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Abstract

The principal target of this study is amyloid 8 (Af) peptide which is a cause protein
of Alzheimer’s disease. The AfS peptides aggregate to form the so called amyloid fib-
ril in vivo and show cytotoxicity to the neuronal cells. Because neuronal-cell death has
been finished at clinical definition of Alzheimer’s disease, it is important to detect the
aggregation reaction in the early stage for effective cure for Alzheimer’s disease. However,
because the fibrillation reaction of AS takes a long term, the aggregation-acceleration
method has been required for the solution of Alzheimer’s disease and understanding the
mechanism of fibril formation which remains unclear. In 2005, Goto and coworkers re-
ported that the fibrillation reaction of S2-microglobulin is drastically accelerated by the
ultrasonic irradiation to the monomer solution. Although the reaction can be applied as
the aggregation-acceleration method, the mechanism still remains unclear. In this thesis,
I worked on the mechanism clarification of the reaction.

The aggregation reaction is the opposite to the conventional decomposition reaction
induced by the ultrasonic irradiation, and this mechanism is highly interesting in the view
point of the sonochemistry. Ultrasonic irradiation to the protein solution possesses sev-
eral possible factors to accelerate the aggregation reaction, including cavitation bubble,
temperature increase of the bulk solution, and stirring effect. First, I investigated the
dominant factor of the aggregation acceleration in the possible factors. I used insulin as a
model protein in the neutral pH solution, which shows ultra-stable conformation against
to the fibrillation and enables us to evaluate some factors, independently. The experimen-
tal results revealed that the cavitation bubble is the dominant factor in the mechanism.

Second, the aggregation reaction of the AB;_4q is researched under the ultrasonic irradi-
ation with various irradiation conditions. I discovered the optimum frequency to accelerate
the nucleation reaction near 30 kHz and succeeded in increasing the rate constant for the
nucleation reaction by a factor of 1000 with optimization of the irradiation condition. I
also suggest the aggregation acceleration model focused on the bubble dynamics including
dual effects of the local condensation and local heating. By calculating the frequency
and acoustic pressure dependences of the nucleation reaction, theoretically, I succeeded in
reproducing the experimental results based on the aggregation acceleration model.

Finally, the role of the AS oligomers in the aggregation reaction is investigated with
optimized ultrasonic agitation, being the powerful and pathway-oriented agitation for fib-
rillation. I performed ultrasonic irradiation experiments for two types of AS oligomers,
with and without S-sheet structure. The experimental results indicated that the oligomers
without [-sheet structure are intermediate aggregates on the pathway for fibril. However,
the B-sheet oligomers are independent dead-end products, different from the fibrillation

pathway.
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AUNIEE, T BPEE EIEE L ZES T THY, EMIEEIIS W TEERKE %
RBd. =R VNV EE, BEOVARRE IV EENS Z LIk, TOMEEE FET
5. AVINTEDPHBNTELINTL O REEEZ KT S ETOBBELE 74+ =T 1V
JENPY, BEEEZRFHHL S 2REZ RARRBLIER, 74— T 1 VI BIERIZITbhARD
NG, BESZHVEAL2T DI L%, RARRENEN, LZIEREICHKS Z L WRATE &
B INDIFLKDIRE 7 A —IVT 1 V7R E >, 1997 4E, Prusiner i&, 7'V 7> (Prion
Protein: PrP) & IFIEND & VN7 E DT S EEEN T ) A VIRORIKNE L U TS5 &
ST EWELMIL BB =V - REEEZE U2 PrP g, BEHEOKRNICEYE
FETZRVISIETHY, FIRIRBO PrP i3MfE S0z 229 W LaL, 7o
RIS U BRI TR 53 PrP ORGEIERRIRE L X R AR S REEZ A L, BERIEE &
T, 7304 REGHELIFIENDBEREZ IR L, MBS T2 T A VEEG SRS
TBO, Zn&H5RT IO REMEFERRE UTHRIET2HAOBMKE Y IO K=y 2 [7]
ENEYY, TIVYNA I —J{R/NN—F VY VIRREE ZZHEI NS, TIHA =Y ADJR
WE VSN2 EE, WRICE>TRRY, FlRIE, TVINAY—HTIET 3041 R B(AR)E,
K= VY URTH -V X7 LA Y BN BNER AV RSB TH S LG IN TS, Table

W7 I8 R=Y2ADHIE ZDRINZ VISV E%IRT.

T IOA RERHENE, TNEMKT X VN EORBIZED SV < DO RHEIN 2 IE

DUEBEZRTIENHONT VD, TNOEZBRTIE ) ¥ —DKEEIE, B-¥— MEET

HY, KHEIZERE ~10 nm, BX ~1 um BREOHROETHZ 1410, £ v—n57 3
O REFENTE R I NS BERRIZET 5 ETINVIEE <FFEET S, Oosawa & Kasai &, W
FEUTND Z VNI BTSN T 2 Z & TOHRARDEERIEI D &
5 Qosawa-Kasal €5V L7181 2418 U /2. Oosawa-Kasai €T NVIZHEWTIE, £/ ¥ —HHE

Table 1.1 Typical diseases caused by amyloid fibrils, corresponding proteins, and

their amino-acid-residue numbers.

Disease Cause  protein Number of residues
Alzheimer’s disease | Amyloid-3 peptides [8:11] 38-43
Parkinson disease a-synuclein [ 19 140
Dialysis amyloidosis (2-microglobulin 12! 99
Prion disease Prion protein (¢! 253

Huntington’s disease Huntingtin [3] 3144




MORICEAST 2B L ARHEEA D ICO5FARICES TS 2 DOBERRIC XV EENICE KRBT
5. ZOETIVE, TI7FUXFa—T7) VOEBLERKIMNIETIERET N CTHDH, T30
1 REMED T ) X —DHEMIZCEST S Z &5 5 Qosawa-Kasal ETIWIZEDOWTHEHRIND
Z e m%\ 19 Finke & Watzky 1, 7 3 01 REHED T OB & 644 5K & S R o — B
B 5 22 % 55 & 4 % Finke-Watzky (2 BEFE) €570 2021 2 S U 2. H— BB TIE, H#E
DML R DEEESER I N, 5B CIRBE~K 2 RS e UTHRENET S 20 o
5b, BERKBIEEWT AL —EEE 2228 2593 KETHY, BVHEHZETS. —
i, FRMEMRIIBAERD R I NNIERIEIZZE TSI THY, TDIid, #id>THERL
FEEN R AU E T ) X —BICIRINT % LR EAR DB PR I NS Y —TF 1 v T
JOBIZ & DRI NG 1424 AR KIS ICEH U2 R T 7V 8z E U 125280 4
ZIF Lomakin 51, €/ ¥ —FLWHE6E - ML) KT S BIZ, BRY 1 XX KRS 2%
HBEBER I N, TAPELE2RITILICEIBERKIGHRE D LWV BT 2IRE
LB ZoEFLVDOESIZ, £L<DEFIVIZ, BEEOREZIES BAERKIGE &t
ETFTNTHD. UL, Goto HIFMAERKILZ BEIFIER,N OO HERE L TL LR ZE
TV & FEIE U 72 BO(GEMIE 2.5 f). ZHUdBlZ i, &> 37 BofReBig B 2ro k5 ic
» 2 YE ORI T OREFMOKEZRINT 5 &, WAIFIAEAL, BB IR AR IR &
BT 2L L EMTH L. ZOBIFT T, MOTETFINEIZRRY, BERKIG?Z
AR & O HEBERIIEDISETNTHS., ZTDOEDIZ, 7 IO REEMEDIE e
WU TIE, BRABRETIDREINTVDN, §RNTOHLEE AFEMNIZHHET 2T IVIEE
XY, KMPHDOZ L2 <5Kkd. EAFZORTIIENT, BREEORMKULEREITD,
WROWEZFHET DI LIFEBETHDH, 7 IO REHEICBEL TIE, MBRENICBNTE
TORERKISIZE B PN 256085, R[N EROFERPRETHS. 2D LI
DT &Y, TOEMAFZHEERHEREICE L TRIAIN TRV LBV, TDED, 7
I 0o RERHEDOBENEFIEDOHEL NEELRFETHS.

1.2 BERICE ZIRHETEINEIRR

INETIZ, 7304 REHMICET 25T, Bk 8032 iRy 5 3334 220 o od Jy 221
U & D BEEMGZ IET 2 FENES HOWLNT E /2. E4E, Goto blE, g2-3 71707
VYD) —HEBICNL, MEREZBNTD 210k, TOBREKICPBIIZINE X D
TEERFRUL B Zortik, VALY B A RTFRB3 oy Ry Ly 0]
DY F—n5 B 2y B2 oy oy IO RERMEZ VS ETEHRINT
Wb, LU, ZOBRKOEENEMEIZBE L CTREL ZRIES 2 TICRL, TOBRBIER
fERHTH 5.

ek, 7 IOA RO E T, EERRRIE, —ERRL 27 I 01 RERHEZ ik
U, B — RZ2RRT 2 2OICHWHNTE 2 B34 Chatani 5 44 1%, g2-3 7120



TV YOT IOA RERHEICE SRRSOV 22 BE U, GOV 2O BEINTPEY, KRHED 7 W
TN, FOKRMEOBMNIE R 2 Zens, BEEOMMEDHREN 2 AL T\ 5. BEE RGN
FOREINDMERIGIE, ZOLDBAMIISNIFLEAETHY, FEEBIZERYED 5 iR
(45, 46] o F WIS IBHINT VWS, —F, VSV EORERIGRER, €/ 3v—0D
HEEMEZZE®RL, MG E IFERNORISTHY, EEFILFRKIEFEORTFICENTEE
DIHE | A 6D T BRI

FHE WIS & 2 BEENNERRE 2 MRS 5 2 X 1E, 7 I 01 REMEOBERIGZ IE T 3 /2
DIZEE R SR 2 RE L, ERE LD IRITD 2208035, £/, BEEO S
FHEEHETZ L&Y, 7I0A RGO BREPRELEZHETE2 L5145
&, 7IHA R=Y ADREMEPLWIEDFHAENDEZ RZL2EHMMPPHEINDS. 21D
Tk, 2ETHUSBRDD, YN Y —HPNN—F VY VIFORBIZEW T, B
WHEDBHFNEEZRETH Y, EEFWIC L DEEMNFE LI, ZHIGHT D Z LAY N
5. LU, EERNTDOLE VS ERERIBIKEETHY, TORERINESIEI IO
&, I & D RN & R U, BRI I R A S RO A RET 2 BEN D
5.

1.3 FHROEH

PAED &S 5BERENS, AFETIE, HEENFLERENERROEMHEZHIET. 73D
A R=Y ZADMBIBFITH D TV NA I —FRDJRRE U INTETH D AL 2FEHE L, TOE
EG = NET B DI HRIE RS2 PR U, Bl S %2 VT AB BT 2 BRI
DEMAFIEBIZOWTHRA2HB2 L2 HNE T5.

ARFILTIE, 7I0A1 REHEORBEH LD ATIZZRL, TIYNA I —FEDZEIZE G
REZ S IR N IR DML % HIE T 720D, 2B TlE, TIWYNA Y —IRICET 2D H
RPBUEREINTVEIBWIEL R Y S 2H I OVWTERT D, 3ETIE, BENHERE
NEBROBENERN T E2RET D202, 7I0A REREXVSVEDETNE VINIE
EUTESHAWSND A VA T U TS R EEIEFERRE 1TV, BENERRECBIL C
FMUD. 4FTIE, ABi_g0 XNTF RIIHU THEA BARMBE SEOME R E BH L, BEEMN
WU U - B S/ 2 R T 5. 5 ETIX, TORESISDEIREE - SERENE 2 85K v
Cr—YavoEEICER LAZMRETIVICIV BTS2 HET. 6 ETIE, iy
KIS 2 FHNT, TIWYNA Y — RO EELZAEHFYEGEMTH D 2 FHEHOA Y T —HERD
MEEZHET S, RIS, KFETHELNAZFRRLEHAE 7T HITRT.
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1984 4, Glenner 5 W%, YUY NA I —IKEREDKAN D, B-— MEENSLRZ T
O N2 L, TOMEE VNV EZHETLSZI LT, TILYNA Y —HDREK & > /8
DEMNALTHZDZEEPLMIUE. TIVYNA T —RDRERRRFEL L LT, AB BEK
DR T 2 ABE U8 & ) U b XN Z T & YN EHHIRNICER TS 28 T XD
I NDMRREFERHELZL ) BHITE5NE. ZN6H, —a—nVEIHREEEZRTI LT,
PRSI FEIR L, IMDZEH - BABREDR TEFEDREEZF| SEI§. TIVYNA Y —KOWF
B TIE, INODMEROE ERICMETLSDIE, ABPEKTL2EAMETET IO R
H A — RAREL P05 MIEL ZIFANSLNTEY, AS DREERIEE TIVYINA X =D
EEAVRIBI N TV 5.

2.2 ABRTFER

AL, 7TI BN A0 BENS R TEMN43kDa D7 I 01 REKERZ VNV ETH
% W ABIE, 7 I B REERASZ > /32 E (amyloid precursor protein: APP) H3;sE 5 iR
Itk ERING B EEEM L 2B THS APP 1%, Mz E@L TF
ELTHY, ARE, a7 Z—Y LW X VI ENRERZIZL VYK XN, ZOEDIX
ﬁ%ﬁf FIEE R RV B35 UL, SEREE < 20D APP AWM T g-2 2 L & —

I, MBEAT -2 27 LA —FI2 & DYl S n-5412, AB IFZERX 2 B Fig. 2.1

APP&UAB# HXNBET%, Fig 22121, ABDOY I S %259, EENT
@,T\JMMW%MMWPMt42%%@A&4QﬁBi%&1®%éB””TﬁEbfv
5. £/, TOGEHEIEIEFIENEDOD, 43 BIHD AB_4s (CHEBUAMELGEET D
B8], ZDREIHIE, MKEANT -t 27 L2 —EIZ XV OIS D BROMEIC L > TR ES.

