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2024.10.28 [EZSZEZI The FMODB RESTIul API, which was developed as a beta version, was officially released on October 28, 2024
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Keyword Search: COVID-19

PDB ID Search: 1ERE
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Watanabe C et al., CBI J., 19, 5-18, 2019.
Takaya D, Watanabe C et al., J. Chem. Inf. Model., 61, 777-794, 2021.
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Cooperation with PDBj: Improvement of convenience by mutual linkage (Figure 1)
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2020.4.17 FMO data for COVID-19 related proteins have been released on Apr 17, 2020. here
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Interaction energy analysis for fragment 237(D:600:EST)

PIEDA "SUM_TOTAL":"-181.6351","IFIE_SUM_MP2":"-181.6351","IFIE_SUM_HF""
100 DIMP2) 96.2940","Binding_Energy_Label":"Ligand binding energy without solvent",
" CTemix "note":"This value is summation of IFIE between receptor and ligand fragments without
= - Ei solvent fragments."}},
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FIE_SUM_HF":"-11.5572","Binding_Energy_Label":"Ligand blndlng
energy"”, ”note” "removed the IFIE of CYS145 "}}],"Count™:3}
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Criteria for ID Search
ID: 1ERE
Base Structure: [@X-ray ENMR MD  @gElectronMicroscopy EgDocking [EOthers

@ Summary for all kems(csv file) Summary for checked items(csv files)
Download
) Caluculation Data(zip files; checked items up to 10 data) CheckPoint Flle(checked Items up to 10 data)

Search Result: 7 Hits Currently showing: 1-7 Page: 1/1 Displaying results: 10 m 100

Sort v Display only checked items Sort Results

check / uncheck all items on this page

5P4NP Ligand Interaction
FMODB ID: 5P4NP
Calculation Name: 1ERE-D-Xray7
Preferred Name: Estrogen receptor alpha
PDB ID: 1ERE
Chain ID: D
UniProt ID: PO3372
ChEMBL ID: CHEMBL206
Base Structure: X-ray
Registration Date: 2017-02-24
Reference:
Modeling method
Optimization: MOE:Amber10:EHT
Restraint: OptH
Procedure: Manual calculation
FMO calculation

FMO method: FMO2-MP2/6-31G(d) LigandiE8T
FMO2-HF: Total energy (hartree): 98213 362736
FMO2-MP2: Total energy (hartree): -98490.505804
Ligand binding energy
IFIE [kealimol] PIEDA [kcalimol] c"':f;l'.';;”"
IFIE SUM ES EX  CTemix DI(MP2) qli=>y)
-127.936 141441 151973  -80.080  -58392 | 0.192
XQ8VY Ligand Interaction

FMODB ID: XQ8VY

Calculation Name: 1ERE-A-Xray1
Preferred Name: Estrogen receptor alpha
PDB ID: 1ERE

Chain ID: A

UniProt ID: P03372

W
ChEMBI ID: CHEMR) 206 NN N\

BRERERTED

FMODB: IR AR —H
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FMODB ID _ |
U 5PANP  calculation Name = [PDB ID] + [Chain ID] + [BaseStructure] + [Model] | Ligand Interaction

FMODB ID: 5P4NP l

Calculation Name: 1ERE-D-Xray7
Preferred Name: Estrogen receptor alpha
PDB ID: 1ERE . — .
Chain ID: D BUINDEDT /T3y
UniProt ID: P03372
ChEMBL ID: CHEMBL206

Base Structure: X-ray o T—AREE:H
"Registration Date: 20170024 | . TS 25
Reference:
Modeling method BEDRILIEEH
Optimization: MOE:Amber10:EHT . iEiEFiE
Restraint: OptH o MW
Procedure: Manual calculation - FF)/Auto-FMOZOra/L
/FMO calculation \L—
FMO method: FMO2-MP2/6-31G(d) Ligand:EST
FMO2-HF: Total energy (hartree): -98213.362736
FMO2-MP2: Total energy (hartree): -98490.505804
Ligand binding energy
Charge transfer FMORtHi#ER
IFIE [kcal/mol] PIEDA [kcalimol] vglu  [e] . FMOSEZE%
IFIE SUM ES EX CT+mix DI(MP2) q(l=>J) . F—’Sl)lej)lx-"?— .
-127.936 -141.441 151.973  -80.080 | -58.392 0.192 ’ AFREEIILF—
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EOE :"mb:ﬂ 116:8 PDB entries: 3286 »:’~ < z\§ 1ere_d_amber_p|Eda.an ABINIT'MPK 17771/&

