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F092: Kd(nM) = 0.14 £ 0.010

z!sﬁﬁ T18 5N 7-H-PGDS-F092& &4 #5&: PDBID 5va>< ﬁﬂ%ar“l 74 A; BIkFR
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water-amino
water-amino acid(AA) IFIE (keal/mol acid(AA) interaction IFIE  (kcal/mol)
interaction ( ca mo) water AA AA-water water-F092 AA-F092 AA-water-F092**
Water,  Leul99 -16.72  -11.54 10.09 -18.16
water AA AA-water Water; ~ Argld -9.68 -6.75 2.07 -14.35
Water Leul99 -21.60 Watere  Argl2 -16.3 -0.09 -7.01 -24.29
Waterg Argl4 -8.70 Water,  Argl4 -8.66 -0.65 2.07 -7.24
) Watere  Ser64 -8.06 0.76 0.3 -7.01
Watere Argl2 18.13 HOHA408 Lys112 -14.37 -4.67 -12.5 -31.54
Waterp Argl4d -8.27 HOHA421 Glu106 -11.15  -10.57 2.6 -19.13
) HOHA462 Argld -12 -4.42 2.07 -14.35
Watere Ser64 8.62 HOHAS503 Lys112 -4.94 -9.11 -12.5 -26.55
HOHA578  Argl4 -7.04 0.68 2.07 -4.29
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L LFIEfE%2 E7R; PDBID: LIYHIZDWCEE L7) E300% 7 LOGEHE
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Takaya, D., Inaka, K., Omura, A. et al.
Bioorg Med Chem. 26, 4726-4734 (2018)
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OB

1. Input files Sl
»  X-ray/NMR/Neutron b ¥
+ Docking pose
- MD snapshot

Automation by Pipeline pilot N )\j]*% ‘im'ﬁ"ﬁMIE
B i s Flowchart of structural preparauh RIGTRE DT
+ Structure optimization by MM method ~_§
&7 (ACE, NME)EA
- Preserve input original coordinates IJ jj\\/ Pﬁj\% 0) M M
etc

3. QM/MM-based structural optimization (advanced option)

+ Structural optimization by ONIOM method Complementation
of missing
atoms?

4. MM-PBSA and GBSA calculations (2.1) Homology modeling (2.2) Only Structure
Te & Structure preparation
- Total energies by MM

preparation
Solvation energies by MM

e B =it
- Conformation search of ligand in solvent by MM | + Generate hydrogen atoms ‘ . F M O n-l-ﬁ 0) %
method (advanced option)
(3) Local minimization of complemented atoms . A B I N IT M P
I

‘ (4) Constraint setup for user specification | . M P2 6 3 1G k
5. FMO calculations - =
. IFIEs of fragment pairs (5) Final minimization of unrestrained atoms . I FI E/PI E DAﬁg *ﬁ

« Total energies by QM
\@? m / etc

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

B 7O DBIZIZEENALY)
B QM/MM Gaussian
Watanabe C et al. CBl Journal 19, 5-18, 2019 B MM-PBSA
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AE;g.nqa of Auto-FMO protocol data

Auto-FMOZ O /L EHREF

Success ratio and computational time of FMO calculations

. S Average of total
Target # of residue 'PDB structures Completec} FMO time for each
/fragment | with ICs by MM-based calculations
minimization S
Estrogen receptor a 236/238 22 38 38 **%9 hours
Estrogen receptor 8 234/235 29 55 *54 ***6 hours
CHK1 kinase 261/262 42 44 44 *#%9 hours
Aurora kinase A 260/261 37 55 **53 **+12 hours
p38-MAP kinase 346/347 85 222 *%202 ***14 hours
CDK2 298/299 11 *94 *94 **%*8 hours
Total - 226 508 **485 (95.5%) =

* Including 83 docking pose.

FHT

(A)ERa
.50
R?=1.00 o~
-150 (N=20) M
- Agonist
-250 R?=0.93
p (N=10)
-350 . A Antagomst
o R2=0.45
(N=10)
450 L

-450 -350 -250 -150 -50

AE;g.,q of manual data

—Avs. FMOZOkaJLT

-50

-150

-250

-350

AEjgung of Auto-FMO protocol data

-450

-450

** Several failed data.
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Figure 3. Correlation of ligand binding energies between the manual data and
the Auto-FMO protocol data for ERa (A) and p38a (B).
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Excel 7 7 4 L ONA
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KIS DHZAER

h7 L% &R
Lig_Res DAy FoikE
BaseStructure N — & (X-ray/MD/docking)
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Optimization
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h7 L% e
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PDB_Chain STEICEA L 7-PDBDEH
PROTEIN_ACCESSION 22—y b

Restrain

kS

Complement

#1E#5E (Homology modeling)

Fragmentation

/\EI /f (AUtO)

Method HE A% (FMO2-MP2/6-31G*-PIEDA)
UserlD 2—HID
Total_Core_Thred fER/—F

Ligand_Fragment

DAY REDT7 77Xy hES

total_time SIRDFMOETE E TR
start_time FMO&HE D E1THI %A K E
stop_time FMOFTE D E1TH T Kl
RecordData FMODB~ D& #5% H

LastModifiedDate BREHH (BELIBERLY)

_humber

ajf_file *aff 77 ANLD T 7 AILE (/XX
)

pdb_file PDB7 7 A LD T 7 AILE (/X
)

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

7ANE (VXRIE)

cpf_file CPF7 7 AILDT7 7A4I1LE (/XX
)

job_script CaT7RADRZ YT rDT A

INE (IS REE)
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FMOSTERIRDOEH TS 1R ZE8

