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Fzslolmye 49 Avn BAAAE A4F QA £

A2l Fa3 3 doltt (Hof &, 1995). L=E7HA % X njetar
A

g AAA A AF3H B E FdEA Eahar
ooH 3 ARt Gxstolva 22 AWAE A W
#H3 AT JsH o ol FohANE FEAHow olfg AW

Atk (Martin, 1999).

dzslolm| W o] Fa%t A WITARN-5A 2 A
F Bdolglel =Rk 1Ea g opE R
o]t} (Wischik &, 1988). o}dZol= wE} Tl de < =3zlojn] 3
Fol wRlnbelAl nl &g MEe AHAEZHA FHEHE ofuwil
40-42709) Z=FE =0t} (Selkoe, 1991). o} Zol= wHE} whaA
o old o= wE ApduldaRy Ao YR ow o AP
gl Wole= dzstolmH It wHe] Utk (Tanzi &, 1993;

Price %, 1998). o} Zo]x= g} chulza S

N

H:

ERtehe ofdEol= H|
B} A e Ae AAAMES I AR necrosis), Al EAME (apoptosis), 2

SE

o

A2k E A (reactive oxigen species)d TEE A X &4
At BaEde (Davis, 1996; Suzuki, 1997; Mattson and
Pedersen, 1998, Yan &, 1999).
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%7] v ¥7] familial =38ty 2kz}9] lymphoblastoid B F

xol AEA B ool ofmol = WE AT G Ae] it A

F

= (carboxy-terminal fragment)”7} 7 ¥Et}h (Matsumoto, 1994). &
zslolmy gzl A AWH(plaque), ZAIEH, A F ©Gof] Sl
A CH FE =7 HAE AT (Maruyama 5, 1990; Dyrks, 1992).
Familial ¢=slo]M¥ & do7]= ofdRol= Aydulgde] Wol=
MAAEZERAA] ofdZol= wE At o] amyloidogenic and
neurotoxic carboxy terminal fragment®] A ¥ &=2%& ZF7FA7Ith
(McPhie &, 1997). ¥ & 1 7]d& @8 AA] &%or} ofdRo|l=
HlEbekul 2 S 33 carboxy-terminal fragments 4173 Al 3E o]
Exo] 9l Ao R Wt} (Yanker %5, 1989; Fukuchi %, 1992,
1993; Hayashi &, 1992).

Bals= 3 ) = o)A ubiquitini®Ate] FH-Atoe 2 Qs %
A g@wldo] QA% 1 A&7} proteasomel E A G E o] =AYk
t} (Laney and Hochstrasser, 1999). ©]2]3dF Hk-3-(ubiquitination)<
AL WS AM7FA Z2HEE A = El(ubiquitin @438 4)
E2(ubiquitin 2% &%) E3(ubiquitin ligase)?} ##Ho] <l
Fo
g FHel MWl AAAFEo e medRkel A A
2
t} (Mesco %5, 1991). Ubiquitin®} @ ae] Ase oF 2000-kDa
o] ATPYEA wRgEstA el 26S proteasomeol] 23| A uw=
A e E o

[N
ol

_

(Ciechanover and Schwartz, 1994). T3} ubiquitin Y &
e

2
a, 1 WA tau ubiquitin conjugate’} =A%t B

R
2



ol¥ g Ad] FREL FAd 20S(700kDa) proteasomes ¥3}a}aL
nom o]= TS a7, F e 19S E§FAE 71E 5ol

