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o] 2 Eal| #AkA42k7 o] ubiquitin-proteasome
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stohEy| W : Yapulef T2 A1

M =

#u] 44 (Lewy bodyy= €32 A Az W
g3 E-(intracellular inclusionsgA] a-synuclein, par-
kin, ubiquitin 5-¢] stwid =z FA =} (Pappolla
1986). Hlv]aAl= =44 (substantia nigred ==
2. (pars compacta, SNpd)H] EAA o=z veldo)
gy iz e A B9l E tehie
53] EZEA AAMZAAN LHH7| = Fo
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A 2, 2] AkAZ, proteasome] A A], a-synuclein, NFkB

FA AN pesle Aol dsiME HEeA] ko
u, g e] Aol Sk gl o] A
o] F7ksle A= w|Fe] E o HWAI Ao
g Aoz oelx glu(Schulz} Dichgans 1999).
SRS BAAE B AR dFos ey
= Bx3ls Ex o=z Ik} (McNaughts 2004).
571239 54 3429 Ay
(pars compacta) 2A3l= =3jul AAA ] E
ARoz duadzt YAHE Aol (Zarow 5
2003). 771 0] Al ofA] FAlEA BHE A A
ol——y g9lom, o;q;do] Qeloln} ;l.%];q Qolo=g
=} (Snyder}t Wolozin 2004).
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S Az dellA A AR 713 o] et (Aguilar
9} Wendland 2003)¢]72 AN Z9] AHAMAQ 7|5
F, Al zF710] A, Alze] w3} 231 Foll e
gt} (Adams 2003)A173 Alel| A UPSH| Aol 7} A7)
= parkine]y} ubiquitin 5ol S|z} 71t} o]
= Qs WMYFAG £4E DAEe] A ol
A AAHA A HHA a-synucleinSe] A5
of etzsholui, ;e Fo) AP
gte] Yepte Aoz ddA Qo 28y a-
synucleire] Ew o]z} o™ 7| oz A17dH 22
He fisthe Ae HAsA gt (Snyders
2003).

A AbAZ3} proteasomg] 7|53e] AATTA o
WA ob) el whrb glok e AaaE
o da) AL HEatr) sl waAshe WA
¢l HIF (hypoxicinducible factory UPS| <js) =}
¥ =™ (Kaluz 5 2006),3 <ol &x)3}= ubiquitin
o] &A3}=e] DNA WA& AF3h= Zloz e
# ¢l}(Risuleos- 2003).

2= A4z wiekst Fo) A= RA A 2
UPSe] &42 3tebH oz fwsle] a-synucleir]
AR A Jake R or], IR0
oz W3kl =oulgA] M zellxfe] Wha wist
shulmd & e 2AS AN seinh wq
AAknFe] UPSH mAE <d3k& 2}%%}1 A A}
W Az ) ALegste) AP HAsY
o o3 78 Hle] UPSE makstgle o o
HﬁﬂWiﬂHEJPVﬁA-°ﬁ'witﬂﬁﬂ
7} deoluls A At HEYA A3to] A|uj
5 50w Age Qo] 2 2AR AN A
G w3 AL ﬂ¢w1UP91wzk=ﬁ%
o] wppleme) A Fo shigde
A} sedet.
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4l 159 = AF G AgelA wiAke FEsha,

22

E 2oz Uyl 2zH g o —

(=] =

wjz}e] ] (telencephalonERE] Aj<3t v o)
o AAMEE Felskltt (Sestans 1999). 2]
¥ M EZE2 poly-L-ornithinez} laminin (Sigma Co.,
USA)e g =8l % plastic petri dishi] 4] #joF& A2+
}odet. wjokel-2 neurobasal med#d sodium pyro-
vate solution, fetal bovine serum;dlutamine solut-
ion, B-27 supplement, Pen/strep solution (GIBCO Co.,
USA)e z3ste] Alzsbalet & 2447 A
ARRZ ol =Z A F T o] $hA13] " A Aks
E (hypoxic chambed|A] = ofslel om, AAkA 7}
29 242 N, 87%, Q 8% CQ 5%z A5ty
M 252 Al proteasome] A A (Z-1le-Glu (OtBu)
Ala-Leuall, PSI) (Sigma Co., USAF 1uM2] =