FEH XN AB 1L, HEREDKRNTIE, MEPEERICEML THET D0, BEDEKANT
13, BEAZIEER L, KMEE%IZET 5. Bateman 5 P9 %, EEET VY NA Y —Wi%
FEIE U 72 Bl 5D 128 ADWERE % MEIZ, 40 mE» St AB JEE PR D AB §
EROERE, BEOURME LB LT 40 EfICOZ>THELZ. ZOMENS, TILYN
4 X IEEEDERNIIBNT, RAMEEDETAALND B &7 25 FEjiN D, BIHIZHML
TWd ABIREIRIEA LA, FRFIS, IMADILENIRED ZEVRHLNIR >, £/, F
FED 15 /T2 S HEHEOEREE A LR, #RMIEN IR LB T\ Z EAVRIB I N7z,
—JEFEIRL T U E - 2 MR ENE L 2 M2 EE T2 2 L IO TREETH D 72d, 20
Z LT IINA X —IRDIERD - DIIT R IABWIENA R TH D Z L 2 BKRT 5.



F2ET TIVINAY—IH

(b)

(@) Amyloid precursor protein
(APP)

o-secretase

\ ¢!

Non-toxic product

AP peptide

\

Cell membrane

v

(©)

B-secretase

y-secretase

N/

AP peptide

Fig. 2.1 Production mechanism of A8 peptide. (a)Amyloid precursor protein (APP)
exists through the cell membrane. (b)When APP is cleaved by a-secretase, non-toxic
product is released. (c)When APP is cleaved by (- and 7-secretases, AS peptide is

produced.

part of transmembrane

A: alanine R:arginine S: serine V:valine

C: cysteine Q: glutamine N:asparagine D: aspartic acid

H: histidine I:isoleucine E:glutamicacid  Y:tyrosine
M: methionine F: phenylalanine L: leucine G: glycine
T:thereonine  W: tryptophan  P:proline K: lycine

Fig. 2.2 Amino-acid sequence of A3 peptide and contracted names of amino acids.
Superior number means number of amino acid counted from C-terminal of A3 pep-

tide. Under-line means hydrophobic amino acid residues.
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2.3 PEUERFEORIR

B, BEROBUGIZENTIE, 5E B EERR (positron emission tomography: PET)
BE S IZE B TN X —HEBWI D ZB ARICA D DO H DA, REICHH D EAMNER
ThHhdIERRONZEEBETUNZBTIRNI LR EEENS S, —BIIZE &L TH
B LI OWAZ N 7, RO T IV NA Y —ROMEE F, FREIRE h MEALTHLD
ZWTI, 9TIZ AL OBENG - MEANDIEIZ T TSRO TEY, FENTHD. TOD
72, EMEREZE R THTHREHICZIE I LD TIIRELENBETHS.

TVAVHEOBKICBE U T, ke S #EZFEH 1S RT-QuiC(real-time quaking conver-
sion) i 01 % —F 1 ¥ Z K5 % F#H % PMCA (protein misfolding cyclic amplification)
H O ik, BEOBEETO T A Y OREIEE EINICHINE U, 3 5 MR
HKINTWD. EH, Salvadores 5 6311, 7L A v —iE, @EE, 7LV NA<v—
JRAA DR MEE R L D 3 TR OWERE 2 OB 2 AL, BKFhD AR AV I3 —% 3%
REPTHERL, 7Y~ —JREE LMo 2 EOMICAERREZ2 RIBT Z & iclkhL7z. &
D FiElE, AB-PMCA(AS-protein misfolding cyclic amplification) & & #4411 50, 5
TIVINA X =Rk e UTHEALINDG ZelifsIng. L, ZOHKTIE #@
KEHFAND 2D ~200 h LWS RWKHEEEST L7720, Z<DOANPRELZITE I & IZHE
Thb.

REE I & D EEIEB R 2 WS Z & T, R TOMHRMENER TR EZ S5ND.
WA E DBERL 2 & OBURIZE S 2 A U, BERNO AL ORERIS % 7l 5 Z & TR
THRENT T T2 eI NE. UL, #ElTHO A IRER ABi_4 » 10 ng/ml(nM
Fr—4%=), ABi_42 H¥100 pg/ml(100 pM 7 —&'—) fifE POl Ll XN THEY, AL BIC
BERE RN ITLZTTIE, TORERGEZIIIEITIEEN#ELZLEZONS. TIT,
E%ﬁ ié&%m HBR OB L AL, REARMGOBERE RN T EVBETDH
v, Z&-oTlE, PMCA REDFHEEMAGOLED LT, ILIIARELMEZITD
ZEMT i? LA REMEN D B .

24 7I0OARigEA) I~ —

AB DEEMIGIZEAL T, INETITRAX RBETTNVPREINT SN, IXTOHLE
AR TE 2 ETIVIZELS, REHOFEWNM»L <KD, Fig. 2.3 12xR7 DI, Kato
LARETIREETNTH D Y, BEOR/NMERELETHDE /) ¥ —N, BERKISOHRE
WTHBAYD I —LPENDED TREDNI REEREZVKT L. TOHK, MELit%
BT, MEORMEBRDIEEMEZIERL, KERSETIHMEMERISICEY, 7301 RER
MEBERINE E VWS ETNTHD. ABDE v—I, FHEOMEZRIBVI VA LAIA
WG R AT 5 (6960 2%, WEREAER, BEKPT IO Rid2 KT 2L, -V —
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[MonomerH Oligomer H Protofibril HAmyloid ﬁbrilJ

[64]

Fig. 2.3 An aggregation model of AS peptide suggested by Kato and coworkers

ME L IRIEN D A AR E 2 > & 512k % ML6T.68] Pig 24127 I 04 REgHMEDRE
WOMABZ RS, 7 IO REEE, B ~10 nm, EX ~1 um FEOFHROEHERTH
% 1416 ZNEBRTIE/ Y —IE SATEVHELITIZNEATEVROMEER2H LTS
D, NTYEVOETHHAHEORES L \EICAR S A3 ICHRICEIILTEY 9], €
)X —AEOMEE ~4.7 A THY, KEHESICEVEAELTWSE 0T Zhz o7y
TUINERY, T IOA REHETEBRO 70 N7 4 TV IR LEARICEAS D 2 L TEKRY
NTW3 2 2o &> RkEE, og Y SIENEET ST I 0 R e iEd 2 7.
TIYNA I —EREDNANSLED A D7 I 04 RGHIRRINAZZ L BT X (i
D7 I0A R=YAIBWTET IO REHEIRFEEEZ T D2 I L TRANRBIET D Z L
BEME, TILINAI—IRIIBNTE T I OA REHED RN 2 R ERE & 0%
WEMorz. UL, EE, BEOHEKE LTHRONDEZEDEhoA) Tv =220,
HIZHENZRIWETH D TR mE BT AL HAZ T O, AV I3 -k
DR 1570 X TRk, ) I —DOREPEHENIGIZB T D MED T2 & HET D%
MELITFONTE 2, TOREND, ABORKTZ A Iv—I2ik, 7EH I otnp—
G2 AT Sl DR Y, FeBEE - BEDEDOVFAETI I EVHLMI RS2, &
2, TNET, AV I —ZBHEOTRIEKE UTHRLNEG Z 0% o720, ) I3 —h%
ML IZRARZRBEOMIBT Y RTY RTH D aREVED RIE X 4 1980 @it iz s 1 241
BOTERETHERHD. ZOXDBRERNS, AVIX—DOWEZHD Z LIET7 VY NA
Y —IRDIREPUIATRTH Y, RWFETE, 6 ETHEKIZ KD TIFERREREZ HNTZTOME
DOFAAIZHLY K.

2.5 @EfREMETI

HIBIZHE T TV DHER, TOBMELBAL LEHMSEME UTHEL, SRRE
DR E EFHO —MHDREIZZRD. UL, BREEZBEATEHEH—-MHE UTHFEETS Z e
HD. ZOWLEIREOER 2 AR T, @EAER IS »0REE 5225 £ 20D
EEAFRIED AL, EREAT T 2. KOBWEHIRED ZHIZHBIL ZBHRTH L. KOEIFE
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Amyloid fibril
Cross-[3-sheet

structure

Fibril axis

)

)
|

|
|

-
——
——
-
-
i
-
—
—

AB monomer

Axis direction of hairpin
~10 nm B-hairpin structure

Fig. 2.4 Schematic illustration of the §-sheet structure of amyloid fibril. The con-

)
\

j

stituent monomers possess hairpin structure called S-strand structure. Axis direc-

tions of hairpin and fibril are perpendicular to each other.

MIFKRKETTO°C THDP, TOWEE FE>THKEUTHEL, REPEEL25 25
E—RUDKNEHHIERE T 5.

T IO RGOS 2 BRANREN S D HB S & & 5 X 21581, H<LOEET
%. 1967 4E, Griffith 1¥, 7V A VKD —FETHD A7 L —Y—DRJERREICB IS 7 I 01
NEHED I CEME TN & LT, @RS ORI IS S BEET TN 2L 2 B,
F7z, 1976 4, Hofrichter 5%, BRMEREREZEDETIANEI/OLY S BERKEZAL,
K TANEZ B Y S AR A Z IZRT 2 Z E TRIET D Z L 2 WG L2 B2, f151%
ZOKREIZEI L, BESEDROEKTATZ O Y S DBMEIMET L, @EMEN LFT
52 Lil&)—HDONET DY S AU LT 2 3EEIFIN 5 DM HBIR AN Z OBRED AR
BThdEHPLTWD., FE, Goto Hl, DM SDEMETHBEKIZEHL, 73
O+ R Z 3T 2T TN EIBIBL A~ BY 207 0M&RK % Fig.2.5 1233, X
HORMIEE VNV BOBMEMIRTH Y, —MIZ NaCl ZRWINT 2 &, BMREIIMETT 5.
FEIK 2 1FHELERIRTH Y, T OIEBEMAL TIRIAROEAIFEIIME <, HFRNIIREER %
A2 X0, B 3 IE AR E IR TR O AR A E N 2 DI, fEEMEONT A X, B
BRI NG, HEE 4 1377 AT, EROBEIREDIEF TR 2002, BRI
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Solubility curve

Concentration of protein [mM]

Concentration of NaCl [mM]

Fig. 2.5 Schematic diagram of supersaturation model suggested by Goto and
coworkers in reference 30. Because the concentration of protein solution is lower
than its solubility at region 1, the protein molecules are dissolved in the solution.
Region 2 is the metastable region. In this region, the solution does not cause spon-
taneous nucleation reaction because of their low degree of supersaturation. Region
3 is the labile region in which the solution spontaneously forms the nucleus of fibril.
Amorphous aggregates are likely formed in the region 4 called the glass region.

O ER I H, FERE U THEETERLS, RERLRBERVPEEINS. Goto bIL#HEH K
TIVT—=Yaveh5 2720 S1E, MREHEE YL RLE IS OB D E MR iz #ar U,
ARRHELE IR D D VEREMAERK IS 2RI T EX . 202X, ARMIZIIEERE
BZIBNY YV F I LADOEBIHEE 2 BT 2 & TR REMUEIND Z & 8] o
LEMNITONDG. EEOBHAFRENHEND Z L ICE D BEERVIEL, WEhoT ) v =2
ZOREEAE UTHBICMERIGHET TS Z M7 I 01 REMHEMSOAETH D 2
LERBTIETINTHD. ZOETIVIE, EERBHICLDEENERELZZ 255X TH
HHELMETHD.
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FB3E AVARAYVAERAWEBERICLZRENMERFOEE

ek, EEBIRANII & VIR I NG ORIIDRIISTH Y, IES ORI R DB
HEIZBI 9 D MIZEIR R, BERPERIZE 25 TRIE, BERFyET—2a v gk, &
WREROME LA, WIS T 2HBIRPETH S, RETIE, THUHDOHHSEEMNHD
RUIZBOTEMNBZEDERET S Z L2 HIE L. FRTIE, REROMD TEWHPED 1
VAV VEETNEUNIBEE UTHRAL .

