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AD
ADME
AFM
BBB
Bn
Boc

ch
DMEM
DIC
DLS
DMF
DMSO
EDCI
ESI
FDA

Fmoc

HATU

HEPES
HOBt
HPLC
HSQC
LAH
MALDI
mCPBA
Me (or m)
min

MS

amyloid-p peptide

Alzheimer disease
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atomic force microscopy

blood-brain barrier
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t-butoxycarbonyl
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1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
electrospray ionization

Food and Drug Administration
9-fluorenylmethoxylcarbonyl

hour

O-(7-azabenzotriazol-1-yl)-N,N,N’,N -tetramethyluronium
Hexafluorophosphate
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hetero-nuclear single quantum coherence
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matrix-assisted laser desorption ionization
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thin layer chromatography
time-of-flight or turnover frequency
polar surface area

ultraviolet
(2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-
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T IV NA == (AD) 1%, RAMERE DR T 2 Ik & T 2 iR ME RO —o>Th B,
BEBIT AR CHIER 3000 HALHEESNTEY P, BAEREOYHY L2 LD D,
2050 AEICITEHE 1 EAICH ED ETREN T AP 1906 4EIC Aios Alzheimer 28 AD
B OFIR 2 WA LT D 100 R0 RS, AD OFREBMRINTEATS, LnLRnR s,
RIEZA ST > TRV N LIRS TWND Z &b | ARGIZHES W2 TR - 16
EOREMTONTWDLONBRTH D, 20X )72 mnt, BED L ZARANT
B « WHRIEIT R < RHERIEIZE £ > T 5D,

1970 4%, AD BE CTIEEF AL ER_RTEF L) VoOEABMETLTEY . Zan AD
DOHEITICED D & F 5 T2 U ARG BB S 7Pl ARG SO T AISRBFZE O 58 5 |
TRFa) UNRERERTHD [RRUL @4 77 M) U sh
72o RRAAULIE 1996 H1C FDA L0 EHKG E U TARB S, BIES A CF 3PV
ELTHWOLRTWS, LLARREL, TreF ol oA ERITERAEES QOL
AWHETLHILIITE DD, AD ZBANITIERT 5 TITIEEL R o7,

BETIE, 7384 RBAD OFJEICBEDLL E+5 [7ImA Kh 27— N 2SE<
ZIFARLNTWS (Figure 1) Pl 2 ABE, MRFREZ N, WRMIIISEIZ, AD JHEED
SR THD, ZORNT, ZEABITHENH O BHEMANEENROND Z &nb
HEAHESND Lo, oA, 7I0A F B XFF K (AP) DEFITEEL.,
FOBERNEB LI D THDZ N7 AR 13, 7 I uA FRIBRES 3y

(amyloid precursor protein) 2>5 N AKufifill 2 B-secretase |2, C Kl % y-secretase (ZNAIZ Y]
WrshdZ LICkVEEESND, T 2T, y-secretase DEIWHHALIAN 40 FEL 42 HH R 8
BIZOD Z END ABITIZABIA40CABL-42 72 BN DD T A V7 4 — LDFET 5,
FEA LT AR B/ v —IFEEMENE L, AV I~—% AL, 7 e X B-— MEEZHT D
7 I uA NMEA TR T 20, 2 LT, Ap DEMERTH 54 Y I~ —. MEHE PRI %
R Z LY AR DEEN AD OFIEICIES b o TWD E ENTWV 5, FHiT, ABl-42
IZ AP1-40 72 Eftod AR L, BHEMENE < | FELIRWCL, FFarTiE, TInAa R
BHEL 0 AU T~ — DG BFERRNZ ERH LNV D25 B, bbb, BAK
ELTHETDMMERD T I v A RTIERL, ZOFHIKTH D A AV A~ —D0NHO M
KIETIEIRNDNE NS BT RBESL TV D,

ZDEH7T IvaA R A — FGRIZHIY | B-secretase (BACE-1) M U y-secretase FHE
Bl eV a L—g = gkl R ER e s AR 24 —4 Y M E LI TR -



IRIRIEDORBREANED TS, 2O TEKRBR~EEALTZLDH B 503,
BIEE CICERIL E L TUKREINTZH DXV, B-secretase (BACE-1) X° y-secretase % % —
7y & LA T, OO ERNGFOT ey v ZIcblET 52 &0
LIFLIEREE L 22> T BN, Bl 21X, y-secretase AR TIX, Notch DYWL EIZ L S T
U U NEROGIEE 72 ERERORF 2| S ZTEWEARASHRE S TWD, /2, A%
H—77y b & LT PR DR B CTlX AR OEREEOKRIZIZT I THRIH L TWDE H DD,
RIFERED A B R EITITE > TV, M T, BE (RROETHIN) OEF TIER
FERECGE I T 2 AR R < EHE URROETHH—%H) oBF TIIHiz<
VRIS STV AN BIE, 29 LRI b ER, WBRO XA I U 2 IR D B
DTNV E DTN B 5, T 6 | FRAEDBIEREAL D BTOYIH D BPEIZ I T,
NAFv—=D—IC L > TRREZBWTHZ ENTEIE, 1B - PHLATEEICZ2 5 DT
RONERBENTEY, " A~—D—FER LI TER ST B,

inhibitors of
AB-producing enzyme immunotherapy

N %ﬁg o mp —— \\Q:E?

amyloid AB
precursor protein

aggregation 122.» - /7 -

inhibitors

oligomer fibril

[neurotoxicity]

| A

Alzheimer disease

Figure 1. Amyloid cascade hypothesis.
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— N O—FETHD 77 0%, AD BH 34 NiTxt L 6 » A5 OERRBR 3T bz
DS, PREERE DA B ARUGEITRD SN0 o 12 AR ITEHE R IC W TIL RGN &2 A
FI v BT B2 ENONREER A TH Y . BUR TIIHEE S — 2 OREN ) 137
FHC RV BEERZ AT 2 Z L RREETH D, 207, AP DEELZHET L L)
7 7'a—F 1L AD ORARR L TP - IEEBBICB W THEETH L ITTIC AL LT EHK
EUTTIERM, WtE, SEEhfe, 2tk E oS TENTIALEMNETEG TE TWRVIRILT
TRV EHEE LT, o T, T LR CTENTEERERN AR CEL. Zon%
DHRBIZEHERTE D B2 72,

WEAF DAy TR IR EA & LTk, B0 RY 7= ) — L RIEEWMNER TH D (Figure
2), ZNHIFESFHEEMTH D72, —RIICHEYEIE T 0 7 7 A WTEND & TS
No, LMLAERG, BICKRY 7=/ — VR EEWITER A 7 ERS 7 & bHEERT 5 Z
ENHDBNTEY, ABICHTHRRMENR KR EEZE 2 OND, HREEOKIIL, BIERZ5]
SHRZIFTIV A7 EZEmDDL, T, ERRO XIS FREIDPRETHL Z b, Bl
RCIEECR R 2R L, 2R OERS TIERZSEMICHE(LT 22 b E
HNEETH 5,

Curcumin
OH
OH

Epigallocatechin gallate

OH O

Congo red

Figure 2. Reported small molecule inhibitors.



—J7. A DESEIINER AB DEHEZILET L Z LMo Tn5, BAEMIZIE, AB
? 1620 F H OELF| T % Lys-Leu-Val-Phe-Phe (= KLVFF (1)!'1%° 39-42 & H OEFITH %
Val-Val-lle-Ala (= VVIA) IR 4%, 2005 AR DSBS Z _— 2 L LIZ~7F R
FHo T, ROBRSFREFEA L S L0 DFEEDSEIFFTE 5, 2)B A RFH 8 b Al e
ThHhoEVI 2 O0FFEHTDHEEZXLND, AR DEITTF NiE, &Kk AR OEERE
FIZBEWT, YT 5 A CRBRBIICHS T2 LIk, BEREEEELRIT L L3
ZonpM, Zokolc, &R AP L ORBRNAMEERICESSEERZ24AT 52 &0
D, AB DEFBLANZN—R & LIe A FIZITRFREN IR CE 5 B2 b b, B
F RETOMEERAEZT T L— R LTWDHZ s, HAERAKEABRARHTH 1K
FRHEA & S L0 AERFFE(LN TE ZOTIERW DL E 2 D, FFIZ KLVFF fEKIT
AR D B-2— MEETERIC EE R ZE ZH > TWATZOICLER E LTORT v LG
WATREMEZ B 51, RS, 1 ORREFLFITIER -2 5 L7z 1 OF BRI S h T
WAL B2 E, p-7 R B ~DZEH (D-[KLVFF]) ", 7 I RiEE D N-2 F 14t (SEN304
7o &) WRedl R Y o i A (KLVFFKKKKKK 72 &) U g a- D@7 3/ BRoEA

(AMY-1 72 &) 10 ZFay oo A GARS 72 &) 8 7 I MEAN BT X T ILEEA~D
Z5f (AB16-20e) UM 72 B3RS STV D (Figure3), 727> T, Doig & 1% KLVFF 7>
5 30 fFLL EyEMES A B LT F R E A . D-[chGly-Tyr-chGly-chGly-mLeu]
(SEN304)" 2 [7E LT 5,



@) ag1-42:

1 16 20 42
DAEFR HDSGY EVHHQ KLVFF AEDVG SNKGA IIGLM VGGVV IA

(b) NH,

o Ho
N N OH
H,N \/U\N 7N
:oH 4 H L

AB('SLys-Leu-Val-Phe-Phe20) D-[KLVFF] (2)
(KLVFF (1))
SRS
H H 0o H H (0]
N AN NH,
HoN N o
/\g/ H/\g/ CI-/|3\"/ 7)1\ 7)1\ H%HN NH,
OH 0i-Bl-Bu™ O B Bn opfpr H 06
SEN 304 AMY-1
NH,
H,N N\)I\ I‘/NJJ\ /[ \)J\ J;‘/H \)J\ /dj\)J\ OH
KLVFFKKKKKK
)\/'\V(QWN\)J\ /(E \)J\OH /':'t\)l\\/g(o\)l\ I NH,
O
'ABS AB16—209

Figure 3. Amino acid sequence of AB1-42, and reported peptidic inhibitors. The KLVFF region
corresponding to AB16-20 is highlighted in red. The VVIA region corresponding to AB39—42 is

highlighted in blue.

LU s, X7 REERT ok, B2 ErE (FrRICK o fREER (2R 2 2 E
PE) SHM B I MNP o AR BEEEFREANL. K (M. TBE) ST 5 AP &
H—2y hELTWAZ ENnD, MR (BBB) OFEBNMNHEATHD EBEIND,
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FD7=, AR RO ST AD /B E U CEMAIIT R Y iy, Iz T, X7 F
RHEFRERI T, BEAIZO L ONEESRZRL, BELERLIGELH 5,

PLED XD 25 AW TIE. AD IGFEDER Y — FAIHZ B L. AR DL
51T D KLVFF 2 _X—2A & Lz, EIEMET RT v 7T A 7 IpBE L ER Of%EE  ARUTEL
DHHATZ, @TEET R T v 7 74 7 BRI ERIORGHT# & L TRTF FOBRLEISIC
EHHL, XFF ROBIZL Y, {EEOM EE | K RERER ISR 22 @M, i
FPEOUEN WG CE D LEX D TH D, £ 2T KLVFF ORALFHE( & #at LR
#. head-to-tail TELT 5 Z LI KV | BEHFISHESARICH LT 2 RE L, K
WL, CORAAIEE TS, BUR KLVFF £ — 7 2 52 L L7- AR OEHERLEHI DA
BUBFFEIC OV TR %, 8 1 T, Bk KLVFF OIS EMBmE L v . EHOT I K
FEAEDEEANVEEG LRV, 2=—0 727 7 —~ a7+ 7 (EHRBUC LT 2SR )
FF—THFEE LI LIZONTIHERD, H2ETIE, BIRKLVFF D4 FH 7 2= 17T 7
= B OV TR IEE AN 2 BRE L7oiE R, RICBHEIRE R 2 M LS5 Z LTl L
ok, R, BEHEME A I = X LA 2 OEMEREN, ELENTR T v 2 A I TR
Br L7ofE 5, Btk KLVFF 3538(K1% A % K7 off-pathway 4V I~ —I|Z5F8 25 2 L 2]
ONZLTEZ IOV TIERS, 8§ 3 ECEHRE L7y —~a 7+ 7 EF—T7 5K,
BIRRTTF FERIER, E3ZNLU R RTI v 7T 4 7 Thd W FENG, FEXTT R
PRy R L E A ORISR L7 2 212 oW TR 5, T HDOMEN, AB %
EBRERIFFEO TR, HEV Tl AD VRFREDOBARBICHER T AIUTENTH 5,
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F1E BRKLVFF O 7 7 —~a 74 7EF—7 ORE

1-1 X7 F FOBR(LEES

AB DI ECSNE R—A L L=k 0 KT v 7T A 7 il B ERIORG e LT, <7
F FOBRCERISIZE R Lic, X7 F FOBR(RIZ LY | {EEOM B & KR MRS 3T
HEENE, MIABSEREOUES Y TE L EEX O THD (LEM, FEBIEORE
MNIREENZ TR D), 1980 FERMIEAL 0 |, SR~ =m T3 A= a R KD IEZR B
IARTF IR EEESND LI IR oT, FIZIX, AEARLECO—FTHD, Y~ FX
BF AT ) ANTF L OBRIRFEEDD T 7Y URERT I=Z R E LT RGD
(Arg-Gly-Asp)licHl| Z G BRIk <7 F R Frmreh A VU /RT oA T=A R ELTOD
BURALTF RPIR EAREN R TH D, ZHBIFEWOTRELBRIRTF PIcE#HT 5 =
EWZED, EIEHEIEHT I LIZEKRILTWA, AT, IEEa T A A—T 3 v EE
EETHZ IR, =Ty Myt eOfAIIBIT2=y hrE—m ARMA HNTD
EEZLND, BIZ, BRI F REIar 712 A= a v RHIETHD Z Enb, IEER
BFUCEEARMENEM, T2bb, 77 —~a 73 T ERELSLTVE WS LSS AT 5P
FRZ, AP IFEHEIRFRIC B W CONRIERE N F A TR » 7 1IC8 kT 5 2 &b, LERI O
ZMEICT 5 Z L1X, 77—~ 3 7+ TR AR & FLEAI & O AAERMT IZ I W THEZD
TRV EBE X Tz, £ I TARETIE, BEMFEEOR EE . BERFICBITL Y 77—
~a7x 7 OREZ B E L, KLVFF OBLFELERFT5 28 & Lz,

1-2 KLVFF OBR{LFHEA

Bk KLVFF (X, Scheme 1-1 (27> CH L=, C Kz 27 vn b U F/URIRICHEE S &
TRET X A MEWE L L, <7 F FEMEGRIC I Y N RG2S Boc 2T, Lys iI#H0
7 3 /&S Fmoc F&CTHEF#E S -89k KLVFF Zi#l L7-, TFA % 2 7 /W(TFA/TIS/H,0O =
95/2.5/2.5)% I\, K25 DIV H L & Boc FEDFREZIT o 7= t%, WA RGN TEEERE:
0.5 mM), MEEHZIEH S22 LI L0 TNBILIGEIT- 7207, Fetkic, RSt
T C Fmoc £ #FrE L, BIK KLVFF 3 21572,
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Scheme 1-1. Synthesis of cyclo-[KLVFF] (3)

TFA/TIS/H,0

SPPS (95/2.5/2.5)

Fmoc-Phe-0—g) ————= ., BocLys(Fmoc)-Leu-Val-Phe-Phe}-0—()
EDC-HCI, HOBt

i-ProNEt 0
H-[Lys(Fmoc)-Leu-Val-Phe-Phe]-OH T

DMF [0.5 mM], rt Fm°°HN/\/\ %NQLH (
» A
@70" H s

10% Et,NH/DMF o:( Vam

2 NH 0 HN_ P O:2-ch|orotrity| resin

H,oN

ey

15% <N
calculated from o B
Fmoc-Phe-O-resin Y

3

3D AP ITKRIT DUREEILEFENMEIL. FA4 7T T (ThT) OEEHREZFEE S L7z ThT
Ty BAIZTEMIE L7z, ThT (X, Ap DR (FI2. @ FEA ) T~ —0DfiiE) (TR
fre s a A B-3— MG Z R UEAT 5, 2 L TREAIIC 440 nm {120 Y ThHbEE S h
%L, 480 nm (T DE A FET H T ENAHIL TN D, D72, ThT ORI
AB DEHEDFLE LFIEAT 2 L SN TW5D, 2T, AB(10uM)E 3 (30 uM) & ZIRA SH -
Uy 77— (pH7.4) % 37°C C3WA > F=2~—hL7=%, ThT 2%, &
DOEFFREZPE LTz, ZOREFR, AR HMORICEB T 2®IEHEE 100% T 5 L. 3DH
AN X0 BB 53% F Tl Sz, RO FEICT 1 25l L7- & 2 AHHED 97%
ThH o7 L5 head-to-tail TERALT 2 Z LI X 0 A EICEERFIEMESR M E L2 &M
RENEPL I, 31T K BEEMEREIT DA L b 12 Fif% £ TR L. IR
ThdI o7z (Figure 1-3),
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= 100 -
[
5 150 S

8 5 80 A
2 2
3 >

£ 100 | £ 60 |
=

3 g 40 |
15} - AB1-42 alone S
S 50 | 2

“.E' - AB1-42 +1 g 20 |
< 2
— AB1-42+3 =

0 . . . : £ 0 |
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Figure 1-3. (a) Time courses of ThT fluorescence intensity, incubated at 37 °C (red line: Ap1-42
alone (10 uM), green line: AB1-42 + 1 (10 pM + 30 uM), blue line: AB1-42 + 3 (10 uM + 30 uM)),
Mean £ S.D., n = 4-15, **p<0.01 vs. Ap1-42 + 1, *p<0.05 vs. AB1-42 + 1 (Student’s t-test); (b)
Concentration-dependency of 3. Relative ThT fluorescence intensity to that of AB1-42 alone (10

uM), incubated at 37 °C for 3 h. Mean £ S.D., n = 3.

