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* BioStation
« FMOETE R 71 7 7 LABINIT-MP,
ABINIT-MPEEMTHE R A] MR Y 7 ©
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\PRO'[I’]N DATA BANK

= PDB;j-

Data Bank Ja

EENH(CETE
. F#hst

IFIE/PIEDA
NPA charge
Structure Data
Affinity data

B(CBHIG

S DFMOGTERBRZINEH T D7 —FIR—X

Takaya et al.

DOI: 10.1021/acs.jcim.0c01062
Watanabe et al.

DOI: 10.1273/cbij.19.5

-
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BN EDRREE
BERIRILX—ZN
L= ERDAEEA

FMO 1355 % D
T —4

E;T;hénﬁ an-l-’\O)*”%
(FTLLVE#RED
RERGE)

Last updated: 2021-10-19
All entries: 14883

Number of unique PDB entries:

2934
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1. Input files
+ X-ray/NMR/Neutron
+ Docking pose
+ MD snapshot

>
| J\/w
V B S
RN RS
=R e LB
L — O 2

-

Automation by Pipeline pilot

2. Structural preparation of complex
+ Correction of missing atoms and missing residues
+ Structure optimization by MM method

3. QM/MM-based structural optimization (advanced option)
« Structural optimization by ONIOM method

4. MM-PBSA and GBSA calculations
+ Total energies by MM
+ Solvation energies by MM
+ Conformation search of ligand in solvent by MM
method (advanced option)

5. FMO calculations

« Total energies by QM
« |IFIEs of fragment pairs

6. Analysis of protein-ligand interaction energies
« Ligand binding energies by FMO, FMO+MM-PBSA,
MM, MM-PBSA methods
+ Ligand interaction energy for each amino acid resides

||

Flowchart of structural preparatio}

(1) Input data

- Preserve input original coordinates

c

of missing
atoms?

(2.1) Homology modeling
& Structure preparation

(2.2) Only Structure
preparation

« Generate hydrogen atoms

| (3) Local minimization of complemented atoms |
I

| (4) Constraint setup for user specification |

(5) Final minimization of unrestrained atoms

\§GMB //

Watanabe C et al. CBl Journal 19, 5-18, 2019

2021/10/25
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FMOETE D ESHE
B ABINIT-MP
B MP2/6-31G*

B IFIE/PIEDARAT
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B QM/MM Gaussian
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Excel 7 7 4 L ONA

—HB)

XKIRFWHAER

h7 L% AR
Lig_Res YAy RoikE
BaseStructure N —2#&E (X-ray/MD/docking)
Water KALEE (YES/NO)

Protonation

70 kb sE
(MOE:Protonate3D)

Optimization

=281t D HE (MOE:Amber10EHT)

Restrain

R

Complement

BE1E#5E (Homology modeling)

Fragmentation

SEIH%E (Auto)

Ligand_Fragment

DAY RDT7 774X bES

h7 L% £
Affinity EIEE
LigandCharge DAy RER
Mutation EREE
PDB_Chain SHEICERA L 7-PDBDEH
PROTEIN_ACCESSION =24 9y |;
Method THE A% (FMO2-MP2/6-31G*-PIEDA)
UserlD a—4ID
Total_Core_Thred =N
total_time SRDOFMOFTE E TR
start_time FMOETE D E TR I
stop_time FMOETE O EITH T IHE
RecordData FMODB~ D&% H
LastModifiedDate REEIHH (BELHGERY)

_humber

ajf_file *aff 77 AND T 7 AILE (/IR
")

pdb_file PDB7 7 AILDT7 7 AIL% (/¥R
)

out_file ABINIT MPD A 7 7 4L (*.out)

