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Abstract: The epitope imprinting approach applies exposed peptides as templates to synthesize
Molecularly Imprinted Polymers (MIPs) for the recognition of the parent protein. While generally
the template protein binding to such MIPs is considered to occur via the epitope-shaped cavities,
unspecific interactions of the analyte with non-imprinted polymer as well as the detection method
used may add to the complexity and interpretation of the target rebinding. To get new insights on the
effects governing the rebinding of analytes, we electrosynthesized two epitope-imprinted polymers
using the N-terminal pentapeptide VHLTP-amide of human hemoglobin (HbA) as the template.
MIPs were prepared either by single-step electrosynthesis of scopoletin/pentapeptide mixtures or
electropolymerization was performed after chemisorption of the cysteine extended VHLTP peptide.
Rebinding of the target peptide and the parent HbA protein to the MIP nanofilms was quantified
by square wave voltammetry using a redox probe gating, surface enhanced infrared absorption
spectroscopy, and atomic force microscopy. While binding of the pentapeptide shows large influence
of the amino acid sequence, all three methods revealed strong non-specific binding of HbA to both
polyscopoletin-based MIPs with even higher affinities than the target peptides.

Keywords: Molecularly Imprinted Polymers; epitope imprinting; non-specific binding; redox gating;
SEIRA spectroelectrochemistry

1. Introduction

Hemoglobin (HbA) is a heme-containing tetrameric protein which acts in the reduced
state as the oxygen carrier in blood [1]. It consists of two α and two ß subunits. Each
subunit contains one non-covalently bound heme group as oxygen binding site [2]. The
normal concentration of the tetrameric HbA in blood is 2.3 mM [3]. Determination of HbA
in blood is one of the most frequently used analyses in the clinical laboratory. Decreased
concentrations are indicative for anaemia [4]. Furthermore, traces of HbA in faeces are
indicators of injuries of the colon, e.g., due to colon carcinomas [5]. The concentration of
HbA and HbA1c in blood are routinely measured for the determination of the degree of
glycated HbA—the long-term diabetic parameter [6]. Recently MIP based sensors which
apply the whole spectrum of electrochemical and optical transducers made inroads in
the determination of protein biomarkers [7–26] including SARS-COV-2 antigens [8]. For
many years, Bülow’s group made great efforts to create HbA-specific polymer beads
for chromatographic separation of HbA variants from protein mixtures and crude cell
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extracts [27–29]. The resulting chromatographic resins could be used to separate and
purify HbA and fetal Hb from human body fluids and could identify changes in single
amino acids on the Hb molecule surface [29]. Beside using the protein as the template,
they also tried the epitope imprinting method to prepare Molecularly Imprinted Polymers
(MIPs) [28]. This approach was initiated by Rachkov and Minoura [30,31]. They applied the
N-terminal tripeptide of oxytocin as the template for a MIP for the whole nonapeptide. This
concept has been successfully expanded to bio-macromolecular targets such as proteins. In
these systems, 4 to 20 amino acid peptides are exploited for recognizing protein made up
of several hundred amino acids (Table S1) [10,32–37].

Application of the epitope approach for the recognition of Hb is questionable because
the N-termini of the ß-chains are located in the contact area of the protein subunits. To
overcome this challenge, Bagan et al. [28] modified the epitope imprinting approach for
the synthesis of a HbA-binding MIP. They introduced an intermediate step by generating
the template for MIP-synthesis via hemoglobin immobilization to silica nanoparticles,
through the N-terminal valines, followed by digestion of the protein using trypsin. This
MIP-synthetic approach resulted only in a two-fold higher HbA binding as compared with
the non-imprinted polymer (NIP) [9].

