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Nanostructured polyurethane (PU) synthesized by an emulsion polymerization with narrow size dis-
tribution was employed for the first time directly as a novel matrix for enzyme immobilization to
develop sensitively amperometric biosensors. When Microperoxidase-11 (MP-11) was selected as a
model protein, the resulting hydrogen peroxide (H,0,) biosensor exhibited improved sensitivity of
29.6 pAmM-! cm~2 with quite good response time of (1.3 £ 0.4) s and remarkable limit of detection as low
as 10 pM (S/N 3) over existing protocols. A linear calibration curve for hydrogen peroxide was obtained
up to 1.3 wM under the optimized conditions with a relative low calculated Michaelis—-Menten constant
(Kﬁj’p) (1.87 £0.05) M, which indicated the enhanced enzymatic affinity of MP-11 to H,0; via PU. The
possible interferents had negligible effect on the response current and time of the prepared biosensor.
Results suggest that the PU nanoparticles (PU-NPs) with good biocompatibility and sufficient interfacial
adhesion hold promise as an attractive support material for construction of ultrasensitive amperometric
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biosensor.
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1. Introduction

Hydrogen peroxide (H,0,) present in small as a natural by-
product of oxidative metabolism, plays versatile biological roles
in vivo (Niethammer et al, 2009; Poole and Nelson, 2008;
Schraufstatter et al., 1986). It has been recognized that low levels
of H,0; can function as a second messenger signal in cell prolifer-
ation, differentiation and migration which is corresponding to the
states of some human diseases such as diabetes, cancer and age-
ing, though it will cause oxidative damage to protein, DNA and
lipids at elevated levels (Rhee, 2006). In addition, the measure-
ment of H,0, is known as the basis of the quantitative assay of
some enzyme activity, biologically important substrates including
glucose and enzyme-linked immunoassay (Katz and Willner, 1996;
Mir et al., 2008; Wilson and Hu, 2000; Yu et al., 2003). Therefore, a
highly sensitive detection of small quantities of hydrogen peroxide
is of great importance for providing fundamental information in a
variety of practical applications.
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Much efforts have been made to create a fast and accu-
rate determination of H,0, based on titrimetric (Klassen et al.,
1994), fluorescent (Dickinson and Chang, 2008), phosphorescent
(Shu et al., 2007), chemiluminescent (Yuan and Shiller, 1999),
UV-vis spectrophotometric (Lo and Chu, 2003), and electrochem-
ical techniques (Chen et al., 2007; Katz and Willner, 1997; Kulys
and Tetianec, 2006; Mazzei et al., 2008; Munge et al., 2009;
Patolsky et al., 1999). Among these, the electroanalytical meth-
ods especially via biosensors over immobilized peroxidase such as
Microperoxidase-11 (MP-11) (Katz and Willner, 1997), horseradish
peroxidase (HRP) (Munge et al., 2009) and hemoglobin (Hb) (Chen
et al, 2007), have fosted their widespread application due to
their rapid response time, relative simplicity and high versatility,
although not as sensitive as optical detector. Recent work from Lyon
and Stevenson (2006) offered much lower H,0, detection limits
of 2nM by a chemically activated Amplex Red-mediated biosen-
sor in concert with microelectrode square wave voltammetry. The
amount of H,0, was quantified via the electro-reduction of the on-
line produced mediator resorufin from redox-inactive Amplex Red
in the presence of immobilized HRP. Apparently, the unmodified
working electrode was susceptible to fouling due to the adsorption
of the soluble resorufin/dihydroresorufin, which led to extra inter-
ference and bad operational stability. Our interest in this paper is
trying to develop a novel H,0, electrochemical biosensor, which
combines extreme sensitivity and long-term stability, as well as
the ease in fabrication and miniaturization.
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Scheme 1. Chemical structure of the prepared PU.

