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a b s t r a c t

In this work, hollow silica microspheres (HSMs), which have hollow interiors and nanoporous shells, were
used in the immobilization of enzyme to establish a novel chemiluminescence biosensor. The immobi-
lization behavior of enzyme in HSMs with different pore sizes has been studied. The results revealed
that the pore size and the surface area of HSMs play important roles in their immobilization perfor-
mance. Compared with traditional methods, this immobilization method not only provides tunable and
consistent pore system and restricted microspaces for enzyme immobilization, but also exhibits a larger
eywords:
hodanine derivative
hemiluminescence
nzyme biosensor
ollow silica microspheres

immobilization capacity and a higher adsorption rate. A rhodanine derivative-KMnO4-HCl-H2O2 was
used to replace traditional chemiluminescence system (luminol-horseradish peroxidase-H2O2) to reach
the purpose of high sensitivity, simple operation and pH expansion for chemiluminescence biosensor.
The linear range of this novel method is 7.72 × 10−6 to 2.54 × 10−2 mol L−1 (r = 0.9994). The detection limit
is 8.0 × 10−7 mol L−1. The Michaelis–Menten constant of glucose oxidase was 0.3 mmol L−1. With glucose

, the p
ose i
oxidase as a test enzyme
the determination of gluc

. Introduction

The immobilization of enzyme on solid inorganic supports has
een a hot research area (Bickerstaff, 1997; Livage et al., 2001).
mmobilized enzymes in solid supports, due to their potential
o improve the stability of enzymes under extreme conditions,
re quite useful for catalysis, sensor, and separation applications.
esearchers have developed many approaches to immobi-

ize enzyme, such as protein-polymer layer-by-layer assembly,
rossing-linking crystals, sol–gel encapsulation and mesoporous
aterials adsorption (Gill et al., 1999; Jin and Brennan, 2002; Li

t al., 2009; Yu et al., 2008). The microstructure of polymeric mate-
ials is normally amorphous and the catalytic activity of enzyme
olecule can be deteriorated by deformation (DeLouise and Miller,

005). Unlike silica gel, ordered mesoporous silica (OMS) materi-
ls provide tunable and consistent pore system, functionalizable
urfaces, and restricted nanospaces for enzyme immobilization.

MS have become popular ever since they were synthesized and
haracterized by Mobil researchers in 1992 (Beck et al., 1992;
resge et al., 1992). Recently, many research groups have immobi-

ized enzymes on OMS and reported a significant improvement on

∗ Corresponding author. Tel.: +86 531 82767161.
E-mail addresses: jndxgelei@gmail.com, gl-198602@163.com,

06375767@qq.com (J. Yu).

956-5663/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.bios.2010.02.001
roposed method gave an accurate and satisfactory result once applied to
n four different human serum samples.

© 2010 Elsevier B.V. All rights reserved.

enzyme stability, catalytic activity, products specificity, and resis-
tance to extreme environmental conditions (Deere et al., 2002; Lee
et al., 2006; Wang and Caruso, 2005). Hollow silica microspheres
(HSMs) offer large internal spaces inside the shells and create a
separated environment. The micro/mesopores in the shells pro-
vide a path for the substances going in and out of the interior
hollows. Due to this unique structure, HSMs has not only special
mechanic, acoustic, optic, electromagnetic, thermal properties, but
also the immobilization property for enzyme (Han et al., 2006; Lim
et al., 2002; Tartaj et al., 2001). HSMs have free silanol groups on
their surfaces which can form hydrogen bonds with the free amino
groups of enzymes. Besides this force, Van der Waals interaction
also exists between enzyme and the surface of HSMs. Hydrophobic
interactions contribute in adsorption by interaction of hydrophobic
patches on the enzyme with the silicon network of HSMs. To our
best knowledge, no reports about the immobilization of enzyme in
HSMs have been published, its schematic representation of enzyme
immobilized in HSMs with different pore size was shown in Fig. 1.

