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Abstract: The chemically modified piezoelectrodes were wilizto develop relatively
cheap and easy to use biosensor for determinatigereetically modified Roundup Ready
soybean (RR soybean). The biosensor relies on theobilization onto gold
piezoelectrodes of the 21-mer single stranded nligkeotide (probes) related to
5-enolpyruvylshikimate-3-phosphate synthase (EP$B68@, which is an active component
of an insert integrated into RR soybean genome. hiyeidization reaction between the
probe and the target complementary sequence iti@olwas monitored. The system was
optimized using synthetic oligonucleotides, whicarevapplied foEPSPSgene detection
in DNA samples extracted from animal feed contgyri30% RR soybean amplified by the
PCR and nonamplified by PCR. The detection limitgenomic DNA was in the range of
4.7-16 numbers of genom copies contairg@SPSgene in the QCM cell. The properties
such as sensitivity and selectivity of piezoelecsenor presented here indicated that it
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could be applied for the direct determination ohejecally modified RR soybean in the
samples non-amplified by PCR.

Keywords: Piezoelectrodes, Roundup Ready soybean, Genomic DN

1. Introduction

Nowadays several species of genetically modifiehsl are used in the production of food and feed
(two main species are soybean and maize). EU alishRegislation (GMO Law from 21 June 2001)
imposes a duty to control them by qualitative anditative assays. Presently, in EU, labeling
is mandatory for foodstuff containing transgenidenal in percentage higher than 0.9 %. This ingplie
the need for the availability of analytical methofis rapid semi-quantitative/quantitative GMO
detection.

Presently the main assay used for GMO detectidhesPolymerase Chain Reaction (PCR) [1-6],
and for its quantification is Real-Time PCR [7-Both these methods are costly, require very
expensive equipment, reagents and highly experiepeesonnel. Therefore the duty to monitor the
presence of GMOs on the market becomes a serion®®ical problem.

Relatively cheap and easy to use biosensors basBiNA hybridization might become a very good
alternative [10]. Recently, the increasing effgrtevoted to develop the electrochemical DNA semsor
Some of these sensors exploit intrinsic electrgdygtiof the nucleic acids [11-14]. In others, the
intercalation of electroactive components into dewiranded DNA was used [15-20]. The fact that
bonded high molecular weight DNA electrostaticaéipels or attracts, negatively or positively chdrge
redox markers, was used in DNA electrochemical @mnsby Umezawa group [21-25].
The electrochemical impedance spectroscopy alsingelto useful techniques applied for the DNA
detection [26, 27].

Some trials have already been undertaken to eandtiosensors specific to GMO plant material
present on the market, e.g. surface plasmon resenfan quantification of maize BT-176 [28] or
disposable electrochemical genosensor to detect N@&aline synthase) terminator [19].
In spite of successful outcome of these trials rafrtbe proposed methods avoided PCR amplification
of sequences under investigation, which was nepedsa to insufficient sensitivity of the method.

Here we propose application of another class ob@es based on quartz crystal microbalance
(QCM) electrodes. The basis of this technique s tblationship between resonance oscillation
frequency of piezoelectric crystal and interfacmss change, described by Sauerbrey equation [29]:

Af = -aAm

where:Af — frequency chang&m — mass change , a — proportionality factor
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In the QCM technique electrodes consisting of paéciric crystal covered by gold are used.
Golden surface may be modified by thiols and tineddted compounds. The layer of these molecules
creates the environment in which the bio-molecsalesh as oligonucleotides, proteins or hormones can
be immobilized.

The QCM electrodes are able to operate not onlyam phase, but in fluids as well. This feature
offers the possibility to characterize biomolecudgstems in their natural aqueous environment [30].

Several successful applications of this methodehaeen already reported for the detection of:
herbicide [31], genetic diseases or gene mutafidds33], conformational changes of proteins - for
example bovine serum albumin [34]. The mass pientet sensors have also been applied for DNA
detection [35-37]. Such sensors allow to detectDMNA without the use of labeled probes such as
radioisotope liké?P or fluorescent tags.

