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AFE T, PEEE OB LR — BT — X RX—2Th H KNApSAcK Z @ EL L, AIZRISH, R
g~ — 2 AFE (SBDD) (ZIEH T 2720 DIF WA OMEL1T 5, BAMIZIE, & MUGH - Bz Hl#E~ v 7
ZHMCHEZ T, )ERT — 2 _X— A OHRFE - EEAL, 1i)AESK - KGRIE - M O T IARREE ONERER Ll - /3%,
ii)AED b MU - B FHlE~ v T ~OBEA T EBTRIEIAE R ORE, i) KRB S R H T — 2 R —
A IDEAL ~Ot MU« BB THIET 27— a v, vERZ U EEAEIRET VR L FAR Y — 7
FORED 5 HA ZFEITEECFRE TV, SO IHEHREIRZTEH L OMTRIREMZEE OB 4175 Z L 2 B
15,

1) RARIELEMT -2 DT, FHRAEL—5y FORE. VAV FHEEFA

BHLR T v 7 BHROBESE MUY & KRB X OEGRROKRIC L 268 R T v 77 YA > OfENTIF
3% BAEYT, KNApSACK IEkLA (A BENME RSN 531, 3,055 77 F), 7KF23E(DrugBank, 1,985 77F), & k
R(KEGG,1,396 75 1), (517 53 F)SARKEE T — 2 _— X 2448 L ,COMPLIG % W=7 7 7~ v FIT &
DACBEHDOSIIEERE 7 T A8 ) U N X DWEE N EIT T2, 2RO TT — 4 1% KNApSAcK % HilNZ, =
= MEEEEIZ L W KK A4 77 U —, DTX(Drug Target Excavator)?» HIER S 41, 2,017 Off&E Y 7 A X —I257
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HEINTZ., BIEHEZDOT —HITHONWT EEFRDOT /) —7T— 3 V&2 %EE L7z. KNApSAcK ﬂ#’é&éﬂf:é
FIEME (Activity term) & [EERBF S 11 i (ICD-11) 3 X OMEEEERILSZ2H (ATC) & OEFEERIC
vy T U T BTl R E LT, A D51 3,209 @ISk L 2,242 i % ICD-11 K433EIZ, 3,414 ﬂil%r ATC
xﬁSo 5 Z LM TE . KNApSACK @ 156 D Activity terms D 9 &, 44 23 ICD-11 (K% é@”ﬁ) Z, 63 23 ATC
WZEEATT B, AHERSY 3,209 43 F-I2xE L 2,242 fE % ICD-11 R53FAIZ, 3,414 il %2 ATC (s
HTZENTET.

F 72, KNApSACK ek R 73 F, #GR3E, & MU D 7 7 242 U 7 O 2D, RIRY) & AGRIEDOH
WEIHIC X2 HHL R > ZE s ofhit, v MUY & RRMEBE LORREDOUBIZ L 2B N7 v 77 A 0
BRI HiEfmE ML L, 77 ) r—a 07 —F_X—2 L LCHEREL.

ADBTIL, 57, 906FED KIKREBAL AW % STRRE RO AT LTc. 12, 2O OREMIEREZ L LIZLioA v
VAR == T EITVFRLICE & 7z (Mol. Inf,, 2022; Sci Rep, 2022) .

IHIT, ARG DE =Ty N Z T EOHEE L EEIREEET MERZ HNE LT, COMPLIG & HW 7z
ARy E PDB U T RO~ v F U 72170, 1,629 D45 F% PDB U Ay RICkST L. 207 /) —7—
va TRy, AERS-F =Ty NN TEOEEIRET VDT 7 L — % PDB TERET 5 Z LS AR
2725 T=DT, BUEET MARELED TN D, £, D17 —PREEICERINT I L2520 T, HEEEE
£ D RIRW) - KGR %l:kﬁﬁ%fﬂ%‘¥®%ﬁmm%ﬁw%wmﬁfﬁﬁﬁwﬂquéﬁﬁ 2mnqit,
AR L LT, BEFEO—2Th D, 2B T DR ORE AR LR ORI L 5 77 7 RBUZKE

SN AT T T e arRl a— VH/-:1~7wXVkKié%ﬁ®ﬁﬁKié4V?Uﬂ17U~:yﬁ
1% WSt L 7= (Mol Inf, 2020; BMC Binformatics 2019).

COVID-19 /X7 X w ZITRIST B 7201, AFEERRY KR v MUY - B0 TiET — % 2 FH
95 Z LT SARS—CoV-2 ¥ X7 EDOEET Y 7 %47\, main protease, S-glycoprotein, 2’-O-ribose
methyltransferase & AFEMERIAY) - AKRE L OEEKRET LV ERE L. ZOEIE, BINDS A—AX—Y
http://harrier.nagahama-i-bio.ac.jp /dtx/SARS-CoV-2/, ¥ JU¥ BSM-Arc (https:/bsma.pdbj.org/entry/ 15)7> 5 —iZ
ANBIT D &L BT SUHE U T-(FEBS Lett. 2020, £#%%2 2021).

