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Expansion of CAG repeat has been established as a new disease mechanism for hereditary
neurodegenerative diseases. The mechanism of neurodegeneration caused by the expanded
CAG repeat, however, remains unknown. An intriguing possibility is a positional effect
caused by the expanded CAG repeat affecting the expression of the adjacent genes. To
elucidate whether such positional effect is involved in the mechanisms of neurodegeneration,
we performed detailed structural analysis of the genomic region flanking the gene for
dentatorubral-pallidoluysian atrophy (DRPLA), an autosomal dominant neurodegenerative
disorder caused by unstable expansion of CAG repeat on 12p13.31.

We constructed a cosmid genomic library using genomic DNA of a DRPLA patient
containing the largely expanded CAG repeat (79 repeat units), and cloned the genomic
DNA containing the mutant DRPLA gene (DRPLA 18E). By screening a human brain
frontal cortex ¢cDNA library using the fragments of the genomic clone as the probes, we
isolated 18 independent cDNA clones. By detailed nucleotide sequence analysis of these
cDNA clones, we identified 3 genes in addition to the DRPLA gene. Of the 3 genes,
one gene codes for neuron-specific enolase (NSE) and the others are a novel gene and
a novel mRNA for DRPLA. The NSE gene was found to be located approximately 5kb
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upstream of the DRPLA gene, and the novel gene was located upstream of the NSE gene.

Key words: Dentatorubral-pallidoluysian atrophy (DRPLA), Neuron-specific enolase (NSE),
physical map, Northern hybridization
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Wk B - iR BBV 1 (A EMEE (Dentatorubral-
pallidoluysian atrophy, DRPLA) i}, #¥@ @
OMBEUREBTH D, NHEREEOR, REREC
FOREEEH# LTS (FEE RS 1972, Takahata
el al. 1978, Naito and Ovanagi, 1982, Takahashi ef
al. 1988). ERIREERIE, REFEMICLORRD, BF
HIEGICIIREMREERE, (4322, TAPAE
PEle & RR L, A A7 8 —X A TALADEKKE
AET D —7, RAREGICE, NEAE BT T
= A, BREEEAET D (HNEDS 1972, Takahata
et al. 1978, Naito and Ovanagi, 1982, Takahashi ef
al. 1988, Ikeuchi ef al. 1995). DRPLA O#ETR
ik, 1994 Fiefkc o 7 r—7 (Koide et al. 1994)
¥ & U Nagafuchi & (Nagafuchi ef al. 1994a) & &
D#EEh, *OREFASREARD CAG Ve~ +
MIEBATIE, 7-—35VE—rTHEDIK L, BET
354—79 0 E— b L EHIBELTWAZ LB Lo
(Koide et al. 1994, Nagafuchi et al. 1994a, Ikeuchi
et al. 1995, Komure ef al. 1995).

IO L5 CAG VU v— hOfiRiE, HE, Bt
HREEHEEOREFRE L LTRVWESA, Zodhic
1%, spinal and bulbar muscular atrophy (SBMA) (La
Spada et al. 1991), /~v F ¥ b v#% (Huntington's
disease collaborative research group 1994), spinocere-
bellar ataxia type 1 (SCA1) (Orr ¢ /. 1993), Macha-
do-Joseph # (MID) (Kawaguchi ef al. 1994) »&
FTh, W 2hoBTHEROEEERR ST 5. T
bbb, B—FKRAT, BRERCEERICSRENS
&, WRERL LM - TRIEFERPEELT HER
RERFIETHDL. i, TTREFMCE CAG Y
v— r URIETERESA S Y polyglutamine & L
TEER X h 5 & (Servadio ef al. 1995, Yazawa et al.
1995, Trottier ef al. 1995), Y ¢— PN EHEA TS
BRI ARTA, BYE— URTHLOEHL, B
Tk 2~3fFMRL, BRESE, AMEsACELTR
TEMATRTA Fiov— - REER S oI,
PR e A OB A A B Z L EOATHE L (Hun-

