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FMODBT®PIEDAfZ#T FMODBAOHP(Y) @

-FMODB®D)HR—LR— - FMODB O ## &5 & < [5] [

FMODB. The datab ; N | date basedt on the FMO method - .._’ FM bB FMODB: The database of quantum mechanical data based on the FMO method " ,_ &
F Mka Lot . ted. ZSZZZEB:SUBHTUITI mechanical data based on the metho t » & Last updated: 2022-08-10 ; -
Al enties: 14013 N All entries: 14943 N
- - Number of unique PDB entries: 2963 A
- Number of unique PDB entries: 2063 A ¢ q et
. . Information Keyword Search Blast Search Ligand Structure Search
Information @ Keyword Search Blast Search Ligand Structure Search ID Seafch YW il
@ Base Structure
FaCheck all

2020417 [MEEEZM FMO data for COVID-19 related proteins have been released on Apr 17, 2020. here
G & X-ray  ® NMR MD

% ElectronMicroscopy # Docking Others

Q& —mxm

Category

ews: FMO data for

COVID-19 related prc

COVID-18(830)

| Papain like protease(141)

} Main protease(415)

} ADP ribose phosphatase(20)

F RNA dependent RNA
polymerase(21)

)- Endoribonuclease(18)

} 2-O-ribose
methyltransferase(7)

Search Sample

Keyword Search: COVID-19 Set Value Of Input ® ID S e a rC h & E *R

)-&plﬁprmem(‘\(]?} PDB ID Search: 1ERE Set Value Of Input
F Nucleocapsid protein(17) FMODB ID Search: 5P4NP Set Value Of Input —_
L Helicase(61) UniProt ID Search: P03372 Set Value Of Input ID ‘ -~ 7 bv2 A
L Other SARS-CoV-2(26) Keyword Search(Target): Estrogen receptor alpha Set Value Of Input
Keyword Search(Ligand): NHI Set Value Of Input
Blast Search: Sequence of 3RIN / E-Value Cutoff E-148 Set Value Of Input

Xray All Entries(3676)
Kinase: p38(188)

IDIERZITTHL F—T—FRZFEL 8

AT3)—RFREHARE

4 [E(XID#&E (T1BV2) TEITT 5 11
FMODB https://drugdesign.riken.jp/FMODB/
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FM! DB ID: 1JL3Z

Calculation Name: 7BV2-ABCPT-EM123
Preferred Name:
PDB ID: 7BV2
Chain ID: ABCPT
UniProt ID: PODTD1
Base Structure: ElectronMicroscopy
Registration Date: 2020-05-27
Reference: Kato, Koichiro; Honma, Teruki; Fukuzawa, Kaori (2020): Intermolecular interaction
among Remdesivir, RNA and RNA-Dependent RNA polymerase of SARS-CoV-2 analyzed by
fragment molecular orbital calculation. J. Mol. Graph. Model. 100 (2020) 107695-107699.
DOI: 10.1016/}.jmgm.2020.107695
Modeling method
Optimization: Other: MOE:Amber14:EHT
Restraint: Other: OptHLMainSide
Procedure: Manual calculation
FMO calculation
FMO method: FMO2-MP2/6-31G(d)
FMO2-HF: Total energy (hartree): -444491.471534
FMO2-MP2: Total energy (hartree): -445740.905009

Ligand binding energy

IFIE [keal/mol] PIEDA [kcal/mol]
IFIE SUM ES EX CT+mix DI(MP2) q(l=>J)
-102.993 -89.141 | 52515 -22.015 @ -44.353 -0.002

Charge transfer value [e]

Ligand Interaction

Ligand:F86

3 FMODB ID (1JL32)&%5")w%H

@

FMODB ID: 1JL3Z

Calculation Name: 7BV2-ABCPT-EM123

Preferred Name:

Target Type:

Ligand Name: [(2~{r} 3~{s},4~{r},5~{r})-5-(4-azanylpyrrolo[2,1-1][1,2 4]triazin-7-yl)-5-cyano-
3,4-bis(oxidanyljoxolan-2-yljmethyl dihydrogen phosphate

ligand 3-letter code: F86

PDB ID: 7BV2

Chain ID: ABCPT

ChEMBL ID:

