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Abstract

In this study, a facile and green approach to prepare the core-shell magnetic
molecularly imprinted nanoparticles based on a layer-by-layer assembly and surface
imprinting technique was developed. Two types of natural polysaccharides (sodium
alginate and chitosan) were firstly employed as hydrophilic double-monomers to
synthesize water-compatible imprinted nanomaterials via a two-step self-assembly
strategy for recognizing protein ovalbumin. The obtained products exhibited a desired
level of magnetic susceptibility (45.30 emu g™), resulting in the convenient and highly
efficient separation process. The imprinted layer with thickness about 8 nm was
homogeneously coated on the surface of Fe;O4, which was favorable for the fast mass
transfer and rapid binding kinetics. The results of adsorption experiments showed that
the saturation adsorption capacity of imprinted products could reach 92.22 mg g'1
within 40 min, which illustrated the high binding capacity. Meanwhile, the imprinting
factor was as high as 4.07, demonstrating the potential selectivity of the prepared
products. More importantly, the test of validation suggested that the proposed strategy
would be a general method for imprinting different proteins in aqueous media by
virtue of the peculiarity of polysaccharides as well as the efficient preparation process.

Keywords: polysaccharide; magnetic separation; surface imprinting; protein
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1. Introduction

The molecular imprinting technique (MIT) has been recognized as a versatile
strategy for offering a way to construct tailor-made polymers with high affinity and
selectivity towards the targeted analytes.'? Owing to their high selectivity, low cost,
chemical stability, and easy fabrication, the molecularly imprinted polymers (MIPs)
have been explored for various applications in drug delivery,® biosensors,’ molecules
recognition,” and catalysis.6 Nowadays, although molecular imprinting has proven to
be particularly successful for small molecules, recognition of water-soluble biological
macromolecules, in particular proteins, using molecular imprinting is still challenging,
which is primarily related to the complexity of biomolecular size, conformational
flexibility, and solubility.”® It is gratifying that various methodologies have been
exploited to prepare the protein-imprinted polymers successfully, such as surface
imprinting, epitope-mediated imprinting, metal coordination procedure, and protein
imprinted hydrogel.” "

Apart from the development of efficient synthesis methods for imprinting protein,
selecting the optimum functional monomer with high affinity for the template protein
also has profound influence on obtaining the ideal imprinted polymers. Due to
inherent properties of proteins, resulting in imprinting generally only was performed
in aqueous media, many conventional functional monomers applied to imprint small
molecules exhibited quite difficult for protein."”> To overcome this limitation, many

researchers have focused on the development of water-compatible MIPs for

imprinting protein and achieving recognition, in which some low-cost monomers
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possessing hydrophilicity and multi-functional groups are employed, such as
dopamine and phenylboronic acid.'*'°

In recent years, natural polysaccharides also have attracted great attention in
imprinting protein due to their abundant raw materials, great hydrophilicity,
nontoxicity, and biocompatibility. Some works (listed in Table S1) of
protein-imprinted polymers with polysaccharides such as cyclodextrin, chitosan,
cellulose, and alginic acid have been reported.”'zo Zhang et al. prepared imprinted
silica beads for selective recognition of lysozyme adopting acryloyl-cyclodextrin as
functional monomer.'” Li et al. grafted imprinted polymer on chitosan microsphere
surface by sol-gel process for protein recognition.'® Zhang er al. prepared protein
molecularly imprinted cellulose ester filter membranes using acrylamide as functional
monomer for selective permeation of bovine serum albumin (BSA).19 Li et al
synthesized protein-imprinted polyurethane-grafted calcium alginate hydrogel
microspheres which showed improved mechanical stability and recognition
specificity.”’ Among of these polysaccharides, chitosan (CS), a kind of alkaline
polysaccharide with plentiful amino and hydroxyl functional groups which can
interact with protein through multiple hydrogen bonds, has aroused the most extensive
interest as an attractive candidate monomer for imprinting protein.*'** The
magnetic-chitosan MIPs achieved more superiority owning to their fast magnetic
separation and satisfactory binding capability. Guo et al. has synthesized the
lysozyme-imprinted polymers using magnetic chitosan submicrospheres as the