WAz, TS (AFM) 2T, 7 2 a4 RRHEOEKIC S 2 5 8% MEE L

7= (Figure 1-4), T O#EFR, AP HIMODO R TIET I v A RRHEOEEIBIE S NIZDITx L
(left panel) . 3 ZWM L7 R TIXIFE A EBIE SN2 o7 (right panel), —J7, 1 ZHIN
L7252 TIEL /N S WBRHER O BEEIR DT AL 842 S 4172 (middle panel) , 240D DFEFR LD |
AFM IZBWTH 321 LV bHHER AR FAEL TWDH Z &R S L,

1uM

Figure 1-4. Atomic force microscopy images of AB1-42 alone (10 uM, left panel), Ap1-42 +1 (10
uM each, middle panel), and AB1-42 + 3 (10 uM each, right panel). Incubation time = 6 h.
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1-3 BIRKLVFF O 77—~ 27 47 OFE

Jelk D&Y KLVFF OF_XTOT X /% p-7 X JBRICEH LT 213, 1 L H~FE
HHEDRE BT 5 2 EBRE ST ™ 22T, 3 ICBOTRKICT T b7 2/ BEIC
T Li=F T F~—, 3725 cyclo-D-[KLVFF] (4) (= cyclo-[kIvff]; AFw3C T, D-T7
R BEANITFCRILT H I & LT D) BEAK LT (Figure 1-5), T OfEH, 4133 L1ZIZXF
FOMEFEMEZR L. (Table 1-1), Z O#ERITELIR KLVFF 755K O 1 GETEMEAH B O R
(1vs.2) EHAMEIZE R 2 s CHURIRW EZ 2 b7,

H2 N
HN H NH
H,N > o H2N
H
quN
N H
4

Figure 1-5. Chemical structures of 3, 4, and 5

Table 1-1. Comparison of inhibitory activities between linear and cyclic-KLVFF

Compound Structure ThT fluorescence intensity [%]["’]
1 KLVFF 97
2 KIvff (= D-[KLVFF]) 69!
3 cyclo-[KLVFF] 53!
4 cyclo-[kIvff] (= cyclo-D-[KLVFF]) 501

[a] Relative fluorescence intensity of AB1-42 (10 uM) + inhibitor (30 pM) vs.
AB1-42 (10 uM) alone incubated for 3 h. All data shown are mean values of at
least three independent experiments. [b] p<0.01 vs. 1, [c] p<0.05 vs. 2 (Tukey's

multiple comparisons among 1-4).

Z 2T, 3 L A DFEOEEREEE AR L2 2 L E, W oM EoEpEich kT 5
DTV EEZ, DTFET VT Y7 FEHOTINDOSAREE Z LB H L7
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(Figure 1-6), = OfEH, Wi#H O % EHEE % Figure 1-6 (2”9 7 4 — A THRE DY
A, Phe OMISHRI+. FBE O Leu & Val OIEEF ENZNENERY 552 LB nhoT,
Leu & Val DfISHOLFEE ITHERIL THWD 2 EMnD, W ICEZR Y BNR 517 2 % H Leu
(RFHSCTIX, Lew’ & Fld %), 3% H Val (LIFIE, Val’ L&l d %), 4% H Phe (LI
IZ. Phe' & 7T %), 5% H Phe (LIFEIE, Phe’ &Kt %) OMBREE BRI KLVEF O
FHETEMERBUCHE G L TV D AREMER B 2 b Tz,

Phe# / Pheb

/

N

et

.1/ p ¢
Leu? /Val® /\ l 1\ Val® /Leu?

Figure 1-6. Overlaid structures of lowest-energy conformers of 3 (gray) and 4 (green).

ZTZTET, EHT 2 MEAOTEERRE~OBEEE2HRL2BMT, 4DL b A L /3—2
ANTF R (Ca DAL T 2 BESINZE N TN T~ THlEPY) 47205 eyelo-[FFVLK]
B) &2 B UTe, TEMEREA ORGSR 1ZX R EIE MR EF S 4072 (4 vs. 5, Table 1-2, Figure
1-7), T, EERRIER L OUEEERAEMEIC DWW TR L7 fES. 4 & 5 IXIZIERED S a7
7 A NVER LTz (Figure 1-7), —fXIZ L b A Y X—=ZAXTF RTIE, BT TF REE
BT 2 FREA DM E NS5 — 05, SO 2R E BRI R S5, o T,
ZORERE VB KLVFF TIEEHO T I Fife L0 SIS EERIUCEE TH L Z
EWVRIR STz, RHRAYIS, SRR KLVFF J5 R 2 DL b a A W R—=ZAXTF R 6 2B L
el 2 A, BFEEENHEE LI, ZORFEL Y, Sk KLVFF TIZFEHDOT I FEEIENE
FHEUCEHETHDH Z EDBREBINT,
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Table 1-2. Inhibitory activities of retro-inverso derivatives of linear and cyclic-KLVFF

Compound Structure ThT fluorescence intensity [%][a]
2 kivff 69
4 cyclo-[klvff] 50
5 cyclo-[FFVLK] 49
6 FFVLK 99!

[a] Relative fluorescence intensity of AB1-42 (10 uM) + inhibitor (30 pM) vs.
AB1-42 (10 uM) alone incubated for 3 h. All data shown are mean values of at
least three independent experiments. [b] p<0.01 vs. 2 (Tukey's multiple

comparisons among 1-6).

(a) (b)
’;: 100
& 1504 B AB1-42+4
= 2
B i 80 i O AB1-42+5
c c
3 [T 1
c c =
"5 100 P 2 60
8] [SIF=
c c Q
@ | o O
@ 36 40|
o I —— AB1-42 alone o 2
S 904 /'!(/ —— AB1-42+3 s+
E AB1-42 +4 :—E 201
/ AB1-42 + 5
0 I 0
0 3 6 9 12 10 30 90
time (h) concentration (uM)

Figure 1-7. (a) Time courses of ThT fluorescence intensity, incubated at 37 °C (red line: AB1-42
alone (10 uM), blue line: AB1-42 + 3 (10 uM + 30 uM), green line: AB1-42 + 4 (10 uM + 30 uM),
yellow line: AB1-42 + 5 (10 uM + 30 uM)), Mean = S.D., n = 4-15; (b) Concentration-dependency
of 4 and 5. Relative ThT fluorescence intensity to that of AB1—42 alone (10 pM), incubated at 37 °C
for 3 h. Mean+ S.D., n = 3.

PRI MBEIE DN EEER PR E TR I 5 A D5 A~ 2 AT, 4D 5507 I /gath
FhAla (TT7=) ICEEHZ D, 7= A% ¥ &2{T>72 (7-11, Table 1-3), £7 1
FH Lys (LA, Lys' LR %) & Al ICEEX M2 727 200 LofEE, (TSR
RFF SNz, ZORRE LY. Lys' ORIBREEITIE L A SIHFERBLCH S LTV Z L 2VR
W Stz, —J7, Phe', Phe’ Z T4 Ala (C{EEHZ 72 10, 11 Z2AK L2k %, BLERE
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PEAIFIEIYLE LTz, TR X 0 | Phe', Phe’ DISEHEE L, TEMERBUCIEFICHEETH D
ZEMRMBENT, E72 Led’, Vall ZZNFH Ala ICEEH X8, 9 FAE LIoRER, B
EEMEITCRE T L, ZORRED, Led’, Val ORIBHEEIZ, 5 ORI O TITP
JESEMRBUZHF G L TWDH B2 LD,

B, IS IE O 2 M) e (B AR N BB TEMEIC - X D B LT _5 AT, 4D 5
DOOT X BEENENRICT D L-7 X BRICIE Z 2 D MiEt A 1T - 72 (12-16, Table 1-3)
4 O D-Lew’, D-Val’\ D-Phe’, D-Phe’ & ZNENIET 5 -7 2/ BRICEEH X 72 13-16 %
AR LIZRER, TR TICB W TBLEFEMET Uiz, —F., D-Lys' Zx5Ed 5 L-7 2 /BRI
& 1213, EESRERE SN BBEAICH -T2, THLOFREL D Leu’, Val', Phe',
Phe’ DRI O 2B 72 BRI SRR BUCEE Th 5 Z LRI S iz,

i

Table 1-3. Structure-activity relationship studies of cyclic KLVFF

Compound Structure ThT fluorescence intensity [%][a]

4 cyclo-[klvff] 50

"""" 7 ocolw st
8 cyclo-[kavff] 72
9 cyclo-[klaff] 75
10 cyclo-[klvaf] 99
11 cyclo-[klvfa] 97

"""" 2 odopvm 75
13 cyclo-[KLvff] 99
14 cyclo-[kIVff] 82
15 cyclo-[klvFf] 88
16 cyclo-[kIvfF] 88

[a] Relative fluorescence intensity of AB1-42 (10 uM) + inhibitor (30 pM) vs.
AB1-42 (10 uM) alone incubated for 3 h. All data shown are mean values of at

least three independent experiments.

L ED BRI KLVFF 355K O ETEMEFBI X, Figure 1-6 7> 5B R I N7l 2 X FFd 5
EREEZ NS, T7obb, BUR KLVFF TlE, 2807 I FEEAE L W T LA Leu’, Val,
Phe?, Phe® D 4 S DRI & Zh 5 D ZE R 7 B EMR S LETEERBICRE S HE LT
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WAHZ L, Thbb 7 r—~a T 3T THHZ ENRBEINT,

1-4 /INE

ARETIT AR AR IR T D EEEFEEEZ AT D ABD 1620F B D7 T 7 AL b,
KLVFF OUREREEMER EE | BERECRBITIZ 7y —~a2 71T OREXHNE L,
KLVFF OBV Eb ZMat L7z, £ OfER. KLVFF % head-to-tail TERILT 2 Z &I2L D,
BEERLFEIEEDS M 95 2 L AR Lz, T, BBk KLVFF 5588 O f % MR B e &
D, EHOT I FEAMIEEALEE L, Led’, Val', Phe', Phe’ @ 4 SO RIGHEE)
b HA=—I 77—~ a7 T EF =T 2 FE LT,

19



F2E BRIRKLVFF OBEREEMN W L2 U g e L REREA V=
R L DFRMT
2-1 HFE

ARNICIE, Z2ROEMITEEATHTF RBFEEL, EMEBOEFEEICEERL T
W5, T LTEMTEMERTTF RiX, #—5 v M1t Lm Wi STE R 2 2 7=
HEDLLT, TR AERPRAEKE RS TNWD T —RA T EA LR, ZTOREE LT
X, XTF RiIoek, REREME (FRCIK G MREEFRIC6r3 D2 8 M) M il i 3
B EEZ LD, ARNTIR, LEREANC, BERRIC, LERBOAEYIENE
NTF RPREEIND =T, AR DO L TIE EFLORMED BIEMERBLTR o0
BNWEEZZBND, ZOXI) BRERNPOBEDEIT, T F REORSS TG E
& 7zoTNn5,

—J7 . BRI T RICRFES D KRERILED N EEEHO DL LTHER SR
TETVBPY, BRATF R, $URTF Pk, —RIcREreEEsmy,. $hb
b, MASREZTH D, =XV XTFFHX—P Loy NRTFHX—POWGITH L TLE
PERENP ok Yy RTFH—BIE N KL 7 2 e RETONRT AEEETH
DI, Kbz FFLIRWBRRA T F RIIn &R, £, = T F L —BITRE
DT X BEEM L CUIRT 5ME T, mWEERREEEZAT L, BIRT T TR
WREE Ry 74 A= arzbbl eind, = RRTF 2 —E 0GR
BLIZKWEBZ BN TWD, BT, MREBEEEICOWTHHEHRIMAN GO TET
WAL Bl IE, vy e AR Y AR NWEEOT VB LRLERSTF RTHHIC
HEDL ST, BEROAIE LTHOLNTWDHERKTH D (Figure 2-1a), AMLAEWM D51
11,000 & LAY 5 FRICE O T I RFEEBNIET 5 72 Lipinski D{EHI] (Rule of five)
PH7e E—timm b3 uE, BORIECEAR2RbEmEE R D, £ZT, v7rAKR]Y
v A ORRAPINMEREIFIZONWT, 0 FRNKRFE-ELEEG LTV D BN RE S L
(Figure 2-1b), > 7 B AR Y » AL, 7 X FFREGORFED N-A F /UL EN TN D Z & 23K
BThd, 7 I FEEGD N-2AF AU LY  FRICHRE RN O X 9 ZeBUKPEBREE T T,
KFREEG BT — 77T X —FALOsFRFE-ETEPMELE S L, BRI E REED
JIE L, BAMCBUKMEERENEV T a7 A= a a2 52 LIk v iEEEME%2
BELTWAOTIEARVNEEZLNRTWAP, D ko k)i, BIRTF FiE, _7F
ROTRAETHMEZ R TE D ARBENARINTELI b, EEY—RELTOE
BEMATHNDbDEEZBND, £ I TRETIE, SR L72BK KLVFF #58 KD &=
Y — N & LTOMREMEZBGEET << DEEETE O M B, 2)EHEHE A I = X L Ofif
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Bro 3y EMEOBIER ., 4t FIET TOLELICOWTENENMRF L7z T, BIF
(ZREI AR~ D,

|9 N , QRARF AAARAD) ’
OTN/QLN/’?*f )\ﬁ oy O%%B H,o-HO .
n o N~ H H b o
S e 4 T I;T bt T
B O ) ‘L); I ¥\g ! %‘J’\‘F?W‘&D H ¥\( H
O)\N : (0] '!l HN (6} H’O\H H-O H/O\H e 3
- Eﬁ'l“)\(ro ORAARS ARAAALD)
membrane

Figure 2-1. (a) Chemical structure of Cyclosporin A; (b) Schematic representation of the

conformational hypothesis in membrane permeability 3],

2-2 BEMEEMEOR EE RN UG e

B TR L72BIR KLVFF 4 O ThT 7 > &£ A 12815 5 ECsofifl (10 uM D Ap1-42 Hifih
B D HNHREZ 50% FiF 2 OIS LERRERRE) 1% 264 uM Tholo, EFRE
BT ECITEBEMEIEEMRARE LTRATHL B2 N2 b, ETIEMEDR
EEHEEL, 4 OFELICRY T2 & & LR,

F 1 FEIZBIT DEIK KLVFF OREEVMBENIZEL V. 77 =17 7 =2 (Phe) DA
MEEPNTEERBUCR D FS L TVWD ZENRBENTZZ LD, 2O OB L VIR
PE B CX D L& X, T2 T 4D Phe* D BEICh ) —D 7 == VA HA LT
17 2GR LT R, 4 IZHA~FEICEEEEM S M 325 2 L2 L L7z (Figure 2-2,
Table 2-1), 7235, Phe’ CRIBEOHF 21T > 72354 T bIRIERZE OFMER EARD bhviz 17
vs. 18),

Al
DR
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HaN Moo HoN e
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o H o H
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Figure 2-2. Introduction of an additional phenyl group at the B-position of the Phe* side chain
(inhibitor 17).

F 7o, 17 OFLE RIS 45, Phe* % 2-, 3-, 4-7 = =/L-D-7 = =)L T T =2(19-21),
1-F 7 FN-D-T 7 = QU~NEHR LTALAEWIE, 17 LIFEREOEEEZ R LTz, —F T,
21 D7 ==V AEE Y DU (23258 ) S U UQE)ICE XL IALAY T, 21 ([ZHANE
PR T Lc, 2RO OREID . BUKMEEREAOEANIIIEMNR IR THY . I
BEEREEOBEANITH LV RO TRV LR SN, T72bb, BUkMEERERIZM
EHE AR & OB EAERICAERNCIZ B & BIEERERII Z OMEERZ1T 5 &5
2 HID IEER ERGRO b 1722 OMICITAEEEN R ONRDP-T22 b, 17 %
REFE UTRE L, Bl X XPHERA D = X AR EROBRIHNIAND = & & L, 7o,
17 O ThT 7 v B A 1281} 5 ECso 1L 7.8 uM TdH ¥ . Bk KLVFF 4 (26.4 pM) & FE~3K) 3
f%. KLVFF (>90 uM) & Hs 10 £520 BIGPED M E LT % (Figure 2-3a),
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Table 2-1. Structural modification of cyclic-KLVFF (4) focusing on Phe’ position.