2) RAZEMZ /XU E DB DT : KRB L BT OEEMIT

HERLIXANER 2 D ORI INE L, BGHIEZIT) 2 & TH I H @%Efﬁ% FE L TWD. VT IURE, i
BRI RIREVE Y R 7 BOBERERBENEZ H5NDHDT, IDEAL [V VEMba R & LizAmBiRA
Ry R EBAINT S GEERT Lz, U U DEREICE Dm0 b ﬁ%4“/¥@7/7 VIS L
TITELT7ANELTEELED, SAXEZDST THA—LN—=VED AR L. ZHUTIDEAL = R UIZE DY

IRy FU— 7 SRBLS N2 DT, R &R E OB D KNApSACK A FE 5y & D BIFRMERBUTHL Y #HA
72. KNApSACK IZ31T 2 A E R ZAIKIZFHIHT 572912, KNApSACK IZBERESNTWAH U T K (&) &
IDEAL I8 SN TWHHX V87 (#55) % KEGG DIFMAZ N L CGlfES S, ZofREEs b= b
TR LT\ 5 DTX IZ#fit L, KNApSAcK U 4> K& IDEAL & O#fi & F24T L=,

3) KNApSAcK & IDEAL (&%, H#r, 20F

KNApSAcK DB 28\ TIE, RIMMLEMIEROKREEZK L BN D, 2@ ThoTH T — X 2 EHT 5
TReE ML L, T — %= ZADKRWEFENZ O TS 5,000 88 %, BIfE, 56,829 fht/r->Thkh, &
ERA Y ARy V== ZITIEHTE DIRHI AR LT, BUE, REMLEW L 6 &2 EET 5 EMRED
BAMRCIX 135,156 th 72> TRV, AL L COARKDOAFENEZ RTZENTETCWD, -, FEMT77EA
HIX 100 THEEZ B TR RO RKRY) - E3EMEO M L L ToOREIZH - T D,



IDEAL T, RIREMW X L I EOT ) —T—vary, BIOBFET =407 v 77— b TEBEY IZE L
7o BIE99S = b U —IZ2WT 1 Ha# x5 RNEMESERGE B REINTWD., T4 7 A = AfiET —
A R—At% o #—LIL[ET IDEAL D47 —4# % RDF {b.L TABH L, SPARQL ® EndPoint 5 L7=. 7 —4
HMNARE L 72 o772 UniProt & HAHA. U 7 IiDd K HiZle o7z, BKINTOT —# HA7ES), ELIXIR 2
L, DisProt 72 & & RREVEH RV E DT — AT HOWTOHEE AL L7-. UniProt 7 /7 —3 3 |Z
S, RN L BT D KIREME 2 L7 BT “LLPS” D7 A AL LR DA E ST TERTDHE D, T—4 %
WET, B L7

M) UBALIEHRDO 7 +—~ > N & DB Ak : U UL X W M AAVER ORI S 5 FHIC-OWN T, [E#
Dtz 7 r—~ > ML, AT 2] 2O TIX, U kicftE o 4~ oG %217y, IDEAL 7225
N LD TER S LT,

[RIEEH) DB, RIKEMS /378 DB OYLFE « B SCEROMEETR A L 0 AKICE 12 RARYI LS
W LIEPEDOIE R OUUEE L KNApSACK (ZH#19 % . IDEAL & IDEAL 77— X RX— AP —NEHTH LT — X DLE
7 — B AR 2 HEZ 5 | 12O T, #iE L72i@ Y, KNApSAcK, IDEAL & b7 —ZyriEx 3 L7-. B
L. BIZER STV D

B

BART 20 RO Z ENE L, ZAVE TIZ 18 fF &/ T L7-. BUfE, #E1TH OWFJEIE, 08301 FANCM T K % RNaseHl
@ DNA ZEFGHREHEREEGIR~D Y 7 )v— M H#E & APRNUEFE 0831 RIEMEX L /X7 B & GroE U 5 K ORHE
HEFBNEDORRE TH Y, IS, KEFEDPRLEERTHE ZAETEE LT D.
%é%k%ﬁw~7v@nmm%7y77—ﬁb ANBALTZ. BESNTHWD X U7 EIZ 1110 RE 7T,
U Ufbrn & &5 CRIREME S R O BEAEHCE SR ER T 227 — 2t T 5720 D HH
TT 4 X —DRREIT, Ta M AT EAER LT, T — I SBGN & XML THAI &, RiEE 77 7Y —ic
ANT 5 EBEEPERILEIND.

