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Specificity recognition for a target protein, cytochrome c using 
molecularly imprinted hydrogels
Chenchen Liu1，2, Takuya Kubo1,* Koji Otsuka1

Protein imprinted hydrogel, which is one form of protein imprinted molecularly imprinted polymers (MIPs), is an important 
material for enzyme-linked immunosorbent assay, drug delivery materials, sensors, separation materials, etc. To obtain a 
high protein recognition performance, it is essential to optimize the involved compositions. This work studies a 
copoly(poly(ethylene glycol) diacrylates/poly(ethylene glycol) acrylate), in short (copoly(PEGDA/PEGA), based MIP hydrogel 
targeting cytochrome c recognition. The presented MIP hydrogel employs water-soluble PEGDA as the crosslinker, PEGA as 
the side chain, and sodium allylsulfonate as the functional monomer. The fabricated MIP hydrogels and non-imprinted 
polymer (NIP) hydrogels were treated as adsorbents for protein adsorption. Efforts were made targeting an optimized 
recognition performance. Factors including the template to functional monomer ratio, crosslinker length, crosslinker ratio 
of PEGDA/PEGA, ionic strength in the adsorption test, and the presence of acidic modifier in the adsorption test were 
investigated. Results showed that a higher template to functional monomer ratio, shorter crosslinker, and an additional of 
NaCl (20 mM) in the adsorption solvent provided a higher imprinting factor. A lower crosslinker ratio of no less than 6/4 
offered a faster template removing; at the same time, the imprinting factor remained at a quite high level. A highly specific 
recognition of cytochrome c was realized with the presence of an optimized amount of HCl (10 mM) as an acidic modifier.

1. Introduction
Molecularly imprinting technology (MIT) is a facile, economic, 
and robust approach to the construction of molecular affinity 
structures for a specified molecule.1, 2 Generally, the MIT 
involves a copolymerization of several types of monomers and 
functional monomers under the presence of template molecules. 
Owing to the complementary interactions between the 
monomers and template, the synthetic macromolecule bears the 
structural information of the template molecule, including shape, 
size, and surface distribution pattern of functional groups. After 
removing the template, the resulting molecularly imprinted 
polymer (MIP) can show a specific affinity to the target 
molecule, which is evidenced by recognizable adsorption,3 
structural reformation,4, 5 or electrochemical characters.6-8 The 
MIT is recognized as a powerful technology for being able to 
offer artificial affinity MIPs theoretically for any molecules-even 
for one doesn’t find a match in nature.9 Application of MIT has 
evolved as sensors,10-12 drug delivery materials,13-15 sorbent,16-18 
separation materials,19, 20 etc., for a variety of molecules.

In the field of protein recognition, the MIP has been realized 
as a promising tool because of its potential to overcome the 
issues from natural-source antibodies or receptors: scarce, 
unstable, or difficult to extract. However, the fabrication of 

protein imprinted MIP is tricky due to the large size, structural 
complexity, and conformational instability of proteins.21 One 
difficulty is to construct rigid, large cavities for macromolecules. 
In the MIP material, there is supposed to be a densely crosslinked 
network for the conservation of the memorized structural 
information. Meanwhile, there should be enough space to 
facilitate the removal and rebinding of the protein 
macromolecule, such as pores in a porous material or pores in a 
polymer network.1 Another difficulty is the fabrication of MIP 
in aqueous circumstances. Water-soluble proteins need to be 
imprinted and rebind in conditions close to their natural 
environment to guarantee conformational integrity.2 However, 
organic porogen is commonly employed in most well-developed 
MIT methods. So far, it still requires a re-selection of MIP 
compositions, such as functional monomer and crosslinker,22, 23 
to guarantee the effectiveness of polymerization and molecule-
functional monomer interaction in an aqueous environment. 
Among the successful MIT methods for protein imprinting, 
including the surface imprinting,19, 24 epitope-mediated 
imprinting,25-27 and nanoparticle imprinting,28, 29 the protein 
imprinted hydrogel has merits such as genuine aqueous 
environment, easy preparation, stimulus repressiveness, 
permeability, elasticity, etc. Protein imprinted hydrogels employ 
minimal steps in preparation by simply mixing the templates and 
monomers before polymerization. The obtained solid form 
substance can adsorb a large amount of water and has promising 
application prospects for its potential in smart materials30 and 
wearable soft materials.31-33 

