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N2FY—7 on RICC

Multi-Scale Essential SamplingiED X FI—2

0 strongscaling &
X weak scaling
00}* hybrid

1 totalIOI / *
: ?c\)/\r/c?e communication/ j
number of cores

% :sortase A + a4, 27,810/F F
weak scaling: 1637 1L HEE
strong scaling: 512L 7 AEE

time [s]
\5




N2FY—7 on RICC

ANV TEDRFI—D

o <flat MPI (tuned) ~©flat MPI (tuned)
c O Hybrid a - oHybrid
S0 g
a o
(_(j wn
)
1 02.3_ 0
10° 10" 10° 10"
number of cores number of cores

% :Adenylate kinase + ;&81%, 62,4758 F
strong scaling: 256L- 7 hEE
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Hamiltonian Exchange

H(x,z)=K({p,)+KPp,)+V(X)+U(z)+ kW (z,0[X])

Time ¢:

Time ¢+1:

keeping detailed balance condition for canonical distribution

= min(Lexp(A,,))

A, =Bk, —kn){W(Hg[xm], z,)-W(0[x,].z,)}



MSES: Summary

H(X,z)=K(p,)+K(p,)+V(X)+U(z)+kW(z,0[X])

W (z,0[x]) = —[f e[x])]

in analogy with Maragliano and Vanden-Eijnden, CPL 446, 182 (2007)

. sampling of x is accelerated by z

. U(z) will determine the essential subspace
In x of specific interest

- k —0 via Hamiltonian exchange leads to unbiased conformations of x
- exchange probability: min(L,exp(A, )) is determined simply by

A, = Bk, —k,){W(6Ix,1.2,)-W(6[x,].z,)} W(z,0Ix])



Example: CG Pulling MM In
Solution




Chlgnolln In Implicit Solvent

(b) GB

| N Y N T T |

100

150 200 250 300

Vmmcg [keal/mol]

* six replica for P(Vyucs) overlap
e sampled from native to extended struct
« MSES FES in good agreement with

multicanonical MD
Terada et al, FEBS 580, 3422, (2006)

0 20 40 60 100
Time [ns]
20 T ] 20 ———T T T [k/mol]

. (a b

- (@) (b) 16
et R 4 15 | 12
S | [ ’
£ | 28 - 4
10 1 4 10 F
! ] I
a | d : . g
v | L] L
5 5F 4 s}
5 I

[ ] [ MSES

I mu!tlcanonlcal I GB ]

0 L PR ST S T 0 |||||||||||||||||||
0 5 10 15 20 0 5 10 15 20

d (Asp3N-Gly70) [A]

Moritsugu,Terada, Kidera
J. Chem. Phys. 133, 224105 (2010)



Sortase A

» a family of Gram-positive transpeptidases
- functions for cell wall anchored protein (CWABPY ™" | <
- recognizes the sorting signal with a conserved  / souws
LPXTG motif in the CWAP /

- LPXT / G is cleaved and amide-linked to \ # Y # Cel wa
peptideglycan S
« intrinsically disordered protein (IDP) Nagamine et al., Chem. Comun., 1022 (2009)

- database of protein disorder, DisProt (DP00208)
Dunker et al., Nucleic Acids Res. 2007 (Database issue):D786-93 (2006)
- residue 162 t0174 (length is 13 in total 226 )

N
: (@ His120

o] Arg197

[
Leu-Pro-X-Thr —C—H— Gly

3

|
Leu-Pro-X-Thr=C— u—Gly

ro His120

oy
o’
I
|
S J
’ I
Pro163 ‘HN# eu Leu169 Cys184
i . J
Val168
Leu169
5:
is is
H +| % | :/l)
o : o :
| Il
/ /

PBIRT loop

Leu-Pro-X-Thr=C— H =G I“fb

.

