MSDC-MD 2 & & RAXIEECEDRNFHEMNT LBET A

T Rk
JEERT: FEEH

1. iR

% < OERBEITER TRIFE o 7o ZIRoHE~
ETNELZ ERMBN TS, ZIUT KA &
FEX, BEHEOKRE LIRS EHbo TV, 20—
FHT, BAEOPIITEETICH DI H D LT
Frieo oG F e WERENFET 5 (RIRE
PEE AR, LLF IDP), IDP OHIZIEHFE DX RENA
BEWAETDHZETTH—NT 47 L, BRFE-S
T RREE T DL OBNGFET D, ZOBEX
coupled folding and binding & FEIEAL, & FE A H
fRiE%1T 9 TR LCHLREE > TN D,
HNy=a—1 (CaN)TMEN TE Y VA
F=r a2l SRk D AL v FT THY,
%< OMBNEUSIZBED 2 BEEARAERAE & LTHD
ALTUN D, CaN [THM TIIAME N A A 22NN T
WA (M1 E), eyl (CaM) & D NTEY
2 U UEEAENL(CaMBD) AT H Z Ltk - T
CaMBD 7* folding # 2 = U, #f RHIZTENE 2 #4157
% (K1),
B 1:CaN OIEMES
AH =2, IDP T
%% CaMBD 7% CaM
L#EA L folding 35
T LT NAL
BRmEND

CaMBD
C

-
e
>

BEHEOMEZFHNLFERE LT, o TE87F
(MD)FFEFICHARFIETHD, L LEAEIELS
RHEEEFFOH B = XL X —M#IZ(FEL)IZ X - THy
AT DN EMERRTHY . ZROHORIEE VA
HZAAX =R TIZEoTETHNTWD, 2D

72 8 3 & O 2+ (AAM)-MD T\ b 5 kinetic
trapping & PRI D EIZNE S D Z L2/ b,

ZO XD REEMRIT DI, LT T
JVIERBRFE SN TE Tz, Bl IX V7Y B ASHIE],
v NVFNR— < )L F Y —< IE)2]l, AT H
/ =71)Vi£[3]. Wang-Landau {4[4]. MetaD[5]72 & T
D, MIZHRICEIEDREDE %Y T NT D
T U7 L TIE6]R, RIREEREDREE DRRIRIZIR - T
P TN HARN) CTETRER D D,

MD Z@E#bd 5 b 9 — DD HiETEEELET L
(CGM)DIEHATH %5, COM 1T DR % —>D'E
MELTHHIBHHIRET L THY , KEICH DN
WD, ITAETIE AAM OFEFE L CGM O E
AN SEDH~YAVTATF— vy Ialb—vay
MSS)MEHZHEDH TN D, MSS [TEIC=2DH A
FNHaTHTENTELS, —2HIT AAM & CGM
ERIFFCHWCEREZET U v /T 2IRRET V
Thbd, Z2HIF, £T AAM-MD Z{T\, Z O
FEMHWTCGM D 11554 % R LT CGM-MD %17 9
X A 7T b, force-matching, fluctuation-matching 7%
WHEALTH D, —=2DHIEL, £9 CGM-MD Z17\» CGM
HiEZ IS L, £ oMEE®R% cic LT AAM-MD
HIATTHHEATThD,

EHIIURIOMIE T 2HDOX A 7D MSS &~
NF T ) =ik B GE DY, =R LF—Z2 [ |k
TOY 7V > 7% % 10 512 LIZ[8], AWFFET
!X Multi-scale Divide-and-conquer MD (MSDC-MD) &
WO LWREERE L, BRNCET 7 L7
Yo TV T EAV, TRAX—EMORD Y I
72 BT MSS &5 T L7z, #iFE LC CaMBD
® FEL OFEMITHII L, ARBEMTIIA LR
CaMBD O RKIEEDY 7V o Ik Lz, £
72 CaMBD 73 IDP T % # 1 2 B\ ) PR L 7,