Thought-provoking works34, 35 have found insightful 
compositional and structural strategies to tune the MIP-target 
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association strength. The complementary interaction strength 
should be considered by a careful selection of affinity functional 
groups. Sulfonate groups have been recognized with a strong 
affinity with the amino residues which compose the protein.36 
Our group investigated several types of sulfonate monomers, the 
sodium allylsulfonate (SA) monomer-based MIP showed a 
superior affinity to cytochrome c compared with the sodium p-
styrenesulfonate and 2-acrylamido-2-methylpropane sulfonic 
acid.37 Continuing our previous studies, the SA will be used for 
the preparation of MIP hydrogel.

As is mentioned above, a stiff organization of the MIP is 
also beneficial for the need to freeze the surface information. 
This can be realized by using dense crosslinkers, but a 
compromise has to be made to facilitate a macromolecule 
diffusion. To achieve a balanced imprinting performance and 
molecular up-and-take efficiency, the fabrication of protein 
imprinted hydrogel requires an optimization of the polymer 
network structure. The copoly(poly(ethylene glycol) 
diacrylate/poly(ethylene glycol) acrylate) 
copoly(PEGDA/PEGA) hydrogel is one type of crosslinked 
polymer network with PEGDA as crosslinker and PEGA as side 
chains, which offers lots of opportunities in obtaining a high 
imprinting performance. Depending on the unit number (n) of 
PEG, a variety of commercially available PEGDA and PEGA 
monomers can be used, thereby providing a flexible way to tune 
the length of network strands.38, 39. The length of network strands 
also relies on the crosslinker ratio. When n is equal to or more 
than 9, the PEGDA becomes water-soluble, thus allowing a wide 
range of crosslinking ratio of PEGDA/PEGA up to 10/0. As one 
type of PEG-based material, the copoly(PEGDA/PEGA) 
hydrogel is suitable for biomolecule imprinting and 
environmental-friendly applications owing to its features such as 
low toxicity and bio-compatibility. On the other hand, 
prosperous studies are using PEG-based materials, including 
PEG materials with ideally controllable structure,40 enhanced 
mechanical properties,41, 42 and responsiveness to narrow 
temperature zone, pH,37, 43-46 and ionic strength,47 etc. Thus, it is 
worthy to study the PEG-based MIPs to promote the diversity of 
MIP materials. Till now, the PEG-based hydrogels have found 
applications for the carbon hydrates, proteins, and small 
molecules, by showing specific adsorption,37 retention/affinity 
effect for separation,19 fluorescent response,48 swelling-
deswelling behavior49 to the targets.

Another strategy is the employment of counterions to 
modify the association strength. With the presence of a proper 
counterion, the proton transfer between the functional groups 
will be facilitated by the counterions memory effects.50, 51 
Studies also indicated that MIP is usually fabricated with an 
excessive amount of functional monomer, the ionic competition 
effect from counterion may reduce the unspecific adsorption. 
The ionic competition effect is evidenced by the reduction of gel 
swelling when the ionic strength increased in the aqueous 
environment.47 

In this work, efforts were made to discuss the parameters 
with a viewpoint on MIP’s polymer structure and the counterion 
environment for recognition. We carried out a fundamental study 
with the copoly(PEGDA/PEGA) hydrogel38, 52 for the fabrication 

of protein imprinted MIP hydrogel. PEGDAs with different 
lengths (n=9, 14, 23) were employed as crosslinkers, PEGA with 
n=9 was employed as the side chain. Cytochrome c was 
employed as a model template and the sodium allylsulfate was 
employed as a functional monomer to form ionic interaction with 
proteins. The obtained MIP hydrogels were used as adsorbents 
with cytochrome c and non-target protein solutions. Different 
factors were investigated for a high level of specific molecular 
adsorption, including the functional monomer-template ratio, 
crosslinker length, crosslinker ratio of PEGDA/PEGA, NaCl 
concentration, and HCl concentration in the adsorption test.

