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Abstract:
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A comparison between several immobilization materials of AChE on surface
of glassy carbon electrode(GCE) was presented. The immobilization methods
employed crosslinking method with glutaraldehyde as a cross-linking agent
and bovine serum albumin(BSA) as a protectant, AChE was immobilized on
different membranes including nylon membrane, cellulose nitrate membrane
and chitosan membrane respectively. The enzyme membrane was then fixed
on the surface of glassy carbon electrode(GCE) with O-ring to prepare an
amperometric biosensor for the detection of organophosphorus pesticides. The
activity of immobilization AChE was detected by measuring the oxidation
current of thiocholine, the results showed that the activity of immobilization
AChE were all different with different membrane as carrier material.
Compared with nylon membrane and cellulose nitrate membrane, chitosan
membrane was obviously good. So chitosan membrane can be selected as
immobilized AChE carrier material.

Acetylcholinesterase, pesticides residue, biosensor, immobilization, carrier
material
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1. INTRODUCTION

Organophosphorus pesticides (OP) are very toxic compounds, they can
lead to a severe impairment of nerve functions of human or even death
because they inhibit main metabolic pathways (Ivanov et al., 2002, Neufeld
et al., 2000). The intensive use of organophosphorus pesticides in agriculture
requires further progress in the development of rapid and efficient
monitoring methods. Nowadays the conventional analytical techniques
mainly used for detecting organophosphorous and carbamate pesticides
residues, the chromatographic ones, such as HPLC and GC,has been most
commonly used as criterion methods due to their high sensitivity, reliability
and precision. However these analytical techniques are time-consuming and
expensive and above all, require pretreatment of the sample and highly
qualified technicians (Kim et al., 2007, Schulze et al., 2002).

Biosensor techniques based on enzymatic inhibition have gained
considerable attention in the past decade due to the advantages of simplicity,
rapidity, reliability and low cost devices compared with the conventional
analytical techniques (Andreescu et al., 2005). According to the difference of
transducers, biosensors mainly included in three types: potentiometric
(Marek et al. 2005), amperometric (Dan Du et al.,2007), and optical
biosnsors(A.L. Simonian et al.,2005). Among these methods, amperometric
biosensor is the most frequently reported because of the simple configuration,
close contact between enzyme layer and transducers, high sensitivity.

Enzymes immobilization is a crucial step for the design of the biosensor.
it’s methods include that enzyme is immobilized on the working electrode
surface directly(Arduini et al.,2006), and enzyme is immobilized on
membranes, the enzyme membrane is then fixed on the surface of electrode
(Fuxiang Wei et al.,2007). Appropriate selection of the electrode,
membranes material and immobilization methods is essential for a reliable
biosensor, because it will strongly affects the performance of the biosensor
in term of sensitivity, stability, response time and reproducibility.

In this work, a comparison of the AchE activity after immobilization with
different materials in biosensors was presented. The immobilization methods
employed crosslinking method with glutaraldehyde, and under the
immobilization methods, the carrier materials were explored, AChE was
immobilized on different membranes that were nylon membrane, cellulose
nitrate membrane and chitosan membrane respectively. The enzyme
membrane was then fixed on the surface of GCE to prepare an amperometric
biosensor. The results were evaluated by electrochemical measurements, the
results showed that the rate recovery activity of enzyme immobilized with
different membrane was different, the activity of enzyme immobilized with
chitosan membrane was the highest, and the activity of enzyme immobilized
with nylon membrane was the worst.
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2. MATERIALS AND METHODS

2.1 Apparatus

Specrophotometric  measurements were performed on UV-Vis
spectrophotometer purchased from Daolin Japan, high-speed freezing
centrifuge was supplied from Sigma(3K15,Germany); Acidometer was the
product of Vastell (230A + ,USA); JJ-2 tissue triturator from Ronghua
instrument manufacture Co. (Jiangsu,China), DK-98- [ galvanothermy
constant temperature boiler was obtained from Taisite instrument Co.
(Tianjin,China). Electrochemical measurements were performed on an
CHI600 Electrochemical Workstation from Shanghai Chenhua instrument
Ltd.(Shanghai,China). 3- electrode was purchased from Aida Hengsheng
technology Co.(Tianjin, China). glassy-carbon electrode with 3mm diameter
as working electrode, platinum electrode as counter electrode, saturated
calomelelectrode(SCE)as reference electrode.

2.2 Chemicals and reagents

Chicken brain-esterase was extracted from living chicken bought from
market. Acetylthiocholine chloride (ATCh) as substrates was purchased
from Nuoyawei Biology Tech.Co.(Shanghai,China). 5,5'-dithiobis(2’-
nitrobenzoic acid) (DTNB) as color react of reagent provided by Sigma.
Glutaraldehyde and BSA were provided by Sigma. Dichlorvos(40% milk
grease)was the product of Dacheng pesticide(Shandong,China). All other
chemicals were of analytical grade and were used without further
purification. Distilled water was used throughout for the preparation of
solutions.

