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a b s t r a c t

An amperometric biosensor was fabricated for the quantitative determination of urea in aqueous medium
using hematein, a pH-sensitive natural dye. The urease (Urs) was covalently immobilized onto an electrode
made of gold nanoparticles functionalized with hyperbranched polyester-Boltron® H40 (H40–Au) coated
onto an indium–tin oxide (ITO) covered glass substrate. The covalent linkage between the Urs enzyme
eywords:
rea biosensor
mperometric detection
ovalent immobilization
oltron® H40
old nanoparticles

and H40–Au nanoparticles provided the resulting enzyme electrode (Urs/H40–Au/ITO) with a high level
of enzyme immobilization and excellent lifetime stability. The response studies were carried out as a
function of urea concentration with amperometric and photometric measurements. The biosensor based
on Urs/H40–Au/ITO as the working electrode showed a linear current response to the urea concentration
ranging from 0.01 to 35 mM. The urea biosensor exhibited a sensitivity of 7.48 nA/mM with a response time
of 3 s. The Michaelis–Menten constant for the Urs/H40–Au/ITO biosensor was calculated to be 0.96 mM,
indicating the Urs enzyme immobilized on the electrode surface had a high affinity to urea.
. Introduction

Kidneys perform key roles in various body functions, includ-
ng excreting metabolic waste products such as urea from the
loodstream, regulating the hydrolytic balance of the body, and
aintaining the pH of body fluids [1]. The level of urea in blood

erum is the best measurement of kidney function and staging of
idney diseases [2]. The normal urea level in serum ranges from
5 to 40 mg/dL (i.e., 2.5–7.5 mM). An increase in urea concentration
auses renal failure such as acute or chronic urinary tract obstruc-
ion with shock, burns, dehydration, and gastrointestinal bleeding,
hereas a decrease in urea concentration causes hepatic failure,
ephritic syndrome, and cachexia [3]. Therefore, there is an urgent
eed to develop a device that rapidly monitors urea concentration

n the body.
Most existing urea biosensors utilize urease (Urs) as the sens-

ng element. The available Urs on the electrode surface hydrolyzes

rea into NH4

+ and HCO3
− ions [4]. The concentration of urea is

easured by monitoring the librated ions using a transducer such
s amperometric, potentiometric, optical, thermal, or piezoelectric
5–11]. Although various urea biosensors that use a range of trans-
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ducers have been studied extensively, the Urs-based amperometric
urea biosensor is considered one of the most promising approaches
because it offers fast, simple, and low-cost detection. The response
time of such a biosensor is directly associated with the hydrolysis
rate of urea on the electrode surface; therefore, rapid production of
NH4

+ ions on the electrode will lead to a highly sensitive biosen-
sor.

It is well established that the performance of biosensors greatly
depends on the physicochemical properties of the electrode materi-
als, enzyme immobilization procedure, and enzyme concentration
on the electrode surface [12]. Many electrode materials have been
used to fabricate urea biosensors such as bovine serum albumin
embedded polypyrrole [13]; polyvinyl alcohol–polyacrylamide
composite [14]; amine functionalized glassy carbon [15]; polyvinyl-
ferrocenium [16]; poly(N-3-aminopropylpyrrole)-co-pyrrole [17];
polyaniline–Nafion®/Au composite [18]; polyethylenimine [19];
poly(N-vinyl carbazole)/stearic acid [20]; polyaniline–poly(n-
butyl methacrylate) composites [21]; chitosan [22]; and
polyaniline–perfluorosulfonated ionomer composite [5]. However,
there is an ongoing demand for new types of electrode mate-
rials that can provide the Urs enzyme with better stability and
performance for in vitro urea measurement.
In this context, the use of nanomaterials to fabricate biosen-
sors is one of the most exciting approaches because nanomaterials
have a unique structure and high surface-to-volume ratio [23]. The
surfaces of nanomaterials can also be tailored in the molecular
scale in order to achieve various desirable properties [24]. Many

http://www.sciencedirect.com/science/journal/00399140
http://www.elsevier.com/locate/talanta
mailto:sgong@uwm.edu
dx.doi.org/10.1016/j.talanta.2009.02.038
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ttempts have been made to fabricate a third-generation biosensor
ith self-assembly technology [25–31]; however, these approaches
ere based on planar self-assembly that may only offer limited

vailable surface area on the electrode, which can compromise the
erformance of the biosensor.

