
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Book of Abstracts  



Bioinspired Materials 2017 conference 

 

The Bioinspired Materials conference is organized for the second time by a multidisciplinary team of researchers 

(School of Healthcare, Science & Engineering) from Manchester Metropolitan University. The 2016 edition was a 

symposium with a number of local attendees. Due to the success of this event, the 2017 edition was expanded to a two 

day international event with a mix of speakers from the Manchester area and renowned European researchers.  

We have a line-up of exciting speakers and aim together the scientific community in the field of biomimetic sensors, 

materials chemistry, 3D-printing and tissue engineering.  

We look forward to welcome you to Manchester.  

 

For the organization of this event, we would like thank our sponsors including: 
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Day 1 – 31 August 

09:00 – 10:00 Registration with coffee 

10:00 – 10:15 Welcome to the conference 

Session 1 – Hydrogels for regenerative medicine and as potential cell scaffolds 

10:15 – 10:30 Introduction to Manchester Metropolitan University  by Dr. Araida Hidalgo-Bastida  

10:30 – 11:00 O1 : Prof. Aline Miller (University of Manchester): Controlling the self-assembly of 

soft, squishy materials for regenerative medicine 

11:00: 11:15  O2: Miss Beenesh Siddique (University of Manchester): Biomimetic peptide or 

Peptide/Poly(ethylene glycol) double network hydrogels for cell culturing and drug delivery 

11:15- 11:30 O3: Dr. Gema Dura (Newcastle University) : Design and characterisation of novel 

biosynthetic Caf1-based hydrogels with potential as cell scaffolds 

11:30 – 11:45 O4: Dr. Timothy Douglas (University of Lancaster): Biomimetic enzymatic 

mineralization of hydrogels for bone regeneration promoted by plant-derived molecules 

Chair: Dr. Patricia Linton 

11: 45 – 12:30 – Lunch 

12:30-13:30 – Poster session 1 

Session 2 – Novel sensing strategies for biomolecule detection and extraction 

13:30 – 14:10 Keynote speaker 1: Dr. Bart van Grinsven (Maastricht University) 

14:10 – 14:25 O5: Dr. Stanislav Trashin (Antwerp University): Electrochemical detection based on 

singlet oxygen  

14:25- 14:40 O6: Frederik Vreys (Hasselt University): Thermal based detection of Bisphenol A by 

incorporating molecularly imprinted polymers 

14:40 – 14:55 O7: Wouter Stilman & Gideon Wackers (KU Leuven): Latest advances in thermal 

detection  

14:55 – 15:10 O8: Dr. Kasper Eersels (Maastricht University): Use of Surface Imprinted Polymers 

for Thermal Detection  

15:10 – 15:25 O9: Ilida Nawi (University of Manchester): Novel designed self-assembling peptide 

hydrogels: a study of its interactions with cells 

Chair: Dr. David Sawtell 

15:25 – 16:20 Coffee break and poster session 

Session 3: Biomechanics and fabrication of biomimetic scaffolding systems  

Session sponsored by Biolin Scientific (16:20 – 16:30 talk Biolin) 

16:30 – 17:15 Keynote speaker 2: Prof. Sandra Hofmann (Eindhoven University of Technology) 

17:15 – 17:30 O10: Prof. Paunov (University of Hull): Bioimprinting technique for the removal of 

blood cancer cells from acute myeloid leukaemia patients 

17:30 – 17:45 O11: Stella Totti (University of Surrey): A biomimetic 3D scaffolding system for ex-

vivo studies of pancreatic cancer 

17:45 – 18:00 O12: Muhammad Umair Hassan (University of Birmingham): Nature Inspired 

Optical Biosensors 

19:00 – Start conference dinner at Albert Square Chop House, drinks available from 18:30 

 
  



Day 2 – 1 September 

09:00 – Session 4: Molecularly Imprinted Polymers for biosensing 

Session sponsored by Essen Bioscience (09:00-09:10 talk) 

09:10 – 09:50 Keynote speaker 3: Dr. Michael Whitcombe (president Society of Molecular 

Imprinting) 

09:50 – 10:05 O13: Prof. Catherine Branger (University of Toulon): Intrinsically electroactive 

Molecularly Imprinted Polymers for the recognition and detection of organic molecules 

10:05 – 10:20 O14: Prof. Knut Rurack (BAM): On the integration of fluorescent probes with 

Molecularly Imprinted Polymers for powerful sensor materials 

10:20 – 10:35 O15: Dr. Verona Iordache (ICECHIM Bucharest): How molecular imprints affect the 

morphology and optics of thin films 

10:35 – 10:50 O16: Dr. Katri Laatikainen (Lappeenranta University of Technology): Use of in-situ 

complexation for the synthesis of Ion Imprinted Polymers 

Chair: Dr. Mikhajlo Zubko  

10:50 – 11:10 Coffee break, including refreshments 

Session 5: Self-assembly of biomaterials 

11:10 – 11:55 Keynote speaker 4: Prof. Alicia El Haj (Keele University) 

11:55 – 12:10 O17: Dr. Özlem Biçen (Anadolu University): Cryogel based materials 

12:10 – 12:25 O18: Prof. Craig Banks (Manchester Metropolitan University): 3D-printing and 

screen-printing of materials 

12:25 – 12:40 O19: Prof. Vesselin Paunov (University of Hull): Fabrication of living soft matter by 

symbiotic growth of unicellular microorganisms 

12:40 – 12:55 O20- Dr. Sibel Emir Diltemiz (Anadolu University): Investigation of bioink 

materials and novel bioprinting techniques 

12:55 – 13:10 O21: Dr. Tom Allen (Manchester Metropolitan University) : The application of 

bioinspired materials in sports 

Chair: Dr. Marloes Peeters 

13:10 – 14:30 Warm lunch (buffet) and poster session 2 

14:30 – 14:45 Closing remarks and poster prizes, prizes available from Alvatek Ltd 

Visit to MMU labs and lab tour facilities (incl. demo at 3D printing facilities) 

 

 
 
  



Keynote speaker 1 - Assistant Professor Dr. Bart van Grinsven  

Maastricht University (Maastricht Science Programme) 

 

Bart van Grinsven received a master’s degree in bioelectronics and nanotechnology from Hasselt University in 2007. 

Then he was employed by TNO as a development engineer and returned to the BIOSensor group of Hasselt University 

in 2008. He successfully defended his PhD in physics in July 2012, promoted by Prof. Dr. Patrick Wagner and Prof Dr. 

Michael Schöning. After working as a postdoctoral researcher in the same group, he switched to Maastricht University, 

within the Maastricht Science Programme where he now holds the position of Assistant Professor under the supervsion 

Prof. Dr. Thomas Cleij. Currently, he has published over 40 peer reviewed articles and is an inventor on 8 patents. 

Furthermore, he was awarded 4 scientific awards and was nominated for 1 industrial award: (1) Best presentation award 

(2012) Engineering of Functional Interfaces Session: Biophysics and Medical Physics; (2) Young Scientist Award 

(2013) Belgian Physical Society; (3) Mckinsey Award (2013) Scientific Award Mckinsey & Company and the FWO; 

(4) Edmond Hustinx Award for Science (2016) Edmond Hustinx Foundation; (5) AMA Innovation Award (2017) AMA 

Association for Sensors and Measurement Technology. Dr van Grinsvens’ field of interest includes biosensor 

development, PoC testing and biomedical device engineering. 

 

Over the past decade, surface imprinting of polymer layers has emerged as an interesting technique for the development 

of sensitive, biomimetic receptors. These synthetic receptors have mainly been incorporated into sensor platforms based 

on microgravimetric readout techniques up until now. More recently, thermal sensing has demonstrated to be a fast and 

low-cost alternative that allows for label-free detection of human cells and bacteria. In this work, the sensing principle 

has been improved by analyzing the propagation of thermal wave through the receptor layer rather than a constant 

current (thermal wave transport analysis or TWTA). The improved methodology was used for selective and quantitative 

identification of several bacterial species in both buffer and urine. 

 

  



Keynote speaker 2 – Assistant Professor Sandra Hofmann 
Eindhoven University of Technology (the Netherlands), Swiss Federal Institute of Technology (ETH)   

 

In 2013, Sandra Hofmann joined the Orthopaedic Biomechanics group of Prof. K. Ito at the Department of Biomedical 

Engineering, Eindhoven University of Technology as an assistant professor and got her tenure and promotion to UD1 

in 2016. 

She obtained her M.Sc. in Pharmaceutical Sciences from the University of Basel, Switzerland in 2002. After a scientific 

visit to Prof. D. Kaplan’s lab at Tufts University in Boston, she completed her Ph.D. (with distinction) at the Swiss 

Federal Institute of Technology (ETH) in Zürich in 2007 working on 'silk fibroin as a biomaterial for drug delivery and 

tissue engineering'. Subsequently, she moved to the group of Prof. R. Müller at the Institute for Biomechanics to focus 

her studies on imaging methods and bioreactor design. In 2010 she became group leader of the skeletal tissue engineering 

group and took over the function of a senior research associate. Current research topics are tissue engineering of skeletal 

tissues, in particular bone. A special focus lies on visualization and understanding of how cells react to environmental 

and influential parameters (chemical, mechanical, other cells) in tissue-engineered in vitro models of bone tissue. 

She is and has been involved in various collaborative projects from the EU, the Swiss National Science Foundation and 

the Robert Mathys Foundation (Switzerland). In 2013, she has obtained a Marie Sklodowska Curie Career Integration 

Grant and an ERC Starting Grant and in 2014 a WISE grant from the TU/e. She is also a core member of the Institute 

for Complex Molecular Systems (ICMS) and still has a project-based appointment at the Swiss Federal Institute of 

Technology (ETH) in Zurich. 

 

Abstract 

Biomechanics in bone tissue engineering 

Bone tissue engineering aims to cover various health aspects such as regenerative medicine, fundamental research and 

drug development. They all require the creation of bone-like tissues in the laboratory to address fundamental questions. 

The basic unit of these studies usually comprises cells interacting with a 3D scaffold that are subjected to various stimuli 

(chemical, mechanical) in order to differentiate into bone cells and produce an extracellular matrix resembling the one 

of bone. These cell-cell and cell-environmental interactions are complex, forming various feedback loops that are 

essential for bone homeostasis, while our current understanding of the interplay between the factors and processes 

involved is still very limited. This presentation investigates how cells sense and react to their environment. The 

formation of mineralized extracellular matrix deposited by human bone marrow derived stromal cells is followed by 

micro-computed tomography. Bioreactors are applied to mechanically load the cell-scaffold construct and 

computational simulation of the applied loading is used to extract influencing parameters and to potentially predict 

cellular behavior. Such combined experimental-computational efforts will provide further insight into cell behavior and 

hopefully allow the design of environments that meet the needs of cells in bone tissue engineering.  



Keynote speaker 3 - Dr. Michael Whitcombe 
President Society of Molecular Imprinting – MIP Diagnostics 

 

Title talk: Molecularly Imprinted Nanoparticles - Solid Phase Synthesis and Applications 

 

Michael Whitcombe is the president of the Society of Molecular Imprinting (http://mipsoc.org/) and is the webmaster 

of http://mipdatabase.com, a database that collects all papers in the field of molecular imprinting.  His expertise is in the 

area of supramolecular chemistry. 

 

Molecularly Imprinted Polymers (MIPs) are generic alternatives to antibodies in sensors, diagnostics, and separations. 

To displace biomolecules without radical changes in infrastructure in device manufacture, MIPs should share their 

characteristics in terms of solubility, size, specificity and affinity, and localized binding domain. However, they should 

still maintain the advantages of MIPs, which include low-cost, short development time and high stability. In this talk, 

solid phase synthesis is discussed for the manufacturing of MIP nanoparticles. 

 

.  



Keynote speaker 4 - Professor Alicia El Haj  
Keele University 

 

Professor Alicia El Haj is a leading figure in Regenerative Medicine and has been involved in bringing together 

interdisciplinary groups within biomedicine, physical sciences and engineering interested in aspects of cell and tissue 

engineering. She has been a founder Director of Keele University's Research Institute of Science & Technology in 

Medicine (ISTM) which has rated highly; 5A, 5* and 5A through the past 3 RAE assessments.  

Prof El Haj is the Research Director of an EPSRC DTC in Regenerative Medicine, one of the co-directors of the new 

EPSRC Centre for Innovative Manufacturing Centre in Regenerative Medicine and a collaborator in the new Arthritis 

Research UK Tissue Engineering Centre. She has published over a 100 publications with an emphasis on engineering 

solutions for controlling stem cell behaviour and new orthopaedic repair strategies using novel enabling technology 

approaches with funding from EPSRC, BBSRC, Welcome  Trust, AR UK and EU Framework. 

 

Title talk: Bio-inspired stem cell bandages for tissue regeneration 

  



Session 1 – Hydrogels for regenerative medicine and as potential cell scaffolds 
 

O1 - Controlling the self-assembly of soft, squishy materials for regenerative medicine 

 

Aline F. Miller  
School of Chemical Engineering and Manchester Institute of Biotechnology, The University of Manchester, Manchester, United 

Kingdom. 

 

Over the past two decades, significant effort has been made to develop soft materials, i.e.: hydrogels, for the design of 

3D cell niches. Taking inspiration from the many millennia proteins have had to perfect their structure-property-function 

relationships, self-assembling peptides have emerged as a class of promising material building blocks as has they allow 

the design of very stable, highly versatile hydrogels for use in a variety of biomedical applications. We have developed 

in our group a platform for the design of hydrogels exploiting the self-assembly of short (8-9 amino acids) β-sheet 

forming peptides, and the design is based on the alternation of hydrophilic and hydrophobic residues. The properties of 

these materials (e.g.: functional and mechanical) can easily be tailored to accommodate different cells’ needs. We have 

used these novel materials for the culture of a variety of cells including: chondrocytes [Acta Biomaterialia, 9, 4609 

(2013)], osteoblasts [J Tissue Engineer 5, 2041731414539344 (2014)], nucleus pulposus [Acta Biomaterialia, 46, 29 

(2016)] as well as mesenchymal stem cells [J Tissue Engineer, 7, 2041731416649789 (2016)]. By varying the properties 

of the hydrogels (e.g.: stiffness, charge) we were able to design 3D niches capable of directing cell behaviour. We are 

currently using these novel materials in a variety of tissue engineering and regenerative medicine applications (e.g.: 

cardiac regeneration, Barrett’s oesophagus disease). Our results clearly demonstrate that our materials offer great 

promise for the design of specific 3D cell niches due to their low immunogenicity [J Peptide Sci, 23, 148 (2017)], high 

biocompatibility and the ability we have to control and tailor their properties. 

