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FOB insilico ¥ ab—va /A7 ) —= U ZJHEIRR E LT, Z U7 EOBRREEE A ZE LT,
EE  EEEDL VNI T FERE, BIOX 0GB o R EEAGRET Y 7 L& BT
L., HEOBITEME LG E RINT Z LT Ui, 7o, 2 U X7 ORGSR & LT, X Xy
BFOZECREHERIES GraDeR 15, 7 74 AHEBIC L DR HTEB LS &Y VN7 BTk 58
JEEE NMR JIE 1538 L OYNMR & AW 72 R SRS L A O o b ORESL 7 E 24TV GPCRB L OV i —F ¢ |
A XX U7 EDOEY N EEDNORAIIER & 72 D & L X 7 B ONLREER BT LT,

LA HAFGe B ERE4, - B9 in silico v S al—1a vy /A7 V—=u V7 =7 OR%



iMEEMY T R« 7 —F =2 DRH%
27 ) == THICAFARbEWT — % ~—2 (DB) OF#MEEL B & LT, Mt &K 4200 75
EAL BTG R ZINEE L, LigandBOX-DB & LT 720 5 & ABd L 7= (Kawabata et al., Biophysics, 2013),
BN BBL D & o 8 LA AAERT — % _X—ATH 5 ChEMBL OF—Z #FEIZ LT, Ry Fr 7 2ary
%ﬁk%&bﬁﬁm QSAR “E 7 /L&A %9 % docking-score QSAR{EZBA%E L7z, RTIETOREEIT
kcal/mol & BFHDO Ry 7YV 7 FD 10-100 {20 E¥5EE 2 328 U7~ (Fukunishi et al., Mol. Informatics,
2017; Ibid. 2018),
i) fLa kit - GRGEHIEH Y 7 b D =7 OFHEBR%E
BRESVETRITIZ, BEfEOEIR G 22 & 250 L EIZHWT, ARERE DA R EES 314 2 BB 9 5 Hhk
237 N &% U7 (Fukunishi et al. J. Chem. Inf. Model., 2014; Fukunishi et al., Curr. Pharm. Des.
2016), S FOEMEBOBEMAZTRT Y 7 MU =7 TiE, BFOLEMEGEIICT 77 A MIafEL. C
NoD7 T 7 A e B TZRZCERS LT BRBRO TR Z IR T 5 Y 7 by =7 2% - KB LT,
i) 2 N7 EOBINEZ(LZ BB L., @il - @EEOZ R IE /)T FEGIE, BLOGZ ™78/
Z R HEAEWET ) v T FHEOHBIR%E
WEOSFE 1 D) FHELY BIEDNICE VIR THRERRZITV., L0 EMREET o 7 V&t
F|CTX D V-AUS £ (Higo et al., J Comput. Chem. , 2015) 3L NVeMD ¥ (Higo et al., J. Phys. Chem.,
2017; Hayami et al., J. Comput. Chem., 2018) ZBA%E L. #FEAHILAEN 4 @217 5 M IE & Setef 7l
FbFiE 2 A AUTE myPresto/psygene, omegagene [CFEFK L7-, ZOAIC IV Z o 0EF /U H FEB
FOF TG BRI EEGROET Y 7 BT XL FX —HGICESEAT 5 —J5 0 NR, X BRs sh i
W7 N—7EBLORERE L OB LY. BREOENY VT EEEGRICKT 24 OET VA FR L
7= (Iida et al., J. Comput. Chem., 2016; Kasahara et al., Nucl. Acids Res., 2018),
W) BHTD GPUK A =—aT PC 7 FAZERWZAZ V—=2 7Y 7 FoE#l - sk E
MD #5771 7' F I myPresto/psygene % GPUELH Y 7 & (myPresto/psygene—G) (ZHNZ T, HEZAI/INE72%
ICX L CHBE—0 GPU 21 7 TEIRICEE 2 E 9 5 myPresto/omegagene & Bi%s « /ABH L 7= (Kasahara et al.,
Biophys. Physicobiol., 2016), —Ji. X /XJ'E-HW N X7V 7 b myPresto/sievgene DIFFLZ1T
W, AU TF L7 myPresto/sievgene DFGEZ{R-T-F F . A =—a7 PC T 20-70 {0 & b2 EmR LT,
V) IRD TERVKEEDREA NEWETE DL NG NT A= 3R E STV I ab—r a VHIFOBT
Ry F o THETORAY V== ZIZ X DREETHEE DT, BRI E L35 Y 7 - MOPAC Z# R L T
FALFRE B OFIRIZIE U TR A EM 2 MHIE L, SREORTEM &5 25 MOPAC AMIBCC B2 7HH T&
HEHC LT, ZOTEFHEHA 1) 12815 5 LigandBOX-DB TOT — X EEICHW O, o —ICH A L7,
—Ji. W NT A =MD FHRIC K B AEEGESR & SRPG {EEAADE T, U A RO binding/unbinding @
INZNIR S T2 BNV FRE ATV, VA FOFEE RT3 VX — % @R EICTHT 2 — iR FIELZ BRI LT
(Nguyen et al., J. Chem. Inf. Model., 2015; Bekker et al., J. Chem. Theory Comput., 2017),
vi) =Y - f U H—T = — ZADBFE
Windows, Mac, Linux7g EfREMZR0STENERIRE/R Y T 7 4 v 7 A 2 —T =4 A (GUI) TH 2 “myPresto
portal” ZBA3E L. FrmyPresto (myPresto version 5) & L TABH L7z (https://www. myprestob. jp/).
myPrestoDfi % Y 7 b U = 7RO AN B L CQUIN DL EGICEITTE D LT, (G Dsr THRE.
SN EROME, pFvIab—va s LBV Ry XU T REN T ABMETITA D, £2. ARID
PCO T AZEDN— R aREEET I T T FEOPCY T A F 2R 5 EAEERR b1T - 7o, GUIRLG O Hiflb
PRAEEZE2HANGIEED . BEY 7 PR — B A b EBOEZETHM S L,
vil) #1 myPresto |2 X % BRI FEFEASE
IKEEPEPTEPAK T — B DIHELEW % . 200 5L AW 7> HmyPrestoll X V3R L 721, 167H0 4 2004 (2
2



