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Eindverslag

De jaarlijkse bijeenkomst van de NVK bijeenkomst Eiwit Kristallografie werd in 2001 gehouden op 8 juni in de gebouwen van de Universitaire Stichting te Brussel (België). Sponsors waren Enraff en Bruker (die ondanks de samensmelting nog afzonderlijk gesponsord hebben) en Westburg, alsmede het Fonds voor Wetenschappelijk Onderzoek (Vlaanderen). 

De bijeenkomst werd bijgewoond door een 60-tal doctorandi, postdocs en groepsleiders uit de verschillende onderzoeksgroepen eiwit kristallografie Het wetenschappelijk niveau van de bijeenkomst lag duidelijk zeer hoog, wat ook blijkt uit de verschillende publicaties in top-journals zoals Nature en Nature Structural Biology die sindsdien zijn verschenen over werk gepresenteerd op 8 juni. 

Na een korte stilte voor het onverwacht heengaan van Prof. Jan Kroon werd de bijeenkomst geopend met de voordracht van Ingrid Zegers (Brussel) over de kristalstructuur en biochemie van S. aureus arsenaat reductase, een eiweit dat geëvolueerd is uit een familie van fosfatasen en hiervan nog een beperkte activiteit bezit. Mark Van Raaj (Leiden) besprak zijn structureel werk over adenovirus fibers, de menselijke adenovirus receptor en bacteriofaag T4. Hierna volgden twee bijdragen over methodologie: Sjors Scheres (Utrecht) besprak de mogelijkheden van "conditionele dynamica" als een manier voor ab-initio fasering van eiwitstructuren aan de hand van berekeningen gedaan op basis van (-helix structuren. Onze gastspreker Isabel Usón (Universität Göttingen) leerde ons hoe shake-and-bake methoden zoals geïmplementeerd in SHELX kunnen worden gebruikt bij de ab initio structuur bepaling van eiwitten bij atomaire resolutie alsook bij de analyse van SIRAS en SAD experimenten waarbij de zwaar atoom structuur bestaat uit een groot aantal sites met beperkte bezettingsgraad.

Na een welverzorgde lunch in de Club van de Universitaire Stichting volgde een tweede sessie stelde Titia Sixma (Amsterdam) de structuur voor van het ligand bindende domein van de nicotine-acetylcholine receptor. René de Jong (Groningen) had het over het halohydrin dehalogenase HheC in complex met haliden en R-para-nitrostyreenoxide. Een combinatie van kristallografie en biochemie liet toe om een reactiemechanisme voor dit enzym voor te stellen en dien enantio- en regioselectiviteit te verklaren. H. Snijder (Groningen) leerde ons hoe de contrast variatie methode in neutron diffractie kan worden gebruikt om het slecht geordende membraan gedeelte in kristallen van membraaneiwitten te visualiseren. Oliver Weichenrieder (Amsterdam) stelde het werk voor op het Alu domein van zoogdier SRPs dat hij had verricht tijdens zijn verblijf aan de ESRF te Grenoble, waarna de koffiepauze ons toeliet om even op adem te komen.

In de laatste sessie startte Lucy Vandeputte-Rutten (Utrecht) met de kristalstructuur van het buiten-membraan protease OmpT van E. coli. Filip Van Petegem (Gent) besprak de substraat specificiteit van een (1-2 mannosidase van Trichoderma reesei zoals deze kon worden verstaan op basis van de kristal structuur van het vrije enzym en een aantal mondeling studies. Finaal liet Luc van Meervelt (Leuven) ons zien hoe zeer hoge resolute structuren kunnen bijdragen tot onze kennis over de structuur van DNA en DNA-drug complexen.

De bijeenkost werd beëindigd met de traditionele borrel. De avond werd tenslotte afgerond met een welverdiende maaltijd in het befaamde restaurant "Stekkerlapatte" van Daniel Van Avermaat in de Brusselse Marollen. 

