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S 752 2.78
L2L B ,
m Mo + 1) (g +2)
L=, iR L 1) 2]
A=l u=—1
E#H1E A
[ = X R*"
o RR;", = (1) R,
Mo | A -1 o
=YV LR" +Y LR+ > 4R, } IRy = (- 1)m+1 SR,
A=C] pu=1 H=27

LR, + ZL“R“ m g ZL *’R;;'"}

A=l [ =1

i —m m+2 ~ +m
S (1) RRY, + i{m (ERR;‘—;" (-1)" mR;‘j;")JrSLg(SR;‘_( +(=1)" 3R )}
A=t pi=1
oy | & M1~ ptm ~TH u-m _1)’"“ RRH™




[ERXFEIRD

L=\ D F|

o HEEIE, P2M,L2PIZHLNT, J?%é*_#%‘ekb’cﬁ'
EAZ 2L BRE AR E S B L TL V=,

EIPE

A R Bk

o ZCTlE. EXEEMNSEESolid harmonicsZ3K & 5 iE1kE

waEE AL, BE
rCR—)LanT-Legendre[ZRE %K

B (r,z)=r"(rsin@)™ B"(cos)

B (rz)(x+iy)" =r'P"(cos@)e™

SEMZEHET B,

Regular solid harmonics

" 1
}?ﬁ (.X,JGZZ) ::(/€_+ nz)!

Singular solid harmonics

Si"(x,y,2)= (z_)& "(rz)(x+iy)"

I%m(r,z)(eriy)m

2£+1
mZ0IZ DL THFER
(=1)" (2m—1)! (=m)
P"(r,z)= (20-1)zP" (7,2) (l=m+1)
jg__nizf’jfl(r,z)—KZinn;lrzE”_’z(r,z) (02m+2)

K. Nitadori, Particle mesh multipole method: An efficient solver for gravitational/electrostatic forces based on multipole method and fast

convolution over a uniform mesh.
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* M2M,M2LL2LIZELVT, solid harmonicsDRAFIZDNTD L E
)l/_j h‘ﬁ&?%}o

1E)L—TILIL—TRZHIETIEIZEKY. SIMDIGEDT UM%

BEZEITHT,

28—
nmax /1
L'; = Z Z Mﬁ‘SZ—JEZHﬂ) do ml=1, (nmax+1)*(nmax+2)/2 |:(nmax +1)(nmax +2):‘2

do m2=1, (nmax+1)*(nmax+2)/2
A=0 p=- wwl_localx(ml,icz@, icy@,icx@,iam) & 2
& = wwl_localx(ml,icz@,icy@,icx@,iam) &
& + dreal(wm_globalx(m2,icz1,icyl,icx1))*shm11(m2,m1,kc,jc,ic,nl) &
& + dimag(wm_globalx(m2,icz1,icyl,icx1))*shml2(m2,m1,kc,jc,ic,nl)

enddo

enddo
EREIIL—TR 15 5> 225

18)L—7

do m_1ldim=1,m_lenk*x2

ml = (m_1dim-1) / m_len + 1

m2 = mod(m_1dim-1, m_1len) + 1

wwl_localx(ml,icz@,icy@,icx@, iam) &

& = wwl_localx(ml,icz@,icy®,icx@,iam) &
& + dreal(wm_globalx(m2,iczl,icyl,icx1))*shml1(m2,ml,kc,jc,ic,nl) &
& + dimag(wm_globalx(m2,iczl,1icyl,icx1) )*shm1l2(m2,m1,kc,jc,ic,nl)

enddo
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Benchmark test

. K% (19530EF) —

e 1000MDARTYTELT

- FEAEREH

« NVEZ2HUTIIL

. EITIRIE
mavEa1—4
8./—FK (8MPI, 1Thread)
MODYLAS{E FH

« FMMODOERRXE n _ =4
Bk 5 #0 B8 2 hir

0%

comm_global:
-6 comm_local:

FMM_Ewald:

0% o
X R hix % %

BkmE AR EE AR, FMMIZE£AN65%,
M2LIE (T T60%EHH S,

P2MAOL2PT4%IF L,

FMM® B TIEM2L,P2M,L2PA99% % H6HTL VB,
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B ]
()

L2P:
1%
FMM
27%

FMM_comm_local:
1%
FMM_comm_global:

0%
P2M:
0%

FMM_Ewald: 0%
0%
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AT ERE

- EERIRICEIT S ERER O LLE (1step)

MODYLASD E HEE (BT H1ZHEH A,

Hamiltonian potential-E
M2L(single loop) -3.901749600398E-16 -4.449136174563E-16
M2L(double loop) -3.901749600398E-16 -4.449136174563E-16
original MODYLAS -3.901749600398E-16 -4.449136174563E-16
kinetic-E temperature
M2L(single loop) 5.473865741657E-17 2.030212809202E+02
M2L(double loop) 5.473865741657E-17 2.030212809202E+02
original MODYLAS 5.473865741657E-17 2.030212809202E+02

« 1273—%,
« FLWVGHFENREEREGTEZITATLVS,
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FMM

 FMM%Z . Greengard & RokhlinlZ{€> Bk E s #0 RS
MEEIELELE=-TDH 5., Solid harmonicsNEZR

