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Inclusion Body Formation and Apoptotic Cell Death in the Human
Neural Stem Cells HB1.F3 Following Gene Transfection of
Alpha-Synuclein and Synphilin-1

Sang-Myung Cheon, MD., Gwang Lee, PhD.?, Jae Woo Kim, MD., Seung Up Kim, MD.?

Department of Neurology, College of Medicine, Dong-A University, Busan; Brain Disease Research Center,

Ajou University?, Suwon, Korea

Background: The etiology of Parkinson’s disease (PD) has not been established, but familial forms of the disease
have some clues for its pathogenesis. Autosomal dominantly inherited familial PD induced by aberrations of the
alpha-synucein gene has been known as a genetic model of PD and sheds light to the understanding of PD
pathogenesis. Synphilin-1 is a protein which interacts with alpha-synuclein and constitutes the Lewy body.
Methods: Immortalized human neural stem cells were transfected with the alpha-synuclein gene and synphilin-1
gene, to define the role of Lewy body inclusions in neuronal cell death.

Results: Human neural stem cells with Lewy body-like inclusions showed an increased apoptotic cell death

compared to those with diffuse alpha-synuclein-positive and synphilin-1-positive reaction after transfection with
the alpha-synuclein gene and synphilin-1 gene. Tyrosine hydroxylase over-expressing cells produced a high level
of levodopa and showed a higher rate of the apoptotic marker.

Conclusions: These results suggest that the formation of Lewy body-like inclusions by the over-expression of

alpha-synuclein and synphilin-1 could be an underlying cause of apoptotic neuronal cell death and the dopaminergic

cell might be more susceptible.
J Korean Neurol Assoc 25(3):344-352, 2007

Key Words: Parkinson’s disease, Alpha-synuclein, Lewybody, Levodopa, Apoptosis

M o=

u}71<H (Parkinson’s disease)-2 thEZAQl AlAA EPA

Received January 19, 2007
* Jae Woo Kim, M.D.
Department of Neurology, College of Medicine, Dong-A University 1,

Accepted March 9, 2007

3-ga, Dongdaesin-dong, Seo-gu, Busan, 602-715, Korea
Tel: +82-51-240-5266 Fax: +82-51-244-8338
E-mail: jwkim(@mail.donga.ac kr
#0] = 20048 Fobthsta Sh& ] (- Ikl

oJate] ATEH S

344 CHSHMEOOIRIN NI267 NI32, 2007

Agko] sz As, A, A, B Hofl 59 &5 TS
Fo/der shal x| S muhuly Al Ee] AT}
a4, AFIHIZEE W] FolAl(Lewy body) 7k S84} 1§z
azo|ok! gifE S o s uhyslA| =il choRet A,
24 82l Fo] djleR FHHEIL ot A7 e
gelo] vl A A= kot

S Eo] tiFZolATh A= At o] e R s

7102 s El=d| Y 57442+ alpha—synuclein,
parkin, ubiquitin carboxy—terminal hydrolase—L1, DJ—1 5

o &el4 et "* o] 714 alpha-synuclein £ o)4f



oIZE AMA ZH7|MIE HB1.F30llA alpha—synuclein®} synphilin—1 SF A} Fo|E Sgt 2| S0}t MIZ KFHAL

o7 gk 7H5A sXISHE W S Egsto] ifEe
S Age] EAE MR qlo] SISO ¥ A E
olsfsh Fadt Wel 7|Her FEuty 9o}’

Fo|AE A3 58 AE0] alpha—synuclein®]1l ©] T
W 0] o)fo] FolAE FATIAL AN S Atk
719 71l vhsliA], o= Al B35 93t 71A = Fo)
A7} whgo Atk ATt Ayt RauE i Qo™ & g o

2 A3 Yol g8l o] 2A8k= alpha—synuclein 5-2] T
o] I AL FHHo], F-2 418} &4 Foll osff S4%
FE| R HolA EaL o] 5] HH 0= QIS Al =L 9] H8)
E2 Q3 whlE AlA 71412l ubiquitine—proteosome system
o] tel oS AYl E& AANT|D, olelat o) 4
s2o] Solaleh Aolek ™ Tefut ofo] that et ARE
o2 WeixA et

