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Ganglioside 34 §-=A4|2] L-PDMP%= ujeF %91 E3}qlAA]
AR A Z A o-synuclein®] &3 3} A ZALS oA gk

b h
(20114 5¢ 29 A<, 2011 6%;] 7°J_ 234, 20119 64 159 AR5l

2t52 : Ganglioside2 A174M 2] Mzete] Fo 74 B4, S3j2A0 =S F7MIA Az 23
7ee =gt =3 AlEAPEAL At oJs) Hde] Frtste] AlEAEANE 2dske ez d#A lH
AZAAEANA o] B A ol IRt 22 R E RS doTle sles F;V:l At
A v es AR S AEdelM AAsRs AL 3, 759 o) IR E A
el el 2 stz A Qo ol dFelA sARs| Al 715 Al o3t =) Bé A73A =
°] W3}e) ganglioside$d fr= B4 Foi7} w]A= kS A

=ua A A1 7AM ZQ] PCL2 cell & wlj ofate] whallal Ball 44 A E-21e] PSI (proteasomal synthetase inhibitor)
£ Folsksith =3 ganglioside3 synthetase -F-=E4 2l L-PDMPE FAlol| Fojste] Alxo] Wzts sl

PSI9} L-PDMPE EAo] Foigt 79 3H43lx] PARPS] 2ale PSIE ©hEo 2 Eojdt A zo] u]e] i3

Al zFasielom, AlAA 2] AEES SRkt =3 a-synucleing] A=) 34 94 Zasigle PSI=

ganglioside3s] W3l Z74417 o0, L-PDMPs} 546 Foig 79 ganglioside3t= FA a1 Z7hakaleh.

o1y o] Ak gangliosdede] A4E 2771 A RaLA] JA2 skl Zrbske AEALE o

£ 4 9lom, a-synucleinz} 72+-& w}zl&w o) figlo g FAFE chilale] Az 248 vl S B
Zoh oy} whil Rl e 44 0] 7)15-7) ganglioside3e] A AL FAlewd) e whAdA
o] & 4= 9l& ol

v
gl

173 EEHd gk Aa

slol 7| 22t Ganglioside3, L-PDMP, ghi) 2l Ba)] 4] S 4] A, o-synuclein, =3}71 A1 A A1 7 4 =

M B 9lo} (Kitada 5 1998, Shimura 5 2001). 4174 o]l A

el 4 B8 44 (proteasome) 2] 7] 5-S Al o7 vl

Ubiquitin-proteasome system (UPS)2- Al =" oln} 3, WS o AZAP} S7F 3 o}t Lewy body e} 722
A 24 712 (endoplasmic reticulum)oll &) B]RAFH o2 IS HelA SAA o yehhs Az 23E(in-

=2—

A HYE ALY 241" RS A A= = A clusion)E-o| 78kt (Zhang 5 2007). Z12] 22 ubiqui-
22 A Yok AAANA o Azl olr 4 tin-proteasome systemE 24T 4 glowd A=Yt
71133, gzmsfoliol} Wle F3 e wald RS TAARERARE 24T S drks 7Me] Al

=3k sto] vehdo) B3] sizlenle) Ao ubiquitine  A1E 32 ek (Olanows} McNaught 2006).
proteasome systeme] F& &4~ql ubiquitin carboxy-ter- Glycosphingolipids= Al 22Hs 743 24

mina hydrolase L12] Eelw o)z Qlale] 2Ate whulzl olw, thefst Az Aol FAH= Aoz deix %l

Ze AZ WelA] AASHA Eohe] wgaitty orelx o (Mordes 5 2004). e} Al Zuel 9] )%

A gke] glom, ok BHelA sheh(Wei 5
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ZAYNE fEshe dezs Jeid
Spiegel 2004).

GD3(ganglioside3)7} Al ZAlE $=3l= 7112

CD95/TNF-adpha 52] A E7}lelE0] 484 ¢ Aoz
A 2=}, o] GD37F FA|AA| A g4 = 32 (Omran
% 2006, Sano % 2009, Sorice 5 2009) 4% GD3=
ARAZ o) Ete] AR whste] WatE f=
37 Hr] caspase352) 214-& B AEAP} dofi}
Al Eh:}(Morales—E— 2004, Garofalo 5 2007).
5 ofe) F7e) YHES Yoz s
A& oA TNF—aIpha4 Azl 93 fasligand 5 A=
Abg-A| o] A 3s B8l GD39| Aol ket &
Al o] Al ZARS vl dear A le(Raval 5 2007,
Tarhini 2} Kirkwood 2009).

