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Structure Dynamics

FunctionalityDSC

Dielectric relaxation

NMR

Neutron scattering

...

Lysozyme

Myoglobin

Lactoglobulin

Ubiquitin

Leucine

Glycine

...

Level of description (associated also with each technique):

Thermodynamic and transport (specific heat, glass transition, viscosity, ...)

Molecular (self-diffusion, rotations, relaxation times, cages ...)

Atomic (vibrations, hydrogen bond dynamics, ...)

Dynamic transition around 170 - 180 K from harmonic to non-harmonic behaviour

Relation with bulk water properties (in particular, supercooling)



- The large number of hydrogen bonds

- The 3D local tetrahedral symmetry

- A short life time of intermolecular bonds

The specific behaviour of bulk water is due to:

In the case of confinement, some of these properties are different

Examples:  2D structure

Long residence times

Very small volumes (pools)

Hydrophobic environment

Presence of ions

.... 



Motions of water molecules on a protein surface

Hydrogen bond dynamics

Rotations around a bond

Jumps from site to site

Diffusion on the surface

Trapping in pools

Exchange with bulk water

3D diffusion in crowded environment

Presence of charges and ions

...



Hydrophobic and hydrophilic sites at the "surface" of a protein

-Sites forming hydrogen bonds with water molecules

-Sites imposing a preferential orientation  of water dipoles 

-Sites generating specific "hydrophobic" interactions

-"Extension" of hydrophobic sites

Stability (life time) oh hydrogen bonds at hydrophilic sites

Mechanisms of HB breaking



Librations
Hydrogen bond life time and
Rotational relaxation



Questions:

How to measure residence times?

Possible relation to other situations of confinement and supercooled bulk water

Minimum hydration necessary for the functionality (cf. G. Careri)

The "glass transition" of a protein (role of  α and β processes)

What can be learned from cold denaturation?

How to compare relaxations measured at different time scales?

How much is the dynamics of water modified because of crowding (e.g. in a cell)

Role of hydrophobic sites (regions) of a protein in folding processes …

………….



Molecular dynamics studied by neutron scattering
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NALMA

N-acetyl-leucine-methylamide

Gly-Leu-Gly

hydrophobic

Hydrophobic molecules
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