Diabetes is a worldwide health problem affecting hundreds of
millions of people. Fortunately, with careful management of diet
and medication, complication of diabetes can be reduced. Part of

this treatment includes monitoring the glucose levels in the blood,
so that proper action can be taken if its levels get too high. The
glucose oxidase (GOx), which is an extremely stable enzyme and
can survive wide excursions of pH, ionic strength, has made glu-
cose measurement fast, easy, and inexpensive. The characteristics

http://www.sciencedirect.com/science/journal/09565663
http://www.elsevier.com/locate/bios
mailto:jndxgelei@gmail.com
mailto:gl-198602@163.com
mailto:306375767@qq.com
dx.doi.org/10.1016/j.bios.2010.02.001
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Fig. 1. Schematic representation of enzy

f GOx in bulk solution are well documented (Bright and Gibson,
967; Bergmeyer, 1974; Gibson et al., 1964; Rogers and Brandt,
971). Therefore, in this work, we chose GOx as our test enzyme to
stablish a novel chemiluminescence biosensor.

In recent years, a number of studies have been conducted
o develop new glucose monitoring methods (Fang et al., 1997;
i et al., 2008; Park et al., 2006; Zhang et al., 2005). Among
hem flow injection-chemiluminescence (FI-CL) biosensor is the

ost popular. Typical FI-CL biosensor for glucose is based on its
nzymatic reaction with the GOx, producing gluconic acid and
ydrogen peroxide (H2O2). Then the determination of glucose
an be achieved via CL reaction between the enzymatic produced
2O2 and luminol-horseradish peroxidase (HRP) CL system (Li et
l., 2008). In luminol CL system, an alkaline medium (pH 10–12)
hould be afforded, which limits the use of CL biosensor. In this
aper, we demonstrate a novel rhodanine derivative CL system,
hich can be used in acid medium. Thus, the application of this

hodanine derivative CL system would expand the applicable pH
ange of CL biosensor. We replaced the traditional flow-though cell
ith a polymethyl methacrylate module and with the Y-shaped
ow path drilled through it, by which the CL reactants can be

njected simultaneously.
Rhodanine is a traditional chromogenic reagent (Savvin and

ur’eva, 1987). Its derivatives after substituting different groups
n a rhodanine matrix also have excellent chemiluminescence and
uorescence performance which were found and studied in our lab
Yu et al., 2009; Yu et al., 2009a; Ge et al., 2010; Yu et al., 2009b; Yu et
l., 2009c). To our best knowledge, no reports about monitoring of
lucose by rhodanine CL system have been published. In this work,
or the first time, a rhodanine derivative 3-p-nitrylphenyl-5-(4′-

ethyl-2′-sulfonophenylazo)rhodanine (M4NRASP) has been used
n CL system to replace the traditional luminol-HRP CL system (Yu
t al., 2009c). We found this derivative CL system has high sensitive
L response in the determination of H2O2.

In this work, the use of HSMs for enzyme immobilization was
emonstrated and it was used as receptor to establish a biosen-
or. The adsorption capacity of HSMs with different pore sizes was
ompared. We found that the monitoring capacity of the biosensor
as enhanced remarkably when the HSMs-enzyme receptor was

ombined with rhodanine derivative CL system. This novel method
as a higher sensitivity, better selectivity and shorter response
ime, thus the goals of simplifying the experimental setup and
xpanding the applicable pH range of CL biosensor have been
eached.

. Material and methods
.1. Chemicals and reagents

HSMs were synthesized as per method described below. Rho-
anine derivative was obtained from our lab (Yu et al., 2009c).
mobilized HSMs in different pore sizes.