[a]

Compound Structure ThT fluorescence intensity [%]
4 cyclo-[kIvff] 49.8 £ 5.8 (ECs0 = 26.4 uM)
_______ 17 cyclo-[kIvf(B-Ph)f] 27.3+8.1* (ECs0 = 7.8 uM)
18 cyclo-[kIvff(3-Ph)] 24.8 +6.0*
19 cyclo-[kivf(2-Ph)f] 22.6 £0.8*
20 cyclo-[kIvf(3-Ph)f] 24.8 +2.3*
21 cyclo-[kivf(4-Ph)f] 32.5+5.4*
22 cyclo-[klva(1-naphthyl)f] 25.8 £ 4.6*
23 cyclo-[kiIvf(4-(2-pyridyl))f] 51.9+14.2
24 cyclo-[kIvf(4-(3-pyridyl))f] 46.1+£9.9
25 cyclo-[kIvf(4-(4-pyridyl))f] 49.1+6.9
26 cyclo-[kIvi(4-(5-pyrimidyl))f] 594+ 147

[a] Relative ThT fluorescence intensity of AB1-42 (10 uM) + inhibitor (30 pM) vs.
AB1-42 (10 uM) alone, incubated at 37 °C for 3 h. Mean £ S.D. values, n = 3—12.

*p<0.01 vs. 4 (Student’s ¢-test).

b
@ (b)
9 S
< 100 A ¢ L 150
2 =
2 2
8 80 s
£ =
8 60 | g 100
o o *
S 8
8 40 - 3
S g %
‘: 20 | ": —— AB1-42 alone
= < —— AB1-42 +17 (10 uM)
0 o = AB1-42 +17 (30 uM)
0.1 1 10 100 0 6 12 18 24
concentration of 17 (uM) time (h)

Figure 2-3. (a) Dose-response curve for 17 measured with the ThT assay. 17 was co-incubated with

10 uM AB1-42 at 37 °C for 3 h prior to ThT fluorescence measurements. Mean + S.D., n = 3.
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Percent ThT fluorescence was calculated by normalizing to 100% using the AB1—42 alone control.
ECsy value was calculated by fitting the data to a four-parameter dose-response model using
KaleidaGraph 4.5 (Synergy Software, Reading, PA, USA). (b) Time-courses of ThT fluorescence
intensity, incubated at 37 °C (circle: AB1-42 alone (10 uM), triangle: Ap1-42 + 17 (10 uM + 10 uM),
square: AB1-42 + 17 (10 uM + 30 uM), Mean = S.D., n = 3, *p<0.05 vs. AP alone, **p<0.01 vs. Ap
+ 10 uM 17 (Student’s ¢-test)

2-3 BERE A B =X LD

BHEA] 17 OURERLE 2 7 = X AOMEHTIZH T2 0 . ThT TR ERE R ORFEIZER L
7= (Figure 2-3b), = Z TiX. AB(10uM)& 17 (10 0or 30 pM) & ZIREG S BTV VBN Y 7 7
—¥RK (pH 7.4)% 37°C TA »F 2~X— |k L, ThT 960 E ORRRFE(L 4 BHF L2/ 5, B
EHFN1T 2B LT RITE O T AR B DR & A~ KR 2 KT S8, 2408 24 [
M E TR L TV D, ZORBRICH L, RO L D BREIT o1, BEHEMEFREICB
T, R 17 23 ABICHES L i) 72 51K (Figure 2-4, reversible complex) Z T 25 & |
ThT SOEFREE T 17 OIFFIE T & AR TRE R BB ITIE D 5T, FICEIET DR
PIERT 2 EE2 0605, —J, b LARAHNZR (boWiE, JOSHEICIEFICKE E
WS D FRRRE) A A  (Figure 2-4, irreversible complex) . 5V i 2 HuiF“off-pathway™*
DEARERT D & BRI A T 4 772 A BHEEDNBA T 5720, Ap BIRDOZ &
AR 70 i RE N BT 5 2 E N TR END, KBS, off-pathway AW =X L% LD
BREAI T, ThT #EERICE N TZ O X 9 2B HA ST 5%, Figure 2-3b O ThT
WOETREE DRRIFEIZ IV T, 17 277 F 00 ThT #0613, AP BUMIE & Fb | i 72 AN EA
FITIRNZ & 006 off-pathway A D= X LN L TWL Z ENRBEESND, £2T, 17D
off-pathway A 1 = X L% FITIREET << | Flix OEMMITH), AALFHT v A %2179
ZEbLT
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\'\ (reversible complex)

monomer structured
oligomer flbrll

17 (@) l ‘off-pathway ”

/u/ (irreversible complex)

Figure 2-4. Two possible mechanisms for aggregation inhibition of AB1-42 by 17.

FTELHGELE (DLS) 2R L. AR O A X504, T72bb, WK (Ry
S3AT DREBFZEAL 2 3B L7~ (Figure 2-5a), AB (30 pM)P B DR TiE, 37°C TA ¥ 2
— MBRAAIEA I Ry = 30 nm FHI D AR FES EICBIER ST, A v F = X— b 3% Tl
HESE DIETTITHE Y Ry = 30-100 D AP FEMHD L Ry > 7 x 10° D AR FES IR SNz,
—J5.AB (30 uM) & 17 (90 uM) Z IRA SH 2R T A > F 2 ~— FHIAE IS Ry = 10-10°
ERy>TX 10 DEIC 250 APHEMABESNELY, ZofRLY, ABIF17 LIRASHES
ERNEIZEENEIT LTS Z EAVRIB S N7, 3 REBI Tk, RIEE S L, R a3
L7z ZOEIT1T OFEIZL > TAR DY A Z5AITHRMEEN (FRIZ, 17 DIFTEIC X
D Ry=30nm O AR AL L, R VIZRy=10-10° & Ry>7 x 10° BN HH) 2EiZSh
7o ZORERIT 1T DM LV AP DEEERE N AL 2 21T T D ATREME 2 XFF T2 b 0
EEZDND,

YA ZPBR7 v~ b7 7 4 — (SEC) IZL 2 HTIZHNTH, AREME A SR D
EREFHNT- (Figure 2-5b), AP (10 uM)HARDR & AB (10 pM) & 17 (30 uM)Z IRA S H 72
REENENZTCTA rFaX—hLil A BHHEOFEHE (=0h) IZBWTIXE;
DRICBNT 145 mL OEHFERICE—7 (B ~v— &0 FEA Y I~ —I2FHY) 78l
Ba3nl, —FH, A rFaX—h 6 FEZETIE, WTNORIZEBNTHYZE—271X3T
HR L, ZHUudBEICnE ) ~— B FEF ) I~ =0 Licled B2 bild,
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2T, AP HEIMORTIE, 8.5 mL DIEHA BRI A Y I —Hko v — 27 N s P
DIZKEL, 17 fFHAEFTIE, ST E— I BN —UIE SR -T2, ZD K ) RIEH %
— U DEWL, AL TWEAY) I —DEOENE ML TWADAREENRSH D L& 2
SY IR

(a) AB1-42 alone t=3h (C)
20 {¢=0h AB1-42 AB1-42 + 17 (uM)
alone 44 30 100
=
Il I
S o allkdl; . 1] Al
£ AB1-42 +17 t=3h
X
20 1t=0h
" (@)
0 .ulll"_l_“ a uullj 1 ;
10’ 10? 10° 10* 10’ 10? 10° 10* S 150
hydrodynamic radius (R,;) (nm) %‘
(b) 15 £ 100
~ t=0h t=6h 9
E(’ c
8 £ — AB1-42 alone — AB1-42 alone 2 s —— AB1-42 alone (No seed)
o
23 51 — AB1-42+17 — AB1-42+17 E —=— AB1-42 + AB seed
N c
~ S —— AB1-42 + 17-induced AB seed
® ) , : el 0
7 9 1 13 15 7 9 1 13 15 17 0 1 2 3 4 5 6

elution volume (mL) time (h)

Figure 2-5. (a) Dynamic light scattering. Buffer solutions (pH 7.4) of Ap1-42 (30 uM) with (1:3
ratio) or without 17 were incubated at 37 °C. (b) Size-exclusion chromatography. Buffer solutions
(pH 7.4) of AB1-42 (10 uM) with (1:3 ratio) or without 17 were incubated at 37 °C. (c) A dot blot
assay with oligomer-specific A1l antibody. Buffer solution (pH 7.4) containing AB1-42 (10 uM) and
17 (1:0, 1:1, 1:3, and 1:10 ratio) was incubated at 37 °C for 6 h. (d) Seeding assay. “Ap seed” was
prepared by incubation of AB1-42 (10 uM) in buffer (pH 7.4) at 37 °C for 24 h and “17-induced AP
seed” was prepared by incubation of AB1-42 (10 uM) in buffer (pH 7.4) in the presence of 17 (30
uM) at 37 °C for 24 h. Independent ThT assay using fresh AB1-42 (10 uM) was conducted with the
addition (or no addition) of the prepared seeds (10% v/v). Mean = S.D., n = 3, *p<0.05 vs. Ap1-42

alone and AP + 17-induced AP seed (Student’s #-test).

I, TInAg R4 T~ —CRBRIICHEEST D ALL FUAY% v, Ky o7y b7
v A %477 (Figure 2-5¢), AB (10 ptM)EIOFAE | AB (10 pM) & 17 (10, 30, 100 uM) %
BA SETREZNEN3T °C TOMMA U FaX—F L7tk Al HURICE D B LT,
Z OFER 17 OREARFINCIETRIEN T o o7, ZORRED ., 17 DFFE T TIERA
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T4 TH ) A —OAERERED L TWD T ERREBE ST,

F VT OGFETTERT D ABFEN, XA T 4772 AB T/ ~—DEEICTHV— R
LR DM L7 (Figure 2-5d), £7°. 17 ODAF(E ., FEHFIE T T AB (10 uM)% 37 °C
T2UWMA rFax—FL, = F ATFETF 17T HKD AB > — N, 17 EFEET : AB
V= KETD) 2, 20K, Ty — REHW, ISR L AR (10 pM)D#E
RN G 2 D BT OV TR L 72, BRI T, ThT 2R TRE O ERSE A R L Lz,
ZORER, AR v— RIRMNIE CIXIETINERIZ b~ BRI 3 < 72 572 (green line vs. red
line), ZAUE, T— ROWRMIC L » TEEMEE SN D &0 I BEFOHEPH L S8+ 5
BTHD, —FH. 17 HEKD AR ¥ — RIS CTIL, FEAINEE & BEEHENTIERETH - 72

(blue line vs. red line) , ZAUHDFER LV | 17 DFAET TS 5 AR FEICIZIRA T 4 772
ABE /v —DEFEIZKTT D U — RREENITE A ERWT ERRIB I LT,

VLB ORI 22 B E ). AR T K0 L 17 OFFEIZ LY AR O off-pathway
LFFEDERR LTV D Z L AVRIB STz,

2-4 off-pathway 2V =~ — D REMEHT

WIZ, 17 DIFE T CTAERKT % off-pathway (L FREDIREFII RN R 2155728, AFM %
W CHEMT 21T > 7= (Figure 2-6), F9°. AP (10 uM)?® HEPES /X v 7 7 —{&K (pH 7.4)%
37°C T 6 WA ¥ aX— K LIk, ARMICTARMOEREREZBIE LI Z A, 2 DR
A 520 nm OFIEZ72T I v A RERMENBIZE I @), — 5. AB (10 uM) & 17 (30 uM) %
RESELERTIR BMETE<BIEINT. RDVICzH#OE S5 24 nm O/ SZRERRD
LA TICBIE SN (b), MA T, z 8IOE & 235~6 nm OERK OSBRSS hiz,
17 GO M) DR TIE, z#OEmSILT 1 nm UL FTH 72 () ZNHLDOfFT LY | 1712 X
VIFEIND off-pathway (L FFEIE, & S8 nm DAY I~ —RFPNHYS T2 2 L B35 H

7,
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Figure 2-6. Atomic force microscopy images of Ap1-42 alone (10 uM, a), AB1-42 + 17 (10 uM +
30 uM, b), and 17 alone (30 uM, c). Each sample was incubated at 37 °C for 6 h. Lower graphs

indicate z-heights obtained at the white bars of upper images.

ZZT, AB0 M) E 17 B0 uM) & AIRE SE T2 U VBN Y 7 7 —IRIR (pH 7.4)% 37 °C
TOMFEA v Fa_X— L2, WHHHPLC IZXED 0 EITH) Z &1LV, ABPITHEA LT
WRWTZ U —72 17 DT EZ RFEL D5 Z & & L= (Figure 2-7), ZOFER, £ & 2—
~BRGARE & HhER U, 17 OFRAFRIZBAFE 2 L, —77 . KLVFF ()& AW ClRER D F28k %
T2l & 2A 1 OFRAFRITA % 2a— "R DT E A E B LR o7z, 728, AB
DOIFET, T720H 17 B0 yM)HEIDRIZENTH 17 OFITRD biehoTz, i
5 OFERIZIBNT, 17 2 off-pathway AR AV I~ —FED FIZHREIZE VA 7272 DI,
17 DEIRAMET Lz algetEn 5 2 5h 5%,
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Figure 2-7. Quantity of free inhibitor verified by reverse-phase HPLC. Buffer solution (pH 7.4)
containing AB1-42 (10 uM) and 17 or KLVFF (1:3 ratio each) was incubated at 37 °C for 6 h and
analyzed by HPLC. 17 alone (30 puM) was analyzed in a same manner. Ratios of ligand
concentrations at time = 6 h relative to time = 0 h are shown in percentages. Mean = S.D., n = 3,

*p<0.01 vs. ABp1-42 + KLVFF and 17 alone (Student’s ¢-test).

2-5 HARIEEMERTEAN

RIC, EESEFLER 17 D AR OMREMEIC G 2 2 EIZOW T, 7 v MEIB B GMaET
&% PCI12 Mz FHWCRiGE L7 (Figure 2-8), 7 ~IliE% 1%7 ¢» HEPES-DMEM 1z i
OFMBLIZET L. AP (10 uM)EIR, AB+17 (10 + 5 uM), AB+17 (10 + 10 uM), AP+ 17 (10 + 20
uM) % ENEFURS S, 37°C T 48 il A > % = ~— h L7=f%, WST-8 33EIZ L v A=fl
BawEE Lz, W GREOMIAFEE 100%E Lzl X, AR B R TIEK 20%E T
AR UTee —J5, 17 OFFAE T CIRRE KT 2 AP R OEENR RO b Tz, 723,
17 HOFER LV | 17 206 OIZIXT & A SHRaFEMEITERD b hole, T b ORER
X0, BEER 1T ZRINL AR DEEZILET L2 LICRY ., TOMRFEELZBRSES 2
EMTE, BZELL, 17TICLVFEEIND AP @ off-pathway (L P HEIL, R4 T 4 74V
Tv— & Al FEEMERN S D LB X BiD,
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Figure 2-8. Concentration-dependent effect of 17 on the cytotoxicity of AB1-42. PC12 cells were
treated with AB1-42 (10 uM) in the absence or presence of 3 (5, 10, 20 uM) for 48 h, and analyzed
by a cell viability assay (mean = SEM, n=3; *p<0.05 vs. AB1-42 alone by Dunnett’s test).

2-6 BRIK KLVFF OEERE X 1 =X A

UL ED RN, AR fRAT X 0 AT S D 17 OREERATE A 7 = X L% Figure
2-9 /4, 171X AR LA 2 & BT off-pathway {LFFE 2 ARk L, Bl &t & AT
% (Figure2-5a), L/»L. Z O off-pathway {LZFEILT 2 14 RERME~ITERES T, &S
nm DAY I~ —HKiFTHED (Figure2-6), ¥ T, off-pathway 4~ U F~—{L, 7 1R B-v
— M 25k LS A3 % ThT (Figure 2-3), X ON7 I v A ROV I~ — % Fr 192588
3% All Hifk (Figure 2-5¢) (Zxf LIF & A EBMEEZ RS, MlREEL XA 70 74V
g — L IEEEIZEV (Figure 2-8) ,
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Figure 2-9. Proposed mechanism for aggregation inhibition of AB1-42 by 17.

