NOVEL PEPTIDES AND PROTEIN AND USES THEREOF Cross-reference to related
application [0001]This application claims benefit of, and priority from, U.S. provisional patent
application No. 61/011,292 filed on 15 January 2008, the contents of which are fully
incorporated herein by reference. Field of the Invention [0002] The present invention provides
a method for modulgti%b Jiadh G Emc (bQepas G inacell. In
particular, the inventio . OUS TOT TTottie 5T

(including ataxia, migraine, epilepsy, neurodegeneration, hypertension, cardiac disorders and
diabetes) b)épgé S downre Iattig f CDng and or its interaction with RGK proteins.
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9:1449-63), Rem2 (Beguin et al., 2005, Biochem. J. 390:67-75) and Kir/Gem (Cohen et al.,
1994 Proc. cagCi 12448-52), RGK small GTP-bindi roteins requlate
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protein family, regulates VGCC activity and actin and microtubule cy remodeli
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by up- or downregulation of CCDC95 and or its interaction with RGK proteins.

[0003] The present invention also relates to a method of modulating myogenesis
through regulation of CCDC95 and or its interaction with RGK proteins which
interaction can be used to regulate calcium channel activity, actin and microtubule
dynamics which effect cell shape and cell differentiation among other activities.

Background Art

[0004] The Ras superfamily of GTPases comprises the Ras, Rho, Rab, Arf and
Ran subfamilies (Colicelli, 2004Sci. STKE. 2004:RE13.). Within the Ras subfamily,
the RGK family includes four members, Rad (Reynet and Kahn, 1993 Science.
262:1441-4), Rem (Finlin and Andres, 1997 Mol. Biol. Cell. 9:1449-63), Rem2 (Beguin

- et al., 2005, Biochem. J. 390:67-75) and Kir/Gem (Cohen et al., 1994 Proc. Natl.
Acad. Sci. U. S. A. 91:12448-52). RGK small GTP-binding proteins regulate cellular
processes as diverse as voltage gated calcium channel (VGCC) activity (Béguin et
al., 2006 J. Mol. Biol. 355:34-46) and actin and microtubule dynamics {Pelosi et al.,
2007 Mol. Cell. Biol. 27:6163-76).

[0005] KirYGem, a member of the multifunctional RGK small GTP-binding protein
family, regulates VGCC activity and actin and microtubule cytoskeleton remodeling.
Individual functions of Kir/Gem are dependent on its subcellular distribution. Nuclear



2 localization, for example, prevents its inhibitory effect on the Rho-Rho kinase pathway
associated with changes in cell shape without affecting downregulation of VGCC activity. The
subcellular distribution of Kir/Gem is modulated by calmodulin, 14-3-3 and importin binding,
which in turn is regulated by phosphorylation. [0006] Despite conserved core domains for
nucleotide binding, members of the RGK family shovg striking structural and functional
differences to other proteins within the Ras subfamily. While Ras switches between an
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expression. More specifically, it is documented that abnormal levels of intracellular



[0009]RGK proteins also act on the microtubule and actin cytsokeleton and their
overexpression induces dendrite like extensions in COS-1 cells neurite outgrowth in
neuroblastoma cells (Kir/Gem) and protrusions in endothelial cells (Rem). As shown for
Kir/lGem and Rad, negative regulation of the Rho pathway by direct binding to Rho kinase and
the Rho activating protein Gmip may account to a lagge extent for the effects of RGK proteins
on cell morphology. Little is known about cell morthogenisis and the factors controlling cell
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[0009] RGK proteins also act on the microtubule and actin cytsokeleton and their
overexpression induces dendrite like extensions in COS-1 cells neurite outgrowth in
neuroblastoma cells (Kir/fGem) and protrusions in endothelial cells (Rem). As shown
for Kir/fGem and Rad, negative regulation of the Rho pathway by direct binding to Rho
kinase and the Rho activating protein Gmip may account to a large extent for the
effects of RGK proteins on cell morphology. Little is known about cell morthogenisis
and the factors controlling cell shape and size.



subcellular localization requires tight regulation, which is accomplished by posttranslational
modifications and the association of regulatory factors. Nuclear localization is mediated by the
association of importins with NLSs on RGK proteins. The relevance of nuclear localization is
not well understood but the presence of endogenous nuclear Kir/Gem and Remz2 in primary
hippocampal neurons as well as in situ in cells of thg brain and heart indicate it is important.
[0013] The present invention seeks to provide novel modulators of RGK small GTP-binding

proteins to [e@ry0donchnisaiiofoanationalinolies ¢rd f@&%iimtf%qﬁh@@@rgﬁ:ﬁ%@l@@ﬁt%hich
RGK small GTR-hindi roteins.cqoncentration and location.in a cell. General [0014]Those
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and modifi€ationSahet 2HRaA2hE3e Blyéifaral\Mieds ritved pliveaipv entsoic ndivaéspalesitidactors
variation a ificat j ' 0 jpclud Il of the steps, features, formulations
and compcr)z‘Liﬁlﬁrs—Q&geflﬁemdq'%j ;@ﬁg?gﬁé?ﬁ%@éﬁé s‘!’ge%:l’ﬁﬁ’f%%ﬁ%n’}‘sﬁ%ﬁ?&&al|§”’8‘F”§cﬁ?e§;ﬂ$e yeg%n &
and all con%ﬁféﬁimﬁ@@ea‘myamaMR%@bawfﬁge@sﬁamaﬁams[apmﬁmeedmm_et al.,
reference, patenhgRPReR! BbAbPAIA0y s MR ERIL fERIRRSION FAIBOBHAN SR VLI of

their entirety by reference, which means that it Should be read and considered by the reader

as part of tRRYRRL Signaling thscadeninerdivadbe RnRhptinass pathvay (Beratiehahi2R0a
is not repedied inmBlis gt BcmeEhsir-553sans ebepieiRe BrRFRIORRINGY B anefacigich of

instructions, descriptions, prodict specifications, and product sheets for any products
mentionedﬁ?é‘:’r%?ﬁ%gr T‘% %’ﬁ.‘{?b%gtcﬁ@%{‘ﬁ?c& p%’ra?é%]%yg roRRtE ﬁ@?gn:sgf'eweﬁakﬁ/ 99:11025-
incorporateéifiherein by reference, and may be employed in the practice of the invention.
[0017]The present invention is not to be limited in scope by any of the specific embodiments

described egqiy ThrampMResiMmeMaaedntRAdRd ol PURGRSRES*SH PHlictiRmRY- of
Functionally equivalent products, formulations and methods are clearly 'within the scope of the
invention & LRy 185 eifpduction of new cardiomyocytes can possibly regenerate cardiac
growth and potentially be used fo treat such diseases. Heart tissue is the archetypical
nonregenerative organ which is apparent from the rarity of cardiomycyte tumors. A
number of approches have been used to regenerate myocardium in experimental
animals. Some of these include genetic manipulation of cardiomycytes,
transplantation of skeletal myoblasts, use of donor carciomycytes or the use of
various stem cell transplants (Rubart M & Field L.J. 2006. annu rev. Physiol. 68:29-
49). Of these methods the use of donor carciomycytes has been most succesful
however there are several obsticals to the successful use of such cells in therapy.
The cells do not increase in volume and may not survive transplantation further
effecting the volume of these cells, it is very difficult to have sufficient numbers of
donor cells and there is a lack of adequate immune suppression to efficiently
minimise rejection of the cells. Further it is difficult to study differentiation of

cydiomyacytes as they only represent 20% of the cells present in an adult ventrical.

[0012] RGK small GTP-binding proteins regulate cellular processes as diverse as
VGCC activity (Yada et al.,, 2007 Circ. Res. 101:69-77) and actin and microtubule
dynamics (Piddini et al., 2001 EMBO J. 20:4076-87). This results in a wide variation in
subceliutar distribution of RGK proteins which can transiocate to the nucleus, with
differential effects on RGK protein function. RGK proteins still downregulate channel
activity when they localize to the nucleus, but no longer affect cell shape (Béguin et
al., 2006 J. Mol. Biol. 355:34-46). This coupling between specific function and



6 [0018] The invention described herein may include one or more range of values (eg size,
concentration etc). A range of values will be understood to include all values within the range,
including the values defining the range, and values adjacent to the range which lead to the
same or substantially the same outcome as the values immediately adjacent to that value
which defines the boundary to the range. [0019]Thrdughout this specification, unless the
context requires otherwise, the word "comprise” or variations such as "comprises" or

"comprisin§URGRIE N InslizakCwD ifRayitas ifiahsioreatlatieaedihisherior araamplishederby
but not thegttrisieiaBb A8l HBSTILARSIY UraraHB ofdsiragien!tds ARRMAH MaldRuclear

disclosure and %%ticulag‘\'/]in the claims and/or paragraphs, terms such as "Comprises",

| . ! L R
"comprised® BRI IRGNEARIER Ritehe AssRriaiRn ot Ampgringivite deSs iarURS b aateins.
law; e.g., titwe ceateveare "oicdelear incsidedioninelwdingelnthieediked apgt thad tBrasesEeof

as "consistj tially of' an%f.' sists essentially of. have the meaning ascribed to them in
U.S. Paten%}lg]\‘/\g;,&éﬁé]}f heLf/CLef%ﬁN E?%Mﬂsﬁ%?g IMWCR@MW@@%@%M?H&ES
are found im $ity pnioedstadtiechraffeand basit indivatelitdsdnapstetéstic of the invention.
[0020]Other definitions for selected terms used herein may be found within the detailed

descriptioried g invadiqsrashanmdeghert Whissvrideniss Aefingstodl ShREEISH

i
and techn:gialléeﬁngéused-herein have the same meaning as commonly understood to one o%
e

ordinary s BAPB SRR R YARL AR5ITHIIAEE8. Antnieratiosr the sollfabissoiP frepdéing

have identifisdrders velateatein REBOGS] YEEGRomLYrowIrRseeAdenrassIE£1/ll30aation in a

interacting |¥h a RGK small GTP-binding protein. CCDC95 mediates efficient nuclear
localization 0

"Kir/Gem via importins a6 and a7, bypassing the importin a5-dependent pathway
previously described for Kir/Gem. In a tissue culture model for muscle differentiation, Kir/Gem
redistribut&2M§lthe nucleus to the cytosol during early stages of differentiation. At later
stages, CCDC95 expression is induced and following myocyte fusion Kir/Gem and CCDC95
are found {9@pébtotithosel akdfod yotinecsrt @ilbapypeetsionha e Garmntvi detarivedandiéiatis

localizes tQ HReMirRYR, DLHERES WYy YR ipskdiffersmiation. . those specifically described.
The invention includes all such variation and modifications. The invention also
includes all of the steps, features, formulations and compounds referred to or
indicated in the specification, individually or collectively and any and all combinations
or any two or more of the steps or features.

[0015]  Each document, reference, patent application or patent cited in this text is
expressly incorporated herein in their entirety by reference, which means that it
should be read and considered by the reader as part of this text. That the document,
reference, patent application or patent cited in this text is not repeated in this text is
merely for reasons of conciseness.

[0016] Any manufacturer's instructions, descriptions, product specifications, and
produict sheets for any products mentioned herein or in any document incorporated by
reference herein, are hereby incorporated herein by reference, and may be employed
in the practice of the invention,

[0017] The present invention is not to be limited in scope by any of the specific
embodiments described herein. These embodiments are intended for the purpose of
exemplification only. Functionally equivalent products, formulations and methods are
clearly within the scope of the invention as described herein.



[0022] These results uncover a novel function for Kir/Gem in muscle development. CCDC95
likely provides temporal regulation of the subcellular distribution of Kir/Gem during late stages
of myoblast differentiation. [0023]The present invention provides a method for modulating the
activity of Voltage Gated Calcium Channels (VGCC) in a cell. In particular, the invention
provided methods for modulating VGCC associated giseases (including ataxia, migraine,
epilepsy, neurodegeneration, hypertension, cardiac disorders and diabetes) by up- or
downreguld&F CAhe Ibvanticor desotitred thasrsiftimaG it cluzieinaePAAbroermigeedt values

vent e ) ot - ont. whi thoa
comprises 108 2% PR el I OF BRITER USRI Rt el et
regulates c¥itfimnteadanapaiiniigingtireavalusi delibing theneangs, whit vatfestartiisintge the
and cell difiereadiafigrR iRmaye BhRE acliyities [Qggébﬁt%@?gﬁfg%%}’rgﬁgggﬁcg%g&t%siQK%”U%es

may also be used in methods of identifying substances cap sma
GTP-binding'PietiaR Y Atlinspnisadhaisvale mhicbiefings e boweiaaviiy tRetargsall

GTP-binding proteins. A substance identified by these methods may be used in a method of
modulating[68ta)m chiarmghectivitys repebifisatitificreniéatiomansintese ragpiitael e fARRS ha

particular di there is ided.a methqd for scregning the CCDG95 .gene to identi
mutationsesvt’Jc aégt sneg%ﬁéstrgzéﬁ{s%\%&)%ﬁrgu?ﬁci%%@ﬁn?%sd&'égﬁ{%ﬁﬁ&ﬁ%@ﬁfaé@%%o
gene mutaf@npdysitgoigicssisunsile stalesfdraegep arpmesd afdriegdysduforc thfeneriosion of
between th ing \ ens
g?@gﬁﬁ%ﬁ%l%g S95RRHEE9 R é&gﬂ?ﬁ%ﬁ?ﬁ%oﬁﬁﬁfgc Ssure and

wild-type CCDC( ] 1T CCDCY5 genes can be by any of niques
described RARIFHIFRE i thsRlamtandiprRarreEapbgy teim Suck @stigomerdsraliicanpissd”.

of the partiestanprisiagt atelahiDRRT Idiemnaiyahie Midamhe GRARRGCRE R GANPS Identfiedly
detecting mutanMaItered) CCDG95, proteins, usin%onventional technigues. The mutant

genes are figh SEGUSRLLD B HRERS s pRGhE fltailUdPgacinge e Yo Atthiipisterms
especially #uste dsatdeadistiran essretialiynciomoed theaHRRCOEspraIgIy, sTahiventhe weesring

the diagnogfic ARdsREPgnestls (netheds of g, A LA Sements not explicitly recited,
but exclude elements that are found in the prior art or that affect a basic or novel
characteristic of the invention.

[0020] Other definitions for selected terms used herein may be found within the
detailed description of the invention and apply throughout. Unless otherwise defined,
all other scientific and technical terms used herein have the same meaning as
commonly understood to one of ordinary skill in the art to which the invention belongs.

Summary of the Invention

[0021] We have identified a novel protein, CCDC95, predominantly expressed in
muscle cells as interacting with a RGK small GTP-binding protein. CCDC95 mediates
efficient nuclear localization of Kir/Gem via importins a6 and o7, bypassing the
importin a5-dependent pathway previously described for Kir/Gem. In a tissue culture
maodel for muscle differentiation, Kir/Gem redistributes from the nucleus to the cytosol
during early stages of differentiation. At later stages, CCDC95 expression is induced
and following myocyte fusion KirfGem and CCDC85 are found in apoptotic nuclei of
myotubes. Overexpression of Kir/Gem, but not a mutant that localizes to the nucleus,
interferes with myoblast differentiation.



[0028]The present invention also provides kits for screening patients that might be susceptible
to disorders related to RGK small GTP-binding proteins, which ailments are linked to
mutations in one or both CCDC95 alleles, for example a mutation resulting in
haploinsufficiency of the CCDC95 gene, which kits comprise at least a polynucleotide
complementary to the portion of the CCDC95 gene packaged in a suitable container, and
instructions for its use to identify the CCDC95, which instructions also include a sequence
listing of thE)8@@ipletd fvese srabsllzsm'mttyveomplﬂei(ﬁ@ﬁmﬁfgeh&lmndne&dhﬂéid@mhhyeﬁt
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specified aillments resent mventio Sor screening

confirm anQ@?ﬂ@éﬁtﬁ)ﬁtﬁ@@ﬁféyw@ﬁﬂm&fﬁwmhaﬂsmders related to RGK small GTP-binding
proteins which ailments are linked to haploinsufficiency of the CCDC95 gene, which kits
comprise at least a polynucleotide complementary to the portion of the CCDC95 gene
packaged P@2dlitabkheoptasent zi{n.da'rrtiwupﬂwidéer Hsmemtcdidentrfwméaﬁ@)%amﬁuith of

Instructions gipayi0cisie A WBW@% Q@ﬁng A Ft% oéeahsqu;%g@”éflﬁp Rl t%ventlon

CCDC95 gene seg}uence that Is capa nctional
sequence Pravig nﬁlﬁ&?%&%dﬁ@ﬂh@?@n%e@ﬁ@?@ﬂﬁﬁbrﬂ@%](md@diﬂGn atewsia,
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suitable drugs for restorlng or blocking CCDC95 g ene&)roduct function. 5[3031] The present

invention af¥oFoAEMHEgHiation RGYFA8aiTeiBicrdeRiARE herelsids directed

at CCDC95 genes in cells. These therapeutic agents may take the form of polynucleotides
comprising®@2#la pofterpseshetCEDTion gmmim@memmubﬁm@mmedesis

target cellgin mpegigiie ol WK SREH I b bEst %%ft {ifcr?ogtﬁé %@@B’é@ nd or, its

reconstituted or biocked. Therapeutic agents may aso take olypeptides basad on

either a pottiGhastion wWikhe KIS whick jolsastioncrepdamy anicitmesbanag faptivinaagtin

replace or aifknibRRBUENH&HEORRISSBELBKN- sRABE BtPed ARG BHHSRINADERE Bifer
concentratlor{I {hsubcellular location of peptide fragments of CCDC95 polypeptide. [0033]In a

further aspe present invention provides a composition for modulating a RGK small

GTP-binding proteins comprising a CCDC95 polypeptide, CCDC95 mutants or CCDC95
peptide fralfiidhls. CCDCO6 polypeptides of the invention may also be used in methods of

identifying substances capable of affecting RGK small GTP-binding proteins function,
such as substances capable of modulating RGK small GTP-binding proteins. A
substance identified by these methods may be used in a method of modulating
calcium channel activity, myoblast differentiation and/or celi morthology.

[0026] In a particular embodiment, there is provided a method for screening the
CCDCY5 gene to identify mutations such as those that cause haploinsufficiency. To
detect haploinsufficient CCDC95 gene mutations, a biological sample is preferably
prepared and analysed for a difference between the sequence of the CCDC95 gene
being analysed and the sequence of the wild-type CCDC95 gene. Mutant CCDC95
genes can be identified by any of the techniques described herein. The mutant alleles

can then be sequenced to identify the specific mutation of the particular mutant allele.

[0027]  Alternatively, mutant CCDC95 genes can be identified by detecting mutant
(altered) CCDC95 proteins, using conventional techniques. The mutant genes are
then sequenced to identify the specific mutation for each gene. The mutations,
especially those that lead to an altered function of the CCDC95 protein, may then be
used for the diagnostic and prognostic methods of the present invention.



[0034]Another aspect of the invention provides a system or kit for modulating the activity of
RGK small GTP-binding proteins, the system comprising: a composition comprising a
CCDC95 polypeptide or a peptide fragment of CCDC95, and a delivery agent. [0035]Another
aspect of the invention provides a method of directing stem cell diferentiation comprising
varying the concentration or subcellular location of 8BCCDC95 polypeptide. Preferably the
stem cell is a myoblast. [0036] The invention has a wide spectrum of useful applications The
CCDC95 g8k qudiieprapentiousinticdeatsdprg Videsikita dgrisereseini patients that might be
diagnostic/giagapaife IBIRRRUES GRIANIBURER AN EHe SRR A BIENe IR ARACHG s
herein for a wide range of species. Further, probes and primers baséd on the C gene

sequences3ifsdiBked RraHtAIRNSdNNLIOIdBAtTy HeRERY cllsles onsxrmele caumtitation

and proteingdolgHieirsRagieh BFRISRSCHPIRE OEhTBsaydnes FiakkehsChRrissizatieg i
the new protein C#DC&)S A Anli‘r?m acid sequences of human, rat and mouse CCDC95, Amino
acids are sﬂ‘gb%“. RSN ERLP RGN (48R Rtih Sh ) HEREER gsngeratkasricied

with a dashseitdivie. Thataiite-aoill dprtririd{sCRE s ivdepictedinhagiag COBCYBiNg/Rel
sequence iled-coil domain of the fly ortholague is alsp shown. B Northern blot .

analysis ofﬂés?ﬁé@g Séx%?é’sg%%}nq#%uamgﬁqé%ﬁ%es.%‘ltm?d glrﬁ%uﬁ%ﬁ%@ﬁ?a%naof%w@im
smooth mugsorpigtd EPCHfogensamnibnmeisbid & yapatipns (Bioding analyztoray CCDCI5

| hi ' g | ' v (nanel b and b"
Ln;m;rg’cgigg antiﬁg%%?@(@ A" £ ARG MY RO R FE IR S5 RRY AR & D)

[0029] The present invention also provides kits for screening patients to confim
and or identify that they are afflicted with disorders related to RGK small GTP-binding
proteins which ailments are linked to haploinsufficiency of the CCDC95 gene, which
kits comprise at least a polynucleotide complementary to the portion of the CCDC95
gene packaged in a suitable container, and instructions for its use to identify the
CCDC85, which instructions also include a sequence listing of the complete or a
substantially complete CCDC95 gene sequence that is capably of encoding a
functional CCDC85 polypeptide sequence in a patient that is not suffering from the
specified ailments.

[0030] In addition, the present invention provides methods of screening drugs for
CCDC95 gene therapy to identify suitable drugs for restering or blocking CCDC95

gene product function.

[0031] The present invention also provides the means necessary for production of
gene-based therapies directed at CCDC95 genes in cells. These therapeutic agents
may take the form of polynucleotides comprising all or a portion of the CCDC95 gene
placed in appropriate vectors or delivered to target cells in more direct ways such that
the function of the CCDC85 gene protein is reconstituted or blocked. Therapeutic
agehts may also take the form of polypeptides based on either a portion of, or the
entire protein sequence of CCDCY5 gene. These may functionally replace or block
the activity of CCDC85 gene in vivo.

[0032] In a further aspect, the present invention provides a method of modulating a
RGK small GTP-binding proteins comprising the step of varying the concentration of



Nuclei were stained with Hoechst nuclear dye (blue, panel b"). Confocal immunofluorescence
microscopy of mouse heart cryosections and primary cardiomyocytes (D) co-stained for
CCDC95 (red) and cardiac troponin T (green) antibody. Areas of colocalization are in yellow in
the merged image. Immunohistochemistry of heart using CCDC95 antibodies (panel a). E
Overexpressed CCDC95 localizes to the nucleus. cDs-1 and HIc2 cardiomyocyte cells were
transfecteq:\ggb?ﬁ CCEDCQ cDNA of processed for immunofluorescence microscopy. Areas
of colocalization are R ¢PERIASHY r’ﬁ?ﬁ'—rg@g e GOrERRTiFRtISrAE SHRERIIVEY desaitensof Reptide
Kir/Gem afichgmegis ofdE €2GoE patyimgptidenains. A Coimmunoprecipitation of CCDC95 and
Kir/Gem. (a) Cells were cotransfected with cDNAs for WT Myc-Kir/Gem or a mutant (W269G)

defective ipggad] binging aueAdT Qg&wca‘]ﬁg srif HV%QT&CBD g%egCADCQQévg?Sé‘@%srgﬁoé_

immunoprecipitated and associated Kir/Gem détected by Western blot using antib

different 9 %HaNg 3 BGHyemal HER-birding wioteinsramyitnaGDCODRAL 9lpeptids
(c)to moni@mm&&ﬁumﬁg@ﬁ;@@@@ggm@gﬁM}%ﬁ@n@spectively. B and C ldentification of
residues in CCDC95 important for Kir/Gem binding. (B) List of the individual residues in

CCDC95, ygagiwh i h duced (-/ ) hinding tq Kir/G
i av2nt s ) Aot ol e IO BlidRe R M o2 e Heuieing The

cotransfecRSEINHE RS amallyG Ki-iardingnorvtains, nngatpstéth ABMTBIESS aGBRESition
ther g : :
was then igymisHem %@%%%ﬁ%@%@%wﬁsﬁmaﬁéﬁ% Sf%’ﬁ%ﬁsf%%"%@%ﬂ?&ry

antibodies to the different tags. (b and c) Cell lysates were with antibodies to

or FLAG (@)g&f%onitor Kir/lGem and CCDC95 expression levels, respectively. D and E
Identification of residues in Kir/Gem important for CCDC95 binding. (D) Schematic
representd08330f Kif®etheanastiesimiftdntsinsedtiont peosidey. I maditastlise desetrgmaéin cell

(white), N-, in QN )uthe i f the G1-G ifs involyed in
oTP bindi@%ﬁé&fﬁg{é@g%ﬁg A SRR SRR eRiPeaR =
(red circle)q% SRR IWPemtidr dleeferabivd e stamimgitis acayobtagti-trun and C-trun) and
amino acid substitutions are indicated. (E) 11 Coimmunoprecipitation of CCDC95 and

Kir/Gem. (f00G6]ls wEhe dolrentisectes vathvildNdysttrim AB e CAPpRBETAARE Or HBUEESC o5

Myc-Kir/G G then immunoprecipifated and assaociated Kir/{Gem was detected

by wester 1o e A B R R St A B, D asherometamr

antibodiesthemapeylis eelFmaciqaietiomanticirug Aeeraning BEbE@BSdesprissidreteirler a wide

respectivehingloip 3pkipICtionAh&CICtRUI ANGERGK By membeisceRfnciongl
gy

effect on Kir/Gem induced changes in cell morphology. A Coimmunoprecipitation o

with Rad, BEIHENTEREFOTeS dwieindraydbiiseeida idgntifyNmemeloaBBCOEDCI5 gene

FLAG-CCRéiffe adesk Myd-pratkimeim sthBespesidéeCDCI5 was then immunoprecipitated and
associated RGK proteins were detected by Western blot using anti-tag antibodies. (b and c)

Cell Iysateémrgéggmiwlgpmgw% ‘i)l Sg anti-FLAG (c) antibodies to monitor RGK protein
and CCD expres ) .

Figure 1. Characterization of the new protein CCDC856

A Amino acid sequences of human, rat and mouse CCDC95, Amino acids are shown
in the one-letter code and residues conserved between species are indicated with a
dashed line. The coiled-coil domain of CCDCO5 is depicted by shading. The amino
acid sequence of the coiled-coil domain of the fly orthologue is also shown.

B Northern blot analysis of CCDC95 expression in human tissues.

€ and D Immunolocalization of CCDC95 in smooth muscle and heart. Mouse smooth
muscle cryosections (C) were analyzed by immunohistochemistry (panel a)or
confocal immunofluorescence microscopy (panel b and b”) using CCDC95 antibodies.



B CCDC95 regulates the subcellular distribution of RGK proteins and Kir/Gemmediated
changes in cell morphology. COS-1 cells were transfected with cDNAs for Myc-RGK proteins,
either alone or together with WT or mutated FLAGCCDC95. RGK (red) and CCDC95 (green)
proteins where then localized by confocal immunoflourescence microscopy using anti-tag
antibodies. Areas of colocalization are in yellow in thg merged image. C Quantification of the
morphological changes (see Materials and Methods for details). D CCDC95 abrogates the
Kir/Gem inblusérl weltesdaindd wtbsHiberbstwisle aTdedlituaepatsnsfectesiain cCDNAS for
Myc-Kir/G ' with WT or m tatc:ﬁi FLAG-CCDC95. RGK (red) and
CCDC95 &%@E@?&Erﬁ%%g\%%ﬁgt ?é?lggé:ga[h’zgd'g?%soer*c?ca A Vi) P& croscopy
using anti-GRf EARYEGEE S AR eaHal@inach g rEEH) QRS ¢riat)eiied aaittiide oesment lyrsdin.
Figure 4. %%@s i j -14-3-3 Protein. synthesis was
blocked WicteﬁlcycloH;ﬁ%ggfgﬁrréggir%ﬁﬁ%&aﬁ?eé @%ﬁf&%ﬁ §{%e|§)r{ﬁ1e%§dme inhibitor
(MG132). GBIARNsigehamisiReah hratsing R85 IaniberiesPTIRANd 14-3-3 were
detected by Westen blot using anti-tag antibodies. B Association between CCDC95 and
Kir/Gem folidunreeepohsiseriQItb GoE IR et antldus QDK 2 At D EHSIGRT yte

lysates wagdfsed ' lpitate.Ki %n W.T or mutated CCDC95, or
GST-14-3-3. Fugﬁ%ﬁ%@%ﬁ%ﬂg&?é% spe%%m B RE RSN PE RS A R GRRR
nuclear trafdgORCOPKIrERaA.of ¢dlacdfieation afeNhSyan (DEMOABrgewkivaitzd-coil domain
(green) and the four identified NLSs (red) are depicted. COS-1 cells were transfected with

CDNAs for Rigufd AG\:6RIS1RN of he DTheried KiNGRHPRR@HBNENG o3 thSRERHE een)

pro.teins' WBSF&a&Q%D localized by confocal immunoflourescence microscopy using anfi-tag

antibodies.
A Coimmunoprecipitation of CCDC95 and Kir/Gem. (a) Cells were cotransfected with
cDNAs for WT Myc-Kir/Gem or a mutant (W269G) defective in CaM binding and WT
or truncated forms of FLAG-CCDC95. CCDC95 was then immunoprecipitated and
associated Kir/Gem detected by Westem blot using antibodies to the different tags. (b
and c) Cell lysates were bloited with antibodies to CCDC95 Myc (b) or FLAG (c)to
monitor Kir/Gem and CCDCS5 expression levels, respectively.

B and C Identification of residues in CCDC95 important for Kir/Gem binding. (B) List
of the individual residues in CCDC95, which when substituted to Ala showed a
reduced (-/+) or no (-) binding to Kir/Gem in a Y2H assay. (C) Coimmunoprecipitation
of CCDCO5 and Kir/Gem. (a) Cells were cotransfected with cDNAs for Myc-Kir’Gem
and WT or mutated FLAG-CCDC95. CCDC95 was then immunoprecipitated and
associated Kir/Gem was detected by Westem blot using antibodies to the different
tags. (b and c) Cell lysates were blotted with antibodies to Myc (b) or FLAG (c) to
monitor Kir/Gem and CCDC95 expression levels, respectively.

D and E Identification of residues in Kir/Gem important for CCDC95 binding. (D)
Schematic representation of Kir/fGem and the mutants used in this study. The Ras-like
core domain (white), N- and C-terminal extensions (black), the location of the G1-G5
motifs involved in GTP binding (gray), NLS1-3 (blue) and the binding sites for 14-3-3
(white circles) and CaM (red circle) in KirfGem are indicated. N and C-terminal

truncations (N-trun and C-trun) and amino acid substitutions are indicated. (E)



B Binding of importins to CCDC95. (a) Pull down experiment. Immobilized recombinant
GST-importins were incubated with homogenates of cells expressing WT FLAG-CCDC95 or a
mutant where all 4 NLSs were abolished (NLS 1-4 mutated). Bound CCDC95 proteins were
revealed by Western blot using anti-FLAG antibody. (b) Cell lysates were blotted with
anti-FLAG antibody to monitor CCDC95 protein exphession levels. (c) GST-importin fusion
proteins were detected with an anti-GST antibody to verify that similar amounts of fusion

ﬂroltein Y;/er@amwumauq@mwdsmmn (ayclens W?Pél@;gﬁﬁéf@é%%%it?
ela cells tigsiek | impottin a5 protein were transfected with a cDNASs for
Myc-Kir/Gem ers‘gé(‘i;h l;Itll_ioNn%-or toget e%rn \(/jvm @#ﬁfﬁat%?@i@%%&c%}@ﬁw&)
and CCDCYByteempreiaest e asspiiatedriifli@eas carscdoteicias by W ¢Sioih At tadng
antibodes, snuagliety o dhie enexale el (B LA SER A NS TR e o

image is shown (see Figure 9 for separate image etion of impor
RNAT troat G REETAG iB1ée HpestiHOso: and 6 DR ieperasidetnte!s naagaitivveln

the importin is marked with an asterisk. Figure 6. CCDC95 expression is induced during
muscle diff€iguttatbrints3asios DOSSDCes wittdtherReRiIGRAJIMR A AeIR IEISctional
differentiat%qlfgypoﬁq@%ggjg cryosections of embryoid bodies. CCDC95 (red) and
nuclei (blue) were detecte a%éﬁ?ﬁgpﬁﬁ%eﬁg?n?gﬁ@ﬂajgﬂ dies and Hoechst nuclear dye,

respective% §CD095 expression in newborn and adult mice. Cryosections of heart from p1
to p10 old Ati é’WEPé‘%%F%ﬂRWP@GE%@Q%W&h(ﬁ@Qp&ﬁm angiBem-antdidtels. weems of

colocalizaticutranesfactetiomtindhi Amerge0 N EesF CACERSIEYS Wi RR g iﬁéﬁ&r Rem-2
myogenesiég—f_l%gscar(g%n ocyte cells were differentiated for 7 days by se_rurh withdrawal. =
Differentiatéd or undW?eren%f&%@%%@’@ﬁﬂ@%ﬁmﬂi&é’é prelsosveRipaiasted
muscle mabixeféastpog dinh usingpotiitad fotibenlieblyteirdlopleiers RbeNestaviR QpaRst
nuclear dyg4Rl Tel: anamnts are circled. VWWhjte and grey arrows point to
remnant nuclei@ﬁ&%?g%ﬁﬁﬁg%% iginﬂg?ﬁé}&sfrgg%og @r t{)ﬂﬁg fin t@%% 9&9.5Note

that myogefiRRSgidElavRiSnTasesetielictures. Nuclear remnants are embedded in the
microtubule network and express MyoD. Differentiated H9c2 were labeled with antibodies to

CCDC95 (R&GREMBney MateDthoyagesinlr aissmilitoerrekineaifiuskwsiesdaiected

with Hoec ) he structures by circle or arrows are as described in
(C). CC D@%Hﬁﬁéﬁgfgﬁé’f&ég@%ﬁi reéaé?f%qo%}fwm tandestad wihsRNARTaT3
cells were MyAREeBralging, cier AleneyeDogethelterith ddyDimoutitsd FlokBOOEBH95. RGK
antibodies 4% (LR SNGHEHDEORAUARYY LA BLUEIIE LoliiiGpm and CCDCIS

play a coordinated role in muscle_dif?erentiatign _
iImmunoflourescence microscopy using anti-tag antibodies. Areas of colocalization are

in yellow in the merged image.

C Quantification of the morphologicai changes (see Materials and Methods for
details).

D CCDC95 abrogates the Kir/Gem induced collapse of stress fibers. Swiss 3T3 cells
were transfected with cDNAs for Myc-Kir/Gem, either alone or together with WT or
mutated FLAG-CCDC95. RGK (red} and CCDC95 (blue) proteins where then

localized by confocal immunoflourescence microscopy using anti-tag antibodies. Actin
filaments (green) were labelled with fluorescent phaloidin.

Figure 4. CCDC95 stabilizes Kir/Gem

A Turnover of Kir/Gem and CCDC95. COS-1 cells were transfected with cDNAs from
WT or mutated Myc-Kir/Gem, either alone or together with WT or mutated FLAG-



A Subcellular distribution of Kir/fGem and CCDC95 during differentiation. Endogenous
CCDC95 (green) and Kir/Gem (red) and nuclei (blue) were detected using monoclonal and
polyclonal antibodies and Hoechst nuclear dye, respectively, in CCDC95 either
undifferentiated H9c2 cells of cells differentiated with the indicated time periods. Cytoplasmic
overexpression of Kir/Gem prevents muscle differeqtation and CCDC95 partially releaves this
block. Kir/fGem blocks muscle differentiation. H9c2 14 cells were transfected with cDNAs for

WT or mutt@DIIg5-HiBSa MR AGEIGIR SR fraieRcnas SRIERRS AR S yiheRNAR EMEF in

Myc-Kir/G WT d FLAGCCDCO5. After 57 days of differentiation,
overexpros ISR e BRI PP I I ENGER hape t the

detected ushaicateibtintie pointso KitiSemicRED RS, aa8peEB/8iwarotitbalod/ ByVirEsRIN ot

restricted tQ,§f léﬁﬂ _l}%'fgeﬁ- iated cells when overexpressed alone, but present in
differentiategC1 Ir%‘ng;/otu\f)e w @gﬁ%{pressed with WT CCDC95. (C) Quantification of the

fraction of cells that undergo muscle differentiation under the different conditions (see Material

and MethoB5 SRRARIANOD REDuRsIHFR6AD AR KitGsmdp ewing syslohexiaTideand 46132
differentiatipeatrified. cal CODCIEARacIaS WMEsaR A ieed\WalyeeB a8 Brmangrepaaed
cells analyﬁg(?s rrg%sc @@d in S?%%%g%ﬁ%g proéelns and cells were processed as
described in"section (B). |gcﬂ'rg1 . tiBhBPEA BS05 antibodies. (a) Western blot
using rabbit and monoclonal mouse anti-CCDC95 antibodies. H9c2 cells were transfected
with a cONRIgMre BE43Ca8 interacisomitio spenifieimolistinseyixplidsiagdrepicpstesin lysed

and subjecte@ia My, Brblatianadssis. A single band of 30 kDa was detected in transfected
H9c2 cells, with a faint band likely corresponding to the endogenous CCDC95. No CCDC95

was detected | -1 cel Im rescence micrgspcopy. Differentiated H9c2 cells
were stain<§3Iq#lt'#%%tfgﬁtg‘iﬁ;‘r&?srﬂ8%&%&5@&%80%55@%5§éh%588@53%d&9?e@“r
endogenoudentiied O8. 3w frgsl barsotirpititedicDQRetic gl erin tiae sfengediithagRNNS fo VT
both antibggliags AL I e rabbit .
e SR A KA T A eale AT
exception $NREEiNaRLRcRIERS MrcaripsalipeaHeeliauraseesse FYcieso0 N Bngraliictaon of

the CCDC32bptibedieded nuclear relocalization of RGK proteins. The fraction of cells showing
complete (white bar), partial (gray bar) and no (black bar) nuclear localization of the indiacted

RKG protej ¢ f?ltéeﬁf rti I izatl considered when a fraction of the RGK
protein remﬁe]l%%s‘(’j(%jJ Int e]%;@t%‘g\@g (E%%b@%ﬁ%%ﬁ‘é%ﬁ gﬁ%@%ﬂﬂ?ﬁﬁﬁeg‘?ﬁqollowing
coexpressiGTAMPIREOHEDE-trerAinaseTe ibeabaied with bsmogsiatesrof alis fexpeebsity WT

CDNAs for FLABLECHESDGR st itersmincNi Adaaiasiosidasa (NCHAD frllad
proteins wge dgtaﬁggﬁﬁ |n%)ran_t|-tag antibodies and immunofluorescence microscopy, he
19- galactéSY55e %e fRlpy e realnth Bu W rstemdblgh usitaamivi-AFeaiibody.

overexpregbjoOeirhaates Werdiietise wiieaniprs AGaatiBddY 1o/ hRisRsT TODOENpletiGR!

e R R R W b o

Kir/Gem-ir@iifis g tie serifydhatsimilssrabigumscofrusion pioteitcvebrenisgdontipess ahite)

bar), partigh (o 5yameh AR SNAAENEE FERSEIIPEF RRAEIAD ISRIOERL reated with RNAI to
deplete importin a5 protein were transfected with a cDNAs for Myec-Kir/Gern W269G
alone or together with WT or mutated FLAG-CCDC95. Kir/Gem (red) and CCDC95
(green) were detected by immunofluorescence microscopy using anti-tag antibodies,
respectively. For the coexpression of Kir/fGem and CCDC85, only the merge image is
shown (see Figure 9 for separate images). Depletion of importin a5, expression in
RNAI treated cells was monitored by Westem blot. A non-specific band detected in
addition to the importin is marked with an asterisk .

Figure 6. CCDC95 expression is induced during muscle differentiation



Figure 10. CCDC95 contributes to nuclear transport of Kir/Gem. Importin a5 was depleted in
Hela cells by RNAIi and transfected with a cDNA for Myc-Kir/Gem W269G together with WT
FLAG-CCDC95 (panel a-a") or a mutant defective in Kir/Gem binding (panel b-b"). Kir/Gem
(red) and CCDC95 (green) were detected by immunofluorescence microscopy using anti-tag
antibodies. Note that in the absence of importin a5,M¥T but not the mutant CCDC95 can
translocate Kir/Gem W269G into the nucleus even in the absence of importin a5, previously
shown to bé feGOiERbfsrindukest i eatizptind oo diesCER cEligwert diffRr&HREI e expressed

in remnant Qygle; ' re i [ t%%for 7 days by
serum withdraw%ﬁndt §ﬂ%§ﬁﬂ§%ﬁﬁ%§ﬁ§@§?§fﬁ§%§£ﬁ y(fcra ae?{bdl%gyc%st
nuclear dyéXidRisyerndeleaing ot differentttinelpoistmusing antihattics drurtioedleteruolean
some of thgﬁj}ggkf&éﬁ@e@p_romaﬂn is reduced reduced (panel a-a"), condensed (panel b-b")

or absent (panel c-c"). (b) CCDC95 is induced after exogenous expression of MyoD in

fibroblast C§|EC|HJI 3.cells were transfected with a cDNA for MyoD_and after 4 days of
culture stained With an ARy oD (ragy Rmrﬁﬂﬂﬁﬂﬁgﬁﬁi%@%@%@'%ﬁfﬁﬁﬁmi8§.t°
Figure 12. KIfGkhmice \@2OStab edayith 0ODCEde) and trossindifigrertntionitalies.

Overexpreﬁj&%%Iég@ggﬁggﬁkgr@@;?& gj\flfl %[']éi?ﬁ%% é"é‘d CCDC95 partially Regulation of

nuclear transport of Ki m counterbafances this in oryig}?e%?‘.‘sHQcZ cells were
transfected vgég ﬁDNA_s for WT Myc-Kir/Gem, Kir/Gem 522A/S288A1W269G (db/W269G) or
FLAGCCDES5-Home. RIRTHSRISES WEPMYaoeBRsiRstidee ranipenRadasielswere

(l\j/lyC-Kifr/d Gf?ﬁﬁ%%&fﬁ%@&@@@%e%ﬁ WNM&%?@PW&%ME@%}“Lmaﬂféﬁarﬁgﬁi@célIs
ays of differentiation. .cells were analyze nqfluorescence microscopy using anti-tag
antibodies ?gﬁ%i%wﬁﬁ/&'éﬁmaﬁé%%”ﬁmg%@@ﬁéﬁéﬂﬁsﬁim@mnﬁsmmi FR¥ggepin or
endogenotkopeyuigdnigragelMumiel (hioki wene birded witth Htartiss it dep (Shie)taidhe
overexpre i | sent in. S Iwmg' if I ells whergas CCDC95 and
Kir/Gem aﬁ@gﬁé&%ﬁg %ﬂ%ﬁ@%%@%@reipré&ﬁg@% glﬁg} rl; F?\é' %pﬁ)o%mga& o?gé" Aot
affect musERVERIAAGRIEIRTNMGYoBalin REfragmestiest chmimatm Neepstivele.- Rats fhein and

Rem2 andrify@§etm \wesdsiralians tRs slesaiibridg. section (a). Figure 13. Immunolocalization
of CCDC95 in the heart and skeletal muscle using CCDC95 antibodies. Confocal

i fl i f h fi i di
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(green) ankiférigniiaéed UPed westtakieledwiih gatibedingie GEREAGI(nedka FigeitherMyoD,

Transformag§rirddPyaiasirelie s e asiaoduid &é?@c%ﬁ%ﬁ%’éﬂﬂ%%g

causing downregggillation of CCDCO95 expression. The mioblasts were allowe
into myotutEYGhr A FLICHHEHIANEE Y FHER M TaMS s as dssrrRemhiBdDmicroscopy (A)

and ploted by the number (B). Detailed Disclosure [0037] Here we establish a novel role for

Kir/Gem iren&y056i25sis .inusgd i empexiieatrs €besbarnd MysDlindifdGTaiatesbarsts.

orchestrat i vali ﬂﬁqgg ix-loop-heli ogenic
regulatorygfglgfg ?@%@?@%@Eﬁaﬁkgﬁﬁl@gﬁs an Pe%ﬁ%%ﬁgtﬁg é(lé"%yoD and
members Staied i aathodisrta Myeh faramp oS PERS wetreponinhE (crd)acterization

of a novel glycoprotein (CCDC95) that is enriched in synapses with a expression

predomindriggire Musit/Seatisad@038 T8 pime atdovaiitiatetelale ieuser igifarauaiismcid
sequence, termed herein CCDC95, as well as the protein and amino acid sequences,

including A Subcellufar distribution of Kir/Gem and CCDC95 during differentiation. Endogenous
CCDC95 (green) and Kir/Gem (red) and nuclei (blue) were detected using
monoclonal and polyclonal antibodies and Hoechst nuclear dye, respectively, in

CCDCO5 either undifferentiated H9¢2 cells of cells differentiated with the indicated
time periods.

B Cytoplasmic overexpression of KirfGem prevents muscle differentiation and
CCDCY5 partially releaves this block. Kir/Gem blocks muscle differentiation, HO¢2



variations thereof which are capable of modulating RGK small GTP-binding proteins 17 in
either cells that express CCDC95 enogenously or those cell that do not express CCDC95
enogenously. CCDC95 Polynucleotides [0039] According to the invention there is provided
an isolated CCDC95 nucleic acid molecule which molecule typically encodes a CCDC95
polypeptide, allelic variant, or analog, including fragtaents, thereof. Specifically provided are
DNA molecules for use in screening for mutations in a CCDC95 gene and DNA molecules for
securing eXgisswiere dangeebniifolps dersdFattenoftated MstiA§ TG on &LEG QD TH5g
proteins acphki A6 IR [St] i+a) DN | S
set out in SEEMB{IED%NF‘%BSQH%E?? % or frag%%ﬁ%gﬁéeprggﬁ %%&%éé?ﬁ&b tfél){ Wﬁ%@f@t e
DNA mole&id2c@inblian 3= days tidifeiaptintigmaverereressedidiv e Areddl endegenaus

code on em&g&zﬁm@gﬁ@&g@ﬁ@@%ﬁ%@%&@%@é&@ﬂéﬂa ShiBBANEIPIG NG

moIecuIes.&ﬁO%}P erred DNA molecules according to the invention include DNA molecules
comprising the q‘{)@nd&%%ff%wﬁﬁ- diets WS WIS emysrragivielpt thalr@e. [0041]A
polynucleotiddiffe raitidteteoeiinharpolpeniidedbdraisnaative sladeivarR aanmirstated by
methods well knewn tq those skilled in,the art,.i cribed and/or translated to
produce iR SO S & e B e AR L B dr et s
the completrbstirtuniesgoutieicleckffandtbioancotintheatjfferad candiodedseediaterial

therefrom. JQOAIAR 4SO %gg?]ﬁ)"ngr "substantially pure" nucleic acid (e.g., an RNA, DNA or a
mixed polymer) is one which is ‘Substantially separated from other cellular components which

naturally acc any a native human_sequence or protein, e.g., ribosomes, polymerases,

many othePrANRRHEREHRN S dRRhOREm 38 PRORA oo pdtci b ehiaeies iiareRiietiondHoc

sequence celsatere tinahsfestederitrecDNAE fopWV TMaIRalY ReavEiRDREMPAERRIANd

includes re inant or clon NA isolates.a emjcally synthesized analogs or analogs

biologicalIy%?;é%%@irégéE %%/%%Stgecﬁ) o%%%t? gfsqlar%g; RRIEMY and CEi veré procdssed 8
described in section (B).

