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Development of new molecular dynamics simulation methods and application to protein
folding problem
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Biomolecules such as proteins have complicated free energy surfaces with many
local minima. Conventional molecular dynamics simulations tend to get trapped in these local-minimum
states. One of the powerful techniques to avoid this difficulty is the replica-exchange method.

We proposed a new type of the replica-exchange method, which is referred to as helix-strand
replica-exchange molecular dynamics method. In this method umbrella potential which enhances alpha-helix
or beta-strand conformation is exchanged. We applied this method to a design peptide and compared the
results with those obtained by usual replica-exchange method.

We also proposed a better alternative to the replica-exchange method, which we refer to as the
replica-permutation method. In replica-permutation method, not only exchanges between two replicas but
also permutations among more than two replicas are performed.



¥ XL C—19, F—19, Zz—19 (G:m)

1. AFZEBRAE S D =

BRI EILT I BN —RTRIZ o7
MNol=ObThD., 73 BO—IRTHI|F
WEL LK T EONAREE A Tl
AHMEE X XTI EOI Y - A RE E W
H. B UNRTEITEKROHKEEZH->TEY,
FOMEEZ BT DI EEZH S ICT
BVENG L. £-2 o0 EOREEN
FRTEE 2FERLHD. TOROHRF T
%2 < OWFFEFE N Z OREICE D $HA TV S.
LL, Yalb—a itk ARRFET
JIVTOPTY 2= BT ENTF R TL»
BRI L TWiehoT-.

B UNRTEOIT Y 2T HARED L VWEE
HiX, #7780l xrX—himic%
< DRGR/NRBENR B DML TH D, EkDT 3
2 L—3 g CRETEEB/NREICH SO DR
TLEW, ZLOWEEEZY T TER.
ZOREERRT D ZNE TICE
FEPNDOMEREINTE T2, £O1O0
L) ARHETH D, V) IAHETIT
FROav— (LU ) ZEEAEL, VY
UM CIRERZBZB I 729 . SIEOIREDL
YT NT BT E BT R LXK R
b b d Z &<, WEEMEILL v
TNTED.

2. WD HBY

L7 B RWEITY Y TN
CEBINTWAD, ZNTHLH¥ U\ 8%
PO 7-20liTlP L TWieho Dk
BrEofEIcTS3< Loy Ialb—va
T BT TIERL, RS L DS R
TINT BT ST Th D, & 2 TR
T o - REE IS Lo lc hE T
DHLWEE [Ny 2 2T R
U AL BREL, XTF RITSHT 5.
SV ARBEONREEHD DB L

WFEEZREL, ThE~TTF FIEHT 5.

3. WDk

B 1IZRT L9108, — i R 7 i
TIJEBO2HMA G E OB =—60° ¢ =—
60°FEETZ L a~VY v 7 AfEEE LD, ¢ =—
120°, ¢ =120°F2fE72 & B A F T Fid&E%
LA FZITANY TR RARNT U RLTY
NRZWETIT a~Y v 7 AEESLB AT
v RHEEE B TV (¢, ¢) DIEDJE
WA T ART XV (T T VIRT v
X IV) TNTD. NATART Ty vk
V7N TR 2D X HICEREL, FDiE
SERINTA—FEZHTH, ZHLCa
~Y w7 AREER B A NT v RHEEIZED
< EHzyvIal—arTx5.

a~V 7 ZAHEE BA T FHEED
WENEFET D E NI FE TERMIZH
S5NTWVWD 18 IEDOT VA L _XTF K
(INYWLAHAKAGYIVHWTA) (2 Z O FiE%
S Uz, el D 72 IR 2 A5 5 il g
DOV DREIES FAT LT,

TIal—I g Bl TCRaEFET IV
FHWE., £FRFETAEHAWSZE Ta
Vo A—=BAKNT 2 REOHBEETRBEICE
T DB RIEOHEFZR LTINS Z
ENRTED., FlkE2HObIZH Y Z & TE
VLT T L L0 EEMED &V RR R
EH/HILENTED. EHICHLNUAHESE
L7=MUES FDERS VT VI T 4w 75y
FEN LA . BERO R TFIE TR
A g2 0.5—1 fs FREEIZ LR E TE R
MoT=N, ZOTFIETIT 4 fs ITRETES.
ZOFEEN) I A ART U RV A
LR LA G DETHWS Z LTk bk
DFDRFENFEY I 2 b —va vkl
L.