2-7 BR KLVFF O IEHIZ 1T 2 2 EMFE

RBIZ, XTI F RORBEO—2>Th D MARGRERIKT 22 EMHICEA L THMREHES
R BT T R 17 L8IRTF R KLVFF )OOt MIEHF COLEMEZ M L7z, <
DOFER. KLVFF (3 10 3 TIRET R THMINT=DITK L, 17 134073 &b 6 Rl £ T
T e AR EZ T o7 (Figure 2-10), ZAUHOFER LY b MjFEHIZH T 17
X KLVFF & R TEWEERZ R T LB bND,
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Figure 2-10. Stabilities of 17 (blue) and KLVFF (red) in human serum, incubated at 37 °C. Ratios of

inhibitor concentrations relative to time = 0 h are shown in percentages. Mean + S.D., n = 3.

2-8 /IE

ARFETIE, B KLVFF 8 ADERY — RE L CORREERZRIFT 52 2B E L,
DEEEEFREVENE N B A fR I L 7o RSB, 2)EREIHTE A 1 = X L O, )RR DR
M. 4t MIJER TOREMEICO N TERZ M Lz, £9. BRIk KLVFF 4 @ Phe* fi
HOBALIZH 9 — D7 2= VEEEATDH I LICL D, BREMREEMEN 3 FRER L L
17 2155 2 LT Lic, RIS, 1T K DEHEMLE A 1 = X L% 8 SOFMRY 2 A=W B
T, AT T o B AT TRIT L7oRE SR, 17 13 AB % off-pathway 4 U =~ —|ZFFE
HZ LRV EEAHELTWD Z E 2SN LM, Z o off-pathway 4 U == —1%, p-
= MEPMMELS, XA T 4 TR ABE ) v — DEEICHT 50— FRe bR <, EISHaEE
BT, HIZ, 17 1Fe MJEF CRWEEMZ R~ U, MK EEER ISR 2 ZEMEN
BN R ST, UL EORERETR KLV | Bk KLVFF 35814 17 13, AD I8RO A
REIRY) —RERVEDLEEZOND, LPLENRL, 5% in vivo IZTEIEERLEWD &
L CORREMZ REET 272 ®I2i, BEEEME 2 SR EREICRT 2 RN A% OME L 5

A%
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F3E BIRKLVFFD 7 7 —~ a7 7T EF—7 2 EIC LIIERTF FEES
TEERLEA DR ER AR
31 HER

B2 EIIOURLELIIC, BRXTF FIEEY —RFRELTEWRT Y v E2HT 5
EEBEZOND, FFZ AR DERHEMED L 572, X R_UE-2 R BB ZER LT
LEAIZBNTIEL, — A, Z 7 EE O R IRWiE E A EAER T 20BN H 5
EWVWOSBLEND RS TILEME Y b FEPRERF S TFEOMEMEEER S LT
559 IcEBbna™, Thobhk, MEEEBEEOEDBIRHOMNREEZ D &, &
TGRS LA B CTh 2 L B 2 5, AR BEEMLEFANIPM (4, F86) (oo
DABEZ =Sy T DI LMD, MEMBEM DOFEiE 7 EHEMERE T 1 T 7 A LSRR
BUCRTTHEEINRKRENEEZOND D TH D, EBRIT, X"V BE-% X7 EGAAE
AR & LTEHERFEICSN TS, PoTea® (RX7F Rbat) L TRS T
IEEMBIIEENT WD, T72bb, #2377 BROIKOFREO P AR IR ER 72
R ERZTT I VB Ky NAR Y b)) BMEET L —2bREESRY SR
RAR Y bas—5y b & LIRS FHLERI ORI N B S Tn ¥, 22 ok
T, AP BEERLEANCK T DIED TALAMIC OV TE O EZEZ T L & L,
NI F FER—=2 L LIRS bW ~ORE R ICE L Tid, NRMEDEDTEEST
F RIZBOTEL OEIBINHE S THEWL I3, 7o o47 vy T ZEERRER
EORIBIFER 2 5D (Figure 3-1), AFEAIHIClx, WRMRTF RTHLT VAT
Yov I FEERBBEANFTR STV, EPERE T 0 7 7 A VOES (RVSg 4T
RATEYT 4) BEEER>TW e, 22T, Figure3-10 X512, 7o V4T 10
EERRE L OREGICBWTHEBE SN HOHEE (77r—~a747) L, £h
ERUE LIRS T et T2 2 EIcE D, "M AT A TV T o 3@, Ko
AR B ORIIC A L T D,
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Tyr OH Phe
HOOC
o) Q,
Asp-Arg-Val ~ N.., His-Pro
p-ATg N “N”COooH - N, COOH
O H e )
N S
lle \ /

Figure 3-1. An example of development of small-sized angiotensin II antagonist, derivatized from

Angiotensin Il

angiotensin II peptide sequence!*™

EROKSGIESEL L, ~TF MEEEROT 7 —~ 3T 37 2 _X—R & L2y T
FRER ORI Z BB LTz, L L2ans, BEMEFEROSE TIL, EEOMDLHRY ., Zh
FTA_TTF MERFAIZN—R & U, GBI AR ) FRE R~ L S mliE 7y, 2
UL, EEHOT I MRV EEMFEERBUCA AR TH L Z LIZHRT 5D TRV
LEZOND, T7206, 21X Ap DEEMFAIOLA . AR OFE 2 ELFNZAH Y 325 KLVFF
XL EHOT I RESIC L DKERES EAEHOBUKEMABERIZ LY 2E AR EHAEERA L,
BEMEFEEZ TR L TWAH EEZ 5D (Figure 3-2) 23, FHCRTE OMEMER OGN K
FNZ BN KFEHEEZMS T I A ZR 2 EMNFENICHETH L L EX BN
Do —JH7. AW TR L728IR KLVFF (X, F#HOT I NG S EEREEMR BT L
Ao EBG- L2V, Lew’, Val’, Phe', Phe’ @ 4 S ORISEIEEN O D2 =—2 727 7 —~ =
T T EHTDH, T TARETIE, BIKKLVFF O 7 7 —~ a7 3 7EF—7 &M, X
7F FHEDORS FRERER ORI Z T 52 L & LT,

nir : Hydrogen bonding

Figure 3-2. Proposed interaction mode of peptidic inhibitor
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32 BRKLVFF D7 7—~a 747 EF—7 2HIC LEL FREREA OFE & AR
BR KLVFF O 7 7 —~ a7 4 78 F— 7 & FEICESTF MEDIRS TEEREFEHR 27 %
L7z (Figure 3-3), T722bb, BUVUEREREL, £D 2, 4, 6 I Lew” IS4 2
ST ELTAYRUFADNAREY I FHE, Phe IS I v 27 & LTV UM, Phe’
BEHII vy 7 LT =/ FVEZZNENRET L2 LI2E0, BIRKLVFF O 7 7 —<
a7 FTEEETAZEEE X, B UUVRIE, BRRTICER LS TR o Bk
M Bz L TR L, B, MEDHEMbLDD, ZZ2TE 4 >O77—~a7x7

Ko

O, Lew’, Phe', Phe’ D3 22 FIHTHZ L &Lz, HFETV VI EHVERFICLD
L. BRIk KLVFF 4 @ Leu’, Phe', Phe’ @ B iREMOBHEL, VU P FEEK27 D3>0
7 — 37 4 T OB IE DS T OB L Juv— &/~ LT\ % (Figure 3-3a), F7-. 4
L2217 y—~aT T ELENERY 952 & bR I (Figure 3-3b).,

(a)

6.4-8.8 A

(b)

Figure 3-3. (a) Design of a non-peptidic small molecule inhibitor 27. and distant relationships

among three pharmacophore moiety (two phenyl groups and isopentyl group) of 4 and 27. (b)
Overlaid structures of 4 (green) and 27 (gray).

v U YA ER 27 1%, Scheme 3-1 [ICHE > TEK LTz, 2-7 ) DU 2 HBEWE L L.
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¥ Knochel 5 OHEWNZHEN, BV DU 4 fMLOBIRIRNL Db ETo T, £ D%,
YUY NAXRTRERBEL, NIATFAVIATT = REAWCYT J{bEiTo72, #i
WTC, HEMERGT, 72—V EEASEL ZEICEV 72 ) X UEEBEA LT, KK
2y VT FEONKGIR, A VX FAT I DT 2 RiEaERT, BET527 %286
B L7,

Scheme 3-1. Synthesis of pyridine derivative 27.

1) BF3-OEt,, THF, 0 °C
c N 2) BnMgCI-LiCl, -43 °C cl ~ m-CPBA cn@l N
N~ 3) chloranil, rt N~ CH,Cly, rt Oy N
29 30

28
L,
TMSCN, Et3N Cl | N NaH
CH3CN, reflux N~ DMF, 80 °C [ j
36% (3 steps) CN 59%
31
HQNA)\
EDC-HCI, HOBt
1M NaOH O~ i-ProNEt
|
EtOH, reflux ©/ N~ DMF, rt
COOH 54% (2 steps)
33
27

3-3 (K4 T-RRER DURE R E TS M

WIZER UT- 27 OWRELEREZIHME L7z, £, ThT 7 v A 2fT7-o728 25, X
— R LR BBRR KLVFF 4 L HAD LR/ NE DD 9 (Vall»Ala) & RS OTEME42 7R L7z
@@mﬁAMoitl7ﬁ%§@ﬁ%ﬁﬁ$m%ﬁﬁ%%bt(ﬁ@m&%%£§%K\N

DR E T 72 < &b 12 FEfR £ CTRi T 5 2 & b 43 h o 72 (Figure 3-4a) , Z 2 T,
B U U UEFER 27 128V T Bk KLVEF 3535 4K 17 & [AERO ThT 8650 ORI A
BEIN, T72bb, ABU0uM)E 27 (S0 uM) & ZRA SV VRN 7 7 —IAIR (pH
7.4)% 37 °C TA »F 2~X— | L, ThT @& HREORRFE 2B U7k R, K972 ThT
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HOEAEDY AR BAREE & L _EEE (K > 7= (Figure 3-4a), ZOFER IV | 27 OEELEIC
DN T HERIRAT T R EEFEIC off-pathway A 71 = X ANEH- L TV D AIEMEREW EE X
bNb, £/, 325D 77—~ 7 3 Ty — O TORWIZFEAREZ SR LR, W
NOBZEIZBWTHAEBICHEEENME T L2 (34-36, Table 3-1), ZOFER LV, 27128
WTh 3 DOT7 77—~ a7 TEHSNENENAFEEERBUCTF S LTS Z LR S
e,

Table 3-1. Structure-activity relationship studies of cyclic-KLVFF

R1 I N R2
N~
HN" 0
RS
Compound R’ R? R® ThT fluorescence intensity [%][a]
4 - - - 39+1.4
9 - . - 58 +5.9
"""" 27 PO Bn  isopentyl  71:9.4(7067)"

34 H Bn isopentyl 83+ 13"
35 PhO H isopentyl 111 + 18"
36 PhO Bn Me 99 + 140!

[a] Relative fluorescence intensity to that of AB1-42 alone (10 uM) incubated in the presence of

each inhibitor (50 uM) for 3 h. Mean = S.D., n = 3—7. [b] each inhibitor = 90 uM.
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5
o 150 _
2 * 100
] D
= 100 3
: <
3 S
3 —— APB1-42 alone 8
& 50 - AB1-42+4 2
2 AB1-42+9 5
= ——  AB1-42+27 2
= y - AB1—42+37 =

0 F 40

0 3 6 9 12 10 30 50 90
time (h) Concentration of 27 (uM)

Figure 3-4. (a) Time courses of ThT fluorescence intensity, incubated at 37 °C (red line: AB1-42
alone (10 uM), green line: AB1-42 +4 (10 uM + 50 uM), yellow line: AB1-42 + 9 (10 uM + 50 pM),
blue line: AB1-42 + 27 (10 uM + 50 uM), purple line: Ap1-42 + 37 (10 uM + 50 uM)), Mean = S.D.,
n=4-15, **p<0.01 (4, 9, 27, 37) vs. AB1-42 alone. (Student’s ¢-test) (b) Relative ThT fluorescence
intensity to that of AB1-42 alone (10 uM) incubated in the presence of 27 for 3 h (n = 3, Mean =
S.D.).

W (2. Sedimentation assay” lZISWNT & 27 D¥EEKAEN A B E L ETEMEN R D b
(Figure 3-5a), Sedimentation assay ClZ, AP (10 uM)& 27 (30 or 100 uM) & ARG S H72 U
RNy T 7 IR (pH 7.4)% 37°C TA ¥ a— kL, m LBk, =0 EEAERF O

FEREEE AB B A WiH HPLC IS CHIE L7z, A > ¥ =2 X— MBIARFOIEEEE A &% 100% &
L. BB 2B L7ofE R, 27 23 L722 TlT AR IO R & e, BiFIcEmFEL T
WD IEEEEE AR BENAEIZHIINL TWA Z L AR S 4v7- (6 IRFft: AB1-42 alone: 25%; AB1-
42 +27 (10 uM + 30 uM): 78%; AB1-42 + 27 (10 uM + 100 uM): 91%), F7=. SDS-PAGE (C X
0 AP DRHEICH 2 2B AT L7 fE R, 27 BNE 8B4 Y 2~— (100-200 kDa) D4
R EL TS Z &R ENT- (Figure 3-5b), = LT, AFM 2BV TH 27 DS EFEK
T AR DRFMEIZ AL Z L LT D Z & 23R S 7= (Figure 3-5¢)
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(a) (b)
k%
‘g 100 ' ** (kDa)
T“' %k
c
s 8 180
o
@ 60 115
[
= AB1-42 alone
E 4 ® AB 82
o
2 & AB1—42 + 27 (30 uyM) o4
2 B AB1-42 + 27 (100 uM) 49
0 3 é 37
time (h)

6

h -
0 1 3 6 0 1

3 6 (h)

AB1-42alone  AB1-42 +27

Figure 3-5. (a) Sedimentation assay (red: AB1—42 alone (10 uM), green: AB1-42 + 27 (10 uM + 30
uM), blue: AB1-42 + 27 (10 uM + 100 uM)), Mean + S.D., n = 3-5, **p<0.01 vs. AB1-42 alone,
*p<0.05 vs. AB1-42 alone (Student’s ¢-test). (b) SDS-PAGE analysis of AB1-42 alone (10 uM) and
AB1-42 +27 (10 uM + 100 uM). (c) Atomic force microscopy images of AB1-42 alone (10 uM, A),
AB1-42 +27 (10 uM each, B), and AB1-42 + 27 (10 uM + 30 uM, C). Incubation time = 6 h.

DEDX ST, HaAFET veA ZHND 2 EI2L 5T 27 28 AR DEHEAAEL T
WD ZERSANITHER ST,

34 BEHTHERORNT v 7 F4 7 XRACHETHELE
AlEl, B REE - B LTIERTF MIEORS FEHEERI 2T D KT v 7 I 4 7 % A
IZDOWT, MM RT A —F ZHBIEICE 42 L7z, Lipinski ®EHI (Rule of five) & LA, T
RO 4HENRT v I TA4 7 ThRObLEDERET 7 7 7 A VIZERTALEWE AT S
DAL STV BPY

KFERES FF— (HEE54K) (729056, OH & NH) 235 HLLT

KFREEGT 78T 2 — (ZHNE) (F72bb, NEORE) B 10ELLT

SR (MW 23 500 BAF

SrBOAREDS LogP & LTS LT
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E 51T, Veber 5OFFEP 25 FRE2 HA MBS,

MMEZR S (PSA) 2% 140A° DL F

[E1HE AT RE 70 5 400% 10 AR
I 6 HANRT v 774 7 246G AN W T AZRRRERAINE LT, AIFEIIIEIC B
WTIHHENTWD, Z 2 TR TREAI 27 122\ T2 b O E 25 H L 7= (Table 3-2)
ZOFEF, 2713 CLogP UADIEE TR TIZEB W CHEBHE A= L TWA Z BRI L N E R
ST, TOTEMDLE 2TIFAERERLY —FERVEDL B2 BND, 725, BIR KLVFF
4 TIETRTOEAIZBW CEELZHZTICE > TV e, #i- T, Lipinski 5 ORERHI|IZ
FAUE, BRI KLVFF 4 X 0 K FRHEA 27 DIF 5 S B2 3MERE Y 0 7 7 A V&R
eI END,

Table 3-2. Comparison of physiochemical properties between cyclic peptide inhibitor 4 and small

molecule inhibitors 27.

Physiochemical

criteria 27 4
properties

M.W. £500 375 635

H-bond donors s5 1 7
H-bond acceptors =10 4 11
CLogP™ <5 6.6 5.2
rotatable bonds =10 8 21
tPSA®! $140 50 171

[a] Calculated by ChemBioDraw Ultra 12.0.