UniProt ID: PODTDA

Base Structure: ElectronMicroscopy

Registration Date: 2020-05-27

Reference: Kato, Keichiro; Honma, Teruki; Fukuzawa, Kaori (2020). Intermolecular interaction
among Remdesivir, RNA and RNA-Dependent RNA polymerase of SARS-CoV-2 analyzed by
fragment molecular orbital calculation. J Mol Graph Model 100 (2020) 107695-107699
DOI: 10.1016/).)mgm.2020.107695
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EX
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" A £ -10
Distance from base fragment(s) [A] 4] =
[a]
[
@ E .

-30

(1) Single fragment. LigandhVEIRESNTLVS
: t % EE E'Nl:,\ Residue Number
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—Submit N
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Charge [e] FCHARGE : -1/ q_Mulliken - -0.177 / q_NPA: -0.114 20 DI(MP2)
CT+mix
10 oy
Distance from base fragment(s) [A] @ Dist 4.5 = . —
83
g 10
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IFIE DiagramDHE@D

FMODB ID: 1JL3Z

Calculation Name: 7BV2-ABCPT-EM123

Preferred Name:

Target Type:

Ligand Name: [(2~{r} 3~{s} 4~{r},5~{r})-5-(4-azanylpyrrolo[2,1-f][1,2 4]triazin-7-yl)-5-cyano-
3,4-bis(oxidanyl)oxolan-2-ylJmethyl dihydrogen phosphate

ligand 3-letter code: F86

PDB ID: 7BV2

Chain ID: ABCPT

ChEMBL ID:

UniProt ID: PODTD1

Base Structure: ElectronMicroscopy

Registration Date: 2020-05-27

Reference: Kato, Koichiro; Honma, Teruki; Fukuzawa, Kaori (2020): Intermolecular interaction
among Remdesivir, RNA and RNA-Dependent RNA polymerase of SARS-CoV-2 analyzed by
fragment molecular orbital calculation. J. Mol. Graph. Model. 100 (2020) 107695-107699.
DOI: 10.1016/).jmgm 2020 107695

P

=l IFIE Diagram
& Download Files

(1) FMODBT
(Tbv2ZE R ZF->1JL3ZE D) w4)
IFIE Diagram%%7')v%

IFIE Diagram 1JL3Z

~ F86101 g

All ‘-‘ u20 ‘

TFIE diagram for 1TL37Z (Total)

| |
| |
| |

Target fragments of PIEDA/IFIE 1057
Distance from base fragment(s) [A] Dist 3
Interaction energy by IFIE and PIEDA | Total | = IES|= | EX|=
[kcal/mol] | CT+mix | > | DIMP2) |=

m Apply results to basic setting

TFIAILNTIE)AURENSIABRND
D55 AR L THOIFIEAEBE NS
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IFIE Diagram@)

IFIE and PIEDA of Bass fragments with surrounding fragments

et fragmants of FIEDA/FIE

Distanca from base fragment(s) [A] | Di=t| 3

s> EX
DIMP2) |»
Apply results o basic setiing
Total ES EX
516 Q.29

Intsraction ensrgy by IFIE and PIEDA | 1 Toml| = 2

frag Chaln  Res# RE: q_Mulllksn NP Temix  DIMFZ)
A 525 0042 258 a7s 143
A £43 0.088 23 aga 151
Ear 0034 ar 262
g 125
0288 2 o 4z 38
a3
0381 ]

IFIE/PIEDA Component Total

B—yRISHT Ak
B—=FYNIST AL T
HEERERTTEISTAVE

Eaza Fragments 1057

Surrounding Fragments 455,603,607.611

[1015,1052],[1013,1055],[1011,1057],[1009,nane]

