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An ED pattern of BayFeyOs as aigit}'zed and displayed by ELD. The;,

reflection at the cross is at 1.45 A resolution.

PS-02.04.10 A NEW METHOD TO DETERMINE UNKNOWN
CRYSTAL STRUCTURE BY ELECTRON DIFFRACTION. BY M. Han®
Y. X. Cheng J. Q. Chen, Department of Materials Science and
Engineering, Zhejiang University , Hangzhou, 310027, Y.R. Chen
wW. X. Liu, Analysis Center, Tianjin University, Tianjin, 300072,

P.R. China.

To know the structure of crystal materials is important to investigate the
mechanism  of various phase transformations. In the general case,
however, the determination processes are very difficult for unknown
crystals. The principle of a new analysis method which could determine
Bravais lattice of unknown crystals by means of three arbila_ry and different
area-selected electron diffraction patterns is discribed in this paper. The
intersections between two patterns are calculated and verified by computer.
Considering two possible relationships, identical axis or different axes. a
vector space corresponding a primitive cell of reciprocal lattice is buitt and
reduced. By comparing the reduced result with Niggli reduced cells, the
Bravais lattice type and parameters are finally determined. According to
these main processes, a computer programme TEM has been already
completed by C language. Applving this programme, a successful and
convenient method to determine unknown crystal structure is realized. As

an example, the structure of mullite has been determined.
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02.05 - Diffuse Scattering

MS--02.05.01 MEASUREMENT AND INTERPRETATION OF X-RAY
DIFFUSE SCATTERING FROM MACROMOLECULAR CRYSTALS, By
D. S. Moss,* 5. A. Butler, Birkbeck College, london,
U.K., I. D. Glover, University of Keele, U.K., J. R.
Helliwell, University of Manchester, U.K., and M.
Adams, University of Oxford, U.K.

Crystals exhibit X-ray diffuse scattering when there
is a temporary or permanent breakdown of space group
symmetry. Such disorder is particularly prevalent in
macromolecular crystals where the Bragg diffraction
pattern may only extend to a limited resolution. The
advent of area detectors, powerful X-ray sources such
as synchrotrons, and high performance computing means
that the measurement and interpretation of diffuse
scattering from macromolecular crystals is now
practicable.

We have modified conventional software for extracting
Bragg reflections from scanned X-ray films so that
diffuse intensities can be systematically measured.

From the diffuse intensities of 6-phaosphogluconate
dehydrogenase we have calculated vector correlation
maps which show the direction and extent of correlated
displacements within the crystals. They show highly
anisotropic correlation extending up to about 30A.

We have also interpreted the diffuse scattering in
terms of rigid body displacements of domains and
secondary structural elements in proteins. We have
shown that the diffuse scattering patterns cannot in
general be uniquely determined by any one model of
rigid body correlation.

Analysis of the components of diffuse scattering has
shown that the so-called 'solvent ring' is due mainly
to protein diffuse scattering (Acta Cryst. (1991)
B47, 960-968).We have also measured the diffuse
peaks under the Bragg reflections of ribonuclease-A
and have shown that the profile is consistent with
the one-phonon approximation.

MS-02.05.02COMPUTATION OF DIFFUSE SCATTERING
FROM SIMULATED DISORDERED CRYSTALS. By B.D.
Butler*, Research School of Chemistry, Australian
National University, Canberra A.C.T. 0200, Australia

A general computer program that can be used to
efficiently calculate the diffuse diffraction
intensities from large three dimensional (3D)
simulated disordered crystals has been developed.
The program is suited to crystals that contain both
chemical and displacement disorder and was
designed to be used with models that have an
arbitrary number of distinct atomic species and
disordered crystallographic sites per unit cell. The
only restrictions on the simulation size are the
available computer memory and CPU resources.
Diffraction patterns from model systems containing
several hundred thousand atoms have been
successfully calculated with this program. It has
been tested and used on several different computer
architectures — ranging from desktop UNIX based
workstations to the vector processing (Fujitsu
VP2200) and vparallel architecture (Thinking
Machines CMS5) supercomputers — and has been

Acta Cryst. (1993). A49 Supplement, c43-c44.
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written (in Fortran) to be easily portable to other
computer platforms.  This program has begun to
play a major role in our studies by providing a tool
with which measured diffraction data can be
compared to 3D computer simulations.

The wide applicability of this program will be
demonstrated by showing example diffraction
patterns from simulated size-effect displacements in

metallic alloys, mineral systems exhibiting oxygen
vacancy order and cation relaxations, and
conformational disorder in organic crystals.  The

program and a manual describing its use will be
made freely available.