3-5 RS TFRLER O E L5

Wi DS R O E, A Z ) Drnb e ) IV 4y Suv T
a2 7 B~ o FNEETERT 52 L2k, HEEMEZ B KLVFF 4 & ZIERFO L
NETHETHZ ENTE (Figure 3-6), Z OFERIT, 27 ORGEAHIZ LV e 5150
D ENFARETHLZLERBLTNDIHEDEEZ DD,
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I

N~

HI\S\O HN"0
27 37
(ThTEL: 71%) (ThTEL: 47%)

Figure 3-6. Identification of 37 based on the structure optimization studies of 27. [a] Relative
fluorescence intensity to that of AB1-42 alone (10 pM) incubated in the presence of each inhibitor

(50 uM) for 3 h. Mean + S.D., n = 3-7.

3-6 /ME

ARETIL, KLVFF Z_X—2R & LT T MRS TEELEAI OS2 B E L TR
AEIToT, ZORER, BIR KLVFF O 7 7 —~ a7 7EF—7 % KICTH T LI2LY,
& TRLEA OFRERAAIRIC RS L=, 9. FHO 7 I MEASIREFEERTLICIF L
A ERE L7 BRIRKLVFF O =— 27707 7 —~ a7 7 F— 7 2T iU, 3~
TTF REDIRS FRERDAIR TCEX 5O TIE W EOERDR, BV P UFFEIK 27 253
G AR LTz, 27 13, =R & LEBRIR KLVFF X 0 1300580 b 0 0, A E 2R BEE L ETS
PaR LTz, 27 OYVERT A =2 ERHH LI=E Z A, IRIEMEUSLOIEE X Lipinski DEHI
BT HEMEEZW LT e, RI v I IA4 7 {bEMTHD Z EBRBINT,
725, BBk KLVFF 4 TIX T _XTOEBICBW TEERHZTICE->Thawy, T, 27
OREEZHUC X0 FICIEMEZ 10 ST 37 13, BBIRASTF R @) & RIEFRSEOEEZ R L
Too $62 T, RT 7 T4 XA EMHIEDRERMEL WO BLEND, AR L 7K 7
ERN2TIIHLRER) —FERVBELIEEZLND, LILERD, KO THEAOEE
TR E LTRTH Y, Ml L~ D AR OB IZE > T ARWPY, E7-
W T A =2 L U THIREER @, > T, ADIRRHEZREmM L, L EAMOR
WEEELEA 2 AR 2 - 012X, B2 D HEFIRMEO M L OB NRE & B 2 Hh
Do

EHEOMDIRY | AL, BEEMEAIEICSN T, X7 F FHEEEAZX—2 & L
CIMEEMIZAR > TRHEAZ I LD TORIFITH 5, BRIRKLVFF O 7 7 —~ 37 4
TEF—TH2EME L, WmBAIIIET T RAR TR E A 2 I L 72 ARIFFE D 51k
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L. 5% O AR BHELER OB IRICEHEEZOND, ALEMTA T TV =0T
VHELAT ) == TR o T, KT y—~a T x T 2RI LT, X OERNLEY
A7 V==V TINARRICR D EEZ B ND,
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Experimental section

Materials and Methods

General. Analytical HPLC charts were obtained by using a JASCO HPLC system equipped with a
UV-2075 spectrometer, PU-2080 pumps, a DG-2080-54 degasser, and an MX-2080-32 mixer, 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. Preparative HPLC were conducted by
using a JASCO HPLC system equipped with a UV-2075 spectrometer, PU-2086 pumps, a
DG-2080-53 degasser, and an MX-2080-32 mixer. MALDI-TOF MS were measured on a Shimadzu
Biotech Axima ToF” spectrometer using a-cyano-4-hydroxy cinnamic acid as a matrix. NMR spectra
were recorded on JEOL ECX500 (500 MHz for 'H NMR and 125 MHz for °*C NMR) and JEOL
ECS400 (400 MHz for "H NMR) spectrometers in the solvent indicated. Chemical shifts (3) 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, g=quartet,
m=multiplet, br=broad. ESI-MS spectra were measured on a Waters ZQ4000 spectrometer (for

LRMS), and a JEOL JMS-T100LC AccuTOF spectrometer (for HRMS).

Materials. All protected amino acids were purchased from Watanabe Chemical Ind., Ltd.
(Hiroshima, Japan) and Peptide Institute, Inc. (Osaka, Japan). 2-Chlorotrityl chloride resin (100-200
mesh) was purchased from Calbiochem-Novabiochem Ja-pan Ltd. (Tokyo, Japan).
1-Hydroxybenzotriazole (HOB) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydro-chloride =~ (EDC-HCl) were obtained from  Watanabe Chemical. i-Pr,NEt,
N,N'-diisopropylcarbodiimide (DIC), and Triisopropylsilane (TIS) were purchased from
Sigma-Aldrich, Inc. (Milwaukee, WI, USA). Piperidine was purchased from Nacalai Tesque (Kyoto,
Japan). Trifluoroacetic acid (TFA) was obtained from Tokyo Chemical Industry (Tokyo, Japan).
N,N-Dimethylformamide (DMF), tetrahydrofuran (THF), Et,0, CH,Cl,, 1,2-dichloroethane,
acetonitrile (CH3CN), toluene, EtOH, and #~BuOH were obtained from Kanto Chemical Co., Inc.
(Tokyo, Japan) and Wako Pure Chemical Ind., Ltd. (Osaka, Japan), and used without further
manipulation unless otherwise stated. Other chemicals were purchased from the following
commercial suppliers: Wako Pure Chemical Ind., Ltd., Nacalai Tesque, Kanto Chemical Co., Inc.,

and Sigma-Aldrich, Inc. Flash column chromatography was performed using Kanto Chemical silica
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gel (spherical, 40-63 um). Thin layer chromatography (TLC) and preparative TLC were performed
on Merck Kieselgel 60 F254 (0.25 mm) plates. O-Acyl isopeptide of Ap1-42""! was synthesized in
our laboratory or purchased from Peptide Institute, Inc. (Osaka, Japan). The intense and
uncontrollable self-assembling nature of AP1-42 is known to cause difficulties in pre-paring
monomer AB1-42, resulting in irreproducible or discrepant study outcomes.”® To minimize the
handling difficulty and batch dependency, throughout the present study I used a non-aggregative
precursor of AB1-42, O-acyl isopeptide of AB]%Z,[SS] which rapidly converts to monomer AB1-42
in situ by adjusting the media pH to 7.4. The sys-tem is widely used in various biochemical

experiments to investigate the functions of AB1-42 and the inhibitor assay.""*

Analytical HPLC. Analytical HPLC was performed using a C18 reverse phase column (4.6 x 150
mm; YMC-Pack ODS-AM or YMC-Triart C18; YMC Co., Ltd., Kyoto, Japan or 4.6 x 150 mm;
COSMOSIL 5C18-MS-II; Nacalai Tesque, Kyoto, Japan) with a linear gradient of 0—100% CH;CN
in 0.1% aqueous TFA over 20 min or 40 min at room temperature at a flow rate of 0.9 mL min”". The

eluent was monitored by absorbance at 220 nm or 230 nm. HPLC grade solvents were used.

Preparative HPLC. Preparative HPLC was carried out using a C18 reverse phase column (20 x 250
mm; YMC-Pack ODS-AM; YMC Co., Ltd., Kyoto, Japan or 10 x 250 mm; COSMOSIL
5C18-MS-II; Nacalai Tesque, Kyoto, Japan) with a linear gradient of 0-100% CH;CN in 0.1%
aqueous TFA over 80 min at 40 °C at a flow rate of 10.0 mL min™' for 20 x 250 mm column or 3.0
mL min~' for 10 x 250 mm column. The eluent was monitored by absorbance at 230 nm. HPLC

grade solvents were used.

General protocol for solid phase peptide synthesis (SPPS). Generally, the peptide chains in this
studies were assembled by the sequential coupling of activated Na-Fmoc-amino acid (2.5 equiv.) in
DMF in the presence of DIC (2.5 equiv.) and HOBt (2.5 equiv.) with a reaction time of 1 h at room
temperature. The resins were washed with DMF (x5), and then No-Fmoc cleavage was carried out
by treatment with 20% piperidine/DMF (v/v) (10 secx1 and 10 minx1), followed by washing with
DMF (x10). The coupling and cleavage cycles were repeated. The peptide-resins were washed with
MeOH (x5) and dried for at least 2 h in vacuo. The peptides were cleaved from the resins with TFA
in the presence of TIS and distilled water (95:2.5:2.5) for 90 min at room temperature, concentrated

in vacuo, and precipitated with Et,0 at 0 °C. The resulting precipitate was collected by filtration,
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dissolved with 0.1% aqueous TFA/CH;CN (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/CH;CN system as an eluent, immediately frozen at —78 °C, and lyophilized for at least
12 h to afford the desired peptide.

Molecular modeling method. Molecular modeling was performed using Maestro ver. 9.3
(Schrodinger LLC; New York, 2012). Initial three-dimensional structures were constructed by
“LigPrep” with the OPLS 2005 force field at pH 7.4. “Conformational Search” of resulting
structures was performed by ‘“MacroModel” with the OPLS 2005 force field in water using
“Torsional Sampling” method (Maximum iterations, 5000; Maximum number of steps, 1000; Energy
window for saving structures, 50.0 kJ/mol). “Multiple Minimization” of generated conformers was
then performed (Maximum iterations, 5000). Default values were used for all other parameters.
Finally, resulting conformers were superimposed by using “Superimposition” method (Figure 1-6
and Figure 3-3b), or top 10 low-energy conformers were extracted to calculate the atomic distances
(Figure 3-3a).

cyclo-|[KLVFF] (3). 2-Chlorotrityl chloride resin (600 mg) and Q
Fmoc-Phe-OH (348 mg, 0.900 mmol) were taken to the manual Q

solid-phase reactor and stirred for 2.5 h in the presence of i-Pr,NEt

(630 pL, 3.62 mmol) in 1,2-dichloroethane (4.5 mL). After /\/\ %{ \)L\f (
washing with DMF (1.5 ml, x5), capping was performed with Y
MeOH (600 pL) in the presence of i-ProNEt (419 pL, 2.40 mmol)

in DMF for 20 min. After washing successively with DMF (x5), DMF/H,0 (1:1, x5), CHCl; (x2)
and MeOH (x2) followed by drying in vacuo, the loading ratio was determined (782 mg, 0.524
mmol) photometrically from the amount of Fmoc chromophore liberated upon treatment with 50%
piperidine/DMF (v/) for 30 min at 37 °C. The resulting Fmoc-Phe-O-resin (640 mg, 0.429 mmol)
was sequentially coupled with Fmoc-Phe-OH (403 mg, 1.04 mmol), Fmoc-Val-OH (364 mg, 1.04
mmol), Fmoc-Leu-OH (379 mg, 1.04 mmol), and Boc-Lys(Fmoc)-OH (503 mg, 1.04 mmol) in the
presence of DIC (166 pL, 1.04 mmol) and HOBt (164 mg, 1.04 mmol) in DMF (4 ml). The Fmoc
group was removed by 20% piperidine/DMF (v/v). After coupling with Boc-Lys(Fmoc)-OH, the
resulting protected peptide-resin (resin: 778 mg) was treated with TFA/TIS/H,O (13 mL, 342 uL,

342 pL) for 90 min at room temperature, concentrated in vacuo, and precipitated with Et;,0 (10—15
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mL) at 0 °C. The resulting precipitate was collected by filtration, dissolved with 0.1% aqueous TFA/
CH;CN (1:1), and lyophilized for 18 h to give the crude pentapeptide (180 mg). To a solution of this
crude peptide in DMF (53 mL), EDC-HCI (79.8 mg, 0.416 mmol), HOBt (63.7 mg, 0.416 mmol),
and i-Pr,NEt (145 pL, 0.832 mmol) were added. After stirring for 14 h at room temperature, the
reaction was stopped by adding distilled water, and the mixture was extracted with AcOEt (x3). The
combined organic extracts were washed with brine, dried over Na,SO,, and concentrated in vacuo to
afford the crude cyclic-pentapeptide. 10% Et,NH/DMF (v/v, 4.6 mL) was added to this crude
cyclic-pentapeptide. After stirring for 1 h at room temperature, the mixture was concentrated in
vacuo, and then acidified with aqueous TFA (pH 3—4). The residue was purified by preparative
reverse phase HPLC with 0.1% aqueous TFA/CH;CN system as an eluent, immediately frozen at
—78 °C, and lyophilized for 24 h to afford TFA salt of 3 (48.0 mg, 15% yield calculated from
Fmoc-Phe-O-resin) as a white amorphous powder. 'H NMR (500 MHz, DMSO-dy) &: 0.41 (d, J =
6.3 Hz, 3H), 0.71 (d, J = 6.3 Hz, 3H), 0.85 (d, /= 5.7 Hz, 3H), 0.90 (d, /= 5.7 Hz, 3H), 1.16-1.31
(m, 2H), 1.48-1.90 (m, 8H), 2.68-2.82 (m, 4H), 2.97 (dd, J = 10.0, 13.5 Hz, 1H), 3.11 (dd, J = 6.0,
13.5 Hz, 1H), 3.68-3.75 (m, 1H), 4.08-4.16 (m, 1H), 4.22-4.36 (m, 2H), 4.40-4.47 (m, 1H), 7.06 (d,
J=17.5Hz, 2H), 7.15-7.33 (m, 8H), 7.71 (brs, 3H), 7.80-7.85 (m, 2H), 7.97-8.01 (m, 2H), 8.13 (d, J
= 8.6 Hz, 1H); >C NMR (125 MHz, DMSO-dy) &: 18.5, 18.8, 21.7, 22.4, 22.5, 24.6, 26.4, 30.1, 30.8,
36.9, 37.3, 38.7, 40.8, 53.1, 54.4, 55.6, 55.8, 60.7, 126.5, 126.6, 128.3 (4C), 128.8 (2C), 129.1 (2C),
137.1, 137.3, 170.1, 170.2, 170.4, 170.6, 171.2; MALDI-MS (TOF): m/z calcd for C35Hs)N¢Os 635.8
[M+H]", found 635.1; HPLC: Retention time (#z) = 24.1 min (YMC-Pack ODS-AM); purity: >95%
(HPLC analysis at 230 nm).

cyclo-[klvff] (4). Compound 4 was synthesized in a similar

manner to that described for compound 3. white amorphous %Ho (o
powder; Yield: 0.50 mg (4.2% yield from Fmoc-D-Phe-O-resin); HzN/\/\/%H/H o} p
MALDI-MS (TOF): m/z caled for Cs3sHsoN¢Os 635.8 [M+H] °, d " i

found 635.4; HPLC: # = 24.1 min (YMC-Pack ODS-AM); purity:
>95% (HPLC analysis at 230 nm).
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cyclo-[FFVLK] (5). Compound 5 was synthesized in a similar

powder; Yield: 1.7 mg (2.6% yield from Fmoc-Leu-O-resin); HoN

manner to that described for compound 3. white amorphous OM
HN

MALDI-MS (TOF): m/z calcd for C35sHsoNgOs 635.8 [M+H]+, found
635.5; HPLC: g = 22.9 min (YMC-Pack ODS-AM); purity: >95%
(HPLC analysis at 230 nm).