Jr. NMRIEIZ L DIEMEREE A2 F506 L CICs073 10 u MEL F DAL S A 1208, 1uMEL T O O & 20F R L7,
= DG RO XA B IE AT & F2hE L 7=, ESHIE K oS in3 DD HmyPrestoDflix DY 7 b =7 &

& 0 BE LAY Z IR L, NMRIEIC L 0 50FELL EoiE e % R U7z, 3L oLFEFTRIC & v
B AHED T T = A NEEZFF OO & A LT,

2. PP FERH RS R A, - BERERIEIRTE (WR) (128D & X7 B OEBISIE T2 T 2 B AR S BUSHART
D B 5
1) BIZEEER) & X7 B O REENMR % Al ge & 3 2 s UM S5 K& ONIE VE O B 7
O EBMifuRE AL AW B KR LS X7 HiENEO BT 6 L OVFEEENFSE
% < ORIFEEE & 2 X7 B ORBUZIB W THAZR B AR BL RN T, BKREERIC L D NR > 7 F 1D
AL G ELLE) AR THID CTER Lz, B3 L= FIETER R CIC3E LT (Kofuku et al., Angew.
Chem. Int. Ed., 2014), 7w ba—/AfLL7z, SHIC, ERHNTWEAFA=UITMATT 7= 4 Y
RAY emA Ty s AL =y N BT a—T LT 57O OREFIEDOHRIIC BRI LT,
FRE 6O T X BT, Al %FEE’J& VR L UCHEERES o O E RS S < TFET D 2 L h
O, 2 X7 B OEREEE NR AT ICRICA I CTh Y | B2 N E2ER & LICAIEERR I TR G TE 5, &
BRCRIZREER) & X TH D PAR B L OP2X 2K (Minato et al.. Proc. Natl. Acad. Sci. 2016) |
W, IBE ZEHEF COIMPEEEZ O THITT 5 Z LTI Lz, Liei-> T, ABRE CTHLONEE &
JBE R C OBYIREE RT3 FTRE & 72 0 | SEMERIL S DG S LIDIRIECTOHGNIELAE L 0 EfEIC THITX 5 &
T2 T,
© wmayTES N EORHLEEMERRITE DB %
BIEAER) 2 X7 B OBREETE R AN T2 5 A TR L 2o TV FRRAZ TR L, U T FOREE
FRAESCEERIEMEICEE 2~ A 7 v 6 L VM ORFEER TA L 28 EE R AT 2 f:@@%g¥#ﬂéﬂl
FRMTIEZ B UTc, B LI FEIT T v b a— b3 fThil, a2 b — & U7 B & Ve —#E OB
DAMERFGE LT D 2 TR CE LTHRE L, MIRNY 7 TR EEAH S Caid3 X VR IEEZDHENA
PEE AR D I AAVIERE DFEBA (Toyama et al., Nat. Commun. 2017), B L OV 8 20 H A2 DX X0
& KirBac T ¥ RV OREREMBHIC %) L7= (Toyama et al., J Am Chem Soc , 2016),
i) BISEEER) & X7 BT 5 U T NG O K% R EVE O B
B IREE DB [EIZ L VLAY OFERNE & BUFIE 2 W3 S8 5 8 7 22 5 O fife st
Z R B L EEIRETER L TR D R O TEENE & ZE AN A FEEEI . A OOIRRE CEBENMED S < 22 IR AR
PEPMEWEFT 2R ET 5 2 & T, KRV BMENRS . FrRERm E LY T Ra255 iExfN L
(Mizukoshi et al., Angew Chem Int Ed (2016), I T, KFEEZRRIE, 71477 ) —(LEMIIELF
FNDHT v EHA~OWA L AREIZ L7z (Tokunaga Y et al., Molecules. (2017)),
iii ) BIFEARER) & o R 7 8 @%ﬁé’]*ﬁLfﬁ?&?ﬁﬂHﬂ/ﬁOﬁaﬁ%&Uﬁ%2]%71 GO G R FFE~OEA
@® GPCR D 7 F VI8P % i1l 2 BRI IE O IF 2 i 3 2 5 iEDBR%E - G
A A R, P2X BISRAERIIE 2 RV EIZB1T 5, IEEZET DB i 2 N9 5 2 & IThk
HL7- (Okude et al., Angew. Chem. Int. Ed., 2015, Minato et al., Proc. Natl. Acad , Sci., 2016).
S5, BT RV T U ZHEIE, TF )20 A2 /K, CXCR4, p A A FEZEBITMAZ T, § 44 A R
SRBIZB N T HEE RN ERS L OV 7 VB IRIEICE S LD Z L bk o7z,
Flo, TVARAF U T NEIEHEET DRETH S, CRmEEN Y UL Sz BARIZHEWT, U Uik
SAVTEL & BRI EAEH T 2 Z SIZEH 0  BAR BT LV AF o 7TV DOIEMALIZE L 7o tEE & 72 D
ZEPHOLNTR ST, TOX DT, T FIVIEIRM:Z G 2 BiAEE O A 9 2 FiE AN LT
(Shiraishi et al., Nat. Commun. 2017),