Polyurethanes are considered as an attractive support material
for enzyme immobilization because of their good biocompatibility,
desirable mechanical strength, tunable morphology and control-
lable functionality (Bil et al., 2010; Hood et al., 2010; Koepsel and
Russell, 2003; Phadtare et al., 2003; Wang et al., 2002; Xu et al.,
2010). Liu et al. (2007) immobilized Hb to the polyurethane elas-
tomer film mixed with multiwalled carbon nanotubes (MWNTSs)
and developed a well-performed nitrite sensor. The addition of
MWNTs is to improve the permeability and conductivity of the rel-
atively compact PU layer. On the other hand, MWNTs is known for
the adverse affect on the bioactivity of the linked enzyme because
of its toxicity (Deka et al., 2010), which was also observed for col-
loidal gold (Jiang et al., 2005). In this work, we demonstrate for
the first time the immobilization of MP-11 directly on nanostruc-
tured polyurethane (PU, mean diameter 50 nm, Scheme 1) without
purposely added doping material and electron mediators. Taking
advantage of the large surface-to-volume ratio and the increased
surface activity of nanoparticles, the immobilized MP-11 not only
retains its bioactivity but also shows an excellent electrochemical
behavior with a high affinity for H, 0, reduction, resulting in a novel
H,0, ultrasensitive sensor.

2. Experimental
2.1. Chemicals

MP-11 (ca. 90% pure, sodium salt, molecular weight [MW]
1881, from equine heart cytochrome c), [B-p-glucose, 4,4'-
diphenylmethane diisocyanate (MDI), poly (teramethylene ether
glycol) (PTMG) and dimethylol propionic acid (DMPA) were pur-
chased from Sigma-Aldrich. Ascorbic acid, uric acid, citric acid and
30% H,0, solution were obtained from Shanghai Chemical Com-
pany (Shanghai, China). These chemicals were used as received
except for PTMG and DMPA. Both were pretreated as described
in our previous paper (Mao et al., 2009) to remove residual water
before use. All other chemicals were of analytical grade and used
without further purification. A fresh solution of H, O, was prepared
just before each experiment. Phosphate buffered solution (PBS)
with various pH values was made from mixing separate solutions
of Na,HPO,4 and NaH,PO4 as needed to achieve the desired pH. All
solutions were prepared with double-distilled water.

2.2. Preparation of polyurethane nanoparticles

Polyurethane nanoparticles with a mean diameter of 50 nm
were synthesized by an emulsion polymerization as described
previously (Mao et al., 2009). Typically, the mixture of MDI and
PTMG in anhydrous ethyl acetate solvent under dry nitrogen purge
with 0.9 wt% dibutyltin dilaurate included as a catalyst were firstly
heated to 75°C, then the DMPA dissolved in pyrrolidinone was
gradually dropped into and the mixture was reacted for about
4h, followed by the addition of the isopropanol acting as an end-
capping agent. The calculated molar ratio for MDI/DMPA/PTMG was
3.2/1/2.2. Finally, the obtained product was subsequently treated
with triethylamine, and then poured into a large amount of sodium
dodecyl sulfate (SDS) solution to prepare nano-sized PU parti-

cles. Furthermore, the freshly made PU-NPs were redispersed in
phosphate buffered solution and purified by dialysis to remove
unreacted monomers, SDS and salts.

2.3. Fabrication of PU-NP-modified electrodes

Glassy carbon electrode (GCE, 3 mm in diameter) was polished
sequentially with slurries of 0.3 and 0.05 m alumina to a mirror
finish while ultrasonic cleaning in water and ethanol, respectively,
for 30 s between each polishing step, and then dried at room tem-
perature. A 4 mg/mL PU-NPs solution was prepared by dissolving
PU-NPs powder in 0.1 M PBS (pH =6.9) via 30-min ultrasonication.
This solution was then stored at 4 °C until use, at which point it was
sonicated again for another 10 min. To generate a MP-11-entrapped
PU-NP-modified electrode (MP-11-PU-NPs/GC), the above PU-NPs
solution was mixed with the same volume of 0.4 mg/mL MP-11
solution in 10 mM PBS. And then 5 ul of the mixture was evenly
spread onto the surface of the pretreated GC electrode, which
was then dried at ambient temperature. The control electrode
(PU-NPs/GC) was fabricated similarly except that 2 mg/mL PU-NPs
solution in 0.1 M PBS without adding MP-11 was used instead. If not
used immediately, the modified electrodes were soaked in 10 mM
PBS at 4°C.

