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Abstract

Molecularly imprinted polymers (MIPs) are a class of synthetic recognition materials that offering a
cost-effective and robust alternative to antibodies. While MIPs have found their predominant use in
biosensing and diagnostic applications, their potential for alternative uses, such as enzyme inhibition,
remains unexplored. In this work we synthesised a range of acrylamide-based hydrogel MIP
microparticles (35 um) specific for the recognition of a-amylase. These MIPs also showed good
selectivity towards the target protein with over 96% binding of the target protein, compared with the
control non-imprinted polymer (NIP) counterparts. Specificity of the MIPs was determined with the
binding of a non-target proteins, Trypsin, Human Serum Albumin (HSA) and Bovine Serum Albumin
(BSA). The MIPs were further evaluated for their ability to inhibit a-amylase enzymatic activity,
showing a significant decrease in activity. These findings highlight the potential of MIPs as enzyme

inhibitors, suggesting an innovative application beyond their conventional use.

Introduction

Type 2 diabetes is a form of diabetes that is characterised by high blood sugar, insulin resistance and
relative lack of insulin. Symptoms include increased thirst, fatigue, frequent urination and unexplained
weight loss, and if left untreated can lead to heart disease, stroke, blindness, kidney failure and poor
blood flow resulting in limb amputation. Obesity and lack of exercise is the predominate cause of type

2 diabetes and is about 90% of all diabetes cases.™* Treatment for the condition requires the lowering



of blood sugar levels, with initial treatment being exercise and dietary change. Failing that medication
is then required.?

Amylase is a digestive enzyme that catalyses the hydrolysis of starch, a polymeric carbohydrate, into
sugars.* There are several variations of amylase, with the predominate form being a-amylase which is
found in humans and mammals, as well as being found in seeds and fungi.® In humans, a-amylase is
predominantly found in pancreatic juices and saliva, where it breaks down starch into the sugars
maltose and dextrin.* Excess amounts of these sugars can lead to significant issues, like hyperglycemia,
causing problems in people that suffer from Type 2 diabetes.®” Especially, as carbohydrate digestibility
has been related to elevated postprandial blood glucose. One approach to potentially reduce
postprandial hyperglycemia is to limit the activity of carbohydrate digestive enzymes, particularly
within the digestive tract. Thus, the strict controlling of postprandial blood glucose through inhibition
of a-amylase, could be significant for the prevention and treatment of diabetes. The use of a-amylase
inhibitors has shown to act as carbohydrate blockers, thus limiting the digestibility and absorption of
carbohydrate in the gastrointestinal diet.®

Small molecules such as phenolic acids, tannins, anthocyanins, and flavonoids are reported to be
potent inhibitors of a-amylase. Their digestibility significantly influences their enzymatic inhibition,
thus not all small molecule inhibitors are readily available.”® Additionally, some small molecules have
also shown inhibition for other enzymes, such as trypsin. The inhibition of non-target enzymes can
cause significant issues leading to serve consequences and side-effects.”? Peptides and the protein a-
amylase inhibitor have also been shown to be good inhibitors of a-amylase, offering the target
specificity, that the small molecules lack.® While being costly to produce, they also lack robustness and
are susceptible to degradation and denaturation, especially in the low pHs found in stomach acid.
Molecularly imprinted polymers (MIPs) are synthetic recognition materials that have the potential to
act as a-amylase inhibitors due to their stability, affinity and specificity.

Molecularly imprinted polymers (MIPs) are a class of synthetic recognition materials that offer the
potential for rational design and selectivity of any given target. Typically produced using a self-
assembly protocol, functional monomers are arranged around a template (target molecule) through
electrostatic forces. The monomers are then crosslinked together, encapsulating the target inside the
polymer matrix.!>!! Post-polymerisation processing and subsequent removal of template, results in
cavities within the polymer that are specific in shape, size and functionality to the template. It is within
these cavities, where selective binding of targets takes place.!? Studies have shown that these synthetic
recognition materials are able to achieve excellent recognition for a variety of small molecular weight
targets as well as protein biomarkers.?>!* These materials have been produced in all shapes and size,

from bulk microparticles, to thin-films and nanoparticles (nanoMIPs), with affinities (Kp values) in the



micromolar to nanomolar range, consistent with that of poly and monoclonal antibodies.’>” This high
specificity has made them an excellent choice as a viable alternative to antibodies, particularly in
diagnostic and biosensing applications.

