NOVEL PEPTI DES AND PROTEI N AND USES THERECF Cross-reference to

rel ated application [0001] This application clains benefit of, and
priority from U S. provisional patent application No. 611011, 292
filed on 15 January 2008, the contents of which are fully

i ncorporated herein by reference. Field of the Invention [0002] The
present invention provides a nethod for nodul ating the activity of
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and m CrOtH}P&”gﬁ Fé@h%?gg I(%t %[f(?dgo d orgits interaction with RGK profeins 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, 2004S¢i, 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 (Béguin

- et al,, 2008, 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. Bjol. 355:34-46) and actin and microtubule dynamics (Pelosi et al.,
2007 Mol. Cell. Biol. 27:6163-76).

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



I ndi vi dual functions of Kir/Gem are dependent on its subcell ul ar
distribution. Nuclear 2 localization, for exanple, prevents its

I nhibitory effect on the Rho-Rho ki nase pat hway associated with
changes in cell shape w thout affecting downregulation of VGCC
activity. The subcellular distribution of Kir/Gemis nodul ated by
cal nmodulin, 14-3-3 and inportin binding, which in turn is regul ated
by phosphorylation. [0006] Despite cornfserved core domains for
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[0007] RGK proteins are multifunctional regulators of several cellular processes,
including ion channel activity and cell shape remodeling. Binding of RGK proteins to
the auxiliary B-subunit regulates the activity of VGCC, also known as voltage-
dependent calcium channels or VDCC, either by interfering with cell surface transport
of VGCCs or suppressing Cazr influx at the plasma membrane.

[0008] Voltage-gated calcium channels are a major route of calcium translocation
across the p}asma membrane of excitable cells. Intraceliular calcium plays an
important role in many biological processes such as calcium dependant
neurotransmitter release, hormone secretion, muscle confraction and gene

expression. More specifically, it is documented that abnormal levels of intracellular



cal ciumcreate an inbal ance in cal cium honeostasis in a variety of
cells, tissues and organs |eading to many di sorders. The conversions
of the intracellular calciumflow by voltage-gated cal ci um channel s
is thought to inpact a wi de spectrum of biological responses and are
inplicated in several diseases, including ataxia, mgraine, epilepsy,
neur odegener ati on, hypertension, cardiac disorders and di abetes.
Currently there are several Calcium chdnnel bl ockers used to treat
some of these conditions. Conpounds such as verapam |, isradipine,
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5 subcel lular |l ocalization requires tight regulation, which is
acconpl i shed by posttranslational nodifications and the association
of regulatory factors. Nuclear |ocalization is nediated by the
association of inportins with NLSs on RG&K proteins. The rel evance of
nucl ear | ocalization is not well understood but the presence of
endogenous nuclear Kir/Gemand RenR2 in primary hi ppocanpal neurons as
well as in situin cells of the brain &nd heart indicate it is

i mportant. [0013] The present invention seeks to provide novel
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t hei r ent CAeRaged s angd &2 drareandahetch., 2B Prachdath AcstdddidUbe. A.cell1Hus-
consi deredghy the reader as part of this text. That the docunent,

reference, patent application or patent cited in this text is not
repeated in this text is nmerely for reasons of conciseness. [0016] Any
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clearly \Mtrggépr}argtgt?ons%Ppsﬁe-@{al tn?)?obllaré\t/se.nttlsleogf %gngreggrrc}og%gwggroerl ’R’ie use of
various stem cell transplants (Rubart M & Field L.J. 2006. annu rev. Physiol. 68;20-
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

cydiomyocytes as they only represent 20% of the celis 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
subcellular distribution of RGK proteins which can translocate o the nucleus, with
differential effects on RGK protein function. RGK proteins stili 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 nore range
of values (eg size, concentration etc). A range of values wll be
understood to include all values within the range, including the

val ues defining the range, and val ues adjacent to the range which

| ead to the sanme or substantially the sane outconme as the val ues

i medi ately adj acent to that val ue whigh defines the boundary to the
range. [0019] Throughout this specificalion, unless the context
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VGCC ass%b@mrpgagg%g%fgghé@ ng ataxia, magraine, epilepsy,
neur odegener ati on, hypertension, cardi ac di sorders and di abetes) by

up- or domqglgulﬁtion of CCDC95 and or its interaction with RGK
pr ot ei ns. ny manufacturer's instructions, descriptions, product specifications, and

product 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.



[ 0024] The present invention also provides to a nmethod of nodul ating
nyogenesis in a patient, which nethod conprises the step of

regul ating CCDCO5 and or its interaction with Kir/ Gem which
interaction regul ates cal ci um channel activity, actin and m crotubul e
dynam cs which effect cell shape and cell differentiation anong other
activities. [0025] CCDCO5 pol ypeptides of the invention may al so be
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speci fi ed 4gi étﬂﬁngéent[fgog‘% teld) :c%f? tyLdlga gt b Ne?ﬁtﬁ?p{%%%%g%ﬂgt as

for screening patients to confirmand or 1
af f1i ct ed CRMEMPNY Wiserieas tpgingtof drdimarREXl snlbblart(ﬁ Whiihrtte irgreptiant [eslorsgs.
which ailnments are linked to hapl oi nsufficiency of the CCDC95 gene,

whi ch ki ts!%;@qhggnde%% a pol ynucl eoti de conpl enmentary to the
portion o gené packaged in a suitable container, and
instructi us identify the 5, which |nstruct|ons
al so i ncl E@@\ %gﬁ@e%w@?ﬁdn% ngyelimgtety TN, gredomipgtivamiragsey In
conpl et e GIBERTcYens lrﬁﬁﬂﬂR@QﬁtH HEGK smeR AP HIndhg pRAGH! 08DR95 mediates
functi onal tide seﬁgence in a patient that is not

sufferi ngef'r m@legbé@?&%’ﬂna‘?ﬁ frem VEEDGIBM"E“P% ofdand i oh, bypaasing the
present i RWgEsHih @B- d@b@f«!déil@%amaﬁ}oﬂéw us!?ﬁéé‘dﬁ%&'%r%k&%%p{) gﬁke%%ggg@é‘e

therapy to identify suitable d }? or- restoring or
gene pr odiiadet g ERiSgA. dlfferenilatlon, ir/Gem redistributes from the nucleus to the cytosol

during early stages of differentiation. At later stages, CCDC95 expression is induced
and following myocyte fusion Kir/Gem 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.



[ 0031] The present invention also provides the neans necessary for
producti on of gene-based therapies directed at CCDCO5 genes in cells.
These therapeutic agents may take the form of pol ynucl eoti des
conprising all or a portion of the CCDC95 gene placed in appropriate
vectors or delivered to target cells in nore direct ways such that
the function of the CCDC95 gene protein is reconstituted or bl ocked.
Therapeutic agents may al so take the f érm of pol ypepti des based on
either a q&@%éonaﬁé, or the entire protein sequence of CCDC95 gene.
These may ti dnEPF JPSUED HREYeR? NaYel dnctipg ffdtirGemyin srusdepeyslopmaat.

in vivo. CUKCHK Sl ployiieR téfgoral eyt 8f 1haSubeaRRM it Rbn 8 Kir/Gem
subcel | ul g’r . eptide fragnents of CCDCO95 pol ypeptide.

| ocation of . :
[0033] I n &Y7'0¢ f‘?ﬁ%ﬁta&%?)@?fg)’ blgsd difieranBiakion. nvent i on provi des a
conposition for nodulating a R small GIP-bi ndi ng proteins
conpri si n% a CCDC95 pol ypeptide, CCDC95 mutants or CCDCI95 pepti de
f ragment s 10928)34[Thanpebent iaggrdion wbvitide ai metiwidi fon rpodulatihgstha sotisthe o

kit f | at.] | Vi I P- bi.ndi .ot ei.ns,
the syst 2%%‘%355%%%5@8@2%% e 706G el Shcesegdendng s
t ipevi sofforCOD@aBiinaNIGACdatsocted atissak aBaingAntix
g;pgc{)egf Inﬁi&%id'enmgme%g%i de?s?? rrglt horﬂ 3o'f d?ﬂrl%ct i‘ﬁgﬂgt em :;%l Ib et
di ferentiatron Cogrp '$1 ng Ve ng T heYRENTERY 51058 B E8F A gtes)
| ocati on &F up- OCBRATegdalqrepiGGRCOTFaref @rittihierddion st RGIC lotdiss. a
nyobl ast. [0036] The invention has a wi de spectrum of useful

applicati gaspaine fld¥rdged nﬁ:ﬁﬂéi&é‘gf%%{cﬁg% Bnfetfodor rﬁrﬁaﬁﬁédr@‘?&o@?ﬁ&é@
may be used in diagnostic/prognostic, erapeutic cell manrp I'on
and drug $trPeBHieng whichouethad sempress i stap ebregulalindcCCRGES avd or its
species. NSRRI : the. ; .
equences e e O Yoot AR ot iy e
gene sequéRE &YcTaiPuls Binamins whichoeffrst celpelripesandBiell sliffeberdietiompaimong ofher
t he Draw aggitdsgure 1. Characterization of the new protein CCDC95 A
Am no aci d sequences of human, rat and nouse CCDC95, Am no acids are

re i nd o M e HC oerniine of i RUGHIGHTES, HoaoRaisrion THpeds of s

depi ct ed identifyidi supstafibes edpabie GeifdcHRAIRSRCENS GTPDifdhd Sidtei function,

domai n of s&ceafslélub%{atnggé %ggaeblé Sofarhggulgt%%mﬁ@l{ 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 cell morthology.

[0026] In a particular embodiment, there is provided a method for screening the
CCDCO5 gene to identify mutations such as those that cause haploinsufficiency. To
detect haploinsufficient CCDC85 gene mutations, a biological sample is preferably
prepared and analysed for a difference between the sequence of the CCDCO5 gene
being analysed and the sequence of the wild-type CCDC95 gene. Mutant CCDCO5
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 particutar mutant allele.

[0027] Alternatively, mutant CCDCO5 genes can be identified by detecting mutant
(altered) CCDCY5 proteins, using conventional technigues. 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 CCDCA5 protein, may then be
used for the diagnostic and prognostic methods of the present invention.



B Northern blot analysis of CCDC95 expression in human tissues. C and
D I mrunol ocal i zati on of CCDC95 in snooth nuscle and heart. Muse
snmoot h nmuscl e cryosections (C) were anal yzed by i munohi stochem stry
(panel a) or confocal i mrunofl uorescence m croscopy (panel b and b")
usi ng CCDCY95 anti bodies. 10 Nuclei were stained with Hoechst
nucl ear dye (blue, panel b'). Confocal _i nmunof| uorescence m croscopy
of nouse heart cryoeections and pri mar;? cardi onyocytes (D) co-stained
iac troponin T (green) anti bodtyentAr eas of

f d) d
glr ocal i zi? %ﬁ |pﬁg%ré’ﬁn(¥ﬁptf% %Dw%égitﬁ iRhggeening patients that might be
IQ/rmu nohi s tszmsh@ﬂbbat MydlfﬁrdérleaélatdiflonitgﬁMIFGﬁimUl% ?ﬁ)télﬁ@- chtﬁhﬂm@ﬁs
er expr ess ocal i zes to the nucl eus
car di oﬁyocaygjmg%a IE MRS, Dnere oF PGP E IR ami&"(ﬁ}ﬂmp@ 3 mutation
processed rémlltmgrmﬂlmﬂdmww(‘(ﬁ thé TCIOIP Yend\vafch Rits %E?llnﬁlé@ b %hbtoé‘

are in cyan. in the gure 2. Associ ation of

Ki r/ Gem afdVRHBEPHHE mlﬁﬁﬁ@em&ﬁ%m Rertiap Afithe . CQDCI5 gene packaged n a

Coi mmnopmeﬁametéﬂrtmrpfanmﬁctﬁﬁg iélrrlfse%ﬁb t()a}dei:rﬁ’[?' &ev"%fc?)cg which
cotransfectsﬁmén %8 for WI' Myc-Kir/ Gemor a nufant V\2696
[

defective'd RGlugRaa ernes diring: of th@rwmﬂemm@ Sapstaially

CCDC95 mme
Vst er nW‘B‘FS@ ) ) SRcliShGEIIBN, ApEOY R oREodnd b BTIERYTCHEpSY
| ysates wEPEPHP 8“%‘%“%@%@%@8 et soffetirg rypdhe 598&9166@?&@(5@) to

nmonitor Kir/ Gem and CCDC95 expression |levels, respectively. B and C
| denti fi c§8029) offhe %ememuent[m&rmﬁw kitshfor fs@feeKlrﬁ/ gaahiai t8 HoRfimm

B) Li st bstituted
to) Al shandd” Seplit dirah: ol e St ooarm ein s K adal B PHbindes
assay. gcprtﬁblnamh!mnpmkamqm it lirdoad ab h@@ara@K Efra@dc%bf theeotDCes g@ﬁé | Bhich
were cotr c- Ki
PTG Gopchle o A ks S '?”r?*fﬁ?ﬂ%%f‘%’é‘f’ SEALY W PR PLg 4 CDCo5
gl H Gem wasnelgrekaged ibya \Abildbde moblabier, usmmms&gfﬁdmorgestst@et i@eldentgy the

t r t anti bodi es
t:) I\;::e?b) or K%c?.pﬂ\ %Ct%'ﬁl ?l%%/ %GEHWC&O ﬁ%@g @cx PeagiRiie or a
| evel s, ré%%@"!’tlaﬂblO}DmpI@ea(ﬁGDBQBdQMQ fseqadricentrah is ecaphbBS of renkbdihgem
tant g D h t nt a of Kir/Gem
| ot ant o SO DB Do SERIRL 6ol &SGR bl B f 5"
N- and C- Segdifjadagilmextsensi ons (bl ack), the location of the Gl-G5
notifs involved in GIP binding (gray), NLS1-3 (blue) and the bindi ng

sites for [obsod- 3in Mt i’dé Glc8Ent ARhER c(wﬁc?é}ulﬁtla{hggg f's@regguﬁégﬁﬂaas

indicated, N and CGterm nal truncati ons
acid subsFERs45.9ne theranydocigertiy spiigble gugs for restoring or blocking CCDCQS

gene product function.

[0031] The present invention also provides the means necessary for production of
gene-based therapies directed at CCDCO5 genes in cells. These therapeutic agents
may take the form of polynucleotides comprising all or a portion of the CCDCY5 gene
placed in appropriate vectors or delivered to target cells in more direct ways such that
the function of the CCDCA5 gene protein is reconstituted or blocked. Therapeutic
ageﬁts 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 CCDC95 gene in vivo.

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



Coi mmunopreci pitation of CCDC95 and Kir/Gem (a) Cells were
cotransfected with cDNAs for FLAG 000C95 and WI or nut at ed

Myc-Kir/ Gem CCDC95 was then i nmunoprecipitated and associ at ed

Kir/ Gem was detected by Western bl ot using antibodies to the
different tags. (b and c) Cell lysates were blotted with anti bodies
to Myc (b) or FLAG (c) to nonitor Kir/gm and CCDCO5 expression

| evel s, respectively. Figure 3. Interaction of CCDCO5 with ot her

famly mﬂm@gs-lbdtybélﬁ%' aNaryifd Et?&&o%n%é?d%&%@ﬂﬁ?rdlo%}gﬁgﬁspéﬂﬁd

cell nor p?ol o % Coi mmunoprecipitation o Mrang
Rem 2. (a)'e@e ?%@G%ﬁ?qmg@ed with cDNAs for CCDC95 FLAG CCDC95
and Myc-Rad, Remor Rem 2. CCDC95 was then immunoprecipitated and

associ at e(ﬂO[Fﬂf pﬂrOtsﬁlfﬂﬁhéﬁBé edetget n sUgi

ant i bodi es, OéM) g%ﬁ @ at es @Sﬁgmbﬁté?% V\nRJt an§| - RE} P‘g?
anti - FLAG aé’ﬁ?l% }%§mﬁﬂ) nPwngmztemsO@@nwsmwamas @ﬂbﬂpeltﬁa)n
level s, rexumCds metants & CEINEES pemfliel frdgserkdie subcel lul ar distribution
of RXK proteins and Kir/ Germedl ated changes in cell norphology. COS-1

cells wer nsf,ec ed W t roteins, either alone
or toget hi?ﬁs\r/v?thp\'/\? Gt a?ﬂﬁcgf’ggeli‘ﬂ‘ﬁm!\é%@' Mﬁ%yrémr@ma;mg the
(green)  peotityros MErﬁn&iher{Pl-mﬁtﬂhg pesleiY, BRNEREM cORPHEAL! QUORDBSAGS
mcroscop&?rlfl@l_lﬂgSil rl%ﬂ: {:g g]n %ﬁ! es. Areas of colocalization are In
yel low ih G DG e0VReriGiE 4 PeREP OBt HECHBICSRoPRLR Salivery
changes (sgentiaterials and Methods for details). D CCDCO5 abrogates
the Kir/Gemii nduced coll apse of stress fibers. Swiss 3T3 cells were

Wror - mut SoaH L ARGER st MG vl bt Peflieest heiey aterme
t hen | ocaPFifereatiasipnc omhprising |\mwmg)ﬂh@u¢mmemmnrrbcrefwgﬂfmljarg’®ba?ahn of a
luor é??ﬁ?"”‘?&f"*&% o83 el R 5ot B R R VRIR Kir com 12 ccDCoS

or GST-14:3-3. Protein synthesis was bl ocked wi th cycl ohexim de,
ei t her i n[99381 pr Ehe freniien hgs ehwideo spectivwm ok aseivk appiltationsoThé TS

Cel I s wer gehe/s@fliefbed Qr‘itl B@@:M@é&nﬁéd@er@ﬂ r%f be K54 ﬁ%ﬂ%@gﬁé}gé’gﬂggzc,

1433vve[e detecteF sten bl ot usin I-ta
herapeutic cel mampulaﬂon and drug screenmg methods described herein for a wide

range of species. Further, probes and primers based on the CCDCO5 gens

sequences disclosed herein may be used fo identify homologous CCDC95 gene
sequences and proteins in other species.

Brief Description of the Drawings

Figure 1. Characterization of the new protein CCDCS5

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.

C and D Immunolocalization of CCDC5 in smooth muscle and heart. Mouse smooth
muscle cryosections (C) were analyzed by immunohistochemistry (panel a) or
confocal immunofiuorescence microscopy (panel b and b") using CCDC85 antibodies.



B Associ ati on between CCDCO95 and Kir/ Gem foll owi ng cycl ohexi m de and
M5L32 treatnent. An CCDCO5 aliquot of the sane |ysates was used to
coi mmunopreci pitate Kir/Gemand WI or nutated CCDC95, or GST-14-3-3.
Figure 5. CCDC95 interacts with specific inportins via NLSs and
participates in nuclear transport of Kir/Gem A ldentification of
NLSs in CCDC95. The coiled-coil domain (green) and the four
identified NLSs (red) are depicted. CO 1 cells were transfected wth

cDNAs for the indicated truncations or nutations.
CCDC95 ( g»@%t?; WﬁFf‘o?i@'i“ﬁg W}&ﬁé#oecméwc leatdys (Phig, pynel 6if Genrfbcal

i munof | oumesneMRLesBeht® FiQ atrag}, @,;%5 i ndi ng of
i nportins to CCDC9e5 &a Puﬁéog%\tl)vﬂgggg%r‘? nmen @égch 'ﬁlspz nﬁhr&

r ecombi nafErHeETYqGHss (P ferstpined fﬁ”r@%@ & dreghy and mﬁregémaoxme Tdfrees) | s

expr essi nGntlodyl AfeaSEPERBCAE wer e abol i shed
(NLS 1-4 nt a?dza Bound %méw&e]rnggﬁmﬁnggéd%%eb Western

bl ot usi ng™akAPD 'F@ﬁ!@raﬁweﬂaﬁﬂﬁ L(smg Q@chﬁmammw@aeelm)otted With
anti - FLAG anti body to nonitor CCDCO5 protein expression |evels. (c)

GST- i npor t Qvéregiressel CLRCIS :db@ﬁzes@ﬂr@fﬂ&%uw @bsaﬂa@dqﬁbcé?-l;dl@ﬁl&héﬁgy
to verify t at_sim léﬁeg\'ﬁ@kt of fusion protein were use
[

assay. (Cf° 41405 & CODGRPcgieA of Praﬁ%%dtfordmmqmﬁ@ﬁsceﬁeqa a

cel | s treatiedsstipyhARSNSof EloctfiRdtRINrk P&/ hi iR tHRmErg_l Gh
transfected with a cDNAs for Myc-Ki I‘/G@f’% \}\2696 algone Q? toget her with

\é\zt g::t ed m%ﬁ%ﬂ%%(ﬁggégﬁyéfg%a&Pgé@gé’yaﬁ&n&f&%?f(tg%&?%%ﬁggg es,

respecti vébmamﬁor t he coexpression of Kir/Gemand CCDC95, only the
merge inmage is shown (see Figure 9 for separate i mges). Depletion of

i mportin i%o:ﬁ%ﬂfn%&%cgﬂaﬁ @\(ﬁé pESEAER; rngam ﬁa)\é\g%,stnw?%r'ﬁtcg gr?qg%e{ed with

West ern bl ot non- s det ec
i mportin FRNAEESNT \Mstq—K!dﬁeamr@rmsﬂant Wzpa) c&feo@@@ﬁardmcﬁ@amwrrs

i nduced dyfi zh s qggﬁ,g
enbryoi d bodﬂlmfg:s%1 Eshﬁselg‘: iLﬁF;?d fer encg%at ed m&'ﬂ? eS‘Rﬁ%@?@% and
cryosect i 8fCHedEEea detbeiad by W@@@@B)t usiag antipaties tol tee difforentlagasbe

it oar Ayt of eopen s e BR N MBART SR A R RS LaLe:

\8/? respecti V"ﬁ’eé@

ni ce. Biergewra PCps 61‘\9"9&51@‘&)?813&'3. rebpediively. wer e stai ned with
CCDC95 (red) and troponin T (green) antibodies. Areas of

col ocal i zBtandrC kieetifioatise bf @eiduss iRECITES RRpdERIRST Kir/Gem binding. (B) List

of the individual residues in CCDC®5, which when substituted to Ala showed a
reduced (-/+) or no (-) binding to Kir/fGem in a Y2H assay. (C) Coimmunoprecipitation
of CCDC85 and Kir/Gem. (a) Cells were cotransfected with cDNAs for Mye-KirfGem
and WT or mutated FLAG-CCDC95. CCDC95 was then immunoprecipitated and
associated KirfGem was detected by Westemn blot using antibodies to the different
tags. (b and c) Cell lysates were blotted with antibadies to Myc (b) or FLAG (c) to
monitor Kir/Gem and CCDCO5 expression levels, respectively.

D and E Identification of residues in Kir/Gem important for CCDC95 binding. (D)
Schematic representation of KirfGem 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 Kir/Gem are indicated. N and C-terminal
truncations (N-trun and C-trun) and amino acid substitutions are indicated. (E)



C CCDC95 is induced after in vitro myogenesis. H9c2 cardi onyocyte
cells were differentiated for 7 days by serum w t hdrawal .
Differentiated or undifferentiated cells were stained wth anti bodies
to CCDCO95 (red) and the nuscle markers nyogenin or troponin T
(green). Nuclei (blue) were |labelled with Hoechst nuclear dye (bl ue).
The outline nuclear remants are circled. White and grey arrows point
to remant nuclei containing either noléhromatin or fragnmented

chromati n, ~f. ctively, No t hat nmyogenin is absent fromthese
structur esQB'WDQW’W%Mﬂ%iCQP% éﬁ%é‘g’&@ni (n) Calls werercotratsfbaed aitvor k
and expr eseDiofRr FDAGEECBObE ahg vHIE L ' tibodies to
CCDC95 (red). and either MyoD, rryogen%ﬁ%cpgy?ﬁtﬁyq%@(é\gﬁﬂ% ei

(bl ue) wer 8TYEPRECHIAIG AN aseeHated NP em wasyietadtid fe) WeTleen bibt usitgir es

| abl ed by aritibotiies & thadiRASH A E. ' | 2 S
i nduced after Oagxogenéus expr e,gg’s?ﬁ%ﬁj‘g?F%'g@g?*%gﬁﬁ%“f%“%ﬁ%‘?%{’@?f°
N H3T3 cel Y (B PEFHAGHS) er@onkiriGem smNGORDSMMpRsakd Iadse resheoies.
in culture stained with anti bodies to MyoD (green) and CCDC95 or

troponi n TFigured). intBizgtiseol/CCHTDE Gamoang %lyﬁ@?{%ﬁts :égﬁ fng;cﬂ%ﬁaﬁf Gem

role in le di.fferentiatjon A Subcell

and CCDCg]E;!e Pm'h “”gﬁeﬂ @FB?R“%FFS?F: inesel FryBpkalegycCcDCO5 (green) and
Kir/Gem (red) and nuclei (blue) were detected using nonoclonal and
pol ycl onalA &aimrbwtipescipitatiotoBCOBCIBuAIhGREd, Reth af EREA. (M) dlis vidte

CCDC95 ei j ' | 1 f Ils dif d
wth the (oaradpded b EBNAR R EBE RS P anacRbeSE ca abysriast Fom orRem-2.
Kih_r/ Gglm pr@%@%wﬁﬂﬁt&némdimbmeeilmtéaﬂ}a?a 2856LISIEPRYK m{egg@l,ér)é d’el &£aves
were tr andY oneag RSB E e TE Endhecls. et ol isaie s wessrhigted with
FLAGCCDCOnHiMyeb) @rar&id'?m(sd)mtimui&% tohn@:@fcﬁﬁ\g{(??ﬁroﬂn ¢ clébdggem and
WI or nut %@Cﬁ r 5-7 days o ifferentiation,

over expr e?ss(@%s%,@ m %P%@#,gﬁendogenoﬁs troponin T (green) and

nucl ei (bl u 23 %re det ect ed using antibodi es or Hoechst nuclear dye,
respecti ve § Diigp &equintes the swbeelalandistribution of BGEproteirss angl I/ Gem-

undi f f er entddait@tlciemiges iVRIMABRES 'rﬁﬁ%\ﬁlﬁ% %@%ﬁ% \frﬁ%DE\IRs for

di fferent Mﬂtgﬂs ot ubes when coexpresse

Quant i fi catft rqieias.reither 7lpre of togetheswith T omdetated FIAGLEDCOS5. RGK

di f f er ent {(ralj @l CODEL5 A frb Il ferial and

Met hods section). o Olgér}gip,rﬁesﬁﬁr}k%‘%ga%é{lb%eﬁ%ec(q)r&?&%%cagoes not

af f ect muEUPENYCHRSFRIAE BICTASROPYHORINY Beti-lag antibedies. Amsdeaftcatbcalization BNAS

for WI Myiryediow irRewn mardedandgeand cel | s anal ysed as described in
section (B). R&X proteins and cells were processed as described in

section o
( E)Quantiﬁcanon of the morphological changes (see Materials and Methods for
details).

D CCDC95 abrogates the KirfGem 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 CCDC85 {blue) proteins where then
localized by confocal immunoflourescence microscapy using anti-tag antibodies. Actin
filaments (green) were labelled with fluorescent phaloidin.

Figure 4. CCDC95 stabilizes Kir/Gem

A Turnover of Kir/Gem and CCDGCO5. COS-1 cells were transfected with cDNAs from
WT or mutated Myc-Kir/Gem, either alone or together with WT or mutated FLAG-



Figure 8. Characterization of CCDC95 anti bodies. (a) Western bl ot

usi ng rabbit and nonocl onal nouse anti-CCDC95 anti bodies. H9c2 cells
were transfected with a cDNA for CCDC95. 48h later, control cells of
cell s overexpressing CCDCO5 were |ysed and subjected to Western bl ot
anal ysis. A single band of - 30 kDa was detected in transfected H9c2
cells, with a faint band |ikely corresgondl ng to the endogenous
CCDC95. No CCDC95 was detected in COS-12cells. (3) I mmunofl uorescence
mcrospcop% Differentiated H9c2 cells were stained with the rabbit
and monoc| GHAFORBUSS Tal-3-3CPtEs surbedimwas blockedwitie cyclatedinges @itser in

CCDC95. Argasrdakn h
Not o that bo?h&in‘fﬁ’%ﬁé’;@@w oo rRilob o) Cel iR b i i,
mouse ant i BYERted time POk iNGem; CCDO8S Bind dé ¢y iweseldeatected bg Westar blot
struct ur es;spiithitRag dafsbdids the present study, with the exception of
the images in Fig. 7A and Suppl enental Data 6b. Fi gure 9. (a)
Quantifi caé_l on of the CCDCO95-nedi ated nucl ear relocalization of R&XK
prot ei ns. HAESGRLER |b8WQ?F‘ P35 andiiiriaene ipvisgsycioheximidezany ME432 | al
(gray bar YrealflemOAk BoRRIOD Ao wgtegfa;maéf- 8:%&%5 Ak Q04 c&[lﬂﬁquhgﬁl’egz@&&g

RKG pr ot ei s plotted. Parti al ocal i zation was consi
when a fré@ijé%‘ﬁ%‘ﬁw-ﬁ@fm@%‘ 6CHGPS en@PRdd-3-8. t he cytopl sm (b) Cell

nor phol ogy is not affected by Kir/Gemfoll ow ng coexpression with
CCDC95 antﬁmlE%U@&ﬁ%r&d@hltﬁ@pe%}aoﬁﬁ%|v% NESEahd pAHLiSAEEH W th
cDNAs for l5 :r'h Cng'%l %c Ki r/ Gem and HA- b- gal actg{'gs}lﬁolgse %

(N- HA- b- gzﬂufea @SBP WE&®r e detected usi ng anti-tag antibodies
and i nmunof | uorescence m croscopy, the )9- gal actosi dase | abeling
served to ﬁa@@&t@’ﬁ:aquws:?s in GEDCS Mapeoiddts dmmaiKI(grééi@)rﬁnd the four

whor cas ninaePUPY HES) 18RIk Lo Bl n Yahe BB BRI N EONAYPE U
al one or Vol CRCQD%M R(Bgnﬁlaahedmuoéatious bemutétbaﬁmmcg@tgr&rf)/p@tﬁmg

(panel a- gy ation of the abrogatio
Kir/Gemin Sié(; eﬁ{gc%ﬁg&dfb%@nf%?@asgi HFSCEALE RICIOsEoRY, %'thag
showi ng c@hfibasties. (white bar), partial (gray bar) and no (bl ack bar)
stress fiber abolition is plotted. Figure 10. CCDC95 contributes to

nucl ear trmﬂi&aiagbfmpdﬂﬂs/t%end:é@(eé}m @bg%eqﬁ%ﬁ'ﬁ%gbﬁz la cells

by RNAI and transfect ed wt oget her
with W FI9eMBasn & p'aW@rtma V‘éPf? "‘@Hb@te homegkaztes pbcalln eb(prres@agWT

bi ndi ng ( paAS-COBLYS or KinkdtSRWHIE 8l 4 M %sHPCABof %smi%w r‘ﬁu%ot% cted

by i munof.| uo 8 croscopy using anti-tag antibodi es "t hat
in the ab QHE% gﬁ%ﬂ%ﬂﬁ?‘@i% we reyealpgibyiieste Meblainsing artigiay® aotivody.
transl oc a(m) QdirySaess M&@%ﬂéﬂﬁmﬂ é}ﬁl YRS SHEbIRY SR rﬂdﬁitBP@CﬁB?Q?&flesﬂf

inmportin a rev be required " for nuclear I zation

of Kirl/ Geﬁi"p ﬁg‘?j‘ﬂﬁ i&"él'i (¢ §% cmaeﬁs‘ fP%'O%i?fﬂ*@@%éferq feteetad mith anwolid3Sbf

t ot ubes anfildeR t& oé Qipikap b
Ser um Wtﬁl'é%% a ‘“"%"’%n‘ﬁé‘t DS O RO e i S aca 0 Y
(red) and A 188\ yFea] BERPPT of Ke/Grm ela c@ﬁs treateduwith RINAI &
i s mar keddbylee :ﬂﬁb;&lﬁdrSCprbt‘éirﬂueMQFaﬁhs@@t@d'vﬂthsé)fF@Nﬂfs f&rﬁﬁyﬁ(tﬂé@h@h@b

chromatin_js re pane a- a condense anel

absent ( pﬁh@? °t O@eﬁ'er ("ﬁg igted F%@&PG% é?'r/@%@déﬁr%agd | on
f D dér) et deteceld o &b

oDNA for %%"’;n Y M Rt oRneg mRLSedol Uiz thidboles,

(red) and"fTBRYEPYNEPT BRCPeXarERIAN ¢idfiann 2 GEBEPELNFhgunesoe fmage is
Kl 1/ Gom asib IS8 Figtha fdh Rardl RA). TRbRtbH of St B [dlRBbhaH T o

(a) C)/ereé[aj si.on IﬁKlr Gem bl ocKs nmusc I at1on an
CCDC95 pa ?@teﬂa@@' Weg HRNiared by Véastern bipish opp-speciic banGedatected in

count er bah@dia@stotthe fmpdHi B'rﬁé’r'wd@ﬁtﬁ%ﬁtasgﬁg 2 cells were transfected
with cDNAs for W Myc-Kir/ Gem Kir/ Gem 52 S288A1W269G (db/ W269G or

Figure 6. CCDC5 expression is induced during muscle differentiation



Figure 14. Transformed C2Cl2 nyobl ast cells stably expressing wild
type CCDCO95 or Silencing RNA causing downregul ati on of CCDC95
expression. The m oblasts were allowed to differentiate into nyotubes
for 5 days. The nunber of nyotubes are depicted with confocal

m croscopy (A) and ploted by the nunber (B). Detail ed Disclosure
[0037] Here we establish a novel role for Kir/Gemin nyogenesis.
Myogeni ¢ specification CCDCO5 and muscl® differentiation are

(nel -1 olRCRBERS PRGN eyt bedy. Sheelsooro dRpeiore

transcri pta@bﬁﬁ@%%nﬁ@@o&@@ldn@b@éﬁmb%ﬂ st dVCEDCIY @ &g%‘ﬁg nﬁ’él@per S
of the rry?@éte en r fa or famly (MEFS). Here we port th
[

char act er Effegeni digsy Qﬁ'@'ﬁ #S’f‘@@me& m H@@Ji’émudﬁﬁéd in

synapses Wyéheap@xp@fe_sm on predom nantly in musclecells. [0038] The
present invention relates to uses for a nucleic acid sequence, terned

h [ th t d d
I me udi ng - PSEP SAGIeEHED BUTMAr v PR L DO FSB8 f RETHETREK o

smal | GTPpbn ot migeent elaited with CODEDS vetl) 9 frdpdnitat é@rﬁﬁrg gengﬁﬁm

enogenously  or t hpse ¢ express

CCDC95 Pof&?'ﬁfcqféﬁﬁmﬁ'gé?m[ W@é@]"eﬂﬁ'ﬁ@rt ?ﬁ“&rﬁl%i iM#@eP-nvention there is
provi ded an isol ated CCDC95 nucl ei ¢ aci d nol ecul e whi ch nol ecul e

t ypi cal | yCehCoE8s isind@pasHtepl wmpivbda:esw Hek? eamafnhmyte ®@fls @@l 0g,

For use + aHeRBRTor 4 B seriB HitnHin. fiebisBiayiser dieiprnliel @08 oc
for secur welp eripedsdthentibidies EIBEDE9S (ley pad the %mtﬁa’ﬁhl&ew‘ mysyeHinadri ng
From the SBon” foatera RuEEiHi 3 el Wit HERHEEpiS 1R (de) 1 b
NCS: hl 30U@n©nu'$fe@rgﬁmnamsameclmbéq Wide dmsi/gb raphmg? psint iaa‘brrhyﬂrnweze
to the ridi.sabl e

t her eof %ﬁgk%%ﬂﬁ ,q; ecugt"l' QE{Q%Qm%S)%%X B’rrgg'%‘?%'ﬁealgo &P?’@tam no
aci d sequEW@ée@ﬂ@o%I@anUporaﬂyesefstmderésor egoi ng DNA nol ecul es. [0040]
Preferred DNA nol ecul es according to the invention include DNA

D Nuclear remnants are embedded in the microtubule network and express MyoD.
Differentiated H9c2 were labeled with antibodies o CCDCO5 (red) and either MyoD,
myogenin or a-tubulin (green). Nuclei (blue) were detected with Hoechst nuclear dye
(blue). The structures labled by circle or arrows are as described in {C).

E CCDCY5 is induced after exogenaus expression of MyoD in NIH3T3 fibroblasts.
NIH3T3 cells were transfected with a ¢cDNA for MyoD and after 4 days in culture
stained with antibodies to MyoD (green) and CCDC85 or troponin T (red).

Figure 7. Kir/Gem and CCDC95 play a coordinated role in muscle differentiation

A Subcellular distribution of Kir'Gem and CCDC95 during differentiation. Endogenous
CCDCY5 (green) and Kir/Gem (red) and nuclei (blue) were detected using
monoclonal and polyclonal antibodies and Hoechst nuclear dye, respectively, in
CCDCY5 either undifferentiated H9c2 cells of cells differentiated with the indicated
time periods.

