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A DNA-based piezoelectric biosensor: Strategies for coupling
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Abstract

A DNA-based piezoelectric biosensor has been here studied in terms of probe immobilisation and DNA sample pre-treatment. The biosensor
is specific for the detection of the mecA gene of methicillin-resistantStaphylococcus aureus (MRSA).

Methicillin-resistantS. aureus is responsible of several infections in humans, like pneumonia, meningitis and endocarditic. MRSA is also a
major cause of hospital-acquired infections worldwide. The antibiotics resistance is conferred by the gene mecA, codifying for an anomalous
protein.
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Two different immobilisation procedures of the probe specific for mecA gene are reported: immobilisation via streptavidin-biotin in
nd direct immobilisation of thiolated probes.
After the study with synthetic oligonucleotides, the system has been applied to the analysis of bacterial DNA from MRSA, am

olymerase chain reaction. These samples were pre-treated with two different denaturation procedures and the performances of
he two cases were compared.

The two immobilisation methods and denaturation protocols were here used to study the influences of these parameters on the p
f the sensor, applied here to the detection of the mecA gene. Better results in terms of sensitivity and reproducibility were obta
sing the biotinylated probe and the PCR-amplified samples treated by a denaturation procedures involving the use of high temp
locking oligonucleotides.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Recently, there has been an increasing interest in biosen-
or technology for fast hybridisation detection using easy
nd rapid procedures. Building of such devices involves the

mmobilisation of single-stranded oligonucleotides (probe)
n the surface of the transducing element and recording the
ariations of the transducer signal caused by the hybridisation
etween the probe and the complementary strand in solu-

ion (target). Several types of nucleic acid-based biosensors
ave been developed over recent years[1–3]. In particular,
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piezoelectric biosensors offer the possibility of monitor
the hybridisation reaction in real time, without the use of
label [4–8] and they have been presented as alternativ
gel electrophoresis and to traditional methods where lab
probes are often required.

In this work, the development of a piezoelectric bios
sor for the detection of the mecA gene, presen
methicillin-resistantStaphylococcus aureus (MRSA) strain
is described. Methicillin-resistantS. aureus is the causativ
agent of a wide variety of infections and toxin-media
diseases[9–11]. MRSA is also a major cause of hospi
and community-acquired infections worldwide. Methicill
resistantS. aureus strains account for 60% ofS. aureus
clinical isolates in Japan, 50% in Italy and 34 % in the Un
States[12,13].
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One of the characteristics of this strain is its resistance
to �-lactamic antibiotics.�-Lactamic antibiotics, such as
penicillin and methicillin, are substrate analogs of penicillin-
binding proteins (PBPs)[14]. Methicillin resistance in
MRSA strains is due to acquisition of the mecA gene[12]
which encodes for PBP2a, a new protein with a low affinity
for the�-lactamic antibiotics[15].

Historically, isolates were distinguished by phenotypic
methods, including antibiotic susceptibility testing and bac-
teriophage typing. Both methods have limitations, as genet-
ically unrelated isolates commonly have the same antibi-
ogram, and manyS. aureus isolates are non-typeable by phage
typing [16]. With the advent of molecular biology, strain
typing focused on DNA-based methods, included Southern
blot hybridisation using gene-specific probes, polymerase
chain reaction (PCR) and pulsed-field gel electrophoresis
(PFGE)[17–19]. These methods require subjective interpre-
tation and comparison of patterns and fingerprint images and
they remain difficult to standardize between laboratories, and
the image-based information is difficult to organize for rapid
search and retrieval by computer[20].

In DNA-based piezoelectric biosensors hybridisation
detection is performed following the frequency changes
resulting from the interaction between a specific probe immo-
bilised on the gold electrode of a quartz crystal and the
complementary strand in solution.
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The frequency shifts reported in the paper are the differences
between two stable frequency values (±0.5 Hz).

11-Mercaptoundecanol, diglyme (bis-2-methoxyethyl
ether) and ethanolamine hydrochloride were purchased
from Sigma (Milan, Italy); Dextran T500 was purchased
from Amersham (Uppsala, Sweden), epichlorohydrin and
N-hydroxysuccinimide (NHS) from Fluka (Milan, Italy).
Ethanol and all the reagents for the buffers were purchased
from Merck (Darmstadt, Germany).

