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FRIDAY June 22nd, 2007 
Venue: CNRS Amphitheatre

08:30-09:00 Registration 

09:00-09:15 Welcome by Sine Larsen, Research Director, ESRF 



Session 1 
What can powder diffraction do for proteins ? 

Chairs: William I.F. David (Rutherford Appleton Laboratory, ISIS, UK), Marc Schiltz (EPFL, Lausanne, Switzerland) 

09:15-10:00 The Beginning of Protein Polycrystallography Robert B. Von Dreele 
APS, Argonne, USA 

10:00-10:30 Molecular envelopes from protein powder diffraction data Céline Besnard 
EPFL, Lausanne, Switzerland 

10:30-11:00 Coffee break 

11:00-11:30 Protein polycrystallography and laboratory diffractometer 
data

Stjepan Prugovečki 
PANalytical, The Netherlands 

11:30-12:00 Towards protein structure solution de novo from powder 
MAD data

John R. Helliwell 
University of Manchester, UK 

12:00-13:30 Lunch at the CNRS H2 restaurant 

Session 2 
Adapting experimentally to proteins 

Chairs: Philipp Pattison (SNBL-ESRF, Grenoble & EPFL, Lausanne, Switzerland), 
Richard Kahn (IBS - LBM, Grenoble, France) 

13:45-14:15 
High resolution X-ray powder diffraction study of 
macromolecular crystals with a large Guinier-type camera 
at SPring-8

Keiko Miura 
SPring-8/JASRI, Japan 

14:15-14:45 Getting integrated intensities out of powder diagrams Jonathan Wright 
ESRF, Grenoble, France 

14:45-15:15 On the Optimum Optical Setup for Measuring Proteins on a 
Laboratory Powder X-Ray Diffractometer

Detlef Beckers 
PANalytical, The Netherlands 

15:15-15:45 Experimental Phasing with Powder Data Irene Margiolaki 
ESRF, Grenoble, France 
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15:45-16:15 Coffee break 

Session 3 
Interpreting powder data 

Chairs: Andy Fitch (ESRF, Grenoble), John R. Helliwell (Univ. of Manchester, UK) 

16:15-16:45 First Application of EXPO2007 to Proteins Carmelo Giacovazzo 
Institute of Crystallography, Bari, Italy 

16:45-17:15 Charge-flipping structure solution from powder diffraction 
data: the protein perspective

Bernd Hinrichsen 
BRUKER AXS GmbH, Karlsruhe, Germany 

17:15-17:45 High-throughput PXRD data analysis Thomas Degen 
PANalytical, The Netherlands 

19:45 Bus departure from the ESRF Guesthouse to the restaurant in Grenoble 

20:00 Workshop dinner at the Restaurant "La Panse" 

SATURDAY June 23rd, 2007 
Venue: ESRF Auditorium

Session 4 
The world of protein crystallography 

Chairs: Garib Murshudov (The University of York), Nicholas M. Glykos (Democritus Univ. of Thrace, Greece) 

09:00-09:30 Using lanthanide complexes for solving macromolecular 
structures

Richard Kahn 
IBS - LBM, Grenoble, France 

09:30-10:00 
Structural studies of proteins from the type III secretion 
system, a bacterial device for the combat with eukaryotic 
host cells

Michael Kokkinidis 
University of Crete, Greece 

10:00-10:30 The second SH3 domain of ponsin solved from powder 
diffraction

Nikos Pinotsis 
EMBL Hamburg, Germany 

10:30-11:00 Coffee break and Poster session 
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11:00-11:30 Characterisation of insulin microcrystals in pharmaceutical 
formulations

Mathias Norrman 
Novo Nordisk, Denmark 

11:30-12:00 Coordination of selected metal ions in insulin Biserka Prugovečki 
University of Zagreb, Croatia 

12:00-12:30 Aperitif offered by PANalytical

12:30-14:00 Lunch at the ESRF restaurant 

Session 5 
Advancing methods for powder data analysis 

Chairs: Robert B. Von Dreele (APS, Argonne, USA), Carmelo Giacovazzo (Institute of Crystallography, Bari, Italy) 

14:00-14:30 Maximum likelihood applied to powder diffraction data William I.F. David 
Rutherford Appleton Laboratory, ISIS, UK 

14:30-15:00 Likelihood Methods With Protein Powder Diffraction Data Anders Markvardsen 
ISIS Facility, UK 