FMODB ID: 5P4NP - FMODB ID ) % 1ere_d_amber_pieda.cof | CPF 771 /L
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e o # 1ere_d_amber_pieda.pdb PDBZ71/L
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Base Structure: X-ray PN ) A .
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Em ZM@QELEFE%I ﬁ_'éit # 1ere_d_amber_pieda_|FIE.log T—5
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=) - # 1ere_d_amber_pieda_IFIE_MAPlog
# 1ere_d_amber_pieda_PIEDA.log

Optimization MOE:Amber10EHT

Complement BioStationViewer: StructureComplemation (agonist templeate: 1A52) Feee
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EHR—CDOTEIZIZZDESEROBEERIRILE—(IFIE, PIEDA) %5 5 7%K R

FMODB:PIEDAfZHT
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Interaction energy analysis for fragmet #237(D:600:EST)

Interaction energy analysis for fragmet #237(D:600:EST)

PIEDA PIEDA
100 B DI(MP2) 100 B DIMP2)
CT+mix CT+mix
50 EX 50 EX
3 B Es 7 EEs
= (] T S 0 == = - -
]
Ey - = 5 =
E -50 @ -50
o a
-100 -100
-150 150
R - QU S SN P - SN C R R R QP R P L. 343 347 349 351 383 387 389 392 404 424 428 522 525 528 60
. 346 348 350 3853 384 388 391 394 a1 425 521 524 526 540
Residue Number Residue Number
S — — [N
7 ’ T\ w L ]L ﬁ frag_Num Chain Res# RES FCHARGE q Mullken q_NPA DIST Total  ES EX CT+mix DIMP2) qi=>J)
35 D 343 MET 0 0.032 2873 -4018 -1566 0465 -0.900 | -2016  0.009
Base fragment(s) of PIEDA/IFIE (@ single fragment () Multi fragments 38 D 346 LEU i 0,012 2547 | -3320 0580 0833 0568 | -3005 0.001
39 D 347 THR 0 0.039 2583 7592 -3937 1175  -1684 | 3146 -0.022
237(D:600:EST)Lignad ~ 40 D | 348 ASN 0 0.026 3937 0339 0173 0002 0008 015  0.000
Fragment st 41 D 349 LEU 0 0.047 2837 0778 0611 0185 0344 -1231 0002
42 D 350 ALA 0 0.022 2500 2809 0700 11477 0942 2435  0.000
Charge [e] FCHARGE : 0/ q_Mulliken : -0.191 / q_NPA : ******
ge [e] a 9 43 D 351 ASP E] 0.873 3506 0038 0193 0051 0061 -0.267 0001
Distance from base fragment(s) [A] f ( - L 45 D 33 6L A 0733 1217 47354 88074 97346 55884 0743 0172
smentis) 41 Base fragment(s) [2xL T,
N 75 D 383 TRP 0 0.039 3932 0401 0055 0002 -DO37  -0421  0.000
ARALNNDIZ7 A bDFH
76 D 384 LEU 0 0.043 2.372 2017 -0.035 1.060 -0.446 -2.506  -0.003
Interaction energy by IFIE and PIEDA 'ﬁo al 4’ | = |EX|>
[kealimol] %E = 79 D 387 LEU 0 001 2514 3526 0071 2232 1507 -4.180  0.005
/. I S
| CT+mix | > | DI(MP2) | > 80 D 388 MET 0 -0.060 2170 2760 0810 2151 -1.346 4376  -0.009
81 D 389 ILE i 0.014 3.827 0145 0323 0005 0021  -0.204 0000
Fragment charge [e] e . o Mullken . 83 D 391 LEU 0 -0.007 2150  -1897  -1.287 3468 D910 3269  0.000
- 84 D 392 VAL i -0.006 4395  -0.897 0762 0000 -0.026 | -0.109  0.000
86 D 394 ARG 1 0.833 2155 11760 -10245 2332  -1566 | -2280 0.017
q_NPA ~ q(l=>J) 96 D 404 PHE 0 0.017 2550  6.448  -1234 2345  -1.297 | 5262 0015
13 D 421 MET 0 -0.007 3035 -1800 0607 1.478 0464 -1.808 -0.001
T Res 4 RES 16 D 424 ILE 0 0.021 2089 -0912 0388 2354 0531 | 2347  0.002
"7 D 425 PHE 0 0.026 3866 -0.100 0411 0002 D048  -0.464  0.000
120 D 428 LEU 0 0.058 2645 -0.960 0003 0305 -0.188 | -1.080  0.000
S ascending ~ 213 D 521 GLY 0 0.029 2775 1200 0487 0430 0412 | 0731  0.000
214 D 52 MET 0 0.047 3360 -1919 0483 0088 0512  -0.993 -0.008
216 D 524 HIS 0 0.017 1738 17446 26956 23329  -7.389 6431 -0.051
Graph Options .
e el Residue Number ~ 217 D 525 LEU 0 0.021 2392 -3580 -0396 3580 -1852 | 5112  0.005
218 D 526 TYR 0 0.058 3304 0479 0690 0190 0607  -0.586  0.003
Y Axis Max Y Axis Min 220 D | 528 MET 0 0.011 3616 0277 0571 0001 0046 | -0.250  0.000
Display Ex CT+mix DI(MP2) 232 D 540 LEU 0 0.013 4380 -0243 0003 0000 D014 | 0232 0.000
238 D 60 HOH 0 0.017 2.013 -3.009 -4.446 5711 -2.036 -2.237 0.012
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FMODB ID: 5P4NP