MIPs have shown considerable success and as viable alternatives to antibodies, particularly as they
match recognition, whilst also offering a robustness to the extremes of pH and temperature, that
would typically denature an antibody making it ineffective.'® This strength has led them to be used in
a range of applications and finding success in the role as the recognition materials in
biosensor/diagnostic applications. It is in the field of sensing, where MIPs have truly found their niche,
producing electrochemical, optical, gravimetric, and ELISA type sensors with sub nanomolar limits of
detection (LOD).?®2! For all the success that MIPs have had, there appears to be limited research
outside the realm of biosensors. The have been a few studies that show MIPs as potential drug delivery
systems,?272° but as off yet, limited work on inhibition of enzymatic activity. The work of Xu et al. used
molecularly imprinted technology to produce MIPs that were capable of selectively binding trypsin
leading to an inhibition of trypsin activity and offering potential therapeutic applications.?® While
Piletsky et al. used MIP nanoparticles (nanoMIPs) to target intracellular epitopes, enabling the
modulation of epidermal growth factor receptor (EGFR) activity.?” This highlights the possibility for
using MIPs in a wide variety of applications, other than sensing.

In this work, we have developed and produced a series of molecularly imprinted hydrogel MIPs for the
specific recognition and selective binding of a-amylase. The MIPs were produced in a micron sized
particle, as this allows for ease of production, while also rapidly producing large number of particles.
Using an acrylamide-based monomers, allowed for the inclusion of a variety of functional groups,
exploring their effects on recognition.?® Additionally, being water soluble allows for polymerisation to
occur without the need for organic solvents, allowing the use of protein molecules as templates in the
molecularly imprinting process and prevents potential protein denaturation that could occur with
organic solvent use. The best performing MIPs were then investigated for their use as potential enzyme

inhibitors, offering a new possibility of inhibitor materials.

Methodology
Materials
a-Amylase, Acrylamide (AAm), Ammonium Persulfate (APS), Bovine Serum Albumin (BSA), glacial

acetic acid (AcOH), Human Serum Albumin (HSA), N-(3-aminopropyl)methacrylamide hydrochloride



(NAPAmM)  N-(hydroxymethyl)acrylamide  (NHMAm),  N-isopropylamide  (NiPAm),  N,N’-
methylenebis(acrylamide) (mBAm), sodium dodecyl sulfate (SDS), and tetramethylethyldiamide
(TEMED), trypsin were all purchased and used without purification from Sigma-Aldrich, Poole, Dorset,
UK.

Methods

Solution Preparation.

A solution of 10% (w/v):10% (v/V) SDS:AcOH was prepared for use in the protein elution (template
removal stages), before target/non-target reloading stages. SDS (10 g) and AcOH (10 mlL) were

dissolved in 90 mL of MilliQ water, to produce 100 mL of the elution solution.

MIP Preparation.

MIP hydrogel microparticles were produced, using an existing methodology 4, whereby a hydrogel is
produced using a 10% crosslinking ratio of monomer and crosslinker was found to be optimum for
protein binding, in terms of efficiency and specificity. Four different MIPs were produced using a range
of different functional monomers (AAm, NHMAm, NiPAm, NAPAm), and a crosslinking density of 10%,
specific for a-amylase as a template, using the following protocol.

