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2014, Glucose-regulated proteins in cancer: molecular mechanisms and therapeutic potential. Nature
reviews Cancer 14, 263-276). o]&¢] Zglo|dE dwlAEL FUYAA ] oA A o Tofsh= ohedst
ke A S Eeketar, FekAl el diste] 7 st 2AbE AL e oA S shubE Hsp9oel
9 tH(Neckers, L., and Workman, P. (2012). Hsp90 molecular chaperone inhibitors: are we there yet?
Clinical cancer research : an official journal of the American Association for Cancer Research 18, 64—
76; Trepel, J., Mollapour, M., Giaccone, G., and Neckers, L. (2010). Targeting the dynamic HSP90
complex in cancer. Nat Rev Cancer 10, 537-549; Whitesell, L., and Lindquist, S. L. (2005). HSP90 and
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(24) 1-(2-BRE-3-ZF0 2 2A)-4-F 2 2-11-Y &£ Z[3,4-d] 7 gl v]d-6-o} 71 (DN203494-1);

=

(25) 1-(4-B2E-2-ZF 2l d)-4-F2 2-11-9 2} £ 2[3,4-d] ¥ g v d-6-o}7] (DN203495-1);
(26) 4-F22-1-(5-ZF 2 2-2-W| S AW Z)-1H-9] 2} &2 [3,4-d] 9] 2] 1] ©-6-o} ¥ (DN203633-1);
(27) 4-E22-1-(2-EF2-5-Wedila)-1H-9 2F 2 [3,4-d] F 2] d-6-0}71 (DN203634-1); 2

(28) 4-F22-1-(4-(WEE )W) -11-9 &2 [3,4-d] 9] Z 7] " -6-o}71 (DN203635-1).

Hodbof| A, 7] fo] 'K oz FEIFE FUol@ o] FofdA UutxHoz ALEHI e A FIE I
HE onely, 2 2719 wmE 7] Boldd £ odnk. AR oR ) 382 o i 3gtEe ofstxow 3§
|7hse 9o 2, Ak, BEAR, QX e Saky 7o FU)akde] A olA|ELF, EREFQROMAEL
TAA, DA, FAF, Fukalk, WlZzAF, FAA, Ful2sl, @b olxmE B T Wk e {7 J)F
2840, WEdEN £ ge-ERAdAdEM g dEMNY ;) YER, 28 £ dFY e 4}
g FE59o 4, =2 Ve FAFgH o FE /e 4 AT ¢ Jde AR I gk e o T
< 5 F dou o AdHE e oyt

TAZC A AA FElo]A], B EREL FH AMEEE zh= &) 3lehy] 119 x2S 2hE BIIB-021(6-F
22-9-[(4-vEA-3,5-tHd-2-T] I ) v D ]-9F-FH-2-0}7; CAS No. 848695-25-0) ZH-E £ o] uw}
geta a9 725 2t BREH(Pan-401) 3H3E §& HIEE oo (SRR 1 WA 28) Az

Me OMe

Pan-401

Zasi. o] Hsp90 ASAZF s vhFst <

TIAEANY BolHoz A ¥ olyg ngH Fuz EAstmz, 7] sk 19 3}
Hsp90 % TRAP1¥} #-& Hsp90 Al d AajAls FTUdAEA sl =2 A8Ade veld 4= ),
, Eodeo] w2 34 9 3EEe Z# <zl BIIB-0210|v} PU-H713 2 F8 AAZ= A A=

=3
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Y

% 98 Qumel A BREY BHS FEF Aol

T 102 Q| HoA FF @D HAEA Ust Pan-401(3EH4 [a9] S3HE 1)o] 82 Aot}

>

Wy A7 Hek FAF g
[0063] ojgl, & wWEo &S A dE Foto] HS AAs] AwWetaat sk, B gl Aot 7] AAdel

olate] FAHE AL of.

[0065] 2 AA oA ARRE = oFol= v AT

[0066] CNB, calcineurin regulatory subunit B;

[0067] CypD, cyclophilin D;

[0068] DMAG, 17-(dimethylaminoethylamino)-17-demethoxygeldanamycin;
[0069] ER, endoplasmic reticulum;

[0070] Drpl, dynamin-related protein 1;

[0071] GAPDH, glyceraldehyde phosphate dehydrogenase;

[0072] Grp94, 94 kDa glucose-regulated protein;

[0073] HSF1, heat shock factor 1;

[0074] Hsp90, 90 kDa heat shock protein;

[0075] MIT, 3(4,5-dimethyl-thyzoyl-2-yl1)2,5 diphenyltetrazolium bromide;
[0076] NTD, N-terminal domain;

[0077] RyR, ryanodine receptor;

[0078] SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis;
[0079] TPP, triphenylphosphonium;

[0080] TRAP1, tumor necrosis factor receptor—associated protein 1;
[0081] TRAP1-NM, C-terminal deleted TRAP1;

[0082] CNB, calcineurin regulatory subunit B.

[0084] Az 1: Pan-40 (313} Ja, SHHE DIFEY Az

[0085] 1-1) Hsp90 inhibitore] ZH]|

[0086] PU-H71, BIIB021, 17-AAG, AUY922, " 17-DMAGE Tocris, Toronto Research Chemicals, ¥+ Sigma-Aldrich®

BE sFeltl. DN320= W020050284349 7|A1E v whel A %35k ).

[0088] 1-2) Pan-401 4% $1¥ Scheme ¥ A% &4
Ci I:.I
\/;“‘f‘\ll =
1L’kn’ C
G Ot 0 8 -, 71 HoN o TEA IIL T
:*_|-.,~> M, 0 o &0 °G, 3 = ™o | Sy -.J) P - N .-‘--u’ﬁ\ll
2.0 O (WFHCL CHCl, 2°C. 33b ge ~F 0 CHiCl, 0°C, 1.6 Lﬁ{ﬁpc
E\-rf
! A PAN-401
[0089]
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[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0097]

[0098]

[0100]

[0101]
[0102]

ZIHSdl 10-2018-0045781

(1) ((6-rErHx[d][1.2]t0]&E&-5-d)HE)3to| =8 R Jle|=2 g2 eo|E 9 A=

Hydrazine monohydrate (6.33 mL, 130 mmol)E 5-bromo—6-(chloromethyl)benxol[d][1,3]dioxole (1) (2.5 g,
130 mmol) <] uﬂﬂ& SN(40 mL) el F7Fsklar, o]& 0° CollA] 307 wwkeditt. Alx® £3&E2 60° C
7] 7FEe & g2 LA 2.5 AZE <t ﬁ‘*o}oﬂq ojF, 7] EFEES Aoz W47,
24nLE FUbsider. 8ulE gedstel A ofF 55 mL 7HX] FHAI 7] 3L

bk, ool CHCl,& H7bsted f7] B4 5 ®Es8lx a8
sl A sEAIFHY. Aoz AskE FARE CHCl, (100 mL)ol] E38iA7]a, o8 -2° (2 YA AT, &3
HoZ T4k U9l 4 N HCl (38 mL, 150 mmol)E &Ho Frlstar, 7 EFES -2° ColA] 13 A|ZHe<et wwts)
Ak, AAE JAHAES ouE 38, CHCl,, o]|AZEHJH Z(isopropyl ether), % CHCl, & A& 38+
I w2 AxAA ((6-REZEHMZE[d][1.2]90]&E&-5-y)dE)slo| =g} solm2F2go]=(2) & A

AA R FESATF(2.3 g, 82%).

;O

1 13
H NMR (400 MHz, ds-DMSO) & 7.21 (s, 1H), 7.11 (s, 1H), 6.07 (s, 2H), 5.74 (br, 3H), 4.03 (s, 2H); C
NMR (100 MHz, ds~DMSO) 148.3, 147.6, 128.2, 114.2, 112.9, 110.7, 102.6, 52.9; MS (ESI, m/z)
calculated for CgHioBrNsO, [M+1]+ 246.08, found 246.50.

(2) 1-((6-r=Exy
Az

Z[d][1.2]1F0]&&-5-U)HE)-4-SF22- 19 FE2[3,4-d] 9 F v PD-6-0}  (Pan-401)<]

CHLCl, (3.0 mL)ell FHolgle= Egodolnl [1.2] ]2
Z-5-d)HE)slo| =gz o=z FE2Fgol= (2) (0.8 g, 2.5 mmol) ¥ CH)Cly, (10 mL) F¢ 2-amino—4,6-

dichloropyrimidien-5-carbaldehyde (0.4 g, 2.1 mmol) Z&-&o] 0° C oA <F 15% <t Hretdy. AA
T EFES 1.5 AZbset 0° CollA] wwksik. ¥Hg S, 0.2 N HCl (aq) & "L7] e Ko, o] E3t
=5 CHLly (XS)E FE3AT. A2¥dE fUISS BERle® AFStL o]F MgSo,= Axsglth. ALkE A

= Ay AneEaY e S Agste] AASALCHCL, to 114 EtOA/CHCL) T A} %2
g4 nA R F53HATHO0.79 g, 99%).

