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biosensor showed specific recognition ability to free AFP by comparing with other comparative proteins and
exhibited a wide linear detection range from 8.0 x 10™ to 10 pug mL'for AFP with a low detection limit of 9.6

x 10 pg mL™' (S/N=3). Ultimately, the AFP imprinted sensor was applied to the determination of AFP in
human serum sample , giving satisfactory results.

Introduction

Hepatocellular carcinoma (HCC) has recently arisen to the sixth
and the third most common cause of general neoplasm and
cancer death, respectively. Thus, the early diagnosis and
prevention of HCC is turned to be significantly urgent and
necessary. Alpha-fetoprotein (AFP), an oncofetal protein with a
molecular weight of around 70 kDa, is rarely found in healthy
adult organs, but frequently appeared in HCC.'* Meanwhile, an
increasing number of studies have considered AFP as
diagnostic tumor-specific marker for HCC in at-risk patients
with the cut-off level of 20 ng mL".*® .This application was
firstly described by Abelev’ and then AFP was used for the
serum diagnosis of primary hepatoma.®'® Totally, for advanced
diagnosis and further prevention of liver cancer, alpha-
fetoprotein plays a crucial role.

Far to now, there have existed several methods capable of
detecting AFP, such as electrophoresis,'' surface plasmon
resonance (SPR)," colorimetric assay,'>
immunoassay,14 chemiluminescence,'>'¢
methods,'” enzyme-linked immunosorbent assay,'® surface
enhanced Raman spectroscopy (SERS)," and electrochemical
immunoassay?’ and so on. However, most of these approaches
are expensive, time-consuming or requiring highly
sophisticated instruments and so on.?' Meanwhile, they are
antibody-based assays which are the most commonly used
diagnostic tool for the analysis of biomolecules.”>** However,
antibodies acting as natural recognition material require
sophisticated handling and strictly controlled temperature
conditions. Duo to their low chemical stability, the applications
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of antibody-based assays are limited. Moreover, the affinity
between the antibody and its antigen is strong. It’s almost
impossible to reuse through damaging the binding between the
two components after linking.?* Thus, it is necessary to seek for
other ways to monitor biomarkers in liver cancer which is
expected to bring significant long-term economic, healthy and
social benefits to our society.

Currently, on-going research studies have tried to combine
molecularly imprinted polymer (MIP) with electrochemical
sensors to construct an accurate, low-cost and simple method
capable of tracking biomolecules.>>’ Because MIP is
promising to create artificial receptors by the formation of a
polymer network around a template molecule which have
robust recognition sites specifically fitting for its print
molecule.?®?! Electrochemical sensors exhibit various excellent
properties, such as convenience, low cost, rapidity, good
specificity and so on. Their perfect combination must be an
attractive and potential approach for the development of
biochemical sensors. However, due to the big size, complex
structure and conformational fragility of biomacromolecules,
this application in biomacromolecules is not as common as in
small molecules.

Among all the protein imprinting methods including bulk
imprinting, epitope imprinting and surface imprinting, surface
imprinting in which a target is imprinted over the surface of its
supporter is by far the most successful and popular approach.
Based on its advantages of higher binding capability, faster
binding kinetics and easy elution than traditional bulk
imprinting processes,’” certain success for protein has been
achieved by virtue of surface imprinting.** It is worth
mentioning that the surface imprinting is particularly suitable
for macromolecule imprinting in which diffusion limitation is
the major issue.*® Notably, the covalent immobilization of the
imprinting molecule on its carrier produces some merits:
forming more homogeneous binding sites, impeding template
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molecules from dissolving in the prepolymerization mixture
and reduce the aggregation rate of the templates. However, the
imprinting of AFP on the surface of an electrode without
antibodies using surface imprinting method is scarce.

