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HRC IS A D PR & SMAL & X9~ D88 Td 0 . WE Ik, 1ERIZE, 0 Fiiko
Bl UCHERE L, MR OEEMEOMERFICB W CEERKZE 2R L CW5D, @E., Bk
PEDEOVIE A A UV BEIIIRE —EE 0 Ok D M A il L e\, 207z, fil
Rt RE D FEATCHIE, & 2 VMTTEE A B9 & U CTHERBIE /3 7RO R 385 2 M N IS A9
D2 IR CTH D, 2T, 2O LD REHBEED VLAY & RN~ %

ESE D TEOMNLIL, AIFRICBT 2HEERPEDO —2 Lo TN D,

MEANEEOT ¥ U T & L THEFEIRN7F K (cell-penetrating peptides; CPPs)<°
T F v VT REFERS VSR TWD, CPP Ofild~DH Y ALK E LT, %A
KEN LIy RY A h—V AR w78 YA h—V A BHENREEERO 3 O
BREZOoNLFig. DL, =2 R A b= RCHE S B AL TIE, B

SENRY Y= MBI THOBINTLEIRNRH LD, U Y Y —Anb D
RN KB L /2D 2, IR LT, =2 R¥ A b=V R 2N &0 12 BERD
X2 EE AR, MIREICESER TS ZENTEDZ Enn, MIBAEEY A

TAELTHHERREWEZE X bINLD 3, EHEREIRIC L D ERLEES AT LA
THZLELEBRL, AMIEICET LT,
Uptake .
Mechanism —> Endocytosis

/

Macropynocytosis

Direct Penetration

* Micelle formation

*Pore formation

= Carpet like model

* Membrane thinning model

Receptor-mediated
endocytosis

receptor

clathrin
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T, FEHRET 2 =— 7 Ml EZIREEZ AT 5 U R b7 F KO pepducin 12
# H L7z, Pepducin 1%, 2000 FRHHNC G 7 7 BIEZRAE (GPCR) 07 1
ATV 7 EFValb—F—L LTHEINZDTFTHDH 4, ZIVE TITH A 72 GPCR X
[l 2 L 2R 7 R B AE 3 B Rl 4 @ pepducin 23BA%E & C & 72 5, Pepducin 1%, 1
#) &35 GPCR OMfEN/V— 7 g7 F RELHNCIH-S< 10 25 20 o7 < BRRd
BN IR BT F RENL & NV F D K9 72 BUKPEENL 2y DAL S T2 B i~ 7
FRTHDH, KD GPCR EV 2 L—F—, MRSNZEERD U > REEAEALIZAE
M3 22 & ClEMEEZRTOICK LT, pepducin (FHIFMR 21 UEER) & 3 2 KIS
NI SERAT b0 EEZLN TS (Fig. 2) 6, TORBBDO A=A L L LT
pepducin OFEIAL IS T > h V) o Lt XTF RN 7 Uy TE#)IC
Lo THIBEAN~B1T L T.GPCR OMIfaN /L — 7k L AEEA T& 5 E2 50T
% 67,

ﬁepducin - \

? GPCR
el L
" Hed
§§’ Ay
‘ %\
i1-i4 intercellular J )
loop of the / HEA
GPCR S
N
\ G-protein

Figure 2. Pepducin O & & OME H %

Pepducin OMIIEPNZIERICE LT, T E TIZWL 20O AL T LIS K 5 T
T, EFLO X 912 pepducin [TMfEE T VU v FEBITAHZ LIV B ET
% GPCR Offifu Ntk & FHA/EH L TIEMEEZ R T B2 TS, 78 fi| 3 |1

2



Covic HlE., I/ MRICE 3BT 25 GPCR @ —FiT& 5 Protease activated receptor 1
(PARD Z##EH) & 95 pepducin Z# AT L7z 70— T ZER L, 72 —H% A R A RV
— T AT o T2, T ORER. U ADIMH T pepducin N HL/IMRICERY ZFHTWnWb 2
EEHLMMZLTE P, X512 Wielders &%, 7-nitro-benzolcl[1,2,5]-oxadazol-4yl
phospholipids (NBD-PS &% () NBD-PC) & 1 — % I %5 pepducin % I\ CHEZEEIE
FRICEAT 28 =2 L X —B B (FREDMENT 21772 7, 74 A7 7F T2
(PO)FMIIE DML E M DAIFAET 2 DICKF L, 74+ A7 7 F vzl (PO
W E L FET BIEETH D, £/ NBD(RF—)de—x Iy (77 FH—) &
DHOEIHF = R F—BEHFRETIC L V&b, £ 2T, NBD-PS U NBD-PC
ZENE MRS L-%Iicr — % 2 U FERk pepducin &5 L C, NBD O
REDOENE 7 —H A N A MY —THELZEL ZA, NBD-PS & NBD-PC WLk
BELEM/MRIZBDTHOABICELOBHENZAONTZ LD, v —F I Uik
pepducin (MO NMI & SMUD T ITIZ AT D5 Z L 2L L, 2 b OB
\Z& Y. pepducin 25HEREME ECHMAID & NANC BN T2 2 & R ST,

Z ZCEAHIX. pepducin 25HIIEE 2 KLY 2 EE) &2 AI LT B 7212, Mo &4k
TR CRENRRDZEICEA LT VR 7 ARE Y Vv — VAT AL+
LRI IedO T m—T OB EZFH Lz, A7 v —7{ 3 FRET N —&7 27275 —
BUANT 4 KUY H—THEAG L, MlaNO 72 F4 2 (GSH) 2LV, 1EkD3fiF
frEan Tt RS oMEr A5, 22 HEOM, BRISEESANLVT 4 R o —
I, kxR NIy 7 =V M. 7 v 7T I N =V AT AR EITSHE
NTCEZO, FRHHOEM E WM A28 U v —L LTFRET Bt —I2HWH L, T
A THNA A=V TITRIK IS S TN S 19,

AWFZEix, B X 91 pepducin ## g L5 L Ny 7 5% FRET 7'v— 7 % B
L, HEAENBEBEI LD T A TN A A=V T HTo T, I OEER RO
BRI A2 BHE 3. S HIC2 DO L O REHEFEE Y AT MINERREER T %2 B 5 )i
L. BF itz R 7o 7 Wy F 2 AN ICE R E T 27200, FHLNT v 77 U —
VAT ANERBEIEDLTZOOEMBERETH D,



& DHEFETT et

Pepducin % 3 & 9 D MANIEZE Y A7 AOREDT2DIZ, £7°, pepducin D EHEE
O 7 vt R & A LT 2 RE LT a— T BB L, A A=V TR AT O
ZeE Ul I TA T AT RRITEBNTAA, T A A=V T HETEE
BEREZLTWD, HTH, A A=V U ZIIIERENE, fEEEICEN, EmB 7S
TARAIRBAFIEL Ie o TWD, £ 2T, AWFFETIE, EAEOCBAMEEIC X D308/ A
FAA=V T HEME LT, pFOEEEGBEEZ AT 528 L L,

Frim Cib <72 X 512, pepducin iTHIfAEIZT > U > 7 LTtk flip E B35 &35
ZbhTWb, £Z T, FRET A7 A %FH LT, fMEBEOSMUY —7 L k&l
BMY—7 Ly s EXBLTHEO ON/OFF §l#l & alfic 28t 7 v — 7 OB % %
FHEI L7, MIME X GSH RN EEICFEET 2ECHRREE TH L Z LICER L, VAL
T4 FRERICE DV Ny 7 AIREY A= AT L& EAN LT FRET 7' n—7 235 %
L7co KT =713V ANVT 4 RFEGTHWIEFRET K F—&T7 7872 —%2F1L,
HIREA DIEE TCAAT TITIHIEIRBIZH YV (OFF) . —J5, MaN OB IITHIBREE TlLy X
VT 4 REEGRBHE L TSR S it 2 % 7 2 ONMHA A 6T 5, 2D &9
MU Ry 7 ASEFRET Y A7 A &EFMT 2 2 & T URRRIECRE R 2 LE L E T,
XV {812 pepducin OREIFEIEEEN A oA A — L TN L - THNTT 5 Z L3 A[REIC 7
HHbDEEZBIND,

Tu—TRENIBW TR, £ L Ry 7 ARE FRET v 27 AWHld N EREE T
BEL CHNAIHT DI LEMNDODTDIT, ET/MEEWE G L. 5ta LR,
LC-MS Z# HWIiHliz4T 5 Z & & Le, ZHICKVFEL L7 FRET v X7 A&
pepducin Z /A OETHHNO®E N 70— 7 25 - AkT 5, RWT, AV —7
falC e S L C, @t ORFZERI 2 2k 2 8152 L. pepducin (2 [ERE L 8vAlaL; 4
DFNT 24T 5, T7bb, A7 v —71%, FRET #2 2SHIRE MBS L2 5A O Ak
MWxFET DO T, WMRTE L Z ORI Z LESBEME CBIE T2 L Lo T, Ml
e Lo flip B Z R A D Z N TEHHDEEZXBNLDH, BLET, pepducin
25 FRET EB3(7 A& fff & L CHEFINICIEREET 2 Z L2 TE X, 2OV AT A
ZF|H LT pepducin O IEAE I &0 B E B/ 2 Mgt L, MlalNEE AT Ak L
ToOMERELEZ M D,

—Ji. —MKIZGPCRIZV T FBfEHTHE, = R A h—YRZEkoTU T
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K& EBITHNICBITT 22 EAmbiTng 11, 2T, 21 GPCR 3 H i &

FER B 2 W T R & 5 GPCR O {F1E7 pepducin Offifld NEHEIZ 5-% 5 8
BIZOWTTATENA A=V TIZE VT 5, Z OB, /9 GPCR & OLJR1E
PO I/ NS B RAEMEIZ DWW THX, pepducin OHIINELT & H) GPCR @ U ¥4 7
U v 7 KOG RTR & OFEMEIZ DWW TR 5,



F—E NTTavvreERBETIHV Ny 7 AR
LT v — T OB % LM N BT RS O AT

g oA

—Ri

=1

H =

FEBRIZ pepducin AHIIANA~BEAT L T KBRFZBIET D207 4 TR A A=Y
VIERITOZEE LT, TA T BNA A=V U TITAEMEE EOEEBET L LD
kLN HITTHY | MIBNOBRELZBIEET 2 5 XA TIIIFEFITHFHRFELE R D, 4
], pepducin OMILNFEAT - EIEZ BIE3T 5 72 DITHIINAL THtt2% OFF 725 ON (2
AA v F 73 % FRET ¥t 2 FIH L T pepducin OMINBATEBIET 25 2 L IT LTz,

FRET #0813, w6 & HEH & OB OERE (8 1-10 nm) & EROZEI LT
B2 b L, BB 6 O L LCRBICEALT S P 22 TOMBRNABITT S &,
HOCH & ESEH OFEBES R 2 K 5 e ftfl 2% pepducin (ZHHAA DT, MLt Tl
FRET V612 X o THEAY OFF T, MlANIZBAITT 5 & FRET MR S AL CTHID TH N
2ZON &72% X9 ICHIEHTE %,

AN & MRS 2 X BI9 5 72 012, BB LBREE OEWICHE B Lz, Fim Tk~ 7z &
DN MBAN DR TR THRAT DV Ry 7 20K v —L LTV AVT 4 Fibd
RIES WS TWG ¥ 22T, ZOTPRALT 4 RV v h—THEHE & WIEH % fb
A SENE, MIENICBITT L, MIIlRNO GSH 72 Sk b AL T 4 RiEADNE
HICBAZ L, MR R Z R TE 20D EE R, ZOX IRV Ry 7 ARE
ﬂmTvz%A%mmmmmﬁ&MU:k&Lto

ARETIE, 2O X RENT 0 —T 570G & Gl XOE OBERERRITIC DV Tk
NG, BEEERTICIR W TR, AFE SH LEA], EookEsR L ER 2 T, FRET IR&E N
st CiEe <, MIBNTRZ > TWD Z & 2T 5, EHIC, Tu—7 070
JEBH 21T > C FRET BERESAL PR AL ORI 7Y | BB T T 2T SOV TR
éoit\ﬁ@@%%%k&wﬁ%ﬂ%&ﬁ%%%mﬁﬁf\mmmm%ﬂﬁbtzy
RYA b= R &I &0 BENRMRNIEZEIZOWT, FA4 7B A=V I
Ko THEET %,



BB RN T AR TAL Ry RO a — T DR E

Frif Cik 7= X 512, ARHFFETIEL, Covic HIZ L > THID TR Ehiz, GPCR OO
L5 TH 5 PARI #HE) L 45 pepducin, Plpal-13 25 L L Tt 7 o —7 2%
HZr el PARL X, hryEVZEREOVEST, hrr b il k5l
R OGN Lo TIEME L S, M MREE#E S 51 &2 29 GPCR TH 5 . Covie b I,
PAR1 DMIfAN/L—T R A A 3D 7 X RESNN S 7R DFE 4 DT F FIZ VI F
Mk kA SH7- ) BAFF N4 GPCR TV 2 L—& — & LTHI% L. pepducin & €14 L
724 I 5 ® PAR] #4EH L L7- pepducin D72/ T, PARL @ 301 275 313 KHHD
13 72 IR 5725 Plpal-13 (X, PARI U A RELTHMONDAESTF R
SFLLRN <° hm > B> Ll LT, fIIRN Ca¥' v 7/ L FsEic s\ T b, i/ MREEEIC
DNWTH TR 7T A= MEME R LTz, £72. [AEROTEM % 7~ L 72 pepeducin, Plpal-19
W T BESRENZENPLERPEETHL EE R, LEDOR KDY
pepducin FBA21E Plpal-13 Z WA Z & & L7,

