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Background
Chemical contaminant monitoring in foodstuffs is a highly important and complex issue. A huge investment in time and effort is placed on these activities by regulatory and industrial laboratories. As demands from consumers and regulators grow to improve the quality and safety of food the need for improved technologies has never been greater. 

The BioCop project was constructed to supply regulators, consumers and industry with long-term solutions to the complex problems associated with chemical contaminants. A range of new technologies such as transcriptomics, proteomics and biosensors was utilised within the project, measuring effect rather than single target compound concentrations. The biomarker and fingerprinting concept was key to this strategy.

The main objectives of the project were to:
1 Strengthen the ERA relating to substantial improvements in chemical contaminant monitoring in foods;

2 Radically improve the ability to monitor for many classes of chemical contaminants present in cereals, meats, seafood and processed foods, to meet European maximum Residue Level (MRL) targets and/or agreed international standards where no MRLs presently exist;

3 Improve and validate physico-chemical detection methods to fulfil recognised criteria, thus being accepted for enforcement purposes;

4 Provide extensive training and demonstration of newly developed monitoring methods to the full array of potential end-users (industrial and governmental) to advance technology exploitation by industrial partners;

5 Increase level of trust of the European consumer in the food supply chain.

Co-ordinated by Professor Chris Elliott (Queen’s University Belfast, United Kingdom) the project brought together 35 partners, representing science, regulatory bodies and industry from within the European Community and also from Canada and S E Asia.

	Participant Organisation
	Country

	Department Of Livestock Development
	Thailand

	Eurofins Wej Contaminants Gmbh
	Germany

	The Secretary Of State For Environment, Food And Rural Affairs
	United Kingdom

	Ge Healthcare Bio-Sciences Ab
	Sweden

	David Towsend
	United Kingdom

	Biopure Referenzsubstanzen Gmbh
	Austria

	Sveriges Lantbruksuniversitet
	Sweden

	Health Canada
	Canada

	The National Food Centre, Teagasc
	Ireland

	Palm Instruments
	Netherlands

	European Community Reference Laboratory On Marine Biotoxins
	Spain

	Asociación Nacional De Fabricantes De De Conservas De Pescados Y Mariscos
	Spain

	Genedata Ag
	Switzerland

	Clondiag Chip Technologies
	Germany

	Liege University
	Belgium

	The Food Consultancy (DMC) Ltd
	United Kingdom

	Institute Of Biochemistry
	Lithuania

	Boku - University Of Natural Resources And Applied Life Sciences, Viennadepartment For Agrobiotechnoloy - Ifa-Tulln
	Austria

	University Of Zürich
	Switzerland

	National Institute For Public Health And The Environment
	Netherlands

	Agence Francaise De Securite Sanitaire Des Aliments
	France

	Fusion Antibodies Ltd.
	United Kingdom

	Xenosense Limited
	United Kingdom

	Stichting Dienst Landbouwkundig Onderzoek, RIKILT - Institute Of Food Safety
	Netherlands

	National Veterinary School Of Nantes
	France

	Joint Research Centre
	Belgium

	University Of Turku
	Finland

	Centre D'economie Rurale
	Belgium

	Universidade De Santiago De Compostela
	Spain

	Universita Di Roma Tor Vergata
	Italy

	Nestec Sa
	Switzerland

	Utrecht University; Faculty Of Veterinary Medicine
	Netherlands

	Vysok Skola Chemicko-Technologick V Praze
	Czech Republic

	Chalex Research Ltd.
	United Kingdom


A large and highly complex project, the workplan was carefully structured.  Key technologies were centralised within dedicated work packages driven by world renowned experts in that particular area.

The project was organised into 13 Work Packages (WPs).WPs 1 - 4 dealt with developing and delivering platform technologies across the consortium. WPs 5 – 10 each dealt with a different class of chemical contaminants. The final three WPs, 11, 12 and 13 were responsible for organising the widespread training and dissemination activities. The final WP dealt with the many management activities required to keep a large research project on course. 
The findings have been disseminated widely to diverse audiences including consumer groups.  Results have also been reported in key scientific journals, (see ‘Dissemination’ for more details).

The following summarises some of the key exploitable results emanating from the project (activities and major results can be found in more detail in the next section, within their respective work packages)
· Transcriptomics –

· Proof of concept that the transcriptomics fingerprinting strategy is applicable for the detection of phytoestrogens and trichothescenes in baby food, soy milk, cow milk and cereals

· Development of a low cost high-throughput transcriptomic platform
· Biosensors –

· Production and supply (to project partners) of multi-analyte SPR biosensor for high-throughput detection of therapeutic drug biomarkers in serum

· Prototype kits available for SPR-based PSP and Fluoroquinolone assays

· Binders –

· Production of high quality and broad specificity antibodies
· Shellfish toxins –

· Development of an optical biosensor assay for routine use in PSP toxin determination in shellfish

· Pesticides –

· Development of alternative effective rapid screening technologies (DART and ASAP) based on ambient ionisation mass spectrometry, to detect residues of pesticides

· Endocrine Disruptors

· Development of efficient confirmatory methods for analysing at least 4 target phytoestrogens in milk, cereal and baby food samples

· Therapeutics –

· Development of a fully validated prototype biosensor assay for fluoroquinolone antibiotics in chicken, egg and fish

· Heavy Metals

· Developed rapid, low cost, improved methods suitable for use by unskilled personnel
· Mycotoxins

· Development of novel methodologies for early detection of mycotoxins. SOPs completed.  In-house validation completed, further testing conducted in subsequent FP6/7 projects.
Full training in the use of newly developed technologies has been provided for all partners involved in the Project.  
Conclusions, and subsequent recommendations, arising from the Project have been sent to the European Commission (DG SANCO and DG Research).
Work Package 1 – Transcriptomics
Led by Prof Hanspeter Naegli (University of Zurich) and Dr Bruno Le Bizec (National Veterinary School of Nantes)

Introduction

The goal of the Transcriptomics work package was to improve food safety by using cultured human cells as biological detectors (‘’Cytosensors’’) for the detection of toxic contaminants in food. This technique was prompted by findings that living cells respond to toxic chemicals by changing the pattern of genes that are converted into RNA transcripts. 
Each individual RNA transcript carries the information for the synthesis of a particular protein product. The term “transcriptome” refers to a collection of RNA intermediates in a given biological system. Accordingly, “transcriptomics” is defined as a large-scale analytical method that can be used to monitor complex RNA profiles consisting of thousands of transcripts. 