support materials.”> Chen et al. has prepared chitosan-coated magnetic nanoparticles
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modified carbon nanotubes to imprint BSA.*® While CS enjoyed some advantages in
these works, their preparation strategies were rather complicated, involving heating,
multi-step graft, and modification. There is still a lot of room for exploring facile
polymerized method. Interestingly, sodium alginate (SA) is another type of natural
and hydrophilic polysaccharide containing carboxylic and hydroxyl groups. As with
CS, the excellent biological and chemical properties of SA also have been widely
documented and applied in the field of chemical biology.27’28 More excitingly, SA, as
an anionic polysaccharide, can layer-by-layer assemble with CS (a cationic
polysaccharide) through the strong electrostatic interaction of the carboxylic groups of
the SA and the amino groups of the CS.”’ Given the aforementioned characteristics,
SA can serve as bridge for linking CS and support, which impels CS to coat on
support materials easily under a mild condition.

Inspired by the above remarkable properties of two polysaccharides, we report a
facile two-step method to prepare core-shell magnetic protein imprinted nanoparticles
(MP-MIPs) based on the self-assembly of two oppositely charged polysaccharides.
Fe;04 nanoparticles were selected as the support and modified with SA. The
preparation of MP-MIPs was carried out by the electrical interaction of SA and CS as
well as the cross-linking of glutaraldehyde, which used ovalbumin (OVA) as the
template protein. In this process, SA not only facilitated to attract CS to coat on the
magnetic particles, but interacted with protein by functional groups in the chains. The
resultant MP-MIPs possessed a uniform imprinted layer, was favorable for the fast

mass transfer and rapid binding kinetics. The excellent molecular recognition ability
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for OVA and other proteins proved that SA and CS were appropriate for imprinting
proteins in a mild condition. To our knowledge, this is the first time for combination
of two polysaccharides (SA and CS) to synthesize the water-compatible MIPs for
applying to different proteins. Moreover, the developed method in this work subtly
use the electrical properties of two polysaccharides and directly imprint protein at
room temperature without multi-step modification and the assist of some organic
monomers, which is more efficient as well as green and would have a great potential
prospect in applications.
2. Experimental
2.1. Reagents and Materials

Ovalbumin (OVA, pl 4.7, MW 43.0 kDa, 296%), bovine hemoglobin (BHb, pl
6.9, MW 64.0 kDa,, 295%), bovine serum albumin (BSA, pl 4.9, MW 66.0 kDa, 2
97%) and lysozyme (Lyz, pI 11.2, MW 13.4 kDa, 298%) were purchased from Sigma.
Sodium alginate (SA, MW 398.31, AR) was purchased from Aladdin Chemical
Company. Chitosan (CS) powder was purchased from Jinke Biochemical Chemicals
Ltd. (Zhejiang, China), with viscosity-average MW of about 40000 and deacetylation
degree of about 90%. Ferric chloride hexahydrate (FeCls-6H,0, 99%, AR), anhydrous
sodium acetate (NaOAc, 99%, AR), sodium chloride (NaCl, 99.5%, AR), ethylene
glycol (EG, AR), glutaraldehyde (50%, AR), polyethylene glycol (PEG, AR) and
ethanol (99.7%, AR) were provided by Tianjin Fuyu Chemicals Ltd. The highly
purified water was obtained from a WaterPro water system (Axlwater Corporation,

TY10AXLC1805-2, China) and used throughout the experiments. phosphate buffer
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solution (pH=4.7, 10 mM) was used as the working medium. All the chemicals were
used as received and without further treatment.
2.2. Preparation of Fe;O4 nanoparticles