2t ganglioside®] Alzd] A4 716l &A1 7}
Asige ) o-synucleing} 7 o] A ARA] o
T E2A=e] 9F1&w 7S wA x| A AR 3] Wel
o2 AAFH I gk (Wei 5 2007).

Ubiquitin-proteasome system=} GD32} 72 ganglio-
sde?] 7] Atelo] AAT|A | g AF= A o F
o] x| k3 glc}. B-amyloide}l % % 417 E 5
ol A dehts TiAS Rt AAMZ wlck AF
o A} A Ral A o] Aol oJFFS w|X|A] okt A)A
fA+E EA413 . B g v} gl (Cazzaniga 5 2007).

o AGellA wAIAF R el F sz
A 7= GD32] A4 714& 2A3ste] A 2] AEo]
ool 7 4T HskaA seink =3 FA by
Ads| A 9] 75 Wl E B3 GD32] A4 wzks o
Zs)o] gangliodside2} ubiquitin-proteosome system}2]
HA w3 detE iz} dsich =Rl AAAH
o whlARa 44 A4 2} GD3 A AAA S FA
of Folstel Hxe] 4z WstE AAsgon, Wy
A AE AR AAMZA] EAA o7 Yeh)= o
Wzl el a-synuclein & W 3s sl

o]g3 AF5 BIte] =IRIAA AZAMEANA RE
HAARRARE AsstAd 1 e 25 ¢ e

7VsAE A AR kAT

1o} (Bektaso}
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1. PC cell B2t

PC12 cell& st=A| =523] (Korean Cell Line Bank,
Koreg)el| A 3)5}ed, RPMI 1640¢] FBS, 2mM gluta-

mine, Pen/strep solution (¢]4 GIBCO-BRL, USA)2- &
b wjoelel A Wkt ol wjopzzl e 5% CO,
37°C, 85~95% & =2 9-x|3}9ch 484]17F wjek & vl
ofolS obA3] wA sl o 1uMe] synthetic protea
some inhibitor (Z-1le-Glu(OtBu)-Ala-Leu-al, ©]&} PSl)
(Sigma Co., USA)¢} 20mMe] GD3 g =A<l L-
PDMP (L-threo-1-phenyl-2-decanoylami no3morpho| ino-1-
propanol) (Sigma Co., USA)E Foi3t & 24A17F E4t
uofshgiet.

2. Cell viability assay

Cell viahilitye] #A- MTT assay=S &3l o] Fo1%
o} oF 5x10° A =2] A EZE 96 well platee] 53}

o} )3 2447k Bk wickste] MlmEe] & RAI
ES 171] stdch. PSIS} L-PDMPE 2447} Sofs}od )
ofFgt & wfjofel-& A As}a 50uLe] MTT stock solution
7} DMSOZE %993} Bio-Tek microplate readerS- o] &
ahe] 570nme] shael A ZA sk

3. Western blotting

ek AZMEE PBSel AAsta @S &
&tod immunoblotting2A]-S- Al 5lgi ) Lysates wHs
7] 93 buffer% modified RIPA buffer (50mM Tris-
HCl, pH7.4, 1% NP-40, 0.25% Na-deoxycholate, 150 mM
NaCl, 1mM EDTA, 1mM PMSF, 1mg/mL Aprotinin,
leupeptin, LmM NaVO,, 1mM NaF)& AF&-3lt). Lt
M4 2= anti-GD3, anti-o-synuclein 3! anti-cleaved cas-
pase-3, anti-PARP (o] A} Cell signaling technology, USA,
1:1,000), anti-ERK2 (Santa Cruz Biotechnology, USA,
1:1000008 Ahgsidch W W A8} $13)e]
Supersignal detection reagent (Pierce Co., USA)S A&
3hed 0w, Hyperfilm (Kodak, USA)el| =217 &, 33
2AUE olg3ted, AE BEe) G ke 49
ohee] e g oz A7) 915t BioMax
program&- ARg-shgieh. BE A 3 o) 4} Alalstel
on, EAsHAQ AL 9)3le] dudent t-test=S A8}

et

=

1. L-PDMP= &=
S

GD3¢| “jAl7} mml 417 AZe] AEo]

2=
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Fig. 1. PDMP increases cell viability in presence of proteasomal inhibition. Right Pannel, Effect of PDMP and PSI on cell viability of PC12
cell cultures. Cells were exposed to 1uM PSI, 20uM PDMP for 48 hrs. Cell viability was evaluated using the MTT assay. Exposure of cells
to PSI, PC12 cell viability decreases but was improved by PDMP treatment. Note that there are statistically significant increase (*) in cell
viability in treatment of PSI and PDMP (p< 0.05; vertical line=standard deviations). Right Pannel, representative fields of PC12 cellsin
presence of PDMP and PSI. A, control group, B, PSI treatment group, C, PDMP treatment group, D, PS| and L-PDMP treatment group.
Note the increased numbers of cellsin presence of PDMP(PSI: synthetic proteasome inhibitors, PDMP: L-threo-1-phenyl-2-decanoylamino-3-

morpholino-1-propanol).

