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Abstract

Molecularly imprinted hydrogel layers with lectin-recognition sites were prepared on surface plasmon resonance (SPR)
sensor chips via surface-initiated atom transfer radical polymerization (SI-ATRP) combined with molecular imprinting. The
lectin-imprinted hydrogel layer sensor chips showed larger SPR signal change in response to a target lectin than
nonimprinted hydrogel layer sensor chips. The larger SPR signal change was attributed to the strong affinity constant of the
lectin-imprinted hydrogel layer for the target lectin. These results suggest that molecular recognition sites for the lectin were
formed within the hydrogel layers by molecular imprinting. On the other hand, the SPR signal change of the lectin-imprinted
hydrogel layer chip in the presence of other lectin was very small. Poly(2-methacryloxyethyl phosphorylcholine) as a main
chain of the hydrogel layer inhibited nonspecific adsorption of other lectin. This paper describes that SI-ATRP with
biomolecular imprinting is a useful method to design highly sensitive and selective SPR sensor chips with molecular
recognition sites for a target lectin.

two-dimensionally ligand-immobilized sensor chips [2, 9]. In
other way, we reported the preparation of three-dimensionally
antibody-immobilized hydrogel layer chips by surface-initiated
atom transfer radical polymerization (SI-ATRP) [10].
Our previous study revealed that the SPR signals of the
three-dimensionally antibody-immobilized hydrogel layer
chips were dramatically enhanced compared with a two-
dimensionally antibody-immobilized SPR sensor chip because
a larger amount of antibodies was immobilized within the
three-dimensional hydrogel network. In SPR sensor systems,
the immobilization of ligands onto the surface of sensor chips
must be individually optimized according to the kind and
amount of ligands and target molecules [1, 11].

Molecular imprinting is a promising method to create
artificial receptors in polymeric network with highly sensi-
tive, specific and stable bio-recognition sites [12—17]. In
molecular imprinting, complexes between the functional
monomers as ligands and a template molecule (target
molecule) are pre-formed through covalent, non-covalent or
semi-covalent bonding. After the functional monomers are
copolymerized with cross-linker in the presence of a tem-
plate, molecularly imprinted polymers (MIPs) are obtained
by extraction of the template from the resulting networks.
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Introduction

Surface plasmon resonance (SPR) spectroscopy have been
established as a powerful technique for the investigation of
biomolecular interactions, including DNA hybridizations,
lectin-saccharide interaction, antigen-antibody binding because
it enables us to monitor the binding events rapidly, in real
time, with labels free and sensitive detection limits [1-8]. SPR
sensors are sensitive to the reflective index changes that occur
when an analyte partner (target molecule) in a solution binds
to a recognition element (ligand) immobilized on the surface
of a sensor chip. The SPR analysis provides important infor-
mation about the affinity constants, binding kinetics and
specificity of the biomolecular interaction. In fabricating SPR
sensor chips, a standard amine coupling method has been
used for direct immobilization of ligand biomolecules onto
an activated sensor chip surface, which produces the
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Scheme 1 Preparation of (a) ATRP initiator-modified SPR sensor chip, (b) ConA-imprinted P(MPC-co-GEMA), (c) P(MPC), and (d)
nonimprinted P(MPC-co-GEMA) hydrogel layer sensor chips (Color figure online)