Meanwhile, gold nanoparticles have played an increasingly
mportant role for biosensor applications over the last decade
29,30]. Gold nanoparticles can (1) provide a stable surface for
he immobilization of biomolecules without compromising their
iological activities and (2) permit direct electron transfer from
he redox biomolecules to the bulk electrode materials, thereby
nhancing the electrochemical sensing ability [29]. For example,
hipway et al. systematically studied the new electronic, pho-
oelectronic, and sensoring systems that used gold nanoparticle
uperstructures on the electrode surface [30]. In addition, pre-
ious studies indicated that biological macromolecules such as
nzymes can generally retain their enzymatic and electrochem-
cal activity after being immobilized onto the gold nanoparticles
32,33].

This study investigates the feasibility of using gold nanoparti-
les functionalized with hyperbranched polyester, Boltorn® H40
H40–Au), for a potential urea biosensing application. H40–Au
anoparticles are particularly attractive for biosensor fabrication
ecause they can be prepared under ambient conditions and they
xhibit tunable porosity, high thermal stability and chemical inert-
ess while experiencing negligible swelling in aqueous solution. In
his work, successful attempts have been made toward the fabri-
ation of an efficient urea biosensor using H40–Au nanoparticles.
his novel urea biosensor offers a relatively long shelf life, a broad
etection range, a high sensitivity, and a short response time.

. Experimental

.1. Materials

Boltorn® H40 (64 hydroxyl groups per molecule and Mn of 2833)
as provided by Perstorp Polyols, Inc. and used after purification.

he following materials were used without further purifica-
ion: 3-mercaptopropionic acid (Aldrich, 99%), sodium borohy-
ride (Aldrich, 99%), hydrogen tetrachloroaurate (III) hydrate
Aldrich, 99.99%), 1-ethyl-3-(3-dimethylaminopropyl) carbodi-
mide hydrochloride (Aldrich, 99%), N,N′-dicyclohexylcarbodiimide
Aldrich, 99%), N-hydroxysuccinimide (Aldrich, 99%), hematein
Fluka, 98%), l-serine (Acros, 99%), l-threonine (Acros, 98%),
-ketoglutaric acid (Fluka, 98%), l-alanine (Acros, 99%), l-
henylalanine (Acros, 98.5%), uric acid (Acros, 99%), l-cystine
Acros, 99%), l (+)-glutamic acid (Acros, 99%) sodium pyruvate
Fisher, 99%), l-glutamine (Fisher, 98.5%), l-ascorbic acid (Fisher,
9.8%), urea (Acros, 99%) and urease (Aldrich, from Canavalia ensi-

ormis). All supplementary chemicals were of analytical grades and
olutions were prepared with 18.2 M� deionized water. Indium–tin
xide (ITO) coated glass sheets (Balzers) with a resistance of
5 �/cm2 were used as substrates for the deposition of electrodes.

.2. Functionalization of gold nanoparticles with hyperbranched
olyester

Functionalization of gold nanoparticles with hyperbranched
olyester was conducted via a two-step procedure. First, the

old nanoparticle was functionalized with mercapto propi-
nic acid (Au–COOH). Next, amine functionalized hyperbranched
oltorn® H40 (H40–NH2) was covalently grafted onto Au–COOH
anoparticles using N,N′-dicyclohexylcarbodiimide (DCC) and N-
ydroxysuccinimide (NHS) mediated reaction [34].
(2009) 1401–1407

