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Neutron scattering probes global protein dynamics

25

l-:.:..___h“{

Solvent behaviour in flash-cooled protein crystals
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Neutron scattering probes global protein dynamics

e




Dynamical transitions in proteins

Neutron scattering - ns - ps motions - purple membranes
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» harmonic motions * non-harmonic motions
» substates frozen out « transitions between substates

Frauenfelder (1998) Nat. Struct. Biol. 5, 757



Purple membrane stacks
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Pure water at cryo-temperatures

* * %
J crystalline {
b :‘Jk- gk_ e ™

O
highly viscous
e

P

amorphous

Y parad

flash-cooling

Mishima & Stanley (1998) Nature 396, 329



Ultra-viscous water in stacks of PM at 200 K

PM stacking
- & |
== 02 oo
-5 ;
)
— 0l
=
= 40
g | 200 K
B |
: s ;--- .-'..--.I-I.L
= 57| s E
2| '
= 50 -
55 -
i | -
' | 54 | e
= i L X 2N} 240 1]
_ _Ej_ T 54 A T-L"n]. &njturﬁ IK'
pe

Long-range translational diffusion above GT, concomitant with crystallization

Does glass transition of inter-membrane water
trigger a dynamical transition in PM ?



Dynamical transitions of flash-cooled PM
measured by IENS (IN16)

Temperature [K]

» dynamical transition a 260 K

* no transition a 200 K



inter-membrane water:

Glass transition at < 200 K

ns-ps motions in PM:

Dynamical transition at and 260 K

Glass fransition of inter-membrane water does not trigger dynamical transition in PM



* Behaviour of water confined by stacks of biological
membranes at cryo-temperatures?

* long-range translational diffusion at 200 K

» glass transition at < 200 K

* Does glass transition of inter-membrane water
trigger dynamical transition in the membrane?

* No - but what about local protein flexibility?



Protein X-ray crystallography

Synchrotron radiation is a powerful tool, but price must be paid






Data collection series

» crystals of acetylcholinesterase (AChE)
« ESRF undulator beam line ID14 - EH4
* 9 complete data sets (A - 1) at 100 K

* dose: 107 Gy/data set
(for comparison: natural dose for humans: 0.002 Gy/year )



Decarboxylation of Glu306, T=100 K
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Disulfide bond C254 - C265 breaks
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Disulfide bond C402 - C521 does not break ...

" T=100K



Disulfide bond C402 - C521 does not break ...
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Secondary damage

Primary damage




AChE: 3 disulfide bonds



Specific radiation damage

» Synchrotron radiation produces specific damage even at 100 K
- disulfide bonds, Glu/Asp ...

» Differential sensitivity for chemically identical groups
according to their location

» Disulfide radicals can be trapped and identified

Implications
» Mechanism(s) of radiation damage to biological macromolecules

 Technical aspects of data collection using synchrotron radiation



Radiation damage probes local protein flexibility



Solvent behaviour in flash-cooled AChE crystals
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Abrupt unit-cell volume increase at 165 K

Solvent in large channels : * jce formation
» glass transition



Pure water at cryo-temperatures
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relative unit cell volume (%)
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Solvent behaviour in flash-cooled AChE crystals



AChE disulfide bond C402 - C521
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AChE colored according to B-factor increase (B:.-B,)/B,

100 K 155K

At 155 K : Active site most affected



AChE active site
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Conformational changes upon damage at 155 K



Enzyme radiation-inactivation

155 K

Local protein flexibility is increased above solvent glass transition
yet still below protein dynamical transition




« X-ray radiation damage is temperature-dependent
» radiation-induced changes --> marker for protein dynamics
- crystal solvent undergoes glass transition

* local protein flexibility is increased above solvent glass transition
yet still below global protein dynamical transition

How to make use of this dynamical information?



Strategy to trap enzymatic intermediate states



Acetylcholinesterase: Structure and Function
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Sussman et al. (1991) Science 253, 872

» hydrolyses neurotransmitter acetylcholine
* turnover 20000 s1

* involved in Alzheimer disease

» target of insecticides and nerve gases



Traffic of substrates and products in AChE

Substantial ‘breathing’ motions
\? are required
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Photolabile precursor of choline

Photofragmentation
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Peng et al. (1998) Angew. Chem. Int. Ed. 37, 2691

Bound to AChE
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Microspectrophotometer
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Photofragmentation of caged arsenocholine at 100 K
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Strategy to trap structural intermediate states in ChE

Transition

100 K




Global dynamics

Water behaviour

Radiation damage
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