BIOXHIT: Biocrystallography (X) on a Highly Integrated Technology Platform for European Structural Genomics 


Proposal No 503420. 
Drafting date 4.12.2003
[image: image9.png]




SIXTH FRAMEWORK PROGRAMME

PRIORITY 1

[image: image1.png]


Life Sciences, Genomics and Biotechnology for Health

Contract for: 

INTEGRATED PROJECT

Annex I - “Description of Work”

	Project acronym:
	BIOXHIT
	
	[image: image13.png]





Project full title:
Biocrystallography (X) on a Highly Integrated Technology Platform for European Structural Genomics
Proposal/Contract no.: 503420
Related to other Contract no.: (to be completed by Commission)
Date of preparation of Annex I: 29.10.2003
Start date of contract: (to be completed by Commission)

Table of Contents
1. Project summary
3

2. Project objectives
4

3. Participant list
7

4. Relevance to the objectives of the LifeSciHealth priority
8

5. Potential impact
10

5.1 Contributions to standards
12

6. Outline implementation plan for the full duration of the project
14

6.A Activities
20

6.1 Research, technological development and innovation activities
20

6.2 Demonstration activities
34

6.3 Training activities
34

6.4 Management activities
36

6.B Plans
40

6.5 Plan for using and disseminating knowledge
40

6.6 Gender Action Plan
40

6.7 Raising public participation and awareness
43

6.C Milestones
45

6.8 Major Milestones over full project duration
45

7. Project management
48

8. Detailed implementation plan – first 18 months
55

8.1 Introduction - general description and milestones
55

8.2 Planning and timetable
76

8.3 Graphical presentation of work packages
77

8.4 Work package list /overview
78

8.5 Deliverables list
78

8.6 Work package descriptions
78

9. Project resources and budget overview
118
9.1 IP Efforts for the full duration of the project
119

9.2 IP Efforts for the first 18 months period
122

9.3 Overall budget for full duration of the project (Forms A3.1 & A3.2 from CPFs)
127

9.4 Budget for the first 18 months (Form A3.3 from CPFs)
133

9.5 IP management level description of resources and budget
138

10. Ethical issues
141

Appendix A - Consortium description
143

A.1 Participants and Consortium
143

A.2 Sub-contracting
157

A.3 Third parties
157

A.4 Competitive calls
159

1. Project summary

The ability of post-genomic research in biology and medicine to deliver substantial improvements in human health depends critically on the rate of progress towards the understanding of complex biological processes at the molecular level, which in turn depends on our capability of rapidly determining the 3D structures of all molecules involved in atomic detail. The BIOXHIT project will develop, assemble and provide an integrated platform for high-throughput structure determination using X-ray crystallography with synchrotron radiation, which will boost such capabilities throughout Europe. X-ray crystallography is the natural choice by virtue of its accuracy, speed, and potential for further speed gains, while synchrotron radiation is indispensable because of its intensity and tuneability. BIOXHIT will coordinate scientists at all European synchrotrons and leading software developers in both academic and industrial groups in a timely and unprecedented joint effort, under an efficient management structure. It will achieve increasing levels of automation and will implement “smart” data collection protocols capable of delivering expert-quality results to non-expert users. Strong emphasis will be placed on integrating the work of hitherto separate teams by early planning for standardisation and transferability, thus maximising cost-effectiveness and fostering a culture of Europe-wide concertation and exchange. A proactive training effort will first take place at synchrotron facilities, then spread to satellite centres for further dissemination. The Project will culminate with the provision of remote access to the BIOXHIT high-throughput facilities from the users’ own laboratories or companies. These capabilities will be of lasting benefit to European research, underpinning all future European efforts in Structural and Functional Genomics, and thus helping Europe to occupy a leading position in this field against intense competition from the US and Japan.

2. Project objectives

The recently acquired knowledge of a large number of genome sequences provides a unique opportunity to decipher quantitatively the roles of biological molecules in complex processes within cells, organs and organisms. An essential step in accomplishing this is the determination of their atomic structures allowing a more complete description of the roles of molecules in living systems, both in health and disease. Acquiring structural information on biological macromolecules on a genomic scale constitutes the heart of Structural Genomics (SG). The only techniques for determining three-dimensional (3D) structures of biological macromolecules at atomic detail and at a rate appropriate for SG are biological X-ray crystallography (biocrystallography) and NMR-spectroscopy. Biocrystallography has been responsible for about 85% of all biomolecular structures (and for 95% of all but the smallest proteins) deposited in the Protein Data Bank (http://www.rcsb.org/pdb) and the Molecular Structural Database (http://www.ebi.ac.uk/msd/). Biocrystallography has undergone a tremendous transition in the last decades: whereas determining a macromolecular crystal structure used to require years, it now typically may take only a few weeks, if not days; and the potential for further acceleration is far from exhausted. Furthermore, recent technological advances have made a wide range of new biological problems amenable to crystallographic study. Although obtaining large amounts of a protein in soluble form is still in many cases an important issue, biocrystallography is in principle applicable to the complete spectrum of biological macromolecules, from all organisms (eubacteria and archeae to human) and of all sizes (from small domains to gigantic ribosome or virus particles).

The recognition of the scientific potential of SG projects has led to the launch of a number of initiatives, mostly in the United States (http://www.nigms.nih.gov/funding/psi.html) and in Japan (http://www.rsgi.riken.go.jp/). The simultaneous appearance of start-up SMEs such as Syrrx (http://www.syrrx.com/) and Structural Genomix (http://www.stromix.com/) demonstrated the significant economic impact and industrial potential of the field. In contrast, it is only recently that a European initiative has been launched with the FP5 pilot project SPINE (http://www.spineurope.org/), on a scale comparable to one of the nine NIH-funded pilot projects in the USA.

The cornerstone of any SG initiative is synchrotron radiation. While about 10 to 15 years ago most 3D-structures of biological macromolecules were still solved using X-ray laboratory sources, the use of synchrotron radiation is now paramount. The fraction of deposited structures in the PDB for which synchrotron radiation was used rose from 28% in 1992 to over 80% in 1999 [W. Minor, D. R. Tomchick and Z. Otwinowski, 2000, Structure 8, R105-R110], and it is expected that more recently this fraction has further increased to significantly over 90%. Synchrotron radiation is indispensable for high-throughput (HTP) approaches in Structural Biology, because of its intensity, which is many orders of magnitude greater than that of laboratory sources, and of its tuneability, which gives access to a versatile experimental method for solving the so-called “phase problem” by exploiting anomalous dispersion. 

Funding bodies in the United States and Japan have recognised the importance of synchrotron-based HTP technologies in structural biology and their vital strategic importance for functional genomics/proteomics projects [Structural Biology and Synchrotron Radiation: Evaluation of Resources and Needs, BIOSYNC, 1997; http://www.ornl.gov/hgmis/biosync/]. This has led them to fund a large-scale development effort at central research facilities, particularly at synchrotron sites, together with a number of major SG initiatives in North America and in Japan, most of them with guaranteed and dedicated synchrotron beamline access. The most recent BIOSYNC report from October 2002 [Biological Applications of Synchrotron Radiation: An Evaluation of the State of the Field, BIOSYNC, 2002; http://biosync.sdsc.edu/] strongly recommends that the funding for synchrotron facilities in the USA be increased even further. Although this was recognised in Europe [Review of the needs for European synchrotron and related beam-lines for biological and biomedical research, ESF, 1999; http://www.esf.org/], no large-scale concerted funding scheme has yet been implemented. The Sixth Framework Programme of the European Commission, with its vision of integrating and strengthening the European Research Area, now provides a most timely opportunity for a major effort in support of European structural biology, in the form of an Integrated Project (IP) with a thematic emphasis on the development of HTP technologies. BIOXHIT is precisely such a Project. 

The central objective of BIOXHIT is to face the challenge posed by the SG initiatives already underway in the USA and in Japan, and to develop, assemble, standardise and provide a highly integrated technology platform for HTP Structural Biology. This will be achieved through coordinated efforts among the European synchrotron radiation facilities (including the future ones) and a team of internationally recognised European leaders in hardware and software development directly related to high-throughput methodologies. Biocrystallography is the method of choice, and synchrotron radiation (SR) will be the principal source of X-rays for data acquisition. This technology will encompass the components necessary to produce an efficient pipeline linking crystallisation to completed 3D-structure determination. It will operate with minimal user intervention and be fully accessible to the wider life sciences research community.

There are a number of laboratories in Europe at the forefront of technical methodologies and scientific insight in 3D macromolecular structure determination, most of which are Partners in BIOXHIT. The user-base for biocrystallography is becoming ever larger as more and more laboratories undertake such studies. However, the actual work is increasingly carried out by researchers who are not specialist-crystallographers. This puts a heavy onus on the Partners to develop more robust and automated procedures, allowing HTP with the minimum intervention from the user, whilst maintaining clear laboratory records of the procedures employed and retaining high quality of the measured data and consequently the models derived. This needs the mobilisation of the Partners’ expertise and resources through efficient collaboration. 

The approach proposed for Europe may be contrasted with that adopted in the USA for pilot structural genomics programs. In the USA, a number of independent pilot projects were set up to develop and apply technology for HTP protein structure determination. No attempt was made to coordinate the work among the various projects. This coordinated approach for structural biology hardware and software gives the following advantages:

(i) sufficient experience exists to select one, or a small number, of developments for each area to be addressed

(ii) the sharing of the resultant developments, within a standard framework, will mean that resultant procedures can be quickly implemented at many facilities 

(iii) the cost of such an integrated approach will be considerably less than individual uncoordinated actions

(iv) there will be a significant benefit for the users of the facilities as they will have a common standard for both sample transportation and for carrying out the data collection.

The developments span the whole range of components required to produce an efficient “pipeline” linking the crystallisation of a protein to the delivery of its completed 3D-structure. This pipeline will operate with minimal user intervention and will be made fully accessible to the wider life sciences research community through remote access facilities and an extensive program of training and dissemination. More specifically, BIOXHIT objectives involve coordinated activities in the following areas: 

(i)
core hardware developments in HTP crystallisation, beamline components and end-station equipment

(ii)
core software developments automatic evaluation of crystallisation experiments; beamline automation; automated data collection, data processing and structure determination; data storage, and project information management

(iii)
sample preparation, storage, manipulation and handling

(iv)
design of innovative protocols for the diffraction experiment itself

(v) aspects of logistics, remote access, remote control and integration

(vi) establishment of European standards in a number of key areas to facilitate the developments in instrumentation and software.

There is an eagerness among the European synchrotron facilities to adopt this approach, as they have seen the benefits from a number of existing smaller-scale collaborations (e.g. EC FP5 networks AUTOSTRUCT, MAX-INF, ESBF) which have created good working relationships between them and European software developers. These developers themselves are aware of the fact that the user-base for biocrystallography is becoming ever larger as more and more laboratories undertake such studies, and that the actual work is increasingly carried out by researchers, who have little or no crystallographic expertise. Having had, separately, to address the challenge of developing more robust and automated procedures, they are now ready to face it collectively by designing and producing, in a stepwise manner, increasingly integrated software, endowed with extensive capabilities for communication with synchrotron hardware. This fully integrated combination of instrumentation and software is the ultimate aim of the Integrated Project BIOXHIT. Through the establishment of this state-of-the art capability, BIOXHIT will be instrumental in increasing European competitiveness in Structural Biology and will provide an essential resource to all future SG projects in Europe. 

BIOXHIT will deliver:

(i) an extension of the limits of current crystallisation technologies towards the use of smaller crystallisation drops, less protein consumption, higher quality crystals for X-ray diffraction, enhanced stability of crystals in the X-ray beam

(ii) advanced synchrotron beamline technologies developed towards standard, automated and easy-to-operate beamlines providing high quality stable X-rays automatically delivered to the sample

(iii) improved means of automated and reliable handling and characterisation of the crystal in order to optimally plan the actual diffraction experiment

(iv) a structure determination pipeline consolidated from the bottom-up to ensure the success of the experiment at the earliest possible stage and to allow direct feedback to data collection and crystallisation 

(v) a logistics architecture geared towards maximum automation, efficient data management and full project tracking including the possibility of remote control

(vi) efficient bioinformatics software architecture developed to link the above steps together

(vii) high level training in new hardware and software technologies provided to researchers both within and outside the BIOXHIT consortium.
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4. Relevance to the objectives of the LifeSciHealth Priority

The stated objective of the Research Action LSH-1.1.2 (Structural Genomics) is “to enable researchers to determine, more effectively and at a higher rate than is currently feasible, the 3-D structure of proteins and other macromolecules, which is important for elucidating protein function and essential for drug design. Research will focus on developing high throughput approaches for determining high-resolution 3-D structures of macromolecules”. This is precisely the aim of BIOXHIT, whose strategic goal is to ensure that European efforts remain competitive in post-genomic science. BIOXHIT brings together all of the European synchrotron facilities and most of the top European groups involved in improving methods for biocrystallography in an unprecedented collaborative effort to develop new methods and technologies, driven by a shared scientific focus on HTP structure analysis. The BIOXHIT Integrated Project covers networking outreach, training and mobility of staff and a strongly focused research programme, integrated within a single management structure. Should this application be successful it will underpin further activities in post-genomic structural biology and will spawn and facilitate the development of stronger national activities. 

The broad scientific context to which BIOXHIT belongs is best appreciated by recalling that, fifty years ago, two discoveries made almost simultaneously in Cambridge revolutionised biology. The first established, by the interpretation of an X-ray diffraction pattern in terms of a three-dimensional molecular model, that DNA is a double helix whose chemical sequence constitutes the material embodiment of genetic information. The second showed that X-ray crystallography could be extended by new experimental and computational methods to reveal the three-dimensional structures of biological macromolecules. Together, these outstanding achievements gave birth to Molecular Biology and established X-ray diffraction as an unrivalled technique for visualising biological macromolecules in atomic detail.

Today, the application of HTP technologies to DNA sequencing has delivered not only the sequences of complete genomes for several organisms (including Homo Sapiens), but the capability of sequencing with ever-increasing speed myriads of other genomes, especially those of pathogens of major medical importance. This enormous amount of rapidly accumulating genomic information has already yielded many new insights into the molecular basis of health, ageing, disease and pathogenicity. However, gene sequence codes for the one-dimensional sequence of amino acids in the polypeptide chain of the gene product, while gene function depends on the three-dimensional structure into which that chain folds. Our lack of predictive understanding of the way in which sequence determines structure (the “protein folding problem”) has so far precluded the direct conversion of genome sequence information into functional information, and will continue to do so for the foreseeable future. The three-dimensional structure of any gene product relevant to a biological or biomedical problem must therefore be determined experimentally, a task which X-ray crystallography is essentially the only means of accomplishing on the necessary time scale. Converting advances in genomics into effective means of combating disease and of improving human health and welfare thus requires that a large-scale mobilisation of HTP technologies must take place in the field of three-dimensional structure determination by X-ray crystallography, similar to that which took place some ten years ago in the field of DNA sequence determination.

The goal of HTP structural biology is part of a broad pattern of post-genomic developments comprising proteomics and bioinformatics. Together, these approaches have been firmly embraced by the pharmaceutical industry, as well as by a new breed of small biotechnology start-ups specialising in “drug discovery”, as the new paradigm for future biomedical research. According to this paradigm, drug discovery will be directed at targets identified by proteomics and bioinformatics, on the basis of intensive X-ray crystallographic studies of complexes between ligands (drug candidates generated by combinatorial chemical synthesis) and the target protein whose structure will have been determined either de novo, or by using its homology with a more easily solved protein from another organism. It is on this model that partnerships have recently been formed between “big pharma” (e.g. Pfizer Inc. http://www.pfizer.com/) and start-up companies in SG and proteomics (e.g. Affinium Pharmaceuticals, http://www.afnm.com/) to solve as many as possible structures of proteins from known pathogens. 

The “HTP imperative” in biocrystallography lies on the critical path linking advances in genomics to improvements in human health. This has resulted in the launch of large publicly funded efforts to foster the necessary developments in the US and Japan from 1999 onwards. All of these recognise the central role played by synchrotron radiation in making HTP structure determination viable, and the complementary roles of developments in detectors, computers, crystal vitrification at cryogenic temperatures, and crystallographic software. This same imperative is identified by Research Action LSH-1.1.2 (Structural Genomics) quoted above. The strategic importance of synchrotron technologies in this Research Action led to a Call for Proposals on Topic LSH-1.1.2-3: Development of new hardware and software for the implementation of innovative automated technologies at synchrotron sites. “The focus of the research should be on developing, assembling, standardising and providing highly integrated and automated technological platforms at synchrotron research centres for high throughput structural genomics”. This is precisely the aim of the BIOXHIT Integrated Project.

BIOXHIT proposes to mobilise all European synchrotron centres and the most prominent European groups developing innovative software directly relevant to HTP X-ray crystallography into a collective effort with a clear potential to integrate and strengthen the European Research Area. It will foster close interactions and shared developments between all synchrotron radiation facilities, with a strong emphasis on the integration of all components of the “crystallographic pipeline” and the transferability of all developments, with the aim of bringing about increasing standardisation among the various synchrotron radiation facilities.

The structured developments proposed in BIOXHIT will create the capability not only of solving structures at a higher rate, but also of producing better data and hence higher-quality structural results than is currently possible. It comprises innovative developments, which will push forward the bounds of structure determination. For instance, efficient automated crystal screening, combined with new optimised data collection and phasing strategies, will play a crucial role in underpinning the highly challenging structure determinations on which future biological breakthroughs will depend. In such projects, crystals will often be small, with well-ordered samples in short supply, and the automated procedures in BIOXHIT for giving a precise indication during data collection that sufficient data have been obtained to allow a successful 3D analysis will be invaluable. The HTP objective is therefore fully compatible with that of high quality and synergistic with it: these two distinct goals will simply exploit the capabilities assembled by the BIOXHIT project in different ways. The outcome of BIOXHIT will be an increase in European competitiveness in structural biology, and hence in all the biomedical, biotechnological and pharmaceutical commercial sectors.

The BIOXHIT Partners include representatives of the future European synchrotrons now being built in France and in the United Kingdom, and of those planned for the future in Spain and in Germany. This will maximise the benefits of these new facilities to the user community, since they will immediately be able to take advantage of all the BIOXHIT technological developments. In the long term, BIOXHIT will also have the lasting effect of nucleating extensive collaboration between the Partners, which will encourage them to mobilise new resources to pursue this collaboration further. By doing so, BIOXHIT will contribute to the creation of new scientific and high-technology employment opportunities in the field, and thus to stemming or even reversing the considerable brain drain towards the US.

In summary, BIOXHIT will contribute in a very direct and extensive manner to the policy objectives of the Commission’s Priority area Life Sciences, Genomics and Biotechnology for Health (LSH), as well as to the Commission’s wider objective to “increase European competitiveness in research by uniting the nationally fragmented research activities and thereby forming a strong European research alliance”.

5. Potential impact

The ability of post-genomic research in biology and medicine to deliver substantial improvements in human health and welfare depends critically on the progress made towards the understanding of complex biological processes at the molecular level. Essential to this is the knowledge of the 3D architecture of all molecules involved. The BIOXHIT project aims to develop, assemble and provide an integrated technology platform for HTP structure determination using X-ray crystallography. The research and development of new hardware and software will allow the implementation of innovative automated technologies at leading synchrotron sites, academic research laboratories and R&D sites. A major deliverable is to make the BIOXHIT platform available to diverse European genomics initiatives, which utilise SG tools for their targets. It will stimulate novel commercial activities in this area of biotechnology.
The strategic importance of SG projects in the post genomic era has been recognised and there is a worldwide consensus that HTP structural biology constitutes a pivotal research area. The most effective way to deliver the full potential of the required technology into the hands of a large number of non-expert users is by the provision of a highly automated platform, capable of operating in HTP mode for appropriate categories of problems. This Integrated Project represents a prime opportunity for the European Community to support the development of such an integrated platform and to help reverse the dramatically widening gap between USA and European research laboratories. This gap would even further widen without European initiatives to match those in North America, such as recent start-up SMEs like Syrrx (http://www.syrrx.com/) and Structural Genomix (http://www.stromix.com/) or the new integrated software project PHENIX (http://www.phenix-online.org/). BIOXHIT will help restore Europe to a leading position in the deployment of biocrystallography technologies and facilities. The first European Structural Genomics initiative (SPINE) has been launched as a pilot Integrated Project within the Fifth Framework Programme. BIOXHIT will develop and integrate crystallographic platforms for HTP Structural Biology and make them available for SG projects. A more streamlined application of the existing technology is essential to facilitate HTP structure solution. One goal of this initiative will be the transfer of key technologies developed at large scale facilities to the whole European life sciences research community.
From a purely scientific point of view, the record of European research in macromolecular crystallography is second to none. The field was created in the 1950’s in Cambridge, where the first developments specifically directed at macromolecular applications took place: on the hardware side, the design and construction of rotating-anode X-ray generators; and on the software side, the implementation by Kendrew and coworkers of the isomorphous replacement method for the solution of myoglobin and haemoglobin in the early 1960’s. Over the next couple of decades, methods and software continued to be developed in an increasing number of laboratories worldwide as required by new projects, mostly on a case-by-case basis. It was a European initiative, the CCP4 project (Partner 10 of BIOXHIT), which first undertook to collect a large number of disparate programs and to introduce an increasing degree of compatibility and consistency between them. In recent years the inventiveness of European groups has been outstanding, contributing in particular to major improvements in data processing, phasing, molecular replacement, density modification and refinement, and in the automation of map interpretation and model building, first via interactive computer graphics, and more recently by a purely computational procedure. On the experimental side, the use of synchrotron radiation to improve the speed of collection and the quality of diffraction data was pioneered in Europe (Hamburg and Orsay), and the first of the third-generation synchrotron sources was designed and built in Europe (ESRF, Grenoble). These developments have played a fundamental role in making the goal of HTP structure determination conceivable in the first place, and achievable in practice.

In the past few years, however, the United States and Japan, stimulated by the realisation of the immense potential of SG to widen our fundamental understanding of life and to give rise to radically new approaches to inter alia biotechnology and human health, have invested heavily in the development of a new generation of capabilities. As a result, both the USA and Japan now have larger and more powerful third-generation synchrotron sources than Europe, and the speed at which HTP facilities are being developed and exploited, for both public research and commercial purposes, has created a rapidly widening gap between these two countries and Europe. As a result a very substantial brain drain towards the USA has taken place, and many of the leading protagonists of the American SG centres are recently emigrated European crystallographers. BIOXHIT will help restore Europe to a leading position in the deployment of state-of-the-art technologies and facilities in macromolecular crystallography. The internal organisation within BIOXHIT comprises extensive links between synchrotron facilities and prominent groups of software developers, both in academic laboratories and in industry. This will ensure that the focussed effort on building HTP capabilities stimulates the whole field of methods and instrument development, so that new employment can be generated in SMEs. It will contribute to making young scientists perceive this discipline as offering them attractive long-term opportunities to exercise their scientific creativity, thereby helping to stem and hopefully reverse the present brain drain.

BIOXHIT comprises a substantial component of scientific as well as technical innovation. The task of building such integrated platforms entails a large number of developments in instrumentation and in hardware automation, such as the complete tracking of crystal samples during synchrotron experiments and its interaction with the project information management systems of the users; the automated handling of crystal samples by robots, their automatic recognition and centring on the goniometric hardware, and their automated screening. BIOXHIT activities will include innovative developments in many of these directions - for instance a mini-kappa goniometer and its control software, giving access to new categories of data collection strategies hitherto inaccessible. Another major component of BIOXHIT is the assembly of a “computational crystallographic pipeline” which aims at automating the sequence of steps involved in determining macromolecular crystal structures. This goal requires a dramatic paradigm shift in X-ray crystallographic methodology, from the old paradigm whereby the successive steps of a structure determination were performed by crystallographers running computer programs interactively through user-friendly graphical interfaces, to a new pipeline operating with little or no human intervention. The immediate demand for such integration will be met by connecting these programs through “software glue”, emulating the actions of a crystallographer by the execution of suitable scripts. This approach, whose complexity should not be underestimated (see the FP5 project AUTOSTRUCT), will deliver a “first generation” of integrated structure determination pipelines. BIOXHIT developments aim to achieve a genuine integration of all the steps into a single, seamless computational scheme structured around a conceptual unification of the structure determination process. This will require a radical rethinking of X-ray crystallographic methods and a profound reorganisation of their software implementation around the modern techniques of object-oriented programming. It will deliver in return a much more powerful “second generation” of integrated pipelines, as well as considerably improved software for general use. The combination of innovations in hardware and software will in turn make new phasing techniques accessible, such as routine phasing by means of anomalous dispersion from sulphur and phosphorus.

The integrated platform will be designed such that it will have significant impact across the whole range of synchrotron radiation sciences and will therefore benefit in the most efficient way a broader community than simply that served by BIOXHIT. Examples where transfer of some of the developments might be appropriate include other HTP techniques such as small molecule crystallography, circular dichroism, X-ray spectroscopy and small angle scattering. A synchrotron radiation laboratory is an ideal place to ensure transfer of developments between scientific areas and techniques due to the wide variety of scientific activities, which are carried out there.

Synchrotron radiation centres have had long experience in training users. These efforts will be amplified as the various stages of developments progress towards a high-throughput mode of operation. A number of Training, Implementation and Dissemination (TID) centres will be created outside the participating laboratories to disseminate this know-how. The software integration effort will culminate in the creation of remote access facilities, which will enable users to operate the HTP facilities from their home laboratories through Internet connections. All know-how developed within the project will be considered for Intellectual Property protection whenever applicable, according to the directives set out in the Framework 6 guidelines.

Finally, there is considerable added value in carrying out the work proposed in the BIOXHIT Project at a European level. This approach may be contrasted with that adopted in the USA for its various Structural Genomics Centres. These Centres (numbering seven initially, then nine) were set up as independent entities to explore, develop and apply technology for high throughput protein structure determination. They were in effect competing with each other towards the subsequent selection of a subset of them for further funding, so that there was little incentive to coordinate the work among them. In contrast, BIOXHIT is a coordinated approach by all European protagonists in the field.

To conclude, the funding of the large-scale European collaboration proposed in BIOXHIT will be a maximally effective opportunity to enable Europe to regain its leading scientific position, to stimulate economic activities and to re-instate attractive research environment for the next generation of structural biologists. 

5.1 Contributions to standards
BIOXHIT offers a unique opportunity to contribute to the definition and implementation of standards for various aspects of macromolecular crystal structure determination at a pan-European level. The BIOXHIT standards will be geared towards reusability, interoperability, transferability and extensibility of diverse hardware and software components:

(i) Reusability: accommodating the reuse and adaptation of existing (legacy) components wherever possible

(ii) Interoperability and Transferability: enabling the re-assembly of selected components into larger units which can be transferred from one installation to another (especially to the new synchrotrons now being built)

(iii) Extensibility: using the best methods for adding new capabilities to components by future collaborative developments, without compromising the above.

The user community will benefit from the implementation of BIOXHIT standards. Currently, there are seven European synchrotrons (DESY, SRS, ESRF, ELETTRA, MAXLAB, SLS, BESSY) with approximately 30 beamlines in total for biological crystallography. Each beamline is operated under different conditions with respect to the beam quality monitoring and position control, sample mounting, user interfaces, etc.. Owing to local infrastructural and design constraints it is neither possible nor practical to make all the beamlines identical. However, for the user community it is most important that the front-end of the beamlines look essentially the same. The definition and implementation of the required standards are major deliverables of BIOXHIT. Standardised beamline control and data collection software (based on existing software but hiding local features underneath a standard interface) will require less training for users going to different synchrotron sites and make data collection more efficient. Standardised equipment such as crystal mounts and sample containers will allow to transport prepared to any synchrotron. 

Standards for Data Management and Data Exchange are vital if the results of the technological developments within BIOXHIT are to be exploited to their full potential. The HTP platforms will result in large volume of data that must be tracked, stored and made available to others both during and after the structure determination process. The need for robust and reliable data storage, annotation and transfer will be addressed within BIOXHIT.

All members of the BIOXHIT Consortium will be actively involved in discussions leading to the definition of the standards and a major task is to ensure each Partner’s participation. This will be addressed through a variety of different fora. Suggested tools for standardisation will utilise the BIOXHIT web server, which will include functionalities for design exchange. The Web server will provide a discussion forum. The discussions will be followed by developers meetings where decisions can be taken. In addition, the agreement and adoption of BIOXHIT standards by the various consortium members, particularly the major European synchrotrons (DESY, SRS, ESRF, SLS), will be a powerful incentive for the adoption of the same standards at other sites and ultimately on a community-wide level.

Standards must accommodate the requirements of all the Partners. To be able to set technological standards after the first 18 months, it is vital to discuss urgently with all Partners their specific requirements and to avoid focus on the individual developers. After the first development phase, the status will be presented and agreement reached, concerning which technologies should become standards and what additional developments are required in order to facilitate implementation at the various sites. Standards will be more readily accepted if they allow people to make use of their legacy code, i.e. standardisation has to enable and allow for diversity. 

BIOXHIT will closely follow standardisation developments in SPINE, the UK funded E-htpx project and other Structural Genomics projects both at national and European level. The BIOXHIT standards will be reviewed at the regular coordination meetings and amended if required. Overall, the agreement of standards will be of benefit to the developers (who can exchange software and hardware), the synchrotron users (who will have a common environment) and the overall community (who will have a more accessible and complete description of structures resulting from the research).

6. Outline implementation plan for the full duration of the project

The primary objective of BIOXHIT is the coordinated development, assembly, installation and provision to the user community of a highly integrated technology platform for high-throughput (HTP) Structural Biology and Structural Genomics. This platform will be based on macromolecular crystallography as the method of choice and synchrotron radiation as the principal source of X-rays for the acquisition of diffraction data. Traditionally, researchers used to prepare their protein and crystallise it in their home laboratory, then transfer the crystals to a synchrotron source to collect diffraction data and finally go back home to work on the structure solution. This modular approach essentially precludes any feedback between the different components. Here, we are proposing to integrate these modules into one single entity. To have everything available on site (naturally synchrotron sites would be the most suited) would make it possible to link the different working steps together. The following step could immediately assess the results of the previous steps (and even to foresee a performance of some of the subsequent steps) and measures could be taken to construct and install a global feedback system. For instance, a crystal would still be either on the goniometer or stored under liquid nitrogen in the robotic sample changer at the beamline while structure solution is attempted. If the structure solution procedure requires additional data to be collected, then it would be straightforward to go back to data collection. This way it could be ensured that the optimum amount of information is collected from each crystal before it is removed from the beamline. Also, to link current and future on-site HTP crystallisation facility to the beamlines would enable one to assess the diffraction quality of crystals immediately after their appearance and to feed this information back into the design of modified and improved crystallisation experiments.

A second major objective of BIOXHIT is standardisation with the aim of maximising portability and transferability of components. This will mean that local differences in facilities will cease to be a barrier to accessing or using those facilities by different groups, for example by reducing the time and effort required for users to prepare and perform experiments at different locations or to use different software resources. It will also reduce the effort required to assemble new facilities, whether this is a new beamline or a new piece of software, by providing a set of proven components contributed by different developers that are nonetheless simple to connect together to implement new functions. Collaboratory environments will facilitate better communication and sharing of information between groups who are in disparate geographical locations. Communications between people are as important as those between hardware and software components.

Another important aspect of BIOXHIT is remote access. Remote access to facilities means that researchers no longer need to be physically present at the synchrotron site in order to participate in an experiment. Remote access to compute power, software and databases will enable the efficient sharing of resources and data, as researchers will be able to make use of these resources regardless of their physical location. It will make it possible for different parts of a structure determination to be performed seamlessly at different physical locations whilst still preserving the integrity of the process and the results. 

BIOXHIT is certainly a very ambitious project and requires the participation of internationally leading European laboratories both at synchrotron sites and other sites across Europe. These developments will be instrumental for increasing pan-European competitiveness in the field of Structural Biology and they will form a sound basis for all future Structural Genomics projects. The objectives necessitate coordinated activities in the following areas: 

(i) core hardware developments in HTP crystallisation, beamline components and end-station equipment

(ii) core software developments in automatic evaluation of crystallisation experiments; of beamline automation; of automated data collection, data processing and structure determination; and of data storage

(iii) sample preparation and manipulation from the crystallisation drops to storage under liquid nitrogen and from storage onto the beamline and back

(iv) aspects of logistics, remote access, remote control and integration

(v) the conduct of the diffraction experiment itself

(vi) establishment of European standards in a variety of areas

The proposed activities require a choice of appropriate Partners with special expertise in all of the six activity areas. For purely organisational reasons the total work to be done has been split into seven Sections, which mimic the natural work flow more closely than the six activity areas and which take into account the specific expertise of the Partners. Five Sections are concerned with the scientific R&D part of the project: 1) HTP-Crystallisation Technologies and Low-Cost Systems, 2) Synchrotron Technologies, 3) Beamline Endstations and Data Collection, 4) Data Processing and Structure Determination and 5) Data Bases and Networking. Section 6 contains the Dissemination and Training components and Section 7 the tasks associated with Project Management. The relationship between the activity areas, the Partners’ expertise and their contribution to the project as a whole and to the scientific Sections 1-5 in particular is delineated in Figure 1. From the links between the Partners and the workpackages (WPs), into which the sections have been divided, it is evident that BIOXHIT is a complex and ambitious project and that any subdivision of the total work is to some extent arbitrary. Each of the 23 scientific WPs contains up to seven tasks with defined milestones and deliverables. Each Section is managed by a Section Manager, and each WP is organised and coordinated by a Workpackage Coordinator, whose special expertise matches the work to be carried out in the respective WP. This ensures that the individual tasks carried out at the Partners’ laboratories are coordinated and integrated and assembled into the grand whole like a jigsaw puzzle.
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Figure 1. The BIOXHIT project: Relationship between activity areas, partner contributions, workpackages and sections. Each link defines a contribution of a Partner to a WP.
In the following, an overview of all Sections (with the respective Section Managers), all the WPs (with their respective Workpackage Coordinators) and tasks (with the Partners contributing to each task) is given before the WPs themselves are described in more detail. The expected deliverables for the first 18 months of the project and a detailed description of the tasks are presented in the detailed implementation plan (part 8).

Section 1: Development and Implementation of Improved, Low-cost, HTP Crystallisation Technologies Common to Laboratories and Synchrotrons (managed by Partner 11) 

WP 1.1
Hardware for solution preparation, drop dispensing, storage and inspection (Coordinator: Partner 11, Contributing Partners: 1A, 1B, 2 and 11) 

Tasks:
1.1.1. Nanodrop technology: below the 100nL limit

1.1.2. Nanodrop technology: more flexible dispensing technology

1.1.3. Design of a new plate adapted to nL crystallisation

1.1.4. Plate storage and crystal visualisation

1.1.5. Integration of robot for drop dispensing and crystal storage and imaging

1.1.6. Implementation and operation of nanodrop facilities at the ESRF

1.1.7. Provision of a facility for drop evaluation methods

WP 1.2
Software for crystal recognition, crystallisation data analysis and LIMS (Coordinator: Partner 8, Contributing Partners: 1A, 3, 6, 7, 8 and 11) 

Tasks:
1.2.1. Software for Robot for drop dispensing and cabinet

1.2.2. Software for Web access to robot

1.2.3. Novel concepts for crystal recognition

1.2.4. Data handling 

1.2.5. LIMS for crystallisation robots

WP 1.3
Crystal diffraction improvement: optimisation and co-crystallisation with scavengers (Coordinator: Partner 1B, Contributing Partners: 1A, 1B, 2 and 11) 

Tasks:
1.3.1. Crystal optimisation for better diffraction

1.3.2. Radiation damage reduction

1.3.3. Co-crystallisation with new scatterers for MAD/SAD

1.3.4. Linking diffraction crystal quality with crystallisation procedures

Section 2: Synchrotron Technologies (managed by Partner 2)

WP 2.1
Assurance of high quality and stability of the X-ray beam at synchrotron sources (Coordinator: Partner 9, Contributing Partners: 2, 4 and 9) 

Tasks:
2.1.1. Development of white and monochromatic beam position and profile monitor based on thin CVD-Diamond membrane technology

2.1.2. Fast imaging beam monitors based on lens coupled CCD

2.1.3. Low cost passive and active monitors for monochromatic and white beam X-ray radiation

WP 2.2
Software systems for the automatic delivery of the X-ray beam to the sample (Coordinator: Partner 2, Contributing Partners: 2, 3, 7 and 9) 

Tasks:
2.2.1. Automatic beamline alignment for high-energy sources

2.2.2. Automatic beamline alignment for low-energy sources

2.2.3. Intelligent control software system

WP 2.3
Design and instrumentation of the hardware components for automated synchrotron beamlines (Coordinator: Partner 4, Contributing Partners: 4, 7, 13, 15 and 16) 

Tasks:
2.3.1. Development of tools for a user configurable beamline

2.3.2. Modelling and correction for vibrational instability of microfocus beamlines 

2.3.3. Designated beamlines for future installation of automated beam alignment
2.3.4. Micro-focusing optics for medium energy X-ray sources

WP 2.4
Development of a standard test crystal system for assurance of beamline quality (Coordinator: Partner 12, Contributing Partners: 1A, 2, 3, 4, 9 and 12) 

Tasks:
2.4.1. Test crystal system for assurance of beamline quality

WP 2.5
Implementation of software standards (Coordinator: Partner 1A, Contributing Partners: 1A, 2, 3, 4 and 9)

Tasks:
2.5.1. Setting technological standards for beamline software

Section 3: Beamline End-stations and Data Collection (managed by Partner 3)

WP 3.1
Tracking crystalline samples (Coordinator: Partner 4, Contributing Partners: 1A, 1B, 3 and 4) 

Tasks:
3.1.1. A common system for identification and tracking of cryogenic samples

WP 3.2
Automated crystal mounting and centring (Coordinator: Partner 3, Contributing Partners: 1A, 1B, 3, 4, 7, 15 and 17) 

Tasks: 
3.2.1. Automated image recognition in loops and 3D positioning
3.2.2. Development and implementation at other sites

WP 3.3  Crystal characterisation with respect to its diffraction properties and to its chemical content (Coordinator: Partner 2, Contributing Partners: 1A, 1B, 2, 3, 9 and 17) 

Tasks:
3.3.1. Testing of diffraction from nano-drops (no cryo)

3.3.2. Development of an improved fluorescence detector system
WP 3.4  Strategic preparation of the diffraction experiment (Coordinator: Partner 1A, Contributing Partners: 1A, 2, 3 and 7) 

Tasks:
3.4.1. Diffraction from microcrystals in the presence of radiation damage

3.4.2. Utilisation of free-radical scavengers for the reduction of radiation damage during data collection

3.4.3. Initial crystal characterisation for planning data collection

3.4.4. Coupling HTP crystallisation with data collection

3.4.5. Diffraction data collection at low X-ray energies 
WP 3.5 Procedures for carrying out the actual diffraction experiment (Coordinator: Partner 1A, Contributing Partners: 1A, 1B, 2, 3 and 4) 

Tasks:
3.5.1. Automation of data collection
3.5.2. Development of a high precision kappa-goniometer with fully motorised goniometer head

3.5.3. Implementation of developed technologies to allow remote data collection
Section 4: Data Processing and Structure Determination (managed by Partner 5)

WP 4.1
Extending the levels of control in automated data collection and processing (Coordinator: Partner 5, Contributing Partners: 1A, 1B, 5 and 8) 

Tasks:
4.1.1. Further automation of data processing with MOSFLM

4.1.2. Detection and characterisation of disorder in crystals

4.1.3. Automation, optimisation and integration of X-ray data collection

4.1.4. Improved measures on the information content of data

WP 4.2
Consolidation of the structure determination pipeline A: substructure detection (Coordinator: Partner 14, Contributing Partners: 1A, 5, 12 and 14) 

Tasks:
4.2.1. Automatic detection and description of non-crystallographic symmetry in heavy-atom substructures


4.2.2. Incorporation of new NCS detection algorithms into autoSHARP


4.2.3. Evaluation of the anomalous signal from partial data

WP 4.3
Consolidation of the structure determination pipeline B: phasing, density modification, molecular replacement (Coordinator: Partner 8, Contributing Partners: 1A, 5, 8, 12 and 14) 

Tasks:
4.3.1. Speeding up autoSHARP

4.3.2. Assembly and deployment of a comprehensive multi-option structure determination pipeline

4.3.3. High-throughput phasing

4.3.4. Molecular replacement as a Structural Genomics tool to automate structure solution at the synchrotron 

WP 4.4
Consolidation of the structure determination pipeline C: automated map interpretation, model building and refinement (Coordinator: Partner 6, Contributing Partners: 1A, 6, 8 and 16) 

Tasks:
4.4.1. Image recognition in automated structure determination

4.4.2. Low resolution refinement and automated model building

4.4.3. New B-factor models for improved structure refinement procedures

WP 4.5
Feedback between data collection and structure determination (Coordinator: Partner 5, Contributing Partners: 1A, 1B, 2, 5 and 12) 

Tasks:
4.5.1. Strategy of the diffraction experiment and feedback to data collection

4.5.2. Optimal data collection and processing strategies for exploiting anomalous scattering

4.5.3. Methods for optimal strategy design and updating by feedback from data processing and early stages of structure determination

4.5.4. Software for “smart data collection”, initially with special (but not exclusive) emphasis on multi-axis goniometers

WP 4.6
Special developments for challenging projects and new experimental phasing protocols (Coordinator: Partner 1B, Contributing Partners: 1A, 1B, 2, 5 and 12) 

Tasks:
4.6.1. Special strategies for dealing with absorption, radiation damage and weak anomalous scattering 

4.6.2. Special developments for dealing with radiation damage in phasing 

WP 4.7
Architectures and logistics for integration and migration towards remote control (Coordinator: Partner 6, Contributing Partners: 1A, 2, 5, 6 and 10) 

Tasks:
4.7.1. Automation in computation

4.7.2. Software for remote data collection

4.7.3. Software engineering aspects of transferable automation

Section 5: Data Bases and Networking (managed by Partner 1C)

WP 5.1
Standardisation in software and data transfer (Coordinator: Partner 1C, Contributing Partners: 1A, 1C, 3, 10, 12 and 15) 

Tasks:
5.1.1. Setting BIOXHIT guidelines for software developers

5.1.2. Setting BIOXHIT guidelines for data exchange (MetaData)
5.1.3. Setting BIOXHIT guidelines for data models

5.1.4. Setting BIOXHIT guidelines for LIMS and relational database technology

WP 5.2
Implementation of Data Management and Project Tracking in Structure Solution (Coordinator: Partner 10, Contributing Partners: 1C, 7, 10 and 12) 

Tasks:
5.2.1. Implementation of data management and project tracking in structure solution

WP 5.3
Remote Access and Networking (Coordinator: Partner 7, Contributing Partners: 1A, 1C, 3 and 7) 

Tasks:
5.3.1. Virtual Collaboratory System 

5.3.2. Remote access to computing facilities for data handling and data collection

Section 6: Training, Implementation and Dissemination (managed by Partner 16)

WP 6.1
Training, implementation and dissemination within the BIOXHIT consortium (Coordinator: Partner 16, Contributing Partners: all)

Tasks:
6.1.1. Development and installation of the BIOXHIT web site

6.1.2. Recruitment and training of staff

6.1.3. Hardware and software transfer and training of other partners including SMEs

6.1.4. Preparation of training material

6.1.5. Collaborations for integrating the production versions of the phasing and refinement software of Partner 5 into local user facilities, and visits to synchrotron sites for that purpose

WP 6.2
Training, implementation and dissemination of the results and technologies obtained from BIOXHIT to the community outside the consortium (Coordinator: Partner 16, Contributing Partners: all) 

Tasks:
6.2.1. Dissemination to Structural Genomics projects and to SMEs outside BIOXHIT

6.2.2. Implementation of a TID committee for Section 6 activities 

6.2.3. Selection of TID centres

6.2.4. Implementation of TID centre local infrastructure for further deliverables in BIOXHIT

Section 7: Project Management (managed by Partner 1A)

WP 7.1
Overall project management (Coordinator: Partner 1A, Contributing Partners: 1A, 1C, 2, 3, 5, 7, 11, 16 and 20) 

Tasks:
7.1.1 Decision making management

7.1.2 Technical coordination

7.1.3 Administrative and financial coordination

7.1.4 Quality management

7.1.5 Knowledge management and innovation-related issues

7.1.6 Calls for new partners

7.1.7 Gender issues

6.A Activities

6.1 Research, technological development and innovation activities
Section 1: Development and Implementation of Improved, Low-cost, HTP Crystallisation Technologies Common to Laboratories and Synchrotrons (managed by Partner 11)

Protein crystallisation is still, after the expression of soluble proteins, the major bottleneck in protein structure determination. Considerable efforts are underway worldwide to enhance the basic understanding of protein crystallisation. One approach is to set up crystallisation experiments in a massively parallel way automatically by robotics, while at the same time minimising protein consumption and enhancing reproducibility. The sheer number of experiments requires that the results and their time dependence are collected automatically and stored in a database. With this enormous amount of data at hand, the outcome of the crystallisation experiments can be linked to the physicochemical properties of the protein and more can be learned about why and when and under what conditions it crystallises. These expensive systems have been set up within various Structural Genomics programmes, both in academic institutions and in the private sector. Recent examples are the US American companies Syrrx (http://www.syrrx.com/) and Structural Genomics (http://www.stromix.com/). Also, a number of European synchrotron sites are already proceeding in this direction. The Protein Structure Factory in Berlin (Partner 9) has installed a large-scale crystallisation facility, EMBL Hamburg (Partner 1A) and ESRF Grenoble (Partner 2) will follow in the foreseeable future. The role of the BIOXHIT project will not be to provide funds for the installation of more crystallisation facilities at sites across Europe (the monies for this will come from other sources), but rather to link the existing and future facilities together and to coordinate them with the needs at the synchrotron beamlines. Furthermore, since the present systems are relatively expensive, every effort will be undertaken to make them amenable to high-throughput at a lower cost. The efforts in this Section will be focussed on

(i) automation of the various tasks 

(ii) reduction of the amount of protein necessary for crystallisation

(iii) provision of a common development framework for hardware, software and data formatting/handling between laboratories and the synchrotron sites

(iv) provision of training and technology transfer within BIOXHIT 

Another important aspect of this Section is that the HTP crystallisation facility will be closely linked to the diffraction experiment. This will provide the possibility of crystallisation at the synchrotron site, thus allowing direct feedback from the diffraction experiment to the crystallisation. This will allow crystal improvement studies to be carried out at the synchrotron site in challenging projects, where it has proved difficult to obtain good quality crystals of sufficient size for testing in the home laboratory. 

WP 1.1
Hardware for solution preparation, drop dispensing, storage and inspection 

A number of activities within this WP is concerned with miniaturising the crystallisation set-up. After the successful introduction of crystallisation drops with a volume of less than 1(l a few years ago by the American company SYRRX (http://www.syrrx.com) this technology is now widely used because firstly, the protein consumption is reduced and secondly, the crystallisation success rate is high. Therefore, drop sizes even smaller than 100nl will be investigated. Miniaturising requires the development of a new crystallisation plate. Together with an SME (to be identified) a new plate will be designed which is better suited and reduces the chemical consumption compared to the conventionally used 96-well Greiner plates. Along with the new plates, improved and cheaper systems for plate storage and crystal visualisation will be developed in collaboration with the SME BioTom SA. The next step will be to integrate the various available dispensing robots, storage cabinet and crystal visualisation tool into an automated crystallisation facility, which does not require human intervention. Such a facility will run 24 hours/day at a much higher reproducibility rate than can be achieved manually.

Since the crystals from the small drop sizes are usually smaller, a finely focussed X-ray beam is required to assess their diffraction quality. This will be tackled by Partners 1B and 2 at the ESRF synchrotron in Grenoble, where the supporting technology (a micro-focus beam in combination with a micro-crystal diffractometer) already exists. 

Such an HTP crystallisation facility is not just a tool for growing diffraction quality crystals, but will provide large amounts of data concerning the crystallisation itself. This will enable trends in the time course of crystal growth to be evaluated and act as a database for the development of predictive methods. To achieve this, many terabytes of data must be made accessible and managed effectively.

WP 1.2
Software for crystal recognition, crystallisation data analysis and LIMS 

The analysis of the wealth of data provided by a crystallisation facility such as that in WP 1.1 requires considerable resources. Software for some of the individual components exists, but for an integrated whole, the software needs to be rewritten from scratch or a software wrapper developed around the existing programs. This includes the software controlling the various robots used for drop dispensing, storage cabinet control, web access to the robots, an appropriate laboratory information management system (LIMS) such as MOLE developed with Partner 10 and automated crystal recognition. The possibilities associated with both approaches will be pursued and the most promising selected.
WP 1.3
Crystal diffraction improvement: optimisation and co-crystallisation with scavengers 

Once established and fully operational, a large-scale crystallisation facility is not only capable of automating the routine work of crystallisation, it will be used to investigate new strategies. Especially for challenging samples, the location of such a facility at a synchrotron site will enable rapid feedback in terms of diffraction power with respect to crystallisation conditions. Optimisation can then be attempted promptly. Other novel approaches to be tested include:

(i)
co-crystallisation with radical scavengers to reduce radiation damage 

(ii)
co-crystallisation with new scatterers for MAD or SAD-phasing

(iii)
systematic investigation of the influence of hundreds of chemicals on the growth and quality of the resulting crystals

Section 2: Synchrotron Technologies (managed by Partner 2)

Second only to the provision of crystalline samples, the X-ray source is vital to the performance of a diffraction experiment. Traditionally at synchrotron radiation sources, beam provision has been performed by local specialists with an in-depth knowledge. Such an approach is completely incompatible with high-throughput structure determination on the scale required by a Structural Genomics project and proposed by BIOXHIT. Furthermore, many of the most vital, medically relevant projects (ribosome, viruses, etc.) are extremely demanding and require highly specific beamline configurations. These projects will greatly benefit from highly automated re-configurable systems. Therefore, we propose a radical rethinking of the way in which the delicate task of beam alignment is undertaken and we expect that by the end of the BIOXHIT project, it should be possible to have beamlines in place at synchrotron radiation sources, which allow a complete optical alignment without human intervention. In order to provide the infrastructure for such a system a number of core technological tasks will be undertaken (WPs 2.1, 2.2 and 2.3), together with an ancillary or validating task in WP 2.4 as well as final integrating and standardising tasks in WP 2.5.