B Cytoplasmic overexpression of Kir/fGem prevents muscle differentiation and
CCDCY5 partially releaves this block. Kir/Gem blocks muscle differentiation, H9¢2



nol ecul es conprising the sequence set out in SEQID NCS: 1, 3, 5 or
fragnents thereof. [0041] A polynucleotide is said to "encode" a

pol ypeptide if, inits native state or when mani pul at ed by net hods
wel |l known to those skilled in the art, it can be transcribed and/or
transl ated to produce the nRNA for and/or the pol ypeptide or a
fragment thereof The anti-sense strand is t he conpl enent of such a
nucl ei ¢ acid, and the encodi ng sequence can be deduced t herefrom

0042] An "} S ure CI d
R, DA PTG MRS ERnshRsiorba cohe fis Wik P it BuSeduremer (EaBariibe
from ot heralare] bmmrammmem DNV f@hWﬁW&ﬂd@erﬂ@ﬁ@ Wﬁab'mataff@i FMﬁG-
human seq r t?e ri bosones ymnmer ases, t her
human geno %% AJ%E% g OSngeéqrﬂgt‘OnTﬁéerﬁé?’ﬁP%‘é{@ég‘v & eﬁh @F@‘PQQ”&Eﬁ d
sequence mnbppmﬁtTeﬂgFeéd) ahd haélei{ﬁlﬁ@) WerYREbtéd Qsthy bﬁtlﬂ?}%ﬁéércﬁh-lo}échst
occurring envir reconbi nant  or cl oned

i sol ates AWGSEH 6%[?‘719?“?3%“%%#@5‘8?&95{38@5‘56‘?5‘%@ E?g%ﬂgﬁsol ogical ly

synt hesi ZQﬂdiﬁEréﬁﬁht%ﬁQﬂeﬂQ@Hén S\Yé'é ssedjagor[eo%ﬁlre m%éh .ﬁb@
refers to nmr@a |l eles of th ne sequence as

all el es c&t Cé‘teFBfﬁesf%%‘ﬁ'th W éEI?Q 8§e(0|) ﬁli@ﬂtlﬁ?@&% O‘E the arev@rtﬁpf
di sor der s cekd dbechdepg€ Aluhid AehaEBRdNn G’fhﬁr%&ﬁ@f@ﬂﬁ @h@jﬁloﬁé 'e éhélg

alleles are al l ed "CCDC95 susceptibility alleles’
CCDC95 geff8 dﬁeearﬂfé‘f?c’?c‘m”) CCDC95 gene," " CCDC95 nucl ei ¢ aci ds" or 't
CCDC95 pol ynucl eoti de" each refer to polynucleotides that are |ikely

to be explfeQu@dxpmassion vBRad,i Bxsher RemRidaes nat éf@cﬁﬁu@&le \Wieedhtifigli-RpRos e

o0 0 S ok LR PR L P ke S B S ol o

i nvol ved inalisest apdesmibed ircsdction(B)hRGBQEbRINsSNdRlIS WerY RHBOdReYN as

nuscl e or 4 g%@ﬁaengéaghggg The gene sequence is indicated in part
re se

by nutations i ndi vidual s to devel op disorders rel ated
to R&K smal |l GIPbi nding proteins disfunction. [0045] The CCDC95 gene
sequence FiYratdedhamdierization aliECOSMEANtbadieen(ed Westerndiiatarsinggrabbit and

sequences nifdclbREUhRILGE YarklEOBALS £RBL4iRS.! HBG: (el ol rk R 2R A LAN 2
cDNA for CCDCS5. 48h later, control cells of cells overexpressing CCDC35 were
lysed and subjected to Westem blot analysis. A single band of ~ 30 kDa was detected
in transfected H9¢2 cells, with a faint band likely corresponding to the endogenous
CCDCY5. No CCDC95 was detected in COS-1 cells. (b) Immunofluorescence
microspcopy. Differentiated H9c2 cells were stained with the rabbit and monoclonal
mouse anti-CCDCY5 antibodies to detect endogenous CCDC95. Areas of
colocalization are in yellow in the merged image. Note that both antibodies labe
similar structures. Compared to the mouse antibody, the rabbit anti-CCDCS5
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 CCDCO5-mediated 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 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



transl ati on. The CCDC95 gene sequence is intended to include al
allelic variations of the DNA sequence. [0046] These terns, when
applied to a nucleic acid, refer to a nucleic acid that encodes a
COD095 pol ypepti de, fragment, honol ogue or variant, including, e.g.,
protein fusions or deletions. The nucleic acids of the present
invention will possess a sequence that gs either derived from or
substantially simlar to a natural 5 encodi ng gene or one having

bst ant i i.th t ur al 5 di t]
Shorear . TrARERRSE, Il RO A A e ey BEHR g Tan Bepiers
SES_ | D NO wdre dsitédbed bﬁn@ﬁ?%@@it?oﬁi@.ﬁ@ﬂﬂﬁ?nﬁhm@éﬁe%&ﬂ i@%%%pr%hﬁlghe
codal n sequence.r or rogen (0] eptide I1s snown I n ! A
SO D E TR oSIE netadctocaane PRbses inseianags. Wale BatiEem
sequence forerdxprasiofCRESGRuGRe| Meartd-lie | xteimM i(8a§§Q H-P)NQyhdreadV 28

the am no aci equence shown in SEQ I D NO_ 6. 047] A nucl el ¢ aci
or f ragrrerfpmltpﬁglﬁg[g%' &?”Q%B@t%ﬁ%f@fjl%cﬁgﬁgﬁdﬁéﬁg’esﬁe rlorg pE W Kirksery
simlar") Reguetiohhef rucleatheangptt Grl kivcehi-gnqgaded bhanproRr Late (o)
nucl eoti de.i nsgrtj on r %el et.ion i( th the other nucleic acid (or
'ts conpl SHAITIaoB4Y e Abragalivs of Kificemnsiucas Syeesaberediersaembly. The
at | east dhmtibn 60%IRf sHdwndy | Ghi
about 70% m)rn usea,T ,atgqlgggltgiéa Olflt? 1%6&%5%&%?%%%?%@ Pdéz@téékag%%t
Shestlighy

90% and rOFS splettedast about 95-98% of the nucl eoti de
bases. [0048] Alternatively, substantial honology or (identity) exists
when a nudfigue $&i ACDCY5 contributes to nuclear transport of KiGem. Importin a5 was

depleted in Hela cells by RNAJ and transfected with a ¢cDNA for Myc-Kir/Gem W269G
together with WT FLAG-CCDC95 (panel a-a") or a mutant defective in Ki/Gem
binding (panel b-b"). Kir/fGem (red) and CCDC95 (green) were detected hy
immunofluorescence microscopy using anti-tag antibodies. Note that in the absence
of importin a5, WT but not the mutant CCDCS5 can translocate Kir/Gem 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) CCDC95 is expressed in remnant nuclei of mytotubes. HOc2
cardiomyocyte cells were differentiated for 7 days by serum withdrawal and then
stained with an antibody-CCDCY5 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) CCDCO5 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 CCDCG5 play a coordinated role in muscle differentiation (a)
Overexpression of Kir/Gem blocks muscle differentiation and CCDC85 partially
Regulation of nuclear transport of KirfGem counterbalances this inhibitory effect.
H9c2 cells were transfected with cDNAs for WT Myc-KirfGem, Ki/Gem
S22A/5288A/W260G (db/W26B9G) or FLAGCCDCS5 alone. Alternatively, cell were



or fragment thereof will hybridise to another nucleic acid (or a
conpl ementary strand thereof) under selective hybridisation
conditions, to a strand, or to its conplenent. Selectivity of

hybri di sati on exi sts when hybridisation that is substantially nore
selective than total |ack of specificity occurs. Typically, selective
hybridi sation will occur when there is at |east about 55%identity
over a stretch of at |east about 14 nut$eoti des, preferably at |east
about 65% nore preferably at |east about 75% and nost preferably at

| east aboUfP"@0FECtEA &vitheii¥AS tor Yib MycdtyGemnmst WSO, AGE Qi3S dibe diutarey
DO Ve o\ W I RIARAS bBl Al 27! D oPURBRIIER ol o @108 by

over a stretch of at |east about nine nu I des,
about 20 ABEMEETHATRICENRY MRiCT@SERIY Ysig ahtidag antimaies2té detedteldt/Gaes (red).

typically - [ . F typically at |eas
Dbout 32 sl BREroANatn e BTG R S Brep TR for o BhEEMOLY ofVoqshR areen)
nucl eot i déid Pustsl 97eTe ehelgsbwif driveclsti djes(bbfe) t Netei thatethei avergxpedssealyy

have at | Q@ﬁ@efmg/‘bréﬁ%ﬁﬂ%ﬁ@%ﬁﬁ&?ﬁ&eﬁﬁaﬁ&eg&s ﬁ%%%as@éﬁ&ﬁ%%%ﬁ{@r%%ﬂgm

| east 90% honol ogy to t equences shown I n
herei n. MSPEXpieeses;iamnyptubiesr é)iQventxpraminn SFEihemRBGE poteine rdabh yioaffect

| east 98% : i onpari.sq n t ed
as descri?e%taﬁ!ljﬁgv 3%*@6??&8%”%@“@%&%?@? r‘g'(tp g@@@%ﬁé@%’f}%&ﬁ%ﬁ
pr ogr am i €ngiRengoandiheceliswareBrslyized ap deserined desenticheés). bel ow. The
default scoring matrix has a match value of 10 for each identical

nucl eoti dFigud 13 hifurReRIESHY SLDASE i BlAHEL GAR KERRH ARE08hE Y
is -50 ang;éﬁu(g?ﬁgef aul t. gag extension penalty Is -3 Tor each

nucl eoti d& AfiRodige Centoesdt iremungilbioseerset miplpesnpyonf racuse heart
honol ogougn®eattRRE antd ’hﬁﬁ? i i hGh
is at Ieasﬁo, 70 n%;or 98%/'§j ?gie)ﬁ?rgg@?%é% é’rﬁgﬂ‘&ga@%ﬁg%ﬁ%%@c}%

98% i dent FrIe%h for REDGEM dreddiand sawliacoyeporin Tetgseernoantiody.] Gea2 @0,

300, 500 eblotQRAticHIslanlEIRSINWhE Metdiel iftdgbeot | des sequences set out
in SEO ID. Nos 1, 3 or 5. In particul ar, "honol ogy should typically be

5
consi der egd. W r ect t e regigns of the sequence_ that encode
conti _guoug’ rﬁL Pl'(‘)" . j?:?orﬁ?osr@&ae#ggé 'W@aﬂ&tcﬁnﬁéta@ S@rreseingrgild e CCDCS5
function of Silkecipg GRNA reausind efowrineuldton- 65 SONGHE eXBLGMNOUrH thiothbsts
sequences o [, ddof o‘%ffeargg‘ @8”"5&’ IR AN IS il of EonAReY

made over regions cOrres F o7 gaiubes are
ot her dondepistedfwithtenlOCBGEErastbmo{A)cind iatad e arR r&ﬁﬁbe@lqa)Bi n SEQ ID
NOS: 2, 4 or 6 (see the section on CCDCO5 pol ypepti des bel ow).
Preferred pol ypeptides of the invention conprise a contiguous
sequence Detdiled Diselasare t han 50, 60 or 70% honol ogy, nore preferably
greater than 80, 90, 95 or 97% honol ogy, to one or nore of the

nucl eoti d qu es_of ID NO ,1 which encode amno acids 1 taq
70, or 1 Fb? 3224 @P %SEB Fﬁgﬁghzao?oﬁém&q V&I U CTEgRNEES s My DesRies
in SEQ | Dspification CEDGsetet rmedclpalietentiatioh A6 Drerytrateli aynAbi scaliyntel
00, 95 or SGVEHE o1 Fuluif et U MAIRT R Bveeht Fadtanicipgioss
am no aci (MREs) Sheg tndnsﬁE;@iango‘.ﬁsgaormreghl@tdl‘@frfcﬁzfﬁﬂws.ﬂ@yclwﬁh@?ﬁ{én%és
sequences . r 5. referred pol ynucl eoti des
conpri se 8%8?585&@u%@§8§?ﬁﬁ%"8r ﬁﬁ‘?ﬁ%ﬁgg{%g W&Haﬁg,'ep ragerizaien 2Hos
honol ogy, a murve! hebprotdih  CODGE5¢ rthah&n eBAchd0in 8Pnalsed ARfth anekSaysib®
t he sequeg&gg%baﬁgp&%ugg.g?é?t hat encodes amno acids 1 to 70, and/or

1 to 244 he correspondi ng nucl eoti de sequences of
SEQ ID NO. 3 or 5. [0052] Nucl eotide sequences are preferably at | east
15 nucl eot088k | Fhe eregent innentien pelafesr inhispsdor 4 @asikic24kid 86quehlde, Bfned

100 or 20ReBHCIRBEEESad WdifB e protein and amino acid sequences, including

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



[ 0053] Generally, the shorter the | ength of the pol ynucl eotide, the
greater the honol ogy required to obtain selective hybridization.
Consequent |y, where a polynucl eotide of the invention consists of

| ess than about 30 nucleotides, it is preferred that the %identity
is greater than 75% preferably greater than 90% or 95% conpared with
t he CCDCO5 nucl eoti de sequences set out_in the sequence |istings
herein. Conversely, where a pol ynucl eotf de of the invention consists

of , for eﬁg Q %eq eiﬁter t han or 100 nucl eotides, the (3/0

i dentity ¢ %‘? %ot pipee 598 Repeenqugly Yelfoem ek thattdoowtt expreshie
sequence |CGDCOYsndwinauslyay be | ower, for exanple greater than 50%
preferably greater than 60 or 75% [0054] Nucl ei ¢ acid hybridisation

w il be afé é@pPﬁgﬁ?@héa%gm !Sons as salt concentration,

tenperature, or o in addition to the base
conposition, length of the conplenentary strands, and the nunber of
nucl eot i dd08RBle icsondingtiosthe Javentibmeieste i erdvidedi &H Eonged OOIRISE RIS

as will b C thgse skill ed e art. Stringent
t enper at u%e{dgondélcﬁeg%% :"fotleecgj#‘?e%%q?é@ Y PR & QFB%GEQ% mepvﬂ%x%%

of ?0 dglgl’vé@%ﬂtcor a@qmg:aiérllghaglng t‘ragmerﬁsoftheiiéofdﬁfeeﬁl&alﬁ) ,pr@did Hbd are Dt\llfT
prefera e S alt conditions w
ordi nari | indbébuﬁggf??%an ?6%“ W‘%@HF f,a %Z-gic haenes s B mplgeules
prefer ﬁbl yori sesyrinchaxpress@omil 2 IBORGIS polyiuptide ehpataé op hodliaRAg tﬂm Q’g§ll
is muc y e_neasure n ar anet er n
exanpl e g}@ 123[ ?ﬁﬁgéfﬁ’?& %m%?@@; t&&? ?8}?”&'8%?‘84 %%%‘é/t?é h@%’éﬁﬁgﬁo‘“@ copssiing of:
(1xSSC = m)lwmmaule@smtmam UDNNDS: rat& a)fdr?r&@ner{tQMOTh DNA

" pol ynucl n f t Lnven
genoni ¢ ﬁg,{édsa?er?t ﬁe@ i 3: E:j)frzrgnst% I I'J?#/Se'a * ‘"E‘Eo‘f‘h?as)e%é‘ya'ﬂﬁisab'e
ant i senseff§§maﬁf§§heraﬂﬁ and{c) A netdcolels Itlyat@bd@ bARpiEssiah ot th® einfricestidr

may cont aiy Ra I i zed e bases, as will be
readily apg?&eggll algﬁe}%%byﬁ It %‘ﬂ f%’&'"ﬁﬁ'ﬁ %‘FP €8such nodi fi cati ons
i ncl ude, Epé’ exarrpl e, |abel s rret hyI ation, substitution of one or

more of t RP4ht uPERTeRRD CBNAT immlcawrs @scording Vbt thearinawdiboginclude DNA

i nt enucl eﬁm@ale&mﬂrﬁpr%ﬁg' $8SsePue é‘§et%lﬁ*?ﬁ‘ ﬁﬁejib NjG80§S 5( gsc?r %qg@?e)ﬂ@"

phosphonai phosphotriesters, phosphoam carbamhat
charged | W?kea"des (e.g., phosphor ot hi oat es, phosphor odi t hi oat es,
etc.), pendent noieties (e.g., polypepti des) intercalators (e.g.,

acri di ne, [Q944t al Amo!wmclebt[d@h&éa@d & Sencoddtya %b@béptfcﬁmﬂ IH‘?(Q':'Ta'n@? state o
cl ude

| i nkages noneri c, nuc Cc aci Al'so In

are synt hé’ off marﬁﬁ@%&%g%x ﬂ'éﬁthc?ﬂsn’("eh S‘BPVHJEI éeﬁ‘i"cﬁi‘ efl jnt thej a1t aibican tie
to bind ttsaaasodm gnamedaeaqme rtoQarw@ehhd RERA 8P adiag tI*?e"'ﬂol?Eaé}ﬁﬁe or a
chemi cal Q#rﬁérﬁ%é §1§ T tm) equees ar S known in the art and

i ncl ude, &xanp %3@' LSRNV D 8 ?&empi%%éﬁ SH6M £ MYARiG apids
phosphat eaid ﬂmewg\eedln@sechlenbachbbaaeﬂsﬁceﬁhﬁer’éﬁbmcm e. [0056] The present
i nvention provides reconbi nant nucl ei c acids conprising all or part

Pepl 1 cat i iote) i oA BRolaedC of CSRERRAR piS RIGHE el thudy af IR, SNRor o
r econbi nafxedoRalymeck l$ra9n€be\ablnh isntsebstantidy i aemarhi@é ¢||a;h0rm§élﬁazlemm%
ool ynuc cmitients WHER ru e Aoy RO PR RN SPa SRRl AcmateRh fgin
whi ch, byrkgspmes, mlym@swngamy ohherrhmnplmbahmme seﬂ;ﬂsencfesrmtd Geeasl afied
wih all erittaasR bl S0 KBRS ol Pk Rag fhesh Rioved Taf e
it is li rﬁk@@"aﬁh ogeltrting enwirorgerdoasd imatudes catorhbing®t o Sloned DNA isolates

and chemically synthesized analogs or analogs biologically synthesized by
heterologous systems.



22 [ 0057] Therefore, recomnbi nant nucl ei c acids conprising sequences

ot herwi se not naturally occurring are provided by this invention.

Al t hough the w | d-type sequence nay be enployed, it wll often be
altered, e.g., by deletion, substitution or insertion. [0058]A
"Reconbi nant nucleic acid® is a nucleic acid that is not naturally
occurring, or which is nade by the artificial conbination of two

ot herwi se separated segnents of sequent®. This artificial conbination
is often %ﬁﬁ&ﬁpllshed by either chem cal syntheses neans, or by the
artificial FAOGH Alele’ seipa tedosngialintes 06theDEDEDE gané dsquenge as

geneti c engingeraliags tcd u I, ac
codon with a r edundant ﬁglggg}r%ﬁgtr%’oé fﬁ%t P d(ﬁ’?g%rép{%‘rqglé‘?ﬁ%g%s%y@% c&‘prders
ami no aci deaigs foe calgigme ahanpel dlsfuoow nc’ﬁuuh predieposiy alldegusnaso called
recogni ti cocHdg S@béﬁ%m@éug%gy, it is performed to join together

nucleic acid segrrents of "desired functions to generate a desired
conbi nat i ctg % ct [ 0059] cDNA or genonic libraries of various
types may R4 cr eg?%%‘g%gmﬁﬂqaﬁn%ur%scas gehe," N GEDSAS5 aulettsacids ' oh &
present i MEDCHD PolyMiclsiigs” Euipl Bt t@ﬁblgﬁud@ﬁdgggﬁi\g?@ Iﬂ(%ﬂrhtg%e expressed

anplification of sequences resident In
sources, &!gormal{isssierceriginaligies efavhieh @@Mpmqommwuabmme@p disorders

corres pondélafe@ @ RGR%;SQWP%&uE@brdténé‘%ﬁ#gﬂﬁ:%n " Q‘F s fé}rﬂl}% rlf'(e%g?s

desired pr oteins. Phage |ibraries are nor
types of IGPBFaFfRENRRyMBY bR cttvoleed s d@ruralom Df agajciwm e hepeestdsisntcell

pl ates, t Wﬁfﬁcﬂdﬁgye%dsaleaor%éhﬂéé BisBrdefy. THE Cfe%@'ﬁtégﬁ%ug:%lﬁﬁﬁdﬁ@a‘? aal?mdpag%psa

probed for % gresence of desired seguen SAGETRIE
sequences "HLPTE ihqtRredisnose indivigrals 1o dEiY§l@aIdl§Drﬂi@'rmmiaisé taRAkesssll GHBut

five codommdingprokdisediigtesy, nore usually at | east about 7-15
codons, and nost preferably at | east about 35 codons. One or nore
of nucleotides is usually

i ntrons SO t _Thi s nunber

about thgwrgﬁg T ‘?@%@&U?r%&“%@ 5 birnded dteunclgde seding gecneines.
hybri di ze"ﬁmemlﬂg caiduynwst tand €ddorye BRAMNRD RARYIMALY Qranscription and/or
[ 0061] Techy Qé‘t?o% Ed?ftf(#%'c aci d manlg ul ati on are descri bed

general |y, or exanple S TRIYRNER 1S ditendebigdnclude )| @il yariations of
Cl oni ng: hd RNAsageencemanual . Sanbrook, J., Fritsch, E.F. and
Maniatis, T. (1989). Col dspring Har bour Labor atory Press, Coldspring

E?LFSS; pé {)eA‘Fﬁé‘sl-%eierrﬁé \%en af_@%%l&% I QEEICP ?%OCP%@%@En%J%%%ada fhat
Sei drman, gnc@ es @nQCFPC% polypeptlde fragment, homologue or variant, including, e.q.,
profein fusions or deletions. The nucleic aclds of the present invention wili possess a
sequence that is either derived from, or substantially similar to a natural CCDC95
encoding gene or one having substantial homology with a natural CCDC95 encoding
gene or a portion thereof. The coding sequence 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 CCDCO5 polypeptide is shown in SEQ ID NO: 3, with the
amino acid sequence shown in SEQ 1D NO: 4. The coding sequence for human

CCDCY5 polypeptide is shown in SEQ ID NO: 5, with the amino acid sequence
shown in SEQ 1D 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 80% of the nucleotide



23 J.G and Struhl, K (1987). John WIley and Sons, NY. Reagents
useful in applying such techniques, such as restriction enzynes and
the like, are widely known in the art and commercially available from
such vendors as New Engl and Bi oLabs, Boehri nger Mannhei m Anmer sham
Pronmega Biotec, U S. Biochem cals, New Engl and Nucl ear, and a nunber
of other sources. The reconbi nant nucleéc aci d sequences used to
produce fusion proteins of the present Tnvention nmay be derived from

natural orp t nat ur ne . seque

obt ai nabl e ﬁ‘%}égm{}%ﬁ?ous c Y%Dﬁlno HB‘r‘ﬁEhX qqeiﬁﬁ’%r ggt Eé‘?n@referably at
appr opr i at'eagirbbetsd0%emd mm;abhmtllmahbdmgﬁl%ﬂ& esthe hutledidelbases.

[ 0062] As used herein, the terns "CCDC95 gene sequence and " CCDC95

1 el t |
o1l o 1 0pAs) Al eaakigEen B0, 5P BB Wk B Kt it
DNAs corrprqr§rasg1qnhtheg@fewlé bﬂlr@m@dp ambther eucie:crwgi m a(ccmqalerﬁmtda]grstreﬁd
th d

e o0 a8 SR 05k, LM b Eonptrre
as havi ng ¥eeativibmal Bybridisefi Ofateﬂ%sasmhwbdmbnmsegbh thmd:laeowbimtlaltyr more
pref er abl kef’é?:% ﬂ’i% fb‘t'aﬁllgc% bfjggeclf%[ty %Bé g{ca cg;ﬁ%‘j}ygntjﬂjga O wiff°

nucl eoti des, ave a nmmnine
nucl eot i dé@CU'[ ﬁb@ﬂ}W@b@aé legsicaioed Sﬁﬁéyldahtrtg dmblal siremh 6fp@tC|eést(mbhy140

g‘rjggrex DIE\I)A%S:%%Q ee(sg?féf%lﬁxﬂfycé? rf(géstt apl&?)tnééa lﬁgrgghpgrrs 5@2& ag{eagé%}? E{S‘%h and
hybri di satMeH W@fﬁi@bly odts Ie@sta ahehﬂ 9RMowWFhe rendtie afr hompRQE S¢dasiariedmbhy
| abel ed t DNA t

| vent 1 on oo ded fldy B b fofider YR Hae AN, 0 b boBy s il ten bE
hybri di salfVer 2 strefch ehaldeast ﬁgomegm&)nuabéotlaemﬁj atleastiabowtGiochuclabiices,

non- codi ngndrsgusﬂaw St %%E@g&&ﬁ‘ 324r rﬁd()@rlléoggﬁg tgbi QO Slh5L a’eb%b.fég AL

a 5 non-codin I on

i nvention “éﬂ@g\f %Maéll%sbab%ﬁadml@pildﬁe pnd pmrf@*abigratamqst alfoit 66 ohuroma
genom ¢ DiNAceBsRAl ng a CCDCI5 pol ypeptide such as oligonucl eotides
set out in the Exanples. 24 or subcellufar location are detected by

hybri di sa nucl eoti de probe which forns a stable hybrid
with that t[‘?)‘%ﬂ t’?‘b{? d@%@éﬁ@%ﬂ f thadeenten prairrablythavasd deast 86%. more
stringent phaforblyi stalbhstresAR dmbRs Prefaral tdt: st dof% hbrriok g’%BQHé ed é?\%[as
t he probes W”"Tp}?n erfect hé'”@@ | ementary to the tar seque

stri ngent Shewy eqpente "e'P-IyMPfedP@éﬁer@M tagre; 'ﬁ@él‘ﬁ?ﬁt %‘#’ m;ere
| essened pfeferably ai Samt cdEny hbﬁxo@gpem%onéé’rhcﬁﬁ&%ﬁ%} Qondphridds! AR She

are expec th t the probe wll not be corrpletey
conpl enenicgr?@um%%ﬁﬁldt%fﬂ%?g eé%ﬁ%rsa?{vwﬁa’ﬂeﬁs rAyREefged sequence comparison
nonspeci f pogasiu dnthet GOGWRCOASIR BRsthit b@br&rﬁ de&‘&Hb%H BEIdW. ”T'réedé?&lltsﬁonng
Si nce sucpn tr{;}p égtl ons, %dentlf ﬁe tral E ynor phi snms as_wel

mut at i ons A KedES { ML e r??ﬁg’r ideR Ws"i‘%c'?%‘dﬁe%s? rfait é‘aCh
det eCt5| Olrmtnémac‘iiemw bﬁ@ahbrﬁ %ﬁﬁ-‘ﬁbk&eise -50 b@@@lf?& tdﬁfém gitensmn
CCDC95 a er romthe sequences o e regi on
or its CD&Q@WW%& Vfg‘i?qﬂﬁ of any suitable length, which span
all or a Fortlon of the CCDC95 region and which allow specific

hybri di satdt0$8] t olrt the c0GEEDES thegpn'mnt infrettion, a&bg&ﬁomqweﬂ@@c@%\taﬂtbﬁ?m a

cg " TRERE slciacial s8hchee Ll P Bapb 0 78, BRSNS St aoig
relativel 9t |§t3%tlﬂ5e0rt%a’etdeeucmhasthe |angmrla01c tsvdl bvepasleabf 205 GUE1 0L QDG €300
™ STt i, i 8PS Bttils WA B 208kl B schldhsi oot SRS Tb s 11 0°
enpl oyed whﬁcﬂn imabiclidr, skamalogy BRotid rgRtallyesy eosQdavel hmtrheesbe@tunoSﬂhbee
speci T Cl {ions of the sequence that encode contiguous amino acid sequences known fo be

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



[ 0068] The probes will include an isolated pol ynucl eotide attached to
a |label or reporter nolecule and may be used to isol ate other
pol ynucreoti de sequences, having sequence simlarity by standard
nmet hods. For techniques for preparing and | abeling probes see, e.g
Sanbrook et al., 1989: "Ml ecular Coning: a | aboratory manual.
Sanbrook, J., Fritsch, E.F. and Maniatis, T. (1989). Col dspring
Har bour Laboratory Press, Coldspring Hftbour, NY or Ausubel et al.,
1992 Current Protocals in Ml ecul ar Biology. Ausubel, F.M, Brent,
R, Kngst GRIYRCES. r &5 e¥apple, hemplegy, cONEENSOSSatd prefer@blambde over
Struhl, Kredid@Bddrres | - Ml

g PORMINGNI B cBIKE- R Tomdil andbPBhePhdhLAL of the conces

pol ynucl eotides may be sel ected by using ho ogous pol'y
Al t er nat i FEIRR a‘EjB [SPRYRNICE SEL eetdn H? NS 1Pe deordi (ssé e sectipolopeRDCaE s

may be symbiygehtird e : a in the .
genetic cgdg.9 ?/ari oﬁo@oggﬁémg%ﬂ?w}%&ﬁ ?r'g%lhﬁlg%%t ‘?"Mseeaé Cg'?tbq.u,ou%y
si | ent ch&fgencedmuingyediedhon BAEW ar T homedagyi mbreprefirallg grastertiban
optim ze ggpsEs tid yyely! he

Rt oduce ot i fofoBdh 1o ba 8 bt bRl kB R srq
to changeNQ:ghdidh gacosg aminenacided, tod ROepcHaton24d fof IBEQAD, NOX2 ohehe
pol ypept i dguid i vier te, 006 rQbes ¢ risin
synt hetic gllﬂi ?gﬁfﬂﬁ%@?ﬁﬁqgﬁ%g h@rs%%l ‘;E) nﬁg g’o?'% ge‘grei?”?tﬁg&ﬁ?%%oﬁges

i nvent i onMA\AllgEnageely pedn additanenmprisel 3y codiguous seuence Badnd igreatdr than

i ngl e- | ' , ] | .
oynhest s S500% g o 470 WhoRR D e SehIdIES of P REET &8 bcodes aming
fill-in radgsiida 700 Sﬁlfhlé? Nfast hothe ¢omtasnomnding heclentide s§eQ0Zi0jeBmf SRONID

of the pohynugreoti de sequence having at |east about eight
nucl eoti des, usually at |east about 15 nucl eotides, and fewer than

about 6 k ua fewer than about 1.0 kb, froma pol ynucl eotide
sequence E’r?égfjl né&r&tﬁl’\é\%ﬁﬁé Popnucigplides SAMRPIISEhR SONTIHOUB rasiBenarabaiigs o
be used t gredidretian 4% 5006b G 70MRNIMEREY e frfadtedly brea rm'%gs or
cell or t e and V\%ehher the genom ¢ organi sation of the C
Focus i s SLPdROIPIR Biihe FaRuaicn B sed 1D NGB Aahencere eied 2giR1 (o 70,
t echnol ogaedorrhyo idisf BEQUSENot Dot BeNore¥pdRtifhuddditk 82 qlih@s/ARER
of indivi %jﬁbs3oﬁgnumer of these alleles may conprise mnor

0"t

alterations "genom ¢ sequence, such as point nutations
including insertions deletions and/or substitutions. Fragnents of
nucl ei ¢ al¥i0§2lhi Yucledtiderseguendes see mefatbigrs lemy1DRudkeERct h BnaGNeSkd C

_ _ ferabiyrs Ry 190 Hos i
o ovi des B an oSG, 500 RO oo bR < her cof

conpri si nﬁ] gut ations with respect to the wild type sequence, such as
the sequetf@a3knhoRAneralvsebe shorer the langt of dbe pelynadsoiitiershe , gredter the

present i REHbEPNrRURYd 08S Atdhh Usabithb p i or
fragments_ther of_e{‘aor use in scr een? ng ?ﬁg%ﬁ@f géﬂ%%&%ﬁ%ug‘ﬁ& or®
the presefi¥Usieodre & throieentionagansists 96! lesmthem sheut Iheusleotides, tiy iof
sequencespreferRANMAThE Y |dnity R etk r WiaPRId, | ! tdr 358
as |s described bel ow. Nucil@tgi cg acl dr arr ayJé' ﬁ%&lﬂy %?%géf tﬁ%@ﬁﬁ%l%%ﬁ
[ 0072] Pol SHTRATe iRcbe JFCRERS noleptidepeqienses abhoptpn dbe sethencentisfingse
used to herein. Conversely, where a polynucleotide of the invention consists of, for example,
greater than 50 or 100 nucleotides, the % identity compared with the CCDCO5
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
concentratfion, temperature, or organic solvents, in addition to the base composition,
length of the complementary strands, and the number of nuclectide base mismatches



detect both normal (wld type) and abnormal CCDC95 sequences in

nucl eic acid sanples taken frompatients, nmay be imobilized to a
solid phase support. The 26 probes for CCDCO5 will typically form
part of a library of DNA nol ecul es that nay be used to detect

si mul t aneously a nunber of different genes in a given genone. [0073]
Techni ques for producing immbilised Ijbraries of DNA nolecul es have
been described in the art. Generally fbst prior art nethods describe

the synth si.n stranded nucleic acid nolecule |ibraries,
usi ng for ebzeﬁ?%\ tgerjfggﬂ‘?ﬁagtné’e I ap Vil e Ireadily aparacisled by these skileds

of sequendeshatrit hetrmgémtot@mp@ra%%dﬁﬁﬁé WiPgeneal !
a7 e e i gEnet I BRI efhperatures in

substrate.
i ncor por ateé(ae‘of‘?e?tpﬁé C%?rereéf Gr dYRicEIlY JB Sxeptfe st 34 dagmesved af@t preteraldy in

r oduci ng eRbifssasfr 45/ degrag® |y, |
Far gg !scgl Qé ?%n tec hﬁgﬁgeﬁ&%ﬁ:\édrggftalngw Fd'f’nta‘?ig( 9%%%9 tﬁ Q'-No%d
5, 837, 832 r@ﬁs@Plcg{% egs §F?%158%y"'\4aﬁn%@ref@rnablynlgss thans30f mdki Hovepexithe c
sets of prmbﬁsxaaxbn 39@&#&1@161&5@@%1&%%&%%5& @Qn G Hr@% Gdl§ aWS} S(ﬁﬁ%ﬁ

may be usedto guced he | nmobili sed rarleso t he
i nvent i on Pa3et rPa BriXefpple st 8lnoes hvhridigatinrosongdions d¢ 66%nhend 0‘ BSSC

earlier teniB8QIHesidmMNacIRy 0 ﬁpso'aﬁjrﬂ‘ ifdie ISEJTi"?'?} nucl ei ¢ aci d probes
may be synthe5|sed in situ on the sur ace 0 %e substrate. [0074]

Al ternati sip l.e- Istr rti d, nol ecul es ma?/ be synthesised off the
solid sub Z % 8%3’?1”@% 'E8r RRGPeANSHRle this BIvEatipry ckidgi Ri¥AeEBNA,

position Qancbrhie BEA| dysihbid rf@m&., driar nﬁé@@”ﬁb@meﬂ#cﬂcﬁﬁ GeRsd %d”@ﬂhs@ﬁse

printed di I ntoth u traeusm robotic devices equi
rth o t nevaists, dnd e, bRy oE bechimbdly pogied ommay cobiaygor-batural

sequences Oadm\taymctamlgoudﬁmﬁsek | el @Rt readily Aghretises By ensROINRY iRfihe
solid subghraq{'b_lg ‘%}’Zﬁ gtratu orous to allow i nmohilisation
within thé su %kl 'i%lb-'g gﬁ gleﬁf”ﬁSn'agﬁlfsoﬁ@thyiaHOWﬁ‘{?ﬁméﬁ@bof'Piée
library s@quemrcesf dinee rtegtlprad}aldcyunnﬁgorhhdlécﬂieds Qﬂltﬁ héh SHEbC enieukRetide
substrate % séﬁbs%. terﬁ;gayg In@ any material to which
pol ypept i es can in er "ETRIEEH " PQFﬁdl(?QctI?eﬂEkalﬁ’ﬁP D@ﬁtes
sui t abl e Bovsphokigsiets, apeesphnamiddees | @arbgha&s, a«: bi @nﬁr wa f m@[g
ceramni cs h,.as sti Inclu
and pol ym&*aﬁkﬂs RCr ypg%%egoé%%ﬁorgﬁ?gﬁ O ﬁg% iPf! e'? d“?f%*éessd?rﬁg '894)’
menbr anesingietatass fe.gr.oeeiding, ossnra[enmdtmm oesthioay) eslkylabiss Namy anlﬁtﬁi y
avai l abl e QEA?JE ra y unt e n a nor
robust sol gagsuf(??ceagﬁch aéf\e Elggé@je'éll “’éﬁr%ﬁeg&ﬁ%y”@ﬁbf dAmE IW‘“B%“C
coat ed wi FRieguleafhat mimiopalwyclestidés msheiobbifitypb @tndrturaldﬁs@hl‘&!rsequence
transitio SUui substrate
< the conaryaeyen JoRdh pfifloHer SRR pRiattsnt pRrhacIE Ise i Reona
27 [0076] tbeedd g WCIUﬂﬁef@OEXaﬂnmmbﬁbsatle wblclgepmlaé Ilmk@geméﬁism]te for
having a IB?HCQbHathimf?ijs in &{ef(?fqﬁ? ['”OE(SE ef erred enbodi nents, at

0

| east one surface the su ubstantially flat,

al t hough gome enbodi nent s i t may be desirable to physically
separat e @ﬁ heslhe pregegiavengen arevdes eneorplingmteusicid adids ¢omprisiagall er,
rai sed r egaroeRthe ICCICIRRgidne rr

solid SUS'?[ rate i s sui tat%’lgoren ﬁﬁg?@ﬁ?r&tﬁu rﬂc@éﬁ&c?ﬁx%&%gﬁg @Q%ﬁ %'GW
sequences3{IPNARUSHeina dpgheelof Aﬁ%ﬁ'@,\’&lw yhe regonginand coognehmayi beaogiea

density ohtedRRQD he 4O &Gdgomal 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 polynuclectide other than that to which it is linked in nature; or 3) does not oceur in
nature,

yrene



[0077] The solid substrate is conveniently divided up into sections.
This may be achi eved by techni ques such as photoetching, or by the
application of hydrophobic inks, for exanple teflon-based inks
(Cel-line, USA). [0078] Di screte positions, in which each different
menber of the library is |located nmay have any conveni ent shape,
e.g., circular, rectangular, eIIipticaé wedge- shaped, etc. [0079]
Attachnment of the nucleic acid sequenc % to the substrate nmay be by

coval ent - vaI nt nmea he nucl ei ¢ aci d_sequences nay be
at t ached ?@ DS ﬂf; cﬁbeé? Pt & "baql-é‘y@’?‘c(ﬁc'%?%ﬁé@ %ﬁtﬁluama,smihwse not
library selmlanaﬂyasceturmb an@ﬁroﬁ&@ﬁ]&b&h:shﬁ\%nﬂé‘@' Ao ﬁmeﬁﬁ'%ﬁ&

be | abel | ed wbth b?ﬂ)’tl a,lﬂ g substrate coated wth avi di an_ or
strept avi di'fY °RA B bW often pgaliersd. &:9i ky deledion.apbsiitaiipnardnasrionaci d
sequences i s that the efficiency of coupling to the solid substrate
can be detl@pf8lnedd éﬁ&cbmbm&n’m@&cléheaﬂﬂt||§I§ ricieit SRRUEREes ﬁ&ynémraiy

only poorl l.d S tr tes I s often necessary

provi de a %CL%ngaEPWﬁghrjsf 5‘@ éﬁr ﬁtci?i: CQ@Pinﬁt'%BEM%?@eM%&ﬁe%atﬁﬁ
thet cglse @fegmw5¢f setme?dfm rTlmsl aﬁmciaIC¢dﬂnﬁﬁ?1ﬁaP§QmenFat@HpbﬁeﬁAneﬁIby either
suitabl e erfaces in yl ene gl yco not her
exanpl e |S'J?}%ﬁq % 5”@?3‘350’?19?% i%h yggﬁﬁéﬁx @f&?@‘p”ﬁi‘@“ﬁli%f%@q’ §egmpAeRlE of
bei ng chemusisid gmm)d:yfgeadttmsn@.e@ir@ﬁdﬁirﬁhwsoﬁﬂw@%s&él!y'dHn'éQQWSﬁaéH‘a
affinity chfog q{[t greﬁ c{ge {%)s? fordat&‘achln&% nol ecul es'to the

surf aces SO 3rgHndaRt @099 ervading ihefame e FonseRGENe aminocadic while
in the ar ttmiefdlyf iofroducimpbe rMﬁ&ﬂhg’r%éé’que{nQQ&@l:&’gmnngté)f m@ﬁmtﬁg?nkqu
nucl ei ¢ agi go%e t}n ELsed nuclelc acid |ibrary may
det er mi ne eby a v é})gg eFrEH giCaG S%%ﬂ%ﬁ%ﬁﬁ@%ﬂﬁ@ﬁ fupgiopp e @gﬂefate 3
char act er idsssired carfibindiontnd furdttionss | ei ¢ acid (i.e. by the use of

et hi di um brom de) or by the use of |abelled nucleic acids, such as

pol ypept i Ct@ésd]abgbmdo%éﬁbrﬁsl:q@f%l%@%f%gpu% gﬁgr%%% L%gé%ﬁap as, patural

t echni ques t hat not rfequire € use
t echni ques'5°§[9€ﬁ Oﬁihﬂ)b‘t‘@%l@@@@ﬁlllfﬂhe pefsestingemiony pr elidt peakietacidsanal be

surface DINIRY b SAAGRoh ST Bequeit MAREH HF BnorhlBRRUALRE: RS "
sources, e.g., by PCR. The choice of cDNA libraries normally corresponds to a tissue
source that is abundant in mRNA for the desired proteins. Phage libraries are
normally preferred, but other types of libraries may be used. Clones of a library are
spread onto plates, transferred to a substrate for screening, denatured and probed for

the presence of desired sequences.

