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Surface plasmon resonance (SPR) based biosensors have been described for the identification of
genetically modified organisms (GMO) by biospecific interaction analysis (BIA). This paper describes
the design and testing of an SPR-based BIA protocol for quantitative determinations of GMOs.
Biotinylated multiplex Polymerase Chain Reaction (PCR) products from nontransgenic maize as well
as maize powders containing 0.5 and 2% genetically modified Bt-176 sequences were immobilized
on different flow cells of a sensor chip. After immobilization, different oligonucleotide probes recognizing
maize zein and Bt-176 sequences were injected. The results obtained were compared with Southern
blot analysis and with quantitative real-time PCR assays. It was demonstrated that sequential injections
of Bt-176 and zein probes to sensor chip flow cells containing multiplex PCR products allow
discrimination between PCR performed using maize genomic DNA containing 0.5% Bt-176 sequences
and that performed using maize genomic DNA containing 2% Bt-176 sequences. The efficiency of
SPR-based BIA in discriminating material containing different amounts of Bt-176 maize is comparable
to real-time quantitative PCR and much more reliable than Southern blotting, which in the past has
been used for semiquantitative purposes. Furthermore, the approach allows the BIA assay to be
repeated several times on the same multiplex PCR product immobilized on the sensor chip, after
washing and regeneration of the flow cell. Finally, it is emphasized that the presented strategy to
guantify GMOs could be proposed for all of the SPR-based, commercially available biosensors. Some
of these optical SPR-based biosensors use, instead of flow-based sensor chips, stirred microcuvettes,
reducing the costs of the experimentation.

KEYWORDS: Polymerase Chain Reaction; GMO; biosensors; real-time assays; surface plasmon
resonance; multiplex PCR; maize Bt-176

INTRODUCTION the content of a given GMO is a very important parameter

The extensive introduction of genetically modified organisms (4_6)_' Iq this respect, it should be indeed emphasized that
(GMOs) in agriculture and the increasing number of GMO- guantitative Qetectlon methods are needed for enforcgment of
derived products recently launched into the food marketg) the recently introduced labeling threshold for GMOs in food
have led to a strong demand by customers for strict regulations!"gredients (2—5). For instance, this labeling threshold is set to
and labeling of such products)(Rccordingly, the identification %0 in the European Union and Switzerland and must be applied
and quantitation of GMOs are becoming issues of great interest!© &/l approved GMOs (2).
and, although several methods for GMO detection have been As far as the identification of GMO sequences is concerned,
recently developed7(-12), the approaches for GMO quantifica- the recent development of surface plasmon resonance (SPR)
tion are still largely based on quantitative Polymerase Chain based biosensors (21—23) enables one to perform biospecific
Reaction (PCR) (13—20). In fact, real-time quantitative PCR interaction analysis (BIA) for monitoring a variety of molecular
approaches have been recently developed by several laboratorietgactions in real time. This optical technique detects and
and applied to GMO quantification, because in most countries quantifies changes in refractive index in the vicinity of sensor
chip surfaces to which ligands have been immobiliz2d)(
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Table 1. PCR Primers, TagMan Probes, and BIA Probes Used in This Study

oligonucleotide use sequence
SPR-Based BIA
Bt-F PCR primer 5'-AGCCTGTTCCCCAACTACGAC-3'
Bt-R PCR primer 5'-TGGTGTAAATCTCGCGGGTC-3'
biot-Bt-F biotinylated PCR primer 5'-biot-AGCCTGTTCCCCAACTACGAC-3'
Bt-p probe 5'-GGTGCGGATGGGGTAG-3'
ZM-F PCR primer 5'-TGCAGCAACTGTTGGCCTTAC-3'
ZM-R PCR primer 5'-TGTTAGGCGTCATCATCTGTGG-3'
Biot-ZM-F biotinylated PCR primer 5'-biot-TGCAGCAACTGTTGGCCTTAC-3'
ZM-p probe 5'-ATCATCACTGGCATCG-3'
Quantitative TagMan PCR Analysis
Bt-F1 PCR primer 5'-GTGGACAGCCTGGACGAGAT-3
Bt-R1 PCR primer 5'-TGCTGAAGCCACTGCGGAAC-3'
Bt-pl probe 5'-FAM-AACAACAACGTGCCACCTCGACAGG-TAMRA-3'
ZM-F PCR primer 5'-TGCAGCAACTGTTGGCCTTAC-3'
ZM-R PCR primer 5-TGTTAGGCGTCATCATCTGTGG-3'
ZM-pl probe 5'-VIC-ATCATCACTGGCATCGTCTGAAGCGG-TAMRA-3'