  



O2 - Biomimetic Peptide Or Peptide/Poly (Ethylene Glycol) Double Network Hydrogels For Cell Culture And 

Drug Delivery 

 

Siddique, Beenish1,2; Castillo-Diaz, Luis1,2;  Elsawy, Mohamed A., 1,2;  Wychowaniec, Jacek1,2; Andrew Smith 1; Miller, 

Aline2,3, Saiani, Alberto1,2 
1School of Materials, The University of Manchester, UK. 
2Manchester Institute of Biotechnology, The University of Manchester, UK   
3School of CEAS, The University of Manchester, UK. 

     Corresponding author: beenish.siddiuqe @postgrad.manchester.ac.uk 

 

Introduction: The use of self-assembling peptide hydrogels in the biomedical field can be limited by their intrinsic low 

mechanical properties. Several approaches have been reported in the literature to increase the mechanical properties of 

peptide-based hydrogels; however there is still a need to develop stronger hydrogels. In our group we have investigated 

the self-assembly and gelation properties of a variety of octa-peptides including FEFEFKFK (F8) and FEFKFEFKK 

(F9), which are well-known to self-assemble into β-sheet rich fibers that, entangle to form fibrous hydrogel. [1, 2]  

 

Materials & Methods:  FEFKFEFK (F8) or FEFKFEFKK (F9) peptide and poly (ethylene gycol) diacrylate (PEGDA) 

biomimetic double network (DN) hydrogels were fabricated via facile one-pot pH-photo polymerization technique 

(Figure 1) to improve the mechanical properties of peptide hydrogels. ATR-FTIR spectroscopy, oscillatory rheology 

and Scanning electron microscopy (SEM) were used to characterize the prepared gels. Moreover, the biocompatibility 

of the F8/PEGDA and F9/PEGDA DN hydrogels were also assessed using murine 3T3 cells and human mesenchymal 

stem cells, respectively. The release kinetics of doxorubicin (anti-cancer drug) in vitro from DN has also been 

investigated.  

 

Results and Discussions: The first network of fabricated DN hydrogels comprised of a fibrous network of pH 

responsive β-sheet forming peptide, while the second network is a chemically crosslinked network of PEGDA. Due to 

presence of two contrasting networks in a single system the storage modulus of fabricated novel DN hydrogels was 

higher than parent single network hydrogels of peptide or PEGDA. Moreover, by adjusting the ratio of peptide-to-

PEGDA, DN hydrogels mechanical strength could be fine-tuned to meet the stiffness requirements for various tissue 

repair applications.  The viability assay showed that most of the 3T3 cells remained alive under both 2D and 3D cell 

culture conditions over 48hrs which shows the biocompatibility of prepared F8/PEGDA DN hydrogels.  While human 

mesenchymal stem cells showed good viability under 2D cell culture conditions over 21 days in F9/PEGDA double 

network hydrogel. The sustained release of doxorubicin has been observed from PEGDA/F9 double network hydrogel.  

 

 
 

 
Figure 1: Schematic describing the preparation of DN hydrogel via pH-Photo polymerization 

 

Conclusions: Biomimetic DN hydrogels prepared via one-pot pH-photo polymerization technique with tunable 

mechanical properties. The DN have a potential to serve as ECM mimicking scaffold for tissue regeneration and drug 

delivery applications.    

References 

1. Boothroyd, S et al, Faraday Discuss. 166:195– 207, 2013   

2. Saiani, A et al, Soft Matter. 5 (1) 193– 202, 2009 

 

  



O3 - Design and characterisation of novel biosynthetic Caf1-based hydrogels with potential as cell scaffolds 

G. Dura1, H. Waller 2, D.T. Peters 2, J. H. Lakey 2, D. A. Fulton1 
1 Chemical Nanoscience Laboratory, School of Chemistry, Bedson Building, Newcastle University, United Kingdom. 
2 Institute of Cell and Molecular Bioscience, Medical School, Newcastle University, United Kingdom. 

 

Caf1 (Figure 1a) is a polymeric protein obtained from the bacteria Yersinia pestis which shares its 3D structure with the 

majority of the mammalian extracellular proteins. The Caf1 protein polymer is formed by each 15 kDa protein monomer 

subunit donating a single β-strand to the preceding monomer in the chain, linking together the subunits through strong 

non-covalent interactions into a continuous polymer. It is robust, resisting both thermal and proteolytic degradation, and 

when purified it retains its biological ability to prevent mammalian cell attachment. The “non-stick” phenotype 

characteristic of the protein can be modified by inserting a cell adhesion motif as RGDS,i highlighting the capability to 

engineer the Caf1 polymer for cell culture purpose. These properties make Caf1 an interesting material from which to 

develop biomaterials for use as 3D cell scaffolds.  

Reaction of Caf1 protein polymer with a selection of functionalised PEG polymer crosslinkers by mixing of the 

components under mild conditions yielded hydrogel materials, which were analysed by rheology, SEM and AFM. The 

hydrogels presented a range of stiffness (from 10-2500 Pa) at relatively low contents of Caf1 polymer (0.5-2.5 % w/v), 

and their mechanical properties were easily adaptable by changing the content and relative ratios of Caf1:crosslinker 

and the architecture of the crosslinkers.  

Our approach to the preparation of hybrid hydrogels combines the benefits of using a biologically-active Caf1 protein 

with the features of synthetic polymers to obtain well-defined and highly tunable hydrogels which have potential as 

biomaterials for mimicking the extracellular matrix. 

 

      
Figure 1. a) Modelled structure of polymeric Caf1 polymer. b) Schematic structure of crosslinkers. c) Picture of real hydrogel. 

e) Representative SEM images of hydrogel with 4-arm PEG crosslinker. Scales bars represent 50 µm. 

 
1 Roque AI, Soliakov A, Birch MA, Philips SR, Shah DSH, Lakey JH. 2014; Reversible Non-Stick Behaviour of a 

Bacterial Protein Polymer Provides a Tuneable Molecular Mimic for Cell and Tissue Engineering. Advanced 

Materials.26(17):2704-9. 

a)              b)                        c)                             d)                                      



               

O4 - Biomimetic enzymatic mineralization of hydrogels for bone regeneration promoted by plant-derived 

molecules 

Timothy E.L. Douglas1,2*, Marta Vandrovcová3, Jana Beranová4 , Michelle Feuereisen5, Julia K. Keppler6, Bogdan 

Parakonskiy1, Patrick Ricquier6, Lieve Balcaen7, Frank Vanhaecke7, Andreas Schieber5, Lucie Bačáková3, Andre G. 

Skirtach1 
1Dept. Molecular Biotechology, Ghent University, Belgium, 2Engineering Dept., Lancaster University, UK, 3Dept. Biomaterials and Tissue 

Engineering, Czech Academy of Sciences, Prague, Czech Republic, 4Dept. Genetics and Microbiology, Charles University in Prague, Czech 

Republic, 5Dept. Nutritional and Food Sciences, University of Bonn, Germany, 6Christian-Albrechts-Universität zu Kiel, Department of Food 

Technology, Germany, 7Omnichem NV, Belgium, 8Dept. Analytical Chemistry, Ghent University, Belgium. 

* t.douglas@lancaster.ac.uk  

INTRODUCTION: Mineralization of hydrogel biomaterials with calcium phosphate (CaP) is considered desirable to 

improve their suitability as materials for bone regeneration. One biomimetic strategy to achieve hydrogel mineralization 

involves incorporation of the enzyme responsible for mineralization of bone tissue, alkaline phosphatase (ALP), inside 

hydrogels, followed by incubation containing calcium ions and an organophosphate substrate for ALP, e.g. 

glycerophosphate (GP). ALP causes release of phosphate from GP, leading to elevated phosphate concentrations, which 

promote CaP precipitation. Another strategy is the incorporation of calcium-binding organic biomolecules inside 

hydrogels. This raises intrahydrogel calcium concentration, promoting CaP precipitation. Polyphenols are organic 

biomolecules consisting of phenolic units. Certain polyphenols have been reported to show affinity for calcium ions. A 

further advantage of using polyphenols is their antimicrobial activity, which can combat infection. In this study, the 

ability of different gallotannins (a sub-class of polyphenols) to promote the ALP-mediated mineralization hydrogels of 

gellan gum (GG) was compared. ALP-loaded hydrogels were enriched with pentagalloyl glucose (PGG), tannic acid 

preparations of differing molecular weights (1450 kD (ALSOK2), 1060 kD (ALSOK4) and 850 kD (Brewtan F)) (all 

Ajinomoto OmniChem n.v., Wetteren, Belgium), and a gallotannin-rich extract from mango kernel (Mangifera 

indica L.).  

EXPERIMENTAL METHODS: Gallotannins were dissolved in dimethyl sulfoxide (DMSO). This solution was added 

to GG hydrogel discs during hydrogel production as described previously1. Final concentrations of ALP and gallotannin 

were 2.5 mg/ml. Mineralization was conducted for 3 days in a solution of calcium glycerophosphate (Ca-GP) as 

described previously1. Extent of mineralization was determined by ICP-OES. CaP formed was characterized using SEM 

and XRD. To evaluate cytocompatibility, growth of MG63 osteoblast-like cells in eluates from mineralized hydrogels 

was studied. 

RESULTS AND DISCUSSION: All gallotannins and the mango extract promoted mineral formation (Figure 1a). 

Mineralization was promoted most strongly by PGG, the mango extract and the high molecular weight tannic acid. All 

gallotannins and the mango extract interacted with ALP, as demonstrated by dynamic light scattering. The CaP formed 

in the hydrogels was a mixture of calcium-deficient hydroxyapatite and amorphous CaP and the Ca/P elemental ratio 

was 1.35. Cytocompatibility tests showed that cells were able to grow in eluates from mineralized hydrogels (Figure 

1b). 

z1a) 1b)  
Figure 1a: Extent of ALP-mediated mineralization of hydrogels in the presence of different gallotannins. Blue bars: mass 

elemental Ca (µg) per sample. Red bars: mass elemental P (µg) per sample. Error bars indicate standard deviation, n=4 in each 

sample group. 1b): Growth of MG63 osteoblast-like cells in eulates from mineralized hydrogels. Error bars indicate standard 

deviation. 

CONCLUSION: Gallotannin addition is an effective method to enhance ALP-mediated enzymatic mineralization of 

hydrogels. The effect of gallotannin depends on MW and type. 

REFERENCES: 1. Douglas et al. J Tissue Eng Regen Med 8906-18, 2014 

ACKNOWLEDGMENTS: FWO, Belgium, for a postdoctoral fellowship (T.E.L.D) FWO and Czech Academy of 

Sciences (CAS) for a travel grant (M.V.). BOF (Bijzonder Onzderzoeksfonds) of Ghent University (A.G.S.) 
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Session 2 – Novel sensing strategies for biomolecule detection and extraction  

O5 - Electrochemical detection based on singlet oxygen 

Stanislav Trashin[a], Vanoushe Rehemi[a], Sergiu M. Gorun[b], Karolien De Wael[a] 
[a]AXES Research Group, Department of Chemistry, University of Antwerp, Groenenborgerlaan 171, 2010 Antwerp, Belgium. E-

mail: stanislav.trashin@uantwerpen.be 
[b]Department of Chemistry and Biochemistry and the Center for Functional Materials, Seton Hall University, 07079 New Jersey, 

USA. 

The high reactivity and specificity of enzymes inspires the development of electrochemical biosensors, simple and cheap 

devices for on-site and point-of-care applications. However, the instability and poor reproducibility of the enzymatic 

reactivity, the complex fabrication, and need for additional chemical reagents remain challenges for the construction of 

practically useful devices [1, 2].  

We developed an original sensing strategy that adopts the detection schemes of enzymes-based electrochemical sensors 

but it uses a synthetic organic macrocycle, fluorinated Zn phthalocyanine. This organic molecule acts as a 

photosensitizer type II, i.e. it generates singlet oxygen under light illumination, yet resisting oxidation. Highly reactive 

singlet oxygen is responsible for electrochemical detection of some phenols, including hydroquinone, phenol, and 

antibiotic amoxicillin. 

Compared with enzymatic detection methods, our strategy uses air instead of internally added reactive reagents, features 

intrinsic baseline correction via on/off light switching, and compatible with increased pH and temperature. Rapid 

photocatalytic oxidation of phenols mediated by singlet oxygen ensures superior sensitivity and limit of detection. For 

example, amoxicillin is detected at 20 nM concentration in 80 µl sample volumes. 

References: 

[1] Wolfbeis O.S. Probes, sensors, and labels: why is real progress slow? Angew. Chem., Int. Ed. 52, 9864 9865 (2013). 

[2] Bahadir E.B., Sezginturk M.K. Applications of commercial biosensors in clinical, food, environmental, and 

biothreat/biowarfare analyses. Anal. Biochem. 478, 107-120 (2015). 
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O6- Thermal based detection of Bisphenol A by incorporating molecularly imprinted polymers  

Vreys F.1,2, Oudebrouckx G.1,2, Bormans S.1,2, De León Vergara S.1,2, Junkers T.1, Wagner P. 1, Salaklang J.1, 

Vandenryt T.1,2, Thoelen R.1,2 

1University Hasselt, Department of Industrial Sciences, Agoralaan building D, 3590 Diepenbeek, Belgium  
2IMO-IMOMEC, Biomedical Device Engineering, Wetenschapspark 1, 3590 Diepenbeek, Belgium 

 

Keywords: Biosensor, Heat-Transfer Method, Bisphenol-A, Molecularly Imprinted Polymers, MIPs 

 

The Heat-Transfer Method (HTM) is a promising transducing technique capable of performing a broad range of 

bioanalytical tasks. To demonstrate the capabilities of the sensor, experiments on the detection of Bisphenol A (BPA) 

in a buffer solution have been executed. Hereby bulk polymerized Molecularly Imprinted Polymers (MIPs) have been 

used as the biomimetic receptor. 

