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An innovative immunoassay, called ELISA Reverse, based on a new conformation of the solid phase was developed. The solid support was expressly designed for being immersed directly in liquid samples to detect the presence of protein targets. Its application is proposed in those cases where a large number of samples have to be screened simultaneously or when the simultaneous detection of different proteins is required. As a first application, a quantitative immunoassay for Cry1AB protein in genetically modified (GM) maize was optimised. The method was tested using GMO concentrations from 0.1 to 2.0%. The LOD and LOQ of the method were respectively determined equal to 0.0056 and 0.0168 (expressed as % GMO content). A qualitative multiplex assay to assess the presence of two GM proteins simultaneously has also been established for the case of the Cry1AB and the CP4EPSPS present in GM maize and soy respectively.

INTRODUCTION

Development and optimisation of methods and protocols for detecting and quantifying genetically modified organisms (GMO) in food and feed is one of the main activities of the European Commission Biotechnology & GMOs Unit. The work reported here takes into consideration the current need for monitoring the presence of several contaminants in food and feed products. In compliance with EU requirements for assuring food safety and traceability, several tests have to be performed. In particular for GMOs Regulation (EC) 1830/2003 concerns the traceability and labelling of products containing traces of GMOs at or above the fixed 0.9% legal threshold. Following EU requirements concerning the traceability and labelling of products containing traces of GMOs, a protocol for the simultaneous detection of different GMO-related proteins was developed in the form of an innovative and convenient solid phase immunoassay.

ELISA Reverse (ER) is a new method and the device has been patented by the Science and Technological Park, Moliseinnovazione (Patent number PCT WO 03/085401 A1).

The ER was developed on the basis of an immunosorbent plastic device allowing the introduction of the solid phase of an ELISA reaction directly into the liquid sample and therefore solving several practical problems linked to the traditional ELISA format.

Briefly the ELISA Reverse solid phase (device) is constructed of polystyrene pins protruding from a rod and positioned at modular distance. Each pin can be used to detect a specific target therefore the number of targets detectable depends on the number of pins present on the device. Multiplex assay and single detection can be performed following the same protocol; the only difference being the secondary conjugated antibody chosen according to the aim of the assay. The pins can be immersed directly in samples collected in individual tubes of variable volume, or distributed into 96 wells micro-plates (devices at 4 ÷ 12 pins) or 384 wells micro-plates (devices at 8 ÷ 24 pins). As in the common ELISA procedure the protocol consists of one hour incubation time in the presence of the target followed by three washing steps. Then the incubation step in the presence of the secondary antibody is commonly 16-20 min followed by second cycle of washing and the colour development step of 10 min. All these steps of the ER procedure can be performed in micro-plates; the number of the micro-plates used during the whole procedure is defined each time according to the number of devices used for the assay (figure 1).

In a previous study the ELISA Reverse was successfully applied for the simultaneous detection of different antibodies in bulk milk tested for the presence of Salmonella, bovine rhinotracheitis (IBR) and bovine leucosis (EBL) infections [START_REF] Mazzeo | ELISA Reverse Technology per il controllo di paramentri sanitari negli allevamenti da latte[END_REF].

The method was found to be reliable and versatile for the simultaneous detection of multiple targets allowing the possibility to increase the sample volume enhancing method sensibility, reducing costs, simplifying samples handling, and the washing/drying steps of the solid phase.

The technology offers additional advantages: avoiding sample concentration, no specific lab environment is required; coupled dried devices can be stored as the ELISA plate at 4ºC for several months, the protocol for multiplex detection is handily and fast as the single target detection. Quantitative analyses can be performed using a microplate reader as for the ELISA assays As for all immunoassays, the limiting factor is the dependence on the availability of suitable antibodies or proteins for the sensibilization of the pins. In this publication, the aim was to explore the possibility to detect traces of the Cry1AB protein contained in some GM Maize lines (e.g. Bt11 and Mon810) and to measure the quantity the GM protein within the range of 0.1 to 2.0% (weight GMO/weight). Secondly, the ability to use the device for multiplex assay was evaluated after binding two different GM specific antibodies on the same device i.e the Cry1AB and CP4EPSPS as examples of the most representative GM proteins present on the EU food market.

MATERIALS AND METHODS

Antibodies: specific monoclonal antibodies against Cry1AB were kindly provided by Monsanto (USA). Mouse IgG monoclonal antibodies against CP4EPSPS were produced by Moravian Biotechnology (Czech Republic). HPRT labelled monoclonal secondary antibodies anti selected GM proteins were purchased from Strategic Diagnostic (USA) and used as described by the product's guide (cat. n. 7110000 and 7100000).

