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PROJECT OBJECTIVES  

The main scientific and technological objectives of the project are the following: 

• Novel synthesis routes for the economically feasible production of MIPs, taking into 
account limitations of the current synthetic approaches, and the rational design of improved 
imprinting materials will be carried out. More specifically, several synthetic routes will be 
explored for the production of MIPs in the form of nano- and micro-particles and 
membranes. 

• Development of MIPs for the recognition and separation of biological molecules, utilizing 
reagents and polymerization techniques for peptides, proteins, enzymes and 
oligosaccharides will be carried out. Furthermore, comparison of the different MIP formats 
for separation techniques will be performed. 
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• Development of novel technology for the preparation of artificial receptors with high 
substrate selectivity and specificity in analytical techniques (immunoassays, 
chromatography, capillary electrophoresis and solid phase extraction). 

• Evaluation of the synthesized formulations, based on the use of MIPs on the separation of 
proteins, peptides, oligosaccharides and as artificial receptors in immunoassays, will take 
place. Furthermore feasibility of imprinting of the oligosaccharides at the nano-scale will be 
studied. 

 
During the project the partners have been involved with the execution of the following 
Workpackages and Tasks: 
 

 WP 1:  SYNTHESIS OF MOLECULARLY IMPRINTED POLYMERS 

  11..11::    SSyynntthheessiiss  ooff  MMoolleeccuullaarrllyy  IImmpprriinntteedd  NNaannoo--  aanndd  MMiiccrroo--  PPaarrttiicclleess  

  11..22::  SSyynntthheessiiss  ooff  MMoolleeccuullaarrllyy  IImmpprriinntteedd  PPoollyymmeerr  MMeemmbbrraanneess  

  11..33::  UUnnddeerrssttaannddiinngg  tthhee  mmeecchhaanniissmmss  CCoonnttrroolllliinngg  MMIIPPss  SSyynntthheessiiss  aanndd  FFuunnccttiioonnss  

 WP 2:  MIPs FOR SELECTIVE RECOGNITION / SEPARATION OF BIOLOGICAL 
MOLECULES 

  22..11::    SSeelleeccttiivvee  RReeccooggnniittiioonn  aanndd  SSeeppaarraattiioonn  ooff  PPeeppttiiddeess  

  22..22::    SSeelleeccttiivvee  RReeccooggnniittiioonn  aanndd  SSeeppaarraattiioonn  ooff  PPrrootteeiinnss  aanndd  EEnnzzyymmeess  

  22..33::  SSeelleeccttiivvee  RReeccooggnniittiioonn  aanndd  SSeeppaarraattiioonn  ooff  OOlliiggoossaacccchhaarriiddeess  

 WP 3:  MIPs AS ARTIFICIAL RECEPTORS IN BIOCHEMICAL APPLICATIONS 

  33..11::    DDeevveellooppmmeenntt  ooff  IImmmmuunnooaassssaayyss  

  33..22::  DDeevveellooppmmeenntt  ooff  MMIIPPss  ffoorr  CChhrroommaattooggrraapphhyy  

  33..33::  DDeevveellooppmmeenntt  ooff  MMIIPPss  ffoorr  CCaappiillllaarryy  EElleeccttrroopphhoorreessiiss  

 WP 4:  EVALUATION STUDIES ON MIPs AND COMMERCIAL ASSESSMENT 

44..11::        LLaarrggee  ssccaallee  ccoonnttiinnuuoouuss  sseeppaarraattiioonn  ooff  ppeeppttiiddeess  

44..22::        LLaarrggee  ssccaallee  bbaattcchh  ppuurriiffiiccaattiioonn  ooff  pprrootteeiinnss  

44..33::        MMIIPPss  ffoorr  wwaassttee  wwaatteerr  ttrreeaattmmeenntt    

            44..44::        RReeuussee  ooff  oolliiggoossaacccchhaarriiddeess  eelliicciittoorrss  iinn  ffeerrmmeennttaattiioonn  pprroocceesssseess  

WP 5: PROJECT MANAGEMENT 
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PUBLISHABLE FINAL ACTIVITY REPORT 

Αt CPERI, the work focused on the synthesis of molecularly imprinted nano- and micro-
particles via precipitation, suspension and inverse suspension polymerization. These three 
methods provide polymeric particles in relatively high yield and with controllable physical 
properties, such as size, morphology and particle strength/resistance.  

a)     b)     c)  

Figure 1: SEM images of MIPs produced by a) precipitation and b) suspension polymerization and c) 
stereoscope images of MIPs produced by inverse suspension polymerization. 