GOx (E.C. 1.1.3.4; Aspergillus Niger type; 146,000 U g−1) was pur-
chased from Sigma. All reagents were of analytical reagent grade
or above. Oxygen-saturated phosphate buffer solution (PBS) (pH
7.4) is used in the experiments for glucose determination and
Michaelis–Menten constant studies. A 1.0 × 10−2 mol L−1 stock
glucose-PBS standard solution was obtained by dissolving 0.4954 g
of glucose (Aladdin, Shanghai, China) with little doubly distilled-
deionized water and then diluting to 250 mL with PBS (pH 7.4).
Working glucose-PBS standard solutions was prepared by dilut-
ing of this stock standard solution with PBS (pH 7.4). A stock
standard solution containing 5.0 × 10−3 mol L−1 M4NRASP was
prepared by dissolving 0.5656 g of M4NRASP with anhydrous alco-
hol and then diluting to 250 mL with doubly distilled-deionized
water. A working standard solution of M4NRASP was obtained
by dilution of the stock standard solution with doubly distilled-
deionized water. A 5.0 × 10−3 mol L−1 stock solution of potassium
permanganate was prepared by dissolving 0.0790 g KMnO4
(Aladdin, Shanghai, China) with 500 mL doubly distilled-deionized
water.

2.2. Apparatus and manifold

Doubly distilled-deionized water was obtained by SYZ-550
quartz sub-boil high-purified water distiller (Jiang Su Jin Tan, Jiang
Su, China). The pH measurements were performed by using a
PHS-3C digital pH-meter (Shanghai Lei Ci Device Works, Shang-
hai, China) with a combined glass-calomel electrode. A TU-1901
two-beam UV–vis spectrophotometer was used with 1 cm quartz
cell (Perkin-Elmer, America). The nitrogen sorption and pore diam-
eters measurements were performed on Micromeritics ASAP 2020
surface area and porosity analyzer. A CS 501 super-constant tem-
perature bath (Chongqing, China) was used to keep temperature
constant. The IFFM-D flow injection CL analyzer (Xi’an Remex
Electronic Instrument High-Tech Ltd., China) was equipped with
an automatic injection system and a detection system. Peristaltic
pumps were used to deliver all solutions and PTFE tubing (0.8 mm
id) was used to connect the flow system.

2.3. Preparation of HSMs

The synthesis details of the HSMs can be found in Ref. (Liu et
al., 2008). 0.10 mol Tetraethyl orthosilicate (TEOS, Alfa Aesar) and
0.06 mol octyl amine (OA, Alfa Aesar) were first mixed for 3 min
with a stirring rate of 600 rpm. Then 7.50 mol doubly distilled-
deionized water containing 0.01 mol hydrochloric acid (conc.) was
quickly added. After further reaction of 5 min under stirring, the

resulting precipitate was collected by vacuum filtration and air-
dried. Then it was calcined at 550 ◦C for 6 h with a heating rate
of 1 ◦C/min, and encoded as A. For the pore expansion, uncalcined
samples were hydrothermally treated at 80 ◦C and 100 ◦C respec-
tively. After being calcined, they were encoded as B and C.
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Fig. 2. Schematic diagram of the CL biosensor for the determination of glucose: (a)
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otassium permanganate; (b) M4NRASP; (c) HCl; (d) sample solutions (or glucose-
BS standard solution or PBS blank solution); (P1) main pump; (P2) deputy pump;
V) 6-way-valve; (D) photomultiplier; (E) glucose-sensitive receptor; (PC): personal
omputer.

Nitrogen sorption measurements were carried out at 77 K
n Quantachrome Autosorb-1-MP automated gas adsorption sys-
em. The samples were degassed at 200 ◦C for 16 h. The surface
reas were calculated with the Brunauer–Emmett–Teller (BET)
ethod, using the adsorption data within the range of relative

ressure P/P0 from 0.05 to 0.15. The pore diameters were based
n Barrett–Joyner–Halenda (BJH) method. The scanning electron
icroscopy (SEM) images were recorded on a JEOL JSM-5510 scan-

ing electron microscope.

.4. Enzyme immobilization

In a vessel covered to prevent evaporation, 10 mg HSMs was
dded to GOx solution (20 mg mL−1, pH 7.4 phosphate buffer) at
◦C under stirring for 12 h to establish the adsorption equilibrium.
he amount of immobilized enzyme was calculated by subtract-
ng the amount in the supernatant liquid after adsorption from
he amount of enzyme present before adding the adsorbent by
V–vis absorption at 455 nm. Centrifugation prior to analysis was
erformed to avoid potential interference from scattering parti-
les in UV–vis analysis. The UV–vis spectra of the enzyme solutions
ere recorded before and after the immobilization experiments to

nsure that the changes in the intensity of the adsorption group
flavin group) were solely due to the change in enzyme solution
oncentration.