Calculation Name: 1ERE-D-Xray7
Preferred Name: Estrogen receptor alpha
Target Type: SINGLE PROTEIN

Ligand Name: estradiol
ligand 3-letter code: EST
PDB ID: 1ERE

ChainID: D

ChEMBL ID: CHEMBL206
UniProt ID: PO3372

Base Structure: X-ray
Registration Date: 2017-0
Reference:
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F M d) B FMODB: The database of quantum mechanical data based on the FMO method

BLASTHR %

All entries: 37450
Number of unique PDB entries: 7783

Information ID Search Keyword Search

Blast Search

Base Structure
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ElectronMicroscopy Docking Others
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NMR All Entries(104) - eyword Search( jarge ): Estrogen receptor alpha
Keyword Search(Ligand). NHI
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MD All Entries(12292) -
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Base Structure: [@X-ray ENMR [EMD [EjElectronMicroscopy [E@Docking [EOthers

@ Summary for all items{csv file) ) Summary for checked items{csv files)

Caluculation Data(zip files; checked items up to 10 data) () CheckPoint File(chacked items up to 10 data)

Search Result: 188 Hits  Currently showing: 1 - 50 Page: 1/4 Next> Displaying resuts: 10 [Ef] 100

Display only checked s

Sort v

(] check / uncheck all items on this page

X1T7ZX Ligand Interaction
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Chain 1D: A

.
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Registration Date: 2017-05-08 F
Reference:
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Modeling method
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FMO calculation
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Ligand binding energy
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é‘.‘-% Al entries: 40810 Ll ga N d 1E 3

L) Number of unique PDB entries: 8548

Ligand Structure Search

Information 1D Search Keyword Search Blast Search
FCheck all
X-ray NMR MD
ElectronMicroscopy Docking Others
g DR -~ e Q

PO\ >

e Substructuret®@
e Similarityf& &
o Aslsi®®:

& Manual

BRRER

Search Result: 40 Hits Currently showing: 1 -40

Ligand Interaction

= P4JNP
FMODB ID: P4JNP
Calculation Name: 1KV2-A-Xray9
Preferred Name:
PDB ID: 1KV2 |
Chain ID: A g
UniProt ID: 016539
Base Structure: X-ray
Registration Date: 2017-05-08
Reference:
Modeling method
Optimization: MOE:MMFF94x
Restraint: OptH
Procedure: Auto-FMO protocol ver. 1.20170327
FMO calculation
FMO method: FMO2-MP2/6-31G(d)
FMO2-HF: Total energy (hartree): -140644 1001
FMO2-MP2: Total energy (hartree): - 141056 407694

—(Q_“I.
¥ % 8 L
&

Ligand:B96

Ligand binding energy

Charge transfer

IFIE [kcal/mol] PIEDA [kcal/mol] valus [e]
IFIE SUM ES EX CT+mix DI(MP2) q(l=>J)
-235386 -198971 = 118829 = -37.394 117848 0087
Hit Ligands

Number of ligands: 1
Ligand SMILES : Cc1cecc(-n2nc(C(C)

(C)C)cc2NC(=0)Nc2eec(OCCINH+]3CCOCT3)c3ccccc23)ce ]

34




FM®OB

Last updated: 2023.09.27
All entries: 40810
Number of unique PDB entries: 8548

Information ID Search

#Check all

X-ray NMR MD
ElectronMicroscopy Docking Others

1ERE

FMODB ID: 5P4NP
Calculation Name:
Preferred N:

ligand 3-etter ¢
PDB ID: 1ERE

Optimization
Restraint

Protonation

Complement

Fragmantation
Number of fragment
LigandCharge
Softwars

FMO2.HF: Electronic energy
FMO2-HF: Nuclear repulsion
FMOZ.HF: Total energy
FMO2-MP2: Total energy