 

In particular, the target was to study the effect of important process parameters on the physical 
properties of the synthesized particles in order to synthesize optimized molecularly imprinted 
polymeric micro- and nano-particles, using as template molecules both hydrophobic peptides, 
such as boc-{Trp}3 and hydrophilic peptides, such as cbz-His-His-ome, His-His-ome, His-Phe-
ome, AISYGN and AISYGNGVY. In the first case the template molecule was bound to the 
polymer via non-covalent interactions, while in the second case via coordination bonds.  

Figure 2a and 2b show the rebinding results of the tripeptide of tryptophane in precipitation and 
suspension polymerization. In both cases MAA was used as functional monomer and EGDMA 
as crosslinker.  
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Figure 2: Rebinding capacity of MIPs towards the tripeptide of tryptophane in a) precipitation and b) 
suspension polymerization. 

 

For the imprtinting of cbz-His-His-ome, MIP(cbz-His-His-ome/Cu) after Cu reloading bound 
about 4 times more cbz-His-His-ome than the BLANK polymers, while the corresponding NIP 
particles had no stable behavior to cbz-His-His-ome binding (Figure 3a). Also, the rebinding of 
His-His-ome and His-Phe-ome to the Cu reloaded MIP(His-His-ome/Cu) and MIP(His-Phe-
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ome/Cu) is given in the Figure 3b. It was observed that His-His-ome is bound to MIP(His-His-
ome/Cu) polymer while the rebinding of the His-Phe-ome dipeptide was negligible due to the 
bigger size and the lower affinity to the copper ion. On the contrary, His-Phe-ome is bound to 
MIP(His-Phe-ome/Cu) polymer while the rebinding of His-His-ome is higher since binding 
cavities are accessible to it. 
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Figure 3: a) Rebinding of cbz-His-His-ome and b) rebinding of His-His-ome and His-Phe-ome. 

 
Additionally, hydrophilic molecularly imprinted microparticles were prepared by inverse 
suspension polymerization using as template molecules the peptides AISYGN and 
AISYGNGVY. Acrylamide (Am) and acrylic acid (AA) were used as functional monomers, 
ethylene-bis-acrylamide (EBAm) as crosslinking monomers. From these templates only 
AISYGNGVY was imprinted successfully and the rebinding was higher to MIPs than to NIPs 
(Figure 4). It was also observed that the imprinting efficiency decreased when the initiation / 
polymerization system change from the system and increased when only Am was used as 
functional monomer instead of AA/Am. Moreover, it was observed that the net binding 
capacity was higher for the polymers prepared with the system APS / 70oC than that prepared 
for the system APS/TEMED / 35oC.  
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Figure 4: Rebinding of AISYGNGVY. 

 

At LPAB new synthetic method has been developed to prepare molecularly imprinted 
nanoparticles with more homogeneous binding sites on surface. Instead of the traditional 
functional monomers, a polymerizable functional surfactant was used to provide the critical 
interaction with a model template, (S)-propranolol during the imprinting reaction (Figure 5). 
The imprinted nanoparticles were tested as pseudo stationary phase in capillary 
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electrochromatography for chiral separation of racemate (R,S)-propranolol. For the first time, 
non-tailing peak was achieved for the template enantiomer in chiral separation based on 
imprinted adsorbents. 
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Figure 5: Synthesis of monoclonal molecularly imprinted nanoparticles using polymerizable functional 
surfactant. 

