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Executive Summary
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1 Project Objectives

The genome sequences of microbial organisms responsible for diseases of world-wide medical importance have been sequenced or will be available in the very near future. Combinatorial cloning technologies for producing large numbers of proteins have been developed and high-throughput assays such as protein micro arrays have been clinically validated for detecting the presence in the serum of antibodies directed against microbial antigens. These scientific and technical achievements offer the opportunity of investigating the natural immune response against the whole proteome of a variety of micro-organisms. A powerful combination of genomic information, molecular tools and immunological assays are available to identify the antigens that, either alone or in combination, function as targets of protective immunity or could be used as markers for serodiagnosis. We propose here to identify in micro-organisms of great medical relevance such as M. pneumoniae, C. pneumoniae, L. pneumophila, coronavirus spp and P. falciparum, a large collection of surface and secreted proteins as well as putative endotoxins. This repertoire of proteins will be produced as recombinant molecules or as sets of overlapping synthetic peptides and printed on array slides. The serum reactivity of groups of individuals with proven history of exposure to the selected micro-organisms will be analysed against the arrayed microbial proteins to identify diagnostic markers and correlates of protection. This project will further develop SMEs and research partners proprietary technology for high throughput protein expression, software tools, surface peptides synthesis, protein and peptide surface capture, and array reader instrumentation to create an integrated platform of great commercial and research value. It is anticipated that the proposed experimental approaches and technological developments will generate valuable intellectual property and unravel how the humoral immune response interacts with the microbial proteomes thus filling the gap between genomic data and development of both novel vaccines and diagnostic tools. 
2 Work performed and results achieved 

The project addressed three main technical challenges:

1. development of a database with annotated structure and function for microbial proteins for selected micro-organisms (P.falciparum, L.pneumophyla, C.pneumonia, M. pneumonia)

2. cloning and production of proteins on a high throughput platform and development of a common antibody-based capture surface for immobilisation of selected proteins

3. development of a test device and device reader to process the immobilised protein arrays with human sera.

Substantial progress has been achieved on all three fronts; below is a summary of the major achievements of this reporting period and the project as a whole in relation to the objectives outlined above:

1. BIIIP in conjunction with UNIPG have created an algorithm for protein analysis which favours annotation of protein localization signals. The group have further developed a means of predicting surface and secreted proteins and detection of potential virulence factors. A database derived from implementation of these algorithms has been constructed. This database allows users to review hypothetical translated proteins for their potential suitability as diagnostic/protective markers and is a useful tool for the selection of targets for high-throughput expression studies. A final review of the database has been initiated and remains ongoing to identify and improve issues concerning the usability interface. Utilising the algortihms/databases generated, a number of L. pneumophyla, C. pneumonia and M. pneumonia proteins have been identified as possible diagnostic/vaccine candidates. For Legionella and Chlamydia, the data generated has formed the basis of candidate selection and subsequent cloning endeavours. No further work was progressed with the M pneumonia proteins as a unique coding property impedes the expression of these proteins in prokaryotic organisms.

2. (i) ProteinExpert have developed tools for the rational selection of sequences to be cloned and for improved cloning efficiency, expression screening and protein delivery. The main objective of the section of the project was to clone, express and purify the proteins/domains selected for Legionella and Chlamydia by the developed algorithms. For Chlamydia pneumoniae, 98 proteins or domains were selected (FP06-01 to FP06-97) in addition to 5 additional sequences (FP06-155 to FP06-159). For Legionella pneumophila, 56 proteins or domains specific of L. pneumophyla (Philadelphia) serogroup 1 were finally selected. For Chlamydia pneumoniae, 90 genes were cloned. Out of them, 76 genes were of correct sequences and only 6 carried mutations leading to frameshiftst. For Legionella pneumophila 52 targets have been  cloned. Sequencing of these targets showed that 43 were of correct sequences or carried constitutive mutations. Expression and micro-purification steps yeilded protein for 70 proteins: 41 from Chlamydia (12 from soluble fractions) and 28 from Legionella (19 from soluble fraction). These proteins were made available to ISS and extensively tested by them using immunoblot techniques to identify a final set of candidate proteins that were produced in large quantities for future investigation on the microarray platform. In total 33 candidate proteins (18 from Chlamydia and 15 from Legionella) were selected for scaled protein production.
(ii) DML and UNIPG have demonstrated the use of an immobilised anti-His antibody (4D11) as a feasible common capture surface for His-tagged proteins. Using a number of model 6xHis tagged proteins they have further demonstrated that the 4D11-modified slide can selectively capture his-tagged proteins in the presence of endogenous bacterial antigens - thereby potentially eliminating the need for large scale protein purification. Further evaluation of the developed surface during this reporting period identified difficulties in obtaining a reproducible slide surface with the slide modification technologies available to the group. For the purpose of this project, DML and UNIPG implemented a contingency plan that has subsequently identified and validated an alternative approach to candidate protein assesement (on the microarray platform) that obviates the need to purify proteins prior to their spotting. This approach has huge potential as a rapid first-pass screen of candidate proteins produced via high-throughput cloning/expression strategies.
(iii) Substantial progress has been made during the project with regard to the development of a new technology for the combinatorial synthesis of peptide arrays. Under the scope of the project the synthesis of a high density peptide array has been achieved at a resolution of > 50.000 peptides per (20x20) cm2; quality assessment of individual peptides has been completed; spotting quality and quantity of peptide synthesis has been verified. A manuscript is in preparation describing the results achieved in validating this novel technology.
3. (i) Extensive studies have been performed (using internally/externally sourced P.falciparum antigens) by UNIPG and MtM during the project to identify and develop strategies for extracting medically-relevant antibody reactivity profiles from the mass of reactivity data generated with microarray immunoassays. In the study, a panel of 18 P.falciparum antigens were immobilised on slides and processed with sera from 189 Gambian children with different levels of malarial disease. In excess of 15,000 data points were generated and clustered using binary reactivity patterns. This analysis demonstrated the power of assessing antibody profiles and showed that combinations of antibody/antigen reactivity may be important in developing protection against malaria. In this study, no association was found when individual antigens were analysed in isolation. This is a landmark finding and has been accepted (subject to final editing) for publication in a leading peer-reviewed journal. During the second reporting period, proteins from Chlamydia/Legionella produced by Protein e’Xpert were assessed by ISS for immunoreactivity using immunoblot techniques. ISS received and tested 33 Chlamydia proteins and 15 Legionella proteins. For Chlamydia, a variety of responses to the proteins were noted using different categories of sera and controls (negative, novel acute infection, chronic infection). 18 of the 33 proteins showed reactivity in the different sera tested. The positive responses were variable but several proteins were routinely present. For Legionella,there was also a variety of responses in the sera tested, however, all 15 proteins were recognized by at least 1 sera and at least 10 proteins were recognized by most of the sera. Strategies developed in this project for assessing antibody profiles will be used to identify potential diagnostic profiles emerging from microarray data generated with the 33 candidate Chlamydia/Legionella proteins selected.
(ii) Mikura have designed a test device for processing arrays based on a standard microscope slide. The slide uses capillarity for the filling of the array chamber with sample and reagents and an absorbent pad for draining of reagents and wash from the array chamber. Tooling to support injection moulding of the device has been completed and physical devices have been produced. Various tests have been performed on the device: (a) a fill and suction test was performed to establish an optimal working angle for the MTD; (b) a drop test was performed to establish the stability of the MTD after dropping from normal lab bench height and (c) background signal levels for devices moulded from various materials were assessed to determine the material that offers the best signal:noise ratio. Three different materials were tested, with acetyl appearing to have the most marked effect in reducing background signal levels. Optimisation of the device has also been performed during this reporting period, with changes being made to address robotics compatibility, device sealing, automated assembly issues, homogenous chamber filling and device handling.
(iii) Chelsea have completed the design and construction of a low-cost LED-based reading instrument. Physical instruments have been produced during the project and associated software has been written. Initial testing has been completed and optimisation has been carried out. Three prototype readers have been constructed and performance characterisation against commercial laser based scanning has been completed with favourable outcome. Further optimisation (especially in terms of usability issues) of the reader performance is being continued. Design documentation, including: mechanical drawings, electronics schematics, parts lists and commented software listings have been completed.
3 Expected end results

1. Novel bioinformatic tools to identify genes encoding surface and secreted proteins as well as putative endotoxins in Mycoplasma pneumoniae, Chlamidia pneumoniae, Legionella pneumophila, coronavirus spp, and Plasmodium falciparum;
2. High throughput cloning and expression systems to produce microbial proteins for array development;
3. Laser writer surface mediated synthesis of peptide arrays encompassing the protein repertoire identified by bioinformatic analysis;

4. Novel activated surfaces to efficiently anchor both proteins and synthetic peptides onto micro array slides;
5. An high throughput automated low cost reading instrumentation for processing and reading micro arrays;
6. Protein chips containing repertoires of surface and secreted-microbial proteins to identify on whole proteome scale diagnostic markers and correlates of protection.
4 Intension for use and impact

Currently, the market for micro array is focused around large scale, expensive units which cost upwards of £ 50,000 to £ 600,000. Few companies have the financial or logistical capability to enter into this market. The cost of the instrumentation also limits the growth of the total market as micro array technology would be far too expensive for public health, private research organisations and those businesses wanting to enter into the diagnostic sales or service provision market. The work of this co-operative project will be instrumental in developing protein micro array for clinical application near to commercial reality. This proposal brings together a group of SMEs with different and complimentary skills into an academic network of excellence to carry out work which will benefit each company far more than if they worked alone. The output of the proposed activity will create several different commercial opportunities for the particular SMEs involved but also address the wider competitiveness of the European sector for micro array technology through production of an integrated platform for low cost, flexible micro array assays. The project addresses key bottlenecks that hamper the growth of the overall market for protein micro-arrays: the lack of robust technology for producing reliable and affordable array products for clinical diagnosis. Solving this problem will open up a breath of opportunities for other companies wanting to introduce innovative diagnostic or R&D services. This protein array market is predicted to grow from 10 mill € in 2002 to 3-400 mill € world wide by 2006.
5 Publishable results

The project has yielded a variety of results that are suitable for publishing (either in their entirety now or as part of further studies in the future). We have analysed the antibody reactivity profiles to a group of recombinant malaria antigens in around 200 children showing different levels of clinical immunity to P. falciparum infection. The analysis was carried out using an antibody capture micro-array immunoassay that incorporated as a substrate 18 recombinant arrayed antigen chosen amongst the most promising available blood stage vaccine candidates. Unexpectedly we found a great heterogeneity in individual antibody reactivity to malaria antigens with  individuals tending to recognise distinct combinations of antigens. Such diversity likely reflects the complexity of the parasite proteome and the combined genetic diversity of the human and parasite populations and provides an intriguing explanation to the difficulties that have been encountered in vaccine development. Serum reactivity profile clustering and comparisons carried out with two independent statistical approaches revealed that reactivity to certain combination of antigens AMA1 and two MSP2 variants (3D7 and Fc27) is significantly associated with protective immunity.  When we looked for association between protection against malaria and serum reactivity to any of the 18 individual antigens we failed to find any correlation. These findings demonstrate that immunity to malaria is associated with antibody recognition of multiple rather than individual antigens, and that reactivity to AMA1 and the two MSP2 variants has some association with the development of clinical immunity in children. The simultaneous assessment of hundreds of distinct antigen-antibody reactions should dramatically facilitate the identification of the parasites antigens that, in combinations, function as targets of the protective immune response and hence facilitate both the development and the evaluation of anti-malarial vaccines.   This work has implications that go beyond the field of malaria to date more than 320 prokaryotic genomes have been completed or are close to completion, including numerous pathogenic organisms. Serum profiling against microbial antigen repertoire scould also be applied to identify correlates of protection for many of these other micro-organisms. These results of this work have been accepted (subject to final editing) as an article in a highly reputable scientific journal. In addition a manuscript is in preparation that describes the novel technological advances that have been made with respect to the construction of peptide microarrays dealt with in Workpackage 4.
Section 1 – Project objectives and major achievements during the reporting period

General project objectives 

The proposal systematically addresses the problems that hamper the development of a platform for processing and measurement of protein based arrays for clinical research and diagnosis. This includes novel bioinformatics approaches for the identification of the relevant proteins, efficient anchor surfaces for peptides and proteins, a novel and better mechanism for production of high density peptide arrays, instrumentation for processing the arrays and a novel reader for subsequent measurement of results. The creation of protein and peptide arrays from a series of clinically relevant micro-organisms and subsequent analysis of serum reactivity can lead to predictive diagnostic tests and potential vaccination targets.The availability of early and truly predictive diagnostic tests for important diseases such as atypical pneumonia from M. pneumoniae, C. pneumoniae, L. pneumophila, coronavirus spp, the last one regarded as the suspected agents of SARS, will have a highly beneficial impact on the national health systems and on the wider society. In addition Malaria continues to be one of the most common human disease globally. This project will contribute significantly to the greater effort to clinically understand correlate of protection for this disease. 

The commercial viability of a technology platform which could put the power of multi-parameter testing closer to the actual point of care will also hasten the trend towards early diagnosis and treatment. This project will help the participating SMEs to integrate their individual expertise and translate it into products addressing the clinical need for micro arrays in the diagnostic market. The proposed experimental and integration activity will generate intellectual property (IP) in the field of analysis software, surface chemistry, instrument design, optics as well as in the identification of diagnostic markers and vaccine candidates of clinical relevance. The proposed experimental and networking activities will bring the SMEs close to the development of validated commercial products including: 1) Software packages; 2) Array processor/reader instrumentation; 3) Array protein anchoring surface; 4) Microbial protein arrays; 5) Diagnostic markers and potential vaccine candidates.
Show project’s current relation to the state of the art.

Protein micro array technology combined with genomic and proteomic information has the potential to dramatically improve, in terms of scale, speed and scope, both basic research and clinical applications. High technology research academic institutions and large companies have employed protein micro array for studying protein-protein, DNA-protein interactions and enzymatic activities. There is a growing need in clinical diagnosis to determine numerous parameters in a timely and cost effective manner to maximise diagnostic efficiency and hence treatment that could be addressed by the introduction of protein array products. Current in vitro immunoassay diagnostic assays are procedure intensive and perform individual or small numbers of antigen tests at any one time. Availability of cost-effective, multiple analyte tests will be clinically relevant in pre-emptive diagnosis and treatment for acute and chronic diseases. Testing immune response against multiple analytes with minimal specimen sampling will have clear advantages in terms of cost within overall national healthcare programs. Also, as therapeutic options grow in use and range the requirement for timely and specific clinical diagnosis also increases.
To date clinical applications have lagged behind because protein micro-arrays remain difficult to generate and to translate into a robust, commercially viable product. The main limitations to address include high throughput protein production, the development of surfaces efficiently anchoring both proteins and peptides, the development of a low cost array reader instrument and the elaboration of novel bio-informatic tools to process and analyse micro-array results for clinical applications. This proposal builds on the success of laboratory-based research and development activities and combines together cutting expertise from research institution and SMEs that will address each of these limitations to create an integrated platform for clinical and research diagnostic testing. The combination of versatile array surfaces, low-cost array reader instrument, novel bioinformatic tools and the development of arrays allowing the analysis of the immune response against a series of medically relevant micro organisms on proteome scale will give to the participating SMEs a competitive and leading position in the market. The integrated protein array platform for the clinical diagnosis of infectious diseases originating from the proposed experimental activities represent a crucial step forward beyond the state-of-the-art that will have a profound impact on the market. It is also anticipated that the array system developed will find additional applications in the fields of autoimmune diseases and allergy where there is the clinical need to identify the presence of specific antibodies in multiplex assays. Present commercial products are at the limit of their multiplex capabilities, even with extensive automation and cannot satisfy this clinical requirement. The technological development originating from this proposal will radically alter the economics and practicality of multiplexed testing, targeting this unmet clinical need. The format can lower test costs, improve ease of use, speed up time to diagnosis and potentially lower ongoing treatment costs due to timeliness and specificity.

Existing products
Assays: ELISA based tests are suitable to detect antibodies with different specificity and have a wide range of potential applications in epidemiological research, vaccine development as well as in the diagnosis of allergies, auto-immune and infectious diseases. These assays have a limited throughput, can be time consuming and require large quantities of both sample and reagents thus limiting their application for mass screening (Kricka, 1993) (Silzel et al., 1998). The possibility of studying one antigen at a time hampers studies aimed at investigating crucial qualitative aspects of the humoral immune response such as the combinations of antigens encoded by the microbal genomes that elicit a protective immune response or that could function as markers for sero-diagnosis. Moreover ELISA assays are not suitable for routine clinical sero-diagnosis against a great number of different microbial antigens and their variants.  This would require the performance of hundreds of individual assays for each serum sample. 

High throughput protein production: A key technological challenge is the production of recombinant proteins compatible with downstream assays in term of quantity, purity and stability. Currently only 30-60% of prokaryotic ORFs, predicted as soluble proteins, can be directly expressed as soluble proteins, according to structural genomics programs. Difficulties in protein expression could be due to protein toxicity, different codon usage, lack of solubility, anomalies in folding and configuration. When expressing large number of proteins is difficult to predict how many of the selected protein will be produced in suitable amounts. Customised strategies must be developed to address each protein showing poor expression yields. This approach could prove inefficient, extremely expensive and time consuming.

High density peptide arrays: To date a maximum of 50,000 peptides can be synthesized in an area of 20 cm x 20 cm, based on the SPOT synthesis developed by Prof Ronald Frank (Tetrahedron, 1992, 48: 9217-9232). These arrays are very expensive for routine screening (www.jerini.de), mainly due to the slow spotting method employed. Another potentially competing method is an ink-jet printer employed for the combinatorial synthesis of arrays. To date the ink-jet printer works fine for the synthesis of oligo arrays (www.agilent.com). However, synthesis of high complexity peptide arrays with ink-jet printers has not been reported, possibly because of intrinsic limitations of the technology when dealing with the complex peptide synthesis (compared to the relatively coherent chemistry in oligo synthesis). 

Array surfaces: Several chemically modified glass surfaces have been developed that bind to proteins by either adsorption or covalent linkage. However, protein heterogeneity in their physical and chemical properties dramatically affects the relative binding efficiency of individual molecular species to chemically modified glass slides. High-density protein arrays remain difficult to generate and to validate for clinical and research use. Improvements in the binding specificity and capacity of the glass surface as well as in the accessibility of glass-bound proteins to assay reagents would dramatically help in overcoming the current limitations of protein micro arrays.

