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Abstract

Many studies have shown that soluble oligomer generated from a variety of proteins
and peptides are cytotoxic. Here, we have shown for the first time that PrP-(23-98),
which contains four highly conserved octarepeats (residues 60-91) and one partial repeat
(residues 92-98), polymerizes into amyloid-like and proteinase K-resistant spherical
aggregates in the presence of ATP plus copper ions. The non-fibrillar aggregates were

toxic to neuroblastoma N2a cell.
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T A UIRRGEEI) O I & S EERT R S 7z PrPSe A& KA 7 F N PrP-(106-126) % v 7o it
HHST )AL F R EOMBEEGEENE S McEN TS (Forloni et al., 1993; Brown
et al., 1996; Giese et al., 1998; Gu et al. 2002; Hetz et al., 2003), UL, 7V A&
X7 T DB IRTE & TG O BIAR P HERIC o SIS I EEE oD v - 2 H 7
AHOFFRESNTE I, RIS, PrPse @SV A V7 VNI B oR5 T I uA FigEfieA Y I
< — (Silveria et al., 2005). & 5IZiF PrPSc (T8RS G L7cIESY v 7 IS5t Eh ok 5
ZEM S (Appel et al., 1999; Zou et al., 2004). Ml E % & DT D 5T LW ELIYIRE
EHOMIZT B EER LTS,

WAL OWTED & 70 A& 5 237 B OPBLIIRIE & el EE O B R O —HAM o p it s h T
W5, Novitskaya S EFAEMINE & HUEF & MBI Z Al W72 ibsEh o, Witk € /) v — &1k
BaL, AV d<v—&7 oA Mg oMEGEENEGO I EE2HE LT 5 (Novitskaya
et al., 2006), £/, MPET 5 b Ay ) —< NTERA2 it V7298 TIZ 7 3 o+ Mgk
DA EEE &> WGBS T 5 (Novitskaya et al., 2007, HiZ, FIV A b -
AbBART = VoA A—BRBOMIIEDONT I oA FBIFICHSYT 288X T F K
PrP-(82-146) 7» oii# s 7tk & > X7 B ERE 7R b — v X EFHET 5 2 &
Hirsh T s (Fioriti et al., 2007, T OPIIETII SN & DFEAED HTHIT 106-126 FHk &
127-146 Btk & G L HEBAMEGERICHF G LT 2 EMWHOMITSh TS, L Ly 7Y
I vy o7 ORI IRRE &R E O BIRIC DU TR A TR 5 1ITIZ 72 B e is b B &
BLOoNTV S,

HuPrP-(23-14D) #fOIcEr o3 7TV A v 7 VBT I o4 NgHEE2IERT 2121
138-141 FRAEMNEETH 5 Z EHEG I TS (Kundu et al., 2003), MATT VA 7 v
X7 B O RAAG E I 106-126 & 127-146 Ol ORIENEE TH S 2 & bRISN T S,
PrP-(23-98) FZh o ORFHER A & U HEGHIEAZTF O N RIOFIKTH 5, ZOXH7I
PrP-(23-98) 78 NADPH &8l A4 v ofF T T, PKEEBMAE/RT 7 I o1 FRROIERHERD
BEEARICEALT 5 & MG EtE A Rd C LM STV S 2 EM S (Shiraishi et al.,
2006; Shiraishi et al., 2009), ARWFIETIE PrP-(23-98) DEHE~D ATP OB &Lk U 72 Bt
Hth o Hilfa; F k% neurobalstoma N2a Hilfid 2 fl TR~ 72,
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FIGURE 1. Immunofluorescence imaging of PrP-(23-98) aggregates. Mixtures containing 50
mM Mes (pH 7.2) and 40 M PrP-(23-98) were incubated at 25 C for 30 s in the presence of
160 « M copper ions, and 500 M NADPH or ATP was added to induce aggregation.
Mixtures were incubated at 25 °C for 30 min. Four #M of aggregate was then diluted with
Hepes-buffered saline and was incubated for 1 h at 37 °C in the absence (left panel) or in the
presence of neuroblastoma N2a cells (right panel). The aggregates were stained using SAF 32
antibody followed by staining with secondary antibody labeled with Alexa 488 (green), and cell
nuclei were stained with Hoechst 33342 (blue). The size of the scale bar is 10 gm.

TVA TR TEPZOWR M oI T I o4 MRHESA Y I < — Ol Sk
HINTHWBE I E,S (Novitskaya et al., 2006; Novitskaya et al., 2007; Fioriti et al.,
2007; Shiraishi et al., 2009). KT ATP &l 4 v OIAFETF T PrP-(23-98) 7 o/EK U 726t
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FIGURE 2. PrP-(23-98) aggregates are toxic to neuroblastoma N2a cells. Aggregates (1, 2,
and 4 ¢ M) were prepared as described in Fig. 1, and were incubated for 1 h at 37 °C with
Neuro 2a cells in Hepes-buffered saline. An equal volume of DMEM supplemented with 2 %
FBS was added to the samples, and cells were cultured for 24 h at 37 °C. Cell viability was
evaluated by measuring the cellular reduction of WST-1 to a formazan product. Error bars are
S.D. of four independent experiments. Statistical significance was calculated using the unpaired
Student’s t test (*p < 0.01) from the experiment with untreated PrP-(23-98). Control indicates
the incubation of cells alone. Cu?* indicates the incubation of cells with 16 ¢M Cu?*t.
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Shiraishi et al., 2009), PrP-(23-98) &7 VA % L X0 EOMGEEMHICTFELTHEEEZ S
NTWL 3 106-126 & 127-146 B2 (Kundu et al., 2003) R WA TH 555, NADPH &1 A
Y OIAETF T PrP-(23-98) 2 oL U 7c BEEAE S HIREFELE R 2 EBBICHREGE STV S
(Shiraishi et al., 2009), & M. #r721C ATP &8+ A4 > OIAE T THEBK U 72 BHEK T & [k
B EYE ] S s S iz,

BHD S I ERRTF Np ol Enicr ) I < —12 & 2 MG EEIC S O T ORFYER T
M Kayed iz DG EN T3 (Kayed et al., 2003), oIz ->TAB42, AB40, a-
synuclein, islet amyloid polypeptide, polyglutamine, lysozyme, human insulin, PrP-(106-
126) 72 Em ol a NI EEA ) I —IREHEEEZ RS S LA O NS TS, &
7oe TS DOEEMNA ) I —FERNTUA AILIZXK 0 IS 5 2 & bRFIRSNTL 5,
oo TR oNIcy VX7 HeXTF Rl U7 ilgid 2 <, Bk LAy d<—D b
OHEN T OMBEERICBEE LT s EEX oh TS, L L. TOFMBEBIANTH
B, Atk PrP-(23-98) In K U7cBEEIR & ) I —RRERUE A1l & DRUGTES ALl (S
X 2 MG EEOMENC DL T OB BB EEEZL oM b,
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FOOTNOTES
The abbreviations used are: PrP, prion proten; PrPSc, disease-associated PrP isoform;
PrP-(23-98), recombinant PrP encompassing residues 23-98; PK, proteinase K; DMEM,
Dulbecco’s modified Eagle’s medium; FBS, fetal bovine serum; WST-1, 2-(4-iodophenyl)-3-
(4-nitrophenyl)-5-(2,4-disulfophenyl)-2-2H-tetrazolium.