2. EREEFE
2.1 CaM-CaMBD (#E &1k

CaMBD [T 24 DR X TH b | CaN D RKIRE
WIZEB W TR L LTV A28, CaM EfEATH 2
& T a-helix #i&EZ2 D Z &3> T 5 (PDB
ID 4Q5U), X 212 4Q5U DS % 79,

2:

4Q5U DB,
CaMBD (V7 YV)
CaM (k%)

2.2 MSDC-MD ) F#r=
MSDC-MD O FHZ 1L EIZ 4 D253 DHZEMNT
x5 (¥3),

Stepl: CGM-MD

Step2: PCA

Step3: Modeling

Step4:
umbrella-sampling

=

X 3 : MSD-MD @ Figs % {2

(AT w7 1) JRVEEZERZ Y T T 5700,
CGM-MD % 379 %, AMFZE TiX UNRES server %
F7z, UNRES (355720 SO EAEH YA
K L2 T2 AAM (2T 1000-4000
RO MD BHEETH DH L I TWD, FR2 /1iG%
FH 7= Langevin Dynamicss % 100ns FH241772 > 7=,
HOEIE Ins fCHUS L7z, FIIMEE X2 fhOrE
STHEEN DI T, 725~ JRWHELIPH OIS 2 1
vt D 2 T=290, 300, 320, 340, 400 @
CGM-MD %1772 -7z,

(AT w72 A7y 7 1DCGM b7V 7 RV
—% D2 L, CGM #iE D C o (& 7 wmE %
DT IR FERIHT(PCANZ T 7=, Bl & f
DAV R 72O, RMSD 7 o v T 4 ¥ T &
T=290, Ins DHEIEIZXE L TIT7e 572, N-,C-KhiDFE
LENKEWED, 7 4 v T 4 7% 5-19 FREICxE
L CiT72 272 RMSD 7 4 v T 4 V' ZIILLFD X H
IZ#ET B,

r’i=R(ri—Q) for i=1--24

1 19
0=150, "

R = (A'A)Y2471

ZIC 1y = (2, Y 2) T OEER, ATH B33 X 30
EHATHITH D . ATH AIZLLTF DO X S I2E T 5

19
Ajj = Zk_s(rki —Q)(sxj—PF) for i,j=1--3
1 19
p= _Z .
150

T Z Ty lE T=290, Ins DIEIETH D, 7 4 v T 4 v
T DOIEREX = ('), ,17'y) % PCA IZNTHZ LT
BANY MLEEAEEZEN L, #EOR n EA
BT D513, = 5oy e X, THDH, =
ZCeMIX DA BATINOE n FH T by
THY ., W)y = (X' = X')) - (X = X)) (N
EJ)FY)) 1Tk L CUL T o SR E 2T,

Ac™ = 2, - c™

(AT w7 3) v,v, Pl RICHE U-iE%2 [/
P 2B Lz (K 4 5, &/ EMIcEEns
CGM ##i& % MODELLER 7' 12 7' A2 X » T AAM
HEIE~EIL Lo, Z OB Co i (AL B % 2T,
CGM HEEDE BB KON L DI LTz, kit
B 72 D12 &/ MEICIE 4 D XS IZFEFEIR- T
&5,

(AT 7 4) #H¥ D AAM-MD %18 L7~ AAM 7>
ShgoT-, 7 v 75 MIBOER GROMACS T,
R 300K, J£ /) latm 12725 X 9 Berendsen 5%



N, 4 MD 1L 90ns FREEf T/ o7, ZORBRLLTF DT
VTV IRT U EINZ T,
k( vmin —y Y2 for Uy, < vRin

d(vp) = 0 for
%k(vm—vn"{ax)z for

pmin < g < poax

v < vy,

mm & vmax

ZZTm=1or2, k=0.7k]/mol/nm?,
X 7Y T O RRETFRTHD, o
7V o T EBIIEE O/ NG L EET D K ORES
TBY, FIIET TV o TEE 2D T A—X
Fo W @ — sAr B AN TN D, 07
b, YT /R 1L 2 OMEERZ? <
v <D EENDS Y TN, &N, DD
w1, = log(Ny) —log(N) ERDDHZ LN TE D,
ZZTHIFUTO X ICET %,