In bijlage: het vollegige programma, deelnemerslijst en abstracts van de verchillende uiteenzettingen.
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The structure of S. aureus arsenate reductase, a protein tyrosine phosphatase on redox duty

Ingrid Zegers*, José C. Martins†*, Rudolph Willem†, Lode Wyns*, and Joris Messens*

*Dienst Ultrastruktuur, Vlaams Interuniversitair Instituut voor Biotechnologie (VIB), Vrije Universiteit Brussel, Paardenstraat 65, B-1640 St. Genesius Rode, Belgium.

†High Resolution NMR centre, Vrije Universiteit Brussel, Pleinlaan 2, B-1050 Brussel. 

Arsenate reductase (ArsC) encoded by the S. aureus arsenic resistance plasmid pI258 QUOTE "1,2" 
1,2

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\19C:\5Cusr\5CINGRID\5CREFMAN\5Carsc\03\00\0257\1E57 /id Ji, Garber, et al. 1994\00\1E\00 
 is a 131 residue protein that reduces arsenate (V) to arsenite (III). The reaction results in the formation of a Cys82-Cys89 disulphide bond in ArsC QUOTE "3" 
3
. This disulphide can in its turn be reduced by a coupled reaction with thioredoxin, thioredoxin reductase and NADPH. ArsC contains the sequence Cys-Xn-Arg (P-loop) which is the catalytic motif of tyrosine phosphatases and is also present in other arsenate reductases. NMR and kinetic studies using Selwyn's tests showed that in ArsC the region of this motif is stabilised by tetrahedral oxyanions QUOTE "4" 
4
. We present the high resolution structures of the reduced (1.1 Å) and oxidised (2.0 Å) forms of ArsC, determined by SeMet MAD experiments. They provide evidence that S. aureus ArsC evolved from a low molecular weight protein tyrosine phosphatase (LMW PTPase) QUOTE "5,6" 
5,6

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\19C:\5Cusr\5CINGRID\5CREFMAN\5Carsc\03\00\03135\1E135 /id Ramponi & Stefani 1997\00\1E\00 
 by the grafting of a new redox function onto the catalytic site of PTPase, maintaining the specificity for an oxyanion. The redox function involves the transportation of oxidative equivalents to the surface by a disulphide cascade associated with a major conformational change. What makes ArsC unique is that the two catalytic functions, arsenate reduction and phosphotyrosine dephosphorylation, still coexist. ArsC might be a snapshot of an enzyme evolving between two catalytic activities. 
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Figure 1 Electrondensity of the active site 

Figure 2 Overall structure of S. aureus ArsC 

of S. aureus ArsC.


and human Low Molecular Weight 






phosphotyrosine phosphatase (LMW PTPase)
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Ab initio and substructure solution with dual space recycling methods.

I. Usón, G.M. Sheldrick

Institut für Anorganische Chemie der Universität Göttingen, Tammannstr. 4, D-37077 Göttingen.

Keywords: Dual space, structure solution, anomalous scatterers.

Conventional Patterson and direct methods run into trouble when used to locate more than a dozen selenium atoms in a seleno-methionine protein. Shake-and-Bake1 methods, as implemented in the programs SnB2 and SHELXD3,4 have been successfully used to locate as much as 120 Se atoms.

A borderline case between the ab initio and the SAD method would be phasing using the inherent anomalous signal of the protein atoms in the native dataset. Such an approach has been successfully used in the cases of crambin5, neurophysin II6 and lysozyme7. The location of the anomalous scatterers from a very weak signal requires high quality data, albeit not such high resolution as in the ab initio case. Alternatively, derivatizing crystals with solvent halides in the cryobuffer for SIRAS, SAD or MAD experiments8 requires the determination of a substructure composed of a high number of partially occupied sites that is proportional to the extension of the protein surface as halides bind non-specifically.

