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Exploiting Affinity Interactions for Sensitive Analysis                                                          

with a Capacitive Biosensor 

 

Bo Mattiasson1,2, G.Ertürk3 and M. Hedström1,2 

1 
Lund University, Department of Biotechnology  

2 
CapSenze AB, Lund, Sweden 

3 
Hacettepe University, Department of Biology, Ankara, Turkey 

 

Capacitive immuno-based biosensors show an extraordinary high sensitivity. In pure buffer it 

is possible to monitor a range of different substances in the concentration range of 10-15 - 

10-18. These sensitivities are several orders of magnitude better than what normally is 

obtained with conventional immunoassays. Two new areas of applications will be discussed: 

Molecular imprinting is a technology of creating artificial recognition sites complimentary in 

both form and function to the “template” molecule. Molecularly imprinted polymers (MIPs) 

are formed by the polymerization of functional monomers around the molecular template in 

the presence of cross-linker. MIPs may be used as biorecognition elements in biosensors. 

Microcontact imprinting is the surface coating technique used for employing recognition 

cavities for macromolecules and assemblies. The general procedure of the method depends 

on the polymerization between two surfaces – a protein stamp and a polymer support. 

Results obtained with a few different systems are highly encouraging. Assay of DNA-

sequences specific for e.g. resistance in pathogenic microorganisms. A complementary DNA-

sequence to the target is immobilized on the sensor surface. Upon hybridization it is possible 

to selectively detect specific binding. Down to 10 cells per mL were quantified with this 

technology. 
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Recent Trends in Nanomaterials Based Electrochemical                                                   

Nucleic Acid Biosensors 

 

Arzum Erdem 

Ege University, Faculty of Pharmacy, Analytical Chemistry Department, Izmir, Turkey             

 

The development of advanced biosensor platforms based on nanomaterials could impact 

significantly the areas of genomics, biomedical diagnostics, proteomics and drug discovery 

due to the advantages of different nanomaterials having unique electronic, optical, 

mechanical, and catalytic properties. The nanoscale materials integrated (bio)sensors based 

on nanoparticles, nanowires, nanotubes and other nanomaterials have recently received a 

considerable attention. Electrochemical biosensors coupling the inherent specifity of 

biorecognition reactions with high sensitivity of physical transducers present a great promise 

for sequence-specific nucleic acid detection for clinical, environmental, or forensic 

investigations.  An overview to electrochemical nucleic acid biosensors developed by using 

nanomaterials has been introduced herein with the applications of these advanced 

biosensors on monitoring of different biorecognitions; such as, nucleic acids, aptamer-

protein, or drug-DNA interactions. 
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Triazine Herbicide Imprinted Monolithic Column for Capillary 

Electrochromatography 

 

Süleyman Aşır1, A.Derazshamshir2, D. Sarı1, F. Yılmaz3 and A. Denizli2 

1 
Middle East Technical University, Northern Cyprus Campus, North Cyprus, Turkey 

2 
Hacettepe University, Department of Chemistry, Beytepe, Ankara, Turkey 

3 
Abant Izzet Baysal University, Chemistry Technology Division, Bolu, Turkey 

 

Triazine  was  selectively  separated  from  aqueous  solutions  containing  the  competitor  

molecule cyanazine, which is similar in size and shape to the template molecule. Structural 

features of the molecular imprinted column were figured out by scanning electron 

microscopy. The influence of the mobile phase composition, applied electrical field and pH 

of the mobile  phase  on  the  recognition  binding of  triazine  by  the  imprinted  monolithic  

polymer  has  been  evaluated,  and  the  imprinting  effect  in  the  triazine-imprinted  

monolithic  polymer  was  demonstrated by imprinting factor. The optimized monolithic 

column resulted in the separation of triazine from structurally related competitor molecule, 

cyanazine.  In addition, fast  separation  was  obtained  within  6  min  by  applying  higher  

electrical  field,  with  the  electrophoretic mobility of 2.97 x 10–8 m2V–1s–1 at pH 11.0.   
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High Throughput Screening and Analysis using Cryogel Platforms 

 

J. Sarkar and Ashok Kumar 

Indian Institute of Technology Kanpur, Department of Biological Sciences and Bioengineering                      

and Center for Environmental Sciences and Engineering, Kanpur, India 

 

Cryogels have been used in a variety of applications, eg. in separation, chromatography, 

analytical purposes, cell culture, bioreactor, etc. We have used different cryogel matrices for 

the high throughput analysis of polyaromatic hydrocarbons (PAH) and screening of optimal 

conditions for formation of cell spheroids and drug toxicity analysis. In both the cases, the 

cryogel matrix was inserted in an open-ended 96-well plate kept on another 96-well plate 

that acted as collection reservoir. This system provided a drainage and leakage-protected 

platform for analysis. A novel supermacroporous cryogel matrix, poly(4-vinyl pyridine-co-

divinyl benzene), has been synthesized and was used for analysis of benzo[a]pyrene (BAP), 

an indicator of PAH contamination in samples. The cryogel minicolumns showed high and 

reproducible binding of BAP (approximately 72%). BAP can also be analysed efficiently even 

in spiked samples of other PAHs in this platform. The matrix was then scaled-up for column 

chromatography which showed a binding capacity of 2 µg/ml of the column. Thus the 

system provides a miniaturized platform for high throughput analysis for presence of BAP 

while the chromatographic system provides a method for its remediation and separation 

from other PAH. In another study, different concentrations of poly(N-isopropylacrylamide) 

(pNIPAAm), a temperature responsive polymer, were screened for their ability to form 

HepG2 spheroids in 3-D poly(NIPAAm-co-gelatin) cryogels. Spheroid formation was assessed 

by viability, glucose consumption and liver specific functions i.e. albumin production and 

cytochrome P450 activity over a period of 14 days. It was found that these functionalities 

were significantly higher in presence of 0.03% pNIPAAm on day 5 of culture. Scanning 

electron microscopy and fluorescent staining images confirmed that the cells form larger 

spheroids in presence of 0.03% pNIPAAm. Toxicity of tamoxifen and paclitaxel (anticancer 

drugs) were significantly lower in case of 3-D culture in presence of pNIPAAm (76.912 ± 

1.148 µM tamoxifen and 8.968 ± 0.076 µM paclitaxel) as compared to in absence of 

pNIPAAm (71.94 ± 0.469 µM tamoxifen and 6.791 ± 0.076 µM paclitaxel). Well to well 

variation in viability and cellular functionalities was negligible, therefore providing a 

platform for high throughput spheroid culture and toxicity screening platform. 
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Surface Engineering to Alter Cell-Substrate Affinity 

 

Bora Garipcan 

Boğaziçi University, Institute of Biomedical Engineering,                                                                               

Bio
3
 Research Laboratory, Istanbul, Turkey  

 

Cell-Substrate affinity is one of the most important factors to be concerned for all type of 

biomaterials such as metals, polymers, and ceramics in their applications specifically in 

tissue engineering. Generally cell affinity includes two important factors: cell attachment 

and cell growth on the surfaces. The cell attachment represents to the first phase of 

cell/substrate interactions and the results of this phase will influence the cell’s behavior to 

proliferate and to differentiate itself on contact with the substrates. In the literature many 

studies have shown that hydrophilicity/hydrophobicity, surface energy, charge, roughness, 

stiffness, topography, pattern, chemistry, and biochemistry of the material surface have an 

influence the cell attachment and cell growth on the material, overall in cellular behavior.  In 

this manner, various surface engineering strategies were developed in order to prepare 

surfaces with desired properties.  In this talk, surface engineering strategies and the effects 

of surface physical and chemical properties on the cellular behavior will be discussed from 

Cell-Substrate affinity perspective. 
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Composite Macroporous Hydrogels and Their Applications in                

Sorption/Release of Bioactive Species 

 

Ecaterina Stela Dragan 

 “Petru Poni” Institute of Macromolecular Chemistry,                                                                                          

Aleea Grigore Ghica Voda, 41A, 700487 Iasi, Romania 

 

Owing to their high water content, hydrogels are similar to living tissues, having widespread 

applications as biomaterials. Hydrogels are also recommended for sustained delivery of 

drugs and proteins, stabilization of sandy soils, as well as for wastewaters treatment. For 

many applications, a fast response at deswelling/reswelling and a good mechanical strength 

are necessary. Interpenetrating polymer network (IPN) hydrogels brought distinct benefits 

compared to single network hydrogels like stiffer and tougher mechanical properties, more 

widely controllable physical features, and (frequently) more efficient drug loading/release. 

In addition to the IPN strategy, the mechanical strength and the response rate of hydrogels 

could be further improved by the generation of interconnected pore structures. Various 

methods have been used for the preparation of macroporous hydrogels such as: cross-

linking polymerization in the presence of pore-forming agents, porogen leaching, cross-

linking in the presence of substances producing gases, lyophilization, and cryogelation. 

Conducting the polymerization under the freezing temperature of the solvent 

(cryopolymerization) led to cryogels endowed with high mechanical properties and high 

performances in separation processes of ionic species. It was found that IPN composite 

cryogels based on synthetic polymers (acrylamide, methacrylic acid, 2-hydroxyethyl 

methacrylate) as the 1st network and biopolymers like chitosan and starch entrapped in the 

1st synthetic network (semi-IPN) or as the 2nd network were characterized by fast swelling 

kinetics, a high sorption capacity for ionic species like dyes, proteins and heavy metal ions, 

and a high level of reusability, which recommend them as potential drug delivery systems 

and as promising sorbents in advanced separation processes. The porosity and sorption/ 

release properties of the gels were controlled by the molar ratio between comonomers, the 

cross-linking ratio, and the initial concentration of monomers in the 1st network, and by the 

structure of biopolymer in the 2nd network. 
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Preparation of Molecular Imprinted Surface Plasmon Resonance Biosensor              

for Uric Acid Determination 

 

Aslı Göçenoğlu Sarıkaya1, B.Osman1, T. Çam1, N.Beşirli1 and A. Denizli2 

1 
Uludag University, Department of Chemistry, Faculty of Art and Science, Bursa, Turkey                           
2 

Hacettepe University, Department of Chemistry, Faculty of Science, Ankara, Turkey 

 

Uric acid (UA) is the main end product of purine nucleotide catabolism in human body. It is 

well known that UA was present in human blood serum, plasma, urine and saliva. Clinical 

studies have shown that monitoring uric acid levels in urine and blood serum can be used to 

diagnosis several diseases. The disorders are hyperuricemia and hypouricemia. Hyper-

uricemia can result from either an increased production of UA or a decreased renal 

excretion of UA and has been linked to primary gout, Lesh-Nyhan syndrome, and chronic 

renal disease. Hypouricemia can result from a decreased synthesis of proteins or a defect in 

renal tubular readsorption of UA. These abnormalities have been linked respectively to 

severe liver disease and Fanconi’s syndrome. For the UA determination in serum several 

studies such as spectrophotometric, colorimetric, chromatographic methods and 

electrochemical or enzymatic biosensors had been reported. It is essential to develop 

sensitive and selective methods for determination in routine analysis. Various electrode-

modified materials such as metal complexes or nanoparticles, organic redox mediators, 

polymers and carbon-based materials were proposed to improve the selectivity. In recent 

years, molecular imprinted polymers (MIP) have been used for selective UA determination. 

MIPs are easy to prepare, stable, inexpensive and capable of molecular recognition. The 

main objective of the present study is preparation of surface plasmon resonance (SPR) 

sensor for UA detection. SPR sensor was prepared by modification of the gold surface of SPR 

sensor with UA imprinted (MIP) poly(HEMA-MAC)-Fe3+ nanospheres. The mixed complex 

formation conditions for UA, MAC and Fe3+ ions were determined with potentiometric 

titration. Also, non-imprinted (NIP) nanospheres were prepared without UA for control 

experiments. The molecular imprinted SPR sensor was prepared by dropping a small amount 

of nanosphere solution to gold surface and then, drying at 37°C for 6 hours. Prepared SPR 

sensors were characterized with AFM, SEM, FTIR, contact angle and optic profilometer 

measurements, energy dispersive spectroscopy (EDX). UA sensing ability of MIP and NIP 

sensors were investigated from UA solutions (in pH: 8.0 ultra pure destilated water) and 

urine. MIP nanospheres showed more sensitivity to UA than NIP ones. UA solutions with 

different concentrations (0.5-40 mg/L) were used to determine the adsorption kinetics. The 

limit of detection (LOD) and limit of quantation (LOQ) were found as 0.247 mg/L and 0.825 

mg/L, respectively. In order to show the selectivity of the UA imprinted poly(HEMA-MAC)-
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Fe3+ nanospheres, competitive adsorption of UA, ascorbic acid, theophylline and urea was 

investigated. The results show that the imprinted sensor has high selectivity and sensitivity 

for UA. 
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Synthesis of Surface Imprinted Poly(2-hydroxyethyl methacrylate) Cryogel 

Monolithic Column for Selective Removal of Aluminum from Drinking Water 

 

Huma Shaikh, S. Shah and N. Memon 

University of Sindh, National Center of Excellence in Analytical Chemistry,                                                      

Jamshoro, Pakistan 

 

The aim of this study was to investigate the usability of macroporous cryogel columns for the 

purification of environmental and drinking waters from Aluminum. Poly(2-hydroxyethyl 

methacrylate) monolithic columns were produced via cryogenic treatment. The surface of 

Poly(2-hydroxyethyl methacrylate) monolithic column was further modified using 3-

(trimethoxysilyl) propyl acrylate and aluminum  imprinted sites were generated via grafting 

2,2′-Azobis (2-methylpropionamidine) dihydrochloride initiator. Adsorption experiments 

were carried out using surface imprinted cryogel columns for different concentrations of 

Aluminum. The maximum volume of sample, flow rate, pH of sample medium and time were 

optimized to estimate the maximum adsorption capacity at optimized parameters. The 

selectivity of surface imprinted cryogel columns was als o evaluated by performing 

competitive adsorption experiments between Al+3, Fe+3, Ca+2, Mg+2 and Na+1. The surface 

imprinted cryogel columns showed fine selectivity for Al+3. The good selectivity of surface 

imprinted cryogel columns makes them an eligible candidate for the purification of drinking 

water from Al+3 leaving important minerals remained in the water. 

 

 

 

 

 

 

 

 

 

 

 

 



12 
 

Preparation of Molecular Imprinting Based Biomimetic Sensors 

 

Erkut Yılmaz 

Aksaray University, Department of Chemistry, Biochemistry Division, Aksaray, Turkey 

 

Detection of proteins has strategic importance due to their possible usability as disease 

biomarkers, environmental monitoring, food quality monitoring, and civil defense purposes. 

In this respect, we focused our aim in this study to increase selectivity towards the target 

protein by increasing the possible interaction types in the binding site of imprinted polymer 

surface. For this purpose we tried to exploit the different types of amino acid side chains on 

lysozyme surface. Herein, molecular imprinting based polymeric biomimetic receptors were 

produced on the surface of the gold coated chips of the Surface Plasmon Resonance (SPR) 

system by exploiting the unique distribution of charged, hydrophobic and hydrophilic groups 

varying on the surface of every protein. Molecular graphics and analyses were performed to 

analyze surface structure of lysozyme with the JMOL and UCSF Chimera package. Lysozyme 

is a protein with a well-known primary structure. Due to its small size and simple molecular 

structure, lysozyme has been frequently chosen as a unique model protein in developing of 

new detection methods. Artificial receptors for lysozyme prepared by micro-contact 

imprinting of lysozyme to the surface initiated polymeric ultra-thin films. By this method 

complementary cavities for lysozyme obtained on the surface initiated polymeric ultra-thin 

film. To increase recognition capability of the sensors positive, negative and hydrophobic 

side chained polymerizable amino acids, N-methacryloyl L-histidine (MAH), N-methacryloyl-

L-aspartic acid (MAAsp) and N-methacryloyl-L-tryptophan (MATrp) were used together 

during imprinting process. Here we used molecular modelling data of lysozyme in protein 

databank with PDB Id 3RZ4 to analyze surface structure of lysozyme and choosing ratio of 

functional monomers to increase functional monomer target protein interactions. In 

addition to real-time lysozyme detection, we also performed Force-distance measurement 

of bare, non-imprinted and imprinted sensor surfaces to lysozyme molecules by using 

atomic force microscopy to investigate selectivity of imprinted surfaces. Force-distance 

measurements were carried out at room temperature in pH 7.4 PBS buffer with liquid cell 

attachment of AFM system via lysozyme attached low frequency contact mod tips. 