Whereas only a few papers presented MIPs for human HbA, bovine hemoglobin
(BHb) has been frequently used as a “model protein” [38–47]. Reddy et al. synthesized a
hydrogel-based imprinted polyacrylamide film deposited on a glassy carbon electrode for
BHb detection. The successful synthetic approach was validated by recording the signal of
electrochemical reduction of the heme-bound oxygen [48]. For the determination of HbA
and HbA1c, the first MIP was described by Bossi et al. [49]. They polymerized aminophenyl
boronic acid in the presence of the template proteins on polystyrene microplates. The
HbA1c-MIP showed a three-times lower affinity towards HbA as compared with the
target HbA1c.

Following the epitope approach, we have recently reported the successful synthesis
of two types of peptide imprinted nanofilms for the recognition of the N-terminal HbA
peptide and its glycated derivative HbA1c without assistance of boronate affinity [50].
MIP nanofilms were prepared either by a random, single-step electrosynthesis of scopo-
letin/pentapeptide mixtures or using a two-step hierarchical approach involving first a
chemisorption of the cysteine extended N-terminal HbA pentapeptide followed by the
electropolymerization of scopoletin [50]. The results revealed excellent discrimination of
peptides differing in a single terminal fructosyl or a single amino acid unit.

Here, we resumed our previous investigation to target the rebinding of the entire HbA
protein by using a corroborated square wave voltammetry (SWV), SEIRA spectroelectro-
chemistry, and atomic force microscopy (AFM) methodology. The results reveal major
deviations from the simple binding model of the epitope imprinted polymer-parent protein
that considers solely the interaction through the imprinted cavities.

2. Materials and Methods
2.1. Chemicals and Reagents

Scopoletin (7-hydroxy-6-methoxycoumarin) was purchased from Sigma Aldrich (Stein-
heim, Germany). Potassium hexacyanoferrate (III) (ferricyanide) and potassium hydroxide
from Roth (Karlsruhe, Germany); potassium dihydrogen phosphate, potassium hexacyano-
ferrate (II) trihydrate (ferrocyanide) were obtained from Merck (Darmstadt, Germany);
disodium phosphate from DuchefaBiochemie (Haarlem, The Netherlands); the proteins
human Methemoglobin (MetHb) which contains Fe3+ in the heme, albumin from human
serum (HSA), and albumin from bovine serum (BSA) were purchased from Sigma Aldrich
(Steinheim, Germany). The peptides used in this study, i.e., the cysteine-extended N-
terminus of ß-chain of HbA (cys-peptide or CVHLTP), the N-terminus of ß-chain of HbA
(N-terminal peptide or VHLTP) were from Biosyntan GmbH (Berlin, Germany). All solu-
tions were prepared using deionized water (DI water) obtained from a water purification
system Milli-Q (Merck Chemicals GmbH, Darmstadt, Germany).
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2.2. Electrochemical Measurements

Square wave voltammetry (SWV) was carried out in 1 mL of 5 mM ferri/ferrocyanide
in phosphate buffered saline, pH 7.4 (PBS) containing 10 mM KCl with a CHI 440 elec-
trochemical workstation (CH Instruments Inc., Austin, TX, USA) using a three-electrode
electrochemical cell. Gold wires (diameter of 0.5 mm from Goodfellow, Germany) were
used as working electrodes, a spiral platinum wire as the counter electrode and an Ag/AgCl
as the reference electrode (RE-3V from ALS Co., Tokyo, Japan). The potential was scanned
from −0.3 to +0.4 V at a frequency of 10 Hz, an amplitude of 50 mV and a step height of
3 mV. All measurements were carried out at room temperature.

2.3. MIP-Electrosynthesis, Template Removal, and Rebinding

The gold wire electrodes were cleaned in a boiling KOH solution (2.5 M) for 4 h
followed by storage in concentrated H2SO4 overnight. Before usage, the electrodes were
rinsed with DI water and kept in 65% HNO3 for 10 min. After rinsing with DI water again,
the electrodes were ready for use.