Most of the optical elements of a synchrotron beamline such as mirrors and monochromators have been well developed over the years. Even though there is still room for improvements, and often and more importantly a need for regular upgrades of the existing elements, this has not been made part of the BIOXHIT project, but has to be covered by the regular synchrotron or beamline funds. However, the linking together of these elements to deliver reproducibly an optimal X-ray beam on the sample makes it essential to know the exact position of the X-ray beam before and after every optical component in place. Thus the first core technological task is the development of X-ray beam position monitors (XBPMs) suitable for both monochromatic and polychromatic X-rays. This technology will form the basis for much of the subsequent work and will commence at the start of the project, to ensure that the technology is well adapted to the whole range of Europe's SR facilities. The realisation of fully automatic beamlines requires the solution of the twin issues of the development of hardware design to be automatically aligned together with appropriate software to drive it. Developments in these areas will be driven by groups based at major synchrotron facilities and will involve a close liaison between themselves, the groups working on the provision of XBPMs and the groups developing suitable software in Sections 3 and 4. Vital to the successful implementation of these plans will be the successful deployment of the technologies at all of Europe's existing and anticipated synchrotron radiation facilities. This mission is partially fulfilled by the formation of cross synchrotron radiation-facility teams working in each of the areas defined. This in itself is not enough and management and dissemination practices must be put in place to ensure the successful deployment of the technologies. WP 2.5 is designed to facilitate the exchange of standards of software during development and will communicate closely with the workpackages of Sections 5 and 6.

WP 2.1
Assurance of high quality and stability of the X-ray beam at synchrotron sources 

Essential prerequisites for successful diffraction data collection and further structure solution using synchrotron beamlines are the optimisation of the position, the intensity and the footprint of the X-ray beam at the sample. To achieve optimal conditions for diffraction data collection, it is necessary to monitor and control these beam parameters at various positions within the beamline, where the impact of the interaction of optical instruments such as mirrors, monochromator crystals, slits and collimation systems can be determined. The information provided by the so-called “beam monitors” is the primary source for the beamline optical alignment tasks, which are further developed with the tools available from WPs 2.2 and 2.3. The requirements for beam monitors are dependent on the synchrotron source, the insertion device, the beamline design and the energy range of the beam and therefore the resulting technical solutions are manifold. Within WP 2.1 it is planned to develop complete new instruments with the focus of high-resolution beam position- and footprint determination combined with intensity information. This is necessary because the beam has different properties (for instance polychromatic vs. monochromatic) along the course of a beamline. Furthermore, the online availability of these imaging detectors during experimental operation will be a project goal. As a whole the beam monitors developed will be extremely useful at any partner synchrotron beamline and will meet the broad range of requirements of the different SR sites.

The concomitant development of the detector hard- and software interfaces is a crucial point to ensure the optimal beam monitor functionality as well as a broad usability of the IP partners and other synchrotron sites in the world. Another aspect is the long-term availability of the beam monitors developed. This will be ensured by the participation of SMEs (e.g. ACCEL Instruments GmbH), which will be responsible for transforming the research results into a commercial product.

WP 2.2
Software systems for the automatic delivery of the X-ray beam to the sample 

Within this WP, software systems to facilitate the automatic delivery of the X-ray beam to the experimental table will be developed. The resulting system is aimed to work effectively at all European synchrotron sites. To achieve this it will be necessary to establish and maintain effective software standards. The Partners involved in this project will therefore collaborate extensively with the teams and Coordinators of Section 5. Appropriate management protocols will also have to be developed as part of WP 2.5.

Coordinated during the design phase by Partner 2, the final result of this project will be a methodology suitable for managing the automatic alignment of X-ray beamlines: a portable set of software packages and one or more prototype installations. The protocols to be deployed will depend critically on the X-ray source and the beamline optics and necessitate the collaboration of software engineers and scientists from several synchrotron radiation sources (leading in this instance are Partners 2, 3 and 7). Only then can we ensure that solutions are developed, which are appropriate to the broad spectrum of the existing and the anticipated synchrotron radiation facilities available in Europe.

WP 2.3
Design and instrumentation of the hardware components for automated synchrotron beamlines 

Hardware for the successful automation of synchrotron beamlines will be most easily configured if automation is built in from the very beginning. For the new generation of medium energy synchrotron radiation sources (SLS Villigen, MAXLAB Lund, SOLEIL, DIAMOND) there is already a pressing need for such devices. It is most appropriate that these Partners should take a lead in the design of instrumentation, which may be deployed in a fully automatic or readily configurable fashion. For instance, researchers and engineers at SOLEIL are already constructing two new beamlines for protein crystallography, which will use Kirkpatrick-Baez optics to allow independent adjustment of the vertical and horizontal beam profile under achromatic conditions. At the same site, a beamline for protein crystallography, which will have a minimum spot dimension of 25x25(m, is under construction. At these dimensions small vibrations (at the micron level) can cause significant variations in the beam intensity as seen by the sample and therefore make diffraction data collection impossible without efficient correction for these vibrations. At the MAXLAB in Lund a new beamline (CASSIOPEIA) on a super-conducting wiggler magnet, which is composed of 5 separate protein crystallography stations is currently being built. At least one of the end stations will provide a micro-focus beam, using a novel Bragg-Fresnel optics system.

Close ties link this workpackage with WPs 2.1 and 2.2. These links will be emphasised by regular meetings and exchange of protocols and standards so that the most efficient exploitation of the emergent technologies is made.

WP 2.4
Development of a standard test crystal system for assurance of beamline quality 

After alignment of a beamline the validation of the correct configuration will be vital for the success of subsequent experiments. A suite of suitable crystal samples will be developed with which it will be possible to establish the correct functioning of the beamline in a quick, automated manner. One of the limiting factors is that macromolecular crystals do not exhibit infinite lifetime in an X-ray beam. Even at liquid nitrogen temperature, they are damaged by the radiation, which reduces the quality of the diffraction data. However, there are some means of stabilising crystals. The challenge is to find the correct conditions for stabilisation of the crystals and to develop reproducible protocols for pre-testing them. There is some potential for marketing such systems at a later stage.
WP 2.5
Implementation of software standards 

While there is a general agreement on the benefits of standardisation, both for operators and users of protein crystallography beamlines, it is extremely difficult to implement standards in practice. This has to do with the fact that every facility has its own history, i.e. it already has its own standards, but also with competition between facilities related to the hope that it might be possible to achieve higher performance with custom solutions rather than by adopting hardware and software components, which follow agreed standards. Another important aspect of standardisation is that the developments of the different WPs in Section 2 should be efficiently coordinated, because they are all closely related to one another. In particular WP 2.1, WP 2.2, WP 2.3 and WP 2.4 all deal with the provision and characterisation of an optimal beam for the diffraction experiment.

This WP therefore aims to provide tools to facilitate the standardisation of software developments and to foster the exchange between developers and/or recipients of technology. It is envisaged that there will be close cooperation both between partners involved in WPs in Section 2 and with the dissemination, standardisation WPs of Sections 5 and 6.

In order to be able to set technological standards after the first 18 months, it is necessary to first interrogate all potential recipients about their specific requirements such that the development projects can meet these requirements and do not just focus on the individual requirements of the developer. After the first development phase, the status of the projects has to be presented to the recipients and agreement sought, concerning which technologies should become standards and what additional developments are required. The development of software in collaboration with WP 4.7, which will allow the adaptation of new autonomous hardware and software components to existing control systems will be encouraged. Standards will be more readily accepted if they allow people to make use of their “legacy code”, i.e. standardisation has to accommodate diversity. This means that both source code and protocols should be open and available within the BIOXHIT consortium.

Section 3: Beamline Endstations and Data Collection (managed by Partner 3)

Each step of a diffraction experiment - from the transport of the crystals to the synchrotron source, the mounting of the crystals onto the beamline and the pre-screening and characterisation of the crystal, to the planning and execution of the diffraction experiment - requires a number of decisions which are usually made by an expert crystallographer. Therefore, the turnaround time for a crystal on almost any given synchrotron beamline around the world is in the order of 10-30 minutes (excluding the actual diffraction data collection time, which may range from minutes on the strongest third generation synchrotron sources to a few hours on the second generation sources), mostly depending on the experience of the crystallographer. The transition of single crystal structure determination projects to Structural Genomics or Structural Proteomics projects, in which many hundreds if not thousands of structures need to be determined, can only be made if the whole process becomes sufficiently integrated and automated.

The automation of crystal mounting will help to eliminate unnecessary losses of crystals during the transfer from the storage container onto the beamline goniometer and back (which are in the order of 5 % even for the most experienced crystallographers) and it will be possible to screen and characterise a large number of crystals before the final decision for the diffraction data collection is made. Automation of the characterisation by X-ray spectroscopic techniques can be done in situ (i.e. when the crystal is on the beamline anyway) and will yield valuable data, which will feed back into the data collection step. The planning of the data collection experiment must and will be tightly coupled to the parameters obtained from the initial screening and characterisation step. Since diffraction data collection is a process, which requires the concurrent selection and setting of a large number of parameters, its automation requires a large set of rules coded into a suitable computer program. Once the conditions for data collection have been defined, they should be transferred to the respective beamline control software, which in turn will carry out the actual data collection. Provided the automation of the complete process is done correctly, the highest possible quality diffraction data of any given crystal will be obtained in a given time. Once the whole process has been automated and runs without problems, remote access to the system can be allowed (see objectives of Section 5).

In addition to automation, the contents of this Section will be closely integrated with the set-up at the respective beamline (see objectives of Section 2) and the data processing and structure solution step (see the objectives of Section 4). Only if the crystallographic phase determination step of Section 4 (WP 4.3) is tightly coupled to the data collection step of this section (WP 3.5), can the highest possible quality diffraction data be obtained while the crystal is still available at the beamline. As an additional benefit, a completely automated data collection system is not limited to any single synchrotron beamline, but can easily be transferred to any other beamline and even to home sources. This aspect will be ensured in Section 6.
WP 3.1
Tracking crystalline samples 
Before a crystal can be studied using synchrotron radiation, it has to be transported from the crystallisation storage facility to the beamline. At present, most researchers choose to flash-cool the crystals in their home laboratory, test them on a conventional X-ray source and bring them to the synchrotron site personally in a dry nitrogen container. A reliable system of bookkeeping will be developed, which allows proper identification and handling of the frozen samples. This system will be part of the whole system (LIMS or otherwise) of recording information about a specific experiment (from expression to structure refinement and validation), see also objectives of Section 5.

The main activity in this WP is the development of an efficient sample tracking system, with a suitable database structure.

Fewer people visiting a synchrotron for diffraction data collection, is already placing a great demand on the people with the appropriate and necessary training. It is therefore important to ensure that there is always a critical mass of people (researchers, technicians) at the synchrotron sites with sufficient knowledge and expertise to run a synchrotron and diffraction data collection facility. This aspect is addressed in Section 6.
WP 3.2
Procedures for automated crystal mounting and centring 
This part of Section 3 involves the development of the necessary procedures between the physical arrival of the crystal at the beamline, the crystal characterisation and the commencement of diffraction data acquisition. Once the crystal is placed in a sample container on the beamline, it needs to be mounted onto the diffractometer by a robotic system such as those described in Section 2 and examined for its suitability for data collection. The automation of the mounting procedure will allow many crystals to be tested before the choice is made which one to elect for data collection. To achieve this in an automated way, a procedure for centring the crystal in the synchrotron beam will be put in place. This involves the recognition of the shape and size of the crystal in the nylon loop in which the crystal is mounted and the movement of the loop with the crystal along three orthogonal translations into the beam.

Using modern synchrotron sources, it is often possible to obtain usable diffraction data from very small crystals. These may be only a few micrometers in size and embedded in a film of vitreous ice inside a cryo-loop. The development of reliable procedures for identifying such crystals is non-trivial and more than one approach is likely to be necessary. As this step is crucial for full automation of the collection of X-ray diffraction data, significant resources will be devoted to developing appropriate methods at several synchrotron sources. The aim is to carry out these developments in a standard way so that they can be transferred to other sites.

Standard formats for images of the crystal will be established so that the various algorithms will be transferable between sources. The proposed developments will be linked with software for defining the optimal data collection strategy based on the evaluation of the diffraction properties of the crystal as described under WP 3.4. The overall aim is an automatic system that will screen all available crystals of one project, archive the results of the evaluation and then carry out measurements on the most suitable sample.

WP 3.3
Crystal characterisation with respect to its diffraction properties and to its chemical content 
After the mounting of the crystal onto the diffractometer, the crystal needs to be characterised to allow a decision as to whether it is a protein crystal and secondly, if it is suitable for data collection. This can be achieved by collecting two or more diffraction images yielding an orthogonal view of reciprocal space and thus onto the diffraction properties of the crystal. This information is in principle sufficient to model the statistical parameters of a complete diffraction data set, as discussed in section WP 3.4. A disadvantage is that it only yields some information on the diffraction power of the crystal, not on the contents of the crystal. 

In addition to the characterisation of the crystals by diffraction, characterisation by X-ray spectroscopic techniques can be attempted. The two major benefits of this are: 

(i)
measurement of the XANES region of the X-ray absorption spectrum using X-ray fluorescence will provide information on the presence of anomalously scattering elements. This information allows the experimenter optimally to select the wavelengths in MAD/SAD experiment.

(ii)
measurement of EXAFS data will provide important information about the metals present, their identity (if unknown), coordination and oxidation state 

Furthermore, by repeating these spectra during the course of the diffraction experiment valuable information on effects such as the reduction of the metal centres or other radiation damage effects occurring during data collection may be monitored. The ability to do this is particularly important where the X-ray diffraction data is at modest resolution. The geometrical constraints and restraints applied to the protein itself in structure refinement, cannot always be applied to the metal co-ordination. Since approximately 30% of proteins contain a tightly bound metal as an integral part of their structure, this approach will provide important additional information. The necessary development of sensitive fluorescence detectors operating at room temperature will take place within this workpackage coordinated by Partner 9 and in collaboration with an SME (Röntec). 

As an alternative to screening and characterising pre-mounted crystals, the screening of crystals directly in the drops in which they grew will provide new means of crystal identification. The diffraction of extremely small crystals (sub-crystals) will hint on the feasibility for using such sub-crystals for full-fledged structure determinations (see also WP 3.5).

WP 3.4
Strategic preparation of the diffraction experiment

The automation of diffraction data collection is a particularly complicated task because it requires the choice and the setting of many parameters in order to extract the most information from any crystal, given that the available crystal lifetime is limited by radiation damage. Initially it must be established that the synchrotron beamline is functioning the way it should and this is addressed in WPs 2.1 and 2.4 in Section 2. Moving on to data collection, the issues to be addressed are:

(i)
to automatically select the best crystal if more than one crystal is available

(ii)
to optimally centre the crystal and determine the slit size and beam divergence to provide the maximum signal-to-nose ratio

(iii)
to select the optimal crystal orientation for data collection in minimal total time or with maximal total dose of radiation

(iv)
to make the optimal choice of the data collection parameters for the type of data collection intended (high resolution or MAD/SAD) in a fully automated manner

(v)
to optimally match the energy resolution of the X-ray beam to the absorption edge at which the diffraction data are to be collected
(vi)
to determine the optimal wavelength of radiation for data collection

These choices must be made with very little information available about the crystal at hand and directly after the initial exposure of the crystal to the synchrotron beam. However, if it is possible to model the expected results and the statistical descriptors of the resulting diffraction data set based on the information present on just one or two initial diffraction images, these issues can be addressed in a fully automated manner. This will then become extremely useful for high-throughput structure determinations as has been envisioned in many Structural Genomics projects.

Another reason why the diffraction data collection ought to be planned in the optimal way is the occurrence of radiation damage. With the advent of cryo-crystallography radiation damage was significantly reduced to a point where one would speak of ”infinite” crystal lifetime. However, at present third generation synchrotron sources, the very high intensity of the beam leads to significant radiation damage even at 100 K. This is particularly important for small crystals, where it is not possible to expose different parts of the crystal. It is therefore important to carefully plan the experiment, so that the most is made of any given crystal. In principle, one should try to, either avoid radiation damage altogether, or to treat it computationally at the data reduction stage (for this the phenomenon of radiation damage needs to be understood to its fullest detail), or to reduce it as much as possible by the addition of scavengers to the crystallisation medium. The latter point will also be investigated in detail. 

Close collaboration with Sections 1 and 4 will ensure the necessary link between crystal preparation, X-ray data collection and the structural changes resulting from radiation damage.

Next in this WP, the feasibility of diffraction data collection from extremely small crystals will be investigated. In general, less data can be obtained from a small crystal before significant radiation damage occurs because the diffracting volume is lower. However, it has been suggested by R. Henderson and others, that below a certain crystal size the amount of data that can be collected would be almost independent of the crystal size. This is because the photoelectron, which causes most of the damage, will escape the crystal. There might be a window of crystal sizes above which the photoelectron is largely confined and below which the sample is better studied by electron microscopy. Whether this potential benefit will occur with small crystals will be studied. This will involve the use of procedures borrowed from electron microscopy to handle a number of small crystals deposited on a substrate combined with a low dose approach. Even if only one useful diffraction pattern could be obtained from each 1 (m3 crystal it would be possible to combine the data from many such crystals. This would significantly increase the success of protein crystallography projects, which are often held up due to the inability to obtain crystals of sufficient size.

Finally, it will be an essential task of this WP to couple HTP-crystallisation with X-ray data collection. This will be largely based on the availability of the large-scale crystallisation facility for which there will be no request for any hardware resources within BIOXHIT. A multi-dimensional statistical analysis of the crystallisation trials will be carried out with an aim to link these with the crystal diffraction properties. An ideal goal would be to develop those crystallisation conditions, which for a given protein or a protein family would probably yield the best diffraction. This part of the project will require close interaction with Section 1.

WP 3.5
Procedures for carrying out the actual diffraction experiment 
On the hardware side, the development of a high precision (-goniometer with fully motorised goniometer head by Partner 4 defines a move away from the as-simple-as-possible approach commonly encountered at synchrotron beamlines for macromolecular crystallography and will change the way macromolecular diffraction data are collected. The new geometry will make it possible to obtain complete data sets faster, thereby minimising the effect of radiation damage. It will be possible to optimise the data collection for maximum anomalous signal. This task will be tightly linked to the tasks in WP 4.5.

For some samples, it is advantageous to collect diffraction data from small parts of a larger crystal. This requires development of algorithms to identify the shape of the crystal and select regions for data collection. This activity will also form part of this workpackage.

Once the developments described in WP 3.1 through 3.4 are available it becomes possible to think of providing an environment in which researchers, distributed anywhere in the world, can gain experimental access to synchrotron resources. To do this requires that existing programmes are made suitable for remote operation. Software for remote data collection must provide (limited and safe) interfaces to instrumentation, including the visualisation of the experimental area, images and results. Remote software access has to be both fast to ensure true control of the experiment and secure so that no outsiders can influence or observe the experiment. Aspects, which arise from allowing remote access to outside researchers (security, encryption, etc.) are dealt with in Section 5. 

In order to streamline optimal data collection, a system for more automated data collection is needed, and the steps for this are outlined in the other workpakages of this section. The initial goal would allow data collection by local professionals working at the beam while the user has access through remote control. Ultimately, this could lead to a so-called FedEx-system, which obviates the need for crystallographers to travel to a synchrotron. Instead they would ship their crystal samples, mounted and vitrified, to a synchrotron site. Once there, the crystals are placed in robotic mounting devices by beamline personnel and the data collection can be managed either by the synchrotron staff or remotely by the home crystallographers. This would reduce the cost of travelling considerably, increase the number of useful data sets since specialised personnel would be involved and facilitate multi-institution research. In order to make such a process possible, both hardware and software tools have to be developed. The systems developed above will be implemented at selected participating laboratories using resources external to BIOXHIT funding.

Section 4: Data Processing and Structure Determination (managed by Partner 5)

The activities under this section aim to integrate the control of data collection with data analysis and with the early stages of structure solution. The rationale is that the effectiveness of synchrotron experiments will be greatly enhanced if it becomes possible to ensure, while an experiment is taking place, that the data being collected have a high probability of leading to a successful structure determination. The main activities fall into the following logical divisions:

(i) consolidation of automated methods for screening and characterising crystals and assessing their suitability for an actual experiment, leading to a more robust automation of data collection and processing

(ii) consolidation of the structure determination pipeline, with special emphasis on achieving responsiveness on the time scale of a synchrotron experiment

(iii) integration of (i) and (ii) to provide on-line monitoring and quality assessment, not only for the intensity data, but for the phasing signals inherent in them and of the downstream results (e.g. electron density maps, auto-built partial models) to which they can give rise

(iv) exploring new experimental phasing protocols made possible by (i), (ii) and (iii) as well as by the improved beam provision (Section 2) and data collection procedures (Section 3)

(v) opening the on-line monitoring capabilities assembled in (iii) to remote users, to enable them to take part in the decision-making processes in conducting a given experiment

Some collaborative activity towards goals (i) and (ii) has already taken place during the past few years under the auspices of the FP5-project AUTOSTRUCT, involving several of the BIOXHIT Partners. Similarly, goal (iv) has been one of the research directions pursued in the FP5-project EXMAD, which also involves several of the present Partners. BIOXHIT will build on the achievements of these projects, and will benefit from the well-established working relationships between many Partners already put in place over several years within the collaborative frameworks.

WP 4.1
Extending the levels of control in automated data collection and processing 

Automation efforts so far have been directed at providing a direct communication pathway between existing data processing software and beamline control software, managed by a software package termed the "Expert System" (Figure 2) which will take critical decisions about the data collection on the basis of information provided by the data processing software and of some user-supplied basic parameters relating to the project. An initial version of this system has been developed within the DNA project with funding from AUTOSTRUCT and MAX-INF in a collaboration involving Partners 2, 3 and 5 and will be deployed at other synchrotrons as part of WP 3.4.
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Figure 2. Schematic representation of the components of the Expert System for direct communication between the data processing and the beamline control software.

According to the present design of the software, the Expert System is intended to maintain overall control of the experiment, issuing instructions to both the beamline control software and the data processing software by means of commands in a high level language which are subsequently translated into commands that are understood by the respective software packages by a translator/server, which will handle the communication protocol. This design, however, was conceived within the limited goals of assessing the suitability of a given crystal for a diffraction experiment (as judged by the success or failure of auto-indexing and an examination of <I/(I)> values as a function of resolution), and of driving the collection and early processing of full data sets on beamlines equipped with single-axis goniometers. The command vocabulary of the resulting Expert System has a correspondingly limited scope. The purpose of this workpackage is to extend this design in preparation for the implementation of the feedback structure envisioned in WP 4.5 - more specifically, to enable it to handle the complex protocols for data collection and data processing that will be generated as an outcome of Tasks 4.5.3 and 4.6.1. These protocols may for instance involve using multi-axis goniometers, with complicated sequences of scans around different axes, and making decisions based on processing steps located further downstream than those considered at present. Accommodating such features will require extending the basic algorithms and communication structures of the present software, as well as the scope of its command language.

Another important task in this workpackage is the maximum likelihood analysis of the information content of the data. This can be calculated immediately after the data have been processed and could therefore provide important feedback information for the actual data collection.

WP 4.2
Consolidation of the structure determination pipeline A: substructure detection, solution and validation 

A crucial part of crystallographic structure determination by MIR, SAD or MAD methods is the identification of the heavy atom sub-structure based upon the small isomorphous or anomalous differences between pairs of diffraction intensities. Assessing the correctness of a substructure is often difficult because the signal-to-noise ratio is relatively low. Therefore, any tools that allow the data-independent validation of a substructure before initiating a computationally expensive phase calculation are desirable, particularly for marginal cases. A number of programs are available to extract structure factors representing the substructure from the original data (REVISE, XPREP, SOLVE, CNS) using a variety of approaches. There are also a number of programs available to find the substructure sites (ACORN, RANTAN, RSPS, SHELXS, SHELXD, CNS, SnB, CRUNCH). BIOXHIT Partners are playing a prominent part in both fields.

Partner 14 is currently developing the computer program SITCOM (funded by the FP5-project AUTOSTRUCT) to facilitate the convenient comparison of substructures produced by independent runs of different programs, or to quickly establish the equivalence of two solutions. This program will be extended to detect and make use of non-crystallographic symmetry (NCS). This is of particular importance for large substructures originating from soaks with anomalous scatterers. Here, the consistency of weak sites with the NCS can be used to judge the correctness of such sites. Furthermore, once detected, the NCS can facilitate density modification procedures. Any putative NCS found in a substructure can be validated against the self-rotation function. This extended computer program will be script-driven and will thus be easy to integrate into existing or future GUIs. As it does not use the diffraction data, it can also be run on a geographically distant web-server. The output generated will allow intuitive interpretation by non-expert users. The program is aimed to be fast enough to produce answers while the crystal is still available, thus assisting decision making during the experiment.

Partner 5 will keep its automated structure determination system autoSHARP current with the new developments planned by Partner 14 in Task 4.2.2.

The optimisation of the anomalous scattering experiment requires knowledge of the relative strength of the anomalous scattering. Maximum-likelihood methods will be developed for evaluating the anomalous signal that is present in the diffraction data. For this purpose, spherically averaged structure factor magnitudes of the anomalous substructure will be derived from partial sets of observed Bijvoet pairs. The results will be used for refining (with the program BEST, Task 4.1.3) the strategy of the anomalous scattering experiment and for a feedback to data collection.

WP 4.3
Consolidation of the structure determination pipeline B: phasing, density modification, molecular replacement 

Structure solution from measured diffraction amplitudes can proceed along two different paths, depending on whether it is a de novo structure determination, requiring experimental phases, or a molecular replacement determination, using the known structure of a related protein. Experimental phasing methods come into play as soon as diffraction data have been collected within which small systematic intensity differences can be ascribed to changes in the scattering properties of a relatively small number of atoms. This can occur either because extra scatterers have been added to the native form of a macromolecule (isomorphous replacement, single (SIR) or multiple (MIR)) or because the phenomenon of anomalous scattering leads to violations of Friedel symmetry within the same data set. In the latter case, the anomalous scattering behaviour can depend on the wavelength of the X-rays, and measurements at several wavelengths (the MAD method) or at longer wavelengths (where the anomalous effect is usually enhanced) can provide high-quality phase information.

In general, the phase information that can be extracted from such measurements remains noisy and ambiguous. This has made it difficult to obtain good parameters describing the isomorphous substitution or the collection of anomalous scatterers, but maximum-likelihood methods with marginalisation over the unknown true amplitude and phase (implemented in SHARP by Partner 5) have brought about great improvements in this area. Nevertheless, the final phase information can remain intrinsically bimodal, for instance in the SIR and SAD (single-wavelength anomalous scattering) methods, leading to poor quality electron density maps. It is then necessary to exploit the generic properties of macromolecular electron densities - such as the existence of regions of disordered solvent which contribute only weakly to diffraction and are thus devoid of connected features – to iteratively improve the purely experimental phases by a process called density modification. SHARP was the first phasing program to be distributed in this natural combination with a system of scripts performing automatically the required density modification, which was subsequently extended by an interface to the ARP/wARP automated model building package of Partners 1A and 6, giving rise to the autoSHARP suite of Partner 5. Other such integrated systems, notably the SOLVE/RESOLVE tandem by Tom Terwilliger (Los Alamos National Laboratory, USA), and the SHELXE program by George Sheldrick (Partner 12), have since been proposed as tools for high-throughput structure determination.

The purpose of this WP is the pursuit of these efforts to consolidate the computational framework by which the quality of the phase information contained in the data being collected during an experiment can be assessed through phasing, density modification and (when applicable) tentative automated model building, and to bring about the necessary standardisation to communicate the results of this assessment to the overall control of the experiment, according to the developments in WP 4.5.

When the experiment does not aim at a de novo structure determination but is to be used for molecular replacement, the evaluation of the arriving data would follow a different course. Part of this WP will explore the possibility of using the old idea of a LEGO approach to protein structure definition in the form of quasi ab initio phasing by exhaustive searches against libraries of structural motifs. This approach can be combined with the exploitation of phase information if the latter is available.

WP 4.4
Consolidation of the structure determination pipeline C: automated map interpretation, model building and refinement 

The manual building of atomic models from electron density maps used to be a slow and labour intensive procedure, even when the first interactive computer graphics systems became available. It is therefore absolutely incompatible with an HTP approach to structure determination. 

Considerable progress was made during the decade from the mid-eighties to the mid-nineties through the use of interactive molecular graphics programs such as Alwyn Jones’s ‘O’, which relies on the skeletonisation of electron density maps coupled with a database of structural fragments to assist crystallographers in the tasks of map interpretation and model building. The task of model refinement, however, remained a separate issue, and its results were affected by the side effects of an incorrect recourse to the time-honoured but inappropriate method of least-squares. The past five to six years have witnessed a remarkable transformation in this area of structure determination methods, driven by a combination of a few main ideas successfully implemented. The first was that of summarising an experimentally phased electron density map by the placement of ‘free atoms’, so that the phase improvement process can be carried out in real space through the improvement of that free-atom model. The second was the long overdue replacement of the least-squares method by the maximum-likelihood method, which made macromolecular refinement much more powerful, and in particular much better at correcting substantial errors in tentative models. The third the exploitation of a simple subset of stereochemical regularities in proteins (the known distance between C atoms, and the Ramachandran plot) to recognise main chain atoms, followed by a re-use of the SLIDER technique programmed in ‘O’ to then dock the side-chains in the proper sequence. This has resulted in the ARP/wARP procedure, created by Partners 1A and 6 and now in worldwide use, which is currently capable of routinely converting good quality electron density maps to 2.5 Å (or sometimes even 2.7 Å) resolution into refined models without human intervention. This capability has played a central role in giving credibility to the paradigm of high-throughput structure determination, as the latter would have been inconceivable without the former.

The contributors to this WP will continue to develop automated procedures for passing from map to model. This requires improvement in the application of image recognition to electron density maps, as well as the exploitation of more sophisticated refinement algorithms to extract the best model from the often limited experimental data and to generate better maps. 

Partners 1A and 6 will develop statistical pattern (image) recognition methods for automated structure determination, to enhance the ARP/wARP software package for modelling and refinement. The first goal is to make the suite able to provide a “quick” assessment of the quality of the experimental X-ray data and the derived phases. The second goal is to make it work even with deficient data with an aim of making the most out of the current experiment. The third relates to completion of models, in particular to the development of procedures for modelling weakly ordered loops and bound ligands. Other aspects of improvement of the procedure described in the WP are:

 (i)
implementation of conditional restraints, which may allow the automated model building at lower resolution than currently possible

(ii)
introduction of new and more efficient refinement algorithms

(iv) introduction of better models for the thermal parameters of macromolecular structures

WP 4.5
Feedback system between data collection and structure determination 

The sequence of steps leading from the diffraction experiment to a solved structure is commonly designated as the structure determination “pipeline” (see also Task 4.3.2). However there has been a growing awareness that the image of a linear pipeline is inadequate and should be replaced by that of an intricate, multiply-connected piece of plumbing, along whose links information needs to flow in both directions between an on-going experiment and the computational evaluation of the results of that experiment. It is the implementation, in the most transferable form achievable, of this bi-directional flow of information, which will be the most innovative contribution of BIOXHIT in this area. This is the critical factor in enabling the European synchrotron infrastructure to become the highly efficient, high-throughput platform needed to successfully conduct Structural Genomics projects, while at the same time boosting its capabilities to deal with the most challenging crystallographic problems.

Within this WP, the following feedback scenarios will be exploited:

 (i)
feedback between data collection and data collection strategy, eventually leading to a revision or refinement of the original data collection strategy

(ii)
feedback between early stages of structure determination and diffraction data collection ( “smart data collection”)

Smart data collection will break the purely sequential structure of current protocols, where large amounts of time are often wasted because suboptimal experiments are performed, which could have been avoided if sufficiently thorough diagnostics had been available during that experiment to indicate that a change of strategy was needed. 

WP 4.6
Special developments for challenging projects and new experimental phasing protocols 

Major advances in structural biology are generally linked to successes in solving extremely challenging structures. With the consolidation of the structure determination pipeline described in the previous WPs 4.2, 4.3 and 4.4 and the feedback system described in WP 4.5 in place, a system will be created that will almost certainly have advanced capabilities compared to currently available systems for structure determination. Such a system will be capable of contributing very significantly to the creation of a high-throughput capability for rapidly determining structures of low to medium difficulty, i.e. structure solutions in which the bottleneck would today be the multiple human interventions needed in the successive experimental and computational steps rather than any intrinsic difficulty. Special developments will be undertaken under this WP so that the Bioxhit effort benefits not only from ‘harvesting a low-hanging fruit’, but also this extremely important class of projects. The specific issues addressed will be the problems associated with radiation damage, with the treatment of absorption, and with the exploitation of weak phasing signals. The latter aspect of this work will extend the range of phasing opportunities from naturally occurring anomalous scatterers within proteins (sulphur) and nucleic acids (phosphorus).

WP 4.7
Architectures and logistics for integration and migration towards remote control 

To ensure that the development efforts within the Bioxhit project are as effective as possible, they must be well integrated and transferable. There is thus an urgent need for a review and audit of:

(i)
existing systems in terms of the reusability and adaptability of their components

(ii)
the possibilities of reassembling selected components into software units which could be transferred from one installation to another, and especially to the new synchrotrons now being built

(iii)
the best methods available for adding new capabilities by future collaborative developments without compromising that transferability

This is the major issue in this workpackage and applies to both software developments in Sections 2, 3 and 4 as well as to the hardware developments in Sections 1, 2 and 3. Major components of this workpackage are:

(i)
assessing the requirements of software developers to ensure that software toolboxes (consisting of common low-level functions which can be accessed from a variety of different computer languages) which are being developed in parallel with BIOXHIT, will match those requirements. The exploitation of such toolboxes will allow more rapid development of new crystallographic applications

(ii)
the general automation of the macromolecular structure determination process, through the exploitation of  software infrastructure developments happening in parallel with BIOXHIT (for example, scheduling and resource managing applications, which will handle requests for resources such as programs, data files or objects from either the user or from an expert system, which encodes knowledge about the structure solution process into a set of rules)

(iii)
the migration of some existing software to new and more modern platforms

(iv)
to allow for the option of remote access when designing new pieces of software or when refurbishing existing ones

Section 5: Data Bases and Networking (managed by Partner 1C)

A central objective of BIOXHIT is to integrate the developments in the various activity areas into one grand whole. From the computational side, this means in its broadest sense, the development of an all-encompassing system of computer programs that ensure information exchange on the one hand, but also the interoperability between data providers and databases on the other. Bioinformatics experts are the Partners of choice to undertake this task.

The scientific research objectives of Sections 1 to 4 include the design and implementation of integrated systems that are to be transferable to any other synchrotron beamline in Europe, including those facilities either already under construction, or currently in the planning stage. These applications will integrate data collection, central data storage, querying and reporting into a single environment allowing the users to track and retrieve data from all experimental protocols, including the sample origins, instrumentation and data. An essential first objective is to define European standards for various aspects of a structure determination. Staff at many of the seven European synchrotrons (DESY Hamburg, SRS Daresbury, ESRF Grenoble, ELETTRA Trieste, MAXLAB Lund, SLS Villigen and BESSY Berlin) will contribute their particular expertise to different aspects of the aims of BIOXHIT. Section 5 will undertake tasks that concentrate on data flow and standards between work packages. Section 5 tasks must be “horizontal” in nature to define standards across the whole of the BIOXHIT project. Each work package and each group undertaking tasks within the respective work packages will develop independent applications and use different vendor products. It is essential that data exchange between these different solutions adopt a standard system so that each site will map internal data representations to the standard exchange data representation. All partners will contribute to standard data modelling, standard data representation and support a commitment to exchange of data using standard protocols. System standardisation should not be allowed to stifle innovation, but where possible, interfaces for beamline operation, data collection, and data processing are to be standardised. This is especially important for remote data collection. WP 5.1 in this Section aims at defining standards for beamline software, web access protocols and transfer of data between the various components of BIOXHIT and together with WPs 5.2 and 5.3 this will become an essential integrated network of software platforms that allow for standard annotation, curation, data exchange and querying databases.

WP 5.1
Standardisation in Software and Data Transfer 

European synchrotron beamline software development efforts have been, by necessity, fragmented due to the lack of transferability between beamlines and because narrow local specificities make it difficult for external developers to contribute to the improvement of the local beamline software. To ensure that the development efforts within the BIOXHIT project are as effective as possible, transferability must be given the highest priority. In this workpackage the aims will be to:

(i)
review the existing systems and examine the reusability and adaptability of their components

(ii)
set project-wide standards for software developers

(iii)
investigate the use of "off-the-shelf" products for specific requirements.

Each workpackage and each group undertaking tasks within the respective WPs will develop independent applications and use different vendor products. It is essential that for data exchange a standard will be adopted so that each site will map internal data representations to the standard exchange data representation. These standards are essential for the WPs 3.1, 4.2 and 4.7 and will greatly facilitate the work undertaken in WPs 3.4 and 4.1.

This WP will also be concerned with the setting of standards for the creation of software components in distributed Internet environments, the investigation of information flow between applications and the creation of a secure software repository for the sharing of common component software by all Partners.

There is a flow of information through BIOXHIT Sections 1 to 4, because later stages in structure determination necessarily depend on information gathered in earlier stages. For example, apart from the obvious requirement of administration detail that is part of the required information flow, Section 3 and Section 4 have a requirement for decision-making and knowledge discovery by pattern evaluation and data interpretation. Section 3 requires information from Sections 1 and 2 for the optimisation of crystal selection and data collection protocols. The phasing procedures developed in Section 4 will exploit knowledge from crystallisation conditions (Section 1), beamline data collection conditions (Section 3) and statistical details from image processing (Section 4) to compute phases in an optimal way.

A number of different Partner databases, for instance MOLE (Partner 10) or HalX (Partner 11) will hold the information acquired at each stage, for example:

(i)
a LIMS may hold sample preparation information (such as heavy atom type) which is relevant to interpreting MAD data

(ii)
a facility database will contain information on the experiment which is useful for data reduction

(iii)
other databases will contain sequence and structural information useful in molecular replacement

It is likely that representations of equivalent data will vary between Partner databases. Thus information flow through Sections 1-4 requires the adoption by all Partners of a standard interchange mechanism and meta language, which will be developed in this WP and which will facilitate the transfer of data between different parts of the BIOXHIT components.

WP 5.2 Implementation of data management and project tracking in structure solution 

Software pipelines such as those outlined in Section 4 will require a component to manage data flow and track project history. This is important in order to make information from all preceding steps available to software components in the pipeline. This WP is concerned with the implementation of a project-tracking data base, which can be used within the context of a structure determination software pipeline in order to:

(i)
keep track of progress through the structure solution pipeline
(ii)
review progress when the pipeline is running in service mode. The owner of the project may wish to query progress through the pipeline, for example a biologist makes a request to the crystallisation service to see whether protein crystals have yet been obtained 

(iii)
diagnose problems or failures (particularly important for automated procedures). For example if a refinement fails manual intervention may be required to trace back whether the appropriate model was used in MR, or whether there were problems in the data processing

(iv)
improve procedures by identifying their strengths and weaknesses
The CCP4 graphical user interface CCP4i currently includes a project database which records information about each job run by a single user and has basic tools for displaying the jobs run to date and for reviewing and if necessary rerunning them. This WP is concerned with the expansion of the database content and the associated tools to enhance its usefulness, and enable integration with other Partner databases and software. The objectives are to:

(i)
enable access to the database by non-CCP4i applications in a multi-user distributed computing environment

(ii)
increase the scope of data stored in the database to allow paths through the structure determination (project history) to be determined automatically

(iii)
to investigate migration from the current flat-file implementation to a database backend, which will scale better for large amounts of data and which will be better suited to data mining

(iv)
improve the tools for displaying the project data (visualisation) 

(v)
enable data exchange with databases from other parts of the structure determination process e.g. facility databases held at synchrotron sites, or LIMS in individual laboratories
WP 5.3
Remote Access and Networking 

Remote software access tools and procedures will be developed. Many of these components are specific to a single aspect of the structure determination process and are thus considered in their relevant Sections. This WP covers remote access tools which combine access to components across several other Sections, with the goal of providing an environment in which researchers distributed anywhere in the world can gain access to synchrotron resources for their research. The objective is to increase the effectiveness and efficiency of the experiments at the synchrotron beamlines by reducing travel costs, by increasing the number of useful collected data sets (by allowing remote experts to collaborate on the experiment), and by facilitating multi-institutional consortia collaborations. BIOXHIT will provide the basis for necessary software to exploit the capabilities of next generation high bandwidth networks to allow scientists the seamless interaction with colleagues anywhere, enabling a multidisciplinary approach to the underlying problem of solving and understanding the structures of biological macromolecules.

Three types of remote access are planned within BIOXHIT:

 (i)
"User-more site": remote access to the computational facilities of the synchrotron sites so that facilities are still available to users after they have left the site

(ii)
"User-less" site/"user-less" data collection: remote access and control of the diffraction experiment (see Section 3)

(iii)
Collaboratory environments: seamless remote access to facilities and data by many users at different physical sites plus tools to facilitate interactions with one another
Part of this work will be to undertake an evaluation of the existing web portal from the Elettra Virtual Collaboratory (EVC). The EVC allows the remote control of the diffraction and fluorescence experiment by being interfaced to beamline control and data collection software. Developments will include data visualisation and interfaces to software for data collection strategy and evaluation of diffraction properties (see Section 3), crystal-mounting robots as well as to the user database. The software will simultaneously serve multiple clients and offer a series of tools: video streams for remote crystal and experiment set-up viewing, videoconferencing, chat rooms, electronic notebooks to store texts and images and the possibility of partially accessing the system via WAP enabled mobile phones. The EVC will become a flexible tool for the management of X-ray diffraction measurements both on site as well as remotely.

6.2 Demonstration activities
Each of the R&D developments of BIOXHIT contains a certain demonstration aspect. For hardware developments, this may be a design study or a prototype, for software developments this may involve an alpha- or beta-test version of the respective computer programs. Consequently, demonstration activities are intricately linked to the R&D developments described and cannot be separated out easily without making it look artificial. We would therefore like to refer the reader to the respective R&D Sections 1-5 described in part B.4.1 and to the detailed description of tasks and expected deliverables in part B.8. 
6.3 Training activities
Training activities are considered cornerstones of the BIOXHIT project. Providing efficient training to researchers and technicians within BIOXHIT and to the outside community is so essential that a separate Section 6 is devoted to this subject.

Section 6: Training, Implementation and Dissemination (managed by Partner 16)

HTP hardware and software technologies such as those developed within BIOXHIT will clearly be beneficial not only for Structural Genomics, but also have a great impact on life sciences in general. The dissemination of this knowledge and training of young and senior scientists from member and associated states of the European Union in the new technologies are crucial and important activities of BIOXHIT. A significant amount of the technology development will take place at the central synchrotron sites - EMBL Hamburg (Partner 1A), ESRF Grenoble (Partner 2), SRS Daresbury (Partner 3), SLS Villigen (Partner 4) and the crystallisation laboratory in Marseille (Partner 11). Although they have major associated software components, they can be considered as the hardware core facilities of the consortium. The deliverables in terms of hard- and software technologies in these sections and the software development performed in Section 4 and 5 will be extremely valuable to the whole Structural Biology community in Europe and are likely to lead to the commercialisation of several products. The possible commercialisation and the handling of intellectual property rights requirements will be monitored by the Research Director of BIOXHIT under the consultation of the Project Steering Committee. It will be left to the respective Partners as to whether to retain their own intellectual property rights and use their usual methods of distribution or to seek support from the knowledge exploitation expert, Partner 20.

The process of developing HTP technologies in crystallisation and data collection at synchrotrons requires advanced training of researchers and technical staff at the different synchrotron sites and the other institutions engaged in this work. A similar development will involve streamlining the logistics and data management. As soon as these products are available they will be subjected to testing in the user community and after successful tests subsequently placed on the BIOXHIT web site, where they will be available to all users of synchrotron facilities in Europe. The important tasks of introducing, familiarising and training scientists and technicians that are part of the European research activities in structural biology in the HTP technologies developed by BIOXHIT are considered the prime responsibilities of Section 6.

WP 6.1
Training, implementation and dissemination within the BIOXHIT consortium 

Only when a sufficient flow of information between all the Partners is ensured, can the proposed activities in BIOXHIT be carried out in the most efficient way. As means for fast communication, an email server and as a data repository a web site will be installed for the BIOXHIT consortium. The web site will at a later stage serve as the location where all the training material (to be prepared within this WP), which is needed for the training of researchers within BIOXHIT, as well as for the training of researchers outside the BIOXHIT consortium, is deposited. 

Hardware developments, individual robots or integrated systems, will be made available early to all BIOXHIT Partners for further tests. The same is necessarily true for any software product, early releases of which will be installed and tested at selected sites within BIOXHIT. The Partners involved will provide the initial user training and later contribute to the development of the appropriate material for training. 

In order to ensure maximum communication between the Partners contributing to the workpackages in one Section, frequent Section workshops (organised by the Section Managers) will take place throughout the duration of the project.

WP 6.2
Training, implementation and dissemination to the community outside the BIOXHIT consortium 

Training and dissemination of BIOXHIT results are not just an issue directed to BIOXHIT consortium members themselves. There is an equally important component for training and dissemination to the community outside the BIOXHIT consortium. A Training-Implementation-Dissemination (TID) committee for Section 6 activities will be established that will coordinate and implement the activities belonging to this Section. The activities of this committee will be conducted in close contact with the Project Steering Committee.

The number of scientists producing proteins with the aim of crystallisation and subsequently becoming new users of the SR-facilities has increased rapidly during recent years. However, the optimal use of the crystallisation and synchrotron facilities can only be achieved if they have properly trained users. Training of new users from the structural biology community represents a challenge that would be impossible to meet by the hardware core-facilities alone. To resolve this problem and at the same time contribute to the training in the software deliveries from Section 4 and 5, a number of TID-centres will be established as the vital tools in the training, implementation and dissemination processes. The first TID-centres to be established in EU-member and associated states will be in countries not hosting one of the major synchrotron facilities. At a later stage in the project, new TID-centres will be associated with existing and developing synchrotron facilities in the EU-member and associated countries.
The TID-Committee will conduct annual evaluations of the activities in the TID-centres, and will meet with their representatives in person preferably in connection with the annual meeting of all Partners, where a report can be given on past achievements and future perspectives. The day-to-day flow of information and the decision-making processes will be carried out by electronic communication. The steering committee will report to the management team of BIOXHIT regularly. For major decisions in Section 6, namely the selection of new TID-centres, the TID-Committee will make a proposal, requiring approval by either the Project Steering Committee or by all Partners of BIOXHIT. A second responsibility of the TID-committee is to coordinate the preparation of the necessary training material prepared by the core facilities.

6.4 Management activities
Substantial Framework 6 projects such as BIOXHIT require an efficient management structure to ensure full integration of the various parts and to provide mechanisms to deal with unforeseen difficulties or new research developments, which may arise elsewhere. The management structure of the BIOXHIT consortium is described in detail in part 7. The overall coordination of BIOXHIT is taken care of by Partner 1A, and the actions to be taken and the deliverables are assembled in Section 7, which contains only one workpackage and a list of tasks and deliverables described below.

Section 7: Project Management (managed by Partner 1A)

WP 7.1
Overall project management 

The tasks to be taken care of for the overall project management are manifold. The BIOXHIT Management Team will deal with the preparation of reports to the EC and audits. Technical R&D reports will be assembled by the project Research Director and the financial report by the Administrative Project Officer. The Management Team will organise the BIOXHIT consortium meetings as well as the communication with the Scientific Advisory Board. The contractual management and the consortium agreement will be mainly handled by the Coordinator and the Administrative Director with the help of the Research Director. The innovation-related issues and the knowledge management will be monitored by the Research Director who will be in close contact with respective Partners and with the SME for technology transfer, EMBL-EM (Partner 20). Planning and controlling activities will be the responsibility of the Research Director (scientific progress) and the Administrative Project Officer (control of resources) in strong cooperation with the Project Steering Committee. Should the Project Steering Committee decide for calls for new partners, these will be prepared and launched by the Management Team after consultation with all Partners. Partner 7 has been appointed as the Gender Issues Manager and will be responsible for the various gender issues, which may arise throughout the project. This is described in detail in part 6.6.

The managerial work to be carried out is split into the following tasks: 

Project reporting (official reports) and review procedures

Year 1. The first year progress report including the Periodic Activity Report, the Periodic Management Report, the audit certificates, etc. in accordance with Article 7 of Annex II to the contract will be sent by the coordinator to the EC Scientific Project Officer within 45 days following the end of the reporting period. The first year report will be accompanied by the implementation plan for the next 18 months as well as a report on the implementation of the Gender Action Plan. These documents will also be forwarded to the Scientific Advisory Board for assessment and will be discussed during the periodic meetings. The evaluation by the Scientific Advisory Board will also be sent to the EC Scientific Project Officer. The Commission may be assisted by additional external experts, who shall be subject to a confidentiality agreement. The purposes of the annual review will be to assess the progress of the project towards the milestones and deliverables foreseen and the prospects for achieving the overall objectives, and to examine the proposed implementation plan for the next 18 months.