—Vo(vn)
k(vmin —yp YWv,, for Uy, < pmin

= 0 for voin <y, <y
k(v — vV, for v < v

R&E QUIX; = (ry, -,

6vm z Z e ax' 3]+k
3]+k
j=1 k=1
N 3 3 9R
_ m) kl
§j=1 § e 1C3]+k{§ ax ( 3j+l Ql)

0Q
+ sz(5i,3j+z - Q) +Ru (X3j+l - _axf)}
L

3. HWRLER

F 9" CaMBD ¢ CGM-MD %17\ PCA Cfi#tT L 7=,
S OHAIKAK 4 ThDH, T2 THEROII/NE
17 ORKMEE (K& 72 +~—7) H COM I
FXoTHENTVWLRTHDL, ZHD CGM TR
GBS TWD 72D, AAM 2T L TH KR
REE P& R W TES, 26D
AAM HEEIIRRMEZ Y 7T 5 E TR Y]
1272 D, 7272 L CaMBD 28 IDP TH 5729
ZDFEE AAM-MD %37 L T bR TOMEILHER
FiELCTLES, T TT VI LIRT Iy L E

rOICIRIET D720y S5,

AT CaMBD ZH > 7 o ZHEIENIZE UiAw
HERLTAL A2 B X RRREE DY 7 ) v TR & Kig
I T 5,

44 T T
26.5
g 11.5
S -3.5
-18.5
-36 . .
-61 -43.5 -28.5 -13.5 1.5 19
\41 [A]
T290 + T320 L] T400 .
T300 x T340 native *

X 4 : CGM-MD D3 DA X

TSI O RS LNTZEAE XY FLEK S5 I
BT, B—EENRZ MVt . B EAE AN
7 b i CAVEEN S LT,

X 5:PCA D
@QOF—BA
~_7 pvk
bFE _BHE
~7 v

B/ NI & D COM HiiE 2 AAM HEIE 248 0T L,
AAM-MD % [FIIRIEFIFZAT 72 o 72, 24K D FEL I
%ﬁyfuyﬁﬁﬁwﬁxw%ﬁ$$M%ﬁ5:k
THEM L (X 6), HEO-OIZHEE D AAM-MD
Tﬁ%ﬂﬁjﬁL%.7;ﬁﬁ—.7iw -13.v, <
—ADFFAIZB N T TR NI Y TV
WA, X 61XIE->E VD & FEL ORN A2 5,

CaMBD O K#t#%i13—43.5 < v, < —28.5, 115 <
v, S 265D UFXBITHIET DA, K6 M HITZEI L
0 HIRWZEREES Bl S L7z, ZiuE CaMBD A3
IDP ThHLE)FHIBIH TH D L F 2 D,



v, [A]
44
9
26.5 6
11.5 3
-3.5 0
-18.55 (V1/V2)
[kcal/mol]
-36
-61 -43.5 -28.5 -13.5 1.5 19
vy [A]
6 : MSDC-MD T#& b7 FEL
2
1
0
_18'5F(v1,v2)
[kcal/mol]
-36
-61 -43.5 -28.5 -13.5 1.5 19
vy [A]

X7 :@% D AAM-MD T#& 572 FEL

%72 MSDC-MD D} % s 4 5729 1 IRt D
FEL Z % L7-. MSDC-MD D& & 5@ o AAM
-MD i RITHFFRREOFPH T L Tz,

MSDC—Mﬁ
Conventional MD

F(v;) [kcal/mol]
[\S] w o w

-61 -43.5 -28.5 -13.5 1.5 19
vy [A]