2.4. Apparatus and procedures

The electrochemical characterizations were carried out using a
CHI 660B electrochemical workstation (CH Instruments) at room
temperature, in a conventional three-electrode cell configuration,
with phosphate buffer as a supporting electrolyte. A 3 mm diam-
eter GCE, coiled Pt wire and a saturated calomel electrode (SCE)
were used as working electrode support, counter and reference
electrode, respectively. All the potentials were quoted with respect
to SCE. Cyclic voltammetric measurements were handled in an
unstirred electrochemical cell. Alternatively, the amperometric
detection was performed under an applied potential of —0.42Vin a
stirred cell at an optimal speed for a good single-to-noise ratio and a
shortresponse time. To remove dissolved molecular O, all buffered
solutions were purged with nitrogen gas for at least 30 min prior to
any experiment and the nitrogen atmosphere was then maintained
over solution during the experiments. All the electrochemical mea-
surements were carried out at (224+1)°C.

The circular dichroism (CD) spectra both in the far-UV
(185-260 nm) and Soret (340-480 nm) region were recorded with
a Jasco J-715 spectropolarimeter using a 0.2 cm quartz cuvette. A
data interval of 0.5 mm and a digital integration time of 0.5 s were
selected. Eight scans were collected and averaged for each spec-
trum. The content of a-helix, 3-sheet, 3-turn and the random coil
was calculated by the method reported in the previous work (Chang
et al., 1978; Woody and Sreerama, 1999), using the SSE-338 pro-
gram provided by JASCO Co.

Fourier transform infrared (FTIR) spectra were recorded on KBr
disk containing about 1% sample by weight with a Nexus 670 FT-IR
spectrophotometer (Nicolet Instruments Co., USA). For each sam-
ple, a total of 64 scans at a resolution of 4cm~! were collected.
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Transmission Electron Microscopy (TEM) was performed with a
JEOL JEM 2010 interface high-resolution TEM instrument (Japan),
operating at an accelerating voltage of 120 kV.

3. Results and discussion
3.1. Physical characterization

Nano-sized PU with a homogeneous structure was success-
fully synthesized for the first time by the emulsion polymerization,
whose chemical structure is illustrated in Scheme 1. To characterize
the morphology and properties of the resulting PU-NPs, FTIR and
TEM were subsequently performed, respectively. As is shown in
the TEM image (Fig. 1A), the prepared PU-NPs were well-dispersed
with an average hydrodynamic diameter of ca. (50.7£+8.3)nm.
Obviously, the resulting particles were also relatively uniform in
size and shape. And its long-term stability both in aqueous solu-
tion and dry state at room temperature was further confirmed in
the following experiments.

The profile-view high resolution TEM image of a single PU-
NPs (Fig. 1A, inset) showed that the surface of the prepared
matrix for MP-11 immobilization was quite rough and kind soft
with increased surface area, compared to the conductive metal-
lic nanoparticles such as Au nanoparticles (Zanchet et al., 2000),
which is beneficial to achieve higher enzyme loading causing lower
detection limit and higher amperometric catalytic current to the
electro-reduction of H,O, as demonstrated in the following exper-
iments.

The FTIR spectra of the PU-NPs are shown in Fig. 1B. As spectro-
scopic evidence, the specific absorption peaks appearing at 3440,
2940, 2860, 1637, 1543, 1223, 1110cm™!, in complete agreement
with the respective component of the polymer chain (Lee et al.,
1998; Mishra et al., 2010; Socrates, 2004), further proved the suc-
cessful formation of PU. The absorption band at 3440 cm~! was
assigned to the N-H stretching vibrations of secondary amines. The
two peaks between 2940 and 2860 cm~! respectively corresponded
to CH, asymmetric and symmetric vibration mainly present in soft
segments. The carbonyl absorption band, C=0 of the ~-CONH group,
is known as the amide I band located at 1637 cm~!, which was
shifted to lower frequencies compared to the typical range around
1720-1740 cm~! most probably due to the hydrogen-bond forma-
tion. And the N-H in-plane bending at 1543 cm~! was termed the
amide I band. Peaks at 1223, 1110 cm~! presented the C-O stretch-
ing of esters and ethers, respectively.