15:00-15:30 Reusing phenix-refine for powder data ?
Ralf Grosse-Kunstleve 
Lawrence Berkeley Laboratory, Berkeley, 
USA 

15:30-16:00 
Combining isomorphous-replacement with the direct-
methods origin-free modulus sum function in powder 
diffraction

Jordi Rius Palleiro 
Materials Science Institute of Barcelona 
(CSIC), Spain 

16:00-16:45 Coffee break and Poster session 

Session 6 
Transferable methods from single crystals 

Chairs: Jordi Rius Palleiros (University of Barcelona, Spain), Jonathan Wright (ESRF, Grenoble, France) 

16:45-17:15 Stochastic molecular replacement with powder diffraction 
data

Nicholas M. Glykos 
University of Thrace, Greece 
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17:15-17:45 Maximum likelihood refinement of Macromolecular 
structures against data from twinned crystals

Garib Murshudov 
The University of York, UK 

17:45-18:15 Whither protein crytallography ? Marc Schiltz 
EPFL, Lausanne, Switzerland 

18:15-19:45  Discussion directed by Robert B. Von Dreele 
APS, Argonne, USA  
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Powder Diffraction Workshop Invited Talk 

 

The Beginning of Protein Polycrystallography 
 

R.B. Von Dreele 
IPNS/APS Divisions, Argonne National Laboratory, Argonne, IL 60439-4814 

 
 
A simulation of a protein powder diffraction pattern was stunning in the apparent amount 
of information that was seen. A subsequent experiment on met myoglobin showed a 
powder diffraction pattern from essentially perfect polycrystalline material that showed 
very little sample broadening; the peak widths were essentially limited by the instrument 
resolution. The challenge was to make use of this in protein structure analysis. This talk 
will recall some of those early experiments and data analyses as well as an overview of 
some current progress and future possibilities. 
 
Supported by US DOE/OS/BES under Contract No. DE-AC-02-06CH11357. 
 



Powder Diffraction Workshop Invited Talk 

Molecular envelopes from protein powder diffraction data 
 

Besnard C., Basso S., Camus F., Pattison P.*, Schiltz M. 
Laboratoire de cristallographie, EPFL, Lausanne, Suisse. 

*Also Swiss Norwegian beamline, ESRF, France 
 

Wright J. P., Margiolaki R., Fitch A. N., Fox G. C.  
ESRF, France 

 
 
The preparation of single crystals suitable for x-ray analysis is frequently the most difficult 
step in structural studies of proteins. Recently, an interest has grown for protein powder 
diffraction, and the method is becoming be well-established in the field of structure 
refinement and molecular replacement [1,2,3]. However to fully probe the potential of the 
technique, there is a need to assess the quality of the structural information that can be 
extracted de novo from powder protein data. With the aid of two examples, it is shown that 
de novo solution of the crystallographic phase problem can be achieved at low resolution 
using microcrystalline powder samples via the single isomorphous replacement method. 
With synchrotron radiation and optimised instrumentation, high-quality powder patterns 
have been recorded from which it was possible to generate phase information for structure 
factors up to 6 Å resolution. pH- and radiation-induced anisotropic lattice changes were 
exploited to reduce the problem of overlapping reflections, which is a major challenge in 
protein powder diffraction. The resulting data were of sufficient quality to compute 
molecular envelopes of the protein molecule and to map out the solvent channels in the 
crystals, which are essential structural data for the characterization of microcrystalline 
proteins as novel mesoporous materials. The possible improvements of the method, for 
example using Multiple Isomorphous Replacement, are discussed. 
 

 
 
References 
[1] B. Von Dreele Methods Enzymol. 368, 254-267. (2003) 
[2] B. Von Dreele  J. Appl. Cryst. (2007). 40, 133-143 
[3] I. Margiolaki, J. P. Wright, A. N. Fitch, G. C. Fox and R. B. Von Dreele,  Acta Cryst. (2005). D61, 

423-432 
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Protein polycrystallography and laboratory diffractometer 
data 

 
Prugovečki S., Beckers D. 