Among variety of protein immobilization methods, iamcoupling is frequently used for covalent
attachment via carboxyl-group-containing surfa@®.[The primary amino groups of lysine residues
localized on the surface of avidin are involvedtlie amide bond formation with carboxyl groups
immobilized on the surface of the electrode actidawith 1-ethyl-3(3-dimethyl aminopropyl)carbodi-
imide hydrochloride / N-hydroxysuccinimide (EDC/NH&agents. The role of these reagents is
formation of O-acylurea intermediates and NHS edteait promote the formation of amide bonds with
the proteins amino groups [39]. This chemistryassitive to the temperature and time of exposure.
Thus, in the presented method for covalent immzdtilon of avidin 3,3’-dithiodipropionic acid di
(N-succinimidyl ester) (DSP) was used. This madpossible to avoid activating carboxyl groups
immobilized on the electrode surface with EDC/NH&gents. The DSP was also used for
immobilization of laccase and dopamine [40].

Glycosylated, positively charged molecule of avidinds up to four molecules of D-biotin, in a
non-covalent interaction [41]. Avidin consists @uf identical subunits assembled in a quaternary
structure. The biotin binding sites are deep, m®ped pockets [41]. Thus, for biosensor design,
immobilization of avidin molecules on the surfadestectrodes retaining their correct orientatiom an
density is crucial.

Therefore, in the present work, avidin-biotin systevas used for immobilization of the
21-mer single-stranded deoxyoligonucleotide prabesigned for the detection of the Roundup Ready
soybean. The probes were related to 5-enolpyrukyiehte-3-phosphate synthase (EPSPS) gene
which renders plants’ resistance against herbigigighosate (Roundup Ready). Glyphosate is toxic for
plants because it prevents the production of anemaminoacids (tryptophan, tyrosine,
phenyloalanine).

The optimization of modification of QCM electrodéncentration of the modification solution
and modification time), conditions of hybridizatitm immobilized probes and sensor regeneration are
presented.
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2. Materials and Methods
2.1. Reagents

Avidin, ethanolamine, N-[2-hydroxyethyl]piperazine N’-[2-ethanesulfonic acid] (HEPES),
6-mercapto-1-hexanol and ethylenediaminetetraacatid (EDTA) were purchased from Sigma-
Aldrich (Pozna, Poland). Sodium chloride, sodium hydroxide, magma chloride hexahydrate,
hydrogen peroxide, ethyl alcohol, sulfuric acidJocbform were from POCh (Gliwice, Poland).
3,3’-dithiodipropionic acid di(N-succinimidyl esyewas from Fluka-Sigma-Aldrich (PozfiaPoland).

All chemicals used for investigations were of atied} grade purity. AqQueous solutions were prepared
with freshly deionized water (18.2®&m resistivity) obtained with a Simplicity185 Water System
(Millipore, Molsheim, France).

Synthetic biotinylated oligodeoxynucleotides, usedprobes, and unbiotinylated oligodeoxynucle-
otides complementary or noncomplementary to probe® synthesized in the Laboratory of DNA
Sequencing and Oligonucleotides Synthesis, IBB P8&nples of fragments of DNA amplified
by PCR and genomic DNA were prepared in the Gemdidifications Analysis Laboratory, IBB PAS.

Stock solutions of oligonucleotides were prepanedeionized water and stored in a freezer. Before
experiments the DNA probes were diluted in the appate buffer.

All experiments were performed at room temperatR4eC + 2 °C).