Figure 8. Characterization of CCDC95 antibodies. (a) Western blot using rabbit and
monoclonal mouse anti-CCDC95 antibodies. H9c2 cells were transfected with a
cDNA for CCDC95. 48h later, control cells of cells overexpressing CCDC95 were
lysed and subjected to Western blot analysis. A single band of ~ 30 kDa was detected
in transfected H9c2 cells, with a faint band likely corresponding to the endogenous
CCDCB5. No CCDC95 was detected in COS-1 cells. (b) Immunofluorescence
microspcopy. Differentiated H9c2 cells were stained with the rabbit and monoclonal
mouse anti-CCDC95 antibodies to detect endogenous CCDC95. Areas of
colocalization are in yellow in the merged image. Note that both antibodies label
similar structures. Compared to the mouse antibody, the rabbit anti-CCDC95
recognized more cellular structures and was used in the present study, with the
exception of the images in Fig. 7A and Supplemental Data 6b.

Figure 9. (a) Quantification of the CCDC95-mediated nuclear relocalization of RGK
proteins. The fraction of cells showing complete (white bar), partial {gray bar) and no
(btack bar) nuclear localization of the indiacted RKG protein is plotted. Partial nuclear
localization was considered when a fraction of the RGK protein remained in the
cytoplsm. (b) Cell morphology is not affected by Kir/Gem following coexpression with
CCDCY5 and nuclear relocalization, COS-1 cells were transfected with cDNAs for



18 [0043] "CCDC95 Allele" refers to normal alleles of the CCDC95 gene sequence as well as
alleles carrying variations that predispose individuals to develop disorders related to calcium
channel disfunction. Such predisposing alleles are also called "CCDC95 susceptibility alleles”.
[0044] " CCDC95 gene sequence," CCDC95 gene," " CCDC95 nucleic acids" or" CCDC95
polynucleotide" each refer to polynucleotides that anélikely to be expressed in normal tissue,
certain alleles of which predispose an individual to develop disorders related to RGK small

GTP-bindintLf¥et&irP a8 funtienKiviGenorsdt the lcgiktessigase {dGhdnbegaliy Hesimoiteiols
in disruptio 1 is : r cardiac disorders, The geng
cetnee R B T e S el AR e B o AT

related to FRERERFitase fahsling srbweh irdrTERS S A0ERS T kelCetB D SN#rchoyy iHGe s
intended togpsiRersosling s}%&@e@& HURINRNIRG se&&@ﬁgsa@n(ﬂpﬁw'a@wﬁeq}ﬁe@% no

controlling transcription End or translation. The CCDC95 gene sequence is intended to include

all allelic vANSIRIEOSH TR DRNVES FierrlsqiabiTHERGRM s axpresssshalanf o MithdidriGam
refer to a nRelgidation tioét anchees adneHdA9 pPOKPERiIHR-TapaMIt, AgMmolgaiieorv@nantc)

including, L protein fusions or deletions. The. nucleic acids of the present jnvention will
possess aeg'g"qau%iﬁgglt’[%%t?g Ohé rg (r]oegﬂio&ﬂ%h rﬁ‘ﬂ#%’é?gpmﬁfﬁ/séfﬁ“ﬁgf L AsRAsEeRIcbe
encoding giEaetion afeckilyinbmvingtamotiapletentidihe Wwith) apetiaialgCa/DEP antodinglgekdar)

a portion thgreof fHae £pgEsRAYGREG for murine VDCC polypeptide is shown in SEQ ID NO:
1, with the amino :acid sequence shown in SEQ ID NO: 2. The coding sequence for rodent

CCDC95 g.gléeée(gtiﬂ i% h(g{ﬁ}én SES#ID NO: 3, with the amino acid sequence shown in SEQ
1D NO: 4. THEWGT, SHimkrie FPFIRHIES Co DUDETOIASFRTE % SRR SRRPTIINGS: 8as
with the andepleteid iseHsizncellsonRNASEQ tRMsRcEdO0H H\dDIteiR BRMJEKFEERE N 269G
thereof is fﬁ&ﬁ i h@mo S~ tantiglly similar") to another i%?when opfi g?#l
aligned (with ap‘p?%:r)par'%gft]e nuclfgf%%s %%E); |onsS(8|a géle iSh )°v5it {Hé‘tsmepﬁ GWE a'&o“('In ém
complemeragingripanehdpedis. nikiréSede SeefieradidEGRCHbat(pasmMbuearé0detédtea by
nucleotide jjmmuncfiucrescence microscopy using anti-tag antibodies. Note that in the absence
of importin a5, WT but not the mutant CCDC85 can translocate KirfGem W269G into
the nucleus even in the absence of importin a5, previously shown to be required for
nuclear localization of Kir/lGem.

Figure 11. (a) CCDCY5 is expressed in remnant nuclei of mytotubes. H9c2
cardiomyocyte cells were differentiated for 7 days by serum withdrawal and then
stained with an antibody-CCDC95 antibody (red) and Hoechst nuclear dye (blue). The
outline of rempant nuclei is marked by a dotted circle. Note how in some of these
nuclei the chromatin is reduced reduced (panel a-a"), condensed (panel b-b") or
absent (panel c-¢”). (b) CCDC95 is induced after exogenous expression of MyoD in
fibroblast cells. NIH3T3 cells were transfected with a cDNA for MyoD and after 4 days
of culture stained with an anti-MyoD (red) and monoclonal anti-CCDC95 (green)
antibodies.

Figure 12. Kir/Gem and CCDC85 play a coordinated role in muscle differentiation (a)
Overexpression of Kir/lGem biocks muscle differentiation and CCDC95 partially
Regulation of nuclear fransport of Kir/Gem counterbalances this inhibitory effect.
H9c2 cells were transfected with cDNAs for WT Myc-KiGem, Kir/Gem
S22A/S288A/W269G (db/W269G) or FLAGCCDCO5 alone. Altenatively, cell were



19 bases, usually at least about 70%, more usually at least about 80%, preferably at least
about 90%, and more preferably at least about 95-98% of the nucleotide bases.
[0048]Alternatively, substantial homology or (identity) exists when a nucleic acid or fragment
thereof will hybridise to another nucleic acid (or a complementary strand thereof) under
selective hybridisation conditions, to a strand, or to g complement. Selectivity of hybridisation
exists when hybridisation that is substantially more selective than total lack of specificity

occurs. Tymiotitysfedtet weithybDiNaation wilt MetKivGemharg ivRtipas AopCeEYs ideRiilyant

over a stre : 4 nucleqtides, preferabl least ahout 65%, more preferably
at least ab&%%@%iﬁ?ﬂ%ﬂ%k‘%rgﬁy%{f%ass'?a%ac}ﬁ 3%@0 el’ﬁgtq@“%rl’h Hlisotrrspgpalyzed by
comparisodTéRLUeSitiiesteney jcsvscdpygesinyeaciicagaadtibomiepito edebastirrrtemil red).

often be o rﬂfa’ﬁ@r? i cleoti syally at least about 20 .

nucleotide\g,Wklngcfr%r eggt%;l% at eas%ﬁ@ﬁsnﬁéleﬁggagsl%ig% Ié Ot TeRe o onyagenin (green)
nucleotideSHPE GRS vER? dBRetad avtht-Bzenbstetitl ¢bluaid Notsetbatyihe lovstexpoessl ONT
more nuclewiifsen GO HREBHEINSHUAFRIFSS QiR RUsOlMLRISIEFRB IRV S A leARdn%re

more preferably at least 85%, more preferably at least 90% homology to the sequences

shown in tHOSERIESRES RRYRHBSSIH ByGhefrersrasiorr Rl othes trygtring gaepregt effppt
at least 98¥husolaaliffpreNmlientideobreelrgweRmparisrrSA ViR IINALCISH R SlReRIbREmM
below for p&%)ﬁ i s.né %reefeéﬁed seque%re (ﬁ)mg risotr_lp:r{/)?ro ram is the GCG Wisconsin

Bestfit program deseribed below. The darfINeEHA g?ﬁﬁ AdR $ERIRAAalue of 10 for each
identical nucleotide and -9 for each mismatch. The default gap creation penalty is -50 and the
default gagd8tHRsibh emugdiecaliwtioncpih GEERER it hedt suhtekeletahenpastenising

invention, THDUYSIEHESRALENCosEREETHAUANTPeBHEIRAIGR I SRALBRGE éﬁ‘fhiﬁ%dl'%@t F@aﬁ
60, 70, 80 or 90% jdentical Br_eferably at least 95 or 98% identical at the amino acid level over

at least 20 B SRHCB8 ENShBBRRY A BITHACERIEY RFl TReyssCIiBE s Jor dmbs Eresut

in SEQ ID.stwser Far £ODAAGIC(red) hanaoleghiaioud sypipally Qgreensidaiesowith raerector

to those regg? S E&%ﬁ% rpcg"that eﬂ,]code contiguous amino acid sequences known to be
R o T St s

essential for the function protein ra % sential neighbouring 20
sequences, Thus, for example, homology comparisons are preferably made over regions

corresponcﬁfﬂ}’f@tplé'cm-f%W%rﬁé’lﬁ%mBPB’@ﬁirQﬁﬂﬁw§Fﬁ§|MfQHBF€§(§iD€%fdrhm© 66HCO5
;eqftjencg setSlimipoilﬁcIijIkﬁ\Nﬁ&éi&g%&@n(é@@léh@rﬁ@ﬁti%%%@%wh : .QHQQ%B%LQ%

referre eptides af the.dnvention comprise a contiguous seguence having greater than
50, 60 or 7%%%§r¢?§¥88&°m°oﬁf8r8%¥%$%ﬂ?y°dﬁéé?§ﬁ%%ﬁ°§g& 68Y95 W@hﬁhﬁ%@%@&ﬁ@fﬁ
more of th@erictedtiits senfoeatricnd SBAY I(ANDdIplatéchignbedeambmqByids 1 to 70, or 1
to 244 of SEQ ID NO:2 or the equivalent nucleotide sequences in SEQ ID NO: 3 or 5.

Preferred polynucleotides may alternatively or in addition comprise a contiguous sequence
having greBetaited B3 cdds@feor 97% homology to the sequence of SEQ ID NO: 1 that
encodes amino acids 1 to 70 of SEQ ID NO:2 or the corresponding nucleotide sequences of

SEQ ID NQudsey 5. [HeRLIGEispisiieHes RRIVALFIROUARS RRBRIFER CBIgHSSeCINBRERic

havin . .
g specification CCDC95 and muscle differentiation are orchestrated by the sequential

activation of muscle specific HLH (helix-loop-helix) myogenic regulatory factors
(MRFs). These transcription factors and regulators.include Myf5, MyoD and members
of the myocyte enhancer factor family (MEFs). Here we report the characterization of
a novel glycoprotein (CCDC95) that is enriched in synapses with a expression
predominantly in musclecells.

[0038] The present invention relates to uses for a nucleic acid sequence, termed
herein CCDCY5, as well as the protein and amino acid sequences, including

varations thereof which are capable of modulating RGK small GTP-binding proteins



greater than 40, 50, 60, or 70% homology, more preferably greater than 80, 90, 95 or 97%
homology to the sequence of SEQ ID NO: 1 that encodes amino acids 1 to 70, and/or 1 to 244
of SEQ ID No: 2 or the corresponding nucleotide sequences of SEQ ID NO: 3 or 5.
[0052]Nucleotide sequences are preferably at least 15 nucleotides in length, more preferably
at least 20, 30, 40, 50, 100 or 200 nucleotides in length. [0053]Generally, the shorter the
length of the polynucleotide, the greater the homology required to obtain selective
hybridizatidn. €ibasegllertivt ekpress (REDOSE atitgyehtislinventioseceshisizoilesothaipress
about 30 ngeeRtge bl Fgﬁ]g, 'ed that the % identity is greater than 75%, preferably greater
than 90% or 95% compared with the CCDC95 nucleotide sequences set out in the sequence

listings herﬁl% %onversely, where a polynucleotide of the invention consists of, for example,
greater tha B ?i&?%ﬂ&?ﬁﬁi’é@?ﬁwe % identity compared with the CCDC95 nucleotide
sequences set out in the sequence listings herein may be lower, for example greater than
50%, prefel@@BhreecandingdomtislvEpnica] therkeiis guiovivdatidisatomwil beaifases bisic
such condifigis g Rl 0 afon p or organic so ip addition tq the pase
composition, I_ength of thechct)%rggleme%@!)g/ sggr%gy ang 1 eeﬁu%bgﬁgﬁi%%lé)ﬁ&eﬁgag' aﬁg'c
mismatche'¥@ANbefie8AalRg hyPAEEINRG ftrgmenisidshareoill Bpectidijapmmdidd drg tiliga
skilled in thacEeHETERUSETARRTRLHR qaﬂﬁh%%%%efﬁﬂwg@' BRAEH
excess of 30 deirees C., typically in excgess of 37 |olegrees C.,an pr%%% f?/éj%ln6 &@%’I%?ul%s

degrees C'EtiRGERS &K Bnf il B ERIpY¥nERtdAHanable eivmeghieting Bskemall
500 mM, aGd Brbiiediiy\plessiiiaasc 206, . iaweidr! aHie ssdiaation shoarelsiRndstny

more impo n.the measure of any sing! eter, An example of stringent

bt o AR EEREr O SR NG B R esa )b

pH 7.0). [0UBEgTHIESpiinatubldutitize compiesiiiva ofibicinesntiefiriealuite RINAvrchdisable
fragments thereof; and (c) DNA molecules that code on expression for the amino acid
sequence encoded by any of the foregoing DNA molecules.

[0040] Preferred DNA molecules according to the invention include DNA
molecules comprising the sequence set out in SEQ ID NOS: 1, 3, 5 or fragments
thereof.

[0041] A polynucleotide is said to "encode” a polypeptide if, in its native state or
when manipulated by methods well known to those skilled in the art, it can be
transcribed and/or translated to produce the mRNA for andfor the polypeptide or a
fragment thereof. The anti-sense strand is the complement of such a nucleic acid,
and the encoding sequence can be deduced therefrom.

[0042] An “isolated" or "substantially pure”" nucleic acid {e.g., an RNA, DNA or a
mixed polymer) is one which is substantially separated from other cellular
components which naturally accompany a native human sequence or protein, eq.,
ribosomes, polymerases, many other human genome sequences and proteins. The
term embraces a nucleic acid sequence or protein that has been removed from its
naturally occurring environment, and includes recombinant or cloned DNA isolates
and chemically synthesized analogs or analogs biologically synthesized by
heterologous systems.



genomic DNA, synthetic forms, and mixed polymers, both sense and antisense strands, and
may be chemically or biochemically modified or may contain non-natural or derivatized
nucleotide bases, as will be readily appreciated by those skilled in the art. Such modifications
include, for example, labels, methylation, substitution of one or more of the naturally occurring
nucleotides with an analog, intemucleotide modificaggns such as uncharged linkages (e.g.,
methyl phosphonates, phosphotriesters, phosphoamidates, carbamates, etc.), charged

|in||<ages _ge[gﬂﬁosp‘rﬁﬂﬂQatABeI&"!g_emeﬂ@dﬁ{b}iﬁ@%ﬂ@&‘sﬁ?ﬁﬁdﬁcﬁn?ﬁf%ﬁ&sﬁqueﬁg as
polypepti inger rs.(e.q.. acridine, psoralen, etc.), chelatgrs, alkylators, and modifie
linkages (e%.g%fl ;%tghgﬁﬁ%gm%%ﬁﬁﬁ I%?cng 'PJES 2?85.B&E%ﬁﬁ%ﬁ%&@&fé@ﬁt%tﬁema@gw
mimic polyrelgedtittesaicibir chnltysio digidrictiardesRinatesredigpesiog \Aidkeraas aisensined
and other @@E@@H@%%HRH@ fligpolecules are known in the art and include, for
example, those in which peptide’linkages substitute for phosphate linkages in the backbone of
the molec goé%?%]]'@?a r(ésent invention provides recombinant nucleic acids comprising all
or part of t DC9 %I RO BRIG SESMBNENt ORGP Ea)DE ERAFOD N paiaaiplgs” or
autonomo3GDCaspslynelichitidestasetyrahis 16 GUMIGELEES NG AREYIRIS 496 MRsaLed

into the ch | DNA of the hast cell. Such a recombinant polynucleotide comprises a
polynucleo[tlci? eé’)c'i?(E ggqfe?]%nlﬁec', %ﬁf@f Heles A ﬁg%ﬁé&ﬁ%@%@%ﬂ@ﬁ’\%ﬂﬁ?WW%@FRBGG"S

, Seml-S

origin or megigiethio REKismallaSddibirdingithrateinsadisitioctioh 2 PANStGIROHHeHYIIDCITDS
itis associgishinda@iRcd) [RAPKed t ugleofi r than that to which it is linked i
nature; or g) does not oﬁccc%r@1%?&%%&?’?’2%%@7@;(5}@%%2 (r%ecgﬁkﬁ%gwtnﬁu RGeS cell
comprisind"YBISIGE BiHEAFSE ratdiaedisnrderuTihg geseeriteddsyithisdinaatdn. part by
Although the.vslii¥aAasreanRR SBaNAIGERNYILVEIY 6 lghe.
substitutio%.o&jnserti?%oc%s Rs?Aj%‘)"Recombinant nucle%ée{ gc%gsléa aQ %l?ggt?qact?d taﬁgqﬁ%ﬁ Ete
naturally o E:nurfrl?ﬁg[,)rS 5 H‘f%@'by the artificial combination of two otherwise separated
segments of sequence. This artificial combination is often accomplished by either chemical
synthgses@%’ﬁg, off by tR6-BAGgenansegiatiorsofssiendese gmintady modiig seidsehyes,
genetic e”ﬁﬂ%‘?@émﬁde@@ﬁ%ss%'Sﬂéﬁﬁﬂ%ﬂpr&eﬁ%éﬁj@a%%@@‘g‘ ngﬂs%ﬁg%ﬁgﬂd%%/or

codon encoding the same or a conservative amino acid, while typic ntroducing or
removing 4 2BYALARE TReSgHitERS Bens aaauenes s intensiedr adadudsinticyielivevariatiois of
acid segmérdHofAlesyadritctions to generate a desired combination of functions. [0059]
cDNA or genomic libraries of various types may be screened as natural sources of the nucleic

acids of thgypaggent 1 fiQlh ' ' e provided by amplification of
sequencesﬁeﬁent ?r?]@e%\omic Dﬁ\l%%fé&@krgr%%d%lﬁ%lr%gf%&g.,r qﬁ rPteFe ?Hg%ﬁo?ccédoighat
cDNA libr&iEedefntlly B 88pprlpestides firgmmntehnmaloabeeamaianiRMalidirtbe e.g.,

desired prptetes Risages B adrsians. noHBaHlCRIRgHAY. dTuh e BRIMRE A GR ﬁ%&% a

used. Clones of a |ib{§l’ are S{Erea onto, plates, transferred to a substrate for scre

denatured 504 PrEBeaTorh BREERLET: (ialltf SHhrtArtalyoratiaTe i dlalini € CDCI5
sequencesneading esénveotierhavingssiatiytantiap isenaldggshith aub e TePE P encodin

nucleotideg),Qye %@“ baut 7-15 codons, and most preferaply, at least about 3!
codons. O%eng]rqr{noérje intr(}érr?sttrl%zé%gs%g p?%%@ﬁt.sﬁﬁ?é%?ﬁ%%? ll’ﬂﬂﬁeg)éﬁg iBqlxpenijde is
about the BRieMAN SRR fuitt thecamistus picb becthanweostidvay N EOSIIR difinadly Wits
2 CCDCORIHG4OQETBF Fodent CCDCI5 polypeptide is shown in SEQ ID NO: 3, with the

amino acid sequence shown in SEQ ID NO: 4. The coding sequence for human

CCDCS5 polypeptide is shown in SEQ ID NO: 5, with the amino acid sequence
shown in SEQ ID NO: 6.

[0047) A nucleic acid or fragment thereof is "substantially homologous" ("or
substantially similar*) to another if, when optimally aligned (with appropriate
nucleotide insertions or deletions) with the other nucleic acid (or its complementary

strand), there is nucleotide sequence identity in at least about 60% of the nucleotide



[0061]Techniques for nucleic acid manipulation are described generally, for example, in
Sambrook et al., 1989 : "Molecular Cloning: a laboratory manual. Sambrook, J., Fritsch, E.F.
and Maniatis, T. (1989). Coldspring Harbour Laboratory Press, Coldspring Harbour, NY or
Ausubel et al., 1992 Current Protocols in Molecular Biology. Ausubel, F.M., Brent, R.,
Kingston, R.E., Moore, D.D., Seidman, J.G., Smith,123 J.G. and Struhl, K. (1987). John Wiley
and Sons, NY. Reagents useful ina plyln such techniques, such as restriction enzymes and

the like, ar@igBIyHeHBIbA 7 1@k BRI LD%maneraly sNalik At IRast sbott/8Atororeiskably at
England BitlaababBoedomng einty aite girefcN bRy 1 3asP5emaars Rigts Grithe rRIGEHRIN ¢RlSes.

New England Nuclear, and a number of other sources. The recombinant nucleic acid

th tin be derived from
matural or 08 AL LB b IRCRTE (LY B et g scid
cDNA or ermf@@mmhtthaﬂéSIl}SfW@mbmrmetp&rbus:l@eeicﬂ}bftﬁankomptmnahiagtlmtasnd
of Health. [Biheb,ragr! Sated Y ISRSaifh RERMARRC RPAVERSRA Ao GRNGRRAIGIS

refer to the double-stranded DNA comprising the gene sequence, allele, or region, as Rve as

either of th§@f?ﬁl¥"¥tr%dEWDN%@‘@Bn@H%ﬁﬁgW@eh%@hﬁ?ém tanéle%ﬁwmteéyemwe

of the codigglenslaom=edita) AN sIGH @%ﬁ%hewauél'ipow&t%th@&ﬁ%% will
gene sequeggﬁb?yrg'r[@%gﬁﬁ r allele is defined as_having a minimal'size of at leaSt about eight

nucleotide& % 8%,21 26768 1BBAkk 8 ¢ ﬂﬁ@f@’%’r@?@élﬁysgﬁéﬁs?hﬂb&aﬁ about 14
nucleotides\uatebtitas hprafarabiniandbasteadbbat 655, ahots ﬂ%m@a@t@le@iﬁoﬁﬁm@% and

ce ific (0] lex. DNA un rtaln conditions to form
ptex or e BBl B RE R oS TR B L BT RURRL SRETEAER: o5
hybridisat@@%@ﬂhﬁﬁomﬁeﬁ@w@V&hmmn H’ﬁEE@heE)(mﬁ]DBteetﬁlly Ebbteiimedteivioidten be
molecules Gy ISRl PIPRASTHNEGHIfne nucleotides, usually at least about 20 nucleotides,

more usually at least about 24 nucleotides, typically at least about 28 nuclectides,
more typically at least about 32 nucleotides, and preferably at least about 36 or more
nucleotides.

[0049] Thus, polynucleotides of the invention preferably have at least 75%, more
preferably at least 85%, more preferably at least 90% homology to the sequences
shown in the sequence listings herein. More preferably there is at least 95%, more
preferably at least 98%, homology. Nucleotide homology comparisons may be
conducted as described below for polypeptides. A preferred sequence comparison
program is the GCG Wisconsin Bestfit program described below. The default scoring
matrix has a match value of 10 for each identical nucleotide and -8 for each
mismatch. The default gap creation penalty is -50 and the default gap extension
penalty is -3 for each nucleotide.

[0050] In the context of the present invention, a homologous sequence is taken to
include a nucleotide sequence which is at least 60, 70, 80 or 90% identical, preferably
at least 95 or 98% identical at the amino acid level over at least 20, 50, 100, 200, 300,
500 or 1000 nuclectides with the nucleotides sequences set out in SEQ ID. Nos 1, 3
or 5. In particular, homology should typically be considered with respect to those
regions of the sequence that encode contiguous amino acid sequences known to be

essential for the function of the protein rather than non-essential neighbouring



of the invention are also provided and include nucleic acid molecules hybridisable to a
non-coding region of a CCDC95 nucleic acid, which non-coding region is selected from the
group consisting of an intron, a 5' non-coding region, and a 3' non-coding region. The present
invention also provides oligonucleotide primers for amplifying human genomic DNA encoding
a CCDC95 polypeptide such as oligonucleotides sep@ut in the Examples. 24 or subcellular
location are detected by hybridisation with a polynucleotide probe which forms a stable hybrid

with r:hat %Wg@.seﬂhmgﬁrtﬁkhﬁﬁtﬂnﬁ@ﬁid@ﬁyt?é@ﬁ@eahﬁéﬁ@ﬁ%}td}@éwC}&aﬂfﬂ over
wash con it is_expecte e propes wijll be perfectly complementary to the targe
sequence,%%%Egn%aég%%ﬁgﬁén%ﬁ?Eﬁeu%%ﬁfql—z@fmidwﬁ Rl AT TR S el
mismatchirgrie st eeydenes@eiptest ifv SEMIDAOSK B clash Witsdbae sdttivat dhequoTns
will not be 68 %%§%Bk‘f'q %E?]QF e%o %’t' DSAE.C ﬁ_[en.whic rule out . .
nonspecific/adventitious bindlz]gs, t a{ls, &/ f?)c'% ﬁunlerﬁi?e Hoise SHEE SRIARAGR AigRatiguous

identify neG@AMENER Paljitoaperienshanéll 68 nutafiemsnictsgyimdmetipreierably fgrtaesr than
analysis togtermenst stegtelenipmBhg, GC e FHSREBH N&éxﬁﬁ%@g‘g&%@@é&@#&%@,{ﬁé&r%

CCDC95 alleles may be derived from'the sequences of the CCD region orits ¢

probes male &r WhiFBLRAERIR AFINGVARIASs JatcallBr aThdriendfiinf SESCHY MQGidnainthe

which allowqpiesiéathiboidicrlionéqiandes R SERIDNG L SRIECFeAURRE S ERMG b Ades
sequence identicigl to Ehat! of the pr ﬁ?e, the%ﬁiﬁbes magé}b_e short, e.g., in the range of about

8-30 base Pats Shce thehb iy R e SRIMPERAs B FROIPR L FAUSRER Siaving areater than

some degr@@, GBIt &7 % dropeuitagl withitbespoulesckeof IBEG HDIpOctedrBak i asebamib
hybridize tgch\éa{iqgt-?rg ' I may.be employed which. hybridises to th e
sequence with the requigé)llft)g’ E?eﬁﬁg%gjgggﬁéérﬁ% %@é\i\e{lﬂ ,’ﬁ%‘fﬁ?&g*g% PSR es 0? éﬂg 'tD
polynucledﬂ@é 3@éhed to a label or reporter molecule and may be used to isolate other
polynucleotide sequences, having sequence similarity by standard methods. For techniques

for preparif@)&fH lal@iing prebascs:posutRivties keohibrsdd 89 coMiiasa LIRiiRBe having
laboratory ggl,( %ﬁrHBr%Q}(ﬁb Frri .E.F. %pd Maniatis, .%?89 . Coldspring Harbour
Laboratorﬁggrge}ss, Eoldsp’rlng’ 2857 VAPRogy, BYe-prefesdly grraien fs fP. 95 or
Molecular {8obomairmbi, thevse@uenteRof BR§ItHN NOE], Mabencbdes SeidmaeidsG.to 70,
Smith, J.G4 r 1 ; r simjlar palynucleotid

may be selﬁgﬂﬁyﬁgﬁ% %ﬁ%&?@ p\i/(\)%ﬁ]\‘ug%%% es. Htpgdri%:i]\% 3‘%‘&6‘?%%%%‘&?&5& OF@EQ

encoding (o} ar polypeptides may be synthesized or selected by use of the
redundancy in the genetic code. Various codon substitutions may be introduced, e.g., by silent

changes (168@2]y prbdotsntidesiemsoresis crermsitiesablytat dptistirs RXEIERRRIES flehparligidas
system. M&g@gg,w&y@&'rﬁﬁ?%c%% tggqggyﬁ%gﬁug{%&%ties % t%zrpolypeptide, perhaps

to change ligand-binding affinities, intérchain affinities, or the p%?y’pr)‘epﬁ tegradation or
turnover rgbeq] 69]Probes comprising synthetic oligonucleotides or other polynucleotides of

the prese tio ANEFHN &R NAEE tRRuISNOBcalrihey BRiwuisiRatidey Yiegarenter the

double-strhadedonyly negiéeiiien oobrieheseleativsymissiradidnroesnsayalam/e Jagleda

by nick traﬂé@ﬁ'@&e&ﬁ@%"fﬁ{kg‘ ;rr%?é:&?onri cho%tshlg{smoeft 8g§ ‘ERSXV naglott.:qesaort'nuc!eotides, it is
preferred that the % identity is greater than 75%, preferably greater than 90% or 95%
compared with the CCDCO5 nucleotide sequences set out in the sequence listings
herein. Conversely, where a polynuclectide of the invention consists of, for example,
greater than 50 or 100 nuclectides, the % identity compared with the CCDC95
nucleotide sequences set out in the sequence listings herein may be lower, for
example greater than 50%, preferably greater than 60 or 75%.

[0054] Nucleic acid hybridisation will be affected by such conditions as salt
concentration, temperature, or organic solvents, in addition to the base composition,
length of the complementary strands, and the number of nucleotide base mismatches



[0070]Portions of the polynucleotide sequence having at least about eight nucleotides, usually
at least about 15 nucleotides, and fewer than about 6 kb, usually fewer than about 1.0 kb,
from a polynucleotide sequence encoding CCDC95 are preferred as probes. The probes may
also be used to determine whether mRNA encoding CCDC95 is present in a cell or tissue and
whether the genomic organisation of the CCDC95 IBtus is deleted or otherwise damaged.
[0071] A variety of DNA technologies may thus be used to identify mutant alleles in a range of
individuals PRWERL Breohithsiskiziille lewolein adspisewilinie réttiyiappleciargenothisse skilled
sequence, jgu oi ' i ing i ' tions or sulstitutions. .
Fragments ol e 2 S e R e e atures in

screening SXEEScRHE HERSRE 98 CordiyRjfRhdnp RxesSSIMie BT ovegreeisld3. oaedmmedeeably in
CCDC95 p@k}t@uglwﬂﬂﬁa@rﬁégrmmstm@&ﬁf%m&%&%ﬁ%ﬁi%@?ﬂ%@fﬁ@%é& %Vtﬂg)o

type sequence, such as the sequence shown in SE? ID No. 3. In a turthef embodimen
present inv@&%o&%ﬁ)\% S ﬁﬂ?‘él@%f'@élﬂf@%@ SraRie pfe theniRinels tiirwenes tie
in Screenifl’@mbimgﬂ%ﬁp_ﬁriwelﬂ]_ f@rr?mmrrﬂﬁeé\(iﬁyﬁtf)ﬂﬂﬁt%ﬁﬂplfﬁe measure of any single
mutations isms. The plurality of sequences js conveniently provided immobilized to
a solid sub%%é@%{gﬁ's (rﬂ%'sc% ago%geelg SNE%?&%%’E%&'@@%” ‘"‘Bﬂﬁ&t'@?ﬁpist@égﬁo%ejxssc
[0072]PolyiiiEtiadl UF WdNmkrions iNckadiugnpeitiags tra7oay be used to detect both
normal (wild type) and abnormal CCDC95 sequences in nucleic acid samples taken from

patients, nfepss] immabilizeriuasaliserhasa st SRenSiRieRaSIOGGRCRRNIIcDNA.

typically form part of g library of DNA molecules that may be used to detect simultaneously a
number of%?ﬁglrgﬁt EMS ﬁY%%b?\;@n GERSMENTO FH4PY cRRIIRGES rbPHTotRRSRy MM blisetse
libraries ofsmmmaedmmhm/emwmmribmmﬁh@ﬂv-@ﬁéglbh m@ﬁhaﬁfgiﬁﬁdn%aﬁﬁﬁi
describe t j i -stranded nucleic acid molecule libraries, usjng for example
masking tggh%%g Héi%%qghﬁé] %Jf?@ér%%séggé?r% lﬂgﬁigﬁsr%?(ﬁbqBER’&%%%?théVVQWS‘Essélgﬁpef@ the
positions iith&uslidneiifaations iscipdee foNexB1387, 339!t avathidatiorgf subisituien of one
incorporatgl RGN bY 1S AaGAFSHIRER AN MREAICURA 'ahPadicho BAGKEY e
immobilised tq silicon substrates based on very large scale integra lon F6¢ r%logy.%

particular, T8 fisationsN oS8ch37 832 wpsharaad slinkaggealltRigtiingnethynthbsisehopatitic
sets of prafiessphefrisiabysfepnesplasainnasy) acibsHaRhih Mayhs, dlmkgq&m@g.,
the immobé"lf"soesd r%’?‘o I{'(t))er1 éies %Lé% reéiﬁﬁj%vention. U.S. Patent No. 5,837,832 also
provides r¢ Srences rorestePRESABR thtyPiide PRNIERYL MeiglienGdio AatyRaatides),
may be syinteecsiaians <gugan gosidindacesofdlensubstipteHeRisH tamativay, and modified
single-strapegdaaolecylesmay R sHuhe SRR gf‘:?dg?lgtc.)- Also included are synthetic
molecules that mimic polynucleotides in their ability to bind to a designated sequence
via hydrogen bonding and other chemical interactions. Such molecules are known in
the art and include, for example, those in which peptide linkages substitute for

phosphate linkages in the backbone of the molecule.

[0056] The present invention provides recombinant nucleic acids comprising all or
part of the CCDC85 region. The recombinant construct may be capable of replicating
autonomously in a host cell. Alternatively, the recombinant construct may become
integrated into the chromosomal DNA of the host cell. Such a recombinant
polynucleotide comprises a polynucleotide of genomic, cDNA, semi-synthetic, or
synthetic origin which, by virtue of its origin or manipulation, 1) is not associated with
all or a portion of a polynucleotide with which it is associated in nature; 2} is linked to
a polynucleotide other than that to which it is linked in nature: or 3) does not occur in
nature,



substrate and each pre-formed sequence applied to a discrete position on the solid substrate.
For example, nucleic acids may be printed directly onto the substrate using robotic devices
equipped with either pins or pizo electric devices. [0075]The library sequences are typically
immobilised onto or in discrete regions of a solid substrate. The substrate may be porous to
allow immobilisation within the substrate or substanfiglly non-porous, in which case the library
sequences are typically immobilised on the surface of the substrate. The solid substrate may
be made ofl@R§Fhatefiaetefomictepoiybinant es:ciaic Mot seitbmpdsing peysdves tthEvseias
of suitable $@tdr§ﬂ?$&%[ﬁﬁﬁ@cﬁfgepﬂé~h8?&%fih?§’| NGy, MG GRIA rﬁHgs"%%q Or%[?sné%uence
I ne and polymethacrylate. Tt may a%B e

polymers such as plastics, including polystyr
possible to 'iﬁ?é’Q&ﬁﬂﬁﬂﬂ%bﬁ&%@%ﬂ&%@lwﬁ,@swtwlﬂﬁg& stihgtutiore oTbirseion.

which are widely available. The semi-permeable membranes may be mounted on a more
robust solid@dbRice suclRexgialsinafbersigitaceadiady isptomaliidhe erriethitha dehaturally

metal, suc plati other transition metal. A particylar example of a suitable solid
substrate i?&éégﬁo ’méjm%hgéarﬁga% By 8rg%@liﬁﬁﬁmﬁ8&é’bw Atliseyise peparated
[0076]Prefeic@ment ebigautmeate Thigeantifitigl ccombimiztidravingfterigidamspitheddigt either
surface. In grgfaread SmipRdl I S, of 1 rate will ubstantiall

flat, although in some em%gggrﬁgﬁa&%'rgzmﬁéﬁﬂb%é %o%p%?ﬁﬂgﬁéiegéa'x%é’l%@n?ﬁ@@? '%Q/Of

regions for SHRSISRTER, BYCRNRHC iERSIRGEIING, leabainusgiortlishdichedaliy imesiatispiéoe a

preferred thiidbre wiold suBEHARI TSHHARBIMIHPIROEARN S, ARRlCAUN AT AN, SeayanRfs
i from 50 to 100 pm, giving a density of 10000 to 40000 cm-2.

in discrete areas of typically. ( Of g _ _

[0077]The gé‘i‘f&%@bﬁﬁéf@‘i B e AEREY A iB e BFAH TS S ERERPTU IR  SiGay HéteIpRidalY 4y is
techniquespritrme o tjoiicloigether byithsicapii-atgmehty dfapiiia NkstiHCIAEMerate a
teflon-basg&i?lgyéd(%Bﬂgﬁt}g§é}.ﬁ[%%2iguglscrete positions, in which each different member of

the library is located may have any convenient shape, e.g., circular, rectangular, elliptical,
wedge-shaped, etc. [0079] Attachment of the nucleic acid sequences to the substrate may be

by covalen Qﬁ'%n-cﬁ%f’ﬁ@%ﬁ%fr%é'?fé@%?c%fd@@l@ﬁ%éh@@% may he Reiepeed@theatural
substrate vimaréagesfofheoiaciiesdciduhishiiaepibsant 5evsIRRGE SR IBde e RSudRay be
nucleic aci {%%%gaw esanr}]\?éﬁﬁceaL?bell d with biotin and the substrate coated with avidin

and/or stre% avidin. AcohveniantatlrE SRR HIHARN N RIRMAREANARE RiReriSatufal
the efficiengusteauplingowRieRsolitesobsicatefadiNse liteteiesinechesibilyo Hingo Hie fyalissue
acid sequeggss: [ ly t ' bstr , It is, aften essary to provide
a chemical intergg%?eﬁggr%ﬁeg ﬁs)lro %Oéﬁ'g@rga?eé} %515%]1 cgé%g'[%ep (@gemgf gr|1§§s aen([i)éﬁ?e Rucili

acid sequeRREB2EKBIRESSf RutaMercyortcol limafiescamchriosaskadiloyenotydbrary are

Another exgraia srnloepkaetRplyisres eoatstalpe® HeRMEKMES JBRMDRINGAIPRIEN or
modified urihng standard %l%:ﬁgu es to introduce an affinity ligand. Other methods for

attaching moTeedies Y&iR SCe¥0HEBRESubstrate by the use of coupling agents are

known in the art see for example W098/49557.
[0060] The nucleic acid sequences used in this invention will usually comprise at

least about five codons (15 nucleotides), more usually at least about 7-15 codons,
and most preferably, at least about 35 codons. One or more introns may also be
present. This number of nucleotides is usually about the minimal length required for a
successful probe that would hybridize specifically with a CCDC85-encoding
sequence.

[0061] Techniques for nucleic acid manipulation are described generally, for
example, in Sambrook et al., 1989 : "Molecular Cloning: a laboratory manual.
Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989). Coldspring Harbour Laboratory
Press, Coldspring Harbour, NY or Ausubel et al., 1992 Current Protocols in Molecular
Biology. Ausubel, F.M., Brent, R., Kingston, R.E., Moore, D.D., Seidman, J.G., Smith,



[0080]Binding of complementary nucleic acid sequence to the immobilised nucleic acid library
may be determined by a variety of means such as changes in the optical characteristics of the
bound nucleic acid (i.e. by the use of ethidium bromide) or by the use of labelled nucleic
acids, such as polypeptides labelled with fluorophores. 28 Other detection techniques that do
not require the use of labels include optical technig@es such as optoacoustics, refiectometry,
ellipsometry and surface plasmon resonance (SPR) - see W097/49989, incorporated herein

by referencéJoesd] BhmthK.pftaR: idobntitiley arideSansp Y su REsaienbaviSERinm elpibiBaey
nereon ot eas} e ARNBLCISEHCR SR ASESER IhenLeD. prefrably e o pore dieient

polynucleotides of the present invention, for exam Ie two Or mor
polynucleoﬁﬂ%@ﬁ?@@fﬁ%@@f&ﬂ@ﬁﬁefm zﬂlﬁibyendmmdem@dv&nbtﬂhmBmlllabsscﬁldehrtnger

substrate IBIfHAMPARGE ariuUPiRies BRiued aT RAS RIS MA0NEGERERY dene-

[0082] Prepaﬁtlon of recombinant or chemlcally synthesise S; vectors,

transformafiBfi, ASURERS RoABEA SO WesSCIENRUEERMRInAShatieiRin, aﬁlémmes used to

non- punf.epmuacecansmupt@%asdhwam@nqusrﬁeﬁ Wap il E&%ﬂ?&d%@?&%}*%‘?
process that be used to amplify CCDC ene sequences. This technique may am
for exampl&” %ﬁé %r%ﬁ%ﬂﬁ%ﬁduﬂgﬁ%% rm% %Hé?élﬁ%l\ﬁ&eopﬁﬂ‘ﬂ%ﬁ/mmgr@us

stranded oeldblébler stemdgendmibdibnaeissthaii\dpisdprinte $p6RS 2388 PIHEABINKY Ra%onal

and/or conmgﬁp@e%o&‘@%é% reverse transcribing the template to DNA would be utilized. In
addition, a DNA-RNA hy rid that contains one strand of each may be utilized. A mixture of

nucleic ac e employed or the nucleic acids produced in a prewous amplification
reaction dﬁg% %ﬁ%@sdﬁ%%ﬁﬁé%ﬁﬁﬁm ) atifsée-DCO5 allele”

refer to the double-stranded DNA comprising the gene sequence, allele, or region, as
well as either of the single-stranded DNAs comprising the gene sequence, allele or
region (i.e. either of the coding and non-coding strands).

[0063] As used herein, a "portion" of the CCDC85 gene sequence or region or
allele is defined as having a minimal size of at least about eight nucleotides, or
preferably about 15 nucleotides, or more preferably at least about 25 nucleotides, and
may have a minimal size of at least about 40 nucleotides.

[0064] Probe sequences may also hybridize specifically to duplex DNA under
certain conditions to form triplex or other higher order DNA complexes. The
preparation of such probes and suitable hybridisation conditions are well known in the
art.

[0065] Detectably labeled nucieic acid molecules hybridisable to a DNA molecule
of the invention are also provided and include nucleic acid molecules hybridisable to a
non-coding region of a CCDCY5 nucleic acid, which non-coding region is selected
from the group consisting of an intron, a 5° non-coding region, and a 3" non-coding
region. The present invention also provides oligonucleotide primers for amplifying
human genomic DNA encoding a CCDC95 polypeptide such as oligonucleotides set
out in the Examples.

[0066] "Probes”. Polynucleotide polymorphisms associated with CCDCI5 alleles
which predispose to an imbalance of RGK small GTP-binding proteins concentration



[0085]The specific nucleic acid sequence to be amplified, i.e., the polymorphic gene
sequence, may be a fraction of a larger molecule or can be present initially as a discrete
molecule, so that the specific sequence constitutes the entire nucleic acid. It is not necessary
that the sequence to be amplified is present initially in a pure form; it may be a minor fraction
of a complex mixture, such as contained in whole hzdnan DNA. [0086]DNA utilized herein may
be extracted from a body sample, such as blood, tissue material, muscle tissueheart tissue
and the lik@buRsellday oralthnafacietenthdbitinbddisaimeiiih Manitiscioide ipibieaililiah

Cloning:A kglaosai s Manvahi i r. Ny 2280-281, 1982). If the extracted
sample has not been pu_ril%g%z ﬂg;%%ﬁr%fa%%gg%esa uﬁﬁ%:%dt%rr?\éﬁtﬁ]ﬁﬁga%r#o@n{ngﬁ 8 rateely
reagent effeERAsH Bpitination andr wash aanslitiorsnbibitds expestedntipi theptotmeeiie be

and/or Sepaéﬁ@cthﬁﬁfﬁﬂ%bﬁféhﬁtﬁum%iq&@@t@ea@ﬁwiBﬂiﬂﬂgﬂ?%‘ﬁ@iﬁﬁg danayrngey.

step to exq%s,eg gpd separate the strands will allow amplification to occur much more readily.

