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AB amyloid-p peptide

AD Alzheimer disease

AFM atomic force microscopy

Boc tert-butoxycarbonyl

DAP 2,6-diaminopimeric acid

DIC diisopropyl carbodiimide

DMEM Dulbecco’s modified Eagle’s medium

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

ESI electrospray ionization

Fmoc 9-fluorenylmethoxylcarbonyl

h hour

HATU O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
Hexafluorophosphate

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

HOBt 1-Hydroxybenzotriazole

HPLC high performance liquid chromatography

MALDI matrix-assisted laser desorption ionization

Me methyl

min minute

MS mass spectrometry

NMR nuclear magnetic resonance

ppm parts per million

QOL quality of life

t room temperature

SD standard deviation

SEC size-exclusion chromatography

SEM standard error of the mean

SPPS solid-phase peptide synthesis

TEM Transmission electron microscopy

TFA trifluoroacetic acid

THF tetrahydrofuran

ThT thioflavin T

TIS triisopropylsilane

TOF time-of-flight or turnover frequency



uv ultraviolet
WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-

2H-tetrazolium
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T IV NA < —J (AD) 1&, PRAMEREDIR T % HIER & T 2R EMERED—D2>Th D
1, AD OB CTHAEL 3000 ﬁkk?@ﬂiéﬂ“(%@ RHVE B O 8 UL B A
H D, EHIT, 2050 AFITITBERD 1 EACH £ PRI THDE, 1906 4T Aios
Alzheimer 7% AD 35 DO *ﬁ{ﬂ%%&ibfﬁ)% 100 40 R E . AD OIFREMIIIHEA TS
EINTWD, LILABRE, REBOLNICR S TORWESNELFRINTND Z &b,
IRFZ IS N T B - TERIE DT TOIL TV D DONRBURTH D, 2D X5 Rl mN6,
BUED & ZAIRAR R TG - 1aREIT R < MHERIEICE E > T\ o,

AD OFJEMMEL LT 7 IvA RO — NG MEB S Tws  (Figure 1) B
AD OJFHEED = RFF & LT, EABE, MRRIEEHELRNE, FRIsE N BT b D, 20
T, AR BIIER T & BE M TEAE D3 673%%) ZEMBIERSND L0
7Bl ZOEBABEHX, 7IvA FB XTF R (AB) DEFITEE L., ZOREMRNER
L72bDTHDZ ENmnoTETWAEL ABIX, 7 I A FRIBKAS /37 (amyloid
precursor protein) 75 N Kl % B-secretase (2, C ARl y -secretase (ZNAIZBIWT =
HZ LI VEASND, T T, y-secretase OUIETERALA 40 FHSC 42 FH 72 K

D2 Enh, ABITIE ABI-40 CABI-42 2 E VW ONDT A V7 4 — LBNTFEET
Do FEFELTE AR T/ v —IXBEMENELS, AV IAv—%2FH L, 7v X B-2— Mgz
AT257 A NRHEZTERT 54, ZL T, AR D %ﬁif%éﬁ) T — BHED
Rt R Z LB Ba A m‘sﬁ%%b: AD DORIEICIELS b Tnb EEnNTW5S, ¥
(2. AB1-42 X AB1-40 7¢ Efihod AR 1ZEE~, HEdE $75>|—J< BELRN ER o T
Tna,

AB1—42
monomer

~— —

I

small oligomers large oligomers protofibrils

@@ = fp = —
@ fibrils

Alzheimer'sdisease

Figure 1. Amyloid cascade hypothesis



Bk I BHEROHR T, T IuA FEMEL D AV I~ —0FBMREEITmEE 6
TWBEIZ Lt BEARIKRTHD AR AV I~—DOMWE EMRNTT 5 Z EI1XT VY A ~—
HOIRK ZRAT 57 DIZIEFICEHETH D, L, AR DEEIEREGW O H b AR
DAY A~v—ZHEELZOMWEMITT 25 2 &1, AV I~—08iicEE bz L, »
OREETHHTZD, WO THETHD, ZZ T, (MDD FIEICEY ABAFV I~v—%%
EALTHZENTEIX, ABAY I~v—OMWEZMIT T2 N TEHEEILND,

AB AV I~ —%LENMT HFIEL LT, TIVE TITHE STV D286 & BL N IZ 28T
%, Balducci 1%, 4°CIlZTA > FaX—va L7V EzHNTE—72Ap AU I~
— &L, ZE AFM fi#fT3 L OV SEC  (size-exclusion chromatography) (2 C43#T L Cu»
20, 4°CITTHB LI AB Y 7L TIEIFMEIIBIE ST, 4V I~—23FT o5
25 AFM [ CHIZE ST % (Figure 2a) P, F£7-, SEC Tl initial state & [F] Uy HEREE I
Bt —7 ZRMHLTW5D (Figure 2b) P12 LD, 4 CIZTHRE L2 AR o 7 nidd
< & SEC TSN D 2, B—"MEFREZIE L TWD 2 EN3nD,

(a)

Initial state 4°C Oligomers Fibrils

0.05 4 4
= initial state

. 0.04+ : ~—— 4°C oligomers |,
E — fibrils
< 0.034 .
)
2 0.024 o
=

0.014 -

0.00 g

0 20 40 60

Time (min)
Figure 2. The pictures of (a), (b) are cited from ref. 9. Atomic force microscopy (AFM) and size
exclusion chromatography (SEC) of different AB1-42 preparations. (a) AFM characterization of the
AB1-42 the “initial state” corresponds to the freshly dissolved peptide kept at 4 °C; the oligomers
were formed after 24 h incubation at 4 °C, pH 7.4, and the fibrils after 24 h of incubation at 37 °C, pH
2 (scan size 2 um x 2 um). (b) Initial state (blue), 4 °C AB1-42 oligomers (green), and fibrils (red)

analyzed by SEC, monitoring absorbance at 214 nm.



L2>L7273 5, Balducei H284E L CU5 4°C THRBLL7Z A 4 Y 2~ —(%, SEC TH—
DE—T%HZTNDHZ LD, HOHREL I AB VL TATHLEEZEZLNLDLHDD,
TV T —HHEOLEMTHHICIZE > T, £72, YR, Y%AV 2~ — 1 3AEHRE

(37°C) TIHY—MEZEELTILLEZEZILND,

L7zno>T, AR AV T~v—2ZET D011, AL FEHRFEOLTIIN#ETH S
ZEBNEESND, —HT, ABA Y Iv—ERERTHFELE LTRSS THWDRI0F
BEE LT, AP DOIEZL b & ICHEELAHEMT 2 FIERET b D, ZHETICHREINT
WDALER AP A ) I~—L LT, LLFORFFERENS D,

- Héird © DAfFSE
Hird 513, AP42 B LT AP40 D Ala?' 5 L TN Ala® % Cys [IZEH L, MIHOZTNZENDF
F—NIHE D ANT 4 REEATHE LT=XTF R (AB42CC B LN ABLOCC) ZAbFEAR L
(Figure 3a) [l ZN O 24 Y I~ —0 ki (Figure 3¢) UCITERE YT
(Figure 3d) 1% I35 X OEMERHIE 21T > CTuv5 0 e d - (Figure 5, D), AP42CC @ B-sheet
oligomers (% SDS-PAGE |[ZCH A v —X° M v —IZHY T 55 FEDO N RE b % (Figure
3e) %l TEM (Transmission electron microscopy) (ZC7' 1 k7 ¢ 7 U LIRD & D DR S 4L
T3  (Figure3d) [1%], F72. SH-SYS5Y human neuroblastoma cells Z VT, ZiLZEiD
FVad~—, 7 s 74 7V VOMREEZFMG L, B->— MEEZ AT 54 Y I~ —03
bR RN Z & (Figure 3f) UCIAIE LT D, 2D OFERIT, Ap42 D Ala®! &
Ala’® % Cys ~EH L, TNZNOMEE S AL T ¢ FIEETHRG L2 ik p 4 9~
—DORFENNREEZEZ D ENTE S, L, bR EtEd mv e & FE Sz p-
sheet oligomer D2 EMEIZ B L TIEFAHE S 40 TU7guy,
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Figure 3. The pictures of (a), (b), (c), (d), (e), (f) are cited from ref. 10c. (a) (Left) The B-hairpin
conformation of AB40 observed in complex with an Affibody binding protein. Nonpolar side chains
at the two hydrophobic faces are shown as sticks and colored yellow and orange, respectively. The
Ala?! and Ala*® methyls are located in close proximity on opposite B-strands. (Right) Model of the
ABA21C/A30C double mutant.

(b) (upper) Formation and separation of AB42CC (black) and AB40CC (red) oligomers during SEC on
a Superdex 200 PG 16/600 column. Monomer peptide samples were loaded in denaturing buffer and
eluted with native phosphate buffer at pH 7.2. Apparent molecular weights and classification of eluted
oligomers have been indicated. HMW aggregates elute with the void volume. Sample amounts: 2.7
mg AB40CC and 1.7 mg AB42CC; (down) SEC of concentrated AB42CC B-sheet oligomers (1 mL,
145 uM), which form protofibrils with an average apparent molecular weight of ~ 650 kDa. The
dotted line shows that these are smaller than HMW aggregates in (b).

(c) CD (mean residue ellipticity) of SEC fractions pooled as indicated by shaded areas in (b). Dashed
lines: 8-kDa monomer (gray, 12 pM), 30-kDa LMW oligomers (blue, 16 uM), and 96-kDa B-sheet
oligomers (red, 8 pM) of AB40CC. Green: ~100-kDa B-sheet oligomers of AB42CC (13 uM). Solid



blue line: the 30-kDa LMW oligomer fraction of AB40CC after concentration and heat treatment
showing formation of B-sheet oligomers.

(d) TEM micrograph of a concentrated sample of AB42CC B-sheet oligomers (190-uM monomer
concentration) showing assembly of B-sheet oligomers into protofibrils.

(e) SDS/PAGE of wild-type Ap42 (Left), purified but unfractionated Ap42CC (Center), and Ap42CC
B-sheet oligomers formed during SEC as in (b) (Right). The right lanes in all panels contain A}
samples, and other lanes contain high and low molecular weight standards (HMW and LMW). Weights
corresponding to monomer and SDS-resistant dimers and trimers have been indicated. The loading
buffer contained 2.5 mM TCEP (heat-stable reducing agent) to completely break all disulfide bonds.
(f) Neurotoxicity of ABCC to SH-SYSY human neuroblastoma cells. ABCC samples, except B-sheet
oligomers/protofibrils, were prepared and isolated by SEC, as in (b), concentrated to ~75 to 250 uM
in phosphate buffer at pH 7.2, and added to cell cultures at 1-, 5-, or 10-uM concentrations. Caspase-
3/7 activity reporting on apoptosis was measured after 24 h of treatment. Dose-dependence of
apoptosis induced by AB42CC species compared with that of wild-type AB42 monomer and fibrils and
AP42E22G.

» Teplow & DAF5E

Teplow o PICUP &9 L% HW T, SDS-PAGE T AB40 DAY I~—% 8L, %
o OB NI 21T > T\ %  (Figure 4a, lane 1, Figure 5, @) ', %9 SDS-PAGE %17
W, Frobly L - i AR T RS EOA ) I — 0O HEEAZ{T -7 (lane2-6), L
— 2 [FHPER DAY I~ —BEEFHEIRA LT SDS-PAGE fiff L7-b DO THY | L—1 3,
4,56 1%, Hiffsnice /) ~—, ¥A4~v—, bV ~— 7 N7 ~v—%&Zi £ SDS-PAGE fi#
rLiebDThd, 2B, L—r 7 darbe—LThy, U I~v—%EERNTIITK
LREEDEAE LTV, AN RBBIIS N2 W2 L 2R LT D TH D,

WIZ, B HIFHBES N2/ ~—D0 0T b7 ~v—OWHEEZIKEL TS, ZOMRE, &6
ERRENAY I~v—F L, B->— MEEEZ MR LT < (Figure4b) U1 kbS5 i
& (PICUP 4LEE72 L; UnXL) O¥EEZEHE LT < (00— RIEMEREVY)  (Figure 4c) [100]
DO ARG PC12 (2% LIRWIla FEME 2R3 2 & 3B 202 LT 5 (Figure 4d) 1100,
Ll O OREICBNTHAY Tv—F Db ODOLEMFMITMRFT S TWh72eu,

VTR, 1% 513 ECiFgeE %2 Ap42 ~EBAI L. AP42 @ Tyr'® % Phe!® ~ L @EHT 5 & & BT,
Asp', Phe?, Ala®', Ala*? % Z 240 Tyr ~ & &L Lo B RK % 4 FEE N ZiVb A L,
T HIZx L PICUP MLEE 21T - T 500 ZOfER | Ala®? % Tyr ~ & @ # L 722 BIRICE
WTLIRKTOBEETESAFON RELTHRIETHAZEIZRILTVDEEOD, 2
5DA Y Av—ZOWVWTHEHII T TWRNEWN) ZEEHRELTWD,
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Figure 4. The pictures of (a), (b), (c), (d) are cited from ref. 10b. (a) Stability of purified oligomers.
AP samples were subjected to PICUP and SDS-PAGE. Individual gel bands were stained with
Coomassie blue, excised, and then extracted under alkaline conditions. The extracts then were
reconstituted in F12K medium and analyzed by SDS-PAGE and silver staining. Lane 1, cross-linked
AP immediately after PICUP (cross-linking control). Lane 2, cross-linked AP subjected to the entire
protocol, but with all bands pooled together (control for unfractionated AP subjected to alkaline
extraction). Lane 3, monomer band. Lane 4, dimer band. Lane 5, trimer band. Lane 6, tetramer band.
Lane 7, a “band-equivalent”-sized piece of gel (“no protein” control). The data are representative of
results from each of three independent experiments.

(b) Secondary structure dynamics of AP assemblies. Isolated oligomers [monomer (Mo), dimer (Di),
trimer (Tr), and tetramer (Te)] were prepared in 10 mM PBS, pH 7.4, and then monitored immediately
by CD. Data are representative of three independent experiments.

(c) Nucleation of AP assembly. The nucleation activity of different AP preparations was assessed by
addition of each preparation to uncross-linked Ap, which then was incubated for 7 d at 37 °C in 10
mM PBS, pH 7.4. Aliquots were assayed periodically by using ThT. The preparations were 10%
(vol/vol) AP monomer (Mo), dimer (Di), trimer (Tr), or tetramer (Te). Binding is expressed as mean

fluorescence [in arbitrary fluorescence units (FU)] = SE. Data were obtained in three independent

11



experiments. Arrows indicate times at which half maximal ThT binding was observed.

(d) LDH activity. Uncross-linked (UnXL), cross-linked (XL), fibrillar, monomeric, and purified
oligomeric (dimers, trimers, tetramers) AP samples were added at final nominal concentrations of 25
uM to differentiated PC12 cells. LDH activity in the supernatant fluid then was measured after 48 h.
Data are representative of that obtained in three independent experiments. Each column represents
means * SE. The statistical significance of the toxicity differences among samples was determined
by one-way fractional ANOVA and multiple comparison tests. *, P < 0.01; ** P < 0.001. NS, not

significant.

- T OO

ANILHIE, AB40 O Glu2 % 7’1 U AZEH#R L, Ala® |28\ C LL-DAP THES X872 AB40
A< —HALFERR L, Z OEEMESCTERE IR 3 X O 72 & OME T2 LT
510 (Figure 5, @)

Nowick &%, X7 F ROEFIT N-AF AL LT 2 JEEEAL, ABD 17THEHD 36
FHITHY T HH0EINERANT M)~ —2 G L. 20 X MG, 2,
TRKEIEENT 22 E B IT o T 500 (Figure 5, @)

@ Wild type AB42  AB42CC(Cys21/Cys30) @ Cross-linking at Tyr
N
JA30 30
A21 21

A. Sandberg, et al., Proc. Natl. Acad. Sci. U. S. A. 2010, 107, 15595-15600.
G. Yamin, et al., Biochemistry 2015, 54, 5315-5321.

