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MEBLEHEEERBHRINS. TS ALI—X - )—FREIZY +S4TS5)— - Ry Y-V JEEE &
UEERRABE., 102)331=2y FAOBELXEZTO>EOIC, GREDEWVWR V-V % BELEE
MR FOYEBILLITMZE. BERTEZEE LN T—a UXiE, A8 — PR EEL-DELEEN
B XZEEITL. XIENS (Biophysical-QA /NTR— k) OBEZEEL, EANLGXERRL LT, BXH
MIZEWNT 41 (FR28 . SR 18 . % 4H) OXIEEZERL. 19 BMOMXERKT S ENTE,
UTFICELGXIERROBMELRLT .

(EEREZD 1) BIEEZERMHEBR TS Y F I+ —LPDISHALDOXFEIZEWNT, BEY Y TILICEITEE
ER RET ¥+—HEOEMHMICHS LT, DSF [Tk D RET FH—HEORREEMBFTHN SEEZHT 2EHADE
ItxEBH/RT A EIZHILT= (Nature Commun. 2018, 9, 625 [Z#8#) .

(ELGRRZD 2) v 5 ) 7REOCHAZNE LTEEFESIATWS ) URKBEESR (SHMT) [IXT HES
FHREFIR I )—= T & YERSINLEM2FBEIIH LT TATAI V2 ILE—RHR LI FOE—ER
BROEyY MEEMTHASZ EEBALMNI LT, CORKRIF. SHMT IZH L T, LEYMIRHFENGHEE/EREKRRX
ZLoTHELTWVWAILZRLTWS, BELE-YEBILEENEBRENRICKDZAD2—TvtE4. Ev kN1
T—a Vv TOXENEIIERTEME®D 1 DTHhS(Nature Commun. 2019, 10, 867 IZ1BE), & 5HIZEAX
BIEEBEBTI=y FEDBEIZEDLENY ., EY MEEYDEESARBELZIGT 5 LITHTIL 1= (iScience
2021, 24, 102036 Z15&) .



(EBRBRZD3) HSP 74V 7+ —LBRWGHEERE LTRET—X Il ITEATWSESFEER
TAS-116 D:ERMBIHE A D =X LZHASNIZT 51612, MEBIEMNFHEZIT o7z, ZDFER. HSP00/g DE 3
Ry FERENSELLIC, TUOFIE—BEBRTHETEELII T AV MEEYARKENT-, DT FT 4
Y MIERIMEICHLELLT. 74V ITA—LEREZEZR LIz, S5I2HSP0 & TAS-116 ICEAT 54 > 1) O
LY. TAS-1M6EFNEREIIHNT IBEFEERT CLITHUIL, BAFMBHRZYR— T 5HMR %25
BIEMTE, TOKSIZ, AN TAS-116 DEEMENZTINRETHSI I ENRE SN, UL
(. BIZiBIE (Hittolead) IZHEFHEE, BIEIRNTAHAMLGE, TNhETHLIEKRTREERE - REMICIT-T
W=ER%E, BAFENSA—F LV FEMN DAL TELZLZHOMNIILEZHRETHY . EFEEDREIL
[2D%HABBDTHS (J. Med. Chem. 2021, 64, 2669-2677 |Z18&k) .

(ELBRZFD4)BRRIFREERTHIF NNV EMBEL VNV BETHDHE FILETILT S 2 HSA
DEEAERBEZHRBAL, ITCELGELHREL TCTOHREEAKRIZREICHONIL, EESBERKICHSL
TEROERNERETLY B VBB TH D, 15IC HSA LEFILDBEESRITEICHESELSIRETH D,
AARL VAL >=HEERIZEDCRRRTF FORMLENEFEIN S (J. Med. Chem., 2021, 63,
14045-14053 1Z15&) .

(ELGHREZDS5) KREEYVDONZ O RED2 FA—IILT 5t Y —5F CtBP2 OB =ML FRAEN
iMool A 2Ry IS0 FO—LDOFHLWVEEREER~DAEEMHZRE LT, (Nat Commun.
2021, 12,6315 [Z18&L) .

(ELBRZD6) RERNBEEDARNTEETE DTV EOIHAT INLBEL Y —2 VNNV EDVRT
LANDEFREZMBEZMBRIEMMASHLMNIL, SOVRATLEZ—S Y MILEHFLAREFIREICEHRKT
EHEFERH L=, (Commun Biol. 2021, 4, 467 |Z#8&)) .