DHA/RNA Easa Palre ﬁ§&7757‘\}>l~
P
[607,1057,red],[611,1057,red],[1055,1057,red],
S [1013,1057,green],[1011,1057,red] J:EE_GHE%HG)&T—G
A 4
EHDEEER-L\RT
[607.1057,green],[1055,1057.green]
Additional Arrow iE?JI] —69& Eﬂ’&#ﬁ@ L/T:L\&T
P
Flgura Title untitled 9'{ l")l/
Layout Bottomto Top W o) ﬂ%’&?ﬁ]%

[ResidueMame][ResidueMumber] 797“}‘/ Fwa&)bﬁﬁ(ﬂi
[1057,Remdesivir] .
ISTAUNSRIVDOERLEE

P

TR AN SRIVDBEEIRTE

Mods Labal Format

Node Label

Target Fragments Color yellow

a8 fELNA

DHEEILTZWIST AVIRTERYAD FHERD D
@Submitz 2y L THEILI=W\I5T AV MRTERY AL
@fRY A E N T-Filtering Results TRAREL: T I,

Apply results to basic settingz%')v%

@¥E L= &% Drawing OptionsIZER &L .
Update Diagram THi#E
HET 2PIEDAR S (amR  QOEDF I O—F

Base Settingl|={§EL/-{&
-Base Fragments: 1057
-Surrounding Fragments : 465,603,607,611

Advanced Options|={§EL7-{&
-DNA/RNA Base Pairs:
[1015,1053],[1013,1055],[1011,1057],[1009,none]
-Arrow Color:
[607,1057,red],[611,1057,red],[1055,1057,red],
[1013,1057,green],[1011,1057,red]
- Additional Arrow: [607,1057,green],[1055,1057,green]
-Node Label: [1057,Remdescivir]
- Target Fragments Color: [1057,yellow]
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®% 7> A—K L1-IFIE Diagram[X]

Ul2 ja—m AlY
-20.3
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4
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99}999???9999999
UL KL

193339999307 ¢

(LA L

RNAZ%E % Stick &/ 7R~(Z

* EQBEMTERLER AN,
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(1 BS ViewerT7bv2_man.cpfainidAEz =6, QO EEZVIVITHE.

ERITTEHIZ2) v L TRAH ERCERLEZIEFDIZTAVNESMN
2 &5%5')v%- TDisplay AttributeZERL . KRS (5EIL1015)
StickZ1E R @D 53— ADIEBREDIZT ANESHIER

B DIZEZTPEEITHITD, 4@ (%1053) 29



IFIE Diagram D E 22 (/]

1B E S DR E
X -20.8
Surreunding Fragments x ul2 e m— Al9
DNAIRNA?@ IFIE diagram for 1JL3Z (Tﬂfﬂl)
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(1) FMODB IFIE DiagramIZ &Y.
-Base Fragment, Surrounding FragmentsZ Bl &
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(2) Update DiagramZz%')v %
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IFIE DiagramDIEE®B) o

Drawing Options

Basic Setting

IFIE/PIEDA Component Total
Base Fragments
Surrounding-Fragments

dwaiced Options

¥ EQERER THENE R AN IFIE diagram for 1JL3Z (Total)
mzs X C .

SEIE-1, 2 DIEE N THELET,
@ EIFEERFRIZ, iﬂ%,%%glj‘:}bj-é&s 3) FMODB IFIE Diagram(=&RY .
EQTERLEZREF OIS AAEED DNA/RNA Base Pairs(Z[1013,1055]% S BEI<;&
KRN (5EI(E1013) (4) Update DiagramZx%4')v4

2 53— HDEBEEDIZT AESHIER 215 B % MDIFIE DiagramDIBEIN TE 3
4 [E1(X1055) 31

c

i



IFIE Diagram@):

-Remdesivir[E B D i H
(1) FMODB IFIE DiagramZ =ik

IFIE and PIEDA of Base fragments with surrounding fragments

Target fragments of PIEDA/IFIE 1057
Dist: from base fr )[A]  Dist 3
Interaction energy by IFIE and PIEDA | Total | = 2 |ES|= |EX|>
[keal/mol] | CT+mix | > | DI(MP2) |~

