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Molecular analysis of prion protein oligomers by single molecule fluorescence
imaging
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The degree of polymerization of PrP has a close relationship with the
pathological mechanisms of prion diseases. We examined the polymerization state of PrP in lysates of
prion-infected cells using total internal reflection fluorescence microscopy (TIRFM). The crude lysates
were fractionated by gelfiltration. Both the oligomer-rich and the monomer-rich fractions were probed
with fluorescein-labeled anti-PrP antibodies (mAb SAF70 and mAb 8G8). Fluorescent spots of varying
intensity were detected, with the ratio of intense fluorescent spots being greater in the oligomer
fraction samples with mAb SAF70 than those with 8G8, the specific epitope of which is thought to be
buried in abnormal PrP molecules. The results indicated that PrP oligomers could be specifically detected
and conformational changes of abnormal PrP molecules observed. Imaging by TIRFM may aid in determining
the polymerization state and properties of PrP oligomers in pathological processes.



(1) (PFP)
PrP(Prpe)
PrP(PrpPse)
PrPsc  PrPc o -helix [ -sheet
Prpse
proteinase K (PK)
PK
PrP(PrPres)
Prpsc (sPrpse)
Prpres
sPrpsc  ( Prpse )
2) 14-28 PrP
(300-600kDa)
Prp Prp
PrP
(FIDA)
PrP
(TIRFM) 1
TIRFM
(FCS)
TIRFM AR
Caz+
Prp
TIRFM
PrP
)
PrpP F3 N2a#58
N2a
Prp
Fukuoka-1
F3 F3 10%
Opti-MEM (Invitrogen,
CA, USA)

(100mM Tris,
100mM NaCl, 10mM EDTA, 0.5% Nonidet P-40,
0.5% deoxycholate, pH 7.6)

(CHROMA SPIN-200, Clontech, CA,

USA)
3 (Fig.1 )
7
12%
Bis-Tris gels (Invitrogen) SDS-
(SDS-PAGE)
polyvinylidene difluoride
(PVDF) (Immobilon-P;

Millipore, Billerica, MA, USA)

Tween-20
(TTBS) (10 mmol Tris-HCI,
150 mmol NaCl, 0.05% Tween-20)
EzBlock (ATTO, Tokyo, Japan)
1
(mouse monoclonal SAF70
mouse monoclonal SAF83, Cayman, MI, USA)

1gG 2

(AP192P, 1:20000; Chemicon, Temecula, CA,
USA) ECL plus
Western Blotting Detection System (GE
Healthcare; Chalfont St. Giles,
Buckinghamshire, UK)
@

142-160
mAb SAF70 95-110
mAb 8G8 2 1

IgG Purification
Kit-G (Dojindo, Kumamoto, Japan)
19G
Fluorescein Labeling Kit-NH2 (Dojindo,
Kumamoto, Japan)

SAF70 12.3 8G8 11.2

®
(10 pmol) 20
mg/ml 1
lysis buffer  fluorescein 1nM
2
chamber

3M KOH 12
Fluorescein PrP

TIRFM
(wavelength 488nm) TIRF
IX71 (Olympus, Tokyo, Japan)
1.45 (100x Plan Apo TIRFM,
Olympus) CCD
(Roper, TX, USA)
1000 ms

*

MD, USA)

(Imaged, NIH,
rolling-ball



(MetaMorph, Molecular Devices, CA, USA)

(Fig. 2D)
integrated intensity

1
99.9%
@
PrP
( )
PrP -
(SDS-PAGE)
(Fig. 1).
3 >200 kDa
Prp 30 kDa
6-8
F3
(
3) (
7)
Figure 1.
Western blot
PrP SDS-PAGE
M: , pre: .
(A) F3 mAb SAF70
1 Prp
SDS
3
7
(B) N2a
mAb SAF83 1
A

Fraction number
(kDa)M pre 4534 5 5 7 8 9

40 -
30 ==l . '
N as
R .
- — L —
B
Fraction number
kDa)yM Pre a4 5 6 7 8 9
40 -
. T
20 . . e b

@
PrP
(Fig. 2)
SAF70
(Fig. 3A)
8G8 PrP
(Fig. 3B)

Figure 2. TIRF
(A) Fluorescein-SAF70
. (B) Fluorescein-SAF70
. (C) Fluorescein-8G8