The CD spectra of dissolved MP-11 in the absence and presence
of PU-NPs were examined within the intrinsic absorption region to
characterize the effect of the added PU-NPs on the structure of MP-
11.As shown in Fig. 2A, curve a, the MP-11 exhibited a positive peak
atca. 192 nm, negative band around 220 nm and a slight shoulder at
ca. 200 nm. The positive maximum at ca. 192 nm is corresponding
to m-7* amid transition, whereas the negative minimum around
220 nm is predominantly a result of n-7* amid transition. Both sug-
gest the existence of two distinct structural organizations of the
polypeptide chain, namely a-helical and (3-conformation. In addi-
tion, the small shoulder around 200 nm is attributed to randomly
coiled peptides. When MP-11 was mixed with PU-NPs, there was
no remarkable variations occurring in the shape and position of the
characteristic ellipticity bands for MP-11 (Fig. 2A, curve b), which
was further confirmed by the calculated content of each secondary
structure including a-helical, B-turn and random coil, listed in the
inset table of Fig. 2A. Furthermore, in the Soret absorption region,
the CD spectra of the MP-11-NPs mixture (Fig. 2B, curve b), become
almost the same as that of the MP-11 solution, except for a slight
decrease in the molar ellipticity with a concurrent very small red
shift in the position of the typical Soret band at ca. 400 nm, indicat-
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Fig. 1. (A) TEM image and (B) FTIR spectra of PU-NPs prepared by an emulsion
polymerization with small diameter around 50 nm and long-term stability. Inset in
A: high resolution TEM image of a single PU-NPs.

ing the reasonable interaction between PU-NPs and MP-11. These
findings demonstrated that the existing of PU-NPs induced no sig-
nificant conformational alterations of both the polypeptide chain
and the prosthetic group to MP-11, which is in good agreement
with the next presented electrochemical results.

3.2. Electrochemical reduction of H,0, at the MP-11-PU-NPs/GC
electrode

MP-11 is an oligopeptide including 11 amino acids with an iron
protoporphyrin IX as the redox-active center, which is often used as
a catalyst for the construction of H, 0, biosensor. The electrochem-
ical activity of MP-11 incorporated in the nanostructured PU was
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Fig. 2. The CD spectra of dissolved MP-11 at the concentration of 1.38 wuM with
(a) 0, (b) 10 mg/mL PU-NPs in the wavelength region of (A) 190-250 nm and (B)
360-460 nm. Inset table in A: calculated secondary structure content of 1.38 uM
MP-11 solution with and without added 10 mg/mL PU-NPs.

investigated. Fig. 3A presents the cyclic voltammograms of a MP-
11-PU-NP-modified GCE (curves c and d) relative to the control of
PU-NP-modified GCE (curves a and b). No electrochemical response
was observed for the PU-NP-modified GCE control in 0.1 M PBS,
pH 6.9, at 100mV s~! in the absence of dissolved H,0, within the
potential range of —0.8 to +0.4V. By contrast, the PU-NP-modified
GCE with immobilized MP-11 showed two distinct and nearly sym-
metric redox peaks. The anodic peak potential (Epa) and cathodic
peak potential (Epc) are located at —0.338 and —0.348V, respec-
tively, against reference. Obviously, the presence of the pair of
redox peaks is attributed to an electrochemical reaction of the phys-
ically attached MP-11 between MP-Fe(Ill) and MP-Fe(ll), via the
promotion of PU-NPs, which provides a three-dimensional stage
for the protein immobilization. To verify this, an additional control
experiment was performed whereby the MP-11 was immobilized
to a thin layer of PU film that had been drop-cast onto the surface
of the GCE. The CV result, shown in the inset of Fig. 3A, revealed
extremely small and relatively irreversible voltammetric response,
suggesting that the redox peaks observed for the MP-11 (Fig. 3A,
curve c) was due to the electron transfer between the MP-11 and
GCE, facilitated by the nano-sized PU.