In this contribution, AFP is selected as the template mainly
because the determination of the level of AFP has been one of
the current methods to screen liver cancer in at-risk patients.’’
Meanwhile, we created a novel AFP detection method using
surface imprinting directly on the surface of an electrode
without any antibodies. The AFP-MIP biosensor was fabricated
simply by layer-by-layer coating of chitosan (CS),
glutaraldehyde (GA) and AFP antigen on a glassy carbon
electrode, further through acrylamide polymerization to form a
thin polymer film. This proposed electrochemical MIP
biosensor was low cost and easily prepared to a novel detection
target of AFP, with a wide linear detection range, good
specificity, acceptable stability and reproducibility. Especially,
the MIP biosensor had enormous potential of substituting
natural antibodies used in a host of immunoassays with robust
and inexpensive advantages and will find wide applications in
clinical detection of other tumor markers as a convenient
method.

Experimental
Chemicals
human

A-Fetoprotein ~ (AFP), (CEA),

immunodeficiency virus p24 (HIV-p24) antigen and bovine serum

carcinoembryonic

albumin (BSA) were purchased from Shanghai Linc-Bio Science Co.
Ltd (Shanghai, China). Normal human serum samples were received
from Huayueyang Biotechnology Co. Ltd (Beijing, China). Chitosan
(CS, 99% deacetylation), glutaraldehyde (GA, 25% aqueous
solution), trifluoroacetic acid (TFA, puriss) and acetonitrile (>
99.9 %) were obtained from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA). Tris, acrylamide (AAm, functional monomer), N, N-
(MBA,
persulphate (APS, initiator), acetic acid, potassium hexacyanoferrate
1I (K;3[Fe(CN)g]) and potassium hexacyanoferrate 11 (Ky4[Fe(CN)g])
trihydrate (probe) were obtained from J&K Scientific Ltd (Beijing,
China). Phosphate buffer solution (PBS, pH 7.4) was prepared by
proportionally mixing the stock solutions of NaH,PO, and Na,HPO,.

methylene  bisacrylamide cross-linker), ~ammonium

All chemicals were of analytical reagent grade used without further
purification. The water used in experiments was the hyper pure
water (resistivity 18.2 MQ cm).

Apparatus

All electrochemical measurements were performed on a CHI660D
electrochemical workstation (Chenhua, Shanghai, China) by a
traditional three-electrode composed of a modified GCE working
electrode, a Pt wire counter electrode and a saturated calomel
electrode (SCE) reference electrode. The surface topography of the
modified electrode was characterized by field emission scanning
electron microscope (FE-SEM, Zeiss Ultra55, Germany). The high
performance liquid chromatography (HPLC) was performed on
Agilent 1260.

Fabrication of AFP-MIP electrode

2| J. Name., 2012, 00, 1-3

Prior to use, a GCE was polished with 0.3 and 0.05 pm alumina
powders, respectively and then entirely rinsed by hyper pure water.
The remained powders on the electrode can be completely removed
by ultrasonication in absolute ethanol and water for 3 min in
sequence. After dried by N, gas, the electrode was activated between
—1.5 and 1.5 V in 0.5 mol L H,SO, at 100 mV s until a stable
voltammogram was emerged. The illustration for the AFP imprinted
sensor preparation and the specific recognition of AFP was depicted
in Scheme 1. 3.0 pL of 0.25 mg mL" CS was deposited on the
cleaned GCE and dried at room temperature. The CS modified GCE
was further activated with 2.5% GA through shaping imide group at
room temperature for 2 h. After washing with water, 5.5 pL of 0.1
mg mL" AFP was coated on the modified electrode and bonded to
the activated electrode by forming imide group between aldehyde-
group on glutaraldehyde and amino-group on AFP at 4 °C overnight.
After being rinsed with washing buffer, the non-reactive active sites
on the modified electrode surface were blocked by 0.5 mol L™ Tris
for 30 min. Several washes with water followed this procedure. Then
the absorbed electrode was immersed in 1.0 mol L' AAm and 0.07
mol L' MBA for 1 h to allow AAm to interact with the AFP mainly
through hydrogen bonds, meanwhile, the addition of MBA which
can crosslink with AAm can help to form a highly lattice-like
structure to reduce the flexibility of the imprinted protein. The
polymerization was triggered by adding 1 ml of 0.06 mol L APS.
This step continued for 5 h, after which the electrode was completely
rinsed by hyper pure water to remove remained solution.*® The final
plastic antibody was obtained by putting the electrode into 0.5 mol
L™ diluted acetic acid for 6 h, which allowed a successful removal of
the protein from the imprinted layer*® leaving complementary sites
which only perfectly suited to the template. The AFP-MIP biosensor
was incubated in certain concentration of AFP solution for 40 min to
rebind. The un-imprinted polymer (NIP) film electrode was
fabricated following the same steps mentioned above without any
AFP.