For the preparation of the peptide epitope imprinted nanofilms we followed the
procedure described earlier [50]. The monomer/peptide mixture-based MIPs (random
MIPs) were synthesized on the cleaned bare gold wire electrodes from a solution containing
0.5 mM scopoletin and 50 µM N-terminal peptide VHLTP-amide by applying 30 pulse
cycles with each cycle consisting of a 0.0 and a +0.7 V pulse with a duration of 5 and
1 s, respectively. NIPs were prepared using the same procedure but omitting the peptide
chemisorption on bare gold. For the two-step hierarchical imprinting process via a pre-
immobilized peptide, the clean bare gold wire electrodes were first incubated in a PBS
solution containing 50 µM cys-peptide for 5 min. The polyscopoletin layer was then formed
by electropolymerization using a solution with 0.5 mM scopoletin, 10 mM NaCl, and 5%
v/v ethanol and the same electrochemical pulse program used for the random MIP.

Electrochemical template removal (E-TR) for both types of MIPs was performed by
polarizing the respective MIP nanofilm-modified electrodes in PBS at +900 mV for 30 s.
After E-TR, the electrodes were rinsed for 5 min with DI water and dried gently under
nitrogen stream. For rebinding experiments, the MIP-modified electrodes were placed
in a stirred electrochemical cell, firstly filled with 1 mL of PBS solution containing 5 mM
ferri/ferrocyanide, 10 mM KCl followed by sequential addition of 2 µL of the peptide
or protein stock solution. SWV curves were recorded every 2 min (in a quiet solution)
and a steady state was reached within 20 min. All electrochemical measurements were
performed at room temperature.

2.4. SEIRA Spectroscopic Measurements

The same NIP and MIP films were prepared on nanostructured gold electrodes suitable
for SEIRA spectroelectrochemical investigations. This in situ surface analytical technique
allows the acquisition of IR spectra to detect changes occurring in the very close proximity
to the gold surface (about 8 nm), which allows monitoring processes such as polymer
synthesis, template removal [51]. A gold film was chemically deposited on a silicon prism
suitable for ATR (attenuated total reflection) investigationsa and subsequently electro-
chemically cleaned resulting in an island-like nanostructure, as previously described [52].
The prism was then installed into a home-made spectroelectrochemical IR cell, mounted
in an IFS66v/S FTIR spectrometer from Bruker equipped with a liquid nitrogen cooled
MCT (Mercury-Cadmium-Telluride) detector. The gold film served as working electrode,
whereby a Pt wire and an Ag/AgCl electrode were used as counter and reference elec-
trodes, respectively. Spectra with 4 cm−1 resolution were recorded by averaging 400 scans.
Binding assays were performed by dissolving the peptides in DI deionized water, yielding
5 mM stock solution, and then subsequent dilution in PBS to a final concentration of
50 µM. IR spectra were registered before, during, and after immobilization of the target
peptide. A further spectrum was recorded after extensive rinsing with a buffer to confirm
a stable binding of the template peptides. The buffer was then replaced with a scopoletin
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solution (0.5 mM, 10 mM NaCl, 5% v/v ethanol) and the electrosynthesis of the MIP-was
accomplished by applying 30 pulse cycles with each cycle consisting of 2 pulses of 0.0 V for
5 s and +0.7 V for 1 s. NIPs were prepared with the same workflow, but without template
peptides. Electrochemical template removal from the gold surface and target rebinding
were also followed by SEIRA spectroscopy.