The separation of peak potentials, AEp, for the anodic and
cathodic peaks was calculated to be 10 mV, which is much smaller
than those in the literature (Astutietal.,2011; Zhou etal.,2010) and
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Fig. 3. (A) Cyclic voltammograms of PU-NPs/GCE (a, b, dot line) and MP-11-PU-
NPs/GCE (c, d, solid line) in 0.1 M PBS with (b, d) and without (a, c) 0.047 mM H,0;
at 100mVs~!. Inset: CVs of PU film modified GCE at the same condition as Curve ¢
and d. (B) Cyclic voltammograms of MP-11-PU-NPs/GCE in 0.1 M PBS at various scan
rates of (a) 100, (b) 200, (c) 300, (d) 400, (e) 500 and (f) 600 mV s~ Inset: plots of
redox peak currents versus scan rates.

probably the smallest one compared to that found in the literature
so far. This suggests that the preferred orientation of immobilized
MP-11 on the surface of the GCE was obtained in the presence of PU-
NPs, which induce much effective electron transfer from the iron
protoporphyrin IX of MP-11 to the GCE. Since the cathodic peak
current (ipc) was almost equal to the anodic peak current (ipa), the
MP-11-immobilized PU-NPs appears to undergo a quasi-reversible
electrochemical reaction. Its formal potential (defined as the aver-
age of the anodic and cathodic peak potentials), E*’, is-0.343V at a
scan rate of 100mV s~!, which is more positive than the result of
—0.35V (vs. Ag/AgCl) on {Chitosan/MWNT/Chitosan}, multilayer
(Xu et al., 2005) and negative than that obtained for MP-11 assem-
bled on a GC electrode or Au electrode (Ruzgas et al., 1999). This
suggests that most biomolecules preserved their original structure
even after being entrapped in the PU-NPs, which is in good agree-
ment with the result from the CD spectroscopic characterization.
The negative shift of the peak potentials is presumably attributed to
the presence of the PU-NPs in low conductivity, which can stabilize
the oxidized form of MP-11.

Fig. 3B shows the cyclic voltammograms of the MP-11-
entrapped PU-NP-modified GCE in 0.1 M PBS (pH=6.9) at various
scan rates (v). From the integration of the oxidation peak of
the MP-11-PU-NPs/GC electrode at scan rates of 100-800mVs~!,
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an average surface coverage (I') of MP-11 is calculated to be
(1.48+0.01) x 10~ mol/cm?, by assuming a one-electron reac-
tion, which is in the same order as that of MP-11 immobilized on
SWNTs (Gooding et al., 2003). Compared with the final amount of
MP-11 loading on the surface of PU-NPs, which was calculated by
subtracting the leached amount in washing solution from the one
initial added, approximate 9% of the immobilized enzyme retained
its electrochemical activity. The values of Epa and Epc keep almost
invariable at the scan rate ranging from 100 up to 2500 mVs™!,
yielding a formal potential E°’ = —(0.345 4 0.002)V across all scan
rates mentioned above. In addition, ip, and ipc were found to
be linearly proportional to the scan rate (Fig. 3B, inset), suggest-
ing that the reaction is a surface-controlled process, commonly
observed in systems employing immobilized enzymes. From the
measured AEp, an apparent heterogeneous electron-transfer rate
constant, ks=(19+5.7)s~!, was calculated using the method devel-
oped by Laviron for a surface-controlled electrochemical reaction.
The value of ks is higher than those reported previously, 13+ 15!
for MP-11 anchored on cystamine monolayer modified electrode
(Létzbeyer et al., 1996; Willner et al., 1998), 9.4s~! for MP-11 on
3-mercaptopropionic acid monolayer modified electrode (Gooding
et al., 2003), 1.27 s~! on MWNTs with attached gold nanoparticles
(Liuetal.,2005)and (2.2 £0.2) s~ ! on Sn0,-poly-L-lysine electrode
(Astuti et al., 2011) which, to some degree, may indicate a reason-
ably fast electron transfer between the immobilized MP-11 and the
supporting electrode.

Upon addition of 0.047 mM H, 05, the shape of cyclic voltammo-
gram of the MP-11-PU-NPs/GC electrode changes significantly and
is characterized by a large cathodic peak starting at ca. —0.127V
(Fig. 3A, curve d), attributed to the electrocatalytical reduction
of H,0,. Controlled experimental results indicated that no cat-
alytic current was observed at the bare GC or PU-NPs/GC electrode
(Fig. 3A, curve b) in the presence of H,O,, whereas at the MP-11
modified PU-film/GC electrode, the response to H,0, was quite
small with a ca. 20 mV negative shift in the onset potential (Fig. 3A,
inset, curve b’). These results indicated that MP-11 retains its bio-
electrocatalytic activity after being immobilized on the surface of
PU-NPs and further confirmed that the immobilized MP-11 still
remained its essential secondary structure as proved spectropho-
tometrically.