According to the force distance measurements imprinted surface have 1.3 times higher 

affinity than the non-imprinted sensors. Prepared SPR sensors were used for the detection 

of lysozyme in variety of body fluids like saliva, mucus, tear and urine. To compare results of 

SPR sensor, HPLC system with an UV detector used for lysozyme analysis from aqueous 

solutions and body fluids. In conclusion, the results showed that multi monomeric 

molecularly imprinted SPR sensors could be used for detection of lysozyme from variety of 

body fluids 
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Cytochrome c Recognition with Molecularly Imprinted Nanofibers 
 

Emel Tamahkar1,2 and T. Kutsal2 

1
Hitit University, Department of Chemical Engineering, Çorum, Turkey 

2
Hacettepe University, Chemical Engineering Department                                                                                      

and Bioengineering Division, Ankara, Turkey 
 

Molecular recognition refers to the affinity between two or more molecules via various 

types of interactions. Molecularly imprinted polymers (MIPs) involve specific recognition 

sites in polymeric materials fabricated via the polymerization of the functional monomers 

and cross linkers in the presence of a template molecule with subsequent extraction of the 

template molecule. MIPs with high specificity find application in separation, purification, 

biosensors, proteomics, drug delivery and immunoassays. In this study, we aimed to prepare 

cytochrome c imprinted bacterial cellulose nanofibers (Cyt c-MIP NFs) via metal ion 

coordination interactions using Cu+2 chelating monomer, N-Methacryloyl-(L)-histidinemethyl 

ester (MAH) as a functional monomer orienting cytochrome c molecules. Cyt c-MIP NFs were 

characterized by FT-IR, SEM and AFM. The recognition properties of Cyt c-MIP NFs were 

investigated with batch binding and quartz crystal microbalance (QCM) sensor studies. Due 

to unique properties of Cyt c-MIP NFs such as high specificity and excellent binding kinetics, 

this novel procedure presents simple, cheap and stable fabrication strategy for selective 

recognition of protein molecules. 
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Molecular Imprinted SPR and QCM Affinity Nanosensors 
  

Handan Yavuz 

Hacettepe University, Department of Chemistry, Ankara, Turkey 

 

Efficient and specific investigation of biomolecular recognition requires both affinity and 

specificity. Molecular imprinted polymers are recognized as a versatile technique for the 

preparation of artificial receptors and attracting great interest to workers in the field of 

biosensor technology. Nanoparticles, with their unique properties, have been widely used in 

various areas, including biomedical, electronic, environmental, pharmaceutical, cosmetic, 

and energy. Incorporation of the nanoparticles into SPR and QCM based nanosensors 

provides advantages of rapid and high-throughput detection ability on a portable device. In 

one application the lysozyme imprinted PEDMAH nanoparticles were prepared and attached 

to the surface of SPR sensor. The ability of nanosensor to detect lysozyme from complex 

sources was found as low as 32.2 nM with high selectivity and reusability. In another study, a 

QCM sensor was prepared for the detection of natural steroid hormone 17b-estradiol, an 

endocrine disrupting compound. The results showed that the QCM nanosensor has high 

sensitivity and selectivity for estradiol in a wide concentration range of 3.67 nM-3.67 pM. 

The detection and quantification limits were calculated as 613 fM and 2.04 pM, respectively 

[4]. SPR sensor was prepared for the procalcitonin (PCT) detection, which is a promising 

biomarker for identification of the origin and severity of sepsis with micro-contact imprinting 

technique. PCT detection studies were carried out simulated blood plasma. The SPR 

biosensor can detect very low concentrations (9.9 ng/mL) of PCT within approximately 1 h, 

in both phosphate buffer and SBP. High selectivity of the biosensor against PCT was also 

demonstrated in the presence of several competitive proteins such as human serum 

albumin, myoglobin and cytochrome c. Hepatitis B surface antibody (HBsAb) imprinted 

PHEMA based film on the surface plasmon resonance (SPR) sensor chip was prepared for 

diagnosis of HBsAb in human serum. Surface characterization HBsAb-imprinted PHEMAT SPR 

chips were investigated with contact angle, atomic force microscopy (AFM). Kinetic studies 

were performed using HBsAb positive human serum. The maximum detection limit was 

208.2 mIU/mL. Control experiments of the SPR chip were performed using non-immunized, 

HBsAb negative serum. The control experiment results show that SPR chip does not give any 

noticeable response to HBsAb negative serum. 
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Cell Separation and Affinity Based Methods 

 

Işık Perçin 

Hacettepe University, Department of Biology, Molecular Biology Division, Ankara, Turkey 

 

In recent years, cell separation technologies have gained great importance in biological 

research and clinical therapy. Isolation of specific cells or cell populations is an important 

step in cell biology, cancer therapy and related disciplines. In addition, obtaining of cell 

groups in order to investigate their functions needs effective separation methods. 

Adherence, density and antibody binding are mostly used methodologies for cell separation. 

Polymeric surfaces functionalized with specific affinity ligands have many applications for 

cell separation and recognition. Affinity ligands having different properties give the 

opportunity to separate different kinds of cells. Cell surface properties such as 

hydrophobicity, charge density and glycan structure are utilized to prepare specific affinity 

ligands. Lectins which are sugar specific glycoproteins are used as ligands and have many 

applications for cell binding. Also, some extracellular proteins like fibronectin are widely 

used to get cell compatible surfaces. Affinity based polymeric supports are used for 

recognition of whole cells such as bacteria, yeast, fungi and tissue culture cells in biosensors. 

Rapid detection of cells on contaminated food or water in a short time can be achieved by 

sensor based methods. Molecularly imprinted polymers have recently been used to prepare 

cell specific biosensor surfaces. Shape complementary cavities and chemical structure of the 

target cell affect the binding properties. In conclusion, affinity based cell separation and 

recognition with many kinds of polymeric support materials and affinity ligands has many 

applications and show promise for new cell related research areas.  
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Molecular Imprinting Based Surface Plasmon Resonance (SPR) Biosensor for Real-

time and Ultrasensitive Detection of Prostate Specific Antigen (PSA) 

 

Gizem Ertürk1, H. Özen2, M.A. Tümer1, B.Mattiasson3 and A. Denizli4 

1
Hacettepe University, Department of Biology, Ankara, Turkey 

2
Hacettepe University, Department of Urology, Ankara, Turkey 

3
Lund University, Department of Biotechnology, Lund, Sweden 

4
Hacettepe University, Department of Chemistry, Ankara, Turkey 

 

Surface plasmon resonance (SPR) biosensors are used to characterize and quantify 

biomolecular interactions. Real-time and fast measurement, high sensitivity and specificity, 

no need of labeled reagents are the unique properties of SPR biosensors. SPR biosensors 

have been used for detection of several analytes. Recently, molecular imprinting technology 

is used for creation of biorecognition surfaces on the SPR biosensors. Molecular imprinting is 

the technology of designing materials with robust recognition sites suitable for interaction 

with the print molecule. Due to their stability in complex matrices under though conditions, 

ease of preparation, low cost, reusability, high recognition capacity to the template 

molecule and binding characteristics as high as those of natural binders, molecularly 

imprinted polymers (MIPs) are extensively used in a variety of areas, such as catalysis, 

separations, solid-phase extractions and biosensors. In this study, a SPR biosensor chip was 

designed for PSA detection. PSA was imprinted onto the modified SPR sensor surface via 

microcontact imprinting. PSA detection studies were performed using standard PSA 

solutions. Specificity and selectivity of PSA-imprinted SPR sensor chips were determined and 

kinetics and isotherm parameters were calculated by applying association kinetics analysis. 

PSA detection was also carried out from PSA-spiked human serum samples and prostate 

cancer patients’ serum samples. The results were compared with the ELISA results when 

analysing the same samples. Reproducibility of the PSA-imprinted SPR sensor was tested in 

the final step.   
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Ion Imprinted Polymers in Therapeutic and Environmental Applications 
 

Müge Andaç 

Hacettepe University, Environmental Engineering Department, Beytepe, Ankara, Turkey                     

 

Molecular imprinting is an alternative method developed to selectively remove target 

molecules out of a medium containing a mixture of many ligands using a suitable polymeric 

system with multiple binding sites shaped by a template (the target) molecule at the stage 

of the polymer synthesis, and the product of which is commonly called the molecularly 

imprinted polymers (MIPs). In general, the kinetics and thermodynamics of the template 

molecule recognition by MIPs depend on the nature of the intermolecular interactions (e.g., 

electrostatic, van der Waals, H-bonding, etc.) in the binding site as well as the physical and 

chemical nature of the polymeric adsorbent (e.g., flexibility, accessibility of the binding sites, 

materials shapes, etc.). If the template molecule (the ligand) is a metal ion, then the 

selectivity of the corresponding metal ion-adsorption process by the polymeric matrix relies 

on the specific interactions that the metal ion makes based on its size, charge, and 

coordination number and geometry in the binding site. In this presentation, general aspects 

of ion-imprinted polymers (IIPs), particularly the use of cryogels, are described according to 

their application area. Some important keynotes are discussed in terms of template ion and 

functional monomer interactions. Among these, different types of IIPs are also introduced 

for further knowledge.  
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Lectins Purification Based on New Generation Cryogelic Composite Systems 

Containing Carbohydrate Based Polymeric Nanoparticles 

 

R.H. Şenay1, M.Koruyucu2, Ecem Ayhan1, S. Bağlamış1 

Y.G. Salman2, S. Akgöl1 

1
Ege University, Faculty of Science, Biochemistry Department, İzmir, Turkey 
2
Ege University, Faculty of Science, Chemistry Department, İzmir, Turkey 

 

Cryogels are frozen gelling systems which include macropores. These macropores interact 

with specific groups and this way provide us different usage areas such as isolation of 

microbial cells, capturing of cancer cells, chromatographic separations of biomolecules. For 

the purification of large molecules, cryogels are an alternative stationary phase to particle 

based media. Furthermore, some composite systems can be prepared as embedded 

nanoparticles onto the macropores of cryogels. Lectins are carbohydrate-binding proteins, 

macromolecules that are highly specific for sugar moieties. Lectins perform recognition on 

the cellular and molecular level and play numerous roles in biological recognition 

phenomena involving cells, carbohydrates, and proteins. In this study, poly(hydroxyethly 

methacrylate) p(HEMA) cryogel was enhanced to composite cryogels. First of all, a 

carbohydrate based monomer 3-O-(2′-hydroxy-3′-acryloyloxypropyl)-1,2:5,6-di-O-isopropyli- 

dene-α-D-glucofuranose (GluOPA) is synthesized and used for poly(hydroxyethyl-

metacrylate-co-3-O-(2′-hydroxy-3′-acryloyloxypropyl)-1,2:5,6-di-O-iso-propylidene-α-D-luco-

furanose) nanoparticles  (p(HEMA-GluOPA)-NPs). So p(HEMA-GluOPA)-NPs are carbohydrate 

based and exhibit a high binding capacity and selectivity for Concanavalin A (ConA) which is 

a type of lectin. And the composite cryogel was prepared by embedding p(HEMA-GluOPA)-

NPs.  Characterizations of p(HEMA-GluOPA)-NPs embedded p(HEMA) cryogels are also 

studied. So then, NMR and FTIR technologies are used for synthesized carbonhydrate based 

monomer, GluOPA; zeta-size, FTIR, SEM technologies are used for p(HEMA-GluOPA)-NPs; 

and FTIR, SEM technologies is used for screening embedded nanoparticles onto the cryogels. 

After characterization studies, adsorption conditions for Con A are optimized at different 

parameters such as pH and initial Con A concentration. And after Con A desorption agent is 

specified, reusability of the system are investigated via adsorption-desorption cycles. 
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PHEMA/PEI-Cu(II) Based Immobilized Metal Affinity Chromatography Cryogels: 

Application on the Separation of IgG from Human Plasma 

 

Assem Elkak 

Laboratory of “Valorisation des Ressources Naturelles et Produits de  Santé (VRNPS)”,                
Doctoral School of Sciences and Technology, Lebanese University,                                                            

Rafic Hariri University Campus, Hadath, Lebanon 

 

Immobilized metal-affinity chromatography (IMAC) has gained significant interest as a 

widespread separation and purification tool for therapeutic proteins, nucleic acids and other 

biological molecules. IMAC represents a useful separation technique especially for proteins 

with natural surface exposed-histidine residues and for recombinant proteins with 

engineered histidine tag. Cryogels as monolithic materials have recently been proposed as a 

new class of chromatographic adsorbents for the separation of biomolecules in downstream 

processing. In the present study, IMAC cryogels have been synthesized and utilized for the 

adsorption and separation of immunoglobulin G (IgG) from IgG solution and whole human 

plasma. For this purpose, Cu(II)-ions were coupled to poly(hydroxyethyl methacrylate) 

PHEMA using poly(ethylene imine) (PEI) as the chelating ligand. We have produced different 

cryogels which contain different proportions of PEI ranging from 1% to 15%, in order to 

chelate increasing amounts of Cu(II). The prepared cryogels were characterized by scanning 

electron microscopy, fourier transform infrared spectroscopy, thermogravimetric analysis. 

The PHEMA/PEI-Cu(II) cryogels were assessed for their ability to bind the human IgG from 

aqueous solutions. The IMAC cryogels were found to exhibit high affinity towards human IgG.  

We have investigated the adsorption of human IgG on the PHEMA/PEI cryogels with (10% 

PEI) which contain increasing amount of Cu(II) at concentrations of 10, 50, 100, 150 mg/L. 

The separation of human IgG was achieved in one purification step at pH 7.4. The maximum 

adsorption capacity was observed with the [PHEMA/PEI]-Cu(II) (10% PEI) (72.28 mg/g of  

human IgG). The purification efficiency and human IgG purity were investigated by sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).   
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Polyphenol oxidase (PPO), sometimes referred to as phenol oxidase, catecholase, phenolase, 

catechol oxidase, or even tyrosinase, is considered to be an o-dipenol. PPO (EC 1.14.18.1), a 

multifunctional copper containing enzyme, is widely distributed in nature. Chalcones are one 

of the major classes of natural products with widespread distribution in fruits, vegetables, 

spices, tea and soy based foodstuff. They have recently received a great deal of attention 

due to their interesting pharmacological activities. In this study, a novel modified affinity gel 

was sythesized for the purification of polyphenol oxidase enzyme. The gel was prepared on a 

Sepharose-6B matrix on which a spacer arm based on aniline was covalently attached via 

CNBr activation, followed by reaction with the PPO inhibitor p-amino benzoic acid was 

coupled to aniline as a ligand. Banana used as a sourse of the enzyme. The overall 

purifications for banana PPO was 105.042-fold and with % 7.05 yield. SDS-polyacrylamide gel 

electrophoresis showed single band for purified enzyme, corresponding to a molecular 

weight of approx. 35 kDa. 
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Compounds containing chiral ligands, in particular chiral ferrocenyl ligands are one class of 

assymetric catalysts that has received significant attention in recent years due to the 

versatility of these catalysts in a variety of applications. Ferrocene-based chiral phosphorus 

containing ligands, such as phosphine, aminophosphine, form transtion metal complexes 

which have already been identified an active catalysts in a variety of enantioselective 

reactions including hydrogenation, hydrosilylation, cross-coupling reaction and aldol 

condensation. Although some ferrocenyl aminoalcohols, phosphine, aminophosphine and 

iminodiphosphine have been employed successfully on ligand in ruthenium (II) promoted 

transfer hydrogenation of ketones, a screening of catalytic activity of ferrocenyl 

phosphinites in this reaction is quite limited. 

 

 
 

In the present work, two new C2 symmetric bisphosphinite compounds were synthesized by 

the reaction of C2 symmetric ferrocenylaminoalcohols with Ph2PCl and then 

spectroscopically characterized. Ru(II) complexes of these bisphosphinite ligands were then 

synthesized and characterized. Finally using these Ru(II) complexes as catalysts in 

asymmetric transfer hydrogenation reaction of propiophenones were investigated. 

 
This study was financially supported by the TUBITAK-Project number 111T419. 
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Water pollution due to heavy metals is an issue of great environmental concern. Heavy 

metals are released into the environment in a number of different ways (coal combustion, 

sewage wastewaters, automobile emissions, battery manufacturing, mining activities etc.). 

Exposure to heavy metals, even at trace level, is believed to be a risk for human beings and 

many life forms. Thus, to effectively and deeply remove toxic heavy metals from water 

systems is a very important. Several processes have been used for the removal of heavy 

metals from waste waters, such as chemical precipitation, solvent extraction, coagulation, 

ion exchange, membrane separation, and adsorption. Among these techniques, adsorption 

is the one of most favorable process, economically and technically, for removing heavy 

metal ions from aqueous solutions. In adsorption processes, polymeric microspheres are 

usefull as adsorbents for the removal of heavy metal ions from wastewaters due to many 

features such as small size and volume, large spesific surfage area. For these reasons, we 

concerned with the affinity of some heavy metal ions towards the novel polymer 

microspheres in aqueous solutions. We prepared novel polymer microspheres by 

polymerization. Then, the polymer microspheres were characterized by several methods 

(Elemental analysis, FTIR, Surface area and pore size measurements, Swelling test, SEM etc.) 

and the polymers as adsorbents were applied to the removal of some heavy metal ions from 

aqueous solutions. Adsorption experiments were contucted at various pH, temperatures, 

times and concentrations. Adsorption process was clarified by kinetic and thermodynamic 

approachs. The affinity order of the polymers toward heavy metal ions was also determined.  

              
This work was partly supported by the Research Fund of The University of Uludag                                                          

Project Number: KUOP(F)-2013/29 and Project Number: OUAP(F)-2012/28. 
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The horseradish peroxidase obtained from horseradish roots is one of the most widely used 

enzymes in analytical applications. Due to its high enzymatic activity, it is widely used in the 

synthesis of new chemical substances, medical diagnostic tests, the removal of phenolic 

contaminants and biosensor systems.In this study, 2-acrylamido-2-methyl-1-propane 

sulfonic acid (AMPS) based cationic exchanger cryogel column has been developed for the 

purification of horseradish peroxidase (HRP) enzyme by ion exchange chromatography 

which has high sensitivity and can easily identify the charged ions in a single step and the 

activity of AMPS column has been investigated for HRP purification. For this purpose, AMPS 

cryogel column has been prepared by polymerization of hydroxyethyl methacrylate (HRP) 

monomer with N,N'Methylene-bisacrylamide (MBA), cross-linker. The characterization of 

the prepared cryogel column has been carried out by swelling tests, BET, SEM and FT-IR 

analysis. In the last step of the study, HRP has been prufied from isolated crude extract from 

horseradish plant using the synthesized cryogel column. Protein content and enzyme activity 

of purified HRP has been determined by Bradford method and UV measurements, 

respectively and kinetic studies have been performed for the purified enzyme. Also, 

molecular weight of the prufied enzyme has been determined by SDS-Page analysis. 
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Creatinine is 113 Da molecular weight and useful analyte for evaluating kidney functions. 

Some various techniques are used for detecting creatinine such as Jaffe reactions, 

biosensors and instrumental devices. Molecular imprinting is pre-complex polymerization in 

presence of target molecule, crosslinker and functional monomer. Cryogels are synthesized 

under frozen temperature owing to some advantageous.  Herein, we synthesized creatinine-

imprinted cryojel (Crn-MIP) under zero conditions as an separation tool. For selectivity Cr-

MIP experiments uric acid, creatine was used and artificial urine also tested. Last step, 

reusability of Crn-MIP was checked. According to the experimental results, Crn-MIP cryogel 

is useful affinity tool for separation of creatinine with cheap, easy-prepared and selective.  
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Monolithic columns is one of the polymeric cariers has significant potential in biotechnology 

field that the first successful application was reported at 1990s. The most important 

advantage of this polymerization method that offers solution for drawback of conventional 

packed-bed colums, which is not having void volume between particles in the bed. In 

addition, wide and interconnected flow channels allow studying with higher flow rates. 