tington’ s disease collaborative research group 1994,

Kawaguchi ef al. 1994, Nagafuchi ¢/ a/. 1994a, Ono-
dera et al. 1995, Ikeuchi ¢/ al. 1995, Takano ef al.
1996), ZOFFEF GO FEOBFELEE LTV A
LDEEZBNRTWA, Lrl, CAG YV Ev— oMK
DEE, WREENESOSBEEL, n¥ThThofR
BROT SRS ERT 200>V TIRBE L KF
ROEFFTHAE. ThinFcoBFrinld, T2
DRPLA &EF mRNA, BR 2 vy ORBARBCIE
{kiz7e <, Z& DRPLA BETORY, BCEET
B BT (Nagafuchi ef af. 1994b, Yazawa et
al. 1995). BREATEX LR LTRSS LTt 1) #
X L7: polyglutamine tract #F 4 52ER &2 v/ H
Gr MR E @ <, 2) BRE v 7B 2 v o8
IIFEE Le D@ E % HET S (Stott ef al. 1995), 3)
TR/ A ETERBETFO LT 5T EAORETFO
RBECHEEY 525, Wh@ 5 positional effect, 4)
#AK L7 polyglutamine tract 7% 2 FOEERT &
LTOBIELX (X% (Gerber ef al. 1994), 5)
polyglutamine tract #% polar zipper & L T, #
VAR OBERBIERITRENBETLNS (Perutz ef
al. 1994). ¥ic, BT Tkeda H5° MID iEW\T,
{5 L 7- polyglutamine DA DAL FE X1 HE&
OLMEEERLR L, BRBLTOLRAEBR Y
THEARMEEESEAR W2 L ERL, BR2 Y
SRR X o ¥, polyglutamine D4 AHEH X
hETTOREK L v s 2 BR L, ZhhrMbEEk
B < AR AR E N T % (Tkeda of af. 1996).

AW TlE, DRPLA ©EBWT3) @ CAG VE— b
OWAH DRPLA BETOHTHEL, ¥/ 4 LTED
RAOBGTFRBCEE Y5 2 % positional effect @
RN SV THEST A%, DRPLA BET 2 & 40
kbp DD 7 v — L& T\, L OFEMRYT / LK
BRI L, ¥5ic DRPLA BEFoORICHEET S
ERBETOREYRA, ZhALORETORARBC
WTHE L., &6, ChETHLALEIA TV AL
7z DRPLA &EFD exonl D4 / A LOfIELBRL
i Uiz,
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1) cosmid library OfEf & DRPLA BIZFE2EA
72 clone OHEE: CAG VE— 78V E— rER LD
DRPLA ##® lymphoblastoid cell line & » genomic
DNA % #ti L, 180 zg % Sau3Al (9 units) T, 37
C, 87O EMETHIL L%, pulsed field gel ele-
ctrophoresis (0.5xTBE, 14T, 1.0% LE agarose,
gradient : 6.0 V/cm, run time : 10 hr., included
angle : 120", int. sw. tm. : 0.47 sec, fin. sw.
tm. @ 3.92sec) %{T\:, 30~45kb OHEE% size frac-
tionation L, electroelution =X »EUML L 7. vector
& LT, Xba 1 TH{E L7 cosmid vector (super Cos
1) (Stratagene) # 7/ h ) 7+ A7 7 A —ENE LT
#%, BamH 1 THE{LL, EFE®D genomic DNA % liga-
tion L7z. %@ product # Gigapack II (Stratagene)
# F\ T packaging L, library #fEs{ L . DRPLA
cDNA (Onodera et al. 1995) % 7' m—7 & LT 4x10°
@ cosmid clone 2>\ T colony hybridization #
FRAVGT, A2 —=v IRt

2) cosmid clone DHIFRFEFEMEOIER 1 1) LD
5 hi. DRPLA BEF % &Y cosmid 7 r—vieo
WT Hind T 3100 Bgd 1 THSHLLIE, cos site
% A-terminase WL DYMTL, cos Hiic [y-*P] ATP
TEH#HLA 12mer DAY IR I LA F PR T=—1
v RS, 7T=—Y v LI cosmid DNA O F
% 0.49% agarose gel BRUkE) (1XTAE, 30V, 24B%
R T4 L, autoradiogram %*4r#T L CHIFREESE #
R %= fEE L. (Cosmid mapping kit) (Takara)

3) DRPLA BET exonl O / A LOfIBERE -
2) TYER L7 map %% &1 exonl WHEET L EH
z25hb DRPLA 18E Lo 22kb~26kb OfJ 4kb @
Hind W ¥ % pBluescript SK (—) & subcloning
L, 0507 physical map ZfER L7-#, exon
1 EifERL L7z 21 mer @ oligoprobe % T hybri-
dization analysis %17\, ZHh & hybridize 3 528K
% X 512 subcloning LT, RO FEEIC & »EERE
FARIE L.