7ANE (FSREE)

cpf_file CPF7 7 AINDT 7 AILE (/¥R
)

job_script CaTvBRADAIY T DT 7 A

IWE (IR ZEE)
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« MEIFEAFE L TWebh b &R ?
« 74tV RIZTDOVWTDREEL E (CC-BY-SA)
« WEIEH/MAKROETERE
> FMODDO Y Y — Y T LICAEST 2 DH K

cANTERNBDY E LT SZ00omDQRAF ¥ v M EH S
BHISE RSV, BROT VI — MIHBALEEL,



FMODB ID =

2021

O OHERERICHIS L= — 2 5 %EID
o 1
« SN ED B AR

o IRIIEXF(ZD D BeNTF) . AXF/NIXFIIRR LAV, (K
N FHESE)

e« —DDOFMODBID IC—D DEEFENHTIF I NS,
ALY AYBETHHEFR, B, ALERE. SHEA%Y
ELENITESIDENE I NS,

o 4 : https://drugdesign.riken.jp/FMODB/detail.php?FMODBID=5P4NP

> BIZILSPANPIZ T A b A VSRR E T X
k< <4 —JL(PDBID:1ERE) % £ - 7-FMOETE iE R

uuuuuu

== > FMODBID%E X ELTHBIFIERIL T —& X
5= L T BIFIE/PIEDAD T — X EN@EITTE 2,
:ZZZZ‘Z:SLI; “““““““““““““““““““““ e
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FMODB Web user interface (1/3 =

D77 LY RIRE
BREIWEbE 74— LA

https: //drugdesugn riken.jp/FMODB/

1 v & @& drugdesign.riken.jp

ﬁﬁwmﬁﬁﬁxﬁﬁaﬁt

& Download & Manual

F M \b B FMODB: The database of quantum mechanical data based on the FMO method ¢ =

Last updated: 2021-09-17

ﬁ All entries: 14815 s

(o) Number of unique PDB entries: 2900 i

Information ID Search Keyword Search Blast Search Ligand Structure Search F _ 7 — P P FMODB' D. . PD\B| D
78, BLASTP, U Ay F#EEIC
By A

2020.4.17 FMO data for COVID-19 related proteins have been released on Apr 17, 2020. here.

EEFEHNT T

Category

ﬁlews' FMO data for

COVID-19(722) COVID-19 related pr Iy

| Papain like protease(64) a §§§ " Odm; R iphal
i_ Main protease(390) £ L by DSG @RCSB PDB
| ADP ribose phosphatase(20) -
| RNA dependent RNA RR7) v b
polymerase(21) Search Sample @ﬁ 5'_?* () 'fiﬁﬁ 'WJ)
} Endoribonuclease(12)
} 2'-O-ribose
methyltransferase(7) Keyword Search: COVID-19 Set Value Of Input

}—Spike protein(107) PDB ID Search: 1ERE Set Value Of Input
S s S FMODR IN Saarch- RPANP Qat \/aliia Of Inniit

FMODETE T — X (IFIE/PIEDA) DEA 7 A £ > X (FEZRCC BY SA(FR * 7% 4.0)
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ZFMODBIDT Y U —C & Dt B EEE

2021
1ERE-D

FMODB ID: 5P4NP
Calculation Name: 1ERE-D-Xray7
Preferred Name: Estrogen receptor alpha
Target Type: SINGLE PROTEIN
Organism: Homo sapiens

Ligand Name:estradiol

ligand 3-letter code:EST

PDB ID: 1ERE

ChEMBL ID: CHEMBL206

UniProt ID: P03372
Base Structure: X-ray
Bogictration Data. o0

Modeling method

EEHEIED3DK

AERROXY>O—F

S>Fa—FY7N
TTFE%#LET,

Optimization MOE:Amber10EHT

Restrain OptH

Ligand structure > >

= e A =3 Protonation MOE:Protonate3D | jj‘ S J /7j\¥ D ..g\(
FI+ E— Z _\"f IIIE'IE %H} . c BioStationViewer:StructureComplemation (agonist templeate: EST J / l\ 2 D
(ANBEEDETY » erotenert

Water A bridging water among Glu353, Arg394 and ligand.