HIV-1 infection (26) and genetic mutation{—30). Few amplified by Taq DNA polymerase using primers amplifying maize
reports of SPR-based methodologies to detect GMO have beerrein (ZM-F and ZM-R) and Bt-176 (Bt-F and Bt-R) gene sequences,
published (3132). In this specific field of GMO detection, we respectively. The nucleotide sequences of these PCR primers are shown
have recently published the SPR-based detection of Roundup-in Table 1. PCR was performed in a final volume of 100 containing

; 50 mM KCI, 10 mM Tris-HCI, pH 8.8, 2.5 mM MgGJ using 2 units/
Ready soybean81). All of the available data demonstrate that reaction of Taq DNA polymerase (DyNAzyme, Finnzymes, ESpoo,

SPR-based BIA is an easy, rapid, non-radioactive methodqlogy inland), 1004M dNTPs, and 0.5(M PCR primers on a GeneAmp
to detect GMOs. On the other hand, no study has been publishedscr system 9600 (PE Applied Biosystems). The PCR conditions were
so far on the discrimination by SPR-based BIA of materials a5 follows: denaturation, 30 s, 96; annealing, 30 s, 65C; elongation,
containing different amounts of GMOs. In addition, to our 15 s, 72°C. The lengths of the Bt-F/Bt-R and ZM-F/ZM-R PCR
knowledge, no BIA studies have been published on the analysisproducts were 76 and 69 bp, respectively. To avoid reaching the plateau
of multiplex PCR products. phase of the amplification reaction, PCRs were conducted for 10, 20,

In the present paper we discuss the design and testing of an30, 40, and 50 cycles and Southern blot assay of the products performed.
SPR-based BIA protocol for the quantitative determinations of This preliminary st‘ep is crucia_ll fo_r determining experimental conditions
GMOs. The protocol is based on the immobilization of a biotin- 2allowing quantitative determinations (387).
multiplex PCR product on a single, streptavidin-coated, sensor 70" immobilization onto SA sensor chips, PCR products were
chip flow cell and injection of specific probes. We immobilized, g_btamed using, in addition to BtR and ZM-R, the biotinylated

. : o . iot-Bt-F and biot-ZM-F primers. PCR products were purified using

on different flow cells of a sensor chl_p, biotinylated multlplex. Microcon-30 (Millipore Corp., Bedford, MA).
PCR products from nontransgenic maize as well as from material ' g, .tace Plasmon Resonance (SPRBIAcore 1000 analytical

containing 0.5 and 2% genetically modified Bt-176 maize. gysiem (BlAcore AB, Uppsala, Sweden) was used in all experiments.
Multiplex PCR was performed using two sets of PCR primers, sensor chips SA, precoated with streptavidin, were from BlAcore AB.
one for the maize zein gene and the other for Bt-176 sequencesRunning buffer was HEPES-buffered saline-EP (HBS-EP), which
After immobilization, we injected different oligonucleotide contains 10 mM HEPES, pH 7.4, 0.15 M NaCl, 3 mM EDTA, and
probes recognizing maize zein and Bt-176 sequences. The result§.005% (v/v) Surfactant P20 (BlAcore AB). The experiments were
obtained were compared with Southern blot analysis and with conducted at 25C. The flow rate was xL/min. Sensorgrams were
quantitative PCR assays using the ABI Prism 7700 sequenceanalyzed with BlAevaluation 2.1 softwargl). Blank subtractions were

detector (Applied Biosystems, Foster City, CA). performed in all of the experiments by sub_tracting, from the experi-
mental sensorgrams, the sensorgrams obtained by performing the same

