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Molecular Modeling and Simulation
Quantum Beam Science Directorate
2FE— LI AHREERF
Japan Atomic Energy Agency
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Ishida, Matsumoto:
Dynamics of Ribosome, Holiday-Structure, Atomic model of
supra-molecules using high and low resolution structural data

Yonetani: Hydration Effect, protein-DNA recognition,
Analysis of neutron inelastic scattering data

Kanaeda, Ikebe : Conformation of DNA Sunami: Structural Bioinformatics and
in the nucleus, Free energy calculation Design of DNA-binding proteins

Kai: Single molecular imaging
by X-ray Free Energy Lasers
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MD M ilfi 51| 1k 75 i% & Scalability

MDD it 5|1k 75 i% 15 B fE] Scalability
Replicated Data O(NlogNp) Not Scalable
Atom Decomposition O(N) Not Scalable
Force Decomposition O(N/NNp) Not Scalable
Space Decomposition O(N/Np) Scalable

ScalableZF i 5IMD 7 A4 5 LTl CPUZZLE AL,

O (BHX) EHHE
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\ '§|J_'|',l'=f.-kAmdahI s law

S(N): speed up ratio
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Parallel computing using spatial decomposition

Each processor is assigned to each region.

PEL PE2 PE3 --- | T sCuBA
\ / / Pl — wowa (spatial decomp.)
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Reduce the cost of data transfer
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Hoeijmakers (2001) Nature 411, 366-374
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Branch migration Resolution
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Top view Side view

M. Ariyoshi, et al, PNAS 97, 8257-8262 (2000)
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SCUBAZ FHLM - KERIEE KRB S F R DREREEHT
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prsemeges  DNARAMRZ DX A FIOREE
- rem Ishida, H. JCC (2010)

R1)TFADNAS IS 5 5 &)

- DNAIZ#EE&L-RuvABEHE

West, SC. Cell, (1998)
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DNAIZ#EL-RUVAAEAXREBTEND R
(RuvA: 12,628 [RF, DNA: 3196 [RF, 7K: 32253 x 3 [RF, MgA A4 > :54 [RFDEE1112,637[RF)
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SAIYF:8-0x0 G induces GC -> TA transeversion

~1,000 8-oxo Gs / day

7,8-dihydro-8-oxoguanine

(normal) G
(anti)
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XOLAFEBREEE - ATYFREEE

Eukaryote Prokaryote
N Mismatch

4

Mismatch recognition

PCNA

MutS |
\f/ ” MutL MutS

Excision
—_— EXO1
N
Resynthesis
DNA polymerases Ligation
—(—
~ NS

Martin & Scharff, Nat. Rev. Immuno. (2002)
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MutS: SAIYFRREEBEREEXI/N\NVE

Disordered loop: Ala-Ala-Asp-Asp-Leu-Ala-Ser-Gly-Arg-Ser (Asp & h07K 5> & B i 204 78)

Kinetic proofreading using ATP

A. Homoduplex DNA (No repair)

DNA
- S

B. Heteroduplex DNA (Mismatch repair)

w - %

DNA e
’ M. S. Junop, at al. Mol. Cell (2001), 7, 1-12

Q. MutS [£. ZZtE mismatch DNA EFEELT=&E . ATPIIK DR RIS ZEITEHELO M ?

MD ¥2al—3> (MM-PBSAJR)
1. MutS — mismatch DNA complex & MutS —homoduplex DNA complex D% A4S X D&ELY
2. JEMICWAZETE Asp &4 Disordered loop D EIE
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Difference between the correlation maps

MutS — homoduplex DNA complex MutS — mismatch DNA complex

Dimer D EYEHE D FHEF

Residue number

A

t1 elation bet MutS di sl
Strong negative co%é,e ation between Mu S dimers pNA binding Connector ﬁLever Clamp ATPase
s =

Mainly two collaborative dynamic domains (red and blue) Many small dynamic domains
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Preliminary Conclusion

RAZEMIL—T (555659-669)
Ala-Ala-Asp-Asp-Leu-Ala-Ser-Gly-Arg-

BHIRILF—FHEIIEREBEEEEMIZES

1.

2. MutS-S AT YFDNAE SR EMULS-TE EDNAE SIEADE A FIHRADEL






2011/10/18 E3E/NA A R—/S—aAVEa—T1U T HEL @I

Peptide synthesis Ribosome

508

EF-Tu- GDP : 4
deacylated ‘?? '@ \
tRNA ’ E ¢\ %Y

A j* EF-G* GTP
aa-tRNA+ EF-Tu- GTP ¥ #
K o =
LA o e

“ay

EF-G-GDP

S
kA

/

Agrawal, R.K. et al. J. Cell. Biol. (2000)

MW. 2.7M ~5M Da
Synthesis speed
ca. 20 amino acids/s
(speed 21 nm/s)

http://en.wikipedia.org/wiki/Ribosome
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Low resolution model -=> Atomic Model
WA TIRElEE

Low resolution models of ribosome by EM
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= > B [ ] [ w5t 1y EM navigator
MEPDB] | > | BMEM Navigator | > BRF +3—N—U

LUV =] Bi% [6E Sl AEE R = http://emnavi.protein.

SHaE s ; _
DNA- - B .. osaka-u.ac.jp/

RNA: B - 275145

A S

sdeevesdeneass 0070
2233222232322
12 1122223222
2223233112323
" 1233332122171,
d¥eveERRBeS RS TN
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EM Navigator, PDBj &Y 5|
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EM images at various reaction states are available

EMD-1003

EMD-1004

EMD-1395

EF-Tu:GDP ALl g

deacylated AT W \ \
{RNA ‘ o G\
N Y

i$ A% AT BN

v JINT _ >l

EMD-1072 Wit Wb
i d pael i
A & M A A LN

as MR

EF-G- (TP

/

—s
-
4

EMD-1071

‘,

\

o Gy

). 4

EF-G- GDP

EMD-1070
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Conformational Changes based
on the Elastic network model
PDB structure

PDB structure

%i%---

3rd mode

5th mode
20 F40
ll l I 6th mode
]
20

Matsumoto & Ishida, Structure, (2009)
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West, SC. Cell, (1998)
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Short region of
DNA double helix

30-nm chromatin
fibre of packed
nucleosomes

Section of
chromosome in an
extended form

5D
S fk

Felsenfeld & Groudine, Nature (2003)

Found Chromatin structure

by R. Kornberg (1974)

Luger et al., Nature (1997)
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B FDEEIFEDLIICHIESNTNSEDMN?

Consensus Distribution of nugleosome around all yeast genes x

Mavrich, T. N. et al., Genome Res., 18, 1073-1083, 2008

¥

Genome methylation status Binding configurations P(c)
N R Y B - » 04

Intrinsic transcription-factor affinities
a 0.2

GGTT
GGAT
CGTT
CCTT
GGTA
CGGC
CGGA
ATGC
CGTA
TTGG

|
Nucleosome-nucleosome
interaction
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—

Swiveling model (KEEIET L)

Bowman, Curr. Opin. Str. Biol. 20:1-9, 2009

Loop/bulge propagation

Contacts between the DNA from the linker The bulge/loop propagates Release of the trapped
histone core and DNA shifts onto the histone core, around histone core, bulge/loop onto the opposite
minor grooves forming a bulge/loop and breaking and reforming linker effectively shifts the
disrupting some contacts histone-DNA contacts histone core along DNA

Bowman, Curr. Opin. Str. Biol. 20:1-9, 2009
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