Water in halophile Dead Sea organisms: neutron sca ttering
studies of adaptation to extreme environments

Zaccal G., Jasnin M., Tehei M.

Institut Laue Langevin and Institut de Biologie Str ucturale, Grenoble, France

Obergurgl Dec 2007




Obergurgl Dec 2007




Obergurgl Dec 2007




Obergurgl Dec 2007




Bacteria

Purple Bacteria

Cyanobacteria

Flavobacteria

Thermotogales

Clostridium

Mycoplasma

Deinococcus

Archaea

Archaeoglobus
Halobacteria

M ethanosarcina

Methanocal dococcu

Thermococcus

Pyrodictium
Pyrococcus

Thermoproteus Desulforococcus

Green
non-sulfur
bacteria

Sulfolobus /

Termofilum

» Thermoplasma

\

Methanothermus

Eucarya

Animals
Fungi

Plants

Yeasts

\

Flagellates



The coloured
Life of Salt




... Parts of the lake seen from a short distance apgea

of a reddish colour , and this perhaps was owirgptoe
infusorial animalcula ... How surprising it is that any

creatures should be able to exist in brine, antthiey

should be crawling among crystals of  sulphate dfso
and lime! ... Thus we have a little living world within
itself, adapted to these inland lakes of brine

(Darwin, Voyageof H.M.S. Beagle )
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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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Looking for traces of Life : protection by salt

halo + salt
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Stability and Solvation
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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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Halophilic malate dehydrogenase is stabilised
by its solvation shell

Ebel et al. (2002) Obergurgl Dec 2007




Malate dehydrogenase

Haloarcula marismortui :
Archaeoglobus fulgidus

Irimia et al., 2004 Obergurgl Dec 2007




Underlying protein structure,
the forces that stabilise it .
Dynamics !
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Thermal and cold neutrons:
The perfect radiation to study
protein dynamics

wavelengths < > fluctuation amplitudes

energies < > fluctuation energies
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Neutron incoherent scattering
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A window in space - time
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Fluctuations and force constants
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Model for protein dynamics
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(Frauenfelder et al., 1988)



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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Correlation

dynamics of the native structure < > stabllity ?
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Tehei et al.(2001)



Fluctuations and force constants depend on the solv ent
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Stability depends on the solvent
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Adaptation to heat
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Rabbit muscle MalDH Methanocaldococcus jannaschii MalDH

Resilient hyperthermophile
Softer mesophile
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Mapping intracellular molecular dynamics

mesophile 37C

psychrophile 47T mesophile 37C
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Tehei et al. (2004)
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. alive and cooked
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A. arcticum P. mirabilis
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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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The mean force force constant is lowest for the psych ro. bacteria (softest)
and highest (stiffest) for the thermoph. Obergurgl Dec 2007
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EVOLUTION
selects
DYNAMICS

Forces that define
structure stability AND motions
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Neutron scattering reveals extremely slow cell
water in a Dead Sea organism

Moeava Tehei*!, Bruno Franzetti*, Kathleen Wood*®, Frank Gabel*, Elisa Fabiani**, Marion Jasnin*, Michaela Zamponi",
Dieter Oesterhelts, Giuseppe Zaccai*#l, Margaret Ginzburg**, and Ben-Zion Ginzburg**
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IN6 10ps time-scale
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Passage of Potassium lons Through the Channels

Electron Density Along the lon Pathway

Two subunits of the KcsA tetramer are shown as an @-carbon trace in yellow cobor.
Electron density is contoured at 2 sigma.

K*ions are partially dehydrated before entering
the selectivity filter
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Potassium Selectivity Channel

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



Thank you
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