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X-ray diffraction at wavelengths beyond 3Å (at
energies below 4 keV) opens new possibilities for the use
of anomalous dispersion in MAD and DAFS methods.
With the X-ray K-absorption edges, Ca, K, Cl, S, P, and Si
appear as newcomers. Huge magnetic resonant scattering
is observed at  LII/III edges of transition elements and MIV/V

edges of heavy elements. Heavy elements, like U and Th,
show an unusually strong anomalous dispersion which is
characterized by 110 electron units.

Anomalous diffraction with soft X-rays has been used
in the study of a broad variety of materials, like polymers
[1], liquid crystals [2], protein crystals [3], ribosomes [4],
and ferroelectrics [5].  The various experimental methods
which have been used at different places to cope with the
special technical requirements of soft X-ray diffraction will
be discussed.

First feasibility studies of soft  X-ray diffraction were
done recently at the beamline ID1 of ESRF, Grenoble. The
MAD method was used to study of  an uranium derivative
of asparaginyl-tRNA synthetase at wavelengths near the U
MV edge. The preliminary data show the presence of the
dispersion due to uranium. In another experiment, DAFS
from the ferroelectric (CH3NH3)5Bi2Cl11 has been
measured at 30 wavelengths near the K-edge of chlorine
(4.4Å) [5]. These experiments show that soft X-ray
diffraction at ID1 of ESRF is feasible for materials and
also for proteins. The potential of ID1 in soft X-ray
diffraction which remains to be exploited is considerable.
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Crustacyanin is a multimacromolecular protein plus
carotenoid astaxanthin complex responsible for the blue
coloration of the carapace of the lobster Homarus
gammarus. The proteins provide a structural basis for the
spectral shift of the carotenoid in its complexed state. In
the History of this protein crystal system the crystal
structure determinations have proved problematic through
lack of a suitable molecular replacement model from
within the lipocalin family, lack of good heavy atom
derivatives (including xenon) and lack of a seleno
methionine variant. A new approach is being attempted
involving joint anomalous scattering and 'direct methods'.
In Manchester tests involving concanavalin A combining
the Mn K edge anomalous differences from ELETTRA
with ultra-high resolution data from CHESS indicate that
knowledge of the Mn and Ca sites alone have a mean
phase error of 76º (to 1.0 Å resolution)1,2. For apo C1 and
apo A1 their disulphides' partial structure is akin to the Mn
and Ca situation in concanavalin A. Hence a search is
underway for the cysteine sulphur atoms in the six putative
disulphide bridges in the asymmetric unit based on data
recorded at 2.0 Å (softer X-ray) wavelength from apo A1

and at 1.488 Å wavelength from apo C1 on the SRS. In
house, in parallel, we have undertaken a very high
redundancy (17 fold) 1.8 Å data collection from lysozyme
at CuKα, following the Dauter et al3 sulphurs' approach
with NSLS data to 1.5 Å, to form test data for locating S-S
bridges and phasing with strong data to 3.0 Å (akin to apo
C1 and A1). These data are promising and yield the
Patterson anomalous peaks for lysozyme disulphides (peak
heights vary to some extent according to atom B factors).
This confirms the possibility of identifying sulphur atoms
from their anomalous signal. In another step in this
approach towards the solving of the crustacyanin structures
ultra-high (0.94 Å) resolution data have also been recorded
on the Quadriga end station undulator beamline at ESRF
from a frozen apo C1 crystal. A jigsaw of the tools to solve
this difficult system is falling into place and can be of
general applicability.
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