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SplnocereDelia r ataxia type 2 (SCA2) Is causad by ax­
pansion of e CAG trinuclaotide rep. at located in tha 
cod ing reg ion 01 the humen SCM gena. Sequenca 
ana lysis revealed that SCM Is a nOV1lI gene 01 un­
known lunctlon. In order 10 ~ovlde Inslghla into lha 
molecular mechenisma ot palhogenesls 01 SCA2 and 
to ldentlfy con .... rved domalna. we Isolated end cha r­
acterized the mouse homolog 01 tha SCA2 gene. 
Sequence end e mlno ecld enelysls reveelad 89% ldenl­
ity ellha nucleotide and 91 '10 ldenlity ellha e mlno K id 
level. However. there was no extended polyg lutam ina 
trKI In the mou ... SCA2 eDNA. suggesting thal lha 
normal lunctlon 01 SCA2 ls nol dependenl on Ihis da­
main. Northern blot analyela 01 different mou ... tiUUH 
Indicaled lhal the mou ... SCA2 gene waa exp ressecl ln 
mosl tI .... ues. but el varying level • . AKernatlve splicing 
Hen In h uman SCA2 was conse rved In the mouse. By 
northern bioi analysis . SCA2 was exprllSlled during 
embryogenes is .... earty .... day 8 01 gestation (Ee). 
Immunohistochemical staining using aff lnlty-purffied 
antibod iea demonslreledthel etaxln 2 wes expressad 
In lha eyto~85m 01 Purklnje calla as well as In other 
neurons 01 tha CNS. 

INTRODUCTION 

Spino=t:belLu- ataxi. type 2 (SCA2) i. IUl autOl>O<J\a! dominant 
di>onkJ- leading to DCUIUnlIl ocgencntion. prirrwily in the 
ccrrbellum . but abo in other piIr1> of the centIlllIlCI'lO'" .)'>tcm. 
The gene cau.ing SCA2 I\a. =~y bern idcntifocJ by thra: 
iBkprndrnt group> (1 - 3). SCA2 is. member of cight <lClIfOdc.. 
gencmive di"",= e.used by • CAGlpoIyglutamine CJ;f"'Il'OOn. 
","';eh ioclude Huntington ', di>ea>c (HD) (4). spin.tl INlbar 
museul", .trophy (SBMA) (S). spinoccrrbdl.,. .taJlia type 1 
(SCA 1) (6). ocntatorubropWlidolupian atrophy (DRPU.) (7). 
~l""hado-.Io>cph di",..., (SCAl or MJD) (8). SCA7 (9) and 
SCM (10). 
~,-iou •• tudic> (1- 3) could <lOt u""luivocally identify the 

SOil initi.tion oodon. Two potenti .. ATG oodcru "'" loc.tIXl .t 

position> 162 oBi 642 of the SCA2 eDNA !i<XjUCDCC """"'I""l' 
ding to ~lct rc,;due> numben 1 and 161 of the IIfIlino >cid 
",,!LICOCC (1 ;1) . With u~e of the f"," ATG. the huflWl SCA2 
eD~A is pmIictoo to rode for. protein of 13 12 omino acid. oBi 
• <1>01=1.,. ",-cight of 140.1 U >O. If tIlI",lotioo ",-en: initiated at 

the 00C0Cld ATG . then the rc",lting protcin would ""',.;" 11 S2 
amino ",ids with. molCC\lbor ... eight of 1243 U);,. 

Amino acid ",,!UCDCC ..".]).,;. of human .. ""in 2 rcvcolOO no 
.ignificant bomoIogioc. to othcr poI)'gluwninc protein. or othcr 
protein> of kno ... n fuoctioo. Signif",ont hoodogri ",-en: only 
detected ... ith a lX,..cI protein dc>ignatcd ataxin 2· rclat«! protein 
(AlRp) (1 ). lkspitc the high homology betwr<:n the two protein •• 
the polygluurninc tIlI<:t "'-•• <lOt ron.er.ed in A2RP ( I) . 

In order to identify the initiation oodon and fuoctiooal dom.tUn 
",-c isol.tIXl the ....,...., _OIl of the SCA2 gene. M""", SCA2 
is highly COllSCIYOO . with 91% identity.t the amino acid k,..,1 
bet ... = ...,..,., oBi human protei",. Wc .. .., pro,ide tbe fU>t 
de"""","",,,tion of protein cxprc.';"" oBi cellular locali:.r.otioo of 
ataxin 2. 

RESULTS 

Idmlir"",tion of til< """"" botDOlog of ataxiD 2 

To obtain initial eD~A clone> . we ",=n<Xi.., odult 1IlOU'" brain 
eD~A ~bniry (StIlItagCne) u,;ng hUIIlllll eDNA cion", S I oBi S2 
(1 ). Five eDNA clone>. dc>ignatlXl ~ll _~IS. ",-en: i!iOlatcd. 
Sub>cGucntiy. """'''' cD~A clone .... = used to ><=en the 
libniry fwthcr to identify o'TIlapping clone>. The """"Ding 
procc>s ..... rtpc.tIXl until clone> "",taining the rulllti, -c 
tmninatioo oodon ... = itlcmifocJ. Mouse clone> M2.4 .1.1 ""d 
~12A.l2 "",,.;,,00 • tcmrinotioo oodon and Ilimo>t the rnt~ 
roding rcgion of tbe gene . inclLJding 342 bp of tbe l ' ·untnm .... ted 
",,!ucncc (3··UIR) (Fig. I). 

