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NAREGI Software Stack

Grid-Enabled Nano-Applications WP6
Grid
Programing Grid Workflow
-Grid RPC

el Super Scheduler

(Globus,Condor,UNICORE=>OGSA)

Distributed
Information Service

Bulbeyoed

Grid VM

High-Performance & Secure Grid Networking

SuperSINET

etc

Research

Organizations

Computing Resources




1.6 ERLS A7 5" Mediator

For Multi-Scale and Multi-Physics Simulations

A new grid middleware is developed which allows
various kinds of Nano-application softwares to be
coupled efficiently for solving multi-scale problems.

‘ s _ mediatorlibrary calls: \

o F - Call register (correlative specification,

Callinitialize, " giscrete type, number, coordinate)
lator tool

MPI Core ~ ‘@

RPIM Interface

transformation || Mediator
based on B
im. Mediator Corr_e_lati\_/e
< Request Interface A specification
wlal|3 Request Layer BN \iediator I
& % Q E 8- im. Mediator B |
17522 P2P Interface A
Tl = | 4
- 1Y) < -
% % = 5 % %g kCaHSend(byte,a), Call receive(byte,b,Fun.) j
Y D |3 o3
vl I e




+

The mediators provide high-level transparency in data
communication between different discretization
methods associated with a model specific spatial and
temporal scale based on our physical requirements.

Correlative specification( examples )

In-sphere First nearest neighbors Nearest points




@ -version released in march 2005

Particle method, Finite difference method,
Finite element method

SPMD or MPMD in static or dynamic invoke

In-sphere, In-rectangle, 1st nearest neighbors,
Nearest points

One-way, Variable, two-way communication

MPICH-G2, MPICH, GridMPI( developed by WP2-NAREGI )

Linux clusters, AlX, Solaris, etc.



d-Meolecular dynamics(MD) and
Poisson-Boltzmann(PB) coupled simulation(1)

Hydrate structure Distribution of dielectric Electrostatic potential
using MD simulation constant over mesh point ~ simulation using PB

5.6

of lysozyme
it Glu35.



240

T e average result of coupled simulation

Time (ns)
ApKa= AG_ (protein) /2.303 kg T - pKa(Glu) (=4.4)
pKa value(~6) at COOH in Glu35

— roughly 50 times larger probability
compared with amino sites around

Mediator assisted Molecular dynamics(MD) and
oisson-Boltzmann(PB) coupled simulation(2)

meV Am|_no site that Ieads to
| Strong
1 |
’ \
||| ll ‘I 'll l’!' | L h’ IS
I w i ﬁ “| ';; » il "HJlI,I.“ "M"l.l' 1n || 4|~..| i ,|||m| SE
wl'l Gl “'u' i m i ls it uwl i T &
|‘|1'l|'|| y H | 80
dhikil | N\ £ 2
% LLI
Exp |m ntal re f| It 11m 'V " ©
. . 5 ; ; Actlve S|te of Glu35s Weak



Overview of RISM-FMO coupled Scheme

[ 1D-RISM} Adaptive-mesh
1 gene[ation
3D-RISM Mediator
— } " find
evenly-spaced _~, correlations adaptive
mesh | between ~ meshes
| mesh points |«
pair orreLIation data monomer calculation
functiong 9,0 HAp! = Byt

transformation Hop? - poge?

C (I
A between meshes

h,(r)

solvent
i distribution
. |:> |
:' h, (r)
N a,
— — <— |
k j @ectwe charge
on solute sites l
\ dimer calculatioy




Data Exchanges in RISM-FMO

(initialization step : Mesh generation)

Mesh structure of solvent

Molecular sites of solute
Mediator | <" ~—. | Mediator

Adaptive meshes for hydrate solvent




Effective Fock in RISM-FMO

I
F/t <—qu < ‘ “V> (u,vel)
g
RISM evenly _
spaced meshes FMO adaptlve meshes
- transformation variable size

»
»

h,(r,)

reduce 1-e integral calculations for

environmental potential part by solvent
data data data

RISM «—— Mediator «— Mediator «— FMO



Data Exchanges in RISM-FMO
(Solvent distribution and Charge)