3.1 A4AVRAR)Y

A VA)UIE, 51T X BEBENS R 50 78K 5.8 kDa DY I 0o RAEKMEL Y/ 7E
Thd. TOE/)Y—IE, 21 TIJBEENLRD AL 30 7 BEENS2 5 B #HIC
FORRING B, ERIZHWAEY YA VA VR Y—DT I BRI % Fig. 3.1 12
R A VA VI, hERET CIRZE R KRG R AT D B 2 OREEE IR DS, 8
M EEAAELTIRAIRIRBICKRY , 7300 RIgMZ RS2 BOST ZomEns, Bk
DA VAV VERIE, T IOA RO EEHR L2 HET D 20DET N E UTASHW
5N, #ilzlE, Chatani 5 B8 1%, 1> 2) v % 25 mM O (pH ~1.6) IZHEH» L, 80
CCOWMETIZES ZEIZEY, TOBRERKIGHKHEZFAEL 2. ZOBERSFMHETE, VA
DY ORERKISE, ~1hBNIZETT5. UL, KgXOEBRERTRT 51, hik
WHHE L 2R T, TOEE%E 70 °C THEL TH ~100 h PINICEERIGIE A S5 1
Moz, HBEFMETNTOAT I TA RERHENE U S NEIZER I ND 1 v A ) v OMNEI,
REICRT &S BB ERIC L SEEIMEE T OR» S KR EDERET S 72017 LT
S eFEA, HE (pH 7.4) DA VA VIFBROBRER IS e R4 BT THET S Z 128V,
R I A AR S G 0D S S IR 7 DR RE LD LA 72

A chain: GIVEQCCASVCSLYQLENYCN

B chaint FVNQHLCGSHLVEALYLVCGERGFFYTPKA

Fig. 3.1 Amino acid sequence of bovine insulin monomer®¥. It is composed of A
and B chains, and their are bonded by the disulfide bridges. Red lines denote the
disulfide bridge.
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3.2 HBERICLDZBREMZENR

BE W L A RICOREREX, V7 IAN) =B TEHI NS INT X /2.
EEYESON RIS, BERFY YT —Y a v OFEERIIRET 2 EEK 89 2 Ein
(~15,000 K @&y b AR MEETKSFREDRIND Z LIZE Y ERI NS OH
UL 46.91) a3z DEREIZ ELS BIEL TV B Z ¥ ARSI R 5 TWS. UL, BEREIR
ERNOEAKIGEDOIREZFER L, #EEENEDE S IZTDORIEERET 2 EHS IR -
TWAW., — IS EAE 72 5 TR RISIER 72 UTiX, BMTFO &S BHEMATHEX
na.

1. HpshR
DG WIS %21 5 &, BMEROBEHE PN IcXVBEmLTHwE 2V 308
DT OMENT T D VB EIZERITRY, 2 ELOMEEEAEMNT S Z LItk
D BRI IS PIR I NS ATREMED D 5.
2. 7NV DN 5
BB ELUZF Y ET =Y 3 YO KRR LI F R IS mil & 8D T & 0B
ORI L) FREEN ER U, T &) BEMKICH»IE X 1D o jeE»
Hb.
3. FrYETF—Ya v REE
HEMDOENEF L &€ IZEHR - ez ) R <JaOEHIZ XY, RTRICEEX
ISR X S v ReMED H 5. B A, BUKMEMEEAEH#EM E/EHIC &V Kiakim
RIS ONAZE ) ¥ —DSJED I, TOFMIIRMEI 2, RFTI R RE N
FERTZIERENFHEINDS.
4. ¥F¥Er—r3a VRETOR VNI EDREEN
VNI EL, BUKMEEBUKMEY X B AT 2 mREEMETH Y, B
B VN EIFRIRRETITBUKNET I BB & FRANCE N U THFEET 5 2 &A% 0
A, SURSESFIZ S VSNBSS TINRET S L HUKMET X R REICHEH L, K
REEEDPRAND Z DD, INEREMEN LY, Fy 75—y a3 UHEICFET D
Ry NIy FIE, REEVEIC &) BEMERAE < 2y 93] B X B aTREE A
H5.
5. O ALGO M & FEERE S FD—3K
BT TOR Y RIENTFOREIE, #ERD E P viEn s M2 2tz AL
TWa. ZOMEDRES XL, BEEEHNERFI/ED BT 0T AGO RN —Z L
e FIL, AU EOREEAINE I N, BEEA KD —SUZEIT T D o REMED
H5.
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INODRETFMWIEA = AL E LT DI EDPAHENEE UTEIFDE N TI D0, KET
E, RHZ 13 ORRICEH L, ThLORERISIINT 255 2 ERIWICHAET L. W14
WCBIL T, 4 ECTHBMEEEDE W ABL_ 40 XL TZORREZ R T S (4.4.6 #i). K
T 5 IZBUTIE, AWFZETHWW 2SO E R (26 kHz) 234 287 EOMIER S X D JE K
B (GHz~THz A —&— ) 2 B UK BB S Z 2 n O T O CIAER L 7.

3.3 ZERFE

3.3.1 AVARYVHVTIL

Edo@Y, YA ik pH2.0 BUF O A & CRMEHLIER 2R3 196 23, KifgET
&, BEPEEEIER RO LMWK T2 RET 272012, S LEM 5O TR HED Y v
2% (phosphate buffer saline: PBS) HHTA Y AV v OEEKISZFEL 7.

BAEH I N ¥4 Y A Y ¥ (Sigma Aldrich, 11882) 3K % Y A FIL ALK F ¥ R
(dimethyl sulfoxide: DMSO) (Z#f# L, 200 rpm O#HFFHEE T 15 min LT L. TDIE,
100 mM @ NaCl % &4 100 mM ® PBS T+ ~ 2 Y DEEH 100 uM 12482 &K S ICHRT
%. DMSO & PBS ORI, 1:19 & U .

3.3.2 FAISEVTT7vtAa

ARFFETIE, 7I0A RO EBEREZ2E=2V V74 242DIL, FAT IV
T(thioflavin-T: ThT,, {b% = : C17H9CIN,S) & IEIEN 5 #e4 1 B 2 fuv /. ThT
FENEHSTIFERZ IRV, 7 IOA MRMPEERINDG L TD [-2— MG IR =
IZREA L, MOAOE2 RT3 07 2020, ThT 8ERED LRI, 7 I 01 REHEIZRX
JIEDHEFTZEIER T S, Fig. 3.2 (2 ThT FO6RE ORRIFZAL & BEE KOG D HEAT & X IS 1 7245
AR Z2RT. TOREREIL, BAERKIGHIIZ ER LRV, BAERKIGSE T U, Mk
BRIGWIEE S & ERA UBOD, 20T, MMMENE DL, TOBREERMT 5.

WAIRD ThT 4 T4, 50 mM D7) & Y okig{bF NV ™7 AWK (pH 8.5) ICEMEL, =
DOREEZ 1 mMIZHHBEL~. 1 mM O ThT BHl%, ANy 7KL L T4 °C OmEkEHRIC
L. BRI, REZNSAZDIZTNIZI LB TEBZE Y, BICEEL~. A
N ZEHE, BEHRICEO 7D Y VKB b B Y D LAEBT 5 uM ICARL, HHL7Z.
Y TIVD ThT HEEREZHE T D 72D, 5 ul DY > FIViEH & 50 pL O ThT &K%
BAL, KEEIVITEATS. TUT, TORILEENDHE (JASCO: FP-6200) 12t k
U, HOEMEEHI%4TS . ThT 27O - 3oKER, ZTHhTh 450, 485 nml%® % ©Tdh 2
728, BOERNARORIEEIE, 450 nm (T8 E U 2. B I 26k, 440~500 nm £ TE
DFENEEZ EEL, TOHPFANTORKOMEZ TORMTOHENHREL U, 7 IO A RE
MERERINTWDHE LT D TRWEAED ThT S FOHIEANRY M% ThT OfbF
Mt % BFEC Fig. 3.3 1IZRT.

AR TIE, S%D 4,6 BTHIDOAHIEKIZEY, > 70O ThT #tEE2IEL/Z. 2
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Nucleation phase Growth phase Saturation phase

&
<

A 4
A

T

mature fibril

| _

ThT Flu. Int. [a. u.]

L monomer nucleus

1

Time [h]

Fig. 3.2 Time course of the ThT fluorescence intensity and the progression of the
aggregation reaction. The fluorescence intensity remains unchanged in the nucleation
phase. In the fibril-growth phase, it begins to increase the level. When mature fibrils

are formed, the level saturates.

NETELKDWFERIZBNT ThT 7Y A BTONTE 720, TNHDIFEFTANTIZIENT,
PV TIVEBETIZ ThT D F2H O UORMUIREBTHEER T VT —Yavzi3>oTeEY
[36,39,80] 75— 2 A ThT iHMEIC - A B HEVRELRTRERR—A5 A V& LTHIC
FAELUTW ., EEE, ThT 2%INT25Z &2k, AR RTF ROMMEAIMEEI NS VD
BT S 100, UL, AMRICBWTIE, BERBHZTo29 Y 7IV0—i % I
UTC, £ZIZThT 2T 2 FiExE AWAZ720, ThT 840 FPEEFH S5 &SR FEIZ
XH6INDZLFRL, RN ODREIZ LD HOEHENE P ATEELZ EDREBIZKHKS Z &1k
B,

3.3.3 HBEKRNER

A YA UANDOEGWIBNEREZITS 72O1Z, Fig. 3.4 D& > BWEBRRAZWIEL -, Fig.
3.4(a) ICIXFEFHARDMEHK %, (b) ITITEBRROFMMEZRT. £7/2, EROERRODETH
% Fig.3.5 TR, 500 pL OV > FIVEH Y SIVFa—7 (R 7oL V8, 1.5 mL
vol.) IZHEAL, #BEIRMEE R0 EEICHE Uz, K PICEE U 72 AR K 26 kHz O
HIR RS EE (KATJO: 43103) KV KED A Y AV V2 BLY Y TNF a—TNFHNLBE K
TS, KENOKIE, KIEOFKEICLIDFERELEH S ZDIZHEY AT A (KALJO:
40006A) 12 & D FITBiK U7z, KENOREIE, WwHY A5 A (THOMAS KAGAKU Co.,
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]50 T I T I T I T T I T
: S /CH‘ :
L / N
e raSad
- CH,
= 100k “
St )
— L fibril
Q
> L -
2 L |
—~ 50F _
= i
.
i monomer T
0 —]

1 I 1 I 1 I 1 I 1 I 1
440 450 460 470 480 490 500
Wavelength [nm]

Fig. 3.3 ThT spectra of the monomer and fibril samples. The fibril’s spectrum
has the fluorescence peak near the wavelength of 485 nm. Inset shows the chemical

structure of the ThT molecular.

Ltd.: TRL-107NH) 2 H\\CTZDIEE % ~10 °CIZFHEI L 72, KN DK ZKEICHEE L7
DIF, KIRMED G2 FEIE L 2ODOBERBRGEHGOREN LA TH I LITLdFE A
DEMEZRHT 272D THD.

AT ENEOHR I, VV—AS Y FIZEVEHIMEL, 1 min OBEFHEBHODE, 4 min
WiET 2 EWND 5 min DY A ZI)VEEBRKT FTHEYIELUZ. 30 min IZ—ERE, Fa—7
MHY Y P EHEEEY, ThT 7V A 247> 7.

3.34 Fa1—THDOEREELEBDHE

Fa—THNOY Y TIVERDIREZE, AR ESH (KEYENCE: FT-H10) (2 &
DEHHIU 72, GHENZE & RN S, ER UZRENRR—A T4 VIZRES ETOM, 0.1
sHIAT272. Fa—THOELE, HONUORERE (4.3.4 Hi2R) 247>~ BEOERE
~2mm O PZT 7O—=T7% 1\ 77 —{FREICHAT S Z L TR L 2. TOEHE & BEZKIE
ANA Rafsy &8 T Fig3.6 IZRT. PZT IFEERTTHD 720, SEHICLDMEINIC
FEVLZOTAEELERIVICERTLZIENTES. PZT 70—TJOWOIE, 7IY4A%—
(National Instruments, USB-5133) Zi@ LU PC IZHUY IAA, @ 7 — Y T4 (fast Fourier
transformation: FFT) Zfid Z &I & )M U7z, Fig. 3.4(b) IZGHIORRT 2 /K57 .
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(b)

Temperature

(a)

Tubes containing

-
£

insuli 1 Ultrasonic
Water bath 'St sample transducer (26 kHz)

Degassing system

Temperature
Acoustic
pressure

Radiation
thermometer

I

Handmade probe

|

Sample solution

Ultrasonic
Tube holder transducer

Cooling system

Flow

Degassing unit

Fig. 3.4 (a)Schematic illustration of the laboratory-built experimental system for
the ultrasonic irradiation experiment. Tubes containing insulin sample are set above
the ultrasonic transducer with fundamental frequency of 26 kHz. The water bath
is filled with water degassed by the degassing unit. (b)Sectional view of the exper-
imental system. The temperature change and acoustic field in the sample tube are
measured by the non-contact radiation thermometer and the handmade piezoelectric
probe, respectively.

Fig. 3.5 Appearance of the experimental system for ultrasonic irradiation experiment.
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PZT element

Handmade
needle-type
PZT probe

Needle-type
hydrophone
for calibration
(Obtained from
Toray Engineering)

Fig. 3.6 Appearance of handmade PZT probe and needle-type hydrophone for the

calibration experiment.

3.3.5 EEREHER

AW TIE, BEREERORERE UT 1200 rpm O @E IR %217>7/2. 22T, &
HWERFTDDIE, 1200 rpm E WS EIPEEIE, 7 IO A REHOMELIH THOLND T
A (~500 pm) D EFE L HANHTHD. HlAIE, Cremades b B2 1%, a-v 2oL 1Y
DEREE G 2 IE S 5 72612 200 rpm OHFE%E, Yoshimural?? 51, B-I 7m0 7Y v
DORMEALZ FHFET 5 72D1Z 600 rpm DML Z VT WS, IR, 20 1200 rpm DOHLHE
JERD = & % HSS(high speed stirring) & Kzl d 5.

HSS FEERIZEWTE, #ERBAEBRICHVAZLDLFEKOY Y Tz, T ORER
&% G 2 728012, ~30 min (Z—EREE ThT 7Y &1 217>/, #HPERmZ2 770V
BIECaO—T7 4 VY UABIB T2 2TV VAR =5 —TChEIES HREHEHLZ. K
G S T ORI IZ IR T Z D AR L D IT o 7.