The bcgiruring of the mo>t S··end 1IlOU'" eDNA clone 
""",.ponded to nt W I of the human SeAl !i<XjUCDCC ( I). The 
aIm" eDNA dODe "",tainOO ." in·ftllmC ATG oodon .t • 
po>itioo ","".ponding to the 00C0Cld methionine in the human 
ataxin 2 >C<jLlCOCC. Forty two ~g ""'" poindid <lOt contain 
an in·fnmc >top oodon. In odditioo. tbe ",,!ucncc w"" highly 
"""cr.ed bet",-crn 1IlOU'" oBi human. '"Uc>ting th.1t it did <lOt 

r<prc!iCllt the Y ·UTR. INt represented roding >eqocncc. 

'To . l>om rom"" ,,' "'" """' .. .. _""'_ T<t • L "0 '" " ""; F ... , . L 110.," ".,; ","",L, ou"' ''''''''-''"O 
'1'"",., -.,., Lo"'""", of LtoO _ t"""" 1"'"'"" of"""",, u<"ru" . B,_ "'. ""1 .... ' Coy. LT .. ' ,, _ LSA 
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To identify upstream >«jucncc wc u.ro clone. ~ll and 
~12.4.l, 1 to «men a ...,..... genomic SX boctcriol lOl1if,cw 
chromo>omc (BAC) libnory, Pooitivc BAC clone> ... = digc>te<l 
" 'ith £COR! and ""I""ocro oftcr .ubd onins into the pBlue><ript 
plasmid. Seq""""",, 0Il0lIys;. of n»U>C genomic don<> re,=Ied • 
long open tading f"""" from Ill> ATG codon como.ponding to the 
propoocd initiotioo codon in the human SCA2 ge"" (I ) to the 
><=n<l oowm,fClilJl ATG codon i<kntiflCd in mouse cD:-.'A 
clone. (corresponding to human codon 161). Twenty w. base 
pain of ""Iu= ul"= of tlx ATG corre>pODding "' codon 
I of the human ""I"""""" did _ oontoin • ""I' codon, Dc.pite 
==t/ effort. u.ing manual and "utomlltcd >«jucocing proto' 
col. , ""Iucncing of the "'gioo located furthcr ul"= wos _ 
poWbk due to OIl unu.ually high GC oontenl, 

r;u<l."ticlo and lOIItioo .<id >e<J""D"" ~na/y'" 

Ahgnment of mou", and human SCA2 ""I""DCe> =eo/ed 
>lriking oonSCT>lItion and po<cntiolly import""t diff=ncc. (fig, 
1), At the noclrotidc k, ... I, 89% identity .. ''''' OOscn'ed, ... 1x=I. 
at the amino acid leveL 9 1 % identity and 92% .imilarity ... = 
I"""'nt, lbc xq:ioo corrc>ponding to omino ocid> 1_ 15 1 Iihowcd 
only 72% >imilarity. We OOscn'ed nin< delcticru and fOOf 
insertion. of "oriow; .uc.. All deletion. C>cept me ... = located 
in the reLotivcly m homolog"". Y-<n<I "'gioo, Six mou"" 

cloncs . ),12.4,1.1 , ),1 2,4 ,1.2, M12, Ml3 . ~ll and M 4, rn_ 
comp .... ed the homolog"". region. nonking the human CAG 
tqlC'OL All clone> had identical >«jucncc> with only a >ingk CAG 
codon. Mouse gcnom;c clone. 01", ron";ned ""lyon< CAG -:-.' oclrotidc 0Il0lIy>i. " " 'eo/ed th.ol dODe> M 12, M 13. M2./i 1 , I • 
~12,61, 1 and ).12.4, 1.1 weI<O deleted of I S80-1789 lop i""lu.ivc­
Iy. lbc <kktion of 210 nt did no< int=upt the open ",ailing fr.mlC 
and ..... _ reported corlia in the human ""1""""", We 

dc>ignatcd the isoform .. ithout the 210 lop <klction •• type I, 
" 'ho=a> the cD:-.'A SC<jU<""" " 'ith the deletion ..... ""'i8""tcd os 
type II (Fig. 2) , 

up""';"" of """"" SCAl t.,..,..,ript. 