MRS T O ON/OFF A A v F 2 7 % A[REICT B 72 MA@ CAAE T
L7 NEFTA(GSH) I2F B Lz, MlaMNIZE CHIBREEICHERF SN TEBLD ., Zich
5L b HET L0 GSH Th D, GSH ITAIEANT 1205 10 mM &\ 5 &R E THEE
LTCHEY, mEFTIIE M LW REE CHEETLIZERMbA TS Y YL
4 RiEé& & GSH Z W2 FRET 7' v —7 R0 — ¥ MEAWITIERICZ < MESITE
D MRS TO P AT ¢ RIEGORERSCH RS RSN TNWE B, 22T, FHi
VANT 4 REEGEY =L LTHWAS Z LT, MIEN GSH (2 X > T FRET Ofi#kx
ML = B (LA % pepducin [ HLAIA A TS 7 0 — 7 % 3% 3 L=, Figure 1-1 1274 & 912,
# G & LT 5(6)-carboxyfluorescein (FAM), % H[H1 & L T dabeyl (Dab)Z 5 Z &
L L7 ZTOFAM & Dab D TIXFRET AR ESEZ 5 2 &N T TIZMBNTED
Flo, AFEL LTHIEFICLMTHLZ b, ZRODOMAGLEEZHNLZ L
2o FHLEEICT U H—IZOVWTHE VALY ¢ RiEGERVWDZ L ELEY, U
71— & L TIE, pepducin @ N K¥ilZ Lys Zft S&. Lys o7 I /K2 VI F U
iAo S®El, —FH, e7 I 7RIS BHIT Lys A3, £20a7 X/ HKIC
3-mercaptopropionic acid Z A S ¥, P AN T 1 FiEd %M L T 2-mercaptoethyamine %
AL BARYEZEALLL, 7, e 7V RICBEXEZEALE, UEDX 572
T —BRFHIANT, MEEEZ DR L GSHIZL D U v 1 — o psEemictEde 2



&R0 THHET & F O e BT X A T R O BEsR A Bl g L7,

EDIEX EYICEATLIOEEANEZXDLZ L TC2HBEO Y0 —T 2&G Lz, T
72 b, X IZ FAM %8 A L 7= Pep-13-FL-SS-Dab (13) CITHIIIN TY AL 7 4 REEA N
FHZT 2 & 1YL O Dab 2AMIREIZ A S dv, #EFO FAM BEICE £ 5> T\ 5 &
TR D pepducin FALIZAES Lo E £ THERDL -0, MIEBICRE L-®E03 MRt S

%, —7J7. XIZ Dab % A L 7= Pep-13-Dab-SS-FL (14) TIZAMIIEZ FAM 23 &
Hl2, MRS bEEN RIS b L TREIND, U EomFO7T e —7%H
WCTATENVA A= T HITHIET, = R A b= RZE B0, flip )

BB OBBEEZ RN D ZENTE DL EE R,

(a) (b) FRET
Va D

CisHas N\)LN peptlde ~_ NH,

o \4 I)f @svw /\ F.’SH GSH

Iz

MWW
ol Pep-13-FL-SS-Dab e eytosol
1T
Yoo Seg N .,,//\/\”,x © FRET
peptide = AVANRSKKSRALF N Flip HS’F‘

FAM S SH N
Pep-13-FL-5S-Dab (13): X = FAM, Y = Dab m GSH

Pep-13-Dab-SS-FL(14): X = Dab, Y = FAM
Pep 13-Dab-SS-FL cytoso|

Figure 1-1  Pepducin EiZ MG AT O 72 D FRET #t 7' 1 — 7 O 4y % it
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)
ps ~ANH2 THOL NS A

7
Aminoethanethiol
hydrochloride

o
b .0, c
Y-OH —_— Y ;ﬁ _—
[e]

2 (Y =Dab) : 58%

_ )
Y= FAM or Dab 3 (Y = FAM) : 60% (crude)

‘ Ny -S.g~NH; - HCI
=

1:70% (crude)

H
N N N.
\\Ss/\/ Y
~

4 (Y = Dab) : 90% (crude)
5(Y = FAM) : 47%

FAM: HO. O 0/ 0
O COOH

o |

Dab: N\\N@N\
e

o

o]

(0]
H H
oy R My Comatae
B H
o
o
w0 W\ e
NovaSynTGR o Oy NH o O.
resin /Qk j/ Sy X Y\N/\/S\S/QKNT,MN,X

H H H

Fmoc-based
SPPS

d-m n

11: peptide = KKSRALF, R = CH3, X = FAM, Y= Dab : 48%

12: peptide = KKSRALF, R = CH3, X = Dab, Y = FAM : 74%

13: peptide = AVANRSKKSRALF, R = C45H3¢, X = FAM, Y = Dab : 50%
14: peptide = AVANRSKKSRALF, R = Cy5H3q, X = Dab, Y = FAM : 5.2%
FAM, Y =Dab : 46%

6: peptide = KKSRALF, R = CH3, X = FAM : 11%
7: peptide = KKSRALF, R = CHj, X = Dab : 26%

8: peptide = AVANRSKKSRALF, R = CysHg;, X = FAM : 15%
9: peptide = AVANRSKKSRALF, R = C15Hyq, X = Dab : 3.7%

10: peptide = AVANRSKKSRALF, R = CHz, X = FAM : 5.2% 15: peptide = AVANRSKKSRALF, R = CH3, X =

o
S OH
Trt” \/Y *p- Tn/S\A(O\N
o o
o
16: 59% (crude)

Fmoc
Fmoc—| N CO;H

18: 35% (crude)

[T

17: 69% (crude) 19: 45% (crude) 20: 1.7% (from Fmoc-L-Lys(Boc)-OH)

Scheme 1-1 Reagents and conditions: (a) MeOH/AcOH, Ar, rt, 24 h; (b) HOSu, EDC-HCI,
DMF, 0 °C, 30 min to rt, overnight; (¢) 1, Et;N, DMF, 0 °C, 30 min to rt, overnight; (d) 1)
Fmoc-AA-OH, HOBt-H,0, DIPCI, DMF, rt, 1.5 h; ii) 20% piperidine, DMF, rt, 20 min; i), ii)
repeat; (¢) Fmoc-L-Lys(Mmt)-OH, HBTU, DIPEA, DMF, rt, 5 h; (f) 20% piperidine, DMF, rt,
20 min; (g) Ac,0, pyridine, DMF, rt, 1.5 h; or C;sH3;COOH, HBTU, DIPEA, DMF, rt, 5 h; (h)
AcOH/TFE/CH,Cl,, 1t, 4 x 15 min; (i) Fmoc-L-Lys(Mmt)-OH, HBTU, DIPEA, DMF, 1t, 5 h; (j)
20% piperidine, DMF, tt, 20 min; (k) Trt-S(CH,),COOH, HBTU, DIPEA, DMF, rt, 5 h; (1)
AcOH/TFE/CH,Cl,, rt, 4 x (m) 2 or 3, DIPEA, rt,
thioanisole/m-cresol/EDT/H,O/TFA, rt, 3 h; (0) 4 or 5, DMF and 100 mM phosphate buffer (pH
6.0-8.0), rt, 20 min—24 h; (p) HOSu, EDC-HCI, DMF, 0 °C, 30 min to rt, overnight; (q) 1)
TFA/CH,Cl, (1:1), 0 °C, 10 min; ii) 3, EtzN, DMF, 0 °C, 15 min to rt, overnight; (r) 20%
piperidine, DMF, rt, 30 min; (s) i) 16, DIPEA, DMF, 0 °C, 30 min to rt, 34 h; ii)
CH,CIL/TFA/TIPS, rt, 1 h; (t) 4, DMF and 100 mM phosphate buffer (pH 8.0), rt, 2 h.

15 min; overnight; (n)



AT, FRET LD L Ry 7 ASEMZ T 5720, ET7 AT F F 11 L 12
EAK LTz, ZOEE. IBREEMIIZT B FEE, £1237F REALT ARk & B
%7-%, Plpal-13 @ C KMl 7 5% %% H\ 7= (Scheme 1-1),

& 5|2, FRET BB A E AT % Z & T pepducin DI EIBAEICHE 2 B 2 72\ W0 ) A R~
%72 8\Z FRET SMLD ARG 72 566 20 26/ LT-, F7=. pepducin D% 2§
HFINEERFEE 2 DERARD OO LI M AEORD Y ICT v F L
MALZay he— A ka5 28 LT,

Scheme 1-1 ({2779 X 912, £ T HADIC FRET BERESNL O — ¥ & 72 bW 4 e V5 %
A% L72, 2-aminoethanthiol hydrochloride % %5k & L&MW1 2157, £7-.
5(6)-caroboxyfluorescein } OF dabeyl acid Z JikF & L, HOSu OIEVET AT /LK 2 KT 3
G 1 DT I L2 RV3 EDORIGEEIT) ZE TN E T 2{LEW 4 KOS5 &%
NENRT,

T Novasy TGR resin % 5 J5UEFE L, coupling reagent & L C HOBt/DIPCI % Fu>,
FARET R BERS S, BHEASTTF FOSKICIE Fmoe B A IEE AV, 2
TF RO CKMET I RIZTDHHEND 720 T, AL NovaSyn TGR resin % i L
72 1#7 2 /W& L C. Fmoc-L-Ala-OH, Fmoc-L-Val-OH, Fmoc-L-Leu-OH,
Fmoc-L-Asn(Trt)-OH, Fmoc-L-Arg(Pbf)-OH, Fmoc-L-Ser(z-Bu)-OH, Fmoc-L-Lys(Boc)-OH,
Fmoc-L-Lys(Mmt)-OH % F\ 7=, Fmoc-L-Lys(Mmt)-OH % F\ 7= B i %, oo 7 X/ Fefr
IR A 52 5 2 L <, [ ET Lys ORI BT 5720 TH 5, Fmoc D
AR #1212 20% piperidine/  DMF &% & 7= f# 7 2 / Bg % 32O coupling reagent
EHOWTKIGEIT -T2, = D%, Fmoc-L-Lys(Mmt)-OH, acetic anhydride % JIEIZ 5~ &+
L5, ZOBMERT S coupling reagent |Z HOBt/DIPCI Tlx72 < . HBTU/DIPEA % >
72 Fmoc-Lys(Mmt)-OH O AEH D L% 3 T & % 4-monomethoxytrityl (Mmt)F (X FEH (22
WZHWZ ERH BN TWD, TD7=8, HOBt/DIPCI @ coupling reagent Ci% Mmt 234+
NTLEIARMELRDH D, £ T, TORMBEZMFIRT 57202 HBTU/DIPEA % Hv /-
coupling reagent TO UG EIT 272, Z D%, T OMOREIRIZEEL KIFTZ L
Mmt O F % BRI B T & 5 5. AcOH/TFE/CH,Cl, % FIV T, Mmt & H Y B
77o & 51T, Fmoc-L-Lys(Mmt)-OH, Trt-S(CH,),COOH, #&Fitask % i S 872,

BHiE BICHESE U 72 %7#~27"F N % TFA/thioanisole/m-Cresol/EDT/H,0 THLEE L . #ffi5
MHOEY LR OBREETT o7, £D%, HPLC IZ K 2R EZITW, HEYE 353
7F RiFEAR 6-10 21572, 723 . Fmoc-L-Lys(Mmt)-OH A} 0 S D #EAT 1 Kaiser test

10



THERS L. AR TNBS test (2 L - THERR L7z, Z4id. Kaiser test S F Tid Mmt
MHANTLEI LD THD, ILI/FLNTT 6-10 ZRLRAK LT 4, 5 LIGEITH
ZETHMET LA 11-15 21572,

2 b — LAY 20 DA RIZ DWW TIE, £ 46 D1T 3-(tritylthio)propionic acid %
J5UEFE L. HOSu OIEMET A7 /LK 16 %4572, Fmoc-L-Lys(Boc)-OH % TFA THi Boc 1k
L. £® Lys ® g7 X/ H L 5(6)-carboxyfluorescein DIEVET AT VAR TH D 3 & i
AT, 17 245 7=, IRIZ, 20% piperidine THLEEZ L. i Fmocfk L. 18 #157-, 18 ®
Lys D o-7 X /& 16 % i S ¥ RO CREALERIZ X » T Trt L2 BifriE L 19 21537,
19 DSHEELLEM 4 ZRIESEHZETHMET Sy he—LbEW 20 2157,

(e}
HeeoH Seen
o) 2-aminoethanethiol hydrochloride o 0 s H O 0]
o € DIPEA Q N
Q 7% DMF H o) 0
&zo 0 °C, 30 min to rt, overnight O
o OH

(0]
3 HO 21:10%

HO
o OH
DTT O
_— >
NN,
Hs/\/
0 (o]
22
Scheme 1-2

Scheme 1-2 |ZRT LD IC, aar br—fbEme LT, LAY 14 2B LTz
BRICHE A~ SN D B2 6D SHIK 22 DGR ERARTZ, A7 A4 I K3 &
JFUEFE L C. 2-aminoethanthiol hydrochloride % )iz S ¥ 7= & = A (L&Y 22 13IEH I2HE
fbasnRed <, YALT 4 FIR21 G 6Tz, £ T, 21 MR O ERTIC
dithiothreitol (DTT)IZ TiZEo L TALHT 5 Z & & LTz,
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Ac,0, Py