3.3.6 EBTFRHEEEHR

BEFEBIZL VIR L BEAEDOIREZ BT 2 2 OIE @B E FBME (transmission
electron microscopy: TEM) (2 & 285 % 17> /2. #Bi%2121%, HITACHI H-7650 ¥ AT A%
W7z, I&EEIEIE, 80kV THD. YV TINVEBEAN—RyA—T+4 7 L7y REZ
1 min AE S ¥, Ok, 2% OV 7T VBT VBV ATREL, BEHADY RICRKEL,
IHT A THREGEIZ L DBIE LTS, BIEMEEIR, 8,000~20,000 512 THBILEZEIT> /.
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3.4 EERER

3.4.1 HSS &HETOA VR VOFEMHIETRILF—

ETHOIL, 1V RA) YOI RKIEOEET RV X —%2RD D 72012, BRARDEE
1L (20, 50, 60, 70 °C) THSS 7 VF—Y a v e 52/~ SOBERIGZHEL /-, Fig.
3T ICTDFERIMEREZRT. A, EROFIMZMRT D202, SWET 3 [T DA
FEEREATo 72, &YV T D ThT HOLREDORREE L, HOLREDZ(L L RN T T2 A L
ERTCAMICERL, T, filiddend ZEBOBEETREEZ RUZ, Zhuk, 7TI0q
RERHEDSTEZ L S N2 BRI 230 ThT HORTREZLOMFRTH Y, 20 °C TR U 7B HEK
% TEM THIRT 5 &, Fig.3.7 IIRT &5 BjENBIER Iz, ThT FOREEIZER I 1z
MAEDR LT 2L EZLND D, &7y M UKER-FREHE B IR T T
ROz X2 T 4w T4 VT RT, KO RS T K, & RRHEMR O UG HEE E5 ky,
2R HERE TV L SMHEIRE [B) ORI, IFORTEHRINS.

(3.1)

[B] = [4]o [1 Fin + kg [Alo }

" Ton exp (kn + kg AJo)t + kg[Alg
ZIT, (Al BE X —DMERE (100 uM) TH2. 7L ZADRME, KIGHEEH
EHALT 2L E—DBIRIE, UTFOLS 1B I NTES.

k:A-mp(—kEE) (3.2)
5

ZIZT, kA E, kp, T %, &®3KIGOKEEER, #ilkT, EHEbTrL¥—, KLY
VIER, MOHRETHD. ZOROELOHRNEE LY, ERTD L,

b, 1

Ink = InA — W T (3.3)
LD, MEENC 1T, M KIGHEETH kE ORBEz L >-8DIE 7 V=0 270y
(Arrhenius plot) &IFEH, ZOELIEMROMEE 2RkD DS Z & TRIGDIFHEALT RV F—% K
HZHIENTED. PR BEHTTHSS Y YT =3V FTOA YA ¥ ORARIE & fiE
MEMIGEDT V= A7 0y % Fig. 3.7 D& URAAMIIRT. 88, ky,k, OBAIEENT
A, [1/b], [1/uMb] Th3. ZhbOEmMD 5 RDETNTNOBE BT 2 HHELT 3
F—I&, BAEKKIE E?=734 kJ/mol, ##hRNKIG £J=49.1 kJ/mol TH > 7-.

3.4.2 BERRBRROEEMENR

I, HEERIC & DEENESRE2FAET L2012, 1V A) VIIHT 2 BEEHRHERE
o7z, D ThT #NHREDKRIFE/L% Fig. 3.8 1IRT. /2, TOHEERE LT 70 °C
IZINE L 72 IRFECOMEEER Y HSS 7V T —Y a V2 52 258082 E Fig. 3.8 ILRT.
ENU 728> 7V TlE, 10 h fE2 5 ThT #FEREN DTN EFUZA, DLV UK
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20 °C
50°C
60 °C
70 °C

600 H

> D>
oooao

-60 1 -15
A 0.003 0.0032 0.0034

U/T[1K]
400

2/

200

Fluorescence intensity [a. u.]

Fig. 3.7 Experimental results to obtain the activation energies in the nucleation and
fibril elongation reaction of insulin. Time courses of the ThT fluorescence intensity
caused by HSS agitation under four various temperatures are fitted by the nucleation-
growth two-step model to extract rate constants for nucleation and growth. Inset
shows the Arrhenius plots for the nucleation and growth reaction. The TEM image
shows the morphology of the aggregates formed under 20 °C. The scale bar denotes
200 nm.

<, 100 h ARIZHRRHEZ 3B I NG o7z, 20°C THSS 252729 IV Tlk, B&k%
50 h f2E T ThT #EEEMN ER L, 7 I 04 REMEIEER I N (Fig. 3.7 2K). —4, 8
Bk eI LYY TIVTIE, 0 ThT LA, B TERT S &0 S B2 IE B 5 A8
BRI Nz, BRINZEERE TEM 8595 &, HPTREI NS D RKENE
BEOBHEAN S Bl iz, T, BHEROSHSIR 18112 k) —ERE S Nz B
WEL WIS EZONS.

FEE RS U2y T OEEE L EFARZE 25, 1AM 2D OFEREIXS L2 20
°CTh-o7. ZhiE, Fig. 3.8 1Zm-F HSS DYV FIVEH U TH DA, ThT HIEHRE N K
KRAEDH5 DIEIZENET 2 EER I % i $ 2 &, @EREE U725 7V, ~7 min, HSS
ZMA 7YY TINTIE ~50 h ETHERENAL N2, EBFERN S, BE IS I HSS 12k
N, AV VORFEAICE T DM % ~430 f5ICHMET I D L 0D ZEDRHL MR 7=,
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400 , , I

—@— —{— ultrasonication (~20 °C)
- —@— —&— —7— heating (70 °C)
—A— —{1——7— stirring (20 °C)

300

200

100

Fluorescence intensity [a. u.]

Fig. 3.8 Time courses of the ThT fluorescence intensity caused by ultrasonic, stir-
ring, and heating agitations. The solution temperatures during applying agitations
are shown in the labels. (The temperature for the ultrasonic agitation is the average
during the 5-min sequence, being identical to the temperature under the stirring ag-
itation.) Inset shows a TEM image of fibrils formed under the ultrasonic irradiation.
The scale bar denotes 200 nm.)

3.4.3 HBEERBHFHEBRERGORR

FF IR LD Fa—TNI/EY I NDIRES - 51 VA VORERISOBEFRE
WETD-OIT, FEDRR D EPHE 26 kHz OS2 WV CES RBNERZT> /-, #
BB EREITOICHAZY, IO, BHFEBHEBEOBHEFa—THNEHOMGEEH
HUZ. TORE Fig. 3.9 1R, ZOROMtIL, Y7 N—F=v 7 LIFENDHARKD
1/2 DB EET 2 E— ROBEE (1)) 2HAROBE (I,) TEFELLEZLDOTHY, B
BULEERED FFT A2 MV E O RO, BICEEMIZERT DD, Y IN—FE=w 7D
R, [EOEBEELSBEELTHS ZeBMMb5hTng 0 20, 22Tl 7 HN—%
= 7 OE % KIADIFAEDIEL UTHWS. ZOFEBRTIFESHBHHROH %2 7~10 D
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0.8—

0.6 -

Subharmonic intensity (/,,, /1)

Output [a. u.]

Fig. 3.9 Change in the normalized subharmonic intensity as the output power level
of the ultrasonic generator increases. The shaded region indicates the output level
used in the aggregation reaction. Shaded area is the output range used in the exper-

iments. Error bars denote standard deviation among six independent measurements.

HIPHIZFEE L 72, ZAUCBE L TEDOBICEHMICERT 228, Y IN—FE=v 7 OMEIL 2 2D
B> Mo NTSY, 1 DHOBMME (Fig.3.9 O 4) 2 X/~ ZATIE, A
& OB IHIBERIC A<, 2 DHORBIE (Fig.3.9 Ol 7) @A 72 & STl &yl
FRIZZR 2 72812 Z DHiPH TEER % 475 /2.

Fig. 3.10(a) I21&, @FHE2RH L7z 4 DDV > 70D ThT HLHEEORE(LZRT.
ZD5H 220% Y FIVIFEBERIZE D EESPIEI N, 1 h fET ThT FOURE &
KAEIZEIEL, Z0%, HALTWS. 20 ThT BIETRE DA 5 o 2 Esh 5 48] 1z
WT2EDEEEZLND., —H, D2V TIiE, BEFFR2EHLTH 6 h TTTOHNL
REN ERTZ 23 Bhok. INE0OY Y TIVOBE RS hOREZ% Fig. 3.10(b)
WRT. IS 49 Y FIVOIREZ(LIFROIE S 23213 A 6N, @8I Fiz ~35 °C
WIREDEEL, TO®H, R—AT7AVITHEHIINTWDS. ZLURAAMIRLULEZELEDIZ, Th
OONYIE & B RBERE IZE REIBAITBRN. ZORRIE, B8EWRICE 27907 B0
JE ESPEE I & B EHENEEEO P THRBTIIRNZ L2 RBTIFERTH D,
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10— 7T =
—o— No. 1
(@) —— No.2
3 —v— No. 3
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Te'mperature [°C]

Fluorescence intensity [a. u.]
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Fig. 3.10 (a)Evolutions of the ThT fluorescence of four samples exposed to ultra-
sonic agitation. The same power (the output level of 10) was applied to the ultrasonic
transducer for samples No.1 and No.2, and the output level of 7.5 was used for mea-
surements No.3 and No.4. (b)Temperature profiles of each sample in (a) measured
from the beginning of ultrasonic irradiation. Inset shows average and maximum

temperatures of the four measurements (the same color is used for individual curve.)

W, B UZEEREEO FFT AR MLnb, @BEEE S L BERISOBEFBREHREL 7.
Fig. 3.11(a), (b) iZi&, Fig. 3.10(a) THUZ 4 Y TNOFERKK L TD FFT A7 b
%)Y, FFT A2 MV O#MEdlE, AR (26 kHz) DY — VL&D ERHEKEL TH
5. FFT AR NV IS 2 &, BEKGAIEI N0y TV T, &SN 70—
BV IZOE—IBE6NE. ZTHIZEHL, Fig. 3.11(c) (i, #HlY I N—FE=v 7D
SR, #MEHNZ KBRS 1 h 0 ThT #O6HE (ThT,) 2&Y, 7By MUARERT.
Y IN—F =y VIBEMENEIE T ThT #ERED EFRIZRONAN o203, T N—%F
= ZRENBUE (I )2/ ~0.1) 22 &, BEMGVEFTHIZEDIISREIINTNSZ
EAOMNDL. T, BERBERENEREROBEICF v T —Ya v ngESEETS 2 L
ERRTIFERTDHS.

3.5 EE

Smith 5 961 1%, pH 1 ® HCl & #iH, 60~80 °C DIRE TS ¥ 1 ¥ A ) ¥ OFHMEAL It
AL, BERM L TORERMISOEELT 2V ¥ —% 11742 kJ-mol~! EH|EL T
%. %72, Mauro 5 [1921 13, 50~70 °C DiEEL&M{LT pH 1.6 ® KCI/HCl E#E T b
A YA VORI FER % 1T\, T ORERIGCOTES(LT 2V F—% 2542 kJ-mol 1 L #
HLUTWD., AWIEIZBWT, pH 7.4 @ PBS T CREERZ /T 858 (Fig. 3.7), s
LD A v 2D Y ORAEBRKIGANDTEEAT 3OV F—IE, 734 kJ-mol~! TH Y, BiED
TNEHRTDEENMETHD. ZOfHEIX, HSS 7TV T—2avDELETRDAZEDTHY,
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Fig. 3.11 (a)Waveforms in the samples shown in the Fig. 3.10 (a), and
(b)corresponding FFT spectra of them. The vertical axis is normalized by the fun-
damental peak height. (c)Relationship between normalized subharmonic intensity
(I1/2/11) and the ThT fluorescence intensity. Each plot denotes the ThT level at 1 h
after start of the experiment. The error bars denote the standard deviation among
three normalized subharmonic intensities which are calculated from the waveforms
measured at different times.
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Fig. 3.12 Time courses of the ThT fluorescence intensity caused by ultrasonic irra-
diation with frequencies of 26 and 200 kHz.

HESMAETORERNDFEEET IV F—IL, ISTEVEEZLND. DXV INIE
(AB1_40: 95.3 kJ-mol~11103] 109.8 kJ-mol '1104, - X 7 L o >: 72 kJ-mol 11091 & f
BUTYH, BERANOEEMZANVF—EELS, 1 VA Y OmETOBLZEREIE, 3.2
TRANZEENERFOH N5 LR BEDE/FETI/2OIHL TS EEZXLND.

B IREAE, FUEEFTOHSS 7YF—Y a vtk VE Sl 2 Sh2RERIE (~50
h) & LT, BEHENIS%E ~430 £ (~7 min) & IET 2 2 L BSTEETH S, HSS 7V F —
Yavid, EBRICKY, B Yv—RALORERBEHNIY, #ERMEEYD EEERKE
IET . BF IS OB & HSS ORISR % & BT 2 D1%, WiET
Hb. TIT, MEWRE BRIV EAT D LMATEILICEHL, 26 kHz
& 200 kHz OBEFHBEHIZ LV H S I I NI BER IS EZ IR L 2. ZORRE% Fig. 3.121
RY. BEEENL Y EOEE ZAND 200 kHz OF RS TIE, 1Y A VORERIGIE S
h FTITEFFIESRITILETEY, @SRRI & 2P RITE %ME®QMMI%TQ
W L AR *Mt.it,ﬂwﬁﬁﬁwmﬁﬁﬂ(l¥m IEUTE, EERRAICE
30 min BAPIZ %ﬁm#ﬁrgﬂtﬁ/7w®ﬁkﬂpmﬁ@MWCT%é# ﬁyfw%
70 °CUTMEAL 72556121F, 100 h BIWIZEEER GBS I N N2 722 & X, BRI
Uﬁ%%%ﬁﬁﬂk%@t%5?@h%@@h£&kyﬁﬁaiﬁmﬁbm&#ot:t#

, ZEREEIER T S HR TR ETHS.