£ solution (1.2 mL, 8.4 mmol)S ((6~EEZEWIZ[d]

FL

'H NIR (400 MHz, ds-DMSO) & 8.04 (s, 1H), 7.39 (s, 2H), 7.25 (s, 1H), 6.48 (s, 1H), 6.04 (s, 2H), 5.32

(s.2H); "C NMR (100 MHz. ds-DMSO) & 161.4, 155.9, 153.5, 147.7, 147.2. 132.8, 128.6, 112.5. 112.3,

108.9, 106.0, 102.0, 49.49; MS (ESI, m/z) calculated for CiHiBrCINsO, [M+1]+ 383.6, found 384.0.

Az 2 WA 28: SIFE 2 A] 289 A=

1ol AwEel Az g wet ShFE 2 WA 288 Az

Ci i.'[I\I\
N = Benzyl halide N QNN
ool M = 3 ; =N
H;NAN?’"'” K5COs, 60 °C, 2 h HaNT TN | ”r:“\r
H o
N
-2 22122 2[3,4-d] 9 g v e-6-2ola (0.5 mmol), TFAEA R X&® wAso]=(0.5 mmol), =
and K,C05 (1 mmol) 2 A=Z% DNF (3 mL)oll Qi 124)7F B0t 60ColA wutatdc), o]F o]= Loz Wzt

A7 & AZE eI TES ARt (20 mL)Z A A 7|3, o]F o] Bl (brine) 20mL = 23] A&},

o
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[0104]

[0105]

[0106]

[0108]

[0109]

[0110]

[0112]

[0113]

[0114]

[0116]

ZIHSd 10-2018-0045781

T7152 71 NgS0, & ARESte] HA2AIX 5 of3sigity. Buje] AlA Foll, e Aegbd AY AzvtE
;é],

== i
S AFEEte] 2 FEES S5, AV dFd Selo]l= 1 WA 4719 RE X HE Aoz olu
RS RI, R2, R3 EE R4E 9w 3},

Az 2: 1-WAA4-ZF22-10-HFE&=[3,4-d] 9 Fn]Dd-6-o}71 (DN200219-1, 3= 2)

A7) A Az A weh 13 FAstel, AN nA Fuel A ARBE FEIANUT. FE: 786, 0 MR
(400 MHz, CDCly) & 7.90 (s, 1H), 7.36 - 7.26 (m, 5H), 5.44 (s, 2H), 5.30 (s, 2H); MS calcd for

ColliCINs (MHD = 259.06, found 260.15

AZd 3: 1-(A=[d][1,3]t}o]&&-5-dd)-4-F =2 2-10-F = =2[3,4-d] ¥ 2 v Hd-6-0}3  (DN200263-1, 3}
& 3)

A7) Auk Az T we wre Faste], A mA FEje] wA FFES S5, 80 57%, H MR
(400 MHz, CDCls) & 7.88 (s, 1H), 6.83 (d, J = 9.7 Hz, 2H), 6.74 (d, J = 7.7 Hz, 1H), 5.92 (s, 2H),

5.33 (s, 2H), 5.22 (s, 2DW; MS calcd for CisHiCINsO, (M+H)+I 303.05, found 304.10

Azd 4: 4-222-1-(3,4-1 222 3A)-1H-HHZ2[3,4-d]F v d-6-°}71 (DN200318-1, &H3E 4)

|

A7) duk Az T we wre Fastel, B4 mA FEje] wA FFES FE5E%T. 80 53%, H MR
(400 MHz, MeOD) & 7.96 (s, 1H), 7.48 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.2 Hz, 1H), 5.43 (s, 2H); NS
caled for Coll:CINs QM+H)': 328.58 found 328.05

o]

Az 5: 4-Z22-1-((6-F22WZI[d][1,3]to| &&-5-U)WE)-1H-Y = 2 [3,4-d] F g v d-6-o}7]

_12_



[0117]

[0118]

[0120]

[0121]

[0122]

[0124]

[0125]

[0126]

[0127]

(DN202782-1, B3E 5)

Cl
N
a Ly
HoN M N'-, /___?_a,'::'.\’
o
Cl

A7) A Az B mek WSS Fystel, A4
1,

(400 MHz, MeOD) & 7.97 (s, 1H), 6.93 (s,
ColleCIN0, (M+H)': 337.01, found 338.20

Az 6: 4-ZF 2 2-1-((6-0}o] . =4
(DN202961-1, 3}3E 6)

59

A7) Ak Az FAe Wk Bee Fasia,

(400 MHz, CDCl3) & 7.95 (s, 1H), 7.27 (s,

2H); MS calced for Cy3HgCIN:O, (M+H)+I 429.60, found 430.00

Az 7:
(DN203143-1, 3}E 7)

7] ARk Az FAe wel 9hgS GaE,

(400 MHz, CDCl3) & 7.91 (s, 1H), 6.66 (s,

9H), 2.35 (s, 3H): MS caled for CuHpCIN,Q, (MHD)

A Al gEe) A 3}
1), 6.35 (s,

4-Z22-1-((6-HE=[d][1,3]t}o] &£~

A aA FeEe) A 3
1), 6.61 (s,

_13_

A gefel A 8t

6.48 (s, , 5.97 (s, 2H), 5.45 (s, 2H); MS calcd for

ZIHSdl 10-2018-0045781

FEL FEEAT. S8 605, H NIR

Z[d][1,3]t}o] & &-5-9) W Ed)-10-9 &= =2 [3, 4-d] ¥ 2 v| P -6-o} 71

2o FSalgT. S8 62%, H NR

1), 5.93 (s, 2H), 5.40 (s, 2H), 5.29 (s,

- ")-1H-H =2 [3,4-d] g v Dd-6-0}7

2o FSalgt. 58 506, H NIR

1), 5.89 (s, 2H), 5.41 (s, 2H), 5.33 (s,

317.06, found 318.30



[0128]

[0129]

[0130]

[0132]

[0133]

[0134]

[0136]

[0137]

[0138]

[0140]

ZIHSd 10-2018-0045781

Az 8: 4-F22-1-(3-vEANA)-1H-7 H=2[3,4-d] ¥ g v d-6-0}7] (DN203372-1, 3}IE 8)

Cl

N7 =R
flm F 0
HsN™ "NT N g
("}
il
L__\_:;,'

g7 duk Ax B W wee FAste], A4 uA deje ¥4 FFRS ST, S8 516, H NR
J=17.

(400 MHz, CDCl;) & 7.90 (s, 1H), 7.23 (t, J = 7.8 Hz, 1H), 6.87 (d, 7 Hz, 1H), 6.85 - 6.78 (m,

2H), 5.41 (s, 2H), 5.31 (s, 2H), 3.77 (s, 3H); MS calcd for CysH2CINsO (M+H)+I 289.07, found 290.00

Azd 9: 4-F2=-1-(3-Wduld)-1H-H = =[3,4-d] ¥ v Hd-6-o}71 (DN203373-1, FFE 9)

cl
|
N % b
| : N
HaNT N7 N
III-\___‘I::'; =
':,_ /’

g7) duk Az Bl W wee FAste], AN uA Weje FA FFRS FEIYUCT. S8 59%, H MR

(400 MHz, CDCl3) & 7.90 (s, 1H), 7.23 - 7.17 (m, 1H), 7.09 (d, J = 7.1 Hz, 3H), 5.41 (s, 2H), 5.40

(s, 2H), 2.31 (s, 3H); MS calcd for Cy3HCINs (M+H)+I 273.07, found 274.05

AZd 10: 1-(4-E2rA)-4-S=2-11-9 &2 [3,4-d] 9 Z 1| d-6-o}2 (DN203374-1, 3FE 10)

Cl
N7
A LN

HaN" N7 N

=
\‘L_?’}"Er
A7) Awk Az A wEt uheS Saste], A4 uA Hele] %A HFES FEEch. 580 58%, H MR

(400 MHz, CDCl3) & 7.90 (s, 1H), 7.44 (d, J = 8.3 Hz, 2H), 7.18 (d, J = 8.3 Hz, 2H), 5.38 (s, 2H),

|

o]