When human cells are exposed to food extracts, changes in the overall pattern of RNA transcripts are suggestive of the characteristic reactions triggered by toxic contaminants. WP1 have developed a novel assay, based on the detection of RNA “fingerprints” using specially designed microchips. The novel assay allowed the use of cultured human cells as versatile sensors for the detection of hazardous contaminants in food. 
Results
The team have demonstrated that phytoestrogens and trichothecenes can be detected in multiple food samples using a transcriptomic fingerprinting strategy. In combination with suitable extraction methods, this proof-of principle was confirmed using quantitative real-time RT-PCR methods, thus providing a straightforward alternative to the microchips, which required more research & development time. Different cell lines have been compared to obtain optimal transcriptional fingerprints with respect to selectivity and amplitudes. A large number of dose dependence and matrix compatibility assays have been performed. Mixture experiments have been conducted to take into account that food samples always include multiple representatives of a particular group of contaminants. Specifically tailored DNA microchips have been printed for the detection of phytoestrogens and trichothecenes in food. A new method for amplification and the subsequent quantification of transcripts on low-density microchips has been developed. Additionally, a series of optimization experiments was initiated aimed at shortening the total time required to perform the transcriptomic fingerprinting assays.

Summary:  The work provided the proof-of-principle that this fingerprinting strategy is applicable for the detection of phytoestrogens and trichothecenes in baby food, soymilk, cow milk and cereals. The limit of detection is in the low ppb range. A low-cost high-throughput transcriptomic platform has been developed on the basis of miniaturized low-density microarrays.
Benefits of the BioCop Project

Consumer

To protect the consumer, WP1 has developed a novel RNA fingerprinting method by which a variety of food samples can be screened.  This means that the consumer can have more confidence in the food they eat, knowing that the possible presence of multiple groups of contaminants is being monitored.

Food Industry

The newly developed microchip fingerprinting method provides an effect-driven assay that can be integrated into HACCP (Hazard Analysis and Critical Control Points) systems to monitor the true impact of potentially toxic contaminants.  Another advantage of this fingerprinting strategy is its ability to detect the additive activity of a mixture of chemicals at any one time.

Scientist

The transcriptomic-based fingerprinting approach will be used by scientists all over the world in the areas of agriculture and food technology.  It will also be used to detect new or emerging contaminants that trigger known adverse reactions to human health.

Work Package 2 – Proteomics 
Led by Prof Aldert Bergwerf (University of Utrecht) and Dr Mark Mooney (Queen’s University Belfast)

Introduction

The abuse of growth-promoting hormones (anabolics) in farmed animals is a serious issue for the European consumer.  The potential health hazards of consuming these illegal hormones include interruption to (pre-) pubertal sexual development, fertility problems and long-term malignancies.
Anabolics that can be used as growth-promoters include substances from any of the classes of androgens, gestagens, estrogens, β-agonists, corticosteroids, thyreostatics, somatotropins, resorcylic acid lactones etc.  In a treated animal these compounds occur at extremely low concentrations, and the method of administration also makes them difficult to detect. Conventional technologies are largely prohibitive by cost, speed of analysis, ability to perform multi-analyte detection at a high-throughput rate and the capability of detecting all these different substances in an animal product.
The team used advanced biosensor plus proteomic and protein-engineering technologies for the detection of anabolics.  Through proteomic analysis of blood (from treated and untreated animals under controlled conditions), WP2 planned to identify “biomarkers” i.e. proteins where the occurrence of certain proteins has increased or decreased, or where molecular structure has been modified. 

Results 

New biomarkers have been identified by the team.  They have further developed biosensor assays for existing identified biomarkers and transferred these assays onto the MA-HTD analyzer platform. Identification of potential biomarker candidates has been aided by the completion of a hormone treatment study in adult animals providing additional test materials. Biosensor assays have been developed using binder and protein material sourced from project partners enabling measurement of biomarker levels in bovine plasma. Seven candidate biomarkers - α1-antitrypsin, fetuin A, α2‑antiplasmin, IGFBP-2, leptin, inhibin α-subunit and C-terminal PIIINP - have been immobilized onto series of CM5 biosensor chips enabling analysis of plasma on the MA-HTD platform. Appropriate plasma dilution rates enabling measurement of biomarker levels in the sensitive range of calibration curves and the optimum layout of biomarkers on biosensor chips have been determined. Studies investigating heat treatment of plasma samples prior to analysis have demonstrated reductions in non-specific binding and other interference effects potentially improving assay performance particularly for assays requiring plasma dilution rates less than 100-fold. Fetuin-A, SHBG, IGFBP-2, C-terminal PIIINP and α2-antiplasmin have been identified as biomarkers of particular interest and the transfer and optimisation of these assays onto the MA-HTD analyser has been prioritised. An upgraded software package for the MA-HTD analyzer has also been installed enhancing assay performance. Findings from this work have continued to be presented at conferences and published in peer-reviewed scientific journals.
Summary: Growth promoting biomarkers. An optical biosensor for detecting the quantity/pattern of biomarkers present in bovine serum/tissues. (see also Work Packages 3 – Biosensors and Work Package 8 – Therapeutics for related work and benefits)

Work Package 3 – Biosensors

Led by Dr Jos Buijs (formerly Biacore, now GE Healthcare) and Dr Jean Marc Diserens (Nestlé Research Centre)
Introduction

Biosensors based on Surface Plasmon Resonance (SPR) provide unique data on the interactions between proteins and their binding partners, including small molecules.  The data are generated in real-time, without the use of fluorescent or radioactive labels.  In the area of food safety several kits are already available to provide rapid and reliable solutions for the detection of veterinary drug residues, antibiotics and growth promoters.  
The BioCop team planned to develop three new kits for the detection of;

1) Paralytic shellfish poisons (saxitoxins) in collaboration with WP5;

2) Strobilurin fungicides, in collaboration with WP6;

3) Fluoroquinolone antibiotics, in collaboration with WP8.