Electrochemical measurements

Due to the poor electroactivity of AFP, [Fe(CN)s]*™ (1:1) was used

as an electrochemical probe to reflect the performances of the
prepared sensor basing on the redox property of the probe on the
surface of the electrode. Therefore, to carry out the electrochemical

GCE Chitosan  AFP Polymer

Scheme. 1 The preparation and specific recognition of the AFP-
MIP/GA/CS/GCE electrochemical sensor.

This journal is © The Royal Society of Chemistry 20xx
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measurements of the AFP-MIP sensor, the electrode was recorded by
cyclic voltammetry (CV) from -0.2 to 0.6 V, electrochemical
impedance spectroscopy (EIS) performed under its open-circuit
potential with the frequency range of 0.1-100 kHz.

The determination of AFP was obtained by differential pulse
voltammetry (DPV) measurement which was operated from —0.2 V
to 0.6 V with a pulse amplitude of 50 mV. After eluted, the designed
electrode was incubated in different concentrations of AFP, then
AFP molecules in solution would occupy the imprinted cavities
which would prevent [Fe(CN)s]*"* from arriving at the surface of
the prepared electrode leading to the decrease of the current.

We also chose BSA, CEA and HIV-p24 acted as the comparative
proteins and NH,", Na*, Ca®*, K, NO;", CI' and SO,> existing in
real sample served as possible interfering ions to evaluate the
specific recognition ability of the prepared sensor. All the
electrochemical measurements were performed in a PBS buffer
solution (pH 7.4) containing 5.0 mmol L [Fe(CN)¢]*"* (1:1) and
0.1 mol L™ KCL

Results and discussion

The principle of the sensor preparation and specific
recognition of the AFP

As depicted in Scheme 1, the GCE was abundant with amino-groups
by coating a layer of chitosan. Because of the formation of imide
group between amino-group on chitosan and aldehyde-group on
glutaraldehyde, the glutaraldehyde was bounded to the modified
electrode. Based on the similar binding principle, the target
molecules were directly covalently grafted on the surface of the
resulting electrode. When the AFP bounded electrode was immersed
in monomer solution, a large quantity of hydrogen bonds produced
by amino and carbonyl bonds of AAm with peptide bond of proteins
formed which contributed to the uniform distribution of monomers.
Thus, in the presence of cross-linker MBA and the initiator APS,
polymerization reaction occurred around the proteins and the
templates were well inlaid in the polymer. After eluted with HAc,
multiple hydrogen bounds were broken and the target AFP were
washed off leaving lots of imprinted cavities only perfectly
complementary with the imprinted proteins. When the designed

sensor was detected in [Fe(CN)g] 3-/4-

(1:1), a relatively strong DPV
signal appeared. However, after the biosensor was immersed in AFP
solution, AFP in solution would occupy the imprinted sites based on
hydrogen binding interaction and shape memory. Then, a less DPV
signal occurred owing to reabsorption of target proteins in the
imprinted cavities. Other non-template proteins didn’t match the
imprinted cavities and were not chemically complementary to the
binding sites, thus the AFP-MIP possessed a low absorption capacity
to them.