A 2458 S Fo3tt (Coux &, 1996). Proteasome inhibitor$l
lactacystine 20S proteasome?] o}z 4# A=A &S Eu] 9o}
Agste] chymotrypsin-like, trypsin-like activitiesE H]7}9 4 o2
caspase-like activity= 794 o=z Ztz 2 H[E&=Z A g}
(fenteany %, 1995). Lactacystine 7t 26S E3HA|o] o] afA Uof
U= JHE=9 7teEslE odAstae Alx dolA @73 e A7)
7F AEsE @A o] ybiquitin/proteasome "HRA E S oA g
o, 28]z MXEYW YE  proteased AR @ EolFHA
proteasomes TY Al GA|st= E-Z ol AMEY lysosomed] <]k
gl Bal= AR Z=tF (Craiu &, 1997; Fenteany %1995;
Omura &, 1991). Lactacystin<=' major histocompatibility complex
(MHC) class 1 @99 =dS A3ttt (Cerundolo 5, 1997).
Proteasome inhibitorsi= NF-kBe] XS oA sle] =2 ZHH o
A A Al Fats @idsts vkt leukocyte adhesion AME ¥
g ootuel A m A Q1AbEe] A S in vivoet in vitrodel A F4 o
2 aAZAe It (Adams 5, 1996). A7 A EY thymocyteol] A
lactacysting  apoptosisE® 7AA7]E Aoz HATHGrimm %,

1996; Sadoul =, 1996).



2 QT84

date ofdEol= HE dAyrdw A C FE = o) dof
U= AAANEZA ] ubiquitin/proteasome " 7iA T Ao 2] 3
TAE=A AR H. ©]E fl8te] Chong's(1994)¢] WS 7HA
sto] C @ d S AAstar, Abge] AAMEFS SK-N-SHAZ

of specific proteasome inhibitor®! lactacysting AF&3Fe] WA

proteasome inhibitionS € o7l & thE A L=slo|wH o] U<l
=2 ofdzol= wE Gl Ea Cb g ofs] dojut
= AAANEEA 3 lactacystin® EHE ®azp Foh o]e gk

AsEE dzstolryel ARA I aRAH A B



Dulbecco’s modified Eagle’'s medium(DMEM), fetal bovine
serum(FBS). & A % trypsin 52 AXEu|de] Hast HELS

GIBCO BRLAHGrand Island, NY, USA)ollA F¢&tg o Hje

O
o

71(24 well plate, 96 well plate, 10cm dish)= Falcon(Becton
Dickinson, San Jose, CA, USA)°lA F3ste] ALgssict
Lactacystin< Sigma Chemical Co. Ltd. (St. Louis, MO, U.S.A.).°l
A A Y. Apl-42+= U.S. Peptide (Rancho Cucamonga, CA,
US.A)el A -3 sk3d .

2. Cell Culture

A2 AAAEZS SK-N-SHE A$thsta o zhujsh oFe]shma 2
FH Yol 100 LU. penicillin, 100ug streptomycin, 10% fetal
bovine serum(Gibco, U.S.A)E H7}sto] ARESI T Mzl wjdk
L 2% 370C, ¥% 9H%, CO2 5% 5%2] #j%7](CO2 incubator,
JOHNSAM CORP, KOREA)E AF&-skltt. Late log phasecl 1+
cell& trypsin®o = wlg o ZHE dgAAH EF F Hemocytometer
2 cell countE A3t 4em culture dishell saturation density 7k
10%7F H =5 vt 3de] g A A s AA A
5 -



3. LDH assay

AEZS v F3 medium® 2 release® o] Y= LDHYS Cytotox96
nonradioactive cytotoxity assay kit(Promega)E ©]-&3}o] A2 A
of AtgAHA wet FA43HE 4dem  culture disholl  cellS
80-90% confluence7t & wWi74A] wj ks th5 7+ dishel HF5%=7t
Lactacystin 1uM, CT105 5uM, Apl1-42 20uM === =8| 3k},
2AAZF v k5o 250go A 53 YAl E 2 d & supernatant 200ul.
= 96well plateo] =2t} ZF wellol substrate mixE 50ul® F7}
shal 3047 bAoAl vieFstH LDHO s 4% formazandl] ¢
A HaAol yelyA "o 302%F stop solutions H7Fslar
ELISA readerE ©]&3}4 490nmelA JFH=E ZAHsAoh 72+
sample®] LDH activitys= 1% Triton X-100° ¢l&] #2%+= LDH
S 100%= shar o] gholl gk mediaol fr&l=o] Y2 LDH# =S

