro Trp Phe Pro Arg Lys Val Ser Glu Leu Asp Lys Cys His
195 200 205 His Leu Val Thr Lys Phe Asp Pro Asp Lou Asp Lou Asp His
Pro Gly 210 215 220

Val Gin Pro Tyr Gin Asp Gin Thr Tyr Gin Ser Vai Tyr Phe Val

450 455 460

Giu Ser Phe Ser Asp Ala Lys Asp Lys Leu Arg Ser Tyr Ala Ser
470 475 480

tle 8ln Arg Pro Phe Ser Val Lys Phe Asp Pro Tyr Thr Leu Ala
485 490 495

Asp Val Leu Asp Ser Pro Gin Ala Val Arg Arg Ser Leu Glu Gly
500 505 510

Val Gln Asp Giu Leu Asp Thr Leu Ala His Ala Leu Ser Ala [le Giy
518 520 525

210> 39

<211> 3383

<212> DNA

<213> Mus musculus

400> 39

acaggacctc aaagctgaag totegacgcig gaggcagicg aagaagaagg aaacagactt 60

cotogeggete cogtotacee atgagtaasa goaaatgeotc cgtgggacca atgicttotg 120

tgotggecce gectaaagag cecaatgete tgggccccag agaggtggag cteatotige 180



Phe Ser Asp GIn Val Tyr Arg Gin Arg Arg Lys Lou fie Ala Glu lle 225 230
235 240 Ala Phe Gin Tyr Arg His Gly Asp Pro lle Pro Arg Val Glu Tyr Thr
245 250 255 Ala Glu Glu lle Ala TH‘I& EED Lys Glu Val Tyr Thr Thr Leu Lys
Gly 260 265 270 Leu Tyr Ala Thr a Cys Gly Glu His Lou Glu Ala
Phe Ala Leu 275 280 285 70/99 Leu Glu Arg Phe Ser Gly Tyr Arg Glu
Asp Asn He Pro Gin Lou Glu 290 295 300 Asp Val Ser Arg Phe Leu Lys
Glu Arg Thr Giy Phe Gin Leu Arg Pro 305 310 315 320 Val Ala Gly Lou
Leu Ser Ala Arg Asp Phe Leu Ala Ser Leu Ala Phe 325 330 335 Arg Val
tcaagzacbd G 43Ry S THEGIRIN de- At His AlecsalSethitMelc 3402345 350 His
Ser Pro Glu Pro Asp Cys Cys His Glu Leu Leu Gly His Val Pro 355 360
365 Met Leu Ala Asp Arg Thr Phe Ala Gin Phe Ser Gin Asp lle Gly Leu
cagtppagd3V0.GAE:386 AtafBetdse EGheAdarSarASp@Gly Glatitestta Lys3Peu Ser Thr
Leu 385 390 395 400 Ser Trp Phe Thr Val Glu Phe Gly Leu Cys Lys Gin

o Asn Gly Glu Val 405 410 415 L%/s Ala Tg/r Gly Ala Gly Lou Leuy Ser Ser

ggctt0?9rﬁ%ﬁ%géﬂﬁﬁﬁcﬁfiiﬁﬁqﬁﬁ§ gpaggtftce cltacctgtge tacaazaatg 360
gtggagetee cttocteetg coctacctge totteatget tattgecgee atgcccoctet 420
toctacatgea gotgegotoic gggoagttca acagagaagg agotpotget gictggaaga 480
tctgccctgé cotgaaaget gigegottea cligicatect catctcttté tacgfgggct 540
tottetacaa tgtecatoatt geatggeecac tgoactactt ctictectee tthccatgg _600
acctoccate gatccactee aacaacacot ggaécagccc caactgctct gatgcacata 660
gcageaacte tagegateec ctegecctoa acgacacctt tggpaccaca cocgotgetg 720
agtattttgg gogtgetete ctegcacctee aitcagagtcg tggcattgat gacctegegce 780
ciccacggtyg geagetcaca gooctgootgg tectggicat tgttetgoic tacttcagee 840
tgtggaagee agtaaagact tcagggaagy tggigtggat cacagetace atgecctatg 900
tagteocteac ageoctegctc ctgcgtggag teaccetcoes tegggocate gatgegcatea 860
gagecatacet cagtetggac ttetacegic totgtgagge atc%gtg{gg atcgatpcecg 1020

- goacccagegt gtgcttotos citggogtte ggtttegegt gotgatigoe ttotocagit 1080
acaataagtt caccaataac fgotatagag atgoaatcat caccacctcc attaactcce 1140
tgacgagett ctoctotgee ttogttetet tetecottoct ggggtacate geacagaage 1200
acaatgtecc catcagggat gigsccacag atggacctgg gttgatctic atcatotacce 1280



420 425 430 71/99 Cys Lou Ser Glu Glu Pro Glu lle Arg Ala Phe Asp Pro
Glu Ala Ala 435 440 445 Ala Val Gin Pro Tyr Gin Asp Gin Thr Tyr Gin Ser
Val Tyr Phe Val 450 455 460 Ser %é&@’ Phe Ser Asp Ala Lys Asp Lys
Lou Arg Ser Tyr Ala Ser 465 470 480 Arg lle Gin Arg Pro Phe Ser
Vat Lys Phe Asp Pro Tyr Thr Leu Ala 485 490 495 lle Asp Val Leu Asp
Ser Pro Gin Ala Val Arg Arg Ser Leu Glu Gly 500 505 510 Val Gin Asp
Glu Lou Asp Thr Leu Ala His Ala Leu Ser Ala lle Gly 515 520 525 <210>
39 <211> 3393 <212> DNA <213> Mus musculus <400> 39 acaggacctc
cteagecAR0QLI0RAL:ICIGR69610:0a0g6RGIeE argangasyd radsagactt 66bo
cctcgggctc ccgtctacce atgagtaaaa gcaaatgctc cgtgggacca atgtcttctg 120
tggtggcccc ggctaaagag cccaatgctg tgggccccag agaggtggag ctcatcttgg 180
tectoac2/AQe tebragy Ayt acgatty agroat ag Rfateteatecenttagcttfcadcdla
ccgcagacac 240 cagtggaggt tcaagagcgg gagacctgga gcaagaaaat

sosetea AN, Scteagion 300 oggeHeqe lgaagels decaalale aqggptice

ctactticet gotgtetets ttotgtgtea ccaacggtgg catctatgte ttcacactge 1500
tggaccactt tgcagetgec acatctaice tetttgeast gotcattgaa gocattgzge 1560
tggectegtt ctacgetete cagoaattca gtgatgacat caagcagatig actgggcagc  1620
gacccaacct gtactggceg ctatgctgga agetggtcag ccooctgeotte cttotgtatg 1680
tggtogteet cageattetyg accttcagac ccccacacta tggagectac atcttcccag 1740
actzggecaa tgoootggee tegatoattyg ccacatecto catgeccatg gtgoccattt 1800
atgecaccta taagttctsc agectgocag ggtocttccg agagasactg goctatgoca 1860
‘tocacacciga paaagaccgc cagetagtge acagaggegga ggtecgocaa ttcacgotge 1820
gocattegct gttgetetaa agtggaagea gacagoigee agoteeggoca totcacaaca 1980
gogggaacag geagatcaca aaggaascca acacgicaag aaaggaggee cacttccaca 2040
gtoceoctitt gocatatggs aaaataatcb aagcatggec ttcaatecttt gactglicac 2100
acccaatcca tgcocacasag aapgcotoigt ctgtgtetea ctgtaaaaac acacacctet 2160
atacagtgaa gtcaaceoatg toocigtoce taatggglgg ggazaccoet agetgetate 2220
ctetoctgea aggctgactc ococcatetgt ggtroactety gragaacage foatactgtt 2280
coctgeatic taggagaggg actttgetac ctgtatatac actgtegccas aatcoctghtgs 2340



gtggaggtgc cttcctggtg ccctacctgc tettcatggt tattgccggg atgeccctcet 420
tctacatgga gctggctctc gggcagttca acagagaagg agctgctggt gtctggaaga 480
tctgccctgt cctgaaaggt gtgggcttca c;éit/catcct catctctttc tacgtgggct 540
tcttctacaa tgtcatcatt gcatgggcac tg '&gactt cttctcctcc ttcaccatgg 600
acctcccatg gatccactgc aacaacacct ggaacagccc caactgctct gatgcacata 660
gcagcaactc tagcgatggc ctggaccaca acgacacctt tgggaccaca cccgctgctg
720 agtattttga gcgtggtgtg ctgcacctcc atcagagtcg tggcattgat gacctgggcec
780 ctccacggtg gcagctcaca gcctgectgg tgctggtcat tgttctgctctacttcagec 840
tcacggtagt%@%%gtg%ﬁgaﬁgmgww l9gtatagat Gaeagetasc atgooctatg 900
agtcctcac agccctgctc ctgcgtggag tcaccctcec tggggcecatg gatggcatca 960
gagcatacct cagtgtggac ttctaccgtc tctgtgaggc atctgtgtgg atcgatgccg 1020
tttgotz1EEaEERANEIGgak e stggegty gutitggYTt getgartgeectietccatft’ 080
acaataagtt caccaataac tgctatagag atgcaatcat caccacctcc attaactccc 1140
tgacgagctt ctcctctggc ttcgttgtct tctecttcct ggggtacat cacagange 1200
gagcaga@éaﬁbﬁ@%%ﬁ%@%ﬁt@t@%ﬁéﬁﬁa?&@"f&é% § éﬁbe}%t% atcatctacc 1260
73/99 ctgaggcaat cgccacactc ccgctgtctt cagcctgggce ccctgtctte ttcctcatge
1320 tgctcactc tat gatggrtgggcttg
Eagecacepa gty af%&é%é%g“&%%é%%ﬁﬁ%%%ﬁ%ﬁ%%gggg%%% %tagcs:;t%%ggc attgtcctgg
1440 ctactttcct getgtctctce ttetgtgtca ccaacggtgg catctatgtc ttcacactge 1500 -
retattedBPREERLIEIOCAGEIOTR BCalotaleEatt itggagigeteatigaacgecatt¥fgl 1560
tggcctggtt ctacggtgtc cagcaattca gtgatgacat caagcagatg actgggcagc 1620
gacccaacct gtactggcgg ctatgctgga agctggtcag cccctgcttc cttctgtatg 1680
tggaagg:tg’gtg@tg@céb@@a&m@:‘eﬁcﬂéﬁ@fa’é%Eé%f&?@g%?@éé?&&t&tctt&%%g 1740
actgggccaa taccctgggc tggatcattg ccacatactc catggccatg gtgcccattt 1800

