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Current status and perspectives of small molecule inhibitors of heat
shock protein 70

ZHU Jin-yan, HE Ming-hui, WU Fan, YU Ying-lan, LUO Lei’, SHAO Hao’

(College of Pharmaceutical Sciences, Southwest University, Chongqing 400715, China)

Abstract: Heat shock protein 70 (Hsp70) is a class of molecular chaperones essential for maintaining protein
homeostasis in cells. Hsp70s also play important roles in the pathogenesis of a variety of diseases, including
cancer, neurodegenerative diseases and infectious diseases, which makes them potential targets for the treatment of
these diseases. It is necessary to develop small molecule inhibitors to validate this class of important therapeutic
targets. In recent years, the discovery of small molecule inhibitors for Hsp70s has made remarkable progress, and
Hsp70 inhibitors with different modalities have been reported. In this paper, Hsp70 and relevant diseases are
briefly introduced, and the discovery of Hsp70 small molecule inhibitors with distinct modalities are summarized,
providing reference for the further discovery and development of Hsp70 small molecule inhibitors.
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b TEIEF W AEBES T REEELZNEH,
Hsp70 59 28 1R AT 1 5 03 AR G 1 5 3 5 119 i A
KR YA 92, [R5k Hsp70 #1771 9 i 702 2] 7 1R
KHIFAE . T Hsp70 #1171 K 2 52 A VS TR R
SRIECE N LA N, B SR R LA S
Hsp70. T L6 57 H 38 PR30 43 400 1) 70 D0 2 Je o vk S L
Byt Bl il & iR s 15 2. Hsp70 SRR A
7 [F)H  K fif ATP & 35 He Dy de, BRIt A 2 Fh 7 240
Hsp70 & & &), G55 ATP 3% 4+ 21 01 1] 751] . 28 A2 #0141
) F0 & [ -5 A A B AE R (protein-protein interactions,
PPIs) 11l 771 %5 . Hsp70 49 ] 771) 1) A Ji i3k i 2o 326 7% J5
T4 £ Hsp90, H A O£ 18 (¥) Hsp70 4101 ] 57 35
AbF IR PR A5 A 7T, 11 Hsp90 #1171 TAS-116 CL7E H A&
Pt B TR 9T B iE R g

A e TR B A 48 Hsp70 1 45 #4358 L A 4R &
H A AH K595, 28 J5 B T Hsp70 1 4% 1 IR 45 & 15
(nucleotide binding domain, NBD) Fl Ji& ¥ &5 & 4
(substrate binding domain, SBD) 5 H: #1 il 771 43 4 # K
K, LG T /NG 7R R B R A B 7 0%
R R, IRE R U K T 1) AT R EE
1 Hsp70 W& R A HEER
1.1 Hsp70 L5915

Hsp70 ZX R I T A B A 35 B — S N i A% H IR 45
438 (NBD) Fl—/> C Ui JIK ¥ 45 A5 55 (SBD), W # H—
MNEMER (B DB, NBD H AN 45 /48 1A 1T 20
&, E— LRI NAXFMBIX . SBDHEFRYE S
{7 51 B 2 25 #6350 (B-SBD) Hil -2 JiE 7% - (a-SBD)
Y. Hsp70 (1) NBD 1] LL/K fi# ATP, 1 SBD Il &5 4>
H AT S E ARG KRB . SBD X7 41 i ik £ 1

Table 1
regulated protein 78; mtHsp70: Mitochondrial heat shock protein 70

B, AT LAGE A K 2 B0k A 1 2 A R 4H R I B
B T 7K f# ATP, Hsp70 K¥E 5> T AR DI Re 7R B AL ARAR 2R
B BIE
1.2 Hsp70 HIEMAEEER RS FHEREIF

Hsp70 K& ¥ H D) e i 2 5 3-8 & A th W 1E H,
PR 5 HE I e IR R A iz . AR A
K#) 13 Hsp70 (3 1)45 F IDPs. 14 #ft NEFs 1 48 F
TPRs"*, 73 Ai 75 20 J 20 FIAS [R] 4 M 28 o S B9 B o
A 1) 2 B 1315 Hsp70 BE 9% T il 22 F & A4, AT S
P TDIRE 2 FEAL . X S SL 4R 2 (1 id i PPIs i 2
Hsp70 (1 Zhfig, v JDPs A1 NEFs A& % J113E Hsp70 /K fift
ATP )35 P, TPRs R AE 9 #2 8 1 i 3% 32 Hsp70 F
HAhE (B 5 M B B BAE A, P EEAS
Hsp70 (194 A R 35 7 Hsp70 (3% v AU 45 4 fE
71, N5 T Z Al 2. Hsp70 & H L5 7
1B BIPER FZAHE LN TP (2): © JIDPs 5 &
MBEARBBERTSEASEG AR HEBRS
Hsp70, UL NBD 5 ATP 45 &, a-SBD 2 JF BUIR 75,
Hsp70 5 JEYIzE A 1155, @ JDPs {2 it ATP /K fi# N ADP,
S8 a-SBD £, Y 5 SBD 3£ M1 /1% 5%; 3 NEFs it
HE ADP # # y ATP, Hsp70 B i 1E #fy 37 3 1K) 25 1
2 5Hsp70 XK R