These and similar properties make them as novel alternative stationary phases and the 

number of the researches reported about preparation of polymer based monolithic columns 

is rapidly increased.   Ochratoxin A (OTA) is a toxic metabolite and is produced by fungi of 

the genera Aspergillus and Penicillium, variety in animal feed, human food and 80% of 

human blood samples in various western countries, have been found. Various studies 

indicate that Ochratoxin A (OTA) is carcinogenic, genotoxic, teratogenic, immunotoxic and 

nephrotoxic. The sequence of effects underlines the importance of this substance such as 

DNA breakage, inhibition of protein biosynthesis and gluconeogenesis, lipid peroxidation, 

disruption of oxidative phosphorylation in mitochondria, inhibition of blood clotting and 

apoptosis. Therefore, in recent years, toxic and carcinogenic effects of OTA in humans have 

been studied. In this study, novel monolithic HPLC columns based on affinity interactions 

was prepared in stainless steel HPLC columns via in-situ polymerization. Monolithic columns 

were obtained by the bulk polymerization of MAPA and 2-hydroxyethyl methacrylate 

(HEMA) conducted in a steel columns. Synthesized N-methacryloyl-L-phenylalanine MAPA 

monomer was characterized by Fourier Transform Infrared Spectroscopy (FTIR) and Nuclear 

Magnetic Resonance (NMR). Poly(HEMA-MAPA) monolithic columns were characterized by 

swelling studies, back pressure-flow rate dynamics, FTIR, SEM and elemental analysis. The 

monolithic columns to be prepared will then be used for online analyses of ochratoxin, toxic 

metabolite. 
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In this study, poly(2-hydroxyethyl methacrylate)  (PHEMA) nanoparticles were synthesized 

by surfactant free emulsion polymerization technique. Nanoparticles were then grafted with 

L-Histidine according to the procedure.  L-histidine graft PHEMA nanoparticles [His-graft-

PHEMA] were characterized by SEM, FT-IR, Zeta Sizer and Elemental analysis. According to 

analysis, in the Zeta Sizer results the average particle size of graft-His-PHEMA nanoparticles 

was found to be about 246.8 nm with 0.515 polydispersity index and in the SEM images, His-

graft-PHEMA nanoparticles had a nonporous and spherical morphology. In addition to 

synthesis and characterization of nanoparticles, PHEMA were conjugated to fluorescein 

isothiocyanate (FITC) to use as a fluorescence probe and monitor cancer cells. Concomitantly, 

cell uptakes and internalization of polymeric nanoparticles were tested. Hence, His-graft-

PHEMA nanoparticles can be applied as an optical biosensing material in the way of 

monitoring cancer cell lines. 
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We may organize water treatment technologies into three general areas: Physical Methods, 

Chemical Methods, and Energy Intensive Methods. Chemical methods of treatment rely 

upon the chemical interactions of the contaminants we wish to remove from water, and the 

application of chemicals that either aid in the separation of contaminants from water, or 

assist in the destruction or neutralization of harmful effects associated with contaminants. 

Molecular Imprinting is a versatile method for creating macromolecular matrices that 

display selective molecular recognition behaviour. In the molecular imprinting world, the 

"key molecules" are denoted by a variety of expressions such as; print molecules, imprint 

molecules, template molecules or print molecules. Molecular recognition-based separation 

techniques have received much attention in various fields because of their high selectivity 

for target molecules. Molecular imprinting has been recognized as a promising technique for 

the preparation of such systems. Three steps are involved in ion-imprinting process: (i) 

Complexation of template (i.e., metal ions) to polymerizable ligand, (ii) Copolymerization of 

this complex, (iii) Removal of metal ions after copolymerization. After removal of target ion, 

the prepared polymer matrix is put into a solution containing metal ions from which the 

imprinted ion should thus be preferentially separated. In ion-imprinting process, the 

selectivity of a polymeric adsorbent is based on the geometry of template and size. The aim 

of the present was the design and characterization of molecular imprinted smart magnetic 

nanoparticles with arsenic recognition memory and their application for removing arsenic 

ions from ground waters, which is the one of the recent problems especially in big cities. 
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Riboflavin is an important member of the water-soluble vitamin family. It has been 

recognized that Riboflavin plays a pivotal role in many physiological activities of cells such as 

electron transfer processes in the respiratory chain. Recent reports also link it to nucleic acid 

repair processes and cell apoptosis.  Inadequate dietary intake may lead to skin and mucosal 

disorders, including angular cheilitis and anemia. Therefore, Riboflavin becomes a very 

important part in vitamin-fortified food because the human organism cannot synthesize it. 

Quartz Crystal Microbalance (QCM) is a simple, cost effective, quick response time, 

sensitivity, high-resolution and mass-sensitive chemical sensors, which has been used as a 

transducer in analytical chemistry, biology, enviromental assays and others. Molecular 

imprinting technique provides producing cavities which are complemetray in shape, size and 

chemical functionality to the analyte, wich is called as template in/on polymeric structure 

analyte. There are many biosensor applications using molecular imprinting technique for the 

detection of variety of biological molecules like proteins. The aim of this study is preparation 

of quartz crystal microbalance (QCM) biosensor for the detection of Riboflavin. QCM 

biosensor was prepared poly(hyroxyethyl methacrylate methacrylic acid) PHEMA-MAA was 

synthesized on surface of QCM chip as a thin film. Imprinted film was prepared with 

polymerization of (methacrylic acid) MAA, hydroxyethyl methacrylate (HEMA) and 

ethyleneglycol dimethacrylate (EGDMA) in the presence of Riboflavin. Non-imprinted 

PHEMA-MAA was synthesized without Riboflavin for control experiments. In this study, 

Riboflavin imprinted QCM chip was characterized with ellipsometry, atomic force 

microscopy (AFM) and contact angle measurement. Riboflavin sensing ability of Riboflavin 

imprinted QCM sensor was investigated from Riboflavin solutions with different 

concentrations. Riboflavin solutions with different concentrations were used to determine 

the adsorption kinetics. Competitive adsorptions of Riboflavin, folic acid and multivitamine 

were investigated to show the selectivity of riboflavin imprinted QCM sensor. Riboflavin 

nonimprinted QCM sensor was prepared to determine imprinting selectivity of Riboflavin 

imprinted QCM sensor. Riboflavin imprinted QCM chip was investigated 4 times with same 

concentrations of Riboflavin solution in order to show reuse of the chip. 
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Phosphate stimulates the growth of plankton and aquatic plants which provide food for fish 

but excessive use of fertilizers and detergents leads to over growth of aquatic plants 

reducing dissolved oxygen level of water which is detrimental to aquatic life. As a 

consequence, methods for determining phosphate are finding importance in the areas of 

medicinal, agricultural, metallurgical and environmental sciences. The various methods are 

found in the literature to monitor phosphate level in such samples. These methods are 

including atomic absorption spectrometry, volumetry, flow injection spectrophotometry, 

inductively coupled plasma emission spectrometry and spectrophotometry. In this study, 

potentiometric sensor based on IIP has been described for selective recognition of 

phosphate ion in aqueous solution. The sensor has been prepared using phosphate as 

template, chitosan and N-(2-Aminoethyl)-3-aminopropyl-trimethoxysilan (AAPTS) as 

functional monomers, ephychlorohydrin and tetraethoxysilicate (TEOS) as cross-linking 

agents. The electrode has been designed by dispersing the phosphate-imprinted polymer in 

dibutyl phthalate (DBP) plasticizer and then embedded in polyvinyl chloride matrix. A novel 

phosphate imprinted sensor has good reproducibility, wide linear range, low detection limit 

and high selectivity. 
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Testosterone is the male sex hormone. Testosterone deficiency results hypogonadizm which 

causes many pathophysiologies. Additionally testosterone is a prohibited anabolic steroid in 

sportive activities. Testosterone analogs also used in agricultural, stockbreeding and 

fisheries for growing catalyst. Accumulation in human organism causes toxic effects on liver, 

embryo and cancer. Because of these reasons testosterone sensing is important in many 

fields. In this work, testosterone imprinted nanopolymer based biosensor was developed. 

For building the molecular memory metacryloylamidotyrptophan (MATrp) functional 

monomer and testosterone (TSN) are pre-complexed by using the hydrophobic interaction 

between the template and functional monomer. After pre-complex formation, 

polymerization was carried out via surfactant free emulsion polymerization with glycidyl 

methacrylate (GMA), which has reactive epoxy chain. Self-assembled monolayer (SAM) of 

cysteine was formed on the Au electrode surface. Following that, TSN-MIP p(MATrp-GMA) 

was immobilized onto the modified electrode surface and allowed  the reaction of epoxy 

group of GMA and amine group cystamine and TSN-MIP p(MATrp-GMA) at pH=8. 

Electrochemical impedance spectroscopy (EIS) and differential pulse voltammetry (DPV) 

measurements were conducted to investigate the success of each modification step and to 

detect TSN amount by incubating different concentrations. The linear range of the biosensor 

was found to be 1.0 – 100.0 ng/mL of TSN. Optimization and characterization studies of the 

developed biosensor were also carried out. 
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Due to increased population and pollution, accessing to clean drinking and potable water is 

becoming increasingly difficult. Formerly known as rich in water, our country had lost this 

feature and like another countries, turkey is affecting by pollution daily. Upon the World 

Water Forum (2009, Istanbul) and Water Framework Directive (2012, Istanbul) and as stated 

at 10. European Conference, protection of water resources and improving the quality of 

drinking water is a necessity.  

Although there are many criteria that determine water quality in recent years, the emerging 

importance of micro pollutants with endocrine-disrupting effects constitutes one of the 

biggest risks. Exposure to endocrine disruptors in low concentrations has been shown to 

cause changes on the growth of organisms. These chemicals can affect the normal functions 

of the endocrine system of living organisms. Endocrine disruptors are caused to occur 

abnormalities in reproductive systems. Endocrine disruptors also cause abortions and trigger 

the various types of cancer.  

According to a report prepared for the British Environment Agency, Triclosan, which is a 

strong anti bacterial agent, is one of the most common organic pollutants in water sources 

(Stuart, 2011). In this study, triclosan selected as model micro-pollutant due to its 

widespread usage such as toothpastes, antibacterial hand soaps as well as personal care 

products, household cleaning products, various kinds of textile products, various school 

supplies, cosmetic products and kitchen.   

The main objective of this study is detection of endocrine disrupting micro-pollutant, 

triclosan, from wastewater via molecular imprinting based biomimetic sensors.   
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Insulin is a polypeptide hormone which regulates carbohydrate metabolism. Insulin sensing 

in serum is greatly important for clinical diagnostics and to follow-up patients affected by 

various types of diabetes. The detection of insulin is of great importance for clinical 

diagnostics, because it serves as a predictor of diabetes of insulinoma, trauma and doping 

control for athletes. QCM can be used to monitor the changes of mass on quartz crystal 

surface by measuring its difference of frequency in real time [2-4]. Although various 

methods are used to generate the sensitive QCM sensor, the most effective method is the 

molecular imprinting technique. This technique forms a three-dimensional rigid structure 

around the template molecule and relies on the molecular recognition [5,6]. The aim of this 

study is to prepare quartz crystal microbalance (QCM) biosensor for the real-time detection 

of insulin. Firstly, the modification of gold surface of QCM chip was performed by self-

assembling mono layer formation of allyl mercaptane to introduce polymerizable double 

bonds on the chip surface. Then, MIP-film was generated on the gold surface by UV-

polymerization. Insulin detection studies were carried out using aqueous insulin solutions in 

different concentrations.  The detection limit was found as 0.008 ng/mL. The results show 

that the QCM nanosensor has high selectivity and sensitivity with a wide range of insulin 

concentrations in aqueous solutions (0.006–10 ng/mL). Insulin solutions with different 

concentrations were used to determine the adsorption kinetics. Competitive adsorption of 

Insulin, aprotonin and glucagon was investigated to show the selectivity of insulin imprinted 

QCM sensor. Insulin non-imprinted QCM sensor was prepared to determine imprinting 

selectivity of Insulin imprinted QCM sensor. Insulin imprinted QCM chip was investigated 

four times with same concentrations of insulin solution in order to show reuse of the chip. 
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Photosynthesis which is required to continue life process for plants and many organisms is 

the synthesis of organic nutrients from inorganic substances. Photosynthesis is divided into 

two parts: photosystem I and photosystem II.  In this study, it has been aimed the isolation 

of Photosystem II complex from spinach leaves. For this purpose, a solid support which is 

based phenylalanine copolymer has been developed considering hydrophobic interactions 

and isolation of photosystem II has been achived after the chemical fragmentation method 

performed with a series of separation methods.  Protein content of the Photosystem II 

complex and the molecular weight have been determined by Bradford and SDS-PAGE 

(Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis) methods, respectively. 

Finally, the characterization of cryogel solid support has been characterized by Fourier 

Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM) and swelling 

test. 
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In this study, we aimed encapsulation of propolis as a natural product which has broad 

spectrum of biological activity in terms of overcoming administration problems and 

improving bioavailability. Encapsulation is prefered to avoid its strong and unpleasant taste, 

aromatic odor and low water solubility resulting in low bioavailability. In the first stage, 

Turkish propolis was extracted with 96% ethanol by three different techniques at two 

different temperatures. The best extraction method was chosen in terms of yield, total 

phenol and flavonoid content as ultrasonic extraction and temperature was chosen as 30°C. 

Ultraviolet (UV) spectrum, proton nuclear magnetic resonans (1H-NMR) profile, differantial 

scanning calorimeter (DSC) of the extract were provided. After that, isolation of the major 

compound of the propolis ultrasonic 30°C extract was carried out by prep-TLC and column 

chromatographies. The isolate was identifed by 1H-NMR and liquid chromatography-

electronspray ionization- mass spectrometry (LC-ESI-MS) techniques as galangin. Then, its 

amount in the propolis extract was determined by ultra performance liquid chromatography 

(UPLC) as 0.086 mg galangin/mg extract and its UV spectrum was obtained by UPLC-DAD. In 

the second stage, propolis extract was encapsulated with niosome formulation. Niosome 

formulation was conducted by ether injection method. A data set including evaporation 

temperature, sonication time and surfactant ratio which effect particle sizes for 

encapsulation was created in Design Expert Software. Subsequently, the optimum 

temperature, sonication time and surfactant ratio were chosen which minimize the particle 

sizes analyzed by nanosizer. A surfactant ratio of 5.61%, temperature of 41°C for 50 min was 

elicited as optimum points yielding a particle size of 153.6±2.54 nm. ANOVA test was carried 

out and the model was significant. Niosomes were produced in accordance with selected 

optimum values. Amount of propolis extract was chosen as 1 mg/ml for loading. Particle 

sizes were measured as 217.2±38.32 nm. Characterization of niosomes was carried out by 

differential scanning calorimetry (DSC) and scanning electron microscopy (SEM) analysis. 

After the SEM analysis, propolis extract loaded niosomes were evaluated as more closer, 

unspherical and tubular in comparison with non-loaded niosomes. After DSC analysis, 

propolis extract was an amorph form in niosomes. Loading efficiency and galangin amount in 

propolis extract were conducted by UPLC in terms of galangin and loading efficiency 

measured as 64.7%. 
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Molecular imprinting is a technology to create recognition sites in a macromolecular matrix 

using a template molecule. The molecular imprinting technique necessitates a synthetically 

prepared polymer matrix to form cavities sculpted around the template molecules of the 

same kind. In an ion-imprinting process, the selectivity of an imprinted polymeric adsorbent 

relies on the coordination, the charge and the size of the ion being targeted. Metals are 

known to play important roles in biological processes, and although some are classified as 

essential elements, they show harmful properties when they exceed a certain concentration. 

For example, a genetic defect (such as thalassemia disease) or accidental ingestion of 

excessive amounts of iron in excess of iron occurs in the body, heart attack, diabetes, gives 

rise to symptoms such as depression and liver disorder. Chelation therapy is one method 

used for acute iron overload and formed with transplantation. As well as the treatment of 

iron overload, chelating system is used in the treatment of many diseases (cancer, malaria, 

such as damage caused by free radicals). The purpose of this study is to prepare stable, 

biocompatible and selective adsorbent for the removal of iron ions for the treatment of 

thalassemia. Here, we studied and assessed the Fe(III)imprinted poly(hydroxyethyl 

methacrylate- N-Methacryloly-(l)-glutamic acid) cryogel (PHEMAGA-Fe(III)) for its capability 

to remove Fe(III). The prepared PHEMAGA-Fe(III) cryogels were characterized with swelling 

tests, SEM and FTIR studies.  
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The increase of industrial activities has intensified environmental pollution problems and the 

deterioration of several ecosystems with the accumulation of many pollutants, such as toxic 

metals. Heavy metals are discharged from various industries such as electroplating, 

metallurgical processes, textile, storage batteries, pigment, fertilizers, plastic manufacturing, 

mining, ceramic and glass. Heavy metals are persistent environmental contaminants since 

they cannot be degraded or destroyed. Heavy metal pollution represents an important 

problem due to its toxic effect and accumulation throughout the food chain which leads to 

serious ecological and health problems. In this study reports cadmium and zinc ions have 

been preconcentrated on tomato pell immobilized on Amberlite XAD-4, and were 

determined by flame atomic absorption spectrometry (FAAS). Parameters such as pH, 

amount of adsorbent, eluent type and volume, flow rate of solution and the matrix 

interference effect on retention have been studied, and extraction conditions were 

optimized. The analyte ions were quantitatively recovered and desorbed at pH range of 6.0-

7.0. 