Instruments: So far most micro array assays have been processed manually and the slides are read using large, expensive pieces of equipment. This lack of automation and cost represents a tremendous obstacle to the widespread use of the protein chip technology in clinical use. Here a random access type of instrument would be needed, incorporating all the processes from sample loading to reading. Moreover existing micro array reading instruments utilise a combination of laser sources and imaging that tremendously adds up to the complexity and the cost of this type of equipment. Currently the cost of reader technology and the lack of automation represent major barriers to commercial exploitation of array technology in the field of clinical diagnosis, basic care and epidemiological research. 

Diagnostic markers and vaccines: In the case of malaria none of the immune responses identified in humans against P. falciparum antigens correlates unequivocally with either protection from infection or decreased morbidity. This lack of basic knowledge has hampered the development of an effective vaccine (Bojang et al., 2001; Engers and Godal, 1998; Richie and Saul, 2002). Atypical pneumonia is severe illness caused by an heterogeneous group of micro-organisms. There are no vaccines available against C. pneumoniae, and L. pneumophila, M. pneumoniae, and diagnostic assays are not reliable and well standardised. There is here an urgent need to systematically study the humoral immune response elicited by the infection of these bacteria. Finally very recently a new variant of coronavirus has been identified as the cause of SARS, a severe and often fatal respiratory infection. The development of reliable diagnostic markers and the identification of correlates of protection and vaccine candidates would represent a major breakthrough for the control of this emerging and ominous disease.
Summary of recommendations and how they have been taken up

No recommendations apply to this period of reporting, however previous actions are detailed below.

Recommendation at start of project : The evaluators report was very encouraging. However it was noted that the “proposal is ambitious although reasonably focussed”.  
Response:

At the kick-off meeting for MICROBEARRAY, held on the 02/11/04, the Principal Investigators held a round table discussion on the overall priority given to the listed test organisms, in the light of the referees comments to reduce the scale of the approach.

It was agreed that, rather than dropping any of the proposed organisms, the project would focus on the identification of diagnostic markers for agents of atypical pneumonia (Mycoplasma pneumonia, chlamidia pneumonia, legionella pneumonia and coronavirus sp.) and would maintain a focus on the search for putative protective antigens for Plasmodium. In addition The number of proteins to be studied for each organism was reduced from the 200 initially proposed to 100.
Objectives for the reporting period, work performed, contractors involved and main achievements

Overall, the project addressed three main technical challenges:

1. development of a database with annotated structure and function for microbial proteins for selected micro-organisms (P.falciparum, L.pneumophyla, C.pneumonia, M. pneumonia)

2. cloning and production of proteins on a high throughput platform and development of a common antibody-based capture surface for immobilisation of selected proteins
3. development of a test device and device reader to process the immobilised protein arrays with human sera.
Substantial progress has been achieved on all three fronts. Below is a summary of the major achievements of this reporting period place within the context of the overall achievements of the project.
1. BIIIP in conjunction with UNIPG have created an algorithm for protein analysis which favours annotation of protein localization signals. The group have further developed a means of predicting surface and secreted proteins and detection of potential virulence factors. A database derived from implementation of these algorithms has been constructed. This database allows users to review hypothetical translated proteins for their potential suitability as diagnostic/protective markers and is a useful tool for the selection of targets for high-throughput expression studies. A final review of the database has been initiated and remains ongoing to identify and improve issues concerning the usability interface. Utilising the algortihms/databases generated, a number of L. pneumophyla, C. pneumonia and M. pneumonia proteins have been identified as possible diagnostic/vaccine candidates. For Legionella and Chlamydia, the data generated has formed the basis of candidate selection and subsequent cloning endeavours. No further work was progressed with the M pneumonia proteins as a unique coding property impedes the expression of these proteins in prokaryotic organisms.

2. (i) ProteinExpert have developed tools for the rational selection of sequences to be cloned and for improved cloning efficiency, expression screening and protein delivery. The main objective of the section of the project was to clone, express and purify the proteins/domains selected for Legionella and Chlamydia by the developed algorithms. For Chlamydia pneumoniae, 98 proteins or domains were selected (FP06-01 to FP06-97) in addition to 5 additional sequences (FP06-155 to FP06-159). For Legionella pneumophila, 56 proteins or domains specific of L. pneumophyla (Philadelphia) serogroup 1 were finally selected. For Chlamydia pneumoniae, 90 genes were cloned. Out of them, 76 genes were of correct sequences and only 6 carried mutations leading to frameshiftst. For Legionella pneumophila 52 targets have been  cloned. Sequencing of these targets showed that 43 were of correct sequences or carried constitutive mutations. Expression and micro-purification steps yeilded protein for 70 proteins: 41 from Chlamydia (12 from soluble fractions) and 28 from Legionella (19 from soluble fraction). These proteins were made available to ISS and extensively tested by them using immunoblot techniques to identify a final set of candidate proteins that were produced in large quantities for future investigation on the microarray platform. In total 33 candidate proteins (18 from Chlamydia and 15 from Legionella) were selected for scaled protein production.

(ii) DML and UNIPG have demonstrated the use of an immobilised anti-His antibody (4D11) as a feasible common capture surface for His-tagged proteins. Using a number of model 6xHis tagged proteins they have further demonstrated that the 4D11-modified slide can selectively capture his-tagged proteins in the presence of endogenous bacterial antigens - thereby potentially eliminating the need for large scale protein purification. Further evaluation of the developed surface during this reporting period identified difficulties in obtaining a reproducible slide surface with the slide modification technologies available to the group. For the purpose of this project, DML and UNIPG implemented a contingency plan that has subsequently identified and validated an alternative approach to candidate protein assesement (on the microarray platform) that obviates the need to purify proteins prior to their spotting. This approach has huge potential as a rapid first-pass screen of candidate proteins produced via high-throughput cloning/expression strategies.

(iii) Substantial progress has been made during the project with regard to the development of a new technology for the combinatorial synthesis of peptide arrays. Under the scope of the project the synthesis of a high density peptide array has been achieved at a resolution of > 50.000 peptides per (20x20) cm2; quality assessment of individual peptides has been completed; spotting quality and quantity of peptide synthesis has been verified. A manuscript is in preparation describing the results achieved in validating this novel technology.
3. (i) Extensive studies have been performed (using internally/externally sourced P.falciparum antigens) by UNIPG and MtM during the project to identify and develop strategies for extracting medically-relevant antibody reactivity profiles from the mass of reactivity data generated with microarray immunoassays. In the study, a panel of 18 P.falciparum antigens were immobilised on slides and processed with sera from 189 Gambian children with different levels of malarial disease. In excess of 15,000 data points were generated and clustered using binary reactivity patterns. This analysis demonstrated the power of assessing antibody profiles and showed that combinations of antibody/antigen reactivity may be important in developing protection against malaria. In this study, no association was found when individual antigens were analysed in isolation. This is a landmark finding and has been accepted (subject to final editing) for publication in a leading peer-reviewed journal. During the second reporting period, proteins from Chlamydia/Legionella produced by Protein e’Xpert were assessed by ISS for immunoreactivity using immunoblot techniques. ISS received and tested 33 Chlamydia proteins and 15 Legionella proteins. For Chlamydia, a variety of responses to the proteins were noted using different categories of sera and controls (negative, novel acute infection, chronic infection). 18 of the 33 proteins showed reactivity in the different sera tested. The positive responses were variable but several proteins were routinely present. For Legionella,there was also a variety of responses in the sera tested, however, all 15 proteins were recognized by at least 1 sera and at least 10 proteins were recognized by most of the sera. Strategies developed in this project for assessing antibody profiles will be used to identify potential diagnostic profiles emerging from microarray data generated with the 33 candidate Chlamydia/Legionella proteins selected. 

(ii) Mikura have designed a test device for processing arrays based on a standard microscope slide. The slide uses capillarity for the filling of the array chamber with sample and reagents and an absorbent pad for draining of reagents and wash from the array chamber. Tooling to support injection moulding of the device has been completed and physical devices have been produced. Various tests have been performed on the device: (a) a fill and suction test was performed to establish an optimal working angle for the MTD; (b) a drop test was performed to establish the stability of the MTD after dropping from normal lab bench height and (c) background signal levels for devices moulded from various materials were assessed to determine the material that offers the best signal:noise ratio. Three different materials were tested, with acetyl appearing to have the most marked effect in reducing background signal levels. Optimisation of the device has also been performed during this reporting period, with changes being made to address robotics compatibility, device sealing, automated assembly issues, homogenous chamber filling and device handling.

(iii) Chelsea have completed the design and construction of a low-cost LED-based reading instrument. Physical instruments have been produced during the project and associated software has been written. Initial testing has been completed and optimisation has been carried out. Three prototype readers have been constructed and performance characterisation against commercial laser based scanning has been completed with favourable outcome. Further optimisation (especially in terms of usability issues) of the reader performance is being continued. Design documentation, including: mechanical drawings, electronics schematics, parts lists and commented software listings have been completed.
Important problems during the period including corrective actions taken

A 6 month no-cost extension was secured during this reporting period in order to align effective availability of funds with the research capabilities. The revised gantt chart is displayed below:-
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Section 2: Workpackage progress of the period

WP 02:  – Bioinformatical analysis of microbial genomes. WP lead contractor- BIIB, other contractors involved – UNIPG, P’X.
Objectives: 

1. Development of a database with annotated structure and function for microbial proteins of the selected micro-organisms (the genomes of Plasmodium falciparum, Chlamydia pneumoniae, Legionella pneumophila, Mycoplasma pneumoniae  and the coronavirus agent of SARS) (BIIP, UNIPG)
2. Prediction of surface and secreted proteins and putative toxins in the selected micro-organisms (that could serve as diagnostic markers or vaccination targets.) (BIIP, UNIPG, P’X)
· proteins anchored on the surface of the pathogen or secreted. 

· proteins containing potential virulence factors.

Starting point 

Workpackage 2, coordinated by BIIP consisted of bioinformatic analysis of genomes of project’s interest. The package created initial data set which was used for selection of target proteins during other workpackages. All deliverables assigned to BIIP (D2, D4, D6, D8) were submitted during the first reporting period. 

There were three main goals of the workpackage (WP2):

· Functional and structural annotation of proteins from the genomes of Plasmodium falciparum, Chlamydia pneumoniae, Legionella pneumophila, Mycoplasma pneumoniae  and the coronavirus agent of SARS

· Prediction of microbial proteins encoded in the microbial genomes that could serve as diagnostic markers or vaccination targets. 

1. proteins anchored on the surface of the pathogen or secreted. 

2. proteins consist of potential virulence factors. 

· Creation of the database containing microbial proteins potentially exposed to antibodies and proteins predicted to function as toxins and/or virulence factors

I. Functional and structural annotation of proteins from the microbial genomes. 

The analysis was done during the first reporting period. During the second reporting period additional structural and functional analyses were performed according to the needs of other partners.

II. Detection of either secreted or surface exposed proteins. 

The analysis was done during the first reporting period; data were compiled into database and were presented to the consortium.

III. Creation of the database containing microbial proteins potentially exposed to antibodies and proteins predicted to function as toxins and/or virulence factors

The initial database (D8) presenting the results of bioinformatic analyses (D2, D4, and D6) were set up on time within the first reporting period (deadline: month 7). During the second reporting period additional functionalities to the database engine were added. 

The database was transferred to the Gene Relational Data Base engine release 2.0, database viewer engine previously developed by Bioinfobank Institute (von Grotthuss et al., 2003). The interface allows users from consortium easy extraction of data on proteins from the genomes of interests. The proteins can be searched by function or structure descriptors. The database allowed for easy extraction of datasets of proteins for testing and - by inclusion of detailed bioinformatic annotation - creates a reliable workbench for analysis of genomes. Although from scientific point of view the GRDB 2.0 is nothing more than front-page of the database it plays a critical function for genomic projects.

WWW link: http://grdb2.bioinfo.pl/viewer.pl?ID=local/MicrobeArray

A) Progress towards objectives – tasks worked on and achievements made with reference to planned objectives

· Creation of the database containing microbial proteins potentially exposed to antibodies and proteins predicted to function as toxins and/or virulence factors (WP2 Ref. III)

Previously prepared database containing microbial proteins potentially exposed to antibodies and proteins predicted to function as toxins and/or virulence factors was coupled to the new release of Gene Relation Data Base (GRDB) system

The database can be accessed by the members of the consortium via Internet at URL:  http://grdb2.bioinfo.pl/viewer.pl?ID=local/MicrobeArray
B) Deviations from the work-programme and corrective actions taken/suggested.  Identify the nature and the reason for the problem.

The analyzes in workpackage 2 coordinated by BIIP were prepared according to the plan approved by EC.

C) List of deliverables, including the due date and the actual/forseen submission date

Table 1. Deliverables list

	Del. no. 

	Deliverable name
	WP no.
	Lead participant
	Date due
	Actual/Forecast delivery date
	Estimated indicative person-months
	Used indicative person -months

	D2
	Automated Structural and Functional annotations of proteins from selected microbial genomes.
	02
	BIIP
	08
	Completed
	5
	5

	D4
	Prediction of membrane spanning regions and selection of surface proteins from the selected micro-organisms.

(Milestone I)
	02
	BIIP
	09
	Completed
Completed


	6
	5

	D6
	Identification of peptide sequences from surface and secreted proteins.

(Milestone III)
	02
	BIIP
	09
	
	7
	7.5

	D8
	Database containing microbial proteins potentially exposed to antibodies and proteins predicted to function as endotoxins and/or virulence factors.
	02
	BIIP
	13
	Completed
	3
	6


D) List of milestones, including the due date and the actual/foreseen submission date

In Workpackage 2 coordinated by BIIP three milestones where expected:

I. Bioinformatic analysis and annotation of microbial proteins predicted to be secreted or localised on the surface membrane.
II. Molecular mass analysis, peptide fingerprints and partial peptide sequences for secreted and surface proteins protein;
III. Identification of microbial genes encoding surface and secreted proteins.
Milestones I and III are in general consistent with deliverables 4 and 6 which were delivered at time during the first reporting period.
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WP 03 – Production of chips containing recombinant microbial proteins, WP Lead Contractor P’X, other contractors involved - MTM, BIIP, UNIPG, DML.
Objectives :

1.  Production of large numbers of surface and secreted microbial proteins (P’X); 

2. Customised optimisation of protein production and sequence reconditioning (P’X, UNIPG, BIIP).
3. Production of protein chips containing the repertoire of recombinant proteins (P’X, MTM, DML).

Starting point of work at the beginning of the reporting period
At the beginning the reporting period, refined protocols for high throughput expression in E.coli and design of customised engineering strategy (D16) had been validated by a first campaign of production and purification of 66 targets. This reporting period was focused on the cloning, expression screening and purification of all the Chlamydia and Legionella selected targets.

A) Progress towards objectives – tasks worked on and achievements made with reference to planned objectives


[image: image3]
Table 1. Overview of the campaign’s schedule over reporting period 2

The main objective of Work-package 3 was to clone, express and purify the proteins from Legionella and Chlamydia from selected domains or genes. This work was performed as shown in table 1. For Chlamydia pneumoniae, 98 proteins or domains were selected (FP06-01 to FP06-97) in addition to 5 additional sequences (FP06-155 to FP06-159). For Legionella pneumophila, 56 proteins or domains specific of L. pneumophila (Philadelphia) serogroup 1 were finally selected. For Chlamydia pneumoniae, 90 genes were cloned. Out of them, 76 genes were of correct sequences and only 6 carried mutations leading to frameshiftst. For Legionella pneumophila, except for the 24 targets corresponding to Paris strain, 52 targets have been cloned. Sequencing of these targets showed that 43 were of correct sequences or carried constitutive mutations(7)

Expression and micro-purification of the encoding proteins from soluble fraction or from inclusion bodies allowed to isolate 70 proteins: 41 from Chlamydia (12 from soluble fractions) and 28 from Legionella (19 from soluble fraction ). Scale synthesis ranges from 0.1 mg to 1-2 µg, purity from 50% to 80% and concentration from 0.01 mg/ml to 1 mg/ml. These qualities/ quantities are compatible for Western-Blot applications and further chip application and allow to fully achieving Deliverable D12. Resulting western-blot data identified a set of 33 potential candidate proteins (18 from Chlamydia and 15 from Legionella) which were selected for scaled protein production. These proteins were produced in large quantities and at high purity and have been used to form the basis of an antigen microarray. Accordingly, this progress completes deliverable 18. In a continuation of the project (beyond the limits of the 30 month project length) constructed arrays will be optimised and used to identify potential diagnostic markers. An example of one of the 33 candidates produced at hjgh purity is shown on the next page.
[image: image4.emf][image: image5.emf]
Further illustration of other key consortium member roles in this section.

During the second reporting period BIIP was involved in the preparation of sequences of proteins of interests for the most efficient expression in heterologous system (transcription in vivo), resulting in creation of soluble recombinant protein.  The optimal conditions for protein expression included:

· size of protein encoding gene less than 1.5-2 kb

· no introns

· soluble proteins/domains,

· removed transmembrane spanning regions (if present)

· removed N-terminal signal peptide

· removed N/C terminal proline or arginine rich domains covering the first or last 10-20 amino acids.

· removed the N/C terminal low complexity domains (a core protein/domain well structured).
· small number of E. coli rare codons

· no hairpin formation between the RBS region (fragment of expression system) and the 5’end of ORF

· Feasibility studies for recombinant protein production (WP3)

Legionella pneumophila domains for recombinant protein production were classified within 4 groups (disqualified. multiple domain, single domain, uncertain targets).