The sensor consists out of a planar heater. During measurements, the heater is maintained at constant temperature (T1) 

by applying a controlled power (P). Directly on the heating structure sits an aluminum substrate, functionalized with a 

MIP layer. On top of the substrate, a 90 µL PMMA flow cell is placed through which the analyte can be flushed. A 

mechanically secured thermocouple continuously monitors the temperature (T2) in the fluid at a fixed height above the 

heater. A relative value for the thermal resistance (Rth) between T1 an T2 can be calculated as: Rth = (T1-T2) / P  

Depending on the concentration of target molecules in the matrix, more molecules will bind with the MIP. According 

to the pore blocking principle, an increase in concentration of target molecules increases the Rth. In order to inspect the 

influence of nonspecific bindings or the matrix, the measurement was repeated with a substrate coated with Non 

Imprinted Polymers (NIP) In this case there should not be a correlation between Rth and the concentration of target 

molecules.  

For both the MIP and NIP measurements, buffer solutions spiked with up to 50 ppm BPA have been flushed trough the 

flow cell. For the MIP measurements, a clear response of Rth to increasing concentrations of BPA were observed. 

Hereby the detection limit was in the lower ppm range. The NIP measurements showed no response to increasing BPA 

concentrations. 

By using a thermal readout method in combination with MIPs, it was possible to detect BPA in a buffer solution down 

to a lower ppm level. Similar measurements performed with a NIP coated substrate verified that the increase of Rth was 

caused by specific binding rather than nonspecific binding, or differences in Rth of the matrix. 
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In 2014 Patrick Wagner started a new biosensor group within the Department of Physics and Astronomy of the 

KULeuven. Building further upon the thermal and impedimetric sensors, as originally developed at Hasselt University, 

the group developed a wide array of sensor platforms which are currently being tested for applications such as 

(waste)water analysis, food spoilage and medical diagnostics. Progress is also made in more fundamental research to 

elucidate the exact working mechanisms behind our sensors mainly regarding the in- depth understanding of 

impedimetric and thermal resistance phenomena at solid-to-liquid interfaces.  

The principle behind the developed thermal sensors is a difference in thermal conductivity upon binding of biomolecular 

targets to surface bound natural and synthetic receptors. The first sensor platform on which this detection method was 

discovered consisted of a diamond coated silicon chip with ds-DNA bound to its surface. Thermal denaturation of the 

DNA resulted in a change in thermal conductivity large enough that single nucleotide polymorphisms in the DNA could 

be detected. By measuring the temperature below and above the sensor surface changes in thermal conductivity can be 

detected in a very low-cost fashion. This method was later applied to molecularly imprinted polymers (MIPs) which are 

capable of binding small molecules such as histamine and nicotine selectively. Another implementation of this technique 

is the detection of whole cells of both bacterial and human origin by means of surface imprinted polymers (SIPs). 

Projects that are under development are the detection of small molecules with aptamers, lipid vesicles and functionalized 

thiol monolayers on gold.  

The heater can be replaced by a meander that can be used as a heater and thermometer simultaneously and the 

thermocouple by a meander used exclusively as a thermometer. Implementing these changes results in a more focused 

heat flow and thereby improved sensitivity of the HTM method.  

An alternative method based on the 3ω technique uses the same meanders. It can still be considered a low-cost solution. 

However, unlike the HTM-method it is not susceptible to parasitic heat losses. Its combination of simplicity and 

undisputed accuracy in measuring thermal conductivity makes it an excellent candidate for developing biosensor 

devices.  
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Over the past decade, surface imprinting of polymer layers has emerged as an interesting technique for the development 

of sensitive, biomimetic receptors. These synthetic receptors have mainly been incorporated into sensor platforms based 

on microgravimetric readout techniques up until now.1 More recently, thermal sensing has demonstrated to be a fast and 

low-cost alternative that allows for label-free detection of human cells and bacteria.2-4 In this work, the sensing principle 

has been improved by analyzing the propagation of thermal wave through the receptor layer rather than a constant 

current (thermal wave transport analysis or TWTA). The improved methodology was used for selective and quantitative 

identification of several bacterial species in both buffer and urine.5 

The study illustrates that it is possible to selectively distinguish between bacteria from different species, while a 

moderate degree of cross-selectivity is observed when exposing the sensor to two different E. coli lab strains. The sensor 

response can be quantified with a detection limit of 10,000 colony forming units (CFU) mL-1 established in buffer 

solution. Additionally, a first proof-of-application is provided, illustrating the sensor’s potential for detecting bacteria 

in complex matrices. These experiments show that the sensor could identify a trace amount of S. Aureus cells in a 100-

fold excess of competitor bacteria. Finally, a first potential clinical applications for the sensor is demonstrated, detecting 

bacteria in spiked urine samples in concentrations that are relevant in terms of urinary tract infection diagnosis.  

 

1. Hayden, O;. et al. Adv. Funct. Mater. 2006, 16, 1269-1278. 

2. van Grinsven, B.; Eersels, K.; et al. ACS Appl. Mater. Interfaces 2014, 6, 13309-13318. 

3. Eersels, K.; et al.  ACS Appl. Mater. Interfaces 2013, 

4. van Grinsven, B.; et al. ACS Sens. 2016, 1, 1140-1147. 

5. Steen Redeker, E.; Eersels, K; et al. Acs Infect. Dis. 2017, 3, 388-39
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INTRODUCTION: Self-assembling peptide hydrogels have been designed by embracing the nature of self-assembly 

in protein folding and DNA double helix. Self-assembling peptide hydrogels (SAPH) are seen to have high potentials 

in tissue engineering applications; as the properties of peptide fibrils can be controlled by changing peptide sequences, 

concentration and pH. Interestingly, these peptides self-assemble into ordered nanostructures through synergistic 

effect of intermolecular non-covalent interactions, which include hydrogen bonding, π–π stacking, electrostatic, 

hydrophobic and van der Waals.  

Previous works have shown that our novel designed SAPHs are capable to encapsulate cells and facilitate tissue 

regenerations
1-3

. However, little is known about initial cell-SAPH interactions. Our designed peptide hydrogels are 

based on repeating phenylalanine, glutamic acid, arginine and lysine amino acids. These peptide sequences are either 

+1, +2 or +0 charged at neutral pH. Throughout this report, we will show the effects of using different peptide 

hydrogels on the attachment, proliferation and spreading of T/C- 28a2 immortalised human chondrocytes.  

METHODS: An established cell adhesion protocol has been adapted using 96-well plates. T/C-28a2 were pre-stained 

with PKH26 and seeded on different peptide hydrogels at the density of 5000 cells per well. Adhered and non- 

adhered cells were measured (Ex/Em: 551/567nm). For cell adhesion assay, free-serum media was used. Upon 

culturing cells on different hydrogels in 8- well glass chamber, samples were fixed at 3 and 24 hours’ time points. To 

see the role of serum in facilitating cell adhesion, samples were cultured in media with/without fetal bovine serum. 

Samples were then stained overnight with vinculin, Oregon Green 488 phalloidin, and Prolong Gold Antifade Reagent 

with DAPI. Besides vinculin staining, time-lapse long-term image of cells are currently being carried out to see cells’ 

migration behavior when seeded on different peptide hydrogels. In all experimental setups, collagen and agarose 

hydrogels were used as positive and negative control, respectively.  

RESULTS & DISCUSSIONS: Significantly higher chondrocyte attachment (P<0.05) was seen on all peptide 

sequence used in this study, in the absence of serum, relative to tissue culture plastic. This result was also supported 

through live/dead assay imaging of T/C-28a2 cultured on peptide hydrogels obtained at the same time point. From 

these images, almost no cells were seen on agarose and uncoated glass. Images also shown that distribution of T/C-

28a2 were more homogeneous on peptide hydrogels in comparison to other types of hydrogels/glass. In addition, the 

morphology of T/C-28a2 cultured on +1 and +2 charged hydrogels were seen to be more elongated. The same 

phenomenon was seen in our prior study when primary bovine chondrocytes were 3D cultured in charged SAPH. 

More elongated morphology may also suggest different cell migration behavior when cultured on different peptide 

sequence. T/C-28a2 migration behavior is currently being studied using time- lapse imaging of fluorescent stained 

cells.  

CONCLUSIONS & FUTURE WORKS: In terms of 2D cell seeding, cells’ response to the surface of tissue 

engineering scaffold is reliant on surface hydrophobicity, protein adsorption, surface charge, surface roughness and 

surface stiffness. Further investigation of which α and β integrin subunit is responsible for mediating the adhesion of 

T/C-28a2 to self-assembled peptide hydrogel will be essential for this study. Future works will also include the 

application of fluid shear bioreactor to see cells adhesion properties of these peptide hydrogels under dynamic 

condition.  

REFERENCES: 1Mujeeb, A., et al., Acta Biomaterialia, 2013. 9(1): p. 4609-4617. 2Wan, S., et al., Acta 

Biomaterialia, 2016. 46: p. 29-40. 3Castillo Diaz, L.A., et al., J Tissue Engr, 2016. 7: 2041731416649789.  
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Biomprinting technology has been recently developed to capture proteins, viruses and entire living cells via their 

structural and chemical information. Bioimprinting techniques can permanently capture an impression of biological 

samples into polymer surfaces with promising approaches for early cancer diagnosis [1], developing selective 

antimicrobial therapies and formulations [2,3]. Here we report a novel in-vitro approach for the removal of myeloblasts 

from peripheral blood samples of acute myeloid leukaemia patients utilizing a cell shape recognition technology. Due 

to size and shape differences between myeloblasts and normal white blood cells, myeloblasts represent an ideal target 

for bioimprinting. In this work, we have developed the bioimprinting technology to replicate myeloblasts (AML cells) 

based on their cell shape and size. Myeloblasts were inactivated with fixatives to preserve the cells structural and 

morphological information. Monolayers of fixed myeloblast cells were prepared by immobilisation on a polyelectrolyte 

pre-treated glass slides and partially protected by a film of glucose solution. Curable polymer (PDMS) was used to the 

imprint the exposed part of the cell monolayer and was peeled off after curing. Positive replica of the PDMS bioimrint 

of AML cell monolayers was prepared and the surface pattern was replicated on a large scale by using roll-to-roll 

printing on PET foil. These bioimprints were surface modified to promote weak adhesion to the myeloblasts which 

allow them to be trapped selectively on the surface of the bioimprint based on cell shape recognition. We present the 

results of our myeloblast cell recognition experiments as a function of the cell concentration and surface coatings of the 

produced cell imprints. The results indicate that the cell imprinting technology can be used to capture the AML cells 

based on their shape and size. We demonstrate the selectivity of the cell imprints in retention of the cells of matching 

shape in a mixture with other cells. The removal of myeloblasts from the normal white blood cells based on interaction 

with a negative bioimprinted surface which selectively attracts and retains myeloblasts. This technology is expected to 

find application in AML cell separation devices capable of removing myeloblasts from peripheral blood of AML patients 

which can lead to new blood cancer therapies 

 

(a)  (b) (c)  
Figure 1. (a)  Myeloblasts (AML cancer cells) in a peripheral blood mononuclear cell preparation. Note the difference in shape and 

size of normal white blood cells and myeloblasts. (b) SEM image of the master negative AML cell bioimprint surface on PDMS. 

(c) SEM image of the positive AML bioimprint surface on Norland Optical Adhesive NOA85.  

 

[1] K. Ren, N. Banaei, R.N. Zare, ACS Nano, 2013, 7, 6031. 

[2] J. Borovicka, W. J.  Metheringham, L.A. Madden, C.D. Walton, S.D. Stoyanov, V.N. Paunov, V.N., J. Am. Chem. 

Soc., 2013, 135, 5282.  
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Introduction: Pancreatic cancer, the fifth leading cause of all cancer related deaths in the UK and the eighth 

worldwide [1], is a highly malignant solid tumour with poor prognosis and lack of efficient screening options. In the 

emerging field of tissue engineering, three-dimensional (3D) scaffolding systems [2,3] can better recapitulate the in 

vivo tumour microenvironment in terms of structure, architecture, porosity and they can also guarantee a physiological 

distribution of oxygen, nutrients and treatment (chemotherapy, radiotherapy, etc). Therefore, they are promising low 

cost tools for pancreatic cancer treatment screening. We have previously reported the development of a 3D highly 

porous polyurethane scaffolding system for the long term cultivation of pancreatic cancer cells [4]. Namely, we used 

laminin and fibronectin, which are extracellular matrix proteins (ECM) as scaffold coatings and we observed that 

cancer cell growth kinetics were protein cocktail dependent, especially towards the end of the culture period. Based on 

the aforementioned findings, in our current work, we further evaluate the effect of additional protein coatings on 

evolution/ growth of the pancreatic cells. Additionally, we focus on the in situ cellular characterisation of the ex vivo 

3D tissue, in order to better understand the intracellular behaviour and cellular properties in the 3D environment.  

Materials and Methods: The pancreatic adenocarcinoma cell line, PANC-1 was cultivated for five weeks in 3D cubic 

polyurethane (PU) highly porous scaffolds as described in [2] either uncoated or coated with collagen type I, RGD (Arg-

Gly-Asp) and a cocktail of collagen type I, laminin and fibronectin. Quantitative assessment of cell viability took place 

using the MTS metabolic assay and quantification of extracellular laminin and fibronectin production was performed 

by measuring the protein concentration in the spent medium. Moreover, at different time points of the experiment, the 

scaffolds were collected, fixed and sectioned and Scanning Electron Microscopy (SEM) was conducted in order to 

visualize the cell distribution and morphology. Additionally, different scaffold sections at three different time points 

were fixed, pre-treated and labeled with Ki-67, HIF-1a, collagen type I, laminin and fibronectin antibodies and confocal 

microscopy imaging took place.  