BL71=,

» EEREETDAMMEZFAICLDERE=DH|
X

Bz

>7T=,

o« ZHIZEELP2M, M2M, M2L. L2L, L2PZHA(D &

REMNEL,

B ZM2LHN2.445 <o 1=,

o BERXEEMNSEIESolid harmonicsZ 3R I TE5

A1E Xz F,

T= C*LIZJ:";

IHEIZKY ., BEELBRAEEL
P2M,L2PHY3.5Z 1@< %> 1=,

s FIMMZAT24BERIET HEITRTILT=,






MD calculation

Empty capsid

VP1,VP2, VP3, VP4 60 each
Sphingosine 60
H,O 1.884,218
Na™t 5, 310

K+ 136

Cl— 5. 206

6.480, 236 atoms

PDB 1HXS
pH 7. 4
positive charges 4,860
NPT ensemble negative charges 5, 100
P=1atm, T=310. 15K
SHAKE./RATTLE/ROLL At=0. 5fs/2fs/4 fs
CHARMM22 with CMAP 200 ns

LJ 12 A cut off
Coulomb FMM




Negative pressure instability

Local pressure from virial theorem

2.
- outside |
P = NakT Za i oti EFXXEEX] §-§-§-i.§...§.§..§.g.s
- iz "y U inside
(reV )

Z. S. Basinski, M. S. Duesbery, R. Taylor,
Can. J. Phys. 49, 2160(1971)

|
i
e R

pressure (MPa)
|
)]
——
——
—8—
——
——
——
——

|
[9)]
|

c.f. deinition by Harajima

Definition of local pressure by Irving-Kirkwood

SUREALEI »S ISR NEE LS

m j ok lejkrﬂjk

R dP, (R
P.(R)=P,(R)+ ?% V - P = 0 : mechanical balance




y (nm)

Origin of the negative pressure

Local electrostatic pressure field

X (nm)

Pressure profile (MPa)
20 .
5 20
| 4
10 |- il B 10
L = O -
&
= £ o
I >
-10 8 -10
20 1 1 1 _
~20 -10 0 10 20

by the capsid

r,l

TR

X (nm)

Local pressure from virial theorem 240 excess negative charges at pH=7.4

NKKI 1 &< )
CETERET Z]Z:r]FJ :

(rel,)




Exchange of water

Cumulative number of transfer

1000 T . T T T T T T .
| — from outside to inside ’
| — :from inside to outside .8
= o 4
= 5001 o
I L ¥ gtans
I /.,_..-l
Y
0F—
'Tﬁ 10F " -
g ‘**T***ﬁ.rfof+*'**i*i**}‘
= 5 - ® ]
=
4 b
100 120 140 160 180 200
time (ns)
Stroboscopic picture of a water 1. Wat?r e)_(Change 1sin therm_al
molecule crossing the capsid. equilibrium and is very rapid.

— Chemical potential of water molecules is the same
between the inside and outside of the capsid.

2. The capsid doesn’t allow the ions to pass through.
— The capsid works as a semipermeable membrane.
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NAREGIZ O ok
BRICRRAITOTSLEEAS ! (20045FFk)
(BRIO—FAZWE BARLEFEDTAMN EWMDFEDEA
EWNST-FAEmIZEAT S
MEMNTELELY, )
FFEAE: Z2VETHEND., EREDETENTERITNIEGSE0,
FT(EER-bOMERELTHA,
#/—K T H{EMPI4-SMP (& T 8SR8000) . AR FRIZH I
= )L—T5HE, BHE,

ANAVEHALERAED-HDEIEETE,

4 FHFSR11000 (20054 1E A)

S>HBEETFESEDENFEHNLEEIZDOLNTD
BHEIRILX—EE,

4 JL A% (10005 [RF) ~ D Pk
=>ENRZ EBRERE (FMM)EZE (2007FF) .



JOxIMNIE THNT-MODYLAS

Nano Grand Challenge Z7AY Tk

PR EME

HHtEEZELE-EHORYEL, 7O SLNDEEEL,

St FeENEHHAHET,

GAFE A& fEI A EEL . S HH I,

mJAadxok

EHDIAE—LRIE,. EREBER. BERIZHTAEL,

TOFUIZKAIEEBIEDER.

SIMDD;ERA. AFvvyrait

BIZ A%t 1000 AR FREIMDRATYT10msLL Iz, (EEIZIE

SmsIZE TEEIL)

VIORARH. V—X3—F2F,

=771,

RARR  FOoszor0ER, w20 he TREIELTE -,
HBkODA—F—D=—X ILoDT7—FTIOFNv—ZRIEAYL
WS, BRIZE =Y IR T PR EEDEIFNIEESAN,




SHDELD 175

MDETENER
LZEFZNDEERIE. i FH1E
MDEtE &(E

MDETE DN, YO RFHEFHRERSEE . HEER (A) . »FETILEEEAER
MDEtE DB, FEER ., IR

EWHHDOMDEHE
%5 B B# 48 H /E B (bookkeeping, cell indexi%)
RIEBEMEBE/ER (V—OVHEEA) Ewald, PMEE
MERDI-ODAE
HRENHZE (AtZEKELT D)
Multiple time step (AtZE KELT D)
On the flylZ & A EEL (YRETEZE%LY)

SERIED=OIZ. Fvv2aDEMFAH, Fyvyazk

MDn'l'%:ODf[tﬁlHt
SR ZFMEREFMM)

T—HBE AT 2% BEEOR/ME. TEBEIICESEFESEDOM L

NOFI—Y
MODYLAS
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