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tau
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tau

FIDP-17 IZBR &N VEBETOII Y/ Y ROTE,

FEEOHBEY I, HBWEE Y VRROERKR, BiEEERTBEICRRENEET

ERERFTRY.

vy 7Dy 7 /AMEE—RIZ Gallyas &
HThHDW, REEOEEZIBEE2RTHES
BHENELITHD, IndiE, EEBIVOT 4
VT x = LR DEERASER DL L R
LTw3, RE, BEMWEzMELH2DTE-
EDLEVLESLH B, Y VEBEEOA A
J7ay MZBWT, REEE Y ZROBEER
4R VB ENAHERLZ LI IR Z 5,
FLETHEMETALI2BHBEOFRELDLE
5. FBICHABRR LI RIMFHEDOE v 7RI
BIFBITMEZIRIVTHLDIZXL, ¥
TEETOEENED SNz b DI DT,
SR VI THRLAR Y VOEBOVR SN S,
BHEE DL B TDTAY 75— bLdNEZITE
ERADEL 2BHELIERE N, FDOE VLR
DEDFEOLREDELE R > THENLTL 21
BEMEBZEZ 5N 5.

PED ko cilEHEEy 7R EREE Y 7
wit, 2V OEBERICELELZESL A
ey, L EREENE-ERL T
%5, Evw 7 /MEEORENREBEY O FEE
RS v THY, ELORERRTFKIERE
Yy IZRTEDS v DEGTEEENFHEREN
Jo 2B, WROFERFIC BT 2 FEyRE
BEYDEE*EZ D2 LTEETH S,
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Dementia lacking distinctive
histopathology (DLDH)

FID WHEINI2ERERDI L, ¥y 7 0DE
R DO, FIED v 7 /MR O, 7
BEEZKEERE, ETHE LERE, BiEE
NABEEREBH L, INOBFEFNFNDOES
Bz BT 2 8 7 OB EEYRERSEY & £ R
BICREFENICHEINERERBEMATHY, £
{EERNC AT FNEFNFEZ Y 7 OERE
g —EIRT.

—77, U DEREEFD LW EFTD OEH S
L Aoh, EETIZFTD 40 6 ZIF2E 12
DI VDEBEERHLITWFIDEEN 3
(Taniguchi et al, 2004), Z L6 OHIZIZERC
INE o R EEEEYCREZIRELS 2
7z®, Dementia lacking distinctive histopath-
ology (DLDH) 7z & & FEIZh, MRRFEEZENR
MESUPEETOTHLZIDOLI B, 20
DLDH L Tix, # 7D mRNA OFKBELH
2EELAONDIZLEbS Y, EEs YOE
HUWDELI BN s, ¥ 7OFERE
H, »50IE mRNA OLZEEDORAICL 2 H
BEDY I ANRNF =Tkt T 3RENL
7z (Zhukareva et al, 2001). bbb,



ATSREIBR B FRAE D A 1b%F

6 fEFID DLDH 12 D W TEILEREET 21TV,
F Y EHDORBL VT HBEBIE DD,
MEHEOB L WEFNC DWW TR Lz, Z08&E
R, BELWTEESY vV OBDRHERT S 2 &0
TEY BHREROEO~—H—-TH 3
NeuN 3 EBLLFALTBY, /o a ¥V X7 v
AR Za—0TAT7AVIPDEDI VR
NeuNF ETlRZz0wBBIBE S NI
(Taniguchi et al, 2004). & 512, RT-PCR i
X BB TS 7D mRNA b 1o OREFITHE
EEINT:, Lz oTDLDH BT 3
A VDBAIE S VIR DEE TR L,
HIRMERE S R L 72 5 O TH 2 A EEDLE
WeEZ N AEESVOEDE LS 2T,
—BDI TANNF—b LB EnIIRED
THDE, F7DOEBENAHONZWEFTD OF
FROBLCFEMTETECTES 17 BLREHF
DY UEBLFEREUME 17q21 IZEHEHI R &
NTWEEENDL., LrLEYs, FVDE
BEBPRDOZOFTD BT, IhET
DEIAHIVOEBFERIFERIN TR
v, L7223- 7T, 20 DLDH #REDOS FEEIX
RIEAHATDH S, MEREFNBEORHE:
WER, EERDES, ZORREEEK»S R
DIHTILIIBOTHEHETH D, REZFKR
D3H BIFE T F OEBROEHEEN, BT TN
2T T FENEE» D LV,