Results and Discussion: Overall, we observed interesting differences in the evolution of all pancreatic cell lines in 

presence of the extracellular matrix proteins. With confocal microscopy we confirmed that PANC-1 cells in the scaffold 

are Ki- 67 positive up to the culture end point. Cell presented different proliferative behaviour as a function of culture 

period. Additionally, the cell population that was closer to the edges of the scaffolds was HIF-1a negative and a small 

region of hypoxic cells (HIF-1a positive) was present at the centre of the scaffold, which was also culture period 

dependent. Cells cultivated within the uncoated scaffolds exhibited significantly higher amounts of ECM production 

than the one within the coated scaffolds and the extracellular matrix production increased as a function of culture time.  

Conclusions: Our findings show our 3D tissue like system allows the maintenance of cellular properties in terms of 

proliferation and extracellular matrix production. Normoxic versus hypoxic areas in our 3D platform are able to mimic 

the in vivo solid tumour arrangement. Therefore, it is very promising, versatile, low cost tool for in vitro studies and 

high throughput treatment screening of pancreatic cancer.  

References  

1. American Cancer Society. Cancer Facts and Figures 2017. 2. Totti, S et al. Eur Cell Mater, 31 (Supp 1):441, 2016. 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Abstract: Morpho butterflies and Tmesisternus isabellae beetles are well known for their attractive colors originating 

from 3D Bragg mirror like nanostructures. Our research focuses on producing similar 3D hierarchal nanostructures 

through the economical process of holographic laser ablation.[1, 2] The 3D Bragg mirror like structures produced 

display colour selective optical properties and can be used as optical biosensors for point of care settings. We have 

recently developed a clinically relevant optical glucose nanosensor that can be reused at least 400 times without a 

compromise in accuracy.[3] The nanosensor consisted of a phenylboronic acid-functionalized hydrogel, which 

responded to various glucose concentrations by expanding and contracting volumetrically. The hydrogel was transparent 

hence to link the volumetric changes to an optical effect a multi-layered Bragg grating of silver nanoparticles was 

embedded within the hydrogel. Do achieve this, a 6 ns pulsed laser (λ = 532 nm, 200 mJ) was used. A single laser pulse 

rapidly produced off-axis Bragg diffraction grating consisting of ordered silver nanoparticles embedded within a 

phenylboronic acid-functionalized hydrogel. The sensor exhibited reversible large wavelength shifts and diffracted the 

spectrum of narrow-band light over the wavelength range λpeak ≈ 510–1100 nm. The experimental sensitivity of the 

sensor permits diagnosis of glucosuria in the urine samples of diabetic patients with an improved performance compared 

to commercial high-throughput urinalysis devices. The sensor response was achieved within 5 min, reset to baseline in 

∼10 s. It is anticipated that this sensing platform will have implications for the development of reusable, equipment-

free colorimetric point-of-care diagnostic devices for diabetes screening.  
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Molecularly Imprinted Polymers (MIPs) are synthetic polymers designed to mimic natural  biological receptors like 

antibodies1. In the classical non-covalent approach, a template molecule interacts with a functional monomer and a 

cross-linker in a porogen solvent. After polymerization, the removal of the template generates the recognition cavities 

inside the three-dimensional copolymer network2. Combined with various transduction mechanisms, they are the key 

stones of a large panel of chemical sensors thanks to their high recognition properties, easy synthesis and high stability3. 

We recently developed a new generation of functional MIPs by introducing a redox probe as a functional co-monomer 

during the MIP synthesis4. The electrochemical answer of this probe (namely a ferrocenyl entity) is impacted by the 

presence of the template molecule when this latest is recognized by the MIP, thus leading to its detection. This concept 

of electrochemical MIPs was first validated for the electrochemical quantification of benzo(a)pyrene5 and it has now 

been extended to the detection of Bisphenol A pollutant. A limit of detection of 13 ng/L was reached in that case by 

introducing the MIPs as sensitive and active part of screen-printed electrodes. 

 

(1) G. Vlatakis, L. I. Andersson, R. Müller, K. Mosbach, Nature 1993, 361, 645–647 

(2) K. Mosbach, K. Haupt, J. Mol. Recognit. 1998, 11, 62–68 

(3) K. Haupt, K. Mosbach, Chem. Rev. 2000, 100, 2495–2504 

(4) C.Branger, H.Brisset, D.Udomsap  PCT/IB2013/061196. 2013  

(5) D.Udomsap, C.Branger, G.Culioli, P.Dollet, H.Brisset , Chem. Comm. 2014, 50, 7488–7491 
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Molecularly imprinted polymers (MIPs) are an established and powerful matrix for the selective enrichment and 

separation of chemical species, especially of small organic molecules. Because MIPs contain cavities in their matrix 

that are complementary in size, shape and electronic/electrostatic or hydrogen bonding demand to the imprinted target 

molecule or template, they are frequently termed “artificial antibodies”. Compared to natural antibodies, they are 

chemically and physically much more robust. MIP formation proceeds through the polymerization of a mixture of 

functional monomers and cross-linkers in the presence of the template with subsequent extraction of the latter. While 

this strategy has been successfully employed for separation MIPs since decades, the development of sensory MIPs has 

long been limited to the combination of a MIP as enrichment phase with a separate signalling element in a discontinuous 

fashion, being unsuitable for many sensing applications. Only very recently, the implementation of specifically designed 

fluorescent probes into MIPs has been successfully accomplished, fluorescence being one of the most versatile, sensitive 

and easily miniaturizable techniques.[1,2] This presentation will introduce basic design considerations, challenges, 

limitations and the potential that lies with such sensor materials on the background of the work carried out in our 

group.[3,4] 

[1] W. Wan, S. Wagner, K. Rurack, Anal. Bioanal. Chem. 2016, 408, 1753-1771. 

[2] K. Gawlitza et al., "Fluorescent Molecularly Imprinted Polymers", in: Advanced Molecular Imprinting Materials. 

Tiwari, A., Uzun, L. (Eds.); Wiley-Scrivener: Beverly, MA, 2017, 89-128. 

[3] S. Shinde et al., J. Am. Chem. Soc. 2015, 137, 13908-13912. 

[4] R. Wagner et al., J. Org. Chem. 2013, 78, 1377-1389. 

  

mailto:knut.rurack@bam.de


 

O15 - How molecular imprints affect the morphology and optics of thin films  

Tanta-Verona Iordache, Ana-Mihaela Florea, Andrei Sarbu 
 

INCDCP-ICECHIM Bucharest, Dept. Of Advanced Polymer Materials and Polymer Recycling, Bucharest, Romania 

 

Molecularly imprinted polymers (MIPs) with specific recognition sites for template molecules have been used for 

separation and detection of various analytes, for some time now. The terms molecular imprinting (MI), stand alone as 

plane definition for the most efficient technique to create artificial biometric materials, or bio-inspired receptors. Many 

studies have described the structure change of MIPs relative to blank polymers, conventionally called non-imprinted 

polymers (NIP). As an added-value to current knowledge, this paper will debate the effect of molecular imprints upon 

the morphology and optical features of organosilica thin films, but when using various templates. It is beneficial to treat 

these aspects because the differences from one template to another can have important impacts upon the final 

characteristics of optical sensors, for instance. Our recent studies, dealing with the molecular imprinting of 

trinitrotoluene (TNT, the most used energetic compound) and ephedrine (Eph, doping substance and precursor of 

methamphetamine), have shown us that major changes in the structure of the thin film may occur due to strong monomer-

template interactions; starting with the growth mechanism of the organosilica monomer (that affects the film’s roughness 

and thickness) followed by modifications of the optical characteristics (refractive index and transmittance-as presented 

in Figure 1).  
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Figure 1. Transmittance variation of MIPs and NIPs depending on the template nature: (a) with ephedrine, Eph-

MIP/NIP pair, and (b) with trinitrotoluene, TNT-MIP/NIP pair 
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Natural biological receptors, such as antibodies, have inspired polymer chemists to design highly selective recognition 

materials, known as Molecularly Imprinted Polymers (MIPs), for specific organic targets. Ion-Imprinted Polymers (IIPs) 

play a similar role for the recognition of metal ions.1 Their synthesis  usually consists of three steps: complexation 

between a polymerizable ligand and the template metal ion, copolymerization of the complex with a matrix-forming 

monomer and removal of the metal ion after polymerization.2 The selectivity of the formed ion-imprinted polymers 

(IIPs) depends on the stability of the complex and on the size and shape of the generated cavities.3 IIPs based on chelating 

ligands should give high selectivity for the transition metals separation because of their ability to form coordinative 

bonds with metal cations acting as a central atom in metal chelates and complexes. 

In situ complexation method represents a simple way to control the stoichiometry of metal/ligand complexes. In this 

method, absorption spectra at different metal/ligand ratio are first measured by UV/vis spectrophotometer in water or 

specific solvent mixture. Then stability and extinction coefficients are calculated by commercial HypSpec program 

based on the least-squares minimization scheme.4 Stoichiometry of metal/ligand complexes can be calculated at different 

metal/ligand ratios and under some conditions (solution, temperature) different complex structures can be isolated. 

Finally IIP can be synthesized via normal procedures. In this study, 1-(pyridin-2-yl)-N-(4-vinylbenzyl)methanamine 

(Vbamp) monomer5 was used as chelating ligand and nickel as the template ion. Relative amounts of 1:1, 1:2, and 1:3 

complexes in the prepolymerization medium were adjusted by changing the Ni/Vbamp ratio, the counter-anion and the 

solvent composition at the polymerization temperature. After characterization of the complex distribution by UV/vis 

spectroscopy, IIPs were synthesized by inverse suspension polymerization with EDMA as the crosslinking agent. For 

the sake of comparison, 1:2 and 1:3 Ni/Vbamp complexes were also isolated using precipitation method and used for 

the preparation of control IIPs. The results showed that using this new approach (control of the complex stoichiometry 

in the prepolymerization medium), selectivity of IIPs for nickel was as high as by isolating the complexes using 

precipitation method. In some cases, the obtained selectivity using new approach was even higher, as the solvent mixture 

significantly affects also the selectivity of the forming materials. 

 

1. C. Branger W. Meouche, A. Margaillan, React Func Polym 2013, 73,  859–875. 
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Session 5 – Self-assembly of biomaterials 

O17 - Cryogel Based 3D Printing Biomaterials  

Özlem BİÇEN ÜNLÜER  

Anadolu University Faculty of Science, Chemistry Department, Eskişehir, TURKEY e-mail: obicen@anadolu.edu.tr  

Three-dimensional (3D) printing is newly used in many innovation area from engineering to medicine [1]. Bioprinting 

is a fabrication method that allows to placement of cells, biomaterials, biofunctional substances and biomarkers into 

controlled layer-by-layer positioning in 3D spaces by mimicking natural texture. The purpose of bioprinting process is 

to try to restore the functions of diseased or damaged tissues using cells or biomaterials [2]. Thus, 3D printing 

biomaterials is a promising method. In tissue engineering applications, scaffold characteristics are very important to 

generate 3D biomaterials.  

Cryogels are interconnected macroporous gel matrices that can be formed from monomeric or polymeric precursors. 

Cryogels are smart carriers for immobilization of biomolecules and whole cells and synthesized using cryogelation 

process which is a specific freezing-drying process [3]. Sponge like structured cryogels are hydrophilic materials and 

have swelling capacity of 150 % of their volumes. In addition to these, cryogels could be used many times without 

deformation in its shape and structure and the interconnected macropores could be easily modified. So, cryogel based 

3D printing biomaterials can be efficient candidates for tissue engineering studies.  

In this study, fabrication of cryogel based 3D printing scaffolds and 3D printing parameters have been discussed. 

Various application areas in usage of 3D printing cryogels such as cell immobilization, drug release have been 

investigated.  

Keywords: 3D printing, cryogel scaffolds, tissue engineering  
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O18 – 3D-printing and screen-printing of materials 

Prof. Craig Banks – Manchester Metropolitan University  

3D printing technology provides a unique platform for rapid prototyping of numerous applications due to its ability to 

produce low cost 3D printed platforms. Herein, a graphene-based polylactic acid filament (graphene/PLA) has been 3D 

printed to fabricate a range of 3D disc electrode (3DE) configurations using a conventional RepRap fused deposition 

moulding (FDM) 3D printer, which requires no further modification/ex-situ curing step. To provide proof-of-concept, 

these 3D printed electrode architectures are characterised both electrochemically and physicochemically and are 

advantageously applied as freestanding anodes within Li-ion batteries and as solid-state supercapacitors. These 

freestanding anodes neglect the requirement for a current collector, thus offering a simplistic and cheaper alternative to 

traditional Li-ion based setups. 

In addition, we will show examples of Screen-Printing Electrodes (SPEs) for biosensor applications. 

  



 

O19 - Fabrication of living soft matter by symbiotic growth of unicellular microorganisms  

Anupam Das1, James Bovill 1, Maram Ayesh 1, Simeon D. Stoyanov,2 and Vesselin Paunov *1 
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We report the fabrication of living soft matter made as a result of the symbiotic relationship of two unicellular 

microorganisms.1 The material is composed of bacterial cellulose produced in situ by Acetobacter (Acetobacter aceti 

NCIMB 8132) in the presence of photosynthetic microalgae (Chlamydomonas reinhardtii cc-124), which integrates into 

a symbiotic consortium and gets embedded in the produced cellulose composite. The same concept of growing living 

materials can be applied to other symbiotic microorganism pairs similar to the combination of algae and fungi in lichens, 

which is widespread in Nature. We demonstrate the in situ growth and immobilisation of the C. reinhardtii cells in the 

bacterial cellulose matrix produced by the simultaneous growth of acetobacter. The effect of the growth media 

composition on the produced living materials was investigated. The microstructure and the morphology of the produced 

living biomaterials were dependent on the shape of the growth culture container and media stirring conditions, which 

control the access to oxygen. As the photosynthetic C. reinhardtii cells remain viable and produce oxygen as they 

spontaneously integrate into the matrix of the bacterial cellulose generated by the acetobacter, such living materials have 

the potential for various applications in bio-hydrogen generation from the immobilised microalgae.2 The proposed 

approach for building living soft matter can provide new ways of immobilising other commercially important 

microorganisms in a bacterial cellulose matrix as a result of symbiosis with acetobacter without the use of synthetic 

binding agents and in turn increase their production efficiency. 

