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Chips containing polycrystalline silicon interdigitated electrodes are modified with the enzyme
urease. The sensors are able to detect changes in the resitivity of the solution near their surface,
where the enzymatic reaction generates charged species. The electrodes are also grafted with an
antigen and queried with different amounts of urease labeled antibody. The response of the modified
electrodes is proportional to the amount of enzyme attached to the surface by the biorecognition
event, thus validating the assay for biosensing applications. © 2007 American Institute of Physics.
�DOI: 10.1063/1.2472718�

Patient-tailored prognosis, diagnosis, and therapy design
are becoming achievable objectives due to the recent ad-
vances in genomics and proteomics. The chance of monitor-
ing the state of a tissue, from detection of mutations in ge-
nomic deoxyribonucleic acid �DNA� to quantification of
expressed ribonucleic acid levels and finding of proteins with
an altered function, has opened a promising horizon in clini-
cal biochemistry. Among the different approaches for bio-
molecule determination, biosensors offer the advantages of
being robust, easy to handle, and capable of rendering infor-
mation faster than other methodologies, which can only be
performed in a laboratory by skilled staff. The signal gener-
ated by specific DNA-DNA or antigen-antibody interactions
can be divided mainly in two groups. On the one hand, it
may appear merely because of the presence of the analyte at
the transducer surface. Examples of these so-called label-free
biosensors are the detection of proteins by surface plasmon
resonance,1,2 quarz crystal microbalance,3,4 or micro-
cantilevers.5 On the other hand, the signal may be triggered
by the presence of a label, usually conjugated to another
biomolecule, e.g., a labeled antibody that recognizes its an-
tigen attached to the sensor surface. Enzymes are one of the
most commonly used labels in biosensing. They can be eas-
ily conjugated to biomolecules via different cross linkers and
well known chemical procedures, and the reactions they
catalyze can be detected either optically6,7 or electro-
chemically.8–11

In this letter, a biosensing principle is presented and
tested. It consists in the generation of ions by an enzyme and
the local detection of them by polycrystalline silicon inter-
digitated electrodes. The enzyme under study is urease, im-
mobilized either via covalent linkage or by a biorecognition
event at the transducer surface. In acidic media, the reaction
catalyzed by urease can be described as

O

�

C + 3H2O →
urease

CO2 + 2NH4
+ + 2OH−

/ \

H2N NH2

.

As a consequence, charged species appear at the electrodes
surface. When the sensor is working under agitation, a stag-
nant layer a few micrometers thick is formed, where the
arrival of substrate as well as the formation of products rap-
idly reaches a steady state. Thus, a concentration gradient of
ions is created from the sensor surface to the bulk of the
solution �Fig. 1�. A suitable transducer, able to detect resis-
tivity changes occurring close to its surface, should be very
sensitive to the variations in the ion concentration created by
the enzymatic reaction. Conversely, electrodes monitoring
the resitivity of the bulk of the solution would measure a
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FIG. 1. Schematic representation of the bioassay. The biorecognition event
drives urease to the electrodes surface, where the enzymatic reaction pro-
vokes the apparition of an ion concentration gradient. The geometry of the
electrodes allows the local detection of the resultant resitivity change.
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much lower change because in this region the concentration
of added ions is minimum.

Here, planar interdigitated electrodes with 3 �m width
fingers are used as transducers. Recently, the capability of
these electrodes to continuously monitor the resistivity of a
solution by measuring the real part of the impedance at a
given frequency was reported.12 They are made of heavily
doped polycrystalline silicon, which is an excellent platform
for biomolecule grafting through silanization. The short pen-
etration depth of the electric fields makes them more sensi-
tive to changes occurring in the region extending a few mi-
crometers from their surface to the bulk of the solution.13