M IEFF
B AEEZES FTD

S DEREZEBEVIBRE SN W FTD(H 5 v
By 7z /hMEEfEbLbRWEYZHE I,
DLDH @ & 5 2 HEBHIRERBEYO IR %+
DRVWEEETT LD I, L DEE, ¥
VD2 F CBEOEEEBEBEOL
ENASN S (Ikeda & Tsuchiya, 2004,
Taniguchi et al, 2004, Mackenzie et al, 2006) .
ZN 532 OHBREMI PRSI 72 £ TofEs
n, vttt xFr UrBESAKEEIE Y
7 9% (PiD-Ul, &2 wix FTD-U), &EBj— 2 —

—139 —

o VEBEMAEDRME (ALS-D), H 2 w»iz
motor neuron disease inclusion dementia
(MNDID) (Jackson et al, 1996) % & & XiE
NTw3, lkeda & Tsuchiya D& L niE
EFHTIXDLDH @ & 5 ZEFIZEO Txh
T, Evo/MEEHEDRWE Y ZHEEIOKES
Wi, 2EFF UrBUBHAROEERESTED 5
3w (Ikeda & Tsuchiya, 2004)., T =
3 UBEEARIIEAE S B ERE A RE
{LEDBEF YD THE L (Okamoto et al,
1991), e\ CEE = = —u UEE R 8D FBEE
(MND-D) (=ALS-D) i 529 & Ni-fFHE
EYTH 5 (Okamoto et al, 1992) 2%, FDE
HEREBEODIREZELSL LR > Ty, 28
FFUEBMBEATIA 72—V ENERE
TPEERXZoNEHECEREREESGL, 0
SERCELS Y 7T VOREEESIBERETH
D, 2EFFOBEHEFPZOERBICHED
BEESFORETH 2REEEDE . Ty
AR —RKICEET 29 v —F 2V VER
EQavXovA4 /RNF—RZEETS a v
RIVA P FF L OERNESE L LTH
EINT & (Morishima-Kawashima et al,
1993, Hasegawa et al, 2002) Z & %Ez Hb
¥y, TOBNESEL2EET 22 05% b
BETHLILIBBIHEEINS,

FBREIEFTF UEEHARD
BERSRAE~NOT 7 O0—F

HIRD & Sy vEa w5 v BEE AL
NI TVERBEPHEDLEZWEFTD BED% 12 HIE
PRoNB I EVHEREN, /2 ALS-D 0
BELRBENTERI R RS, 0oy
FFUBHHABRNDELEEES>TW 3,
BRNET WY NA < — R FIRHEEER Lewy
INMEDREITD & E 278, FEEELIE
OB 2T E 20 ReERH 5 & #E 2
T, WEZOZvEE2E X7 U BHEHAKD
FEATICELD AT WD, ZOEBRIC DWW TR
WZHBITT 5.
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U, [ COEFRTHORBERZEMZE D
O RED] LI T u—FDOEHTH
258, EIEEIZ BDELSDIX, BEICEKRRE
EEDEANEPHEEGEHEZL> S ABRS
v, 2EFFURRELTERAETHS, U
EDIBERERETREL, HABTRRENIC
FETOITEEALL, TOMKROTRELE
REETHFETHY, /b D0 DIXME
B FF rOREBHEIEECEEEEY
BN, BEL, EatENCERT 20T
5. FIETHREEAEELOSSEEY,
VI BEMOBEMEETREL, £OHED
FEEOERRETAIELCLD, ¥, 2E
FFUPREEINT E VLIRS LGN D B
L, BEL7 o4 FOoMEEEER{LEa >
T—Vy FOREMERTED KIGE % HBIECE
SREEIL, TS /By -7 Y —T BRTFF
RS UNREIEENTERREEND S, 2T
Hr2b IO ODHEEFMHTLTHED S Z LI
Uiz, PURR(EEIT 2 FETIE, BEMK»SH