SHICREEDL N ETHBIZEREL T
ETEEESFINF I a2 —varTn
7" 2 A Generalized-Ensemble Molecular
Biophysics (GEMB)Z iV, 2D 7w 75 L
OFEIX (1) ~V w7 A ART RLTY
T TR EDOYERET W TV a1 )
FERWTHRLIIMEY TV T E2AT
2, Q) VT VIT 4w VREERWTE
FElChoEmEIcyIal—2a vy Ei79H 2
LThDH. IS 2OoO0KERERIELTT
07T ARV, ZoTa ST LA
52 LRI R ED -

a7y g 180 s
"Y—'“"’"‘L"r"\-\ L L//. NANE )
J:.«"VE‘JY*J 4 ° i
il L5 L7 T A5
¢/°0F i
a~U 7R
< x|
b INAT A
-1%0 Ny xvl
-180 0 180
o/

K1 7 /Bo2mfA (6, ¢) ORFfEH
VORI EDOREE., Ny A ANT R
TV AZWETITa~Y v 7 AfEEL B2
TV REEEZIRY LTS 2D L HienA
TART U VEDT, NAT ART v
YVDREEFRKT RT A —F DR ET .

W2, VU BEHIEDNRZ @D DT L
WREE L TL T DiEBRIEEIRRE L. 2
DFETIFH2OOLF Y HEEIT CIRES
KT HDOTIERL, 20Xk Hiz2oLk
DOV B CTIRELZERT L. ISHITh%E
XS VYU D OBEBELIT O - OITIRE Z &
W d D20 ENOHEITEF DA FrRY A
HEE T2 < BT R SN2 ilGh - Rk
ERWD. #iEH - EEERITIREERO Y U
7 NRERMETHZ ENTE D, ZOFiE
2 EmIFRIRT v VORI, ATFA
=77 ), CRTF RIZSA L.



L7 AhiE ik L7 hEHiE
TOHEED
58 —_ T — LJYh3
| T, —Sém—* — LFUA 1
7, — N ——— L TYH2
T, LF)Hh 4
l B

X2 L7V hEETIEISOU EoL T Y A
ORI CIREZE#RT 5.

4. WF7ERE

a~Y I AL BTy, TNENKRK
#5235 O RMSD,,, RMSD ; #1574 %
L, Ny TR RARNT Y RUTY A3k
DFDEEDO LT ) A HEL D L RMSD
EAA/NEL, RBEEIZLVEST TS
EWGInoTn. TihbbZoTFWA T T
ROPFVimi-HyIa b — g9 Tk L
7=.

KIZ RMSD, & RMSD,IZ DWW T HB =X
NX—ihm CEWHRT v L) ZEEL
722 A, W ONDR/NREER S o 1=,
THOLDOHEB TR —UNEEEIC BT S
MR et E 2 RE ML TERRL (K3), o
~U oy 7 ZREEDOIRTE A D BT E U
EORKEB £ COMELALB LT 7+ —
Jb RIRBECIREE F)E CTOREEZELE A BN
L7=.

B ;5\
K 5.
vl
| s £ Y
P 1. 4
e 7
AN l}“’\ e, 9 (}‘ P
¥rs &1 \ D ot
j\‘l “\‘\ - 3 '5; P ‘-:"*.

. o F
’f% ?33‘“;&;&**-

X 3 T _XTFROT 3 —1VT 47
R

U7 DEBRIEICOWTIE, ZokEE
WHZ ETUT Y BARHIEL Y LR
YoV T EREBETEHZEERLZ. b
YU 7 (RIREE I IIRERICSH D
L7 &SR EFIIRIEEZRCHE
BIKIEF 2 i3&EiELE 5/ LRI 1 Mo
Vo7 ¥z b) THEETDE, VTUIE
BAEIZ L 7 ) I A HAIEDR) 1.7 R RANICIE
EEMAEY ) T TEDL AR
ZORRIZLV TV DEBETIELV Y IR
WiEIV L7 ) IEOREZEZ KE B
N3z Lx2RLTEY, FHEaX FEHIET
x5.