Fig. 4A shows the cyclic voltammograms of the MP-11-PU-
NPs/GC electrode in 0.1 M PBS (pH 6.9) containing 0.047 mM H,0,
at various scan rates. With the increase in the scan rate, the catalyt-
ical current moves to the higher value, whereas the peak potential
shifts slightly in the negative direction. The obtained peak current is
found to be proportional to the square root of scan rate, v!/2 (Fig. 4A,
inset), suggesting that the electrocatalytic reaction is controlled by
the diffusion of H,0, in solution.

Furthermore, the reduction current of the MP-11-PU-NPs/GC
electrode has a positive correlation with the concentration of H, 05,
which is the general feature of electrocatalytic reactions for the
application of substrate sensing.

3.3. Analytical performance of the MP-11-PU-NPs/GC electrode

Under optimized conditions the typical current-time response
showed a good analytical performance. Fig. 4B displays the amper-
ometric response of the MP-11-PU-NPs/GC electrode at a poised
potential of —420 mV to the successive step changes of H,0, con-
centration in 0.1 M PBS (pH=6.9, N,-saturated).

It is well known that the applied potential is a crucial param-
eter for sensitive detection of a substrate via an amperometric
biosensor. The optimal working potential of —0.42V for the pre-
pared biosensor was selected base on a series of experiments, which
condition was set the same as that in the following interference
experiments. The experimental results showed that the electrocat-
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Fig. 4. (A) Cyclic voltammograms of MP-11-PU-NPs/GCE in 0.1M PBS with
0.047 mM H,0; at various scanrates of (a) 20, (b) 40, (c) 60, (d)80and (e) 100 mVs~'.
Inset: plots of reduction peak currents versus the square root of the scan rates
with average data taken from four different and freshly prepared electrodes. (B)
Amperometric response of the MP-11-PU-NPs/GC electrode by successive addition
of different volume of 0.2 wM H,0, to 5mL of N,-saturated 0.1 M PBS, pH=6.9,
under stirring at —0.42 V (vs. SCE). Inset: plot of response currents versus the corre-
sponding concentration of H,O,. The relative standard deviations of each response
current at different concentration from 0.02 to 2.0 uM were 0.002, 0.003, 0.007,
0.009, 0.014, 0.071, 0.028, 0.11, 0.1, 0.1, 0.24 n.A, respectively, base on data taken
from six different and freshly prepared electrodes.

alytic cathodic current of H,O, kept on rising with the decrease
of the potential from 0 to —0.4V, then leveling off obviously after
the potential lower than —0.42 V. For the interferents’ disturbance,
there is no significant influence on the amperometric detection of
H,0, at the potential of —0.42V, though the concentration of each
interferent was two times higher than that of added H,0,, whereas
the disturbance current goes up when the poised potential greater
than —0.3V (figure not shown). Therefore, the potential of —0.42V
was employed as a suitable potential to amperometric detection of
H,O0,.

Following the addition of H,0,, the current response increased
and reached a maximum value within (1.32 4+ 0.44)s. The response
time was defined as the time required reaching 95% of the max-
imum steady-state current and the value showed above was the
average result from five freshly made different electrodes. The
electrode linearly responds to H,0, at lower concentration from
0.02 to 1.3 wM (R=0.998), whereas at higher concentration, the
current levels off as expected for Michaelis—-Menten type enzyme
(inset in Fig. 4B). It is noted that the dynamic linear range in
our scheme is quite desirable especially to the determination of
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Table 1
Evaluation of possible interferents to H,0, biosensors expressed as percentage of
H,0; response current.