Samples: Bt11 Maize Standard material at 0%, 0.15%, 0.5% and 2% were purchased from Strategic Diagnostics Inc. (USA) (cat. n. 7110000). Serial dilutions of the 2% standard in PBS buffer were prepared to obtain the 0.1, 0.2, 0.3, 0.4, and 0.5% Bt11 concentrations also tested in the experiments. Certified Reference Materials (CRMs) for genetically modified Roundup Ready soya beans (ERM-BF410) at 0% and 1%, as well as Certified Reference Materials (CRMs) for genetically modified Bt-11 maize (ERM-BF412) at 0% and 1% were from IRMM (Geel, Belgium).

Plastic support: prototypes of polystyrene activated devices HB10 were produced by Biomat snc (Rovereto, Italy) while low binding micro-plates were purchased from Thermo Electron Corporation (Finland).

Other reagents: 3,3',5,5' tetramethylbenzidine (TMB) liquid substrate system for ELISA (cat. n. T0440) was purchased by Sigma Aldrich (Italy). Lysis buffer was 10 mM Sodium Borate buffer pH 7.5.

Assay conditions. CP4EPSPS device coating step: The optimal amount of capture antibodies to be used was estimated by testing 25, 50, and 100µg/mL of total proteins of the hybrydomas surnatant containing the monoclonal antibodies against CP4EPSPS. 100µg/mL was the most reliable amount of total proteins (see Results and Discussion session and table 1). Pins sensibilization was performed over night at 4°C by dispensing in the low binding micro-plates 100µL of carbonate buffer pH 9.6 containing 100µg/mL of total proteins. Cry1AB device coating step: 100µL of carbonate buffer containing 10µg/mL of purified antibodies against Cry1AB were used. The blocking step was performed in a micro-plate in presence of PBS buffer containing 5% non-fat dried milk for two hours at room temperature (Crowther, 2000). The coupled dried devices can be stored at 4ºC up to three months. Samples: Preparation of samples for the Cry1AB quantitative assay was performed by homogenizing 1g of each maize standard (0%, 0.15%, 0.5% and 2%) in 4 mL of lysis buffer. Samples containing 0.1, 0.2, 0.3, 0.4, and 0.5% GM Maize were obtained by serial dilutions of the 2% standard in PBS buffer.

Samples used for the Cry1AB and CP4EPSPS qualitative assays consisted in maize and soy at 0% and 1% GM content. Maize samples were extracted as previously described; while soy samples were prepared by homogenizing 0.45 g of each standard in 4 mL of lysis buffer. Samples were then centrifuged at 5300 x g for 15 min.

Quantitative and qualitative assay protocol: Following lysis, 100µL sample surnatant were transferred in triplicate into the micro-plate wells and pins were introduced and incubated for one hour at room temperature. The devices were then removed and washed at least three times before being immersed into 100µL of the secondary-conjugated antibody solution (dilution 1:10000) previously distributed in a clean micro-plate.

Incubation step was at room temperature for one hour. After incubation and three rounds of washing, the devices were incubated in 100µL of TMB substrate for 20min. for the visualization of the complex. 100µL of stopping solution (1N Sulfuric acid) were then added to each well to block the reaction. Absorbance values were immediately read by Bio-Rad micro-plate reader at 450 nm.

Data analysis was performed according to the aim of the test. In all experiments one pin of the device was used as "blank".

All experiments were repeated at least three independent times following the same experimental design.

RESULTS AND DISCUSSION

We have successfully coupled both monoclonal antibodies at our disposal to the solid supports following the protocol previously described. The devices at our disposal were designed with four pins as shown in figure 1. All tests reported in the present document were conducted three times and all samples were measured in triplicate. For the development of the quantitative assay the solid supports were coupled with specific monoclonal antibodies recognizing the Cry1AB protein. The test was optimized to match standard requirements imposed for GMO analysis (EN ISO 21572:2002[START_REF] Paoletti | Definition of Minimum Performance Requirements for Analytical Methods of GMO Testing[END_REF]. In particular, the test conditions were optimized in order to reach values of LOD and LOQ allowing the detection and quantification of contamination around the 0.1% level as the conventional ELISA tests (Ermolli et al., 2005).