 

 

 

 

 

 

 

 

 

 

 

 
 



38 
 

Design and Synthesis of Artificial Receptors for Selective                                 

Recognition of  Myoglobin in Biological Samples 

 

İbrahim Dolak1, R.Keçili2, D. Hür2,3, Z. Baysal4, A.Ersöz3 and R. Say3 

1 
Dicle University, Vocational School of Technical Sciences, Diyarbakır, Turkey 

2 
Anadolu University, Plant, Drug and Scientific Research Center (AÜBİBAM), Eskişehir, Turkey 

3 
Anadolu University, Faculty of Science, Chemistry Department, Eskişehir, Turkey 
4 

Dicle University, Faculty of Science, Chemistry Department, Diyarbakır, Turkey 

 

Myoglobin (Mb) is a 17.6-kDa monomeric hemeprotein exists in the heart and skeletal 

muscles. Mb is an important biological marker for early detection of some diseases such as 

myocardial necrosis and acute myocardial infarction (AMI) also known as a heart attack. 

When muscle is damaged, Mb is rapidly released into the bloodstream from the areas of 

ischemic injury due to its small size. Large amounts of Mb may cause kidney failure since it 

can be broken down into toxic compounds. The concentration of serum myoglobin begins 

to increase within 1 to 3 h after AMI and it reaches the peak levels within 6 to 9 h. Thus, the 

detection of Mb concentration is crucial for the early diagnosis of AMI. This study describes 

the selective recognition of myoglobin in aqueous solutions and human serum in the 

presence of various proteins by molecularly imprinted polymers. Myoglobin imprinted 

polymers were prepared by using suspension polymerization technique. For this purpose, N-

methacryloylamido folic acid was used as the functional monomer. Myoglobin and 

ethyleneglycol dimethacrylate were used as the template and cross-linker, respectively. The 

effects of different parameters such as initial myoglobin concentration, temperature, pH and 

ionic strength on binding were investigated.  
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Sorbic acid and its calcium, potassium and sodium salts are extensively used in the 

preservation of foods. A reliable method for the determination of sorbic acid in vegetable 

margarine using high performance liquid chromatography and UV detection was validated. 

The peak of sorbic acid was measured at a wavelenght of 258 nm. This is an HPLC–UV 

method that shows good recovery and a short analysis time. Studies were carried out using 

different margarine samples obtained at local market and produced in Turkey. All samples 

were commercially available. The levels of sorbic acid in margarine samples were in the 

range of 253.03 to 960.77 mg kg−1. According to European Union and Turkish legislation, the 

maximum permitted level (MPL) for sorbic acid was not exceeded of the referred margarine 

samples. 
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Insulin is a polypeptide hormone secreted by beta cells in pancreas.  The main function of 

insulin is to control the glucose level in the blood. It has also some other vital roles in the 

body, such as controlling survival, regenaration and repair of peripheral nerves. Defects in 

insulin secretion or insulin action causes a group of metabolic diseases called Diabetes 

mellitus. Thus, it is needed treatment to be able to control blood clucose levels and any 

defects caused by hyperglycaemia. Molecular imprinting is a technique to synthesize highly 

cross-linked polymers capable of selective molecular recognition. This technique is based on 

the formation of a complex between a template and functional monomer. After 

polymerization process, the template is removed from the polymer leaving specific 

recognition sites complementary in shape, size and chemical functionality to the template 

molecule. Thus, the resultant polymer recognizes and binds selectively the template 

molecules. In literature, molecular imprinting technology is used in various biotechnological 

areas including chromatography, biosensors, drug delivery systems. Herein, molecular 

imprinted cryogel membranes for insulin adsorption were prepared. Firstly preorganization 

of functional monomer-template was applied. Then, this complex was added into the 

solution containing monomer, i.e. 2-hydroxyethyl methacrylate, and cross-linker. After, this 

solution was copolymerized at -16oC. Poly(2-hydroxyethyl methacrylate) based cryogel 

membranes. Cryogels were then characterized with Scanning Electron Microscopy (SEM), 

surface area and macroporosity mesurements, swelling tests and Raman spectroscopy. 
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CEC, first described by Pretorius, is a rapidly evolving hybrid technique between CE and LC. 

Analytes may be separated in CEC by the combined action of partitioning between 

stationary phase and mobile phase (chromatographic interactions) and by their difference in 

electrophoretic mobility (movement of solutes by electrical forces). Therefore, CEC usually 

posses higher efficiency and selectivity as compared with classical CE and LC. The use of CEC 

for chiral analysis has become popular in recent years due to high separation efficiency. 

Separation of enantiomers is very important because they may show different biological 

activities. Many single enantiomers of amino acids were also used for the synthesis of 

biological important compounds. In this work, enantiomeric separation of hydrophobic 

amino acids by CEC system was carried out by using molecularly imprinted monolithic 

capillary columns. Amino acid based monolithic columns were prepared after synthesizing of 

N-methacryloyl-(L)-phenylalanine methyl ester (MAPA) as hydrophobic monomer and used 

in CEC system.    
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Cryogels are supermacroporous hydrogels, which are formed at sub-zero temperatures by 

radical polymerization of monomers. Cryogels provide high-capacity removal and provide 

convenience in working with viscous media such as heavy metals containing industrial 

wastes.  The biomedical and biotechnological potential of these materials has now been 

recognized. Cryogels have advantages over other polymers as they can be produced in 

different sizes and formats like discs, sheets or monoliths with varying dimensions. 

Interconnected macroporous structure of cryogels makes them appropriate for the 

biomedical and biotechnological applications. In this study, Ag+ imprinted poly(2-

hydroxyethyl methacrylate) (PHEMA)-based cryogels were synthesized. These cryogels were 

characterized by surface area measurements (BET), swelling tests, scanning electron 

microscopy (SEM), EDX, and FTIR. 
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L-Tyrosine (Tyr), an essential amino acid for human, plays an important role in signaling 

pathways of cellular functions and dopamine and adrenaline are derived from this amino 

acid. Tyr is a precursor of neurotransmitters and increases plasma neurotransmitter levels 

(particularly dopamine and norepinephrine).  A number of studies have found Tyr to be 

useful during conditions of stress, cold, fatigue, prolonged work and sleep deprivation. Tyr is 

related with reductions in stress hormone levels and improvements in cognitive and physical 

performance. So the recognition of Tyr is of great clinical importance. Molecular imprinting 

(MIP) is a method for producing cavities in/on polymeric structure that fits to the sample 

molecule. Because of these cavities the resulting polymers have shape and chemical 

recognition memory. However various MIPs reported previously have low affinity and low 

binding kinetics due to weak interactions between template molecule and functional 

monomer in aqueous media. The synthesis of MIPs via metal ion coordination interactions 

serves as an effective solution. In this study, MIPs were synthesized by using two different 

functional monomers, N-methacryloyl-L-histidine methyl ester (MAH) and 2-methacryl-

amidophenyl alanine  (MAPA). The prepared cryogels were characterized with swelling tests, 

SEM and FTIR studies. The binding conditions and kinetics of Tyr from aqueous solutions was 

investigated.  
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Papain is a proteolytic enzyme and has been also used for the food industry for example, 

meat tenderizing, protein hydrolysate production, juice and bears clarification, cheese 

production, and so on. Recently, papain has been used for the isolation of cells and 

separation of various biomolecules. Dye-ligands are good alternatives for separation science 

and have been already used for adsorption of various biomolecules. Dye-ligands are very 

cheap and commercially available, and they can also be immobilized easily to the various 

support materials. Reactive dyes have great potential for adsorption or purification of 

biomolecules. Cryogels are polymeric, monolithic materials characterized with their 

interconnected macroporous sponge like structure. Cryogels are very cheap materials, and 

they can be synthesized at sub zero temperatures with any kind of polymerizable 

monomers. Cryogels have been recently used for the applications in separation and 

adsorption of biomolecules, immobilization of biocatalysts, chromatography of cells and 

organelles, and three dimensional scaffold structures for cell culture studies. In this 

presented work, a new dye ligand affinity chromatographic support for papain adsorption 

was synthesized. For this purpose, poly (acrylamide-methyl methacrylate) [poly(AAm-MMA)] 

cryogels were synthesized by using free radical cryopolymerization technique. These 

cryogels were then functionalized with Reactive Green 19 dye and were characterized with 

FTIR, ESEM and EDX analysis. Incorporation of the dye molecule onto cryogel structure was 

clearly demonstrated by these characterization techniques and pore diameter of the cryogel 

was found to be around 30-40 µm. Effects of medium pH, initial papain concentration; 

medium temperature and ionic strength on the papain adsorption onto dye attached cryogel 

were also investigated. Maximum papain adsorption was found to be 40.66 mg/g cryogel by 

using pH 5.5 acetate buffer at 25°C. Reusability profile of the cryogel was also investigated 

and it was found that the adsorption capacity of the cryogel decreased only about 2.13 % at 

the end of the 10 reuse. Activity studies of papain in desorption medium was carried out and 

it was found that desorbed papain was active and showed 88.5 % of its initial activity. 
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Prostate cancer (PCa) is known as adenocarcinoma of the prostate gland. PCa is the fifth 

most common type of cancer in the world and the second leading cause of cancer related 

death in men. The prostate-specific antigen (PSA) has been widely used to screen men for 

PCa. However, increased PSA concentrations in serum also occur in patients with benign 

prostate hyperplasia (BPH). Therefore, it is necessary to effectively discriminate PCa from 

BPH. Concanavalin A (Con-A) belongs to the family of legume lectins which are 

carbohydrate-binding proteins. This study was performed to determine PSA binding 

capacities of Con-A immobilized magnetic poly (glycidylmethacrylate) (mPGMA) beads using 

lectin-glycoprotein interactions in PCa and BPH. The initial concentration of PSA in the serum 

samples of patients with PCa and BPH may affect PSA binding onto the Con-A immobilized 

mPGMA beads. The serum samples of patients with PCa and BPH having the same 

concentration of PSA were used in order to determine the binding capacities of the mPGMA 

beads. In conclusion, discrimination of patients with BPH from those with PCa was 

significantly enhanced using cancer-related glycosylation patterns.  
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Pesticides have been widely used in many fields such as agricultural products control. 

Although these substances contribute to increasing of agricultural products, they have also 

many negative effects on the health due to contamination. Dimethoate is a widely used 

organophosphate insecticide used to kill insects on contact. Like other organophosphates, 

dimethoate is an acetyl cholinesterase inhibitor which disables cholinesterase, an enzyme 

essential for central nervous system function. Molecular imprinting technique is a 

developing technology based on forming recognition regions in a macromolecular matrix by 

using a molecular template. The prepared macromolecule is used for recognition and 

separation of target molecule. In the light of this method, which is highly popular recently, 

template molecules will be formed for each pesticide in the scope of the product which will 

enable to separate target molecule at a maximum level. Quartz crystal microbalance (QCM) 

sensor is new generation optic sensor that can be used for analysis of residual pesticides.  

QCM sensor system has very important advantages enabling real time analysis and 

determination unnecessary of labelling analyte molecule, high surface sensitivity and 

instantaneous determination as well as repeatable use potential, quick response time and 

analysis of many analytes simultaneously. In the present study, molecular imprinted QCM 

sensors were prepared to determine small amounts of dimethoate used as insecticides in 

the agricultural products. Surface modification of sensors was performed by allyl mercaptan 

and was created selective molecular imprinted polymeric (MIP) nanofilm to dimethoate in 

the surface of the QCM sensor. For this purpose, nanofilm was synthesized in the presence 

of N- methacryloly-(L)-tryptophan methyl ester as functional monomers and ethylene glycol 

dimethacrylate as the cross linker. Dimethoate was imprinted into nanofilm with MIP 

method. Target molecule was removed by 0.2 M Tris-HCl buffer at pH 2.0 and specific 

cavities created for it. The surface morphology of nanofilm prepared on the sensor surface 

was determined by ATR-FTIR and contact angle measurements and AFM. The selectivity 

studies were made with methamidophos and monocrotophos which are similar structure to 

dimethoate. The concentrations applied to the sensor were optimized by varying in the 

range 1000-0.001 ng/ml. 
This study was supported by the TUBITAK project number: 115Z126. 
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Carbonic anhydrase (CA) enzyme catalyzes the conversion of CO2 to HCO3
- in a different way 

without formation of carbonic acid. CA plays an important role in removing of CO2 and 

providing the acid-base balance. CA enzyme has Zn ion in the active site and is stable in 

aqueous medium. CA firstly is isolated from mammalian erythrocytes then, isolated from 

human, fish, rat erythrocytes, bovine bone, bovine leukocytes, different bacteria and 

different plants . Molecular weight of CA enzyme was found to be approximately 29 kDa. In 

this study, CA enzyme has been isolated from sheep liver using affinity technique. Firstly, the 

interaction between the sulfonamide which is inhibitor of CA enzyme and treonine has been 

mimicing using cross-linkers in preorganization of sulfonamide and MA-Treonin. This 

mimicking systemhas been cross-linked in cryogel, and the cryogel has used as a column 

material in Fast Protein Liquid Chromatography (FPLC). CA enzyme has been isolated from 

sheep liver using FPLC. Molecular weight of isolated CA enzyme has determined by sodium 

dodecyl sulfate poly acrylamide gel electrophoresis (SDS-PAGE). Then, hydratase and 

esterase enzyme activity of isolated CA enzyme has been detected and optimum parameters 

such as pH, temperature for isolated CA enzyme have been investigated. 
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Enzyme immobilization has many advantages according to free enzyme such as easy 

recovery of enzyme, repeated or continuous use, easy separation and enhancement in 

enzymatic stability. A wide variety of immobilization techniques has been applied to 

enzymes, including adsorption to solid supports, covalent attachment, and entrapment in 

polymers. An important area of interest is the immobilization of proteins and enzymes on 

magnetic particles. Several magnetic particles, and magnetic supports have been widely 

used with good results. Lipase (triacylglycerol hydrolase; EC. 3.1.1.3) is one of the most 

frequently used enzymes that catalyze the hydrolysis of triacylglycerol to glycerol and fatty 

acids. Lipase can be used in an extensive variety of esterification, interesterification, and 

ester hydrolysis reaction. Also, lipase is one of the most important groups of industrial 

enzymes.In this study, magnetic nanoparticles were synthesized and then activated by a 

silanization agent, 3-aminopropyltriethoxysilane (APTES) for lipase immobilization. Prepared 

APTES attachment magnetic nanoparticles were characterized by SEM, FTIR, Zeta-size and 

Zeta-potential. The optimum lipase adsorptions on the magnetic nanoparticles (pH of 

medium, initial lipase concentration) were studied. After the lipase adsorption studies, the 

enzyme activity studies were carried out with using both free and immobilized lipase. For 

this purpose, the effects of medium pH, initial substrate concentration and temperature on 

lipase enzyme activities were investigated and kinetic constants of free and adsorbed lipase, 

i.e. Km and Vmax values were determined. According to these results, magnetic nanoparticles 

would be used as an effective for lipase adsorption. 
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Phenolics are secondary compounds and tannins are a special group of phenolics, with high 

molecular weight, that occur in higher plants. Tannins can react with proteins or minerals in 

a biological medium. Vegetable tannins are an important species of compounds, which have 

extensive applications in the field of pharmaceutical, food processing and tanning industries. 

Thus, plant polyphenols, tannins were used as stabilizer and enzyme and cell growth 

inhibitor in many researches. The aim of the research is to separate tinnins from olive oil mill 

wastewater (OOMWW) by affinity to albumin biomolecule. Albumin microspheres were 

prepared with emulsion polymerization and characterized with optic microscope, FTIR and 

Scanning Electron Microscopy. A definite amount of albumin microspheres were treated 

with OOMWW for various times and Butanol-HCl method was used to analyze the adsorbed 

condensed tannins. The adsorption was continued for 90 minutes and nearly 32% of the 

tannin (catechin equivalent) amount was absorbed onto albumin microspheres.  
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Bacterial cellulose has a wide variety of current and potential future applications. Due to its 

several remarkable physical properties, it has been used in the food industry, as biomaterial 

for medical field, commercial and industrial products, and other technical areas. Cellulose is 

the most abundant, inexpensive and readily available carbohydrate polymer in the world. BC 

has a very fine fiber structure with the average fiber diameter about 0.1 microns. The fibers 

show high water binding and strong hydrogen bonding. Molecular imprinting is an attractive 

method for producing highly selective adsorbents and to generate the molecular recognition 

sites. The imprinted nanofibers showed a specific binding property for the template and a 

fast kinetic binding. The aim of this study is to prepare the BC nanofibers for phenol 

depletion. FTIR spectra of MAPA monomer, MAPA-Phenol complex and other celluloses 

were obtained by using a FTIR spectrophotometer. The surface morphology of the celluloses 

was examined using scanning electron microscopy (SEM). The specific surface area of all 

celluloses was measured according to the Brunauer Emmett-Teller (BET). All adsorption 

studies concentration, flow rate, pH, temperature were studied. 
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Molecular imprinting technology gets increasingly interesting for the preparation of useful 

materials with predetermined selectivity for application in several areas of analytical 

chemistry.  MIPs are cross-linked synthetic polymers obtained by copolymerizing a monomer 

with a cross-linker in the presence of a template molecule (print molecule).  The polymer, 

with its template being washed away, contains recognition sites that are complementary in 

size, shape and chemical functionality to the template molecules.  The produced imprinted 

polymer is able to rebind selectively with the template (analyte) and its analogous structures. 

The highly selective recognition characteristics of the molecular imprinted polymers are 

comparable to those of the natural biological species. Intensively used pesticides, despite 

their ability to protect crops, threaten the environment and human health. Triazines are a 

group of pesticides with a wide range of uses.  Atrazine and cyanazine known as triazine 

herbicides are widely used to control certain weeds in agriculture throughout the world, 

especially in the developing countries. However, they are serious environmental pollutants 

and can harm people and animals since the herbicides and their derivatives can remain in 

soils, natural waters and other environmental domains for a long time.  Surface plasmon 

resonance (SPR) based sensors have been widely applied for quantitative detection of 

chemical and biological compounds, e.g., pesticides, enzymes, nucleic acid, etc. Surface 

plasmon resonance technique has secured an important place among the several sensing 

techniques due to its high sensitivity and reliable procedure. Herein, we have focused on 

triazine pesticides imprinted SPR nanosensors for detection of atrazine, simazine and 

cyanazine. For this aim, SPR nanosensors were characterized by FTIR-ATR, AFM, ellipsometry 

and contact angle measurements. Association kinetics analysis and adsorption isotherms 

were applied to data. The non-imprinted nanosensor was also prepared to evaluate the 

selectivity nanosensor.  