5.29 (s, 2H); MS calcd for CiHeBrCINs (M+H)+I 338.59, found 339.90

Azd 11! 4-222-1-(4-222-3-FFL292A)- -9 &FE2[3,4-d] ¥ gfvjd-6-o}3  (DN203375-1, 3FE
11)

_14_



[0141]

[0142]

[0144]

[0145]

[0146]

[0148]

[0149]

[0150]

ZIHSd 10-2018-0045781

o~
P
iﬁ_ G

g7 ik Ax Bl W wee FAste], AN uA deje FA FFRS FEIYUCT. FE0 655, H NR
(400 MHz, CDCl3) & 7.91 (s, 1H), 7.34 (t, J = 7.8 Hz, 1), 7.12 - 7.01 (m, 2H), 5.39 (s, 2H), 5.30

(s, 2H); MS calcd for CioHsCloFN; (M+H)+I 311.01, found 311.95

Az 12: 1-(2-H2R-5-MEAHNE)4A-F22- - HFEZ[3,4-d]F v D-6-o}71 (DN203376-1, & 12)

Cl
NP
| ; Br
5
TN Vel Vi N s
—Hf{ =X
lll'r_\z(
0
ra
A7) At Az T wel wee Fystel, A wA Fee A AFES FEST. S 61% H MR
(400 MHz, CDCly) & 7.97 (s, 1H), 7.47 (d, J = 8.8 Hz, 1H), 6.70 (dd, J = 8.8, 3.0 Hz, 1H), 6.35 (d, J

= 2.9 Hz, 1H), 5.50 (s, 2H), 5.31 (s, 2H), 3.68 (s, 3H); MS calcd for CysH;BrCIN:O (M+H)+I 368.61,

found 369.85

Az 13: 1-(2-HEZRWA)4-EZZ-10-HFEZ[3,4-d]F g v d-6-o}71 (DN203377-1, 3}3E 13)

cl

NP

B
"N
—LL PN Br
Q

A7) Ak Az FAge] mEl v sk, B4 A FH A JFES FEENY. & 67%, 'H NMR
(400 MHz, CDCly) & 7.97 (s, 1H), 7.59 (dd, J = 7.8, 1.2 Hz, 1), 7.22 (td, J = 7.5, 1.2 Hz, 1H), 7.15
(td, J = 7.7, 1.7 Hz, 1H), 6.80 (d, J = 7.6 Hz, 1H), 5.55 (s, 2H), 5.29 (s, 2H); MS calcd for
ColoBrCINs (M+H)': 336.97, found 337.90

Hal
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[0152]

[0153]

[0154]

[0156]

[0157]

[0158]

[0160]

[0161]

[0162]

[0164]
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Az 14: 4-F22-1-(2-F2292)-1H-9 =2 [3,4-d] F F v]d-6-o}7] (DN203378-1, 3}3E 14)

cl

|,"“‘C|

My

A7) Auk Az Ao we wre Fastel, B4 mAl FEje] wA AT S5, 80 656, H MR
(400 MHz, CDCls) & 7.96 (s, 1H), 7.40 (dd, J=7.9, 1.2 Hz, 1H), 7.23 (dd, J = 7.8, 1.7 Hz, 1H), 7.17
(td, J = 7.5, 1.3 Hz, 1H), 6.91 - 6.85 (m, 1H), 5.58 (s, 2H), 5.26 (s, 2H); MS calcd for CioHyClsNs

il
-:-’-5

D' : 293,02, found 293.95

A zd 15: 4-F22-1-(3,4-UZF20 =M A)-10-9HZ=2[3,4-d]1 ¥ & 7| d-6-o}7 (DN203379-1, 3}E 15)

J\L \
NN NL_ /‘—“-_-r"'F

\/\1* ,?L' F

A7) duk Az B wel WSS Faste], A4 1A FEje] ¥A HFTES FE5aAT. S8 60%, H MR
(400 MHz, MeOD) & 7.83 (s, 1H), 7.11 (ddd, J = 16.6, 9.1, 5.3 Hz, 2H), 7.04 - 6.92 (m, 1H), 5.30 (s,
2H); MS calcd for CyoHgCI1FsNs (M+H)+: 295.04, found 296.00

Az 16: 4-F22-1-(4-vd¥A)-10-HHEZE[3,4-d]F 2 7| d-6-o}71 (DN203381-1, 3}3E 16)

Cl

A7) dwk Az Ao we whee faste], M wA Fulo] BA AFEL FESATH. 48 626, 1 MR
(400 MHz, CDCly) & 7.90 (s, M), 7.35 (d, J = 8.2 Hz, 2H), 7.30 - 7.22 (m, 2H), 6.67 (dd, J = 17.6,
10.9 Hz, 1), 5.75 - 5.65 (m, 1), 5.42 (s, 2H), 5.33 (s, 2H), 5.23 (d, J = 10.9 Hz, 1); MS caled for
CullCINs (MHD': 285.07, found 286.05

Azd 17: 3-((6-olv|x4-EFZ2-11-HFE=2[3,4-d]F g d-1-d)e) ez do| EZ (DN203487-1, 3B}IE
17)
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[0166]

[0168]

[0169]

[0170]

[0172]

[0173]

[0174]

[0176]
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Cl
NS
U
HNTNTTN N
r:l L-\_r./,-__\__il
‘ull,III !
Ill.__\_:ff

1(

roAth. 8 556, H NIR
8 Hz, 1H), 5.46 (s, 2H),

o]

A7) Ak Az Ol whe e Saste], 94 wA Fejel A HPBL S5
=7.

(400 MHz, CDCl3) & 7.92 (s, 1H), 7.56 (d, J = 15.5 Hz, 3H), 7.44 (t, J

5.28 (s, 2H); MS calcd for CiHoCINg (M+H)+I 284.05, found 285.05

Azd 18: 4-222-1-(4-(EZEFFLEME)HNA)-11-9&E2[3,4-d] ¥ g v d-6-0}%] (DN203488-1, 3}3FE

18)
j‘,l
N S
,“\ rt'«.l
HoN” N N
| e
|

A7) duk Az B we whe Sastel, A mAl FEje] wA AT S5, 80 68%, H MR
(400 MHz, CDCls) & 7.92 (s, 1H), 7.58 (d, J = 8.0 Hz, 2H), 7.40 (d, J = 7.9 Hz, 2H), 5.49 (s, 2H),

5.37 (s, 2H); MS calcd for CisHoCIFsNs (M+H)+I 327.69, found 327.95

Az 19: 4-F22-1-(2,6-UZ 20 2-3-d|EA WA )-1H-H &= £[3,4-d] ¥ g v d-6-0}71 (DN203489-1, 3§+

g 19)
ri
N’“‘-‘»‘r’”x\
Lol B
HaNTONT N
I.__\_( -
Nz
A

A7) A Az FAol weh Mee Faslel, AN 1A Wele] wAl YL FE5EAT. S8 58%, 0 NR
(400 MHz, CDCly) & 7.87 (s, 1H), 6.88 (dq, J = 26.5, 8.8 Hz, 2H), 5.51 (s, 2H), 5.33 (s, 2H), 3.85

(s, 3H): NS caled for CiHiCIEN-O (MHD': 325.05, found 325.95

Azd 20: 4-Z22-1-(2-F224-ZF2WA)-11-9IZZ[3,4-d]F 2 Dd-6-o}2 (DN203490-1, 3Z}3HE
20)
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[0178]

[0180]

[0181]

[0182]

[0184]

[0185]

[0186]
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47 A Az BAel weh Wee FAskel, AN uA Fule] BA HFBL FEEAT. 8 586, H NR
(400 MHz, CDCl3) & 7.94 (s, 1H), 7.16 (d, J = 6.5 Hz, 1H), 7.00 - 6.86 (m, 2H), 5.52 (s, 2H), 5.29

(s, 2H); MS calcd for CioHgCloFNs (M+H)+1311.01, found 311.95

Azd 21: 4-F22-1-(4-W @ d)-10-9 == [3,4-d] ¥ v d-6-o}71 (DN203491-1, &3S 21)

cl
R ~""\
P
Lﬂi
W

A7) duk Az Ao we wre sastel, B4 mA FEje] wA FFEL S5, 80 564, H MR
(400 MHz, CDCly) & 7.89 (s, 1H), 7.21 (d, J = 7.9 Hz, 20), 7.12 (d, J = 7.7 Hz, 2H), 5.39 (s, 2H),

5.28 (s, 2H), 2.31 (s, 38H); MS caled for Cy3HisCINs (M+H)+I 273.07, found 274.05