cact ot accia faagliclac aacelgecad suedlirg.agagaaacia occiageca 1860

gcaacﬁtgaa gatcatattec ttggccﬁgga goooctgootg gttttegges aaagacaccoo 2820
acttettesr tttegatttee gactgectos tgtcatacco atggacatté tccatgttat 2880
aaatggottt ttaaaaccat atttatgtgt gaatcaaaat tattetcaaa ghegtaaggtt 2940
aptttgttca aatccattte ctgaagagta gttagcataa paagaaggta tgccaaasat 3000
accttctoct ggagagetge ctttaacotc tzaagigaaa agtggaagic atgattttecc 3060
ttgagotecat aactgtgaac tttggoctag cotgtgtoce atagasatgg caccatgtgt 3120
ctgtetgaga gecaacctta ggtattctet goaagtagac agtgegcacga agatcttgaa 3180
tgtgotacea gegtezasat geaggoctgt tggctoteca gactetagce tggctgagaa 3240
gaatcagett taccatctee tctcagaget gagtgectce atgtataaat ccaggtetig 3300
tcagcatotg ttatttatgt ctatagocag tgeocttgtte tgggtoctta taaacaataa = 3360
aagaaatata tegttggaaza asaaazaasa aaa 3383



tcacacctga gaaagaccgc cagctagtgg acagagggga ggtgcgccaa ttcacgctgce
1920 gccattggct gttggtgtaa agtggaagga gacagctgcc agctggtcca
tctcacaaca 1980 gcggggacagggagatcaca aaggaaacca acacgtcaag
aaaggagggc cacttccaca 2040 gtcccet¥® gccatatgga aaaataatcc
aagcatgggc ttcaatcttt gactgttcac 2100 acccaatcca tgccacaaag aagcctctgt
ctgtgtgtga ctgtaaaaac acacacctct 2160 atacagtgaa gtcaaccatg tccctgtccc
taatgggtgg ggaaacccct agctggtctc 2220 ctgtcctgca aggctgactc ccccatctgt
ggtcactctg ggagaacagg tcatactgtt 2280 ccctgcattc taggagaggg actttggtac
ctgtatatac actgtgccag aatcctgtgc 2340 74/99 tcacggtagt tgcctagata
atttcttttg cttaaattta cagtgtcaag tatcctattt 2400 tttgctgttg gtagaaaaga

<{210> 4@gttaatac atgccaagtc ctttcctggt gattggctcc 2460 gagcagacac catgacctta

¢211>  BRALCCIgtt cacatattac acacacgcag ggtctgttct 2520 gagccacgga
ggacaaggga cttggtgcag gtgaccagag gttagggttt tttttttccc 2580 tttattgctg

212> EHgataaaatt catgaattca ggttgggaga caagccctac tcctggceccc 2640

<213> Wggaaggoelisggtcagcttg cagcecacttt agtatggact tgtagaccac agagaaagtg 2700
tacttctcct agccagtgtg tccctgectcctggacacct getcttcaca gagtctcaat 2760
gcaacctgaa gatcatattc ttggcctgga gccctgcectggttttcgggg aaagacaccc 2820

400> 4Rttcttggg tttaatttce gactggetee tgtcatacce atggacatta tccatgttat 2880
aaatggcttt ttaaaaccat atttatgtgt gaatcaaaat tattctcaaa gtgtaaggtt 2940

et ser2GIIALER pRIECANID GlRRYRGIA GllR0sA!aR 03a9aRgYiR gceaaaaat 3000
accttctcct ggagagctggctttaacctc tgaagtgaaa agtggaagtc atgattttcc 3060

1 ttgagctcat aactgtgaac tttggccﬂ&g cctgtgtccc atagaaatgg caccatgtgt 3120
ctgtctgaga gccaacctta ggtattctct gcaagtagac agtggcacga agatcttgaa 3180
tgtcctacca gggtggaaat gcaggcectgt tggctctgca gactgtagceg tggctgagaa 3240
gaatcaggtt taccatctcc tctcagagct gagtggctcc atgtataaat ccaggtgttg 3300

Pro Alatdagcitetbraatttathtictatadérdy g &tgtgg V@ég@gﬁtffTab'ﬁcaataa 3360

20 25 3

Leu Val Lys Glu Gin Asn Gly Val Gin Leu Thr Asn Ser Thr Leu lie
35 40 45

Asn Pro Pro Gln Thr Pro Va! Glu Val Gin @lu Arg Glu Thr Trp Ser
50 55 60

Lys Lys lie Asp Phe Leu Leu Ser Val lle Gly Phe Ala Val Asp lLeu
65 70 75 80

Aia Asn Val Trp Arg Phe Pro Tyr Leu Cys Tyr Lys Asn Gly Gly Gly
85 90 95

Ala Phe Leu Val Pro Tyr Leu Leu Phe Met Val lle Ala Gly Met Pro
100 105 110



aagaaatata tgttggaaaa aaaaaaaaaa aaa 3393 75/99 <210> 40 <211> 619
<212> PRT <213> Mus musculus <400> 40 Met Ser Lys Ser Lys Cys Ser
Val Gly Pro Met Ser Ser Val Val Ala_ 1510 15 Pro Ala Lys Glu Pro Asn
Ala Val Gly Pro Arg Glu Val Glu LotPi#& 20 25 30 Leu Val Lys Glu Gin Asn
Gly Val Gin Leu Thr Asn Ser Thr Leu lle 35 40 45 Asn Pro Pro Gin Thr
Pro Val Glu Val Gin Glu Arg Glu Thr Trp Ser 50 55 60 Lys Lys lle Asp
Phe Lou Leu Ser Val lle Giy Phe Ala Val Asp Leu 65 70 75 80 Ala Asn
Val Trp Arg Phe Pro Tyr Leu Cys Tyr Lys Asn Gly Gly Gly 85 90 95 Ala

Leu Phe TUE B8Y MBI RIOATYMEG LR RheMRLY Ak He AlasGIv Met Pro 100 105
110 76/99 Lou Phe Tyr Met Glu Leu Ala Leu Gly Gin Phe Asn Arg Glu

GIY Ala 115 120 125'Rla Gly Val Trp Lys fié Cys Pro Val Leu Lys Gly Val
Gly Phe Thr 130 135 140

Ala Gly Val Trp Lys ile Cys Pro Val Leu Lys Gly Val Gly Phe Thr
130 135 140

Val lie Leu lie Ser Phe Tyr Val Giy Phe Phe Tyr Asn Val lle ile
145 150 155 160

Ala Trp Ala Leu His Tyr Phe Phe Ser Ser Phe Thr Met Asp Leu Pro
165 170 175

Trp lie His Cys Asn Asn Thr Trp Asn Ser Pro Asn Gys Ser Asp Ala
180 185 190

His Ser Ser Asn Ser Ser Asp Gly Leu Gly Leu Asn Asp Thr Phe Gty
195 200 205

Thr Thr Pro Ala Ala Glu Tyr Phe Glu Arg Gly Val Leu His Leu His
210 215 220

Gin Ser Arg Gly lle Asp Asp lLeu Giy Pro Pro Arg Trp Gi'n_Leu Thr
225 230 235 240

Ala Cys Leu Val Leu Val !ie Val Leu Leu Tyr Phe Ser Leu Trp Lys
245 250 255



Gly

Tyr

Ata

Gys

305

Leu

Phe

Ser

Tyr

Gly
385

Val He Leu lie Ser Phe Tyr Val Gly Phe Phe Tyr Asn Val He He 145 150
155 160 Ala Trp Ala Leu His Tyr Phe Phe Ser Ser Phe Thr Met Asp Leu
Pro 165 170 175 Trp He His Cys Asn Asn Thr Trp Asn Ser Pro Asn Cys
Ser Asp Ala 180 185 190 His Ser B&BAsn Ser Ser Asp Gly Leu Gly Leu
Asn Asp Thr Phe Gly 195 200 205 Thr Thr Pro Ala Ala Glu Tyr Phe Glu
Arg Gly Val Leu His Leu His 210 215 220 Gin Ser Arg Gly lle Asp Asp