2. Experimental
2.1 Chemicals

The tris-HCl powder was purchased from Takara (Shiga, Japan). 
Trypsin from bovine pancreas and cytochrome C from equine 
heart were purchased from Sigma-aldrich (St. Louis, USA). 
Sodium chloride, ammonium peroxodisulfate (APS), and 
N,N,N’,N’-tetramethylethylenediamine (TEMED) were 
purchased from Wako Pure Chemical Industries (Osaka, Japan). 
The PEGDA (namely 9G’, 14G’, and 23G’ when n equaled to 9, 
14 and 23, respectively) and PEGA (namely AM-90G, n=9) were 
purchased from Shin-Nakamura Chemical (Wakayama, Japan). 
And the sodium allylsufonate (SA) were from Tokyo Chemical 
Industry (Tokyo, Japan).

2.2 Fabricating MIP hydrogels

The compositions of MIP hydrogels were listed in Table S1-S3 
(supporting information). For reference, non-imprinted polymer 
(NIP) hydrogels were also fabricated without adding the protein 
template to the precursor solution. The prescribed compositions 
(except for TEMED) were added into one glass bottle and mixed 
by several repeats of pipetting. The mixture solution was 
degassed by performing a 20 min Argon bubbling and then a 10 
min vacuum under 0.1 Mpa. Immediately after degassing, the 
prescribed amount of TEMED was well mixed into the mixture. 
The mixture solution was quickly transferred into a slab gel mold 
and kept still for 24 h to complete the polymerization. The 
resulted gel was peeled off and cut into disks with 7 mm 
diameter. The gel was 1 mm thickness thus one piece of gel disk 
had an initial volume of around 38.5 μL.

2.3 Template removing

To remove the templates from the MIP hydrogels, the gel pieces 
were immersed into 1 M NaCl which volumes more than 50 
times the gel’s volume. The washing solution with gels was kept 
at 40 oC temperature and refreshed every 24 h for total of 6 times. 
At last, the gels were conditioned in a buffer solution for another 
24 h under 40 oC then followed by the adsorption test. This work 
employed different buffer solutions for adsorption test. The 
buffer solutions for the last step washing were identical with the  
ones for adsorption test. As a control reference, the NIP 
hydrogels were washed in the same manner

2.4 Adsorption test
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The proteins, including cytochrome C, lysozyme, trypsin, and 
BSA, were dissolved into a buffer solution to make an adsorption 
solution. The buffer solution contained protein, pH 7.4 tris-HCl 
(1 mM otherwise indicated), and different concentrations of 
NaCl. Protein concentration was 0.018 mM otherwise indicated. 
To test the protein adsorption ability, the gels were put into the 
adsorption solution and kept shaking for 24 h. The supernatant 
of the adsorption solvent was examined under a UV spectrometer 
to detect the concentration of remaining proteins. Each test was 
conducted with three repeats. In this study, although the 
removing of the template required a 7-day-long washing and was 
more efficient at 40 oC, the adsorption of protein into the gel 
would be completed within one day. For the detection of 
lysozyme, trypsin, and BSA the UV absorbance at 280 nm was 
examined; for cytochrome c the UV absorbance at 411 nm was 
examined. The adsorption amount and imprinting factor (IF) 
were calculated as follows:

Where the Cbefore and Cafter represented the protein concentration 
before adsorption and after adsorption, respectively. V 
represented the volume of adsorption solution. AMIP and ANIP 
represented the adsorption amount of the MIP hydrogel and NIP 
hydrogel, respectively. 