Hsp70 5 2 R 1) & A2 R A 0%, Wi w4
RAT VE P I FHIER G M 20 55 (&1 3)M, X Hsp70 55 955
KA I £ EE P TR0 JLAF KW
Hsp70s. A SCAY ] B2 51 25 JLAN 5 Hsp70 AH 2% 5%
A VI L 45 5 W BRI 1R R DG
2.1 fEIE

e A L 10 S S B R L TR B T & AR K
T 75 B L 418 1, 145 Hsp70 Hsp90 A1 Hsp60 25, iX —
PR AR B0 S5 DR e "M . Hsp70 76 2 Fi i i

The Hsp70 isoforms. Bip: Binding immunoglobulin protein; Hsc70: Heat shock cognate 71-kDa protein; Grp78: Glucose-

Gene Protein Heat inducible Subcellular localization Homology (to HSPA1A)/%
HSPAI14 Hsp70-1A, Hsp72 Yes Cytoplasm/nucleus 100
HSPAIL Hsp70-1L No Cytoplasm/nucleus 89
HSPAIB Hsp70-1B Yes Cytoplasm/nucleus 99
HSPA2 Hsp70-2 No Cytoplasm/nucleus 85
HSPAS Bip, Grp78 Yes Endoplasmic reticulum 64
HSPAG6 Hsp70-6 Yes Cytoplasm/nucleus 83
HSPAS Hsc70, Hsp70-8 No Cytoplasm/nucleus 87
HSPAY mtHsp70, Grp75, mortalin No Mitochondria 52
HSPA7 Hsp70-7 N/A Cytoplasm/nucleus 33
HSPAI124 Hsp70-12A N/A Cytoplasm/nucleus 29
HSPAI2B Hsp70-12B N/A Cytoplasm/nucleus 25
HSPAI3 Hsp70-13 N/A Cytoplasm/nucleus 40
HSPA14 Hsp70-14 N/A Cytoplasm/nucleus 35
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Figure 1
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The structure of Hsp70 and its sub-domain crystal structures with inhibitors. A: Hsp70s are composed of NBD (cyan) and SBD

connected by a linker (orange), The SBD is composed of #-SBD (green) and a-SBD (purple), PDB ID: 2KHO; B: The crystal structure of
VER-155008 and Hsp72 NDB, PDBID: 4108; C: The crystal structure of Dnak SBD with PET-16, NRLLLTG and novolactone. Three struc-
tures (PDBID: 4R5G, 1DKX and 4WV7) were overlaid and only one protein structure was shown. Hsp70: Heat shock protein 70; NBD:

Nucleotide binding domain; SBD: Substrate binding domain
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AT PR L (] 1) BRARRAIE A2 B R 3T B 1 R R SR
RARSRE R FELT 4, B35 Tau o-RAZE A ML RS
AW 19, Hsp70 5B EAS 5B
SO B R AR, A O S A R T B B A
il 1R AT B B T R N R R R T 2 E B .
45T Hsp70 76 8 25 3X 8 ) 1 A R s v 1 0 E AR
H iAW A BRI T BT R . — MRt
Hsp70 3 1, v] DL G /) 737 380% Hsp70 B3 2 K]
I 3 Hsp70 K $2 my Ho 8 B KPS 5y —Ff 2 A
NG AL A WA Hsp70, K Hsp70 5 € 72 R 45 &
RAS, T Hsp70 5 P16 45 B sk 1), (56759 A o R 5
H E 70 & 5 v A B AE H 8 A (carboxyl terminus of
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Figure 2 Hsp70s work together with its co-chaperones to perform its functions. JDPs delivers client proteins (i.e., the unfolded protein) to
Hsp70s and interact with Hsp70s to stimulate ATP hydrolysis and the closure of a-SBD. NEFs promotes the release of ADP and the folded
protein. In addition, TPRs, such as HOP, HIP and CHIP, can bind to the extreme C-terminal of Hsp70 and couple it with other signaling path-
ways. JDPs: J-domain proteins; NEFs: Nucleotide exchange factors; TPRs: Tetratricopeptide repeat proteins; HOP: Hsp70/Hsp90 organizing
protein; HIP: Hsp70-interacting protein; CHIP: Carboxyl terminus of Hsc70-interacting protein

Cancer: breast cancer, prostate cancer,
multiple myeloma etc.

Hsp70-related Y
diseases

Infectious disease: bacterial Neurological diseases: alzheimer

infections, dengue virus etc. diseases, huntington disease, etc.

Others: diabetes, rheumatoid arthritis,

pulmonary fibrosis, etc.

