MICROSYMPOSIA

on the conformation and the stability of y- and a-crystallins. a-, - and
y-crystallins are the main components of mammalian eye lenses and
their structural and associative properties are responsible for lens
transparency. 7y are monomers (21 kDa, up to 80% sequence identity),
whereas o are large hetero-oligomers of about 800kDa. The C-
terminal domain of a belongs to the ubiquitous superfamily of sHSPs
(small heat shock proteins): upon stress, they are able to incorporate
the non-native proteins to prevent their aggregation.

High-pressure experiments performed with o-crystallins have
shown a partially reversible change in size from 2 to 3kb at room
temperature, and this effect was enhanced by the combination of
temperature and pressure. In the case of y-crystallins, pressure and
temperature needed to be combined with pH, and the results depend
upon the different y itself. Crystallins are known to be exceptionally
stable in vivo since they are synthesised to last for life. They therefore
represent an extreme case of stability versus unfolding and these
results have shown that these proteins (mainly beta strands) are also
stable upon pressure.
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Eric Girard®, Richard Kahn®, Mohamed Mezouar®, Anne-Claire
Dhaussy?, Tianwei Lin°, John E. Johnson®, Roger Fourme®,
“Synchrotron SOLEIL, St Aubin, France. bInstitut  de Biologie
Sructurale, Grenoble, France. ‘ESRF, Grenoble, France. dCR[SMAT,
Caen, France. dSCRIPPS, La Jolla, USA. E-mail:
eric.girard@synchrotron-soleil.fr

Until recently, only two crystal structures of small proteins at high
pressure below 200 MPa generated in a Be cell were published [1,2].
The lack of structural data at high pressure was due mainly to the
cumulated complexities of high-pressure containment and
crystallography. A technical breakthrough was achieved with a set-up
at the ESRF ID30/ID27 beamline combining a diamond anvil cell,
ultra-short wavelength (0.33 A) X-rays from undulators and a large
imaging plate [3]. The accessible pressure range was increased by
nearly one order of magnitude. The quality of diffraction data
collected under high pressure achieved usual standards.

We will present the technical advances as well as scientific results
that we have obtained. In particular, scientific results will focus on the
first crystal structure of a complex macromolecular assembly under
high pressure, the Cowpea Mosaic Virus capsid at 330 MPa [4],
demonstrating that high pressure macromolecular crystallography can
now be considered as a mature and general technique.

[1] Kundrot C.E., Richards F.M., J. Mol. Biol., 1987, 193, 157. [2] Urayama P.,
Phillips G.N., Gruner S.M., Structure, 2002, 10, 51. [3] Fourme R., Girard E.,
Kahn R., Ascone 1., Mezouar M., Dhaussy A.-C., Lin. T., Johnson J. E., Acta
Cryst., 2003, D59, 1767. [4] Girard E., Kahn R., Mezouar M., Dhaussy A.-C.,
Lin. T., Johnson J. E., Fourme R., Biophys. J., , 2005, in press.
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High Pressure Cooling of Protein Crystals without
Cryoprotectants
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The flash cooling of protein crystals is the best known method to
effectively mitigate radiation damage in macromolecular
crystallography. To prevent physical damage to crystals upon cooling,
suitable cryoprotectants must usually be found, a process that is time-
consuming and, in certain cases unsuccessful. Recently we have
developed a novel method to cryocool protein crystals without the
need for penetrative cryoprotectants. In the new method, each protein
crystal is pressurized up to 200 MPa (2000 atm) in He gas at 10 °C.
The crystal is then cyrocooled under pressure and the pressure was
released while the crystal is kept cooled. Results are presented for two

proteins that have been flash-cooled at ambient pressure and pressure-
cooled, in all case without penetrating cryoprotectants. For glucose
isomerase, the flash-cooled crystal diffracted to only 5.0 A and
mosaicity could not be estimated but the pressure-cooled one
diffracted to 1.05 A with 0.39° mosaicity. For thaumatin, the flash-
cooled crystal diffracted to only 1.8 A with 1.29° mosaicity but the
pressure-cooled one diffracted to 1.15 A with 0.11° mosaicity. The
protein structures show that the structural perturbation by pressure is
very small. A mechanism on the pressure cooling is proposed
involving the dynamics of water at high pressure and high density
amorphous (HDA) ice.
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The ab initio quantum-mechanical CRYSTAL code [1] is one of
the tools available for the calculation of the electronic structure and
properties of crystals. It is based on a description of the wavefunction
in terms of linear combinations of atomic orbitals (LCAO), which
permits an easy interpretation of the electronic structure and a direct
comparison with molecular fragments.

A large variety of properties of matter in the condensed phase can
be calculated with the present release of the code, CRYSTALO3, even
for systems of considerable size: a calculation of the electronic
structure of the crambin protein (P2;, 92 amino acid residues per cell)
has been attained recently [2].

Molecular crystals are an important area of application of
CRYSTAL. The use of a basis set of atomic orbitals is convenient for
the calculation of the lattice energy and the characterization of
hydrogen bonds, where the modifications in the electron charge
density of the molecules due to the formation of the crystal can be
investigated, along with their effect on the structure factors [3].

[1] Saunders,V.R., Dovesi R., Roetti C., Orlando R., Zicovich-Wilson C.,
Harison N.H., Doll K., Civalleri B., Bush LJ.,, D’Arco Ph., Llunell M.,
CRYSTAL2003 user’s manual, University of Torino, Torino, 2003. [2]
http://www.hpcx.ac.uk/about/newsletter/HPCxNews02.pdf, pages 10-12. [3]
Spackman M. A., Mitchell A. S., Phys. Chem. Chem. Phys., 2001, 3, 1518.
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Beyond V*p,: Chemical Bond Analysis using the Local Form of
the Source Function
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The sign of the Laplacian of the density at the bond critical point,
V?py, has been largely used for discriminating the closed-shell-like
(V?py>0) from the shared-shell-like (V*p,<0) interactions. This
dichotomous bond classification has the merit of being simple, but it
has also proved to be often inadequate. This is the case of bonding
between heavy atoms missing the outermost regions of charge
depletion and concentration in their atomic Laplacian distributions
and/or the case of interactions having very low |V2py|, a fact which
makes the sign of Vpy, quite indeterminate and the use of V2py, as the
only classification index, deceiving. Other quantities, based on the
first and/or the second order density matrices, have in these cases been
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