@ #HrmyPresto (2 K 5 RZRAFEZATE
B myPresto (2 & W HELD GPCR D U H > RIEM{LE M & #%GFH LT, FEBRICAK Lz, EEEZFHMEL7-& 2 A,
FERLEMDO—2N T T=A ME L THRET D Z EA LN E o7z, EHIC, N\MRICE VT L= & 2
A REMEEWAEAE T2V T, GPCR 2NEMEA & AR S FIRE AT D& ik iglch 2 Z L 2R L
7oo LIeMo T, —#OH myPresto OFIER, EEOFHHULEDORFHIARATH D Z ENEFEI NI,

3. S AP EBRFE B A « XA OVEE TR L D & 2 /X0 K OV DALA A8 S IR O KSR T A IS Bl O BR 38
1) MERLEN OB 'Y 37 B ORIERNT IR TS 2 2 E6 T 2 H il o B %

RGN TE CTREE T N R FTRE T o T iy F B X v /7 ORISR 2 FIREIC T 5 72 Is, AR ZE AT
% Z L CREE A RET DHANBR A, GPCR THH T RV VZFARBAEL (ETR) TITV., 2 OHEATBIFIC
AL T, 7A=ANEOEEIKR, VI R7 Y —%2FK, SHIC2HEOT 2 T=2 & OESIROMHE
FEATICAE DY LT, Nature 2572 K123 # L7 (J. Mol. Biol,.428, 2265-2274 (2016), Nature, 537, 363-368
(2016), Nature Structure & Molecular Biology, 24, 758-764 (2017)), Z D5k TIER L 7= RIKDOHAE
MWWT EEDLRNT LB LT, Ko7 v b a—L 2 Epl LT,

i) AEPRAYSRAT IS8T D RSB SEAE I 1 R 2 BUS3 2 £ D BR %S

BT 2 WD 2 & CABBR G TSI T 2B Na'F v RV OREIEREITIC ) L, BT
P Na™F ¢ FL DR gating 2T DO —ImA B TE 2 X 91T o7z, ZOFIDORRIZ, RN TR S X7
B OMIE Z BT T 2 HAINBAFE 21TV N TOMIEMT O HEM: L A AMEAZ R L7z (J. Mol. Biol, . 425,
4074-4088 (2013), eLIFE, 06119, 10.7554 (2015)),