& BRE] G3ked MTT assays A|abstsic. Pl

Rolq AGelM =UYA AAAES] AEEE
@437 F4s3ich LPDMPE S50 Fojgh 4

1M A ES) AEEe] k2t st ot PS
2ol Aze] WaAE AEAL] WS WS A
o} 22y PSISt L-PDMPE $Ale] Foidt A5
SIE BEom Rt A9 wlmsle] Axe] AE
o] FE131 Z7hetedet(Fig. D).
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2. Proteasomal inhibitor= ganglioside32|
Mz =88 S7HZICH

Ubiquitin-proteasome systeme] GD32] A 2] &4
M)A dge WA $1se] =oRIYA A7 2ol
PSI¢} L-PDMPE ©h= 38 Z2)¢) Foddle] GD39]
Az epe] Wske shsisich A Re A )

279l PSIE Azjat Az GD32| oFo] WA
A Z7}84ck PSIgt L-PDMPE EAlel] Foiqt A
GD3e) o}& Z7lelglon), PIIE BEog A2ja 417

Alzel wls) FEA Frkskee(Fig. 2). o) Az
PSI7} GD3¢] <Fo] F7}A17], PS¢} L-PDMPg} 4]
of B33t A PSIES w=oz A3t %ol nv]3)
GD3¢] ¢fo] F7lshe & HoAEmt

3. GD3= PSIof ¢fst

r°l-

UBMEAZAE 2AHBCt

=R A EAN A AR A 0] 7)ol

Control PSI

GD3 #_ ‘

PDMP  PSI+PDMP

Fold change in GD3 expression
N

2_
i B
0-

Control PDMP

PSI+PDMP

Fig. 2. PS| induces the expression of Ganglioside3 (GD3). A repre-
sentative Western blot of lysates of PC12 cells cultured in the pre-
sence of PDMP and PSI illustrating GD3 expression normalized
for ERK2. A lower panel: quantitation of GD3 expression in PC12
cells as described above. Note that there are statistically significant
increase (*) in GD3 expression in treatment of PSI and PDMP
(p< 0.05; vertical line=standard deviations).
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Fig. 3. L-PDMP decreases PARP (p89) and cleaved caspase 3 after the induction of their expression by the proteasomal inhibition. Repre-
sentative Western blots for PARP (Left Panel) and cleaved caspase 3 (Right Panel) expressions in lysates of PC12 cells in the presence of
PDMP with PSI, normalized for ERK2. Note that there are statistically significant changes(*) in PARP and cleaved caspase 3 expression in
treatment of PS| and PDMP (p< 0.05; vertical line=standard deviations).
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Fold change in a-synuclein expression

Fig. 4. L-PDMP decreases the accumulation of o-synuclein after
the treatment of PS|. Representative Western blot of lysates of PC12
cells cultured in the presence of PDMP and PSl illustrating o-synu-
clein expression. Note that there are statistically significant decrease
(*) in a-synuclein expression in treatment of PS| and PDMP (p<
0.05; vertical line=standard deviations).

Ak ZFe3k mAA} 32 sh)gl cleaved caspase-3}
A ZzAE ALY Atz Jehs PARPY] el WskE

western blotting2 %3l 2qlslait}.

PSIE %3t 7% cleaved caspase-32] 43
s F7kskal et L-PDMPE £t 7ol =
A ket L-PDMP2L PSIE FAlo Fedt 74
+ cleaved caspase-39] of2 L-PDMPE ©t5o=2 &
B AAAES) Ak ot PSS BEo R Foid 4l
A Zel WAL el 2Has19e (Fig. 3).