Leu Gly Pro Pro Arg Trp Gin Leu Thr 225 230 235 240 Ala Cys Leu Val
Leu Val lle Val Leu Leu Tyr Phe Ser Leu Trp Lys 245 250 255 77/99 Gly

Val Lys Thr Ser Gly Lys Val Val Trp lie T Al(%/_T r Met Pro 260 265 270
Val e AT VT LY THY A4 L8l Yr u-ﬁé:"u E{rg gfly al JthLeI‘:céu Pro Gly 275

280 285 Ala Met Asp Gly#de Arg Ala Tyr Lewe8er Val Asp Phe Tyr Arg

Leu 290 295 300 Cys Giu Ala Ser Val Trp lle Asp Ala Ala Thr Gin Val

Cys Phe Ser 305 310 315 320 Leu Gly Val Giy Phe Giy Val Lau lie Ala

Phe Ser Ser Tyr Asn Lys 325 330 335 Phe Thr Asn Asn Cys Tyr Arg Asp
val Alal lieslieTmhi Tehe. Setdle thsnirg Gly Val Thr Leu Pro Gly

275 280 285

Met Asp Gly lle Arg Ala Tyr Leu Ser Val Asp Phe Tyr Arg lLeu
280 295 200

Giu Ala Ser Val Trp !le Asp Ala Ala Thr Gin Val Cys Phe Ser
310 315 320

Gly Val Gly Phe Gly Val Leu lle Ala Phe Ser Ser Tyr Asn Lys
325 330 335

Thr Asn Asn Cys Tyr Arg Asp Ala lie lle Thr Thr Ser [le Asn
340 345 350

Leu Thr Ser Phe Ser Ser Gly Phe Val Val Phe Ser Phe Leu &ly
3556 380 385

Met Ala Gin Lys His Asn Val Pro lie Arg Asp Val Ala Thr Asp
370 375 380

Pro Gly Leu lle Phe [le Ile Tyr Pro Glu Ala ile Ala Thr Leu
390 395 400



Pro

Leu

Leu

feu

Asn

465

Thr

Phe

Gin

Cys

Leu

Gly

Val

Gly

450

Gly

Ser

Tyr

Arg

Phe
530

340 345 350 Ser Lou Thr Ser Phe Ser Ser Gly Phe Val Val Phe Ser Phe
Leu Giy 355 360 365 Tyr Met Ala Gin Lys His Asn Val Pro lie Arg Asp
Val Ala Thr Asp 370 375 380 Gly Pro Gly Leu lle Phe lle lie Tyr Pro Glu
Ala lle Ala Thr Leu 385 390 395 4@@°%8/99 Pro Leu Ser Ser Ala Trp Ala
Ala Val Phe Phe Leu Met Leu Leu Thr 405 410 415 Lou Gly He Asp Ser
Ala Met Gly Gly Met Glu Ser Val lle Thr Gly 420 425 430 Leu Val Asp Glu
Phe Gin Lou Leu His Arg His Arg Glu Lou Phe Thr 435 440 445 Leu Gly
lie Val Leu Ala Thr Phe Leu Leu Ser Lou Phe Cys Val Thr 450 455 460

Asn Gly Gly lle T}/r Val Phe Thr [gheu Le%AtsraeHingh?hAIa Ala Gly 465
ser0sa7eiBa T THY 8éY ML BHE G VAT Lot Tie Glu Ala lle Gly Val Ala
Trp 485480 495 Phe Tyr Gi%al Gin Gin Phe SéP Asp Asp lle Lys Gin
Met Thr Gly 500 505 510 Gin Arg Pro Asn Leu Tyr Trp Arg Leu Cys Trp
Lys Leu Val Ser Pro 515 520 525 Cys Phe Leu Leu Tyr Val Val Val Val
Ser lle Val Thr Phe Arg Pro 530 535 540

ile Asp Ser Ala Met Gly Gly Met Glu Ser Val lle Thr Gly

420 425 430

Asp Glu Phe GIn Leu Leu His Arg His Arg Glu Leu Phe Thr
435 440 445

Ile Va! Leu Ala Thr Phe Leu Leu Ser Leu Phe Gys Val Thr
4585 460

Gly ile Tyr Val Phe Thr Leu Leu Asp His Phe Ala Ala Gly
470 475 480

Iie Leu Phe Gly Val Leu tie Glu Ala tle Gly Vai Ala Trp
485 480 485

Gly val Gin Gin Phe Ser Asp Asp lie Lys Gin Met Thr Gly
500 505 510

Pro Asn Leu Tyr Trp Arg Leu Cys Trp Lys leu Yal Ser Pro
515 520 525

Leu Leu Tyr Val Val Val Val Ser lie Val Thr Phe Arg Pro
535 540



Pro His

545

Trp ile

Tyr Lys

Ala e

Arg Gln
610

<210
Q1>
212>
(213>

{4002

accgeic
aaagoce
gtegtgce
ctaagga

acggagt

79/99 Pro His Tyr Gly Ala Tyr lle Phe Pro Asp Trp Ala Asn Ala Lou Gly
545 550 555 560 Trp lle lle Ala Thr Ser Ser Met Ala Met Val Pro lle Tyr
Ala Thr 565 570 575 Tyr Lys Phe Cys Ser Leu Pro Gly Ser Phe Arg Glu
Lys Leu Ala Tyr 580 585 590 Ala #ledhr Pro Glu Lys Asp Arg Gin Lou Val
Asp Arg Gly Glu Val 595 600 605 Arg Gin Phe Thr Lou Arg His Trp Lou
Leu Val 610 615 <210> 41 <210 3946 <212> DNA <213> Homo sapiens

<400> 41 accgctcegg agegggaggg gaggcttcge ggaacgctct cggegocagg
actcgegtge 60 aaagcccagg cccgggegge cagaccaaga gggaagaagce
acagaattcc tcaactccca 120 gtgtgoccat gagtaagagc aaatgctccg tgggactcat

grctieogty ythycotedel 80 davadaded caathtedty dydccgaagy
aggtggagct gagccttgtc aaggagcags 240 acggagtgca ggticaccagce
tccaccctca ccaacccgceg gcagagceccc gtggaggcecc 300 80/99 aggatcggga
gacctggggc aagaagatcg actttctcct gtccgtcatt ggctttgetg 360 tggacctggce
caacgtctgg cggttcccct acctgtgcta caaaaatggt ggcggtgect 420 tcctggteec

Gtackigcte tteatogicartioaloogat gecastiite tlacatggaga«s0 tggccctcgy
ccagttcasaﬁc5 agggaagggg ccggigatgt ctggaagate tggeccatac 540

Phe Cys Ser Leu Pro Gly Ser Phe Arg Glu Lys Leu Ala Tyr
580 BR5 580

Thr Pro Glu Lys Asp Arg Gin Leu Vai Asp Arg Gly Glu Val
585 600 605

Phe Thr Leu Arg His Trp Leu Leu Val
615

41
3946
DNA

Homo sapiens

LY
cEE agogggagoe gaggottege ggaacgeict cggcgocagg actogegige 60

BEL COCEZECEEC CAgaccaaga ggEaagaage acagaatticc tcaactccsa 120
cat gagtaagage aaatgetccg tgegacteat gtoticogig gtggcoccee 180
goo caatgoogtg ggoccgaage aggtggaget catcctigtc aaggagcaga 240

gca getcaccage tccaccotca ¢caacoCECy ECagageocce gtEgagegcce 300



tgaaaggtgt gggcttcacg gtgatcctca tctcactgta tgtcggcttc ttctacaacg 600
tcatcatcgce ctgggcegctg cactatctct tctectectt caccacggag ctccectgga 660
tccactgcaa caacttctgg aacagcccca actgctcgga tccccatect ggtgactcca 720
gtggagacag ctcggccctc aacgacactd®gfgaccac acctgctgee gagtactttg 780
aacgtggcgt gctgcacctc caccagagcc atggcatcga cgacctgggg cctccgeggt
840 ggcagctcac agcctgcectg gtgctggtca tcgtgcetgcet ctacttcage ctctggaagg
900 gcgtgaagac ctcagggaag gtggtatgga tcacagccac catgccatac
gtggtcctca 960 ctgccectgcet cctgegtggg gtcaccctee ctggagecat agacggceate
agagcatacc 1020 tgagcgttga cttctaccgg ctctgcga tctgttt ttgacgcg
ageatcEEgR CRCEEERFG L OB AGTge Rt t&&f&j&c@%% bcgaggg’bgggtt%gg&%gtc%:ggtctccagc
tacaacaagt 1140 tcaccaacaa ctgctacagg gacgcgattg tcgccacctc
tggacctgggt‘é?&:%%Eégc%%%&%%%Qt&‘i&‘%fé?%ga%%gé@géﬁcfé&{@@&&c tggggtacat
gcacagaag cacagtgtgc 1260 ccatcgggga cgtggccaag gacgggccag
ggctgatctt catcatctac ccggaagcca 1320 tcgccacgct ccctetgtee tcagectggg
toctartceEUiOgHstEcticateatgigcicaccek38 889 tiggtrateeagcgatg
ggtggtatgg agtcagtgat caccgggctc atcgatgagt 1440 tocagctgct
gcacagacac cgtgagctct tcacgctctt catcgtcctg gcgaccttcc 1500 a%ctgtccct
tezgocotagiotgReittcate SAEERTHF o AReEiE§ e CHERAE %5%%%&?%60 fgcagecgg
cacgtccatc ctctttggag tgctcatcga agccatcgga gtggcctggt 1620 tctatggtgt
tgggcagtic agcgacgaca tcc g cc k30
O Ct e R N e AN
tcagcattgt gaccttcaga cccccccact acggagccta catcttcccc gactgggeca 1800
s catoatACICOSIEGM GIGgsteate g Conratecccaiggeeat ggtgoccdeatatgé§@cct 1860
acaagttctg cagcctgcct gggtcctttc gagagaaact ggcctacgcc attgcacccg 1920
agaaggaccg tgagctggtg gacagagggg aggtgcgcca%gttcaccctc c%%gaactggc
a

