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Brute force vs.
Smart methods

5|FT:

Morten @. J t al "Mechanism of Volt

Gating in Potassium Channels". Science 13 ffr 51 A0 3

April 2012: 229-233 :_|:I1'_'\§E-Ij-*/j°l ) ‘/7‘

Brute force

KIBfEAL W B 5T E



3. YieRY D)oo o3alL—i 3y
BRIEHROBEE — BTCIEFENAEmLhHn

barmercrossingrate
qlal/s

1= Ff Xx(t)

l

2B 0 p(x)

i e Rt

, 15



RS TV T D DD AL

Canonical Ensemble
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Simulated Tempering
Wang-Landau

Metadynamics
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Replica exchange

Pararell Tempering

Hamiltonian exchange
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Multicanonical p(E) = const —EDIRILX—5HF
Simulated Tempering p(T) = const —EDRENT
Wang-Landau P(E) = const —EDIRILF—57

Metadynamics p(c) =const —ENDEHHRIRILX—5HFH

U(r)

U(r) = U(n+d4r) -
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Umbrella Sampling :Statistical Thermodynamics: Reweighting

e—U(r)/kBT
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RToovILDIBEH A  FIBLESTHDEYA
Wa ng- LANCTIN (prys rev Lot 86, 2050, 2001)

g(E) * Ing(E) BIRILF—EDKRREZZNETICH LT )LLIZEIE

HHRE(TRILF— = E)DIIRE(IRILF— =E,)IZBYT=L>

/B
B’
David P. Landau g(El) > g(EZ) Bnsd

} g(Ey) — g(Ey) f
g(E) <9(E,)  FEZHg(E,)/9(E,)THBND

ZTZITIEES g(E) —g(Ey f
TGN FEHED
IREEZEDgHEFE-T

alb—i 3y

A2=CENHWNWIRIILXT—IREZ Y TILT S
I TIZITo=RREIZIE., KYITHEWNKDIZT S

: - 19
MD version: Statistical Temperature MD (J. G. Kim, et al. Phys Rev Lett 97, 050601, 2006)
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M@ﬁ@]@ﬂym@] MICS pras 99, 12562, 2002

SEE o EDH TG E#HRERLT=0Y
Bl To(t)I2vizEE, > ¢ TlE, GaussBEDRTU v L
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IR S,= —_—,a 5IFT:
&&EL’T/\JD /H/E-d_%) AIessT:mdro Laio and

Michele Parrinello ” Escaping free-energy
minima”, Proc Natl Acad Sci U S A. 2002 Oct

NEBEYRLTHRTUOORILEBO T | 1000200125626
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R@[@Hﬁ@@] @X@h@]@@@ (J Phys Soc Jon 65, 1604, 1996)

RrEEA

[B] 8¢ L f= % B [ EE 1R
LT.IELLNEEDS
MDAZRYHET

Temperature replica exchange
Parallel Tempering
Hamiltonian exchange
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(2B L TEET S

(Monte Carlo)

§

(molecular dynamics)
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change

exchange

U

Iy
T,
T
o \J/  \o
1 NS N
r
5IMT:

Yuji Sugita and Yuko Okamoto ” Replica-
exchange molecular dynamics method for

Volume 314, Issues 1-2, 26 November
1999, 141-151

protein folding ”, Chemical Physics Letters,
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MD MD MD MD MD MD MD MD
at T, at T, at T at T, at T at T at T, at T

CPU -+ CPU ~+ CPU ~ CPU CPU ~+ CPU ~+ CPU ~ CPU

exchange

exchangeldX@{EEM DL BIEDRRIILARYIMNEETES
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Scalability — A2 /\JBETHZELT

FEDLEER

Ak RSN HBEHE BHEODKES

Wang-Landau  p(E) = const E=E(r,r,...r) 3N (N: 2FRF%)

Metadynamics  p(o) = const c = (o4, 0y .., Op) m<23...

Replica
Exchange

WaRY T BUELICH D TY T LESETHDEN G HERTES B
REOKXSSIIROND
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: HIRLET L OB THR
Coupled Multi-scale Models  FRxgmermns

Multi-Scale Essential Sampling (MSES)

K. Moritsugu, et al. J Chem Phys 133, 224105 (2010)

égﬁ;;”" Ny g HBRLETILHLRT
A ETIVEESITS
. . ' ¢ "_ :, - : )__ N\
ERFETANBAUL Y\
ETFLTERSND . 3

e.g.
*H*E":.:Eﬁ:}b elastic network
UV EFE R + multiple Go
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MSES

= N w

(Monte Carlo)

F (molecular dynamics)

H(x;z)=V(x)+U (z)+g(x— z)’  Hamiltonian Exchange

27
H Fukunishi, et al. J Chem Phys 116, 9058 (2002)
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MNZETDELTEBERET S reweighting

XIZXH L T—ERITIRENRFESD  HEHE
- ; i ERTOHERE
Metadynamics holonomic constraints pricvigegiod
H(X)=U (x)+¢(x)

XIS L T—ERIIRREDVRELLLY: FEE ERaR TS
MSES nonholonomic constraints BRITOHEKT
e v T e SRS IR
X

reweighting

HBRIEET LAY LT ILY HZERM (essential space) &
R FETILCTEEMmT S
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T, ky
T, —r ky
T \o/ \\7 k=0 N N—g
r k r

X, ZIETEB D ERET DIEMTED

better scalability 29



dynamic loop
182-198
: ' § sortase

disordered loop
(159-177)

MSES

5IAT:

Moritsugu et al. J Am Chem Soc
“Disorder-to-Order Transition of an
Intrinsically Disordered Region of
Sortase Revealed by Multiscale
Enhanced Sampling” 134, 7094
(2012)

barnase-barstar

Unpublished
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Path Ensemble

adenylate kinase

In R &R R TG SRR

31
Y. Matsunaga, et al. Plos Comput. Biol. 8, 1002555 (2012)
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LID-CORE distance [A]
n

(o2)

AMPbd-CORE distance [A]

Y. Matsunaga, et al. Plos Comput. Biol. 2012

AMPbd-CORE distance [A]
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B R —ILD1EE : Onsager-Machlup Action

MR (BHIRILY—) BRIERERS (YEA)
On-the-fly String Method Transition Path Sampling

H(x2)=V )+ U@)+k/2(00-2)  mimmIsls—aK
MM CG coupling

H (X;2) =Sy (X) +See (2) +k/2(0(x) - z) 2\ ME R IR
MM CG coupling

dx )’ du Y’ 2 d°U | @#E=ZE Langevin Dynamics:
S(x)~ g/4jdt {(Ej "{Ej + ,Bgz dx? } Onsager-Machlup Action

34
H. Fujisaki, et al. J Chem Phys 139, 054117 (2013)
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