Years 2 and 3. For years 2 and 3 and subsequent years, the same procedure will apply.

Final report. The final report, cost certificates (audit certificates) and other deliverables foreseen will be sent to the EC Scientific Project Officer by the deadline given in Annex II to the contract. The Commission services may ask the project Scientific Advisory Board and/or other external experts (under a confidentiality agreement) to examine the final report and to provide an evaluation on the overall achievements of the project.

Mid-term review. A mid-term review of the progress of the project will be instigated by the Commission services. The mid-term review meeting will be organised by the project coordinator and representatives of all Partners. The Commission services may be assisted by the Scientific Advisory Board and/or external experts, who shall be subject to a confidentiality agreement. The mid-term review will take place at the second annual meeting. 
Decision Making Management and Structures

There are several decision-making bodies responsible for the co-ordination of the BIOXHIT project at different levels.

The General assembly will be the main legislative body of the project and as such it has decision-making powers in all fundamental questions of project execution, such as

· Actions with regard to a defaulting party (based on the regulations laid down in the EC contract and the consortium agreement) 

· Entering into the EU contract and the Consortium agreement of new contractors

· An approval of the work content for the next 18-months period

The Project Steering Committee, composed of the Management Team and the six Section managers, is responsible for the monitoring of the project progress and has decision-making power in the following:

· Overseeing the scientific directions of the project

· Identification of bottlenecks and possible remedies

· Contacts and joint meetings with Scientific Advisory Board

· Allocation of the project’s budget

· Decisions on the change of technical specifications in Annex I of the EU contract

· Deciding upon the technical roadmaps with regard to the project 

· Preparation of the decision-making and proposals for the decisions of the General Assembly, e.g. actions with regard to a defaulting party

The Section Managers together with the Workpackage Coordinators of the respective workpackages will be responsible for the coordination, monitoring and technical decicion-making of the individual Sections and their respective WPs. The tasks will comprise:

· Coordination of the day-to-day management of the section and the workpackages of the specific section

· Monitoring of the progress of the section

· Reporting to the Management Team, the Project Steering Committee and the General Assembly on the progress and potential bottlenecks in the form of progress sheets and status reports

· Deciding upon measures for remedial action in minor cases or making proposals for remedial action in the case of bottlenecks to be decided upon by the Project Steering Committee 

The overall coordination body linking together all activities and representing the central contact point of the project will be the Management Team consisting of the Coordinator, the Research Director as well as the Administrative Project Officer. The Management Team will be responsible for:

· Respresenting the interface and primary contact between the consortium and the EC

· Chairing the Project Steering Committee (the Coordinator)

· Measures in the framework of controls and audit procedures to ensure the effective day-to-day coordination and monitoring of the progress of the project 

· Management of the knowledge 

· Deciding upon press releases and patent applications 

· Establishing and maintaining a project website which serves as a dissemination channel to the public as well as a central document repository for internal purposes (restricted area)

· Administration of funds

· Drawing up of reports and collection of documentation required by the Commission 

Administrative and financial coordination

The effective administrative and financial management of the BIOXHIT project will be carried out by an Administrative Project Officer (to be appointed) from the contract who will reside at the coordinator’s site and work within the Management Team. The Administrative Project Officer will among others be responsible for:

· Collection of audit certificates and all related financial documentation necessary for the preparation of internal and official reports 

· Transfer of funds to the partners

· Documentation of budget shifts

· Budget follow-up

· Provision of support for partners in financial matters

· Preparation of statistics and assembling project reports

· Preparation of consortium meetings

Quality management

· Establishment of a Management Guide (MG). The guide will be established and will describe and contain procedures, templates, methods and tools enabling the qualitative and quantitative assessment of milestones and deliverables.

· Co-ordination of timely production of deliverables (see also p46, risk management). Status reports will be produced on a six-monthly basis. 

· Qualitative and quantitative assessment of deliverables and milestones according to the provisions laid down in the management guide

· Control of quality and consistency against technical and contractual obligation and state-of-the art

· Revision of assessment procedures and Management Guide if necessary

Calls for new partners

The integration of new partners is not foreseen at the start of the project. However, should the need for new expertise occur during the project lifetime, the procedures for publishing and evaluating the calls that have been agreed upon are described in Annex 4.

Gender issues 

The promotion of gender equality in the project is guaranteed by the nomination of a gender issue manager (Partner 7, ELETTRA) who will – in close cooperation with the Research Director and the Section Manager of the training and dissemination section – 

· act as an Ombudsperson for problems arising from gender inequality

· be responsible for the implementation of the gender management plan

· draw up annual status reports

A detailed description of the activities is given in part 6.6 (Gender Action Plan).

Details about the individual management Tasks (Decision Making Management, Technical Co-ordination, Administrative and financial Co-ordination, Quality Management, Knowledge management and innovation-related issues, Calls for new partners, Gender issues) are described in part 7 and for the first 18 months period in the workpackage form WP 7.1.

6.B Plans

6.5 Plan for using and disseminating knowledge
The exploitation of the knowledge arising from the BIOXHIT project represents a major management issue. Efficient and appropriate mechanisms for the management and utilisation of the knowledge are defined as follows. The basic provisions ruling the management of knowledge, confidentiality matters, ownership of results, legal protection of results, definition of Partners’ background knowledge will be laid down in the consortium agreement. The possible commercial exploitation of knowledge arising from BIOXHIT and the handling of intellectual property rights (IPR) requirements will be monitored by the Research Director of BIOXHIT under the consultation of the Project Steering Committee. The consortium agreement will protect the rights of individual Partners to decide how best to exploit IPR, and it will be left to the respective Partners, as to whether to retain their own IPR and use their usual methods of distribution or to seek support from the knowledge exploitation expert, Partner 20.

All knowledge generated by the multi- and interdisciplinary research done in the workpackages of the R&D Sections (1 to 5) will be identified and assessed by the Research Director and the Partner 20 on the basis of the regular progress sheets from the Section Managers. The nature of the knowledge created, the owner of the result and the plan for its exploitation will be defined in accordance with the provisions of the consortium agreement. A list of R&D products, methods and technologies will be established and continuously updated to ensure the best possible use. The BIOXHIT management team will explore the possibilities of tight cooperation with other related projects or networks that could be used as dissemination channels.

For all exploitable results, appropriate IPR protection will be provided and exploitation strategies as well as business plan activities will be defined (including product development and possible creation of spin-off companies). To raise awareness of IPR matters, an individual IPR consultancy will be provided by Partner 20.

Broad dissemination will be guaranteed by publishing all the results and project progress reports on the BIOXHIT web site, by scientific publications in relevant journals and presentations at scientific conferences. All results and the plans for their use (in the form of the progress sheets) will be collected by the Research Director and presented in the form of the Dissemination and Use plan at the end of the project.

6.6 Gender action plan

The treaty of Amsterdam, which formalises the gender commitment and the gender mainstreaming process at the European level is considered as fundamental reference relating to gender issues. Part One of the Treaty mentions two gender-related aspects among the tasks and objectives of the Community: Article 2: the elimination of inequalities and Article 3.2: the promotion of equality between women and men

The BIOXHIT consortium recognises that the issues of gender dimension in RTD and of gender equality in all project-related and project-influenced activities are of high importance for the European policy of equal opportunities between women and men, and that they require a special focus and strategy within the project structure. BIOXHIT is to be considered as gender integrated project, with an implication that gender is integrated into the project design and evaluation even though the main focus of the project does not address gender directly.

To implement this issue firmly in the project’s procedures and policies, the consortium has appointed a female Gender Issues Manager (GIM, Dr. K. Djinovic-Carugo, Partner 7) for the full duration of the project who will be in charge of coordinating and monitoring the implementation of the project’s gender strategy.

The Project Steering Committee will pay attention and evaluate the number of women involved in the scientific work as well as in the decision-making structures. The main emphasis of this strategy will be on the appointment of women for vacancies within the network in order to increase the overall percentage of women working in this S&T area. The BIOXHIT training and dissemination programme will particularly encourage women to take part in mobility and training activities.

The BIOXHIT consortium will also strive to contribute to the generation of knowledge about the general implications and requirements of gender mainstreaming in the area of Structural Biology. It will make contact with Women&Science Networks in order to contribute to their studies and initiative and in order to receive up-to-date input on gender dimension issues.

The day-to-day implementation of the project’s gender strategy will involve the establishment of a gender management plan at the very beginning of the project, and its up-dating during the project lifetime. The Gender Issues Manager will provide Regular reports on the status of the gender issue within the project will be provided by to the annual consortium meetings. 

All Partners will be obliged to monitor that the language of project documentation material, such as the description of deliverables or reports, is consistently gender neutral.
An important factor of the gender dimension in the project will be the creation of short-term and part-time jobs at the platforms, which are expected to be suited especially to women’s professional qualifications and specific employment requirements. The long working hours at synchrotrons may be an obstacle for obtaining an equally balanced distribution of male and females in these positions. One of the ways of dealing with this gender related problem in BIOXHIT and to encourage female applicants, would be to ensure that some of the positions will be advertised with the option of having reduced working hours. Among others, availability of remote access will allow scientists to monitor, launch, perform and control the experiments remote experiments at synchrotron facilities and could, therefore, be particularly suited to the needs of women with young children. Another aspect of availability of remote access and installation of highly automated hardware and software pipelines that this will undoubtedly result in a reduction of time required for long-distance travel to the facilities and, concurrently, to the reduction of the needs to carry the samples stored in (often heavy) dry liquid nitrogen containers. This will certainly make the research in this field more attractive for women.

The following Table summarises the planned gender activities of the BIOXHIT consortium 

	Target areas
	Objectives
	Implementation 

	R&D
	To foster the involvement of women researchers
	Promotion of R&D positions for women and respecting gender issues during the BIOXHIT recruitment campagne

Creation and offer of part-time jobs

Women as speakers and lecturers in workshops

	Management
	Consideration of gender aspects in the overall project management
	Active participation of women and gender balance in BIOXHIT decision-making bodies

Establishment of the position of a Gender Issue Manager (GIM)

	Mobility
	To support staff exchange 
	Promotion of womens’ stays at partner labs

	Training & Education
	To encourage young women to take on a career in scientific research and technical jobs
	Women as lecturers in training courses, conferences, workshops

	Dissemination
	To disseminate best practice
	Implementation of the BIOXHIT Training, Implementationand Dissemination programme

Young researchers as speakers in workshops and conferences

	Exploitation
	To promote women and men to be qualified in technology transfer and innovation management
	Seminars related to IPR and technology transfer to be provided by EMBLEM addressing specific needs of women scientists 

	Networking
	Information exchange with other projects and networks concerning gender issues
	Participation of the BIOXHIT Gender Issues Manager in wide information exchange with other projects and networks


The following summarises the involvement of women in the management and partnership of the BIOXHIT consortium from the start of the project:

Women involved in the scientific management of the BIOXHIT project:

· Partner 16, University of Copenhagen: Prof. Dr. Sine Larsen, manager of Section 6.

Women involved in the scientific partnership as scientific team leader:

· Partner 7, ELETTRA Trieste, Dr. Kristina Djinovic-Carugo

· Partner 15, MAXLAB Lund, Dr. Marjolein Thunissen

· Partner 17, DIAMOND, Chilton, Dr. Elizabeth Duke

Women scientists involved in the project constitute 57 % of early researchers (less than 4 years after graduate) and 15 % of experienced researchers (minimum 4 years after graduate or having a PhD).

The following summarises overall gender aspects of the BIOXHIT project:

The project does not involve human subjects, does not use human cells / tissues / other specimens. The proposed research does not involve animal subjects or animal tissues / cells / other specimens (as models of human biology/physiology) in such a way that it is expected that may have implications for humans. The project does not use collection of data related to human subjects, human materials, animal subjects or animal materials. The targets and objectives of the research to be undertaken within BIOXHIT are not associated with any gender issues. There are no gender/sex differences with respect to the research documented in the literature.

6.7 Rising public participation and awareness

BIOXHIT is a technology-oriented research project primarily aimed at the development of an integrated platform for high-throughput structure determination using X-ray crystallography with synchrotron radiation. Therefore a special effort will have to be made to provide information on the nature of the project activities to a non-specialised audience. A concept for this will be developed from the start of the project and updated as the work proceeds. 

Public Website

A part of the project web site will be dedicated to the presentation of the project work to the broad public as well as to the scientific community. The public web site will be setup and maintained by Partner 1A and is planned to contain the following information:

· Description of BIOXHIT activities (consortium structure, non-confidential project details and progress summary reports)

· Project presentations, one for scientific audience and one for the general public

· Contact details of the project management team

· Press articles relating to BIOXHIT in different partner countries

· Potential application fields

· Synchrotron-orientated research in general (state-of-the-art, progress worldwide) 

· Useful links to homepages of related project, Commission sites and information sources

· Frequently Asked Questions

Parts of the training material which will be produced by the BIOXHIT partners in the framework of Section 6 will also be used to provide general information for the public website. 

Project Presentation

The project will prepare and publish a brief project presentation in English (and possibly other language version if wished) of approximately two to three pages under the following headings:

Contract number; Project acronym; Project name; Priority and Priority Component (e.g. Strategic Objective, etc.); Project logo; Coordinator contact details; List of participants (organisation name, country); Total project costs (EUR); Commission funding (EUR). It will also include Project main goals; Key issues; Technical approaches; Expected achievements and scientific impact.

Brochure, poster and slide-show

It is planned to produce a brochure summarising the state-of-the-art in the field of synchrotron research and particularly the activities of the BIOXHIT partners. The editing of the brochure will be done with the support of Office of Information and Public Affairs of Partner 1A. Furthermore, a general project poster as well as an information slide-show will be developed for presentation at any information events organised by the Commission or other European institutions. Both the poster as well as the slide-show will be set up in accordance with the Commission's graphic and contents guidelines. 

Public seminars/presentations

At least two public seminars will be organised. Their aim will be to present the project progress and results and to raise awareness about the needs and developments in the field. It is envisaged that the seminars will be coordinated with two events, which are organized by the Commission Services, e.g. the first annual meeting of the FP6 funded projects in the field of Structural Genomics (October 2004) as well as the annual European Science Week (2007). The organisational details will be agreed on with the Commission representatives in charge and with the EC scientific project officer. 

Newsletters

The Partner 1A’s E-newsletter containing information on the main achievements and to announce events will be used to raise awareness of the BIOXHIT developments with a broader public in the field of microbiology and with potential users. 

Societal aspects

The benefits to society in terms of employment, education, training and working conditions will be analysed during the second half of the project. The results of this analysis will be presented in the form of a report which will be published on the project website and on suitable Commission websites if possible. 

Participation in conferences

The consortium will also aim at the participation in scientific conferences dealing with the topics that represent the scientific core of the project, in order to disseminate the knowledge gained in the project. The following conferences, conngresses and workshops will be specifically targeted: International Structural Genomics Organisation, International Crystallographic Organisation, meetings organised by the EC synchrotron round table, the relevant EC consorted action networks and the Collaborative Computational Project.

6.C Milestones

6.8 Major Milestones over full project duration

The major milestones described below are grouped according to the sectional structure of the BIOXHIT project as described in part 6A. The milestones are given with an approximate time frame for the project R&D Sections 1 to 5 as well as the Section 6 devoted to the training and dissemination activities. The project management, though grouped into Section 7, is described in detail in part 7 of this document.

Section 1: Development and implementation of improved, low-cost, htp crystallisation technologies common to laboratories and synchrotrons
The first step will be the development and establishment of the required hardware with associated software, particularly for operation of robotics and remote access. Then a database of usage of the crystallisation facilities will be accumulated with a large number of experiments so that statistical analysis can be employed to derive novel knowledge-based information. The activities in this Section will ultimately deliver an extension of the limits of current crystallisation technologies towards the use of smaller crystallisation drops, less protein consumption, higher quality crystals for X-ray diffraction, enhanced stability of crystals in the X-ray beam. 

	Major Milestones:
	Year

	Implementation and validation of the necessary crystallisation hardware and software
	1-2

	Establishment of an extensive database of crystallisation experiments
	2-4

	Statistical analysis of the crystallisation database content 
	3-4

	Optimisation of crystal diffraction properties
	3-4


Section 2: Synchrotron technologies
Up to now the operation of synchrotron beamlines is still highly complicated for a non-expert user and requires extensive involvement of beamline personnel to assist the diffraction experiment. Therefore, the activities in this Section are targeted towards the development of advanced synchrotron beamline technologies towards standard, automated and easy-to-operate beamlines providing high quality stable X-rays delivered to the sample.

	Major Milestones:
	Year

	Implemented software standards for easy-to-use synchrotron beamlines
	1-2

	Novel, fast imaging beam position monitors for monochromatic and white X-rays
	1-3

	Standard test crystal system for routine monitoring of beam quality
	1-3

	Hardware components and an intelligent control system software for synchrotron beamline alignment 
	2-4


Section 3: Beamline end-stations and data collection 

Most of what has been mentioned for the Section 2 above, applies also to this Section. Beamline end-stations are typically highly congested arrangements of various apparatuses and equipment with very little space affordable for sample handling throughout the experiment. The end-station components have to be carefully aligned and their operation synchronised. Therefore it is absolutely beneficial for the success of the experiment if the end-station could be completely automated and operated without the user being physically present. The activities in this Section are geared towards improved means of automated and reliable handling and characterisation of the crystal in order to optimally plan the actual diffraction experiment.

	Major Milestones:
	Year

	A standard system for tracking crystalline samples
	1-2

	Automated crystal handling and alignment
	1-3

	Optimal planning of the diffraction experiment
	1-3

	Automation of the diffraction experiment including remote operation 
	1-4


Section 4: Data processing and structure determination 

Traditionally crystallographic structure determination was not developed for high-throughput operation and, in most respects, still presents a challenge for complete automation. Inherently, structure determination is a linear process with little to no feedback to the preceding steps. In order to assess the potential of feedback and consolidate the whole process we are aiming to design and implement a structure determination pipeline, which will ensure the success of the experiment at the earliest possible stage and which will allow direct feedback to data collection and crystallisation. 

	Major Milestones:
	Year

	Integration of data collection with data processing
	1-3

	Consolidation of the whole structure determination process
	1-4

	Feedback system to the data collection and driving hardware modules
	1-4

	Integrated structure determination pipeline and remote control
	1-4


Section 5: Data bases and networking 

An efficient feedback-based structure determination pipeline requires an efficient data management structure being in place. This includes both feed-forward data transfer and information flow as well as feed-back operation to the preceding steps. The activities in this Section will encompass all activities in Sections 1 to 4 and will be aimed at a logistics architecture geared towards efficient data management and full project tracking including efficient bioinformatics software architecture.

	Major Milestones:
	Year

	BIOXHIT guidelines for software and data transfer
	1-2

	Data management and project tracking for structure determination
	1-4

	Remote access to computing facilities for data handling
	3-4


Section 6: Training, Implementation and Dissemination (managed by Partner 16)

The success of the BIOXHIT project can be assured when its results are efficiently disseminated to the wide scientific community. Therefore, a separate Section is devoted to provision of high-level training of researchers and technicians within and outside the BIOXHIT consortium. These activities will span the whole duration of the project. The major milestones are listed below. 

	Major Milestones:
	Year

	Recruitment and training of staff for the BIOXHIT project
	1-2

	Preparation and dissemination of training material to the project Partners
	1-3

	Preparation and dissemination of training material to the wider scientific community
	2-4

	Preparation and dissemination of information material to the general public
	1-4

	Establishment of the TID centres
	1-2


7. Project management

The BIOXHIT project has been designed as an integrated research project, to which all 20 Partners contribute with their respective specific scientific knowledge and expertise. The central objective is to increase European competitiveness in Structural Genomics by assembling, standardising and providing a highly integrated technology platform for HTP Structural Biology at synchrotron and non-synchrotron sites across Europe. The primary goal is the provision of coordinated developments and installations centred on synchrotron technologies for European life sciences. Integral features of BIOXHIT are developments, installations and provisions in both experimental fields (hardware for automated crystallisation, common format sample storage and sample handling facilities, automated state-of-the-art synchrotron beamlines, beamline end-stations with associated robotics, diffraction data collection) and the experiment interpretation (software structure determination software, feed-back system to the experiment, data flow and full project tracking). Overall BIOXHIT will lead to the establishment of an automated hardware and software platform, specifically geared towards the needs of modern molecular biology and life science applications. In the light of the future European synchrotron sources, which are anticipated to come into operation towards the end of the project, maximum transferability has to be given the highest priority. 

The ambitious objectives can only be met when the efforts of the many professionals involved are efficiently coordinated, when site-specific expertise is utilised and disseminated to other sites and when access to the newly developed technologies is guaranteed to the scientific community at an early stage of the developments. Therefore, the organisational setup of the consortium is in the form of a laboratory without walls spanning many sites in Europe including all major synchrotron facilities and a sufficient number of leading non-synchrotron laboratories. The relationship between the 20 Partners, their obligations and rights with respect to each other and the goals of the project will be defined in a legally binding contract, the Consortium Agreement, which all Partners will sign before the start of the project.

The BIOXHIT management structure is accomplished to specifically reflect and ideally match the project complexity. The project management will ensure the monitoring of the technical content and progress of each workpackage, the co-ordination of any additional project activities and the provision of quality control by issuing appropriate project standards. The project will be managed under technical, administrative and commercial aspects; the staff and bodies responsible for the specific project management tasks are presented in more detail below. A schematic representation depicting the different management levels and the different bodies within BIOXHIT is shown in Figure 3. In the following the functions of the different bodies will be explained in more detail.

The Management Team

The overall Coordinator of BIOXHIT, Partner 1A, is Dr. Victor Lamzin. Together with Dr. Manfred Weiss (the Research Director) and an additional person (the Administrative Project Officer, to be appointed from the contract) the coordinator will form the Management Team of the consortium. The Coordinator will chair the Management Team and will bear full responsibility for achieving the contracted scientific results as well as for the project reporting, accounting and overall management. The Coordinator will be the primary contact with the EC. The Coordinator will be assisted by the Research Director in technical, scientific, innovation and knowledge exploitation related issues, and by the Administrative Project Officer in financial, administrative, ethical and other non-scientific issues. The Research Director will also be the primary contact for intellectual property management. The position of the three key persons at one site, Partner 1A, is essential for the efficient functioning of the Management Team. The Management Team will oversee the promotion of gender equality in the project by a direct interaction with Partner 7, nominated as a Gender Issues Manager. The Management Team will also handle the calls for potential new Partners and SMEs to be subcontracted. It will administer the calls for the Training, Implementation and Dissemination centres that are described in parts B.4 and B.8.
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Figure 3. BIOXHIT management structure (SM stands for Section Manager).

Sections and Section Managers

For purely organisational and managerial reasons the scientific, dissemination and management objectives of BIOXHIT are formally grouped into seven Sections: (1) HTP crystallisation technologies and low-cost systems, (2) synchrotron technologies, (3) beamline end-stations and data collection, (4) data processing and structure determination, (5) databases and networking, (6) dissemination and training and (7) project management. Each of the BIOXHIT Sections comprises a number of workpackages, each of which contains several tasks with defined milestones and deliverables. Each Section is overseen by a Section Manager.

Project Steering Committee

Together with the Management Team, the six Section Managers (the Section Manager of Section 7, Project Management, is the Coordinator of BIOXHIT) form a coordination committee that will serve as a Project Steering Committee. The Project Steering Committee will be chaired by the Coordinator. and will be responsible for overseeing the scientific directions of BIOXHIT, for the identification of bottlenecks and their possible remedies. The Project Steering Committee will be in frequent contact with an external Scientific Advisory Board to be appointed at the start of the project. 

Scientific Advisory Board

The Scientific Advisory Board will consist of five leading experts in the field of Structural Genomics one from Japan, one from the USA and three from Europe including one industry representative. Their role will be to monitor the progress of the project and to advise on the state-of-the-art in the field and any modifications in the work plan that might become necessary due to new developments both inside BIOXHIT or elsewhere. The members of the Scientific Advisory Board will participate in the yearly general meetings. On this occasion, the Project Steering Committee members will report to them the status of the project progress. Should new scientific developments in the field, for instance in the United States or Japan, require adjustments in the way that BIOXHIT deliverables should be achieved, or should there be a need for a call of new partners, or should the contributions of existing partners require reconsideration, the Project Steering Committee will discuss the matter, will consult the Scientific Advisory Board and formulate and circulate a suggestion to all Partners. The membership of the Scientific Advisory Board and its chairman will be decided by the project Steering Committee and agreed with the Commission in the first three months following the signature of the contract.
Workpackage structure 

Each of workpackage is lead and coordinated by a Workpackage Coordinator. The workpackage coordinators are responsible for the Partners involved in the respective work packages arriving at the proposed milestones and providing the deliverables as well as reporting the status of the workpackage to the respective Section Manager. The Workpackage Coordinators will be responsible for the identification of unforeseen difficulties within their workpackages and, together with the Section Managers and the Project Steering Committee, will have to find means of resolving these issues in a way that does not compromise but rather advances and furthers the project as a whole. The total number of workpackages in BIOXHIT is 26, therefore, some Partners coordinate more than one workpackage. The 20 Partners of the consortium will carry out the work in their home laboratory or in another Partners’ laboratory to achieve the initially set and defined milestones and deliverables with the initially requested and allocated funds. Since the Partners are closest to the actual work to be done, they become immediately responsible for the achievement of these milestones and deliverables and will report any unforeseen difficulties immediately to the appropriate Workpackage Coordinator. Should these difficulties persist, they will need to be discussed by the Project Steering Committee. 

Gender Issues Manager

In order to oversee and promote gender equality within the BIOXHIT project, Partner 7 has been nominated as Gender Issues Manager. At the beginning of the project the distribution of male and female staff working in the project will be assessed and laid down in a report. Throughout the project, especially in hiring phases, regular updates of the reports are to be submitted by the Gender Issues Manager to the Management Team. The Gender Issues Manager will also act as an Ombudsperson for problems arising from gender inequality. See part B.10 for a detailed action plan. 

Project progress monitoring and reporting

Section Managers will monitor the status of deliverables, milestones and resources of their respective workpackages and will inform the Management Team regularly, on a six-monthly basis, and on the occasion of the regular Project Steering Committee meetings. The Project Steering Committee will steer the development activities in Sections and Workpackages as thoroughly as necessary. Detailed progress reports (including technical progress, financial status and manpower effort, deviations from the proposed work plan) will be prepared every six months by each Section Manager with the help of the Workpackage Coordinators. The individual Partners will also be responsible for providing reports on the progress of their work to the respective Workpackage Coordinator on a regular basis. Overall progress will be monitored by the Management Team based on the Section reports. The Management Team will assemble the reports required by the EC throughout the duration of the project and it will assist the Coordinator in the preparation of material necessary for audits. A representative of the European Commission will be asked to act as an advisor to the Management Team. The Management Team will be responsible for submitting the annual activity and financial reports including audit certificates. A Dissemination and Use Plan will result from the exploitation planning activities. 

Communication strategy and meetings

In order to ensure progress as efficiently as possible, the coordination and communication between the partners of BIOXHIT will be carried out at different levels. All partners will meet in person at least once per annum. The members of the Scientific Advisory Board and an EC representative will be invited. In the first year, there will be two all-Partners’ meetings: the startup meeting at the commencement of the project and the progress meeting shortly before the end of the first annual reporting period. The meetings will take place at one of the Partner’s premises on a rotational basis and will be combined with the BIOXHIT conferences where scientific and technological developments will be presented to the wider community.

The Project Steering Committee will normally meet once every six months. During these meetings the current status of the project as a whole will be discussed. Prior to the meetings the Section Managers will provide the status reports. Should any unforeseen difficulty arise in a certain workpackage, the respective Workpackage Coordinator will be invited to the Project Steering Committee meeting to discuss these matters in detail. For organisational, time and fund saving purposes, some of the Project Steering Committee meetings will be attached to the General Assembly meeting whenever possible.

Each Section Manager will organise and hold a section meeting at least once per annum. At this meeting all Workpackage Coordinators within the Section will participate. Ideally these meetings will be attached to training and dissemination workshops, which will be organised by the various Sections on a regular basis. 

Communication on the level of workpackages and tasks will be carried out by mutual visits, personnel exchanges, telephone and video conferencing and Internet. Day-to-day communication as well as the distribution of intermediate results will be maintained by electronic means using e-mail and file sharing. This broadband communication will be aided by an appropriate project website. The website will contain public as well as restricted areas. Apart from the general project description and its objectives, a description of the project results including materials for public dissemination (papers, official project presentations, etc.) will be presented. Furthermore the website will serve as a contact point to make available additional information about the various Partner institutions, contact details, project details, related publications, conferences and recent highlights. The project website will be used to constantly update information about dissemination activities. An important feature will be the Download Area (Structured Document Repository for all relevant documents) in the restricted area.

TID-Committee

The Section 6 Training Implementation and Dissemination TID-Committee will be responsible for the preparation of calls for the installation of Training, Implementation and Dissemination (TID) centres, see B.4 and B.8 for details. The Management Team will then launch a call for applications to become a BIOXHIT TID-centre. The TID-Committee together with the Project Steering Committee will identify suitable candidates. The actual installation will be handled the TID-Committee. The committee will also conduct annual evaluations of the activities in the TID-centres. The activities of the TID-Committee will be conducted in close contact with the BIOXHIT Project Steering Committee.

Launching of calls and integration of new Partners, SMEs and TIDs (Training, Implementation and Dissemination centres)

Throughout the project, the work plan will be continuously re-defined and adapted to the changing needs and new expertise might be needed to fulfil the goals set. The Management Team may then need to launch a call for new Partners regarded as bringing a novel and important expertise. The decision to launch a call for will be made by the Project Steering Committee on the basis of the information provided in the regular reports from Section Managers. 

A certain amount of R&D, particularly developing hardware prototypes, will be outsourced to SMEs as described in parts B.4, B.7 and B.8. Some SMEs with specific expertise have already been identified. However, should there new SME appear on the market who could be able to carry out the required developments, The Management Team may launch a call for an alternative offer. As for the search of new Partners, a need for this call will be identified by the Project Steering Committee on the basis of the information provided by an appropriate Section Manager.

The management Team will launch calls for TID centres as described above.

The following internal project management documents relating to the launching of calls will be developed and approved at the start:

· Competitive call management guide which will outline the procedures and responsibilities for preparing, launching, evaluating and monitoring the competitive calls

· Proposal evaluation guide which will describe the evaluation criteria and decision-making process

· Guide for proposers

· Model Contract (Form A: Accession to the contract)

· Consortium Agreement (Section: Admission of new partners)

The Project Steering Committee shall have the right to set up Panels to advise and support it in the evaluation of the competitive calls. These Panels have an advisory role only.

Decision-making and risk management

Decision-making

The detailed rules for decision-making and risk management will be laid down in the consortium agreement as well as in a project management guide. Those documents will be ready at the start of the project and will represent the basis for the legal, administrative and financial management. The consortium agreement will cover the following aspects:

· Technical provisions (technical resources made available, maximum efforts, modification procedures)

· Rules for dissemination and use (confidentiality, ownership of results, legal protection of results, definition of Partners’ background knowledge, etc.)

· Organisational provisions (committees, cooperation supervision, revision of the agreement)

· Financial provisions (financing plan, modification procedures, mutual payments, etc.)

· Legal provisions (legal cooperation status, term of the agreement, penalties for non-compliance with obligations, applicable law)

Over and above these basic provisions, the project management guide will define the following aspects in depth:

· Quality management (quantitative and qualitative assessment of deliverables and milestones) 

· Definition of project standards (templates, guidelines) 

Risk management and problem solving strategies

Achieving the project goals within the defined time frames can only be guaranteed by effective management structures, communication as well as clear decision-making processes. This will be achieved by assigned responsibilities of the project partners according to the roles they play in the consortium (workpackage coordinators, section managers etc.). Throughout assigning deliverables to individual tasks, effective control and assessment as well as the identification of bottelnecks will be ensured. The use of appropriate project management software (critical path method) will support the monitoring of both advances and delays as well as the effective use and exploitation of knowledge created.

Each Partner will be responsible to immediately report to the appropriate Workpackage Coordinator and the Management Team any risk situations that may conflict with the project objectives or their successful completion, such as technical problems, related changes in the scheduling of deliverables and allocated budget. The Management Team will then consult the Section Manager or the whole Project Steering Committee following the assessment of and depending on the gravity of the problem. If necessary, task forces will be installed to tackle the problem. The task forces will consist of the Research Director as well as of the respective Section Manager and Workpackage Coordinator. Each issue will be managed in accordance with the guidelines of the EC contract, the consortium agreement and the management guide. In exceptional cases the Project Steering Committee meeting or General Assembly meeting will be called. The General Assembly is a meeting of all Partners at which each Partner institution is represented by one contact person who will be responsible for the utilisation of the contractor’s resources allocated to the project and for the attainment of the assigned objectives and who is fully authorised to decide on the Partner’s behalf. The General Assembly may be called whenever issues regarding the project cannot be resolved by means of electronic communication and the help of the task forces and the Project Steering Committee.

Innovation-related activities

The exploitation of the knowledge arising from the BIOXHIT project represents a major management issue. Efficient and appropriate mechanisms for the management and utilisation of the knowledge are defined as follows. The basic provisions ruling the management of knowledge, confidentiality matters, ownership of results, legal protection of results, definition of Partners’ background knowledge will be laid down in the consortium agreement. The possible commercial exploitation of knowledge arising from BIOXHIT and the handling of intellectual property rights (IPR) requirements will be monitored by the Research Director of BIOXHIT under the consultation of the Project Steering Committee. The consortium agreement will protect the rights of individual Partners to decide how best to exploit IPR, and it will be left to the respective Partners, as to whether to retain their own IPR and use their usual methods of distribution or to seek support from the knowledge exploitation expert, Partner 20.

All knowledge generated by the multi- and interdisciplinary research done in the scientific Sections and workpackages will be identified and assessed by the Research Director and the Partner 20 on the basis of the regular progress reports from the Section Managers. The nature of the knowledge created, the owner of the result and the plan for its exploitation will be defined in accordance with the provisions of the consortium agreement. A list of R&D products, methods and technologies will be established and continuously updated to ensure the best possible use. 

For all exploitable results, appropriate IPR protection is provided and exploitation strategies as well as business plan activities will be defined (including product development and possible creation of spin-off companies). To raise awareness of IPR matters, an individual IPR consultancy will be provided by Partner 20.

Broad dissemination will be guaranteed by publishing all the results and project progress reports on the BIOXHIT webserver, by scientific publications in relevant journals and presentations at scientific conferences.

All results and the plans for their use (in the form of the progress sheets) will be collected by the Research Director and presented in the form of the Dissemination and Use plan at the end of the project.

Planning and Controlling

Planning and controlling activities are of paramount importance and constitute a critical issue in an RTD-project with a large consortium and which runs for four years. Due to the size and complexity of the BIOXHIT project, the ability to perform efficient planning and controlling has become a key management function. The Management Team will therefore establish a fully integrated information and control system to plan, instruct, monitor and control the anticipated large amount of information and data quickly and accurately in order to facilitate the problem-solving and decision-making process. To achieve these goals the Management Team will make use of a comprehensive toolkit, as software based organisation charts, work breakdown structures, bar charts, resource histograms and cash-flow statements.

A detailed project plan for the first 18-month-period will be laid down in the Technical Annex at the project kick-off, describing the individual tasks and efforts to be taken in the different workpackages. It is the responsibility of the Project Steering Committee (PSC) to revise the detailed work plan on a yearly basis and to prepare the annual implementation plan to be approved by all Partners prior to submission to the European Commission. In this context, the PSC may also propose changes in work sharing, budget and participants and seek approval from all Partners.

In order to control the performance of work in the individual sections, the management team will not only monitor the quality and timely arrival of deliverables but also keep track of the resources used to achieve the expected outcomes. 3-monthly status reports will provide evidence of the status quo of the work progress and efforts utilised.

Thus, the project’s performance will be analysed by comparing actual progress against planned progress and extrapolating trends to forecast the project’s position in the future.

The execution of the project tasks are tracked and controlled through accurate reporting on performance with respect to scientific achievements, time, resources and costs. If individual tasks or workpackages are off course, then control in the form of corrective actions will be applied. In the case of a defaulting partner, the management team will give notice about this to the consortium and the PSC will assign those tasks to another specific partner.

The Management Section

The overall project management belongs to the Section 7, the management Section. The Section has only one workpackage on the overall project management that is coordinated by Partner 1A, the coordinator of BIOXHIT. The workpackage contains seven tasks that are listed below. Partner 1A is responsible for all tasks. Task 7.1.5 on innovation-related issues will largely remain the hands of each individual Partner. Assistance will be provided by Partner 20, the technology transfer SME. Task 7.1.7 on the gender issues will be carried out jointly with Partner 7.

Tasks:
7.1.1. Decision making management

7.1.2 Technical coordination

7.1.3. Administrative and financial coordination

7.1.4. Quality management

7.1.5. Knowledge management and innovation-related issues

7.1.6. Calls for new partners

7.1.7. Gender issues

Resources for project management

The resources that will be allocated for the BIOXHIT project management make up 7.0 % of the total contribution requested from EC. To allow sufficient resource flexibility, primarily for the R&D, the central contingency funds will be allocated as 3.0 % of the total. 

8. Detailed implementation plan – first 18 months

8.1 Introduction – general description and milestones

The detailed implementation plan is described below. 

SECTION 1: Development and implementation of improved, low-cost, HTP crystallisation technologies common to laboratories and synchrotrons (managed by Partner 11)

The efforts in this section will apply to (i) automating tasks required for HTP protein crystallisation, (ii) reducing the amount of protein necessary for crystallisation, (iii) providing a common development framework for hardware, software and data formatting/handling between laboratories and the synchroron sites and (iv) providing training and circulation of knowledge between synchrotrons and Partners.

WP 1.1.
Hardware for solution preparation, drop dispensing, storage and inspection (Partner 11)

Classical crystallization technology most often uses drop volumes around 1+1 (l, whether or not the experiments are performed by robots. An extensive exploration of the crystallisation space would therefore require around 10-20 mgs of protein. A large private SG company first explored the possibility of using lower volumes (and protein quantities) of between 50 and 100 (l. They have been followed by two academic groups in Europe, the OPPF (Oxford) facility and AFMB in Marseille. Using an 8-tip Cartesian Inc. robot, based on solenoid valves, both groups currently use 100 nl drops and the technology is spreading throughout Europe, due to the high success rate compared with classical technology. However, improvements are still necessary and these will be addressed in Task 1.1.1 by Partner 11. Currently, the size of the drop can not be decreased below 100 nl, due to lack of reproducibility, whereas the technology would allow 20 nl drops to be dispensed. New experimental setups should be explored in order to reach the limits of the dispensing robot, D 1.1.1.

Task 1.1.2 concerns the adaptation of a novel flexible dispensing technology to protein crystallisation, Partner 11 together with an SME Allegro. New dispensing technology using a magnetic stroke rather than solenoid valves will be tested. In theory, this robot should avoid the problem of the protein mixing with the vector fluid, wasting a few (l in each tip. The company Allegro (sub-contractor) has developed this technology and is willing to adapt the robot for protein crystallisation. Furthermore, this robot is able to dispense between 20 nl and 20 (l, providing an extraordinary experimental flexibility, Ms 1.1.1, D 1.1.3.

The Greiner plates currently in use in most SG programmes are adapted for (l crystallization, but behave poorly with nl drops. Most drops are well centred, but an appreciable number (5-10%) reach the edges of the flat-bottomed Greiner plates. To overcome this difficulty, Greiner has designed round-bottom crystallisation plates that behave perfectly for crystallisation, but poorly for drop visualisation. It is therefore necessary to design a new plate with a smaller container for the protein and a smaller well, Task 1.1.3, Partner 11 and Nunc Inc. This will make it possible for the drop to fill the well completely and therefore provide perfect visualisation. It will be possible to use half-height plates and 384-well plates, which Nunc are willing to develop, D 1.1.2.

Plate storage is crucial in SG programmes. It should be associated with plate identification (via bar-codes) and drop imaging. The available storage systems, such as those of TAP are too expensive for most sites (1-1.2 M€), and cheaper solutions (~100 k€) are being developed by other SMEs. BioTom has designed and build a prototype Storage Cabinet capable of storing 600-1200 plates and automatically recording images at a rate of about one plate/minute. Within Task 1.1.4 the cabinet designed and built by BioTom will be improved, tested and validated for large scale protein crystallisation together with Partner 11, D 1.1.4.

To date, there is no continuity between the different robots and storage cabinets. There is an acute need to have integration of the first pipetting robot, the nano-dispensing robot and the storage cabinet, Task 1.1.5, Partner 11 and BioTom SA, Ms 1.1.2. Such integration would avoid human intervention, reducing the risk of human error, and allow robots to run both day and night. Whilst this is already possible in theory, the cost is prohibitively high. Further study is necessary to physically integrate the robots and to minimize the number of transfer robots.

The ESRF third generation synchrotron, Partners 1B and 2, has the facilities to combine nano-litre crystallisation techniques with direct testing of small or weakly diffracting crystals in the beam. The nano-litre crystallisation facility currently being setup in Grenoble will be used to develop protocols, screens and hardware, Task 1.1.6. Crystals will be tested at the synchrotron and the results used to modify harvesting/stabilization protocols. 

A high throughput crystallization facility can be viewed as a method of achieving diffraction quality crystals. In order to extend this naive concept to predictive capabilities, a large volume of image data needs to be archived and made available. This will, for example, enable trends in the time course of crystal growth to be evaluated and will act as a database for predictive methods development. To achieve this many terabytes of data must be made accessible, and must be archived and managed effectively. This will be dealt with by Partner 1A, Task 1.1.7.

WP 1.2.
Software: crystal recognition, crystallization data analysis and  LIMS (Partner 8)

Task 1.2.1 deals with the development of software for robot for drop dispensing and cabinet, Partner 11 and BioTom. The various robots are driven by individual customised software. Tight integration of the crystallisation production line will require one of two possible options: (i) Integrate the available software with a single driver programme, or (ii) write unique software for all components of the line. These two options are under examination and will be discussed with the individual companies. The first generation of software will be delivered, Ms 1.2.1, D 1.2.1.

Since the crystallisation lines will often be remote facilities, there is a need for web access to the robots (for example, for control of the night-time running) and to the resulting images. This will be addressed in Task 1.2.2 by Partners 7 and 11. 

Task 1.2.3 will address the challenge of crystal recognition. Several sites have experimented the concept already. One of the fundamental requirements is to miss as few crystals as possible at the expense of having false positives. A very efficient recognition programme based on shape recognition will be very time consuming, based on current experiences. Partner 11 has designed a 2-fold procedure: a fast and dirty selection based on thresholding would select all the crystals plus an equal amount of false positives. This will be developed further and integrated with a second, more sophisticated recognition program, in order to identify those drops containing crystals. A method to evaluate images from crystallisation experiments is also being developed by Partner 8. This will indicate the presence or absence of crystal-like objects and also identify promising conditions to be optimised to produce crystals of diffraction quality. A graphical user interface is required to communicate between users, the available hardware and LIMS systems. This must first allow the display of images in a wide range of formats and record the user's evaluations. Classifications by experienced users will provide the basis for training neural networks. Once suitable criteria are identified only high-scoring images need be inspected The current version needs to be adapted to other image formats such as jpeg and tiff files, and to facilitate this, the programme will be rewritten in C++. An experienced programmer is required for this task. Partner 1A will concentrate on development of statistical pattern (image) recognition methods. The aim will be to adapt existing pattern recognition algorithms to the detection of crystals and, most importantly, to evaluate the success of crystallisation trials, Ms 1.2.3, D 1.2.2. This development is coupled with Task 4.4.1 on 3-D image interpretation for crystal structure determination.

Task 1.2.4 covers the data handling, Partners 6 and 11. Robotics and the automation of drop dispensing, especially using nano-drop technologies will result in a vast number of experiments. These experiments will be recorded by imaging systems in co-operation with the storage and retrieval systems. Whether the recognition is done automatically or visually there has be provision for efficient data storage in database format. Partner 6 will develop a database system for efficient storage and presentation of images. As the imaging system will record images over a period of time, the user will have easy access to the time-course of the experiment. The system will have a server-client architecture that will allow several users to access experiments from the central storage (via a web browser or similar design) and to annotate individual experiments. Individual user accounts will allow efficient management and annotation by users.

LIMS developments for crystallisation robots, Task 1.2.5, will follow the guidelines set in Section 5. A LIMS system will be developed, Partners 3 and 10, to store data from the crystallisation robot at SRS Daresbury. It will adopt the standards for data exchange used elsewhere for BIOXHIT and will require a software engineer for the development, D 1.2.3. This system will be suitable for implementation by small to medium throughput laboratories, Ms 1.2.2. This development will be co-ordinated with other partners, in particular Partner 11 (Task 1.2.4). Partner 2 has developed a web page for automated access to the crystallization robot. The robot is already accessible for PSB members (EMBL, ESRF, IBS, ILL). The statistics will be made available and communicated to all BIOXHIT members. Partners will make programmes and scripts available for preparing crystallization kits from stock solutions on the TECAN robot thus reducing cost relative to ready-to-use crystallization kits.
WP 1.3
Crystal diffraction improvement: optimisation and co-crystallization with scavengers (Partner 1B)

Having the automated crystallisation facility available a number of new possibilities open up. For instance one could investigate the influence of crystallisation additives on the crystal diffraction power, Task 1.3.1, Partners 2 and 11, the influence of radical scavengers on crystal life time in the beam, Task 1.3.2, Partner 1A, and the use of novel compounds containing anomalous scatterers for MAD/SAD phasing in co-crystallisation experiments, Task 1.3.3, Partners 1B and 2. These tasks will span the whole duration of the project. After 18 months a list of potential candidate compounds for crystallisation will be delivered, D 1.3.1. 

Important information for future crystallisations, for particular classes of proteins or possibly for ranges of protein concentration, will be gained from the relationship between the time course for crystal growth and the diffraction properties of the resulting crystals. The time course of crystal growth, available from a properly managed archive, may depend on morphology as well as physicochemical parameters but the dependencies need to be identified and analysed. The success of this task and the applicability of the developments will be largely based on the availability of the large-scale crystallisation facilities at synchrotron sources. Partner 9 (Bessy) already has such a crystallisation facility next to SR beamlines and Partner 1A is planning to have such an installation operational in 2003/2004. The research within Task 1.3.4 will involve a multi-dimensional statistical analysis of the crystallisation trials in order to link these with the crystal diffraction properties. The aim is to develop a system that will predict the crystallisation conditions likely to yield the best diffraction for a given protein or protein family, Ms 1.3.1.
Section 2: Synchrotron Technologies (managed by Partner 2)

As was mentioned earlier, the supply of X-ray radiation at synchrotron sources is vital to the performance of an X-ray diffraction experiment and traditionally this has been performed by local experts with an in-depth knowledge of the beamlines. Such an approach will not be compatible with the high throughput scale and ambition of BIOXHIT. Therefore a radical reconsideration of the beam alignment as a whole is undertaken with a goal to achieve entirely automatic optical alignment by the end of the BIOXHIT project. The content of this Section has therefore been composed of three major components: core technological tasks (WPs 2.1, 2.2 and 2.3), ancillary or validating tasks (WP 2.5) and final integrating and standardising tasks (WP 2.6).

WP 2.1: Assurance of high quality and stability of the X-ray beam at synchrotron sources (Partner 9)

Essential prerequisites for a successful diffraction data-collection and further structure solution using synchrotron beam-lines are the optimisation of the position, the intensity and the footprint of the X-ray beam at the sample. To achieve optimal conditions, it is necessary to control those mentioned parameters within the beamline at various positions, where the impact of the interaction of optical instruments (mirrors, monochromator-crystals, slits and collimation systems) can be determined. The control points will be denoted as beam monitors. The information provided by the beam monitors will be the primary source for the beamline optical alignment tasks. These are further developed with the tools described in workpackages 2.2 and 2.3.

The requirements for beam monitors depend upon the synchrotron source, the insertion device, the beamline design and the energy range of the beam required. The resulting technical solutions are therefore manifold. Within this workpackage it is planned to develop complete new instruments with the focus on high-resolution beam position and footprint determination combined with intensity information. Furthermore the online availability of these imaging detectors during experimental operation will be a project goal. As a whole the developed beam monitors will be useful at any Partner’s synchrotron beamline and will fulfil the broad range of requirements of the different synchrotron sites. The development of the detector hard- and software interfaces are a crucial point to assure the optimal beam monitor functionality as well as a broad usability for the BIOXHIT Partners as well as other synchrotron sites in the world.

Task 2.1.1, carried out by Partner 5, will aim at the development of white- and monochromatic-beam position and profile monitor (XBPM) based on thin CVD-Diamond membrane technology. These imaging systems will be optimal for beams with cross- sections of less than 8 mm although the pixel size and membrane size can be of variable dimension. At the end of the project, quadrant monitors for white beam and pixellated beam profile monitors for monochromatic beams of various dimensions will be distributed to interested Partners. The long-term availability of the developed beam monitors is an important aspect. This will be ensured by the participation of SME’s, which will be responsible for translating the research results into a commercialised product. The final sensor and electronics delivered by PSI should be readily integrated by a SME into a full system. During the 18 months period masks for multiple-layer metalisation for profile and quadrant monitors will be developed, Ms 2.1.1. After the optimal (according to BIOXHIT requirements) size and pixel dimensions for CVD-diamond beam monitors are defined, Ms 2.1.2, test structures with different feature sizes and determination of minimal pixel dimensions will be fabricated. A control board for APC128 read-out chip will be designed and tested and a prototype will be delivered, D 2.1.1. 