FMODB: The database of quantum mechanical data based on the FMO method

FMODB:Advancedi2 R gk

2022FEETIX. P FREDERBFHRODAEZRIRETHOT=H,
Advanced2 FEHREIZKY BEETYY  FMOGTELEEMEHTHRETEE

S FIBEDEFRER

BEETIOURE

FMOE E 158

Advanced Search

Basic AN
FMODB ID PDBID
UniProt ID ChEMBL ID Calculation Name
[ o)\l X-ray NMR MD ElectronMicroscopy
Docking Others
Preferred Name Target Type Chain ID
Choose... v
@ with Ligand Ligand Name Ligand Code
Reference Projece Name
% 7~
DOl Registration Registration
Modeling method ~
Optimization Restraint Protonation Complement
MOE:Amber10:EHT v OptH v MOE:Protonate 3D v MOE:Structure Preparz v
Water Procedure
All crystal waters in PDB. v Auto-FMO protocol ver. 1 ~
FMO calculation ~
FMO method Fragmentation
FMO2-MP2/  6-31G(d) v Auto v
Software
Choose... e




”
~ <

FMODB:Advancedf & IA B (1)

Basic search items

FMODB ID
PDB ID

UniProt ID
ChEMBL ID

Calculation Name

Structure

Preferred Name
Target Type
Chain ID

With Ligand
Ligand Name
Ligand Code
Reference
Project Name
DOl

Registration Date

Unique ID assigned to one calculation data in FMODB. —
Identifiers used in the RCSB Protein Data Bank (multiple IDs possible).

Identifier used in protein databases (multiple IDs possible).
Identifiers used in ChEMBL (Chemical Biology Database).

Identifier denoting data attributes in FMODB.
e.g., [PDB ID] - [Chain] - [Structure type][Model number]

Structure type, e.g., 'X-ray', 'NMR', 'MD', 'ElectronMicroscopy', 'Docking', 'Others'

Preferred Name for Protein Targets.

Target category, e.g., 'SINGLE Protein'.

Labels to identify protein or polypeptide chains, e.g., 'A’, 'B'.

Select whether the data is for a structure in which a ligand is bound.

Ligand name.

— WEFER

3-letter code for the ligand. —
Information on papers related to data.

Project name allocated during registration in FMODB.
DOl information of papers related to data.

Data registration date.

T—5E8%H

FMODBI VM) —IZxd 2 IEH
BEEFMODB& T —4ID
FMODBIVK)—IZx9 B DDOI



< FMODB:Advancedf R RIE B (2)

Basic search items

Optimization conditions for structure in FMO calculation, e.g., 'MOE:Amber10:EHT',

Optimization 'AMBER15:AMBER14SB'. WERBELFE
Restraint Structural constraints in FMO calculations, e.g., 'OptH', 'OptHSide', 'OptAll’. fEiE &b m a4

. Hydrogen addition conditions for the structure in FMO calculations, e.g., 'MOE:Protonate 3D',
Protonation

'MOE:AddH’, 'PROPKA". KEMINFEE
Complement Complementary conditions for structure in FMO calculation, e.g., 'MOE:Structure Preparation’,
g 'MOE:Homology Modeling', 'SWISS Model'. RIBETFOEERETE
Water Treatment of water in FMO calculations, e.g., 'All crystal waters in PDB', 'Shell water (8
angstrom) from solute'. KA FDINE
Procedure Version of Auto-FMO protocol developed by our team.  Ayto-FMOZEkFa— LT —4 0 H

Search items for FMO calculation

FMO method Calculation level of FMO calculation., e.g., 'FM02-MP2/6-31(G)*’, 'FM02-MP2/6-31(G)d".

Fragmentation Fragment division method in FMO calculation, e.g., 'Auto’, '‘Manual', 'Hybrid".

Software Software used for FMO calculation, e.g., 'ABINIT-MP', ‘MIZUHO/ABINIT-MP', 'GAMESS'.



¥ Advanced searchffE: HEFH TIRRK

Advanced Search

Basic
FMODB ID
UniProt ID ChEMBL ID
Docking
Preferred Name

@D with Ligand

Reference

DOI

Modeling method

Optimization Restraint

PDB ID

Calculation Name

NM

i)

Othe

Target Typ

Choost!

EXBREH

Base structure: X-ray
With Ligand: On

Ligand Name

Ligand Code

BREHR:408#EYk

Criteria for

Base Structure: E@X-ray [JNMR [ JMD [JElectronMicroscopy [ JDocking

@ Summary for all items(csv file) () Summary for checked items(csv files)

() Caluculation Data(zip files; checked items up to 10 data) () CheckPoint File(checked items up to 10

Search Result: 408 Hits Currently showing: 1 - 50

v ] Display only checked items W

Page: 1/9 Next> Displaying results:

Sort

C check / uncheck all items on this page

BETTIVI&E
Optimization: Amber10:EHT
Restrain: OptH

Protonation: MOE:Protonate3D

Procedure: Auto-FMO protocol ver.1

Ligand Interactio

U XR18P

FMODB ID: XR18P

Calculation Name: 2C6E-A-Xray8

Preferred Name: Serine/threonine-protein kinase Aurora-A
Target type: SINGLE PROTEIN

PDB ID: 2C6E

Chain ID: A

UniProt ID: 014965

FTOTONauon TOmp us

| voE:Ambertoent v | [ optH

R ] [ MOE:Protonate 3D v ] Choose...