PANalytical B.V., Almelo, The Netherlands 
 

Prugovečki B. 
Faculty of Science, Univ. of Zagreb, Zagreb, Croatia 

 
 
The capability of modern powder diffractometers to provide a reasonable data form protein 
samples have been shown on HE lysozyme. Data was good enough for indexing, space 
group determination and even Rietveld refinement was reasonable. Although a bit longer 
measurement time than on a beam-line was required, no disturbing radiation decay was 
detected. In order to further investigate the capability of standard laboratory system,  Br 
derivative of insulin has been prepared and measured at a room temperature. The obtained 
data were also of indexing quality. The data and refinement attempts will be shown. 
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Towards protein structure solution de novo from powder 
MAD data 

 
Helliwell J.R. 1,3, Helliwell M. 1, Jones R.H. 2 and Roberts M.A. 3 

1 University of Manchester 
2 University of Keele 

3 STFC Darebsury Lab 
 
 
We seek to develop a new method of de novo structure solution from powder diffraction 
data, using f ' difference Fourier techniques akin to the so-called ‘MAD method’.  
This is so as to make accessible to structure determination those samples only producible 
in powder form but whose structures are needed in structural chemistry and/or structural 
biology research. A first paper of concept with a test sample (nickel sulphate hexahydrate) 
has been published using data from SRS 2.3[1]. By collection of data close to the 
absorption edge, and at a wavelength away from the absorption edge,  and after appropriate 
scaling, it proved possible to compute precise enough differences in intensity arising from 
the difference of the Ni f ’ alone. Structure solution then involved the determination of the 
site of this Ni atom by conventional structure solving methods, namely the Patterson 
method, with location of the remaining atoms by difference Fourier techniques. We have 
also conducted theoretical based SIR phasing evaluations based on Δf ‘ signals alone. 
Hence, with experimental MAD data from a single crystal data of a brominated 
oligonucleotide, we obtained successful phasing from f ‘ dip to ref wavelength data set 
dispersive differences alone (ie without f “ differences). We have most recently recorded 
two wavelength f ‘ dip and reference wavelength data for the bromine K edge for bromine 
soaked Hen Egg White Lysozyme (HEWL) on SRS 9.1. The Le Bail fit is good (figure 1 is 
for the f  ‘ dip HEWL data). Our progress will be reported and plans to extend the work to 
Ledges. 
 

 
Figure 1 Le Bail fit of the f ‘ dip SRS 9.1 HEWL powder data. 

 
 
References 
[1] ‘Ab initio structure determination using dispersive differences from multiple-wavelength 

synchrotron-radiation powder diffraction data’ JR Helliwell, M Helliwell & R H Jones, Acta Cryst. 
(2005). A61, 568-574. 
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High Resolution X-ray Powder Diffraction Study of 
Macromolecular Crystals with a Large Guinier-type 

Camera at SPring-8  
 

Miura K. 
Japan Synchrotron Radiation Research Institute  ( SPring-8/JASRI ) 

 
 
We developed a Guinier camera at structural biology beamline BL40B2 in SPring-8 for 
powder diffraction experiments of macromolecule crystals [1].  
 
The camera has a maximum specimen-to-detector distance of 1000 mm with a vacuumed 
path, and its maximum angular resolution is 0.006° with a Blue Imaging Plate. Therefore it 
can separate adjacent peak at high angle in a powder diffraction data of lysozyme for over 
10 minutes exposure.   
 
The secondary study has been continued at high flux beamline BL40XU [2]. X-ray beam 
for protein powder diffraction was monochromized by channel-cut monochrometer after 
focused by two mirrors system. Its stronger parallel beam was useful in lysozyme 
diffraction data for only 30 sec exposure with 1A of wavelength.  
 
In addition, we have modified an optical equipment of a pinhole system to make a smaller 
sized X-ray incident beam. With a diameter 25 micron pinhole, we have been able to 
collect fine powder diffraction data of microcrystalline materials with large unit cells near 
130 A.  As a example we used powdery microcrystals of Thermolysin from Bacillus 
thermoproteolyticus, which MW is 34kDa with 316 atoms. The powder diffraction data 
with 120 sec exposure time was efficient with the average of peak width of 0.006 degrees. 
[3]  Further several data of macromolecule crystals from this camera system will be 
presented. 
 
 
References 
[1] K. Miura et al, AIP Conference Proceedings 705, 989-992 (2004) 
[2] K. Inoue et al AIP Conference Proceedings, 705, 336-339 (2004) 
[3] SPring-8 User Experiment Report: 2004A0176-NL2a-np, 2004B0759-NL2a-np 
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Getting integrated intensities out of powder diagrams 
 

Wright J. P. 
ESRF, 6 Rue Jules Horowitz, Grenoble, F-38043, FRANCE 

 
 
With very highly resolved powder data, integrated intensities can be extracted which are 
sufficiently good to “solve” the structures of small proteins using single crystal molecular 
replacement software. These integrated intensities have some problems due to peak 
overlaps, but the molecular replacement softwares are tolerant, assuming the errors come 
from the structual model. These problems in our integrated intensities can be reduced both 
experimentally and also via more sophisticated software. 
 