. (D)
A B
- -

€, D)
B
10 —— oligomeric fraction —— oligomeric fraction
10
g —— monomeric fraction g —— monomeric fraction
5 8
2 H
E E
5 5
2 2
s S
2 °
g g
£ £
g o1 8 o
& &
Wi L MR
0 500 1000 1500 2000 o 500 1000 1500 2000
Integrated intensity Integrated intensity
C . . D 2+ .
14 —— oligomeric fraction —— oligomeric fraction
s 124 = 204
g g
2 104 2
g g -
2 4 2
S S
3 &
g o g 104
£ £
g g
S 4 8
& & 54
2]
0 0
—T T T T T T T 1
100 200 300 400 500 600 700 800 o 200 600 800

400
Integrated intensity Integrated intensity



®

1 PrP
(Fig. 3C, 3D)
99.9%
(Table. 1)  SAF70
58.3+ 9.0 %
64.4+ 8.3 %
2 (Student’ s t
test, p = 0.018) 868 2
( SAF70
38.8+ 7.2% 41.3 (PrP142-160)
+ 6.5 %)
(PrP95-110)
Table 1.
* Student’ s t-test. n.s.: no significant.
Average Average
B PrP number of rate of
Antibody . -
fraction spots by intense
image spots (%) SAF70
oligomer 929+ 348 64.4+ 8.3 *p =
SAF70
monomer 819+ 222 | 58.3+ 9.0 | 0.018
oligomer 834+ 218 41.3+ 6.5
8G8 n.s.
monomer 763+ 208 38.8+ 7.2
©)
TIRFM
Prp
TIRFM
Prp
Birkmann
(PTA) PrP
Prp
FIDA
PTA
PrPc
Prp
Prp
Prp
PrP
Prp
PrP

PrP
PrP
8G8 SAF70
8G8
PrP
PrP
PrP
(1000 kbDa)
8G8
Prp
Prp
TIRFM
Prp



Minaki H, Sasaki K, Honda H, Iwaki T.
Prion protein oligomers in Creutzfeldt-
Jakob disease detected by gel-filtration
centrifuge columns. Neuropathology 2009;
29: 536-542.

Sasaki K, Minaki H, lwaki T.
Development of oligomeric prion-protein
aggregates in a mouse model of prion
disease. J Pathol 2009; 219: 123-130.

Birkmann E, Henke F, Weinmann N et al.
Counting of single prion particles bound
to a capture-antibody surface (surface-
FIDA). Vet Microbiol 2007; 123: 294-304.

Tremblay P, Ball HL, Kaneko K et al.
Mutant PrPSc conformers induced by a
synthetic peptide and several prion
strains. J Virol 2004; 78: 2088-2099.

4

Kobayashi A, Matsuura Y, Iwaki T,
Iwasaki Y, Yoshida M, Takahashi H,
Murayama S, Takao M, Kato S, Yamada M,
Mohri S, Kitamoto T. Sporadic
Creutzfeldt-Jakob disease MM1+2C and MM1
are identical in transmission properties.
Brain Pathol. In press
DOI: 10.1111/bpa.12264.

Hamasaki H, Honda H, Suzuki SO, Hokama
M, Kiyohara Y, Nakabeppu Y, Iwaki T.
Down-regulation of MET in hippocampal
neurons of Alzheimer™s disease brains.
Neuropathology 34: 284-290, 2014
DOI: 10.1111/neup.12095.

Shibano S, Sasaki K, Kidoaki S, lIwaki
T. Detection of prion protein oligomers by
single molecule fluorescence imaging.
Neuropathology 33: 1-6, 2013
DOI: 10.1111/j.1440-1789.2012.01316.x

Honda H, Ishii R, Hamano A, Itoh K,
Suzuki SO, Fushiki S, Nakagawa M, Iwaki T.
Microsphere formation in a subtype of
Creutzfeldt-Jakob disease with a V180l
mutation and codon 129 MM polymorphism.
Neuropathol Appl Neurobiol. 39: 844-848,
2013
DOI: 10.1111/nan.12047.

5
17
GSS
55 2014 6 6
HGF 55

2014 6 6

V1801 CJD
. 54
2013 4 26

Hideomi Hamasaki,Altered expression
of c-Met in Alzheimer’ s disease brains.

35 2012 12 11
V1801 CJD
. 53
2012 06 30
0
o 0
o 0
@
IWAKI Toru
40221098
@
(©)
C))

KIDOAKI Satoru
10336018
HONDA Hiroyuki

90624057