2.5. Atomic Force Microscopy Measurements

NIP samples were prepared on silicon slides according to the previously detailed steps.
The slides were covered with approximately 50 nm gold layer, which provided a highly
smooth surface for the accurate thickness determination. The AFM measurements were
carried out with Nanosurf FlexAFM (Switzerland) after electropolymerization, template
removal and absorption of 1 µM HbA. For the investigations, Tap190Al-G cantilever
(BudgetSensor) was used with a force constant of 48 N/m, a length of 225 µm and a tip
radius less than 10 nm. To determine the thickness of the polymer film, first a topographic
image was taken by scanning a 3 × 3 µm area in Tapping mode (300 points/line resolution,
88–91% set point, 400 mV free amplitude). Then, the film was removed on a 1 × 1 µm area
in 3 consecutive cycles using Lateral Force mode (1 µN force, 200 points/line resolution).
Subsequently, a new topographic image was taken over the scratched region in the tapping
mode with the abovementioned parameters. Finally, the images were analyzed with
Gwyddion software. The thickness of the polymer film was determined as the average
difference between the polymer surface and the liberated gold layer.

3. Results and Discussion
3.1. Electrochemical Characterization of HbA Binding to the MIPs and Cross-Reactivity Studies

Quantitative information on rebinding of the glycated and the N-terminal peptides in
scopoletin-derived MIP nanofilms were recently reported [50], revealing higher binding
affinities and selectivity for a hierarchical MIP. These were attributed to the higher density
and more homogenous orientation of the peptide template during polymerization. There-
fore, we employed the same strategy for the rebinding of HbA molecule. Incubating the
hierarchical MIP after electrochemical template removal (E-TR, +0.9 V vs. Ag/AgCl for
30 s) with solutions of different HbA concentrations exhibited a concentration-dependent
decrease of the SWV peak current of the redox marker (Figure 1). This reflects a de-
creased permeation of the redox probe through the MIP films induced by HbA, which
blocks/occupies the corresponding binding cavities.
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Figure 1. SWV responses of the hierarchical MIP recorded in a PBS solution at a pH of 7.4, containing
5 mM ferri/ferrocyanide and 10 mM KCl after electrochemical template removal (E-TR, black trace
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Notably, the observed current decrease detected for the binding of HbA was even
larger than that of the template peptide (Figure 2). A Kd value of 9.06 ± 0.8 nM was ob-
tained for HbA by using the Langmuir isotherm model, whereas a value of 64.6 ± 12.9 nM
(Table 1) was determined for the peptide.
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Figure 2. Comparison of the concentration-dependent relative suppression of the SWV signals (peak
currents) detected for the binding of the template peptide VHLTP (green), HbA (concentration of
ß-subunits of HbA, black), HSA (red), and BSA (blue) to the hierarchical MIP.

Table 1. Kd values determined for binding of the target peptide and HbA to the hierarchical and
mixture-based MIPs.

MIP Target Kd

Hierarchical MIP
(VHLTP template)

VHLTP 64.6 ± 12.9 nM [50]
HbA 9.06 ± 0.8 nM

Random-MIP
(VHLTP template)

VHLTP 1.4 ± 0.3 µM [50]
HbA 20.4 ± 0.3 nM

The strong interaction with HbA was also observed for the random-MIP synthesized
from a mixture of scopoletin and VHLTP peptide. While the random-MIPs showed more
than a 20-fold lower affinity towards the target peptide (Table 1) than the hierarchical MIP,
this difference decreases using the parent protein HbA. The comparably strong binding of
HbA to both MIPs in combination with the weaker binding of the peptide to the random
MIP results in values for the ratio of Kd for VHLTP and HbA of 7.13 for the hierarchical
and 68.6 for the random MIP.

This difference arises presumably from the different synthetic approaches used in the
two MIPs and is ascribed to less homogenous imprinting sites, where orientation effects
might affect the binding affinity in the random approach. Nevertheless, the similar Kd
values for HbA in both MIPs suggests a strong interaction of the protein with the polymer
matrix. Indeed, it is reasonable that binding of HbA via its N-terminus can block the
accessibility of several pores for the redox marker while the effect of target peptide is
restricted to only one cavity.