AZd 22: 4-F22-1-C-vEA-4-(EgEFzre)ild)-10-9E2[3,4-d]F 2 v|d-6-0}71  (DN203492-
1, %5 22)

cl

NA‘Q R

Ai”m

HNT N R
L'-w "\L F

/5

=

47 Ak Az FAel we Mg ko], AN uAl Feje] Al SRS FESIA S8 656, H NR
(400 MHz, CDCly) & 7.95 (s, 1), 7.12 (d, J = 7.9 Hz, 1), 7.09 (s, 1H), 6.91 (d, J

5.51 (s, 2H), 5.33 (s, 2H), 3.91 (s, 3H); MS calcd for CiHyCIFsNs0 (M+H)+1357.06, found 358.00

Az 23: 4-222-1-(4-(ESFL2HEA)NA)-11-HHEZ[3,4-d] T &7 D-6-o}7] (DN203493-1, =&
23)
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[0196]

[0197]

[0198]
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Cl
e
— """-\
r\lI I \JN
HoNT N7 N "
2 \l.___ /-‘::1."
\_/~0
i o
L
F7] ARk Az FAgo wet 93-S Faste], A 1A FEe 3A IFES F5IEIY. & 53%, H NMR
(400 MHz, CDCls) & 7.91 (s, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 5.43 (s, 2H),

5.24 (s, 2H); MS calcd for Ci3HgCIFsNsO (M+H)+I 343.04, found 344.00

Az 24: 1-(2-B2R-3-Z20 2Wld)-4-Z=2-11-HIEZ2[3,4-d]F 27| d-6-o}7 (DN203494-1, FFE
24)

A7) Quk Az Fgol weh wge Fastel, #4 wA Fule) EA AFBL FEAT S8 565, H MR
t,

(400 MHz, CDCly) & 7.96 (s, 1H), 7.19 (dd, J = 13.3, 7.9 Hz, 1H), 7.06 (t, J = 7.7 Hz, 1H), 6.60 (d,

J=7.7Hz, 1H), 5.57 (s, 2H), 5.24 (s, 2H); MS calcd for CiHsBrCI1FNs (M+H)+I 354.96, found 355.85

Az 25: 1-(4-B2R-2-Z29 2Wld)-4-Z=2-11-HIEZ=2[3,4-d] =" d-6-o}7 (DN203495-1, ZFHIFE
25)

o
L,_/ =
;:’“-—-4 }"' Br

I

47) A Az T wet e FAse], DA ;A Felo] EA PR £53
J

(400 MHz, CDCl3) & 7.91 (s, 1H), 7.22 (d, J = 8.4 Hz, 2H), 7.02 (t,

5.27 (s, 2H);MS calcd for CiHgBrCIFNs (M+H)+I 354.96, found 355.90

Az 260 4-FERE-1-(5-ZTFLE-2-W|SANA)-11-9FEZ[3,4-d]F 7| D-6-c}F  (DN203633-1, =
26)
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[0202]

[0204]

[0205]

[0206]

[0208]

[0209]

[0210]

[0212]
[0213]

[0214]
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—_—

A7)k AlE Bl wheh wge Fastel, A4 1A e HA HYES FEIAUL. S 656, HNR
(400 MHz, CDCl3) & 7.94 (s, 1H), 6.92 (td, J = 8.5, 3.0 Hz, 1H), 6.81 (dd, J 0, 4.3 Hz, 1H), 6.55

(dd, J = 8.8, 2.9 Hz, 1H), 5.46 (s, 2H), 5.25 (s, 2H), 3.84 (s, 3H); MS calcd for Ci3H;;CIFN:O (M+H)+1

307.06, found 308.00

Az 27 4-E22-1-(2-FF 2 2-5-v el A)-11-H L= [3,4-d] F v D-6-o}7 (DN203634-1, & 27)

Cl

37 A Az Bl weh Wee FAskel, AN 1A Fule] BA HFABL FEEAT S8 666, H NR
(400 MHz, CDCly) & 7.92 (s, 1H), 7.09 - 7.02 (m, 1H), 6.96 (d, J = 9.1 Hz, 1H), 6.94 - 6.83 (m, 1H),

5.46 (s, 2H), 5.37 (s, 2H), 2.24 (s, 3H); MS calcd for CisHi;C1FNs (M+H)+I 291.71, found 292.05

Azd 28: 4-F22-1-(4-(FlEE| )l A)-11-d == [3,4-d] 9 g v d-6-op (DN203635-1, 3= 28)

Cl

J

NS
JL
.
Hal N
~
A7) duk Az Ao we wre Fastel, B4 mA FEje] wA AT S5, 80 656, H MR
(400 MHz, CDCly) & 7.89 (s, 1H), 7.24 (d, J = 8.4 Hz, 20), 7.19 (d, J = 8.4 Hz, 2H), 5.39 (s, 2H),

5.28 (s, 2H), 2.44 (s, 8H); MS caled for CysHiCINsS (M+H)+I 305.05, found 305.95

AAld 1: AHgEe 4 9 Y
1-1) 3gred, Efan= 2 34

MitoTracker @ Fura-2% Molecular ProbesZHE TYstPi, thE RE FIEAEL SignaZHE TYst
t}. HSF1-GFP §3% F=E& Addgene (Plasmid #:32538; Wang, X., Grammatikakis, N., Siganou, A., and
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[0216]

[0217]

[0219]

[0220]

[0222]

[0223]

[0224]

[0226]

[0227]

[0229]
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Calderwood, S. K. (2003). Regulation of molecular chaperone gene transcription involves the serine
phosphorylation, 14-3-3 epsilon binding, and cytoplasmic sequestration of heat shock factor 1.
Molecular and cellular biology 23, 6013-6026) S ZH-¥ 43} th. Anti-CHOP, anti-prohibitin, % anti-
caspase3 + Cell Signaling; anti-calcineurin subunit B += Sigma; anti-RyR, anti-Akt, anti-Grp94, anti-
Chkl, anti-lamin B, ¥ anti-PARP1% Santa Cruz Biotechnology; anti-cyclopholin D (CypD)+= Calbiochem;
anti-elF2 a [pS52] + Invitrogen; anti-B-actin &+ MP Biomedicals, % anti-TRAP1, anti-HSF1, anti-Drpl,

2 anti-Hsp70 &= BD BiosciencesZ5-E Z}z F43tAU A3 wktct.

1-2) A & WY =4

A8 78 5-(HelLa), % (MDA-MB-231), “F4~(SK-0V3), ZH(SK-HEP-1), > (T98G), =I(H460), % H¥M (PC3 and
22Rv1)9] A7+ oF MEEL American Type Culture Collection (ATCC)EFE] FY3tFar, FFAY wjFdo
wg} FAEAT. AEEL 10% fetal bovine serum (FBS; GIBCO) & 1% penicillin/streptomycin (GIBCO)<
sk DMEM 3= RPMI wi#]oll A (GIBCO) 37° C, 5% C0.°] humidified atmospheredl A mjFslgict. A3k zhup
MEE ATCCEFEE 48k ar, o]Z ATCC corneal medium (ATCO)Ol A AZFAMS] wiFdo] whe} wj%s}ict.
Primary hepatocytei 8% 9] BALB/c wl-2~ZREH AgEdd /A" Wl wfel (Lee et al., 2015) &2
3t aL, o]= 10% FBS & 33+ M199/EBSS medium (Hyclone) oA 37° C, 5% CO, ¢ humidified atmosphere

ol 4w FaFAt.

1-2) A= ZAFH 84 4

MNE ZAFEH GA4Le ZAFH EATHO|E oMol 7]E (ENZO Life Sciences)E ARE3dle] A xAMY X A4
w2} A5l Colorimetric assays s 620nme] 3ol 4] microplate spectrophotometer (TECHAN Infinite
M200) & AFEsle] a3k qtt. 3% TR dld T2 A s da, ZAwdE &2 DNSO-AH e AE

o wjarste] ERH AT

1-3) siRNA A&

TRAP1, RyR2, IP3R, % CHOP ol digt Small interfering RNAs (siRNA) Genolution (Korea)ollA]l A13)it-&lol A
w3l wlol wha} A ZFE ATt (Park et al., 2014). cyclophilin D (CypD) % calcineurin regulatory subunit
B (CNB)E XEA3}ste siRNAES U 2 Ad& AHE-319] Genolution (Korea)olA FAdsksitl: CypD-#1
5"'-GGCAGATGTCGT-CCCAAAG-3 "' and CypD-#2 5'-GATAAGGGCTTCGGCTACA-3"; CNB-#1 5'=GCCTGAGTTA-
CAACAGAATCCTTTA-3' = CNB-#2 5'-GGAACAATCTGAAAGATACACAGTT-3'"'; control 5'-ACUCUAUCUGCACGCUGAC-3'.