Cry1AB quantitative assay was performed within the range of 0.1 to 2% of GM maize content as shown in figure 2 and table 1.

[Insert figure 2 and table 1 about here]

To fine tuning the method performance and to verify its ability to distinguish among samples with close GMO content values at low concentrations, the assay was also performed with samples at 0.1, 0.2, 0.3, 0.4 and 0.5% (figure 3 andtable 2).

[Insert figure 3 and table 2 about here]

In both cases the parameters considered for the evaluation of the method were accuracy, repeatability, SD, RSD, LOD and LOQ according to the level of GMO content (tables 3 and 4). Our results indicate a very good performance of assay: the linearity achieved within the range of 0% to 0.5% was confirmed when the same analysis was performed from 0% to 2% as reported in figures 2 and 3 and tables 2 and 3. The limits of detection (LOD) and of quantification (LOQ) were expressed in % of GMO content and calculated as follows: LOD = [ b x (Blank) + 3x SD b (Blank)]/q 1 (q 1= slope of the regression line), LOQ = [ b x (Blank) + 9x SD b (Blank)]/ q 1 . Considering the slope of the regression line calculated from 0.1 to 0.5%, LOD was equal to 0.0054 and LOQ value was 0.0162. In the same way the limits of detection and quantification calculated considering the slope of the regression line from 0.1 to 2% showed comparable values, 0.0056 and 0.0168 respectively. Method accuracy is defined as the closeness of agreement between a test result and the accepted reference value. Method accuracy was calculated using the formula (Observed Value / Theoretical Value) x 100 and expressed in %. Its value is considered acceptable within ± 25% of the accepted theoretical value. As shown in tables 3 and 4, method accuracy was within the accepted range, achieving values from 86.52 to 113.47. The repeatability standard deviation (RSD) expressed by the formula RSD r = SD r / x (in %) was used to characterize the assay performance under repeatability conditions. The values obtained in our experiments were significantly lower than the acceptable threshold of 25% [START_REF] Paoletti | Definition of Minimum Performance Requirements for Analytical Methods of GMO Testing[END_REF].

[Insert tables 3, 4 about here]

A qualitative multiple protocol to assess the presence of two GM proteins simultaneously has also been established for the Cry1AB and the CP4EPSPS proteins. In this case, two of the four pins of the device were coupled with the antibody recognising EPSPS and the other two pins with the antibody specific for Cry1AB.

The pins of the devices were coupled as indicated in the Materials and Methods session.

For the CP4EPSPS a preliminary titration step was required to establish the optimal coupling conditions. Three different amounts of total proteins of the hybrydomas medium were tested and the results analysed by parameters, from the infectious diseases and contaminants to the GMO detection and quantification, need to be taken in to consideration before the commercialisation of a food product and consequently various analyses have to be performed.

The threshold limits imposed to an assay for food analysis have been thoroughly evaluated in the conduction of our study and our results are in line with the expectations confirming the potentiality of the method. The present document reports the application of the device and of the relative assay for GMO analysis; the results obtained, the versatility and flexibility of the method justify further development of the method with the inclusion of other significant food safety targets. 3. The device is removed and washed (three to five passages in wells containing washing solution). 4. The pins are then immersed into the wells pre-filled with specific conjugate(s) antibodies and incubated for 20min. 5. The device has to be washed as in step three. 6. The pins are immersed in wells pre-filled with chromogenous substrate and incubate at room temperature for 10min. 7. After the colour development step the device is removed from the wells and the plate can be immediately analysed by a micro-plate reader. ss -significant at the 0.05 level s -significant at the 0.1 level ns -not significant at the 0.1 level Table 5. We titrated the optimal amount of capture antibodies to be coupled to the devices testing 25, 50, 100µg/mL of total proteins of the hybrydomas surnatant containing monoclonal antibodies against CP4EPSPS. The results for three different pairwise tests used by ANOVA acquired by SAS software proving the significant difference between 0% GMO level and other GMO tested levels. 100µg/mL was the selected amount. * samples measured on the following levels with GMO content (in %) -0, 0.1, 0.2, 0.3, 0.4 and 0.5 ** samples measured on the following levels with GMO content (in %) -0, 0.3, 1.25 and 2.5 ss -significant at the 0.05 level s -significant at the 0.1 level Table 6. Qualitative multiplex assay: the results of three different pair-wise tests used by ANOVA acquired by SAS software proving the significant difference between 0% GMO level and 1% GMO level in samples containing a mixture of GM soy and GM maize.
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Figure 1 .