Characterization of the modified electrode

The formation of the proposed AFP-MIP/GA/CS/GCE biosensor had
been monitored by both EIS and CV measurements. In particular,
EIS was used to reflect the changes of the interfacial property at the
GCE surface before and after modification by the charge transfer
resistance (R,,) which can be obtained by reading the diameter of the
semicircle.*’ The obtained EIS results were depicted as Nyquist

This journal is © The Royal Society of Chemistry 20xx

plots in Fig. 1 (A and C), respectively. Compared with the curve of
bare GCE (Fig. 1A, curve a), CS modified GCE showed a relatively
smaller R, value (Fig. 1A, curve b) which can be explained that CS
can enhance the electrons transfer rate of the probe. After dropping
GA, the resistance slightly increased (Fig. 1A, curve c) due to the
hindrance of aldehyde group (-CHO) to the probe. The following
introduction of large AFP to the surface of GA/CS/GCE resulted in
an increase of the insulating ability of the electrode by hindering
interfacial charge transfer between the electrode surface and the
electroactive probes in the electrolyte solution, presenting a larger
impedance value (Fig. 1A, curve d). By contrast, when the polymeric
film was formed on the modified electrode, the resulted impedance
(Fig. 1C, curve e) sharply increased from 2500 Q to almost 1000 Q
due to the further blockage of the insulate imprinted polymer film.
However, after eluting AFP from the imprinted film (Fig. 1C, curve
f), the impedance of the MIP/GCE obviously decreased because the
left AFP cavities allowed more probe to reach the surface of the
electrode. After the MIP/GCE electrode was incubated in 1 pg mL™
AFP for 40 min, the impedance became large (Fig. 1C, curve g),
suggesting that the template was rebound to the imprinted sites and
hindered the diffusion of the probe. In addition, the impedance of
curve g was still smaller than that of curve e, indicating that not all
of the imprinted sites were occupied.

CV results shown in Fig. 1 (B and D) were consistent with the
previous studies of EIS. The binding of AFP (Fig. 1B, curve d)
widened the peak-to-peak potential separation and decreased the
peak height of [Fe(CN)6]3'/4' in the voltammograms, thus leading to
the increased R, value. Meanwhile, the peak-to-peak potential
separation of the MIP/GCE before elution (Fig. 1D, curve e) was
bigger and the peak height was smaller than the AFP bounded
electrode attributing to the insulate film coating on the surface of the
electrode. However, when the AFP was removed out of the polymer,
an increase of the peak current was observed (Fig. 1D, curve f)
because of the formation of imprinted cavities, which left channels
for the penetration of probe through the MIP to reach the electrode.
After incubating in 1 ug mL™" AFP solution, the imprinted sites were
occupied leading to the decrease of the peak current (Fig. 1D, curve
g). On the contrary, the EIS and CV curves of the NIP/GCE were
nearly overlapped, respectively. This might be attributed to the
insulate film and non-formed binding sites which made no evident
the NIP electrode surface.
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Fig. 1 Electrochemical characterization of the subsequent
modification steps of the GCE (a-bare GCE, b-CS/GCE, c-
GA/CS/GCE, d-AFP/GA/CS/GCE, e-before removal of AFP from
polymeric film, f-after removal of AFP from polymeric film, g-after
incubating in 1 pg mL™" AFP solution) in a PBS bufTer solution (pH
7.4) containing 5.0 mmol L' [Fe(CN)s] *** (1:1) and 0.1 mol L™
KCl, by EIS (A, C, Nyquist plot) and CV (B, D)

Morphological characterizations of AFP-MIP and NIP
electrode

Morphologic characterization was taken by SEM. As presented in
Fig. 2, obviously significant differences between the imprinted and

4| J. Name., 2012, 00, 1-3

the non-imprinted electrode can be observed. The surface of the
MIP/GCE was quite rough and porous due to the elution of the target
proteins leaving the corresponding cavities (Fig. 2A), on the contrary,
the topology of the NIP/GCE (Fig. 2B) is homogeneously wrinkle
and condensed because of the formation of the polymer film in the
absence of AFP. To a great extent, combining with the EIS and CV
results above, we can draw a conclusion that a successful imprinted
process had been achieved.