Ax7b duf7Ax] wigetiar, o]E 48 At E¢F G-Fectin
@

[e] )
ARANAY. olF, kRS Apgste] e ulsh ol

{1

o

NIZEL 6-9 ZHolEd 50 WA 75%9 AZ
(Genolution) ¥ =3+l 20 nM siRNA = A}&3}
A28kt

=
o]

1-4) AZ BEE B }FEANE /= Y

AE AYEEE Cell viability was determined using 3(4,5-dimethyl-thyzoyl-2-y1)2,5 diphenyltetrazolium
bromide (MIT) ojAlo]& AR&3te] ZAAsIR AL, ©]& 595 mmoll A Infinity M200 microplate reader (TECAN)S-
ARgste] HEDER thole] F3=E SAst AZgsiiltt. F3%= 3= DMSO controlel thste] At-3}st
Qa, dolHE HAE AEEE YT, olFEA: §EEF A5 &, DNA J-8E(propidium
iodide) 2 AMX9] Jlx=ukx| &4 (DEVDase activity)S Caspalag in sitfu apoptosis detection kits
(Millipore)& AH&3l] HA3s ot dlolEd® AEES FACS Calibur™ system (BD Biosciences)< AR&3}
o] Aekslaldrl. dlo]ElE Flowlo software (TreeStar)Z AF&38lo] T2 AA 3T},

1-5) ZHHE o|u|A
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[0244]
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AREA} (Park et al., 2014). zY@atA|, HeLa Al
8 31, o]Z 154 mM NaCl, 5.6 mM KCl, 3.2 mM MgCl2, 5
mM HEPES, 10 mM glucose, 2 0.2 mM EGTA (pH 7.4)5 &F3l=, Z4 ¥ Locke's solution o)A 37° C,
5% COyskell A wiketieh. Fed A Fo, FFe] WS 340 nm B 380 mmolA ©]F  o]7](dual
excitation)dl= 510 nm®] WAl A 1X81 ZDC microscope (Olympus)E ARg&3}e] 58 with =439},
340/380 &3 H]& o]u|A]:= Xcellence software package (Olympus)E AF&3le] WA 2 EA&ch. HSF-GFP
localizationg =23}7] 9ell, Hela AMEEL g EHe @79 AlF(Invitrogen) % HSF-GFP plasmidZ
ARg-slo] Al ALY Ao whel FAFAAZT. 24 AIRE e FERAAAT Fol, AEES BVE FEE A
glatar, 1X81 ZDC (Olympus)E AFE3dto] A EFTH nmEZ=gol 22 7HA3187] Yall, Hela AlEE
I &<t 200 nM MitoTracker& AH&3te] @AetGlaL, olE k=& AR&ate] Aejsbar, o] % LSM 780 x5 @
"7 (Zeiss) & AH&3te] 23881}

O

o

1-6) RNA & & A TFaL YRS (RT-PCR)

Z RNA: RNeasy mini kits (QIAGEN)E ARg3Fo] A FALS] x| 2o whe) wjoksl AXFEZHE 48193 cDNAS

oligo(dT) primer L ProtoScript® First Strand cDNA Synthesis Kit (New England Biolabs)& A}-g3le] A
AFEFI T, PCR HF$-2 Mastercycler PCR machine (Eppendorf) oA t3 7Ze 2|7 QElo]= Eglo]
H HNEE ’\}%0}04 TEEO}S’i‘ZF

GAPDH, 5'-CGGGAAGCTTGTCATCAATGG-3'' % 5'-GGCAGTGATGGCATGGACTG-3''(MEHZE 1, 2);
Hsp27, 5'-GAGTGGTCGCAGTGGTTAGG-3''% 5'-ACAGGGAGGAGGAAACTTGG-3' (M EH & 3, 4);
Hsp40, 5'-GGAAAGAGCATTCGAAACGA-3'% 5'-ATGCCAGGCCTGATAACATC-3''(MEH = 5, 6);
Hsp70, 5'-CCAGCTGAAGAAGGGTCAAG-3'' ® 5'-TTTTCTGCTGGTGTCTGCTG-3' ' (M EH S 7. 8);

Hsp90, 5'-CTGGGTTTCCTCAGG AT-3'' %! 5'-TACCGGATTTTGTCCAATGC-3'"(MEHZ 9 ¥ 10).

1-7) Az @9d Az 2 FF 193 B4

AZ3 TRAPL % Hsp90 2 HARHo] 7128 wrel go] AxEAT (Lee et al., 2015). <1ZF Grpod
(residues 22-804)3= N-weto| A glutathione S-transferase (GST)S} &% o] E. coli BL21(DE3)AIE ol A
AT, FE5FH g ol AXELS o]F 50 mM Tris-HCl, 150 mM NaCl, = 5 mM MgCl, (pH 7.4)E +i3f

= lysis buffer oA %&3 s, Haf7}edt #3522 glutathione-sepharose 4B (GE Healthcare
Life Sciences)E A&3le] Z3H&t3dt). GST- Grp94 S5 @A o]F 50 mM Tris-HC1 2 20 mMe] F¥E &
FEX 2 (pH 7.4)& ¥33= elution buffer® AFg3le] §2A17]3, o]F F7tAH o=z A oi ZZrlE 1w
& AH&3te] AT

g Ag BA4S e, ¥9 223 PU-HTI-FITC3E APEHAA] 7]&e vio wpa} 44354l (Taldone et
al., 2011), 10 nM PU-H71-FITC2 % 100 nM o] @5 24 AJZHE<SE 10 nM PU-H71-FITC2 % 100 nM ¢] w94
S 24 AZF B3 4° C oA 135 mM NaCl, 2.7 mM KCl, 4.3 mM NaHPO,, 1.4 mM KH,POs, 1 mM DTT, 2 mM MgCl.,

0.1 mg/mL BSA, 2 0.05% NP40 (pH 7.3)Z I3l FP buffer Wel AsAlE thy3dt sw 2 dto] njdsldtt.
3 HYe HFAH o7 SYNERGY NEO microplate reader (BioTek Instruments, Inc.)E AF&3le] =481},

1-8) 243 4 +x 24

C-utek ulel A& 17k TRAPL (residues 60-561, hTRAPI-NM) ©hwldd A2 AalRdle] 7l&fdz a9y
U} Jeong et al., 2014; Lee et al., 2015). hTRAPI-NM % AJsix] E3tAE AA3st7] s, 20 mg/mle A
A¥ hTRAPT =d2l 50 pl = DMSO 59 10 Mme] AsiA] 3.7 uleh IS ol 1A)7F st &332, DMSO
T2 4% A ]7] 7] 98] 25 mM Tris—Cl (pH 7.5), 150 mM NaCl, and 5 mM DITE &3l d=Hs /\]’“9“0}
of HF 797 90 pl HE=s AT HEFASS ofF 2ol @ulE 1 ol ¢ 1 pl 9 reservoir
buffer %ﬁé’%}‘“ Ao o3 #A A (hanging drop diffusion method)E AF&-3sle] ZAA3}stglth. TRAP1-

off

rl
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DN320 E3A1e] 24L& 100 mM sodium cacodylate (pH 6.76), 14%-16% 8K polyethylene glycol (PEG), 2 100
mM calcium acetate® X33} reservoir buffer Wlol A AFAIATH, 713 A8kA 345 +E TRAP1-Pan-401 &
Aol A4 8K PEG thAl 14%-16% 20K PEGE X33l reservoir buffer WolA #5HATt. AAHEL o|F
30% glycerole] F-7Fe AR &4 oA WAANA BHIEUIL, HA A& olx T dAHJT.  X-ray
3]d dlo]E&= Pohang Accelerator laboratory (PAL)9] 5C beamlineolA HEFJ, do]lEHES HKL2000
software (Otwinowski and Minor, 1997)& A&3te] 7l vk, &F AAHELS TRAPI-PU-H71 complex crystalell
#eto] MayPFHoA wad vkel o] (Lee et al., 2015) BF A2 U3 Ao~ IF (P4,2,2) 2 A4