Results 

Final version of MA-HTD prototype for detection of growth promoter related biomarkers delivered to WP2.  Independent validation performed.  Full training provided, and results demonstrated during residue analysis workshop

Prototype kits for PSP and fluoroquinolone (FQ) produced and supplied to BioCop partners for evaluation/validation. Results demonstrated and disseminated at various BioCop workshops. Strobilurin: Pre-immobilised sensor chips produced but no suitable binder found so no prototype kit could be produced. 

Protocol for parallel and serial SPR-MS coupling established and concept proven for detection of fluoroquinolones and shellfish toxins (PSP). Results published in scientific papers and disseminated at numerous conferences.

Electrochemical immunosensors produced for DON and type-A trichothecenes, including definition of analytical parameters and selection of extraction procedure. This was done in collaboration with WP4 partner (for antibodies development) and WP10 partner (for sample treatment procedures). Sensitivity of DON immunosensors is good for screening of wheat, breakfast cereal and baby-food samples. High cross reactivity for 3-Ac.DON can cause false positives. Type-A trichothecene immunosensors (100% cross reactivity for T-2 and HT-2 allows monitoring of total amount) showed a suitable sensitivity for screening the above mentioned samples. Both electrochemical immunosensors have been validated and results demonstrated at BioCop workshops. 

Summary: Multi-analyte SPR biosensor for high-throughput detection of therapeutic drug biomarkers in serum. Prototype kits for of SPR-based PSP and Fluoroquinolone assays. Bioactive therapeutic substances identified by serial SPR/MS coupling, Electrochemical immunosensors for DON and type-A trichothecenes.
Benefits of the BioCop Project

Consumer

The new sensor technologies provide accurate and rapid quantification of a number of food contaminants.  For consumers this means that food products can be screened more thoroughly before they reach the customer. SPR/MS coupling provides technology for rapidly identifying novel contaminants.

Food Industry

Rapid and accurate analyses provide the means to release food products faster to the market.

Scientist

New technologies such as biomarker-based screening of growth hormones and SPR/MS coupling provide information to scientists to study the biological effect of growth hormones and identify novel contaminants, respectively. 

Work Package 4 – Binders

Led by Prof Timo Lövgren (University of Turku) and Dr Philippe Delahaut (Centre D'economie Rurale)
Introduction
Most of the current immunoassay-based methods developed aim to detect a single type of target molecule from a sample. BioCop was more ambitious, aiming to design assays capable of screening multiple classes of antigens in one test.
Broad specificity and high-quality binding molecules are needed for this success, utilising state-of-the-art technologies to generate these binders. The objective of Work Package 4 was to generate and deliver binder molecules for many chemical contaminants, for use by other work packages in the project.

Results

Construction of a universal recombinant antibody library intended for development of binders for small molecular antigens, with promising diversity and quality at nucleic acid level, some problems found at expression level. Selection of a binder against strobilurins from this library was unsuccessful.

Anti-fluoroquinolone Fab selections have resulted in improved binder to flumequine (H2_1 mutant) and marbofloxacin (M2.D7 mutant). 

From anti-PSP Fab mutant library several unique mutants with improved IC50 value to GTX 1/4 have been found and delivered to WP 5 partner QUB for further study. Immunisations with GTX1-2-3-4-BSA, STX-GTX1-4-BSA, PSP-KLH conjugations were done in rabbits whereas STX-OVA and PSP-KLH conjugations were performed in sheep. The attempts to produce antibodies raised against gonyautoxins failed.

In a support role to WP2 biomarkers, WP4 provided a total of seven biomarker proteins (cloned, expressed and purified in sufficient amount) for immunisations by partner FUSION. Immunisations in CER have resulted in the production of five polyclonal antibodies; delivered to WP2 partners.

Summary: The production of high quality and broad specificity antibodies supporting WP5 activities.

Benefits of the BioCop Project

Consumer

Increased monitoring for chemical contaminants in food will give consumers more reassurance and they will have more trust in the food that is being consumed. 

Food Industry

Food businesses need more and more rapid and inexpensive test methods to be able to detect the absence of contaminants in their produced food.

Therefore the necessity to have performing binders to develop these types of methods is essential.

Scientist

A number of papers referring to antibodies produced and characterised within WP4 have been published. These include the following publications, Analytical Chimica Acta, 2008 (WP8), Food Additives and Contaminants 2009 (WP8), Analytical Chimica Acta, 2009 (WP2).

Work Package 5 – Shellfish Toxins
Led by Professor Luis Botana (Universidade De Santiago De Compostela) and Dr Ana Garcai Cabado (Asociación Nacional De Fabricantes De De Conservas De Pescados Y Mariscos)

Introduction

Shellfish toxins or phycotoxins are potent natural contaminants produced by certain species of marine algae including dinoflagellates and diatoms. In recent years toxic algal blooms have increased in frequency, intensity and geographical distribution potentially due to climate change and increased shipping routes. The associated toxins accumulate within bivalve molluscs such as mussels, clams, cockles, scallops and oysters upon filter feeding. 

The consumption of toxin contaminated shellfish may result in illness and even death in birds, mammals and humans. Therefore, sporadic toxic episodes are of major economic concern to both public health officials and the global aquaculture industry. Shellfish toxins are classified into five major groups. Within BioCop, WP5 is dedicated to one of the most potent groups, the paralytic shellfish poisoning (PSP) toxins. 

The aim of WP5 was to address the lack of in-vitro tests suitable for PSP detection by developing an optical biosensor assay intended for routine use for rapid PSP determination in shellfish. 

Results

Two biosensor assay prototypes for the detection of PSP toxins are now available. Both prototypes can be used as a screening method to detect PSP toxins in natural samples of at least four different shellfish matrixes. The sensitivity of the assay with both prototypes was optimized by lowering the midpoint of the calibration curve from 80 to 40 µg/100 g of shellfish meat (half of the current regulatory limit). The two prototypes differ in the antibody used for binding to the chip surface, the GT13-A antibody (prototype 1) and the R895 antibody (prototype 2). Considering the sensitivity of the antibody for PSP toxins and the quantification of PSP toxins in natural samples in terms of number of samples that would be released or not for human consumption compared to the EU reference method, the mouse bioassay, the prototype 2 would be the assay of choice. An in-house pre-validation led to the final optimization of the assay using a STX chip surface and the R895 antibody as binding protein. Inter-laboratory pre-validation studies performed with the participation of 7 laboratories yielded quite good results and demonstrated that the assay is suitable for its use as a screening tool in the detection of PSP toxins. The collective effort of WP5 partners has also delivered an effective dissemination of this technique to the scientific community.