Optimization of experimental condition

The influence of monomer concentration on imprinting capacity was
studied by monitoring the change of DPV signal which could
indicated the amount of rebinding of AFP. As depicted in Fig. S1 A,
with the increase of monomer concentration from 0.4 to 1 mol L™,
the value of A7 increased and reached the maximum. However, when
the concentration exceeded 1 mol L™, the value of Al decreased.
This can be explained that for the templates bounded to the prepared
electrode, 1 mol L' AAm could offer enough hydrogen bonds to
interact AFP to form stable spatial structure. In this state, the shape,
structure and functional groups of the target molecules were
completely immobilized by the monomers around them. Too low or
too high concentration could not fix the templates well leading to the
reduction of binding sites. Thus, 1 mol L' AAm was used in the
following experiments.

A

Fig. 2 The SEM images of the MIP/GCE (A) and the NIP/GCE (B).

This journal is © The Royal Society of Chemistry 20xx
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Cross-linker concentration is another crucial factor affecting

adsorption capacity and imprinting efficiency of the proposed sensor.

The relationship between crosslinking concentration and Al were
exhibited in Fig. S1 B. When the crosslinking density was lower
than 15 wt.%, the value of Al increased with the increase of
crosslinking density which could be explained too low crosslinking
density was unfavorable to shape and maintain imprinted cavities. In
contrast, the value of Al declined when the crosslinking density was
above 15 wt.%. This trend may be attributed to high cross-linking
degree which hindered the targets from entering into the imprinted
sites. Therefore, 15 wt.% was adopted as the -crosslinking
concentration in this assay.

The determination of elution time is a key step for the
reconstruction adsorption capacity of the sensor. This performance
was measured and optimized by DPV where the variation of the
peak current magnitude indicated the amount of removal of AFP. As
depicted in Fig. S1 C by the DPV plot, the peak current increased
gradually with the elution time and reached the maximum value
when the elution time was 6 h. After which time, the peak current
was kept indistinguishable, suggesting that AFP had been efficiently
removed from the imprinted film. Thus, with the duration of time,
the peak current stayed almost unchanged. Therefore, the optimal
elution time of 6 h was employed for the construction of the
proposed AFP-MIP biosensor.

The readsorption time of the proposed sensor was also studied by
DPV (as shown in Fig. S1 D), the peak current decreased with the
incubation time until maintaining steady on 40 min. This observation
revealed the process of readsorption was made to equilibrium after
40min. Thus, the readsorption time of 40 min was selected in further
experiments.

Electrochemical responses of the MIP biosensor to AFP

In this paper, we used the proposed AFP-MIP electrochemical sensor
to display the current response to [Fe(CN)g]* - by DPV
measurement which was much more sensitive than CV. Clear
differences were shown between the MIP/GCE and NIP/GCE. The
results were depicted in Fig. 3, when the template was removed from
the imprinted film, the peak current of the MIP/GCE electrode (Fig.
3A, curve b) increased greatly compared to the electrode before the
removal of AFP (Fig. 3A, curve a). This may be explained that the
left imprinted sites allowed the penetrating of probe through the
polymeric network to contact with the surface of the electrode, thus
leading to the higher peak current.” Nevertheless, after the
MIP/GCE electrode was incubated in 1 ug mL™" AFP for 40 min, the
peak current decreased clearly (Fig. 3A, curve c), suggesting that the
template was rebound to the cavities and hindered the diffusion of
the probe. In addition, the peak current of curve ¢ was still larger
than that of curve b, indicating that not all of the imprinted sites were
occupied. Oppositely, compared with the electrode before the
removal of AFP (Fig. 3B, curve a), the peak current of the NIP/GCE
electrode after the removal of AFP (Fig. 3B, curve b) increased a
little. Meanwhile, an indistinguishable current variation (Fig. 3B,
curve c) was observed after the incubation of the NIP/GCE in the
AFP solution. All these observations were in accordance with the
previous EIS and CV results and suggested that the MIP/GCE
electrode can be employed as a proposed sensor for AFP sensing.