.5. Procedure

As shown in Fig. 2, we designed a novel flow path by drilling a
-type flow path on a polymethyl methacrylate module as recep-
or, through which the CL reactants were injected simultaneously.
ne of its branches, which was filled with HSMs-GOx, was named
s Branch-A. Branch-A was plugged with glass wool at both ends.
hree PTFE tubes (a–c), which were pumped by main pump though
6-way-valve, were dipped into M4NRASP solution, potassium

ermanganate solution and HCl solution respectively and con-
ected to Branch-B finally. One PTFE tube (d), which was pumped by
eputy pump, was dipped into sample solution/glucose-PBS stan-
ard solution or PBS (blank solution) and connected to Branch-A
nally. The Branch-C of the Y-type tube was a rotary flow path in

ront of detector. The deputy pump was started before the main
ump to inject sample solution/glucose-PBS standard solution and
BS to protect the HSMs-GOx from being denatured by potassium
ermanganate solution and HCl. Then the main pump were started

o inject M4NRASP solution, potassium permanganate solution and
Cl to obtain the CL intensity of sample/glucose-PBS standard

olution (I) and that of PBS (I0) respectively. The concentration of
lucose was quantified via the relative CL intensity (�I) obtained
y subtracting the I0 from I.
ronics 25 (2010) 2065–2070 2067

3. Results and discussion

3.1. Characterization of HSMs

From the SEM micrographs of sample A (Fig. 3a and b), hol-
lows, indicated by the broken microspheres, are observed. After
the hydrothermal treatment for expanding the pore size, the par-
ticle morphology keeps intact. The N2-sorption isotherms for the
three calcined samples were shown in Fig. 3c. Sample A showed an
isotherm without an obvious capillary condensation, indicated that
it had pores smaller than 2 nm. In contrast, samples B and C depict
isotherms with quite steep capillary condensation steps, suggested
that they were mesoporous. The shift of the capillary condensation
step to higher relative pressures indicated that sample C had larger
pore diameter than sample B. The pore size distribution curves of
the three calcined samples are shown in Fig. 3d, the pore diameters
of samples A, B and C are <2 nm, 7.1 nm and 11 nm, respectively.
Pore expansion is evident after the hydrothermal treatment. The
surface area of samples A, B and C are 1108 m2 g−1, 882 m2 g−1

and 438 m2 g−1, respectively. Compared with sample A, samples
B and C show significant elevation of the adsorption plateau in
the isotherm, indicating large increase in the pore volume of the
hydrothermally treated samples. However, the pore volume of
sample C is slightly smaller than that of sample B, which can be
due to its more condensed network.

3.2. Adsorption performance of HSMs

The adsorption isotherm of GOx is shown in Fig. 4a. The amounts
of immobilized GOx on samples A, B and C were quite different. As
shown in Fig. 4a, the maximum amount of immobilized GOx was
5.5 mg (sample A/2 nm), 13.1 mg (sample B/7.1 nm) and 10.8 mg
(sample C/11 nm) per 10 mg. In other paper, such as SBA-15 (Lei et
al., 2004) and silicate clay mineral (Sinegani et al., 2005) had only
5 mg and 0.3 mg per 10 mg capacity of GOx immobilization respec-
tively. This obvious difference can probably attribute to the large
amount of pores in HSMs indicated in Fig. 1 and Fig. 3d. The immo-
bilized GOx amounts in samples B and C were almost two times as
many as that in sample A. Furthermore, the rates of the immobi-
lization of GOx into samples A, B and C were also quite different.