We have frequently been able to perturb the unit cells of protein microcrystals 
experimentally and so change the pattern of peak overlaps. By analysing several patterns at 
the same time we have been able to untangle some of the peaks which are overlapped in a 
single pattern. Some quality indicators for these combined datasets will be presented. 
 
Unfortunately, in certain space group there are some inequivalent peaks which we will not 
be able to resolve in a powder diagram due to symmetry; for example the cubic (511) and 
(333) reflections. These are the same peaks which are overlapped in merohedrally twinned 
single crystals. With this in mind, we propose that the use of an “overlap” or “weight” 
matrix would be a useful way to unify the treatment of single crystal and powder data. 
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On the Optimum Optical Setup for Measuring Proteins on 
a Laboratory Powder X-Ray Diffractometer 

 
Beckers D. 

PANalytical, Almelo, The Netherlands 
 
 
The Bragg-Brentano diffractometer has been used for decades for the investigation of 
organic compounds as encountered, for example, in the pharmaceutical industry. In the last 
ten years, the introduction of new X-ray optical components and fast detection systems has 
widened the number of attractive configurations for laboratory X-ray diffractometers 
considerably. Choosing the optimum hardware for a given set of analytical problems is 
more difficult (and interesting!) than it was before.  
 
In this presentation, the pros and cons of a variety of X-ray optical configurations on a 
powder diffractometer are discussed by comparison of different reflection and transmission 
geometries. An optimized set-up for measuring weakly scattering protein samples with 
high resolution is described. 
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Experimental Phasing with Powder Data 
 

Margiolaki I., Fox G.C., Wright J.P., Fitch A.N. 
ESRF, 6 Rue Jules Horowitz, Grenoble, F-38043, France 

Kahn R. 
Institut de Biologie Structurale, UMR 5075 CEA-CNRS-UJF, 41 rue Jules Horowitz, 38027 Grenoble, 

France 
Schiltz M. 

Laboratoire de cristallographie, EPFL, Lausanne, Suisse. 
 
X-ray diffraction is amongst the most important methods for obtaining information about 
the structure of proteins and thereby gain insight into fundamental biological and 
biochemical  mechanisms. Determination of protein structures is currently dependent on 
the availability of good quality and sizeable single crystals. On the other hand, 
polycrystalline materials have been extensively employed for structural studies of materials 
where single crystals are unavailable. The strategy we develop in this area is associated 
with novel methods for powder diffraction data collection and interpretation. Examples 
which will be presented include the experimental phasing of the Gd-HPDO3A complex [1] 
and hen egg-white lysozyme tetragonal derivative crystals with lanthanide complexes [2]. 
The issues which will be discussed demonstrate the power and the future applicability of 
the method in structural biology. 

 
Figure 1: Upper:  w = 1/2 Harker sections of Patterson maps for Gd-HPDO3A crystals. Levels are contoured 
in 1σ steps. Lower-Left: Anomalous scattering factors around the Gd- LIII absorption edge (7.246 keV). 
Lower-Right: :  Pawley refinement (Rwp= 5.23%, χ2= 1.4643) of the powder data collected at 7.209 keV (λ ~ 
1.719 Å). In total 611 intensities contribute to the profile to 1.72 Å resolution. The lower solid line shows the 
difference profile. Inset1: Magnification of the powder data in the 25.8°-59.7° 2θ range. Inset2: Schematic 
representation of the GdHPDO3 conformation. The grey, blue, red and light blue colours correspond to C, N, 
O and Gd atoms respectively. 
 
References 
[1] K. Kumar et al., Inorg. Chem. 33, 3567-3575 (1994). 
[2] É. Girard, M; Stelter, J. Vicat, R. Kahn, Acta Cryst. D59, 1914-1922 (2003); É Girard, E. Pebay-

Peyroula, J. Vicat, R. Kahn, Acta Cryst. D60, 1506-1508 (2004). 
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First Application of EXPO2007 to Proteins 
 
 

Giacovazzo C.1,3, Altomare A.1, Caliandro R.1, Camalli M.2, Cuocci C.3, 
Moliterni A.G.G.1, Rizzi R.1 

