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Molecular Dynamics of Lysozyme Unit Cell
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Staph. nuclease
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X-Ray Diffuse Scattering

IMlf (q) | a.u. |

Simulation

/

/

Experiment

0.6




Protein Scattering

Idif'f (q) | a.. |

Simulation

rd

[A

|

04

0.6

Solvent Scattering

PRL 95:218103 (2005)



Helix Repeat

Protein Scattering?

M—
[\ =™
Interstrand
Distance
4~ | SQLVENT

Idif'f (q) [au.]

Solvent Scattering?

Water O...0

PRL 95:218103 (2005)




-0.4

' qT<uku£.>q _
Ly Ekk'f(kak) C 1

0
q, [A7]

0.4

_»
>
o
04

MD Proteins

Fz\/m? F5
F1 #

> variance-covariance matrix
<u PP >

decomposition

[¢

\ Y 4 5.00-30)
>

By(22-27)
\

y )!5‘00*19)

0,,(98-106)

,(54-68)
a(121-135) /
CHer.

Which parts of the protein and which types of
motion cause the intense scattering features?

PRL 95:218103 (2005)



-0.4

0
q, [A™]

' qT<uku£.>q _
Ly % 30 f (k) 1

B(22-27)
\

)B,(lo—lg)
/

,(98-106)

,(54-68)
ay(121-135) /
CHer.

0.4

0.4

MD Proteins

L —

-0.4 0, 04
q, [A]

EXCL ap:ap (intra)

gt
[ o
b T -
-04 0 _4 0.4
q, [A"]

OPENING
substrate

binding site

~

1944 (7,

PCA 1-5
0.4 " i 0.4
-
o e -
0 | < 0
Y | o
~04 - ~0.4
"'h'-r."*
—0.4 0., 04
q, [A]
EXCL CNOR:CNOR .
0.4 0.4
0 h 1; <
o l °_>~
-0.4 o # -0.4
‘.'-'l_ -
204 0.4

0
q [AT]

X

CLOSING

PCA 6-7000

MD (unit cell)

0.4

EXCL intra—Protein

-0.4

0_,. 04
q, [A]

EXP (unit cell)

-

1
a

-0.4

0, 04
q [A]

PRL 95:218103 (2005)



Specific Motions in
Diffuse Scattering Pattern
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Dynamical Characterization of PCA modes
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SASSENA: Calculating Scattering Profiles on Massively
Parallel Supercomputers
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Sassena solves computational performance problems, e.g. :

Optimal placement of simulation data in memory
Minimal IO requirements (no redundant reads)
Utilization of optimized parallel partitioning
Calculation and storage of results 1s asynchronous

(buffered) (www.sassena.org)
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(Realistic Extension Algorithm via Covariance Hessian)
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Local Interactions
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Biophys. J. 102 1108 (2012)
Alcohol

Dehydrogenase

Neutron Spin Echo
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Lattice Vibrations

- PERIODIC in TIME and SPACE.
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CRYSTALLINE L-ALANINE : LATTICE DYNAMICS J Phys Chem
99 5645 (1995).

EXPERIMENT - Triple-Axis Coherent Inelastic Neutron Scattering
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COHERENT INELASTIC NEUTRON SCATTERING INTENSITIES
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Monoclinic Ribonuclease A:
6442 atoms

Phonon Dispersion
Relations
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Monoclinic Ribonuclease A:
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