after network formation. Recently a variety of MIPs with
molecular recognition sites for target biomolecules such as
proteins were strategically designed using functional
monomers with carboxyl and amino groups as ligands. Such
MIPs have been successfully employed in many applica-
tions such as purification, separation, catalysis, immu-
noassays, and biosensing [18-21]. We reported that
biomolecules like proteins and saccharides are useful
ligands in molecular imprinting for target biomolecules with
high molecular weight such as proteins [22, 23]. For
example, protein-recognition layers were prepared on SPR
sensor chips by molecular imprinting using a rabbit
immunoglobulin G (IgG) as a template and both an
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anti-rabbit immunoglobulin G (anti-IgG) and lectin con-
canavalin A (ConA) as ligands. The affinity constant of the
IgG-imprinted layer sensor chips with both anti-IgG and
ConA ligands was much higher than that of the non-
imprinted sensor chips. Strategical designs of MIPs for
target proteins with complicated three-dimensional struc-
tures are still challenges for the developments of SPR
sensing devices with high sensitivity and selectivity under
harsh conditions because sensing various marker proteins
enables early detections and treatments of diseases.
Hydrogels are water-swollen polymers that maintain
distinct three-dimensional structures formed by cross-
linking. They have been widely utilized as foods,
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adsorbents, contact lenses, and protein immobilization
because their hydrophilic structure can absorb large
amounts of water, which provides their good biocompat-
ibility [24, 25]. In addition, some hydrogels can undergo
reversible changes in the volume in response to external
stimuli such as temperature, pH, ionic strength, light,
electric field, etc [26]. Such stimuli-responsive hydrogels
have attracted much attention as smart biomaterials for
biomedical applications such as drug delivery, sensors, and
scaffolds for cell cultures. We have designed biomolecu-
larly stimuli-responsive hydrogels that exhibit swelling-
shrinking behaviors in response to a target biomolecule
such as an antigen, tumor-marker glycoprotein, and endo-
crine disruptor, based on the strategy using biomolecular
complexes as dynamic cross-links of their networks
[27-33]. Our previous studies revealed that molecular
imprinting using proteins as ligands enables us to well-
design biomolecularly stimuli-responsive hydrogels that
exhibit unique shrinkage in response to a target proteins.

This paper describes the preparation of protein-imprinted
hydrogel thin layers on SPR sensor chips by SI-ATRP
combined with molecular imprinting for a target protein. In
this study, we focused on three-dimensional networks with
molecular recognition sites formed by molecular imprinting
and 2-methacryloxyethyl phosphorylcholine (MPC) com-
ponents that inhibit nonspecific protein adsorption, and
fabricated SPR sensor chips for detecting a lectin ConA as a
target protein. Target ConA that is a carbohydrate-binding
protein and a monomer with pendant glucose (2-glucosy-
loxyethyl methacrylate: GEMA) were employed as a tem-
plate molecule and its ligand to create recognition cavities
in the thin hydrogel layers in molecular imprinting,
respectively. In this paper, the binding event of ConA to the
ConA-imprinted hydrogel layer sensor chip was compared
with that to the nonimprinted hydrogel layer sensor chip.
We also discussed the specificity of the ConA-imprinted
hydrogel layer sensor chips for lectin ConA by the com-
parison in SPR signals for other lectin.

Experimental section
Materials

SPR sensor chips (SIA Kit Au) were purchased from
GE Healthcare Japan Co., Ltd. (Tokyo, Japan). 2-Glucosy-
loxyethyl methacrylate (GEMA) and 2-methacryloyloxyethyl
phosphorylcholine (MPC) were kindly provided by Nippon
Fine Chemical Co., Ltd. (Osaka, Japan) and NOF Co., Ltd.
(Tokyo, Japan), respectively. Lectin concanavalin A (ConA)
and lectin peanut agglutinin (PNA) were purchased from
Funakoshi Co., Ltd. (Tokyo, Japan). Tris(2-pyridylmethyl)
amine (TPMA), 2-bromoisobutyric acid (BIBA), and

2-bromoisobutyryl bromide were purchased from Tokyo
Chemical Industry Co., Ltd. (Tokyo, Japan). Copper(I)bro-
mide (CuBr), copper(Il)bromide (CuBr,), N,N'-methylenebi-
sacrylamide (MBAA), and pyridine were purchased from
Wako Pure Chemical Industries, Ltd. (Osaka, Japan). 11-
mercapto-1-undecanol (11-MUD) was purchased from Sigma
Aldrich Japan Co., Ltd. (Osaka, Japan). As other reagents and
solvents, D(+)-glucose (Dextrose, Anhydrous), anhydrous
magnesium sulfate (MgSO,), activated alumina, sodium
dihydrogenphosphate dihydrate, disodium hydrogenphosphate
12-water, sodium dodecyl sulfate, dry dichloromethane
(CHCl),

tetrahydrofuran, ethanol, were of analytical grade obtained
from commercial sources and were used without further
purification.

