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SCHEME 1: Conceptunal Relationship among GGA,
Hybrid Density Functional and Hartree—Fock Theory

Spectroscopic calibration of HF/DFT
hybrid (all electron) by using [CuCl,]*

&

* B(38HF)P86 reproduces experimental Cu spin

density (0.62 = 0.02e)

» Spin density is sensitive to the ratio of HF and DF
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Figure 5. (A) Optimized Cu—Cl bond lengths (A} and MPA Cu spin densities (electron) in Dy, [CuCL]*~ as function of density functional exchange
(DFX: B88) subsutution by Hartree—Fock exchange (HFX) at maximal and minimal denmty functional correlation (DFC: solid black P86; solid
gray LYP) limits using BS5. (B) Optimized Cu—Cl bond lengths (A) and MPA Cu spin densities (electron) in Dy, [CuCLJ~ as function of the
amount of density functional correlation (DFC: P86) at maximal and minimal density functional exchange (DFX: B88) limits using BS3.
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HF/DFT/\AJ)yk2EBF5E (QM) EAFE(MM) D31+

QM calculation interface MM calculation
GAMESS
MNDO
TURBOMOLE CHARMM
GAUSSIAN ChemShell GLUP
Molpro PUPYL GROMACS
Orca AMBER
NWChem
Dmol

Applications
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Schemes of QM/MM calculation

ONIOM (Morokuma, et al.)

EMM,AII . EMM,Extract + EQM,Extract _ EONIOM

Polarization effect induced by MM region (MM—->QM interaction) is not considered.

Hybrid (implemented in our system)
Both of “QM—->MM” and “MM->QM” interactions are included in the calculation
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Development of Gamess/Amber hybrid program

Gamess ... program package for ab initio calculation
Amber ... program package for molecular mechanics calculation

( Gamess Introduction of one electron integral
term with respect to MM atoms
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Coordination environment of Azurin

 Trigonal coordination by Cys112, His46,
and His117

» Weakly coordinated Met121 and O=C
(backbone of Gly45)

Plastocyanin and Stellacyanin involve four
coordinate Cu with methionine and glutamine
as an axial ligand, respectively WAT

Electrostatic effect on the coordination environment of Azurin Cu
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Schemes of QM/MM calculation

SF=DDETIVIZK DR
Model | : CutOff =50 A
Model II: CutOff= 0 A

Hybrid (implemented in our system)
Both of “QM->MM” and “MM->QM” interactions are included in the calculation
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Mulliken Charge (Spin Population)

WFhDETILE
Cu, S HYSOMO

Cys112

ZHE5

Met121
?Hz _CHs Model 1 Model II
Hic—g  Gho S
3L , Cu 0.49(0.39) 0.48(0.34)
\ S Cys112 . e
HSC..___CH i. o eIectron is delocalized to SC:.-slli -0.09(0.50) -0.06(0.57)
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Molecular geometry
MD-MM Modell Modelll ONIOM Xtal®
Cu-S, 1101 3.35 3.49 3.50 353 2.87-3.26
Cu-Scpanz 2.25 2.20 2.24 2.17 2.12-2.27
Cu-Ogyyas 2.96 3.01 2.81 255 275316 _
Cu-Nygp1s 1.95 2.00 2.10 201 1.99-2.12 b
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Protein-RNA complex

Aminoacyl-tRNA synthetase:
1200 amino acid residues

Chignolin: 10 amino
acid residues

Honda, et al, Nature Mol Struc Biol.




X-ray

structure  Protein
2BYT o
10BC o
1H3N o

We dock the amino acid / solvent water molecules toward
the experimental structure by using a novel molecular
docking algorithm.



Problems in the molecular docking simulation

Problem:
Effects of explicit solvent water molecules

¢

We have developed a novel algorithm for

sophisticated molecular docking calculation, which

Introduces effects of explicit solvent water
molecules.



Development of molecular docking simulation

Test Case

Protein is solvated
>

MD
simulation

Molecular surface
of the binding site



Step 1;
Relaxation of solvent water molecules

Step 2;

» Atomic volumes and charges of
substrate are increased on the
basis of the following equation.

E(1)=E, + A(E, —E,)

 Temperature, the relaxation time
constant of pressure regulation
and force constants of the
positional constrains are regulated.

Development of molecular docking simulation

protein
/atoms of
main chain *
Force ligand
atoms of
constants of < &
L fragment 1 =
positional o
constraints
kcal molt A-2)|
( )khgand

atoms of
fragment 2 .

Relaxation time constant_|
of heat bath coupling
for the system (ps)

Temperature (T) .|

Fully Solvated Dynamical Docking

(FSDD)

log A

0.0001

time (ps) .




Results of the test case

All of five crystallographic water
molecules bound to the protein
and the ligand could be predicted.

Both of the ligand and protein
conformations could be predicted.



Initial structures for FSDD calculation

\ 1. Initial structures for FSDD calculation are
— obtained by conventional docking calculation
without considering explicit water molecules
and conformational changes of the protein

2. Structural modeling of the structures obtained
above for finer docking; adenosine moiety in
substrate form syn-conformation which
corresponds to high energy state, and so, its
conformation is changed to anti-conformation.

blue : crystal structure

RMSD: 2.07 A magenta: initial structure




Advantages of FSDD

1. Inclusion of effects of explicit solvent water
2. Inclusion of conformational changes of the protein

3. Simulation time

It takes 70,000 ps to include above two things In

the multi-canonical sampling scheme
(Kamiya et al., Proteins: Struct., Funct., Genet. 2007)

orotein  1H3N  1HI5  1HI2  4RSK  3RSK  1E3V
time (ps)  30.8 26.0 25.6 25.6 25.6 25.6




FSDD calculation for LeuRS-tRNA
complex

Setup of the system analyzed:
1) Box water = Solvation
2) lons
3) Periodic Boundary
Condition
4) Ewald summation - _.
Electrostatic Interactions 146|

AU INJE-RNAEEIKR: ~ 10,000/8&F
BEEEDHLHE: ~100,000/8 ¥
(KW ~170,000/87F)



Application of FSDD to construct the model
structure for the reaction analyses
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Crystal
structure
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QM/MME‘I’ﬁ MD & &L U Optimization

QMR F#k
OM/MM-MD: QM: 121-atom
QM/MM-Opt:  QM:1,000-atom

el 4L -+ 165,721

QM7EEK >DFT (B3LYP) QMEF% 77 121 1,023
5 Jgf MMJE F41

MM7E i, > AMBER parm99 B 4252 4134 3 845

Simulation 1 (SR I&EEAE : dg,,.) M‘&;g;ﬂ
7kﬁ%(**§ﬁlj)®1&$éﬁaéﬂiﬁz (1 @é{%*ﬁﬁj\ 161,423 161,490 160,519

Fi% : QM/MM MD & FEHLY)

mE 300 K

Time step for integration ... 0.1fs

WindowstE DR E :3.4 — 1.4 AET0.1 AZlH (ZFWindowdH1=10.01 ps) .

Force Constantld200kcal/molA2

Simulation 2 (RIGERE : d,,.00 dc.o2)
f&a DUk

Fi& : QM/MM minimization

Distance ConstrainM &% : d,y,. oy dc.0r P FEIERITZNZTNL.0, 2.0 AITEERE,

Force Constantl&MD & [E]
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QM/MM hybrid MD simulation
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HIHEIzkY, EWLWVRISHIFESZEREZRBFICEAELTNSEE
BASMMZLT=,

4) BELGDEEBIL TKZERF(TOr)DEEFITHY, BHEFR
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