The Fe;O4 nanoparticles (denoted as Fe;Os) were prepared through a
solvothermal reaction. Briefly, FeCl;-6H,O (1.013 g), NaOAc (2.70 g) and PEG
(0.075 g) were dissolved in EG (15 mL) in a Teflon-lined stainless-steel autoclave,
sealed to heat at 200 °C and reacted for 12 h to obtained black products. The resultant
black products were washed with highly purified water for several times, and then
dried in vacuum for further use.
2.3. Preparation of Fe;04@SA

To prepare alginate-modified magnetic nanospheres, the obtained Fe;O4 (50 mg)
was added into SA solution (1.5 mg'mL'l, in 0.1 M NaCl, 30 mL), ultrasonicated for
30 min and stirred vigorously at room temperature for another 12 h. The SA wrapped
Fe;04 (Fes04@SA) were collected by a magnet and washed with ultrapure water to
remove the unbound reagents.
2.4 . Preparation of MP-MIPs and MP-NIPs

First, CS (90 mg) was dissolved into 30 mL of phosphate buffer solution. And
then, the Fe;O04@SA (50mg) and OVA (15 mg) were added to the above CS solution.
After incubation by stirring for 1 h, 10 pL of glutaraldehyde was added. Then, the
mixture was allowed to react for 6 h and the resultant nanoparticles were separated
using a magnet and washed repeatedly with 0.5 M NaCl to remove the template

protein until no adsorption was detected by UV-vis spectrophotometer at about 280

Page 8 of 33



Page 9 of 33

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

RSC Advances

nm. Finally, the as-prepared imprinted nanoparticles were dried under vacuum for
further use. The non-imprinted magnetic nanomaterials (denoted as MP-NIPs) were

prepared adopting the same procedures in the absence of template.
2.5. Characterization

The morphology and structure of the Fe;04 and MP-MIPs were examined using
JSM-7000F scanning electron microscope and JEM-2100 transmission electron
microscope (JEOL Co., Japan). The identifications of the crystalline phase of Fe;O4
and MP-MIPs were investigated by a Rigaku D/max/2500v/pc (Japan) X-ray
diffractometer with a Cu Ka source. The 20 angles probed were from 20° to 80° at a
rate of 4° min"'. Magnetic properties were measured using a vibrating sample
magnetometer (VSM) (LDJ 9600-1, USA). Zeta potentials were measured by a Zeta

Potential Analyzer (Zetasizer Nano S90, Malvern).
2.6. Binding experiments of MP-MIPs and MP-NIPs

To evaluate the recognition properties of MP-MIPs and MP-NIPs, we performed a
series of adsorption experiments including the adsorption isotherms, adsorption
kinetics, and the selectivity of MP-MIPs. In all the experiments, the mass of MP-MIPs
or MP-NIPs was 10 mg and the volume of the protein solution was 5 mL in a
phosphate buffered solution (pH 7.0, 10 mM). The concentration of OVA in the
supernatant was measured by UV-vis spectrophotometer. The adsorption capacity (Q,
mg g™) of protein bound to MP-MIPs or MP-NIPs was calculated using equation (1).

— (Cl ’Cf)V

T

(1)
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where C; (mg mL™) is the initial concentration of protein solution, C¢ (mg mL™) is
the final concentration in the supernatant of protein solution after adsorbed by
MP-MIPs or MP-NIPs, V' (mL) is the volume of protein solution, and W (mg) is the
weight of MP-MIPs or MP-NIPs.

The isothermal study was conducted through using different initial concentrations
(0.10 to 0.90 mg mL™") of the solution of OVA and kept shaking the mixture for 40
min at room temperature. The adsorption kinetics was investigated by changing the
adsorption time from 0 to 60 min while keeping the initial concentration of OVA
constant at 0.50 mg mL", and the MP-MIPs also were magnetically separated from
the solution. Then, the MP-MIPs were isolated by a magnet and the residual OVA in
the supernatant was determined by UV-vis spectrophotometer.

The selectivity experiments were carried out by adopting single-type-protein

solutions. The MP-MIPs or MP-NIPs were added to different single-type-protein

solutions (OVA, BSA, BHb, and Lyz) at a concentration of 0.50 mg mL™, respectively.