4) RIBRIETFORE -

T a— 7 DOER 5 1) TYER L7z cosmid library &
DA DRPLA BIZF % &1 genomic DNA % BJ
LED, ose—vE Hnd I THLL, Bio-Rad
#t0 CHEF MAPPER # T field inversion gel ele-
ctophoresis (0.5XTBE, 14T, 1.0% LE agarose,
forward volt. gradient : 9.0 V/cm, reverse volt.
gradient : 6.0V/cm, int. sw. tm. :0.3sec, fin. sw.
tm. : 0.36sec, total run tm : 23hr. 17min.) %47
\ 15kbp O AEIOML, Hi Bg 0 T©#ELL
T, DRPLA B{EF D5 #I# 2.5kbp 5 17.5kbp
whiz% 15kbp ©#4riz 5kbp, 4kbp, 3kbp » 7
m—7 (probe B, C, A, D) %, ¥5HiZ, DRPLA i#
HEFO MK Skbp ©7 = —7 (probe E) »#5E
L, random priming technique (Feinberg and
Vogelstein 1983) =& », [a-*?P] dCTP T label L
T,

cDNA DR 7Y —=v 7 FROHETHELNAL T
u— 7 % BT human frontal cortex ¢cDNA library
(Stratagene) %*#J 10X 10° phage clone &2\ T XA

H
Bg BgBg Bg Bg e H By Be o
I T I I I ¥
| T 1 1 ¥
0 10 20 30 40 kb
probe A (3kb) probe C (4kb) probe E(5kb)
probe B 5kb) 1 r5he D(3kb)

H; Hind III Bg; Bgl Il X; Xhol

1 cosmid clone (DRPLA 18E) O#IRERMRELBE LT n— T DN
B%7=7. probe A, probe B, probe C, probe D 38K LD# 7.5kb
@ Hind I & 22.5kb @ Hind I ©f® 15kb 0¥ 280 H L1
#, Bgl I THILLTIER Li. probe E i%, Bgl T T# 7kb D¥f
FaEWH L, vector DEEFIZ &tk L 51T B, Zhicth%k Xho

1 oL, fER L.
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2 ) —=v 7 L. hybridization &, 50% formamide,
5xSSC (1XSSC=0.5M NaCl, 15mM sodium citrate)
1XDenhardt # (50 Denhardt #= 1% Ficoll, 1%
polyvinylpyrolidone, 1% bovine serum albumin),
20 mM sodium phosphate (pH 7.0), 10% dextran
sulfate, 200 #g/ml human placental DNA 42T, 18
WEET - 72 (Wahl ef al. 1979). RO B#E&HT, 0.1
XSSC, 0.1% SDS (sodium dodecyl sulfate) &K
T60°C T30 fEIT - 1o

5) HHERFIRE - B 72 cDNA (i~Zap clone) %
self-excision 1= & 9, pBluescript SK (—) plasmid =
#¥e (Short et al. 1988) Li1-#%, EHEHEt>—7=x

v — (Pharmacia P-L Biochemicals) % f\THi#E
BoFlA W LT (Sanger 1977, Chen and Seeberg 1985,
Murray et al. 1989). 7E L2 HEEE L, BLAST
a5 A% BT Gen Bank (release 94), EMBL
(release 45), DDBJ (release 25), iZ2>\TEHIOE
HEF) & OMEMIC >V TRER T - 7.

6) Northern blot f##7 :

Northern blot ; IEF 2 v b o— 34, DRPLA 5
BUDOKEHREEA L 08 RNA % HH (Chirgwin ef al.
1979) L7c#, &5 Oligotex-dT30 (Takara) #
WT poly A (+) RNA #HiH L7, 2pxg @ poly A
(+) RNA #, 0.66M formaldehyde %#&%51.5%

A) Bgl Bgl Bgl Bgl
genomic DNA [ | |
probe A probe B probe C
1 kb
exon | 2 345 6 7 8 9 1011 12
NSE gene
clone 3-1
B)
NSE ¢cDNA [ 2.4 kb
[N 01T - s
probe B ZAHIET 5 B4 probe C (ZxFIE§ 5 #45
4-1
4-4
49
417
4-15
4-3
4-14
5-19
5-3
5-13
59

5-15

5-10
5-7

5-4

2 A); genomic DNA & probe A, probe B, probe C OfiEBRH%, KU NSE gene
EDOXIEAE RS, F71-, clone 3-1 #% NSE gene @ exonl O LY / LA DFE

Fliz—H LT ABFrRT.