[0060] The nucleic acid sequences used in this invention will usually comprise at
. least about five codons (16 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 nuclectides is usually about the minimal length required for a

successful probe that would hybridize specifically with a CCDCO5-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,



[ 0081] Thus the present invention provides a solid substrate having

I obi li zed thereon at | east one pol ynucl eoti de of the present

I nvention, preferably two or nore different polynucl eotides of the
present invention, for exanple two or nore different CCDC95

pol ynucl eoti des corresponding to different alleles. In a preferred
enbodi nent the solid substrate further conprises pol ynucl eoti des
derived from genes other than the CCD@% gene. [0082] Preparation of

reconbi nant ,or ) cal |y synt hesi sed CCDC95 nucl ei ¢ aci ds; vectors,
t ransf or maici;oﬂ'?& Eg'g{"’ ?eﬁ'%ﬁ?ﬁl-o@@s]wimyam MYic |Rsiagealsi usefip rc apmying
in purifi etichtechArubsirsuth a8 rd i S . t.

nucl ei ¢ aci 8 oer a?l?_ds. [_00545?‘@0%%{;}%"2%?{]&5%{@%%‘%?’0%%&J%t%h@owﬁdb “geeart
used to arfiFiveisedsavrialedwm surhevendors as NewrErigiane BialatsyBbelignger
for exanmplManiBiith, OAmENRami |G g rei r R
may be si n%lne st rannJed orrn gﬁdun'ﬁbg” g’toﬁ%?lgggi g@ﬁ%a%{;gﬁﬁ ?’P@QF&W!F%A
to be used"d<d BUPBRLHPLEIBEr 891IGeRe s The merasmbinam diucieinscio sequarices ased to
reverse tmpasicei LA $riRidse t I ut,i L ze I n

addi tion, a DNA- RNA h%/rbr s %g‘{% fresenthkeRY %Fpgbr?dggf‘}e a@?f“r%%}”rﬁbm
utilized. SENREYG geQUascenu dYlanyc nalural gemeysegjusncdsearnpbtaipable foom tuagious

nucl ei ¢ agDHR BF FIMC o 2V | i cati eact | escr i bed
herein, using the saﬁf\rﬂ]%r g?r?? %‘é‘ﬁy apd} %rn é{en%bgg' é e.ﬁ(%emﬁégg,dﬁaﬁona?
[ 0085] The 'RgYBEeS ¢fdeakbl ei ¢ acid sequence to be anplified, i.e., the
pol ynor phi ¢ gene sequence, nmay be a fraction of a |larger nolecule or

can be pr¢aus2] i Astusad hereds tike @hﬁ@”@CBC@Q'gﬁﬁé”sgque?ﬂeP'@ﬂH «EBBCBRSHLIE! C
sequence c§nstlﬁutdesbft h? entire nucleic acid. Tt is hot necessary
that the SEGUEIRE dPEPIBstranghd PNE gompripingdemeeneseduents; allelesopiegion, as
form it mey dsesitherbntie dik traiticdf DRAS ing! S

cont ai nedr#' n%_m.]ol e hurr@g Iﬁ!fcf\llib [@0886] DNA%@?QH%Q%@? gﬁ?r‘%;lcg,ealleie o
ext ract ed "FHYMN-§ HHR) °EWR5PEINI apd poagoding strands)ssue materi al, nuscl e
ti ssueheart tissue and the like by a variety of techniques such as
that desclQ088H b#sMeatidterain, et'portion'i of tel ©CDICEE dereNddticrcd P RIGISPEY

Manual ,  Cglde i€¥efined 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 specificaily 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 nucleic 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° nen-coding region, and a 3" non-coding
region. The present invention also provides oligonucleotide primers for amplifying

human genomic DNA enceding a CCDC95 polypeptide such as oligonucleotides set
out in the Examples.

[0666] "Probes”. Polynucleotide polymorphisms associated with CCDCS5 alleles
which predispose to an imbalance of RGK small GTP-binding proteins concentration



Spring Harbor, N. Y., p280-281, 1982). If the extracted sanple has not
been purified, it nmay be treated before anplification with an anount
of a reagent effective to open the cells, or aninmal cell nenbranes of
the sanple, and to expose and/or separate the strand(s) of the
nucleic acid(s). This lysing and nucleic acid denaturing step to
expose and separate the strands will allow anplification to occur

much nore readily. [0087] The deoxyrl%%nucleotlde tri phosphat es

dATP, dCTP, dGTP and dITP are added to the synthesis m xture, either
separ at el Y BPb‘Ee(’J’gj‘@E 'HE?“% qre deiestas hynvbegdisatiprawitiva pelynissieniide prabednhithe
resul ting feeisus | tst@b!el t@bh@@hmdthétoof%ﬁ@%rg@pséaﬁgﬁt%e%nderlgﬁnﬁg 'Eoeﬁ%H&'a{é’h? m

about 1t01 %S preferably from1l
heating pé& W“&B“”f HdisBidR pnshwesh Apnditans. tl6 tdoexpecidd that ire pobéewilbe

for Lhe. Pty udhiiisingablyon: ikacldee $A0kRS, BhkhuticcdmuBALSH 38 ueeq,

appropri a ag;ent or. effectin I'mer  ext ensi on reac
herein " &&Hf’ isglonygiripesncy zmey jessamﬁ itheome auisinatching &l krpeeted, dor

occur undekapiadif hgdits waebﬂ%dt\ﬂﬁt tﬂétresuﬁr}ﬁat%gpf‘obe%tll 918* éém ﬁtgr'g{%}a e'lg? :

may al so be added together t her reagen Tt
stabl e. TﬁP@PEWPF?@éu sCeaﬁﬂlt'@nﬁplam|Qt}aseronryhn¢reacle| oui neyspecifivkdedntitionsm

t enper at ubidings! Pafis! GRRAALISe ﬂBE%e S’?ﬁ!e %Lcmﬁduéﬁ%ﬂ& :Jler*tlfyD?\f&xtral DNA

pol ymer i zatl on no |longer functions.
pol yner as BOY@O[RsINs, &5t well @@emeatphé tl'@npenamtmm see;brﬁmmklananmm to

great er t Hafordied dét@cmf%ec@CP@%&sc%@ﬂt}(ﬂg'aﬁ%lél y the reaction occurs

at room tenperature. [0088] specl r'gonucl eotide primers
derived f ence may be useful in determ ning

whet her af@ézj ecé miﬁgg 3 or al]les Bravnbe desyad fremathensenuenciss of tsed
herei n. PEODO9S rdglbﬂ(bi" ite BPNAL] Gﬂb'p%b&fm%r babo&ty Qﬁ&h%l@%ﬁq@ﬁ’%lﬁ@né

CCDC95 t
dorvet | PR pi@rPCRERE CAGRE rteion mba el soRdi hikisnbirfn

appr opr i aC@IXQﬁueg!oe If thep t=0yétdRquBhdd adrit@Rs af seRBbyddRiehfidl kPthat of the
Envi r onmegt, L) on ions conducive to nt hesi s i ncl ude the presence
@ g tﬁ“pp @?\i{a

of nucl eo 58 Pt B SR e RdhRTanas of gBeytR:30 base eairs. sinetthes
DNA pol ynbytasiemuetmdreaatsfaiytahtble undepevan dirifgam bdiditioh§03PLEhE MRbfecPbe
preferablp(“ d? ?5 %&%rg ﬁ_{o&\ maxi mum efficiency in anpliftication,
but may be PERTE §h ey BibPe 8y A Hd@dSUS&PPfﬁér@ahﬁaﬁ peobre wilk
treated tbybsléyzartmaefanm regma,mibnba‘fmbﬁe Ry b8 SARfel ddavRIEIeRARIses to the
ext ensi ong, qugg%ﬁ@ rse sg SUffICI ently long to prinme the
synthesis 0 ge sf oH B ‘%“3’1 n the presence of the

i nduci ng agent for poI yrrerl zation. The exact length of 30 a priner
will depek®868In nHieyPiokes ovils inclugel aidlswgatefbnplgnmmutﬂe ditdched fo anbel or

Cont ain 1or 0 el B B U 8 1o e BBt i ok SR et v
nucl eot i o‘%ﬁ’éi“e{'%@m]'aflﬁv|br)‘eﬁ*@1fiﬁném6Wde=au$mﬂmlqmedrftagn’resaring aRSlapsling
Subst ant 1o aomrny G SapbioK S teB 3 e T BB sBosiors mamiine
sequence. gafﬁli}’l@o‘ﬁggngﬁtﬁﬁaﬂf \F/héncp)Mamts. wuto8Be Guidspringetdrbyur Laboratory
COMpI eMerRiaLyl dohigBNAL i WY Br bieiol LEaRAEh) ey 3h BRGS o Sfolpeyiar

condi tions that al owt Neri's
ot her workielogy. h“éJSHF’?[nErf\é smw& Kagaosuﬁfa Veore, DdhpBekinrhay thswmh

e anHGand SURDRomder A Ay B EBH AR Byl il S DEEGHS"

and permt anplification o genomc¢ ge
[0091] O |f@@h%ﬁ@e@tﬁaéyplﬁingéxoswwgwa@olynu@mndea Altpinagiesdy, mwnheteaﬁés

anmpl i fi cadyca

P bduces SeammBREEI st oBpBuERaaRhe e SR b Bhe o g
t he nunbé"?dlmdaf‘@a@tth@)Qemt@mdenMahmﬁjcodﬁy\mubaﬁtm}onsm i infreduodd, b.goe
conpl emenyakierk OotleltBel SHRLLYS frodudiid Ao bl Shas ST &S St nee

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



as conventional phosphotriester and phosphodi ester methods or

aut omat ed enbodi mrents thereof. In one such automated enbodi nent,

di et hyl phosphoram dites are used as starting materials and may be
synt hesi zed as descri bed by Beaucage, et al., Tetrahedron Letters,
22:1859-1862, 1981. One nmethod for synthesising oligonucleotides on a
nodi fied solid support is described i .S. Pat. No. 4, 458 066. 31
Suitabl e enzynes for this purpose incltude, for exanple E. coi

s, ey e BB, Borfanar8 o e SRS RyprHBaY ”E%r%m

enzynes (Iaﬁﬂ!ﬂasoerdhemlypwldmmgradp&mri or wrrmven®ate. ext ensi on after being
subjected to tenperatures sufficiently el evated to cause

denaturatl S enz Wil | .
facilitat em(ﬁzaorrbl lrﬁ%%ﬁc gﬁ&sﬁﬁ %eotl (51% }s{hél‘%&t %r%ig% p%’ﬁ%éerm?%s of
form the pfhg RpEscebinentipo mayrdderivedtitom nailueallgcmpdmn@nt a&oprrtbmaaasahgle-

CCDC95 ge K nt hesi

Wl be oo ane gafed G, S a el ST s e R e
di r ect i on bgllabgled he nickrirsinalation tiklemmly filkint relacmmbhethes ma&ncfdsriainem in the
produci ng gppol ecul es of different lengths. [0094] The newy

synt hesi sed CCDCO5 strand and its conplenentary nucleic acid strand
will form a doubl e-stranded nol ecul e under hybridi zing conditions
descri bed (M8 e Ertionsiaf Higpmplynudestidsd SBﬁ“@@bsbqutatsteepis abbutt kight

process. hﬂclbbiﬁié@eﬁéuaﬂ% ﬁpieaétrh%oﬂﬁ‘é‘éé &i% SShPRwWeFHGER c? oyt 6 kb, usualny

doubl e- stranded nol ecule I s subje haturlng con I ons' USI

any of th&Wohanabest ddskb.i flﬁ%fﬂ w@{yeu@@otpieowq;@nw regteding IGGRIGRE are
mol ecul es réf@r@&ﬁbs-rﬂ}ﬁbe%t e Sob8eMakE%he BSRER) ge%m%@%ﬁt%ihggﬁ{r@k

pr oduct syn sis _can be repeated as often as nee to a
target poPPRtphEEDEERds l*’@ﬁ%ﬁ'&é cﬁh@rtﬁ%leaﬂﬂdvfteéfeﬁiéhﬁcﬁenmacn@aemm

necessary of @k ccmegs l0@Ds is HeRteHTBIGthe Hisd finaRCi fic nucleic acid
sequence produced w |l accunulate in an exponential fashion. [0096]

Amplifica (S descrl in PCR A Practical roach, |LR Press,
Rao ! S Todih S ATERSY o7 B Beliiolaiée ey sy esh o bty midauirlcieRin
CCDCQS anglrahge af mdmdpabdlﬁchemba:yoﬂxaechethé@ﬁha?wo%\i&@ ﬂﬁﬁbr@lt@?a&uons to

anal ysi s, r adi ctlv n,.suc
exanpl e, ﬁlg #r%] %% §§r%"feg'°%ff$ ﬁ sa’”'@'@?'?gl"b?ﬁnfcgﬁée %*P“‘i ﬁBdm"
nucl ei ¢ aeubbtlﬁéquendﬁa@ﬁemthe)feﬁ]a@%aqenm;&e@umﬁge Itt%s@”fﬁhtahbl@ maynsk

Dot anal Sdk GRREE BeBbho RSk SRR TSy ”anailsnf ibuardSendhiEton
facilitat ethvidest dree lor ghorbe@6DCOE pdﬂmmﬂmﬂtadéss e fragumdits thbrbef BethpNEhy ,

o0 PP bl T 4862, 8D 0L St v

SequencesSEFpIO Npedl bya furthemetrivodineat, thh @résenemvetiongsrovibes b yidrhigy of

Corutton SCPordinusoRiel b BEGHERG ersBhler %, nigeoriia 0 Dblhot o

appl i ed t divisiatitor éut preserale of oppecinidre nltAticsaipodmuepEiBes. The PRRality of

ollgoner chno 3:1008-1012
Tos8) " al FefenEes sty prbliiedmmoBlide P PaE Shnipla e & e
et. al., b@fgw Natl. Acad. Sci. U S A, 80:278, 1983),

ol i gonucl eotide ligation assays (OLAs) (Landgren, et. al.

Sci ence, 2 _ d ecul ar techni ques for DNA
anal ysi s ﬁg\?%ﬂg@ﬂ]&?é%e BJH? ireléﬁ"" k’ . SCi enceq 242: 229- 237,
1988) . 8@%& Preferably, the rret hod of a I|fy| ng CCDC95 is by PCR
as descri her Bplinugleptiges jof tae immtign.uissiding piebee tdt mAYibebsed to
skill in gb@cbth Mirrar naild %e%ﬁﬁ%oﬁa@@@bd%@é%@gg@wnB&@B acid

descri bed and can al so be ernpl oyed %
sequence SRPPIRS itdenolfopartigaisn gayr benimmmobiized do ianselidt chﬁ'ﬁel supporti | ang y



33 (RCR) nucleic acid anplification techni que uses two conpl enentary
and target-specific oligonucleotide probe pairs, thernostable

pol ynerase and |igase, and DNA nucl eotides to geonetrically anplify
targeted sequences. A 2-base gap separates the oligonucl eotide probe
pairs, and the RCR fills and joins the gap, mm cking normal DNA
repair. Nucleic acid anplification by %érand di spl acenent activation
(SDA) utilizes a short prlner cont ai ni a recognltlon site for

hincl| wt 5' endt totar et . A
DNA pol yrrepaggg 1178 |n P(ﬂ' ty@&?'{ﬁ@f’" pAd Gf)?l gg@‘@. ielegyl W@%&ﬁ’&
with suI f unsacdntdateat siguitdisetiusly amahiegf differet benes inGdpeyhosel y cuts
the unnodi fied DNA strand. A DNA pol yrrerase that | acks 5 exonucl ease

t t k {
G sl e noll0RSP, Dtechifust it Bloduo HrpioiREs JBMAER SRR i cUBR dipve
one whi ch keandascalsechipriee prti GeneralfDangst p@h:cmsmgtheat desdridathel §/hthdstd of

anplificat e PCR
does not r%%}? r {e}a'ﬁdn%ﬁ%%%mgﬁ i‘ﬁ%&ee@ﬁf 8 WW Foﬁﬁxa'RR%trH%ﬁl’kmg tecHiues
anpl i fi catiodnilé yptvarieusspdruiutitions hesepehass atfthé haridus\distvéto positiorideh BB

Repl t t t

APl 1 1 catTAn PG | ACheIh o AL BentE fEterbae: aaitare et

to an}[)I i f yhargig bﬁlmlyenei%mwnae lmrmacrrleb[md for ;bfheuctm% hl‘mqiq oéngybf

i nvention. 09400 ol ynucl eo esen

i nvention nay ag %k{%éﬂ%@%}%@é%ﬁ% %%PP@&PMBWQ.%?&% E%ﬁfagﬁpéeﬁ‘@gggy In

gel . l(;la]'E Lﬂailictdﬁ:f Eﬁltﬁ@é&ntumﬁl%ﬂﬁlﬁsﬁm’sclﬂmafa"ﬁmnb &ileadillmg" foOefylnmets[zg
esired fr econbi na eot i de

const  uct S PeRc et bhpiRbes M YR Rank D1l PR 4 SR W R Bk

r elpl i calt i g¥pero a‘rqﬂuokﬁéﬂgﬂ)lmrmbﬂrseétmm ylmﬁnes ofethk préssmainventidneU.S. Patent
ol ynucl e g r.re ion in

Enl zzlel | ul gﬁé ﬁgss? Su%i%&?% ee(i’sr r"scggirt% eﬁ%gr?%cuhp %?ﬁéﬁ%wyb%sq ﬁ? itk

for intr od'UB{’SlWﬁ'm%@mbeamy\hﬁ‘tﬂymﬂr&smm isgeitatonche wifderf thesupstare)

cul tured manmal i an or plant or other eucaryotic cell |ines. [00101] A

doubl e- st rjporqd fﬂ(li@ﬁf&i%fﬁ”&)igl@%t@ﬁ@@d E%%Ls{%%é?%eséfﬁ%e%lsﬁﬁ "A#E%oli

product of hem cal, synthesis either
conpl enent$&PHTRIE BAALAThPrarerEad sRguencs aprlisdde a digereteepositioiern the solid

appropri atﬂlbﬁt@iﬁdl tF@“§xé?ﬂipl@Yn@cﬂ@ib idsNRaf %pbr?rﬂ@@td?r’éﬁ LY(S) Pﬁt@ntﬂe L%?Jgggate

DNA pol yner ase appropriate primer sequence el c acl
const r uct S'*4{d° g@@t‘fﬁvg:esi?ﬁu?gﬁﬂ’ﬁﬂ‘ PEnsFRiRs @dt*#%@@‘JfB? deviees: nvent i on

may be incorporated into a reconbinant replicable vector for
i ntroduct i[@@75Int Tha ljpravi segodrices @re eipally Mhinsbilst ontSe h YR6e®) RgithY

nel i ng 4§ RO 38R8AED ThE b RES T BGRERE Bl RmgPlenion eihinhe
pol yplept! cupsteate au lshbqﬁarﬁiaéy a’lminypcﬂdnm) lhnwhbdeca*sl‘eaﬂ%glllbrﬁlty @BqRitdes are
t t / to t
ot ypent | dtcall Jidbiisl drefhe Bifio &38R BB Tha ol culatte ey B
exanpl e, amadsr bhany (mﬁatemjltDMmemotype;alﬂeer@muiahy eltl%ﬂ difsatly B¢ indirectly.
ennancer oAb S SSICRS Aot Moy pRer BRSS aoR WEfem Taiga Ceramics
ri bosone- tandd]rg;@ﬂsmlﬂsersMaplpiasécsﬁlntoﬁﬁnngt)pdlmﬂeﬁa kAl pORmStHaGhdate. it
| ocal s ot 5 g 8 BTy T BERFREmAABE MREES S A oCaBSREY
fr lom a natriylpe rmmeﬂrmem areomdélyoamaﬂﬁﬁ]@rTH@wﬁtﬁfrmralleefrﬁeﬁﬁ&réﬁ@é fagd
pol ypept i des he or r ies, which allow the prote|n
to cross g)%d %Lnﬁte d%@%%‘élm H% gng acRNAUGHAES R3S ﬁ‘ei gyrfaces may
f unct : onaloptionstly dngycotaTélfwltlotaalhye"radfl rodtals lsgﬂﬁ bs {@ldt %t:ﬁ?ﬁ?ﬂ' &ﬁérytl'a'ﬁsitﬁﬁ
si gna ion Si o tar e

prgt ein ohﬁetélpt I %%'%e‘ﬂah?’&ﬂf’??ﬁ %gﬁ%peﬁolﬁ&qg?q@eﬂ%th mr%ﬁr@a%y Wﬂbie

BiaCore™ chip (Pharmacia Biosensors).



[ 00103] An appropriate pronoter and other necessary vector sequences
will be selected so as to be functional in the host, and may incl ude,
when appropriate, those naturally associated with CCDCO5 genes.
Exanpl es of workabl e conbinations of cell |ines and expression
vectors are described in Sanbrook et al., 1989 or Ausubel et al.

1992. Many useful vectors are known in the art and may be obtai ned
from such vendors as Stratagene, New ER§l and Bi ol abs, Pronega

Bi ot ech, thers, Pronpters such as the trp, lac and phage
pr onot er sa[r&g?glA p’£ SRRy, she selicgaupsisatets genaralamptariabbaing aryidive semed

k Harsd
for Tt al T T e o o DA S e W o IR bl it B°
enzymes sRibsiatiaiyoliais althgugl) ip some ﬂ@hy@ieleBtSpihm@hlae eiedﬁwdlt@gﬁpﬁsﬂly

{ t
Sl hars: vegpare BnRsbe Radls BEUIORG BimER B8 Porsrinele. 2 Bagi iR or
are furthed CIE%’SE?WQB@& ﬁWSH'QOfo@&Wedtthal ths Joid BRb ST\ is #qnm)tnpfor ditee high
non- nat i veddimirabhiRBtidH 8B §ec§] g&ﬁs NG gfe 128 %?blp?(%aﬂ%gr %@ 1R dRP 4

pronoters fromS40 or pronoter éri ved romrrurln
virus, nmoude: s'ﬂ%aldewijaw tnd098P e Vi ruses, adenovir us I,
bovine papilloma virus or polyoma. In addition, the construct nay be

joined to [BO?H”DWH‘&I ait 8uBsHRe (€ cShvenieHir ﬁb:vﬁ%dt%td%&fbﬂé eTﬁf?spﬂ':S)Zbe

the gene may.be. made. For appropriate enhancer er express
control @%@Hﬁ%?y IPEMIBIEE\AMCT SRIKHORISIHIG X Wnth@mlonmf hydsiphokit e

aut ononoughis, fdrb&&mﬁﬁ)/ceﬁﬁrﬁ@aefe@%l&sg@%ﬁh,@yulg;gl) ng inserted into the
genone of the host cell, by methods well known in the art.

[ 00105] Ex io n cIoin ve J. likely contain a

sel ect abl gbsﬁri ke:lb &5&8@3@' 8ﬂ "&b"?‘a %Woc{ Aé‘?’ﬁ”w@@@?%l?f;ﬂhﬁd*’f%iS\/'PQ%FPd
or grow h roéy baveomty mRivémemasiﬁb@rﬂgd cirtdir, étRantRAdrO&lliptitBe w88 aRSFedf
this gene gnsures growth of only those host cells that express the

i nserts. -prl cal selection genes encode proteins that a) confer
resistance to antibiotics or other toxic substances, e.g. anpicillin,
neonyci n, [f&fMot Adirehmenteelcthe bicleio i semtersas do rtbpmmstﬂabl SiagrsE es,
or c) sup%y 16kt Jrl |, ex

g\ tho gone shood g Bt oM RER T Seolslihs ARV SBeERs oure
the propertsgraeviam I@yﬁwfkre@iewles tooieln thedibratysehoarces dirld, Faj‘rdaxample
appropri atige RB&L asidf I e

[ 00106] The vectorgélgo%ﬁgﬁﬁe%%sﬂbe %%fl%c{ \?ft}gg hangq Lélj"rsgri %oaaﬁecﬁ)gnth
transcri b&yidimang/es étre%tﬁwd*nheAr @memamgfeswe mﬁtusmumetmwawm nukleichasit
cel | by webhudieauns Bt ch Ok

i ntroduced t|!rect ly | n?%d%g%%% cif M%Mbl tﬁqhé gﬂﬁd 9‘1“1Shjé{r??oc\"/vavnerl I%%détﬁ%ﬁﬁ??
whi ch var Fa8®pemiiary thsn nbpleict ppid Qﬁquééq?ﬂsuhw biod t oniy mobodgitagsome  solid
el ect r opokabitedes, titt BNSHACH |

chl ori de, sl Ci usmlphos hatéé&g%ﬁg%?fbﬂ(?%%%gérn&l‘gétlﬁﬁdﬁ%bgg?we% tﬂé%m
m croproj &t iyage Eﬁyﬁ%asmﬁmw Pb@ﬁ%ﬁtﬁiﬂéﬁhe nugleie eridrsequinses. Exenmmstod')r
is an inf eakamw&hemeéltmteﬁél@é% uﬁau@e héke ern%' Poﬂﬁ%thertaé}& fértcelufe

met hods. E \ntroductl on of ynu eot es in
by any mefhd@'YsERncoated Hilass: tfhelFPF&!"!ﬁ!meheﬂ heing ahel'alcallmosshfed using
descri bed sehaxe, chéﬂurE@ tbqﬁﬁw&%uce it llgbaﬂa dtfzfrn fe SR 0 Nt CJHS

cells into which have been iIntr 1 C acl escrlbed ove

are meant MAPCHIEsHO ithr purses 98 splidoybntiaterbydhe use of beupling agents are known
in the art see for example W098/49557.

[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.



36 [00107] Thus the present invention provides host cells transforned
or transfected with a nucleic acid nolecule of the invention.
Preferred host cells include bacteria, yeast, manmalian cells, plant
cells, insect cells, and human cells in tissue culture.
[llustratively, such host cells are selected fromthe group
consisting of E. coil, Pseudononas, Bacillus, Streptomyces, yeast,
CHO R1.1, B-W L-M COS 1. COS 7, BS@B BSC40, BMrio, and Sf9 cells.
[00108]Lak8§ q&%ntities of the nucleic acids and pol ypeptides of the
present i et PORCHRR tashniges Hal gda yob xeuiresiheguse of GEREo Snohudel eptical

acids or psuhhiqees sLbe B8 UptdddoN&es 0 e ,?g&?.ﬁ ' ' '
conpati bl e rgEar Soti C orp eucar E%'t fe?eﬁgsm%{rg’e\éq!s. ?@?dﬁhﬁ%ﬁ&{]
used prok&TSPHENCE (FE$D s eV OPY/4PARY. dncomnratediherdim by ciférened.t hough

ot her prokaryotes, such as Bacillus subtilis or Pseudononas may al so

be used. [EBIPI] Ahso tHa mb&ﬂdn@rﬁoﬁwma%s%\_sagd Eﬁb&&?é ﬂbﬂﬁg‘%%ﬁﬁ&ﬁ :
e

pol ypepti ¢ge enco in% DNA sequence and nodified in vitro to perm
hi gher expl%€e¥l Bn°B RUSEPTR Bt HgePrBYenteRtestion. nicirebl byoersmore
reconbi natiifferesk peNRGtestiIBS o3 thdPre@bnd iﬂ?&{ﬁbh,"ﬂ;r%&ﬁ%%@é&ﬁﬂom different
regulator}é ence in functional proximty to the 5 polypepti de
encodi ng gﬁ% c POVfHEleplidsse ceraspandifg! de oflifferasgualiides. catn be areferred
CCDC95  pokypoditrisABthHeapi® s Stshateofurtier corilfisea Bok AR BiVeR rrpggg@é
pol ypepti de requl at qr uence in the cell ED?OOI%?%%SS, tmeCJ present
ot Fp i Ecy
i nvent i on°QPEBEBMR -HOSOEPABAs for preparing an CCDC95 pol ypepti de
conprising: (a) culturing a cell as described above under conditions
t hat prov{0#82J orP@ppr&isaimfnreobmbhefxﬁmﬁrgjmhy %@ﬂﬂiegigéd gl‘@bé@é nuclleic
recovering.. r 5 po eptide. This procedure can al so
be accorrpgﬁ{%gegtépst‘ E%ﬁgfg% 'oﬂfhosgg?lysghr omat ogr aphi ng t he pol ypepti de
using any suitable neans known in the art; and (d) purifying the
pol ypept i W8BL, 1 dny ELRHSEaUgleic daid speairnem in pTiEE br Mampatificaifom, inttey
eucaryol ! Gike#bs B2 duining HidleB3ckNBIRiY veast., Tilamentous fung:,
pl ant, insect, or anphi®ian or avian Species, may also be useful for
producti o f.t roteins of the present invention. Propagation of
{bo8 R |
mammel | ant908f) s FGRCIG) g sushs pprsess dhalempy ibsowped Ex amplitysCEPCEBngaNsl v
used mamMmedduancd®0stTHE tbcHnidesS rakCa] apd cgr1ﬁs ine .
hanst er ovar%//a g&g@ cells, dqnd 38, BHK, a% cell m@ iiuding
al t hough TESSANEPT BalA. MhEsln E’E*l@u%?'%ﬁaamti)mqu pirardeid; oraipsibler sieanded.
ot her 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 nucleic 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



37 cell lines nmay be appropriate, e.g., to provide higher expression,
desirabl e glycosylation patterns, or other features. [00112] C ones
are selected by using nmarkers depending on the node of the vector
construction. The marker nay be on the sanme or a different DNA

nol ecul e, preferably the same DNA nol ecule. In procaryotic hosts, the
transformant may be selected, e.g., by resistance to anpicillin,
tetracycline or other antibiotics. Pro#fliction of a particular product
based on tengQ ture sensitivity al so serve as an appropriate

mar ker . athesc Nr ¥y of £80-8B1 -eﬂ?@gyyﬁih%eﬁfépﬂeﬁ sar@teshas mad deai phrificde
pol ynucl e@ﬁ mdﬁﬁeQFeaftébebéfbn%sé‘rﬁblzf gﬁf‘@vftﬁﬁn‘%ﬁdunpﬁf %es et ﬁéct@@ lhy Dh‘f%

t he productlon of the nucleic aci ypepti
i nvent i on,NdERIsapLIMatgellaneinbraaes phthgtsamplm gnd tee{roog mploﬂaeparetettm

can be desian@g) bp tﬁ’é"fﬂ&l@&uﬁ ®). C@ﬁ’ﬁ?fy Qﬁ’é‘nuﬁl o' 5 dsqé%gm?i 45t

can be used to generate either cell res or noc uch
as nouse FIBRSSANdSiAPRrate thastiegds willalldwl ampiigationdey DG@FMmmetream!wu dy
the role of CCDCO95 or screen for conpounds that can conpensate for

the | oss i[p0g2PDCThe o@@%’énﬁ’&éd&@%&hb%’%h&@@%ﬁﬁ‘db’ﬁ' e aldHEPS are
pol ypepti %ﬁ@%ﬁ)gﬁ 5|?§§Br esent invention have about 250 am no aci ds,

encode a nthes Jnigiure, ceftben ispBarate iy Pbteasther with then prmers, in
parti cul arahuqaﬁat@&mmhts a;ﬁuitﬂé”'fésu&lﬁg ablugbh G Hé‘étb&% Sib8ht Q@@@gz%%esmo

Ful | length eptides also typically comprise a cOiled-coil
donai n ané‘eareﬁﬁﬁ 3&% ﬁ%@ﬁﬂi a9 @Hn%t@a,u@rﬁteéatelhimabﬁ i 1A el Miutesy) Aftectiios
pol ypept | teatiryf péms, Itﬁy%atun@ﬂ i laAOWbd G 8y, fv&rﬁa{@béfé}aﬁedﬁlﬁ W@bh?ﬁsﬁ
of full gngﬁ&ﬂ ypeptides, particularl agme

derivati v&¥ URg- shay Paﬁqpﬁeawwumes adged a @wmgmaé? aa@nti for siiectnnaéhe

pol ypeDt'@ﬁﬁleﬁ@ﬂebﬁo@ﬁ@lﬁbﬁ An¥d heraadEAnto €M SHAthET
met hods. ﬁi’entlrﬁ refer egc CCDC95 poldfge tr?gm ud)e théﬁg dtion

conpri si né)‘”[Jl CUrpnfes SeUdiens igrowsEn heariod hepagent fgrgpadymeization
allelic vmaymmb@addwmb@cﬁélﬁﬁlth thecdthisH rBagdrit @ MRk Sat stdiid. SPihis sﬁnthesns

parti cul ar, r tide consists of amno acids 1 to 70 of
the anino® (Q')cla]"go g'é% EE‘?%EW}OI&HB%C‘S'% PpemNemperaire ypte g t@’"\?aﬁtl&ﬁtﬁé’we
honol oguewhizh tﬁémﬁhfw ,polyﬁ%n'@@ﬁon n@%r{gﬁgh}@ho@eﬁ@ For QQAn\{;EISPﬁ e
refers to aci al ent and does not

refer to B@@&Eﬁrﬁﬁ R ”F%‘?‘n gt Itr‘n%?getr!tretﬁﬁ F%W?t“r? %Jéev lytnogereater than about

ol i gopept kddsgrard:. Mad ebmEnihbly tHeCledetRsh obclif3i 4t rédiﬁ?téi'@éérﬁtu?é on of a
pol ypeptide. This termal so does not refer to, or exclude

nodi fi cat ygyagy of alj ep e | at

acetyl at i (lz)ns ] phos%ﬁo §+ f% é[' I"?ucrlfi 'fjﬁe)éﬁ'q% q%é’fgﬁd&é (lf@l?ﬁg?h@e”e

def i ni ti oReGieace fmay @(ammen dptﬁnylpmg wdether;arsuqem ingt disle obsuifaning from

anal ogs theaéfll N feg e u

2ci ds, et o "%E 4 958 bl hefi. | PlflEs it S8 Rafon, 64 WeBuRBiBiegye,

nodi fi cat [QQn@C priar tdw%em\enpm@otf?ﬂnrms ursad liy aamditagmsmassaaflsldpnved