protocol on an empty flow cell. To obtain an efficient capture of PCR
MATERIALS AND METHODS products onto the sensor chip, the well-documented streptaviititin
Maize Samples and DNA Isolation. Bt-176 (5—7, 33) and interaction was employe®®). After a pretreatment with a 1L pulse
conventional maize powders were obtained from Fluka (Buchs, of 50 mM NaOH, 80 pmolin HBS-EP of the biotinylated PCR products
Switzerland). Maize powders contained 0.1, 0.5, and 2% Bt-176 maize. Was injected over the sensor chip SA. This protocol was repeated three
Genomic DNA was isolated using the Wizard Magnetic DNA Purifica- times to reach saturation of the sensor chip. Hybridization was carried
tion System for Food (Promega Corp., Madison, WI) as described out by injecting 2QuL of Bt-p and ZM-p probes (40 pmol in HBS-EP)
elsewhere (31). at 25°C and a 5 uL/min flow rate. The same flow cells were used for
Synthetic Oligonucleotides.The oligonucleotide probes and the these experiments, which were sequentially injected with Bt-p and ZM-p
PCR primers were purchased from Sigma Genosys (Cambridge, U.K.) probes. After each hybridization and washing withzd0of HBS-EP,
and purified by HPLC. The sequences of the oligonucleotides used the flow cells were regenerated by performing @l5pulse of 50 mM
are reported inTable 1. The NCBI accession numbers of DNA  NaOH. To verify reproducibility, different multiplex PCR products were
sequences used for the design of the PCR primers are 141419 (maizémmobilized onto different flow cells, and Bt-p and ZM-p probes were
Bt-176) and X07535 (maize zeimJ). The PCR primers were designed  injected.
using Primer Express 1.0 software (PE Applied Biosystems). The Bt-  Sequencing of PCR ProductsThe zein and Bt-176 maize PCR
176 and zein probes were designed as described elsew&&ra2d( products were purified with Microcon-30 (Millipore Corp.) and
31) after analysis of the secondary structures of the single-strandedsequenced using the BigDye terminator cycle sequencing kit and the
PCR products, derived using the MFOLD software (version 3.0) ABI Prism 377 DNA sequencer (PE Applied Biosystems).
developed by Zuker et al34) and Mathews et al3p), the analyses Southern Blotting. Southern blotting was performed according to
being performed at a temperature of 25 and at 0.15 M NacCl. established procedures (39), which have been applied also to GMO
Polymerase Chain Reaction (PCR)In each PCR reaction 100 ng  detection (40) as well as for semiquantitative purposes in other
of genomic DNA from Bt-176 maize and conventional maize was experimental systems4{, 42). DNA was isolated as previously
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described and PCR was performed; electrophoretic separation of PCR
product was carried out on a 2.5% agarose gel, and the PCR fragments
were transferred onto a Hybond-XL filter (Amersham Biosciences,
Buckinghamshire, U.K.). Hybridization was performed using 5
Denhardt’s solution, & SSC, 0.5% (w/v) SDS, and 10@/mL salmon
sperm DNA. Bt-176 and zein probes wet&-labeled Bt-pl and
ZM-p1 oligonucleotides (se€able 1 for nucleotide sequences). After
overnight hybridization, the filters were washed and autoradiography
was performed.

Real-Time Quantitative PCR. Quantitative PCR was performed %
as recently described (35). PCR was performed using the Bt-176 'Zp_]abeued
and zein gene-specific forward and reverse primers showialihe 1. Bt-176 probe
Quantitative real-time PCR assay was carried out with the use of gene-
specific double-fluorescently labeled probes using the ABI Prism 7700
Sequence Detector (Applied Biosystems). The following probe
sequences were used for real-time PCR: Bt-176 prdbleAM-AAC
AAC AAC GTG CCA CCT CGA CAG G-TAMRA-3'; zein gene
probe, 5VIC-ATC ATC ACT GGC ATC GTC TGA AGC
GG-TAMRA-3', where the fluorescent reporter FAM and the quencher
TAMRA are 6-carboxyfluorescein (FAM) and 6-carbokiyN,N’,N'-
tetramethylrhodamine (TAMRA), respectively. VIC is a trademark of B
PE Applied Biosystems.
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RESULTS