2.2. Samples

Biotinylated synthetic oligonucleotides and PCR primers
were purchased from MWG (Germany), synthetic oligonu-
cleotides having a group C6-SH at the 5′ termination were
purchased from Sigma-Genosys (Cambridge, UK).

Bacterial DNA for PCR amplification was purchased from
LGC Promochem (London, UK). Genomic DNA from the
methicillin-resistant strainS. aureus subsp.aureus Rosen-
bach (ATCC 700699) was used as specific sample whereas
DNA from S. lugdunensis (ATCC 43809D) was used as neg-
ative control since this strain is known to be methicillin
sensible.

The immobilised probe was designed to recognise a region
of the mecA gene. The sequence of probe is included in the
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For probe immobilisation, two different chemistries
ere presented. The first one is based on the probe cou
ia biotin–streptavidin binding, on previously modified s
aces with a thiol-dextran layer. The second one is b
n the direct coupling of thiol-derivatised probes (pro
6-SH) to bare gold sensor surfaces. The interactio

he immobilised probe with a complementary and a n
omplementary synthetic oligonucleotides was investig
o test the sensor specificity. The analytical parameters o
ensor were also studied.

Moreover, the developed sensor was applied to the
sis of DNA samples amplified by polymerase chain re
ion, extracted from bacterial DNA. The DNA was fro
RSA andStaphylococcus lugdunensis, sensitive to meth

illin, used as negative control[17]. A recent denaturatio
rocedure[21,22] of PCR-amplified DNA is here also us
nd further optimised for this specific application.

. Experimental

.1. Apparatus, reagents and samples

10 MHz AT cut quartz crystals (14 mm) with gold eva
rated (42.6 mm2 area) on both sides were obtained fr
istral (Latina, Italy). For the measurements, the quartz c

al was housed inside a methacrylate cell where only one
f the crystal was in contact with the solution. The freque
ariations were continuously recorded using a quartz c
al analyser, Model QCA917 (Seiko EG&G, Chiba, Jap
ragment amplified by PCR (Fig. 1a).
The base sequence of the synthetic oligonucleotid

eported below:

Biotinylated probe: 5′ biotin-TTCCAGGAATGCAGAAA-
GACCAAAGCA-3′ (27-mer)
Thiolated probe: 5′ HS-(CH2)6-TTCCAGGAATGCAGA
AAGACCAAAGCA-3′ (27-mer)
Target: 5′-TGCTTTGGTCTTTCTGCATTCCTGGAA-3′
(27-mer)
Non-complementary strand: 5′-CAAGGGAGGGAGAGA-
CAGAGAGGCC-3′ (25-mer)

The oligonucleotides used in the denaturation proce
thermal + blocking oligonucleotides) were as follows:

MecA1 (P1): 5′-TAATAGTTGTAGTTGTCGGGTTTG-3′
MecA2 (P2): 5′-GGTTTTAAAGTGGAACGAAGGTAT-3′
MecA3 (P3): 5′-GTTAGATTGGGATCATAGCGTCATT-
3′
MecA4 (P4): 5′-AATTCCACATTGTTTCGGTCTAAAAT-
3′

. Sensor development

.1. Immobilisation of the probe

.1.1. Biotinylated probe
The gold electrode was cleaned with a boiling solu

onsisting of H2O2 (30%), NH3 (30%) and milliQ wate
n a 1:1:5 ratio. The crystals were dipped in this solu
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Fig. 1. (a) Sequence of bases of the fragment amplified from the mecA gene. The primers (P1 and P2) used for the amplification are reported in bold. The
blocking oligonucleotides (P3 and P4) are indicated in italic and the immobilised probe is underlined. (b) Gel electrophoresis of the PCR amplification conducted
as reported in Section3.2.

for 10 min. They were then thoroughly washed with distilled
water and immediately used.

The gold electrode was further modified as reported in
Lofas et al.[23] for the immobilisation of streptavidin. The
biotinylated probe was then bound to the streptavidin layer.
The whole immobilisation protocol is reported in Mannelli
et al.[24].

3.1.2. Thiol-derivatised probe
The clean crystal surface (as previously described) was

treated with 200�l of a solution of the thiolated probe (1�M)
in immobilisation solution (KH2PO4 1 M, pH 3.8) for 2 h.
After washing, 200�l of a blocking thiol (MCH, 1 mM) were
added to the cell and the reaction was allowed to proceed
for 1 h. After washing with water, the final step involved the
substitution of water with 100�l of hybridisation buffer to
equilibrate the system.