2.2.1. Preparation of carboxyl functionalized gold (Au–COOH)
nanoparticles

To prepare the Au–COOH nanoparticles, concentrated solutions
of tetrachloroauric acid (HAuCl4) and 3-mercaptopropionic acid
(MPA) were first prepared in ethanolic acetic acid, 0.001 M. Next,
10 mL of a solution containing 6 mM HAuCl4 and 12 mM MPA was
prepared by diluting the concentrated stock solutions with ethanol.
All solutions were prepared fresh prior to reduction. Reduction was
carried out by adding 65 �L of a 1.4 M aqueous solution of sodium
borohydride (NaBH4) in 5 �L portions under constant stirring. To
form stable thiol monolayers on the gold nanoparticles, the sus-
pension was allowed to stir slowly overnight in a dark at room
temperature for 24 h. After that, the gold suspension was placed
into an eppendorf tube and washed three times (centrifugation at
5000 rpm for 25 min) with ethanol to remove excess alkanethiol
from the suspension.

2.2.2. Preparation of amine functionalized Boltorn® H40
(H40–NH2)

First, 1.5 mL hydrazoic acid (1 M) was added into 20 mL Boltorn®

H40 solution (5%, w/v in THF) and then mixed at room temperature.
In this mixture, 0.3 mL diisopropyl azodicarboxylate (1.5 mM) and
5 mL triphenylphosphine (3.0 mM) were added under continuous
stirring. After 1 h, the reaction mixture was heated to 50 ◦C and kept
for 3 h; after which 1 mL HCl (1N) was added drop wise. The reac-
tion then continued for additional 3 h. Finally, the reaction products
were cooled to room temperature, filtered, and dried under vacuum.

2.2.3. Grafting H40–NH2 onto the Au–COOH nanoparticles
H40–NH2 was grafted onto Au–COOH using DCC and NHS as

the condensing agents at room temperature (Fig. 1A). In a typical
experiment, 50 mg of Au–COOH was dissolved in 10 mL DMSO and
activated with 0.3 mM of DCC and NHS at room temperature. Next,
1 g of H40–NH2 dissolved in 40 mL THF was added to the solution
and the resulting solution mixture was stirred for 24 h. After that,
the solution mixture was filtered to remove any insoluble byprod-
ucts, residual impurities, and aggregates. The final product was
recovered by precipitation with cold diethylether and dried under
vacuum.

2.3. Preparation of the Au–H40/ITO electrode

Ten microlitres of 2% (w/v) H40–Au nanoparticle solution in
CHCl3 was uniformly spread on the ITO substrate by drop coating
technique at room temperature (Fig. 1B). The H40–Au/ITO electrode
was dried under vacuum.

2.4. Fabrication of the urea bioactive electrode

The urea bioactive electrode was prepared by covalent immobi-
lization of the urea-specific enzyme, urease, over the H40–Au/ITO
electrode. In order to immobilize Urs, the H40–Au/ITO elec-
trode was immersed in a phosphate buffer solution (1 M, pH
7.0) containing previously activated Urs enzyme (50 mg/mL) with
0.02 M 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)
and 0.02 M NHS for 3 h. The enzyme immobilized electrode was
rinsed with phosphate buffer solution (pH 7.0) to remove the excess
unbound enzyme (Fig. 1B). All experiments were carried out at
room temperature. The enzyme immobilized electrode was stored
under dry conditions at 4 ◦C in a refrigerator.
2.5. Characterization

Electrochemical measurements of the electrodes were carried
out on a Potentiostat/Glavanostat (Princeton Applied Research,
Versa Stat3) unit with three electrodes in a 50 mM phosphate buffer
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Fig. 1. Schematic presentation of the [A] preparation of hyperbranched gold (H40

olution (pH 7.0, 0.9% NaCl) containing 0.5 mM hematein. The work-
ng electrode was either H40–Au/ITO or Urs/H40–Au/ITO. Platinum
oil and Ag/AgCl were used as the counter and reference electrodes,
espectively.