Southern Blot Analysis of Multiplex PCR on Genomic
DNA from Maize Powders Containing 0.1, 0.5, and 2% GM
Bt-176 Maize. In Table 1 the nucleotide sequences of maize
zein and Bt-176 PCR primers and oligonucleotide probes are 3
reported. We first verified whether multiplex PCR allows the
production of different amounts of Bt-176 and zein PCR
products when powders containing different amounts of GMO
are employed. In this set of experiments, genomic DNA was
extracted from conventional maize powder or powders contain- “
ing 0.1, 0.5, and 2% Bt-176 GM maize. Multiplex PCRs were
performed by employing different cycles (10, 20, 30, 40, and
50) using Bt-176 and zein primers; this was done to determine
experimental conditions in which the multiplex PCRs are not Figure 1. Southern blot analysis of Bt-176 (A) and zein (B) PCR products
at the completion of the amplification reactions, but still in the obtained by singleplex and multiplex PCR from maize containing 0.1, 0.5,
logarithmic phase. This is very important as it is well established and 2% Bt-176 sequences.
that quantitation of the nonexponential plateau phase of a PCR
is not possible (3637). To verify that the PCR conditions by sequential injection of suitable oligonucleotide probes. To
employed were acceptable for quantitation purposes, PCRproduce double-stranded target gene sequences, multiplex PCR
products were electrophoresed through a 2.5% agarose gel angvas performed using genomic DNA as template in the excess
Southern blotted in order to produce two identical nylon filters of the Bt-R and ZM-R primers with respect to biotinylated biot-
that were hybridized witli?P-labeled Bt-176 and zein probes. Bt-F and biot-ZM-F. This was done to minimize the presence
The results demonstrate that PCR products obtained after 400f biotinylated, unincorporated PCR primers in the mixture after
cycles are in the plateau level of the amplification reaction (data PCR. The final multiplex zein and Bt-176 PCR products were
not shown). Because plateau levels were not reached after 3dn any case further purified with Microcon-30. Agarose gel
cycles, we used these conditions for our experiments employingelectrophoretic analysis and direct sequencing of the PCR
multiplex PCR. The results obtained in these experimental products confirmed the specificity of the PCR reaction (data
conditions are shown inFigure 1 and demonstrate that not shown). To reach saturating levels of immobilized PCR
increasing signals are detected using the Bt-176 probe (Figure products, three consecutive injections were performed using 40
1A) when the multiplex PCR products are from maize powders uL of 2 uM PCR products in HBS-EP. Pulses with 50 mM
containing a higher content of Bt-176 maize. On the contrary, NaOH were performed after each injection for the production
the signals corresponding to zein sequences are relativelyof single-stranded PCR products able to hybridize with zein
constant (Figure 1B). and Bt-176 probes. We expect that these two single-stranded

SPR-Based BIA Format for GMO Detection and Quan- PCR products will exhibit different secondary structures, as
tification. Biotinylated zein and Bt-176 PCR products (see shown inFigure 2A. We routinely obtained~2000 RU of
Table 1 for nucleotide sequences) were stably immobilized onto immobilized multiplex PCR products.
an SA sensor chip by taking advantage of the streptavidin Hybridization of Bt-176 and Zein DNA Probes Following
biotin interaction as elsewhere describ&d)( In Figure 2A Injection to Flow Cells Carrying Multiplex PCR Products.
the employed SPR-based BIA approach is described. TheMultiplex PCR reactions were performed using a primer mix
approach is based on (a) immobilization on the same flow cell constituted of biot-Bt-F, Bt-R, biot-ZM-F, and ZM-R PCR
of two target PCR product (a representative example of primers and using as target gene sequences genomic DNA from
immobilization is given inFigure 2B) obtained by multiplex maize powders containing 0.5 and 2% Bt-176 GM maize. The
PCR using biotinylated primers and (b) the following analysis two biotinylated multiplex PCR products were immobilized into
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Figure 2. (A) Experimental strategy and format for GMO detection and quantification using SPR-based BIA and sensor chips carrying both zein and
Bt-176 PCR products obtained by multiplex PCR. (B) Representative example of the increase of resonance units following injection of biotinylated Bt-176
and zein PCR products obtained by multiplex PCR. PCR products were injected in HBS-EP; after injection (segments “a” of the panel), injections of
HBS-EP (segments “b” of the panel) and 50 mM NaOH (segments “c” of the panel) were performed. (C—F) Sensorgrams obtained after injection of 25
uL containing 40 pmol of Bt-176 (solid lines) and zein (dotted lines) probes on sensor chips carrying single Bt-F/Bt-R PCR products (C) or multiplex
Bt-176 and zein PCR products obtained from maize containing 0% (D), 0.5% (E), and 2% (F) Bt-176 sequences.

two independent flow cells. In two additional flow cells (a) PCR
products from a single PCR reaction performed using biot-Bt-F
and Bt-R primers and (b) a multiplex PCR product obtained
using target genomic DNA from conventional maize were
immobilized. The results of injection of Bt-176 and zein probes
are shown irFigure 2C—F. As expected, no hybridization was
obtained following injection of the zein probe on the flow cell
carrying a single Bt-176 PCR produéitigure 2C, dotted line);
increase of RUfin— RUi values was on the contrary observed
after the injection of the Bt-probéd-{gure 2C, solid line). In

following results were obtained. When zein probes were
injected, similar RUfin— RUi values were obtained (compare
dotted lines ofFigure 2E,F). When the Bt-176 probe was
injected, different RUfin— RUi values were obtained, according
to the different concentration of Bt-176 GMO (compare solid
lines of Figure 2E,F).