U.ing ~ blot 0Il0lI).,;" .... <kt«:tcd a 4,4 kb trllll.>cript in 
",,=t/ """"'" tW;u,,", such ,.,. brain. Ixart, lung. h,'a , kXIncy, 
.ulcto/ ,,.,,,,le , spkcn and inte>tinc (fig, 3A ), lbc ~ 
c'l""'Wr: " ... ><= in u.: brain , """""" b. <!r""";'; dilIen::noo; 
.. ~re oI=vcd in the distrilution in """'" mou>c ti.""", canporcd 
..ith the human oo.oolot; . wlxrc no or "cry httle """,Clipt"..", 
""" in k~' and lung ( I) , WIxon toto/ R:-.'Al; " , tr.octcd on IOOUOC 
cmbryonic <iay. g· 16 (E8-E I6) '""" !""I>cd by northern bkt 
ona/)"i., " tr.m.cript of 4.4 kb " ... dctcctablc .. ~'" ES-E16 , 
.. ith the lowe" Icv<I of c~ .. ES, (Fig, 3B), 
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Exj>~ <Jl ... 1 ...... 1;.. lransl:ripb 

In ordcr '0 >1udy ,he ""~00 of altcm.1U , 'C """script •• wc u>Cd 
PCR primcr ~IA I 5 , which , in rombi""tion wi'" primcn ~lB 1 6 
and MD 15. flank. !he aI,=u,'c .pli"" .i'e . Corrc.poodins 
ampli"' ... rncompo .. nt 1520-206'J and 1520-1886 of !he 
"'"""" cDNA!i<XjUCOCC. RT·PCR Wl .. pcrl'ormcd u.ing I ~s .,"" 
R."A. c, ,,,,,,:ru from wbcok """'!iC cmbrj-"" , E8-E16 (FiS. 3q, 
and ad"l, <JX>4I>C ti .. LIC. (Fig, 3D), I" oddition to two iooform. 
TtlR"'"'cd in moo!iC SCA2cD~A done. (!ICC abovc ,N"d ro:idc 
and omino ""jd >«jLlCOCC anal)~i.). W. <lc!oc!cd. "'ird iooform, 
typo III , u.ing primcr poUr MA 151MB 16, Sc<J"""'" anal y>i. of!he 
thin! isoform rc."CaIcd "" in· fr.m>e delc:ioo of 393 lop , which 
c"n>i>:ru of the >am< 210 lop as in type II but al>o md LJdcd !he 
adjacen' down"fCom 183 bp (Fig, 2). The .. pr=ioo "fall !hrcc 
OOfonru was detocted in all roou>< ti>wc> wish !he .=ptioo of 
mU5<k . whcrc only type I Wll5 >«n (Fig, 3D), AnaI),.i. of 
mRSA. from ES_E 16 "'"""" .mbryo> by RT·PCR ","",'ed !he 
.. istc""" of !hrcc isofonru .,. =iy .,. E8 (FiS. ].C). In 

""""I""i!iOll with the typo II and type I i",form •• !he ",blu,'c 
amo,,"' of'ypo 1lI1l'anscripl " . .,. b> u.." for the other i",form. 
(Fig. 3B). The p=6c:cd "",1=1ar wright> of ,he!hrcc I1lO4J!iC 

a<.uin 2 ioofonru .DOOdcd b}' the typo L II and III tr".m>aip<> "'" 
136.5, 129.00 122 .8 U n fC>pcctivd),. 

To invnug.tc the di.uibutioo of ,he SCAl SCDC product , a<.uin 
2, w. produced anubodie. to >bon poptidc> (dc>ignatOO SCAlA. 
SCA2D, SCA2C and SCA2D) of aw.m 2, Pcptidcs SCAlA and 
SCA2C "'" locaIcd 172 and 54 ami"" tocid> 00,,= of !he 
glu"""",,, fCp""t !<Ogion rc>poCbvcl),. Pcptidcs SCA2D and 
SCA2D an: located 391 and 433 omino tocid> "1""= of !he 
C· tcrminu •. Eu:cpt for the f,'" 'wo alanine fC. idLIC. on pcptidc 
SCA2D, both peptide> SCA2A and SCA2D an: 100% t.omcol"" 
gou. '" the IDOU!iC >«jLlCIlCC. ThcJclOfC , antibodi", to the!iC two 
peptide. should be ohio to r=>gnizc moo!iC " "",in 2. One omino 
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acid rnidLIC ;,. diffcrrnl belworn hUOIW> ond """,,,,in the SCAlC 
peptiOC >aJUCOCC and lwe "'" .ubstilU<OO in the SCA2D peptioc. 

For initilll C"o/uatioo of the ami..".. • • _ I<.ted them ... ith ataxin 
2- 8='n n""",,,,nl protcin (GFP) fU>ioo prol<m.. On wc.l<rn 
biro of protcin CJ"'1"'!> from COS I cell. """.reeted with 
plasmid pEG Fl' containing. pan..io/ (3833 lop) "'Iucncc of SCA2 
cD~A fused .. ith GFP or the pEGFP voctur 1lIonc. Urunune !iCflI 

again>! ataxin 2 peptide> n:cognized • band of I SO kDa. clo>< "' 
the ca/culatc<l moleeuboz weighl of 15 1 kDil for thi. f"" ion 
COIl.!nICt, n.c GFP protcin i"df w.,. 001 n:cogniud (Fig. 4.0.). 
Whrn lbe """'" f, lla was reacted ... ith an iUltilxxly to GFP. both 
the GFP-ot."in 2 fU>ion prote in (150 kDa) and GFl' (27 kDa) 
band> ... = dctcclal (FiS.4A). 