Photometric study was performed using a Varian Cary 100 Bio
V-visible spectrophotometer. For photometric measurements, a
rs/H40–Au/ITO electrode was dipped in a 5 mL phosphate buffer
olution (50 mM, pH 7.0), which contained 200 �L of Nessler’s solu-
ion and 1 mL of urea solution with varying concentrations. After
min of Urs/H40–Au/ITO electrode incubation, the absorbance of

he colored product (i.e., NH2Hg2I3, a complex formed between
he Nessler’s reagent and ammonia produced by the enzymatic
ydrolysis of urea) in the solution at �max 385 nm, was measured
o monitor the Urs enzyme kinetics.

FTIR spectra were recorded on a Perkin Elmer, Spectrum BX-II
pectrophotometer. The surface morphology of the electrodes was
xamined with a Hitachi S-4800 field emission scanning electron
icroscope (SEM) operated at 5 kV. The specimens were sputter-

oated with a thin layer of iridium (∼5 nm) prior to examination.
he morphology of H40–Au nanoparticles was further studied by
ransmission electron microscopy (TEM, Hitachi H-600) operated

t 75 kV. A TEM sample was prepared by depositing 6 �L solution
f H40–Au (ultrasonically dispersed in THF) on a copper grid coated
ith formbar and a carbon film using phosphotungstic acid (PTA)

s a negative staining agent. All measurements were carried out at
0 ◦C.
nanoparticles and [B] fabrication of H40–Au/ITO and Urs/H40–Au/ITO electrodes.

3. Results and discussion

3.1. Electrode fabrication and characterization

The H40–NH2 grafted Au–COOH nanoparticles were prepared
via the formation of amide bonds between the amine groups of
H40–NH2 and the carboxylic acid group of Au–COOH. The resulting
H40–Au nanoparticles were deposited onto an ITO coated glass sub-
strate to form a uniform film. The free amino groups still present in
the H40–Au nanoparticles were further used for covalent immobi-
lization of Urs using NHS and EDC as the coupling agents during
the bioelectrode preparation process [9]. Fig. 1 shows the over-
all steps for preparing H40–Au nanoparticles and fabricating the
H40–Au/ITO and Urs/H40–Au/ITO electrodes.

The resultant enzyme immobilized electrode was character-
ized by FTIR spectroscopy. Fig. 2 shows the FTIR spectra of the
H40–Au/ITO and Urs/H40–Au/ITO electrodes. The FTIR spectrum of
the H40–Au/ITO electrode (Fig. 2A) showed the characteristic peaks
at: (1) 3117–3281 cm−1 (O–H and N–H stretching); (2) 2946 and
2881 cm−1 (C–H stretching of –CH2 groups); (3) 1731 cm−1 (C O
stretching of ester group); and (4) 1639 cm−1 (C O stretching of

amide group). The C O characteristic peaks at 1639 cm−1 confirms
the formation of amide bonds between H40–NH2 and Au–COOH
nanoparticles. In addition, the absorption band at 3117–3281 cm−1

indicates the presence of residual amino groups on the H40–Au
nanoparticles that are used to immobilize the Urs.
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might have contributed to the decrease in current when using the
ig. 2. FTIR spectra of the [A] H40–Au/ITO and [B] Urs/H40–Au/ITO electrodes.

The FTIR spectrum of the Urs/H40–Au/ITO electrode (Fig. 2B)
howed peaks broadening at (1) 3067–3330 cm−1 (N–H stretching
ibration); (2) 2930–2872 cm−1 (C–H stretching of –CH2 groups);
nd (3) 1633 cm−1 (C O stretching of amide group) due to the
ttachment of Urs enzyme through the peptide linkage on the elec-
rode. Hence, FTIR spectra confirm the covalent immobilization of
rs onto the H40–Au/ITO electrode.