Halide location and phasing of a previously unknown protein containing 300 amino acids in the asymmetric unit with 1.75 Å native dataset in the spacegroup P212121and alternatively:


-Iodide dataset to 2.2 Å


-Bromide 3 wavelength MAD data to 2.5 Å


-Chloride/sulfur at 2.3 Å

As well as with SAD bromide data to 1.8 Å of the same protein in the spacegroup C2 will be discussed.
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X-ray analysis of the (-1,2-mannosidase of Trichoderma reesei reveals the structural basis for the cleavage of four consecutive mannose residues

Van Petegem, F., Contreras, R. and Van Beeumen, J.

R.U.G., Laboratorium voor Eiwitbiochemie en Eiwitengineering K. L. Ledeganckstraat 35, 9000 Gent, Belgium

The process of N-glycosylation of eukaryotic proteins involves a range of host enzymes that cleave off or add saccharide monomers. While endoplasmic reticulum (E.R.) mannosidases cleave off only one mannose residue to produce the Man8( isomer, an (-1,2 mannosidase from Trichoderma reesei can cleave off four mannose residues from a Man9GlcNAc2 oligosaccharide, which is reminiscent of the activity of Golgi mannosidases. No structure of an (-1,2 mannosidase cleaving off all (-1,2-linked mannose residues has been reported so far.

The structure of the T. reesei enzyme was solved at 2.37 Å resolution. The enzyme is folded as an ((()7 barrel. The structure was compared with the endoplasmic reticulum mannosidase structure from Saccharomyces cerevisiae, and the differences that contribute to substrate specificity were analyzed. Different conformations of a substrate oligosaccharide were modeled into the active site of both enzymes.

The substrate-binding site of the T. reesei mannosidase differs appreciably from the S. cerevisiae enzyme. Shorter loops at the surface allow substrate protein to come closer to the active site. There is more internal space available, so that different oligosaccharide conformations are sterically allowed in the T. reesei (-1,2-mannosidase. The enzyme is also the first (-1,2-mannosidase that does not require a disulfide bridge, reported earlier to be conserved and essential for activity in other mannosidases.

Structure and assembly of the Alu domain of the mammalian signal recognition particle.

Weichenrieder O, Wild K, Strub K, Cusack S

European Molecular Laboratory Biology, Grenoble Outstation, France.

The Alu domain of the mammalian signal recognition particle (SRP) comprises the heterodimer of proteins SRP9 and SRP14 bound to the 5' and 3' terminal sequences of SRP RNA. It retards the ribosomal elongation of signal-peptide-containing proteins before their engagement with the translocation machinery in the endoplasmic reticulum. Here we report two crystal structures of the heterodimer SRP9/14 bound either to the 5' domain or to a construct containing both 5' and 3' domains. We present a model of the complete Alu domain that is consistent with extensive biochemical data. SRP9/14 binds strongly to the conserved core of the 5' domain, which forms a U-turn connecting two helical stacks. Reversible docking of the more weakly bound 3' domain might be functionally important in the mechanism of translational regulation. The Alu domain structure is probably conserved in other cytoplasmic ribonucleoprotein particles and retroposition intermediates containing SRP9/14-bound RNAs transcribed from Alu repeats or related elements in genomic DNA.


Conditional Optimisation: a new formalism for optimisation of many-body problems.

S.H.W. Scheres, P.Gros

Bijvoet Center for Biomolecular Research, Utrecht University, Padualaan 8, 3584 CH Utrecht, The Netherlands.

In protein crystallography, due to poor phase information, experimental electron density maps are often hard to interpret and the initial models may need extensive refinement. Due to a limited amount of X-ray data, these refinements rely on additional geometric restraints. To solve the local minimum problem, classical least-squares or simulated annealing methods are iteratively combined with manual rebuilding. When high-resolution data (<2.4 Å) is present, unrestrained (loose-particle) refinement methods, as in the automated ARP/wARP procedure, can be employed.