FFVLK (6). Compound 6 was synthesized by SPPS. white

C35sH5NgOg 653.8 [M+H]", found 653.7; HPLC: t; = 16.7

N
H

o)
N
H
fo) ONH
Q H
/‘K%N/

O

NH,
amorphous powder; Yield: 16.1 mg (50% yield from
Fmoc-Lys-O-resin); MALDI-MS (TOF): m/z calcd for Ho 9 Hof
HaN N\:)J\N N\:)J\N OH
0 :H 0 \rH 0

min (YMC-Pack ODS-AM); purity: >95% (HPLC analysis
at 230 nm).

cyclo-|alvft] (7). Compound 7 was synthesized in a similar manner to that
described for compound 3. white amorphous powder; Yield: 0.64 mg
(1.8% yield from Fmoc-D-Phe-O-resin); MALDI-MS (TOF): m/z calcd for
C3,HyiNsOs 5787 [M+H]', found 578.2; HPLC: #; = 27.1 min
(YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230 nm).

cyclo-[kavff] (8). Compound 8 was synthesized in a similar manner

0.53 mg (1.5% vyield from Fmoc-D-Phe-O-resin); MALDI-MS
H2

to that described for compound 3. white amorphous powder; Yield: @?H ;
© \ 0 HN._P
N H 0

(TOF): m/z calcd for C;,HyuN4O5 593.7 [M+H]+, found 593.1;
HPLC: #z = 21.4 min (YMC-Pack ODS-AM); purity: >95% (HPLC

analysis at 230 nm).
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cyclo-[Klaff] (9). Compound 9 was synthesized in a similar manner
to that described for compound 3. white amorphous powder; Yield:
0.76 mg (2.1% yield from Fmoc-D-Phe-O-resin); MALDI-MS
(TOF): m/z caled for C33HyeNgOs 607.8 [M+H]+, found 607.1;
HPLC: #z = 21.5 min (YMC-Pack ODS-AM); purity: >95% (HPLC

analysis at 230 nm).

cyclo-[klvaf] (10). Compound 10 was synthesized in a similar
manner to that described for compound 3. white amorphous
powder; Yield: 0.11 mg (0.3% yield from Fmoc-D-Phe-O-resin);
MALDI-MS (TOF): m/z caled for CaHyNgOs 559.7 [M+H],
found 558.7; HPLC: # = 19.8 min (YMC-Pack ODS-AM);
purity: >95% (HPLC analysis at 230 nm).

cyclo-[klvfa] (11). Compound 11 was synthesized in a similar
manner to that described for compound 3. white amorphous
powder; Yield: 0.37 mg (1.1% yield from Fmoc-D-Ala-O-resin);
MALDI-MS (TOF): m/z caled for CaHyNgOs 559.7 [M+H],
found 558.7; HPLC: # = 20.9 min (YMC-Pack ODS-AM),
purity: >95% (HPLC analysis at 230 nm).

cyclo-[KIvff] (12). Compound 12 was synthesized in a similar
manner to that described for compound 3. white amorphous
powder; Yield: 0.66 mg (1.8% yield from Fmoc-D-Phe-O-resin);
MALDI-MS (TOF): m/z caled for C;sHsoNgOs 635.8 [M+H]+,
found 635.1; HPLC: # = 22.7 min (YMC-Pack ODS-AM),
purity: >95% (HPLC analysis at 230 nm).
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cyclo-[KLvff] (13). Compound 13 was synthesized in a similar
manner to that described for compound 3. white amorphous
powder; Yield: 6.4 mg (17% yield from Fmoc-D-Phe-O-resin);
MALDI-MS (TOF): m/z caled for C3sHsoNgOs 635.8 [M+H]",
found 635.2; HPLC: # = 21.7 min (YMC-Pack ODS-AM),
purity: >95% (HPLC analysis at 230 nm).

cyclo-[kIVff] (14). Compound 14 was synthesized in a similar
manner to that described for compound 3. white amorphous
powder; Yield: 4.4 mg (12% yield from Fmoc-D-Phe-O-resin);
MALDI-MS (TOF): m/z caled for Cs3sHsoN¢Os 635.8 [M+H]",
found 635.1; HPLC: # = 22.5 min (YMC-Pack ODS-AM),
purity: >95% (HPLC analysis at 230 nm).

cyclo-[kIvFf] (15). Compound 15 was synthesized in a similar
manner to that described for compound 3. white amorphous
powder; Yield: 1.7 mg (4.7% yield from Fmoc-D-Phe-O-resin);
MALDI-MS (TOF): m/z caled for Cs3sHsoN¢Os 635.8 [M+H]",
found 635.9; HPLC: # = 21.7 min (YMC-Pack ODS-AM),
purity: >95% (HPLC analysis at 230 nm).

cyclo-[KIvfF] (16). Compound 16 was synthesized in a similar
manner to that described for compound 3. white amorphous
powder; Yield: 2.0 mg (5.3% yield from Fmoc-Phe-O-resin);
MALDI-MS (TOF): m/z calcd for Cs;sHsoNgOs 635.8 [M+H]+,
found 635.8; HPLC: # = 22.0 min (YMC-Pack ODS-AM),
purity: >95% (HPLC analysis at 230 nm).
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cyclo-[KIvff(B-Ph)] (17). Compound 17 was synthesized in a

U

similar manner to that described for compound 3. HATU was used H

ey,
o
i © AN_°
H,N
2 HO
N N
H
o]

instead of EDC-HCl and HOBt in cyclization reaction. white

amorphous powder; Yield: 163 mg (20% yield from

Fmoc-D-Phe-O-resin); MALDI-MS (TOF): m/z caled for
C41H54N605 733.9 [M+Na]+, found 7340, HPLC: tr = 25.7 min

(YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230 nm).

cyclo-[KIvff(B-Ph)] (18). Compound 18 was synthesized in a
similar manner to that described for compound 3. HATU was used
instead of EDC-HCI and HOBt in cyclization reaction. white

.; y

N

o

\py O HN O
HoN

2 H O

N N
Fmoc-D-Phe(B-Ph)-O-resin); MALDI-MS (TOF): m/z calcd for o H

amorphous powder; Yield: 0.33 mg (1.5% yield from

C4H5sNgOs 711.9 [M+H]", found 711.7; HPLC: tz = 26.6 min
(YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230 nm).

Scheme S1°
_ COH a _ CO,H
R!— | z —_— R1—— | z
X NHFmoc X NHFmoc
S1:R'=2 S2:R'=2-Ph
S3:R'=3- S4:R' = 3-Ph
COxBU  zorb COtBU (4 CO,H
H —_— H " - H
T NHBoc R2 NHBoc R2 NHFmoc
S5

S6: R? = 2-pyridyl
S8: R? = 3-pyridyl
$10: R? = 4-pyridyl
$12: R? = 5-pyrimidyl

S7: R? = 2-pyridyl
S9: R? = 3-pyridyl
$11: R? = 4-pyridyl
$13: R? = 5-pyrimidy!

“Reagents and conditions: (a) PhB(OH), or Rz-B(OH) 2, PA(PPh3)4, 2 M Na,CO; aq. Toluene, EtOH,
100 °C, 3-5 h, 66% for S2, 56% for $4, 92% for S10; (b) R*>-SnBus, Pd(PPh;),, LiCl, DMF, 100 °C,
3-5 h, 70% for S6, 78% for S8, 92% for S12; (c) 4 N HCV/1,4-dioxane, 1t, 3—6 h; (d) Fmoc-Cl,
i-Pr,NEt, CH,Cl,, rt, 6-15 h; (¢) TFA, CH,Cl,, 1t, 12—15 h, 52% for S7, 63% for S9, 50% for S11;
43% for S13 (3 steps).
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(R)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-([1,1’-biphenyl]-2-yl)p O
ropanoic acid (S2). To a solution of couH
(R)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(2-iodophenyl)propanoic O NHFmoc
acid (S1) (300 mg, 0.584 mmol) in toluene (2.8 mL) and EtOH (1.2 mL), phenylboronic acid (142
mg, 1.17 mmol), 2 M aqueous Na,CO; (1.2 mL, 234 mmol), and
tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs),, 67.5 mg, 0.0584 mmol) were added under an
argon atmosphere. After stirring for 1 h at 100 °C, the reaction was stopped by adding aqueous HCI
at room temperature, and the mixture was extracted with AcOEt (x3). The combined organic extracts
were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified
using preparative TLC (AcOEt/MeOH = 97/3) to afford S2 (180 mg, 66% yield) as a white solid. 'H
NMR (500 MHz, CDCls) &: 3.03 (dd, J =9.2, 14.3 Hz, 1H), 3.28 (dd, ] = 5.2, 14.3 Hz, 1H), 4.13 (t,J
= 6.9 Hz, 1H), 4.28 (d, J = 6.9 Hz, 2H), 4.34-4.40 (m, 1H), 4.84 (d, J = 8.0 Hz, 1H), 7.18-7.52 (m,
14H), 7.72-7.77 (m, 3H); HRMS (ESI): m/z caled for C30H,sN,04 486.1681 [M+Na]", Found
486.1664.

cyclo-|KIvf(2-Ph)f] (19). Compound 19 was synthesized using S2 O
in a similar manner to that described for compound 3. HATU was Q?
used instead of EDC-HCI and HOBt in cyclization reaction. white

amorphous powder; Yield: 1.05 mg (2.5% yield from i(
Fmoc-D-Phe-O-resin); MALDI-MS (TOF): m/z caled for ¢

C4Hs54NgOs 711.9 [M+H]+, found 711.2; HPLC: # = 26.5 min
(YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230 nm).

(R)-2-(((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-([1,1’-biphenyl]-3- O
yDpropanoic acid (S4). Compound S4 was synthesized from i(:i
(R)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(3-iodophenyl)propan

oic acid (S3) (300 mg, 0.584 mmol) in a similar manner to that described for compound S2. white
solid; Yield: 152 mg (56% yield); '"H NMR (500 MHz, CDCls) &: 3.16 (dd, J = 6.9, 14.3 Hz, 1H),
3.27(dd,J=5.2,14.3 Hz, 1H), 4.17 (t, ] = 6.9 Hz, 1H), 4.31-4.44 (m, 2H), 4.70-4.77 (m, 1H), 5.22
(d, J=8.6 Hz, 1H), 7.08-7.55 (m, 14H), 7.70-7.74 (m, 3H); HRMS (ESI): m/z calcd for C3,H,5sN;O4

486.1681 [M+Na]’, Found 486.1663.
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cyclo-[KkIvf(3-Ph)f] (20). Compound 20 was synthesized using S4
in a similar manner to that described for compound 3. HATU was
used instead of EDC-HCI and HOBL in cyclization reaction. white
amorphous powder; Yield: 097 mg (2.4% yield from
Fmoc-D-Phe-O-resin); MALDI-MS (TOF): m/z caled for
C41HsuNgOs 711.9 [M+H]", found 711.3; HPLC: tz = 26.9 min
(YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230 nm).

cyclo-[klvf(4-Ph)f] (21). Compound 21 was synthesized using
commercially available 4-phenyl-D-phenylalanine in a similar
manner to that described for compound 3. HATU was used instead
of EDC-HCI and HOBt in cyclization reaction. white amorphous
powder; Yield: 0.67 mg (1.6% yield from Fmoc-D-Phe-O-resin);
MALDI-MS (TOF): m/z caled for C4HsNgOs 711.9 [M+H],
found 711.3; HPLC: tz = 27.0 min (YMC-Pack ODS-AM); purity:
>95% (HPLC analysis at 230 nm).

cyclo-[klva(1-naphthyDf] (22). Compound 22 was synthesized
using commercially available D-1-naphthylalanine in a similar
manner to that described for compound 3. HATU was used instead
of EDC-HCI and HOBt in cyclization reaction. white amorphous
powder; Yield: 7.28 mg (18% yield from Fmoc-D-Phe-O-resin);
MALDI-MS (TOF): m/z caled for C3Hs;NgOs 707.9 [M+H]",

(J
v

H
N
0; o)
o}
NH ;N
H
H
o}

v
QCQN;HO HN—°

HoN

v,
o7
HZNWH{;}(

found 707.5; HPLC: # = 25.9 min (YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230

nm).
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(R)-tert-butyl _COtBu
2-((tert-butoxycarbonyl)amino))-3-(4-(pyridine-2-yl)phenyl)propanoate | N; NHgoo
(S6). To a solution of (R)-tert-butyl
2-((tert-butoxycarbonyl)amino)-3-(((4-triﬂuoromethyl)sulfonyl)oxy)phenyl)propanoate[sg] (S5) (500
mg, 1.07 mmol) in DMF (7.1 mL), 2-(tributylstannyl)pyridine (514 pL, 1.61 mmol), LiCl (136 mg,
3.21 mmol), and Pd(PPh;), (124 mg, 0.107 mmol) were added under an argon atmosphere. After
stirring for 5 h at 100 °C, the reaction was stopped by adding aqueous KF, and then further stirred
for 12 h at room temperature. The mixture was extracted with AcOEt (%3). The combined organic
extracts were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was
purified using flash column chromatography (10% K,CO3/SiO, (w/w)'*”), hexane/AcOEt = 90/10 to
70/30) to afford $6 (300 mg, 70% yield) as a yellow oil. '"H NMR (400 MHz, CDCl3) &: 1.36-1.38
(m, 18H), 3.07 (d, J = 5.8 Hz, 2H), 4.40-4.47 (m, 1H), 4.97 (d, J = 8.1 Hz, 1H), 7.14-7.25 (m, 3H),
7.64-7.72 (m, 2H), 7.87 (d, J = 8.1 Hz, 2H), 8.63 (d, J = 4.6 Hz, 1H); LRMS (ESI): m/z calcd for
Cy3H3N,0, 399.2 [M+H]", found 398.8.

(R)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(4-(pyridin-2-yl) ; CO-H
phenyl)propanoic acid (S7). To a solution of $6 (180 mg, 0.452 mmol) in Um Fmee
1,4-dioxane (0.9 mL), 4 N HCV/1,4-dioxane (3.6 mL) was added at 0 °C.°"

After stirring for 3 h at room temperature, the reaction was stopped by adding saturated aqueous
NaHCO; at 0 °C, and the mixture was extracted with AcOEt (x3). The combined organic extracts
were washed with brine, dried over Na,SO,, and concentrated in vacuo to afford yellow oil, which
was used without further purification. To a solution of this intermediate and i-Pr,NEt (236 pL, 1.36
mmol) in CH,Cl, (3.0 mL), a solution of Fmoc-Cl (175 mg, 0.678 mmol) in CH,CI, (1.5 mL) was
added dropwise over 5 min at 0 °C under an argon atmosphere. After stirring for 6 h at room
temperature, the reaction was stopped by adding 0.1% aqueous TFA at 0 °C, and the mixture was
extracted with AcOEt (x3). The combined organic extracts were washed with brine, dried over
Na,SO4, and concentrated in vacuo. The residue was purified using flash silica gel column
chromatography (hexane/AcOEt = 95/5 to 70/30) to afford yellow oil. To a solution of this
intermediate in CH,Cl, (2.4 mL), TFA (0.6 mL) was added at 0 °C. After stirring for 15 h at room
temperature, the reaction was stopped by adding saturated aqueous NaHCO; at 0 °C, and the mixture
was extracted with CHCl; (x3). The combined organic extracts were washed with brine, dried over

Na,SO4, and concentrated in vacuo. The residue was purified using re-precipitation with
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MeOH/Et,O to afford S7 (110 mg, 52% yield from S6) as a white solid. 'H NMR (500 MHz,
DMSO-dg) 6: 2.95 (dd, J = 13.5, 7.7 Hz, 1H), 3.09-3.19 (m, 1H), 3.94-4.11 (m, 1H), 4.11-4.28 (m,
3H), 6.89 (brs, 1H), 7.23-7.40 (m, 7H), 7.62 (d, J = 7.6 Hz, 2H), 7.80-7.94 (m, 6H), 8.63 (d, ] = 4.0
Hz, 1H); HRMS (ESI): m/z calcd for CpoHp4N,O,4 465.1814 [M+H]+, Found 465.1803.

cyclo-|klvf(4-(2-pyridy))f] (23). Compound 23 was synthesized L

using S7 in a similar manner to that described for compound 3.

white amorphous powder; Yield: 0.79 mg (1.9% yield from QQ’H
Fmoc-D-Phe-O-resin); MALDI-MS  (TOF): m/z  caled for NH: OHN\go/
C4Hs3N,05 712.9 [M+H]", found 712.1; HPLC: #z = 19.9 min /\/\/é//N\Q‘;ﬂ

(YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230 nm).

(R)-tert-butyl
CO,tBu

2-((tert-butoxycarbonyl)amino))-3-(4-(pyridine-3-yl)phenyl)propanoa ,@/@/\N/H .

|
te (S8). Compound S8 was synthesized from S5 (500 mg, 1.07 mmol) in 7
a similar manner to that described for compound $6. colorless oil; Yield: 332 mg (78% yield); 'H
NMR (400 MHz, CDCl;) 8: 1.34-1.36 (m, 18H), 2.98-3.10 (m, 2H), 4.38-4.47 (m, 1H), 5.01 (d,J =
8.1 Hz, 1H), 7.20-7.31 (m, 3H), 7.43 (d, J = 8.2 Hz, 2H), 7.76-7.81 (m, 1H), 8.50 (dd, J = 1.6, 4.8

Hz, 1H), 8.75 (d, J = 2.4 Hz, 1H); LRMS (ESI): m/z caled for Co3HsoN,O4 399.2 [M+H], found
398.8.

(R)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(4-(pyridin-3-yl) - COzH
phenyl)propanoic acid (S9). Compound S9 was synthesized from S8 (250 '@mﬂ:moc
mg, 0.627 mmol) in a similar manner to that described for compound S7.

white solid; Yield: 183 mg (63% yield from S8); '"H NMR (500 MHz, DMSO-d;) &: 2.93 (dd, J =
10.8, 14.0 Hz, 1H), 3.15 (dd, J = 4.3, 14.0 Hz, 1H), 4.12-4.27 (m, 4H), 7.22-7.45 (m, 6H), 7.60—

7.88 (m, 8H), 8.26 (d, J = 8.0 Hz, 1H), 8.64 (d, J = 5.2 Hz, 1H), 8.95 (s, 1H); HRMS (ESI): m/z
caled for CaoH,uN,0, 465.1814 [M+H]", Found 465.1806.
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=N
cyclo-[Kklvf(4-(3-pyridyl))f] (24). Compound 24 was synthesized \_/

using S9 in a similar manner to that described for compound 3.
white amorphous powder; Yield: 0.92 mg (1.1% yield from @}
Fmoc-D-Phe-O-resin); MALDI-MS (TOF): m/z caled for
C40Hs3N-,O, 712.9 [M+H]+, found 712.1; HPLC: # = 19.8 min w
(YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230 nm).