Figure 3 Hsp70-related diseases
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£ (Zika virus). Hsp70 M HILHHIBERAS S T %
R0 IR SR BORL P AR, Hisp70 A8 7 410 ) 71
MKT-077 fiT A 1E /)N BRAR Y e m] DAY S s 2 52 1)
Hsp70 7 JLAth J L 2 8% Y o 72 o 12 0 AN mT /b 1,
ELFE 9 il S TR ARG T B 22 T80 B AN IR TE
0 A g g SO
24 HixmR

— BB 5T K B Hsp70 18 5 11 248 R A« JXGHE 4 5%
TGN 2] A A S5 A R0, R A Ak TR R B B
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Hsp70 BE 75 1F N iR 7T 1% B 1 #E S5 A s Tk — 20
W,
3 Hsp70 35

5 Hsp70 1) 45 A4) S5 4100 1] 570 43 R &5 &
NBD 1 SBD &9 (3= 2)'), R RIS 51 H T ¢
ik 4O L 45 A 1 Hsp70 AL
3.1 %4 TFNBDXIEHKE

4 45 76 NBD [X 35 ) Hsp70 10 1] 77 AR 9% 2L/ i 7
AT BLAy 3 280 ATP 58 4 P 4100 ) 551 2 ) 4100 o) 750 0 2
F -8 A EAE A ) (B 4). B RT{XA VER-
155008 R I &5 & B 0 E & W) 45 0BT
(K 1B).
3.1.1 ATP =M HIHI5% VER-155008 (1 T Hsp70
X} ATP 1 ADP I 45 & fg 71 1R 38 (K, ~500 nmol-L™),
Williamson %5 DL 8 4 e 40 & W 5 T 25 M (R A4S
F VER-155008 (1, Kl 4), &) 55— ¥ 7] Hsp70
ATP 454 148 1) Hsp70 #0572 101 55 25 7 LR 50 58
B VER155008 5 Hsp72 [ K, {E 4 0.3 pmol-L"', 7E{#
F FITC-ATP 1 A ¥R 4t 1 9% ' A % 10 58 v+ I 43 VER-
155008 #1 il 4 £ 5 Hsp72 Hsc70 F1 Bip 45 & 1) 1C,, {H
38 0.5.2.6 12.6 pmol-L '™, Hsc70/Bag-1 (Bcl-2-
associated athanogene 1) X-fiT 5 3t §h 45 S 3R 0, IRV ns
1) N-1 1 Ser275 & i U, N-3 55 Ser345 JE it K/ 5
fEE, R pE b 3 AL i3t 5 Lys271 T A B, 4 07 1)
A5 Asp234 T B HH 7K AT 5 B SV, IR A R SRR X
IR 7 ) 5 Arg272 Fl Tyrl5 T8 i m-n HERUAE HH
Hsp70 X§ ATP ] /& 55 Al 73443 VER-155008 1R At 15 4H
JfL P v U B 1 ATP (1~5 mmol-L™) 354, J2& HAR 40
FEUE PR TS AE JE Rl . VER-155008 W 401 1] 22 g 41 il

A, 055 45 W 7L 2 RV e R AN Sk
Z MRS, 7F 20 pmol-L™' 7] [#1iK Her2 A1 Raf-1 ) &
FIKPR,

Pettinger 2%} VER 155008 {2175 ] T Hsp72
AT E D 2 2, B 4). ZRIMLEY) R
T ) 2 R R R Cys17, MRS IE Rt R h R B 5
2R LysS6 Sein 4 & o ZH AT & 9 2 1 354 3
kit — AR B T A 18 (3, Kl 4), H L4
RO E T 100 2 £55. 1% RS A7 ¥ ) 98 )]k Hsp70 Xf
ATP 454 B8 JJ AR 55 1 o) 75, AN T 4 r 400 PR v 1 o (EL%E
X LG SA ] 0 (R B AN A B AR AR A 2 KT |,
S 60 5 1 A AL ) v AR R T
3.1.2 ATP ZE %S4 H1#IF apoptozole (Az) Williams
PR E T 216 AN BRMEAT A4, K I apoptozole (4,
4) AT LA A0 B UE T, SRS H SR AR B R IR 0N
Hsc70 #1 Hsp72 (K, 43 %l 4 0.14 Al 0.21 pmol-L™).
Apoptozole 71 2 fifd H 3= L 58 5 AL VS A4, W B I v I
A JEL I M, 0 E R T 5 B0 BE AR Y T 10 48 i
oo @I 5l N =R FE L 4115 3] Az-TPP-03 (5, Kl 4),
A [A] T apoptozole, Az-TPP-O3 =& ELA T2 ki A4, #)
mortalin 55 p53 (19 40 A FH M T 38 0 28 47 44 41 5 36 i
PEFAR PR A S 0 X AMEAE YT
TE 240 i (1 4 A A [ T 388 3 A [ 7R 0L ) 155 45 4 e O
B8, SR H HT 9% T apoptozole FHIF 53475 47 £ 4+,
Evans 2&°Vii i £ 4> S 56 UE B apoptozole F: A4~ 5 Hsp72
F1Hsc70 ] NBD [X 345 4 .