75°C,1.5h

5 23:38%

Scheme 1-3
JEBRMAEN HV MIMNTGSH = AT 7 —FBloho k&2 AL S b

— AL EW 23 ZERLT-, {BEW 5 % pyridine H, acetic anhydride TS5 Z &
THHE T 21EW 23 21572,
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EIE L Ry 7 2K M FRET &5 U LS9 0 25t

Eht%%fwm7%bn12%mm%m%uw7$fomM IR, 37°C,5
mM GSH TRHE L 7 VA L&A » OaOtllE 2 5O 0 O EFHT T 1 0 mIicdT o 72,
AN O GSH X 1~10mM TH D Z EBMOLN TN D, 2D, AlEITMiEOE
YRy 72 GSHIRE L LT 5mM & Huy, W%TM&LK&@12_T¢;9 VEET
NARTF F& 5 mM GSH THREE L 72BR, 1081213, OB AL EEHT & Fei LT 25
GOMEAER L, 15 0B%IC—EMERT K227 0 BT & ik LTI 50 fiF Dtk
Lo, ZRHOREZ, SEHAWEY AT 0 KU B —70, pepducin Ol N
BT 57202, AN GSH I T 2+l WISEEZ A L TWnWD 2 & &R
LTW5,

WIZ, ET WX TF R0.5mM % 5mMGSH TLEE L, AL 5 E— 2722\ T LC-MS
Z W THENT L7z, LC-MS TN 2 EEMIZ 2V TIE 0.05% 2 acetonitrile ¥ RIZ T
0.1 mMICETHRLIZbDEZ AW, WEMELY . PAVT 4 NGB UIE Sz
NRTF RFF—=AK6,7 L AFRF A — /LK 22,25, L7220 O FEK 21, 24 D3R
Nz, ZTNHOERLD, GSH Ik > TP AT ¢ REANETANCHIB S TAD
% FAM §FEK 6, 22 WHEEZRLTNWD I ERghoT, AERTF—/ED —&EIRIZ
SONTIE, ERFOBEICL > TS0 ThbH EE X,
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H H H H s v
Y’N\/\S N]/\/\/\/N'x YN \/\H/

5mM GSH 0% ™NH 21:Y = FAM
\kwn H e 24 Y = Dab
i j:\/\’ X 100 mwz I:iE;’g)S buffer
p!
0™ "NH 37°C, time )(1 H i
N ~ KKSRALF~" ~NH,
Hog HS _~,.Y
0 N
PSS PN
N ~~ KKSRALF NH, 6: X =FAM 22 Y =FAM
H § 7°X=Dab 25 Y =Dab
11: X = FAM,Y = Dab
12 X =Dab, Y = FAM
11
250 miz 640 [M+3HJ2*
b c) N eamem———— 100
(b) £ 200 (©) \ --------------------- B (%)
g | immmmmmemem et t 220 nm 0
§ 150 0 min ]Il 496 nm
2 i
< 6 i 25 miz 328 [M+2H]2*
9 100 m/z 797 [M+2H]* i m/z 329 [M+H]* ¢
@ \A i
i .y 30 min A ‘,\ ]\ 496 nm
0 1 1 T T
500 550 600 650 5 10 15 20
Wavelength (nm) .
Time ( min)
12
2
(d) N (e) N 100
£ I - N D W TUUSNSRS ey B (%)
N I~ N (T —
m [ L 220 nm
2 to
£ 0 min 496 nm
L 1
S H
= 7 22 21
o +
4 miz 743 [M+2HJ?* m 43(1[M+H]‘ “m/l243 S 2
E L N\ 2om
= .
0 30 min M 496 nm
500 550 609 650 5 10 15 20
Wavelength (nm)
Time ( min)

Figure 1-2. (a) The reaction of model peptide 11 and 12 with GSH. (b, d) Time courses of
fluorescence spectrum of 11 (b) and 12 (d) at a dose of 0.1 uM treated with GSH (5 mM),
before (0 min) and from 1 to 15 min after GSH addition. (¢, €) HPLC analyses of the reactions
of 11 (c) and 12 (e) at a dose of 0.5 mM with GSH (5 mM), before (0 min) and 30 min after
GSH addition at 37 °C. Column: Waters Symmetry C18 analytical column (Waters, 4.6 X 75
mm), Buffer A: 0.05% formic acid in ultra-pure water mQ, B: 0.05% formic acid MeCN. Linear

Gradient (B): 10% for 5 min, 10-95% for 15 min then 95% for 5 min, Flow rate: 0.5 mL/min.
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U ANT 4 REEABHIIES GSH IBEICBWTLZETHDLZ LIXTTizmbsnTting
P 2T BELORRLIZV AT 4 R — ORISR B D REMIC
DOWTIRF L7z, #ix 72 GSHIREGFTET AT T R 11 Z0EL L, S0s8E 2 JIE L
7oo WIERER LD GSH OMAENIRE(1-8 mM)TIX, HYEIREE O KIE e N A iR
T3, FREAN GSH IBE(1-10 uM) TIiE, RIEE bIZA N oTz, TDT Lk,
ALV —ICTHW Y AVT 4 R U — TN TR ETH D & TSN,

300 - 1 300 -
@ > Ex 488 nm (b) 2> Ex 488 nm
% 250 - Em 520 nm R L ° % 250 ~ Em520nm
€ 200- € 200~
¢ o)
3 150/ O 150 |
[ = C
[ g 8
S 100 -4 S 100
o o o
o 50¢ o 50 -~
= =
3 = )
L 0{ 1 1 1 | L 01. 1 L0 1 i
0 2 4 6 8 0 2 4 6 8 10
GSH (mM) GSH (uM)

Figure 1-3. The fluorescence emissions (Aex = 488 nm, A, = 520 nm) were monitored, when the
model peptide 11 (0.1 uM) was treated with GSH in the range of concentrations (a) from O to 8
mM or (b) from 1 to 10 pM in 100 mM HEPES buffer (pH 7.5) at 37 °C for 15 min.
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F A RO T 0 — 7 X D MRNBAT Ot

B ERERASN T T 2y 7 e — T OREEEICE T b
R 2B B Et

AR UTEBRRAER Y0 —7 13 L &fa Yy b — LAY OREEIRREZ R 5729
2. FENE MCF-7 filaicie b UM R L — W — a0 BEE 2 F v TBLES L 72 (Fig.
1-4), 13 Ti&, FAE@E Y MIEBEICRE L TO IS ER SN, Zhi, 13 23k
WNAAT L. MIEAN GSH IZX > TiEIL S5 2 & T FRET OffRNBEZ o727 & &
2O, ZORRNE, pepducin ITHIAENE T flip 3EH) 9 25 Z & THIFNA~BITT 5
eI,

Wiz, FRED T 2R 013 D ay ha— U bEW 15 2 RkICHizicg& S L, L8
SNBSS L L CAARREIIA Dol ETo. FRET #REHNLO
HPOHERIND 2 b r— U bB ) 20 & RIARICALEE L 7o fifan & b A & sk 35
SN oTo, 15 B LT R LV | pepducin @ flip FEEN 21T AR - ERNALAS B 72 7%
FE2H S TWND Z & MyDro 7o, FRET BEEEEAL 20 ITMOHREER SR 72 2 &b |
13 OIEZEIBIZIV T, FRET BERESAL D 513388 5417, pepducin fi A EHE ThH 5
eI,
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Green fluoro

20um | &

Figure 1-4. Confocal microscopy images and bright field images of live MCF-7 cells. Cells
were treated with (a) 1 uM of 13 for 15 min, (b) 1 uM of 15 for 15 min, (c) 1 uM of 20 for 15
min. BF images were overlaid by nuclear staining (Hoechst 33342). Excitation was provided

with 488 nm laser.
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B BRERERAS T oy u— 7N L BRI NRAT O

R LA LB TR T A — L 2 GRS VR BELSTFIEL TS 2k
DAL TND ' 22 Lt 13 HROMIBIC BES 2 86 MO S
BULINTZTZOTIERLS, MIENTORTIZESAZ LD THLZ L EHERTHTEDHIT, &
Ffi SH PLEAZ AW =B a2 1T -7,

N-Ethylmaleimide (NEM) (X2 183 2 F A — LBAER E L THLIALTWD, £
7= .5,5'-dithiobis(2-nitrobenzoic acid) (DTNB)I L F @ ME % A L 72\ SH FLER Tdh 5 ',
NG OREHR TR L7 Mid 2 H T 13 O 2 8122 L7, NEM T L 7-#ifg <
X, MRS RET AR S e o 72, Loy L, DTNB CTRUEE L 7= fifie T
R JRAE S 2 #0542 S U7z (Fig. 1-5),

Green fluoro
13+NEM

13 + DTNB

Figure 1-5. Confocal microscopic images and bright field (BF) images of live MCF-7 cells.
Cells were incubated with (a) 50 uM of NEM for 30 min and (b) 100 uM DTNB for 60 min
prior to treatment with 1 uM of Pep13-FL-SS-Dab (13) for 15 min. BF images were overlaid by

nuclear staining (Hoechst 33342). Excitation was provided with 488 nm laser.

S BT, ST ANT 4 FiEEERRT 2 Z EMRE 5TV S protein disulfide
isomerase (PDI) FHZE D bacitracin T L 72 i@ DWW T b M S L — Y — a0 B
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BEZ k5T 13 OB A7 117 Bacitracin TALEE L 7= FIAEIC ST % Al B 82
DRTET DR DB S 7= (Fig. 1-6), 2D OFEERN G| 13 Z4LH L 7-/ifd T &
BTN T A — VDRI LD DO TH D Z ENFEH SN,

13 + bacitracin °

Figure 1-6. Confocal microscopy images of live MCF-7 cells. (a) 1 uM of Pep13-FL-SS-Dab
(13) for 15 min. (b) Cells were incubated with 10 mM of bacitracin for 60 min prior to treatment

with 1 uM of Pep13-FL-SS-Dab (13) for 15 min.
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Si6

FOSHT MR AL T v — T K A RN T O RENT

B oy hua—bE 21 OBITHFIEICONT

MR A 7 o — 7 14 SR O MBI AU SN D BT RIS T kB 22 06
RAEME L& 2 A, 22 BEMPIEFIZHRIL ST ARBRRETH 72, D720,
itk 21 % FFLOD F715(Scheme 1-4) T, MR FEBRZ4T 5 BRNZEICT H 2 & T22 2
sz iz Lz,

{b&¥ 21 % DTT CTEHIR T, 120 0L, EuikTh b 22 2157, KEDE=
Z Y o Z1ELC-MS TIT o7z, 120 3%, (LB 21 73 83%iHL L, #Hizil 22 Db —7
D3RR 7z (Fig. 1-7),

DTT (20 + 20 eq.)
100 mM HEPES (pH 7.5)

rt, 60 + 60 min
22
Scheme 1-4
mAU (x10)
30 —J250nm,4nm
(a) 203 ' < 21
103 [M-H]- 867
003 N
oo~ "~ 25 ' 80 ' 75 " " 100’ ' 135 ' ' 180 ' 175 ' ' 'md
s
3 nm.4nm
(b) Zg 22
73 & [M-HI 434
1.0 3
0.0 Nm
oo 7 T25 7 T T Tso T T s T T Tado” 77T TaZsT T 7T T80 77 T415 T 7 'min

Figure 1-7. HPLC chart of monitoring the reaction of 21 and DTT. Analytical HPLC condition:
column; Waters Symmetry C18 analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min,
linear gradient (B): 10 to 90% over 20 min. (a) before and (b) after reduction with the above

method.
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IR Ta—7 14 L OMBNBIT ONTIZ oW T

MR A A 7" 1 — 7 14 % MCF-7 M2 #6595 & M E 2K S DR BB 6
MT-(Fig. 1-8), ZTOHMEIT 5 LB 2 LN DHIETTIR 22 BSIINIEIT TE LIz D),
AIRAL CEIC S AV TELE IR L2 DA TR D 72012, 77, 14 TRUER L 72 & e
FPFICBE L2 & 2 A, Fig 1-8 (W)IT/RT L D ISR & I8 el 3t & 7228, 5
i ABEREIIRE SN0 oo, Fio, FAREIHE -HOFET 21 5 DTT A
LG L7 22 245 L7l Tk, AEREDUIIRIL SN oTz, £72, 2207
— Y NMeAEMTHY ., BLEBREE A T 5 23 THE L 7-ME CIaMiaE £ 68 n
RSNz, 202 enb, 22 BERITITREEEIZZR <, 14 TR LR, MR
ToH T 14 BN TR EZ T TR 2 NELET2DTH D B2 bz, 2Ok
R, BWRAR T —7Th s 13 oo, pepducin 3= RYA h—T 2 &4
ST, flip HEENC L > THIRNICBATT 2L WO RREIFHTHHDTHDL, -,
pepducin Z T, BEERRE L A LML EM A MIIIN ~KZE TE 5 aREME A RIE L7,

Green fluoro BF , Green fluoro BF
(9814 no wash -

(c) Pakd inl

Figure 1-8. Confocal microscopy images and bright field images of live MCF-7 cells. The cells
were treated with 1 uM of Pep13-Dab-SS-FL (14) for 15 min, and then the image was acquired
(a) with washing or (b) without washing. (¢) The reduced 21 with DTT by the above method
was diluted to 0.5 uM with MEM (-). Cells were treated with the solution of the reduced 21for
15 min, (d) 1 uM of 23 for 15 min. BF images were overlaid by nuclear staining (Hoechst

