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a b s t r a c t

The determination of xanthine has considerable importance in clinical and food quality control. There-
fore, in this present work, we developed a novel xanthine biosensor based on immobilization of xanthine
oxidase (XnOx) by attractive materials layered double hydroxides (LDHs). Amperometric detection of
xanthine was evaluated by holding the modified electrode at 0.55 V (versus saturated calomel electrode
(SCE)). Due to the special properties of LDHs, such as chemical inertia, mechanical and thermal stability,
anionic exchange ability, high porosity and swelling properties, XnOx/LDHs-modified electrode exhibited
a developed analytical performance. The biosensor provided a linear response to xanthine over a con-
centration range of 1 × 10−6 M to 2 × 10−4 M with a sensitivity of 220 mA M−1 cm−2 and a detection limit
of 1 × 10−7 M based on S/N = 3. In addition, the immobilized XnOx layers have been characterized using
atomic force microscopy under both air atmosphere and liquid environment, which exhibited the inter-
nhibition esting swelling phenomenon of LDHs. The investigation of inhibition of XnOx by allopurinol was carried
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. Introduction

Xanthine (3,7-dihydro-1H-purine-2,6-dione) is a degradation
roduct of purine derivatives; it can penetrate cell membranes
nd accumulate in extracellular fluids (Metzler, 1997). The concen-
ration level of xanthine in blood, plasma and urine may provide
ensitive indicators of certain pathologic states, especially for xan-
hinuria (Amigo et al., 2005). Xanthinuria is a rare genetic disorder
here the lack of xanthine oxidase (XnOx) leads to high concentra-

ion of xanthine in body fluids and can cause heath problems such
s renal failure. Besides, the level of xanthine is generally used in
he food industry as an index for evaluating the freshness of meat
r fish. Hence the quantity of xanthine is of clinical and industrial
ignificance.

A variety of analytical methods for determining xanthine
nd hypoxanthine have been reported to date. The most com-

on analytical method for detecting and quantifying xanthine

s high performance liquid chromatography (HPLC) (Czauderna
nd Kowalczyk, 1997; Cooper et al., 2006) or high performance
apillary electrophoresis (HPCE) (Chen et al., 2002; Caussé et al.,

∗ Corresponding authors. Tel.: +86 514 87975590x9519; fax: +86 514 87975244.
E-mail addresses: danshan@yzu.edu.cm (D. Shan), chhgxue@yzu.edu.cn (H. Xue).
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ified electrode. The experimental results indicated that inhibitory effect
l with a quasi-reversible competitive type.

© 2008 Elsevier B.V. All rights reserved.

007). The main disadvantages of these methods are the com-
lexity and cost of the equipments needed that required skilled
perators as well as the time of sample treatment and labor inten-
ive measurement protocols. Moreover, these centralized analytical
echniques are not adapted to real time monitoring and in situ
ontinuous monitoring. In contrast, biosensors appear as a suit-
ble alternative ensuring attractive advantages such as its ease
f use in turbid samples, portability, low cost and sensitivity.
n particular, XnOx-based electrochemical biosensors have been
requently used for the determination of xanthine, providing a sim-
le, fast and reliable proposed system (Zhao et al., 1996; Kirgöz
t al., 2004; Liu et al., 2004; Casero et al., 2006; Villalonga et
l., 2007; Rahman et al., 2007). XnOx (EC.1.1.3.22) is a complex
etalloprotein involved in purine catabolism, catalyzing the oxi-

ation of hypoxanthine to xanthine and further catalyzing the
xidation of xanthine to uric acid (UA) and hydrogen peroxide,
ith concomitant reduction of oxygen (Harris and Massey, 1997).
s a consequence, the amperometric detection of xanthine was
onventionally based on the electrochemical oxidation of the enzy-

atically generated H2O2 and uric acid. Nevertheless, the analytical

erformance to xanthine is still not satisfactory enough. Due to
he fragility of the protein, the sensitivity and operational stability
emained markedly lower than those recorded for other oxidase-
ased biosensors.