A typical SEM picture of H40–Au/ITO (Fig. 3A) exhibited tiny
40–Au particles with a porous surface. The nanoporous surface of

he H40–Au/ITO electrode provided a very high surface-to-volume
atio, which can enhance the interaction between Urs and the
40–Au film of the electrode. Consequently, this will lead to a
uch higher level of enzyme stability and much better enzyme
eproducibility for the Urs/H40–Au/ITO electrode. Immobilization
f the Urs enzyme over the H40–Au/ITO electrode surface produced
homogeneous dentritic surface morphology (Fig. 3B). The uni-

orm dentritic-like enzyme electrode surface may be formed due

Fig. 3. Electron microscopic study of the [A] H40–Au/ITO using SEM, [B] Urs/H40–
(2009) 1401–1407

to the covalent binding of Urs molecules over the gold nanoparti-
cles functionalized with hyperbranched polyester, i.e., the H40–Au
nanoparticles.

To further understand the morphology of the H40–Au nanopar-
ticles, TEM analysis was conducted using PTA as a staining agent
(Fig. 3C). As demonstrated in Fig. 1A, multiple hyperbranched
H40–NH2 polyester molecules may be grafted onto one Au–COOH
nanoparticle by amide bonds. The average size of the result-
ing H40–Au nanoparticles was 16 nm according to the TEM
analysis. The PTA stain clearly showed the light contrast of hyper-
branched H40–NH2 molecules/nanoparticles and the dark contrast
of Au–COOH nanoparticles with an average size of 3 and 12 nm,
respectively. The size of the H40–NH2 molecules/nanoparticles
detected here is consistent with the average size of Boltron®

H40 molecules/nanoparticles (i.e., 3 nm) reported in the litera-
ture [35]. The TEM image of the H40–Au nanoparticles clearly
showed the formation of hyperbranched H40–NH2 functionalized
gold nanoparticles.

3.2. Amperometric measurements

Fig. 4 shows the CVs of the electrochemical cells using either
H40–Au/ITO or Urs/H40–Au/ITO electrode at a constant 50 mV s−1

scan rate in 50 mM phosphate buffer solution (pH 7.0, 0.9% NaCl)
containing 0.5 mM hematein. The current of the electrochemical
cell using the Urs/H40–Au/ITO electrode (2.1 × 10−4 A) was about
one-half of that using the H40–Au/ITO electrode (3.9 × 10−4 A).
Thus, immobilizing Urs onto the electrode reduced the current.
A decrease in current after the immobilization of Urs may be
attributed to a slower redox behavior when compared with the
bare H40–Au/ITO electrode. The covalent binding of Urs on the
H40–Au/ITO electrode controls the moment of the supporting elec-
trolytes [36]. Also, the non-conducting nature of the Urs molecules
Urs/H40–Au/ITO electrode.
Amperometric measurements were carried out with the

Urs/H40–Au/ITO electrode for quantitative determination of urea
in an aqueous medium using hematein, a pH-sensitive natural dye

Au/ITO using SEM, and [C] hyperbranched H40–Au nanoparticles using TEM.
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Fig. 4. Cyclic voltammograms of the [A] H40–Au/ITO and [B] Urs/H40–Au/ITO elec-
trodes in 50 mM phosphate buffer solution at pH 7.0 containing 0.9% NaCl and
0.5 mM hematein.
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ig. 5. Amperometric response of Urs/H40–Au/ITO bioelectrode with the urea
oncentration ranging from 0.01 to 35 mM at working potential of 0 mV vs.
g/AgCl using 50 mM phosphate buffer solution containing 0.9% NaCl and 0.5 mM
ematein.

37]. Cyclic voltammetric studies were carried out in 50 mM phos-
hate buffer solution containing 0.5 mM hematein and 0.9% NaCl.

t was observed that the cathodic peak shifted to a more positive
otential as the pH value decreased. The shift in the cathodic peak
otential was approximately 29 mV per pH unit. Previous studies

ndicated the stability of hematein in electrochemical cells using Pt
nd graphite composite electrodes depended on both pH and the
pplied voltage [37,38]. Thus, to avoid electrochemical interference
n the stability of hematein, an amperometric measurement of urea
hould be conducted at a working potential of 0 mV [37].