1 CNR-Istituto di Cristallografia, Via Amendola 122/O, 70126 Bari, Italy 
2 CNR-Istituto di Cristallografia, Area della Ricerca di Roma 1, 00016 Monterotondo Stazione (Roma), Italy 

3 Dipartimento Geomineralogico, Università di Bari, Via Orabona 4, 70125 Bari, Italy 
E-mail: carmelo.giacovazzo@ic.cnr.it  

 
 
In EXPO2007 all the traditional steps necessary for the ab-initio crystal structure solution 
from powder data are automatically carried out: indexing, space group determination, 
decomposition of the experimental diffraction pattern for extracting the observed structure 
factor moduli, phasing step, model refinement by non-Rietveld and Rietveld techniques. 
EXPO2007 has been modified to allow it to deal with protein data. In particular we have 
modified the indexing section and we have introduced a link with the program REMO, a 
package dedicated to molecular replacement.  
We will show the first results obtained by application of EXPO2007 to a set of proteins. 
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Charge-flipping structure solution from powder 
diffraction data: the protein perspective 

 
Bernd Hinrichsen, Arnt Kern and Alan A. Coelho 

BRUKER AXS GmbH, Karlsruhe, Germany 
 
 
Since the publication of the charge-flipping algorithm [1], the method has received 
widespread interest. Although originally developed with the focus on single crystal data, 
the structure solution algorithm was applied with especial vigour to more the specialized 
fields of modulated structures [2] and powder data [3,4]. 
The algorithm is extremely successful solving large structures containing substantial 
vacancies, the very first results being achieved on large volume, low symmetry fullerene 
structures. 
What are the chances of solving proteins using this method? An overview and outlook on 
these fascinating new developments will be given. 
 
 
References 
[1] G. Oszlányi and A. Süto Acta Cryst. (2004) A60 134-141 
[2] L. Palatinus, Acta Cryst. (2004) A60 604-610 
[3] J. Wu, K. Leinenweber, J. C. H. Spence, M. O'Keeffe, N. Mat. (2006) 5 647 - 652 
[4] C. Baerlocher, L. B. McCusker and L. Palatinus, Z. Kristallogr. (2007) 222 47–53 
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High-throughput PXRD data analysis 
 

Degen T. 
PANalytical B.V., Almleo, The Netherlands 

 
 
Traditionally X-ray powder diffraction patterns are analyzed one by one to extract the 
useful information like cell parameters, phase composition, structure details or sample 
related properties like stress, strain or texture. 
 
With the advent of fast 1D/2D detection systems this analysis scheme is no longer feasible, 
because hundreds or even thousands of scans can be collected in a very short time. This 
fast data collection can be useful in application areas like polymorph screening, salt 
screening, non-ambient experiments and many others. However, the very large amount of 
data requires a different analysis approach than before. Multivariate statistics methods like 
agglomerative hierarchical cluster analysis, principle component analysis or fuzzy 
clustering are used first to sort the data into classes of similar scans and to visualize their 
relationships. Later on only representative scans of cluster and/or outliers are analyzed in 
detail. 
 
In this presentation the high-throughput data analysis workflow using multivariate statistics 
methods is explained and examples that prove the usefulness also for protein X-ray powder 
diffraction patterns are shown.  
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Using lanthanide complexes for solving macromolecular 
structures 

 
Richard Kahn 

Institut de Biologie Structurale, UMR 5075 CEA-CNRS-UJF, 41 rue Jules Horowitz, 38027 Grenoble, 
France. 

 
 
Lanthanides exhibit numerous properties making them very attractive for solving 
macromolecular structures by X-ray crystallography. Their high Z number (Z = 57 for La, 
Z = 71 for Lu) make them good candidate for preparing heavy-atom derivatives. They all 
present a strong white-line in their LIII absorption edge (f” ~ 30 e-), which can be used for 
anomalous diffraction experiments. However, except for Ca-binding proteins, where they 
substitute for Ca, they are often difficult to incorporate into crystalline material without 
disrupting 3-D order. We have developed a method to introduce them into crystals by 
using lanthanide complexes originally developed for medical imaging. Since they do not 
make covalent bond to proteins they are generally used at quite high concentrations (100 
mM and higher) to prepare derivative crystals either by soaking or by co-crystallization. 
Recently we developed new lanthanide complexes that establish stronger binding to 
proteins. Well-diffracting single crystals were obtained by co-crystallization with several 
proteins. However, in most cases crystalline precipitates are obtained from which powder-
diffraction experiments exploiting anomalous diffraction could be undertaken. 
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Structural studies of proteins from the type III secretion 
system, a bacterial device for the combat with eukaryotic 

host cells 
 

Kokkinidis M., Fadouloglou V., Gazi A. and Panopoulos N. 
Institute of Molecular Biology and Biotechnology, PO Box 1527, GR-71110 Heraklion, Crete, Greece & 