“Suree at al., J. Biol. Chem. 284, 24465 (2009)



Structure of Sortase A

 NMR structures: sortase A from S. aureus
- ligand-unbound: 11JA, 25 models
- ligand-bound: 2KID, 20 models
Ca?* and peptide analog (LPAT)

 Eight-stranded (3 barrel fold with two
short helices

* N-terminal 58 residues are lacking
- membrane anchor
- shown to be unrelated to enzyme activity

» Two loops undergo large structural changes
- (101-119): from disorder to order
- (124-140): keeps order form

9.
_ 8! dynamic
Suree at al., J. Biol. Chem. 284, 24465 (2009) vd . s

=6 dlsordered
5 '

§4. fitting by

o o3
i. . & RMSD between the averaged
VR A A Aoasl N & bound and freestructures
% 50 100 150

residue number


http://www.jbc.org/content/284/36/24465/F3.large.jpg

Comparative Study: Calcium lon Function

- free - T e

l
12 14

8 10
d(Pro105-Arg139) [A]

1
4 6

30 30

T T T

4 8¢ ' 1 28+ :
| 27 calcium | 2 peptide
4 24r 4 2}
4 22r 4 22t

)4 20r 4 20}
41 18- 4 18 F
— 16 - 16
4 4k 4 14+
* 12 : 4 12 F
1 0o —— 4 0}

8 1 1 L 1 8 1 L 1 L 8 1 Il 1 1
4 6 8 10 12 14 4 6 8 10 12 14 4 6 8 10 12 14

d(Pro105-Arg139) [A]

» Bound peptide and Ca?* restrict the disordered loop flexibility.

* Bound Ca?* decreases entropy change upon peptide binding,
favoring binding affinity.

O



Barster Structures

L

0 20 40 60 80 100
bs PC 1

bs rmsdMM < 4 A (gray structure as an example)
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Alanine-dipeptide THT Xk

HoHMLH10 nsDbrute-force MDETEZE1TLY
“HALFOBHIRILE—HEERHL-
\
- . , . - . 5

4.5 [kcal/mol]

485
|3
o5
P
15
1

0.5

¢ FER/ SR D HE



Alanine-dipeptide THT Xk

(5.1) = 35 Mg, )0 (5. 1) —zﬁ(s,r))]

p=1

+A(s,8)z,(s,1),| LFUHRIDEEER
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Alanine-dipeptide TO 7T Ak
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Adenylate kinase~® /i FB

Adenylate kinase (214%%% . 3343[87F)
ATP & AMP "5 2 D0 ADP ZER T3 RIbZETS ) MELBESR
2ADP & ATP + AMP
DAY RESICHEVAKBEEZBEZSLZELD CENERBERITRLEICEK
VREhTW?

UAUREEL JAURHY
F—TUBEE y0—XBEE

CORE
domain
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Atomistic view of Ligand-AMPbd interaction
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distance between
cys102(Alexa532) and heme [A]

BERETHILAEK
BB

1L IRTEDIRFEHRIRRT —20 0, 2HDOLT)ADUEa—3v2&oT
EBRITODER(ZN\VERESER)ZHELBELRLBEDFRERSS

2. 13 FEHRT —AMN b LYREISEWNS AL —2avET LD NG A—EEHTE
EXS

15 FFRETE RS
70 , — I RTDOERIIFERY: h_‘\

{

3

?

K

10 20 30 40 50

OC)

; = A7 o N = IRk
time [ms] BRTDIVIN)EREE X
M. Kinoshita, K. Kamagata, A. Maeda, Y. Goto, T. I
Komatsuzaki, and S. Takahashi, Proc. Natl. Acad. Sci. xlt - x]_, IR | xt

USA 104, 10453 (2007)



ERETHILAOEK

NA XD EE HZDVWTRILATHERES BT ETERMBRKIZER
p(xl:t |y1:t) = p(yl:t lxm)p(xn)' p(xl;, |y1:t) = p(xl't—l | yl:t—l) f(Xt lxr_l)g(yt lxt).

p(yn)

Simulation and observation model
xt — f(xt—l’ 8)—|— at’
y, = h(xt)+wt.

Langevin dynamics of
coarse grained model

observation model
a,,w, . noise terms

Algorithm of patrticle filter

Filtering &
resampling

—Q)
rQ@D — r@e

Prediction hy Filtering &
MD simulation | resampling
r@® — »
Prediction by

MD simulation

© K. Nakamura (ISM)

P(¥ | Vs
f(*]x,): transition probability
g(e|x,): observation model

G. Kitagawa, Journal of Computational
and Graphical Statistics 5, 1 (1996).
N.J. Gordon, D.J. Salmond, A.F.M.
Smith, IEEE Proceedings F, 140, 107
(1993)

A. Doucet, and A. M. Johansen, "A
Tutorial on Particle Filtering and
Smoothing: Fifteen years Later",
http://www.cs.ubc.ca/%7Earnaud/douc
et_johansen_tutorialPF.pdf
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Adenylate klnasef\d)ﬁf,'%

Prof. Haw Yang (Princeton Univ.)&®D E B A
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