=3} PARP(p89)2] w3l cleaved caspase-32] "3l
Fd ARl PSE o] Al AAF Aol wls) Felst
A ZF71siseh 2=u L-PDMPs} PSIE SAloll S
g A ZoAA PSIE 507 Foq3 Aol vl
317 Zastdet (Fig. 3).

e g Azhe B 2AY J5E SAT A
AZAIAL F7hekg ond, AT Fabge] sl
2 cagpase A2 Foto] ololAx glohe A%
RolFEo) 28y} L-PDMPe]| 2Jafr = A iz}chp}
s UehlA] ekgkeh = GD3¢] o] Z7}s)ed
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A3t 7% o-synuclein®] A=Y oFo] =78kt o]
A& I Bl M A E 439 DA A
g Alze] W3ts BojF= 7otk 13y L-PDMPE
EoJ3t 7 %o a-synuclein®] Wralo] ZJAA| Zof H]
3 el RHasigeh =8 PSIsh L-PDMPE 54
o] B3t A% a-synuclein®] WHL PSIE fEo R
Fol 3k 7l wlsl FEehA Araskslet (Fig. 4).

o] A= =R A AAo oJF wAAFHl
iR o] Az £4L L-PDMPel| 23] & 4 gl
the S AAERs ZAleloh

LA )

=vIsA A7 2e] PC12 M| sze]] sl 2l Baf 44
o} A A] (proteasoma inhibitor)E F-ods}o] ubiquitin-pro-
teasome system2- w#3t 3 GD32] W3l=E st
°o|g B3l =IgA AAA ZAN DA Ra) A 7]
o A= s W 4 sle ﬁJr ARGy
A7 552 3k} GD3gle] A2 AAsieioh

M|z}t Z2)3}+= gangliosidex= 4 73%%]_—.&.4 Az
ol gl AAMEL] AR W R3l= zA3h} (Kamata
o} Hattori 2007). 22 s}x1eH, zajoln| s} 2-&
A7 E| 3 g2 A 2] 8844 7% Aozt 1 wal
o2 AAEI QT o] F E3)| Azl A= a-synucle-
inz} 722 thillxEo] A=W o-synuclein®] oligomer
u protofibrile] A7AIEl A 54 285 do7 A=
A fmshl =w A% AR Yo
A He Aoz g slok(Lansbury 1999, Wei 5
2009a). Ganglioside= A7 25 Hlolsl= 7oz
@7 gl 53] ganglioside3s] A4¢ fmshe ¥
ql PDMPE A 2|3t A AM 2o Eal A9 7)5S
.5'1_/\]7] I u_]-lf,,;q.ﬂvo‘ z:ax]s].o:] /q] __»TL_E/\LQ m]
71%5-% 3t} o] & E3) PDMP: o-synucleine} 72
HHX]_/] MZY 24L& 7140172 FZ1ew g 72

1S vlold 4 9l= 7AlS RolFEoH(We 5 200 9b)

PDMP:= ganglioside®] A33-¢l ceramide] z}shH
S 24 ganglioside?] AJEEAQ AAS 2A-s
Aoz i 9lown, L-PDMP} D-PDMP7} A}ﬁﬂ;
elt}. L-PDMP%= glycosphingolipide] QA& =415},
ole] uks] D-PDMPE wlafiste Aoz A Qo
(Hynds 5 2002). o] Al&e] Al£-% L-PDMP:= GD3
o) A€ stk

ot A A el

Fﬂm&m&tﬂ

j)l

o rlo
W e

321

AR A 7)sE "

L-PDMPE SHOISAAIZNES Wolst, 81

ke 2L FolsA =W A zAEA)L Fohe
I &l (Rideouts} Stefanis 2002, Rideout 5 2004).
ol caspase 39} PARP2| &A)3ts 53l Al =AE AL
<7kt "t (Kim -5 2008).

ol AYH =IRIGA AAH Lol PSIS Foidh
Az 7)20) AoEn vz AZAL Fokekd
o, cleaved caspase-3¢} Al ZzAadAle] A}z eht
+ 243he PARPS) o] Zrlstelch e} L-
PDMPZ FAlol| Foi3 79 &4 caspase-39} PARP
o] Walo] A i om, Mz AEEE F
7ketgiet. o Ak PSS B3 HlEAlsh GD3| o
& A7} Qe Aoz Ad

GD3%:= ¢]7-¢] Ale7lel 53] TNF-a 52 A3 9
s Al 4 WA capase3E B
Foz NZAE F=dhe Aoz dHA 9 °4(Gar-
ciaRuiz 5 2003), o2 Hoz = -‘%'—%Hﬁ\jﬂ/] 3A)e
7HAA AZN NS A A 9T
shagke) glale] B wPA D] A v
T olg B3 AlEe] 4EES Eol: I
& o] Fohold 492 Azhe A AN
GD3¢| Wale] Zrleleiele caspase39] BAISfel:
3gFo] glort Az oA = Az HAAH
h A o] FUlkele 7oA GD39| ol
caspase-39] /438 WHel ool A ZAALE olsh
q&s g