(@ E22P AB40 dimer @ macrocyclic derivatives (N-methylated backbone)
30 L,L-DAP
40

HJN\)J\ )\(N\)J\ )\(N\)\")\r"\)\")\f cnz
He o
HC O 5 0mJs o |m o z CHz

”\r"wm”\r wm”\r wm”\r"wmua

E22P

A. G. Kreutzer, et al., J. Am. Chem. Soc. 2017, 139, 966-975.
K. Murakami, et al., Biochem. Biophys. Res. Commun. 2015, 466, 463—-467.

Figure 5. Previously reported AP oligomers.
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UL, INDOMLTHRESINTND AR AU I~—i%, APR BNAT D7 2/ BRES
B (R AT 4 7 EIXRR LT I BICER) 2 ANT0D, b LIE, AB42 OHE AL
FNOHZEANTNDTID, ZIE OEEOZEZZ T TVDLZENORHERET LAY
A~ —ThHOHARMEEEATND, £, BESNTWDLAY Iv—idnThnd, 402
=N ORHEEEEREO L E R TN TERVLDOTH D, LEBN->T, XA T
AT AB DT HA Y I~ —OWE % KB TE TWRWATREME R & 5.

UbED X575 s, AFZETiE, Ap A S~—0REERLDITHIZD, ApD
S A b L ICEBIEREMT 2 TEE IR L2, ZOTEICEY XA T 47 AP DEHEIR
BYORNOHBET S Z 7 WEOEWIRED AB A Y I~v—2 G EBERT
MHThD, F1-. LFEMICL 24 ) I~—3 I v 7 OREIT. BIFICREEZS LA R
2T A Iv—OWEMTICR L TERRT e —F ThoHr B LIS,

IO, RAT 47 ABR MOEREND A Y I~ —% KT KasCTlE, %147
47 ABR BET LT X BB A 100%4ER LT B CLREL Y S~—DlE B & LT,
Tihebb, AR VAT DT I/ BEEEETHEL, MUNaEEROZIZL Y A ) I~v—
HRENT D EVIMIE AN Tz, £ LT, 56472 AP42 B8RO A ) A~ —DEEEME,
TIRKERE, B OB 21T o T,

AR DALAHERTOMEEEBORRE e E LT, AP OEEREICHFES LTS EEZD
TS AR X7 F ROMIBHE L OMEERZFIH Lz, AR _7F MUSHOBRILIZEE L
7o XTF MABHOBALIC L W, a7 4 A — g VEEIRIC L DS BIREED L E MR A
HFRFCEDLBRTTOTHD, METORER, ApA2 O 23 FHOT AT X (Asp?)
L2 FHOU VU (Lys?®) ORISR OEBZ LFRBA TRBET 2Ltk > T, BELY
=N T 5 Z LA L, & 612, ALFRZRRIRIC Ko T, a2 G R E 4 1)
Wrd 22 LI VLREFY A~—nDRRHE~OEWNARETH D 2 L &2 R Lz, L2
BRI Ko TAH Y A~ —ORHEA~EWAEERLE AB AV I~v—I I v 7 Th DA,
KRBT HAY T~v—3I I v 7 OFFEB L OFHIETH S, AimCTiE, it AB42 5:
{EFHEIROREA ) I~ — ORI TR DN TR B,
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Our approach

synthetic organic chemistry
chemical modification

a stable conformation

Figure 6. Chemical modification of Ap42.

51 E T, AB42 D Asp® & Lys® OfIEHZ Al 2 G kA ChHAF L) v H—T
BAL ST ER OGN G, BLIOMWEHIICOW TR 5, £z, AF LY o h—
DFES - YUIWNZ L D4 ) T~ = DRRHE~ DRI DN TR D,

%2 BETIL, AB42 @ Asp® & Lys?® DIgE %= R Al 72 HFEL CTH DT 7 ¥ LA TR
L ERTZFFEAEOKEE, ARk, BLOEEFHHIZ W TR~ 5,

ARFRIZEVESNTZHEANRA T 47 AR AV I~ —OMWERITIZ SR, A &5
\ZIE7 2 v A RAEET 2/REOIEEMAE OMEB AD IR D BT ICE B T & fuidsEn
Th D,
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W1E XLV —EET D AP FHERORE - ARk - EERHMm

1-1 AFXRT AU U —EHTDH AR FHEEO(LEWRkE!

AB42 IZKF L CHBE LN FHEMiZ T ICHT720 . AB42 DiEEEE 2 fa—
NTHZEPMBETHDLEEZT, Thbb, AFA=VEHTLHRAT 4 7THEED AB42
FHEARIT AB42 HR DARES MR X NS WEEME S TR S AL, 2 & O HiEEds X O it
NNEETHD Z ENEESNT, £ 2T, AP42 O MetS BERIL STZ AB42 A F A= A )L
REYNEICER Lz, AP AT A= 2R x Y IR AP DEHENEZ K %S 1F 5 B-3—
NMEIE 2 BT DB AN S 7z A VR > RICEK L, AR 27 F R OBk 2 856
SNTWVDZ LMD, XA T 7 AP4A2 & HHE LT, Z DREEENRH I T\ D, £z,
ABA2 ATF A= ZNNARF Y NMRIIT VYA~ — TR BEORNIC A ET 2T A Y 74—
LATHDLZENMBNTNDLIL, LN T, AR A F A= AR F v RRICH LTk
PSR G LIS RO T A TS 2 LIk D AFROBRITERTE D EE T,

AB42 ZALHERTI L, ZOLREAY) A~ —II v 7 ZEHETHICHTD ABXTTF o=
Y7 F A= a rEEENT DI AN T, AR IFFE OEEOIBRR IV T T REHE
TS FRAEEMER., BB EERIC LY B-o— MEEEZA L. BENETT D
CHEEENT WD, ZOK, ABXTF KB Bxhary 7 A—va a2t 52 ik
0, TER, SRR, WERR OB NS RSB EWNAERT D, LL, Zhb/hSi
BEWEIRZETH LD, NS RBEROS TN S HIZEH L, K RERSERIC
ZALL TV, T72205, AR DMkA RERIRGME B2 DIRRDO—>o& LT, BEDOHET
WRICBITDXTF NEHOaT L T+ A—2a VOSEERH D LB 272,

T, ABXTTF REHEZ AL FRINLFHERI L, ZDa T3 A= arxdhd
FREBET D2 ENTENIE, BERAYICEDLIHA 20 FRMEEERERB X, —E
DAL TH A= a e fGT 8 MEOEN AR U TARRGEGTE 2D TRV E N
IR A& STz,

Ay T A—varEEEATHEIEE LT, ApXTT FOMEOEREEZFIH L, &
AR CRILSED Z L 25 HE L7z, BREEIR L LT, AR OELEMIZFHFLG LTS &
EBZHIVTND Asp? & Lys?® ORI OEEREE (o A P EVEM. Figure 1-1) 1213012
FHT D LB 2T,
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Asp23-Lys28

Figure 1-1. The salt-bridge of AP42 oligomer.

(b)
Core
region

3.0nm

Loop
" 1) region

(d)

Figure 1-2. The pictures of (a), (b), (c), (d), (e) are cited from ref. 13b. Models of hexameric Ap42cc
building blocks of protofibrils. (a) Superposition of the ten models with the lowest Rosetta scores
(residues 1—14 were not included in the modeling; all-atom r.m.s. deviation=1.31 A). (b) Dimensions
of the hexamer barrel with the loop and core regions indicated. Side chains of the hydrophobic core
(those with the largest change in accessible surface area upon hexamer formation) are shown as
spheres. The image to the right is rotated by 908 relative to the left image. (c) Simplified representation
of the hexamer topology. The numbers refer to the residue positions in the orange protomer. (d) The
backbone and side chains of the C-terminal residues Ile*! and Ala*? (orange spheres) are packed into

the hydrophobic core of the hexamer. (¢) Asp?*3-Lys?® salt bridge.

Asp? & Lys®™ OIS DIEMGREIEIL, AB42 4V I~—Z@BlgshvTnd (Figure 1-1, 1-
2) Wabl—75 - AB42 fRMEICITBIE ST, BT X BRI (Asp! O (Figure 1-3)
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(41 F 7213 Ala® O C K (Figure 1-4)  15)) & Lys® CHUBMENBZ ST D 2 e
HHNTWD, T7bb, AP IZEBIT D Asp? & Lys?® OB EIX, AP 4V T~—|Z
FMHEOHMAEERTHL ZENRHETE D, £ T, AB42 O Asp? ORIHD VR F L5
& Lys® OMIBHO T X/ A LHEREG CHERET2 2 L1k, RER AR AV I~ —0HfF
THZENRTEDLOTIEHRONEE XTI,

Lyxls o
Phe: Hs'
\Gu22 g Tyr10

oS ~ Oy vu?«g‘(\
/\&%fﬂ, /AN
mvémm '\ "3 /) 3 ’\1 s«e / Jaye
}' L \ me3s N L(" ‘ ".
g YW
) ~

7. Ala30 == "
" /7 Fibril axis Gly29 "8

Figure 1-4. The salt-bridge (Lys?®-Ala*?) of AB42 fibril. The pictures is cited from ref. 15.

EFH R I K > TR 2 LG R A 20 2 2 212k . BEF Y A~—biff
ME~OZEZ FIRRIC T~ WHRAEOVEREZFTT 52 L 2B 2T,

WHFES TH D 22035 AR RRES - FRREDN B S ICFEBLITE 2%, TROLILARHGOF
R 2 1E M 515 & LT IERy AR5 1k (dynamic covalent chemistry) | & N 9 BE& A3,
Lehn HIZ Ko TIRE STV A0, BRIt FRESILFAIIESW TR I N D o1, #BY)
FHNCLERE L HO— 4T IRE, Yo, ), oM oA e & ReE O IMIHIT
RV ZOWEEEILSEDLZENTED,
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ZDOEBZFE, BRESFOV YA 7 NVOYUEHERICHEIST 52 EnNTE D, Thbb,
ZERE /3 ORERREENL 2SR U C Rl Ic BRI 2 B LA R A 2B LTV Dz, Ji
YR (B O, MR L) ICK VARG - MRBEZ1TTERTHIENTED, ZOLOR
R TITAHRIBR 2L FLOG & T D728, BAEiEIE DI O R AL RIS & 2165 BOS
WU LeWiiE & oo TS 7ed, FEFICU A7 NVICHE LR EF R D,

BIZIE, 7 IRT I AR VEEETHEME . AT RS MR EDIIR=
JEEY & DRIGETERT DA 2 042 LT, KO - BBEZLE D A 2 A=A
XU LFEA DGR « BIZSEH O, BIOT 2 oA 2 2 & OIS & 5 38H VAl SO AN Rl AT
+% (Figure 1-5) . ZORITEHPILAREEG DA o F—nm v 7 53 FHEFE TR S L <Bifan T
X TRV HERTH D & S TNBIT,

1-NH +
R1NHz OARZ -~ N
H,0
H
R! R3 — 3 R! R3
- . -
NN TN e NN T N
H —_— .
R1O, + A - R O\Ng\
NHz © PNpge R?
H,0
RO, — + R3O, — H RO, — + R3O, —
N’\R2 N’\R4 <§_> N/\R“ N’\RZ

Figure 1-5. Reversible imine and oxime bond cleavage.

$72. Lehn SIIEREILAREGOFMH R L, /AR A b - S 2 MEEAEHOERFILEL

T, ik - B HbF0B 2 HFITKSniz, 8y e U 7k (Dynamic
Combinatorial Chemistry: DCC) Z42M8 L T\ 500, Z D& X FHid, BEICHBE SN0 1%
WRER LT HWEROa ST NI TN FTAT TV =L 380 | 5 FEEEROFHEIRS
MEZDFEEMKERELTDH LWV RICRHER D @)= F NI T F4T7 5 —

(Dynamic Combinatorial Library:DCL) ),

Stoddart HIZLAUX, T4 7T U —IREMITHA N L2588 (Template) % 2 401X,
ZDORA N ERBBIHEE L 2 DRFED S THEAENDBS Fr Pl 2  THiR s T<
% (Figure 1-6) U7, >F V) | MR OIRGW B IR e bAEMED RWAG Y 2 B8R
WCRADTH LTS 22 ENATREE 72 5, A EFROHIREE Z o473 4uUX, 8 Lo FRAER
DG DR Z D IR NATIEHTRWES Z R TE D,

JFERRNCI TR 2 2RISR FREE B 2 b, RA N X U RTE T A NI THEE
HRIZTEL, T HISHIEISHEA TE 20 TN REAETH D, ZOFEIFERKM D
— FOEBEEDO LD ENR D, Bl W FORREFRE LT, TALTE RETIVER
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TONTEMAEDEDLZ LK ERTE2AIVERTL.HILWT I U125 2
ENTED (Figure 1-7) U8, Fio, /Ny OREREFRZT I VIR ZA T I 7 A% v ikx
BT D ~EHT 52812k, XL 22552 LN TE5 (Figurel-8) 18],

Components Dynamic Library 7/ 7

CASTING
of a substrate

MOULDING

J @ @ ofa ptc:r

Figure 1-6. Diagrammatic representation of casting and moulding in DCLs. In casting, a
macromolecule provides a cavity within which the optimum ligand may be trapped, whereas, in

moulding, the ligand collects the optimum receptor around itself.

Amines Aldehydes
@(ko "o
NH3 0\
03¢ =< carbonic anhydrase
“1
o O@
o L
0O, H "
coe NaBH,CN
2 e N Ry e —_—
HN O@ - Rq B
. . - =S=
(&O o dynamic combinatorial library 0=7=o0
@ NH
NH3
0O, H
L0
HN™ S0
Ss
logne]
O, NH;

Figure 1-7. Formation of a DCL of imine from four amines and three aldehydes.
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NI
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“NH, R R
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A H H H G H OH OH
H OH H H OH OEt
c H OH H I H OMe OH
D H OH Me J H NHAc H
E Me OH Me K H OAc H
F OH Me OH

Figure 1-8. Formation of an oxime-based DCL.

F72. Figurel-5 TRUTEA I UZHSORIE, 74— VT 4 71K - THEISh D, &
HAA) I~—RTHA I UFEAOE R MEENEINIEH TV 5, Moore 1L, oK
SHICHERIR DA L SRR 2 FHOA) AT BT L U2 AW T, B A I R
WLV T Laf VIRODERH DT +—NT 4 7280, BEADTIROERMD
HEEEIZAEI LTS (Figure 1-9) 190, F72 bbb 4 I RHTHZ LIZRY, 3 FD =R
TEREE N AT 5 Z & BB LT\ 5, Figure 1-9 Tl A X VARG & BN ZETF TV D A8,
FEEAXY DB CTHRBER ATV ARG AR T D L EZ BN D,

L3 Q‘N L] -‘RN
-t CH_ . imine —_— O,CH
exchange
+* &
Hf
v '&.Cr‘
N Ar'
i ’
b Are + cli
Arc

folding
P e

“Art

Figure 1-9. Helix formation by molecular folding via reversible imine bond cleavage.

XV LI LD A X DY o —DOfEE - Ul 2TEH Lo, <7'F RO =R
WO E & b X TAZEf & LT, Haney & OMFZERHE S TY % 1200])
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Haney DX, _7'F ROMAHAZ ATV LA T/ oA U7 &, a-~Y v 7 ADayv
TF A= arOBbEE B2 TS, WHEDIFRICED L, XL LY U —THELT
WRNATTF R 12~15 (Figure 1-10a) PONE o -~V » 7 ZFEE BB NS OO, i
FNDOXTF R L TAF LY U A —THEGIETTF K (Figure 1-10b) %3, U
YH—DRIRINY) A —E2BATHMNEIISC T, ENENDXTF RREKRT D a-
N w7 AREENR2 S 2 L AR LTS (Figure 1-10¢) 2%, ZoDZ Lk, AF v A v
=T HXTF FTIE, HST 54X L) o —52FER W& XFF R
L L, %ﬂ%@:&%ﬁﬁWM?ézk%%WLTwé

AB OEHEIBRRIZIHB W TIL AB X7 T RO ZIRIEIENEL 52 TWH I b, XTTF
%®_ﬁ%mmﬁmiAﬂm7%b®AA-%%*WM%&iﬁT EMRNHDHLEEZD L
NTED, Thbb, AP X7 F FOMBICAF L 2MEEZEATHZ LICLY, FF
LY I —DFEE LT DR LB S IRFICBW T, 20 ZAEENZEL L, AR ORA -
BENET 5 L IR TE B,

(a) (b)
(11) Ac-YEAAAKEAAAKEAAAKA-NH, OH

(12) Ac-YEANUKEAXAKEAAAKA-NH,

i—i+4

(13) Ac-YEANUKEAZAKEAAAKA-NH, spacing HN _NalO, _ HN
(14) Ac-YEANUKHXAAKEAAAKA-NH, i3 ;‘;2
(15) Ac-YEANUKH ZAAFEAAAKA -NH, spacng

lpH?