 

Imprinted nanoparticles selective for propranolol have been successfully encapsulated in PET 
nanofibers using electrospinning technique (Figure 6a). Molecular recognition sites in the 
composite nanofibers remain easily accessible for target binding. Figure 6b shows the 
differential propranolol uptake by two different nanofibers containing imprinted and non-
imprinted nanoparticles. 

a)    b)     
Figure 6: a) Electrospun nanofiber containing MIP nanoparticles and b) propranolol uptake with the 
different nanofibers. 

 
A new strategy of using molecularly imprinted polymers (MIPs) for peptide analysis was 
presented. Short peptide fragments (represented by Leu-enkephalin in the case study) are in situ 
modified with hydrophobic tags to enable their dissolution in organic solvents. The tagged 
peptides can be separated with MIPs to achieve effective sample enrichment/clarification prior 
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to instrumental analysis (Figure 7). The use of fluorescent tags promises simple non-separation 
assays to be developed. 
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Figure 7: Peptide analysis using MIPs in combination with in situ fluorescent tagging. 
 
 
At UoW, molecular imprinting of mannose and mannan oligosaccharide elicitors was 
attempted by using both precipitation polymerization and inverse mini emulsion, in 
collaboration with LPAB and FhG. 

 

At AUTh cholecystokinin C-terminal pentapeptide (CCK-5), L-methionine, L-lysine and 
histamine were selected as template molecules. Molecularly imprinted polymers towards CCK-
5 were produced with alterations in the molar ratio of template:monomer:cross-linker and their 
percentage of net rebinding and the imprinting factor were used for the evaluation of imprinting 
efficacy (Figure 8). Rebinding experiments with CCK-5 and CCK-8 peptides in the case of the 
polymer that presented higher performance characteristics, with net rebinding values 9 and 
11% respectively, indicated that this polymer it may be a good candidate for the analysis of 
cholecystokinin related peptides. 
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Figure 8: Percentage net rebinding of CCK-5 to MIPs (left) and Ιmprinting factors (IF) of MIPs (right). 

The production of MIPs for the recognition of C-terminal cholecystokinin pentapeptide (CCK-
5) in the presence of metal ion was also studied. The MIPs were produced under the same 
molar ratio of template to monomers (acrylamide, N,N´-methylene bisacrylamide) in the 
presence or absence of nitrilotriacetic acid-nickel (Ni-NTA) complex. Subsequently Ni2+ was 
removed and substituted by other divalent ions such as Mg2+, Fe2+, Zn2+, Co2+ and Cu2+. It was 
found that polymers containing the metal ion complex with the order Fe-NTA, Ni-NTA and 
Cu-NTA presented lower dissociation constant values than the rest, thus exhibiting stronger 
guest binding activity (Figure 9). The percentage of theoretical maximum binding sites Bmax 
was almost the same for these ions, indicating that the ion-template coordination is responsible 
only for their binding strength and not for the number of active sites. The data showed that the 
proper ion or the ion exchange in the produced MIPs could lead to materials with interesting 
recognition abilities regarding CCK-5 or/and other isoforms of CCK hormone. 
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Figure 9: Ιmprinting factors (IF) of MIPs with or without metal ion-NTA complex (left) and percentage 
net rebinding of CCK-5 to MIPs with or without metal ion-NTA complex (right). 
 
Histamine was another template that was studied. MIPs were synthesized using methacrylic 
acid and ethylene glycol dimethacrylate for the recognition of histamine, an important biogenic 
amine, and screened for their rebinding characteristics (Figure 10). The binding affinity of 
imprinted polymers with structurally related compounds was studied in organic and aqueous 
media, at different pHs and ionic strengths to obtain optimized conditions for high specific 
ligand binding.  

 
Figure 10: Binding of histamine to MIP (®) and reference polymer (◊) in a mixture of CH3Cl: MeCN 
(4:1, v/v) as a function of polymer concentration (left) and specific binding of imprinted and control 
polymers (5mg/ml) of histamine against histamine antagonists and structurally related compounds in a 
mixture of CH3Cl: MeCN (4:1 v/v) (right). 
 