3.1.3 HSP70-36 Zeng Z5EP7EF X ATP 454 1148 K A
R UL 77 14 R I — 2R LR WE A7 AR ), 8 et 45 A A Ak 3R
FARF AL S Y HSPT0-36 (6, Kl 4). 2% E 7L

Table 2 The list of Hsp70 inhibitors. PES: 2-Phenylethynesulfonamide; AEAC: N-Amino-ethylamino derivative of colchicine; "Note: It

means that the molecules have been shown to interact with or inhibit the activity of indicated Hsp70s in literatures

Mode of actions Refs

Hsp70 inhibitors

Targeted Hsp70s

VER-155008, compounds 2 and 8
Apoptozole, Az-TPP-O3

Hsp70-36

MKT-077 and JG series

YKS

HS-72

Oridonin

MAL3-101 and 115-7¢

Sl1g-2, S1g-6 and S1g-10

HA-15

Azure C, methylene blue and myricetin
PES, PES-CL, PET-16 and AP-4-139B
Novolactone

Ritterostatin Gn1N

Hexachlorophene

Compound 8

15-Deoxyspergualin

AEAC

Hsp72, Hsp70, Bip

ATP competitive

[33-36]

Hsp72, Hsc70 ATP competitive [37,38]
Hsp72 ATP competitive [39]
mtHsp70, Hsc70 Allosteric [40-42]
Hsp72, Hsc70, Hsp70-6 Allosteric [43-45]
Hsp72 Allosteric [46]
Hsp72 Allosteric [47]
Hsp72, Hsc70 Hsp70-JDPs PPIs [18,48]
Hsp72, Hsc70, mtHsp70 Hsp70-Bim PPIs [49,50]
Bip Unknown [51]
Hsc70 Unknown [52]
Hsp72 Allosteric [53]
Hsp72, Hsc70, Bip Allosteric [54]
Bip Unknown [55]
Bip SBD-peptide Interactions [56]
Bip SBD-peptide Interactions [57]
Hsc70 EEVD [58]
Unknown Unknown [59]
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Figure 4 The chemical structures of Hsp70 inhibitors binding to its NBD

SR W], HSP70-36 55 Hsp70 1 K, {4 2.46 umol-L™,
& ) HSP70-36 e . & # il N\ 25 7L I i 41 il BT474
A1 BT/LapR1.0 i) 54 58, J IC,, & 73 % v 1.41 #
1.47 pmol- L™, [F] B AT DL 2 40 1) o o7 1 35 e 7= 2 i 24
{14 L. o 240 o R EL e e 8 40 ) A

3.1.4 THINEIF MKT-077 #1JG &% MKT-077
(7, B 4) 2 —FhPHES T B ik H R Yk, Koya 5 B
FOAE 22 Pl 20 i 32 A5 0 1) 400 2, 0 4 S D

P 2 e L NRE R R R N R e 55 . AR T4
AW R BRAC I MK T-077 & 31 5 mtHsp70 45 4, Bl
o A0 2 1 pS3 AT A AEIE Al ™. FEF MK T-077 7
SRR 1 ) B R B, MKT-077 V5 A0 1% 1% 254
BENT TG PRS2 56, SR T 3V 25 14 R0 af 24 9 15
KA B 50 PR T 5 B0 PR AR 6 24 1110500,
LT I MK T-077 45 4 £ Hsc70 NBD ) 32 #4 11 48,
I3 5 L 18 2R (1 Bag3 WM B AE . EF X

Aikaterini
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MKT-077 3 AR AR A2 7 1 2 1 i) &, Li A Shao
SEHAL G T — R G MKT-077 87403545 17 A4S
7 JG-98 (8, K 4) A1IG-231, K ARFEE T H 1A % 1A
FR 25, TE 2 Tl I8 20 AR B A U iRV 9T RUR ST,
Shao S5 [A] I 5 B0 28 — AN 28 AR AL & W) 75 40 i v
(1993 A B A 2 18 A% AH TAE AN AR TR, 58 — AR 30 1 771
(10 o R 23 05 1 T A, B8 AR 5 %) P g 0 1
F U iZWE RN, R R A A B A TR A A ik
SN H A [F] Hsp70 Y2 AL, Sy 1 ) B A 2 A S5 48 R 57 K
T RS R R 25 e TR AR T ) LB