For <Ic<ocUDIl of ""tivc .taxin 2 .... e oflinily purifi«i lbe", 
antibodic. and used them to <let"", """'in 2 in """'>c bo-..m protcin 
extract>, All fouz antibodies <let0Cl<d band> of 145 kDa in ...,..,., 
brain (Fig. 4 B. Iane. 1-4). The 145 U n protcin;" do", '" the 
pnxbcted molccul ...... eighl of 1363 kDa e,...,xkd by u>ag< of the 
upslrCom Y ATG 00<I00. A 2{lJ kDa protcin ...... 1>0 dctoclCd 
....,.1 strungly bj' SCAlB iI!ltibody. When the SCAlA and 
SCAlB ""tibodics ... = prcint"ubo<OO wi<h their rc>pOC1i"e 
pcpliJc . lbey foikxl todetect the 145 .00 2{ll kDa band. (Fi;;, 4B. 
1= 5 and 6). lbc .malla ,,",*,,",,1 ... ""eight band> variably 
dctccl«i by the fouz ..,tilKxlri prubobly represented <kgzadod 
ataxin 2. When the ontilKxlri wcrc funhcr evalWlted in SCA2 
brain extract> . both the nonIUII kngth ataxin 2.,. _II •• a Iargcr 
prol<in fCpn=nUng .taxin 2 ... ith OIl expaOOod poIys/utarninc 
tract "'.= dctoctal (Fig. 4C). Thi.I"'llcrprulein ...... bsenl in an 
AW>cimcr discose bnUn .00 in a br..m from • 1lDr1IIllI "",!mi. 

To dctcmrine the di,nilKltion of .!allin 2 in adult mou", brain. 
""e .tained 7 "'" ooction> of pozaJr In -cmbcd<lcd """,se brain ... ith 
2{l ~gImI affmity. purifial SCA2A. SCAlB. SCA2C and SCAlD 
antibodies. All ..,tilKxlri "",,/ted in .imiboz .laini", pattern> . bUI 
.1llining "' . .., .!roItgC>I for ""tilxxly SCA2B, Figure 5 >how • 
• 1llining of """aal "'Sioo> of the C:-;S ... ith thi.antilxxly, Atuin 
2 ""., ... iddy exprc»<XI in nClllllDlOl "db of the adult """'''' bnUn. 
It "' . .,. foond in large pyr.mUdal ncurom ond sek:<:tcd neuron. of 
the hif'lK"=TllK'" thalamu. and hypothalomw;, High Ic>'d, of 
ataxin 2 wt'fC found in Pwl;injc cell> of the =<bellum .00 
gigiUllOCclluiar ncurom of the brain .I<rn. Auuin 2 "' . .,. .. \OlIkIy 
dctccl«i in ncurom of the V.rnuk I.yc.r of the ccrrbcll urn . ocntal< 
gyrus of the hippocomp'" and lbe =<101 oortex, Auuin 2 ..... 
un<lctoctabk in S/io/ 0<11 •• Auuin 2 staini", ",· •• Iocalized " 'ilh • 
pcrinuckar ond p"octa<OO pattern .00 00 nuclear >taining "' .•• 
dctccl«i, No stoining ..... oo>CI".al ""ith affinity .purif>«l ..,ti· 
bodies prc.obsorba! with lbe rorrc5pOnding peptide> (Fig. 5E ond 
1') . indicoting the staining spocif"'ity of the", antibodic>. 
~immWlC serum .1 • romparob/e I;;G cooccntr.lion IlIso foiled 
to stain cell> (dota "'" iibown), 

DISCUSSION 

VI< isolated .00 char.octcrizcd the """'"'" t.omolo@oflbehuman 
SCAl 8"ne. M"""" ",,,,,in 21wo • very high t.omology.1 both the 
n""l""ide and omino IICid level •. Lilc the human g<nc. """'>c 
SCAl ""hibi", a high pm:cntage of GC ba:;c pai ... . <>pOCwly .1 
the Y -end of the grn< . ",.~ it ,,,,,cbe> 83% for the f"'" 671) bp. 
Th;" f""tun: '""y be .uggcotivc of po". lIlm!i<riptionoi ronlrol of 
the mc»ag< (I I .12). It ;,. likely lhal the ooo.cr.al GC·,idmc .. 
and ><CODd.vy struclure oonnilKlI«i '" the diff"",ulty of findinS 
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cD~A clone> CUltainin,i; the Y-COO ><que""" in "" 'en< tr",, · 

",ribOO ~b"";< •. 
Dc.pile <he high ovrntll homology, Lx. of the poIyglutarninc 

trad in the """'>c ""SIle,"", <hat other domai"" ofthc prntcin may 
'qm,,,,n! fuoctionillly important domain •. A nxluctioo in the 
length of trinoclrotHk tq><"" in <he ...,..,., tw bern ob>crvtxl for 
0Iba CAGlpoIyglutarninc af"Ul"iOll discot>e>. weh os seA l 
(1 3) .00 Huntington'. di>casc (1 4). Thi •• uggc>I. <hat thc 
ox!"""ioo of rq>ea!. may be . disca>< of 'primate>. and no natUIll! 
ru<knt model is likely to exis, . 