Disqualified targets
	no
	Target name
	No of domains
	Domain assignment
	Additional information
	Reason for disqualification of target

	1
	>47_YP_124042.1_lpp1724: 1 to 1233: Frame 1
	multimer protein
	AcrB
	membrane efflux channel
	Membrane protein

	2
	>49_YP_124662.1_lpp2351: 1 to 933: Frame 1
	multimer protein
	AcrB
	membrane efflux channel
	Membrane protein

	3
	>50_YP_124385.1_lpp2073: 1 to 933: Frame 1
	multimer protein
	AcrB
	membrane efflux channel
	Membrane protein

	4
	>1_YP_123637.1_lpp1313_outside: 1 to 471: Frame 1
	single domain
	Ni-Fe hydrogenase
	partial fold
	Multimeric protein

	5
	>10_YP_124207.1_lpp1890: 1 to 159: Frame 1
	single domain
	uncertain
	partial fold
	Multimeric protein

	6
	>12_YP_122852.1_lpp0514: 4 to 150: Frame 1
	single domain
	Uncertain
	partial fold
	Multimeric protein

	7
	>51_YP_123794.1_lpp1470: 1 to 531: Frame 1
	single domain
	Uncertain
	partial fold
	Multimeric protein

	8
	>64_YP_122521.1_lpp0175: 1 to 183: Frame 1
	single domain
	Uncertain
	partial fold
	Multimeric protein

	9
	>66_YP_096118.1_REF_cucgc_52842319_lpg2105: 1 to 150: Frame 1
	single domain
	Uncertain
	partial fold
	Multimeric protein


Multidomain proteins

	no
	Name of target
	No of domains
	Domain boundaries
	Notes for PX

	1
	>13_YP_123609.1_lpp1285: 1 to 1269: Frame 1
	3
	trypsin like (15-240), PDZ (241-340; 341-420)
	Express separately

	2
	>6_YP_122855.1_ lpp0517: 4 to 3024: Frame 1
	2
	LRR repeated domain (1-700)

domain 2  (810-Cterm)
	Express separately, express domain 1 in 2 parts if needed (leucine rich repeat protein)

	3
	>20_YP_124204.1_lpp1887: 4 to 2121: Frame 1
	2
	1-460, 461-707
	Express separately

	4
	>45_YP_123587.1_lpp1263: 1 to 1200: Frame 1
	2
	1-150, 151-250
	Express separately

	5
	>52_YP_123558.l_pp1234: 4 to 1236: Frame 1
	3
	phase 1 flagellin (130-320)

two coiled-coils regions (1-130; 320-410)


	express internal domain (131-320)

	6
	>31_YP_123618.1_lpp1294: 4 to 1428: Frame 1
	3
	phase 1 flagellin (130-320)

two coiled-coils regions (1-130; 390-490)


	express internal domain (131-390)

	7
	>32_YP_123109.1_lpp0779: 4 to 5556: Frame 1
	2
	Two doamins: 1-1530; 1530-Cterm - 

transmembrane barrel)


	express in parts: 1-500, 501-1000, 1001-1530


Single domain targets

	no
	Name of target
	domain assignment if important
	Notes for PX

	1
	>19_YP_122853.1_lpp0515*: 1 to 465: Frame 1
	VirB8
	

	2
	>22_YP_096076.1_REF_cucgc_52842277: 4 to 963: Frame 1
	ATPase
	Express 50-Cterm

	3
	>26_YP_127941.1_ lpl2613_domainA: 1 to 1503: Frame 1
	ALDH-like
	

	4
	>27_YP_125045.1_lpp2740_domainA: 1 to 1362: Frame 1
	ALDH-like
	

	5
	>33_YP_124486.1_lpp2174: 4 to 1062: Frame 1
	PBP/a.118.18
	

	6
	>34_YP_126413.1_lpl1059: 4 to 948: Frame 1
	PBP/a.118.18
	

	7
	>35_YP_123498.1_lpp1174: 4 to 1410: Frame 1
	PBP/a.118.18
	

	8
	>36_YP_123634.1_lpp1310: 4 to 1077: Frame 1
	PBP/a.118.18
	

	9
	>4_YP_123184.1_lpp0855: 1 to 540: Frame 1
	FKBP
	

	10
	>41_YP_124272.1_lpp1958: 1 to 828: Frame 1
	major outer legio protein
	

	11
	>42_YP_125334.1_lpp3032: 4 to 807: Frame 1
	major outer legio protein
	

	12
	>43_YP_123554.1_lpp1230: 4 to 630: Frame 1
	Flagellar L-linked protein
	

	13
	>44_YP_124340.1_lpp2026: 4 to 462: Frame 1
	OmpA protein (1-30???)
	

	14
	>53_YP_124039.1_lpp1721: 4 to 1350: Frame 1
	RhoTF/ ATPase
	

	15
	>54_YP_124040.1_lpp1722: 4 to 639: Frame 1
	Flagellar assembly FliH
	

	16
	>55_YP_096204.1_REF_cucgc_52842405_: 4 to 567: Frame 1
	HSP 16.9B
	Express 30-Cterm

	17
	>56_YP_124453.1_lpp2141: 4 to 501: Frame 1
	HSP 16.9B
	

	18
	>58_YP_122527.1_lpp0181: 4 to 735: Frame 1
	
	

	19
	>59_YP_122523.1_lpp0177: 4 to 696: Frame 1
	
	

	20
	>60_YP_122518.1_lpp0172: 4 to 651: Frame 1
	Trac
	

	21
	>7_YP_123716.1_lpp1392: 4 to 837: Frame 1
	His kinase
	

	22
	>2_YP_124452.1_lpp2140: 1 to 1740: Frame 1
	
	Size (550), but all parts of protein ar required for proper fold

	23
	>62_YP_122524.1_lpp0178: 4 to 942: Frame 1
	
	express only 110-Cterm

	24
	>40_YP_096202.1_REF_cucgc_52842403_lpg2190: 4 to 1803: Frame 1
	catalase/peroxysade
	divide in two separate domains: 1-409, 410-Cterm


Uncertain targets

	no
	Target name
	General description of problem
	Protein composition
	Notes for PX

	1
	>57_YP_096649.1_REF_cucgc_52842850: 4 to 1413: Frame 1
	unable to confirm fold (1-320)
	320-Cterm nonglobular
	Express 1-320

	2
	>15_YP_096122.1_REF_cucgc_52842323: 1 to 351: Frame 1
	unable to confirm fold
	No hydrophobic or unstructured stretches
	Try express as one domain

	3
	>39_YP_122595.1_lpp0252: 4 to 2169: Frame 1
	size (>700aa)

Heme perox domain
	Single  domain
	Try express as one domain

	4
	>61_YP_123305.1_lpp0977: 4 to 1575: Frame 1
	Size of domain  (500aa) - PBP domain
	No hydrophobic or unstructured stretches
	Try express as one domain

	5
	>37_YP_123321.1_lpp0993: 4 to 2037: Frame 1
	can't certainly recognize fold
	No hydrophobic or unstructured stretches
	Try express as one domain

	6
	>38_YP_123599.1_lpp1275: 4 to 2319: Frame 1
	can't certainly recognize fold
	No hydrophobic or unstructured stretches
	Try express as one domain

	7
	>26_YP_127941.1_ lpl2613_domainB: 1 to 216: Frame 1
	unable to confirm fold
	No hydrophobic or unstructured stretches
	Try express as one domain

	8
	>27_YP_125045.1_lpp2740_domainB: 4 to 366: Frame 1
	unable to confirm fold
	No hydrophobic or unstructured stretches
	Try express as one domain


C) List of deliverables, including the due date and the actual/forseen submission date

Table 1. Deliverables list

	Del. no. 

	Deliverable name
	WP no.
	Lead participant
	Date due
	Actual/Forecast delivery date
	Estimated indicative person-months
	Used indicative person -months

	D12
	Production of ~95 candidate recombinant proteins.
	03
	P’X
	20
	Completed
	10
	9

	D17
	Refined protocols for high throughput expression in E.coli and design of customised engineering strategy
	03
	P’X
	23
	Completed
Completed
	4
	3

	D18
	Protein chips containing different sets of recombinant proteins from the selected micro-organisms.
	03
	P’X
	23
	
	10
	11


C) List of milestones, including the due date, the actual/forseen submission date and any proposed revision to plans.

The three milestones were the following ones:

Milestone 1(WP03). Cloning and production campaigns on the high throughput platform to produce and purify groups of 40 proteins at the time.

Milestone 2 (WP03). Engineering of coding sequence and optimisation of production for proteins that on the basis of their sequence and structure are predicted not to be easily expressed in E. coli.
Milestone 3 (WP 03). Reconditioning of proteins that have proven to be difficult to produce in a soluble form; Methodology and validated protocols for the production of protein arrays.

Only milestone 3 remained outstanding following the end of reporting period one – the others having been reached previously. Data of production and purification of the proteins obtained combined with the validation of their immunogenicity allowed us to ensure that this last milestone was reached within the reporting period.

D) Deviations from the work-programme and corrective actions taken/suggested. Identify the nature and the reason for the problem.

There was no major deviation between the actual work program and the initial assigned tasks and objectives. 
Work related to D12, D16 and D18 was achieved. 

WP 04 – Synthesis of peptide arrays and subsequent identification of immunogenic epitopes, WP lead contractor – DKFZ, other contractors involved – ISS, BIIP, DML, P’X, UNIPG
Objectives :

1. Synthesis of peptide arrays encompassing the protein repertoire of the selected microbial organisms (DKFZ, BIIP, DML, UNIPG, ISS)
2. Identification of peptides containing epitopes recognized by human serum antibodies (DKFZ, ISS, UNIPG, BIIP)
Starting point

At the end of the first reporting period, solid progress had been made within this workpackage. The peptide laser printer manufactured by Fraunhofer Institute IPA (in Stuttgart) had been tested deemed suitable for the production of peptide arrays at a resolution of approx. 160.000 peptides per (20x20)cm2. The machine had been transported to Heidelberg and calibrated. In this calibration, the 20 different toner cartridges were mechanically adjusted in order to address toners of consecutive layers to exactly the same spot address. Each of the 20 different amino acid toner particles was shown to work (spatially defined printing of particles and coupling of amino acids) at a resolution exceeding 100.000 spots per (20x20)cm2. Glass slides had also been grafted with a protein resistant PEG-based polymer that allows for a starting concentration of >10nmole of free amino groups for the synthesis of peptides. This support was shown to be suitable for the analysis of peptide-binding antibodies.
A) Progress towards objectives – tasks worked on and achievements made with reference to planned objectives

In period two, further analysis of the amino acid toner cartridges revealed that the calibration of the 20 different toner cartridges relative to each other was not stable over a longer time, which meant that only 2-3 cartridges could be kept calibrated relative to each other over time, i.e. we could only prepare an array of model peptides (see below, deviations). Upon closer examination imprecisely worked mountings of the cartridges were revealed as the source of this nuisance. Meanwhile mountings designed by us and engineered at the DKFZ’ precision engineering department work perfectly, i.e. all 20 different cartridges were aligned, and remained aligned stably over time. By now we are able to generate peptide arrays by the combinatorial synthesis of all 20 different amino acids and toner cartridges, respectively. Moreover, the signals we get from these arrays are extremely strong (Fig. 4, deliverables report; ECL development time was 1-2 seconds), i.e. our method yields a large quantity of correct peptides per spot. However, the delay caused by these difficulties in the delivery of peptide arrays means that the planned deliverables could not be delivered within the time frame of the Microbearray project. We will generate such arrays in the near future.

Further work assessed the 20 different amino-acid-toner-particle’s stability over time (Fig. 5, deliverables report). The surprising result was that only the activated arginine OPfp-ester embedded into toner matrix decayed measurably when stored at room temperature over a period of 1 month, which is opposed to the reported rapid decay of activated amino acid derivatives in liquids (especially arginine is very sensitive in this respect). Another very positive finding was the observed very long half life of ariginine OPfp at 90°C within our toner matrix, which contrasts remarkably to the observed rapid decay of activated arginine in solvents, e.g. DMF. Furthermore, amino acid toner particles were analysed extensively for their physical and chemical behaviour, with a more detailed description given in the deliverables report. As a result of these analysis repetitively adjusted toner properties yielded amino acid toner particles that are indistinguishable from commercial coloured toner particles in terms of printing quality, toner stability, and longevity. 

As a solid support, glass slides grafted with a protein resistant PEG-based polymer was used that allows for a starting concentration of >10 nmole of free amino groups per cm2 for the synthesis of peptides. This very solid support is suitable for the analysis of peptide-binding antibodies and gives good repetitive yields when compared with state of the art solid phase synthesis from liquid solvents (Fig. 6, deliverables report). Another positive surprise was that our solid support gave the best binding signals with no blocking employed at all – another unexpected and positive surprise.

Further detail of the above overview is contained in the deliverable report.

B) List of deliverables, including the due date and the actual/forseen submission date

Table 1. Deliverables list

	Del. no. 

	Deliverable name
	WP no.
	Lead participant
	Date due
	Actual/Forecast delivery date
	Estimated indicative person-months
	Used indicative person -months

	D11
	Peptide arrays encompassing the surface and secreted protein repertoire of microbial organisms.
	04
	DKFZ
	20
	Incomplete - pending
	16
	20

	D19
	Identification of genome scale antibody epitopes for each of the microbial organisms.
	04
	DKFZ
	23
	Incomplete- pending
	20
	24


C) List of milestones, including the due date, the actual/foreseen submission date 

Milestones WP4:

Milestones WP4, as planned:

(i) Synthesis of high density peptide arrays

(ii) Quality assessment of the peptide arrays

(iii) Analysis of the immuno-reactivity of human sera against peptide arrays encompassing the protein repertoire of the selected microbial genomes

Milestones (i.) and (ii.) have been achieved. Milestone (iii.) was not achieved within the time frame of the Microbearray project due to difficulties described above. However evidence from the work carried out suggests the milestone remains achievable - analysis of human sera against peptide arrays is planned for the forthcoming months.
D) Deviations from the work-programme and corrective actions taken/suggested. Identify the nature and the reason for the problem.

The difficulties in the stable calibration of the 20 different amino-acid-toner-cartridges led to a delay in the manufacturing of complex peptide arrays because definitively more that 3 different amino acids have to be printed per layer to generate these. We got over these difficulties with the improved mountings delivered a few months ago. By now we are able to generate complex peptide arrays for the Microbearray project. A manuscript that describes the new technology currently is written. As part of a contingency planning the DKFZ will deliver peptidome peptide arrays to the partners in the forthcoming months. 

WP 05: – Development and Validation of a novel antibody surface for protein & peptide microarray production, WP lead contractor – DML, other contractors involved – UNIPG, MTM.
Objectives:

1. Development of antibody coated surfaces able to anchor recombinant proteins and synthetic peptides onto a glass slide (DML, UNIPG, MTM)
2. Analysis of performance of antibody coated surfaces in protein and peptide micro-arrays. (UNIPG, MTM, DML)
Starting point and Description of work 

Progress reported previously for Workpackage 05 had covered the following achievements: (i) the production of large quantities of pure 4D-11 antibody (ii) assessment of optimal slide surface for 4D-11 coated slide construction and optimal coating methodologies (iii) proof-of-principle was provided for use of a 4D11 modified slide as a selective binder of proteins embodied with a 6xHis epitope. Studies to be concluded in the second reporting period included assessing the reproducibility and stability of the constructed slide surface. 

A) Progress towards objectives – tasks worked on and achievements made with reference to planned objectives

· Tasks and Achievements

Reproducibility of 4D11 modified slide performance – the ability of 4D-11 modified slides to selectively isolate proteins harbouring a 6xHis epitope from spotted crude expression lystates was assessed in terms of its reproducibility. Modified slide production, array printing and selective washing protocols were repeated on numerous occasions over a period of several months. These studies demonstrated that for both intra-batch and inter-batch comparisons selective binding effects could not be reproducibly maintained. Interrogation of the slide surface suggested that uneven antibody distribution (a feature of the immersion technique used for slide modification) may provide an explanation to this phenomenon.
Evaluation of an integrated approach to high-throughput antigen production and serum screening – this work was proposed and executed as an alternative to the 4D11 modified surface and represents a different strategy for improving access to microbial antigens within a microarray format for antibody screening studies. In total, 13 P.falciparum antigens were cloned and expressed using vial-based cell-free in vitro expression (E.coli). Neat expression products were then used to construct arrays. Sera were then be preabsorbed against E.coli extract antigens and used to interrogate arrays with the aim of revealing antigen-specific antibody titires. It was subsequently demonstrated, using a malarial antigen, that a comparable specificity and sensitivtiy to that generated when arraying purified antigen could be produced with the preabsoprtion strategy. Following this observation, this approach was successfully applied to rapidly generate reactivity profiles against a panel of 13 malarial antigens in 15 different serum samples sourced from a region of Africa in which malaria is endemic.
Comparison of preabsorption strategy vs. purified antigen:
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Antibody reactivity profiles observed in 15 sera using preabsorption strategy:
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​​
Further details are present in the deliverable report.

B) List of deliverables, including the due date and the actual/forseen submission date

Table 1. Deliverables list 

	Del. no. 

	Deliverable name
	WP no.
	Lead partici-pant
	Date due


	Actual/Forecast delivery date
	Estimated indicative person-months
	Used indicative person -months

	D5
	Development of an antibody coated surface able to efficiently anchor both protein and peptide species to a glass slide
	05
	DML
	9
	Completed
	10
	8

	D9
	Performance assessment of protein and peptide microarrays printed on His-antibody coated slides
	05
	DML
	13
	Completed
	21.5
	19


C) List of milestones, including the due date, the actual/foreseen submission date
Milestone 1 (WP5): Methodology and validated protocols for 4D11 immobilisation and on glass slides for protein capture in microarray format. Protocol was delivered to the consortium by month three within the timescale anticipated by the deliverable due dates.

Milestone 2 (WP5): Assessment of 4D11 ability to anchor onto a glass surface a variety of recombinant proteins and synthetic peptides carrying a His-tail. This assessment was delivered to the consortium by month 6, slightly behind schedule but this delay did not affect the overall progress of the project.

Milestone 3 (WP5): Comparison of 4D11 coated slides with chemically treated glass surfaces in terms of immunoreactivity of bound proteins and performance of microarray immunoassay. A report documenting the research and conclusions was delivered to the consortium by month 10.

Milestone 4 (WP5): Repeat (3) above with project specific proteins. This milestone could not be reached due to the inability to secure a reproducible modified 4D11 slide surface within the confines of the project duration. This information was reported to the consortium by month 18. The rejection of the 4D11 slide surface did not impinge upon the rest of the project since redundancy plans were built into the original project design. Additional work was then undertaken by DML and UNIPG to identify an alternative approach to facilitate high-throughput antigen screening. This was devised by the consortium and implemented. 
D) Deviations from the work-programme and corrective actions taken/suggested. Identify the nature and the reason for the problem.

The studies performed in this second reporting period have suggested that despite very promising proof-of-principle studies the 4D11 modified slide surface developed was not at a sufficiently advanced level of validation to facilitate its use for construction of arrays. It was agreed between consortium members that a significant financial invesment and specialised surface-coating technologies would be required to better generate modified 4D11 slides with the aim of producing a reliable and workable slide surface. The consortium does however note the high importance of identifying strategies that obviate the need to purify proteins from expression lysates. Such approaches will help alleviate a major bottleneck in the construction of high-content protein microarrays and potentiate the rapid interrogation of hundereds/thousands of proteins simultaneously. To this end the consortium have decided to turn attention towards developing robust protocols for printing and interrogating arrays constructed with unmodified expression extracts. To facilitate this DML identified automatable cloning and expression protocols and an assay format that obviates the need to purify antigens prior to serum screening. Importantly, this approach was shown to offer comparable performance characteristics to an assay constructed using purified antigen. 
WP 06- Design, development, production of a prototype instrument for processing and reading protein micro-array slides. Lead contractor- CHELSEA, other contractors involved – MIKURA, MTM, UNIPG, ISS
Objectives

1. Design, development and production of a prototype instrument array reader utilising innovative Light Emitting Diodes (LED) technology (CHELSEA, MIKURA, MTM, UNIPG)

2. Validate the performance of the integrated micro array platform (UNIPG, ISS, CHELSEA, MIKURA, MTM)

 Starting point

At the start of the project the principle using lateral flow for micro array assay processing had been demonstrated experimentally. The feasibility of using a low cost light emitting diode (LED) as a light source for a low cost reader had been demonstrated using laboratory instrumentation.