Water

Choose

FMO calculation

FMO method

Procedure

v [ Auto-FMO protocol ver. 1

~)

Fragmentation

[Fvo2-mP2/ 6316@)  v] cho FMOE.'.;%#

Software

Choose

FMO method: FMO2-MP2/6-31G*

ChEMBL ID: CHEMBL4722
Base Structure: Xrav
Registration Date: 2017-03-09
Reference:
Modeling method
OEtimizalion: MOE:Amber10:EHT
Restraint: OptH
—
Procedure: Auto-FMO protocol ver. 1.20160629

&

FMO calculation Ligand:HPM
FMO method: FMO2-MP2/6-31G(d)
———————————————
FMO2-HF: Total energy (hartree): -106004.536245
FMO2-MP2: Total energy (hartree): -106318.22896
Ligand binding energy
=
IFIE [kcal/mol] PIEDA [kcal/mol] Charge transfer value [e]
IFIE SUM ES EX CT+mix DI(MP2) q(l=>J)
-127.283 -69.812 61673 -35.202 -83.945 0.006



Advanced searchi# 8B : X BB MR R

Advanced Search

Basic A
FMODE ID PDB ID . I ; t\\
-
UniProt ID ChEMBL ID Calculation Name
Criteria for
All 4 X-ra 4 NMR 4 MD ElectronMicrosco
@ E Y o o e Py Base Structure: [@X-ray ENMR EMD  [JElectronMicroscopy [EDocking [EOthers
& Docking & Others
@ Summary for all items(csv file) () Summary for checked items(csv files)
B JeroetIvee CroinID () Caluculation Data(zip files; checked items up to 10 data) () CheckPoint File(checked items up to 10 data) m
Choose... e
With Ligand L 2l T L iEsis Search Result: 17 Hits Currently showing: 1- 17 Page: 1/1 Displaying results: 10 E 100

Reference Projece Name Sort v [J) Display only checked items m

[") check / uncheck all items on this page

™
N

DOl Registration Registration
[ 10.1021/acs.jcim.1c00694 ]

a JMOY9 Ligand Interaction

FMODB ID: JM3Y9

Modeling method ;*ﬁﬁ%# ~ Calculation Name: 8W4H-AB-Xray103

PDB ID: 6W4H

FMO calculation DOl 101021/aCSJC|m1C00694 v Chain ID: AB

UniProt ID: PODTD1

Base Structure: X-ray

Registration Date: 2020-04-16 # NI/\ H
Search Reference: K. Fukuzawa, K. Kato, C. Watanabe et. Al., Special Features of COVID-19 in the .ﬁ!/% "

FMODB: Fragment Molecular Orbital Calculations and Interaction Energy Analysis of SARS- b -
CoV-2-Related Proteins. J. Chem. Inf. Model. 2021, 61, 9, 4594-4612.
DOI: 10.1021/acs.jcim.1c00694
Modeling method

Optimization: MOE:Amber10:EHT

Restraint: OptHLSideSolv

Procedure: Manual calculation
FMO calculation

FMO method: FMO2-MP2/6-31G(d)

FMO2-HF: Total energy (hartree): -201125.363025

FMO2-MP2: Total energy (hartree): -201681.023606

Ligand:SAM

Ligand binding energy

Charge transfer
value [e]

IFIE SUM ES EX  CT+#mix DI(MP2) q(l=>J)
-468.038 432672 181.895 -94.931 -122326  0.300

IFIE [keal/mol] PIEDA [keal/mol]



ERIER—L1>. FMODB IDAS ; _
%—ngﬁyﬂ—Fh\ﬂﬁE&U’)to Download Multiple Data Files

FM (b B FMODB: The database of quantum mechanical data based on the FMO method X -
Last updated: 2021-10-04 +* Lo
RS
P

All entries: 14844
Number of unique PDB entries: 2027

Base Structure:  E@X-ray

FMODB: T—4A2D 4 o> O0—Ki#sRe

FMODB ID}EEIC kS A O—F A A[EE !

Enter FMODB IDs separated by comma or
white space, such as 5P4ANP, XQ8VY.