¢« Z < OFMOETE (ABINIT-MPD M) ZEREL TWLW5 &
STEANEFAWVWERERIEE A/ ZX =1t L TL %,

7' 07 Z L abinitmp_status.py

> — R /N —
[takuya@de}s?gnbaselﬁ linepop]$ python3 abinitmp_status.py -h l:l 7 0) gi’ﬁ‘& 7& 7IN —g_ T:ILB /] 7& ﬁj—*l_\

usage: abinitmp_status.py [-h] / \
{checkoutfiles,checklog,get_ligand_ifie,yourifie,apoifie} Failed: samplel .out, msg= "Tnvalid
number of fragment: 261’

positional arguments:
{checkoutfiles, checklog,get_ligand_ifie,yourifie,apoifie}

St Failed: sample2.out, msg='ABINIT-MP

checkoutfiles check files. (ajf,pdb,cpf,out) A .
checklog check abinitmp.log is NOT DONE.; MONOMOER SCC ierr =
get_ligand_ifie get ligand ifie!! 120"
yourifie your interest ifie will be obtained
apoifie Apo IFIE .
optional arguments: k /
-h, --help show this help message and exit

[takaya@designbasel6 linepopl$

N

« I 7 —REDOBEH;ICLSEENL
BT T 5L RBHERBET YU —ART . jpiebbaliisy

SDBEFR . J:U7FEJC)]73~I7_43):Z/T\ RREDIR

ZxHIEY,

{'FMO2-HF:Nuclear_repulsion': '3055498.6796883377', 'obj_logfile_rel": 'tests/Ablog/ERa_1ERE-A_abinitmp.log', 'abinitmp_done': 'ok’, 'np_fragment': 4, E

'Grimme_SCS_energy::Total_energy': '-98400.7616948316', 'basis_set": '6-31G(d)’, 'total_time_sec": 65583.1, 'pass_ReadGeom": 'ok', 'input_type': 'File', 'FMO2-HF:Total_energy": '- } /\ ’Eiﬂ: ~ A
I x)LF— ADEFEE

98132.2665254665', 'Hill_SCS_energy::Total_energy": -98264.0884646828', 'abinitmp_calc_finish_date': '2015/02/18 13:10:11', 'abinitmp_calc_start_date': '2015/02/17 18:57:08", o
‘abinitmp_ver': 'MIZUHO/ABINIT-MP 3.0', 'Jung_(Head-Gordon)_SCS_energy::E(FMO2-MP2)': '-263.8229674149', 'FMO2-MP2:Total_energy': -98410.1060987319', 'FMO2-

HF:Electronic_energy': '-3153630.9462138042', 'n_total_core": 16, 'LigandCharge": ", 'AtomCheck': 'ok’, 'Fragmentation': 'Auto:Res1:Main-Chain', 'Hill_SCS_energy::Electronic_energy": '-

3153762.7681530206', 'obj_logfile_abs': '/home/takaya/Work/FMODB_ALL/linepop/tests/Ablog/ERa_1ERE-A_abinitmp.log', 'Grimme_SCS_energy::E(FMO2-MP2)": -268.4951693651',
'number_of_fragment':'237', 'dimer_SCF_calculation': 'converged.', 'gm_method': '"MP2', 'Grimme_SCS_energy::Electronic_energy': '-3153899.4413831695', 'ori_logfile':

'tests/Ablog/ERa_1ERE-A_abinitmp.log', 'Hill_SCS_energy::E(FMO2-MP2)":'-131.8219392163', 'Jung_(Head-Gordon)_SCS_energy::Total_energy": '-98396.0894928814', 'FMO_method':

'FM02-MP2/6-31G(d)", 'FMO2-MP2:E(FMO2-MP2)": '-277.8395732655', 'n_total_proc': 16, 'FMO2-MP2:Electronic_energy': '-3153908.7857870697', 'n_basis_functions': '32630',
'Jung_(Head-Gordon)_SCS_energy::Electronic_energy': '-3153894.7691812189', 'monomer_SCC_calculation': 'converged.'}
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FMODB Web user interface Py
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Ihttps://drugdesign.riken.jp/FMODB/

-_— v Parant
... NS

FM @ B FMODB: The database of quantum mechanical data based on the FMO method
Last updated: 2019-08-29

f% Al entries: 2454

- Number of unique PDB entries: 968

ID Search Keyword Search Blast Search

Base Structure

X-ray NMR MD

m (

=N — 1] — =7 “
EERAAHTIY BR7U Ly b
Category Search Sample
X-ray All Entries(12686) PDB ID Search: 1ERE
} Kinase: p38(188) FMODB ID Search: 5P4NP
|- Kinase: Aurora(46) UniProt ID Search: P03372
|- Kinase: CHK1(43) Keyword Search(Target): Estrogen receptor alpha
|- Nuclear receptor: ERa(60) Keyword Search(Ligand): NHI
|- Nuclear receptor: ERb(53) Keyword Search(Ligand:DrugName): Diethylstilbestrol
L ApoStructure(680) Keyword Search(Ligand:CAS Number): 56-53-1

Blast Search: Sequence of 3RIN / E-Value Cutoff E-148
NMR All Entries(103)
L TrpCage(76)

MD All Entries(1081)
L TrpCage(991)

All of calculated data by FMO Drug Design (FMODD) Consortium are licensed under CC BY-SA 4.0. GO0
Citing Us. e
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FMODB calculation data: CC BY-SA 4.0
https://creativecommons.org/licenses/by-

sa/4.0/deed.ja
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