Partner 9 will carry out Task 2.1.2 with a long-term aim of the development of fast imaging beam monitors based on lens coupled CCD and the necessary image analysis software. These monitors will provide combined information about the position of the cross-section of the beam, the 2-dimensional shape of the beam and the beam intensity. The monitors will provide an image resolution of < 3 µm with a resulting determination of the beam position at a resolution of < 1 µ and a intensity measurement with a accuracy of <1 % for integration times > 0.1s. The active detection area can be optimised depending of the beam size and can be larger then 30 mm if required. These monitors will be developed for poly- and monochromatic radiation within the X-ray range, Ms 2.1.3, and can be operated either on demand or as online monitors during normal experimental operation. A working solution will be found for polychromatic and monochromatic beams within the X-ray range. This task will be carried out in interaction to a selected SME (ACCEL Instruments GmbH) to construct and produce a prototype of the device during the developmental phase, D 2.1.2, and will enable the availability of the detector for interested users of this technology at affordable price and long-term support.

The scope of the Task 2.1.3 is to develop passive and active monitors for monochromatic and white beam X-ray radiation providing quantitative signals for the X-ray flux. The task will be carried out by Partner 2. The work builds on existing technologies, based around low noise photo-diodes used to detect the back-scattered radiation from thin foils or films. Using such technology provides proven and robust beam position monitoring which can be implemented on any facility. In order to provide consistent output from these devices a low cost four channel amplifier will be designed and constructed, its optimal geometry determined. The amplifier will have variable gain, a bus interface and hardware triggering. A prototype of a quadrant beam monitor will be developed, D 2.1.3. It is envisaged that these XBPM devices will at a later stage be available at low cost and will be capable of being "daisy chained" such that X-ray beam position and status may be tracked from source to sample both by software and hardware. 

WP 2.2: Software systems to facilitate the automatic delivery of X-ray beam to the experimental table (Partner 2)

The goal of this project is that a synchrotron beamline should be capable of delivering the X-ray beam at the correct position, and with the appropriate properties, into the experimental hutch. The final result of this workpackage will be a development of a methodology suitable for managing the automatic alignment of an X-ray beamline. This will comprise a portable set of software packages and one or more prototype installations. The initial phase of these projects will be involved in the establishment of a common basis for future development work. This will include a common description of a synchrotron beamline and the formal definition of the beamline software, the development of appropriate mathematical models capable of describing the optical characteristics of X-ray beam conditioning devices as well as a data exchange model between software modules. This is described in the tasks below.

Initial stages of this long-term workpackage will involve the development of appropriate algorithms and software interfaces. Task 2.2.1, carried out by Partner 2 will address the formalisation of the optical problem and the definition of the mathematical model for high-energy sources, Ms 2.2.1. The techniques deployed will be dependent on the source and beamline characteristics, however it will be guaranteed that the software developed is sharable with the other sites within and outside BIOXHIT. Data logging and recall of beamline configuration will be built in and the interaction with data reduction software to ensure that optimal experimental configurations are being maintained (via links to the work of Sections 3 and 4). The software will be designed such that it will have significant impact across the whole range of synchrotron radiation sciences and a broader community will therefore benefit in the most efficient way possible. 

This will be concurrent with Task 2.2.2, carried out by Partner 3, which will address the particular characteristics and stability of the X-ray source and optics for low-energy bending magnet and multiple wiggler sources. Software will be developed for automatically aligning these beamlines using photon monitors developed within BIOXHIT. Again, the transferability of the software between the various Partners will be ensured. The whole task will take 3 years for specification, design, testing and further enhancements to ensure robust operation. The detailed specification of the software requirements and conceptual design of the automatic beamline alignment system, Ms 6.2.2, will precede the definition phase report, D 2.2.1.

The treatment of the “Automatic Beamline Alignment” problem with the design and implementation of a system based on traditional and intelligent control system techniques will be carried out within Task 2.2.3. One aspect of intelligent control is to develop systems that incorporate the creative, abstract and adaptive attributes of a human, while minimising the undesirable aspects such as unpredictability, inconsistency, fatigue, subjectivity and temporal instability. Partner 7 will aim at a development of methodology suitable for managing these kind of problems, a set of hardware and software requirements for the implementation of an automatic alignment system, a portable set of software packages, one or more prototype installation. The degree of effectiveness of the prototype in reducing the beam alignment time and improving the throughput of the beamline as well as the effective portability of the developed software will serve as an indicator demonstrating the success of the task. Particular attention will be paid to collaboration with other sources to ensure transferability of the software between the various Partners. The initial work will result in the development of the proof-of-principle prototype, D 2.2.2.

WP 2.3: Design and instrumentation of the hardware components for automated synchrotron beamlines (Partner 4)

Availability of state-of-the-art hardware is one of the most essential components for the successful automation of beamlines. Hardware for the successful automation of synchrotron beamlines will be most easily configured if automation is built in from the start. For the new generation of medium energy synchrotron sources (SLS, MaxLab, SOLEIL, DIAMOND) there is a need for devices, which are specifically designed to be adapted to the needs of these sources. Partner 13 is now constructing two new beamlines for protein crystallography, which will use Kirkpatrick-Baez optics to allow independent adjustment of the vertical and horizontal beam profile under achromatic conditions. In the long term this will permit beamline configuration from a minimal set of information supplied with each crystal sample (sample size, maximum unit cell dimension to be resolved, resolution or energy of data collection). This workpackage is closely linked with workpackages 2.1 and 2.2.

Task 2.3.1, with the main contribution from Partner 13, will involve a survey of the detection systems currently used for mirror focusing by wave front analysis, beam positioning and feedback control. The selected detection system will be implemented. The task will also involve a development of the necessary electronic interface and beam alignment algorithms. The schema of information accompanying crystal samples and translation of this into beamline alignment requirements will be implemented. Positional detection systems, detector readout noise and response over a wide energy range will be tested and evaluated, Ms 2.3.1, and a report will be written, D 2.3.1.

Since the number of beamlines that will allow microfocus experiments is expected to increase considerably (Partner 13 is already involved in a construction of a new beamline for protein crystallography which will have a minimum spot dimension of 25 x 25 microns), Task 2.3.2 will address vibrational instability. At this level of beam size small vibrations (at the micron level) can cause significant variations in the beam intensity as seen by a sample. Furthermore, mirror fabrication techniques lead to structure within the beam focus, which are most noticeable with a defocused beam. Variations of beam intensity within the focal spot can then exacerbate the effect of vibration. The objective is to model the influence of vibrational instability and non-uniform beam on a mini-focus X-ray beam and correct, as far as possible, (either by suspending data collection on the receipt of an alarm signal or by using feedback control of beam parameters to keep the beam conditions at the sample position stable, Ms 2.3.2. 

Task 2.3.3 will address a need for preparation of designated beamlines for future installation of automated alignment systems. Partner 15, currently developing a new beamline (CASSIOPEIA) on a super-conducting wiggler magnet of the Maxlab source, will be the major contributor. Diagnostic equipment for measuring beam position being developed in WP 2.1 and automatic beam alignment techniques in WP 2.2 will be adapted and implemented, Ms 2.3.3. A report will be produced, D 2.3.2.

Task 2.3.4 on micro-focusing optics for medium energy X-ray sources will be carried out by Partner 16. The aim is to develop a Bragg-Fresnel lens that can be used to create a microfocus beam at lower energy synchrotron facilities such as MAX-lab. The idea is to use a multilayer mirror with graded d-spacing to provide the horizontal focusing and superimposed on this to have a Fresnel lens which focuses in the vertical direction. Preliminary experiments have shown that this is possible. At the Cassiopeia beamline at MAX-lab the Bragg-Fresnel lens should produce a focal spot 40x20 micron with a focal length of 0.3-0.75 m. A report on the feasibility of this approach will be delivered after 18 months, D 2.3.3.

WP 2.4
Development of a standard test crystal system for assurance of beamline quality (Partner 12)

After alignment of a beamline validating the correct configuration will be vital to the success of subsequent experiments. This workpackage contains a single Task 2.4.1 with an aim to establish a suite of suitable crystal samples with which it will be possible to establish (automatically) the correct functioning of the beamline. Partner 12 who has a long history in the analysis of X-ray diffraction data will supervise the work. The main contributions will come from Partners 1A, 2, 3 and 4. The task will span over the 3 years period, with first creating a library of conditions for stabilisation of crystals in the X-ray beam, Ms. 2.4.1, and having available two candidate test crystal systems, D 2.4.1, to be further evaluated during the second half of the task. There is some potential of marketing such a system at a later stage.
WP 2.5
Implementation of software standards (Partner 1A) 
This workpackage will concern implementation of software standards in practice thus coordinating the developments of the other workpackages in Section 2 that are all dealing with the provision and characterisation of an optimal beam for the diffraction experiment. All synchrotron Partners (1A, 2, 3, 4, 7, 9, 13 and 15) as well as Partner 1C will contribute. The workpackage contains a single Task 2.5.1 that is urgent and must be completed within the first 18 months. The task is split into two phases. First all potential recipients will be asked about their specific requirements such that the development projects can meet these requirements and do not just focus on the individual requirements of the developer. After the development phase, the status of the projects will be presented to the recipients in a form of suggested guidelines for standardisation, Ms 2.5.1. After the agreement is achieved, work towards the finalisation of the software standards for synchrotron technology will take place, D 2.5.1.

Section 3: End Stations and Data Collection (managed by Partner 3)

The activities in this Section aim at integrating the procedures for storing a crystal sent to the synchrotron, keeping track of its identity, mounting it on the X-ray diffraction facility and developing the correct procedures for collecting X-ray diffraction data from the crystal. There are strong links with Section 4, which will provide detailed feedback on the result of data processing and structure determination. However, the initial strategy for the diffraction experiment and the diffraction experiment itself are part of this Section.

WP 3.1 Tracking crystalline samples (Partner 4)
The purpose of this workpackage is to ensure that crystal samples sent by a user can be accurately identified and stored at the synchrotron. Feasibility of an installation of a suitable crystal storage system will be considered at a later stage of the project.

Crystal “fishing” from the crystallisation drop is the first step to start data collection and the most difficult part to automate in the data collection sequence. So far, users have to fish crystals, check identification numbers and input the numbers into database or spreadsheet files by hand for the following automated sequence. Since human error should be avoided for automation, it is essential to prepare ‘easy to use’ devices to manage sample identification and tracking. In order to absorb the differences in beamline hardware and software, a portable system would be useful to convert, store and transport individual user’s sample information. This will be addressed by Partner 4 and assisted by Partners 1A, 1B and 3 within Task 3.1.1. Once the identification format is fixed, the encoding format(s) will be defined on each synchrotron for their sample changers e.g. 2D bar codes or microchips, D 3.1.1. Identification readers connected to PDAs by USB, SD slot, or CF slot will be also selected or designed, if necessary. A database structure, which includes all the required parameters on beamlines at European synchrotrons should be determined. Sample information browsers, data format converters and DB editors will be developed for PDAs running under WinCE, PalmOS and Linux. 

WP 3.2 Automated crystal mounting and centring (Partner 3)

There are still a number of tasks, which could enhance the degree of automation of the crystallisation facility, as well as facilitate the movement of the sample to the X-ray beam. This part of Section 3 involves the development of the necessary procedures between the physical arrival of the crystal at the beamline, the crystal characterisation and the commencement of diffraction data acquisition. It includes the important procedures for identifying and centring the crystal in the X-ray beam 

The work within Task 3.2.1 will include the optimisation of crystal centring algorithms building on an existing program for automated loop alignment developed specifically for the EMBL microdiffractometer. Various algorithms (including those developed elsewhere) to obtain reliable crystal identification within a loop, using UV/Vis/X-rays will be tested with a wide range of samples provided by the users of the beamlines. Novel statistical pattern (image) recognition methods developed for 3D automated model building (Section 4) should after adaptation also be applicable for recognition of the crystal in a cryo-loop. Partners 1A, 1B and 4 will contribute. This will be combined with software to provide the best data collection strategy and to evaluate diffraction properties (Task 4.1.3).
Once matured, these developments from Task 3.2.1 will be ported, adapted and implemented at other synchrotron sites. This will constitute Task 3.2.2 and Partners 3, 7 and 15 will be the major contributors.

WP 3.3 Crystal characterisation with respect to its diffraction properties and to its chemical content (Partner 2).
This workpackage covers the initial procedures for examining a crystal once it is centred in the x-ray beam. It includes procedures for testing the diffraction properties of protein crystals while still in the crystallisation drops. It also includes development of improved detectors for recording the fluorescence and examining the information which could be obtained from any anomalous scattering centres within the crystal. 

When carrying out large-scale crystallisation trials, the requirement for mounting each potential crystal in order to carry out diffraction tests becomes a significant task. An alternative possibility is to screen the crystallisation plates for the presence of crystals by mounting the whole crystallisation plate on a goniometer head and taking oscillation photographs of each drop to test for potential crystals. Initial tests have already been carried out elsewhere (N. Watanabe, H. Murai, I. Tanaka (2002). Semi-automatic protein crystallisation system that allows in situ observation of X-ray diffraction from crystals in the drop. Acta Cryst. D58, 1527-1530, 2002). To make this routine, requires the development of an adapted new crystallisation plates and development of the necessary procedures. This will be carried out within Task 3.3.1 by Partner 2 and a new crystallisation plate for diffraction experiments will be designed, D 3.3.1.

The applications of X-ray fluorescence detectors are essential to detect and identify anomalous scatterers within the crystalline or dissolved polypeptide and to measure the absorption edge properties (XANES). Additionally, we will provide a system, which will be developed to enable the elucidation of whether a naturally present or artificially introduced metal ion is bound to the polypeptide using the EXAFS methodology. We will develop a complete new fluorescence detector with an optimised signal processing system for the integration into protein crystallography beamlines in close collaboration with Röntec GmbH, Berlin-Adlershof, Task 3.3.2, Partners 1A, 3 and 9. The new system will be based on advanced silicon drift detector (SDD) technology and a prototype will be designed, Ms 3.3.1, and produced, D 3.3.2. 

WP 3.4 Strategic preparation of the diffraction experiment (Partner 1A)
This workpackage includes the more detailed analysis of the diffraction properties of the crystal to plan the diffraction data collection and to ensure that this is done in a way, which minimises radiation damage. It includes both research in to methods of minimising radiation damage, hardware developments to optimise data collection strategy and software developments to complement these. Also included is an analysis of the diffraction properties in order to provide feedback to improve the crystallisation procedures. Developments in the use of longer wavelengths to enhance the anomalous signal from lighter atoms are also envisaged.

Diffraction from microcrystals in the presence of radiation damage, Task 3.4.1, will be carried out by Partner 3. It has become apparent that there is a limit to the amount of diffraction data that can be obtained from a single crystal of a protein, even at cryo-temperatures. This results from the action of photo-electrons which are produced when a photon is absorbed. Structural biologists are now preparing smaller crystals as a result of miniaturisation of crystallisation procedures. In general, less data can be obtained from a small crystal before significant radiation damage occurs because the diffracting volume is lower. However, it has been suggested (R. Henderson, personal communication) that, below a certain size, the amount of data that can be collected would be almost independent of crystal size. This is because the photoelectron, which causes most of the damage, will escape the crystal. There will be a window of crystal sizes above which the photoelectron is largely confined and below which the sample is better studied by electron microscopy. We intend to investigate whether this potential benefit will occur with small crystals and will produce an initial report, D 3.4.1. This might involve the use of procedures borrowed from electron microscopy to handle a number of small crystals deposited on a substrate combined with a low dose approach. Even if only one useful diffraction pattern could be obtained from each 1 micrometer3 crystal it would be possible to combine the data from many such crystals. This would significantly increase the success of protein crystallography projects, which are often held up due to the inability to obtain crystals of sufficient size. 

The Task 3.4.2 on utilisation of free-radical scavengers for the reduction of radiation damage during data collection will be carried out by Partner 1A in cooperation with other synchrotron sites. The high beam intensities especially on third-generation synchrotron sources often cause severe radiation damage to protein crystals, therefore hindering optimal data collection. This is in particular the case for MAD experiments, where the crystals are exposed for a long time. It is known that certain substances are able to “catch” those radicals generated by X-rays and thus act as scavengers, preventing further harm to the protein and hence the crystal upon exposure to an intense X-ray beam. Only one substance (ascorbic acid) has been tried successfully in a co-crystallisation experiment and the necessity to devise a generally applicable method of crystal stabilisation, which will facilitate data collection without loss of diffraction quality, is the obvious next step. A wide range of potential scavengers will be surveyed, Ms 3.4.1.

Sections 4.1 and 4.5 cover feedback between data collection and data processing based on procedures in the DNA, BEST and MOSFLM projects. MOSFLM (Andrew Leslie)is a leading European software for processing of X-ray data. BEST (Partner 1A) is a novel software that can accurately predict some of the characteristics of the data yet to be collected based on a few initial images. DNA is a joint project (Partners 2 and 3) on linking MOSFLM to the data collection hardware. Task 3.4.3 relies on the developments of this software in Section 4 but is confined to the analysis of the initial images to determine a strategy for data collection. In conjunction with automatic sample loading, this will allow automatic screening and ranking of a large number of crystals. In this task the development of a joint data collection strategy will be attempted that will utilise the potential of these software packages. A generalised software package for making an automated optimal choice considering all parameters related to data collection will be written, D 3.4.2.

Coupling HTP crystallisation with data collection, which is addressed in Task 3.4.4, is largely based on the availability of the large-scale crystallisation facilities and will therefore be attempted after month 18 and the installation and commissioning of HTP crystallisation facilities at several synchrotrons (Berlin, Hamburg and Grenoble).

Partners 1A and 7 will carry out Task 3.4.5 on diffraction data collection at low X-ray energies. Several recent diffraction experiments both at synchrotrons and at home sources demonstrate that the anomalous signal provided by sulphur and phosphorus atoms, which are present in native protein or DNA molecules, may be sufficient for phase determination. General application of this concept is hindered, however, but the fact that the requirements concerning the diffraction data quality are extremely high. A possible solution to this problem could be the collection of diffraction at slightly longer but still accessible wavelengths (range 1.5 - 3.0 Å). At these wavelengths the signal of S and P is enhanced and should therefore be detectable more easily. However, by collecting data at longer wavelengths, absorption of the X-ray beam in the crystal, the surrounding mother liquor and the loop becomes more and more of a problem. Optimised data collection strategies for data collection at low X-ray energies (including kappa-geometry and helium beam path) will be worked out, D 3.4.3.
WP 3.5 Procedures for carrying out the actual diffraction experiment (Partner 1A)

In this workpackage, standard procedures for controlling the data collection hardware will be developed. A high precision kappa goniometer will be implemented in order to investigate the use of this for efficient data collection while minimising the dose on the specimen. 

The Task 3.5.1 on automation of data collection (Partners 1A, 2 and 3) should be seen in close contact with Task 3.4.3. The parameters determined in Task 3.4.3 have to be communicated to the program driving the actual data collection. Suitable communication protocols, most likely XML-based, will be established, Ms 3.5.1. 

Task 3.5.2 (Partner 4) will deal with the development of a high precision kappa-goniometer with fully motorised goniometer head. experiences will be gained by Partner 1B using another micro-kappagoniometer that is under design for the EMBL/ESRF microdiffractometer. Partner 4 proposes to design and prototype a kappagoniometer that could be implemented at all beamlines that use anomalous phasing techniques. The goal is to provide a highly compact device (R < 75mm), with fast and accurate omega axis and a fully motorised goniometer head. The most important objective is to identify technical solutions for the minimisation of the radius of the device while maintaining a small sphere of confusion (< 2 microns for omega and phi, < 5 microns for kappa). To this end, a design study will be carried out on possible routes to reduce the size of the existing device. A survey of micro-bearing and gear as well as micro-motor technology will be made available to the partners in the form of a report. Alternative solutions for the sample translations will be evaluated. Special emphasis will be put on constant angular velocity, both at very low and high rotation speeds. 

Task 3.5.3 on remote access and remote operation of data collection (Partners 1A, 1B, 2, 3 and 7) will start at month 19 after the successful developments described in WP 3.1 to 3.4. 
Section 4: Data Processing and Structure Determination (managed by Partner 5).

The activities under this Section will aim at integrating the control of data collection with data analysis and with the early stages of structure solution. The rationale for this integration is that the effectiveness of synchrotron experiments will be greatly enhanced if it becomes possible to ensure, while an experiment is taking place, that the data being collected have a high probability of leading to a successful structure determination.

WP 4.1 Extending the levels of control in automated data collection and processing (Partner 5).

The purpose of this workpackage is to extend the design of the DNA and BEST software packages for the implementation of the feedback structure envisioned in WP 4.5 - more specifically, to enable it to handle the complex protocols for data collection and data processing that will be generated as an outcome of Tasks 4.5.3 and 4.6.1. Its contents are closely related to those of WP 3.4. 

Further work on MOSFLM (the one of the leading software packages for X-ray diffraction data processing) carried out by Partner 5, Task 4.1.1, is required to extend the range of projects that can be processed automatically. Priority areas will first be identified by looking at real datasets collected at synchrotrons, for which the current automatic processing capabilities fail. Extensions of the book-keeping and coherent indexing of datasets collected on the same crystal using differently oriented rotation axes, will be introduced to deal with the future data collection strategies on multi-axis goniometers. Inevitably, some datasets will not be amenable to fully automated processing. Hence it is essential that an appropriate graphical user interface (GUI) be available. A prototype MOSFLM GUI has been designed as part of the EC AUTOSTRUCT network, for which further developments are now required. The GUI will be extended to provide a history file, analogous to that produced by CCP4i, which keeps a record of all data processing carried out. This task will result in major deliverables, D 4.1.1 
Characterisation and adequate treatment of disorder, Task 4.1.2, are of importance for selecting samples, optimising data collection and processing, and measuring accurate anomalous difference data. Partner 1A will develop numerical measures of the crystal quality, taking into account the complete characteristics of the scattering by the sample and to write software, D 4.1.2, to determine them. Disorder will be treated uniformly as a breakdown of translational symmetry and analysed via continuous diffraction patterns in Patterson space. In combination with BEST (Task 4.1.3) the software will provide a decision as to whether a separate preliminary experiment at low resolution is required for crystal characterisation, or whether this may be achieved in a more efficient way during data collection, Ms 4.1.1 and Ms 4.1.2. Cluster computing algorithms will be developed to enable data processing to take place synchronously with ongoing data collection.

BEST, the novel software suite for optimal choice of the data collection parameters, has been under continuous development in Hamburg (Partner 1A). More sophisticated and robust algorithms for taking into account anisotropy in diffraction, mosaicity and disorder will be developed. Selection of optimal crystal orientation for data collection with minimal radiation dose will be incorporated, as well as explicit treatment of the radiation damage (Partner 1B), D 4.1.3. The procedures will be extended to optimise the signal-to-noise ratio in anomalous difference data. The developments under Task 4.2.3 will provide the required input data.

The second derivative of the likelihood function reflects the information content of the data. After structure solution, this can provide objective reliabilities for the individual components of the whole model, essential for proper validation. However, the radial distribution of the second derivative matrix can also be calculated directly after data collection to provide a qualitative measure of the inherent resolution of the data. The development of the improved measures of the information of the content will be dealt with within the Task 4.1.4 by Partners 1A and 8.

WP 4.2 Consolidation of structure determination pipeline A: substructure detection, solution and validation (Partner 14)
A crucial part of crystallographic structure determination by MIR, SAD or MAD methods is the identification of the heavy-atom substructure from the small isomorphous and/or anomalous differences between pairs of diffraction intensities. Assessing the correctness of a substructure is difficult because the underlying data are based on the measurement of very small differences in diffraction intensities and thus are extremely noisy. Therefore, any tools that allow the data-independent validation of a substructure before initiating a computationally expensive phase calculation are desirable, particularly for marginal cases.

The SITCOM program will be extended by Partner 14 to detect and make use of non-crystallographic symmetry (NCS), (Task 4.2.1). This is of particular importance for large substructures originating from soaks with anomalous scatterers. This program will be easy to integrate into existing or future GUI's and should be fast enough to produce answers during the experiment. A prototype design of the software, Ms 4.2.1, and script-driven implementation, D 4.2.1, will be created.

Within the Task 4.2.2 Partner 5 will use these results in the relevant parts of the autoSHARP protocols. This will result in an extended version of autoSHARP incorporating detection and exploitation of NCS, D 4.2.2.

Maximum-likelihood methods will be designed by Partner 1A, Task 4.2.3, for evaluating the optimal anomalous signal that is present in the diffraction data, Ms 4.2.2. The results, D 4.2.3, will be used (within BEST, Task 4.1.3) for refining the strategy of the anomalous scattering experiment and for a feedback to data collection.

WP 4.3 Consolidation of structure determination pipeline B: phasing, density modification, molecular replacement (Partner 8)

The purpose of this workpackage is first to consolidate the computational framework for experimental phasing, structure solution and to communicate the results of the assessment of phasing quality to the overall control of the experiment, according to the developments in WP 4.5. 

When the experiment is to be used for molecular replacement, the evaluation would follow a different course. Part of this WP will explore the possibility of using the old idea of a ‘LEGO approach’ (suggested by Prof. Alwyn Jones, Uppsala) to quasi ab initio phasing by exhaustive searches against libraries of structural motifs, in combination with experimental phase information if available. 

Partner 5 will continue to speed up steps of its autoSHARP protocol for automated structure determination, through parallelisation by OMP threads, Task 4.3.1. This will enable it to provide useful feedback on the quality of the phase information contained in the data on a short enough time scale that it can be consulted during the course of an experiment, D 4.3.1. 

Partner 12, Task 4.3.3, has developed as a contribution to HTP projects fast, robust and simple phasing procedures for routine structure determination, usually but not exclusively by SAD and MAD methods, which should lead to improved efficiency in the use of synchrotron time and the detection of possible problems in the experimental procedure whilst it is still possible to correct them. A program to derive FA-values vor SHELXD and SHELXE will be written (deliverable D 4.3.4).
The widely distributed programs SHELXD (substructure solution) and SHELXE (phasing and density improvement) will be further streamlined and extended to include more chemical intelligence. Theywill also interact with the substructure analysis software to be written by Partner 14 and the auto-tracing software from Partners 1A and 6. A beta-test version will be produced during the first 18 months, D 4.3.2. A separate application of the SHELXD program is to the ab initio phasing of macromolecules given atomic resolution (1.2Å or better) diffraction data. These methods will be further developed with Partner 12 towards using more chemical information in the phase determination process to relax the requirement for high-resolution data. 

There are already several prototypes of automated structure determination ‘pipelines’ linking together existing computer programs by auxiliary programs or scripts which are responsible for making the decisions for the transitions between programs. The effort in Task 4.3.2 will be directed at the assembly and provision of a similar multi-option pipeline and the benchmarking of various paths through the available options, in order to identify the most effective choices and set them up as the default options for high-throughput modes of operation, Partners 1A, 5 and 10. A definition of the pipeline will be made, Ms 4.3.1 and Ms 4.3.2. There will be strong links with Tasks 4.3.1 and 4.7.1. 

Task 4.3.4 will address the use of molecular replacement (MR). Increasingly this should bridge initial structure solution, refinement, phase improvement and model building. Existing MR software developed by Partner 8 can use available phase information and is often successful at fitting quite small fragments even at low resolutions, which can serve as starting points for automated model building. As more structures are deposited a much richer database of structural fragments will become available. This will allow better data collection strategies to be chosen, e.g. should limited data be carefully measured for experimental phasing, or should the highest resolution data be pursued for better refinement? This task will be done in collaboration with Partners 1C, 6 and 10. An extended fragment database will be created, D 4.3.3.

WP 4.4 Consolidation of structure determination pipeline C: automated map interpretation, model building and refinement, (Partner 6)

This workpackage will continue to develop the automated procedures for going from a map to a model, which in the past five to six years have dramatically shortened this once labour-intensive process and contributed to realising true automated, high-throughput structure determination. This will include 

(i) the development of specific statistical pattern (image) recognition methods 

(ii) the enhancement of the ARP/wARP software package

(iii) the introduction of new and more efficient refinement algorithms; and the introduction of better models for the thermal parameters of macromolecular structures

The 3D image recognition in automated structure determination, Task 4.4.1, will be linked with the activities on the ARP/wARP software, developed by Partners 1A and 6. The first goal will be to enable the suite to provide a quick assessment of the X-ray data / phase quality. The second goal will be to make it able to work with deficient data with an aim of making the most out of the current experiment. The third relates to completion of models by modelling weakly ordered loops and automated interpretation of the active site content, D 4.4.1. 

Automating structure solution for many crystals of macromolecules that only diffract to resolutions around 3 Å will require new approaches that will be developed by Partner 8. Firstly, the number of parameters describing the model will be reduced by: (1) refinement along torsion angles or other internal degrees of freedom, and (2) avoiding the use of B factors as independent parameters by a knowledge-based approach built on an analysis of the distribution of B factors of known structures. Secondly, the problem of minimisation will be targeted using techniques such as the combination of fast molecular dynamics with efficient local minimisation. These procedures will result in better phases, improving the overall quality of electron density maps required for automated model building that were described in Task 4.4.1. Task 4.4.2 will deliver considerable improvements in model refinement and consequently in model building, but it is also likely that their combination will even more effective. Ms 4.4.1 will be reached by flexible coordinate representation. A prototype implementation, applicable at low resolution, will constitute D 4.4.2.
We aim to separate the effects of thermal vibrations, disorder, cryoprotectants, and differences in crystal packing to provide a basis for better models of thermal motion in protein crystals, Task 4.4.3. To achieve that, diffraction data will be collected for protein crystals that diffract to high resolution, crystallise in different polymorphic forms and are able to tolerate different cryoprotectants at multiple temperatures (90 K to 200 K). Refinement and analysis of that data from the high resolution structures, Ms 4.4.2, will allow transfer this knowledge to refinement at lower resolution. 

WP 4.5 Feed-back system between data collection and structure determination (Partner 5).

This workpackage aims at implementing a two-way communication between an on-going experiment and the computational evaluation of the results of that experiment. This goal will be referred to as “smart data collection” and can be viewed as providing a new level of expertise in an extension of the Expert System mentioned in WP 4.1.

Each diffraction experiment in general consists of a preliminary step, involving partial data collection at low resolution and full data collection as a subsequent step. For determining the overall strategy, software will be developed on the basis of Task 4.1.2 to use in combination with the BEST software, Task 4.5.1. Feedback to a strategy refinement (with BEST) and to data collection will be implemented, D 4.5.1.

The MAD method employs minor (2-6%) changes in the scattering factors from heavy atoms introduced into the protein structure when data are collected around an absorption edge of such atoms. These changes can often be measured accurately by collecting two or more highly redundant data sets with good I/sigma(I) statistics. However, the collection of multiple, strong and redundant data sets is not always possible because of radiation damage, which accumulates in proportion to the absorbed dose and limits the total amount of data that can be collected on one single crystal. Reflections between which a small anomalous difference is to be measured must therefore be collected close in time, which can only be done on multi-axis goniometers. This is addressed within Task 4.5.2. A mini-kappa diffractometer is under development in Grenoble, Partner 1B. Its success will be critically dependent on how easy it will be to use, either on-site or remotely. The first version of the control software will be developed, D 4.5.2. There are strong links between this Task and Tasks 4.5.4, 4.6.1 and 4.6.2.
Once a crystal has been found to be a suitable sample for data collection (see WP 3.4.3), there is a truly immense variety of ways in which a sequence of images could be collected during the lifetime of that crystal; but not all of these will lead to the same gain of information. Task 4.5.3 will extend earlier work by Partner 5 on the definition and implementation of optimal data collection strategies, in particular towards their adaptation to instrumental capabilities or limitations; towards the use of prior knowledge about the available crystal properties (e.g. degree of cell variability between distinct crystals), and towards exploiting information fed back during the course of the experiment from data processing and early stages of structure determination. In particular this task will seek to give expert advice on how best to use the remaining lifetime of a crystal in particularly challenging situations, D 4.5.3.

Tasks 4.5.1-4.5.3 will yield greater insight into the scientific basis of smart data collection, while Task 4.7.3 will define the combination of software technology and collaborative discipline, which can help ensure that the implementations of these ideas will be as transferable as possible between synchrotron installations. Partner 5 intends to participate in the actual implementation effort and proposes to begin its contribution by participating in the creation of practical software tools in the specific area of “smart goniometry”, in the form of multi-layered utilities which would fill the gap between the low-level commands currently available in beamline software and the high-level notions in terms of which an experienced crystallographer thinks about data collection, Task 4.5.4. There are strong links between this initial phase of the work and Tasks, which will be concerned with the development of a mini-kappa goniometer by Partner 4 (Task 2.3.5), the exploitation of another mini-kappa goniometer by Partners 1B and 2 (Task 4.5.2) and the installation of a refurbished kappa goniometer by Partner 7 (Task 3.4.6). The main deliverable will be an executing complex strategies on multi-axis goniometers, D 4.5.4.
WP 4.6
 Special developments for challenging projects and new experimental phasing protocols (Partner 1B).

The special developments which will be undertaken under this workpackage will be targeted at the needs of extremely challenging structure determinations, to which major progress in structural biology is so often linked, involving weakly diffracting crystals, rapid rates of radiation damage, and experimental phase information with low signal-to-noise ratio.

Optimal strategies require that diffraction data be recorded in such a way that empirical absorption corrections can be well determined, i.e. that one should have measurements of reflections, which follow all possible absorption paths through the sample. Ideally, equivalent Bragg reflections should be measured multiple times, entering and leaving the sample volume at all points of its absorption surface. This goal can be approximately achieved by the use of a multi-axis goniometer, by means of which, the crystal can be re-oriented a number of times during the experiment. The correlation between orientation and time can be further broken by rapid alternations of settings allowing the measurement of members of anomalous pairs close in time. This will be covered by Partners 1A, 1B, 2, 5 and 7 within Task 4.6.1 and may be viewed as a specialised extension of Task 4.5.3 and will have strong links with Task 4.5.2. New scoring criteria will be tested, Ms 4.6.1, and will be implemented in the improved protocols, D 4.6.1.

Radiation damage leads to a progressive deterioration of the diffraction properties of crystals, which can be compensated for by various empirical scaling factors during data processing, but also to definite structural changes in the protein and in the subset of anomalous scatterers. For maximum effectiveness in phase determination, this phenomenon must be tracked and represented through adequate statistical models. Current treatments of the time-dependence of the parameters of anomalous scatterers (Partners 1B and 2, using SHARP; Partner 5, using autoSHARP) have shown that phase information can be recovered in this way. A great deal more work is needed, Task 4.6.2, to attain a correct statistical treatment of the phenomenon and ensure the maximum signal-to-noise ratio of the phasing signal, either in the conventional phasing of challenging structures, or in the phasing of structures of average difficulty by using the weak anomalous scattering of sulphur or phosphorus. New error models will be formulated and incorporated into SHARP, D 4.6.2.

WP 4.7
Architecture and logistics for integration and migration towards remote control (Partner 6).

To ensure that the development efforts within the Bioxhit project are as effective as possible, they will be integrated and made transferable. Standardisation and transferability are the major issues for both software developments described in Sections 2, 3 and 4 and the interfaces to hardware developments described in Sections 1, 2 and 3. 

Partner 10 is engaged in a number of projects external to BIOXHIT, with the aim of providing a unified environment for rapid development of new applications and general automation of the structure determination process. This will be done through 1) the identification of functionality both within existing CCP4 computational units and also missing from them, and the abstraction of these functions into a software toolbox that can be exploited for the development of novel or improved computational tools for 3D-structure determination, 2) a redesign of the CCP4 architecture which will allow the easy linking together of computational tools for automated procedures, D 4.7.1. The Task 4.7.1 will involve working with BIOXHIT Partners both in this workpackage and in other Sections (e.g. Partners 5, 6 and 8), initially as part of a process to identify their specific requirements, and later to transfer developments to other BIOXHIT Partners.

A massive effort for developing toolboxes for implementing crystallographic procedures has been undertaken by several laboratories (ctbx from the PHENIX initiative, Clipper from Kevin Cowtan, and BALLS by Global Phasing). ARP/wARP will be used as a test system by Partner 6 for a study of the requirements, evaluation of possibilities and actual implementation of existing code using these tools. Parts of ARP/wARP will be implemented in an object-oriented manner that will facilitate further development. Most importantly it will allow the software suite to be implemented in various HTP pipelines most effectively, Ms 4.7.2. Scripts currently written in ‘csh’ will be rewritten in Python. This will not only allow easier and transparent implementation of software in HTP pipelines, but will also allow new functionality, like ‘dynamic cycling’ within ARP/wARP between building/refinement and smarter end-protocols for end-users. This subtask will evaluate public object-oriented libraries, Ms 4.7.1, and in the future implement new algorithms in the new releases of ARP/wARP, D 4.7.2, that will be needed as a result of the activities in Tasks 4.4.2 and 4.4.5.

Under the EC AUTOSTRUCT network, a new graphical user interface was developed for MOSFLM, which is potentially capable of supporting the remote processing of diffraction data. The Task 4.7.2 will consist in fully implementing this capability. Issues of security will be addressed.

 “Smart data collection” (WP 4.5) will require additional levels of interaction between hardware and software, e.g. between crystal-mounting robots with decision-making software (crystal screening, early stages of phasing or structure solution), thus adding more complexity and hence more obstacles to transferability between different beamlines and synchrotrons than already exist. To ensure that the development efforts within the Bioxhit project are as effective as possible, transferability must be given the highest priority, Task 4.7.3. A review of existing software systems for data processing and structure determination, and of the reusability and adaptability of their components for smart data collection and remote access, will be conducted, Ms 4.7.3, and contributed to the BIOXHIT report on Software Standards which will be compiled under WP 5.1, D 4.7.3. 

The provision of an integrated software infrastructure will facilitate and control the linking of these tools with other applications either via Python-based run scripts or by direct communication between components using a standardised protocol. The infrastructure design will be modular (enabling components to be swapped in or out as required) so some or all of the design could be used by other Partners. This Partner will exploit links with the e-HTPX and DNA projects in the implementation of the Resource Manager and Expert System. 

Section 5: Data Bases and Networking (managed by Partner 1C)

The tasks in Section 5 are “horizontal” in nature and cut across the tasks described in Sections 1 to 4. The main focus of this Section is on the management, transfer and access of data and of software components that are the results of the developments in those earlier sections. This is to be achieved through the setting of BIOXHIT standards for software and for data sharing, which will be used in implementations both in this Section and in others. Section 5 also contains an element of remote access to data and services provided by BIOXHIT. Remote access will also be facilitated by the setting and observance of standard protocols, for example by the use of emerging GRID technologies.

The tasks within this Section concentrate on data flow and standards within and between workpackages as well as on the exploitation of the underlying web and GRID services. 

WP 5.1: Standardisation in Software and Data Transfer (Partner 1C)

This workpackage will ensure the transferability both of software components and of the data that they produce and use.

Task 5.1.1 is carried out by Partner 1C and focuses on European beamline software development efforts. In the past these efforts have been fragmented due to lack of transferability between beamlines and to local hardware specificities. The aim is to survey the Partners and identify existing components that can be reused or transferred to other beamlines and to agree on standards and to ensure that new components have these requirements built in, Ms 5.1.1, D 5.1.1. The standards will have to address a number of issues, for example: part of the component software development will involve wrappers that use existing partner code, and to avoid namespace clashes between partner and project code an agreed coding style is required. Equally with different developers contributing to the deliverables it is important that a naming convention is adopted to reduce the chance of name collisions within the different API’s. This task will also examine the possible adoption of common collaborative software engineering methodologies (for example Human Computer Interaction methods, eXtreme Programming and Agile Processes already tested in EVC) and the usage of off-the-shelf components for specific tasks (for example: Ganglia http://ganglia.sourceforge.net/ for the monitoring of computers in real-time across a site or across all partner sites; Java's javadoc or Doxygen command-line utilities for project-wide automatic generation of API documentation; AVS http://www.avs.com/ or open source toolkits such as OpenDX http://www.opendx.org/ or VTK http://public.kitware.com/VTK/ for visualization applications).
Task 5.1.2 is concerned with the problem of exchanging and migrating data in the BIOXHIT structure solution pipeline, Partner 1C. A single system will not be imposed for BIOXHIT and as such a data transformation step will be required to take standardised exchange packets of XML and manipulate the data into the format and structure required at the next step in structure solution. Extensible markup language (XML) technology is particularly well suited to solving the data integration challenges. XML-based technology can be quickly and seamlessly integrated with legacy systems to make the retrieval, compilation and custom formatting of high-volume, ongoing data requirements a highly flexible and simple process. It creates a bridge for the transfer of data between information pools. Importantly, XML can also facilitate the multipoint distribution of data. Standardised XML is required for mapping data from one source to the requirements of each particular procedure or software task. D 5.1.2.
Within Task 5.1.3 BIOXHIT guidelines for data models will be set in three areas, Partner 1C. It is intended to create a structure for software developers to write compliant components in both Java and C++ that can work in distributed Internet environment (Component Programming Model). By designing components within a clearly defined standard interface, site-specific software is protected from changes in the software environment outside their boundaries. This will allow the creation of powerful scientific applications that can take advantage of the emerging web services. The Partners will apply information flow modelling in order to characterise how information flows throughout their applications by describing the kinds of processing that take place (Model Design Technologies). The individual Partners will carry out the actual software developments after contributing to a BIOXHIT standard for how data will move between each stage. When components are written, each site will need to reference a stable set of common component software, which should be available from a central site (Software Repository and Component Management), Ms 5.1.2 and D 5.1.3.

Task 5.1.4 focuses on problems associated with the transfer of information from the early stages of the structure determination to later stages, Partners 1C and 10. For example, developments in Section 3 require information from Sections 1 and 2 for the optimisation of crystal selection and data collection protocols. A specific example is that one product of BIOXHIT from Section 4 is a phased electron density map, however the phasing procedures to be developed will need knowledge of crystallisation conditions (Section 1), beamline data collection conditions (Section 3) and statistical details from image processing (Section 4) to pick a correctly phased electron density map. This task therefore will address these issues by setting guidelines for the storage and transfer of information acquired at the crystallisation and data collection stages via a LIMS, Ms 5.1.3.

WP 5.2: Data management and project tracking in structure solution software (Partner 10)

Task 5.2.1 aims to fill the need for project tracking within the BIOXHIT structure solution software pipeline. CCP4 currently provides a project database within its graphical user interface CCP4i, which records basic information about each job run through the interface within a particular project, and is useful for reviewing progress through a structure determination, backtracking and managing files and other data associated with each job. This task will develop the CCP4i project database into a more general project database that can be used for project tracking within the BIOXHIT software pipeline, Ms 5.2.1 and D 5.2.1. In the later stages of the project more tools will be added to increase the usefulness of the project history database, for example search and visualisation mechanisms. Compatibility with other databases and LIMS developments (for example LIMS developed by Partner 1C, WP 5.1) will also be vital, and data exchange mechanisms will be implement based on communications technologies developed elsewhere in WP 5.1, Ms 5.2.2 and D 5.2.2.

WP 5.3: Remote access and networking (Partner 7) 

This workpackage aims to provide collaboratory tools within BIOXHIT, with the objective of increasing the effectiveness and efficiency of experiments at the synchrotron beamlines. 
Task 5.3.1 This task will continue development of the Virtual Collaboratory System (VCS), which is based on existing web portal Elettra Virtual Collaboratory software and which is currently in use on three experimental stations. VCS will allow data visualisation and will be additionally interfaced to software for the data collection strategy and evaluation of diffraction properties, crystal-mounting robots as well as to the user database (Virtual User Office). The software will simultaneously serve multiple clients, and offer a series of collaboration tools: videostreams for remote crystal and experiment set-up viewing, videoconferencing, chat, electronic note-book to store texts and images, and the possibility of partially accessing the system via WAP enabled mobile phones, Ms 5.3.1.

Task 5.3.2 on remote access and remote operation of data collection (Partners 1A, 1B, 2, 3 and 7) will start at month 19 after the successful installation of the tools described in Task 5.3.1. 

Section 6: Training, Implementation and Dissemination (Managed by Partner 16)

Most of the BIOXHIT objectives require active dissemination of knowledge and communication between Partners and the community outside the consortium, including SME’s. This implies a significant amount of training of staff involved in the project and well as of the users of the hard- and software technology platform to be created. Training, implementation and dissemination (TID) components of BIOXHIT deliverables and products that are described in Sections 1-5 are naturally grouped into two categories, TID within and TID outside the BIOXHIT consortium. The instruments used in the training, implementations and dissemination within and outside BIOXHIT are described in the following.

WP 6.1: Training, implementation and dissemination within the BIOXHIT consortium (Partner 16)

Multifaceted contribution of all Partners into different workpackages, as shown in Figure 6 (part 8.3), requires an establishment of fast and reliable electronic means of information exchange at the earliest possible stage of the project. Therefore, in Task 6.1.1 the installation of the BIOXHIT website and Email server will be undertaken, which will also be the main deliverable, D 6.1.1. All partners will contribute but Partner 1A will be the main responsible. The server will act as an information exchange and discussion forum regarding the BIOXHIT activities both inside and outside the consortium. The first milestone, Ms 6.1.1, is the establishment of a proactive website that at a later stage could serve as the most important tool in the dissemination of the results obtained and become the repository for the training material.

In order to achieve the technological development within the BIOXHIT consortium the partners will make appointments of scientific staff at all levels, technical, Ph.D. students and post-doctoral fellows. One of the important goals of the BIOXHIT consortium is to ensure that the staff receives optimal training. This will be taken care of in Task 6.1.2. A significant amount of the technology development and the core implementation will take place at the major synchrotron sites (EMBL/DESY Hamburg, ESRF Grenoble, SRS Daresbury and SLS Villigen) and at the crystallisation laboratory in Marseille. These will be denoted as the core facilities of the consortium. Informal meetings will ensure the exchange of information between the Partners. This will furthermore be supported by informal specialist workshops to be covered by the Partners’ travel budget. The workshops will be specifically dedicated to know-how dissemination and will be organised at different locations, but preferably at the core facilities or other synchrotron sites. Initially, these workshops will be organised solely for BIOXHIT partners but at a later stage the external scientific community may also take advantage of the workshops. Symposia will be arranged in connection with the annual meeting of the BIOXHIT consortium and the topics will be selected so that they give sufficient coverage of the technological achievements.

Task 6.1.3 is concerned with the hardware transfer, the software transfer and the training of other partners, including SMEs. Partners involved in the development of hardware technologies and software will ensure the proper dissemination of the results within the BIOXHIT consortium by submitting it to tests by other partners. The developed hardware solutions, individual robots or integrated systems will be made available early to BIOXHIT Partners who will further test these equipments. They will be further marketed by classical ways. For software this aspect implies beta-releases to other Partners for checking, identification and correction of the bugs and incorporation of the suggested modifications. Web interfaces will make it possible to distribute the programs easily and to collect criticisms and suggestions. Partner 11 will assist in organising special workshops dedicated to know-how dissemination and proper use of automated nanodrop crystallisation. These workshops will be organised at different places but preferably at synchrotron sites or local TID centres where the external community might, under certain conditions, take advantage of the workshops.

Availability of documentation and suitable training material is part of the deliverables of most of the workpackages contained in Sections 1-5. This material forms the essential basis for the most of the activities in Section 6. Workpackage Coordinators will be responsible for provision of material suitable for training purposes that will be a main deliverable D 6.1.2 within Task 6.1.4. Material is understood in its broadest sense and will include movies, web-based demonstrations as well as standard written material. As soon as the product is completed, it will be accompanied by suitable training material that subsequently can be tested by BIOXHIT Partners and selected TID centres.

Partner 5 will provide training on the use of early versions of the developed phasing and refinement software, Task 6.1.5. The early versions of the software will be disseminated to the BIOXHIT Partners.

Task 6.1.6 is concerned with dissemination and integration workshops on the level of BIOXHIT Sections. Each Section manager will organise two workshops over the whole duration of the project and provide written reports. : It is planned to organise two workshops aver the whole funding period, which will deal with the topic of X-ray beam diagnostics. The WP-partners will meet every 6 months to discuss the progress of the project.

WP 6.2: Training, implementation and dissemination to the community outside the BIOXHIT consortium (Partner 16)

Development and innovation in the BIOXHIT consortium will result in a large number of high throughput hard-and software technologies that will be beneficial for a wide European community. The dissemination of this knowledge and training in these new technologies represents one of the crucial activities in Task 6.2.1. The main targets outside the BIOXHIT consortium that will benefit from the developed technologies are the future synchrotron facilities in Europe (SOLEIL, DIAMOND, LLS and PETRA), the participating SMEs and both ongoing and planned European Structural Genomics projects. The network between the European synchrotron facilities is functioning well. This makes us confident that there will be a steady and smooth technology from the BIOXHIT proposal to the new SR-sites. They will also participate in the BIOXHIT workshops that focus on the synchrotron-related technologies. Dissemination to the SMEs will be carried out by specialised workshops organised by the Section 6 Manager and Partners responsible for the particular product of interest to ensure the best protection of intellectual property rights. Contacts to the first European structural genomics project SPINE will be ensured through the assistance of Partner 11 and by the organisation of one-day workshops in connection with the SPINE organised annual meetings on Structural Genomics. At these workshops information will be provided on the achievements of BIOXHIT and the availability of the respective technology. Should there be a new development within Structural Genomics projects that would require adjustment of some of the BIOXHIT tasks, this will be dealt with promptly. The first workshop is planned for month 12, D 6.2.1. Prior to that a collaboration with the Structural Genomics conference organisers will be formed, Ms 6.1.1, with an aim to establish contacts with new Structural Genomics groups. Dissemination to SMEs outside BIOXHIT will follow the same procedure as for the SMEs within BIOXHIT described above. The following diagram illustrates the interactions between the BIOXHIT consortium and the outside communities, Figure 4.
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Figure 4. Scheme for training and dissemination to the community outside of the BIOXHIT consortium.