Tris-HCI, 0.8M NaClihiHi1%

Lewy/NMAE
SOENFE

aEFF

BBt A
HS

Ewv o
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"HLTER e ARRBEL, N TYR—=
DERELBREBLREICIORA IV -2 7L
TR, #ABERELI:7u—rB—D21E85
7z (Arai, Nonaka et al, KFE). Bdis
5 ZORIGIFEERTTCHEELTLEw 7 o—
VEWENTDETICRES oz, HifED
BoNIHREEEZRTO DO TH -7, BEELFE
BHAETIE, FEEERICN T 2 RMEEOHE
ZFAL T2 FF Y EEHAROESREE 2
"D, AB, I, a v XovAy, KUY I
FIvRE, MREENREEMIERET2I3LA
ETRTCOEABEIRIFEFEERCEEAE &
KL THEWEREE TR T 2 EBHMenTn 3
ZEo, FROFETERFETE AL E
Z7z. ERE, BMO—E% 1% Triton i TALEEL
T, TORBEEES2ATARNTTRAZAAT
wWlLabEFRF Uy REEToREIS, BERD
HAGBPEBHEEN TS Z EBERIN: (K
2), TOEIWL OHhOREEEE EHELE
DETTEHEES ZFARL, FEfcHERLE

% Triton-Xih & %

R 2. FTD (PiD-Ul) BERAYSHBEL-IEFF VIBHHAKOME,
FEA F EFREEER] Triton X LEFIZOBEBEYORICEF UHMEIZ L 20506
ZiRd., LERIE Lewy /IMABIERENGE (DLB) BA H2BEL 7= Lewy /] & Lewy neurites, F
Egld, FTD (PiD-Ul) BERASHBEL -2 F VB AL, WFhd Triton X IR
L BHRERLSNT, OBRIZENFEIIZL ) BREENBER,AASND,
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+ ./ 70 —HPLC /LCQ-LC/MS" f##F L X F A

|| TE
f | 300 nL ~ 2ul /min

BE&H D ARE
0.075~0.15 mm

Yy

TR

10 ~ 100 fmol

(HFE100 KDIFE
#1~10pg)

e

HEhEER
F— b TS5~
BT 1 BEIC

|| 2o g

X3 YHIEZETEALTWSF/70—HPLC 28 LIMF X7 L —BIBEEDEE. BE
HE <, 100 fmol BENEBRE THLRENAIREETH 5, XN AFNDHETME B IR
TRIBREY), HAVWEHBOELARBNICE LA 0TIV RICEAARETZI LD

CHEIE B,

B (H 2 WIREABO R WER) & AD, Lewy
IMERIREE (DLB) OfiEi» o B sz
CHES % T 21EE%51T5., ¥z old, &
SREE LI wo TH HNOERE T 1EE
ENTHL2bLUTIERL, L ORMEED
ERZZWWRELTEBY, ZOHLsHHDD
OFRRIELZTNER SRS TH S,
EREDORER O T A 2 7 AWFETHRE
ToTwd, TNTHORBDONERES %
SDSEXRWKEIL, EHREL TZD/NY FDiE
SR LN s, KBS NERERREN
BENMMMEBETROCCENT 2 HFETHD,
BHNCHANDERIL, HAFREBRLTHLE
HEICHET 2N FEEMICd L, NV F
ELTHS»ZEVHPRETE R WAEREELH
o Ths, EBRIC, UIFFETEALTY
5%/ 7u—HPLCx & LA 4 A7
V-HEESFEE (K3) IBRENFEE S
<, 100 fmol BEDOEHE THRENAETH
D, N FELTRERRZBEVWETHHREIAIEE
ThH5b., 5, SPPRERCOWTELLAND
ZEEFTERWY, MEZINIREDDIES
AEBRETE2ZENTE TS, T2bb AD
sy e A%, DLBid» Sk a ¥ X7

VA VRIEBHUESICEET 2 I ENBTETS

h, EER® PID-ULEAICIZZ e DoFiT
BEAEBHENTWR YL, IOBRITYRE
WZITHERTH 55, ACHAEDLEFTENZ
NORBIZFBNZT o FEAEZRIETE
TeZ iz, EFENEEO2EFF U BEEEA
HROBENRS D5 —EDEDCERSHNIZE
ETEZI LR EE 2. £/, ZOHE
TEZNZTNDEBDTEEES = FREN I T
T EWRED, REZ LB 2T (4
ZEI TR a VA VA Y DERICHEREL
) RPEMERBCHEBORLE LS LBk
WHBYL D LHIFEEI NS,