http://www.sciencedirect.com/science/journal/09565663
http://www.elsevier.com/locate/bios
mailto:danshan@yzu.edu.cm
mailto:chhgxue@yzu.edu.cn
dx.doi.org/10.1016/j.bios.2008.07.023
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To obtain stable and sensitive biosensors, the use of layered
ouble hydroxides (LDHs) is very attractive. LDHs have been
emonstrated as promising materials due to their technologi-
al importance in catalysis, separation, optics, medical science
nd nanocomposite materials engineering (Choy et al., 1999;
arcia-Ponce et al., 2000; Crepaldi et al., 2000). LDHs dis-
lay a layered structure built on a stacking of positive layers
[M1−x

IIMx
III(OH)2]x+ (De Roy et al., 1992). The electroneutrality

f the system can be realized by the presence of exchangeable
nions accompanied with water molecules situated in the inter-
amellar domains. LDHs have been also successfully utilized as the
ttractive enzyme immobilization matrix in our previous works
Shan et al., 2003a,b, 2004, 2006; Han et al., 2007). Their unusual
ntercalation properties were exploited for an easy and biocom-
atible immobilization of enzyme molecules. The procedure was
ased on a delaminating process of the clay material into dis-
ersed nanoparticles, their mixing with enzyme and the adsorption
f both clay nanoparticles and proteins on an electrode surface.
o reinforce the resulting inorganic biocoating, glutaraldehyde
as added inducing a partial covalent binding between adja-

ent enzyme molecules (Mousty, 2004). In this present work,
nOx was first immobilized with LDHs via cross-linking procedure
y glutaraldehyde. The analytical characteristics of the resulting
iosensor for the amperometric detection of xanthine were inves-
igated.

Since allopurinol is a structural isomer of hypoxanthine and acts
s an inhibitor for the XnOx activity, the inhibitory effect of allop-
rinol on the immobilized XnOx was also examined in detail for the
urther comprehensive study on the XnOx/LDHs-xanthine sensing
ystem.

. Experimental

.1. Materials

Xanthine oxidase (EC1.1.3.22, from microbial source, 8.1 U mg−1)
as obtained from Sigma. Ferrocenemethanol (MeOHFc) was
urchased from Alfa Company. LDHs Zn3Al(OH)8Cl, denoted
Zn3–Al–Cl] was synthesized by coprecipitation method developed
y De Roy (De Roy et al., 1992; Shan et al., 2006). The colloidal
uspension of LDHs was prepared in deionized and decarbonated
ater. Other aqueous solutions were prepared in deionized distilled
ater.

.2. Apparatus

A CHI 660 electrochemical workstation (CHI Co., USA) was used
or cyclic and amperometric voltammetry. All electrochemical stud-
es were performed with a conventional three-electrode system.

saturated calomel electrode (SCE) was used as reference elec-
rode, and a Pt foil as counter electrode. The working electrode was
platinum disk electrode (diameter 2 mm), polished carefully with
.05 �m alumina particles on silk followed by rinsing with distilled
ater and dried in air before use. All measurements were carried
ut in a thermostated cell, containing phosphate buffer solution.
tomic force microscopy (AFM) images were obtained with a mul-

imode digital instrument (Vecco-DI). SEM photos were realized
n a XL-30E apparatus. Static contact angle measurements were

erformed at 20 ◦C with a sessile drop method using an OCA 40
ystem (German). A droplet of deionized water (2 �l) was gently
laced onto the surface. The angle between the edge of the droplet
nd the surface was measured. Measurements were made in dif-
erent regions on the surface. Pt foil was used as the substrate for
FM, SEM and contact angle measurements.
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.3. Construction of biosensor and enzyme immobilization