Considering the growth of the community, it is obvious that training of users in the new technologies would be a formidable task if it were to be handled exclusively by the core-facilities. Therefore, within the first 18 months a limited number of Training-Implementation-Dissemination (TID) Centres will be established, D 6.2.2. Together with core-facilities for hardware and software development the TID-centres will be responsible for the majority of technology transfer that will be possible after the first 18 months. Firstly, a TID-committee for Section 6 activities will be formed and chaired by Partner 16, Task 6.2.2. Its major responsibility will be to establish the functional TID-centres, Task 6.2.3. The committee will conduct annual evaluations of the activities in the TID, and will meet with representatives of the TID-centres in person (in connection with the annual meeting of all the partners, where a report will be given on past achievements and future perspectives for the respective TID centre). The TID-committee will also coordinate the preparation of the necessary documentation and training material provided by the Partners. The TID-committee will ensure proper testing and the smooth transfer of this information to the core facilities and TID centres responsible for the training. The day-to-day flow of information within the TID-committee and the decision-making processes will be carried out using electronic communication media. The activities of TID-committee will be conducted in close contact with the BIOXHIT Project Steering Committee with regular reports on the activities from Section 6.

Before the end of month 3, a call will be made for applications to become a BIOXHIT TID centre, Ms 6.2.2. The relevant institutions will be sought within the European SR-user community and the communication to the possible TID centres will be conducted using this SR facilities user network in addition to the information placed on the BIOXHIT website. Deadline for the applications will be at month 6. The applications should contain relevant information about the research conducted at the institution, details about the infrastructure in terms of the hardware and software facilities and experiences in training and dissemination. Informal inquiry has already been made and interests in becoming a TID centre have been indicated from University of Oulu, Finland; University of Copenhagen, Denmark; Instituto de Tecnologia Quimica e Biologica, Oeiras Portugal; Polish Academy of Sciences, Poznan, Poland; Institute J. Stefan, Ljubljana, Slovenia; Sabanci University, Istanbul, Turkey and the Weizmann Institute, Israel. The TID centres at non-SR sites may be established in any EU member or associated state.

The TID-committee will review the applications and prioritise a list of the possible TID centres. The first three TID centres should be selected and become operational at the end of month 18. It is planned to select three additional TID centres later in the BIOXHIT project, after learning from the 18 months experience. The TID centres will be located at institutions, which possess a strong research program in structural biology and significant experience in the use of synchrotron radiation facilities. The selection of the TID centres will be based on the assessment of the candidate’s competence and the research infrastructures capacity for training, implementation and dissemination. The TID centres can apply for support (seed money) up to 50,000 EUR from BIOXHIT, to enable the centre to undertake the training responsibilities and establishment costs. The TID centre budget will have to be approved by TID-committee. The seed money could be used to supplement the needs of the centre, manpower and hardware and help the centre to grow and to develop and to raise their own funds from other resources, which will most likely be the national (but could also be European) funding organisations.

For selected TID centres, an implementation phase of 18 months is envisaged, Task 6.2.4. During this phase the following actions will be required.

· TID centre management: Each TID centre will nominate a responsible scientist, who is a Principal Investigator of the TID centre research organisation, referred to as TID coordinator. The TID-coordinator is expected to establish a managerial group at his or her home institution.

· TID centre description: Each TID centre will provide a technical description of the local infrastructure available to its tasks as TID centre. This description will include a list of equipment and items relevant to Sections 1-5 of BIOXHIT. In particular, it should include major equipment items used for crystallisation, X-ray data collection and processing, X-ray structure determination and interpretation.

· R&D products for TID centres: The Managers of Sections 1-5 will provide a list of expected R&D products, documentation and associated training material, specifying the feasibility of remote installation for each product at TID centres for training and dissemination purposes, and a schedule for delivery. For the products that are in the process of being commercialised this should also include a significant contribution from the commercial suppliers involved. 

· TID-developers-management meeting: During the first 6 months of the TID centre infrastructure implementation the TID coordinators will meet with the BIOXHIT Project Steering Committee, Ms 6.2.4. The objectives of the meeting will be as follows: For each centre there should be a concrete proposal made in terms of planned local activities with respect to implementation, training and dissemination of BIOXHIT deliverables and a draft schedule for TID centre training activities with their objectives, which should be in-line with the workpackages, described in Sections 1-5 of BIOXHIT. All training course activities will take place after the initial 18-months implementation phase. Rules for accepting participants will be similar to those imposed for similar training courses (EMBO or the EC-FP5 network MAXINF). Mirroring the proposals of each TID centre, there will be a discussion and decision on the means of implementation of BIOXHIT R&D products at TID centres. R&D products, excluding those that are physically linked to a centre (for example synchrotron beamlines) will be implemented at the TID-sites. The feasibility of implementation will also be assessed in terms of local infrastructure requirements at the TID centres and their availability in BIOXHIT. Based on the decisions of the meeting, an implementation plan for each TID centre will be formulated. Within this plan, items feasible for implementation within the first 18 months after commencing the subcontract and items available for implementation during a later phase of the project will be listed separately.

· R&D Product Implementation: Based on the decisions of the TID centre implementation meeting, R&D products will be implemented at the TID centres. The implementation is succeeded by a commissioning phase that should not exceed six months. Depending on the type and complexity of the implemented R&D products, the originator of the R&D product will travel to the TID centre for technical and scientific introduction of the R&D product. During the commissioning phase the R&D product will be available to the TID centre coordinator, the TID centre manager and local staff of the research organisation only.

Section 7: Overall project management (Managed by Partner 1A)

A project of the complexity of BIOXHIT requires efficient management at all levels as described in part B.6. The BIOXHIT management activities are contained within this Section, which consists of one workpackage.

WP 7.1: Overall project management (Partner 1A)

This workpackage will be active throughout the whole duration of the project and contains seven tasks. Partner 1A is involved in all tasks. Task 7.1.5 also includes Partner 20, the technology transfer expert. Task 7.1.7 includes Partner 7, the Gender Issues Manager.

The relationship between the 20 Partners of BIOXHIT, their obligations and rights with respect to each other and the goals of the project will be defined in a legally binding contract, the Consortium Agreement, which all Partners will sign before the actual start of the project, D 7.1.1.

Task 7.1.1 is concerned with the decision-making management including periodic project board meetings (Management Team, Project Steering Committee PSC, General Assembly, Section Management) for progress review, decision-making, risk review and conflict resolution.

Task 7.1.2 will address technical coordination of the project. The timely arrival of the proposed deliverables will be monitored and actions suggested if necessary. The project work plan will be maintained. This will also involve preparation for the annual review and the annual update of the project plan (Annual Implementation Plan), D 7.1.2.

Task 7.1.3 is concerned with administrative and financial coordination. The contractual documents will be prepared, collected and maintained. Should new Partners join, amendment of the consortium agreement will be carried out. Logistics for travels and meetings will be prepared. Financial records will be established and maintained, and the annual cost claims and audit certificates will be coordinated and checked for validity, D 7.1.3.

A Management Guide (MG), D 7.1.4, will be established within Task 7.1.4 for procedures, templates, methods and tools in the project together with qualitative and quantitative assessment of milestones and deliverables. It will be controlled that arrival of the proposed deliverables is consistent with the project plan including technical and contractual aspects. Status reports will be produced on a six-monthly scale, D 7.1.5. 

Management of knowledge and innovation related activities will be addressed within Task 7.1.5. This will address collection and assessment of knowledge generated by the consortium. The knowledge and further exploitation activities will be described in the Technological Implementation Plan (TIP). The protection of the knowledge resulting from the project (including patent searches.) will be carried out.

Should there be a need for new expertise in BIOXHIT, a call for new Partners will be launched within Task 7.1.6. Calls for the TID-centres will also be carried out within this Task. Profiling and announcement of the calls will be carried out in accordance with European rules for award of public contracts. The procedure will follow the setup evaluation criteria. 

The implementation of the project’s gender strategy will involve the establishment of A gender management plan will be established at the earlier stag of the project and will be updated throughout the whole duration, Task 7.1.7. Regular reports will be prepared and the gender action plan updates will be issued at months 3 and 18, D 7.1.6.

A large part of the management activities is devoted to rising public participation and awareness, Task 7.1.8. This is described in detain above in part 6.7. The deliverables will be publically orientated project homepage, D 7.1.7, project presentation, D 7.1.8, project poster, D 7.1.9 and project brosure, D 7.1.10. All these are planned within the first 18 months.
8.2 Planning and timetable

[image: image6.wmf]
Figure 5. The time-table of BIXOHIT tasks. The time table in months is given on the top. The workpackage numbers are given on the left. The lines indicate the duration of each task. 
8.3 Graphical presentation of workpackages

These project Partners and their contributions to the various BIOXHIT workpackages and Sections are shown below in Figure 6. It is evident from the Figure that the Partners, the five R&D Sections, project workpackages with their tasks are tightly interconnected. The core of the project R&D is formed by Sections 2 (synchrotron technologies), 3 (beamline end-stations and data collection) and 4 (data processing and structure determination). As shown by the list of the overall range of activities planned, the interaction between the tasks is not of a highly sequential nature, which would be dominated by intricate critical-path considerations. In contrast, the interaction between the Partners will reside in cross-involvement in a large proportion of multi-partner tasks rather than in the sequential dependence of single-partner tasks. Given sufficiently efficient management and coordination, such a structure seems to be ideally suited to attain the proposed objectives of BIOXHIT in a much easier and much more straightforward way than if the components of the consortium were separated.

[image: image7.png]BIOXHIT: Integration and Complexity of the Project
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Figure 6. The BIOXHIT project: relationship between activity areas, Partner’s contributions, workpackages and sections. Each link defines a contribution of a Partner to a WP (for R&D partners only, number 1 to 16).
8.4 – 8.6 Workpackage list / overview, deliverables list, workpackage description

Workpackage list (18 month plan), Section 1

	Work-package
No
	Workpackage title
	Lead 
participant
No
	Person-months
	Start
month
	End
month
	Deliv-erable
No

	WP 1.1
	Hardware for drop dispensing, storage and inspection
	11
	45
	1
	48
	D 1.1.1

D 1.1.2

D 1.1.3

D 1.1.4

	WP 1.2
	Software for crystal recognition, crystallisation data analysis and LIMS
	8
	102
	1
	48
	D 1.2.1

D 1.2.2

D 1.2.3

	WP 1.3
	Crystal diffraction improvement: optimisation and co-crystallisation with scavengers
	1B
	55
	1
	48
	D 1.3.1

	
	TOTAL
	
	202
	
	
	


Deliverables list (18 month plan), Section 1
	Deliverable
No
	Deliverable title
	Delivery date
	Nature
	Dissemination level

	D 1.1.1
	Crystallisation with 40-100nl drops validated
	12
	R
	PU

	D 1.1.2
	New crystallisation plate for nl drops delivered
	12
	P
	RE

	D 1.1.3
	New dispensing technology for protein crystallisation
	12
	P
	RE

	D 1.1.4
	Validation of the storage/visualization cabinet
	18
	P
	PU

	D 1.2.1
	First generation software for robots and cabinet
	12
	D
	RE

	D 1.2.2
	First generation of novel crystal recognition software
	18
	D
	RE

	D 1.2.3
	First implementation of protein crystallisation data handling and LIMS
	18
	D
	RE

	D 1.3.1
	A list of new compounds for co-crystallisation
	18
	R
	PU


Workpackage description (18 month plan)

	Workpackage number 
	1.1
	Start date or starting event:
	1

	Participant id
	1A
	1B
	11
	
	
	
	

	Person-months per participant
	24
	9
	12
	
	
	
	


	Objectives: Hardware for solution preparation, drop dispensing, storage and inspection 
This includes the establishment of improved and less expensive hardware and software technology for nanodrop dispensing, and for plate storage and visualisation, the delivery of a first generation programme for crystal recognition, images handling and LIMS and a first implementation of these technologies common to labs and synchrotron sites.


	Description of work: 

Hardware technology for protein crystallization will be implemented suitable for obtaining convergent and scalable solutions to be shared by remote labs and synchrotrons. The goals are:

Task 1.1.1 Nanodrop technology: below the 100 nanolitre limit. The use of new technology based on a dry pressure applying system will be tested for nl dispensing. 

Task 1.1.2 Nanodrop technology: more flexible dispensing technology. This will aim at a reduction of a drop size to 40-50 nl without losing reliability. A statistical study will be performed to establish the drop size limit in relation to the viscosity of the precipitant. Several procedures with different drop sizes might be established in order to save biological material.

Task 1.1.3. Design of a new plate adapted to nanolitre crystallisation. This will involve the design a high density crystallisation plate specially adapted to nanodrops and improved visualization in order to improve crystal recognition. The size of the protein shelf will be adjusted for drops ranging from 50 to 200 nl, so that they fill the well and provide a flat liquid air interface, appropriate for drop visualization. The density will be increased to 512 wells (256 independent conditions) on the base of a 1536 well plate.

Task 1.1.4 Plate storage and crystal visualisation. A prototype storage/visualization cabinet for 600/1200 plates has been set-up. This cabinet should be able to independently handle the plates (identified by a bar code) and visualize them. A visualization pod of 3 plates is planned. Procedures will be developed to handle the present crystallization plates (Greiner 96 and Corning 384) as well as the new dedicated crystallisation plate to be developed by Nunc.

Task 1.1.5 Integration of robot for drop dispensing, crystal storage and imaging. This implementation will require the integration or the tight linking of two robots: the first for solution preparation or reformatting, the second for nanodrop dispensing. This integration can be done directly or using intermediate handling robots and plate hostels. The design for such implementation will be made available.

Task 1.1.6 Implementation and operation of nanodrop facilities in Grenoble. The nanolitre crystallisation facility, currently being setup by Partners 1B and 2 will be used to develop protocols, screens and hardware. 

Task 1.1.7 Provision of a facility for drop evaluation methods. A large volume of image data will be used to develop predictive approaches for tuning crystallisation conditions.


	Deliverables:

D 1.1.1 Crystallisation with 40-100nl drops validated

D 1.1.2 New crystallisation plate for nl drops delivered

D 1.1.3 New dispensing technology for protein crystallisation

D 1.1.4 Validation of the storage/visualization cabinet


	Milestones and expected results

Ms 1.1.1 Nano-litre dispensing hardware implemented.

Ms 1.1.2 Automated crystal storage/visualization cabinet validated.


Workpackage description (18 month plan)

	Workpackage number 
	1.2
	Start date or starting event:
	1

	Participant id
	1A
	3
	6
	7
	8
	11
	
	
	
	

	Person-months per participant
	4
	2
	24
	3
	24
	48
	
	
	
	


	Objectives: Software for crystal recognition, crystallisation data analysis and LIMS
This will require implementation of software for robotics and storage cabinets suitable for all sites, of local or remote access software for controlling crystallisation and of automated crystal recognition procedures.


	Description of work:

Task 1.2.1 Software for robot, for drop dispensing and cabinet. Software to drive the crystallisation robots or the visualisation/storage cabinets is accessible via GUIS or macros. The procedure and the results of the crystallisation trials will be stored in a LIMS database connected to the protein production database and to the data collection/structure solution database at home or at the synchrotron sites. The consortium will develop common procedures for crystallisation and visualisation. 

Task 1.2.2 Software for Web access to robot. The procedures developed in Task 1.2.1 will be made available for Web-based remote control. This may be on site, informing a user that the experiment is complete and allowing access from its own machine, or from a remote site.

Task 1.2.3 Novel concepts for crystal recognition. Automated reliable crystal recognition procedures are developed as part of this workpackage and elsewhere. Software with different basic principles has to be used in parallel or successively to cross-check the results of different algorithms. We will address the logistics of the implementation of crystal recognition algorithms to robotic platforms and access and annotation from multiple users. The procedures will be designed so as to be integrated with the LIMS and with web access. LIMS integration and Web access for pilot sites will be implemented.

Task 1.2.4 Data handling. Software is already being developed using image discontinuities to identify artefacts within the crystallisation drop. These are then considered as individual objects and evaluated in terms of a number of attributes related to size and shape, curvature of the boundary and variance in intensity. Consistent patterns in the combination of the variables allow new objects to be assigned to various classes and given a related score. An overall score is then given for the image. This software will be distributed through CCP4.

Task 1.2.5 LIMS for crystallisation robots. Systems conforming to BIOXHIT standards will be developed (either from scratch or based on existing systems, e.g. HalX) to store data from crystallisation robots.


	Deliverables 

D 1.2.1 First generation software for robots and cabinet

D 1.2.2 First generation of novel crystal recognition software 

D 1.2.3 First implementation of protein crystallisation data handling and LIMS


	Milestones and expected results

Ms 1.2.1 Robots and cabinet software fully operational

Ms 1.2.2 Data handling, LIMS and web access first implementation validated

Ms 1.2.3 Preliminary automated crystal recognition achieved


Workpackage description (18 month plan)

	Workpackage number 
	1.3
	Start date or starting event:
	1

	Participant id
	1A
	1B
	2
	11
	
	
	

	Person-months per participant
	12
	16
	15
	12
	
	
	


	Objectives: Crystal diffraction improvement: optimisation and co-crystallisation with scavengers

The occurrence of radiation damage necessitates for an improvement of crystal lifetime. A possible approach is a co-crystallisation with scavengers This will be complemented with the co-crystallisation attempts with novel compounds containing anomalously scattering atoms and improvement of crystal diffraction quality.


	Description of work 

Task 1.3.1 Crystal optimisation for better diffraction. Better diffracting and less X-ray sensitive crystals are very important features to be obtained from crystals arising from nano-litre crystallisation. Several different approaches will be explored. A first aim will be to improve the small crystals with additives in order to obtain better diffraction.

Task 1.3.2 Radiation damage reduction. In parallel to Task 1.3.1, radiation damage reduction will be attempted by co-crystallisation with radical scavengers.

Task 1.3.3 Co-crystallisation with new scatterers for MAD/SAD. In parallel to tasks 1.3.1 and 1.3.2, a search for novel compounds suitable for obtaining an anomalous signal for subsequent phasing will be attempted.

Task 1.3.4. Linking diffraction crystal quality with crystallisation procedures. This will involve a multi-dimensional analysis of the crystallisation trials in order to link these with the crystal diffraction properties. The aim is to develop a system with predictive power.


	Deliverables 

De 1.3.1 A list of new compounds for co-crystallisation


	Milestones and expected results

Ms 1.3.1 Collection of crystallisation experiments for statistical analysis


Workpackage list (18 month plan), Section 2

	Work-package
No
	Workpackage title
	Lead 
participant
No
	Person-months
	Start
month
	End
month
	Deliv-erable
No

	WP 2.1
	Assurance of high quality and stability of the X-ray beam at synchrotron sources 
	9
	87
	1
	48
	D 2.1.1

D 2.1.2

D 2.1.3

	WP 2.2
	Software systems for the automatic delivery of the X-ray beam to the sample
	2
	53
	1
	48
	D 2.2.1

D 2.2.2

	WP 2.3
	Design and instrumentation of the hardware components for automated synchrotron beamlines
	4
	51
	1
	48
	D 2.3.1

D 2.3.2

D 2.3.3

	WP 2.4
	Development of a standard test crystal system for assurance of beamline quality
	12
	28
	1
	36
	D 2.4.1

	WP 2.5
	Implementation of software standards
	1A
	25
	1
	24
	D 2.5.1

	
	TOTAL
	
	244
	
	
	


Deliverables list (18 month plan), Section 2
	Deliverable
No
	Deliverable title
	Delivery 
date

	Nature


	Dissemination
level


	D 2.1.1
	A prototype of a control board for APC128 read-out chip
	15
	P
	PP

	D 2.1.2
	Detector prototype for monochromatic and polychromatic beam
	18
	P
	PP

	D 2.1.3
	A prototype of a quadrant beam monitor
	18
	P
	PP

	D 2.2.1 
	Definition phase report
	18
	R
	PP

	D 2.2.2 
	Prototype system at Elettra
	18
	P
	PU

	D 2.3.1
	Report on suitable monochromatic beam position and profile detectors
	18
	R
	PP

	D 2.3.2
	Report on alignment protocols and their implementation into the beamline software structure
	18
	R
	PP

	D 2.3.3
	Report on the feasibility studies of micro-focusing for medium energy X-ray sources
	18
	R
	PP

	D 2.4.1
	Two candidate test crystal systems to be further evaluated
	18
	D
	PU

	D 2.5.1
	Software standards for synchrotron technology
	18
	R
	PU


Workpackage description (18 month plan)
	Workpackage number 
	2.1
	Start date or starting event:
	1

	Participant id
	2
	4
	9
	
	
	
	

	Person-months per participant
	39
	39
	9
	
	
	
	


	Objectives 

Essential prerequisites for a successful diffraction data-collection and further structure solution using synchrotron beam-lines are the optimisation of the position, the intensity and the footprint of the X-ray beam at the sample. To achieve optimal conditions for a data-collection, it is necessary to control those mentioned parameters within the beamline at various positions, where the impact of the interaction of optical instruments including mirrors, monochromator-crystals, slits and collimation systems can be determined. The objective of this workpackage is to provide technological developments for assurance of high quality and stability of the X-ray beam at synchrotron sources.


	Description of work 

Task 2.1.1 will aim at the development of white and monochromatic beam position and profile monitor based on thin CVD-Diamond membrane technology. These imaging systems will be optimal for beams with cross- sections of less than 8mm although the pixel size and membrane size can be of variable dimension. During the 18 months period masks for multiple layer metallisation for profile and quadrant monitors will be developed, test structures with different feature sizes will be fabricated and minimal pixel dimensions will be determined. A control board for APC128 read-out chip will be designed and tested. A prototype will be developed within the 18 months period. 

Task 2.1.2 will aim at the development of fast imaging beam monitors based on lens coupled CCD and the necessary image analysis software. During the 18 months a development will be carried out on radiation-hard fluorescing layers in transmitting material and a working solution will be found for polychromatic and monochromatic beams within the X-ray range. Mechanical parts of the current design will be improved to allow positioning reproducibility of 1 µm. A detector prototype will be produced and long term tests within one of the PSF beamlines will be initiated. 

Task 2.1.3 will address the design and construction of 4 channel amplifiers as the first step within a development of low cost passive and active monitors for monochromatic and white beam X-ray radiation. Optimal geometry for a quadrant monitor will be determined. The amplifier will have variable gain, a bus interface and hardware triggering. 


	Deliverables 

D 2.1.1 A prototype of a control board for APC128 read-out chip
D 2.1.2 Detector prototype for monochromatic and polychromatic beam

D 2.1.3 A prototype of a quadrant beam monitor 


	Milestones and expected result 
Ms 2.1.1 Verification of substrate thinning technique 

Ms 2.1.2 Definition of required sizes and pixel dimensions for CVD-diamond beam monitors 

Ms 2.1.3 Feasibility of transparent fluorescence material prototype


Workpackage description (18 month plan)
	Workpackage number 
	2.2
	Start date or starting event:
	1

	Participant id
	2
	3
	7
	9
	
	
	

	Person-months per participant
	39
	5
	6
	3
	
	
	


	Objectives 

The success of a diffraction experiment is vitally dependent on the availability of a high quality synchrotron beam at the position of the crystalline sample. The main objective of this workpackage is, therefore, to produce reliable software systems for the automatic delivery of the X-ray beam to the sample.


	Description of work 

Task 2.2.1 will address the initial stages of development of software for automatic beamline alignment for high-energy sources and Task 2.2.2 automatic beamline alignment for low-energy sources. These will involve the formalisation of the optical problem and the definition of the mathematical model for both high- and low-energy beams. Specification of software requirements will be carried out in an interaction with the tasks in WP 2.5. The work will initially focus on the 3 major synchrotrons, with further expansion during the initial 18 months.

Task 2.2.3 will treat the “Automatic Beamline Alignment” problem with design and implementation of a system based on traditional and intelligent control software system techniques, which optimise the alignment of beamlines. Such system will incorporate the creative, abstract and adaptive attributes of a human, while minimising the undesirable aspects such as unpredictability, inconsistency, fatigue, subjectivity and temporal instability. The first 18 months period will be concerned with the development of a proof-of-concept prototype at Elettra.


	Deliverables 

D 2.2.1 Definition phase report
D 2.2.2 Prototype system at Elettra


	Milestones and expected result 
Ms 2.2.1 Formalisation of the optical problem and agreed model for future developments

Ms 2.2.2 Detailed specification of the software requirements and conceptual design of the automatic beamline alignment system


Workpackage description (18 month plan)

	Workpackage number 
	2.3
	Start date or starting event:
	1

	Participant id
	13
	15
	16
	
	
	
	

	Person-months per participant
	31
	8
	12
	
	
	
	


	Objectives 

Availability of the state-of-the-art hardware is one of the most essential components for the successful automation of beamlines. A reliable hardware configuration will be most easily achieved if automation is built in from the start. The main objective here is the design and instrumentation of the hardware components for automated synchrotron beamlines.


	Description of work 

Task 2.3.1: Development of tools for a user configurable beamline. The detection systems currently used for mirror focusing by wave front analysis, beam positioning and feedback control will be surveyed. The selected detection system will be implemented, and necessary electronic interface and beam alignment algorithms developed. 

Task 2.3.2: Modelling and correction for vibrational instability of microfocus beamlines. Vibrational analysis will be made on the future site of the beamlines and beamline component support structures will be modelled in order to be insensitive to these driving frequencies. 

Task 2.3.3: This will address a preparation of designated beamlines for future installation of automated beam alignment. An alignment protocol will be implemented and diagnostic equipment for measuring beam position will be adapted.

Task 2.3.4: Micro-focussing optics for medium energy X-ray sources. A Bragg-Fresnel lens system for a lower energy synchrotron facilities micro-focus beam will be developed. During the 18 months the feasibility of the use of a multilayer mirror with graded d-spacing to provide the horizontal focusing and a superimposed Fresnel lens which focuses in the vertical direction will be investigated.


	Deliverables 

D 2.3.1 Report on suitable monochromatic beam position and profile detectors 

D 2.3.2 Report on alignment protocols and their implementation into the beamline software structure

D 2.3.3 Report on the feasibility studies of micro-focusing for medium energy X-ray sources


	Milestones and expected result 
Ms 2.3.1 Availability of suitable diagnostic detectors to diagnose beam status 

Ms 2.3.2 Vibration survey of SOLEIL site and finite element calculations on support structures 

Ms 2.3.3. Identification of places to install beamline diagnostics and definition of requirements (size, precision) for these diagnostics 


Workpackage description (18 month plan)

	Workpackage number 
	2.4
	Start date or starting event:
	1

	Participant id
	1A
	9
	12
	
	
	
	

	Person-months per participant
	18
	3
	7
	
	
	
	


	Objectives 

After alignment of a beamline, validating the correct configuration will be vital to the success of subsequent experiments. We propose to establish a suite of suitable crystal samples with which it will be possible to establish automatically the correct functioning of the beamline. The main objective is the development of a standard test crystal system for assurance of beamline quality.


	Description of work 

Task 2.4.1: Test crystal system for assurance of beamline quality. A macromolecular test crystal system will be developed with which one can easily assess the quality of the beam before the real diffraction experiment is undertaken. One of the limiting factors is, that macromolecular crystals do not exhibit infinite lifetime in an X-ray beam. Even at liquid nitrogen temperature, they are damaged by the radiation, which reduces the quality of the diffraction data. However, there are some means of stabilizing crystals. The challenge is to find the correct conditions for stabilisation of the crystals and to develop reproducible protocols for pre-testing the crystals. 


	Deliverables 

D 2.4.1 Two candidate test crystal systems to be further evaluated 


	Milestones and expected result 
Ms 2.4.1 Library of conditions for stabilisation of crystals in the X-ray beam 


Workpackage description (18 month plan)

	Workpackage number 
	2.5
	Start date or starting event:
	1

	Participant id
	1A
	1C
	2
	3
	4
	7
	9
	13
	15

	Person-months per participant
	12
	1
	4
	3
	1
	1
	1
	1
	1


	Objectives 

The main objective is to coordinate the developments of the other workpackages in Section 2 by an implementation of software standards in practice.


	Description of work 

Task 2.5.1: Setting technological standards for beamline software. In order to be able to set technological standards after the first 18 months, all potential recipients will be interrogated about their specific requirements. The agreement will then be sought concerning which technologies should become standards and what additional developments are required in order to facilitate implementation at the different sites. Standardisation will enable diversity to allow people to make use of their ‘legacy code’. Suggested tools for standardisation will include the use of the BIOXHIT web server (installed within Section 6). A subsequent meeting of the developers should address the subject how the different tasks can be arranged to optimally meet the requirements. A second meeting at the end of the first 18 months with developers and recipients should then take decisions on standardisation.


	Deliverables 

D 2.5.1 Software standards for synchrotron technology


	Milestones and expected result 
Ms 2.5.1 Setting up guidelines for standardisation


Workpackage list (18 month plan), Section 3

	Work-package
No
	Workpackage title
	Lead 
participant
No
	Person-months
	Start
month
	End
month
	Deliv-erable
No

	WP 3.1
	Tracking crystalline samples
	4
	49
	1
	24
	D 3.1.1

	WP 3.2
	Automated crystal mounting and centring
	3
	74.5
	1
	48
	D 3.2.1

	WP 3.3
	Crystal characterisation with respect to its diffraction properties and to its chemical content 
	2
	38
	1
	48
	D 3.3.1

D 3.3.2

	WP 3.4
	Strategic preparation of the diffraction experiment
	1A
	54
	1
	48
	D 3.4.1

D 3.4.2

D 3.4.3

	WP 3.5
	Procedures for carrying out the actual diffraction experiment
	1A
	98
	1
	48
	D 3.5.1

	
	TOTAL
	
	311.5
	
	
	


Deliverables list (18 month plan), Section 3
	Deliverable
No
	Deliverable title
	Delivery 
date

	Nature

	Dissemination
level


	D 3.1.1
	Common identification system for cryogenic samples at all synchrotron and participating laboratory sites
	12
	P
	PU

	D 3.2.1
	An automatic loop centring algorithm and an optical crystal centring strategy
	18
	O
	PU

	D 3.3.1
	Design of new crystallisation plates for diffraction experiments
	18
	O
	CO

	D 3.3.2
	Prototype fluorescence detector
	16
	P
	PP

	D 3.4.1
	Initial report on diffraction from micro-crystals, including estimation of crystal lifetime
	18
	R
	PU

	D 3.4.2
	A generalised computer program for making automated optimal choice concerning all parameters based for data collection
	18
	O
	PU

	D 3.4.3
	Optimised strategies for data collection at low X-ray energies
	18
	R
	PU

	D 3.5.1
	Design of high precision kappa-goniometer
	18
	R
	CO


Workpackage description (18 month plan)

	Workpackage number 
	3.1
	Start date or starting event:
	1

	Participant id
	1A
	1B
	4
	3
	
	
	

	Person-months per participant
	12
	11
	24
	2
	
	
	


	Objectives: Tracking crystalline samples 
It would be of a enormous advantage for the users to be able to ship crystalline samples to any given synchrotron site in Europe by making use of a commercial courier service. To be able to do so standards need to be available for identification and tracking. An objective is the development of a system for easy identification and tracking down of the cryogenic crystallographic samples where manual procedures are required.


	Description of work 

Task 3.1.1: A common system for identification and tracking of cryogenic samples will be developed using a barcode identification system based on e.g. a PDA based bar code scanner or 2D bar code. This will use any standards defined by the FP5 SPINE proposal. 


	Deliverables 

D 3.1.1 Common identification system for cryogenic samples at all synchrotron and participating laboratory sites.


	Milestones and expected results

Ms 3.1.1 Design of transport system for baskets compatible with existing sample changers


	Workpackage number 
	3.2
	Start date or starting event:
	1

	Participant id
	1A
	1B
	3
	4
	7
	15
	9
	17

	Person-months per participant
	20
	20
	3
	4.5
	1
	16
	9
	1


	Objectives: Automated mounting, crystal recognition in loops and centring 

Each synchrotron has its own different hardware for handling crystals brought or sent by users to the facility. The hardware may or may not include robotic systems. The software for identifying and aligning the crystals will also be different. Both of these aspects will result in an unfamiliar environment when users visit different synchrotrons. One objective of this workpackage is to minimise these differences, starting on standardising the hardware and software for mounting of the crystal and centring when identified by eye. The final objective is to provide a method to automatically centre the samples


	Description of work 

Task 3.2.1: Automated image recognition in loops and 3D positioning. Existing algorithms will be developed for centring loops and crystals in the loop on a beamline. Novel algorithms used for 2D and 3D statistical pattern recognition will be adapted for this purpose. An object-oriented approach will be used for the software development in order to make it communicate with different types of hardware in the experimental hutch. 

Task 3.2.2: Development and implementation at other sites. Within this long-term task the software developed within Task 3.2.1 will be ported to all other participating synchrotron sites. This will require considerable adjustments due to different sample changers and geometry of goniometers


	Deliverables 

D 3.2.1 An automatic loop centring algorithm and an optical crystal centring strategy


	Milestones and expected result 
Ms 3.2.1 Survey of suitable centring algorithms


	Workpackage number 
	3.3
	Start date or starting event:
	1

	Participant id
	1A
	1B
	2
	17
	
	
	

	Person-months per participant
	12
	10
	15
	1
	
	
	


	Objectives: Crystal characterisation with respect to its diffraction properties and to its chemical content. Examining a crystal once it is centred in the X-ray beam is essential before actual measurements commence. Testing the diffraction properties of potential crystals in crystallisation drops offers a possibility of immediate feedback to crystallisation. The knowledge of naturally present or artificially introduced the heavy atoms is essential for proper planning of the subsequent diffraction experiment. 


	Description of work 

Task 3.3.1: Testing of diffraction from nano-drops (no cryo). This will utilise the idea of screening crystallisation plates on a goniometer for the presence of crystals. The new required crystallisation plates and the required procedures will be developed.

Task 3.3.2: Development of an improved fluorescence detector system. The new system will be based on advanced silicon drift detector. The work will further comprise the design of the adapted detector, fabrication of single element detector front end and prototyping.


	Deliverables 

D 3.3.1 Design of new crystallisation plates for diffraction experiments

D 3.3.2 Prototype fluorescence detector 


	Milestones and expected result 
Ms 3.3.1 Improved fluorescence detector system design


	Workpackage number 
	3.4
	Start date or starting event:
	1

	Participant id
	1A
	3
	7
	
	
	
	

	Person-months per participant
	32
	10
	12
	
	
	
	


	Objectives: Strategic preparation of the diffraction experiment 

The primary objective is the detailed analysis of the diffraction properties in order to be able to plan the experiment and to carry it out in the most optimum way. This is particularly important in the presence of radiation damage. 


	Description of work
Task 3.4.1: Diffraction from microcrystals in the presence of radiation damage. An investigation will be carried out on the smallest possible size of the crystal suitable for data collection. 

Task 3.4.2: Utilisation of free-radical scavengers for the reduction of radiation damage during data collection. In order to reduce radiation damage, the influence of radical scavengers on the crystal lifetime will be investigated. A series of potential scavengers will be studied, both for co-crystallisation and soaking (including quick soaking).

Task 3.4.3: Initial crystal characterisation for planning data collection. Based on one or two initial diffraction images, decisions about the optimal data collection strategy will be made. These will be based on statistical modelling of the aimed characteristics of the final data as a function of the chosen data collection parameters.

Task 3.4.4: Coupling HTP crystallisation with data collection. This Task will start from month 19.

Task 3.4.5: Diffraction data collection at low X-ray energies. By collecting diffraction data at low X-ray energies (4-8 keV) the anomalous scattering of light atoms, such as sulphur and phosphorus, can be sufficiently enhanced to be useful for phase determination. Experimental difficulties (such as absorption) will be tackled by improvements in data collection strategy including the use of kappa-geometry and helium beam-path. 


	Deliverables 

D 3.4.1 Initial report on diffraction from micro-crystals, including estimation of crystal lifetime

D 3.4.2 A generalised computer program for making automated optimal choice concerning all parameters required for data collection

D 3.4.3 Improved strategies for data collection at low X-ray energies 


	Milestones and expected result 
Ms 3.4.1 Survey on potential free radical scavengers for radiation damage reduction


	Workpackage number 
	3.5
	Start date or starting event:
	1

	Participant id
	1A
	1B
	3
	4
	
	
	

	Person-months per participant
	6
	16
	3
	72
	
	
	


	Objectives: Procedures for carrying out the actual diffraction experiment 

The objective is to develop a system, which allows different or improved hardware to be implemented while protecting the user from unnecessary changes in the data collection interface. An object-oriented approach to software development will be used. In order to allow the system to be operated by non-experts, automation of various steps in the data collection will be implemented.


	Description of work 

Task 3.5.1 Automation of data collection. Once the best crystal has been selected and the optimal conditions for a diffraction data collection have been established, the strategy will be communicated to the computer program, which drives the actual data collection. The procedures used for this communication will be based on portable standards written in XML. 
Task 3.5.2 Development of a high precision kappa-goniometer with fully motorised goniometer head. The goal is to obtain a high precision but compact device, which can easily be adapted to a variety of beamlines.

Task 3.5.3 Remote access and remote operation of data collection. This task will commence at month 19.


	Deliverables 

D 3.5.1. Design of high precision kappa-goniometer


	Milestones and expected result 

Ms 3.5.1. Portable communication standards written in XML


Workpackage list (18 month plan), Section 4

	Work-package
No
	Workpackage title
	Lead 
participant
No
	Person-months
	Start
month
	End
month
	Deliv-erable
No

	WP 4.1
	Extending the levels of control in automated data collection and processing
	5
	47
	1
	48
	D 4.1.1

D 4.1.2

D 4.1.3

	WP 4.2
	Consolidation of structure determination pipeline A: substructure detection, solution and validation
	14
	29
	1
	48
	D 4.2.1

D 4.2.2

D 4.2.3

	WP 4.3
	Consolidation of structure determination pipeline B: phasing, density modification, molecular replacement
	8
	52
	1
	48
	D 4.3.1

D 4.3.2

D 4.3.3

D 4.3.4

	WP 4.4
	Consolidation of structure determination pipeline C: automated map interpretation, model building and refinement
	6
	82
	1
	48
	D 4.4.1

D 4.4.2

	WP 4.5
	Feed-back system between data collection and structure determination
	5
	56
	1
	48
	D 4.5.1

D 4.5.2

D 4.5.3

D 4.5.4

	WP 4.6
	Special developments for challenging projects and new experimental phasing protocols
	1B
	45
	1
	36
	D 4.6.1

D 4.6.2

	WP 4.7
	Architecture and logistics for integration and migration towards remote control
	6
	45
	1
	48
	D 4.7.1

D 4.7.2

D 4.7.3

	
	TOTAL
	
	356
	
	
	


Deliverables list (18 month plan), Section 4
	Deliverable
No
	Deliverable title
	Delivery 
date
	Nature
	Dissemination
level

	D 4.1.1
	Improved software for automatic data processing, capable of dealing with datasets collected around multiple rotation axes on the same crystal
	18
	O
	PU

	D 4.1.2
	Software for characterising disorder by Patterson methods
	18
	O
	PU

	D 4.1.3 
	Improved version of BEST incorporating anisotropy, mosaicity, disorder and radiation damage
	18
	O
	PU

	D 4.2.1 
	A script-driven computer program that can detect and analyse NCS in heavy-atom substructures
	18
	O
	PU

	D 4.2.2
	Extended versions of autoSHARP incorporating the detection and exploitation of NCS
	18
	O
	PU

	D 4.2.3
	Algorithms and software for analyzing partial datasets of anomalous differences
	18
	O
	PU

	D 4.3.1
	Highly parallelised versions of autoSHARP
	18
	R
	PU

	D 4.3.2
	Beta-test versions of SHELXD and SHELXE
	18
	R
	CO

	D 4.3.3
	Extended fragment database
	18
	O
	CO

	D 4.3.4
	Program to derive FA-values for SHELXD and SHELXE
	18
	O
	CO

	D 4.4.1
	Improved version of ARP/wARP with enhanced recognition capabilities for loops and automated interpretation of the active site architecture
	18
	O
	PU

	D 4.4.2
	Prototype implementation of flexible coordinate representations and their use for refinement at low resolution
	18
	O
	CO

	D 4.5.1
	Version of BEST for deciding whether a separate low-resolution data collection pass is needed
	18
	O
	PU

	D 4.5.2
	First version of control software for a mini-kappa goniometer enabling its use to conduct optimised MAD data collection
	18
	O
	CO

	D 4.5.3
	First implementation of comprehensive scoring criterion for global strategy evaluation
	18
	O
	CO

	D 4.5.4
	High-level goniometry utilities for executing complex strategies on multi-axis goniometers
	18
	O
	CO

	D 4.6.1
	Formulation and implementation of scoring criteria anticipating the ability of a given strategy to lead to accurate estimation of empirical absorption corrections
	18
	O
	CO

	D 4.6.2
	Formulation of improved error models for data affected by radiation damage, and incorporation of these models into maximum-likelihood phasing in SHARP
	18
	O
	PU

	D 4.7.1
	Report on the evaluation/identification of the toolbox functions 
	18
	R
	PU

	D 4.7.2
	First subset of ARP/wARP routines using selected public libraries of object-oriented code 
	18
	O
	CO

	D 4.7.3
	Contribution to the report on BIOXHIT Software Standards (WP 5.1) concerning the definition of standards for inter-component communication in smart data collection, and in and future remote access to it
	18
	R
	PU


Workpackage description (18 month plan)

	Workpackage number 
	4.1
	Start date or starting event:
	1

	Participant id
	1A
	1B
	5
	8
	
	
	

	Person-months per participant
	24
	2
	18
	3
	
	
	


	Objectives: Extending the levels of control in automated data collection and processing.
The purpose of this Work Package is to extend the design of the current DNA system for crystal screening and simple strategy definition, to prepare it to handle the complex protocols for data collection and data processing that will be generated as an outcome of WP 4.5. These protocols will involve the use of multi-axis goniometers, with complicated sequences of scans around different axes, and will make decisions based on processing steps located further downstream than those considered at present. Accommodating such features will require extending the basic algorithms and communication structures of the present software, as well as the scope of its command language. In parallel, new modules will be developed in the software package BEST for the complete characterisation of the crystal and its diffraction properties, including the effect of disorder, in the early stages of data collection. The capabilities of DNA and BEST will be merged in order to contribute most effectively to the implementation of ‘smart data collection’ in WP 4.5.


	Description of work 

Task 4.1.1. Extending the capabilities of MOSFLM for automated processing by looking at datasets that fail. 

Task 4.1.2. Development of integrated numerical measures of crystal diffraction quality, including the detection and characterisation of crystal disorder. 

Task 4.1.3. Development of more sophisticated and robust algorithms for modelling statistical results of data collection taking into account anisotropy in diffraction, mosaicity, disorder and radiation damage, and for optimising instrumental parameters, in the software package BEST.

Task 4.1.4. Improved measures for information content of the data. An objective assessment of the information available in X-ray data can provide will be sought by examining the radial distribution of the second derivative matrix of the likelihood after data collection, which will provide a true estimate of the inherent resolution of the data.


	Deliverables 

D 4.1.1. Improved software for automatic data processing, capable of dealing with datasets collected around multiple rotation axes on the same crystal

D 4.1.2. Software for characterising disorder by Patterson methods

D 4.1.3. Improved version of BEST incorporating anisotropy, mosaicity, disorder and radiation damage 


	Milestones and expected result 
Ms 4.1.1. Assessment of the complementarity between DNA and BEST in providing optimal decision criteria for automated data collection

Ms 4.1.2. Definition of the joint use of DNA and BEST in the subsequent developments towards ever-greater automation and ‘smart data collection’


Workpackage description (18 month plan) 
	Workpackage number 
	4.2
	Start date or starting event:
	1

	Participant id
	12
	14
	
	
	
	
	

	Person-months per participant
	11
	18
	
	
	
	
	


	Objectives: Consolidation of structure determination pipeline A: substructure detection, solution and validation.
The first objective is to provide a computer program for the analysis of substructures towards the automatic detection and description of non-crystallographic symmetry (NCS) in substructures. The detection of NCS will be used as a powerful criterion for the correctness of a substructure, as currently available substructure determination programs do not impose the presence of NCS. The consistency of individual sites with NCS can be used to decide whether or not to individual sites are correct in order to provide optimum starting conditions for subsequent phasing procedures. Operators describing NCS will be passed on to others programs and script systems for phase improvement by density modification procedures.

The second objective is to develop methods for evaluating the anomalous signal that is present in partial datasets, whose results will be used for refining (with BEST, Task 4.1.3) the strategy of the anomalous scattering experiment and for a feedback to data collection


	Description of work 

Task 4.2.1. Automatic detection and description of non-crystallographic symmetry in heavy-atom substructures. Starting from SITCOM, a prototype will be implemented that allows the exploration of different algorithms for the detection of NCS. The most suitable algorithm will then be integrated in a script-driven program.

Task 4.2.2. Incorporation of new NCS detection algorithms into autoSHARP. The autoSHARP scripts and user interface will be extended as the NCS detection software in Task 4.2.1 becomes available.

Task 4.2.3. Evaluation of the anomalous signal from partial data. Methods will be developed for evaluating the anomalous signal content of the data, with an emphasis on the capability to extract information from partial sets of observed anomalous differences. There will be links with Task 4.1.2 (Automation of data collection, BEST) and Task 4.1.4 (Information content of the data).


	Deliverables 

D 4.2.1. A script-driven computer program that can detect and analyse NCS in heavy-atom substructures

D 4.2.2. Extended versions of autoSHARP incorporating the detection and exploitation of NCS

D 4.2.3. Algorithms and software for analyzing partial datasets of anomalous differences


	Milestones and expected result 
Ms 4.2.1. Prototype design of the NCS-detection program

Ms 4.2.2. Design of the algorithms for evaluation of the anomalous signal from partial data 


Workpackage description (18 month plan)
	Workpackage number 
	4.3
	Start date or starting event:
	1

	Participant id
	1A
	8
	12
	14
	
	
	

	Person-months per participant
	6
	29
	13
	4
	
	
	


	Objectives: Consolidation of structure determination pipeline B: phasing, density modification, molecular replacement.
The development of high-throughput structure determination methodologies will be vigorously pursued, in particular the production of experimentally phased maps suitable for interpretation and model building by ARP/wARP. A more general aim is to consolidate the computational framework by which the quality of the structural information contained in the data being collected during an experiment can be assessed, whether it resides in the experimental phase information needed for de novo structure solution, or in pure amplitude information intended for use with exhaustive molecular replacement searches, or both. This work will also endeavour to bring about the necessary standardisation to communicate the results of this assessment to the overall control of the experiment, and link to up with the developments in WP 4.5. 


	Description of work 

Task 4.3.1. Speeding up autoSHARP. The goal of achieving response on the time scale of synchrotron experiments will be pursued, by constantly improving algorithms and coding, and by parallelisation.

Task 4.3.2. Assembly and deployment of a comprehensive multi-option structure determination pipeline. All existing programs and procedures will be gradually assembled into an integrated system where multiple choices will be available along the structure determination path. This will provide maximum flexibility to the users, and valuable benchmarking opportunities to the developers.

Task 4.3.3. High-throughput phasing with SHELXD and SHELXE. The SHELX program system will be further developed towards high-throughput experimental phasing and towards ab initio structure determination at less than atomic resolution.

Task 4.3.4. Molecular Replacement as a Structural Genomics tool, to automate structure solution at the synchrotron. The aim is to marry the increasing wealth of information in the PDB with MR techniques, and to develop better combinations of MR with experimental phase information and density modification.


	Deliverables 

D 4.3.1. Highly parallelised versions of autoSHARP

D 4.3.2. Beta-test versions of SHELXD and SHELXE 

D 4.3.3. Extended fragment database

D 4.3.4. Program to derive FA-values for SHELXD and SHELXE


	Milestones and expected result 
Ms 4.3.1. Definition of the comprehensive multi-option structure determination pipeline

Ms 4.3.2. Comparison of performance between various combinations of program choices along the pipeline in various types of situations, to help define robust and optimal default options


Workpackage description (18 month plan)
	Workpackage number 
	4.4
	Start date or starting event:
	1

	Participant id
	1A
	6
	8
	16
	
	
	

	Person-months per participant
	6
	32
	32
	12
	
	
	


	Objectives: Consolidation of structure determination pipeline C: automated map interpretation, model building and refinement.
The current automated procedures for delivering molecular models from experimentally phased maps will be improved further. This requires new developments in the application of image recognition techniques to electron density maps, as well as the exploitation of more sophisticated refinement algorithms to extract the best model from the often limited experimental data available on individual structures.


	Description of work 

Task 4.4.1. 3D image recognition in automated structure determination. Statistical pattern recognition techniques will be applied further to automated structure determination, to the assessment of map quality, and to the search for disordered loops and ligands.

Task 4.4.2. Low resolution refinement and automated model building. The effectiveness of model refinement at low resolution will be enhanced by developing condensed parametrisations, by using molecular dynamics, and by an improved handling of temperature factors. Early stages of refinement will be made more powerful by better error models and better weighting schemes.
Task 4.4.3. New B-factor models leading to improved structure refinement procedures. Better models of B-factors will be sought by high-resolution experiments in a carefully chosen variety of conditions. Analysis of the results will be used to derive models of thermal motion applicable to refinement at lower resolution.