MKT-077 B¢ HATAE ) 45 0F B 78 2 Fisi Y b mT B
i tau 25 H/KF, A R TR 7 2 4500 R 5 tau 5 F K
I 1 117, {H 2 BT MKT-077 54k & W5 1F B4
e DL I o i 57 B, Miyata 2570 E 8 T — R A HHE
b &9 YM-08 (9, €1 4) i1 1G-48 (10, & 4), Hd YM-08
AL G L BRI S84k A W 1 S M LL BRI,
P Tt — e, HartUE N TEAEYEH .
3.1.5 THHIIHIFIYKS Rodina i@ i o HALH
PR T Hsp72 AR I3 MEBIE M 45 & 148,
I T S H ) YRS (11, B 4). YKS 45 & 1
Hsp72 NBD (74844 148, il 5 Cys267 & 3L/ Btk
KRIEVER . AW AriC K YKS 4R 1 YKS tAT bA
44 Hsp70-6 il Hsc70. AAR4MEALSTIG R B, YKS AT 4]
il Hsp70 7K fift ATP Fl 37 47 8 2R 15 58 6 R 1009 1«
TE 41 ffL 7K ~F- F YKS il i -4 Hsp70-HOP-Hsp90 £ &
P10 T BN T R TEOEUE B M1, W1 Her2 Raf-1 F1 Akt 5%,
T FHOXLLE (KPR . HAh, YRS 76 S 40 i
JE T B[R B FF AN 2 35 e R 3 ) B o TEE— 5 9T
1, Taldone S8 YKS AT 25 MB35 15 T — &R 414E
SO ), AR S 27 (12, K 4) 78 R SR B T
55 YKS 5 A0 [R] B A= Y036 e AV F AL, E B T L0 45
HARRBMEEG EYIEER LB K.
3.1.6 ZTHINFIFIHS-72 HS-72 (13, K 4) 2L i
I 3 379 /NI AL A SR AT 1 34 1 Hsp72 28 4 41 il
A, A5 Hse70 8 Bip 45 &, HF HiZ B O R HF
Hsp72 5 ATP 45 & B 4 R 2 B, 4 Cys306 R J5,
HS-72 A e 5 HspT2 &5 R A HS-2 W e L 5
Cys306 FH H./F H 8 # Cys306 248 J& 5200 1 A5 4 1148
T R HS-72 % 22 A 3L 1 g A0 T 271 it et 248 A 1R e
A ROR, #em 7T HREAIE /D RINEEE. 5
Ah, HS-72 36 A P 88 9& 1, 18I BK Hsp72 5 &
IR AR E AN G A, B RS R BT
F g0 B, AT IR B AR P S B B R B T
HS-72 & 38 ik 0 35 J B0 1 Sk A6 & 9, Howe &5 5% 3L
VR 5 A AE WS AT TR T, R Lt — Pk

1 DAFR i 2R A VE A B2

3.1.7 THIHNHIF LR EH & (oridonin) A HLH
# (oridonin) (14, &l 4) 72 M J&5 TE B} & 7% 2K J8 1 K Al
(Isodon rubescens) 153 25 15 21| ] — Fj xS B U1 5242 e 214
T RAE Y, B BRI S ETY . AR LT AR
B, 2% B 3R] DU 5 400 A B e i L B R T A
W, (B H BAREE 5ok &0, Dal Piaz &Y% A ¥ & AR1C
) 4 12 PR 206 s LM A O Hsp72. FF3E— 20 i iR
A E I o, B- AN ANER 8 435 47T NBD [ Cys267 JE
AL R IEE R . 5B T IR R LR B R
5 Hsp72 i K, {8 4 26 nmol-L", J H. 7] L Hsp72
K fif ATP FHIT B 2R 30 AT A IR & OB (R0 12 o 6 4h, 3k
o FRHREE G AT E AR B T A R
HHsp72 45 &8, HRT ST A EH R4 MR
b To R IE

3.1.8 Hsp70-JDPs EA-EAHEEEAETFI MAL3-
101 1 115-7¢  Fewell "7 1% T — & 41 Hsp70 G
A 15-DSG Wit 4, B &Y Th e 5 15-DSG 2K
1Bh, AT ¥3E Hsp70 7K iR ATP.  Hirr 3 N4k & 4 41 )
JDPs #il # Hsp70 /K fift ATP [ 35 ¥, AR F AL &2
MAL3-101 (15, & 4). MAL3-101 23 i fH ¥ IDPs 55
Hsp70s 1) PPIs 5% & #E/E H, 3¢ A #il Hsp70 H £ 1)
ATP /KRG . MAL3-101 76 2 R 40 i R A 3o,
045 Mg T 7R A B e USRI R UL R AR i 0TS R
P& B RN T B O T . TR R S 56 B
MAL3-101 3 i 4711 Hsp72 Al Hsc70 F 3805 oK 4 & &
PN 5 34l B T2 . Wisén 2505 MAL3-101 #k47
g M o iE SRS T Hsp70 80E 551 115-7¢ (16, K 4), %4k
A WITE Hsp70 T RE A5 1 22 2R A5 S IR 5 s I REAS 28 o
A%, Fewell ™l Wisén!" B 4R X iX — £ 51k & P ik
17 1 ARAk, B A E TS AR 5 55