University of Crete, Department of Biology, PO Box 2208, GR-71409 Heraklion, Crete, Greece 
 
 
Type III secretion systems (TTSS) are essential mediators of the interaction of many 
Gram-negative bacteria with human, animal or plant hosts. They are associated with a 
broad spectrum of diseases including bacteremia, septicemia, typhoid fever and bubonic 
plague in mammals and localized lesions, systemic wilting and blights in plants. In 
addition, type III secretion systems are also required for biogenesis of the bacterial 
flagellum. Extensive sequence and functional similarities exist between components of 
TTSS from bacteria as diverse as animal and plant pathogens. Recent crystal structure 
determinations of TTSS proteins reveal extensive structural homologies and novel 
structural motifs and provide a basis on which protein interaction networks start to be 
drawn within the TTSS systems, that are consistent with and help rationalize genetic and 
biochemical data. Such studies, along with electron microscopy, also established common 
architectural design and function among the TTSS systems of plant and mammalian 
pathogens, as well as between the TTSS injectisome and the flagellum. Based on advances 
in TTSS biology, new diagnostics, crop protection and drug development applications, and 
new cell biology research tools are beginning to emerge. 
The HrcQB protein, is an example of a TTSS component of Pseudomonas syringae with 
homologues in all type III systems. HrcQB has a variable amino-terminal and a conserved 
carboxy-terminal domain (HrcQB-C). The crystal structure of HrcQB-C will be presented. 
HrcQB-C retains the ability of the full-length protein to interact with other type III 
components. A 3D-analysis of sequence conservation patterns reveals two clusters of 
residues potentially involved in protein-protein interactions. Based on the analogies 
between HrcQB and its flagellum homologues, we propose that HrcQB-C participates with 
the HrcQA protein in the formation of a C-ring-like assembly. Molecular dynamics 
simulations have been used to explore the association of HrcQB molecules. The complex 
of HrcQB with HrcQA has been recently isolated and preliminary characterization is in 
progress. Efficient secretion and translocation of TTSS substrates (i.e. effectors and 
translocators)  frequently requires specific chaperones. Structural studies of TTSS 
chaperones or  chaperone-like proteins using small angle X-ray scattering (SAXS) will be 
reported. 
 
 

 
 
 
 
 
 
 
 

Schematic representation of the HrcQB-C structure. Each chain of the tetrameric protein is individually 
coloured and labelled 
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The determination of protein crystal structures is dependent on the growth of high-quality 
single crystals, a process that is not always successful. Optimum crystallization conditions 
must be systematically sought for, and microcrystalline powders are frequently obtained in 
failed attempts to grow the desired crystal. In materials science, structures of samples 
ranging from ceramics, pharmaceuticals, zeolites, etc. can nowadays be solved, almost 
routinely, from powdered samples, and there seems no fundamental reason, except the 
sheer size and complexity of the structures involved, why powder diffraction should not be 
employed to solve structures of small proteins. Indeed, recent work has shown that the high 
quality powder diffraction data can be used in the study of protein crystal structures. We 
report the solution, model building and refinement of a 67 residue protein domain crystal 
structure, with a cell volume of 64,879 Å3, from powder diffraction. The second SH3 
domain of ponsin, a protein of high biological significance due to its role in cellular 
processes, is determined and refined to resolution limits comparable to single crystal 
techniques. Our results demonstrate the power and the future applicability of the powder 
technique in structural biology. 
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Insulin was one of the first protein structures to be solved by X-ray crystallography. Since 
then, the structure has been solved from crystals originating from a number of different 
crystal forms. Some of the crystal forms are used in pharmaceutical formulations for the 
treatment of diabetes. The action profiles are partly dependent on crystal form and on 
composition of crystals and soluble insulin. Careful chemical- and physical 
characterisation of the crystallinity of these suspensions is important, both for regulatory 
and patent related reasons, but also because different polymorphs may adversely affect the 
stability, bioavailability and the therapeutic properties of the insulin. A direct 
crystallographic characterization of the crystalline formulations has long been hampered 
due to the small size of the crystals (μm-scale). In his study X-ray powder diffraction has 
been used to characterize crystalline formulations of insulin. The results show that all the 
analyzed insulin crystal forms give rise to distinct powder patterns. To facilitate a more 
efficient analysis, principal component analysis (PCA) was employed on the full profile 
patterns. The different formulations were clustered into distinct groups in the resulting 
score plot. Within each group, crystals from the same crystal system or with the same 
structural folding were gathered. The analysis shows that X-ray powder diffraction in 
combination with multivariate analysis provides efficient and reliable tools for 
characterization of pharmaceutical microcrystalline formulations of insulin. The methods 
are routinely used during research and development of new insulin formulations.  
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Insulin is a polypeptide hormone that is synthesized in the β-cells of the pancreas. 
Although insulin is accumulated in the pancreas as a zinc containing hexamer, it is active 
as a monomer that does not contain zinc. Seventy years ago it was discovered that other 
metals (Co, Ni and Cd) can replace the zinc ion [1], but so far only two papers describing 
coordination of some other metal ions in insulin have been published [2, 3].  
Replacement of zinc ions with selected essential elements (copper, nickel, molybdenum, 
cobalt, iron and vanadium) has been done and where possible the prepared insulin 
derivatives were structurally characterized. Single crystals of the insulin derivatives were 
prepared by the hanging drop vapor diffusion crystallization method at pH=6.4. All of the 
structurally investigated insulin derivatives belong to the T6 hexamer form. Two metal ions 
(Cu2+, Ni2+, Mo6+, Co2+) in all insulin derivatives are situated on the crystallographic 
threefold axis and each is octahedrally coordinated by three crystallographically related 
His B10/D10 and additionally by three water molecules or three oxygen atoms (in the 
molybdenum derivative). There was no evidence of metal binding to the GluB13 or 
GluA17. 
New T3R3