EZE TS oA FolA|7} S| S| mutal A AZA|
SR obye} WRh, o] 3, A4 T
AE7]= AR Aek 270 AejAoln] %0 m FifofA
Az A A=t 5 24
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synucleino]2hz 54 whiATte] Avhde Awallol ujE

alpha—synuclein®} ¥-3-5H= thal 2l &2 957 synphilin—1
2 alpha—synuclein¥} o] A|YAZ AlZgEcho]| Zx)s5hH
2o|HE A= 3k Q0] %" alpha—synclein®} syn—
philin—1 F-HAE FAlol HolAlA LA B9 Al
T+ dhEo] ke 9iA]of] EAsl= Ao] WAHME Ff e
AL FolA|e} 2 Al Wf FUA Aol SRRl A
Qe

ofof] o}2 SHY || oF2- FolA| W] AT Al ZPEAL
oFo] AWAE Ho]aL mapuld Ao A o3t dik/do]
ojg@A] WH3lsl=x] golR 1A} alpha—synucleind} synphi—
lin—1 FAAE of§sto] & A5 F3ysiqich. AREE ¢Ixk
AAMZF= v—mycR EAIEFE AZF A7 E7] MlzSEolH
oJ7]o]l human tyrosine hydroxylase A2 & Zghe
NZFA =il AAEH=A] Selate] Eabylg Al ZR

31 o] F A|EFE wlmste] Eubuly AEA Az
wAbe] Blake S}elskiiat shlk 7183l alpha-synucleint}
synphilin-1 48 Ho|AI21 ¥ WG Fatol f414}

=

TEe RISt FolHe} B2 FUA FAET AlE AEAE
=
=

Aol ATAS Aon, QEL SRS e
Aol B GAT AE AL BAZ SHelstig o)
ek,

ool 3=
L A=y

o] Aol A= 155 H 217t gjo} 2% (human embryonic
telencephalon) o|A] B2 U} MEZE st v—myc onco—-
geneQ 2 A Aglsto] EALSLE AAZE7|MZ(neural stem
cel) S o83t "™ o] M3 ket shte] 29 HBL

=
A AZ7|AH| 3£ E0]4 2] nestinT} vimenting W&l s}l

F3&=
A7 A 3E(nerve cell) @} A A A|E(glial cell)9] EX|x= 33}
3t ot ¥* o7]o] human tyrosine hydroxylase gene

—~

hTH) 02 34 ATAIX] HB1.F3 THE HB1.F3¢} T ALE-
AT = NERE 10% fetal bovine serum©| Z3FE
Dulbecco’s Modified Eagle Medium (DMEM, Gibco—BRL,
Gathersberg, MD, USA)oj|A] vjoFsl9ial 10 pM<] 5,6,7,8,—
Tetrahydrobiopterin (BH,, Sigma, St. Louis, MO, USA)2
A7kste] Alaz gk e, vk ARt Sl F Al AtoloflA]
Apo|7h R3S BRIZE & o] F o] 833

2. 33 Aol

AHgE SHARE Lee 59 A0 AzHe 912t alpha-

synuclein -3-A2}2} N—termminal FLAG tag synphilin—1 &
AZE AME319IT ™ HB1. F39} HBL,F3.TH 5= Al 3ol A4} <1
7t alpha—synuclein -3AA}2} synphilin—1 --HAE Super—
Fect Transfection Reagent (Qiagen, Valencia, CA, USA)&
o]-gsto] A|lxAre] WhHof whet YA {74} Ho](transient

transfection) S 4343}t

3. #=vKLevodopa)?} Eujle] 33
% AEOIA BHE A7V A3} Wie Fof dmma}
of mahule Zgelolh, Hjfole A S 29 Et Rt ¥

alumina (180 mg/ml, Sigma)2} 410] 4 ColA 5% E<t ¥k
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Al ATt Sample buffer (0.1 M perchloric acid, 0.1 mM
EDTA) 400 1102 A& 2a]a}5 0,22 pm filter® AWt
AlEREe]l AL ffe AlZE ol e F, 400 wo
sample buffer®} E9tsto] ZajAIZITE o5 At F 4
SHE 0.22 um filter= ZeWich o]F7A] AAIE ujkez} Al
EXBY Reverse—Phase HPLC (Waters, Milford, MA, USA)
system©]] 22+ 10 pl FAFSEAL, 0.5 ml/min© & mobile phase
(0.07 M sodium phosphate monobasic, 1 mM sodium
octanesulfonic acid, 0.1 mM EDTA, 8% acetonitrile,
pH3.4)E EHFt}l Columnd HR-80 RP-C18 (Esa,
Chelmsford, MA, USA)2 ©o]&3}9oH, 400 mVoA

coulchem II ecletrochemical detector (Esa)Z HEA5}% )