This journal is © The Royal Society of Chemistry 20xx
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Fig. 3 The DPV plots of MIP/GCE (A) and NIP/GCE (B) performed
in PBS buffer (pH 7.4) including 5 mmol L™ [Fe(CN)¢] >+ (1:1)
and 0.1 mol L' KCl : a -before removal of AFP from polymeric film,
b -after removal of AFP from polymeric film, c -after incubating in 1
pg mL™" AFP solution.

The relationship between the concentrations of AFP and the peak
current was demonstrated by DPV under the optimal experimental
conditions. As shown in Fig. 4A, accompanying with the increasing
AFP concentrations, the DPV peak current of the MIP/GCE
decreased gradually. The peak current was found linearly related to
the AFP concentration in the range from 8.0 x 10™ to 10 ug mL™
with the regression equation of 1, (uA) = —0.8524 Log ¢ (ug mL™") +
4.577 (R?=0.992). The limit of detection (LOD) was obtained as
approximately 9.6 x 107 ug mL™" (S/N=3). Comparing with the
existed methods (Table S1), we could see each method had its
advantages and limitations. However, the developed biosensor was
more convenient and possessed a wider linear detection range with a
satisfyingly low detection limit which was crucial to the AFP
analysis and the biological significance research of AFP in human.

Selectivity

To evaluate the selectivity of the AFP-MIP/GCE, we selected BSA
(66.43 kDa), CEA (180 kDa) and HIV-p24 (24 kDa) with different
sizes as interfering proteins which can also possibly be found in
human serum. The current changes (AI) of [Fe(CN)s*"*
MIP/GCE before and
concentration (1 ug mL™) of each protein were detected by DPV

on the

after being incubated in the same

J. Name., 2013, 00, 1-3 | 5




P OO~NOUILAWNPE

Analytical Methods

E/V

Log (C/pg mL™)

Fig. 4 (A) The DPV curves of MIP/GCE conducted in PBS buffer
(pH 7.4) including 5.0 mmol L™ [Fe(CN)¢]** (1:1) and 0.1 mol L™
KCl after rebinding AFP (the concentrations of AFP from a to g
were 8x10%, 2x107, 1x107% 4x102, 1x107, 1 and 10 pg mL™,
respectively). (B) The relative calibration plot of MIP/GCE.

assay and shown in Fig. 5. In particular, the A/ value of the
MIP/GCE electrode toward AFP (66 kDa) was 2.683 pA, which was
2.8, 5.5 and 9.2 times of that toward BSA, CEA and HIV-p24. As to
the structural analogs of BSA, which has a 40.2 % sequence identity
and a 59.1 % structural similarity with AFP,** the AFP-imprinted
sensor had relatively higher adsorption capacity to another two
comparative proteins, but lower adsorption capacity than the target
AFP which indicated the predominance of molecular size, shape
memory effect and hydrogen interaction mainly affected the
imprinting formation and template recognition. However, because
of the discrimination between the shape of BSA and the imprinted
cavities complementary for AFP and the differences of spatial
arrangement of effective groups on the surface of BSA existing, the
resulted sensor still possessed some recognition and selectivity to
template AFP. As to possible interfering ions such as NH,", Na®,
Ca®, K", NOy, CI", SO,* existing in real sample, there was no DPV
signal change if they were added or not. In a word, we can confirm
that the AFP-imprinted sensor was triumphantly made and had a
good selectivity toward its template.