P IN—F = ZBEDHUE (1))5/]1 ~0.1) 2RI L FORFHERIEHRE 2 Z &3,
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ZTOBMIZ N T Y Y hNT )b (transient bubble: TB) ME#E L TW5 Z & % RIBT 5.
TB &1, IRIEDORKIZEZHNTHRET IO ERET 2 U, iR - JEE2#E DK
TREDZILTHD. V)T IAN) =R THEINTVSEBEEIC & DT DM
MIZIE, 20 TB OFEANY SHPEELZEZ R/ U TS, Fig. 3.9 TR U 728 &k G
BOHN Y IN—E=v 7DRKRERDS L, HHL NV 0~3 ORITIK, Y IN—FE=v 7Y
HEEIZIZIEE TS, LAV ARBRDEH TIN—EZy VREN—-H LR T8, LALT
RETHADTS. 20#%, LNV TICHETLEHTZTOMENEAL, LNV 10 FTEA
Ut 72z, 3 IN—FE=w 722 DOBIEEZFFDZ LiE, THhETIKEHREINTEY,
Neppiras!!'OU 12 &2 &, —DHOMMEI, HEBEHDICLERF ¥ T —Y 3V (Stable bubble:
SB) OIS IREN KR T HRMETH Y, —DHODOBMEIX, TB MR - FEZ ) KT
L&V H TN 7R IO B EE 16 ThH 5. KHMEIIBVT, ¥ T
N—F=y ZBENEFRTZ 221, Eller 5 107 (& > THBRMICEHERINTWS. S0
FERE AT o 2 A L AOLORERIE, DO HOBMEL Y & EFICRE L TH Y (Fig. 3.9),
YV PIVBEEFIZ TB BWREL TS EEZ NS, Y IN—F=y JENBEZ B/~ L
SITRERISWPEES D Z 81X, TOREMEERHEIZ TB WECEEL TS Z 2R LTY
5. £/, TBRREEL TV EEZEZONDIHN VNIV R TEERERIEN IR INDGE
EEDITRHRWEAERH D Z &L, TD TB QA EEPEEROIRESENT O IZEEE U T
WBIZEERBELTNDS.
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BA4E AL DRERICDBERERY - FEKEME

JETHOLNAMEELY, MERICLIBENMEHRKOBE IIXBRTICHKETLI Y E
Ty AU TOREIZEEL TV IR RBINAZ, AETIE, FyYETr—YaryoliE
GO R MHGFET 2 Z EICERL, A&zw@ﬁ$Mﬁﬁ%®ﬁ&ﬁ'%T@ﬁﬁ

ERETDH. TOMEND, BAERKISZENET D 72 012 5ol 24 7 R E 30 kHz (R ITF7E
?ébtéﬁﬁbk.it,muﬂﬁﬁk%mfaféﬁﬁﬁégt& D, AR D SOtHE
JEEB A HE & A LAV & EARTH 1000 5 LR XE2 Z 212U 72,

4.1 BERFrET—Yav

F ¥ Y5 — a3V (cavitation) BBR &1, WARDENEKEEZ TS Z & I12L D FIEBL
THD. BWROREHEIZIZHE (boiling) £ H B4, Thux, WHKDERE LRI, &KX
JEDR EF U, BEDESPREMALITEZ FE2720DICEX2HRXTH5.

BERITHERTHD -0, BERMETL2HEFICEADENE#H 272567, BEK
% MRS X N2 IEARD E S WS Z IR D EEIZ & V) FIFIZRSIE % Ral > 2RISR S b L, &3d
MFEETD., COBHLEZBERFYET—Ya v R, PG Z L TOARWIRIKIZE
LTI, BWIRHICAGESEDIEET S 20, TORMEERE LT, BREKELD B EWEN
:gwfﬁﬂﬁ%#%%LMé.%Ebtm@i,taﬁwrbﬁﬁ~&w,@%-W%%ﬁ
DiRY. EEROENPATEDORIE, SJEIFEL THLA, FEEICEEU S EE L 2578

LA T DOHMI AN > TIHET 5. TB D& D IZ afﬁhﬁk*w%m,ﬁlmmmﬁﬁz

=)V CHRREAY 100 T30 1 FEEE UGG 2 72012, SN CIRE R4 42 B9, F
7z, ZORRFMOSKIEDEBEIFMF L BORZHEZTOME R, MBEWAEREZRTESSD
T, KINEAEDEE ~15,000 KO, £ 1,000 &IE 108 2\ 5 @ERESEDSHED 1 X
N, TONI AV VALIEEND FBHHILRP, KOBSREZEID IV NIVORE R E %
FlEEIT. HBRORKECTIANNOMEFICEY), AEYWESE DS RNEIEEIND
M09, F72, FYEF—yaroEdEsd, SVIERELEZREL, FYETF—Yaryaan
GBI L 25 Z L CEFHBERD (2f, 3f, ...) POFEES (1/2f, 3/2f, ...) 24z 1010, =
D& D BRI DOEWEZFHT DI EMEF Yy ET—Y a VOFEXEF O T 2515 Z
LEHTX5.

4.2 BEROBHEIZM L EFERIL

VITIARNY) —DREFIZENT, ﬁ%ww%%kﬁtm$&m®ﬁLﬁA®W’i%m%
BHdZeNMHENT VS, Koda 5 19913, RILT7 1V > e 5 EELEY DS S
T TORRK S % WSS 2 & OFE L AR (19.5 kHz~1.2 MHz) Wm*ﬁ&#bﬂ
U TORE, DRKOGITENEE - R E R, SIS E KT 5720105
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R A 200 kHz AHEICEET D 2 8 &2 RB L7z, ORI, T OMEORE
ZHS XY T —Y a VOREERORE EAPF YT —Ya v REDOMEL 25 EE, v
Er—YavOREREDEZ K DINT A= PREBPBIEEKEZL, TNOEDINTA—=ZDN
IV AR LT DB THB.

RIRDAERN S, HERBIICE D T I 01 RERHEOREIEBEMEICIE, TB OYER
B L TV ZEAVRIBINAZ., 2O end, BMEKIZEDT I OA RERMEO RSN
©EE - EEREE AR RO H D, BEKIGOE W - FEREE 2 #HET S 2 1,
BEENNE D 72 D\ Bl 28 5 I OIS SRR ST, TIVYNA I —IROBWHEAND A
D—IZRY 55, /2, TORISTDEDDEEMEZE FEMIZAIS 720126, BEEMEERE D7
HIEARAIREZEZBND. TITIDETIE, TIWYNTY—IROFRRX VIR0 BETHY, il
BHBOE DL IR TEDFEENE N AP (2 U TS IEIBNERZ T, TORIED
JEE - G AR B U CRE T 5.

4.3 ZHRFE

AB1_4o Y TR U TH 2 EZEBROFNEEZRT. T 2T, FIZHI LU TOARWERTIE
WZBAU T, BIETA VA VI U T T 2EBRTFNEIZ E V1T 7%,

431 ABHYTIL

BAEHZIR I N HRIRD AB1_40(Peptide Institute: 4307-v) 2 DMSO (212, 10 min 200
rpm THFEL, BfEL7~. TD#, 100 mM ® PBS(100 mM: NaCl) T A3 OIREAH 10 uM
IZR2EDICHBE L. 2D, 500 uL §oY Y TIVFa—TIZ0FL, -40 °C DR EHEN
TEBOBEMETHREL, METDIZLE2\WE. 4B, DMSO & PBS DA RIZ 1:4 &
U7z

4.3.2 R -  EEATEEE

AL DFEEIED PR - EHERFVEZ AT 272012, AP HFE2MICHEL, YV
TR W % BT TR R ER R MR L 2. TOEBRRDIHX % Fig. 4.1(a) (2, B
% Fig. 4.1(b) T, HBHE% Fig4.2 \IRY. ZOFEBARATIE, VTNV EEDLF 21— T &KEIZ
BEWZAT VL AR RA SR OIEE IZHE L 72T VY a3 0 BUE S R IRE) 1 & O B & A
T5. BERKRI T, 77V TICEVEEL TS ZOMD A UARETH YD, AR RBD
98 kHz(TAMURA Corp.: TBL4535D-28HB) & 40 kHz(TBL4535D-40HN) D% 0 % k1T
S JEBUZ IS U TRV 1 72, EBRITIE, 7 O B EEE VW23, 19, 29, 50, 71, 143
kHz (Z1%, HARRFE R 28 kHz OE D %, 208, 239 kHz OFEERIZIFHEARE P 40 kHz OEH D %
AW, EERERE 2L, 77> 2YaryY ol —4 (NF Instruments Corp.: WF1974)
THRAEU ZRIREIEW %N R—F 7 > 7 (NF Instruments Corp.: BA4825) THIFE L,
BEZEMU 2. O, Y2 REEEREORIE L Az #Hilise Zic&y, v
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Fig. 4.1 Schematic illustration of (a)overhead and (b)sectional view of the experi-

mental system which can control the irradiation condition.

TS T 2B E OB E SEE2 2T T I ENTED. KInAHRNOKIE, KIiF
FCHMITBA Y AT A (KALJO: 40006A) IZ &k WKL, ¥ 710K > 7 (Enomoto Micro
Pump Mfg. Co., Ltd.: MW-901EEA) IZ &V KIGAEZHRAN LA L 2. KENOKIREIE, &
J£3 > hBa—7 (TOHO Electronics Inc.: DT-03-1) (Z8&#t L 7z & — & (Hakko Electronics
Co., Ltd.: SWA1505) 2k ¥ 37 °CIZFHEEL /2. > TINFa—TIEMFIC 5 RERETED
I, EULAEFH T TEROY Y TN U CEERIBREREZITRAD LI 7.

4.3.3 BERRBRHER

BEEBEERICBVWTIE, ERROFEBRREHAWC I 7y o7vavyyzxb—20th%
PCIZEVHIHTHZ L&Y, 1 min BEKZRH L, 9min #ET 2 L5 10 min DY A
2V EFEBIKT (~10h) £2TIFo72. 30 min I, Fa—72n56% Y T 2H XY ThT
TvtA (3.3.2FBM) 2iTo7.
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Thermocouple

= Ultrasonic

“ transducer J

Fig. 4.2 (a)Appearance of the experimental system for ultrasonic irradiation ex-
periments. (b)Side view of reaction container and the ultrasonic transducer with
fundamental frequency of 28 kHz.

4.3.4 TO—J7ORERIE

ARETIHT D ERTIE, WS 2SO EIRBAREN G RIETHEE2WET D70
JABBDORL D BERDOGEE % —EIEOBENDH D, FETO—TDEE [V/Pal %, A
BEIHAFT 2DT, SFRBPBICB T2 EEERD, TOMEE2AVCTEEEBICET 2 EE
EEHEETIHERDHD. TITREIRRD/NA ROK Y (Toray Engineering Co., Ltd.:
NH8193) %= W2 EEREERZ T2, N ROK Y OEER, 1-5 MHz O#iFIT 10% B
WTIRIFZL L RO T, T 2 EEEEHFE (19-239 kHz) TH 130 nV/Pa T—E & AR L
7. WIEFEBRIX, Fig. 43 IORTEBRRZHVT T4, 7702y avIzirb—A0560
JEBRIZEINS 2 A1 ORI % H ORI E L, RiEe 2382 e D PZT
TO—TeNA ROFVOHENEFEEKL, ThODMEI 2T LI2LY, TOREMEEIC
B2 TO0—TOREEREHLZ. AZEIZBWTI, FEOFMIFEL U T REHNETE %
FALZDOT, EBICHOCZEEEO 2 f5ORBEBICE1T 2 70— TDREE kD, Thb
% Table 4.1 123, IhbDEZMNT, PZT 70— 7I12& ) ZEUABERFIC FFT A
HEBEL, C—20@INOETEEEEHUZ. ZIRERESE 2O L UTHW 23
HiZ, UFOLENTHS. WABIFA VAV VRE LU TERELRTWE Y NNIETH
D, YIN—FE=Zv I7E—RIPBEIND LD BIRIEOKRSLELTTHD LHIEITEEL T
UEV, HEREBROZES BERIGOINE 2 iHIiT2 2 L BNRETH S, (i) T D%
EREOEING, NIVIEBEROREN EFT2 2 ek, BMFHO™MEE - FEZ2ES F v
Y5 — 3 v OMEFHOLAEERISICE 72 5T H S OM % FEC T 5. (i) HAMES O
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signal Hydrophone

Ultrasonic
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Fig. 4.3 Schematic illustration of experimental system for calibration experiment of
PZT-probe sensitivity. The voltage waveform generated in the function generator is
amplified by the bipolar amplifier and applied to the piezoelectric body. The piezo-
electric body emits ultrasonic wave, and the ultrasonic wave is received by the PZT
probe or the needle-type hydrophone whose sensitivity is known. Received waveform

is monitored in the oscilloscope after amplification in the difference amplifier.

