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Biocrystallography via powder diffraction: An emerging technique in structural biology

N. Pinotsis & M. Wi
</cny></aff>
The fields of structural biology and genomics are of great importance today. Major challenges of modern biotechnology are found in the characterization of properties of proteins and their development in industrial applications, as well as in the advance of new pharmaceuticals. 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: (a) phase diagram mapping of hen egg white lysozyme with crystallisation conditions [1] (b) the structure solution via the molecular replacement method and refinement of the second SH3 domain of ponsin as determined from microcrystalline samples and powder diffraction; a protein of high biological significance due to its role in cellular processes [2] (c) experimental phasing and modelling of solvent envelopes of lysozyme and  elastase via the single isomorphous replacement method [3] and (d) structural studies of insulin from different sources (bovine, human etc.). The issues which will be discussed demonstrate the power and the future applicability of the method in structural biology. 
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Promoting motions in enzyme catalysis: an interdisciplinary approach studying
H-tunneling in biology.

It is now widely accepted that enzyme-catalysed C-H bond breakage can occur by
quantum mechanical tunnelling. This shift in the conceptual framework for these
reactions away from semi-classical transition state theory has been driven by
experimental studies of the temperature dependence of kinetic isotope effects
(KIEs) for these reactions. Model systems studied in the Molecular Enzymology
Group at MIB include the tryptophan tryptophylquinone (TTQ)-dependent enzymes
such as methylamine dehydrogenase and aromatic amine dehydrogenase (AADH), The
strong temperature dependence of reaction rates and the variable temperature
dependence of KIEs-are consistent with full tunnelling models, in which protein
and/or substrate fluctuations generate a configuration compatible with
tunnelling. Such models accommodate substrate/protein (environment) fluctuations
required to attain a configuration with degenerate nuclear quantum states and,
when necessary, motion required to increase the probability of tunnelling in
these states.

We present an atomic-level description of the reaction chemistry of the
AADH-catalyzed reaction that is dominated by proton tunneling. By solving
structures of reaction intermediates at near-atomic resolution, we have
identified the reaction pathway for tryptamine oxidation by aromatic amine
dehydrogenase, revealing significant structural reorganization upon reduction of
the quinone center directly influences formation of the electron transfer
complex. Combining experiment and computer simulation, we show proton transfer
occurs in a reaction dominated by tunneling over approximately 0.6 Å. The role
of long-range coupled motions in promoting tunneling is controversial. We show
that, in this enzyme system, tunneling is promoted by a short-range motion
modulating proton-acceptor distance and no long-range coupled motion is
required.

Recent developments providing further insight into this enzyme system will be
discussed.
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The Global Climate and Energy Project (GCEP)

The Global Climate and Energy Project (GCEP) is a long-term research effort bringing together the world's leading scientists from universities, research institutions, and private industry in fundamental, pre-commercial research on technologies that would foster the development of a global energy system with low greenhouse gas emissions.” 

GCEP is administered by Stanford University (Ca), and sponsored by Exxon Mobil, Schlumberger, Toyota and General Electric. The majority of research is carried out at Stanford. ECN and TU Delft were the first non-US institutions to be selected for participation. Research topics range from genetic manipulation of biomass for ‘bio energy’, to quantum dots in solar cells and from fuel cells to membrane reactors and from algae to seismology. ECN and TU Delft execute a project called Advanced Membrane Reactors for Carbon-Free Fossil Fuel Conversion in which the main activity is materials development to separate CO2 from H2 under steam reforming or water-gas-shift conditions. ECN focuses on CO2 selective ceramic membrane materials and TU Delft follows two routes e.g. ceramic porous H2 selective membranes and CO2 selective supported ionic liquid based membranes.
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The tail of the contact force distribution in static granular materials

We numerically study the distribution P(f ) of contact forces in frictionless bead packs, by averaging over the ensemble of all possible force network configurations. We resort to umbrella sampling to resolve the asymptotic decay of P(f ) for large f , and determine P(f ) down to values of order 10^(−45) for ordered and disordered systems in two and three dimensions. Our findings unambiguously show that, in the ensemble approach, the force distributions decay much faster than exponentially:  P (f ) ~ exp(−f ^(α)), with α ≈ 2.0 for 2D systems, and α ≈ 1.7 for 3D systems. 
3. Navraj S. Pannu
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Multivariate methods for macromolecular crystal structure solutions


While proceeding through the various steps of a macromolecular crystal
structure solution, current computational procedures often do not consider
all the experimental data collected.  For example, the anomalous information
from observed Bijvoet pairs is typically not used after an initial map
is obtained, even though it contains a wealth of information.