The aim of WP6 is the design, development, production and experimental validation of both a lateral flow micro array test device and a dedicated prototype reader platform. Work on the processor and reader instrumentation was planned to focus on optimizing the performance of the optical module and software needed as well as on the design and development of the X-Y mechanics to enable processing of the slide. It was planned that the system would include a lateral flow assay device to facilitate liquid handling. It was planned to compare the device and LED instrumentation to a commercially available product. Once validated, it was hoped that the system could facilitate the array technology transfer from high technology research laboratory to clinical use.

At the end of the first reporting period of the project the basic principles of operation of the reader had been defined and analysed theoretically. A design specification for both the hardware and electronics was written and the detailed design of the electronics had been started. A prototype lateral flow device had also been designed and moulded. Through the current reporting period the detailed mechanical design of the reader has been completed and three prototypes have been constructed and evaluated along with a performance evaluation and optimisation of the lateral flow device.

A) Progress towards objectives – tasks worked on and achievements made with reference to planned objectives
Objective 1 – Design, development and production of a prototype instrument array reader utilising innovative Light Emitting Diodes (LED) technology (CHELSEA, MIKURA, MTM, UNIPG)
· Tasks and Achievements

DESIGN AND VALIDATION OF READER

(a) Design of physical instrumentation and software

•
Mechanical design of the prototype reader has been completed and machined parts procured. 

•
Electronics design has been completed for the three printed circuit boards (PCBs) required by the reader: source/detector driver, microcontroller and stepper boards. PCBs have been procured, populated and tested successfully.

•
Embedded software to control the reader has been written. Initial testing has been completed and optimisation is in progress.

(b) Construction of 3 prototype readers

•
Three prototype readers have been constructed:

[image: image8.wmf]
(c) Comparison of system against commercial product

•
Performance characterization of the first reader has now been completed. Results demonstrate a significantly wider dynamic range can be achieved with the reader than is possible with existing commercial laser based scanning instruments. Signal to noise for a typical read cycle is approximately 250:1, sufficient to resolve around 100 points across the assay range. The reference measurement of the LED light source shows that light output is highly stable with no significant drift observed over the time taken to read a typical array. Excellent optical isolation has been demonstrated with no observed increase in signal from a background spot surrounded by ones providing a signal close to full range.

•
A drop in signal of almost 80% has been observed when the test device is filled with wash buffer and the immobilized fluorophore is hydrated. This has placed a significant additional constraint on the reader performance. This, combined with high fluorescence background signals from the early moulded test devices, has limited sensitivity and the ability to resolve weaker signals during initial performance evaluations. 

•
The proposed methodology for the registration of array alignment has been tested successfully.

•
Experiments to date have demonstrated that the reader’s eletromechanics do not introduce any additional measurement imprecision, with excellent reproducibility (~0.5 %CV for brighter spots) being achieved for multiple reads of the same array.

(d) Optimisation of system

•
Optimisation activities have concentrated on reducing the fluorescence background signal, this being the limiting factor on sensitivity for any fluorimeter. Alternative test device materials have been moulded and a significant improvement in signal to background ratio has resulted. The system is now able to resolve the weakest test spots and good correlation with the laser scanner has been demonstrated. Further work to reduce the background signals is in progress.
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(e) Production of validated designs, protocols and manuals for the system

•
Design documentation, including: mechanical drawings, electronics schematics, parts lists and commented software listings have been completed.

Objective 2 – Validate the performance of the integrated micro array platform (UNIPG, ISS, CHELSEA, MIKURA, MTM)

· Tasks and Achievements

VALIDATED INSTRUMENT CHIP PLATFORM

The objective of this exercise is to develop a disposable device which will enable to microarray processing and microarray presentation to the reader. The work carried out on this objective during this reporting period is the validation and optimisation of the MTD – microarray device.

The following tests were carried out:

1. Fill and suction test – to establish optimal work angle for the MTD

2. Drop test – to establish stability of MTD after drop from normal lab bench height

3. Further read test in various materials.
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1. Fill & suction test

We constructed a work station which allows us, by adjusting the feet lengths, 

to vary the work angle on the devices.

We carried out multiple dispense and suction operations and established the optimal work angle to be 23˚ from horizontal.
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2. 
MTD Drop Test
Carried out in January 2006

· Device was assembled and fitted with a printed microarray slide.

· Device was filled with 2.2ml buffer solution.

· Device was pushed 20 times off the edge of a work surface 92cm from the ground onto a wooden floor with one layer of absorbent paper on it.

· The device withstood the impact in different angles.

· The glass did not break.

· Small dots of buffer were evident on the absorbent pad. The biggest dot was 2.0mm diameter.

3. 
Validation and Optimisation of the MTD 
Work carried out in this period on the validation and optimisation of the MTD – microarray device was as follows:

1. Material compatibility

2. Robotics compatibility

3. Sealing of device

4. Automated assembly issues

5. Homogenous filling of capillary gap

6. Handling issues
1. Material compatibility

Using the stand alone reader we have tested six various materials for fluorescence background contamination.

The values read are as follows:

ABS

7650

Styrene

5342

PC


1489

PP


5486

Triax

3486

Acetal

387

Following these results we set to redesign the tool in order to allow for Acetal Injection Moulding. The changes included moving the injection gate to the top of the device.

2. Robotics compatibility

Following the evaluation work carried out with Mark 1 of the device and concept work on robotic automation of fluid handling we decided that we have to move the slider handle as near as possible to the capillary gap area. We also introduced two further access apertures which will allow for a disposable tip to access the capillary gap in a zone which was not previously contaminated by sample.

3. Sealing of device

Device Mark 1 used two sections of adhesive tapes which held the glass slide to the device around the capillary gap area. The zone around the absorbent pad was not held firmly to the top moulding.

We decided to improve the seal of the absorbent pad by providing a complete closed frame which will follow the edges of the glass slide and adhere the moulding to the glass on all four sides.

4. Automated assembly issues

Assembly of mark 1 required the glass slide to be introduced to the moulding in an angle. This method of assembly prevented the adaptation of picxk-and-place machinery. We therefore designed the moulding to drop vertically onto the glass side.


[image: image14]
5. Homogenous filling of capillary gap

We have observed that homogenous filling of capillary gap requires for the liquid to be in contact with the entrance to the capillary gap in it’s full width. The previous design allowed the radial introduction of the liquid into the gap which resulted in unfilled corners. The new design has a separate chamber into which the reagents are introduced. This chamber is in contact with the capillary chamber through the full width of the device.
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6. Handling issues

Previous design suggested the handling of the MTD on the sample introduction end of the device. This resulted in finger prints contamination onto the critical glass area of the printed array and possible contamination of the user with sample.

We removed the grip ribs from the sides of the MTD and introduced new grip ribs on the opposite end of the device i.e. away from the sample introduction port.

Comparison of old vs. new device design:
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Layered device breakdown:
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Involvement of other contractors
MTM  - Production and testing of protein chips in conjunction with device and instrument developers
- during the second reporting period, ongoing interaction has occurred between Chelsea and MTM to help optimise reader features related to assay compatibility (spot layout, diameter and pitch) and optical properties of the device-reader interface.

- during the second reporting period, ongoing interaction has occurred between MIKURA and MTM to help optimise critical usability characteristics of the device. 

UNIPG - Construction of arrays for design and development of prototype instrument - UNIPG has provided ongoing support to Chelsea and Mikura throughout this reporting period, providing protein arrays to aid in the design and development of the prototype array reader and device. 

B) List of deliverables, including the due date and the actual/forseen submission date
Table 1. Deliverables list 

	Del. no. 

	Deliverable name
	WP no.
	Lead partici-pant
	Date due


	Actual/Forecast delivery date
	Estimated indicative person-months
	Used indicative person -months

	D10
	Construction of a prototype array reader with supporting documentation to enable useof the system for evaluation of clinical samples later in the project.


	06
	CHELSEA
	20
	Completed
	50
	26

	D16
	Validated instrument chip platform 
	06
	CHELSEA
	23
	Completed
	19.2
	22


C) List of milestones, including the due date, the actual/foreseen submission date

Milestone 1 (WP06): Design of the device reader and Validation of design in conjunction with test devices and generation of required documentation. The Hardware design specification and electronics design specification for the reader was completed during the last reporting period.
Milestone 2 (WP06): Production of a working prototype consisting of an optical module and X-Y mechanics to process the slide, for use within the wider project. This milestone has been completed in this reporting period.
Milestone3 (WP06): Analysis of the clinical performance of the protein chip array platform. The milestone has been completed during this reporting period.
D) Deviations from the work-programme and corrective actions taken/suggested. Identify the nature and the reason for the problem.

The mechanical design of the reader has proved to be more time consuming that expected, partly because the decision was taken to provide a third motorized axis to drive the test device in and out of the reader. This was done to ensure that the PMT could be protected from ambient light, as the test device insertion would be under full software control. The additional effort introduced delays to the instrument development programme over and above those outlined in the previous 12-month report, however a working prototype has been delivered within this reporting period.
WP 07 – Software development, analysis of serum reactivity against protein chips and validation of the instrumentation. WP contractor – UNIPG, other contactors involved – ISS, MTM, BIIP, MIKURA, P’X, DML, CHELSEA
Objectives:

1. Analysis of the humoral immune response against the arrayed molecular species in groups of individuals exposed to the selected micro organisms (UNIPG, ISS, MTM, MIKURA/CHELSEA, with peripheral input from P’X And DML)
2. Development of bioinformatics tools for analysing serum reactivity profiles (BIIP, UNIPG, ISS).
Starting point and Description of work:

Work completed during the first year of the consortium project had proceeded to plan. Performance characteristics (as compared to ELISA) for constructed microarrays immunoassays were shown to be favourable. Microarray immunoassays were shown to offer similar sensitivity to ELISA and strong levels of reproducibility were observed both within and between slide batches. Stability studies had confirmed assays retained performance after at least 3 months storage in dry conditions. Various computational approaches were explored to analyse serum reactivity profiles generated on constructed arrays including heirarchical clustering, k means clustering and machine learning using SVM. The collection of serum samples from patients with documented exposure to Legionella and Chlamydia was ongoing and had progressed according to the schedule.
A) Progress towards objectives – tasks worked on and achievements made with reference to planned objectives 

Objective 1 – Analysis of the humoral immune response against the arrayed molecular species in groups of individuals exposed to the selected micro organisms (UNIPG, ISS, MTM, MIKURA/CHELSEA, with peripheral input from P’X And DML)

· Tasks and Achievements

During the previous reporting period, using antigens sourced or developed by the consortium members, protein microarray immunoassays suitable for use in detecting antigen-specific IgG against microbial antigens were developed. Reactivity data produced from constructed arrays was shown to provide data equivalent to the reference method (ELISA) and was accordingly analysed by a variety of computational approaches to unravel reactivity information that may possess clinical significance. During this reporting period, Protein e’Xpert supplied ISS with 48 proteins (produced in small quantities via high-throughput cloning/expression and immunoblot analysis was performed wtih positive and negative sera. 33 Chlamydia proteins and 15 Legionella proteins were assessed. For Chlamydia, varying immunoreactivity to the proteins was noted using different categories of sera and controls (negative, novel acute infection, chronic infection). Sera showed immunoreactivity to 18 of the 33 proteins. Positive responses were variable but several proteins were routinely present. For Legionella, again there was a variety of response to the proteins using different categories of sera and controls. All 15 proteins supplied were recognized by at least 1 sera and at least 10 proteins were recognized by most sera.
The activities performed for the first-pass immunoblot screen are summarised in more detail below:

ISS received 33 recombinant proteins from the former and 15 recombinant  proteins of the latter  microrganism in a quantity  which was, for most of the proteins, sufficient for a single test . The proteins had already been detected by the P’X Unit by a Comassie stain test. The selected immunoassay was the immunoblot which was considered to be sufficiently sensitive and allowed a confirmation of the expected molecular size of each protein as well as of the purity of the protein  preparation. The western blot technology used was standard, with  equal amounts  of each protein  (1 ug) in the electrophoretic run, with 1:30 dilution of each serum and alkaline-phosphatase-conjugate anti-human IgG or IgA . A number of diagnostic sera indicative of various clinical  state of the subjects were taken from the ISS institutional serum library. The diagnostic sera were re-assessed  for their titre by the international standard  and validated tests ( microimmunofluorescence for both organisms) and used at a dilution of 1:30. For C.pneumoniae, commercial positive and negative sera were also inserted into the test. For L.pneumophila  negative sera were selected from the ISS library. As a formal control, all proteins were first assayed with an antibody against the 6-histidine tail to ascertain their source and nature of recombinant gene products. All  L.pneumophila  proteins and the great majority of C.pneumoniae products tested positive with this antibody, as expected. The negativity of the few ones of this latter microrganism were provisionally interpreted as due to a particular low affinity of the recombinant protein for the immune anti-6his serum.  Overall, the results obtained can be summarized as follows :

1. With one single exception (see below), negative sera were indeed negative in immunoblots for all proteins tested. The single positive was a commercial negative serum reacting with three proteins of C.pneumoniae.

2. For C.pneumoniae, out of the 33 proteins tested, 18 were recognized by at least one of the 8 IgG positive sera of subjects with past infection by/exposure to C.pneumoniae.  One protein, i.e. the conserved membrane lipoprotein was recognized by all these sera.

3. IgA+sera from chronically-infected patients mostly recognized a flagellar motor protein

4. Many putative outer membrane proteins, supposed to be strongly antigenic and expressed during disease, were not detected by any serum.

5. For L.pneumophila  , each of the proteins  tested was recognized by at least one IF positive serum, with a substantial uniformity  of protein pattern recognition by the positive sera

6. One IF negative, acute serum showed a unique dominant recognition of a 44 kDal virulence antigen ( putative 85B transformation protein)

In conclusion, for both microrganisms the theoretical selection of antigens was confirmed by the actual reactivity with standard sera. Some promising antigens for the array have been identified among those reactive with most if not all sera examined and at least one of them ( the flagellar motor protein) could be discriminative of recent from past infections by C.pneumoniae. Moreover, the 85B traC protein of  L.pneumophila  appears to be quite early expressed during infection (antigenuric patients) before seroconversion. 

 In light of these preliminary immunoblot results, efforts were undertaken to produce a finalised panel of 33 candidate antigens (18 from Chalmydia and 15 from Legionella) for assessment on the microarray platform. This production, of proteins at high concentration and high purity was performed by Protein e’Xpert. The candidates chosen are listed below:

Chlamydia pneumoniae
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Legionella pneumophila
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The detailed assessment of these candidates has been initiated by UNIPG/ISS/Protein e’Xpert/ MTM and will be concluded over the coming 6-12 months. The range of analytical tools developed in this project will be utilised to investigate serum reactivities against the panel. With reactivity data produced being subjected to computational analysis in the attempt to identify sensitive and specific serodiagnostic biomarkers. 
First generation arrays containing candidate antigens are shown below. Several rounds of optimisation are now being performed to determine the optimum conditions for immobilising each antigen to the activated slide surface. Detailed comparison of antigen reactivity profiles recorded from negative/positive sera will then be performed.
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Involvement of other contractors

MTM – related objective (Analysis of the humoral immune response against arrayed molecular species in groups of individuals exposed to selected micro-organisms)

MTM has coordinated the work between themselves, ISS and Protein e’Xpert with regard to target identification and validation – this builds on the work conducted in the first reporting period that explored antibody profiles against externally sourced P.falciparum antigens. 

ISS - related objective (Analysis of the humoral immune response against arrayed molecular species in groups of individuals exposed to selected micro-organisms)
Serum samples from patients with documented exposure to Legionella and Chlamydia were sourced by ISS for use in assessing antigen reactivity on immunobolot/microarray platforms. Negative serum samples have also been sourced to facilitate the construction of a specific assay.

· Objective 2 - Development of bioinformatics tools for analysing serum reactivity profiles (BIIP, UNIPG, ISS).
This was completed in the previous reporting period.
B) List of deliverables, including the due date and the actual/forseen submission date

Table 1. Deliverables list 
	Del. no. 

	Deliverable name
	WP no.
	Lead partici-pant
	Date due


	Actual/Forecast delivery date

(Proj Mth)
	Estimated indicative person-months
	Used indicative person -months

	D21
	Software tools to compare serum reactivity patterns in protein chips.
	07
	UNIPG
	25
	Completed
	23
	24

	D22
	Diagnostic assays for the early diagnosis of infections caused by selected micro-organisms. Candidate set of molecules for vaccine development
	07
	UNIPG
	28
	Completed
	51
	52


C) List of milestones, including the due date, the actual/foreseen submission date

Milestone 1 (WP7) - Identification of proteins and epitopes recognised by serum antibodies early on after infection

Milestone 2 (WP7) – Validation of novel software package for processing of array data

Milestone 3 (WP7) – Identification of proteins and epitopes that could function as targets of protective humoral immune response. 

In the previous reporting period milestones 1, 2 and 3 were addressed using sourced P. falciparum proteins – this work has continued during this period and resulted the identification of clinically-relevant antibody profiles relevant to protection against malaria. During this reporting period work has progressed to enable the extension of this work to include analysis of potential biomarkers from Chlamydia and Legionella. Proteins for both organisms have been selected (33 in total) and have been produced at high concentrations and high purity. Relevant clinical serum samples were sourced, immunoblot assessment of candidate antigens was completed and characterisation using protein microarrays has been initiated. Thus all milestones have been met.
D) Deviations from the work-programme and corrective actions taken/suggested. Identify the nature and the reason for the problem.

Section 3 - Consortium Management (WP 01 - Management review and Assessment of progress)
Management tasks and their achievement. Problems which have been solved and how they were resolved

Objectives:

1. Maintenance of momentum and effectiveness through ongoing review of project objectives and output.
2. Management of allocation of arising intellectual property

3. Management of result dissemination to the wider public

4. Timely assessment of individual work packages to feed into high level review and problem solving management structures.