OCCUrri NGfram 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 CCDCS5 extension
products in the presence of the inducing agent for polymerization. The exact length of



[00111In the context of the present invention, a honol ogous sequence
is taken to include an am no acid sequence which is at |east 60, 70,
80 or 90% identical, preferably at |east 95 or 98% i dentical at the
amno acid | evel over at |east 20, 50, 100, 200, 300 or 400 am no
acids with the am no acid sequences set out in SEQ ID. Nos 2, 4 or 6.
In particular, honology should typically be considered with respect
to those regions of the sequence knowdX o be essential for the
function of the protein rather than non-essential neighbouring
sequences @ P&, Wil slepesnd apineanyhiantors giyclutimg temmoaisrea baffer, ehe mualkebiide

made over cheahaish S domai n

|, Domain || 9and o(r@%ﬁﬁi yco?%rf:l)(a[nte gsnms] ‘B’E%}& ‘{éﬁgﬂ?’%@%@?&?ﬂ’%”??’@es’
sequence §B'ﬂm@titthemm3£qnmta)nme@er Ricledtides. 6. The transnmenbrane domain
corresponds to approximately am no acids 41 to 66 of SEQ ID NO 2. The

Domai n | fsppnﬁl,grst &a@ﬁgy%% dd;r‘h%’gi%gh&?caé‘s's ﬁgr%/etd%é}-ﬁl 3ot seéggs

I D NO 2. The Domai n correspon rox1 ma y am no aci
to 563 of ’@E@j*qrt?hq@'dzbe wr@dy@@gwastamnalismmpmmmdmnmand of the

appr oxi MENCHHGHAE Gen §efjen§(.EQThQ L thg){]ﬂa%rﬁr%% Rﬁlltsy Bg nggg 8@%? f

the invention co I Sse a con uous sequence nhavi'ng grea
60 or 70%%%%5&0' HoRgbrigisef wiinibiey rgspastier strands @aleocoRtorisaiet alpy

to one ortﬁ@éﬁer@ffma Qﬂeﬁé‘dt@ﬁ t@ﬁaael nﬂrnthGCQher @a%@%“é.rﬁéa%%uﬁaogg\%

of SEQ | e correspo regi ons o
Preferr edS‘ﬁ@?'?’ﬁeﬁqmﬁé@eﬁﬁytyaw@rfh%tﬁ \aeldy 3'osequenaeid flanidng cempmitstisrato

cont i qUOURyISRFHAGRA
aci ds 422 to 442 %};@vﬁ%ﬁ‘éh@%eﬁﬁn?é@ﬁﬁfcéﬂﬁgcfgg?;&ggg%bné’oéb ﬁ’gm ; egé/on g‘fjg@éb

I D NO 4o [0 8 referred pol ypeptides conprise a

cont i guougougahueﬁﬁ@r%‘%? g‘f’f@%@é’rf thenigMention esploysy indhe PR aopificatipn
more pref pmbd;a/thgt @AE® lenkyradticSéha r&@%rhﬂ@'d?&iﬁcb@ e%ﬁbﬁ&‘?xt:@icdtga?\tigés oftl
to 66, 42§CP g§ and/or 525 to 663 of SE(%

cor t 65 ponGR P e ABAUTCaRBANS e HUENDoBST TRPEWIL P M sy TYORIY
al so be coms pdmeedwli betcﬁmmerﬂéntérlyrtbltﬁélﬁebafﬁe e . sﬁﬁh@%f atd eorreysd

havi ng si ert| es/functions), he context of "the

e
present %%Fé‘ﬁ{‘?% ﬁnﬁr]ntth? 8“’% @W%WP%%E&H@@&%% I(bb‘?ﬁ"qnﬁ tRmnegliog the
sequence pldaatsltb ylenéibmdt r&rdmc acit siloaat ibgl exaRIn0gith arPEnnysid shidih e

dentit e cate that the

IpoI yplep%ll o g&%’%% g)(k%ﬁ?‘f’% aﬁ‘gl pieciagtidas ofpstiiendp newly
identity wrtrkeseaedeﬁtmcé nsttamal ctqmammgrthen@rmoa eCODEB5 AgdHar %é@.ﬁbnce
thereof, s ){ I ;s 0% identity, and preferabl | east
about 90 or&%gﬁ)l? '{W yrﬁg ﬁ%ﬁB‘fé@g@fﬁ&%&W@%ﬁ% regpat CYC‘BS of
conduct eddénatuing, pomerrenmahegtaéTrlr?/extmsidm tdfw!tﬁlirdeﬂforkﬂil?élldré’d@ﬁ@h lopHee
sequence ese co ia avai e uter
or aar ams SARRILE i CCBERE Meae S0 net (ERRerAS oY PROPE. St RGUR o (o

[ 00120] Peghedmteagiion #)a discrectagyleimacid dupiak eith adrathi@vaesRPAGINgIY S ends

sequences aligned with the other sequence and
each am n%ﬂg%lg%ecl n%orﬁgqugﬁg)%ﬁ%é directly conpared with the

correspondi n% amino acid in the other sequence, one residue at a
time. Thil@0P3] cAPlgsguslgotidenprimerednaybe preparad uﬁlyg)amalrsduga,b!esme’mod such

ungapped | SHHYB r y v elLy short, nu r
of resi du%ls formeoilgﬂ ?ho%ﬁﬁ&%gﬁ 8@0 %‘f)bn F’%@%%tg a#?leﬁ’(?dgc as?utoma
[00121] Al @m%@@neﬂiﬁﬁﬁeﬁagf anvaneysuch mutamated eobodinsdng ndisthpiphasbhoramifiged s

to take ighQsed as starting materials and may be synthesized as described by Beaucage, et
al., Tefrahedron Letters, 22:1859-1862, 1981. One method for synthesising
oligonucleotides on a modified solid support is described 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.



consideration that, for exanple, in an otherw se identical pair of
sequences, one insertion or deletion will cause the follow ng am no
acid residues to be put out of alignnment, thus potentially resulting
in a large reduction in % honol ogy when a gl obal alignnent is
performed. Consequently, nobst sequence conparison mnethods are
designed to produce optinmal alignnment hat take into consideration
possi bl e insertions and del etions wi thout penalising unduly the

|1
cequence lARerRIfEe for oot UL R fiRg! b, 081 FARS Dopndrasdd,
t hese nor &Iemmlfesgrmmtho E.assli gpNAggmhyperase, i eslymemseachutgias, trivedrse
occurs in Jia{fﬁgcrﬂ;lté&n Jin ér%ym%énqc!t\%ﬁ] tﬂxggéﬁg@ve g%bnzg%rgg O(E) '@\Sg% 'e%%mes

am no aci sequence alvgn
ref | ecti ngviidhgherfonre pened estensibat afeerbeiige stivjected p demgemtiqas ruifisiently

| hi fii .
kst SR LOPSCSRaRAR, 80 5 T BOV0RRR, S %80
t he exi st dadliatef canbgoaticanaf thesmadldotidepdmaihd prdper nesmier Smubsmqlﬂwprimer

;szi e | M BT ol SO T USRS e
al i gnnent sacid sttanfi e\dEnergipsthe Spsthesis Mghmmttlawdcnjnm exldl afwath @nglapand

penal ti es f referred to use the def

val ues whél trﬁ&t?%:an[go tg%c% Cﬂ?ﬁﬁ?‘ﬁ%ﬁ%& stee é%‘éetr B 4P B esl—sofe"&?g le
when usi ngreheingo® P deooiddiffer@etderdgtis. package (see bel ow) the default
gap penalty for am no acid sequences is -12 for a gap and -4 for each

ext ensi on-jpéd123heReat Qhiiisah cEBE aémaqis%@é}ﬁéaé&ﬁc eid &d Y

requires e pr odu an optlrra a I gnnent
consi der atst@Rd gélpfos@na dpplie-strandesd ﬂ@lﬂcélecmﬁiﬁnﬂwbﬂqmﬁ@rcaﬁdlﬁms diaﬁrmwdwg

out such %o@é bﬁcﬁ‘ﬂ:ﬁ@hy&rﬁj Ehfse%@sw&&ﬂaﬁt' feRESt | é%nﬂ%&gaﬂﬁ e next g

(Uni ver si W sconsi n, reux et a 198 e| C | ds

Resear ch 1he BBy, symaﬁmcbacmgamlesafqnﬂad sciensle is aubjssietid rﬂenatunng
|
sequence Q:%Hﬁ’iﬁ&r‘nss@éiﬁg i R¢ OF% d\gr{eg c{é@%ﬂg‘d[&eﬁro@gs'é Cbr?: A@? Xﬁ% S:s-'t-rar'tci

package (see Ausubel et at, t sch
et at, 19d90pleges\g| . Bjol ., 403 410) and the GENEWORKS suite of
corrpari son tools. Both BLAST and FASTA are available for offline and

lc_)kr)\I i ne seqoeds]ng Thsewpgwsubﬁﬁtumgﬁahneamg%ﬂd)éﬁensimq&sm?ct@nth@sﬂ chPbe
wever it is red to t he est

[ 001 24] Al RS £ 141 FRIoesieon BBy Tosarast PRbEBRDorT sesppog fuclei
i ldlent ity, dﬁfﬁesajuegcmwthq)!aﬂ@ﬁs Retdssenf for &tetacn:bn:alﬂme mbudﬂa@fetﬂeospeanc
al |l -or-nothi . co ar|t score
i x 1 s TWeRE R SpoBRE Phattaul reMtuaRut SRs el e e
conpari son based on chemical simlarity or evolutionary distance. An
exanpl e ofl0@AGth Ampdificationdodersribgd IRORI A PranticBLADPUNGD, ik Piess,-Edshil.

defaul t mat Mc?sh ggnt@%mésgnds?hger%{ﬁrc ams. GCG W sconsin

programs generally ‘use el ther efault val ues or a custom
synbol co arison table if sup gl i ed (see user manual for further

details). [9497ls JperErPelS apnigeationepiodutts dnakebadetedierd by sSquthern tiots

GCG packagpalysis, Wﬂ’\dLﬁQjS Sﬁdi@&ct%*}%béé)ftn c‘ﬁa Fb%egéffaﬂéianﬁ‘aéré )émall
such as BLOSUI\/BZ 00125 Once the software roduced an opt|

al i gnnent sampl gf icpniaining a very low level of the nucleic acid sequence of the
CCDCB85 gene sequence is amplified, and analyzed via a Southem blofting technigue
or similarly, using dot blot analysis. The use of non-radiocactive probes or labels is
facilitated by the high level of the amplified signal. Alternatively, probes used to
detect the amplified products can’ be direcily or indirectly defectably labeled, as
described herein.



cal cul ate % honol ogy, preferably % sequence identity. The software
typically does this as part of the sequence conparison and generates
a nunerical result. 41 [00126] CCDC95 pol ypepti de honol ogues i ncl ude
t hose having the am no acid sequences, wherein one or nore of the
amno acids is substituted with another am no acid which
substitutions do not substantially alt t he bi ol ogical activity of
t he nol ecul e. An CCDC95 polypeptide honDIogue according to the

. : q
dont 1ty O0HIC! BRakeRas HHREE) e mEhgdt  AF ROeRfC Rl Hehiber
i n SEQ | Dengluatgd, mmi:ﬁdeszlaﬁedc:@mcpd»l »pe ghe dikeh @itbéro gu sslutidrt lor raﬁbhe

f d s f,. SE
o wher oi n AN WIS BRUBRGH 89 Bb el DE 5Fq B30 T Gifer et 1
gl utam c &NAl;seghgnoenguadr asrrﬂ(ﬁ? i slcgjommmetnctimi (Bedli, ok aulﬁbfi‘rbtﬂmﬂbgy,

with |euci 50 ci.ne o dues
subst it ut 5’3190 v(\)AB'gﬁ))‘m Q%Eﬁ "g%d%egﬁ OO e(?y@? ﬁ?%@m Eéﬁ"ﬁ%‘é (Cgnner, et.
substi t ut @ll, Wred Matst AcHdneSci.ob).J.A), 8278 1983), eol!gdnoslem&ieorganon assays

phenyl ai a bsgi.t ut t o] [Q0127]" 5
pr ot ei n" gb Eﬁﬁc%-glﬁﬁ& y'fut:p%LII czerllc&e%gv\f(]{l)g {%Bilt gp‘ﬁn@? @ﬁ Q‘BH’HE@F
encoded byedhheu€Cies Tige nanadysip dage, besar rauidveed (L &rda@ere néis at!h&s(ﬁ@‘ice,
Al so i ncl I8P i ns encoded by DNA that hybridize under high
or | ow str%?%!gég%(???t{é%ﬁ:tl ons, to CCDC95 encodi ng nucl eic acids and
closely rel ated pol ypeggl des or proteins retrieved by antisera to the
CCDC95 pr&@%(s)%refp@@ ghe madhasi af RowiifingaCCBRO50 By RGRe rmssdesribed

provi ded RByd; ﬁ‘%g?ra%sﬁ orﬁrﬂéfﬁgudggﬁ Jx%a%g%:%ﬁdl %y&ﬁlptn' fles rPr Afternative

fragnents t er whi ch are gous to primary
structur am%@lﬂﬁé?f@énmﬁ@atmﬂweubﬁen lqiéecnb@dgand dan alsobe @mpiqyed iasrlong as

chem cal gpd RS ghe g?&lcfe'é}ﬁﬁ!ifﬁpsbaph 'uﬁuﬁg aﬂ}&férgqgilég iVAEER s

am no acids. Such nbdifications. 1nc or e ylation,

car boxyl afimgtarly sedifed by lthe pltematiyeymeanys. aSH@‘n ait@rbﬁm aplificaiion systems
| abel i ng, :r%hﬂabdf“aFé’nét%ﬂht@H@&Eéiﬂ@ﬁstalﬁ&@s gé‘E Jﬁi’a cha%ﬁ: begins, with a

nodi ficati ons as w | be readi | preci oseé we

inthe arff O'AS%%LHY@?W BMr@ftlﬁ@ﬂ@tfaaﬁ a| %@nm@erpﬁw iranssriptage gppies
subst i t uerHes RNA liglebSNISShd! dehRides URB RNﬁp%mﬁ 8 V\%béxg&“%%gh&gé@e

art, and include radi oactive |Sotopes such as 32P I nd
to | abel eBOWMENFINg Arigsordsiand fibobnetsy: nyqleje peigamrrlification technique is

cheni | uni ﬁ@ﬁé@@c:@&@f&bﬁee-ﬁé%\ﬂ@ﬁpIifé‘él%ﬂﬂh&iﬂﬁ@}%ﬁ&w M@Hscr@v&@é‘ tr%ﬁééf@u@ﬁ
speci fic bi ngho%\‘g r nenbers for a | abeled I'igand. The choice

| abel dep8htd RoIERGTass RO inFormaRIes BH0 PEmSE b targsijiig Faelingnsalieme-

the prineNASBA&i bdgin WRR @smm or RNy MhisR MR elthsd ahursmbmésqa 108
Met hods of label%m%t)tggﬁ Bu@aes are well known in the art

e.g., SanbPRIBRWE pPiematvRS eeicacidcan bqg@gllf“@g&ydlgatig{@
[00129] A potwsraptrafisriptisra @Rt , LATPR6KE Glom & singROSTRIMHed It8mplatd WRhCA
of am no single primer that is partially single-stranded and partially 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



acid residues of at |east about five to seven contiguous am no aci ds,
often at | east about seven to nine contiguous amno acids, typically
at | east about nine to 13 contiguous am no aci ds and, nost
preferably, at |east about 20 to 30 or nore contiguous am no acids.

[ 00130] Preferred pol ypeptides of the invention have substantially
simlar function to wild type full |ermggh CCDCO5. Preferred

pol ynucl eoti des of the invention encode pol ypeptides having

subst ant i gRER) mmeboa@cﬁuambnﬁa;au@m téﬂﬂnﬁubylﬁ’fesf Hld cb%&trﬁbn%P% target-
"Substanti al | ‘ a function"” refers to the function of nucl ei c
é’p? [QPEURIE

acid or pSP§y AfleoRreae Peiei hirtmostaiie walymesass and h@aﬁﬁnﬁn@nﬂm
CCDCOS W thiaclest dérsQ@ éoﬁw@tn’bﬁ!@ Ahpifly LY, @%ﬁcéﬁj% ?'lfas@‘é’a sﬁﬁﬁrates the

wil d-type peptide. [00131] However, non-functi o or s

CCDC95 poPi}%%FleaE%e ﬁﬁ’s?ea?%fé Bed it ﬂllwmmimnqtﬁ@ mp@wmngh@mal
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means of bi ol ogi cal assays.. For exanple en adm ni ste

cells, @@@C?%Qﬁe?@r@?%bf%@mﬁiﬁcﬁ@féﬁta haurpat 37 dearees fg wwkaﬂ?CR
i ncrease Ad "vVoR! a4 - doﬂéumpr}éqﬁuésﬁnétr‘ag]efeggﬁnee&mﬁh)tf%té’ychﬁg t OAnother

adm ni ster a variant to stem cel
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domai n of idqhé/nmmd@ftﬂgtr@gm.d}@ t he extent of binding of a honol ogue,
variant or fragnment to the NLS binding domain of Kir/Gemin an in

vitro bingj ssa rred ormlo ues, , vari ants and ments .are
capabl e ofd c@lgﬂﬁl ng)(‘f"cgD t%@ Witse B{]hﬁ(ﬂ‘w qERides q;fth?(P?eF@trﬁ"lﬁi}%gn e 350
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will be suitable for replication in a uniceliular host, such as yeast or bacteria, but may
also be intended for infroduction to (with and without integration within the genome)
cultured mammalian or plant or other eucaryotic cell lines,

[o0101] 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



[ 00133] The nodified pol ypepti de may be synt hesi sed using conventi onal
techni ques, or is encoded by a nodified nucleic acid and produced
usi ng conventional techniques. The nodified nucleic acid is prepared
by conventional techniques. A nucleic acid with a function
substantially simlar to the wild-type CCDCO5 gene function produces
the nodified protein described above. 0134] Besi des substantially
full-length pol ypeptides, the present Invention provides for

b1 ol ogi cal PSP Y FRAAMEALES St TeRoniRgEbb IR morud i R mbiomy
NLS bi ndi rfgpfé!-‘@h’@! vectsfr ¢4 infrasduetion irdo lreprokatgotid ¢ ecaRGHe hosd. | Shehnedotys
Dt ot oi 1 anfo b cBRsfee A RpitRO, SHeNT r&oghbEn e st koo te
pol ypept i detendgdoidGiuTlestigel fyaumpdrit descaafing Hge pdesiedt polypeptidepnand fwill
o trocel | QTS BB s e S Biol A feh PR bty reauatpry sgquences
beads), nexpestbly libleads thg getypepide eptaditg Gegmebial Expedsgionr vgrdrs, may
Cel LS R, (BRI S, oT o FUBRIF o BBk SebRb e S5fuscen,
i nvent i on (&RS) apd expissiohamnnfrolssanuepcdsy peplonibesr, an @mpahcrnghd necessary
processing information sites, such as ribosome-binding sites, RNA splice sites,
polyadenylation sites, transcriptional terminator sequences, and mRNA stabilizing
sequences. localization signals may also be included where appropriate, whether
from a native CCDC5 protein or from other recepiors or from secreted polypeptides
of the same or related species, which allow the protein to cross and/or lodge in cell
membranes, and thus attain its functional topology. The localization signal may be a
myristoylation signal. The localization signals may be used to target the CCDC95
protein or peptide to distinct cellular domains to modulate a RGK small GTP-binding
protein population in different subcellular locations. Further fusion proteins capable of
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 prokaryoctic hosts. Usefu! yeast promoters include
promoter regions for metallothionein, 3-phosphoglycerate kinase or other glycolytic
enzymes such as enolase or glyceraldehyde-3-phosphate dehydrogenase, enzymes



CCDC95 pol ypepti des and fragnments. Honol ogous pol ypeptides may be
fusi ons between two or nore CCDCO5 pol ypepti de sequences or between

t he sequences of CCDC95 and a rel ated protein. Likew se, heterol ogous
fusi ons nmay be constructed which woul d exhibit a combination of
properties or activities of the derivative proteins. For exanple,

| i gand- bi ndi ng or other domai ns may be3 swapped” between different
new fusion pol ypeptides or fragrrents guch honol ogous or het er ol ogous
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nononeric protein is substantially pur| fied when at Ieast about 60 to
75% of a Bﬁ‘ exhi bits a si n | e pol ypeptide sequence.
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substantially free fromits naturally associ ated conponents. A
protei n nP18fko béhe ercierscmbniaiting thetriumldiyadidesef inferexcan bé transcribed in

associ at egi§ O{FFHES ’Pé?ult% RLrﬁlto'dBE'ed [H&} e rB':’sPéeFT‘i by walf- Ho'w%%ét ods, e.g.,

t echni ques we
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 of cellular host, including
electroporation; transfection employing calcium chloride, rubidium chloride, calcium
phosphate, DEAE-dexiran, or other substances; microprojectie bombardment:
lipafection; infection (where the vector is an infectious agent, such as a retroviral
genome), and other methods. The introduction of the palynucleotides into the host
cell by any method known in the ant, 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.



[ 00141] A pol ypepti de produced as an expression product of an isol ated
and mani pul ated genetic sequence is an "isol ated pol ypeptide," as
used herein, even if expressed in a honol ogous cell type.
Synthetically nmade forns or nol ecul es expressed by heterol ogous cells
are inherently isolated nolecules. 45 Di agnosis [00142] The
expression of CCDCI5 varies in certaipgti ssue types. This may be due
to nutations in CCDCO5 nmay be inplicated in conditions related to R&K

|1 bingj t &he disf L.an. . b\, i.shi
D05 st eTEY g gl ne] ARl YRR (B8R elidaii o
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i nt est i naBPSCANBSGEMIBMUND, aad $fa calist s, tears, saliva, blood cells,
organs, tissue and sanples of in vitro cell culture constituents.

[ 00144) AcRoAgeINg { Lo lnAgHROSH e ANLIPREAR%M FuTRINALS oPlnd A sent
present invention, alteration of the wld-type gene seguence
may be def¥ettien W3y kg Biepered bY expesaing HbelERERT inveldichacids ror pantions
addi tion, ' | QEPSH; Bt . f Hc?ﬂ

det ect th@bﬁrﬁ?rg%g&ﬁ%e sequéﬁ%@ﬁ%@%ﬁ??%ﬁ%gﬁo did
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t he cmgmng oﬁfaatbe&eaeyotésq%tljﬂélé'sﬂéécmtmﬂﬁsoar BsldotidnbR $ndPRSo be

enconpasses all forns of nutations
used.

[00109] Also provided are mammalian cells containing a CCDC95 polypeptide
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 CCDCO5 polypeptide
encoding sequence. The expression regulatory sequence can be an CCDCS5
polypeptide expression or not and can replace a mutant CCDC95 polypeptide
regulatory sequence in the cell.

[60110] Thus, the present invention also provides methods for preparing an
CCDCY5 polypeptide comprising: (&) culturing a cell as described above under
conditions that provide for expression of the CCDC95 polypeptide; and (b) recovering
the expressed CCDCY5 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 filiration.

[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 VERO 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



i ncludi ng del etions, insertions and point nutations in the coding and
noncodi ng 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 am no acid substitutions. Somatic mnutations
are those that occur only in certain tissues, e.g., in pancreatic
islets, pituitary, cerebrum cerebellumor heart cells and are not
inherited in the germine. Gernmline nmutations can be found in any of

a body's tceRSHRS Ml et d fikfe€dg ol f 8., Si.ngl e aIF?J is
somat i cal @/ mut at ed, a di ggtb?er ¢ ?’g't'etc?ogﬂorgﬂ%( I'%iﬁ&%ﬁ e%@%ﬁ% [egb' 1%
may be i n@f¥easddtiornatiemsnen eigerdeata®®dCo5 nut ati ons t hus provi des both
di agnostic and prognostic information. A CCDC95 gene sequence that is
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smal | del eti,ons, and point nutations. 0146 _ Sposrtion
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a person who has inherited a germine ation’m ght "be prone
to devel ofPPREMEBMNAKE: sorders. Most sinply, blood can be drawn and
DNA extracted fromthe cells of the blood. In addition, prenatal
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[00147] To detect the alteration of the wild-type CCDC95 dgene in a
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normal 1 Soaal TR Moot 2o 8 el o bRty BB R B SRl
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of DNA cut with one or nore restriction enzynes, preferably with a

| arge nunber of restriction enzynes. Each bl ot contains a series of
normal individuals and a series of individuals with disorders rel ated

to voltag al cium channel s, R& small binding protein, or all
of these.eggﬁgﬁg?oﬁy%?p&d?sdi spl ayi ng hybridising fragnents (differing

in length fromcontrol DNA when probed wth sequences near or

i ncl udi ngl®@ASIlccDcEsll ipngth SERRAScR)lypaptilenibt tte pessitbihesntioh diave rabolf
restrictisey g#w t f rge. iction fragnents are
used. then ol R P ot A PR R S R Bl a3 B i
enpl oyed. P8y Bemammaln aokd polude aldliat varientsray bdscodnees. Full length

Sequenct nocLias TFEAcY oo bRl o TR TRl doRiR gd o puclear
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Presently preferred CCDC95 polypeptides include those comprising the amino acid
sequence of SEQ 1D NOS: 2, 4 and 6, or allelic varianis 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.




47 polynerase-driven anplification is the polynerase chain reaction
(PCR). The polynmerase chain reaction and ot her pol ynerase-driven
anplification assays can achieve over a mllion-fold increase in copy
nunber through the use of polynerasedriven anplification cycles. Once
anplified, the resulting nucleic acid can be sequenced or used as a
substrate for DNA probes. [00150] Sorme 4t her useful diagnostic

techni ques for detecting the presence of CCDC95 and or nmutations to
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mut at i on A8 offer nmdiicetians kanwa irpthefart abthamatypallychret norsnatotallpbetirirgd.
Amplification Refractory Mutation System (ARMS) can al so be used, as
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I nsertions and del eti ons of genes can al so be detected by’ cl oning,
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does not detect all seguence changes, especially it 't fragne
size is gFYRPYISONA AP PGSR AdR Qvensesiens Forespanting a@t@ctfansmgfn%mw
sequence démbial DRfmain hOoheah Aehdiftie glbosyIaBA itk ofithy dcH S5 ami id
di sadvant age, but th@,igﬁéﬁsﬁd thr o%%ﬁgﬁft possi ble with _SSC?AmIrr#gl?gls
it an att FREENGR SWAH] ¥R Q1P YRR Ferrith The IraRsmemitasrcloniin earresponds
mut ati on tedmedlivateniaminb @saua ho B8k SEQTDNGLAITRbSMAR bofdBnad e
shifted npbil L%ny eﬂ@ SSCA I%?gre#en seﬂuenced to determ ne tﬂe
exact nat SPCSMAHLEIR LA V47 PR oD YOOk SHFrompatdt evtesponds
di f f er encesapproximgtelt aMing 8¢ieS 525 tH1HG8Nf SEQUBNNER. The glycosylation site
corresponds {0 approximately amino acid 25 of SEQ ID NO:2. Preferred polypeptides
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 o 563 of SEQ 1D 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: 4or 6.

[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



conpared to wi | d-type sequences, using a denaturing gradient gel.

[ 00154] In the RNase protection nethod a | abel ed ri boprobe that is
conplenentary to the human w | d-type CCDC95 gene codi ng sequence is
used. The riboprobe and either nRNA or DNA isolated fromthe effected
ti ssue are hybridi sed together and subsequently digested with the
enzynme RNase A that is able to detect me m smatches in a dupl ex RNA
structure. If a msmatch is detected by RNase A it cleaves at the
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bi nds™ onl P4 & rsedjlyetvadable pequensn campatsanurperetisdEheriesimanadrcially available
het eroduplcsﬁhﬁm%rr VRSB al RIS %Cﬂogﬁ&dg?%e%%%?nﬁ@eg%%ﬁ@\%&?e a

nmutation is known, "a gene speci et ecti on approac aSallele

specific qll ucl gptide (ASQ) hybridisation can be utilised to

rapidly s&#@%ﬁ | ar ¢ eerﬁ?fﬁi’éﬁ s()b)f Pes T3y PRarcalhiedneEri 6aNtiquRUan

al | el e- speeqgiidnzes| iq WHeCsRRbhEE iAaIRkREd vith Bkl GABUSRRhES @nk f%at@!ﬁsdngﬁ@d
e

whi ch detect,s. a specific segﬁ@ngoem i

g ich contains a region_of the
CCDC95  geREUsBRIENERIHRRPS G PRIGR it B enirespprAing gmings agiddayihe s

per f or med other detyaende) GrishRespiL@SANG Sk, TRS SO GRIIGS oA fnBabsHd adigAMent.
si gnal . Fg& @él I% one ol %(])mar may be about 30 nucl eotides in
Tength, corPERNomtENg HEPRCd BT BANG! ren RSTRRYsoRArRYeE &y reiabely short
possi bly nombenefiresitiues (fddexampld lbss BianB9oafigubahtiss ¥ci@f). such

all el e-specific probes, PCR anplification products can be screened to

identify ydpoRyese : V| ' i fi.ed mutatian in, t .
o5 gehi 2 bor A Dafion fidls Sy Blreie 457 bhis Rt ehelin i Bfe e
CCDCO5  se§orsiderstian ihabefopentowimdn dropthereisplidentioal painylf eeglerddesy one
Hybri di sajig8Rioh%addl | Gl r ‘mﬂ? ad / Ldisation
condi tions _Si ndi cat eséﬁ%e%grgiugﬁctggg?! t e'g g%ﬁr@ ﬁ%ﬁ%ﬁ@ﬁ% #10 F%epl{tioé%l%
wi t h di sraignseentdkus nefentidlyrmesuiinginat lerge redudtiontiy Yabormologyehen a global
al | el e- spafdfrént Pk O rormed. 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 fo 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



[00158)In addition to the above nethods CCDCO5 genes and nutants

t hereof may be detected using conventional probe technol ogy. Wen
probes are used to detect the presence of the target sequences (for
exanple, in screening for susceptibility to disorders related to R&XK
smal |l binding protein irregularity), the biological sanple to be

anal ysed, such as bl ood or serum maygbe treated, if desired, to
extract the nucleic acids. The sanple nucleic acid may be prepared in

vari ous ueSor oAtk & d16! L4 SRl gehar @ 8atn sadksanetosidgs in

denatura res estion, el ectro hor esi s, or dot o% i"ng
The t ar géftecghp: @gisce thef mesteonamgsieusricdas $COHR avfﬁgfﬂaﬁi A FEREC R

Least Pat biind p?da&gé %pﬁwsaﬁdﬁgnﬁ\enﬁs%m 043¢ Igflps Wb dilgemeat gobiants

seqguence uence 1s naturally sing Ie-ﬁ1Ie Q Eifj
denat ur atilom tive lgiap menalbes tedaim fedﬂdﬁfﬁ%“(ﬁé’ﬁf if fs P'I‘i‘-@e"é%’qﬁ‘,?e‘l‘ﬁ?e guetau

doubl e- S@ﬁ@ﬁg%nt Qsﬁn %ﬂ&‘? ﬁwﬁfé l‘or Richahly c&%ﬁé’néo‘ﬂsbﬁoﬂ@f@ﬁﬂéeﬂhe"

Denat ur a I’I’I e various tec ues known i n

art. [oonsm];saam@snmsbemmn mstf t @nqmedﬁee &e@w)ﬁbatﬁéf%ﬂi saﬁpde?“a"v%f
condi tions .t hat. r he target
sequenceW ‘Eﬁ%" g?@%g"t“gs %h%?hoera%#a%@v%%i%@%&ﬁégguence in the

sanple. The region of the probes that is ed t t 1

can be ni@R128bnp| &aleyatioonpl sEdmamy o & gcyaf'&’é? If E%P’oﬁ‘\qg

human chrommagamls é&&@fﬁﬂ%i:é:@ﬁer@@@ﬂé intd lReRGEGagon @a;ghemresngsumqble
esira

condi ti or?s are d

e in order to preyent fal
However , coowmuier ipoeasa®fionFeRyig PPHM gﬁ’ @ﬁﬁ/w’ﬁm?ﬂa Bes’oLL)es

are conp fﬁeﬁégea Wnibérshe wfqm%c@ﬁs.ﬁ he.shr; on@ww tdhal, 2084, UNLdeie Avids ho
genone. enc

hy bridisation i.s det ned b n
factors d‘&ﬁaeng:hhﬂ r386¥s§txﬁ6‘ﬁ*%ncﬂ’fdﬂﬁhph95qﬂ?‘?@r @ﬁ#nn r‘?%f(g%ﬂ EE’&F@HCQ

i nel udi "GormribGENREBIII A of ak®RbCirGteIengine, BLrST pﬁtﬂdﬁgef’é‘éée Amsubpf obal.,
| ength, and 'c

oncentration o r ramni Ci tANCH
t he for mat398rbigt- Rt 18 %$T'§%§SFW§ et §tj ﬁ;%gs WPE:B%}(Q%&?-H% e
?uadr ?pl EEEREWRIRKS &‘ﬁ% gp@oﬂﬁér;slbﬁdoél@ BOth\BLOEST bad FASTA ::ré adremlt;e farg
arget seguences. i on ny, &
i s usuall ‘Hécﬁﬂﬁp‘l’qi@ﬁeﬁ gselgzséu%qbef &h&- eabgé d%&%% % Z;B%a{yve:oﬁd/
the probeqsgpebg ;yﬂle?é@@ldadus@tﬁe Gep hestfilgteghmbl e by specific binding
wlthallgandthat is |labeled, either directly or indirectly. ‘

Sui t abl
ol 201 o e, RhoBHIRE A% nbATRL) Bl Be SREmAAn T e
may be i nﬂ@wp@hﬁbﬁd&‘&;{ itsatiisrtypisallyotht based on art sk orPethisoRAIFPMRALEA™mM
rimng o asiLn I VAR edch
8 r Lupsg( e'rnaéag %ﬁ%%ﬁlgsﬁgh%%?{ec'ﬂ Q%Sﬁﬁrﬁf er eg ﬂ&?[(r)b%g?tg gﬁg%m§@ °
enzynes, paitwiseodioepadszh thased i de. Chwmahtﬁﬁmg%'ﬁbfort pyadutieaanc d‘s“'fﬁ{@ﬁe Al e
known in {he rt t tath@df it
separ alt i off® %‘f’ t?g sﬁeﬁ” ﬁ"%ltwg%&ﬁgﬁﬁ e%%gh@ftbgmé??ggggﬁ?hﬁat eri Y
and/ or t hasatramr |ﬂﬁey ai.nsTssngteaof progranh SCELlissgnsipi RIPGAMSOEEST! %559
detection “iﬁeé ﬁ%‘q%?ﬁkﬁth%inuc?%roﬁ‘- aoﬂrs%dn% aﬁbiycd%ﬁﬁa@iﬁéh ¥dle mmkplf@ﬂ (ﬁéh13

principle (suc ?om genin, biotin, f ?h
like) is esramémashl {0 farthea clile). 405 arafercaskiocuseathe eubic defael iliics qp the

bi ndi ng spal d?ﬁr}a? t @b dletrh,_ﬁn@,ag?garmjcn as
the smal | %a%ac’ﬁ&k%e‘% a‘g}ﬁéAd tt’%g%%g %ﬁg?ﬂeé:?gs acl déprobe m ght be
speci fi caBLpSUaEHni zed by an anti body-enzyme conjugate. For exanpl e,

di goxi geni n may be attached to the nucleic acid probe. Hybridisation

is then d d bbrﬂ:@ 1RALRRSY @&ﬁbh%d%ﬂ@ﬁhﬁél@@n@ém ug@besﬁtﬂﬂaﬁo
turns ove em um nescent substrate. In. a sec does
small |i gaauulaw%bbom@ieﬁgmr@@cﬂa%y %o SBUEHEE HeYRhd. %%ef%n%&?ﬁ %&}ét
that is capabls, Epﬁfgfﬁ%%%ﬁﬁé@@ do¥n RSP S ér@te*s Bendmdrehl lebgand. A

wel | - known éxa tin-avi d|n pe of interactions.



acid probe assays of this invention will enploy a cocktail of nucleic
aci d probes capabl e of detecting CCDC95. Thus, in one exanple to
detect the presence of CCDCO95 in a cell sanple, nore than one probe
conpl ementary to CCDCO95 is enployed and in particular the nunber of -
different probes is altematively 2, 3, or 5 different nucleic acid
probe sequences. In another exanple, 49 detect the presence of
mutations in the CCDCO5 gene sequence in a patient, nore than one

ot udes. OREL Ca i eo PoRHRIr R Gor e diauaoess. bend B e arid

i dentifi edequenpeqa wheréionae of mpad bBihe amihd Scied isaiuBbtitaRg with a@@’cﬁ@%mldon

this enbodl er of rob

pr ef er abl g ‘E’f"ﬁﬂ Lésﬁég'ggnst(??r 8 tpéH%‘?% aﬂﬁ ﬁﬁﬁé tﬁﬁj H&Og‘@% ARt o
i denti fi ethchsoufer et sqmmgsgpca@epn@b Vibl‘ﬁd@bué @c&d’t@m@&@ﬁﬁ iBventehar&fBrably
descri bed _her, a hi ‘%{lﬂ preferred enbodi pent, screening

t echni quef?® %f?eﬁerB%th}rbgéeépeiaﬁm'B SEBwRnce i9spty do the | RHman, CHDAS5; v

of probes pbllyﬁéptﬂerefrﬁﬁ@@lﬂﬁ dequahdeeb&t-R @¢ SECE IDWCRLE. OBRarHSIEs B COERC95
i mmobi li zed to 'l? iubstrat es as described above, for exanple in

the form BPYPSEA ogifessyithin dhe SGPRY P ke iInveRiioncinrlyds . the amino acid

[00164] Al k@qmb@mf(HEQ\mbON(Dspe PG5 @ e Seford agpd@m: Q@iﬂ%élﬁﬁ'esmé
type 5 protein.

screeni ng _f,or. al n_.of
al terati ofd% 35‘2 ‘{) t@@l"’g?’ﬂ’f’ y H:a %%@%@l'@‘@@ﬂ@éﬁé@“@%&l %}'@F%m'ieﬁ with
accor dancreusinef(cy enueﬂmbmgyc.h@@hoalmmésudw B Rb&ftaeadNith. aldHrd; hedirRs

(pol ycl onal _or nono used _to detect djfferences in, or
t he absen2&Mgf® 6@&%‘%@8@%?%@3& 't“f%ip‘f"it@5§t'd“?ﬁe°‘"e{ﬁi PR Aar E@‘WSH@ or

prepared piserdistaniiss rdidoes prubstietediviie tRpashnag, " Anti bodi es”. For
exanpl e, nonocl onal anti bodi es inmunoreactive wth CCDCO5 can be used

mut at | on, (BIETE ot oROBEYs HrelRENEl SoPReACPolRaug” SRl i pein or

mut ati on, " expressi on or pro
speci fi c poyprgptidd wncedast bwlhedbﬁ:D@Bﬁ @gkas seqméml:eabmntseonfsaﬁnérms theraxdit

mut ant  COR(35; pr.ad o} al done, i n
any convenl_enltngglgfg%ae'grgkﬁ& euns P?]e arp b@ﬂegqgtl%%ﬁg%é ‘?@C{s]%rg?%h B oP¥,
i mmunohi s$tgogrngyCc apndiinnay 4o aGGDEQSSAnm‘EymucmW acansnd omfosklst gelatenig

an al e chopudgies B AbRih £AR.BPoY SR OIRLRDAY SORIGD O

w | d-type enes. nctlona assays, S

determ nations, can be used. In addition, assays can be used which
det ect coéﬂ@é 581hi ol oglEin mediteatisRs 9 fapmgnis” nereaRovVceDCYs eneresent

pr oduct lmdérﬁ%eﬁ:rattCBC%'m;ﬁfptl@eé"‘ol' ératg)%%tsc@g?@& Gﬁﬁﬁ areOQHRBItiRN2

preferred enbodi nent of the invention, antibodies wl

i munopr eRPBPIPSRYS BdpiRasY siretiurah sequenre dut which nnqi%d%m BvivosRIde Wilior h

CCDCY5  pr ¢HeghitaloshdVis titdnficAlrmbdmaLishs o Sviadh Eﬁbbb%?a‘té( '@U&@é} a@ﬁh& acHs.
anot her preferre nt, anti bodies wll detect p%r ot el ns

in par aff HC%POP&B%‘@NSI'P Wi Taretamnley acebiiatign ﬁﬁm%@loacﬁ@?ﬁ grylation,

t echni queglycosyfation, 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 P,
ligands which bind to iabeled 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.