Summary: An optical biosensor assay for routine use in PSP toxin determination in shellfish.  

Benefits of the BioCop Project

Consumer

Provision of rapid and reliable assays for the detection of shellfish toxins to ensure shellfish is fit for consumption in order to protect human health.

Food Industry

The shellfish industry constitutes a major resource and contributes significant revenue to the European economy.  The marketability of shellfish in Europe is based on a perception of quality and a superior product image.  Consequently, the quality control and assurance aspect of production has become a main focus for the industry.  The analysis of bivalves for the presence of biotoxins is one of the most important tests required. Marine biotoxins have become a serious threat to the shellfish industry and may impede any further growth and development unless controlled. The detection of marine toxins with reliable assays, which could be implemented at hazard analysis and critical control points (HACCP) in the shellfish production process, will protect the shellfish aquaculture industry from economic losses. Economic losses arise from disposing of contaminated shellfish, prolonged closure of culture areas or toxic incidents following consumption which reduce consumer trust. 

Scientist

Routine detection of marine toxins requires the sacrifice of large numbers of laboratory animals, which in the European Union and many other countries is a conflict with ethical regulations. This SPR PSP assay offers to scientists a fast, simple and reliable method that can be used for the screening of shellfish samples without animal sacrifice, thereby reducing the number of deaths for this purpose. This effectively could reduce costs associated with animal housing and maintenance.
Work Package 6 – Pesticides

Led by Mr Matthew Sharman (The Secretary Of State For Environment, Food And Rural Affairs) and Prof Jana Hajšlová (Vysok Skola Chemicko-Technologick V Praze)

Introduction

WP6 focused on pesticides and, in particular, an important class of fungicides called strobilurins. Strobilurins were selected for study as they represent over one third of the fungicides used in cereals. There is potential for cumulative residues in the human diet, since residues have been reported in many different commodities (e.g. bananas, strawberries, and spinach). In 2008 the global sales of just one strobilurin (azoxystrobin) surpassed $1 billion. It is therefore important that effective analytical methods are available for monitoring / control of residues from the use of these fungicides. Other current strobilurins include trifloxystrobin, pyraclostrobin, picoxystrobin, kresoxim-methyl and, dimoxystrobin.
In the EU, Maximum Residue Level (MRL) for strobilurin fungicides vary according to the analyte / commodity combination.

Strobilurins are normally analysed for in specialist laboratories using liquid chromatography (LC) coupled to mass spectrometry (MS), with sample extraction and clean-up via the QuEChERS approach. This approach is suited to targeted, confirmatory residue analysis. In BioCop, alternative, screening methods using ambient ionization mass spectrometry have been assessed for the rapid detection of strobilurins.
Results
Rapid detection methods, based on ambient ionisation mass spectrometry (“Ambient MS”), have been developed for detecting residues of target strobilurin pesticides in cereals.
Three different Ambient MS approaches were evaluated:

· Desorption Electro-Spray Ionisation (DESI)

· Direct Analysis in Real Time (DART), and

· Atmospheric-Pressure Solids-Analysis Probe (ASAP)

in combination with a number of different types of mass spectrometers including Linear Ion Trap (LIT), Time-of-Flight (ToF) and Orbitrap (Exactive).

Both the DART and ASAP techniques were found to be capable of screening incurred residues of strobilurins in milled and whole grain at Maximum Residue Level (MRL) concentrations. Both methods met the BioCop targets for speed of analysis (i.e. at least 20 samples in less than 3 hours), detection limits (<100 µg/kg) and for the majority of analytes the repeatability was less than 40%.  Whilst DESI was unable to detect a number of target analytes at MRL concentrations, recent advances (e.g. ‘reactive’ DESI) may overcome this limitation in the future.

Whilst these data have shown that DART and ASAP are potentially useful techniques in residue control, further research is required to assess their applicability to a much wider range of analyte/matrix combinations.

Summary: Ambient MS methods have been evaluated and validated for the detection of target strobilurins in cereals. These methods are available as Standard Operating Procedures (SOPs) in ISO78/2 format.  A demonstration & training workshop on these new methods was given to stakeholders from industry, academia and regulatory laboratories.

Benefits of the BioCop Project

Consumer

The ability of laboratories to use rapid method for the screening of strobilurins (and other pesticide residues) should increase both the frequency and volume of testing. This, in turn, could lead to greater consumer protection.

Food Industry

The food industry will benefit from the developed rapid screening technologies for the detection of residues of pesticides.  For example the ability to check and screen raw materials for residues in “real time” could have a direct impact on production costs.  The provision of high-throughput screening technology to the European food industry will therefore enhance their competitiveness. 

Scientist
From a scientific point of view this work package has produced a very rapid method for the detection of pesticide residues in grain. This method uses either none or very little solvent and therefore has the potential to reduce the amount of overall chemical waste in the environment. 

Work Package 7 – Endocrine Disruptors

Led by Prof Bruno Le Bizec (National Veterinary School of Nantes) and Prof Hanspeter Naegli (University of Zurich)

Introduction
Endocrine disruption due to chemical contamination has been a growing concern in the field of food safety for several years. The presence in food and/or the environment of chemicals that can interfere with the endocrine system and compromise homeostatic equilibrium may represent a real risk to human health. The BioCop project studied the risks of exposure to such chemicals for highly susceptible populations: the risks of endocrine disruption of the foetus and young children, during critical stages of development are of particular concern.

The number of chemical identified as endocrine disruptors is continuously increasing.  They include natural substances (endogenous hormones, phytoestrogens etc.) and artificial compounds (pesticides, phthalates, alkyphenols, persistent organic pollutants). Some of these classes of chemicals were considered in other work packages (steroids in WP8, organochlorine pesticides in WP6). WP7 focused on the phytoestrogen family.

Phytoestrogens are natural substances originated from various vegetal species, which can be divided into different sub-families according to their chemical structure (isoflavones, lignans, coumestans, stilbens and flavones).
Results

The main goal of this work package was to develop efficient confirmatory methods for analysing at least 4 target model phytoestrogens from milk, cereal and baby-food samples. The main objective consisted of the development of sample preparation procedures for extraction and purification of phytoestrogens from milk, cereals and baby-food samples. A suitable method was first developed for milk samples, which was fully validated according to current EU standards. Additional work was performed to adapt the method to cereal and baby-food samples. WP7 supported WP1 by providing reagent and sample extracts for testing the transcriptomic assays. The suitability of such sample extracts for transcriptomic assays was confirmed, and has already provided some very promising results, proving the efficiency of the developed method as well as the interest of the innovative approach.