 1 Figure 1. ELISA Reverse technology. For experimental trials, prototypes of immunosorbent devices were realized in polystyrene HB10, having conformation of rods

  . A) Single device displayed close to a coin of one euro to appreciate the device shape and dimensions. B) Devices positioned inside the low binding micro-plate during the colour development step. C) Scheme of the ER procedure.

Figure 2 .Figure 3 .

 23 Figure 2. Weighted ordinary least squares regression for Cry1AB quantitative test.Association between optical density and % of GMO content obtained for the range from 0% to 2% of Cry1AB.
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  3 different pair-wise tests (t-test, Tukey's test, Bonferroni t-test) in ANOVA acquired in SAS software. As reported in table 1, the tests gave significant difference between the blanks and the GM samples only if 100µg/mL of total proteins were used.both at 1% GMO level. Results were statistically evaluated to verify the ability of the assay to distinguish between 0% to all others measurements performed at 1% GMO level of contamination. The assay was reliable and the results of three different pair-wise tests

	(t-test, Tukey's test, Bonferroni t-test) used by ANOVA acquired by SAS software
	confirmed the data.
	[Insert table 6 about here] F o When applicable, protein-based methods have the potential to serve as cost-efficient,
	r practical and quick tools for screening and for multiplex analysis especially for routine
	P controls on large amount of samples.
	e e r
	R e v i e w
	O n
	l y

[Insert table 5 about here]

The results of the multiple screening tests are summarised in table 5. The assay was tested on 0% samples and on samples containing a mixture of GM soy and GM maize, In particular, multiple screening facilitates and speeds up the full characterization of food products and of the single ingredients, as well as the identification of crosscontamination. To comply with the different requirements established by current EU legal frame on food control and safety (Council Regulation (EC) No 1139/98, Directive 2003/99/EC, Directive 2004/43/EC, Commission Regulation (EC) No 466/2001) several

Table 1 .

 1 Cry1AB quantitative test: summary from the weighted ordinary least squares regression: regression coefficients, standard errors, p-values and confidence levels for 95% probability in the range from 0% to 2% GMO content.

		Weighted ordinary least squares regression *		
		Coefficient	Standard Error	95% probability p-value Lower limit Upper limit
	Intercept	0.1484	0.0186	< 0.0001	0.1070	0.1898
	% of GMO content	1.5504	0.1029	< 0.0001	1.3210	1.7797
	* acquired by SAS software					
	o					
	r				
	P				
	% of GMO content	e Ordinary least squares regression * e r w e i v e Coefficient Standard Error p-value Lower limit Upper limit 95% probability R 1.7084 0.0464 < 0.0001 1.6089 1.8078
				O n	
				l y	

Table 2 .

 2 Cry1AB quantitative test: summary from the ordinary least squares regression for Cry1AB quantitative test: regression coefficient, standard error, p-values and confidence levels for 95% probability in the range from 0% to 0.5% GMO content.

	Level	% of GMO content Theoretical value Observed value	Accuracy (%)	Mean of OD	Repeatability characteristics SD RSD (%)
	1	0			0.0992	0.0111	11.18
	2	0.15	0.1702	113.47	0.4123	0.0085	2.05
	3	0.5	0.4929	98.58	0.9125	0.0448	4.91
	4	2	1.7304	86.52	2.8312	0.1154	4.08

Table 3 .

 3 Data represent the repeatability and accuracy of the results for each percentage level of GMO tested samples obtained by the Cry1AB quantitative test.

	Level	% of GMO content Theoretical value Observed value	Accuracy (%)	Mean of OD	Repeatibility characteristics SD RSD (%)
	2	0.1	0.1155	115.45	0.1973	0.0089	4.51
	3	0.2	0.2231	111.54	0.3811	0.0156	4.10
	4 5 6	0.3 F 0.4 o 0.5	0.3075 0.4235 0.4644	102.49 105.87 92.89	0.5253 0.7234 0.7934	0.0744 0.0561 0.0652	14.17 7.76 8.22
		r				
		P				
			e e r			
			R e v i e w		
					O n	
						l y	

Table 4 .

 4 Cry1AB quantitative test: repeatability and accuracy of the results for each percentage level of GMO tested samples.

		Multiple comparison tests	
	Total proteins	t-test	Tukey's test	Bonferroni t-test
	25 µg/mL	S	s	ns
	50 µg/mL	S	s	ns
	100 µg/mL	Ss	ss	s
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