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The living Cell

An open thermodynamic system 
in constant activity, even when it is not dividing

Membrane proteins: differences in chemical potential
DNA repair mechanisms

RNA synthesis and processing
Protein synthesis and processing

Internal membrane traffic
Cytoskeleton dynamics

and and and . . .

All working in a coordinated synergistic way !

Cells in a human being turn over ~ 20 kg of ATP mole cules per day

. . .
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The Extremophile living Cell

All the above

under extreme conditions of

salt concentration

temperature

pressure

pH
. . .
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and . . .

is water behaviour also

extreme ?
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The coloured 
Life of Salt
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…Parts of the lake seen from a short distance appeared
of a reddish colour , and this perhaps was owing to some

infusorial animalcula …How surprising it is that any
creatures should be able to exist in brine, and that they
should be crawling among crystals of sulphate of soda
and lime! …Thus we have a little living world within

itself, adapted to these inland lakes of brine …

(Darwin, Voyage of H.M.S. Beagle )
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Contrast Variation
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“Proteins unwind when exposed to heat and they do 
the same when exposed to salt.”

(from Salt, a world history, part one: A discourse on salt, 
cadavers and pungent sauces, by Mark Kurlanski)
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1M NaCl D2O
0.8M NaCl D2O

1M NaCl H2O
0.8M NaCl H2O

0.5M NaCl D2O
0.5M KCl D 2O

1M NaCl H2O

Stability
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Stability

Bonneté et al. (1994) 
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Looking for traces of Life : protection by salt

halo + salt

meso +salt

meso - salt

wet

‘dry’
salt = 4M NaCl

Tehei et al (2000)
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MgCl 2

NaCl

(NH4)2 SO4

Stability and Solvation

Quantities of water and salt associated with the protei n under 
various conditions can be weighed and located experim entally 

by using
SANS, AUC, densimetry in a complementary approach
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Solvation
salt and water ‘binding’
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Surface acidic (red) and basic (blue) residues
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Halophilic malate dehydrogenase is stabilised 
by its solvation shell

Ebel et al. (2002) 
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Haloarcula marismortui
Archaeoglobus fulgidus

Malate dehydrogenase

Irimia et al., 2004
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Underlying protein structure,
the forces that stabilise it :

Dynamics !
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wavelengths < > fluctuation amplitudes

energies < > fluctuation energies 

Thermal and cold neutrons:
The perfect radiation to study 

protein dynamics 
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≈ ( 1 / Q ) 2 Å 2

≈ 2 Å 2

on IN13 at ILL

time ≈ 100 ps
on IN13

≈ 25 Å 2

H 2 O 
diffusing

H on 
protein

A window in space - time
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Fluctuations and force constants

< k ’ > ~ 1 / (d< u2 > /dT)
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(Frauenfelder et al., 1988)

∆G

~ kBT ’ < k >

< k ’ >

quasi-harmonic approximaion

√< u2 >

∆G

d

√< u2 >

< k ’ > ~ ∆G / 2d2

Model for protein dynamics 
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Held by forces, atoms fluctuate about their position s in the structure
neutron scattering  >>> 

1) Fluctuation amplitude 2) Effective force constant
what biologists call :

1) Flexibility 2) Resilience 
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U

N

∆G

√< u2 >

folding 
parameter

E*

Tehei et al.(2001)

Correlation 

dynamics of the native structure < > stability ?
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Escherichia coli
mesophile 37°C

Aquaspirillum 
arcticum

psychrophile 4°C

Proteus mirabilis
mesophile 37°C

Thermus thermophilus
thermophile 65°C

Aquifex pyrofilus
hyperthermophile 

85°C

Tehei et al. (2004)

Mapping intracellular molecular dynamics
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Forces stabilise protein structures and allow 
functional motions

The mean effective force constant
is adapted to maintain 

stability and a similar rms fluctuation amplitude 
at

physiological temperature
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EVOLUTION

selects

DYNAMICS

Forces that define 
structure stability AND motions
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IN6 10ps time-scale
Dt ~ Dt of H2O in 3.5M NaCl

τR ~ 2ps

IN16 1ns time-scale
Dt ~ 1/250 Dt of bulk H2O
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Surface acidic (red) and basic (blue) residues



Shin-ho H Chung at anusf.anu.edu.au

Potassium Selectivity Channel



Obergurgl Dec 2007

Thank you