 

 
 

Figure-: (a) Optical photographs of leaf-shaped living soft matter with immobilised C. reinhardtii into the bacterial 

cellulose gel, (b) scanning electron micrograph of the trapped microalgae in the bacterial cellulose fibres produced 

by the acetobacter (A. aceti). 
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O20 - Investigation of bioink materials and novel bioprinting techniques  

Sibel EMİR DİLTEMİZ  

Anadolu University Faculty of Sciences, Chemistry Department, Eskişehir, TURKEY  

The three-dimensional (3D) bioprinting is used for manufacturing of different materials type for many kinds of 

applications. Especially, 3D materials are exploited in the biomedical field for the production of prosthesis and scaffolds, 

allow for application and patient-specific designs at high resolution and enable structural complexity in some cases 

loaded with drugs, cells and growth hormones [1-3]. But mimicking the native tissue using biological materials has quite 

difficulties and requires an understanding of physiology of bioactive molecules and extracellular matrix media. Also, 

bioprinting can control the shape, size, internal porosity, interconnectivity and repeatability of biomaterial-based 

scaffolds depend on engineered 3D materials [4-5]. Natural (e.g. collagen, hyaluronic acid, alginate, gelatin, silk fibroin), 

synthetic (e.g. polyethylene glycol (PEG), polylactide (PLA), Pluronic F127) and hybrid materials can be used for the 

desired structure.  

The aim of this study is to investigate and evaluate bioink properties and create construct those biomimetic materials. 

Gelatin, alginate, hyaluronic acid, hydroxyapatite, PEG-DA and GEL-MA bioink materials and their hybrit systems 

have been used for generating 3D printed constructs.  
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O21 – Bioinspired materials for sports engineering 

Dr Thomas Allen – t.allen@mmu.ac.uk 

Manchester Metropolitan University, School of Engineering 

Researchers are investigating the bioinspired protective properties of auxetic materials for man-made applications. 

Auxetic materials have a negative Poisson’s ratio, when subject to deformation they laterally expand and become denser 

under stretch and laterally shrink under compression. Similar auxetic behaviour is found in some natural sources, 

including the layers of protection found in mussel shells, where inner layer of the shell is auxetic. However, 

incorporating auxetic materials as personal protective equipment (PPE) in sports garments without hindering its valuable 

properties poses challenges neglected to date, such as through embedding methods and fabricating complex shapes. 

Despite this, current research of auxetic materials indicates its potential as PPE for sports apparel with enhanced 

properties such as conformability, superior energy absorption and reduced thickness. In contrast, commercially available 

protective materials have proven to be problematic in that they inhibit movement, breathability, wicking and moulded 

pads are prone to saddling. Foam components are embedded within PPE for sports apparel, where protective material is 

positioned at regions of the body frequently exposed to injury of the soft tissue through collision, falls or hard impact. 

At present, the impact resistance of auxetic open cell polyurethane foam and some 3D printed auxetic structures have 

been established and processes for manufacturing curved auxetic materials as well as moulding methods have been 

developed. Therefore indicating that there is scope to investigate the challenges involved in applying auxetic materials 

to sport apparel through design and manufacture. This research examines the optimum level of parameters under which 

auxetic materials can be employed in combination with garment technology to protect against injury and enhance wearer 

functionality through synclastic curvature.  
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Semra Özgün Köse
1
, Özlem Biçen Ünlüer

1
, Rıdvan Say

2
, Arzu Ersöz

1
, Sibel Emir Diltemiz

1 
 

1
Anadolu University Faculty of Science, Chemistry Department, Eskişehir, TURKEY 
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Three-dimensional (3D) printing is described as the production of 3D models as output. The 3D output consists of two-

dimensional multilayers over and over [1]. Bioprinting is the production of a multilayer complex with biological 

components (tissues, organs) by precise addition of living cells in the 3D printing process. [2]. 3D cryogels are three-

dimensional gel matrices prepared by using partially frozen monomeric or polymeric solutions [3]. Thanks to their 

macroporous structures, they can be used as cell survival and storage systems due to their fast swelling kinetics.  

In this study, 3D gelatin-co-Alginic acid based pre-cryogel systems have been developed. In that aim Glutaraldehyde 

has been used as crosslinking agent. It has been demonstrated that 3D printable cryogel systems can be used for yeast 

survival.  

Keywords: 3D Bioprinting, 3D Cryogel, Gelatin, Alginic acid, Yeast  
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P2 - A Novel Cross-Linking Method for Bio-inks with Additives  
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The combination of three-dimensional (3D) bioprinting applications and usage of high-protein- containing isolates is 

underlying on the future of tissue engineering and regenerative medicine applications (1, 2). Whey protein isolate is a 

promising material for food industry and health applications thanks to its high protein and high mineral content (3, 4). 

Its gelation properties and ability of combining with other biocompatible materials are increasing its potential as a bio-

ink (5).  

In our study, we have been demonstrated that our novel cross-linking method (ANADOLUCA) (6) can be applied to 

bio-inks whether it has an additive or not. Addition of whey protein isolate into the bio-ink is a demonstration of an 

additive protein for the bio-ink material. The during- bioprinting cross-linking ability and the “not-needing anything 

except daylight” properties of our method are giving us a new perspective on the field of 3D bioprinting applications.  

Keywords: 3D bioprinting, bio-ink, whey protein, ANADOLUCA References  
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P3 - Construction of bioinspired mechanomimetic mineralised tissues. 
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Mineralized tissue is used extensively in biological systems to provide mechanical function. This mechanical function 

is notable as being optimized, within material constraints, and therefore provides opportunities for producing bioinspired 

structures both for engineering applications as well as improved medical implants. The ability to reproduce the 

mechanical function of mineralized tissue in an engineered structure, referred to as ‘mechanomimetics’, requires a range 

of novel approaches that are detailed here. Specifically, the biological process of constructing a soft material framework 

that is either subsequently mineralized or additive manufacturing techniques using multimaterial deposition are explored 

here. Examples of successes include synthetic approaches such as 3D printing of compact bone structures using 

multimaterials [1] and biological approaches using cells isolated from hypermineralised tissues to generate mineralised 

extracellular structures in vitro. The mechanical properties of these engineered structures are evaluated mechanical and 

correlations between their mechanical performance and that of the native tissue is demonstrated. These approaches 

highlight the possibilities of reproduce mechanical function of any mineralized tissue provided sufficient structural 

fidelity is achieved. 

 

 
 
Figure 1. Optical image of a 3D printed compact bone material incorporating hard and soft regions, taken from x-ray microscopy 

data sets of bovine bone. 
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P4 - Development of Peptide Based Smart Materials for the Topical Delivery of Therapeutics  

Xinyi Zhu, Mohamed Elsawy, Alberto Saiani, Aline F Miller  

Manchester Institute of Biotechnology, Oxford Road, Manchester M13 9PL, UK 

One current challenge that is receiving increasing attention within the pharmaceutical field is how to control and target 

the delivery of therapeutics in a temporal fashion. Of particular interest for this application is the design of soft 

responsive materials. Short oligopeptides are ideal building blocks for the controlled self-assembly of such 

nanostructured soft gels as they are inherently biocompatible, can be tailored to match the properties of the 

surrounding tissue of choice, can entrap and control the rate of release of small and large molecules, and be delivered 

via injection or topically. In this work, we focus on improving the mechanical strength of these soft, squishy peptide 

hydrogels by generating composite materials of hyaluronic acid (HA) hydrogel with two different self-assembling 

peptides -FEFEFKFE and FEFKFEFKK- in a range of ratios. We will present the structure-property relationships 

elucidated using FTIR, AFM and oscillatory rheology and explore how varying pH and salt concentration impacts on 

the phase behaviour of the composite material.  
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Peptide hydrogels have recently emerged as a promising platform for developing drug delivery vehicles, by virtue of 

their physicochemical tunability, injectability, biocompatibility and biodegradability. Self-assembling peptide-based 

hydrogels have emerged as potential materials for designing drug delivery vehicles, thanks to the physicochemical 

tunability, biocompatibility, biodegradability, low immunogenicity and injectability. Peptide hydrogels have been used 

as carriers for both therapeutic proteins and small drug molecules. We and others have reported on controlling the 

release kinetics of small drug-like molecules from the highly porous nanofibrous peptide hydrogel matrices mainly by 

tuning the peptide-drug electrostatic interactions. Although of the progress accomplished in this area, yet, other types 

of non-covalent molecular interactions have not been extensively studied, and thus poorly understood. In this 

presentation we will report on our recent efforts in developing peptide nanofibers that were purposely designed to 

manipulate peptide- drug cation-π and π-π interactions for controlling the aromatic anti-cancer drug Doxorubicin 

(Dox) release kinetics. By changing the number and distribution of the exposed Lys (K) residues of the peptide 

nanofibers, Dox release was controlled by managing the peptide-Dox cation-π attraction forces, respectively. The K-

Dox cation-π interaction was studied using Raman spectroscopy, which also revealed F-Dox π-π interactions between 

the phenylalanine (F) residues at the peptide nanofibres termini and Dox aromatic rings. The molecular control of Dox 

release from all the tested hydrogels enabled in turn the modulation of drug cytotoxicity in vitro. This study highlights 

the importance of developing a deeper understanding of the peptide-drug molecular interactions in self-assembling 

peptide systems for further innovating peptide-based drug delivery vehicles.  
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The rapidly growing field of organic electronic materials couples the advantages of organic materials and electronics. 

Organic molecules and materials can be tailored to obtain desired optical, electrical and mechanical properties, and have 

attracted interest for a variety of applications in the technical and medical industries (e.g. batteries, bioactuators, 

biosensors, electronics, tissue engineering1-4). Examples of conducting polymers include: polyacetylene, polyaniline, 

polythiophene, polyisothionaphthene, polyparavinylene, polyparaphenylene, polyparaphenylene sulfide, and 

polypyrrole5. Polypyrrole is an interesting candidate polymer because of its biocompatibility and stability under 

atmospheric conditions,6 however, one of its drawbacks include poor mechanical properties and processability7. With a 

view to enhancing the mechanical properties of polypyrrole films we have electrochemically produced a series of films 

including different amounts of biopolymer dopants, and studied them with a variety of techniques (microscopy, 

spectroscopy, electrochemistry etc.), and report the results of our studies here. 
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The Heat-Transfer Method (HTM) is a promising thermal technique that already has been used for the study of 

biomolecules in solutions. In this project, we will look at applications of HTM for enzyme catalysis and assessment of 

real-time viability of microorganisms. Yeast (Saccharomyces cerevisiae) is an easily accessible, well-known model 

organism that has been used by humankind for millennia. Yeast measurements were performed on different metal 

electrodes while tuning the parameters of the thermal feedback loop optimising the sensitivity of the measurement. 

Thereby enabling the HTM setup to discriminate between different yeast concentrations. Optimization of medium 

composition and temperature improve the viability of yeast. However, the build-up of gasses released by metabolic 

activity interferes with a real time viability study. A new flowcell design with the outflow on top (Figure 1), eliminating 

this build-up, has been designed to study yeast strains that exhibit temperature-dependent growth (e.g. mutant cdc13-1). 

This mutation incorporates an EcoR1 restrictions site in the CDC13 gene, which encodes for an essential protein in the 

telomere-capping complex.  It is expected that the EcoR1 restriction activity can be followed in-vivo with HTM, where 

cdc13-1 digestion leads to a shorter DNA fragment lowering the heat-transfer-resistance (Rth).  

 
Figure 1 Redesigned flowcell, eliminates the build-up of gas during the measurement by moving the outflow to the top 

of the cell. T1 measures the temperature of the copper, and T2 the temperature inside the flow chamber. 
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Molecularly Imprinted Polymers (MIPs) were developed for the New Psychoactive Substance (NPS) 2-

methoxphenidine (2-MXP) and caffeine, a common adulterant in recreational NPS. Optimal polymer composition and 

the influence of the solvent and pH on binding to the developed MIPs are determined via optical batch rebinding 

experiments. Next, selectivity of the MIPs towards both 2-MXP and caffeine is studied by analysing the individual 

binding of the 3-MXP, 4-MXP, and other NPS to the polymer particles. Cross validation of the MIPs was achieved 

using High Performance Liquid Chromatography (HPLC) coupled to UV detection. From this, the selective competitive 

binding of 2-MXP to one the MIPs is determined which demonstrates the use of MIP for quantification or extraction of 

the psychoactive component in complicated street samples. In comparison, the MIP developed for caffeine undergoes 

selective competitive binding, demonstrating the capabilities of caffeine extraction from complex samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 - Substrate displacement of malachite green in the binding site of the MIP for 2-MXP, which shows a higher binding 

affinity 

 

Structural similarities between malachite green and MXP allow for substrate displacement (Figure 1), allowing 

solutions which contained MXP to displace malachite green and change from colourless to blue. This process was 

utilized in the rapid screening of drug samples, allowing qualitative analysis of unknown substances for MXP. Other 

classes of drugs were tested with the same method, introducing the malachite green infused MIP to the presence of 

aqueous ketamine, cocaine, sucrose, and a long list of other illicit substances. Quantitative tests were carried out 

relating the intensity of colour to the concentration of MXP present in solution, allowing a calibration graph to be 

created and unknown sample concentrations to be tested.   
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Bat wings form more than a third of their body surface. They are very thin and have an anatomy that is distinct from 

their skin. Due to the size and delicate nature of the wing membrane, bat wing tears are very common, and are usually 

caused by collisions or predator attacks. The distinct anatomy of the wings, with their layered epithelium and good blood 

supply, means that this is the best healing tissue in all mammals, and bats can heal even from very large tears. This study 

uses anatomical techniques to investigate the areas of the wing most likely to heal from wing tears in the Common 

Pipistrelle (Pipistrellus pipistrellus). Using histological techniques we assessed blood vessel density and fiber 

orientation of the wing sections. We found a network of fiber orientations throughout the wing, and higher blood vessel 

density in the more lateral wing sections. We also applied tensile testing to the wing to examine which wing section will 

be most reliant on membrane tension. Our first results show that wing tears are most likely to occur on the medial section 

of the wing, in the section that is likely to heal the slowest. Further work will be directed at categorising wing tears and 

healing, and examining the effect of tears on flight biomechanics.  
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Nowadays, one of the most critical issues in environment throughout the world relate to water quality control. 