Table 2 shows the comparison between Southern blotting
and SPR-based BIA in determining the level of Bt-176 GMO.
Comparison of the GM@-i76 indices (seeTable 2 for
definitions) indicates that SPR-based BIA is a technique more

the second control experiment, no hybridization was obtained efficient than Southern blotting in determining the concentration

following injection of the Bt-probe on the flow cell carrying
multiplex PCR from conventional maize (segure 2D, solid
line); increase of RUfin— RUi values was on the contrary
observed after the injection of the zein probe (Figure 2D, dotted
line).

When the zein and Bt-176 probes were injected on flow cells

carrying the biotinylated multiplex PCR reactions performed
using as target genomic DNA from maize powders containing
0.5 (Figure 2E) and 2% Figure 2F) Bt-176 GM maize, the

of Bt-176 sequences. The fold increase of the GMQgindices
from maize sample containing 0.5% Bt-176 sequences to maize
sample containing 2% Bt-176 sequences was %1@.21 in

the case of analysis employing SPR-based BIA but only#1.7
0.15 in the case of Southern blotting.

Quantitative Real-Time PCR Analysis of Genomic DNA
from Maize Powders Containing 0.5 and 2% GM Bt-176
Maize. To compare the results of SPR-based BIA with other
well-established quantitative diagnostic approaches, real-time
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Table 2. Quantification of Bt-176 Maize Sequences by Southern
Blotting and SPR-Based BIA?

Feriotto et al.

Table 3. Quantification of Bt-176 Maize Sequences by Quantitative
Real-Time PCR

GMO Bt-176 index
0.5% 2%

0.74+0.08 125+0.13
0.07+£0.01 0.21+0.02

fold increase in
2% Bt-176 maize®

17+0.15
314+021

Southern blotting®
SPR-based BIAY

aResults represent average + SD of four independent experiments. ® GMO
Bt-176 index (2%)/GMO Bt-176 index (0.5%). ¢ GMO Bt-176 index = [radioactivity
(Bt-176)]/[radioactivity (zein)]. ¢ GMO Bt-176 index = [(RUfin — RUi) (Bt-176))/
[(RUfin — RUI) (zein)].
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Figure 3. Quantitative real-time assay using as substrate genomic DNA
from maize containing 0% (O), 0.5% (O), and 2% (M) Bt-176 sequences.
Real-time PCR amplifications were conducted with primers/probes for zein
(A) and Bt-176 (B) sequences (Table 1).

guantitative PCR was performed on the same samples used fo
SPR-based BIA. The results of real-time quantitative multiplex
PCR using the ABI Prism 7700 Sequence Detector (Applied
Biosystems) are shown Figure 3. The kinetics of production

of zein products is very similar when multiplex reactions are
performed using genomic DNA samples from maize powders
containing 0.5 and 2% Bt-176 GM maizEigure 3A). On the
contrary, as expected, the kinetics of production of Bt-176 PCR
products is faster when DNA is used from a maize powder
containing 2% Bt-176 GM maize (Figure 3BJ.able 3 shows

the values ofCt and ACy of the experiment. These data were

analyzed using version 1.6.3 of the Sequence Detection Systems

(Applied Biosystems) and give evidence for 4.53-fold content
of Bt-176 maize sequences in samples from 2% Bt-176 as
compared to those containing 0.5% Bt-176.

DISCUSSION

The detection and quantification of GMOs is becoming an
issue of great interestl{-6). For the specific and sensitive

Cr
Bt-176 zein ACt
0.5% Bt-176 24.33 19.79 454
2% Bt-176 22.08 19.72 2.36

detection of genetically modified material (for instance, Roundup-

Ready soybeans and Bt-176 Maximizer maize) in foodstuffs,

the PCR method has proved to be an invaluable t8oi1Q).

The detection of PCR products could be achieved by performing
several techniques, including SPR-based BIA using biosensors
(28—31). This technology has several important advantages,
namely, the fact that no radioactive labeling is required, the

procedure is performed in real time, and small amounts of ligand
and analyte are required to obtain informative res@is«(23).

However, SPR-based BIA has not been employed to our
knowledge using multiplex PCR products and, with respect to
GMO analysis, GMOs have been identified by SPR-based BIA,
but quantitative studies have not been repor@&d (32).