(ELBRRZD7) TED X T 4 v I EIZET S DNA A FILEHIEIRERF UHRF1 (x93 2AEFIFERICH
WT. 73T A FLRILDIEEYMDENDFOERKRT Y MIHEEL., EREORTERZALEIE, T4
IWE—BRBIRDHEEHRAEZETHIHELGE Y MEEYMEMBTIT 52 LITHIILTz (Bioorg Med Chem. 2021, 52,
116500 [Z18&)) .

(ELGHREZTD8) RERFZARICEHT SN Y FEZBAZEAXHFHHICEAT 5MEICELTIE, XEED
BEEREHIES IV T FTIVEEENRTI7 TE2I—HAZEXRDOHREHENICHEET 52 L& YEILFEHN
L YL MZ L= (JACSAu. 2021, 1, 578-585 IZ#5EL) .

(ELGBRZD9) HMEROAZ /Y BREBEEER (PP) ZAFTXTLI2HFRLEES) T HARDOLHIZ. XRT
b REMEENDA) T (N-BET DY) ()T NSG)., BLUZTDERFRIEILT 5=HDF )T (N-B
WM7>5=2) (FJINSA) ITEBLEAFRAFHEZT o=, TORR. £ INSAFRIELEEZLTL
5=, BEROBIKEMFLI-FE, EN-EREZHI L THRELL. HEHRANGLEEBEZRALEIELH L
MABETHD I EMNRE Iz (Chem Sci. 2021, 12, 13292-13300. Angew Chem Int Ed Engl. 2022, 61,
€202200119 [Z#8&L) .

COMIZH AXIBTIIIF-LGHEERE) A FORIEANDLENHIENE /) BEOREERTE & VRIZEICERMT
BEDSFAND_XLOMFERBIZHEEIL. ThETNHIXE L THERERLE= (J Phys Chem B. 2022, 126, 1004-1015,
Commun Biol. 2021, 4, 1093. Commun Biol. 2021, 4, 467 ZI(Z18&0) .

(BEEDRER)
TRl PFEMBIEICHEITS)— FEIHEZBHE L T, invitro OYIBLZMEEER/AS A —42 2k B incell
in silico TOLEWIEMZETE L. Hit to Lead WEEREL 28 (T 5L IR D YR & € D B 5T B i
FHRRTDHLEFBIELTE R, SHITESFIEEWTIE undruggable EEHN TS ERE-EREMMBEEE



FA PP IZx T B EAS FHIEIFIOZERS S URRICHELENT JO0—F @RI L L E2H ATz UTOER
BRRZET

(FRRZD 1) HMREEREFD 1 DTHS P-cadheirn (&£, EHIEOEMIBICTEERLTH Y. EBECEGRRICE
CEASLTWA I ETHEHAFORELREBEHE L TEESATVS, WEIELERV -5 LT SPR %R
T4 LT, FRGREFA Y —HEFRREMORAFEICHTIL, EBITHVUE—T vt4a & LTREKRE
MEERTDIELIZKY, T5TA 54 TS5)—h5 P-cadherin REA A I—%MBET HESFILEWE
mELIz, #onfzEy MEMEIEEWIX. E-cadherin & N-cadherin # AUV @ RMEZEHAET S &K Y. P-
cadherin DAH#EEEMZRT EY MEEYDZEIRIZEIIL = (Chem. Commun. 2018, 54, 5350-5353 [Z#8&) .
SHICYAY FREDEHMEZL-E DD, EREIFEEE DDl OIS T AV MSATZ)—THRY ) —
2031701z, TOHE. MRT v 4 TOEEEMS L E-cadherin EDERMEEZEFTS1D20DE Y MeEMZE
BRIGTAHCEICHHYILE, Bon-tEMIBERTI=y FEEHEL, XERBERBITANLEDT-, TOHE
. t&¥WE P-cadherin L DEMEREEFHRE/ D LITHII LTz, P-cadherin REH 4 YT —[HEFIDFERIC
HEWLWTIX, SPR £ FRALCTEERME T IO—Fn 5 PPl ZfETESAREMZRHE Lz, CO7IO—FT
(&, EBEMEICELEEHET. MBELARILTPPIZEETESEMERI CEAHALNE L STz, COHMEER
LT, Ev MeEMHCDBERRMN L., SHICHEFEDOBMEEMERFT A LIZEL I LTz (Commun
Biol. 2021, 4, 1041 [Z1§&) .