7 ) :::::::o Manual calculation ;(\ "f ; 2
§+/§ 7% ,f/:l: Ei %E FMO method FMO2-MP2/6-31G(d)

(FMOEtE D ETHE % st | 25
. EEBHF gandcrage E5T-0 UAY R OHEEE

Software MIZUHO/ABINIT-MP 4.0(SMP) )EH ( MO E{E}Eﬁ )

S gt m "
ﬁ+§—%lﬂ FMO2-HF: Electronic energy = -3151388.208186 \ %
.
- - o,
(%}FEFMO TxJ)l FMO2-HF: Nuclear repulsion |~ 3053174.845449 1w «
74 i {
HiS\
24

FMO2-HF: Total energy -98213.362736

#\\ - I Eﬁ' H:TIJ-: /lﬁ\ T\\ ‘j: FMO2-MP2: Total energy -98490.505804 Q/
MP2 ¥ T)

2021/10/25 CBI2021 K& (16)
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2021

¥5E L 7=FMODBID ® PIEDA{E ™

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

PIEDAY 7 7

GoogleChartfEH
< REBEEEEL T
Interactive|lZ T — X & &K

PIEDAY T 7 KK E
(TxL¥—(BREIE. &
T DEREDRTE)

2021/10/25

PIEDA (kcal/mol)

PIEDA
100

50

§<

N

T e — - = —
I u

-100

-150

343 346 347 349 350 353

Base fragment(s) of PIEDA/IFIE

Distance from base fragment(s) [A]

Interaction energy by IFIE and PIEDA
[kcal/mol]

Fragment charge [e]

Residue

Sort

Graph Options

384 387 388 391 394 404 421 424 428 521 524 525 526 60

Residue Number

(@ Single fragment (O Mutti fragments

237(D:600:EST)Lignac v

I DI(MP2)
CT+mix
EX

I Es

1:1, N:1 123

Fragment list

HELRDT7 77 A MR
FEO(EREFY A FERE)

PIEDAD FEZ IETE

Dist 3.8
| Total | > |ES|> |EX|> 0.1
| CT+mix | > | DI(MP2) | >
FCHARGE v q_Mulliken v
q_NPA v q(l=>J) v
Res # RES
ascending v
XAxis Label Residue Number v
Y Axis Max Y Axis Min

Display ES EX CT+mix

CBI2021 K&

DI(MP2)
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IFIE/PIEDADZE ==

2021

— DU DT T ITA Y NTIL—TD
IFIE/PIEDA 7~
° 111:1”
c BED—Xf—D 7 Z 7 X FEIDIFIE/PIEDA
* Ex) Alal —Ser189, Val2-Ala190
° IIN:llI
c NENSKBDTTTA DT IL—TF1 D207 7
7" X >~ DIFIE/PIEDA
* Ex) Fragments:1-188 vs Ser189, Fragments:1-188 vs Ala190
o YR-IAMEEIER L £ DPPI
° uN,Mn
FICEFEDTTEL TWBIEEHRE

>Fa—bPUTILDEFETTEEZTLET,



StxaT — Y DR ==

S R R D RE A E D5

* Binding energy = EHFE N ATRRIICATRE L 7TIHE D H
7__\_§7b§7?7£—§_%o

« B Z 15

e https://drugdesign.riken.jp/FMODB/detail.php?FMODBID=JM5M9

Antigen and antibody binding energy (frag 1-426 : frag 427-606)

IFIE [kcal/mol] PIEDA [kcal/mol] Charge transfer value [e]
IFIE SUM ES EX CT+mix DI(MP2) q(l=>J)
-649.9665 -634.1004 = 303.3279 = -132.6029 @ -186.5911 @ 0.1051

DBCHDIFEHEZMHERL THhEE D,

2021/10/25 CBI2021 K& (20)


https://drugdesign.riken.jp/FMODB_beta/detail.php?FMODBID=JM5M9

1> RigZR e

« FHLEYIER & BB ERREICITIN
| Information  IDSearch  KeywordSearch  BlastSearch  Ligand Structure Search