SHIZ VT BEBEEZHNTCATTF R
DRV IT-Hy I alb— g &fTo7-. =
D_TF RiE Glu2 OFEHRFEF & Arglo DK
FERTFNEBEIED Z L Ta~V v 7 At
EEZESELZENmbN TV, BH
TARNVX—HEEZFR L, HOREND,
F7Glu2 & Argl0 BT SV THEBEE R L,
FEDha~Y v AEEETR LT 127
NIZIRBEIZED Z E 2B LM LT,

COMICEEFICBIT D Z R EOR
EEART I v A N O W) HE R &
BRI OW T HIEET w7y 2
alb—vaEEGHLE.

5. E7pFEIGm L
(WFFEFRAE, WHIEoHE M O e 12
(=S

(dessam ) (Bt 8 1)

D H. Okumura and S. G. Itoh: “Amyloid fibril
disruption by  ultrasonic  cavitation:
Nonequilibrium molecular dynamics
simulations”, J. Am. Chem. Soc. 136 (2014)
10549-10552, i

@ S. G. Itoh and H. Okumura: “Dimerization
process of amyloid-B(29-42) studied by the
Hamiltonian replica-permutation molecular
dynamics simulations”, J. Phys. Chem. B 118
(2014) 11428-11436, 2 Hi

@®S. G Itoh and H. Okumura:
“Replica-permutation method with the
Suwa-Todo algorithm beyond the

replica-exchange method”, J. Chem. Theory
Comput. 9 (2013) 570-581, A #HiAH.

@ H. Okumura and S. G. Itoh: “Transformation
of a design peptide between the a-helix and
B-hairpin  structures by a helix-strand
replica-exchange molecular dynamics
simulation”, Phys. Chem. Chem. Phys. 15
(2013) 13852-13861, AHiH.

® S. G. Itoh and H. Okumura: “Hamiltonian
replica-permutation ~ method  and  its
applications to an alanine dipeptide and
amyloid-B(29-42) peptides”, J. Comput.
Chem. 34 (2013) 2493-2497, # i

® S. G. Itoh, T. Morishita, and H. Okumura:
“Decomposition-order effects of
time-integrator on ensemble averages for the
Nosé-Hoover thermostat”, J. Chem. Phys.
139 (2013) 064103 (10 pages), fracf .

(@ Y. Mori and H. Okumura: “Pressure-induced
helical structure of a peptide studied by
simulated tempering molecular dynamics
simulations”, J. Phys. Chem. Lett. 4 (2013)
2079-2083, #HiA.

H. Okumura: “Temperature and pressure
denaturation of chignolin: Folding and
unfolding simulation by
multibaric-multithermal molecular dynamics
method”, Proteins 80 (2012) 2397-2416, 4t



=i
wLH .

(Fa¥ER) Gt 671

)

)

H. Okumura: 20 March 2015, 1lth
International Conference of Computational
Methods in Sciences and Engineering, Athens,
Greece ‘“Nonequilibrium and generalized-
ensemble molecular dynamics simulations for
amyloid fibril”
WATAL: 201541 H 29 H 4y FRLERF
gERT (BFRMET) A—"—arv
a—ZU—=ray 72015 [7Iv AR
BRAE D TE R B R & O 4y 18 )5
VIal—T3 |
WAL 2014411 H 13 H (lAETHRS
i (HIRALGT)  F28ESFIa
L—a Uitime SEINEREGERE [
EO+%, WIERIZBIT DO FENHY
Jab—va FEORIE LIS
WASAE: 20144510 H 30 B =8 K4
Ry /L7 bmr=r R ¥— (ZH
W) B[Rl CUTE v o ARy 7 A T7
I E A NHRHEDREE & TR IIR R D 4
TENFEYIalb—va v
H. Okumura: 22 August 2014, 2nd
International Conference on Computational
Science and Engineering, Ho Chi Minh City,
Vietnam “Molecular dynamics simulations
for amyloid fibril disruption and dimerization
of amyloid-f peptides”
H. Okumura: 4 April 2014, 10th International
Conference of Computational Methods in
Sciences and Engineering, Athens, Greece
“Generalized-ensemble algorithms to
determine free-energy landscape of proteins”
WA 201443 29 H SRR (F
FINBEET)  BAWEYS 569 H
FRKRE VU RY UL i ERY
DIHTHE : VT« AR_ hEfbe LT
(o RI7BEIZBTHVT AR b &
BRI GIERITFENFEII 2L
—vay JRET Y T k]
WA 201443 47 H  EAUBE KT
CROCHRRAT ) BRI A Bl s 5
1 [EIHIEE~ v TF o o Ry T b HRR T
YT MBI R D B R D5y )
HFEI 21— 3]
H. Okumura: 9 January 2014, Pure and
Applied Chemistry International Conference
2014, Khon Kaen, Thailand “Replica-
permutation molecular dynamics simulation
of biomolecules”
H. Okumura: 6 January 2014, Joint IMS-KU
workshop on molecular sciences towards
green sustainability, Bangkok, Thailand
“Replica-permutation method for protein
simulation and amyloid disruption by
cavitation in non-equilibrium molecular
dynamics simulation”
H. Okumura: 11 November 2013, 2013