The mixtures were incubated for 40 min at room temperature. Then, the separation
and determination procedures were conducted as described earlier in the adsorption
kinetics experiments. The imprinting factor (/F) and selectivity coefficient (SC) were
used to evaluate the selectivity of MP-MIPs and MP-NIPs towards OVA and

competitive proteins, which are calculated by equations (2) and (3).

IF = QMIPS 2)
QNIPS
SC = ;ﬁ TEM (3)

COM
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Where Owps and Onips (mg g”) represent the adsorption capacity of proteins for
MP-MIPs and MP-NIPs. [Frgymand [Fcom are the imprinting factors for the template

and competitive protein.

2.7 Generality investigation

The generality of this approach was evaluated by using another three magnetic
molecularly imprinted nanoparticles (denoted as MP-MIPs-BSA, MP-MIPs-BHb, and
MP-MIPs-Lyz) generated in the same way as that of MP-MIPs (see 2.4) except for
adopting BSA, BHb, and Lyz as the template protein, respectively. The full
cross-adsorption of the four protein-imprinted nanomaterials along with the MP-NIPs
was investigated by adsorbing the corresponding template protein and the three other
proteins. 10 mg of MP-MIPs or MP-NIPs was incubated with 5 mL of the phosphate
buffered solution (pH 7.0, 10 mM) of OVA, BSA, BHb, and Lyz at a concentration of
0.50 mg mL™" at room temperature for 40 min, respectively. Then, the extraction and

detection procedures were conducted as described earlier in the binding experiments.
3. Results and discussion

3.1. Preparation of the MP-MIPs

Fig. 1 describes the major two steps of preparing MP-MIPs via a self-assembly
strategy. In this study, two kinds of natural polysaccharides were selected as
functional monomers for imprinting OVA. First, Fe;04 nanoparticles were initially
treated with SA to obtain SA-modified nanoparticles. The surface of the Fe;O4@SA

exposed abundant carboxylic and hydroxyl groups, which could bind amino acids
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present in template proteins through hydrogen-bond interaction and further react with
CS Dby electrostatic adsorption. After that, CS was assembled onto the surface of
magnetic nanoparticles to form shells by using SA as a mediator and glutaraldehyde
as the cross-linker. Meanwhile, the CS containing amino and hydroxyl functional
groups played the role of a functional monomer to associate with the template protein
by hydrogen-bond. And thus, under the impetus of multi-hydrogen interaction among
proteins and functional groups of polysaccharides, template proteins were embedded
into the crosslinked shells successfully. After washing with the 0.5 M NaCl solution,
the MP-MIPs possessing the suitable imprinted shells with recognition sites
complementary to OVA were obtained. The aforementioned imprinting process was
carried out at room temperature, which was simple, green and feasible.
3.2. Optimization of MP-MIPs preparation conditions

Generally, the amounts of monomer in the synthesis process affect the affinity
and imprinting efficiency of MIPs. Therefore, to obtain more effective MIPs, the
influence of different amounts of CS was evaluated ranging from 30 mg to 150 mg.
The results of the O and IF were presented in Fig. 2. It was observed that the O and
IF increased along with the increasing of the mass of CS from 30 mg to 90 mg. When
the amount of CS was 90 mg, MP-MIPs exhibited the best adsorption ability to OVA.
However, the O and /F decreased when the mass of CS was higher than 90 mg. The
main reason may be that lower amount of CS can not accommodate adequately
template proteins and induce less binding sites in MP-MIPs, but over-high ones may

produce higher mass transfer resistance and non-specific binding capacity. As a result,
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the amount of 90 mg was chosen for the polymerization of MP-MIPs.