[0087] The SUBER R MR eaRenedy it 9omes TEsmriching. isrexpritedo fhe
synthesis rekemeeifharseisate bxpetigs thith W /RIRIRR thd HRARIWAIHSMRUERKIdRe

resulting sq|ution is heated tgabout 90 degrees - 100 degrees C from about 1 to 10 minutes,
preferably rtk)mn% %@eg %%utgs)% RAEPHs ?%at?f@?)%?io‘ﬁb% LU iBHSQMsREs s adweniitinus
is preferabin@ingse fhvatisr tichiirationze otisecoSiedamsutharidiesiitath aneampy oiiatal QAL
for effectingdhyg,pri tepsiorreact] lled herein agent.for pol rization™), and the
reaction isgacl;llgweF toggg(u%%.nbg%rl %ﬁéﬂ%&%@hﬁ%v&ﬁ t?n“:‘fhgf'l gﬁ?ﬁ%@a&ﬁﬁcﬁ"ﬁéﬁ%@?é&ﬁ’&nm
may also HERRNS R datestioiofir CHREAgesrentiniityrrilelatable. This synthesis (or

amplification) reaction may occur at room temperature up to a temperature above which the
agent for {0887@rizfimbes fongeChootonteBaumdpraxaspled RINA balysBaRsR s Usethas
the agent, eis.ge I reater than about 40 degree C. Most conveniently
the reactioéﬁq?gcetjg}f’%3 %@%ﬁrﬁﬁé@n‘é@@éﬁ f&géﬁ’ AR %ﬂ&&?ﬂf@%dﬁ@%ﬁ@%éﬁ@@a
from qco@@@@@n@mgﬁdéer@w@%mmmmm allbethepesifictigbtitisatioskiof the
sutfering OTDIBSLHEMRANS HRE kRGN LellehbE snARe SPHIBIGRICHANA B B Inat of the

polynucleotide (eg CCDC95) prior to sequencing. Primers used in any diagnostic assays
derived frcﬁf?ﬁf‘e &%%ﬂ?ﬁ?\/@"f%ﬁ%ﬂ&fﬂj 98 o ifciaREfabBPaHUSER PRSI se gsionedhe

provide initighidth afibbkyrreRiiselipBtENIHIBE RS REHINNT cORdiRKS to |§>§HH1%SI§@I§%BC’&
the presen[%'esr%f rt%clleoside tr'&%%osp%at&‘s and an agent for polymerisation, such as DNA
u

polymerase, and a stitabiB tenperatir GnaBRE [0Bo P iimiSr SUPRFHIaR ) dheyiBrelanwil

for maximbirbedicteiocy vatanpiégitiorg lnmgeaprobadinaly e seasieged whichl e yrmnessio the
primers mgg@g Eé?atdéﬂ%e\gﬁﬂ qfé)?éq‘%ﬁsl%es té%ﬁ% before being used to prepare extension
ciently

products. Primers should be sur ong to prime the synthesis of CCDC95 extension

roducts i resence of the inducing agent for polymerization. The exact length of
P TD%P ?ne probes will inc ud«egzJ an iso ate)c/j polynucleotide attached %0 a label or

reporter molecule and may be used to isolate other polynucleotide sequences, having
sequence similarity by standard methods. For techniques for preparing and labeling
probes see, e.g Sambrook et al., 1989: “Molecular Cloning: a laboratory manual.
Sambrook, J., Fritsch, E.F. and Maniatis, T. (1 889). Coldspring Harbour Laboratory
Press, Coldspring Harbour, NY or Ausubel et al., 1992 Current Protocols in Molecular
Biology. Ausubel, F.M,, Brent, R., Kngston, R.E., Moore, D.D., Seidman, J.G., Smith,
J.G. and Struhl, K. (1987). John Wiley and Sons, NY. Other similar polynuclectides
may be selected by using homologous polynucleotides. Alternatively, polynucleotides
encoding these or similar polypeptides may be synthesized or selected by use of the
redundancy in the genetic code. Various codon substitutions may be introduced, e.g.,
by silent changes (thereby producing various restriction sites) or to optimize

expression for a particular system. Mutations may be introduced to modify the



30 a primer will depend on many factors, including temperature, buffer, and nucleotide
composition. Oligonucleotide primers will typically contain 12-20 or more nucleotides,
although they may contain fewer nucleotides. [0090] Primers that may be used in diagnostic
assays derived from the present invention should be designed to be substantially
complementary to each strand of the CCDC95 gen@fic gene sequence. This means that the
primers must be sufficiently complementary to hybridise with their respective strands under

conditions BA2P&IHRS Hletheaniysrpitementdanps o peansm ligeetheindioe sffihisigninirterchain
should havsmnitisient campipmaias YeyidRi R G itrdovedygieces flanking the mutation to

hybridise therewith and permit amplification of the CCDC95 genomic gene sequence.
[0091]Olig %Jggiotid imers of the invention employed in the, PCR amplification process that
is an enzymatic haiﬁ '}%%%%&? TR Sﬁ’ﬂ&jﬁ%@ %ﬁ%%ﬂ@ﬁ?ﬁ%‘iéﬁﬂﬁ%%f’@%b&@@ %Ot‘ €s 0
sequence ﬁb@@@smﬁkie\mmmm@mdem&tépimmvmtachllywntcarhjmg)m recombivitritesingle-
complemegiagy i RGN S(c(ﬁ?rﬁfﬁwlaééb %I%D&l%ﬁ'la:%rﬂg Sﬁ?ﬁfg%@&%gn?r%% Othr%rac'Ys also

complementary to the positive (+) strand. Annealing the primers 10 denature nocieic Add
followed by@xatsisshhyificktansjatiensidanswviié-inrragtiomenciranreiisdmbnave in the
(Klenow) aggl nucleotides, results in newly synthesised + and - strands containing the target a
CCDC95 gene sequence. Because these newly synthesized sequences are also templates,

repeated f dgnaturing, primer annealing..gnd extension resylts in exponentjal )

productiorﬁ ?r?&f reg%gr%%%s., t?fa @%D‘E 5%%%‘@%@%%%3%&4@’@%@ gﬁﬂ%rfbﬂﬁ‘é sight
product of ﬂh@’@hﬁdﬁ?@&@ﬂ}@ﬂﬁﬁwmmmt’\demlatgidtiﬂiqslemwifamnﬂhdmamstp@mmngstﬁally
e ends ol RSB Sr P YR A0SR KIIOANE QLS AU SR BN PISERE e

using any suitable method, such as convention otriester and phos iester

methods oP&iR5IRAIE8 ARsEmERsRIRtedMAAMESURR Asrintcdrtenpiwinvdrather mRNA
diethylphospotag GED@s WsBrbaeH R ineemareriaisaashnamsiR SYH RS IZRIES 85 EAReH
by Beaucage, et h Tﬁgﬂwedrqn eltter , 22:1859-1862, 1981. One method for synthesising
oligonuclegcfgé%@ RSHodRR SAgelRDorathgaSadameees. pat. No. 4,458,066 31
Suitable enzymes for this purpose include, for example, E. coil DNA polymerase |, Klenow
fragment c{Pg'."ébli DN xapstyrRERNA teelyinisigies maiethys ee essdttaidenifiasutathalleles in
enzymes, Heh#§BGNANEIIR CTRHTRDEF of RS BRYBE M) EB MBHOL THRTBP SiEXRBRIOR

after being subjected to temperatures sufficiently elevated to cause _denaturatlo%), such as
Tag polyrr%gﬁgg.ngmfﬁﬁ%%ﬁesﬂmf%iﬂ%@ SEirRRoRYdnRg Huerstiane Snlatirnsrapdior
manner tosobstithdapmerF eigieeaiendiradurii thaidehishnetanprisinmhie £ s itsi RE Agene
sequence ic acid strand. Generally, the synthesis will be initigted at the 3' end of each
primer an 5%@%‘?.%%% SIS gng%%%"?@rﬁéf%l%‘%‘trﬁ?&? 'ﬁp%n‘ﬁ%a?%&%iwa lon
producing ProYidese s differmrelcBGHE D o) The atdidBssynt fegsemhE GREB6{stramgrisitlg
its compleg ieicacid st Wsfar dé:éi:m =stra lecul yhridizi
conditions deﬁﬁ%ﬁlﬁ&%ﬁgg trﬁ?:ﬁ%ﬁgqg?fs%d In sgggé’q%qej%it‘ ggp&s%lfgtﬁiﬂgﬁoggs%b%ﬁg

next step, BEh& N2 Rinbsa Seriersmimdinent- dhamdeseridriantas sueyidesctplurality of
denaturing@ndivensoFnelastet Be REFREMEIHAEETSH @ROYE KRRaVids fiBoNErapdse

molecules, . . .
individual for the presence of one or more mutations/polymorphisms. The plurality of
sequences is conveniently provided immobilized to a solid substrate as is described

below.
Nucleic acid arrays — “DNA Chip” technology

[0072] Polynucleotides of the invention, including probes that may be used to
detect both normail (wild type) and abnormal CCDC95 sequences in nucleic acid

samples taken from patients, may be immobilized to a solid phase support. The



[0095] The steps of denaturing, annealing, and extension product synthesis can be repeated
as often as needed to amplify the target polymorphic gene sequence nucleic acid sequence to
the extent necessary for detection. The amount of the specific nucleic acid sequence
produced will accumulate in an exponential fashion. [0096]Amplification is described in PCR.
A Practical Approach, ILR Press, Eds. M. J. McPhe&®n, P. Quirke, and G. R. Taylor, 1992.

[0097] The CCDC95 amplification products may be detected by Southern blots analysis,
without usirRf¢aefolctive Brebe willixrienll froveasatfof @by bRNAlMsecplesoff@NAay be

containing ayentAGHELRIeRUEle ARGHAESHINSRALINEGRRGOS Goar SeRRce S

amplified, and analyzed via a Southern blotting technique or similarly, using dot blot analysis.
The use of -radioactiye probes or labels js facilitated by, the high level of the amplified
signal. Altel[rqggéily, S‘% €ﬁ"seéo"d ] ﬁ%‘i&'?ﬁ@aﬁﬁ?fﬁ%‘ﬁsﬁﬁd&f’g esnHeNecmpESHgtRaye
detectably logefedesitieddridbe aerdirn&2jp08tiSenicemre mathpliiattbyribe inethadsaxishe
invention caiLpR.f o] quenced, and the like, either in,_ .
solution or a{‘teBr b%ﬁg %glitgﬁ?gg é?;%?&%@%nfﬁrngﬁ%dj 3'&‘@&?’9’ gggm&ﬁ%gﬁ%ggé%%w%eg
specific DNI® 88dtaiceasioss Remmuiationsorhseavenice at(theikiadous! diBtoste positiogy on the

3:1008-1012y; >-spesifis gl ey ; lysis (conner,et. al
Proc. Natl. Sl Lo O A 5025 S Sy e e 7 Sch S ifofboratec

(Landgren, R8"ein, B¥idRterence; diescvss) ahdnsanes wmstherafeechradueisgohiaarrays
‘[aonoag)é?lf h?mﬁ;ﬁﬁtﬁﬁwwgzﬂ?@ﬂﬁ]ﬁate@b@be&‘ggr_t%zyaé%g%%@g?nt _ dc;]n te_chnolggy. In
referably, the 0 1 . as described herein and as is
commonly Bge’b%‘v’ Blf?rth;%' ngFd]ﬁggl) gliﬁ%lgﬁ%éj gﬁ?%ﬁ&%&ti@%ﬁﬁ?&ﬁ&ﬂg% aiinginitagynthesize
been descripegifindsetan ofisrrdteeenaplopatialiy-isfined thealiCHICHS genuvsegtendtdimpbijede
oy POR Us Sl Biadlichs IRKSAINBMLNISX AIBRER PYD D RAIARVE TSRS S iShhent
alternative amplification systems include but are not limited to self-stustained sequence
replication, NehiSHPBEfRS wiee astvitesdglrsateast Rngadishtenhsiaurb el mayrdser be used.

Reverse trapaginlRISCABIE HHHBR N be Shieard ARt eh iR RV IR waidw iaupise

transcriptase polymerizing a second strand of DNA. Another nucleic acid amplification

technique i iC aGJ ce-hased amplification (NASBA) which uses rever )

e o g O 2 A S A

scheme. NAQBA%&@B@QWME@MWBNA@URM angliadsto aittisitets, positiam pifidsssolid

108 copiesqiitifefD (2 BiaiBh, AR el RS LR RRALB AR HIOLMirate
ate

activated transcription (LAT). LAT works from a single-strande temp1 ith a single primer
that is partidfingiRieligcadess saipasd el ainhaeaizaplambassYiShitiated by
ligating a cDNA to the promoter oligonucleotide and within a few hours, amplification is 108 to
109 fold. THRODH replibadibsystaecmmdrss iz bobios bt iacmiobile R bkt of ie ridscastbetbgions
MDV-1 to 1 y f interest, U mixing with,.a sample,
the hybric S e Gt o o A L R R TR R
replicase tGebpAe igsubrigritalive Rea-eoiiaesedn Aviditteroaselctbadiiranipstcanses are

technique, figReaIghaimEaarsian O:CRY WarsedYorsing Spsdifrreniis labrled ialuasOffay be

sequence of ir{gare t that are covalentléibonded by ligase in the presence of the contiguous

sequence iNa%aHpfMIMATRG2 fRwWirbePolYRERIGES Qosirbiadcifithesdirectly or indirectly.

Examples of suitable solid substrates include flat glass, silicon wafers, mica, ceramics
and organic polymers such as plastics, including polystyrene and polymethacrylate. It
may also be possible to use semi-permeable membranes such as nitrocellulose or
nylon membranes, which are widely available. The semi-permeable membranes may
be mounted on a more robust solid surface such as glass. The surfaces may
optionally be coated with a layer of metal, such as gold, platinum or other transition
metal. A particular example of a suitable solid substrate is the commercially available
BiaCore™ chip (Pharmacia Biosensors).



(RCR) nucleic acid amplification technique uses two complementary and target-specific
oligonucleotide probe pairs, thermostable polymerase and ligase, and DNA nucleotides to
geometrically amplify targeted sequences. A 2-base gap separates the oligonucleotide probe
pairs, and the RCR fills and joins the gap, mimicking normal DNA repair. Nucleic acid
amplification by strand displacement activation (SDAY¥ utilizes a short primer containing a
recognition site for hind' with short overhang on the 5' end that binds to target DNA. A DNA

polymerasd@W&th thé merablahiseic crpetird e QURIRAINS MR SHHNRANAINIFHASISURS-
analogs. Hiﬁy&i&ﬁg&%d P,Iu Per}l rr%lgs the unmodified li)NA strand. A DNA polymerase that
lacks 5' exoriucléase a(:tlvitt} erﬁ/ers a?%eoﬁ{ge thEhIRRA B SYIress BB%@H?@F@Ep‘MHiPQ
the initial pRkhstantialy delvratheughait Soritdingrbodiments wthinhys &/ efosRapr e MAically
SDA produ 1 : : ificatian in 2 hours.at 37 degrees C. Unlike PCR
and LCR, éggﬂﬁfﬁ%%%%%ﬁ%gﬁ%@ At <‘:’§x’§|‘rné’ ,'Er%{ﬂ@feaﬁ%?méi{ﬁg}?ns or

system usétifthRdiEeRiasd it imalsnenetamrditea bRepid ab Syateis. suitahiglid? @R ibigh
the preferr@éﬁéﬂﬂ“@ﬁﬂfsﬁﬂwﬁ@@mifsﬁg%e.n%@é%“ﬂp uﬁ@&%ﬁeo%w‘aﬁ%r%ﬁﬁ\? A58 38 USSP

amplify the CCDC95 %ene sequence as described in,the method of the’invention.
[00100]LarfTaf0HR S5 e iRRG8 JAAR08PH® present invention may also be produced
by replication in a suitable host cell. Natural or synthetic polynucleotide fragments coding for a
desired fraff8&il will The incbtpsubsicatatis recovebiratly mijaet eptic cansionsts, Tisidata P bé
constructs, Lapakig o nbgdustion niep ication | rokaryotic or eucaryotic cell. .
Usually the polynuclegtide coﬁstructs Wil?tg)e@ﬁi{t%%‘]@gg’raeogi@ t?ﬁé %ﬁgq {ﬁﬁgl u}égﬂwgéﬂpa? X

as yeast ofMstt£BmpinipirmhnsatdmeCrRrlingdd§don to (with and without integration

within the genome) cultured mammalian or plant or other eucaryotic cell lines. [00101]A
double-strd@@eglfraghissretegyobitiohsainestiictedichsiifeiesat anstaBdi o ted abriipHdakated

thesis ej V4| lement dand ling, the strands togeth
i appRale RN ea APt S S B aglRG Sl B b

with an ap6priate primer sequence. Nucleic acid constructs and vectors 34
[00102]Polynuclectides of the invention may be incorporated into a recombinant replicable

vector for i[0ORS)ctioAttathmeno ke kc QiickieaBE CRgbleiéah tie ther STRMRMBIGALY be by
comprise %%(!ligrqttion sgﬁstem recognized b;f_the hor':,t., incl.adin the intended polynucleotide

fragment encoding the. eé??é’&isg Slide, Wi HASIRRSId SIEAMERsRR MaY e Aiaghem tardhe
translationaHpstrate viecg kyerpsemierides tpeitibly thekiis do/tbecqualppeptigede nEodingmple,

segment. EXRIESSH fQr le.anorigin of replication or i
suionomotaly oty L (A o8 FEeie Sl O oL RN con

enhancer &YFHecoiarshRRtasliy iforraYeRanticalues ot HBinsohietbylatad sitmieirNaid

splice sitesscplyadesydaion ﬁitﬁéfﬂt@éwieﬁ%@biﬁfg‘@%% SSRYeNASEaN RN ASENIALY

sequences. lo aIiza$i.on signals may also be included where appropriate, whether froma
native CCS&@%”pro A r%}grﬁ'ﬂ?i%f; rBEEhBRAUPTRSS SaYelinh SIPpemRAsY olheosaen s¥id
related specibsirataighibibwittre pauieisdo/clogrevidonletigemisch st dasFeanothausolid
attain its f ] t . localization signal be a myristoylation signal. The
IocalizatioLr%n'sftl;;glj%%ﬁsJe rﬁ%@ %%%éqeqﬁ ?o%%srgé#tﬂ%%iﬂégg%r %?ll ’%?%‘ép%/ﬁ%‘?&ﬁ‘?gﬁr?é‘@@m%? of
domains t&Wf@Qlﬁd&B%ﬂ@@'K%ﬁﬂﬁC@T IPdbiniei g xaetaitepergliation Andifferentsnpiecit foe use
e B anen gsaled SRR LEOHEHRO HER-TERP LAY SRiaREY BRing

included in a plasmid to facilitate localized dimérization in the ence of rapamycin or

FK506 or SR/HEr RPrRAEABS S e itikrd ueegamhaliiniuriggns: Qthamerstbessf for Bittaching
MTOR. Susiplseatosstymie kersenaresaydnamit el R 48 SRR NS Wakwn

known in the grt and discussed, ffr x§r$]1@Ie in_Sambrook et al., 1989 supra or Ausubel et al.
1992 supré{? f Sﬁgfﬁﬁséﬁmg g ‘g\{ qug:ﬂd other necessary vector sequences will be
selected so as to be functional in the host, and may include, when appropriate, those naturally
associated WL C RTslingerfex Extemeieianf nusikithéeidosehirertimnodhedtninestsilard nucleic
expressionyRCipraf g1 ask imrid P avatialy SPRRahE NGRS RS9 % lt\fln%ngptica[
characteristics of the bound nucleic acid (i.e. by the use of ethidium bromide) or by

the use of labelled nucleic acids, such as polypeptides labelled with fluorophores.



35 responsible for maltose and galactose utilization, and others. Vectors and promoters
suitable for use in yeast expression are further described in Hitzeman et al., EP 73,675A.
Appropriate non-native mammalian promoters might include the early and late promoters from
3V40 or promoters derived from murine Moloney leukemia virus, mouse tumour virus, avian
sarcoma viruses, adenovirus Il, bovine papilloma vigs or polyoma. In addition, the construct
may be joined to an amplifiable gene (e.g., DHFR) so that multiple copies of the gene may be

made. For @fisopiédtstinhdecenigudsothet elprassiogyoiettcagerreRHN 1M stishl

expressionyaais pli nomously. they may alsp replicate by being inserted into
the genome of tﬁfe ﬁ%ﬁb §§|g§$ r%te%t%go%ol'é% Wl ﬁ%ﬁ%ﬁﬁ“ﬁf&a %h) f@)%?ﬂ Ets)§?5ﬁaﬁ?n?@8’mﬂﬁ
vectors will§fanaren (BRR) serraWCIMAR8B I incorperatedingraipinteafarenessary for
survival or growth of a host cell transformed with the vector. The presence of this gene

e s ekt e e, o e
i 0 antjbioti er toxic su , e.g.
RELRRILR e B R il o reee om0 o lernis, OB <158%

ampicillin, neomyc%,
critical nutdéferenbpaldilaiitetides ob helgresedianeantiche foenxanerslingbalnbiRedifferent
racemase gl ice. of the er_selectaple marker will end on the host cell,
and approgﬁsatfgg?ngarlge(grﬁg ?%KF(P I é(%&r%lt ﬁc%'?s ReWop kn%wﬁ]’ﬁ?[ﬁgtar?}?égi‘om'ﬂHe fedilfiflerred
containing&fibediansiot dorisaditi subskatafutbar acsepitiessipolinucieutites desivéddreiN Aenes

introducedbiinéer iRahas eqifygkellsiigown methods, e.g., by injection, or the vectors can be
introduced directly into host cells by methods well known in the art, which vary depending on

the type o ar hgst. including electroparation; transfection employing calcium chloride,
ubiciom OB R AL ECHRAEATL o SPUALY OENDERSRT IO e Cifelc

bombardn@sidstiyetéetimriranéietioatiovhémstreeligctor is an infectious agent, such as a
retroviral genome); and other methods. The introduction of the polynucleotides into the host

cell by anygoeg]od kisnodthssastidritusings jashrle ithosarassr Re AhaEy %Mﬁ?géﬁs

referred to rtgerei as "transformation.” The cells into which have been introduced n
described BH5GE A e SAMBLS IO GHI RESBeny of such cells. 36 [00107]Thus the

present invention provides host cells transformed or
[0084] PCR is one such process that may be used to amplify CCDC@5 gene

sequences. This technique may amplify, for example, DNA or RNA, including
messenger RNA, wherein DNA or RNA may be single stranded or double stranded.
In the event that RNA is to be used as a template, enzymes, and/or conditions optimal
for reverse transcribing the template to DNA would be utilized. In addition, a DNA-
RNA hybrid that contains one strand of each may be utilized. A mixture of nucleic
acids may also be employed, or the nucieic acids produced in a previous amplification
reaction described herein, using the same or different primers may be so utilised.

[0085] The specific nucleic acid sequence to be amplified, i.e., the polymorphic
gene sequence, may be a fraction of a larger molecule or can be present initially as a
discrete molecule, so that the specific sequence constitutes the entire nucleic acid. It
is not necessary that the sequence to be amplified is present initially in a pure form; it
may be a minor fraction of a complex mixture, such as contained in whole human
DNA.

[0086] DNA utilized herein may be extracted from a body sample, such as blood,
tissue material, muscle tissueheart tissue and the like by a variety of techniques such
as that described by Maniatis, et. al. in Molecular Cloning:A Laboratory Manual, Cold



transfected with a nucleic acid molecule of the invention. Preferred host cells include bacteria,
yeast, mammalian cells, plant cells, insect cells, and human cells in tissue culture.
lllustratively, such host cells are selected from the group consisting of E. coli, Pseudomonas,
Bacillus, Streptomyces, yeast, CHO, R1.1, B-W, L-M, COS 1. COS 7, BSC1, BSC40, BMT10,
and Sf9 cells. [00108]Large quantities of the nucleig@cids and polypeptides of the present
invention may be prepared by expressing the CCDC95 nucleic acids or portions thereof in

vectors or ﬁhﬂiﬂ@ktmm'oiﬂq.\(emm' ? mmmgaﬁplaﬂqﬁéﬁm&a @étﬁ@ll_ &ﬁ?}&sﬁ%ﬁtﬁﬁéﬁpmﬂed,
most comrr; u rQkaryotic hosts are strains scherichia coli, although_other

prokaryotgg, @éghgagg @aa?:ﬁ us %ﬂ%ﬁl%@@g@ '%rwgﬁam%@o%ceau@@@%%@?}ﬂ&m open
provided atberceisnalianioeisced mainibpass ©DIESS polyles piidete eepding PN ssspmatethe
and modifiegdn P 4p BRIMYDiGRCLANRLPSSIANOf KR I RRIVRSRULE PYMeans of Siop 1o
homologous recombinational event consisting of insertmg an expression reguf%ﬁ'ory s%que%ce

in function&XPRSGrARY feRRFAtTIbe sBansly v allew ceoplifigationuieraesuT meuskpregsiseadily.

regulatory sequence can be an CCDC95 polypeptide expression or not and can replace a
mutant CCEDGB‘!)] pO(ijkbﬂDddexmdd awqusm&pﬁmé@&dfp;a@;wmh@ruﬁé?!yp are
invention alsp, provides methods.for preparing an CCDC95 polypeptide comprisjng: (a .
culturing a%cgﬁggg}éegé%b%é} 2\88{% Tﬁx(%}rem Bn?ﬁﬁﬁb?&v%gm%glﬁfe?ﬁ%i% fmers, in
CCDC95 peiigseiatiel s randrils) aadotrerinestittingxpobstiem €CGR&8E polubeptide. doisgrecedd®
canalsob%@é}gg;g led b s .of: | espplypeptide using.any,, .
suitable means knop\l/%‘r? %%hgtﬁgtjrfg ((}C)d pﬁk&%ggg m%%@ggp?%én b§/ 8r gx’ﬁ?ﬁp Ssge@.’ﬁ‘?é){%ﬁ

[00111]MaRedtmarPsrathetheusaliinr Kogllewrd dacrost twichots paeterblacion thefprimer
plant, inseiydirRABRI AN Y RS RREABIUFBAY %@@e@é‘ﬁﬁ[&ﬂrﬁﬂrﬂ%{t@dﬁgﬂf‘ﬂ% DR e
u

of the present invention. Propagation of mammalian cells in culture is per 'se well known.

Examples BFESHhROARF L PR GRIAh Berein Reeshier peikmeriatosh apktheHipastion
hamster ovaryligild® Yo eltz;uanshidéiSComlitionarkhGibinathdngs, atiwuaghrit ¥6H pelymerization

appreciate%| he skilled practitioner th her, 37 cell lings bF(\a appropriate, e.q9., to .
provide hig gyéispgzééés%%?%G%E?r%eb{f‘eeaW@égé%ﬁ’gﬁeﬁéﬁ%?ﬁg, Soﬁiﬁse ?@ggf%%?' ?hls%yn&eas
(or amplification) reaction may occur at room temperature up to a temperature above
which the agent for polymerization no longer functions. Thus, for example, if DNA
polymerase is used as the agent, the temperature is generally no greater than about

40 degree C. Most conveniently the reaction occurs at room temperature.

[0088] Allele specific oligonuclectide primers derived from CCDC25 gene
sequence may be useful in determining whether a subject is at risk of suffering from
the ailments described herein. Primers direct amplification of a target polynucleotide
(eg CCDC95) prior to sequencing. Primers used in any diagnostic assays derived
from the present invention should be of sufficient length and appropriate sequence to
provide initiation of polyrmerisation. Environmental conditions conducive to synthesis
include the presence of nucleoside triphosphates and an agent for polymerisation,
such as DNA polymerase, and a suitable temperature and pH.

[0089] Primers are preferably single stranded for maximum efficiency in
amplification, but may be double stranded. If double stranded, primers may be first
treated to separate the strands before being used to prepare extension products.
Primers should be sufficiently long to prime the synthesis of CCDCO5 extension

products in the presence of the inducing agent for polymerization. The exact length of



[00112]Clones are selected by using markers depending on the mode of the vector
construction. The marker may be on the same or a different DNA molecule, preferably the
same DNA molecule. In procaryotic hosts, the transformant may be selected, e.g., by
resistance to ampicillin, tetracycline or other antibiotics. Production of a particular product
based on temperature sensitivity may also serve aszgn appropriate marker. [00113]
Procaryotic or eucaryotic cells transformed with the polynucleotides of the present invention

will be usewIm@nwmoaébemﬂveﬁgﬁvyonfatﬁsr@u%ieaﬁl'giié%ﬁee?é’dufée,p&iﬂﬁ,%ﬂaeﬂaés%e

invention, but also, for example, in studying the [()0114] e vector can be designed to
downreguISITPEESS éﬂﬂa%f'ﬁ‘:@?&! Ui il YRIcBlY rsuialn Jened e mrre neisieotides,

cultures ordtrenighuteystamscanthiatenetiradrotiglss. Such cultures or models may provide
systems to study the role of CCDC95 or screen for compounds that can compensate for the

loss in CC CCp§ ' . ides of th
p())rzssg:lt in\(@e%tgig;\ haﬁﬁ%ﬁz@ﬁg i?%e[am S, ﬁ?&%ﬁﬁg%%&%%ﬁ;ﬁ%@%%ﬁﬁﬁ fhe peresent

GTP-bindify BRYRI-Sheaid S Hasignedde feysubstantisd spmnienertanctz eastastaod of the
homologuasCBabB peiforid e ReliRamiideT RIS My RIAINE IR HRm B HHaL: Gl Samaihty

and a nuclear Iolcalisa&;)n sej#@nce (as defined below). CCDC95 polypeptides of the
invention S8 EMGEHRG IRMYRTLREIWRD el s pRAF MG SrardD eodes stopejtiedssthat allow

particularlytfiea gipemtt ot pelyirasiistibavioperosantinllbthersasradidgisametVilodiBehave

polypeptid e red by recombinant ar chemjgal synthetic methods. Presently.

preferred §§@%%@ péﬁﬁ%ﬁ&%&ﬁ ur?at hﬁee or%'bdi];'ngs %ﬂ?ﬁ%rﬂém‘%&%d@% to
ID NOS: 2hyhiislise, the eaieitb andaremrit aroplificaticrs ofiible 0P EA§rgentsnibigeenf squence.
particularly preferred polypeptide consists of amino acids 1 to 70 of the amino acid sequence

shown as B}0Q1P NOligopuallifeasiantrshsmaplaaveste@apIeysa. i ate B R AN lion
The term " olxgggt ge" refers to %ggg:m r of aming acids and Its equivalent and does not
ITIC ;

refer to a SPeC énamsmafhg'ﬁ In JEAGHA0, Bl dIepHges sxpaneRtinlxantities of
included WiEIR@SES gefivdtamgoéacealsiatiptde. thaiauabealfaengpnatepieinimiosexatygrally,

dificati i gl lati tylati h ions,
ad the ik TaBL e WY BBl RN R St SRS aPe
more anal§§S4sNGe Anthéhacrih@ndrigrgpiementanylte, treureisiiveno-heidsndtcAnnealing the
polypeptidpanéi sylrifsiarbinkages azwelinsetsy BadiiGaianrdan¥RodhRe aitbPaline

naturally a]nd non-naturally occurring. [00117]in the context of the present invention, a
homologol’¥ %%q?ﬂ@ﬁ%:’?g akNG irobime s anhinb'srrrdeaudneEclaattas, Hasdts 40, Tewho
or 90% idesyithbsisetrabynat leastARior SfiaidipgticabatdhfsaaingEDIdds Ve sahlaawte.
20, 50, 108, Qr4a mino.acids with the amino acid seguences set out in SEQ ID.
Nos 2, 4 0%8. %r% %ga? |83f?;1r8 %o g%ngts%%%%%dst?/%lfceﬂﬁ%éaﬁ%r%ae REAtRYeGRRa R Rylgs of
regions of #8aaiafoonceikesanneding ssedtettsioe fasclisniofkmEopesttan paddectioanof the
non-esseniiineigRboyNg SeRYG logy isons are,
preferrabglt%l:;lde@ovqr regions corregﬁg}dggﬁgetﬁﬁge%ﬁﬁs&%Eﬁﬁ%ﬁ@%ﬁ%ﬁ%&%@%ﬂ of the
Domain || ShRIDFEIGIPEdE AAisATERE Bialeic @CD duBlexivith Aetmisi qosiesperdiogtin tBE enids
NOS: 2, 4¢fithe ERedmNpRIREI@ABIgGEaaIN corresponds to approximately amino acids 41 to
66 of SEQ ID NO:2. The Domain | corresponds to approximately amino acids 422 to 442 of

SEQ ID Nex h [ imatel j ids 525 to 563 of SE

D Mo, T o e B SRR B R e S S JanF st
Preferred p8lypepuentiosaihcnipgsphiinesarpraada ehaiphodiestaruanethbdsingyreatenibted
50, 60 or WREAAMBINENNBIRE prﬁfsrébéx.&ﬁ%ﬁ&:ﬂ%@@&%@&%ﬂ%@ﬂ@%@ﬁ%rm {t%s

of amino acids 25, 41 to 66, 422 to 442 or 525 to 563 of SEQ ID correspondin
regions of BEESRY /S steging. PalssasppdIRL ey Athosined rridescobad AydRraticage, et
comprise alcontigrslvsdreRuULBREBAVING WsElesaRan(R pr 0PHROMRIRRY IGRMIAARESSIng

422 to 442 of SEQ ID NO: 2 or the corresponding region of SEQ ID NO: 4or 6.
oﬁ’gonugeotldes on a mod(l:f?ed sglid sup%ortgis descﬁbc—?d in U.S. Pat. No. 4,458,066.

[0093] The agent for polymersation may be any compound or system which will

function to accomplish the synthesis of primer extension products, including enzymes.



[00118]Other preferred polypeptides comprise a contiguous sequence having greater than 40,
50, 60, or 70% homology, more preferably greater than 80 or 90% homology to amino acids
25, 41 to 66, 422 to 442, and/or 525 to 563 of SEQ ID No: 2 39 or the corresponding regions
of SEQ ID NO: 4 or 6. Although homology can also be considered in terms of similarity (i.e.
amino acid residues having similar chemical properfiés/functions), in the context of the
present invention it is preferred to express homolo%ﬁin terms of se(j#/ence identity. The terms

"substantiaPHERRFo§)EBRes 8 AhigaPIHBAREE INEIMER. (Bre MRS IR pepliNA Rabatetase |.

the polypetidadw Preigifdntderstion exshibital Ipatimbribe’ OYvigridibswithaffdireeverse
naturally-o¢curring protein or a portion thereof, usually at least about 80% identity, and
preferably JEARSRINEREr SH6F S TIER MBS HEHTR @gaRsoHe cliege enzymes

conducted whielieperfonorprimenllgxteitisitre afidofxeagilyubjedriets cgnepeatoaspatifiviently
programs. ommercially, available computer pragrams can calculage % homolo .
petwoen S o e e LR AR A MRt ey SRR, e !
contiguousfaeijtate cesmbination sef then i iHealtigiesd inithehpropieer magoende dodredbd aninmer
acid in one ' I ' | id. r :
ceauence, S e A A8 ek Sedhes uolei

ungapped a5ihatEnd. afeperaibmiie siyptaess avik beveitiaied atibmBeeed Afsagbofirer and

example lepfotia 58 apBligURliR BN RFIESIEOWAplAlheuaRdhisitiasyerinsiiaPigmiifates,
consistent method, it fails to take |n,té> consideration that, for example, in an otherwise identical
pair of seqRERERENg RAlecHGs PEYIHEERL IRRANS use the following amino acid residues to be
put out of alignment, thus potentially resulting in a large reduction in % homology when a

global aligrifilis p@l‘f@_m&( SunbegiseniGGRES S stand and din pariemestiaod sigleic acid
designed tQpiaduss BHTY GB@B@%?EHH@Htﬁhﬂé@@&ﬂﬂﬁ@%ﬂﬂi%%ﬂmg%ﬁﬁ%d

deletions without penalising unduly the overall homology score. This is achieved by inserting
"gaps" in tRPS¥E FKLER GHRREhiIS HSRAEN BERFRRERIISRS RE 1, PIOBESD | HB RS dIeXh &k,
more complex ReeyosimassigiRdgoR DEVslirRRIbIe-eaaRded molecule is subjected to denaturing

conditions using any of the procedures described above to provide single-stranded
molecules.

[0095] The steps of denaturing, annealing, and extension product synthesis can be
repeated as often as needed to amplify the target polymorphic gene sequence nucleic
acid sequence to the extent necessary for detection. The amount of the specific
nucleic acid sequence produced will accumulate in an exponential fashion.

[0096] Amplification is described in PCR. A Practical Approach, ILR Press, Eds. M.
J. McPherson, P. Quirke, and G. R. Taylor, 1992.

[0697] The CCDCS85 amplification products may be detected by Southern blots
analysis, without using radioactive probes. In such a process, for example, a small
sample of DNA containing a very low level of the nucleic acid sequence of the
CCDC85 gene sequence is amplified, and analyzed via a Southem blotting technique
or similarly, using dot blot analysis. The use of non-radioactive probes or labels is
facilitated by the high level of the amplified signal. Alternatively, probes used to
detect the amplified products can be directly or indirectly detectably labeled, as
described herein.



gap that occurs in the alignment so that, for the same number of identical amino acids, a
sequence alignment with as few gaps as possible - reflecting higher relatedness between the
two compared sequences - will achieve a higher score than one with many gaps. "Affine gap
costs" are typically used that charge a relatively high 40 cost for the existence of a gap and a
smaller penalty for each subsequent residue in the®ap. This is the most commonly used gap
scoring system. High gap penalties will of course produce optimised alignments with fewer

gaps. MosteiRBiment¢AbEREES AMoRifRd Jup Hndnribedpeomdumidaventaryveanithe further
preferred tevateaten detabitaluep MEENeslented SRIIVEHS RS CENSaICHCAmDABIR0ns. ATRir

example when.using the GCG Wisconsin Bestt'it package (see below) the default gap penalty
for amino S oG SBUI S PPY DA AR NP R SRy SHEIRSER (0 PSSR L RTPaF T
maximum DdlAoserjogydbesaitreafir RPRequigesrdre wIstAutitan(Shik, attinah) digMmaenhdidgng
into considerat p les,, A suitable computer progr carrying oyt such.an
alignmentdl“iﬁg% ?sgcgcg ‘s%@gﬁﬁ Bﬁgk%ﬁngWﬁ%}%ﬁg?m?s%’r%n%ﬁw§ﬁ,( %%?5’&?'
etal., 1984aiNubksic. Adatt Resdar8eil 1.B83A., BBn2ife s16B5h eoligrftwaieotive dgatmmfassays
sequence ri ' de_put.are [t , B package. (spe.Aus

1999 i Cnley T AT oA G AL 200 ol Bk A0 A5) M eIl itk

GENEWORRRNHES of @oRpHYisenalysis. Bava HisesTramewas thandamnilaile 3y ouieace,
and onlinezgapeiyppisegggisubel et at, 1999 ibid, pages 7-58 to 7-60). However it is
preferred to use the GCG Bestfit program. [00124]Although the final To homology can be

measured J s of,i ity. the alignment process.itself j ically not Qn a .
aII-or-nothﬁng% rcg‘gr)ﬁ%]gerr}ligs%fﬁ.‘ rI}r?'s e'gﬁ{%"é]cé?f;a%ﬁ. At ?%@%a%ﬁxglgﬁé%:aﬂﬁ l%esgf%g?
assigns sdeeeginoantiapdingigmroonpauissh badbdsen sherdicargiskitirity theeadiutibiiarpative

distance. AeEHNF ShpHABAICRAMENS MRERANbL stk BhQRYME 2matieaths Rsia b

matrix for the BLAST suite of programs. GCG Wisconsin %rograms generally usSe either the

public defdlft VafcldS S He081SRALFRER I 2BRIFHsEM BEIB it§ifshirimase AfsBienanNaaties is
further detgigilaklysaprpiieathip theedifenmthlis il values iR iel GrigifcarRrosRitiAs

vl L e GO
sequence #ihamtisedlencn ibivBidA g dalératemnths 53 prohaitte Rayeeszdransepptaxen amdes
generates g DURIGACHIFYINA and degrades the RNA, followed by reverse transcriptase
polymerizing a second strand of DNA. Another nucleic acid amplification technique is
nucleic acid sequence-based amplification (NASBA) which uses reverse transcription
and T7 RNA polymerase and incorporates two primers fo target its cycling scheme.
NASBA can begin with either DNA or RNA and finish with either, and amplifies to 108
copies within 60 to 90 minutes. Alternatively, nucleic acid can be amplified by ligation
activated transcription (LAT). LAT works from a single-stranded template with a
single primer that is partially single-stranded and partiaily double-stranded.
Amplification is initiated by ligating a cDNA to the promoter oligonucleotide and within
a few hours, amplification is 10% to 10° fold. The QB replicase system can be utilized
by attaching an RNA sequence called MDV-1 to RNA complementary to a DNA
sequence of interest. Upon mixing with a sample, the hybrid RNA finds its
complement among the specimen's mRNAs and binds, activating the replicase to
copy the tag-along sequence of interest. Another nucleic acid amplification technique,
ligase chain reaction (LCR), works by using two differently labeled halves of a
sequence of interest that are covalently bonded by ligase in the presence of the
contiguous sequence in a sample, forming a new target. The repair chain reaction



41 [00126]CCDC95 polypeptide homologues include those having the amino acid sequences,
wherein one or more of the amino acids is substituted with another amino acid which
substitutions do not substantially alter the biological activity of the molecule. An CCDC95
polypeptide homologue according to the invention preferably has 80 percent or greater amino
acid sequence identity to the human CCDC95 poly %ptide amino acid sequence set out in
SEQ ID NQx xamples of CCDC9 lypeptide homologues within the scope of th
invention i% t'ﬂlécﬁiﬁn%cb i&@@ﬁﬁé&%ﬁof aqf?l\l@gs. i FRMAPIENERED: Ffetargst-
aspartic acipeeifitluigiswtibstitle aurotich phirsg ntemcidi{b)eopelpmeTase ik Uigiase! esidl BINIA
substituted, i ng; ine or.valine residues js,substituted with alanipe;
(d) one orclr‘n%ﬁgdaﬂr%%r%qr.{:% é%)‘s’?ﬁ]ﬁ%e@?? f@%ﬁgﬁ?ﬁ? % Sty c 8?'(e%\ %%agre r%%?esfaﬁ%rs&frk\eesor ¢
phenylalarffigorustrids suthsioais windtthetGRERNS Grel jui 6 Do Gapo wminicking CDMmoA

polvoepidg g igh i BT RAYRERISI 85505 Lyche GERCSRRCaRARKSDA

variants or fragments thereof. Also included are prot€ins encoded’b |
under high“8li#6% 2tARgE RAMIHeERYARIRG @ceroositior sl danlura adthsshad @uedigng on

related polypestigas apIsiRiIBdatiigueh R ANk TSKAIBINMERBEABRPIRINGRN of the primer
[00128]"Protein E?o ifications or fr&ﬂmen "are ﬁ)qrp\_/ided by the present invention for
|

ccDcos (HREJRE AVEIRRaN RIRI3s AREPIREADHBAT 16 1 BARedPUt
structural seyieotethatwimeltifeiuDe) e straindvivie DNA pbigrebersic thatnddie dhexieiclease
modifications. ich incorporate unusual aming acids. Such modifications include, for . ..
example, e&%@*%%ﬁ?ér%%%aﬁg% ,%%gp Ig?y%r%fg‘rﬁ ,eaf{}g(;{gyl%@gm %%%guﬁ?ﬁé‘l?c?ﬁ?%&'e iﬁrﬁlfial
e.g., with retneteliaes, downsigans and ymikdiogodifiv aenwhichwsitirsesraadiipregpirsat&dby

those well sigliclds grezrck harviot.pidaiiafedfoiahel b arnepides and ef UBRILIBER

or labels useful for such purposes are well known in the art, and include fadioactive isotopes

such as 3889liddr8s wkéh BRRBroNabdRAMiRL IgalTaResigd aiammearatyrgiuereliMbresAnother

chemilumiaggsiFichagenéysenay masupid andiligrasisavbictheathsentRRsiSPRefiaBiRigdaE
members té)

ralab ligand. The choice qf label depends on the sensitjyity required, ease of
conjugation’(ﬁ?ﬁn}h%?ﬁﬂﬁg%, %%%lﬁﬁgsﬁﬁ?z?ﬁf&%f@%‘igada\? m@%&%&%@%@%&% oF
labeling paltfpeptidtvdsccar lblacomeninat dcoamBlifg, thegCER GG amnet sEiqUEDRS asplesaribed
Ausubel et alp, 1 UPLRHA2 A polypeptide "fragment,” "portion” or "segment” is a
stretch of amino acid residues of at least about five to seven contiguous amino acids, often at

least aboug seven to nine contiguous amino acids, typically at least about nine to 13
contiguou 03”1@3 acid!ﬁFﬁf R%QFBFE@HBWP%’ palideR ob e Rreranbiventiag Bay also

amino acite [#6d3638referepticatitypaptidsgiabladaisteionNutueas vb Spmtaliy goNRcieotide
fragments coding for a desired fragment will be incorporated into recombinant
polynucleotide constructs, usually DNA constructs, capable of introduction into and
replication in a prokaryotic or eucaryotic cell. Usually the polynucleotide constructs
will be suitable for replication in a unicellular host, such as yeast or bacteria, but may
also be intended for introduction to {with and without integration within the genome)

cultured mammalian or plant or other eucaryotic cell lines.

[00101] A double-stranded fragment may be obtained from the single-stranded
product of chemical synthesis either by synthesizing the complementary strand and
annealing the strands together under appropriate conditions or by adding the
complementary strand using DNA polymerase with an appropriate primer sequence.

Nucleic acid constructs and vectors



function to wild type full length CCDC95. Preferred polynucleotides of the invention encode
polypeptides having substantially similar function to wild type full length CCDC95.
"Substantially similar function” refers to the function of a nucleic acid or polypeptide
homologue, variant, derivative or fragment of CCDC95 with reference to the wild-type
CCDC95 nucleic acid or wild-type CCDC95 polypeptfde. [00131]However, non-functional
forms of CCDC95 polypeptides may also be included within the scope of the invention since

they may bi@0388l1, for Belmeeatidesafindrventanmeasbe irsrmofetadiie adeassrbivant

similarity otépnetipr, eetarorifipdroeldieplitRonAy YA BilkehUSERIPHARSHESS. Bithazators
longer half-life. '[he Si ila%of function (act_ivity% of the modified polypeptide may be

substantialll) YRR SHHRPLER Ry EPIFE 0N fyple R CBEaSHZEH iR Hosbringivaiorike
similarity ofrftenttézh (poiivity)caftide rfragiiieduoﬁrneﬁti}@ iy h&;ﬁi@be?@@géb&@qti@%ofﬂne
wild-type C olypeptide., The function/biological activity.af homologues, variant
derivativesi%%%a%%&en g%ﬁgﬂ@%etg%vﬁ%cpﬁﬁg ?ng? r%%r{r%?fhgeid?%?@x r%gré?’éb%%%q%egfses
biological #ReiEbHFdinkrdntpldheheelydpivistearrchdinge segaitntC CEX98ssitiates chymsb sty
diff tiat uling.i inc I : C vVity. L
acmimster S R i ey crepleadd oo
Preferred HOfRSIb30EseXRigSARMAANEY FRANSAGES: D MRS ATitiat renhARsensaonasessary

factor of atppnsdddingelatentainl ‘anah GueR GRS ryederablyiRYiRd asiRis O RNIEashRES: sites,
Another test, based ?n_the interaction of CCDC95 with the NLS domain of kifGem'to
determine H‘Péy@ﬁt‘:éﬁ’ﬁ Y GRS of FMRGTBIRGRE, S IRIDAtEF FEgHRIED REN MBRNAdRIgPilizing

domain of KiriGemads. arldoaNitenidmedigoaas saryParie ted ihondagues v adisisoRate agiees
are capabl binding t inding domain of Kir/Gem by a factor of at least 0.5 .

reative 1o T A0 AL T Con P PO b e Seo & BER SRrRih mopppiices
binding asshybeusamellreiated spdricspavbinhsaliovhtbe @SEipdtidonss asstiys ntigecincell

componenty sl i in. | hiane-S-
immobilizelglon EIU?@%E—%@%E@EP E%gggg?(?g%%%@r%ogﬁ%c? é%?&éé%ﬁ?g aﬂ‘gy be

synthesise® | tERriRfrlizagiens slapalfe sy denyarrdniient doj GRIPCYS5
produced ysistginanvpagndaticaimisstasiiling dowbind fRIGASE 5 RERARGBIPGTP-binding

e B A S s R T SR B8 o
regulating dimerization such as FKBP may be included in a plasmid to facilitate
localized dimerization in the presence of rapamycin or FK506 or any other
immunosuppressive drugs that naturally act as dimerizers of FKBP and mTOR. Such
vectors may be prepared by means of standard recombinant techniques well known
in the art and discussed, for example, in Sambrook et al., 1989 supra or Ausubel et al.
1992 supra.