W)z PSIZk GD3e) Al opstel #AE )

7] $13ted PSIE Feidt Abefel A GD39) g W3}
A} o)|u GD32] ok HAsHA =r}s}¢ich PSIS) L-
PDMPZ 5o Foiqt 7% oA] GD3¢| o2 23]
Z7hstgiek ol 2 GD3e] WA shildys) 4|

o)

o)

43 A e Beo] T Aotk
of2|74A] whl A sl A4 &4 ¥} ganglioside®] A4

o] Mz Al A} o] vk A
2 A6l 2 7HA 7S AAE 5 glek A
Ae TARe 247 24 GD3] S WhaEliEhe
Aoloh T WAl 71sAd> GD39] A= A Aol wh
AR A7 g = o8 7]He] EARe: A
ojeh. Al A= GD37} ﬂo%fi}—t— Wl A 0] Pt =
AR A 0] BAde] Mz Ate] vk 7H ol
a2 99 ez whiAy sﬂuﬂ s 53 Al=zAt
FAL 718 F Azdel AR HeFs AETRIE
o] Mz dtez f&d F FwEu| (paracrine) S 3
A ZApEARRIARS] &S 3 7ol o] Bo] AIAZ
7o) gA| 9} Agtsle] GD37L FAAA A A3}

A7 gleh 28



=25 = ot o]ef 22 ML FF
o 9] Wste wx w
B Fe) Bob 4 9le Aok
T Assh o] BRI LA 7% o)
£ AAA AN Az S AAS Pelstel st
A %%% i 3] o-synuclein®] S gt
(Kim = 2008). o-synucleing- Thul 2 Ba] AH) o] o] Ake]]
oa Mzl A%t o] shjo|n] (Takeda
= 1998, Takeda 5 2000) Lewy bodye] FAHo = uh
AEA HARES fiste ez duA b
(Conway 5 1998, Rideout 5 2004). £3] w}71<=m 9]
Weloz =yl g4 4174 Ze) A Lewy body 44
5 4 9lvh(Burn 2004). ol AFelNE =34
AAH ZANM PS Folol 2Ja) o-synudeine] Ao F
7}steict. o] Ad= PSI] Fo7} invivo, -2 invitro
Ageln SR rske, Y mdzMe) b
e welFT 9k

=3 s ade 7sE WY A 37}
o-synuclein®] ¢fo] L-PDMP2] Foj = <ls
£ 7ot o= GD39] YA o] whij A Haf A <
AA &3 a-synucleing] FH4& e 5 ik
< Ho Foh

ol 4= a-synucleine] M=z &3 zd = 3}

Wb e wby 417 =sda welelx) GD3e

& fmshe A olE wAPA DAl Ax

A€ v 4 gle shiel W AARE =
gl DY) FUBL ol 6D 4
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L-PDMP, Ganglioside Synthesis Enhancer Protects Dopaminergic
Neurons from Death by Proteasomal Inhibition and

the Accumulation of o-synuclein

Min Jung Kim*, Seong Joon Yang, Kang-Ryune Kim, Hyun Kim

Department of Anatomy and *Neurology, Kosin University, College of Medicine, Busan, Korea

Abstract : Gangliosides are components of the membranous constituents and abundant in the nervous system.
And they are implicated in awide range of biological activities including the regulation of cell proliferation, dif-
ferentiation and lysosomal activity. But they have a diverse action to induce neuronal cell death by the interaction
with some ligands. The interference of their biosynthesis is accompanied by the intracellular accumulation of
unwanted and neurotoxic proteins and might underlie the neurodegeneration diseases including Parkinson’s disease.
However the mechanism has not been elucidated. In this study, we report that the enhancement of biosynthesis of
ganglioside GD3 protects the intracellular accumulation of o-synuclein and neuronal death.

PC12 cells, dopaminergic neurons are cultured with synthetic proteasomal inhibitor (PSI, Z-lle-Glu(OtBu)-Ala-
Leu-al) and L-PDMP (GD3 synthetase enhancer, L-threo-1-phenyl-2-decanoylamino-3-morpholino-1-propanol).
We found that the neurona viability was recovered by L-PDMP from the proteasomal inhibition and aso the
expression of activated caspase-3 and PARP was reduced. L-PDMP decreased in the intracellular accumulation
of a-synuclein. Interestingly, PSI induced the expression of ganglioside3 in PC12 cell.

Our findings suggest that proteasomal inhibition may modulate the biosynthesis of GD3 and L-PDMP protects
dopaminergic neurons from death by proteasomal inhibition and the accumulation of o-synuclein.
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