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The use of small-molecule ligands to control biological activities at the molecular level is expected to lead not
only to an essential understanding of cellular systems but also to the development of applications in medicine and
diagnosis. In the conventional search for small molecule drugs, there is often insufficient information on the mechanism
of action at the molecular level for the selected candidate compounds. Therefore, evaluation of the specificity of the
candidate drug to the target molecule is an important step. Therefore, we hypothesized that it is crucial to capture the
"quality of the interaction" that can create specificity in the binding mode even if the affinity is low, and those
thermodynamic indices can capture this quality. Here, we conducted compound selection by thermal measurement using
ITC and were able to select compounds with activity against the target protein in vitro and in the cell. This method is
expected to create new compounds with specific binding modes that have been overlooked in conventional screening

due to their low affinity.
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Fig.1 (A) Exothermic reaction and enthalpy change associated
with hydrogen bond formation, (B) ITC profile showing
exothermic reaction, (C) Endothermic reaction and etropic
change associated with dehydration change, (D) ITC profile
showing endothermic reaction. (Color online).
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high affinity, (Right) Conceptual diagram of my research: the
flow of selection based on thermodynamic properties by
introducing this ITC measurement. (Color online).
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Fig.3 (A) Synthetic scheme of capsule utilizing CapF in
Staphylococcus aureus, (B) Hit compound for CapF inhibitor, (C-
E) ITC profiles of hit compound against CapF, CapF with EDTA,
and Zinc ions.
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Fig.4 (A) Complex structure of CapF and 3iso-Tpl, (B, C) The
binding manner of 3iso-Tpl in CapF. (Color online).
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Fig.5  (A) Protein structure of DJ-1, (B) Overview of DJ-1
inhibition in the enzymatic reaction of DJ-1, (C) Chemical
structure of hit compound Isation, (D) ITC profile of isatin
binding to DJ-1. (Color online).
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Fig.6 (A) Thermodynamic parameters and inhibitory activity of
Isatin, #15, #16 binding to DJ-1, (B) Complex structure of #15
binding to DJ-1. (Color online).
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Fig.7 (A) Crystal structure of the complex Hsp90a NTD-
Pimitespib analog and docking structure of the complex Hsp90a
NTD-Pimitespib (B, C) Chemical structure of Pimitespib and
THS-510. (D) Thermodynamic parameters for the interactions of
THS-510 and Pimitespib with human Hsp90a NTD. (E)
Temperature dependence of the binding enthalpy change for THS-
510 and TAS-116 binding to the human Hsp90a NTD. (Color
online).

Hsp90 DA EIRME LG ZRET 2RERER LB XS
ns,

5. £RMRIZEH T HEREDIER

BtRIC, RFROPAMEEZ RTT-DIiC, FH S OLFEF
TR LTV, =T U TGN AR & L CREENE
HEn ot U oREEESE (SHMT) 12xtd 2 K55 1L
KAV —=2 T X @EEShIALEHOH NG, ITC %
HHAL TR O vy MEEWZREELTVND, D X
DT X Wi e RS AENT OB bk U, FEE 2R
UH 2 RiZ, KEEAZEDEROIELEFEEZTEHE L
T SHMT IZFREA L TWD Z ENHALNE 2 572,10 Z i
BRIV, SHMT (iZxf L CRIE SN v MESWhs R
AR E > TRHRELTWD Z EARENT?

F 72 H. hanzawa K SIXITC #iEH L=t v ME{LED
DORIFIZEB W THBERERNMAE L HE L TV, D XT T A
T OYMBRECHREL, PUBEBRO X —F v hE LT
HOENTWDH AT T A JK+F poly(U)-binding-splicing
factor (PUF60)Zxtd % U — NMLEWOHERRIZIWNT, 2 fE
HoObey h7F 7 Ak (DS89092425, DS37580150) % i
WLz, Thon7 7722 MeaWIZE LT, H-5N
HSQC, X #ifntid, £ L CITC T & 2i5A M 2 £l
LTW5%, ITC HIEIZIBUNT, DS89092425 TIIBME/ 2 i
FOSHEEZZ S NZA (KD =83 + 12 uM), DS37580150 T
WEFWES LIME SRR o=, 2D Z & H D DS89092425
% PUF60 (2%t U CHREERM LG GHERNGFIET 5 2 L3R
W Eniz, N i L7z PUF60-UHM K XA > @ 'H-'SN
HSQC HIE TI, DS89092425 fF{E FIZHBWV T 20D
NMR > 27 FAREA LM 7 L TEY, DS37580150 T



2021 AL B ABRIE A2 B2

Th ey 7 B TH 7=, PUF60 & DS89092425 D
A RO RE A EIZ B TIE, DS89092425 [EA DB RER T
HD7 I D, PUF60 @ Glud79 DRICEREMAIEM N
BELE N7, DS37580150 TIIKEEE & oo TWA T2, =
DOFFEBEMEMER T TE 220, FEFRITDS37580150 T,
FEATNL OB BIENEF KL, (LEWDOET VAR T
ETCWRW, kD Z b, ITC THERINTKIGIT,
PUF60 (213 % DS89092425 0 By 2 FE AR A M L
TWaEEB2xbNn5,