QIIECHARERERIGEORE 7257 7 TRV > -4 (AQP4) 12O\ T, AR T CHEEMITT 52 L T
MO TT ¥ FNVNOKG T2l THEETE D Z L AR LT, £, ZOEESEME LTRHELTY
7' s =3I K (AZA) 1Tt RO AQPA 2+ ICHETERWZ L2 /AL, 2z, 7 v b AQP4 &
AZA & DIECIEDOREERIAT Z fEHT L (Microscopy, 65, 177-184 (2016)) . T D4 fEkE% 2. 8A £ Tl L &®
%HZ LT, b FOMHERZBRET HENE RS, 1T A3 L U CHHERIR T2 FTREIC 3 2 K5 SRR 1
AT 2 HAT A B L7z,

iii) BRI STARREE S I S W TH R ORER & o 3 7 B D SLRRE S 2 03 & < AT 2 B o BR %S

OFHEBMOX v v THEEGT ¥ XL TH D, aX1F T U OFEE R THNT L T\ 2D T, BEHEESMO X v
v IHEET v 2, A XXV OfEE R U AR E T T 5 2 L2 s Lo, KW fReeE (10A) THEE
FHOAEE D & BUEZEWIENT 2N k7= (J. Mol. Biol,.428, 1227-1236 (2016)) , & HIZZhEROD BT % A
HEIZ T 2721, BRI TRATIE 2 T & o X0 B D & 3 fRBE DR IERNT 21T 5 _E T B 7o S mTEEA 2 B
< KiE#BA% L= (Structure, 23, 1769-1775 (2015)) , Z GraDeR{EZPHFHTH Z LICL T, £ F*F
VINERT B X v v TG OIS & R IRNTE A VL CL EIIRNC 3. 3 A REE THEEMEIT D 2 LTk
L7 (Nature Commun, 7, 13681 (2016)) . ZOFIDOHRIZ, BEMOE®ZTEM L TR X T4 2 ik
DBAFEICET) LT, FFIT, BRI RT3 R )70 2 & D3RR T X 72,

QEEFMEIE DR E T 703 D AlE & /3 7 B OREMAT I ZR0R ORI HORAUIT, BRI FARTIE 2 VWS Z &
T, BOBMH T OMEE T AAERD ATRR AR AN BR R 21T > 72

iv) X0 EACEME A RO SRS 2 AT 5 Hifl O BR %

D7 v —F 1 BEEOREERRANT T 2 #%& Science 3572 FIT%# L7~ (Science, 344, 304-307 (2014), Science,
347, 775-778 (2015)) .

@1i) ICBWTCEIRLZETR &7 T=A MK DT v X T=A b & ODEEIROHEE 2T L T Nature 3872 S
#£ L7 (J. Mol. Biol, . 428, 2265-2274 (2016), Nature, 537, 363-368 (2016), Nature Structure & Molecular
Biology, 24, 758-764 (2017)) .



@i) ICBWTRIR LT 7 TR Y v 4 LIFEROEGEOMES 10A, 3A, 2.8A L5 3 FEE O/ fiFRE Cfif
FrL . 3BA XV EWAEREDMNT B AIZEIC I W CHETH D Z & Al L, DrugRescuing #EFETE 5 & 9
IZ L7z,

@iil) IZBWTRBR LIEX ¥ v THEET ¥ XV O ENRO BB ITIIRFE TE 5, Z<ABEERNSZ VX7 B0
HEIE DI < T HISR D & 9 1T/ o7z,

ATz FORED 1 2L LT RS H CeSPIA 2 2017 44 A 17 AIZAIRR UT-, #i &4 CeSPIA TlZ.
RLERAS2E 7 O DPRFHIZ A 2 CHEBEMRMT 2 320 L T\ D,

The database of chemical compounds has been developed for docking screening procedures based on the electronic
catalogues of the industries, and new methods applying machine-learning approach have been developed to estimate the
values of activities and LogS/LogD of chemical compounds from public databases as the “Big Data”. Several software
programs have been created for designing and synthesizing new chemical compounds and for modeling the complex
structures of pairs of ligand-protein by considering their dynamic natures. New ensemble docking procedures with several
new algorithms have been also developed to compute an accurate binding free energy by the thermodynamic integration
along an appropriate binding/unbinding path that is found from the free-energy landscape. Based on the above methods and
software including a GUI portal with the cloud usage, a new program suite “myPresto version 5” has been designed,
developed and released from our Web site, Attps//myprestos. jp/.

By applying the above new software and systems, putative hit compounds have been found for several target proteins,

in particular, a transcription factor and a kinase.