We present a new method for optimisation of a many-body, loose-particle system: Conditional Optimisation. In Conditional Optimisation multiple-particle interactions are defined by products of pair-wise particle interaction functions. These functions contain inter-atomic distance distributions as observed for linear structural elements in the protein database. This method allows optimisation that does not intrinsically rely on high-resolution X-ray data. Initial calculations show that X-ray data up to 3.0 Å resolution is sufficient to correct an overall error of 1.0 Å rmsd in a four-helix bundle test structure. Potential applications, including automatic model building at low/medium resolution, are discussed in respect to the enhanced radius of convergence and reduced dependence on data resolution.


Crystal structure of the outer membrane protease OmpT from Escherichia coli
Lucy Vandeputte-Rutten1, R. Arjen Kramer2, Jan Kroon1, Niek Dekker2¶, Maarten R. Egmond2 and Piet Gros1
1Department of Crystal and Structural Chemistry, Bijvoet Center for Biomolecular Research, Utrecht University, Padualaan 8, 3584 CH Utrecht, The Netherlands. 2Department of Enzymology and Protein Engineering, Center for Biomembranes and Lipid Enzymology, Institute of Biomembranes, Utrecht University, Padualaan 8, 3584 CH Utrecht, The Netherlands.

¶Present address: Structural Chemistry Laboratories, AstraZeneca R&D, S-43183 Mölndal, Sweden.

OmpT from Escherichia coli is a member of the omptin family, a family of homologous bacterial outer membrane proteases which are associated with the pathogenicity certain Gram-negative bacteria.  Here we present the crystal structure of OmpT, determined by single-wavelength anomalous dispersion (SAD) to 2.6 Å resolution. The structure consists of a long 10-stranded anti-parallel (-barrel and reveals a lipopolysaccharide binding site at one side of the barrel. A large groove at the top of the protein contains the active site that displays a large electro-negative surface, explaining OmpTs substrate specificity of OmpT for two consecutive basic residues. Based on the active site constellation, we propose that the proteolytic mechanism involves a water-His-Asp triad. Thus, the structure of OmpT provides strong evidence for a novel class of proteases.
Crystal structures of trimeric viral fibres

Mark van Raaij

Leiden University, Leiden Institute for Chemistry, Gorlaeus Laboratories, Dept Biophysical Structural Chemistry

Several viruses and bacteriophages bind to their host receptors using trimeric fibre proteins. Examples are adenovirus, reovirus and bacteriophage T4. The structure of the adenovirus fibre helped us to define the receptor binding site (1) and showed a new triple beta-spiral fold (2). We have also determined the structure of the human adenovirus receptor, which forms dimers in the crystal and in solution (3). Progress has also been made towards the structure determination of the

bacteriophage T4 short fibre and led to the discovery of a novel triple beta-helical fold.

References:

1. M.J. van Raaij, N. Louis, J. Chroboczek & S. Cusack (1999) "Structure

of the Human Adenovirus Serotype 2 Fibre Head Domain at 1.5 Å

Resolution" Virology 262, 333-343

2. M.J. van Raaij, A. Mitraki, G. Lavigne & S. Cusack (1999) "A Triple

Beta-Spiral in the Adenovirus Fibre Shaft Reveals a New Structural Motif

for a Fibrous Protein", Nature 401, 395-398

3. M.J. van Raaij, E. Chouin, H. van der Zandt, J.M. Bergelson & S.

Cusack (2000) "Dimeric structure of the coxsackievirus and adenovirus

receptor D1 domain at 1.7 A resolution" Struct. Fold. Des. 8, 1147-1155

The nicotinic acetylcholine receptor ligand-binding domain revealed at 2.7 Åthrough the crystal structure of molluscan AChBP.