Into an Eppendorf tube, a-amylase (12 mg) was dissolved in 970 pL of MilliQ water then vortexed for
1 minute. Next the functional monomer (0.76 mmol) was added, vortexed for 1 minute and allowed
to self-assemble around the template for a further 1 minute. Next, the crosslinker (mBAm) was added
at a ratio of 9:1 by weight, and the mixture was vortexed for a further minute, before the addition of
10 uL 5% TEMED (v/v) solution and 20 uL 5% APS (w/v) solution. This mixture was vortexed for 1 minute.
The solutions were then purged with nitrogen for 5 minutes and polymerisation occurred overnight at
room temperature (approximately 20 °C). Corresponding non-imprinted polymers (NIPs) were
produced using the same protocol, but in the absence of the protein template, as a comparative
control.

After polymerisation, the gel monoliths, were granulated separately using a 35-micron sieve. The gels
were then washed with two 1 mL volumes of the 10% (w/v):10% (v/v) SDS:AcOH solution, allowing for
the denaturation and subsequent removal of the template protein from the MIP cavities. The gels were
then washed with 1 mL volumes of MilliQ water, until all the SDS:AcOH solution was removed,
approximately five washes. Each wash step consisted of addition of SDS:AcOH solution/MilliQ water
followed by vortex for 1 min, the centrifuged for 10 mins. It should be noted that at this stage it is
empirical for the SDS:AcOH solution is completely removed from the washed MIP. Failure to do so

could result in the prevention of any target protein being able to rebind in the future, having a negative



effect of the specific recognition properties of the MIP. The corresponding NIPs were also processed in

the same manner.

MIP Rebinding Studies.

The binding properties of the conditioned MIPs and corresponding NIPs were investigated and
characterised using Nanodrop UV/Visible spectrometer. Each hydrogel (20 mg) was treated with 60 pL
of amylase (target protein) solution between the concentration ranges (0.4-3.0 mg mL?). After the
protein solutions were added to the MIP/NIP, the polymer/protein solutions were vortexed for 1
minute and allowed to associate at room temperature (approximately 20 °C) for 5 minutes. Following
this, the hydrogels were then centrifuged for 5 minutes, and the supernatant was collected and
analysed by UV/Vis spectroscopy (at 210 nm). Selectivity of the MIPs/NIPs was investigated through
the non-specific binding of a non-target proteins (Trypsin, HSA, and BSA), with supernatant
subsequently, analysed at 276 nm.

The amount of the target (or non-target) protein, bound to the polymers B, was calculated by the
subtraction of the concentration of the free protein, [FreeProtein], from the initial protein
concentration, and determined as a mean average of three measurements. Scatchard analysis was
performed using the average results from the binding studies of the MIPs with 60 uL of known
concentration (0.4-3) mg mL™) of the target and non-target proteins, with analysis undertaken using

the Scatchard equation (Equation 1).

B

[Freeprotein] - (Pmax — B)Ka .
Where, K; is the association constant and Bmax is the theoretical estimate of the maximum number of

binding sites.

Thus, production of Scatchard plots (bound concentration/unbound concentration versus bound
concentration) allows for determination of association constants (K,) form the gradient of the slope of
the line along with the theoretical maximum number of binding sites (Bmax) from the intercept of the

slope.

Amylase Inhibition Assay.
Phadebas® Amylase Test crushed powder (20 mg) was dissolved in 400 pL of water, next 50 pL of a-
amylase solution (2 mg mL?), premixed with 20 mg of MIP/NIP was added and the solution was

vortexed. The mixture was placed in a water bath at 37 °C to initiate the reaction. After 15 minutes



500 plL of 1 M sodium hydroxide solution was added to the solution and vortexed to terminate the
reaction. The mixture was then centrifuged for 5 minutes, with the supernatant analysed using a using
Nanodrop UV/Visible spectrometer at 620 nm. An a-amylase control (without and MIP or NIP) was
also completed using the same protocol, but without premixing MIP and NIP, with the a-amylase. This

allowed the determination of free a-amylase activity.