33342). Excitation was provided with 488 nm laser.
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B B

Pepducin O M e N BT A2 HERTMICH 2D 2 Ok % FRET 7 u — 7
Pep13-FL-SS-Dab (13) % O" Pep13-Dab-SS-FL (14) OA AT LT-,

LN COIRTTIL . HYE 28 pepducin lIZF% D &5 2 5415 Pepl3-FL-SS-Dab (13) T
WUER L 7= MCF-7 Mg OB d A RTE L, B B E 2R BIE Sz, Ml
WO SHALAE W 2 ks S5 NEM CTAE Lo/l 13 285 LBIET 5L AER
ORI S o7, —J5, Milasb o SH FLERITH % DTNB Offiflash 0 iE ol
Z A9 5 bacitracin THRLEE L7l Tid, MEBEICRET 298603t shiz, 2
HDZ & LD 13 TRE LMW CRIAE CTRTE L TV 20X, 13 235Mian
~BATL, MN GSH 22 I Ko TELEZITHZ LICE o TALRLEZ LA LN
olz, LLELDY 13 2 flip ESH) L TRl A > —Y —7 Ly MIBITL, £2
W E DR T ETRICIEZ DN D EBE X NS, F2, 13 D OARE AL 2 R
7= ALA W 15 B O pepducin 007 % 7=, FRET 80070255 % 5 20 THRLER L 7= Hilia ¢
TABEREOIIM I SR o7z, BRE S FEM LIz b S Mia N ~D AT & #5R 3
52 EDNEEL ME SN TWAD ", FRRIC pepducin D EEIEIC & G B EAL)S B 22 72 5 E
BRIZLTWDZ ENgnolz, £72. FRET #LIE pepducin DREFEIRAEIC B % 5 %
IRNT E RS T,

I EOEH DS E I 3 5 & AR S 41D Pepl3-Dab-SS-FL (14) Z ALBET~5 & |

ML E 2R B OEIEA R S e, T OHEIGICTHE HE oK 22 23N T 14 235%
TENTAELE LD, MlEs BTSN TE U 22 BN ~BIT L2 b O 2 iEH
T570, ar he— LAY 21 KON 23 VTSR AT o7, 22 TR L
Ml CIXA BRI S no 7oy, EEREEZ AT 5 22 07— RMEaWw T
523 TR L-MIICIE, MIREICHOEA Mt Sz, 14 T L%, e T
WCHBZE LTS a TH B DITA BRI SR o7, TNHDRERIZEY
14 DSHIFEN AT LT 25207 T 22 34 U, MmN~ S 7ok 5, Al o8
PR LN EEZ LR, 20O L1, pepducin IC & - CREBEAE & FF7- 720 22 %
AN ~EE ST S Z ENHKRTEZ E 2R L TED, pepducin ZF) A L 72 i ld N %

AT LOFERNERBT LD Th D, 5% 14 ZiHEitT L L LTRIHT 22 & T,
il 2 DFEMT 3 FAZ DWW T F B, o F A X B OF 2R & o H#iH Z2 28l
KXoTHRFETELIbDLEBEZ LD,
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BB PAR]I EEHMRICBIT 2RI T a2 ofEN
B He D fEAT

LR T

GPCR TV W v Fifith, 2 X F AMFEOHL REMEZZIT, = R A F— A
XTI H L RELBITHMBNA~ABIT T2 Z LIFA<HMbENTEBY, ZDOXH7R
GPCR O/ EL ZCsl & i< = R A b= X X DM ~D I Y IAZ I,
GPCR ¥ ZFNADE T LF a2l —a AZBWTHLHARRE ZR- LTS Y, +
Boizksd e, GPCRO—FETH 5 Ste2p Id, U H> FIEGFIE T TlE, MfEpE Lo —
WCFIET B0, VAV REEE®%RIZZ 72 vhla~cBE L, =2 F¥ A h— X THl
FANICBITT 5, =0 R A b= R E > THRVIAENT GPCR IFHH = KV —
LZBWTY T FEDOFREGHHERI N, MEEIZ Y A 7 v EandbDEEDEEY
VY=L Lo THENs b DIZaninsd (Fig. 2-1),

—J5. Tchernychev &%, C-X-C chemokine receptor 4 (CXCRANZIXfT 57T T =& ME
% A3 % pepducin @O ATI-2341 Z % L, ATI-2341 |Z X > T CXCR4 O ~DF
TN EESND Z L %, EGFP il CXCR4 FEMA DN A A= 72k - TRL
7=, 512, Janz B, #OKET L L7= CXCR4 7 2= 2 | pepducin T& % ATI-2766
ZAR L. ATI-2766 75 CXCR4 DWAELZFHE L T, MIgAIC CXCR4 & HRIZRTEL T
WBHZ EERLES U EOHEN D, pepducin 2AEH) GPCR DT RH¥A b —3 R
L HMBNTEL ZFHE L, Y GPCR & & HICHIINICRATT 5 2 E B3R &,

B TIL PARI BEDIZ LA EA LR, MCF7 HA3 AME % T, pepducin
D EC flip B L, BEONANCE £ L 2/R LT, £ Z TARETIL, PAR] #8<
RHS 5 Z ENA STV D MDA-MB-231 LS AL 2 Z W THEA A —D 0 7 %
TV, HERY & 9% GPCR IO A HEIZ X - T pepducin OFIIANEIREN & X 5 1224k
T 50 & T, pepducin DI L FEH) GPCR & ORI AAEH OFBIIC SN T HELT 5,
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Figure 2-1. GPCR DO Hif NTE(L
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W H PARI FEISELAEAN MCE7 2 O PAR 1 3B MDA-MB-231 (1281 52
7T 2 O NEhRE

B-E TR, WRAER Y m—7 13 & 15 R L 72 MCF-7 Mifldic 3T Al
WCRTET DR ADBE SN, £ 2 CHEIFM AR L, MCF-7 12 13 % 15 /e
L7, MRz L, S 512 60 20, 120 20 A > F 2~— bk L7288 L
LZAH WTHOMIIZENT b EEDO RIEMEOZEITIZ L A LR T, Mgk ®
JEMNRTE L#ET TNz (Fig. 2-2 a,b), & Z T, PARI FEBLHE D FEV MDA-MB-231 #lifaic
OWTCRBEDFEREZIT 572, 13 % MDA-MB-231 (2 15 /0 [ALE L, PeisEtg. 60 A
Y F 2 — N LM Tk, MBI RTET St 2, ARSI 3R < Rtk a3 8l
HENiz, 61T 120 A v FaX—bFL2bDOTH, 60 50k & RNk
WEENEE S iz (Fig. 2-2 ¢, d),

ZOEHIT, Tu—T7 13 1%, EOEATH D PARL FEEN 2Vl CliX, b7l &
BT 120 3 F THIIRBED A > — U —7 Ly M E->TEY | PARI BERH D
AR TITHAENICBAT L C, BRIRICRTET 2 2 ERPA LN/ T2,

(a) REIG) 13 (60 min)

13 (120 min)

Figure 2-2. Confocal microscopy images and of live MCF-7 cells (a, b) and MDA-MB-231 cells
(c, d). The cells were treated with 1 pM of Pep13-FL-SS-Dab (13) for 15 min and washed twice,

incubated for 60 min (a, ¢) or 120 min (b, d) at 37 °C.
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W= MDA-MB-231 28T 57T = o OFIEN RITEM: O fEsT

H—IE UV — A~DJE

JeDEERT, PARI 3% B L T\ 5 MDA-MB-231 fifdic 7 v —7 13 Z L5 5 &l
faPIZRDRE e SNz, 2k, 13 28 PARL IZ/EHLC, = KA h—
AZEFELT, MENBITL = FY =AY AERTbDETELE, 22T,
13 LRz RY =LK Y —2D~v——LLTHLNDY Y N T v h—ED
WYt 247 -7, 13 % 15 53 MALEL L 72 MDA-MB-231 flli 2 PEii% . 90 0 A > 3% =
N—hL, &BICY Y T v h—"T30 /oML L, MIENRIEZ LE R L —F —H08
BMBIC LIV BIE LT, Fig 23 1T L9102, 13@kowte VY M7y h—Hko
HHICEHR D RNH LN Z LD, 13 285 L7 MDA-MB-231 #ifid CHlE S 7= hitk
WHNT R —2b LI Y Y — LI FET D 2 E N RBRENT,

LysoTracker

Figure 2-3. Confocal microscopy images of Pepl13-FL-SS-Dab (13) (a) and LysoTracker Red
DND-99 (b), merge (c) of MDA-MB-231 cells. The cells were treated with 1 pM of
Pep13-FL-SS-Dab (13) for 15 min at 37 °C. Treated cells were washed twice, and incubated for
90 min at 37 °C. Then, the cells were incubated with LysoTracker Red DND-99 (50 nM) for 30

min at 37 °C, washed twice.
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BTH A LA S NEBNT T DA

Pepducin OMIIANENREE R D722, LV EICER TS 7 VA4 LB A g% L
7= Plpal-13 (26) % A % L 7=, NovaSynTGR resin Z I\ T, 55— %5 =i & REDO HET
Fmoc [EfH{EIZ &> TAR LT,

H O
Ci5H34 N\/k _ AVANRSKKSRALF NH,
e Y
Fmoc-based

HN—Q) _e e

NovaSynTGR
resin

26: 2.3%

Scheme 2-1. Reagents and conditions: (a) 1) Fmoc-AA-OH, HOBt- H,O, DIPCI, DMF, rt, 1.5 h;
ii) 20% piperidine, DMF, rt, 20 min; 1), ii) repeat; (b) 17, HOBt- H,O, DIPCI, DIPEA, DMF, rt,
overnight; (c) 20% piperidine, DMF, rt, 20 min; (d) C;sH;;COOH, HOBt- H,0O, DIPCI, DMF, rt,
1.5 h; (e) thioanisole/m-cresol/EDT/H,O/TFA, rt, 3 h

PB=IH 7'm—7 26 & PARI & HE O RIEMHED L

FRETAM LT m—7 261313 LiE-> THIEFEZ 22N LD ORI )
POLT, WICHAEEF LTS, £, 13 OFA L REKIC, 26 TMDA-MB-231 #lli
B, 74 TA A=V TBERITo- L 2 A, 15 5kid. HIRARRIZ O BB 72
HIERRBO HLNT-DITH L, 120 731212705 & . MIIRNICTEE O BRCR Ow 3380 &
iz (Fig. 2-4), RIRFIZA R T, MlRAEE L. PARL HUiEZ JHW 2 HUR R E 21TV,
26 HROE N D JTENE & ik L7z, £ OfEH, Fig. 2-5 [T L 51, 15 5%~
JUTCIEA R 12 26 HSROFREE DT D Hiv, £ O—E2 PARl OFREHE0E & HEe
ST, —J, 120 3B OV 7 VT, 26 HSROBERREDENZ BRI, D
L AEMNPARL EIFEL TWe, 2O BEELEY A TE 9474 A=Y
Y7L BT 26 OFEEIEA —EMIE IR L TR A 2DI1E, RITHRVLT VT
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ERTHEELZRZICAY ) — VLD BRLEEZ L TWATDTEEEZ LD,
PLEIZ LY | pepducin 28 PARL & L0 OFAERHIZEY, =2 R A F—T X %25
LT, PARI L HEICHIPARNICBIT L Ty RY —AICRIELTWA EE X BT,

Figure 2-4. Confocal microscopy images of 26 of MDA-MB-231 cells. The cells were treated
with 1 pM of 26 for 15 min and washed twice, incubated for (a) 15 min and (b) 120 min at
37 °C.