MM OEBREAE OBEN O T X T ENTE
LTS ICIETEHBRMICERE L CHA2ERED
ETKRKESERENS, 2O FTD (PiD-UD),
HBHWIEFALS-D D2 EFF v BEHER ARG
AD OHRFEZHEZ{L® DLB @ Lewy /ME 7
EWHRB EE ezt nwoHIRE S
3, TSI OEAEDES DORE % EEIC
LTWwaDhd Ly, BESHE EDRE

FIHEARTHTECZAELTEY, HAGD
ZWERI 2 T T 2 S E T IZ B
BT B0 d Lz,
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K IR RTEE{RISERY SR ANE O E SEAEAR

KIEEFTEBEIERAED H 5 &1L E 17
BLEERITQRICMNET 2 ViERFOEE
LB ZEDBHEOLERSTEY, ¥ 7DEE
FEEDPR DD o RADEFNCIZI I ETOD
EZAGINE LY DEEEBRREVLRE SN
Tw5, —7f, Blo L5 E L 17q21 1258
PRENTORN S, FlEETFETICL >
PhboTIVDEGTFEENKRTE TV
W, YV DOEREEBEREN TV FTD OFKEN
TRFERESINTWVWE, INEDFRFDEERR
DIFBIC DV TETICHESHLTRVLDD D
20, BEORZTY ko v x5 v B
FRWE AR, ROENSABOSHEREINLT VLS
(Rosso et al, 2001, Rademakers et al, 2002,
Mackenzie et al, 2006). Faif#he & vz UBC-
17 OFRFZDOFEFEFENT TIEdmALOD A 27 391
VRENTWEY, §VBLRTFERIIHERNTE
3, ¥/ FISHERTHEHEIIMRHETERZW T
LizEn»s, REZHETOY VEEFD
duplication Z ¥ DEHIZ DWW T HEEWNTH
% (Mackenzie et al, 2006), ¥ 7 Tig\wk
NTOBEBZFOAREEEE LS LWk 3
D3, EENRIN TV IERITIEBETHEER
FET 2HEE CEFER TR &AH S
Ewvd,

17T BRAMEUICHDEENITENL TV S
KIEEFTD ORZPB LD H L, DEDKE
BIFLROERICEHN R I NZFTD-3
(Brown et al, 1995) TH» D, ZOKRZ» 5L
B> TT>y FY—A@DESCRTII#E &
WO STH B CHMP2ZBO T 7 Y > 6D R
TIART 7278 —EACERENERE N
(Skibinski et al, 2005). L L%&d»s, Z0
CHMP2B BLEFOEEIC DWW T, KEELZE
E o 1414810 FTD BE 2 2\ GEEFET A
TONIDPEESRRE DT ENTE Lo
ZEDS, BOTHZLBDT, FTDICL RS
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NEEETIEZEZ5TH3 (Cannon et al,
2006)., Zofth, 559 FHAEM 9q21-q22 12 EEH
3 5 FTD %2 5 ALS (=ALS-D) o5 %
(Hosler et al, 2000) 4/ A7 A K DEEHE
TR IBREAETH 2055 L WiEEFE
9p21.3-p13.3 WEEN R & iz ALS-FTD ©
AA > YFETDEFR (Morita et al, 2006) A3
wMESINTWD, £z, 5all, KEEALS DE
FH B H &N Tz dynactin @ pl50 4 7 =2
=y~ (BEFREZE 2 BLREED 2p13) O 3
AV AKREP—AND ALS BE& L FTD 2 %
FETHZDONBCRHE IRV 2 T,
ALS/FITD kB 5 ZDEEFEEOESE b
RSN TWw3 (Munch et al, 2005). Lewy /)
BED a2 I7VvABEITHoTL31T, K
FEEEBRODRRNEGCTNREE SN L2 E 5
DR EREEY D 53 3R & i S L B ETRE
B+ dh, SBILEsDREREEFRE
BERL T BHERH 3,

B

HREHERBEICR SN2 BEREEEYDOE
HDIET D20 FEL SOOI F ORI S
DS PIZIE > TE Tz, Z OFTEEBEEREANE
KRONZ2EXF VB ARIE - -5
DEELZHAMBE VDN T W3, FE, #HRE
MEREDBEEMAIC R & N 2 BEiomEEs
VICERT 2EHEDEENEGCENDOENMF
THO> THRECEIBERT 2 I EXRENTE
el eEBEEZDLE, IOEXFF UEHAKDE
A ZEAOPICT B I L, By 7/MEERE
by 7F (PiD-UL FTD-U), 25121t
EE-a—0 YEREED FBME (ALS-D,
MNDID) O/REBIHOEICZ2d D LEBbN
5.