Results and Discussion

A series of MIP hydrogel microparticles were successfully synthesised, using either AAm, NHMAm,
NiPAm, or NAPAm, as the functional monomer, mBAm as the crosslinker, and water as the
polymerisation solvent. The use of organic solvents was traditionally used in the production of MIPs,
but these readily denature proteins, making them unsuitable for the imprinting of Proteins.*
Acrylamide-based monomers can offer a wide-range of functionality, whilst also being water-soluble.*
These are important factors when considering the molecular imprinting of proteins, due to the fragility
and stability of proteins.?® With this regard, AAm and NHMAm were specially chosen for their ability
for producing high performing hydrogel-based MIP microparticles for protein target.?® While NiPAm
and NAPAm were investigated got their use in high performing MIP nanoparticles but have yet to be
investigated with hydrogel-based MIP microparticles.°

The hydrogels were initially produced as a 1 g polymer monolith, which after grinding and sieving
through 35 um sieve, produced microparticles with an approximate yield of 60% (0.6 g of
microparticles for use). The acrylamide-based functional monomers were chosen due to their water
solubility along with known high performance for producing recognition materials for protein targets.
Removal of the target (a-amylase) protein, was achieved using a well-established protocol of a series
of SDS:AcOH, washes. This solution efficiently removes of proteins from hydrogel-based MIPs by
denaturing the protein and prevent the electrostatic forces that complex the a-amylase to the MIP.3!
Subsequent washes then completely remove a-amylase from the MIP leaving a MIP particles with free
specific cavities, capable on rebinding the target (a-amylase) protein.3!

FTIR-ATR analysis of the hydrogel MIPs is shown in Figures S1-S4. The FTIR spectra produced is
characteristic of polyacrylamide-based hydrogels, particularly those with a high-water content. The
spectra (Figure S1-S4) exhibit strong broad peaks with the range of 3259-3381 cm™, which is assigned
to the O-H stretching of water. The peak displayed here is particularly large and broad and is to be
expected because of the high-water content of the hydrogel. The peaks displayed in the 2923-2989
cm™ region are due to the C-H stretching peaks from the polymer. The strong and broad peaks that are
displayed in the range of 1629-1658 cm™ can be assigned to the C=0 stretching within the amide
functionality within the polymer hydrogels and again are broader than would be traditionally seen,
due potential hydrogen bonding effects with water molecules. While the weak and sharp peaks in the
same area 1535-1610 cm™ are due to N-H bending within the amide functionality. The broad and weak

peaks at 974-1040 cm™ can assigned to the C-N stretching peak and again are broader than expected

and again is potentially due to hydrogen bonding effects, caused by the large volume of water



molecules within the hydrogel. Peak broadening occurs when there are large concentrations of
molecules within a sample are analysed, whereby each molecule can hydrogen bond to a slightly
different extent.3? The infrared absorptions thus occur at differing frequencies for each of these bonds,
resulting in a broadening infrared peak as an average of all these slightly different absorptions.?*34 This
highlights that the strong interactions between water and functional groups within hydrogels can
significantly impact peak wavenumbers and shape.?® Figure S4 shows and additional peaks at 2854 cm"
Yand 1261 cm™ that are not displayed in the other FTIR spectra, so can only be due to the N-H and C-

N (respectively) stretching of the amine salt within the NAPAM monomer.

Rebinding Experiments

The reloading of the target protein (a-amylase) on to the MIP microparticles is presented in Table 1
and Figure 1 and shows that the NHMAm MIP produces the best recognition for a-amylase with 96.2%
rebinding of the target protein. While the NAPAmM MIP was the worst performing MIP with a 79.3%
rebind (Table 1). In terms of MIP rebinding performance and efficiency, the monomers investigated
can be order as: NHMAmM > AAm > NiPAm > NAPAm, with the high performance of NHMAm to be
expected. This ordering MIP rebinding performance and efficiency is expected to be due to
interactions within the monomer-template complex, prepolymerisation. It is expected that
the better performing MIPs is due to stronger interactions between the monomer and
template, which leads to cavities within the polymer matrix that can offer stronger rebinding
opportunities. This is exemplified computational modelling shows that NHMAm is an excellent
choice for protein targeting hydrogel-based MIPs, due to more negative AG values (kcal mol?) across
a range of potential bindings sites across the surface of a protein.* This results in a strong monomer-
template prepolymerisation complex, with multiple monomer interactions around the target, which
subsequently produces a highly selective imprinted cavity within the polymer. While this work
investigates monomer-target complexation with the protein myoglobin, it is still relevant
within the scope of this work. While the protein, myoglobin, differs in shape, length, sizes and
amino acid order, to a-amylase, the surface areas of both proteins are still produced from the
same amino acids. This means the monomer-protein interactions will be relatively the same,

albeit differing in orientation.