(REZD2) NABEE/N—FVYUREEE/S Far P 7HEEEEREICHTSE Y MEAYIDOEEFMSE
MEBILFEHNZ A —2 EOBEERGREZREL. BICTHEEERICET2BNENTA—F H@EEIVRILE— #
BIVFOE-) OFSICONTHEHEZRETACLETHEBEL LE BRELTA—F VY UR/IS OV EYT
REEERE DI IIXTH. TR IILE—EREIRDIES FREHRZHEF L= (ACS Chem. Biol., 13, 2783-2793,
2018),

(REZD3) AAAITEVWTHENICHEINS PPl T 2EERIFERZT 2. DDIO T+ —HRA K5 A

TS5)—2RAVWTRI)—=V 5 #FEL. BELEZMEBLELENT vEA4FELVEY Hl:é‘%?ﬁﬂﬁiéhfa
hohDey MEEWIE, HBRENLZ T THCENAMBKICENTEHEZPPIZEET S ARSI,
L EWRE TR ERGIRME%K ST 2HREEFEEEHTEL . EALBNAETILTDRIC *H‘%)Tx%%%ﬁf
LREGEERREHNS S LU ENAMBBROMED - BRVEBOONI-Z LMD, 2TEDILEMIEHEL PPI D
HEZECIANABENGREBEEHZE DI LNTRE Iz, ChoDEY MEeEWZERIC, #BERMA
ZyhEDEELY S HICEVAETEFEERTILEMDIFEREZIT o=, TOHER. ETILANAMMICLSEE
TyEAIZEWLWT nM LRJILOREEFUELER SNz, KAeEIL. BINDSERIEETHD “BORL", “BIE
FEHL-ARGCEEORE". ‘1= v FMEER” AREL-. BOTEELRRTH S,

(RRZD4) ILBLUYHREOREETAM) VNERXD LS BEELKEESITEI T, BERERROLS
BRREDEVMEHZZESC L THHEOHER) RV ZMAHANER OIS ZHF L. HKEGRBORIOD
RTw Tl B PPl #HET SEHDIERET o1z, SPRZALYBEEFEEZEZRIEY MEEMEEIRLTZ, 7
DIERTIRIIHT HEL VHEREOBRLEN, £y MEEMICK>TMZ 5D I LMD NIz, BEE
EHIT, BEEICHLTEI SV AL MEEMDO & S GERMMEE Y MEEMTH., MEBIEEMNLET7 TO—FH
5invivo TH+RLBEDERTEDFILEYOIENAIEETH I ENRINEZEELRRETH D,

(HRZD5) SELZRIEEFNOBEREILLE TOMELLEHMNTA—2 LOBEREREZRFEL. FICHEE
EEICETARER/NTA—F (REREEH. BHEETR) OFSICOVTOEHZRET A LZBERL
LTUW=, ZOHRE. BEAE GPCRICHTIDAZIAZAMETURIZRMIHWNT, BEERMNEL S ATREM
NREEINT, SHICEBEDT AT IV REZHERENSHLMNIZL, YA Y FEELEOHEBRBEZRERLSH,IC
FTEIELERAT, TORR. GPCRD Y AV FEHEIE, BE_EROREMEICHEEZTHZ 8N Y. i
BMHEOBEVVEE_ERLVL. BECREBMEOHSIBE_EEREDAD GPCR O HY KEEAGULI EARS
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= (Biochemistry, 2019, 58, 504-508 [Z18#) . CDRENEIEN FEINFEFHEMD THLEI|RITLHIEMNTE, §
BOIUIaAL—2aVIIBET AR FREDLHFREICKIG LI-MIBILZR/NS A —2 T HEmO. STERE
[C&BUAY RREHZO2EMNBEEZ DN D,