26 (15 min) PAR1 (15 min) Merge (15'min)

26 (120 min) PAR1 (120 min) Merge (120 min)

Figure 2-5. Confocal microscopy images of 26 and PAR1 immunostaining of MDA-MB-231
cells. The cells were treated with 1 uM of 26 for 15 min and washed twice, incubated for (a) 15

min and (b) 120 min at 37 °C. Then the cells were fixed with PFA and immunostained
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FIUET D=7 X BN AIRNT T 27 a—7 28 DEK
A A= T

HE—IE Tu—7 28 DAL
PAR1 & OFAEAEHIZART T FEGOEEN ED L ITEEBT I ETIDH7-0, 13

DT F RE %2 DIRICER LT 7o —7 28 2465 LT, BilE{K 27 % Fmoc [EFEEIC
FoTEHEKL, o271 %24 LN EEHZ ETHHETA{6EY 28 #157-,

o) O
H H
CqsH3q N\){N/ avanrskksralf —NH, C1sH34 N\)kN/ avanrskksralf —NH,
Fmoc-based W H H Y H H
SPPS 0 o
a-j k |
HZNO —_— ., T —
NovaSynTGR o Oj/NH o Oj/NH
resin
HS/\)LN -(,,/\/\N,X Y\N/\/S\S/\)LN -«,,/\/\N,X
H H H H H
27: X = FAM : 14% 28: X = FAM, Y =Dab : 33%

Scheme 2-2. Reagents and conditions: (a) 1) Fmoc-AA-OH, HOBt- H,O, DIPCI, DMF, rt, 1.5 h;
ii) 20% piperidine, DMF, rt, 20 min; 1), ii) repeat; (b) Fmoc-L-Lys(Mmt)-OH, HBTU, DIPEA,
DMF, rt, 5h; (¢) 20% piperidine, DMF, rt, 20 min; (d) C;sH;;COOH, DIPEA, DMF, rt, 5 h (e)
AcOH/TFE/CH,Cl,, rt, 4 x 15 min; (f) Fmoc-L-Lys(Mmt)-OH, HBTU, DIPEA, DMF, rt, 5 h;
(g) 20% piperidine, DMF, rt, 20 min; (h) Trt-S(CH,),COOH, HBTU, DIPEA, DMF, rt, 5 h; (i)
AcOH/TFE/CH,Cl,, rt, 4 x 15 min; (j) 3, DIPEA, rt, overnight; (k)
thioanisole/m-cresol/EDT/H,O/TFA, rt, 3 h; (1) 4, DMF and 100 mM phosphate buffer (pH 6.0),
rt, 12 h.
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wOIH S u—7 28 AW T T AT

3572 28 & MDA-MB-231 Mifldic# 5 L, 15 oMVER &7, Hiftk 120 0 L
THE RO TSR X B85 41T > 7=, Fig. 2-6 [T 9 X 912, MRS KELIR S 28
BEsNEZEDS, ST HLET =T 13 DA LFEMICTZ Y RY —AREL
TWHHEEMENRZ SN, T7205, DIRXTF FOLAETEH, PARI O R A
F—RAZFIEEZL, T é—RHITHENIIBITL WS B2 b, —FH, 7T—
ZIIR S IR0AY, MCF7 MifalC 28 ZEH S E 725618, MlaBEICFEL T\, 2o
212, DIR28 I LK 13 LIZIEFMEOMBNENEAZ R LTz, T72 5, PARL 2358
LTWARWMCF7 Tl BIRT7 U v 7EE L TEDOE ER-E > TV 5, PARI FEHL
MlRTIE= Y R A b= R &5 & Z L, PARI LIRITHBEANIZBITT 5 2 & ARIB
Iz,

Green fluoro BF

Figure 2-6. Confocal microscopic images and bright field (BF) images of live MDA-MB-231
cells. The cells were treated with 1 uM of 28 for 15 min and washed twice, incubated for 120

min at 37 °C.
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B &

FEH) GPCR DAFTEIZ & - T pepducin DHLY IABELK DB LT~ 572D, PARI 5§
OV, MDA-MB-231 LA Z W T A A —T > 7 %47\, MCF-7 L8 Al
TOFER & i U7z, PARI FEHE O MCF7 fiE CTlE, 13 LB 120 23 T HIEIC)
TE LT DR S NT-, — 75 PAR] EHLROE VD MDA-MB-231 #l T, i
PICRDIREOE 3 BLEE S 7z (Fig. 2-2), 2D DOFEEN D, 13 Z4LH L 72 MDA-MB-231
FHE L S A7 BREOE I pepducin DYEFIIC L - THI & # = 8115 GPCR OWIE(LD
—DOThbdETFHEINTZ, GPCR ODNTEALR 7 T AV V/MNaIZ L b=y KA h—T &
TEIHZENMONTNAST=® . MDA-MB-231 Ml TR & 7Rk ot T
DTy RY—AH LTV Y Y —AThHDEEZ BN,

ZFITCBEHNTZY RY =2 (LR VY —2D~v—I—ThbBV Y "I
—C R I PEE T o7z, 13 ZAE LMz, VY FT vy h—TCh@ L, HER
WNHBEE WV CTHELZEZ A, 13 LV Y FT v D —HROEICER D D3R
EN7-(Fig. 2-3)y 2O DFEEND . 13 4LFL L7~ MDA-MB-231 #ili TR & -8t
T RV =2 LTV Y Y —AIZRELTWS Z ERHLNE R T,

X 512, pepducin OEEFITH D PARI OMIFINELY IARIZB 52257012, 13
WZXHET % pepducin 2 7 VA LA L ORTIEFR LT 2w —7 26 ZHR L, 26 LB L
7o HIIE T PARD OHUAY A AT o 72, 26 LB 15 5% OMINE TIX, fkEadotiL, Mk
&N ORLFIC S i, ZHubiE, PARL OFUEGAIZ Lo THE U RE
JLFER o Tz, E72, 120 5% O TIL, MAAEICHTE L TV 2 a0 83T T
SN, AIPICRLREOE SR Sz, 2 OEOEIT RISy A PARL L EAR - TU,
eIz ~7= X 912, pepducin 23 ER) GPCR EFHEMEHA LTy KA b= RICL D
NIELZFET D 2 EBHESNLTND 22, Ko T 13 K026 THELL =Ml TR
S zdoeid, 13 LT 26 78 PARD ICHEH 72 R’R. PARI O R A F—T A2
LN E R SN, ZHUCESTI3 K26 ATy RY—AZERY ZEhi=Z
ELERTHDEEZZ BN,

GPCR #BLOf #E T pepducin OHIIINENRER B2 72 Z L0513 & 1F26 & PARI
EHEERIZIIRTF FEENREE L E X 57, £ 2T 13 ® pepducin D7 F K
3EDET I VBN LIR DT F RIZBE 17z 28 6 L, MDA-MB-231 TOffiia
NRTEALIZ DWW T I S HOR BRI L » THIZR 21T o 72, PRI LT, 28 THLEE
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LIZfIC W T B RDRE AR SN Z &b, 7 —7 2% % pepducin,
Plpal-13 OHtRIELEIZ 23723 59 PAR1I ONELB I R Z SN D Z E M LMo
72o ZHUE TIT pepducin D7 F R Ot BliE & GO MBI 2 WA 1T b3,
FEFTHRTIE, 5% & 51T, pepducin D7 F RERE & Hli PN EHRE O B 2 kit
HWENDH D,
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- SRR AOEE

MBI 7y FiEED—> L LT, CPPs WA H BTV D, £< D CPPs RIS T
WDM, TDOEL By R A F—= RENTLHHDIR->TEY, o faTr R
V= DI A~ SN DA N & SICSEE L 72D, —J5, pepducin 1Z, GPCR
O PEERIMEENHR & L TIFRICTERDBEE > T DALY FE~TF FTH Y | flip
BN Ko Tl Z BEEERT 5 B2 b TWn5, %%m\:wiﬁﬁmmmm
OMIBNBEATICE B L, flip BV &2 FIH L7287 e il NEE Y AT A EBEST 5 Z &
ZHIE L7, ET4OIZ, pepducin OFMAINEAT 2 rl LT 5 FDHI2K 5 pepducin 7' =
—TERB L, TA TN A=V T EIToT,

GPCR XV v RfEE %, 7 7 AV /MaIlZ L 2=y R A =R K> THIlIA
~HNIEALT D Z ENmBNTEY | pepducin FEKRIZ L > TH Z D X 5 RNTELNF] &
I INDZEnWEINTWND, £ T, £89& 75 GPCR OFEHLH pepducin D
JANENREIC 52 2 IOV T b,

UTFICHEon-mAzEl3 5

1. GPCR ®»—>Td D PARI Z &) L 95 pepducin, Plpal-13 |Z FRET % JEAEREERNL &
FLIRIA AT 5y FiRGH 24T - T2, FRET BEREERAL O# G & IHEH O %51 &2 A% 2
2FEO S n—7 | kA 7 1 — 7 Pep-13-FL-SS-Dab (13) K& ONHIIE i 78—
72— Pep-13-Dab-SS-FL (14) X BA%E L7z, £/, 13 DNV A NVEZ T BFVE
IZ@EH L7 2 ba— LA 15 o O FRET BOBEEREERNL 2N H kD =2 > b o—)L
LA 20 DGR HIT -T2,

2. 13 PR L7 MCF-7 filfa CiTfaiic RfE T a0tk iz, —F=ar be—
IEEWToH 5 15 KT 20 TREE L 72 fifa Il Z DWW THIA B R EOIEM I S e d o
72 &b pepducin DRFE KO, U ARLAT F R DY BN 1 | 2 5 2 7 A%
AR TZENHLNTRS T,

3. £%E SH BHSERCRUEE L7/ DWW T h 13 HE L, 3l &2 47T - 72, ARSI
PED SH FREAIO NEM T L 72 M I A B REITRO oo 7223, Ml
fast o> SH FHEHITdH % DTNB <° bacitracin CHLERE L 72356, MBI JRTET 5 i
JeAR ST, LRI R Y MBI RET 2 E0tiE, MaEo NREIC SH iEJT

33



%57 T FRET DR SN TH L Z E NP LN o7, 2L X D | pepducin
23 flip IBENZ Lo THIRRNIZBATT 2 2 L BRI v,

4. 14 TRE LM TIL, MlaE 2K ostrimiti s ivic, —J7, 14 DIELT
AU % SH R a5E 22 1M 235 Lo o 72 2 &b MlaEERaE & FF - 72
V22 % pepducin [ZO7RF 5 Z 22 kY, MANICRETEE L EL LN,

5. PARI FBLO 72\ MCF-7 Mz 13 TR L 7= 4 > 7 /L Tld 120 512880 T H A
BRI JRTE Lkt T 72, —J5. PARIL FEBLED & MDA-MB-231 #ifid Tid, Mifamn
CRDRESEARBIE SN, VY b T o —c ka5 LB -T2 LD, =
VRY—=AFRFY Y —AIIRELTWE LD EEZ BN, £72. T ORDRE
JEITHL PART HUAYEIZEB VT, PARL EHERET S Z L b NIC2 o7z, ULk
12XV 13 PARTIZHEA L C.PARI D= RY A h—T A2 K DNIELZFER L,

MUCFES T3 N RY =AY ZENnD Z ERNRB Iz,

6. DIKT I VERMNBLD 28 Z A L., MDA-MB-231 fillfd CFEfli L7~ & = A, Lk
13 & [AERIZ GPCR OFMANTE LA FHE T2 2 L AR S 7z, 24 & Y pepducin
DT F FfE & MRNBITICET 236 OMHINHELEZ LD,

PLEICE Y ARBFFEIZ & - T, pepducin @ flip BN X D MlaNBEIT A2 A X 7-Mlg T
XL TRIEMET 2 Z LIZkE L7c, £72. pepducin [T - C flip #EH) L THIFLN

(2B L € O%IER) GPCR OFEHDO AWM TR DMBNENEELT-ELZLNEALN
Too TOXDRFFEAEAEN LT, Mk, MidE, = FY—LFE2id) VY —ail
BBRDINTRT DX =T T 4 VT HHAETHDLEZEZDND, ZDOLXIIC
pepducin & A & T HMIPNIEIZES AT LMEZNE TIZRWIERIC2=—7 THHHZ
VAT LEBZ DIV, EWEESOISHPEIR SN S, AFEICL Y . 4% D pepducin

ICESW AN IEE S AT AEEICE W CTHRRMR AR Z RNk EE XL
b,
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b VIR AFFEICR U CTHRAAHIZREE 72 2 IS & THIEZ 0 £ U 7 BRIl B
R RFAIFAC A IGHEETAC AT R - KBS FEIRICRE R 23 EER LE ¥, AN
FENT BT 0 EEEEIRE, EEER, W ONC W2 TE & £ L 72 B IR R FAISRA LR K
JESACEAF TR - B HEHTZ . EHRRIE, T EI B L £,

HfE SEBR O MY 72 | EEER S, S ONC ST A T & £ Ui BIERLR
FAARBEREARAT 7 JGHIE 7 AW PR - T SCE SR . REEB#L 4R
NLRFFAESHTIERE « T &4 BB BRI B L £,

AHFIEDRHEMEZ Y 72 0 TSN 72 & F U 72 I B SRR K2R AR L 22 K SR A L 22 A
U KIE R ERIEH NV LET . ERICB LTI AW E £ Lz ERE L,
BEEF A ORI L E T,

AFTE O — L) R ZEB R (24-340) & OVH RERELS S FAX — T v 7
(1989017 L BBk 2 G TEHITENTZHDOTH Y . Z ZIZZ OBIRICH LTl K 0k
HELET,
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EERDER

Fmoc 7 X / £, NovaSyn TGR resin | Novabiochem (Merck) 7>H A L7z, ok
HIFy 7~-T R v F FOCHEE TR, RAUER T30 5A L7, HPLC /]l MeCN
TR T ENDIBA LT, AT L7 u~x 7T 74—y U B 7 0id AP-300 (K
Bilpger) 2= M,

'H-NMR A ~<Z7 kL% JEOL ECA-500 (500 MHz) % 721% JEOL JNM AL-400 (400 MHz)
Z FAWVTHIE L7, BC-NMR A% kL% JEOL ECA -500 (125 MHz) %7213 JEOL JNM
AL-400 (100 MHz)Z HIWTHIE L7z, 'H-NMR 22 hLiE, CDCl;. de-DMSO & L
< 1% CD;0D THIE %17 - 72, 'H-NMR Db 7 ML tetramethylsilane (0.00 ppm) %
PNERIEYE & L C ppm BN TER L2, PC-NMR 0Ly 7 MEZERED 227 v
CDCl; (77.0).  de-DMSO (39.5), CD;0D (49.0) Z# WNEREYEY)E & L C ppm B TEARL
7