 

 

 

 

 

 

 



52 
 

Protein A Imprinted Supermacroporous PHEMA Based Cryogels 

 

Sevgi Aslıyüce1, B. Mattiasson2 and A. Denizli1 

1 
Hacettepe University, Department of Chemistry, Ankara, Turkey 

2 
Lund University, Department of Biotechnology, Sweden 

 

Protein A can be combined with Fc receptors of certain immunoglobulin (IgG1, IgG2, IgG4), 

and thus can be antifagositer and anticomplementer activity. In addition, this protein was 

used as a nonspecific carrier with S. aureus coaglutination constitutes the basis of tests. 

Protein A is the most important ligand of IgG purification, due to the connection of specific 

IgG. Therefore Protein A is great importance commercially. Molecular imprinting is a 

technology to create recognition sites in a macromolecular matrix using a template molecule. 

Molecularly imprinted polymers (MIP) are easy to prepare, stable, inexpensive and capable 

of molecular recognition. MIPs can be considered as affinity separation media. Cryogels are 

gel matrices that are formed in moderately frozen solutions with radicalic polymerization. 

The unique structure of cryogels, in combination with their osmotic, chemical and 

mechanical stability, makes them attractive matrices for chromatography of biological 

nanoparticles (plasmids, viruses, cell organelles) and even whole cells. In this study, Protein 

A imprinted supermacroporous poly (2-hydroxyethyl methacrylate) cryogel was prepared to 

Protein A purification.  The optimum conditions of protein A adsorption determined with 

batch system after characterization of the prepared cryogels. The maximum Protein A 

adsorption capacity was 18.1 mg/g from aquatic solution. The relative selectivity coefficients 

of imprinted particles for Protein A were 7.6 and 3.3 times greater than Fc and Protein G 

respectively. 
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Cryogels are gel matrices that are formed in moderately frozen solutions of monomeric or 

polymeric precursors. Cryogels typically have interconnected supermacropores, allowing 

unhindered diffusion of solutes of practically any size, as well as mass transport of nano- and 

even microparticles. Cryogels can be prepared as beads, sheets and monoliths.  Protein G is 

a bacterial protein, which is located in the cell wall of Group C and G streptococci. Molecular 

weight of protein G is about 63 kDa, it has 3 albumin binding domain and 5 IgG binding 

domains. Streptococcal Protein G is capable of binding all human IgG subclass, especially 

IgG3 different from Protein A. IgG is one of the most commonly used as a therapeutic agent, 

which has annual revenue over 26 billion dollar as of 2011. Whit recombinant DNA 

technology, genes region of desired proteins can be cloned and expressed in another 

organism such as E. coli. So that, whole or part of desired protein can be produced. The aim 

of this study is to prepare 2-hydroxyethyl methacrylate-MAH-Cu(II) based on recombinant 

Protein G imprinted cryogels for lgG purification. The cryogels were prepared by free radical 

cryopolymerization initiated by N,N,N′,N′-tetramethylenediamine at -12°C. Cryogels were 

characterized by swelling test, macroporosity and scanning electron microscopy. They were 

also used for the adsorption of IgG from aqueous solutions. The effecting factors such as 

concentration, interaction time and temperature were evaluated. In the light of the results, 

it was observed that the prepared cryogels have potential to use as IgG purification media. 
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Increase in industrial activities led to environmental pollution to become one of the most 

hazardous problems since industrial wastes contain many organic-inorganic toxic compounds. 

Heavy metal contamination of water is highly widespread in industrial wastes and 

consequently the removal of heavy metal ions from industrial wastewaters is an important 

challenge to overcome the water and soil pollution as they are metabolic poisons and 

enzyme inhibitors. Mercury, one of the priority pollutant listed by US EPA due to its effects to 

the fetal brain by easily passing the blood-brain barrier, is one of the most dangerous heavy 

metals. Mercury poisoning, known as Minemata disease, caused by eating contaminated fish. 

Initial symptom of an illness is numbness of the libs and limbs. As the illness progresses, it 

causes permanent damage to central nervous system. Sufferer experiences visual 

constriction, loss of motor coordination. Subsequently, illness causes loss of memory, speech, 

hearing and taste and it may end up with death. Consequently, mercury removal from 

wastewaters has a vital importance. Technologies for water treatment of mercury 

contaminated media are precipitation, adsorption and membrane filtration. Among these 

methods, adsorption is widely used and preferable for heavy metal removal due to its easy 

handling, high efficiency, availability of different adsorbents and cost effectiveness. Future 

applications of adsorption are limited by generation of new and better sorbents to improve 

the performance of current commercial processes as the sorbent should be designed for the 

needs of specific applications. Functional groups containing nitrogen has an affinity towards 

Hg(II) therefore, in order to design an adsorbent incorporating such groups will be reasonable 

for the selective removal of Hg(II) from aqueous solutions. Magnetic material attachment to 

the chelating polymers enhances the properties of an adsorbent by means of diffusion 

resistance, adsorption capacity, fast separation for large volumes.  

 
This work was partly supported by the Research Fund of Uludağ University,                                                                    

Project Number: KUOP(F)-2013/29 and Project Number: OUAP(F)-2012/28. 
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Synthesis and Evaluation of Dummy Molecularly Imprinted Microspheres for The 

Specific Solid-phase Extraction of Six Phthalate Esters from Water 

 

Tuğçe Yazıcı, E.Yeşilova, B. Osman and E.T. Özer 

Uludag University, Art and Science Faculty, Department of Chemistry, Bursa, Turkey 

 

Phthalates are a group of organic esters known as estrogenic chemicals or endocrine 

disruptors. In addition, the toxicological evaluation of PAEs has revealed that low molecular 

weight phthalates, such as diethyl phthalate (DEP), can cause irritation of the eyes, nose, 

and throat. However, several larger phthalate molecules, such as butyl benzyl phthalate 

(BBP), dioctyl phthalate (DNOP), and diisooctyl phthalate (DIOP), are suspected as human 

cancer causing agents; could damage liver, kidneys, and reproductive organs. Therefore, 

establishment of suitable approaches for determination of the phthalate in various matrices 

can favour to monitor the safety environment and guarantee the public human health. In 

this study, a highly selective adsorption procedure combining dummy molecular imprinting 

and solid-phase extraction was developed for simultaneous isolation and determination of 

six phthalate esters which are dimethyl phthalate (DMP), diethyl phthalate (DEP), di-n-butyl 

phthalate (DBP), benzyl butyl phthalate (BBP), di(2-ethyl-hexyl) phthalate (DEHP), di-n-octyl 

phthalate (DnOP) from aqueous solution. The imprinted polymer was prepared by using 

diethyl phthalate (DEP) as dummy template. The dummy molecularly imprinted microbeads 

(DMIPs) were synthesized with suspension polymerization. Methacryloyl-amido-tryptophan 

methyl ester (MATrp) and ethylene glycol dimethacrylate (EGDMA) were used as functional 

monomer and cross-linker, respectively. The DMIPs microspheres were characterized by 

scanning electron microscopy, infrared spectroscopy, and swelling studies. A series of DMIPs 

synthesized with different functional monomer/template ratios were evaluated with 

adsorption experiments. The isolation performance of the DMIPs and NIPs were also 

evaluated with selective recognition experiments. Linalool, styrene and vanillic acid were 

used for determination of selectivity coefficients of DIMPs. The microspheres were applied 

as a specific sorbent for solid-phase extraction of six phthalate esters from water, showing 

high affinity and high selectivity to the target analytes. The DMIPs were successfully used for 

the selective analysis of six phthalate esters from water by using gas chromatography-mass 

spectrometry (GC-MS).  
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Selectivity Comparison of Cholesterol Imprinted Polymeric                      

Nanospheres in Different Media 
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Molecular imprinting is a polymerization technique that creates tailor-made synthetic 

materials that include specific cavities for a target molecule. Molecular imprinted polymers 

(MIP) present favored affinity to target molecule compared to other molecules, and this 

property is the essential driving force for applications of this techniques. MIP nanospheres 

specific to cholesterol were prepared by surfactant free emulsion polymerization of 2-

hydroxyethyl methacrylate (HEMA) and pre-polymerization complexes prepared using 

cholesterol and N-methacryloyl-(L)-phenyl alanine (MAPA). Non-imprinted polymeric (NIP) 

nanospheres were synthesized using the same method without template into 

polymerization solution. MIP and NIP nanospheres were characterized with Fourier-

transform infrared (FTIR) spectroscopy and thermal gravimetric analysis (TGA), scanning 

electron microscopy (SEM), and Zeta size analyses. Cholesterol adsorption of imprinted 

polymeric nanospheres was optimized in methanol and performed in gastrointestinal 

mimicking solution (GIMS). Finally, selectivity experiments were carried out using 

cholesterol and its analogues. In order to show the specificity of cholesterol imprinted 

nanostructures for cholesterol, competitive adsorption of progesterone, testosterone, 

estrone and estradiol were studied. Cholesterol and its analogues were quantified by high 

performance liquid chromatography (HPLC) in a comparatively short analysis time. All 

selectivity coefficients for both in methanol and in GIMS were detected higher than 1 and 

demonstrated that cholesterol was adsorbed selectively onto cholesterol imprinted 

polymeric nanospheres compared to its analogues. The relative selectivity coefficients for 

cholesterol/estron and cholesterol/testosterone were 3.84 and 10.47 times greater than the 

one of NIP nanospheres in methanol, respectively. As a result, cholesterol imprinting process 

was successfully performed. 
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Design and Preparation of IgG Cross-linked Supermacroporous Cryogels by 

Photosensitive Cryo-polymerization for Protein Purification 

 

Umut Çelikoğlu1, R.Keçili2, A. Ersöz1 and R. Say1 

1
Anadolu University, Faculty of Science, Eskişehir, Turkey 

2
Anadolu University, Plant, Drug and Scientific Research Center, Eskişehir, Turkey 

 

Staphylococcal Protein A (SpA) is a 56 kDa protein found in the cell wall of Staphylococcus 

aureus. SpA has been commonly used in the purification of antibodies due to its high affinity 

towards immunoglobulins. Large scale production of SpA is very crucial in medical industry 

and it is currently produced using traditional multistep purification processes. However, all 

these processes often result in loss of protein.  Thus, innovative processes and technologies 

with higher selectivity, fewer process steps and lower time are needed especially in the large 

scale purification of SpA. The present study shows the recent achievements in the 

purification of SpA in a single step using IgG bound-cryogels. The design, preparation and 

characterization of the cryogels are discussed as well as the selective recognition of the 

synthesized materials. 
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Response of Wheat Seedlings Exposed Topolymeric Nanoparticles   

 

Yiğit Küçükçobanoğlu1, L.Y. Aktaş1, F.Z. Ural2, C.T. Kayhan2 and S.Akgöl2      

1 
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2 
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2-Hydroxyethyl methylacrylate (HEMA) based polymeric nanoparticles have a wide 

application area in biotechnology. In recent years several studies interested in effects of 

nanoparticles on plants, but these studies are generally made with metal or metal oxide 

based nanoparticles. We studied potential phytotoxicological effects of HEMA, HEMA-MAPA 

and Pro-graft-HEMA polymeric nanoparticles on wheat (Triticum aestivum L.) seedlings to 

research the opportunities of using these nanoparticles in nanoagriculture. HEMA based 

nanoparticles characterized by scanning electron microscopy (SEM) and fourier transform 

infrared spectroscopy (FTIR). Wheat seeds were germinated on different concentration 

(0,01- 0,1 and 1ppm) of HEMA, HEMA-MAPA and Pro-graft-HEMA polymeric nanoparticles 

for 5 days and  root - shoot lengths and fresh-dry weights of seedlings were measured.  After 

5 days of germination, seedlings were taken to the pots and fed by foliar spraying every 

other day for ten days. Root cell viability, hydrogen peroxide and lipid peroxidation levels 

were measured as toxicity tests.  Results proved that HEMA and HEMA-MAPA polymeric 

nanoparticles do not have any toxic effects on wheat seedlings. In addition, the used 

nanoparticles presented no significant improving effect on growth and development of the 

seedlings. Based on the observed nontoxic features of HEMA based polymeric nanoparticles, 

we may conclude that these nanoparticles may be usefull tools for agricultural purposes on 

plants. 
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Red Blood Cell Replacement or Nanobiotherapeutics                                                 

with Enhanced Red Blood Cell Functions 

 
Thomas Ming Swi Chang 

McGill University, Medicine & Biomedical Engineering, Physiology Department,                                

Artificial Cells and Organs Research Centre, Montreal, Canada 

 
The first report of artificial cells includes artificial red blood cells with 3 rbc functions of 

oxygen carrier, carbon dioxide carrier and antioxidant (Chang, Science, 1964, Chang & 

Poznansky, Nature, 1968). At that time, most people thought that blood substitute was a 

simple matter that could be quickly developed when needed. Thus blood substitute research 

was put aside and only the other areas of artificial cells were extensively developed around 

the world for wide spread uses (e.g. Chang Nature Rev Drug Disc 2005, Orive et al Nature 

Medicine 2003, Chang, 2007 etc). The sad result is that when AIDS came in 1989 there was 

no blood substitute and many patients were infected with HIV contaminated donor blood. It 

was only then that intense R&D on blood substitutes was belatedly carried out around the 

world. It was found out too late that blood substitute requires the same extensive long-term 

basic and applied research as in any other medical research for cancer and other diseases. 

Thus, the present status is as follows: (1) Oxygen carriers (HBOCs): It is thus not surprising 

that after more than 20 years of R&D around the world only oxygen carriers have been 

tested clinically. The most extensive clinical trials were based on polyhemoglobin (PolyHb) 

developed independently mainly by two groups (Northfield on human PolyHb and Biopure 

on bovine PolyHb) using the basic principle of glutaraldehyde crosslinked Hb first reported 

by Chang (1971).These have no blood group and can be pasteurized to remove infective 

agents and can be stored at room temperature for more than 1 year. Large-scale clinical 

trials have been carried out (e.g. Gould et al, 2002, Jahr et al 2008) including pre-hospital use 

on the spot (Moore et al 2009). (2) Oxygen carriers + removal of oxygen radicals: This can be 

a soluble complex of PolyHb containing antioxidant enzymes to remove oxygen radicals 

(PolyHb-SOD-CAT) (D’Agnillo & Chang Nature Biotech 1998). It can prevent ischemia-

reperfusion injury in a rat model of hemorrhagic shock-cerebral ischemia (Powanda & Chang 

2002). There is also a PEG conjugated hemoglobin containing synthetic antioxidants (PNPH) 

(Ma & Hsia 2013). Others include those of Simoni et al (1997), Rousselot et al (2006), Jia & 

Alayash (2013). (3) Carries Oxygen + removes oxygen radicals + carries carbon dioxide. Other 

conditions as in sustained Severe hemorrhagic shock may require all three rbc functions. We 

have designed a novel soluble nanobiotechnological complex (PolyHb-SOD-CAT-CA). This 

lecture will concentrate on this approach. It not only has all 3 rbc functions, but it can have 

enhancement of all 3 rbc functions by increasing the concentrations of rbc enzymes in the 

complex. These rbc enzymes can be extracted from rbc inexpensively (Guo, Gynn & Chang 
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2015 in press). This complex has no blood group. The lyophilized preparation can be heat 

pasteurized at 68F for 2 h. Unlike about 1 day for rbc at room temperature, this lyophilized 

preparation can be stored in room temperature for 320 days. Our result in a 90 minutes 

hemorrhagic shock animal model with 2/3 blood volume loss shows that it is superior to 

whole blood in the following ways: lowering of elevated intracellular pCO2, recovery of ST 

elevation, Trotonin levels, lowering of elevated lactate, histology of the heart and intestine 

(Bian & Chang JANB 2015) free full text at http://informa healthcare.com / 

doi/pdf/10.3109/21691401.2014.964554 In summary, under normal circumstances, rbc is 

obviously the best replacement for rbc especially with its much longer circulating time. 

HOWEVER unlike rbc, blood substitute can be more useful in special conditions: • can be 

sterilized to remove infective agents like HIV, Ebola virus etc 

• is a solution and can more easily perfuse through obstructed vessels in myocardial 

infarction and storke. • does not have blood groups and can be given on the spot • can be 

stored at room temperature for more than 1 year, compared to rbc of 1 day at room 

temperature • Animal study shows that blood substitutes with enhanced rbc enzymes can 

prolong the safety window in sustained severe hemorrhagic shock and other severe 

ischemia-reperfusion conditions. International progress up to now shows that it is possible 

to tailor-make blood substitutes ranging from simple to complex. It is urgent to have these 

ready without again waiting until it is too late. We need to analyze the specific indications 

for 1, 2 and 3 above. We also need to intensify research on the many important ongoing 

research around the world to develop other novel approaches including novel crosslinkers; 

new sources of material from porcine, bovine, human cord rbc, recombinant, Arenicola 

marina; basic research on nitric oxide, oxidative stress, haptoglobin, rate of oxygen supply; 

safety and efficacy analysis and many other areas. 