Additionally, HbA possess an isoelectric point of 6.97, therefore, a change of the pH
value from 7.4 to 5.2 leads to an inversion of the overall protein surface charge from a
negative into a positive one. The polyscopoletin film on the other hand is negatively
charged [33], in such way, the respective pH change of the reference solution (from pH
7.4 to pH 5.2) would transform a potential electrostatic interaction between polymer and
HbA from a repulsive into an attracting one. However, rebinding assays performed at pH
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5.2 resulted in decreased SWV responses for HbA at low concentrations and practically
the same response at saturation concentrations (Figure 3), suggesting that electrostatic
interactions do not play a major role in the HbA-MIP interaction.
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Figure 3. Comparison of the concentration-dependent relative suppression of the SWV signals (peak
currents) detected for HbA rebinding to hierarchical MIP (red columns) and mixture-MIPs (black
columns) in PBS buffer of pH 7.4, containing 5 mM ferri/ferrocyanide and 10 mM KCl. Measurements
performed at pH 5.2 are indicated by blue columns.

Testing the cross-reactivity of the hierarchical MIP towards HSA and BSA (Figure 2),
we observed that the SWV responses to the potential binding of both proteins was much
lower compared to those for HbA and its N-terminal peptide. At the saturation level of HbA
the response of the hierarchical MIP to these two proteins was four times lower, confirming
a preferential binding of the target protein. Since it is unlikely that the pentapeptide specific
epitopes are accessible to the much larger molecular weight BSA and HSA molecules, the
most likely reason for the concentration dependent suppression of the current that is
observed with these molecules is the out of pocket, non-specific binding on the non-
imprinted surface of MIP nanofilm. However, because redox gating cannot verify the
presence of HbA molecules on the polymer surface, we applied more informative SEIRA
and AFM methodologies that target the direct polyscopoletin-HbA interaction.

3.2. SEIRA and AFM Characterization of HbA Binding to the NIP and Hierarchical MIP

As stated above, redox gating via SWV assays is an indirect method, which detects the
electrochemical response of a redox probe accessing the underlying gold electrodes through
the imprinted binding cavities. The target binding is detected through its concentration
dependent blocking of these cavities, which gates the access of the redox probe. Conse-
quently, the inherent binding of the proteins to the polymer scaffold by using NIPs cannot
be investigated by this technique, i.e., NIPs films are insulating and due to the lack of
imprinted cavities the redox marker access to the underlying electrode is fully suppressed
and binding of the targets to the external surface cannot be detected. Therefore, in situ
analysis such as SEIRA spectroelectrochemistry and subsequent AFM measurements was
performed for further insight. These techniques were expected to additionally provide
complementary structural information on the involved processes (e.g., nanofilms degra-
dation, unspecific interaction of targets with the polymer scaffold). SEIRA spectroscopy
has recently delivered key details in this respect. Thereby, the main advantage of using in
situ spectroscopy is based on the possibility to record IR spectra of the individual steps of
the MIP-synthesis performed on the gold film. Besides, we have also demonstrated the
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fragility of scopoletin-derived nanofilms [50,53] to harsh chemical treatment, such NaOH
exposure, which could eventually result in a degradation of the coumarin scaffold.

After chemisorption of CVHLTP-amide on bare gold electrode, we detected pro-
nounced amide bands at 1674 and 1539 cm−1, which remained constant in time. This
results from a covalent immobilization of the peptide, possibly by Au-S/N bonds with His
and Cys side groups (Figure 4, trace 1). Scopoletin electrosynthesis (Section 2.4) exhibited
dominant IR absorptions at 1715 cm−1, 1280 cm−1, and 1235 cm−1, indicative for the forma-
tion of a poly(alkyl ether) with a poly(ethylene oxide) backbone and coumarin side groups
(Figure 4, trace 2) [50]. These bands partially superimpose the spectral contribution of the
peptide target, which can be detected via a characteristic shoulder of the main absorption
at 1715 cm−1. The corresponding band is absent in NIP. Polymer bands are still detectable
after electrochemical template removal, indicating no major changes in the polyscopoletin
scaffold. The successive template removal is reflected by the disappearance of the shoulder
bands at 1674 and 1539 cm−1, which reappear after binding of HbA (Figure 4, trace 4,
blue rectangles). In summary, the recorded SEIRA spectra allowed to monitor the entire
hierarchical MIP forming process detecting the characteristic IR absorption bands for the
polymer, peptide, and protein.
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Figure 4. IR absorbance spectra of HbA binding to the hierarchical MIP on a SEIRA active gold
electrode. Traces 1 to 3 display the individual steps of the MIP-formation. Trace 4 shows a rebinding
using 500 µL of 1 µM HbA solution. HbA binding is confirmed by the detectability of amides I and
II bands (blue rectangles). The red rectangle marks the broad O-H bending (δ) modes, centered at
1640 cm−1, resulting from the permeability of the MIP film for water molecules via empty binding
cavities [50].