Table 4.1 Sensitivities of the handmade PZT probe at each frequency calibrated
with a needle-type hydrophone.

second-harmonic frequency [kHz| sensitivity [uV/Pa]

38 1.52
o8 5.94
100 15.5
142 21.6
286 11.9
416 9.82
478 13.1

HEE, EHTOREBRES AL, BRIy ET—Sa vy fgEds e ERLALR
D, IR ULIAD S, FELAFYET—Y avid, TOIIBIEO B LAET D O &
W & FE X, D DOERERED I, FIRREA LA 210G EHS LE (101,111,112
U, BBOBIEZHEHTL2OICHL TS, EBIZ, I 29 kHz THEIED 872 2 B
BRI 72 & & DA D EFE &R ERD SISEEER % Fig. 441270 MUY, B
RHEBIZR SRV OTHMifEE LTEL TWARVWE EX 5N,
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Fig. 4.4 Relationship between the acoustic pressure of fundamental mode and the

rate constant for nucleation k,. There is no relationship, obviously.

4.3.5 HMARELZEBHEIRY MLEE

EERARD —IRMEE 2 HE T 5 72O ICHEYE =M (Circular dichroism: CD) A2 k)Ll
ExFTo72. CD AR MVHIE, XY NNV EERERERKT 2T ) ¥ — 0O XiE % ii#k
FTBDEOIEKHWONDFIETHY, 7I0A RHEZEKRT S -7 — MEIETIE, 220
nm AEICEOY =2 BH N2 2R LENTVS M0, KM THVBRICEEND
DMSO (& 220 nm fEIC K I RIEAAY =V 2 Kb, KEIBNANVITIDV RERETDEZD
CD A7 MVERFTERY. TIZT, CDFHICEELTIX AB % 0.05% 7V E=T/KTH
L, Z0#%, PBSIZLY 10 uM IZFRL, Z0H Y Tz v/, FHliCiZ JASCO J-820
e Yedew AV, KELIVORBEEZ I mm OLDOEMFH L. ARZ MV, 5 EETEL,
ThbH &L 7.

4.3.6 E—X&RAWBREMEEER

TR ERO R ER Y LT, ¥ 70— X2 BHHICHRINT % 2 812 & D BHEFR
7o/, XA ZBE—XFEZE L pm OY Y A8, RYAF LU, R & EMiLZEY
AF L VO =2 Micromod 25 A U 72 (01-00-103(> V) 7#7), 43-00-103(AV AF
L'Y), 01-05-103(KmiERR)). VU BEOED LR AF L VB - X3EOREER %, K
HEHIL 2R ZAF L VHE-XFEORAEMEZAL TS, ITNWH5DE—X% 10 uM D
AB IR HR 0.01% HML, 37 °C THREL, TOBRERIGNDMELZHEL .
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4.4 EHRER

4.4.1 AFRULEOE

RIFFETIE, B2 BEMETTEZ L DOEBRETOBENH D DT, HROVIIZM 2 —E IR
DHWT—EICKREDY Y TVEREFERL, MU THRELZ. LU, ERLUZERE —
FERE - RMT 2 2 8iE, AB D TICHIE G2, BMAERREEZFRLTOU XD ATREELH
5. TITEY, YU IVE —ERABETLIZIENABH VY TIIVIZED LS BHELZ RIFTHh2
PFET D02, —EABUZY Y TN L TOWREWY Y TIVE 3 K9 OIS IR 5285
WRIPER 1T o2, TOR%E Fig. 451187, INHDOERE2HKT L, 2 D208V T
DEERIGOMITIZIFERIZRY. ZOMBELEEE R, AT, TNTOERIC—ERE
ULy vy Iz fnsg.

4.4.2 ApBi_40 DEERGDERALT RILF—

AB1_s0 DEESIEDTEEALT I N F—2 BT 22012, RA5 4 FEEOIRE N (25, 37,
45, 50 °C) THHEEBR %1757z, Fig. 4.6(a) IZEEEZMLIZE T S ThT HGHRE DRIFE
LRz "9, 428, HPOEARIIMLR 3 D0V Y FINTHY 2 il RO EHE (R 2% T &
5. BRDT 4w T v MR, B R-RRHER R O BB R E TV & EERRRSRIC T 1 v
TAVIUELEDTHY, ZOMHERNS, SIREIZS T RAER (k,) LHMEME (k) OIS
EEEREEHL, MAOSICELTY L= A27ay b (X (3.3) 21) 2ERLZ. TORE
% Fig. 4.6(b), (c) IZRT. L= A70Y kb, AB_go DR L SRR ADIENE
LT XV F—ZZNTH 61.91, 7.79 kJmol~! TH-orz. T, FiFETTL VA Vit
UTCTKRO ML U TNE <, ABy_yo PHBIEERENS N VNV ETHDH I L% RU
V5.

4.4.3 BERRBHEICLYTERINZRHEOES

AB T X —ITBE W E I U BB S D BHERDILIE - #h&E 2 A U /z. Figd.7 (2
ZOFERERT. 37 °C THEL TV /=YY 7T, 10 h £T ThT 30EREN ERET,
BENISIIBEI NGNS 20, A VA VICH U TS IRIBIRER 217572 & JITHWAE
5% (Fig. 3.4 2M) O % 5 ITREL, BEKEZRFTLL, 5hDITT7EA LERDb
ThT #HIREIFARIZ LF L, ~6.5h FTICBERSESET Us,. 20 ThT #esmE24t
BRI, AR - AREMEREZ ISR TEDOTHY, 7IOA REMEIERIND L D
AR ZREDTHD. BRI NZEEARD CD AT MVERD L, ZDOARYT NUIE ~220
nm [ZEDOY—27%HFL, 7I0A MRHEZEKT D - — MEEREOEDTH>72. —
Ji, BHEL T ZY Y TID CD ARY MUVKE /) Y —DTNEEDLT, TV X LIA IV
HEOEETHY, BERFFEEINTHZRY., BHEKICEVERL ZEEARDIEEZ TEM IZ
FVBET DL, FigdTIZRT &S REMEROBEAIBEEI N, ZIBEST RS 2 Hv
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Fig. 4.5 Results of the comparison experiments between sample with and with-
out freezing step under (a)29-kHz ultrasonic irradiation and (b)1,200-rpm stirring

agitation.

TR U 725 L JEAL L 72 RETH B, Bl ZIE, Lu 5, TIVYINA ¥ —JiE3E DR AR
MO U7z AR ERE Y — R UTHMEIEEL, TOMEEMITLZL 25, ffDE
BlE ~7nm THY, ~80 nm DFMIKZRUNIZ LS S U BE I M, 74, BERE
RUNOABIZE LTI, Nybo 5%, 7-10 nm & 180-220 nm!''3), Goldsbury 5%, 5-25
nm & 80-130 nmM4 LELTWB. ZAUIKH L, SEBEHETHEL ZHMEOERE AL
NEIE, 6-10 nm & ~150 nm TH Y, INETOREME T 5.
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Fig. 4.6 Result of incubation experiments under various ambient temperatures (25,

37, 45, and 50 °C)

and determination of activation energies for nucleation and growth.

(a) Time course of ThT fluorescence intensity at each temperature. The solid lines

denote fitted curves based on the nucleation-growth model. The Arrhenius plots for

determining activation energies ky and kg4 for (b)nucleation and (c)growth of AB1_40

fibril, respectively.
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Fig. 4.7 Time courses of ThT fluorescence intensity caused by ultrasonic wave with
output level of 5 in the experimental system shown in Fig. 3.4 at fundamental
frequency of 26 kHz and by incubation without ultrasonic wave. Insets show the CD
spectra of initial monomer solution (black), incubated solution for 10 h (blue), and
solution under ultrasonic irradiation (red); and a TEM image of aggregates formed
by ultrasonic-wave irradiation for 10 h. The scale bar denotes 100 nm. The arrows in
the TEM image indicate the minimum diameters of the twisted fibrils. Concentration
of samples is 10 pM.

4.4.4 BRERBORRBIKEFN

ARy 40 DEEESUG D A BUAFE 2 A $ 2 72012, 19-239 kHz O&EFHD 7 DD JHHkk %
AWTHEE KB ERE 1T o 72, ERBICERU, FBBURAAE 2 BT 5T 2 720121%, &4
BBIZB 2 BEROEEE —CIEOBENH S, HENRERHERZTOMICF 2 —THD
HHOWNE BEDOEHR PZT 70— 7 TEHIL, H5PUDIT>2KRIEFERE D RD &
BRUZH T2 & VG U - BEMEE SEMICEHRU -,

Fig. 4.8 IZ&ABBICH T2 R OMEZ RS, §RATORBEEIZE T DOMEDN
~15 kPa FEEIZ2 2 L D ICHIINEEDIRIE % % L /2. Fig. 4.9, 4.10 ([ZHHBPEBIE T2
TIEEEE 260 FFT A7 MV RT. FET O OHMthx, EAREOEY—27 @I TIE
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Fig. 4.8 Averaged acoustic pressure of the second-harmonics mode at each fre-
quency. Error bar denotes standard deviation in five sample tubes. Numbers are

measured fundamental frequencies.

BAEL TV, BEARBOBE K2 UZE 3D AB O ThT BOLME DRIZ L2 Fig.
4.11(a) IZRT. MAFITRULZT 0w T ¢ ¥ TR, BER-MEO ZBREERET TV (X
(B.1) I VN AHFERTH Y, T OHIFRD S KRB B 1T D BAE k, &fHEMER k, D
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Fig. 4.11 (a)Time courses of the ThT fluorescence intensity caused by ultrasonic
irradiation with seven various frequencies (19, 29, 50, 71, 143, 208, and 239 kHz).
Plots are averaged fluorescence intensity of the five samples. Solid lines denote the
fitted curves by the two-step model. (b)Frequency dependence of the rate constants
for nucleation, kn[1/h] and fibril elongation, ky[1/uM-h].
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Fig. 4.13 (a)Time courses of the ThT fluorescence caused with the ultrasonic irra-
diation with five various pressures and the incubation procedure. Solid lines denote
fitted curves by the two-step model. The concentration of A monomer solution was
10 uM. (b) Relationship between the second-harmonics pressure of ultrasonic wave
and the rate constants for nucleation (solid circles), ky, and for growth (solid dia-
monds), k4. (c)Temperature change in the sample tube measured just after 1-min

ultrasonic irradiation with 75 and 6 kPa.
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Fig. 5.1 Aggregation acceleration model of the ultrasonically induced nucleation
reaction focused on the transient bubble. (a)Bubble is generated in the solution by
the negative pressure of ultrasound. (b)Bubble grows in the negative-pressure phase,
during which A8 monomers (yellow hairpin-shaped bars) are absorbed on bubble sur-
face by hydrophobic interaction. (c)Bubble collapses at the positive-pressure phase,
leading to local condensation of A3 monomers and temperature increase in and near

the bubble.

M /35 A—21ZA5<, FRIZ, KRR TOMEEESOTY Y A% K0T, FRK
G FEMREME DM % G 2 12X+ AR TH D L HE L, ZOFHEICK)FHREZTo 7.
BN ZFHEO 70 —F ¥ — b % Fig.5.3 {IRT.

5.2 SEDHFEEE

HEi CHRE U 2 BHENE T TV ORBIS %245 DR, SIEOLEH TH L. 1ZUDIT,
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Fig. 5.2 Bubble-radius motions calculated under the adiabatic process(black) and
theoretical model in reference 119(red).

1. Suggestion of original aggregation
acceleration model shown in Fig.5.1.

2 . Motion of bubble radius
( R(®) : Keller-Miksis equation (eq. 5.4) )
shown in section 5.2.

3 . Temperature of gas inside bubble
( T(¢) : By assuming adiabatic process (eq. 5.5))
shown in section 5.2.

Setting calculation model )
shown in Fig.5.6.

4 . Temperature distribution around bubble
( T(r,) : Original calculation)
shown in section 5.3.

N

*Introduce five hypotheses

for calculating rate constant
for nucleation £,

5 . Frequency and pressure X .
Shown in section 5.4.

dependences of

rate constant for nucleation &,
( k,(p, f) : Original calculation)
shown in section 5.4.

Fig. 5.3 Flowchart of the theoretical calculation of frequency and pressure depen-
dences of rate constant for nucleation.
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Fig. 5.4 Change of (a)bubble radius and (b)temperature of gas inside bubble under
ultrasonic wave with acoustic pressure of 1.25 atm under various frequencies (20, 50,
and 200 kHz).
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Fig. 5.5 Change of (a)bubble radius and (b)temperature of gas inside bubble under
ultrasonic wave with frequency of 30 kHz under various pressures (1, 1.25, and 1.5
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Fig. 5.6 (a)Frequency and (b)pressure dependences of maximum radius and tem-
perature in the bubble movement.
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Fig. 5.7 (a)Temperature and radius change near the collapse event. (b)Calculation
model of temperature distribution around the bubble. This figure denotes initial
temperature distribution at ¢=0.
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ENTED. FMROEGHEAD DI, T'(rt) =T(rt) —Too £ U, w=rT" EEBEHT
5L, X (5.7) OBEESLFEAL KX (5.8)~(5.11) DFMARIE,

ow 0%w
T'(r,0) = ATy (r < Ron) (5.13)
T/(T,O) =0 (Rmm <r< RB) (5.14)
T'(0,1) # o0 (5.15)
T'(Rp,t) =0 (5.16)
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L, HEIEFTIEMNTED. X (5.12) ORI, ZHIHEZHOTRODIENTE, TO
—fikfElE, EEA B XN EHVD L,

w(r,t) = (Asin\r + BcosAr) - e oAt (5.17)

EELIENHRD. £oT, T3,

(5.18)

(1) = <Asin)\7“ n Bcos)w) o

T T

LELIENTES. LR (5.15) &V, B=0ThD (XX 500 (r—0). Ihy,
T'(r,t) = ASPAT . exp(—ar?t) L WO BORBIE» NG, O TIEHEAERERHEZT AN
WWFELBVDT, ZOROeEREODE T2 -ITHERDD. DFY,

> sinA,T  _ a2
r.t) = ZA” e (5.19)

DR TEMEREMETEO B A, 2RDB. £MR (5.16) &V, sin\,Bp=0Ths. Zh
£V, A=25 (n=1,2,3, - ) Thd. Jik), R (5.10) e HIHAD L,

(rt) = i i <WR ) eelwE) (5.20)

L LMD, 22T, SR (5.13) & (5.14) 2RI T XS R p(r) 2EA
5.