 
The author’s research is being supported by the Canada Blood Service/Canadian Institutes of Health Research. 
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Protein Engineering for Biocatalysis 
 

Ulrich Schwaneberg 

RWTH Aachen University, Head of the Institute of Biotechnology and                                                         

DWI-Leibniz Institute for Interactive Materials, Aachen, Germany 

 

Protein engineering by directed evolution and semi-rational design have become widely 

applied strategies for tailoring enzyme properties to needs in biocatalysis. Protein 

engineering concepts, limitations and highlights comprising the KnowVolution strategy and 

reengineering of monooxygenases for ortho-selective hydroxylation of halobenzenes, 

inversion of styrene epoxidation, double oxidation of cyclic alkanes under cofactor 

regeneration, and improvements in properties of hydrolases and oxidases (peracid 

formation, organic solvent/salt resistance  and mediated electron transfer) will be presented. 
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Biomedical Applications of Diamond Nanoparticles 

 

V. Mochalin and Yury Gogotsi 

Drexel University, Department of Materials Science and Engineering                                                            

and A.J. Drexel Nanomaterials Institute, Philadelphia, USA 

 

Nanomaterials hold tremendous potential in addressing the two major issues faced by our 

society: providing energy and improving healthcare. Nanodiamond powder produced by 

detonation and readily available in commercial quantities for moderate price, is one of the 

most promising carbon nanomaterials for theranostics. Made of ~5 nm diamond particles 

with large accessible surface and tailorable surface chemistry, it has unique optical, 

mechanical and thermal properties, and is non-toxic. These properties have recently started 

to attract a lot of interest among researchers working on different biomedical applications. 

For tissue engineering scaffolds, the non-toxic fluorescent nanodiamond introduced into 

biodegradable polymers provides increased strength, visual monitoring, and enhanced 

biomineralization. In drug delivery, the rational surface modification of nanodiamond allows 

for enhanced adsorption and chemical binding of the drugs for sustained or triggered drug 

release. In the area of biomedical imaging and diagnostics, luminescent nanodiamond with 

NV centers, as well as chemically modified fluorescent nanodiamond, hold tremendous 

potential to replace toxic semiconductor quantum dots, thus bringing this exciting potential 

application one step closer to the clinics. The purification, characterization and surface 

modification of nanodiamond for biomedical applications will be discussed in detail. Recent 

progress in development of nanodiamond-biodegradable polymer scaffolds for tissue 

engineering and bone surgery will be reviewed. Surface modifications of nanodiamond for 

drug delivery exploiting adsorption/desorption mechanisms will be discussed, with 

illustrations of the use of adsorption/desorption data for rational design of nanodiamond 

surface for optimal drug delivery platform. Finally, an overview of surface modification of 

nanodiamond for biomedical imaging will be presented. 
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Plasmonic Engineering: Physical Sspect and Applications 

 

Ahmad Salmanogli and E. Pişkin 

Hacettepe University and Biyomedtek/NanoBMT, Ankara, Turkey 

 

Plasmonic is a physical phenomenon, which relates to the interaction of an electromagnetic 

wave with a matter and then harmoniously resonance of matter’s carriers in the conduction 

bound.  This phenomenon provides a powerful means of confining light to any engineered 

interfaces, which can generate intense local electromagnetic fields and significantly amplify 

any signals such photons and phonons. For instance, this localized high intensified 

electromagnetic energy can be transferred to any dye molecules for their fluorescence and 

Raman signal amplifications. Actually, with plasmons, photonic signals can be manipulated 

on the nanoscale and can be used in biomedical applications such as high-resolution optical 

imaging, electromagnetic field enhancement in Raman scattering enhancing and 

fluorescence enhancing, and biosensing. In this study, I’d like to introduce our team project 

works about plasmonic and its engineering in the case of biomedical applications. Initially, I 

introduce plasmonic engineering by nanoparticle and its key parameter manipulation such 

as size, shape, and morphology. Moreover, the physical aspect of the plasmonic-plasmonic 

and plasmonic-photonic coupling will be explored and their applications in the biomedical 

area including detection, sensing, and imaging with some extra details are presented. At last, 

the plasmonic effect on signal amplification such as in Raman signal and Florescence imaging 

signal are illustrated. It is interesting to say that the original aim is to bold the plasmonic 

roles in the biomedical applications.  
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Notch Receptor and Breast Cancer 

 

A. Kevser Özden  

Hacettepe University, Faculty of Medicine, 

Medical Biochemistry Department, Ankara, Turkey 

 

Breast cancer is the most common cancer in women. Despiteof All the  improvements  in  

cancer treatment  it  remains  as  a  lethal  disease  in  many  cases.  The  molecular  

aberrations  leading  to malignant  transformation  of  breast  cells  are  numerous.  These 

include receptors and molecules involved in signal transduction such as tyrosine kinases.  

These aberrant  or overexpressed molecules serve  as  molecular  targets  for  therapy as 

more  effective  drugs have  been  developed  and are  used today.  Notch  receptor  is  a  

membrane  receptor which plays  crucial  roles  in  development.  Especially Notch 4 is 

central in breast development.  However, changes in its expression is involved in the 

pathology of most breast cancer types. Human metastatic breast cancer cell MDADMB 231 

is used to analyse the effect of Notch receptor signalling inhibition in cell proliferation and 

metastatic properties. The  relationship  of  this  receptor  with  other  novel  drug  targets  

are  elucidated.  Inhibition of Notch receptor signal has led to decreases  in both the 

proliferation and metastatic properties such as lateral migration  and  matrix  

metalloprotease  9  (MMP  9)  secretion of  breast  cancer  cells. As compared  to other  

target  molecules  like  nNav  1.5  sodium  channel  neonatal  variant  and  mammalian  

target  of rapamycin  (mTOR) Notch 4 is  found to be effective on gene expressions as well. 

Thus, It is concluded that this receptor system calls for the attention of drug designers and 

related technology. 
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Controlled Surface Treatment Techniques 
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Titanium (Ti) and its alloys are well-known implant materials that are commonly used in 

orthopaedic implantations. Although their mechanical and chemical properties make 

titanium the favourite implant material, its surface must be further treated for better 

anchoring of osteoblast cells in order to prevent implant loosening. Increasing the surface 

roughness, thus the wetting property, is the key parameter of better osseointegration of Ti 

implants. In this study, we introduced a novel approach consisting of two steps treatment 

for the enhancement of the wetting properties of Ti substrates. In order to achieve rough 

surfaces, substrates were structured by using μs pulsed fiber laser for two different surface 

topographies in micro and nano scale. After laser structuring, Ti surfaces were modified with 

histidine conjugated self-assembled molecules (SAM) to obtain further enhancement of 

hydrophilicity. Water contact angles of the substrates that stored at ambient conditions 

were measured for 7 days and stabilized wetting behaviours were observed for both 

treatment approaches in comparison to bulk Ti. Further studies will be performed to 

understand cellular behaviour to these implant surfaces. 
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Gold Nanorods Modified Electrochemical Biosensors 
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Nanomaterial-based biosensing strategies have received a great importance day-by-day due 

to their application into the field of clinical diagnosis, medicine, environmental protection 

and bioengineering. Electrochemical biosensors have brought many advantages; such as 

easy to use, sensitive and selective detection of analytes in a short time with a low detection 

limit and low cost in comparison to other conventional techniques. Different types of 

nanomaterials including gold nanorods could be applied for fabrication of biosensing 

platforms, which have enhanced characteristic properties of biosensors. Gold nanorods 

(AuNRs) have been preferentially used in order to provide more stable (bio)sensor surface 

compared to the ones developed by using gold nanoparticles. AuNRs based single-use 

electrochemical biosensors by using pencil graphite electrodes (PGEs) were developed for 

the first time in our study [9]. AuNRs were synthesized, and accordingly characterized by 

using transmission electron microscopy (TEM). After the PGEs were modified by using AuNRs, 

the electrochemical characterizations of these electrodes were investigated in contrast to 

unmodified ones. The AuNRs modified PGEs were used as an immobilization platform, and 

then tested for biorecognition process; such as, nucleic acid hybridization, phage-based 

approach. 

 
Arzum Erdem and Erhan Piskin are supported as the members of Turkish Academy of Sciences 
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Surface Engineering to Alter Cell-Substrate Affinity 

 

Bora Garipcan 
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3
Research Laboratory, İstanbul, Turkey 

 

Cell-Substrate affinity is one of the most important factors to be concerned for all type of 

biomaterials such as metals, polymers, and ceramics in their applications specifically in 

tissue engineering. Generally cell affinity includes two important factors: cell attachment 

and cell growth on the surfaces. The cell attachment represents to the first phase of 

cell/substrate interactions and the results of this phase will influence the cell’s behavior to 

proliferate and to differentiate itself on contact with the substrates. In the literature many 

studies have shown that hydrophilicity/hydrophobicity, surface energy, charge, roughness, 

stiffness, topography, pattern, chemistry, and biochemistry of the material surface have an 

influence the cell attachment and cell growth on the material, overall in cellular behavior.  In 

this manner, various surface engineering strategies were developed in order to prepare 

surfaces with desired properties.  In this talk, surface engineering strategies and the effects 

of surface physical and chemical properties on the cellular behavior will be discussed from 

Cell-Substrate affinity perspective. 
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Micro- and Nanostructured Surfaces for Biomedical Applications 
 

Cenk Aktas 
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Surface properties of biomaterials play a major role in the response of the cell to the 

substratum. The interaction of cells with the surface is governed by the physicochemical 

characteristics such as chemical composition, roughness, topography, surface energy and 

Zeta potential (surface charge). Mainly these parameters are examined in two main groups: 

surface chemistry and topography (physical landscape). The main reason behind the lack of 

our understanding the mechanism of the cellular reaction to the biomaterials is the difficulty 

in to differentiate the influence of the surface chemistry and the topography independently. 

It has been shown that not only the chemical composition of the surface influence cellular 

adherence, migration, proliferation and differentiation but also the surface topography of a 

biomaterial. In most of cases, the chosen fabrication method for the topography also 

produces a chemical pattern on the surface. This limits the interpretation of the direct effect 

of the topography on the surface‐cell interaction. In this context, processes which may 

impose topography unintentionally or accidentally should be replaced with new and 

innovative approaches. In Recent years, with the introduction of nanomaterials, various 

studies have been carried out which mostly highlights superior properties of nanostructured 

surfaces. In most of these studies, nanostructures are compared with the conventional 

surfaces in terms of their roughness. On the other hand topography should be not be 

considered as only the “roughness”. In addition not only nanoscale features but also others 

play a role in the cell‐surface interaction. The structure of the extra cellular matrix (ECM), 

which mainly supports the interaction of the cell with the outer environment, is composed 

of structures of different length scales varying from millimeter to nanometer. Most of the 

studies have examined cell responses to micro‐ or nano scaled features, whereas very few 

have investigated the effect of the combination of these length scales. The fabrication of 

complex structures including various length scales is of interest for understanding cell- 

surface interactions. We have shown that scale/size, geometry/shape and distribution of 

surface structures play a crucial role in cell‐surface interaction. While a cell type exhibits a 

good attachment and proliferation on micro‐and nanostructured (combination of both 

scales) surface, the same cell type exhibits a reduced adhesion on the same surface 

composed of only nanostructures. Moreover using ordered structures (at the same 

scale/size) instead of randomly distributed surface features leads to alignment of cells on 

the same surface. 
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Biomaterial and Stem Cell Interactions: Histological Biocompatibility 
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Advancements in biomaterials and stem cell technology lead current medical technology in 

tissue engineering and regenerative medicine. Human engineered cartilage; bone, fascia, 

tendon, nerve and skin tissues have been used for the treatment of tissue injuries 

and degenerative diseases in combination with embryonic, fetal or adult stem and 

progenitor cells. Mesenchymal stem cells are one of the most extensively studied adult 

stem cell population and are widely utilized in cell therapies.Regeneration and 3-

dimensional reconstruction of specialized connective tissues by combining different origined 

micro and nanoscaled, natural or synthetic scaffolds with stem or progenitor cells is highly 

expected to guarantee patients to keep acceptable life quality. In this review we discuss the 

important issues in biomaterial and stem cell interactions based on histological 

biocompatibility, updating recent basic research in this field and addressing possible future 

perspectives. 
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Design, Synthesis and Biomedical Application of the Bioprobes with Aggregation-
Induced Emission Characteristics  

 

Dan Ding 
 

Nankai University, College of Life Sciences, Tianjin, PR China 

 

We report a quantum dot-sized organic dot with aggregation-induced emission (AIE) 

characteristics as a promising cell tracker for noninvasive long-term tracking of adipose-

derived stem cells (ADSCs) in living mice. We demonstrate that the AIE dots possess high 

fluorescence, strong photobleaching resistance, low in vivo toxicity, excellent retention in 

living ADSCs and negligible interference on the ADSC pluripotency and secretome. The AIE 

dots also exhibit far superior in vitro cell tracking capability as compared to the widely used 

commercial cell trackers of PKH26 and Qtracker 655. The in vivo studies using an ischemic 

hind limb-bearing mouse model reveal that the AIE dots can precisely and quantitatively 

report the fate of ADSCs and their therapeutic effect in vivo for 6 weeks. Moreover, we have 

also synthesized a far-red/near-infrared fluorescent AIEgen-based nanodot, which can 

efficiently generate reactive oxygen species (ROS) under light irradiation. It is found that the 

AIEgen-based nanodots are able to visualize tumor tissues and assess tumor margins during 

surgery in a tumor-bearing mouse model. More importantly, upon tumor removal followed 

by irradiation of the incision site with light, the AIE nanodots in the residual tumors will 

generate ROS, which has been demonstrated to successfully suppress the residual tumors 

and reduce the risk of tumor recurrence after debulking surgery. 
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EU-Project NanoPilot: Innovative Solutions for              

Nanopharmaceuticals Production under GMP 
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Microfluidic systems opened new horizons for research and industry in different areas such 

as biology, pharmaceuticals, chemistry, food and cosmetics. Their small size provides 

portability, low cost, short times for analysis, the ability to use very small quantities of 

samples and reagents and to carry out separations and detections with high resolution and 

sensitivity. Moreover, microfluidics technology can allow us high degree control of 

parameters such as flow, temperature, mixing and reaction time providing the production of 

high quality nanopharmaceuticals. There are many approaches to develop 

nanopharmaceuticals from scientific and industrial communities. However, the lack of 

resources doesn’t allow SMEs (small and medium-sized enterprises) and academic 

institutions to upscale and validate the production of their potential nanomedical 

innovations. The goal of Nanopilot project is to set-up a pilot plant operating under Good 

Manufacturing Practice (GMP) for the production of polymer-based nanopharmaceuticals 

inside a microreactor in a cheap and reliable manner. Also, integrated sensors inside 

microreactors will allow rapid and reliable analysis of the synthetized nanopharmaceuticals 

during the production process continuously. Moreover, biocatalytic reactions inside the 

microfluidics can be monitored continuously using integrated fluorescence pH and oxygen 

sensor spots by integrated optical detection systems. In this talk, the possibilities and 

applications of microfluidics devices will be presented in details. 
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The Bacterial Glycoengineering Toolbox 
 

Eda Çelik 
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Glycosylation, or the attachment of monosaccharides to a polypeptide chain, is a powerful 

post-translational modification used by organisms in all domains of life. Since the discovery 

of bacterial glycosylation pathways at the end of 1990’s, huge efforts have been made to 

utilize this pathway for the production of high-efficacy drugs and vaccines. Recent advances 

such as the ability to produce exogenous glycans in bacteria, some containing unnatural 

sugars, and techniques for evolving improved glycosylation enzymes have made strides 

toward these goals.  The use of microorganisms, especially Escherichia coli, in these 

developments with a specific emphasis on our collaborative efforts will be presented, while 

looking to the future of glycoengineering and its toolbox. 

 
Supported by Marie Curie FP7 Career Integration Grant under REA grant agreement # 322096 
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Nanofibers for Biomedical Applications 
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Nanofiber technology is an exciting area attracting the attention of many researchers as a 

potential solution to the current challenges in the biomedical field such as drug delivery 

systems, burn and wound care, and treatment for various diseases. Nanofibers are attractive 

in this field for several reasons. First, there appear several amazing characteristics such as 

very large surface area to volume ratio (this ratio for a nanofiber can be as large as 103 times 

of that of a microfiber), flexibility in surface functionalities, and superior mechanical 

performance (e.g. stiffness and tensile strength) compared with any other known form of 

the material. Second, nanofibers can be fabricated into sophisticated macro-scale structures. 

The ability to fabricate nanofibers allows renewed efforts in developing hierarchical 

structures that mimic those in animals and human. On top of that, a wide range of polymers 

can be fabricated into nanofibers to suit different applications. Nanofibers are most 

commonly fabricated through electrospinning, which is a low cost method that allows 

control over fiber morphology and is capable of being scaled-up for mass production. This 

lecture will explore the popular areas of biomedical nanofiber development especially in the 

field if drug delivery applications.    
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Intelligent Smart Biosystems Based                                                                                         

on Stimuli-Responsible Interface Design 

 
Ekaterina V. Skorb  
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The focus is the surface nanoarchitecture which provides spatially and temporally defined 

control over the behaviour of biomolecules and cells at the solid-liquid interface.  

Surface Drug Depot. Methods for encapsulation, prolonged storage and controllable release 

were developed and are in focus. Formation of stimuli responsive encapsulated systems are 

suggested via layer-by-layer assembly, mobile chemical bonding (hydrogen bonds, 

chemisorptions) and formation of special dynamic stoppers. The most essential advances of 

the systems presented are multifunctionality and responsiveness to a multitude of stimuli. 