	Deliverables 

D 4.4.1. Improved version of ARP/wARP with enhanced recognition capabilities for loops and automated interpretation of the active site architecture

D 4.4.2. Prototype implementation of flexible coordinate representations and their use for refinement at low resolution.


	Milestones and expected result 

Ms 4.4.1. Design of flexible coordinate representations.

Ms 4.4.2 Analysis of thermal vibration in high resolution structures


Workpackage description (18 month plan)
	Workpackage number 
	4.5
	Start date or starting event:
	1

	Participant id
	1A
	1B
	5
	12
	
	
	

	Person-months per participant
	8
	28
	18
	2
	
	
	


	Objectives: Feed-back system between data collection and structure determination.
Implement the concept of “smart data collection”, i.e. of a bi-directional flow of information between an on-going experiment and the computational evaluation of its results. By breaking the purely sequential structure of current protocols and making available thorough diagnostics to validate the conduct of the experiment, it will avoid much wastage of valuable beam time and other resources. It will increase the productivity of synchrotron experiments in terms of successful structure solutions per unit of beam time, and pave the way for the exploration of advanced data collection techniques for particularly challenging projects and of new experimental phasing techniques in WP 4.6. 


	Description of work 

Task 4.5.1. Strategy of the diffraction experiment, and feedback to data collection. On-line analysis with BEST of partial data collected at low resolution to determine whether a separate low-resolution experiment is necessary.

Task 4.5.2. Optimal data collection and processing strategies for exploiting anomalous scattering. Strategies for the MAD method will be investigated and the exploitation of multi-axis goniometers will be undertaken to exploit the possibilities they offer to collect data with higher ratio of phasing signal to noise.

Task 4.5.3. Methods for optimal strategy design and updating by feedback from data processing and early stages of structure determination. Scoring criteria for large classes of complex data collection strategies will be investigated in sufficient generality to incorporate the effects of sample absorption, of radiation damage on both protein and heavy atoms, and of non-isomorphism between crystals, besides the usual criteria of completeness and redundancy.

Task 4.5.4. Software for “smart data collection”, initially with special (but not exclusive) emphasis on multi-axis goniometers. Multi-layered utilities will be written to bridge the gap between the low-level commands currently available in beamline software and the high-level notions in terms of which experienced crystallographers think about data collection. 


	Deliverables 

D 4.5.1. Version of BEST for deciding whether a separate low-resolution data collection pass is needed

D 4.5.2. First version of control software for a mini-kappa goniometer enabling its use to conduct optimised MAD data collection

D 4.5.3. First implementation of comprehensive scoring criterion for global strategy evaluation

D 4.5.4. High-level goniometry utilities for executing complex strategies on multi-axis goniometers


	Milestones and expected result 
Ms 4.5.1. Definition of general strategy descriptors and of a command language to communicate them to the beamline instruments via the extended Expert System defined in D 4.1.2

Ms 4.5.2. Performance studies on the global strategy evaluator

Ms 4.5.3. Tests of improvements in signal-to-noise ratio of anomalous differences brought about by optimised complex strategies on multi-axis goniometers


Workpackage description (18 month plan)
	Workpackage number 
	4.6
	Start date or starting event:
	1

	Participant id
	1A
	1B
	12
	
	
	
	

	Person-months per participant
	9
	30
	6
	
	
	
	


	Objectives Special developments for challenging projects and new experimental phasing protocols.
This work package will build on the achievements of WP 4.5 to push the limits of the feasible in two different directions: towards particularly challenging projects, with small, radiation-sensitive crystals and weak phasing signals even with the best heavy-atom techniques; and towards the phasing of normally diffracting crystals by means of weak but naturally-occurring anomalous scatterers such as sulphur and phosphorus. In both cases the extra degrees of control provided by multi-axis goniometers, optimised sequences of sweeps through reciprocal space, new data analysis techniques, improved data error models and the use of these models in phasing, will play a key role in pushing these limits.


	Description of work 

Task 4.6.1. Special strategies for dealing with absorption, radiation damage and weak anomalous scattering. Improved criteria and weighting schemes will be developed to support the design of strategies in which data are recorded in such a way that empirical absorption corrections can be well determined. Speedy of use of these criteria will be of the essence, to provide on-line response in planning optimal data collection once the orientation, symmetry and radiation sensitivity of the crystal are known.

Task 4.6.2. Special developments for dealing with radiation damage in phasing. For maximum effectiveness in phase determination, radiation damage to both the protein and the heavy atoms must be tracked and represented through adequate statistical models. An improved statistical treatment of the phenomenon will be developed to deliver the maximum signal-to-noise ratio in the phasing signal, either in the conventional phasing of challenging structures, or in the phasing of structures of average difficulty by using the weak anomalous scattering of sulphur or phosphorus.


	Deliverables 

D 4.6.1. Formulation and implementation of scoring criteria anticipating the ability of a given strategy to lead to accurate estimation of empirical absorption corrections.

D 4.6.2. Formulation of improved error models for data affected by radiation damage, and incorporation of these models into maximum-likelihood phasing in SHARP.


	Milestones and expected result 
Ms 4.6.1. Tests of improvement in data quality resulting from the use of new scoring criteria for optimal handling of absorption corrections, e.g. on small anomalous differences from S or P with softer X-rays

Ms 4.6.2. Tests of improvement in phase quality produced by the incorporation of better error models for radiation damage effects into maximum-likelihood phasing in SHARP


Workpackage description (18 month plan)
	Workpackage number 
	4.7
	Start date or starting event:
	1

	Participant id
	1A
	3
	5
	6
	10
	
	

	Person-months per participant
	5
	2
	18
	18
	2
	
	


	Objectives: Architecture and logistics for integration and migration towards remote control.
The BIOXHIT platform for high-throughput structural biology will encompass all components needed to produce an efficient pipeline linking crystallisation to completed 3D-structure determination. This WP will address the twin issues of standardisation and transferability in these developments, and will strive to ensure that the efforts within the Bioxhit project are as well integrated and as effective as possible.


	Description of work.

Task 4.7.1. Automation in Computation. BIOXHIT Partners will be consulted concerning their requirements for a PX software toolbox to be created by abstracting low-level functions which are common to many CCP4 programs. Functionality which is not in any program will also be assessed, as will interfaces to different programming languages (Fortran, Python). 

Task 4.7.2. Software for remote data collection. The MOSFLM GUI will be extended to provide the possibility of processing diffraction data remotely. 

Task 4.7.3. Software engineering aspects of transferable automation. The problem of maximising the transferability of BIOXHIT software developments, especially those related to smart data collection, will be thoroughly examined. Standards will be defined, and tools for implementing and producing software complying with them will be assembled and supported.


	Deliverables 

D 4.7.1. Report on the evaluation/identification of the toolbox functions

D 4.7.2. First subset of ARP/wARP routines using selected public libraries of object-oriented code

D 4.7.3. Contribution to the report on BIOXHIT Software Standards (WP 5.1) concerning the definition of standards for inter-component communication in smart data collection, and in and future remote access to it


	Milestones and expected result 
Ms 4.7.1. Evaluation of public object-oriented libraries as a future implementation medium for ARP/wARP

Ms 4.7.2. Review of existing software systems for data processing and structure determination, and of the reusability and adaptability of their components for smart data collection and remote access


Workpackage list (18 month plan), Section 5

	Work-package
No

	Workpackage title
	Lead 
participant
No

	Person-months

	Start
month

	End
month

	Deliv-erable
No


	WP 5.1
	Standardisation in Software and Data Transfer
	1C
	35
	1
	48
	D 5.1.1

D 5.1.2

D 5.1.3

	WP 5.2
	Data management and project tracking in structure solution software
	10
	23
	1
	48
	D 5.2.1

D 5.2.2

	WP 5.3
	Remote access and networking
	7
	34
	1
	48
	D 5.3.1

D 5.3.2

	
	TOTAL
	
	92
	
	
	


Deliverables list (18 month plan)
	Deliverable
No

	Deliverable title
	Delivery 
date


	Nature



	Dissemination
level



	D 5.1.1
	Report on Guidelines for Software Developers
	12
	R
	PU

	D 5.1.2
	Report on status of exisiting schema for data exchange
	18
	R
	PU

	D 5.1.3
	European software repository
	18
	O
	CO

	D 5.2.1 
	Independent database handler application with well-defined interaction protocols
	12
	P
	PU

	D 5.2.2 
	Evaluation report on the requirements of the database system for storing the data
	18
	R
	PU

	D 5.3.1
	EVC software interfaced with virtual user office, beamline software, experiment control software, data collection and structure determination pipeline
	18
	O
	CO

	D 5.3.2
	Software and protocols for secure remote access to synchrotron computational facilities, project-tracking database and image storage
	18
	O
	CO


Workpackage description (18month plan)

	Workpackage number 
	5.1
	Start date or starting event:
	1


	Participant id
	1A
	1C
	3
	10
	12
	15
	
	

	Person-months per participant
	3
	21
	3
	2
	2
	4
	
	


	Objectives: Standardisation in software and data transfer
There is an urgent need for a review and audit of existing systems in terms of the reusability and adaptability of their components, of the possibilities of reassembling selected components into software units which could be transferred from one installation to another, and especially to the new synchrotrons now being built and of the best methods available for adding new capabilities by future collaborative developments without compromising that transferability. For robust flow of information it is important to agree on metadata dictionaries for data exchange, which will then be implemented as XML schema. To encompass a distributed data collection, reduction and storage system, high-speed data caching and transfer of data guidelines for data models need to be set. There is also a need to ensure that the data tracking between Sections 1 to 4 is done as efficiently as possible. For this purpose guidelines for LIMS and relational database technology have to be setup.


	Description of work 

Task 5.1.1 Setting BIOXHIT guidelines for software developers. The partners will be surveyed about their use of programming languages and development tools and on their current API’s and languages for data retrieval, visualisation, GUI’s and parallel work. Standards for the development of both client and server applications will be recommended. A single project wide system will be adopted and an agreement on a file format convention sought.

Task 5.1.2 Setting BIOXHIT guidelines for data exchange (MetaData). All partners will contribute to data exchange protocol definitions and meta language XML dictionaries to ensure data integrity throughout the flow of information between workpackages.

Task 5.1.3 Setting BIOXHIT guidelines for data models. For fast and efficient processing of all data components the following three areas will have to be defined: Component Programming Model, Model Design Technologies and secure software repository and component management.

Task 5.1.4 Setting BIOXHIT Guidelines for LIMS and Relational Database Technology. This will establish a common BIOXHIT database schema interchange and implementation protocol. 


	Deliverables 

D 5.1.1 Report on guidelines for software developers

D 5.1.2 Report on status of existing schema for data exchange

D 5.1.3 European software repository


	Milestones and expected results
Ms 5.1.1 Survey of recommended BIOXHIT standard programming utilities

Ms 5.1.2 Survey of European pipeline data models from crystallisation to structure solution

Ms 5.1.3 Definition of a common European database schema for interchange and data management


	Workpackage number 
	5.2
	Start date or starting event:
	1

	Participant id
	1C
	7
	10
	
	
	
	

	Person-months per participant
	3
	2
	18
	
	
	
	


	Objective: Data management and project tracking in structure solution software

Automated structure solution software pipelines will require facilities for tracking of data recording of project history. The objective of this workpackage is to provide an implementation of such a system, by extending the CCP4i project database, and provide tracking facilities, visualisation tools and interfaces to external databases (LIMS, facility, archives) for data exchange.


	Description of work 

Task 5.2.1 Implementation of Data Management and Project Tracking in Structure Solution. The CCP4i database will be expanded and standardised as a Project database by initially allowing access to the database by non-CCP4i applications operating in a multi-user distributed computing environment, then expanding the scope of the data stored in the database and finally extending the history record information content. The first point will be addressed by the implementation of an independent "database handler" to mediate interactions between the database and other applications. The expansion of the database will as much as possible use standard BIOXHIT identification tags to describe the data items, and migration to a relational database description will be necessary to represent the relationships between more complex data. The expansion of the database will be carried out in consultation with other Partners and will as much as possible use standard BIOXHIT identification tags to describe the data items. Migration to a more advanced database description (for example a relational database) will be necessary to represent the relationships between more complex data.


	Deliverables 

D 5.2.1 Independent database handler application with well-defined interaction protocols

D 5.2.2 Evaluation report on the requirements of the database system for storing the data


	Milestones and expected result 
Ms 5.2.1 Implementation of prototype handler and communication protocols

Ms 5.2.2 Implementation of prototype project history visualisation tools: this will highlight deficiencies in the database description of project history, which can be addressed prior to the later stages


	Workpackage number 
	5.3
	Start date or starting event:
	1

	Participant id
	1C
	3
	7
	
	
	
	

	Person-months per participant
	15
	1
	18
	
	
	
	


	Objectives: Remote Access and Networking
By providing remote access and collaboratory tools, this workpackage aims to increase the effectiveness and efficiency of experiments at the synchrotron beamlines. Remote access to facilities will reduce travel costs, increase the number of useful collected data sets (by allowing remote experts to collaborate on the experiment) and facilitate multi-institutional collaborations.


	Description of work 

Task 5.3.1 Virtual Collaboratory System. A software engineer together with the Elettra Software group will develop the Virtual Collaboratory System (VCS) to allow remote control of the diffraction and fluorescence experiment by being interfaced to beamline control and data collection software. VCS will be developed adopting a programming technique Extreme Programming (XP), which is a deliberate and disciplined approach to software development which is well suited to risky projects with dynamic requirements. Whenever possible open source web technologies (e.g., Apache, Tomcat, MySQL, Python, etc.) will be used in order to reduce development and maintenance costs. Attention will be paid to the maximum portability of the system, in order to allow for implementation at other facilities. Attention will be paid to the maximum portability of the system, in order to allow for implementation at other facilities. VCS is linked to the user database (Virtual User Office), versions of which are currently implemented at SLS and Elettra. The system checks the user in the database and sets the working environment according to the type of experiment/application. In view of the remote server planned by Partner 1A, the VCS could be equally linked to the central project-tracking database, allowing easier administration both for synchrotron staff as well as for the users.

Task 5.3.2 Remote access to computing facilities for data handling and data collection. This task will commence at month 19. 


	Deliverables 

D 5.3.1. VCS software interfaced with virtual user office, beamline software, experiment control software, data-collection and structure determination pipeline

D 5.3.2. Software and protocols for secure remote access to synchrotron computational facilities, project-tracking database and image storage 


	Milestones and expected result 
Ms 5.3.1. Set-up of remote database server; definition of standards for data-base files and image storage 


Workpackage list (18 month plan), Section 6

	Work-package
No

	Workpackage title
	Lead 
participant
No

	Person-months

	Start
month

	End
month

	Deliv-erable
No


	WP 6.1
	Training, implementation and dissemination within the BIOXHIT consortium
	16
	50
	1
	48
	D 6.1.1

D 6.1.2

	WP 6.2
	Training, implementation and dissemination to the community outside the BIOXHIT consortium
	16
	40
	1
	48
	D 6.2.1

D 6.2.2

	
	TOTAL
	
	90
	
	
	


Deliverables list (18 month plan), Section 6
	Deliverable
No
	Deliverable title
	Delivery 
date

	Nature


	Dissemination
level


	D 6.1.1
	Installation of the BIOXHIT website and Email server
	3
	D
	PU

	D 6.1.2
	Training and demonstration material
	18
	D
	PP

	D 6.2.1
	Establishment of first three TID centres with implemented sufficiently extensive local infrastructure 
	18
	O
	PU

	D 6.2.2
	Workshop in connection with the European Conference in Structural Genomics held in 2005 
	18
	O
	PU


 Workpackage description (18 month plan)
	Workpackage number 
	WP 6.1
	Start date or starting event:
	1

	Participant id
	All
	
	
	
	
	
	

	Person-months total
	50
	
	
	
	
	
	


	Objectives 

Most of the technological developments proposed depend to a great deal on collaborations between different BIOXHIT partners. This necessitates a significant amount of communication between partners, dissemination of preliminary results to other researchers and training of both technical and scientific staff involved. The process of developing the high-throughput technologies in crystallisation, data collection and structure determination also requires advanced training of researchers and technical staff at the different sites engaged in this research and development. The main objective will be to establish properly functioning ways for training, implementation and dissemination within the BIOXHIT consortium.


	Description of work 

Task 6.1.1 Development and installation of the BIOXHIT website that will provide all the necessary information about the BIOXHIT activities inside and outside the consortium. The site will have two levels: one password-protected level accessible for BIOXHIT partners only and one level which is completely open to the scientific community. It will be proactive so that at a later stage it will serve as the major tool in the dissemination of the results obtained and as the repository for all the training material to be developed. 

Task 6.1.2. Recruitment and training of staff. All scientific staff appointed (technical, Ph.D. students and post-doctoral fellows) will obtain optimal training. Significant exchange of staff between the Partners will be expected and actively supported by informal specialist workshops, and by activities that will be covered by the travel budget from the different partners. Workshops organised at different locations, but preferably at synchrotron sites or the local TID centres, will be held and specifically dedicated to know-how dissemination and software implementations of nanodrops crystallisation. Symposia held annually will provide the background for the technology achievements of the BIOXHIT consortium.

Task 6.1.3 Hardware and software transfer and training of other partners including SMEs. Partners involved in the development of hardware and software technologies will ensure the proper dissemination of the results within the BIOXHIT consortium by submitting it to other Partners for initial testing. The hardware solutions, individual robots and integrated systems developed in Sections 1, 2 and 3 will be made available early to all BIOXHIT Partners who will further scrutinize and test this equipment. Software developments will undergo a beta release stage to allow other partners to carry out checks, provide error reports, suggest modifications and improvements. Web-based interfaces will make it possible to easily distribute the programs and to collect criticisms and suggestions. Partner 11 will assist in the organisation of special workshops dedicated to know-how dissemination and software implementation and proper use concerning automated nanodrop crystallisation. Should marketable material be produced, similar activities will be undertaken in the transfer of technologies/products to the relevant SMEs 

Task 6.1.4 Preparation of training material. Each completed BIOXHIT development will be accompanied by suitable training material, which subsequently can be tested by BIOXHIT partners and selected TID centres. Training material will include movies, web-based demonstrations as well as written material.

Task 6.1.5 Integration of the phasing and refinement software of Partner 5 into local user facilities. Global Phasing will pursue its efforts to integrate the production versions of its phasing and refinement software into automated pipelines available to general users at existing and future synchrotrons.

Task 6.1.6 Dissemination and integration workshops. These will be organised at the level of Sections and are planned for the second and fourth years. 


	Deliverables 

D 6.1.1 Installation of the BIOXHIT website and Email server

D 6.1.2 Training and demonstration material


	Milestones and expected result 
Ms 6.1.1 Website presentation of the first BIOXHIT standards 

Ms 6.1.2 Tests of the first material for training completed


Workpackage description (18 month plan)
	Workpackage number 
	6.2
	Start date or starting event:
	1

	Participant id
	All
	
	
	
	
	
	

	Person-months total
	40
	
	
	
	
	
	


	Objectives 

Development and innovation in the BIOXHIT consortium will result in integrated high throughput hard- and software technologies. These will be beneficial for structural biology as a whole and the European life science research community in general. The main targets outside the BIOXHIT consortium that will benefit from the BIOXHIT technologies are the future synchrotron facilities in Europe (SOLEIL, DIAMOND, LLS and PETRA), the participating SME’s and both ongoing and planned European structural genomics projects. The main objective is to establish efficient links for the training, implementation and dissemination of the results and technologies obtained from BIOXHIT to the community outside the consortium.


	Description of work 

Task 6.2.1 Dissemination to structural genomics projects and to SMEs outside BIOXHIT. This will be assisted by Partner 20 and will be carried out by the organisation of one day workshops in connection with the SPINE organised annual meetings on Structural Genomics. Information will be provided about the achievements in BIOXHIT and availability of the developed technology. Dissemination to SMEs outside BIOXHIT will follow the procedure described in WP 6.1.3.

Task 6.2.2 Implementation of a TID committee for Section 6 activities. The committee is responsible for the practical aspects of training, implementation and dissemination (TID) activities will be formed and chaired by Partner 16. The TID-committee will establish the TID Centres, conduct annual evaluations of the activities in the TID-centre and will meet with representatives of the TID-centres in person. It will coordinate the preparation of the necessary documentation and training material. The TID-centres will also ensure the proper testing and the smooth transfer of this information to the selected TID-centres.

Task 6.2.3 Selection of TID centres. The first three TID centres at non-SR sites will be established in EU member or associated states. Only institutions with a strong research program in structural biology and significant experience in the use of synchrotron radiation facilities will qualify for becoming a TID centre. The selection of TID centres will be based on an assessment of the candidate’s competence and the research infrastructure’s capacity for training, implementation and dissemination. A call for applications and the selection procedure are described within a Task 7.1.6 of the management WP 7.1. The number of TID Centres is planned to increase to six at a later stage of the project.
Task 6.2.4 Implementation of TID centre local infrastructure for further deliverables in BIOXHIT. For selected TID Centres, an implementation phase is envisaged. During the project months 0-18 each TID centre will nominate and present to BIOXHIT the local TID coordinator and provide a technical description of the local infrastructure available to its tasks as TID centre. The TID coordinators will meet with the BIOXHIT steering committee and formulate concrete proposal in terms of planned local activities.


	Deliverables 

D 6.2.1 Workshop in connection with the European Conference in Structural Genomics held in 2004

D 6.2.2 Establishment of first three TID centres with implemented sufficiently extensive local infrastructure


	Milestones and expected result 
Ms 6.2.1 Formation of a collaboration with the Structural genomics conference 

Ms 6.2.2 Implementation of BIOXHIT TID-committee and local TID coordinators

Ms 6.2.3 Call for TID centres and prioritising the applications

Ms 6.2.4 Meeting of BIOXHIT Steering Committee with TID coordinators


Workpackage list (18 month plan), Section 7

	Work-package
No

	Workpackage title
	Lead 
participant
No

	Person-months

	Start
month

	End
month

	Deliv-erable
No


	WP 7.1
	Overall project management
	1A
	57.5
	1
	48
	D 7.1.1

D 7.1.2

D 7.1.3

D 7.1.4

D 7.1.5

D 7.1.6

D 7.1.7

D 7.1.8

D 7.1.9

D7.1.10

	
	TOTAL
	
	57.5
	
	
	


Deliverables list (18 month plan), Section 7
	Deliverable
No

	Deliverable title
	Delivery 
date


	Nature



	Dissemination
level



	D 7.1.1
	Consortium agreement
	0
	O
	CO

	D 7.1.2
	Annually refined working program 
	12
	R
	CO

	D 7.1.3
	Activity and financial reports 
	12
	R
	CO

	D 7.1.4
	Management guide and updates 
	0 and 6
	R
	CO

	D 7.1.5
	Six-monthly status report 
	6, 12 and 18 
	R
	CO

	D 7.1.6
	Gender action plan and updates 
	3 and 18
	R
	CO

	D 7.1.7
	Project Homepage
	3
	O
	PU/RE

	D 7.1.8
	Project presentation
	6
	O
	PU

	D 7.1.9
	Poster
	6
	O
	PU

	D 7.1.10
	Brochure
	15
	O
	PU


Workpackage description (18 month plan)

	Workpackage number:
	7.1
	Start date or starting event:
	1

	Participant id
	1A
	1C
	2
	3
	5
	7
	11
	16
	20

	Person-months per participant:
	36
	6
	3
	0.5
	3
	2
	2
	4
	1


	Objectives: Overall project management
It is essential to ensure timely and qualitative achievement of project results through technical and administrative management. Efficient means for quality control and risk management of the project are required. Administrative and financial coordination of the project must meet the contractual commitments. The exploitation of the knowledge produced and innovation-related issues have to be addressed adequately. 


	Description of work 

Task 7.1.1: Decision making management. This includes periodic project board meetings (Management Team, Project Steering Committee PSC, General Assembly, Section Management) for progress review, decision-making, risk review and conflict resolution.

Task 7.1.2: Technical coordination. This includes the monitoring of workpackage status and timely arrival of the proposed deliverables.

Task 7.1.3: Administrative and financial coordination. This is concerned with the preparation, collection  and maintenance of the contractual documents. Financial records will be established and maintained. Annual cost claims and audit certificates submitted by all project partners will be coordinated and checked for validity. 

Task 7.1.4: Quality management. A Management Guide (MG) will be established for procedures, templates, methods and tools in the project together with qualitative and quantitative assessment of milestones and deliverables. Deliverable punctuality, quality and consistency with respect to technical and contractual aspects will be controlled. 

Task 7.1.5: Management of knowledge and innovation related activities. This will address collection and assessment of knowledge generated by the consortium. The protection of the knowledge resulting from the project (including patent searches.) will be carried out.

Task 7.1.6: Call for new partners. If there is a need for new expertise in BIOXHIT, a call for new Partners will be launched. 

Task 7.1.7: Gender issues. The day-to-day implementation of the project’s gender strategy will involve the establishment of a gender management plan at the very beginning of the project and its up-dating during the project lifetime. Regular reports on the status of gender issues within the project will be given to the consortium at each main meeting by the Gender Issue Manager. 

Task 7.1.8: Rising public participation and awareness. Within this Task the publically orientated project homepage, project presentation, project poster and project brosure will be made.



	Deliverables 

D 7.1.1. Consortium agreement

D 7.1.2. Annually refined working program 

D 7.1.3. Activity and financial reports 

D 7.1.4. Management guide and updates 

D 7.1.5. Six-monthly status report 

D 7.1.6. Gender action plan and updates 

D 7.1.7 Project Homepage

D 7.1.8 Project presentation

D 7.1.9 Poster

D 7.1.10 Brochure


	Milestones and expected result 
Ms 7.1.1. Start-up-Meeting 

Ms 7.1.2. PSC and Review Meetings 


9. Project resources and budget overview

The total budget of the BIOXHIT project is about 40,000,000 EUR. The total EC requested grant to the budget amounts to 9.993.849,00 EUR. 8.557.140,00 EUR (85.6 % of the EC requested grant including 265,000 EUR contingency) have been allocated to R&D (personnel, equipment, consumables, travel, subcontracting of SMEs, involvement of third parties and other costs), see Table 1. The breakdown of the budget between the different cost categories shows a major part of the budget for R&D is planned for personnel, 73.7 %. An important component of the R&D costs is the travel to ensure efficient inter-partner communication and information exchange. This account for 4.6 % of the R&D costs. A part of the budget is planned for an immediate installation of hardware components and equipment that are available on the market. Together with the resources planned for subcontracting (primarily for R&D on hardware development) this accounts for 12.4 % of the R&D budget. 5.7 % of R&D costs will cover the involvement of 5 third parties.

For training activities, 732.563,00 EUR (7.3 % of the total budget) have been allocated. The major part of these will be directed into the establishment of the TID centres. 698,000 EUR (7.0 %) are allocated for the management costs. This includes the overall project management, full-time employment of a administrative project officer as well as the manament on the level of individual sections and gender issues. 265,000 EUR (2.7 %) are reserved as contingency funds. The distribution of these funds per partner is given in the CPF forms. The overall project management funds for the administrative project officer and funds for contingency are allocated to the budget of Partner 1A, the coordinator.

Table 1. Distribution of the requested R&D resources (EUR) among Partners for different cost categories. 

	No
	Institution
	Total
	Person
	Equip
	Consum
	Travel
	Subcontr.
	Third party
	Other costs
	Contin.

	1A
	EMBL-HH
	1,638,039
	988,272
	161,084
	11,780
	40,975
	0
	170,928
	0
	265,000

	1B
	EMBL-GR
	643,125
	539,200
	42,800
	40,000
	21,200
	0
	0
	0
	

	1C
	EMBL-EBI
	375,776
	344.434
	0
	22,513
	8,829
	0
	0
	0
	

	2
	ESRF 
	1,264,000
	804,035
	154,424
	51,475
	33,459
	0
	220,608
	0
	

	3
	CCLRC(SRS) 
	707,250
	567,648
	65,954
	8,000
	65,648
	0
	0
	0
	

	4
	PSI (CH)
	0
	0
	
	0
	0
	0
	0
	0
	

	5
	GPhL
	485,852
	474,460
	0
	0
	11,392
	0
	0
	0
	

	6
	NKI 
	358,416
	338,200
	0
	0
	20,216
	0
	0
	0
	

	7
	ELETTRA 
	352,960
	296,480
	32.856
	12,507
	11,117
	0
	0
	0
	

	8
	UOY
	350,000
	324,117
	7,716
	5,000
	13,167
	0
	0
	0
	

	9
	FUB
	547,392
	260,232
	75,000
	24,160
	8,000
	180,000
	0
	0
	

	10
	CCLRC-CCP4 
	333,120
	318,880
	2,740
	1,500
	10,000
	0
	0
	0
	

	11
	UNIV-MRS
	641,616
	216,802
	0
	12,000
	10,000
	342,814
	60,000
	0
	

	12
	UNIGOE
	228,272
	178,254
	0
	12,209
	12,209
	0
	25,600
	0
	

	13
	SOLEIL 
	140,454
	101,249
	0
	26,351
	12,854
	0
	0
	0
	

	14
	FIRC-IFOM
	152,500
	135,200
	5,000
	1,000
	10,000
	0
	0
	1,300
	

	15
	MAXLAB 
	144,640
	136,567
	0
	0
	8,073
	0
	0
	0
	

	16
	UKBH
	133,728
	119,293
	0
	0
	14,435
	0
	0
	0
	

	17
	DIAMOND 
	20,000
	0
	0
	0
	20,000
	0
	0
	0
	

	18
	LLS 
	20,000
	0
	0
	0
	20,000
	0
	0
	0
	

	19
	DESY
	20,000
	0
	0
	0
	20,000
	0
	0
	0
	

	20
	EMBLEM
	0
	0
	0
	0
	0
	0
	0
	0
	

	
	
	
	
	
	
	
	
	
	
	

	
	Total R&D
	8,557,140
	6,143,323
	547,574
	228,495
	371,574
	522,814
	477,136
	1,300
	265,000


9.1 IP Efforts for the full duration of the project (person-months) 

EC funded contribution
	Partner number
	1A
	2
	3
	1B
	4
	5
	1C
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	total

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	RTD/Innovation activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 1.1
	12
	
	
	
	
	
	
	
	
	
	
	
	16
	
	
	
	
	
	
	
	
	
	28

	WP 1.2
	6
	
	7
	
	
	
	
	18
	6
	12
	
	
	34
	
	
	
	
	
	
	
	
	
	83

	WP 1.3
	12
	15
	
	15
	
	
	
	
	
	
	
	
	16
	
	
	
	
	
	
	
	
	
	58

	WP 2.1
	
	18
	
	
	30
	
	
	
	
	
	18
	
	
	
	
	
	
	
	
	
	
	
	66

	WP 2.2
	
	18
	17
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	41

	WP 2.3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	43
	
	20
	12
	
	
	
	
	75

	WP 2.4
	18
	
	1.5
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	25.5

	WP 2.5
	6
	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	15

	WP 3.1
	18
	
	3
	
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	33

	WP 3.2
	36
	
	7
	30
	
	
	
	
	
	
	
	
	
	
	
	
	16
	
	
	
	
	
	89

	WP 3.3
	12
	15
	2
	3
	
	
	
	
	
	
	18
	
	
	
	
	
	
	
	
	
	
	
	50

	WP 3.4
	42
	
	40
	
	
	
	
	
	41
	
	
	
	
	
	
	
	
	
	
	
	
	
	123

	WP 3.5
	
	3
	8
	4
	48
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	63

	WP 4.1
	24
	
	
	
	
	48
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	72

	WP 4.2
	14
	
	
	
	
	
	
	
	
	
	
	
	
	10
	
	16
	
	
	
	
	
	
	40

	WP 4.3
	12
	
	
	
	
	
	
	
	
	17
	
	
	
	19
	
	4
	
	
	
	
	
	
	52

	WP 4.4
	6
	
	
	
	
	
	
	36
	
	36
	
	
	
	
	
	
	
	12
	
	
	
	
	90

	WP 4.5
	6
	18
	
	30
	
	48
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	105

	WP 4.6
	
	18
	
	38
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	62

	WP 4.7
	
	18
	6
	
	
	48
	
	12
	
	
	
	6
	
	
	
	
	
	
	
	
	
	
	90

	WP 5.1
	
	
	4
	
	
	
	28
	
	
	
	
	2
	
	1
	
	
	
	
	
	
	
	
	35

	WP 5.2
	
	
	
	
	
	
	
	
	3
	
	
	49
	
	1
	
	
	
	
	
	
	
	
	53

	WP 5.3
	12
	
	4
	
	
	
	12
	
	21
	
	
	
	
	
	
	
	
	
	
	
	
	
	49

	Total RTD/Innovation
	236
	123
	102.5
	120
	90
	144
	40
	66
	77
	65
	36
	57
	66
	46
	43
	20
	36
	24
	0
	0
	0
	0
	1391.5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partner number
	1A
	2
	3
	1B
	4
	5
	1C
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	total

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Demonstration activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 2.1
	
	
	
	
	18
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	18

	WP 2.3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	
	
	
	2

	WP 3.1
	
	
	
	
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12

	WP 3.5
	
	
	
	
	48
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	48

	WP 6.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	1

	Total demonstration
	0
	0
	0
	0
	78
	0
	0
	0
	0
	0
	0
	0
	0
	1
	2
	0
	0
	0
	0
	0
	0
	0
	81

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Training activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 6.1
	0
	4
	0.5
	4
	2
	4
	
	
	
	
	
	
	
	1
	1
	
	
	2
	
	
	2
	
	20.5

	WP 6.2
	0
	4
	0.5
	
	2
	4
	
	
	
	
	
	
	
	
	1
	
	
	2
	
	
	2
	
	15.5

	Total training
	0
	8
	1
	4
	4
	8
	0
	0
	0
	0
	0
	0
	0
	1
	2
	0
	0
	4
	0
	0
	4
	0
	36

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Consortium management activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 7
	48
	8
	2
	
	
	7
	9
	
	
	
	
	
	
	
	
	
	
	8
	
	
	
	
	82

	Total consortium management
	48
	8
	2
	0
	0
	7
	9
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	8
	0
	0
	0
	0
	82

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total activities
	284
	139
	105.5
	124
	172
	159
	49
	66
	77
	65
	36
	57
	66
	48
	47
	20
	36
	36
	0
	0
	4
	0
	1590.5


IP Efforts for the full duration of the project (person-months) 

EC non-funded contribution
	Partner number
	1A
	2
	3
	1B
	4
	5
	1C
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	total

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	RTD/Innovation activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 1.1
	12
	6
	
	8
	
	
	
	
	
	
	
	
	16
	
	
	
	
	
	
	
	
	
	42

	WP 1.2
	6
	
	
	
	
	
	
	6
	6
	24
	
	
	34
	
	
	
	
	
	
	
	
	
	70

	WP 1.3
	12
	
	
	10
	
	
	
	
	
	
	
	
	16
	
	
	
	
	2
	
	
	
	
	38

	WP 2.1
	
	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6

	WP 2.2
	
	6
	
	
	
	
	
	
	6
	
	3
	
	
	
	
	
	
	
	
	
	
	
	15

	WP 2.3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	8

	WP 2.4
	18
	4
	
	
	4.3
	
	
	
	
	
	3
	
	
	8
	
	
	
	
	
	
	
	
	37.3

	WP 2.5
	6
	4
	
	
	1
	
	
	
	1
	
	1
	
	
	
	
	
	1
	
	
	
	
	
	14

	WP 3.1
	12
	
	
	8
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	20

	WP 3.2
	36
	
	
	8
	4.5
	
	
	
	6
	
	
	
	
	
	
	
	6
	
	2
	
	
	
	62.5

	WP 3.3
	12
	
	
	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	
	
	
	20

	WP 3.4
	76
	
	
	
	
	
	
	
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	88

	WP 3.5
	12
	
	
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	24

	WP 4.1
	12
	
	
	2
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	17

	WP 4.2
	
	
	
	
	
	
	
	
	
	
	
	
	
	12
	
	15
	
	
	
	
	
	
	27

	WP 4.3
	
	
	
	
	
	
	
	
	
	30
	
	
	
	18
	
	4
	
	
	
	
	
	
	52

	WP 4.4
	6
	
	
	
	
	
	
	36
	
	48
	
	
	
	
	
	
	
	
	
	
	
	
	90

	WP 4.5
	12
	6
	
	15
	
	
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	36

	WP 4.6
	18
	
	
	15
	
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	39

	WP 4.7
	10
	9
	
	
	
	
	
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	31

	WP 5.1
	12
	
	
	
	
	
	12
	
	
	
	
	
	
	1
	
	
	12
	
	
	
	
	
	37

	WP 5.2
	
	
	
	
	
	
	3
	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	6

	WP 5.3
	12
	
	
	
	
	
	6
	
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	30

	Total RTD/Innovation
	284
	41
	0
	84
	9.8
	0
	21
	54
	46
	105
	7
	0
	66
	48
	0
	19
	25
	2
	4
	0
	0
	0
	809.8

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partner number
	1A
	2
	3
	1B
	4
	5
	1C
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	total

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Demonstration activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 2.3
	
	
	
	
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12

	WP 6.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	1

	Total demonstration
	0
	0
	0
	0
	12
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	13

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Training activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 6.1
	5
	1
	
	1
	1
	
	
	
	
	
	
	
	
	
	
	4
	
	4
	
	1
	1
	
	18

	WP 6.2
	5
	1
	
	1
	1
	
	
	
	
	
	
	
	
	
	
	4
	
	4
	
	1
	1
	
	18

	Total training
	10
	2
	0
	2
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	8
	0
	8
	0
	2
	2
	0
	36

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Consortium management activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 7
	48
	5
	
	
	
	
	4
	
	5
	
	
	
	3
	
	
	
	
	4
	
	
	
	3
	72

	Total consortium management
	48
	5
	0
	0
	0
	0
	4
	0
	5
	0
	0
	0
	3
	0
	0
	0
	0
	4
	0
	0
	0
	3
	72

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total activities
	342
	48
	0
	86
	23.8
	0
	25
	49
	56
	105
	7
	0
	69
	49
	0
	27
	25
	14
	4
	2
	2
	3
	930.8


9.2 IP Efforts for the first 18-months period (person-months) 

EC funded contribution
	Partner number
	1A
	2
	3
	1B
	4
	5
	1C
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	total

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	RTD/Innovation activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 1.1
	12
	
	
	4
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	
	22

	WP 1.2
	2
	
	2
	
	
	
	
	18
	1
	12
	
	
	24
	
	
	
	
	
	
	
	
	
	59

	WP 1.3
	6
	15
	
	10
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	
	37

	WP 2.1
	
	27
	
	
	30
	
	
	
	
	
	9
	
	
	
	
	
	
	
	
	
	
	
	66

	WP 2.2
	
	27
	5
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	35

	WP 2.3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	18
	
	6
	12
	
	
	
	
	36

	WP 2.4
	9
	
	
	
	
	
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	12

	WP 2.5
	6
	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	9

	WP 3.1
	6
	
	2
	6
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	26

	WP 3.2
	10
	
	3
	15
	
	
	
	
	
	
	9
	
	
	
	
	
	12
	
	
	
	
	
	49

	WP 3.3
	6
	15
	
	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	27

	WP 3.4
	15
	
	10
	
	
	
	
	
	9
	
	
	
	
	
	
	
	
	
	
	
	
	
	34

	WP 3.5
	
	
	3
	8
	36
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	47

	WP 4.1
	20
	
	
	1
	
	18
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	39

	WP 4.2
	
	
	
	
	
	
	
	
	
	
	
	
	
	5
	
	12
	
	
	
	
	
	
	17

	WP 4.3
	6
	
	
	
	
	
	
	
	
	17
	
	
	
	7
	
	2
	
	
	
	
	
	
	32

	WP 4.4
	3
	
	
	
	
	
	
	12
	
	14
	
	
	
	
	
	
	
	12
	
	
	
	
	41

	WP 4.5
	4
	
	
	18
	
	18
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	41

	WP 4.6
	9
	
	
	20
	
	
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	32

	WP 4.7
	5
	
	2
	
	
	18
	
	6
	
	
	
	2
	
	
	
	
	
	
	
	
	
	
	33

	WP 5.1
	
	
	3
	
	
	
	12
	
	
	
	
	2
	
	1
	
	
	
	
	
	
	
	
	18

	WP 5.2
	
	
	
	
	
	
	
	
	1
	
	
	18
	
	
	
	
	
	
	
	
	
	
	19

	WP 5.3
	
	
	1
	
	
	
	9
	
	15
	
	
	
	
	
	
	
	
	
	
	
	
	
	25

	Total research
	119
	84
	34
	88
	78
	54
	21
	36
	29
	43
	18
	22
	36
	20
	18
	14
	18
	24
	0
	0
	0
	0
	756

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partner number
	1A
	2
	3
	1B
	4
	5
	1C
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	total

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Demonstration activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 2.1
	
	
	
	
	9
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	9

	WP 3.1
	
	
	
	
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12

	WP 3.5
	
	
	
	
	36
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	36

	Total demonstration
	0
	0
	0
	0
	57
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	57

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Training activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 2.3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	1

	WP 6.1
	
	
	0.5
	1
	1
	1.5
	
	
	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	6

	WP 6.2
	
	
	
	2
	1
	1.5
	
	
	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	6.5

	Total training
	0
	0
	0.5
	3
	2
	3
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	4
	0
	0
	0
	0
	13.5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Consortium management activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 7
	18
	3
	0.5
	
	
	3
	4
	
	
	
	
	
	
	
	
	
	
	3
	
	
	
	
	31.5

	Total consortium management
	18
	3
	0.5
	0
	0
	3
	4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	0
	0
	0
	0
	31.5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total activities
	137
	87
	35
	91
	137
	60
	25
	36
	29
	43
	18
	22
	36
	20
	19
	14
	18
	31
	0
	0
	0
	0
	858


IP Efforts for the first 18-months period (person-months) 

EC non-funded contribution
	Partner short name
	1A
	2
	3
	1B
	4
	5
	1C
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	total

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	RTD/Innovation activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 1.1
	12
	
	
	5
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	
	23

	WP 1.2
	2
	
	
	
	
	
	
	6
	2
	12
	
	
	24
	
	
	
	
	
	
	
	
	
	46

	WP 1.3
	6
	
	
	6
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	
	
	
	18

	WP 2.1
	
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12

	WP 2.2
	
	12
	
	
	
	
	
	
	3
	
	3
	
	
	
	
	
	
	
	
	
	
	
	18

	WP 2.3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12
	
	2
	
	
	
	
	
	14

	WP 2.4
	9
	
	
	
	
	
	
	
	
	
	3
	
	
	4
	
	
	
	
	
	
	
	
	16

	WP 2.5
	6
	4
	
	
	1
	
	1
	
	1
	
	1
	
	
	
	1
	
	1
	
	
	
	
	
	16

	WP 3.1
	6
	
	
	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	11

	WP 3.2
	10
	
	
	5
	4.5
	
	
	
	1
	
	
	
	
	
	
	
	4
	
	1
	
	
	
	25.5

	WP 3.3
	6
	
	
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	11

	WP 3.4
	17
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	20

	WP 3.5
	6
	
	
	8
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	14

	WP 4.1
	4
	
	
	1
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	8

	WP 4.2
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	
	6
	
	
	
	
	
	
	12

	WP 4.3
	
	
	
	
	
	
	
	
	
	12
	
	
	
	6
	
	2
	
	
	
	
	
	
	20

	WP 4.4
	3
	
	
	
	
	
	
	20
	
	18
	
	
	
	
	
	
	
	
	
	
	
	
	41

	WP 4.5
	4
	
	
	10
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	15

	WP 4.6
	
	
	
	10
	
	
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	13

	WP 4.7
	
	
	
	
	
	
	
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12

	WP 5.1
	3
	
	
	
	
	
	9
	
	
	
	
	
	
	1
	
	
	4
	
	
	
	
	
	17

	WP 5.2
	
	
	
	
	
	
	3
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	4

	WP 5.3
	
	
	
	
	
	
	6
	
	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	9

	Total research
	94
	28
	0
	45
	5.5
	0
	19
	38
	14
	45
	7
	0
	36
	21
	13
	8
	11
	0
	2
	0
	0
	0
	395.5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Partner number
	1A
	2
	3
	1B
	4
	5
	1C
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	total

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Demonstration activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 2.3
	
	
	
	
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12

	Total demonstration
	0
	0
	0
	0
	12
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	12

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Training activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 6.1
	2
	
	
	1
	1
	
	
	
	
	
	
	
	
	
	1.5
	2
	
	2
	
	
	
	
	9.5

	WP 6.2
	2
	
	
	1
	1
	
	
	
	
	
	
	
	
	
	1.5
	2
	
	2
	
	
	
	
	9.5

	Total training
	4
	0
	0
	2
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	4
	0
	4
	0
	0
	0
	0
	19

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Consortium management activities
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WP 7
	18
	
	
	
	
	
	2
	
	2
	
	
	
	2
	
	
	
	
	1
	
	
	
	1
	26

	Total consortium management
	18
	0
	0
	0
	0
	0
	2
	0
	2
	0
	0
	0
	2
	0
	0
	0
	0
	1
	0
	0
	0
	1
	26

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total activities
	116
	28
	0
	56
	19.5
	0
	21
	38
	16
	45
	7
	0
	38
	21
	16
	12
	11
	5
	2
	0
	0
	1
	452.5


9.3 Overall budget for the full duration of the project
Note that the Partner numbering corresponds to the numbering in the CPF editor tables and is different from the actual numbering of the Partners in this Annex. The glossary relating the two numbering schemes is given in Part 3 (Participants List) on page 7 of this document.