3.1.9 Hsp70-Bim & B-& B & 1 A #I%I5] S1g-2.
S1g-6 A1 S1g-10 Hsp70 5 Bel-2 K & (1 BH3 [ i 5t
Bim 3 7] 4 3 $0 5 4 Akt £ Rafl 9525, B4 &
P b B 7 Hsp70 5 Bim ) PPIs 8% I\ /2 ¥4 7 B8 & R
B A 7R 2 06 08 R 40 i 3 Ifl % (chronic
myelogenous leukemia, CML) F Z£ & 35 ffif 24 (1) ER™ 3,
I Je6s FR) TS A SR 107052 Wang! VR Lit™4% 3 1of ¢ ¥ i
PRIETRE T — 5 BH3 K4 3543 T Hsp70-Bim PPIs
57 S1g-2 (17, E 4) F1S1g-6 (18, & 4), S1g-6 #1 ]
Hsp70-Bim PPIs [f] IC,, 1 45 & Hsp70 ¥ K, & 5 5 N
0.45F11.01 pmol-L™"s EFIEREIEW, S1g-6 5 Hsp72.
Hsc70 F1 mortalin &5 &, S1g-6 1] F#1K Akt fl Rafl 1) &
HKFHSFECML 4 R . % B AXT S1g-2 347
S EF] T S1g-10 (19, E 4), H A& 4k Hsp70/
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Bim $IHE PE 42 5 7 10 £5, XF CML 4 (3% k4 o 1
5~ 10, 75 B 2 IR W 40 1 71 it 24 ¥ CML 2 #4554
BT R B

3.1.10 HA-15 HA-15 (20, & 4) 2 il i %o mgem g —
P 245 Jik I 2% 14 5 245 470 it A 1) R R AT A A 3R A5 1Yl i
A2 2 bR g 1) HA-15 $R 8 R 90 L B8 2508 Bip, A 5
Hsp70 HAth 3V % 45 45, HA-15 g # il Bip /K i ATP
s M, S5 IR T B HGE R B 5 Bip I NBD 45 A,
HEARRI SO S M ARES . 936 BB sL I BoR
HA-15 EZAAGLE A RN, VEFINLEIT 3R B, HA-15
REA% 800G N 53 X BEK, AT 5 B O 5 B0 B R R A
PR T, JEAE 2 R R BB AL b ) R A
HA-15 %} BRAF 1 1l 771 it 52 1) 2 €0 208 1R A 28, 221
MRS PIRL Y EEAR R T 5E . BAR HA-15 7240 AN
ENIRERL b R B LR T Ak, EL A i R A K P B
TEHEAA Rt .

3111 ZEHEE THREEMBERE  Jinwal 2K
H Hsc70-JDP-NEF & &) ik 1 2 800 MG AL &4,
KU R (21, K 4) IR (22, K 4) Fif R &
(23, ¥ 4) X 3G AT H0 52 A W) 1) ATP K iR V&
Mo XSk A WITE tau B 0 32 0A 1 41 A5 2 HponT B
1% tau 25 A 7K F B9, NMR H#F 40 3E B, #i 2 2 5 Hsp70
NBD [ 1B A1 TIB &5 ¥ 3 45 &, il i B g fE A BHLIE T
Hsp70 5 JDP B HAEF ™. NMR s2363% 8, 7 H 2

24 PES @
C|E

25 PES-CI

Oo=»=0

—NH, 26 PET-16
H

o

H

H O OH

NH H
N
HZNJ]\H/\/\MH)K \/\/\H/\/\NH2

32 15-DSG

Figure 5 The chemical structures of Hsp70 inhibitors binding to SBD

N~ N?///////Ei
Orhe- H

30 Hexachlorophene

W 5 Hsc70 (11 NBD 4 &, 25 AL AT AR ) — W R R
A gt 4 A LE R — X8k, (H 2L R4 BRE R L E ar
FEANTE RPN, X 3N G I v 7 3% R I I
Wi kAL &), % Hse70-JDP-NEF 5 &4 %5 55 (40 11
W, R R G A T
3.2 AT SBDXEMILEY

45 G 75 SBD FAI AL A 47 65 788 ) 410 ) 75 R IS 420
GePERN I, 5 AW 5 SBD 45 4, (H Ak
PR ARA (B 5). SBD RIS G 7 s B KAEIR L/ Hi
K, B ETA A E 4 46 Ik NRLLLTG #1748 ¥ #1 ] PET-16
(26, Kl 5) 5 Dnak SBD } novolactone (28, K 5) 5
Hsp72 SBD 15 & W45/ #% i bt (K1 1C). SBD #1 il
T HRAS A AR AL 1) 771 2- 25 5 2R R e R 5 (AR
& Wk 26, B S) iR 58 4 40 LR S & B (30,
5) MG 8 (31, Bl 5) A BRI 8L Rt 5T, H
b JUANME AP i AR AT SR ARAL -
3.2 EAINEIF 2- K Z B A#E B BZ (2-phenyle-
thynesulfonamide, PES) & E {74 47 PES-C1, PET-16
FAP-4-139B  2-7RH: L BRI i (24, 1 5) 22 Strom
ZE7E Chembridge DIVERSet 25 24 /N 731 Ji2 vh fifi 1 45
FIREEANH pS3 N FHAMBIE T AEY . EWEIR
1014 PES 841 & B L 88 08 Hsp72, IF H A5 Hsce70.
Grp78 5%, Hsp90 45 ¥+ . PES 5 Hsp72 SBD 4545, JFFH1E
JE) 5 SBD K AH B 1E F *>%). Yang V& B PES 7]

o

27 AP-4-139B

33 AEAC HyN
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Lj Hsp72 SBD ff] Cys574 fll Cys603 & £ 3L 45 &
PES 1 il [ Wk F 2048 v g 44 D g, 2 3k p62 1) 58 58
RAE, B AT . HATEY PES-CL (25, E5) #i
Pt it PO T PES, % 5 22 €8 2098 (1 2= i i) ok 2 1C
{HAE2~5 pmol-L' 2 [H] P,