Stimuli Sensitive Response. Stimuli responsive behavior, which is intrinsic to natural systems, 

is becoming a key requirement for advanced artificial materials and devices. Intelligent 

surfaces which are able to control the behavior of bio-molecules and cells in both space and 

time are in focus in my group. External stimuli or internal stimuli can be used to alter surface 

properties. In particular, we decorate the surfaces with stimuli responsive layers. Thus, for 

example, we use as a pH-sensitive polymer layer, e.g. polyelectrolytes, biopolymers and 

bioinspired polymers, microgels, etc. For etch particular applications the system is require 

the individual design. As an example, the nanostructuring of mesoporous metal sponge layer 

with pH responsive micelles was shown to be affective for design of intelligent system for 

self-regulation of Lactic bacteria adhesion. Lactic bacteria change pH via generation of lactic 

acid in their life cycle. The pH responsive micelles change their corona size and push of the 

bacteria from the surface. The developed nanoengineered systems represent a generic 

technological tool, which opens numerous applications in chemical technology, 

biotechnology and bioanalytical chemistry, among them: self- and light-healing dynamic 

surfaces; anti-fouling surface; ‘smart’ supports for growing cells and tissues; con-trolled 

implant coatings; drug delivery systems; (bio-)sensors. 
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A portable Raman spectrometer is a good candidate for the real-time analysis of the biologic 

materials in the field because it is possible to analyse a sample rapidly, as well as detecting 

its signal nondestructively, noninvasively. Recently, several different types of portable 

Raman system have been developed, and these are now commercially available. This study 

presents a procedure to make use of commercial off-the-shelf components and 3d printed 

parts to construct a portable dispersive Raman reader and test its performance for 

discrimination of bacteria by surface-enhanced Raman scattering (SERS). The system consists 

of a semiconductor laser (532 nm), a fiber optic probe, a 3d printed mini spectrometer with 

“Toshiba TCD1304DG Linear CCD Array Detector” with 3648 pixels sized 8µm×200µm and 

“Edmund Optics 1200 Grooves/mm, 25mm Square, VIS Holographic Grating”,a credit card 

sized computer capable of wireless connections and printed circuits with microcontrollers. 

This study demonstrates the feasibility of constructing a low-cost compact Raman reader 

using commercially available components to perform the SERS analysis of bacteria. 
 

Partially supported by TUBITAK 1003 Project: 113O8664; and EU-IAPP-FP7-NanobacterphageSERS Project;               
EP is supported by Turkish Academy of Sciences as Honorary Member 
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Non-viral, somatic transient gene therapy possesses great potential for the development of 

novel cell-free therapeutic alternatives to current strategies applied in tissue engineering. 

Morphogenic transgene expression in vivo can deliver precise and substantial tissue-

inductive stimuli to cells in situ, which can provide therapeutic efficacy at lower cost than 

current growth factor and cell therapies. Furthermore, given that morphogenic factors are 

expressed by endogenous cells at the defect site in vivo, a sustained low-dose stimulus with 

higher specific bioactivity can be achieved as resident, genetically modified cells produce 

growth factors according to the provided genetic template with correct post-translational 

modifications and release such factors locally. This contrasts recombinant growth factor 

therapy, which produces a burst release profile of recombinant factors with lower bioactivity. 

Non-viral gene therapeutics can also be produced at lower cost compared to recombinant 

factors and production of GMP-compliant cell therapeutics. Major drawbacks, which are 

currently hindering gene therapy translation are associated with low efficacy of gene 

delivery by non-viral gene therapeutics and a lack of spatiotemporal control of in vivo gene 

delivery. These issues can be addressed and could be overcome by optimisation of non-viral 

gene therapeutics on multiple-levels, which synergistically could lead to therapeutic efficacy 

of these approaches. In this presentation, own previous preclinical work in the development 

and optimisation of non-viral gene therapeutics is discussed with special emphasis on 

optimisation by transgene selection, expression vector design and advanced physical and 

biomaterial-based delivery methods for enhanced delivery, improved spatiotemporal 

control and improved therapeutic efficacy. Finally, current challenges and a vision for the 

future of gradient gene delivery and tissue interface engineering are discussed. 

 
 
 
 
 
 
 
 
 
 
 
 



79 
 

Gold Nanorod Encapsulated Bubbles for Medical Application  
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This presentation consists of two main parts: (1) the preparation, characterization and 

optimization of nanostructures/nanosandwiches for the basic understanding of their optical 

properties and the development and testing of nanosandwiches as model biosensors; (2) 

synthesis of gold nanorods and changing the growth process to produce nanoparticles and 

nanobubbles. Noble metal nanoparticles have received a great deal of interest for their 

optical and plasmonic properties. These properties, which depend on size and structure, 

have brought a great potential in nanoelectronics and nano-biosensors. This study reveals 

that nanoparticles in the form of triangle nanosandwiches prepared using natural 

lithography or in the form of nanorods/nanobubbles prepared by wet chemistry have 

important optical properties and that the enhanced sensitivity of their surrounding 

environment can be used as a new class of optical sensors using Localized Surface Plasmon 

Resonance (LSPR) spectroscopy. The second part of the study was to develop new synthetic 

methods for preparation of plasmonically active nanoparticles (NPs) such as nanorods (NRs) 

and nanobubbles. Different nanostructures exhibited varying optical properties owing to 

their shapes. Finally, the gold nanorods were conjugated with nanodot arrays for the 

development of a nanoscale mechano-optical device. 

 
Supported by Tübitak Projects: 112T507 and 110T759  
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Biomass containing various agricultural products, side products and wastes can be 

fermented to form ethanol after an initial pretreatment of lignocellulosic waste. As 

availability, cost and food safety issues impact raw material selection, the need to develop 

second generation ethanol production from lignocellulosic wastes becomes critical. Sugar 

beet pulp, sunflower seed hull and hazelnut shell are the lignocellulosic side products and 

wastes that are produced in high amounts in Turkey.  In this study, ethanol production yields 

from these promising raw materials by using Pichia stipitis NRRL Y-7124 yeast were 

compared. In all cases, cells were able to use the reducing sugars formed after 

decomposition of the cellulosic structures by acid hydrolysis. For each case significant 

amounts of inhibitors found in hydrolysates were reduced by overliming the activated 

charcoal treated hydrolysates. For the hazelnut shell hydrolysate, additional delignification 

process was required because of the high lignin content of feedstock. Moreover, for sugar 

beet pulp hydrolysate, low-cost detoxification with fly ash and activated charcoal obtained 

from sugar beet pulp was succeeded. For all the lignocellulosic wastes studied, the methods 

used for the removal of toxic by-products (inhibitors) from hydrolysates improved the 

fermentation yield. It was found that feedstock composition, detoxification method and 

inoculum concentration were the main parameters affecting the ethanol production in the 

fermentation.  The results showed that at the end of growth, maximum ethanol production 

was 0.066 g ethanol/g sunflower seed hull, 0.086 g ethanol/g hazelnut shell and 0.122 g 

ethanol/g sugar beet pulp in growth medium containing approximately 50 g/l of total 

reducing sugars. As the legislative regulations have been introduced to increase ethanol 

content of gasoline produced for use in the near future, improving large-scale production of 

ethanol from lignocellulosic wastes such as sugar beet pulp, sunflower seed hull and 

hazelnut shell, which are released in huge amounts in Turkey, would be viable and 

significant alternatives to be considered. 
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as Recyclable Adsorbents for Carbon Capture 
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Carbon Capture and Storage (CCS) technologies aiming at tackling CO2 emission have 

attracted much attention from scientists of various backgrounds. Most CCS systems require 

an efficient adsorbent to remove CO2 from sources such as fossil fuels (pre-combustion) or 

flue gas from power generation (post-combustion). Research on developing efficient 

adsorbents with a high capacity, high stability and good recyclability has grown rapidly in the 

past decade. Because of their high surface area, highly porous structure and high stability, 

various nanoporous materials have been viewed as good candidates for this challenging task.  

In this presentation, recent developments in several classes of nanoporous materials 

(zeolites, metal organic frameworks MOFs, mesoporous silicas, carbon nanotubes and 

organic cage frameworks) for CCS are examined, as well as possible future directions for CCS 

technology. The main criteria for a sustainable CO2 adsorbent for industrial use are also 

rationalized. Moreover, development on new sustainable CO2 adsorbents from waste 

polymers will be discussed.    
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Silk fibroin (SF)-drug conjugates are here developed so as to combine comfort, thermic, and 

tensile strength properties of silk materials with antioxidant and antimicrobial effects of L-

Cysteine (LCys). A careful understanding about the linking strategies is needed in order not 

to compromise the bioavailability of L-Cys and deplenish its bioactivity. Its durability effect 

was also addressed through washing cycles, and compared with hospital requirements, 

according to international Standard EN ISO 105-C06:2010. The present research 

demonstrates the effectiveness of the covalent linking SF-drug for several washing cycles, 

whereas for few washing cycles or a disposable application an ionic mechanism of linkage 

should be more appropriate. Furthermore, it is also reported a non-protumoral effect of 

LCys. A new advance is herein achieved at the world of medical textiles which may open 

novel applications as a complementary therapy for skin infections caused by atopic 

dermatitis (AD). 
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Nanobiotechnological Polyhemoglobin 
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Hemoglobin glutamer-250 (bovine),[Hemopure®, HBOC-201] is a hemoglobin substitute 

registered with the Medicines Control Council of South Africa.  HBOC-201 is indicated for the 

treatment of adult surgical patients who are acutely anemic for the purpose of eliminating, 

delaying, or reducing the need for allogeneic red blood cells.  It is a volume expander, and 

circulatory fluid volumes must be carefully monitored for signs of overload.  In severe cases 

of anemia, it is not as effective as packed red blood cells (pRBC), but where allogeneic blood 

is not an option or unavailable, HBOC-201 may offer an immediate alternative for improving 

oxygen transport. In clinical trials, HBOC-201 has been demonstrated to delay, reduce or 

eliminate the need for allogeneic red blood cells (pRBC).  At the same time, extensive safety 

and efficacy analyses of hematology markers in two pivotal trials have shown that HBOC-201 

is not as effective in treatment of severe anemia as pRBC, mainly due to a lower hemoglobin 

(Hb) concentration, and shorter circulatory half-life. The Task Force recommends HBOC-201 

for acute, symptomatic or life-threatening anemia, in both medical and surgical patients 

Where here blood is not immediately available (e.g., in trauma, post-partum hemorrhage, or 

severe chronic anemia in a rural setting with no available blood); and where is a clinical 

contraindication to blood (e.g., autoimmune hemolytic anemia) or the patient is unwilling to 

receive a blood transfusion (e.g., Jehovah’s Witness). Since commencing commercial sales, 

125 consecutive patients have received one or more units of HBOC-201 for the emergency 

treatment of acute life threatening anemia as an alternative to red cell transfusion, either 

when human blood was not an option at all, or as a temporary bridge to red cells when 

urgent transfusion was required, and blood was not readily available. Safety and efficacy 

data analyses from the recent publication of a general surgery trial Hata! Yer işareti 

tanımlanmamış.  were also utilized. A total of 295 units (1 unit = 30g in 250ml) of HBOC-

201 were administered to 125 patients since January 2007. Two patients were reported to 

have developed fluid overload soon after HBOC-201 administration. In each of these cases 

substantial quantities of crystalloid and/or colloid had been intravenously administered prior 

to HBOC-201 administration. In each instance the fluid overload was quickly and successfully 

managed, and responded to appropriate medical measures with resolution of the problem. 
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Mineralized natural protein based materials are investigated as novel materials to be used in 

tissue engineering and as bone replacement materials. Silk fibroin fiber based foams and 

films are used as mineralized composites due to their excellent biocompatibility. In this 

study, the biomimetic mineralization of orderly oriented fibrous silk based scaffolds was 

studied using cathodic electrochemical deposition. Commercially obtained pure silk woven 

fabric, boiled in 0.02 M Na2CO3 for 20 min was used as the scaffold. The initial deposition of 

calcium phosphate was conducted at 37°C for twenty minutes in seven sequential 

immersion steps in 250 mM CaCl2 2H2O and 120 mM K2HPO4, both containing 0.15 M NaCl 

and 50mM solution of TRIS-HCl, buffered at 7.4. XRD and FT-IR analysis of the Ca-P powder 

deposit indicated formation of brushite with its characteristic peak at 11.76 2θ and at 1000, 

3000-3500 cm-1 respectively as well as SEM imaging indicating formation of brushite crystals. 

Using cathodic electrochemical hydrothermal treatment in concentrated SBF solution 40°C 

at a current density of -25mA/cm2 for 120 min, transformation of brushite to HA was 

achieved and imaged using FE-SEM. The deposition of hydroxyapatite mineral on silk, thus 

forming a silk-HA composite material, may be a rapid and inexpensive way to produce a 

biocompatible graft material to be used in bone replacement surgery, where highly oriented 

compact bone replacement materials are needed. 
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Pesticides have revolutionized life on our planet; however, they have also proven to be toxic 

for human health and environment. Indeed, the extent and severity of the toxicity was 

declared at the Stockholm Convention on Persistent Organic Pollutants where 9 of the 12 

most dangerous and toxic organic chemicals were found to be pesticides. Traditionally, 

pesticides have been directed at a specific pest’s life cycle as this required less pesticide and 

was considered to be more ecofriendly. However, this would not prevent pesticides from 

drifting away and potentially posing grave risks to the environment. In this study, we 

describe recent developments of controlled release nanoparticulate formulation of 

pesticides using biodegradable polymers as carrier. Technologies focusing on controlled-

release of pesticide have two advantages: the pesticides are intact until sprayed and targets 

only the plants the pesticides are meant to protect. We have generalized the concepts to 

make this study useful in the post-graduate classes taught in the universities and for 

advanced professionals like us. While nanoparticles have revolutionized drug delivery 

effectively chaperoning the drug to target organs, delivery of pesticides to its intended site 

of action is still in the process of initial exploration.  
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Superparamagnetic iron oxide nanoparticles (SPIONs) are convenient instruments for 

building of nanoscale vectors and they are usually modified by antibodies and aptamers. In 

this study, fluorescent dye-labeled anti-epidermal growth factor receptor (anti-EGFR) 

aptamers and monoclonal antibodies were conjugated with gold coated SPIONs to target 

EGFR-positive MDA MB 231 human breast cancer cells and compared with each other. 

Developing of an early diagnosis nanoparticular system to detect and image human breast 

cancer cell line of MDA MB 231 was aimed. Aptamer and monoclonal antibody conjugated 

SPIONs were treated with breast cancer cells in vitro. Flow cytometry and fluorescent/light 

microscopy analysis were evaluated. Conjugated antibody/aptamer molecule per one SPION 

were calculated as 33 and 40, respectively. Flow cytometry was used to determine the 

interaction rates between tumor cell receptors and fluorescently labeled aptamer and 

antibody molecules. Antibody-immobilized SPIONs in the concentration of 108 µg/mL have 

had the highest conjugation rate by 64.4%. Most importantly, tumor cell selectivity was 

imaged by Fluorescent Microscopy and images clearly demonstrated that developed 

nanoparticular system was successfully targeted to tumor cell receptors.   

 
. 
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In this study, nano hydroxyapatite poly (Ɛ-caprolactone) (PCL)/ (nHAp)/ modified-nHAp 

nanocomposites films were prepared via solvent intercalation method.  Nano 

hydroxyapatite samples modified with some organo-silane compounds such as ([3-(2-

aminoethylamino) propyl]-trimethoxysilane (3apt), N1-[-(3-trimethoxysilyl propyl)di-

ethylenetriamine (n3tmpeda), 3-(chloropropyl) trimethoxysilane (3cptms). The nano-

particles dosages for all nanocomposites were adjusted three different amount as 1, 2.5 and 

5 wt %. Synthesized nanocomposites were characterizated by XRD, TEM, SEM, contact angle 

device, UV-Visible spectrophotometer and biocompatibility tests performed successfully. 

XRD and SEM analysis showed that an interaction between filler and matrix and 

nanoparticules dispersed homogeneously in the matrix. TEM images of the samples showed 

that the diameter of modified-nHAp nanoparticules is spherical and approxymately range of 

70-100 nm. From UV-Visible spectrums of nanocomposites were observed better optical 

transmission than neat PCL with increasing amount of fillers. Contact angle of sample 

surfaces changed from hydrophilic to hydrophobic with added fillers. The all samples had a 

hemocompatbilite property, and each of them exhibited different attempts to enzymes. 

nHAp have an antibacterial property that it pretented to adsorption and living some 

bacterias such as E.coli and S. aureus on surface of the samples.  
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The subject of research is an attempt to electrospin of new polyurethanes (PUR) containing 

an atactic poly ([R, S]-3-hydroxybutyrate) (a-PHB) in flexible segments. a-PHB is used in the 

synthesis of new PUR in accordance with the previously developed an unique methodology. 

Preliminary results indicate that the presence of a-PHB in the PUR structure can lead to the 

receipt of a biocompatible and biodegradable material, very attractive from the perspective 

of biomedical applications. PHB is a polyester, naturally synthesized as a reserve material by 

many microorganisms. The product of its degradation - 3-hydroxybutyric acid - a common 

metabolite detectable in the blood and urine is produced as ketone bodies by mammals 

during prolonged starvation. Because of the attractive prospect of using these materials as 

scaffolds for tissue engineering we perform preliminary experiments on the characterization 

of new polymers in the context of the physical and biological properties and the possibility 

of spinning in an electric field. It is worth noting that in the current literature there is lack of 

information on the electrospinning polyurethanes with a-PHB in flexible segments. 

Experimental group of the materials contained in their structure a-PHB and 

polycaprolactonediol (PCL) or polyoxytetra methylenediol (PTMG) in a different percentage 

ratio. Studies have shown that the highest molecular weight revealed polymers with PTMG – 

both with and without a-PHB. The hydrophilicity of the material varied with the content of a-

PHB - for increasing its content the polymers were more hydrophilic. All the samples were 

tested in accordance with the guidelines of the standard for cytotoxicity evaluation. The 

materials in general were not cytotoxic.  The cell viability performed by MTT assay reached 

70% percent of the control and the best results were obtained for materials containing 

PTMG in flexible segments - in this case cell viability significantly exceeded the viability rate 

of the control sample. Preliminary observations have shown that the process of 

electrospinning of new PUR should be carried out with the use of formic acid and 

dichloromethane in a weight ratio of 8:2 and suitably optimized process parameters such as 

distance from the collector, the flow rate, voltage and the polymer concentration. 