RP-HPLC % 20-AD series (Shimadzu)Z HV 72, 4387 H 7 7 1% Waters Symmetry C18
(Waters, 4.6 x 75 mm, flow rate 0.5 mL/min) % L < & Inertsil C4 (GL sciences, 3 x 150 mm,
flow rate 0.5 mL/min) % 7=, 087D 78 @ HPLC ¥&HEBIE. 0.05% formic acid in
ultra-pure water (v/v, solvent A) /0.05% formic acid in MeCN (v/v solvent B) & L < £ 0.1%
TFA in ultra-pure water (v/v, solvent C) /0.1% TFA in MeCN (v/v solvent D)% F\ 7=, WU
£ 220 nm KT8 496 nm (2 L D IEHIM AR Lo, 20 BUHPLC OFRIZIEA 7 A8 LT
Cosmosil 5C18-ARII preparative column (Nacalai Tesque, 20 x 250 mm, flow rate 8 or 5
mL/min), Cosmosil 5C18-AR II (Nacalai Tesque, 10 x 250 mm, flow rate 3or 5 mL/min),
Bensil 5-C18 preparative column (Bentech, 20 x 250 mm, flow rate 8 or 5 mL/min), % L < X
Inertsil WP300 C4 preparative column (GL sciences, 20 x 150 mm, flow rate 8 or 5 mL/min)%
Wiz, 2B D78 O HPLC ¥ HIEBEE 0.1% TFA in ultra-pure water (v/v) /0.1% TFA in
MeCN (v/v) & 7z, 220 nm TO UV WIIZ KL 0 P 2 i L7z, MPLC 43 B
YFLC W-Prep 2XY (YAMAZEN) Z MW TIT o7, BHEHIT 0.1% TFA in ultra-pure
water (v/v) /0.1% TFA in MeCN (v/v) % 72, 220nm T® UV WIIZ K 0 ¥ P %
L7,

B fiEE~ A AT kLI IMS-SX102A (JEOL) % L < (% LCMS-IT-TOF (Shimadzu)

Z A7z, K40 f#EE ESI (electron spray ionization) |% HP1100 series (Hewlett-Packard) %
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7=, EI (Electron impact) % L < (% FAB (fast atom bombardment)id JEOL JMS-SX102A
AW,
HOE AT R VL, FP-6600 (JASCO) Z W CHIEEZ B Z o7,
ETORTF RIF5HT HPLC 12 X5 T, 95% L EO#MIE F CORBER 21T o772 &
e Lz,
gl L — P —HORBARKEE I LSM 700 (Zeiss) & 72, 20x & L <IE 40x iRt
v X iz,

& &&: EDC-HCI: 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride, HOSu:
N-hydroxysuccinimide, DIPEA: N,N-diisopropylethylamine, HOBt-H,O:
N-hydroxybenzotriazole hydrate, DIPCI: 1,3-diisopropylcarbodiimide, TFE: trifluoroethanol,
HBTU: 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminium hexafluorophosphate, EDT:
1,2-ethanedithiol, GSH: glutathione, HEPES:
2-[4-(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic acid, Fmoc: 9-fluorenylmethoxycarbonyl,
Boc: t-butoxycarbonyl, Trt: trityl , Mmt: 4-methoxytrityl, Pbf:
2,2,4,6,7-pentamethyldihydrobenzofurane-5-sulfonyl, TIPS: triisopropylsilane.
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B OB B THICBET O ER

2-(2-Pyridinyldisulfanyl)-ethanamine hydrochloride (1) & ik 2

Aldrithiol-2™ (2.0 g, 10 mmol) % AcOH (0.80 mL)% & > MeOH (20 mL)IZ ¥ L 7=,
Z |2 2-aminoethanethiol hydrochloride (570 mg, 5.0 mmol) % MeOH (10 mL) CigE/» L 7=
b D% 30 ZUNICIN 2 72, & ORISR Z IR 7 V3 2 55K C 24 REEHHR L7z,
A2 R £ L2k, £ 0FkE% Et,0 T2 [\IPEH L, MeOH THEM L=, £ ZIZ
R D ELbO N2, LEZED, BRI E 3 5{LE% 1 (780 mg, 70% crude yield) % fEf
FEWH 2R EA L L THE 72, "H-NMR (CDCls, 400MHz): 6 3.14 (t, J= 6.2 Hz, 2 H), 3.30 (t, J =
6.2 Hz, 2 H), 7.22-7.27 (m, 1H), 7.37-7.39 (m, 1 H), 7.60-7.64 (m, 1 H), 8.69-8.70 (m, 1 H),
9.35 (brs, 3H); LRMS (FAB) m/z: [M+H]" 187.

(2,5-Dioxo-1-pyrrolidinyl) (E)-4’-dimethylaminoazobenzene-4-carboxylate (2) D 5% 23

(E)-4’-dimethylaminoazobenzene-4-carboxylic  acid (200 mg, 0.70 mmol) &
N-hydroxysuccinimide (HOSu, 110 mg, 0.97 mmol) % DMF (10 mL) (Z¥%f# L. EDC-HCI
(200 mg, 1.0 mmol) % 0°C THMx 7z, EDORILNHKE 0°C T 3057, S HIC=R THRE
PR EIT -T2, WA BIER % L72#%I2, CH,Cl, (120 mL) (Z¥Ef# L, H,0 (80 mL x 3)
THiF Lo, A8 Z MgSO, THofk, Wiz RIERE L, BonIEEE N 7 A
7 vu~ 277 7 ¢ —(hexane : ethyl acetate = 3:1, AcOH 0.5% — hexane : ethyl acetate = 1:1,
AcOH 0.5% — CH,Cl,) THHLL . 2 (157 mg, 58% yield) Z 4 L v P AOBA L LTHT-,
'H-NMR (CDCls, 400 MHz): § 2.91 (s, 4 H), 3.12 (s, 6 H), 6.76 (d, J = 9.2 Hz, 2 H), 7.92 (d, J
= 8.7 Hz, 4 H), 8.23 (d, J = 8.7 Hz, 2 H); "C-NMR (CDCl;, 100 MHz): J 25.7, 40.3, 111.5,
122.4,124.6,125.8,131.7, 143.7, 153.2, 157.2, 161.7, 169.2; LRMS (EI) m/z: [M]" 366.

2,5-Dioxo-1-pyrrolidinyl 3',6'-dihydroxy-3-oxospiro[isobenzofuran-1(3H),9'-

[9H]xanthene]-5(6)-carboxylate (3) D&% i

5(6)-carboxyfluorescein (1.0 g, 2.6 mmol) % DMF (10 mL) Ti¥fi# L. EDC-HCI (767 mg,
4.0 mmol), HOSu (460 mg, 4.0 mmol) Z M x . L LA 5 0°C T 3045, EHIT
IR TR U T I 2 IR 7888 L 72 1% | ethyl acetate (120 mL) (Z3%f# L | 0.5% citric
acid (80 mL x 3) . sat. brine (80 mL x 3) T¥e¥ L 7=, AHEE %2 MgSO, Tk, Wit %
WER L L, 3(0.78 g, 60% yield) # Ak s L TR, ZOLEMITHREITHOT R
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DT VY=, Analytical HPLC condition: linear gradient of solvent D into C, 10 to 90% D
over 15 min. r.t. = 10.8 min; LRMS (ESI) m/z: [M+H]" 474.

(E)-N-[2-(2-pyridinyldithio)ethyl]-4’-dimethylaminoazobenzene-4-carboxamide (4) D& Ji%

23

10 (760 mg, 2.0 mmol) % DMF (10 mL) |Z#fi# L. EtN (2.6 mL, 18.6 mmol) & 1 (600
mg, 2.7 mmol) ZH1Z, 0°C T30M., &OICERCTREMILEIT o7z, W% T
B £ L7212 CH,Cl, (120 mL) CT¥&f# L. sat. brine (80 mL x 3), 0.5% citric acid (80 mL x
3) TUEH L7, AHEME % MeSO, TR . W2 e E LT, BGonliEx s 7
L m~ 87T 7 4—(CHy,ClL) THHEI L. 4(800mg, 90% yield) &4 L > P@ADE AL
L CT457=, Analytical HPLC condition: linear gradient of solvent D into C, 30 to 95% D over 15
min. r.t. = 10.3 min; LRMS (ESI) m/z: [M+H]" 438.

N-[2-(2-pyridinyldithio)ethyl]-3',6'-dihydroxy-3-oxospiro[isobenzofuran-1(3H),9'-[9H]

xanthene]-5(6)-carboxamide (5) DA X 23

11 (470 mg, 1.0 mmol) % DMF (10 mL) (Z¥%f# L. EtN (0.70 mL, 5.0mmol) & 1 (330
mg, 1.5 mmol) ZA1x, 0°C T30 L, S OICSHIR CRERILEZITo T2, k%
PR £ L7o#% . MPLC THH L SRz 5 2 & C 5(250 mg, 47% yield) Z sk
& L7, '"H-NMR (CD;OD, 500MHz): 6 3.00 (t, J = 6.3 Hz, 0.8 H), 3.12 (t, J = 6.6 Hz,
1.2 H), 3.64 (t, J = 6.3 Hz, 0.8 H), 3.76 (t, J = 6.6 Hz, 1.2 H), 6.72-6.78 (m, 2.4 H), 6.87—
6.93(m, 3.6 H), 7.17-7.19 (m, 0.4 H), 7.25-7.27 (m, 0.6 H), 7.39 (d, J = 8.2 Hz, 0.6 H), 7.68 (s,
0.4 H), 7.70-7.78 (m, 0.8 H), 7.82-7.90 (m, 1.2 H), 8.15 (d, J = 8.2 Hz, 0.4 H), 8.21-8.23 (m, 1
H), 8.30 (d, J = 5.0 Hz, 0.4 H), 8.42 (d, J = 5.0 Hz, 0.6 H), 8.55 (s, 0.6 H). >C-NMR (CD;0D,
125 MHz): § 38.6, 40.0, 103.5, 113.0, 113.2, 116.1, 116.2, 121.9, 122.7, 125.8, 127.1, 127.7,
130.0, 130.5, 131.5, 134.5, 137.8, 139.7, 139.9, 141.3, 149.9, 150.0; HRMS (ESI) m/z: calcd for
CasH21N>,0S, " [M+H]™ 545.0836, found 545.0862.

~NTF K 6-10 DERUPET 5 F2hr
7T RERIE. FmoclEHA A% (Solid phase peptide synthesis, SPPS) (Z & - T{1- 72,
Fmoc”7 X / 1%, Fmoc-L-Ala-OH, Fmoc-L-Val-OH, Fmoc-Leu-OH, Fmoc-L-Asn(Trt)-OH,

Fmoc-L-Arg(Pbf)-OH, Fmoc-L-Ser(-Bu)-OH, Fmoc-L-Lys(Boc)-OH, Fmoc-L-Lys(Mmt)-OH %
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iz, PR#E~TF REHIX, 0.10 mmol A~ —/ L CTNovaSynTGR resin (0.20—0.25 mmol/g)
EHWTHEE L=, 7 2/ BOMEA X, FmocT X /& (5 eq.), DIPCI (5 eq.), HOBt-H,0 (5
eq. )% & °DMF (1 mL) & &Mz, |\ TILSEIEE 2352 & TiTo 7z,
Fmoc-L-Lys(Mmt)-OH, palmitic acid, Trt-S(CH,),COOHD i & 1%, 2 oba® (3
eq.), DIPEA (10 eq.), HBTU (2.9 eq.) % & 1*DMF (1 mL) &K % Mz, SRiA CTSREEIR & 9
T5HZ L TITo Tz, T2 FUAbIE, BKEEEE (10 eq.), pyridine (10 eq.) % & T»DMF (1 mL)
Wik &Nz, |IRTLSKEIE & 535 Z & TIT7 > 7=, Dabeyl-OSu (10) or 5(6)-FAM-OSu
(11) (1.5eq.) IIDIPEA (5eq.) Z 5 Z & CHii& 24T > 72, FmoclifRi#iL, 20% B
U ¥V /DMFYEIR (viv) TR, 2057 FALEE L 7=, Mmtii 713X AcOH-TFE-CH,Cl, (1 :2:
TTHRIL, 150 T4EHE Y iR$ Z & T L=, R#S7F R (500 mg) %
thioanisole/m-cresol/EDT/H,O/TFA (5:5:5:5:80 (v/v), 5mL) % F\ TR T3MF[E, $if
T2 L TRIE D DEIY L & BRELTT o 7o, MELOZ M X THA U7 bk %3 O
THED, TOREEZECOT=RIYEH L7z, /2BUHHPLCIC THR L, bR+ 5 2 &
THRET HET T REHT,

Compoud 6

FREDOFETRTF F6 (24.0 mg , 11% from resin) & B o3& & L CH7-, Analytical
HPLC conditions: column, a Waters Symmetry C18 analytical column (Waters, 4.6 x 75 mm),
flow rate 0.5 mL/min, linear gradient of solvent B into A, 10 to 50% B over 15 min. r.t. = 5.6,

5.8 min, HRMS (ESI) m/z: calcd for C77H; ;N 17015S*" [M + 2H]* 796.9001, found 796.8983.

Compoud 7

EREDOFETRTF R7(47.7 mg, 26% from resin) z IR AR & L TH:7-, Analytical
HPLC conditions: column, a Waters Symmetry C18 analytical column (Waters, 4.6 x 75 mm),
flow rate 0.5 mL/min, linear gradient of solvent B into A, 10 to 90% B over 15 min. r.t. = 5.0

min, HRMS (ESI) m/z: calcd for C71H; |4N2001382+ M + 2H]2+ 743.4292, found 743.4282.

Compound 8
FFEDOFIETTF F8(32.2 mg, 15% from resin) % @A A & L TH7=, Analytical

HPLC conditions: column, a Waters Symmetry C18 analytical column (Waters, 4.6 x 75 mm),

flow rate 0.5 mL/min, linear gradient of solvent B into A, 10 to 90% B over 15 min. r.t. = 6.8
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min, HRMS (ESI) m/z: caled for CyysH;5/N27026S*" [M + 2H]*" 1194.1690, found 1194.1642.