3.2. Bacterial DNA amplification

The amplification protocol (forward primer: MecA1 5′-
TAATAGTTGTAGTTGTCGGGTTTG-3′; reverse primer:
MecA2 5′-GGTTTTAAAGTGGAACGAAGGTAT-3′) was

adapted from the procedure reported in Jenison et al.[25].
The 100�l of reaction mixture contained 100–300 ng of bac-
terial DNA, 4 units of Taq polymerase (Amersham, Uppsala,
Sweden), 400 nM of forward and reverse primer and 200�M
of each dNTP (Amersham, Uppsala, Sweden). PCR condi-
tions were as follows: 95◦C for 4 min, 53◦C for 1 min and
72◦C for 1 min (30 cycles), 72◦C for 4 min.

The PCR amplification was conducted by using a MJ
Research MiniCycler (M-Medical, Milan, Italy).

Screening of the PCR products (617 bp,Fig. 1a) was per-
formed by gel electrophoresis and visualised through a UV
transilluminator (Fig. 1b). The control solution (blank) con-
tained all the PCR reagents except the DNA template. The
negative control, DNA from the methicillin-susceptibleS.
lugdunensis, was processed by the same PCR protocol.

The DNA concentration of the amplicons was determined
by fluorescence measurements (Fluorometer TD-700 from
Turner Biosystems).

3.3. Hybridisation with synthetic oligonucleotides

The hybridisation with synthetic oligonucleotides was
performed by adding 100�l of the oligonucleotide solution
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in hybridisation buffer (NaCl 150 mM, Na2HPO4 20 mM,
EDTA 0.1 mM, pH 7.4) to the cell well. The reaction was
monitored for 10 min and then the crystal washed with the
hybridisation buffer to remove the unbound oligonucleotides.
We report the frequency shift as the difference between this
final value and the value displayed before the hybridisation
reaction.

In all the experiments, the single-stranded probe was
regenerated by 30 s treatment with 1 mM HCl (for two times).
All the experiments were performed at room temperature.

3.4. Hybridisation with amplified PCR samples

The PCR fragments were diluted with hybridisation buffer
to obtain a final volume of 100�l. To obtain ssDNA, the sam-
ple was then denatured by using two different denaturation
procedures. After the denaturation treatment, the sample was
added in the cell and the hybridisation reaction was allowed
to proceed for 20 min and evaluated as reported for the syn-
thetic oligonucleotides.

The sensor surface was then regenerated by two subse-
quent treatments (30 s) with 1 mM HCl.

3.5. Denaturation treatments
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Different combinations of primers were used: P1–P2,
P3–P4, P2–P3 and P2–P4. They map in different regions of
the 617 bp PCR fragment of mecA gene (Fig. 1a).

The primers (1�M) were added to the PCR fragment solu-
tions before the first thermal treatment at 95◦C 5 min, then
the temperature was decreased to 50◦C for oligonucleotides
annealing.

The sample was then injected in the sensor cell for hybridi-
sation reaction.

4. Results and discussion

4.1. Hybridisation with synthetic oligonucleotides

The sensor was first optimised with synthetic oligonu-
cleotides and the main analytical parameters were studied,
e.g. specificity, sensitivity, reproducibility.

The experiments were performed with different concen-
trations of the target oligonucleotide (0.06–0.75�M), com-
plementary to the probe immobilised on the crystal. Hundred
microliters were added to the crystal surface modified with
biotinylated or thiolated probes (Fig. 2).

A higher response (26% as average for all the tested con-
centrations) was obtained with the crystal modified by using
the biotinylated probe. The two curves show a similar profile
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The amplicons obtained by PCR have a double helix s
ure and the two strands should be separated (denatur
llow the hybridisation with the probe immobilised on
ensor surface. To obtain a single strand from the am
ons, two approaches were followed: thermal denatur
nd thermal denaturation with oligonucleotides.

.5.1. Thermal denaturation
This denaturation method involves a 5 min incubation

t 95◦C followed by 1 min in ice. This procedure is w
ocumented in many previous studies[4,5], and will be here
ompared with the following approach.