	Proposal Number1
	503420
	Proposal Acronym2
	BIOXHIT


	Financial information – whole duration of the project

	Participant n°
	Organi- sation

short name
	Cost model used
	Estimated eligible costs and requested EC contribution

(whole duration of the project)
	Costs and EC contribution per type of activities 
	Total

(5)=(1)+(2)+ (3)+(4)


	Total receipts 

	
	
	
	
	RTD or Innovation-related activities (1)
	Demonstration activities 

(2)
	Training activities

(3)
	Consortium Management activities 

(4)
	
	

	1
	EMBL-HH
	AC
	Eligible costs
	Direct costs (a)
	2.214.117,00
	,00
	25.000,00
	356.000,00
	2.604.117,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	442.823,00
	,00
	5.000,00
	73.000,00
	520.823,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	2.656.940,00
	
	30.000,00
	438.000,00
	3.124.940,00
	

	
	
	
	Requested EC contribution
	2.656.940,00
	,00
	30.000,00
	438.000,00
	3.124.940,00
	

	2
	ESRF
	AC
	Eligible costs
	Direct costs (a)
	1.053.333,00
	,00
	25.000,00
	41.667,00
	1.120.000,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	210.667,00
	,00
	5.000,00
	8.333,00
	224.000,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	1.264.000,00
	
	30.000,00
	50.000,00
	1.344.000,00
	

	
	
	
	Requested EC contribution
	1.264.000,00
	,00
	30.000,00
	50.000,00
	1.344.000,00
	

	3
	CCLRC (SRS)
	FC
	Eligible costs
	Direct costs (a)
	707.332,00
	,00
	23.728,00
	32.058,00
	763.118,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	707.168,00
	,00
	6.272,00
	17.942,00
	731.382,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	1.414.500,00
	
	30.000,00
	50.000,00
	1.494.500,00
	

	
	
	
	Requested EC contribution
	707.250,00
	,00
	30.000,00
	50.000,00
	787.250,00
	

	5
	PSI
	FC
	Eligible costs
	Direct costs (a)
	251.007,00
	785.907,00
	30.000,00
	,00
	1.066.914,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	58.733,00
	230.476,00
	,00
	,00
	289.209,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	309.740,00
	1.016.383,00
	30.000,00
	
	1.356.123,00
	

	
	
	
	Requested EC contribution
	,00
	,00
	,00
	,00
	,00
	


	
	Please use as many copies of form A3.1 as necessary for the number of participants

	Form A3.1 page
	1
	of 
	5


	Proposal Number1
	503420
	Proposal Acronym2
	BIOXHIT


	Financial information – whole duration of the project

	Participant n°
	Organi- sation

short name
	Cost model used
	Estimated eligible costs and requested EC contribution

(whole duration of the project)
	Costs and EC contribution per type of activities 
	Total

(5)=(1)+(2)+ (3)+(4)


	Total receipts 

	
	
	
	
	RTD or Innovation-related activities (1)
	Demonstration activities 

(2)
	Training activities

(3)
	Consortium Management activities 

(4)
	
	

	6
	GPhL
	FC
	Eligible costs
	Direct costs (a)
	700.584,00
	,00
	37.655,00
	35.714,00
	773.953,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	271.120,00
	,00
	15.062,00
	14.286,00
	300.468,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	971.704,00
	
	52.717,00
	50.000,00
	1.074.421,00
	

	
	
	
	Requested EC contribution
	485.852,00
	,00
	52.717,00
	50.000,00
	588.569,00
	

	8
	NKI
	AC
	Eligible costs
	Direct costs (a)
	303.416,00
	,00
	,00
	,00
	303.416,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	55.000,00
	,00
	,00
	,00
	55.000,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	358.416,00
	
	
	
	358.416,00
	

	
	
	
	Requested EC contribution
	358.416,00
	,00
	,00
	,00
	358.416,00
	

	9
	Elettra
	FCF
	Eligible costs
	Direct costs (a)
	588.267,00
	,00
	,00
	10.000,00
	598.267,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	117.653,00
	,00
	,00
	,00
	117.653,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	705.920,00
	
	
	10.000,00
	715.920,00
	

	
	
	
	Requested EC contribution
	352.960,00
	,00
	,00
	10.000,00
	362.960,00
	

	10
	UOY
	AC
	Eligible costs
	Direct costs (a)
	291.667,00
	,00
	,00
	,00
	291.667,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	58.333,00
	,00
	,00
	,00
	58.333,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	350.000,00
	
	
	
	350.000,00
	

	
	
	
	Requested EC contribution
	350.000,00
	,00
	,00
	,00
	350.000,00
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	Proposal Number1
	503420
	Proposal Acronym2
	BIOXHIT


	Financial information – whole duration of the project

	Participant n°
	Organi- sation

short name
	Cost model used
	Estimated eligible costs and requested EC contribution

(whole duration of the project)
	Costs and EC contribution per type of activities 
	Total

(5)=(1)+(2)+ (3)+(4)


	Total receipts 

	
	
	
	
	RTD or Innovation-related activities (1)
	Demonstration activities 

(2)
	Training activities

(3)
	Consortium Management activities 

(4)
	
	

	11
	FUB
	AC
	Eligible costs
	Direct costs (a)
	486.160,00
	,00
	,00
	,00
	486.160,00
	

	
	
	
	
	of which subcontracting
	180.000,00
	,00
	,00
	,00
	180.000,00
	

	
	
	
	
	Indirect costs (b)
	61.232,00
	,00
	,00
	,00
	61.232,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	547.392,00
	
	
	
	547.392,00
	

	
	
	
	Requested EC contribution
	547.392,00
	,00
	,00
	,00
	547.392,00
	

	12
	CCLRC-CCP4
	FC
	Eligible costs
	Direct costs (a)
	294.200,00
	,00
	,00
	,00
	294.200,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	372.040,00
	,00
	,00
	,00
	372.040,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	666.240,00
	
	
	
	666.240,00
	

	
	
	
	Requested EC contribution
	333.120,00
	,00
	,00
	,00
	333.120,00
	

	13
	UNIV-MRS
	AC
	Eligible costs
	Direct costs (a)
	591.816,00
	,00
	25.000,00
	41.667,00
	658.483,00
	

	
	
	
	
	of which subcontracting
	342.814,00
	,00
	,00
	,00
	342.814,00
	

	
	
	
	
	Indirect costs (b)
	49.800,00
	,00
	5.000,00
	8.333,00
	63.133,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	641.616,00
	
	30.000,00
	50.000,00
	721.616,00
	

	
	
	
	Requested EC contribution
	641.616,00
	,00
	30.000,00
	50.000,00
	721.616,00
	

	15
	UNIGOE
	AC
	Eligible costs
	Direct costs (a)
	190.226,00
	,00
	,00
	,00
	190.226,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	38.046,00
	,00
	,00
	,00
	38.046,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	228.272,00
	
	
	
	228.272,00
	

	
	
	
	Requested EC contribution
	228.272,00
	,00
	,00
	,00
	228.272,00
	


	
	Please use as many copies of form A3.1 as necessary for the number of participants

	Form A3.1 page
	3
	of 
	5


	Proposal Number1
	503420
	Proposal Acronym2
	BIOXHIT


	Financial information – whole duration of the project

	Participant n°
	Organi- sation

short name
	Cost model used
	Estimated eligible costs and requested EC contribution

(whole duration of the project)
	Costs and EC contribution per type of activities 
	Total

(5)=(1)+(2)+ (3)+(4)


	Total receipts 

	
	
	
	
	RTD or Innovation-related activities (1)
	Demonstration activities 

(2)
	Training activities

(3)
	Consortium Management activities 

(4)
	
	

	17
	SOLEIL
	FCF
	Eligible costs
	Direct costs (a)
	240.291,00
	14.800,00
	17.104,00
	,00
	272.195,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	41.060,00
	2.760,00
	2.760,00
	,00
	46.580,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	281.351,00
	17.560,00
	19.864,00
	
	318.775,00
	

	
	
	
	Requested EC contribution
	140.454,00
	6.146,00
	19.846,00
	,00
	166.446,00
	

	18
	FIRC-IFOM
	AC
	Eligible costs
	Direct costs (a)
	127.300,00
	,00
	,00
	,00
	127.300,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	25.200,00
	,00
	,00
	,00
	25.200,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	152.500,00
	
	
	
	152.500,00
	

	
	
	
	Requested EC contribution
	152.500,00
	,00
	,00
	,00
	152.500,00
	

	20
	MAXLAB Lund
	AC
	Eligible costs
	Direct costs (a)
	120.533,00
	,00
	,00
	,00
	120.533,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	24.107,00
	,00
	,00
	,00
	24.107,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	144.640,00
	
	
	
	144.640,00
	

	
	
	
	Requested EC contribution
	144.640,00
	,00
	,00
	,00
	144.640,00
	

	21
	UKBH
	AC
	Eligible costs
	Direct costs (a)
	111.440,00
	,00
	450.000,00
	41.667,00
	603.107,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	22.288,00
	,00
	90.000,00
	8.333,00
	120.621,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	133.728,00
	
	540.000,00
	50.000,00
	723.728,00
	

	
	
	
	Requested EC contribution
	133.728,00
	,00
	540.000,00
	50.000,00
	723.728,00
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	Proposal Number1
	503420
	Proposal Acronym2
	BIOXHIT


	Financial information – whole duration of the project

	Participant n°
	Organi- sation

short name
	Cost model used
	Estimated eligible costs and requested EC contribution

(whole duration of the project)
	Costs and EC contribution per type of activities 
	Total

(5)=(1)+(2)+ (3)+(4)


	Total receipts 

	
	
	
	
	RTD or Innovation-related activities (1)
	Demonstration activities 

(2)
	Training activities

(3)
	Consortium Management activities 

(4)
	
	

	24
	DIAMOND
	FC
	Eligible costs
	Direct costs (a)
	40.000,00
	,00
	,00
	,00
	40.000,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Total eligible costs (a)+(b)
	40.000,00
	
	
	
	40.000,00
	

	
	
	
	Requested EC contribution
	20.000,00
	,00
	,00
	,00
	20.000,00
	

	25
	LLS
	FCF
	Eligible costs
	Direct costs (a)
	33.333,00
	,00
	,00
	,00
	33.333,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	6.667,00
	,00
	,00
	,00
	6.667,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	40.000,00
	
	
	
	40.000,00
	

	
	
	
	Requested EC contribution
	20.000,00
	,00
	,00
	,00
	20.000,00
	

	26
	DESY
	AC
	Eligible costs
	Direct costs (a)
	16.667,00
	,00
	,00
	,00
	16.667,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	3.333,00
	,00
	,00
	,00
	3.333,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	20.000,00
	
	
	
	20.000,00
	

	
	
	
	Requested EC contribution
	20.000,00
	,00
	,00
	,00
	20.000,00
	

	20
	EMBLEM
	FCF
	Eligible costs
	Direct costs (a)
	208.333,00
	,00
	,00
	,00
	208.333,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	
	

	
	
	
	
	Indirect costs (b)
	41.667,00
	,00
	,00
	,00
	41.667,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	250.000,00
	
	
	
	250.000,00
	

	
	
	
	Requested EC contribution
	,00
	,00
	,00
	,00
	
	

	TOTAL 
	Eligible costs
	11.176.959,00
	1.033.943,00
	762.581,00
	698.000,00
	13.671.483,00

	
	Requested EC contribution
	8.557.140,00
	6.146,00
	732.563,00
	698.000,00
	9.993.849,00
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	Proposal Number1
	503420
	Proposal Acronym2
	BIOXHIT

	Reporting Periods
	Month x- month y 
	Estimated Grant to the Budget

	
	
	Total
	In which first six months

	Reporting Period 1
	M1 – M12
	2.915.000,00
	

	Reporting Period 2
	M13 – M24
	2.436.465,00
	1.337.970,00

	Reporting Period 3
	M25 – M36
	2.316.465,00
	1.170.000,00

	Reporting Period 4
	M37 – M48
	2.325.919,00
	1.174.726,00

	Reporting Period 4
	M49 – M60
	
	

	Reporting Period 4
	M61 – M72
	
	

	Reporting Period 4
	M73 – M84
	
	


	Estimated breakdown of the EC contribution per reporting period


9.4 Budget for the first 18 months
Note that the Partner numbering corresponds to the numbering in the CPF editor tables and is different from the actual numbering of the Partners in this Annex. The glossary relating the two numbering schemes is given in Part 3 (Participants List) on page 7 of this document.

	Proposal Number1
	503420
	Proposal Acronym2
	BIOXHIT


	Financial information – first 18 months

	Participant n°
	Organi- sation

short name
	Cost model used
	Estimated eligible costs and requested EC contribution

(whole duration of the project)
	Costs and EC contribution per type of activities 
	Total

(5)=(1)+(2)+ (3)+(4)


	Total receipts 

	
	
	
	
	RTD or Innovation-related activities (1)
	Demonstration activities 

(2)
	Training activities

(3)
	Consortium Management activities 

(4)
	
	

	1
	EMBL-HH
	AC
	Eligible costs
	Direct costs (a)
	982.625,00
	,00
	8.333,00
	141.666,00
	1.132.624,00
	,00

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	196.525,00
	,00
	1.667,00
	28.334,00
	226.526,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	1.179.150,00
	,00
	10.000,00
	170.000,00
	1.359.150,00
	

	
	
	
	Requested EC contribution
	1.179.150,00
	,00
	10.000,00
	170.000,00
	1.359.150,00
	

	2
	ESRF
	AC
	Eligible costs
	Direct costs (a)
	464.170,00
	,00
	5.000,00
	10.000,00
	479.170,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	72.833,00
	,00
	1.000,00
	2.000,00
	75.833,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	537.003,00
	,00
	6.000,00
	12.000,00
	555.003,00
	

	
	
	
	Requested EC contribution
	537.000,00
	,00
	6.000,00
	12.000,00
	555.000,00
	

	3
	CCLRC (SRS)
	FC
	Eligible costs
	Direct costs (a)
	278.180,00
	,00
	10.660,00
	10.330,00
	299.170,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	214.732,00
	,00
	3.024,00
	5.740,00
	223.496,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	492.912,00
	,00
	13.684,00
	16.070,00
	522.666,00
	

	
	
	
	Requested EC contribution
	246.456,00
	,00
	13.684,00
	16.070,00
	276.210,00
	

	5
	PSI
	FC
	Eligible costs
	Direct costs (a)
	251.007,00
	705.377,00
	5.625,00
	,00
	962.009,00
	,00

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	58.733,00
	190.094,00
	,00
	,00
	248.827,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	309.740,00
	895.471,00
	5.625,00
	,00
	1.210.836,00
	

	
	
	
	Requested EC contribution
	
	,00
	,00
	,00
	,00
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	Proposal Number1
	503420
	Proposal Acronym2
	BIOXHIT


	Financial information – first 18 months

	Participant n°
	Organi- sation

short name
	Cost model used
	Estimated eligible costs and requested EC contribution

(whole duration of the project)
	Costs and EC contribution per type of activities 
	Total

(5)=(1)+(2)+ (3)+(4)


	Total receipts 

	
	
	
	
	RTD or Innovation-related activities (1)
	Demonstration activities 

(2)
	Training activities

(3)
	Consortium Management activities 

(4)
	
	

	6
	GPhL
	FC
	Eligible costs
	Direct costs (a)
	262.719,00
	,00
	14.121,00
	15.306,00
	292.146,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	101.670,00
	,00
	5.648,00
	6.123,00
	113.441,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	364.389,00
	,00
	19.769,00
	21.429,00
	405.587,00
	

	
	
	
	Requested EC contribution
	182.195,00
	,00
	19.769,00
	21.429,00
	223.393,00
	

	8
	NKI
	AC
	Eligible costs
	Direct costs (a)
	119.472,00
	,00
	,00
	,00
	119.472,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	23.894,00
	,00
	,00
	,00
	23.894,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	143.366,00
	,00
	,00
	,00
	143.366,00
	

	
	
	
	Requested EC contribution
	143.366,00
	,00
	,00
	,00
	143.366,00
	

	9
	Elettra
	FCF
	Eligible costs
	Direct costs (a)
	235.308,00
	,00
	,00
	3.000,00
	238.308,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	47.061,00
	,00
	,00
	,00
	47.061,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	282.369,00
	,00
	,00
	3.000,00
	285.369,00
	

	
	
	
	Requested EC contribution
	141.185,00
	,00
	,00
	3.000,00
	144.185,00
	

	10
	UOY
	AC
	Eligible costs
	Direct costs (a)
	178.918,00
	,00
	,00
	,00
	178.918,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	35.783,00
	,00
	,00
	,00
	35.783,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	214.701,00
	,00
	,00
	,00
	214.701,00
	

	
	
	
	Requested EC contribution
	214.701,00
	,00
	,00
	,00
	214.701,00
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	Proposal Number1
	503420
	Proposal Acronym2
	BIOXHIT


	Financial information – first 18 months

	Participant n°
	Organi- sation

short name
	Cost model used
	Estimated eligible costs and requested EC contribution

(whole duration of the project)
	Costs and EC contribution per type of activities 
	Total

(5)=(1)+(2)+ (3)+(4)


	Total receipts 

	
	
	
	
	RTD or Innovation-related activities (1)
	Demonstration activities 

(2)
	Training activities

(3)
	Consortium Management activities 

(4)
	
	

	11
	FUB
	AC
	Eligible costs
	Direct costs (a)
	301.660,00
	,00
	,00
	,00
	301.660,00
	

	
	
	
	
	of which subcontracting
	150.000,00
	,00
	,00
	,00
	150.000,00
	

	
	
	
	
	Indirect costs (b)
	30.332,00
	,00
	,00
	,00
	30.332,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	331.992,00
	,00
	,00
	,00
	331.992,00
	

	
	
	
	Requested EC contribution
	331.992,00
	,00
	,00
	,00
	331.992,00
	

	12
	CCLRC-CCP4
	FC
	Eligible costs
	Direct costs (a)
	118.960,00
	,00
	,00
	,00
	118.960,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	150.120,00
	,00
	,00
	,00
	150.120,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	269.080,00
	,00
	,00
	,00
	269.080,00
	

	
	
	
	Requested EC contribution
	134.540,00
	134.540,00
	,00
	,00
	134.540,00
	

	13
	UNIV-MRS
	AC
	Eligible costs
	Direct costs (a)
	187.138,00
	,00
	7.500,00
	12.500,00
	207.138,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	37.428,00
	,00
	1.500,00
	2.500,00
	41.428,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	224.566,00
	,00
	9.000,00
	15.000,00
	248.566,00
	

	
	
	
	Requested EC contribution
	224.566,00
	,00
	9.000,00
	15.000,00
	248.566,00
	

	15
	UNIGOE
	AC
	Eligible costs
	Direct costs (a)
	76.091,00
	,00
	,00
	,00
	76.091,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	15.218,00
	,00
	,00
	,00
	15.218,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	91.309,00
	,00
	,00
	,00
	91.309,00
	

	
	
	
	Requested EC contribution
	91.309,00
	,00
	,00
	,00
	91.309,00
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	Proposal Number1
	503420
	Proposal Acronym2
	BIOXHIT


	Financial information – first 18 months

	Participant n°
	Organi- sation

short name
	Cost model used
	Estimated eligible costs and requested EC contribution

(whole duration of the project)
	Costs and EC contribution per type of activities 
	Total

(5)=(1)+(2)+ (3)+(4)


	Total receipts 

	
	
	
	
	RTD or Innovation-related activities (1)
	Demonstration activities 

(2)
	Training activities

(3)
	Consortium Management activities 

(4)
	
	

	17
	SOLEIL
	FCF
	Eligible costs
	Direct costs (a)
	177.373,00
	,00
	4.616,00
	,00
	181.989,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	31.850,00
	,00
	690,00
	,00
	32.540,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	209.223,00
	,00
	5.306,00
	,00
	214.529,00
	

	
	
	
	Requested EC contribution
	104.523,00
	,00
	5.306,00
	,00
	109.829,00
	

	18
	FIRC-IFOM
	AC
	Eligible costs
	Direct costs (a)
	65.733,00
	,00
	,00
	,00
	65.733,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	13.147,00
	,00
	,00
	,00
	13.147,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	78.880,00
	,00
	,00
	,00
	78.880,00
	

	
	
	
	Requested EC contribution
	78.880,00
	,00
	,00
	,00
	78.880,00
	

	20
	MAXLAB Lund
	AC
	Eligible costs
	Direct costs (a)
	46.588,00
	,00
	,00
	,00
	46.588,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	9.317,000
	,00
	,00
	,00
	9.317,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	55.905,00
	,00
	,00
	,00
	55.905,00
	

	
	
	
	Requested EC contribution
	55.905,00
	,00
	,00
	,00
	55.905,00
	

	21
	UKBH
	AC
	Eligible costs
	Direct costs (a)
	53.912,00
	,00
	150.000,00
	15.625,00
	219.537,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	10.782,00
	,00
	30.000,00
	3.125,00
	43.907,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	64.694,00
	,00
	180.000,00
	18.750,00
	263.444,00
	

	
	
	
	Requested EC contribution
	64.694,00
	,00
	180.000,00
	18.750,00
	263.444,00
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	Proposal Number1
	503420
	Proposal Acronym2
	BIOXHIT


	Financial information – first 18 months

	Participant n°
	Organi- sation

short name
	Cost model used
	Estimated eligible costs and requested EC contribution

(whole duration of the project)
	Costs and EC contribution per type of activities 
	Total

(5)=(1)+(2)+ (3)+(4)


	Total receipts 

	
	
	
	
	RTD or Innovation-related activities (1)
	Demonstration activities 

(2)
	Training activities

(3)
	Consortium Management activities 

(4)
	
	

	24
	DIAMOND
	FC
	Eligible costs
	Direct costs (a)
	20.000,00
	,00
	,00
	,00
	20.000,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	20.000,00
	,00
	,00
	,00
	20.000,00
	

	
	
	
	Requested EC contribution
	10.000,00
	,00
	,00
	,00
	10.000,00
	

	25
	LLS
	FCF
	Eligible costs
	Direct costs (a)
	12.500,00
	,00
	,00
	,00
	12.500,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	2.500,00
	,00
	,00
	,00
	2.500,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	15.000,00
	,00
	,00
	,00
	15.000,00
	

	
	
	
	Requested EC contribution
	7.500,00
	,00
	,00
	,00
	7.500,00
	

	26
	DESY
	AC
	Eligible costs
	Direct costs (a)
	4.167,00
	,00
	,00
	,00
	4.167,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	833,00
	,00
	,00
	,00
	833,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	5.000,00
	,00
	,00
	,00
	5.000,00
	

	
	
	
	Requested EC contribution
	5.000,00
	,00
	,00
	,00
	5.000,00
	

	27
	EMBLEM
	FCF
	Eligible costs
	Direct costs (a)
	62.500,00
	,00
	,00
	,00
	62.500,00
	

	
	
	
	
	of which subcontracting
	,00
	,00
	,00
	,00
	,00
	

	
	
	
	
	Indirect costs (b)
	12.500,00
	,00
	,00
	,00
	12.500,00
	

	
	
	
	
	Total eligible costs (a)+(b)
	75.000,00
	,00
	,00
	,00
	75.000,00
	

	
	
	
	Requested EC contribution
	,00
	,00
	,00
	,00
	,00
	

	TOTAL 
	Eligible costs
	4.964.279,00
	895.471,00
	249.384,00
	256.249,00
	6.365.383,00
	

	
	Requested EC contribution
	3.752.962,00
	,00
	243.759,00
	256.249,00
	4.252.970,00
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9.5 IP management level description of resources and budget 
The BIOXHIT budget is based on a multi-level justification of the resources planned. There are three different justification levels: cost categories on a Partner basis, on the basis of the different activities as well as the basis of EC-funded and EC-non funded parts of the total volume. The funds requested from the European Commission by the BIOXHIT consortium are a real grant to the budget of the highly integrated BIOXHIT project.

A project of the scale of BIOXHIT requires considerable resources. As an example, in the recent BIOSYNC report from October 2002 [Biological Applications of Synchrotron Radiation: An Evaluation of the State of the Field, BIOSYNC, 2002; http://biosync.sdsc.edu/], it was stated that the construction and equipment costs of a single modern synchrotron beamline for biocrystallography amount to about 5,000,000 to 15,000,000 US-$. It is evident that even under the umbrella of an EC Integrated Project, only a small part of the necessary hardware and software components and modules could be funded. Thus, already at the early stage of the proposal preparation, the BIOXHIT Partners have made a decision to not acquire any hardware from this grant, unless the equipment is intricately connected to a specific R&D task. This immediately excluded heavy investments into expensive synchrotron beamline hardware such as insertion devices, optical elements, vacuum support systems, automated sample changers and components for large-scale crystallisation facilities. There was a consensus that these expenses will be covered by either the regular Partners’ budgets or other external funds. Thus the majority of the funds requested from the EC are allocated towards necessary manpower for R&D developments. 

Distribution according to cost categories

The allocated personnel costs for R&D are crucial for the mobilisation of the critical mass of the workforce needed to achieve the ambitious goals of the project. The creation and implementation of a technology platform composed from a number of components require considerable coordination efforts. This is reflected in the complex workpackage structure of BIOXHIT and in the project effort form. The total R&D workforce accounts for 2,500 person-months, for 1,660 of which EC grant support is requested. 

Equipment costs have been reduced to the minimum and will cover only the most essential components required for carrying out R&D tasks. They amount to only a small percentage of the total required equipment costs of the whole project. The majority of the funds (about 25,000,000 EUR) will be provided by the Partners’ resources as described above. None of the equipment components to be funded from the project costs more than 130,000 EUR.

Other cost categories are consumable costs and travel costs to enable sufficient information exchange and the adaptation of the components.

Distribution according to activities

The R&D and innovation-related activities constitute 80 % of the total EC grant to the budget. These are described in depth in parts 6 and 8. The breakdown into the various activities, namely the Sections 1 to 5 is given in the following pie chart, Figure 7.

Figure 7 shows that the two central pillars of BIOXHIT are the Sections 2 and 3, which provide the hardware and software development on synchrotron sites including X-ray beam quality assurance, reliable function of the end-station and the planning and performing the actual data collection experiment (39 % of the total R&D resources) and Section 4, which is concerned with data acquisition and software issues for structure determination and feedback to data collection (35 % of the total resources). Complementing these, are the Section 1 that is concerned with crystallisation (13 % of the total R&D resources) and Section 5, which provides the all-encompassing bioinformatics shell linking all the components effectively together.

[image: image8.wmf]
Figure 7. Distribution of the R&D funds of BIOXHIT with respect to activities in Sections 1 to 5

Training costs (7.3 % of the total EC grant to the budget) comprise the costs for:

(i) the establishment of 6 TID-centres, EUR 300,000

(ii) preparation of printed materials (including movies, brochures, etc.) at 5 core facilities for training and dissemination, EUR 72,563

(iii) five training workshops at 5 core facilities, EUR 120,000

(iv) 12 training workshops at the selected TID-centres, EUR 240,000

The major part of the funds for training activities are allocated to Partner 16, the Manager of Section 6 for training, implementation and dissemination. Partners 1A, 2, 3, 5, 11 and 13 will also be responsible for part of the planned training activities. The detailed justification of the training costs and activities is given in Section 6 within parts 6.3 and 8. The budget allocated to training activities will enable the training of approximately 100 researches in 5 core facilities training workshops and approximately 250 in 12 training workshops at the TID-centres. It is expected that there will be a large multiplicative factor associated with this, since the TID centres will be expected to act as seeds, and be encouraged to raise additional funds for further training and dissemination in their home countries.

Management costs

Management costs will amount to 7.0 % of the total grant to the budget and comprise the following items:

(i) Central management costs: 288,000 EUR personnel costs (for the Administrative Project Officer to be hired from the contract) and 110,000 EUR project management costs, e.g. for the provision of yearly audit certificates of every Partner or for launching calls for new Partners 

(ii) Section management costs: 300,000 EUR (50,000 EUR for management of each of the 6 Sections) 

The resources will ensure a coherent and efficient set of management activities, as described in parts 6.4 and 7.

10,000 EUR is allocated to Partner 7 for the management of gender issues.

Central contingency costs

The contingency budget of 2.6 % of the total grant to the budget has been reserved to cover unexpected costs, costs arising from the addition of new Partners or costs arising from changes in the budget. The money will be assigned to Partner 1A and will be used according to detailed use regulations as will be laid down in the consortium agreement and the Management Guide, see parts 6.4 and 7. 

Integration of SMEs

Approximately 11.3 % of the total grant to the budget will be used for the integration of SMEs in the BIOXHIT project. This will happen on two levels: two SMEs (Partners 5 and 20) are full BIOXHIT Partners (Partner 20 is at zero costs to the project). Further SMEs have already been identified and will likely be subcontracted at a later stage of the project. These are the SMEs BioTom, specialists in the development of medium-scale crystal storage facilities, Nunc, crystallisation plate manufacturers, Allegro, an SME which introduced a novel dispensing technology into the market recently, Röntec, one of the leading companies for fluorescence detector manufacturing, ACCEL, a provider of synchrotron equipment and ApaSphere, a professional computer programming company.

Distribution according to EU funding and funding from other sources

The ambitious objectives of the BIOXHIT project require cosiderable resources for manpower, equipment and finance. The funds requested from the European Commission will be used to mobilise the critical mass of manpower needed, whereas a significant part of the required facilities and equipment will be contributed to the project by the core facilities. The total volume of the BIOXHIT activities are estimated to be in the range of EUR 40,000,000.

Partners with the AC cost model

All BIOXHIT contractors using the additional cost reporting model (1A EMBL-HH, 1B EMBL-GR, 1C EMBL-EBI, 2 ESRF, 6 NKI, 8 UOY, 9 FUB, 11 UNIV-MRS, 12 UNIGOE, 14 FIRC-IFOM, 15 MAXLAB, 18 UKBH and 19 DESY) have their own resources that they intend to contribute to the project in addition to the eligible costs that will be funded by the Community contribution. These resources will comprise additional person-effort as well as the provision of general infrastructure and equipment as described above.

10 Ethical issues

The proposed research within the BIOXHIT project is directed towards creation of highly integrated technology platform for HTP Structural Biology and Structural Genomics through its coordinated development, assembly, installation at European synchrotron sources and provision to the user community. This platform will be based on biocrystallography as the method of choice and synchrotron radiation as the principal source of X-rays for the acquisition of diffraction data. There are no particular ethical or legal implications in the project. The participating institutions operate in full compliance with EU and national laws and regulations. Therefore, it is not planned to include specific research and stakeholder groups to deal with the ethical impact of the research undertaken. The BIOXHIT partners are aware of the EU and national laws and Regulations on clinical trials, the processing of personal data, biotechnological inventions and products, genetically modified organisms, research into human genome and the protection of animals. However, no critical issues can be foreseen at this point of time. If a critical ethical issue will arise during the project, the partners will report to the Project Steering Committee, the members of which will deal with this issue in a timely and adequate fashion.
There is a considerable social impact as was described in part B.3. The gender (equality)-related issues of BIOXHIT are addressed in part B.10. The development of molecular medicine is crucially dependent on the knowledge of accurate 3-D structures of the macromolecules of life. The platform resulting from the activities described will not only ensure that the best models are obtained from given samples, but that there is a considerable increase in the speed and efficiency of data processing. Application areas that will profit from the services provided by BIOXHIT are among others drug design, protein structure prediction from sequence, plant genetic engineering, protein engineering and therapeutics. 

Exploitation and dissemination of the knowledge that will be created within BIOXHIT will help the community to become aware of the R&D developments; the mechanisms for exploitation and dissemination of knowledge are described in parts B.6, B.4 and B.8. 
There are specific safety issues related to the handling of samples and use of synchrotron radiation. Operators of synchrotron facilities conform to their safety regulations approved at a national level. All R&D within BIOXHIT related to the use of synchrotron radiation will be entirely within the required safety standards. 
The BIOXHIT project does not involve any of the items listed in the Table below 
	
	YES
	NO

	· Human beings
	
	X

	Persons not able to give consent
	
	X

	Children
	
	X

	Adult healthy volunteers
	
	X

	· Human biological samples 
	
	X

	Human embryonic stem cells in culture 
	
	X

	Human foetal tissue/human foetuses
	
	X

	· Personal data or genetic information 
	
	X

	· Animals (any species)
	
	X

	Transgenic animals
	
	X

	Non- human primates, dogs, pigs, cats, 
	
	X

	· Release into the environment of genetically modified micro-organisms or plants
	
	X


To the best of his knowledge and on behalf of all Partners the BIOXHIT coordinator (Partner 1A) confirms that the proposed research does not involve: 

· research activity aiming at human cloning for reproductive purposes

· research activity intended to modify the genetic heritage of human beings which could make such changes heritable

· research activities intended to create human embryos solely for the purpose of research or for the purpose of stem cell procurement, including by means of somatic cell nuclear transfer

· research involving the use of human embryos or embryonic stem cells with the exception of banked or isolated human embryonic stem cells in culture 

Appendix A – consortium description

A.1 Participants and consortium

The scale of BIOXHIT requires a concerted effort of European centres that lead the field in the development of technology and the provision of automated and integrated facilities in the field of biocrystallography. In order to meet the proposed objectives of BIOXHIT the Partners have been carefully selected according to their expertise and their potential contributions to the overall project. The 20 Partners fall into five categories:

(i)
Core development and implementation sites (Partners 1A, 2, 3 and 4). These are the major European synchrotron sites EMBL/DESY Hamburg, ESRF Grenoble, SRS Daresbury and SLS Villigen. Based on their history and their experience in constructing, maintaining and operating synchrotron beamlines for a large user community, they will contribute to many workpackages and constitute the sites for early implementation of the BIOXHIT pipeline.

(ii)
Central contributors to software and hardware developments (Partners 1B, 1C, 5, 7, 9, 10, 11 and 13). These partners are identified based on their core expertise, which is absolutely essential to the overall goals of the project. In addition, Partner 11 will act as the representative from the FP5 project SPINE to ensure maximum synergism and information flow between the two projects. Partner 9 will also function as the project’s Gender Issues Manager.

(iii)
Leading research groups in the field (Partners 6, 8, 12, 14, 15 and 16). This group of Partners provides a special expertise relevant to a given area of the project; therefore, their contributions are limited to a few workpackages. Nevertheless, the contributions from this group are essential to reach the overall goals of BIOXHIT. Partner 16 will also take responsibility for all training and dissemination activities of BIOXHIT.

(iv)
Future synchrotron sites (Partners 17, 18 and 19). This group of Partners does not contribute to the S&T developments of BIOXHIT. In the case of the three future synchrotron sources, they are observing the developments, they are able to steer them by discussions with other Partners, and they will have full access to them once it becomes important with respect to implementing BIOXHIT developments at the future sites. 

(v)
Exploitation and intellectual property expert (Partner 20) The SME EMBL-EM has been chosen to work out possible exploitation of knowledge-mechanisms together with the Management Team of BIOXHIT.

These five groups of Partners and their contributions to the various workpackages and Sections have been shown in Figure 6 (part 8.3). All the activities and developments necessary to produce a pipeline from crystallisation to 3D-structure determination are convincingly covered by the selection of the Partners and their proposed contributions. The Partners and the various workpackages are tightly interconnected and every Partner contributes his or her pieces to the overall jigsaw puzzle. In the architecture of the workpackages, duplication of efforts was avoided and turned into collaborative efforts with cross-site teams working on different aspects of a task or a workpackage. Given sufficiently efficient management and coordination, such a structure seems to be ideally suited to attain the proposed objectives of BIOXHIT in a much easier and much more straightforward way than if the components of the consortium were separated.

BIOXHIT will mobilise on the one hand all European synchrotron facilities with beamlines equipped for macromolecular crystallography, either already in existence (DESY, ESRF, SRS, SLS, ELETTRA, MAXLAB) or planned for the future (SOLEIL, DIAMOND, LLS, PETRA); and on the other hand most of the software developers active in fields relevant to HTP structure determination. This represents the greatest possible mobilisation of resources at the European level, both in terms of infrastructure and of scientific talents.

European synchrotron facilities have a considerable amount of experience in the application of synchrotron radiation to macromolecular crystallography, having pioneered its use in the early 1970’s, and subsequently designed and built the first of the 3rd-generation sources at ESRF in Grenoble. Similarly European contributions to methodology and software, both past and current, have been outstanding. The BIOXHIT Partners comprise the authors of programs and packages in worldwide use, such as the CCP4 suite (Partner 10), MOSFLM for data integration (Partners 2, 3 and 5), SHELXD for heavy-atom substructure solution (Partner 12), SHARP for experimental phasing (Partner 5), ARP/wARP for automated map interpretation and model building (Partners 1A and 6), REFMAC for structure refinement (Partner 8), and autoSHARP for automated structure determination (Partner 5). These packages constitute the state of the art in their respective domains of application. They are already being used as basic building blocks in the ongoing efforts to assemble high-throughput structure determination capabilities in the US, such as the ‘Ant Farm’ developed at Northwestern University as part of the activities of the Midwest Structural Genomics Centre. The BIOXHIT Partners therefore bring together a considerable amount of expertise, which previous small-scale collaborations under FP5 projects AUTOSTRUCT and EXMAD have already enabled to engage in collaborative efforts, thus preparing the ground for an amplification of these efforts within BIOXHIT.

In the following the respective expertise for the 20 Partners is summarised. 

Partner 1A, Coordinator (EMBL Hamburg Outstation). Scientist in charge: Dr. V. Lamzin. Staff:, Dr. M.S. Weiss, Dr. M. Wilmanns, Dr. P.A. Tucker, Dr. E. Pohl, Dr. W. Meyer-Klaucke, Dr. A. Popov, Dr. A. Schmidt, Dr. C. Hermes. A system administrator, a staff member, a programmer and three postdoctoral positions will be funded from the contract.

The EMBL Hamburg Outstation operates five protein crystallographic beamlines, two of which are tuneable with a further tuneable beamline to be commissioned in 2003. It also operates one beamline for small angle scattering and one beamline for EXAFS measurements. In 2002, for protein crystallography, Partner 1A provided facilities for 214 projects carried out by 70 external user groups in 381 user visits. The recently upgraded laboratory facilities and the imminent implementation of a high-throughput protein crystallization facility mean that Partner 1A is able to contribute to most aspects of a structure determination pipeline and is interested in implementing the developments of the other partners. Historically synchrotron radiation was first exploited at the Outstation to explore biological problems and a spin-off company is now a world leader in producing two-dimensional X-ray detectors. The scientific interests of the staff are wide, ranging from methods development to addressing problems of biological relevance. Two internationally recognized software packages have been developed and experimental crystallographic phasing techniques are also being explored. A number of the staff are associate members of the Mycobacterium tuberculosis Structural Genomics consortium and have targeted proteins from this organism within their own fields of interest. Other research areas include high-resolution structural analysis, the giant muscle protein titin, enzymes of various biosynthetic pathways, signalling domains, and viral replication proteins. M. Wilmanns, P. Tucker, V. Lamzin, M. Weiss, E. Pohl, A. Popov and A. Schmidt are all protein crystallographers with many years experience in all aspects of the structure determination pipeline. C. Hermes has extensive experience of beamline development and E. Pohl is also involved in instrumentation projects. W. Meyer-Klaucke is experienced in X-ray absorption spectroscopy.

Publications relevant to the project: 

· Weiss, M. S., Sicker, T. & Hilgenfeld, R. (2001) Soft X-rays, high redundancy and proper scaling: a new procedure for automated protein structure determination via SAS. Structure 9, 771-777.

· Lamzin, V.S. & Perrakis, A. (2000) Current state of automated crystallographic data analysis. Nature Struct. Biol. 7 (Structural Genomics Supplement), 989-981.

· Pohl, E., Gonzalez, A., Hermes, C. & van Silfhout, R.J. (2001) Overview of tunable beamlines for protein crystallography at the EMBL Hamburg Outstation: Analysis of current and future usage and developments. J. Synchr. Rad. 8, 1113-1120.

· Ascone, E., Meyer-Klaucke, W. & Murphy, L. (2003) Experimental aspects of biological X-ray absorption spectroscopy. J. Synch. Rad. 10, 16-22.

· Panjikar, S. & Tucker, P.A. (2002) Xenon derivatization of halide-soaked protein crystals. Acta Cryst. D58, 1413-1420.

Partner 1B (EMBL Outstation Grenoble, France). Scientist in charge: Dr. R. Ravelli. Staff: Dr. J. Marques, Mr. F. Cipriani, Mr. M. Rower, Mr. B. Lavault. Two post doctoral positions and one software engineer position will be funded to complement the above research team.
The European Molecular Biology Laboratory (EMBL) is situated in Heidelberg (Germany), with four outstations in Europe. The Grenoble Outstation shares a Common Research Site with the Institut Laue Langevin (ILL) and the European Synchrotron Radiation Facility (ESRF), which are world-leading large-scale facilities for neutron scattering and synchrotron radiation experiments. Both these sources permit experiments on biological systems, which cannot be performed elsewhere in Europe. A major function of the Outstation is to collaborate with the ESRF in (a) the development, design and construction of instrumentation for diffraction experiments for structural biologists using synchrotron X-radiation, (b) the provision of direct user support for visiting biologists taking measurements at the ESRF, and (c) the provision of biological support laboratories, expertise and equipment for biological sample preparation, characterisation and storage. The Outstation currently comprises 40 staff members, including 14 scientists; with students, post-doctoral fellows and long-term visitors the total number of personnel comes to approximately 80. There are five research groups/teams: diffraction instrumentation and methods for synchrotron radiation, protein-RNA structures, proteins that manipulate membranes, protein-DNA structures, and neutron diffraction for structural biology. The Outstation includes mechanical and electronics workshops, instrument development laboratories, computing and graphics facilities. A major new development is the establishment on the Common Site of the Partnership for Structural Biology (PSB, http://psb.esrf.fr/), which comprises the EMBL, ESRF, ILL and IBS (CEA/CNRS Institute for Structural Biology in Grenoble). The PSB is establishing common infrastructures for high-throughput structural biology, including robotics for cloning, expression, crystallization, isotope labelling and data collection. PSB will be housed in a new building, connected to the current EMBL building. The PSB infrastructure for high-throughput structure determination is planned to be a European user and training facility in line with mandates of the three associated International Institutes. Personnel involved in the project: R. Ravelli is a scientific head of the EMBL Grenoble instrumentation group. He has extensive experience in synchrotron beamline instrumentation (he is responsible for the undulator MAD beamline ID14-EH4 at the ERSF) and in crystallographic methods. Has recently made important contributions to the study of the effects and mechanism of radiation damage in protein crystals and on the use of this effect for phasing. F. Cipriani is a technical head of the EMBL Grenoble instrumentation group. He is a research engineer, with extensive experience in instrument development, project management and technology transfer. He managed different projects leading in the construction and international installation of several instruments for X-ray and neutron protein crystallography. J. Marques is a scientist in charge of the setting up of the high throughput crystallisation facility within the EMBL/ESRF joint instrumentation group. He has extensive practical and theoretical experience in structural biology, using X-ray crystallography. He is specialised in the study of signalling molecules through structural methods. M. Rower is a medical physics engineer in charge of the automation of the nanovolume crystallisation unit. He has an experience at the Max Plank Institute for molecular genetics on the “Protein Structure Factory” project.. B. Lavault is a software engineer in charge of the automation of the sample alignment. He is experienced in object oriented software development, in architecture of network-distributed programs with an in industrial background in large multi-developers projects. He has a strong experience in image computing.

Publications / patents relevant to the project: 

· Ravelli, R.B., Leiros, H.K., Pan, B., Caffrey, M. & McSweeney, S. (2003) Specific radiation damage can be used to solve macromolecular crystal structures. Structure 11, 217-224. 

· Weik, M., Berges, J., Raves, M.L., Gros, P., McSweeney, S., Silman, I., Sussman, J.L., Houee-Levin, C. & Ravelli, R.B. (2002) Evidence for the formation of disulfide radicals in protein crystals upon X-ray irradiation. J. Synchr. Rad. 1, 342-346. 

· Weik, M., Ravelli, R.B., Kryger, G., McSweeney, S., Raves, M.L., Harel, M., Gros, P., Silman, I., Kroon, J. & Sussman, J.L. (2000) Specific chemical and structural damage to proteins produced by synchrotron radiation. Proc. Natl. Acad. Sci. USA 97, 623-628. 

· Perrakis, A., Cipriani, F., Castagna, J.C., Claustre, L., Cusack, S., Burghammer, M. & Riekel, C. (1999) Protein microcrystals and the design of a micro-diffractometer. Acta Cryst. D55, 1765-1770.

· Microdiffractometer Patents. Germany: DE19900346.7, World wide: PCT/EP00/00088, United States: US09/868646, Japan: JP2000-592621, Europe: EP00901074.5 

Partner 1C (EBI Hinxton, United Kingdom). Scientist in charge: Dr. K. Henrick. Staff: Dr. T. Oldfield, Dr. J. Ionides, Dr. J. Tate, Dr. S. Velankar, Dr. J. Swaminathan. One staff position for a software developer is to be funded from the project.
The European Bioinformatics Institute (EBI) is the flagship European public science institute in the field of bioinformatics. It is an outstation of the European Molecular Biology Laboratory (EMBL) headquartered in Heidelberg. Partner 1C represents the Macromolecular Structure Database group (eMSD) that was established to ensure that all aspects of 3D structure data are placed in the public domain and served to the scientific community. The eMSD is heavily involved in a biological structural network that spans wet and dry science, generates standards and collects, orders and disseminates information. K. Henrick is the head of the European Macromolecular Structure Database group with 20 years experience in X-ray diffraction for structural biology and data base technologies. T. Oldfield is a senior software designer with an international reputation for X-ray structure software and data mining, visualisation applications. J. Tate, S. Velankar and J. Swaminathan are experienced protein crystallographers with expertise in aspects of viral, protein-nucleic acid complexes and ligand binding structural biology and experience of application of data base technologies in these areas. J. Ionides is responsible within the MSD group for all NMR aspects of protein structure and database models. Partner 1C has accumulated wide experience of developing database applications and using these techniques to protein structure analysis and has established connections with CCP4 (X-ray), CCPN (NMR) and the RCSB (Protein Data Bank).

Publications relevant to the project: 

· Boutselakis, H., Copeland, J., Dimitropoulos, D., Fillon, J., Golovin, A., Henrick, K., Hussain, A., Ionides, J., John, M., Keller, P.A., Krissinel, E., McNeil, P., Naim, A., Newman, R., Oldfield, T., Pineda, J., Rachedi, A., Sitnov, A., Sobhany, S., Suarez-Uruena, A., Swaminathan, J., Tagari, M., Tate, J., Tromm, S., Velankar, S. & Vranken, W. (2003) E-MSD: the European Bioinformatics Institute Macromolecular Structure Database. Nuc. Acids Res. 31, 458-462.
· Fogh, R., Ionides, J., Ulrich, E., Boucher, W., Vranken, W., Linge, J.P., Habeck, M., Rieping, W., Bhat, T.N., Westbrook, J., Henrick, K., Gilliland, G., Berman, H., Thornton, J., Nilges, M., Markley, J. & Laue, E. (2002) The CCPN project: an interim report on a data model for the NMR community. Nature Struct. Biol. 9, 416-418.
· Tagari, M., Newman, R., Chagoyen, M., Carazo, J.-M. & Henrick, K. (2002) New electron microscopy database and deposition system. Trends Biochem. Sci. 27, 589-589.
Partner 2 (ESRF Grenoble, France). Scientist in charge: Dr. S. McSweeney. 
The ESRF is the only high-energy third generation synchrotron source in Europe and currently provides the equivalent of 6 dedicated beamlines for macromolecular crystallography for the use of the European community. The state-of-the-art facilities are developed and operated by the Joint EMBL-ESRF Structural Biology Group (JSBG). 1500+ visitors make use of these beamlines each year partly supported by an EU Access to Research Infrastructures grant to EMBL. ESRF has strong research activities in crystallographic methods, structural biology and synchrotron instrumentation. Together with the other international organisations co-situated on the site (EMBL, ILL) together with the French Institute de Biologie Structurale (IBS) we are developing a Partnership for Structural Biology (PSB), whose aim is to make the Grenoble site a European centre of excellence for structural genomics. High throughput facilities will include protein expression and characterisation system, protein crystallisation robotics, and a new dedicated undulator beamline ID23. 

Publications relevant to the project: 

· Micossi, E., Hunter, W. N. & Leonard, G. A. (2002) De novo phasing of two crystal forms of tryparedoxin II using the anomalous scattering from S atoms: a combination of small signal and medium resolution reveals this to be a general tool for solving protein crystal structures. Acta Cryst. D58, 21-28.

· Gordon, E. J., Leonard, G. A., McSweeney, S. & Zagalsky, P. F. (2001) The C1 subunit of alpha-crustacyanin: the de novo phasing of the crystal structure of a 40 kDa homodimeric protein using the anomalous scattering from S atoms combined with direct methods. Acta Cryst. D57, 1230-1237.

· Ravelli, R. B., Leiros, H. K., Pan, B., Caffrey, M. & McSweeney S. (2003) Specific radiation damage can be used to solve macromolecular crystal structures. Structure 11, 217-224.

· Leslie, A.G., Powell, H. R., Winter, G., Svensson, O., Spruce, D., McSweeney, S., Love, D., Kinder, S., Duke, E. & Nave, C. (2002) Automation of the collection and processing of X-ray diffraction data – a generic approach. Acta Cryst. D58, 1924-1928.

· Mitchell, E., Houles, C., Sudakevitz, D., Wimmerova, M., Gautier, C., Perez, S., Wu, A. M., Gilboa-Garber, N. & Imberty, A. (2002) Structural basis for oligosaccharide-mediated adhesion of Pseudomonas aeruginosa in the lungs of cystic fibrosis patients. Nature Struct. Biol. 9, 918-921.

Partner 3 (SRS/CCLRC Daresbury, United Kingdom). Scientist in charge: Dr. C. Nave. Staff: Dr. S. Bailey, Dr. S.H. Kinder, Dr. R. Allan. In addition to these scientists, a crystallisation technician, a postdoctoral scientist, 3 software engineers and an electronic engineer will contribute to the work. These will include new staff and staff redeployed from other activities.
This Partner will work on new hardware and software developments for Sections 1-5. Partner 3 includes a mixture of protein crystallographers, instrument designers and computer scientists with expertise in all areas from sample preparation, data collection, structure solution and Grid technology. The protein crystallography activities provide an excellent basis for testing the new methods developed in the project. C. Nave is the local coordinator, with 20 years experience in synchrotron radiation for structural biology. S. Bailey has 20 years experience as a protein crystallographer with expertise in all stages from molecular biology to structural analysis including high throughput techniques. S. H. Kinder has 15 years experience in writing software for data collection on a synchrotron, mainly for protein crystallography. R. Allan is a computer scientist who is now responsible for the UK Grid Support Centre at Daresbury and is involved with C. Nave in an e-science project for protein crystallography. Partner 3 has a long history of developing and applying techniques for protein structure determination, with a focus on the application of synchrotron radiation and software development. It supports a wide user community and has good links with developers in other laboratories and the CCP4 project.

Publications relevant to the project: 

· Leslie, A. G. W., Powell, H. R., Winter, G., Svensson, O., Spruce, D., McSweeney, S., Love, D., Kinder, S., Duke, E. & Nave, C. (2002) Automation of the collection and processing of X-ray diffraction data – a generic approach. Acta Cryst. D58, 1924-1928.

· Garman, E. & Nave, C. (2002) Radiation damage to crystalline biological molecules: current view. J. Synchrotron Rad. 9, 327-328.

· Kinder, S. H., McSweeney, S. M. & Duke, E. M. H. (1996) PXGEN: a General-Purpose Graphical User Interface for Protein Crystallography Experimental Control and Data Acquisition J. Synchrotron Rad. 3, 296-300.

· Collaborative Computational Project, Number 4. (1994) The CCP4 suite: programs for protein crystallography. Acta Cryst. D50, 760-763. (the paper was co-ordinated by S. Bailey).

· A review of UK HEC Grid infrastructure - State of the art and next steps. (Hewitt, W. T., Allan, R. & Brooke, J. eds.) - http://www.ukhec.ac.uk/publications/reports/ukhec-grid.pdf.

Partner 4 (SLS Villigen, Switzerland) Scientist in charge: Dr. C. Schulze-Briese, Staff: Dr. T. Tomizaki, C. Obrist, J. Wanek.

SLS is the latest 3rd generation synchrotron source. It is based on a number of novel features such as topup injection, passive and active electron beam stabilisation, which provide optimal conditions for protein crystallography. The beamline X06SA is designed for the study of micro-crystals as well as the weakly diffracting crystals like membrane proteins or large complexes and is MAD compatible. It is based on innovative technology like in-vacuum undulator, decoupled dynamically focussing optics, pixel- and flat panel detectors as well as a micro-diffactometer matched by modern software for very fast and efficient data collection, reduction and storage. Regular user operation began in June 2002. A second undulator beamline will start operation in January 2005. This beamline will be fully automated in the future. SLS is part of Paul Scherrer Institut, which has significant expertise in micro- and nanofabrication (LMN), detectors development as well as mechanical and electrical engineering, which will be essential for the proposed projects. SLS will bring the aforementioned expertise into the BIOXHIT collaboration and is seeking to contribute to the standardisation of the whole crystastallographic procedure on a European level from crystallisation to linking phasing with smart data acquisition. C. Schulze-Briese is the leader of the Macromolecular crystallography group and has extensive experience in synchrotron instrumentation and beamline development. T. Tomizaki is an experienced protein crystallographer and computer scientist who is responsible for data acquisition at the protein crystallography beamline. J. Wanek is an electronics engineer specialised in automation and C. Obrist is a software engineer with a strong industrial background in machine-intimate software development.