N\/U\r(g %N\)\rﬁ ) ?Me

N
ZN\O N\ orJ"' A
NH \ AR
} HN [0} HN (o]
s fo) L s
- U ~ N
o) j OH NH, 0 NH,OMe
NH, NH, aniline
pH7 .
(E ! Z mixture)
(c)

11a-15a

: %’
. s i tnm)
[ E [ & 1a
hy by 12a
¢ 8 13a
[=] -J

o i 14a
-3 ) 15a

Figure 1-10. The pictures of (a), (b), (c) are cited from ref. 20b. (a) Structures of peptides 11-15 and
residues U, X and Z. (b) Conversion of peptides 12—15 to cyclic oximes 12a—15a, and exchange of
12a to linear oxime. (c¢) Circular dichroism scans at 20 °C (a,b) for peptides 11-15 and oxime-
bridged cyclic peptides 12a—15a. Measurements were carried out on 100 mM concentration peptide
solutions in 100 mM phosphate pH 7 in absence (left) or presence (right) of 200 mM sodium

periodate. Measurements of 12a—15a were carried out on unseparated E/Z oxime mixtures.
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UboZ et AR ORBHICEAT 2ILARE L LTAXR VLY U —28AT 52
LT LT, AFRT LY D —IINKRSIRC L DS - GINC L 0, F Y T — SR~
DEMNFREIC e D EBZ T2 TH D, T T, AFETIE, AFA=AVEF TR
ZHT D AP IZxF LT, Asp® & Lys® OMISHOEBIEEZ AT L0 U —ITRBE L7
fbE&m2 (LT, 2 &5td) 2t kL., TOMEZFMT 52 & & Lz (Figure 1-
11),

Ap29-42 AR29-42[Met?*(0)]
@, 28 o
Hsﬁ o l\f
s NH
0o 0 0
NH Ap1-22: DREFRHDSGYEVHHQKLVFFAE
HoN
Aﬁ1 22 > ”0 AB29-42: GATIGLMVGGVVIA
o I Ap1-22 l\
0 NH

Ap42 (1)

Figure 1-11. Simplified chemical structures of AB42 and its mimic.

LN LN D, XA T 4 THEED ABA2 T38RI~ DOEREMEME < . mWEREMEE A
HZ LD, A KOMEFHMEIZEHS W TEY O RNREETH D 2 LN EE Iz, £ 2T,
FRES « KRB BT Ko THESZE 72, Ap42 TOREEMEARI - AKEVER LICFEHOH D 0-7 v
A Y RTF RERVE#ERA T 5 2 & &5 L7 (Figure 1-12), O-7 2L A VX7 F Rid=E
BT I FFEA % Ser £721F Thr OIS E Fa X kas VW= A7 uUE&~E B b X
V2T TF RTHD, AB42 TiL, Gly?-Ser® IO T I RiEGE T AT UG ~EE#HLT-
HONZFUTHY T 2D (O-acyl Ap42), :@%i@%#ﬁ& 20, EHT I FEEGO N-H BAK
AL TWOKRE-EUGREN KON D T2, BHEICE 2 ZRMEEZL 3 B S, BEEMEN
ﬁﬂﬁéﬂé&ﬁ%%éﬂfb%ﬁ%ﬁﬁﬁ:ﬂ%ﬁ%ﬁﬂ*ﬁi7m}»45éht7awu%@ﬁﬁz
IC X VKRN BT 5, &5I2, O-7 v AB42 1X. ST O-to-N 7 3 /L ISHAAT X
JEE R TR A T 4 T D ABA2 ~LBHEND 2 0D CEEM 12 = 10 sec) . @K
RPE - JEREEVEDORIBRA L L THRET 2 Z L3 T&E 5,

NH,

@AY — @y ED

(¢]
OH

O-acyl isopeptide of AR 42

Figure 1-12. O-to-N acyl rearrangement of O-acyl isopeptide of Ap42.

2O ABI-42 IZBIFLMAAER L, AMEICB T L6 —7 >y FE& LTI O-7 v
AYXRTF NEEZ AT L4 F T L5FEA3 & Lz (Figure 1-13),
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o o H,N,

oH Y% 0
7 s /O
35 /N 35 " ’ 35
NH [**Met(0)] o NH [**Met(O)] o “NH, . o NH [**Met(0)]

HZN/U\i@NH HzN)J\i@NH
:>- B DSa LS W
o” oFoS W 7 0s 0~
Z j’ : Z Y e
CF4CO,
o N
N

2 4

Figure 1-13. Design and retrosynthesis of 2.

FHXT LY T —TRILS W AP FHEERORGHIHTZD | AF L TA 5 —va
%%%ﬁ#é’t%%iko X VATA v a AETIEINEKmIEY) v 2HTHT
R LT, B vHREBET N U AEER SRR TT LT e R EHL
m<7:/ﬁ%‘/%k®}iﬁﬁ_ib\ ﬂ“ﬂ?yA%ﬁéﬁkét‘Tb\é[mo T, TR
KoMzt 2 E8ATHZ LIk M%’T»?tF%é%éﬁé’&ﬁﬂ%kﬁ
HEBEZT, Tbb, K uT@“? /@J%%%: AB T F RICEAL, W3 VHEET
VU LATEBIbSESZ &I . TN XY AERCZ R L7 (Figure 1-14) , AyE% H
wé:k?Aﬁ&f?F%E%éﬁfK\ﬁﬁﬁ%#mfﬁ%VA%&ﬁfgék%ik
23], ZZ T, AB42 D Asp? & Lys® ICHEY T 57 X/ BRskklc, MgiRmicte ) v 267
LTI BETI AR VEEAET LTI VB CRET LI LT L

(ON

stf A %Mx SY‘ jwae Bw

Figure 1-14. NalO4 oxidation reaction.

12 FXTLAV =2 HT D AR FHERDOAE K

O-7 VA I XTF P& Z AT 24 F 2 LihEAR3IE, Scheme 1-11IRTZTE <AL
Too AspBELysBICHHY T 57 2 /e entih, MSRmIct ) v 2/ T257 2 /%
Fmoc-Dap{(z-Bu)Ser-Boc}-OH  (Dap; 2,3-diaminopropionic acid) . 8L O07T I / A4 F V%
H9 %7 X/ EEFmoc-Gly(CH,CH,CH,ONHBoc)-OHPZ A3 L, Fmoc-Ala-TrtA-PEG resinz
FAWT, Fmoc 7' F REFAKIEIZ L Y Asp'E TXTF NEEME LTz, £ D%, TFAD
7 7 )V (TFA/m-cresol/thioanisole/H,0=92.5/2.5/2.5/2.5) |2 THRIAEH B0 H L & {RiEHD
BREZAT -7z, JBONTTHWE DT F REZWHHPLCIC T, A%V ARBRAETH DT I
ST NA=KA G T T 7 v a e LTL, T 2T, 42 HHPLCIC THRRLL Tn
LO1E, R LZR2WVHEMEO4Z Tl s oR@ET ) v Ax WA F v AMUEBOGE
175 &, 4G5 TEEN TV DRIERM O T, 3O - KRAREETH - 720>
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HbThb,

FoNTAI LT, @R T GEERE.I mM), W3 vREBT M v AZEHS
B T IT NIV N ET AT E Rt L, i< o F A v MRS EIT o 72,
BUSDERFZHPLCIZ Totr L7z & 2 A, AN ToH 24D RITIEN, F 3 LRI LR,
Zhfead L7z (Figure 1-15)  SOGHKE T2, B2 SRS RZRIC Lo TR E L, FRE 2 0
HPLCIZ TR 2 Z Lok, HEOMTH D352 A LT- (IL3%23%, Scheme 1-1, Figure 1-
15, 1-16),

>( BocHN\ o

O o}
- TFA
WiNHBoG /25 29-42 ® m-cresol
Fmoc-SPPS o Os_ _NH [PMet(O)] thioanisole
—_— Q H,O -

Fmoc-Ala-TrtA-PEG resin  — g HN
TrtHN t,2h

NH
AB 1-22 NJYO BocHN\):Q 0.89% from resin loading
A Z

HN oj/o
o N
H

HoN, o

oH Y% f
Ap 20-42 /OW
" 35 — 35Met(O
o “NH, o NH [*5Met(0)] 0 NH [ (O)]
NH
HN NalO, H,N N

H,N o NH o
—_
AB 1-22 0 H3N\)=O MeCN/ 0.1% AB 1-22 0 HaN\)zo
N v 1%aq.TFA N v
H H rt, 24 h H /= [S)
HN o 0~ o 23% HN Os__O~ CFsCO,
j/ CF4CO, j/
(o] o N
N N
4 3

Scheme 1-1. Synthesis of 3.
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(b)t=7d
100000 -+

80000 +
60000 -

40000

abs./a.u.

20000

0 T T T T 1
1 21 23 25

-20000 +

-40000 - retention time (min)

Figure 1-15. HPLC charts of the NalO4 oxidation 4 to give 3. HPLC analysis was performed with a
linear gradient of 0—100% MeCN in 0.1% aqueous TFA over 40 min a 40 °C at a flow rate of 1

mL/min, detected at 230 nm.

a) b)
100 4541.9
S
© _. &
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Figure 1-16. (a) The HPLC chart of purified 3. HPLC analysis was performed with a linear gradient
0of 0—-100% MeCN in 0.1% aqueous TFA over 40 min a 40 °C at a flow rate of 1 mL/min, detected at
230 nm; (b) MALDI-TOF MS spectrum of purified 3.

20 0-7INWERTH D 31TWFFEY mAREEZ R L, 01% (viv) b U ZvA o fElg
(trifluoroacetic acid; TFA) ZK¥FIRZ VAL LCHWT, 200 yM miRED R b v 7 B SH H
AR TH o7z, H VT, UEROECFRIRHE, AW FRRHI DD, 3 DA~y 7
TRIRNIZAFAE L 9 52T ORERZER BTl LEZTTV (4 °C, 100,000 rpm, 3h) .
1 3/4 ZENL LTz, ZOtk, B %o L 34 OREZRIE L, 3 DA by 7 IEEORE
& L7z, 3 OBE %D ETEOREN 200 M ZHERF L TW 22 &b, 3D A by 7RI
OFBOBRTIX, BEARPIFEAL AR L TR ERB LD,

I HIT, 3D2~E B I D DG D3R S3HTHPLCIZ X - TRk L 72 (Figure 1-17), £ D
fEd, 7yt A THWS0.1 M, pH 740 Y 4% #%  (phosphate buffer; PB) (ZT3D A
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YR ERRT 2 &, 3O =7 XHK LB R — 7 ~ L EBIICEBR I N2 Z LA
e S4L7- (Figure 1-18), L7 5T, O-T7 VA VXTI F NEEN S FNAF LY
N—xHTHERRBEICIBNTS, O-t0-N3FWNT VNV RIS EITT 5 Z L AR S
iz, LLEOFERNS ., ABA2 L AIERIC, 31320 E KA « FEEREMEORIBRA & L CHRE
HEBEZDHIEMWTED,

0O

(0]
O
_/ AB 29-42 P AB 29-42
N o nH \PMet(O)] =N ot \EMeto)]
0 O ;( 0
NH o NH
H,N @ N H,N NH
N 2 HN =0 AB 1-22 N o
HN Oj/o\'/)CF3COZ HN Oj/N
S
H

3 2

T

Figure 1-17. Intramolecular O-to-N acyl rearrangement of 3.

3
S
(]
~ before
w
Q0
@
after (incubated at t = 10 min)
10 15 20 25 30 35

retention time (min)

Figure 1-18. HPLC charts of the conversion from 3 to 2. The HPLC analysis was performed using a
C18 reverse phase column (4.6 X 150 mm; YMC-Triart C18 column) with a linear gradient of MeCN
(0-100% over 40 min) in 0.1% aqueous TFA at a flow rate of 1.0 mL/min at 40 °C, and peaks were
detected at 230 nm. Stock solution of 3 was diluted with 0.1% aqueous TFA and 0.1 M phosphate
buffer (pH 7.4) (final concentration: 10 pM), and the solutions were immediately subjected to
analytical HPLC to obtain the charts designated as before; black and after; red, respectively. The

retention time of in situ generated 2 was identical to that of the authentic sample.

26



-3 ay ba—XTF ROERK

T I NA v —IFEREOMUN SISz AR o T izBnWT, 37 HHOZ Vv

(Gly?") it iE 3 Bla2 S =02, i &1, GlyY (i CTHrivii’ 0 i 44 L,
AB 7T RO N Kimpdlk (AB1-20) (ZHEL LTV D EWIHHEETH S (Figure 1-19 ¢,d)
R4, ZLC, BELTWD Gly 7 2R IV LEICEE L TWA T I /L LT 15 %
HoZ vz (Gn') BEEIIN TS (Figure 1-19 ab) P4, AEl, TV A ~—IH
BEORMN OIS N Ap o P ADh T, Gly TREENEESNZZ Enb, 4
RNIZAFAET D AR IZB W T GlyY & GIn'S 235182 L 7= i 2Y AR X7 F RDO— 2D ERE
ETHDHZEWNEZDNZ, T2 T, GlyY & GInS OIEHEZEB S D Z Llck . A
TFROar T A= a UV EEEETELZOTERWNEE X, LIzB-> T, KITRT
I ¥ LFHER S ZRE. ARk, Bl L7z (Figure 1-20), £ LT, ¥ AV b —THIE
T OALEOENDD 5 OREENMI JOMRENER EOMREOENEZLETHZ LT L,

GIn15 C3 Gly37 Ca Gly37 Ca

Ala42 CB

His13/14 Ce1

p.p.m. o ¥ ' ) p.p.m. (LIPS | '
|0 | ' . u na
170 ‘ lm P 1704 W _ _ _ - - - I
s Rd Gin15Gy3 o
' ' 3In15...Gly37
190 ' b i - : , -
T T T T T T T T T 1 - - T T ! T T T T T 1
180 160 140 120 100 80 60 40  ppm. 180 160 140 120 100 80 60 40  p.p.m.
'C chemical shift 13 chemical shift
(c)
GIn15 J (d)
s gy i lle41 Valdd Gly37 Met35 Gly33 lle31
C
Fibril N Alad2 Vald0 Gly382 Val3s LeU34 lle32; , cog
axis N - Asp23
Glu11 His13#sGIn15Leu17Phe19Ala21
4 Vali2 His14 Lys16 Val18 Phe20 Glu22

Figure 1-19. GIn'> and Gly*” in AB42. The pictures of (a), (b), (¢), (d) are cited from ref. 24. (a) Above,
one-dimensional 13C spectrum showing chemical-shift assignments for His'¥'4, GIn'3, Gly3” and Ala*?
in AB42 fibrils formed from an equimolar mixture of Ap42—His-GlIn-Ala:AB42-Gly?” peptides. Natural
abundance 13C assignments are marked with an asterisk. Below, region of the two-dimensional DARR
NMR spectrum showing specific 13C...13C intermolecular contacts between Gln'> and Gly?’ (red
arrow), intramolecular contacts between GIn'> and His'*'# (orange arrow) and no contact between
GIn'> and Ala*?, indicating a staggered, domain-swapped architecture. (b) Above, one-dimensional

13C-spectrum showing chemical-shift assignments for His'¥'%, GIn'5, Gly’’ and Ala** in AB42
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oligomers formed from an equimolar mixture of AB42-His-Gln-Ala:AB42-Gly*” peptides. Below,
two-dimensional DARR NMR spectrum showing no molecular contacts between Gln'> and His'?/'4,
Gly?*’, or Ala42 (red arrow), indicating the absence of a staggered, domain-swapped architecture in
AP42 oligomers. Only a small natural abundance (na) cross-peak is observed (gray arrow). (c) Model
of staggering between the N- and C-terminal B-strands at the GIn'>-Gly?” contact in AB42 fibrils. (d)

Schematic of the monomer within AB42 fibrils.