It was proved that the imprinted polymer selectively recognize histamine over L-histidine in 
aqueous conditions (Fig. 11). When polymer’s affinity was tested against other biogenic amines 
in aqueous media, MIPs recognized better histamine than putrescine. Imprinted polymers 
performance was also assessed with histamine antagonists and compounds related to histamine 
action.  

     
Figure 11: Binding of histamine (HI) and L-His to imprinted and reference polymers in aqueous buffers. 
The buffers (25mM) are citrate, or phosphate pH 6.0, or phosphate pH 7.0. Figure 8. Specific binding of 
histamine, putrescine, spermidine and spermin to imprinted polymers in aqueous environment. The 
buffers (25mM) are citrate buffer pH 6.0 and phosphate buffer pH 7.0.  
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MIPs show high affinity for histamine against the antagonist both in organic and aqueous 
media. Corresponding blank polymers were unable to differentiate between analytes, 
suggesting that imprinting phenomenon was responsible for the recognition properties thus 
making feasible potential application of MIPs as recognition elements. 
Moreover, a number of molecularly imprinted polymers have been produced via non-covalent 
imprinting for L-methionine and screened for their rebinding characteristics. The MIPs were 
produced through alterations in the molar ratio of template:monomer:cross-linker. Besides the 
morphological characterization of MIPs, the evaluation of L-methionine rebinding affinity was 
performed by guest batch-wise rebinding experiments. The produced MIPs can be used in solid 
phase extraction of L-methionine from fermentation broths or for diagnostics assays in 
hypermethionhaemia. Concerning L-lysine, the synthesis of molecularly imprinted polymers 
was carried out at room temperature and UV light was used for the initiation of the 
polymerization. MAA and EDMA were used as functional monomer and cross-linker 
respectively. Precipitation polymerization in MeOH was chosen for the formation of beads 
capable of recognizing the template. From all the ratios tested, best results where obtained 
when the ratio of MAA:EDMA was 5:20 (7% w/v total solid content) and 5:10 (7% w/v total 
solid content). 

 
At FhG MIPs have been prepared via inverse miniemulsion polymerization using as template 
molecules the peptides AIS and AISYGN. The molecularly imprinted polymeric particles was 
synthesized by copolymerizing acrylamide (AAm) with 60 mol% N,N´-ethylenebisacrylamide 
(EBA). The binding experiments were performed as repeat determination. Figure 12 shows the 
results of the binding experiments with AISYGN imprinted particles. It is obvious that no 
specific binding of the MIPs is detectable. 
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Figure 12: Amount of adsorbed AISYGN on non-imprinted and imprinted p(AAm-co-EBA) particles in 
µmol per g polymer.  
 
The following figure presents the results of the binding experiments with AIS imprinted 
particles. It can be seen that specific binding is detected for the MIPs.  
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By comparison of the results of the binding experiments with the MIPs which were imprinted 
with the peptides with different lengths of the amino acid sequence (AIS, AISYGN) the 
question arises why specific binding was detected for AIS imprinted MIPs but not for AISYGN 
imprinted MIPs. To understand this finding, we had a closer look at the different 
hydrophobicity and hydrophilicity of the different template molecules as the hydrophobic 
interactions between the functional monomer and the templates plays an important role in 
molecularly imprinting in aqueous media. 
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Figure 13: Amount of adsorbed AIS on non-imprinted and imprinted p(AAm-co-EBA) particles in µmol 
per g polymer.  
 

The log P values of the two templates were calculated using the freeware-software Chemaxon-
Marvin to log P = -1.2849 for AIS and to log P = -3.0321 for AISYGN. These values assign a 
higher hydrophilicity to peptide AISYGN if compared to the peptide AIS. Thus, the 
contribution of hydrophobic interaction for the peptide AISYGN is awaited to be smaller than 
the hydrophobic interaction for the peptide AIS as AISYGN is less hydrophobic than AIS. The 
finding that AIS as template induces specific binding in MIPs in contrast to AISYGN 
corresponds to this theoretical explanation. 