(R)-tert-butyl o,
2-((tert-butoxycarbonyl)amino))-3-(4-(pyridine-4-yl)phenyl)propanoa N NHBoc

te (S10). Compound S10 was synthesized from S5 (500 mg, 1.07 mmol) Z

in a similar manner to that described for compound S2. yellow oil; Yield: 393 mg (92% yield); 'H
NMR (500 MHz, CDCl,) 6: 1.37 (s, 18H), 3.00-3.14 (m, 2H), 4.41-4.47 (m, 1H), 5.02 (d, ] = 7.4 Hz,
1H), 7.22-7.27 (m, 2H), 7.41-7.54 (m, 4H), 8.59 (d, J = 5.7 Hz, 2H); LRMS (ESI): m/z calcd for

C3H30N,04 399.2 [M+H]", found 398.7.

(R)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(4-(pyridin-4-yl) COH
phenyl)propanoic acid (S11). Compound S11 was synthesized from S10 ©/©/\/H Fmoe
(300 mg, 0.753 mmol) in a similar manner to that described for compound

S7. white solid; Yield: 174 mg (50% yield from S10); "H NMR (500 MHz, DMSO-dq) 8: 2.93 (dd, J
=9.7,13.8 Hz, 1H) 3.11-3.18 (m, 1H), 4.11-4.20 (m, 4H), 7.22-7.70 (m, 13H), 7.86 (d, ] = 7.4 Hz,

2H), 8.59 (d, J = 5.7 Hz, 1H); HRMS (ESI): m/z caled for CyoHqN,0, 465.1814 [M+H]", Found
465.1831.

cyclo-[klvf(4-(4-pyridyl))f] (25). Compound 25 was synthesized
using S11 in a similar manner to that described for compound 3.
white amorphous powder; Yield: 0.90 mg (1.4% yield from @}
Fmoc-D-Phe-O-resin); MALDI-MS (TOF): m/z caled for

C40Hs3N,O5 712.9 [M+H]+, found 712.3; HPLC: #; = 19.7 min /\/ng/ \¢p

(YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230 nm).
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(R)-tert-butyl CO,tBu
2-((tert-butoxycarbonyl)amino))-3-(4-(pyrimidine-5-yl)phenyl)propan r\iﬁmﬁ“

oate (S12). Compound S12 was synthesized from S5 (620 mg, 1.32 N

mmol) in a similar manner to that described for compound S6. yellow oil; Yield: 485 mg (92%
yield); "H NMR (500 MHz, CDCl;) 8: 1.38-1.42 (m, 18H), 3.06 (dd, ] = 5.8, 13.8 Hz, 1H), 3.14 (dd,
J=16.3, 13.8 Hz, 1H), 4.43-4.50 (m, 1H), 5.05 (d, J = 7.4 Hz, 1H), 7.31 (d, ] = 8.0 Hz, 2H), 7.48 (d,
J =8.0 Hz, 2H), 8.91 (s, 2H), 9.17 (s, 1H); LRMS (ESI): m/z caled for C5,H,0N;04 400.2 [M+H]',

found 399.9.
(R)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(4-(pyrimidin-5- -COH
yl)phenyl)propanoic acid (S13). Compound S13 was synthesized from leﬁ/mwmoc
/
N

S12 (465 mg, 1.16 mmol) in a similar manner to that described for

compound S7. yellow solid; Yield: 231 mg (43% yield from S12); 'H NMR (500 MHz, DMSO-d;)
6:2.94 (dd, J =10.9, 13.7 Hz, 1H) 3.15 (dd, ] = 4.0, 13.7 Hz, 1H), 4.12-4.26 (m, 4H), 7.22-7.41 (m,
4H), 7.43 (d, J = 8.6 Hz, 2H), 7.60-7.66 (m, 2H), 7.72 (d, J = 8.6 Hz, 2H), 7.78 (d, J = 8.6 Hz, 1H),
7.86 (d, J = 7.4 Hz, 2H), 9.08 (s, 2H), 9.15 (s, 1H); HRMS (ESI): m/z caled for CysH»;3N504
466.1767 [M+H]", Found 466.1753.

cyclo-[kIvf(4-(5-pyrimidyl))f] (26). Compound 26 was N\/k/N
synthesized using S13 in a similar manner to that described for
compound 3. white amorphous powder; Yield: 0.30 mg (0.4% H
yield from Fmoc-D-Phe-O-resin); MALDI-MS (TOF): m/z calcd %No o

HN
NH
for C3oHs,NgOs 713.4 [M+H]", found 713.6; HPLC: t = 22.5 min HZN/\/\’%H ]iii(
N
H
O

(YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230 nm).
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4-benzyl-2-chloropyridine (29). According to the literature'*”’, BnMgCI-LiCl
(0.5 M in THF) was prepared using BnMgCl (55 mL, 55 mmol, 1.0 M in THF), .
LiCl (2.33 g, 55 mmol) and THF (55 mL). To a flame-dried flask filled with an Nl

A

=

argon gas, 2-chloropyridine (5.52 mL, 50 mmol) and dry THF (140 mL) were

added. BF5;-OEt, (6.79 mL, 55 mmol) was added dropwise at 0 °C, and the mixture was stirred for
15 min at 0 °C. Freshly prepared BnMgCI-LiCl (110 mL, 0.5 M in THF) was added at —43 °C, and
the mixture was stirred for 3 h at —30 °C. Chloranil (24.6 g, 100 mmol) was added at room
temperature, and the mixture was further stirred for 15 h. The reaction was stopped by adding
saturated ammonia in water solution, and the mixture was filtered through a short pad of silica gel
(eluted with AcOEt). The organic solvent was removed in vacuo, and the mixture was extracted with
AcOEt (x3). The combined organic extracts were washed with brine, dried over Na,SO,, and

concentrated in vacuo. The residue was purified by flash column chromatography (hexane/AcOEt =

99/1 to 90/10) to afford 29 along with inseparable compounds.

4-benzyl-2-chloropyridine N-oxide (30). m-Chloroperoxybenzoic acid
(m-CPBA, 16.8 g, 75 mmol) was added to a solution of 29 in CH,Cl, (100 mL) at

Cl
0 °C under an argon atmosphere. After stirring for 16 h at room temperature, N

K,CO; (13.8 g, 100 mmol) was added. After stirring for 3 h at room temperature, Co™

the mixture was filtered through a celite pad (eluted with CH,Cl,). The solvent was partially
removed in vacuo, and the residue was purified by flash column chromatography (hexane/AcOEt =
50/50 to AcOEt/MeOH = 95/5) to afford 30 (4.00 g, 36% from 28) as a yellow oil. "H NMR (500
MHz, CDCl;) o: 3.84 (s, 2H), 6.92 (dd, J = 2.3, 6.5 Hz, 1H), 7.07 (d, J = 7.5 Hz, 2H), 7.15-7.27 (m,

4H), 8.13 (d, /= 6.5 Hz, 1H).

4-benzyl-6-chloropicolinonitrile (31). To a solution of 30 (3.80 g, 17.3 mmol) in
CH;CN (17 mL), Et;N (2.52 mL, 26.0 mmol) and TMSCN (5.43 mL, 43.3 mmol)

were added at room temperature under an argon atmosphere. After stirring for 48 |
h under reflux, the reaction was stopped by adding 2 M aq. NaOH, and extracted

with AcOEt (x3). The combined organic extracts were washed with brine, dried

over Na,SO, and concentrated in vacuo. The residue was purified by flash column chromatography
(hexane/AcOEt = 95/5 to 70/30) to afford 31 (1.98 g, 50%) as a yellow oil. 'H NMR (500 MHz,
CDCl) 6:3.99 (s, 2H), 7.13 (d, J = 6.9 Hz, 2H), 7.28-7.37 (m, 4H), 7.40 (s, 1H).
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4-benzyl-6-phenoxypicolinonitrile (32). To a solution of NaH (34.6 mg,
1.44 mmol, 55%) in DMF (3.3 mL), PhOH (130 mg, 1.38 mmol) was added

O
at 0 °C under an argon atmosphere. After stirring for 5 min at the same O/ I

AN
N~

temperature, a solution of 31 (300 mg, 1.31 mmol) in DMF (3.3 mL) was CN
added dropwise at 0 °C. After stirring for 14 h at 80 °C, the reaction was stopped by adding
satu-rated aqueous NaHCOs;, and products were extracted with AcOEt (x3). The combined organic
extracts were washed with brine, dried over Na,SO, and concentrated in vacuo. The residue was
purified by flash column chromatography (hexane/AcOEt = 98/2 to 80/20) to afford 32 (169 mg,
59%) as a yellow green oil. "H NMR (500 MHz, CDCls) &: 4.03 (s, 2H), 6.97 (s, 1H), 7.14-7.46 (m,

11H); LRMS (ESI): m/z calcd for CoH4N,O [M+Na]+ 309.1, found 308.7.

4-benzyl-6-phenoxypicolinic acid (33). | M aqueous NaOH (4.2 mL) was
added to a solution of 32 (169 mg, 0.590 mmol) in EtOH (4.2 mL) at room
temperature under air. After stirring for 2 h under reflux, the organic solvent @O N :

was removed in vacuo. The water phase was washed with Et,O, and acidified COOH
with 2 M aqueous HCI. The mixture was extracted with AcOEt (x3). The combined organic extracts

were washed with brine, dried over Na,SO, and concentrated in vacuo to afford 33 (168 mg), which

was used in next step without further purification.

4-benzyl-N-isopentyl-6-phenoxypicolinamide (27). To a solution of 33
(84.0 mg) in DMF (2.8 mL), isopentylamine (47.9 pL, 0.413 mmol),

i-P,NEt (144 uL, 0.825 mmol), HOBt (50.5 mg, 0.330 mmol) and ©/° 5
EDC-HCI (63.3 mg, 0.330 mmol) were added at room temperature under an Y
argon atmosphere. After stirring for 15 h at room temperature, the reaction e
was stopped by adding saturated aqueous NaHCO;, and products were 5\

extracted with AcOEt (x3). The combined organic extracts were washed with brine, dried over
Na,SO4 and concentrated in vacuo. The residue was purified by preparative TLC (hexane/AcOEt =
4/1) to afford 27 (60.1 mg, 54% from 32) as a colorless oil. 'H NMR (500 MHz, CDCl;) &: 0.85 (d, J
= 6.3 Hz, 6H), 1.33 (q, J = 6.9 Hz, 2H), 1.49 (heptuplet, J = 6.9 Hz, 1H), 3.32 (q, J = 6.9 Hz, 2H),
3.98 (s, 2H), 6.80 (s, 1H), 7.09 (d, J = 8.0 Hz, 2H), 7.15-7.32 (m, 6H), 7.38 (t, /= 8.0 Hz, 2H), 7.46
(br, 1H), 7.75 (s, 1H); °C NMR (125 MHz, CDCl3) &: 22.3 (2C), 25.5, 37.3, 38.0, 41.3, 113.7, 117.7,
121.2, 124.8, 126.8, 128.8, 128.9, 129.5, 138.2, 147.7, 153.6, 155.7, 162.5, 163.5; HRMS (ESI): m/z
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caled for C,4H,6N,O4 [M+Na]™ 397.1892, Found 397.1906; HPLC: tz = 31.9 min (YMC-Pack
ODS-AM); purity: >95% (HPLC analysis at 230 nm).

Scheme S2
HZN/\)\
o EDC-HCI, HOBt Cl N
I A 1M NaOH Cl N i-ProNEt N
N
EtOH, reflux N~ DMF, rt
CN HN" S0
COOH 55% (2 steps)
31 S14
S15
H,, 10% Pd/C N
MeOH, rt N
64% HI\S\O
34

4-benzyl-6-chloro-N-isopentylpicolinamide (S15). Compound S15 was synthesized in a similar
manner to that described for compound 27. colorless oil; Yield: 45.7 mg (55% from 31); '"H NMR
(500 MHz, CDCl;) ¢: 0.88 (d, J= 6.3 Hz, 6H), 1.44 (q, J = 7.5 Hz, 2H), 1.61 (heptuplet, J = 6.9 Hz,
1H), 3.39 (q, J = 7.1 Hz, 2H), 3.94 (s, 2H), 7.08-7.28 (m, 6H), 7.70 (brs, 1H), 7.92 (s, 1H); LRMS
(ESI): m/z caled for CgH,;CIN,O [MJrH]+ 317.1, found 317.0.

4-benzyl-N-isopentylpicolinamide (34). 10% Pd/C (15.3 mg) was added to a solution of S15 (45.7
mg, 0.144 mmol) in MeOH (1.0 mL) at room temperature. After stirring under H; (1 atm) for 24 h at
room temperature, the mixture was filtered through a celite pad (eluted with MeOH). The solvent
was removed in vacuo, and the residue was purified by preparative TLC (hexane/AcOEt = 3/1) to
afford 34 (26.0 mg, 64%) as a colorless oil. 'H NMR (400 MHz, CDCl;) &: 0.88 (d, J = 6.4 Hz, 6H),
1.44 (q, J = 7.3 Hz, 2H), 1.62 (heptuplet, J = 6.9 Hz, 1H), 3.39 (q, J = 7.1 Hz, 2H), 3.96 (s, 2H),
7.08-7.28 (m, 6H), 7.93 (brs, 1H), 8.00 (s, 1H), 8.33 (d, /= 5.2 Hz, 1H); HRMS (ESI): m/z calcd for
CisHxoN,O [M+H]™ 283.1810, Found 283.1806; HPLC: #z = 26.7 min (YMC-Pack ODS-AM);
purity: >95% (HPLC analysis at 230 nm).
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Scheme S3
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35

2-bromo-6-phenoxypyridine (S16). Compound S16 was synthesized in a similar manner to that
described for compound 32 (temperature: 100 °C). white powder; Yield: 5.00 g (82%); 'H NMR
(400 MHz, CDCls) 6: 6.79 (d, J = 8.6 Hz, 1H), 7.15-7.32 (m, 4H), 7.44 (t, J= 8.0 Hz, 2H), 7.54 (t, J
= 8.6 Hz, 1H); LRMS (ESI): m/z calcd for C;;HsBrNO [M+Na]" 272.0, found 271.6.

N-isopentyl-6-phenoxypicolinamide (35). #-BuLi (15.2 mL, 63.8 mmol, 2.6 M) in hexane was
added to a solution of S16 (9.05 g, 36.0 mmol) in Et;0O (300 mL) and THF (60 mL) at —78 °C under
an argon atmosphere. After stirring for 15 min at the same temperature, the mixture was bubbled
with CO, gas through conc. H,SO,. The reaction temperature was allowed to rise to room
temperature, and the mixture was stirred for 2 h. The reaction was stopped by adding 1 M aqueous
NaOH, and the water phase was washed with AcOEt. The mixture was acidified with 1 M aqueous
HCI, and products were extracted with AcOEt (x3). The combined organic extracts were washed
with brine, dried over Na,SO, and concentrated in vacuo to afford S17, which was used in next step
without further purification. To a solution of S17 in DMF (125 mL), isopentylamine (2.9 mL, 25.0
mmol), i-Pr,NEt (6.5 mL, 38 mmol), HOBt (3.80 g, 25.0 mmol) and EDC-HCI (4.80 g, 25.0 mmol)
were added at room temperature under an argon atmosphere. After stirring for 15 h at room
temperature, the reaction was stopped by adding saturated aqueous NaHCO;, and products were
extracted with AcOEt (x3). The combined organic extracts were washed with brine, dried over
Na,SO,4 and concentrated in vacuo. The residue was purified by flash column chromatography
(hexane/AcOEt = 90/10 to 70/30) to afford 35 (2.08 g, 20% from S16) as a pale yellow oil. 'H NMR
(400 MHz, CDCl;) ¢: 0.81 (d, J= 6.8 Hz, 6H), 1.31 (q, J = 7.3 Hz, 2H), 1.46 (heptuplet, J = 6.8 Hz,

60



1H), 3.29 (q, J = 6.7 Hz, 2H), 6.93 (d, J= 8.2 Hz, 1H), 7.05-7.38 (m, 5H), 7.45 (brs, 1H), 7.73-7.84
(m, 2H); HRMS (ESI): m/z caled for C;7H,0N,0, [M+Na]™ 307.1422, Found 307.1416; HPLC: tz =
27.7 min (YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230 nm).

4-benzyl-N-methyl-6-phenoxypicolinamide (36).