/\/\Hk AB 38- 42
N [**Met(O
- ﬁ

Figure 1-20. Structure of 5.

A XV AFHERSH2 L FRRICO-T 2 LA VT F KRR E L TScheme 121277 2L <A
B L72, GIn'SIZAH¥M 95 7 2 / Feikst & L CFmoc-Dap{(-Bu)Ser-Boc}-OH% ., Gly*"|ZFH
T 57 2/ EEFRSE & L TFmoc-Gly(CH.CH,CH,ONHBoc)-OHZ iV =, & LT, Aikd3 &
[FEED A X — A CTHR LT (Scheme 1-2, Figure 1-21, 1-22),

>( BocHN o

0
o
TFA
AB 38-42
--INHB \/\/U\ 35 o m-cresol
Fmoc-SPPS o oc [*Met(O)]

thioanisole
H,O
Fmoc-Ala-TrtA-PEG resm >

>
rt,2h

AB 1-22 0 1.2% from resin loading

oH Y% . o
Ap 38-42 / Ap 38-42
" 35 —N 35Met(O
o “NH, HN [*5Met(0)] HN [ (O)]
o
NH
HN NalO,
® > (ap 122 N
AB 122 N 0 HaN o MeCN/ 0.1%agq. TFA p1- N 0 HN R
H H rt, 24 h H B o
Os_ 0~ o 19% Oa 0~ CF;CO;
j/CF3COZ j/

N
H

Iz

Scheme 1-2. Synthesis of O-acyl isopeptide of 5.
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Figure 1-21. HPLC charts of the NalO4 oxidation to give O-acyl isopeptide of 5. HPLC analysis was
performed with a linear gradient of 0—100% MeCN in 0.1% aqueous TFA over 40 min a 40 °C ata

flow rate of 1 mL/min, detected at 230 nm.
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Figure 1-22. (a) HPLC chart of purified O-acyl isopeptide of 5. HPLC analysis was performed with a
linear gradient of 0—100% MeCN in 0.1% aqueous TFA over 25 min a 40 °C at a flow rate of 1
mL/min, detected at 230 nm. (b) MALDI-TOF-MS chart of purified O-acyl isopeptide of 5.
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WIZ, 2 THERT 24 ) A~ —(bLFHOBREFHIRIMA L5720, AFM & AV TR
EAToT2, 2B, R ITBIT 2 ERICB N T, O-T I NVA Y XTFROA Ry 7 VU a
—a VY EENENOEEREK (pH7.4) IZRE S, EERNT O-to-N 7 3 LV EHRAL G
HEELHZLITRY, fix O AT o T,

F9. 2(10 uM) @ 0.1 M HEPES \v 7 7 —{&iK (pH 7.4,0.1 M NaCl %4) % 37°C C
FTEDREE (f % 2 _— MEHK, 3B, 24 FFE) A4 v F=2_— kL=, AFM T4
DR ZBE L=, ZORE, A4 > F 2— MNEHZOK ST, zhight 25 2~4 nm D/)
7R LAY T —LFREPBEE I NP, A % 2 — | 3R IS KO 24 REfE A
R A DAY T~ —LFERMNRE SNz, LOLARRG, 72 a4 REFEOMRMEIIE
<BlEEE 2o 7= (Figure 1-24a, Figure 1-25) ,

Fle kIR e LT, MU ST D O-7 A VAT F RinbEbni-, 23 %H L 28 F
HIZT AT XA Y v 22 NENEF> 6 (Figure 1-23) TlX, A U F =2— MNEE
JON 3 R CIE, 2 TS L) A ) I~ —{LFRIBlE s T, 24 Rf%ICT
oA NERHENBIZR S N7z (Figure 1-24b), ZOFER LV | 6 1% 3 FEE#% £ Tl AFM TR
ZHORESUTOFY Iv—%BR L, TNEEE L TEHRICHRHE~NERELZ D LS
XD, —HT, 21300 e 24 B E TIXLERST Y A~v—2 525 Z L1553

277,

H;)N AB 29-42

[*Met(0)]

j,NH

Figurel-23. Structure of 6.
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3h 24 h

1 um (z-height of 2 to 4 nm)

(b)
24 h

1 um

Figure 1-24. AFM images of (a) 2 (10 uM) and (b) 6 (10 uM). All samples were incubated in 0.1 M
HEPES buffer containing 0.1 M NaCl (pH 7.4) at 37 °C for the indicated time periods and then

analyzed. Scale bars measure 1 pum. The images are shown in amplitude mode.

31



Height (nm)
-
v

J i i
0.0 0.2 0.4 0.6 0.8 1.0
Offset (um)

Figure 1-25. AFM image of 2 (10 pM). The sample was incubated in 0.1 M HEPES buffer containing
0.1 M NaCl (pH 7.4) at 37 °C for 10 min. The image is shown in height mode. Lower graph indicates
z-heights obtained at the yellow bar of upper image.

IR O-T VA I RTF FEEE AT DA X2 LiFER 3 D 0.1%TFA I&17 % [EH% AFM
WZTHRMT L7z & 2 A, z-hight 28 1 nm Rl TH Y . AV I~v—»2glg i >7- (Figure
1-26), RAT 47 AB42 D O-T7 2 A I XTF RINFEEENEZAE L TNDZENDLEZD
ND I, BIREELAT LA XV LFHERIITBNTS O-7 VA YRTF FOFRrE
ThHIBEERHERF SN TVWD EE XD, LR -> T, BT ENT AU I~—135
T O-to-N 7 U NI Z DO 2 IZHK LT DO TH Y | #7% D 2 1TIECHICA Y I~ —
B L CTWD Z &R S iz,

32



(a) (b)

1 um 1
0.8}
0.6

0.4

Height (nm)

0.2}
0.0}

0.2
0

i L i "
200 400 600 800
Offset (nm)

Figure 1-26. AFM images of 3 (10 uM) as a 0.1% aqueous TFA. (a) The image is shown in amplitude
mode. Scale bar measures 1 um; (b) The image is shown in height mode. Lower graph indicates z-

heights obtained at the yellow bar of upper image.

EHIT, HBodRE LT23 %A, 28 FHICHEATISHEH, 37HFBDOT I/ WerE L8
WCAFT LY o —%E AN LT ABA2 B8R 5 2T ARM T 21T - 72, T ORER. 5
TSN A I~v—1F 2 L HARBEF Do 7z (Figure 1-27a), LU, HH#RICL D
TUT = a BT o12 5 O AFM AT ClE, 3 BERfR. 24 B & bicA ) Iv—03 %<
#BlEasny (Figure1-27b), ZOZ &b, AV I~—ElA G Sz 51280 TH, 4
HNOHEE 525 4 ) I~—BRAMEES LD Z &EBRE ST,

ULEDZ Enh, AB42 TOLEA Y I~—JERIZIX, 23 FH & 28 FHOT I/ I
TOAXVAFEENEETHD Z LRG0Tz,
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(@) 10 min 3h 24 h

(b)

5
agitation

Figure 1-27. AFM images (amplitude mode). 5 (10 uM) was incubated (a) without agitation or (b)
with agitation in 0.1 M HEPES-NaCl buffer (pH 7.4) at 37 °C for indicated time.

1-5 SDS-PAGE (2 X % fghir

wIZ, 2 OEHEIRIEDZ (L% SDS-PAGE (Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) (Z & Y fi##T L7 (Figure 1-29), 2 (20 uM), AB42 (1) (20 uM), 6 (20 uM)D
10 mM U U ERREEESIR (pH=7.4) % 37 °C THMERHE (f o F 2_X— MER, 3, 24, 72
FEf) A > FaX— kL7, ZNENOY > 7 L% Tris (2,2°-bipyridyl) dichlororuthenium
(I) hexahydrate  ([Ru(bpy)s]**) &iFREEET & =0 L& UL, A% B4 LT PICUP
RO 2T S 7o, D%, TNENDY 7 L% Novex® 15% Tris-glycine gel % VN THE
SIKENZATUV, RIS LD ) I~— A M LTz,

PICUP (Photo-induced cross-linking of unmodified protein) ¢ A 77 =X 2% Figure 1-28 [T/~
. [Ru(bpy)s]** 1%, BRLHITH HIBMEET B =7 LAOIFE FICTRBEH END &, —
BEAEZT T [Rubpy)st ~EE#IND, HiLSERORLIEMEIC LY, Fr 5k
N BB EZ T T T PHANELD, ZHUCK DRI —EFETINT
& D [Rulbpy)s]* ~E RV, il 1 7 VR5ERET 5, —H T, AT I dn
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M, EBICFEETETF s UL IO v Y 7B 2T (Figure 1-28) 127,
OGNS FETRIZZ LTI, RPTELTWEZ AR A Y I~—RNLELLI
Do 0B, AEINIA Y T =72 EFHy I EERDHET 20 FRLETT O h
TV TNREZDESINTND,

SO4% + SOy
OH
[Ru(bpy)s]**
$,0%
Tyrq OH
[Ru(bpy)sl** " S0, "
o] Tyr, o] LH OH OH OH
— U — O
2 [Ru(bpy)s]** - HsSO*
hv Tyry Tyry Tyry Tyry Tyr,
(A max=452 nm)

Figure 1-28. Mechanism of PICUP.

2031 v F 2= FEEZEIZBWTE/ v — M H A ~v—, N~— T FT~v— (K5
FEA Y I~—) ITHYT L5/ RIZINZ T, 250kDa fHiTiZma &4 Y I~ —DARXAT
RNy RS Tz, 2D 250 kDa A A~ —i%, BEOEN 1 THERI L TWe (¢
=3h), 2 TlE, 3MBRICIHMED T EA ) S~—0O/N\ RERENEFH L, @ &4 ) I«
— DY RERENRL ooz, £70, 24 FFHTIHE S FEA Y Iv—0ONRY NEEE AL
BRand, B TEFSY A~v—0NY FOREE SN, Z0O/ 0 RIET 72 FEf#% T
MEFr S Tna Z LR s iv/e (Figure 1-29),

—AF VL) I —E R0 6 TR, A U F a— FERIES FEASY I~v—0D
FBE ST, 201 TR SN 250kDa 0@y F & A4 U S~— 3R sniznr-o
7o I, T2 FEH# TR FEA Y I~—b BB I T, N RRRTIHA L7z (Figure
1-29), ZAUZ. 72 BEEI#E TIX 6 WA IVIC A TN RWKRE RS KICEE L2 L AR
BLTWAHEEZHZD,

1 TSNS, 250 kDa I D& &4 Y I~ —X 3 HBICBE S LoD, 24
e KON 72 BERIARICITIRET £ 71 XHR L TV D Z &b, 1 BNERT 2 E 0 T84 Y
AV —|TLETITRNZ ENEZXBND, —FH T, 2 TREINCES FEAY I~—I% 24
R, 2 BRICB VW THLRETH D Z LB LD, AERIL. AFM TOMHT#ER
E—HLTEBY, A% VAV U I—TBE L 2 TRHEERA Y Tv—RNl00Il Bk &
I, AX LY =RV 6 TIHESTEA Y I~v—%2 L, ZNE & >0nTIcE
TR E QBRI LR L2 2 & VR S 4Tz,
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Figure 1-29. SDS—PAGE analysis of 1 (20 uM), 2 (20 uM), and 6 (20 pM) after PICUP. Samples were
incubated in phosphate buffer (10 mM, pH 7.4) at 37 °C for the indicated time-periods and then

analyzed. The aggregates were separated using a 15% Tris-glycine gel and detected with silver staining.

—HISFEHEITFERICAF LY U A—FBEALL S TIE, WTNoORHFIZIENT
b, B/ v—INIE A ~—, NI v—REDRGTFEOFY I~v—NIORBIEIND DA
ThHO, 12 THE SN 250kDa D &S FEA Y Iv—, BLO1X6 THIESN
ToRRHEIIBLEL S e o 72 (Figure 1-30) 281 AFM OFfER & B TE X5 & AB42 O GIn'?
L Gly " A5 E CHERET 5 &, AV I~ —8 KOO If S D 2 & DR S i
72, Gly’7 1 Ap42 OEREBE TR S LD 7 1 A B-2— MEEIZE T 2 BUKEMR E/EAIC
HERT I BEETHDLIEEZ LN TS, LIzR->T, Gy IZEEE ANT- Ap42 7
BIKTH LS5 TIZABRTTF FORER LOBHEICLERBUKMAAH B2 E L <EE S
Telz®h EHEE ST,
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Figure 1-30. SDS-PAGE analysis of 1 (20 uM), 5 (20 uM), and 6 (20 uM) after PICUP. Samples were
incubated in phosphate buffer (10 mM, pH 7.4) at 37 °C for the indicated time periods and then

analyzed. The aggregates were separated using a 15% Tris-glycine gel and detected with silver staining.

1-7 CD A~ MV X Df#HT

2 D T RIEE R T D720, CD A7 MV ORIEELIT- 7= (Figure 1-31), 2 (10 uM)D
U UMERREETRIE  (pH7.4) % 37 °C THTEDEERH (f v 22— ME., 3 BR. 6 B,
24 K5fH) A ¥ 2_X— KL%, CD A7 MLVERIE LTz, 2131 o F 2X— MNEZ TIE
B->— MEEDFEZRET H CD A7 MME B2 A% a~— b 24 KEIZICIT 218
nm IR IME A & 5 78 B-2 — MEIEHSRD A7 hL & b 2 7= (Figure 1-31a),
—. 6 TiE, A FaX—F6HMET, RICT X LafNBHEELTND & ERT
AT FVEHERF L 24 FEEIREIC -3 — MEIE~ L 2k L7z (Figure 1-31b) . 24U 5 OfER
£V, Asp? & Lys® O & vl G S CThHA XV AMEETHET L2 2 LIk,
—EDZIKIEETHD B-v— MEEZ 5252 Lotz

— 5T, 5 DA T CTOZREEDELAZFFRIC L CTHIE L2, 510 uM) O Y >
MekE iR (pH7.4) % 37 °C THIEDKH (A > F 2 X— MER, 3 FFE, 6 R, 24 I
) A FaX—hL, CDAXY MAZRIELZE ZA, R TORMIZBNWT I v H A=
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ANVWFHET DAY MVEHMERF L2 (Figure 1-31c), L7228 T, Ap42 @ GIn" & GlyY’
EHETHZ LR R AT 4 7 ABA2 ITHFEAY7R B-3 — MEELTERL TE W Z LR
X7, AFM B8 X UVSDS-PAGE OFfi R E GO ETER L L, AT 24 Y A~v—DEN
FELL DL, ZOREATTF RO KIEEL LTT I a4 NI B-v— Mgz
BT HALEREN AR TE TN I EAVRIBENT,

-5000 -
: -10000 -

= -15000 -

-20000 -

5000_ . . ; . . -25000 . . . . .
200 210 220 230 240 250 200 210 220 230 240 250

wavelength(nm) wavelength(nm)

[6] (deg-cm?-dmol?)

wavelength (nm)

Figure 1-31. CD spectra of (a) 2 (10 uM), (b) 6 (10 uM), or (c) 5 (10 uM) was incubated at 37 °C for

indicated hours.