A (a=Db=269.5 A, c=253.0A)& 7 Ay, AsAES HdA ©E== TRAPI-PU-H71 (PDB 4Z1F;
Lee, C., Park, H. K., Jeong, H., Lim, J., Lee, A. J., Cheon, K. Y., Kim, C. S., Thomas, A. P., Bae,
B., Kim, N. D., et al. (2015). Development of a Mitochondria-Targeted Hsp90 Inhibitor Based on the
Crystal Structures of Human TRAP1. Journal of the American Chemical Society 137, 4358-4367)=%F-¥ @zt
=7F §l= TRAPL %5 AHES Fourier WM& AR&ste] At RlaL, &x4 92 Coot (Emsley, P., Lohkamp,
B., Scott, W. G., and Cowtan, K. (2010). Features and development of Coot. Acta Crystallogr D Biol
Crystallogr 66, 486-501)& Al&3&le]l o] Az} WEE FE3th.  Final models for TRAP1-Pan-401 2
TRAP1-DN320 o tfst #F =22 Phenix (Adams, P. D., Afonine, P. V., Bunkoczi, G., Chen, V. B.,
Davis, I. W., Echols, N., Headd, J. J., Hung, L. W., Kapral, G. J., Grosse-Kunstleve, R. W., et al.
(2010). PHENIX: a comprehensive Python-based system for macromolecular structure solution. Acta
Crystallogr D Biol Crystallogr 66, 213-221) AME3le] 2.4 2 2.7 A =R 247 7F=dnr. A4
A BAE 7] & 1o &7

x 1

Hiold 4 R 718% EA(Rcfimenent Statistica)

Ligands Pan-401 B0
Dsce ppt: Hacive Haciwe
FIB sccezsion &

Spece group’ o B P42
Cell parsmecers 2, b, ¢ (3) 69.4, 02.4, 252.2 82.5, ®.5, 2553.0
HolH 7HE

Wavelengch (2) 0.9720 0.%292
Re=olucion (1) 30-2.4 ke
R_.. (&) 7.0 =:55.-:;=~ 5.
I/e 40.0 (3.3 3L,
Complecensss (80) 9.1 I_'l".}ﬂ_-:-,.'- 2.
Sedundaney 6.2 (6.4) 5
7HEE A

Daca ravge (L) 352 .4

Refleccions 24255 1T
Jdontsdrogen stoms 3BET S0is
Wacer molecules 3z 35
R.m.e=. A bonds :_:_:" 0.005 0.003
R.m.8. ) 0.557 0.562
a-fec 0.3 1.6
R 28.9 &7.2

aRmCrgc =100 x o | Li(h) - <I(h)> | / <I(h)> , oJu, [;(h) & ith S Xo]a <J(h)> = Miller indices
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b . . .
target geometries =5-E] 9] Root-mean-squared deviation (r.m.s. A)

R-factor = 100 x |Fp ~ Feccarer|/ Fy.

Riree = HlOJEY] 562 AFg31] AT T}

RE G249 292 PyMOL (http://www.pymol.com)S AR&3fe] 13T},

1-9) % olFel4 Ag

B2 uEd BE AYLS UNIST (IACUC—IZ—OOS—A)Oﬂ 291 Wtk QHAIE(T X 10° 22Rvl EE 1 X 10
PC3)& 200 ul 2] PBSol @dE3tar, 6532l BALB/c nu/nu $4 vF$-2~(Charles River Laboratories)®] 4
Aelel F3k FAEIY. FFES olF o 100 m’ o A7t BehA PR, RS FANE 1§S
A (two tumors/mouse, five mice/group). ZI<alA], vehicle (DMSO), DMAG, 3 gamitrinib& PBD Wfe]
20% Cremophor EL (Sigma)el] &&MAIFHI, 10 mg/kg®] DMAG %/XEE gamitrinibs 3F Ze] B4
Folgtith. Pan-4019] <1 H|E FFF &HE Arlelr] A8, A7) oEs Z=ddFgE 4 DNSO (1:1)e] &
MA7)aL, i B O FolEAth(30 mg/ke). FUHELS AHHAE o] &dte] AP, FF AV E TdS9
2 o] II]r‘j/]r Axba AT,

V=1/2 x (4qu)’ x 2o,

o wAAAD, K, A, AF, 7, 0, 9L FFS N BEe 2908 B4

Ay vpA gt FEES vl , | o, AT 3 = & QF = A e =
2" BeEe S8 FRssleh. £ V19 RRE2 100 x2EEeR uAPAZI, ofF 2ATA F
AE flal gk el mj"skadtr. EfekAl, 24 s (5 pm) LFFA Stol= Aol Fia HEE AHE
sto] AAetaL o] Dotslide system (Olympus)S AR&3te] 20x wi= Fdiate] @Gl =6 B3t &4

S 98, =7 AMEZEL magnification. For Western blot analyses, tissue samples were homogenized in
RIPA buffer containing 50 mM Tris (pH 8.0), 150 mM NaCl, 1% NP-40, % 0.25% N—deoxycholate% Estsl=
RIPA €+ WellA Astelar, ZZHobAl AsiAl 2 E2abetA] AsiA] Z+e Y (Calbiochem), B 83715
3 HIE5S HPEHA (Park, H. K., Lee, J. E., Lim, J., and Kang, B. H. (2014). M1tochondr1a1 Hsp90s
suppress calcium—mediated stress signals propagating from mitochondria to the ER in cancer cells. Mol
Cancer 13, 148)0l 7RA1% who] wha} BAtgtt.

= bR, 247t A4S 3de A 5. SAHY] A2 Prism 5.0 (GraphPad)
&kl Atk WA= unpaired t-tests& ARESk] FQUsaL, p < 0.05¢1 wWell #2]% <l
O

Al A (ﬂl 2: a‘ﬂ:
2-1) HB=T(paralog)e] A& H|ZA g 95 AXALY FsH F7T

nEF=zglold TRAP1 AsA|, 7IvEzZ]d (Kang, B. H. (2012). TRAP1 regulation of mitochondrial life or
death decision in cancer cells and mitochondria-targeted TRAP1 inhibitors. BMB Rep 45, 1-6; Lee, C.,
Park, H. K., Jeong, H., Lim, J., Lee, A. J., Cheon, K. Y., Kim, C. S., Thomas, A. P., Bae, B., Kim, N.
D., et al. (2015). Development of a Mitochondria-Targeted Hsp90 Inhibitor Based on the Crystal
Structures of Human TRAP1. Journal of the American Chemical Society 137, 4358-4367)3} |32 = ER o
X3 Hsp90 shde wrmas u &3} 317] 9% thEA Hsp90 #AsjA|=(Patel, P. D., Yan, P., Seidler,
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P. M., Patel, H. J., Sun, W., Yang, C., Que, N. S., Taldone, T., Finotti, P., Stephani, R. A., et al.
(2013). Paralog-selective Hsp90 inhibitors define tumor-specific regulation of HER2. Nat Chem Biol 9,
677-684; Taldone, T., Gomes-DaGama, E. M., Zong, H., Sen, S., Alpaugh, M. L., Zatorska, D., Alonso-
Sabadell, R., Guzman, M. L., and Chiosis, G. (2011). Synthesis of purine-scaffold fluorescent probes
for heat shock protein 90 with use in flow cytometry and fluorescence microscopy. Bioorg Med Chem Lett
21, 5347-5352)°] W& AT obFEAZY FEE S (= 10 E24) vhFe hAlFoA JHE AESES
YehioH(= 1A 2 B). o]8ldk <kEo] ZFS 22Rvl s.c. implanted FE wf$-2oM F3H o Fok AHS
Asfgeh(= 1D B = 2B). A7) k= =TS A EAdA FoAd AT A= 20) B 7E 54(%

B 29e 24
D) flolw oFFEA~ FEE FAHCE IE, % 2B).