B) ; NSE cDNA & probe B, probe C £DOREHRL, £TRAFID probe T
B hHhi: ¢cDNA clone DN E%mT. /1, A) ®7 / 4 ED NSE exon DfiL

B& cDNA ZHIGEE1.
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agarose gel T 85V, 3R, BRWK® LLHE, =t
ohan—ABEREE L. B TEL R cDNA
7 n—7 (Fo—70 labelling (X LEROHEICH -
12) WwH\T, hybridization #4T-7. ¥7, &EH
@ RNA (multiple tissue northern blot, Clonetech)
% F\WT hybridization %177 A— 727 ¢ —
LA 2 ) — v & LT, 207 o— 7k kkE
L, human f-actin ® 2.0kb 7' m—7 % LTHL,
hybridization # 47 - 7=. hybridization X, 50%
formamide, 5xXSSC (1X8SC=0.5M NaCl, 15mM
sodium citrate), 1XDenhardt # (50%Denhardt #&
=1% Ficoll, 1% polyvinylpyrolidone, 1% bovine
serum albumin), 20 mM sodium phosphate (pH7.0),
10% dextran sulfate 742°C, 18FEHEIfTV, HEHOE
EHEE, 0.1xS8C0.1 % SDS ## T60C T304
T - .

f& R

1) 2 DRPLA #ET% &%y cosmid 7 m—v D
B JOGBRERMEOER : Bz Liz10Eo
overlapping clone ### b, DRPLA BET%2&T
) 40kbp %27 m— kT 5 AT (DRPLA 18E).
DY u— v O primer (Koide ef al. 1994) %
FLWT PCR L CAG Vv — M E%eR L%, Bg I,

Hind T cHELT, SIRERMRAERLE. B 1D

2) DRPLA #ETF exon 1 o7/ 4 LofiE (K
3):DRPLA 18E (] 1) £, 22kb~26kb ©fy 4kb ©
Hind M ¥rH™A, # 25kb & H 2 B 1 site o
5 Ei#Y 1.1kb, exon2 O#J 4kb LD AT exon 1
D3 HOFFELT | % FER L.

3) RBLREFORE

a) Neuron-specific enolase (NSE) #E=TORE
®1,2)

probe B, probe C (B 1) # B\ TH 4 8D cDNA
ro—v R BEL, FhFRIC VTR EERT LR
FELi, F—gAvsrAGCREAREOBREORSE, 4
Th cDNA 7 u— v NSE cDNA =—#L7. Nor-
thern blot f47Cit, NSE #EREEZIE non-neuronal
enolase & musclespecific enolase =&\ HEME %R
729, NSE O3 {HIESERERIZH 500 bp @7 11—
TERER LT -1, D RNA %M\ Northern
BT, ORI 2.4kb © band ABEH LR (K
4). FH=2v bo—a 34, DRPLA 5#ic>wTH
H L7 poly A (+) RNA 2w T® Northern f#
¥ ©id, DRPLA FEGIBE S control & ORICIEHIG
B LR RS e - T

b) probe A, D X BEEZ 7o clone : # 3kbp
@ Bgl W-Hind I Wil (B 1) (& physical map L

A) e | kb
H N Bg H BHB Bg Bg H X
DRPLA 18E probe E
exon | 234 6 7 8 9 10
DRPLA gene
B)
{ 1 1 11 | |l 1] 1 44kb
DRPLA cDNA clone D5-9

3 A); genomic DNA & DRPLA gene OBtk & probe E D%
4. BiBamH I, BgiBgl I, H;Hind I, N;Not I, X;Xhol
B) ; DRPLA cDNA ¢& probe E ik 91857 ¢cDNA clone D5-9 @
f2BBEtR. clone D5-9 DOXKMIPIT S EIF o B> - HEFIE S
DRPLA cDNA & DRPLA gene @ exon 3G LT3, exonl i
SLTiRSE, MEEBRLr -, TORIIBELAHTHS.
T, exonl O5 il cDNA & ORIEEFTHRIZEBE LI,
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4 A);probe C izk 9B 5 hi. cDNA clone #* probe I\ T{T -7 Northern
@4, (multiple tissue northern blot) 2.4kb D 3V FAOAED LR A.
B) ; probe A =X Db h7c cDNA clone 3-1 % probe fiV-TfT -7 Nor-
thern #E#H7. (multiple tissue northern blot) NSE 3Ll L7#-#7 2.4kb @
Ry FBBLREN, TOGMEMEMEE b NSE LRi->Tuw 5.
C) ; human f-actin 2.0kb # probe i\ T4T - 7: Northern ##7. (poly
A (+) RNA northern blot) ##{EDO)KEIRICERTD 5.
D); C) D (poly A (+) RNA northern blot) % f\T NSE 3 Hl® non-
coding region 300 bp % probe & L T4T - 7- Northern f##7. HH{AEDHk
BBRICELZRDLD, EFRLTEHE2 Y ba—- L ORICHELMLELZTED .
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8-11kb, 20-23kb L& 44 3kb TIHIEREBEOM A
Eieh, FEVEETH D, BELEL DNA ¥
F#%7o—7& LT EED cDNA library # X 7 Y —
=y 7LleE A, EEH 1.8kbp DV a—v (3-1)
nELhE: (B 2). ose—-vEaTm—-7LLT,