The colloidal suspension of LDHs (2 mg ml−1) was prepared
y dispersing LDHs in deionized and decarbonated water stirring
vernight. XnOx was also dissolved in deionized and decarbon-
ted water with concentration of 2 mg ml−1. A defined amount of
he aqueous mixture (for instance, containing 26.6 �g XnOx and
3.3 �g LDHs) was spread on the surface of the platinum disk
lectrode. The coating was dried in air at room temperature. The
esulting electrode was then placed in saturated glutaraldehyde
apor for 15 min for the cross-linking of the membrane. The LDHs
el formation was achieved by incubation of the modified elec-
rode into phosphate buffer solution (0.05 M, pH 7.5) for 20 min.
he bioelectrode was stored at 4 ◦C in a refrigerator when not used.

.4. Inhibitive measurement procedure

The inhibitory action of allopurinol on the enzymatic activity of
nOx was followed by consideration of the oxidation of xanthine

substrate), catalyzed by XnOx, whose electrochemical oxidation
as monitored amperometrically at +0.55 V. The addition of allop-
rinol causes inhibition of enzyme, consequently decreasing the
mount of liberated enzymatic reaction products. The procedure
or the evaluation of the effect of the inhibition of enzyme activity as
function of allopurinol concentrations on the biosensor response

ncludes the following steps:

1) The biosensor was soaked in the phosphate buffer solution for
20–30 min until a stable baseline output signal was reached.

2) Determine the initial current response (I1) of the biosensor to
xanthine solution of a given concentration.

3) Determine the current response (I2) of the biosensor to xan-
thine solution of the same concentration in the presence of a
certain concentration allopurinol.

The degree of inhibition (In %) is then calculated by compar-
ng the current responses before and after addition of inhibitor
ccording to the equation generally used (Tencaliec et al., 2006):

n (%) = I1 − I2
I1

× 100

Each experiment was repeated at least three times and a relative
tandard deviation (R.S.D.) of the output signal was estimated to be
ot more than 5%. The control experiment for xanthine without the

nhibitor was performed after each inhibitor measurement.

. Results and discussion

.1. Morphologies of XnOx/LDHs film

The surface morphologies of XnOx/LDHs films were investi-
ated with SEM and AFM. Inset of Fig. 1A shows SEM image of
nOx/LDHs film. Compared with the morphology of pure LDHs

eported previously (Shan et al., 2006), the LDHs particles with
exagonal shape are still observable with the enzyme adsorbed on
he external surface of the layers. This typical mesoporous structure
s bond to favorable to substrate diffusion to reach the immobilized
nzyme within the whole LDHs matrix (Shan et al., 2006). However,
EM images can only provide two-dimensional information about

nOx/LDHs film.

AFM has achieved particular relevance as a surface characteriza-
ion technique, which provides morphological and even mechanical
nformation at the nanometer level. Since the development of
apping operation mode under aqueous environment, AFM has
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mined at a signal-to-noise ratio of 3, which is slightly lower than
those reported by the conventional determination method of HPLC
(3.2 �M) (Czauderna and Kowalczyk, 1997) (0.2 �M) (Cooper et
al., 2006), and HPCE (0.5 �M) (Caussé et al., 2007). The xanthine
sensitivity is 220 mA M−1 cm−2 (6.6 mA M−1). This sensitivity for
ig. 1. Tapping mode AFM images of XnOx/LDHs film on a glass side (A) under air
nvironment and (B) under liquid environment. Inset of Fig. 1 (A) displays SEM
hotograph of XnOx/LDHs (w/w, 2/1) film.

