(ARl 4)
[162€0101001h0004]
k2 945 H 3 1H

Tk 2 8 EEWEMEREREE

I EAER

#= ¥ 4 RIRIER - ZEBLO 70 ORIFEE B
Project Focused on Developing Key Technology for Discovering and

Manufacturing Drugs for Next—-Generation Treatment and Diagnosis

WFFEBRFE RS « RIMES O T T A6 U 72 8RO = SE Al H Bt
WFZEBRFEE A O [T T 275 L7508 B3 SRl A B8 |

Development of core technologies for innovative drug development based upon IT

MFZEBRRIYSE T a v/ Y — X —&ENFIRIE N ORI R e R B Bl —k
g %l K4 : Professor ICHIO SHIMADA Project Leader &Graduate School of Pharmaceutical

Sciences, Faculty of Pharmaceutical Sciences, The University of Tokyo

E e B M Fk28HF4H1H ~ Fk2943H31H

I FBROME (RIEHERE)

ICEWIRFRELEDBETHEZ 0 TN A7 ) —= TR DT — 2 _R— X DR E1TH & & bIT,
INH)T — B _— 2 F FR LA OIEME L LogS /LogD % HEhHEE L. 1B « BIWER T 72 0 O i&EiE M
FIBTFIEABT LT-, bAWRE - ARGHER Y 7 F Y = 7B X% v 7 B OB G L &2 Z5E L
Tl WREDO X R ES ) T  REARET ) S A ERE L, MDREICLY Ry s
A aT B FCERT DT o TN R T ) = P REERR TS, VAR e 2Ry
BEHEAKROHHT LT —HENG U T FORSE « B 28072 s A2 @R, £ D8RR
ST THEZ K> TERBEDOR AR M= 3 LX —2HNT 5 FIEABRRE - ol Lz, B L7zfx D3y
AN == TREDIA T T4 CORRGEE - BB ZITV., GUIOT a M & A T ORI ZIT T,

B LI-FIEICL - T, =7y b e RDBERTBLIOFF—8 « ¥ 7 B33 206LEY
DEFREATV, IEHELEWZE R Lz,

WEAEEEIZBRASE L7 2kl = b — L o X8R (FCT) itz RIS —F > a2 G Z R B X5
—¥ o 1 ToH 5 Mitogen-activated protein kinases (MAPK) & A FiE U 4 ROMASERIZIGH Lz, <
DOFER, FCT IEIC L0 | SR CHEEME & F R RO L D HARVMEFT A RFE L, YLK
BrMz 2 ET, MAPK (ZxF L, X0 BIFER R S b Y o RES5 2 LIk Lz, &5

1
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The database of chemical compounds has been developed for docking screening procedures based on the
electronic catalogues of the industries, and new methods have been developed to estimate the values of activities
and LogS/LogD of chemical compounds from public databases. 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. We have developed a new ensemble docking procedure and a
new algorithm 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, a
pipeline program has been designed and developed with a GUI system.

By using the above new software and system, putative hit compounds have been found for several target proteins:

a transcription factor and a kinase.

In the fiscal year of 2016, we applied the forbidden coherence transfer (FCT) method that we developed in the
previous year to an interaction between a weak-affinity ligand and a mitogen-activated protein kinases (MAPK), as
kinases represent major drug targets. Utilizing the information obtained from the FCT method, we identified and
modified the ligand site that showed higher mobility and lower surface complementarity in the MAPK bound state.
The optimized ligand showed improved affinity. In addition, the isothermal titration calorimetry (ITC) experiment
indicates that the optimized ligand bind to MAPK in more enthalpic manner suggesting an improvement in binding
specificity.

We designed candidate ligands for a GPCR using the new myPresto method, and synthesized the candidate ligands.
Our GDP-GTP exchange assay revealed that one of the ligands is a weak partial agonist of the GPCR, and our
NMR analyses revealed that, in the state bound to this ligand, the population of the active conformation of the
GPCR is in good agreement with the efficacy of the ligand. These data demonstrate that the new myPresto
method, including the NMR analyses of the functional dynamics of GPCRs, are useful for the development of
novel GPCR ligands.