Preparation of hydrogel layers on SPR sensor chips

Thin ConA-imprinted hydrogel layers were prepared on the
surface of SPR sensor chips via SI-ATRP with molecular
imprinting as follows. After the SPR sensor chips were
cleaned with a UV ozone cleaner, they were immersed in
ethanol containing 1 mM w-mercaptoundecyl bromoisobu-
tyrate (MUBiB) [34] for 24 h to introduce an alkyl bromide
group as an ATRP initiator onto the sensor chip surface
(Scheme 1(a)). GEMA (500 mg; 1.7 mmol) as a ligand
monomer was mixed with ConA (50 mg) as a template
lectin in 1 mL of a phosphate buffer solution (20 mM, pH
7.4) (PB) and then incubated at 37 °C for 1h for their
complex formation. The GEMA-ConA complex was mixed
with MPC (6.7 mmol) as a main monomer, MBAA (0.05
mmol) as a cross-linker, and CuBr (0.5 mmol), CuBr, (0.05
mmol), and TPMA (0.5 mmol) as catalysts for SI-ATRP in
PB (4.5 mL). The MUBiB-modified SPR sensor chip, on
which MUBiB as a ATRP initiator was introduced, was
immersed into the mixture and then the reaction was carried
out at room temperature under an argon atmosphere for
24 h. ConA-imprinted hydrogel layer chips were obtained
by removing the template ConA from the resultant networks
in PB containing 0.5 M glucose for dissociating the GEMA-
ConA complexes (Scheme 1(b)). As reference sensor chips,
P(MPC) and nonimprinted P(MPC-co-GEMA) hydrogel
layer chips were also prepared by copolymerization of MPC
with MBAA and of GEMA and MPC with MBAA without
using the template ConA (Scheme 1(c) and 1(d)),
respectively.

Surface characterizations of hydrogel layer SPR
sensor chips

Surfaces of modified SPR sensor chips were characterized
with a Fourier transform infrared spectrometer (Spectrum

100: Perkin Elmer, Inc.) with reflection-absorption
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spectroscopy mode (FT-IR-RAS) after the chips were
freeze-dried. All FT-IR-RAS spectra represent an average of
16 scans taken in the wave number range of 4000-800 cm .
The sensor chip surfaces were also analyzed with an X-ray
photoelectron spectroscope (XPS) (ESCA-3400, Shimadzu
Co., Ltd.). In the XPS analysis, an Mg Ko X-ray source was
used at a power of 200 W (20 mA x 10kV) and the pass
energy was set at 75eV. The pressure in the analysis
chamber was ca. 4.0 x 1077 Pa. The charge correction in the
binding energy scale was done by setting the -CH,— peak in
the carbon spectra to 285.0 eV. The surface compositions (in
atomic %) of modified SPR sensor chips were determined by
considering the integrated peak areas of Auys, Cig, Oy, Sop,
Brsg, Nig, and Py, and their experimental sensitivity factors.
Surface morphology of the modified SPR sensor chips was
observed with Atomic force microscope (SPM E-sweep: SII
NanoTechnology Inc.). The atomic force microscopic
(AFM) images were taken in dynamic force microscope
mode. SI-DF3 cantilevers with a resonance frequency of
3000 kHz and a force contact of 3Nm~' were applied.
Thicknesses of hydrogel layers formed on the surface of
SPR sensor chips under dry conditions were measured with
a spectroscopic ellipsometer (M-2000X-KMy Ellipsometer:
J.A. Woolley Co., Inc.) using 75 W Xenon arc lamp with
auto angle ESM-300 base and CompleteEASE software. The
thickness of the hydrogel layers was determined by mea-
suring thickness of at least three spots on each substrate.