(O CheckPoint File (up to 50 IDs)
() All Calculation Data (zip files; up to 50 IDs)

Criteria for ID Search
ID:7b25
@NMR  E@MD  EElectronMicroscopy  E@Docking  EOthers

Submit

® Summary for all items(csv fila) () Summary for chacked items(csv files)
Download
CheckPaint File(chacked items up to 10 data)

Caluculation Data(zip files; checked items up to 10 data)

Search Result: 2 Hits

Sort

Currently showing: 1-2  Page: 1/1  Displaying resuits: 10 [ 100

check / uni

Q86g
FMODB}
Calculal
Preferre
PDB 1D}
Chain I

RABER AL IO orerarerdsearn

Base Structure: [@X-ray EENMR FMD [EJElectronMicroscopy @Docking E@O0thers

@ Summary for all items(csv file) () Summary for checked items(csv files)
Download
() CheckPoint File(checked items up to 10 data)

() Caluculation Data(zip files; checked items up to 10 data)

* Summary(*. csv) 77 ILIZIERESN -T2 ) —FT—42IZxt9 % FMODB ID, PDB ID, Total

energy, Ligand binding energyZ A 52 &
« Calculation Data(*.zip)[ZI&. AU FILDOFMOFTE T —2H V&K
» Check Point File(*.zip)IZI&, FMODB IDIZ 774 ILZ W EZHRZ 5N T-CPFI 741 L H 1 Hi

FMODB®DHPIZE8 T 28 EEH (2022 EFMODBFa—k)7ILEH)
1.<Fa—rJF7ILD)EH > XS5M1K20-26 ZS LIS,
FMODB®D#A4Y. E1fTEHHFMO) B E—2 /Ny BB E {E AR



https://drugdesign.riken.jp/pub/CBI2022tut/data/CBI%E3%83%81%E3%83%A5%E3%83%BC%E3%83%88%E3%83%AA%E3%82%A2%E3%83%AB(1)%E8%B3%87%E6%96%99.pdf

=P/

. FMODBMD#A 4+ EBEARKMTIRIES &

FMO;ZD &
FMODBMD &

FMODBMD EKRIZI{E-Fa—K)7IL(1)
FMODBT—A DR FERERE-Fa—R)TIL(2)
FMODBT—%2MDWeb APIf£HE

FMODBT—#%&)

1753%

FMODBT—4 M ;& FAZE 4
PIEDAFRAT (S IL/RILFITSH A NERT)
Web APIZ B UN=4B B /E HAERHT

IFIE-diagramfi& 4T

=EH

41



FMODB: Web APIREEE

English

T e P S EADWebAPIZRNT

F M ® B FMODB: The database of quantum mechanical data based on the FMO method -

== iy s s FMODBT—4 M Hi A AT E

- Number of unique PDB entries: 7783 o

https://drugdesign.riken.jp/redoc/index.html

FMODB RESTful API

Q, search..

? FMODB RESTful API (v1.0.0 - 2024-10-28)

ed Information > Download OpenAPI specification: | Download

FMODB& T —2 DR

Fragment Information > API Support: https://drugdesign.riken.jp/FMODB/ -~
— YN
URL: https:/drugdesign riken jp/pub/qcontact ht 7 ﬁ
FMO Calculation Results > .
-l ceult The FMODB RESTful API provides seamless access to a comprehensive database of data Ry
registered within FMODB. Initially developed as a beta version, it was officially released on P I I DA —_— 9
FMO Calculation Details > October 28, 2024. The AP will be continuously updated with new features to enhance user 7
experience. Visit https:/d riken.jp/FMODB/ far more details or contact us at —_ o N
PIEDA Data > htps://drugdesign.riken.ig -ontact html 7— _99 I'j S D J— I\

R

Search by Identifier

Endpoints 1o search using specific identifiers.

Check FMODB ID existence /search/ fmodbid/ { fmodbid}

Checks if the specified FMODB ID exists in the database and returns "OK" if it is found, or "NG
fitis not.

[

Response samples

applicationfjson

string
The FMODB 1D to check (e.g., )
“propertyl”: "string”,
“property2”: "string”

42

Responses



https://drugdesign.riken.jp/FMODB
https://drugdesign.riken.jp/redoc/index.html

FMODB: Web APIIZ&AFMODBE T — 2R

PDB ID, UniProt ID, FMODB ID%EIZEJ{FMODB&HFT—3 &R E

Q search
by Identifie > Retrieve FMO calculation results by IDs BET /search/result/{idType}/{idvalue} v
) i > page information for FMO calculation data based on various IDs such as R
esponse samples
), IFIE_ID, Uniprot_ID, or CalculationName. IDs can be s e
< N searches g
N ) v Content type
Example URL application/json
=3 M I
e O i
; j We b A P I 0) .‘j. -~ ,7 ) b{ﬁlj Copy Expandall Collapse all
[ c I F " " —
| Web APIDORY &
FMODB It Example
Type of ID (e.g., pdbid, fmodbid, ifieid, uniprotid, calculationname) "Additional Binding Energy™: { }

"BaseStructure”: "string”,
target keyword 1 idValue tring

Jlts by : ‘ "CalculationName™: "string”, = DA > — ‘\ —
xample: - — - >
ChEMBLIG: . SO ”/ Ik z‘ T — ;b ]
&I Retrieve FMO calculation ID value " " » m? J n 7 73N
b Chainld": "string”,
=sults by ligand: "Complement”™: "string”,