2 Folsle] 247 F2t vl ekslsict.

2. ey

A5} whepsl d= 22 A ZNA a-synuclein
o] Wrdg Felslr] fsix PSE 24x7F A2|gt
F Ba4el wpgel oiel WAYBRNE APty
o}. 1z} k4| 2= monoclonabi-synuclein (Santa Cruz

Biotechnology, USA%, 23} 342+ donkey CY3
antirabbit 19G (Jackson Immunoresearch Lab., West
Grove, PA, USAE 717} 1:2000] == Al8-3}g]

o gAle] v & 333w (Ecipse 80i, Nikon,
Japanp 2 #sty, dn|j7g HA" 7 2H(DS
5MC, Nikon, Japarg o]8-3}ed Zoistgit}.

3. Western blotting

ok AR ZE A AN AHgsed

3} 722 oz immunoblottingtA]S A8l a}s]
o}. Lysates ]38t buffer2 modified RIPA buffer
(50 mM TrisHCI, pH 7.4, 1% NP40, 0.25% Na
deoxycholate, 150 mM NaCl, 1 mM EDTA, 1 mM
PMSF, 1 g/mL Aprotinin, leupeptin, 1 mM NO,, 1
mM NaF)g Ag-3llt}. x84 2= antka-synu-
clein 2 anticleaved caspasg antiPARP, antiNF-
KB (Cell signaling technology, USA, 1:1,000), anti
ERK2 (Santa Cruz Biotechnology, USA, 1:10,080)
Argatoe) e wEE Yedos A 9
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stod, A2 E ol gated, AR BEe HAE
°J4}& 1S = BjoMax programg Ag-sk9ict.

4. Flow cytometry

AARM ze] AEAbE Aoz Fldly] 38t
of At wioFE A9 A AAMZ2E trypsinEDTA
(Bioneer Co., Koreagr. A3+ & 14 Helste] Al
2= NF kA A2 "xo] ulgl annexin bind-
ing bufferingz} V-FITCE Foi3t & QA £a]d}o]
pellets =31 propidium iodidee. G4t & fl-
ow cytometryg o] £-a}e] EA3}ic).

(B) Nx  Nx+PSI Hx Hx+PSI
O-SYNUCIein gy - S 15D =2
ERK? i’ il e M < 42 kD 1. PSIS} HAAZ 2 i & AMZAM EAM
0 a-synuclein?| &l g =71A|ZIC).
< AP o] g3te] A} wlFE o)A A
g ° AMENA a-synucleire] Rz AL ) )
c
25 ¢ AAE AT A A I AN 2 1))
[9]
g AAkag oA wjeFak AgElA a-synucleing
o
£5 4 sk AE) 471 7helR. o (Fig. 1Ab), PSI
<
s, 2 A2 APl AE a-synucleire] 23151 A
i l 29 474 FA Z7hskae (Fig. 1Ac). 53]
i PSie Aejat AAAEelA AEA vo) Bee) =
Nx

Nxc+PS| W HAPSL laiglon, 56 8 F9)9) w3le] AxsA 2t

Fig. 1.A: Representative immunofluorescent micrographs of pri- 3+ ch(Fig. 1A-d).

mary cultureq cortical r_leurons. Immunoregctivity of activat- Immunoblotting A|&8& 23} PSIE 223t A
ed a-synuclein (CY3) increases in hypoxic neuronlfpA oy Aams dalal A .
as compared of normoxia {#). Note a robusactivated A AakaEE A2d A el a-synuclein
a-synuclein following treatment of PSI (& & A-d). A-d 9] vk o] o vlE Z7)5kAC) PSEE 2447+
shows detailedi-synuclein immunoreactivity. Scale bar :  _; | _ N -