Leu 2™ @ M 7 PES fiT A ¥ PET-16 (26, K 5) 5
DnaK-SBD (aa389-607) [l an k& ta, [ B 1 %K &
W) 40 ] Hsp70 B &5 ¥ A= 9 57 K fili o PET-16 5 Hsp70
SBD [ — Mk A4S 45 &, A EAE M A R EE
Leu392.Pro396.Leu399. Gly482. Ala503 I Ser504, %
M4 75 ADP 5 Hsp70 &5 &) 4 e 2 F. PET-165
Hsp72 # Dnak SBD (1] K & 43 714 2.9 #16.0 pmol-L™'.
HE— 2 Xf PET-16 L AL 3R 45 1 1 5 47 (1) AP-4-139B
(27, B 5), A E PR 1) g A B ) 2 A X, AR 2R
P2, AP-4-139B X 45 L Ji7 8 4t i L AT SR04 2 12 A1
g PE, XS IR S E R AR A . AP-4-
139B £ J5U R R 8% 1% 45 B M e /) SRR ZRY b 15 2%,
I BAE R R 45 B e/ MRS A BN T S % 4 i
IFi] o9 ) 5 4
3.2.2  THYHPIFEIF novolactone i 1 A\ F] E T 1E B
BE B R AT o 2 5 D 20 0 16 % B0 K 98 7™ ) novolactone
(28, & 5) [ #E 5 AT RE & Hsp70°+) . Novolactone 11 ]
JDPs & Hsp72 7K fift ATP 35 PE (IC,, = 0.25 pmol-L™)
T B R R OGRS M . AL 7 ST R
i, novolactone H 1) PJ i5 34 5 Hsp72 SBD 1) Glud44 i
R, P I SR A R B T X — 45 ¢ (PDBID:
4WV7). I4h, novolactone 5 Leu399 & il /K A 5 KA
B, 5 Pro398.Leu456.11e485 Fl Asn505 25 £ A& HL R
WIS B A EAE ] . T Gludd4 7E £ > Hsp70
P 7 A R A7 AE, novolactone R AV A WY ik Bk . 3k
— 25 92 864IF B, novolactone ] I 1151 21 i J55 A1 PN J5 ¥R
/F ] Hsp70s, F novolactone At P J& 41 i f5 & % &
Hsp72 ) %14, F#AK EGFR Al MET [ £ F1/K P IR &
AT .

3.2.3 Ritterostatin G1, Ritterostatin G1, (29, ¥l
5) & KIRF=W) cephalostatin Al ritterazine [ & i 2416 53
T, = g S AR R SR AL A, B AT B
Je vl M O HLAE F WL A [R), (5 B A i 3 A5 R Y,
Ambrose Z5 M F ritterostatin G, 1, %% 55 F 2L IR £
RILI L Z 4> Hsp70s 45 &, {0 L2 508 Bip. 48R
W € & #k B R, ritterostatin Gy 1, 5 Bip~ Hsp72 il
Hsc70 (2R A1 ) K B 535129 0.190.625 F11.63 pmol-L ™
HE— 2 & 5 Bip SBD Sk R ) K, H A
3.12 umol-L™, 1j A~ 5 NDB 45 & . 41 g i 15 5256 5o,
ritterostatin Gy 1, 5 2% FI 9 IRET 2N 48 i 30 min

JE EEREAN BN, I Bn] BUSGE A AR AT &
EARMNIFEAMIE T . 254 ritterostatin G 1, 4
it 52 57 FE F AL, Ambrose £\ R iZ AL & P i) 32 B
¥ 554 Bip, (R BARSE G S AN E 2

324 ERYESMHIIFEIFIANEE  Ambrose 5K H
PG IRIE TR 1L T 2 560 MMEAE WK I T Bip SBD Ji
W35 S PRI A7) 7S &Y (30, hexachlorophene, B 5), %
5k A B )6 R 4F & FITC-NRLLLTG. fi fik
NRLLLTG & %) /& K H Wi 1 14 g 7= £ R -4 5 DnaK
AH AR B 2 BRI R 30, 55 Bip A mtHsp70 SBD 45
A B K, H 259100 nmol-L, A5 HAth JLAN Hsp70s 45
H. 7N A AT S G v R ) 26 PR EE 5 SBD I 45
% (IC;, = 9.1 pmol-L™), {H A& 4 55 SBD A H.1F H
HAERE . NEIAE HCT-116 40 L AT 380% A 47 S 1
HE RN, 5T H AR T