Presumably, as sample A has a pore diameter of <2 nm while
GOx is 6.75 nm long and 6.75 nm wide (PDB (Protein Data Bank) file:
1cf3), GOx could not enter the pores of sample A. Therefore, GOx
loading shown in Fig. 4a is only on the external surface of sample
A. To confirm the immobilization of GOx in the pores of HSMs, N2-
sorption isotherms were investigated using sample B as an example
before and after GOx loading. The N2-sorption isotherms and pore
size distribution curves before and after loading GOx in sample B
were shown in Fig. 4b. It is noted that the pore size distribution
curve shifts to a smaller size after the loading GOx, indicating that
the GOx molecules were inside the mesopores. The enzyme may get
inside to the hollow interiors of samples B and C through the pores
on its shell. This could further assist in utilization of the inner sur-
face and the interiors of the HSMs and its pores. On the other hand,
hollow-typed structure with pores in shell could create microflow
between the space of inside and outside of the microsphere through
pores, this could be very helpful for enzyme molecules to approach
the inside and outside surface of the microsphere. That can explain
why the adsorption rate increased sharply with increasing pore
size. i.e. sample C > sample B > sample A. Moreover, we observed an
intriguing experimental phenomenon: the reduction of the max-

imum amount of adsorbed GOx on sample C compared with that
on sample B. It was probably because the surface area of sample C
was reduced sharply following the increasing of its pore size. In a
word, the difference of immobilized amount of GOx among three
samples with different pore sizes suggests that the capacity of solid
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ig. 3. Characterization of HSMs. (a) Low magnification SEM images of the HSMs; (b
, B and C; (d) Pore size distribution curve of samples A, B and C.

upport for GOx adsorption was not only related to the surface area
f support, but also to the pore size of HSMs and the size of GOx.
ased on the above observations, we chose sample B as the solid
upport to establish the CL biosensor below.

.3. Stability of the proposed biosensor

The operational stability of the enzyme immobilized HSMs was

nvestigated in the flow injection system at room temperature.
xygen-saturated PBS (pH 7.4) was used as the carrier solution, the
oncentration of glucose in carrier solution was 1.0 × 10−4 mol L−1,
he pump rate of main pump and deputy pump was 1.4 mL min−1

nd 1.8 mL min−1 respectively. The storage stability of the enzyme

ig. 4. Adsorption performance of HSMs. (a) The adsorption isotherm of GOx on sample
nd pore size distribution before and after loading GOx in sample B.
magnification SEM images of the HSMs; (c) N2-sorption isotherms curve of samples

immobilized HSMs was investigated at 4 ◦C in air. Under the
conditions mentioned above, this biosensor can be used for 400
continuous repeated measurements with the relative standard
deviation of CL signal intensity less than 5%. After 600 continuous
repeated measurements, a 30% decrease of the intensity of CL sig-
nal was observed. When the biosensor was stored in air at 4 ◦C for
6 weeks, it remained about 90% of its initial CL intensity.
3.4. Determination of the Michaelis–Menten constant of GOx

The Michaelis–Menten constant (KM) of GOx, which is a char-
acteristic constant depending on the category and the affinity to
substrate of enzyme, should not be influenced by the concentra-

A (�), sample B (�) and sample C (�). (b) Change in nitrogen adsorption isotherms
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Table 1
Tolerance folds of coexisting substances.

Tolerance folds Coexisting substances

≥1000 K+, Na+, Mg2+, Cl− , Ca2+, Zn2+, threonine, methionine,

T
D

J. Yu et al. / Biosensors and B

ion of enzyme. The lower KM is, the stronger affinity to substrate
s, which indicates an improvement of the enzyme/substrate reac-
ion; and vice versa. GOx is a double-substrate enzyme. The reaction
mong GOx, glucose and O2 is a ping-pong type reaction, there-
ore, the Michaelis–Menten constant of GOx was calculated by the
ouble-substrate equation as follow:

= �lim

1 + KMG
[SG] + KMO

[SO]

here v is the rate of reaction, vlim is the limit rate of reac-
ion measured under saturated substrate condition, [SG] is the
ulk concentration of glucose, [SO] is the bulk concentration
f O2, KMG is the Michaelis–Menten constant for glucose and
MO is the Michaelis–Menten constant for O2. As mentioned
bove, oxygen-saturated PBS (pH 7.4) was used in the experi-
ents for Michaelis–Menten constant studies. In this receptor,

he KMG of GOx in HSMs was 0.3 mmol L−1. This was lower
han 2.9 mmol L−1 for GOx in sol–gel matrix (see supporting
nformation), 30–37 mmol L−1 for native or free GOx (Kalisz et al.,
990; Szajani et al., 1987; Takegawa et al., 1989) and immobilized
Ox in other papers (Li et al., 2009; Liu et al., 2008a; Qiu et al.,
009a; Wu et al., 2007; Yu et al., 2008), indicated that the immo-
ilization of GOx in HSMs remarkably enhanced affinity of GOx to
lucose.

.5. Optimization of CL detection system

HCl, H2SO4 and NaOH were used respectively as medium to
etermine the effect of oxidant (KMnO4, Ce(SO4)2 and K3[Fe(CN)6])
o CL. The most robust and stable CL intensity compared to
egative control was obtained in KMnO4–HCl system (data in
upporting information). With the concentrations of HCl at the
ange of 0.5–3.0 mol L−1, the most robust and stable CL inten-
ity was obtained at 2.2 mol L−1. The concentration of KMnO4
ad great effect on CL reaction. The effect of the concentra-
ion of KMnO4 to CL intensity was investigated in the range of
.5 × 10−4 to 6.0 × 10−4 mol L−1. The results showed that the opti-
al concentration of KMnO4 was 4.0 × 10−4 mol L−1. The effect of
4NRASP concentration was investigated in the range 0.8 × 10−5

o 5.0 × 10−5 mol L−1. The results showed that the maximal CL
mission peak was obtained when the concentration of M4NRASP
as 1.6 × 10−5 mol L−1. Therefore, 1.6 × 10−5 mol L−1 M4NRASP
as chosen for further study. Pump rates is a key factor for the

ow biosensor. It was found that the lower pump rates were
nfavorable for sensitivity because the KMnO4-HCl-M4NRASP-
2O2 CL reaction was a fast process, and higher pump rates
ould cause a smaller contact time which result in an inadequate
nzymatic reaction. Therefore, pump rates were optimized at the

able 2
etermination results of glucose in real samples.

Sample Glucose concentration (×10−3 mol L−1)

Proposed sensor

Added Found* ± S.D. R.S.D. %

Sample-1 – 2.64 ± 0.07 2.7
2.00 4.59 ± 0.06 1.3

Sample-2 – 2.95 ± 0.08 2.7
2.00 5.03 ± 0.06 1.2

Sample-3 – 4.47 ± 0.05 1.1
2.00 6.44 ± 0.13 2.0

Sample-4 – 5.89 ± 0.07 1.2
2.00 7.88 ± 0.09 1.1

* Average of 11 measurements.
valine, isoleucine, lactic acid
≥500 Fe3+, tryptophan, lysine, leucine
≥100 Histidine, arginine. ascorbic acid

range of 1.2–3.6 mL min−1. Finally, 1.4 mL min−1 and 1.8 mL min−1

was selected as both main pump’s and deputy pump’s opti-
mal rate at which the relative CL intensity was robust and
stable.

3.6. Performance of the biosensor for glucose

Under the optimal conditions, the calibration graph was
linear over the range of 7.72 × 10−6 to 2.54 × 10−2 mol L−1.
The linear regression equation was �I = 1553.97 + 3593.62c (c:
×10−4 mol L−1) (r = 0.9994) (where �I was the relative CL intensity
and c was the concentration of glucose). The relative standard devi-
ation of this method was below 2.7% in 11 repeated measurements.
The detection limit was 8.0 × 10−7 mol L−1.