~lou", .""in 2 w.,. exprc..ro in all ">1<Xl """"" ti..un, 
indLJdins IWlg ond kidney, when: .irtually no """scrip< " .... >«n 

in human •. 1h< observation of COIlSCIVtXl oI"'mlIuvc """!i<rip! • 
in both ...,..,., (report«l h=) .00 human ti.5UC> (l S) may 
indK:atc <hat diff=nl OOform> could potentially fCpr=n1 
fuoctional dilf=occ • . 'n ,ill< h)'bridiLation wi'" RNA probe. 
gcncmod frum mouse cDNA i18.m", pwti;.-ul..- isofonru will 
grc .. ly for ili"'''' locoliz.oUon of the pwti<."ULu- isofoItm in brain 
and ",he.- lis,,,,,, and pro,ide in.ighl> in", the fu""ioo.tI 
.ignifi""""" of .plicing. The obscrvro IlItcmatc .plicing can 
aocount for the smoll dilfcrmcn in the .izc of tr.mscript for 
<JX>U>C ti»"". detected by northern bioi anaI),>is. It is in1<'fC>ling 
to !lOt< the proliDC- and .mne.rich oontcnt> of the deleted amino 
acid. in the type II and type III ioofortm. The 70 amino acid • 
.pli=l out in the type II i",form con>i>1 of 29% proline. and 23% 
><riD<>. Simiborly, aroons 13 1 amino lOCid •• pliccd out in the type 
III isofonn , proline. and ><rinc. contribute 21 and 21% ""poct_ 
i>dy. The proIi"". richnc .. of the .pli=l amino acid regiOll' 
might c.u>< • Iocol but criticol ,tructuroI change in the ""uhing 
protein. ProliJ>e.rich motif> arc re'po",iblc for bindinS SIC 
bornoIogy 3 RgiOll (SHl) domain>, puscnt in a large group of 
protein>, indLJding "l'tosldctol and Ilign.tling protein. ( 16). 

Contnm:J>Y .wruund. the rutllti,'c iniLiatioo rodon of human 
ataxin 2. Two mctlrioninc., .t position. I and 161 of the human 
peptide >«jU<l>CC , " .. en: .uggc.tcd .. potential initi .. "", of 
tr.m>cription.Conscr. ... ioo ofboth mc<hiooiD<> " pooitiOll' I and 
15 1 of """''''' ."",in 2 " .. ith 72% identity in the I 51 amino acid 
"'gioo .upport. the ide. th.1t tlx fin! ATG likely repmc,," the 
initiation 00<I00. Thi, i. funhcr ""pportoo by the fmdinS th.1t 
antibodic. mscd agaimt diff=nt peptide> of human ataxin 2 
detectro. 145 Un protein in...,...., brain. The fili lLIfC to isola'" 
a cD~A clone "",taining tlx region up>trcam of tlx ,..,;:ond 

methionine i. lildy d"" to the inability of the rc'TI>C tIlIn!i<rir­
til'" to tIlIn!i<ribe p".scd the GC·rich tnlCt found in thi> region . 
Since the pruc.".ing of poIygl utamine prutein. Icoding to >mOIler 
protein> wi<h. tcndcocy to "W"8;otc appcan to be . mocw >tcp 
in the cau>a!ion of the", disonlcr> (1 7_21 ), identific.tion of the 
ror=t t",,,,J.tion .tart .ite i. of P"""'""'"nt iniporuux:c for fut= 
animal and ""lIuw >ludic. of SCAl pathogenesi •. 

We ba,,,, gaaat:d ... ib<xlies., f<ur pqcidc> ~""",t in diffcrrnl. 
tcgiom of.awn 2. 1k >pOCif>city of <Ix>c antibOOic> " .... bio>nl rn 
the folJowins <Jbscn..nm.: (ij 011 bIr mit.xlics dcIocIOO prt:<6n. 
of idancal rooIocuhor ~ghts (Fig. 4B, bmc> 1-4~ (ti) antibOOic> 
!R"~ with <Ix ~ pqxid< faikcl to d<tcct tbc>l: 
~ (FigA B, lone> 5 and 6); (lti) jR-irnltuo: oa:o did oot d<ttt 
<Ix <Jbscn'CCl band> (<LIla oot sb:Yo.lI); (;...) <Ix mibcdic> >pOCif."j1y 
dctcttcl a GA' :!"'in 2 [U""" prt:<6n (FIg. 4 .0.) ond (» in SCAl 
~ .... oot in ~ Ir.tim • ." .awn 2 of ~ rooIocuhor 
'IocigI"< " .... dctttccl, 'qu ou,ting ...wn 2 with ." apandcd 
poIyglutaminc "¥"" (Fig. 4C). 



13M I/u"",n Mo/«.iar GCMn'c., 1998, \01, 7, No.8 

1h< 145 Un pru<cin lilely repre>cn" foU . length ...,..,., ataxin 
2 • • ince "'" >izc i> clo>c>t to the pnxbcted """"""1..- weight of 
...,..,., .t""in 2. All four ..,tibodri also <letect<d • 2{lJ un. 
pru<cin ... ith "-ring intcn.ity, Thi> mlile. it unlikely that thi. 
band rcpreoen" • related pru<cin .00 .oU".1> th.1t the 2{l3 un. 
pru<cin i. " modifocd """in 2. l""<ntially r<pre>cnting. dimcr of 
truncated ", .. in 2, Dimcri.z.otioo h.u hocn obscrv«l fCO" ataxin I 
(22), Sclf· intcraction of """in 2 h.u obo been obscrv«l in "'" 
)'ea>I tw<>-hybrid .~"cm (Shibata and Pub!. unpublilihed dato). 