[ 00166] Preferred enbodi nents relating to nmethods for detecting CCDC95
or its nmutations include enzyne |inked i munosorbent assays (ELI SA),
radi oi nmunoassays (Rl A), imunoradionetric assays (I RMA) and

i mmunoenzymati ¢ assays (I EMA), including sandwi ch assays using

nonocl onal and/or polyclonal antibodies. Antibodies [00167] The
present invention also provides |abel and unl abel ed nonocl onal and
pol ycl onal anti bodi es specific for 5 pol ypeptides of the

I nvention | MOt ‘lgeg.lt lud ha d aacl onal, .anti bod
of the in Ogﬂtg?jqn. ﬁn?éll 0 fh%rferﬁﬁ%% o] Orgé@oérﬁgi ﬁg"}ggpt'ﬁéi gﬁ’\}%f’{ Brﬂmcy
i nvol ves: agid residugsucforti least aboGCDE® oky meptigubeistamiac Gaids] efterpabiasin;
(b) i mmunigzl t_.ani . W th 1. . ypepti de ,

Fr sgront - s rospeR A3 ABioutub BF S, Wb Ran S e 1o 13
adj uvant ; cenligugus) aolinmiacids garahtmbsidyreferably,t bie ldastmabbated) oS30 animade.

[ 00168] Ac g . .dnvention, CCDCI95 pol ypepti de produced

r econbi nant tigLes %@'né%gl%sbal synt hesis, and fragnents or other
derivatives or anal ogs thereof, including fusion proteins, my be
used as al¥0il3%dunogBreiemed epmdyneptides tof bibei awetfiart haye ogulistantiche OIREOS

| . _ bl . . b ve ! '
Dol et onap et e ihiypB | ERGEBESS, "ProrBhEd RBpLLERES df e inveption, |
Fab expr eZ¥ogn palyneptiges heeing sjubFlantaliyt similer dgetivn i tovedt itype alllsiength

i d 1 1 H i i f t -
Phereor . GoqcecnainsBaiaR <R RILAG" B BN RN of AT gow or
capabl e ofclympsfe heawlogupi yatian dedvative oCBOEBNHOf CEBROE Nl rafetence to
f t € i L+ . CCDC95
Fegion, pe e oDl B B e P o

t her eof . ﬁg h .anti podi es thus include for_ exanple, but are not
limted t g%ﬂym oRaMeveRp ABRTYIcPNal dermie Pl ECDGIR PelyReniifes nrybalso be

fr agment sinclagél afthinahe e¥dieLsSthe vehidrREMee HQIHS) beRisehi, 3K &RAHIE s
spemhc(éﬁr CCI?CQ? gﬁlpég?ptl_des or fragments thereof is described
bel ow. [ RTIHUEHBI & ildnolight j geni c" when it is capable of

specifically interacting with an antigen recognition nolecule of the
i mmune s){90#33] such addiion torthensiglilatityl dfrfufetivh] e yjodiied Tood@ebtidn tizgen

receptor. 08 AAb! EHLCoRALNREPLIHCas a longer hali-ife. The similarity of function
(activity) of the modified polypeptide may be substantially the same as the activity of
the wild-type CCDC85 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 activily of homologues, variant, derivatives or
fragments relative fo wild type may be determined, for example, by means of
biological assays. For example, when administered to stem cells, CCDC5 initiates
myoblast differentiation, resulting in an increase in myoblasts. Thus one test for
CCDCY5 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
CCBCYSs, preferably by a factor of at least 0.9. Another test, based on the interaction
of CCDCO5 with the NLS domain of ki’Gem 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/fGem by a factor of at least 0.5 relative to full length



53 contains at |east about 5, and preferably at |east about 10, am no
acids. An antigenic portion of a nolecule can be that portion that is
i mmunodom nant for antibody or T cell receptor recognition, or it can
be a portion used to generate an anti body to the nol ecul e by
conjugating the antigenic portion to a carder nol ecule for

i mmuni zation. A nolecule that is antigenic need not be itself

i munogenic, i.e., capable of elicitinf3an i mune response without a

carrier. | cantibody” is any immunogl obulin, including
ant i bodi es@g%éé%'ﬂgﬁg%% B¥ RpeigF of ﬁ%'@ﬁsﬂﬁ-ﬁd§hﬁta§pén vithcCbifdlihg @BSays e
termenco Seewndolskitéd I ‘ hineric antibodi es, the
| ast nent :ﬁﬁﬂ g%gcrsiyb d.ﬂ?ﬁo?ﬁﬁgf S et-I::iip?'ﬁtlgjnr‘{'F Lagsaypihsne ORg omponent
4,816, 397 AR Ao B IESHESI0R Profainlined torglitgthiontet S1ttengfeR@e BhommoBfized on
ant i bodi eglutathohediepgarbedbeddsat i ) 2 and F(v) (including single chain
anti bodi es). Accordingly, the phrase "antibody nolecule"” inits
various grgeeii calnforns, used herein contenplates both an intact
i munog| Ogt[i;qlhi _nj ol edll @Ogﬁ'%aaﬁ’o'?ﬂ?ﬁlﬁiél 8Evche| gyrdtetsised psing i edhvehtichal
i mmunogl ofNNIgues| ecuise eacof=ai BiyNg et i i_ning sjite. An
"anti body .Gk ite" is thgt s%&%@r é‘Pag%r t%fq’@ﬁ angd g\:?dé'ﬁ?qb'éﬁﬂg
cErVEMiShdl o al_por
mol ecul e conpri$ed of Heksy ARe Todird ekelpic acil iimlprepaaed] by conventional

hyper var i tsheiques)i ohsuchdt asigegi i i At gen. )
[ 00172] Exerp)cdiayAnti,Rady ml echIE eag%e{lr?gol?n#g%?ﬁﬁgmrgé?ro%ltq% wild-type
nol ecul es, su stganfgi 419" Praduees thememitpdaroteimdesstiberdteseand t hose
portions %H% i n’méno_gl obulin nol ecul e that contains the paratope,
i ncl udi ng e poFPEfigRS skhetantially fullieemiih o 1)2 and
(V). whi GibvBBs KoBRRaLENPLS| rrfrgd ool e e?ﬁ”e?ﬁ@?a%”eéé@?c)%?a*h’&ds
descri bed herein. ?88 %’f Fa% V§ Gaqﬂepﬂgi)"g they peivesnrfides. Sighifibatybiological
mol ecul es?&vilies iegide doayd-bineingr st lagt biidhgaet iHn 9% BRARRLNgaNd

i i Blo y rmﬁlgc%cﬁg 'nb?f

pepsin, rigeest igreh t jally intact antibc
met hods that are wel |- ﬁﬁ%’@ﬁ%s@?‘éf oﬁm%&é’l‘ﬁﬂ“&, Reptein finfeeatindNomolecules,

4, 342, 568MOBEHONLHREBIE enativlivating propein g R Hoiddj nd
are prodtm@td@mdfﬁg?e%geﬂ?orti ons fol | owed byt%r%%ﬁ?ta%b%%ﬁ%mg"&w

di sul fide bonds linking the two heavy chain portions as with
mer capt o |, d foll owed by al kylation of the resulting protein
mer capt aﬁbwli ?’E a ﬁgﬁdﬁﬁ’(p%ﬂ‘é@ﬁ %éhﬁ GeRseotinaentide, if 801uBIY AQ®BE coupled to
cont ai ni @gsolist@eise anippbAd¥. g OhBEHIRR kS ferred herein. 54
[ 00174] T% A ggﬁ "ﬁnocl or%g:) an?% E‘g)g%/" n?{?ﬁi faumL, PTG materials éap.,
forms refers toc A%t MBFRficiPeatnglans woselastioenices, wlyradt PO @¥ils. or
conbi ni ngther tsebstegted| Suoh sLPPRIO ' Lth a particular antigen. A
monocl ongl, Ak g];(,)aq% Ehus t ypi cal fr??glg’é%?‘f\;,\t&@ Efne‘dﬁag‘pg‘?:rﬂfi%d&f\“ﬂm ty
for any ar?tl geh RO®PEN it i unoreacts. A nonocl onal anti body may
t her ef orgjmgggltgai né%n anti body nol ecule having a plurality of antibody
nbi ni : € tprésemti| i &)t j ' . e.q.,
B Gk g oot oetr il iy 6 56 RpBBhd Bmfidhy
. and iragments.  Homélogous polypeptides may be fusions
Cj:tgzen fwo or more CCDCOS polypeptide sequences or between the sequences of
95 and a related protein. Likewise, heterologous fusions may be constructed

which would exhibit a combination of properties or activities of the derivative proteins
For example, ligand-binding or other domains may be " ‘
new fusion polypeptides or fragments.
polypeptides may display,

swapped” between different
Such homologous or heterologous fusion

for example, altered strength or specificity of binding.

Fusion partners include fmmunoglobulins, bacterial .beta.-galactosidase, tpE, protein

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



[ 00175] The term adjuvant™ refers to a conpound or m xture that
enhances the immune response to an antigen. An adjuvant can serve, as
a tissue depot that slowy rel eases the antigen and al so as a r
| ynphoi d system activator that non-specifically enhances the immune -
response [Hood a at, in Immunol ogy, p. 384, Second Ed.,

Benj am n/ Cunmi ngs, Menlo Park, Califorpja (1984)]. Oten, a primary
chall enge with an antigen alone, in the absence of an adjuvant, wl|
fail to el E h H%TH.E@

i ncl ude, lg?Jotﬂdagre n(L)F?]g lﬂrﬁr?% ﬁ%%np* ete gseglﬁél'srgamﬁ@g%%{t%&%m acid
i nconpl et @athedsnas §9%mibadéalpw eapey ba chﬂnmaﬂsaﬂiyr@mss’:educh as al uni num
hydr oxi de, surface active substances such as IysoIeC|th|n pl uronic

pol yol's, pejpespi Ons'Prcﬂé’thﬂdi"iﬁéatloﬂ" 'ref@fs tgyﬁri%ﬁé‘rnt&ﬁﬁo ?ﬁ{&%}ati!ﬁﬁ%%@
| i npet hermcxanl ns, dinitrophenol pot ent i use uman

adj uvant s SRoliwsntides fpm féh@abiﬂlagrpel@]étmﬁb saﬁuawﬂmr@ﬂiaénaaﬁpmd
parvum PighessdMbdinartcRe éém@ncb&nﬁ RYDESE Sht GA bl WEQ% &rt. For

[00176] Vari ous procedures known In the art rmy be use

product i o*@PPigoISyEn diplypertidaso Buyeke tryrifienbdns Emuw@fﬁnm ghragpatography
fragnent, cAeidyat EVE tRE afttdk oy

ant i body, @ygﬁs \rggst gnl rra%g pté(g\ﬁé%oéythg%?ézégguﬂé&ﬁﬁ eg??%%&\?\mws of]
CCDC95 polPRieipeufication age welt knour inéhg ertg. | fragnent or fusion
protein) thereof, including but not Ilmted to rabbits, mce, rats,

sheep, gommgrtc The oremenmbadigidrt , shRtLAEREPS poRd Yy PaRd | d'QulSHtantially
fragment thereof cap be an’%g'%st ed to an |m"runo enic carrier,

bovi ne serBMCEFHREN SR ! BNAREPY tPideperb %H‘E’@'&ﬂ" pPyneptids t thiat has

Vari ous adpew aétia‘s‘atﬁﬁ)froh%dlﬁ;ﬁﬁeh% théﬁ’c@@ﬁ@aﬁ%@aﬂ m&&eﬂapﬁa@am ﬁﬁﬁ@zﬁ@ﬁ&
dependi ng to Freund

th
oS PR st Bl iribiatiin afdeasl sBont %&thT%OﬁgﬁﬁW!ﬁ exiis a
surface ashgleepcslsmﬂmaé@é&umh Aa§udsmb@ﬁ bhﬁe{d pﬂ*éirﬁ ol ] @p&ghy @bfprise

ol yani ons nmul si on et__henpc
R e o B (b VM B R e emr o AT ey RPG E5%b And-pr Bleeably
(bad& Ca( mél be-o@meabs)t w9 pGr. m@tbmcmrty ummﬁfogamaty[@ Bélifitated by a

t | t i.badi t
ol ypent | damg; SAREGAA ki B 7. sieh BS pblat YRS o7l Scsipooresis o
t echni que at;:hlaimrpsmplel,efsltdvmd byesye mlg i single q:‘oiy@&bi:dwﬁahdr’uﬁoacsﬂdnﬁﬁg e

ti | t Th J
ot 11 mt B8 T8 SR Do aint e FTLUEN B1oborBrer ot Y dPBHa 8y orBlhee
et al., Nataaneweﬂkﬁowl@mt&@ért(wmﬁane waiizankiok agsichtion.t ri oma t echni que,
the human B-cell hybridoma techni que [ Kozbor et al., |nmunol ogy
Today, 4: 83 - h -
m(;ngzl onara)g&?fbozjﬂqes %Pgeg@%ép, yﬁbrg f%ug%i%?fﬂeg\hbﬁl E;Qtalpd'il %%’J{g{g@n
Cancer Thépapynenty when ligs separgtedriron ithss pativeccontgmingsts]thatl assompany it in
ant 1 body- RS AgHiedINgaté Sftus, b%@g@%&?@aﬂéﬁ%ﬁﬁcaﬂ% gﬁ\ﬁpae &fﬂ%ﬂé‘%fsemﬁn

fusion, such as direct trans oncogeni c
DNA, or t PafRliElaE tsysienmyidifierans Stoan ribaael fidm w@wlcrsetenatgra@y enMna&shwéh éa
at at, " Fidislamy TeENR 5?9 W

Ant i bodi es And Eﬂy b?l?%atlﬁ-éiﬂﬁ fggl rﬁléld(;r%n%tatﬁ mte,}%\))glggc ona
Ant i bodi eéend@@lseglbst@ﬁ@ halfree of, maturally @ssodiated cprmenems hy isoRgen.1aging
4, 427, 783 prdff (} f 4,472,500; 4,491, 632; and
4, 493, 890pr[%0 ﬁﬁ%ﬂlogf‘ecgi |?€%ﬁ%ﬁn&ﬁgmﬁﬁ%§‘ﬁt of the inventi on,

monocl onal_ant | bod| es can be produced in germfree animals uti lizin

recent telMaibgy Areriyeeideoredued ag apraPrRFsian pREUStfean isolatechandn

ant i bodi eg 106 us d g i
R A ORI GO i N A

transf or nERYERRAFRIN B Bempipugks reltBype. r Synihaticallyr ma(i@d’prén?atoramolemglss
supra). | Bxfrasded HORREMIRBUS Cellsnfe MLARHY Mblatb@ RN ANS devel oped for



56 [00179] According to the invention, techniques described for the
production of single chain antibodies (U S. Patent 4,946,778) can be
adapted to produce CCDCO5 pol ypeptide-specific single chain

anti bodi es. An additional enbodi nent of the invention utilizes the

t echni ques described for the construction of Fab expression libraries
[Huse et at, Science, 246:1275-1281 (1f89)] to allow rapid and easy
identification of nonoclonal Fab fragnents with the desired

speci fi ci tpfjadigsign CCDCI5 pol ypeptide, or its derivatives, or

anal ogs. [00180] Anti body fragnents which contain the idiotype of the
ant i body ecul e can be generated by known techni ques. For exanpl e,
such frag HE‘#[@? i nclﬁﬁee’ﬁfﬁss&néfrﬁﬁn@gﬁrw@f ineraindisspe fyr@s. Thiagrayive
whi ch can doe tomadEsRE RYCATSNSE hali | f; iAot ;
the Fab' fragnents which can bgwaget%gmjt%%egw icgﬁﬂgﬁslgg %d g{ﬂ;ﬁﬁ‘%lﬁgl
bri dges oib"%ﬁ’@ Rrosein 1disfustiong néensequently, hestatlishing dieeBEBOMI sthtus aof dre

gener at ed ifaidua b 4 RrIANBS, JHRlE pHidholid fhopapai n and a

reduci ng agent. [00181]1n the pro 10 odi es, screening for
t he desi r%jupa&gfi bm can_.be acconplished by techni gues known in the
art, e.g. FHAA oi miAYRSEGENd pagapsicaRgtiRgs millhyangraiheessluptedusing a

assay), " bhiubidatBEmpRIBDMIASERYA . a pATEAN N BGLRIREffs 855 Sl tissue or
di f fusion eci pi 'h%g reactions, imunodi ffusion assays, | ﬁ situ
Lﬂﬁ’le c

IS
 mmunoass e t | FBMARINGy 8 Bnabrie yrrbmweleptids GIrserlmsptive et an
f ofr.»}/ex a?pirﬂ)\giduéefrtc&rdn}gb::gt ﬁg[:t_ el B bat | @ébrﬁéaaiﬁnitnﬁ%%méﬁmid{ts&ﬁ&% k@,
assays (e,q. el agglutination assays, henmaggl utination assays),
conpl ene np%f ?ﬁ%f'?loﬁ?%g%’?a‘gf&e PR IRERIT é@@éﬁ'@g FWgandouniieny Baets.Aears,
assays, asalivaioodedRCoigaRsaEesd SndSEaNSs ofh Gitrd dbIIRNRuREBASHIEHK.
anti body binding is detected by detecting a | abel on the primary

ti body. th dj t..th i tibody is d ted b
ot et | g RABN0C " BooSaRBCITRE! abiiSoBl 4 lodtBbtie fctees®s REYS Preseyt
ant i body. invantieni alteration efitbe diilddyie CCBESSermnn dayeraet mbpdy desclaabalired.
Ma I h . tect,i bj_ndj. i .
e noacs 2y FAAY fode)Sedblibed BEreltEoR BB, B Hiokhesli A progpgtc
exanpl e, Methodsecan batrepotned to kiatect v gviliitypen CODEIS hene RehoRReodnda

CCDCO5 polypsntd @ hybridonas for .a produc

that binds to an M@eg%?g ?/pepfl d%&ggr?'gg;rr%%teac/%nﬂfkégrﬁ"ﬁadl Rndivg Erﬁ’? "Bﬁé.
For sel ectiedrCBEOR Bemmesdvenge.specific to a CCDCI5 pol ypeptide from a
particul ar species of aninmal, one can select on the basis of positive

bindi ng. waohaSICDCOSARRLIPERE b ARILHBE 9fREd RYorhadsRe! A Rfimb IRl
of that SﬁECI es of animal. 57 [00182] An exenplary antibody may

| nolude a CHANEnTeIGiqNs: isegipne g Polhtmutalicnst indéhe. OYEYDERSSDBBAING
ant ody. Ie%ﬂﬁ:&BiﬂeTét%nE@rﬁ@Q% BOthBEnHROSHRSorCHbrilea P8RRI d RELARISPoint

nown in ar .

mu?atlons may result in stop codons, frameshift mutations or amino acid subsfitutions.
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
germiine. 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 CCDCA5 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.



relating to the localization and activity of the CCDC95 pol ypepti de,
e.g., for Western blotting, imaging CCDCO5 pol ypeptide in situ,
measuring |l evels thereof in appropriate physiological sanples, etc.
[00184] In a specific enbodi nent, antibodi es are devel oped by

I mmuni zing rabbits with synthetic peptides predicted by the protein
sequence or w th reconbi nant proteins4§ade usi ng bacterial expression
vectors. The choice of synthetic peptides is made after carefu

anal ysi s gfoiubp prQﬂé%r@ﬁsﬁﬁsﬂb@e@mg&%#’aedls@t%lefjse%(fétégqg tﬁgé/ rgge@i

particul ar, peptide sequences X TVe Cleavage gi
chosen. Sy‘fr*u't:'ﬁ@t i ehapaplsi deuchar as cethlaigatmigrair@ aepttﬂpsy.ernmcdlemerﬁnbh

hemocy ant FyalcSen kit SRERAN L 8ead HRedaLnsELEUAYS ATl MNANL

i muni ze T AbBT S order to prepare r&conbl nant pro
vect or cahfné@gtﬁ@’@lﬁ dﬂe@hﬁmlebsrelrhezapoqupemaimd By ttestingt anyetlgsueooiathean

g)s( S ) ggls g q B%ﬁlﬁgﬁ i) dt&,cﬁg %k@c&ﬁc@% Hehat %ghgfqrgpqé' op cr%lg\twﬁg haﬁlﬁr}% itpd

répared=n qu
rabbits if QEﬂEl!m!d@CQ@Pﬁvmﬁatlor[ 0@h8 5 Ipnoneeto dnfvetobethe abimﬂdumﬂbrs Most

nbi th
pol yel onar e s B84 $RCHab arc? EHPF debifesnd B0 §% bR} Bie, B0gn o
purified agdiliasnarenstahdiagpesis E@ubaabgommxshedi b¥ mstas@mtalmem)mzacmhtweells
Si?%ipt ."%’éﬁ&”&%ﬁ“ 3 SRS PR ule SRt aR s o AR oAl L uiirtyms
t he i agneSDICO5algiet weempedmn @(anuﬁmdxjfsmnit rhiiizson ovesidtionncars baetected
af fi |ty B*IéllJ %}{ghg?@%&g?% Ig)dy More preferably, the antibody

i S a nmonocC ona ant | N addition, it is preferable for the

antl-rmdul at or ant i body nol ecul es used herel n be in the formof Fab,
Fab', F(al9047lor F-("Q)deEI%F thegaitergiongfdhe Wik tyReoBG DRSP @enk ds a tiassayibis

[00187] Thl@ei@ﬁ;%%ﬁlatb@(@fﬁsh@"ﬂregrﬁ%m Q?rﬁa @g%nﬁggkgﬁse rﬁé'e%ﬂsafp Enridiing

i dentifying substances that bind erence to
whi ch i ncf 3§f%ﬁ5!08®%§ﬂ0%mﬂaﬁﬁ§ F@éex@aplav & tigeie Men gerisplated fom

descri bedp@@iv @) crybBiafebbibh®NCells may also be separated by flow cytometry.

[00148] A rapid preliminary analysis fo detect polymorphisms in DNA sequences
can be performed by looking at a series of Southern blots of DNA cut with one or
more restriction enzymes, preferably with a large number of restriction enzymes.
Each blot contains a series of normal individuals and a series of individuals with
disorders related to voltage gated calcium channels, RGK small binding protein, or all
) 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 CCDCE5 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



58 assays are provided that are suitable for identifying substances
that interfere with CCDCO5 binding to the NLS binding domain of RXK
smal | binding protein, for exanple proteins identified in yeast

two- hybrid screens as interacting with CCDCO5 (such as the NLS

bi ndi ng domain of kir/Gem. Such assays are typically in vitro.
Assays are al so provided that test thegeffects of candidate
substances identified in prelimnary in vitro assays on intact cells

in whol e mlﬂme&&é‘@ﬂ@en%ﬁ@hﬁ&h& Siﬁbt?tba{?&?ﬁeia@@l@@tﬁ r%'alg\?ﬁ'. K!S@R}fjhaf'he

nodul at es RFK bi nding protein activity, concentr / or
subcel | ul & %?rq EB@fﬂdﬁa%t@ﬁaafﬁfémqr Rslyragrafertavesc eimphfitatior e1ssBEDCES

pol ypept i dehiang oR6¥a $ATMbA-fdk nﬁt»éé@eﬁﬁ %%6‘9 Cg%@%r tﬂ%@ﬂ%@ ﬁ&%fpé’ig %’ga\éé

It may directly disrupt the binding
protei n byVemHraeRlifcsion, cyilesi r@“@ﬁbf@@!ﬁﬂs hrdresalting nouateic aslctdelcangbe

th t t. Candi dat
e site Shabanenapliandh Libddi oF bRy magEonen: . Candi date

subst ances of thi s type may convenl prelimnarily screened by

in vitro gédl‘%?i S % or exar& descri bed bel ow and t hen
tested, f SRR YpRFuLdpgn §é hRigugs dorr dejeefinedhe wresence of
Exarrpl es @fcmsmaﬁta@maubﬁﬁsate%égéﬁwinuﬂee%&bk@%t@ﬁn%ﬁ't&mr ;9%8*‘5“2&30

9 an whi ch can bi nd direct

i nh| b| t a%ré)e?%gtj i’fﬁ“‘g@( fivdprmatiopganalysis (ﬁ@@@nép [depatyeing gragiant gieh.
This may afdceopharuss eBCCESINERNGSE Ipﬂfteabn%%a )lthQ'd%g'd?gvr&éﬁg%H?ch
Thi.s, can be tested usjng, .for exanple t whol e | s ass

desch i bed "FEOGRE "NB% H}%E‘ﬁ"eﬂ%‘é?e%a %@H@s‘foﬁfc’“c@ﬁ@wom ﬁa\fageieﬁ@emf‘c
tested fowli dﬂnnciebndeyl ASOQCBGQS f te
GCDCo5 for, i ndl 19, 03 Rk Sl %‘?fﬁ%ﬁ”’?ﬁ?éf*‘é‘?ﬁb‘*sm FAISRZ! © ohbr
non- f unct PBREFC S&Sﬁ's ﬁfff’?t‘?q’i'EF @"%@E &8 bstwgea dhe Mrycapemsniary

nut ant s aﬁﬁdﬁmﬁhﬁdsﬁdci@@@%ﬁip‘éﬂwaﬁﬁﬁg el blea@oHirssid (EHELS, helté}odumex
conprlse one or nore of the

t | f
gglrl Iegucglr paia%a 'TSQL(%'SB]% @F%EB%Q%CIMC)H or 11l or ot her

functional domai ns t hat may be used to conpete with full length
CCDC95. [ 0WM$4] WheFer mileletspeciiy RCARQHIsera| dre bisedi which rigbadise GO RiF $BS

the nodul Srar ey Pt BEOEES BlRon Itk dr b lPC B EHHE i o
Coi | ed- coPresgaim@nremplifisativionpriodgetds met blesdrxed. Anhplifioatidnl Refeactary flistation
|p|0|| ypepti egsigfn RM8H A disd RERLq, MsSiRLBU &, %iutro%e% SELL Applxcaésonor
Publication No. 0332435. Insertions and deletions of genes can also be detected by
cloning, sequencing and amplification. In addition, restriction fragment length
: J polymarphism (RFLP) probes for the gene or surrounding marker genes can be used
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 CCDCY95 mutation found in that individual.

[00152] SSCA detects a band which migrates differentially because the
sequence change causes a difference In single-strand, inframolecular 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



59 [00191] Pref erabl yt hecoi | edcoi | Domai ni s

DGEVDYKKKYRNLKRKLKFLI YEHECFCEEL RKAQRKLLKVSRDKSFLLDRLQYENV DEDSS
roughly corresponding to amno acids 6 to 67 of SEQ ID NO 2 and
honol ogous am no aci d sequences of corresponding SEQ ID NOS: 4 or 6.
Preferably the coiled coil Domain fragment can interact with a R&X
smal | binding protein thereby inhibitiggg cal cium channel activity.
The Coil ed-coil domain may further conprise sub-donains such as NLS
bi ndi ng si I I

YRR el ot Sﬂlsjys T ?!?'Esaé%nﬁﬁé@?hi?ﬁ @PadiEtriie ind Sxagy nature ot

ID NO 2; tBNAeayence VegatioreEHECFQEELRI CAQRKLLKV roughl y

correspondl ng to amno acids 26 to 46 of SEQID NO 2 and Helix Il is

KSFLLDRLOYN58puUghIDGER! dasReNdirdntds HNnigra@bh daterOof %Lﬁént%eq%%%@
NO 2 and honol o %ous am no aci d sequences Of corresFon ing S

NCS: 4 or “BMPRGHI0 Migipesequeires esing? Petrtedna oeaient 9elr oughl y
corresponds to amno acids 6 to 67 of SEQID NO 2 eg:

DGEVDYKKK[(RNIEKRKL Kl’ﬁh.l WeHERNIAEELRGRQRIN L INESRIKS LiabEb @Y RWpiobESthand

honol ogous ment sequences_of correspondi ng SEQ | D NCS:

4 or g Fafi"ﬁle EPe‘t”EEE% @f? ﬁaq?ﬁfseggﬁgﬁmgé&ﬁ%w@éf' gl%%d LS

a RGK Srrahbo;honeleng ahet |RMA ﬁemhysmt@ultfﬂ;tmmbl ibﬂf&té%ﬁfss'ﬁ@éré r@bﬁﬁiseﬂg
ity, ce

pr otein e ecti crum nel
P ob nat SRRl G b et S90S PG, s enpams RNarerb it 6 Shie &y Brlerhg
t he_assoc saﬁxemﬁismétchb@m@ﬂm@;em\l& éimbﬁﬁé | ¥f.a ﬁwﬁmaﬁdl*h&défé@:%WRﬂééeeA

t he )m olo al | bl.e amunt

i nhi bi ti ng é?g%‘@ns‘%f"fttﬂ% my t&ﬁe'ﬁlf"’s %@P“éﬁ%ﬁ'ﬁl‘%a%q R{\{.{\egreggréapo%fs
tr atns tCri pBeiﬁHTateﬂr(ﬁﬂS? r&!éﬁtroﬁh@’@g\ch igely matrli@ﬂﬁh&his%tdhr has been detecteclI a(ijndb

ost-trans sta n.exanpl e of suc ance e
ol senaatlRie LRV iNge 8. ot Riafiosel MITh Csdtingrsts sailer a8 el fenete
_suE_plr) efsesupi$emmnthequoﬁaae%_ t drti?émnmmumng\esrdr& ridoprdbay AdedUioR be the
inhibitio i.ndi n TRy
decrease ﬁﬂ@eﬁﬁaﬂ%ﬁtﬁ%g%ﬁw cﬁnc@ g %98@5.'%35 gifharapf dhe
ggndi d% e ribofiyshe woeprisew loulyea pegivicthe f tag pecbDabb ymBNAf bﬂ@bﬁ,%b,ou';]wiﬁ Beo
t t
oo ous_oEBfRe Tl A2 B8 HBel & &S yoBBR S sGBor I REH FERAShalEHe for

pepti des mismdtcleds. one or nore resi dues have been substituted.
Peptides from panel s of peptides conprising

[00155] in similar fashion, DNA probes can be used to detect mismatches,

through enzymatic or chemical cleavage. Altematively, 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 oligonucleoctide (ASQO) hybridisation can be utilised fo 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 CCDCY5 gene sequence harboring a known mutation, and



60 random sequences or sequences which have been varied consistently
to provide a maxi mally diverse panel of peptides may be used.

[ 00195] Where nodul ating a R&K Smal | binding protein conprises
conpetition for CCDCO95 | ess RG&K Snall binding protein is sequested
to the nucleus affecting changes in cell norphol ogy the nodul at or may
conprise mutated CCDCO5 wherein am no acids are deleted fromthe R&XK
Smal | binding protein. Means of knockﬁﬁh out or knocki ng dowmn R&K

Smal | bi nﬂ}?pg roi ei n_may be used _including si RNA an RNA interference
sequence 53 157 PETTRTBRE Oy Agteqiing thacrrespatq opishasirg o atlebrdigalinn

expr essi ogignal t eFFdl“aTeké{rﬁplBN'%n%pbthnﬁ\Q by Bk Oafsic BP Sucled g2t qgﬁéth
processin bi ndi ngua1 protein’ the |evel of expression

RGK Snal | g‘B’ i Wﬂﬁlﬂgrf%taei)w'%ef REDE9banRNRGES R BRSSHlY EnBopait le@rn
expr essi omonfin ANByTUsAoF ANbafterREf B! Aiehi-glichie %9&@' ﬁcﬁhﬁp[ﬁﬁéﬁﬁ{ S

RG&K Smal | bi nding protein's expression or |ourney
[ 00196] SuPtogHFE arhﬁ pseaned fnd @dﬁ&fetgeaarwnpﬁefa@éewsmdawpﬁ@mu@w

(for exanpl @ 06 I
ant i bodi es, gh(lmrrmér [ %@gﬁéfl ffgg’.‘de?%ﬁﬁ’ﬁ d?%%le%?% I?(g ‘logﬁts |“§th%ﬁ I&?Nhl c c:gasr e

speci fic PeRUeREsCosN hehgeterveds fwsmmm@mm awion fitigr.t Héybvdrsetlon to a
conbi nat opagitulbt BoBé ufder &%@ﬁyﬁ%aﬂ@@ﬁéﬂﬁzdﬁs%:bﬁ%&h e;fré{)b‘ﬁae of the

chem cal entities, oligonucleotides, and natural pro ries

may be scPUBREWETHN faéﬁq tigstig with C#'Sé'gmeﬁf?&l%sraﬁ" @@ﬂ)@%ﬂé@ﬂ iaglivity asTmihe
candi dat eagdispeFSSop®Y be used in an initial screen in batches of,
for "‘exarrpl e 10 substances per reactlon and t he substances of those

bat ¢hes how, i n ition sted individual ly. Candi date
cubst ancel IRFE e Hbardter i Eh& Sieve majhoussCEDRE enea aRd qauiews duereof
descri bedmagl h:a/\ﬁetaatetlhﬁhd)enri\@ﬁﬁ@ﬁi ipfobshebendi®dy. FHEheiBhes HENUSR to

[ dtothe nh|b|tor andtestedfor

mammal i an &gl I which wl| e%Pqﬁs&e

effects ofced NGr¥FrINCecebdss seiuznees, Sty opaMRiend 1spEReni for
assay for swaﬂ:eptbllftyltngdlsmtbsisam&isdttbaRGm Behall ik Protetv ategaRirity), the
contactin B epti de on a

conport oPelteRato B BRALES, st T nloBo of Berinh caa Bealed %@es'red
whet her atedéxiract ﬂwema:tielemmst THi‘E? s6iapROSudENt Mpidphiad Geqstdparat th dakisus
subst ance gach .ot h er.nat veI t he candi date subst.ance
may be i rrrn%%quo %l"‘g ndd?ﬁg %’CBE:@ Wtéﬁ'ﬁ em?rﬂ’i%’?ﬂ?g"frf’ 'cg‘edesma)‘io

digestion, electrophoresis or dot btott:ng 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
varicus techniques known in the art.