FoAQ ez ®AISHIH

@

o gl e v)Ee MEustu ofg]stal oA o] FoX
© W (Chong &, 1994)& 7/MAdste] A AIEth. Expression pld<l
pQE9-CTI105E E.coli(JM109)ell F&d3 A1zl & 600nmoll A 53
=7k 0601 2 WA AEE wiFstar IPTG(ImM)E induction

3 T AX S v gEte] pelletS 2 T



IPTGE inductiond}#] &S AEZ 9] pellets FoF SDS-PAGEE 42
A3k 1 A E 9] pelletsS lysis3t & o] 2w 3tA] A5 o] &3}
of CT105 e =& AAsIA. CT1057F &3= oIl 8M urea
85 Q-sepharose ol gkA el A&t 1570]% wHEAIZ
% run throughol A ol At} Low salt solution (100mM Nacl,
AM urea, 10mM mercaptoethanol, tris(pH7.4))S ZAH& =]
10volume©°]’d #8217 washE Wrollth. Watman paperel] Z+
wash solutionS 10ulE "ojmdl & Zd vl coomassie blue¥d
e AAste] AU e = wuEl o] shelgh % 200mM =}
400mM Nacl low salt solutiong 77+ 2volume? #4A]A elution

2 agrh o=@ AAE CT105 ME =% oAl Ni-NTA affinity

g0
U[o
tlo
Jot

Ao AE33 . 6M guanidine hydrochrolide solution¥} ©]-2xl
A9 elution NS 319 H &2 8|43t A5 W AH ol

A 30% FA o2 108 5<¢ sonicationS A AE F Ao A 84

[a—

7152 203 ©]’d WFSAl71AL run through® Wil low salt solution
pH 73 pH 59 =28]3l pH 4 2 washZ 3 t}& A9 pHE =3

M imidazole 4M

ofo
ol
2
=
—

71 9&f low salt solution pH 7% thA] %
urea solution®Z elutions 3FATh #dl=Z2 ¥ fractions <
watman papersS ©]-83F9] spotting .2 213 1L ©]F imidazloe
fractionE& SDS-PAGEZ Z+7te] +£x& Feladrt. AAd o
Ao s FAHsL THTE FAZ F dsdxA7IL 30%
Acetonitrile, 0.1% Trifluoro acetic anhydrous solution®l] o4 A}

ottt AE2AL)E widstar 99 AAdgd F4 a2 ¥



o

=5 AA $E7F 425 U= CTI06 HE =9 F2 250ugH =
=y

pacs

5. Western Blot

AAE CTI06Z <187 a4l Western blotS A A 34 oHFig.
4.). Western blotS $3F o2 = AHAAS CTI05 @ d S A&
stda,  FAl= 6-HIS®F 4G8S  ARE-3AT. AA, 135%
SDS-Polyacrylamide gel®] Zt welldl 15uge] samples loading 3k
I 40mAelA 1003 H7]9Es v Mini Trans-Blot
Electrophoretic Transfer Cell(Bio Rad Co.)Z PVDF membrane®]
AAre & o] HALE membranes 5% EAfF7F EFHE
Tween-20, Tris-bufferd saline(TTBS)® shaking stHA 1A17F &
et blocking A7) 3L 6-HIS(1:2,500), 4G8(1:5,000) 2.5 3] 35}of %

ANA Z+7; 1AIZEESE WS A IS peroxidase labelled anti-rabbit
IgG (Amersham LIFE SCIECE Co.) & 2x&-A 2 ALg3Fo] A9
A HkgAl7l & Western blotting analysis system (Amershamphar
macia biotech Co.)= ©l&sto] LA AX CT1059 5o WEE
gl AT



Expression plasmid?] pQE9-CT1055 E.coli(JM109)el] &2 dgk Al
7l ¥ IPTG(ImM)ZE inductiondlal 4A|7FEor wjksle] IPTGE

inductiond}A] &-& AE9 pellets F o} SDS-PAGEE 2 A5

18 kDaolA &AatA F79x = =i
AR A8y FAHAT= AS & F A} (Fig. D.
olgd A wdE WM AS AHAS] Y5t I AIEQ pellets lysis
& F ol2usy FAE o]&ste] CTI0G HFE=E AAsATh
CT1057F &3l o]+ 8M urea &S Q-sepharose ©]-&u 34
Hola wre-AlZl 3 run throughol A %o} At