SPR measurements

Interaction of the nonimprinted and imprinted hydrogel
layer chips with ConA and PNA as analyte lectins was
analyzed with the SPR biosensor (BIAcore T200, GE
Healthcare). In SPR biosensor, the SPR sensor chips were
first exposed to 20 mM PB (pH 7.4) until a stable baseline
was established, and then PB with ConA (0.10, 0.25, 0.50,

Figure 1 FT-IR-RAS spectrum
of bare gold, MUBiB-modified,
P(MPC), nonimprinted P(MPC-
co-GEMA), and ConA-
imprinted P(MPC-co-GEMA)
hydrogel layer SPR sensor chips
(Color figure online)
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0.75, and 1.00 pM) was flowed over the surface of the SPR
sensor chips at 25 °C with a flow rate of 30 uL min~'. The
apparent affinity constants can be derived using an analysis
software (BIAcore T200 Evaluation Software version: 2.0).

Results and discussions
Preparation of hydrogel layers on SPR sensor chips

After MUBIB as an ATRP initiator was introduced onto the
SPR sensor chips, MPC, GEMA, and MBAA were copo-
lymerized on the resulting MUBiB-modified sensor chips
by SI-ATRP without and with a template ConA for mole-
cular imprinting. Figure 1 shows FT-IR-RAS spectra of
the bare gold, MUBiB-modified, P(IMPC), nonimprinted
PMPC-co-GEMA), and ConA-imprinted P(MPC-co-
GEMA) hydrogel layer SPR sensor chips. In the spectrum
of the MUBiB-modified chips, the peaks assigned to an
alkyl bromide were observed at a wavelength of
1200-1250 cm™!. This means that the alkyl bromide group
as an ATRP initiator was successfully introduced onto the
SPR sensor chip surface by the surface modifications shown
in Scheme 1(a). After SI-ATRP of MPC, GEMA, and
MBAA on the sensor chips, the FT-IR-RAS spectra of the P
(MPC), nonimprinted PMPC-co-GEMA), and ConA-
imprinted P(MPC-co-GEMA) hydrogel layer sensor chips
displayed transmission bands at 980, 1080, and 1240 cm”!
corresponding to the phosphate group of the MPC compo-
nent. Transmission bands assigned to the ester groups of the
MPC and GEMA components also appeared at a wave-
length of 17001750 cm™'. These clearly indicated the
formation of P(MPC), nonimprinted P(MPC-co-GEMA),
and ConA-imprinted P(MPC-co-GEMA) hydrogel layers on
the SPR sensor chip surfaces. The fact that the FT-IR-RAS
spectrum of the ConA-imprinted P(MPC-co-GEMA)
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Table 1 Surface atomic ratios of

o WU AT B MO s G e
(MPC), nonimprinted P(MPC- £
co-GEMA), and ConA- C1/Auy 1.44 261 3.54 476 6.23
imprinted P(MPC-co-GEMA)
SPR sensor chips 0, /Auy 0.55 0.62 1.28 1.98 2.93
Syp/Auy 0.006 0.037 0.05 0.05 0.01
Brig/Aug 0 0.034 0 0.004 0.001
Ny/Auge - 0.020 034 0.38 0.42
Py/Auy - 0.036 031 0.39 0.44

Figure 2 AFM images of the surface of (a) bare gold, (b) P(IMPC), (¢) nonimprinted P(MPC-co-GEMA), and (d) ConA-imprinted P(MPC-co-

GEMA) hydrogel layer SPR sensor chips (Color figure online)

hydrogel layer was similar to that of the nonimprinted P
(MPC-co-GEMA) hydrogel layer demonstrates that their
GEMA contents were similar.

Table 1 shows the surface atomic ratios of the modified
SPR sensor chips, which were characterized by XPS. The
modification with MUBIB for introducing an alkyl bromide
group as an ATRP initiator resulted in an increased in atomic
ratio of C, O, S, and Br on the resulting MUBiB-modified
SPR sensor chips, compared to a bare SPR sensor chip. In the
XPS spectra of the P(MPC), nonimprinted P(MPC-
co-GEMA), and ConA-imprinted P(IMPC-co-GEMA) hydro-
gel layer SPR sensor chips, the atomic ratios of C, O, N, and P
increased, compared to the MUBiB-modified SPR sensor
chip. These results suggested that the P(MPC) and P(MPC-co-
GEMA) hydrogel layers were successfully formed from the
SPR sensor chip surfaces by “grafting from” method using SI-
ATRP. The similar atomic ratios of the nonimprinted P(MPC-
co-GEMA) and ConA-imprinted P(MPC-co-GEMA) hydro-
gel layers mean that their composition was similar.