325 EMEEMINFEFIEY8 Ambrose EHPTR
5 75 @l A8 1R B 73207 38 17 70 000 /NG & 4 kIR
Wk &Y, S H TS MR RENHEY 831,
Kl 5). 1AW 8 il 28 e iR g 5 Bip 45 & 1 1C,, 24 R
500 nmol-L"', %} mtHsp70 A1 Hsp70-2 3% & 14 43 1) N
7 1% 1 23 %, %} Bip. Hsp72 Al Hsp70-6 [ % £ 4 K+
7015 . WG 8 M HATHEYIXT 2D 55 77 (1) — 4 %% 41 i
7610 pmol-L ¥R B JL-T- A 40 M B 3 14, 76 T BF
41 LR 2 e U251 e 40 B HS20 2828 A AL A 4
ST

3.2.6 15-Deoxyspergualin (15-DSG)
gualin (32, 15-DSG, K&l 5) & 7 T 1982 4F HH Iwasawa
S A LB AR R spergualin AT ARV KL . HL 2
1992 4, Nadler 259 % % 15-DSG [ 4L 5 4 Hsc70. B
Ja it — 0 & I 15-DSG Al L5 Hse70 SBD [ EEVD J7
Y&k 5, %7 FIALE Hsp90 Hh A7 78, Bl 15-DSG th 5
Hsp90 &5 &0, 15-DSG O # it itk F TR 97 AR B
HE R R R, AR P R L% o Fewell 5% & T 15-
DSG -5 (1) Hsp70 #1171 B 24 3145 7 MAL3-101 55
AT, B HAE AL 76 2 A .

3.2.7 N-HEZESEMIKBE (N-amino-ethylamino
derivative of colchicine, AEAC) Lazarev 2P %
Hsp70 5 JiE ¥ 45 & A Hsp70 1 B 2% 3% & 20 95 Fh 7 i
fifi 1t 7 InterBioScreen fL & ¥ 2, K I AEAC (33, & 5)
i Hsp70 5 &2 H A FLIE B L 45 B A & k0.
PWOCRMNENE . E A 3h 5258 2 78 AEAC X Hsp70
[ 25 A ) K AR 149 nmol- L' e 43 1 % 452 45 R R 1
AEAC 1 fE 45 & 75 NBD 1) 1 A~ 148 8 SBD 1) 2 4
FI48, Hoh 5 SDB 45 & 18 75 X 841 40 25 R dm i, B
Tk, A SCK HORAE 45 4 SBD KL B R 41, 4 4G

15-Deoxysper-
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RAE RT3 —B%UE. AEAC X C6 #1 £ Ik 5 J8
FB16 4 €5 32 96 240 fiu 1) 2= 200 1) 4 52 43 1) Dy 195 AN
98 pmol-L"'o FRAR I M 55 45 14 4% 22, (HAEZh i Y |-
A2 AR R 2 R LR B RO, B ) e R A K
T IEK /N R AEA7 I
4 REBEERE

JUE Hsp70 #0041 577 (1 0F 78 £ 4 LA 17 AR K 1 ik
J&, (R BT A A AT AL T s R AT B 7 B, T RE i DA R
JUA TR R i il 35— AN R R & Hsp70 RSV HE
&P, Hsp70 F R A A AL AR SR I BB A 2, 0 It
— Tl 95 I8 12 BB [ WA — A I Y B8 W — Xt PPIs 415
ARF T Bt A 4 5 AN B0 B 12— IR 5T 35 —
AN JE R AT AR Bk = g J5 () Hsp70 06 7, H %A
fEAT — AL A W 1E BTG Hsp70 WAL E kot 2L ik 4%
Y, S ANEAR — & ) i i R AL i 15 2 1, 2R
WK |45 & Hsp70 B ] Hsp70 7% MEAL 22, 1IX— 2K
G WA TE G F SR EAT B R E s B = AN R
Hsp70 #4177 9 5 245 P AT B e 32 i, H AT &4 aiE 1)
— IR A G W) I BEAT H OGN 2 AR
b, Rt HLBE SRR AL R AT T W9

F2 7 Hsp70 00 751 P19 39 438 1 A0 s 245 1 A7) ot 1% 03K
R AR R ) 16 B, Pl T Hsp70 50 2 14 45 4 5,
7535 R P 1 S i e — S R A R R, BT AT BE S
Hsp70 Z % £ [ % ATP A J Ik NRLLLTG (1) 555 1 3 A
A, % W] ATP FIRM S5 & DS RIER FIAEE £ R, 7]
DA FH St e v 7 B A S e L 7). H AT R 12U CL 4
A TSR, E R A A Y 0T TR B A £F
Tib—B i E . A — NIRRT s s W S
W 23 18] 43 A SRR v L AL 3 1, 91 W MK T-077 &
464 Y VHA-15 Fl ritterostatin Gl. X JLNMEE D)
23 [B) o3 A A 3L B 5 I ER A 25 1 5k s 1, Qe S ik
SE RIS 35405 40 B T 40 i 2 ) o9 AR IE N 48, (5
a5 —Aar LIS I g7 1A)

fEB Bk K&T T U XOCE RS, /KK
W AT B EURT SR AR BT 0 E A A RS IR 4R s o
WG ARSE B A ST S HE AR AN B R RS S AR,

FIEESE: AT EEH B HAAEER G R R.
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