tocactedA8CrACHANERRECHEGBRGEAEF Seffeg HErgAR (CEL g Eatect
tgggagagac 2040
gtgragacag ctegggecte aacgacactt tigggaccac acctgotgsc gagtacttig 780
aacgtggegt gotgcacctc caccagagec atgecateega cgacctgege ccteocgeggt 840
greagotcac agcocigoctg gtgetggica tegtectect ctacttecage ctotggaagg 800
gogtgaagas ctoagggaag ctegiatgga tcacagecac catgocatac gtegicctea 960
ctgeoctect cctgegtege gteaccotoc ctgegagecat agacggceatc agagcatace 1020
tgagcgtiga cttotacege ctoteogagg cgtetgtite gattgacgcE gocaccoagg 1080
tgtgottote cotgegcgte geetlicgELE tgotpatcge ottotcocage tacaacaagt 1140
tcaccaacaa ctgotacagg gacgogatty tcaccaceto catcaactce ctgacgaget 1200
totocteceg cticgtegtc ttotoottee tggegtacat gecacagaag cacagtgtge 1260
ccatogggra cgtggocaag gacgEEccdg gecigatoit catcateotac ccggaagoca 1320
.tcgccacgct ccctotegtec tcagoctege cogtggtett ctteatcatg ctegcteasce 1380



acgaacaaac caaggaaatc taagtttcga gagaaaggag ggcaacttct actcttcaac
2100 ctctactgaa aacacaaaca acaaagcaga agactcctct cttctgactg tttacacctt
2160 tccgtgccgg gagcgceacct cgecgtgtct tgtgttgetg taataacgac gtagatctgt
2220 gcagcgaggt ccacccegtt gttgt8e¥cagggcagaa aaacgtctaa cttcatgetg
2280 tctgtgtgag gctccctecc tecectgcetee ctgetcecegg ctetgaggcet geccccagggg
2340 cactgtgttc tcaggcgggg atcacgatcc ttgtagacgc acctgctgag aatcccegtg
2400 ctcacagtag cttcctagac catttacttt gcccatatta aaaagccaag tgtcctgctt
2460 82/99 ggtttagctg tgcagaaggt gaaatggagg aaaccacaaa ttcatgcaaa
gtcctttcce 2520 gatgcgtggc tcccagcaga ggcecgtaaat tgagegtt ttgacacat
tegetatepg aRareal s EEERT %tc%&Cﬁé@%%tt&%%%%ﬁ%g@%&? 9cégcef%g%gtatqg 4%tcaccagga
aattctgttt 2640 atgttcttgc agcagagaga aataaaactc cttgaaacca gctcaggcta
tocagcteEI0EEASIER 47 00: H9CAACEIOL BOGiC At Q910180962 4R386 CIOADO
aggagcgtgt cctatccccg 2760 gacgcatgca gggcccccac
aggagcgtgtcctatccccg gacgcatgca gggcccccac 2820 aggagcatgt
tcctgztocelateetigagacgratgeatggegedctead: aggasmyigt attaseetdg 2880
aacgcatgca gggcccccac aggagcgtgt actaccccag gacgcatgca gggcccccac
2940 tggagcgtgt actaccccag gacgcatgca gggcccccac aggag t
ttgcagccé&ta?eééeﬁ‘gaﬁoeg%féé%a@&é@%ﬁéf@%%gﬁ@%%’%%%%&é@%&gg tgtafggtagc
cccaggacgc atgcagggcec 3060 cccacaggag cgtgtactac cccaggatgc
rotatert IO ERARAEESCGRCANARC.CAlOIRCIRG 1A FRCRODARIERIGCA0GGC
cccatgcagg cagcctgcag accaacactc tgcctggect 3180 tgagccttca
ccceccaggaa gggacccecac tggaatttta tttctctcag gtgegtgeca 3240 catcaataac
tgtactzed@Cagiticatgttigeon: algg ittt aaantcatatdtacotgiyee8830@: atctid&acaa
attcaagaat gcagtatccg cgagcctgct tgctgatatt gcagtttttg 3360 tttacaagaa
taattagcaa tactgagtga aggatgttgg ccaaaagctg ctttccatgg 3420 cacactgccc
toagoat HEtQRROASIGHR A GAAHRH FRYCEAR Yt aRticafy BRtEEET H480 Thgtgggce
tgcctacgtg ctgcccgagg gcaggggcecg tgcagggceca gtcatggetg 3540

acgocgctesge ctggatoate gecacatoot coatggecat ggtgeccate tatgoggoot 1860
acaagttctg cagoctgoct gegtocctitc gagapgaaact ggoctacgec attgecacccg 1920
agaaggaccy tgagctgete gacagaggee aggtgegeca gttoacecte cgocactgge 1980
tcaaggtgta gaggeageag agacgaagac cccaggaagt catcctgcaa tgggagagac 2040
acgaacaaac caaggaaatc taagtitcga gagaaaggag ggcaactict actottcaac 2100
ctotactgaa aacacaaaca acaaagcaga agactcoctet cttotgactg tttacacctt 2160
tcogtecege gagcgcacct cgccgtgtot tgtettegctg taataacgac gtagatctgt 2220
gcagegaget ccacccogtt gttetcccte cagggoagaa aaacgtctaa cticatgets 2280
totetgteag potocctoce tocotgotee ctgefceogg ctctgagget gococaggeg 2340
cactgtegttc tcaggcgggé atcacgatcc tigtagacge acctgctgag aatccccsgtg 2400
cteacagtag cttecctagac catitacttt gecccatatta aazaagocaag tgtoctgott 2460



83/99 tcccctgcaa gtggacgtgg gectccaggga ctggagtgta atgctcggtg
ggagccgtca 3600 gcctgtgaac tgccaggcag ctggagtgag cacagaggat
ggcttccceca ttgecttctg 3660 gggagggaca cagaggacgg cttccccatc gecttetggce
cgctgcagtc agcacagaga 3720 gcg%%ﬁecc cattgccttc tggggaggga
cacagaggac agtttcccca tcgcecttctg 3780 gttgttgaag acagcacaaa
gagcggcttc cccatcgcct tctggggagg ggctccgtgt 3840 agcaacccag gtgttgtccg
tgtctgttga ccaatctcta ttcagcatcg tgtgggtccc 3900 taagcacaat aaaagacatc
cacaatggaa aaaaaaaaag gaattc 3946 <210> 42 <211> 620 <212> PRT
<213> Homo sapi <400> e S | Gly Lou
sotssasci R R 00T s AT Tye i Brc A Al val Gy
Pro Lys Glu Val Glu Leu lle 20 25 30 Leu Val Lys Glu Gin Asn Gly Val
gatgoptgfin b eEBESEcoela bt kaskddic35:40:4&ndmntReacArgein S&0Pro Val
Glu Ala Gin Asp Arg Glu Thr Trp Gly 84/99 50 55 60 Lys Lys lle Asp Phe
Leu Leu Ser Val lle Gly Phe Ala Val Asp Leu 65 70 75 80 Ala Asn Val Trp
gtotettopy g RicetFEATEEABRE TS OPYRT P4 eA SHEESRP E8RR SR 185556 05 2640

atgttettge agoagagaga aataaaactc cttgaaacca getcaggeta ctgecactica 2700
gecagootgt ggetccttgt getetageega acggoctgag aggagegtgt cctatocccg 2760
gacgoatgea geggcecocac aggagegtgt cctatccccg'gacgcatgca gEZCCOCcac 2820
aggageatet cotatooote gacgéatgca gEECCoocac ageagertpt actaccccag 2880
ascgcatgea ggecccccac aggagogtegt actaccccag gacgoatgca EgECGCCCac 2940
tpragcgtet actaccccag gacgoatgea gggcccccac aggagogigt coctatcococcg 3000
gaccggacge atgcagggce cccacaggag cgtgtactac cccaggacge atgcaggges 3060
ccoacaggag cgigtactac cccaggatge atgoagggEcc Gocacageag cgtgtactac 3120
cccagpacge atgcageges ccoatgcagg cagoctgeag accaacactc tgcctggect 3180
tgagccgtea cotccaggaa gegaccecac tggaatttta tttctotoag gtgcgtgcca 3240
cateaataac aacagtiitt atgtttgcega atggettitt asaatcatat ttaccigiga 3300
atcaaaacaa attcaagaat goagtatccg cgagoctget tgctgatatt geagttttte 3360
tttacaagaa taattagcaa tactgagitga aggatgttge cecaaaagetg ctttccatgg 3420
cacactgcce totgocactg acaggaaagt ggatgocata gtttgaattc atgoctcaag 3480
topetezEce tgcctacgte ctgcccgage Ecaggggccg tgcagggoca gloatggcty 3540