[00103] An appropriate promoter and other necessary vector sequences will be
selected so as to be functional in the host, and may include, when appropriate, those
naturally associated with CCDC95 genes. Examples of workable combinations of cell
lines and expression vectors are described in Sambrook et al., 1989 or Ausubel et al.,
1992. Many useful vectors are known in the art and may be obtained from such
vendors as Stratagene, New England Biolabs, Promega Biotech, and others.
Promoters such as the trp, lac and phage promoters, tRNA promoters and glycolytic
enzyme promoters may be used in prokaryotic hosts. Useful yeast promoters include
promoter regions for metallothionein, 3-phosphoglycerate kinase or other glycolytic

enzymes such as enolase or glyceraldehyde-3-phosphate dehydrogenase, enzymes



[00134]Besides substantially full-length polypeptides, the present invention provides for
biologically active fragments of the polypeptides. Significant biological activities include
ligand-binding, such as binding to the NLS binding domain of Kir/Gem or other identified RGK
small binding protein interacting molecules, modulation of RGK small binding protein and
other biological activities characteristic of CCDC95¥bvlypeptides. [00135]The polypeptides of
the present invention, if soluble, may be coupled to a solid-phase support, e.g., nitrocellulose,

nylon, colufRRPRASIRIR Rrmaliasqand ealasianssutifeatien, Aag stherbe Nrstgraand sopmoters
plastic, megaitaisitymar gedsive)sadlr HPRISHIIIENE Sutheh SRR MVHREES . foep

example, , Wells, dipsticks, or membranes. [00136]The present invention also
provides fg;r#)@s?gér;%wg i&i%,%%ﬁd@@ﬁ’@@@@ﬁwﬁ&%% ferenie early and
Homologoleseprypepkiie Srov\Shelfusigns ietesatelived frdr G CASIRlY pewtisia virus,
sequence t .sequences of CCDC95 and a,related protein.. Likewisg, X
heterolog(?l@ u%ginﬁég Enégy%biﬁc?r?é?rﬁa%r&%vrﬂ?cw% Oif 2RIV omﬁﬂgﬁﬁnpﬁﬁ%ﬂgrﬁgg%m
activities opgigodiJatacdiioneithe canstmtpiay bganinethtirapangtitabegains(sgy, BHFR)
"swapped"Jaaiur ot AR SBLRR L TRIBRRIRED Ides 9641 AREPURP bt
heterologous fusion poilgypep%i%ceés may giéﬁlay, I%r examp‘!fe, atgﬁ% %?ﬂ)gr%%%ﬁgspecﬁl%ﬁ)}? 0 er
binding. FIRiBFEPBIRAGRR] $#8wWeIMRBRoglobulins, bacterial .beta.-galactosidase, trpE, protein
A, .betarlactamase, alpha amylase, alcohol dehydrogenase and yeast alpha mating factor. 44
[00104] While such expression vectors may replicate autonomously, they may

also replicate by being inserted into the genome of the host cell, by methods well
known in the art.

[00105] Expression and cloning vectors will likely contain a selectable marker, a
gene encoding a protein necessary for survival or growth of a host cell transformed
with the vector. The presence of this gene ensures growth of only those host cells
that express the inserts. Typical selection genes encode proteins that a) confer
resistance to antibiotics or other toxic substances, e.g. ampicillin, neomycin,
methotrexate, etc.; b) complement auxofrophic deficiencies, or ¢) supply critical
nutrients not available from complex media, e.g., the gene encoding D-alanine
racemase for Bacilli. The choice of the proper selectable marker will depend on the
host cell, and appropriate markers for different hosts are well known in the art.

[00106] The vectors containing the nucleic acids of interest can be transcribed in
vitro, and the resulting RNA introduced into the host cell by well-known methods, e.g.,
by injection, or the vectors can be infroduced directly into host cells by methods well
known in the art, which vary depending on the type of cellular host, including
electroporation; transfection employing calcium chloride, rubidium chloride, calcium
phosphate, DEAE-dextran, or other substances; microprojectie bombardment;
lipofection; infection (where the vector is an infectious agent, such as a retroviral
genome), and other methods. The introduction of the polynucleotides into the host
cell by any method known in the art, including, inter alia, those described above, will
be referred to herein as "transformation." The cells into which have been introduced

nucleic acids described above are meant to also include the progeny of such cells.



[00137]Fusion proteins will typically be made by either recombinant nucleic acid methods, as
described below, or may be chemically synthesized. [00138]"Protein purification” refers to
various methods for the isolation of the CCDC95 polypeptides from other biological material,
such as from cells transformed with recombinant nucleic adds encoding CCDC95, and are
well known in the art. For example, such polypepti#€s may be purified by immuno-affinity

chromatoiaa FIgfzemplo%ing, e.%é the antibodies provided by the present invention. Various
methods ff In purififfort?Fe RrEPRALWAYERIRNAPTIMEED hesteRYSistRastprmed  or

"substantiaiynplertodantit suhetisitalbid AOREENE ORI HAESHNPIERANEE Halt e 568
protein or Eggggﬁtldet at has bgﬁn se regﬁd fﬁo Icomgonentﬁ that accompany it in its
natural stata k HHoXSATeril BPATAMAD SRS RARhPBRiARIRRhER"S: RIARMRER 6 1S sisdis
sample exbitfitsen dingteafivbipepiicte eexiwetisard seliestad tfaiy tlesitiecupretaisistingyigalbo,
comprise % rotej [ reu y 95%% r ly
will be ovﬁ%ﬁ%@%%l%éx@%&f u@@%%%&%%éh@f@m%ﬁé '?n%a e%b?/aa?;\fm%@ﬁ)?‘

means wellkqdwRSE 48 BM TG laad BBherllsiamide gel electrophoresis of a protein sample,

followed by visualizing a single polypeptide band upon staining the gel. For certain purposes,
higher resfgotios]may hieapjeviflemites SHAPhGcRIC UGS AR bR iBrtecaPraddah
are utiIizeg l:forn?Bf}l]icatio\rbé0014(grA é%gDCQS |%roi;eintiﬁ SL@EB&%%&\% free, of natural(lsy .
associated CGMPoh&RY WheRREGS S4BT 0% NSt R HSIRE (RSIAS Q5 nROSIRNE
in its natuthestafenMastor polyteptae tassitnoreatilesllin symipasisiechesieymytitesiaeslitagyotic
cellular sy ifferent fr | f ich.i I lginates wil bstantially free
o ts PALCELIY Moo ST ooy Lt Bl CRE NI Shs o B el
naturally HWYaROESHhpHESIsisaions Basiwsosehiiit o o2sendetionas saaycilsmdrn
in the art. [2@#41]A polypeptide produced as an expression product of an isolated and
manipulated genetic sequence is an "isolated polypeptide,” as used herein, even if expressed

L HBA S A L SR R 1 S0 SRR
encoding DNA sequence and modified in vitro to permit higher expression of CCDC95
polypeptide by means of a homologous recombinational event consisting of inserting
an expression regulatory sequence in functional proximity to the CCDC95 polypeptide
encoding sequence. The expression regulatory sequence can be an CCDC95
polypeptide expression or not and can replace a mutant CCDC85 polypeptide

regulatory sequence in the cell.

[00110] Thus, the present invention also provides methods for preparing an
CCDC95 polypeptide comprising: (@) culturing a cell as described above under
conditions that provide for expression of the CCDC95 polypeptide; and (b) recovering
the expressed CCDC95 polypeptide. This procedure can also be accompanied by
the steps of: (c) chromatographing the polypeptide using any suitable means known
in the art; and (d) purifying the polypeptide by for example gel filtration.

[00111] Mammalian or other eucaryotic host cells, such as those of yeast,
filamentous fungi, plant, insect, or amphibian or avian species, may also be useful for
production of the proteins of the present invention. Propagation of mammalian cells
in culture is per se well known. Examples of commonly used mammalian host cell
lines are VERQ and Hela cells, Chinese hamster ovary (CHO) cells, and Wi38, BHK,
and COS cell lines, although it will be appreciated by the skilled practitioner that other



Diagnosis [00142]The expression of CCDC95 varies in certain tissue types. This may be due
to mutations in CCDC95 may be implicated in conditions related to RGK small binding protein
disfuction. Consequently, establishing the CCDC95 status of an individual may be a useful
diagnostic and/or prognostic tool. [00143]Diagnostic and prognostic methods will generally be
conducted using a biological sample obtained from:’e?patient. A "sample" refers to a sample of
tissue or quid! syspected of containing an analyte polynucleotide or polypeptide from an
individual ifi€ hé‘#ﬁ%?bﬁ?%t RitBARIPRIIBEE | febha, KerlrR Vigandlighe!, [oxRsassing, tHiesirable
external segljfonsyidttbe phiterrasppiraipet, ies@siézal, and genitourinary tracts, tears, saliva,
blood cells, organs, tissue and samples of in vitro cell culture constituents. [00144]According

to the diag i$23nd preghosti ent.| tign, alteration qf the wild-t
CCDC95 g[gﬁ?e%uence may t?emdeét%%%zg%s' 65%!?{ or;ll{e'El %ﬁﬁegrggwgw§d%ggﬁge@%e eﬁ}rﬁ?ﬁe
addition, tHeehagRBaatUReProfRe Jhai R MY arppahe semeane difectnh®Nadmgiecule,

CCDC95 gerarerasiyanecsaintCORmmpilackef ap L\l R0 |
small bindin rot%% at the CCDC95 gene sequencféfggj %ﬁéj‘g%tgégaﬁﬁﬁ g@ﬁ@%}%ﬁ%ﬁgg
IACEHE

encompasS&EaPforfg oP RSN H L ARBIclRisiEacHsina RIsOhRr soiRiRtiont

coding andhanqustieuragiprzilee|btisss roay empbHatIANTEErBRAMP RAPNAISS PRSHRN akths
gene. Poirgégg%%ti.o s may result in stop codons, frameshift mutations or amino acid

. R nate ma L. . . . .
substitution matic mu aeuons are those that occur only in certain tissues, e.g., in

pancreatic islets, pituitary, cerebrum, cerebellum or heart cells and are not inherited in the
germline. €4 RraanmiicH5 sEgaMiGcaly trasioayediviiethamdnunkeetited. of dndy

a single CEfaca% ahetainaompbiealanyiaichmyRrrar! [RadichRIPhe MakiRIPURfs and

protein m?B/ l@?m iacgr%ed éhe finding, of CCDC95 mutations thus provides both diagnostic and
prognosticiRrRERITSS K e pressdnienlignehinkalsa: forexamRitsdnaHdyingdffned for

other mutations, such as insertions, small deletions, and point mutations. 46 [00146]The
predispositffi 3#h patenteeierisanibadesigagddvdimygwegade CCDCI5 in host cells. Such a

vector can be used to generate either cell cultures or knockout systems such as
mouse models. Such cultures or models may provide systems to study the role of
CCDCY5 or screen for compounds that can compensate for the loss in CCDC95.

CCDC95 Polypeptides

[00115) Full length CCDC85 polypeptides of the present invention have about
250 amino acids, encode a modulator of RGK small GTP-binding protein in an animal,
particularly a mammal, and include allelic variants or homologues. Full length
CCDC95 polypeptides also typically comprise a coiled-coil domain and a nuclear
localisation sequence (as defined below). CCDC85 polypeptides of the invention also
include fragments and derivatives of full length CCDC95 polypeptides, particularly
fragments or derivatives having substantially the same biological activity. The
polypeptides can be prepared by recombinant or chemical synthetic methods.
Presently preferred CCDC95 polypeptides include those comprising the amino acid
sequence of SEQ ID NOS: 2, 4 and 6, or allelic varianfs or homologues, including
fragments, thereof. A particularly preferred polypeptide consists of amino acids 1 to
70 of the amino acid sequence shown as SEQ ID NO: 2 or allelic variants,
homologues or fragments, thereof.

o



calcium channels, such as ataxia, migraine, epilepsy, neurodegeneration, hypertension,
cardiac disorders and diabetes, and other disorders related RGK small binding protein
identified herein, can be ascertained by testing any tissue of the patient for mutations of the
CCDC95 gene. For example, a person who has inherited a germline CCDC95 mutation might
be prone to develop the above disorders. Most simdf/, blood can be drawn and DNA
extracted from the cells of the blood. In addition, prenatal diagnosis can be accomplished by

testing fetdPOdikeIpiademigmeiRolPSRi B iFeierks thyn rRiRens! sriieccce 9ndyimequivalent
Alteration ahad \Wike-dyinet CEIEIGOmadistintNerinh BIrtAxaeiRICBYIRQY tHBHIRERN &N

can be detect of the m %scu S ﬁgiﬁ%]ereln 00147]To detect the alteration of the
wild-type cf‘éBE@b%Y%]a & 5‘?%%@? WRRRr PSRt RcPrbierPide rdRissipraLAlsmgoes
normal tismdmansdomnkmmgdmanpmwm@mﬂwkpm fbrtle&a?:ﬁpléplg%%mﬁémﬁw
tissue may, r eqtjons, Iso arated b
cytometry 00 R s B e e T B R e 7
can be pe%Mpmmlaewtemmmmambmmamm arigdh(ineluding,
restrlctlon r \ | C
 series of e S bolhp T s SRl e WP
gated calcﬁﬁr?ﬁr?dﬁﬂeﬁf@@e%%%mwhmH@e;ﬁﬁtaﬁﬂbﬂ%tmﬂmeee rsmﬁéuralhvcﬁewgmgymg

hybridising fragments (differing in length from control DNA when probed with sequences near
or includinfpITIC DCIB tem ecsegianicibipi poicatet mpessﬂvlemhﬂﬂﬁmgdh@w@@m@@mﬁ
that produ rqe.r s.are us d th fi electrg h
(PFGE) mg@ Zﬁr&?e%?hp ”]%t %%g a%%%becguon 0 omwéJ %ﬁs %Ueiy%eciso b%eté/p en C

accompllsﬁé%f?f@%@hlﬂﬁﬁtcﬂﬁlWgQﬁ%dﬂ@@lml% &I@Ié(ﬁh&n@bﬁédﬁ@lwwgm@é miteleRs), 50,
using technigglesweldmeag Hfiastaleriaively énﬁreegaosegusaﬁsm& RRANREED

directly from a genomic DNA preparation from other minor tissue, using known techniques.

The most PfufarhR¥iRodruRadiesaly F?fa?é%@éﬁﬁﬁmgatﬁ@f?aluhé@ ﬁ@ﬁi?&é?%uﬁt@lé%ﬁ@ct to
sequence ihaaBptigchwiti falyseqianes RnewpaidBladyserrfared Methastusinef e protein

polymerase-driv jam Ilflcatlon he ymerase chain reactiop, (PCR). The merase
chain reacﬁo% ahe\td onhFe%r ol f’/?nee’riaas gp@é Ogﬂﬂﬂlﬁgﬂﬂﬁ?%%%ay 'Eﬂé’?r Jéhl&@%iig‘ gromology
million-folCmpsdisens angprefentahiymadshaier negiofpobmesmseatingdo taphficstiembyahes.

e mPlgata DAY DURGID ICUhE 1P ARANSIERENOGHERY ARATOEHE RO Ry

probes. [00150]Some other usefu é%nostm: tec or detecting the presence o

CCDC95 &Fd'¢rnaiseioru! 0 SEQHR Q@uae‘*ﬁﬁﬁa@ﬁdﬁﬁﬁ@@ﬁ@@)@ﬂ’@l@%pé&ﬂﬂ@%ﬂdi)

single stragdgshroxiaERNI ARG (SSEAS 8 Qm!wne@awmﬁhsiﬁq%ﬁfégb‘bﬂas to
(DGGE); 4) RNase ﬁeﬁtectlon assa\ésagéothe uy e elns which_recognize nucleotide

mismatch&€ PEaEI ARG R H}?eéﬂ% Sigdibesirindl(aasmsPands
7) fluoresdensappsitirhgtaiyisation éﬁ&ﬁ}ilﬁth@rﬁ:ﬁom&m@s Izased:.2n tTaslgipetonion site

e SRS A SSRBIE SHi B e R P re AT e

(CMC). of the invention comprise a contiguous sequence having greater than 50, 60 or 70%
homology, more preferably greater than 80 or 90% homology, to one or more of
amino acids 25, 41 to 66, 422 to 442 or 525 to 563 of SEQ ID NO: 2 or the
corresponding regions of SEQ ID NO: 4 or 6. Preferred polypeptides may alternatively
or in addition comprise a contiguous sequence having greater than 80 or 90%
homology, to amino acids 422 to 442 of SEQ ID NO: 2 or the corresponding region of
SEQ ID NO: 401 6.

[o0118] Other preferred polypeptides comprise a contiguous sequence having
greater than 40, 50, 60, or 70% homology, more preferably greater than 80 or 90%
homology to amino acids 25, 41 to 66, 422 to 442, and/or 525 to 563 of SEQ 1D No: 2



[00151]For allele-specific PCR, primers are used which hybridize at their 3' ends to a
particular CCDC95 mutation. If the particular CCDC95 mutation is not present, an
amplification product is not observed. Amplification Refractory Mutation System (ARMS) can
also be used, as disclosed in European Patent Application Publication No. 0332435.
Insertions and deletions of genes can also be deteétd by cloning, sequencing and
amplification. In addition, restriction fragment len %th polymorphism (RFLP) probes for the

gene or su%mﬁjﬁﬂrﬁﬁ?‘?@?'@@ﬁ@g*%ﬁ BE D58 e BEsré aftrafiBhsiinhamriagysemaisadie

in a polymegtiribRgmanteSHebR SiAGLITiRA e uRefiauSS'8a0IRg SaieTREARal
affected mdlw%%%é%ﬁéthe resence of the CCDC95 mutation found in that individual.

[00152]SSER BHRRP IR AR i Rians HdRueRiom is prrisaedria fyPress
causes a diféenefugyinisingtenstrafsénuamneleddatityasereaitirtnsT Misubiiididaembrgletast

I ally Jf th NAf ent size | ter th Ob t b
optimivect 1o A R e e g PO R R lcels L dRe ealypeics or
disadvantaf@teint meqnesé@seexhﬂmtag ra@ulepetsahlleuh/iﬁfﬂ%smnmakesm alnaiaunal%uaelvne;ﬂsumllgiL
alternative 4o diFsaL SERMENRFIBP 19 séBHﬁé‘HO{hQF‘éSFt'%nﬂ?l nce s dgﬁé fr%%mt pis

that have 48 shifted mobility on SSCA gels are then seq rmlne fe exac ha?ure
of the DNAPERiSRPlY Y leash dho P96 B idaatibvts differences in migration rates of mutant
sequences compared to wild-type sequences, using a denaturing gradient gel. [00154]In the

RNase projeefité] mé¢tbotbinipbedechatisprelmmthbe iscramplemen iy, orthphi uayidriie

CCDC95 S us The r|bo robe and elth RNA or DNA olate
from the e e%?%?%%g%%?ﬁ[b% élsqe(? oge?ﬁem ARG (ﬁ%%%t%oc{n\ﬂqt?{? eﬂ‘é Ble
RNase A tﬁamﬁ‘éﬁfepf@g!éteatcgom@lwlsm&ﬁch@mwbaydhﬁm{ﬂmummsm“match is
detected by RNase A, it cleaves at the site of the mismatch. Thus, when the annealed RNA

preparatior[o'em;qarate@em@m@iﬁ:trpﬂmoﬂ%ﬁwaﬁ%ﬁf HEIFARGBEAS e deiteifthus
and cleaved bM Rlélggelé an RN%qﬁ]roducI WI a en,which is smaller than the full length
duplex RNATONTHE rlbopr‘o%'e HRR AR AV PRLBRSLRENERTH ERE tﬁ%cnmamlno

length of tHEidGDCYS seRNENnce ghireethy coarphecd selgmtha cbaitbponditie ﬂmeSOéxad in the
e o R, DR e B I MAT HARCI M e iR dhARERe
S. [ n S|m|

of these probes to screen the whole mRNA seq uence or mlsma
fashion, DNYPHidBesSHEh He"gapeed c@t@@ﬂﬁgﬁ]mwﬂomed only over a relatfveiy short

number of residues (for example less than 50 contiguous amino acids).

[00121] Although this is a very simple and consistent method, it fails to take into
consideration that, for example, in an otherwise identical pair of sequences, one
insertion or deletion will cause the following amino acid residues to be put out of
alignment, thus potentiaily resulting in a large reduction in % homology when a global
alignment is performed. Consequently, most sequence comparison methods are
designed to produce optimal alignments that take into consideration possible
insertions and deletions without penalising unduly the overall homology score. This is

achieved by inserting "gaps” in the sequence alignment to try to maximise local
homology.

[00122] However, these more complex methods assign “gap penalties” to each
gap that occurs in the alignment so that, for the same number of identical amino
acids, a sequence alignment with as few gaps as possible - reflecting higher
relatedness between the two compared sequences - will achieve a higher score than

one with many gaps. “Affine gap costs” are typically used that charge a relatively high



through enzymatic or chemical cleavage. Alternatively, mismatches can be detected by shifts
in the electrophoretic mobility of mismatched duplexes relative to matched duplexes. With
either riboprobes or DNA probes, the cellular mRNA or DNA that might contain a mutation can
be amplified using PCR (see below) before hybridisation. [00156]In the mutS assay, the
protein binds only to sequences that contain an otide mismatch in a heteroduplex

between mutant and wild-type sequences. [00157]Once a mugation is known, a gene. ific
detectiorpaﬁbf@rameﬁj@#%lga|%i£§%%iﬂ6‘l£ﬁg%ﬁ3ﬁ?é&%‘éa{ﬁ(§t8)?ﬁﬁﬁiéﬁ‘sgast?&%’%'gtn%%e'%gtggéd
to rapidiyssiess raeidurharsotoamoely inabaapasceringtaysteninkighatiee epaies wil
oligonucleotide assay, an oliggnucleotide is design i ct ifi

inch cof USRS e RS B by e MRsPaRmerf yragms
the assaipweriergas pyrdstiestit beerpodifiat: cHovebeamdt isfRIefppg SatiBRS Rar giavlt
example, o oligomer maY b AP RA s UlERdn e aimpaFESRONEROcRam PRIt

E’gse e geq yin B

the CCD uence possi omain I or Domain II.

use of a battery of ugh
allele-spafigpivh SCBCON senpkiie Hrestfiroackegedser Ee@@hééetcﬁm‘@%f@%?e%%%@ﬁ R of

a previouglyidentified mitation in HieiGCREPAaNe thbessatenabmllele-specific probes
with ampﬁt‘i}éz!('j% C%@E%S sequ‘geggllcg:aj‘fgn be p?rformed, for example, on a nylon filter.
Hybridisation to a particular probe under stringent hybridisation itians; ipali th
presencelgpi'i?élsame ﬁﬁj?é!%% ﬁ]ﬂ ‘ﬁ%%xd@l\j/v%}h {ﬁsﬁéﬁgds FH\’% l@sgrltr% I}%ijg%%?ﬁiﬁ%ctivﬁy
as in the phslicieciicaproptmisicdlghiimentidistingrisecansireraloncaRPme gBrivitablg
mutants thereof,may be detecte i \éﬁl’&lp' | ho RO Y Pnduehas Besstfit
used to d&TeL? ‘t’ﬁ%’é’é’ én'c%e?c% tﬁ%@@eﬁ%quenc%@ #g)&r@g?ﬁple, in screenin for! ‘ Acid
susceptibjiagkagdistisnirersidiatedl 16/ R@Q%Pnahjﬁﬁ%‘ih@ﬁﬂﬁ'@wrr%@?ftarih?f%h&iﬂgl%'ﬁicap S
sample tq:%géé}%wsq%wﬁ) a8 DiRcRr SSTUBtharasORWERtethdf desiregettoentrastqence
nucleic acids. The sample nucleic acid may be prggag?ed Ig%xgtioug Wa ﬁgégc&ﬂgﬁm&e&g}on
of the tarGOMRAIRINSE NSy I8e Rt ARIOR! Blgg't“?&i §estibn, e ec‘froéléu‘o esis or dot blotting.
The targeteggepian-af lapteamp)eFABRAC(atitusuallg/mSeBe atMehsBisdsi40§-410) and the
single-strande hyhrids with th IneLs e r e SagHpaeR i
naturally %cg&é\%%d ,g/ﬁ’ %ac’tﬁvﬁ:gt%%gvr\}/ﬁigﬁgttté%% 'r?qa) Sﬁm(gotvké@\?g rﬁ%%gAs?c%Jence i '

[

double-straffithed atit: saiip@rasmwhingotissyAusated BE abnARRR JDBeRaBRs4rPEalPHE 80)-
carried O%Q%é/@éi_qygi bie Biple KR dN3besask 80 brdyeample nucleic acid and probe are

incubated under con s that promote stable hybrid formation of the target sequence in the

probe with the putative targeted seque in_the sample. [ '
Csed to bIlPIZAle sarfIECGT HE ab ERICIo) o e e gl ErRie S e

the humanirereasprostiacitieli fortgrEmU0BOT herskdren ghaYFTONIRE RRiiteRIERFESON-
desirable jn I 10 AIGKALRISHHIEAIRN R GEreanjipRsahbiclksighasasi sy dah

used only e probes are complementary to regions of the chromosome that a@#gﬁ%lée A

the genonpaimtises ERHEAGIQT HRsRAsAbIFREALESI MHIBIARTY a AuRERHEP PR A HANRG
hybridisatigg,atidetgrng:the AVamting S5RMABHIE UBedNthe BLOSUME2 matrix - the default

matrix for the BLAST suite of programs, GCG Wisconsin programs generally use
either the public default values or a custom symbol comparison table if supplied (see
user manual for further details). It is preferred to use the public default values for the

GCG package, or in the case of other sofiware, the default matrix, such as

BLOSUMG2.

[00125] Once the software has produced an optimal alignment, it is possible to
calculate % homology, preferably % sequence identity. The software typically does

this as part of the sequence comparison and generates a numerical result.



50 temperature, ionic strength, base composition, probe length, and concentration of
formamide. Under certain circumstances, the formation of higher order hybrids, such as
triplexes, quadraplexes, etc., may be desired to provide the means of detecting target
sequences. [00160]Detection, if any, of the resulting hybrid is usually accomplished by the
use of labeled probes. Alternatively, the probe may#de unlabeled, but may be detectable by
specific binding with a ligand that is labeled, either directly or indirectly. Suitable labels, and

methods fdPRitA8Ing prd%@@@ﬂﬁ_@@étfmwe khosverioigue incudadihosiedeviog sherapiino acid
radioactives laedR WRICHHBRANPEHE S RRIAISH A% SAANG é%ﬁ}@ﬁ}@édssatufaawtﬁ%ﬁ@r amino

random priming or kinasing), biotin, fluorescent groups, chemiluminescent groups (e.g.,

dioxetane2 G iy stkRidviangofetarrts sidistomiiallyamitss dibe drielesicakeadtixiutishdis
this basic sebRBARIANCEDTHRBAThEMEGIIFS] aibrdpRsth tdasliatR senaretitly

of the hybrids t%[ge detected from extraneous materials and/or that amplify the signal from the

labeled md18). IBRETAN PHAERREH ABIRG BRI SETHENSS (PEMILYIAR i MRS N GRLYrES
the principleoipad ptidmaiiigaratics welyaendig @dgentnnb8EQ, Iy thelike) ExatigsbebfaGLDCY5

lei id b ble qf ifically Qinding CCDC95. Th i is,then detect
I one excb B oEG aeiies o 55 OF T Hrenie Ry Beos B Ry
recognizedéyuanestiioBE@ ) MNOSo fuyhiereifor daxropte odiguxigerspartay dsiditesidedsds
the ”UC'ei%BEE{iRIt%BewIEWBﬂﬁﬁﬂE'lLOQdﬁ,“gﬁi‘cﬂ% GbPY RBi0ERE '&M@E%%‘E@nﬁgf?%ith

conjugate that.turns over a chemi umlr]e cent S_Ll strage. In a secon. examp .
ligand mayEiREsdGhRRR BF racseveing an Yaling Freidunfuissuhpliuicd apthRiasirpions
complexingt@rigve figinarNEb M HENQINERIRIA A RSHREHRL A B YRS FRENEFASINS or

[00162]It is Iso\%)ntemplat_ed within the scope of this invention that the nucleic acid probe

assays of fIEMRRNEIE FRFEHES IS SHESHIIGANIR e brobes capable of detecting

CCDC95. Thus, in one example to detect the presence of CCDC95 in a cell sample, more

than one pi¥BEEDmMplerterFdto maBinYb s EiPRGRE aclyreptdecurefere turaberaiein or
different pmdﬁaéﬁtrei&egﬂ%\s%u By I8 COPRIS Y MeC el QG P OBRARE SR IRESmEh B ORI,

example, to detect the presence of mutations in the CCDC95 gene sequence in a patient,

more than’dii8 pRoesh g5 Aifinta s RPeRsDRYN dyhkiize HedRIciignifRIulRve
probes capaigeridyndiigitonhs allel COIRCHE Bntadns idabiieddaidw pahatiansseipatigatsd

ith al ' ' DCO5. In this embodi b d, and will
breterably TR 50 G0 R SRURGR M RRgEEe e Rerm o

predisposinogoan individual to the cancerous states described herein.
[00128] “Protein modifications or fragments" are provided by the present

invention for CCDC95 polypeptides or fragments thereof which are substantially
homologous to primary structural sequence but which include, e.g., in vivo or in vitro
chemical and biochemical modifications or which incorporate unusual amino acids.
Such modfﬁcations‘ include, for example, acetylation, carboxylation, phosphorylation,
glycosylation, ubiquitination, labeling, e.g., with radionuclides, and various enzymatic
modifications, as will be readily appreciated by those well skilled in the art. A variety
of methods for labeling polypeptides and of substituents or labels useful for such
purposes are well known in the art, and include radioactive isotopes such as *2P,
ligands which bind to labeled antiligands (e.g., antibodies), fluorophores,
chemiluminescent agents, enzymes, and antiligands which can serve as specific
binding pair members for a labeled ligand. The choice of label depends on the
sensitivity required, ease of conjugation with the primer, stability requirements, and
available instrumentation. Methods of labeling polypeptides are well known in the art.
See, e.g., Sambrook et al., 1989 supra or Ausubel et al., 1992 supra.



[00163]In a highly preferred embodiment, screening techniques based on hybridization to
probes, particularly a plurality of probes that correspond to allele-specific mutations use
probes immobilized to solid substrates as described above, for example in the form of DNA
arrays on silicon substrates (DNA chips). [00164]Alteration of wild-type CCDC95 genes can
also be detected by screening for alteration of wild4pe CCDC95 protein. Such alterations

can be determined by amino acid sequence ana}lly'/'sis in a“ccorglance with conventional .
techniquefORIGY prefefamgvRERYEEIcEapMGBlonRBHARORICIGEEMARLY iScaustiateh detamino

differencegditl PadhriebANacIOfSE GRGRTIEOIS I88VRIPENERo N8 AMIPAHIeS HR¥IPEL least
prepared aﬁ discussed below under the heading "Antibodies”. For example, monoclonal

antibodie REYELAQe With ERRFEONS ATHRO aSHIR, dwpically Atdgast abevk Amdr 13

antigen mayritidizaie aMBO CRIn AT MesPmekeably, PEesisars|atiudelicien®@0 or more
Antibodiescgﬁﬁ H{jcufog {%rogu%% s?f mutant alleles could also be used to detect mutant
CCDC95 geneépro L0 imrmunological assays can be done in any convenient format
known in the art. These include Western blots, immunohistochemical assays and ELISA -

assays. AROHs for BatestR aekmertglescotdbgritvanton Heayeesubdamsialviieinties
of wild-typm&fﬁ&%mwﬂ%ecfmpr&r@ha@@@@géuchré@ﬁ@egg; HRGHEIET B BHI ferffth

be used. In addjtion, assays can be used which detect CCDC95 biological function. Finding a
mutant CEBEXE §BARRE iﬁlﬁﬁ‘@&%éﬁhé‘%‘ﬁ'&ﬁ‘l"{)f%{Wﬁf-t%@m%%"&%ﬁ@‘m@i'béﬂﬂ%h
preferred @GR etSuistunimignsianizartibedies \wifdrsnavinberaaigtiate 6 GDARFeRI i <or
from solutjo react with CCDC95 protein on Western or.i lotg of

polyacryl mlxg%gﬁg@%ﬁfoarﬁgﬁ%%?%rg é‘r?gcc%j §r?? St Ll\Fﬁe?ft, 'E&EB%B.e%fvm@%V&%%’?”w to
proteins intfraveldrymefGeErCoSsnedeictanmd ausiid-typa ODEOSmrhipaptieshniques. 52
[00166]Preferred embodiments relating to methods for detecting CCDC95 or its mutations

include ear?ﬂm31ljnked Hmrs&%ﬁ&pﬁ@&ﬁ@h%l(wbﬁ mwmﬁgm&i@%%gﬁay alsg {Jeh
immunoradigmetrjc assa and immungenzymatic assays .including sandwic

assays us'iwg‘ﬁ%ﬁo‘%ﬁ“ﬁ%é&fé?&%@i%ﬁdpgﬁ%%i ok MRy STy 66 18R Yr 62amPle, as
invention als@gooistesf Q6B dnatiladeled monoclonal

[00132] In addition to the similarity of function, the modified polypeptide may
have other useful properties, such as a longer half-life. The similarity of function
(activity) of the modified polypeptide may be substantially the same as the activity of
the wild-type CCDCS5 polypeptide. Alternatively, the similarity of function (activity) of
the modified polypeptide may be higher than the activity of the wild-type CCDC95
polypeptide. The function/biclogical activity of homologues, variant, derivatives or
fragments relative to wild type may be determined, for example, by means of
biological assays. For example, when administered to stem cells, CCDC95 initiates
myoblast differentiation, resulting in an increase in myoblasts. Thus one test for
CCDC95 activity is to administer a variant to stem cells and determine whether
myoblast differentiation results. Preferred homologues, variants and fragments are
capable of initiating differentiation by a factor of at least 0.5 relative to full length
CCDC95, preferably by a factor of at least 0.9. Another test, based on the interaction
of CCDCO5 with the NLS domain of kirfGem to determine the extent of binding of a
homologue, variant or fragment to the NLS binding domain of Kir/Gem in an in vitro
binding assay. Preferred homologues, variants and fragments are capable of binding
to the NLS binding domain of Kir/Gem by a factor of at least 0.5 relative to full length



and polyclonal antibodies specific for CCDC95 polypeptides of the invention and immortal cell
lines that produce a monoclonal antibody of the invention. Antibody preparation according to
the invention involves: (a) conjugating an CCDC95 polypeptide to a carrier protein; (b)
immunizing a host animal with the CCDC95 polypeptide fragment-carrier protein conjugate of
step (a) admixed with an adjuvant; and (c) obtainingggntibody from the immunized host
animal. [00168]According to the invention, CCDC95 polypeptide produced recombinantly or

by chemicaf iDrefedebhynentfactartbe g eshatives OS@E?AF%Q%WFSOJHH{?@m“ B‘%ﬂ%‘e

proteins, MggIPRAsS i n to generate antibodies that recognize
polypeptide. Such antilt)aosg?enlé:arr\]ﬁgj@g %%t%'f‘é%%? Iﬁ%’%t PGB aasRYS o mak comesiognt
single chaif? PEH%EGMehts, lpigmnbtainclimkedsionilitutie oL 6ahHarse e ﬁleJE’tined n

invention atfotanssisiesgoiyrial aggilor monoclonal antibodies and fragments thereof, an
immunologic binding equivalents thereof, which are capable of specifically binding to the

CCDC95 pRly ides and fra ts thereof or to polynucleotide sequences from the
CCDC95 lrog%i(?r% articj&r‘?y H%ﬁ%%g dRelyeetigendnaygsn ctvothesisetorughege cofiesitional
antlbodlesltﬁﬁjmlﬁéﬂme ®or exaemuiedduit bye AOtHEHHAEO H@y&pn%i@o#%lof%%lg l5:(@1(_1"rgnerlc,
single chaigy AR HERHNERin gn Fﬁ'b %@%Sl‘gn library. Production of antibodies petiiid
for CCDC95 polypeptides or fragments f EARUABKY Fithis PEDRORA rhwlecitesistional
"antigenic'tWﬂH?§-ca&ME%l§pémcmwiraefanﬁii\g]\/\lﬁufb@fhﬁﬁ@l@}?%i’iﬁﬁgﬂqgiQHénWE&-%é’f
the immurecsmtgmgéﬁgrf@ﬁ%himah lj ti opgﬁ qr T cell antigen receptor. An
antigenic polypeptide 53 contains at |2§%%%%Llﬂ ) é%gd ?é?a%%@%ﬁbé’d&n 10, amino
acids. An fﬁtg@ iC portj ensf%]:a% molecule can be that portion that is immunodominant for

antibody of T qge relfa&ep or recoghitiste dial K afviiengibriraivosptidesyetiw apraseantihoghytisn
the molec@fYJoipideitingttalinraiivei diporients of GALI PP HIE 0L ization. A
molecule Wahisiedtigenis ead _/E%jrtl elf immunogenic, ?BW capab%’o?!a%#r%@é‘ﬁgorﬁﬁzﬁé
response without a carrier. ?(ﬁ)f%% g 'tibsgg)‘;" %Sagrl"?ﬁf' u%dﬂ?odﬂh,sirkm@'m@ Sovivaidiesf
and fragmig (S Fer 61, AR hiiteNHfigse RIGH pisopal Thiadiern ﬁnﬁ@mpﬂfﬂéﬁécﬂﬁ?cl,gg?éwies

monoclonalodoB g RGK ERRMESIndNRJS R scribed in further detail in U.S.™
Patent No,@r é@éﬁ? ehr)d 4 85116,567, asdwell airpa%(%%ignt%%@ %%'Bﬁ‘&g%‘f'ﬁﬁt%lﬁiﬁ%?nstrc
including Fab, F(a v @‘?RU ##rcluding single chain antibodies). Accordingly, the phrase
"antibody molecule" in its various grammatical forms as used herein contemplates both an
intact immBAt8Mbulin Fineerantides of thenoiesicalyvastiich PREIANKE A AP B AYGRY R
molecule sossaihisigathe amsihoey ymhbining site. An “antibody combining site” is that
structural portion of an an%%sd}s' mo écm%%g?ggd Bﬂ%’a\/%’mqig?ﬂ Vetapmsatrig.,

hypervarlagf% %8%?1 ‘?ﬁg?éd@@ﬂﬁ%qi&‘l m,a@iggemoof, plastic, metal, polymer gels, celis, or
other substrates. Such Supports may take the form, for example, of beads, wells
dipsticks, or membranes. |

[00136] The present invention also provides for fusion polypeptides, comprising
CCDC85 polypeptides and fragments. Homologous polypeptides may be fusions
between two or more CCDCO5 polypeptide sequences or between the sequences of
CCDC95 and a related protein. Likewise, heterologous fusions may be constructed
which would exhibit a combination of properties or activities of the derivative profeins.
For exampile, ligand-binding or other domains may be “swapped” between different
new fusion polypeptides or fragments. Such homologous or heterologous fusion
polypeptides may display, for example, altered strength or specificity of binding.
Fusion partners include immunoglobulins, bacterial .beta.-galactosidase, tpE, protein

A, .beta.-lactamase, alpha amylase, alcohol dehydrogenase and yeast alpha mating
factor.



[00172]Exemplary antibody molecules are intact immunoglobulin molecules, substantially -
intact immunoglobulin molecules and those portions of an immunoglobulin molecule that
contains the paratope, including those portions known in the art as Fab, Fab’, F(ala')2 and
F(v), which portions are preferred for use in the therapeutic methods described herein.
[00173]Fab and F(abl)2 portions of antibody molecéfes are prepared by the proteolytic
reaction ofﬂﬁsgain and pepsin, respectivel , on substantially intact antibody molecules by

methods tHIPART lvell-kfoRipnauateine wilhiprical e made ity eitherremsnbisgri mwskig acid
molecule ppdthbaSrasdRRVRIEGRRIBN 206MES BECShiEILER SRR )%gortions followed by

reduction of the disulfide bonds linking the two heavy chain portions as with mercaptoethanol,

and follow kylatia {l rotein mercaptan with.a reagent,such as.
iodoacetar?#gg.%gL antibc?é%%ﬁfgaﬁlﬁﬂg&%@c{ %jr%]ﬂ%oayvﬁq?bqgcszuﬁggtﬁsog?e%e}Freté?h[g?e?srt]'.o 8 f the

[00174] ThEPRESS Patiisditides dinibodberrbinagicalusgienamatichl derframafells foeasformed
antibody hgyiRga emm&&&é&a@@%&@@%ﬁgq@%? &ﬂ?%péq@ifm%qwa@%.wfgr

a particular antigen. A monoclonal antibody thu C %gldlsp_lays a single binding affinity for
any antigeRXRIPIEni GYFhnRolRBPYCets. Man bR dRsifiesh fYo iRy Wﬂ@%@ﬁré’@%@ﬁfﬁphy
antibody manesiglaritn\érg, ael ity AEaibedE S OB RESERS IRAMLIENVARSES FiitHoAs of
different antigfn' %%iﬁ%?wsgeciﬁc imeric) monoclonal antibody. [00175]The term

t

"adjuvant” PEF BOHE ¥ WO {RNEMEnces the immune response to an

antigen. An adjuvant can serve as a tissue depot that slowly releases the antigen and also as

a lymphoid@9t&8h activEier tHatmsn-sSirsdeiedlly efsudratastinlyimpines regpdnséJutsdantially,
in |mmunomoﬁeﬁééué"e&@\%gﬂjin@%@%@ﬁ&%ﬂﬂ&@%gﬁh AP (4R8N has

Often, a primary challenge with an antig one, in the absence of an adjuvant, will fail to

elicit a hurlGRl SPRBTRIG frmuramranisdhalpceampanyilde isurairsa) statendurmgnomeric
clomplete Eﬁ.%gew_sgsijmd ' HEIyOpupIRE g Eﬁma's:a@lr;su\aaﬁiuﬁl laoqgimsn?iraﬁr@}ls@ﬁk?@:ﬁmts a
aluminum nyaroxi surface active supstances,su as lysalecithin, plurgnic po S, B

polyanionss,Pé%Iﬁ)atiH(eﬁschﬁ %é:%y%er o=\4stel) en?H%fB ﬁlié'yﬁéféﬁﬁaripoéﬁéﬂwgé@m#% comprise
dinitropherabipah8htocRid Widehil & prdeimdavates such asuElGabadd| 6% larettp@ienab)y

and Coryn@}gp&@r&i{}@rpﬁ%w@@ﬁﬁ@lbrmSiﬁcHHﬁ?S%ilz@ﬂﬁéﬁs Gaky & Cﬁ%‘ B by a

[00176]Various procedures known in the art may be production of polyclonal

antibodies1HZ8H eomeIsaplifaOwN R JheAt. s8aDAR Vel bR aalriesiranboresis of
productionsnp aAERPESXMAEIRTAVASE BYWIBlEEARG S BN BOJIRpIRIE Bt Wil A QR fe
polypeptide, Pr derivative%Se.g., fragﬂment or fLLS‘lI{i)n protein) thereof, including but nat limited
to rabbits, #icd, PafE SHERNTGBERS: SHONRT SHROLHIIAFA% RE PO vdad By|sBig dbtifeosother
fragment thezané vesl! ko oen|ingtte d tosdtichnme nditissddoaapelicagpnbovine serum albumin
(BSA) or keyhole limpet hemocyanin (KLH). Various adjuvants may be used to increase the

immunologisgy 4§Ponse, dergndity dhaghost Sﬁﬁféﬁaﬁwﬂﬁﬂﬂgﬂ%b%@q{d{mﬁﬁ? RS R

(complete and incomplete), mineral gels such as aluminum hydroxide, surface active .
substance SYNRATRNSHIRRRHTS REPartesh iR theipativhsoptaminantsithahargempany it in

its natural state. Thus, a polypeptide that is chemically synthesised or synthesised in
a cellular system different from the cell from which it naturally originates will be
substantially free from its naturally associated components. A protein may also be
rendered substantially free of naturally associated components by isolation, using
protein purification techniques well known in the art.

[00141) A polypeptide produced as an expression product of an isolated and
manipulated genetic sequence is an "isolated polypeptide,” as used herein, even if
expressed in a homologous cell type. Synthetically made forms or molecules
expressed by heterologous cells are inherently isolated molecules.