Table 1. Association constant (K.) values for the different hydrogels

MIP microparticles and their corresponding NIPs

Percentage of Protein Bound (%)




Monomer MIP NIP MIP NIP MIP NIP MIP NIP
(a-amylase) (a-amylase) (Trypsin)  (Trypsin) (HSA) (HSA) (BSA) (BSA)

AAmM 83.2 32.5 38.87 36.1 40.2 34.1 37.4 35.5
(+0.6) (+1.1) (+5.5) (+5.7) (+4.5) (+75) (+1.3) (+1.5)

NHMAmM 96.2 37.8 33.39 37.3 36.9 41.8 42.3 33.8
(+3.3) (x2.2) (+0.5) (+4.5) (+1.8) (+2.2) (+2.9) (+0.9)

NiPAmM 81.3 76.7 76.6 65.2 68.0 73.2 72.4 68.6
(+2.1) (x2.2) (+5.7) (+52) (+83) (+3.6) (+3.7) (+3.8)

NAPAmM 79.3 77.1 78.5 70.6 71.3 79.9 63.4 72.6
(+1.3) (+2.8) (+6.9) (t6.5) (+52) (+9.2) (+3.0) (+2.8)

The specific recognition capabilities of hydrogel MIPs for the target protein (a-amylase) were

investigated through a series of rebinding experiments. By comparing the binding of the MIPs with

that of their corresponding NIP controls Figure 1), an imprinting factor (IF) can be calculated as a ratio

of MIP binding versus NIP binding (Equation 2) and is a traditional way of assessing the strength of

interactions of the imprinted polymer with the target molecule. In this regard, the higher the IF value,

the greater selectivity for the target molecules the MIP is.?®

IF =
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Figure 1. Percentage of a-amylase target protein binding to the four different hydrogel MIPs (blue) and

their corresponding NIPs (orange). N=3

Polyacrylamide hydrogels have been used to fix enzymes and maintain their enzymatic ability, with

polymers that could be considered as the NIPs used in this study.?® Whilst, calculating IF values are a



valuable way of assessing MIP performance against its control polymer, studies have shown that there
are subtle differences within the polymer matrix between the MIP and the NIP. These differences are
due the cavities created during the imprinting process with the work of Kimhi et al. showing the MIP
a more porous material, which inherently effects the binding performance of the MIP and NIP
materials.3” As such, comparing the binding performance of the MIP with the target protein versus a
non-target protein (Figure 2) to produce a selectivity factor (SF) value (Equation 3) has now become a
more favourable assessment of MIP performance, as it truly shows the binding potential of the

imprinted cavities.

% target protein to MIP

SF =

% non—target protein to MIP
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Figure 2. Percentage of a-amylase target protein (blue) and non-target proteins; Trypsin (purple),
Human Serum Albumin (HSA) (green) and Bovine Serum Albumin (BSA) (orange) binding to the four

different hydrogel MIPs. N=3.

The calculated IF and SF values are presented in Table 2 and shows that NHMAmM, AAm MIPs have IF
values of 2.55 and 2.56, respectively, and SF values of 2.14 and 2.88 for trypsin, 2.07 and 2.61 for HSA,
and 2.28 and 2.22 for BSA, respectively. This shows that these MIPs are highly selective and specific
for the binding of the target protein (a-amylase). Contrary to this, the NiPAm, and NAPAm MIPs have
IF values of 1.06 and 1.03, respectively, and SF values of 1.06 and 1.01 for trypsin, 1.19 and 1.11 for
HSA, and 1.12 and 1.25 for BSA, respectively. These low values highlight the non-selectivity and
specificity of nature of the NiPAm and NAPAm, meaning any binding is not due to any MIP effect and
is because the polymers produced are capable of effectively binding any non-target protein, mostly

likely due to intrinsic charge of the formed gel.