Fig. 5 shows the steady-state current dependence calibration
urve for the urea concentration ranging from 0.01 to 35 mM. An
mperometric linear response (r2 = 0.997) was observed with the
uccessive addition of urea to the phosphate buffer solution con-

aining 0.9% NaCl as the electrolyte and 0.5 mM hematein as the
edox indicator under a constant stirring of 100 rpm at 2-min inter-
als. The electrode responded within 3 s to the change of urea
oncentration. The current sensitivity of the enzyme electrode
oward urea concentrations was 7.48 nA/mM. This new type of urea
Fig. 6. Photometric response as a function of urea concentration ranging from 0.01 to
35 mM using a Urs/H40–Au/ITO electrode exposed with an equal amount of Nessler’s
reagent.

biosensor demonstrated a shorter response time and a broader
detection range compared with those reported previously, as shown
in Table 1. Table 1 provides the comparison of the performance of
this new type of urea biosensor with those reported previously and
will be further discussed later.

The affinity of Urs to the urea was estimated using the Hanes
plot [39]. The Michaelis–Menten kinetic parameter (Kapp

m ) was cal-
culated to be 0.96 mM for the Urs/H40–Au/ITO electrode. Kapp

m

usually depends on the electrode material as well as the enzyme
immobilization process [40]. The Kapp

m of the biosensor using
Urs/H40–Au/ITO as the electrode is much less than that of these
previously reported biosensors (typically 2–7 mM) [41,6]. The small
Kapp

m value indicates a high affinity of Urs to the urea over the
Urs/H40–Au/ITO electrode surface, which may be attributed to
(1) the advantageous nanoporous surface of the H40–Au/ITO elec-
trode for the enzyme immobilization that can favor conformational
changes of the enzyme and (2) the high surface-to-volume ratio,
which can help to effectively immobilize Urs onto the H40–Au/ITO
electrode. In addition, functionalized H40–Au nanoparticles can
provide efficient electron transfer between the active site of the
enzyme and the electrode, thereby enhancing the urea sensing
activity.

3.3. Photometric study

A photometric response study was performed to calculate the
apparent enzyme activity of the Urs/H40–Au/ITO electrode. Urs
catalyzes the hydrolysis of urea to produce ammonia, which in
turn reacts with the Nessler’s reagent to form a colored product,
NH2Hg2I3 [42]. By following the absorbance of NH2Hg2I3 at 385 nm,
urea can be quantified and the analytical performance of the biosen-
sor can be determined. The difference between the initial and final
absorbance value at 385 nm were plotted as a function of urea con-
centration, as shown in Fig. 6. The enzyme electrode responded
to the urea concentration within the range of 0.01–35 mM. The
apparent enzyme activity (enzaapp) was calculated using equation
enzaapp = AV/εts, where A is the difference in absorbance before and
after incubation, V is the total volume of the solution, ε is the mil-

limolar extinction coefficient, t is the reaction time and s is the
surface area of the electrode. The apparent enzyme activity was cal-
culated to be 71.59 mg/cm2, indicating 71.59 mg of Urs was actively
working per unit area of electrode surface.
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Table 2
Evaluation of the present method with the spectrophotometric method for the deter-
mination of urea from human blood serum and urine.

Sample no. Urea concentration % Error

Present method Standard spec-
trophotometric
method
Blood serum sample-1 2.8 ± 0.01 mM 2.6 ± 0.015 mM 7.14
Blood serum sample-2 3.4 ± 0.01 mM 3.1 ± 0.015 mM 8.82
Urine sample-1 316.2 ± 0.01 mM 309.4 ± 0.015 mM 2.19
Urine sample-2 274.9 ± 0.01 mM 262.7 ± 0.015 mM 4.64