Starting point and Description of work:

The majority of the management burden of the project fell within the first reporting period. This involved establishing and coordinating the management structure for the project and endeavours focused to this end during the first period are detailed below:-

Two levels  of  management structure were set up a) High level decision making ie: the executive committee, b) Operational ie: the MICROBEARRAY co-ordinators management office (MCMO), the Work Package Co-ordinators and individual work packages committees. The executive committee acts as the final decision making body and will manage the resolution of all scientific and technical issues arising including ensuring that planned activities are implemented and that the shared resources are available to the partners concerned. This committee will also oversee the correct allocation of arising intellectual property and ensure public dissemination plans are being implemented. Most of the detailed review and assessment work will be carried out at operational level. The role of MICROBEARRAY Co-ordinator will be carried out by a Scientific director and a management office. The Scientific director will oversee the project activities, priorities, integration and compliance to the schedule. Project presentations and public dissemination packages will be produced by the MCMO in compliance with the deliverable schedule. In addition the Director will interface with the individual work package co-ordinators. Operational reviews of each work package will be submitted twice yearly to the MCMO by the work package co-ordinators prior to meetings of all relevent parties.  In addition results will be presented at an annual consortium meeting in the context of the individual work packages. Ongoing assessment of work package progress will happen through the workpackage committees who will communicate on an regular basis, and it will be the responsibility of the each workpackage co-ordinator to bring arising scientific, technical, resource or IP issues to the attention of the MCMO in a timely fashion.
The main management tasks exercised in this reporting period centred on maintaining smooth management of the project through maintained interaction between partners in the form of regular workpackage meetings and consortium meetings. While in the final few months of the project there has been a focused emphasis on managing the conclusion of the project and coordinating the reporting effort between all the partners to ensure the reporting to the European Community could be finished on time.
Tasks and Achievements
Objectives 1 & 4

Within this reporting period, three further consortium meetings have taken place (see appendix). In these meetings partners presented scientific and technical advances and provided opportunities to assess the progress and determine the future direction of the project under the supervision of Professor Crisanti. As well as addressing scientific issues these meetings offered an opportunity to discuss administrative issues as well as to ensure full dissemination of results throughout the consortium. Reports and meeting presentations by members of the consortium have been filed and circulated among the members. Problem solving workshops have also been held as a part of individual workpackage activities and communication has continued outside of consortium meetings throughout the period. As a result, this enabled consortium members to broadly deliver results in line with the pace anticipated under the timeframes laid out in the 6 month extension documentation.
Objective 2

Potentially valuable biomarkers have also been identified as a result of the studies characterising the Chlamydia/Legionella antigens generated. Under the terms of the IP agreement adopted by the consortium, ownership of the IP for these biomarkers has passed to MTM and Protein e’Xpert. Both MTM and Protein e’Xpert have agreed heads of terms and will meet the costs associated with filing patents for these biomarkers and will undertake all steps necessary for their potential commercialisation in the future.
Objective 3

Dissemination of information to the wider public has been addressed by efforts to publish results, file patents and engage the wider scientific community through conference presentations and lectures. During the project MTM has engaged SEAC regarding the possibility of industrialising the instrument and an agreement has been made between the two to this effect. MTM has met with a number of interested companies/parties during the project (notably Oxford Gene Technology and Biomerieux) to discuss potential tie-ups with the device and integrated system.

Deliverables list 

	Del. no. 

	Deliverable name
	WP no.
	Lead participant
	Date due
	Actual/Forecast delivery date
	Estimated indicative person-months
	Used indicative person -months

	D1
	Plan for using and disseminating knowledge
	01
	UNIPG
	7
	Completed
	1
	0

	D3
	Project presentation for public dissemination
	01
	UNIPG
	9
	Completed
	1
	0

	D7
	12 month workpackage reports
	01
	UNIPG
	13
	Completed
	3
	0

	D13
	18 month workpackage reports
	01
	UNIPG
	20
	Completed
	2
	2

	D14
	18 month Plan for use and dissemination of Knowledge
	01
	UNIPG
	20
	Completed
	3
	1

	D15
	Late 12 month Consortium Report
	01
	UNIPG
	20
	Completed
	2
	0

	D20
	24 month workpackage reports
	01
	UNIPG
	25
	Completed
	2
	2


	D23
	30 month workpackage reports
	01
	UNIPG
	30
	Completed
	2
	2

	D24
	Final plan for use of disseminating knowledge
	01
	UNIPG
	30
	Completed
	2
	1.5

	D25
	Final consortium report
	01
	UNIPG
	31
	Completed
	3
	3.5


Project timetable and status. Clarify changes and impacts if any.
During this reporting period a 6 month no-cost extension was agreed for the project to align effective availability of funds with the research capabilities. This outcome was sought in order to give partners extra time in which to catch up on earlier lost time prompted by the initial delay in availability of monies to the consortium. We are pleased to report that the integration of the 6 month no-cost extension was extremely successful and provided valuable time for the partners to thoroughly address the scientific goals of the project.
6 month extension schedule:
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Comments of co-ordination activities – communication between partners, project meetings, possible co-operation with other programmes etc.
Summary: The members of the consortium have worked extremely well together and have had multiple interactions, both at the 6 month conferences organised in conjunction with the MICROBEARRAY project office and within workpackage groups.
Project meetings 
Kick-off conference - 2/3rd November 2004. All members attended. Please see the minutes which are appended to this document (Appendix II)
6 month conference – 26th April 2005. This was due to occur on the 5th April 05 in Rome but was delayed due to co-incidence with Pope John Paul’s funeral. All attempts were made to keep the meeting on track and date was found within three weeks which all members could attend. Please see the minutes which are appended to this document. (Appendix III)
12 month conference – 28th/29th November 2005 in Perugia, Italy. All members attended. Presentations are available on request. (Appendix IV).

18 month conference – 22nd/23rd May 2006 in Warsaw, Poland. Mikura did not attend this meeting since the substantial work had been completed by the 3rd meeting – MIKURA will attend the wrap up meeting. Please see the minutes which are appended to this document (Appendix V).

24 month conference – 27/28th November 2006 in Grenoble, France. ISS, Chelsea, BIIP were unable to attend the meeting. The substantial work of all these partners had been completed previously, however collaborating workpackage partners presented any work updates. The meeting was used to ‘wrap-up’ and scientific, administrative and financial issues and to prepare the consortium for the construction of the final report. (Appendix VI).
Section 4 – Other issues

No ethical issue requirements – n/a
Description of overall contributions of the group of SMEs, RTD performers and other enterprises and end-users.

The project has combined the inventive contributions and facilities of five RTD performers across five different European countries that have closely collaborated with the participant SMEs. The project has been organised to careful align strategic need of SMEs and R&D interest with early face-to-face meetings and relationship. Product specifications and technological problems have been brought to the attention of the research performers. The output of the collaborative activities have created already several different commercial opportunities for the particular SMEs through development of software, databases, product specifications, validated assays and array surfaces for the production of an integrated platform for low cost, flexible micro array diagnostic system. The achievements contribute to  addresses key bottlenecks that hamper the growth of the overall market for protein micro-arrays: the lack of robust technology for producing reliable and affordable array products for clinical diagnosis. Solving this problem will open up a breath of opportunities for other companies wanting to introduce innovative diagnostic or R&D services. This protein array market is predicted to grow from 10 mill € in 2002 to 3-400 mill € world wide by 2006.
Appendix 1 : Plan for using and disseminating the knowledge.

Exploitable knowledge and its use

1.  Software packages and databases have been validated to analyse and process the profiles of serum reactivity against of arrayed antigens. Genomes of the selected organisms have been annotated for potential virulence factors utilising available information as well as an algorithm that scores structural and predicted functional properties of gene products.

2. An array processor and reader instrument utilising a LED optical module has been designed according to agreed technical specifications. The instrument will incorporate software developed by BIIP to handle array data. The novelty of design and concept will dramatically reduce costs thus allowing the production of an affordable and robust instrument. This instrument will make diagnostic protein arrays affordable and will represent a crucial commercial vehicle for bringing micro array technology to clinical laboratories.

3. Versatile surfaces able to efficiently anchor both recombinant proteins and synthetic peptides to glass slides through a common mechanism have been tested and validated. Despite issues of reproducibility encountered with the simplfied coating procedures employed in this study, the results provide proof-of-priniciple that promises the potential to develop a workable slide surface in the future.
4. A number of malaria antigens have been utilised to develop a micro-array immunoassay to investigate correlates of protection in clinical research. The findings of these studies have both scientific and commercial implications in the perspective to identify vaccine candidate molecules that could be licensed to big pharmaceutical companies.
5.  Working prototypes have been developed for the reader instrument and these have been made available to all the partners.

6.  MTM has established commercial partnerships with Allergopharma and Cambridge Life Sciences to exploit array technology in the field of diagnostics.

Dissemination of knowledge

In total five consortium conferences have been held for the members of the consortium.

In addition the RTD partners have individually presented aspects of the work at various scientific conferences through the year. Dissemination of knowledge has been further addressed through publication of results, filing of patents and discussions within the scientific community through lectures. Various technology transfers have been activated between partners. Working prototypes of the reader instrument have been made available to all partners, DML have provided Protein e’Xpert with technical details of an array-based strategy for high-throughput first-pass screening for assessment of protein antigenicity and MTM have provided a transfer of array technology to ISS, providing hands-on experience in array construction, processing and reading.
Publishable results

The project has yielded a variety of results that are suitable for publishing (either in their entirety now or as part of further studies in the future). We have analysed the antibody reactivity profiles to a group of recombinant malaria antigens in around 200 children showing different levels of clinical immunity to P. falciparum infection. The analysis was carried out using an antibody capture micro-array immunoassay that incorporated as a substrate 18 recombinant arrayed antigen chosen amongst the most promising available blood stage vaccine candidates. Unexpectedly we found a great heterogeneity in individual antibody reactivity to malaria antigens with  individuals tending to recognise distinct combinations of antigens. Such diversity likely reflects the complexity of the parasite proteome and the combined genetic diversity of the human and parasite populations and provides an intriguing explanation to the difficulties that have been encountered in vaccine development. Serum reactivity profile clustering and comparisons carried out with two independent statistical approaches revealed that reactivity to certain combination of antigens AMA1 and two MSP2 variants (3D7 and Fc27) is significantly associated with protective immunity.  When we looked for association between protection against malaria and serum reactivity to any of the 18 individual antigens we failed to find any correlation. These findings demonstrate that immunity to malaria is associated with antibody recognition of multiple rather than individual antigens, and that reactivity to AMA1 and the two MSP2 variants has some association with the development of clinical immunity in children. The simultaneous assessment of hundreds of distinct antigen-antibody reactions should dramatically facilitate the identification of the parasites antigens that, in combinations, function as targets of the protective immune response and hence facilitate both the development and the evaluation of anti-malarial vaccines.   This work has implications that go beyond the field of malaria to date more than 320 prokaryotic genomes have been completed or are close to completion, including numerous pathogenic organisms. Serum profiling against microbial antigen repertoire scould also be applied to identify correlates of protection for many of these other micro-organisms. These results of this work have been accepted (subject to final editing) as an article in a highly reputable scientific journal. In addition a manuscript is in preparation that describes the novel technological advances that have been made with respect to the construction of peptide microarrays dealt with in Workpackage 4.
Appendix II : Minutes of the Kick off meeting 02 Nov 2005
Minutes of the EU FP6 Kick –Off Meeting

MICROBEARRAY

Location – Imperial College Campus

South Kensington

London SW7 2AZ

Sir Alexander Fleming building

Seminar Room 119 (Tues) and 121 (Weds)

Tuesday 2nd November – Wednesday 3rd Nov 2004

Duration – 1.5 days

 EU Craft Project : Kick-off Meeting Agenda

Sir Alexander Fleming building

Participants : 

Co-ordinator: Professor Andrea Crisanit, Dr. Jennifer Roper, Dr. Roberta Spaccapelo, Dr. Tania Dottorini.

Partners: Dr. Uri Friedlander (Mikura); Dr. Vincent Monchois (Protein X epert); Dr. John Attridge (CIL); Dr. Tito Bacarese-Hamilton (MTM); Mr. Julian Gray (DML); Professor Antonio Cassone and Ms. Anna Marella (ISS); Dr. Frank Breitling (DKFZ); Dr. Leszek Rychlewski, Dr. Adrian Tkacz, Dr. Lucjan Wyrwicz (BIB).

Minutes

The consortium met to review the resources and financial arrangements which will be put in place over the lifetime of the MICROBEARRAY project.

Professor Crisanti and Dr. Jennifer Roper illustrated the management, financial and accounting aspects of the project. Please see attached presentations.  Professor Crisanti reported that the 1st tranch payment form the EU had been received by the Co-ordinators bank in Perugia, Italy. 

It was agreed to set-up a website to facilitate inter-member communication and timely delivery of reports (Financial, scientific, technological)

Action: Cost and set-up of website to be researched by project co-ordinator office.
-It was agreed by all PI’s that payment should be processed according to the relative involvement of the partners in the different Work Packages, some of which only start in year 2.  Each Workpackage will receive their funding in four installments. The 1st installment will be paid immediately, the second at month 7, the third at month 18 and the final installment at month 31, assuming that the EU accepts the reports and audits in a timely fashion.

The 1st installment will consist of

a) 50% of each participants’ 1st year allocation. 

b) A contribution to networking and management if the participant is principally carrying out work in year two.

Further installments at month 7, 18 and 31 will be based on milestone attainment.

Actions: Bank Details to be obtained for all partners and the 1st installment transferred. A schedule for subsequent installments to be circulated by project co-ordinator office.

-It was agreed to strengthen Work Package 4. The partners will provide a proportional contribution to support the payment of a salary for a post-graduate, to be nominated, who will bridge UNIPG with DKFZ. The estimated allocation for this will be €60,000, which will be distributed proportionally. An additional €10,000 will be allocated to DKFZ for increased management and networking duties.

Action: Project co-ordinators office to liase with both Institutions to arrange the details

-It has been agreed that the next meeting will be convened in Rome at the Istituto Superiore di Sanità (National Health Institute). A date around the 1st or 2nd week in April 05 was suggested.  

It was also suggested that young researchers from participating labs who are working at Microbearray be included in the next meeting and encouraged to give presentations.

Action: Date to be finalized.  Professor Cassone has suggested two periods for the second meeting in Rome, i.e. the first or the second Friday of next April ie. 1st or the 8th April. The executive committee could meet Thursday evening, and the whole Friday dedicated to presentation and discussion.

- It was agreed that it was the responsibility of each workpackage co-ordinator to convene a meeting with the relevant partners as soon as possible. They should report to the co-ordinator the starting date of activities and provide an implementation plan.

 Action : Co-ordinators of Workpackages 2,5, 6 and 7 *to organise meetings.

*the timescale of 7 has been updated to begin earlier that originally scheduled due to the time requirements of some of the bio-informatics involved.

All principal investigators gave a short presentation outlining their technical contribution to the project, their available resource and scientific goals.

Action: Slides to be circulated by the project co-ordinators office.

The Principal Investigators held a round table discussion on the overall priority given to the listed test organisms, in the light of the referees comments to reduce the scale of the approach.

It was agreed that, rather than dropping any of the proposed organisms, the project would focus on the 

-identification of diagnostic markers for agents of atypical pneumonia (Mycoplasma pneumonia, chlamidia pneumonia, legionella pneumonia and coronavirus sp.) and would maintain a focus on the search for putative protective antigens for Plasmodium.

Workpackage Update carried out during Day 2 of the Kick-off meeting.

Please see attached updated work-packages for use during the project.

Workpackage 1: Management review and assessment of progress. Co-ordinator: UNIPG

It was agreed to set-up a website to facilitate inter-member communication and timely delivery of reports (Financial, scientific, technological)

Workpackage 2: Prediction and identification of surface and secreted proteins and putative toxins in different disease-causing micro-organisms. Co-ordinator:BIIP
It was agreed to clarify the description. Throughout the project and specifically in this workpackage the description “endotoxin” is to be changed to “toxin”.

In addition Milestone ii (Molecular mass analysis, peptide fingerprints and partial peptide sequences of secreted and surface proteins) is no longer applicable due to an earlier change in partner (removal of Imperial College during the submission process) and therefore lack of resource, this milestone does not have any associated deliverable or costing. 

Workpackage 3: Production of chips containing recombinant microbial proteins. Co-ordinator: P’X

It was agreed that the contribution and resource allocation of the partners should be as follows

Remove DML - (prior allocated resource 1 month)

Add ISS – 3 months (prior allocated resource 0 month)

Increase MtM resource to 6 months – (prior allocated resource 2 months)

It was recognized that resources are available to carry out a high-throughput “expression campaign” of 250 proteins, specific resources to be negotiated with Protein eXpert. This “expression campaign” is to start Feb 2005 based on initial information forthcoming from workpackage 2.

It was agreed that singular expression of recalcitrant proteins will be carried out by UNIPG or ISS where appropriate.

Workpackage 4: Synthesis of pepetide arrays and subsequent identification of immunogebeic epitopes. Co-ordinator: DKFZ

It was agreed that DML involvement was not required in this workpackage (prior allocation 3 months). It was discussed and agreed that the rationale for selecting peptides should include proteins that have been recalcitrant to expression and purification studies in workpackage 3 as well as fractions of proteins anticipated to be secreted/ localized on the surface.

Workpackage 5: Development and validation of a novel antibody surface for protein and peptide micro-array production. Co-ordinator: DML

It was agreed that the contribution and resource allocation of the partners should be as follows;

Increase DMLs resource to 11.5 months - (prior allocation 7.5 months) 

Add ISS 0.5 months – (prior allocation 0 months) 

Add P’X 1 month – (prior allocation 0 months)

Workpackage 6: Design, development and production of a prototype instrument for processing and reading protein micro-array slides. Co-ordinator: CHELSEA

It was agreed to clarify the specification of the instrument which should consist of an optical module and X-Y mechanics to process the slide.  The system will include a lateral flow device to be designed and moulded with the aim to facilitate liquid handling. It was noted that while the timescales were acceptable the comparison of the system versus commercially available product occurred too early in the Gannt chart and of necessity would be shifted to follow on from construction of the lateral flow devices.

Workpackage 7: Software development, analysis of serum reactivity against protein chips and validation of the instrumentation. Co-ordinator: UNIPG

It was noted that the definition “ Bioinformatic tool” was more appropriate than “software tool” to describe the deliverable. This will consist of algorithims and processes that will allow comparison of immune reactivity patterns. It was agreed to anticipate this work by using available Data to start training the system. This work could start immediately and therefore the Gannt chart timescales for workpackage 7 should change to allow immediate commencement. 

It was agreed that the term “candidate vaccine” should be defined more clearly as “putative protective antigens”, as this better describes the deliverable.

It was agreed that P’X (1.5 months) and DML (3 months) contributions were not required and that the contribution form Chelsea and MIKURA could reduce. The Chlesea and MIKURA resources would be reallocated to WP 6. The P’X and DML resources would be re-allocated to the workpackages they are co-ordinating.