To <letcmtinc the localiutioo of ataxin 2 in adult mouse linin. 
"i< u.ro affinity.purifocd anti ·ataxin 2 antilK><lic. to "am odolt 
...,...., br..m soction •. 1h< >pOCif"'it)' of the immonohi>tochani· 
cal >toining was dctcmtincd ba>aI 00 the fol lowing ooocr'lItiom: 
(i) all four ""tibodri pruJoocd idrntical ,uining pattcrm (data 
00I1ihown); (ii) pre. immone 5CIll", identical lgG <>JDCrntr.tion. 
8""< 00 >i;;naI and (iii) ""tiboilic. prc-'boorbcJ with "'" 
"""''POntlins peptide> ga'.., no <letectabk >toining. AlIUin 2 "i •• 

ex~.ro in • wide variety of neoru ... and WlL> not re.trictcd to 
the CCJrl>ellom, How<va-. the....,.t inten>< "'.ning ..... ><= in 
pyr.mUdal oortical .ew"m. in large brain .tern neurum .00 in 
CCJrl>e1l.,. Pwl;injc 0<11 •• It wal be of inteR .. to detcnninc if 
ex!"",s.iOll of the polyglowninc tract in ataxin 2 also leads to 
d¢uoctioo of oortical neuruo • • s.ince <lernentio "Pf'ClIl"' to be 
""""" prominent in SCAl than in otbc:r SCA. (24.lO) , 

1h< ob>ln'alioo thai. auuin 211m. <)~ Jo,;"tioo (Fig. 5) 
i> s.imilor "' otbc.-~ ~ gluaornin< "1'<"". such .. 
auuin I (24), ""'¢in I (25) and IIningtin (26). Itt=sting/y. 
auuin 1 ..... also locali=! in "'" nuck:j of 0<\IIU>i otbc.- than 
I'Irlinjc cell> (24) and <opwxIcd poI~glU!aminc rt:pcat> led ., 
intr.ou;/= ~.."Ii.", •• ., in HD . MID and SCA I (1 9.27 .28). 
AIthJugh the disaibutioo of """" pr«cin. in Il<Wrn> i> similar. u.: 
< .... Iocalizatioo oC c.dl ~ mnaim "' be Jctamincd. It " 
~ tho: u.: ",beelhdaflocali"'im of codlslU!aminc "1'<"" 
~ pn:tciIl " Jiffarnt. s.irrc 00 otbc.- n:girn.oI b<ndogi<> 
bet,,=, tbcsc ~ or< ob>avcd and the ncrmal fta...." , oC codl 
~ " Iildy Jiffarnt.lt "iD be imprnant to <leu"""" .. _ 
the k""ti.",tio:., oC otuin 2 clIangc> to an inrnnIcl<:or k"","., in 
<IDee cx~ nuant SCiIl transgrnc> and "'/rIha- inrnnIcl<:or 
~ stain"" can bedtnted in ~ "ith SCAl. 

MATERIALS AND METliOOS 

boIation of rV:>oiA d OD .. 

Ho""", SCAl eDNA donn S I .00 S2 (I ) "i= mxIom primed 
(Gibco DRL) ... ith I " .Jl PjdCIl' and U>cd to !iCla:n" /.Zap """''''' 
adolt brJlin cD:>oiA library (Stfatagcnc). Phage we", plated to "" 
"vcr"llc <len.ity oC 10' per plllte.oo pla<joc. WCI<O hfted "'ing 
oy Ion mcmlrnmc> in dopliClltc (DuraJc".c.UV). H ybridiutioo .00 
" 'ash<> " 'en: perform«! ocoording to the m.tJluf ""0='. prttocoI 
(Stfatagcnc). Aftcr !iCla:ning 2 000 000 done • • /i ,.< mouse c D:>oi A 
clones . M I_MS . ... crc Hkntif,ed, 'Thc>c c/o"", ... "'" ",,!ocnccd 
and aligned ... ith the human ataxin 2 ",,!o= to "",f,Tm 
bomoIogy mel u!icd to fNcrocn the hbrt!ry. A total of 25 dODe. 
".= identifocd in throe ilCnluvc >croon., 

boIaUon of mou .. g<DOIDi< d OD'" 

An 8X <TX>U>C grnomic hbrt!ry (Rc>earch Gcnctic» ..... !iCla:ncd 
u.ing mouse cD~A c lones M I and M2.4, 1.1. LobelcJ by mxIom 
priming with lu ."P]<lCfP(Gibco BRL) follo,,'in,i; the m.tJluf",· 
t..,..".'. protocol (R=h Genetic.), One of the obtained BAC 