Publications relevant to the project: 

· Schulze-Briese, C., Ketterer, B., Pradervand, C., Broennimann, Ch., David, C., Horisberger, R., Puig-Molina, A. & Graafsma, H. (2001) A CVD-diamond based beam profile monitor for undulator radiation. NIM A 467-468, 230-234.

· Broennimann, C., Florin, S., Lindner, M., Schmitt, B. & Schulze-Briese, C. (2000) Synchrotron beam test with a photon-counting pixel detector, J. Synchr. Rad. 7, 301-306.

Partner 5 (SME Global Phasing Ltd. Cambridge, United Kingdom). Scientist in charge: Dr. G. Bricogne. Staff: Dr. C. Vonrhein, Dr. W. Paciorek, Dr. C. Flensburg, Dr. G. Evans, Dr. T. Thorsteinsson. One software engineer, one staff scientist and one senior programmer will be funded from the contract
Global Phasing is an SME created by Dr. G. Bricogne under an agreement with the MRC Laboratory of Molecular Biology (Cambridge, UK). It is financed through an industrial research Consortium comprising all the major pharmaceutical companies and some of the new drug discovery companies. Its main activity is the development of phasing and refinement software for macromolecular crystallography. Its main products are: (1) SHARP for experimental phasing, using a maximum-likelihood method for refining heavy-atom parameters in the presence of phase uncertainty and its graphical user interface SUSHI which incorporates a powerful script for density modification using SOLOMON; (2) autoSHARP, a system of scripts for automated structure solution from experimental phase information, using RANTAN for heavy-atom detection and scripts for driving ARP/wARP (Partner 6) in an optimal fashion; (3) BUSTER for maximum-likelihood structure refinement, using the TNT refinement package of the US developers L. Ten Eyck and D. Tronrud and providing a maximum-entropy completion capability for partial models. The “production version” of Global Phasing’s software is distributed for free to academic institutions in the entire world. SHARP/autoSHARP is now installed on over 700 machines in over 500 academic laboratories. The recently released SHARP 2.0 is the outcome of 6 man-years of additional work, entirely financed by the pharmaceutical industry, on improving the speed and performance of the previous version. Speedups factors ranging from 15 (for small problems) to 200 (for large ones) have been achieved, as well as marked improvements in the final results. In the course of developing, testing and deploying SHARP and autoSHARP over a period of almost 10 years, this Partner has often found that phasing difficulties are mostly due to problematic data, and that the latter are often the consequence of poor design of the X-ray experiment – quite apart from the obvious limitations imposed by crystal quality. As a result, it has been examining for several years a number of key issues relating to the design and implementation of optimal data collection strategies. Not being associated to any particular data collection facility, this Partner has also given much thought to the question of making future implementations of its ideas useable in as many environments (laboratories and synchrotrons) as possible. In this respect, its experience in analysing the portability and transferability issues associated with its own efforts at producing highly integrated software (such as autoSHARP and BUSTER) incorporating numerous pre-existing components, has given this Partner insights and incentive to tackle these problems in a radical manner, which it feels can bring many benefits to critical parts of the Bioxhit project. Partner 5 has already had extensive collaborative links with many of the other Partners involved in Bioxhit, through the EU FP5 projects Autostruct (Partners 1A, 1C, 6, 8, 10, 12 and 14) and Exmad (Partners 1A and 7) as well as through informal working relationships and collaborations (Partners 1A, 1B and 6). Through its industrial funding, Partner 5 is in direct contact with the structure-based drug design groups in all the major pharmaceutical companies and the most prominent drug discovery startups in the world.

Publications relevant to the project: 

· Bricogne, G. (1987) The EEC cooperative workshop on position-sensitive detector software. In Computational Aspects of Protein Crystal Data Analysis, (Helliwell, J.R., Machin, P.A. & Papiz, M.Z. eds.) Warrington: Daresbury Laboratory Report DL/SCI/R25, pp. 120-145.

· Bricogne, G. (1997) The Bayesian statistical viewpoint on structure determination: basic concepts and examples. Meth. Enzymol. 276, 361-423.

· La Fortelle, E. de & Bricogne, G. (1997) Maximum-likelihood heavy-atom parameter refinement for the MIR and MAD methods. Meth. Enzymol 276, 472-494.

· Evans, G. & Bricogne, G. (2002) Triiodide derivatization and combinatorial counter-ion replacement: two methods for enhancing phasing signal using laboratory Cu K( X-ray equipment. Acta Cryst. D58, 976-991.
· Evans, G., Polentarutti, M., Djinovic, K. & Bricogne, G. SAD phasing with triiodide, softer X-rays and some help from radiation damage. Submitted to Acta Cryst. D
Partner 6 (NKI Amsterdam, The Netherlands). Scientist in charge: Dr. A. Perrakis. Staff: Dr. S. Cohen, Mr. M. Kakaris. Programmer, postdoctoral researches and a software engineer will be appointed through this project.
The Netherlands Cancer Institute (NKI) is an integrated hospital and research centre. The research ranges from experimental therapy, through applied research with clear goals related to cancer therapy, to basic research aiming to understand the molecular basis of cancer and fundamental cellular processes. A. Perrakis leads a research group that was established in November 2001 and aims to extend the structural biology research at the NKI. The structural biology goals are split between the study of macromolecular complexes and the development of methods for macromolecular crystallography. Besides developing methods in crystallography this Partner, together with the NKI group of Dr. T. Sixma, an accomplished structural biology group, provides an active and functional test bed for high throughput approaches. This is of direct consequence in justifying the competence and excellence of the host laboratory for the current proposal. The ARP/wARP software package, which is being developed with V. Lamzin (Partner 1A), is concerned with the last steps of structure solution, model building and refinement and can be considered the industry standard in the field. It aims to transform the person-time required to create a good quality molecular model (i.e. after obtaining the first electron density maps) from weeks or months to a few CPU hours on inexpensive workstations. A. Perrakis has extensive experience in computational methods development and macromolecular structure solution, being for three years the head of the joint computing committee of EMBL and ESRF at Grenoble. S. Cohen has a background in both structural biology and computer science and mathematics and will be sub-coordinating the software development activities. M. Kakaris is a professional software engineer who ensures that the science is implemented in a documented, maintainable and extendable manner in our software. The BIOXHIT is proposed to fund a scientific programmer to complement the experience of the group and a software engineer and a post-doctoral scientist will be appointed to develop the ‘conditional dynamics light’ idea.

Publications relevant to the project: 

· Morris, R.J., Perrakis, A. & Lamzin, V.S. (2002) ARP/wARP's model-building algorithms. I. The main chain. Acta Cryst. D58, 968-975.
· Perrakis, A., Harkiolaki, M., Wilson, K.S. & Lamzin, V.S. (2001) ARP/wARP and molecular replacement. Acta Cryst. D57, 1445-1450.
· Lamzin, V. & Perrakis, A. (2000) Current state of automated crystallographic data analysis (2000) Nature Struct. Biol. 7, 978-981
· Perrakis, A., Cypriani, F., Castagna J.C., Claustre, L., Burghammer, M., Riekel, C. & Cusack, S. (1999) Protein microcrystals and the design of a microdiffractometer; current experience and plans at EMBL and ESRF/ID13. Acta Cryst. D55, 1765-1770.
· Perrakis, A., Morris, R.J. & Lamzin, V.S. (1999) Automated protein model building combined with iterative structure refinement. Nature Struct. Biol. 6, 458-463.
Partner 7 (Elettra, Trieste, Italy). Scientist in charge: Dr. K. Djinovic-Carugo. Staff: Dr. R. Pugliese, Dr. A. Galimberti, Dr. F. Bille, Dr. R. Borghes. To be funded from the contract: 5 man-years post-doctoral position to dedicate on techniques and methodologies for phasing with soft X-rays (Section 3), and 7 man-years software engineer position for development of software and hardware (Sections 1, 2, 5) for automatic beamline alignment and development of Virtual Collaboratory Software.
Partner 7 will be involved in hardware and software development for Sections 1, 2, 3 and 5. Elettra is a third-generation synchrotron radiation source, characterised by high brilliance in the ultraviolet and soft X-ray range. The infrastructure consists of a state-of-the-art electron storage ring, 260 m in circumference, with operating energy of 2.0 and 2.4 GeV, and 19 operating beamlines for experiments. Staff of 240 is engaged in activities ranging from machine operation, beamline construction, maintenance and development, and research. Elettra runs one tuneable beamline for protein crystallography. The second tuneable beamline is under construction and is planned to enter the commissioning phase in second half of 2004. The Structural Biology Unit at Elettra is fully equipped for cloning, over-expression, purification, biophysical characterisation and crystallisation of protein samples. K. Djinovic-Carugo is the Scientific Head of the Crystallography and Structural Biology Unit at Elettra, and has extensive experience in structural biology and use of synchrotron radiation for macromolecular crystallography. R. Pugliese is head of Software for Measurements group, with expertise in the development of the Elettra Virtual Users Office web application and of the Elettra Virtual Collaboratory (EVC), a collaborative virtual environment (a computer system that supports human-human and human-machine communication and collaboration) for X-ray experiments. R. Pugliese has 10 years experience in accelerator and beamline control systems, instrumentation and system integration and web based interfaces for data acquisition and control systems. Since October 2002 he is professor of E-Commerce at the University of Udine where he is associated with the Human-Computer Interaction Laboratory. A. Galimberti is a senior staff member and the coordinator of the experimental hall technical activities. He has 15 years expertise in detector, instrumentation and control system design. His most recent development is a novel photon beam position monitor for undulator beamline, which is tuneable in energy. A strong multi-disciplinary experience in the field of accelerator techniques allows him to integrate the synchrotron user requirements with the synchrotron technologies available. F. Bille is a senior staff technologist. He has 10 years experience in accelerator and beamline control systems, instrumentation and system integration and web based interfaces for data acquisition and control systems. R. Borghes is a staff technologist with proven experience in instrumentation and system integration and web based interfaces for data acquisition and visualisation.

Publications relevant to the project: 

· Chittaro, L., Ranon, R. & Pugliese, R. (2002) Elettra Virtual Collaboratory, NOBUGS 2002, November 4-6, 2002, NIST, Gaithersburg, MD, USA.
· Pugliese, R. (2000) The Elettra Virtual Users Office, NOBUGS 2000, June 12-14, 2000, NIST, Daresbury Laboratory, UK.
· Galimberti, A., Borghes, R., Presacco, R., Paolicelli, G., Paolucci,, G. & Stefani, G. (2001) The next generation of photon beam position monitors for undulator beamlines. Particle Accelerator Conference (PAC2001), Chicago, IL, USA, June 2001.
· Weiss, M.S., Sicker, T., Djinovic-Carugo, K., & Hilgenfeld, R. (2001). On the routine use of soft X-rays in macromolecular crystallography. Acta Cryst. D57, 689-695.
· Djinovic-Carugo, K., Everitt, P. & Tucker, P.A. (1999) A cell for producing xenon-derivatized crystals for cryocrystallographic analysis. J. Appl. Cryst. 31, 812-814.

Partner 8 (University of York, United Kingdom). Scientist in charge: Prof. K. S. Wilson. Staff: Dr. K. C. Cowtan, Prof. E. J. Dodson, Dr. G. M. Murshudov, Dr. J. Wilson. To be funded from the contract: 5.4 man years of postdoctoral fellows in total, 13 months on crystal recognition (Task 1.1.2), 15 months in molecular replacement (Task 4.3.4) and three years in low resolution refinement (Task 4.4.2).
This Partner will work on new software algorithms for Sections 1 and 4. Partner 8 is based in the York Structural Biology Laboratory, with several highly experienced protein crystallographers, as well as experts in biocomputing, with a tradition of developing techniques for solving crystallographic problems in a collaborative manner. There is a wealth of trial data ideal for testing new software. K. Wilson is the local coordinator, with 30 years experience in experimental protein crystallography. K. C. Cowtan has written software for density modification used throughout the scientific community, and is responsible for the GUI for the E-htpx project. E. Dodson is an international figure in structure determination and refinement and has played a big role in the growth of CCP4 (Partner 10). G. Murshudov leads a group developing new refinement algorithms and is author the widely used REFMAC program. J. Wilson is a Royal Society Fellow working on the problem of automated crystal recognition. Partner 8 has a long history of interacting with other laboratories, through activities such as the CCP4, wide dissemination of software and organisation of courses and workshops to disseminate state-of-the-art techniques to the community. 

Publications relevant to the project: 

· Murshudov, G.N., Vagin, A.A., Lebedev, A., Wilson, K.S. & Dodson, E.J. (1999) Efficient anisotropic refinement of macromolecular structures using FFT. Acta Cryst. D55, 247-255. 

· EU 3-D Validation Network: Wilson, K.S., Butterworth, S., Dauter, Z., Lamzin, V.S, Walsh, M., Wodak, S., Pontius, J., Richelle, J., Vaguine, A., Sander, C., Hooft, R.W.W., Vriend, G., Thornton, J.M., Laskowski, R.A., MacArthur, M.W., Dodson, E.J., Murshudov, G., Oldfield, T.J., Kaptein, R. & Rullmann, J.A.C. (1998) Who checks the checkers? Four validation tools applied to eight atomic resolution structures. EU validation network. J. Mol. Biol. 276, 417-436. 

· Cowtan, K.D. (1999) Error estimation and bias correction in phase improvement calculations. Acta Cryst. D55, 1555-1567. 

· Lamzin, V.S., Perrakis, A. & Wilson, K.S. (2001) The ARP/wARP suite for automated construction and refinement of protein models. In International Tables for Crystallography, Volume F, Crystallography of biological macromolecules. (eds. Rossmann, M.G. & Arnold, E.) Dordrecht: Kluwer Academic Publishers, The Netherlands. Chapter 25.2.5. 

· Wilson, J. (2002) Towards the automated evaluation of crystallisation trials. Acta Cryst. D58, 1907-1914. 

Partner 9 (PSF Berlin, Germany). Scientist in charge: Dr. U. Mueller. Staff: Dr. M. Fieber-Erdmann, Dr. B. Manjasetty, Dr. A. Turnbull, R. Förster, R. Splettstösser, 1 postdoctoral fellows will be funded from the contract 
The Berlin-based German Structural Genomics project “Proteinstrukturfabrik” is a BMBF funded interdisciplinary scientific project with the aim of three-dimensional structure determination of human proteins in a high-throughput mode. Within the project, all necessary developments were carried out within various fields: HTP protein expression and fermentation, HTP crystallisation, HTP NMR structure determination, database control over the process and the installation of three beamlines at the Berlin third generation synchrotron source BESSY, which includes two state-of-the-art tuneable wavelength beamlines equipped with high performance detectors for MAD data collection and one fixed energy beamline. The complete factory pipeline is currently in full operation mode and various human protein structure solutions have been carried out or are currently under investigation. Within BIOXHIT, the Protein Structure Factory will convey its five years experience to the newly emerging projects on the European level and will further develop its technology platforms in cooperation with the consortium Partners. Currently there are four scientists and two engineers directly located at the BESSY outstation who will be responsible for carrying out the tasks within BIOXHIT with one additional postdoctoral fellow funded by BIOXHIT. The long-term cooperation with industrial partner ACCEL-Instruments GmbH and the closely located headquarter and R&D facility of Roentec GmbH (same campus) enables the provision of additional SME contributors with a declared scientific interest to participate within the BIOXHIT project.

Publications relevant to the project: 

· Mueller, U, Eickhoff, H, Nyarsik, L, Horn, M. Lehrach, H, Saenger, W, (2001) Development of a technology for automation and miniaturization of protein crystallization, J. Biotechnol. 85, 7-14.

· Heinemann, U., Buessow, K., Mueller, U. & Umbach, P. (2003) Facilities and methods for the high-throughput crystal structural analysis of human proteins. Acc. Chem. Res. in press.

· Manjasetty, B., Delbrueck, H., Trung P., Mueller, U. Buessow K., Niesen F., Weihofen W., Loll, B., Saenger W. & Heinemann U. (2003) Crystal structure of homo sapiens translational protein p14.5, in preparation

· Mueller, U., Buessow, K., Diehl, A., Niesen, F., Nyarsik L. & Heinemann, U. (2003) Rapid structure determination of a protein carrying two small terminal affinity tags: Potential for automated protein structure analysis. J. Struct. Funct. Genom. submitted.

Partner 10 (CCP4, Daresbury, United Kingdom). Scientist in charge: Dr P.J. Briggs. Staff: Dr M.D. Winn, Mr. A.W. Ashton, Dr. C.C. Ballard. 2 four year positions (research assistants/programmers) will be funded from the contract.
Partner 10 is the core development group for the UK-funded CCP4 project. The group coordinates software development for protein crystallography structure solution, and releases a software suite to over 500 sites worldwide about once a year. The suite is ported to all major platforms and there is significant user support through documentation, tutorials and a helpdesk. There is a well–established collaboration in the development of software with Partners 5, 6 and 8, and the group is active in several EC grants, as well as the UK-funded e-HTPX project. All software produced by Partner 10 is distributed free-of-cost to the academic community. The principal scientific personnel involved are: P.J. Briggs who has 5 years experience with CCP4. He is the lead developer for the CCP4 GUI “ccp4i” and the underlying job database; M.D. Winn is a team leader of the CCP4 group at Daresbury. He is currently working on the re-write of the core CCP4 libraries, as the basis of automation efforts. A.W. Ashton has 6 years experience with CCP4. He is leading the development of the MOLE project tracking system (LIMS). C.C. Ballard has 3 years experience with CCP4 and is currently working on the core CCP4 libraries and the integration into CCP4 of non-core software (e.g. Clipper). 

Publications relevant to the project: 

· Collaborative Computational Project, Number 4 The CCP4 Suite: Programs for Protein Crystallography (1994) Acta Cryst. D50, 760-763.

· Dodson, E.J., Winn, M.D. & Ralph, A.C. A Collaborative Computational Project, Number 4: Providing Programs for Protein Crystallography (1997) Meth. Enzymol. 277, 620-633.
· Winn, M.D., Ashton, A.W., Briggs, P.J., Ballard, C.C. & Patel, P. Ongoing developments in CCP4 for high-throughput structure determination. (2002) Acta Cryst. D58, 1929-1936.

· Briggs, P.J. Developments with CCP4i: October 2002. (2002) CCP4 Newsletter, Number 41.

· Winn, M.D. Developments with the CCP4 library II. (2002) CCP4 Newsletter, Number 41.

Partner 11 (AFMB, Université Aix-Marseille II, France). Scientist in charge: Prof. C. Cambillau. Staff: Dr. S. Spinelli, Dr. G. Sulzenbacher, Dr. V. Campanacci, Veronique Zamboni, Dr. Arnaud Gruez. 
AFMB is a Structural Biology Laboratory which has 72 members, among which approximately 30 are directly involved in protein crystallography. The remaining people are in charge of NMR, molecular biology, biochemistry, enzymology and biophysics. AFMB is involved in 4 structural genomics (SG) programmes for which a common platform for protein expression, purification and crystallisation has been set up. One of these programmes, the 5th PCRDT IP SPINE, is a major component for the integration of AFMB approaches with other European Partners. Together with the protein production facility in Oxford (OPPF), AFMB has been leader in Europe for robotised crystallisation and the use of nanodrops (ref. 1). The people involved in the BIOXHIT project are: C. Cambillau, who is AFMB Principal Investigator and is Research Director with CNRS. He has 152 published articles in refereed journals and has deposited 126 structures in the PDB. S. Spinelli is Senior Scientist (CNRS), in charge of the crystallisation platform. G. Sulzenbacher,  Young Scientist (CNRS) is in charge of the diffraction platform. V. Campanacci, Young Scientist (CNRS), is in charge of the quality control of proteins. V. Zamboni, Technical Assistant, is in charge of the crystallisation robots use and maintenance. A. Gruez, a post-doctoral fellow, is a key player with the technology development, in particular the nanolitre crystallisation approach.

Publications relevant to the project: 

· Sulzenbacher, G., Gruez, A., Roig-Zamboni, V., Spinelli,, S. Valencia, C., Pagot, F., Vincentelli, R., Bignon, C., Salomoni, A., Grisel, S., Maurin, D., Huyghe, C., Johansson, K., Grassick, A., Roussel, A., Bourne, Y., Perrier, S., Miallau, L., Cantau, P., Blanc, E., Genevois, M., Grossi, A., Zenatti, A., Campanacci, V. & Cambillau, C. A medium-throughput crystallization approach. (2002) Acta. Cryst. D58, 2109-2115. 

· Lartigue, A., Gruez, A., Spinelli, S., Briand, L., Pernollet, J-C., Tegoni, M. & Cambillau, C. Optimization of crystals obtained with nanodrops: crystallization and preliminary crystallographic study of a pheromone binding protein from the bee Apis melifera. Acta. Crystallogr. D in press. 

· Vincentelli, R., Bignon, C., Gruez, A., Sulzenbacher, G., Canaan, S., Tegoni, M., Campanacci, V. & Cambillau, C, Structural genomics of bacterial proteins at lab scale: new strategies for proteins expression and crystallization. Accounts Chem. Res. in press & e-pub (2003). 

· Campanacci, V., Lartigue, A., Hallberg, B.M., Jones, T.A., Giudici-Orticoni, M-T., Tegoni, M. & Cambillau, C. Moth chemosensory protein exhibits drastic conformational changes and cooperativity upon ligand binding, PNAS, in-press. 

· Desmyter, A., Spinelli, S., Lauwereys, M., Wyns, L., Muyldermans, S. & Cambillau, C. Camelids VHH domains in complex with porcine amylase: inhibition and involvement of framework in interactions. (2002) J. Biol. Chem. 277, 23645-23650. 

Partner 12 (University of Goettingen, Germany). Scientist in charge: Prof. G.M. Sheldrick. Staff: Dr. R. Herbst-Irmer; PhD students E. Alexopoulos, G. Bunkóczi, J. Debreczini, I. Müller and C. Schlicker; Electronics technician H. Dehnhardt. 1 postdoctoral scientist to be funded by the contract.
Partner 12 has developed a widely used (about 3,000 registered users, well over 10,000 citations per year) suite of programs for crystal structure determination called SHELX. The main author of the software, G. Sheldrick, has about 750 publications. These programs are distributed free as open source to academic users. The postdoctoral position to be funded by this contract is essential for providing user support and for integrating the programs with the contributions from other partners.

Publications relevant to the project (illustrating the existing collaborations with Partners 5 and 14): 

· Sheldrick, G.M. Macromolecular phasing with SHELXE. (2002) Z. Kristallogr. 217, 644-650.

· Sheldrick, G.M., Hauptman, H.A., Weeks, C.M., Miller, M. & Uson I. Direct methods: ab initio phasing. (2001) In International Tables for Crystallography, Vol. F, (Arnold, E. & Rossmann, M. eds.) pp. 333-351. Dordrecht: Kluwer Academic Publishers.

· Schneider, T.R. & Sheldrick, G.M. Substructure solution with SHELXD. (2002) Acta Cryst. D58, 1772-1779.

· Uson, I. & Sheldrick, G.M. Advances in direct methods for protein crystallography. (1999) Curr. Op. Struct. Biol. 9, 643-648.

· Uson, I., Sheldrick, G.M., de La Fortelle, E., Bricogne, G., Di Marco, S., Priestle, J.P., Gruetter, M.G. & Mittl, P.R.E. The 1.2Å crystal structure of hirustasin reveals the intrinsic flexibility of a family of highly disulphide-bridged inhibitors. (1999) Structure 7, 55-63.

Partner 13 (SOLEIL Saclay, France). Scientist in charge: Dr. A. Thompson. Staff: Dr. E. Girard, Mr. L. Roussier, Mr. M. Ounsy. 2 posts for 2 years each will be funded from the grant to develop alogorithms for beamline alignment and feedback control, to complement the above. Hardware support will be provided by the SOLEIL engineering group.
SOLEIL is the new French national synchrotron source under construction at St Aubin, close to the Orsay site of LURE. It is due to become operational for users early in 2006. Two tuneable beamlines for protein crystallography are under construction, one optimised for crystals of large unit cell dimensions (operational in 2006) and one for micro-crystals (operational in 2007). Both beamlines are being designed to have a high level of automation. Staff at SOLEIL has considerable experience in the field of synchrotron beamline design and automation. A. Thompson is the local beamline coordinator for macromolecular crystallography. L. Roussier is the software engineer in charge of the experimental control group at LURE. The group have recently developed a PYTHON based object-orientated experimental control program PYEXP. M. Ounsy is a software engineer in the experimental control group at SOLEIL and is an expert in object orientated control and architecture. E. Girard is a post-doctoral fellow at SOLEIL. He has worked extensively with producing novel derivatives for anomalous phasing and has experience in protein crystallography data processing and analysis. Since the protein crystallography facilities are being designed from the beginning, SOLEIL represents an ideal site for implementing and testing BIOXHIT technology under development.

Publications relevant to the project: 

· Cassetta, A., Deacon, A.M, Ealick, S.E, Helliwell, J.R. & Thompson, A.W. (1999) Development of instrumentation and methods for MAD and structural genomics at the SRS, ESRF, CHESS and Elettra facilities. J. Synchr. Rad. 6, 822-833.

· Felisaz, F, Steinemann, R, Thompson, A.W. & Stojanoff, V. (2000) A liquid nitrogen cryospray for biological applications. Physica B284-288, 2047-2048.

· Thompson, A.W. (2001) The design of X-ray beamlines for measuring small anomalous signals. In Methods in Macromolecular Crystallography, NATO Science Series 1: Life and behavioural sciences Vol 325, (Johnson, L. & Turk, D. eds.), IOS Press, 26-42.

Partner 14 (IFOM Milano, Italy). Scientist in charge: Dr. T.R. Schneider. The following IFOM staff members will be involved: 1 postdoctoral scientist and one software engineer. 1 postdoctoral scientist to be funded by the contract.
The Institute of Molecular Oncology (IFOM) is the research facility of the Italian Foundation for Cancer Research (FIRC). The institute comprises several research programs focusing on various aspects of molecular oncology and a technology core offering advanced experimental methodologies in nanotechnology, bioinformatics and structural biology. T.R. Schneider is leading a group for biocrystallography at IFOM since October 2003. The group is active in structural biology of cancer-related molecules and in the development of methods for macromolecular crystallography. Partner 14 has a strong background in the development of crystallographic methods and will concentrate on further developing methods for the validation of heavy atom substructures with emphasis on the detection of non-crystallographic symmetry. The postdoctoral scientist to be funded by the contract will write a computer program for the validation of substructures, integrate the program into the structure determination pipeline, and establish robust procedures to be used by non-expert users. Technical support will be provided by a software engineer from IFOM. The software will undergo extensive testing by other members of the group and in ongoing crystallographic projects in the institute. The resulting program will support the structure determination pipeline both in assisting decision-making processes and in providing constraints to be used in later stages of the phasing process. T.R. Schneider has been involved in numerous teaching workshops (18 as a tutor, 2 as an organiser). He will develop up-to-date training material and continue the teaching activities to support the training aspects of the project.

Publications relevant to the project: 

· Schneider, T.R. & Sheldrick, G.M. Substructure solution with SHELXD. (2002) Acta Cryst. D58, 1772-1779.

· Schneider T.R. A genetic algorithm for the identification of the conformationally invariant regions in protein molecules. (2002) Acta Cryst. D58, 195-208.

· Rudolph, M.G., Kelker, M.S., Schneider, T.R., Yeates, T.O., Oseroff, V., Heidary, D.K., Jennings, P. & Wilson, I.A. Use of multiple anomalous dispersion to phase highly merohedrally-twinned crystals of Interleukin 1b. (2003) Acta Cryst. D59, 290-298.

· Dall'Antonia, F., Baker, P.J. & Schneider, T.R. Optimization of selenium substructures as obtained from SHELXD, submitted to Acta Cryst. D.

· Schneider, T.R. Tutorial on how to solve a Se-substructure using SHELXD. http://shelx.uni-ac.gwdg.de/~trs/mad/mad.html

Partner 15 (Maxlab - Lund University, Sweden). Scientist in charge: Dr. M. Thunnissen. Staff: Dr. T. Ursby, Dr. D. Logan, Y. Cerenius, Dr. C. Svensson. 

The Partner will work on automation of the user stations at the new beamline Cassiopeia (I911) in Sections 2 and 3. This involves implementing tools for beamline automation as well as for crystal handling. MAX II is a 1.5 GeV third generation synchrotron radiation source. There is currently 1 beamline, I711, for macromolecular crystallography, which has been in operation since 1997, resulting in over 150 publications. The second beamline, Cassiopeia (I911), with 5 user stations, is currently under development. The central beam will be used for a multiple wavelength anomalous dispersion (MAD) station (tuneable from 0.7 to 1.8 Å) planned to become operational during the autumn of 2003. The four monochromatic side stations will have different wavelengths, 0.91, 0.97, 1.03 and 1.25 Å Two of these stations will become operational in spring 2003. A significant contribution to the funding for the new beamline has come from industrial partners, Astra Zeneca in Sweden and Novo Nordisk in Denmark. MAX-Lab has a relatively small but well trained staff and is a unique resource for macromolecular crystallography in Scandinavia. Marjolein Thunnissen has coordinated development of Cassiopeia. Thomas Ursby has contributed substantially to the optics of Cassiopeia thanks to his experience from the ESRF. Derek Logan and Yngve Cerenius maintain I711 and have contributed to Cassiopeia. Christer Svensson has considerable experience of goniometer design. 

Publications relevant to the project: 

· Cerenius Y., Ståhl, K., Svensson, LA, Ursby, T., Oskarsson, Å., Albertsson, J. & Liljas, A. The crystallography beamline I711 at MAX II. J. Synchr. Rad. (2000) 7, 203-208. 

· Mammen, C.B., Ursby, T., Cerenius, Y., Thunnissen, M., Als-Nielsen, J., Larsen, S. & Liljas, A. Design of a 5-Station Macromolecular Crystallography Beamline at MAX-lab. Acta Physica Polonica (2002) A101, 595. 

Partner 16 (University of Copenhagen, Denmark), Scientists in charge: Prof. S. Larsen (chemistry); Prof. J. Als-Nielsen (physics); Two Ph.D. students to be partially funded from BIOXHIT.
This partner will contribute to developments in Section 2 and 4 and function as a Coordinator for Section 6. There are close interactions between the crystallographic groups in physics and chemistry, which possess complementary expertises in experimental X-ray crystallography. The Partner has a strong tradition in training and education in crystallography and has been heavily engaged in the design and development of the Cassiopeia beamline at MAX-lab. J. Als-Nielsen is internationally recognised for his contributions to design and development of beamlines for X-ray synchrotron radiation and as an author of a widely used textbook in X-ray physics. He is responsible for the test and implementation of a Bragg-Fresnel lens that can be used to establish a microfocus beam at smaller synchrotrons. Crystallography in chemistry is lead by S. Larsen, in addition to its extensive structural biology research program the group has maintained the strong tradition in the measurements of accurate low temperature data and their use in experimental charge density studies. It is the combination of the expertise in these diverse applications of crystallography will be employed in the BIOXHIT project. S. Larsen holds the position as General Secretary and Treasurer of the International Union of Crystallography. 

Publications relevant to the project: 

· Als-Nielsen, J. & McMorrow, D. (2001) Elements of X-ray Physics, John Wiley & Sons Ltd.

· Mammen, C.B., Ursby, T., Cerenius, Y., Thunnissen, M., Als-Nielsen, J., Larsen, S. & Liljas, A. (2002) Design of a 5 station macromolecular beamline at MAX-lab. Acta Physica Polonica A A101, 595-602.

· Madsen, D., Flensburg, C. & Larsen, S. (1998) Properties of the experimental charge density of methylammonium hydrogen maleate. A salt with a very short intramolecular hydrogen bond. J. Phys. Chem. 102, 2177-2188.

· Molgaard, A. & Larsen, S. (2002) A branched N-linked glycan at atomic resolution in the 1.12 Å structure of rhamnogalacturonan acetylesterase. Acta Cryst. D58, 111-119.

Partner 17 (DIAMOND, Chilton, United Kingdom). Scientist in charge: Dr. E. Duke
This Partner is the new third generation synchrotron source to be built at the Rutherford Appleton Laboratory at Chilton in Oxfordshire. The first beamlines are expected to be operational with users in 2007. Of the seven beamlines funded for Year 1 operation, three will be dedicated to macromolecular crystallography. Currently plans for these beamlines are in their early stages. E. Duke has 10 years of experience in the use of synchrotron radiation for structural biology, in particular in the areas of beamline instrumentation and hardware for beamline automation. In particular this experience has been gained through a long and fruitful association with the SRS at CCLRC Daresbury (Partner 3). Partner 17 will provide input on new hardware and software developments for Sections 1-5 and has a great interest in the implementation of the results of the BIOXHIT program on the protein crystallography beamlines planned for operation on DIAMOND.

Publications relevant to the project: 

· Leslie, A.G.W., Powell, H.R., Winter, G., Svensson, O., Spruce, D., McSweeney, S., Love, D., Kinder, S., Duke, E. & Nave, C. (2002) Automation of the collection and processing of X-ray diffraction data – a generic approach. Acta Cryst. D58, 1924-1928.

· Kinder, S.H., McSweeney, S.M. & Duke, E.M.H. (1996) PXGEN: a General-Purpose Graphical User Interface for Protein Crystallography Experimental Control and Data Acquisition J. Synchrotron Rad. 3, 296-300.

Partner 18 (Laboratorio LLum de Sincrotró LLS, Barcelona, Spain). Scientist in charge: Dr. J. Juanhuix

The LLS staff is responsible for the technical definition, construction and future exploitation of the recently approved Spanish Synchrotron Light Source (the declaration of intention to build was made public by the relevant authorities on the 14th March 2002). This will be a medium energy (2.5-3.0 GeV) third generation light source situated in the area of el Vallés, located at about 30 km from the centre of Barcelona (Spain). The go-ahead for the initiation of the construction of this facility was given on the 14th of March 2003. The capital project includes 5 beamlines for Year-1 operation, with one of them likely to be dedicated to macromolecular crystallography with full multiple-wavelength anomalous diffraction (MAD) capabilities. In addition, LLS operates one MAD capable beamline at the ESRF under the scheme of a collaborating research team (CRG). Notwithstanding the possible contributions that may be made, Partner 18 primarily wishes to become an observer of the BIOXHIT project, as it is very likely that the results of BIOXHIT will be implemented into the facilities to be available for users in 2009. In addition, if deemed necessary, that LLS would place at the disposal of other BIOXHIT Partners, and as part of the in-house research effort, the use of the fairly unique CRG facilities it manages at the ESRF. J. Juanhuix has several years experience in the development, management and usage of experimental facilities for macromolecular crystallography at synchrotron radiation sources.

Publications relevant to the project: 

· Gaboriaud, C., Juanhuix, J., Darnault, C., Thielens, N., Fontecilla-Camps, J. and Arlaud, G. (2003) The crystal structure of the heterotrimeric globular "head" of complement protein C1q yields insights into its recognition function. Nature Immunology (Submitted for publication).

Partner 19 (HASYLAB at DESY, Hamburg, Germany). Scientist in charge: Dr. E. Weckert
Partner 19 has a long-standing tradition in providing synchrotron radiation to more than 2,000 users per year across a large number of disciplines. One of the main user groups is structural biology, which is served by EMBL Outstation (Partner 1A) and the Max Planck group. In addition to the high flux, second generation storage ring DORIS III, DESY will rebuild its 2,304 m long storage ring PETRA to a third generation synchrotron radiation source running at 6 GeV particle energy with an emittance of 1 nmrad from 2007 on. This will be the most brilliant source for X-rays worldwide. E. Weckert has almost 20 years of experience in crystallography and synchrotron radiation experiments. His main interests are in diffraction physics and methodological investigations in the field of macromolecular crystallography. He is the project manager of the PETRA upgrade at DESY. Since some of the Sections of the BIOXHT integrated project deal with synchrotron experimental stations and data collection, it will certainly be of great mutual benefit if a representative of the PETRA project group participates and contributes in the relevant meetings. This would assure a steady exchange of critical information that will lead to most reliable and easy to run beamlines which are the prerequisite for highly automated high throughput end stations and therefore to the benefit of the whole user community. These discussions should also make sure that as far as possible techniques and devices developed within BIOXHIT project for present SR beamlines can easily be transferred to new beamlines at future sources.

Publications relevant to the project: 

· Mueller, R., Weckert, E., Zellner, Z. & Drakopoulos, M. (2002) Investigation of radiation dose induced changes in organic light-atom crystals by accurate D-spacing measurements. J. Synchr. Rad. 9, 368-374.

· Neutze, R. Wouts, R., v.d. Spoel, D., Weckert, E. & Hajdu, J. (2000) Potential for biomolecular imaging with femtosecond X-ray pulses. Nature 408, 752-757.

· Weckert, E., Hoelzer, K., Schroer, K., Zellner, J. & Huemmer, K. (1999) Feasibility study for the measurements of a large set of triplet phases from a small protein. Acta Cryst. D55, 1320-1328.

· Weckert, E & Huemmer, K. (1997) Multiple beam X-ray diffraction for physical determination of reflection phases and its applications. Acta Cryst. A53, 108-143.

Partner 20 (SME EMBLEM, Heidelberg, Germany). Person in charge: Dr. G.M. Lamm. Staff: Dr. T. Schneider, Dr. M. Raditsch, Dr. B. Kerber.

Partner 20 is an SME: EMBLEM - Innovations from Europe for Europe (http://www.embl-em.de). The Partner will be responsible for the protection and the commercialisation of know-how and intellectual property developed during the BIOXHIT project in return for a management fee and reimbursement of the incurred patent and legal costs to be defined in the Consortium framework agreement. The Partner will additionally provide training in technology transfer management, intellectual property issues and patent strategies to interested members of the other consortium Partners’ institutes. EMBLEM Technology Transfer GmbH is a wholly owned subsidiary of the European Molecular Biology Laboratory (EMBL) and exclusively responsible for commercialising and disseminating all intellectual property and associated technologies developed at EMBL, including its outstations in Hinxton (U.K.), Hamburg (Germany), Grenoble (France) and Monterotondo (Italy). In addition, EMBLEM is dedicated to support European research institutions and universities in the field of technology transfer. EMBLEM actively identifies, protects, markets and commercialises intellectual property and materials. Competent members of the team combine a broad range of patenting and business skills and expertise, coupled with research experience. This puts EMBLEM in a position to talk science with scientists and business with our commercial partners. EMBLEM has an excellent track record in, and a worldwide network for, commercialising basic research-derived intellectual properties. EMBLEM currently has a portfolio of over 120 patents, patent applications and copyrights and more than 180 license and consultancy agreements in place with about 140 licensees worldwide including all the major players in the pharmaceutical and biotechnology market. Partner’s start-up portfolio currently contains eight spin-off companies spanning from bioinformatics to proteomics. EMBLEM also sources and commercialises intellectual property from the EMBL-Alumni network and third parties including European institutions, universities and companies.

Publications relevant to the project:
· Louet, S. EMBLEM Technology Transfer GmbH: Europe´s Start-Up Factory. (2002) In Vivo Europe RX 11 pp. 29-30. Windhower Information Inc. Publishers.

A.2 Sub-contracting

Industrial involvement is foreseen at two levels. Two SMEs are full Partners of BIOXHIT from the start of the project. One of them is Global Phasing (Partner 5), which is a central contributor to the proposed software developments. With their software packages SHARP and autoSHARP, Global Phasing is one of the world-leading contributors to the field of phase determination and automation of structure determination. EMBL-EM (Partner 20) provides expertise in knowledge exploitation and intellectual property rights issues. Already at this stage of the project, the involvement of three more SMEs (Allegro, BioTom, Nunc) is foreseen for activities in Section 1 on the level of subcontracting, one within Section 2 (ACCEL), one more (Röntec) for activities in Section 3 and another one (ApaSphere) for activities in Section 4. Should, at a later stage, the participation of more SME s deemed necessary and fruitful for the project, either a call for new Partners will be launched, or more SMEs will be associated with BIOXHIT through subcontracting.

The high-throughput capabilities produced by the BIOXHIT Project will create numerous commercial opportunities for new types of SMEs. Some of them might be created in close association with the synchrotron facilities themselves, and would exploit the enormous added value to what was previously the simple provision of beam time, as these capabilities would increase the productivity per unit of beam time by orders of magnitude. Further downstream, companies offering structure determination services (like AXAS in the USA, based at the Argonne synchrotron) would become viable whereas they would not be without those capabilities. Further still, drug discovery companies planning to use intensive “bind and grind” or “combinatorial crystallography” approaches to carry out the first round of lead compound selection for given target proteins, and to sell the whole package of results to big pharmaceutical companies for further investigation, could be set up in greater numbers. This would contribute to increasing the innovative capacity of the European pharmaceutical industry, which has been lagging behind that of its US counterpart.

Subcontracting in Section 1

Partner 11 plans to sub-contract the SME BioTom for the development of a crystallisation storage robot affordable for medium-sized laboratories. Another aim is to integrate the cabinet within a complete chain of instruments. The subcontractor shall use, as far as possible, standard components. Intellectual property rights are not affected, since the subcontractors service will only utilise state of the art know-how. Partner 11 also plans to subcontract the two SMEs Nunc and Greiner for the development of a new nano-crystallisation plate. Partner 11 intends to seek a suitable SME for the development of novel, improved nano-drops dispensing technologies. 

Subcontracting in Sections 2 and 3

Partner 9 intents to subcontract the design, construction and prototyping of a UHV-compatible X-ray monitor system for the tasks of WP 2.1. While the BIOXHIT consortium has sufficient know-how to design and manufacture the prototypes, there is still effort and know-how needed for the vacuum chamber design and production. However, the design and manufacture of such devices is state of the art and does not contribute to the core research work related to the BIOXHIT project, i.e. does not contribute to the that needs to be performed. Subcontracting is foreseen within the above mentioned field. Partner 9 also intents to subcontract the design and construction and prototyping of high performance fluorescense detector within WP 3.3. This is nessesary, because there are no adequate capacities and related knowledge available to do this development alone with the BIOXHIT consortium. The subcontractor shall use, as far as possible, standard off-the-shelf components to be customised according to the requirements of the devices to be developed within WP 2.1. Intellectual property rights are not affected, since the subcontractors service will only utilise state of the art know-how. 

Subcontractors will be chosen from a competitive BIOXHIT call for tender. In accordance with the financial guidelines of the EC, at least 3 potential subcontractors will be asked for quotation. The quotation with the best quality to price ratio will be chosen. 

A.3 Third parties

In the original BIOXHIT proposal the total number of partners was 27. 5 of these were to provide a contribution to the project, which was rather narrow and intricately linked to the contributions of other partners, see the table below. Following the recommendations given in the Evaluation Summary Report to consider reduction in the number of project partners, we have decided to apply the new third-party model to these 5 former partners. This should by no means considered as an attempt to formally reduce the number of parthers. It is rather a consequence of the fact that their research contributions are linked closely to others. Within BIOXHIT it is essential to make use of specific expertise of these third parties, which will be realised through their respective contractors of the project. The involvement of the third parties will be goverened by a prior agreement with their respective contractors. Their intellectual property rights and access to the BIOXHIT results will be defined in the project consortium agreement as well as in bi-lateral contracts between the third parties and respective BIOXHIT partners.

	BIOXHIT partner
	Associated Third Parties

	1A (EMBL-HH)
	MPG-ASMB Hamburg, Dr. Hans Bartunik

	2 (ESRF)
	IBS Grenoble, Dr. Jean-Luc Ferrer, Dr. Frank Kozielski

	2 (ESRF)
	MRC-LMB Cambridge, Dr. Andrew Leslie

	11 (UNIV-MRS)
	LEBS-CNRS Gif-sur-Yvette, Dr. Joel Janin

	12 (UNIGOE)
	IBM Barcelona CSIC, Prof. Isabel Uson


The Max-Planck-Unit for Structural Biology (MPG-ASMB) is an academic institution, which is located on the DESY campus and belongs to the Max-Planck-Society. The Research Unit for Protein Dynamics of the MPG-ASMB develops methods of crystal structure solution with synchrotron radiation and investigates the three-dimensional structures and structure-function relationships of biological macromolecules. MPG-ASMB is involved in the development of experimental techniques and computer software for automatic sample centring, automatic beamline alignment and automatic diffraction data collection on their BW6 beamline at DESY. For several years it has been involved in the joint development of the strategy software BEST with Partner 1A. Since the development of this software occupies a prominent place in Sections 3 and 4, it is essential to make use of the MPG-ASMB special expertise in this area.

The Institut de Biologie Structurale (IBS), which is sponsored by the Centre National de la Recherche Scientifique (CNRS), the Commissariat a l'Energie Atomique (CEA) and the Universite Joseph Fourier (UJF), possesses a unique technical platform comprising three X-ray diffractometers equipped with rotating anode generators, high-field NMR machines (600 and 800 MHz), mass spectrometers, conventional and field emission gun electron cryomicroscope, analytical ultracentrifuge and crystallisation robot. The IBS is also in charge of beamline FIP-BM30A at and is closely related to the European Synchrotron Radiation Facility (Partner 2, ESRF). IBS Grenoble has a long-standing record in development of web-based services for automated access to robotics. This will be exploited by Partner 2 for the tasks in Section 1 with regard to the crystallisation robotics. Furthermore, IBS will design a new crystallisation plate for diffraction experiments that BIOXHIT will benefit from.
A. Leslie (MRC-LMB, Cambridge, United Kingdom) is an experienced macromolecular crystallographer who has been involved in the development of one of the world-leading data integration software (the MOSFLM program) for more than 15 years. This program package is used in home laboratories and at synchrotron sites across the world. A. Leslie is a participant in the DNA project, a collaborative venture involving the ESRF (Partner 2) and SRS (Partner 3), aimed at the automation of data collection and processing. It seems natural to keep an active information flow between A. Leslie and BIOXHIT partners in order to ensure that the relevant project developments are passed over without delay to Leslie for incorporation into new versions of his software. The involvement of MRC-LMB will be realised in a form of joint meetings and workshops and Partner 2 (ESRF) will ensure the communication.

The Laboratoire d'Enzymologie et Biochimie Structurale (LEBS-CNRS UPR9063) is an academic institution located on the CNRS campus in Gif-sur-Yvette, South of Paris. The Structural Genetics group of LEBS leads the South-Paris Yeast Structural Genomics project (http://genomics.eu.org) and is part of the French Structural Genomics effort. J. Janin, Professor of Biophysics in Orsay, Head of LEBS and Member of EMBO, has a long-standing collaboration with Partner 11 (UNIV-MRS) on high-throughput methods for protein production and crystallisation, bioinformatics and robotics. Partner 11 will ensure that the expertise of LEBS-CNRS is exploited for the tasks in Section 1 for remote data handling of the crystallisation images. 
Prof. I. Uson (Institut de Biologia Molecular de Barcelona, CSIC, Spain) has a long-standing collaboration with Partner 12 on the development of ab initio methods of phasing macromolecules. She was a former member of Partner 12’s group and has recently accepted a permanent research appointment in Barcelona. Her close interactions with Partner 12 through regular visits to the University of Goettingen and also frequent trips to synchrotron sites within the BIOXHIT consortium will be extremely beneficial for some of the tasks in Section 4. Partner 12 will ensure that Uson’s contribution with respect to the phasing software will be immediately made available to the BIOXHIT partners. 

A.4 Competitive calls

The integration of new partners is not foreseen, as the consortium and workplan have been designed so as to include the competences necessary to carry out the planned research work from the start of the project. However, should the need for integrating new expertise and partners occur, the following approach will be used for the selection of new partners:

· Decision on advertisement of call and its details (contents, schedule, budget) after discussion in the General Assembly based on a proposal made by the Project Steering Committee

· Mechanisms for dissemination:

The calls will be published through severall channels:

1) CCP4, PDB and other E-mailing lists:

2) Publication on the project website as well as on the Partners’ job advert web pages

3) Publication in the relevant newsletters and scientific journals:

Application procedure is planned as follows:

· Interested institutions will complete a proposal form (provided by the Coordinator) containing administrative information regarding the instution (based on CPF form), a profile of the institution and the staff to be involved in the work, financial information (breakdown of estimated costs for task to be carried out) and work description and send it to the Research Director (PDF format)

· Proposals will be evaluated according to the evaluation procedures described below

· Once a ranking of potential candidates has been made by project Review Committee, the coordinator will contact the respective candidates 

· The candidate will confirm (by a signed letter of commitment) that he agrees to become a partner in the BIOXHIT consortium and to take over the rights and obligations in conjunction with the task(s)

· Integration procedures will start, i.e. communication of additional data needed, signature of the accession form as well as the consortium agreement

· Transfer of payment by Coordinator will be carried out

The following is planned as evaluation criteria 

· Proven scientific excellence and expertise needed to carry out the work

· Quality of proposed work description

· Quality of resource planning (best value for money) 

The Review Committee

· The review committee will consists of the Coordinator, the Research Director, the section manager(s) of the section(s) in which the new partner will be involved and the chair of the Scientific Advisory Board.

Assessment process

· All applications submitted in response to a specific call will be forwarded to the members of the review committee by the Research Director. They will be reviewed within a set time limit and receive evaluations according to the criteria listed above

· The results of the review will be collated by the Resarch Director to produce a short-list of applications 

· The list and the reviewers’ comments will be discussed by the members of the review committee and a recommendation will be made as to which application should be accepted. 

· The recommendation of the Review committee is passed to the Project Steering Committee for approval. 

· The final decision concerning the integration of a new partner is made by the General Assembly
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