Ala Phe Leu Val Pro Tyr Lou Lou Phe Met Val lie Ala Gly Met Pro 100
105 110 Leu Phe Tyr Met Glu Leu Ala Leu Gly Gin Phe Asn Arg Glu Gly
Ala 115 120 125 Ala Guy Val Trp Lys lle Cys Pro lle Leu Lys Gly Val Gly
Phe Thr 130 135 140 Val lie Lou llgszgy Leu Tyr Val Gly Phe Phe Tyr Asn
Val lle lle 145 150 155 160 Ala Trp Ala Leu His Tyr Leu Phe Ser Ser Phe
Thr Thr Glu Leu Pro 165 170 175 Trp lie His Cys Asn Asn Ser Trp Asn
Ser Pro Asn Cys Ser Asp Ala 180 185 190 His Pro Gly Asp Ser Ser Gly
Asp Ser Ser Gly Leu Asn Asp Thr Phe 85/99 195 200 205 Gly Thr Thr
Pro Ala Ala Glu Tyr Phe Glu Arg Gly Val Leu His Leu 210 215 220 His
teccoteGim SerMs GlyHecASEASPEESI G Fis PEE Er§erEsEiftLe#t925 230
235240 Thr Ala Cys Leu Val Lou Val lle Val Leu Leu Tyr Phe Ser Lou

Trp 245 250 255 Lys Val L sThrS GI VaIV | Trp, e, Thr Ala
gecteteqdfy Rﬁé?a%cﬁgz%gﬁ% gcl) %ﬁFﬁaFE C Cct %u L%Lé%rg Gly

Val Thr Lou Pro 275 280 285 Gly Ala He Asp Gly I|e Arg Ala Tyr Leu Ser
gggaggg&@% @Qﬂ%é@@ét236£€ﬂﬁbcatc gocottotegs cgeipgeagtec agcacagaga 3720

gogecticoe cattgecttc tzgegaggea cacagaggac agtitcccca togecticty 3780
gttpttgaag acagcacaga gagegecttic cocatcgeet tetgggrpagg gecteogtet 3840
agcaacccag gtegttgtceg tgtetettea ccaatcteta ticageatog tgtegeteco 3900
taagcacaat azaagacatc cacaatggaa asaaaaaaag gaattc 3046
210> 42

211> 620

{212> PRY

{213> tomo sapiens

400> 42

Met Ser Lys Ser Lys Cys Ser Val Giy Leu Met Ser Ser Val Val Ala

1 ) ' 10 15

Pro Ala Lys Glu Pro Asn Ala Val Gly Pro Lys Glu Val Glu Leu lle
20 25 30

feu Yal Lys Giu Gin Asn Gly Val Gln Leu Thr Ser Ser Thr Leu Thr
35 40 45

Asn Pro Arg Gin Ser Pro Va! Glu Ala Gln Asp Arg Glu Thr Trp Gly



bys

65

Ala

Ala

Leu

Ala

‘Vai

145

Ala

Trp

His

50

lys

Asn

Phe

Phe

Gly

130

lle

Trp

{le

Pro

290 295 300 Leu Cys Glu Ala Ser Val Trp lie Asp Ala Ala Thr Gin Val Cys
Phe 305 310 315 320 Ser Leu Gly Val Gly Phe Gly Val Leu lie Ala Phe
Ser Ser Tyr Asn 325 330 335 Lys Phe Thr Asn Asn Cys Tyr Arg Asp Ala
lie Val Thr Thr Ser lie 86/99 340 3#8%850 Asn Ser Lou Thr Ser Phe Ser
Ser Gly Phe Val Val Phe Ser Phe Leu 355 360 365 Gly Tyr Met Ala Gin
Lys His Ser Val Pro lie Gly Asp Val Ala Lys 370 375 380 Asp Gly Pro Gly
Lou lle Phe lie lle Tyr Pro Glu Ala lle Ala Thr 385 390 395 400 Leu Pro
Leu Ser Ser Alasrp Ala Val Val PhesPhe lie Met Leu Lou 405 410 415
Thr Leu Giy lle Asp Ser Ala Met Giy Gly Met Glu Ser Val lle Thr 420 425
430 Giy Leu lie Asp Glu Phe Gin Lou Leu His Arg His Arg Giu Leu Phe
435 440 445 Thr Lou Phe lie Val Lou Ala Thr Phe Lou Leu Ser Lou Phe
Cis Mal #801455 46Qe T v AsneGlyyGiyid|a MRyvafahfhieThr Leu Leu Asp

His Phe Ala i%la 465 470 475 480 Giy Thr Ser lie Legy Phe Gly Val Leu lle
Glu Ala lie Gly Val Ala 87/99

Val Trp Arg Phe Pro Tyr Leu Gys Tyr Lys Asn Gly Gly Gly
85 g0 95

ieu Val Pro Tyr Leu Leu Phe Met Val lie Ala Gly Met Pro
100 105 110

Tw-mﬁehimuAmLﬁumyGH1%eAm1MgGhs&yAm
115 120 125

Val Trp Lys lle Cys Pro [le Leu Lys Gly Vai Gly Phe Thr
135 140

Leu |le Ser Leu Tyr Val Gly Phe Phe Tyr Asn Val lle lie
150 155 160

Ala teu His Tyr Leu Phe Ser Ser Phe Thr Thr Glu Leu Pro
165 170 175

His Cys Asn Asn Ser Trp Asn Ser Pro Asn Cys Ser Asp Ata
180 185 190

Gly Asp Ser Ser Gly Asp Ser Ser Giy Leu Asn Asp Thr Phe



485 490 495 Trp Phe Tyr Gly Val Gly Gin Phe Ser Asp Asp lle Gin Gin
Met Thr 500 505 510 Gly Gin Arg Pro Ser Leu Tyr Trp Arg Leu Cys Trp
Lys Leu Val Ser 515 520 525 Pro Cys Phe Leu Lou Phe Val Val Val Val
Ser lle Val Thr Phe Arg 530 535 53%%¥o Pro His Tyr Giy Ala Tyr lle Phe
Pro Asp Trp Ala Asn Ala Leu 545 550 555 560 Gly Trp Val lle Ala Thr
Ser Ser Met Ala Met Val Pro lle Tyr Ala 565 570 575 Ala Tyr Lys Phe Cys
Ser Lou Pro Gly Ser Phe Arg Glu Lys Leu Ala 580 585 590 Tyr Ala lle Ala
Rgg Glu Lys Asp Argsgju Lou Val Asp Argdsiy Glu 595 600 605 Val Arg
Gin Phe Thr Lou Arg His Trp Lou Lys Val 610 615 620 <210> 43 88/99
<211 > 2038 <212> DNA <213> Mus musculus <400> 43 aatttgctga
gcctgtcacc tgtgttccag gagccaaacc agcaatgtct tcgectgcac 60 aacctcgagt