een able to provide morphological data of protein deposits with-
ut damaging the sample surface (Casero et al., 2006). Therefore,
s shown in Fig. 1, we used AFM with tapping mode to deter-
ine three-dimensional surface morphologies of XnOx/LDHs films

nder both air and liquid environment of the same XnOx/LDHs
lm. The surface morphology of XnOx/LDHs film obtained under
ir atmosphere with tapping mode depicts distributed grain and
network-like structure (Fig. 1A). The roughness of XnOx/LDHs

s 10 nm and the depth is about 110 nm. While, under aqueous
nvironment, the surface morphology displays loose cotton-like
tructure, with roughness and depth, 365 nm and 1.039 �m, respec-
ively (Fig. 1B). The increased roughness and depth of XnOx/LDHs
ompared with those obtained under air atmosphere can be
scribed to the swelling properties of LDHs in aqueous envi-
onment. The LDHs are swollen; the immobilized enzyme is
urrounded by water. Rubio-Retama et al. demonstrated in their
ork that the behavior of the enzyme immobilized in the swollen

el is similar to the enzyme in solution (Rubio-Retama et al., 2005).
o the bioactivity of the immobilized XnOx can be well maintained
n this hydrophilic microenvironment.

.2. Contact angle measurement
The static contact angle measurements give additional infor-
ation on the physical properties of XnOx/LDHs film. The contact

ngels of pure LDHs and XnOx/LDHs were measured to be 34.3 ± 2◦
F
X
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nd 71.1 ± 3◦, respectively. The inset of Fig. 2 displays the image
f the initial droplet on XnOx/LDHs film. The increased value of
ontact angle of XnOx/LDHs is due to the presence of enzyme
olecules exhibiting hydrophobic groups. Both contact angle val-

es are indicative for a hydrophilic surface. It should be noted that
oth contact angles decrease linearly in 40 s and then achieve the
lateau of value about 17◦ and 25◦, for pure LDHs and XnOx/LDHs,
espectively (Fig. 2). This phenomenon indicates the high adsorba-
ility to water of XnOx/LDHs.

.3. Optimization of detection test variables

The pH dependence of the XnOx/LDHs (26.6 �g:13.3 �g) was
nvestigated over the pH range 6–9 in 0.05 M PBS (containing 2 mM
DTA) in the presence of 200 �M xanthine. The optimum response
urrent was found at pH 7.5. This optimum value was situated in the
H range (7–8.5) reported for the free XnOx from microbial source
Xue and Mu, 1995; Balladin et al., 1997; Foppoli et al., 1997; Egwim
t al., 2005). This indicates that the immobilization procedure have
ot altered the optimum pH of XnOx. Therefore, PBS at pH 7.5 was
elected as the electrolyte in subsequent experiments.

The dependence of the biosensor on the applied potential for
mperometric signal of the XnOx/LDHs (26.6 �g:13.3 �g) sensor
as also studied in this work. The biosensor response to 200 �M

anthine increased with increasing applied potential from 0.30 V
o 0.55 V and then reached a pseudo-plateau for higher potentials.
aking into account the sensitivity of the biosensor and interfer-
nce of easily oxidizable compounds present in serum, 0.55 V was
elected as the best compromise of applied potential in subsequent
xperiments.

.4. Enzyme electrode response characteristics

Fig. 3 shows the typical calibration curve of XnOx/LDHs bio-
lectrode for the determination of xanthine under the optimal
onditions (XnOx/LDHs 26.6 �g: 13.3 �g, pH 7.5, E = 0.55 V). The
iosensor response to xanthine is linear between 1 × 10−6 M and
× 10−4 M. A low detection limit of 0.1 �M xanthine was deter-
ig. 2. Static contact angles vs. time. Inset shows the image of the initial droplet on
nOx/LDHs (w/w, 2/1) film.
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200 �M xanthine was 1.32 �A with a rapid response time less than
8 s. While, the presence of 100 �M allopurinol induced a strong
inhibitory effect on the biosensor response and the response to
200 �M xanthine decreased to 413 nA, the response time was pro-

Fig. 4. Cyclic voltammogram of Pt electrode modified by XnOx/LDHs (w/w,
26.6 �g/13.3 �g) bioelectrode in 0.05 M PBS (pH 7.5) containing 0.1 mM fer-
rocenemethanol (a) in the absence (b) in the presence of 200 �M xanthine, (c) in the
presence of 200 �M xanthine and 0.1 mM allopurinol (� = 10 mV s−1, A = 0.03 cm−2).
ig. 3. Calibration curve of XnOx/LDHs (w/w, 26.6 �g/13.3 �g) electrode for xan-
hine, under the optimum conditions (0.05 M PBS (pH 7.5) containing 2 mM EDTA,
app = 0.55 V, at 35 ◦C). Insets show the operational stability of the biosensor to
00 �M xanthine.