f insulin derivative was crystallized in the presence of bromide ions. Single 
crystal data were collected both at 100K and at room temperature. This derivative 
undergoes a phase change – c-axis at room temperature was found to be halved in 
comparison to the structure at 100 K. Both axial and off-axial Zn ions are tetrahedrally 
coordinated. Powder diffraction data for bromo insulin derivate were also collected on 
laboratory instrument at room temperature. 
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This talk will focus on the use of maximum likelihood (ML) techniques as applied to 
powder diffraction. Although ML techniques are widely used in macromolecular 
crystallography, their use in powder diffraction has been very limited. The reason for this 
lies in the mathematical complexity that results from the inevitable overlap in Bragg peaks 
resulting from the collapse of the three dimensions of diffraction data on to the one 
dimension of a powder diffraction. I will outline the mathematical issues associated with 
applying ML to powder diffraction data and illustrate the substantial improvement that can 
be obtained from using a full ML rather than a traditional least-squares analysis. 
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Likelihood methods for powder diffraction data are developed in the Gaussian 
approximation for the probability distribution of the intensities arising from a model. These 
methods are applied to improve the intensity extraction from severely overlapped profiles 
for a protein sample and also for the computation of the rotation function arising in 
molecular replacement problems. 
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phenix.refine is an actively developed macromolecular refinement program supporting 
refinement against x-ray and neutron single-crystal data. Multiple target functions are 
implemented, incl. standard maximum-likelihood and least-squares targets, and a least-
squares twin target. In addition, phenix.refine uses the Python interface of the Phaser 
program to integrate the Phaser SAD target. This flexibility is achieved via a modular, 
library-based design implemented in the Python scripting language. A moderate amount of 
refactoring may enable the inclusion of target functions for x-ray or neutron powder data. 
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In the last time there have been significant advances towards the application of the 
isomorphous replacement technique to powder diffraction data of proteins. This progress is 
in part due to the small intrinsic peak widths of small protein crystals and to the 
combination of brilliant X-ray sources with parallel beam geometry and high-quality 
analyser crystals that allow increasing spectacularly the angular resolution [1]. Also 
important has been the development of intensity extraction software for proteins taking 
advantage of the information contained in multiple powder patterns affected by variable 
anisotropic unit cell distortions [2]. These advances together with the fact that the low 
angle portion of a powder pattern is less affected by peak overlap, result in a considerable 
amount of reliably estimated individual intensities.  
 