3
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55 keyhole limpet hemocyanins, dinitrophenol, and potentially useful human adjuvants such
as BCG (bacille Calmette-Guerin) and Colynebacterium parvum. [00177]For preparation of
monoclonal antibodies directed toward the CCDC95 polypeptide, or fragment, analog, or
derivative thereof, any technique that provides for the production of antibody molecules by
continuous cell lines in culture may be used. These#clude but are not limited to the
hybridoma technique originally developed by Kohler et at, Nature, 256:495-497 (1975), as well
as the biorf38PRASue, the human B-cell hybridoma technique [Kozbor at al., Immunology
Today, 4:72 (1983)], and the EBV-hybridoma technique to produce human monoclonal
antibodies @423t at, i MoespressichmibCABRCABA/EHRceT theappYisboe TYpee. Al Mayibe,

Inc., (1985)). [body ing.cell lines,can he. created.by technigues other tha
fusion, sucﬁ}légi g@%?@ﬁ&fé%m%ﬁ%é%&%ﬁd? Ié%a\}\ﬁﬁw 'Oned %e%?gf)@?qgﬁltgn%é&iawaq!
with EpsteRingiig viigieinedistugtion. SEiarsenuenlly, lagtaidiohiagl tunrRLBOESE 988s of an
Hammerlingdhial:aMespoioal ARIITRARCE Rl b¥Bridapasy(1981); Kennet at at

"Monoclonal Antibodies™ (1980); see also U.S. Patent NoS. 4, 61; 4,399,121, 4,427,783,
4,444,887, 61 4&%,570; 4.466,917; 4,‘4215]2,500; 4,491,632; and 4,493,890. [00178&|n an
additional nnaaiment SHERIEA PW@HB&‘%%%‘H%%HY&%@%%GEE YrigR msiRga
animals uttigilegicet eamelh pbtage (POMUS PAIRPEAR) shecpletingftoshe ianiins diumam: or
antibodies ng.c . ined ing human hybridomas [Cote af at, Proc.
Natl. Acadﬁg%t/_ 8%&%%%0%%%%@%%33%0? ﬁ?/llj rgr?g olijrrr'l'i'r%e Ecryﬁ’ar? B Egﬁ}@ ﬁﬁltﬁJEBf{P%L@"
imvitro (Cansiividytal seidingr ut i dimitasb tding Sa thlesmansiemime cpinel doide ey d diat,
the’ produdiieneafegiinesd iBpeiasy) | t; r = =Neu er
at at, Nature _312; 04_@??&%@?&%%;%@?%Fie%ﬂﬁ%%%gﬁ@@égs %@%’I\é@ng@e %r%
genes froni@l Yo d s arnactins asd samnplaset g sa salum Gagaifeanisth

genes from a human antibody molecule of appropriate biological activity can be used; such
antibodies[&8d 4dinin théecangingf thidheveingmossiccarndipargoostiomauitted shimdne present

antibodies; L ' i e ' £s,( ' '
Cince the oy S R S ned oy e e (b
induce an #¥IEeYelisomethprpfesarteshhareiaid neagditisn, thendizanasticand prognostic

[00179]AcpastiBgsatie iﬁ/qﬁmn{eahfaiqu@@@leﬁ%i%igfd@eo@%w%%smiﬁm Nand
antibodies(%%.ﬁs. Pa%%n}(& 46,77{{3%?can,be adapted to Ero uce CCDC95 polypeptide-specific
single chaf® ARTDSHRES RhARGHERISHRB S YO e h EelAtRehiR Rk sahRinding Rodain at
described te (GERCASIganimrasfemaexpression libraries [Huse et at, Science, 246:1275-1281
(1989)] to allow rapid and easy identification of monoclonal Fab fragments with the desired

specificity oo pa5f CDCOGBRIBAPHES WillStfiss \GENeS oAaRHR8S {001 8BIANIR Mutations
fragmentsi\'glvc hcé?n(éorgalgtiglr?s[dIig%pr%o%fsthaengmglng?nqyrrg]u(%la?t%ufxlg in the coding and noncoding

,,,,,, regions. Deletions may be of the entire gene or of only a portion of the gene. Point
mutations may result in stop codons, frameshift mutations or amino acid substitutions.
Somatic mutations are those that occur only in certain tissues, e.g., in pancreatic
islets, pituitary, cerebrum, cerebellum or heart cells and are not inherited in the
germline. Germline mutations can be found in any of a body's tissues and are
inherited. If only a single CCDC95 allele is somatically mutated, a disorder related to
RGK small binding protein may be indicated. The finding of CCDC95 mutations thus
provides both diagnostic and prognostic information. A CCDC95 gene sequence that
is not deleted can be screened for other mutations, such as insertions, small

deletions, and point mutations.



can be generated by known techniques. For example, such fragments include but are not
limited to: the F(abl1)2 fragment which can be produced by pepsin digestion of the antibody
molecule; the Fab' fragments which can be generated by reducing the disulfide bridges of the
F(ab')2 fragment, and the Fab fragments which can be generated by treating the antibody
molecule with papain and a reducing agent. [0018##h the production of antibodies, screening
for the dej,:@g%;tlbody can be accomplished by techniques known in the art, e.g.,

radioimm , ELISK (BFS/RROsiiREd 9fnth Ry Estoin disiders SalaiRfcle voltage gated

immunoassalxammnrmmlr&dsyrTEetEmaséﬁySda‘@QEéingﬁigmﬁ’fGCIP@ﬁléﬁéﬁtloﬁéidgﬁq@g?@@fﬁ#ﬁﬁ”
assays, in,situ immunoassays colloi old, .enz oisotope labels, for
exampler)] TyREHehS(S gtscaﬁg\éup : dwt'@;%?%r@ Eﬂ&ﬁjt%&i‘iﬁ é?f%"?@ ng refaf %&Eﬁfﬁa"m{'
assays, mum@mpmmys rejriewamt b edsnea bntestinguangstiesce afstigs,
protein A y c..| embodiment ntl

binding |s%§géétﬁf§ Emgctmg a abe?g{ﬁt%§ %éﬁé %&I 3 é] %h SROHET &N wr}' m%nﬁed

rmary anti ent t

primary arﬂlS@W‘F@@&Q@Q@%M@é@ﬂhg‘l@mmRiﬁa%&dﬂafgmﬂtﬁ)edy\m demjdatso fiost
primary andibply. BidadiehR" BBRdim et dthsNe coRfadeantiBRaxHs ! © t%%%”%l%'@nsln

are known in the art for detecting binding in an immunoassay and are wit e scope of the

present inPHiRAT: PEeRalahiRaNesie R BRsaBwlisherby destbe sl arlis plagrnialsells
CCDC95 mlmﬁnwﬂ@ esRsnToy AnsRYiGRN IR hpoisogmRyéed PrRdEHERININISIRApe
CCDC95 d frag congainin h epitope. For selectlon ?f an antibady specific
toa Conae e e . BoLrala ot L A Gt GHHE Hatasier
positive blhdlagwmfhf@m% qhsl;qssptddmeaepressed by or isolated from cells of that species
of animal. 57 [00182]An exemplary antibody may include an affinity-purified rabbit anti-

peptide LQOGMPDEDSRDS M e al¥rdf0d S HeAREpE CRINBosIga f&Mh08 He&h!N is

methods Vb@fgn in the art r Iatlng to the localization and act|V|ty of the CCDC95 polypeptide,
e.g., for H msetiei %ﬁ@'e&fﬁfmawﬁ%ﬂ%swm%@mﬁndﬂmgffwe?aaf:mng
aIOIOroprlamemelmelmowﬁ:dﬁaﬁ&ﬂln%smﬁ*@l@aﬁh@dlmetnﬁylb@dma from
develope its wit etic tides predict ein sequence or
with recoﬂ?@nant protei ngst%%%gismg ac enaVprres éjsb%ﬁ @%ngnthetlc
peptides is made after careful analysis of the predicted roteln structure, as described above.
In particull?O}8Blide sty RPISYBERIRAH BURRE laciriagkrateaairhigmséh DNA®RGMences

peptides aram@&umfedﬁ@damard@mﬁgcata@ M&@msammrpbﬁ%ﬂmcammm%w
used in Freunds a {Sant to immunize r bbl@ der ﬁgre rechgblnantlfroteln the

PGEX vecio? can be teay f'adiets R He‘ﬁl' eaA BRpeo e dERTSHomn gnzymes.
hydrophilicdcméaint m@famaea&lwmgbmmlnndmmﬂawmda psetizis ol libdividegds egiih

quantity agd 4seAdQmmyRiZe £ g:@ ga\ﬂa eptlggﬁna%%ﬁ?@s[qgé%émQfFB‘?i'&%Beﬂrotein or all

embodlment recombinant CCD IS use
D, of these. Southern blots displaying hybridising fragments (differing in length from

control DNA when probed with sequences near or including the CCDC95 gene

sequence} indicate a possible mutation. If restriction enzymes that produce very
large restriction fragments are used, then pulsed field gel electrophoresis (PFGE)
may also be employed.

[00149] Detection of point mutations may also be accomplished by molecular
cloning of the CCDCY5 allele(s) and sequencing the allele(s) using techniques well
known in the art. Alternatively, the gene sequences can be amplified directly from a
genomic DNA preparation from other minor tissue, using known techniques. The
most popular method used today is target amplification. Here, the target nucleic acid
sequence is amplified with polymerases. One particularly preferred method using



to immunize rabbits, and the polyclonal antibodies are immunopurified prior to further use.
The purified antibodies are particularly useful for semi-quantitative assays, particularly for
detecting the presence of CCDC95 polypeptide. [00186]Preferably, the anti-modulator
antibody used in the diagnostic and therapeutic methods of this invention is an affinity-purified
polyclonal antibody. More preferably, the antibody f&7a monoclonal antibody (mADb). In

addition, it is &referable for the anélﬁg% ulator E%md molecules used herein be in the form
[

of Fab, Fab® (ﬂ%rﬂieaqui’&}')‘ odh Shndie GASELIG0aRs 56001675 e  The

present inveEjioe mswidhainseayditatand stiablsolgridend Sdﬁgcﬁvlﬁfﬁim@éttbﬁté&@df@dcan
CCDC95 i (r & to,which includes homologues, varjants, derivatives an

fragments gé%gég:g gg{j %ekfgﬁfvﬁe ﬁ?r? %jdléi]%?gr? s%g'n a%%p%/g %%%%Fiﬁ@é@h] eapg%&?daa%%?rasem
identifying @livetasceslificatione treteqith QaRCompiifidthg tivethedilliSrpindinkpidoawidn caiR G

small bindiggnpstely &prexampls Qﬁg@}g&ig@p IpdpKgast two-hybrid screens as
interactinggv'ﬁctlh CCDC95u(such as the NLS bi |r§{gﬁ\OI o@éﬁm of kir/fGem). Such assays are

typically in \itr ssays.are alsg provided that test the effects of candidate substances
dentfied irﬁsér‘gﬁﬁinary #O0EL a§}§‘%chEiﬂfﬂgF€§“9 tReDRIskeSos Lelpsting fafpEesence of

substance£{LDT88] Arslibsrantatitingt to ek ne RAUdeol kirsling meteintactydlele-specific
PCR; 2) single stranded conformation analysis (SSCA); 3) denaturing gradient gel
electrophoresis (DGGE); 4) RNase protection assays; 5) the use of proteins which
"”} recognize nucleotide mismatches, such as the E. coli mutS protein; 8) allele-specific
oligonucleotides (ASOs); and 7) fluorescent in situ hybridisation (FISH).  Other
approaches based on the detection of mismatches between the two complementary
DNA strands include clamped denaturing gel electrophoresis (CDGE), heteraduplex

analysis (HA) and chemical mismatch cleavage (CMC).

[00151] For allele-specific PCR, primers are used which hybridize at their 3'
ends to a particular CCDC95 mutation. If the particular CCDC85 mutation is not
present, an amplification product is not observed. Amplification Refractory Mutation
System (ARMS) can also be used, as disclosed in European Patent Application
Publication No. 0332435. Insertions and deletions of genes can also be detected by
cloning, sequencing and amplification. in addition, restriction fragment length

o

polymorphism (RFLP) probes for the gene or surrounding marker genes can be used

A

to score alteration of an allele or an insertion in a polymorphic fragment. Such a
method is particularly useful for screening relatives of an affected individual for the
presence of the CCDC95 mutation found in that individual.

[00152] SSCA detects a band which migrates differentially because the
sequence change causes a difference in single-strand, intramolecular base pairing.
This method does not detect all sequence changes, especially if the DNA fragment
size is greater than 200bp, but can be optimized to detect most DNA sequence
variation. The reduced detection sensitivity is a disadvantage, but the increased
throughput possible with SSCA makes it an attractive, viable alternative to direct

sequencing for mutation detection on a research basis. The fragments that have



concentration and/or subcellular localization as a result of an interaction beween CCDC95
polypeptide and RGK small binding protein may do so in several ways. It may directly disrupt
the binding of CCDC95 to a RGK small binding protein by, for example, binding to CCDC95
and masking or altering the site of interaction with the other component. Candidate
substances of this type may conveniently be prelinﬁﬁarily screened by in vitro binding assays
as, for exampje, described below and then tested, for example in a whole cell assay as

described BEIG EeRiNoPeiHtigarR A fisnceRaRNGEd isserming s rasshRature of
CCDC95. 6eiBRkstithaianeearaiatncan bind directly to CCDC95 may also inhibit any
interaction between CCDC95 and RGK small binding protein. This may affect nuclear

sequestratigg GK smalkkindi otei Is.cag.b using..fore

cells assaytg d‘égs%})ribed ?@%c?vk\% l\gg%ﬂécrt(?ﬁ%}ﬂ%o%g &@%ﬁg%g%%?) Or%{f';ly also geggqs%\gﬁyf%sr
inhibition FCREBEHAMIARYBREETHENGRSEHIE FEEATHIDE DRI I8INding to a RGK
small binding protein. Such non-functional homologues may include naturally occurring
CCDC95 reoass] and rodified GBRASHOS pequeites Defrrementsdbeled!. finpaidisalathat is
fragments DC95 which comprise one or m Coiled-coil domain, NLS bindin
site relix (AT B e G B B e st REeRe Ut AR e
CCDC95. fisxgohs/tand eitben oty ®ENSnistildiedifrgrpriheirfiecteditiesushiitihybsidised
reducing ths RRKr llbinding i tign t uﬁ&g r]

or peptide frggmer_\?éﬁgug%g%% %%%%ﬁ%ﬂmﬁgiﬁgg slterS %ﬁﬁﬁ?ﬂ%?ﬁe&%ﬂ%&
polypeptidEBRE BliEMBtNES i yplex RAtrgrerilne- HE IR Misnertah iSodetected by RNase A,

[00191]PrefenabhésesoiirdspdRemRINiSismatch. Thus, when the annealed RNA preparation is
DGEVDYKKKYRN KRKLKFIP|YEH CFQEELRKAQRKLLKVSRDKSFLLDRLQYENV DEDSS

roughly cotfESyGIRAngAMN S B 3Lty 5 RANSTRAIFR ARSI QSIS Setrated cpd
sequencesizfaved dspRhtiog SEQ NN Bidhcngll Beefeabytivh toladator tPamiain lingngtit

fences 5 RN @Al il Betassbivtinh ot ar i ngsn
Collod.cor BBk Ng o AR RIS CENE o P BUNRY (Db AR BT b i

l1I. Preferaisly thegtiepf the ESHGRASYRRNARKL geheobyhisasohe spsegmgnd afrtitbercidd e
24 of SEQABI:EL@E;@; &Bﬁ;}s&%’@%"&y%k&%@ﬁ@ﬁ%%{é%éﬁy HRRAAY 6P ERFRONINI e
ot EQ ID NO: 2 an

amino acids 26 to 46 of Helix II'is KSFLLDRLQYEN roughly corresponding
to amino aBffir8PieB L8t SEEMING! 1888 Rriheiioberasmibeawhaequhtk sequence for

corresponeinghiiBds) NOS: 4 or 6.

[00155] In similar fashion, DNA probes can be used to detect mismatches,
through enzymatic or chemical cleavage. Aliematively, mismatches can be detected
by shifts in the electrophoretic mobility of mismatched duplexes relative to matched
- duplexes. With either riboprobes or DNA probes, the cellular mRNA or DNA that
might contain a mutation can be amplified using PCR (see below) before
hybridisation.

[00156] In the mutS assay, the protein binds only to sequences that contain a
nucleotide mismatch in a heteroduplex between mutant and wild-type sequences.

[00157] Once a mutation is known, a gene specific detection approach such as
allele specific oligonucleotide (ASQ) hybridisation can be utilised to rapidly screen
large numbers of samples for that same mutation. In an allele-specific oligonucleotide
assay, an oligonucleotide is designed which detects a specific sequence which

contains a region of the CCDC95 gene sequence harbaring a known mutation, and



[00192]Preferably the coiled coil Domain roughly corresponds to amino acids 6 to 67 of SEQ
ID NO: 2 eq:
DGEVDYKKKYRNLKRKLKFLIYEHECFQEELRKAQRKLLKVSRDKSFLLDRLQYENV DEDSS
and homologous amino acid fragment sequences of corresponding SEQ ID NOS: 4 or 6.
Preferably the coiled coil Domain fragment can intef@act with a RGK Small binding protein
thereby modulating the RGK Small binding protein effecting calcium channel activity, cell
morphologranasaaylisapedidfenedtibjiode etk @B ke pratierte instabdenicprefeatingbtivisation
associatiog;gf,the ¢ 0 iregty, t%- a %I r iologli #l vadlahle
amount of ([I%DCQS?jaliﬁis may bée _b%/“l%hi ?ﬁﬁygp%@é@o t%%u%ho%rnsporb\?e%A%s gﬁr%xi'lr‘ng‘en {h’
the level of 8aRSRERMIGE, teaaseebiostaithe CaeC8DuenpesauanskmsalialiliBomain | or

example obgiehim Aulsjanse \WeuWddsienishnse RN« daubisSHaiRd ?ﬂéﬁi&f%}ﬂgllﬁ%on

sequences which suppresses the amount of CCDC95 mRNA biosynthesis. In particular,
inhibition APYSERRBiRGISGTREASIdK eentilvdhriptgsrBrahmpevicesyddnatifiath mutation

available Gthe COD@IB Gl 1 Hlbritdishtp aastiilale sphstRNsrbEE WAR BRIYIHES CCDCI5
especially of from about 5 to 30 O"LE 10 to Zb? amino acids in size, basz,&ﬁgn th.e S(Igi%_uen,ce of the
various dotname 6FECBE RIIOTREC VST TRITrRE A R diBes YRIdSTRR i 2

morde resichartihidaeireba snbetitsttird _d?n@p%ﬁdiﬁﬂinrpqnntﬁtmétpﬁﬁmmmﬂ , lpsmd nG@ of thl?
random s - c ichhav opsistently to provi maxim
(hveres peo gl S R e K Sl Be R AR R AR W Y
protein coRlfRieEpediiipemim

e

[00158) In addition to the above methods CCDC95 genes and mutants thereof
may be detected using conventional probe technology. When probes are used to
detect the presence of the target sequences (for example, in screening for
susceptibility to disorders related to RGK small binding protein irregularity), the
biological sample to be analysed, such as blood or serum, may be treated, if desired,
to extract the nucleic acids. The sample nucleic acid may be prepared in various
ways io facilitate detection of the target sequence; e.g. denaturation, restriction
digestion, electrophoresis or dot blotting. The targeted region of the sample nucleic
acid usually must be at least partially single-stranded to form hybrids with the
targeting sequence of the probe. If the sequence is naturally single-stranded,
denaturation will not be required. However, if the sequence is double-stranded, the
sequence will probably need to be denatured. Denaturation can be carried out by
various techniques known in the art.

[00159] Sample nucleic acid and probe are incubated under conditions that
promote stable hybrid formation of the target sequence in the probe with the putative
targeted sequence in the sample. The region of the probes that is used to bind to the
sample can be made completely complementary to the targeted region of the human
chromosomal location for CCDC85. Therefore, high stringency conditions are
desirable in order to prevent false positives. However, conditions of high stringency
may be used only if the probes are complementary to regions of the chromosome that
are unique in the genome. The stringency of hybridisation is determined by a number
of factors during hybridisation and during the washing procedure, including



for CCDC95 less RGK Small binding protein is sequested to the nucleus affecting changes in
cell morphology the modulator may comprise mutated CCDC95 wherein amino acids are
deleted from the RGK Small binding protein. Means of knocking out or knocking down RGK
Small binding protein may be used including siRNA an RNA interference sequence capable of
interfering with RGK Small binding protein gene exﬁ ession; altemative RNA splicing

techniques; posttranslational ing to RGK Small binding protein; the level of expression
of RO ST plS AR AR (PEFOR B SR R A SRR GF a7
mutation ofdﬂﬁaﬁﬂiealeddrrrgeﬁanm&batﬁnms Rﬁd«ﬁmdlwmﬂlhmmtﬁdammﬁiendﬁ
journey to a t le [date sub ncesa clude antib,

products (fo re%tmp%g @oﬁ%ﬁ% ain%gpblﬁ] g?agrﬁ%re 0 fﬁg\g’ ?n MRABRHES ngtectmg

chimeric a6t REAHANCED R-grafted antibodies) which are specmc for CCDC95, the
CCDC95 Y15A/Y60A mutant. Furthermore, combinatorial libraries, peptide and peptide

mimetics, (Edneo] cherrmbeﬂ@ﬁeﬁ,ﬁgg%wm@q@dam@ﬁmwra@@ﬁ@b&@@ﬁﬁ%w&%e
screened for am%vg@%?‘? ﬁ‘iqi{ gﬁors of CDC95 actjyvity. The candidate su !fj{tances may be

used in an'Rtid] FRes SHRIPENNENING RIRRGaYs BEr YBIAGRIRD ahkRay be
substancedetttiaisie batsbesmdmhdshg)wnhmbigandahmdsrld)éﬁ!dﬁ@trféﬁﬂd‘ét&t? suhmmcms

which show FEIIBR YAFR SHLBROR SUFRLBRING SR ecRe ARGV Can s, e dested I

whole cell systems, such as mammalian cells will'bé ex tes'fed
for effects iogleds, gf@ﬂvthx@m}[b{mﬁiﬁlﬁdﬂﬁg%sb@ﬁéﬁ[wmah]OhéYtype dhesguydtaddoptikmogyn

substances, BABINd% CGRE SBRYBNGS, CRNRBIN A D SRR oM chUSresoent

immobilised on a solid support, with a non-immobilised candidate substance detérmining

whether afiPsPR W%ﬂ@%@%@f@@%(ﬁ&mﬁﬁa@m BaHifHREYIsesinxataneskh
other. Altemaijveds, mibaﬁwﬂaiﬁtﬁﬂ@'lﬂd@cemﬁ&m@h&%@é@%ﬂ%@%ﬂ?ﬁ%wn in the

polypeptlde on-i d. 61 0 198]In ref rred assa met ﬂ&t

polypeptlderlps |m?rnn85%é 3?})0&%53 EQE&%%‘%E@%’ @8888 é ﬁ?ﬁ%&%%@é’&'ﬁ&wd
expressindrire ednavenestastarials Bridéothataeiplify lﬂmmgaawm hehatided uksintptic cell
lines and purifying the GST-fusion protein from crude cell extracts using glutathioneagarose

beads. Asa@psiiol, blﬂdﬁ&d&t&&&@ﬂ%@@é@@@@fé@@ﬁ&t %'(Hé!ﬁdm@%ﬁ&ﬂw%w‘éwtﬁg

the |mmob|I|sed 5 tid termined in the absence of the CCD
polypeptidBTHRB ]'%ﬁ'n §ﬂﬁ@t§ﬂ§o{§ﬁé (AR AIeXgs R |Wﬁﬂ8b%§??d*&@@9§tfﬂﬂpﬁgﬁﬁo%
is then detamnim@c’ﬂwmdjapecababmyﬁsmmiw ljnacaﬁg%(al:&@ﬁ palltownAsigand gainen

the Cand AL eP BB B SR LSRRI b P HUPERIAE. R0 oD USERs

[00199]Cand|date substances are typically al concen ratlon
nmol/ml, rire $hegifically fr@ﬁogrt@eld)ohmmnEnﬁhhéycaeeym@nu@wwethe fired example,

concentraiggbiERMis HiRiCedYatachdPtbithe ML b RPH7IRE A RBRATEALAAS iRePfutiatBy:

; by an antibody-alkaline phosphatase conjugate that tums over a chemiluminescent
) substrate. In a second example, the small ligand may be recognized by a second
ligand-enzyme conjugate that is capable of specifically complexing to the first ligand.

A well-known example is the biotin-avidin type of interactions.

[00162] It is also contemplated within the scope of this invention that the nucleic
acid probe assays of this invention will employ a cocktail of nucleic acid probes
capable of detecting CCDC95. Thus, in one example to detect the presence of
CCDCO5 in a cell sample, more than one probe complementary to CCDCO5 is
employed and in particular the number of different probes is altematively 2, 3, or 5
different nucleic acid probe sequences. In another example, to detect the presence of
mutations in the CCDC95 gene sequence in a patient, more than one probe



[00200]It is also possible to perform this type of assay using different affinity purification
systems for immobilising one of the components, for example Ni-NTA agarose and
hexahistidine-tagged components. [00201]Binding of the CCDC95 polypeptide to the
candidate substance may be determined by a variety of methods well-known in the art. For
example, the non-immobilised component may be $dbelled (with for example, a radioactive

label, an epitope tag or an enzyme-antibody conjugate). Alternatively, binding may be
determineé)%vnlﬁm‘amagﬁeaﬁi LiESnols @Waeegwh@ﬁewekwﬁlve&&ﬁﬁqmgﬁﬁéeaﬁb&%
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used as agxatimiedntiseroan ahNeamsesion gieon\stiostistay ([Esaridiapsabove to confirm
that the affect is on CCDC95. [00204]The candidate substance, i.e. the test compound, may

be-‘adminiggeregh) Alteration of wild-type CCDC95 genes can also be detected by
screening for alteration of wild-type CCDC95 protein. Such alterations can be
determined by amino acid sequence analysis in accordance with conventional
techniques. More preferably, antibodies (polyclonal or monoclonal) may be used to
detect differences in, or the absence of CCDCY5 proteins or peptides. The antibodies
may be prepared as discussed below under the heading "Antibodies”. For example,
monoclonal antibodies immunoreactive with CCDC95 can be used to screen a tissue.
Lack of cognate antigen may indicate a CCDC95 mutation, expression or
prostransiation deficiency. Antibodies specific for products of mutant alleles could
also be used to detect mutant CCDC85 gene product. Such immunological assays
can be done in any convenient format known in the art. These include Westemn blots,
immunohistochemical assays and ELISA assays. Any means for detecting an altered
CCDC95 protein can be used to detect alteration of wild-type CCDC95 genes.
Functional assays, such as protein binding determinations, can be used. In addition,
assays can be used which detect CCDC95 biological function. Finding a mutant
CCDCg5 gene product indicates alteration of a wild-type CCDC95 gene.

[00165] In a preferred embodiment of the invention, antibodies will
immunoprecipitate CCDC95 proteins from solution as well as react with CCDC95
protein on Western or immunoblots of polyacrylamide gels. In another preferred
embodiment, antibodies will detect CCDC95 proteins in paraffin or frozen tissue

sections, using immunocytochemical techniques.



to the cell in several ways. For example, it may be added directly to the cell culture medium or
injected into the cell. Alternatively, in the case of polypeptide candidate substances, the cell
may be transfected with a nucleic acid construct which directs expression of the polypeptide in
the cell. Preferably, the expression of the polypeptide is under the control of a regulatable
promoter. [00205]Typically, an assay to determine e effect of a candidate substance
identified blﬁ the method_ of the invention on RGK Small binding protein activity comprises
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CCDC95. gj C95 has the effect of enhancing nuclear localization of RGK Small
binding protein thereby inhibiting cell morphological changes, a substance that inhibits
CCDC95 may serve to initiate cell morphological changes. Alternatively, if cell morphological
changes aféi'ft ‘éﬂeﬁeduced, then the substance may be an activator of CCDC95 function.

63 at least 20, 30 or 40% relative to the extent of cell morphological activity seen in the
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polypeptide fragment-carrier protein conjugate of step (a) admixed with an adjuvant;
and (c}) obtaining antibody from the immunized host animal.

[00168] According to the invention, CCDC95 polypeptide produced
recombinantly or by chemical synthesis, and fragments or other derivatives or
analogs thereof, including fusion proteins, may be used as an immunogen to generate
antibodies that recognize the CCDCO5 polypeptide. Such antibodies include but are
not limited to polyclonal, monoclonal, chimeric, single chain, Fab fragments, and an
Fab expression library.

[00169] Thus, the present invention also provides polyclonal and/or monocional
antibodies and fragments thereof, and immunologic binding equivalents thereof,
which are capable of specifically binding to the CCDC95 polypeptides and fragments
thereof or to polynucleotide sequences from the CCDC95 region, particularly from the
CCDCO5 gene sequence or a portion thereof. Such antibodies thus inciude for
example, but are not limited to polyclonal, monocional, chimeric, single chain, Fab
fragments, and an Fab expression library. Production of antibodies specific for
CCDCB85 polypeptides or fragments thereof is described below.

[00170] A molecule is "antigenic" when it is capable of specifically interacting
with an antigen recognition molecule of the immune system, such as an

immunoglobulin (antibody) or T cell antigen receptor. An antigenic polypeptide



[00210]The CCDC95 polypeptide or fragment employed in such a test may either be free in
solution, affixed to a solid support, or borne on a cell surface. one method of drag screening
utilizes eucaryotic or procaryotic host cells which are stably transformed with recombinant
polynucleotides expressing the polypeptide or fragment, preferably in competitive binding
assays. Such cells, either in viable or fixed form, c&9% be used for standard binding assays.
One may measure, for example, for the formation of complexes between a CCDC95
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CCDC95 polypeptide or fragment is separated from that present in a protein:protein complex,
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[00172] Exemplary antibody molecules are intact immunoglobulin molecules,
substantially intact immunoglobulin molecules and those portions of an
immunoglobulin molecule that contains the paratope, including those portions known
in the art as Fab, Fab', F(ab'), and F(v), which portions are preferred for use in the
therapeutic methods described herein.

[00173] Fab and F(ab'), portions of antibody molecules are prepared by the
proteolytic reaction of papain and pepsin, respectively, on substantially intact antibody
molecules by methods that are well-known. See for example, U.S. Patent No.
4,342,566. Fab' antibody molecule portions are also well-known and are produced
from F(ab'); portions followed by reduction of the disulfide bonds linking the two heavy
chain portions as with mercaptoethanol, and followed by alkylation of the resuiting
protein mercaptan with a reagent such as iodoacetamide. An antibody containing
intact antibody molecules is preferred herein.



eucaryotic cell lines or cells (such as described above) that have a nonfunctional CCDC95
gene. In one embodiment the polynucleotide's encoding coiled coil domains of the invention
are deleted from the CCDC95 gene. These host cell lines or cells are defective in the
CCDC95 at the polypeptide level. The host cell lines or cells are grown in the presence of
drug compound. The cell morphological changes oPthe host cells is measured to determine if
the compound i fapab of regulating the cell morthologigal activity of CCDC95 defective
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sequences, sufficient amounts of the CCDC95 polypeptide may be made available to perform
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invention provides amethod of modulating a RGK

\ [00176] Various procedures known in the art may be used for the production of
g polyclonal antibodies to CCDC95 polypeptide, or fragment, derivative or analog
thereof. For the production of antibody, various host animals can be immunized by
injection with the CCDCA5 polypeptide, or a derivative (e.g., fragment or fusion
protein) thereof, including but not limited to rabbits, mice, rats, sheep, goats, etc. In
one embodiment, the CCDC85 polypeptide or fragment thereof can be conjugated to
an immunogenic carrier, e.g., bovine serum albumin (BSA) or keyhole limpet
hemocyanin (KLH). Various adjuvants may be used to increase the immunological
response, depending on the host species, including but not limited to Freund's
(complete and incomplete), mineral gels such as aluminum hydroxide, surface active

substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions,



small binding proteins comprising the step of varying the concentration or subcellular location
of RGK small binding proteins with CCDC95 polypeptides or peptide fragments as described
above. 66 [00220]One approach is to administer elevated levels of functional CCDC95
proteins or nucleic acids by direct expression of the functional protein to target cells, a
procedure termed gene therapy. The expression prééuct increases nuclear localisation of
RGK small binding proteins thereby initiatin% myoblast differentiation. [00221]Thus the present
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polypeptide. The present invention further provides the use of a polypeptide or polynucleotide
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{00178] In an additional embodiment of the invention, monoclonal antibodies can
be produced in gemm-free animals utilizing recent technology (PCT/US90/02545).
According to the invention, human antibodies may be used and can be obtained by

™y using human hybridomas [Cote et al., Proc. Natl. Acad. Sci. USA, 80:2026-2030
(1983)] or by transforming human B cells with EBV virus in vifro (Cole et al., 1985,
supra). In fact, according to the invention, techniques developed for the production of
"chimeric antibodies" [Morrison et al., J. Bacteriol., 159-870 (1984); Neuberger et al.,
Nature, 312:604-608 (1984);, Takeda et al., Nature, 314:452-454 (1985)] by splicing
the genes from a mouse antibody molecule specific for an CCDC95 polypeptide
together with genes from a human antibody molecule of appropriate biological activity
can be used; such antibodies are within the scope of this invention. Such human or
humanized chimeric antibodies are preferred for use in therapy of human diseases or
disorders (described infra), since the human or humanized antibodies are much less
likely than xenogenic antibodies to induce an immune response, in particular an
allergic response, themselves,



67 differentiation. Once the gene is isolated for the myogenic protein, this can also be inserted
directly into cells to induce commitment and differentiation. Gene therapy [00222]According to
the present invention, a method is also provided of supplying wild-type CCDC95 function to a
cell that carries mutant CCDC95 alleles. Supplying such a function should initiate myoblast
differentiation in deficient cells. CCDC95 function iy be provided either through the use of
gene thera@g or alternatively it might be provided in the form of protein therapy which therapy
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maintenance are known in the art, and any suitable vector may be used. However,
replication-@co Pcfetent retroviral vectors have proved safe and effective in recent trials and
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person skilled in the art. A further gene transfer technique that has been approved by the FDA

is the tranSRASEIRALHitresitingtheRhady mrlrsdie WhRAaIBAND sRdHS AR
LipofectinTM. 68 [00225]Cells transformed with the wild-type CCDC95 gene can be used as
[00181] In the production of antibedies, screening for the desired antibody can

be accomplished by techniques known in the art, e.g., radicimmunoassay, ELISA
(enzyme-linked immunosorbent assay), "sandwich" immunoassays,
immunoradiometric assays, gel diffusion precipitin reactions, immunodiffusion assays,
in situ immunoassays (using colloidal gold, enzyme or radicisotope labels, for
example), Western blots, precipitation reactions, agglutination assays (e.g., gel
agglutination assays, hemagglutination assays), complement fixation assays,
g immunoflucrescence assays, protein A assays, and immunoelectrophoresis assays,
| etc. In one embodiment, antibody binding is detected by detecting a label on the
primary antibody. In another embodiment, the primary antibody is detected by
detecting binding of a secondary antibody or reagent to the primary antibody. In a
further embodiment, the secondary antibody is labeled. Many means are known in
the art for detecting binding in an immunoassay and are within the scope of the
present invention. For example, to select antibodies that recognize a specific epitope
of a CCDC95 polypeptide, one may assay generated hybridomas for a product that
binds to an CCDC95 polypeptide fragment containing such epitope. For selection of
an antibody specific to a CCDC95 polypeptide from a particular species of animal,
one can select on the basis of positive binding with CCDC95 polypeptide expressed

by or isolated from celis of that species of animal.



model systems to study myoblast differentiation and drug treatments that promote such
myoblast differentiation. Similarly mutants deficient in the CCDC95 gene or CCDC95
polypeptide function to screen molecules able to overcome the inhibition of myo blast
differentiation. [00226]As generally discussed above, the CCDC95 gene or fragment, where
applicable, may be employed in gene therapy metr%s in order to increase the amount of the
expressiorl[&é?] ts of suchﬁgeneﬁ in target cells. Such gene therapéis, particularly =~ )
appropriat in céiS, FRGARIARhARRRAD CE¥ CB5/ER (Rbrefintypuatied: whbitiml
compared teptide b CCAESIVDBEBE 8BS DA uadfiddyp increase the level of expression of a given
CCDC95 gene even in those cells in which the CCDC95 gene is expressed at a "normal”
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according to generally accepted methods. Cells from a patient's would be first an
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CCDC95 gene linked to expression control elements and capable of replicating inside the host
cells, is prépXRR/o8{GRABRMRIBR &%re known, such as disclosed in U.S. Pat. No. 5,252,479
and PCT published application WO 93/07282. The vector is then injected into the patient,
either localfQ4&4E site bf thestiecifiteestiopdiment randitodidse arensiewtdabgenbysimpounizing
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DA uptarc DOHE S (BB MR WA SR Mol PR TG fbere

combined HEP@RERNH PRalelentheanSEXu¥ERdIpeaoniedaieenioatispiagsotietddiveeptits.
viral vectorgiierHaaeals Ghél Bk IR IBRIFUIRIFSHIR (SN IBaguRbratBeRRIrRMH YR6Ia.

producer cell line can be injected into affected tissue. [00230]In an approach which combines
biological arit? FRFERSIGERETRIRA RR-PIGASrphEhAYININ ndriyssd dosTammnked ahhits in
polylysine-Eanjudatadij@ritiody specific to the adenovirus hexon protein, and the resulting
complex is bound to an adenovirus vector. The trimolecular complex is then used to infect

cells. The getpfgyfrus vectorpanmiteL HinsouRRAIN G LARBIRIRR R DRIYS Jrayadatian & ied
endosome before the coupled DNA is damaPed.

to immunize rabbits, and the polyclonal antibodies are immunopurified prior to further
use. The purified antibodies are particularly useful for semi-quantitative assays,

particularly for detecting the presence of CCDC85 polypeptide.

[00186] Preferably, the anti-modulator antibody used in the diagnostic and
therapeutic methods of this invention is an affinity-purified polyclonal antibody. More
preferably, the antibody is a monoclonal antibody (mAb). In addition, it is preferable
for the anti-modulator antibody molecules used herein be in the form of Fab, Fab',
F(ab'), or F{v) portions of whole antibody molecules.

Assays

[00187] The present invention provides assays that are suitable for identifying
substances that bind to CCDC95 polypeptides (reference to which includes

homologues, variants, derivatives and fragments as described above). In addition,



[00231]Liposome/DNA complexes have been shown to be capable of mediating direct in vivo
gene transfer. While in standard liposome preparations the gene transfer process is
nonspecific, localized in vivo uptake and expression have been reported in tumour deposits,
for example, following direct in situ administration. [00232]Gene transfer techniques that
target DNA directly to affected tissues are preferred®Receptor-mediated gene transfer, for
example, is accomplished ti)%%the conjugation of DNA (usually in the form of covalently closed

supercoile@PTA¥MiBR PN MRfAR RYEING frddenfivine sdbstrrngss dhahdnteridaremith
e, These IancDNA Cormirates <an be miociod qredy mlo e bl Gt e e
type. These ligangd- conjuga an be injected directly into the blood if desired and are
directed to%gﬁ)%e? E?é%ﬁ@\iﬁ%lfg% gb%ﬂ]ﬁl’ﬁ&‘ﬂ%ﬂ‘fﬂ?@ﬁﬁﬁ?ﬁ%ﬁn&rﬁfé'ﬁﬂ\l‘ﬂ'}ﬁr&gﬁcgf’
complex o¢such Fe tverbiuBebindipgodtemanf inkrkicsuta). dbativciissaps RNAeRdaiBCION K
adenovirus e included ' e function, 1002331Pplypeptides that have | .
CCD05 A e B B e B ey e R S b
polypeptid@islifdanci|vidzaapseive TS isdeudicls call besaysoduced into cells by
microinjection or by use of liposomes, for example. Alternatively, some active molecules may

be taken ugindidige asitystsmrd®y diffusion. Extracellular application of the CCDC95 gene
product may be sufficient to affect calcium channel activity. Supply of molecules 70

[00188] A substance that modulates RGK small binding protein activity,
concentration and/or subcellular localization as a result of an interaction beween
CCDC95 polypeptide and RGK small binding protein may do so in several ways. It
may directly disrupt the binding of CCDC95 to a RGK small binding protein by, for
example, binding to CCDC95 and masking or altering the site of interaction with the
other component. Candidate substances of this type may conveniently be
preliminarily screened by in vitro binding assays as, for example, described below and
then tested, for example in a whole cell assay as described below. Examples of
candidate substances include antibodies which recognise CCDC95.

[00189] A substance which can bind directly to CCDC85 may also inhibit any
interaction between CCDC95 and RGK small binding protein. This may affect nuclear
sequestration of RGK small binding protein. This can be tested using, for example the
whole cells assays described below. Non-functionai homologues of CCDC95 may
also be tested for inhibition of CCDC95 activity since they may compete with CCDC856
for binding to a RGK small binding protein. Such non-functional homologues may
include naturally occurring CCDC85 mutants and modified CCDC95 sequences or
fragments thereof. In particular, fragments of CCDC95 which comprise one or more
of the Coiled-coil domain, NLS binding site Helix |, Il or lil or other functional domains
that may be used to compete with full length CCDC85.

[00190] Where modulating a RGK small binding protein comprises inhibiting or
reducing the RGK small binding protein concentration the modulator may comprise
CCDC95 or peptide fragments such as a Coiled-coil domain, NLS binding site Helix 1,
[l or Il or a fusion polypeptide of Coiled-coil domain, NLS binding site or Helix |, Il or
HI



with CCDC95 activity should lead to partial reversal of the effects of an intercellular calcium
imbalance. Other molecules with CCDC95 activity (for example, peptides, drugs or organic
compounds) may also be used to effect such a reversal. Modified polypeptides having
substantially similar function are also used for protein therapy. [00235]Animals for testing
therapeutic agents can be selected after mutagene®® of whole animals or after treatment of
germline cells or zygotes. Such treatments include insertion of mutant CCDC95 alleles,

usually froh?3183dond dRieiarablécies, asthell as insed#em of disr@sed homdRsyBagenes. is

AlternativelyGHeEREERNEKFIKDRPDITEME St RRAQISKDAK DS RiskaE LI RXURSAENAY
or deletion%' n orgi@i%ﬁenetic alterations using conventional techniques. After test
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of compounds for antagonistic activity of a voltage gated calcium channel may comprise

CCDC95, YEMXiGE M R IdHT dauahlyirertrspandBiude BOT® @oids B ies2hefdE GUITONO:

Sequenceg CoBMEIRI GoieeHIot ke MRNARKIGRG I Qe dhsHaMg TH8mino acids

compound é‘ r antagaonising actjvity of 3 RGK small binding protein may comprise a CCDC95
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binding prateimonavidy SGetRGK sraEQindiNOprataind htmolsghessamiroy akrY sealushiegs of

those menggﬁgggggqyr%%q fﬂ?&ﬁ%d AOO'JE’VG treat Disorders related to voltage gated
iIncluding a

calcium channe axia, migraine, epilepsy, neurodegeneration, hypertension and
cardiac disgrders including cardiomyocyte deficiency. 71 are deleted from the CCDC95

protein, ankifI§EL of cBiSesably thesedilsshical] Foamain resshiy SR rRoRgs iR ReniRaAgidst &
Coiled coiltbtke domaigizmay comgfise a corggaund that rgguces thepgyel of exprgssion of gg:
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GATCGAGAh{=PAMBA ity A SdriRbIolP 2RI KrphbRss g e Ritigd by the assay

methods of the present invention as

[00193] Alternatively, instead of preventing the association of the components

' f directly, the substance may alter the biologically available amount of CCDC95. This
may be by inhibiting expression of the component, for example at the level of
transcription, transcript stability, translation or post-translational stability. An example
of such a substance would be antisense RNA or double-stranded interfering RNA
sequences which suppresses the amount of CCDC95 mRNA biosynthesis. In
particular, inhibition of CCDC95 binding to a RGK Small binding protein may
decrease the amount of available CCDC95 in a cell.

[001394] Suitable candidate substances include peptides, especially of from
about 5 to 30 or 10 to 25 amino acids in size, based on the sequence of the various
domains of CCDC95 described above, or variants of such peptides in which one or
more residues have been substituted. Peptides from panels of peptides comprising



regulating CCDC95 function may also be used in therapeutic methods of the present
invention. For example, a compound identified as binding to and enhancing CCDC95 function
may be administered to cells exhibiting RGK small binding protein disorders. Administration
[00240]Substances identified or identifiable by the assay methods of the invention may
preferably be combined with various components t@Broduce compositions of the invention.
Preferably the compositions are combined with a pharmaceutically acceptable carrier or

diluent to produce & phATRTE Bl CHMGRERE MBI WIRYS hegbyated srrsistenibidmpiewde a
Suitable camirisnaliyl diveesepimodlioé pepliis salinBesaligions, for example
phosphate-buffered saline. The composition of the invention may be administered by direct

niecton. TIVF9BIPOS OB R AETHIPLE ISk RN Bl AR AT NGB
subcutane%s, intraocular, oral or transderrnal administration. Typically, €a sugs?an e may

be adminisieredAPGHolesst Rk Snalldinging retriayisversivestrstdmithe framieus waifeoting
mg/kg, moshangiesahldomdiphifogynadenbadiaweiahy [Qmeomn{&?@%é@%twﬁgrem

encoding polypeptide components (or antisense constructs) for use in therapeutic methods
iy b6 s R AL SPIRES (A0Ed 1o K ATRPLONEH 0 rPIE)n Mg AR S omrgaU
flanking sequknoekitpaimioy REGK Sthelhbisidey pritamaeniyhss t8edp¥iawROSHESA ap HNA
are admini cleic acid, the amount of nuclei id administered ma
ypically ne (o Teredt CRO B B BBl T ool S eB b b Rt aiaan oene
particularly*¥RERSREM G iR@PbIgrRNE sy tetbriches tmaptrapsiifionzt o twssiatpl REK
virtue of sUSARIP SR ReRARSIRCIS/ BY digise ol Y seiad Al BRIy MBRAZIHRIRR
of naked nucleic acid constructs by mammalian cells is enhanced by several known

transfectioRIEEANNA S¥BressipRAB IISteiRansg2ion e asmMmHtTtenof RGdh Smakdindieg

of these agrotsiinciugle 6AEERICRGRNISHAN EXRANALS GRARIAMG? baiRANG Db Bae
and Iipofecr%aé%sbggoﬂr example lipofectamTM and transfectamml). Typically, nucleic acid
constructs'are Mixed with the transfection agent to produce a composition. [00243]Preferably

the polynucleotide or vector according to the invention is
[00196] Suitable candidate substances also include antibody products (for

example, monoclonal and polyclonal antibodies, single chain antibodies, chimeric
antibodies and CDR-grafted antibodies) which are specific for CCDC95, the CCDC05
Y15A/Y60A mutant. Furthermore, combinatorial libraries, peptide and peptide
mimetics, defined chemical entities, oligonucleotides, and natural product libraries
may be screened for activity as regulators of CCDC85 activity. The candidate
substances may be used in an initial screen in batches of, for example 10 substances
per reaction, and the substances of thase batches which show inhibition tested
individually. Candidate substances which show activity in in vitro screens such as
those described below can then be tested in whole cell systems, such as mammalian
cells which will be exposed to the inhibitor and tested for effects on cell growth.