X 8 : 1 ¥kt FEL D LL#L,

TV T ORI T DT, TM Aa7T
DRI Z R L2, TM 2aT7Z - >DEAED
HEHELMEEZRTHEIZETHY 0~1 OfEZ L5, 11
TUVNEE R WOREE I TWD, RBFZETIEX 2 ©
CaMBD ##i&(2%4 % MSDC-MD (%> 7V > 748
8 17) OEEOFLNELS . [F L < AAM-MD OHiE
DOFELIE DR R I & AT L7z (X19),

X 9 TiZ ETFEhOKM A — L3R e n Z LI
BELTWEZE W, il O AAM-MD TiX 400 7
JHOHEEIT->TH TM 22713 0.1~0.3 F2HEIZ
LEEH-5TNS, —J7 T MSDC-MD Tl 0.3~0.6 ®
% 90 7/ B OMICHEITEE L TV D, ZHUET
YT VIRT UV VBRI AP E . BT S
DOV T) TR EIFTWARERTHH LB X
bivd,

Time [ns] (MSDC-MD)
0 10 20 30 40 50 60 70 80 90

0.8 T T T T . . .
MSDC-MD (regionl7) ——
0.7 Conventional MD -----
0.6
® 0.5
o
0 0.4
g
g2 0.3 ! R H“%M . :
i b IO Lt R R VI AT N £ 71 i
0.2 NN e o 4 R "”"":Wm Sittv i 'h'-Mn‘&'/“r,ﬂ':v“&.’w‘}
0.1 v .
0

0 50 100 150 200 250 300 350 400

Time [ns] (Conventional MD)

X9 :TM R a7 DEERF]

AK IDP TH 5 1L7 D CaMBD TTM A 27 ~0.6
EWVWOEER L S TeDITELS REFHERTH D, TOWH
%X 10 (a)lZ/” 7, %V MSDC-MD % CaM (2 H 4T
VW, CaN & CaM @ Ry X U 7 #{To /R DK b
T D, 4Q5U IZx9 5 RMSD 1E 7.8 Th o748,
REDIRNLE BRI 2 EFEEIL T,

10 : (a)MSDC-MD D#EiE (/) & EBREE (V7).
b) Ry ¥ 7 OfER, AR 2 ICFC,



4. BpHYI

MSDC-MD /% AAM DFEEE CGM OHE L 7
TVLIH TN T ERBEDEIEFIETH L, K
42 C MSDC-MD (X IDP ORJFAEED L H 72 L7 A
NSOV TN T ENRINATO ZENTED
ZEERLEE, EEARZ ALY —2HNTL L
T, CaMBD 2372 ¥ IDP 72D H Z & B S
Wz L7,

RFEOF L, AR ZSOEAEZ RN D
RIFIUT R BN E 2 A% Jilx D MSDC-MD (2457
JTEHEL, FyF o ZicloT—ollMAaTES
RThb, ZRMEIKRT 2R 2 2 & RIgIZH]
BTEDLEEZTND, SBITATFIEL S HITHEM
BRI BIRAT D 2 &L ARG O REfE
BN T TV E N EB X TV D,

S5

(1) Sugita Y. and Okamoto Y. Chem. Phys. Lett. 314,
141-151 (1999).

(2) Okumura H and Okamoto Y. Chem. Phys. Lett. 383,
391-396 (2004).

(3) Hansmann, U. H. E. and Okamoto Y. J. Comput.
Chem. 14, 1333-1338 (1993).

(4) Wang, F. & Landau, D. P. Phys. Rev. Lett. 86, 2050—
2053 (2001).

(5) Barducci, A. et al. Phys. Rev. Lett. 100, 20603 (2008).
(6) Kokubo, H. et al. J. Comput. Chem. 32, 2810-2821
(2011).

(7) Maragliano, L. et al. J. Chem. Phys. 125, 24106
(2006).

(8) Shimoyama, H. et al. J. Chem. Phys. 133, (2010).