anthine is much higher (about 27 times) than that of xanthine
iosensor constructed via supramolecular associations (Villalonga
t al., 2007), and higher than those based on conducting polymer,
oly-TTCA (5.35 mA M−1) (Rahman et al., 2007) and XnOx immo-
ilized in polypyrrole/Au-colloid (5.01 mA M−1) (Liu et al., 2004).
he apparent Michaelis–Menten constant (Kapp

M ), calculated from
ineweaver–Burk equation, is 263 �M. Such drastic improvement
n biosensor performance reflects the expected beneficial effect of
he biocompatible LDHs matrix on the activity of the entrapped
nOx. In contrast, the organic polymers constitute a hydrophobic
ost matrix while the supramolecular assemblies require the chem-

cal modification of the XnOx molecules. In addition, LDHs-enzyme
oatings exhibit a higher permeability than conventional elec-
ropolymerized films (Cosnier et al., 2006). As previously reported
or cyanine, tetraborate or As(V) anion, a possible accumulation of
nionic species can occur within LDHs matrix (Cosnier et al., 2006;
han et al., 2004; De Melo et al., 2002). This phenomenon may facil-
tate the electrochemical oxidation of the enzymatically generated
ric acid and hence improve the biosensor sensitivity.

The biosensor reproducibility was tested with eight different
lectrodes. The R.S.D. to xanthine determination was 4.5%. The
perational stability of the XnOx/LDHs electrode was examined.
reproducible current response with a R.S.D. of 5.0% was observed

n 70 successive assays of 200 �M xanthine (inset of Fig. 3). The
ong-term stability of the XnOx/LDHs electrode stored at 4 ◦C
as investigated by recording periodically its current response

o 200 �M xanthine. The biosensor exhibited excellent stability.
o significance loss of activity of the immobilized enzyme was
bserved during 15 days; it still retained about 80% of its orig-
nal response after 52 days of storage. This biosensor stability is
uperior to XnOx-CMC-CD immobilized on ADA-Au electrode con-
tructed via supramolecular associations (21 days) (Villalonga et al.,
007). Good long-term stability of the XnOx/LDHs-modified elec-
rode can be attributed to the enzyme immobilization matrix LDHs,
hich provided a friendly hydrophilic microenvironment for the

mmobilized XnOx.
The influence of the presence of easily oxidizable endogeneous

nd exogeneous interferents at their physiological normal levels

n the biosensor response to xanthine (200 �M) was also exam-
ned. Their interferences were estimated as a percentage of increase
n the biosensor signal recorded in the presence of interferents,
ompared to the steady-state response to 200 �M xanthine alone.
scorbic acid (AA) (0.1 mM) and uric acid (0.1 mM) are the major

I
t
r
a
I
(
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nterferents leading to 25% and 30% interference, respectively, due
o a combination of their high concentration and low oxidization
otential.

.5. Inhibitory effect of allupurinol

Allopurinol is a specific potent inhibitor for XnOx and can be
linically used for gout treatment (Hsieh et al., 2007). Thus, for the
urther comprehensive study on the XnOx/LDHs-xanthine sensing
ystem, we evaluated the inhibitory effect by allopurinol.