MeNH,HCl,
EDC-HCI, HOBt o
@/ 1M NaOH ©/ i-Pr NEt ©/ N
" EOH, reflux DV, 1t NF

COOH 47% (2 steps) HN" SO0

36
Compound 36 was synthesized in a similar manner to that described for compound 27. colorless oil;
Yield: 22.0 mg (47% from 32); "H NMR (500 MHz, CDCl;) &: 2.87 (d, J = 5.2 Hz, 3H), 3.99 (s, 2H),
6.80 (s, 1H), 7.08 (d, J = 8.6 Hz, 2H), 7.16-7.47 (m, 9H), 7.77 (s, 1H); HRMS (ESI): m/z calcd for
Cy0H sN,0, [M+H]" 341.1266, Found 341.1251; HPLC: f; = 27.2 min (YMC-Pack ODS-AM);

purity: >95% (HPLC analysis at 230 nm).

Scheme S4
N OH Zn(CN),
N t-BUOK @0 N Pd(PPhy), ©/0 X
N N N N
Y THF, rt NN DMF, 160 °C g
cl 79% cl 71% CN
S18 s19 S20
2-adamantanamine
hydrochloride
1 M NaOH 0 A HATU, i-Pr,NEt ©o ~
#-BUOH, 110 °C N DMF, rt NN
COOH 41% (2 steps) HN S0
s21 @
37

4-benzyl-2-chloro-6-phenoxypyrimidine (S19). To a solution of ~-BuOK (621 mg, 5.53 mmol) in
THF (16 mL), PhOH (501 mg, 5.53 mmol) was added at 0 °C under an argon atmosphere. After

stirring for 5 min at the same temperature, a solution of $18'! (1.23 g, 5.27 mmol) in THF (10 mL)
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was added dropwise at 0 °C. After stirring for 3 h at room temperature, the reaction was stopped by
adding saturated aqueous NH4Cl and products were extracted with AcOEt (x3). The combined
organic extracts were washed with brine, dried over Na,SO, and concentrated in vacuo. The residue
was purified by flash column chromatography (hexane/AcOEt = 99/1 to 90/10) to afford S19 (1.20 g,
79%) as a pale yellow oil. "H NMR (500 MHz, CDCl3) 8: 4.03 (s, 2H), 6.48 (s, 1H), 7.07 (d, J= 8.0
Hz, 2H), 7.20-7.43 (m, 8H).

4-benzyl-6-chloropyrimidine-2-carbonitrile (S20). To a solution of S19 (446 mg, 1.55 mmol) in
DMF (7.8 mL), Zn(CN), (273 mg, 2.33 mmol) and Pd(PPh;), (89.6 mg, 0.0775 mmol) were added
at room temperature under an argon atmosphere. After stirring for 1 h at 160 °C, the reaction was
stopped by adding 2 M aqueous NaOH, and products were extracted with AcOEt (x3). The
combined organic extracts were washed with brine, dried over Na,SO4 and concentrated in vacuo.
The residue was purified by flash column chromatography (hexane/AcOEt = 99/1 to 90/10) to afford
$20 (316 mg, 71%) as a pale yellow oil. 'H NMR (400 MHz, CDCl;) &: 4.07 (s, 2H), 6.77 (s, 1H),
7.07 (d, J= 8.0 Hz, 2H), 7.23-7.46 (m, 8H).

N-(adamantan-2-yl)-4-benzyl-6-phenoxypyrimidine-2-carboxamide (37). 1 M aqueous NaOH
(1.0 mL) was added to a solution of S20 (32.0 mg, 0.111 mmol) in #BuOH (1.0 mL) at room
temperature under air. After stirring for 1 h at 110 °C, the reaction was stopped by adding 2 M
aqueous HCI, and products were extracted with AcOEt (x3). The combined organic extracts were
washed with brine, dried over Na,SO4 and concentrated in vacuo to afford S21, which was used in
next step without further purification. To a solution of S21 in DMF (1.1 mL), 2-adamantanamine
hydrochloride (31.3 mg, 0.167 mmol), i-Pr,NEt (77.3 pL, 0.444 mmol), and
O-(7-azabenzotriazol-1-yl)-N,N,N’,N -tetramethyluronium hexafluorophosphate (HATU, 50.6 mg,
0.133 mmol) were added at room temperature under an argon atmosphere. After stirring for 3 h at
room temperature, the reaction was stopped by adding saturated aqueous NaHCOs;, and extracted
with AcOEt (x3). The combined organic extracts were washed with brine, dried over Na,SO, and
concentrated in vacuo. The residue was purified by preparative TLC (hexane/AcOEt = 7/3) to afford
37 (20.0 mg, 41% from $20) as a white solid. 'H NMR (500 MHz, CDCl3) &: 1.37-1.86 (m, 14H),
4.14 (d, J=9.2 Hz, 1H), 4.23 (s, 2H), 6.66 (s, 1H), 7.10 (d, J= 8.0 Hz, 2H), 7.20-7.42 (m, 8H), 8.12
(d, J = 9.2 Hz, 1H); HRMS (ESI): m/z calcd for C,sH2N30, [M+H]" 462.2157, Found 462.2153;
HPLC: tz = 37.2 min (YMC-Pack ODS-AM); purity: >95% (HPLC analysis at 230 nm).
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Preparation of AB1-42 stock solution. Stock solutions of O-acyl isopeptide in 0.1% aqueous TFA
and native AB1-42 in 0.02% aqueous ammonia were prepared in the same manners as described in

Ref 58.

Thioflavin-T (ThT) Fluorescence. The ThT assay was conducted in a similar manner as that
described in Ref 58. In brief, a stock solution of the O-acyl isopeptide 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 10 uM of the peptide solution. To the solution, an appropriate amount of
each inhibitor was added as a DMSO solution to adjust the final concentration to a desired one (10,
30, 50, 90, or 100 uM inhibitor). The same volume of DMSO was added to “AP only” sample as a
control. The prepared sample was incubated at 37 °C for the desired time periods. The aliquot
sample was mixed with 50 pM 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 nm and an excitation of 440 nm. I checked that absorption of inhibitors 27 and 37 at the
concentration of the assay at 440 nm (where ThT is excited) was below the detection limit. In
addition, the ThT fluorescence value of “Af1-42 alone” sample underwent little change when
representative inhibitors 3, 4, 9, 27, and 37 were added to the solution of AB1-42 and then ThT was
successively added to the mixture solution (Figure), indicating that the fluorescence values were not
interfered by the presence of the inhibitors. In the assay using native AB1-42 (instead of O-acyl
isopeptide), similar inhibitory activities [ThT intensity: AB1—42 alone (10 uM, incubated at 37 °C for
3 h): 100%; Ap1-42 + 1 (10 uM + 30 uM): 96%; AP1-42 +3 (10 uM + 30 uM): 52%*; Ap1-42 +4
(10 uM + 30 uM): 49%*; AB1-42 + 27 (10 pM + 50 pM): 79%**, n = 4-15, *p<0.01 vs. Ap1-42 +
1, **p<0.01 vs. AB1-42 alone (Student’s #-test)] were observed to those observed using O-acyl

isopeptide.
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Figure. Influences of representative inhibitors on the binding of aggregated AB1-42 with ThT in the
fluorescence assay. Red bar: 10 uM of AP1-42 was incubated at 37 °C for 3 h and then applied to
the ThT fluorescence assay (final concentration of AB1-42: 0.24 uM, ThT: 1.2 uM), black bars: 3, 4,
9, and 37 (equal molar concentration to ThT) and 27 (3-fold excess molar concentration to ThT)
were added to the solution of AB1-42 (0.24 uM), and after 5 min ThT (1.2 uM) was successively

added to the mixture solution. Mean £ S.D., n = 3.

Sedimentation assay. The sedimentation assay was conducted in a similar manner as that described
in Ref 50. In brief, a stock solution of O-acyl isopeptide 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 10 uM of the peptide solution. To the solution, an appropriate amount of 27 was
added as a DMSO solution to adjust the final concentration to a desired one (30 or 100 uM inhibitor).
The same volume of DMSO was added to “AP only” sample as a control. The prepared sample was
incubated at 37 °C for the desired time periods (0, 3, 6 h). After a centrifugation (10,000 rpm) at
room temperature for 5 min on MiniSpin (Eppendorf Co. Ltd., Hamburg, Germany), the upper
three-quarters fraction of the solution was collected and the concentration of AP was analyzed by

reverse-phase HPLC.
Atomic Force Microscope. The experiment of atomic force microscope was performed in a similar
manner as that described in Ref 58. In brief, stock solution of the O-acyl isopeptide was thawed and

diluted with 0.1 M 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer (pH 7.4)
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including 100 mM NacCl to obtain 10 pM of the peptide solution. The inhibitor in DMSO was added
to the desired concentration (10, 30 uM). The same volume of DMSO was added for the control
experiments. The prepared sample was incubated at 37 °C for 6 h. The aliquot sample was spotted on
freshly cleaved mica, incubated at room temperature for 3 min, rinsed with 20 pL of filtered

deionized water and dried in air.

SDS-PAGE. A stock solution of O-acyl isopeptide 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 10 uM of the peptide solution. To the solution, an appropriate amount of 27 was added as a
DMSO solution to adjust the final concentration to 100 uM. The same volume of DMSO was added
to “AP only” sample as a control. The prepared sample was incubated at 37 °C for the desired time
periods (0, 1, 3, 6 h). The incubated sample was mixed with SDS sample buffer and the mixture
solution was analyzed on Novex® 4-20% Tris-glycine gel (Invitrogen, California, USA) with
Tris-glycine SDS running buffer under non-reducing condition. Molecular weight was estimated
with SeeBlue® pre-stained standard (Invitrogen, California, USA). The gel was silver-stained with

SilverXpress silver staining kit (Invitrogen, California, USA) according to a manufacture’s protocol.

Serum stability. A DMSO solution of the inhibitor (1 mM, 1 pL) was added to 1 mL of human
serum (Sigma-Aldrich, Inc., Milwaukee, WI, USA) to a final concentration of 1 uM, and the mixture
was incubated at 37 °C for the desired time periods (0 min, 10 min, 6 h). 400 uL aliquot of the
solution was withdrawn, and then 800 pL of acetonitrile was added to the solution. The resulting
precipitates were spun down by centrifugation (10, 000 rpm, 5 min), and the supernatant was

analyzed using LC-MS/MS TripleTOF™ 4600 (ABSCIEX, Massachusetts, USA).
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Y

AMFFETIL, AD VBIREDOERKY — FAIHZHFE L, Ap @ 1620 HHOED 7 7 7 A
k. KLVFF #_X—2 & Uiz, @G T RT v 774 7 BRI ER O%EE - & AUZED #E
AIZe EIEVETC R T v 7T A 7 RERILEAIORRGEH 8t L LT, X7 F OB E
HL7, “7F ROBIICLY, HmEom LS DK REER KT 52 e, S
WPEDBGENHIRGFCTE D LEX 2O TH D,

%1 BT, BEMEEEOm L BHEILFEICRIT 77—~ a7+ T OREZ BN
& L. KLVFF OBbFHE L 2 Mt L7z, & DOf5H. KLVFF % head-to-tail CER{LT 2 Z &1
F0 . BEMREEENFREICM BTS2 L2 /M L7, B, BIR KLVFF O IETEHAH B
ERE LR R, FHOT 2 MEAMIEE AL G LRV, Leu’, Val', Phe', Phe’ ® 4 o
DREEREEN DR D 7 7 —~ a7+ TEF =T %FAE LTz, KEF—71E, 80Kk KLVFF &
TEZ2Y, EHEOT I FEAMEERBUCIZEA L TG LRV ETa2=—7 Th 5,

%52 TR, AR L72BIR KLVFF 8 ADEIR Y — R & L TORREMEARGEET 5 2
EARBRE L, DEEEENERN EAfem LG Eah, 2)EREME A I = X L OfiFT, 3)
MRRFIEOBIIEH., b MIEFR COREMHIZOWNTENZIVRF LT-, 7, 1§ E
ZHEL. 8 1 ETHE LTSGR R 2 B ORGS0 2 Mt U 7o o, BRI
TEMEZ 3 f5RREE M LS 2 2 LI Lz, £ LT, Btk KLVFF F8R DO EEHE A 71 =
A L% 8 DOMMRI I MBI FER), AL PR T v A THT LIZ/E R, BRIk KLVFF
AR AP ZIKFENE off-pathway A U I~ —I|ZFETLHZ L ZH LN LI, ZORRXE
D, ABOEEZAET L2 LICLD, ZOMRKRERLBN TE DRI RIS EEX
bivd, FIT, B KLVFF B8 e Mg CEWLEMEZ R U, MK fRRER Tk
DEEMERENZ ENRR STz, PLEOBRHRER LY | Bk KLVFF #8403, AD J69%
HOFLEREER) —NERVELEBEZLND,

H 3% CILKLVFF 2 X — R & LTI T T RER TRELER OB 2 B & LT,
SRR Lz, EHOT I FEGHHEFEMERBUCIZ L A EBE L2 WERIR KLVFF © 7 7
—= a7 x T T — 7 H I T IE, IENT T RO TRHERERIN AR T X 5
DTEFRWNEDEMOR, ) P UFERERE. A LT, ZOMER, ~"—2& Lk
RTF R EIREREOBERFEEE AT 280 FIREAOARICHK LIz, 22T, &
BT 73R « AR LT2R s FRRERIE Y U8 RIIOMME T A—2 2R H L 2
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%, HREMELIAOTE B 13 Lipinski OERNCI T 2 REBEH - L2 Db, KT v 7 T4
7B TH D Z ERBE N, PR, BEERIC LV IEEom EL I TE D 2

EDRRIBEINT, - T, RTIvT T4 7 FALHEEDRMELE VW OBLENS, U UV
FHERITIALEREE) - N0 ELEBZ2 065,

AN LEREPL BRI IEIC BN T, 7T RERLEAZ < — 2 & U CRaBtiic gy 1
FEREZEH LD TORIFITHL B2 6N, BIRKIVFFO 7 7 —~a 747 EF
— T &ML U, BRI IEAT T RHAR S B P E A 2 A U 72 AR 0 HiERm T,
L% D AP BHEMLERIOBEBIFEICA A EEZOND AN TA T TV —DDT A A
27 V== TIfRb>T, K77 —~a7x7 xR, K0IRNREEMA T
—= VT BARRICR D LB bIVD,

LLED X S, ARIFFETIE KLVFF 2 X— 2 & L, AYARERY — R &7 055 EHERE
A& LT, BK KLVFF SRR O ) Vv /B U 22 FERORIRIC D) Uiz, AT
il C T ONTAD, 4% 0O AR EEMLFEAWIFEOIE, 1LV T AD JEHREDBRFEIC
HikCENILENTH D,
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A

AT OB EEZTWIZIEE, SRR T8, THEZHY £ Lz, JAURFE
KRB FRMIER BHRBERICRS BEHT T2 LET

AT DOFITIZH =0 . EABHIRE/LREREO ZRE, THiREZY £ L7, H KR
Pl ERHIZER FEETEYE ERATO 7YY=/ 7 —7F U — & — GEATIFEY) 1278 < &t
W= LET,

RFINODREFOWREEZ T2 & £ Lo, UKD EXFERT DB TR,
RSt EENPIEET AR LIRS WEZFR=ER, R URASHE ERVISERT Al
feabiges Moemiise e (B ZeMsER) . RURASH EROEeT Al b
WHoEs HARFETENEE Bl OB A (CIRSEHWZ LET, £, BPh
(A B CTRMEEC D £ Lo, VMRS ALE M ZEAT O AR ICTR W2 LR,

RO T Y £5. KIKY: BN (EREBE (B AT %
) TR R LE T

ABFFROILFRITEE TV £9, FARURFRFRE EERP7ER et (B itk
FE1AR) . BURRFER TP S RS0RE 2 ARGt (Bl ERATO 7'm o= 7 NMfF5eHE
HEFAT) . AR REE KRR B Rgstdt (Bl ERATO 7'r ¥ =2 MFER).
WO, AT v A 24T TV eiZWio, BOXKRZRERE JERFZER IR

(Bl ERATO 71 ¥ = 7 MEMIER) 1T BEH#WZ L ET,

PN AR TS 2 WEE & E Lie, BRURFERERE S RUTIERE RRok SEmt e
% (Bl dLE R PR PR SEPAFTERE Bi%) . FUR KPR FRE 3P RP7eR BIEE—RR
ERATO 7m ¥ =7 M N—T1 =& — (WEEEAMY) ., I EZMH ERATO 7ry =7 M7V
— 7V —&— GERFEY) . HOURTFRFERE BFSRTER AREZBIE, AT KRFERT
Bt HERHFZER ILKIE= ERATO 7Y/ 7 V—T7 U —&— (Bh#EAY), Ha R
RFBE TP RUPIER KPR ZUCIR EHW 2 L E T,
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INFMZ 7= 0 HEIER Y £ L7~ IST-ERATO &t A+ n o= 7 b ESRE S
N—TOEREEZIZUD, HRKFERFERE RERMER GHERMLFEHE, WO
JST-ERATO & Ay -7 e Y= 7 h ORI EEENN - LT,

BRI, ROTFRAFRERIOGEL, XATFSWELEE M, Bk Bak 2L
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