Katjusa Brejc, Pim avn Dijk, Remco Klaassen, John van der Oost, Guus Smit and Titia Sixma

Nederlands kanker Instituut, Plesmanlaan 121, 1066 CX Amsterdam

Pentameric ligand gated ion-channels, or Cys-loop receptors, mediate rapid chemical transmission of signals. This superfamily of allosteric transmembrane proteins includes the nicotinic acetylcholine (nAChR), serotonin 5-HT3(-aminobutyric-acid (GABAA) and GABAC) and glycine receptors. Biochemical and electrophysiological information on the prototypic nAChRs is abundant but structural data at atomic resolution have been missing. Here we present the crystal structure of molluscan acetylcholine-binding protein (AChBP), a structural and functional homologue of the amino-terminal ligand-binding domain of nAChR (-subunit. In the AChBP homopentamer, the protomers have an immunoglobulin-like topology. Ligand-binding sites are located at each of five subunit interfaces and contain residues contributed by biochemically determined 'loops' A to F. The subunit interfaces are highly variable within the ion-channel family, whereas the conserved residues stabilize the protomer fold. This AChBP structure is relevant for the development of drugs against, for example, Alzheimer's disease and nicotine addiction.

The Structure and Mechanism of an Enantio-selective Halohydrin Dehalogenase
R.M.de Jong1, H.J. Rozeboom1, K.H. Kalk1, L. Tang2, D.B. Janssen2, B.W. Dijkstra1
Department of Biophysical Chemistry1 and the Department of Biochemistry2, GBB Institute, University of Groningen, Nijenborgh 4, 9747 AG, Groningen, The Netherlands

E-mail: r.m.de.jong@chem.rug.nl

Halohydrin dehalogenase HheC of Agrobacterium radiobacter sp. AD1 occurs in the degradation route of 1,3-dichloropropanol to glycerol, and allows the bacterium to use chloropropanols as its sole carbon source1. The enzyme converts vicinal haloalcohols to their corresponding epoxides by the intramolecular nucleophilic displacement of the halogen atom by the vicinal hydroxyl group, thereby releasing a proton and a chloride anion.

Halohydrin dehalogenase HheC has proven to be an effective catalyst for the reverse reaction, the enantioselective and β-regioselective ring opening of (substituted) styrene oxides by a nucleophile. Surprisingly, the enzyme can not only use halides for this selective ring opening, but also larger nucleophiles like azide, nitrite and cyanide ions.2 For some substrates, kinetic resolutions using HheC give products in high enantiomeric excess (E values > 200),2 which makes this enzyme a promising catalyst for use in enantioselective synthesis.
X-ray crystallography has been used to complement the biochemical and bio-organic studies conducted on this enzyme. Crystallographic data has been obtained from crystals of both native HheC and HheC in complex with either halides or R-para-nitrostyrene oxide.3 The data give a structural explanation for the enantio- and regioselectivity of the conducted catalytic process. Furthermore, we suggest a structural explanation for the capability of the enzyme to accomodate larger nucleophiles in the active site of the enzyme.

1 S. Fetzner, F. Lingens,Microbiol. Rev., 1994, 58(4), 641-685.

2 J. H. Lutje Spelberg, J. E. T. van Hylckama Vlieg, L. Tang, D. B. Janssen, R. M. Kellogg, submitted.

3 To be published.
Detergent organisation in Outer Membrane phospholipase A crystals studied by contrast variation neutron diffraction

H.J. Snijder, Peter A.Timmins and Bauke Dijkstra

Laboratory of Biophysical Chemistry, Nijenborg4, 9747 AG Groningen

The 12 Å resolution structure of the detergent in crystals of monomeric outer membrane phospholipase A (OMPLA) has been determined using neutron diffraction contrast variation experiments. The hydrophobic (-barrel surfaces of the protein molecules are covered by rings of detergent. These detergent belts are fused to neighbouring detergent rings forming a continuous three-dimensional network throughout the crystal. The thickness of the detergent layer around the protein varies from 7 to 20 Å. The enzyme’s active site is positioned just outside the hydrophobic detergent zone and is thus in a proper location to catalyse the hydrolysis of phospholipids in a natural membrane. The dimerisation face of OMPLA is covered with detergent, but the detergent density is weak near the exposed polar patch suggesting that burying this patch in the enzyme dimer interface may be favourable.
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