B

APFEOTz DI EE 2 THET s -
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Biochemistry of frontotemporal dementia

Masato Hasegawa
Department of Molecular Neurobiology, Tokyo Institute of Psychiatry

Frontotemporal dementia (FTD) is a clinical syndrome arising from the degeneration of
the frontal and temporal lobes of the brain. Genetic analysis of familial FTD cases demon-
strated that a proportion of FTD resulted from mutations in the tau gene on chromosome 17.
So far, all FTD cases with tau gene mutations have shown tau pathology in the affected region
of the brains, suggesting a close link between tau mutations and the filamentous tau inclusions.
However, no tau pathology has been detected in about 60% of FTD cases. In the FTD cases
without tau pathology, unique tau-negative, ubiquitin-positive inclusions have been reported
and the presence of the inclusions is becoming increasingly recognized as the most common
subtype of FTD. Identification of the ubiquitin-target protein in the inclusion bodies in FTD
patients may play a key role in the elucidation of the pathogenesis of FTD and may establish
a new proteinopathy.
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The mechanism underlying plaque-independent neuronal
death in Alzheimer disease (AD), which is probably responsible
for early cognitive decline in AD patients, remains unclarified.
Here, we show that a toxic soluble A3 assembly (TAB) is formed
in the presence of liposomes containing GM1 ganglioside more
rapidly and to a greater extent from a hereditary variant-type
(“Arctic”) A than from wild-type AB. TAB is also formed from
soluble A through incubation with natural neuronal mem-
branes prepared from aged mouse brains in a GM1 ganglioside-
dependent manner. An oligomer-specific antibody (anti-Oligo)
significantly suppresses TAP toxicity. Biophysical and struc-
tural analyses by atomic force microscopy and size exclusion
chromatography revealed that TAB is spherical with diameters
of 10-20 nm and molecular masses of 200-300 kDa. TAS
induces neuronal death, which is abrogated by the small inter-
fering RNA-mediated knockdown of nerve growth factor recep-
tors, including TrkA and p75 neurotrophin receptor. Our
results suggest that soluble Af assemblies, such as TAS, can
cause plaque-independent neuronal death that favorably occurs
in nerve growth factor-dependent neurons in the cholinergic
basal forebrain in AD.

The poor correlation between amyloid load in the brain and
the degree of neurological deficits in patients with Alzheimer
disease (AD)? (1) or animal models of AD (2, 3) argues against
amyloid fibrils being the primary toxic Af species. Recently,
soluble Af assemblies, also referred to as AB oligomers (4),
protofibrils (5, 6), or AB-derived diffusible ligands (7), have
attracted attention because of their potency to impair neuronal
function or induce neuritic degeneration (7-13). Several possi-
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bilities have been proposed in regard to the toxicities of soluble
AP assemblies (e.g. the binding of assemblies to target mole-
cules on neuronal membranes (7, 14) and the ubiquitous dis-
ruption of the plasma membrane in association with the per-
turbation of ionic homeostasis (15)). It is also noteworthy that
neurotoxicities induced by soluble A 3 assemblies are mediated,
at least in part, by the activation of signal transduction path-
ways, including those involving Src family kinases, extracellular
signal-regulated kinase, or sphingomyelinases (7, 11, 16, 17).
Notably, the level of soluble AB assemblies increases in the
brain and cerebrospinal fluid of AD patients (18, 19, 20, 21, 22),
and oligomer-specific immunoreactivity is readily observed in
the AD brain (23). Furthermore, the inhibition of long term
potentiation and the impairment of cognitive function in vivo
can be induced by natural AB oligomers (9, 24) or a specific AB
assembly called AB*56, which has recently been isolated from
Tg2576 mice (expressing a human amyloid precursor protein
variant-linked familial AD) (25). Additionally, recent studies
using AD mouse models revealed that soluble Af assemblies
may play a role in the induction of tau pathology (26) and that
the genetic deletion of B-secretase, which is responsible for A
production, rescues temporal memory deficit in conjunction
with the suppression of the increase in the levels of cerebral
Ap-derived diffusible ligands (27). These lines of evidence indi-
cate the pathological relevance of these soluble A assemblies
in AD development. However, it remains to be elucidated how
these assemblies are formed in vivo.