Summary: Efficient confirmatory methods for analysing at least 4 target phytoestrogens from milk, cereal and baby-food samples. Support WP1 in their transcriptomic and DNA Chip assay development and pre-validation. Demonstration and training dedicated to the developed technologies, analytical strategies, and results.
Benefits of the BioCop Project

Consumer 
This innovative research is considered as directly beneficial to the consumer as a new short to medium term integrative way for testing food products, i.e. to evaluate the global hormonal activity associated with food products, especially infant formulae, with the scope to further define appropriate tolerable limits for preserving human health. 

Food Industry 
The approach was specifically designed to be applicable and transferable at the industrial scale; the notions of high throughput testing and moderated costs have been integrated as a part of the finalised research’s objectives. The developed microarray system may be envisaged to be implemented in the food industry for in house or external regulatory testing purposes, both to control and promote chemical safety and the quality of products.
Scientist

One valuable aspect of this research is the demonstration of feasibility and interest to simultaneously use both chemical and biological approaches in the field of food safety.

The combination of precise characterisation, in relation to chemical quantitative profiles with a global evaluation of biological activity, taking into account low dose and mixture effects clearly represents an advance in this field.

The identification of biological pathways, specifically impacted by phytoestrogens at the genomic level represents important results whereby scientists have a detailed understanding of their mode of action.

Work Package 8 – Therapeutics

Led by Prof Michel Nielen and Dr Stefan Weigel (both, Stichting Dienst Landbouwkundig Onderzoek, RIKILT - Institute Of Food Safety)

Introduction

The BioCop project sought to address the issue of veterinary drug residues in food by developing novel screening tools for two chemical classes of interest: fluoroquinolone antibiotics and hormone growth promoters.

The overuse and/or illegal use of fluoroquinolone antibiotics in animal production is of particular concern to humans. Repeated exposure to these antibiotics via the food chain will limit the future effectiveness of these drugs due to the build up of antimicrobial resistance. The project aimed to develop, through full validation and small–scale inter-laboratory testing, improved rapid diagnostic methods to screen for the presence of low concentrations of the entire family of fluoroquinolone antibiotics in animal products.
Results

The results of the fluoroquinolone screening assay development were successfully disseminated via conferences (lectures, posters) and scientific journals (papers). Furthermore, the assay was trained to potential end-user during a training workshop in Thailand.

Targeted and untargeted steroid profiling analysis have been performed on urine samples from treated and non-treated calves in order to further investigate nandrolone metabolism as well as global modifications of urine profiles induced by growth promoting steroids administration. The targeted approach has shown relevancy of some estranediols as interesting metabolites consecutively to nandrolone administration, untargeted approach was assessed and allowed pointing out biomarkers for the discrimination between treated and non treated animals.

The hormone biomarker screening assay developed on the MA-HTD biosensor was assessed through the analysis of samples from known treated animals and samples from independent growth promoter treatment studies. Multivariate statistical tools based on SVM analysis were selected to interpret derived biomarker assay data and assess the ability of the biomarker method to identify growth promoter use during time-dependent phases of hormone treatments in animals. Training on the MA-HTD biosensor was delivered to interlab partners during this period facilitating the performance of preliminary validation studies.

Summary:

A fully validated prototype biosensor assay for fluoroquinolone antibiotics in chicken, egg and fish. Chromatography-mass spectrometry based methods for targeted and non-targeted steroid profiling of tissues and urines for the detection of growth promoter abuse. A multi-analyte biosensor method for the biomarkers of growth promoter administration in serum.

Benefits of the BioCop Project

Consumer

Novel technologies for the cost-efficient and high-throughput detection of residues of veterinary drugs will increase the frequency and volume of testing. As a result of this, food safety will increase, bringing benefits for the European consumer.  In addition, however expenses for food testing in the food industry may be reflected in food prices.

Food Industry 
The Food industry will directly benefit from the developed screening technologies for residues of antibiotics. Profit margins in this sector are considerably lower in comparison to other areas, e.g. pharmaceutical industry. The reduction of expenses for the quality control (in this case residue testing) of raw materials, e.g. eggs will have a direct impact on the production costs. The provision of easy to use high throughput screening technology to the European food industry will therefore contribute to increasing their competitiveness.

Scientist

From a scientific point of view, WP8 has generated a number of interesting results.  One of the most sensitive screening assays for fluoroquinolone antibiotics has been developed.  And an innovative approach was invented within the project to improve the cross-reactivity profile via a so-called dual antibody. This antibody was generated by using an immunogen carrying two different targeted structures. The target steroid profiling of samples from treated animals revealed new insights in the transformation of the administered substances.

The non-targeted profiling of urine samples by sophisticated high-resolution mass spectrometry coupled to innovative data evaluation software proved to be a powerful tool for fingerprinting of suspect samples as well as for the identification of potential biomarkers.

Work Package 9 – Heavy Metals

Lead by Professor Giuseppe Palleschi (Universita Di Roma Tor Vergata) and Professor Rolandas Meskys (Institute Of Biochemistry)

Introduction

Heavy metals (HM) are highly toxic to both plants and animals, and are known to have well documented neurotoxic (lead, mercury), hematotoxic (lead) and nephrotoxic (lead, cadmium, mercury) effects on humans. 

The current standard techniques employed for trace heavy​-metal analysis include Atomic Absorption Spectrometry (AAS) and Inductively Coupled Plasma-Mass Spectrometry (ICPMS). However, these methods require the use of expensive equipment, involve time-consuming sample treatment, and pre-concentration steps that can only be carried out by trained professionals.
Given this situation, there has been an effective barrier with regards to screening for heavy metals at various stages of food production. In order to achieve one of the most important practical objectives of food safety, i.e. that of preventing heavy metal contamination into the food production chain as early as possible, the electrochemical method developed is a step to overcoming this problem.
The Project sought to develop cost-effective, validated methods and systems to meet the needs of a range of end-users: analytical laboratories and food companies, for which contamination of raw materials by heavy metals causes a significant problem.
Results

The goals of the workpackage were to create radically improved means for detecting lead and mercury.  