In this study, SA was introduced to attract CS onto the surface of Fe;O4 and
promote the polymerization of CS. To demonstrate the role of SA, the mass ratios of
SA and CS (1:3, 1:2, 1:1) were investigated. As shown in Table S2, when the mass
ratio of SA and CS was 1:2, MP-MIPs exhibited the best adsorption ability to OVA in
QO and /F. When the mass ratio of SA and CS was 1:3, the adsorption capacity was
relatively lower. It was because that grafting SA incompletely in the first step could
make coating CS shells difficult, which affect the imprinting effect. On the contrary,
an excess of SA (1:1) not increased the absorption efficiency, but led to unnecessary
materials consumption. Hence, the mass ratio of 1:2 was selected to imprint template
protein. Besides, to further prove the bridge-function of SA, a contrast experiment
was carried out through directly coating CS onto Fe;O4 without SA modification
(Fe;04@CS). It was observed from Fig. S1, without the first step, CS could not be
deposited on the surface of magnetic nanoparticles and form obvious shells
successfully. Thus, modifying Fe;O4 with SA is a necessary and significant step to

fabricate the MP-MIPs.

3.3. Characterization of MP-MIPs

TEM and SEM were used to observe the morphological features of Fe;O4 and
MP-MIPs. As observed in Fig. 3 and Fig. S2, the Fe;04 and MP-MIPs exhibit a
spherical structure with a relatively narrow particle size distribution. Through size
analysis of the nanoparticles by the soft of Nano Measurer 1.2.5, the average diameter

of Fe;04 (Fig. S2A) and MP-MIPs (Fig. S2B) are 210 nm and 225 nm, corresponding
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to about 8 nm thickness of imprinted layer (Fig. 3B) coated on the surface of Fe;Oa.
The thin imprinted shells would be beneficial to the mass transport between solution

and the surface of MP-MIPs.

The zeta potentials measurements further demonstrated the process of coating
polysaccharides onto Fe;O4 nanomaterials. As shown in Table 1. The surface potential
of the Fe;04 was 17.5 £ 0.70 mV because of the ionization of surface -OH groups.
After being functionalized by negatively charged SA, the potential of Fe;O4@SA
decreased to -35.7 = 1.04 mV, suggesting that the intermediate negatively-charged SA
could play an important role to increase the electro-adsorption of positively charged
CS. Through the polymerization of CS, the potential of obtained MP-MIPs obviously
increased to 3.26 £ 0.81 mV compared with that of Fe;04@SA, which confirmed the
layer-by-layer selfassembly of SA and CS on Fe;O4 surface.

The XRD patterns of the as-synthesized Fe;O4 and MP-MIPs were shown in Fig. 4.
Six characteristic peaks of Fe;O4 (20=30.38°, 35.58°, 43.14°, 53.48°, 57.08°, and
62.66°) were observed for two samples in the 20 range of 15°-80°. The peak positions
at the corresponding 20 values were indexed as (220), (311), (400), (422), (511), and
(440), respectively, which matched well with the database of magnetite in the
JCPDS-International Center for Diffraction Data (JCPDS Card: 19-629) file. The
results demonstrated that the obtained nanoparticles were highly crystalline materials,
and the crystalline of the magnetite remained unchanged during the preparation of
MP-MIPs. In addition, a small peak at 26 =20° (Fig. 4b) indicated the presence of

amorphous CS.”
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Magnetic property was crucial to MP-MIPs for their applications in fast separation.
Figure. 5 shows the hysteresis loops of the prepared magnetic nanoparticles. The
saturation magnetization value of MP-MIPs was 45.30 emu g, which reduced about
10 emu g' in comparison with that of the pure Fe;04(56.02 emu g'). The decrease
was expected for the shielding effect of imprinted layers, however, the still high
saturation magnetization value of MP-MIPs enough made them to be separated from
adsorption solution easily and rapidly under an external magnet. Beside that, there
were no hysteresis in all samples, and both remanence and coercivity were all close to

zero, suggesting that the prepared nanoparticles were superparamagnetic.
3.4. Adsorption kinetics of MP-MIPs

The adsorption kinetics of OVA onto MP-MIPs and MP-NIPs were examined. As
presented in Fig. 6A, the O of the imprinted nanoparticles towards OVA had a fast
trend within 30 min. As the binding period prolonged, the binding amount slowly
increased, and then reached equilibrium after 40 min. In this work, due to the
hydrophilicity and thin imprinted shells, template protein could approach the
recognition cavities of MP-MIPs more easily and take short time to reach adsorption
equilibrium. We also found that the Q of MP-MIPs to OVA kept higher as the
adsorption time prolonged compared with that of MP-NIPs on account of abundant
recognition cavities of the former for protein.