2.3 Preparation and extraction of the chicken brain
esterase

Chicken brain-esterase was extracted using a method, which was from a
previously reported technique (Sunxia et al.,2008). The fresh chicken brain
with phosphate buffer (1%Triton X-100,pHS8.0, 0.1mol/l) in the ratio of 1g/3
ml is homogenized for 40 min at 8000 rpm at 4°C with a tissue triturator.
And the chicken brain-esterase solution is obtained from the final
supernatant after centrifugation and then preserved in refrigerator at 4°C.

For measuring AChE activity was modified from the assay described by
Ellman (Ellman et al.,1961). The Ellman method has found widespread
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application for determination of cholinesterase (ChE) activities using
acetylthiocholine (ACTC) as substrates (T. Hamers et al.,2000). Ellman
method is based on the increase of yellow colour nitrobenzoate (TNB) ion
produced from thiocholine when it reacts with dithiobisnitrobenzoate
(DTNB) ion (Eq. 1 and 2, below) (Zou et al.,2006).

AChE
acetylcholine + H,O— pthiocholine + acetic acid (1)

Thiocholine+tDTNB— 3 Formation of TNB 2)
[yellow colour (412nm)]

The calculation of enzyme activity of formation is described as followed:

E (umol'min™"mL)=Fx4x10°/(vxKxL)

where E is the activity of enzyme, V is the volume of enzyme liquid (mL),
v=0.02. K is extinction coefficient (L/mmol-mm), K=1.36. L is light length
of enzyme liquid (10mm). v is total volume of reaction of liquid (mL),
v=3.14. Every experiment was done replicatively in triplicate. After
calculated the activity of chicken brain-esterase, recorded and stocked at
4°Cfor use.

24 Preparation of immobilization enzyme membrane

24.1 Pretreatment of carrier material

Carrier material was pretreated using a method, which was slightly
modified from a previously reported technique (Fuxiang Wei et al.,2007).
Commercial carrier material were made into circular sheet about 10 mm
diameter, and employed the following method of activation respectively.
nylon carrier was immersed in anhydrous methanol for 30 min, then washed
5 min with phosphate buffer (0. 1mol/l, pH8.0), naturally dried and stock for
use. Cellulose acetate porous membrane and cellulose nitrate porous
membrane were immersed in phosphate buffer (0.01mol/l, pH7.0) for 48 h at
4°C.

2.4.2 Preparation of chitosan porous membrane

The preparation method of chitosan porous membrane was modified from
the assay described by Zhibin Qiang (Zhibin Qiang et al.,2007).Weighing
0.1 g chitosan powder,then added 10ml of acetate solution (1%,m/m), and
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mixed round for 10 min to yellow sol.Then centrifugal for Smin in high-
speed freezing centrifuge at 3000r/min at room temperature to remove
insoluble particles. Then the pretreated cellulose nitrate porous membrane
was immersed in the sol for 12h, and then immersed in phosphate buffer
(0.1mol/L,pH8.0) for 12, dried and stock for use.

243 Immobilization of enzyme

Chicken brain-AChEs, diluted at a concentration of 100 UmL™" in
phosphate buffer (0.1mol/L,pH8.0), were immobilized on sensitive
membrane. The immobilization method of enzyme was modified from the
assay described by Fuxiang Wei (Fuxiang Wei et al.,2007), the protocol
were performed according to the following procedure: 10U of AchE liquid
and 30.0uL of BSA (1.0%), 2.0pL of glutaraldehyde (5.0%) in 0.50 mL
of centrifuge tube, were blended in vortex mixer. Then nylon membrane,
cellulose nitrate membrane and chitosan membrane were immersed in 0.50
mL of centrifuge tube which contained those enzyme liquid for 8h at 4°C
respectively. And enzyme membranes was washed with phosphate buffer
(0.1mol/L,pH8.0), and then dried at room temperature, and determined
enzyme activity by electrochemical measurements.

2.5 Amperometric measurement of AChE enzyme
activity
2.5.1 Amperometric measurement principle

The detecting principle is that pesticides can be measured by comparing
the residual activity of the enzyme after exposure to OP compounds with the
initial activity. After exposure to OP compounds, enzyme activity is
decreased, depending on the concentration and the time of exposure. The
enzyme activity is estimated amperometrically at about between 100 mV and
700mV versus reference electrode by the anodic oxidation of the thiocholine
(TCh) produced by hydrolysis of the acetylthiocholine (ATCh) substrate. (Eq.
3 and 4, below) (Lihong Wang et al.,2006.)

AChE
acetylcholine + H,O———thiocholine + acetic acid (3)

2thiocholine —  dithio-bis-choline+2H +2¢’ 4)
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The following general expression of enzyme-substrate-inhibitor is used to
obtain a quantitative estimate of the relation between dichlorvos
concentration and the degree of inhibition. The remaining activity (1%) is
determined according to the following formula: 1%=((10—11)/10)x100%

Where 1% is the degree of inhibition related to the inhibitor concentration.
10 is the initial current (I0) of the biosensor is measured without inhibitor in
phosphate buffer. 11 is the current after the incubation in the phosphate
buffer with different concentrations of inhibitor(Dan Du et al., 2007).