"Fmo2HfTotalEnergy™: "string”,

B Retrieve FM Jlai "Count”: 6,
. "Fmo2Mp2TotalEnergy”™: "string”, "ists™: [
- RS Kisoroniiliiine X "Tfield": "F0000]",
. i ie
MO Ca > fodice i, "Emodbld”: "5PANP”,
> 200 "Fragmentation”: "string”, j,CalculatmnName "1ERE-D-XrayT”,
3 "Ifield": "string”, ,,Egg{g,r[eg&lﬂ? "Estrogen recentor alpha”,
"LigandFragnentNunber”: "string”, "Chainld”: "D",
, ST "Uni 7b033T,
>

"Optimization™: "string",
"PdbId": "string”,
"PiedaSumCtMix™: "string”,
"PiedaSumDiMp2”: "string”,
: "string”,
"string”,

MdT ime
Mdglri\eUnJ, i3

ReglstratlonDate "2017-02-247,
ce

" am

’IVOE Amber10:EHT",
"Comp Lemen oStat|onV|ewer StructureComplemation (agonist tems

i Fragmentatlon "Aut
Proc n L] ”
Froflethod” : "F02-WP. ,,/6 16(d)
FmoZHfTotalEnergy 2 7-98213. 362’7364836
»Fmo2Mp2TotalEne 0.
ngandFragmentNum er”:

Sumlot 7.936”

"Procedure™: " g”,
"Receptor_apo’ ring”,
"Reference” ring”,
"ReferenceDoi” ring”,
"RegistrationDate™: "string”,
"Restraint™: "string”,
"SumTotal™: "string”,
"UniProtId”™: "string”,

"UniProt ChEMBL Pairs": "string”

"PiedaSumEx”:

"PiedaSumCtMix”

»PiedaSumDiMp2” : L
"PiedaSumQlj’: "0.19
"Additional Binding Energy”: {}

"Ifield”: F000483 ,
"FmodbId”: ,
CalculahonName "1ERE-A-Xray1”,

Example URL Erg{grr%l&lﬁr&ne "Estrogen recemor alpha”,
https://drugdesign.riken.jp/fcgi-bin/fmodbrest/search/result/pdbid/1IERE Eﬂ%&éﬁéﬁ;mf L

,baseStructure™:



https://drugdesign.riken.jp/fcgi-bin/fmodbrest/search/result/pdbid/1ERE

H FMODB

Q search...

Get Registered Information

Fragment In

FMO Calculation R

FMO Calculation Details

arch by dentifie

Statistics

ent

rieve PIEDA data for a

FMODB: Web APIIZ &2 F D fhisge

B FMODB IDIZ&EJLCPFI7S/ LD HvA—F

Download CPF file

Downloads the CPF file associated with the given FMODB ID.
Example URL

Example

Fmodb ID to download the CPF file for

Responses

> 200

CPF file is returned ¢

> 404

CPF file not found in FMODB or on the server.

Retrieves N:1 PIEDA results using registered data, based on fragment pairs from the specified

FMODB ID. For example, fragment pair (1) and (2)

The calculation returns details including energy values (SumOfPiedaEs,
SumOfPiedaCtPlusMix, SumOfPiedaDiMp2) and the closest distance

pairs.
Example URL

string

The FMODB ID to retrieve PIEDA calculation for (e.g.,

string

Fragment numbers range from the first group (e.g.,

string

Fragment numbers range from the second group or

Responses

> 200

IDIZEIEN: 1D PIEDAREHT

Retrieve N:1 PIEDA calculation results

mOfPiedakEx,
Jist) in the fragment

drugdesign.riken.jp/fcgi-bin/fmodbrest.

https
oad/cpf/{fmodbid}

Example URL:
https://drugdesign.riken.jp/fcqi-
bin/fmodbrest/download/cpf/5P4NP

GET

Response samples
200

Content ty]

"FMODB_ID": "string”,
"IFIE SIM™:

Example URL:
https://drugdesign.riken.jp/fcqi-
bin/fmodbrest/calculate/results/pied
a/l-426/against/others/JM5M9

"Total_q NPA_M_Fragments":

"Total q NPA N Fragments


https://drugdesign.riken.jp/fcgi-bin/fmodbrest/download/cpf/5P4NP
https://drugdesign.riken.jp/fcgi-bin/fmodbrest/download/cpf/5P4NP
https://drugdesign.riken.jp/fcgi-bin/fmodbrest/calculate/results/pieda/1-426/against/others/JM5M9
https://drugdesign.riken.jp/fcgi-bin/fmodbrest/calculate/results/pieda/1-426/against/others/JM5M9
https://drugdesign.riken.jp/fcgi-bin/fmodbrest/calculate/results/pieda/1-426/against/others/JM5M9