There is an increasing interest in the international scientific community regarding the contamination with estrogenic 

organic class [1]. Among them, Bisphenol A (BPA) was classified as Endocrine Disrupting Chemicals due to its 

potential to affect not only the human health but also both industrial and agricultural sectors. Extensive efforts have 

been devoted to the development of effective determination methods, capable of monitoring toxic compounds rapidly. 

Hence, molecularly imprinted polymers (MIPs) gained interest because they can advantageously replace natural 

receptors in sensor devices thanks to their superior stability, high selective recognition properties, easy preparation, low 

cost and inherent miniaturization. In this study, we successfully report the obtaining of BPA imprinted materials based 

on [N-(2-aminoethyl)-3-aminopropyl trimethoxy silane] matrix via sol-gel which were further deposited onto glass 

substrates as thin films [2]. SEM analyses and surface measurements confirmed excellent adhesive behaviour of the 

films showing the efficiency of the molecular imprinting with BPA. Moreover, the detection of BPA was proved by 

adsorption tests. The obtained films can be used as sensitive layers in sensor devices. 

Acknowledgments. The work has been funded by the Romanian National Research Programs –Project 34 

N/15.03.2016, No. PN.16.31.02.02.03 and Project WaterWorks2016 Co-fund “PROWSPER” 2017-2020. 
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INTRODUCTION 

It is established in the biomaterials field that graphene nano-sheets’ size and shape, whether single, few, or many layers, 

have profound effects on their in-vitro interactions. In addition, graphene compounds (GFNC) can adsorb proteins when 

exposed to proteins suspensions due to their high surface area1.  

 

This raises the question on the effect of proteins that are included in cell culture media and how they may interact with 

GFNC. Most in vitro cell studies require the GFNC to remain homogeneously suspended to prevent concentration 

gradients resulting in mixed cell response. 

 

EXPERIMENTAL METHODS 

GFNC were synthesised by previously published method2. Zinc Oxide/Graphene Oxide(ZnO/GO), Graphite (Gt) and 

Graphene Oxide (GOx) powders were suspended in either Dulbecco’s Phosphate Buffered Saline (DPBS), Serum Free 

Growth media (sfGM), Growth Media-10% Foetal Bovine Serum 

(GM/FBS) or distilled water (dH20), prior to sonication at 50-

60Hz for 2 hours. The pH was measured and adjusted to 7.4. 

Micro-architecture characterisation was performed by SEM 

analysis at 15,000x magnification in a Zeiss Supra 40VP, for 

particle size and topography for all samples.  

 

RESULTS AND DISCUSSION 

The buffer solutions demonstrably affected solubility (figure 1) 

and dimensions (table 1), and the topography of the material 

(figure 2). These effects are comparable to the effect of sonication 

during GFNC preparation. This may have a direct impact on the 

mode of action on cell entry, encapsulation or damage; therefore, 

the present study offers suggestions for consideration when 

studying cell viability and nano-toxicity in GFNC surfaces and 

scaffolds.  

 

 

 
CONCLUSION 

This study demonstrates that the type of buffer solutions used to prepare GFNC for cell culture dramatically alter their 

topography size and solubility. Further studies need to be carried out to determine the significance of these finding in 

cell culture studies. This should be further characterised to understand fully the effect of GFNC on cells when exposed 

in vitro prior to ex vivo or in vivo studies. 
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While synthesis of metallic nanoparticles and nanorods are well established, hollow and porous nanotubes produced by 

bio-template are as yet rare. Biotechnology can be exploited in preparation of novel structures such as Cowpea mosaic 

virus (CPMV)1 and tubular structures such as Trp-RNA attenuation protein (TRAP)2 and Tobamovirus (TMV) and 

ToMV).3,4 These can act as templates for materials such as metals and metal oxides nano structure. The external and 

internal surfaces of plant virus consisting addressable active hydroxyl, carboxyl and amine functional groups. These 

functionalities are utilized for in situ nucleation of inorganic materials. 

 

Nanoparticles consisting of iron oxides have been generated on wild type TMV using wet chemistry.5 Dialyzed virions 

in aqueous suspension was mixed with aqueous Fe(II) and Fe(III) salts under controlled pH conditions generating 

coating with a ≈ 50 nm thick ion oxide layer. High-resolution 3D-TEM tomography images A and B of synthesized iron 

oxide nanotubes after removal of virus contained a central hollow channel running along their lengths and showed the 

metallic porous wall of tube. 
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Besides the traditional areas of application such as separation and enrichment which made molecularly imprinted 

polymers (MIPs) very attractive, they have emerged as a valuable detection tool in the field of environmental analysis 

due to the low production costs, high stability, format adaptability and the possibility to imprint and thus specifically 

recognize a wide variety of target analytes.1 Regarding optical sensing, however, MIPs have only been used in 

considerably few applications, especially in fluorescence sensors, basically because of the challenge to incorporate a 

fluorescently responding moiety into a polymer matrix. One way to overcome this limitation is the coating of a thin MIP 

layer onto the surface of silica nanoparticles using tailor-made fluorescent indicator monomers or cross-linkers for direct 

transfer of the binding event into an optical signal.2  

Regarding sensors for environmental monitoring, microfluidic devices utilizing optical detection modules are especially 

appealing because of their versatility in terms of miniaturization and automation.3 So far, MIPs have only rarely been 

used in combination with microfluidic sensor devices.  

 
Scheme 1: Selective determination of 2,4-D by combination of fluorescent sensory MIP particles and a droplet-based 3D 

microfluidic system 

Here, we present the hydrogen bond-mediated optical response of fluorescent MIP sensor particles against a typical 

small-molecule analyte 2,4-D (2,4-dichlorophenoxyacetic acid) which is an important herbicide widely used in 

agriculture and known to cause adverse health effects when ingested by contaminated water.4 By combining the sensor 

particles with droplet-based 3D microfluidics, a microfluidic phase-transfer assay was designed which enables the direct 

analysis of 2,4-D in river and lake water without sample pre-treatment or clean-up. 

[1] K. Haupt, K. Mosbach, Chem. Rev. 2000, 100, 2495-2504. 
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Researchers are investigating the bioinspired protective properties of auxetic materials for man-made applications. 

Auxetic materials have a negative Poisson’s ratio, when subject to deformation they laterally expand and become 

denser under stretch and laterally shrink under compression. Similar auxetic behaviour is found in some natural 

sources, including the layers of protection found in mussel shells, where inner layer of the shell is auxetic. However, 

incorporating auxetic materials as personal protective equipment (PPE) in sports garments without hindering its 

valuable properties poses challenges neglected to date, such as through embedding methods and fabricating complex 

shapes. Despite this, current research of auxetic materials indicates its potential as PPE for sports apparel with 

enhanced properties such as conformability, superior energy absorption and reduced thickness. In contrast, 

commercially available protective materials have proven to be problematic in that they inhibit movement, 

breathability, wicking and moulded pads are prone to saddling. Foam components are embedded within PPE for sports 

apparel, where protective material is positioned at regions of the body frequently exposed to injury of the soft tissue 

through collision, falls or hard impact. At present, the impact resistance of auxetic open cell polyurethane foam and 

some 3D printed auxetic structures have been established and processes for manufacturing curved auxetic materials as 

well as moulding methods have been developed. Therefore indicating that there is scope to investigate the challenges 

involved in applying auxetic materials to sport apparel through design and manufacture. This research examines the 

optimum level of parameters under which auxetic materials can be employed in combination with garment technology 

to protect against injury and enhance wearer functionality through synclastic curvature.  
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Auxetic materials have a negative Poisson’s ratio; they get thinner when compressed and thicker when stretched, 

which can lead to improved mechanical properties such as increased energy absorption and resistance to indentation. 

Auxetics can be naturally occurring, for example, in nacre, cancellous bone and cat-skin, which can inspire and inform 

potential structural designs. A potential application of these materials is protective sport equipment, where impact 

forces, and hence the risk of injury, can be reduced. Existing work shows this potential but involves time-consuming 

development and experimental testing of material samples. The aim of this research is, therefore, to apply a systematic 

finite element modelling method (an engineering technique that predicts the behaviour of materials and products under 

certain conditions) to better implement auxetics within sports equipment. The need for prototype development is thus 

reduced, resulting in a more efficient design process. Candidate auxetic structures were identified and subjected to 

quasi-static and impact simulations. These auxetic structures were made by additive manufacturing and then subjected 

to equivalent mechanical testing to validate the models.  

The structure demonstrating the most favourable properties will be identified as the candidate auxetic for further 

investigation. This validated model can lead to the optimisation of cell parameters (e.g. angle, thickness) within the 

candidate auxetic and the regularisation of the structure to an appropriate scale for sports equipment application. 
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Bioinspired morphing composites can be triggered to alter their shape by the application of external stimulus such as 

temperature, moisture, light, water or electricity. The bilayer structures found in pine cone scales and wheat awns 

provide inspiration to create synthetic materials that mimic the morphing behaviour of these natural morphing systems 

and enable triggered morphing. Bio-inspired morphing composites have potential applications in sensors, actuators, 

soft robotics and even decoration. In order to accurately design applications based on such materials, it is necessary to 

have a model that predicts the morphing, rate of change, and the final shape achieved when a certain level of stimulus 

is applied.  

This work presents a parametric study that analyses the effect of changing the thickness ratio (upper layer 

thickness/lower layer thickness) of a bilayered bio-inspired morphing composite on the deformation of it. This study is 

carried out taking the finite element analysis (FEA) approach. The FEA model was created in the commercially 

available software Abaqus. The studied material consists of reduced graphene oxide (rGO)- reinforced chitosan as an 

upper layer and polydimethylsiloxane (PDMS) at the lower layer. Morphing of the material is driven by the 

differential strain of each layer when thermal stimulus is applied.  

 
  



 

P17 – The Effect on Structural and Surface Properties with the Addition of Waste Material on the Preparation 

of Hydroxyapatite Supported Metal Nanoparticles for the Catalytic Oxidation of Carbon Monoxide. 
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Three different synthesis approaches of hydroxyapatite (HAp) were conducted utilising waste material and alternating 

the method to demonstrate its effect on surface and structural properties. The samples were prepared by stirring at 

room temperature for 2 hours, 18 hours and heated in an autoclave to 180◦ C for 72 hours. Characterisation was by 

N2 adsorption, X-ray diffraction, infrared spectroscopy, scanning electron microscopy and thermal gravimetric 

analysis. One sample subsequently coated with Pt via magnetron sputtering. All the samples showed the characteristic 

crystal HAp structure, the crystallinity of which increased with stirring time and increased further with heating to 

180◦ C for 72 hours. The BET surface areas varied from 48.0 to 82.2 m2 g-1, all materials followed type IV nitrogen 

adsorption isotherms, confirming the presence of interparticular mesoporous materials in the diameter range of 22.8 to 

40.4 nm, where one sample contained two pore diameters at 17.8 and 80.4 nm. 
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Abstract: Dynamically controlling cell−substrate adhesion is crucial to a variety of biomedical applications including 

tissue engineering and biosensors. Herein, for the first time, by utilizing surface imprinted polymers (SIPs) as artificial 

receptors for cells, and a transducer platform based on interfacial thermal transport, we report a simple, yet versatile 

strategy for controlling and monitoring cell adhesion/detachment reversibly and noninvasively. Specifically, we show 

that for a population of cells, adhesion is reversible and the detachment half- life is temperature dependent. Most 

importantly, the cell adhesion half-life is shown to depend on cell type, thus offering a promising potential strategy for 

detecting medically relevant cells such as circulating tumour cells.  

Key words: Cell adhesion, adhesion half-life, adhesion energy, cell detection, surface-imprinted polymers (SIPs)  

 

Introduction: The ability of cells to stick to surfaces is of fundamental importance in the basic aspects of cell function 

and cell-based technological applications. For instance, cellular communication, growth, migration, differentiation and 

natural processes such as wound healing all depend on cell adhesion [1]. In addition, medical applications such as cell-

based therapy, tissue engineering, medical implant materials, and biosensors are based on cell adhesion [2]. Therefore, 

in order to understand, and regulate these diverse cell behaviours and applications, the ability to dynamically control 

cell-substrate adhesion reversibly and noninvasively is crucial, but current techniques are limited [3]. In this study, we 

show that cell adhesion and detachment can be controlled facilely by temperature and monitored in real time. Notably, 

we show that with such control and monitoring system, reversible cell adhesion can be used as a physical marker for 

cell detection.  

 

Results and Discussion: Baker's yeast cells (Saccharomyces cerevisiae) was used as model cells to create surface-

imprinted polymers (SIPs) that bind the cells strongly and specifically [4]. Imprints were characterized by Atomic Force 

Microscope (AFM), Scanning electron microscope (SEM) and water contact angle (CA) measurements. A transducer 

platform based on thermal transport across the receptor-liquid interface, the so-called heat-transfer method (HTM) was 

used to monitor the adhesion and detachment of cells from the receptor surface in real time. The results (figure 1) 

indicate that the binding of cells to SIPs is reversible and the binding half-life is temperature-dependent. In addition, we 

demonstrated that two cycles of reversible adhesion can be achieved by controlling the temperature at the receptor 

surface. Furthermore, the energy required to detach cells relate with the chip temperature according to a polynomial 

profile, reminiscent of the energy-distance profile of the Derjaguin-LandauVerwey-Overbeek (DLVO) theory. Finally, 

we demonstrate that the adhesion energy and binding halflife of cell populations differ by cell type, including cancer 

cells, thus, offering a potential novel strategy for point-of-care detection of cancer cells.  

 
Figure 1: Time-dependent heat transfer resistance (Rth) showing cell adhesion and detachment from a surface-imprinted 

polyurethane layer.  