The electrochemical behavior of newly constructed XnOx/LDHs
lectrode was tested in a MeOHFc solution (0.1 mM). In the poten-
ial range of 0–0.4 V, there are well-defined anodic and cathodic
eaks (�Ep = 78 mV, at the scan rate of 10 mV s−1) with the mean
otential E1/2 = (Epa + Epc)/2 at 0.194 V (curve a in Fig. 4). It cor-
esponds to the reversible one electron oxidation of MeOHFc to
eOHFc+ (Shan et al., 2007a). A significant increase of the anodic

urrent was observed after 200 �M xanthine being introduced to
he buffer (curve b in Fig. 4). MeOHFc was electrochemically oxi-
ized to MeOHFc+ but readily reduced by enzymatic reaction in the
resence of xanthine in solution, giving rise to a typical catalytic
urve shape. Upon the addition of allopurinol to the test solution
ontaining xanthine, the catalytic current decreased dramatically
curve c in Fig. 4). This phenomenon is indicative of the effective
nhibitory of the immobilized XnOx by allopurinol.

The reversibility of inhibiting action was tested and the cor-
esponding experimental results were summarized in inset A of
ig. 4. The current response of the XnOx/LDHs bioelectrode to
nset A: current–time response of XnOx/LDHs (w/w, 26.6 �g/13.3 �g) bioelectrode
o 200 �M xanthine (a), 200 �M xanthine+0.1 mM allopurinol (b) and another
esponse of electrode to 200 �M xanthine after communicating with allopurinol
nd rinsing with PBS simple (c) in PBS with pH 7.5 at 25 ◦C. Applied potential, 0.55 V.
nset B: inhibition calibration curve for allopurinol determination with XnOx/LDHs
w/w, 26.6 �g/13.3 �g) bioelectrode, the concentration of xanthine fixed as 200 �M.
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using the Lineweaver–Burk plots (Fig. 6). Finally, the parameters
describing the inhibition process were estimated using Imax values
and Kapp

M values. The maximum current has practically the same
value, irrespective of inhibitors presence or absence, while the Kapp

M
value increased linearly with increase in inhibitor concentration
D. Shan et al. / Biosensors and

onged to 20 s. Then, the XnOx/LDHs bioelectrode was taken out
nd rinsed with PBS for 10 min. The response current to xan-
hine with the same concentration was finally investigated. The
ata indicated the biosensor response to 200 �M xanthine retain
5% of original response. This behavior suggests that the inhi-
ition of allopurinol to XnOx is “quasi-reversible” and be quite
ifferent to those reported for free XnOx (irreversible) (Pacher
t al., 2006; Galbusera et al., 2006). Allopurinol can be rapidly
xidized by XnOx to its active metabolite oxypurinol, which also
nhibits XnOx (Pacher et al., 2006). Generally, allopurinol and
anthine bind to the same oxidized MoVI; oxypurinol binds to
he reduced MoIV. The reduced XnOx–oxypurinol complex then
lowly rearranges into a tightly bound inhibitory complex. Oxy-
urinol dissociate slowly from XnOx–oxypurinol complex, which

nduces the irreversible inhibition (Galbusera et al., 2006). How-
ver, the quasi-reversible behavior in our work might due to the
igh and specific sensitivity of the immobilized XnOx to xan-
hine. Xanthine can occupy the enzyme active site dominantly,
hich is not favorable for the oxidation of allopurinol by the

mmobilized XnOx and furthermore the amount of oxypurinol was
educed.

A typical inhibition calibration curve for the determination of
llopurinol is shown in inset B of Fig. 4. XnOx inhibition increased
ignificantly with the addition of allopurinol, which decreased
he production of uric acid by inhibiting the action of XnOx. A

aximum inhibition of about 70% was obtained for 0.8 mM allop-
rinol. The linear range of allopurinol concentration is obtained
p to 200 �M. IC50, i.e. the concentration of the inhibitor cor-
esponding to 50% of the inhibition signal was calculated to be
10 �M from the data of inset B. This value is quite larger than
hat reported IC50 value of 0.2–50 �M for free XnOx (Pacher et al.,
006). It indicates that the affinity to allopurinol of XnOx/LDHs

s not strong. These results corroborate our hypothesis mentioned
bove.