®

NCTS November Workshop on Critical
Phenomena and Complex Systems, Taipei,
Taiwan “Molecular dynamics simulations for
amyloid disruption by supersonic wave”

H. Okumura: 20 November 2012, Indo-Japan
Workshop on  Recent Advances in
Spectroscopy and Microscopy: Fundamentals
and Applications to Materials and Biology,
Hyderabad, India “Generalized-ensemble
Molecular Dynamics  Simulations  for
Temperature and Pressure Denaturation of a
Protein”

H. Okumura: 16 November 2012, 2012
NCTS November Workshop on Critical
Phenomena and Complex Systems, Taipei,
Taiwan  “Helix-strand  replica-exchange
molecular dynamics method and its
application”

H. Okumura: 10 September 2012, 5th
Japan-Russia International Workshop
“Molecular Simulation Studies in Material
and Biological Sciences” 2012, Moscow,
Russia “All-Atom  Generalized-Ensemble
Molecular  Dynamics  Simulations  of
Proteins”

WATAL:20124F 6 H 1 H 3 FRA0FSE
pr (BRI ) 7 27 Sy AT
gee TR - V7 b~ 2 — 08 R %
B K ONBRER A28 TF 15 O B¥R & BT i
BADREM L F =T v 7 « = )LF
Y=~ GFINFEIab—a i
D5 Ry EOREE - ESEM)

H. Okumura: 23 May 2012, The 17th
Biophysics Conference of Biophysical
Society of Republic of China, Taipei, Taiwan
“Multibaric-multithermal molecular
dynamics simulations for temperature and
pressure denaturation of a protein”

H. Okumura: 13 April 2012, 2012 NCTS
Spring Workshop on Critical Phenomena and
Complex Systems, Taipei, Taiwan “New Type
of the Hamiltonian Replica-Exchange
Molecular Dynamics Method”

H. Okumura: 21 February 2012, Winter
School of Asian Core Program, Beijing,
China “Molecular dynamics simulations with
generalized-ensemble algorithms”

H. Okumura: 23 July 2011, 2011 Taiwan
International Workshop on Biological Physics
and Complex Systems, Taipei, Taiwan
“Temperature and pressure denaturation of a
protein by all-atom generalized-ensemble
molecular dynamics simulations”

H. Okumura: 11 June 2011, 2011 NCTS June
Workshop on Critical Phenomena and
Complex Systems, Taipei, Taiwan
“Multibaric-multithermal molecular
dynamics simulations of alanine dipeptide
and chignolin”



(EF) GF 1140

@O H.  Okumura: “All-Atom  Multibaric-
Multithermal Molecular Dynamics
Simulations of Proteins”, in Models in
Bioscience and  Materials  Research:
Molecular Dynamics and Related Techniques,
Ed. K. Kholmurodov (Nova Science, New
York, USA, 2012), chap. 6, pp. 56-68.

(PESEIA PEHE]
Otk Gt 0 1F)

OBk Gt 0 1F)

(& Dfth)
A—Lb_X—
http://okweb.ims.ac.jp/

BAT AL, Sy 2 L—3 3 VRS
HZE AR5 RIKRICET 25078
NF 32— g CFEOBRREE A
2014411 A 13 H

6. WFIEER
(ORI ES
A A+ (OKUMURA, HISASHI)
KL [EF) RSB N B AREL 20 T A
(i iy 4L @ hE 5% ) - FHRAN 2T v ¥
— « WEHIR
WrgeEFE 80360337