1-6 FA750T7 vkA

FA7 78T (ThT) AFEHWCEHNEHRET v EAIZLD 2806 OEERD 7 1
A B-v— b EAFHG L7z, ThT 1%, AR OEE (T, maFEA Y I~—n O (25
)72 7 v 2 B-2— MEGE LB LA T 2. £ L TRHARAIZ 440 nm (150G Thbd S
% & 480nm (HEDO®HNEHRTHZ LIV ZOENEEN LR THZ NN TS,
Z D7z, ThT OHOLIREZ(bIL, A OREDRRE LFET 52 &b, 7 I v A Nk
DEREE LT HIIICHWOLN TS FETH S (Figure 1-32a) 29

2(10 uM) D 0.1 M Y U fgkREisii  (pH74) %37 °C TA > FaX—FhL, /1 F=
N— NEFZB LU, 3, 6, 24 KfAIf2IC ThT @R 2 & Lz, EOREH, 2 13 Egry/
S7eHHIRE 4 ant R L, A V¥ 2 X— MFHICBWT, ZO®RBENHERF Sz, —
F.61EA ¥ ax— I RERREE Tl et 2 ma T, 3 RHI%ZIZ 3au., 6 FFHEZIC
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24 au., 24 FFEZIZ 62 au L HOCED ER-HER S 7z (Figure 1-32b), 372 H, 6 D
WEREZEAIL, 77 72— XDk, NS A ) I —DFRE X >NTIZT I v A RiHEzE
425 9 AFM, SDS-PAGE = L C CD OfRE—HLT\5, 7ivA K4V I
—® ThT I ITRME & LB NS UVMEZE & 5 2 ERHE SN TVDRIZ Lk | 2
X7 I e A NICRHEE 27 0 AB-v— MEEZRFF L CWDALEA Y I~v—EE 2 bbb,
(a) (b)

S /Me
Ne Me S 80 f
Me &
=
Thioflavin T (ThT) o 60 -
g
recognize & £ 40 A
emit fluorescence § 6
L 20 ——2
72}
o L
;ur/%)' : 5 o
% = 10mn 1h  3h  6h  24h
- time

Figure 1-32. (a) Structure of Thioflavin T. (b) ThT assay (A ex =440 £ 5nm, Aem=480 £ 10
nm). 2 (10 uM) or 6 (10 uM) was incubated at 37 °C in 0.1 M phosphate buffer (pH 7.4) for the

indicated times. Mean=*s.d., n = 3.

1-8 AR AT

WIZ, 2 DRRFIEICE 2 5 EBIZOWT, 7 v MNEIBBEMLECH S PC12 Miusd
FWTHGEEL 7= (Figure 1-33), 7~ IfliE% 1% ¢ HEPES-DMEM Bt Oz & L.
23,10 uM), 6 (5, 10 uM) & ZHLZH, 37 °C T 72 Biff]A o F 2 _X— F L7=t%., WST-8
RIEIC L0 AR A EE LT,

I ALERE O M AEAFRE 100%E Lz & & 2 TR RIS AEFROIR TR RS
AUy PRHE 3 uM TITH) 80%., JRE 10 uM TIEHK 60%F2 5 F TR L, 2 off
BEMEE AT L) U —2 A S0 6 LIZFEFRBRE CTh -T2, £7o. BAMEE TOBIZIC
X0 22U I-MIECIX 6 Z W L7 Ml & Rk e (b3 Blat e (Figure 1-
34),

L7eBoT, 212XV ERINLFEOA Y I~—I%, 6 NAET HMlamtEEL I I v
JLTWHHDEEZLND,
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S

X}
o

80 —&@— Oxime-tethered (2)

20 —l— AB42 without oxime-tether (6)

PC12 cell viability (%)

60

50 T 1
0 5 10

concentration of 2/6 (uM)

Figure 1-33. Cell viability assay. Well-seeded PC12 cells were treated with 2 or 6 at 37 “C under 5%
CO; for 3 d. Mean*=SEM, n = 3.

(a) (b) (©)

Figure 1-34. Photographs of PC12 cells. (a) 2 (10 uM), (b) 6 (10 uM), (c) only solvent (0.1%
aqueous TFA).

119 A F VARSI L DAV B v — DY)k

2023 KB L 28FBOMUBELEE L CWDEAF VLAY U h—%, AR A% A58
SRS K-> TUIlr§ 5 2 ik, 4V I~ — L BHEOEED ATRENIT OV TR AT
o7 (Figure 1-35), T 72 b, 204X LY U I—DBZRMARSEMEZ NS Z &
IZE > CTEINICUIBT L, 2 BLXOBIBRIK 7 OAREEZ R L, ZhThotE o
AT 5 2 Ll Lz,
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AB 29-42 AB 29- 42
N [**Met(O Me0~Ny NH2 [**Met(O
H og\
MeONH, Hz

Hz
— G,
HO HO
(6]

O

o N N
H H
2 7

Figure 1-35. Oxime cleavage reaction.

2DV UFERREVRIE (pH 7.4, X7 F FIRFE 0.1 mM) % =R T 1~2 FElA v F 2 _— |
L. 20&EGFEAY I~—%2Flk S8 72%I12, NH.OMe HifgtE 4 403, 1, 10mM
DORFETMZ, H|IRITT 24 Bl A > ¥ 2X— kL, KIGEDOIRIR % MALDI-TOF-MS (Z
THHT L., 3 NAXT LV o —%HFTH 2 EAFV ARBRONI LV NI o —
MR L7 7 O TEOE—7MEDLE 7T 712 Uiz, A% MR EBRIKO AR IT
LT ORUTHEWVEH L7z,

conversion(%)=(7 D —27 @ X)(T DE—7 5 S+2 D E— 7 15 X)X 100

ZDORER, 215 T ~DOZEHERIT NH,0Me 75 0.3 mM DOFfT 28%. 1 mM DX 58%.
mmM@ﬁmlm%éﬁbto?@b%\2¢%7«@%@$@NH@Mw@%§ﬁk%<
IRDIEV EF- L, NH.OMe % 10 mM O FE CTHIN L 7= 21 ima% 7T ML
Too LTe3o T, —ERRIOMIC ﬁ#/A%Z&%%%7#¥%& EL, ThEho
E%%ﬁﬁﬁ%@ﬁﬁ@?éNm%&®ﬁ&uﬁﬁ?é_&#méﬂt(MmﬂsaL
37,1-38),
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Figure 1-36. Yield of 7 from 2 (0.1 mM) in the presence of MeONH> (0.3, 1.0, and 10 mM) or
MeNH; (0.3 and 10 mM).

a) b) Derived from 7* G)
100 - M+H) i
2+H Derived from 7*
100 - (M +H)
) 80 -
80 (I:)Nelrlvac)i from 7* o 2+H Derived from 7* >100 Derived from 7*
f o RS fyre
60 | S
£ % 60 Derived from 7*
£ 40 £
40 = R 40 ﬂJr K
20 - 20 1 20
0 T T T T ] 0 T T T T 1 0
4300 4400 4500 4600 4700 4800 4300 4400 4500 4600 4700 4800 4300 4400 4500 4600 4700 4800
miz milz mlz

Figure 1-37. MALDI-TOF MS spectra of the reaction mixture between 2 (0.1 mM) and varied
concentrations of methoxyamine*HCI (a: 0.3 mM; b: 1 mM; c¢: 10 mM) in phosphate buffer at pH 4.
derived from 7*: found M = 4571 (detected as dehydrated form of 7).
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Figure 1-38. ESI-MS spectra of 2 and 7 (2*: detected as hydrated form of 2). Compound 2”: a
sample before addition of methoxyamine*HCI was analyzed. “Compound 7”: identical sample to c¢)

in Figure 1-31 was analyzed.
2+H
100 -

80

60 2 + Na

o

% intensity

40 -

20

4300 4400 4500 4600 4700 4800

mlz

Figure 1-39. MALDI-TOF MS spectrum of the reaction mixture between 2 (0.1 mM) and
methylaminesHCI (10 mM) in phosphate buffer at pH 4.
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WIZ, 2DFF T B A= 5 2 LI K DB ATl 5720, 2 &
NH,OMe O il % AFM (Z CEIZE LT=,

2 ® 0.1 MHEPES f&ERIE  (pH7.4,0.1 MNaCl &4, X7 F REE 0.1mM) Z=EETI
~2 A X a_X— KL, @y TEASY Iv—E RS, £ D%, NH.OMe S O
KA 10 mM ORFEIZ72 5 L DI %, pH % 4 [ZHREE L7241, SR T 24 Befi A o~
Fa—hLk, ARM ICTEBPOFRIEZBIR L2 E 25, AU Iv—3BEShT, X
AT 47 ABA2 (1) oA XV ALY U A —FFF720 6 ICBIE SN D L9 e FIcBigR &
A7 (Figure 1-40b)

AREBRO 2 hr—/VERE LT, NHOMe HEEHE D 0 |2 MeNH, HERAE O /KA %
10 mM DRI D X DI, RIBICT 24 KA ¥ a_x— L7, TOME, 2137
NEWT D Z L7 100%EEIC 2 DFEFEFMEL, AFM fi#iiin 64 Y 2~ — (z-hight; 2-4
nm) AL SNz (Figure 1-40a, Figure 1-41), F£7-. 2 1% MeNH, Mgt & i L7z
W2 bET A AT MUVIC TR LTz, LN T, TR LY, 21323 FHE
28 FBHOMBM TAF LY U —2 R L TND EXTAHY I~v—REEXZ LD, A F
LY T =i E D ERMESE BT D Z RS T,

Figure 1-40. AFM images of 2 (0.1 mM) in the presence of 10 mM MeONH; where 7 is dominant
(b) or MeNH> where 2 is dominant (a). The sample was incubated in 0.1 M HEPES buffer
containing 0.1 M NaCl at 37 °C. Scale bars measure 1 um. The images are shown in amplitude

mode.

44



[pm]

Height (nm)

0 100 200 300 400 500 600
offset (nm)

Figure 1-41. AFM image of 2 (0.1 mM) in the presence of 10 mM MeNH,. The sample was incubated
in 0.1 M HEPES buffer containing 0.1 M NaCl (pH 7.4) at 37 °C. The image is shown in height mode.

Lower graph indicates z-heights obtained at the yellow bar of upper image.

WIT, XLV I —% [T 5 ABA2 FHER 2 (2BIT 24 F v LREE O FPEICE L
THET L7z, 2% 6 MGnHCI0.1 M U »FERR AR IR S, =IRI1C T NH,OMe S
EUWIL, XLV o A—%8E LT ~EBERIEEZIC, RAABIZTNNYy 7 7 —4&
Bz K9 Z L2k, RPONHOMe #RELZ, TDO%, TFAZNMZpHZ 1 & L
7RI, FEIRICT—BA o F 2_X— |k L7z, £ DEIKD 5% MALDI-TOF-MS |2 T
ELICEZA, XV AER2B AL TSIz (Figure 1-42), 726, RHPITHE
F 5 NH.OMe DN L7 Z L2k 0, A% AZHE (Figure 1-35) O 03 F R
MNCBEN L, 2 DAREDREMLIZEBZ 26D, ZORBENL, TE 20XV AHE
XA BT 5 2 LR E T,
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Figure 1-42. MALDI-TOF MS spectra after removal of methoxyamine. After predominant conversion
of 2 to 7 was confirmed (phosphate buffer, pH 4, 2: 0.1 mM, methoxyamine: 10 mM, guanidinium
chloride: 6 M to suppress possible aggregation during the following ultrafiltration), methoxyamine
was removed using ultrafiltration for 2 h. The resulting solution was acidified to pH 1, and the solution
was incubated at room temperature for 16 h. The peak designated as “derived from 7*”: found M =
4571 (detected as dehydrated form of 7). The peak designated as “**”: found (M + H) = 4560
(corresponding to a mass of hydrolyzed aldehyde product at the oxime bonds of 2/ 7).

F72. W HPLC IZ T ELL72 7 12k LT, 1%TFA KIEHRIZ AR S 16 RERI %2 2R
DHyFEERE LIZE 2 A, BRI 2 23 S0%RREBH =47z (Figure 1-43), Z OFERMN
O, BHERIKT LEABRIK 2 OA XV AT WIEE /T 5 Z LR ENT,

30
454553
[M+H]* 457477

25 [M+H]*

20

0
4000 4200 4400 4800 4800 5000

miz
Figure 1-43. MALDI-TOF-MS of oxime closed reaction.
Wi, XL =28 LT AT L) o h—2AT5 2 OMREEICE X
HEEBIZOWT, 7 v MNEIBBEMIEECH S PCI2 Mz HVTRGE L 72 (Figure 1-

44), v ~IiE% 1%% e HEPES-DMEM 55 #if O#IIICHKE L, 2 (40 uM) (2% LT,
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MeONH: 35 LT MeNH, (2 mM) Z ZLEARAN L, 37 °C T24 KA o FaX— kKL, 7
T2 ARSI T, ZBHICR LT, PCI2 HIRICERIM L, 37 °C T72 KA > %=
N— R L7, WST-8 iR L v EfMaksEa L,

I ALEREOMIAAEATEE 100% & Lz & X, MeONH, 35 XUV MeNH, # ¥RAN L 728 Tl
WAL DR 60%FEE O FEE R LT, MeONH, 2 L72BECIEAF v A0 v —
DYIWT ST ZERLTEY . MeNH ZIRML7ZRECIEA TV A U — %R L7 2 O
WHEAHEFF L CWAZ L2 E 2D L, 7L 20T HRFEMIT., ZEFRBRETHD L
EzZbD, ar ha—FERE LT, EFRICET 5 %M F Tl MeONH, 33 & U MeNH,
AWMU OB OMIETIX, MRAFEEIMET L2 L 2R L TV D,

REBROFER, FX A0 =YW S 712X 0 IER SN D 8EN A T 21k
PEIX, A A0 U —FHEREL TV D 2 3BT B4 U I~ — Ok & IRIZ R E
THHZEETBL TS, ZOZ EiE, ABA Y T~—78 AP FfE L 0 bR EME &
B S Z e EFETHMBOLIICEZ D, L, 2K T H4 Y Z<—7 AFM
fEMT CRZD LIV DRERY A X ThHolziod, FENTIIE R o7z v ) 7l
RN S D, T7hbb, MREENENEZZ ONLFREIT N v~—, ~FH~—7
ELV2WEKT 5 A I — K0 /NSREFRETH D RN SN ENRBZ bLD, F
7oy 2WCEBA LAV AEEA G NEEICEBEL TV DAL B2 b5,
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Figure 1-44. Comparative toxicity of the oligomer formed from compound 2 (x-axis: MeNH>) and
fibril formed from compound 7 (x-axis: MeONHb»), corresponding to closing and opening forms of
the oxime linker, respectively. Compound 2 (in 0.1% TFA) was added to PBS containing MeONH>
or MeNH: (2, 40 uM; MeONH2/MeNH,, 2 mM; pH 7.4; we confirmed that 7/2 was dominant in the
condition with MeONH»/MeNH,, respectively), incubated at 37 °C for 1 d, and the solutions were
added to PC12 cell plates (final 2, 10 pM; MeONH2/MeNH,, 500 pM). Then, the cells were
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incubated at 37 °C under 5% CO; for 2 d. Mean = SEM, n = 3. Cell toxicity was not observed in the
presence of MeONH,/MeNH; at the concentration of 500 uM. Cell viability in the presence of
MeONH; or MeNH; only (500 uM) is designated as “100” at y-axis.