Low salt solution (100mM NaCl, 4M  urea, 10mM

1 A3 IPTG inductionA 71 A3 A CT105 FNE| =9 EA}Zl
Het= Aol

i
do
r o
o
i
2

mercaptoethanol, tris(pH7.4))S A& 832 10volumeo]’d 4 -8A]A
washE Rrolu 2lth 200mM 2 400mM NaCl low salt solutions 2}
7} 2volume® ZAE8Al#A elutione ¥ ZAF} Run throughol A+
31kDa-14.4kDa=17]1°] E|= Ad4-Eo] A3} whgapA] Srapar w
A gk al washol A& low salt solution®] 2 8-&#ol wpe} 724
o® geld} WHESHA Fetar Holle HEHE=VE o wEHAL
200mM(Fig. 2, elution 1,2)¥ 400mM(Fig. 2, 3,4) NaCl low salt
solution® & &3t A3 CT105 FE]=(18kDa)”} cell extract(Fig.
1, +IPTG)ol ®l&] ©f 7AZetA A=Ak (Fig. 2). o2 A BAH



G Ao HrlH o2 N-termiusol 67019 histidineo] &%
PQE9 vectorel HHgE CT105 HE=E AAG7] AsiA]  ThA
Ni-NTA affinity ZHol %83} t}. Imidazloe elution fractions

SDS-PAGE= Z47te] k=g #dsisith. CT105 FE =A% &
ol (self aggregate)o]”] W&o =x7} ofF F3 & Skth(Fig.
3). AZ@AL)E wYstar o AR FA 28 dsidxs
AA 27 d&7 U+ CTI06 FHE=O &2 250pgd =Stk
A CTI05 FE =S gRlshr] flafiA ofdRol= Ay o
Eo]A o] 2+ 4G8 monoconal antibodyE AF&3}% 31 N-termius®ll

H-7k= 6709 histidineo] £o1% pQE9-CT105%& &<1at7] #1384

|

6-His monoclonal antibodyE& A}-8-3F°] western blot& A A] 8%t
T A FAE CTI05HEI =9} cell extract BF ©] 7 Aol o
st BolAds Zta s I & 4 QIATH(Fig. 4). o2 A A
g CT105 HEI=9 Abgh 2174 AIZFQ] SK-N-SH cellell iak =
AL ol 7] 93}o] lactate dehydrogenase(LDH) assayS Al A] 3
A3 A 2wl vlefA of 2v) o] SAS YEwtH(Fig.
5. ol#¥3d HAzHE olwr] s Proteasome A A<l

lactacysting A& A M EZFQA SK-N-SH Al ¥o] WA Foldta
A =

N
>,
)
%
2,
o
o
i)
fr
o,
r
=)
BU
AV
=
Y,
L
o
@
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—
o
il
s
_O‘L
s
>
o

6a, 7a)@} lactacystin ©=Fol* (Fig. 6b, 7b) 18]lil A&

"
%
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WELE Holx| ggtoy T SAEAS ofuRol= WE el
(Fig. 6, ¢)¢ CT105%o11 (Fig. 7, o)dlAE AE S¥doler &

a1 E3| ol gEol= el @A, pFold (Fig. 6, c)oll
M S-YA g7 Bol #&E A, CTI05F A9 (Fig. 7, c)ollAl

gl wnk ofyel, Axel FAAR FEE A o} &
T N o] AT AFo] AHHI oleld AR <3
CT105 e =e] <]3)A]

o S o =~
2 FUA% + Ak

d

lactacystin obdZol= WE @A,

dolup= MEEAS wolr)

B,

A

MN
uls
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Fig 1. CT105 peptide(18,000 Da) expression by IPTG induction.