We could not improve resolution of a gap junction channel structure better than 10A by electron
crystallography of two-dimensional crystals, although, based on crystallographic method, we
revealed that innexin molecules of invertebrate form a gap junction channel by 16 subunits
(hemi-channel by 8 subunits) which is different from connexin channel formation by 12 subunits
(hemi-channel by 6 ones). By single particle method, structure of the gap junction channel of innexin
was, however, 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 and might be importantly related with gating mechanisms of the gap
junction channel in general.

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 structural studies of a GPCR; the endothelin type B receptor (ETgR) which is involved in

several important physiological functions, such as, maintenance of vascular tone, humoral
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homeostasis, neural crest cell development and neurotransmission, we identified thermostabilizing
mutations on 11 residues of ETBR. 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 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.

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.

III. RO/ ~DFEE

(1) &6 - MEEHICRT ZmC—5% (EN 0 i [EEREE 27 )

DL FRFFe B ERE 4, - $ in silicoy 2 a2l —yay /AT V—=2 77 Y =7 OR%

1. Kota Kasahara, Neetha Mohan, Ikuo Fukuda, Haruki Nakamura, mDCC_tools: Characterizing

Multi-modal Atomic Motions in Molecular Dynamics Trajectories. Bioinformatics 32, 2531-2533
(2016).
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of Computational Chemistry, 37, 2687-2700 (2016).
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Calculation by Virtual-State Coupled Adaptive Umbrella Sampling. Biophysical Journal, 110,
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6. Bhaskar Dasgupta. Virtual system Coupled Adaptive Umbrella Sampling: An efficient method to
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Cybermedia HPC journal, 6, 7-11 (2016).
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improved version of virtual-system coupled adaptive umbrella sampling. Chemical Physics
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of TFIIH. Biophysical J., 111, 950-962 (2016).

. Yoshifumi Fukunishi, Tadaaki Mashimo, Kiyotaka Misoo, Yoshinori Wakabayashi, Toshiaki Miyaki,

Seiji Ohta, Mayu Nakamura, Kazuyoshi Ikeda. Miscellaneous topics in computer—aided drug design:
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enhancer. PloS One 12, 0172654 (2017).
Tkuo Fukuda, Kei Moritsugu, Coupled Nosé-Hoover Equations of Motions without Time Scaling.

Journal of Physics A: Mathematical and Theoretical, 50, 015002 (2017)

QTR RS - BRERIEE (NMR) 12X 5 % 27 BOABN S NI 5B
& BT O B %

15.

16.

17.

Conductance of P2X4 receptor is determined by conformational equilibrium in the transmembrane
region
Yuichi Minato, Shiho Suzuki, Tomoaki Hara, Yutaka Kofuku, Go Kasuya, Yuichiro Fujiwara,
Shunsuke Igarashi, Ei—ichiro Suzuki, Osamu Nureki, Motoyuki Hattori, Takumi Ueda, and Ichio
Shimada
Proc. Natl. Acad. Sci. USA., (2016) 113, 4741-6.

Utilization of paramagnetic relaxation enhancements for structural analysis of actin—binding
proteins in complex with actin.
Shuxian Huang, Ryo Umemoto, Yuki Tamura, Yutaka Kofuku, Taro Q.P. Uyeda, Noritaka Nishida,
and Ichio Shimada
Sci Rep. (2016) 6, 33690, doi: 10.1038/srep33690.

Improvement of ligand affinity and thermodynamic properties by NMR based evaluation of local
dynamics and surface complementarity in the receptor bound state,
Yumiko Mizukoshi, Koh Takeuchi, Misa Arutaki, Yuji Tokunaga, Takeshi Takizawa, Hiroyuki Hanzawa,
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Angew. Chem. Int. Ed. (2016) doi: 10.1002/anie.201607474.

18. Disulfide mapping the voltage—sensing mechanism of a voltage—dependent potassium channel
Tomohiro Nozaki, Shin—ichiro Ozawa, Hitomi Harada, Tomomi Kimura, Masanori Osawa, and Ichio
Shimada
Sci Rep. (2016) 6:37303. doi: 10.1038/srep37303

19. Dynamic regulation of GDP binding to G proteins revealed by magnetic field-dependent NMR
relaxation analyses
Yuki Toyama, Hanaho Kanol, Yoko Mase, Mariko Yokogawal, Masanori Osawal, and Ichio Shimada
Nat. Commun. (2017) doi: 10.1038/ncomms14523

20. Dynamic transcriptional regulation by a multidrug transcriptional repressor LmrR
Koh Takeuchi, Misaki Imai, and Ichio Shimada
Sci Rep. (2017) 7(1):267. doi: 10.1038/s41598-017-00257.
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21. Hexadecameric structure of an invertebrate gap junction channel.