1-10 /NG

ARETIL, AB42 O Asp? & Lys?® OMISHZ ATy e LG REE ThHAF LY o —T
WS L7 A % LFFER 2 #3%GE - AL, TOMEZFHE L7, ZORFR. 2 1THHEE
AR LBRWEEF Y dv—% 52, —EDO _RKIEETH D B-2— MEEEHMERFT2 2 &7
Dnote, Flo, 2BEKT LAY A~v—1E7 I v A REAED 7 v R B-2— MEEZK
L. #hiRmtE a2 2 &N minole, B E LT, GIn's, Gly? Ol % 4% v A
FEA CHERE ST/ A ¥ AFFEMR S T, Y I~ — B ABEEICIE S 2 E b,
AB42 AU T~ —DLELITIE Asp? & Lys® ORI DOV > h —HENREETHDH Z LN
R E T,

EHIT, 23FB L 28FBHOUBAZEE L CODEAFT L) b —%, Aty
DEROGIT K-> TEIRBICOIWT T2 Z S lc k0, AV I~ — DL HD I REDNT D
WTHHEIT o1, ZORE, D TFHNAFT LY U —%2HT52 T4 ) I~v—IkiE%
MEFF L. A% v LRGN S 7 7 TITMME~ & BEERIRIEN B b2 Z LV L7z,
Fl2, 2DFFT AN =R ST T D A X U AASHE D OGH & SO 5R F N
HRETHZEICEY, D228 THZ /ML, LEBR-T, 204FT A
A IR AT D 2 L AVRIE S T,
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F2wE TN A=A T D AP FEEORE « ARk - PEEEHE

2.1 FU XLV I —EHT D AR FHERO(LE WG

ATEEIC Gl X D12, AP42 D 23 FH L 28 & H OISO MBS 2 i & CTh o 4
FULEETREL, XLV I —ORMIC I D Y I~ = HRHE~ DLW HE
ERDEANE LN, 2BEERT I A R4 I~v—IREAHERF L7222 L1E. AR D 23
FHE 28 FHOMBEIAFAET 2EENA Y I~ — DL & ZE{LI *i%f;”“iw%fcb
TWAHZEETRBLTND, L, 213V U —E OB Z 3BT 57201, alwiiy7s
X LEEEZRHA L TEBY ., AP OGS I EOFHEFRIMELRLT L < v k%i b
e 2T, HIMBHEEIC X0 DG L LT AB40 D Asp? & Lys2 O EH ] K #E
A LT 7 % LFHEKR 9 O (Figure 2-2) BNIHEH Lz,

AP40 T 7 X DFHEIK 9 1I XA T 4 7 ABA0 LB L TF AT T B T HEHRED EFM

<, EHEHENES 8o TWVD Z ENRB I TW D (Figure 2-1a) B, F7- 9 [34HE
DFER, AT 47 APA0 L [FIERICHAMEZ TR T D MEE A MERF L T % (Figure 2-1b) Bl
INHOZ EnG, AB40 BT 5 Asp? & Lys® OMIEH A R Al G FEE THDH T 7 #

LG TCHGRE S D & BERENZ URHEERMEET 5L 59 2N TE D, £,
A BT R AspB & Lys® ORIV T T 7 # AfEA LT 8 13, HMBIC X 0im WG4
LoTWDLZENHEESND, LEDZ LD AB42 12BN TH As.p23 & Lys® OflgH %= 7
7B LEATERIL ST 813, APR ICBIT 2HEBHEEZRBL W AFERTHD Z &2
Ezohb, £ T, 8EEML, TOMWEEFML., 317 1 7HED Ap42 B L URHIE
THR LAV ARAETRILES 2 L35 Z &2 L7e (Figure 2-3),
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Figure 2-1. The pictures of (a), (b) are cited from ref. 31. (a) Fibril kinetic growth curves for AB40-
lactam(D23/K28) (A) and AB40 (B) as a relative thioflavin T fluorescence.

(b) Electron micrographs of negatively stained fibrils formed by AB1-40 (A, C, at 15000 X and 98000
X magnification, respectively), and AB1-40-Lactam(D23/K28) (B, D, at 15000 X and 98000 X

magnification, respectively). Fibrils were grown from ~115 pM peptide in 10 mM sodium phosphate,
pH 7.40 from a peptide stock in DMSO (final DMSO concentration <2%). AB1-40 fibrils exhibit
typical morphology of long, unbranched, twisting amyloid fibrils. AB1-40-lactam(D23/K28) are not

as frequently twisted and are composed of single fibrils.
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Figure 2-2. Simplified chemical structures of Ap and the mimics.
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Figure 2-3. Synthetic target of 10.

22 TUELYUA—EATDH AR FHEERDERK

8. b L RARICE RS CREBEMEICENTZ0-T v v A VX7 F FIK10E L TR L
72. Fmoc-Ala-TrtA-PEG resin% )T, Fmoc X7 F REFHEGMIEIZ LD, Asp?®ETRT T
REHZRES L7 ic, TV 2 RIS T, Pd(PPhs)s & PhSiHs % VT, AspBllgHD T U v
5 & Lys® IS D Alloc 3L 2 BRI BR £ Lz, fiev T, BifRFE L 72 I8H[H 2 HATU S L OY
HOAtZ FHW TN TERIL S, 77 7 ABRAME LB, Z0%, FmocX7"F R[EH4FH
BRIEIC KD Asp! ETRTF FHAME L7122, TFAL 7 7 /v (TFA/m-
cresol/thioanisole/H,0=92.5/2.5/2.5/2.5) \ZCHIIEHOEI0 HH L ERGEFRKDEREZITV, 15
LNTHME DT F REWFEHPLCIC THT 2 2 LI2 kv, BRI TH 510541572

(Scheme 2-1),
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o 0 HATU

Fmoc-SPPS (¢] JL ANF Pd(PPhs);  HOAt
v @ HN™ "0 PhSiH3 NMM
Fmoc-Ala-TrtA-PEG resin _>i Fmoc\N N\)LN (o] —_—
H £ H/Y CH,Clp DMF
[ O o rt, 16 h rt, 16 h
H
Boc\N N\:)L
H o) .\
CONHTrt
(o} (0}
AB 29-42 AB 29-42

[**Met(0)] TFA [35Met(O)]

m-cresol NH o O,
Fmoc-SPPS  thioanisole O,
H,0
TrtHN HN NH
§ ®

_> —_—
Fmoc\N BocHN i, 2h AB 1-22 N 0 H3N\)=0

o/ 1.3% HN

-~ o
o caluculated from o’ CF3CO,
Fmoc-Ala-TrtA-PEG resin
(0]
Scheme 2-1. Synthesis of 10.

10 (THIFEE Y EKIAEMEZ R Ly 0.1% (v/v) TFA KRR &2 EEE L LCTRW T, 200 pM FLE

DEPREDA Ny 7R TH 72, HV T, I OAEFHIRHE, iy
BRI D725, 10 DA N v 7 EERINICIEIE L 9 52T ORERZFR< B TlRIELZ{TV
(4 °C, 100,000 rpm, 3 h), FJF 3/4 Z[EUX LTz, ZD#%, 0% B 3/4 OREZHE
L, 10 DA My Z7EERORE L Uiz, 10 Ol %O EIFEORED 120~170 uM Th -
22D, 10 DA by 7 ERIC TR DAER TR DR ORRERN G T T\ - 2
EWEZLND,

DT, 10738~ & ZEHa Z D D H & 53 HTHPLCIZ X - THgE L 72 (Figure 2-5), &0
fER. 7 vt A THWS0.1M,pH 740 Y U EfEE R (phosphate buffer; PB) (ZT10D A
v VR EFRINT D&, 10D E— 7 1TER LFTT- R — 7 ~ e ER&NICE R I Z &R
MR ENTz, Lo T, O-T A I _XTF REENSFNT 7 2 L) v 1—% 8T 5
BRIRFEEIZB W TS, O-to-N3 TINT SVIEERAL S TT 5 Z &R aindz, LLbko
FERND, ABREFIERIC, 77 Z MEELZ AT 510128V T H8D mEIKEENE « IEEEEM:D
AIBRIARE L CHERET D5 LB 2D LN TE D,
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Figure 2-4. Intramolecular O-to-N acyl rearrangement of 10.
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Figure 2-5. (a) Upper: HPLC chart of purified 10. HPLC analysis was performed with a linear
gradient of 0—100% MeCN in 0.1% aqueous TFA over 40 min a 40 °C at a flow rate of 1 mL/min,
detected at 230 nm. Lower: MALDI-TOF-MS spectrum of purified 10. (b) HPLC charts of the
conversion from 10 to 8. The HPLC analysis was performed using a C18 reverse phase column
(4.6x150 mm; YMC-Triart C18 column) with a linear gradient of MeCN (0-100% over 40 min) in
0.1% aqueous TFA at a flow rate of 1.0 mL/min at 40 °C, and peaks were detected at 230 nm. Stock
solution of 10 was diluted with 0.1% aqueous TFA and 0.1 M phosphate buffer (pH 7.4) (final
concentration: 10 uM), and the solutions were immediately subjected to analytical HPLC to obtain

the charts designated as before rearrangement; black and after rearrangement; red, respectively.
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2-3 T U7X LAY I —DOEREMNT

WIZ, 8 THERT 24 A~ —(LFHOBREFHIRIA L5720, AFM & AV TR
%47 7= (Figure 2-6)

£, 8(10 uM) @ 0.1 M HEPES #E@EAHR  (pH 7.4, 0.1 M NaCl &4) % 37 °C THiE
DI (f ¥ 2_— NEfk, 3 KFE, 24 ) A > F2X— F L7z, AFM (2 THRY)
DI EBIELE LT, TORERE, 8§ TldA > FaX— MNERIZED TES ) I~v—H LWL
2 N7 4 7 U RO BIEE S, 3 IR, 24 BRI R b8l S
7o L2, 7 IvaA RfITBEIN R o7, A VY XTF R THD 10 TiE 8 THIZX
NizEom@mn+EAY) I~—F37a b7 4 7V IVROIEFEMIER I N2 o722
EMD, 10 DEEAL LT 8 WA I~v—% KR LT EEBE 2 BND, —FH, AIE THIRRZ X
N, TIELV U I—%FT720 6 TIET 7 72— ADKRIZT I aA FEHENTER S
oo TROHDRERID, SOT I XLV U I—INAPR DT b7 4 7 U NABLOES &
FV dw—RERE L, R LAY Iv—NLETHD I EIIRENT,
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(c) 10 min 3h 24 h

Figure 2-6. AFM images of (a) 8, (b) 10, and (c) 6. Samples (10 uM) were incubated in 0.1 M HEPES
buffer containing 0.1 M NaCl (pH 7.4) at 37 °C for the indicated time periods and then analysed in (a)
and (c). In (b), instead, 10 was analyzed by AFM by incubation with 0.1% aqueous TFA (i.e., without

O-to-N acyl rearrangement). The images are shown in amplitude mode.

2-4 SDS-PAGE (Z X it

WIZ, 8 DEAIREDZAL % SDS-PAGE (2 X 0 fi##t L7- (Figure 2-7), 8. Ap42 (1), &
L6 OV VAR ETAK (pH=7.4) % 37°C TA ' F =2_— bk L72tklc, SHEHRH (1
VX aX— NEE, 3. 24, 72 FFfH) T PICUP ALERBIAZ 1TV, Novex® 15% Tris-glycine gel
EHWCERKBN AT, TO#%, VZRZ o7y MEZXOVR L, v=xZ v
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7'y MEIXPVDF E~EEEGH%, $17 20 A KBE/ 7 a—F Pk (6E10) % kLK
WCHWTHREZIT > 72,

8IFA v FaX— FNERZIZBWTE /) v—LSF AN ~v—, N ~— T FT7~v— (K
SfEAY I —) IS T AN RREE L TBIZ S, 250 kDa fHTIc @y &4 Y
T~ =Dy RPBE Sz, 20 250kDa fHED @S F8EA Y T~ —1%, 1 OpiE Tl
NEAXRV LAY o —RATD ABR FER 2 LFREO LD TH 7=,

S BT, 8 TIL 3 KEfEIfZIZIE, 250 kDa D& EA Y A~ —0D 0 RGREEN A %
a— NE &R L OB B SN, £, 24 BRI R L O 72 B TR T B
AV d~—DN 2 RIFEE ST, 250kDa (LD &y FEA Y I~ —3/ N0 RREEN 3
Rt & i L T35 b 00, @A I~ —OFEEE MR LTz,

—J, BB TR LHC, T2 X280 H—%Fl-/20 6 TEXT 77 2 —ADHKIZT
A FEBHEDNTEER SN D 2D, BiE 1-5 Tilk<7z SDS-PAGE DOERY Ot R & [FAEEDOFE
EBEOLNT, LIRS T, AspP L Lys® &2 T 7 X L) U A—TREGSHEDHZ EITLD,
Koy EAY Av—0nLECHCE S FEALY I~v—%2 KT Z ez, &6
2. 8 WA DEmyFEA Y d~—I3 24 BRd L OV 72 BefiliEss 972 = L avRIE S
77
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Figure 2-7. SDS-PAGE analysis of 1 (20 uM), 8 (20 uM) and 6 (20 uM). AP samples incubated at
37 °C in 10 mM phosphate buffer (pH 7.4) for the indicated times, and then samples were treated by
photoinduced cross-linking. The resulting products were analyzed by SDS-PAGE on a 15% gel. Bands

were detected by western blotting. The mobilities of molecular weight markers are shown on the left.

2-5 CD A~XJ MUIC X Dl

8 DAL T COZMEIEN ED X IZZEAT 502% CD A7 MWZ X WEHli L 72
(Figure 2-8), 8(10uM) D U U FeiEEIAE  (pH7.4) % 37 °C THIEDKRME (£ v F 2
— MNE%, 1 FE. 6 BRI, 24 BER) A > F =2 X— R L7z, CD A7 MLVERIE LT,
37 °CA »Fa_X— MNEHTIE8ITT v A L af VERT AT MLaE G 2 7208, 1 K%

56



21X 217 nm FHEICHVIMEZ & 25 B-— MEE~EZ(L LT, & 51T, 8 1% 24 FEE#ZIZHB W
Th B — MEGEZHERF LTz, —FH T, 97 XLV U —5FFER0 6131 Fax—16
BE & TIXT v X D aA NV EHERF L7208, 24 BRI B-o— MEE~E (L L=, Zh

HOFER LD, Asp? & Lys?® OIS AE T 7 ¥ Lk CHfE S5 Z L2k v, —ED Rk
WETHDB-v— MEBELZHCNTE XD Z Enmnrol,

AR T2 LIS, AF T ALY I —THREA SEZFER 2 131 v F 2X— MNEZD
BES T B-v— MEBEDHER KT CD A7 M AEEX ORI L, T2 250 0 H
— TG IEFER 8 IIA v FaX—NERTIET U H LaA vz FT 5 CD A2
MvaEG 2, ZOZENEL, AFX VL) U A—CHEfESEEFEER 20N T 7 X2 L) v
T —DFEARID & B-3— MEEDTERGERE 2 2 & AR S vz,
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Figure 2-8. CD spectra. 8 (10 uM) and 6 (10 uM) were incubated at 37 °C for indicated hours. (a) CD
spectra of 8. (b) CD spectra of 6.

26 FATZITELTT vkA

FA 77 T (ThT) ZHWSHEHRET v AI2X Y 8 OEEMZFHE L 7= (Figure
29), 8D 0.1 M VU UEREETRK (pH 7.4) % 37 °C TA U FaX—hL, /U FaX—
NEF, 1, 3, 6, 24 KFfAIZ 1 ThT @GR 2 HE L7, 8 OEtefiix 1 Kefilf21Z 10 au.,
3WFRHEIFEIT 17 au., 6 FFEIFRIT 18 auw EFEC7R BA-Z/R L, 24 FEEI#£1Z 8 au. & HOLE D
BOBHERENT-, ZOZ LD 8D/ 1 A B-2r— b EITHEAELCHITHINT 5 H DD,
—EREERITEIM LN E D, B U FaX— FE#ZBEL T/ r R B-v— NEOE
(LIS D 72N E PRI STz, ET0, BIE TR AF L) U —%HT 5 2 D
IR & T D & 8 DEGEIRE L 2 OAEHRE L K& RMEEZ R LTS, Zhb
DOFEFRIZ. AFM T ORER L —H LTV, 8 Tix 2 LV RERBEEEIBILEZIhTWD
ZEE—HLTWD,

— T I ZL) AR 6 LRI TR L D2, 777 = —XDHKIZ ThT
DHEIAENRE S ERA L, ZOHEUEIZ 8 DIEL W R&EREZ R Lz, T7bb, 6 D71
A B-v— b EIE—ERF% £ TN, —ERMZICREICENT b0 ThHY | 8 LIk
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KR TH - 72,
8 DHANTREZ bIL, HONICA Y I~v—%BK L, D%, Ry a4 Iv—F ik
Ta N7 4 T IVRO GO EMERFT S £ 9 AFM, SDS-PAGE % L C CD O & — L
TWhEEZOND, TIuA ROFa b7 47 U LdD ThT #OCEITRRHE L /NS U MVE
LD ENHESNTNDEBIZ LG, 8 137 2 v A FICHMNR s o R B-2— Mk
ERFFLCWARLEREN TEAY A~v—BLOT a7 h7 47V EEZLNRD,
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Figure 2-9. ThT assay (Aex =440 + 5 nm, Aem =480 £ 10 nm). 8 (10 uM) or 6 (10 uM) was incubated
at 37 °C in 0.1 M phosphate buffer (pH 7.4) for the indicated times. Mean = S.D., n = 3).