- IPTG) no IPTG induction cell lysate. + IPTG) 4 hours culture
after IPTG(ImM) induction. The band representing CT105 peptide
(18 kDa) is indicated by the arrowhead.
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Fig 2. Purification of CT105 (18,000 Da) through ion exchange
chromatography. The band (Elution 1-4) representing CT105
peptide (18 kDa) is indicated by the arrowhead.
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Fig 3. Purification of CTI105(18000 Da) by Ni-NTA affinity
chromatography. The band representing CT105 peptide (18 kDa)
1s indicated by the arrowhead.
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C.Blue 6His 4GE G6His 4G8 C.Blue

- 77

— b1

— 36

— 28

= — 20
Purified CT105 JM09/ CT105
Cell lysate

Fig 4. Western blot analysis of purified CT105. Western blot
analysis was perfomed using 4G8 and 6-HIS antibodies. The
band representing CT105 peptide(18 kDa) is indicated by the
arrowhead.
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Fig 5. Cytotoxic effects of CT105 in SK-N-SH cells. Cells in the
NO group received no treatment. AT group were treated with
0.196 acetonitrile and 0.0005% trifluoro acetic anhydrous solution
for 24h. CT105 group were treated with 3.84uM CT105 peptide
for 24h. The results are percentages of maximal LDH release
that was obtained on complete cell lysis. Data are mean + SEM
(bars) value obtained from five culture wells per experiment,

determined in three separate experiments.
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Fig 6. Microscopic observation of Apl1-42 induced damage in

SK-N-SH cell after 24 hours treatment (phase-contrast, 20X).
Cells were treated for 24 hours with (a) control, (b) 1uM
lactacystin, (c) 200M AP 42, (d) 20uM AP 4 and 1pM
lactacystin.
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Fig 7. Microscopic observation of CTI105 induced damage in
SK-N-SH cell after 24 hours treatment (phase-contrast, 20X).
Cells were treated for 24 hours with (a) control, (b) 1uM
lactacystin, (c) 5uM CT105, (d) 5uM  CT105 and 1uM

lactacystin.
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Iv. 1%

Aol M= ol g AME S iR o ® ofdEol= HE WA,
oF CT105°] ¢Jafjr Aot ANAWMAAH proteasomeite] #AE A
HH A 3o o]d proteasome inhibitor¢! lactacysting ©| &
sto] AdE Fddnt. 1 A% AN F  (Fig. 6a, 7a)
lactacystin @5 5o (Fig. 6b, 7b) 18]3 5AJE A3} Jactacystin
Foli (Fig. 6d, 7d)olA = AEZFe el dojA Fi3 ¥ss 1
oA gFgtort, ot REol= HWERAM A, 4, (Fig. 6, ¢)¢F CT105F
T (Fig. 7, o)M= A2 SR g7t Bo] #2EA,

2ol= WEldW A, pFdT (Fig. 6, o)olA = Aze &g rt
wol #FHJa, CTIG R (Fig. 7, o)A S3do
ofyet, AME A FHE H3 Fol & F AL FFo] &
AE a1 Algo]l #EE AT AWkA 02 Proteasome activity9} 13
A= abEpNbgol FUkek oy 9] T dWbHom ofdRo]l
= odE g oA dojdtt (Davis, 1996; Suzuki. 1997;
Yan %, 1999). A7 WA 3} proteasome activityZte] #A o] sk 7}

Aol AlAL e AHElelth B AIFWAAY AHlA

O

ubiquitin-conjugate chul 7 o] o7 =7}t Tk
neurofibrilllary tangles, amyloid plaque, senile plaques®} Z2 =W

FoleA SA o] dojdrta RauEArt (Lennox &, 1988, Lowe
S, 1988; Alves—Rodrigues &, 1998). Proteasome A4S 5712 7]