4, Western blot analysis

vjok= AM|3EE Phosphate buffered saline (PBS)Z ]2}
1L lysis buffer (0.1% SDS, 1.0% Triton X—100 and 1,0%
Deoxycholate in PBS containing 1 mM DTT, 1% protease
inhibitor cocktail (Sigma), 1 mM PMSF, 1 mM Na3VOy,
1 mM NaF and 1 mM —glycerophosphat)S & 7}5}o] &3jjA]
ACk o] S94ES 4Col 308 7 HAAIZ] F 13000 rpm O
208 Bt Paielelo] ARole T s AFAL
Protein assay kit (Bio—Rad)& ©]-&3} WA FE &4
3 ohe FoT o] ThlEe Al 5
100 C oA 88 E<F denaturationA|Z] F] SDS—plyacrylamid
gel (SDS—PAGE)& A&} E2]8lal Polyvinylidene fluoride
(PVDF) membrane (Millipore, Boston, MA, USA) & %7t}
o] 1A17F 9 AR2o)A] blocking buffer (5% skim milk,
and 0.1% Tween 20 in PBS)E A3t 5| 4°Co|A rabbit
anti—tyrosine hydroxylase antibody (Chemicon, Temecula,
CA, USA), monoclonal mouse anti—alpha—synuclein anti—
body (Sigma), monoclonal rabbit anti—Flag antibody
(Sigma) &] AAFAZ 22F 16417 REGAIZATE REg-o] it
membrane< wash buffer (PBS with 0,1% Tween 20) 2 AJ|&]
3 oh2 AR2oA 1A]7F F9F Hoarseradish peroxidase—
conjugated anti—mouse, anti—rabbit immunoglobulin G
(Amersham Pharmacia) 2] 2%} &9} 212} WE-A]7] 3 ECL
kit (Amersham Pharmacia, Uppsala, Sweden)o] ¥F-2-A]#
Luminescent image analyzer system (Fujifilm, Tokyo,
Japan) 2 2SS

5. WA
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N|3EE ECM gel (Sigma)©] =35 Aclar plastic coverslip
of| A vjjofst th2 4% formaldehyde® Ar2-0f| A 30&7F 114
3Tt PBSE A|&3E T 0.8% Triton X—1002} 0.1% bovine
serum albumin, 10% normal goat serum = permeabili—
zationT} blocking 3t t}2 T}A] PBSE A& )AL rabbit anti—
tyrosine hydroxylase antibody (Chemicon), monoclonal
mouse anti—alpha—synuclein antibody (Sigma), mono—
clonal rabbit anti—Flag antibody (Sigma)2] U2} A=
4TAA] 16412 F2k 77t whS A7,

M-S glolstr] Y3l 4,6—diamino—2—phenylindole (DAPI,
Sigma) 2 52 5 MBI A2 APEARS 2l sfiAl
= TUNNEL kit (Takara, Otsu, Japan)< ARESFo] A ZALS]
ol wheh GAskGITt, ThA] AlARE & Ad2ollA] 1AIRE F4t
fluorescein—conjugated goat anti—mouse, anti—rabbit
immunoglobulin G (Molecular Probe, Eugene, OR, USA)&
HES-A]7] 3 Crystal-mount (Biomeda)E A1) glass silde
o 2 TR FaAEN|A(Carl Zeiss) 02 P,

g 4

1, Tyrosin hydroxylase®] &3

o] il HESE Q17 AAEIINES: 1L F39} o]
of] human tyrosin hydroxylase (TH) GHAS AQA1A &=
MBI HBLF3,THE Aglol MBSl 5 MEF7L 4%
o} Aol slof Aolrt 9158 FISHL HBLF3 THOJA
THY} W=} SAal] 9 A sk el
$29] WHe- 3215l Y3l western blot assayS A|3)SH
A1} 60—62 kDa2] w7} HB1.F3 THol|A] &2l%]|%3l HB1. F3
o= TEER FUThFig, 1-A), TH FAHE ol-§sto] HY
Alszslet A S ARt it HBLF3o A= Aol =7 oF
43 HBL.F3 THo|A| AlZZol| 1124 TH A2 AAo] E=

& BRI 4= AUSNTHFig. 1-B).