2.2. Characterization of Probes and Target DNA

The probes:

* Biotinylated probd.:

5’ biotin-TGG GGT TTA TGG AAA TTG GAA-3' (m.w. 687)
* Biotinylated probe:

5’ biotin- ATC CCA CTATCC TTC GCA AGA-3' (m.w. B17)

The target DNA:
» Complementary oligonucleotide
5 TTC CAATTT CCATAAACCCCA3 (mv. 6249)

» Complementary oligonucleotide

5 TCT TGC GAA GGA TAG TGG GAAT 3 (m.w6521)

* Non-complementary oligonucleotide:

5 GGA TGG GGG TGG AGT AGA GGG C ¥ (m.wo80)

» The amplified fragment of thEPSPSgene, 169-base pairs long PCR product synthesizdte
genomic DNA extracted from RR soybean

e The noncomplementary PCR product, 138-base peagmient, amplified by PCR on maize
alcohol dehydrogenase gene templatehy

* The genomic DNA, non-amplified by PCR, extractednf animal feed containing 30 % RR
soybean
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* The genomic DNA, non-amplified by PCR, extractemhf unmodified soybean
2.3. Composition of Buffers

* Immobilization buffer: 40 mM HEPES, 60 mM NacCl, pgH7.5

 Hybridization buffer: 27 mM HEPES, 55mM NacCl, 2rtv MgCl,, pH =7.5
(hybridization of 21-mer oligonucleotides 1 wasriat out in the buffer without Mgg)l
» Denaturation buffer: 27 mM HEPES, 55 mM NaCl, &Yl EDTA, pH =8.0

2.4. Purification of PCR products

PCR products were purified by electrophoresis in &jarose gel. The slice of the gel containing
PCR product was cut into small pieces and suspeindextraction mixture (0.5 M ammonium acetate,
0.1% SDS, 1 mM EDTA and 10 mM magnesium acetateybated for 10 minutes at 60 °C, overnight
at room temperature and again for 10 minutes &6 he volume of DNA extract was measured and
1/10 volume of 3 M sodium acetate was added. Aftiing, 4 volumes of cold (-20 °C) 96% ethanol
was added and solution was incubated at -20 °Cnmgylér The sample was then centrifuged for
15 min at 16000 x g, supernatant was discardedtlaadpelled washed with 150 of 85% cold
(-20 °C) ethanol. After final centrifugation as a&bathe pellet was dried and dissolved in BQOof
sterile water. DNA concentration was assayed spglettometrically.

After thermal denaturation of the double helical ANtructures (10 min in 98C), the samples
were cooled on ice (2 min) and immediately usedtifi@r hybridization, which was monitored with
QCM method.

2.5. Extraction of Genomic DNA

The genomic DNA from feed contained 30 % Roundupdyesoybean (relative to total soybean
content in feed) and unmodified soybean were etddaaccording to procedure already reported [42]
with modifications. 150-250 mg of milled plant miaé was suspended in 1.5 ml of CTAB extraction
buffer (2% CTAB-cetyltrimethylammonium bromide, 1M NaCl, 100 mM Tris pH 8.0, 20 mM
EDTA) preheated to 65 °C, 1@ of proteinase K solution (20 mg/ml) was added gample was
thoroughly mixed and incubated at 65 °C for 30-9Autes with occasional stirring. After incubation
sample was centrifuged (10 min at 14000 x g) anpeswatant was transferred to the new
2 ml eppendorf tube. 10l of RNAse A solution (10 mg/ml) was added, mixewancubated at
65 °C for 10 min. Then 0.7-1 volumes of chlorofornas added, the sample was vigorously vortexed
for at least 15 sec to create an emulsion andifteged for 10 min at 14000 x g to separate phases.
The upper, aqueous phase was transferred intoethe2rml tube containing 50d of chloroform and
was extracted as above. The upper, agueous phastamaferred into the new 2 ml tube, to which
2 volumes of CTAB precipitation buffer (0.5% CTABO mM NacCl) was added. The content was
mixed by gentle inversions of the tube and incutbdte at least 60 min at room temperature. The
precipitated DNA was subsequently centrifuged 16 ati 14000 x g, supernatant discarded and the
pellet dissolved in 350l of 1.2 M NaCl. This DNA solution was further pfied by a single extraction
with 350 ul chloroform as above, centrifuged and upper, agsgghase was transferred into new
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1.5 ml eppendorf tube. Then 0.6 volume of isopropavas added, mixed by gentle inversions of the
tube and incubated for at least 20 min at room &Fatpre. Precipitated DNA was then centrifuged for
10 min at 14000 x g, supernatant was discardedtangellet thoroughly washed with 5Q00f 70%
cold

(-20 °C) ethanol. After final centrifugation, asoab, the pellet was dried and dissolved in 60
of sterile water. DNA concentration was assayedtspphotometrically.