Base Structure

®Check all
X-ray NMR MD
ElectronMicroscopy Docking Others

e zimdor7 vy 7A—F

UH Y R —F %2R

4 bR~ -0 ¥ B & Q

[
DDOO@oow\A @ Q

Method: substructure = m

RRFE2ER B HESor EiR)

2021/10/25 CBI2021 K& (21)
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FMcfDB

2021

ER IS IR 2R

P4JNP
FMODB ID: P4JNP
Calculation Name: 1KV2-A-Xray9
Preferred Name:
PDB ID: 1KV2
Chain ID: A
UniProt ID: Q16539
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

Ligand binding energy

IFIE [kcal/mol] PIEDA [kcal/mol]

IFIE SUM ES EX CT+mix DI(MP2)
-235.386 -198.971 = 118.829 -37.394 -117.848
Hit Ligands

Number of ligands: 1
Ligand SMILES : Cc1ccc(-n2nc(C(C)

(C)C)cc2NC(=0O)Nc2cec(OCCINH+]3CCOCC3)c3cccec23)ccet

2021/10/25

Charge transfer
value [e]

q(l=>J)

0.087

CBI2021 K=

Ligand Interaction

Z

™
z

/ o]

Q“ @)

168

Ligand:B96

ERDEISIRZR TR D T
T 7R EFEIEYIIRE

(22)
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FMcfDB
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R AYIER

KRL43

FMODB ID: KRL43
Calculation Name: 5REW-A-Xray143
Preferred Name:
PDB ID: 5REW
Chain ID: A
UniProt ID: PODTD1
Base Structure: X-ray
Registration Date: 2020-06-22
Reference: K. Kato Y. Handa, Y. Kawashima, K. Fukuzawa, C. Watanabe, T. Honma, , To be
published
Modeling method
Optimization: MOE:Amber10:EHT
Restraint: OptHSideLSolv
Procedure: Manual calculation
FMO calculation
FMO method: FMO2-MP2/6-31G(d)
FMO2-HF: Total energy (hartree): -124390.416036
FMO2-MP2: Total energy (hartree): -124740.759587

Ligand binding energy (frag 1-144,146-304 : frag 305)

Charge transfer
IFIE [kcal/mol] PIEDA [kcal/mol] value [e]
IFIE SUM ES EX CT+mix DI(MP2) q(l=>J)
-32.4743 -16.9579 @ 13.0832 @ -5.7291 -22.8705 -0.0070
Hit Ligands

Similarity :0.4118 <+—— FEX14£(1.0: &\, 0.0: ELY)

Number of ligands: 1
Ligand SMILES: [CH2]C(=O)NC(C)c1cccc2ccecc12

2021/10/25 CBI2021 K&

Ligand Interaction

Ligand:T4M
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WebAPIDE& (& ==

FHA DB/ T — X #LIE D 4 Eft

2 , -
A ‘ ':-,"‘ B EE ol FMODB 7 — X
' o O = [ D .
=\ — I MariaDB

(Postgres)

News: FMO data for %?5
proteins

COVID-19 related
A

STEICHIZEAD A

— & DI E
DBALIE
Read only

") e Python (Jupyter notebook)
R HELIHE TR ™Y £ \10DB WebAP|

AER

2021/10/25 CBI2021 K& (24)



WebAPIH> )L ==

2021

1% - 1&” (bEta H}i) https://github.com/ykgkhakase/FMODB_AP| samples
1. EWAOB (EMEF = v 7 A)

e https://drugdesign.riken.jp/fcgi-bin/fmodbrest/
2. Keyword TH&EZR (Uniprot7 F X F)

* https://drugdesign.riken.jp/fcgi-bin/fmodbrest/search/keyword/uniprot/estrogen
3. Keyword Ci&Z%R (#5247 — K, Uniprot7 ¥ X )

* https://drugdesign.riken.jp/fcgi-bin/fmodbrest/search/keyword/uniprot/sars+cov
4. PDBID TR