2.5 HPLC analysis

The HPLC analysis was carried out with an LC-40B X3 system 
(Shimazu) and a reverse-phase column (Aeris wide pore XB-C8, 
3.6 μm, 150mm x 2.1 mm). The mobile phase A (MA) contained 
0.1% TFA in H2O; the mobile phase B (MB) contained 0.1% 
TFA in acetonitrile. The samples were eluted followed by a 
gradient of 0-1 min 10% MB, 1-3 min 30% MB, 3-15 min 55% 
MB, 15-18 min 90% MB, 18-25 min 10% MB. The flow rate 
was 0.2 mL/min. The column temperature was 75 oC for 
enhancing the separation performance. Sample injection volume 
was 10 μL. And proteins were examined by the UV adsorption 
at 280 nm.

3. Results and discussion
3.1 Template removal 

The importance of a proper template removing process cannot be 
emphasized more because the remaining templates may occupy 
the MIP sites to block the target molecule to access, or leak to 
the circumstance to interfere with the molecular recognition 
performance. As previously reported, for an ionic gel, the mass 
density of the MIP network and the ionic strength of the washing 
solution influence the template removing efficiency. The mass 
density of the MIP structure is supposed to be low enough to 
allow a fast macromolecule elution, also should be high enough 
to offer an operable mechanical strength. The ions in the washing 
solution will induce shrinkage of the ionic gel, and consequently, 

reduce the pore size of the polymer network. Thus, it is suggested 
to balance the composition of the washing solution until the ionic 
strength is strong enough for template elution, as well as 
moderate enough to keep the ionic gel from severe shrinkage. 
Based on our previous study, this work employed the mass 
density of 64.9 mg/mL, and 1 M NaCl as washing solution37, 47. 

Fig. 1 (a) The picture of MIP hydrogels before wash (left), after 
a 2-day wash by 1 M NaCl under room temperature (middle) 
and after a 2-day wash by 1 M NaCl under 40 oC (right). (b) The 
picture of MIP hydrogel (left) after template removal and NIP 
hydrogel (right). (c) The picture of MIP hydrogel (left) and NIP 
hydrogel (right) after cytochrome c adsorption.

Through unsystematic experiments, we found that the 
temperature also affected the elution efficiency of templates. To 
specify, we achieved an efficient template removal by elevating 
the temperature to 40 oC. Our result showed that the gels eluted 
under 40 oC showed a higher IF than those eluted under room 
temperature (data not shown). As indicated in Fig. 1 (a), after the 
MIP hydrogels were eluted with 1 M NaCl under 40 oC for two 
days, its colour fade was more significant compared to the one 
eluted under room temperature. Here we note that the colour fade 
was not a thermal-induced colour change, as a cytochrome c 
solution did not fade under 40 oC for up to 3 days. We would like 
to ascribe the fast colour fade of MIP hydrogel to the faster 
dissociation of cytochrome c from the functional monomer under 
a high temperature because a dissociation reaction is an 
endothermic process. As a result, Fig. 1 (b) and (c) show typical 
gels after template removing and after cytochrome c rebinding, 
respectively. After removing the template, the MIP hydrogel 
swelled more significantly than the NIP hydrogel due to the loss 
of templates to confine the ionic repelling force. After 
cytochrome c rebinding, the MIP hydrogel and NIP hydrogel 
returned to close sizes.