Rl A A RTIE, BKEWHI I A7 0 v OfF3(iScience, 2021, HARFCHM 2021/9/19), FENEE
HUPESE MPTase OREIEET U 7 (ACS Chem Biol, 2022) 72 DR AFM L1z, ElomEFREE L TRAY -

PR« A OIS T — X R— AL, %m%ﬂmmnzibﬁﬁ TREOD Ly /R8T A — X B PRER

L, BiKMERMER « [FHEFE RS A X702 8N O ONLIEMEIE ST A — 2 3 BIZHEGRRAN NS Z & &R L
o, FEZOTF—2_X—=2%&FH L, COVID-19 (ZX9 D KARMEKTHORE % ﬁw,@%ﬁ&®hﬁﬁn:
%%7»ﬁﬂ4PT%%t77?V%V~?%7/FJ/#ﬁEﬁSM&%WZ%%%%%@%%OZ&%%L
7= (iScience 2021, FEBS OpenBio 2021).
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In the task, we will upgrade KNApSAcK database consisting of species-metabolite relationships and the world's only crude
drug database developed by the applicant toward drug discovery applications, especially for structure-based drug discovery
(SBDD).
Specifically, with a focus on the human metabolism and gene control map, we performed (1) Expansion of natural compound
data, proposal of new drug targeted compounds, prediction of ligand binding, (2) Expansion of intrinsically disordered protein
DB: association between metabolism and transcription and (3) Registration, update and publication of KNApSAcK and
IDEAL

(1) Expansion of natural compound data, proposal of new drug targeted compounds, prediction of ligand binding
For the purpose of proposing new drug skeletons and analyzing common drug designs by comparing human metabolites
with natural products and approved drugs, we performed structural classification by three-dimensional structure clustering of
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compounds by graph matching using COMPLIG using compounds including in KNApSAcK DB (physiologically active
natural substance molecule, 3,055 molecule), approved drug (DrugBank, 1,985 molecule) for the purpose of proposing a new
drug skeleton and analyzing a common drug design by comparing human metabolites with natural products and approved
drugs, human metabolites (KEGG, 1,396 molecules), and toxic substances (517 molecules). In addition, in silico screening
based on these natural product information was performed and summarized in papers (Mol. Inf., 2022; Sci Rep, 2022).
Furthermore, for the purpose of estimating the target protein of the crude drugs and constructing a complex structure model,
the crude drug substances and the PDB ligand were matched using COMPLIG, and 1,629 molecules were linked to the PDB
ligand. We analyzed the characteristics of natural products, approved drugs, human metabolites, and toxic molecules by
machine learning, and reported preliminary results (& A EFLFS 2021). On the basis of Al drug discovery, we have
established an in-silico screening method for predicting activity using molecular graph convolution neural network, which is
one of deep learning. Here, molecules are represented by chemical bonds as bonds and atoms as vertices (Mol Inf, 2020; BMC
Binformatics 2019).

In the COVID-19 pandemic, structural modeling of SARS-CoV-2 protein was performed by using physiologically active
natural products, approved drugs, human metabolites and toxic molecule structural data, then, we proposed complex model
for interaction between proteins such as main protease, S-glycoprotein, and 2'-O-ribose methyltransferase and ligands for
physiologically active natural products and so on. This results are available from BINDSweb sites (http://harrier.nagahama-i-

bio.ac.jp /dtx/SARS-CoV-2/), and BSM-Arc (https://bsma.pdbj.org/entry/ 15) (FEBS Lett. 2020, “£%#%2E 2021).

(2) Expansion of intrinsically disordered protein DB: association between metabolism and transcription

Intrinsically disordered proteins provide a role for signal transduction, and transcriptional regulation. IDEAL database
focused on molecular cell event starting from phosphorylation and expanded to metabolite-related transcriptional regulation
based on phosphorylation in proteins. Those data provide DTX database which make it possible to examine between proteins

and ligands and protein phosphorylation.

(3) Registration, update and publication of KNApSAcK and IDEAL

In KNApSAcK DB, for the purpose of enriching information on natural products, we have established a procedure for
accumulating data even if COVID-19 pandemic, and the number of registered natural products in the database has increased
as 56,829 substances. We also have built a system that can be used for various in silico screening.

Currently, there are 135,156 relationships between natural products and species that produce them, indicating the possibility
of crude drugs as biological species. In addition, the annual number of accesses exceeds 1 million, and it plays a role as the
basis of research on natural products and crude drugs in the world.

IDEAL carried out notations of intrinsically disordered proteins and updates of existing data as scheduled. Currently, more
than 10,000 intrinsically disordered region information is provided for 995 entries.

In addition to (1)-(3), we supported a total of 20 researches in five years project.