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

5. FMODBIDA'®H % HIRER
e https://drugdesign.riken.jp/fcgi-bin/fmodbrest/search/fmodbid/5P4NP

6. & AFMODBIDDIFTE 7 7 7 X >~ DPIEDA% FKiK
* https://drugdesign.riken.jp/fcgi-bin/fmodbrest/pieda/5P4NP/237

7. ®»DFMODBIDDCPF7 7 A ILDX 7> HA—F
* https://drugdesign.riken.jp/fcgi-bin/fmodbrest/cpffile/5P4NP

8. & AHFMODIDDETDPIEDAZFRIT D,
* https://drugdesign.riken.jp/fcgi-bin/fmodbrest/claculate/results/fragment/information/5P4NP

9. HBHFMODBIDD T —XEFFEICLDEET —XA52FKNRT 5,

* https://drugdesign.riken.jp/fcgi-bin/fmodbrest/depositor/data/manual/ligand/V2G31,GQ2J1,1JLMZ

10. H 5 FMODBID®N:1, N:M@PIEDA’S_’%H__\
* https://drugdesign.riken.jp/fcgi-bin/fmodbrest/claculate/results/pieda/1-426/against/others/JM5M9

2021/10/25 CBI2021 K& (25)


https://drugdesign.riken.jp/fcgi-bin/fmodbrest/
https://drugdesign.riken.jp/fcgi-bin/fmodbrest/search/keyword/uniprot/estrogen
https://drugdesign.riken.jp/fcgi-bin/fmodbrest/search/pdbid/1ERE
https://drugdesign.riken.jp/fcgi-bin/fmodbrest/search/fmodbid/5P4NP
https://drugdesign.riken.jp/fcgi-bin/fmodbrest/depositor/data/manual/ligand/V2G31,GQ2J1,1JLMZ
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N:1 PIEDAZS

E DRI

426/against/others/JM5M9

® < ] =
"FmodbId": "JM5M9",
"FromFragmentNumers": "1-426",
"ToFragmentNumers": "427-605",
"SumOfIfie": -626.04,
"SumOfPiedaEs": -610.17,
"sumOfPiedaEx": 303.32,
"SumOfPiedaCtPlusMix": -132.6,
"SumOfPiedaDiMp2": -186.59,
"SumOfPiedaForEachFragment": {
"Lists": [
{
"FragmentNumber": 1,
"Dist": 37.22,
"PiedaEs": -39.43,
"PiedaEx": 0,
"PiedaCtPlusMix": 0,
"PiedaDiMp2": 0,
"Note": "Energy values are sum of the target fragments;
Y
{
"FragmentNumber": 2,
"Dist": 33.16,
"PiedaEs": -0.04,
"PiedaEx": 0.59,
"PiedaCtPlusMix": -0.4,
"PiedaDiMp2": -1.48,
"Note": "Energy values are sum of the target fragments;
Yy
{
"FragmentNumber": 3,
"Dist": 35.95,
"PiedaEs": 2.51,
"PiedaEx": -0,
"PiedaCtPlusMix": 0,
"PiedaDiMp2": -0.03,
"Note": "Energy values are sum of the target fragments;
Yy
{
"FragmentNumber": 4,
"Dist": 32.04,
"PiedaEs": -0.7,
"PiedaEx": 0,
"PiedaCtPlusMix": 0,
"PiedaDiMp2": 0,
"Note": "Energy values are sum of the target fragments;
}I
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distance

distance

distance

distance

value

value

value

value

is

is

is

is

tiger3

average.

average.

average.

average.