2, FR=vie}l vl 3

5 AMlaZS=0)| 4 HPLCE A|8¥5te] vkt A2z ol &
woto} =uiyle] & St MlEUol ALl ajegdolA
Eopqlo] 2 S| AE R Avfol|al F AlEF
Atol9] ol Glgict

A= FH Tt k2 HB1.F3¢} HB1.F3. THOA] 24
A7t ufeFelol A= 10°7) Al3Eol| 863 pgt 921 pgol AL HlE



Q17 M A =7|MIZZ HB1.F30{lA alpha—synuclein®} synphilin—1

A Hb1.F3

TH'

FEA ol Sot SUR St M3 RHHA

HE1.F3TH

B-actin |GG -

HBE1.F3

HE1F3.TH

Figure 1. Expression of tyrosine hydroxylase (TH) in HB1.F3.TH. (A) Western blotting analysis showed
60 kDa band in HB1.F3.TH. (B) Immunostaining with anti-TH antibody showed homogenous expression

of TH (red) in cytoplasm of HB1.F3.TH.

ol A= 107 Al3zol] 5.8 pgt 8.5 pgol STk AlE Uixch uf
0“’“011*1 w2 FrE IRIFET ol Ml WollA] ik

& gjjoyolof Hu|xlo] 2AEQY] wlEoez Holt)

T Azl A 2 2po7} glokar whstar shEl ok A4
9] ® 9|1 5,6,7,8, —Tetrahydrobiopterin (BH,) S Bl
o X7ste] Bkt MlEZEA 0] Q= BHLE w0l whet vioF
olof) H7Fate] & AT}t 10 pMO] BHL7F A7} B A F AlE7}
333t Fejjof| glo] xfo|7t Gl A eIk 2417 ui kY
of| A BB e} $EE 45t HBL F32} HBL F3 THo|A|
10°7) Aol 1.6 ng} 20,3 ngO2 108} ©]4; 2fo] & Hof,

Table 1. Inclusion body formation in human neural stem cells
following gene transfection of a-synuclein and synphilin-1

Inclusion body formation
a-synuclein (+)
& synphilin-1 (+)

a-synuclein (+) synphilin-1 (+)

HB1.F3 13.6£9.2% ND 20.0+11.8%
HB1.F3.TH 16.2+12.4% ND 23.5+18.5%
HB1.F3.TH-BH,*  24.4+14.8% ND 42.3+16.1%

*HBLF3.TH cells grown in BH.-containing media, ND; Not detectable.

ofm] 917 Hol Ul A0 ekt BH,E iyl 47tstol

AYE sk el g2 8-} vt
3. Alpha—synuclein®} synphilin—12] @3

= ANZEFE vjoFsle] alpha—synuclein®} synphilin—1
ST QA $04 Mol ol wAEEA Bl S
oA &elsl7] 9Jall Al33t western blotting assayollA] 4%}
AYUS SHA 2 tiEtol A YEhA] b= 40 kDa®] alpha—
o]A]Z]1 HB1,F39} HB1.F3.TH &+ A|
UAHFig. 2-A). F T Fo]ZQl

synuclein TE §4x} A
woN P 5

PAE olgste] WAstsha Ja Aldst At 747} 10% ©|
she] &S How 1 F 20-30% FEolA o]FL
FAE= AE FRIskHcHFig. 2-B).

4, B9A|(Inclusion body)2} AIE APBAH Apoptosis)2)
g

Alpha—synuclein®} synphilin—1& »5% 2Fa3sto] HAA
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Transfection (+) (-)

a-synuclein S

B-actin AN

23letA GAoA olFom HME= A 7Hed FolAet
AR SUAE 7H M= 30% mIEe2 AA| AE QT
128} alpha—synuclein Y& W3 sH= A|3zof v|3] ElA|7}
= HlE2 of o] A= FThEo] WEESGIAL, syn—
philin-19F WAsh= AlZoM= SUAE HES + Uit
(Table 1), 123l BHE HiA|o] H7}ste] gl ealE A4t
3}= HB1 F3.TH (HB1.F3, TH-BH,) %} HB1 F3E v|u3] X
Ske U] BA7E Uehh vigol € Z7lehs polgtert
A4 Soe gt

DAPL @Mlez do] UL ST WNA(irag-
mented or condensed chromatin)¢] #&E|7Y TUNNEL
assay S E9] SRS 2L &7 dAuAL £5) Bolgh A0

o2 o

= AEAR B 8018t Za} 7} A o) 4] alpha—synuclein

Table 2. Apoptotic cell death in human neural stem cell lines
as shown by DAPI staining and TUNNEL assay following gene
transfection of a-synuclein and synphilin-1