[0C159] 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 prabes that is used to bind to the
sample can be made completely complementary to the targeted region of the human
chromosomal location for CCDC95. 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



[00198]In a preferred assay nmethod, the CCDCO5 pol ypeptide is

| mobi |i sed on beads such as agarose beads. Typically this is

achi eved by expressing the conponent as a GST-fusion protein in
bacteria, yeast or higher eukaryotic cell lines and purifying the
GST-fusion protein fromcrude cell extracts using gl utathi oneagarose
beads. As a control, binding of the capdi date substance, which is not
a GSTfusion protein, to the imobilised CCDC95 pol ypeptide is

det er m negeperstife, 3BSENERNGH bh& QSH;QQI %@%&ér@% Jﬁaecatcgﬂt@gmf ']tf’]fen

t he candi date substance to the I mobi [ 1 sed

det er ni nelPTMARYde t‘g"ﬁ@’é’?”@@ﬁ‘}“mgaﬂwei fﬁ”ﬂ#@n:ﬂfﬂ’lw@r QTC&WW@ISI siiin
assay. Agakny S S
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i Nt er act i Pigrlgie @t:igimgbe mable of specifically binding CCDC25, The small ligand is then
detected. In one example, the small ligand attached to the nucleic acid probe might
be specifically recognized by an antibody-enzyme conjugate. For example,
digoxigenin may be attached to the nucleic acid probe. Hybridisation is then detected
- 3 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 CCDCS5. Thus, in one example to detect the presence of
CCDCYS5 in a cell sample, more than one probe complementary to CCDC85 is
eraployed 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



Whol e cel | assays [00203] Candi dat e substances may al so be tested on
whol e cells for their effect on cell norphology and differentiation.
Preferably the candi date substances have been identified by the
above-described in vitro nethods. Alternatively, rapid throughput
screens for substances capable of inhibiting or enhanci ng nucl ear

| ocal i sation of RGK Small binding protgin, may be used as a
prelimnary screen and then used in the in vitro assay descri bed
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function. 9¢ ect differendes in, or the absence o DC85proteins 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 anfigen may indicate a CCDC95 mutation, expression or
prostranslation deficiency. Antibodies specific for products of mutant alleles could
also be used to detect mutant CCDC5 gene product. Such immunological assays
can be done in any convenient format known in the art. These include Western blots,
J immunochistochemical 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

CCDCY5 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 Westemn or immunoblots of poiyactylamide gels. In another preferred
embodiment, antibodies will detect CCDCO5 proteins in paraffin or frozen tissue
sections, using immunocytochemical technigues.



63 at least 20, 30 or 40%relative to the extent of cell

nor phol ogi cal activity seen in the presence of CCDC95 and absence of
t he candi date substance. By contrast, a candi date substance is
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which are capable of specifically binding to the CCDC95 polypeptides and fragments
thereof or to polynucleotide sequences from the CCDCO5 region, particularly from the

CCDCO5 gene sequence or a portion thereof. Such antibodies thus include for
example, but are not limited to polyclonal, monoclonal, chimeric, single chain, Fab
fragments, and an Fab expression library. Production of antibodies specific for
CCDCB85 polypeptides or fragments thereof is described below.

[00170C] 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
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intact antibody molecules is preferred herein.



[ 00218] Thus, one may design drugs that have, e.g., inproved CCDC95
pol ypeptide activity or stability or which act as inhibitors,

agoni sts, antagonists, etc. of RGK small binding proteins polypeptide
activity. By virtue of the availability of cloned CCDC95 sequences,
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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,



The nyogenic protein can be adm nistered directly to the stemcells
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such ?s Iefﬂ!,tbémomah" M%Hpﬁ%nné@@ﬂdﬁ”ﬂ@n@kﬁﬂi )«{r\ﬂﬁdcﬁé@fl(ﬁlﬁsw séé‘%{so U.s.
i nvention c X ol ypeptide_ o e lLnventio
Q her vir c r er

TR ASe i BB et fdlon k8ot o BioTho sty
Vi rus vectmm,sqwam]age;mm@egm ntroducing DNA into cells such as
el ectroporation, calcium

[06178] In an additional embodiment of the invention, monocional antibodies can
be produced in germ-free animals utilizing recent technology (PCT/USS0/02545).
According to the invention, human antibodies may be used and can be obtained by

) using human hybridomas [Cofe ef al, Proc. Natl. Acad. Sci. LUSA, 80:2028-2030
(1983)] or by transforming human B cells with EBV virus /n vifro (Cole ef al., 1985,
supra). In fact, according to the invention, techniques developed for the production of
"chimeric antibodies” [Morrison ef al., J. Bacteriol., 158-870 (1984); Neuberger et al.,
Nature, 312:604-608 (1984); Takeda ef 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 antibedies 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.



phosphate co-precipitation and viral transduction are known in the
art, and the choice of nethod is wthin the conpetence of the person
skilled in the art. A further gene transfer technique that has been
approved by the FDA is the transfer of plasnmd DNA in |iposones.

Sui tabl e |iposonme conpositions include LipofectinTM 68 [00225]Cells
transformed with the wld-type CCDC95 jgene can be used as nodel
systens to study nyoblast differentiation and drug treatnents that

pronote s obl (Eferentiation.. Simlar jcient in
P OToLS SISO Akl 6 REAAAR I kAR T BRI o
abl e to otiegleciein ardiboding KIS Glatert 484611783 tanlbé fadapat taprodnce CCDCY5

[ 00226] As all ' 4SS e ove,.. the C(ﬁéﬁ ene, ar_.fra nt.,

wher e appflglggﬁi@% fégghﬁgé’@?b?cg%@d\éﬁﬂtf%@%sé t r%@'oﬁ@t ﬁgl?sod‘“ﬂemgrcge}het o]
i ncrease inwentimpuiiizesfthe echeiques skeisonibedr fod thé sonétristioh of Fiabsexpnession
target cell,Sq t her; [ i ropriate,for use
o gl 1 o, Mrarie HIs B Sy, SR, cABR3E5 1o ) SRt TR SR By Bh 45
di m ni shedeotifivptieredf mongalonahFals Fhgrmentstwithetiie dbsicedoupevieifwibr 2w CCDCY5

I ncrease I i gn _of a given CCDC95 gene even in those
cells in &E?%ﬁ%ﬁ%ﬂﬁ,eor%@g&ggﬁeor{égaF&;B.r essed at a "normal " |evel, but

the gene product is not fully functional. [00227] Gene therapy woul d
be carri etf0d88 accéniberty fragmpsiewhichycontaireiheddiolvee b the artibbily motaspiea

tient' Wt | ' | L ed
bove. t o aeere aery Bl (ARt F U bR SR Tl IR Rt b
cel}s. A 0etrlimitegriopihadiiahlzfegment whish chnrbermredunedaiv pepsial diggstion of the
cofit ai ni ngntﬁm@?ﬂ'}fi%l%ulé;h%e% S 'wm%g%?&goﬁ‘i@g{%&gt;e@fgy ‘f?cisﬂcﬁr@ the

el ements and capabl e of replicating 1Insi
pr epar ed. disHfigargagef dhe Rk iTaoments and the Hal dragswits whighScaPaie

No. 5, 252gﬁ&aﬁﬂ@y?@tirﬁmbiaﬁnﬁ6ﬁﬁabbﬁ yﬁtﬂ{baggp%&ﬁ%Z%tgﬁgnilggenYeCt or

is then injected into e patie elt 0 e of the

di sor der qp as tﬁ}e heart. |f the transfected gene is not
per manent w Heor pbt Hecorvtign of @ntferrlishe ssrecaiigobhe drsired agilbedy can
cel |'s, t hie taceahpishid oy tebBigudsO kikswi @P&® afl, BYS, Rdididhuloassay, ELISA
[ 00228] Ge{%%zt ra?Sf% systens k ovvg in the art may be useful in the
practice YREIRK th'é‘?"é‘ﬁ}?sf’r&eﬁ ds BF¥he predEHCH nyerfBNCasIREe
i ncl ude vimmalnaatiometi¢iasahys] ganEfion BrebiglA redstBHS HRMBbIHLSIS 8Ssdyay e
been usedmag‘.t‘?eﬂrg}?n transfer, vect Or:?gj&énck&;d' Igg, apovayl ruses, % I% ,
sva0, adelodtd JEMUNRERENF LU5iP  colloldal apid; s 8 'Gijsotope. labels, for
her pesvi r esasplé)) cWesdterrg by aredipitBNon assktibas! augiuthsrisn oésslayfs ﬁ(ﬁ.g., gel
murine, a n origin. [Mst map gene thera rotoc ave been
based on %ﬁ%@@%@%n maﬁ%yﬁ'e '?eé?aig&ﬁ}f spa@cgg_assayg, ebnipBment fixation *&issays,
; immunofluorescence assays, protein A assays, and immunoelectrophoresis assays,
efc. 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 fo 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 CCDCO5 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 CCDCI5 polypeptide from a particular species of animal,
one can select on the basis of positive binding with CCDC95 polypeptide expressed
by or isolated from cells of that species of animal.

o



69 exanple mcroinjection; menbrane fusion-nediated transfer via

| i posonmes; and direct DNA uptake and receptor-nedi ated DNA transfer.
Viral -nedi at ed gene transfer can be conbined with direct in vivo gene
transfer using |iposone delivery, allowing one to direct the viral
vectors to the cells and not into the surrounding cells.
Alternatively, the retroviral vector pgpoducer cell line can be
injected into affected tissue. [00230]1n an approach whi ch conbi nes

bi ol ogi caljp@rag] th_Sf'\r?aslxe%Ié@{ tarBBSd\e mdiE IRRAS ak! a%ﬁﬁgggpméu Qrffabﬁi{%nﬁ-

size is conbined with a pal si ne-‘conj'ugated antib specific to
t he adenoVPEPige WX%NVBIE%E?%B/%?\@F'QOH% resulting conplex is bound to

an adenovi rus vecjtor. The tri nol epul ar cprr_pl ex i_s then used to infect
cel | s. Theotb3povi Mk iesiomg BALNOdIEE &f bei @Ry Ri REiHeEs known in the art

internalizatjon nd degradation of t endosone before the coupl ed

DA | 5 dafREl o B B Rt Ep ASSo RO aRER. s Wesm
capabl e obigniid, ahaditg AODEYS dolypébide BND, hEadFhE leveWinkreof th SipReatd
| i posone pﬁegqa}r ations the %ene transfer process is nonspecific,

| ocal i zed PI'H™ PQ'Sa’Lf‘ﬁf'%-ﬁ d expressi on have been reported in tunour
deposits, for exanple, following direct in situ adm nistration.

[ 00232] Cefed184hnsT dn 4 epheificwashddiméntt anirididaNArddidepsibpad b9 afrteried

e compr B e RS pr it bR RGP RN bk et
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I rect esired _.an re cted to the t et .
tissue \{hgrgéﬁbretgcgﬁt Sg%gﬁ{‘ﬁij ng AndTRt évﬂmsz&ﬁohe@?mf% ﬂQIAé%go‘t'sé'?%
conpl ex oceamodimifie apdarsediire Ftdundp adjuhmmoﬁminumlzagetgﬂiasl eu;I ot tte pedpacn
f DNA, i Afl| i_t h i be i t i .
endosone. fHRnEdr® bkt BRI el PapoBe RSy i PBlvesptits,
al so be séfipatikly, oreetdrs usd anlyanerapbficoloemding fo GERCSE thel fygioptprateinor
th | i Sk i t] . I .
e r bausedne bresSed BREGh iy b ARGl il b G RE B LA s g ot o

exanpl e. Krausdaatjuvemty, sone active nol ecul es may be

[00185] In yet another embodiment, recombinant CCDCO5 polypeptide is used
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 monocional 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 CCDC85 polypeptides ({reference to which includes

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



taken up by cells, actively or by diffusion. Extracellular
application of the CCDCO95 gene product may be sufficient to affect
cal ci um channel activity. Supply of nolecules 70 wth CCDC95
activity should lead to partial reversal of the effects of an

i ntercellular calciuminbal ance. Qther nolecules with CCDC95 activity
(for exanple, peptides, drugs or organig conmpounds) may also be used
to effect such a reversal. Mdified pol'ypeptides having substantially
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nyobl ast differentiation, then the test substance is a candidate

t her apeut icaE@hb sfuggtatnggstreat ment of the disorders related to

cardi onyocyte def|C|ency I dentified herein. These ani mal nodel s

provi de ari 8 iemal ortant testing vehicle for potential
t her apeut it ﬁa duct Eﬁ"&ﬁetﬂaf cMesWREEN K otpal binding tRfeteing AsEdty.

of .the i n\ceﬁtzérﬂr@h@@rﬁhﬂ!o?%%b@e!ﬁ:wm@bﬁlﬁaﬁd?f aFod b Al HYaRFieeBON beween
bi ndi ng pr 85 roIel n rméants or, peptide fragnents thereof.
[oozsnExé%cﬁ}? o BP* B ANSREBromal bindRy Satgin ey e 69 ippeverglorasyelt
gated cal maymueéhﬂpnﬁém;ﬁt&yie GREg 62CEERO8%0 PRUK IRal 'bﬁﬂim%ﬁér%telrggw fd
coil like doma C(%D%Q(E%gr variants thereaqf; fusion Sequenc

conpri si n§* @5‘? Hr@&ﬂ 0| W AEH maskingnElisiog ﬂiﬁa?ﬂea?ft‘@tef%@é@ﬁth ee
conpounds ctiesr @em@gnmsmmme ViliBstaHces Bﬁﬁhmée binBdi Behvahizh be
nmay conpri or%\@rl ant s the

C(I?DCQ | ncr easi
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the RGK snmwdd tdsteujlfngemro;ﬁielsﬁ d wholecallesfiySad deddibedbeldICEXEMNEs of
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epi | epsy, neurodegeneration, hypertension and cardi ac di sorders
i ncl udi ng [@YEG oy ok pribstande whiehegn bind directly to CCDC85 may alse 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-functional homologues of CCDC95 may
also be tested for inhibition of CCDCO5 activity since they may compete with CCDC5
for binding to a RGK smali binding protein. Such non-functional homologues may
include naturally occurring CCDCY95 mutants and modified CCDCO5 sequences or
fragments thereof. [n particular, fragments of CCDC95 which comprise one or more
of the Coiled-coil domain, NLS binding site Helix I, Il or Il or other functional domains
that may be used to compete with full length CCDCg5.

[00190] Where moedulating a RGK small binding protein comprises inhibiting or
reducing the RGK small binding protein concentration the modulator may comprise
CCDCY5 or peptide fragments such as a Coiled-coil domain, NLS binding site Helix 1,

It or Il or a fusion polypeptide of Coiled-coil domain, NL.S binding site or Helix 1, Il or
It



71 are deleted fromthe CCDCO95 protein, antibodies of CCDCO5 as

descri bed above. The conpounds for agonistic activity of a Coiled
coil like domain may conprise a conpound that reduces the |evel of
expressi on of CCDCI5 including both nRNA expression and protein
expression; or the sub-cellular l|ocalisation of R& small binding
protein to the cytosol. Interfering wiggh the binding of CCDCO5 to RXK
snmal | binding protein or down regulating CCDC95 expression by smal

interferi F@ 1GNA or droreplpy, al tergative v(){g ?d ncl udj ag tho mant | one%
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may be ade@mespeediog SER i N@8t4bnfecti on. The conposition may be
formul ated for parenteral, intramuscular, intravenous, subcutaneous,

I nt raocul popsegyr al I
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pol ypepti onents (or antisense constructs)
t her apeut ED%%EOW%"QQ% ABieeacid Bagrpend; seéléﬁmq&sag ceRAREWingUSEQi 1D

aci d consNOEH. orl BePrém’:ébtlthé ft%ne&eaﬁbaﬁf‘auﬁ k@@a‘ﬁbﬁtgcaﬁﬁﬁﬁ@ﬁ&eﬁ h a RGK
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| [00193] Altematively, instead of preventing the association of the components
m) directly, the substance may alter the biclogically available amount of CCDCO5. This
may be by inhibiting expression of the component, for example at the level of
transcription, transcript stability, translation or post-transiational 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 CCDCY95 binding to a RGK Small binding protein may
decrease the amount of available CCDC95 in a cell.

[00184] 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



froml pg to 10 ng, preferably from100 jig to 1 ng. It is
particularly preferred to use pol ynucl eotides/ vectors that target
specific cells, for exanple by virtue of suitable regulatory
constructs or by the use of targeted viral vectors. [00242] Upt ake of
naked nucl ei ¢ add constructs by mammualian cells is enhanced by
several known transfection techniques gpr exanple those including the
use of transfection agents. Exanple of these agents I ncl ude cationic
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PO | Lmemamie e o sagse ot R SEAC IR SR rvin

nucl ei ¢ adi@d YeIee a'é"’rléf Pr%%'ééswaﬁfrﬁ)etlﬁ@dt ransfection agent to
produce a conposition. [00243] Preferably the polynucleotide or vector
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epi r)epsy, 9 eneratr n ﬁ ertension, cardiac disorders g

di abet es. SF'b?gsz’%‘ie IqiniBe Aveholemprasian ¢f RCK Smafebinging atatein lrm;dmge
del i ver Sd bath rrJENF\I mﬁesdiloh%@fﬁ:cp?otlérg &B@s&bﬁ%ﬁ%ﬁt&tﬁtr&ﬁ@ﬁ@ﬁ %n{a‘ﬂ%cﬁr%d
prepared in 0 0 In a polymer delivery systemor ‘as
nucl ei c aE’F’ég rﬁ‘ Le‘%&ﬁ% ﬁ%ﬁ‘{l Srealk @F@'r@arﬁ‘&ﬁ?@ SoPXRIRPHIQE S niguirey  nithifo
aci d conposimibrame. [ 00246] General |y, in humans, oral or topical

adm ni stration of the conpositions is the preferred route, being the

oot cor W UEL LRSS oAl N SRR ERBubeCh?
adni ni st rgmranle rvaodongl aned/ pblycladali antibbdieed sipglee diiz alntiodies, Ghimeric
3g|b! {/Q?Sa%rat?bogfestﬁé‘ﬁ%ﬁ@rdafggir%géédr%se)p.?l; %}Lé Lsgﬂ%lcﬁ'glf@(é&)g tFO%CEBCQS
absor bed XﬂW@ng@Fth Furthermeeat combindtodalt libmriag)epeptide and peptide
mimetics, defined chemical entities, oligonucleotides, and natural product libraries
may be screened for activity as regulators of CCDCS5 activity. The candidate
substances may be used in an initial screen in batches of, for example 10 substances
J per reaction, and the substances of those batches which show inhibition tested
individually. Candidate substances which show activity in in vifro 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

[060197] One type of assay for identifying substances that bind to CCDC95
involves contacting a CCDCY5 polypeptide, which is immobilised on a solid support,
with a non-immobilised candidate substance determining whether and/or to what
extent the CCDCO5 polypeptide and candidate substance bind to each other.
Alternatively, the candidate substance may be immobilised and the CCDCS5
polypeptide non-immobilised.



73 they are delivered sublingually or buccally. The efficiency can be
i ncreased where the peptides are placed in a scaffold that can help
mai ntai n the peptide structure and hence activity. The conpositions
of the invention will normally be adm nistered intravenously, or by
any parenteral route, in the formof a pharnmaceutical conposition
conprising the active ingredient, optiggnally in the formof a
non-toxi c organic, or inorganic, acid, or base, addition salt, in a
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seal ed anmbma@l@bmh&h@ine@éﬁéeﬂ&:ﬁnb@néﬁt@rEd in a freeze-dried
(l'yophilised) condition requiring only the addition of the sterile

740 o0 gL, o BRI e Mcion PmleRlife I B raneibenronte ey Yo
pr epar ed ¢3f©miB$CéleIaeV®mMef metigrdsnuélekncavrdint tiel &it.s .Fof %Qﬂﬁ\@lb‘,l’lﬂm non-
corm)OSI Ul iiRoBiR% 4 AonthoREnt ﬁ%pso%efabgﬁedl %(Nl’ﬁlldp or ne'xgltn%[e?% radiaciy [Q%efe an
) epifope tag or an enzyme-antbody conjugate). Alternatively, binding may be
determined by immunological detection technigues. 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 vifro assay involves determining whether a candidate
substance modulates binding of a protein known to interact with CCDC5, 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.



by the use of a skin patch. In one enbodi nent preferably the
conposition may be adm nistered transdermally. Transder nmal

adm ni stration may be via nenbranes, patches or sheets placed on the
patient's skin. The nenbranes may be designed for slow rel ease
application of the conposition, which may include adm xtures. The
menbranes may al so be designed to hav he advant age of a
substantially water free conposition. e preparation of suitable
menbr ane qmﬁa@&k“%gggwynder sterile conditions is readily
acconpl i shed by standard transdermal techni ques well-known to those

skilled i art 0251] 1. n one enbodi nent the conposition
conpri ses Tg&#’%ﬂ mul apé‘\? cé%%@ﬁ%\‘:%@ﬁ!sﬂﬁo b fgs{askgn whola cplis foe their dffest

conposi t i @scell mbippology ekl dmer@%t@hsolv#é?eréﬂg‘tﬂé %Eﬁézﬁ&e %Ef%ﬂ?ésahé\ye
or by inh Iatlg q\na are conveniently delive

powder in QF%r’ gotied Bwrthe opb Qsragpeiiiass dhtdre anethedm aAijemaB\teiy,sealbld
cont ai ner thrpudfbut Sﬁeﬁhsoforn%&drﬁgé daBlet 3¢ HS mR fcfrug h%@ﬂ?a r%xclear

propel | an& E % hl or odi f | uor onet hane, tri ch
di chl or ot &5°434 BBPB R&Wﬁﬁ’é‘ bindiRadpretaim dnan bk ased ssleharaismmary screen and

1,1, 1, 2- t @ienlbad P e oirh Hishad 3A30d 3

hept af | uor%ne (HFA 227EA3) car t’)on ébom ggc%}fﬁn&tﬁstr thseuﬁﬁ%%l 'g on
gas. int of a pressurised aerosol, the dosage unit may be
determ ned by providing a valve to deliver a netered anount. The

pressuri sE20dant ai Mae captitite SPERAYCE!. enﬁ{éut'e*sﬁﬁfmﬂﬁ&}ﬁd Cﬁﬂg%b’}adﬁ-umstered
sol-ution gr SU}ﬁenm on of th active co osition

mi xture of° SErERd SeYRie RS c?ﬁ&xf‘%?ﬂ Mhee §6¢%er°ﬂb\m éh@ FRtlyculture
addi t i onahleyiuzont mijette hwomecmt Almhvél‘?r i thatabé iof bS@b@pﬂd@%Hidﬁﬁe

and cartr or e m.gel atin) for uSe In
i nhal er or&%? QF%EB@FOQB[ E%%F%ﬁegt"é‘g’ 2 duelsist agih Canﬁﬂwﬁéﬁhi% girests a
I(:0er05| t i exprossidrheofi gn\egpgiy?ptﬂ@dfna tlse,lld defibl @\Xd@@ﬂw RS exsidsdloRSof the
actose o ero or powder conpositions are
pr ef er abl °I§¢%ﬁgésd‘[‘ actoné'g@‘ﬁ %{&9%‘?%'%&@‘3@ "puff contains at
of

| east 1 a conposition of the invention for delivery to the
patient. 2051 | bévripPlye eh assdy tihaletarmineother éffdct dfial yardinkee wlbdtamoe

R gl o onuteat by (e Tiabd B \iné nfilibfitn, REE TR, BReBRoRBIGH ey "
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admi ni st efhrd su@été’tjqdey a Félgcﬁb}(y Shals Bmdiﬂé?ﬁﬁ%t&}ﬁ b&cenﬁatﬁ]o r?ﬁgsut{mp%%r

tabl ets, capsules, ovu I XIrs, i ons or suspe
may contapﬁ ﬁPHVburlng or colourlng agents, for imedi ate-, del ayed-
ornéontrolled rel ease applications, The preparation of suitable or al

conposi titmaoslnder Thé ebhdehtrafiidof tAddts siBadhcas @&Q(Wiﬁltk {Eh!rilg J;‘%’ sug
st andard @S%gg.ﬁ? t| cal, techni ques well-known to those s

art. The RECRSFatipR L TnEicahs isejmilarde that dasasibad gbeyeker thean it
intracaveasssgs. i njection. Alternatively, the conpositions of the
i nvention can be admnistered in the formof a suppository or

pessary. Siti n b iste t he ocul ar. route,
For ophth EE@ useR‘ FE‘? #p P’t'"? W&'?e t?%ggﬁpq»t@ppeclg@da@mstered fo
f or mul at eegell mgeti“@nw&tbmrsﬂemmm | Bints CODTIB, hd@l‘th@dffél&to@@nhancmg

2 ust oo ABF aclizagBh St RO ot BireliBintoleBiiBe by iiibiga sétoronologica

preser vat ¢haegemcms;a$ta1cb&haty haxbk@ momgmin@yls@a/e tAl nﬁuﬁé@%éllvﬁb|¥hobbﬁﬁl
may be fOé'HEH%Q% %}lth@}ﬁ an OIF rrE Betrol atum_[0025

i nvention”may fu gt Peleme "?Sﬁsoﬁ QR fmge&eq{plfpg;hq{gregu%ﬁw theon
expect ed substemce sefylle dnodctivatepsi QQDEoFRgREGErs related to RK snal |

bi ndi ng protein, the nethod conprising the steps of: treating a cell

over pr Od%bf&]chCRScéMdH%tea sbggtgngeoﬁgp?sﬁlééligndons re%s%e%SI A i;[“lt[?igitor of

CCDC85 function if cell morphological activity is increased by at least 10%, preferably



provi di ng, synthesising, purifying and/or fornulating a conposition
sel ected using conputer nodelling, as known by those in the art; and
of assessing whether the conposition nodul ates the activity of R&X
smal | binding protein. The conposition may be fornul ated for
pharmaceutical use, for exanple for use in in vivo trials in aninmals
or humans. [00256] The routes of admlﬂigration and dosages descri bed
are intended only as a guide since a sKilled practitioner wll be

able to d o I e of mnistratjion a

dosage for%i géna)gl %grszlﬂda/y élg&?’l entthglé?eegﬁftdfea'l 'Bﬂrpg‘)'%'c?loﬁﬁﬁtﬂ sﬁe@rﬂ‘ the
cel | s and PErsence af CGRESS randaahaamnceam the oamdidatd stiedandet hByh@,n@QQC%S
pr ot ein. t.h .and hear scl e

Ki r/ Gem bl %H(E's ske| e? esis % OF?@?'@ﬁttf’aﬁel?fha?tWa{ﬂrtg? QCDﬁ%sf“”‘ﬁtﬁB if

t \r/]vo pr (Izt lepﬂ% mondotiigical ecttvcby fsdfudinerdietfeased by at icast va ]gprEe@abl y &tadd¥e Do,

t han ske S r ifferentiation in
vitro. w@?’ % %Iia%“’g?tg %B‘%&ég"?c?%' %F QPWWE’%@??;‘H%Y gegmindhe gragseRceokd
by varyi ngqq@mﬁhssnm‘omlmdsﬁ{ﬁﬁ;ml | binding protein
protein in favolr of heat cell differentiation. V\here it is

f er abl bt ai . d b h
P rount & of B Pos Thys BB A w0 kel BRC Iy SoBtning coumpdtin)
cel | diff By &srpdbe &CD(msmlmpﬂaepr ﬁmaur@mﬁhé@t&ﬁofﬁwanbwa\van@t\k of

[ 00258] Fugk ederdepfgUHe gt he present invention are nore fully
desgribed in the ?Hg Ieﬁwl% non- limting Exanples. It is to be

unde?rstooﬂ:i H that this detailed description is included
sol ely fobP%Adl pur B-B@ Clde9e rehpepliida ay regmept eseloyed riventh entest may

shoul d nogithee berfey Bt DRBoh,NafMBE 5Y s@S ﬁx Sﬁtéﬂ i:& gggo{@én gQEé’a%ne

descripti on of, the invention as set out ove tho
mol ecul ar eI grag ?ﬁ'i%ﬁimgo@fi}’z%ﬁuwt@mpmm @msmﬁaﬂewh@h@rm@hably

expl i ci t | yaseatddbadin m édiﬁbﬁ&’qt' WivRgc | epy t
SRt PAGISHRER ShoRLang CBY IflpeBiddCor

literaturg_and ,are_.known

that  descl PBeNte BIEIEADY ] dﬂé%"’r?&F’%‘&P'&?'"Bﬁﬁﬁam Swicle rcstls, caithgy in viable or

recombi nafted3bitn,toan el GEe Sorwtdridaf bih@ng EbééysOfOrIehﬁayaﬁl%aser%Hgfa%pié or

exanpl e: 918 POk et %t Iec | ar Cl onin A Laborat or nua

Second Edi ? Shionagap S0 S0 %/P@V%%E%’de@éﬁfég'gﬁﬂﬁ a1l the

Har bor , hl\bmn‘t’d:leihg( #362) ,or@x@\m’ie b de@%\é\ t@' @Hibﬂ&he%r'ﬁﬁa%h'cﬁaé gomplex
Appr oac

I ord, UK 985): and
Ausubel , lﬁe\{& %%E‘ED@QP?%V%‘Q@%W f"ﬁg’lﬁe”t ‘be‘? 5“0‘@ mands&m ed BV'tbbY
Sm th, J the agBbirhdmg tetedCurr ent protocol s in nol ecul ar bi ol ogy
Greene Publ i shing Associ ates/ Wl ey Intersciences, New York.

,) [00211] Thus, the present invention provides methods of screening for drugs
comprising contacting such an agent with a CCDCa5 polypeptide or fragment thereof
and assaying (i) for the presence of a complex between the agent and the CCDC85
polypeptide or fragment, or (ji) for the presence of a complex between the CCDCS5
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
proteinprotein complex, and the amount of free (i.e., uncomplexed) label is a

measure of the binding of the agent being tested to CCDCY5 or its interference with
CCDCY5;ligand binding, respectively.

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



[ 00260] CCDCO5 is a novel nuscle specific protein that associates with
Kir/ Gem and under certain circunstances participates in nuclear
transport of the GIP-binding protein. The interaction w th CCDC95

i nvol ves positively charged am no acids in the Cterm nal extension
of Kir/Gem |soloation of novel proteins interfering with R&XK
proteins 77 [00261] To identify new regul ators or effectors of
Kir/Gem a yeast two-hybrid (Y2H) screen was perforned using a M N6

lib 8 rdesscrigdd in 2@ [

Lo st b g S ke B9 U
(coi | ed- c%# ‘3 § égni@?‘hl Riefysytated, @"Q%’\V&Wb% difierart atmatl peptdens
as only ptest ebmpﬁmdsf ard HAtHeede6 bl @Qol@%sf}atev"ggﬁﬁé %Ia@h@@n% or some

conserved Iromflles manmal s (Fig

t wo- hybr i §VEESHERCSf The @BRWEI fast &pwwm arﬁugactmmm@wogammepm

ful | 1 engahd elaskéd. /5oery &xhEds p § {
al ., 2001 Nat re. 411 701.6). s%@%egggée sgﬁr?gﬁg"ﬁ?egf %‘lﬂsﬁoﬁgﬁ h

nouse, ra{ human all owed us to identify the initiation Mt for
CCDCY95, which conforns to a Kozak consensus sequence (Kozak, 1987

Nucl ei ¢ A[I0243Res. %Efﬁﬂiﬁ:ﬁ@s cmaoata%u@w ShidS platdk fc?r &eadthe

69alact wer. e |to a at their N-term nus
previ ousl| yi%(tgﬁ?&}?gad (dg’é%ﬁ?r fAedpg éggm‘qé’@%”gwe‘@é'l §nt§@diesltgghgg@ypgm)de
Fusi on pr cérebassébtoveeturé&Satiuaksth ifiebbiite iHRITTLECSS p @l?p

gener at ed RS described (Mahal akshm et al., 2007 Traf 8: 1150 63).

5 Protern |ocalisation [ 00263] Nort hern bl ot anal ysis was
performed under standard stringency
[00214] This invention also contemplates the use of competitive drug screening

assays in which antibodies capable of specifically binding the CCDCO5 polypeptide
compete with a test compound for binding to the CCDCY5 polypeptide or fragments
thereof. In this manner, the antibodies can be used fo detect the presence of any
peptide that shares one or more antigenic determinants of the CCDC85 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
CCDCY5 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 CCDCY5 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.

[00218] The goal of rational drug design is fo produce structural analogs of
biologically 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 appreach, 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,



hybri di zati on and washi ng condition using the human CCDCO5 cDNA as a
probe. Northern blot analysis reveal ed that CCDCO5 is w dely
expressed in all tissues analyzed (Fig. 2A). However, staining of a
tissue array with two affinity-purified antibodies rai sed agai nst

di fferent epitopes suggested that CCDCO5 expression is nostly in
snooth nmuscle and heart (Fig. 1 C andg®, and Figure 8 a), expression
was al so observed in enbryoskel etal nuscle. The ubi quitous expression

of CCDCO5usERAHdIeREs® eghrilgl mer §irh@t9:té of e dﬁﬁ@&qeegﬁg%és G&y

nuscl e cel Ié i n nost tissues, for exanple as part vas uI ature.

[ 00264] EntiSgeigReseEpr e %%‘é’ﬁ{ﬂ%fjfalaqfﬁfdc’@?l{%@teﬁﬁ Hd exapia ofratiangbdrug
af f i ni ty- gesigr iscthe ablaiid (frﬁéﬁt' ofPIV bRfeds@ mEIERSRPSRALAA! %&Rﬂgs 3& @

y agai nst GST fusion proteln contal ni

t
ami no acl é&%@ﬁ Po?x%ﬁéﬁde)mégﬁh%ﬂstw@ﬁ Alainevassns dy s @@hmgumgaraammo
rabbi t aném@@éh’dt(e'\@h@élﬁd‘e%hw A@t afd its el on {h%fﬂe'pgde @a&t&ﬁg ! Btermiréy.