In terms of mercury detection, the program involved the creation of chelating compounds designed to optimize sample extraction and treatment procedures for efficient recover of mercury from solutions containing proteins and from real samples (baby food). Although this initial goal was achieved, the overall system did not have the requisite sensitivity, and this aspect of the work was discontinued.

Concerning lead detection, the first stage was to develop disposable probes based on screen-printed electrodes (SPEs) to be used with the classical electrochemical stripping assay. The procedure ultimately adopted involved formation of a Bi/Nafion film. These probes demonstrated the required sensitivity and robustness with the significant advantage of eliminating the use of Hg. In the next phase, the probe was linked to a convenient, new portable instrumentation designed by partner PalmSens. Dedicated software was developed to guide the operator through the electrochemical measurement (which included some features to evaluate probe performance), the lead content of the sample was automatically displayed. In a final rather arduous process, a sample treatment method was developed for the acid precipitation of lead from milk. Many factors (sonication and oxidation of proteins to release lead, elimination of copper interference, use of non-contaminated reagents) had to be controlled in order to achieve a reliable method with adequate recovery, sensitivity, and reproducibility. Ultimately it was demonstrated that lead could be detected with a LOD of 1,5 ppb in standard solution and 2,8 ppb in milk. The entire procedure could be performed in about 2 hours by unskilled personnel using relatively inexpensive equipment. This represented a significant advantage relative to the standard methods performed in laboratories with sophisticated instrumentation and skilled technicians and thus fulfilled an important aim of the project to create a technology that was cheaper and extended the possibilities for monitoring lead contamination during food processing. In the final phases of the work, systematic validation studies of the newly developed method were performed (in collaboration with the Italian ISS) for the detection of lead in standard solution, milk and baby food samples. The new method was also demonstrated in a variety of settings: workshop at URTV, various local institutions, on site for various stakeholders, and a conference at the Central Laboratory in Bangkok, Thailand.
Summary: Expectation that the newly developed technology could be readily put into practice in regulatory settings with the commercial production of the inexpensive, disposable probes and their combination with the available Palmsens instrumentation/software.

Benefits of the BioCop project
Consumer 
Faster and more cost-efficient detection can ultimately lead to enhanced levels of food safety for consumers, by detecting heavy metals at an early stage that can end up in numerous consumed products.
Food Industry
This new method provides numerous potential advantages for the food industry. It would significantly lower costs and provide faster testing to assure that milk and baby food products are in conformity with the regulatory limits. Moreover, the relatively simple method can be carried out by unskilled personnel in “normal” laboratory conditions equipped with “usual” instrumentation (water bath, centrifuge, portable potentiostat) making it possible to monitor at the various stages of production. Thereby avoiding economic loss from contaminated lots and, as a result, improving the overall safety of the final product.

Scientist

Several technical advances have been achieved which provide numerous benefits to the scientist. These include thee development of a complex sensor based on screen-printed electrodes and bismuth/Nafion films. These have demonstrated that:
• SPEs are useful and practical substrates for sensor development. 

• Bismuth can replace the highly toxic mercury lead detection by anodic stripping. 

The treatment of milk with concentrated acid, coupled with H2O2, ferricyanide and sonication steps, allows sufficient recovery of lead. This is so that it can be determined at ppb levels, (relevant for meeting regulatory standards) within 2 hours and without the use of sophisticated instruments.
Work Package 10 – Mycotoxins

Lead by Ir Hans van Egmond (formerly RIVM, currently RIKILT) and Mrs Sara Stead
(The Secretary Of State For Environment, Food And Rural Affairs)

Introduction

Mycotoxins (toxic metabolites produced by fungi) were included in the project because of their wide occurrence in agricultural commodities and the significance of their hazards to human and animal health.
In Europe, toxins produced by Fusarium species are of particular significance in agriculture. A major class of Fusarium toxins are the trichothecenes (can be found in cereals), of which deoxynivalenol (DON) is the most well-known.  DON leads to undesirable effects on the immune system, to growth retardation in children and to feed refusal by pigs. Other trichothecenes of major signifance include nivalenol (NIV), T-2 toxin (T-2) and HT-2 toxin (HT-2).
Using two novel determinative concepts, transcriptomics and biosensors, the project aimed to develop high-throughput, low cost rapid screening methods for early detection.

Results

For all three analytical techniques, explored in WP 10 for the determination of type A and type B trichothecenes, significant progress was made in terms of method descriptions (SOPs), in house-validations (reports), technology transfer between BioCop partners (fellowships), dissemination (trainings, presentations, publications, demonstrations) and multi-laboratory testing (reports).

The electrochemical immunosensor procedure - the first BioCop methodology developed for trichothecenes - has been further worked out for T-2/HT-2 toxins and for DON. The method has been extensively tested in-house with good results, reported, presented and demonstrated. Yet, multi-laboratory testing yielded some weaker points, and the method needs further improvement and optimization (post-BioCop) before it can be subject to full interlaboratory validation.
The SPR sensor methodology, later added to BioCop’s workprogramme, has been worked out for T-2/HT-2 toxins and for DON. It was extensively in-house tested and reported. The methodology showed excellent in-house performance for both types of trichothecenes and is ready for full interlaboratory validation. The possibilities to do this (post-BioCop) are now further explored in collaboration with the FP 6 Network of Excellence MoniQA.

The transcriptomics methodology, a bright and original concept, proved to be working well in-house, also after transfer between BioCop partner laboratories. Yet, it requires skilled personnel, special facilities and time. The methodology will be further optimized, and extended to other trichothecenes at BioCop partner RIKILT, with funding from national research programmes (post-BioCop).
Summary
BioCop WP10 partners have supported WP 1, 3 and 4 with reagents, materials and chemical analyses, which has resulted in the development of various novel methodologies. All 3 methodologies have been written down in standard operating protocols in CEN format. Subsequently in-house validations have been conducted and reported, methods have been partly transferred between BioCop partners for further testing and partial optimization, and various dissemination activities have taken place.