BEFEHADT —
IFIE/PIEDASE
PythonFED 7' 07 5 A’CQ_EE L
SCC AW

https://drugdesign.riken.jp/fcgi-bin/fmodbrest/claculate/results/pieda/1-

WebAPI~D 77 7 7 X

WebAPIZEESR DT 7 7 7 b
S N
TFHF

JSONFEZ =,

%
% FRAY IS

”’)h\’C\

(urllibZE %)
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F=T—FY=FnbH FTY Y —DUHY FER, PIEDANFET
_samples
In [1]:  import urllib
!mportjsor)
import pprint as pp

In [2]: url = "https://drugdesign.riken.jp/fcgi-bin/fmodbrest/search/keyword/uniprot/ESR1" F—T7—FH¥—

+ CANDI®R R

In [3]: + def GetData(url):
return json.loads(urllib.request.urlopen(url).read())

In [4]: data = GetData(url)

In [5]: data
{'Input': { Keywords': ['ESR1'],
OUt[S] 'HitIDs': [' P@3372 Q13511; Q14276; Q5T5H7; Q6MZQ9; Q9NU5S1; QOUDZ7; Q9UIS7;'l},

'Count': 60,
'Lists': [{'FmodbId': '5P4NP', 'Note': 'PDBID:1ERE, PDBChain:D'}, %D % 0) EE (S
{'FmodbId': '4PK3P', 'Note': 'PDBID:1GWR, PDBChain:B'},

{'FmodbId': '2XQYX', 'Note': 'PDBID:1X7E, PDBChain:B'},
{'FmodbId': '8XR8X', 'Note': 'PDBID:1X7R, PDBChain:A'},

{'FmodbId': 'KPZNP', 'Note': 'PDBID:2I0K, PDBChain:B'}, ﬁ’fg%'f@J(JSONﬂZiﬁ)

{'FmodbId': 'LX6ZX', 'Note': 'PDBID:2QA6, PDBChain:A'},
{'FmodbId': 'VP2RP', 'Note': 'PDBID:2QZ0, PDBChain:B'},

{'FmodbId': 'NP7KP', 'Note': 'PDBID:2YJA, PDBChain:B'}, 5P4NP has a ligand molecule EST, 237
{'FmodbId': '1XMZP', 'Note': 'PDBID:3ERD, PDBChain:B'}, Nict'
( Fmothd': '8P92X', 'Note': 'PDBID: 3HM1, PDBChaln A }, [{ Dist": 30'064’

s s P ol 'Fmodbld': '5P4NP',
In [6]: ~ for fmodbld in [e[ Fmodbld] foreln data[ Lists']]: "IthChainID": 'D',

url_ligfn = "https://drugdesign.riken.jp/fcgi-bin/fmodbrest/depositor/data/ligandfragment/{}".format(fmodbid) 'IthFCharge': O,
'lthFragmentNumber': 237

ligfn = GetData(url_ligfn) S e = , ) s '
~ ifligfn['Count'] == 1 and ligfn['Lists'][0]['IsRegistered'] == 1: DAV RT7I5T7X FESDAF ‘IthMullikenCharge': *-0.191",
Ires = ligfn['Lists'][0]['LigandResidueName'] IthNPACharge': ",

Ifn = ligfn['Lists'][0]['LigandFragmentNumber'] ::mgzzﬂiiec?ﬁfﬂg:ﬁf é%s(-)r g

'JthChainID": 'D",

print(fmodbid, "has a ligand molecule ", Ires, ", ", Ifn) "JthFCharge': 1
pieda_url = f"https://drugdesign.riken.jp/fcgi-bin/fmodbrest/pieda/{fmodbid}/{Ifn}" " JthFragmentNumber': 1,
pieda_lig_data = GetData(pieda_url) 'JthMullikenCharge': '0.873",

'JthNPACharge': "',

pp-pprint(pieda_lig_data) TIETNAT 'JthRepresentResidue': 'SER',
break # Sl B % e ——— JinSequenceNumber': 305
'PiedaCtPlusMix': O,
'PiedaDiMp2': O,
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https://drugdesign.riken.jp/FMODB/download.php

RV HFIE—2DTlE AL,

F M Lﬁ) B Last updated: 2021-10-04
& All entries: 14844

& Number of unique PDB entries: 2927

Download Multiple Data Files

Enter FMODB IDs separated by comma or
white space, such as 5P4NP, XQ8VY.