2.5.2 Amperometric measurement of free AChE enzyme activity

Firstly, the surface of GCE was polished by 0.05um alumina suspension
to a mirror finish. Secondly, 3-electrode connected with electrochemical
workstation was immersed in 10ml of electrochemical reaction cell in which
9ml of phosphate buffer (0.1mol/L,pH7.5) as electrolyte was added, and then
different concentration AChE liquid was added respectively. Then
electrochemical workstation was run, the electrodes were tested with
electrical current-time at a working potential of +600 mV versus SCE. After
the current was stable, 0.5ml of ATCh was injected, the change of current
produced by the oxidation of thiocholine was observed. The cell was washed
with distilled water between measurements.

2.5.3 Amperometric measurement of immobilization AChE enzyme
activity

The procedure amperometric measurement of immobilization AChE
enzyme activity was similar to the amperometric measurement of free AChE
enzyme activity basically, only one was difference, substituting AChE liquid
for the enzyme membrane fixed on the surface of glassy carbon working
electrode with O-ring.

3. RESULTS

3.1 The current of catalytic reaction under free AChE

The current which corresponds to the oxidation of thiocholine, the product
of the enzymatic hydrolysis of ATCh substrate under different concentration
AChE liquid was recorded after plateau. The relation curve between AChE
concentration and electrical current volume was drawn. The curve shown in
Figl indicated that the relation between the current value and enzyme
activity was obvious linear correlation. And its linear correlation coefficient
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was 0.9945. So the current value of catalytic reaction can be used to measure
enzyme activity.
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Fig.1 The relation curve between AchE concentration and electrical current volume

3.2 The current of catalytic reaction under
immobilization AchE employed different carrier
materials

The enzyme membrane fixed on the surface of glassy carbon working
electrode with O-ring. 3-electrode connected with electrochemical
workstation was immersed in 10ml of electrochemical reaction cell in which
9ml of phosphate buffer (0.1mol/L,pH7.5) as electrolyte was added. Then
electrochemical workstation was run, the electrodes were tested with
electrical current —time at a working potential of +600 mV versus saturated
calomelelectrode. After about 50 second, electrical current reached a plateau,
0.5ml of ATCh was injected at this time.

3.21 The current of catalytic reaction employed nylon porous
membrane

The curves shown in Fig.2 indicated that 0.5ml of ATCh was injected at
50 second, and at 120 second the current began descend. At 300 second, the
current achieved to valley value that was 1.643uA.

0.2 7(%4;_;———.

043

05 ]
08 ]
EE
2]

Current/ le6A

143
163

-1.8

0 30 B0 90 120 150 180 10 240 70 300

Time / sec

Fig.2 The current curve of catalytic reaction employed nylon membrane



2290 Xia Sun , Xiangyou Wang , Chuandong Jia

3.2.2 The current of catalytic reaction employed cellulose nitrate
porous membrane

The curves shown in Fig.3 indicated that 0.5ml of ATCh was injected at
50 second, and at 60 second the current began descend. At 240 second, the
current achieved to valley value that was 1.12uA.
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Fig.3 The current curve of catalytic reaction employed cellulose nitrate membrane

3.2.3 The current of catalytic reaction employed chitosan porous
membrane

The response curve for the current of catalytic reaction employed chitosan
membrane was shown in Figure4. The curves showed that at 50 second,
0.5ml of ATCh was injected, and at 120 second the current began descend.
At 180 second, the current achieved to valley value that was 2.4 uA.

Tuns | zec

Fig.4 The current curve of catalytic reaction employed chitosan porous membrane
33 Discussion

The results showed that the current of response time, stability time and the
current stability values were all different in fig.2, fig.3, fig.4 respectively. In
other words, the selection of carrier materials directly effect the activity,
stabilty of immobilization enzyme. Compared with nylon membrane, the
time of the current achieved to valley value immobilized with cellulose
nitrate membrane was different, it showed that substrate diffusion speed in
cellulose nitrate membrane was quicker than nylon membrane. But the
valley value in fig2 was bigger than fig3, it showed that cellulose nitrate
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membrane osmosis was better than nylon membrane, so cellulose nitrate
membrane absorption enzmye quantity less than nylon membrane, after the
cellulose nitrate membrane modified by chitosan, the situation improved
greatly in figd. The reason is that there is amino structure in chitosan
molecular structure, that have high affinity, that can easy to fix the enzmye.

4. CONCLUSION

The results were evaluated by catalytic reaction showed that the rate
recovery activity of enzyme employed different membrane as carrier
material was different, chitosan membrane was the highest compared with
cellulose nitrate membrane and nylon membrane. And the results also
showed that chitosan membrane prevented leakage of the enzmye, improved
the activity of immobilization enzmye. So the AChE immobilized with
chitosan membrane used in biosensor can improve the performance of the
biosensor in term of sensitivity, stability, response time and reproducibility.
we also can conclude that promote the application of immobilized enzymes
in pesticide residue rapid detecting fields by improving traditional materials,
design and exploit new carrier materials. In the future, the design and
preparation of carrier materials with excellent integration performances will
be one of the most significant researches for the development of
immobilized enzymes.
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