3.5. Adsorption isotherms of MP-MIPs
Adsorption isotherms of OVA on MP-MIPs and MP-NIPs were depicted in Fig. 6B.

It could be noted that the amount of OVA bound to the MP-MIPs increased along
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with increasing the initial concentration of the OVA solution and came to equilibrium
over 0.50 mg mL™". Obviously, MP-MIPs exhibited much higher maximum binding
capacity (92.22 mg g") to OVA than that of the MP-NIPs (22.61 mg g™). The results
indicated that the recognition sites of MP-MIPs had better chemical and steric
matching with the template proteins.

The Langmuir and Freundlich models were applied to analyze the adsorption data.

The equations can be expressed as follows:

C _ G N 1 @)
Q Qmax QmaxKL
log Q = mlogC, +logK, ®)]

where QO (mg g'l) is the amount of OVA bound to MP-MIPs or MP-NIPs at
equilibrium. Q. (mg g'l) is the apparent maximum adsorption capacity. C, (mg mL'l)
is the equilibrium concentration of proteins. K (mL mg™") is the Langmuir constant,
Ky (mg mL™") and m are the Freundlich constants which represent the adsorption
capacity and heterogeneity of the system, respectively.

Through comparison of the liner correlation coefficients of two isothermal models
(Table S3), we found that the Langmuir isotherm model (R*>0.99) was more suitable
for describing the adsorption process of OVA onto MP-MIPs and MP-NIPs than the
Freundlich model (R’<0.92). It indicated that the adsorption process of MP-MIPs and
MP-NIPs towards template proteins pertained to the monolayer absorption and took
place at specific homogeneous sites. Moreover, the apparent maximum adsorption
capacities of OVA were 100.0 mg g'1 for MP-MIPs and 26.53 mg g'1 for MP-NIPs,

which were close to the maximum adsorption capacities obtained from experiment. In
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addition, the adsorption capacity of OVA in this work was higher compared with

2431
some other works.”™

We speculated the reason may be that the presence of CS and
SA imparted the resulted imprinted nanoparticles with appropriate hydrophilicity,
leading to the excellent recognition ability.
3.6. Rebinding selectivity for target protein

To investigate the selectivity of MP-MIPs nanoparticles for OVA, we dispersed
MP-MIPs and MP-NIPs nanoparticles in each solution of OVA, BSA, BHb, and Lyz,
with a feed concentration of 0.50 mg mL", respectively. The pI and Mw of three
control proteins employed are BHb (Mw 64.5 K, pl 6.9), BSA (Mw 66.0 K, pl 4.9),
and Lyz (Mw 13.4 K, pl 11.2). As expected, the MP-MIPs exhibited a much higher
binding amount for template protein OVA (99.22 mg g'l) than other controls (Fig. 7)
and the /F of these three proteins were much smaller than that of OVA (Table 2),
which manifested the significant adsorption selectivity of MP-MIPs toward OVA.
Nevertheless, for the MP-NIPs without specific recognition cavities, the binding
amounts of four proteins also exhibited different. We suspected that this phenomenon
was related to the electrostatic interaction. For protein Lyz possessing a higher pl
(11.2), the O of MP-NIPs was relatively lower (9.124 mg g'l) due to the electrostatic
repulsion between positively charged Lyz and the surface of MP-NIPs in the
phosphate buffer solution (pH=7.0). Meanwhile, pl of BSA was close to OVA, their
electronegativity also was close. Therefore, the rebinding of MP-NIPs to BSA was

close to that of OVA and slightly higher than that of BHb. But the high adsorption

capacity of MP-MIPs to template OVA compared to BSA was observed, also
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suggesting that specific recognition cavities complementary in shape and size to
template protein were formed in the imprinted layers. These results further proved the

excellent imprinting efficiency of the present method.