DRPLA 18E % Bgl I Ti{¥1k L, Southern blot
hybridization #fT-7.& 2 A, LHMlo 7kbp OB
k& hybridize L7z, BlEM”S, probe A, D 2k D
Bhhizym—v (3-1) & NSE 05§04 D & ¥k
Ltz 2o/ o—volgEES %, BLAST 7o/ 35
A% BT Gen Bank (release 94), EMBL (release
45), DDBJ (release 25) 2\ THHOBETF & DM
FEEsRBELLCEZA, THIOK 330bp A, HEEh
Tw% NSE @ genomic DNA (NSE exonl 5 )
gL, 7/ LfEET EroE v AG SRR
¥, splicing site TH2EEZ bR, B OEDT
BRAOBETEOHEBHEZED SN -, &S
@ RNA 2T Northern B %47~ & 25, #
2.4kb oY FEBETAD AL B’ 4).

c) probe E ok W1B & i clone (B 3) @ probe E
X neRE#® 2.0kbp @ clone (D5-9) MEL AT,
BHORETFLOMEREYET LicL 25, 5 Ho—i
# DRPLA SBEF 03 il (2538-4100) o —F L1 #,
3l 280bp oW TIXBEMOBRET L HAMKRED
oot ZERD RNA 1220\ T® Northern hybri-
dization T, L, B4, BA M, B, BRG, BT
% 4.4kb @ band %R,

% =

AT EB T, DRPLA BEFEEL 40kbp O
/74 DNA %27 n—v{kl, ZDOFM physical map
el L, DRPLA B FRAAORBREFORES
T-7 b¥T, ThEFTHLA TR, - DRPLA
BETO exonl ONBEXHL I L., #EROBET
DRPLA BEFoyr / 4 LoEER, 7/ 4L cDNA
& O restriction site Ot L, PCR T/ v br v D
EXREDHLEIER LD Z R, exon]l OMENRE
EhTwich i, KPR TRLALSE, exonl O
B, exon2 L OEEEIIH 4kb AR, #Eko
FHETRET HOREHETH Y, AP THGHEN
E%Tﬁﬁf&.

¥ /2, DRPLA BEFRIORBRETOREDR
5, DRPLA BEFO EJ 5kb O4ic# 10kb i@
PHi-h NSE BzFEEE L. NSE 3RS

B WHMIIE O cytoplasm KHFEL, BERICKT D
2-phosphoglycerate & phosphoenoclpyruvate ORI
RIS%HME LT3, BEOCRKLS 320 isozyme
fbh, NSE Offuiz, H#iltcE<FELE R, M
%0 glia #IMIZFEAE S 5 nonneuronal enolase (NNE)
&, Bz RTET % musclespecific enolase (MSE) #3
b5, HRBEDE OM, HBEBRETREIGEVIER
Hh, NNE & NSE &, #EROBERPOBMTE
OEBRBTOEDLEEbN TS (Zomzely-Neurath
et al. 1983). 1985 %E1C, rat KT % cDNA o
BoFln (Sakimura ef af. 1985), 1987 fEicik, = o#
EFHEENBRE SR TR, TORE EOR#E LT,
Pir L4 3 oDEERBARR > &, £ D promoter
FEIRILB B e TATA, GC box B &4, G,
CILEHR, Pl L 7T >ORBEEFIRMEAFHEOZ Lk
FREFSN T % (Sakimura ef al. 1987). * 7z,
IhHORHIL, b NTLHERIATE D, MASECA
KB LABH# s 2% (Oliva ef al. 1991). X5,
NSE ¢DNA % probe & L i situ hybridization T
/N Purkinje #If8IZ % mRNA HEEIZHEEL
TwWbEOHENBRE SIS (Schmechel ef al. 1987,
Watanabe ef al. 1990). Z Ok 5 kM EA#HOBEED
BT A, DRPLA &\ 5/l Purkinje Mo # /4
5| X THRAE K BRORRRE T ORBFCHFEL
T\w5AZ &k, DRPLA BEZFHD CAG V¥— D
fRICE 55/ 4 DNA ofE Loy, BI#iE
FORBICEE S RITT positional effect DATREM:%
E2BE, tOMEMRENOBFYELSL LT, B
BREWZ L EEPR%. 48O Northern blot @ o
BHRTIE, DRPLA EFfBTEORABCHG M E
BB BN A - o, positional effect DFTREM D
B R FHE 24T 5 id, SERVEZE i mRNA
HERMEAR LT 554, ZR DRPLA &FETF& os i©
FAFET 5 mRNA & frans WHET S mRNA % EF
WERT L HEOHE BB D, EHIZ, positional
effect #MEL, BREET L os KFEETLRET
ORFEBCELE 2L, —HTCEFRETHHOEE
CREN e EE L IBE mRNA X, 50~100 % 0
TEHTLEFREN, mRNA OBEORVEREN
LBy, EbhrmEEET S, ¥/ Nagafuchi
51, DRPLA BEETFOTHA 1.3kb D& sn RNA
U7 #AELTERY, TORBEBSVLTLSHEREL
TV HERD S,