Benefits of the BioCop Project

Consumer
Currently mycotoxins form the largest group of information notifications on risks to human mycotoxin residues do not exceed regulatory limits. Frequent testing, as part of the verification process in food safety management systems, with rapid and reliable methodology is of particular importance where the incidences and levels of contamination are variable. Such a state of affairs can arise in the case of mycotoxins produced by Fusarium spp. mycotoxins, in particular trichothecenes as deoxynivalenol and T​2 and HT​2 toxins. BioCop methods are specifically directed to determine these toxins.
Food Industry

Increasingly, rapid test methods, including those for mycotoxins, are being used by food businesses as a tool to assist them in ensuring that “food placed on the market shall be safe”.  Within the European Union, ensuring that food is safe in terms of mycotoxin contamination means – in the case of a number of mycotoxin/food matrix combinations – ensuring that mycotoxin residues do not exceed regulatory limits. Frequent testing, as part of the verification process in food safety management systems, with rapid and reliable methodology is of particular importance where the incidences and levels of contamination are variable. Such a state of affairs can arise in the case of mycotoxins produced by Fusarium spp. Mycotoxins, in particular trichothecenes as deoxynivalenol and T-2 and HT-2 toxins. BioCop methods are specifically directed to determine these toxins.

Scientist 
BioCop mycotoxin methods are based on novel and sometimes even revolutionary technologies, which pose a challenge to scientists to be further explored, exploited and applied in methodologies to determine trichothecenes. The electrochemical sensor technique as well as the transcriptomics technique and their practical applications have been introduced and discussed at leading international scientific conferences, such as the “IUPAC XIIth International Symposium on Mycotoxins and Phycotoxins”, Istanbul, May 2007, and at the “World Mycotoxin Forum”, November 2008. In addition, papers about both methodologies are published in “World Mycotoxin Journal” in 2009.
Dissemination

Project results have been widely disseminated to various audiences (scientists, regulators, industry representatives and consumer groups).

Publications have also resulted from the research, details of which are recorded in the table below.
Further details on the project is available at www.biocop.org
	Title of paper
	Publisher
	Year of publication

	Kinetic Analysis of the Interaction between Yessotoxin and Analogues and Immobilized Phosphodiesterases Using a Resonant Mirror Optical Biosensor
	Chemical Research in Toxicology
	2005

	Study of the Interaction between Different Phosphodiesterases and Yessotoxin Using a Resonant Mirror Biosensor
	Chemical Research in Toxicology
	2005

	Quantification of yessotoxin using the fluorescence polarization technique and study of the adequate extraction procedure
	Elsevier
	2005

	Cell Growth Inhibition and Actin Cytoskeleton Disorganization Induced by Azaspiracid-1 Structure – Activity Studies
	Chemical Research in Toxicology
	2006

	Effects of Azaspiracid-1, A Potent Cytotoxic Agent, on Primary Neuronal Cultures.  A Structure-Activity Relationship Study
	Journal of Medicinal Chemistry
	2006

	Dual biosensor immunoassay-directed identification of fluoroquinolones in chicken muscle by liquid chromatography electrospray time-of-flight mass spectrometry
	Elsevier
	2006

	Improved microbial screening assay for the detection of quinolone residues in poultry and eggs
	Food Additives and Contaminants
	2007

	Irreversible cytoskeletal disarrangement is independent of caspase activation during in vitro azaspiracid toxicity in human neuroblastoma cells
	Elsevier
	2007

	Effects of the Marine Phycotoxin Palytoxin on Neuronal pH in Primary Cultures of Cerebellar Granule Cells
	Journal of Neuroscience Research
	2007

	Assessment of Specific Binding Proteins Suitable for the Detection of Paralytic Shellfish Poisons Using Optical Biosensor Technology
	Analytical Chemistry
	2007

	Study of the neuronal effects of ouabain and palytoxin and their binding to Na, K-ATPases using an optical biosensor
	Elsevier
	2007

	Elimination kinetic of 17β-estradiol 3-benzoate and 17β-nandrolone laureate ester metabolites in calves’ urine
	Elsevier 
	2007

	The cytoskeleton, a structure that is susceptible to the toxic mechanism activated by palytoxins in human excitable cells
	FEBS Journal
	2007

	“Fluorescent glycogen” formation with sensibility for in vivo and in vitro detection
	Springer
	2007

	The c-Jun-N-Terminal Kinase is Involved in the Neurotoxic Effect of Azaspiracid-1
	Cellular Physiology and Biochemistry
	2007

	Influence of 17β-oestradiol, nortestosterone and dexamethasone on the adaptive immune response in veal calves
	Elsevier
	2007

	Paralytic Shellfish Poisoning Detection by Surface Plasmon Resonance-Based Biosensors in Shellfish Matrixes
	Analytical Chemistry
	2007

	Extraction and cleaning methods to detect yessotoxins in contaminated mussels
	Elsevier
	2007

	Feasibility of using a surface Plasmon resonance-based biosensor to detect and quantify yessotoxin
	Elsevier
	2008

	Reduction severe bovine serum associated matrix effects on carboxymethylated dextran coated biosensor surfaces
	Elsevier
	2008

	Cytoskeletal toxicity of pectenotoxins in hepatic cells
	British Journal of Pharmacology
	2008

	Control of Strobilurin Fungicides in Wheat Using Direct Analysis in Real Time Accurate Time-of-Flight and Desorption Electrospray Ionization Linear Ion Trap Mass Spectrometry
	Analytical Chemistry
	2008

	Development of an optical surface Plasmon resonance biosensor assay for (fluoro)quinolones in egg, fish, and poultry meat
	Elsevier
	2008

	Cytotoxic Effect of Azaspiracid-2 and Azaspiracid-2-Methyl Ester in Cultured Neurons: Involvement of the c-Jun N-Terminal Kinase 
	Journal of Neuroscience Research
	2008

	Effect of growth-promoting 17β-estradiol, 19-nortestosterone and dexamethasone on circulating levels of nine potential biomarker candidates in veal calves
	Analytica Chimica Acta
	2008

	Nanoscale Affinity Chip Interface for Coupling Inhibition SPR Immunosensor Screening with Nano-LC TOF MS 
	Analytical Chemistry
	2008

	Evaluations of Various pH and Temperature Conditions on the Stability of Azaspiracids and Their Importance in Preparative Isolation and Toxicological Studies
	Analytical Chemistry
	2008

	First Toxicology Report of Tetrodotoxin and 5, 6, 11 – TrideoxyTTX in the Trumpet Shell Charonia lampas lampas in Europe
	Analytical Chemistry
	2008