 

Conclusions: The results suggest that reversible cell-SIP interactions can be controlled by temperature. Such levels of 

control offer novel strategies for point-ofcare diagnostic applications.  
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Abstract: In this research project, we demonstrate our progress on applying molecularly imprinted polymer (MIP) based 

biosensors in medical gastrointestinal catheters. The use of electrochemical impedance spectroscopy as a readout 

method for these functionalized catheters allows the user to perform simultaneous in-patient and out-of- patient 

histamine concentration measurements aiming at a diagnostic tool for the irritable bowel syndrome.  

Keywords: Moleculary imprinted polymers, electrochemical impedance spectroscopy, histamine, biosensors  

Introduction: The irritable bowel syndrome (IBS) is a spectrum disease affecting up to 15% of the world population. 

The common symptoms of IBS are abdominal pain, diarrhoea and constipation which causes people suffering from this 

disease to miss more days of work than unaffected people along with increased medical costs. Histamine is one of the 

mediators that are often found in intestinal fluid at elevated concentrations in IBS patients. Molecular imprinted 

polymers (MIPs) offer a cheap alternative to the common laboratory techniques such as HPLC or ELISA test due to 

their low price and resilience to hostile environments. The use of MIPs also allows for a fast adaption if other targets 

are identified [1]. 

Results and Discussion: Our dual approach to these in-patient measurements is composed of an external measurement 

system that can be used in combination with aspiration catheters and a catheter to measure inside the patient’s duodenum. 

This approach offers a failsafe in case the hostile environment of the human gastrointestinal tract (GI) does adversely 

affect the catheter sensor. The Differential Impedimetric Sensor Cell (DISC) as shown in the left side of Figure 1 creates 

a stable environment for in vitro impedimetric measurements. The controller on the right side of Fig. 1 measures the 

temperature with of up 8 thermocouples and regulates the heating power accordingly through a PID loop. It also contains 

an 8-channel impedance analyser. 

 
Figure 1: DISC and electronic controller unit. 
 

The controller is also used to do the same kind of regulation for the GI tract simulator (Fig. 2) that is used to mimic 

intestinal conditions regarding temperature, salinity, acidity, dissolved solids and other factors of interest. A 

polyurethane coating was chosen as the binding agent for MIP particles as it is biocompatible and limits electrode 

polarisation to the lower frequencies (Fig. 2). 

 
Figure 2: Left, temperature controlled GI tract simulator. Right, impedance of PU-coated titanium electrodes measured with PBS 

buffer. 

Conclusion: With the completion and testing of the necessary equipment the final steps towards in-patient histamine 

measurements can start soon. 
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Abstract: In this project we developed a new sensor-cell according to the heat transfer method (HTM). This setup was 

combined with synthetic receptors for Escherichia coli by using surface-imprinted polymers (SIPs). After optimization 

of the proportional-integral-derivative (PID) settings we achieved a detection limit of 104 CFU/mL.  

Keywords: Surface imprinted polymers, bacteria, biosensors, heat transfer and thermal resistance  

Introduction: Bacterial contamination of food and water poses a persistent threat to human- and animal health. The 

precise identification of the bacteria is time-consuming and expensive which limits the use of these techniques for 

routine screening for which low-cost methods are preferred. To achieve this, we use surface-imprinted polymer (SIPs) 

receptors which are easy to make, reusable and selective [1]. Due to the electrically isolating properties of polyurethane, 

these SIPs were combined with the heat transfer method (HTM) instead of impedance spectroscopy. Since Escherichia 

coli (E. coli) is an indicator bacterium for contaminations it will be in the focus of this project. 

Results and Discussion: In order to improve the sensitivity of the HTM it is necessary to guide the heat flux through 

the chip-to liquid interface. The heat flux is generated with a power resistor under a central copper block. The SIP chip 

and the PEEK made flow-through cell are installed on the top side if this copper block. The flow of thermal energy in 

sideward and downward directions is widely suppressed by a Perspex encapsulation that is visible in Figure 1. By closing 

the top of the flow cell with a copper lid the heat flux was even further favourized in the upwards direction. 

 
Figure 1: Representation of the optimized flow cell. 

Tuning the proportional-integral-derivative (PID) setting of the heating element showed that the optimal configuration 

was P1-I4-D0 to stabilize the backside temperature of the receptor chip at 37.0˚C. The optimized setup was first 

characterized by measuring the thermal resistance of water, air, and phosphate buffered saline (PBS) solution. 

Combining the calibration measurements of air and water it was possible to determine the fraction of heat flux through 

the interface. Calculations showed that λ(H2O) corresponds to the literature value proving that the setup measures 

accurately[2]. Finally, measurements were performed using E. coli SIPs (ATCC® 8739™) while exposing the SIPs to 

an increasing concentration of target cells ranging from 105 CFU/mL to 107 CFU/mL. In between each exposure step, 

the flow cell was rinsed with ethanol and PBS to ensure complete removal of the bacteria from the SIP layer (Fig. 2). 

 
Figure 2: Dose-response curves for E. coli detection. 

Conclusion: By combining the new HTM setup with SIPs it is possible to achieve a LoD of 104 CFU/mL. In order to 

lower the LoD further (goal: 102 CFU/mL), an on-chip heating and thermometry principle will be used in the next phase 

of this project. 
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Abstract: The present research reports on the interaction of Ebola fusion peptide (EBO17) on solid-supported lipid 

layers (e.g. SLBs and SLVs) using QCM-D as a label-free surface-sensitive technique. Adding different 

concentrations of EBO17 peptide to SLBs and SLVs showed an interplay between lipid layer geometry and the 

peptide organization.  

Keywords: Ebola fusion peptide, supported lipid bilayers, quartz-crystal microbalance with dissipation QCM-D  

 

Introduction: The pathogenesis of the Ebola virus which leads to severe African haemorrhagic fever in hosts is a very 

complex process which is not completely understood. Glycoproteins of the viral envelope are believed to play a crucial 

role in fusion of the virus with the target cells of the host. This process causes further cytopathic, and pathological 

reactions in the host’s body [1]. To gain further insights into the fusogenic activity of the virus with cell membranes, 

study of biophysical interactions between well- controlled simple biomimetic systems, consisting of supported lipid 

bilayers (SLBs) and supported lipid vesicles (SLVs) together with a small sequence of the Ebola viral glycoprotein 

(EBO17), which is believed to be the most important part responsible for viral pathogenesis is advantageous. In the 

present work, the real-time interaction of EBO17 with phospholipid membranes was monitored. For this purpose, quartz-

crystal microbalance with dissipation monitoring (QCM-D) was used as an acoustic surface-sensitive technique [2].  

Results and Discussion: To investigate the influence of the concentration of the peptide and the lipid layer geometry 

on the disrupting mechanism of the EBO17, a saturated phospholipid 1,2-dimyristoyl-sn-glycero-3-phosphocholine 

(DMPC), was used to make DMPC vesicles in HEPES buffer by extrusion through polycarbonate filter support. The 

average diameter and polydispersity of the samples under study were evaluated by dynamic light scattering. After 

injection of the lipid vesicles into the QCM-D flow cells containing SiO2 and Au sensors, stable SLBs (2D) and SLVs 

(3D) were formed onto the surface of each sensor, respectively. Then by adding different dilutions of EBO17 peptide 

(e.g. 20, 70, and 140 μM) to the SLBs and SLVs, the changes in frequency (f) and energy dissipation factor (D) were 

monitored. As shown in the schematic figure 1, results indicate that for 2D supported lipid bilayers, low peptide 

concentrations induce a small, but detectable change in layer stability due to the presence of an α-helix configuration of 

the peptide. With large peptide concentrations, the peptide acquires a β-sheet configuration and no significant layer 

changes can be observed. A different mechanism is responsible for the interaction of the EBO17 peptides with the more 

complex 3D-supported vesicle layers, for which a concentration-dependent trend can be observed leading to thicker 

lipid layers.  

 
Figure 1: Different pathways of EBO17 peptide action depend on the peptide concentration and geometry of the lipid layer. SLBs 

onto SiO2 (upper panels) and SLVs onto Au (lower panels).  

Conclusions: This study highlights QCM-D as an easy and fast label-free method to monitor peptide-lipid inter- 

actions. The results of this approach confirm the importance of the interplay between lipid layer geometry and related 

peptide organization as an essential marker in peptide activity.  
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Abstract: Recently the Heat Transfer Method (HTM) established itself as a low-cost alternative in various bio-analytical 

fields. Its working principle is based on detecting changes in the thermal conductivity at the solid-liquid interface. 

However, in its original design it is susceptible to parasitic heat losses to the environment. The 3 Omega technique does 

not have this limitation. It is similarly low-cost and has the potential for significantly increased performance. The novel 

device developed in this project will combine both techniques allowing for an optimal comparison. 

Keywords: heat transfer, meanders, 3 Omega, biosensor 

Introduction: In recent years the Heat Transfer Method (HTM) established that small changes at the solid-liquid 

interface can induce changes in its thermal conductivity. For instance, conformational changes in DNA [1], binding of 

cells to Surface Imprinted Polymers (SIPs) [2]. However, this technique is susceptible to parasitic heat losses to the 

environment limiting its sensitivity. The 3 Omega technique, pioneered by Cahill about 30 years ago [3], does not have 

this limitation. However, until date it has mainly been used for thin films and nanowires in the semiconductor industry. 

The accuracy of this technique is undisputed. Combined with its simplicity, ensuring a low-cost implementation, makes 

it an excellent candidate for developing a biosensor device.  

Results and Discussion: In standard 3 Omega measurements, the heater element consists of a single short metallic line. 

A sinusoidal current with driving frequency ω is sent through the heater. The electrical resistance of the heater element 

causes Joule heating resulting in an ac power signal at twice the driving frequency. Which in turn causes temperature 

and therefore resistance variations at the same 2ω frequency. This combines with the 1ω driving frequency producing 

3ω voltage oscillations. The size of these oscillations depends on the driving frequency and the thermal conductivity of 

the interface. Adaptation to a mean- der structure covering a significantly larger area allows for the same sensor to be 

used for HTM as a controllable heat source. The meander consists of gold deposited on a glass substrate using a 10 nm 

thick Cr adhesion layer [4] (Figure 1). The design is based on the micro-heater proposed by Jacquot [5]. Balancing the 

ratio between total width, line width and line separation is crucial for proper operation of the device in 3 Omega 

measurements. The complete setup shown in figure 2 can be used for both standard HTM and 3 Omega measurements. 

In case of the former the meander is used as a PID controlled heat source and the Pt100 sensor provides the second 

required temperature for HTM. The latter only needs the meander connected on one side to a current source (Keithley 

6221) and on the other to a lock-in amplifier (Stan-ford Research 850). The chip can be functionalized with DNA, SIPs, 

aptamers, and so on, depending on the target of interest.  

 
Figure 1: Illustration of the meander pattern.  

 
Figure 2: Schematic representation of the complete setup. Everything is to scale except the meander.  

Conclusion: The proposed biosensor device has the potential to significantly improve upon the established HTM 

technique based on the same principle of changing thermal conductivity at the solid-liquid interface.  
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Abstract: The identification of biogenic amines is essential for the evaluation of the safety and quality of fish and fish-

related products. The objective of the present research is to develop aptamers as specific bio- recognition elements that 

can bind to the most important biogenic amines found in seafood: histamine, cadaverine and putrescine. For this purpose, 

we have conducted a magnetic beads-based SELEX. In total, 21 DNA aptamers were obtained by direct selection and 

characterized with post-SELEX assays.  

Keywords: Histamine, Cadaverine, Putrescine, Aptamer, SELEX, QCM-D  

Introduction: Biogenic amines are indicators of seafood freshness as their presence in high levels signifies food 

spoilage by microbial contamination, which can be a result of poor manufacturing practices and storage. Moreover, 

biogenic amines are considered as causative agents of foodborne poisoning, such as the scombroid food poisoning (SFP). 

Consumption of high amounts of histamine have been associated with SFP [1]. Cadaverine and putrescine can enhance 

the toxicity of histamine and they are also precursors for the formation of carcinogenic nitrosamines [1]. Traditional 

analytical techniques for the detection of biogenic amines are based on accurate, but time-consuming and laborious, 

chromatographic techniques. Biosensors are a promising tool for the routine analysis of seafood, since they can offer 

rapid and on-site detection. Seafood is consumed mostly shortly after catch, and therefore the on-site potential is 

advantageous. We have developed DNA aptamers able to recognize three biogenic amines found in seafood: histamine, 

cadaverine and putrescine.  

Results and Discussion: Aptamers were obtained by selection from an initial random DNA oligonucleotide library. In 

preparation for SELEX (Systematic evolution of ligands by exponential enrichment), the amino acids L-histidine, L-

lysine and L-ornithine (which are the precursors of histamine, cadaverine and putrescine, respectively) were 

immobilized on NH2-terminated magnetic beads. The immobili- zation was verified with the lyophilized magnetic beads 

by FT-IR ATR spectroscopy. After 8 cycles of SELEX in buffer (100 mM NaCl, 20 mM Tris- HCl, 2 mM MgCl2, 5 

mM KCl, 1 mM CaCl2, 0.02% Tween® 20, pH 7.6), 6 aptamers were isolated for histamine, whereas 12 and 3 aptamers 

were isolated for cadaverine and putrescine, respectively. Finally, post-SELEX characterization e.g. fluorescence-based 

binding assay and quartz- crystal microbalance with energy dissipation monitoring (QCM-D) was carried out in order 

to determine the selectivity of the selected aptamers for their target-compounds.  

 

Figure 1: Structure of one of the histamine apta-mers at 25oC constructed with the mfold webserver.  