[ 00265] Cel | s re fixed with 7A)paraforma tvmce W't h
PBS, quent®dt Wil %ﬂwm@d%dofpmwamldq z&‘e@na}we}d o Heis Tgnnen to

X-100. Celidtsmyigs g,et,n,ggng,,ﬂqg@@ﬁse&th@ king solution (PBS containing
0.1% Triton X-100, O0.1% bovi ne ser um a umin (BSA) and 250 mM NaCl)

for 30 Eﬁll g by i ncubaqtll on with various primary antibodies

(see abgc@? bl ott ¥ PO BRI P fssHate 1 t@&@@é”ﬁﬁ%ﬁ“ff\%““@@@@ﬂe%é
donkey anfunetfcembbagsalyg&nd ﬂw@mléma@sae%ﬁa&% Lﬁ:bﬂ{r%ykf 'tﬁi§)ap%Ft§bch
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ID), a protein present in the Z-bands and involved in the regul ation
of muscl dO8&Hr act Tas. (@ﬁrﬁeayetdeafgn digs4dhat Thwec @loc ahpmatd 0BCDCI5
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aVHC and m@wngtwmrom%mg deshiniauesr st alave ERapl dn a;ctdut@n to 20G8) .
CCDCO5 exgpyfafigRipnys al so induced in fibroblasts follow ng
over expression of nyoD, a transcription factor known to activate
ot her nusgle specific genes in this system(Qn et al., 2007). MyoD
and ot hersﬁm-r#p‘ﬁg?ﬁ SPSvenbers bind to E-box el enents in the pronoter
regi ons of regul at ed genes and several E-boxes are present upstream
of the cddd2mplr egi One ?Spedteafméng@nermidesl@ midiuts 6ﬂﬁ\©8ul‘dﬁﬁd a RGat
CCDC95 e Lon i irectl u nt eresti ngl
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| ocations. These include a colocalization with troponin T in
striations of nuscle fibers and actin filanments (data not shown).
Thus, CCDC95 may be a novel regul atory conponent of the contractile
system of nuscle and/or the actin cytoskel eton. [00267] The nuscl e
specific expression of CDCCO5 and its renuintion during myogenesis
led to the discovery of a novel functigp for Kir/Gemin nuscle

devel opnment. Al t hough OCDC95 interacts wWith other R&K protein famly
menbers arngo I'S GAPLBSDEE i ; e ri.n

devel oprent gfﬁ’;w TR pROaT iy Bin A SBRE I SEr iR Beiios
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steps of MRFAIFadien ofRy t binding proteinowthermby irtiatingi royublast Hkfechtaton.

| ater steps, for exanple on nyoblast fusion, cannot be ruled out
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ont & hi et SO T TS HOL(DEl oo R0 U arel b el dhsyes
cont ai ni n L S- 1 7, : : y 9. 070
Triton . o B iatatet Mhard R iinftad himohint 5 da o s RueibG: Bageuiany in

i nhi bi t or heloaspepaitolpgpensaispantsant i pai n and chynostatin
(Cal bi ochem. For endogenous CCDC95 detection, a RLPA buffer was
used. The subsequent steps of |ysate preparation were then carried

out as deShe iMegetiBepuien elanabe ,adAifibRled SREMRNES ik &kas t@NIE I8t h@ke
commitment prior to injection back into the patient, or iénpiantéd in a controlled

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



[ 00270] To map the structural determ nants responsible for the

I nteraction between Kir/Gem and CCDC95, coi nmunoprecipitation and Y2H
assays were carried out. As shown in Fig. 2A, wld-type (W) Kir/Gem
or a nmutant that does not bind CaM (Kir/ Gem W69G (Becker et al.,
1995; Fischer et al., 1996) both coi munoprecipitated with CCDC95
(Fig. 2A panel a, lane 1 and 4), configyning the specificity of the

I nteraction. Truncations showed that the N-term nal part of CCDC95
cont ai ni ngigteh f 0 he .ji.nt erac tion
(Flo on Aacmi@tbn endoie (e dutl itk thitlbnic e i ot e 6
CCDCO5 di éﬂsr%t@dSirﬁ@tlwl@tomeﬂs@emt(qemgrnrmmammeu dafermamrs) inits
absence the slower mgrating phosphorylated formof Kir/Gem (Beguin

et al., 2@dAe thefap (Fig. 2A panel b, lane 2). This indicates that
the C-term nus of (%?:DCQS affects the stability of Kir/Gem

[ 00271] Cel 603 ates REP ? t ot al ote| r? were incubated with 4
FLAG agald g\ﬁ eadéﬂ‘éc gg Yne§ Rif féo*ﬂ}ﬁ tigh, g s18hed & ?@n&%@@d of
beads (Aneu;sm;mg vﬁ!dFtyﬁb h)OJUCSQSaﬁJnétféd 1 4 el méwfafr@% mutBRt é@@@@s\@&%s

t hen wash IenS| B tgd ﬁl‘OtEl n CO:H) exes were subjected
to SOS- PA wam SHPYE igialeyayQblagt fifgentigtion dn sieficienforls.
assays us Oﬂ@ﬂ:ﬁﬂ Ifsﬁﬁcﬁdn Cﬁé’y'b@@fdvldé& élﬂlelrliﬁ?ougedth@ehée loy Sding &byl be

total prot nt ai rrutate mwere carried out "as
det ai | ed Fﬁ%’ﬂé bl ﬁn‘?‘@&f g’ﬁ P’%‘é@%‘? the g@mef PEieicheiapy witeh derapy is
acngs i n thpatdodl deliveriig pakgraptide Ofer GEISRMddRABE aRtméor t he

association with Kir/Gem clusters of three residues were nutated to

Al a and i tio f with Kir/ ested usi t he Y2
Aseay (dalo3f" (R it Y Shidar aethe e o Bp T BRuced
regi on whéte heereluidstd tvetiod of tas Alaied eBNAUesch | Sadithg gend h@ma:ns

d f f d.w
bi ndi ng ?%?‘*&“‘Eg o S5 MR oo s preien o el 280

and |11 otheexdragaiomsgome Iocatmmallﬁa gEhe fiagment anateodoted hed em-evseduala
d
o mmunops ok Lot B oaheds il e Binsadmbnt 58l KiFode 8, b oh

anal ysi s, C protedcihehisl requited-fet inBatingmySblgstedifferentiation. More prefefred
is the situation where the wild-type CCDC85 gene or a part thereof is introduced into

a deficient cell in such a way that it compensates for the endogenous CCDC95 gene
present in the cell. Vectors 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
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 polynuciectide 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™.



nouse nonocl onal anti-Mc, rabbit anti-GST (Santa Cruz) and nouse

pol ycl onal antiinportin a5 (Abnova) anti bodies were used. The sane
anti-FLAG and anti-M/c antibodies, as well as antibodies to MyoDl
(Abean), troponin T (Sigma), nyogenin (Abeam) and a-tubulin (Serotec)
were used for inmunofl uorescene mcroscopy. [00274] Next, we anal yzed
the structural features in Kir/Geminmgytant for CCDCO5 binding (Fig.
2D and E). Several mutants of Kir/Gem known to be defective in both

Vc\;: tphanol Gu?zzspdl ng:e(uBetwusfbn%d f\lghhe tf@%@)yp{eﬁg{:ggtgbg &%ﬁE%ﬂc 'bg Js3hCas

panel
associ at i W&Eag?t?@§ t%r?tti'qﬁ’t ’E&?b'ﬁtr‘?'@ﬁﬂ%ﬂﬁﬁﬂmdmgrireatmemﬁdhat promote

C-t er mi nalsuth Widldsp afifetdHakiicrat Ior
parti cul ar'su (? reoql on eet Wee[n a%ﬁl]rfll(éjmgm éérﬁ%&gﬁ&ﬁé,g &85 686@86(%?9 or
bi ndi ng (ﬁfgﬁ Pepolypaplife finclign isswee) mojggales sible tof oveoionte tmatitibitors of

identifie@@b@g@ﬁ@@n@tioﬁsn and Lys residues (1<275, N276, N277, K278
and N279) to be critical for the association (Fig. 2E, panel a, |anes
10-16), \/\/W}d&zér teraction _between Kir/ Gem N277A/ K278A/ N279N and
CCDC95 be SaHOer st aaaye, thoOLRN9S sete eniagoen, where

positivel ?Ipnlhrablged'ia@eﬁé dBigsioydd I gehd HRIrA% HRMthoMst %ﬁé e d e
proximty _to glr(ﬁctﬁw ously identi f| ed bipartite nuclear [ocallzation

si gnal (NE'SSY' © PEPBSROTMREPIRFS o sufiigenss iviaraetsedpniSueh gane therapy

2007a), ws ;mmcmdwda tpriaiby SdeSintc@lid i
: nac,t L at S??ﬂl rl;’“Kl oy ;?NLSém?nthgtﬁéhé RUE] cg‘éidtﬂlfgﬁ P?I eptide is

abol/i s hedIaE%]eé"? Pﬁ?'g}"?i%’%%do‘f?"\‘/ﬁ%f ool eglisg it may alﬁarﬁ@usafui tcaln@rem the
AI t hough memﬂemeeéeosNb&lgﬂem md@@d&“@neaévéﬁ irfdhebd Egﬁqﬁmh'tﬂ% ?b@ﬁ@ls‘)“
el re

I S nost ects

nel w8 :

and aI terg%é%ﬁ’g@l’a q%r‘? §’PH’6@ lel‘ﬁ3I b\m%%ﬂ?”‘? W@ﬂH‘Hé%“?W@"NEB@VQ"N
substitution known to affect GIP/GDP binding (lane 4). [00276]1n
summary, [09@2H exp&eneehempysraild ibehcarisp et faccoruimtgeﬁ:a rie@él!

yb@ddéﬁ%

ot o e JEUEE, R o by SRERL e R b Sy i e oo

conf or nmat #essEbed Abegs ta gsceraincthitrradictibobf CHBGast ;ﬂﬂﬁ:sétpb@@m the cells. A

virus or plasmid vector (see further details below), containing a copy of the CCDC85

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 vecior 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., SV40, 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



[00277] Bound CaM and/or 14-3-3, which retain Kir/Gemin the cytoplasm
may be di splaced by CCDCO5 to all ow nuclear transport. Interestingly,
many of the positively charged am no acids required for CCDC95
binding are located within or in the vicinity of the NLS that
associates with inportin a5, suggesting a nutually exclusive

associ ation. Furthernore, CCDCO5 bindigy is sensitive to

conformati onal changes in Kir/Gem since nmutants that bind neither

nor CDP f akbmple miicdiiésion: Re

the qﬁg" 00 é o e e B e AP B VA R s
linked to B‘?E PRE reeaPtredigad A daaster. Grirlnetiated genetrensfer can
First, CDﬁ@%mmwnﬁ&ﬁdiié&@menfd é?én%rtFéﬁsfgr u%lﬁ&'Ilﬁ@gon#éjﬁéivb@agho%né’ bne to

utilrze

Ki r/Gem gCD%g ﬁel f carries several
cr6 and a?'f hEhl'ﬁ'Fﬁ &efiorsip e celleend st intadthe spapunding@lipi AH@’natwea/ the
common O estrivial vecRabRiubEr dONiAGEH biiGhak A direRleiissue. 20078) and

CCDCO5 can circunvent the requirenen Inportin at for nuclear
transport These findi ngs support a role for

CCDC95 i nk é’Ptar R?’Ffﬁﬁﬁ%)ﬁp%%mfﬂ@h cobiss Ridogig aedphysicaligereatranster

retenti onntﬁihdﬁsr pleamid BNA oF andsiké RCEdrnstingf wmﬁly‘sﬁne%@: f.lgﬁiépl%nglﬁ%dsy

Kir/ Gem g?éclﬁn {9% t hat .has al so been observed

(Vard et 3PSCTSRORS adenpyius; hexep prptady ang the ﬁ%ﬁ”“@ﬁﬁ%@%s@”ﬁ@l an

pr ot el ns adendvirassetiopt I'ﬂﬁlﬁkﬁfﬁoléﬂﬂé&@&nﬁl@f@ i§ URbE Glsedi Qo' RRicH cbily, NOMRY
/ Gem and/ or sequester

maxdé %J| ate the ceLs }@ Eve s of Kir
t hie_br ot ePATSTAS YEFPT Paldts elFent Rindinge iite®alizationnanch degredation g the
fr om wher endctsonmrbdﬁrﬁemead)dpiedwﬂm@@@éhé@ecﬁxert its function.
Interaction of CCDC95 with other RGK small GTP binging protein famly

83 [ 00279 m REL RGK ,snal ndi n

f m[ ly, @gﬁégﬁsoi@oﬁ%‘ﬁ?ses ?(ﬁ-épé)feés'éqvﬁ bPSPa? el E}ﬁe ﬁ@r!??ed&frdn?ﬁg

To i nvest At i Vivo genssieansidreWhile inostarsdzod lipdrenfeGifeparaticisithé aghé u‘ansfer

i nteract NESR B reci.pitati

experi men SE??:I %ec@sﬁ%l%ghgﬂ{) ug%k%ﬁﬁ%?@é? B‘E) B%"r} Peaned Reqg
and Rem smdapwﬁsfpé@mm? folleyéngeiféct iresity amissmistratibhon Wi t h CODC95
(Fig. 3A, panel a, lanes 1-3) and no co-precipitation with Ren2 could

be detectpd288) 9. Blnelpa@n
CCDC95 al ?g r? ul %PegeRe gﬁgrnﬁcrll?'g?nu@sséét ta?gf%\%NA %’réc;ﬁy %Oéﬁé ogtlsr%ggsfjare

i nt er act | ¥FSHEh F?@We@'ﬂ@d%ﬁmf &Ta‘?@@tlféﬁ |12£0F©mpbﬁheﬁliy the
funct i onad:on]lﬁdaﬁo@f)f ORIRGESuNY iRAS i P bELIValdiRg blogEl £ Qfhissidy Aibtidy &3

di ates nuclear localization of Kir at es

o Ki 1| RIS PAENG, bisaoes erecstraren pathabges obE Travenes Phthe
further icwiegbonding dightie répeoreTorCHECIBN RN 3F YRS dalB¥t 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 CCDCO5 activity can also be supplied to cells
that are deficient in CCDCE5 polypeptide or the polypeptide is inactive.

[00234] Active CCDCO5 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. Extracellular application of the CCDC95
gene product may be sufficient to affect calcium channef activity. Supply of molecules



i mmunof | uorescence mcroscopy its effect on the subcellul ar
distribution of the R proteins and the changes in cell shape

i nduced by these GIP binding proteins. |Inmmunochem sty was conducted
as previously described here. As reported previously (Beguin et al.,
2006; Beguin et al., 2005a; Beguin et al., 2005b; Mahal akshm et al.,
2007a; WMahal akshm et al., 2007b; Pldq?n et al., 2001),
overexpression of R&K proteins in COS-1 cells induced dendrlte i ke

col 15 co iy aat no BB onrla eI T ety st anlivetaapeer

were niti Gackm H‘h@@ﬂﬂes Other Ehcdecstbsyivitth CADGIthactiatyl (fonexanple, peptides
transl oca f e nucl.ear acc a
of the sngrjlaé & Or%| nc(:jlagjlﬁ p&rlﬁs T%s%‘?)ﬁg%éo]hg %&@HCWtrﬁV‘?rﬁ%%OJ”LEG
ef fici enc?obf@el@@ﬁphéwh@sviaﬁt@twi)t ﬂnlﬂmcﬂﬁ;ontwe algonesd fpTpesternisRepy. or
Kir/Gem (Fig. 38, panels b-b", Fig. 9b, panels c-c") and either
reduced f ggg an ( p -e" =" ). 0r
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appar ent ne F:“% B pane -1 to t R
protein, BHAISRESEHEWBRlepINIDEDCY Sty BAMEEAL Obgﬁmflaatcet&ebentgotes i Buch

Ki r/ Gem biragkig hﬁ}gb Nsian s
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dendr i t e- PFREe%e @ Wsil i insritign dadisipaied] bomolotgus gedes. FiAfterrdively, the
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respec lV@hdbgeE@ﬁs @t s dq%?%qs?%f%\e”&?ﬁ aQ fﬁgbt% éﬂﬁgﬁ{ggsu ﬁnsghlgh

anal ysi s s erformed an roupe Into egar i es
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cyt oskel eﬁ.gns Kelﬁ ggilé%?@e%nrﬂ/g %gon%gcgtaﬁyb%érlaggé%mtyo [:lé‘rqwa&ﬁ?rem

pat hway by eRSr 8 "?Crﬂe& pEVidggaiektiemnaly iRportrRMtniestng vakidledor abtential
2002) andth@‘nqau(.d-b;bagghou at al., 2007), a Rho GAP. W therefore
determ ned i f CCDCO95 conpensates the negative regulation of the Rho

pat hway by, &%@%ﬁg gé? s purpose, Kir/Gem and/or CCDCO5 were

expressed I n s and the effect on the formation of
stress fibers follow ng serumstarvation was nonitored as a read-out
for Rho @03k y. AdodBarsesdmfdhainventicBvicsmprBEs acminipbund dsrgandulatthg

their actREKGHMBRISS Blrt')t lﬁog)ﬁ@ga'}eﬁu anty egﬁé%ga% tsééﬁéjﬁr\‘m ng the

whol e cell (Fig. 3D, pane rexpres ?ovoked a
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|n the cePP23dnt or Examples 75 camaaunds doraaptagpnistico petdiy tof & doliags gstsidon
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[ 00286] Theuki ps ageliad MbveKireACBRbiderd rabel Yo RRHLE BB PAIBUAL chidifels

transcri ptl onal
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



(Cohen et al., 1994; Maguire et al., 1994; Warton et al., 2004) and
transl ational levels, with a relatively short half-life of the
protein of -2 hours (Ward et al., 2004). To explore if CCDC95 bi ndi ng
affects the turnover of Kir/Gem COS-1 cells co- 85 expressing WI or
nmut at ed Kir/ Gem and CCDC95 were subjected to cycl ohexam de treat nent
to inhibit protein synthesis. [00287] Gall |ysates (400 pg total
protein) were incubated with 4 pl FLA agarose beads (M2; Signm)
and 30 pl i ; 4 hours at 4C
T yei o By ek e SR bR SubATES RO A iRl ool
protei n cohplceREsungs for agpnistic adtivity SEECEIGEECHIBIRe domiaMésiag comphss a

Lvsi's. ; . o e g
7o) and Cofipoi @abicushe W RRERLP oiisBo R Cores iR Brh iiRbRed
Ki r/ Gem wexmessorr iand piokeirasxpression;edr (Hehbal-atiztari loedlisation o ¢05Ha)smallhe

cynt hesi S oA Erae A% Shefur BB B e BoTicel S RER el

pg/ M cychisHisg@mwiee of SoynagguiatingdeCDCRY eapressign Bypamel iradrating iR bt in

ti i . . bat.ed f ith
Soof 1 na 2SR ARnd flosg A ol IR BE st f Bativthy
of cycl ohelated de lackoTRBK Asnathbinding rpréteir. TS, silEncinGRNAVES &@RipH yhay

degraded wi it R fin I 7 f

G 11 Gorm veanBeS SR IDING.Y RlaaTeee T A Rt aac kAT e Ry,
(Fi-g. 4A 8IGHTER)CTEUHGCAETAJCABAARGBTOG8ARNt of the proteasomnal
de"ggadati on system Al beit sonewhat slower (t112: -3 hrs), turnover
of Kir/ Cepo86°G whineh ; ] [ ' e -1
el s, vem ey PO RS BRIEA DY AR sl ThRfbe SR phtehPRucrlohaR
the smal | "egielipg %%&%ﬂﬁ@t@nﬁnmgl&“@ gjused in emngtiel methndsiof thespregenty e
of its supoehtioH For besRblEZatLS ' ing%8- g

CCDCoS, b not. the Y15ANGOA Aourkd Hfﬁ"h‘g_?a?%%‘s”“}?gf‘ ok ﬁ@c'h%(i@bcgs
protein, YBSIANTBAY P agminisiered e selissphibitingiRGHeamal kinging proteipadinarders.and
e). [00289] CCDCO5 itself remained stable over the tinme course of the
exper i nenbddininigtratidn panel d and f). As reported previously (ref),
Kir/Gem was al so stabilized by overexpressing 14-3-3 proteins, but in
contrast 095 oy r e phoryl for f
Kir/ Gem f.frogf‘?n_ egra g%sﬁ%rﬁ:e Flﬂg%%{%ﬁ 8%3%%&“8%‘2 %Fﬁ%uansosye@%&gg%ﬂf?ﬁg
exper i menN¥erionft Maye dreferablys dec icambmedb abthe earidGsr cGmpraats CODCY&dEE
the diff ' ot et h I gen 1648, _ba .
consi st erge ol R ST e Beéttehy PréreRBl MR bohbodhict aft” BSipika gy 2

i ts assocPhammaeeuiicelly @roepfgble camier or diluent fo 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
camposition 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] Polynuclectides/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 polynhcleotides/vectors are administered as a naked
nucleic acid, the amount of nucleic acid administered may typically be in the range of



86 Nucl ear localization signals nediate the interaction of CCDC95
with inportins a6 and a7 [00291] Wher eas endogenous CCDC95 was found
in the cytoplasm or nucl eus depending on cell type and experi nental
condition (see below), the overexpressed protein efficiently

| ocalized to the nucleus (Fig.1l). To determine if nucl ear

| ocal i zati on may be of physiol ogi cal r%evance, we first analyzed if
CCDCO5 encodes nucl ear localization signals (NLS). Cassical NLSs are

Cnto mono. Tt 16 & 4508 dreRiadl R Ao 30T 43R ByicHanpreraeBdosiee
cont ai ns fratynucleotides’ siectovtiah tarbet Spelckicrdena) fof @ixh@geCsy Virde g é’ﬂ‘itgﬂ?
two in thefﬁ@% %iru tof0 BO i ti velf¥ chtgirjr%ﬁd resi dues remni scent o

canoni cal s E’@ Hay o Y&el@ﬁ)o. HSEHylRloectost escence i croscopy,

N and C termnal truncated nutants of CCDC95 efficiently accumul ated
in the nudPB2&lof Odstake cefl InskddFirgcle®A acianehstiud hyd mammalian celis is

| mmunochemd vi ously. descri bed here.
Subst1 v ut | meeety SOR G SRl B P bR B everoBhgia kg thes
abol i shed usgctfeliansfecting lageatsi oBxafiple e thesd edentei ihcloeitibnid-hgentd Afor

panel 3 a S LO f showed .ipter jate

ef fect wi tq% aﬁ?ﬁ’ia} %ﬁ@eﬁ#@%sgﬁl%%ﬁ%fﬁﬁ na?‘zﬂg’!:’%%%“?%gﬁa exgmple
| ndi vi duallipafectam Cn aofl tidnsBciam "L Shypaatlyj aldlyic aicfieainetudth ere fikal Ak
nucl ear | I i -termnal portion of CCDCO5 (Fig. 5A,
panel 6 agﬁé%ﬁ%%%fagrﬂ%%n{tﬁg’msﬁu%gF]tc W@Sﬁ@o?fnt ation of both NLSs
interfered with nuclear accunulation (Fig. 5A, panel 8). Analysis of
the rel evdl®e#3ds  Hrefesahly Rissgolynueletideont gsttonacdanting iterie in@EDA9Ss
reveal ed tchaibiddde wrhege i I ; S Efigi r
nucl ear | o%al iI zation (FPE%%?M‘%?\%%&%%QQI : é{/\hvl%r ce’@séngrutg aﬁ 'l%tgHI"%fa
al | four RNEENJEestic fompogitien prutablet caflienseand Hiusals ingtuderisatbnit reailine

protein (BolitioRd fPaBRAMAE) phggngﬁ%aﬁe%waéanﬁgs affl Qﬁh@esmﬁ ahhP"Se
wer e generat e'@?ﬁba pol ynerase chain reaction (PCR) nethod.

[ 00292] MufAFTHRIE? fofpargrieral. dtrasiuseviap intmavereunissboyaraosat infraoEDCOB!
showed t hak trhh&lerslel Sfhinie@gnl bute to its subcellular distribution
(data not shown). Classical NLSs facilitate nucl ear transport by

interacti iL,th inportins (X nd Massague, 2Q04). To determne_ if
CCDC95 asig%%”éi es %ﬁ“ﬁh%pa%‘i%rir&?i of VRN ;ﬂfi?‘f“?%%\fx'ﬁ‘? &8Pl At 8f ViB? e
f:ar ried ofon'bysitimblhfdr ngodijiétfoar@‘nRGﬁﬁa'mbmﬂfdidgﬁ pfotsih Of tiREOHE dRBrders
ysates o - ressing. either WI CCDC9 r a nutant .
| acki ng af?’gﬁd‘} %ﬁgg%a%@ psrﬂ%\'ﬂe@t'%?rgﬂéd?[ﬂe@ fPﬁ%@? &8l Sipdjpg protein
i mpor ti ns ingludgnchtaXia,( Rhigraitd, episely, BJurededarReatRnANBypEHeAsiSn MEAdia®ON

of the NL I .S association (Fig. 5B, panel a, |lane 8 and
9). [0029§F?ﬁ%géebr?é§%b%%5‘s identify NLSs in CCDC95 and show t hat

nucl ear | ocalization is dependent on inportins a6 and a7.
[00245] The amino acid compositions of the invention may be delivered as

peptides directly to the tissue where they are required; prepared in a biological
scaffold; in a polymer delivery system or as nucleic acids in recombinant vectors
capable of expressing the amino acid composition.

[00246] Generally, in humans, oral or topical administration of the compositions
is the preferred route, being the most convenient, 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



CCDC95 plays a role in nuclear transport as opposed to nucl ear
retention of Kir/Gem|[00294] The nucl ear redistribution of Kir/Gem

i nduced by coexpression with CCDCO5 (see above, Fig. 3) could reflect
an enhanced rate of transport fromthe cytoplasmto the nucleus or,
alternatively, nuclear retention and inhibition of nuclear export of
the snmal|l GIP binding protein by CCDCOp; To distinguish between these
two nmechani snms, we took advant age of the observation that nucl ear
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previ ously de i be [ 00295] Co- expressi on of CCDC95, but not the
mut ant that_does not bind Kir/Gem could circunvent the requirenent
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IITpOI‘tI n %i%e nucl ear transport of Kir/Gem can occur via
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nucl ear i eRMEErdPhatfigceMBdllpréetiBa i ndi ng protein. | munochem sty was
conducted as previously described here. 88 CCDC95 expression and
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al ready expresse heart how ng
subcel | ul #e arbcal i zatl on as in adult cadi orryocyt es (see Fig
| mmunochem sty was conducted as previously described here. [00297] For

quanti fi cpgozan) of RghpdlEeRs Sileble bPEAEhERAl 8RmistBn infLded ey 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 agueous 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 sezled 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



chosen cells from 3-5 i ndependent experinments were anal yzed and the
| ocalization of Kir/Gemgrouped into different categories (no,
partial or conplete nuclear exclusion). H9c2 cardi omyocytes undergo
differentiation into nultinucleated nyotubes follow ng serum

wi t hdrawal (Pagano et al., 2004). Since undifferentiated H9c2 cells
did not express CCDCO5 (Fig. 6C, panelyg@ and a'), we determned if
simlar to ES cells CCDC95 expression was induced upon

di f f er ent itatuseNExtbPeRfeod I
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specific P%Wqﬁfﬁgfﬁﬁ”lﬂe%@mjﬁap@ﬁﬁam n T (Fig 60, panel b' and c').
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| (Fig.
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m cr ot ubukfexseekited kn tak akthe nyot ubes (Fig. 6D, panel c¢', arrows) and
not associated with apoptotic cells lying on the rryotubes Thus,
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cells (Qn'e expression of
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expr essi ohe@ﬁﬂmsam%( %@%@”@ummgn m«ﬂee:rdntlﬁérauéatble gaksoin thedase
and apopt or £ & eufie ddid e dsElih Ry 18 SRR Btk 08 1.
ki nase, adp¥y§EppNeierpscampinini sy prasBwised 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 insufftator 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.



Kir/Gem may be exerting its function during nyogenesis is through the
Rho pathway. While conflicting, Rho and Rho ki nase have been
inplicated with both positive and negative regulatory roles in nuscle
devel opnent (Bryan et al., 2005; Pelosi et al., 2007). Since the
subcel lul ar | ocalization of Kir/Gemvaries during nuscle devel opnent,
it may only inhibit Rho kinase when present in the cytoplasm Thus,
dependi ng on the subcellular distribution of Kir/Gem Rho may i ndeed
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Modulation of myogenic cell differentiation



91 partially restored nyoblast differentiation (Fig. 7B and 12a,
panel d-d'"), suggesting that CCDC95 nedi ated nucl ear |ocalization of
Kir/ Gem abrogates its inhibitory effect. As a control, the CCDC95

mut ant that does not bind Kir/Gemdid not prevent the

Kir/ Gem medi at ed i nhi bition of nyotube formation (Fig. 7B and 12a,
panel e-e"). Interestingly, in contra%% to Kir/Gem overexpression of
Rad, Remor Ren? did not affect myotube formation (Fig. 7D and

Fig.12b 51 F u cel.l 5. under goi ng .nuscl e
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I nsight into the nmechani sm of this multilayered and conpl ex process.
[00307] I n concl usmmzf LJ for Kir/Gem
in nmuscle differentTa {imeim oy SFren ‘ Her RGK
famly ne Thi_s fu ctlon i s dependent on the subcel | ul ar
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usi ng unpaired Stude t 00309] C2C12 nyobl ast’ cel I s were

S, -
t r ansf or negEBICT BHEs u%gdam!?}y g rposes of exemplifying the present invention.

It should not be understood in any way as a restriction on the broad descripfion of the
invention as set out above.

{00259] Methods of molecular cloning, immunology and protein chemistry which
are not explicitly described 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, microbiology, and recombinant DNA techniques within the skill of the
arf, included, for example: Sambrook ef al., Molecular Cloning: A Laboratory Manual,
Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York
(1989); Glover ed., DNA Cloning: A Practica Approach, Volumes | and Il, MRL Press,
Lid., 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] CCDC95 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 CCDC85 involves positively charged amino acids in the
C-terminal extension of KirfGem.

Isoloation of novel proteins interfering with RGK proteins



non-targeting interfering RNA, | abeld as control or two distinct
CCDCO5 interfering RNA's to silence CCDCO5 expression (Figure 14).
The first interfering RNA being Oigene 11100126:

AAGATGCCTCCACATACAATCCTGAGCAC (SEO I D NO. ?, shRNA#1) and the second
interfering RNA being Oigene T1100128: GATCGACTTCTGCAGTATGAGAACGTGGA

(SEQ I D NO 8, shRNA#2). The 92 transfgornmed cells were allowed to

differentiate into myotubes for 5 days." The nunber of nyotubes per
n the nock transfected cells
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<170> Pat ggtl Ra¥fd SLPP7Pr-6). Sequence analysis of EST clones from mouse, rat and
human aflowed us to identify the initiation Met for CCDCY5, which conforms fo a
Kozak consensus sequence (Kozak, 1987 Nuclelc Acids Res. 15:8125-48), CCDCG5,
RGK proteins, 14- 3-3 and p-galactosidase were epitope tagged at their N-terminus
as previously outlined (Béguin et al., 2005 J. Cefl Sci. 118:18283-34). Fusion proteins
between GST and different importins or CODC85 were generated as described
{Mahalakshmi et al., 2007 Traffic. 8:11 50-63).

CCDCY5 Protein localisation

[00263] Northern blot analysis was performed under standard stringency
hybridization and washing condition using the human CCDC95 cDNA as a probe.
Northermn blot analysis revealed that CCDCY5 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 CCDCO5
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
monocional antibody against a GST fusion protein containing amino acids D64-
G182). Endogenous Kir/Gem was revealed using a rabbit antibody (Mahalakshmi et
al., 2007 Traffic. 8:1164-78).



<210> 1 <211> 1216 <212> DNA <213> Honp sapi ens <220> <221>
m sc _feature <222> (2)..(2) <223>nis a, ¢, g, or t <220> <221>
m sc_feature <222> (1077)..(1077) <223> nis a, ¢, g, or t
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[00265] Cells were fixed with 3.7% paraformaldehyde, 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, foliowed by incubation with
various primary antibodies (see above) in blocking solution for 1h. After washing,
Cy3-labeled donkey anti-rabbit 19G (Jackson Immuno Research Laboratories) and
Alexafluor 488-labeled goat anti mouse igG (Molecular Probes) were used as
secondary anfibodies. Actin filaments and nuclei were detected by incubating fixed
cells for 16min the fixed cells with Oregon green fluorescent-fabeled 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 Axiccam microscope (Carl Zeiss) or with a LSM 510 Meta
confocal microscope (Carl Zeiss) at 40x and 63x magnifications.

[00266] In heart, CCDCO5 was present in distinct stripes that pardially
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 troponin T was confirmed in primary cardiomyocytes {Fig. 1D). These
results identify CCDC85 as a novel interacting partner for Kir/fGem, 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 comrelated 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 agMHC and MLC2yv,
two major contractile proteins (Parisi et al, 2003). CCDCO5 expression is also
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 CCDC95 gene. it is thus conceivable that CCDCO5 expression is directly
regulated by MyoD. Interestingly, depending on the physio'logical or cellular context,
CCDCI5 is not only found in the nucleus, but also present in other subceliular
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component of the contractile system of muscle andfor the actin cytoskeleton.

[00267] The muscle specific expression of CDCC5 and its regulation during
myogenesis led to the discovery of a novel function for KifGem in muscle
development. Although CCDC95 interacts with other RGK protein family members
and Rad is expressed in heart and upregulated during muscle development (Hawke
et al,, 2006), only overexpression of Kir/fGem blocked muscle differentiation. The
absence of the myogenic markers myogenin and tropenin 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
exampie on myobiast fusion, cannot be ruled out. Interestingly, endogenous Kir/Gem
redistributes from a predominant nuclear to a cytoplasmic localization in myoblasts
during eary stages of differentiation and, concomitant with the appearance of
CCDCY5, 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 W268G mutant
or CCDCO5 partially released the inhibitory effect of KiGem on differentiation. Since
Kir/iGem W269G predominantly localizes to the nucleus and CCDC95 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 CCRC85 in either COS-1 or
ca'rdiomyocyte—deﬁved H9c2(2-1) cells showed a predominant nuclear localization of
the protein (Fig. 1E). Immunochemisty was conducted as previously described here.
'COS-‘I, Hela, PC-12, HOc2 (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.,
1989). Swiss 3T3 cells (purchased from 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
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immunofluorescence studies, respectively. Experiments were performed 24-48 hours
after transfection. Rat cardiomyocyte H3c2 cells were differentiated into myotubes by
shifting the cells (at 80% confluence) 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 were cultured in the original medium without LIF (leukernia inhibitory factor) for
several days.

[00269] Celis overexpressing CCDC95 and/or RGK proteins were lysed in a
buffer containing 50 mM Tris-HCI (pH 7.5), 100 mM NaCl, 1 mM MgCl2, 0.5% Triton
X-100 supplemented with 5 ug/ml of each of the protease inhibitors leupeptin,
pepsatin, antipain and chymostatin (Calbiochem). For endogenous CCDC85
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’/Gem or a mutant that does not bind CaM
(KifGem W269G) (Becker et al., 1995; Fischer et al., 1998) both co-
immunoprecipitated with CCDC95 (Fig. 2A panel a, lane 1 and 4), confiming the
specificity of the interaction. Truncations showed that the N-terminal part of CCDCA5
containing the coiled-coil domain was sufficient for the interaction (Fig. 2A panel a,
lane 2). Interestingly, although the C-terminus of GCDC95 did not bind to Kir/Gem
(Fig. 2A panel a, [ane 3), in its absence the slower migrating phosphorylated form of
Kir/Gem (Beguin et al., 2007) was lost (Fig. 2A panel b, lane 2). This indicates that
the C-terminus of CCDCS5 affects the stability of Kir/Gem.

[00271] Cell lysates (400 ug total protein) were incubated with 4 gl 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 fo SDS-PAGE (8%) and Western blot analysis. In
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vitro pull down assays using purified GST-importins (2 1g) and cell lysate {400 ug
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 CCDCS85
important for the association 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
ill of the coiled-coil domain. The importance of the individual residues in CCDGE5 for

the interaction with KirfGem was confirmed in coimmunoprecipitation experiments
(Fig. 2C).

[00273] For westemn blot analysis, mouse monoclonal anti-FLAG (M2; Sigma),
mouse monoclonal anti-Mye, rabbit anti-GST (Santa Cruz) and mouse polyclonal anti-
importin &5 (Abnova) antibodies were used. The same anti-FLAG and anti-Myc
antibodies, as well as antibodies to MyoD1 (Abcam), troponin T (Sigma), myogenin
(Abcamy) 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 GTF and GDP binding (Béguin et al., 2005b) failed to coprecipitate with
CCDCA5 (Fig. 2E, panel a, lanes 2-5), indicating that this association requires an
intact Kir/Gem conformation. N- and C-terminal truncations implicated the C-terminus
of Kir/Gem, in particular the region between amino acids 235 and 282, in CCDCA5
binding (Fig. 2E, panel a, lanes 6-8). 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 Ki/Gem
N277AMK278A/N279N and CCDCI5 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/Gem (NLS3 mutated)
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completely abolished its interaction with CCDC85 (Fig. 2E, panel a, lane 18).
Although mutation of NLS1-2 in Kir/Gem also abolished its interaction with CCDCA5
(Fig. 2E, panel a, lane 17), this most likely reflects and altered conformation since this
mutant includes the Y156A substitution known to affect GTP/GDP binding (lane 4).

{002?6}‘ In summary, these experiments establish a specific interaction between
Kir/Gem and the coiled-coil domain of CCDC95. Positively charged amino auids in the
C-erminus of KirlGem as well as its conformational 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 fransport. Interestingly, many of the
positively charged amino acids required for CCDCE5 binding are located within or in
the vicinity of the NLS that associates with importin a5, suggesting a mutually
exclusive association. Furthermore, CCDC85 binding is sensitive to conformatjona!
changes in Kir/fGem since mutants that bind neither GTP nor GDP fall to interact,
providing additional mechanisms to regulate the association.

[00278] The interaction of CCDCO5 with Kir/Gem s linked to fwo distinct effects
on the smail GTP binding protein. First, CDCCY5 enhanced the efficiency of nuclear
localization of KirfGem. CCDC35 itself carries several NLSs and utilizes importins ot
and a7 for nuclear import. CCDC85 and importin o5 binds to a common Cterminal
region in Kir/Gem (Mahalakshmi et al., 2007a) and CCDC85 can circumvent the
requirement of importin o5 for nuclear transport of the RGK protein. These findings
support a role for CCDCY5 in nuclear import from the cytosol as opposed to nuclear
retention of KirfGem. 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, CCDC95 may reguiate the cellular levels of Kir/Gem and/or sequester
the protein to a particular cellular focation in an inactive state from where it can be
readily released fo 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 CCDCY5, we carried out co-
fmmunoprecipitation experiments (Fig. 3A). As compared to the interaction of
KirfGem, Rad and Rem showed a consistently less efficient association with CCDCOs
(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 CCDC5 also regulates Rad and
Rem (see below), but given the robust interaction with Kir/Gem, the subsequent
characterization of the functional role of CCDC95 on RGK protein function focused on
KirfGem.