.5.2. Thermal denaturation with oligonucleotides
This denaturation method was found to be a simple

seful way to obtain DNA available for hybridisation af
CR amplification[21,22]. The principle of this metho

elies on the use of small (10–30 bases) oligonucleo
which can correspond to the PCR primers) added to
enaturation mixture. These oligonucleotides are com
entary to some sequences on the strand which hybr

o the immobilised probe, but are positioned laterally an
ot overlap the portion forming the complex with the pro
y the interaction between the thermally separated D
trands and these oligonucleotides, re-association be
NA strands of PCR amplicons is prevented, and sur
ybridisation can occur. The whole denaturation proce
onsisted in 5 min incubation at 95◦C and 1 min at a specifi
emperature, which is the suitable temperature for prim
nnealing used in the PCR procedure[21].
ith a plateau for concentrations higher than 0.5�M.
The specificity of the interaction was tested by us

he 25-mer non-complementary oligonucleotide (1�M). The
ignal resulting from this interaction when using the biot
ated or the thiolated probe was negligible (<2 Hz), evide
ng the specificity of the system in both cases.

The reproducibility of the measurements has been
stimated. InTable 1the results obtained after the hybri
ation reaction with a concentration of the target oligo
leotide, are reported. In particular, the reproducibility of
ignal was estimated for the results obtained on the

ig. 2. Calibration curves obtained with synthetic oligonucleotides o
rystal modified with the biotinylated (—) or the thiolated probe (- - -).
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Table 1
(a) Results recorded with the same concentration (0.125�M) of the com-
plementary oligonucleotide (N= 3) on the same crystal (intracrystal) and on
different crystals (N= 13) (intercrystals), when the biotinylated probe was
immobilised; (b) results recorded with the same concentration (0.250�M)
of the complementary oligonucleotide (N= 3) on the same crystal (intracrys-
tal) and on different crystals (N= 7) (intercrystals), when the thiolated probe
was immobilised

�Faverage(Hz) S.D. (Hz) CV%

(a) Biotinylated probe
Intracrystal (N= 3) −46 2 4
Intercrystal (N= 13) −42 7 7

(b) Thiolated probe
Intracrystal (N= 3) −21 2 9
Intercrystal (N= 7) −24 7 11

crystal (reproducibility intracrystal) and on different crystals
(reproducibility intercrystals). Due to the different sensitivity
of the system modified with the two immobilisation meth-
ods, for the surface modified with the biotinylated probe, the
tested concentration was 0.125�M while a 0.250�M target
solution was used with the thiolated probe modified surfaces.

The reproducibility was good for both the sensors. It must
be considered that the procedure for the modification of the
crystal is non-automated and involves several coating steps,
which were performed in the laboratory starting from the
gold surface. Moreover, the reproducibility intracrystal esti-
mated as CV% at one concentration corresponds to average
reproducibility calculated for all the concentrations used in
the calibration curve (4 and 8% for biotinylated and thiolated
probe, respectively).

4.2. Hybridisation with PCR amplified samples

Bacterial DNA was amplified by PCR following an
adapted protocol from the one reported by Jenison et al.[25].

The amplified DNA fragment, internal to the mecA gene, was
617 bp in length and contained the complementary sequence
to the immobilised probe.

Different template concentrations were tested (100, 200
and 300 ng DNA) for the amplification, as well as a negative
control (DNA fromS. lugdunensis).

In order to obtain a hybridisation signal from the sensor,
the amplified samples have to be denatured to dissociate the
dsDNA into ssDNA, ready for the binding with the probe.
The two denaturation procedure described in Section3.5.

4.2.1. Biotinylated probe
PCR blanks, negative controls and the mecA amplified

product (0.03�M) were initially tested after the thermal
treatment and a measurable signal (−27± 5 Hz) could be
observed only for the specific sample.

The denaturation procedure involving oligonucleotides
was further used on these samples (0.03�M): different com-
bination of the oligonucleotides, hybridising in different
regions of the amplified fragment, were tested in order to
study the effect of the position of these sequences on the
hybridisation reaction (Fig. 3). The thermal reaction is also
reported in the figure together with the results obtained with
PCR blanks and negative controls.