CCDC95 binding assays

[00197] One type of assay for identifying substances that bind to CCDC95
involves contacting a CCDC95 polypeptide, which is immobilised on a solid support,
with a non-immobilised candidate substance determining whether and/or to what
extent the CCDC85 polypeptide and candidate substance bind to each other.
Alternatively, the candidate substance may be immobilised and the CCDC95
polypeptide non-immobilised.



combined with a pharmaceutically acceptable carrier or diluent to produce a pharmaceutical
composition. Suitable carriers and diluents include isotonic saline solutions, for example
phosphate-buffered saline. The composition may be formulated for parenteral, intramuscular,
intravenous, subcutaneous, intraocular, oral or transderrnal administration. [00244]Another
aspect of the invention provides the use of any of tRd compositions of for modulation of RGK

small bindi éﬁjneln in treating disorders related to RGK small binding protein. Disorders
related to £ all blHBiﬂ&b%fﬁgﬁPirﬁﬁﬁa% gﬁmﬁdﬁfﬁ?a%DQ&%ﬁ@m%é‘@éﬁﬁﬁhtbﬁed

hypertension, beadmcdisoraeragndsdiabetes, [Oﬁ%iﬁliﬂbetﬁi@lﬁ!@ A6HicVRIABIHRPROIHIE the
invention @%g vered .P%)tldes dlrectlyt tissue where they are required,;

prepared in a oglcanc B1d: 15 5 SEHED &%%@syéﬁs&oﬁj %E‘E%B’é’m cell lines
recomb|naa!md/entmfylcapﬁtﬂeGSé')qmﬁsalrgmlmmm anmﬂeombﬁmacl[QQMﬁd;Ggwﬂﬂbn@
humans, Oé@g%ggmgghgdr)qu mﬁn%og\a@ﬁglé f% ferred r%ué Ibelrzgg% E%_F

most convenient. In circumstances W ere € reC|p|en rom a SWé.l owingd

from impaft#ais Brodeiny Hbﬁ@ﬁpﬂbﬂ@t@ﬁ&&%@@%ﬁﬁdﬂmhﬁe rdgteTayine ddritinistesedce
parenteralby, et OliRSHBIHy Y. HH ibhangicoatheuseibmatad S5 AaE R [Ahe

large peptide dI’UﬁS Peg&zldes can be ore easily absorbed and delivered to the location ot

action wheH GoR reehRRRidR BithenuirteaminatheT St hurR pEaRSBY indrayadn
where the theptitesagreaplaed tsuacmaﬁohfséh@t Cangi) MRinigAhdRBRE iR iRdet RN Ee

hence actiyit £ compositio [#rg nyention will norm allﬁ i) dministered intravenously,
orhy any paﬁér&gra @ou’?é)ﬁf'n tﬁ? ﬁ yﬁ?&ﬂﬁ%@u"uﬁﬁ i568ition comprising the active
ingredient, Fr)tlonally in the form of a non-toxic organic, or inorganic, acid, or base, addition

salt, in a i euticSpndidalapsiassee ﬁfﬁWﬂE@ﬁH&'n@W@@ﬁ@n&h@“R@%ﬁ&aﬂrﬁm@
protein defepdantslisoutenanshpalipnie Bﬁefé?é‘@?d fdVelaS166 s, adW'métféQQé' of

the composm% s may be administered at varying doses. [00247]Iin human therapy,

compositiGhLRedieR L fnaleROMSEoHAIRR \HﬁPﬂeﬁ'eF&HFB'éVaHﬁﬂhléf@e@ n@%rﬁglﬂ]rle MRfea

suitable pb@@f@@@gytfm@mmgnﬁpr carrier selected with regard to the intended route
of administration and standard pharmaceutical practice.

[00200] It is also possible to perform this type of assay using different affinity
purification systems for immobilising one of the components, for example Ni-NTA
agarose and hexahistidine-tagged componenis.

[00201] Binding of the CCDC95 polypeptide to the candidate substance may be
determined by a variety of methods well-known in the art. For example, the non-
immobilised component may be labelled (with for example, a radioactive label, an

\\"M y

epitope tag or an enzyme-antibody conjugate). Alternatively, binding may be
determined by immunological detection techniques. For example, the reaction
mixture can be Western blotted and the blot probed with an antibody that detects the
non-immobilised component. ELISA techniques may also be used.

[00202] Another type of in vitro assay involves determining whether a candidate
substance modulates binding of a protein known to interact with CCDC95, such as a
RGK Small binding protein. Such an assay typically comprises contacting CCDC95
protein with the known interacting protein in the presence or absence of the candidate
substance and determining if the candidate substance has an affect on CCDC95

binding to the known interacting protein.



[00248]The compositions of the invention can also be administered parenterally, for example,
intravenously, intra-arterially, intraperitoneally, intrathecally, intraventricularly, intrastemally,
intracranially, intra-muscularly or subcutaneously, or they may be administered by infusion
techniques. They are best used in the form of a sterile aqueous solution which may contain
other substances, for example, enough salts or glu€@se to make the solution isotonic with
blood. The u?ous solutions should be suitably buffered (preferably to a pH of from 3 to 9), if
necessary.‘&%g B@ﬂéﬁﬁﬁﬂi’ﬁf suitable parenteral compositions under sterile conditions is
readily accomplished by standard pharmaceutical techniques well-known to those skilled in
the art. [0OEPRAEHmposilisndidalicatlibstamme mejchsorbinikstsipomnetuslie ague iR effect
nonaqueoys,stesile jaiectl lo ik contain anti-gxidants,. buffers, bacteriostats
and squte?wt%L%%@ggth ﬁc%&ﬂpg?%ﬁg%mc \?v)rl;fﬁ ﬁ%%o%c? o(f&mg'##gnaﬂlasi@fé'ﬁﬁén ave

and aqueod@&thddestifiaslidusiee mbaxesgensiibes wiichitraynetheds . suspiediativatyentapid
and thicke fhingugBpts sERLASMBP SHASINAYC AFGBRNBH | ﬁ’igﬂﬁ?gs&o%’%}Véﬂbqﬁsfen&xclear

containers, for example sealed ampoules and vials, and may be stored in a freeze-
(Iyophilise(g‘icc%ﬁéﬂfaﬁ oE SiAh S BAN BindingirIgten. tmayibaldsrAescaPreliminayasafsenanst
for injectiottssinmusediateth@rior vidbtasissy BEeINBaRasevS iesHRmeP RS &S ect is on
suspensio%QCrB@ége prepared from sterile powders, granules and tablets. [00250]The
compositions may also be transdemlally administered, for example, by the use of a skin patch.
In one embodiment preferably the composition may be administered transdermally.
Transdernt@P28Ministralian eaagidateisuheinpranie; fadest amepeend pasyderatminiatizatis
skin. The meMBrae Iaydhan dRsjancebiosRIMplE|aoa FRelcalien e o pRsiianowied
may include agmixtuf eb. The membranes may alsq be es:‘g%ed to have the advantage of a

substantialJAVAE: FDIEGIRA ISR SRe$R pr sFaabvedn SDitsISatebrpRAtifR Sapdidate
under stersehstaditnthe resitityaycbenmaiisifectdy atandarddarRsdenaiss0BIONARh directs
well-know %h%% skilled.in the art. [00251]In, one_embodjment the composition comprises a
formula sul%t%l le oﬁggés%%eﬂ@g@e%“gepe{ﬁ]em & @om%&%@%yof {?:lg iReReEsHL PLIdBe
be administebsentidariasmnes theydanttd i aegudatablenpenienidy delivered in the form of a
dry powder inhaler or an aerosol spray presentation from a pressurised container, pump,

sprﬁly orﬂnpmniser with m§amf@?@@@&?{@@%ﬁﬁ;}hﬁ-ﬂ}fﬂﬁ?&@ﬁf@ﬁ@'%&ﬁﬂf’dg@‘éubstance
trichloroflugromethane, dichlorotetraflugro-ethane, a hydrofluoroalkane suchas | -
1,1,1,2-te%%?%1q;‘€%%tr$ ne mEE?E§2A§o¢TiW%@3X e%éﬁu%ﬁ%ﬁ%'@-l@ﬁ?ﬂ?%’){'ty
carbon di@@d@ﬁﬁ@ﬂ@miﬂi_&@@gamdmﬂm chde olibstuassuisadcatiarsddéierdneingedtitther
may be dejgrminediaydyr Oéﬂf%E% aﬁéke%'_‘/ﬁh&iﬁ%?t_ ISR AN IS pressuris dcellular
container, pump, spray or nebuliser may contain a sofution or suspension of the activ

compositié‘?ﬁ !ﬁ‘?‘ﬁ%’l’ng a mixture of ethanol and the propellant as the solvent, which may
additionally contain a lubricant, e.g. sorbitan trioleate. Capsules and cartridges (made, for

example, anaag] atin) fiveiserioentritionlesfordndifiricsubstamfousedaien 9memgiBa such
powder m’tﬁé’tfi‘ﬂé H?a‘?%'ﬂé’é’hﬂjaﬂb%'ﬂwvﬁ-@'ggfiggg St E)I%Ii%lg\ggg rP?%? g%ui\f?e:f%lt R

Aerosol or dry powder compositions aré pre

starch. [00252 Vi
assays.
[00207] In a preferred embodiment, the candidate substance is administered to

the cell together with functional CCDC85. Since CCDC85 has the effect of enhancing
nuclear localization of RGK Small binding protein thereby inhibiting cell morphological
changes, a substance that inhibits CCDC95 may serve to initiate cell morphological
changes. Alternatively, if cell morphological changes are further reduced, then the
substance may be an activator of CCDC5 function.

[00208] A candidate substance is typically considered to be an inhibitor of
CCDC95 function if cell morphological activity is increased by at least 10%, preferably



each metered dose or "puff contains at least 1 mg of a composition of the invention for
delivery to the patient. It will be appreciated that the overall daily dose with an aerosol will vary
from patient to patient, and may be administered in a single dose or, more usually, in divided
doses throughout the day. 75 [00253]For example, the compositions of the invention can be
administered orally, buccally or sublingually in the §&m of tablets, capsules, ovules, elixirs,
solutions or suspensions, which may contain flavouring or colouring agents, for immediate-,

delayed- o LR R -FAA D% rlediveHs. thecesteptafmel oreuituitgios antiviositomin the
under sterijgennditions Soewmbly aseomplishes by ﬁ{@neaﬁeiea?éng%%%_tewig&ﬁéast a

well-known to %g)s‘e skilled in the art. The compositions of invention may also be’administered
via intracaY8MTBSAISTEEsEN RIS HRIGRYY. trasiderpddribesan ardivalenabReRCEs function if
administereelimtivpliotoyichbamivhpsitdiytios NessRRSLAMBYRAILIRAS IRY FerRBRATIBkEKR

by the ocu UlBe F thalmic use. the. compositjons qf the invention can be formulated
as micronish?a{d[j zljiss p’gn%igﬂélﬁcfso %r‘ﬁé%ﬁ‘%&iﬁ@é&f@bé]ﬁ’@'gﬁliFf@f’t‘ﬁ? 8 Hhihe rersnGsef
in isotonic (FHP486xad aheeitee alfibe optiditzity substabosation with a preservative such as a
benzylalkonium chloride. Alternatively, they may be formulated in an ointment such as

petrolatunoiP@sH| The TRUBNHNS IRYHIGHY SR8 RHRAI fﬂ%@ﬁﬂrf&%r@éﬁﬂ@ 88}194988&%’%‘
expected to be useful for freating a disorders related to RGK small binding protein, t

method coPipriEig #ﬁ%oééﬁggﬁgﬁgyﬂ?ﬁt&j@éﬂrﬂeﬁﬂ?cf[féﬂﬁﬁ%bﬁﬁ@‘@?fv@ftrﬂanééta variety of
compositiaugrstzssesgitertimigatect of the test composition on the activity, concentration
and/or subcellular location of RGK small binding protein. [00255]The method of the invention

may furth ggmriset idj hesigi ifyi [ot formulati
compositi?):g selected ug?r%%%?n%%?eg:\rﬂ#ggﬁéﬁ%@agﬁkﬁg\%n @?%(%ﬁg‘%ﬁ%'%}igﬁ Or}%S% may

assessing WHEMRS feschhioddivn afbmsdea sRlid aHRROst RGROBMHM ERSWEIEH, Tives
compositionethayi lef &ram eleriashiag RNRFEREAERBESS: b EXFMRIhIN Bets WHIcH \Wdriakoly

animals or, humans. [00256]The rouﬁes of adn]inistration and dosages described are intended

only as a éiﬂ@% ANy Wiled BEOMRIBARY WA YEUAFL ARt SRR 09I EheRYNRARHI RO LRS
of administragioenindudeeatdyfdn aoymusetitbedabipdirentasdysondtieh. cells, either in viable or

fixed form, can be used for standard binding assays. One may measure, for example,
for the formation of complexes between a CCDC95 polypeptide or fragment and the
agent being tested, or examine the degree to which the formation of a complex
between a CCDC95 polypeptide or fragment and a known ligand is interfered with by
the agent being tested.

[00211] Thus, the present invention provides methods of screening for drugs
comprising contacting such an agent with a CCDC95 polypeptide or fragment thereof
and assaying (i) for the presence of a complex between the agent and the CCDC95
polypeptide or fragment, or (ii) for the presence of a complex between the CCDC95
polypeptide or fragment and a ligand, by methods well known in the art. In such
competitive binding assays the CCDC95 polypeptide or fragment is typically labeled.
Free CCDC95 polypeptide or fragment is separated from that present in a
protein:protein complex, and the amount of free (i.e., uncomplexed) label is a
measure of the binding of the agent being tested to CCDC95 or its interference with
CCDC95:ligand binding, respectively.

[00212] Another technique for drug screening provides high throughput
screening for compounds having suitable binding affinity to the CCDC95 polypeptides



76 [00257]Stem cells and cell fate determination can be manipulated with the CCDC95
protein. Since CCDC95 is mostly in smooth and heart muscle, but Kir/Gem blocks skeletal
muscle differentiation in vitro. Thus, the two proteins coordinate to favor differentiation into
heart rather than skeletal muscle and may be used to regulate differentiation in vitro. Where it
Is preferable to obtain heart muscle this is achievec%y varying the amounts of CCDC95 and
RGK small hindi rotein protein jn.favour of heartl cell differentiation. Where it is preferable
to obtain s eléété %%28119, ﬁ’](ljl)SIPS gg#?gfv% lé’[)?\//?ﬁ?rn @?e QH%@SH@OP%@@@@ MEPREUO3R
binding pratelished\ouSsirskilettddell @ffefigritation. IBGS TMMDRFE(S) BAGSHRRNINGHEHET
THE INVENTIQNAAGEREI Y of. the present.invention are more fully described in
the followin non-li%iting Exaér?]%{rég?%tg {fefg éé §n%pe‘ﬁrst8% ?t\%%gle\fe\s/gﬁhtﬁeﬁ Hf‘i’?%‘éﬂﬂ'@oor some
descriptiorPl9®ictiags ol dherdeplidg ietisecrapesran pifgingatied etk nC BRETD polysbpited
not be undgrglopiieanE iRy aCDISSY SRR Qe biRa o e

out above. [00259]Methods of molecularﬁ CI%%S, immunoqo%%éﬁgapﬁtﬁé%g%gﬁm%ﬁz&e
not expliciltl €Rcribed in the following examples are reported in the literature and are known

by those skilled in the art. General texts that described conventional molecular biology,
microbiolof02iH}] recorRuiifiett DXD@AT iquebevithiatab editatttf ibatarplateided, fes in the

example: SaspbRet; , I ingLA. rator nyal..Second Edition, Cold..
Spring Ha%bor Laborlg{goé:?/ g’:gées%g?ﬁ Eglrl%%'ﬁé o:?; ﬁgﬁe\yl\%?k PSQS?;C"?ﬁg\‘?eﬁ‘é*dE‘f’Hﬁ%p“de
Cloning. ACBRRRSIoreapiire onfihedieate immkilize dae QEROOSTDAYRSiidE 983 heasnlid
Ausubel, ihBgent, R., Kingston, R.E., Moore, D.D., Seidman, J.G., Smith, J.A., Struhl, K.
Current protocols in molecular biology. Greene Publishing Associates/Wiley Intersciences,
New York, ]CC i ovel muscle specific protein that associates with Kir/Gem
and under[é%%él?' circErﬁgtéahive%s&ﬁ%?t%&Sp%t[éosqtn ngﬁcﬁleaﬁgfngﬁ%r?}oﬁﬂba@% ML SGRSRG
The intera@g8aY®ith BUCTeBtihedioecppahivetyf sharfimmiyriimdangdhe GRDCIS pohgieptide

extension @i it BURE ISR I RAH A AT %PE%HHABWJ@%E‘@:&’BP:&%G&%W&SEB% or fragments
thereof. In this manner, the antibodies can be used to detect the presence of any
peptide that shares one or more antigenic determinants of the CCDC95 polypeptide.

[00215] A further technique for drug screening involves the use of host
eucaryotic cell lines or cells (such as described above) that have a nonfunctional
CCDC85 gene. In one embodiment the polynucleotide’s encoding coiled coil domains
of the invention are deleted from the CCDC95 gene. These host cell lines or celis are
defective in the CCDCS5 at the polypeptide level. The host cell lines or cells are
grown in the presence of drug compound. The cell morphological changes of the host
cells is measured to determine if the compound is capable of regulating the cell
morthological activity of CCDC95 defective cells.

[00216] The goal of rational drug design is to produce structural analogs of
biclogically active polypeptides of interest or of small molecules with which they
interact (e.g., agonists, antagonists, inhibitors) in order to fashion drugs which are, for
example, more active or stable forms of the polypeptide, or which, e.g., enhance or
interfere with the function of a polypeptide in vivo. In one approach, one first
determines the three-dimensional structure of a protein of interest (e.g., CCDC95
polypeptide) or, for exampie, of the ligand complex, by x-ray crystallography, by
computer modeling or most typically, by a combination of approaches. Less often,



77 [00261]To identify new regulators or effectors of Kir/Gem, a yeast two-hybrid (Y2H) screen
was performed using a MING library (BAguin et al., 2001 Nature. 411:701-6). This led to the
identification of several positive clones, including CCDC95. CCDC95 (coiled-coiled domain
containing 95) is a novel protein that contains as only protein motif a coiled-coiled domain,
which is highly conserved from flies to mammals (iﬁ 1A). [00262]The yeast two-hybrid
screen of as NAII ayifrom mouse MI&%}l cell Ufineg e full length of Kir/Gem as bait was
performed &5 é‘escri VL é’i‘gZ RIGIGRA"S 2F. 710 y 9En RN B RS PY
clones fromaonelisg basethdrhine atrudiovecsf heteoidgotify shatdintation dieiniole GERGS T whigh

cotoms e R AP LIS AR B S .

CCDC95, RGK proteins, 14 and f ase were epitope tagge
as previouskyidufihoelypeptiteLare. apedseddy Bralanitie 32384 ) nRuisidechrigias e amien

GST and ¢iffer psdidneGslinp RIcECRERR W18 m&%@i@é{eem@e}%&@@@s@iﬁm i‘f%@b‘?ﬁ%md

2007 Traffic. 8:1150-63). CCDC95 rotein localisation [00263]Northern blot analysis was
performedﬁﬁﬁﬁ‘eioét%e‘(i’ﬂ‘giﬂn@@ﬁcﬁ%ﬁﬁz |0W%niéﬂ%f§%|r'® ebabysemh Li%iﬁ@'%héiﬁnﬁfﬁnto

CCDC95 detéfrascstheahmpiNanhrigidchetanal/pisptaugaled that CCDCI5 is widely expressed
in all tissues analyzed (Fig. 2A). However, staining of a tissue array with two affinity purified

anthOdIeS[&i§?f|]agalnﬁt%If&%gné - e gure %( %[% g%%% orgé:f mgatlg in

smooth muscle and heart (Fi ssion was So observe

embryosk&@ﬁi%ﬁ%é@%@%u&iﬁw@ é&b@ﬁﬁm@m@mgmmppmmrémmpm
the widespigrss R §51ea1eRaeb PHEe! QBB S Wit SUBRURR L HRIGHRS A S IR Y B}fsed It is

vasculature 00264] Endogenous C DC95 was detected either using a custom made

affinity-puRRES PR e{?ﬂpﬁ%tﬂgtﬁﬁYﬁKﬁ%'@@§BﬁSE@Sﬁiﬂ%d?br@?ﬁﬁ%@@nﬁiﬂblﬂ%ﬂ”c

antibody a@aibsﬁmﬁ&ﬁﬁuds)nt@rat&mamtainmmaelagida|P%tu@188ﬁb56¢09@@@&urror

KirGem Wi (VEPIPt R R4GR I RaRY LI T s R e A9 LT Bl RS L8y
analog of the original receptor. The anti-id could then be used to identify and isolate
peptides from banks of chemically or biologically produced peptides or other

molecules. Selected peptides would then act as the pharmacophore.

[00218] Thus, one may design drugs that have, e.g., improved CCDC85
polypeptide activity or stability or which act as inhibitors, agonists, antagonists, etc. of
RGK small binding proteins polypeptide activity. By virtue of the availability of cloned
CCDCE5 sequences, sufficient amounts of the CCDC95 polypeptide may be made
available to perform such analytical studies as x-ray crystallography. In addition, the

e

knowledge of the CCDC95 protein sequence provided herein will guide those
employing computer modeling techniques in place of, or in addition to x-ray
crystallography.

Therapeutic uses

[00219] One aspect of the invention provides a method of modulating a RGK
smail binding proteins comprising the step of varying the concentration or subcellular
location of RGK small binding proteins with CCDC85 polypeptides or peptide
fragments as described above.



[00265]Cells were fixed with 3.7% paraforrnaldehyde, washed twice with PBS, quenched with
50 mM NH4CI and permeabilized with 0.2% Triton X-100. Cells were then incubated in
blocking solution (PBS containing 0.1% Triton X-100, 0.1% bovine serum albumin (BSA) and
250 mM NaCl) for 30 min, followed by incubation with various primary antibodies (see above)
in blocking solution for 1h. After washing, Cy3-labef® donkey anti-rabbit IgG (Jackson
Immuno Riﬁ§arch Laboratories) and Alexafluor 488-labeled goat anti mouse 19G (Molecular
Probes) waP@¢8l as sEEHARRIAHL SIS asrtiRistanRigvaiad invelsi afdiendtiensle8GPCIS
incubating fixedineils faiclkdioaritherrercee isyrisbsRicapherempibiies e ¥ eirgepalridip
and Hoecht 33342 M%Iecul r Probes), res ecti;sﬁlg. Mouse brain cryosections were

[ e

processed BRher TOF eit AP FhmPH a0 i8RYsin VRSN ARTPAIEL \iBCISaBas oraisleas)

or the stanberlisatinnnéRBIesoaiceimincipretétectnbews)inkRarigensmasedifalitadomth
an Axiocam microscope (Carl Zeiss) or with a LSM 510 Meta confocal microscope (Carl

Zeiss) at 49;gead?63x maligationss R 2P0LHNAE RhoGGRCY SLaTRY et?fe.m'{ﬁétgj:aﬂﬂﬁgblast

stripes that partially colocalized with troponin T (Fig.'ID), a protein present in the Z-barids and
involved intHE RIS ANRE N WHIRL Setier rspmarisenassndmisieringdy Teridcdisar Jumstismal
CCDC95 vahDogen bl pupsico NEFMesiyAudIENasy entdiamyosyias foigpdfidd hase reselent
identify CCDCQEO%S a rﬁ\%\{,el intec\'acgﬁg Bartn?r ngir/Gem, Witggxlﬁ)ression predominantly in
muscle and GtaranlUERIGIAGR MG iR ET & BRINRPESR AL BYMNNHeRldef ihe inyspion,
muscle,eminjeh sialiateptidasoigalyditientidadsiterapcedsiaridiyipatiyl yctios SaBCe6th gene
nmuscle dif igtio ressi h le specific genes. In, early stages of

(Ta:j’lt}diomyoic%/%qégg%ergﬁ?a(hﬁ%%?d%&qﬁe?ﬁéﬁc@g%%ﬁ %agr%%ﬁrgmag%cst? "’éég!\h)%' }neaa rt

MLC2v, twWiiSRass Esliagifeoprsieficiemaris eargionpogyteonnbes stpcbssisthislalemprises

induced ingmmag;ﬁ]@lIRy_vi_@gi@ve&néprgsﬁim@t%{ayqﬁbQé@sﬂsga'mmt%k%mweﬁde
activate other muscle specific genes in this system (Qin et al., 2007). MyoD and othier MRF
family merfiB&? 'BﬁwosﬁidEmXRQBW@nt@id"tﬁ'@tﬁrdﬁﬁ%ﬁ‘%gﬁbﬁ?@f‘t‘@ﬁﬂl&éﬂ yéfesvaiipty of

several E-tisxedeate qirdisigriespsifeas atitecadifotrediapogahie GrRIRGOTerME; Kisvs in
conceivab expression is directly requlated by M . Interestingly, dependin
on the phyg?éﬁ??gﬁ?gﬁ E.I‘Q?Z:%d lﬂﬁ“&gﬁ&ﬁ’@%ﬁ@g nlgﬁ’ﬁ'oﬁﬁf&%ﬁ*ﬁ?ﬂ@?f&%ﬁ%ﬂL%O%?%'B‘" ‘%
present in it exbpelings, Bocloestamtihidtiess oniitind auoatodiizatio prefited doeatmient is
striations qf @ yeelefibe s R aw § (dag sho . , .
novel regulatory componaen'g of%ﬁe@cgjrﬁgcﬁ%s%ﬁgﬁqogf %uggﬁaﬁggﬁgr%? iizc%ﬁ[g%&%ﬁgfgﬁ.
[00267] ThEGRTIEWe SYeRiifiaRpPessipRlve muenHaidysIoebylammeibeninngjayendnidtiple
to the discesterssiém navalduseERNMRIEYE/ GRiBdR BteBISy JRYSIPPERRN taNiOUE Mo to
interacts with other R?GJK %gt%ein fami{lgclﬁrpnembers and Rad is expressed in heart and
upregulate’H‘%'[Jar rewgan & WI%?J% aHaWke et al., 2006), only overexpression of Kir/Gem
blocked muscle differentiation. The absence of the myogenic markers myogenin and troponin
- T-ih mono 2d.C | ir/Ge est.that the. rotein
b cary B e S ey oSy ek e A e It e el o
example oANEHRYBIAStTMdNsiHeaainaobedlel dullsun e endgeseatiogepain okheermhages by

redistributfgfEQigis PFRISENNBOIK WHAM L OHlBY ORIASBIE 'P&%F@foat&@g%g)@% davéag by
early stages of differentiation and, concomitant with the appearance of CCDC95, relocalizes

= . A < c
to apopotiESFAETBIAN A HBRLRIMSRGL TISEIR RHbe avelicofs elhesdaass iaxssiratand
subcellularepairisfitinosfikigéoenged the MREEESHS UHAETISETBEIRY HReRINGPIY HINP Hidirts or
overexpression of ejther Kir/Ge 69G mutant or CCDC95 partially released the inhibitory
eifoct of KITABF R SRR RHRT B, B R HREIE ATOUSIE A0 RUTGS  AIBHOR dRsues
nucleus affior CSIxpEHtatans Werualéimitet @imatioh fas ik diBemisthegieesenpartit dhaty in
small GT&@rtcggg ggmg]déqotq%é% | %rtré-is likely required for its inhibtory effect.
n

Overexpression of the prot urprisingly, overexpression of CCDC95 in either
COS-1or _

The myogenic protein can be administered directly to the stem cells to induce
commitment prior to injection back into the patient, or implanted in a controlled

release device at a selected site containing stem cells o induce commitment and



cardiomyocyte-derived H9c2(2-1) cells showed a predominant nuclear localization of the
protein (Fig. 1E). Immunochemisty was conducted as previously described here. COS-1,
Hela, PC-12, H9c2 (2-1) cells as well as undifferentiated ES cells were grown as previously
described (136guin et al., 2005a; Mahalakshmi et al., 2007a; Xu et at, 1999). Swiss 3T3 cells
(purchased from ATCC) were maintained in DMEM®igh glucose with 10% fetal calf serum
(FCS) medi%%.[Primary cardiomyocytes were obtained from Cambrex and cultured according

to the manfHSIGRRIBRLRNSE thendRif imitsiaded fersbremapsenis raisiny thiniataaitaebe
Plus or Lipofestraidiec & 2000anstO pitis Momangeens Ay igermragenrding to the

manufacturer's instructions. 100 mm dishes and 12 mm coverslips were used for biochemical
and immungfHar, studies, respectively. Experiments were performed 24 48 hours
after transfection. Rat cardiomyocyte H9c2 cells were differentiated into myotubes by shifting
the cells (aé?ﬁg%o ionfluence) from the standard 10% fetal bovine serum (FBS) medium to low
serum con oo FESRIAING Jaythe, BicseRtiBKeRtire wAsBAIRE dBt Afaheravidedseh

cells, whickuppigimgaintdigitiCCHOIESdnctiofate EIeieiRaveswsdiwethin toepigsalieles.
medium wi leukemia.inhjbitory, factor) for several days,.J00269]Cells overexpressin
CCDCO95 a%ﬁ'%éﬂ?o eellr?fsu\r}vcé'r%nlyés/heo ﬁﬁ)ﬁ‘gﬁﬁ%r'@éﬁ%ﬁéﬂ’é%’ﬁwﬁlﬁ'ﬂg-H”c‘F? Hgﬂ%f,ei'go
mM NaCl, G@RE¥g artiosounayitbe Xpadidsdpeithee et ugth theglme obtamnef therapy or
protease iR EMPRPINLRE ' paj d ' iochem)..For )
endogenous CCDCQg dgte&@n?ﬁfﬁ thﬁlz%rv@{e%s @E‘éﬁg& rﬁ%ﬁﬁﬁ%ﬁiteﬁﬁ?@f‘ y%?f%y S
prgparatioﬁ%é‘#@%%ﬁ’%‘éﬁ%@%@ﬁ'ﬁﬂ%ﬁ’@r%‘&f Brusitnadperiabebiingequence
characterisation [00270]To map the structural determinants responsible for the interaction
between KjtE223]and CIto Qdl-1ypienCODQPIB Gjpitation ampert I thasgyReversycsedinthaslicAs

shown in Fig,.2 ild-type. (WT) Kir/Gem or.a mutant t oes npt hin M (Kir/lGem .
W269G) (é@gktﬁﬂg\tl eﬁfwlg%s\;lxﬁ)s"c %‘Set%{l.,ai%%?%%‘ih%r%m%“nc prgﬁ?&é@@d Fhec CTseayRs
(Fig. 2A p&&asheeosemeld) I entiimangjtiatispetiicions Wil inkeexptiossel nyctitionsll from

ig. 2 . rirgmienctifchon Wil eeapiiorsa il o
for the ime??%?%?&@?f*%ﬂ%ﬂ%ﬁ%% R e b S S ST

did not binBHo RGTieiehY (i .%q%acgyi ndhg, %"i’l%g g’@%ﬁé&%?&%ﬁ&%ﬁ%&%ﬁ:@aﬁcggge
phosphoryEraidesp it/ henis(Rrgiiseiot indibny W inas(biferMmas] PMBRE prerEhisd
(400 pg o oA B R P o RaS ¥ 08 BEATL (P o bcahera ph
protein G Sepefeissy bekhis guehershayrihfdritdompsraiadesifolyie butfegefibah EL300Sgshen
washed exipnsiyelinand eli®Yectors for introduction of genes both for recombination and for
extrachromosomal maintenance are known in the art, and any suitable vector may be

used. However, replication-incompetent retroviral vectors have proved safe and

R

effective in recent trials and most of the approved human gene therapy trials to date
rely on retroviral vectors. Thus it is preferred to use retroviral vectors, such as
lentiviral vectors, comprising a polynucleotide of the invention and capable of
expressing a polypeptide of the invention. Other viral vector systems include
adenoviral vectors and herpes virus vectors.

[00224] Methods for introducing DNA into cells such as electroporation, calcium
phosphate co-precipitation and viral transduction are known in the art, and the choice
of method is within the competence of the person skilled in the art. A further gene
transfer technique that has been approved by the FDA is the transfer of plasmid DNA
in liposomes. Suitable liposome compositions include Lipofectin™.



protein complexes were subjected to SDS-PAGE (8%) and Western blot analysis. In 81 vitro
pull down assays using purified GST-importins (2 pg) and cell lysate (400 pg total protein)
containing WT or mutated Kir/Gem were carried out as detailed (Mahalakshmi et al., 2007a).
[00272]To identify the amino acids in the coiled-coil domain of CCDC95 important for the
association with Kir/Gem, clusters of three residue$®&ere mutated to Ala and interaction of the

mutants wi &&é [Gem t\(:ﬁgd u%r;g the Y2H assay (data not shown). Individual amino acids in
the susce;ﬁ 2§gion R IR RIpgu iR Avilddere SCRGEM g epensanehefidatdnast
15 residuesodelssystatatian istedieregobidsKilifeaantitdniicreg) rhasens iicatanine

acids clustgr lj I Il of the coilgd-coil domain. The importance of the individual
residues ing&@D%gés%?ﬁge%ﬁ{gpéE %’r']] with AR Hfas, ﬁﬁﬁ‘ﬁ’é‘& iR dBrnGRSSe asngish
experimenfsdPEGS2 Oplypeptdirbmationcin simamalpiisLios utteno noelRRah @R AGIHMRof

Sigma), mg%@grmﬁg}@ﬁhggg- yc, rabbit anti-GST (Santa Cruz) and mouse polyclonal
antiimportin a5 (Abnova) antibodies were used. The same anti-FLAG and anti-Myc antibodies,

as well as gntihodies to MyoD1 (Abcam), troponin T (Sigma), myogenin (Abcam) and

a-tubulin (@e%j) werd IR RIAIN ASTLREB2baNe. ﬁﬁ&é@@éﬁ%@ﬁﬁ]ﬁfé@%ﬁhaﬁﬁ@

the structuapplesiblessrivaidite empluyedali fgekeCeRpPiRkRbIIGn2Bréar ) ive¥ssd! the
IP and GDP binding (Beguin et al., 2005b)

mutants of Kj own to be. defective jn bpth .

falod (6 cC o R AT B AUElE P oo P ay0 HEhci B0 herapy
associatioff regtivels ey ampropKiate én wemiproedition. Whicinthe iterehiobCIDD TS potyifeplicates
the C-termj f I RENSH ‘iﬁ;‘éﬁ‘ regi e ing acids 235 and.282, in
CgDC%nt})'J‘i'Er}EIi§r§ﬂ c(;Igilgl. 2E, ggﬂoeﬁé a, ané%ﬁﬁr?&%%%b??p@% r‘é?ﬁ{%ahce)nussf3 gquﬁl iy 'g%ﬁ?s@?
of Asn and®4p PESXRTEESIRY 25 agve REDC$geneRVRI2 ToihossecelisidtaMbictnthaS0EEEE

(Fig. 2E, ngered & ba«msb@dﬁbdmﬁbﬁhgﬂn@fa?tmhsg@@dﬂféﬁa%NSFM{)?%ZME”N
and CCDC95 being almost abolished (lane 11). [00275]Given the role of positively charged

residues inghgapferacier iRy Wi S LR YN RS 1S oSl s
methods. Cells from a patient's would be first analysed by the diagnostic methods
described above, to ascertain the production of CCDC95 polypeptide in the cells. A
virus or plasmid vector (see further details below), containing a copy of the CCDC95
gene linked to expression control elements and capable of replicating inside the host
cells, is prepared. Suitable vectors are known, such as disclosed in U.S. Pat. No.
5,252,479 and PCT published application WO 93/07282. The vector is then injected
into the patient, either locally at the site of the disorder such as the heart. If the

" ; transfected gene is not permanently incorporated into the genome of each of the
targeted cells, the treatment may have to be repeated periodically.

[00228] Gene transfer systems known in the art may be useful in the practice of
the gene therapy methods of the present invention. These include viral and nonviral
transfer methods. A number of viruses have been used as gene transfer vectors,
including papovaviruses, e.g., SV4Q, adenovirus, vaccinia virus, adeno-associated
virus, herpesviruses including HSV and EBV, and retroviruses of avian, murine, and
human origin. Most human gene therapy protocols have been based on disabled
murine retroviruses.

[00229) Nonviral gene transfer methods known in the art include chemical

techniques such as calcium phosphate co-precipitation; mechanical techniques, for



signal (NLS3) rich in Lys and Arg residues (Mahalakshmi et al., 2007a), we extended our
analysis to the NLS. Intriguingly, inactivation of NLS3 in Kir/Gem (NLS3 mutated) 82
completely abolished its interaction with CCDC95 (Fig. 2E, panel a, lane 18). Although
mutation of NLS1-2 in Kir/Gem also abolished its interaction with CCDC95 (Fig. 2E, panel a,
lane 17), this most likely reflects and altered confof®®ation since this mutant includes the

Y156A substguti n known to affect GTP/GDP binding (lane 42. [00276]In summary, these
experiments eg}%qglig}%céoé'aggﬁ%’h{fé? Bh% LiiRaer ielerhtans orevin lipasesneass mathdirect

CCDCO95. Pokkivptakiaryb deaaptu-awdiatedrbNAteHnEToR OVIRILGRANASNGIRS Hgnsfer can
conformati i i pgical- for.the interactiop. [00277]Bound CaM and/or 14-3-3,
hich recas e B8 S S Tl haciPinp o508 drlien Algsigo one o

_ _ iSp
transport. ees &R yiyahvaslper inéhpastivelpdhat dei dmeisaramicsirencaied AELRICET, the

pinding aredeeail Vithin Glotf i KiaITHRe RLIDB I4hva el ARgaalss iz juportin a5,

suggesting a mutually exclusive association. Furthe binding'is sensitive to

conformati anges in Kir/Gem since mutants that bind neither GTP nor GDP fail to
interact, p@@g?yj addijgn%ﬁ' rﬂgeﬁﬁﬁérﬁ@{ SMBRPIRagISati BRI BEYSISE HIERRetROR

of CCDC9%ethhdsirigesmis Dikedtanysidisincorittoe antthe ponldmER:bijdirgddr aigiBody
First, CD : d icl f nuclear localization of Kir/lGem. CCDC95 itself

caries sesbonn o e B B R R SR RSl e S E e B to an
importin a9¢fRQYItEs veritfion therfimaleedrn tomilexein (emalskshioi @tfebt 20032) Jihe

CEDCY5 e RHGHRVQBLIGE ﬁ@ﬁHif@@ﬁi&ﬁéﬂtirBFPfEﬁHﬂ.aﬁtfé’ﬁngﬂfé?ﬂwt.r%ﬁpﬁ%’rgﬂ%?i i&% the

protein. These findings support a role for CCDC95 in nuclear import from thecytosol a
opposed tEMRIETIS DRIAIR M6 rIRHRIGhPMASIS@#M3gRELon of CCDCOS is to stabilize

Kir/Gem, a function that has also been observed for 14-3-3 proteins (Ward et al., 2004). Since
in contrasl@2#dr smadlieseme3NIGIOpities basdbnsoripioonatly bedemesbndf snbiiating

rapid UM QlyRle{Gi P gemaN SRaHAL oe ir/Gem and/or sequester the
protein to a particular ceIIuIarrlocatigr?\iﬁr?gen%?n%ﬂé?i{c}leg ﬁi@géﬁewﬁg & ri?(g({%%sbﬁ\e%gg&?ytransfer

released tBTEXKERSIS RRNERGETRtdPsaticrtonodD cptbrtAR RNPRES RSV e eebinghagted in

protein familtour deposits, for example, following direct in situ administration.

[00232] Gene transfer techniques that target DNA directly to affected tissues are
preferred. Receptor-mediated gene transfer, for example, is accomplished by the
conjugation of DNA (usually in the form of covalently closed supercoiled plasmid) to a
protein ligand via polylysine. Ligands are chosen on the basis of the presence of the
corresponding ligand receptors on the cell surface of the target cellftissue type.
These ligand-DNA conjugates can be injected directly into the blood if desired and are
directed to the target tissue where receptor binding and intemalization of the DNA-
protein complex occurs. To overcome the problem of intracellular destruction of DNA,
coinfection with adenovirus can be included to disrupt endosome function.

[00233] Polypeptides that have CCDC95 activity can also be supplied to cells
that are deficient in CCDC95 polypeptide or the polypeptide is inactive.

[00234] Active CCDC95 molecules can be introduced into cells by microinjection
or by use of liposomes, for example. Altematively, some active molecules may be
taken up by cells, actively or by diffusion. Extraceilular application of the CCDC95
gene product may be sufficient to affect calcium channel activity. Supply of molecules



83 [00279]Kir/Gem is a member of the RGK small GTP binding protein family, which also
comprises the closely related Rad, Rem and Rem2. To investigate if these other members of
the RGK protein family interact with CCDC95, we carried out coimmunoprecipitation
experiments (Fig. 3A). As compared to the interaction of Kir/Gem, Rad and Rem showed a
consistently less efficient association with ccrie95 (Fg. 3A, panel a, lanes 1-3) and no

co-precipitat; é%n with Rem2 could be detected (Fig. 3A, panel a, lane 4). Thus, it is possible
that CCDC¥ENafSPERRAC Y ShpwiRliead te oadioie sisalinf thacefisats dhandotemelittar

Kir/Gem, toelciunsambittwracgiationehie fpctpber L4 GHDRY eS%QrIT;\% %‘E&é
function focused on Kir/Gem. OOZ80&§CDC95 mediates nuclear localization of Kir/Ge anc?

abrogates RN FRMBRIHA tiSPEYF AR PR MSEM Irag TeBLBYTh AotsversalrtHMpd fied

insight intcptlepetidds0 @b suha Ay et iy dfumitRel Bas esss Dee disT pesRRY e Rffect on
the subcellular distribution of the RGK proteins and the changes in cell shape induced by

these GTFI@Q@SE protwﬁmygm%}oc y %awﬁ%ct%%gﬁgregé%us%degggjgg%dheéﬁer

As reported prewously (Beguin et al., 2006 Beguin et al 5a; Boguin et al

MahalaksHH aﬂaFe%ﬁaWNPAma!@%ﬁPétaélerMmeHafrﬂ%mez@etlg AVBYBRISBSSRIGIf

RGK protamum@ﬁﬁﬁcmgs.mﬂﬁ@d é‘ﬁﬁﬂlﬂt&ﬂt"@@B&QB%&?@@@WSG@"W%R’PE‘%@%%lmal
panels, a, d. f @Sln cellg%ﬁo ex %R%E]QBCQS the RGK mediated changes in cell shape

were mltlga?eg &ird s’ r@%t BlRe niRBgloggHS Aetifh oﬁﬁ%@&ﬁY@b’vofBﬁ’l.
The exteneoflagetenrsaURORE qyeoé(ap emﬁibGéiﬂnhmf@ImmprQielm@nﬁﬂbdcggremgﬁ,wuﬂbr
their effici itat | most ronoun e ir/lGem (Flg. 3B

amels bt e A e R O R R R
and g-g") §kby Bﬁréﬁt’@obﬁ'@'n@dmg*m%ﬁelthﬁl E)nlmebntrﬁstl'te thetvamwmprmmm;es

overexpreasieBIaSCHRFSRINHAKERANE BaiR0bLelFsEvE w&ﬂ&%%&%ﬁlsh é%ﬁthor

protein (s e F| . 2), neither altered the subcellular distribution of Kir/Gem no its

induction f@qme"@)t{?ngl’ﬁﬂ?@fi‘g refateda i rardiomyagyiei fieficieasyddentfied-berein.

quantlflcatT(hesé momiatblmls:fmﬁg@& a'slmaérﬁa@lsnﬂﬁ)mm@‘@w RedEnEICTs PReRed
into three el Oéb @%F@] 9” and long extensions). Short extensions were defined as those

with one Ieng ecell body diameter, whereas long extensions represented those

longer that one Iength of the cell body diameter. [00283]The effects of Kir/Gem on cell
morpholodyA5ResEIG CRINBAIAS

[00236] A further aspect of the invention comprises a compound for modulating
RGK small binding protein or protein mutants or peptide fragments thereof.

[00237] Examples of compounds for antagonistic activity of a voltage gated
calcium channel may comprise CCDC95, peptide fragments: Coiled coil like domain
of CCDC5 or variants thereof; fusion Sequences comprising Coiled coil like domain
of CCDCB85 or varants thereof. The compounds for antagonising activity of a RGK
small binding protein may comprise a CCDC95 protein or variants thereof. Increasing
CCDC85 activity or peptide interaction with RGK small binding protein moving the
RGK small binding protein to the nucleus in any way including those mentioned above
could be used to move treat Disorders related to voltage gated calcium channels
including ataxia, migraine, epilepsy, neurodegeneration, hypertension and cardiac
disorders including cardiomyocyte deficiency.

[00238] Examples of compounds for agonistic activity of a RGK small binding

protein may comprise protein mutants of CCDC95 wherein the Coiled coil like domain



reorganization of both the actin and microtubule cytoskeletons (Kelly, 2005). Kir/Gem
negatively regulates the Rho pathway by directly interacting with the ROK{l kinase (Ward et
al., 2002) and Gmip (Hatzoglou et al., 2007), a Rho GAP. We therefore determined if
CCDC95 compensates the negative regulation of the Rho pathway by Kir/Gem. For this
purpose, Kir/Gem and/or CCDC95 were expressed/ih Swiss 3T3 cells and the effect on the
formation of stress fibers foIIowig\%serum starvation was monitored as a read-out for Rho

activity. [0658478iGHh em e SAECHEarsalrine aRibadias bR GRFPOE Risidaetsibed above.

promote longesicenmbbats Jeanoaishie wontycell E-idoilty RaNH®) BVRIFRIETSiBMetise a
Kir/Gem provoked a cﬁ%gpse of the strﬁss fibers, with actin now accumulatin%di fusely in the

cell center?%?%lﬁ,dp 1504589 e el Al CARFTESER PEIHGHASES Inhiding both  BVRINAJ
in the nucleapasionukatibrpostein Gepreswibie prehensibocenike licassdiba ofFRGEDsmall
| b-b"). 5 0A, tant.that.fajls to pind Kit/Gem, did not
Prove o A S e e A W T de B EC DL Rk S
of this datdiBHiRgRFPIAIFigr deWD02BBHHNDREINESS, SPREISTPhyrstel intatfzainky G Aadion
f Kir/G TP hingli tein on th
/R K e B O e A DR,
[00286]Thée@36F££%iJﬂ%fqtiﬁ@éﬂwﬁ@@ibmmegupa@é@ifbommﬂ@m&md‘mwanekperrav.,
1994; Magsiragisal SEBPID WelternalGA TSN end taTaaliotpt eYeAddila destiveln ot

?h%f;llijfren g\fl g:% gﬁ%§@§%%¢%\?f§idg%@84éggexplore if CCDC95 binding affects

[00239] Compounds identified by the assay methods of the present invention as
regulating CCDC95 function may also be used in therapeutic methods of the present
invention. For example, a compound identified as binding to and enhancing CCDC95
function may be administered to cells exhibiting RGK small binding protein disorders.