3.2 Template to functional monomer ratio and ionic strength in 
the adsorption solvent 

The template to functional monomer ratio and the ionic strength 
in the adsorption solvent were studied for their effects on the 
imprinting factor (IF). The MIP hydrogels were prepared with 
different template to functional monomer ratios (Table S1) and 
put into adsorption tests with different NaCl concentrations. The 
adsorption amount of MIP hydrogels and NIP hydrogels were 
examined and the IF was calculated. Results showed that a 
higher template to functional monomer ratio would improve the 
adsorption amount (Fig. 2 (a)) and thus the IF (Fig. 2 (b)). 
However, the increase of adsorption amount was gentle when the 
template concentration was higher than 0.3 mM. In addition, 
during the template removal process, we noticed that a higher 
template concentration required a longer washing time. Thus, we 

Adsorption amount = (Cbefore-Cafter) x V                                  (1)

Imprinting factor =                                                       (2)
ANIP

AMIP

(a) (b) (c)
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choose the template concentration of 0.3 mM for the following 
study. 

To modify the ionic strength, different concentrations of 
NaCl from 0 to 50 mM was added into the adsorption solvent. 
From Fig. 2 (a) it was observed that the adsorption amount 
decreased along with the increase of NaCl concentration, which 
proved that the presence of NaCl competed with the ionic 
interaction between protein and functional monomer. As a result, 
the IF changed upon the change of NaCl concentration (Fig. 2 
(b)) and an optimum IF was found under the presence of 20 mM 
NaCl.

 

Fig. 2 (a) The adsorption amount of MIP hydrogels and NIP 
hydrogels tested under different NaCl concentrations. Each bar 
also indicated the adsorption amount in a gel fabricated with 
one template concentration. (b) The imprinting factor (IF) of 
MIP hydrogels fabricated with different template 
concentrations. Each bar also indicated the IF tested under a 
different NaCl concentration.

3.3 Crosslinker length 

The effect of crosslinker length on the adsorption ability was 
investigated in this section. The crosslinkers employed here were 
9G’ (n=9), 14G’ (n=14), and 23G’ (n=23), and the crosslinker 
ratio of PEGDA/PEGA was fixed to 10/0 (Table S2). Fig. 3 (a) 

illustrated the ideal structure of PEGDA gels, given the same 
mass density, when using a shorter crosslinker, the side chain 
length decreases, and the main chain length increases.38 Thus, 
this structural difference might have an impact on the molecular 
recognition character of the MIP hydrogel. 

Adsorption test was carried out with the three types of 
PEGDA gels under 20 mM NaCl, 0.5 mM tris-HCl, and results 
were shown in Fig. 3 (b). It was observed that when the length 
of the crosslinker decreased, the MIP hydrogels’ adsorption 
ability to cytochrome c increased by a large margin; while the 
NIP hydrogels’ adsorption ability varied at a slight difference. 
As a result, we found that the MIP hydrogels fabricated by 
shorter crosslinker 9G’ showed the highest specificity among the 
three types of gels. This result is consistent with the previous 
result that the shorter crosslinker provided a more rigid polymer 
structure thus the MIP sites would be more robust.

Fig. 3 (a) A illustration of the polymer network when the 
crosslinker length changed. Here, n1<n2, i.e. the left illustration 
represents the shorter crosslinker polymer network, the right 
one represents the longer crosslinker polymer network. (b) The 
adsorption amount and imprinting factor (IF) of the gels 
fabricated with different crosslinkers.

3.4 Crosslinker ratio 

This section investigated the effect of crosslinker ratio 
PEGDA/PEGA on molecular recognition performance. The 
crosslinker ratio was changed ranging from 10/0 to 4/6, with the 
23G’ (PEGDA, n=23) serving as the crosslinker and the AM-
90G (PEGA, n=9) as the polymer chain (Table S3). As illustrated 
in Fig. 4 (a), given a fixed mass density, the lower crosslinker 
ratio, the longer polymer length between two crosslinking points, 
as well as the larger pore size of the polymer network. Thus, 
using a less crosslinked gel might facilitate molecular elution and 
uptake. As typical evidence, after a 3-day 1 M NaCl washing, the 
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less crosslinked gel exhibited a lighter colour (Fig. 4 (b)). This 
indicated that the lower the crosslinker ratio was, the more 
efficient elution of cytochrome c it would be.