As mentioned before, SEIRA spectroscopy involves the option to investigate pro-
tein/peptide interaction with non-imprinted nanofilms, where an electrochemical readout
is not feasible due to the insulating properties of the NIPs nanofilms. Incubation of NIPs
nanofilms with 0.1 µM HbA solution after different incubation times resulted in the spectral
appearance of distinct amide I and amide II bands (Figure 5, left panel, blue rectangles)
superimposing the specific polymer bands (Figure 5, trace 1). In such way, we revealed that
HbA also binds strongly to the cavity-free NIP film. HbA remains bound on the NIP film
despite extensive washing steps with high ionic strength buffer (PBS containing 1 M NaCl,
Figure 5, left panel, trace 5). Washing HbA-bound NIP with NaOH solution, as recently
reported, resulted in the polyscopoletin degradation (Figure 5, right panel, trace 3), while
residual HbA was monitored by the respective amide I and amide II bands.
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Figure 5. IR absorbance spectra of unspecific HbA binding on NIP. Spectra were recorded at different incubation times
(left panel, 0, 10, 20, and 40 min) with 500 µL of PBS solution containing 0.1 µM HbA (pH 7.4). Note that after 40 min the
electrode was washed with PBS containing 1 M NaCl resulting in no change of the amide I/II bands (trace 5). Washing
with 5 mM NaOH (right hind panel, blue spectrum) resulted in NIP degradation, as derived from the disappearance of the
absorption at 1715 cm−1, while the HbA related amide II band at 1539 cm−1 band is still detectable (traces 3 and 4).

The binding of HbA on the polyscopoletin derived non-imprinted nanofilms was also
confirmed by AFM-measurements (Table 2). While the +900 mV potential pulse did not
have significant effect on the thickness of the nanofilm, it increased by almost 2 nm after
the interaction with the protein sample (Figure S1).

Table 2. Average thickness of the non-imprinted polymer film determined by atomic force mi-
croscopy.

Sample Thickness (nm)