The capability of these electrodes to measure a resitivity de-
crease due to ion generation at their surface is evaluated with
urease modified electrodes. Once cleaned with HF and 2.5%
KOH, a chip was silanized with �3-aminopropyl�trim-
ethoxysilane by putting it in a nitrogen purged chamber con-
taining the silane overnight. The amino groups on the surface
were turned to aldehyde ones by 1 h modification in a 12%
glutaraldehyde solution in 0.1M carbonate buffer. The modi-
fied electrodes were dipped in a 1 mg/ml urease solution
containing 50 mM sodium cyanoborohydride at 4 °C over-
night. After a cleaning step in a 0.1% Tween 20 solution, the
treatment rendered the sensor modified with covalently at-
tached urease at its surface. Three experiments were then
performed. In the first experiment the biosensor was im-
mersed in a 50 mM glycine solution pH of 5.7, and the for-
mation of charged species at its surface was monitored by
measuring the real part of the impedance �Z�� while adding
the substrate at fixed time intervals �30 s�. In the second
experiment, two pairs of electrodes were placed in the reac-
tion chamber, one of them was modified with urease and the
other one was not. The electrodes recording the impedance
were the plain ones, while the enzyme electrodes only con-
tribute charged species to the bulk of the solution due to the
catalytic reaction taking place at their surface. In this case,
the ion generation is detached from the detection device and
the monitored resistivity changes take place in the bulk of
the solution. Finally, the experiment was repeated with a
plain sensor alone, in order to monitor other variations not
due to the enzymatic reaction. Results from this experiment
were subtracted from the two former ones. Figure 2 shows

the raw data of Z� versus time curve for the biosensor and
the plain sensor. When the enzymatic reaction takes place at
the electrodes, the resulting ion generation is detected and
the relationship between the impedance and the urea concen-
tration is linear in a certain range. Conversely, when the re-
action takes place in the bulk of the solution, no impedance
change is observed. This experiment undoubtedly demon-
strates that the interdigitated electrodes used in these experi-
ments are able to locally monitor the enzymatic production
of charged species, and that this mode of detection is more
sensitive to ion generation than bulk detection. Moreover,
these biosensors are virtually independent of the chamber
volume where the enzymatic reaction takes place, and there-
fore could be easily integrated in a microfluidic device.

Once the transduction principle is demonstrated, the fea-
sibility of the proposed assay for biosensing is tested. The
reaction between rabbit IgG �antigen� and urease labeled anti
rabbit IgG �antibody� is used as the biorecognition event.
The conjugation of the enzyme to the antibody has been
reported elsewhere.14 Rabbit IgG was grafted to the chip
surface as before. The sensors were blocked in 100 mM tr-
is�hydroxymethyl�aminomethane �TRIS� buffer, pH of 8.6
containing 1% albumin from bovine serum, and 50 mM
ethanolamine at 4 °C overnight. Dilutions from 1:7 to 1:103

of urease labeled antibody were prepared in 100 mM TRIS
buffer pH of 7 containing 10 mM thioacetamide, 10 mM
Ethylenediaminetetraacetic acid, and 140 mM NaCl. Antigen
modified electrodes were dipped for 1 h in these solutions
and, as a result of the biorecognition event, the electrodes
were coated with different amounts of enzyme. Upon clean-
ing in 0.1% Tween 20, the biosensors were calibrated with
urea as decribed above, and the slope of the linear part of the
curve Z� versus concentration taken as a measure of the ac-
tivity of the enzyme electrode. A blank curve was also ob-
tained by interrogating anti rabbit IgG grafted electrodes
with urease labeled anti rabbit IgG. Subtraction of the anti-
gen curve to the blank curve rendered the plot corresponding
to the specific interaction. When the activity is plotted versus
the antibody dilution in semilogarithmic scale, a typical sig-
moidal curve with a linear range is obtained �Fig. 3�. These
experiments confirm that the proposed biosensing principle
can be applied to detect and quantify proteins. These results,
together with the ones shown above, and the fact that the
electrodes are miniaturized and made with well known pro-

FIG. 2. Z� vs time plots for a plain and an urease modified sensor. Urea was
added every 30 s. The inset shows the variation of Z� with the substrate
concentration for the same data set.

FIG. 3. �Color online� Subtraction of the response of antigen-grafted elec-
trodes �circles� from the blank �triangle� yields an specific response curve
�squares�. The plot shows a correlation between the amount of urease at-
tached to the surface �dilution� and the response of the electrode to urea.
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cesses in the microelectronics industry, make the biosensors
good candidates for the fabrication of integrated protein ar-
rays.
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