.6. Effect of temperature on the inhibition of allopurinol

The effect of temperature on the biosensor was one of the most
mportant parameter that affected analytical performance of the
iosensor. At the applied potential of +0.55 V, the influence of tem-
erature on the response currents of the XnOx/LDHs to 200 �M

anthine solution containing 100 �M allopurinol is shown in curve
of Fig. 5. In the temperature range 10–45 ◦C, the response cur-

ent of biosensor increased with the increment of temperature
nd the maximum current was obtained at 40 ◦C. While, in the

ig. 5. The effect of temperature on the biosensor response current of the biosensor
o 200 �M xanthine (a), 200 �M xanthine + 100 �M allopurinol (b) in 0.05 M PBS
pH 7.5) containing 2 mM EDTA, Eapp = 0.55 V. Inset shows the relationship between
n i and T−1.

F
(
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bsence of allopurinol, the maximum response current appears at
bout 60 ◦C (curve a of Fig. 5). The temperature of 60 ◦C for the
ptimal bioactivity is higher than the previous reports (Kirgöz et
l., 2004; Rahman et al., 2007). The improved thermal stability
f immobilized XnOx can be attributed to the microenvironment
f LDHs-gel on the platinum electrode surface, which can protect
he secondary structure of protein against denaturation by thermal
reatment process. Thus, XnOx in microenvironment of LDHs-gel
t platinum electrode has better thermal stability. The Arrhenius
lot for xanthine biosensor without inhibition shows two clearly
ifferent regions intersect at 25 ◦C (curve a of inset). The region cor-
esponding to the low temperatures presents the greater activation
nergy 21.6 kJ mol−1 (R2 = 0.9918), whereas the activation energy at
igh temperature was 8.2 kJ mol−1 (R2 = 0.943). Such Arrhenius plot
ave already been reported for other enzyme electrodes and have
een ascribed to changes in the medium surrounding the enzyme
Cosnier et al., 2001; Rubio-Retama et al., 2005; Shan et al., 2007b;
ópez et al., 2007). In the presence of allopurinol, the apparent
ctivation energy of the biosensor is slight higher (30.5 kJ mol−1)
R2 = 0.9923) and the activity of immobilized XnOx was inhibited,
hich might result in the shift of the maximum response from 60 ◦C

o 40 ◦C.

.7. Kinetic study of XnOx inhibitory by allopurinol

It is well known that the preparation procedure of a sensor
ffects the substrate as well as inhibitor kinetics of an enzyme.
hus, in this present work, the kinetic study of the inhibitory for
llopurinol to the XnOx-based biosensor was also carried out. The
nhibition mechanism can be studied by examining the relation-
hip between the response of the sensor to the inhibitor and to the
ubstrate concentration. The calibration curves to xanthine for the
nOx-based bioelectrode, recorded in the absence and in the pres-
nce of the investigated inhibitors allopurinol, were interpreted
ig. 6. Lineweaver–Burk plots for xanthine without (a) and with 10 �M (b) 40 �M
c) allopurinol. Inset shows the relation between Kapp

M and [allopurinol].
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inset of Fig. 6). It was concluded that allopurinol exerted a com-
etitive inhibition, which can compete with xanthine for the active
ite of XnOx to form the XnOx–inhibitor complex.

. Conclusion

This paper describes the development of a new amperomet-
ic biosensor for monitoring xanthine. XnOx was immobilized in
nionic caly, LDHs, followed by the crossing-linking procedure via
lutaraldehyde. The advantages of the XnOx/LDHs such as swelling
roperty, high porosity, thermal stability and anionic exchange
bility induced the highly developed analytical performance to
anthine. The applicability of the XnOx biosensor as assay of allop-
rinol was tested based on catalytic inhibition principle. Due to
he specificity to xanthine, the inhibition system is quasi-reversible
nd of a competitive type. The affinity between the immobilized
nzyme and inhibitor is poor.

But broader and more in-depth research for in vivo application
till needs to be carried out in this respect in future work.
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