Apoptotic cells

a-synuclein (+)

control a-synuclein (+) & synphilin-1 (+)

HB1.F3 10.7£2.7% 9.8+1.3% 40.0+£22.5%
HB1.F3.TH 12.9+£3.4% 8.8+2.1% 33.3+15.2%
HB1.F3.TH-BH,*  10.7+0.8% 29.4+12.2% 53.3+18.1%

*HB1.F3.TH cells grown in BHg-containing media.
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Figure 2. Epxression of a-synuclein and synphilin-1
in HB1.F3 following gene transfection of a-synuclein
and synphilin-1. (A) Western blotting analysis showed
40 kDa alpha-synuclein band following gene trans-
fection. (B) Immuostaining with anti-a-synuclein (a), anti-
synphilin-1 (b) antibody showed diffuse expression of
alpha-synclein (green) and synphilin-1 (red), and merged
image (d) showed colocalization of two proteins in
cytoplasm of transfected cells.

7} synphilin—1& 2% 933l= 9= alpha—synuclein¥t
& sk AHTE Al APEAL Hlgo] A TEE e
HB1 F39} HB1F3.TH = A|3Z5= Afo]ofi= & Zol7} glglont
HBI F3, TH-BH, 0| A=
o= Al APEARL BEE]E H]Eo] =3UTHTable 2, Fig, 3)
BUA7E W E = Al2ef A2 dof| nvtdog GMo] =
Ajaz T ol A Al APEALS DAPIEM T} TUNNEL assay &
E3)| v|wst 43} HB1. F3, TH} HB1.F3, 12|11 HB1 F3.TH-
BH, ZFoA FUA7E BEEE A7) nibd o HdEe=
Alzzol] Blsh A2 AEARS] HlEo] B #ThFig. 4).

alpha—synuclein?h-2 W&lsl= A$-

il &

a4 Al of AEALE TS $18) ATl

EA1EFsE 217F A= 7| A Z (immortalized human neural
stem cel) & /\]-49—0]—011:]— o] NEZE Ad)(passage) I HJjoF
zAo] ugbs] AFE7|ME(neural stem cell)Q} AIZHAL

(nerve cell), AlZAWA|3E(glial cell)Q] H]7} GE}R|aL 279
w2 Ak ol 2| Zrt A™E o] 9A] ¢t H So] gRos
A= S ek, el oleid RE AES0| mgEle] o
PEELS R E R PIPE S LR
oz} AEAeaE o FAMS AT qlo] AA s



O1ZF A1A Z7|MIE HBI.F30llA alpha—synuclein®} synphilin—1 &

740] 3ol

45
41.7

35

30 f 1

25

200 =

151 J.
104
J_ 6.3

1 1]
nclusion © (+) () ¢ ) ¢ )
HB1.F3 HB1.F3.TH HB1.F3.TH-BH,
Figure 4. Apoptotic cell death as shown by DAPI staining
and TUNNEL assay in human neural stem cells with or

without inclusions following gene transfection of a-synuclein
and synphilin-1. Lines indicate standard deviation.

% of Aoptotic cell death

e AL FOIE Sttt SUM ddnt HIxE AHEA

Figure 3. Apoptotic cell death in HB1.F3.TH-BH4
as shown by DAPI staining and TUNNEL assay
following gene transfection of a-synuclein and syn-
philin-1. Alpha-synuclein over-expressing cell (red
in a) showed nuclear fragmentation and chromatin
condensation (arrow in b) which was TUNNEL-
positive (green in c) and co-localized in merged
image (d).