AFM is a powerful tool to observe the surface morphology
of the modified sensor chips. Figure 2 shows the AFM images
of bare gold, P(MPC), nonimprinted PIMPC-co-GEMA), and
ConA-imprinted P(IMPC-co-GEMA) SPR sensor chips. In the
AFM images, three-dimensional structures of hydrogel layers
were observed on the surfaces of SPR sensor chips after SI-
ATRP, differing from the bare gold sensor chip surface.
Therefore, we concluded that the POIMPC), nonimprinted P
(MPC-co-GEMA), and ConA-imprinted P(MPC-co-GEMA)
hydrogel layers were successfully formed on the surface of
SPR sensor chips by “grafting from” method using SI-ATRP.
In general, SI-ATRP has been conducted in organic solvents

such as ethanol and benzene, and buffer solutions are not
suitable as solvents. However, SI-ATRP in the presence of
biomolecules such as proteins requires uses of buffer solu-
tions as solvents because biomolecules are easily denatured
by organic solvents. In this study, we used PB as a solvent
because SI-ATRP must be performed in the presence of
template ConA for molecular imprinting. Under our
SI-ATRP condition, the hydrogel layers were successfully
formed by SI-ATRP in a buffer solution. The condition to
form hydrogel layers on the SPR sensor chips provides a
general method for designing polymer hydrogel layers with
biomolecule on the sensor chips by the “grafting from”
method in buffer solutions.

Thicknesses of the nonimprinted and imprinted hydrogel
layer on the surface of SPR sensor chips were determined
with a spectroscopic ellipsometer. The ellipsometry
revealed that the thicknesses of P(MPC), nonimprinted P
(MPC-co-GEMA), and ConA-imprinted PMPC-co-
GEMA) hydrogel layers on the sensor chip surfaces were
132, 121, and 125 nm, respectively. In the previous paper,
we reported that the thickness of hydrogel layers on the
sensor chip surface influences SPR responsive signals
strongly, and that the resonance angle shifts of the poly-
meric layer chips in response to a target analyte decreased
with an increase in the thickness of more than 300 nm [10].
Controlling the thickness of hydrogel layers is an important
factors in designing hydrogel layer SPR sensor chips
for detecting a target biomolecule. These suggest that
the P(MPC), nonimprinted PIMPC-co-GEMA), and ConA-
imprinted P(MPC-co-GEMA) hydrogel layers prepared in
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this study were suitable as hydrogel layer sensor chips
because of their thickness of less than 300 nm.

SPR response of ConA-imprinted hydrogel layers on
SPR sensor chips

The interaction of the nonimprinted and imprinted hydrogel
layer chips with ConA as a target biomolecule was inves-
tigated with the SPR sensor. In SPR measurements, after the
sensor chips were first exposed to PB and stable baselines
were established, PB was switched to PB containing ConA
with various concentrations. Figure 3 shows changes in
resonance angle shift of the PMMPC), nonimprinted P(MPC-
co-GEMA), and ConA-imprinted P(MPC-co-GEMA)
hydrogel layer SPR sensor chips in response to ConA and
PNA as target analytes. As can be seen in Figure 3(A), the
resonance angle shifts of the nonimprinted P(MPC-
co-GEMA) and ConA-imprinted PMPC-co-GEMA)
hydrogel layer sensor chips increased immediately by the
injection of ConA, but decreased after PB with ConA was
switched to PB again. In particular, the ConA-imprinted P
(MPC-co-GEMA) hydrogel layer sensor chips exhibited a