After completing the template removal, each MIP and NIP 
hydrogel was immersed into a 500 μL of solution containing 0.03 
mM cytochrome c, 20 mM NaCl, and 1 mM tris-HCl for 
adsorption test. From the result of the adsorption test (Fig. 4 (c)), 
we found that when the crosslinker ratio increased, the NIP 
hydrogels showed no significant variation in the adsorption 
ability, while the MIP hydrogels exhibited higher adsorption to 
cytochrome c. This suggested that the crosslinker ratio 
influenced the adsorption ability of MIP hydrogels because a 
larger population of rigid MIP cavities might form with the 
higher crosslinker ratio. By examining the IF, it was found that 
a quite specific recognition to cytochrome c (IF> 1.5) still can be 
obtained when the crosslinker was higher than 6/4. In brief, by 
using the crosslinker ratio of 6/4, a faster elution would be 
obtained while maintaining the specificity (IF > 1.5) of the 
molecular recognition.

Fig. 4 (a) A illustration of the polymer network when the 
crosslinker ratio changed. Here, R1>R2, i.e. the left illustration 
represents the dense crosslinked polymer network, the right 
one represents the light crosslinked polymer network. (b) The 
picture of MIP hydrogels with different crosslinker ratios after a 
24 h washing in 1 M NaCl at room temperature. (c) The 
adsorption amount and imprinting factor (IF) of the gels with 
different crosslinker ratios of PEGDA/PEGA.

3.5 Specificity 

In an attempt to further investigate the effect of counterion on the 
MIP-protein recognition performance, HCl with a concentration 
ranged from 5 mM to 50 mM was employed in the adsorption 
solution as an acidic modifier. The MIP hydrogels with 
compositions shown in Table S2 (9G’) were employed as 
sorbents. Fig. 5 showed the result of the adsorption tests. For 
both the MIP and NIP hydrogels, the adsorption ability decreased 
with the increase of HCl, which is a similar trend when 
increasing NaCl concentration as the counterion (Fig. 2 (a)). This 
trend suggested that the ion competition effect occurs to suppress 
the complementary interaction between the sulfonate group and 
protein. 

Fig. 5 The adsorption amount and IF tested under different HCl 
concentrations. The IF was not shown when HCl was 10 mM 
(infinite value), 30 and 50 mM (invalid value).

Fig. 6 A schematic illustration of the role of acidic modifier in 
molecular recognition. 

Fig. 5 also showed that the specificity for cytochrome c 
recognition was improved when using a low concentration of 
HCl (5 and 10 mM). Comparing the use of HCl with the use of 
NaCl, the NIP hydrogel showed a lower adsorption capacity 
when HCl was presented. This indicated that HCl showed a 
stronger capability to suppress unspecific adsorption. Especially, 
at 10 mM HCl, highly specific recognition to cytochrome c was 
obtained evidenced by the unspecific adsorption of NIP hydrogel 
was fully reduced. This evidenced the successful fabrication of 
imprinted cavities for cytochrome c. The effective suppression 
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of cytochrome c adsorption to the hydrogels might be because 
the increase of HCl concentration caused a gradual protonation 
of the sulfonate group on the hydrogels. At the same time, the 
solution’s pH decreased, the surface charge of the amphiphilic 
protein was accordingly tuned to positive53. As is shown in Fig. 
6, this resulted with low interest, or even repulsion, between the 
acidic cytochrome c and the protonated hydrogels, which 
corresponded to the NIP hydrogels in 10-50 mM HCl and MIP 
hydrogels in 30-50 mM HCl.

When exposed to a pH range between 3.0 and 1.5, 
cytochrome showed a reversible conformation change54. Our 
result showed that despite the MIP hydrogels being synthesized 
under a pH 7.4 environment, they still showed adsorption ability 
under pH 2.0 (10 mM HCl). This indicated that the imprinted 
sites still matched with a certain portion of the unfolded 
conformation of cytochrome c.