Attached Updated Work-packages

7.6 Workpackage description (full duration of project)

	Workpackage number 
	01
	Start date or starting event:
	0

	Participant Short Name
	UNIPG
	BIIP
	MtM
	DML
	CHELSEA
	MIKURA
	P’X
	ISS
	DKFZ

	Person-months per participant:
	14.7
	3
	1
	0.5
	0.5
	0.5
	0.2
	0.5
	0.5


	Objectives 

· Maintenance of momentum and effectiveness through, ongoing review of project objectives and output

· Management of allocation of arising intellectual property.

· Management of result dissemination to wider public

· Timely assessment of individual work packages output to feed into high level review and problem solving management structures


	Description of work 

Two levels  of  management structure will be set up a) High level decision making ie: the executive committee, B) Operational ie: the MICROBEARRAY co-ordinators management office (MCMO), the Work Package Co-ordinators and individual work packages committees, The executive committee will act as the final decision making body and will manage the resolution of all scientific and technical issues arising including ensuring that planned activities are implemented and that the shared resources are available to the partners concerned. This committee will also oversee the correct allocation of arising intellectual property and ensure public dissemination plans are being implemented. Most of the detailed review and assessment work will be carried out at operational level. The role of MICROBEARRAY Co-ordinator will be carried out by a Scientific director and a management office. The Scientific director will oversee the project activities, priorities, integration and compliance to the schedule. Project presentations and public dissemination packages will be produced by the MCMO in compliance with the deliverable schedule. In addition the Director will interface with the individual work package co-ordinators. Operational reviews of each work package will be submitted twice yearly to the MCMO by the work package co-ordinators prior to meetings of all relevent parties.  In addition results will be presented at an annual consortium meeting in the context of the individual work packages. Ongoing assessment of work package progress will happen through the workpackage committees who will communicate on an regular basis, and it will be the responsibility of the each workpackage co-ordinator to bring arising scientific, technical, resource or IP issues to the attention of the MCMO in a timely fashion.


	Deliverables 

D(1) Initial Plan for using and Disseminating Knowledge,  D(3) Project presentation for public dissemination D(7,13,20.23) Twice yearly workpackage reports, D(15) Mid term consortium report, D(14, 24) Interim & Final Plan for use and Dissemination of knowledge D(25) Final consortium report.

	Milestones
 and expected result 
 i) All management structures established with open lines of communication – to include a website to facilitate communication and report writing; (ii) Conclusion of each work package within the scheduled period; (iii) Midterm consortium meeting (iv) Final consortium meeting with potential extension of consortium member interactions beyond the conclusion EU project 


	Workpackage number 
	02
	Start date or starting event:
	0

	Participant Short Name
	BIIP
	UNIPG
	P’X
	
	
	
	

	Person-months per participant:
	13
	7
	1
	
	
	
	


	Objectives 

· Development of a database with annotated structure and function for  microbial proteins of the selected micro-organisms;

· Prediction of surface and secreted proteins and putative toxins in the selected micro-organisms;


	Description of work 

Activities will include the functional and structural annotation of proteins from the microbial genomes. The annotation of novel genes/proteins is routinely conducted using standard sequence alignment methods like Blast or Fasta. If the target gene or protein does not exhibit high sequence similarity to other genes or proteins other more sophisticated methods can be applied, which include profile with sequence alignment, such as PSI-Blast (or RPS-Blast, which follows the opposite approach of aligning a sequence with a database of profiles). Such methods will be applied for the annotation of the proteomes of pathogens. Additional bioinformatic tools will be applied for the detection of either secreted or surface exposed proteins. This analysis will be conducted using programs predicting signal peptides and trans-membrane regions such as SPLIT, TMAP, TMHMM, Tmpred, TOPPRED and TSEG. This will be helpful in the annotation of pathogen surface exposed regions of the proteins which can be targeted by the immune system. To obtain highest annotation accuracy several methods will be combined and a consensus annotation will be created. Detection of potential virulence factors will be conducted by homology to already annotated virulence factors. The analysis will result in a set of potential targets of the antibody immune response for each of the selected pathogens. It is expected that this selection procedure will result in the reduction of the proteome to a subset of ca. 10% of all proteins, which will be subsequently chosen for further experimental analysis of protein expression.




	Deliverables 

D (2) Automated structural and functional annotations. D (4) Prediction of membrane spanning regions and selection of surface proteins from the selected micro-organisms. D (6) Identification of peptide sequences from surface and secreted proteins; D (8) Database containing microbial proteins potentially exposed to antibodies and proteins predicted to function as endotoxins and/or virulence factors. 

	Milestones
 and expected result 
(i) Bioinformatic analysis and annotation of microbial proteins predicted to be secreted or localised on the surface membrane. (ii) identification of microbial genes encoding surface and secreted proteins. 


	Workpackage number 
	03
	Start date or starting event:
	5

	Participant Short Name
	P’X
	BIIP
	UNIPG
	MtM
	ISS

	Person-months per participant:
	15
	3
	3
	6
	3


	Objectives 

· Production of large numbers of surface and secreted microbial proteins; 

· Customised optimisation of protein production and sequence reconditioning;

· Production of protein chips containing the repertoire of recombinant proteins.


	Description of work 

Only a fraction of prokaryotic open reading frames, can be easily expressed, and purified in amounts compatible with downstream assays in term of quantity, purity and stability. To overcome this challenge, high-throughput production of recombinant proteins together with protein reconditioning/engineering technologies will be extensively employed. The sequences selected on the basis of bioinformatic analysis will be further evaluated using tools to predict feasibility of protein production. Crucial parameters for production and purification will be assessed for each to design with the most appropriate molecular form. High throughput (HT) protein expression approaches starting from mass cloning of genomic DNA coding sequences will be initially utilised to obtain information on protein behaviour. Up to 50 HT-protein expression tests can be run in parallel per production month. Proteins proven to be difficult to express or purify will be engineered to optimise expression and additional experimental conditions will be screened for protein production. Protein recondition involving techniques of refolding (Refold’X), limited proteolysis (WISDOM) and chromatography will be applied to convert highly recalcitrant but very valuable proteins into a suitable from for arraying. Protein arrays will be produced containing recombinant polypeptides derived from proteins that according to bioinformatic analysis are molecules are likely to be directly exposed to the action of serum antibodies and therefore could function as targets of natural acquired immunity. This repertoire will include membrane anchored and secreted proteins as well as protein predicted to function as endotoxins or virulence factors.


	Deliverables 

D (12) Production of ~250 candidates recombinant proteins in soluble form covering all of the proposed parasite and microbial organisms; D (17) Refined protocols for high throughput protein expression in E. coli and design of customised engineering strategy; D (18) Protein chips containing different set of recombinant proteins from the selected micro-organisms.


	Milestones
 and expected result 
(i) Cloning and production campaigns on the high throughput platform to produce and purify groups of 40 proteins at the time; (ii) engineering of coding sequence and optimisation of production for proteins that on the basis of their sequence and structure are predicted not to be easily expressed in E. coli; (iii) Reconditioning of proteins that have proven to be difficult to produce in a soluble form; Methodology and validated protocols for the production of protein arrays.


	Workpackage number 
	04
	Start date or starting event:
	10

	Participant Short Name
	DKFZ
	ISS
	BIIP
	P’X
	UNIPG
	
	

	Person-months per participant:
	11,5
	11
	5
	1.5
	4
	
	


	Objectives 
· Synthesis of peptide arrays encompassing the protein repertoire of the selected microbial organisms;

· Identification of peptides containing epitopes recognised by human serum antibodies.


	Description of work 

Peptide arrays will be manufactured by combinatorial synthesis using a modified colour laser printer that utilises coupling of consecutive layers of amino acids released from toner particles – a technology recently developed in the DKFZ. The efficiency of the individual coupling reactions will be monitored for each layer of synthesis by selective staining the newly introduced free amino groups. In addition with every peptide array a panel of control peptides will be synthesised that are recognised by peptide-specific monoclonal antibodies. Peptide sequences to be included in the array will encompass all microbial sequences predicted to function as secreted and surface proteins as well as endotoxins. For each microbial organism up to 100 bacterial proteins (average size 250 amino acids; overlapping peptides shifted by 5 amino acids) could be represented in an array containing 5,000 peptides, a number far below the capability of the laser writer technology. The quality of the printed arrays in term of sequence errors, presence of contaminants and reproducibility will be investigated by eluting the peptides from the slide and analyse the amount and the sequence of each peptide by capillary electrophoresis and mass spectrometry. Peptide arrays of the desired complexity and quality will be incubated with a collection of sera from individuals exposed to infections caused by the selected microbial organisms.


	Deliverables 

D (11) Peptide arrays encompassing the surface and secreted protein repertoire of microbial organisms. D (19) Identification of genome scale antibody epitopes for each of the microbial organisms.


	Milestones
 and expected result 
 (i) Synthesis of high density peptide arrays; (ii) Quality assessment of the peptide arrays; (iii) Analysis of the immMIKURA-reactivity of human sera against peptide arrays encompassing the protein repertoire of the selected microbial genomes.


	Workpackage number 
	05
	Start date or starting event:
	0

	Participant Short Name
	DML
	UNIPG
	MTM
	ISS
	P’X
	
	

	Person-months per participant:
	11.5
	18
	6
	0.5
	1
	
	


	Objectives 

· Development of antibody coated surfaces able to anchor recombinant proteins and synthetic peptides onto a glass slide 

· Analysis of performance of antibody coated surfaces in protein and peptide micro-arrays


	Description of work 

Experiments will be carried out to assess whether a proprietary antibody (MAb 4D11) can be used to generate a versatile capture surface for recombinant proteins and synthetic peptides. The antibody recognises a poly-histidine tail that is usually added to recombinant proteins to facilitate their purification by nickel-chelate chromatography. Purified MAb 4D11 will be coated on different chemically modified glass surfaces. Experiments will be carried out to identify the surface that has the highest binding capacity for the antibody and that does not affect its ability to recognise the histidine sequence. For this purpose a series of chemically modified glass surfaces, including polylisine coated, glutaraldehyde activated and silanated slides, will be incubated with increasing amounts of 4D11. The surface of choice will be selected on the basis of its performance in terms of antibody bound and epitope captured ratio. An array will be printed that incorporates a handful of recombinant proteins from the selected microbial organisms. These proteins will be selected on the basis of experimental evidence that suggests a role for their native proteins as a target of the serum immune response in humans as well as for the availability of specific monoclonal antibodies recognising each of them. The sensitivity and specificity of the system will be validated by the comparison of ELISA and protein chip data regarding the determination and quantification of serum IgG/IgM antibodies. Validation studies will utilise sera collected from individuals with documented history of exposure to the selected microbial organisms.


	Deliverables 

D (5) Development of an antibody coated surface able to efficiently anchor both protein and peptide species onto a glass slide. D (9) Performance assessment of protein and peptide micro-arrays printed onto His-antibody coated slides


	Milestones
 and expected result 
(i) Methodology and validated protocols for the immobilization of 4D11 onto a glass slide for protein capture in microarray formats; (ii) Assessment of 4D11 ability to anchor onto a glass surface a variety of recombinant proteins and synthetic peptides carrying a histidine tail; (iii) Comparison of 4D11 coated slides with chemically treated glass surfaces in terms of immMIKURA-reactivity of bound proteins and performance of the micro array immMIKURAassay


	Work package number 
	06
	Start date or starting event:
	0

	Participant Short Name
	CHELSEA
	MIKURA
	UNIPG
	MTM
	ISS
	
	

	Person-months per participant:
	26.7
	17.9
	13.5
	11
	3
	
	


	Objectives 

3. Design, development and production of a prototype instrument array reader utilising innovative Light Emitting Diodes (LED) technology;

4. Validate the performance of the integrated micro array platform.


	Description of work:

Reader instrumentation will be developed using a novel optical configuration that employs LED technology.  This concept is based on previous observations (made by the partners) demonstrating that LED could be used, in place of lasers, to quantify with high efficiency and reproducibility fluorescence signals on micro array assays thus dramatically reducing the predicted complexity and the costs of reading instrumentation. Work on the reader instrumentation will focus on optimising the performance of the optical module and software needed as well as on the design and development of the X-Y mechanics to enable reading of the slide. The system will include a lateral flow assay device to facilitate liquid handling. The device and LED instrumentation will then be compared to commercially available product and once validated could facilitate the array technology transfer from high technology research laboratory to clinical use. Three prototype instruments will be constructed and delivered to RTD laboratories to investigate the sensitivity, the robustness, the reliability and potency of the system.  RTD laboratories will provide MIKURA and CHELSEA with the necessary feedback to accommodate changes aimed at improving the performance of the system and its ease of use.


	Deliverables:

D (10) Construction of a prototype array reader, with supporting documentation to enable use of the system for evaluation of clinical samples later in the project. D (16) Validated instrument chip platform.


	Milestones1 and expected result: 

(i) Design of device reader and validation of reader in conjunction with test devices and generation of required documentation. (ii) Production of a working prototype consisting of an optical module and X-Y mechanics to process the slide, for use within the wider project; (iii) Analysis of clinical performance of the protein chip array platform. 


	Workpackage number 
	07
	Start date or starting event:
	3

	Participant Short Name
	UNIPG
	ISS
	MTM
	BIIP
	MIKURA
	CHELSEA
	

	Person-months per participant:
	40
	21
	7.2
	6
	4
	0.5
	


	Objectives 

· Analysis of the humoral immune response against the arrayed molecular species in groups of individuals exposed to the selected micro organisms;

· Development of bioinformatics tools for analysing serum reactivity profiles. 


	Description of work 

The performance of the micro-arrays in terms of sensitivity, reproducibility and stability will be validated using a group of serum samples that have been collected from individuals with proven history of infection caused by the selected parasite, bacterial and viral organisms. Stored serum samples from past case control epidemiological studies will be compared for their reactivity against the arrayed proteins, antibody level and immunoglubulin classes with the aim to identify profiles of protective immune responses directed against individual or combinations of molecules. The reactivity of serum antibodies against the arrayed proteins and peptides will be compared with ELISA data to investigate the sensitivity of the assay. Reproducibility and stability will be assessed by analysing groups of sera with different batches of array. The fluorescence signals will be analysed and quantified with appropriate software. The immune reaction data will be analysed using dedicated software tools. The number of potentially detected states of the immune system is not equal to the number of measurements (probes: peptides or proteins on the chip). A chip with 10 probes can generate 210 distinct patterns, assuming that each probe can only provide a binary response, a “positive” or “negative” answer to the investigated immune reactivity. It is however expected that the response of one probe is not binary and that for each probe the intensity of the reaction can be also detected. Bioinformatic tools will be developed to carry out basic comparison of patterns by calculating the correlation between the values in arrays patterns. Complex inference procedure can be constructed by evaluating the average similarity of the test pattern to a group of reference patterns. The similarity to a group can be defined as the average correlation indicating dissimilarity and similarity respectively. The application of group specific weight matrices can provide additional processing alternatives. 


	Deliverables 

D (21) Bioinformatic tools to compare serum reactivity patterns in protein chips. D (22) Diagnostic assays for the early diagnosis of infections caused by the selected micro-organisms. Candidate sets of molecules for vaccine development (putative protective antigens)


	Milestones
 and expected result 
(i) Identification of proteins and epitopes recognised by serum antibodies early on after infection; (ii) validation of novel bioinforamtic tools for  processing array data; (iii) Identification of proteins and epitopes that could function as targets of protective humoral immune response


Appendix III : Minutes of the 2nd Consortium Meeting 26/04/05

Minutes of the EU FP6 Meeting

MICROBEARRAY

Location – ISS, Rome

Tuesday 26th April 2005
Duration – 1 day

 EU Craft Project : 2nd Meeting 

 Istituto Superiore di Sanità
Participants : 

Co-ordinator: Professor Andrea Crisanti, Dr. Jennifer Roper, Dr. Roberta Spaccapelo, Dr. Tania Dottorini.

Partners: Dr. Uri Friedlander (Mikura); Dr. Vincent Monchois (Protein eXpert); Dr. John Attridge, Mr. David Andrews(CHELSEA); Dr. Tito Bacarese-Hamilton (MTM); Dr. Elena Mangia (DML); Professor Antonio Cassone and Ms. Anna Marella (ISS); Dr. Frank Breitling, Dr. A. Nesterov (DKFZ),; Dr. Adrian Tkacz, Dr. Lucjan Wyrwicz (BIIP).

Minutes

The consortium met to review progress and disseminate the results within the consortium so that the entire project moves on as an integrated process.

Individual member progress was reported and assessed against milestones.

Professor Crisanti first commented on the disbursement of funds to the consortium members. 

a) The 1st installment of monies was sent to each member after the kick-off meeting (held 2nd November 2004).  

b) Based on milestone attained, money will now be advanced to each member up to a limit of 80% of the total value of the grant. Subject to milestone delivery the final 20% will be paid. This final 20% will be bridged by the Co-ordinator UNI PERUGIA who reserves the right to ask for the money back if milestones are not met in the last 6 months of the project.  The EU will reimburse this 20% after the final report has been evaluated and approved.

Action: Schedule of second payments to be drawn up and then payments made by the co-ordinator to all participants.
Next each of the consortium members presented their progress towards the measurable deliverables. These presentations are available on Disk. Please let me know if you want a copy of this disk or any of the specific presentations.

BIIP – speaker Dr. Lucjan Wyrwicz 

Discussed

· Establishment of virtual genomes done  - „membrane’ome

· D2: annotation protein of structure & function

· D4: assembly of mebran-ome

· D6: identification of antigenes (secreted and surface)

An alpha version of the data base has been done – expect the Beta version in May.

· D8: browsable database of D2, D4, D6 – in progress

BiB need input from Perugia and ISS to help determine what Queries the Database needs to answer

· Pilot analysis of serum reactivity profiles against malaria antigen –done using Continuous data

Next steps

· Curration of membran-ome 

· Publishing database (D8)

· Support in selection of protein/peptide targets for arraying

· Support in complex signal analysis

MtM – speaker Dr. Tito Bacarese Hamilton
The validity of the microassay approach in terms of reactivity and specificity was checked using Malaria as a model.  A Gambian epidemiological study viewed as the “Gold standard” was used as the basis for analysing the results.  The focus was on the search for putative protective antigens for Plasmodium, rather than a diagnostic test, as agreed at the Kick-off meeting.

Further interaction between MtM, Perugia and BIB is required to help answer some very interesting questions raised by this work. The binary response measured was subjected to a filter – is this acceptable?

P’X – speaker Dr. Vincent Monchois

P’X had been liasing successfully with Perugia with regard to determining the sections of DNA to clone into the high-expression system.

Questions raised included

a) Is 1ug of protein enough for the work which is to be carried out by ISS and Perugia?

b) Micoplasma will be difficult due to its codon usage

c) What about the proteins which are not expressed? 

Outcome : With regard to “c”, expression of proteins which are known to be putatively important will be checked using western blots, looking for low basal expression. 