(A) Response to ConA

greater change in resonance angle shift in the presence of
ConA than the nonimprinted P(MPC-co-GEMA) hydrogel
layer sensor chips. On the other hand, when the SPR sensor
chips were exposed to PB containing PNA with various
concentrations, the P(MPC), nonimprinted P(MPC-
co-GEMA), and ConA-imprinted P(MPC-co-GEMA)
hydrogel layer sensor chips displayed no resonance angle
shift in response to lectin PNA, as shown in Figure 3(B).
The SPR signal changes of the P(MPC), nonimprinted
PMPC-co-GEMA), and ConA-imprinted P(MPC-
co-GEMA) hydrogel layer SPR sensor chips are shown as a
function of the concentration of ConA and PNA as analyte
lectins in Figure 4. As can be seen in Figure 4(A), the
resonance angle shifts of the nonimprinted and ConA-
imprinted P(MPC-co-GEMA) sensor chips increased with
increasing ConA concentration although the P(IMPC) sensor
chip exhibited no dependence of ConA concentration on the
resonance angle shift. This implies that GEMA component
acted as a ligand for recognizing ConA and that MPC
component inhibited nonspecific adsorption of ConA onto
the hydrogel layers. As ConA has four carbohydrate-
binding sites for glucose and mannose, it can bind with
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Figure 3 SPR responses of (a) P(MPC), (b) nonimprinted P(MPC-co-GEMA), (¢) ConA-imprinted PIMPC-co-GEMA) hydrogel layer SPR sensor
chips in PB containing ConA (A) and PNA (B) as analyte lectins at 25 °C (Color figure online)
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Figure 4 SPR responses of the P 5000 5000
(MPC) (0, nonimprinted P (A) ConA (B) PNA
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Figure 5 Tentative
representation for lectin-
recognition behavior of the
ConA-imprinted P(MPC-co-
GEMA) hydrogel layer SPR
sensor chip in response to ConA
(a) and PNA (b) as target lectins
(Color figure online)
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glucose moiety of the GEMA component. Therefore, the
binding of ConA to the glucose moieties of the ConA-
imprinted and nonimprinted P(IMPC-co-GEMA) hydrogel
layer chips induced resonance angle shifts in response to
ConA. It should be noted that the resonance angle shift of
the ConA-imprinted P(MPC-co-GEMA) hydrogel layer
chip was much larger than that of the nonimprinted P(MPC-
co-GEMA) hydrogel layer chip in spite of their similar
GEMA content. The apparent affinity constants of the
ConA-imprinted and nonimprinted PMPC-co-GEMA)
hydrogel layer chips for ConA were determined from the
changes in the resonance angle shift as a function of ConA

concentration using an analysis software. The apparent
affinity constants of the nonimprinted and the ConA-
imprinted P(MPC-co-GEMA) hydrogel layer chips were
237 x 10> M~! and 2.32 x 10° M~!, respectively. The
much higher apparent affinity constant of the ConA-
imprinted P(MPC-co-GEMA) hydrogel layer chip than
nonimprinted chip suggests that molecular imprinting
enabled glucose moieties as ligands to be arranged at
optimal positions for binding of a ConA molecule with four
glucose moieties, followed by creating molecular recogni-
tion sites for ConA, as shown in Figure 5(a). Thus, the
resonance angle shifts and apparent affinity constants of
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SPR sensor chips were greatly enhanced by combining SI-
ATRP with molecular imprinting for creating molecular
recognition sites within the three-dimensional (3D) structure
of hydrogels. In the previous study, we prepared molecu-
larly imprinted hydrogel/conducting polymer matrix on
quartz crystal microbalance (QCM) sensor chips for
detecting bisphenol A (BPA) with has a low molecular
weight, which is well-known as an endocrine disrupting
chemical [35]. The BPA-imprinted gel layer chip, which
was prepared from poly-L-lysine (PLL) with cyclodextrin
(CD) (CD-PLL) by molecular imprinting, showed a greater
QCM response (AF) as a function of BPA concentration
than the nonimprinted CD-PLL gel layer chip and the
directly CD-immobilized chip. Standard QCM sensor sys-
tems have limitation in detecting a low molecular weight
molecule as they measure a mass change as a frequency
change induced by binding a target analyte to the ligand
attached with a quartz crystal surface. On the other hand,
the BPA-imprinted CD-PLL gel layer chip detected minute
amounts of BPA with a low molecular weight in QCM
measurements. This is attributed to the fact that a large
amount of molecular BPA-recognition sites was created
within the 3D structure of hydrogel layers by molecular
imprinting. Similarly to the previous study using QCM
measurements, SPR measurements in this study demon-
strate that the formation of the recognition sites within 3D
gel layer molecular imprinting is a very effective strategy
for fabricating highly sensitive and selective chemical and
biological sensor systems.