2.6. Quartz Crystal Microbalance

The Time-Resolved Electrochemical Quartz Crystakrblhalance (CHI 410, CH Instruments,
USA) and 7.995MHz AT-cut quartz crystal with goldating both sides as working electrode were
used in this study.

11 -1 2
The parameters of quartz crystal were as followwsas modulus of the quartz 2.947 x Zocm s,
3 2
density of the quartz 2.648 g crand area of the gold electrode 0.196.cm
The decrease in frequency of 1 Hz corresponds &simarease of 1.34 ng.

2.7. Modification of Gold Surface of QCM Electrodes

The Au electrode surface was cleaned with piranblatisn consisting of kD, (30%) and
concentrated 80O, (98%) in a 7:3 ratio. The crystal was dipped irstholution for 5 min, then
thoroughly washed with deionized water and driedemmitrogen. This process was repeated twice.
After washing, the gold surfaces of QCM electrodese immediately immersed for 2 hours into
5 mM solution of 3,3’-dithiodipropionic acid di-(Buccinimidyl ester) in chloroform. Subsequently,
the free surface of gold was blocked by immers@milfh into 1 mM solution of 6-mercapto-1-hexanol
in ethanol. Then, the electrodes were modified \bglia (aqueous solution, 0.2 mg/ml) for 1 h. Next,
they were exposed for 1 h to a 1 mM aqueous solutio2-aminoethanol (pH 8.00, adjusted with
HCI). Piezoelectrodes modified according to thevabprocedure were dept in immobilization buffer
in the QCM cell. After frequency stabilizationt(1 Hz), the solution of biotinylated DNA probe was
injected. The concentration of the DNA probe in @@M cell was 300M (Figure 1).

The immobilization of biotinylated DNA probe was nitmred by measuring the frequencytime.
Usually, the probe immobilization was completedvitl5 min. After immobilization of biotinylated
probe the electrodes were heated for 5 min if@%o improve the order of the modification of the
electrode surface.
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Figure 1. Steps of modification of the gold piezoelectrode.

2.8. Hybridization Process Monitored by QCM Method

The piezoelectrodes, modified as described aboees washed with hybridization buffer and used
for the monitoring of the hybridization process twithe complementary and non-complementary
oligonucleotides.

The amplified products of PCR and genomic DNA weilated in denaturation buffer and their
double helical structures were thermally denati@dmin in 95°C). The samples were cooled on ice
for 2 min and immediately added (1) to 100ul of hybridization buffer placed in QCM cell.

After each run of the hybridization, the QCM eledies were regenerated by incubation
in denaturation buffer pH 8.00 for 10 min at 96. Subsequently, QCM electrodes were kept
in denaturation buffer pH 8.00 on the ice for 2 mBensors were also regenerated after each
hybridization experiment by rising thrice in 10 mMW&OH for 2 min at room temperature.

3. Results and Discussion
3.1. Modification of Gold Surface of QCM Electrodes

Figure 1 illustrates the multistep process of thadifiication of piezoelectrodes. The presence of
3,3’-dithiodipropionic acid di-(N-succinimidyl esjeon the electrode surface was confirmed by
performing the reductive desorption process. knswn that the potential cycled from -0.4V to -1.2V
in alkaline solution (0.5 M KOH) disrupts Au-S cdeat bonds [43, 44]. The amount of adsorbed ester
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may be estimated from the charge required for ridkic desorption. The density of
3,3’-dithiodipropionic acid di-(N-succinimidyl esjeon the electrode surface after 2h modificatiasw
calculated from the area of the reduction peakuféi@), and equaled - 18810"° molecules-mi.