All the combinations of oligonucleotides allowed a suc-
c sed
p enat-
u when
o ow-
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F denat binations of
t tion of 0�M ified
D gment, rget
s

ig. 3. Results obtained on the biotinylated probe with PCR samples
he oligonucleotides. All the PCR samples were tested at a concentra
NA, P1–P2 ( ) are positioned at the end of the amplified fra
equence ( ).
essful hybridisation of the sample with the immobili
robe. Moreover, the signals obtained with the second d
ration approach are higher than the one recorded
nly thermal denaturation is applied. In particular, the l
st signal (−27± 4 Hz) was observed for oligonucleotid
3–P4 mapping very close to the target sequence r
ised by the probe. This could be due to a steric hindr
f the two oligonucleotides P3 and P4 in the target-p
inding.

ured by the thermal + oligonucleotides procedure using different com
.03. The blocking oligonucleotides varied in the position within the ampl
while P3–P4 ( ) are in the middle, flanking the complementary ta
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Table 2
Summary of the results obtained with the two immobilisation procedures and the two denaturation methods when testing PCR-amplified samples (0.03�M)

PCR mecA (Hz) PCR negative control (Hz) PCR blank (Hz)

Thiolated probe −22± 2 −4± 2 −2± 1
Thermal denaturation

Thiolated probe −27± 5 −3± 3 −1± 1
Thermal + blocking oligonucleotides denaturation

Biotinylated probe −31± 4 −1± 1 −2± 1
Thermal denaturation

Biotinylated probe −38± 3 −1± 1 −1± 1
Thermal + blocking oligonucleotides denaturation

The best results, in terms of signal and reproducibility,
were found for the couples P1–P2 (−38± 3 Hz, CV% = 5%)
and P2–P3 (−38± 2 Hz, CV% = 8%). The specificity of
the sensor was evidenced by the very low signals (−1 Hz)
obtained with PCR blanks and negative controls for all the
tested denaturation procedures.

Further experiments were conducted with the PCR
specific samples at different concentrations (0.015, 0.03
and 0.06�M). PCR blanks and the negative control at
the same concentrations were also tested using the ther-
mal + oligonucleotides treatment (P2–P3) (Fig. 4). The signal
obtained with the specific sample increased with the concen-
tration up to a value of−64± 1 Hz for the concentration
0.06�M. This dependence of the signal from the concentra-
tion was not found for the negative control and for PCR blanks
since the measurable signals obtained (−7 for the negative
control and−10 for the blank) were probably due to non-
specific adsorption of some component of the PCR mixture
on the sensor surface.

4.2.2. Thiolated probe
The same experiments using the two denaturation proce-

dures, with the crystal modified with the thiolated probe, are
summarised in the first two rows ofTable 2. For the ther-
mal with blocking oligonucleotides denaturation, oligonu-
cleotides P2 and P3 were used. All the samples were tested
a

tly
h nu-

F dena-
t g the
P

cleotides denaturation protocol. The sensor resulted very
specific with both the denaturation methods as evidenced by
the very low signals obtained with PCR blanks and negative
controls.

The results previously described for the biotinylated probe
are summarised in the last two rows ofTable 2, for a direct
comparison between the two probe immobilisation methods.
Higher signals can be observed for the biotinylated probe
when using both the two different denaturation procedures.
The sensors developed with the two probes showed similar
reproducibility in terms of CV% also when using PCR sam-
ples. The specificity was good for both the sensors, but lower
signals were obtained with the negative control samples on
the biotinylated probe.

5. Conclusions

A study on the performances of a DNA-based piezoelectric
biosensors has been reported focusing on the probe immo-
bilisation method and on the samples pre-treatment. The
biosensor has been applied to the analysis of the mecA gene
of the methicillin-resistantS. aureus.

A specific probe for this gene has been immobilised onto
the gold electrode of quartz crystals by using two different
i has
b CR-
a
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o ular
a

been
e hod-
o en a
b ples
w ing
o

rom
b pli-
c les
c PCR
c atic
t a concentration of 0.03�M.
Also with this probe immobilisation procedure, a sligh

igher signal was obtained for the thermal with oligo

ig. 4. Different concentrations of the PCR samples were tested after
uring the samples with the thermal + oligonucleotides method, usin
2 + P3 combination.
mmobilisation procedures. The hybridisation reaction
een studied using both synthetic oligonucleotides and P
mplified samples.

Two denaturation protocols were used for amplic
trand separation and the one involving the use of bloc
ligonucleotides has been further optimised for this partic
pplication.

The analytical characteristics of the biosensor has
valuated with a comparison between the different met
logies used and the best results were obtained wh
iotinylated probe was immobilised and the PCR sam
ere treated with a thermal denaturation involving block
ligonucleotides.