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

Submit

2021/10/25 CBI2021 K&

FMODB: The database of quantum mechanical data based on the FMO method
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B AEEF D E$E: Hydrogen Bond, lonic, XH/m, Cation/m, -t

Glu353

Hydorgen bond
17B-estradiol (HBond)

-----
’ =<

lonic interaction™._

(lonic) ' S
R
CH/m
XHP
Arg394 (XHP) _r—‘

A 7N
Lys449 ~ ft-Tt
\/v/

Phe404 Cation/mt
R: E R FfalEE B [CAP) Trp360

Estrogen receptor a and 17B-estradiol complex
(PDB ID: 1ERE), MOE L Tt E

A.M. Clark et al, ]. Chem. Inf. Model. 2007, 47, 1933-1944.
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IKEHEA DRI

FMODBHDHET T 7 X > kR —
KEFEE LT (F9307)I2 2 WL T

QM (FMO-MP2/6-31G*)

a

MM (Amber10:EHT)

Takaya et al.
10.1021/acs.jcim.0Oc
01062

" HB “'HB
1!:; 1 ~=292’421 15‘:' N=292,421
LI AT . ‘H:l |
- IR l:-- ﬂ l HJ[ﬂF]“:%HHE-EH . ’Jl I‘“ ]l<[j>~(1§%ebﬂ$ﬁﬁ—3?
% H | l ‘ I HI [ | % l H#g{{}l II Ly
;;._15‘ | ' [L]>I [ - Ef'-lS'
" FMO-MP2/6-31G* Amber10:EHT
b4 S R:c;‘i) d & 3 4 < = N a 8 7 Rf[/i,l - & % 4 =
FMO&L NI TCHICIZRIILF—DHEDTEEN 2 DTEBRREN, BEOMNENER D,

FMOETIIStE I NABRIIBETESM Clia L0 T, BABEICS L CEFER (EFKE) A
BHBI-OENEZ NS,
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« FMODB®D&=FDEY D #HICDULNT
« COVID-19B0&ES > )\ T B DHEENETE
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FMCPDB
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COVID-19 BSE X > /X7 B DOFMOETE G R » AN

F M ® B FMODB: The database of quantum mechanical data based on the FMO method
Last updated: 2021-10-04
All entries: 14844
- Number of unique PDB entries: 2927

2020.4.17 FMO data for COVID-19 related proteins have been released on Apr 17, 2020. here.

Category News: FMO data for
COVID-19 related pro

COVID-19(751)

| Papain like protease(83)

| Main protease(394)

| ADP ribose phosphatase(20)

| RNA dependent RNA
polymerase(21)

| Endoribonuclease(18)

| 2-0-ribose
‘methyltransferase(7)

| Spike protein(107)

B4 | Engish

musxnniaA BAENARHIRAN S —
GO o s e s breoren LAEWE O WEOM > Z26A » SM0ADE (s xoieAuoam ) |Geogk mn B
AMEDE2WT AN ABWE ERORR Za-&

fmF-sEm

ma

2941A5

(COVID-19) DmERI:

FEIAOFIAILRERIE (COVID-19) DAMIER IDTAINARY VI R EBRMERE

ZLRYY—Z A A
BYOREHERT—5 EANH
Gz —
]
mmpxz | 7LAUY-R
AERTARAN
LOKRART 4 —5—, ERHARPRPEO AR
0 ONFRAERME (757X
2 (FMODB) J £V (cT, 4R 176
rEYIR

Papain like protease ADP ribose phosphatase
(83 entries) (20 entries)

Helicase RNA dependent RNA polymerase
(61 entries) (21 entries)

2'-O-ribose methyltransferase Spike protein
(7 entries) (107 entries)

Q.

r?’ \;;\J)lrU/-}
£ —!/') X /0
/I \,\/U %

Main protease
(394 entries)

’;}; S

Endoribonuclease
(18 entries)

Nucleocapsid protein
(17 entries)