Several mutations within the AB sequence have been
reported to be responsible for the development of familial AD
and hereditary cerebral amyloid angiopathy (28 -32). Among
these mutations, the Arctic mutation, unlike other mutations,
accelerates the development of clinical and neuropathological
features indistinguishable from those of sporadic AD, although
it does not increase AB42 level or AB42/AB40 ratio (30). The
pathological features induced by the Arctic mutation, including
predominant A deposition in the brain parenchyma, have also
been confirmed in transgenic mice (33). Notably, Af bearing the
Arctic mutation shows a propensity to form neurotoxic nonamy-
loid assemblies, including protofibrils, amyloid pores, and small
nonfibrillar assemblies (13, 30, 34). Thus, researchers have focused
on the Arctic mutation in terms of the mechanisms underlying the
formation of soluble and insoluble AS assemblies.

Inregard to the assembly of wild-type and hereditary variant-
type ABs, we have recently observed that Arctic-type A8, unlike
other hereditary variant-type ABs (i.e. Dutch-type, Italian-type,
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and Flemish-type ABs), preferably assembles in the presence of
GM1 ganglioside, as does wild-type AB (35, 36). We also
reported that GM1 ganglioside level increases in synaptosomes
prepared from aged, human apolipoprotein E4 knock-in mice
(37). Thus, it is possible that an alteration in the expression or
distribution of GM1 ganglioside is the background to the
assembly and deposition of AB in the brain parenchyma. This
possibility has been supported by findings of recent studies as
follows: 1) GM1 ganglioside level increases in membrane
microdomains isolated from the frontal cortex but not from the
temporal cortex, reflecting earlier and later stages of AD
pathology, respectively (38), and 2) GM1 ganglioside level also
increases in amyloid-positive nerve terminals obtained from
the AD cortex (39).

In this study, we aimed to characterize the toxicity of assem-
blies formed from Arctic-type A in the presence of GM1 gan-
glioside. We found that a toxic soluble AB assembly (TAB) is
formed more rapidly and to a greater extent from Arctic-type
APBinthe presence of GM1 ganglioside than from wild-type AB.
Furthermore, our results suggest that TAB induces nerve
growth factor (NGF) receptor-mediated neuronal death. Thus,
we propose that soluble AB assemblies, such as TAB, are
responsible for plaque-independent neuronal death that favor-
ably occurs in NGF-dependent neurons in AD.

MATERIALS AND METHODS

Preparation of Seed-free AB Solutions and Liposomes—Syn-
thetic wild-type AB (AB40) and Arctic-type AB (AB40) (Pep-
tide Institute, Osaka, Japan) were dissolved in 0.02% ammonia
solution at 500 uM. To obtain seed-free A solutions, the pre-
pared solutions were centrifuged at 540,000 X g for 3 h using an
Optima TL ultracentrifuge (Beckman) to remove undissolved
peptides that can act as preexisting seeds. The supernatant was
collected and stored in aliquots at —80 °C until use. Immedi-
ately before use, the aliquots were thawed and diluted with
Tris-buffered saline (150 mm NaCl and 10 mum Tris-HCl, pH
7.4). To prepare liposomes, cholesterol (Sigma), sphingomyelin
(Sigma), and GM1 ganglioside (Matreya LLC) were dissolved in
chloroform/methanol at a molar lipid ratio of 50:50:0, 45:45:10,
42.5:42.5:15, or 40:40:20. The mixtures were stored at —80°C
until use. Immediately before use, the lipids were resuspended
in Tris-buffered saline at a ganglioside concentration of 2.5 mm,
and the suspension was subjected to freezing and thawing and
sonication.