T BE 523 127
Z]&= tyrosine hydroxylase (TH)
W} 1 AT 20 YR 5
A A R
Bfol= =98] agFelflth, THy =atils v 7| Zot
vlo] Ao Qs £ d A4 (rate—limiting enzyme)
o] Ant ofg] HxAE AR Jt}, I 7k skt 5,6,
7,8, —Tetrahydrobiopterin (BH,)o|t}, o] A3]of A= HB1 F3
o} HB1F3.TH % AlE9] Hjopelo] o] uke} BH,E 7}
sle] = Aol 433 Felk Aol gl ES elstn
S} YR eSS 245 27 Eabvle njFFo|gl ot gH
w=9}= HBI F3 THo||A] HBL F3:c} 108] oA 275 AL
sjelatelc, of7|4 Eajnl Aol Aotk A st o
3 1 Q% THAQ] aromatic acid decarboxylase a42] A
poa AR Te duEs RS A Pt B9l
Zpol7} qlo] 719 HalEi} H|ws = AN THR 2
A the Ao ST AT o] Foleh PP du
S maigle] AYAe AT BAE Bl-y] Gue B
w2 T AV Fad ARAR AgETt Eublol
B EHA A4S e = T Foll A7) 4MEF BAREO] A=
SAS vtk Bae 3 gEEa A AE 54S
ZHAAL A|E2S] Ak S A o e Aem A 9l
} 7% o]o B ¢IFo) A BH,S WS | EEu} YAt
o] Z7}%]= HB1.F3.TH (HB1.F3. TH-BH,) & Z=u}7l4] AlZ=
7HEstal o]E HBLF39F H|aste] Z+ A3EZS=o)|A] alpha—

of @Al =]
sRlskele}, 18| =ut
g5 T AE =

il
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synuclein®} synphilin—1 <] &Jgk FYA| A7 A=z
AEARE s

Synuclein> AIZA|3Ze] G0 EAsh= AR AHekgt
AP A 7158 AR ko) Al A (synaptic vesicle) 2]
Ajz=gho] 7]ofgkch= 7Hdo] AAS ¥k ek Alghollq
A= synuclein alpha—, beta—, gamma— A 77} &<l
%%l 1% alpha—synucleine &Z35lo|HY Fxjoj|A] &
AL senile plaques ©|F= AE9] 3lUE non—amyloid
component (NAC)2E orj# Qlct > o] faA= @M
4921.3—q220] EAsHH 2F7F9 HErolo] osf IyE
7154 w214 77 EE Ak 2ol A4 alpha-
synuclein®] W& o] 2715 triplet o2 Y% 7HA7} WAE
o] Zoidol7} opd AAF ThaiRlo] ke o g mly]LH o]
g o Aol ElElgleh ™Y o)l 714wl ] ¢
Ql frdakehs ol ¢jolm= TR ollA alpha—synuclein©]
FIUD Sl offes of el 7 Fas 44 L0 o
A (Lewy body)& Aok F8 AJHEo]7] wlEolc}, Fo|A
Az Weoll EAsk= A1F 8-30 um =0 FdA= A
9] Hematoxylin—Eosin QAo EEMo g Holr} ?
QUL Fo) FolAE FASHE HES AT 5 UA Hol
neurofilament, ubiquitine, alpha—synuclein, synphilin—1,

torsin A, heat shock protein 52| Th2lo] gl Hc}, ez

FESF ubiquitination¥} deubiquitination A, proteosomal
subunit, proteosome activator 5 ZISHA||Zo)A £ QG thil
218 AASH= 23t 7]|A)|2] ubiquitine—proteosome system2]
T4 aaw 23Rl Q= Ao] skelEgnt ¥ AxjEu]) Ao
= RS Aol FUle Y B0 ZAsk 1
o= HAE O & fibrillar alpha—synuclein} A Z 01487}
TISHL =l S99 T EE2 ubiquitin®HE o
2 A% ek’

alpha—synuclein®} 2851 Fo|HE 14
Sh= 3 AEo 2 A QJal alpha—synuclein} -2 A|7] 7]

16,17,38

Synphilin—1-2

A2l ubiquitine—proteosome system= Z3f E3fEc)
AAIEE Al ke el QA SEOLt AL Al e
ZA3to] A HAG T} Adtele ATHS: 511 alpha—synuclein
Aol A1 312) @8 ekl HIE|9T alpha—
synuclein®} Zro] THEAA7] AL Eolx| AYAJo] Z7tsicia
OE]-E%Z% %q"IG,lS,BQ

& A Rt S del Lde )

A F=r)] Aukdel &

RS S

A1 o] 718-d| alpha— synuclean} synphilin—1 &7 THla &

350 CHSHMEOIRIN NI267 NI32, 2007

T2 sk Ae 20-30% =R AA| AES 2-3%9%c)
F gl BES WAshs A 7kt A= A A b
R R U
B 79 20% olal2 441 olo] tig e AWE 8]

%
o AT H 414 5] ek Al7ho] Tk xfo] Z Ao
A e gao] thl SRS YT W 38 714
U Akl 1A 1ok 7Hs Aol ATk o] ATh= HEK293
HEZES ALL5lo] G-AF Ao AL 30-40%=, 187 F ot
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