[00280] CCDCY5 mediates nuclear localization of KirfGem and abrogates the
Kir/Gem mediated inhibition of the Rho pathway

[00281] To obtain further insight into the role of CCDCY5, we analyzed by
immunofluorescence microscopy its effect on the subcellular distribution of the RGK
proteins and the changes in cell shape induced by these GTP binding proteins.
Immunochemisty was conducted as previously deseribed 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 CCDCO5, 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
pranounced 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. 38
panels i-"). In contrast to the wild-type protein, overexpression of CCDC95
Y15A/YB0A, a mutant defective in Kir/Gem binding to the RGK protein (see Fig. 2),
neither altered the subcellular distribution of Kir/fGem nor abolished its induction of
dendrite-like extensions (Fig. 3B, panels c-¢").

joo282) Quantification of the effects of CCDC85 on the subcellular distribution of
the RCK 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 KifGem 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 CCDC85 compensates the negative regulation of the Rho pathway by
Kir/GGem. For this purpose, Kir/Gem and/or CCDCS5 were expressed in Swiss 373
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 Kir/lGem 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 KirfGem
with CCDC95 resulied in the nuclear accumulation of Kir/Gem and the preservation of
the stress fibers (Fig. 3D, panel b-b"). As a control, CCDC85 Y15A/Y60A, a mutant
that fails to bind KirGem, 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] In conclusion, CCDC95 promotes nuclear localization of KirfGem and

thereby abrogates the inhibitory effect of the small GTP binding protein on the
Rho/Rho kinase pathway.

-CCDC95 stabilizes Kir/Gem by preventing proteasomal degradation

[00286] The expression of Kir/Gem is tightly regulated both at the transcriptional
(Cohen et al., 1994; Maguire et al., 1994; Warton et ai., 2004) and tfranslational levels,
with a relatively short half-ife of the protein of ~2 hours (Ward et al., 2004). To
explore if CCDCO5 binding affects the turnover of Kir/Gem, COS-1 cells co-
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agarose beads (M2; Sigma) and 30 4l 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
vitro pull down assays using purified GST-importins (2 pug) and cell lysate (400 ug
total protein) containing WT or mutated Kir/fGem were carried out as detailed
(Mahalakshmi ef al., 2007a). The half-life of WT or mutated Kit/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 MG 132 (Sigma) prior to the addition of cycloheximide.

[00288] As shown in Fig. 4A, Kir/Gem was rapidly degraded with a half-life of ~
1.5 hours {(panel a). Tumover of KirfGem was siower in the presence of the
proteasome inhibitor MG132 (Fig. 4A, lane 6), suggesting an invalvement 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 CCDCE5, but not the Y15A/YB0A mutant that does not bind the RGK
protein, resulted in a stabilization of Kir’Gem (Fig. 4A, panel ¢ and e).

[00289] CCDCGCO95 itself remained stable over the time course of the experiment
(Fig. 4A, panel d and f). As reported previously (ref), KirlGem was also stabilized by
overexpressing 14-3-3 proteins, but in contrast to CCDCO5, 14-3-3 only protected the
phosphorylated form of Ki/Gem from degradation (Fig. 4A, panel g).
Coimmunoprecipitation experiments confirmed the association between Kir/Gem and
CCDCY5 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 CCDCAs5.

[00290] In summary, these experiments establish a role for GCDCS95 in
regulating the turnover of Kir/Gem by preventing its proteasomal degradation.
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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 CCDCO5 (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 fulllength 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). CCDCYS fruncations and point mutations were generated by polymerase chain
reaction (PCR) method.

[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 COS-1 cells expressing either WT CCDCO5 or a mutant lacking all four
NLSs. CCDC95 showed a specific interaction with importins a6 and a7 (Fig. 5B, panel



202530 G n Gu GQu Leu Arg Lys Ala Gn Arg Lys Leu Leu Lys Val Ser
Arg 354045 Asp Lys Ser Phe Leu Leu Asp Arg Leu Leu G n Tyr du Asn
Asp 505560 A u Asp Ser Ser Asp Ser Asp Ala Thr Ala Ser ser Asp
Asn Ser @ u 65707580 Thr Qu Gy Thr Pro Lys Leu Ser Asp Thr Pro Al a
Pro Lys Arg Lys 859095 Arg Ser Pro Pro met Gy Ay Ala Pro Ser Pro

Val

Ser

Ser

Leu ser Leu 100105110 87

a, lane 6 and 7) and mutation of the NL.Ss abolished this association (Fig. 5B, panel
a, lane 8 and 9).

[00293] These data thus identify NLSs in CCDC95 and show that nuclear
localization is dependent on importins a6 and a7.

CCDCY5 plays a role in nuclear transport as opposed to nuclear retention of
KirflGem

[00294] The nuclear redistribution of Kir/Gem induced by coexpression with
CCDCO5 (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 CCDC95. To distinguish between these
two mechanisms, we took advantage of the observation that nuclear localization of
Kir/Gem in the absence of bound CaM (i.e. of Ki/Gem W269G) 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 CCDCB5 in cells depleted of importin a5 would argue for a role of CCDC85 in
facilitating nuclear transport of Kir/Gem.

As previously reported (Mahalakshmi et al., 2007a), RNAi-mediated depletion of
importin &5 in Hela cells prevented nuclear accumulation of Kir/fGem 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 manufacturers instructions as previously
described.

[00235] Co-expression of CCDC85, but not the mutant that does not bind
Kir/Gem, could circumvent the requirement of importin a5 for nuclear localization of
KirfGem W269G (Fig. 5C, and Fig. 10, panels ¢ and d). Thus, even in the absence of
the importin a5, nuclear transport of KirfGem can occur via CCDC85 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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CCDCY5 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 ef al., 2003}, Interestingly, CCDC95
expression was induced in a similar time frame and detected in a localized regionof 7
day old embryoid bodies (Fig. 6A, panel ¢c-¢’, d-d'). Analysis of newborn mice between
postnatal day 1 and day 10 revealed that CCDC95 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 3-5 independent experiments were analyzed and the [ocalization of
KirfGem 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 H9c2 cells did not
express CCDCY5 (Fig. 6C, panel a and a'), we determined if similar to ES cells
CCDCY5 expression was induced upon differentiation. Indeed, after 7 days of serum
deprivation, CCDC85 was coexpressed in multinucleated cells fogether with the
muscle specific markers myogenin and troponin T (Fig 6C, panel b’ and ¢'). CCDCos
was present in striations in the cytoplasm as well as in a few nuclei, confiming its
dual localization. Interestingly, CCDC85 containing nuclei in general showed reduced
myogenin staining and, reminiscent of nuclei in apoptotic celis, 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



Pro Pro His Thr Ile Leu Ser Thr val Pro Gn G n Mt Phe Ser Asp
210215220 Ala Ay Ser Gy Asp Asp Ala Leu Asp Gy Asp Asp Asp Leu Val
|l e 225230235240 Asp Ile Pro Au <210> 5 <211> 2073 <212> DNA <213>
Rattus rattus <400> 5 ccggaagtgg aggggtgtgt gcgtgtgtgt atgtgtgtgt
gtgtgtgtgt gtgtgagaga60 gagaggacgg gcggacttgg gtagcgggac tctactccgg
ggcgcttctc ccaggcgggt 120 89
factor (Parker et al., 2003; Taylor, 2002), was enriched in these structures and in
CCDCY5 positive myotubes in general (Fig. 8D, panel a'). Staining for a-tubulin
established that the nuclear remnants were embedded in the microtubule network of
the myotubes (Fig. 6D, panel ¢', arows) and not associated with apoptotic cells lying
on the myotubes. Thus, CCDCY5 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

{D 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 muscie marker troponin T
as well as CCDCY5 was restricted to cells overexpressing MyoD (Fig. 6E and Fig.
11b). This suggests that expression of CCDC85 is directly or indirectly regulated by
MyoD.

[60300] In summary, expression of CCDC95 is induced during muscle
differentiation and displays a dual localization in myotubes to cytoplasmic striations
and apoptotic nuclear remnants.

f00301] Given its interaction with Rho kinase, a possible mechanism by which
- Kir/Gem 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 Ki/Gem varies during muscle
development. it may only inhibit Rho kinase when present in the cytoplasm. Thus,
depending on the subcellular distribution of KirGem, 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 myablast fusion correlated with the
relocalization of Kir/Gem to nuclei in myotubes. These nuclei also contained CCDC95
and, interestingly, were either devoid of chromatin, or their chromatin appeared



cat gaacgga ccagcggacg gcgaagtgga ctacaaaaag aaatacagga at ctgaagcgl80
gaagctcaag ttcctcattt acgaacacga gtgcttccag gaggagct ca ggaaggcgca240
aagaaaattg ctgaaggttt cccgagacaa gagtttcctt ctagatcgac ttctgcagta300
t gagaacgt g gat gaagact cttccgattc agatgccact gcgtcttcag acaacagt ga360
gaccgaaggg acgcccaagt tgtcggacac accagcccct aagaggaaga gaagcccccc420
gat gggaggt gccccatccc cttccagecct ctcaighgect ccttcatcag gatttcccct 480
gcagacttct ggggccccct ccccatacct gagcetcgetg gettctcccce cttacccccc540

at t ccct t ctragneitad C3B40 % of tHECAGRLbCHNMRURCRuCRH BEE Spp&RedBF %rg
ggagaaacgg,E Ccccgcct ac CC@g%aaact caagat ggcg gt gggccccc ct gact gccc660
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gatgtt cagc gptoss E e%r(z:a% 0 eg!gagat&a Ftln%gce%ta? ‘? 598 in ;cates that%gls p?ocess may
account for the elimination of these nuclei. To our knewledge, it is not known if and
how the number of nuclei following myoblast fusion is regulated and it will be of

interest to explore a possible rale of KifGem and CCDCY5 in this process.
Kir/Gem and CCDC95 play a coordinated role in muscle differentiation.

[00303] Given the functional interaction of CCDC5 with Kir/Gem and its ability
= to mediate nuclear localization of the RGK protein, we analyzed if H9¢2 cells express
KirfGem and how its expression and subcellular localization are affected during
muscle differentiation. Kir/Gem was found in the nucleus of H9¢2 myoblasts (Fig. 7A,
panel b) and at early stages of differentiation relocalized to a more cytoplasmic
distribution (Fig. 7A, pane!l b’). During myotube formation, the small GTP binding
protein was detected in punciate structures in the cytoplasm. Interestingly, in cells
where CCDC85 was already induced, Kir/Gem was prominently located to the
nucleus (Fig. 7A, panel b"). At a later stage when CCDC95 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 resulis strongly suggest that
CCDCY5 may control the subcellular distribution of KirGem 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/fGem and CCDC85 individually in H3¢2 cells
and monitored myoblasts differentiation based on the induction of troponin T (Fig. 7B)
and myogenin (Fig. 12 a) expression. While overexpressed CCDC5 was present in
the nucleus of multinucleated myotubes (Fig. 7B and 12a, panel c-¢™), Ki'Gem (Fig.
7B and 12a, panel a-a") overexpressing cells failed to differentiate and form
myotubes. Ki/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 KirfGem-mediated inhibition is dependent on its subcellular
localization. Importantly, concomitant overexpression of KirfGem and CCDCO5 also
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[00306] Muscle differentiation is a tightly orchestrated process that involves the
execution of regulated gene expression program leading to the fusion of myebiast into
muitinucleated myotubes. The identification of the novel muscle specific protein
CCDC85 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 resuits reveal a novel role for KirfGem in muscle
differentiation, which is not shared by the other RGK family members. This function is
dependent on the subcellutar localization of Kir/Gem and regulated by CCDC95.

1
pS—

[00308] Statistical significance of the combined independent experiments was
assessed using unpaired Student's t-tests.

[00309] C2G12 myoblast cells were transformed to either stably express a
non-targeting interfering RNA, labeld as control or two distinct CCDC5 interfering
RNA’s to silence CCDC95 expression (Figure 14). The first inferfering RNA being
Origene  TI100126: AAGATGCCTCCACATACAATCCTGAGCAC (SEQ 1D NO.7,
shRNA#1) and the second interfering RNA being QOrigene TI100128:
GATCGACTTCTGCAGTATGAGAACGTGGA (SEQ ID NO.8, shRNA#2). The



202530 G n Gu GQu Leu Arg Lys Ala Gn Arg Lys Leu Leu Lys Val Ser
Arg 354045 Asp Lys Ser Phe Leu Leu Asp Arg Leu Leu G n Tyr du Asn
Val Asp 50SS60 A u Asp Ser Ser Asp Ser Asp Ala Thr Ala Ser Ser Asp
Asn Ser @ u 65707580 Thr Qu Gy Thr Pro Lys Leu Ser Asp Thr Pro Al a
Pro Lys Arg Lys 859095 Arg Ser Pro Pro Met Gy Ay Ala Pro Ser Pro
Ser Ser Leu Ser LeU 100105110 Pro Pro ger Ser Gy Phe Pro Leu G n Thr
ser Gy Ala Pro Ser Pro 115120125

transformed cells were allowed to differentiate into myotubes for 5 days. The number
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 to
the transfected cells expressing the first (shRNA #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
CCDCY5 expression with interfering RNA can be used to reduce myotube
differentiation and allow the study of myobiasts.

[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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130135140 Tyr
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<110>
<120>
<130>
<160> 6
<170>
<210> 1
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<212>
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DNA

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400> 1
antttcggca

gggtagcggag

acggcgaagt

tctacgagca

tgtccecggga

actcttcgga

agttgtctga

ctcectecay

cctccecata

Leu Al a Ser
Leu Ala Leu G n Leu Pro Gu Pro Ser
Leu 145150155160 10 165170175 Pro Asp Cys Pro val
Ala Phe Pro Ala Arg Ay Ser
Pro Leu Pro Pro Pro Lys Met 195200205 Pro Pro His Thr

Thr val Pro Gn Q& %E%Endghflssﬁkc'%p

1216

Homo sapiens
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hisa, ¢, g, or t
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misc_feature
(1077)..(1077)
nisa, c, g, or t

cagggcgtct
égggcagact
ggactacaaa
cgagtgcttc
caagagtttc
ctcagatgec
cacaccggcce
cctcrcecty

cctgageteg
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ccggaagtgg
ctgggcgeca
aaaaaatacc
caggaggagc
¢tectagacc
actgcatcat
cctéagagga
cctccttcaa

ctggectect

Pro Pro Tyr

180185190

4aggcgggage

ctcccgggece

ggaatctgaa

tgaggaaagc

gacttctgca

cagataacag

agagaagccc

cagggtttcc

cccgctacec

y Ala Ser val
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ggcacggcag

ggtcatgaac

gcggaagctc

gcaaaggaaa

gtacgagaac

cgagacggag

tcecgetgggd

ccttcaggec

cccattcect

Pro Pro Phe Pro Ser Asp

Pro Leu Arg Pro Lys
Gy Ay Pro Leu

Gy Ala Ala Leu

Il e Leu Ser
ccactgcttg 60
gggccggegg 120
aagttcctca 180
ttactgaagg 240
gtggatgaag 300
gggacaccca 360
ggcgcccect 420
tcoggggtcc 480
tctgactacc 540



210215220 Ala Ay Ser Gy Asp Asp Ala Leu Asp Gy Asp Asp Asp Leu Val
Il e 225230235240 Asp Ile Pro Au 510 <210> 7 <211> 29 <212> RNA <213>
Artificial <400> 7 aagatgcctc cacatacaat cctgagcac29 <210> 8

<400> 2

Met Asn Gly Pro Ala Asp Gly Glu val Asp Tyr

1

5

10

Asn Leu Lys Arg Lys Leu Lys Phe Leu Ile Tyr
25

20

Gin Glu Glu Leu Arg Lys Ala GIn Arg Lys Leu

35

40

Asp Lys Ser Phe Leu Leu Asp Arg Leu Leu GIn

Lys Lys Lys Tyr Arg

15

Glu His Glu Cys Phe

30

Leu Lys val Ser Arg

45

Tyr Glu Asn val Asp

2
tggccﬁtgca gctgcccgag cccagtccce tgaggcccaa gcgggagaaa cggecccgec 600
tg;é&cggaa attcaagatg gcggtgggac cceccgactg ccétgtggga gégccgctga 660
ccttcccfgé_cﬁggggttct ggggctgagg tcgggaégac_tctgacﬁccc ctcccaccco ‘720
ctaagatgcc cccceccacy atcctgagca cggtccctcg geagatgttc agcgatgceag - 780
g%agcggégaGEéatgécftQ gd%ggagacg atgé?ctgét gatcgacatc ccggagtgac ";40
cgtgacatgqugccatg;qc_accacggccc:cgcccggcgc cctecceegtg ccagcacacé 900
cgagtccagc %ttcfégﬁag'étgtttéttg'étgcécagct'gcdatgcttc ggccactgac 960.
acaaccagaé égggégfaaa catgéacggg tgtcccccag'éggégtggca ggggeectge. 1020
cttcaaaccc cggcccccfc caggggacag ttatttaaac gagtggcecgg gagcatntgce flOBQm
cacctgctgg ‘ggaggcagag atccetgeaat ggecacctet ttaaaagggc agctgtacag 1140
ggctaggtttvtttcaatgaa gtttctgtat taaaggagtg.g;tctggaaa aaaaagaaaa 1200
daaaaaazaa aaaaaa 1216
<210> 2
<211> 244
<212> PRT
<213> Homo sapiens



<211> 29 <212> RNA <213> Artificial <400> 8 93 Clains: 1. A nethod
of nodul ating an R&K protein conprising varying the concentration or
subcel lul ar | ocation of a CCDC95 pol ypeptide. 2. The nethod of claim
1 wherein the RGK protein conprises Kiy/Gem 3. The nmethod of claiml
or 2 wherein the nodul ati on of the protein nodul ates the activity
of Voltage Gated Cal ci um channels (VGCC) in cell. 4. The met hod of
claiml1 or°% wherein the | ati on of the pot ei n nodul at es
nyogeni c differentiation in a cell. 5. The nmethod of claim 1l wherein
t he CCDCO5 pol ypeptide conprises the sequence set out in SEQID No 2

or SEQdild Np sér sar SRskP ANQ. ata @hr 312058+ @dHeaspVREA BRF,c1deri vati ve
or fraggent thereof, haypng substantiallygsimlar functiogy

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 pPhe 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 GIn 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 pPhe 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 GIn Met Phe Ser Asp
210 215 220

Ala Gly Ser Gly Asp Asp Ala Leu Asp Gly Asp Asp Asp Leu val Ile
225 230 235 240



6. The nethod of claim1 wherein the concentration of the CCDC95

pol ypeptide is varied by an anti body capabl e of binding selectively

t he CCDCO5 pol ypeptide. 7. The nethod of claim6 wherein the anti body
i s capable of binding selectively to tge sequence set out in SEQ ID
No 2, or SEQID No. 4, or SEQID No. 67or a honol ogue, variant,
derivative or fragnent thereof, having substantially simlar
function. 8. The nethod of claim 1 wherein the concentration of the
CCDCO5 AR ypepgtPde!d s varied by an. expression vector conprising a

pol ynucl eoti de selected from (a)polynucleotides conprising the

nucl eoti de sequence set out in SEQD No. 1 or SEQID No. 3, or SEQID

No.5; 94 (b) polynucl eotides conprising a nucl eoti de seqguence

capabl e %f hy?rldising selectively to the nucl eotide sequence set out
|nSEQ 1 or SEQID No. 3, or SEQID No. 5,. (c¢)

pol ynuct conprising a polynucl eoti de sequence which is

degener*a&l&aspl‘@ result of the genetic code to the pol ynucl eoti des of
(a) or <£xB> (Ms padqpituc! eoti des conpl enentary to the pol ynucl eoti des
of (a), (b) or (c); (e) polynucleotides encoding a CCDC95 polypeptide
mhlch Q%%ﬁho sgs the sequence set out in SEQ ID No 2 or SEQ ID No 4,
or a honol o vari ant erivative o ,Jr

Cher eorotaiatiers StasledRit araapesra oshbicrsas idniBtasiBe kit RitBey (8%
regul atory sequence capabl e of directing expression of sald

pol ynucdgsmti terc ncipgceddt sytdrarges crhgcygens dvopagiasa ofacawanagl | ullzp

| ocati on of an expression product is capable of nodul ating an R&X

prot ei Maatacagga atctgaagcg gaagctcaag ttcctcattt acgagcacga gtgettccag 180
gaggagctca gaadaggcgca aaggaaattg ctgaaggttt cccgagacaa gagtttcctt 240
ctagatcgac ttctgcagta tgagaacgtg éatgaagact cctctgattc agatgccacc 300
gcatcttcag ataacagtga gacagagggg acacccaagt tgtctgacac gccagcccect 360
aagaggaaga gaagcccccc catgggaggt gtceccatcce cttccagect ctcecttgect 420
ccttcaacag gctttcccct gcagacttct ggggccccct ccccatacct gagetcgetg 480
getteteccee cttaccoccce attcccttct gactacctgg ccctgecaget goctgagecc 540
agcceccctga ggeccaaget ggagaaacgg cccegectac cccggaaact caagatgteg 600
gttggaccco ctgactgece cgtgggtggg ccgctggett tcccagecag gggttctggt 660
gccagtgttg gggcagccct gacccccctg cctcctccca agatgectcce acatacaatc 720
ctgagcaccg tccctcagea gatgttcage gatgcaggca gtggggatga cgecctggac 780
ggagatgacg acctggtgat cgacattcca gagtagccac ccagtgccac ctgecaggea 840
cctcacagca ctcctcctgt gocagcaaac tcaageccac ttcctcaaga gatgtitatt 300
gatgcccagt tgccatgett cggccactga cacaatcaga aaaggcgtaa acatgcacaa 960
tgtccccgag gaaggtggca gggtcctgee cttacatccc agccccatcc agggaacagt 1020
tatttaaacyg agtggccaaa agggtctgct acatcttcgg gaggtagaga cctacggtgg 1080



9. The nethod of claim8 wherein the expression vector further
conprises a localization signal. 10. The nethod of claim8 wherein
the expression vector further conprises a dinerization sequence for
regul ated di neri zation of the expression product. 11. The use of the
expression vector of any one of clai 8 to 10 in the manufacture of
a medi canent for treating a condition characterised by the R&X snal

bi ndi ng protein inbalance. 12. A nmethod for detectin% the presence or
absenc &CBECCEt B APARIIAEA0 | A cacRaIaf ¢ 88T FHac P EAAIPBC T TataitapRyyi cAl40
sanpl e contai ning nucleic acid which nmethod conprises; (a)bringing

the bi ehegigedtt SREPHA Bl ceni@e! cvitibgqrapatgtidet @ottaecheobe 0200
primer conprising a polynucleotide as defined in claim8 under
SUitEﬂﬂc%aﬁ%@%&éé“é%k£¥%€%%8c%dbbgggﬁggaég%caggkag cctggaaagg ccaagaaagg 1260
agctgeagga tggggtgggg cactggcagg agactcccac gtggecctgt geacgggtgg 1320
ttgcatattt gcaggtaaca gcaaggcagg caggaggaag tttgcatatg tgaatatage 1380
tctccacagt ccctcacaag aagacaggec cgtcacagag actcacaaaa ataagacagg 1440
tagtgtgggg caggggcatc ccaccccatg taaacgtgca acacactcgt gcgaaggttg 1500
ggtactggac ccggccccag agggcctgtg atggacagct getgttcact caagccaaag 1560
ggtaagcccce tgctgcaggg ggeagctcgce tggtcagagt atgccagcgce tccagggcetg 1620
tgtccggetg atgtagacag tcattccagt gtttctgggce ctctcccecgg getecctggee 1680
ccagagacac accacctgaa gaacaggcaa ggcaggccaa cgtgtcagcg cccactctce 1740
tccacttccc tcagageacc tggtgggetc tgecactcac ctatgaagtc attggatttg 1800
ccaatgtcgt agtcccagac tgtgacctcc agggtcttag tggccagagt ggagagttca 1860
atctcataga agaattcctg agaacaaagg caggcggtgce tttctgtgag gcctaaccac 1920
atcgctgtcc ccagcccaac tttatttcta ctccctgaca tttttacctc attaaattce 1980
ggatttagtt cttcttcttt acacatgtit tgtgcttgga tttcttatcc . 2030
<210> 4
<211> 244
<212> PRT
<213> Mus musculus
<400> 4
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 Ile Tyr Glu His Glu Cys Phe



(b)detecting any duplex forned between the probe or priner and
nucleic acid in the sanple. 13. A nethod for detecting a CCDC95

pol ypepti de which conprises the sequence set out in SEQID No 2 or
SEQ ID No. 4, or SEQID No. 6 or a honpl ogue, variant, derivative or
fragment thereof, having substantially simlar function present in a
bi ol ogi cal sanpl%owhich conprisesis(a) provi di ng aﬂ)antibody capabl e
of binding sel ecti'vely the CCDCO5"pol ypeptide (b) Tncubating a

bi ol ogi cal sanple with the anti body under conditions which allow for
the formati on of an anti body-antigen conplex; and (c) determ ning
whet herglanclantGibody-ani Lgemlaosipl axg iLysf ceuredu 4. Vdle sasenrgf an

anti body capalhie of binding seigectively a CCDC5 pol ypepti de which
conprises the sequence set out in SEQID No 2 or SEQ ID No. 4, or SEQ
ID No. 6 in the manufacture of a nedicanent for treating a condition
characterised by the RG&K small binding protein inbal ance. 15.Use of a
CCDCY5 A58| hsepel dle| kfua LR tASBAATEr LEWARH $U1 MYy £ 15ubdt XAt dSBapabl e of
af fecting $the RGK snal |l bi hdi ng protein coné@ntrati on or sub-cellular
| ocal i zation. 16.Use of a CCDC95 pol ypeptide in a method of
identifying a substance

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 Met Gly Gly Ala Pro Ser Preo Ser Ser Leu Ser Leu
100 105 110

Pro Pro Ser Ser Gly Phe Pro Leu GIn Thr Ser Gly Ala Pro Ser Pro
115 120 125

Tyr Leu Ser Ser Leu Ala Ser Pro Pro Tyr Pro Pro Phe Pro Ser Asp
130 135 140

Tyr Leu Ala Leu GIn Leu Pro Glu Pro Ser Pro Leu Arg Pro Lys Leu
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 Ala Phe Pro Ala Arg Gly Ser
180 185 190

Gly Ala Ser val Gly Ala Ala Leu Thr Pro Leu Pro Pro Pro Lys Met
195 200 205



capabl e of nodul ating the RGK small binding protein concentration or
sub-cellular localisation. 17.Use of a 00DC95 pol ypeptide in in the
manuf acture of a nedi canent for nodul ating the R& smal |l binding
protein concentration or sub-celIuIarJJocaIisation. 18. The use of
claim 17 wherein the polypeptide is suitable for parenteral
admnistration to a patient. 96 19. A nethod of nodul ating
sub-cellular location of a concentration of RGK protein or

sub- celAr8I &° bt dhr sHte bet SSApHTsVal PrAcs Wt &)n d?etv%ﬂeyﬁﬁ'@ ASRe
concentrat?¥n of CCDC95 polaipepti de. 20. Us@26f a conposition
conprising a therapeutically effective amount of "a nodul ator of RXK
protein concentration or subcel lul ar | ocation mherein t he nodul at or

irr:mté}f ac% re ?éy%ﬁnglg’ ﬁeéltﬂ?o'?eq{ %‘gﬁ;##&glcon I'ti on cﬁa?lggt gI‘GI !sgdt B)e/

t he 23 mal | bi ndi ng p?% ei n i mbal ance.? The use of im20
mhereln t he CCDCO5 pol ypepti de conprises the sequence set out in SEQ
ID No 2 or SEQID No. 4, or SEQID No. 6 or a honol ogue, variant,
deri vatdsper@r pfg aggent thereof, having substantially simlar
function, present in a biological sanple. 22. The use of claim20
wherein the pol ypeptide conprises a coil coiled domain. 23. The use
of claim20 or 22 further conprising an adjuvant capabl e of inducing

an i mrune response.
<210> 5

<211s> 2073
<212> DNA
<213> Rattus rattus

<400> 5
ccggaagtgg aggggtgtgt gcgtgigtgt atgtgtgtgt gtgtgtygtgt gtgtgagaga 60

gagaggacgg gcggactigg gtagcgggac tctactccgg ggcgcttctc ccaggcgggt 120
catgaacgga ccaécggacg gcgaagtgga ctacaaaaag aaatacagga atctgaagcg 180
gaagctcaag ttcctcattt acgaacacga gtgcttccag gaggagctca ggaaggegea 240
aagaaaattg ctgaaggttt cccgagacaa gagtticcit ctagatcgac ttctgcagta 300
tgagaacgtg gatgaagact cttccgattc agatgccact gcgtcttcag acaacagtga 360
gaccgaaggg acgcccaagt tgtcggacac accagcccct aagaggaaga gaagecoccc 420
gatgggaggt gccccatccc cttccagect ctcattgcct ccttcatcag gatttccect 480
gcagacttct ggggcecccct ccccatacct gagetegetyg gettctccce cttaccccocc 540
attcccttct gactacctgg ccctgeaget gecctgagccc agccccctga ggcccaagcet 600
ggagaaacgg ¢cccgectac cccggaaact caagatggceg gtgggeccce ctgactgecc 660
tgtgggtgga ccgectggctt tccctgccag gggttctggt gocagtgttg gggcagcetet 720
gacccecctg cctectocca agatgectice acatacaatc ctgagcaceg tccctcagea 780

gatgttcagc gatgccggca gcggagatga tgccctagac ggagatgatg acctggtgat 840



24. A nmethod of directing stemcell diferentiation conprising varying
t he concentration or subcellular |ocation of a CCDC95 pol ypepti de.

25. The nethod of claim24 wherein the stemcell is a myobl ast. 26.
The net hod of claim 24 wherein the 5 pol ypepti de conprises the
sequence set out in SEQID No 2 or SEQID No. 4, or SEQID No. 6 or a
honol ogue, variant, derivative or fragnment thereof, having
substantially simlar function. 27. The method of claim 24 wherein

t he corf@BRATELD JRIGRIGRE TRADLISLASOFTFERIICHe CFECIrsFRedIRYCERChNt | BBy
capabl e of binding selectively the CCDCO5 pol ypepti de conprising the.

sequengRgs&igcabtadtiasiz@al et daad afQrtfatNegathccbig SEGrddoghlp. 6960 a

honol ogue, variant, derivative or fragment thereof, having

wher ef 1HCBREaESH CRREF SR B 5P OB SR BT Pt e 78 “SEHTHeBH s 1080

interfering RNA. 29. The nethod of claim 28 wherein the interfering

RNA corpodsmscBREQcrTraddac dhacorc@EQCttgghpacagattatttaat gagtggccaa 1080
aagggtctgc tacatcttag gaaggtagag acccttggtg gecgecccctt tagaagagca 1140
gctgecgcagyg gctgggacat tttaatgaag gectctgtatt aaagagttgg ctctttettt 1200
ccttatcctt tcctctattt ggaaatgtcc tcctctaatce tcccctaatc.ccaccccctc 1260
cttgtggggce aggggaccag gcagcctgga gaggccaaga gaggagetge aggattgggt 1320
ggggcactgg caggagactc ccacgtagec ctgtgcatgg ggtggttgea tatttgcadg 1380
taagagcaag tcaggcagga ggaagtttgc atatgtgaat atagctctcc acatccctca 1440
caagaagata gacccacggt cacagagact cacaaaaata agacaggtag tgtggggcag 1500
gggcgtccca cccatgtaaa cgtgcaacac actcgtgcga aggttgggta ctggacccgg 1560
ccgcagaggg cctgtgetgg gcagetgeag tctgttcagg ccaacggcaa cgcccctgcet 1620
gctgggggca gctegcetggt cagggtatge cagcgctcca ctgetgtgtc cggetgatgt 1680
agacagtctc tccagtgttt ctgggcctct ccccgggete ctggccccag agacacacca 1740
cctgaagaac aggcaaggca ggecaacctg tcagtgocca ctetcttcca cttccctgac 1800
acctggtgga ctcctecact cacctatgaa gtcattggat ttgccaatgt cgtagtccca 1860
gactgtgact tccagggtct tggtagccag agtggagagt tccatctcat aaaagaattc 1920
ctgagaacaa ggcaggaggt gctttctgag agaccttctc acattgctct ccccagacca 1980
tcttgatttc tgctccctge catttttacc tcattaaatt ccgggttcag cgtcttcttc 2040
tttaaaaaaa aaaaaaaaaa aaaaaaaaaa aaa 2073
<210> 6

<211> 244



<212>
<213> Rattus rattus

PRT

<400> 6

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

AsSp

Pro

85

Met

Gly

Leu

GlIn

Arg

ASp

L.eu

Lys

Leu

Ser

70

Lys

Gly

Phe

Ala

Leu

150

Leu

Gly

LysS

Ala

Asp

55

Asp

Leu

Gly

Pro

Ser

135

Pro

Pra

Glu

Phe

Gln

40

Arg

Ala

sSer

Ala

Leu

120

Pro

Glu

Arg

val

Leu

25

Arg

Leu

Thr

Asp

Pro

105

Gln

Pro

Pro

Lys

ASp

10

Ile

LysS

Leu

Ala

Thr

80

Ser

Thr

Tyr

Ser

L.eu

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

LYysS

His

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

AsSp

Leu

160

Pro



10

165 170

Pro Asp Cys Pro val Gly Gly Pro Leu Ala
180 185
Gly Ala Sser val Gly Ala Ala Leu Thr Pro
195 200
Pro Pro His Thr Ile Leu Ser Thr val Pro
210 215
Ala Gly ser Gly Asp Asp Ala Leu Asp Gly
225 230
Asp Ile Pro Glu
5 10
<210>
<211> 29
<212> RNA
<213> Artificial
<400>

aagatgcctc cacatacaat cctgagcac

<210>
<211>
<212>
<213>

<400; 8

29
RNA
Artificial

gatcgacttc tgcagtatga gaacgtgga

175

Phe Pro Ala Arg Gly Ser

190

Leu Pro Pro Pro Lys Met

205

GIn GIn Met Phe Ser Asp

220

Asp Asp Asp Leu val Ile

235

240

29

29



93

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. G ora
homologue, variant, derivaiive or fragment thereof, having substantially
similar function.

The method of claim 1 wherein the concentration of the CCDC85
polypeptide is varied by an antibody capable of binding selectively the
CCDC85 polypeptide.

The method of claim 6 wherein the aniibody 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 concentration of the CCDC85
polypeptide is varied by an expression vector comprising a polynucleotide
selected from:

(a) polynucleotides comprising the nucleotide sequence set out in
SEQ D No. 1or SEQ ID No. 3, or SEQ ID No.5;



(b)

(c)

(d)
(e)

94

polynucleotides comprising a nucleotide sequence capable of hybridising
selectively to the nucleotide sequence set out in SEQ 1D No. 1 or SEQ ID
No. 3, or SEQ ID No. 5,.

polynuclectides comprising a polynucleotide sequence which s
degenerate as a result of the genetic code o the polynucleotides of (a) or

(b).
polynucleotides complementary to the polynuclectides of (a), (b) or (c);

polynucleotides encoding a CCDC85 polypeptide which comprises the
sequence set out in SEQ ID No 2 or SEQ ID No. 4, or SEQ ID No. 6 ora
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 seguence 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 biclogical sample containing nucleic acid which
method comprises:

bringing the biological sample into contact with a polynucleotide probe or
primer comprising a polynucleotide as defined in claim 8 under suitable

hybridising conditions; and



(b)

13.

(a)

(b)

()

14,

15.

16.

17.

18.

95

detecting any duplex formed between the probe or primer and nucleic
acid in the sample.

A method for detecting a CCDCY5 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 CCDCS95

polypepiide which comprises the sequence set out in SEQID No 2 or
SEQ ID No. 4, or SEQ ID No. 6 in the manufacture of a medicament for

treating 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 CCDC85 polypeptide in a method of identifying a substance
capable of modulating the RGK small binding protein concentration or
sub-cellular localisation.

Use of a CCDCY5 polypeptide in in the manufacture of a medicament for
modulating the RGK small binding protein concentration or sub-celiular
localisation.

The use of claim 17 wherein the polypeptide is suitable for parenteral
administration to a patient.



19.

20.

21.

22.

23.

24,

25.

26.

27.

96

A method of modulating sub-cellular location of a concentration of RGK
protein or sub-cellular localisation comprising the step of varying the
concentration of CCDC85 polypeptide.

Use of a composition comprising a therapeutically effective amount of a
modulator of RGK protein concentration or subceliular location wherein
the modulator is a CCDC95 polypeptide or an antibody to a CCDC85
polypeptide in the manufacture of a medicament for treating a condition
characterised by the RGK small binding protein imbalance.

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 D No. 6 ora
homologue, variant, derivative or fragment thereof, having substantially
similar function, present in a biological sample.

The use of claim 20 wherein the polypeptide comprises a coil coiled
domain.

The use of claim 20 or 22 further comprising an adjuvant capable of
inducing an immune response.

A method of directing stem cell diferentiation comprising varying the
concentration or subcellular location of a CCDC95 polypeptide.

The method of claim 24 wherein the stem cell is a myoblast.

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.

The method of claim 24 wherein the concentration of the CCDC85
polypeptide is varied by an antibody capable of binding selectively the
CCDC85 polypeptide comprising the sequence set out in SEQ ID No 2 or
SEQ 1D No. 4, or SEQ ID No. 6 or a homologue, variant, derivative or
fragment thereof, having substantially similar function.



28.

20.

97

The method of claim 24 wherein the concentration of a CCDC25
polypeptide is reduced using interfering RNA.

The method of claim 28 wherein the interfering RNA comprises SEQ ID
No. 7, or SEQ 1D No. 8.