= AP Fohsh oluA e it YWHOR in vitrodl A of
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dzol= wWE dide oA Lottt (Davis, 1996; Suzuki,
1997; Yan %, 1999). o} 2ol= HE} w@il AL A A E kA o

ubiquitinations ¢ o.7It} EgE ol Zol= WEl dwde] AL

2
kel
=
=
(@)
Q
T
wn
=
o
o
=~
.
1=
i
(e}
(i)
o2

2 JLol} 19 tE EAolxte ust MEe AIAHS ZIFA

N

= dFe HBHIWFES Aot} proteasome AAES w=FA]7)H
A7} oxygen radicalS X3 XWHA Q] HAdAAke] tigk M EA

oot

e dAAsHA 712 = At (Bush &, 1997; Lee &, 1998).

o = E 9] disaccharide trehalose: proteasome? 7] o] A=A
 EAHEH o]#dt Aot B F A= unfolded T A o] WA o]
U S JAs} (Singer 5, 1998). ¥ = (inflammation)& & =3}
ol ol  AWulAlo] 9lojx  Y]oJE &,  corticosteroidtt
nonsteroidal &G FE 2] AFo= d=stolwHe] IS 7
A 71tk (McGeer and Rogers, 1992). Proteasome < #|#+&= NF-«k
Bol A& AAANA FES AHdA Fag A4S o= A
MA ] A AR FAAY, o] 2 dA% 3 HdE
= FEA o2 proteasome?] 715S oA & 4 A+ lactacystin®]
o]st 7tAA] AWL oF

= 3 HA¥sEdA &

= b
olgr 4= AT (Adams 5, 1996). ¥ Ao A= o]2]3k AFA S uf
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gog oldgol= WE WA 0 CTI05] oA dojd A1A
WA proteasome?tre]  #HAE A H A FFF oW o]
proteasome inhibitorQ] lactacystine ©]&35te] 23S St}
a2 A3 53 oidrol= Mg, » T (Fig. 6, o)lA=
S 7 wol] #&FZH 2, CTI05 Fo+ (Fig. 7, o)AM= &
dolg] Wntotyel, AE ] FAFHQ JulE ds Fol & 5 ¢l

o] 2AFL AFo] FEEHJY I oI JJHORE o]

-

N,
o

32
Ho

al

bowAgEAE 348 o FEoglou, T Bde B4%

rol

4

B

F}+= lactacystin, 5 proteasome A Ao o)A LAE}A] gk o
o, o] Axtm Hop Atghe] AABMAEFA SK-N-SH Al EA
opd 2ol= HEgl Wil A, p3 CT1059] 93 ME=A LS lactacystin
of 93] A==  proteasome EH AAAES & F AT
CT105%= NFkBE A4 SAA H5A44& 4277 lactacystin> NFk

BE oldd: 4de AXT itk 1 A¥de NFkBel @

10

Ao AlEEH F7MH o2 NFkBe
immunoreactivityol] —djg Aol o]Fof Ao T Ao}
Lactacystin®] 7FAal = 95 AAZA Y 753 MEe AE
of d&ge FA oA proteasomes FAH O R A G VT
A oW BoAAR] 75 CTIGE HFEI oAe7tA] A 54
Azl #7E A= AL o] FojA & FpA|o]th
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Abstract

Effects of Lactacystin on Neurotoxicity of

ABi-42 and CT105 in SK-N-SH Cell Line

Advised by professor Young-jae Lee

Sunghyun Bang

Department of Veterinary Medicine

Graduate School, Cheju National University, Cheju, Korea

In many neurodegenarative disorders like Alzheimer’'s disease,
inclusions containing ubiquitinated proteins found in the brain
suggest a possible pathophysiological role for ubiquitin-mediated
proteasomal degradation of neuronal proteins. Here we show that
the beta—amyloid fragment 1-2 and CT105, which in micromolar
levels cause the death of cortical neurons, can block the
neurotoxic effect of beta—amyloid and CTI105 as inhibiting
proteasome activity . These findings suggest that CT105 peptide
and beta—amyloid;-42 neurotoxicity may cause toxicity through

the activation of protein degradation via the ubiquitin—proteasome
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pathway, and may provide new pharmacological targets for that
suggest possible new phamacological targets for the prophylaxis

and/or treatment of Alzheimer’s disease.

Key words: Alzheimer’s disease, ubiquitin—proteasome pathway

beta-amyloid and CT105
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