Mesh structure of solvent Molecular sites of solute
Mediator Mediator

In sphere
correlatlon

"%

Adaptive meshes for hydrate solvent

RISM FMO

Electronic energy calculation

| ——— Mediator

_correlation |

[ Solvent distribution associated with
. mesh points for Coulomb interaction |

Mulliken charge associated with
L molecular for Coulomb interaction

Y

Electronic structure of Nano-scale solute immersed in solvent

Solvent distribution

Mediator | ————In-rectangle




Coupled simulation

RISM-FMO

MD-PB

Discretization
method

FDM / Irregular point

Particle / FDM

Physical quantities
to be transformed

Solvent charge density to
charge on solvent atoms

Dielectric distribution,
Charge on atoms to charge density

Correlation
specification

In-rectangular

In-sphere

Transformation
function

Weighted function
conserving charge

Weighted function
equalizing electric field

Programming style

Sequential / Master-Worker

Master-Worker / Sequential

Communication
paradigm

Two-way iterative
communication

One-way, Variable
communication

Interconnection

GridMPI, MPICH-G2,
GridFTP, MPICH, Score

MPICH, MPI12, Stampi

Server machines

Hitachi SR8000, AlX,
Linux, Alpha clusters

Hitachi SR8000, SR2201,
DEC, Sun clusters




Solvent interactions of hydrolysis in Lysozyme

A catalytic mechanism of hydrolysis in Lysozyme is
Analyzed by RISM-FMO, in which proton transfer leads
to bacteriolysis in peptidoglycan of bacterial cell wall.

Pgptidoglycan
_Bacteriolysis by IR R
i hydrolysis due to [EEESNGP s NV
- - - 27 —p
4 H dissociation ¥e)
........... .
------------- H n ,\, H_’:;? 9
H:l ]
c:d
N: Bl
o: NAM: N-Acetylmuramin

NAG: N-Acetylglucosamin



Electronic structure analysis on
Proton transfer in Lysozyme (in solution)

¥

RISM-
picture




Comparison between Mulliken Charge and
RESP Charge(AMBER) In Solute

Mulliken charge in solute

Distribution of oxygen atom

y = 0.553x +0.00
y R® = 0.77

0.5 L.
RESP charge X

ERRETEEIREMETEDEL



Grid Environment for demonstration purpose

NIl Resources
[T N

PC Cluster(Linux 8.0 ( A
MR Xeon 3.06G X 16 http NAREG
Server
Soiute [l Fro =N || || Werktow
A\ GW

i

|

s L
Ny <:> =
Esm@
. ¢
SMP Server (SR11000) == L )
SOVENE powerd+ 1.7G x 16 = GW «vush :
ushu univ.
\_ A
IMS Resources L
= UNICORE —

GridMPI / MPICH-G2 Communications HTTP



Demonstration of RISM-FMO coupled Sim.

(1) NAREGI Workflow by WP3

¢ GHID_AISM FHD - Wi

File B Wndow
[. ]moteﬂ ing- _’,_-"HJmmr.u gmrﬂ\.\\
~ arttoln 11000 3
S
N El—
= el - —
ey O D snB——— g O e
5_pfa1 010
i5_pf1010 j8_sig10 1 o0
_— —~
e S
sfbond_piin - —~
D D__l ‘_/.' - - . -
i ISualization via
r/J =
ssbond_ring | "
nis_gfgidn
3% SingleWindowApp#2
s Applen Windo
2o Fle Editors Windows
v & i
. Motles wop Mzl S o wfolof SE S5 e ] A
(2) Execution
1 Run 1 Run Backwrards
1 Step _1 Step Backwards
¢ GRID MUSM FMO - Workilow Editor i P
Cycle Options  Cycle
Start Value -0.05
End Value -0.02
- Incremen t 0.00
m loadave
nis_pag1 010 Loop count. -0.03
¥
= |Tnp Select Object... ‘
Pick objects with <ctris+left mouse button
v Ayt Works
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Grid enabling of the GAMESS FMO prog.

@ Modulization to Coarse-Grained parts

\
“rrag Density 7., )
|
|

@ Customize /O & comm.
in each module /

&

@ write workflow in terms of
standard shell + rsh/rcp etc..