aly Thr GSEIPPECER APDGGPaR)9A0AICR-ACaIAcEAaL.AAlcataa 120 acaatgaaty

cacaattca gtgagcggca agaaatttcc agttcttaac cctgcaactg 180
2109 g9 gmgg g %20 g 9

His Gin Ser His Giy tle Asp Asp lLeu Gly Pro Pro Arg Trp Gin Leu
225 230 235 240

Thr Ala Cys Leu Val Leu Val {fe Val Leu Leu Tyr Phe Ser [eu Trp
245 250 255

lys Gly Val Lys Thr Ser Gly Lys Val Val Trp ile Thr Ala Thr Met
260 265 270

Pro Tyr Val Val Leu Thr Ala Leu Leu Leu Arg Gly Val Thr Leu Pro
275 280 285

Gly Ala lle Asp 8iy lle Arg Ala Tyr Leu Ser Val Asp Phe Tyr Arg
290 205 300

Leu Cys Glu Ala Ser Val Trp lle Asp Ala Ata Thr Gin Val Cys Phe
305 310 315 320

Ser Leu Gly Val Gly Phe Giy Val leu i{e Ala Phe Ser Ser Tyr Asn
325 330 335

{ys Phe Thr Asn Asn Gys Tyr Arg Asp Ala [le Val Thr Thr Ser lje



Asn

Gly

Asp

385

ieu

Thr

Gly

Thr

Thr

465

Gy

aggaggtcat ctgccacgtg gaagaagggg acaaggctga tgttgacaaa gctgtgaagg
240 ctgcaagaca ggctttccag attggctctc catggcgcac catggatgct tcagagaggg
300 gctgcectget gaacaagctg getgacttaa tggagagaga tcgtctgctgctagctacaa
360 tggaggcact caatggtggg aaag quccaatgcata cttgtcggat ttagcaggct
420 gcataaaagc attaaagtac tgtgcaggct gggctgacaa gattcatggt caaacaatac
480 caagtgatgg agacatttcc acttatacaa gacgtgaacc tattggagtg tgtggccaaa
540 tcatcccctg gaattttcca atgctcatgt tcatttggaa gataggccct gecccttagct 600
gtgggmatac cgtggttgtc aagecagcag agcaaactégdtctcaaggct cttcacctgg 660
catctttaat aaaagaggca gggtttcctc ctggcgtggt aaacattgtc cctggttatg 720
ggccaactgc aggggcagcc atctcctctc acatggatgt cgacaaggtg gccttcactg 780
gatcaacaca ggttggcaag ttaatcaagg aagctgcagg gaaaagcaat ctgaagagag
ser 840 TiFaGErlog G6ttagoaya ragegcaett goattglgttiigdagatgcc gacttggaca
900 ttgctgttga gtttgcacac catggagtgt tttatcatca aggccaatge tgtgtcgeag 960
99 catcccggat ttttgttgag gagtcagttt atgatgagtt tgtgaaaagg agtgttgagc
1020 gagctaagaa atatgttctt ggaaatcctc tgaccccagg aataaatcaa
ggccctcaga 1080 ttgacaagga acaacatgat aaaaaacacg atctcattga
agtgggaag aaagaaggag, 1140 ccagactgga gtgtggt ggacgctggg
Tyr gﬁgag%agﬁbLé’ﬁc%t'@t%ggag%cgg%gg elagabbg}\t%g%tgtagc%%a%g%actgat gagatgcgca
370 ttgccaaaga ggagiitatit ggaccagtge 1280 aacaaatcat gaagtttaag tctgtagatg
atgtgatcaa gagagcaaac aatactacct 1320 atggtttagc agcaggactc
ttcactaaag acctggataa ggccatcact gtgtcatctg 1380 ctctgcaggc tggggtggtg
tgggttaact gctatatcat gttgtcagcc cagtgecccct 1440 tcggtggatt caagatgtct
Gly ggaasitggan ghglahetyyy thmdratdo Gittafdaat 'B500 dkactgagcet
caagacagtic gggatgaaga tatctcagggsgaactcctaa agaaggsagce 1560
agagtaaaga gaaactctca gcagtggtac acatctccta tagtaaccag catagtcgtg 1620
ttttattata atttcttctc cagttgattt cttaagcaaa aggaattcat cagtgttact 1680

Pro Leu Ser Ser Aia Trp Ala Val Val Phe Phe lie Met lLeu Leu
405 410 415

Leu Giv 1le Asp Ser Ala Met Gly Gly Met Glu Ser Val lie Thr
42G 425 430

Ley lie Asp Giu Phe Gln Leu Leu His Arg His Arg Glu Leu Phe
435 440 445

Leu Phe |le Val Leu Aia Thr Phe Leu lLeu Ser Leu Phe Cys Val
450 A5G 460

Asn Gly Gly lie Tyr Val Phe Thr Leu lLeu Asp His Phe Ala Ala
470 475 480

Thr Ser [le Leu Phe Gly Val leu Iie Glu Ala lie Gly Val Ala



Tro

Gly

Pro

Prao

545

Giy

Ala

Tyr

Val

Phe

Gin

Cys

530

Pro

Trp

Tyr

Ala

Arg
610

gtcactcata aaaaaacatg tggcttaatc caacagattc attcaccttc taatatgtga 1740
ccccagttct tatccaagaa tagaaggata gatataacgg caagctctct gtaactccgt 1800
catgaccagg tgctttccat tgtagctact tatctaacat actcatttgg tgaggaggac 1860
tagttgtgac ttaagctctg tccctcagtg actéétifaa gtactcacca cacataatga 1920
ctgcagagtc agctgctctg ttccccaggt gttgtgaaat attttctaga atgtcatgcc 1980
tgcttgtcaa atgaaatgcc tagctgtaat tagaacgcaa agcttaataa aggcaccc 2038
90/99 <210> 44 <211>501 <212> PRT <213> Mus musculus <400> 44
Met Ser ger Pro Ala Gin Pro Agg Val Pro Ala Projqgu Ala Asp Leu 1510
15 Lys lie Gin His Thr Lys lie Phe lie Asn Asn Glu Trp His Asn Ser 20 25
30 Val Ser Gly Lys Lys Phe Pro Val Lou Asn Pro Ala Thr Glu Glu Val 35
40 45 lie Cys His Val Glu Glu Gly Asp Lys Ala Asp Val Asp Lys Ala Val 50

5@,5@: Hx8 AR AR A SELAR PG Gilig Gl pelPrayd rp Arg Thr Met
65 70 75 80 Asp Ala Ser Glu Arg Gly Cys Leu Leu Asn Lys Leu Ala Asp

Lou A8t 85 90 95 Glu AF@sAsp Arg Lou Lou E&U Ala Thr Met Glu Ala Leu
Asn Gly Gly 100 105 110

Arg Pro Ser Leu Tyr Trp Arg Leu Cvs Trp Lys Leu Val Ser
515 520 525

Phe Leu Leu Phe ¥al Val Val Val Ser iile Val Thr Phe Arg
535 540

His Tyr Gly Aié Tyr lie Phe Pro Asp Trp Ala Asn Ala lLeu
550 555 560

Val Ile Aia Thr Ser Ser Met Ala Met Val Pro lle Tyr Ala
565 570 575

Lys Phe Cys Ser Leu Pro Gly Ser Phe Arg Giu Lys Leu Ala
580 585 590

Ile Ala Pro Glu Lys Asp Arg Glu Leu Val Asp Arg Giy Glu
585 600 805

Gin Phe Thr Leu Arg His Trp Leu Lys Val
618 620

<210> 43



91./99 Lys Val Phe Ala Asn Ala Tyr Leu Ser Asp Leu Gly Gly Cys lle Lys
115120 125 Ala Leu Lys Tyr Cys Ala Gly Trp Ala Asp Lys lle His Gly Gin
Thr 130 135 140 lle Pro Ser Asp Giy Asp lle Phe Thr Tyr Thr Arg Arg Giu
Pro lle 145 150 155 160 Gly Val §&&ly Gin lle He Pro Trp Asn Phe Pro
Met Leu Met Phe 165 170 175 lie Trp Lys lie Gly Pro Ala Leu Ser Cys Gly
Asn Thr Val Val Val 180 185 190 Lys Pro Ala Glu Gin Thr Pro Leu Thr Ala
Lou His Leu Ala Ser Leu 195 200 205 lle Lys Glu Ala Gly Phe Pro Pro
211> 2By Val Val Asn lie Val Pro Gly 210 215 220 Tyr Giy Pro Thr Ala Gly Ala
9125 ha lle Ser Ser His Met Asp Val Asp 225 230 235 240 Lys Val Ala Phe
r Gly Ser Thr Gin Val Giy Lys Leu lie Lys Glu 245 250 255 92/99 Ala
<213> ¥R GHPUYS Ser Asn Lou Lys Arg Val Thr Lou Glu Leu Gly Gly 260 265
270 Lys Ser Pro Cys He Val Phe Ala Asp Ala Asp Lou Asp lle Ala Val
75 280 285 Giu Phe Ala His His Gly Val Phe Tyr His Gin Gly Gin Cys

<4002

ys Val 290 295 300

aattigotega gootgteace tgtegttecag gagecaaace ageaatgtet togootgeac 60
aacctogagt ccotgccoca ctggecgact tgaagattca acataccaag atcttcataa 120
acaatgaatg geacaattca gtgagoegea agaaatticc agticttaac cctgoascte 180
aggagetcat ctgccacgteg gaagaaggge acaaggetga tgttgacaaa golgtgaagg 240
ctgcaagaca ggotticcag attgecictc caitggegeac caiggatget tcagagageg 300
gotgcetact gaacaagoig gotmacttaa tgeagagaga togictgetg ctagotacaa 360
tggagegcact caatggiggy asagtottig coaatgeata cttgtoggat ttaggagget 420
geataaaage attazagtac tptgoagect geggctgacaa gattcatggt caaacaatac 480
caagtgatge agacattttc acttatacaa gacgtgaacc tattggagtg tgtgpccaaa .540
tcatoosote gaatittcca atgetcatst tcattlgraa gataggocot goccttaget 600
gtgegaatac cetggtigte aagocageag ascaaactce totcacggct clitcaccige 660
catctitaat aasagageca gegpttitocte ctggegiggt aaacattgtc cotggiiatyg 720
ggocaactge agggecagec atctectetc acatgegatgt cgacaagetyg gecttoactg 780
gatcaacaca gegtiggeaag titaatcaagg azgctecags gaaaagcoaat clgaagagag 840
tcaccotgga gottgeggeea aagagocctt geattgtett tecagatgce gactiggaca 500
ttgotgttea gtttzcacac catggagtgt titatcatca aggccaatge tgtgtegeag 960



Ala Ala Ser Arg lle Phe Val Giu Glu Ser Val Tyr Asp Giu Phe Val 305 310
315 320 Lys Arg Ser Val Glu Arg Ala Lys Lys Tyr Val Leu Giy Asn Pro
Leu 325 330 335 Thr Pro Gly lle Asn Gin Giy Pro Gin He Asp Lys Glu Gin
His Asp 340 345 350 Lys lie Leu &§fPPeu lie Giu Ser Giy Lys Lys Glu Gly
Ala Lys Lou 355 360 365 Giu Cys Gly Giy Giy Arg Trp Gly Asn Lys Gly
Phe Phe Val Gin Pro 370 375 380 Thr Val Phe Ser Asn Val Thr Asp Giu
Met Arg lie Ala Lys Glu Glu 385 390 395 400 93/99 lie Phe Gly Pro Val
Gin Gin lie Met Lys Phe Lys Ser Val Asp Asp 405 410 415 Val He Lys
,@%% Asn Asn Thr T 'g %X ﬁqﬂé Aélg GIX i 420 4 g 6330 Phe