The specific carbohydrate-binding properties of lectins
are useful for the fabrication of sensor systems [36]. PNA is
a lectin that interacts specifically with lactose and galactose,
whereas ConA interacts specifically with glucose and
mannose. For investigating selectivity of the hydrogel layer
SPR sensor chips, SPR responses of the nonimprinted and
ConA-imprinted hydrogel layer chips after the injection of
PNA as a function of its concentration were measured with
the SPR sensor. As shown in Figure 4(B), changes in the
resonance angle shift of the PIMPC), nonimprinted P(MPC-
co-GEMA), and ConA-imprinted P(MPC-co-GEMA)
hydrogel layer chips in response to PNA were very minute,
compared with those in response to ConA. The very minute
SPR signal changes for PNA means that the P(MPC), the
nonimprinted P(MPC-co-GEMA), and the ConA-imprinted
P(MMPC-co-GEMA) hydrogel layer sensor chips had no
affinity for PNA and no nonspecific adsorption, as shown in
Figure 5(b). As PNA is the lectin that binds with lactose and
galactose selectively, it cannot interact with the glucose
moiety of the GEMA component. It should be noted that the
ConA-imprinted PIMPC-co-GEMA) hydrogel layer sensor
chip showed no nonspecific adsorption of PNA although
the sensor chip surface was not treated by blocking
buffers for inhibiting nonspecific adsorption. In general, the
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MPC component provides excellent resistance to non-
specific protein adsorption according to their super-
hydrophilic properties [37]. Therefore, no nonspecific
adsorption of PNA onto the hydrogel layer sensor chips is
attributed to hydrophilic and biocompatible MPC compo-
nent. As a result, the ConA-imprinted P(MPC-co-GEMA)
hydrogel layer sensor chips can recognize a target ConA
specifically and sensitively because of both an arrangement
of glucose moieties as ligands at optimal positions by
molecular imprinting and no nonspecific adsorption by
MPC components. The combination of SI-ATRP
with molecular imprinting and the utilization of MPC
component can provide the tools for fabricating selective
and sensitive sensor chips with a wide variety of uses.
Even though such molecularly imprinted hydrogel layer
chips designed by SI-ATRP still require further research
work into possible applications, they are likely to become
quite important materials for detecting a target protein in the
future.

Conclusion

Molecularly imprinted hydrogel layers with molecular
recognition sites for lectin ConA were formed on SPR
sensor chips via SI-ATRP of MPC, GEMA and MBAA in
order to develop SPR sensor systems for sensitively and
selectively detecting a target protein. SI-ATRP combined
with molecular imprinting provided hydrogel layers with a
thickness of 120-130 nm on the SPR sensor chips. The SPR
measurements revealed that the resonance angle shift and
apparent affinity constant of the ConA-imprinting hydrogel
layer chip for a target lectin ConA were significantly larger
than those of the nonimprinted hydrogel layer chips. This is
attributed to the formation of molecular recognition sites by
the arrangement of glucose moieties of GEMA at optimal
positions via molecular imprinting. In addition, the ConA-
imprinting hydrogel layer chip exhibited no resonance angle
shift for a non-target lectin PNA. Use of MPC component
as a main chain of hydrogel layers inhibited nonspecific
protein adsorption. Thus the ConA-imprinted hydrogel
layer sensor chips had ConA-recognition sites and inhibited
nonspecific protein adsorption by the MPC component. Our
strategy using SI-ATRP with molecular imprinting and
MPC component as a main chain enables to fabricate highly
sensitive and selective SPR sensing devices for detecting a
target protein. The fascinating properties of such molecu-
larly imprinted hydrogel layer sensor chips can provide the
useful tools for construct biosensor systems with a wide
variety of uses.
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