-1.75 |

-0.75 7|

-0.8 -0.9 -1.0 -1.1
E[V]

Figure 2. Cyclic voltammetry reductive desorption of 3,3tkdodipropionic acid di(N-succinimidyl
ester) from gold piezoelectrode after two hourmoflification in 5 mM of chloroform solution.
Measurement conditions: 0.5 M KOH, potential scae 400 mV/s.
This was sufficient for avidin immobilization. Tipeesence of 0.2 nigpl-1 avidin in the QCM cell
resulted in approximately 100 Hz decrease of piect®de frequency. The immobilization of avidin
on the electrode surface via creation of amide bavith 3,3’-dithiodipropionic acid di-(N-
succinimidyl ester) was completed after 30 min.giFeg3).

Two biotinylated oligodeoxynucleotides used in thtady (probel and 2), had similar affinity
towards avidin (Table 1). The number and densityDdfA molecules immobilized on the QCM
electrode surface were calculated from piezoeldesdrequency changes. The results collected in
Table 1 indicated that each step of modificatiors ve&gynificantly reproducible. The molar ratios
between avidin and bothl (and 2) biotynylated probes were 1.8vhich indicated that their
immobilization was very efficient.
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Figure 3. Frequency response of QCM electrode modified @j#tdithiodipropionic acid di(N-
succinimidyl ester) in the presence of avidin (@gml).

3.2. Hybridization Process Monitored by QCM Method

The system was optimized using short syntheticooligleotides. At the presence of 80 nM of
21-base pairs complementary oligonucleotides in gb&ition placed in QCM cell, almost all
biotinylated
probes (botH and2) immobilized on the electrode surface were invdliethe hybridization process
(Tablel). The decrease of the frequency of QCMteldes modified with probé& and probe2 was
similar. Representative results are shown on Figdyecurve a. The hybridization of short
oligonucletides (21-22-mer) was completed usualtiivw 15-20 min.

To check the specificity of electrodes bearing imbiived probesl or 2 we performed control
hybridization experiments with non-complementarnjgahucleotides. Observed frequency changes
were negligible (Figure 4, curve b), which configmthat only DNA sequences complementary to
probes are detected by this system.

As a next step the sensor was used for the dateofid®®CR amplified 169 base pairs fragment
of EPSPS gene. The electrode modified with prbla@s more sensitive and in the presence of 2.5 nM
EPSPS-derived oligonucleotide a -88.2 + 7.5 Hzdespy change was observed (Figure 5, curve a).
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Table 1.Changes of: frequency, mass, number and densihot#cules for the consecutive
steps of modification of QCM electrodes (n =5}.10

Number of
Molecules immobilized molecules Density of the molecules
on the QCM electrode 2 F [HZ] Am [ng] x 10 on the gold electrode
onthegold  x 10'°[molecules/mr]
electrode
-104.8+
avidin 23 140.5+ 9.7 1.3+ 0.1 6.8+ 0.4
biotinylated
oligonucleotide -19.7£48 26.3x6.5 2.3 0.5 11.7+ 2.8
(probel)
21-base pairs
oligonucleotide
complementaryto 17.2+59 23.1+7.9 2.2+ 0.8 11.4+ 3.9
probel
biotinylated
oligonucleotide -19.8+5.1 26.5+6.9 2.4+ 0.6 12.2+3.1
(probe2)
21-base pairs
oligonucleotide
complementary to -19.0£84 255%+11.3 2.4 1.0 12.3+ 5.6
probe2
10 -
0
N b
L.
w -10 +
<
_20 u
a
'30 I I I I 1
0 5 10 15 20 25
time [s]

Figure 4. Frequency change of QCM electrode modified withtibylated probd. at the presence of:
(a) complementary oligonucleotide (21-mer) (80 nM)
(b) non-complementary oligonucleotide (22-mer) (R2)
The solution composition: 27 mM HEPES, 55 mM Na€l 7.5; total volume in the QCM cell:
200pl.
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In the same experimental conditions, QCM electnoelified with probe2, showed the frequency
change of only -25.4 + 5.7 Hz. Different affinity target DNA fragments towards probg&sand 2
might be caused by different sequences of probebidiinylated ends, which are in the vicinity to
electrode surface. The following bases are locatiethe 5 biotinylated end of the prolde one
molecule of thymine and four molecules of guaninghe probe2, the sequence at the 5’ biotinylated
end is as follows: adenine, thymine and two molkeswif cytosine. So, at the 5’ biotinylated endhaf t
probel there are more bases which form three hydrogedotiran in prob@.