2-2) ZANTH FAFY 93 HSF12] oA

e Aeade wAUSES oldllsty] A8, Hspl0 JAldl o] FUE= FEholdE did &3 2 4 54
Hk2-S BA599t}t (Trepel, J., Mollapour, M., Giaccone, G., and Neckers, L. (2010). Targeting the
dynamic HSP90 complex in cancer. Nat Rev Cancer 10, 537-549). < Hxd u}e} o] (Kang, B. H.,
Plescia, J., Song, H. Y., Meli, M., Colombo, G., Beebe, K., Scroggins, B., Neckers, L., and Altieri,
D. C. (2009). Combinatorial drug design targeting multiple cancer signaling networks controlled by
mitochondrial Hsp90. J Clin Invest 119, 454-464), DNMAGE Zglo]dE whwlzal Ra] 2 Hsp70 Z71E FE35)
Ko}, ofel W M ERHE ol F ol Fok @S mAIA &gkt (&= 34). DNAG B 7 E e
€ A5 FHo|dE WiAS FaAIIY, sEAE 4 F4 WAl BES SUMVIA %A= 3A

ol

SN2 o

B), °]& Hsp90 AdA-Ftd o F2A wkgo] {5 vebdtt (Sittler, A., Lurz, R., Lueder, G.,
Priller, J., Lehrach, H., Hayer-Hartl, M. K., Hartl, F. U., and Wanker, E. E. (2001). Geldanamycin
activates a heat shock response and inhibits huntingtin aggregation in a cell culture model of
Huntington's disease. Human molecular genetics 10, 1307-1315; Zou, J., Guo, Y., Guettouche, T., Smith,
D. F., and Voellmy, R. (1998). Repression of heat shock transcription factor HSF1 activation by HSP90
(HSP90 complex) that forms a stress—sensitive complex with HSF1. Cell 94, 471-480). Hsp90 A3|AIE2
A T4 S AARIARD @ FA A 1(HSFD) ¢ &AdstE Fall FEr7e] defA sl=dl (Chen et al.,
2013; Zou et al., 1998), o|&<] H|ZA3}= Hsp90 AsiAlol dis] SAZE7F #AzadsE A8 Yebdg (Home
et al., 2015; Neckers, L., and Workman, P. (2012). Hsp90 molecular chaperone inhibitors: are we there
yet? Clinical cancer research: an official journal of the American Association for Cancer Research I8,
64-76; Zaarur et al., 2006). DMAG A&+ F& Riu¥ wke} o] HSF1¢] &= A&} (nuclear localization)E
Z7HA7) whel, DIAG-7h|Eeld o) £3He ISFle] AEAe] FASES SQvh(= 3¢ % D). ATh ok
59 HEXEE ozt wEA o]F3k= HSFl(slightly fast-migrating HSF1)& A uWjellAl A3t (= 3D),
1= FY ®Hu® WY F F2(posttranslational modification)S AJAlelE AHolth (Akerfelt, M.,
Morimoto, R. I., and Sistonen, L. (2010). Heat shock factors: integrators of cell stress, development
and lifespan. Nature reviews Molecular cell biology 11, 545-555). ¥ WHzl5L <latsl U ZHg o|&EFH
1 22T HERA] ZAFFE O HSF1 24 oA 8] 7]oE XA, 1 A3 ZAwH A& A1 FK5060] °F&= H
& F°] HSF19] WY % 2 9 dA=xA8E S7px7ed @40 das FRleralvh(E 3D). 2o vt
I DMAG 3k Hsp70L&@S7He A Aar (= 3E), Al WEHYR AxFUe Z4357HE 2l

o (& 3F). ol AF XA, ZAFH &4 = W&l o3 dASA F7redvH(E 36).
Hsp70 & de] k& H A A 24 ABHFY B(CNB) ] Yrh-el oz Aot
HAY (= 3. o= o] FFAel MEEAHL T3 ZAFH siRNA X Fol| o8] As= A (= 31).

(]

32 [o

2-3) AEF Z+ F/PF ZAFTEE AT v EE=E} fissiong 3

7 Ezd % DAG W& AExd Zg =5 F7HIEHTH(E 44). 7 E Y
WS13 (Patel et al., 2013), 3= sikNA®te] W& X8+ Hurtsst AXd 24 718
I (= 3A, 3B, ¥ X54), o]+ ER ¥ vEZ=gole] Hsp90, Grp94 2 TRAPL o] Zg &

AL, FEe], B I ES TRAPLO] Alo]EZZH D(CypD) % Folid 844

KR I
= ==
o} @ ER Z+4 E¥](Calcium discharge)ol] &3] AZAH ~EHAE o] AIZAF SAAS AAZT & duts=

[op}
=

o]

©
=~
[
o
)
2
:ol:t
2
ro
-
T
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S Aekadt) (Park et al., 2014). vlZ7IR 2, MEE ZF 7= Hela Al¥ol A nEZ=g]o}e] CypD &
= ER goted 84 2 (RyR2)9] Fd4 mohgol 98] AslE 4 Juh(= 4C, 4D).

ATHE, CypD %+ RyR29] AofeoA ekEol W&o og Hsp709 Wde]l H3d ZaHA FUdth= A
s, vEZEol ¥ ERERYH dAdd ZE Sve € 4 s dAA FLstti (= 4E, 4F
Inactivation of Grp94 2 TRAP1¥} PU-WS13/7FrEz]d ZFe] vEAste AXA 28 S 77IE AR
= 3D 2 3E), DMAG-7IEeld Z§el <8 AEZd, ER, nEZ=elolo] Hsp90 H| A3} R 9 W EZE e
ool Hsp90 AAE & 259 Hluste] ¥ ZEer AXAE FUSth(E 5A, & 5B). o]& olvfx AW -FA
of A4A1 & AES] Hsp90 ZetoldE Tl o] Faf el Ao g FAGATHE 50). ZAIFH 45+ v
EZZ 2o} fragmentationd FXE3F= Drple A3} AlZ4 e, AA vEZE2] o} fragmentationo] °FE
HE&EAEA #EEJem (& 5D), Drpl A=A AARI Mivi-1& AHZsA H¥W wEZ=go}
fragmentationo] A7} HATH (= 4H). BEo] ZAIFHES siRNAR A Aol WG o5 nES
Zglo} fragmentations AISIATE (&= 41).

e

2-4) <1 ¥]® ¥-Hsp90 AAl, W EH-4019] 7%

59| Aol mEW 185 Hsp0 AafaeterE /N-& 9134 TRAPLO] theh As|&d S Hol<HoF
< ¢ A} olF AEstaA, TRAPL A7t Suigkstar, whde] Hsp90 AAEdS A4
AA, AZEAd FFor EAQsE (AA Aol 2-3%55) Hspl0ol 93] trapHo] MEFZ=golz
ShA) Zeke Hsp90 A Aol EAQl #AE siZstaAl (E64), FHHEE|H-401(FA3], Pan—401) 2
vetEEygnd AAZ=s ARt (= 6B). FRE Y paralog AEA-S TRAPL, Hsp90, Grp94el
o] IC50%k2 oF 80nM, 76 nM, 524 nM=M, 73+ TRAP1/Grp94 Z2¢=S wad AE oz Hspdo

A AAZ, B dygxE2 BIIB-021(6-F 2 2-9-[ (4-wEA]-3,5-t|HE-2-T g d ) & |-9-F U -2-o} ) =25
H fdE detE=yivd ghehE9l DN320s 4389l (&= 6C), DN320% BIIB-0219] W3] tf = EHest A3
g4 JEMIYTHE 6C). DN320= Phe201S oFABIA7]31, Met163 =219 A vix|2 WHAA 7|31, TRAP1 &

4 A el A19] Asnl719] ofmfol=F zti= HEbE N-29] F-wilg 4 AdS T7HEITH=E 6D 2 E, F).
gz ow Fd ~A71ES BIIB-021% Phe &2 ®= Hog u

o] Met9] AZ & S 71¥S veERden, &2 F3 2AE2= gAAA PU-H71 »F7FA 2 Hsp90d} &
A 2E HE3e 2 Ui A&EHo2 HAFEJY (& 7). 28}, DN320-2 Hsp9oell tist Age o] o 73]
31917 Wi, theo® 2 whExEe DN320o| HlE] ©S slA®E TRAPL A& 4 2 WS Hspo0 oA A
7FAl= Pan-4015 /43T, Pan—4012> DN3209] #Ejdg B ewlzxr &2 X33l om (% 6B), 1 4
o] 3352 TRAP1 E Hsp90o] that ZAggHo] Ast= o MHAEUT (= 6C). Pan-4019] B2 2l xr)
%2 TRAP1 &4 #hgle] 444 E70 dlof DN3209] Fjgjdrtt o & DolA (= 6G) <A1 TRAP1d ot
& NN

e

i Jo &t o)

