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1. Introduction

Functional materials capable of specific molecular recognition
are of great importance in fields such as life sciences and
medicine. Antibodies are frequently used in these fields as a

molecular recognition element because of
their high affinity and selectivity toward
target molecules. Antibodies have been
deemed as attractive for use in various
applications such as biosensing, imaging
of biorelated compounds,[1] therapeutics,
and diagnosis.[2–4] However, antibodies
have some drawbacks, including high
production costs, tedious detection proce-
dures, and low stabilities with regard to
chemical/physical stimuli. Therefore, alter-
natives that overcome these drawbacks
are required. Several efforts have been
made to develop synthetic materials that
are capable of molecular recognition based
on peptides,[5] oligo-DNAs,[6,7] and synthetic
polymers.[8,9]

Molecularly imprinted polymers (MIPs)
are potential alternatives for antibodies
because they are easy to prepare, exhibit
high stabilities, and are applicable to
various molecules.[10–13] Conventional
MIPs are prepared by radical polymeriza-
tion of functional monomers, which
are capable of interaction with a target
molecule, comonomers, and crosslinkers

in the presence of the target molecule. After the removal of
the template molecules, molecularly imprinted cavities having
a complementary shape and size to the target molecule are
created in the polymer matrix. Various approaches involving
covalent imprinting[14] for creating MIPs with specific molecular
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Previous reports have stated the advantages of postimprinting modification
(PIM) to develop multifunctional molecularly imprinted polymers (MIPs).
However, existing technologies have only been applied on bulk- and film-based
MIPs. Herein, the fluorescent signaling of nanogels (NGs) for protein detection is
demonstrated. The NGs are prepared by molecular imprinting and PIM.
A bivalent functional monomer, 4-[2-(N-methacrylamido)ethylaminomethyl]
benzoic acid (FM1), comprising a benzoic acid moiety for interaction with
proteins and secondary amine group for incorporating fluorescent reporter
molecules is used. Human serum albumin (HSA), a marker protein for human
health, serves as the model protein. HSA-imprinted NGs (MIP-NGs) are prepared
by emulsifier-free precipitation polymerization of FM1, N-isopropylacrylamide,
2-methacryloxyethyl phosphorylcholine, and N,N 0-methylenebis acrylamide in
the presence of HSA. After the removal of HSA, a fluorescent dye (ATTO 647 N) is
treated with amino groups on FM1 residue as the PIM; this yields fluorescent-
signaling MIP-NGs (FL-MIP-NGs) of�20 nm in diameter. The FL-MIP-NG-based
sensing system detects HSA in a real sample by selectively reading out the
HSA-binding events as high-affinity fluorescence changes (Kd¼ 2.5� 10�9 M).
The proposed MIP-NGs functionalized via PIMs serve as advanced functional
materials for sensing biorelated compounds.
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recognition ability have been established, such as surface
imprinting[15] and oriented immobilization using specific
ligands.[16–18] However, only a few recent publications have
reported MIPs with affinities high enough to be comparable with
natural antibodies. The only function of MIPs is to selectively
capture molecules according to their preparation procedure,
making it difficult for them to perform other functions such
as signaling. Conventionally, multifunctional monomers that
incorporate additional functional groups, such as fluorescent
dye moiety,[19,20] photoresponsive moiety,[21,22] or catalytic
moiety,[23,24] have been used to manufacture multifunctional
MIPs. However, the random incorporation of these monomer
residues into the MIPmatrix could induce undesired nonspecific
expressions of their function.

Postimprinting modification (PIM) is an attractive strategy to
develop multifunctional MIPs, which allows site-specific intro-
duction of various functional groups into the imprinted cavity
after construction of MIPs.[25] The aforementioned examples
are the demonstrations of the fabrication of various multifunc-
tional MIPs via PIMs, which involve exchanging the interaction
groups that lead to a regulation of the binding activity of the
MIP[26–28] and cause fluorescent dye conjugation for the forma-
tion of fluorescent-signaling MIPs with high signal-to-noise
(S/N) ratio.[29–31] These PIM technologies have only been applied
on bulk- and film-based MIPs.[25] Therefore, producing a
nanoparticle-based MIP that is functionalized by PIMs is still
challenging. Nanosized materials are used for a wide range of
purposes including in vitro/in vivo imaging, drug delivery for
disease treatment, and therapeutics.[32,33] The development of
MIP nanoparticles functionalized by PIM could extend the range
of applications of MIP-based materials.[34]