Table 2. Imprinting Factor (IF) values and Selectivity Factor (SF) values for the four different hydrogel

MIPs.

Monomer IF (MIP/NIP) SF-MIP SF-MIP SF-MIP
(a-amylase /Trypsin) (a-amylase /HSA) (a-amylase /BSA)

AAmM 2.56 2.14 2.07 2.22

NHMAmM 2.55 2.88 2.61 2.28

NiPAmM 1.06 1.06 1.19 1.12

NAPAmM 1.03 1.01 1.11 1.25

Additionally, the SF values of the NIPs were also calculated (Table S2), with values between 0.87 and
1.25 and highlight that the NIPs will bind the target protein (a-amylase) the same as the non-target
proteins (Trypsin, HSA and BSA), showing that the control polymer (NIP) is not selective will effectively
bind anything. It should be noted, that whilst both a-amylase and BSA are found together in bovine
species,®® BSA is not found in the human body, whereas, trypsin and HSA are, and as an alternative
(human version) competitor protein of a-amylase that can also be used to investigate MIP specificity.
With BSA being a homolog of HSA, the two proteins have been shown to be structurally similar, sharing
a high degree of structural similarity. This has resulted in ligand-binding affinity studies employing BSA
as an HSA substitute because of the similar size and environment of binding pockets.?® Thus, for the
purpose of this study, BSA should be also considered as an appropriate additional protein to showcase
MIP specificity, and it can be reasonable assume that the MIP produced in this case is specific only for
a-amylase.

Batch rebinding experiments were used to investigate the binding behaviour of the MIPs and their
corresponding NIPs, with the association constants (K, values) of the polymers estimated using the
Scatchard equation (Equation 1). The Scatchard plots for the MIPs (Figure S5-S8) display a linear
transformation, where the slope of the line represents the association constant (K), these are

presented in Table 3.

Table 3. Association constant (K;) values for the different hydrogels MIP microparticles.

Monomer Ka Values (M)
AAmM 5.49 x10°
NHMAmM 5.86 x10°

NiPAm 8.69 x10°



NAPAmM 9.58 x10°

Table 3 shows that the NHMAm and the AAm are the best performing MIPs with the greatest affinity
providing K, values of 5.86x10° and 5.49 x10°. this is an approximately a six-fold improvement over the
NiPAm and NAPAm MIPs, which have K, values of 8.69 x10° and 9.58 x10°, respectively. This increase
in affinity is potentially due to the high performing behaviour of the NHMAmM and AAM monomers and
their ability to perform strong hydrogen-bond interactions within several potential binding sites
around the surface of a protein target molecule, during the prepolymerisation process. This allows for
the creation of more selective and specific binding cavities within the MIP, thus better performance.
Figure S5-S8, largely display linearity, enough to produce correlation (R?) values greater than 0.91 and
is good enough for affinity (K, value) estimations. However, slight plateauing can be seen and is to be
expected as the MIPs reach their maximum binding capacity.° It should be noted that, the K, values
of the corresponding NIPs were unable to be calculate, due to that Scatchard plots not displaying

linearity, this further highlights the selective nature of the control polymers.

With this regard, the NHMAm and AAm MIPs (and corresponding NIPs were investigated for their
ability to inhibit the enzymatic activity of a-amylase. This was achieved by premixing the MIP (or NIP)
with a a-amylase, a Phadebas® Amylase Test, was then used to determine enzymatic activity and is

displayed in Table 4.

Table 4. Enzymatic activity of a-amylase determined using Phadebas® Amylase Test, after being

premixed with MIP (or NIP). N=3

Monomer Activity (umol sL?)