Administration

[00240] Substances identified or identifiable by the assay methods of the
invention may preferably be combined with various components to produce
compositions of the invention. Preferably the compositions are combined with a
phamaceutically acceptable camier or diluent to produce a pharmaceutical

} composition {(which may be for human or animal use). Suitable carriers and diluents
include isotonic saline solutions, for example phosphate-buffered saline. The
composition of the invention may be administered by direct injéction. The composition
may be formulated for parenteral, intramuscular, intravenous, subcutaneous,
intraocular, oral or transdermal administration. Typically, each substance may be
administered at a dose of from 0.01 to 30 mg/kg body weight, preferably from 0.1 to
10 mg/kg, more preferably from 0.1 to 1 mg/kg body weight.

[00241] Polynucleotides/vectors encoding polypeptide components (or antisense
constructs) for use in therapeutic methods may be administered directly as a naked
nucleic acid construct. They may further comprise flanking sequences homologous to
the host cell genome. When the polynﬁc|eotides/vectors are administered as a naked

nucleic acid, the amount of nucleic acid administered may typically be in the range of



expressing WT or mutated Kir/Gem and CCDC95 were subjected to cyclohexamide treatment
to inhibit protein synthesis. [00287]Cell lysates (400 pg total protein) were incubated with 4 pl
FLAG- agarose beads (M2; Sigma) and 30 pl of protein G sepharose beads (Amersham) for
4 hours at 4C in lysis buffer. The beads were then washed extensively and eluted protein
complexes were subjected to SDS-PAGE (8%) andA®estern blot analysis. In vitro pull down
assays using purified GST-importins (2 jag) and cell lysate (400 pg total protein) containing
WT or mutdfet Kikg &n'R&rs. cereletbliv faend d@few (Mdhaigkshinipsrttyl269 papfdmedhalfdife
of WT or myé} ' lcki rotel IS .using cyclohexamid
COS-1 cells weﬁrgctﬁglﬁ%%ly \?ﬂﬁ%}?ﬁ?ﬁéﬁ%ﬁg@%g&eﬁ%ﬁa gn&) %eﬁ?yga g Sf;;s)'é'r&ggle

at different R HoRconsRte erRe the tse whlargetescvitalieectorsne hour with SpM of the
proteasome inhibitor MG132 (Sigma) prior to the addition of cycloheximide. [00288]As shown

e v ploner o e otf e of 6 B o L R el
ir/'Gem w i e proteasome inhibito ig. 4A, lane 6),

suggestinggjlrﬁ %c%@e@#g %t% t 19‘;"38’ eé%g %Fﬁ%@ gaec‘f’ Eﬁé‘ﬂ\ugfs{%%exﬁfﬂgf?s RalLdiidhe
(t112: -3 hﬁé;:etmﬁ@f_@gstﬁqﬁmemmaﬁxamplehdfa@psgdgggnmtnuanﬂmcmmuaamm (for
COS-1 celisxirapis netacivAl RGeS HEI- %dPMEldEQ%W'EﬂFSI%ﬁg?%ﬁr example

GTP-binding protein was sut()){Fct to degrgdation irrespective of its su 1zation.

g
Interesting P UELeBressRiMdrensisean hi norisalys sarleio Asileonsiaeiacere mobeih vt

RGK protetherranbietiion aiehtiepprid ety /SopmpdEigortA, panel ¢ and e). [00289]CCDCI5
itself remained stable over the time course of the experiment (Fig. 4A, panel d and f). As

reported prav Yy (ref)pKi ili overexpressing 14-3-3 proteins, but

in contrast %@%%cgs,ﬁ%%%%ﬁéﬁ?ggﬁ%é %%%%h&?ﬁ‘é’{eé ?g?rrng %}gé?/é%%'?r\(’)% lon 15
degradatioffPRnad wiheay)PhsmanaHiprbtimrermiablpedamsers cordituesd the pseduiation
between KiiHarfheagicar Lofpadifien it reiime PRI NGIGERR A 0L 19:45hi 0 e

a), consist%g with the_notion that protection of Kir/Gem is linked to its association with

ccDCos. BEURAMeal TR RiRsRhRledEeRe intaliRgtion She CETwSsiteninipatinge
a6 and a7 fofa0fhfreparentiogk notartiSEUTAS iwasvenbGsindiOAABIARNI A S6WIRMS oral
dependingogqrgﬁlbl ﬁ%ddﬁ{(ggﬂ %rll_ltal condition (see below), the overexpressed protein
efficiently localized to the hucleds I0.1). To determine if nuclear localization may be of
physiological relevance, we first analyzed if CCDC95 encodes nuclear localization signals
(NLS). ClaR8244 ss 4actharaagrertd By biastonenptinnsieranins dtes el efinasy of the
c:assified intoripost > toms taimtr'tmqwm&ﬁéw\mfarwﬂaﬂd ssﬂstﬂﬁggé&at@iﬁ%%\?mﬁgamﬁofﬂi&s
clusters, two in t = inal coiled-coil dpmaip and two in the C-terminus, of positively .
charged re':sé:]gaee% ?r%'\riﬁﬁggseﬂ 'ggé%ﬂﬁ%iea??ﬁﬁ'_’s@ HOrLers JR(RiRA SAREY ﬁﬁ?ﬁl&ﬁdﬂ@f&ﬁb?&%ﬁ%
microscopingiudendataxianimigraineateepifefapts obQoDRhativienthapertandated iodhiac
nucleus Ofcﬁ‘éa%érg%lnlﬁi@%eﬁés_panel 1 and 5). Immunochemisty was conducted as
previously described here. Substitution of the positively charged residues in NLS2 with
alanines ap Ig%%d nuclgar translocation of the coiled-coil domain (Fig. 5A, panel 3 and 4),
whereas ntUtaiBH of NLSE sABWEY aHdntamrepiiensiat hifnayentioe oy beudelivered as
localizatiop€BlifesAdiracity 2p IdividsakbmutritantbéNl=s8 eedVirgd; pprépirealfretadiistogical

efficient n localizatjo the,C-terminal,partion of CCDC95 %: . 5A, panel 6 and 7) and
only the s?#t%ﬁérﬂg’oﬂ{s%btaﬁ%% 'E)fj Both N L%gt%rt%r?é‘réé'a vvllt'ﬁ[?ﬁ\?c% ?‘%éﬂu?ﬁ%ﬁﬁ 'H?E*g\.’%%?rs
panel 8). AEIgbis of theressinmite eiminofacido8mosiiencontext of full-length CCDC95
revealed that the presence of two functional NLS was sufficient for nuclear localization (Fig.

5A, panel ferdel0), wheeersanytiANRARY, forl Nk RspaP A8 MHIRHI80 8YSRE RYHRRIsitions
localization o{ the rgtein F%%Hf%ee,é)anel 1). CCDC95 truncations and point mutations were

generated[%y B8| Qlered. Sing, &ng?ﬁgtﬁgayement. In circumstances where the

recipient suffers from a swallowing disorder or from impairment of drug absorption

after oral administration, the drug may be administered parenterally, e.g. sublingually
or buccally. This is a particularly useful method of delivery for large peptide drugs.
Peptides can be more easily absorbed and delivered to the location of action when



[00292]Mutational analysis of other putative NLSs present in CCDC95 showed that they do
not contribute to its subcellular distribution (data not shown). Classical NLSs facilitate nuclear
transport by interacting with importins (Xu and Massague, 2004). To determine if CCDC95
associates with specific importins, pull down experiments were carried out by incubating
different GST-importin fusion proteins lysates of C38-1 cells expressing either WT CCDC95
or a mutant lacking all four NLSs, CCDC95 showed a specific interaction with importins a6

and a7 (Fid"8Rapaneiverd saRingually or hHaclixafibe sFiFiENGY Sarbsiidserpsad where the

associatiorpépigéBarane cedanes8 suadiol [GRRLAThese dimibmstideyiyiib StritreDsr P
and show that nucleggi{oc ization is degenden{]?gﬁimgortins a6 @nd a7. CCDCO95 plays a role
t

S AU R CRMRRSEENS, 1 08 dPVamton Mo 2SAmaIY nBeigdiministered

In nuclear rans%o
redistributibrrafétio Geyn dndyceuypacertepat ssite, Witth€ OBE 85 4 gsteanhaveutiig Qrapulttion

flect . h m tg.th | lternatively, .
uciear recobnang SR RAE BN SRR i ae i eh g dea syseic. or
CCDC95. TPtaatifgdsid betbess, taddidiensalietharpharmanewichlyteeceatabsf desage fom.
observatiopdainaidaadAGRIZRIEI ShEINSHRITh RGN SR G AROHSE GG S Al 15 88

W269G) requires importin a5 (Mahalakshmi et al., 2007a), which is dispensable for nuclear
transport of 89588 yelkasbeer i adminisliatien. dheisameesitontomay Re eskainistRd
co-expressgdaiiihg §d2695 in cells depleted of importin a5 would argue for a role of CCDC95
in facilitating nuclear transport of Kir/Gem. As previously reported (Mahalakshmi et al.,

2007a), RN iated ' ' in.as.j I . '
of Kiem SRRE (o e el e Told e ot SRR A el SRl o
of 100 nM Gapeialy abes reminisieresl (MATGTEOET Mt BG evtrdle TbmImdesitiisgk exaimient
Silencer Pegilepigapdaitdt slieled GAAEIAE THAA HRNAR gLy TR R aas MR

method (Invitrogen) according to the manufacturer's instructions as previously described.

[00295]00-5&5?935&6 aﬁ@@ﬁ%‘&@,%ﬂ?‘i’ﬁﬁ'the mutant that does not bind
[00248] The compositions of the invention can also be administered
parenterally, for example, infravenously, intra-arterially, intraperitoneally, intrathecally,
intraventricularly, intrastemnally, intracranially, intra-muscularly or subcutaneously, or
they may be administered by infusion techniques. They are best used in the form of a
sterile aqueous solution which may contain other substances, for example, enough
salts or glucose to make the solution isotonic with blood. The aqueous solutions
should be suitably buffered (preferably to a pH of from 3 to 9), if necessary. The
preparation of suitable parenteral compositions under sterile conditions is readily
accomplished by standard phammaceutical techniques well-known to those skilled in
the art.

[00249] Compositions suitable for parenteral administration include aqueous and
nonaqueous sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the composition isotonic with the blood of the
intended recipient; and aqueous and non-aqueous sterile suspensions which may
include suspending agents and thickening agents. The compositions may be
presented in unit-dose or multi-dose containers, for example sealed ampoules and
vials, and may be stored in a freeze-dried (lyophilised) condition requiring only the

addition of the sterile liquid carrier, for example water for injections, immediately prior



Kir/Gem, could circumvent the requirement of importin a5 for nuclear localization of Kir/Gem
W269G (Fig. 5C, and Fig. 10, panels c and d). Thus, even in the absence of the importin a5,
nuclear transport of Kir/Gem can occur via CCDC95 and importins a6 and a7, suggesting a
role for CCDC95 as a chaperone for nuclear import of the small GTP-binding protein.
Immunochemisty was conducted as previously deséftbed here. 88 CCDC95 expression and
Kir/Gem SL{bceIIuI H(%istribution are regulated during muscle differentiation [00296]The
exclusive e?p'r'é;&% SW@B@%’W%%%W@ Ao AR S yeRRNsiRBEHbelprgpared from
distributionstériler ffieavdeogrntetb s 2 ta datsibtze the endogenous expression of these proteins
during muscle development. First, we used mouse embryonic stem (ES) cells, which can be

differentiat@she cardiofpyo L i early events.in heart
developmegr?Pﬁéagrllsi et al., Zgggﬁ%]ﬁﬂg;@%%nrﬂﬁg%%?eggs% o@c%%éﬁ?%%ﬁé?%aﬁﬁ@y@‘

first detect8¥ 1gayseartAuskinaaishnpranseahndine arefesably, teosprpesiisinglgy be

CCDC95 exgrerRigstedasriifbdepmay STaIdame-lr anmandrdatectamiin adocalizedragian.ef
7 day old embryoid bodies, (Fig. 6%, apel c-c', d-d’). Analysis of newborn mice between
postnatal oqafifcﬁgﬁ(ﬁ’ BE rg??&ﬁ (ﬁ%ﬁ%ﬁ@%@? #K8-d e apabyanes may ke dasigse for

(Fig. 66), stlowingleasiemikpicatioRulssr theatizaiinssaim adhibcakigmyerides 4a8axkigl) The

| hemi t iQysly d ibed . [00297]F atificati f

the subeel I T S BN S SeE e 2L by ener e
experimgn@@ﬂ?@ﬁ@iﬁﬂalyiéwaﬂ&ﬂﬁéﬂﬁ@limtienitaﬂlér(memwwmmdﬁmnungiegge@ﬁe
(no, partialgHLARBMELS r@%ﬂ%@&%l@ﬁéﬂ'{@?@t&ﬂ@m%ﬁ%ﬁs qs&%gglf?sr%’glﬁﬁ%wﬂt?o

multinucleated myotubes following serum withidrawal (Pagano et al., 2004). Since
undifferentB8s& g@@%’é’ll@ﬂiﬂ"hot express CCDC95 (Fig. 60, panel a and a'), we determined
if similar to ES cells CCDC95 expression was induced upon differentiation. Indeed, after 7
days of sef0@28#brivatitm 0B€ REOBGJiImemothe emeedsitionu toraphiste chcdisrnigetuitabldhfor
(he Muscle,SRRCSiCABRVKRFBYIIEIR AN AP WM oG G JF ol Dnddfily ol Qi B
present in striations in the cytoplasm as well as in"a few nuclei, conﬁ’rmlng Its dual Tocalization.

Interestingffiraiisferss! datignasahatiay inbalatien andvse ranyesierthodeliverediimibafem
reminiscersfef AHCIRIVMAPPRKES seln. JbRILSIEpRIINAIRARPEBIR S (HRLBEALRE BbMiEfer,

absent (Fi%. 6C, panels b" and c¢"). Diffenent stages of chromatin fragmentation and loss are
shown in FY™Pra. 1852%81%% fREREISK MR tHERatlRe ofthe &CBXigBIBosRIPRFIAIL s ©-9-
remnants, diehioratiifadrirecthpnessiotriohladdilionahistikess. Indishibasetatiplossieine, a

Myogenin (Rl aueiih SRR aE! 0 MYQB I SR TIARA I YRRSG 454430 1 12333
heptaflucropropane (HFA 227EA3), carbon dioxide or other suitable gas. in the case
of a pressurised aerosol, the dosage unit may be determined by providing a valve to
deliver a metered amount. The pressurised container, pump, spray or nebuliser may
contain a solution or suspension of the active composition, e.g. using a mixture of
ethanol and the propellant as the solvent, which may additionally contain a lubricant,
e.g. sorbitan trioleate. Capsules and cartridges (made, for example, from gelatin) for
use in an inhaler or insufflator may be formulated to contain a powder mix of a
composition of the invention and a suitable powder base such as lactose or starch.

[00252] Aerosol or dry powder compositions are preferably arranged so that
each metered dose or "puff contains at least 1 mg of a composition of the invention
for delivery to the patient. it will be appreciated that the overall daily dose with an
aerosol will vary from patient to patient, and may be administered in a single dose or,

more usually, in divided doses throughout the day.



89 factor (Parker et al., 2003; Taylor, 2002), was enriched in these structures and in CCDC95
positive myotubes in general (Fig. 6D, panel a'). Staining for a-tubulin established that the
nuclear remnants were embedded in the microtubule network of the myotubes (Fig. 60, panel
c', arrows) and not associated with apoptotic cells lying on the myotubes. Thus, CCDC95 and
MyoD appear to mark nuclear remnants devoid of oiromatin formed following myotube
differentiation. Apoptotic activity in these remnants was further established by the presence of
activated cﬁ’s‘i?a‘%% 3 (daFPhHEPERRIR) s0 2ommesiisimrafitbanitventinrota e bE Amipistesion

during mussiisligiffereiaaiionrnyBlinBOANST By e fiYR 1QRK %Y&E}agsp‘gté@& Ia\ﬁt'v flong l];ﬁs,
in

myogenic difFe entiation program following exogenous expression of Myo
fibroblast c&1 é‘[@?ﬁ & aPUSBRAS AnSte ¥ X TR GANSRIR RN RIHIBInaFkeplPU DI Tantowdiir

as CCDCQRmimeHideﬂfed;eﬂs oum:@ﬁetﬁsaé‘ébl \ Mf%lﬁlﬂﬂoﬁ% @ﬁ??&p&bﬁoﬂm‘s su]litab!e
suggests that.e [ CCDC95 |s directly ar.indirectly regulate MyoD. [00300]In
summary, %ﬁ%régﬁﬁngoﬁe%&@ iS5 P#S%ed"aﬁ?? 8%u&léﬁﬁ?§@feﬂﬁﬁ?ﬁ?'h¥ﬁqji ayLeRdarg)
localizatiorP e mmaseisisatdeshoidiassnietkationdatitbapagititd inutheasrteTracdsnpositions of
[00301]Gi j13; [ i R«Qﬂh Ssi chanism by which, Kir/Gem may be
exerting it\s{ﬁfgﬁ@%ﬁqd{ﬁ%n%nﬂ;% enesls}[?lg%ﬁ%% 81% tﬁ@lﬁ%o %ﬁ%\slvaiy' n{%ﬁ?enc%?ﬁ@ﬁ%v% oYhe
and Rho kFRERIHRNSRh R phvariipigandip jsestivisignetnisy thivdamg whtarsuppesiory or
muscle depelaRnent dRpEatRhal ma%rrs'?s@éﬁﬁ{iﬁlat@r%?%ﬁﬁ%éh}%ﬁﬂ?ﬁ@!'i*'&f SurRHARHRY

of Kir/Gem vari%urin muscle development, it may only inhibit Rho kinase when present in

the cytopla&ifi: TIUECTPLSAIRNY Yntire A RRtian caiRe Mt AR kArdRIsTORKBhRMF RRSiaNS
mﬁ(il)iate pasiisetanic, rmgmje:ﬁﬁ&ptstaﬁldifwﬁfg,S@ﬁp%tﬁfﬁiﬂﬂt})llﬁyafeﬁﬂﬁiﬁadg wn&eﬁwa pH
inhibition in s t tto required prior.to myo t fusion, a stage where

iricem iR we R e R R RIRDRER i RGey AR, TP 2
correlated bz yiaenbialddaodefAlerGatively, rtbele nayrye folres|aftd fe anuolatratat such as

contained gLgRERRAN, interestingly, were either devoid of chromatin, or their chromatin
appeared

[00254] The invention may further comprise a method for identifying a
composition expected to be useful for treating a disorders related to RGK small
binding protein, the method comprising the steps of: treating a cell overproducing
CCDC95 with a test composition; and assessing the effect of the test composition on
the activity, concentration and/or subcellular location of RGK small binding protein.

[00255] The method of the invention may further comprise the steps of
providing, synthesising, purifying and/or formulating a composition selected using
computer modelling, as known by those in the art; and of assessing whether the
composition modulates the activity of RGK small binding protein. The composition
may be formulated for pharmaceutical use, for example for use in in vivo trials in

animals or humans.

[00256] The routes of administration and dosages described are intended only
as a guide since a skilled practitioner will be able to determine readily the optimum

route of administration and dosage for any particular patient and condition.

Modulation of myogenic cell differentiation



90 fragmented. 30-40% of the myotubes contained nuclei that appeared to be at different
stages of chromatin elimination and these remnant nuclei were no longer present 10 days
after of differentiation. The presence of caspase-3 and myoD, both implicated in apoptosis
(Fernando et al., 2002; Fimia at al., 1998), indicates that this process may account for the
elimination of these nuclei. To our knowledge, it is @6t known if and how the number of nuclei
following myoblast fusion is regulated and it will be of interest to explore a possible role of

Kir'Gem aht0888cos iStemn sriegad red datarriteoDad®nlapm teordardpedatate iith the

muscle difeEDUPprIRROSIRY SUhE BRI R P LR RGNS (GP T A8
its ability t diat r?uclear localization of the RGK protein, we analyzed | ¢2 cells
express K%g ﬁﬁﬁ Hal sl rddismniiatios it oitinar Thesizhsohvereadteine codordtinate to

muscle differentiaffeveieiGemines feundriaties munleeRabHPIABYRPIANES Mg £ Q@#?'B)
and at ear [ﬁgt%sc?: gig%{i% 1ti%ti.on I Iocﬂé‘ed to a mor? cytoplasmic distribution (Fig. 7A,

panel b). u§|ng myottba formation’ the st & FreoRtaiRE ple darehisiubeatl s Giariblads
structures acktievegtoyl aaryirgtive stinglnts celCDOOR £2Q IXTRG svasliabindity ipebteat protein

Kir/Gem w i leus AEig. 7A, panel b'). At a Jater stage when
CCD0o5 oAl ed K T nales: il i Bpeicale b 3T SRR L ect
nuclei desHhiBds aHUGEEs by HasyEyEdHRSMOEREs DA GRIRERE anth RGifremji Hiediegasolisin in

strongly syggest kel AiRyrepitariihe subcellular distribution of Kir/Gem during later
stages of muscle differentiation. Immunochemisty was conducted as previously described

here. [00304]To obtain insights into the role of the two proteins in muscle differentiation, we

first overexpressed Kir/G&E8RMODERS FORIDARRIWNG AT TS iNVENPRred myoblasts

differentiation based on the induction of troponin T (Fig. 7B) and myogenin (Fig. 12 a)

expressiofoNEs#) overexpress fshiured @9 THy I NETERLER A e SO FNYIHRNEIRRIES the

myotubes (Fig. 7B and 12a, panel c-c"), Kir/Gem (Fig. 7B.and 12a, panel a-a") ) _
overexprefsgglfﬁbmggllgqgi'ﬂgm%g%ir#eg?éﬂﬂ 'aHd'%tr‘?nQ%)}Hfﬂﬁgép%'/@BW?"err that this detailed
S22A1S288A07PTe G, incudedisthlaty doalthesplarpoe e iclesseBRgVINg iR, pRaQSh)irvaltion.
showed a paitial efestiE ignd. R?u -p"), indicating that the Kir/Gem-mediat
inhibition is dependent on%tr"s gﬁggﬁﬁﬁara ocalgzgé)ﬁgr% \J%'pg? an I?Pcbﬁc%%?[%ﬁfeg\%@%r eﬂri}?n
of Kir/Gen"¥RBIOE BE SR AIRIAvErartially restored myoblast differentiation (Fig. 7B and 12a,
panel d-d"), suggesting that CCDC95 mediated nuclear localization of Kir/Gem abrogates its

it rr: hit:!ft(;g o259 s a cw_tmta_dh@Gﬁ@@ﬁgammﬁ@%ggﬁ?ggwg@ﬁké@mwwwwmﬁt
e Kir/Gem- | 1QIIoN. m U rmation | an , Ranel e-g ).
Interestingﬁ??r%\%gonlﬁrgép Poa%isrf%g%ﬁi 'é&l‘?ef‘g&‘%”sﬁ‘ neééﬁgﬁsﬁéﬁf@ﬂ%?ﬁé'mmw@?g%@&? and
myotube f@_rﬁn!&r.@wv(s@f Toosedskijet ). 106305]F Genexatifieatiothat aisiscribdeérgomgntiusale
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independent experiments were analyzéd. The number of cells was norm
efficiency %?Tﬂﬂ%'&'%eﬂﬁifé’(emﬂiéﬁ’%m% Hndialrsylanioaras dokalatefory Manual,
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multinucle, orcontrol cel %:ells expressing Kif/Gem S22A/S288A1W269G

(db/wzegé%é%?@)}’&'t%‘ivceﬁ@l g%?@sé%é"@\‘i?gﬁf BfRag Yokwess! and Il MRL Press,
Ltd., Oxford, U.K. (1985); and Ausubel, F., Brent, R., Kingston, R.E., Moore, D.D.,
Seidman, J.G., Smith, J.A., Struhl, K. Current protocols in molecular biology. Greene
Publishing Associates/Wiley Intersciences, New York.

[00260} CCDCY5 is a novel muscle specific protein that associates with Kir/Gem
and under certain circumstances participates in nuclear transport of the GTP-binding

protein. The interaction with CCDC95 involves positively charged amino acids in the
C-terminal extension of Kir/Gem.

Isoloation of novel proteins interfering with RGK proteins



[00306]Muscle differentiation is a tightly orchestrated process that involves thg execution of
regulated gene expression program leading to the fusion of myoblast into multlnucleg_ted
myotubes. The identification of the novel muscle specific protein CCDC95 as a_specmc
modulator of Kir/Gem and the implication of Kir/Gem in muscle development will allow fgrther
insight into the mechanism of this multilayered and7@omplex process. [00307]In conclusion,
these results reveal a novel role for Kir/Gem in muscle differentiation, which is not shared by
the other RR§4ily memistaatifymsnreaulaterdepeatieotoos tickinBeelularyasstinataybid

[ &85miea3 |SH igRifican e_combi
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labeld as @ODAF (M@wfs&sm@d%‘aﬂ’éN 0 BIREIRHN SR S IR i1l RGP BRI 0 Bnly
(Figure 14). The first.interfering R eing.Origene 111 : _

AAGATG TR REU s ollRepeRlch dompaiy @ﬂrf@ !y conraveA Srantifiss teammmals
interfering{RiBAARing Origene TI1100128: GATCGACTTCTGCAGTATGAGAACGTGGA (SEQ
ID NO.81 shRNA#2). The 92 transformed cells were allowed to differentiate into myotubes for
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transfected cells or %ells transfected with a non-targeting control interrering
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RGK proteins, 14- 3-3 and g-galactosidase were epitope tagged at their N-terminus
as previously outlined (Béguin et al., 2005 J. Cefl Sci, 118:1823-34). Fusion proteins
between GST and different importins or CCDCS5 were generated as described
(Mahalakshmi et al., 2007 Traffic. 8:1150-83).

CCDCB95 Protein localisation

[00263] Northern blot analysis was performed under standard stringency
hybridization and washing condition using the human CCDC95 cDNA as a probe.
Northem blot analysis revealed that CCDCS5 is widely expressed in all tissues
analyzed (Fig. 2A). However, staining of a tissue array with two affinity-purified
antibodies raised against different epitopes suggested that CCDC95 expression is
mostly in smooth muscle and heart (Fig. 1 C and D, and Figure 8 a), expression was
also observed in embryoskeletal muscle. The ubiquitous expression of CCDC95
mRNA therefore likely reflects the widespread presence of muscle cells in most
tissues, for example as part of the vasculature.

[00264] Endogenous CCDC95 was detected either using a custom made
affinity-purified rabbit anti-peptide LQYENVDEDSSDSDA antibody or a mouse
monoclonal antibody against a GST fusion protein containing amino acids D64-
(182). Endogenous Kir/Gem was revealed using a rabbit antibody (Mahalakshmi et
al., 2007 Traffic. 8:1164-78).



methods and embodiments, it will be appreciated that various modifications and changes may
be made without departing from the invention. 93 Claims: 1. A method of modulating an RGK
protein comprising varying the concentration or subcellular location of a CCDC95 polypeptide.
2. The method of claim 1 wherein the RGK protein comprises Kir/Gem. 3. The method of
claim 1 or 2 wherein the modulation of the RGK prd®@in modulates the activity of Voltage
Gated Calcium channels (VGCC) in a cell. 4. The method of claim 1 or 2 wherein the

modulatiofM14R8IRGK pEls Yeisalved sy Syt Hipamienalirtivde aweshed twisenwitioBBS,
claim 1 wh@n@iﬁb&&imﬂ@eﬁmlmeﬁ@dgf@wﬂm%geﬂﬁﬁrm%ﬁ%r)(ﬁ'éﬁ. '@eﬁ@@e%
SEQ ID Nq, 4, or SEQ ID Nq. 6 or a homglog ariant, derivative or fragment thereof,
g subCETARPIRAP HIRGHETE BORRE T RS O ol e ORI De b
the CCDCS8Bmolypitpiitie i(BSAiedry a6CantikiotlsCpfl|Sof hinditgGRIRE elnéaedteh GRh
polypeptide,. 7 .claim 6 wherein the antibody is capable af binding, selectively to
the sequen 2ol HPRESIERTS CREEBTE ReE SRS Borbraiotea o
variant, deﬁvéﬂaé@eﬁa@nw thetieehbitialy $lackaotialiyreimitaResesich. Babtratorabpaed
claim 1 wheigiad(is-cangaaiiaiion ghire Lt DiolnBolyeeRinadR Har s BYed) KBIESTY as
vector comprlsmg a polynucleotide”selected from:
secondary antibodies. Actin filaments and nuclei were detected by incubating fixed
cells for 16min the fixed cells with Oregon green fluorescent-labeled phaloidin and
Hoecht 33342 (Molecular Probes), respectively. Mouse brain cryosections were
processed either for either immunolabeling using the Vectastain ABC kit (Vector
Laboratories) or the standard immunofluorescence procdure (see above). Specimens
were visualized with an Axiocam microscope (Carl Zeiss) or with a LSM 510 Meta

confocal microscope (Carl Zeiss) at 40x and 63x magnifications.

[00266] In heart, CCDC95 was present in distinct stripes that partially
colocalized with troponin T (Fig. 1D), a protein present in the Z-bands and involved in
the regulation of muscle contraction (Gomes et al., 2004). The colocalization of
CCDC95 with froponin T was confirmed in primary cardiomyocytes (Fig. 1D). These
results identify CCDCS5 as a novel interacting partner for Kir/Gem, with expression
predominantly in muscle and different subcellular localizations.

CCDC95 expression is observed in smooth muscle,embryo skeletal mascle and
heart and its expression temporally correlated with muscle differentiation and the
expression of other muscle specific genes. In early stages of cardiomyocyte
differentiation, CCDC95 is induced in a similar time frame as the aMHC and MLC2y,
two major contractile proteins (Parisi et al, 2003). CCDC95 expression is alsc
induced in fibroblasts following overexpression of myoD, a transcription factor known
to activate other muscle specific genes in this system (Qin et al., 2007). MyoD and
other MRF family members bind to E-box elements in the promoter regions of
regulated genes and several E-boxes are present upstream of the coding region in
the CCDCY95 gene. it is thus conceivable that CCDC95 expression is directly
regulated by MyoD. Interestingly, depending on the physio'logicai or cellular context,
CCDCB85 is not only found in the nucleus, but also present in other subceliuiar



94 (b) polynucleotides comprising a nucleotide sequence capable of hybridising selectively to
the nucleotide sequence set out in SEQ ID No. 1 or SEQ ID No. 3, or SEQ ID No. 5,. (¢)
polynucleotides comprising a polynucleotide sequence which is degenerate as a result of the
genetic code to the polynucleotides of (a) or (b). (d) polynucleotides complementary to the
polynucleotides of (a), (b) or (c); (e) polynucleotides’@ncoding a CCDC95 polypeptide which
comprises the sequence set out in SEQ ID No 2 or SEQ ID No. 4, or SEQ ID No. 6 or a
homologud©¢atians: dawesinelye fyralenaliration, withirgremstdnitediyistiniardtmatiane fibers

operably linkril feinrFAiRAly $8a1CREE SABRAN %@E?@@ﬂ)@%r‘?ﬁﬁ}? 'Be?frz?‘i}%gvel regulatory
polynucleotide mé‘a%%%rlhzﬂ%l that the concentration or subcellular location of an expres(%lon

product is CPH FAgrartieskslsmahmystisan¥aidho retimyakaietan the

expression vector further comprises a localization signal. 10. The method of claim 8 Whgrein
the expres§#i26éLtor fuftherrooanieispedineprtsionsefEDCCHE ergliderbgimanization.qf
the expres;,l,%' Resiet: bl These H&% pressio ec}oqum‘ TV oa‘i }@ 8 )go 10 in,
the manufactur%gof a medicament forgi%eatin a(?:'ir%dir}?ér\l’ Tharacterise by &e g}éK'smngHsce

binding prA&FIRABRNHCAIDPUSMIeFREIS ntacginguite pihseRGIomiptaindamiln members
polynucleoaﬁle_R%Q&ﬁ@@&&ﬁé&ﬂrﬁﬁ@a&tk&ﬁ%@%?éfﬁﬁi@&?@M@é%@ﬁ&é%%@eﬂiﬁl%%?ﬁg%%e
etnod OGP e S058), oIy Soverexaredsion of Kirieem Socked musde. Hitorentaton, e
absence of the myogenic markers myogenin and troponin T in mono- and
polynucleated cells overexpressing Kir/Gem suggest that the RGK protein inhibits
early steps of myoblast differentiation. However, additional effects at later steps, for
example on myoblast fusion, cannot be ruled out. Interestingly, endogenous Kir/Gem
redistributes from a predominant nuclear to a cytoplasmic localization in myoblasts
during early stages of differentiation and, concomitant with the appearance of
CCDC85, relocalizes to apopotic nuclei of myotubes following fusion. The critical role
for the temporally regulated subcellular distribution of Kir/Gem in the process Is
underscored by the observation that overexpression of either KirfGem W269G mutant
or CCDCY5 partially released the inhibitory effect of Kir/Gem on differentiation. Since
Kir/lGem W269G predominantly iocalizes to the nucleus and CCDCO5 favors the
nuclear localization of WT Kir/Gem, the presence of the small GTP binding protein in

the cytoplasm is likely required for its inhibtory effect.
Overexpression of the protein

[00268] Surprisingly, overexpression of CCDC95 in either COS-1 or
ca'rdiomyocyte—derived HOc2(2-1) cells showed a predominant nuclear localization of
the protein (Fig. 1E). Immunochemisty was conducted as previously described here.
'COS»1, Hela, PC-12, H9c2 (2-1) cells as well as undifferentiated ES cells were grown
as previously described (Béguin et al., 2005a; Mahalakshmi et al., 2007a; Xu et al.,
1999). Swiss 3T3 cells (purchased fram ATCC) were maintained in DMEM high
glucose with 10% fetal calf serum (FCS) medium. Primary cardiomyocytes were
obtained from Cambrex and cultured according to the manufacturer's protocol.
Transient transfections were carried out using Lipofectamine Plus or Lipofectamine



primer comprising a polynucleotide as defined in claim 8 under suitable hybridising conditions;
and 95 (b)detecting any duplex formed between the probe or primer and nucleic acid in the
sample. 13.A method for detecting a CCDC95 polypeptide which comprises the sequence set
out in SEQ ID No 2 or SEQ ID No. 4, or SEQ ID No. 6 or a homologue, variant, derivative or
fragment thereof, having substantially similar funct® present in a biological sample which
comprise rOV|d|n an antibody capable of binding selectively the CCDC95 polypeptide
(b) mcuba@r&é}iﬁﬁﬁ)g RidMRMe WitRagaintiboviraaae) ceseniding wisicithall owaonfarturer’'s

formation gistruansiRadysantigeeses axgang ﬁ@ﬁndéé%mw&gwﬂﬂsthgéérﬁﬁnﬂwﬂ&rﬁf&g%d

complex is, formed, 14.The use qf gn antibody capable of binding selectively a CCD
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RGK SmalLRfﬁ%B%er%(ﬁQ ('emgab?nggnﬂuence) from the standard 10% fetal bovine serum (FBS)
medium to low serum condition (1% FBS) for 5-7 days. A similar procedure was
carried out for the Swiss 3T3 cells, which were maintained in 1% FCS for 1 day. ES
cells weré cultured in the original medium without LIF (leukemia inhibitory factor) for
several days.

[00269] Cells overexpressing CCDC95 andfor RGK proteins were lysed in a
buffer containing 50 mM Tris-HCI (pH 7.5), 100 mM NaCl, 1 mM MgCI2, 0.5% Triton
X-100 supplemented with 5 ug/ml of each of the protease inhibitors leupeptin,
pepsatin, antipain and chymostatin (Calbiochem). For endogenous CCDC95
detection, a RIPA buffer was used. The subsequent steps of lysate preparation were
then carried out as described (Béguin et al., 2005b).

Sequence characterisation

[00270] To map the structural determinants responsible for the interaction
between Kir/Gem and CCDC95, coimmunoprecipitation and Y2H assays were carried
out. As shown in Fig. 2A, wild-type (WT) Kir/fGem or a mutant that does not bind CaM
(KirfGem W269G) (Becker et al, 1995; Fischer et al., 1996) both co-
immunoprecipitated with CCDC85 (Fig. 2A parel a, lane 1 and 4), confirming the
specificity of the interaction. Truncations showed that the N-terminal part of CCDC95
containing the coiled-coil domain was sufficient for the interaction (Fig. 2A panel a,
lane 2). Interestingly, although the C-terminus of CCDC85 did not bind to KirfGem
(Fig. 2A panel a, lane 3), in its absence the slower migrating phosphorylated form of
KirfGem (Beguin et al., 2007) was lost (Fig. 2A panel b, lane 2). This indicates that
the C-terminus of CCDC85 affects the stability of Kir/Gem.,

[00271] Cell lysates (400 pg total protein) were incubated with 4 g FLAG-
agarose beads (M2; Sigma) and 30 yl of protein G sepharose beads (Amersham) for
4 hours at 4°C in lysis buffer. The beads were then washed extensively and eluted
protein complexes were subjected to SDS-PAGE (8%) and Western blot analysis. In



15.Use of a CCDC95 polypeptide in a method of identifying a substance capable of affecting
the RGK small binding protein concentration or sub-cellular localization. 16.Use of a CCDC95
polypeptide in a method of identifying a substance capable of modulating the RGK small
binding protein concentration or sub-cellular localisation. 17.Use of a CCDC95 polypeptide in
in the manufacture of a medicament for modulatingalhe RGK small binding protein
concentratiqp or sgb-cellular localisation. 18.The use of claim 17 wherein the Folypeptide is

[

suitable forPEteHErPRENARRAYSHEFTE RYHIRHCDE-HepPtins o #r astigrllingate (4o
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varying th ncentration of (% (%9 polypeptide. 20. Use of a composition comprising a
therapeutiig%/he é(cﬁ/rg'aer?”n%ﬁn E(?) &thodulator of RGK protein concentration or subcellular

location wherein the modulator is a CCDC95 polypeptide or an antibody to a CCDC95
polypeptidédP&RRl manufictidentifa e drminenacidardatithe aeiediteil demeairerde£HPHR5

RGK smallilpibékohPrsi @i 1538ak866h with Kir/Gem, clusters of three residues were mutated to
Ala and interaction of the mutants with Kir’Gem tested using the Y2H assay (data not
shown). Individual amino acids in the susceptible region where then substituted with
Ala residues, leading to the identification of 15 residues whose mutation interfered
with Kir/Gem binding (Fig. 2B). These 15 critical amino acids cluster to helices | and
ll of the coiled-coil domain. The importance of the individual residues in CCDCS5 for

the interaction with KirfGem was confirmed in coimmunoprecipitation experiments
(Fig. 2C).

[00273] For western blot analysis, mouse monoclonal anti-FLAG (M2; Sigma),
mouse monoclonal anti-Myc, rabbit anti-GST (Santa Cruz) and mouse polyclonal anti-
importin a5 (Abnova) antibodies were used. The same anti-FLAG and anti-Myc
antibodies, as well as antibodies to MyoD1 (Abcam), troponin T (Sigma), myogenin

(Abcam} and a-tubulin (Serotec) were used for immunofluorescene microscopy.

[00274] Next, we analyzed the structural features in Kir/Gem important for
CCDC95 binding (Fig. 2D and E). Several mutants of Kir/Gem known to be defective
in both GTP and GDP binding (Béguin et al., 2005b) failed to coprecipitate with
CCDC85 (Fig. 2E, panel a, lanes 2-5), indicating that this association requires an
intact Kir/fGem conformation. N- and C-terminal truncations implicated the C-terminus
of Kir/Gem, in pariicular the region between amino acids 235 and 282, in CCDC95
binding (Fig. 2E, panel a, lanes 6-9). Analysis of point mutations identified a cluster of
Asn and Lys residues (K275, N276, N277, K278 and N279) to be critical for the
association (Fig. 2E, panel a, lanes 10-16), with the interaction between Kir/fGem
N277A/K278A/N278N and CCDCO5 being almost abolished (lane 11).

[00275] Given the role of positively charged residues in the interaction with
CCDC85 and their proximity to a previously identified bipartite nuclear localization
signal (NLS3} rich in Lys and Arg residues (Mahalakshmi et al., 2007a), we extended
our analysis to the NLS. Intriguingly, inactivation of NLS3 in Kir/fGem (NLS3 mutated)



21. The use of claim 20 wherein the CCDC95 polypeptide comprises the sequence set out in
SEQ ID No 2 or SEQ ID No. 4, or SEQ ID No. 6 or a homologue, variant, derivative or
fragment thereof, having substantially similar function, present in a biological sample. 22. The
use of claim 20 wherein the polypeptide comprises a coil coiled domain. 23. The use of claim
20 or 22 further comprising an adjuvant capable of%ucing an immune response. 24. A

method of directing stem cell diferentiation comprising varying the concentration or subcellular
location of %DE’E% S é%@lg SﬁIdét.SZg?t?Wé:tfﬂgtﬁ%'H‘o 9?'21 {H8refiFiheaneh aeiaae; 18).
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binding selectively the CCDC95 polypeptide comprising the sequence set out in SEQ ID No 2
or SEQ IDyo2#6pr SEQ®, IE,hHm&mm@amﬁb&w@emr@ﬁbm@w@%aﬁﬂ aaEsRidRaseRleen

having substantially similar function,. 97 28. T thod of claim 24 wherein the
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claim 28 wGeesmithes it ifériGgrR Ngs coatipesedsSEdpfiddmational integrity are critical for the
interaction.

[00277] Bound CaM and/or 14-3-3, which retain Kir/Gem in the cytoplasm may
be displaced by CCDC95 to allow nuclear transport. Interestingly, many of the
positively charged amino acids required for CCDC85 binding are located within or in
the vicinity of the NLS that associates with importin a5, suggesting a mutually
exclusive association. Furthermore, CCDC95 binding is sensitive to conforrnational
changes in Kir/Gem since mutants that bind neither GTP nor GDP fail to interact,
providing additional mechanisms to regulate the association.

[00278] The interaction of CCDC95 with Kir/Gem is linked to fwo distinct sffects
on the small GTP binding protein. First, CDCCY5 enhanced the efficiency of nuclear
localization of Kir¥fGem. CCDC35 itself carries several NL.Ss and utilizes importins a6
and a7 for nuclear import. CCDC95 and importin @5 binds to a common Cterminal
region in Kir/Gem (Mahalakshmi et al., 2007a) and CCDC95 can circumvent the
requirement of importin o5 for nuclear transport of the RGK protein. These findings
support a role for CCDC95 in nuclear import from the cytosol as opposed to nuclear
retention of Kir/Gem. A second function of CCDC95 is to stabilize Kir/Gem, a function
that has also been observed for 14-3-3 proteins (Ward et al., 2004). Since in contrast
to other small GTPases RGK proteins are transcriptionally induced and subject to
rapid tumover, CCDC85 may regulate the cellular levels of Kir/Gem and/or sequester
the protein to a particular cellular location in an inactive state from where it can be

readily released to exert its function.

Interaction of CCDC95 with other RGK small GTP binging protein family
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[00279] Kir/Gem is a member of the RGK small GTP binding protein family,
which also comprises the closely related Rad, Rem and Rem2. To investigate if these
other members of the RGK protein family interact with CCDC95, we carried out co-
immunoprecipitation experiments (Fig. 3A). As compared to the interaction of
Kir/Gem, Rad and Rem showed a consistently less efficient association with CCDO95
(Fig. 3A, panel a, lanes 1-3) and no co-precipitation with Rem2 could be detected
(Fig. 3A, panel a, lane 4). Thus, it is possible that CCDC95 also regulates Rad and
Rem (see below), but given the robust interaction with Kir/fGem, the subsegquent
characterization of the functional role of CCDC95 on RGK protein function focused on
Kir/Gem.

[00280] CCDC95 mediates nuclear localization of Kir/fGem and abrogates the
Kir/Gem mediated inhibition of the Rho pathway

[00281] To obtain further insight into the role of CCDC95, we analyzed by
immunofluorescence microscopy its effect on the subceliular distribution of the RGK
proteins and the changes in cell shape induced by these GTP binding proteins.
Immunochemisty was conducted as previously described here. As reported previously
(Béguin et al., 2006; Béguin et al., 2005a; Béguin et al., 2005b; Mahalakshmi et al.,
2007a; Mahalakshmi et al., 2007b; Piddini et al., 2001), overexpression of RGK
proteins in COS-1 cells induced dendrite-like extensions and cell flattening (Fig. 3B,
panels, a, d, f, h). In cells co-expressing CCDC95, the RGK mediated changes in cell
shape were mitigated and this correlated with an enhanced nuclear translocation of
the RGK protein. The extent of nuclear accumulation of the small GTP binding protein
closely correlated with their efficiency to co-precipitate with CCDC95, being most
pronounced for Kir/Gem (Fig. 3B, panels b-b", Fig. 9b, panels c-¢") and either reduced
for Rad and Rem (Fig. 3B panels e-e” and g-g”) or not apparent for Rem2 (Fig. 3B
panels i-i"). In contrast to the wild-type protein, overexpression of CCDCY95
Y15A/YBOA, a mutant defective in Kir/Gem binding to the RGK protein (see Fig. 2),
neither altered the subcellular distribution of Kir/Gem nor abolished its induction of
dendrite-like extensions (Fig. 3B, panels ¢-c”).

[00282] Quantification of the effects of CCDC95 on the subcellular distribution of
the RGK proteins and their induced changes in cell shape is shown in Fig. 9a amd
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Fig. 3C respectively. For quantification of morphological changes, a similar analysis
was performed and cells grouped into three categories (no, short and long
extensions). Short extensions were defined as those with one iength or less of the cell
body diameter, whereas long extensions represented those longer that one length of
the cell body diameter.

[00283] The effects of KiGem on cell morphology have been attributed to
reorganization of both the actin and microtubule cytoskeletons (Kelly, 2005). Kir/Gem
negatively regulates the Rho pathway by directly interacting with the ROKg kinase
(Ward et al., 2002) and Gmip {(Hatzoglou et al., 2007), a Rho GAP. We therefore
determined if CCDC95 compensates the negative regulation of the Rho pathway by
Kir/fGem. For this purpose, Kir/Gem and/or CCDC95 were expressed in Swiss 3T3
cells and the effect on the formation of stress fibers following serum starvation was
monitored as a read-out for Rho activity.

[00284] Serum-starved Swiss 3T3 cells reorganized their actin cytoskeleton to
promote long stress fibers spanning the whole cell (Fig. 3D, panel a). Overexpression
of KirfGem provoked a collapse of the stress fibers, with actin now accumulating
diffusely in the cell center (Fig. 3D, panels a-a"). In contrast, co-expression of Kir/fGem
with CCDCB85 resulted in the nuclear accumulation of Kir/fGem and the preservation of
the stress fibers (Fig. 3D, panel b-b"). As a control, CCDC85 Y15A/Y60A, a mutant
that fails to bind Kir/Gem, did not prevent the Kir/Gem induced collapse of the stress
fibers (Fig. 3D, panel c-¢"). Quantifications of this data is shown in Fig. 9c.