Conclusions: In this study, in total, 21 aptamers for histamine, cadaverine and putrescine were selected and 

characterized. Recent results obtained with QCM-D confirm indeed the selective recognition of histamine with a 

selected aptamer. The selection of aptamers is the first step towards the fabrication of biosensors that can facilitate the 

monitoring of seafood quality.  
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A simple and robust electrochemical sensor for the detection of the target biomolecule dopamine (DA) was developed 

using cellulose microfibers (CMF) exfoliated graphite composite modified screen-printed carbon electrode (SPCE). The 

graphite-CMF composite was prepared by sonication of pristine graphite in CMF solution and was characterized by 

high-resolution scanning electron microscopy, Fourier transform, infrared, and Raman spectroscopy. The cyclic 

voltammetry results reveal that graphite-CMF composite modified SPCE has superior electrocatalytic activity against 

oxidation of dopamine (DA) than SPCE modified with pristine graphite and CMF. The presence of large edge plane 

defects on exfoliated graphite and abundant oxygen functional groups of CMF enhance electrocatalytic activity and 

decrease potential towards the oxidation of DA. Differential pulse voltammetry was used to quantify the DA using 

graphite-CMF composite modified SPCE, showing a linear response for DA detection for DA concentrations between 

0.06 and 134.5 µM. The sensor demonstrates a detection limit of 10 nM with an appropriate sensitivity, and displays 

appropriate recovery of DA in human serum samples with good repeatability. Sensor selectivity is demonstrated in the 

presence of 50-fold concentrations of potentially active interfering compounds including ascorbic acid, uric acid, and 

dihydroxybenzene isomers. While ideally suited to the detection of DA in clinical samples, the graphite-CMF composite 

modified electrode displayed higher electrocatalytic activity and lower oxidation potential towards the oxidation of DA 

than other modified electrodes, and demonstrates suitability as the basis for a wide range of electrochemical biosensor 

applications. 
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INTRODUCTION Mineralization of hydrogel biomaterials is considered desirable to improve their suitability as 

materials for bone regeneration 1,2. Hydrogels have been most commonly mineralized with calcium phosphate (CaP), 

but hydrogel-CaCO3 composites have received less attention. Magnesium (Mg) has been added to CaP to stimulate cell 

adhesion and proliferation and bone regeneration in vivo, but its effect as a component of carbonate-based biomaterials 

remains uninvestigated. In this study, gellan gum (GG) hydrogels were mineralized enzymatically with CaCO3, Mg-

enriched CaCO3 and magnesium carbonate to generate composite biomaterials for bone regeneration. GG is an 

inexpensive, biotechnologically produced anionic polysaccharide, from which hydrogels for cartilage regeneration have 

been formed by crosslinking with divalent ions 3. 

EXPERIMENTAL METHODS GG hydrogels were loaded with the enzyme urease by incubation in 5% (w/v) urease 

solution and mineralized for 5 days in five different media denoted as UA, UB, UC, UD and UE, which contained urea 

(0.17 M) and different concentrations of CaCl2 and MgCl2 (270:0, 202.5:67.5, 135:135, 67.5:202.5 and 0:250, 

respectively (mmol dm-3)). Discs were autoclaved and subjected to physiochemical, mechanical and cell biological 

characterization. 

RESULTS FTIR, SEM, TGA and XRD analysis revealed that increasing magnesium concentration decreased mineral 

crystallinity. At low magnesium concentrations calcite was formed, while at higher concentrations magnesian calcite 

was formed. Hydromagnesite formed at high magnesium concentration in the absence of calcium. Amount of mineral 

formed and compressive strength decreased with increasing magnesium concentration in the mineralization medium. 

ICP analysis revealed that Ca:Mg elemental ratio in the mineral formed was higher than in the respective mineralization 

media.  Mineralization of hydrogels promoted adhesion and growth of osteoblast-like cells, which were supported best 

on mineralized hydrogels containing no or little magnesium. Hydrogels mineralized with hydromagnesite displayed 

higher cytotoxicity. 

DISCUSSION Enzymatic mineralization of GG hydrogels with CaCO3 in the form of calcite successfully reinforced 

hydrogels and promoted osteoblast-like cell adhesion and growth, but Mg enrichment had no positive effect. This is in 

contrast with other studies reporting that incorporation of Mg into GG mineralized with CaP promotes cell adhesion and 

proliferation 4.   

1) 2)  
Figure 1: Mineralizability of hydrogels: dry mass percentage after mineralization (mass % attributable to polymer and newly-

formed mineral and not water).  Figure 2: Growth of MC3T3-E1 osteoblast-like on mineralized hydrogels. 

 

CONCLUSION Sample groups UA and UB seem to be the most promising due to the superior amount of mineral 

formed and cell adhesion and proliferation. 
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INTRODUCTION Hydrogels are popular materials for tissue regeneration due to several advantages, which include 

the ease of incorporation of biologically active substances such as enzymes. When hydrogels are used as materials for 

bone regeneration, enhancement with an inorganic phase is considered desirable (1). The most popular mineral phase 

are different forms of calcium phosphate (CaP). However, mineralization with calcium carbonate (CaCO3) is also a 

promising approach, as CaCO3 has been applied successfully as a bone regeneration material and mineralization of 

hydrogels with CaCO3 has led to superior bone healing in vivo (2). CaCO3 can be generated in hydrogels enzymatically 

by incorporation of the enzyme urease, followed by incubation in a solution containing enzyme substrate (urea) and 

Ca2+ ions (3). As a result of the breakdown of urea by urease, CO2 is produced. CO2 reacts with H2O to produce H2CO3, 

which in turn undergoes deprotonation to form a CO3
2- ion, which then reacts with a Ca2+ ion to form insoluble CaCO3 

inside the hydrogel. A second reaction product is ammonia, which raises pH and thus promotes CaCO3 precipitation. 

The slowest, rate-determining step in the CaCO3 production process is the reaction of CO2 with H2O. This can be 

catalysed by another enzyme called carbonic anhydrase (CA) (4). In this study, a double enzymatic mineralization 

strategy was employed. Urease and CA were incorporated into hydrogels of the biocompatible polysaccharide Gellan 

Gum (GG). It was hypothesized that urease-mediated mineralization would be accelerated by the presence of CA, 

leading to more rapid and extensive CaCO3 formation. 

 

EXPERIMENTAL METHODS Reagents were obtained from Sigma-Aldrich. GG (G1910) hydrogels (0.7% w/w GG, 

0.03% CaCl2) were prepared as described previously (5). GG hydrogel discs were incubated in 50 mg/ml urease (from 

jack bean, U1500) containing 0, 0.68, 1.25 and 2.5 mg/ml CA (from bovine erythrocytes, C3934) for 24 h at 4 ºC. To 

induce CaCO3 formation, discs were incubated in 0.17 M urea and 0.27 M CaCl2 as described by Rauner et al (3) for 1 

h, 2 h and 1 d at 22 ºC. Hydrogels were weighed, dried at 60 ºC for 24 h and reweighed. Dry mass percentage, i.e. the 

mass percentage attributable to mineral and polymer and not water, served as a measure of mineral formation. It was 

calculated as: weight after drying/weight before drying x 100%. Dried samples were subjected to FTIR analysis. 

Samples were autoclaved for cell biological characterization. 

 

RESULTS AND DISCUSSION Mineralization was shown by marked increases in dry mass percentage. All hydrogels 

containing CA exhibited higher dry mass percentages than CA-free hydrogels after 1 h. Differences became more 

apparent with increasing time. Increasing CA concentration above 0.68 mg/ml did not lead to higher mineralization. 

FTIR showed that the type of mineral present in all samples was calcite, the most thermodynamically stable polymorph 

of CaCO3. Samples withstood autoclave sterilization. 

 

 
Figure. Mineralizability of hydrogels: dry mass percentage after mineralization (mass % attributable to polymer and newly-formed 

mineral and not water). 

 

CONCLUSION Sample groups UA and UB seem to be the most promising due to the superior amount of mineral 

formed and cell adhesion and proliferation. The principle of accelerating urease-mediated mineralization with CA has 

been demonstrated. Further aims are optimization of CA concentration and control of type of CaCO3 formed.  
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The possibility for multifunctional nanoscale applications has made peptide hydrogel a competitive agent and candidate 

for scaffolds in the field of tissue engineering, drug encapsulation, and cell therapy. The varied functionalities are mainly 

due to noticeable differences in hydrophobicity, charge distribution and structural configuration. In our research, we 

found that with changing one phenylalanine to a proline in the peptide sequence, the self-assembly properties are totally 

different. FEFKPEFK does not form a gel even if we increase the concentration to as high as 100 mg/ml. While 

FEFKPEFKF forms a cloudy gel at about 30 mg/ml (pH 4-10), and FEFEPKFKF also forms a gel at 30 mg/ml (pH 2-

5). The mechanism behind could be related to the structure of proline and its effect on the combination of both 

hydrophobic and electrostatic interactions.
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3D printing technology provides a unique platform for rapid prototyping of numerous applications due to its ability to 

produce low cost 3D printed platforms. Herein, a graphene-based polylactic acid filament (graphene/PLA) has been 3D 

printed to fabricate a range of 3D disc electrode (3DE) configurations using a conventional RepRap fused deposition 

moulding (FDM) 3D printer, which requires no further modification/ex-situ curing step. To provide proof-of-concept, 

these 3D printed electrode architectures are characterised both electrochemically and physicochemically and are 

advantageously applied as freestanding anodes within Li-ion batteries and as solid-state supercapacitors. These 

freestanding anodes neglect the requirement for a current collector, thus offering a simplistic and cheaper alternative to 

traditional Li-ion based setups. 

 

 
Figure 2: Optical images of the 3D printable graphene/PLA (A), the 3D printing process (B) and a variety of printed 3DEs used throughout this 

study (C). Corresponding SEM (D), Raman (E) and XPS analysis of the printed 3DE are also presented. 
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Objectives: This study has two main aims. Firstly, the antifungal activity of a range of essential oils (14), chlorhexidine 

and triclosan were evaluated against C. albicans in a planktonic and biofilm growth mode. Secondly, an ex-vivo rodent 

mandible model to mimic oral candidosis was developed in order to investigate the antimicrobial properties of the 

successful compound.  

Methods: Antifungal properties were determined using a microtitre plate assay. In-vitro biofilms were constructed using 

96-well plates and exposed to a range of antimicrobial concentrations. The minimum biofilm eradication concentrations 

(MBECs) were established by examining subsequent re-growth of biofilm cells. Results were compared with the 

minimum inhibitory concentrations (MICs) obtained for planktonic cells cultured in 96-wells plates. The ex-vivo rodent 

mandible model was obtained by dissecting the mandible from a mouse and infecting it with C. albicans. Candida 

growth was monitored through histological examination and image analysis after incubation for 24 and 48 hours, while 

host tissue response was assessed through RT-PCR. 

Results: In the planktonic form, all the compounds tested showed Candida specific antimicrobial potential with MICs 

ranging from 0.002% (v/v) to 0.638% (v/v). There was also a noticeable increase in resistance in pre-formed biofilms 

(MBECs > 0.068% (v/v)). The infection of the rodent mandible showed C. albicans invasion of the gingiva and the 

release of pro-inflammatory cytokines. 

Conclusion: Despite an increase in resistance against pre-formed biofilms, this study showed that essential oils are 

promising agents to be used against oral candidosis, being able to inhibit Candida growth in the planktonic form. In 

addition, the development of an ex-vivo rodent mandible model will allow testing of antifungal properties a variety of 

essential oils in a system that better mimics the in-vivo conditions (e.g. tissue organization, penetration of the 

microorganisms into the tissues and host response). 
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2,4,6-trinitrotoluene (TNT) is a widely used explosive, with an extensive history in military munitions, threatening public welfare 

through terrorist activities. Due to its relentless use through the First and Second World Wars, nowadays it contaminates vast areas 

of soil and groundwater. TNT is toxic and environmentally damaging, producing additional health hazards [1]. The development of 

sensors capable of efficient TNT detection is evolving into an important research field due to mounting threats to public safety. 

Molecularly imprinted polymers (MIPs) aim to be man-made equivalents of biological sensors [2], and in some cases, these 

polymers exhibit advantages over their natural counterparts, making them a very promising technology that can be used as a potential 

TNT recognition element. [3-5]. This contribution glances, at a molecular level, into the initial pre-polymerisation mixture within 

TNT-MIPs production, trying to increase our understanding of how the solvent impacts the TNT- functional monomer complexation 

stage [3], see Figure 1. Therefore, the solvent interactions with TNT and the functional monomer are investigated to define whether 

these interactions need to be considered in the optimal design of MIPs as a solvent selection criterion. The approach adopted uses a 

molecular dynamics (MD) methodology [6] to simulate the interactions between TNT, methacrylic acid (MAA, the most common 

functional monomer chosen for this application) and three different pure solvents: acetonitrile (ACN), dimethyl sulfoxide (DMSO) 

and water. MD provide a controlled environment to gain an accurate and quantitative insight into the molecular behaviour of the 

pre-polymerization mixture [6]. The OPLS-AA force field [7] was selected for the description of all molecules. The MD trajectories 

under the canonical (NVT) and isobaric-isothermal (NpT) ensembles [8] were integrated using GROMACS [9].  

The molecular dynamics results were interrogated using the Kirkwood-Buff (KB) solution theory [10] for the TNT-MAA 

interactions in the three solvents; main results are summarised in Table 1. The KB integral values form TNT-MAA, were 0.164 

nm
3 

for ACN, 0.028 nm
3 

for DMSO and negligible for water.  

The TNT-MAA KB values are dependent on MAA-solvent and MAA-MAA interactions (nb, results from self-diffusion and cluster 

size analysis are not shown here for the sake of briefness). The MAA- solvent interactions have an inverse proportionality to the 

TNT-MAA complexation tendency. The radial distribution function between MAA and ACN yielded a maximum height of 1.19, 

significantly less than the values for water and DMSO, 7.67 and 14.7 respectively. Overall, using ACN measurably increased the 

TNT-MAA interaction strength, which could promote a better rebidding affinity of the final TNT- MIP. The above results are 

numerical evidence of solvent interactions impacting TNT-MAA complexation. The applications of MIPs, as well as their 

production, are reliant on solvents. TNT detection is required in many different environments and these results imply that the 

functionality of TNT-MIPs will be impacted by the surrounding solution. The modelling of the pre-polymerization mixture did not 

include the cross-linker molecules (commonly, ethylene glycol dimethylacrylate) and kept a constant TNT-MAA ratio. To be able 

to conclusively state whether TNT-MIPs will be affected by solvent selection, works are on going to simulate the TNT-MIP 

microporous structure using wider range of solvents. These different polymeric porous matrices would be exposed to TNT in 

aqueous environment for its TNT re-binding determination.  
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