In this study, the fluorescent-signaling MIP nanogels
(FL-MIP-NGs) that are used for specific protein detection
have been prepared by emulsifier-free precipitation polymeriza-
tion and molecular imprinting with a functional monomer
4-[2-(N-methacrylamido)ethylaminomethyl] benzoic acid (FM1);
this monomer comprises a benzoic acid moiety for interaction
with the target protein and a secondary amino group for the
incorporation of the fluorescent reporter dye as a PIM
(Figure 1).[35] Human serum albumin (HSA), which is abundant
in human serum and a biomarker for human healthcare

including certain hepatic diseases, inflammation, malnutrition,
nephritic syndrome, and uremia,[36–38] was used as a model
target protein. We examined the protein-binding properties
and fluorescent-signaling ability of the prepared FL-MIP-NGs
using a surface plasmon resonance (SPR) sensing system and
fluorescence microscope measurements.

2. Results and Discussion

2.1. Preparation of HSA-Imprinted Polymer NGs

HSA-imprinted NGs (MIP-NGs) were prepared via emulsifier-
free precipitation polymerization in a 10mM phosphate buffer
(pH 7.4, with 140mM NaCl) at 70 �C for 12 h. Under the
polymerization conditions, the secondary structure of HSA
was maintained as previously reported.[33] The following
compounds were polymerized in the presence of HSA: FM1 pos-
sessing benzoic acid that was added for interaction with the
amino acid residues on HSA, NIPAm that was incorporated
as the main component, MPC that was added as a comonomer
for achieving high biocompatibility,[39] andMBAA that was incor-
porated as a hydrophilic crosslinker (Figure 1). As a reference,
NIP-NGs were also prepared identically to the MIP, except for
HSA addition. The obtained NGs were purified by size-exclusive
chromatography; subsequently, anion-exchange chromatography
was conducted to remove the residual monomer and template
HSA. The obtained chromatograms indicated that the NGs were
successfully purified and removed from the template HSA
(Figure S1, Supporting Information). Purified NGs were charac-
terized by dynamic light scattering (DLS) measurement and their
average diameters were estimated to be 18.0 nm for MIP and
13.7 nm for NIP (Figure S2, Supporting Information). The
transmission electron microscope (TEM) images also indicated
that nanometer-sized particles were observed (Figure S3,
Supporting Information). These results indicated the successful
synthesis of nanosized polymer gels. Since the size of precipi-
tated polymer NGs depends on surface free energy between
generated polymers and the solvent used, the size control would
be possible by changing the hydrophobic/hydrophilic property of
the monomers used.

We investigated the binding abilities of NGs toward HSA
using a SPR sensing system. For this purpose, the prepared
NGs were immobilized on the gold-coated substrate. MIP-NGs
demonstrated a higher affinity toward the target protein
(HSA) than that demonstrated by NIP-NGs (Figure 2). The
dissociation constants (Kd) of the NGs were calculated using a
curve-fitting software based on 1:1 binding model, for
Kd¼ 2.00� 10�8M (MIP-NGs) andKd¼ 1.67� 10�7M (NIP-NGs),
respectively (Figure S6a and S6b, Supporting Information). The
Kd value of MIP-NGs was 8.4 times lower than that of NIP-NGs.
Therefore, this confirmed that the HSA-binding cavity was
formed in the MIP-NG matrix during the molecular imprinting
process.

2.2. PIM of the Prepared NGs and Their Protein-Binding Property

In PIMs, a fluorescent reporter molecule (ATTO 647 N) was
introduced into the secondary amino groups that were present