2-7 YA RPEbRY v~ T T T ¢ —IZ K DN

8 DEGIRIEDZEALE A YRy v~ 77 7 1 — (SEC) 12 L Y 0¥ %47 > 7=, (Figure
2-10) .8 (10 uM) D U »EEFRMEANL (pH7.4) % 37 °C THTE DR (f > % = X— NE,
3R, 9 WERE]) A ¥ aX— bk L7tk VA XPRI a~ N T T =TT LT, A
V¥ a_— NEZORRE (1043 I2BWTIE 149 mL OEHEEFICE—2 (£ ~—
SMEGyFREA Y I —ITHY) BB ENTL, . AU FaN— 1 3 REH, BRI K
ML ClE, A > FaX— hEKEFCEHAER (149 mL) ([C8—27 M@z, L
L. A v F a~— b 30F#E, 9 REf% O Y — 7 mREEIX, 4 > F2X— MNEHOE—J
FEME & L LA A L, B =2 RO AL L Tz, Zhud, &6 - BEICthVE
v — &S EA ) A= L, O EOA Y I~ —RNERLIETED EEZ B
Do
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Figure 2-10. SEC spectra (UV absorbance was detected at 230 nm). 8 (10 pM) was incubated at
37 °C for indicated hours.

—FF T, 61L37°CA vFaX—hEKE (104). BLO3RHZ CIHEHAER (14.2
mL) ([ZE— 27 DBIEE I, 9 FFRICII Y — 27 B5EaIciEk Lz (Figure 2-11), &+
7o, 3ROV BERB L O =7 RN A X2 _X— NEZO LD LFEETH S
D, AU EFERE (B ~— &S 1EA ) I~v—) BEKLTNDZ EIREBS
Lo L2 oT, 6IX3RMBRE S CIET/ ~—BILUOA Y I~ —DFEE XFFT 528, 9
RFfEI 1% IR 3 BT T L. SEC Tl SN W R E REHERIZEIL L TN D EB X b
%o ZHUL, FATTEL T TOERNBEDELNA % 2_— | 3 BFE% NS 24 B
BT TRESELL TS Z b, ZORMFINS 24 ) I~ —{bFfEE & -
T E L TREREEERICEMLLTVD Z L ZEMFIT TV D,
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Figure 2-11. SEC spectra (UV absorbance was detected at 230 nm). 6 (10 uM) was incubated at
37 °C for indicated hours.

2-8 A EE RN

WIZ, 8 DMFREIEICE 2 5 IS\, 7 v MRIBBEMIE TS S PC12 Minx
FWTHEEL 7= (Figure 2-12), v ~Iflif% 1%7% #» HEPES-DMEM H5HiH OFAIZ % L
8 (10 uM). 6 (10 uM)Z ZNZEHL, 37 °C T72 HFHA o F 2_— b L=k, WST-8 ki
RS 0 @i =5 = B

I G REOMIRAETTHE % 100% & Lz & &, 81389 50%FEEE DO MIIAAfF =R DK T A AL
i, 6 LRIRETHH-T-, Tz, BB TOBLRICLIY ., §EHRMLI-MEETIZ6 &
AN U T AR RE & FER DT REZS b 238125 S 417 (Figure 2-13),

INHORERLY ., SOMaEIEIX 6 LIZIERRETHD EEZDLND, LIRS T, 8
WK VR ENDICFFEOA Y I~—I1X, T7 XLV A—%FF0 6 AT Dl
HEIIvIZLTWNDHIEDOEEZLND,
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Figure 2-12. Cell viability assay. Well-seeded PC12 cells were treated with 8 (derived from 10) or 6
at 37 °C under 5% CO; for 3 d. Mean = SEM, n = 6).

(a) (b) (c)

Figure 2-13. Photographs of PC12 cells. (a) 8, (b) 6, (c) only solvent (0.1% aqueous TFA).

29 HERERE OEW

INFETITHRARTE 2L DT, AP42 D Asp? & LysB OIfH % 7 7 ¥ DS Tk L7
K8 1T, 70 NICEMNR s o R B-o— MEECHREEZ AT 2ES TRAY 2
~—. 70 N7 4 TV NDOEAEREE LTz, )7, Asp? & Lys?® OIS % 7 7 & AfhE Tl
i L72 AB40 58RI, MMEOIR A RET 202 L HEINTNDL Z Enh, Asp? &
Lys?® OIS OEAEREE T AB40 (ZH61T 5 MRIEEDRKICEE &2 AL TW\bHEE X
Lbivd,

AEOFERIND ., AB42 (2F1F 5 Asp® & Lys® OHAEHEEIL. MHLICESRWEES
U I —Z LI T 2D TH Y, AP0 (1T D Asp? & Lys™ O HAs & | e
KERETH LD THDLEEZ LN, 2D LG, AspB & Lys® OEIGHEEIL AB42 &
AB40 TIXZEDPEE N R D Z L BRI T,
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2-10 JEATHIE L OEWCET 555 (RFT — 2 2 5T)

AT CHik <7223, Hird HIIERE AP42 |28 LT Ala?! & Ala’ % Cys IZ@E#L L, T2
NWOME ANV T 4 REEATRILSE D LW OLFHEMIC LY, AR LAY I~v—0
fENT % AT > T B0, b OffFFEIE, ARIOEICE TS, gHiE T 7 2 50 »1—T
BILSEA) I~ —2ZEMT DLV I RELTWDS, £ZT, AiHilZHBWT, Hird b0
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Figure 2-14. The pictures of (a), (b), (c) are cited from ref. 10c. (a) Biophysical and biochemical
characterization of ABCC oligomers and protofibrils. (upper) Formation and separation of AB42CC
(black) and AB40CC (red) oligomers during SEC on a Superdex 200 PG 16/600 column. Monomer
peptide samples were loaded in denaturing buffer and eluted with native phosphate buffer at pH 7.2.
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Apparent molecular weights and classification of eluted oligomers have been indicated. HMW
aggregates elute with the void volume.

(b) Concentration dependence of formation of ABCC oligomers from denatured ABCC during SEC in
native buffer on a Superdex 200 PG 16/60 column. (upper) Diluted and (down) ~5 times more
concentrated AB40CC and AB42CC samples. The experiments in B are the same as in A. Monomer
peptide samples were loaded in denaturing buffer containing 7 M GdmCI and eluted with native
phosphate buffer at pH 7.2, resulting in oligomer formation. Shaded zones indicate approximate
elution volumes for different aggregates. The column was calibrated using globular protein standards.
Sample amounts: (upper) 0.5 mg AB40CC and 0.3 mg AB42CC; (down) 2.7 mg AB40CC and 1.7 mg
AP42CC.

(c) TEM micrograph of a concentrated sample of AB42CC B-sheet oligomers (190 uM monomer

concentration) showing assembly of B-sheet oligomers into protofibrils.
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Figure 2-15. Concentration dependences of foramation of 8.
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Figure 2-16. Lactam derivative of AB1-42.
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Figure 2-17. Lactam derivatives which linker length is changed.
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Experimental section

Materials and Methods

General

Analytical HPLC charts were obtained by using a SHIMADZU HPLC system equipped with a UV-
2075 spectrometer, PU-2080 pumps, a DG-2080-54 degasser, and an MX-2080-32 mixer (JASCO
International, Co., Ltd., Tokyo, Japan), or a HITACHI HPLC system equipped with an L-4200 UV—
vis detector, an L-6210 pump or L-6200/L-6000 pumps, and an ERC-3510 or L-5090 degasser (Hitachi,
Ltd., Tokyo, Japan). Preparative HPLC were conducted by using a SHIMADZU HPLC system
equipped with a UV-2075 spectrometer, PU-2086 pumps, a DG-2080-53 degasser, and an MX-2080-
32 mixer (JASCO International, Co., Ltd.). LC/MS analysis was conducted by using a Agilent
Technologies LC/MS (ESI-Q) system equipped with a 1260 Infinity High Performance Degasser, a
Agilent 1260 Infinity Binary Pump, a 1260 Infinity Standard Autosampler, a 1290 Infinity
Thermostatted Column Compartment, a 1260 Infinity Variable Wavelength Detector, and an Agilent
6120 Single Quadrupole LC/MS (Agilent Technologies, Inc., Santa Clara, CA, U. S. A.). MALDI-
TOF MS was measured on a Shimadzu Biotech Axima-ToF2 TM spectrometer (Shimadzu, Co., Kyoto,
Japan) using a-cyano-4-hydroxy cinnamic acid (Sigma-Aldrich, Inc., St. Louis, MO, U. S. A.) as a
matrix. ESI-Q-MS spectra were measured on a Waters ZQ4000 (Waters, Co., Milford, MA, U. S. A.)
spectrometer (for LRMS). NMR spectra were recorded on JEOL ECX500 (500 MHz for 1H NMR)
and JEOL ECS400 (400 MHz for 1H NMR) spectrometers in the solvent indicated (JEOL, Ltd., Tokyo,
Japan). Chemical shifts (8) are given in ppm relative to residual solvent peak and coupling constants
(J) are reported in Hz. Multiplicities are described by the following abbreviations: s = singlet, d =
doublet, t = triplet, m = multiplet. Water was purified in advance using a Millipore Milli-Q water
purification system (Merck KGaA, Co., Darmstadt, Germany) to obtain filtered deionized water and

distilled water.

Materials

All protected amino acids were purchased from Watanabe Chemical Industries, Ltd. (Hiroshima,
Japan) and Peptide Institute, Inc. (Osaka, Japan). Fmoc-Ala-TrtA-PEG resin (100-200 mesh) was
purchased from Watanabe chemical industries, Ltd. (Hiroshima, Japan). 1-Hydroxybenzotriazole
monohydrate (HOBt -H,0), N,N-diisopropylethylamine (DIPEA) and N,N’-diisopropylcarbodiimide
(DIC) were obtained from Watanabe Chemical Industries, Ltd. Triisopropylsilane (TIS) were
purchased from Sigma-Aldrich, Inc. Piperidine was purchased from Nacalai Tesque, Inc. (Kyoto,
Japan). Thioanisole was purchased from Fluka chemical corp. m-cresol was purchased from Tokyo

chemical industry. Trifluoroacetic acid (TFA) was from Tokyo Chemical Industry, Co., Ltd. (Tokyo,

69



Japan). Tris (2,2’-bipyridyl) dichlororuthenium (II) hexahydrate [Ru(bpy)] was purchased from Fluka
Tokyo chemical industry, Co., Ltd. Ammonium persulfate was purchased from Kanto Chemical Co.,
Inc. (Tokyo, Japan). N,N-Dimethylformamide (DMF), tetrahydrofuran (THF), Et,O, CHCl,, and 1,2-
dichloroethane, acetonitrile (MeCN) were obtained from Kanto Chemical Co., Inc. and Wako Pure
Chemical Industries, Ltd. (Osaka, Japan), and used without further manipulation unless otherwise
stated. O-Acyl isopeptide of AB1-42 or O-Acyl isopeptide of 6 was purchased from Peptide Institute,
Inc. Other chemicals were purchased from the following commercial suppliers: Wako Pure Chemical
Industries, Ltd., Nacalai Tesque, Inc., Kanto Chemical, Co., Inc., and Sigma-Aldrich, Inc. Flash
column chromatography was performed using Kanto Chemical silica gel (spherical, 40—63 pm). Thin

layer chromatography (TLC) was performed on Merck Kieselgel 60 F254 (0.25 mm) plates.

Analytical HPLC

Analytical HPLC was performed using a C18 reverse phase column (4.6 x 150 mm; YMC-Triart C18;
YMC Co., Ltd., Kyoto, Japan) with a linear gradient of 0—-100% MeCN in 0.1% aqueous TFA over 25
min or 40 min at room temperature or 40 °C at a flow rate of 1 mL/min, detected at 230 nm. LC/MS

grade solvents were used.

Preparative HPLC

Preparative HPLC was carried out using a C18 reverse phase column (10 x 250 mm; YMC-Triart C18;
YMC Co., Ltd.) with a linear gradient of 0-100% MeCN in 0.1% aqueous TFA over 80 min at 40 °C
at 3.5 mL/min, detected at 230 nm. LC/MS grade solvents were used.

LC/MS analysis

LC/MS analysis was performed using a C18 reverse phase column (2.0 x 50 mm; YMC-Triart C18;
YMC Co., Ltd.) with a linear gradient of MeCN in 0.1% aqueous HCO,H at 37 °C at a flow rate of
0.2 mL/min, detected at 230 nm. LC/MS grade solvents were used.

General protocol for solid phase peptide synthesis (SPPS)

Generally, the peptide chains were assembled by the sequential coupling of activated
No-Fmoc-amino acid (5 eq.) in DMF in the presence of DIC (5 eq.) and HOBt*H>O (5 eq.) with a
reaction time of 1 h or 2 h at room temperature. The resins were washed with DMF (x 5), and then
No-Fmoc deprotection was carried out by treatment with 20% piperidine/DMF (v/v) (1 min x 1 and
10 min x 1), followed by washing with DMF (x 10). The coupling and deprotection cycles were
repeated. The peptide-resins were washed with MeOH (X 5) and dried for at least 2 h in vacuo. The
peptides were cleaved from the resins with TFA in the presence of m-cresol, thioanisole and distilled

water (92.5:2.5:2.5:2.5) for 90 min at room temperature, concentrated in vacuo, and precipitated with
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Et,O at 0 °C. The resulting precipitate was collected by filtration, dissolved with 0.1%
aqueousTFA/MeCN (1:1), and lyophilized for at least 12 h to give the crude peptide. If necessary, the
crude peptide was purified by preparative reverse phase HPLC with 0.1% aqueous TFA/MeCN system

as an eluent, immediately frozen using liq. N», and lyophilized at least 1 d to afford the desired peptide.

Preparation of peptide stock solution

The powder of 3, 10, O-acyl isopeptide of 1, O-acyl isopeptide of 5 or O-acyl isopeptide of 6 was
dissolved in 0.1% aqueous TFA. These solutions were treated with an ultracentrifugation (100,000
rpm) at 4 °C for 3 h on an ultracentrifuge OptimaTM TLX (Beckman Coulter, Inc., Brea, CA) with a
rotor TLA100 or TLA120.2 (Beckman Coulter, Inc.). The upper three-quarters fraction of the solution
was collected, and an abservance at 280 nm was measured by UV sepectrometer (UV-1800,
SHIMADZU, Co., Ltd.), and the concentration was decided to obtain the following stock
solutions:120-200 uM of 10, 200 uM of 3, O-acyl isopeptide of 1, 5 or 6. Stock solutions of O-acyl
isopeptide of AB1-42 in 0.1% aqueous TFA were prepared as described?l. These solutions were
stocked at —80 °C until use.

Thioflavin-T (ThT) fluorescence assay

A stock solution of 3, 10 or O-acyl isopeptide of 6 was thawed and diluted with an equal volume of
phosphate buffer (0.2 M, pH 7.4), and additional phosphate buffer (0.1 M, pH 7.4) was added to obtain
a solution of 2 (10 uM), a solution of 8 (10 uM), or 6 (10 uM), respectively. The prepared samples
were incubated at 37 °C without agitation for the desired time periods (0, 1, 3, 6, 24 h). Aliquots (10
uL) of these samples were mixed with 3.7 uM ThT in 50 mM glycine-NaOH buffer (pH 8.5) and the
mixture was subjected to ThT fluorescence assay. The fluorescence was measured at an emission
wavelength of 480 £ 10 nm and an excitation wavelength of 440 = 5 nm. The fluorescence intensity
was measured on a spectrofluorophotometer RF-5300PC (Shimadzu, Co.) using a rectangular quartz

cell (3 mm pathlength).