(HRZD6) FHEBREIE (FFIZ COVID-19) ITHT HIEMHERIOYIBILFNBNEER L=, ABEXTERFS
N HSREZERL. BMAFLREEFIROBEEICET 2SR, HEERAKK. BEXTEE. 74—
VT4V THRE, RFFAFTIIORITONT, ERABFICET 22AMNGHEEERNSA—2EWMB LI, Fi:
SARS-CoV-2 AE7OF7—+ Mpro IZCEAT 23 URLRILDDFENZHELZERL-, TORE, ZER
P108S 70T 7—EDREIED A A F I VR LDBEEEZTRET H5LDTH 1z, P108S Tlk. fbsEEMLA
HEEICHLTHBYTIVEALIZKKE- TV, COBRIE. EROFEL, BUGTHSBEICEOSVWTER

DEEEFRAT I VNV ERMAHBELGEDMDHEFEEMTT 5. P TFHAEIIaL—2a v DFRERE
T ELDTEHH o= (Biophys Physicobiol. 2021, 18, 215-222 1Z15%) ,

B VN BEOREREICED 54 THA IV ADER. SoICEBH - T - BRICESIERSAICHT S
HEMEREKRED, TOEDOICEZHREENT VANV EZHENICI Y FO—)LTE 5HIHS FOREILTRH
RTHBD. TREHITHRBELBEF )T 41F. BEDFICBFELST, P2 FALHBKEFOSNFESRKICH=S, &
BIZIXZE DHEEREN FNTITHBEBILHRATHS. ChoBIREFXY T DE POC 2HER-HIDITT 518
([ZIE. BHE VR BITHT HHEERIHS FOREEOBREIBOTEELGMEDFIIHEHEEA NS, EA
(F. AFEXRIZEWT, MEEEHBTFEZRELTEIFRI Y —Z V7 ICET SEIRAKE. B2 FIEEYE
BHE VR EROBEICE T A HEMTRMO O OHEERKXOYEBLZMNTREERFT. TLTIhoDRK
MEEBELTESFEEYOE Y FEEWL) — FREIH~ADEELFICET 4XEZT>TE = (Yakugaku
Zasshi. 2018;138(8):1033-1041 [Z#5&) . TDER. MIBLLFMBITAENE VIV EIZHT HESFIELEHD
HEMERERICEHALTERZEGMRZEA S5 LEAA LTz, AXEAFFIL, H— EXRREAESIUVS14 7Y
AT RAPRIZET HHEFER in vitro FHEAFTRER. ERDES ) T4 ZMESEHYEELFET SV b T+ —L4
ELTDRENZR-T ENFFRTE S,

(Outcome of the support)

To provide supports for bridging physicochemical interaction analysis to the Library and Screening area and
Structure development area of the Chemical Seeds Lead Discovery Unit, and in silico unit, we have provide
following supports to establish Biophysical-QA hub port; physicochemical evaluation supports for target molecules
aimed at reliable screening, validation supports for structure analysis, and supports for physicochemical analysis
aimed at rational lead design. As specific results, 41 projects (28 intramural, 18 external, and 4 corporate
projects) were supported during the project period, and 19 papers were successfully published. Following is the
summary of the representative projects of the supports.

(Major outcome #1) In the drug efficacy evaluation of mutant RET kinase in clinical samples, we succeeded in
discussing the change in the drug's action based on the thermal stability analysis of RET kinase using DSF
(published in Nature Commun. 2018, 9, 625).

(Major outcome #2) We found that two enthalpy-driven and entropy-driven compounds selected from a small
molecule screening against serine metabolizing enzyme (SHMT), which has recently attracted attention as a
malaria infection and cancer target hits. The result indicates that the compounds bind to SHMT with a specific

mode of interaction (published in Nature Commun. 2019, 10, 867). Furthermore, this assistance also led to



collaboration with the Structural Analysis Unit, which succeeded in obtaining the complex structure of the hit
compound (published in iScience 2021, 24, 102036).

(Major outcome #3) To clarify the mechanism of selectivity creation of TAS-116, a small molecule drug currently in
Phase Il as a selective inhibitor of HSP9O0 isoforms, physicochemical evaluation was conducted using ITC. As a
result, we found a fragment compound that can bind to the site called the third pocket of HSP90a/p with enthalpy-
driven manner. Thus, thermodynamic properties were revelaed to be the specific drug effect of TAS-116 (published
in J. Med. Chem. 2021, 64, 2669-2677).

(Major outcome #4) We have revealed the metabolic regulation of CtBP2, a sensor molecule that controls the
balance of metabolites, using physicochemical analysis techniques using DSF, and have identified the possibility

of developing a new treatment for metabolic syndrome. (published in Nat Commun. 2021, 12, 6315).