3.7. Reusability of MP-MIPs

Desorption and regeneration is one of the most important properties for the
application of the MIPs. To assess the reusability of the MP-MIPs, we carried out the
successive adsorption-desorption process for six times using the same adsorbent. As
shown in Fig. 8, the adsorption capacities of MP-MIPs still maintained at steady
values of 91.3% for OVA after six cycles, whereas the binding amount of MP-NIPs
remained almost unchanged. The decreased adsorption capacities of MP-MIPs might
be ascribed to the fact that some recognition sites in the network of imprinted
nanoparticles were jammed after regeneration or destructed after rewashing.
Nevertheless, the adsorption affinity of MP-NIPs was nonspecific and the effect of
washing steps could be negligible. These results showed the prepared MP-MIPs could
be economically and effectively used for practical application.
3.8.Method validation for imprinting protein

To demonstrate the generality of the proposed imprinting method, the full
cross-selectivity test was investigated using four proteins (OVA, BSA, BHb, Lyz)
with a range of pl and MW as the template, respectively. The results of adsorption test
to four protein-imprinted nanomaterials (MP-MIPs-OVA, MP-MIPs-BSA,
MP-MIPs-BHb, MP-MIPs-Lyz) and non-imprinted nanomaterials (MP-NIPs-OVA,

MP-NIPs-BSA, MP-NIPs-BHb, MP-NIPs-Lyz) were depicted in Fig. 9. Obviously,
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for each kind of MP-MIPs based on different protein as template, the adsorption
capacity of imprinted nanoparticles to template protein all exhibited a higher level
than that of other proteins. Moreover, for each kind of proteins, the experimental
maximum adsorption capacity of imprinted nanomaterials was higher than that of
non-imprinted nanoparticles, proving that this imprinting process was valid to
different kinds of proteins. Furthermore, compared with some other works for
imprinting proteins, the binding amount in this work was generally satisfactory.24’ 3234

The method validation further certified that these two kinds of polysaccharide capable

of multifunctional groups and hydrophilicity were appropriate for imprinting protein.

4. Conclusion

In this study, we presented a facile two-step process for fabrication of magnetic
protein imprinted nanoparticles based on layer-by-layer assembly of polysaccharides
for the recognition of protein. CS and SA were employed simultaneously for
imprinting template OVA, because of their considerable natural properties and
abundant functional groups. Adsorption experiments demonstrated that the obtained
imprinted nanomaterials exhibited comparable high capacity, fast kinetics and great
selectivity. Additionally, it could be effectively recycled and reused in the presence of
a magnetic field. The favorable versatility for imprinting different proteins further
indicated this novel and green strategy would have great potential for the protein

molecular imprinting technology.
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Fig. 3 TEM images of Fe;04 (A) and MP-MIPs (B).
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Table 1. Zeta-potentials of the modified magnetic nanoparticles

Samples Zeta-potentials (mV) *
Fe304 17.5+0.70
Fe;0:,@SA -357+1.04
MP-MIPs 3.26+0.81

#Values are averaged from three measurements.
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630  Table 2. The adsorption capacities, imprinting factors and selectivity coefficients of
631  MP-MIPs and MP-NIPs towards template proteins and competitive proteins.®

632
Protein O (mg g) Onp (mg g™) IF SC
OVA 9222 22.61 4.07 -
BSA 24.25 2223 1.09 3.73
BHb 20.97 20.71 1.01 4.03
Lyz 13.08 9.124 1.43 2.85

633 ? In this experiment, 10 mg of MP-MIPs or MP-NIPs were incubated in the solution of OVA, BSA, BHb and Lyz
634 with a concentration of 0.50 mg mL™" for 40 min, respectively.
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