Figure 1. Schematic illustration of the preparation of FL-MIP-NGs
by molecular imprinting and PIM.
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on the FM residues in the MIP matrix via NHS-mediated
amine coupling, resulting in the formation of fluorescent-labeled
MIP-NGs (FL-MIP-NGs). A characteristic fluorescent spectrum
around 664 nm (λEx¼ 646 nm) was observed after modification,
confirming that the ATTO 647 N fluorescent dye was successfully
incorporated into the MIP matrix (Figure S4, Supporting
Information). Binding properties of FL-MIP-NGs were also
examined by the SPR sensing system. Consequently, the
HSA-binding ability of FL-MIP-NG was maintained even after
the PIM treatment, resulting in the binding constant (Kd) of
3.15� 10�9 M (Figure 3a and S6c, Supporting Information).
We observed a slight increase in the binding affinity after
PIMs. The introduction of a hydrophobic fluorescent dye
(ATTO 647 N)29 resulted in the formation of a hydrophobic
microenvironment in the imprinted cavity, which is a factor that
could be attributed to the increase in the interaction between
MIP-NGs and HSA. As it is well known that the drug-binding
site 1 on HSA can interact with a wide variety drugs, the hydro-
phobic ATTO 647 N structure may bind to this binding pocket,[40]

resulting in an increase in the selective binding for HSA
(Figure 3b). We also examined protein selectivity using

transferrin (Trf; Mw: 80 kDa; pI: 5.8) and cytochrome c
(Cyt; Mw: 12.4 kDa; pI: 10) as reference proteins. As shown in
Figure 3b, SPR responses of FL-MIP-NGs toward HSA were
higher than those of other proteins, indicating that the selective
capture of HSA was achieved by FL-MIP-NGs.

2.3. Fluorescent-Signaling Ability of FL-MIP-NGs

The fluorescent-signaling ability of FL-MIP-NGs toward HSA
was investigated using a custom-made fluorescence microscope
equipped with a programmable liquid-handling robot (System
Instruments Co. Ltd., Tokyo, Japan) (Figure S5, Supporting
Information).[41,42] For easier handling of the prepared
FL-MIP-NGs, the NGs were immobilized on a gold-coated glass
substrate and put in a custom-made flat-type pipette chip
(Figure S5, Supporting Information). The intensity of immobi-
lized FL-MIP-NGs was recorded with a cMOS camera equipped
with a fluorescence microscope. The relative fluorescent changes
((F� F0)/F0), with each addition of HSA, were calculated. F0 is
the fluorescence intensity in 10mM phosphate buffer (pH 7.4,
140mM NaCl), and F is the fluorescence intensity in an HSA
sample dissolved in the phosphate buffer. The FL-MIP-NGs
fluorescence was increased by increasing the HSA concentration
(Figure 4a).

The fluorescence change of MIP was greater than that of NIP,
indicating the formation of the HSA-binding cavity that com-
prised the ATTO dye in the MIP matrix. The apparent binding
constant (Kd) was estimated to be 2.50� 10�9 M (Figure S6d,
Supporting Information) from the given binding isotherm,
which is similar to the value calculated from SPRmeasurements.
Therefore, this implies that fluorescent changes were caused by
HSA binding. We achieved sensitive and selective detection of
HSA in the linear range of 12–192 nM, with a detection limit
of 13 nM (Figure S7, Supporting Information). This sensitivity
is slightly lower than the previously reported values when
antibodies were used as a molecular recognition element,[43]

and that is higher or comparable with previously developed
MIP-based fluorescent sensors toward HSA.[19,44,45]

The observed increase in fluorescence intensity may be due to
the stabilization of the fluorescent dye molecule by HSA binding
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Figure 3. a) HSA binding isotherms of FL-MIP-NGs evaluated by SPR measurements. b) A selectivity test of FL-MIP-NGs using HSA, transferrin (Trf ),
and cytochrome c (Cyt) (protein concentration, 12 nM). The error bars were calculated from quadruple experiments (*¼ 0.021, **¼ 0.0016).

Figure 2. HSA binding isotherm of MIP-NGs and NIP-NGs evaluated by
the SPR measurement. The error bars were calculated from quadruple
experiments.
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and/or due to the microenvironment for becoming more
hydrophobic around the fluorescent dye, as fluorescence inten-
sity of ATTO 647 N increased in the organic solvent (dichloro-
methane) (Figure S8, Supporting Information). The selectivity
of FL-MIP-NGs was examined using the reference proteins,
Trf and Cyt (Figure 4b). We observed little or no response in
the relative fluorescence change when the reference proteins
were examined, confirming the selective HSA detection by
fluorescence. The FL-MIP-NG fluorescent measurements dem-
onstrated more HSA selectivity than that demonstrated by the
SPRmeasurements. This was due to a difference in the detection
principle between the two measurements. The fluorescent
change was caused by a microenvironmental change around
the fluorescent dye whereas the SPR response was caused by
reflective index changes that occurred near the metal surfaces.
Consequently, fluorescent measurements indicated a binding
event that occurred around the fluorescent dye, whereas the
SPR response reflected the total binding on the substrate surface.
We observed an increased degree of HSA-selective detection in
fluorescence, indicating that the fluorescent dye ATTO 647 N
was selectively introduced into the imprinted cavity during PIMs.