The next batch of Clamydia proteins will be started in June with the work to finish in July. Then work will start on Legionella in September. BiB will input on the domain selection work for legionella. Dr. Dottorini is to send them the list of proteins by the beginning of June. 

TBH and VC had short meeting to discuss the practicalities in the afternoon and several actions are ongoing

1. ProteinExpert will typically deliver 100 microlitres of a 10 microgram/ml solution of protein i.e. about a microgram of protein. This is the typical observed yield of protein production in E. coli resulting from a small scale culture. 
2. The protocol developed (S-tag/high growth medium) is optimised to obtain this quantity of protein which is ample for microarray applications (typically deposit picograms of material on a slide) but may not suffice for ELISA applications (typically coat microtitre wells with 100 microlitres of a 10 microgram/ml solution).
3. If more material is needed for ELISAs this would require scaling up of the protein expression process using data obtained during the high-throughput phase.
4. Technical aspect of buffer compatibility for purification and printing procedure were discussed..
 
Actions 
· TBH/AC to confirm amounts of protein required for microarray and ELISA applications 

· VM to confirm exact composition of elution buffer 

· TBH/AC to test compatibility of elution buffer with microarray/ELISA coating procedures 

· VM to advise on costs and timescales to scale up protein production
DKFZ : Dr. Breitling

Work has progressed in general on the system but no direct work relating to the Craft project has been done using the peptide laser writer as they the instrument has not been completed. 

A talk was given by Dr. A. Nesterov on the possibilities of using computer chips to create synthetic peptide arrays. This work was not directly related to the project but was an interesting aside. Dr. Breitling informed the consortium members that though the prototype printer was not yet finished, DKFZ hoped to receive it from Stuttgart soon. It was pointed out that without the printer no work can be done on the EU project.

Mikura : Uri Friedlander

The refined concept of the later flow device was illustrated. PMA moulding of the concept had been carried out and the basic characteristics of liquid flow checked. Mouldings for this device will take 10-12 weeks to produce. 

Action: A physical prototype to be available for the next meeting.

Chelsea: Dr. John Attridge

The design of the reading instrument is now complete. A final decision on the identity of the fluorophore needs to be taken. The next will include the production of a prototype that will be able to scan a read a micro-array assay hosted in the lateral flow device. The electronics block diagram and specifications complete, ready to make PCB’s.

Action:The reader prototype to be available by the next meeting 

Perugia – Dr. Jennifer Roper 

Presentation on reporting templates and responsibilities.

Action: A draft 12 month report is to be compiled by the end of June 2005, with input from all members. Templates for each of the relevant sections will be sent out.

DML : Dr. Elena Mangia

In the course of the work looking at the use of an anti-his tag to create a universal capture surface reproducibility problems were encountered. Various approaches have been taken to solve the problem and aldehyde chemistry is showing the most promise. 

Action : Finalize the choice of capture surface (DML)

Meetings to be arranged

Work-packages

Wp2 : Arrange any meeting necessary to allow finalization of deliverables 2,4, 6, 8.

Wp 6 : Arrange meeting immedialtey to tie down design specifications for the instrumentaion 

WP 7 and WP 3: Arrange meetings by the 1st  week of September. 

Key points to note: Need to identify possible problems that ISS may have in conducting validation studies and address the recombinant protein requirements for chip analyzer development.
Consortium

Next meeting in Perugia in October 2005

Workpackage Update carried out during the afternoon

Please see attached deliverables list and updated Gantt Chart.

NOTE: The official start date of the project is the 21st June 2004 but monies did not reach the Co-ordinator until late September 2004 and the 1st tranch was disbursed immediately after the Kick-off meeting in November 2004. Hence most work only started in November and some deliverables are at least 3 months behind if calculated from the official start date.

Workpackage 1: Management review and assessment of progress. Co-ordinator: UNIPG

Deliverable 1 – Plan for using and disseminating knowledge – delivery scheduled for project month 2 (M2): 

The plan has been drafted and now need to be formalized. Part of this plan is the co-ordination of the development of databases which will contain the information gathered during the other workpackages. This is progressing well. The workpackage management reviews and periodic assessment of progress is being carried out according to the schedule in Annex 1, this meeting in Rome being part of that process.

Action : Formalise the Plan immediately. PERUGIA (AC/JR)

Deliverable 3 - Project presentation for public dissemination (M3): This has not been done. A decision was taken to organize a press conference by the end of July with Perugia and ISS participating. In addition a web page will be set up by Perugia, with input from ISS. This page will contain links to other consortium members. 

The publication of scientific papers is an ongoing process

Actio : Perugia and ISS to co-ordinate the scheduling of the press conference and creation of a web page. PERUGIA/ISS (AC/AC)

Deliverable 7: 6 month workpackage reports (M7).

The templates for this report have been discussed and the output of this meeting will form the basis of the report.

Action : All templates to be sent to consortium members and report writing monitored. PERUGIA (JR)

Workpackage 2: Prediction and identification of surface and secreted proteins and putative toxins in different disease-causing micro-organisms. Co-ordinator:BIIP
Deliverable 2 - Automated structural and functional annotations of proteins from selected microbial genomes (M2):

BioInfoBank  computation tools have been applied to scan the genomes of three selected micro-organisms to identify query features. This process is complete and an exchange of information has taken place between the participants of WP2, WP3 and WP7. Work is progressing to finalise the database for full dissemination to all programme participants. 

Action : Publication of the Database in August.  BIIP 

Deliverable 4 – Prediction of membrane spanning regions and selection of surface proteins from the selected micro-organisms  (M4):

Several BioInfoBank methodologies have been applied to predict membrane spanning regions and surface proteins from the three different micro-organisms. This has led to the definition of a set of membrane proteins (called a “ Membrane ‘ome” by BioInfoBank) . 

Deliverable 6 - Identification of peptide sequences from surface and secreted proteins (M5): 

For each micro-organism 40 candidate proteins have been identified according to structure predictions looking for similarities to virulence factors or toxins. A list has been selected for highthroughput expression.

Deliverable 8 - Database containing microbial proteins potentially exposed to antibodies and proteins predicted to function as endotoxins and/or virulence factors (M7)

Data has been stored in accessible format although not validated for search and is not yet accessible to the wider consortium (need syntax etc). Annotation is still in progress.

Workpackage 3: Production of chips containing recombinant microbial proteins. Co-ordinator: P’X

Deliverable D12 – Production of candidate recombinant proteins (M12): 

This work is in progress. A set of 46 Chlamidya proteins has been processed through the high-throughput system to date.  38 PCR products were produced. 16 were put through the full pipeline of cloning and purification. Of these 8 proteins have been successfully expressed. The rest of the expression studies for 200 targets will be done by September, 12 months after the work actually began. 

Workpackage 4: Synthesis of pepetide arrays and subsequent identification of immunogenic epitopes. Co-ordinator: DKFZ

Workpackage 5: Development and validation of a novel antibody surface for protein and peptide micro-array production. Co-ordinator: DML

Deliverable 5 – development of an antibody coated surface able to efficiently anchor both protein and peptide species to a glass slide (M4).

Proprietary antibody has been coated onto a glass slide and shown to selectively capture recombinant his tagged array proteins. The data shows that the technology is suitable for anchoring recombinant proteins in an array on a glass surface.

Deliverable 9 – Performance assessment of protein and peptide micro-arrays printed onto his-antibody coated slides (M8):

An optimal surface has been identified and experimental protocols are being set up in order to evaluate performance in terms of sensitivity and precision.

Workpackage 6: Design, development and production of a prototype instrument for processing and reading protein micro-array slides. Co-ordinator: CHELSEA

Deliverable 10 – Construction of a prototype reader with supporting documentation (M9):

The optical design is complete. The mechanical design is starting its 1st iteration. The electronic design is defined and now in progress. 

Workpackage 7: Software development, analysis of serum reactivity against protein chips and validation of the instrumentation. Co-ordinator: UNIPG

Deliverable 21 – Software tools to compare serum reactivity patterns in protein chips (M 21):

In an earlier than expected result, different statistical approaches have been successfully applied to analyze immuno-reactivity profiles of 250 sera against 30 arrayed malaria proteins. These statistical approaches include cluster and K-means evaluation as well as traditional statistical programs.  This process has identified sets of immune profile reactivity which significantly associate with different states of protection against malaria.

Financial disbursement Table

Total amount to be disbursed by end May: €1,052,010

	Member
	1st payment
	2nd Payment

	DML
	     41,000 
	18,000

	Chelsea
	     75,000 
	63,440

	MtM
	     79,000 
	35,200

	MIKURA
	     29,000 
	19770

	P'X
	     35,000 
	25720

	UNIPG
	    127,300 
	265340

	ISS
	     40,000 
	102432

	DKFZ
	     20,000 
	0

	BIIP
	     33,000 
	42,808
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Minutes of the EU FP6 Meeting

MICROBEARRAY

Location – Hotel Brufani

Perugia, Italy

Monday 28th– Tuesday 29th 

 November 2005

Duration – 1.5 days

 EU Craft Project : 3rd Meeting Agenda

Location: Hotel Brufani, Perugia

Meeting Purpose  : 3rd MICROBEARRAY meeting, Month 16 of 24.

Updates on Consortium progress – scientific, administrative, financial.

WP meetings to deal with any problems and enable consortium members to meet their deliverable deadlines.

.

Monday28th 

Coffee : 9.00 – 9.30 am

Start : 9.30 am 

Session 1 :

 9.30  - 9.45 am : Introductory Briefing on the overall project progress

Speaker: Project Co-ordinator A. Crisanti

9.45 –  10.00 

Briefing on submission of 12 month reports


Feedback from commission


Outstanding items


Revised process for 24 month report.

Speaker: Project manager J.Roper

10.00 – 10.30

Speaker from the European Commission

Coffee and questions for EU delegates : 10.30 -11.00 am

Session 2:  11.00 am – 1.00 pm. Start of 20 minute presentations by each partner currently active covering . 5 minute Q&A.

· Progress/Milestone attainment

· Issues

Speakers : UNIPG – Malaria Cluster Analysis; MIKURA – Device,  MTM –Evaluation of Device, CHELSEA – Reader instrumentation 

Lunch : 1.00 am- 2.00 pm 

Session 3: 2.00  - 4.00 pm  Continuing presentations

Speakers : BIIP – Bioinformatics; P’X – Protein expression, ISS – Sera & Analysis

DKFZ – Peptides, 

Coffee 4.00 pm -4.30 pm

Session 4 : 4.15 – 5.45 pm Workpackage Meetings

1) Round Table discussion of Dissemination activites and creation of the basis of a Dissemination report (Overdue Deliverable)

2) Protein production – DML/P’X/BIIP/UNIPG/ISS

Finish 5.45pm.      Dinner later in Perugia.

Day 2: 

Session 4 continued : 9.00 – 11.30 Workpackage meetings

3) Bioinformatics : ISS/BIIP/UNIPG/P’X

4) Instrumentation : MtM/CHELSEA/MIKURA

5) Peptides: DKFZ/P’X/UNIPG/BIIP

(3 & 4 to run concurrently)

Coffee will be served at 10.30 am.

11.30 – 11.45 am – Meeting Wrap-up.

Participant list

UNIPG

1)Professor Andrea Crisanti 
(Scienetific co-ordinator)

Speaking

2) Dr. Roberta Spaccapelo

3) Dr. Tania Dottorini






Speaking

4) MS. Cristina Martinelli
(Financial Admin UNIPG)

5) Dr. Jennifer Roper

(Project Manager)


Speaking

MtM

5) Dr. Tito Bacarese-Hamilton

6) Dr. Walter Low

7) Francesca Baldracchini





Speaking

MIKURA

8) Dr. Uri Friedlander






Speaking

P’X

9) Dr. Vincent Monchois






Speaking

Chelsea

10) Dr. John Attridge






Speaking

BIIP

11) Dr. Leszek Rychlewski

12) Dr. Adrian Tkacz






Speaking/
13) Dr. Lucjan Wyrwicz






Speaking





ISS









Speaking
14) Professor Antonio Cassone

15) Dr. Alessandra Ciervo







DKFZ

16) Dr. Frank Breitling






Speaking
DML

17) Dr. Elena Mangia

European Commission

Mr. Marc Taquet-Graziani




             Speaking

Mr. Mancini
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Minutes of the EU FP6 Meeting

MICROBEARRAY

Location – Marriott Hotel

Warsaw, Poland

Monday 22nd– Tuesday 23rd
May 2006

Duration – 1.5 days

EU Craft Project: 4th  Meeting Agenda

Location: Hotel Marriott, Warsaw.

Meeting Purpose: 4th  MICROBEARRAY meeting, Month 24 of 30

Updates on Consortium progress – scientific, administrative, and financial.

WP meetings to deal with any problems and enable consortium members to meet their deliverable deadlines.

.

Participants: 

UNIPG: Professor Andrea Crisanti (AC), Dr. Tania Dottorini (TD), Dr. Jennifer Roper (JR)
MtM: Dr. Walter Low (WL)
P’X: Dr. Vincent Monchois (VM),  Dr. Tristan Rousselle (TR),
Chelsea: Dr. John Attridge (JA)
BIIP: Dr. Leszek Rychlewski (LR), Dr. Adrian Tkacz (AT)
, Dr. Lucjan Wyrwicz
(LW)

ISS: Professor Antonio Cassone (ACass)

DKFZ: Dr. Frank Breitling (FB)


DML: Mr. Julian Gray (JG)
Introductory Briefing on the overall project progress

Speaker: Project Co-coordinator AC

Professor Crisanti opened the meeting by emphasizing the need for clear focus in the last 6 months to ensure that all outstanding deliverables and the final report were submitted on time and within budget.

Project manager briefing:

Speaker: Project manager JR

Dr. Roper summarized the financial status of the project and the consortiums success in attaining a 6 month no-cost extension to bring the project end date in line with the start date for most of the project participants ( new end date: 20th Dec 2006).

Submission of a report to enable second payment from the EU (€210,000) is overdue. The merit of submitting this report now or waiting until the end of the project in 6 months time was discussed.

 It was decided to check what real work is required and to submit if not too onerous. The consortium’s proposed methodology to enable timely conclusion of the reporting process was outlined and discussed. The need to submit deliverables to the EU, via the coordinator, 45 days after they are due, was highlighted.

Action: All consortium members to provide a 1 page self-assessment report to the cordinator by the 26th May. This report is to contain a summary of progress, description of future work, and indication when associated deliverables will be sent to the coordinator.

Action: JR to provide the template for Deliverable documents and also the revised table of deliverables submitted to the EU or the 6 months no-cost extension.


Action: JR to manage the collation of all documents needed for submission of an interim report claiming ~€210,000.

Consortium member scientific presentations

Dissemination: All speakers were given copies of all presentations prior to the end of the meeting.

Speaker from BIB (AT)

The database is essentially finished and has fulfilled its main purpose i.e. to enable a review of hypothetical translated proteins for selection for high throughput expression studies. 

AT described the database produced.

The unique aspect of the database is the BIB algorithms used to create alignments and annotate the database. The functionality of the database was illustrated and discussed (automatic domain extraction, signal peptide identification, etc.) Queries from UNIPG and MtM regarding the potential to add multiple Boolean query capability were discussed. BIB’s approach has been to create a database of the fully annotated genomes of all four organisms. They have not constructed an interface which allows direct Boolean querying of the database. This can be done by exporting lists to excel and working in Excel. Complex queries are possible but not through the web browser.  LR indicated that the best way to use the database is to interact with a bio-informatician at BIB and use their accumulated expertise to help query the database in the most efficient and productive way.

This database structure could now be used to quickly annotate more microbes using the in-house BIB algorithms. This would only take a couple of days input by the BIB team (something to remember for future grant apps).

Action: UNIPG (TD) and DML (JG) to access the database online and determine if there is anything critical from a biologist’s point of view that is required. Feedback into BIB.

Action: AT/LR to define the functionality of the database in their self assessment report and possible future purpose of the database. 

Speaker from UNIPG (TD)

TD illustrated how UNIPG utilized the output from the BIB Database to determine which proteins to include in the list for Expression studies which was sent to P’X.

Initial results from both Chlamydia and Legionella were taken and refined further using publicly available databases.

Possible domains were chosen using appropriate programs only (as in the case of Chlamydia – 40 targets) or combining computer simulations with bio-informatician expertise (as in the case of Legionella - 33 targets). Plasmodium proteins were chosen though comparison to the literature, mosquito lifecycle and position with the cell.

This portion of work is completed. UNIPG will now focus on large scale protein expression, chip production and array panel testing.

Speaker from MtM (WL)

WL illustrated the basis of the assay method and the ability of the constructed prototype device to fulfill all criteria laid down for it within the grant. Several Malaria antigens were used to illustrate the work. Test kinetics were improved through the used of the device. Slides were activated with aldehyde.

Action: FB (DKFZ) offered to send some PEG slides to MtM to test as an alternative surface. . 

Speaker from Chelsea (JA)

JA presented data showing progress with the reader prototype. Mechanical, optical and software issues were discussed. Chelsea is finalising initial development and validation of the prototype to ensure that the machine has the requisite sensitivity and specificity. 

The signal to noise ration is 250:1 – this still needs some improvement. Most of the noise seems to be coming from photons getting to the detector. Chelsea can try to increase amplifier sensitivity or detector sensitivity – will look at experimenting with a higher intensity LED to try and improve this ratio.

The light source is extremely stable – which is good as the reference can be taken at just the beginning or end of the read. 

Dynamic range is excellent with ability to discriminate at the high end far ahead of laser based systems. However Chelsea did come up against the problem of high background at low fluorescence levels. This was tested and the problem was found to lie with the material used to construct the device (styrene). This was changed to polycarbonate and also the device was made totally black (rather than smokey brown). Further work is necessary to understand this better as there are several factors which will affect choice of device material and polycarbonate is more costly.

Action: JA to determine absorption and emission fluorescence spectrum for all three device materials used to date (acrylic, styrene, polycarbonate). To do this MtM/Chlesea have to locate a scanning spectro-fluorimeter. (WL)

Action: WL Send arrays and buffers to Chelsea and help design experimental procedure to ensure appropriate data is generated. 

Action: (JA) Continue validation work using 

A) 7X7 array, b) Large array with 7X7 subsets spotted on the glass

B) MtM designated wash buffers (to check for interference issues). 
The contact printer used to create chips at present is relatively constrained in the number of chips it can print at any one time.

Action: (WL/JR) Determine what is the smallest commercially acceptable batch size for validation tests and also what is the definition of a “batch” in the EU regulatory framework. 

Speaker from  P’X (VM)

VM presented P’X work which has involved utilizing their high throughput expression system to attempt to purify up to 200 proteins from the selected organisms.