- {ATw (0 <7 < Rypin) (5.2)

0 (Rmin <7 < Rp)

ZOBBERNT, R (520) 1 1=0 ERALEBICHEDI sin (mrgs ) & 20T
r:0— RTHITS.

0o R r R r
An/ sin <n7r> sin <m7r) dr = / rp(r)sin (mw) dr 5.22
7;1 0 RB RB 0 p( ) RB ( )

ZOADMAZEFL, BHTL L,

A, = 24T [RBsin <n7rR]%nm> — Ry incos <n7r R];m>] (5.23)

nm B B

EWVSANENND. &Ko TIOBILEE T IVORESAM T (r,t) I3,

2AT, —af2r)?
T(r,t) =T + " Z F,sin <n7TF:> e (#5)" (5.24)

n=1

1 min min
F,=— [RBsin <nﬂ];> — R,incCOS <n7rRR>} (5.25)
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Fig. 5.8 Evolution of temperature distribution around the bubble collapse. Used
parameters are shown as following: P,=150 kPa, f=30 kHz, T5,=310.15 K, Rp=1
mm, and a=1.4x10"" m?/s. Horizontal axis means the distance from the center.

EREo . BIZIFTHEE W OEE T Pa=1.5 atm, JEEE 30 kHz OO EPLELDBR T % &
B3 2L, Figh8 D& D BAEMENG LN, HERME, T,..=4673.6 K, To,o=298 K,
Rp=1mm, a =1.4x10"" m?/s THY, n ik 1~200000 XL CEHEALGLE /. ZOFHEME
BND, JIEOEE EAVHEE RFTHEBIEE Y ~1 pm fRETH Y, ZORESIIKED
KEZH ESFEONAEZET ) Y —DARIIHEE KIFT I b h 5.

SIADEEIZLE S 7OV 7 WO VYARE LR AT, e #AFTORIZ LV FHET 5.

S flee T, t)dedr

0
Rcav X tcav

AType = (5.26)

ZZ T, Regy W&, RIEPEBFIEH—IZH0BL TS L TOKIEHOHERDO S, DY,
LA —DFIET D ERRFIBD LR TH B, teg &, Kid (REEE ) OFPTHD. &L
DEFED A 1074001 242 &, 500 pL(=5x10""7 m?) OEBE I & 2 KILOERREIZ,
5x1071 m? THD. HlAIE, FIE 150 kPa, JHIEE 30 kHz OMEHF I & V) BB I D F
M2 Ro=5 pum OXJLD R K PRIL, Ripner=53.29 um TH Y, HEAPEEROLKIEOERRE
Veavt = % =634 x 1078 m3 THD. Lat>T, WIRFICHELET D KIEOE neqy
1 Neaw = 122 ~ 79 LARD. &Y, KHEN—DFET 2D Regy = 1.1 mm A3

cavl

kDo, INEDMEEFANVTR (5.26) ICHDE AT, 2 BUEMIZERET D L, ZTOMHEI,
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0.001l KT ERY, [JEDOFEERRIE, BEEAROIEEIZITIZE L2522\, WO TR
BINBGHREZRT 2 e bnd. HER, Figd.13(c) IORT £ D12, BEFERHIC X DIRE LR
ISEHTEEEETHD.

5.4 BERRICORERE - SEKRENE

I CHE U ZIEG L T V=0 AR E AWT, 4SO KIS E GO HE - & E&
2RSS, BHRIZRLT, UIFOES R EZEATS.

o [IWORMIZFISAITONDE /) ¥ —DHIE, KIEVRKITIEIERU 288 8 ICFEL T
2/ X EFEL.

o KIANERICIEIE U 2B O SKIADERD R ¢ 1%, SCMEE Y ¢ = 10740051 2 L, =
DN, B EEIEKEL RN LT 5.

o ~ERIURMIZKEINAE /) ¥ —IF, BT KIATEROSIEEED ) IER U TR
DIE/NERE Ry OMETIEAING Z 95, DY, EMEHICKY, K@kms
L/ XENIND I LIFRNETS.

o JYUDFEEIMNE ) I —NEDMINDaGEENH D &5 ZBERGIZIILIND
A, SISO D I EAIX ~50 ns FRE & IEE IR T H £ O TE iR I3
IRVBEDETD.

o AVNIVHDBERKIGTIE, SiRFMHAIIZECTREZMITHENE VNI ES T H
ORGP L ENNEAT DI LIZ&Y, TDORIEH Arrhenius RIZHED AW (non-
Boltzmann 7253 V%425 D2 BARH 2D, TOIO> BRI LIFEET, AR
D KR EEE L Arrhenius OXIZRES ED LT B,

Arrhenius D REBEAEGH 7 exp (— Eq ) I%, Boltzmann K+ & MFEN, 20 F8 Nigtar T

kT
WZHDDEAERERZ U720 78 Nyye DENEIZFE L.
NTLUC o Ea
N exp <— kBT> (5.27)

DFY, HBWE T ODFMAITBOTHERN R EDHLREEKRL TW5. Fig. 5.1 TIRET
LEENEETIVCENT, /Y —ICiX, KPS EEZIT2EDLTI THRVEDIF
EL, TNODEMPNDIMEREE KIS ERLRDL., TITIRTOE/ V-2 5idIZ XD E
DOEMIZ LY “FEIZHEL, TNTNORAERD KGEEERE FIL 726 D% T DMK
B SHECBIIEERORKICEEERE $5. J2T, BERICLVEERZZILZNTOL
RIZEDDEEE, KELY 1074=0.01% ) £95. ZOLSREZHDE LIZ Arrhenius
REMRL, DB f, SIEp OBEREE FIZE T SRERD MGHEEB k,(f,p) %
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UFDEDIEETD.

teaw _ E, dt
kn(p)A<¢><f0 o (“rortitn) # 1 0) x oxp (2 )) (5.28)

tcav kBToo

ZITHTE - BIIEIE, EATH, JIEICKYEEEZIIZE ) Y —OAEROMR &K
DB E 2T E%%k#%ﬁ%tvﬁ%/7—@#%&@%%%bewé._®ﬁ¢
T, HBHEWOBEEEM (f,p) OFEL2Z D01, H—HOBBEBHORENE T(Rpin, t)
T%é.EB,ﬁ%%ﬁit%y&iﬁwﬁﬁml%w#—Eatml%Aj;442%(@
YV:fonvb$Uﬁ@tm(E:mglmmmrlA:LMxm%rU%mwt.:@ﬁ

FOFEH U7 AB DR RO SIS E RO JABE - & EMRAFNE DGR R 2 TR 53k
tmtAbﬁng59hrT BE, FAEEERAEOFEIIE VT, BAREZZREL,
ZOWREN TR E B JEEA XY N OB EBEE BB I2 o0 28 12 H) A7z,

HEREHEIC K VB SN A RO KIS E B UL, 30 kHz AT ICAFE S 2 Bt A A &
JED EFIZ N, RHH ﬁﬁﬁ#&mﬁﬂ?éawot4$f%bMK£ﬁ#%tmb@m%
MU, ZOZ ki, Fig. 5.1 TREUZEENEE TN OBRLOMNZ FHT 5720
ﬁ%ﬁ%é;t%mxbfwé.b#b,ﬁg59@ﬁ%%%%?ékb#éiou,%
To B EIREEEIIRITS. ZhE, ZOHEZITIICHEZoTOL OPDOARMEE/NT
A=A EREIZEOTIREL ML THD. ZOREEISNT A =R LIE, [T LEERR
HOBBEAILRRETHD. £/, [NEFEMIZEARINDREGOFHREIZE VT, BFHOK
J O P OB BDIEIR T D BEOBDIB LN E DRRE RO NS Z & BN EER 728, B
LEMEFRUAKE LTS, 7z, FEMKFEORRZ KT 2oL, FRERICBY
TIFEE RO G ETH S H, EEBRTEHITTRER F5E, FIRI NS EMERET 2RI
BIEMED Z L2 EOIMIERRI & D @R P RIBE G ORI I ) FELZE—RE
BATVD DI, KT LIFEEICNETHD. LILrL, TNODRHEE/NTA—R%
ZAL I B2 & UTH BN D K3 2 O FH ARG RISHOTMEN T 2 DAT, TOIZYE
VABRRD ZLIFBRVWEEZOLOND.

AWZETRIET 5 E T VIE, Goto HDRIET ZilEfaflE T B L £ FFL RN, &8
VB DOEMREIXRE EAIENEA TS, SR RRE LR ERE LR A SRIT
P, ZHULRATZGEMARIE S EA I Y LEMTH L ETES. LAV > THBERE L

TIBMRELLTOR VNI EBEHTH->TE, RAISHEENNRE L 2D (Fig.2.5 D5HI 3),
BOMHEFR L TWD EEZDIENTED. BWRORFTIZBRIMEL, KO KRERE
(IRARREDIRE) & R EEROMRE LHENH L EFEZ 5ND.
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Fig. 5.9 Calculation results of frequency and pressure dependence of k,,. Compar-
isons between measured (red circles) and calculated (solid lines) (a) frequency and
(b) pressure dependences of k,. For the calculation of the frequency dependence of
ky, the driving pressure and equilibrium radius were set to P, = 170 kPa and Ry
= 2.0 pum, respectively. For the calculation of the pressure dependence of k,, the
frequency of ultrasonic wave and equilibrium radius were set to be f = 30 kHz and
Ro = 2.0 pm, respectively.
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£6E HBIEREAWC2EED AL A IR

INFETHUOTES @Y, BEREBHIE FyEr—YarveAegdseicky, 730
o R HRRHMED BEERE AR G % BIFICAE L, ZTO@BICB Tk EZ AR T2 2 i<,
B/ —ERTRTHAIE 28N %269 5. RETIE, ZOBIICEHL, INETHERT
BIENREETH o7 AR AN IV —DEERIGIZBIT 2 MEST2HET 5.

6.1 #IT—mHEDIRK

AB WK T 2 EERIIZHMEZ RT e nMEn TS 12 ZhETABDOT IO R
KRMEIS T VI NA X —JRDHEMETH 2 L FEALNT WD, HE, FEREREKRTH LA
DI —Z TN EICHBREEARTH D 0SBl 137 2 SEEEL, #amo X an
Thd. INETAY IV—IX, BHIZERKICOHEURDIRIET D 2 & > /37 E 55 DU ~
BHEES UM REERERTSETH 2. LML, AV IIX—BT YN I —fED
BUEYEGEME UTIHEHIND LD IR >TLE, A RMEAFHOAY I —0HEET D Z
EAREINTVD 124 AB DK T 2 EM44) Iv—0WEZEL, BHERIGIZS T
B 1B AL VE R % FRIR S 2 Z L1 T VY NA IR DIRIRD 7= DICEE R MIFIZ AR Y S
BETTHRL, ZYNTEBEEDMHHEDTHIZENTEHIREEWHNTDH S.

FHIARESZLIZ B Y—MEEZ2ETIA) Iv—0FEE2RTLVIWEN R INA
(78125 ZpAA ) Iv—Id—f7 I O REHMEC LU 22 E— 2R 720, Skt ) I —
(fibrillar oligomer : FO) & &AF1F iz 1251 FOI%, g ¥ — Mz A L, ThT #6E % T
B0, MHEBROILIEE RY T, MHORS BB THE Y —T 1 VI RIb %R X A 1260
ZTUTC, Z0A)IY—3A4Y I —RENHIK ALl TIEE<, BRHERRIGE OCIZLY
BHINDZEMMEINTVD 12T ZhIZHL, ThETRICA) Iv—LIFENT X
b DILARHE A ) I — (prefibrillar oligomer : PFO) & IFEN, KAlXhTwng 127,
PFO IEAERTH I HEEEH I R\ /20, ThT 42 HKI BV, /2, ThHIFAY Iv—
RERIHIR AL IC k> TR#I N2 1B UL, Zhesod) I3 —0RERISIZBT S
BENTFEMICHABEINAZZ 1T AL, HEIZINTHARY., —HD 7 )V — 7%, HEEKTH
HRHMEL IZHNI AT Y RTY REUTHEET S AY Iv—6bH L 2WELTH Y 1980
INSIFEEIERINDIARIFENTHD. TIT, KETIE, ABi_y WEKTS B ¥— b
WEz2ETLA) IV—2ZFITHOA) IV—DRERIGIZB T2 MED T %2 4 ETHRL
7= B R I IS (optimized ultrasonic irradiation: OUT) (2 &V FHEL 7z. OUL Ik D
NBKHEACRE I & VB ) v — & hA 2 85 2 e & <Hib X w2 1290 kT, =
DR RZARMELRES I &Y, INFETHMT 2 Z EBREETH o724 ) I — 23 R A
ISR TY RZY RTHLDONEHRET 2.
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6.2 EHNBICLYERING AR &R

AIFEIZEWTIE, B (high speed stirring: HSS) 7 V57— a vtk g ¥ — M
BEAETLOAY I —%2FHT 5. Fig.6.1(a) (2, 10 uM D ABy_40 WHIZX L 800 rpm D
HSS 7Y5—Yay, OUL 7V —Ya Yy, ERKEE UKD ThT #O6HRE OKRZAL
iRz R, WEL ALY TIVTIE, 10 RERED T 78 A LA EROH ITHRHEE SR
BETWS, BHEEEBRF LAY Y TIUTE, FyET—Y a3 VOBEBRREDRIZEY SV
BA LD 3 IR I S 1, SRR E TS, 250 ThT FmEfhiirix s 27
T RHFRTHY, 7 IO REEITER I WD & TOMMKAREDTHD P01, —J5, #i
JLER % N Z 720D ThT #EHRE L, T 7 21 L0378 <, KRB & R OBOERE D |
FURD, BB SEPMEIC L > TTERRERDZNID HENED LR >TH
5. ZhuE, BIRICE DRI NS BERPAERMKIGE DT IR INT WD Z & % Eik
LTW5.