ABFE T E 51, DRPLA BETALIORERE
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F& LT, probe A, probe E I W 28D 70— v
%187, &L NSE O exonl @ LD genomic DNA
w—EHEEESE LT, NSE i\, §ido
Ly bi £d 3 OoDOEERMIASD exonl OB
HFEhTEY, Fi, 5 flanking region LG,
CRBL# DR LEFIEML RS, Zhe At promoter
% enhancer & LT < AIEMARE IR TWEZ &
e, AP CR LA mRNA SRERRED -1 NSE
mRNA THDZ EMEZBRSM, Northern fEHTIC
BWTEGHELACHTL Ebh, NSE &45H0 Lk
TRIE-TEY, SBOBHBLETHS. T, probe
E TBbhic s/ m— i3, Onodera HDH4E L1 DRP-
LA cDNA O3 fillic—8—%% LT\ 7o, 3o 222bp
HHEOI ERETIE LTED, 220 Ht mRNA
DEENEL bR Zht 280 2 n— v 70 Northern
¥ T4 NSE E#, DRPLA EARCHLMLER
BoZZRShh T,

ABtFEIC BT, DRPLA BETICEKED mRNA A
HHETHZ L, OB NSE BEFHEEL, F
% O LRI REERE DI WF ik RERETF OHFEY
R L. 4%, ZhbDOBETFOREN DRPLA ©
REBE EF DX b B >WT, L oEBNRTE
T LTS LED S B,

BB

ez bedln, ANESERRfCIRT
BB 0 ¥ L7 MEFEATR AR R, MY SR
OEE HEE, CEE, EEHE O ¥ LR
BEoBt SR o, BehBiivuvion
WA REE g, DR, (RS
B s R LET

Z2 £ x ®
1) MBERE, #FR B BBEFAS: SHEEE:
Ao B—-XATAPADZRR, BORE 4
871~897, 1972.
2) Naito, N. and Oyanagi, S.:
epilepsy and choreoathetosis: Hereditary dentato-

Familial myoclonus

rubral-pallidoluysian attrophy, Neurology, 32:
799~817, 1982.

3) Takahata, N., Ito, K., Yoshimura, Y.,
Nighihori, K. and Suzuki, H.:
and myoclonus epilepsy, Neurology, 28: 913~919,
1978.

Familial chorea

4) Takahashi, H., Ohara, E., Naito, H., Takeda,
S., Nakashima, S., Makifuchi, T. and Ikeda,
F.: Hereditary dentatorubral-pallidoluysian
atrophy: Clinical and pathologic variants in a
family, Neurology, 38: 1065~1070, 1988.

5) Ikeuchi, T., Koide, R., Tanaka, H., Onodera,
0., Igarashi, S., Takane, H. ¢f al/.: Dentatoru-
bral-pallidoluysian atrophy: Clinical features are
closely related to unstable expansion of trinucle-
otide (CAG) repeat, Ann. Neurol., 37: 769~775,
1995.

6) Koide, R., Ikeuchi, T., Onodera, 0., Tanaka,
H., Igarashi, S., Endo, K., Takahashi, H. ef
al.: Unstable expansion of CAG repeat in
hereditary dentatorubral-pallidoluysian atrophy
(DRPLA), Nat. Genet., 6: 9~13, 1994.