Reproducibility and stability

By analyzing one MIP/GCE biosensor for three times repeatedly, the
reproducibility of the AFP imprinted sensor was checked. The
relative standard deviation (RSD) was 1.77 %. Afterwards, to fully

6 | J. Name., 2012, 00, 1-3
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Fig. 5 The peak current variations of the MIP/GCE after being
incubated in 1pug mL" of AFP, BSA, CEA and HIV-p24 solution,
respectively.

estimate its reproducibility, we prepared 3 MIP/GCE sensors under

the same conditions and used them to detect 1 ug mL™' AFP (in PBS).

The RSD was 4.26 %. These data indicated that the repeatability and
reproducibility of the MIP/GCE sensors were good. As to stability,
we measured the peak current variation of AFP-MIP electrode
before and after being stored at 4 °C for 14 days. The electrodes
remained 91% current which confirmed an acceptable stability.

Application assays

To evaluate the application of the determination power of the
designed MIP sensor, the standard addition method and high
performance liquid chromatography were both applied for
determination of AFP. The proposed biosensor was immersed in
diluted human serum samples for 40 min which was spiked with
different concentrations of AFP. After washed by PBS to remove the
physical absorption serum, the sensor was put into [Fe(CN)6]3'/4'
solution to obtain the DPV signal. The corresponding results shown
in Table 1 revealed that the amounts of AFP added and found in the
human serum sample existed a satisfying consistency. The
recoveries were accounted by the ratio of the detected amount and
the added AFP concentration ranging from 96.5 to 107 % with an
average relative standard deviation of 3.19 %. Through the statistical
comparison between the proposed sensor and the HPLC method, a
good agreement at the 95 % confidence level within an acceptable
range of error was obtained. Thus, the conclusion that this proposed
electrochemical sensor possessed accurate detection property were
further confirmed.

This journal is © The Royal Society of Chemistry 20xx
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1
2 .
3 Table 1 Results of the recovery experiment
4 Proposed MIP sensor the reference method (HPLC)
5 Sample Added (ng mL™)
6 Found (ng mL™", n=3) Recovery RSD (%) Found (ng mL™', n=3) Recovery RSD (%)
7 1 1.50 1.61 107.0 2.84 1.58 105.3 3.11
8 2 5.00 5.18 104.0 2.40 5.07 101.4 2.14
9 3 10.0 9.65 96.5 3.02 9.83 98.3 3.57
10 4 20.0 19.60 98.0 4.15 19.10 95.5 3.68
11 5 40.0 40.40 101.0 3.55 39.30 98.3 4.66
12
13
12 13J. Wang, Y. Cao, Y. Xu and G. Li, Biosens. Bioelectron., 2009,
25, 532-536.
16 Conclusions 14 Q. Zhang, X. Wang, Z. Li and J. M. Lin, Anal. Chim. Acta,
17 An MIP biosensor using biomacromolecule AFP as the sensing 1529((.)9\;\,62;;’ 2(;.2-Y2.12hang Z.J. Li, X. T. Ying and J. M. Lin
18 target is fabricated on a GCE by a surface imprinting method Clin. Chirr;. Acta, 2008,3’93,90—94i ’
19 without any antibody. The modification and imprinting procedure 16 X. Y. Yang, Y. S. Guo, S. Bi and S. S. Zhang, Biosens.
20 were carefully characterized by CV, EIS, SEM and DPV. Combining Bioelecfron., 2009, 24, 2707-2711. .
21 advantages of both molecularly imprinting technique and 17 X. leang, L. Chen, C. Zhang, M. Luo, X. Ji and Z. He,
22 elec.trf)chemical methoqs, the proposed electrochemical AFP.—MIP lgAél.aﬁ}. Sﬁii(,) IXZ.’ 11{?7Y’:r15,8)6(-.51\5/19.1Y.in, B. Situ, H. K. Zhou, L. Lin,
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