The behavior of fluorescent response toward Trf appeared to
be different from that of Cyt; the selectivity for Trf in the
fluorescence measurements was not significantly improved.
The fluorescence response is principally derived from their inter-
action with the fluorescence dye. Thus, larger Trf (Mw: 80 kDa
and pI: 5.8) could affect the fluorescence response more than
smaller Cyt (Mw: 12.4 kDa, pI: 10), even for smaller amounts
of nonspecifically bound Trf. Furthermore, as the dye was posi-
tively charged under binding conditions, an acidic protein Trf
may interact with the fluorescence dye more easily than basic
protein Cyt. Therefore, the selectivity for Trf was observed to
be less improved than that of Cyt. However, such undesirable
PIM sites in incomplete imprinted cavities can be hindered
before introducing the fluorescence dye by a previously reported
multistep PIM, called a capping treatment.[35,46]

We also observed the fluorescent-signaling ability of
FL-MIP-NGs in a diluted clinical serum sample. Clinical
serum samples were collected from patient volunteers in Kobe
University Hospital (n¼ 8). Informed consent of all participants

was obtained as per the guidelines of the Institutional Review
Board in Kobe University Hospital (#180128) and the
Graduate School of Engineering, Kobe University (#30-03).
The serum samples were diluted 10 000 times using a 10mM
phosphate buffer of pH 7.4 containing 140mM NaCl; this
was aimed at adjusting the albumin concentration to the available
dynamic range of the FL-MIP-NGs sensing chip. The HSA con-
centration in the serum was estimated by the conventional bro-
mocresol purple (BCP) method, which has been frequently used
for quantification of HSA in clinical samples (Table S1,
Supporting Information). The BCP method is based on the
HSA-selective adsorption property of bromocresol purple.[38]

Figure 5 shows a good correlation between fluorescent detection
by FL-MIP-NGs and the conventional BCP method. This proof-
of-concept test shows that the prepared FL-MIP-NG-based sens-
ing system has the potential to selectively read out HSA-binding
events in diluted serum samples.

3. Conclusions

We have prepared MIP-NGs by the emulsifier-free precipitation
polymerization of FM1, NIPAm, MPC, and MBAA in the

Figure 4. a) HSA binding isotherms of FL-MIP-NGs and FL-NIP-NGs evaluated by fluorescent measurements. b) Selectivity test of FL-MIP-NGs using
HSA, transferrin (Trf ), and cytochrome c (Cyt) (protein concentration: 24 nM). The error bars were calculated from triplicate experiments (*¼ 0.0065,
**¼ 0.023).

Figure 5. Comparison of the proposed FL-MIP-NG-based sensing system
and the conventional BCP method.
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presence of HSA and a fluorescent dye with FM1 residue.
This was aimed at producing fluorescent-signaling MIP-NGs
(FL-MIP-NGs). The fluorescent response of FL-MIP-NGs toward
proteins was examined using a fluorescence microscope in a
custom-made liquid-handling robot. The FL-MIP-NGs-based
sensor showed a high affinity (Kd¼ 10�9 order) and low cross-
reactivity. Our investigation on the protein-binding processes of
FL-MIP-NGs by fluorescence and SPR measurements revealed
that the selective introduction of a fluorescence dye near the
interaction site as a PIM suppresses the fluorescent signal from
the nonspecific binding of off-target proteins. Furthermore, the
FL-MIP-NGs-based sensor showed the potential to detect HSA in
clinical samples with high sensitivity and selectivity. Therefore,
we believe that signaling MIP-NGs that have been functionalized
using PIMs provide a promising way of developing advanced
materials for sensing and imaging of biorelevant molecules that
can be effectively used in therapeutics and diagnosis.