Catcccgg’f‘ﬁrﬁ_ SASE igﬁgﬁcaﬁ_ fa1ee" PEEFESFIATESS Gint 435 440
445 Ala Gly Val Val Trp Val Asn Cys Tyr lle Met Leu Ser Ala Gin Cys 450

gagctaadhn D tOQ+Bre R Gl el PheckysMet Har&aly AsB-&ly-Arg Bkoleu Gly
Glu 465 470 475 480 His Gly Leu Tyr Glu Tyr Thr Glu Lou Lys Thr Val
Ala Met Lys lle 485 490 495 Ser Gin Lys Asn Ser

ttgacangga acaacatgat asaataclcg atctcattga gagteggaag aaagaaggag 1140
ccaaactgga gtetgegtaea ggacgctggglggaacaaagg cttotttgtyg cagoocacag 1200
tegttetocaa cegtgacteat gagategcegca tigocaaaga ggagatattt ggaccagtee 1260
aacaaatcat gaagtttaag totgtagatg atgtpatcaa gagagcaaac aatactacet 1320
atggtitagc ageageactc ttcactaaag acctggataa ggccateact gtgtcatctz 1380
- ctotgeagees tgeepteete tgeettaact gotatateat gttglteagec cagtecccet 1440
togetegatt caagatgict ggaaatggaa gagaactegg teaacatget ctitatgaat 1500
ascacteaget caagacagto goaatigaaga tatctcagaa gaactcoctaa agaagecage 1560
agagtazags gaasactctca geoagtggtac acatctecta tagtaaccag catagtegte 1620
ttttattata atttocttotc cagttgattt cttaagcaaa aggaaftcat cagtegttact 1680
gtecactoata aaaasaacatg tggettaatc caacagattec attcacettc taatatgtga 1740
coccagttot tatcocaapgaa tagaapgata gatataacgg caagotctct giaactocegt 1800
catgaccagg tgctttocat tgtapotact tatctaamcat acteatitgg tgaggaggac 1860
tagttgtgac ttaagcictg tocctcagte actocttgaa giacicacca cacataatga 1920
ctgcapagtc agetgctotg ttecccaget gtigigasat attitictaga atgteatgee 1980
tecttetcaa atgasatgce tagetgiaat tagasacgeaa agettaataa aggcacce 2038



<2102
211>
{212>
213>

<400>

500 <210> 45 <211> 2116 <212> DNA <213> Homo sapiens <400> 45
atcagaacca aattgctgag ccagtcacct gtgttcoagg agccgaatca gaaatgtcat 60
94/99 cctcaggcac gccagactta cctgtcctac tcaccgattt gaagattcaa tatactaaga
120 tcttcataaa caatgaatgg catgatt S%8agtggcaa gaaatttcct gtctttaatc 180
ctgcaactga ggaggagctc taccaggtag aagaaggaga taaggaggat gttgacaagg
240 cagtgaaggccgcaagacag gcttttcaga ttggatcccc gtggcgtact atggatgctt
300 ccgagagggg gcgactatta tacaagttgg ctgatttaat cgaaagagat cgtctgctgce
360 tggcgacaat ggagtcaatg aatggtggaa aactctattc caatgcatat ctgaatgatt
420 tagcaggctg catcaaaaca ttgcgctact gtgcaggttg ggctgacaag atccagggcc
480 gtacaatacc aattgatgga aattttttta catatacaag acatgaacct attggtgtat 540
‘Eﬁggccaaat cattccttgg aatttcccgt tggttatgct catttggaag atagggcctg 600
gaictgagcetg tggaaacaca gtggttgtca aaccagcaga gcaaactcct ctcactgcetc 660
fecacgtgge atctitaata aaagaggcag ggtticctce tggagtagtg aatattgttc 720
ctggttatgg gcctacagca ggggcagcca tttcttctca catggatata gacaaagtag 780
BestedEsyysatcaacagag gttggcaagt tgatcaaaga agetgccggg aaaagcaatce
840 tgaagagggt gaccctggag cttggaggaa agagcccttg cattgtgtta gctgatgccg

PO acttggacaa tgctgtigaa tttgcacacc atggggtatt ctaccaccag ggccagtgtt

60 gtatagccgc atccaggatt tttgtggaag aatcaattta tgatgagttt gttcgaagga
1020 gtgttgagcg ggctaagaag tatatccttg gaaatcccct gaccccagaa

Met SerQi6AGiEAAYsl080PECRCiCAgatHgncaagyaa caataigalia paatactiga cetcattgag

1

agtgggaaga 1140 10 5

Lys 1ie Gin His Thr Lys lle Phe tle Asn Asn Glu Trp His Asn Ser

20 25 30

Val Ser Giy Lys Lys Phe Pro Val Leu Asn Pro Ala Thr Glu Glu Val

35 40 45

lle Cys His Val Glu Giu Giv Asp Lys Ala Asp Val Asp Lys Ala Val

50

oh 60

lys Ala Ala Arg Gin Ala Phe Gin lle Gly Ser Pro Trp Arg Thr Met

65

70 75 80

Asp Ala Ser Glu Arg Gly Cys Leu Leu Asn Lys Leu Ala Asp Leu Met

85 90 a5

Glu Arg Asp Arg Leu Leu Leu Ala Thr Met Glu Ala Leu Asn Gly Gly

100 105 110



Lys

Ala

lfe

145

Giy

lie

Lvs

lie

Tyr

225

Lys

Va

Let)

130

Pro

Vat

T

Pro

Lys

210

Gly

Val

95/99 aagaaggggc caaactggaa tgtggaggag gcccgtgggg gaataaaggce
tactttgtcc 1200 agcccacagt gttctctaat gttacagatg agatgcgcat tgccaaagag
gagatttttg 1260 gaccagtgca gcaaatcatg aagtttaaat ctttagatga cgtgatcaaa
agagcaaaca 1320 atactttcta tggctété¥® gcaggagtgt ttaccaaaga cattgataaa
gccataacaa 1380 tctcctctge tctgcaggca ggaacagtgt gggtgaattg ctatggegtg
gtaagtgccc 1440 agtgcccctt tggtggattc aagatgtctg gaaatggaag
agaactggga gagtacggtt 1500 tccatgaata tacagaggtc aaaacagtca
cagtgaaaat ctctcagaag aactcataaa 1560 gaaaatacaa gagtggagag

aa ctctt ca ctccttac agtcact 620 at tagatt ttaaagacaa
A%t fctt}@?a? Cf’fﬁt%aactzsa aagc aga:fl %%O Lat tag?agt taatactacc
daﬁagaaaac ttgacatgtadgcttctictg aaagaafitdt 1740 ttgccttctg aaatgtgacc
cccaagtcct atcctaaata aaaaaaaaca aattcggatg 1800 tatgatctct ctagctttgt
catagttatg tgattttcct ttgtagctac ttttgcagga 1860 taataatttt atagaaaagg
aacagttgca tttagcttct ttcccttagt gactcttgaa 1920 gtacttaaca tacacgttaa
tigclgafia adetdatcty tiodeagtag-ttataeagic I8 cttdfgactgt tttgaaaagt
ttcctaggat gtcatgigig cttgttaaaa gaaajagtcc 2040 ctgtaatatt tagctgtaaa
ctgaatataa agcttaataa aaacaacctt gcatgaaaaa 2100 aaaaaaaaaa aaaaaa
2116 96/99 <210> 46 <211> 501 <212> PRT <213> Homo sapiens
<400> 46 Met Ser Ser Ser Gly Thr Pro Asp Leu Pro Val Leu Leu Thr Asp

ket s106k0 A% 11e Phe Thr Tyr Thr Arg Arg Glu Pro Ile
150 155 160

Cys Gly Gin lle lie Pro Trp Asn Phe Pro Met Leu Met Phe
165 170 175

ivs lle Gly Pro Ala Leu Ser Cys Gly Asn Thr Val Val val
180 185 190

Ala Gliu Gin Thr Pro Leu Thr Ala Leu His Leu Aia Ser Leu
195 200 205

Glu Ala Gly Phe Pro Pro Gly Val Val Asn ile Val Pro Gily
215 220

Pro Thr Ala Gly Ala Ala lle Ser Ser His Met Asp Val Asp
230 _ 235 240

Ala Phe Thr Gly Ser Thr Gln Vai Giy Lys leu lle Lys Glu
245 250 255



Ala

Lys

Giu

Ala

306

Lys

Thr

Lys

Giu

Thr
385

Lys lie Gin Tyr Thr Lys lie Phe lle Asn Asn Glu Trp His Asp Ser 20 25 30
Val Ser Gly Lys Lys Phe Pro Val Phe Asn Pro Ala Thr Glu Glu Glu 35 40
45 Leu Cys Gin Val Glu Glu Gly Asp Lys Glu Asp Val Asp Lys Ala Val 50
55 60 Lys Ala Ala Arg Gin Ala Phé&H lle Giy Ser Pro Trp Arg Thr Met
65 70 75 80 Asp Ala Ser Glu Arg Gly Arg Leu Leu Tyr Lys Leu Ala Asp
Lou lie 8590 95 Glu Arg Asp Arg Leu Leu Lou Ala Thr Met Glu Ser Met
Asn Giy Giy 100 105 110 Lys Leu Tyr Ser Asn Ala Tyr Leu Asn Asp Lou
Ala Giy Cys lle Lys 97/99 115 120 125 Thr Leu Arg Tyr Cys Ala Gly Trp

a As s lie Gin Gly. Ar 5 lleProdle Asp Gly Asn Phe
Ala é}'fé H”r%)r %r %‘ﬂ‘ﬁfrﬁq%s%%u%goﬁio %}Seirgg' %56]:[1%8 ,gGly Val Cys Gly
Gin #&%ie Pro Trp Asn PRE°Pro Leu Val Met Fé% 165 170 175 lie Trp Lys
lle Gly Pro Ala Lou Ser Cys Gly Asn Thr Val Val Val 180 185 190 Lys Pro
Ala Glu Gin Thr Pro Leu Thr Ala Leu His Val Ala Ser Leu 195 200 205 lie