FMODBT—4 /& Ak
FMODBT—4®M & FRAEHI
PIEDARHT (ST IL/RIVF IS5 AU NERT)
Web APIZ R U\Nf-AE B 1 AfE4T
IFIE-diagram 247

=EH

45



FMODBT—4 M EHAEH

[:BEDFMODBF1—r)7 L)
https://drugdesign.riken.jp/pub/CBI2021tut/

5 F RBHIES ORIT(Web (25— IT(R) e slen i Cbla07 et
;EFAEE{H11 - SARS-CoV-2 spike protein&${ARfEl MHot spotfz AT \FIE/PIEDARRH
;EFAEE 52 : SARS-CoV-2 spike protein& A D FE S8 F Al T e T
SEFEHI3: SARS-CoV-2 RARp-RNA-RemdesivirDIFIE-diagram o
SERER4: BIRFMOT —2 DIFIERRAT

FMODBT—AD#EH . RUPAIFR(T—24 > A—F)
SERASEHS KBS HEERORET N
SEFAEH16: FMORFET R FRIAIDIEE
;E A7 : SARS-CoV-2 main protease D VISCANAFEHT

EESrETA IFIE-diagram

SUM_TOTAL [keal/mol]
32 & & 4 & & b &

o 95 1 105
pIC50

KERBEEHEEROHEENT FMOJRFEFFHIAI VISCANAFRHT
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https://drugdesign.riken.jp/pub/CBI2021tut/
https://drugdesign.riken.jp/pub/CBI2022tut/
https://drugdesign.riken.jp/pub/CBI2023tut/

SARS-CoV-2 spike proteinZft LT=BEEAD=X L
Watanabe C et al., Chem. Sci., 12, 4722-4739, 2021.

¥ mlﬁ ”XM s SARS-CoV-
Aolelp sscns
R LV E 4 Spike glycoprotein

Membrane fusion

Q \(ﬁ& iﬁ@fj&’@”
S&:é& i o

4,

SARS-CoV-2 S-protein trimer

Y

& € N £ o (3600 res.)
Activation Bngd Q@ - %’3&%
Recognition ; = 5 @ak\};
ACE2 TMPRSS2 == ™ i)
HhthRH g

TIRRRRAIRRARRTRRARARS
SUUELRLEERUEELLRLUNLLE

==

Human host cell

Nr‘)fection

S-protein RBD [y .
VS.
ACE2/Antibod

4 N
B INDB-ZNOEREERPPI)
SO FRBICEELTI/BEREDOHE

SO SEET A

.

J




;EFAEHI1 : SARS-CoV-2 spike protein&Hi{A R DPIEDA

#B#4 : Watanabe C et al., Chem. Sci., 12, 4722-4739, 2021.

FMODB ID: Q86GY | 1)L R E|F—445, PPISFREEDEH IS AL MBI TRATL
FDB IB:7B 2> FWF—RIZDNTRILF IS AU (N1) OIFIERHT A A REE 7o =,

Y32Antibody

PIEDA

0 - DI(MP2)

TTTTT

439 497 498 499 503 505 506 507 28 29 30 A 32 705 709 737 770 440 470
Residue Number

Base fragment(s) of PIEDA/IFIE @ single fragment () Multi fragments

165(A:501:ASN ) v

Fragment list

>>7“1L75§j> I\ \GE : 0/ q_Mulliken : -0.015 / q_NPA: 0.026

Il DI(MP2
VVVVVV

L
1
1 777° A
-60 /F
N u
-80
2 27 29 3 33 53 55 57 73 99 103 2 28
26 28 3 32 52 54 56 58 97 100 104 27 29 3 E 69 1 5 E
Residue Number

Base fragment(s) of PIEDA/IFIE (O single fragment (@ Muiti fragmenti‘

1-191,622

"SARS -CoV-2
Spike protein

(N: 1 _1 91 ’622) —-Fragment list-- v N
ZNOFSH cnarge k1ot JLF D5 AR

Each amino acid
of antibody (1)




;EFE P2 : SARS-CoV-2 spike proteinEn{k B DFE S BEF I

K. Watanabe et al, J. Phys. Chem. Lett., 12, 4059-4066, 2021.

D HU<REYYTELV=LIBinding Energy®FMODB ID% A1 TGoogle ChromeZ M

TRELR/A—[ZR A

http://drugdesign.riken.jp/fcgi-bin/fmodbrest/depositor/data/manual/ligandfGQ1L1,1JR2Z,9Y3N2,8JL8Y,N34VQ,JM169,3N63L,JM5M9,V2M81,MM56Z,7J93K,LLTM9

S COE4AIZALBFMODB D% B
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