[00285] [n conclusion, CCDCA5 promotes nuclear localization of KifGem and
thereby abrogates the inhibitory effect of the small GTP binding protein on the
Rho/Rho kinase pathway.

-CCDCI5 stabilizes Kir/Gem by preventing proteasomal degradation

[00286] The expression of Kir/fGem is tightly regulated both at the transcriptional
(Cohen et al., 1994, Maguire et al., 1994; Warton et al., 2004) and translational levels,
with a relatively short half-life of the protein of ~2 hours (Ward et al., 2004). To
explore if CCDCS85 binding affects the turnover of Kir/fGem, COS-1 cells co-



tctacgagca cgagtgcttc caggaggagc tgaggaaagc gcaaaggaaa ttactgaagg240 tgtcccggga
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tccggggtcc480 cetecccata cetgagceteg ctggectect cc8fctaccee cecatteect tetgactacc540 2

aaa cggccccgec600 tgececggaa

tggccectgca cagtcccc gcccaa gc
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ggggctgggtreadmeat tainkitigpeoraa sierpasrcc720 ctaagatgcc cccececccacy atcctgagea

cggtccctcg gcagatgttc agcgatgcag780
[00287] Cell lysates (400 ug total protein) were incubated with 4 ul FLAG-
agarose beads (M2; Sigma) and 30 ul of protein G sepharose beads {Amersham) for
4 hours at 4°C in lysis buffer. The beads were then washed extensively and eluted
protein complexes were subjected to SDS-PAGE (8%) and Westem blot analysis. In
vitro pull down assays using purified GST-importins (2 ug) and cell lysate (400 ug
total protein) containing WT or mutated Kir/Gem were carried out as detailed
(Mahalakshmi et al., 2007a). The half-life of WT or mutated Kir/Gem was analyzed by
blocking protein synthesis using cyclohexamide. COS-1 cells were incubated with 10
#g/ml cyclohexamide (Sigma) and cell lysates prepared at different time points. in
some cases, cells were preincubated for one hour with 5uM of the proteasome
inhibitor MG132 (Sigma) prior to the addition of cycloheximide.

[00288] As shown in Fig. 4A, Kir/fGem was rapidly degraded with a half-life of ~
1.5 hours {panel a). Tumover of Kir/Gem was slower in the presence of the
proteasome inhibitor MG132 (Fig. 4A, lane 6), suggesting an involvement of the
proteasomal degradation system. Albeit somewhat slower (t1/2; ~3 hrs), turnover of
KirfGem W269G, which has predominant nuclear localization in COS-1 cells, was
similarly affected (Fig. 4A, panel b). This indicates that the small GTP-binding protein
was subject to degradation irrespective of its subcellular localization. Interestingly, co-
expression of CCDCO5, but not the Y15A/Y60A mutant that does not bind the RGK
protein, resulted in a stabilization of Kir/Gem (Fig. 4A, panel ¢ and e).

[00289] CCDC95 itself remained stable over the time course of the experiment
(Fig. 4A, panel d and f). As reported previously (ref), Kir/Gem was also stabilized by
overexpressing 14-3-3 proteins, but in contrast to CCDC95, 14-3-3 only protected the
phosphorylated form of Ki/fGem from degradation (Fig. 4A, panel g).
Coimmunoprecipitation experiments confirmed the association between Kir/fGem and
CCDC95 at the different time points of the experiment (Fig 4B, panel a), consistent
with the notion that protection of Kir/Gem is linked to its association with CCDCO5.

[00290] In summary, these experiments establish a role for CCDC95 in

regulating the turnover of Kir/Gem by preventing its proteasomal degradation.
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[00291] Whereas endogenous CCDC95 was found in the cytoplasm or nucleus
depending on cell type and experimental condition (see below), the overexpressed
protein efficiently localized to the nucleus (Fig.1). To determine if nuclear localization
may be of physiological relevance, we first analyzed if CCDC95 encodes nuclear
localization signals (NLS). Classical NLSs are characterized by clusters of basic
amino acids and can be classified into mono- or bipartite motifs (Dingwall and Laskey,
1991). CCDCO5 contains four clusters, two in the N-terminal coiled-coil domain and
two in the C-terminus, of positively charged residues reminiscent of canonical NLSs
(NLS 1-4) (Fig. 5A). By immunofluorescence microscopy, N- and C terminal truncated
mutants of CCDCB85 efficiently accumulated in the nucleus of COS-1 cells (Fig. 5A,
panel 1 and 5). Immunochemisty was conducted as previously described here.
Substitution of the positively charged residues in NLS2 with alanines abolished
nuclear translocation of the coiled-coil domain (Fig. 5A, panel 3 and 4), whereas
mutation of NLS1 showed an intermediate effect with an increased diffused
localization (Fig. 5A, panel 2). Individual mutation of NLS3 or NLS4 partially affected
the efficient nuclear localization of the C-terminal portion of CCDC95 (Fig. 5A, panel 6
and 7) and only the simultaneous mutation of both NLSs interfered with nuclear
accumulation (Fig. 5A, panel 8). Analysis of the relevance of the four NLSs in the
context of full-length CCDCY5 revealed that the presence of two functional NLS was
sufficient for nuclear localization (Fig. 5A, panel 9 and 10), whereas mutation of all
four NLSs was required to prevent nuclear localization of the protein (Fig. 5A, panel
11). CCDCY5 truncations and point mutations were generated by polymerase chain
reaction (PCR) method.

[00292] Mutational analysis of other putative NLSs present in CCDC85 showed
that they do not contribute to its subcellular distribution (data not shown). Classical
NLSs facilitate nuclear transport by interacting with importins (Xu and Massague,
2004). To determine if CCDC95 associates with specific importins, pull down
experiments were carried out by incubating different GST-importin fusion proteins
lysates of COS-1 cells expressing either WT CCDC95 or a mutant lacking all four
NLSs. CCDC85 showed a specific interaction with importins a6 and a7 (Fig. 5B, panel
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a, lane 6 and 7) and mutation of the NLSs abolished this association (Fig. 5B, panel
a, lane 8 and 9).

[00293] These data thus identify NLSs in CCDCO5 and show that nuclear
localization is dependent on importins a6 and a7.

CCDC95 plays a role in nuclear transport as opposed to nuclear retention of
Kir/Gem

[00294] The nuclear redistribution of Kir/Gem induced by coexpression with
CCDC95 (see above, Fig. 3) could reflect an enhanced rate of transport from the
cytoplasm to the nucleus or, alternatively, nuclear retention and inhibition of nuclear
export of the small GTP binding protein by CCDC85. To distinguish between these
two mechanisms, we took advantage of the observation that nuclear localization of
Kir/fGem in the absence of bound CaM (i.e. of KifGem W268G) requires importin a5
(Mahalakshmi et al., 2007a), which is dispensable for nuclear transport of CCDC95
(see above). Thus, an enhanced nuclear localization of Kir/Gem when co-expressed
with CCDC95 in cells depleted of importin o5 would argue for a role of CCDC95 in
facilitating nuclear transport of Kir/Gem,

As previously reported (Mahalakshmi et al.,, 2007a), RNAi-mediated depletion of
importin a5 in Hela cells prevented nuclear accumulation of Kir/Gem W269G (Fig. 5C,
panel a and b and Fig. 10). Hela cells we transfected with a mix of 100 nM importin
a5 Stealth siRNA (AATGTGCTTTCCTGGTTGCTGTT) (Invitrogen) and Silencer
Predesigned siRNA (GGCTCAGATTAGTAACATG) (Ambion) by the Oligofectamine
method (Invitrogen) according to the manufacturer's instructions as previously
described.

[00295] Co-expression of CCDC95, but not the mutant that does not bind
Kir/fGem, could circumvent the requirement of importin &5 for nuclear localization of
Kir/fGem W269G (Fig. 5C, and Fig. 10, panels ¢ and d). Thus, even in the absence of
the importin o5, nuclear transport of Kir/Gem can occur via CCDC95 and importins a6
and a7, suggesting a role for CCDC95 as a chaperone for nuclear import of the small
GTP-binding protein. Immunochemisty was conducted as previously described here.
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CCDC95 expression and Kir/Gem subcellular distribution are regulated during
muscle differentiation

[00296] The exclusive expression of CCDCO5 in muscle and its ability to
regulate the subcellular distribution of Kir/Gem, prompted us to analyze the
endogenous expression of these proteins during muscle development. First, we used
mouse embryonic stem (ES) cells, which can be differentiated into cardiomyocytes in
culture and are widely used to study early events in heart development (Parisi et al.,
2003). In this system, the expression of cardiomyocyte markers is first detected 7
days after the induction of differentiation (Parisi et al., 2003). Interestingly, CCDC95
expression was induced in a similar time frame and detected in a localized region of 7
day old embryoid bodies (Fig. 6A, panel c-¢’, d-d'). Analysis of newborn mice between
postnatal day 1 and day 10 revealed that CCDC85 was already expressed in heart
muscle (Fig. 6B), showing a similar subcellular localization as in adult cadiomyocytes
(see Fig. 1). Immunochemisty was conducted as previously described here.

[00297] For quantification of the subcellular localizations, 100-150 randomly
chosen cells from 3-6 independent experiments were analyzed and the localization of
Kir/Gem grouped into different categories (no, partial or complete nuclear exclusion).
H9c2 cardiomyocytes undergo differentiation into multinucleated myotubes following
serum withdrawal (Pagano et al., 2004). Since undifferentiated H9¢2 cells did not
express CCDC95 (Fig. 6C, panel a and a'), we determined if similar to ES cells
CCDC95 expression was induced upon differentiation. Indeed, after 7 days of serum
deprivation, CCDC95 was coexpressed in multinucleated cells together with the
muscle specific markers myogenin and troponin T (Fig 6C, panel b’ and ¢'). CCDC95
was present in striations in the cytoplasm as well as in a few nuclei, confirming its
dual localization. Interestingly, CCDC95 containing nuclei in general showed reduced
myogenin staining and, reminiscent of nuclei in apoptotic cells, their chromatin either
appeared fragmented or was absent (Fig. 6C, panels b" and ¢"). Diffenent stages of
chromatin fragmentation and loss are shown in Fig. 11a.

[00298] To further establish the nature of the CCDC95 positive nuclear
remnants, we analyzed the expression of additional markers. In contrast to the loss of

myogenin (see Fig. 6C and 6D, panel b'), MyoD, the primary myogenic regulatory
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factor (Parker et al., 2003; Taylor, 2002), was enriched in these structures and in
CCDCY5 positive myotubes in general (Fig. 6D, panel a’). Staining for a-tubulin
established that the nuclear remnants were embedded in the microtubule network of
the myotubes (Fig. 6D, panel ¢', arrows) and not associated with apoptotic cells lying
on the myotubes. Thus, CCDC35 and MyoD appear to mark nuclear remnants devoid
of chromatin formed following myotube differentiation. Apoptotic activity in these

remnants was further established by the presence of activated caspase 3 (data not
shown).

[00299] To confirm the induction of CCDC95 expression during muscle

differentiation in yet another system, we took advantage of the activation of a
myogenic differentiation program following exogenous expression of MyoD in NIH3T3
fibroblast cells (Qin et al., 2007). Indeed, expression of the muscle marker troponin T
as well as CCDCA5 was restricted to cells overexpressing MyoD (Fig. 6E and Fig.
11b). This suggests that expression of CCDC95 is directly or indirectly regulated by
MyoD.

[00300] In summary, expression of CCDC95 is induced during muscle
differentiation and displays a dual localization in myotubes to cytoplasmic striations
and apoptotic nuclear remnants,

[00301) Given its interaction with Rho kinase, a possible mechanism by which
Kir/lGem may be exerting its function during myogenesis is through the Rho pathway.
While conflicting, Rho and Rho kinase have been implicated with both positive and
negative regulatory roles in muscle development (Bryan et al., 2005; Pelosi et al.,
2007). Since the subcellular localization of Kir/Gem varies during muscle
development. it may only inhibit Rho kinase when present in the cytoplasm. Thus,
depending on the subcellular distribution of Ki/Gem, Rho may indeed mediate
positive and negative effects at different steps during myogenesis. In particular,
inhibition of Rho kinase is thought to be required prior to myoblast fusion, a stage
where Kir/Gem is found in the cytosol.

[00302] The induction of CCDC85 during myoblast fusion correlated with the
relocalization of Kir/Gem to nuclei in myotubes. These nuclei also contained CCDC85

and, interestingly, were either devoid of chromatin, or their chromatin appeared
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interest to explore a possible role of KiGem and CCDC95 in this process.
Kir/Gem and CCDC95 play a coordinated role in muscle differentiation.

[00303] Given the functional interaction of CCDC95 with Kir/Gem and its ability
‘ to mediate nuclear localization of the RGK protein, we analyzed if H9¢2 cells express
Kir/Gem and how its expression and subcellular localization are affected during
muscle differentiation. Kir/lGem was found in the nucleus of H9c2 myoblasts (Fig. 7A,
panel b) and at early stages of differentiation relocalized to a more cytoplasmic
distribution (Fig. 7A, panel b’). During myotube formation, the small GTP binding
protein was detected in punctate structures in the cytoplasm. Interestingly, in cells
where CCDC95 was already induced, Kir/Gem was prominently located to the
nucleus (Fig. 7A, panel b"). At a later stage when CCDC85 was strongly induced,
Kir/Gem colocalized with CCDC95 either in the remnant nuclei described above or in
the cytoplasm (Fig. 7A, panel b™, white arrow). These results strongly suggest that
CCDC95 may control the subceliular distribution of Kir/Gem during later stages of

_ ) muscle differentiation. Immunochemisty was conducted as previously described here.

[C0304} To obtain insights into the role of the two proteins in muscle
differentiation, we first overexpressed KirfGem and CCDC95 individually in H9c2 cells
and monitored myoblasts differentiation based on the induction of troponin T (Fig. 7B)
and myogenin (Fig. 12 a) expression. While overexpressed CCDC95 was present in
the nucleus of multinucleated myotubes (Fig. 7B and 12a, panel c-¢™), Kir/Gem (Fig.
7B and 12a, panel a-a") overexpressing cells failed to differentiate and form
myotubes. Kir/Gem S22A/S288A/W269G, a mutant that localizes to the nucleus
(Béguin et al., 2005b), only showed a partial effect (Fig. 7B and 12a, panel b-b™),
indicating that the Kir/Gem-mediated inhibition is dependent on its subcellular

localization. Importantly, concomitant overexpression of Kir/Gem and CCDC95 also
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partially restored myoblast differentiation (Fig. 7B and 12a, panel d-d™), 'suggesting
that CCDCI5 mediated nuclear |ocalization of Kir/Gem abrogates its inhibitory effect.
As a control, the CCDC95 mutant that does not bind KirGem did not prevent the
Kir/fGem-mediated inhibition of myotube formation (Fig. 7B and 12a, panel e-e").
Interestingly, in contrast to Kir/Gem, overexpression of Rad, Rem or Rem2 did not
affect myotube formation (Fig. 7D and Fig.12b).

[00305] For quantification of cells undergoing muscle differentiation after
KirlGem overexpression, 100-150 randomly chosen cells from 5-7 independent
experiments were analyzed. The number of cells was normalized to the efficiency of
muscle differentiation (i.e. troponin T and myogenin expression) after g-galactosidase
overexpression. Of the cells expressing muscle specific markers, 50% were
muitinucleated for control cells and cells expressing Kir/Gem S22A/S288A/W269G
(db/W289G), 35%=5 for the cells coexpressing WT Kir/Gem and CCDC95.

[00306] Muscle differentiation is a tightly orchestrated process that involves the
execution of regulated gene expression program leading to the fusion of myoblast into
multinucleated myotubes. The identification of the novel muscle specific protein
CCDC95 as a specific modulator of Kir/Gem and the implication of Kir/Gem in muscle
development will allow further insight into the mechanism of this multilayered and
complex process.

[00307] In conclusion, these results reveal a novel role for Kir’fGem in muscle
differentiation, which is not shared by the other RGK family members. This function is
dependent on the subcellular localization of Kir/Gem and regulated by CCDC95.

[00308] Statistical significance of the combined independent experiments was
assessed using unpaired Student's t-tests.

[00309] C2C12 myoblast cells were transformed to either stably express a
non-targeting interfering RNA, labeld as control or two distinct CCDC@5 interfering
RNA's to silence CCDC95 expression (Figure 14). The first interfering RNA being
Origene T1100126: AAGATGCCTCCACATACAATCCTGAGCAC (SEQ ID NO.7,
shRNA#1) and the second interfering RNA being Origene TI100128:
GATCGACTTCTGCAGTATGAGAACGTGGA (SEQ ID NO.8, shRNA#2). The



ccagagacac accacctgaa gaacaggcaa ggcaggccaa tccacttccc tcagagcacc tggtgggctc
tgccactcac ccaatgtcgt agtcccagac tgtgacctcc agggtcttag atctcataga agaattcctg agaacaaagg
caggcggtgc atcgctgtcc ccagcccaac tttatttcta ctccctgaca cgtgtcageg cccactctcc1740 ctatgaagtc
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of myotubes per field was then determined and plotted.When the mock transfected
cells or cells transfected with a non-targeting control interfering RNA are compared o
the transfected cells expressing the first (sShRNA #1) or second (shRNA #2) CCDC95
interfering RNA, the cells transfected with the CCDC95 interfering RNA show a
greatly reduced potential to differentiate into myotubes (Figure 14). Downregulating
CCDCY95 expression with interfering RNA can be used to reduce myotube
differentiation and allow the study of myoblasts.

[00310] While the invention has been described with reference to specific
methods and embodiments, it will be appreciated that various modifications and
changes may be made without departing from the invention.
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Claims:

A method of modulating an RGK protein comprising varying the

concentration or subcellular location of a CCDC95 polypeptide.
The method of claim 1 wherein the RGK protein comprises Kir/Gem.

The method of claim 1 or 2 wherein the modulation of the RGK protein
modulates the activity of Voltage Gated Calcium channels (VGCC) in a

cell.

The method of claim 1 or 2 wherein the modulation of the RGK potein

modulates myogenic differentiation in a cell.

The method of claim 1 wherein the CCDC95 polypeptide comprises the
sequence set out in SEQID No 2 or SEQ ID No. 4, or SEQ ID No. 6 or a
homologue, variant, derivative or fragment thereof, having substantially

similar function.

The method of claim 1 wherein the concentration of the CCDC95
polypeptide is varied by an antibody capable of binding selectively the
CCDC95 polypeptide.

The method of claim 6 wherein the antibody is capable of binding
selectively to the sequence set out in SEQ ID No 2, or SEQ [ID No. 4, or
SEQ ID No. 6 or a homologue, variant, derivative or fragment thereof,

having substantially similar function.

The method of claim 1 wherein the concentraticn of the CCDC95
polypeptide is varied by an expression vector comprising a polynucleotide

selected from:

(a) polynuclectides comprising the nucleotide sequence set out in
SEQ ID No. 1 or SEQ ID No. 3, or SEQ ID No.5;



Arg Ser Pro Pro met Gly Gly Ala Pro Ser Pro Ser Ser Leu Ser Leu 100105110 Pro Pro Ser
Ser Gly Phe Pro Leu Gin Thr Ser Gly Ala Pro Ser Pro 115120125 Tyr Leu Ser Ser Leu Ala
Ser Pro Pro Tyr Pro Pro Phe Pro Ser Asp 130135140 Tyr Leu Ala Leu Gin Leu Pro Glu Pro
Ser Pro Leu Arg Pro Lys Leu 145150155160 Glu Lygﬁrg Pro Arg Leu Pro Arg Lys Leu Lys

met Ala Val Gly Pro 165170175 Pro Asp Cys_Pro Val Gly Gly Pro Leu Ala Phe Pro Ala Arg . .
Gly Ser 180188190 Polynucleotides comprising a nucleotide sequence capable of hybndising

(c)

(d)
(e)

selectively to the nucleotide sequence set out in SEQ ID No. 1 or SEQ ID
No. 3, or SEQ ID No. 5,.

polynucleotides comprising a polynucleotide sequence which is
degenerate as a result of the genetic code to the polynucleotides of (a) or

(b).
polynucleotides complementary {o the polynucleotides of (a), (b) or (c);

polynucleotides encoding a CCDC95 polypeptide which comprises the
sequence set out in SEQ ID No 2 or SEQ ID No. 4, or SEQ ID No. G or a
homologue, variant, derivative or fragment thereof, having substantially

similar function;

operably linked to a regulatory sequence capable of directing expression of said

10.

11.

12.

(a)

polynucleotide in a cell such that the concentration or subcellular location

of an expression product is capable of modulating an RGK protein.

The method of claim 8 wherein the expression vector further comprises a

localization signal.

The method of claim 8 wherein the expression vector further comprises a
dimerization sequence for regulated dimerization of the expression

product.

The use of the expression vector of any one of claims 8 to 10 in the
manufacture of a medicament for treating a condition characterised by the

RGK small binding protein imbalance.

A method for detecting the presence or absence of a polynucleotide as
defined in claim 8 in a biological sample containing nucleic acid which

method comprises:

bringing the biological sample into contact with a polynuclectide probe or
primer comprising a polynucleotide as defined in claim 8 under suitable

hybridising conditions; and



Gly Ala Ser Val Gly Ala Ala Leu Thr Pro Leu Pro Pro Pro Lys met 195200205 7 Pro Pro His
Thr lle Leu Ser Thr val Pro Gin Gin met Phe Ser Asp 210215220 Ala Gly Ser Gly Asp Asp Ala
Leu Asp Gly Asp Asp Asp Leu val lle 22523023524%?sp lle Pro Glu <210> 5 <211> 2073

<212> DNA

(b)

13.

(a)

(b)

(c)

14.

15.

16.

17.

18.

detecting any duplex formed between the probe or primer and nucleic

acid in the sample.

A method for detecting a CCDC85 polypeptide which comprises the
sequence set out in SEQ ID No 2 or SEQ ID No. 4, or SEQ ID No. 6 or a
homologue, variant, derivative or fragment thereof, having substantially

similar function present in a biological sample which comprises:

providing an antibody capable of binding selectively the CCDC95
polypeptide

incubating a biological sample with the antibody under conditions which
allow for the formation of an antibody-antigen complex; and

determining whether an antibody-antigen complex is formed.

"The use of an antibody capable of binding selectively a CCDC95

polypeptide which comprises the sequence set out in SEQ ID No 2 or
SEQ ID No. 4, or SEQ ID No. 6 in the manufacture of a medicament for
freating a condition characterised by the RGK small binding protein

imbalance.

Use of a CCDC95 polypeptide in a method of identifying a substance
capable of affecting the RGK small binding protein concentration or sub-

cellular localization.

Use of a CCDCY95 polypeptide in a method of identifying a substance
capable of modulating the RGK small binding protein concentration or

sub-cellular localisation.

Use of a CCDC95 polypeptide in in the manufacture of a medicament for
modulating the RGK small binding protein concentration or sub-cellular

localisation.

The use of claim 17 wherein the polypeptide is suitable for parenteral

administration to a patient.
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20. Use of a composition comprising a therapeutically effective amount of a
modulator of RGK protein concentration or subcellular location wherein
the modulator is a CCDC95 polypeptide or an antibody to a CCDC85
palypeptide in the manufacture of a medicament for treating a condition

characterised by the RGK small binding protein imbalance.

21. The use of claim 20 wherein the CCDCS85 polypeptide comprises the
sequence set out in SEQ ID No 2 or SEQ ID No. 4, or SEQ ID No. 6 or a
homologue, variant, derivative or fragment thereof, having substantially

similar function, present in a biological sample.

22, The use of claim 20 wherein the polypeptide comprises a coil coiled
domain.
23. The use of claim 20 or 22 further comprising an adjuvant capable of

inducing an immune response.

24, A method of directing stem cell diferentiation comprising varying the

concentration or subcellular location of a CCDC95 polypeptide.
25. The method of claim 24 wherein the stem cell is a myoblast.

26. The method of claim 24 wherein the CCDC95 polypeptide comprises the
sequence set out in SEQ ID No 2 or SEQ ID No. 4, or SEQ ID No. 6 or a
homologue, variant, derivative or fragment thereof, having substantially

similar function.

27. The method of claim 24 wherein the concentration of the CCDC95
polypeptide is varied by an antibody capable of binding selectively the
CCDC95 polypeptide comprising the sequence set out in SEQ ID No 2 or
SEQ ID No. 4, or SEQ ID No. 6 or a homologue, variant, derivative or

fragment thereof, having substantially similar function.



ggagaaacgg ccccgectac cccggaaact caagatggeg gtgggecccce ctgactgecc660 tgtgggtgga
ccgcetggctt tccetgecag gggttetggt gecagtgttg gggeagcetct720 gacccccctg cetectccca agatgectec
acatacaatc ctgagcaccg tccctcagca780 gatgttcage gatgccggcea geggagatga tgecctagac
ggagatgatg acctggtgat840 8 cgacatcceg gagecagcefle tcggecactyg caggggecct aagggtetge
gctgcgeagg ccttatectt cttgtgggge getgggggea agacagtctc cctgaagaac acctggtgga gactgtgact

ctgagaacaa teftgatttc ttBBafRRIBogagibgeleln adthayberaincibaatkercgot@tivhcabcatdiad Co5
getgggacat tectctattt agggaactRe 9oieariost (GSAY WH-ARIRRPAYER Ctectecact tecagggtet

ggcaggaggt tgctccctgc adaaaaaaaa

29. The method of claim 28 wherein the interfering RNA comprises SEQ 1D
No. 7, or SEQ ID No. 8.



tcagtgctac cttcctcaag aaaaggcgta ccacccccat gaaggtagag tttaatgaag ggaaatgtcc gcagectgga cagggtatge
ctgggectet ggecaacctg cacctatgaa tggtagecag gcttictgag catttttacc aaaaaaaaaa ctgecaggea agatgtttat
aacatgcaca cctgggaaca acccttggtg getctgtatt tcctctaatc gaggccaaga ctgtgcatgg atatgtgaat cagegctcca

cceegggcte teagtgecca gteattggat agtggggantA9acqlc tcattaaatt aaa ccecegeccag tgatgeccag
aatgtccccg attatttaat gccgeccctt aaagagttgg tccectaatc gaggagetge ggtggttgea atagctctee ctgcetgtgte

ctggeceeagHctcifeed {oReRaIgh AR RERIBTS REdDRNERo

<120> NOVEL PEPTIDES AND PROTEIN AND USES THEREOF

<130> AY/YF/2008.4123

<160> 6

<170>

<210> 1

<211> 1216
<212> DNA
<213> Homo

<220>
<221>
<222>
<223>

misc

2).

<220>
<221>
<222>
<223>

misc
(107

<400> 1
antttcggca

gggtagcggg

acggcgaagt

tctacgagca

tgtcccggga

actcttcgga

agttgtctga

ctccctccag

cctccccata

sapiens

_feature

.(2)

_feature

7)..(1077)

cagggcgtct

agggcagact

ggactacaaa

cgagtgcttc

caagagtttc

ctcagatgcc

cacaccggcc

cctctccctg

cctgagctcg

PatentIn version 3.4

nisa, c, g, or t

nis a, ¢, g, or t

ccggaagtgg

ctgggcgcca

aaaaaatacc

caggaggagc

ctcctagacc

actgcatcat

cctaagagga

cctccttcaa

ctggcctcect

aggcgggagce

ctccegggcec

ggaatctgaa

tgaggaaagc

gacttctgca

cagataacag

agagaagccc

cagggtttcc

cccgctaccc

ggcacggcag

ggtcatgaac

gcggaagctc

gcaaaggaaa

gtacgagaac

cgagacggag

tccgctgggg

ccttcaggcc

cccattccct

ccactgcttg

gggccggcgg

aagttcctca

ttactgaagg

gtggatgaag

gggacaccca

ggcgccccct

tccggggtcec

tctgactacc

60

120

180

240

300

360

420

480

540



tgctcctcct ttgccatget aggaaggtgg gagtggccaa tagaagagca ctctttcttt ccaccecectc aggattgggt tatttgcagg
acatccctca tgtggggcag ctggacccgg cgeccctgct cggetgatgt agacacacca cttccctgac cgtagtccca aaaagaattc
ccccagacca cgtcttcttc <212> PRT <213> Rattus rattus <400> 6 Met Asn Gly Pro Ala Asp Gly Glu val Asp
Tyr Lys Lys Lys Tyr Arg 151015 Asn Leu Lys Arg Lys Leu Lys Phe Leu lle Tyr Glu His Glu Cys Phe

202530 Gl Glu Gl Leu Arg hys Ala GIRAMG LS hguckey bvs yil 8L AlgRR4048.

600
tgccccggaa actcaagatg gcggtgggac cccccgactg ccctgtggga gggccgctga 660
ccttccctgg ccggggttct ggggctgggg tcgggacaac cctgaccccc ctcccacccc 720
ctaagatgcc cccccccacg atcctgagca cggtccctcg gcagatgttc agcgatgcag 780
gtagcgggga cgatgccttg gatggagacg atgacctggt gatcgacatc ccggagtgac 840
cgtgacatca cgccatgccc accacggccc cgcccggcge cctccccgtg ccagcacaca 900
cgagtccagc ttcctcggag gtgtttattg atgcccagct gccatgctcc ggccactgac 960
acaaccagaa aaggcgtaaa catgcacggg tgtcccccag gagggtggca ggggccctgc 1020
cttcaaaccc cggccccctc caggggacag ttatttaaac gagtggccgg gagcatntgc 1080
cacctgctgg ggaggcagag accctgcaat ggccacctct ttaaaagggc agctgtacag 1140
ggctaggttt tttcaatgaa gtttctgtat taaaggagtg gctctggaaa aaaaaaaaaa 1200
aaaaaaaaaa aaaaaa 1216
<210> 2
<211> 244
<212> PRT
<213> Homo sapiens
<400> 2
Met Asn Gly Pro Ala Asp Gly Glu val Asp Tyr Lys Lys Lys Tyr Arg
1 5 10 15
Asn Leu Lys Arg Lys Leu Lys Phe Leu ITe Tyr Glu His Glu Cys Phe

20 25 30
Gln Glu Glu Leu Arg Lys Ala Gln Arg Lys Leu Leu Lys Vval Ser Arg
35 40 45

Asp Lys Ser Phe Leu Leu Asp Arg Leu Leu Gln Tyr Glu Asn val Asp



Asp Lys Ser Phe Leu Leu Asp Arg Leu Leu GIn Tyr Glu Asn val Asp 505560 Glu Asp Ser Ser Asp Ser
Asp Ala Thr Ala Ser Ser Asp Asn Ser Glu 65707580 Jhr Glu Gly Thr Pro Lys Leu Ser Asp Thr Pro Ala Pro
Lys Arg Lys 859095 Arg Ser Pro Pro met Gly Gly Ala Pro Ser Pro Ser Ser Leu Ser Leu 100105110 Pro
Pro Ser Ser Gly Phe Pro Leu GIn Th¢gSer Gly Ala Pro Ser Rgp 115120125 Tyr Leu Ser Ser Leu Ala Ser
Pro Pro Tyr Pro Pro Phe Pro Ser Asp 130135140

Glu Asp Ser Ser Asp Ser Asp Ala Thr Ala Ser Ser Asp Asn Ser Glu
65 70 75 80

Thr Glu Gly Thr Pro Lys Leu Ser Asp Thr Pro Ala Pro Lys Arg Lys
85 90 95

Arg Ser Pro Pro Leu Gly Gly Ala Pro Ser Pro Ser Ser Leu Ser Leu
100 105 110

Pro Pro Ser Thr Gly Phe Pro Leu GIn Ala Ser Gly val Pro Ser Pro
115 120 125

Tyr Leu Ser Ser Leu Ala Ser Ser Arg Tyr Pro Pro Phe Pro Ser Asp
130 135 140

Tyr Leu Ala Leu Gln Leu Pro Glu Pro Ser Pro Leu Arg Pro Lys Arg
145 150 155 160

Glu Lys Arg Pro Arg Leu Pro Arg Lys Leu Lys Met Ala val Gly Pro
165 170 175

Pro Asp Cys Pro val Gly Gly Pro Leu Thr Phe Pro Gly Arg Gly Ser
180 185 190

Gly Ala Gly val Gly Thr Thr Leu Thr Pro Leu Pro Pro Pro Lys Met
195 200 205

Pro Pro Pro Thr Ile Leu Ser Thr val Pro Arg Gln Met Phe Ser Asp
210 215 220

Ala Gly Ser Gly Asp Asp Ala Leu Asp Gly Asp Asp Asp Leu Vval Ile
225 230 235 240



Tyr Leu Ala Leu GIn Leu Pro Glu Pro Ser Pro Leu Arg Pro Lys Leu 145150155160 10 165170175 Pro
Asp Cys Pro val Gly Gly Pro Leu Ala Phe Pro Ala Arg Gly Ser 180185190 Gly Ala Ser val Gly Ala Ala Leu
Thr Pro Leu Pro Pro Pro Lys met 195200205 Pro Pro His Thr lle Leu Ser Thr val Pro GIn GIn met Phe Ser
Asp 210215220 Ala Gly Ser Gly Asp Asp Ala Leu Asp Gly Asp Asp Asp Leu val lle

Asp Ile Pro

Glu

<210> 3

<211> 2030

<212> DNA

<213> Mus musculus

<400> 3

gtctccggaa gtggaggtgt gagaggccgg gcggacttgg gtagcgggac tctactccgg 60
ggcgtttctc cctggcgggt catgaacgga ccagcggacg gcgaagtgga ctacaaaaag 120
aaatacagga atctgaagcg gaagctcaag ttcctcattt acgagcacga gtgcttccag 180
gaggagctca gaaaggcgca aaggaaattg ctgaaggttt cccgagacaa gagtttcctt 240
ctagatcgac ttctgcagta tgagaacgtg gatgaagact cctctgattc agatgccacc 300
gcatcttcag ataacagtga gacagagggg acacccaagt tgtctgacac gccagcccct 360
aagaggaaga gaagcccccc catgggaggt gtcccatccc cttccagcct ctccttgect 420
ccttcaacag gctttcccct gcagacttct ggggccccct ccccatacct gagctcgcetg 480
gcttctcccc cttaccccce attcccttct gactacctgg ccctgcagct gcctgagecc 540
agccccctga ggcccaagct ggagaaacgg ccccgcctac cccggaaact caagatgtcg 600
gttggacccc ctgactgccc cgtgggtggg ccgctggctt tcccagccag gggttctggt 660
gccagtgttg gggcagccct gacccccctg cctcctccca agatgcctcc acatacaatc 720
ctgagcaccg tccctcagca gatgttcagc gatgcaggca gtggggatga cgccctggac 780
ggagatgacg acctggtgat cgacattcca gagtagccac ccagtgccac ctgccaggca 840
cctcacagca ctcctcctgt gccagcaaac tcaagcccac ttcctcaaga gatgtttatt 900
gatgcccagt tgccatgctt cggccactga cacaatcaga aaaggcgtaa acatgcacaa 960
tgtccccgag gaaggtggca gggtcctgcc cttacatccc agccccatcc agggaacagt 1020
tatttaaacg agtggccaaa agggtctgct acatcttcgg gaggtagaga cctacggtgg 1080



ccgccccttt

agttggctct

ctaatccgac

agctgcagga

ttgcatattt

tctccacagt

tagtgtgggg

ggtactggac

ggtaagcccc

tgtccggctg

ccagagacac

tccacttccc

ccaatgtcgt

atctcataga

atcgctgtcc

ggatttagtt

<210> 4

<211> 244

<212> PRT

<213> Mus

<400> 4

agaagagcag

ttctttcctt

ccccteccecctg

tggggtgggg

gcaggtaaca

ccctcacaag

caggggcatc

ccggecccag

tgctgcaggg

atgtagacag

accacctgaa

tcagagcacc

agtcccagac

agaattcctg

ccagcccaac

cttcttcttt

musculus

ctacgcaggg

gtcctttect

tggggcaggg

cactggcagg

gcaaggcagg

aagacaggcc

ccaccccatg

agggcctgtg

ggcagctcgc

tcattccagt

gaacaggcaa

tggtgggctc

tgtgacctcc

agaacaaagg

tttatttcta

acacatgttt

ctgggattta

ctatttggaa

gaccaggcag

agactcccac

caggaggaag

cgtcacagag

taaacgtgca

atggacagct

tggtcagagt

gtttctgggc

ggcaggccaa

tgccactcac

agggtcttag

caggcggtgc

ctccctgaca

tgtgcttgga

gtgaaggctc

acgtcctcct

cctggaaagg

gtggccctgt

tttgcatatg

actcacaaaa

acacactcgt

gctgttcact

atgccagcgc

ctctcccegg

cgtgtcagcg

ctatgaagtc

tggccagagt

tttctgtgag

tttttacctc

tttcttatcc

tgtattaaag

ctaatcttcc

ccaagaaagg

gcacgggtgg

tgaatatagc

ataagacagg

gcgaaggttg

caagccaaag

tccagggctg

gctcctggec

cccactctcc

attggatttg

ggagagttca

gcctaaccac

attaaattcc

Met Asn Gly Pro Ala Asp Gly Glu val Asp Tyr Lys Lys Lys Tyr Arg

1

5

10

15

Asn Leu Lys Arg Lys Leu Lys Phe Leu ITe Tyr Glu His Glu Cys Phe

225230235240 Asp lle Pro Glu <210> 7 <211> 29 <212> RNA <213> Artificial <400> 7 aagatgcctc
cacatacaat cctgagcac29 <210> 8 <211> 29 <212> RNA <213> Artificial

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2030



<400> 8

Gln

Asp

Glu

65

Thr

Arg

Pro

Tyr

Tyr

145

Glu

Pro

Glu

Lys

50

Asp

Glu

Ser

Pro

Leu

130

Leu

Lys

Asp

Ala

Glu

35

Ser

Ser

Gly

Pro

Ser

115

Ser

Ala

Arg

Cys

Ser
195

20

Leu

Phe

Ser

Thr

Pro

100

Ser

Ser

Leu

Pro

Pro

180

val

Arg

Leu

Asp

Pro

85

Met

Gly

Leu

Gln

Arg

165

val

Gly

Lys

Leu

Ser

70

Lys

Gly

Phe

Ala

Leu

150

Leu

Gly

Ala

Ala

Asp

55

Asp

Leu

Gly

Pro

Ser

135

Pro

Pro

Gly

Ala

Gln

40

Arg

Ala

Ser

Ala

Leu

120

Pro

Glu

Arg

Pro

Leu
200

25

Arg

Leu

Thr

Asp

Pro

105

Gln

Pro

Pro

Lys

Leu

185

Thr

Lys

Leu

Thr

90

Ser

Thr

Tyr

sSer

Leu

170

Pro

Leu

Gln

Ser

75

Pro

Pro

Ser

Pro

Pro

155

Lys

Phe

Leu

Leu

Tyr

60

Ser

Ala

Ser

Gly

Pro

140

Leu

Met

Pro

Pro

Lys

45

Glu

Asp

Pro

Ser

Ala

125

Phe

Arg

Ala

Ala

Pro
205

30

val

Asn

Asn

Lys

Leu

110

Pro

Pro

Pro

val

Arg

190

Pro

Ser

val

Ser

Arg

95

Ser

Ser

Ser

Lys

Gly

175

Gly

Lys

Arg

Asp

Glu

80

Lys

Leu

Pro

Asp

Leu

160

Pro

Ser

Met



Pro Pro His Thr Ile Leu Ser Thr val Pro Gln GIn Met Phe Ser Asp

210

215

220

Ala Gly Ser Gly Asp Asp Ala Leu Asp Gly Asp Asp Asp Leu val Ile
230

225

Asp Ile Pro Glu

<210> 5

<211> 2073
<212> DNA
<213> Ratt

<400> 5
ccggaagtgg

gagaggacgg

catgaacgga

gaagctcaag

aagaaaattg

tgagaacgtg

gaccgaaggg

gatgggaggt

gcagacttct

attcccttct

ggagaaacgg

tgtgggtgga

gacccccctg

gatgttcagc

us rattus

aggggtgtgt

gcggacttgg

ccagcggacg

ttcctcattt

ctgaaggttt

gatgaagact

acgcccaagt

gccccatccc

ggggccccct

gactacctgg

ccccgectac

ccgctggcett

cctcctccca

gatgccggca

gcgtgtgtgt

gtagcgggac

gcgaagtgga

acgaacacga

cccgagacaa

cttccgattc

tgtcggacac

cttccagcct

ccccatacct

ccctgcagcet

cccggaaact

tccctgecag

agatgcctcc

gcggagatga

235

atgtgtgtgt

tctactccgg

ctacaaaaag

gtgcttccag

gagtttcctt

agatgccact

accagcccct

ctcattgcct

gagctcgctg

gcctgagcecc

caagatggcg

gggttctggt

acatacaatc

tgccctagac

gtgtgtgtgt

ggcgcttctc

aaatacagga

gaggagctca

ctagatcgac

gcgtcttcag

aagaggaaga

ccttcatcag

gcttctcccc

agccccctga

gtgggccccc

gccagtgttg

ctgagcaccg

ggagatgatg

240

gtgtgagaga

ccaggcgggt

atctgaagcg

ggaaggcgca

ttctgcagta

acaacagtga

gaagcccccc

gatttcccct

cttacccccc

ggcccaagct

ctgactgccc

gggcagctct

tccctcagca

acctggtgat

60

120

180

240

300

360

420

480

540

600

660

720

780

840



cgacatcccg

gagccagcac

tcggccactg

caggggccct

aagggtctgc

gctgcgcagg

ccttatcctt

cttgtggggc

ggggcactgg

taagagcaag

caagaagata

gggcgtccca

ccgcagaggg

gctgggggca

agacagtctc

cctgaagaac

acctggtgga

gactgtgact

ctgagaacaa

tcttgatttc

tttaaaaaaa

<210> 6
<211> 244

gagtagccac

actgagccca

acacaatcag

gcccttacac

tacatcttag

gctgggacat

tcctctattt

aggggaccag

caggagactc

tcaggcagga

gacccacggt

cccatgtaaa

cctgtgctgg

gctcgctggt

tccagtgttt

aggcaaggca

ctcctccact

tccagggtct

ggcaggaggt

tgctccctgce

ddaadaaaaa

tcagtgctac

cttcctcaag

aaaaggcgta

ccacccccat

gaaggtagag

tttaatgaag

ggaaatgtcc

gcagcctgga

ccacgtagcc

ggaagtttgc

cacagagact

cgtgcaacac

gcagctgcag

cagggtatgc

ctgggcctct

ggccaacctg

cacctatgaa

tggtagccag

gctttctgag

catttttacc

ddaadadaaaaa

ctgccaggca

agatgtttat

aacatgcaca

cctgggaaca

acccttggtg

gctctgtatt

tcctctaatc

gaggccaaga

ctgtgcatgg

atatgtgaat

cacaaaaata

actcgtgcga

tctgttcagg

cagcgctcca

cccegggctc

tcagtgccca

gtcattggat

agtggagagt

agaccttctc

tcattaaatt

daa

cccecgeccag

tgatgcccag

aatgtccccg

attatttaat

gccgcecctt

aaagagttgg

tcccctaatc

gaggagctgc

ggtggttgca

atagctctcc

agacaggtag

aggttgggta

ccaacggcaa

ctgctgtgtc

ctggccccag

ctctcttcca

ttgccaatgt

tccatctcat

acattgctct

ccgggttcag

tgctcctect

ttgccatgct

aggaaggtgg

gagtggccaa

tagaagagca

ctctttcttt

ccaccccctc

aggattgggt

tatttgcagg

acatccctca

tgtggggcag

ctggacccgg

cgccecctget

cggctgatgt

dagacacacca

cttccctgac

cgtagtccca

daaagaattc

CcCcccagacca

cgtcttcttc

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2073



<212>
<213>

<400>

PRT
Rattus rattus

Met Asn Gly

1

Asn

Gln

Asp

Glu

65

Thr

Arg

Pro

Tyr

Tyr

145

Glu

Leu

Glu

Lys

50

Asp

Glu

Ser

Pro

Leu

130

Leu

Lys

Lys

Glu

35

Ser

Ser

Gly

Pro

ser

115

ser

Ala

Arg

Pro

Arg

20

Leu

Phe

Ser

Thr

Pro

100

Ser

Ser

Leu

Pro

Ala

Lys

Arg

Leu

Asp

Pro

85

Met

Gly

Leu

Gln

Arg

Asp

Leu

Lys

Leu

Ser

70

Lys

Gly

Phe

Ala

Leu

150

Leu

Gly

Lys

Ala

Asp

55

Asp

Leu

Gly

Pro

Ser

135

Pro

Pro

Glu

Phe

Gln

40

Arg

Ala

Ser

Ala

Leu

120

Pro

Glu

Arg

val

Leu

25

Arg

Leu

Thr

Asp

Pro

105

Gln

Pro

Pro

Lys

Asp

10

Lys

Leu

Ala

Thr

90

sSer

Thr

Tyr

Ser

Leu

Tyr

Tyr

Leu

Gln

Ser

75

Pro

Pro

ser

Pro

Pro

155

Lys

Lys

Glu

Leu

Tyr

60

Ser

Ala

Ser

Gly

Pro

140

Leu

Met

Lys

Lys

45

Glu

Asp

Pro

Ser

Ala

125

Phe

Arg

Ala

Lys

Glu

30

val

Asn

Asn

Lys

Leu

110

Pro

Pro

Pro

val

Tyr

15

cys

Ser

val

Ser

Arg

95

Ser

Ser

Ser

Lys

Gly

Arg

Phe

Arg

Asp

Glu

80

Lys

Leu

Pro

Asp

Leu

160

Pro



Pro

Pro

Ala
225

Asp

Asp

Ala

Pro

210

Gly

<210>
<211>
<212>
<213>

<400>

Cys

Ser

195

His

Ser

Pro

7
29
RNA

Pro

180

val

Thr

Gly

165

val Gly Gly Pro Leu
185

Gly Ala Ala Leu Thr
200

ITe Leu Ser Thr val
215

Asp Asp Ala Leu Asp
230

Artificial

aagatgcctc cacatacaat cctgagcac

<210>
<211>
<212>
<213>

<400>

8
29
RNA

Artificial

gatcgacttc tgcagtatga gaacgtgga

10

170

Ala Phe

Pro Leu

Pro Gln

Gly Asp
235

Pro Ala

Pro Pro
205

Gln Met
220

Asp Asp

Arg

190

Pro

Phe

Leu

175

Gly Ser

Lys Met

ser Asp

val ITe
240

29

29