We have developed equations based on multivariate likelihood functions
that can be applied to different aspects of the structure determination
process, including substructure detection, substructure phasing, and
automated model building with iterative refinement.  These equations
can directly account for all the available data and for errors that are
currently neglected, but can have a marked impact on obtaining a solution
and the quality of that solution.  Indeed, test cases on real data show
that the methods developed can give significantly more accurate electron
density maps automatically and can produce a solution when current methods
fail [1,2,3].  In this lecture, the method of maximum likelihood and
multivariate statistics will be introduced gently, and applications
we have developed in macromolecular crystallography will be shown.

[1] Ness et al (2004) Structure, 12, 1752-1761.
[2] Skubak et al (2004) Acta Cryst, D60, 2196-2201.
[3] Skubak et al (2005) Acta Cryst, D61, 1626-1635.
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Characterization of Thin-Film InVO4 Photo-Electrodes for Water Splitting

Nowadays, photo-electrodes for water splitting are receiving widespread attention because of growing concerns regarding energy supplies and environmental pollution. Until now, numerous semiconductor photocatalysts, such as TiO2, Fe2O3, WO3, and SrTiO3 have been investigated. For these materials the large bandgap implies a relatively high chemical stability, but the absorption of visible light needs to be improved to achieve a higher efficiency. Recently, complex oxides, such as InTaO4, InNbO4, and InVO4 were developed in powder form and they show promising activities when dispersed in water [1-3]. However, the need to separate the reaction products (H2 and O2), and the high temperatures (>1000 °C) required for the solid-state synthesis method present practical difficulties. 
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Here, we report our results on thin film InVO4 (30, 70, 100 nm) photo-electrodes successfully deposited at low temperature (400 0C) by spray pyrolysis of a liquid precursor. As-deposited films are crystalline with no traces of binary oxides. The nature of substrate was found to be critical for the structure of deposited InVO4. Samples prepared on quartz show mainly monoclinic InVO4 after annealing at 450 0C. In contrast, samples deposited on transparent conductive glass or on platinum-sputtered consist primarily of the orthorhombic phase at 450 0C. Orthorhombic InVO4 is the desired phase for photocatalytic applications. Optical absorption spectra indicate that the material has an indirect bandgap of ~ 3.3 eV with a pronounced sub-bandgap absorption starting at ~ 2.5 eV (Figure). However, the incident photocurrent to electron conversion efficiency is very low, less than 1%. Impedance spectroscopy analysis was employed as an indirect tool to investigate the origin of the small photocurrent. The calculated donor density has a high value of  ~ 1021 cm-3 with an implicit small space charge width of ~ 2 nm that partly explains the low photocurrent. A dielectric constant of ~ 50 ± 3 was found for undoped InVO4 films with different thickness. The much lower photocurrent activity of thin InVO4 photo-electrodes compared to powder is attributed to the poor charge transport properties of the material. 
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Multiferroic orthorhombic manganites 

In most known multiferroics, the onset of ferroelectricity occurs at much higher temperature than magnetic ordering, and the two are usually weakly coupled. Recently, a new class of multiferroics has been discovered, where gigantic coupling of antiferromagnetism and ferroelectricity has been shown in distorted rare-earth manganites RMnO3 (with R= Gd, Tb, Dy ). in which the ferroelectricity  is thought to be induced by the existence of a magnetic spiral structure. We summarize recent work in multiferroic orthorombic manganites to layout physical phenomena behind the mechanism of coupling between ferroelectricity and magnetism.