2-5) Pan-401¢] #-& €3

Pan-4019] #H-& A& FRlatr] 8, MEZ=golo] Hspd0 (TRAPL)Ol thgh oAl &4d& -4 gelstqitt.
Pan-4012 SA] nEZ=go} 2k d9lo] &4 I cytochrome c2 WA (discharge)s %33 (% 8A, B), ©]
= nEZcgo-&A4EE Hspo0 JAA e Zadle] Barsd dx3kt}t (Kang et al., 2009; Lee et al.,
2015). WEZE=gole] ROSE Pan-401 A 2] 4 A|ZF Ulol] S7Fsla(= 8C), o] ROS AJ4bell Al A% TRAP1<]
Agto] 453ttt (Hua, G., Zhang, Q., and Fan, Z. (2007). Heat shock protein 75 (TRAP1) antagonizes
reactive oxygen species generation and protects cells from granzyme M-mediated apoptosis. The Journal
of biological chemistry 282, 20553-20560; Im, C. N., Lee, J. S., Zheng, Y., and Seo, J. S. (2007).
Iron chelation study in a normal human hepatocyte cell line suggests that tumor necrosis factor
receptor-associated protein 1 (TRAP1) regulates production of reactive oxygen species. Journal of
cellular biochemistry 100, 474-486; Voloboueva, L. A., Duan, M., Ouyang, Y., Emery, J. F., Stoy, C.,
and Giffard, R. G. (2008). Overexpression of mitochondrial Hsp70/Hsp75 protects astrocytes against
ischemic injury in vitro. J Cereb Blood Flow Metab 28, 1009-1016). TRAP1 W] &A3}= W EFT =g o}e] HA
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Aol wbgS SuhAl7)an, CHOP HédS sk Zle= Baw il vl (Park et al., 2014; Siegelin, M.
D., Dohi, T., Raskett, C. M., Orlowskl G. M., Powers, C. M., Gilbert, C. A., Ross, A. H., Plescia,
J., and Altieri, D. C. (2011). Exploiting the mitochondrial unfolded protein response for cancer
therapy in mice and human cells. J Clin Invest 121, 1349-1360). o]} #-A}3}Al, Pan-401 X &+= CHOP 4+
S Z7MA A CH = 8D). Pan-4013 thxdow  nEZ=go} we] g2= cytochrome ¢ W4, CHOP &,
ROS A4S Hsp90 JA|A] AUY9229] 24A|7F F<ke]l A A Zof FLmA @tar(x 8A-D), webA, Pan-401&
7152 TRAPISANAIR] M Eejd ot fFALSHA mEFZ=gol TRAPIS AIdHS &dls 5= Ao, 2 v, A=E
2 Hsp90e] oAl &Ads Felslr] 913 Zte]dE dild Fa] 9 Hsp70 Td F7He ARGt Pan-401%
TFE Hsp90 AAIAEF FAFSE 02 Hspd0 SEFo|E wild S BajA o, 7|15 Hsp90 AsiAlEd &
Hsp709] S F7HA71A= &Sth(E 8D, E). tiEo], Pan-401& Aelste], 7]&E Hsp0 A Al 5ol FEshe
Hsp70 T3S oAl e 2e Flste] (&= 8F), Hsp70 alo] Pan-4010] 93] A 520w A= =
T3tk Pan-401S AHEdke A /AvEDY 2 DIAGE HE&A42 T et A Axd 24 555
ZANAI(E 8G), ZAFYE A4S F7NAT(E 8H). siRNAR ZAIFHS Aexoz 489S uw, Hsp70
W AT ASAIAL(E 8]), HJEZ =g o} fragmentation® AT (= 87).

l

\U

OlN ﬂllO r 1

2-6) Pan-4019] 73t 39 Al

Pan-4012 7]1E9] Hsp90 AsiAleh vlawatals wf, oS sk AE5A S48 AE, dddeh, Aed7-9,
ek, HEF AEE deiA JERNAAL (&= 94), o]d MEFHS FE7IAS ofXEA~E S oz 2l
sttt (=9B). EE AR QIZF Zhr gl vk IRAIE RESoll A 7] Hsp90 AsfAlet vlalste] AlE5A4c]
AsHAl wEs st (= 90). AAFE :z%f?} ek xwnograft A@ollA Pan-4012 A S FFE7
Al g 5o] &S FAs (= 9D). olu], Pan-401¢] A2l® FEFAoA ofFEA 2 o7 AEHES
gelalgltl (= 9E, % 10A). Pan—401¢] <]k ”64114 A weE As gla (= 9F), 2F s V3 5
A SR Q1T = glolA (= 10B) AFAC e 5A4E gl Aow glsidint. v, dAF e FU¢x
Ao M= A ERA S A Hsp90 client W] ZHA, Hsp70 ZAF7he] AAl¢t CHOP HHS7HE &<l
st (= 96), TFEL APFAAA Y = A&7 dHxE &85 AP LTS FHsA.

AN 3: FFE 2-289] TRAP1 A B4 el

A7) Azol 2 1A 28004 AZE SEE 2 U4 289 TRAPL oAl B3 TAa] Slat] Hgvt ol Agal
it

TRAP1 ATPase A EA.

ATPase @42 PiColorLock Gold Phosphate Detection Kit (Innova Bioscience)E Al&3&le] ZAslivt. 7her
5 A, 200 nM TRAPIQ o}kl w9 33EI assay buffer (100 mM Tris, 20 mM KCl, and 6 mM
MgCly, pH 7.0)oA4] 30 ¥ 37° CollA incubationdF ¥, 0.2 mM ATPS} 3 AJZF wkA)3HTE. 20 plLe Pi Color

Lock Gold reagent9t 100:1H]€ 9] acceleratorES 80 plLe] TRAPI-ATP wH3-&E3} 4lo] 587F 25° CollA] At
S FE3F9aL, 10 ul stop solutione H7Fste] ¥bSS TUAFAY. HESHSEELS 620 nmolA]l Infinity
M200 microplate reader (Tecan)E AF&3le] SF=E A3 AT

Fluorescence polarization (FP) ¥4

FP #241& 913 &% probe?l PU-H71-FITC3S 7]&9 wuE #Fxdto] A48ttt (Bioorg. Med. Chem. Lett.
2011, 21, 5347-5352). 10 nM PU-H71-FITC3, 100 nM TRAP1(Hsp90)ZE t}okst 59 A sfAlet &7 FP buffer
(135 mM NaCl, 2.7 mM KCl, 4.3 mM Na,HPO,, 1.4 mM KH,PO,, 1 mM DTT, 2 mM MgCl,, 0.1 mg/mL BSA, and 0.05%
NP40 (pH 7.3))olA 24 AZ+&<et 4° CollA incubation 3}$it}l. FP= SYNERGY NEO microplate reader (BioTek
Instruments, Inc.)& ©]&3s}o] FA3IAT).
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[0295] a2 A3, 3EHE 2 YA 289 TRAPL GAEHE a7 F 20 71 A8},
* 2
[0297] 33 2 U] 289 TRAP 1 oA &7}

TRAP1 ATPase  |TRAP1 FP IC50 (nM)

activity IC50

(nM)
2 DN200219-1 >20,000 >20, 000
3 DN200263-1 2.000 500
4 DN200318-1 20,000 20,000
5 DN202782-1 500~1,000 ~4,000
6 DN202961-1 500~1,000 500~1,000
7 DN203143-1 1,500 5.000
8 DN203372-1 12,000 20,000
9 DN203373-1 10,000 19,000
10 DN203374-1 2,000 5000
11 DN203375-1 2.000 6000
12 DN203376-1 5,000 10,000~20,000
13 DN203377-1 >20, 000 ~20000
14 DN203378-1 >20,000 ~20000
15 DN203379-1 ~20,000 >20,000
16 DN203381-1 4000 ~20,000
17 DN203487-1 >20, 000 >20,000
18 DN203488-1 >20,000 >20,000
19 DN203489-1 1,000 2.000
20 DN203490-1 >20,000 >20,000
21 DN203491-1 2.000 7.000
22 DN203492-1 5,000 10,000
23 DN203493-1 >20, 000 >20,000
24 DN203494-1 12,000 >20, 000
25 DN203495-1 1,000 2.000
26 DN203633-1 >20,000 <20,000
27 DN203634-1 7.500 6.500
28 DN203635-1 3,000 5,000
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<211> 21

<212> DNA

<213> Artificial Sequence

<220><223> Primer for amplifying GAPDH
<400> 1

cgggaagctt gtcatcaatg g

<210> 2
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer for amplifying GAPDH
<400> 2

ggcagtgatg gcatggactg

<210> 3
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer for amplifying Hsp27
<400> 3

gagtggtcge agtggttagg

<210> 4
<211> 20
<212> DNA

<213> Artificial Sequence

<220><223> Primer for amplifying Hsp27

<400> 4

acagggagga ggaaacttgg

<210> 5
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer for amplifying Hsp40

<400> 5
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ggaaagagca ttcgaaacga

<210> 6
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer for amplifying Hsp40
<400> 6

atgccaggcec tgataacatc

<210

> 7

<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer for amplifying Hsp70
<400> 7

ccagctgaag aagggtcaag

<210> 8
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer for amplifying Hsp70
<400> 8

ttttctgetg gtgtctgetg

<210> 9
<211> 17
<212> DNA

<213> Artificial Sequence

<220><223> Primer for amplifying Hsp90

<400> 9

ctgggtttcc tcaggat

<210> 10
<211> 20
<212> DNA

<213> Artificial Sequence
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<220><223> Primer for amplifying Hsp90
<400> 10

taccggattt tgtccaatgc 20
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