	In Vitro and In Vivo Evaluation of Paralytical Shellfish Poisoning Toxin Potency and the Influence of the pH of Extraction
	Analytical Chemistry
	2008

	Biosensor-based detection of reduced sex hormone-binding globulin binding capacities in response to growth-promoter administrations
	Analytica Chimica Acta
	2008

	Development of Qualitative and Semiquantitative Immunoassay-Based Rapid Strip Tests for the Detection of T-2 Toxin in Wheat and Oat
	Journal of Agricultural and Food Chemistry
	2008

	Global gene expression profiles induced by phytoestrogens in human breast cancer cells
	Endocrine-Related Cancer
	2008

	Multi-functional sample preparation procedure for measuring phytoestrogens in milk, cereals, and baby-food by liquid-chromatography tandem mass spectrometry with subsequent determination of their estrogenic activity using transcriptomic assay
	Analytica Chimica Acta
	2008

	Detection of Gymnodimine-A and 13-Desmethyl C Spirolide Phycotoxins by Fluorescence Polarization
	Analytical Chemistry
	2009

	Feasibility of a Clinical Chemical Analysis Approach to Predict Misuse of Growth Promoting Hormones in Cattle
	Analytical Chemistry
	2009

	Pleiotropic combinatorial transcriptomes of human breast cancer cells exposed to mixtures of dietary phytoestrogens
	Food and Chemical Toxicology
	2009

	Feasibility of a Clinical Chemical Analysis Approach to Predict Misuse of Growth Promoting Hormones in Cattle
	Analytical Chemistry
	2009

	Effect of growth-promoting 17β-estradiol, 19-nortestosterone and dexamethasone on circulating levels of nine potential bio marker candidates in veal calves
	Analytica Chimica Acta
	2009

	Biosensor-based detection of reduced sex hormone-binding globulin binding capacities in response to growth-promoter administrations
	Analytica Chimica Acta
	2009

	Biological methods for marine toxin detection
	Analytical and Bioanalytical Chemistry
	2010

	Advances in surface plasmon resonance biosensor technology towards high-throughput, food-safety analysis
	Trends in Analytical Chemistry
	2010

	Development of a recombinant Fab-fragment based electrochemical immunosensor for deoxynivalenol detection in food samples
	Biosensors and Bioelectronics
	2010

	ELIME (Enzyme Linked Immuno Magnetic Electrochemical) Method for Mycotoxin Detection
	Journal of Visualised Experiments
	2009

	Engineering of a broad-specificity antibody: Detection of eight fluoroquinolone antibiotics simultaneously
	Analytical Biochemistry
	2010

	Towards Surface Plasmon Resonance biosensing combined with bioaffinity-assisted nano HILIC Liquid Chromatography/Time-of-flight Mass Spectrometry identification of Paralytic Shellfish Poisons
	Trends in Analytical Chemistry
	2009

	Combining biomarker screening and mass-spectrometric analysis to detect hormone abuse in cattle
	Trends in Analytical Chemistry
	2009

	Estranediols profiling in calves’ urine after 17β-nandrolone laureate ester administration
	Journal of Steroid Biochemistry and Molecular Biology
	2010

	Targeted and untargeted profiling of biological fluids to screen

for anabolic practices in cattle
	Trends in Analytical Chemistry
	2010

	Use of Biosensors as Alternatives to Current Regulatory Methods for Marine Biotoxins
	Sensors
	2009

	Single Laboratory Validation of a Surface Plasmon Resonance Biosensor Screening method for Paralytic Shellfish Poisoning Toxins
	Analytical 

Chemistry
	2010

	A rapid optical immunoassay for the screening of T-2 and HT-2 toxin in cereals and maize-based baby food
	Talanta
	2010

	Advances in biosensor-based analysis for antimicrobial residues in foods
	Trends in Analytical Chemistry
	2010

	The problem of toxicity equivalent factors in developing alternative methods to animal bioassays for marine-toxin detection
	Trends in Analytical Chemistry
	2010

	Bismuth-modified electrodes for lead detection
	Trends in Analytical Chemistry
	2010

	Validation of an optical Surface Plasmon Resonance biosensor assay for screening (fluoro)quinolones in egg, fish and poultry
	Food Additives and Contaminants
	2009

	Comparison of a fluoroquinolone Surface Plasmon Resonance biosensor screening assay with established methods
	Food Additives and Contaminants
	2009

	Comparison of monoclonal antibody performance characteristics for the detection of two representatives of A- and B-trichothecenes:T-2 toxin and deoxynivalenol
	World Mycotoxin Journal
	2010

	Transcriptomic-based bioassays for the detection of type A trichothecenes
	World Mycotoxin Journal
	2009

	Direct electrochemical detection of trichothecenes in wheat samples using a 96-well electrochemical plate coupled with

microwave hydrolysis
	World Mycotoxin Journal
	2009

	Rapid Surface Plasmon Resonance Immunoassay for the Determination of Deoxynivalenol in Wheat, Wheat Products, and Maize-Based Baby Food
	Journal of Agricultural and Food Chemistry
	2010

	Multi-functional sample preparation procedure for measuring phytoestrogens in milk, cereals, and baby-food by liquid-chromatrography tandem mass spectrometry with subsequent determination of their estrogenic activity using transcriptomic assay
	Analytica Chimica Acta
	2009

	Challenging applications offered by direct analysis in real time (DART) in food quality and safety analysis
	Trends in Analytical Chemistry
	2010

	Control of Strobilurin Fungicides in Wheat Using Direct Analysis in Real Time Accurate Time-of-Flight and Desorption Electrospray Ionization Linear Ion Trap Mass Spectrometry
	Analytical Chemistry
	2009

	An assessment of atmospheric-pressure solids-analysis probes for the detection of chemicals in food
	Trends in Analytical Chemistry
	2010

	A new PCR-based bioassay strategy for the detection of type A trichothecenes in food
	Analyst 

(Royal Society of Chemistry)
	2009

	Pleiotropic combinatorial transcriptomes of human breast cancer cells exposed to mixtures of dietary phytoestrogens
	Food and Chemical Toxicology
	2009

	Transcriptomics: A new strategy to screen for hazardous contaminants in food
	Chimia 2009
	2009
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