Joris Dik
Materials Science and Engineering, Delft University of Technology

Who is afraid of discoloured red, yellow and blue? A morphological and structural study of paint degradation in early modern paintings.
Cadmium yellow is a ubiquitous pigment in early modern painting. The compound was discovered around 1817, but did not become available as an industrial pigment until the third quarter of the 19th century. French impressionists were among the first to apply cadmium yellow on a large scale, followed by Expressionists and post-WWII art movements.

?? The pigment consists of cubic and/or hexagonal cadmium sulfide (resp. the minerals hawleyite and greenokite), generally considered to be very lightfast compounds. Recently, however, a number of reports on the degradation of Cd-yellow have appeared in the conservation literature. In collaboration with museum specialists, we have observed a new degradation phenomenon of cadmium yellow. We have noted the formation of white globules on the surface of cadmium yellow painting. This process goes hand in hand with a slight darkening of the underlaying painting. The globules have been found on different works by James Ensor and Vincent van Gogh in the Rijksmuseum Kr?r-M?(Otterloo, Holland) and the Koninklijk Museum voor Schone Kunsten (Antwerp, Belgium), indicating a serious, large-scale conservation problem. Structural and morphological aspects of this phenomenon will be discussed and a hypothesis will be presented on the degradation mechanism.?
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Crystal structures of phenylpyruvate decarboxylase : catalysis and signal transduction in a ThDP-dependent enzyme
The production of phytohormones, and more specifically the auxin indole-3-acetic acid (IAA), has been recognised important in the plant-growth-promoting abilities of the bacterium A. brasilense. In this organism, the biosynthesis of IAA starts from L-tryptophan. The second step in this pathway, which consists of the decarboxylation of indole-3-pyruvic acid, is catalysed by the thiamine diphosphate (ThDP) dependent enzyme phenylpyruvate decarboxylase (PPDC). Recently it was shown that this enzyme is also involved in the production of phenylacetic acid. 

A 1.5 Å resolution X-ray structure of the PPDC holoenzyme (with ThDP and Mg2+) was solved. The crystal structure shows a tight homodimer in the asymmetric unit, with the biological tetramer arranged as an asymmetric dimer of dimers. Each monomer consists of the typical PYR, R and PP domains. A large flexible loop (aa 104 – 119) in the vicinity of the active site and the C-terminal amino acids could not be modelled. 

Subsequently structures were solved of PPDC in complex with 2-(1-hydroxyethyl)3-deazaThDP, an inactive analogue of the last covalent complex on the reaction cycle and in complex with 3-deazaThDP and genuine substrates. These structures provide new insights in the mechanism and substrate specificity of PPDC. Apart from the substrate molecules bound in the active site, these structures moreover suggest a second - possibly regulatory - site of bound substrate. A signal transduction route linking the putative regulatory site to the active site is proposed on the basis of these structures. 

Bram Schierbeek, Anita Coetzee, Rob Hooft, Bart Kerpershoek, Leon Seybel

Bruker AXS B.V., Delft

Higher signal, lower noise: How to get the best data from your crystals 
In a single crystal X-ray diffraction experiment in general and in Protein Crystallography in particular we aim at getting data with as high a signal-to-noise ratio as possible. Improving the signal usually involves using a more powerful source, since obtaining samples with larger diffraction volume is often not possible. 
The contribution of the noise should not be underestimated. One can decrease the amount of noise in the data by a careful setup of the data collection experiment, in terms of sample handling as well as in experiment setup. Examples of a much more efficient data collection method will be presented which can lead to a dramatic rise in signal to noise ratio, with the same amount of X-ray photons falling on the crystal.

If all precautions have been taken to lower the noise of the experiment, then there is only one way to get a higher a signal-to-noise ratio: More X-rays on your sample. 

The Microstar Ultra, the next generation of the MICROSTAR series of generators, is substantially brighter than any other X-ray home source available today. 

Using a new and revolutionary anode cooling technology, we now have a rotating anode X-ray generator which is more intense and more brilliant, yet easier to maintain than other rotating anode generators.

Measurements show that this source compares with many second generation beam lines. Results of measurements will be presented.
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