It was recently reported that biophysical paranseéeg. local thermodynamics of DNA baseparing,
as well as its kinetics, depend on nucleotide secpse[45]. Therefore it is possible that the ddfer
nucleotide sequences make the hybridization praoess efficient for probé than for probe.

That is why for subsequent experiments only prbbeas used. The representative hybridization
process with 169-base pairs fragment of EPSPS igatiestrated on Figure 5. This process demands
longer time (50 min) in comparison to hybridizatiof 21-mer complementary oligonucleotides
(Figure 4). Similar tendency was observed by Minwtral. [37].

The investigated sensor was very selective. The &@Rlified fragment of Adh gene (138bp) used
as the negative control caused only negligibleueagy shift ( Figure 5, curve b).

207L———‘_‘ b

A F [HZ]
A
(@]

>
o
|

-100 I I I I I
0 20 40 60 80 100

time [min]

Figure 5. Frequency response of QCM electrode modified witibel via avidin-biotin system
in the presence of:
(a) complementary PCR product - fragmenEBSPS)ene (2.5 nM)
(b) non-complementary PCR product - fragmenAdhfgene (2.5 nM)
The solution composition: 27 mM HEPES, 55 mM N&D05 mM EDTA, 2.5 mM MgGCl, pH 7.7,
total volume in the QCM cell: 200.
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The selectivity of piezoelectric sensor was estadaby competitive studies in which electrode
signal generated by PCR product complementarydg@tbbe EPSPS)vas measured in the presence
of non-complementary PCR produddh) In each solution, the total amount BPSPSand Adh
fragments were kept constant (0.5 pmoles). Repuéisented in Table 2 allow to conclude that, the
responses in the frequency shift were comparablihésame concentration BPSPSyene in samples
containing only complementary to probe product o€RP (Table 2A) and with mixture
of complementaryfEPSPS)yNnd non-complementafAdh) products of PCR (Table 2B). The presence
of non-complementanAdh gene in the solution slightly decreased the sigyeaderated bYEPSPS
sequence hybridization, but did not abolish it. Tiwm-complementary PCR product Aflh at the
highest concentration studied (2.5 nM) caused gixdi changes in frequency shift (-481.0 Hz).
The reproducibility of the hybridization processpeessed as average of coefficient of variation
(CV %) calculated for all concentrations &PSPS gene was 28 % and for the mixture
of complementary and non-complementary sequences1®a%. Thus, it might be concluded that
piezoelectric sensor presented here displayed &ection limit, in nM range and a good selectivity.

The main reason for low reproducibility is conmettwith the procedure of gold electrode
modification. But still, our results are within thhange of reproducibility of such type of sensors
reported by others [35, 46].

Table 2The selectivity of the piezoelectrode modified witlobel after hybridization process with
complementary PCR product (fragmen&®#SPSyene) in absence (A) and presence of
noncomplementary PCR product (fragmenfdhgene) (B).

A
. Changes of
N, of solution Concentration of freque?m;AF
° EPSPS [nM]
[Hz]

-88.2

1. 2.5 +75

-62.1

2. 2.0 +19.7

-25.2

3. 15 +8.0

4 10 -21.4

+79
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B
N of solution Concentration of Concentration of fr(e:hizgis (I):f
0 EPSPS [nM] Adh [nM] q[Hz] B
- 88.2
1. 2.5 0.0 +75
-60.4
2. 2.0 0.5 +10
-15.9
3. 1.0 1.5 + 68
-4.8
4. 0.0 2.5 +10

The experimental conditions: see Fig. 5; (n=3-4); each solution, total number of moles
of EPSPSandAdh (0.5 pmoles) were kept constant.