A ul x] o] B} =z
100um in ac, 200um in A-d. B: upper panel, represen- Aeg A EAAM o] "hiAle] o] Sl
tative Western blots fax-synuclein expression in lysates of om, 3] xAFAS oA wljekst Qo= AAF
normoxic (Nx) cortical neurons cultures in the absence or ,; , 5 A PSIE Eojst Als ol ulal tle o
presence of PSI and hypoxic (Hx) culture, normalized for Lt‘"“ 3l -]» = T_:] Al Ujfoﬂ 130 iﬁ_ =
ERK2. Note the increases in band intensity in the cultures 1317 718} e} w8t A AFASA oA vl oFshd
treated with PSI in normoxic conditions. Also note the exten- A PSEE Eoj3l Ao o] thlzle] wHge =r}s}
sive increases in band intensity in the cultures in hypoxic o o s 610 s R
conditions. Lower panel, Note that there are significant now, PSkE Foiala] ok AAkagh ol
increases im-synuclein expression in the cultures in the w)w3}le] Z xlo]= glgit}(Fig. 1B).
absence or presence of PSI in hypoxic conditions.
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(A) Nx Nx+PSI Hx Hx+PSI (B) NX Nx+PSI Hx Hx+PSI
PARP s, o wmm <— 89 kD Cleaved caspase 3 = === = - 17kD
EPK? i - — 42 kD EPK2 =i g 42 kD
&8
a
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Fig. 2. Representative Western blots for PARP (A) and cleaved caspase 3 (B) expression in lysates of normoxic (Nx) cortical neurons
cultures in the absence or presence of PSI and hypoxic (Hx) culture, normalized for ERK2. Note the increases in bamu intensity
the cultures treated with PSI in normoxic and hypoxic conditions. Note that there are significant increases in cleavéd caspase
and PARP expressions in the cultures treated with PSI in normoxic and hypoxic conditions.

2. Proteasome M= cHix|m| = MZAM ZofA AR Z7skdeH(eF 3.86%) (Fig. 3).
MZXHALE SIIAZIc)
3. Rt eH CHITIE AHMZolMe

Ui g AR gAze) sl psi T

Aakagzd o] A EzAE Al wAE ¢S )

7] $13}e] caspased A wiztel PARPR] wHaS Az} ekl dj¥sd M E wste] PSle}
BAY A7} PSIE Tl A% o) B2 Hwﬂo] d AaRel AZAPAE Z7A%Ed PSK} m
e Z7)slon, Ak :?g_ FA A wj okt 7o = UPSY w3l= 3elslr] ¢3¢ NF-kBE)
AA] QA A Ze| mlE =7)stdch EE%L PSiz & Il Immunoblottingg: F3ke] NF-
=ofala AALAGANA Wkt A% o]F v KBS WElE gt Azl PSKE Fofdt A4 NF-
o Wao) ZAellch Zed WA AN KBS Lol WA Frhekglen], Aawrel
uj o}: 3P PSIE Folgt AFZel ulsixe A kst A 9] A AdZe vl Frleksd
o] 7H2=315iTH (Fig. 2). o =3 PSIE Folsha AAkaI Aol A wjokat 7
AaagAolA wekd W PSP A AAAE  § 94 el 27tk (Fig. 4).

o] MEApGAL mR= ks FelElr] 93k
flow cytometrys o] 43le] EAs}ich 2 ALAZHA
oA wiekst AAMEES A A vl8) ¥ L
= N ZAEAL g He] F9lom (¢F 3.75%),4

sl A HjoFslm PSIZ EodF AlEZolA gz} wiekgl AR AAHM 2| proteasome] A
A RAAFEA oL} PSR Eolslx] ki x| ALA3k A Z Foiste] a-synucleire] YA-E F=3t1 AAF
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ERK? i s o 17 D
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100 =7 1 100w )
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Annexin V

Fig. 4. Representative Western blots for B expression in
lysates of normoxic (Nx) cortical neurons cultures in the
5 absence or presence of PSI and hypoxic (Hx) culture, nor-
malized for ERK2. Note the increases in band intensity in
the cultures treated with PSI in normoxic and hypoxic condi-

tions. Note that there are significant increases irKBF
expression in the cultures treated with PSI in normoxic and
| hypoxic conditions.
2| Apolet. o) whilale] W)zt euadle) AL
ZAlste] AN LRSS ke sz e
1] # ¢lo}(Conways- 1998, Rideouts- 2004). 731}
a-synucleire] FAA=EE Agleo]} A" A7 A
0!

2ol P A7 wol olFeiA @ 3IFt (Ba-
Nx Nx+PSI Hx+PSI
bas 1998).

