definition is sufficiently important to define an asso-
ciated format which is closely related to CIF: “CIF-
compatible”. The header section of such a file would
contain CIF keyword / value pairs. This would differ
from CIF in the manner in which the “lines” were
separated. A simple utility program could extract the
header section and write it out in a true CIF form.
Similarly, analysis programs might use some of the
header information for their own processing, ignore
other items, and write an output CIF which contains
their results plus most of the original CIF-style items.
A number of new CIF data names need to be defined.

The details of this approach are presently being dis-
cussed by the working group.

Joining “imageNCIF”

So far there are no “rules” and “imageNCIF” seems
to work reasonably well on an open membership
basis. I suggest that appointing one representative
per institute, or one per scientific group within an
institute is a sensible means by which to channel
views whilst making sure that the working group
does not get too big. Some input from the CCP13
community would be valuable, either through indi-
viduals or through a representative member.
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Synchrotron Studies of Amyloid Fibrils
C.Blake
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Amyloid fibrils derive from the deposition of abnor-
mal forms of normally soluble proteins in an insolu-
ble, aggregated state in certain disease processes.
Amyloid is associated with some of the most wide-
ly-publicised of modern diseases, such as
Alzheimer’s disease, Creutzfeldt-Jakob disease (and
its animal versions Scrapie and BSE or Mad Cow’s
disease), Type II or late-onset diabetes, and some
polyneuropathies. In most cases the diseases are
chronically progressive leading inevitably to death.
Each disease is associated with a specific protein
which is deposited as amyloid often as the result of
specific amino-acid mutation, and/or abnormal pro-
teolytic cleavage. The amyloid most extensively
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studied here is that from Familial Amyloidotic
Polyneuropathy(FAP) which is composed of the pro-
tein transthyretin(TTR) in which Val30 has been sub-
stituted by Met.

In the electron microscope, amyloid fibrils have a
characteristic appearance of uniform, straight,
unbranched fibres about 100A in diameter and of
indefinite length. X-ray analysis of these fibrils using
laboratory X-ray sources gives a relatively weak dif-
fraction pattern, characterised by a sharp 4.8A
meridional reflection, and a more diffuse 10A equa-
torial reflection, with few if any other reflections.
This diffraction pattern is characteristic of the so-
called cross-f fibre structure in which the polypep-
tide chains in the fibril are arranged in f-sheets, such
that the p-strands are perpendicular to the fibre axis,
and the sheets parallel to the fibre axis. The merid-
ional reflection then derives from the characteristic
4.8A hydrogen-bonded separation of adjacent
strands in the f3-sheet, and the equatorial reflection
from the typical P-sheet separation of about 10A.
Use of synchrotron radiation at Daresbury gives
much more detailed diffraction patterns which can
extend to at least 2.0A along the fibre axis and to
about 3.5A perpendicular to the fibre axis. However,
difficulties with orientation of the long fibrils from
discase state amyloid prevents the development of
reflections other than meridionals and equatorials. In
spite of this limitation 7 clear meridional reflections
can be detected on the synchrotron pattern, which
can be indexed precisely to an axial repeat of
115.5A. The tendency for the indices of the stronger
meridional reflections to be divisible by 3 indicates
the presence of a (pseudo) three-fold screw axis par-
allel to the fibre axis.

Interpretation of the synchrotron X-ray patterns is
based on the observation that the intense 4.8A merid-
ional is the 24th. order of the 115.5A cell, indicating
that the axial repeat corresponds to a group of 24 f3-
strands which the three-fold screw axis divides into
three sets of eight. As the TTR molecule is composed
of four pB-sheets each containing eight f-strands it is
possible, though not necessary, for the cell to contain
three TTR molecules. In any event a “standard” 8-
stranded p-sheet will be 38.5A wide and its -strands
will twist through 120°, and thus when operated on
by a three-fold screw axis will generate a 24-strand-
ed f-sheet 115.5A long whose Oth. and 24th. strands
are twisted through 360°. On this basis the repeat unit
in the amyloid fibril corresponds to one turn of a f3-
sheet helix containing 24 f-strands. This new



description of the molecular structure of the amyloid
fibril reconciles the classical description of it as a
cross-f} structure with the twisted P-sheet now
known to be the lowest energy state, and in doing so
generates a new fibrous protein structure in which (-
strands can be hydrogen-bonded together over large
distances in a stable structure.

Time-Resolved SAXS Measurements on Gel Setting
and Gel Melting of Triblock Copolymer Gels

K. Reynders, H. Reynaers

Laboratory of Macromolecular Chemistry, Catholic University

of Leuven, Celestijnenlaan 200 F, B-3001 Heverlee, Belgium

The unique properties and practical applications of
triblock copolymer gels are related to the specific
morphology. The endblocks of a triblock copolymer,
polystyrene-block-(hydrogenated butadiene)-block-
polystyrene (SEBS) or polystyrene-block-(hydro-
genated isoprene)-block-polystyrene (SEPS), will
associate in a solvent selective for the midblock, and
result in a three-dimensional organisation. This
implies an electron density difference, detectable in a
small-angle scattering experiment, if the superstruc-
ture has dimensions in the range of 10 - 1000 A.

The gels were investigated by small-angle scattering
of X-rays and neutrons (SAXS and SANS) and
exhibit a pronounced superstructure[l] which
appears to be a function of the block copolymer con-
centration, molar mass, end/mid block ratio, defor-
mation [2] and temperature. From the variations in
the two interdomain interference maxima and one or
more intradomain interferences with varying sample
parameters, it follows [3] that the polymer concen-
tration and molar mass influence the degree of organ-
isation in the gel. A certain molar mass corresponds,
for a specific polymer concentration, to the most dis-
ordered arrangement. Each deviation from these val-
ues introduces more order. The scattering patterns of
the isotropic samples are fitted with two different
models [3]; the Percus-Yevick hard-sphere interact-
ing liquid model and the local coordination model of
distorted hexagonal lattice.

Recent time-resolved SAXS experiments [4] reveal
changes in the superstructure. Upon heating, the
morphological order disappears, in agreement with
DSC and rheological experiments. Gels with high
molar mass, show a initial increase in order. These
gels reach a thermodynamically more favourable
morphology. After heating these gels with high block

molar mass above the temperature where disordering
occurs, followed by cooling, they again exhibit
increased order. Thermo-reversibility appears for
these gels after a second heating scan.

Another effect is the temporarily change in structure
for gels with relatively low block molar mass from
hexagonal to a cubic-like order at a temperature
around 120°C. Isothermal SAXS experiments in a
temperature region around 100°C, reveal the same
changes in superstructure. These morphological
changes involve chain mobility which is relatively
low in the case of long chain lengths. This explains
the temperature difference, related to a time-effect,
between dynamic and isothermal SAXS measure-
ments. These morphological changes correspond to a
critical gel formation in rheology experiments [5],
performed in the same temperature region.

In the case where no improvement of order occurs
during heating, cooling the gel from the temperature
where the gel is in the disordered state yields the
same scattering curve as before heating, indicating
their thermo-reversibility.
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