7) Nagafuchi, 8., Yanagisawa, H., Sate, K.,
Shirayama, T., Ohsaki, E., Budo, M. ef al.:
Expansion of an unstable CAG trinucleotide on
chromosome 12p in dentatorubral and pallidoluy-
sian atrophy, Nat. Genet., 6: 14~18, 1994a.

8) Komure, 0., Sano, A., Nishino, N., Yamauchi,
N., Ueno, S., Kondoh, K. ¢ a/.: DNA analysis
in hereditary dentatorubral-pallidoluysian atrophy:
Correlation between CAG repeat length and
phenotypic variation and the molecular basis of
anticipation, Neurology, 45: 143~149, 1995.

9) La Spada, A.R., Wilsen, E.M., Lubahn, D.B.,
Harding, A.E. and Fischbeck, K.H.: Androgen
receptor gene mutation in X-linked spinal and
bulbar muscular atrophy, Nature, 352: 77~79,
1991.

10) Huntington’s disease collaborative research group:
A novel gene containing a trinucleotide repeat
that is expanded and unstable on Huntington’s
disease chromosomes, Cell, 72! 971~983, 1993.

11) Orr, H.T., Chung, M., Banfi, S., Kwiatkowski,
T.J.Jr., Servadio, A. et al/.: Expansion of an
unstable trinucleotide CAG repeat in spinocerebel-
lar ataxia type 1, Nat. Genet., 4: 221~226, 1993.

12) Kawaguchi, Y., Okamoto, T., Taniwaki, M.,
Aizawa, M., Inoue, M. ¢ al.: CAG expansion
in a novel gene for Machado-Jopeph disease at
chromosome 14g32.1, Nat, Genet., 8: 221~227,



526

13

fg

14)

15)

1994.
Servadio, A., Koshy, B., Armstrong, D.,
Antalffy, B., Orr, H.T. and Zoghbi, H.Y.:
Expression analysis of the ataxin-1 protein in
tissues from normal and spinocerebellar ataxia
type 1 individuals, Nat. Genet., 10: 94~98, 1995.
Yazawa, I., Nukina, N., Hashida, H., Goto,
J., Yamada, M. and Kanazawa, I.: Abnormal
gene product identified in hereditary dentatorubral-
pallidoluysian atrophy (DRPLA) brain, Nat.
Genet., 10: 99~103, 1995.

Trottier, Y., Devys, D., Imbert, G., Saudou,
F., An, I., Lutz, Y., Weber, C.

Cellular localization of the Huntington s disease

et al.:

protein and discrimination of the normal and
mutated form, Nat. Genet., 10: 104~110, 1995.

16) Onodera, 0., Oyvake, M., Takano, H., Ikeuchi,

17)

18)

19)

20)

21)

T., Igarashi, S. and Tsuji, S.: Molecular clonig
of full-length ¢cDNA for dentatorubral-pallidoluysian
atrophy and regional expressions of the expanded
alleles in the CNS, Am. J. Hum. Genet., 57:
1050~1060, 1995.

Takano, H., Onodera, 0., Takahashi, H.,
Igarashi, 8., Yamada, M. ¢f a/.: Somatic
mosaicism of expanded CAG repeats in brains of
patients with dentatorubral-pallidoluysian atrophy:
cellular population-dependent dynamics of mitotic
instability, Am. J. Hum. Genet., 58 1212~1222,
1996.

Nagafuchi, S., Yanagisawa, H., Ohsaki, E.,
Shirayama, T. ef a/.: Structure and expression
of the gene responsible for the triplet repeat
disorder, dentatorubral and pallidoluysian atrophy
(DRPLA), Nat. Genet., 8: 177~182, 1994b.
Gerber, H.P., Seioel, K., Georgiev, O. ef al.:
Transcriptional activation modulated by homopoly
meric glutamine and proline stretches, Science,
263: 808~811, 1994.

Perutz, M.F., Johnson, T., Suzuki, M. and
Finch, J.T.:
their possible role in inherited neurodegenerative
diseases, Proc. Natl. Acad. Sci. USA, 91:
5355~5385, 1994.

Ikeda, H., Yamaguchi, M., Sugai, S., Aze,

Glutamine repeat as polar zippers:

22)

23) Otten, A.D. and Tapscott, S.J.:

24)

25)

FEEYSME E110% F11E FREFILA

Y., Narumiya, S. and Kakizuka, A.:

polyglutamine in the Machado—Joseph disease

Expanded

protein induces cell death in vifro and m vivo, Nat.
Genet., 13: 196~202, 199.