The linear range demonstrated in this paper was much wider
than the ranges of 1.0 × 10−4 to 1.1 × 10−3 mol L−1 for GOx immobi-
lized on edge plane of highly oriented pyrolytic graphite (Wang et
al., 2006), 1.2 × 10−5 to 3.8 × 10−3 mol L−1 for GOx immobilized on
multiwalled carbon nanotubes-ferrocene/chitosan-modified elec-
trode (Qiu et al., 2009a), 1.0 × 10−5 to 1.0 × 10−3 mol L−1 for soluble
enzyme (Economou et al., 2006), 5.0 × 10−4 to 1.6 × 10−2 mol L−1

based on (poly(allylamine hydrochloride/CdTe)x(poly(allylamine
hydrochloride/sodium polystyrenesulfonate)3 (poly(allylamine
hydrochloride/GOx)y multilayer (Li et al., 2009). The detection
limit of 8.0 × 10−7 mol L−1 was lower than 1.0 × 10−4 mol L−1

based on GOx/controlled-pore glass receptor (Lv et al., 2003),
4.0 × 10−6 mol L−1 for soluble enzyme (Panoutsou and Economou,
2005), 1.9 × 10−6 mol L−1 based on Nafion/GOx-Au nanoparti-
cles/glassy carbon electrode (Qiu et al., 2009), 1.0 × 10−6 mol L−1

based on Nafion/Pt/CMK-3-GOx-gelatin/glassy carbon electrode
(Yu et al., 2008). Therefore, the immobilization of GOx in HSMs
greatly widened the linear range and reduced the detection
limit.

3.7. Effect of coexisting substances
The effects of various interfering species, which may accom-
pany glucose in human serum, were also studied. All species tested
were tolerated at reasonably high concentrations, showing the high
selectivity of the proposed method. It is worth to mention that the

YSI 2300 glucose analyzer Found* ± S.D.

Recovery %

– 2.55 ± 0.3
97.4 4.70 ± 0.2

– 2.78 ± 0.3
104.1 4.71 ± 0.1

– 4.57 ± 0.1
98.3 6.49 ± 0.3

– 5.68 ± 0.3
99.6 7.72 ± 0.2
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nfluence of ascorbic acid at its physiologic normal level on the
iosensor response to glucose was acceptable. The maximum toler-
ble concentrations of coexisting substances are shown in Table 1,
here the tolerance fold was defined as the maximum concentra-

ion of coexisting substances that produced a difference between
ositive and negative controls.

.8. Application to real samples

To investigate the feasibility of the sensing system for analysis
f glucose in biological samples, glucose concentration in human
erum was examined. Four serum samples obtained from hospital-
zed diabetic patients were collected by Shandong Qi Lu Hospital
nd were analyzed. These samples were diluted 50 times by dou-
ly distilled-deionized water to obtain testing sample solutions.
ll samples were analyzed by the proposed method as well as by
Yellow Springs Instruments (YSI) 2300 glucose analyzer. Results
btained with the proposed method were compared statistically
ith those obtained with the automated standard colorimetric

echnique (Table 2).

. Conclusions

In this work, a novel glucose-sensitive receptor assembled via
mmobilized enzyme in HSMs was combined with M4NRASP CL
ystem to establish a biosensor for glucose. The immobilization
ehavior of GOx in HSMs with different pore sizes has been studied.

t is revealed that the pore size and the surface area of the HSMs
lay important roles in the immobilization of enzymes. The immo-
ilization of enzyme in the HSMs was found to be steady and have
long life time. M4NRASP, a rhodanine derivative was used and the
MnO4-HCl-M4NRASP-H2O2 CL system was proved to be very sen-
itive to H2O2. It is of great importance for widening the application
eld of rhodanine derivatives as CL reagent and pH expansion for
L biosensor. The biosensor was satisfactory when applied to the
etermination of glucose in human serum. Quantitative detection
f glucose ranging from 7.72 × 10−6 to 2.54 × 10−2 mol L−1 with a
etection limit of 8.0 × 10−7 mol L−1 was achieved. The relatively

ower detection limit, wider detection range, simpler determina-
ion procedure and higher stability make this CL biosensor method
power tool for glucose detection compared to traditional meth-
ds.
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