Compound 9

FREDOFHETRTF K9 (10.6 mg, 3.7% from resin) & R A & L CTHE7-, Analytical
HPLC conditions: column, a Waters Symmetry C18 analytical column (Waters, 4.6 x 75 mm),
flow rate 0.5 mL/minl, linear gradient of solvent B into A, 30 to 60% B over 15 min.

r.t. = 6.2 min, HRMS (ESI) m/z: calcd for C o0H;55sN30021S*" [M + 3H]’* 760.8012, found
760.8008.

Compound 10

FROFETTF F10 (13.8 mg, 5.2% from resin) & E A & L TH7-, Analytical
HPLC conditions: column, a Waters Symmetry C18 analytical column (Waters, 4.6 x 75 mm),
flow rate 0.5 mL/min, linear gradient of solvent B into A, 10 to 50% B over 15 min.
r.t. = 4.8 min, HRMS (ESI) m/z: calcd for Cyo;H;ssN2702S* [M + 4H]*" 548.5334, found
548.5322.

PANT 4 REEA LT F1-15D A I BT % F5>

RTF RF6-10%4E 72135 (2 eq.) £ DMF/100 mM sodium phosphate buffer (pH 6.0—8.0)
HEEE CAOG &, HPLCKH B - BRSO 2175 2 & THME T 5V A7 ¢ FIK11-15
s i

Compound 11
~7F F6 (10 mg, 0.005 mmol) & {tE44 (4.4 mg, 0.010 mmol) % DMF (0.9

mL)/phosphate buffer (pH 6.0, 0.1 mL)*, =il CSHFEKIGEZITH) Z & THET H T
F F11 (5.42 mg, 48%) % ARk & L C#7=, Analytical HPLC conditions: column, a
Waters Symmetry C18 analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear
gradient of solvent B into A, 10% B for 5 min then 10 to 90% B over 15 min. r.t. = 10.8 min,
HRMS (ESI) m/z: caled for CosHi30N016S,>" [M + 3H]*™ 640.3092, found 640.3085.

Compound 12
~7'F K7 (10 mg, 0.005 mmol) & {LE45 (5.4 mg, 0.010 mmol) % DMF (0.9
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mL)/phosphate buffer (pH 8.0, 0.1 mL)* | =R TISRFRICZITH 2 & CHME T 57
F K12 (8.5 mg, 74%) % ARk & L T#57=, Analytical HPLC conditions: column, a Waters
Symmetry C18 analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient
of solvent B into A, 10% B for 5 min, 10 to 95% B over 15 min and then 95% for 5 min. r.t. =

10.7 min, HRMS (ESI) m/z: calcd for CosH 30N2,010S,°" [M + 3H]*" 640.3092, found 640.3095.

Pep13-FL-SS-Dab (13)

~7'F R8 (12 mg, 0.005 mmol) & 1k54)4 (4.4 mg, 0.010 mmol)Z DMF (1.9
mL)/phosphate buffer (pH 8.0, 0.1 mL)*, =& C207 KIS ZITH> Z & THHE T 5H XY
F F13 (8.0 mg, 50%) % AR A & L CH#3+7=, Analytical HPLC conditions: column, a Waters
Symmetry C18 analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient
of solvent B into A, 10 to 90% B over 15 min. r.t. = 7.7 min, HRMS (ESI) m/z: calcd for
C13:H0:N3102,8,>" [M + SHI*" 543.4960, found 543.4985.

Pep13-Dab-SS-FL (14)

~7F K9 (23 mg, 0.008 mmol) & {LAH)5 (8.7 mg, 0.016 mmol)Z DMF (1.44
mL)/phosphate buffer (pH 6.0, 0.16 mL)H', =R C4RFFKIEZITH Z & THME T 5H
7'F F14 (1.3 mg, 5.2%) % ARtk & LT 7=, Analytical HPLC conditions: an Inertsil C4
analytical column (GL sciences, 3 x 150 mm), flow rate 0.5 mL/min, linear gradient of solvent
B into A, 10 to 90% B over 15 min. r.t. = 7.8 min, HRMS (ESI) m/z: calcd for
Ci3H199N3,0478,> [M + 2H]*1357.2291, found 1357.2243.

Compound 15
~7'F R10 (6.6 mg, 0.003 mmol) &1{LE#)4 (2.6 mg, 0.006 mmol) % DMF (1.9

mL)/phosphate buffer (pH 6.0, 0.1 mL)* | =R C24RFRICZATH Z & CHE T 57
F R15 (5.0 mg, 46%) % ARl K & L CH#37=, Analytical HPLC conditions: column, a Waters
Symmetry C18 analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient
of solvent B in solvent A, 10 to 90% B over 15 min. r.t. = 5.3 min, HRMS (ESI) m/z: calcd for
Ci15H172N3,047S,>" [M + 3H]* 839.7488, found 839.7484

2,5-Dioxo-1-pyrrolidinyl 3-[(triphenylmethyl)thio]propanoate (16) D5 ik 26
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3-(Tritylthio)propionic acid (200 mg, 0.57 mmol) % DMF (2.0 mL)IZ¥&f# L ,HOSu (99 mg,
0.86 mmol) & EDC-HCI (170 mg, 0.86 mmol) Z /1%, 0°C T30 /oy L, I HIC=E
IR TR 2T o 1o, WL A T E £ L7214 ethyl acetate (80 mL)IZIEF# L . 10% citric
acid (20 mL x 3), sat. NaHCOs (20 mL x 3), H,O (20 mL x 3) CUeisz11-7-, AtE%
MgSO, THMER#S W A 8T R4 25 L .16 (crude, 180 mg, 59%) % F@EA L L THA-, 'H
NMR (400 MHz, CDCly): & 2.40 (t, J = 7.3 Hz, 2 H), 2.55 (t, J = 7.3 Hz, 2 H), 2.80 (s, 4 H),
7.28-7.31 (m, 9 H), 7.43—7.45 (m, 6H).

Nﬁ-[(3',6’-Dihvdr0xv-3-oxospir0[isobenzofuran-l (3H).,9'-[9H]xanthene)-5(6)-carbonyl]-

N*-[(9H-fluoren-9-ylmethoxy)carbonyl]-L-lysine (17)D & i

CAS: 1158088-23-3

Fmoc-L-Lys(Boc)-OH (470 mg, 1.0 mmol) % CH,CL/TFA (1:1) (12 mL)IZAf#E L. 0°C T
10 R L, W ZEE E L-, 5072 E % DMF (4 mL) CI&fE L, EtN (0.14
mL, 1.0 mmol) & 3 (570 mg, 1.2 mmol)Z %, #ENH L7235 0°C T 15 L. &6
ICRE CREHEEZIT o7, EHIZEGN (0.11 mL, 0.75 mmol)Z 1 2. =il TR
AT o 1=, W2 E R 25 L 7=, ethyl acetate (160 mL)I AR L. fafn& /K (40 mL x
3), 0.5% citric acid (40 mL x 3) CHei 21T > 7=, AHE % MgSO, THzIgEMG | TR % &
£L. 17 (1.0 g 69% crude yield for two steps)% s MK & L CTH7=, Analytical HPLC
condition: linear gradient of solvent D into C, 10 to 90% D over 30 min. r.t. = 20.0 min; LRMS
(ESI) m/z: [M+H]" 727.

Compound 18D & ik

{EA#17 (120 mg, 0.17 mmol) % 20% piperidine/DMF % i\ C =R T304 [ ALEE & 1T -
oo MELOZE M A TR A AU SH, BOEITH Z & THNET 2LAW18 (32 mg, 35%
crude yield) % & [E A L L CH7=, Analytical HPLC conditions:column, a Waters

Symmetry C18 analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient
of solvent B in solvent A, 10 to 90% over 15 min. r.t. = 5.4 min, 5.6 min, HRMS (ESI) m/z:
calcd for C,7H3N,0g [M — H]™ 503.1460, found 503.1456.

Compound 19D & ik

{£4#)18 (32 mg, 0.06 mmol) & 16 (38 mg, 0.11 mmol)Z DMF (5.0 mL)IZ{&f# L. DIPEA
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(51 uL, 0.29 mmol)Z N %, 0°C T30/ [MHE L. & HIC=IR CHRFME#H LT 72, &
B2 JERE 5 L, MPLC TR, MRS HIRA1T 5 2 & THEMKZG/2, T &2 TIPS (18
uL, 0.088 mmol)% & TeCH,Cl,/TFA (1 : 1,10 mL) H, =& CIREHE#EZ21T 72, ELO%
MABHZ L TREEEZAE LS, BLEITY 2 & THHNET /LA W19 (16 mg, 45% crude
yield for two steps) % s (A& K & L TH:7=, Analytical HPLC conditions:column, a Waters
Symmetry C18 analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient
of solvent B into A, 30 to 95% B over 60 min. r.t. = 13.6 min, HRMS (ESI) m/z: calcd for
C30H20N,00S" [M + H]" 593.1588, found 593.1560.

Compound 20D & ik

{EA#19 (15 mg, 0.026 mmol) & {544 (23 mg, 0.052 mmol)Z DMF (0.9 mL)/100 mM
phosphate buffer (pH 8.0, 0.1 mL)™, =& C2RFMHHE 21T - 7o, IR 2 L % L HPLC
R BRASRR AT ) 2 L THB E T HEW20 (4.0 mg, 1.7% yield from
Fmoc-L-Lys(Boc)-OH) % JR k& & L C#37-, Analytical HPLC conditions: column, a
Waters Symmetry C18 analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear
gradient of solvent B into A, 10 to 90% B over 15 min. r.t. = 12.0 min. HRMS (ESI) m/z: calcd
for C47H4sNsO10S, [M — H] 917.2644, found 917.2660.

N,N'-(dithiodi-2,1-ethanediyl)bis|[3',6'-dihydroxy-3-oxospiro[isobenzofuran-1(3H),9'-[9H]xant

hene]-5(6)-carboxamide] (21)D &k *’

LA 3 (300 mg, 0.63 mmol)% DMF (3.0 mL)IZiAfi# L. DIPEA (0.54 mL, 5.0 mmol) &
2-aminoethanethiol hydrochloride (116 mg, 0.76 mmol)Z 1 2., 0 °C T 30 Zyf#HE#HE L, & HIC=
I CHREBHEEZITo 72, RIEZRERE Z L, MPLC IC X D8, k21T WE &9
A 21 (27.8 mg, 10% yield)& Sk & L TH7-, 'H-NMR (de-DMSO, 500 MHz): &
2.81-3.00 (m, 4H), 3.45-3.64 (m, 4H), 6.53-6.60 (m, 8H), 6.69 (s, 4H), 7.38 (s, 1H), 7.68 (d, J =
14.3 Hz, 1H), 8.07 (s, 1H), 8.17-8.26 (m, 2H), 8.46 (d, J = 14.3 Hz, 1H), 8.86 (d, J = 23.1 Hz, 1H),
9.01 (d, J = 23.1 Hz, 1H), 10.17 (br s, 4H); HRMS (ESI) m/z: calcd for C4sH3;N,01,S;” [M-H]
867.1324, found 867.1329.

3-0x0-5(6)-[2-(pyridin-2-yldisulfanyl)ethylcarbamoyl]-3 H-spiro[isobenzofuran-1,9'-[9H]xanth

ene]-3',6'-diyl diacetate (23) DA 1%
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{LE% 5 (100 mg, 0.18 mmol)% pyridine (75 pL)% & ¢¢ acetic anhydride (5 mL)IZIEf% L,
75°C T 1.5 REREE L i AKE I 2 72, 4 U7tk & 429 CHCls (60 mL) CYEf#E L | 5% acetic
acid (40 mL x 3) , sat. brine (40 mL x 3) CUEH 21T > 72, AHEIE & MgSO4 THIMREL . TR 4 I8
JEREE LT, BoNTREE T L7 a~ h 77 7 4 —(hexane : ethyl acetate = 1:3) CTHgHd
L. 23 (30 mg, 38 %)% AfafifkE LTH7-, 'H-NMR (CDCl;, 400 MHz): 6 2.24 (s, 6H), 2.94
(m, 2H), 3.69 (m, 2H), 6.81-6.72 (m, 4H), 6.94-6.91 (m, 0.5H), 7.04 (dd, J= 7.5, 1.2 Hz, 2H), 7.10—
7.13 (m, 0.5H), 7.32 (d, J = 8.2 Hz, 0.5H), 7.40 (d, J = 8.2 Hz, 0.5H), 7.44-7.49 (m, 0.5H), 7.53—
7.59 (m, 0.5H), 7.60 (s, 0.5H), 7.91-7.95 (m, 0.5H), 8.05 (d, J = 8.2 Hz, 0.5H), 8.14 (d, J = 8.2 Hz,
0.5H), 8.19-8.23 (m, 0.5H), 8.46 (m, 1.5H), 8.63 (t, J = 6.0 Hz, 0.5H), 8.59 (t, J = 6.0 Hz, 0.5H);
BC-NMR (CDCls, 100 MHz): 6 168.49, 168.41, 167.90, 165.13, 151.90, 151.20, 151.16, 149.60,
149.03, 136.72, 128.60, 128.54, 128.02, 121.64, 121.58, 121.52, 117.59, 117.57, 115.47, 110.23,
81.90, 60.37, 38.47, 37.09; HRMS (ESI) m/z: calcd for C3HpsN,05S, [M-IrH]+ 629.1052, found
629.1079.