TIT, YOEIBEERPERINTNDDMN%E TEM BEIZ LY KL 72, TORER
% Fig.6.1(b), (c) 1279, Fig.6.1(b) IF@EHERIZ K DIERU 2BEART, ¥I 01 REHETDH
%. Fig.6.1(c) IZRIDIE, BHPMBIZEL D FERLU BEARTDH L. ZOESERIT ThT 8¢
ERTDIZEPPDOT, MO &S BHERIIBRINEN o2 WIZ, ThHD kG %
FHEE$ B 72 IR Y @M (circular dichroism : CD) A2 hVHlE 110 245572, 20
fiR % Fig. 6.2(a) IZRd. ABDE/ ¥ =34k, BAMNEZ R80T VA LA IViEiEER
AL T3S, Fig. 6.2(a) FOMMRIE, EBRFIOE ) Y — DAY NVTT VA LIAIVEEE
DANRY NV THD. 2ETHBN@EY, MMEEZIVKTIE /) v — D REHEIX AN VR
HETHD. FEISEZEBIICEOE-UZT I 01 RigHED CD A2 MUK, 220 nm
fHEIZEDY =2 2 H T MR 3 ¥ — MEEDARY ML TH - 7z 110,

—F, B E DR U ZEEARD 2T VI, 225 nm (BEICEDE—2%HFLTEY,
TIOA M T2 A URREMIZY 7 P LTV, Zhid, BIICEDERINS
BEREPEAZ Y- MEEZAL TS Z L2 RBRLTVS.

INSDOFRMNS, HSS 7V 7 —¥ a VI VR INAZBEAKRE, FO LU-MEZRT
ZENDnd. FOIEXTD ThT HNBENT I 01 RO TN LY BN EARBI N
TeY B2, 2 2 CEBEU 2B S AROMHZ R L TWD. ZOMERS, HSS 7Y 57—
YavIZEVIERIND AR BEKIE, FO LHEBLUTWD ZeWbD»nd0N, wEINTHD
FO L 2<FALEDTHAIBIUFIZ L WAZDIZ, N, HSS 7V F—Ya vy ML AV I
Y —% BA) Tv— IR,

—h, BEERAZVAY I —IZBUCHFERL, ToMELPREz8I%LL. T30
A RAERME SR V8BS E IR N OS2 172 RO RER & RS B I AseE s B 2 2 n
5, 50 uM D AB;_40 B/ ¥ —HKIZ 500 mM @D NaCl 2R/ U BB ERET S Z LIk
Y Fig.6.2(b) IZ/R 9 & 5 RHER 30 nm FRED/NI REHEAESRZ. TUT, TORERDRH
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o
=]

(a)

- | —&— stirring (800 rpm)
—— ultrasonic wave
—O— incubation

Fluorescence intensity [a. u.]
S

(b)

Fig. 6.1 (a)Time courses of the ThT fluorescence intensity caused by OUI, HSS
agitations, and incubated condition. TEM images of the aggregates formed by (b)OUI
and (c)HSS agitations.

ElE, Fig.6.2(a) D CD ARY MR SEAWMOND £D1Z, FVHELAIALIEEETH > 7=,
INEWMEINTVDS PFO LHLL ZMEZRTEDD, F—DEERNE D NTHONE A
Wz, AFZDEMTERL24Y) I¥v—% non-B A ) IX¥—CIER, UFOETIXING
2004 ) I —DOFRREERME, ¥—7 ¢ V78N, MRRMifasEEN I hETORE & —HT
2MMESMEFEL, RBICEREBETRER AT, TNOOBERINIE T MED T %
HETS.

6.3 MAERER

7 I A REGEHER RGFURD OC Fidk 1281 ¥ 74 ) I — R RIFTRD AL1 Figk 128 2 fuv
TERLD 2 MDA ) T¥—OWEDFARANDOIGHEZHES S. FO I, OC FitkiZ, PFO
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2000
=
g 0
~
Az
LE) -2000
en
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Fig. 6.2 (a)Time courses of the ThT fluorescence intensity caused by ultrasonic ir-
radiation, stirring agitation, and incubated condition. TEM images of the aggregates
formed by (b)ultrasonic irradiation and (c)stirring agitation.

12 AL HRIC & DRI ND L WEINT NS 121128 = = Glg 341 Tv—¥ non-B 7
DI =RINEDHFARIIH U TED & SITKIGT % W % IR MK G HUN KR (wireless
electrodeless quartz crystal microbalance : WE-QCM) t > 130, 1311 2 BT REAfi U 7.

6.3.1 EREEHDKBMNRELVY

IKEEUNKFE (quartz crystal microbalance : QCM) 2 ¥ ¥ CTIXEBEIR T b D K D iR
B & D IRE) ¥R CTOEERD FEMBEHZRETOE VI THD. EEERTDH D KE
&, BAAEZMAS EHMERL, #IZ, BER T @Az EL. ZOMEEZFAL,
AN S K IIRE R AWHIRENE — N CTHIRT 2 & 5 RIREIEL 2 AT L, TOHRIZKY &
CikBESG 2 2E 0, TOMRRMEREZNIET S, AR R f, B8 M OKGIRE)
F I HUNE R Am ASRHINTS 2RO JEEEZE AL Af 1, BAF D Sauerbrey o= 1321 12 & 1)

RIND.
/ 1 Am

PRV S NS K EIRE) 71d, IREIELEZHWT52000EMEET L. ZOREMPE
BERGIF &80, DN AR v H e iKT 5L QCM U3k, BEOEKNEZYYTH->
7. L»U, ABZETHWS, KEIRE) OB ORI - M &2 R 7 > 7 F &2 AT S
WE-QCM & V¥ Tld, IREFREICEEME RETDHENRL, ZOLOEHBIVES
ThY, HBECREY-RE TR NS FRMEEHZRET L2 EARETHD. A
ZUT B W TKRERE 7121, EY ~28 pm, R ~60 MHz O AT-cut /K% £AH L
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Synthesizer Diplexer

For PC
<— Receiver
Antenna for
T transmission
Flow
Pre-amplifier solution
Antenna for
receiving  Quartz crystal chips

Fig. 6.3 Experimental setup for wireless-electrodeless quartz-crystal-microbalance
measurement with two channels.

To. KEERE] T O IR AU, REEIHENET S, UL, AT-cut /KO HIRE K
BOBRERAEMEIZRIEAHET 1070 K1 B & JERIZ/ X < BB pE S k& D R
JHEBZEACIZ 1072 ~107° DA — & — 1B4) ) BB RIFICHEEZZ NI VEHIZTS 2 2
A[RETH B.

6.3.2 ERBRKE

PUAFERRIZH 2 WE-QCM Gl A7 ADEIKX % Fig.6.3 2R 9. AEBRICEWTIZAE
WD FRL D 2 MOKBIRE T2 V2 2 F v > FOVERE B 24557, 2 OHE T
VT FOMIERKIZARS>TEY, TIXHERAETYRY T2HVTRY. Y d 1LY
HAINRERABEEDON— A NRREBIEEZ LA T3V 2@ L CEERT V7 FICHMT
. XA TVFHET VT FTRIE U ANELRIENY Vg A FITHRT 5 Z & &2 Fikd
570DV, RETFOARIRT 2 LICKVRELAZESGE2ZEHT VT FHICEYZEL,
TVT7 A& 20 dBHIET . HWIEL ZESIXL Y=/ &) IS5 ICHEI h, PC A
Didd, YA PR HELZEEBSES OFSORE M E T 5. Zo5Hl% 2
D HRE D HAR AU E TR R ZAI VRN 547D 2 I &V IRE O R B
fbZFHIL 2. &B, FE50RELZEITE, RITEC 48 RAM-5000 ¥ A5 A% H\\ /-,

6.3.3 ERAE

i U 72 LR B DO 72D 2 WD AT-cut AKEHRE) FOMi&RmE I Cr % 5 nm, Au % 18
nm FEE AN ) U ZFEIC KD EET S, s ORI, B UTHWSEDTIEARL,
H MR L 55 712 (self assembly monolayer : SAM) THRE) 7K E % EH#id 5 /2dDEDT
H2d. LFOFIETF v T & HEfif L 7-.
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(1) ¥7 =7 (HaSOy : HoO3=7:3) 1T 5 min, UV %% 15 min 175.

(2) KT X ) —)VTHEE 10 mM IZFHEEL 72 SAM BRIZF Y TR L, LHIEE, WE
(4 °C) NTIXE.

(3)100 mM @ 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) & 100 mM & N-
hydroxysuccinimide(NHS) % &LERICF Y T2FL, 1 h RET 5.

(4) BERE (B AV I¥—, non-f AV I¥—) % 1h EE(T 5.

(5)10 mg/ml OV ¥ fiiE 7 )V 7 X ¥ (bovine serum albumin : BSA) % H T 1 h & 5.
(6) —HDOF Y 7210 ug/ml O OC Hitk%E, £5—HDF Y 7210 pg/ml O All Filk#z 7=
5L, BEMYELKIEIES.

CZETHMLAEFY T, FHIHZO—X )izt y bU, HIRFEEEZ L 225 PBS %
200 pl/min OME THE LIAL. HIREBPEIZEL 22 L 23 L, 70—l % 50 pg/ml
DE T R IEKE & > 7327 E (Staphylococcus-aureus protein A : SPA) IZH]V & X 5. SPA
13 IgG RIURITREA T 2720, BERPEIZ OC - A1l FUlADB G L TWB &, HIRFEHEZE
bR ED. ZOEDIRFEIIEY A ITY— -non-f AV IY—D OC - A1l FifRIZxt
THOREEZFEL 2. ZOT7vEAIIET KRB FRETORIGERL ZEAK % Fig.
6.4(a) IZRT.

6.3.4 ZERER

PAEDJIETH » PR EROMER % Fig.6.4 IZR7. Fig.6.4(b), (c), (d) iZTNnTh, B
AV I¥—, non-f AV Iv¥—, BSA Z/KGBIRE) FREIZEZE/MAL, OC - All ik KIn I
B2 F Y TOLREFBZEAMIRTH S, BSA & SPA IZFE LAV EXHENUHHO,I -
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Fig. 6.4 (a)Schematic illustration of the antibody experiment with two-channel WE-
QCM measurement system. The reaction curves between OC/A1l antibodies and
(b)B oligomer, (c)non-S oligomer, and (d)BSA. (e)The amounts of frequency changes
after 30 min from start of the reaction.
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Fig. 6.5 Time courses of the ThT fluorescence intensity with OUI-fibril and HSS-
(B-oligomer seeds with three different concentrations.
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Fig. 6.6 Fluorescence image of the neural system differentiated from mouse ES cells.
Red and green regions indicate neuron and astrocyte structures, respectively.
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Fig. 6.7 Images of neuronal systems used for the neurotoxicity assay of the 8 and

non-3 oligomers acquired by (a) fluorescence and (b) optical microscopes.
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Fig. 6.8 (a)-(d) are fluorescence images on the neurotoxicity assay for (a) negative
control, (b)monomer-, (c)B-oligomer-, and (d)non-S-oligomer-added samples. (e)
Comparison of the axon density quantified from an area ratio of the fluorescence
images between above four samples. C, M, §, and N3 denote control, monomer, 3
oligomer, and non-3 oligomer, respectively. Results represent the meandsem (n=15-
25). n.s.: not significant, *p < 0.05, and **p < 0.001 versus leftmost bars in the each
group, negative control.
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Fig. 6.9 (a)Results of composite experiments with high speed stirring(HSS) and op-
timized ultrasonic irradiation(OUI) agitations. Scale bars denote 200 nm. (b)Result
of ultrasonic irradiation experiment to non-f oligomer. Black and red scale bars
denote 300 and 100 nm, respectively.
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(a) under stirring agitation
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ThT negative oligomers
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Fig. 6.10 Schematic of aggregation model of Af1_49 aggregation reaction under (a)
stirring agitation and (b) ultrasonic irradiation. (a) (i) 8 oligomers are immediately
formed with shear stress generated by HSS agitation. (ii) Once S oligomers are
formed, their conformations are unchanged even under OUI agitation. (b) Ultrasonic
agitation accelerates nucleation of fibril by decrease of apparent energy barrier for
nucleation through the catalytic effect of the cavitation bubble. Non-8 oligomers
are changed their conformation directly, or through its disassociation to monomer
state by dispersion effect of ultrasonic wave. On the other hand, energy barrier
for formation of 8 oligomers increases by ultrasonic agitation, because it forces the
peptides to be isolated and prevents them from interacting each other.
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