Lys Glu Ala Gly Phe Pro Pro Gly Val Val Asn He Val Pro Giy
Ser Pro Cys ile Val Phe Ala Asp Afa Asp Leu Asp [le Ala Val

275 280 285

Phe Ala His His Gly Val Phe Tyr His Gin Gly Gin Cys Cys Val
290 295 300

Ala Ser Arg lle Phe Val Giu Giu Ser Val Tvr Asp Giu Phe Val
310 315 320

Arz Ser Val Glu Arg Ala Lys Lys Tyr Val Leu Gly Asn Pro Leu
325 330 335

Pro Gly 1le Asn Gin G?y Pro Gin lle Asp Lys Giu Gin His Asp
340 345 350

{le Leu Asp Leu iie Glu Ser Gly Lys Lys Giu Gly Ala Lys Leu
355 360 365

Cys Gly Gly Gly Arg Trp Gly Asn Lys Gly Phe Phe Val Gin Pro
370 375 380

Val Phe Ser Asn Val Thr Asp Glu Met Arg ile Ala Lys Giu Glu
390 385 400



[le

Val

Phe

Ala

Prao

485

His

Ser

210 215 220 Tyr Giy Pro Thr Ala Giy Ala Ala lle Ser Ser His Met Asp lie
Asp 225 230 235 240 Lys Val Ala Phe Thr Gly Ser Thr Glu Val Gly Lys
Leu lie Lys Giu 245 250 255 Ala Ala Gly Lys Ser Asn Leu Lys Arg Val Thr
Leu Glu Lou Giy Gly 98/99 260 26%3?¥D Lys Ser Pro Cys He Val Leu Ala
Asp Ala Asp Leu Asp Asn Ala Val 275 280 285 Glu Phe Ala His His Gly
Val Phe Tyr His Gin Gly Gin Cys Cys lle 290 295 300 Ala Ala Ser Arg lle
Phe Val Giu Glu Ser lle Tyr Asp Glu Phe Val 305 310 315 320 Arg Arg
Ser Val Glu Arg Ala Lys Lys Tyr lie Leu Gly Asn Pro Leu 325 330 335 Thr

Pro Giy Val Thr Gin Gjy Pro Gin [le As s Giy Gin Tyr Asp 340 345 350
Phe Q¥ 189 &' ALY Eéo!ﬂ ﬁé dﬂ%tsLeVFGU@eﬁLygs t%‘/‘asrgf’d gﬁ}’;&%’ Lys Leu 355 360
365 Glu4@ys Gly Giy Gly Pré™rp Gly Asn Lys Gl§™Pyr Phe Val Gin Pro
370 375 380 Thr Val Phe Ser Asn Val Thr Asp Glu Met Arg lle Ala Lys
Giu Giu 385 390 395 400 lle Phe Gly Pro Val Gin Gin lie Met Lys Phe

Lys Ser Lou Asp Asp 99/99
fle Lys Arg Ala Asn Asn Thr Thr Tyr Gly Leu Ala Ala Gly Leu

420 425 430

Thr Lys Asp Leu Asp Lys Ala lie Thr Val Ser Ser Ala Leu &in
435 440 445

Gly Val val Trp Val Asn Cys Tyr lle Met Leu Ser Ala Gin Cys
450 455 460

Phe Gly Gly Phe Lys Met Ser Giy Asn Gly Arg Glu Leu Gly Giu
470 475 480

Gly Leu Tyr Glu Tyr Thr Glu Leu Lys Thr Val Ala Met Lys lie
| 485 490 495

Gin Lys Asn Ser
500

210> 45
211> 2116
<212> DNA

<{213> Homo sapiens

<400> 45

atcagaacca aattpctgag ccagtcacct gtgttecagg agocgaatca gaaatgtcat 60



405 410 415 Val lie Lys Arg Ala Asn Mn Thr Phe Tyr Gly Lou Ser Ala Giy
Val 420 425 430 Phe Thr Lys Asp lle Asp Lys Ala lle Thr lie Ser Ser Ala
Lou Gin 435 440 445 Ala Gly Thr V. %}Trp Val Asn Cys Tyr Gly Val Val Ser
Ala Gin Cys 450 455 460 Pro Phe )?Gly Phe Lys Met Ser Gly Asn Gly
Arg Glu Lou Gly Glu 465 470 475 480 Tyr Gly Phe His Glu Tyr Thr Glu
Val Lys Thr Val Thr Val Lys lle 485 490 495 Ser Gin Lys Asn Ser 500

cctcaggoac gocagactta cetgtectac tcaccgattt gaagattcaa tatactaaga 120
+ottoataaa caatgaatze catgaticag tgagiggeaa gaaatitcet glettiaate 180
ctgcaactga geaggagctc tgocagetag aagaaggaga taaggaggat gttgacaage 240
cagtgaagge cgcaagacag gottttcaga tiggateecece gtggcgtact atggatgott 300
~ ccgagaggeg gopactatta tacéagttgg ctegatttaat cgaaagagat cgﬁctgctgc 360
tggogacaat ggagtcaatg aatggtegaa aactctatic caatgeatat ctgaafgatt 420
tagcaggetg catcaaaaca tigogotact gtgeaggtitg gectgacaag atccaggecc 480
gtacaatacc aattgatgga aatttttita catatacaag acatgaacct attggtgtat 540
.ptggccaaat cattcotteg aatttccogt tegttatget catttggaag atageggoctg 600
cactgagcty tggaascaca grtggttgtca aaccagcaga gcaaactcect ctoactgetc 660
tccacgfcggc atctttaata aaagaggcdag getitcotec tggagtagte aatattgtic 720
ctgettategg goctacagea gegscageca tttottctea catggatata gacaaagtag 780
_ccttcacagg atcaacagag gtigpcaagt tgatcaaaga agotgocgge aazagoaate 840
tgaagageet gaccciggag ctigeaggaa agagecottg cattgtgtta gotgategcce 800
acttgzacaa tpetettgaa titgeacace ateggggtatt ctaccaccag ggccagtgit 960
gtatagecee atcocaggatt tttgtzpgaag aatcaatita tgatgagttt gttogasgga 1020
gtetteageg gectaagaag tatatccttg gaamatcetet gaccccagga gtcactcaag 1080
gocctcagat tgacaaggaa caztatgata aaatactitga cctcattgag agtgggaaga 1140



aagaagEgec
agoeocacagt
gaccagtgea
atactttcta
totectotee
agtgeceett
teccatgaata
gaaaatacaa
atagtagatt
atattagtét
tigeoticts
tatgatetet
taataatttt
gtacttaaca
ctiggactst
ctegtaatatt

aaagaaaaaa

cazactggaa
gtictectaat
gcaaatcate
teggottatea
tctegcaggeca
tgegteggattc
tacagaggtc
gagtggagag
ttaaagacaa
taatactace
aaatgtgacc
ctagetttgt
atagsaaagg
tacacgttaa
{ttgaaaagt
tagcﬁgtaaa

aaaaaa

tetegaggag
gttacagatg
aagtttaaat
gcéggagtgt
ggaacagiet
aagatgtete
aaaacagteca
aagcteottca
aatttttott
catagaaaac
cocaagtoct
catagttatyg
aacagttgoa
ctgeagagta
ttcctaggat

ctgaatataa
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gooccgteegs

agatgocegcat

ctttagatga

ttaccaaaga

gggteaatts

gaaatggaag

cagtgaaaat

atagctaage

ttettgattt

ttgacatgta

aicctaaata

tgattitoet

tttageoittot

aattgeoctctg

gtoatgtotg

agcttaataa

gaataaagge

teccaaagag

cgtgatcasa

cattgataaa

ctatpecete

apaactggga

ctctcagaag

atctocttac

ttttaaacat

gottottcote

aaaaaagaca

ttetagectac

ticcettagt

tteoccagtiag

cttetecaaaa

aaacaacctt

tactttgtee

gagattittieg

agagcaaaca

gocoataacaa

gtaagtgcco

gagtacegegtt

aactcataaa

agicactaat

aagctaaate

aaagaattat

aattcggate

ttttzcagea

gactcitgaa

ttataaagtc

gaaataatce

gcatgaaaaa

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1520

1980

2040

2100

2116
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