 

At MR&D the work focused on: 
• Production and purification of PolyHis tagged proteins: (i) isopentenyl pyrophosphate 

isomerase from Pyrococcus furiosus, (ii) aminoacylase from Sulfolobus solfataricus and (iii) 
arginine deiminase from Pseudomonas aeruginosa, for the evaluation of MIPs raised against 
oligo-his peptides.  

• Production and purification of a C-terminal LKKATNE tagged IDI2 (cytochrome c tag) 
protein.  

• Scaling-up of production and purification of carnocin KZ213. 
• Establishment and optimization of binding assays between MIPs/NIPs and 

proteins/peptides. 
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The work of the FAL focussed on the encapsulation of molecular imprinted materials in 
hydrogels of different shapes, the production of rigid oxide beads and the development of MIP 
coatings on beads. For encapsulation, several techniques like the Lentikat®, the JetCutter and 
the electrostatic technology were established. As a result of a screening for the best 
encapsulation hydrogel matrix a PVA based system was found, where 97% of the encapsulated 
material remained in the formed particles during leaching and abrasion tests. For the location of 
MIP in or on spherical particles FAL worked also on the development of bead shaped support 
material based on inorganic oxides (Al2O3). Therefore, a sol gel method was established, which 
in combination with the JetCutter-technology led to high stable porous oxide beads with 
tuneable texture properties (surface area, porosity) in a size range (100 – 500 µm), which was 
not accessible before in technical scale. Further on, fixing of MIPs on oxide beads was 
achieved by the developed wet and dry coating technologies.      

   

At Eurobiotec S.A the work focused on:  
• Eurobiotec worked successively on Carnobacterium piscicola and Lactococcus lactis, 

E.coli, Saccharomyces cerevisiae, Carnobacterium piscola and on P. pastoris, to produce 
native or recombinant proteins. 

• The on line purification of the peptide in the fermentation broth is the final target of 
NanoImprint project. In a way to define the physico-chemical conditions of using the MIP’s 
technology, EUROBIOTEC focused its efforts on the definition of the chemistry of various 
growth media during the fermentation processes. 

• Development of a continuous bioprocess for the on line production of the carnocin KZ213 
by wild type and recombinant strains. The production reactor is an upstream feeding 
classical column reactor where the biomass, Carnobacterium piscicola 213, is entrapped in 
Ca-alginate micro beads (300µm) developed by FAL.  

 

GeniaLab has been working on the encapsulation of MIP particles provided by the partners. 
Where such particles were not available, yet, suitable model substances were employed instead. 
The aim of this work was to facilitate handling of microscopic MIP-particles during later 
applications and provide a toolbox system for different MIPs. 

raw
materials

primary
particles
(MIPs)

process for
imprinting

entrapment
process

secondary
particles
(beads)

ap
p
lic

at
io

n

toolbox system for
multiple applications  

The general compatibility of MIPs with a variety of different biopolymers could be 
demonstrated and long-term mechanical stability of the beads was shown in a continuously 
working chromatographic column. 
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Spherical particles were generated using JetCutter technology and to cope with the very small 
sample volumes available new equipment had to be designed and constructed to scale down the 
encapsulation process. A tiny pressure vessel was placed directly above the cutting tool to keep 
the hold-up of the system at minimum but still achieve a good particle generation. 

       
Figure 14: Pressure vessel mounted atop of cutting tool (left). Jet of beads after passing the cutting tool 
(right). 
 
 
To scale up productivity for small beads a prototype of a JetCutter with several parallel nozzles 
was designed and successfully tested. 
 
 
 

    

 

     
 
Figure 15: Overview 3-nozzle prototype with special cutting tool (left). Trajectories for the three 
separate jets of beads (middle). Beads with encapsulated nanoimprinted particles (right). 
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Future Activities 
 

1. Paper with MR&D; Topic: Molecularly imprinted polymers for the specific recognition of AISYGNGVY 
and Carnocine KZ213, respectively. 

 