3.4. Reproducibility and accuracy

The lowest detection limit of the urea electrode was 0.01 mM.
The reproducibility of the response of the enzyme electrode was
investigated at a 5 mM urea concentration. No significant decrease
in current response was observed after at least 10 uses in testing;
thus, the enzyme electrode displayed good reproducibility. The rel-
ative standard deviation was found to be about 8% determined by
five successive measurements of a 5 mM urea standard using a sin-
gle biosensor with the same Urs/H40–Au/ITO electrode. In a series
of 10 biosensors using 10 different Urs/H40–Au/ITO electrodes, a
relative standard deviation of about 6% was obtained for the indi-
vidual current response of the same sample (5 mM urea). The good
reproducibility observed with the biosensor may be attributed
to the efficient bonding of the enzyme with the functionalized
H40–Au nanoparticles.

3.5. Thermal stability

The thermal stability of the Urs/H40–Au/ITO electrode was stud-
ied by measuring the current at different temperatures ranging
from 20 to 45 ◦C in the presence of 5 mM urea. It was observed that
the reaction rate increased with the temperature up to 30 ◦C and
the optimum temperature range was between 28 and 30 ◦C due to
the increased kinetic energy of the reacting molecules. The storage
stability of the Urs/H40–Au/ITO electrode was amperometrically
measured and a similar current response was found after storing
for 18 weeks at 4 ◦C.

3.6. Interference study

The effect of interferents was studied on the amperomet-
ric responses of the biosensor employing the Urs/H40–Au/ITO
electrode in the presence of 5 mM urea. The interference effects of l-
serine, l-threonine, �-ketoglutaric acid, l-alanine, l-phenylalanine,
uric acid, l-cystine, l (+)-glutamic acid, sodium pyruvate, l-
glutamine, and l-ascorbic acid was investigated by measuring the
amperometric response of the Urs/H40–Au/ITO electrode. These
substances were added into the reaction mixture at their normal
physical concentration, i.e., 0.2 mM. It was found that the presence
of interferents had a relative error of less than 4% in the current mea-
sured by the amperometric method; therefore, this bioelectrode
can detect urea with negligible interference.

3.7. Performance of biosensor with biological samples

To demonstrate the feasibility of the Urs/H40–Au/ITO biosensor
for urea analysis, samples of fresh blood serum and urine from a
healthy person were analyzed. The analyses were performed with-

out any sample pretreatment and results were compared with those
obtained from the standard spectrophotometric method [43]. As
shown in Table 2, the value of urea concentration in blood serum
and urine obtained with Urs/H40–Au/ITO biosensor was ∼2–9%
higher than those obtained from the standard method [43], most
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ikely due to the interferences of the electroactive species present
n blood plasma and urine. Overall, a good agreement of the urea
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Table 1 compares the characteristics of the new amperometric
rea biosensor based on the Urs/H40–Au/ITO electrode with those
eported in the literature. It is apparent that the Urs/H40–Au/ITO
ased urea biosensor exhibited a longer shelf life, higher sen-
itivity, wider range of detection limit, and shorter response
ime.

. Conclusion

A new type of urea biosensor based on a Urs/H40–Au/ITO
ioelectrode was successfully fabricated and evaluated. Urs was
ovalently immobilized onto the nanoporous film formed by gold
anoparticles functionalized with hyperbranched Boltron® H40
olyester on the ITO coated glass (H40–Au/ITO). The H40–Au/ITO
lectrode surface offered a high level of enzyme immobiliza-
ion leading to a highly stable Urs/H40–Au/ITO bioelectrode. The
rea biosensor showed a linear current response to the urea
oncentration ranging from 0.01 to 35 mM and it exhibited a
ensitivity of 7.48 nA/mM with a response time of 3 s. The rela-
ively low Michaelis–Menten constant of 0.96 mM indicates that
he H40–Au/ITO electrode surface had a high affinity for the
rs enzyme. This new type of urea biosensor has demonstrated
uperior performance compared with those reported previously,
ncluding a longer shelf life, higher sensitivity, wider range of detec-
ion limit, and shorter response time.
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