@ @ Apply results to basic setting @

Filtering Results

frag_Num Chain Res# RES FCHARGE q_Mulliken ¢g_NPA DIST Total ES EX CT+mix DI(MP2)
465 A 545 Lys | 1 0.942 0984 | 258 | 3570 516 0.29 -075 -1.13
603 A 683 GLY | 0 0.068 0.039 238 | -3850 -2.68 1.57 -093 -1.81
607 A B87 THR | 0 -0.034 -0.005 @ 197  -8.130 99 8.06 -262 -3.67
611 A 691 ASN 0 0.009 0.001 246 | -11.130 | 894 1.83 -1.25 -277
101 T 10 U -1 -0.289 -0.26 202  -14490 1887 1505 -429 -6.38
1013 T 1 A -1 -0.331 -0.271 | 261 | -9.580 -3.59 5.07 -264 -8.42
1055 P 20 U -1 -0.361 -0.318 183  -17.370  -16.46 1479 -6.01 -9.69

@ TIHILRTIE UHUEMS
SABHNMDIZT AV HHEINTINST=O
|Total|>2
TSubmitZx2') w9

(3 Apply results to basic setting& 1) w4

E
I

Drawing Options

Basic Setting
IFIE/PIEDA Component Total v

Base Fragments 1057

Surrounding Fragments 465,603,607,611,1011,1013,1055

Fragment List
Basic Setting| JIFEMN RSN D

32



IFIE Diagram D & E@)-2

- Remdesivir [ B D i EH

Drawing Options
1053 | -2A [« 5| 20’ | 1015
N / IFIE/PIEDA Component
7 Base Fragments
1 055 _1 U < > _1 A! 1 0 1 3 Surrounding Fragts

1057 | +1R

DNA/RNA Base Pairs

/X><

Basic Setting

Total
1057

465,603,607,611,1011,1013,1055

@

Advanced Options

s| +1U’ | 1011 @ @],[1013,1055],[1011,1057],[1@

ISTANES +2u0° | 1009 * +2i Tl&. [ E$H (Remdesivir®D T i) D 7ZELN=8 . nonelZ9 5
*x LB DIEFNELLEHEBEINGWN-HFE

(1) RNAT 55 A2 +ZE S %DNA/RNA Base PairsIZEE A

(2) Update DiagramZx%2')v4 v

-20,

Al9

C’F.9 2.4

15.6
4

All

-14.

uz20

I—4.l 3.6\ 9.6 \-17.4

ulo
-14.5

uo

Remdesivir

0.2

LYS545 GLY683 THR687 ASN691

3.6 -39

IFIE diagram for 1JL3Z (Total)

-8.1 -11.1

33



Pt

all

-FMODBTOPIEDAfEHT
BB I AN EERALTWAEELEREDKYIAANTES,

-BioStation Viewer CO & 4T
FMODBTH#itH Lf-PIEDAM{EL. BS viewer CHE&Zx A tR1EL .
FNOEBLLADLEAILET, ST NTES,

- IFIE Diagram® & &
DAVR-ZER-2 N\ BRMEEERETICEVLWTEELGSA —X
eBHBITERT HIENTED,

34



Bir

10/25 (1K) 13:30~ 02-3
“Dynamical interaction analysis of Remdesivir
with SARS-CoV-2 RNA-dependent RNA polymerase by MD and FMO calculations”

Modeling
* Rem,,

-2A -2U°

20.80 W

. . . <
5.58 1.54 -2.42 -7.86 Fi?mdeSIVIt’(_j:—?)@L'C\RNA{EHE% 1 l. o A,
813 v 1239 AN BLESELSIEN LN TS <N L1 L
< .7 | Rom, | [BEIE

1738 |1 esy 3.58 -4.06 |:> "mn

Remdesivir [€azs L 1Y

Asp760 -11.56

N ~-3I BT HEE (L f.> o
2 | guugun

+2U’ Rem,,

Remdesivirl3+1i TEE DRNALIL RS
HE/EREZERLTLNSIED I