clone • • 17611 L was digc.ted "ith £coRI .00 .obeloocd into the 
pDluc>Cript pLumid. CIooc> ... crc pidcd into \I6."d/ pllltc •• 
gIU" 1l o"erni 8ht and .tamped ooto nylon membrane> lying OIl top 
of LB + lIITlpicihn "Il"- pLote., PLote .... "'" gro ... n o"ernight .00 
tqtIic. liCI. wtU dcnlItunxl and /i, cd ocoording to the Stnltagcnc 
protorol, PIa.>nrids I""'itivc for the S·. region of II<>Use SCA2 
cV~A w<re fomxl by hybridizatiOll of oligonucleotide. M I and 
~I to the 1qlIicatc>. Oligoo"d",'ide> MI (5'.CJGC GGG CGT 
CCCGGC CTGGG·3')and ~ l (Y-GGGCCC ATA CACCGG 
erc GC·3') <""""p"" 643-665 and 452-471 ot of the "'"""" 
cV~A ""l",,,.ec re.pectively. Sobsc<jocntiy. "'" plasmid> ... "'" 
",,!ocnccd u.ing primc.r ~l and ""lucooe> aligned with the 
homan SCiIl ""1""""'" A ,,,,,,,,n.o. ""lucooc " .•• go>cratcd 
from sevcr".d overlapping cV~A clone>. 

Sequ"""" 1ULal" ... 

Sc.jocncc on.tly>i> ...... performed u.ing on ADI 373 ",,!LICIlCCf 
and primer ... alking, Sajuc""" ... "'" .. sembled into. "",sen.o. 
",,!ocncc u.ing "'" Autoa>>anblcr prov.om (fukin Elmer) and 
the tfll1l>lllted pcp<iJc ..... oomparcd with the human atallin 2 
peptide ><qucooc. 

r;ortt..rn blot 1ULal,,>i.lODd Ii"" >lnnd oDiliA ."nth...;. 

Trul R."A fi<m idJ.lt """"" """'" and " '!de IIOIliC rnttyo. 
(ES-E I6) .. = isobtrd ... _bed (29) U>ing Tri>oI ~ 
(Giboo BRL). Nonbctn bIo< analysis .. "" ~ as _bed 
(29), >1p·1obcJcd 1InI!OC cD~A c!<no M I ...... U>cd in ~bri<li.",t"., 
as the (rube. Meuse ~ wac f'D'hocd from HarIam DO, 
Pnx1>c!s fty Sciro;:c (1_). o.r micrugr&n oc ..... RNA ...... 
U>cd fty f .... >Iland cD:>oiA .)..mc.i> uYng' cD:"oiA .~. kit - , 
ADtibody production and ".0>1....., blot orudy>i' 

AAlibody p~. We nti!icd ntlbt iIllUhcdic> (Ab) ogaimt C· 
and N ·taminal pcptiJc>; SCAlA. amino ocid. 359-371 ( ... ttbcr· 
ing ~8 ., roman iIIllin 2; 1). AKV:>oiGEHKEKDLE; 
SCAlB. amino ""ids \Q4-92L A ' A 'EQVRKSlL"PNAKEf)."; 
SCAle. amino ocid. 141 _250. LGRGR."S:-"' KG; SCAlV. 
amino rih 867_879. ILsNT'EHKRGPEV. An .,taisk follow> 
an amino ocid ",s.idoc lbot diff= bct,,= """"" and I""tlan (occ 
Fig, 2). Eadt pqxidc ...... conjugated to keyoolc limpot hermey • • 
oin and injoclcd into t ... o ~i". CoIIoctcJ amise,.. wtR 1IIlinit)' 
puriftcd ... ing ~jugated peptide colo""",, 

Pro«in c>1m<1ion and ..... ,,..,.,, Non, Prucin> frum mouse brain 
u..oc. and cell lin<> '""" """""ted as follow •. Fn:sh or fru= 
u..oc. """ "'''''P''000d in triple <lctcrJI<nt I>.!lfa ( 100 ml\f Tri •• 
pH 7.4. 1% NNO. O.'i% SUS . O.'i% dro>.)ddic o<xI. I m,\l 
Pcfilbloc. I m,\l EGTA. I ~!0nl pcpu>tain A . 2 !'gimllljIOtinin. 
SO ~!0nlIcupcptin).oo J.xrogati=! ... ing a poI~tfUl ~rn. 

i=-.1h< jIU1<in atntru .. = ftn! >pUll at 1000 g Cl IOO f.pm. in 
a IAn~) for 5 min. 1h<.opcmatont,... .. crntrifu!,'Xlot lo:'l 
000 8 (54 000 f.pm. in II TI.." IOO~) for I h, 1h< ""pcmiI"" " 
(S3) " . ., aliq...-J and >Iacd '" -ll)0C, Ptt<cin ooncrntr.>tion:s 
'""" dctamincJ .. ith the D ... 1Uod OC·Drudford Prucin A .... y 
Kit. Prior to Iooding on1<1 poI)"",}'lamidc gd •• pru<cin. '""" 
ca>crntr.olcd U>ing • Mic"""", 10 coIomn (Amicon). Aliquot. of 
50-100 f'S jIU1<in ".= /0·.1,,1 per lane in a D ... 1Uod (rCmadc 
4-20% gradient SDS-poIY''''ylamidc mini.gd and ",001,'«1 '" 
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...... .. DHIri_ ........ , ~ """'" L~S . All """'-.... -.. . "" '" ~ aIf...,·.,...u"" SCAlB ","body. (A, A""""" _ .. """"" ~ 
""' • • ., ..... , ..,... "I .... "" . _-.... (BJ"" LA,,...,."'" ~. (C)T>< __ D"" .. ..,~. (O)C=b<l>=.(t: _ 1'J """"" 
.. ""_ D""' .... ~""" -.. . ,.. '"'"""'" SCA:'B,.. _ ,bOO"" "" SC .. 'B _ . ,, __ ~""" ,:lOX . w ...... _ : C, ~~" 
LA.","", " ' ''' '' '' >t . """""'" ~, ... ; P. ,."..,,, "" la,,,, G,..->< la,,,,. 