A. Oshima, T. Matsuzawa, K. Murata, K. Tani, Y. Fujiyoshi

J. Mol. Biol., 428, 1227-1236 (2016).
22. Thermostabilization of the human endotheline type-B receptor.

A. Okuta, K. Tani, S. Nishimura, Y. Fujiyoshi and T. Doi

J. Mol. Biol,.428 2265-2274 (2016)
23. Molecular determinants of prokaryotic voltage—gated sodium channels for recognition of

local anesthetics.

T. Shimomura, K. Irie and Y. Fujiyoshi

FEBS J., 283, 2881-2895 (2016).
24. Activation mechanism of endothelin ETB receptor by endothelin-1.

W. Shihoya, T. Nishizawa, A. Okuta, K. Tani, N. Dohmae, Y. Fujiyoshi, 0. Nureki

and T. Doi

Nature, 537, 363-368 (2016).
25. Atomic structure of the innexin—6 gap junction channel determined by cryo—EM.

A. Oshima, K. Tani and Y. Fujiyoshi

Nature Commun, 7, 13681 (2016).
26. Cryo—electron microscopy for structure analysis of membrane proteins in the lipid

bilayer.

K. Abe and Y. Fujiyoshi

Curr. Opin. Struct. Biol. 39, 71-78 (2016).
27. Crystal structures of claudins: insights into their intermolecular interactions

H. Suzuki, K. Tani and Y. Fujiyoshi

Annals of the New York Academy of Sciences. in press (16-Feb) (2017).
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. Haruki Nakamura, “Computational Approaches to Coupled Folding and Binding in Protein—Protein

Interactions” (Plenary Lecture), 21st Biophysics Conference, 2016 £ 5 H 21 H, National Tsing
Hua University (NTHU), Hsinchu, Taiwan, FEEREF (BEFHH)

Haruki Nakamura, “Computational analysis on electrostatic properties of protein and

Protein—Protein Interactions” , Asia Pacific Protein Association(APPA), IPR International
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. Haruki Nakamura, “Computational Approaches to Coupled Folding and Binding in Protein—Protein

Interactions” (Keynote Lecture), The 11th International Symposium of the Protein Society of

Thailand, 201648 H 3 H, Convention Center, Chulabhorn Research Institute, Bangkok, Thailand,
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17. Aug. 29, 2016
The 5th International Symposium on Drug Discovery and Design by NMR, Yokohama
NMR studies on drug target proteins
Ichio Shimada
18. Oct. 7, 2016
The 42nd Naito Conference, Sapporo
Functional Equilibrium of Membrane Proteins
Ichio Shimada
19. Nov. 7, 2016
The International Network of Protein Engineering Centres (INPEC), KAIST, Daejeon, South Korea.
Functional Equilibrium of Membrane Proteins
Ichio Shimada
20. Nov. 16, 2016
The 55th annual meeting of the nuclear magnetic resonance society of Japan, Hiroshima
Identification of a Conformational Equilibrium That Determines the Efficacy and Functional
Selectivity of the [ ]-Opioid Receptor
Ichio Shimada
21. Mar. 14, 2017
Keystone symposia: Frontier of NMR in Life Sciences, Keystone, Colorado, USA
Studying Proteins inside Eukaryotic Cells in NMR
Ichio Shimada
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22. FEIHBEE : Issues to be considered for image based structure analysis
24 - BT : Gordon Research Conferences—Three Dimensional Electron Microscopy— * The Chinese
University of Hong Kong, Hong Kong, China
PRMERF - 2016 426 4 19 H~24 A (5 H)
23. #EEHE : The XXVIIth International Conference on Magnetic Resonance in Biological Systems
Dramatic changes on cryo—electron microscopy
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24. FHIEEHE : Structural physiology of channels
SR AT N2 7 7 L A -In the Vanguard of Structural Biology: Revolutionizing Life
Sciences— * ¥ hL—H h—F 2 7 & LFLIR
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