Stott, K., Blackburn, J.M., Butler, J.G. and
Perutz, M.:

makes protein oligomerize: Implications for

Incorporation of glutamine repeats

neurodegenerative diseases, Proc. Natl. Acad.
Sci. USA, 92! 6509~6513, 1995.

Triplet repeat
expansion in myotonic dystrophy alters the
adjacent chromatin structure, Proc. Natl. Acad.
Sci. USA, 92: 5465~5469, 1995.
Sutherland, G.R. and Richards, R.I.:
tandem DNA repeats and human genetic diseases,
Proc. Natl. Acad. Sci. USA, 92: 3636~3641,
1995.

Wahl, G.M., Stern, M. and Stark, G.R.:
Efficient transfer of large DNA fragments from

Simple

agarose gels to diazobenzyloxymethyl-paper and
rapid hybridization by using dextran sulfate, Proc.
Natl. Acad. Sci. USA, T6: 3683~3687, 1979.

26) Short, J.M., Fernandez, J.M., Sorge, J.A. and

27)

28)

29)

30)

31

Huse, W.D.: Lambda ZAP: a bacteriophage
lambda expression vector with in vivo excision
properties, Nucleic Acids Res., 16: 7583~7600,
1988.

Sanger, F., Nicklen, S. and Coulson, A.R.:
DNA sequencing with chain-terminating inhibitors,
Proc. Natl. Acad. Sci. USA, T4: 5463~5467,
1977.

Chen, E.Y. and Seeberg, P.H.:

a fast and simple method for

Supercoil
sequencing:
sequencing plasmid DNA, DNA, 4: 165~170,
1985.

Murray, V.. Improved double-stranded DNA
sequencing using the linear polymerase chain
reaction, Nucleic Acids Res., 17: 8889, 1989.
Feinberg, A.P. and Vogelstein, B.A.: A
technique for radiolabeling DNA restriction
endonuclease fragments to high specific activity,
Anal. Biochem., 137: 266~267, 1984.

Chen, S.H. and Omenn, G.S.:

specific enolase: genetic and developmental

Human neuron-



B HREREE - REBR L 1 (AERBE (Dentatorubral-Pallidoluysian Atrophy :

DRPLA) BETRAOY / 1 BEROEBBETFORE

studies, J. Neurogenet., 1: 159~164, 1984.

32) Sakimura, K., Kushiya, E., Obinata, M., Odani,

33)

34)

35)

S. and Takahashi, Y.:

the nucleotide sequence of ¢cDNA for neuron-

Molecular cloning and

specific enolase messenger RNA of rat brain,
Proc. Natl. Acad. Sci. USA, 82: 7453~7457,
1985.

Sakimura, K., Kushiya, E., Takahashi, Y. and
Suzuki, Y.:
neuron-specific enolase gene, Gene, 60: 103~113,
1987.

Sakimura, K., Kushiya, E., Ogura, A., Kudo,
Y., Takahashi, K. and Takahashi, Y.:

Upstream and intron regulatory regions for

The structure and expression of

expression of the rat neuron-specific enoclase gene,
Molecular Brain Research, 28: 19~28, 1995.
Oliva, D., Barba, G., Barbieri, G., Giallongo,
A. and Feo, S.:
sequence homologies of ¢cDNA for human gamma
enolase, Gene, 79: 355~360, 1989.

Cloning, expression and

527

36) Oliva, D., Cali, L., Feo, S. and Giallongo, A.:

37)

Complete structure of the human gene encoding
neuron-specific enolase, Genomics, 10: 157~165,
1991.

Forss—Petter, S., Danielson, P. and Sutcliffe,
J.G.:

of rat mRNA, multiple transcriptional start sites,

Neuron-specific enolase: complete structure

and evidence suggesting post-transcriptional
control, J. Neurosci. Res., 16: 141~156, 1986.

38) Schmechel, D.E., Marangos, P.J., Martin, B.M.,

39)

Winfield, S. ¢f al.: Localization of neuron-
specific enolase (NSE) mRNA in human brain,
Neurosci. Lett., 76: 233~238, 1987.
Watanabe, M., Sakimura, K., Takahashi, Y.
and Kondo, H.: Ontogenic changes in expression
of neuron-specific enolase (NSE) and its mRNA
in the Purkinje cells of the rat cerebellum:
immunochistochemical and in situ hybridization
study, Dev. Brain Res., 53: 89~96, 1990.

(PRE8 £ 7 A17HZAD)