(Outcome of the advancement)
We have aimed to evaluate compound activity in cells and in silico by in vitro physicochemical interaction
parameters for lead generation in molecular targeted drug discovery. We have also aimed to extend the
physicochemical analysis in Hit to Lead and structural optimization, and to develop quality assessment techniques.
We have attempted to apply physicochemical approaches to discovering and developing small molecule
modulators of protein-protein interactions (PPIs), which have been considered undruggable in small molecule
compounds. The representative projects are as follows.
(Major outcome #1) P-cadherin, a cell adhesion factor, is highly expressed in several cancer cells and has been
attracting attention as a promising candidate target molecule, because it is involved in proliferation and metastasis.
By using SPR as a physicochemical screening method, we succeeded in developing a novel homodimer inhibitor
discovery technique, and by confirming concentration dependence as a counter assay, we obtained small molecule
compounds that inhibit P-cadherin homo-dimerization from a fragment library (published in Chem. Commun. 2018,
54, 5350-5353). Furthermore, we succeeded in obtaining a one-hit compound with inhibitory activity in cellular
assays and selectivity for E-cadherin. X-crystal structure analysis using the target protein and the compound has
been performed in collaboration with the Structural Analysis Unit. As a result, we succeeded in obtaining co-crystal
structure of the compound and P-cadherin. In the search for P-cadherin homodimer inhibitors, we found the
possibility of inhibiting PPI from a kinetic approach utilizing SPR (published in Commun Biol. 2021, 4, 1041).
(Major outcome #2) We investigated the interrelationships between physicochemical parameters and inhibitory
activity of hit compounds against a cancer-related/Parkinson's disease-related/mitochondrial disease-related
protein DJ-1, focusing on the thermodynamic parameters (binding enthalpy and binding entropy) for the inhibitory
activity. As a result, we obtained enthalpy-driven small molecule inhibitors for DJ-1 (published in ACS Chem. Biol.,
13, 2783-2793, 2018).
(Major outcome #3) We searched PPI inhibitors specifically observed in breast cancer, and hit compounds were
identified through screening with DDI's focused library and a constructed physicochemical assay method. These
hit compounds were shown to inhibit the PPl in vitro as well as in breast cancer cell lines. The two compounds
were shown to have breast cancer-specific anti-proliferative activity through inhibition of the PPI, since they
showed low cytotoxic activity against normal mammary cell lines at the same compound concentrations and
showed reduction and disappearance of breast cancer cell without major adverse events when administered to a
mouse model of breast cancer. The two compounds were suggested to have breast cancer-specific anti-
proliferative activity through inhibition of the PPI. Using these hit compounds as a starting point, we searched for
compounds that exhibit even higher inhibitory activity than in conjunction with the structure expansion unit. As a
5



result, inhibition activity at the nM level was confirmed using model breast cancer cells in an inhibition assay. This
advancement is a significant achievement, namely a fusion of three BINDS priority items: 1) improvement of quality,

2) setting clear goals with an awareness of drug discovery, and 3) collaboration among the units.

The social significance of the development of life science through the functional regulation of target proteins, as
well as for medical applications ranging from diagnosis, prevention, and treatment, would be emphasized. For
this purpose, it is essential to design regulatory molecules that can specifically control a variety of target
proteins. The optimal modality for this purpose is not only small molecules, but also a wide range of molecules,
from medium-sized molecules to macromolecules such as antibodies. Furthermore, the strategies which these
functional control molecules exhibits are also varied. To establish the POC of each of these drug discovery
modalities, it is considered important to ensure the specificity of the functional control molecules to the target
protein. In this project, we have been supporting the development of small molecule screening technologies
using physicochemical analysis methods, precise physicochemical analysis of interaction patterns to evaluate
the specificity of binding between small molecule compounds and target proteins, and the establishment of small
molecule compounds as hits and the creation of leads based on these technologies. (published in Yakugaku
Zasshi. 2018;138(8):1033-1041). As a result, this support system has provided important insights into the
specificity/nonspecificity of small-molecule compounds for target proteins. Our methodology developed in this
project is the only one that allows precise in vitro evaluation of drug development and life science research, and
is expected to serve as a physicochemical platform for accelerating domestic modalities for accurate in vitro

evaluation for drug development and life science research.