MS-02.05.03 DIFFUSE SCATTERING AND INTRA-
MOLECULAR FLEXIBILITY IN PROTEINS by J-P. Benoit,
P.Faure and J.Doucet*, LURE and Laboratoire de Physique des
Solides, Universite Paris-Sud, F91405 Orsay, France

The growing interest in the dynamical behaviour of proteins is
motivated by the fact that in many cases the functional roles of
these biological molecules do not only depend on their rigid
three—dimensional structure but also on their deformability or
flexibility. =~ The atomic  motions implicated in  the
macromolecular deformations cover indeed an extremely large
range in amplitudes (sub-Angstroems to a few tenths of
angstroems) and in duration from femto-s when only a few
atoms are concerned up to seconds when thousands atoms move
in a concerted (or correlated) way. Due to this enormous variety
of motions, the experimental approach of the large panoply of
techniques used. In order to overcome this difficulty calculation
and simulation approaches have been developed. Nevertheless,
up to now the likelihood and the effeciency of these theoritical
approaches had only been undirectly tested through their ability
to facilate protein structure determination and refinement by
NMR or X-ray diffraction methods, or by comparisons of
crystallographic B-factors with the mean square fluctuations of
atoms.

We evidence here for the first time, direct correspondance
between the intramolecular motions predicted by numerical
simulations and X-ray diffuse scattering experimental
observations. ’

MS-02.05.04 STUDIES OF DIFFUSE SCATTERING REVEAL
LIQUID-LIKE DISORDER IN PROTEIN CRYSTALS, by Y.
Li*, D.L.D. Caspar, B. Yu, Rosensticl Basic Medical Sciences Re-
search Center, Brandceis University, Waltham, MA 02254-9110,
US.A., and J. B. Clarage, Department of Biochemistry and Cell
Biology, Rice University, Houston, TX 77251,

Diffuse scattering from protein crsytals, notably haloes surrounding
Bragg reflections, contain information about both the amplitude and
correlation of atomic movements in the protein molecules. We have
developed an analytical model for simulating diffuse scattering from
protein crystals by representing the averaged Patterson function as
the convolution of the peaks in the idcally ordered Patterson with a
Gaussian whose variance is a function of the mean square atomic dis-
placement and a correlation funciton which describes coupling be-
tween the movements. Based on this model we have simulated dif-
fusc scattering data collected from lysozyme and insulin crystals in
terms of an cxponentially decaying correlation function which has

two components separating short range and long range coupling. The
results show that the coupling of atomic movements in these highly
ordered protein crystals is mostly short—ranged, similar to that in
liquid rather than that in elastic solids. The total mean square atomic
displaccments for tetragonal lysozyme, triclinic lysozyme and 2 Zn
rombohedral insulin arc 0.25 A2, 0.13 A2 and 0.2 A2, respectively.
About 90% of the total mean square displacements in these crystals
arc correlated over distances the size of one amino acid residue ( ™
6 A). Moveinents that are correlated over the distance the order of
size of the protein molecule (~ 50 A) account for about 10 % of the
total displaccments. Experiments are under way to measure diffuse
scattering data from cubic insulin crystals at different pH and ionic
strength, and to analyze thesc data in terms of the analytical model
described above and empirical models about switching between con-
formational substates that arc evident in high resolution structures.

MS-02.05.05 MODELS FOR DIFFUSE SCATTERING
FROM PROTEIN CRYSTALS by Nobuhiro Go*!, Kenji
Mizuguchil and Akinori Kidera2, 1Department of Chemistry,
Faculty of Science, Kyoto University, Sakyo-ku, Kyoto 606,
Japan and 2Protein Engineering Research Institute, 6-2-3
Furuedai, Suita, Osaka 565, Japan

We have developed a new theoretical framework for the study of
X-ray diffuse scattering from protein crystals, in which we start
from a general equation and introduce a series of approximate
models, appropriate for analyses of experimental data
obtainable with different degrees of precision. When a high
precision data are available, we can employ essentially the same
model used for the recently developed method, NM-REF
(Kidera, A.&Co, N.(1992) J. Mol Biol. 225, 457-475), of
refinement of protein structure from the wusual Bragg
diffraction. Further approximation is based on the assumption
that the covariance matrix of atomic displacements can be
expressed by using a relatively simple empirical correlation
function. The formalism using the correlation function retains
information about atomic details and allows us to introduce a
variety of models, in which (1) the effect of higher order
‘scattering is included, (2) intra—and intermolecular correlations
can be distinguished, and (3) amplitudes of fluctuations can be
atom-dependent. By calculating diffuse-scattering patterns
from a human lysozyme crystal, we have examined the
assumptions used in these models and discussed important
factors that determine the general feature of the scattering
patterns. The higher order scattering is shown to make a
signficant contribution at high resolutions. It is also shown that
the resulting patterns are sensitive to changes in correlation
lengths of about 1A, but they are also affected sensitively by the
form of the correlation function. Only the ‘average’ value of the
intra- and intermolecular correlation lengths seems to
determine the gross feature of the pattern.

MS—02.05.06 DIFFUSE SCATTERING IN ELECTRON
DIFFRACTION FROM MOLECULAR ORGANIC- AND
PROTEIN-CRYSTALS; ANALYSIS OF CRYSTAL-CRYSTAL
PHASE TRANSITIONS. By Douglas L. Dorset®, Electron
Diffraction Dept., Medical Fndn. of Buffalo, Inc., 73 High St.,
Buffalo, NY 14203 USA

Electron diffraction patterns from molecular organic crystals
often contain a pronounced directional diffuse component
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