BRICWT BHNSE

BRER

LAY Y — *ﬁ*”: Dfrwwz,_\ AE (COVID-19) D REEEERETICRIL
OW%»X&/A? EEFERCEMOMEEERT -2 NH
https://www.amed.go.Jp/news/reIease_20200417-02.htmI
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COVID-19(Cxi 9 DERDMEA e

2020 4 B H S DB O

2021
800

u Papain like protease
700 u ADP ribose phosphatase

u Main protease
600 » Helicase
u RNA dependent RNA polymerase
500 u Endoribonuclease | |

u2-O-ribose methyltransferase

Number of FMODB entries for COVID-19

400 u Spike protein
u Nucleocapsid protein
300 u Other SARS-CoV-2
200
100
0

O O A O A A O O O A N N N N
PR D DD DD DD DD DD
’ ’, ’ \l ’ s, \' ’, s, ’ s Cd ’, ’, s,
Wy ¥ @ @@ @@ @

Number of registered structures in the FMODB;

AET80011:18 % 51 E % M.
T DRERZ=EFKL 7=,
K. Fukuzawa et al.
J. Chem. Inf. Model. 2021, 61, 4594-4612
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PLPro & = D BHERI D B ERBEMNT Crdwaetd

~R7F RPEEH 4594-4612
(a) ca. () . AP ag Tyr112
VIR251 | : (T ¥y x /\7/‘/
Ps 2K Asp164 \4 ~ -30 I s Tl 30
/\/\&l Lo s % ) - —S_ o ex Wl 30
iﬂ,\/?.;y & ﬂ;x 3—\ -30 lCT+mix 0
Pro247 # - Tyr264\'L LJeu16é _ -3 o ’
HOH102(1) / i A N - His272 Interactionenergy
HOH547(D) @i X T—
/ > /N
= Tyr268 \ GIn269 ;%EQALE%_E ;j—_
= -
(c) PIEDA 6WX4 (Distance from VIR251 of ligand < 4.5 A) -
50 I DI(MP2)
CT+mix
0 EX
g = o a4 = IS
?g HOH HOH
£ & oy—Hau_HLHO
3 (D) HoH
= 0 "
o HE/F AT
-150 ASp
106 110 162 164 166 247 264 268 270 272 301 649 668 725 743 101 103
109 112 163 165 208 248 267 269 271 273 647 658 702 736 753 102
Residue Number
PDB ID: 6WX4, FMODB ID: YQG52 AFa—bUTNERIEEETEEORTAAAEICL S
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Fa1—KUFIL ==

2DODF 12— YT

3<Fa—rMIUZI>FMODBZFERLEY A R-4 VXV EMBEEREN 13:50-14:50
XM B Yuma Handa (E2F®KX%E Hoshi University)

FMODBICINE SN TWB, VNV E—Y AV RESHERDEFZFT —F ZHW#E %175, COVID-
19B8E Y /X7 E T SMain protease. TXANAT VZABR(ER) BEAKRDHEERZEHIC,
FMODB®Dweb1 > % —7 14 A& K UFMOERGUI MBioStation Viewer%Z £/ U 7zIFIE/PIED AT
OinzEEFEL. VA NESHOFTMECEZELEE/ERDOHMBIC DO WTERT %,

K& 14:50-15:10

4, <Fa—MUZIL>FMODBZFERUL Y VNV E-Y VNV EFBEERBT 15:10-16:10
32— Kazuki Watanabe (FZEKXZF Chiba University)

SVINVE—-F VNV ERHEBEERDFIE LT, COVID-19E8:E Y /N B TdHSSpikey VNV E &
A EDEAMEICDWT, FMODB®DOweb1 4% —7 =14 A& L U'BioStation Viewer% W\ /- BT %
KT D, =5IC. FMOSHEIC KB FEAIXRILF—EICS50E OHEBBITICDOWTHERT B,

K@ 16:10-16:20
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.D The results of FMO calculations were obtained

l ons using FUGAKU (project ID: hp210130
consortlum & (proj P )

http://eniac.scitec.kobe-u.ac.jp/fmodd/index.html.
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