MIP NIP
AAm 20.4 (+0.2) 40.3 (£ 0.3)
NHMAM 15.4 (0.1) 39.6 (+0.1)
None® 49.2 (£ 0.1)

2 Activity of the a-amylase without the addition of any MIP or NIP

The enzymatic activity of the a-amylase was shown to be 49.2 umol sL? (Table 4). The introduction
of either MIP (AAm or NHMAm) to the a-amylase, shows a significant decrease in enzymatic activity,
with 20.4 and 15.4 umol sL for AAm and NHMAm MIPs, respectively. This is shows an approximate
58% and 68% decrease in a-amylase activity for AAm and NHMAm MIPs, respectively. The NIP control

polymers showed a slight decrease in enzymatic activity, with 40.3 and 39.6 pmol sL? for AAm and



NHMAm. upon addition to the a-amylase. This is due to the slight non-selective binding that was
displayed by the NIPs and is still significantly less than the decrease in activity displayed by the MIPs,
with only approximately 18% decrease in a-amylase activity, for both NIPs. This highlights further the
selectivity of the MIPs and that while they have not shown complete reduction of a-amylase activity,
they have shown a significant decrease. As the binding event between the MIP and a-amylase is
expected to be at the surface of the enzyme, and produced as an artifact of the self-assembly process,
whereby enzyme orientation in prepolymerisation complexation is not controlled. This means there is
a potential for some active sites to be exposed, which explains why enzyme activity is not completely
reduced to zero. As the MIPs are interacting with a-amylase (temporary or permanent) in a way that
reduces the rate of the enzyme-catalysed reaction, this can be considered as enzyme inhibition*® with
further studies involving new functional monomers and MIP particle size needed to increase the a-

amylase inhibition even further.

Conclusion

In this study, we successfully prepared a series of highly specific molecularly imprinted hydrogel
microparticles (MIPs) targeting the protein a-amylase. Through a straightforward self-assembly
process, acrylamide-based MIPs were synthesized, forming a bulk monolith subsequently processed
into microparticles. These MIPs demonstrated excellent performance and selectivity, with N-
hydroxymethylacrylamide (NHMAm) showing the best overall efficacy. The performance hierarchy for
the monomers was NHMAm > acrylamide (AAm) > N-isopropylacrylamide (NiPAm) > N-(3-

aminopropyl)methacrylamide hydrochloride (NAPAm).

The MIPs' performance was comparable to other hydrogel-based MIPs for different protein targets,
indicating consistency in these materials' behaviour. Scatchard plot analysis revealed enhanced
affinity towards the template protein, particularly for NHMAm and AAm, highlighting their strong
hydrogen-bonding interactions during the pre-polymerization phase. Specificity and selectivity were
further validated using non-imprinted polymers (NIPs) and similarly sized non-target proteins. The
calculated Imprinting Factor (IF) and Selectivity Factor (SF) values for the MIPs clearly demonstrated

selective recognition.

The best performing NHMAmM and AAm MIPs were then used for the inhibition of enzyme activity of
a-amylase in the digestion of starch during a Phadebas® Amylase Test, showing a dramatic reduction
in enzymatic activity. The development of these unique microparticles offer a simple and effective

method to produce a robust biorecognition material in the form of microparticles. The gentle



polymerisation conditions are optimal for protein imprinting and allow for the template to retain its
shape during the polymerisation process, preventing target denaturation. Furthermore, the use of
these materials as enzyme inhibitors, showcase the potential of these materials to be used in new
applications, other than as diagnostic recognition materials. This offers multiple opportunities to use
these materials in potential therapeutic applications, of which we are currently exploring opportunities
to use these types of materials further
Supporting Information
e Monomer and crosslinker masses (mg) used to produce the MIPs (and corresponding NIPs), at
a ratio of 9:1 by weight. FTIR spectra of the MIPs. Scatchard plots analysis of the binding of a-
amylase binding to the different MIPs. Selectivity Factors (SF) of the NIPs for the different

hydrogels.
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