4. Experimental Section

Materials: Ethanol (EtOH), sodium dihydrogen phosphate, disodium
hydrogen phosphate, sodium chloride (NaCl), dimethyl sulfoxide
(DMSO), sodium dodecyl sulfate (SDS), 2,2 0-azobis(2-methylpropioami-
dine), dihydrochloride (V-50), 2-amino ethanol, transferrin (HOLO) from
human blood (Trf ), and HSA were purchased from Wako Pure Chemical
Co. Ltd (Osaka, Japan). 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (EDC) was purchased from Tokyo Chemical Industries
(Tokyo, Japan). N-Isopropyl acrylamide (NIPAm), N,N 0-methylenebisacry-
lamide (MBAA), and cytochrome c (Cyt) were purchased from Nacalai
Tesque Co. (Kyoto, Japan). DEDA-Sephadex, N-hydroxysuccinimide
(NHS), and 11-mercaptoundecanoic acid were purchased from Sigma-
Aldrich (MO, USA). ATTO 647 N NHS ester was purchased from
ATTO-TEC GmbH (Siegen, Germany). 2-Methacryloyloxyethyl phosphoryl-
choline (MPC) was purchased from NOF Corporation (Tokyo, Japan). The
water used in all experiments was obtained from a Millipore Milli-Q
purification system. The Au-coated SPR sensor chips (superficial area:
120mm2) were purchased from GE Healthcare Japan (Tokyo, Japan).
The functional monomer, 4-[2-(N-methacrylamido)ethylaminomethyl]
benzoic acid (FM1), was synthesized according to the previously reported
procedure.[35,47]

Characterization: DLS measurements were carried out using Zetasizer
Nano ZS (Malvern Instruments Ltd., UK). SPRmeasurements were carried
out using a Biacore 3000 instrument (GE Healthcare Japan). The fluores-
cence microscopy measurements were carried out with an automatic
analyzing device, including a tip rack, reagent rack, an incubation port,
and computer (System Instruments Co. Ltd., Japan). For the automatic
analyzer, a pipette tip suitable for mounting a gold-coated glass substrate
(4.3� 9.8 mm) was designed and set in the chip rack. This automatic
analyzing system was demonstrated using a device capable of pipetting,
incubating, washing, and detecting, according to the program’s input in
the computer.[41,48] BCP assay was conducted using a clinical biochemistry
analyzer JCA-BM8040G (JEOL Ltd., Tokyo, Japan).

Preparation of Polymer Nanoparticles (MIP-NGs and NIP-NGs): HSA
(6.70mg, 0.1 μmol), FM1 (39.3 mg, 0.150mmol), NIPAm (204mg,
1.81mmol), MPC (29.5 mg, 0.100mmol), MBAA (16.5mg, 0.108mmol),
and V-50 (109mg, 0.400mmol) were dissolved in 10mM phosphate
buffer (pH 7.4, containing 140mM NaCl) and incubated for 24 h at
4 ºC. The mixture was placed in a Schlenk flask, and emulsifier-free
precipitation polymerization was conducted in nitrogen atmosphere for
12 h at 70 ºC. After polymerization, residual monomer species were
removed by ultrafiltration (25 ºC, 7500 g, 20 min� 3) using a centrifugal
filter unit (Amicon Ultra 4–10 kDa, Merk, USA) and simultaneously
exchanged the solvent to 10mM Tris-HCl buffer (pH 7.4, 140mM
NaCl). The solution (1.0 mL) was applied to the column packed with

the anion-exchange resin (DEAE-Sephadex) and eluted by 10mM Tris-
HCl buffer (pH 7.4, 140mM NaCl). The elution was collected for each
1.5 mL fraction and examined for fluorescence at 340 and 400 nm
(λex¼ 280 nm each) derived from HSA and FM1, respectively. Only the
fractions with fluorescence at 400 nm derived from FM1 were observed,
combined, and concentrated to 5.0 mL, yielding MIP-NGs solution. As a
reference NG, nonimprinted polymer NGs (NIP-NGs) were prepared by an
identical procedure of MIP-NGs without adding HSA.

PIM of NGs for the Introduction of Fluorescent Dye: ATTO 647 N NHS
ester (5 mg) was dissolved in DMSO (100 μL). The solution (5 μL) was
added to MIP-NGs solution (466 μg/mL, 1mL) and incubated for 2 h
at 25 ºC. After the reaction, the mixture was washed by PBS via ultrafiltra-
tion (25 ºC, 7500 g, 20 min� 3) using a centrifugal filter unit (Amicon
Ultra 4–10 kDa), yielding FL-MIP-NGs.