Several methods have been so far proposed to quantify PCR
products, including Southern blot analysis of multiplex PCR
performed employing few cyclesA@—42), semiquantitative
competitive PCR 36), and real-time quantitative PCR, (14,

15). Some of these methods are suitable to confirm the
specificity of the obtained PCR products (for instance, all of
the approaches employing a DNA specific probe).

The main issue of our study was to verify whether BIA,
employing SPR and biosensor technologies, could be used to
discriminate samples containing 0.5 and 2% Bt-176 maize.

The results obtained allow us to suggest that SPR-based BIA
is an easy, speedy, and automated approach to quantify Bt-176
Maximizer sequences in maize. To our knowledge, this is the
first example of quantitation of PCR products by SPR-based
BIA.

The format usedRigure 2A) needs the immobilization of
multiplex PCR products and the injection of zein and Bt-176
probes. This approach is based on the hypothesis that, when
injection of products obtained by logarithmic phase multiplex
PCR (the ligand) is carried out at saturating levels, the ratio
Bt-176/zein PCR products bound to the chip is similar to that
present in the PCR test tube. These amounts of PCR products
are related to the initial copy number of Bt-176 and zein
sequences if the multiplex PCR is carried on at the exponential
[phase. This appears to be the case, because sequential injections
of Bt-176 and zein probes reproducibly allow the discrimination
between multiplex PCR performed using maize genomic DNA
containing 0.5% Bt-176 sequence and that performed using
maize genomic DNA containing 2% Bt-176 sequence. The
efficiency of SPR-based BIA in discriminating material contain-
ing 0.5% Bt-176 maize from that containing 2% Bt-176 maize
is comparable to that of real-time quantitative PCR performed
using the ABI Prism 7700 Sequence Detector (Applied Bio-
systems) (Table 3) and much more reliable than Southern
blotting (Table 2).

We point out that the procedure described in the present paper
is rapid, and informative results are obtained witkid0 min.
Furthermore, our approach allows several repetitions of the BIA
assay on the same multiplex PCR product immobilized on the
sensor chip. In fact, after washing with HBS-EP and regenera-
tion of the flow cell with NaOH, the flow cell containing single-
stranded multiplex Bt-176 and zein PCR products is ready for
further hybridization steps. This is an interesting feature of the
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protocol, allowing verification of the obtained results by the
different teams involved in the application of the regulations

that in different countries are the basis for the authorization of

commercial foodstuffs containing GMO. At least in theory, the

same chip could be maintained in HBS buffer, handed over from (14)

laboratory to laboratory, and reused several times.

Although this paper demonstrates that quantitation of Bt-176

J. Agric. Food Chem., Vol. 51, No. 16, 2003 4645

(13) Vaitilingom, M.; Pijnenburg, H.; Gendre, F.; Brignon, P. Real-
time quantitative PCR detection of genetically modified Maxi-
mizer maize and Bt-176 mais in some representative fadbds.
Agric. Food Chem1998,47, 5261—5266.

Hoef, A. M.; Kok, E. J.; Bouw, E.; Kuiper, H. A.; Keijer, J.
Development and application of a selective detection method
for genetically modified soy and soy-derived produdisod
Addit. Contam1998,15, 767—774.

sequences is feasible by SPR-based BIA, much work should (15) shindo, v.; Kuribara, H.; Matsuoka, T.; Futo, S.: Sawada, C.;

be done (including the development of suitable internal stan-
dards) to apply this method to processed foodstuffs and other

GMO products.

Finally, we emphasize that the approach described in this

Shono, J.; Akiyama, H.; Goda, Y.; Toyoda, M.; Hino, A.
Validation of real-time PCR analyses for line-specific quanti-
tation of genetically modified maize and soybean using new
reference molecules. AOAC Int.2002,85, 1119—-1126.

paper could be proposed for all of the SPR-based, commercially (16) Hernandez, M.; Rio, A.; Esteve, T.; Prat, S.; Pla, M. A rapeseed-

available biosensorg8—46). Some of these optical SPR-based

biosensors use, instead of flow-based sensor chips, stirred

microcuvettes, reducing the costs of the experimentadé. (

ABBREVIATIONS USED
GMO, genetically modified organisms; SPR, surface plasmon

resonance; BIA, biospecific interaction analysis; RU, resonance

units; SA, streptavidin; PCR, Polymerase Chain Reaction.
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