Dynamic properties of membrane proteins in lipid bilayers are difficult to investigate owing to the low sensitivities of
their NMR signals. We successfully increased the NMR sensitivities by developing novel stable isotope labeling methods in
baculovirus-insect cell expression systems and revealed that the conformational equilibria of B2-adrenergic receptor (B2AR)
and P2X4 channel in lipid bilayers are important for their functions. We also developed the NMR methods to characterize
chemical exchange processes of proteins on the order of microseconds to milliseconds, which could be applied to KirBacl.1,
with an apparent molecular mass of 200 kDa. Using these methods, we showed that the oncogenic mutation of Ga
accelerates GDP dissociation by shifting the equilibrium towards the excited conformation.

The thermodynamic properties of a ligand in the bound state affect its binding specificity. We experimentally evaluated
the local dynamics and the surface complementarity of weak-affinity ligands in the receptor-bound state by forbidden
coherence transfer analysis in free-bound exchange systems (Ex-FCT). The Ex-FCT analyses successfully provided
information for the rational design of a ligand with higher affinity and preferable thermodynamic properties for p38a.

G-protein-coupled receptor (GPCR) ligands impart differing degrees of signaling in the G-protein and arrestin
pathways, in phenomena called "biased signaling”. We found that the intracellular cavity of w-opioid receptor exists in an
equilibrium between closed and multiple open conformations and that the population of each open conformation determines
the G-protein- and arrestin-mediated signaling levels. We also revealed that the phosphorylated C-terminal region of B2AR,
which is important for arrestin-mediated signaling, adheres to either the intracellular side of the transmembrane region or
lipids, and that the phosphorylation of the C-terminal region allosterically alters the transmembrane conformation of B2AR.
These findings provide insight into the biased signaling of GPCRs and will be helpful for development of ligands with

reduced side effects.



By electron crystallography of two-dimensional crystals, we analyzed structure of a gap junction channel of innexin
(invertebrate GJ channel), and observed a plug density which was similar density observed in gap junction channel of
connexin (vertebrate GJ channel). We revealed that innexin forms the gap junction channel by 16 subunits (hemi-channel by
8 subunits), while connexin channel is formed by 12 subunits (hemi-channel by 6 ones). By single particle method, structure
of the gap junction channel of innexin was very effectively analyzed at 3.3 A resolution (Nature Commun, 7, 13681
(2016)). Single particle analysis enabled us to observe detailed structure of innexin channel including short helix (possibly
forming plug helix) at N-terminal side as well as cytoplasmic domain, which was not observed by crystallographic analyses
of connexin and might be importantly related with gating mechanisms of the gap junction channel.

By electrophysiological experiments, we confirmed that two important residues in the prokaryotic voltage-gated Na*
channels for binding of Local Anesthetics including quaternary ammoniums (FEBS J., 283, 2881-2895 (2016)). For a
new strategy of drug development named Drug Rescuing, structure of water channel AQP4 and Acetazolamide complex
was analyzed by electron crystallography (Microscopy, 65, 177-184 (2016))

A GPCR; the endothelin type B receptor (ETgR) which is involved in several important physiological processes, such
as, maintenance of vascular tone, humoral homeostasis, neural crest cell development and neurotransmission. We identified
thermostabilizing mutations on 11 residues of ETgR. Furthermore, the combination of the five residues among these 11
mutations gave 17°C higher Tm value than that of wild type. This mutant was confirmed to exhibit an affinity for the
endogenous agonist endothelin-1 and activate Gq similar to the wild type (JMB, 428, 2265-2274 (2016). Utilizing this
thermostable mutant, we analyzed structures of ETgR in complex with ET-1 as well as in the ligand-free form. We observed
the agonist-induced conformational changes and identified 36 residues in the receptor which bind ET-1 in a virtually
irreversible manner. The ET-1 structure binding in the receptor was completely different from any analyzed structures of
ET-1 alone without binding in the receptor (Nature, 537, 363-368 (2016)). The results strongly suggest importance of
structure analysis of a ligand binding in the receptor. The complex structures of ETgR with antagonists were also analyzed
by X-ray crystallography (Nature Structure & Molecular Biology, 24, 758-764 (2017)).

For future attempt to develop Drug Delivery system, we analyzed structure of claudin-15 and made clear the
transmembrane segments form a tight left-handed four-helix bundle and two extra cellular segments form a characteristic
B-structure which we named a Palm (Science, 344, 304-307 (2014)). Furthermore, we analyzed structure of claudin-19
and C-terminal domain of Clostridium Perfringens Enterotoxin (C-CPE) complex, and found key interactions for disrupting
the tight junction strands (Science, 347, 775-778 (2015)).

Based on advanced techniques of structure analysis developed in this project, a business venture, CeSPIA inc., was
founded for structure determination service of drug target proteins and accommodates requests from pharmaceutical

companies.