For simple heavy atom substructures, the heavy atoms can be located by direct 
interpretation of the Patterson function computed from the intensity differences between 
heavy atom derivative and native protein crystals. For more complicated substructures, 
direct-methods are better suited for solving the Patterson function of the substructure. To 
gain expertise with powder data, the isomorphous replacement technique and the direct-
methods origin-free modulus sum function (S) [3,4] were combined to solve a complex 
centrosymmetrical zeolite structure [5]. This was, however, a special case since here both 
large and weak contributions of the heavy atom substructure (i.e. the template) are 
available from the experiment. The simplicity with which the template substructure could 
be solved at 3.2 Å resolution encouraged us to solve the two principal drawbacks that still 
exists for the application of the S function to protein data:  
 
i. the large number of reflections to be processed;  
ii.due to the non-centrosymmetry of protein crystals, the estimation of the weak 
contributions from the set of experimentally accessible large contributions.  
 
While work to overcome the second drawback is still in progress, the first one was solved 
recently. It consists on the maximisation of the S function with a more accurate and easy-
to-implement new procedure called S-FFT that only uses Fourier transforms [6]. As will be 
shown one major advantage of the S-FFT procedure is that it is largely independent of the 
number of reflections to be processed.  
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Molecular replacement methods that do not rely on the properties of the Patterson function 
to reduce the dimensionality of the search space appear to offer an advantage in the case of 
powder diffraction-derived data: In essence, the availability of a complete model of the 
target crystal structure (ie. the knowledge of both rotational and translational parameters of 
all of the search models) allows molecular replacement problems to be treated in the 
context of a stochastic Rietveld-like rigid-body refinement problem. A multidimensional, 
multimodel approach like the one implemented in the program 'Queen of Spades', retains 
these advantages even for molecular replacement problems that include several search 
models per asymmetric unit. 
An attempt to modify this program for dealing with powder diffraction data  (and using a 
correlated integrated intensities approach) is currently underway. The availability of this 
modified version of 'Queen of Spades' would also allow us to test its usability as a heavy-
atom search procedure for powder diffraction data [in which case the search model would 
be just one heavy atom and the dimensionality of the search space would be (3n), where 
(n) is the number of heavy atoms per asymmetric unit]. 
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Twinning is a crystal growth phenomenon where two or more individual crystal exists 
together. Usually (but not always) it happens when lattice symmetry is higher than that of 
crystal. As a result two or more crystals contribute to the intensities of Bragg reflections.  
Analysis of the PDB (Lebedev et al, 2006) shows that there is a non-negligible number of 
cases when twinning have not been noticed. It usually happens when non-crystallographic 
symmetry is close to twinning symmetry. Although on average neglecting twinning do not 
seem to affect electron density interpretation, there are number of cases where it may have 
resulted some model inaccuracies. These analyses show that it is necessary to implement 
an automatic procedure to deal with this type of crystal peculiarities. 
In this talk an automatic procedure to recognise and refine twinning will be presented. The 
procedure consists of the following steps: 1) Automatic recognition of twinning operators; 
2) Reorganisation of the experimental data to take into account the relation between twin 
related reflections; 3) Building a joint conditional probability distribution (that is  
proportional to the likelihood function) of intensities of reflections related by twin 
operators given the model parameters; 4) Multidimensional integration to calculate 
derivatives of the likelihood function with respect to individual atomic (positional, thermal 
and occupancy) and overall parameters; 6) Refinement using these derivatives; 7) 
Calculation of map coefficients that are the expected values of unknown complex structure 
factors from a single crystal. 
The developed data organisation is able to account for such cases as split crystals, (non-
)merohedral twinning, unmerged intensities.. Calculations of derivatives of the likelihood 
function and “best” electron density map coefficients require multidimensional (currently 
maximum 48) integration. The integration is considerable speeded up by employing 
Laplace approximation.  Twinning will be available in future REFMAC (Murshudov et al, 
1997) versions. 
It seems the developed data organisation and likelihood function could further be 
generalised and adapted for refinement against data produced by powder diffraction 
techniques. 
 
Lebedev AA, Vagin AA, Murshudov GN “Intensity statistics in twinned crystals with examples from the 
PDB” Acta Crystallographica D62: 83-95;2006 
Murshudov GN, Vagin AA, Lebedev A, Wilson KS, Dodson EJ. Efficient anisotropic refinement of 
macromolecular structures using FFT. Acta Cryst. 1999;D55:247-255 
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Protein single-crystal and powder diffraction are complementary techniques in many 
respect. Both have their intrinsic limitations and drawbacks. In this paper I will try to 
discuss the current status of both methods, examine possible areas of  cross-fertilisation 
and venture into the future of protein crystallography. 
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