Atomic Force Microscopy (AFM)

A stock solution of 3, 10, O-acyl isopeptide of 5 or O-acyl isopeptide of 6 was thawed and diluted with
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer (0.1 M, pH 7.4) containing 0.1
M NaCl to obtain 10 uM of'the 2, 8, 5 or 6 solution, respectively. The prepared samples were incubated
at 37 °C for the desired time periods (0, 3, 24 h). Aliquots (10 uL) of these samples were spotted on
freshly cleaved mica (Nilaco, Co., Tokyo, Japan), incubated at room temperature for 3 min, rinsed
with 20 pL of filtered water for three times and dried in air. Samples were imaged by an intermittent

contact mode in air at room temperature on a NanoWizard III (JPK instruments, AG, Berlin, Germany).
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Circular dichroism (CD) spectroscopy

A stock solution of 3, 10, O-acyl isopeptide of 5 or O-acyl isopeptide of 6 (10 uM) was prepared in
the same way shown in the protocol of the ThT assay. The prepared samples were incubated at 37 °C
for the desired time periods (0, 3, 6, 24 h). CD spectra were measured at room temperature on a stopped
flow circular dichroism spectrometer Model 202SF (AVIV Biomedical, Inc., Lakewood, NJ) using a

rectangular quartz cell (1 mm pathlength). Blank spectra were subtracted, respectively.

Size Exclusion Chromatography (SEC)

A stock solution of 10, and O-acyl isopeptide of 6 (10 uM) was prepared in the same way shown in
the protocol of the ThT assay. The prepared samples were incubated at 37 °C for the desired time
periods (0, 3 or 9 h), and an aliquot (100 uL) of these samples were injected to SEC. SEC was
performed on an AKTA™ pure M1 system (GE Healthcare Japan, Co., Tokyo, Japan) using a
Superdex™ 75 10/300 GL (GE Healthcare Japan, Co.) column with an isocratic solvent system:
phosphate buffer (pH 7.4) at a flow rate of 0.5 mL/min (column temperature: room temperature),
detected at 230 nm.

Cell viability assay with PC12 cells

Rat pheochromocytoma PC12 cells (Riken BioResouce Center, Ibaraki, Japan) were cultured on a
collagen-I-coated 75 cm? vented flask (Becton, Dickinson and Co., Franklin, NJ) in 25 mM HEPES
buffered Dulbecco’s modified Eagle’s medium (DMEM) (Life Technologies, Co., Carlsbad, CA)
containing 5% (v/v) horse serum (HS) (Life Technologies, Co.) and 10% (v/v) fetal bovine serum
(FBS) (Life Technologies, Co.) at 37 °C under 5% CO.. For cell viability assays, the cells were seeded
at a density of 8000 cells/100 uL/well on a poly-D-lysine-coated 96-well plate (Becton, Dickinson and
Co.) and incubated at 37 °C under 5% CO; for 3 days. After removal of the medium, the cells were
washed with 150 pL of serum-free 25 mM HEPES buffered DMEM, and incubated in 100 pL of 25
mM HEPES buffered DMEM containing 0.1% (v/v) HS for 1 day. After removal of 50 pL of the
conditioned medium from the wells, an aliquot (50 pL) of sample solutions (6 or 20 uM of 2 ; 10 or
20 uM of 6 ; 20 uM of 8) was added to the wells (final volume: 100 pL, 2: 3, 10 uM, 6: 5 or 10 pM;
10 uM of' 8), and incubated at 37 °C under 5% CO, for 3 d. Photography of cells was taken by the use
of inverted microscope DMI6000 B (Leica Microsystems, GmbH, Wetzlar, Germany) equipped with
a digital camera DFC360 FX (Leica Microsystems, GmbH). To each well, 10 pL of a cell count reagent
SF including WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-
tetrazolium, monosodium salt) (Nacalai Tesque, Inc.) was added, and incubated at 37 °C under 5%
CO; for 2-3 h. The absorption values at 450 nm (reference: 655 nm) were measured on a microplate

reader iMarkTM (Bio-Rad Laboratories, Inc., Hercules, CA).

72



SDS-PAGE and silver stain of 1,2 or 6

A stock solution of 3, O-acyl isopeptide of 1 or O-acyl isopeptide of 6 was thawed and diluted with an
equal volume of phosphate buffer (0.2 M, pH 7.4), and additional phosphate buffer (10 mM, pH 7.4)
was added to obtain 20 uM of the peptide solution. The prepared sample was incubated at 37 °C for
the desired time periods (0, 3,24, 72 h). 5 uL of sample were periodically crosslinked using the PICUP
reaction [46]. Briefly, 0.8 uL of 0.25 mM Tris (2,2’-bipyridyl) dichlororuthenium (II) hexahydrate
[Ru(bpy)] was added to the sample followed by addition of 0.8 pL of 5 mM ammonium persulfate in
10 mM phosphate buffer. The sample then was irradiated for 1 s with white visible light using a high-
intensity illuminator (Valore, Kyoto, Japan). The reaction was quenched immediately with 0.8 pL of
0.5 M DTT in water and 2 pL of (5%) Tris-glycine SDS sample buffer (Invitrogen) to each sample.
The mixture solution was analyzed on Novex® 15% Tris-glycine gel (Nacalai tesque, Kyoto, Japan)
with Tris-glycine SDS running buffer under non-reducing condition. Molecular weight was estimated
with Presision Plus Protein Standards dual color (Bio-Rad, California, USA). The gel was silver-
stained with Silver Xpress silver staining kit (Invitrogen, California, USA) according to a

manufacture’s protocol.

SDS-PAGE and Western Blotting of 1, 8 or 6

A stock solution of 10, O-acyl isopeptide of 1 or O-acyl isopeptide of 6 was thawed and diluted with
an equal volume of phosphate buffer (0.2 M, pH 7.4), and additional phosphate buffer (10 mM, pH
7.4) was added to obtain 20 uM of the peptide solution. The prepared sample was incubated at 37 °C
for the desired time periods (0, 3, 24, 72 h). 5 puL of sample were periodically crosslinked using the
PICUP reaction [46]. Briefly, 0.8 pL of 0.25 mM Tris (2,2’-bipyridyl) dichlororuthenium (II)
hexahydrate [Ru(bpy)] was added to the sample followed by addition of 0.8 uL of 5 mM ammonium
persulfate in 10 mM phosphate buffer. The sample then was irradiated for 1 s with white visible light
using a high-intensity illuminator (Valore, Kyoto, Japan). The reaction was quenched immediately
with 0.8 uL of 0.5 M DTT in water and 2 pL of (5x) Tris-glycine SDS sample buffer (Invitrogen) to
each sample. The mixture solution was analyzed on Novex® 15% Tris-glycine gel (Nacalai tesque,
Kyoto, Japan) with Tris-glycine SDS running buffer under non-reducing condition. Molecular weight
was estimated with Presision Plus Protein Standards dual color (Bio-Rad, California, USA). Each
sample of the gel were transferred onto a 0.20 pm poly (vinylidene difluoride) (PVDF) membrane at
90 V for 60 min. The membrane was blocked with 10% non-fat skim milk in TBS-T [Tris buffered
saline (TBS); 20 mM Tris and 150 mM NaCl (pH 7.4) with 0.05% (v/v) Tween 20] for 1 h at room
temperature. After washing, the membrane was reacted with monoclonal mouse anti-Af antibody
6E10 (Covance, Princeton, NJ) at a 1:1000 dilution in TBS-T with 3% BSA for overnight at 4 °C.
After washing, the membrane was incubated with the anti-mouse HRP conjugated antibody (GE

Healthcare, U.K. Limited) at a 1:5000 dilution in TBS-T with 3% BSA for 1 h at room temperature.
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After washing, the membrane was visualized by means of the Quant LAS 4000 Mini (GE Healthcare,
Buckinghamshire, U.K.).

2. Synthesis and Characterization of Compounds
Synthesis of (S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-5-(((tert-
butoxycarbonyl)amino)oxy) pentanoic acid (11)

l:lHBoc
O

i

This compound was synthesized following the literature procedurel®3! and characterized by

comparison with reported spectroscopic data, respectively.

Synthesis of 10

Fmoc-Ala-TrtA-PEG resin (500 mg) was taken to the manual solid phase reactor and 10 was
synthesized by the general protocol of standard Fmoc-based SPPS, including coupling with Boc-Ser-
OH instead of No-Fmoc-amino acids. To construct O-acyl structure, the resin was washed with CH»Cl,
(% 5) and then subjected to the coupling with Fmoc-Gly-OH (15.0 eq.) in the presence of DIC (15.0
eq.) and DMAP (0.2 eq.) in CH,Cl, (2.0 mL) for overnight, twice. (When reagents did not dissolve
completely, a few volume of DMF (about 10 drops) was added). After washing with CH>Cl, (x 5) and
DMEF (x 5), the resin was subjected to general protocol of SPPS.

After Asp?® had been incorporated into the chain (R-Fmoc  group remaining on Asp?3),

The Alloc and allyl protecting groups were removed by shaking the resin with Pd(PPhs)4 (23.1 mg,
0.020 mmol) and PhSiH3 (0.147 mL, 1.2 mmol) in CH>Cl, (4 mL) under nitrogen atmosphere for
overnight. After washing with CH,Cl, (x 10) and DMF (x 10), the cyclization step was carried out
using N-methyl morpholine (54.9 pL, 0.500 mmol), HATU (190 mg, 0.500 mmol), and HOAt (13.6
mg, 0.100 mmol) in DMF (4 mL). After shaking overnight, the resin was sufbjected to general protocol
of SPPS (removal of resin and protecting groups, and purification by preparative reverse-phase HPLC,

sequentially) to obtain 10 (2.31 mg, 1.3% from the loading value in SPPS) as a white amorphous.

10: MALDI-MS (TOF): m/z caled for C203H3090N55060S [M+H]" 4513.0, found 4512.9. Retention time:
20.9 min. Purity > 95% (based on HPLC analysis at 230 nm with a linear gradient of 0—-100% MeCN

in 0.1% aqueous TFA over 25 min).

Synthesis of 3

Fmoc-Ala-TrtA-PEG resin (500 mg) was taken to the manual solid phase reactor and oxime was
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synthesized by the general protocol of standard Fmoc-based SPPS, including coupling with Boc-Ser-
OH instead of Na-Fmoc-amino acids, with Fmoc-Dap {(+-Bu)Ser-Boc}-OH instead of Fmoc-Asp?3-
OH, with 11 instead of Fmoc-Lys?®-OH . To construct O-acyl structure, the resin was washed with
CH.Cl; (% 5) and then subjected to the coupling with Fmoc-Gly-OH (15.0 eq.) in the presence of DIC
(15.0 eq.) and DMAP (0.2 eq.) in CH2Cl, (2.0 mL) for overnight, twice. (When reagents did not
dissolve completely, a few volume of DMF (about 10 drops) was added). After washing with CH>Cl»
(x 5) and DMF (% 5), the resin was subjected to general protocol of SPPS (removal of resin and
protecting groups, and purification by preparative reverse-phase HPLC, sequentially) to obtain 4 (2.24
mg, 0.89% from the loading value in SPPS) as a white amorphous.

4 (2.24 mg, 0.488 umol) in MeCN/0.1% aqueous TFA (1:1, 4.8 mL) was treated with NalO4 (0.31 mg,
1.46 umol) for over night at room temperture. The reaction mixture was lyophilized at least 1 d to
afford the crude peptide then purification by preparative reverse-phase HPLC to obtain 3 (0.51 mg,

23%) as a white amorphous.

3: MALDI-MS (TOF): m/z calcd for C203H310N56062S [M+H]* 4542.1, found 4541.9. Retention time:
20.8 min. Purity > 95% (based on HPLC analysis at 230 nm with a linear gradient of 0—100% MeCN

in 0.1% aqueous TFA over 25 min).

Synthesis of O-acyl isopeptide of 5

Fmoc-Ala-TrtA-PEG resin (500 mg) was taken to the manual solid phase reactor and oxime was
synthesized by the general protocol of standard Fmoc-based SPPS, including coupling with Boc-Ser-
OH instead of No-Fmoc-amino acids, with Fmoc-Dap {(+-Bu)Ser-Boc}-OH instead of Fmoc-Gln'>-
OH, with 11 instead of Fmoc-Gly3’-OH . To construct O-acyl structure, the resin was washed with
CH,Cl; (% 5) and then subjected to the coupling with Fmoc-Gly-OH (15.0 eq.) in the presence of DIC
(15.0 eq.) and DMAP (0.2 eq.) in CH,Cl, (2.0 mL) for overnight, twice. (When reagents did not
dissolve completely, a few volume of DMF (about 10 drops) was added). After washing with CH>Cl»
(x 5) and DMF (x 5), the resin was subjected to general protocol of SPPS (removal of resin and
protecting groups, and purification by preparative reverse-phase HPLC, sequentially) to obtain amino
alcohol (2.67 mg, 1.2% from the loading value in SPPS) as a white amorphous.

Amino alcohol (2.67 mg, 0.574 pmol) in MeCN/0.1% aqueous TFA (1:1, 5.7 mL) was treated with
NalOy4 (0.147 mg, 0.689 pumol) for over night at room temperture. The reaction mixture was lyophilized
at least 1 d to afford the crude peptide then purification by preparative reverse-phase HPLC to O-acyl
isopeptide of 5 (0.52 mg, 19%) as a white amorphous.

O-acyl isopeptide of 5: MALDI-MS (TOF): m/z calcd for CasH311N56063S [M+H]" 4599.1, found
4599.9. Retention time: 21.5 min. Purity > 95% (based on HPLC analysis at 230 nm with a linear
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gradient of 0—100% MeCN in 0.1% aqueous TFA over 25 min).

Oxime exchange reaction of 2 to convert to 7

3 in 0.1% aqueous TFA was diluted with 0.1 M phosphate buffer (final 3: 0.1 mM) and the solution
was incubated for 1 h at room temperature. To the solution, MeONH;, hydrochloride in water was
added to the final concentration of 0.3 mM, 1 mM, or 10 mM, and hydrogen chloride was added to
adjust pH 4. The solution was incubated at room temperature for 24 h. As a control experiment, MeNH>
hydrochloride was used instead of MeONH,. For AFM analysis, HEPES buffer containing 0.1 M NaCl
was used instead of phosphate buffer. MALDI-MS (TOF): see Figure 1-31, 1-32.

Removal of methoxyamine

A stock solution of 3 was thawed and diluted with 6 M GnHCI1/0.1 M phosphate buffer (pH 6.5) to
obtain 100 uM of the solution. The prepared samples were incubated at room temperature for 1 h, then
NH>OMe hydrochloride in MilliQ (100 mM) was added to this solution to adjust pH (pH 4), and then
incubated at room temperature for 16 h. After reaction, the reaction mixture was ultrafiltrated by
centrifuge 5424R (eppendorf Japan, Tokyo, Japan) with 6 M GnHCI/0.1 M phosphate buffer. TFA was

added to the solution to adjust 1% v/v, the solution was incubated at room temperature for 16 h.

Oxime closed reaction

A stock solution of 3 was thawed and diluted with 0.1 M phosphate buffer (pH 7.4) to obtain 100 uM
of the solution. The prepared samples were incubated at room temperature for 1 h, NH.OMe
hydrochloride in MilliQ (100 mM) was added to this solution, to appropriate pH (pH 4), and then
incubated at room temperature for 24 h. After reaction, the reaction mixture was injected to analitical
reverse-phase HPLC and the fraction was collected to obtain 7, and was lyophilized at least 1 d as a
white amorphous. The amorphous of 7 was disolved in 100 pL of 1% aqueous TFA and the solution

was incubated at room temperature for 16 h.
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