Cell Culture—Cerebral cortical neurons were prepared from
embryonic day 17 Sprague-Dawley rats and cultured in a
serum-free medium consisting of Dulbecco’s modified Eagle’s
medium nutrient mixture and N2 supplement. Rat pheochro-
mocytoma PC12 (PC12) cells were cultured in Dulbecco’s mod-
ified Eagle’s medium (Invitrogen) supplemented with 10% heat-
inactivated horse serum (Invitrogen) and 5% fetal bovine serum
(Invitrogen). For their differentiation, PC12 cells were plated
on 2-cm? poly-L-lysine-coated (10 mg/ml) dishes at a density of
20,000 cells/cm? and cultured for 6 days in Dulbecco’s modified
Eagle’s medium supplemented with 100 ng/ml NGF (PC12N)
{Alomone Laboratories, Jerusalem, Israel). Human neuroblas-
toma SH-SY5Y (SY5Y) cells were cultured in Dulbecco’s mod-
ified Eagle’s medium/Ham’s F-12 medium supplemented with
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10% fetal bovine serum. All of the cells were cultured in humid-
ified 5% CO, at 37 °C.

AP Incubation in the Presence of GM1 Ganglioside—A seed-

free A solution was incubated at 37 °C and 50 uM, unless oth-
erwise indicated, in the presence or absence of GM1 ganglio-
side-containing liposomes, as previously reported (40). The
concentration of GM1 ganglioside in the incubation mixtures
was 500 uM, and the molar ratio of GM1 ganglioside in the
liposomes varied, as indicated in each figure.

ThT Assay—Ap solutions were incubated in the presence of
liposomes at 50 uM and 37 °C for various durations. The ThT
fluorescence intensity of the incubation mixtures was deter-
mined using a spectrofluorophotometer (RF-5300PC) (Shi-
madzu Co., Kyoto, Japan). The optimum fluorescence intensity
of amyloid fibrils was measured at excitation and emission
wavelengths of 446 and 490 nm, respectively, with the reaction
mixture (1.0 ml) containing 5 um ThT and 50 mm glycine-
NaOH at pH 8.5. The fluorescence intensity was measured
immediately after preparing the mixture.

LDH Release Assay—The LDH assay was performed on
medium using an LDH assay toxicity kit (Promega, Madison,
W1). The degree of LDH release in each sample was assessed by
measuring absorbance at 490 nm using an Emax precision
microplate reader (Molecular Devices Corp., Sunnyvale, CA).
Background absorbances, as assessed using cell-free wells, were
subtracted from the absorbances of each test sample. Absor-
bances measured from three wells were averaged, and the per-
centage degree of LDH release was calculated by dividing the
absorbance measured from each test sample following treat-
ment with 1% Triton X-100 to induce the release of intracellular
LDH according to instructions provided by the manufacturer.

Electron and Atomic Force Microscopies—For electron
microscopy, the samples were diluted with distilled water and
spread onto carbon-coated grids. The grids were negatively
stained with 2% uranyl acetate and examined under a JEM-
2000EX transmission electron microscope (Tokyo, Japan) with
an acceleration voltage of 100 kV. Atomic force microscopy
(AFM) assessment was performed as described elsewhere (41).
Briefly, the samples were dropped onto a freshly cleaved mica.
After leaving them to stand for 3 min and then washing with
water, the samples were assessed in a solution using a Nano-
scope Illa (Digital Instruments, Santa Barbara, CA) set in the
tapping mode (42). OMCL-TR400PSA (Olympus, Japan) was
used as a cantilever. The resonant frequency was ~9 kHz.

Size Exclusion Chromatography—The molecular mass of
TAP was determined using a Superose 12 size exclusion col-
umn (1 X 30 cm; GE Healthcare) equilibrated with phos-
phate-buffered saline (pH 7.4) at a flow rate of 0.5 ml/min.
Thirty-five fractions were collected and analyzed by dot
blotting using anti-Oligo.

Preparation of Synaptosomes—Synaptosomes were prepared
as previously described (43). A hippocampus or a whole brain
minus the hippocampus was homogenized in 0.32 M sucrose
buffer containing 0.25 mm EDTA. The homogenate was centri-
fuged at 580 X g for 8 min. The supernatant was centrifuged at
145,000 X g for 20 min. The resulting pellet was suspended in
0.32 M sucrose buffer without EDTA and layered over Ficoll in
sucrose buffer. Following centrifugation at 87,000 X g for 30
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