Fig. 3.Percent apoptosis determined by Annexin V FACS analy- 5y 5 o o 2w uors 2317 A
sis of primary cortical neuron cultures treated with the #H2e el whawd vk I 1z =
absence or presence of PSI in normoxic (Nx) and hypoxic ZF31 4174 22] gl PC124 £l proteasome

(Hx) conditions. Upper panels: representative FACS analy- AAAE BEodslA FHu M ZAFD o] 27l 8
ses of primary cultured cortical neurons. Lower panel : = i
Quantitation of the FACS analyses illustrating that treat- %t (Rideouts- 2004).==31 Fof proteasomex =]

ment with PSI increased apoptosis compared with the ] & £33t & x| 2] SNpce] =3=AA] A AA
absence of PSI. As expected, hypoxia increased apoptosis.oﬂ}\1 Aulanlel SAFE AZEEde] AR

g3 B 3E9lc(McNaughtS 2004). A AHS-2] A
fl3te] & AgE AAssiet a-synucleir®- protea-  FollA wliof T3l A 2174 £, proteasome]
somel o1& AEHe] whA AA A2® o AlAe] AF PSIE HelE A3t AzADA} F
o= Az Y =23 misfolded proteing2] 3s}i}o] 713 AL Folsleth =, PSI] %o~} in vivo, =
™ (Takedas 1998, Takedd- 2000),#|v] 442 + 2 invitro T FZ1E S faele, A3 =

Cell apoptosis (%)
w
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o, Aol wel gekst 23 isiok (Sakurais:
2006). Proteasom@j A 4| 2] A<l Z-LLLal> UPS
AFehed F83 stEde 2 odeA Qo
(FigueiredePereiras 1994, Saitos- 1998).% A3
oA Mg PSe] FHRoz KR 4174 20
A =il A F2] skl a-synucleir?] &
FM71E e FAskdt 97 e o)
A A7AA ze| A proteasome] 7]%S oF2]E}
o2 A g AL n|EZcaole] £A7) caspase
3] FAste] o3 MEAEAP} Dol Aoz
ore]d 9lh(Piccioli 5 2001, Suhs 2005). o]
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ubiquitin-proteasome system

AN ZA A M EAVE 0] 77}6}312111, cleaved cas-
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oI AYE Felstsleh
R R NS

=

T oz AHE & gl A
ok HHE 53 22 FAAALS
2ol FEEHA vehdA] gkovt, RHdA
AAAE] =& MEAEALE &

= Aoz oA olnt. Su|EE AP AHAak
237 0] HZA AN ZAA a-synucleire] A
= = Aot o[ AdeA] X A
a-synucleire] QA& dAxslA =7}
glatslet. UPSE 3H7A el ~Ed
2ol 3t whgow FASEAY Hekit Helz
YehA 2 4 glom, A2 753} gl A4
A9l 7oz uked 4 glt (Brahimi-Horns}
Pouyssegur, 2005p]= #AkA3kA 0] UPSY] oA}
< 23 AL B FE Aeo|H, PSIE T3
A3 3} vl wsle] a-synucleirg] 432 oL =7}
st A Ak el A PSKEE Fo4 3
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26

2 AYY| AT Y o —

g J3ko] B FodttE AL AAER Aol
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AArAZ3 7 o] UPSE waEksitls Ryl o}z ¢
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A3 Az= Bag Ae] 9lo(Risuleos 2003).
A8 Azl= AAlaZo] Az W AAAQ
A AA AN2EE w2 5 9lee Be Foh

s 1 RS A48 o] A ZAPLAF
fabsle AlZ W 7)o 2 caspaseiz g E3)
| o)zt a B arsled ot (Kim 5 2005), )% A
Hel A= caspaseﬂi ol g} upssq weEke

o

x

H

Ay
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E3}o] *ﬂEX}%*}—e— 4 & lee welFen,
el A ABEGAS] SR
AR} e ﬂ%ﬂ*ﬁé‘%ﬁl A gele] 2