Workflow shell

@ deploy each module and translate
shell scripts into UNICORE NAREGI workflow




hvén :

nitial nitial
guess 1 guess 2

preparation of

NAREGI WorkFlow In loosely-coupled FMO

nitial
guess 3

"« collection of some important data
~ distributed over files into one file.

A

calculation

X!

monomer monomer

1 2

@

O—

dimer 1 dimer 2

| total energy |

~* separated dimer (SD) grouping, etc.

monomer O ,::-,
3 Collect
Ci=-==-= [
ke
=
O Cr
Distribute
HDH
FT— SD SD R (=
mmer blockl | |block2

| separated dimer (SD) calculations
are grouped into some blocks




Protein Molecules examined by
Loosely coupled FMO on Computational Grid

Collagen
(partial struct.)




Workflow based Grid FMO Simulations of protein

read monomer density dimer total energy
fragme\nt DB calculation exchange calculation calculation
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Fragment Electron Density in Grid FMO
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Fragment Electron Density in Grid FMO
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Full Geometry Optimization of Protein in water
3D-RISM/FMO with loosely coupled TINKER

|

Simulator

| notify |

=]

Simulator/Optimizer for RISM-FMO




The amino-acid sequence is ' TYR-GLY-GL'
PHE-MET’. We start the optimization procec
from the Model 1 of PDB data “1plw”.

(1) Met-enkephalin (1PLW)

Energy

-2208.65

-2208.70

-2208.75

-2208.80

-2208.85

-2208.90

-2208.95

FMO in Solvent

Solvation
Free Energy

/

FMO in Vacuum

RISM-FMO

10 100
No. Iterations



Force on Each Atom (Inverse of the Free Energy Gradient)

Fig.2 The left figure shows the structure and the force vectors before the optimization. The right is after the
optimization by TINKER/RISM-FMO optimizer. The red arrows represent quantum mechanical force vectors
given by FMO coupled to 3D-RISM, and the blue ones represent the gradients of solvation free energy

calculated from the output of RISM.



Solvent Distribution by 3D-RISM/FMO coupled
simulation

Fig.3 Solvent charge distribution is compared between results of classical 3D-RISM calculation (the left figure)
and 3D-RISM/FMO coupled simulation (the right figure).



(2) Chignolin (LUAO)

-3750.2 — —

This is called the smallest protein with only 10 amino 37503 — |
acids, the sequence of which is

GLY-TYR-ASP-PRO-GLU-THR-GLY-THR-TRP-GLY

FMO in Solvent ]

-37504 —

The structure is the model 1 in pdb data ‘luao’. -3750.5 |~

Solvation
-3750.6 — | Free Energy

Energy

37507 — V
-3750.8 RISM-FMO
-3750.9

-3751.0 N l ]

1 10 100
No. Iterations




Force on Each Atom (Inverse of the Free Energy Gradient)

-
L\
i 7\ ‘l
- N - - I"'. . U
W reta. O Yyl g
o 4 " -
[ : _ \
= . — - " - -
- - » *
- |-
S _ : -
. &~ R,
: &l o =l y Bt
‘. - g S
i » ™ A
- \
- - \ - o/
- -
o/
-
L !
Nt
!

Fig.5 The left figure shows the structure and the force vectors before the optimization. The right is after the optimization
by TINKER/RISM-FMO optimizer. The red arrows represent quantum mechanical force vectors given by FMO coupled
to 3D-RISM, and the blue ones represent the gradients of solvation free energy calculated from the output of RISM.



Solvent Distribution by 3D-RISM/FMO coupled
simulation

Fig.6 Solvent charge distribution by 3D-RISM/FMO coupled simulation is compared between results for the
original structure (the left figure) and the modified structure after 20 iterations (the right figure). Almost no
difference can be seen between these two molecular structure, while the difference in solvent distribution can

be found.
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{ SCF calculation in monomer T,

| FMO (7 FYJA)ERISM (7 TB)DERKEITIZHELT

v T 1
Adaptive Solvent cflarge distri ution
mesh mcludlng datatransformatlon
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In-rectangle
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