Since, the samples used were PCR-amplified DNA f
acterial DNA commercially available, a more general ap
ation to PCR-amplified DNA from real clinical samp
an be foreseen for the proposed biosensor, once the
onditions have been optimised for these more problem
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samples. In this way a method for quick identification of
MRSA, supporting a prompt prophylaxis intervention, could
be developed.

Acknowledgment

The authors would like to thank the Italian Ministry of
Health for the financial support, with the project: “Biosensori
a DNA per l’analisi genetica di microorganismi patogeni”.

References

[1] C.N. Jayarajah, M. Thompson, Biosens. Bioelectron. 17 (2002) 159.
[2] T. Hianik, M. Snejdarkova, L. Sokolikova, E. Meszar, R. Krivanek,

V. Tvarozek, I. Novotny, J. Wang, Sens. Actuators B 57 (1999) 201.
[3] A. Almadidy, J. Watterson, P.A.E. Piunno, S. Raha, I.V. Foulds, P.A.

Horgen, Anal. Chim. Acta 461 (2002) 37.
[4] M. Minunni, S. Tombelli, R. Scielzi, I. Mannelli, M. Mascini, C.

Gaudiano, Anal. Chim. Acta 481 (2003) 55.
[5] S. Tombelli, M. Mascini, C. Sacco, A.P.F. Turner, Anal. Chim. Acta

418 (2000) 1.
[6] L.M. Furtado, M. Thompson, Analyst 123 (1998) 1937.
[7] X.C. Zhou, L.Q. Huang, S.F.Y. Li, Biosens. Bioelectron. 16 (2001)

85.
[8] A.K. Deisingh, M. Thompson, Analyst 126 (2001) 2153.
[9] F. Matineau, F.J. Picard, P.H. Roy, M. Ouellette, M.G. Bergeron, J.

[10] S. Fidalo, F. Vasquez, M.C. Mendoza, F. Perez, F.J. Mendez, Rev.
Infect. Dis. 12 (1990) 520.

[11] F.J. Roberts, I.W. Geere, A. Coldman, Rev. Infect. Dis. 13 (1991)
34.

[12] D. Lim, N.C.J. Strynadka, Nat. Struct. Biol. 9 (2002) 870.
[13] D.L. Diakema, M.A. Pfaller, F.J. Schmitz, J. Smayevsky, J. Bell,

R.N. Jones, M. Beach, Clin. Infect. Dis. 32 (2001) 114.
[14] J.-M. Ghuysen, Int. J. Antimicrob. Agents 8 (1997) 45.
[15] D.M. Niemeyer, M.J. Pucci, J.A. Thanassi, V.K. Sharma, G.L.

Archer, J. Bacteriol. 178 (1996) 5464.
[16] J.N. Maslow, M.E. Mulligan, R.D. Arbeit, Clin. Infect. Dis. 17

(1993) 153.
[17] N. Maes, J. Magdalena, S. Rottiers, Y. De Gheldre, M.J. Struelens,

J. Clin. Microbiol. 40 (2002) 1514.
[18] F.C. Tenover, R.D. Arbeit, R.V. Goering, Infect. Control Hosp. Epi-

demiol. 18 (1997) 426.
[19] B. Kreiswirth, J. Kornblum, R.D. Arbeit, W. Eisner, J.N. Maslow,

A. McGeer, Science 259 (1993) 227.
[20] R.B. Roberts, A. de Lencastre, W. Eisner, E.P. Severina, B. Shopsin,

B.N. Kreiswirth, J. Infect. Dis. 178 (1998) 164.
[21] R. Wang, M. Minunni, S. Tombelli, M. Mascini, Biosens. Bioelectron

20 (2004) 598.
[22] M. Minunni, S. Tombelli, J. Fonti, M.M. Spiriti, M. Mascini, P.

Bogani, M. Buiatti, J. Am. Chem. Soc., in press.
[23] S. Lofas, B. Johnsson, A. Edstrom, A. Hansson, G. Lindquist,

R.M. Muller Hillgren, L. Stigh, Biosens. Bioelectron. 10 (1995)
813.

[24] I. Mannelli, M. Minunni, S. Tombelli, M. Mascini, Biosens. Bio-
electron. 18 (2003) 129.

[25] R. Jenison, A. Haeberli, S. Yang, B. Polisky, R. Ostroff, Clin. Chem.
46 (2000) 1501.
Clin. Microbiol. 36 (1998) 618.