6. TLHESEDRE

DX HITITC ZIEM L2 BVAEIC X B (hawisikic &
ST, invitro ITEHAALDZ &, incell ITBWT H AR
BHEICR L TEEE T 2L ERETHZ ENTE T,
EERZ LE, o ObEMIE pM 4 — & — ORI FE
ICEWBRIZEALETHD, 2D D, (LEMNTZ X
L E—BREN ISy L EAER T A 5E, T OMARE
RUTITFFRER S D Z EBAWIfF SN D, S DICARFE,
PERDEOBAEENE, SVt k2L v a v
CITRRY, ENEAEICKT ILEMREAEOERE LY
arRoRN) T =g VOEBRREELELTWD, LR
ST, TOFEEFMERDO RS ) —=2 ZIZBW TR
THHINDZICAEKENTE, BRAOLKBEEHEEAL
T LWME A E R A TEX D AEEEEZ R L TWD, 5%
&, BVHlE Z2VE M U7 B BE-E B E MM AER PPIREH

DTS, FrELERGIE 3 2 ARG PR L, #r7o7e sk
O Z Lo T2,
B

ZOEIIRENRRE WX, RESEERIND
JeE 7, PR O ERICIR REHTHR L B E 9, ARSI,
HWRRFRERE LT RFER, BEAMIETIThNIZbD
THO ET, AL, KFREZRBL THHH
10 5[, E#NSIGHICES £ TOML RBLET, HICH
B THREWEZEE Lis, DX VIESHELE L R £,
FIARFRICHEFE SN RFE, AZ Yy T7OEFESA,
FAF7EE OFRICBESEHF W2 LES, LM KRE
Caaveiro Jose BZ(21%, CapF <° DJ-1 ZZBH L F 355 bt
ERITICB W TE Ry R— 2= Z&E Lz, Hnk
{bEMZ A 77V —1%, BORKFAIFEEN DDI LV {5 X
NWE L, AFIEO—E61%, ENLFTERRIE A B AR E R
SRS (AMED) AIBRE T A 74 o1 = o AR SR
M3 ASRESEIREIN IRIAE 7T » b7 +— 2 (BINDS)
(FRREZE 5 JP21am0101094) DX EEZITE L, &b —
1% JSPS BHFE: (JP18H05425, JP18H02082, JP20H02531)
DO EZ T TETENTWET, E LB L LT ET,

X W

1) J. P. Renaud, C. Chung, U. H. Danielson, U. Egner, M.
Hennig, R. E. Hubbard, and H. Nar, Nat. Rev. Drug Discov.
15, 679-698 (2016).

K. Gao, R. Oerlemans, and M. R. Groves, Biophys. Rev. 12,
85-104 (2020).

E, Freire, Drug Discov. Today 13, 869-874 (2008).

J. E. Ladbury, G. Klebe, and E. Freire, Nat. Rev. Drug
Discov. 9,23-27 (2010).

A. Tarcsay and G. M. Keserii, Drug Discov. Today 20, 86-
94 (2015).

K. Nakano, T. Chigira, T. Miyafusa, S. Nagatoishi, J. M. M.
Caaveiro, and K. Tsumoto, Sci. Rep. §, 15337 (2015).

2)

3)
4)

5)

6)

66

10)

11)

7) S. Tashiro, J. M. M. Caaveiro, M. Nakakido, A. Tanabe, S.
Nagatoishi, Y.Tamura, N. Matsuda, D. Liu, Q. Q. Hoang,
and K. Tsumoto, ACS Chem. Biol. 13, 2783-2793 (2018).
C. Yoshimura, S. Nagatoishi, D. Kuroda, Y. Kodama, T.
Uno, M. Kitade, K. Chong-Takata, H. Oshiumi, H. Muraoka,
S. Yamashita, Y. Kawai, S. Ohkubo, and K. Tsumoto, J. Med.
Chem. 64, 2669-2677 (2021).

H. Nonaka, Y. Nakanishi, S. Kuno, T. Ota, K. Mochidome,
Y. Saito, F. Sugihara, Y. Takakusagi, I. Aoki, S. Nagatoishi,
K. Tsumoto, and S. Sando, Nat. Commun. 10, 876 (2019).
T. Ota, A. Senoo, M. Shirakawa, H. Nonaka, Y. Saito, S. Ito,
G. Ueno, S. Nagatoishi, K. Tsumoto, and S. Sando, iScience,
24, 102036 (2021).

H. Hanzawa, T. Shimada, M. Takahashi, and H. Takahashi,
J. Biomol. NMR, 74, 501-508 (2020).

8)

9)

R B
Satoru NAGATOISHI
f E-mail: ngtoishi@ims.u-tokyo.ac.jp

AA

Netsu Sokutei 49 (2) 2022