3.6 Selectivity 

The selectivity of the cytochrome c imprinted hydrogel was 
tested with non-target proteins of lysozyme, trypsin, and BSA. 
As is shown in Table S5, the cytochrome c, lysozyme, and 
trypsin have a similar isoelectric points (pI) and carry positive 
charges at pH 7.4 or lower, where they may show affinity to the 
sulfonate functional monomer. Besides, unlike the larger 
proteins of trypsin and BSA, the molecular weight of lysozyme 
(14.4 kDa) is close to that of cytochrome c (12.3 kDa), which 
might pose a strong disguise to the molecular recognition. BSA 
has a pI of 4.7, thus carry negative charges under pH 7.4 and 
positive charges under pH 2.0. The MIP hydrogels with 
compositions shown in Table S2 (9G’) were employed as 
sorbents. The adsorption solution had a volume of 1000 μL and 
contained 0.018 mM of each protein. 10 mM HCl was added to 
the adsorption solution. HPLC test was carried out for the 
quantitative analysis of each protein in the mixture. 

Fig. 7 The chromatogram of standard protein mixture with 
0.018 mM of each protein (black line) and protein mixture after 
the adsorption with MIP hydrogel (red line).

The resulted chromatogram was shown in Fig. 7. It was 
found that the adsorption to cytochrome c was significantly 
higher than other non-target proteins, indicated by the decrease 

of the corresponding peak. The good selectivity of the MIP 
hydrogel to cytochrome c against other interfering proteins 
further demonstrated the high recognition performance of the 
imprinted cavities. To further investigate the mechanism behind 
the MIP-target recognition. A rotein mixture sample containing 
1 mM Tris-HCl and 20 mM NaCl was also put into test. The 
result in Fig. S1 showed that the unspecific adsorption to 
lysozyme increased considerably. It seemed like the imprinted 
cavities also accepted the molecules with a matching size in the 
neutral condition. This comparison test in Fig. S1 indicated that 
the presence of HCl played an important role in guaranteeing the 
selectivity of the imprinted sites. It was hypothesized that the 
HCl acted as a modifier to tune the surface distribution of 
functional groups on both the imprinted cavities and target 
protein so that the specificity of the complementary interaction 
was increased (Fig. 6). 

4. Conclusions
This work involves a fundamental study about the 
copoly(PEGDA/PEGA) based MIP hydrogel. Cytochrome c was 
employed as a model template and the sodium allylsulfonate was 
employed as an ionic functional monomer. The effect of 
structural and compositional factors on the imprinting factor was 
investigated, including the template to functional monomer ratio, 
NaCl concentration in the adsorption solution (to adjust the ionic 
strength), crosslinker length, crosslinker ratio, and the HCl 
concentration in the adsorption solution (as an acidic modifier). 
Results showed that a higher imprinting factor would be obtained 
when using a higher template to functional monomer ratio, the 
20 mM NaCl with 1 mM tris-HCl as the adsorption solution and 
a shorter crosslinker length. A lower crosslinker ratio facilitated 
the template removal; it was found that when using 
PEGDA/PEGA higher than 6/4, the imprinting factor remained 
a relatively high value. A highly specific recognition to 
cytochrome c was realized using 10 mM HCl in the adsorption 
solution, where the unspecific adsorption was fully suppressed 
in NIP. When testing the MIP in a protein mixture, it showed a 
higher adsorption to cytochrome c with the presence of 
lysozyme, trypsin and BSA. This work demonstrated the 
successful fabrication of imprinted sites in a PEG-based 
hydrogel and optimized the molecular recognition performance 
of MIP by tuning the structural and compositional parameters. 
The presented cytochrome c imprinted MIP material would be 
applied for the specific adsorption and other uses such as 
selective electrophoretic separation.
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