Binding Experiments by SPR Measurements: The SPR sensor chip was
washed with EtOH and placed in UV–O3 for 20min. The SPR sensor chip
was immersed in 1 mM 11-mercaptoundecanoic acid ethanolic solution
for 24 h at 25 ºC. Subsequently, the chip was washed with EtOH and pure
water and dried by N2 blow. Biacore 3000 instruments were used for NG
immobilization. The mixture of 0.4 M EDC and 0.1M NHS aqueous sol-
utions (1/1, v/v) was injected for activating carboxylic acid on the surface
(20 μLmin�1, 7 min). Then, NG (MIP-NGs, NIP-NGs, or FL-MIP-NGs)
solution was injected (20 μLmin�1, 7 min) and the remaining activated
carboxylic acids on the chip were inactivated by injecting 1M amino
ethanol (20 μLmin�1, 7 min).

Sample proteins (HSA, Trf, Cyt) were dissolved in 10mM phosphate
buffer (pH 7.4, 140mM NaCl). RU values were monitored using 10mM
phosphate buffer (pH 7.4, 140mM NaCl) as a running buffer, and a sam-
ple protein solution (final concentration: 0, 1.5, 3.0, 6.0, 12, 24, 48, 96,
192 nM) was injected with a flow rate of 20 μLmin�1 and injection volume
of 100 μL. The data collection point occurred 6min after the injection. A
difference of bound amounts between substrates was corrected by divid-
ing ΔRU values of protein injection by ΔRU values of NG immobilization.

Binding Experiments by an Autopipetting System Equipped with a
Fluorescent Microscope: To investigate the fluorescent signaling abilities
of prepared FL-MIP-NGs, the NGs were immobilized on the gold-coated
glass substrate (4.3� 9.8 mm) by same procedure in the case of the SPR
sensor chip. The plastic pipette tip was set an NGs-immobilized substrate,
and the tip was set at the tip rack.

The NGs-immobilized substrate was incubated in a sample protein
solution (0, 12, 24, 48, 96, 192 nM in 10mM phosphate buffer, pH 7.4
containing 140mM NaCl, 150 μL) for 10min at 25 ºC. Afterward, the fluo-
rescent intensity was measured at the detection port. Five different ROIs
were obtained to calculate the fluorescence intensity of each sensor chip.
F0 and F were fluorescent intensities derived from NGs before and after
incubation with proteins, respectively. The light of the mercury lamp
passed through a band-pass filter (628� 20 nm), and fluorescence was
measured using a fluorescent microscope (Zyla 5.5 sCMOS camera,
Andor Technology, UK) with a filter (692 nm� 20 nm).

Binding Constants: Binding constants were estimated by curve-fitting
software (DeltaGraph, Nihon Poladigital, Tokyo, Japan). The fitting
Equation (1) or (2), which is generally used for determining the binding
constant of the formation of a 1:1 complex, is shown. K is the apparent
affinity constant (Ka¼ 1/Kd),H is the host,G is the guest, andΔRUmax and
ΔFmax are the ΔRU and ΔF values given by the binding at the maximum
amount of guests found by fitting a theoretical curve to the raw data.
Equation (1) and (2) are used for the curve fitting to obtain the SPR
and fluorescent detection, respectively.

ΔRU ¼ ΔRUmax �
1þ K½G� þ K½H� �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1þ K½G� þ K½H�Þ2 � 4K2½G�½H�

p

2K½H�
(1)

ΔF
F0

¼ ΔFmax

F0
� 1þ K½G� þ K½H� �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1þ K½G� þ K½H�Þ2 � 4K2½G�½H�

p

2K½H�
(2)
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The apparent limit of detection for the HSA was estimated from the
binding isotherm using 3SD/m (m: the slope of the linear region of
the binding isotherm and SD: standard deviation for 0 ngmL�1 HSA).

Statistical Analysis: In the SPR measurements, each experiment was
conducted in quadruple to calculate an average and a standard deviation.
T-tests were conducted assess significant differences in the selectivity. In
the fluorescent detection, the measurements were carried out in triplicate
in the five region of interests (ROIs) with a software equipped with a
fluorescent microscope (Andor SOLIS ver. 4.23., Andor Technology Ltd,
Belfast, UK).

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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