Due to the ubiquitous presence of a codon which acts as a stop codon in other bacterial translation systems, Mycoplasma was not put though the high-throughput expression system.

Chlamydia and Legionella were used.

183 different clones were made and after the various steps (as outlined in the slides) 33 Chlamydia proteins were expressed in soluble form and 15 Legionella proteins.

An interesting point was raised that the Legionella clones were much more soluble than would normally be expected (66% soluble) vs. the more usual 29% soluble for Chlamydia. VM postulated that this was due to the method of choosing the domain boundaries. Chlamydia domains had been chosen using the usual software packages. Legionella clones had been chosen using BIB tools and manual re-adjustment of domain boundaries by an experienced bio-informatician(LW). 

P’X has now finished the high-throughput work and the next step is to determine which clones should go to scale-up. This requires data from ISS (to be shown later in the conference).

Speaker from DKFZ – FB

FB presented progress on the build of the lazer printer peptide synthesis machine. Despite some promising data on amino acid stability when combined with toner particles and the use of a novel printing surface (PEG) the machine is still not ready due to mechanical issues aligning (“calibrating”) all 20 peptide drums. This may not be resolved in time for the machine to be used to create the peptides required for spotting on the chips.

The selection of peptides to chemical synthesis was also discussed. It was agreed to base this selection on two things:-

A) Proteins that have been flagged as potentially interesting by the work done in ISS

B) Look at proteins that could not be expressed but seemed very interesting from the bio-informatic work 

So the consortium will use the peptide array work to 

1) Certify that peptides behave like the whole proteins (30 peptides from 10-20 protein sequences)

2)  Use as a rescue method for several interesting proteins (10-20 peptides)
Action: UNIPG (AC), ISS (AC), P’X (VM), MtM (WL)to determine choice of proteins. BIB (LW/LR) to determine appropriate epitopes for peptide synthesis. 

Action: DKFZ(FB) to provide slides activated with PEG for testing in the MICROBEARRAY system. Suggest different slide binding solutions to get desired orientation of peptides 

Action: FB to provide any published material for dissemination purposes

Action: FB to cost the synthesis and determine timescales for production of 50 peptides by conventional means. Base quote on information that will be sent by BIB on the specific peptides required. UNIPG will pay for the peptide synthesis. No more monies will be given to DFKZ in lieu of work on the lazer-based printing machine.

Action: MtM/DML will print slides and ISS/UNIPG will carry out validations.

Speaker from DML (JG)

The 4D-11 surface does not provide a sufficiently reproducible capture surface to allow us to use it to purify crude extract. DML is not looking at circumventing the need to purify the antigen from in vitro translation systems. DML looked at pre-incubating the in vitro translation mixture with crude E.coli extract prior to testing for presence of translation product.

The incubation proved successful and the system showed extreme sensitivity allowing visualization of all desired translation products. DML does not think that there was any improvement in expression.

The method has possible merit for high throughput 1st pass expression. Needs further validation.

Action: (JG) Continue work to assess variability. Possible use of the P’C clones to further assess the method 

Day 2

Consortium member scientific presentations (Continued...)

Speaker : ISS (ACass)

As agreed at the 3rd meeting in Perugia, ISS had used their standard immuno-blot methodology and some sera to do an initial study of the proteins produced by P’X from Chlamydia and Legionella .

They received 33 Chlamydia proteins and 15 Legionella proteins to work with. The std. diagnostic test is micro immuno-fluorescence.  Western immuno-blots were used to proteins.

Chlamydia results

There was a variety of responses to the proteins using representative of different categories of SERA and controls (negative, novel acute infection, chronic infection).

18 of the 33 proteins were responded to by the different SERA. The positive responses were variable but several proteins were routinely present. ISS (AC) suggested that 4 or 5 pf the Chlamydia proteins were good candidates for scale-up and further experimentation.

The 1st pass analysis carried out by ISS has fulfilled its scope in that it has shown that the multiplex approach is working and that there is an unmet diagnostic need.

Legionella results

Again there was a variety of response to the proteins using representative of different categories of SERA and controls. All 15 proteins were recognized by at least 1 sera. At least 10 proteins were recognized by most sera.

Action: UNIPG (AC), ISS 9ACass), P’X(VM)-. Select proteins for Scale-up. (UNIPG (AC), ISS(ACass) Select sera to use in further experimentation.

Action: BIB (AT/LR) to assist in the selection process by building a list of potential homologs from other bacteria to help in cross-reactivity choices. Send list to ISS (ACass)/UNIPG (AC).

Workpackage Meetings

WP 2 MtM, UNIPG, BIB - Database

The Database is essentially finished. TD (UNIPG) will look at the database online to make suggestions regarding the user interface for any further iteration of the database.

Action: TD to access database and attempt to use. Report results back to UNIPG (AC) and BIB.

WP 3 : P’X, UNIPG ,MtM, ISS held a meeting to discuss what is now required in terms of protein production scale-up. 

P’X agreed that they will scale-up a sub-set of interesting proteins identified by ISS. The amount produced is less important that the quality of protein produced. It was suggested that the amount needed should equate to 2 ml of 50l/ml concentration (MtM - WL). P’X (TR) thought that more would be needed – for validation and proof of production purposes and QS. UNIPG (AC) suggested that basic scale up is done first so that a 2nd pass validation using both the amplification step protocol and the non-amplified protocol can be done simultaneously by UNIPG and ISS. The amplification will allow determination of the sensitivity cut-off point for the system. The proteins will then be ranked in order of importance and a revised list can go on to product development with larger quantities being required.

This work was not budgeted for and will be done by P’X in anticipation of commercial gain from potential IP arising from the project.  A further meeting is to be held between the three members on June 7th in London to determine the scale of the work.

Chlamydia -There is scope for product development here – based on a chip which contains all 18 recognized proteins
Legionella – concentrate on the 10 proteins which were routinely recognized by several sera.

Action: UNIPG (AC, JR), MTM (WL), P’X (TR) to meet to clarify the IP split going forward. P’X to summarise their position and put a proposition together for the co-ordinator as to how the scale-up work might proceed.

Action: UNIPG (AC, JR) to summarise the strategy for IP filling and ownership going forward based on the meeting on the 7th June.

WP 4 : Meeting between P’X, UNIPG, MtM, DKFZ, BIB 

This was held directly after the presentations to enable further discussion of WP 4. 

An intial list of proteins to concentrate on was suggested 


6 chlamydia proteins highlighted in the ISS presentation.


4 Legionella proteins highlighted in the ISS presentation


1 P. falciparum protein highlighted by DML as being of interest.

Action: UNIPG (AC) and ISS (ACass) to finalise the list. BIB (LW) to choose epitopes from these proteins and send to DKFZ for synthesis.

Please also see Actions associated with the DKFZ presentation.

WP6 :MtM (WL) and CHLESEA (JA) : Instrumentation

These consortium members met to discuss the next steps required for validation of the prototype system and to determine when the reader will be ready for use by MtM, UNIPG and ISS.

Action: WL to send appropriate slides to JA.

Action: JA to produce results using slides and feedback to MtM to enable confirmation of sufficient sensitivity at lower fluorescence levels.

WP 7 : UNIPG, ISS, MtM, BIB, DML, P’X – search for diagnostic markers for Chlamydia and Legionella infection and correlates of protection for Malaria

Need to build a control list of SERA (positive, negative, positive for diagnosed respiratory disease but not Chlamydia. The point of this work will be to try and build up a picture of clinical predictive value of these multiplex tests.

Action: ISS (AC) to build this list.

Meeting wrap up by Andrea Crisanti.

The next meeting will be the last and the coordinator wishes to use the meeting to finalise most of the documentation related to the final EU submission. To this end activity summaries, all deliverables, justification of costs etc. should be prepared in advance of the meeting

Location: Grenoble

Hosts: Protein eXpert

Date: 27th/28th November or the 4th/5th Dec.

Proposed agenda 

Final member presentations

Resolution of any outstanding scientific issues

Checking all deliverables completed or nearly completed.

Checking of draft scientific activity reports through workpackage meetings

Checking of draft financial reports and Audit progress

Dissemination meeting


Presentation to outside interested companies

Action: All consortium members to provide details of availability to the coordinator (via Clelia Supparo).

Produced by JR on the 30th May 2006. 
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Minutes of the EU FP6 Meeting

MICROBEARRAY

Location – Protein e’Xpert 

Grenoble, France

Monday 27th– Tuesday 28th

 November 2006

Duration – 1.5 days
EU CRAFT Project : 5th and Final Meeting

Meeting Purpose: 5th MICROBEARRAY meeting, Month 29 of 30

Updates on consortium progress – scientific, administrative and financial. WP meetings to conclude deliverable reports for each work package. Briefing of all partners on required actions for final submission to EU.  

Participants:

UNIPG: Professor Andrea Crisanti (AC), Dr. Tania Dottorini (TD)

MtM: Dr. Walter Low (WL), Miss Francesca Baldracchini (FB)
P’X: Dr. Vincent Monchois (VM),  Dr. Tristan Rousselle (TR), Dr Marie-Gaelle Roger (MR), Dr Sebastien Khokham (SK)
DKFZ: Dr. Thomas Felgenhauer (TF)

DML: Dr. Julian Gray (JG)

MIKURA: Mr. Uri Friedlander (UF)
Minutes

The consortium met to review progress of individual partners over the previous six months and to disseminate results within the consortium. The meeting was also used to thoroughly discuss the required actions for completion of the project and final reporting submission to the EU. All partners were fully briefed on the actions required for completion. The meeting agenda included a session to resolve any outstanding issues surrounding intellectual property arising from the project. Preliminary ideas for an application for FP7 were also aired. 

Introductory briefing on the overall project progress and project ‘wrap-up’

Speaker: Project Co-ordinator
Professor Crisanti opened the meeting emphasising the need for sustained cooperation from all participants in helping to conclude the project and submit to the EU within time and within budget. He provided an overview of the research areas in which the scientific activity had been mainly focused over the past 6 months – instrument/device development (Mikura/Chelsea/MtM), candidate protein production (Protein e’Xpert/MtM) and progress in laser printing of peptide arrays (DFKZ). Professor Crisanti suggested that the meeting should provide a final decision on patent agreement over IP and that this would fall under the mandate of the management activity. Professor Crisanti expressed the need to properly justify why some deliverables could not be achieved. Finally Professor Crisanti discussed the good SME relationships that had been established during the course of the project and that there was a wish for many to collaborate together in the future. He stated that this needed to be translated into the final document.
Project Manager Briefing:

Speaker: JG

In the absence of Jennifer Roper, Julian Gray has taken over project management responsibilities to see out the final three months of the project and to submit to the EU. He reiterated the comments of Professor Crisanti by emphasising the responsibility of each partner to complete the relevant documentation to facilitate the timely completion and submission to the EU. He went through partner-by-partner with a list of required actions:- example below.

Required Actions for completion of FP6 project

Partner: PROTEIN E’XPERT

· Ensure that all scientific progress has been reported to UNIPG (notably progress subsequent to month 24).

· Complete Audit

· Supply UNIPG with Form C for period 2 (12-30 months)

· Supply UNIPG with Justification of Costs for period 2 (12-30 months) –including person months.

· Ensure that following deliverable reports have been completed and returned to UNIPG (a template is available from UNIPG).

Deliverable Reports:

[image: image25.png]



Session 1 – PRESENTATIONS

Next, summary presentations were given by each partner (whether still active or inactive) providing an overview of scientific progress throughout the course of the entire project. Progress/milestone attainment was described, while problems encountered and back up strategies implemented were also described. Individual presentations are available.

A brief overview of points raised during each talk is detailed below:

UNIPG – TD discussed in broad terms the involvement of UNIPG within the project. The consortium discussed possible ways to overcome TGA stop codon in Mycoplasma for future extension of the project. It was noted that TGA’s can be replaced by site-directed mutagenesis, however since TGA appears very often in Mycoplasma it is very difficult to find any domains without TGA – thus site-directed mutagenesis is economically and logistically unfeasible. This point should be highlighted in the final report. Chlamydia (UNIPG) Legionella (BIIP) P.falciparum (UNIPG).

MIKURA – Progress since the last presentation by Mikura formed the focus of the talk. The data shown followed on to new area that is not part of the project but is an extension of the EU project. It transpired that various materials for the device gave different background levels – it was noted that if we need to change the fluorophore at any point in the future, it may be necessary to readdress this and assess different wavelengths of excitation using fluorimeter. Which material will be compatible with two dyes? We should perform a profile at different excitation wavelengths with the fluorimeter. 

A problem is being encountered with gluing the device to the glass microscope slide. On the drop test, small amounts of liquid could come out of the device (with time) if the gluing is insufficient. The mould material of choice (acetyl) is difficult to adhere against. UF is talking a company called AR in Ireland about a new silicon glue that should be suitable.

UF discussed problems with the homogeneous filling of the device and the way this problem was overcome. A new design for the device was also discussed – this has been developed for automated handling by robot, the slider has moved, the grips moved and there are extra filling ports.

Designs were shown for the development of reagent pods. UF stated that he would like to find the funding to completely finish the advanced version of the instrument and make a complete casing etc.

AC asked: How far away is this machine (conception, size, operation) from the final? UF stated that all functions of the developed machine (to their surprise) work. The source code of reader was needed though since they can communicate with the reader but are not able to direct the reader. Action: WL/UF to talk to Chelsea and get source code of the reader.

MTM – FB discussed work relating to the validation of the device and the preliminary data emerging from the immobilization of the 33 candidate proteins to the microarray (outside the remit of the project but an extension). Good correlation between device and manual processing has been shown and there is good reproducibility with device. Action suggested by AC: MTM to do an array with the same antigen across the whole array – print with an antigen with medium reactivity and do with the device to ensure that there are no filling effects. Work outside the scope of the grant: 33 proteins provided by Protein Expert were tested. Needs more optimization but preliminary results are encouraging. Suggestions by AC: normalize concentration of antigens against anti-6xHis activity – see how much is gained by using tyramide signal amplification. First start on the soluble ones and then address the insoluble ones. Question AC: Did Protein e’Xpert try guanadinium? No because it can interfere with SDS-PAGE. Suggestion from VM: try to dialyse out the UREA and place proteins in SDS (low concentration). 
DML  - JG discussed the progress achieved with the anti-6xHis slide surface. He discussed the problems encountered with surface reproducibility despite the encouraging results demonstrating selective binding of multiple 6xHis proteins. He discussed the implementation of a back-up strategy that involves the printing of unpurified expression extracts. Comment AC: this second approach has promise as a powerful firs-pass screen – we should look for funding in future grant proposals to exploit this further to encompass a number of untested targets.

Protein e’Xpert – VM discussed the involvement of Protein e’Xpert within the project. Points of note: 183 genes selected and 24 rejected after PCR failure; 142 genes cloned; ISS ranked the signal obtained and for Legionella are 109, 166, 172; 33 proteins have been produced in large quantities and at high purity; need to normalize the amounts of these proteins spotted onto the chip and to look at varying levels of detergent.

DFKZ -  TF discuss progress regarding the adaptation of laser printing technology for the construction of peptide arrays. He described that amino acid toner particles Arginine and Histidine show measurable decay (only about 10%), that the amino acid coupling chemistry needs ongoing optimization. Question AC: how far away from testing any amino acid of choice? Response TF: Can print any sequence but maximum length at the moment is 15 amino acids. Question WL: how long does printing take? Response TF: 1 layer per day. Comment AC: DFKZ have made tremendous progress in the last months of the project however unfortunately due to the scale of the problems encountered at the beginning they were unable to deliver their deliverables.
Session 2 -  SCIENTIFIC REPORTING /FINANCIAL AUDITING

 The following points were raised/discussed in this session.

DFKZ 

· both their deliverables have not been achieved but progress made in getting technology ready.

· DFKZ must construct their deliverable report to detail the progress made and challenges met that have meant the deliverables were not met in full.

· DFKZ will get money that a full-cost format would receive…. i.e. 50% and not 100% since deliverables not met and thus partners not willing to contribute the additional monies.

Deliverable reports: all partners were instructed to provide their deliverable reports to JG asap. UF will coordinate the submission of Chelsea’s deliverables.

Arising intellectual property issues:

During the project the consortium have identified some potential diagnostic/immunotherapeutic markers. AC requested that we find a solution for the intellectual property issue that arises from this. He stated that heads of agreement between MTM being negotiated between MTM and Protein e’Xpert will give Protein e’xpert a license on the terms of the agreement. Research providers are not part of the intellectual property – should be assigned to partners that actively operate in the field and that have contributed to the work. DML has no objection, MIKURA has no objection. 

AC proposes that these markers are filed for patents and MTM holds the patents and Protein e’Xpert. The SME’s have agreed on this course of action. Everyone needs to send an assignment to MTM agreeing that MTM holds the patent. MTM will write the patent. Question:TR There may be some other IP issues in the project – device? Response AC: the device has already been patented – concept has not changed during the course of the project and patent doesn’t need amendment. Algorithms used for clustering reactivity profiles is not novel but based on published data.

Question TR: What will be in the patent? Response AC: Use of these biomolecules alone or in combination as a biomarker. Use of biomarker to produce antibodies (can be in mouse or human). The patent will cover this protein as an immunogen.

Question TR: We have to ask other partners? Response AC: Other partners do not operate in the field and thus do not have a claim. However, a note will be circulated to all the partners clarifying the position resulting from the meeting. This will be presented together with the relevant part of the consortium agreement. Once circulated, if a reply is not heard from a partner it will be assumed that the partners do not have any contention. This needs to be done rapidly – is one of the deliverables of the management process.

Suggested to think about organising a meeting with Marc Taquet-Graziani in Brussels for the third week of January to discuss with him the report and the FP7. JG/WL/AC/ TR to attend. This will be important as he will help us know what to emphasize and what not to emphasize.

Session 3 – Preliminary discussions for FP7 application

The following brainstorming took place

- Legionella/Chlamydia – second generation chip.

- Address the issues of mycoplamsa with gene synthesis.

- Add different influenza variants – able to differentiate amongst different influenza-like variants.

- Use antibodies and antigens on the chip – idea for antigen detection. Include antigens to determine people who have already been vaccinated. Want to have a test that discriminates between avian and human flu and can also discriminate between influenza-like diseases. We will look at how many monoclonal antibodies we need to make….see how many we need to source.

- PepScan (Denmark) – possible collaboration?

- ISS represent a strategic partnership esp. if want to go into development.

- instrument will create a sort of filter to lessen the load on healthcare systems – so people don’t go immediately to hospital so that this can be done on a pharyngeal swab or something like that (for antigen detection). IgG and IgA (mucosal).

P e’xpert - protein production

xxxxxx  - peptide production

UNIPG – monoclonal antibody production

MTM – assay capabilities

Produced by JG
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