100 V for 1_2 h, Fr.l<tion.Icd f'UIrin. '""" ".."".rcrrcd "' a 
ni!ruccllulooc fdk'f. lk fdk'f "ill> rinsed tricH)' with TBS (150 
mM N£L 50 m.\l Tri> . pH 8.0). bloc'«xl with 5% "",,·fal dritd 
milk lDl thrn incubatal ",i<h <he dcsiml <hI...,., of tc>tal 
lIIllibodi<> ovani,i;hlal4' c' The ~ ontibody".. ... dctcctcd 
U>Dl!l <he Amnham 0>mU1~ EO. Kil, 

ImmuDl>histocb"",istry 

~lou!iC brllin bloch wcrc fIxed with 10% formalin and cmbOOdcd 
in paraffin. s."..,n miCrumcl<f >Cctiom ..-"'" cuI and mounted 
onto Supcrpl"" mi~ .Iide> (FISher Scientific). The 
IiCCliom W<I<O rchydnlled by rin.ing I..-ice with a 5 min inlCr'ioi in 
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xyle"". 100% eth.n"L 95% ethanol on<! 70% coh.n"L After 
dcp"aJIiniz.ation. section. WIX IrClIted with • protclI!iC cocktai/. 
Section. were "",uholed ",ith }fJ ~glmI affinity.purif>cd ."Ii· 
""",in 1 antibodic> ""<might at 4 "C. Prirrwy ."tilKxlri " 'en: 
detected "'ing the Voc'or ABC Flite I'cru>.ida>c Kit (\'octor. CA). 
enlwlccd " 'ith diaminobcnridinc cnbonccr .00 "i>ualizcd ... ith 
di.tminobcnzidirx: (Biomru... CAl . Section> WIT< coontcntoi!>cd 
" 'ith "'IIIOOU' hemat""ylin (Xymcd . CAl , Controb consi"ed of 
antibodies ~ob>oobul ,,'i,h 100 1'-\1 of the rc>pcctivc peptide 
and prt:-immoJ>< scr.> ., comp=ohle oonccntnlti"", (1/500). 

ConsIruction of tho pEGFPCl-SCA2b"k ... ""true! lODd 
COS] .. U Inrnif.ction 

A 3833 bp SCA2 c D:-'-A CI"''''l'""ing the !iCCOIId ATG and the 
termination codon w.,. ligated in·fr.tmC with the pEGF1'C2 
, 'ector (Oontcch) to generate • GFP-SCA2 fu';00 pl ... mid . 
pEGFPC2.SCAltr\;. The calcublted <rokx.-ublr weigh' of the 
fu.ion protein i. 15 1 kDo.. "",.isting of.uuin 1 truncated at the 
...,.,00 ATG >ite (1 24 kDo.) and GFP (27 kDa). 

Thc exprc .. ion ,=tor pEGf1'C1.SCA2trk wos tnIn.f<Ctcd 
into COS I cells u.in;; Sopc,fu , T,,,,,,foction Rc"llen' (Qi.tgen). 
A >ample of 400 000 cell. w.,. VO'''' in • (j) mm Petri dish 
">TInight . then tr"",fcctoo aocoruing "' the lIIiIIIofoctwcr'. 
method "'ing l-1O!'ii1'l! D:-'-A. T,,,,,,foct<xl cell .... IX 8""'" for 
48 h. Protein. wac extracted u.ing triple detergen, and immo",,· 
bIott<d with ."tiboWc. to GFl' and .uuin 2. 

PCR: cunditiom IUld pr/Jo<,.,. 

I'Iimcrs ~lA I S in combination " 'ith MB 15 and MB 16 were u><Xl 
to amplify altcmati>.., tnlnscript. in cDNA •• yntlnizOO from 
adul' ...,..,., ,i=><> and mou!iC embryo>. PCR ""'" performed 
aocording to .tiInd.vd protocol. "'ing annealing temper. """ of 
S5 .00 57"C for the ~lA I 5iMB I S and MA 1~lB 1 6 poi" 
n:opoctivcly. Primer ""Iomoe> ... = ... follow>: MA I5. 
S··TICTCACACITCAGATITCAACC·3'. n' 1520-1542; 
MB 15. Y -GGATACAAATICTAGGCCACT·3' . nt 1866-1886; 
~lB 16. S' ·AGCTfGGGGAGAAGCAA·3'. n' 2053_2069. 

Following >epilWiOll of lIT· PCR prod""" on " 2% "8"""" gel. 
bond> " ·CI<Oexoi><Xl . purified md ><XjU<DCOO "'ing the oorrcspon· 
ding primcn, 

Thc GrnBank occ=;ion 00. for the """'>c hoodog of the 
SCA2 gc"" i . ARI41 472. 
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