After electropolymerization 9.3 ± 0.8
After anodic polarization 9.6 ± 0.1

After adsorption of 1 µM HbA 11.1 ± 0.5

In regard of the nature of the protein binding to the MIP and NIP film, we can
largely rule out electrostatic interactions between HbA and the polyscopoletin matrix.
Under the reported experimental conditions, with an adjusted pH value of 7.4, HbA
harbors an overall negative charge, which would result in coulombic repulsions with the
negatively charged polyscopoletin film [33]. The absence of electrostatic interactions is
also supported by the observed lacking removal of NIP-bound HbA by exposure to 1 M
NaCl solution in PBS (Figure 5, left panel, trace 5). This nonspecific binding was surprising,
as polyscopoletin emerged so far as a rather resilient material to non-specific protein
adsorption [54]. Altogether, these findings suggest that the HbA-polymer interplay relies
prevalently on non-covalent, out-of-cavity hydrophobic interactions. This was confirmed
by SEIRA spectroscopy, which reveals a significant removal of NIP-bound HbA protein by
the non-ionic surfactant Tween as displayed in Figure 6. Indeed, the difference spectrum
of “NIP-HbA + Tween” minus “NIP-HbA” (trace 3-2) revealed (i) negative amide I/II
bands (Figure 6, blue rectangles) resulting from HbA removal and (ii) Tween binding on
the polymer surface as highlighted by the symmetric CH2 stretches at 2885 and 2994 cm−1,
respectively. Considering that Tween is generally used as detergent to remove unspecific
hydrophobic interactions in biological assays, we corroborated the nature of the HbA-
NIP interaction.
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Figure 6. Effect of Tween on the HbA-NIP-nanofilm complex. The observed bands in trace 1 (dark)
are attributed to the polyscopoletin NIP nanofilm. Trace 2 (blue) shows the unspecific HbA binding
on the NIP, which is visualized in the corresponding difference spectrum between traces 2 and
1 (red spectrum). The related amides I and II absorptions are highlighted by the blue rectangle.
Subsequent removal of HbA from the NIP film after addition of 0.05% Tween in PBS leads to spectral
changes in amides I and II regions as depicted in trace 3 (magenta), these are displayed as negative
absorptions bands in the respective difference spectrum between traces 3 and 2 (green trace). A
concentration-dependent interaction of the surfactant with the polymer nanofilm is shown in the
Supplementary Information (Figure S2).

4. Conclusions

In this study, we have observed that the binding of an entire protein to the epitope-
imprinted MIPs can rely on the contribution of specific, cavity-related, and nonspecific,
hydrophobic peptide/protein-polymer interactions. Blocking the non-imprinted polymer
surface with proteins (as in immunoassays) would have interfered with the SEIRA mea-
surements, i.e., the detection of hemoglobin would be masked by the IR signals related to
the blocking protein as the amide bands appear in the same spectral range. For epitope-
imprinted nanofilms a more sophisticated blocking procedure is needed with molecular
level control.

Considering the original working hypothesis where a protein binds exclusively via its
epitope functionality, the affinity towards the entire protein must not exceed the affinity for
the epitope. Typically, target peptides in epitope-imprinted polymers have dissociation
constants, Kd, in the nanomolar range while values in the micromolar range are observed
for the corresponding proteins (Table S1). However, this holds only if the non-specific
protein-polymer interactions are negligible. We demonstrated for our first epitope-MIP
that the target peptide was stronger bound than the parent protein cytochrome c and
competition between peptide and protein revealed the binding via the same cavities [33].
On the other hand, a Kd for the binding of the neurospecific enolase to the epitope MIP
in the sub-nanomolar region was reported whereas the template peptide bound only in
the µM-range [55]. In case of HbA, we have observed that hydrophobic protein-polymer
interactions govern the protein rebinding, resulting in Kd lower than those reported for
the peptide template. The nature and the strength of these non-specific interactions are
plausibly dependent on the amino acid residues facing the protein surface. Obviously, the
epitope approach has intrinsic limitations and future studies should be directed towards the
exploitation of new protein-friendly and resilient polymer nanofilms hosting zwitterionic
groups (e.g., polar for HbA protein rebinding), which might result in improved and ideally
exclusive polymer/peptide specific interactions.
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Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/chemosensors9060128/s1, Figure S1: (A) The topographic images of the non-imprinted
polymer film were used for the thickness measurements after removal of a 1 × 1 µm rectangular
area from the polymer. The removal stops at the underlying gold surface. The bright regions are due
to removed material pushed to the sides of the rectangular area during the removal process. The
difference of the film thickness (∆) after and before adsorption of 1 µM HbA, as illustrated in the
representative cross-sectional profiles (B), indicates the adsorption of HbA (see Table 2 for quantitative
data), Figure S2: IR absorbance spectra of Tween binding on polyscopoletin (NIP), Table S1: MIPs
prepared by epitope approaches. References [56–69] are cited in the Supplementary Materials.
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