Potential interfering substance Current ratio

H,0, 1.00
Glucose 0.92
Citric acid 0.93
Uric acid 0.94
Ascorbic acid 0.91

H,0, at ultralow concentration for samples from the physiologi-
cal system since as an example, hydrogen peroxide released from
neutrophils in exhaled breath condensate (EBC), which concen-
tration was in the range of 0.1-1 wM (Svensson et al., 2004). The
apparent Michaelis-Menten constant (K;/¥) was estimated to be
1.9 uM from the Lineweaver-Burk plot (Kamin and Wilson, 1980).
This Kyi” value was much smaller than those of 2.0 mM for H,0,
biosensors based on sol-gel immobilized HRP (Tripathi et al., 2006),
2.4mM with MWNT-modified MP-11 (Wang et al., 2005a), 7.6 mM
based on sol-gel gold nanotubes (Delvaux et al., 2004), 3.4 mM
on MWNTs film-modified Pt microelectrodes (Wang et al., 2005b)
and 0.54 mM on chitosan-graphene nanocomposite (Zhou et al.,
2010). Low Ky/¥ value indicated that the enzyme immobilized
on the PU-NPs retained its activity with a low diffusion barrier.
Within the linear response range, the calculated sensitivity was
(29.6 £ 0.59) WA WM~ cm—2. The apparent surface area of the elec-
trode was estimated using the method reported elsewhere (Sun
et al., 2004). The limit of detection was estimated to be as low as
ca. 0.01 nM (at S/N=3), which is extended by at least ca. 3 orders
of magnitude below other reported values (Behera and Raj, 2007),
indicating a marked improvement for direct H,O, detection via
immobilized redox protein.

More performance properties of the prepared H,O, biosensor
based on immobilized MP-11 via PU-NPs were further investigated.
The reproducibility of the prepared biosensor to H,0, at the con-
centration of 0.047 mM has been estimated by four different and
freshly prepared electrodes. The relative standard deviation (R.S.D.)
in the response for the sensing of H,O, was calculated to be ca.
3%, yielding a reasonable reproducible result in the construction
of the electrode. The stability of the electrode was examined by
measuring the CV peak current in N,-saturated PBS using the same
electrode over a quite long period of time. It should be mentioned
here that the response to the reduction of H,0, will not change
if the anodic or cathodic current for the direct electron transfer
of entrapped MP-11 keeps the same value as demonstrated in our
experiments. When the electrode was not in use, it was stored in
buffer at 4°C and the CV was recorded at various interval lengths
(figure not shown). The response slowly decreased to ca. 95% of
its original response at the initial 15 days, and tends to be prac-
tically constant within the next 20 days. The decrease in CV peak
current was attributed to the leakage of the immobilized enzyme
on PU-NP modified layer. This can be further demonstrated by the
fact that the mixture of MP-11-PU-NPs in solution for the con-
struction of MP-11-modified electrodes remained its bioactivity
without any discernable decrease even after stored in a freezer for
more than 5 months. The stability especially the storage stability
is much higher than those reported in the literature so far. It can
be contributed to the benign microenvironment for the redox pro-
tein provided by nano-sized PU with good biocompatability, large
surface-to-volume ratio and the increased surface activity.

The analytical performance of the developed H,0, biosensor in
the presence of possible interferents such as glucose, citric acid, uric
acid and ascorbic acid was investigated. Table 1 shows the amper-
ometric response of each interfering substance at 10 wM, which
was successively added following H,0, at 5 M, was expressed
as relative value with respect to that of H,O,. The concentra-

tion of the interferent was one or two times greater than that
in real biological systems. The results indicate that glucose, citric
acid, uric acid, and ascorbic acid did not cause enough interfer-
ence in the amperometric measurement, though the amount of the
first added H,0, was half of those following interferents, which
is similar to that reported in the literature (Wan et al., 2009).
Further experiments showed that the existing interferents had
negligible effect on the response time to amperometric detection
of H,0, via the prepared biosensor, which value in the absence
and presence of glucose, citric acid, uric acid and ascorbic acid
was (1.26+0.38)s, (0.97+£0.25)s, (0.89+0.26)s, (2.58+0.52)s
and (0.49+40.08)s, respectively. Therefore the concentration of
H,0, can be monitored without major interference through our
established sensing scheme.

4. Conclusion

Evidence of the direct electrical communication between the
underlying electrode GCE and redox protein MP-11, attached to the
nano-sized polyurethane, was observed. The high rate of electron
transfer through the PU-NPs to MP-11 was clearly demonstrated
by the similar rate constant as those in the literature. Further
experimental results revealed that the developed amperometric
biosensor for hydrogen peroxide determination exhibited signif-
icantly low detection limit, great analytical sensitivity and relative
fast response with long-term stability. The PU-NPs with attractive
properties as a promising matrix for enzyme immobilization have
paved the way for the construction of ultrasensitive amperometric
biosensors with a wide range of applications.
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