Hm SBIUENCEIT 5 EER

H AT FVRIE

AT FARIEX. JASCOFP6600 (slit width: 5 nm and 10 nm)% VT, 37 °CIZ

THIEZIT-o77, AV ELZIecmiEO L O E HW., o PV EEIZI3 mLTITo 72,

YAIVT 4 Rigia A% B4 5 HPLCAEAT

A1 L < 1312% 100 mM HEPES buffer (pH 7.5\ AR L. J2E 21 mMIZHHTE %
ATV, 5mM GSHC37 °C T304 LR 21T - 7=, BUGHHE % 0.05% formic acid in MeCN
TO0.5mM (IZFE THWNEITV, LC-MSIZ L DT 21T > 72,

B R B THICBET O ER

RS

MCF-7#fd 1%, 10% FBS, 50 U/mL penicillin, 0.05% streptomycin & kanamycin% & 3¢
MEM % T, 37 °C, 5% CO, 5 PHR N T E 21T - 7=,
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TATENARA=D T
B SHEDEBAETIL, Zeiss LSM 700 laser-scanning microscope system% 7=, S5 T

X, 20x XL X 40x JHIE L XA HUVZ,  MCE-7 cells (7.5 x 10° cells per well) %
35 mm glass-bottomed dish (treated TC, Greiner) £ T60-70% DI/ 5 £ TH#E LT,
MCF-7 cells®D#% Z Ye i % 72 12, Hoechst 33342 (1.0 pg/mL, from 0.1 mg /mL stock
solution in water) T103f] 7 LA ¥ 2 X— N &{To7z, TDH%, {72 —7(1 uM, 1%
DMSO as a cosolvent) %37 °C, 1557, MEM (-) (without FBS)"f T/ L A > F =2 X— |
ZITVN MEM (-) CHEHE ATV T2 MEM (& N2, BlEx1To7, 7 m—7 [

FRIOEE - MR BEA L, MEM (-) T1T o 72,

—E L BT 5 FER

i

WoE WEE R T 5

GATRNA A=V I

FE B FHTRANIEEICET D,

N-Ethylmaleimide (NEM)Z HW 2 R Tld, 7'm—7 Z01% 5 A Mid 2 50 uM NEM
T30 A »FaX— & 7o,

5,5'-Dithiobis-(2-nitrobenzoic acid) (DTNB)H W\ 7= 528k Tlx, 7' v —7 212 D AN HIE

%100 uM DTNBT6043[H 1 o F 2 X— F 21T > 72,
Bacitracinz FH\W\\ 72 5 CTlx., 7' v —7 %2 h1 2 5 HijlZ10 mM bacitracin T6043 A > % =
N—h&{To7,

B OHONHED O TEICEET 0 %R

{LEW22IODTTIZ K 2 IeIZ B § 2 Fhr

{E&#21 (5.0 mM in DMSO, 1.0 uL)% 100 mM HEPES buffer (pH 7.5, 100 uL) % i\ C
50 uMDIREEINZ 72 5 E£ THN L, DTT (20 eq.) & M2 T6053 [, IR CTHEEZIT o7z, &
SIS RIZDTT (20 eq.) & 12 6047 [l ==il THAE 21T > 72, 0.05% formic acid in
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MeCN % FH\N CRUGAR 2 12.5 pIMOIRFEIZ E THIRAZ 1TV, LC-MSIZ L » THEHT 217

27,
F—F FHAHD B _IEICET A5
i RS

CH I SRS R Ll o

FTATENAA=D T

How EIE TR INEICET S,

2 b r— AL AW E AN KR T B AR TR s ik
(R ALEW2203 68 LT 1.0 pWMOREL THMTISAAET 2 L 5 ISz 7z,
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Figure S1. HPLC chart of 11. Analytical HPLC condition: column; a Waters Symmetry C18
analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient of solvent B

into A; 10% B for 5min then 10 to 90% B over 15 min

i) (x10
iﬁ;m.gnn .00 i )
.. KKSRALF~__NH:
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2.6 o
FAM w P s ’\)LNT'MN'DE:
H H H
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0.0 2.6 5.0 75 10.0 12.6 19.0 17.6 win

Figure S2. HPLC chart of 12. Analytical HPLC condition: column; a Waters Symmetry C18
analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient of solvent B

into A; 10% B for 5Smin, 10 to 95% B over 15 min.
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Figure S3. HPLC chart of 13. Analytical HPLC condition: column; a Waters Symmetry C18
analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient of solvent B

into A; 10 to 90% B over 15 min.
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Figure S4. HPLC chart of 14. Analytical HPLC condition: column; an Inertsil C4 analytical
column (GL Science, 3 x 150 mm), flow rate 0.5 mL/min, linear gradient of solvent B into A;

10 to 90% B over 15 min.
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Figure S5. HPLC chart of 15. Analytical HPLC condition: column; a Waters Symmetry C18
analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient of solvent B

into A; 10 to 90% B over 15 min.
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Figure S6. HPLC chart of 20. Analytical HPLC condition: column; a Waters Symmetry C18
analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient of solvent B

into A; 10 to 90% B over 15 min.

49



[ T S S S £ S RPARE S

1% 2

MCF-7#fd 1%, 10% FBS, 50 U/mL penicillin, 0.05% streptomycin & kanamycin% & 3¢
MEM % 851 & U CTHW 2, MDA-MB-2315ffifii%, 10% FBS, 50 U/mL penicillin, 0.05%
streptomycin & kanamycinZ 7 #eRPMI-1640% V72, 37 °C, 5% CO XX T CH&# 21T

S>7,

TATVNA A=V T
MCEF-7 cells (7.5 x 10* cells per well) £ 72 IZMDA-MB-231 cells (7.5 x 10* cells/well) &35

mm glass-bottomed dish (treated TC, Greiner & 7= | treated ADVANCED TC, Greiner) T
60-70% DT/ D ETHE LIz, Baita T 572D, Hoechst 33342 (1.0 pg/mL,
from 0.1 mg /mL stock solution in water) T1077fH 7' L A »F 2 X— s &{To72, TDI%,
&7 v —7 (1 uM, 1% DMSO as a cosolvent) %37 °CC15%3[H, &% & F oW i ©
A F 2= METV, WEHEITo70. 600 72131204001 . LM a0 LBAMEE 4 1
WCBIEE LT, 3R OB BAIRER I, Zeiss LSM 700 laser-scanning microscope system%
Wiz, EBRTIE, 40 R LV XE 0T,

BUE O B TICBET O ER

BB TR I S,

FGA TN, A= T

MDA-MB-231 cells (7.5 x 10* cells/well) Z 35 mm glass-bottomed dish (treated
ADVANCED TC, Greiner) - T60-70% D272 5 £ TH# L7z, 13 (1 uM, 1% DMSO
as a cosolvent) %37 °CTI1547[H. MiEEZ & F /R WEHIHF TA % o X— F 2 TV, P
AT -T2, BEEDIKE T L721%9047%% IZLysoTracker Red DND-99 (50 nM) %37 °C G304 [H]
A Fa_X— FETV, MRRERERICBIEEZIT o7z, B REOLBEMBIIX. Zeiss LSM
700 laser-scanning microscope system% H 72, SR TIL, 40x R L o X &2 H\ iz,
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O OB ISR 5 %R

Compound 26D & ik

NovaSynTGR resin (0.20 mmol)Z W CEFEAKEZITo72, 7 2/ BOMiE 1%, Fmoc
7 2 /W (5eq.), DIPCI (5 eq.), HOBt-H,O (5 eq.) = & ©*DMF 2 mL) R &Mz, =R T
LSHFEIR & 9325 2 & TIT o 72, 17DHE A 1%, 17 (3 eq.), HOBt-H,0 (6 eq.) , DIPCI (2 eq.),
DIPEA (2 eq )& W TR T 5 2 & TIT o7, FmocllifRi#iX, 20% v~V v
/DMFI&RIE (viv) TEIR, 2050 M Uiz, fR#EXTF R (480 mg) %
thioanisole/m-cresol/EDT/H,O/TFA (5:5:5:5:80 (v/v), 4.8 mL) % HV TR C3RFfE] 7
BT L2 L THIENLDOEIY L & BiREZT > 7o, MELOZ N Z THA U7z bk 4 % L
THED ., TOREAELCOT=RIEE Lz, /2 BUHHPLCIC THIBLL | BRAS RS2 2 &
THRET DT T R26 (14 mg, 2.3%) i f{Ak & L CTH7-, Analytical HPLC condition:

linear gradient of solvent D into C, 10 to 90% D over 30 min. r.t. = 23.8 min; LRMS (ESI) m/z:
[M+H]" 2172.

RS

MDA-MB-231#fifdiZ. 10% FBS, 50 U/mL penicillin, 0.05% streptomycin & kanamycin%
ZL-15% Wz, 37°CTREZTT o7,

FLikge

MDA-MB-231 cells (7.5 X 10* cells/well) % 35 mm glass-bottomed dish (treated
ADVANCED TC, Greiner) FT60-70% DOFEEIZ/D £ THE L, ZOMEEZ26 (1
uM, 1% DMSO as cosolvent)Z37 °CC15 4rfl, IMiE % & F 22 WEFHI(L-15(-) TA »F =
N—h&fTo7z, WT, L-15 ()& WGl fa e 2 2R1470, 37 ° CTI55r M £ 721,
12057 A > F =2X— N &Z{T> 72, MDA-MB-231 cells %#2% paraformaldehyde CZi&.10
SERE T % Z & THEE L, PBS THEESOHEMET 5 Z L THHF L72H%. MeOHT
=20 °C, 553 fHIALEE U 7=, #iAE & PBSIEN L | 2% blockace T30y AL 21T - 72, #5e\ > T,
#iZ PARI antibody (ab63445, abcam®, 1/500) T4 °C, —BpALEL L, PBSYEHA1T - 7=,
Z D 1%, fild % Alexa-488 conjugated secondary antibody (Alexa Fluorfor® 594 goat anti-rabbit
IgG [H+L], A1103, molecular probes®, 1/1000) T37 °C, 304y AL L. PBSHEH 21T - 7=,
L A BRI, Zeiss LSM 700 laser-scanning microscope system % V7=, 28k Tl
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40x ML X & W,

P

H
=i
=

BIHIZBET 2 FEk

Compound 27D & ik

NovaSynTGR resin (0.10 mmol)Z W CREFEA K EIT> 72, HWZT I /BRI,
Fmoc-L-Lys(Mmt)-OHZ B\ CETDIED & D& Fvi=, 7 2/ BROMEA L. FmocT 2
J (5 eq.), DIPCI (5 eq.), HOBt-H,O (5 eq.) % & T*DMF (1 mL) &K% N %, iRk T1.5KF

R & 995 Z & T1T - 7=, Fmoc-L-Lys(Mmt)-OH, palmitic acid, Trt-S(CH,),COOH Dfg &5
X, FRFR oA (3 eq.), DIPEA (10 eq.), HBTU (2.9 eq.) % & #eDMF (1 mL) Ak %
Mz, S| TSHERIIRE 9952 & TfT>7-, 3IIDIPEA (Seq.) M5 Z & THah
17> 72, FmoclifEi#iT, 20% XU 22 /DMFIAIR (v/v) CT=RIE., 2057 MALFE L 7=, Mmt
iR ZACOH-TFE-CH,Cl, (1: 2 : 7) C=iR, 1557 T4l v ik4 2 & TRE L 72, &
T F NEH (600 mg) % thioanisole/m-cresol/EDT/H,O/TFA (5:5:5:5:80 (v/v), 4.8
mL) Z AW TR T3, T2 2 THIENL DB L & MifriExIT o7, @
ELbOZ A TA ok 2 0 THRD . T OB ZELO T =R L7z, 2 BUHHPLC
TR, BRASHIR S 2 2 L THINE 3237 F P27 (40mg, 14%) ik L LT
72, Analytical HPLC conditions: column, a Waters Symmetry C18 analytical column (Waters,
4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient of solvent B into A, 10 to 95% B over 15
min. r.t. = 6.5 min, HRMS (ESI) m/z: calcd for C”5H182N2702682+ [M + 3H]3+ 796.4485, found
796.4475.

Compound 28D & %>

~7F R27 (20 mg, 7.0 umol) & LA WS (6.1 mg, 14 pmol)% DMF (1.44 mL)/phosphate
buffer (pH 6.0, 0.16 mL), =ik CT12MFM MG 21T > 72, HPLCKH#, WURSHREZ1T S 2
ETCTHBET AT T R28 (7.3 mg, 33%) & REMAEE L TH7=, Analytical HPLC
conditions: column, a Waters Symmetry C18 analytical column (Waters, 4.6 x 75 mm), flow
rate 0.5 mL/min, linear gradient of solvent B into A, 10 to 95% B over 15 min. r.t. = 7.7 min,

HRMS (ESI) m/z: caled for Ci3,H200N3,0,7S,>" [M + 3H]*" 905.1552, found 905.1538.
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Figure S7. HPLC chart of 26. Analytical HPLC condition: column; a Waters Symmetry C18
analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient of solvent C to

solvent D; 10 to 90% over 30 min.
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Figure S8. HPLC chart of 28. Analytical HPLC condition: column; a Waters Symmetry C18
analytical column (Waters, 4.6 x 75 mm), flow rate 0.5 mL/min, linear gradient of solvent B

into A; 10 to 95% B over 15 min.
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