3.3. Detection of Genetic Modification in GenomiANon-amplified by PCR

On the food control market there is an urgent rieatksign sensors which will be able to detect the
genetic modification in the genomic DNA sampleshaiit PCR amplification. In the literature few
examples of such sensors were already reported3B546]. These sensors were applied only for
qualitative or semi - quantitative analysis.

The sensor proposed in this study was tested ferditection ofEPSPSsequence in PCR
non-amplified DNA samples extracted from animaldf@®ntaining 30% of the genetically modified
soybean Roundup Ready. The sensor was able toglish transgene sequence between modified
and unmodified soybean DNA at the following lev&l6, 4.6 and 5.44g of genomic DNA in 20Qul
of QCM cell. Results of this experiment are shownTable 3. The negative control, genomic DNA
extracted from unmodified soybean, generated sirejuency shift, which might be attributed to the
direct adsorption of DNA on gold electrode surfagghout hybridization to the probe or weak,
non-specific interactions between the probe andighlsr complementary sequences present in very
long genomic DNA. The DNA amount in 2C nuclei ofysean has been already determined:
2.31 pg/2C [47]. This allows to calculate the numbiegenom copies witiEPSPSgene which could
be determined by the proposed sensor (Table 3).
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Table 3.Determination of th&EPSPSyene in non-amplified by PCR genomic DNA sampldsaeted
from animal feed contained RR soybean and unmabgw/bean (n=3-7).

Amount of

genomic DNA extracted from Number of genom

copies containing

animal feeder contained . AF [Hz]
modified RR soybean in the EPS(S’CS:JMer;eellln the
QCM cell [ug]

3.6 4,700 19.6+ 2.7

4.6 6.0(1LC° 33.1£9.4

5.4 7.0010 51.2+ 9.9
Amount of genomic DNA
extracted from unmodified
soybean in the QCM celif]

3.6 - 3.4+£25

4.6 - 7.5+£0.2

145+ 7.8

5.4 -

Total volume of the sample solution in the QCM :c2D0pl. The regeneration of the electrode was
done at 9% in the solution: 27 mM HEPES, 55 mM NaCl, 0.081EDTA, 2.5 mM MgC}, pH 7.5.

In this experiment two methods of electrode regatien were applied. In the first one, the electrode
was immersed into denaturation buffer containingri HEPES, 55 mM NaCl and 0.1 mM EDTA,
pH 8.00 for 10 min. at 9& and then cooled on ice (Table 3). In the secamal the electrode was
regenerated by washing thrice with 10 mM NaOH fornin. Only when the first method
of regeneration was applied, we observed lineaticglship between concentration of genomic DNA
and changes of frequency, however the reprodugilmii the transgene hybridization with the probe
expressed as average CV % has been of the ord@0 &f for both methods of the electrode
regeneration.

The properties such as sensitivity and selectioftpiezoelectric sensor presented here indicated
that it could be applied for the direct detectidrgenetically modified RR soybean in the samples-no
amplified by PCR.

3.4. Conclusions

The proposed piezoelectric sensor was able to tiggeetically modified soybean Roundup Réady
in genomic DNA samples non-amplified by PCR. Thetedgon limit was in the range
of 4.7 110° numbers of genom copies WiEPSPSgene in the QCM cell with 200! of investigated
samples. The sensor was very specific. The sangblgenomic DNA extracted from soybeans free
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from genetic modification generated negligible sigrReproducibility of the hybridization process
was 20 %.

The selectivity of the sensor was confirmed by iibation to the probe immobilized
on piezoelectrode of complementaBPSP$ or non-complementanA@h) DNA fragments amplified
by PCR. The presence of non-complementary produ®CGR @Adh slightly decreased the signal
generated biEPSPSyene, but did not abolish it.

The advantages of the piezoelectric sensing methodemparison to classical methods applied
for the determination of genetically modified organs are: relatively low cost, simplicity of use,
and avoidance of costly and laborious labellin@bifA samples and their amplification by PCR.
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