4 Sl AN el

B Al el A A7 Mz proteasomer] A A =
Fo4& 7-¢ a-synucleire] 2AF= Zl& Falstsd
ok Algle] Aase] du|aAx|vl e} FA 7} S=A
of 7, T o) ol Velhi Avish ko)
WE Ax A go 13y =3IAgA 41A
MzAAe] AlgF} GA}sHA] proteasomer Al A 7¢
A173M 2.2

el Al @G F3 a-synu-
clein®] WHE F7HA7IH, A ZAEARE F=dd
A REHS QA UPSH 42 Fof 4
A} FAME WE R S Yo Ae
Z73l9e)
AAEe PSI| e} AALLE o] NF-KBS)
o] ) A)e I BRIk NFBE Al
Az Relgbzlo] mof A=} o] dimer com-

plex:= MZAWAA kBl oJ&f v telz &
A3t} IKB7F Q1AM =™, 26S proteasoned 2| 5|
ubiquitinatiore] Jeju}ar, IkB7} T2 =HHA NF-
KB7} &A)3}=t} (Wooten 1999)&H4 315l NF-kKB=
3 gto 7 o]%3}e] stressresponsegAr} cell-ad-
hesion¥-x#}, pro-inflammatory cytokines;12] 12 Bcl-
2 =3 2e A zAPEA} A (anti-apoptotic
proteinsis& wt=: SAA}e] HALS Sxdi} 1
Az} Azl &S F=354 o (Adams 2003).
A 7kA] == H}i—t— proteasomex} A= NF-kB
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o] A3 JAste, Al ZAEARE FE=A7IE A
o2 4#A 3o (Russos 2001). o] AelA
AAEL A )3 A ALASHA A NF-kB2] & o)
S7FtA. ol AArARRT ) AEH 2| w7 w
9 4dFez A=z AE 7oz o 4
o0& Zloleh. aehut B @Fe) nas} P PSI
£ Asge o NFKBe) wee o3l F7bs)
dAek. o= PSK 2} IkBe] si7t dAPoz o
32 NF-kB7E AZ o $450) Qles /M 4
oleh =3 PSIe) xR} A7 Fo] 2 W4
AZE 4 ek 223 AL NFKBE BAshe
KBS| @A) ztgo] 2la) 3 ghoz olFaslolo} 3
2o, olo] wja, g 5 AE ] NFKBS] 91
s} IkBe) WE F& WS Ago] o Foixo}
& Aol

Bood o)

o A= proteasomed A A S xjg]sle] 4l
AEYAATE dod|= FadAel #HniA o
A 7sAE R A zoA Falsielen, A
AbaZe] 29} AR A YEp RS el
322} &k3dct. o Aol A proteasomed Al A 7} Al
7EgAZe] APAe] wd=z A48 5 glS
ghlstodeh. 53] AAA3H o] ¥ ZA A M Zoj]
Al a-synucleire] &2 S7RA T o3 A
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Abstract

Effects of Hypoxia on the Ubiquitin-proteasome System
in Primary Cortical Neuronal Cell Cultures

Seong-Jun Yang, Min-Jung Kim?, Ho-Joong Jeong?, Ghi-Chan Kim?,
Young-Gi Gil, Kang-Ryune Kim, Hyun Kim

Department of Anatomypepartment of NeurologyDepartment of Physical Medicine
and Rehabilitation, Kosin University, College of Medicine

The ubiquitin-proteasome system is crucial in maintaining cellular growth and metabolism. Dysfunction of this
system may contribute to neurodegenerative diseases, such as Parkinson’s disease. But its effects on primary neurons
are largely unknown.

In the present study, we investigated the effects of proteasome inhibitor and hypoxia on primary neuronal cultures to
determine whether proteasomal malfunction induces neuronal death.

Neuronal apoptosis increased in primary cultured cortical neurons with treatment of proteasomal inhibitor in
normoxic condition and in the presence or absence of proteasomal inhibitor in hypoxic condition. Also expression of
PARP and activated caspase 3 increasedkBlFa key transcription factor in this system expression increased in
hypoxic condition and proteasomal inhibition. Interestingly, hypoxic condition induced an expression and accumulation
of a-synuclein in neuron, one of components of Lewy body in Parkinson’s disease.

Our findings determine that hypoxic condition may affect the ubiquitin-proteasome system. Furthermore, it suggests
that hypoxic condition and proteasomal inhibitors are involved, at least in parts, in neurodegeneration of mouse model
for Parkinson’s disease.
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