Preliminary attempts in electrospinning of these new PURs allowed obtaining defect-free 

fiber mats and cell culture in direct contact of L929 mouse fibroblasts within the polymers 

proceeded successfully. 
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Since its discovery, Surface-Enhanced Raman Spectroscopy (SERS) has attracted increasing 

interest as a nondestructive and powerful technique that can provide ultrasensitive and 

selective detection of chemical and biological molecules. Basically, in SERS studies, the 

enhancement of Raman signals fundamentally stems from the electromagnetic field in close 

vicinity of nanostructures with plasmonic features on a surface. For this, so far, various 

innovative methods have been demonstrated either using colloidal nanoparticles or 2-D/3-D 

plasmonic nanostructures. Despite the significant progress, SERS systems are still facing 

challenges for practical applications related to their sensitivity, reliability, and selectivity. To 

overcome these limitations, in this study, we have proposed simple yet facile strategies with 

different materials and fabrication techniques. In the first strategy, we demonstrated a 

simple and versatile approach for the fabrication of as novel SERS platforms based on micro-

/nano-structured organic semiconductor thin films using 2,7-dioctyl[1]benzothieno[3,2-

b][1]benzothiophene (C8-BTBT) molecules via an oblique angle vapor deposition method. 

The morphology of organic thin films was manipulated by deposition angle, and highly 

favorable 3-D vertically aligned ribbon-like micro-/nano-structures were fabricated at 

90°deposition angle. By combining C8-BTBT semiconductor films with a thin layer of gold, 

remarkable SERS performances were achieved in terms of enhancement (~108), stability 

(>90 days), and reproducibility (RSD < 0.14), indicating the great promise of C8-BTBT based 

thin films as SERS substrates. In the second strategy, we have proposed polydopamine / 

nanoparticle (PDOP/NP) layer-by-layer (LbL) films as SERS active substrate for the first time. 

Inspired from mussels, PDOP can be deposited on almost all types of inorganic and organic 

substrates with well-controllable thickness over time with robust stability and excellent 

biocompatibility. Thanks to vast functional groups of PDOP including catechol, amine and 

imine that serve as both the reducing agent toward metal ions and the anchor for grown 

metal nanoparticles neither using additional reductants nor metallic seed particles, the 

nanoparticles were decorated uniformly all over the surface and had remarkable robustness 

for month. Our PDOP/NP LbL films resulted in well-controlled and uniform deposition of NPs 

with remarkable SERS performance in terms of enhancement, simplicity and reproducibility. 
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Several techniques have emerged in the last decade to measure biological interactions at 

single molecular level. The atomic force microscope (AFM) employs one of the smallest force 

sensors that, besides high-resolution imaging allow to measure single molecular 

receptor/ligand forces down to sub-nanometer level. AFM renders possible high-resolution 

topographical images at the nanometer scale, combined with single-molecule recognition 

under ambient conditions. The fastest and most straight forward method in this respect is 

the so-called TREC mode. The name stands for simultaneous acquisition of “Topography and 

REConition”. In this AFM mode, the surface of a biological specimen is scanned with a 

biofunctionalized tip at regular imaging speed, yielding a map of specific ligand-binding sites 

together with a topographic image. Here, we present two different simultaneous 

topography and recognition imaging (TREC) studies. The first one is to detect density, 

distribution and localization of single CD1d molecules on THP1 cells that were loaded with 

different glycolipids and the second one is to directly map the binding sites on streptavidin 

imprinted polymers. In both cases, the recognition map revealed binding sites as dark spots, 

resulting from oscillation amplitude reduction during specific binding between ligand on the 

tip and the receptor/binding pocket on the cell/surface. In case of the first study, THP1 cells 

were pulsed with three different glycolipids (a-GalCer, C20 and OCH12) for 4 and 16 hr. 

Whereas CD1d–a-GalCer and CD1d–C20:2 complexes on cellular membrane formed smaller 

microdomains up to ~10000nm2 (dimension area), OCH12 loaded CD1d complexes 

presented larger clusters with a dimension up to ~30000nm2. In  second study,  the analyzed 

recognition images showed that the streptavidin binding pockets formed nano-domains with 

areas ranging from 40 to 2064 nm2 and with diameters ranging from 21 to 83 nm (n = 470). 

In both cases, the smallest size of recognition spots is corresponding to single molecule 

binding sites. Overall, TREC imaging allows to detect single-molecular interactions, and thus 

to visualize, identify, and quantify local receptor binding sites and assign their locations to 

the topographical features of both cell and material surfaces. These studies illustrate the 

great potential of TREC for the investigation and localization of receptors on cell and 

material surfaces with several piconewton force resolution and a positional accuracy of a 

few nanometers. For these reasons, TREC is a promising tool for the single molecule 

biosensing. 
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There is a significant effort to use nanomaterials and nanostructures in medicine for 

targeting and delivery. However, a number of parameters in the design of nanocarriers 

including toxicity, stability, degradation/dissolution, size and retention in the circulatory 

system should be considered. When all these parameters are considered together, it is 

almost impossible to find a perfect candidate since all NMs have different properties and 

may not qualify for all requirements. The recent paradigm is to use molecular structures 

with biological origin construct nanostructures to serve the aim. In this context, DNA offers a 

unique opportunity since its hybridization thought base paring could be utilized to generate 

variety of novel structures. In addition, boron nitride nanotubes (BNNTs), a more recently 

recognized nanomaterial, could be good candidates for such applications. In this talk, our 

effort to utilize DNA-origami based nanostructures and BNNTs as drug carriers are 

summarized along with the current bottlenecks in this field.  
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Aim of this work is to develop bioglass based scaffolds loaded for the regeneration of 

Periodontal intrabony defects.  Work is focused to the design of a  suitbale nanoparticle 

based  antimicrobial agents and growth factor loaded bioglass  bone scaffold  with 3D 

structure of optimum pore size and  interconnected pore structure that may promote 

growth and proliferation of regenerative cells. In the present work, results of the synthesis 

through quick alkali mediated sol-gel method basic characterizations, and evaluation   of 

inflammatory component of bioglass systems are reported.  Proper synthesis strategies 

were adopted for the control of the pore size and inteconnectivity to achieve the desired 

structural properties.  The morphology of the as prepared scaffolds has been analysed using 

Scanning Electron Micrsocopy (SEM) which confirmed the pore structure of the scaffolds. 

The interaction of the scaffold with Stimulated Body Fluid (SBF) has been analysed using 

Fourier Transform Infra-Red spectroscopy and SEM.  Inflammatory components including 

serum C reactive protein and blood pictures were analyzed following subcutaneous 

implantation of bioglass in Wistar rats.  Histological analysis of subcutaneous tissue 

following implantation of scafold was done and found that they elicited very minimal 

inflammatory response. Present results indiacte the promising potential use of these 

bioglass scaffold based scaffolds for alveolar bone regeneration. 
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Electrospinning is a low cost, simple and efficient technique that produces polymer fibers 
with usually diameters in nanoscale and non-woven fibrous structures composed of these 
fibers using electrically driven jet of polymer solution.  Due to unique properties of the 
materials produced from these nanofibers, several applications in biomedicine including tissue 
engineering, controlled release systems, soft and hard tissue repair materials have been 
proposed and investigated. Both soft and hard tissue can regenerate by natural pathways. 
During this regeneration period they need to be supported, preferentially by biodegradable 
repair materials, which should be degraded during or better after healing and disappear 
without need of elimination by a second surgery. In the case of critical sized tissue defects, 
both hard and soft tissue can not heal itself and fill in the defect spontaneously.  A tissue 
engineering scaffold, preferably functionalized with active molecules such as drugs, 
nanoparticles, growth factors or hormones that mimic the original extracellular matrix is 
required to guide the new tissue formation. Electrospun polymeric nanofibers has the ability 
to mimic the extracellular matrix structure and in addition they can be easily functionalized 
by inclusion of active molecules either after the electrospinning is completed or before, by 
adding the active component into the polymer solution.  This presentation reviews some 
selected applications of nanofibrous matrices prepared by electrospinning in reconstruction of 
tissues, especially the critical sized defects.    
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Large number of polymeric materials has been tried for wound coverage applications with 

many successful outcomes, but the search for an ideal skin substitute with properties and 

functionality similar to human skin is still continuing. Poly (ε-caprolactone) (PCL) has got a lot 

of attention in biomedical applications due to its biocompatibility and biodegradability, and 

has been suggested for wide range of biomedical applications. Formation of active blood 

vessel network through an implanted scaffold is one of the most important issues in tissue 

engineering and regenerative medicine. An active blood vessel network is necessary for the 

integration of the scaffold with existing host tissue. Formation of blood vessel takes place in 

scaffolds mainly by angiogenesis. Ability of zinc oxide (ZnO) nanostructures to promote 

angiogenesis through the reactive oxygen species mediated mechanism is already 

established. Reactive oxygen species generated by the ZnO nanoparticles can also enhance 

wound healing. Thus, in the present work, electrospun polycaprolactone scaffolds containing 

ZnO nanoparticles were fabricated and characterized. Our results demonstrated that ZnO 

nanoparticles in the PCL scaffolds enhanced cell migration, angiogenesis and wound healing. 

Degradation of the nanocomposite scaffolds was also much higher than the unfilled PCL 

scaffolds. 
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Treatment of osteochondral defects (OCDs) is a major clinical challenge resulting in 121,000 

joint replacements each year in the UK alone. Timely intervention to regenerate OCDs could 

help prevent progression to osteoarthritis, a disease that currently affects 8.75 million 

people in the UK. Previous attempts to repair OCDs in vivo used synthetic or natural 

polymers pre-seeded with stem cells expanded in the laboratories. The underlying 

hypothesis of our current project is that OCD regeneration can be improved by enhancing 

scaffold chemo-attraction capability through local stabilisation of hypoxia inducible factor 

(HIF-1α), in resident progenitor cells within the joint, enhancing tissue formation in a site-

specific manner. A range of agarose hydrogel scaffolds were prepared: 2% low strength; 2% 

high strength; 2% high strength with 100mM cobalt chloride and 2% high strength with 

100mM magnesium chloride. Compressive modulus and porosity of the hydrogels were 

determined followed by in vivo implantation in 1x2mm OCDs created in rat patellar grooves. 

After 4 and 8 weeks, the knee joints were excised and the OCD sites examined immuno/ 

histologically. All of the agarose hydrogels shared similar overall porosities, however, there 

were significant variations in their compressive moduli. Histologically, OCDs filled with 2% 

high strength agarose hydrogels showed the poorest healing whilst 2% high strength agarose 

gels containing cobalt chloride showed the best healing with good integration of neo- tissues 

with native tissue and zonal localisation of type II collagen within the defect. Cobalt is a 

known stabilisation factor for HIF-1α. Variable healing responses are most likely due to 

varying in vivo HIF-1α stabilisation responses. HIF-1α stabilising hydrogels provide a one-step 

methodology for OCD regeneration, targeting the patient’s resident stem cells and 

eliminating the need for a separate cell harvesting procedure.  
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Long-term storage of critical mammalian cells are vital for medical and pharmaceutical 

industries. Preservation of sensitive cells is complex due to 80 % vol. water content in the 

cytoplasm and phenomenal response of the cell to osmotic changes. Amongst preservation 

methods, cryopreservation by conventional slow freezing or vitrification below freezing 

temperatures are the most effective compared to in vitro culture at physiological 

temperatures and hypothermic storage at low temperatures (but above freezing 

temperature of solution). Achieving cryogenic temperatures by slow freezing is associated 

with cell injury due to ice formation and cell dehydration, whereas vitrification is associated 

with toxic effects of high concentrations of cryoprotectant agents (CPA). Carbohydrate 

based CPAs are added to accommodate for ultrafast cooling rates required for vitrification 

and prevent intra- and extra-cellular crystallization by increasing the glass transition 

temperature at the cost of toxicity. An alternative approach to developing novel 

technologies for safer cryopreservation is to modify the protocols or develop novel 

technologies to control the loading and concentration of CPAs in the cell prior to freezing. 

Preconcentration of cells in dehydrating picoliter aqueous droplets has proven to be a 

promising method by reducing the exposure time of cells to CPAs, eliminating the multistep 

CPA loading-diluting procedures, and avoiding the mechanical and osmotic stresses caused 

by large concentration differences. We developed a novel micro-channel thermo-fluidic 

device to control and improve the rate of dehydration in biomaterials. The device allows for 

producing uniform picoliter aqueous droplets in a mobile organic phase in continuous flow 

and encapsulation of one or more cells per droplet.  The frequency of occurrence of the 

droplets and, thus, the size and inter-droplet distance are fixed by adjusting the flowrate of 

the aqueous and the organic phase. Operating conditions of the device is optimised to 

establish a steady-state two-phase laminar flow following droplet formation and the system 

is thermally controlled to allow for interphase diffusion of water. A mathematical model of 

the dynamic system is developed to simulate the shrinkage and the CPA concentration 

profiles in aqueous droplets. The integration of fluidic and thermal phenomena with MEMS 

technologies for preconcentration of sensitive cells has shown to be a solution to eliminate 

injury caused by toxic concentrations of CPA and multi-step loading-unloading procedures. 
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Promising developments have been materialized in reconstructive surgical procedures with the 

applications of tissue engineering. To this end, biomaterials, growth factors, and stem cells have been 

used separately or in combination in the field of tissue engineering, İn the field of tissue engineering, 

types of growth factors especially bone morphogenetic proteins (BMPs) for new bone formation, and 

bone vascular endothelial growth factors (VEGFs) for their angiogenetic activities have been 

employed frequently in experimental animal models. In the repair of bone defects, PLLA-PEG 

(polylactic acid–polyethylene glycol) block copolymers are suitable tissue scaffolds.  In our study, we 

used tissue scaffolds fabricated from PLLA-PEG copolymers in order to ensure different release rates 

of selective growth factors. For this reason, we synthesized PLA/PEG copolymers in the presence of 

stannous octoate (Sn(Oct)2) catalyst using ring-opening polymerization. Mechanical characteristics of 

the tissue scaffolds were determined by compressive shrinkage, tensile strain and elongation tests. In 

the next phase of the study, VEGF, and BMP-2 loaded tissue scaffolds were cultivated with a cell line 

similar to that of osteoblasts in order to determine their in vitro performances. Subsequently, 

experimental animal studies were conducted to assess in vivo performances of the tissue scaffolds 

fabricated. In this experimental study 54 6-week-old New Zealand rabbits weighing between 2,5 and 3 

kg were used. The animals were analyzed in 4 groups as the control group (Group I: PLLA-PEG tissue 

scaffold), Group II (PLLA-PEG tissue scaffold + BMP-2 application), Group III (PLLA-PEG tissue scaffold 

+ VEGF application), and Group IV (PLLA-PEG tissue scaffold + BMP-2, and VEGF applications). 4 and 8 

weeks after experiments, animals were sacrificed, and histopathological, and immunohisto chemical 

assessments were performed. Our results revealed that the highest bone volume was observed in 

BMP-2 containing groups, the highest vessel volume was observed in VEGF containing groups, but 

scaffold containing BMP-2 and VEGF represented the best outcomes in conjunction with the 

increased remodeling of the new bone. 
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Polymer nanomedicines are polymer-based therapeutic systems tailored at nanometer scale. 

They differ from conventional drug delivery systems as they provide unique medical effects 

according to their nano-scale properties. Hybrid polymers combine biological and synthetic 

components and potentially offer enhanced properties, such as biorecognition, self-

assembly and stimuli-responsive properties.1,2 They open routes to new drug delivery 

strategies. We have synthesized a number of well-defined polymers combining molecules of 

biology with synthetic polymers as potential components of intracellular drug delivery 

systems. To combine the transfection efficiency of lipid-based systems with versatility of 

synthetic polymers, we synthesized well-defined amphiphilic (co)polymers of a fatty acid, 

10-undecenoic acid (UDA). While acidic group provides pH-responsive behavior, long alkyl 

chain on the fatty acid may provide membrane-destabilizing activity. Methacrylate ester of 

UDA was copolymerized with methacrylic acid (MAA) via RAFT polymerization to yield 

water-soluble, pH-responsive, amphiphilic, well-defined copolymers. Hemolysis assays 

revealed that the copolymers with 20 mol% UDAMA content have pH-dependent hemolytic 

activity. Separately, inspired by cell-penetrating peptides, we synthesized arginine 

containing well-defined polymers and investigated the potential use of these polymers as 

nucleic acid carriers. Pentafluorophenyl methacrylate (PFMA) was used to produce polymers 

having active groups available for efficient modification with arginine. RAFT polymerization 

was used to produce well-defined polymers of arginine. These polymers showed very low 

toxicity and ability to penetrate through cell plasma membrane via energy-independent 

mechanisms. 
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Nanotopography are known to influence cell behavior for example, morphology, adhesion, 

migration, and differentiation. If this can be understood and controlled, then it would be 

possible to use nanotopography to get desired cell behaviors that enhance healing or tissue 

regeneration. We intend to touch upon a fundamental question whether nanotopography 

alone can guide cell behavior and how. We focus on following important nanotopographies: 

disordered sponge-like mesoporous titania (TMS) surfaces and ordered titania nanotubes 

(TNT) in comparison with each other and flat unmodified titanium surface covered with 

native titania film. A sonochemical method was used to produce TMS and an 

electrochemical anodization was used for the formation of TNT. These two surface 

nanostructuring methods are applied to two- and three-dimensional systems (scaffolds), and 

behavior of preosteoblasts MC3T3-E1 is investigated on these surfaces. The investigation of 

the cell response to titania surfaces in 2D includes characterization of the following cell 

functions: cell proliferation, cell spreading and morphology, and cell adhesion. The cell 

morphology at 3h of cell incubation on the glass and TMS are quite similar: they show large 

amount of spreading, rounded morphology, the nucleus can be easily identified. The largest 

cell area but lowest thickness show the cells seeded on glass substrates. In contrast, TNTs 

show very little cell spreading and elongated morphology. The adhesion sites can be easily 

identified on glass and TMS, they are mainly located at the cell periphery and along the 

stress fibers. Number and area of vinculin plaques is the highest on glass. MC3T3-E1 seeded 

on TNT show the lowest amount of vinculin plaques, which are difficult to identify by 

immunofluorescent staining. Moreover, titania surfaces of both nanotopographies (TMS and 

TNT) due to their porous structure and high hydrophilicity have great potential in being used 

also as encapsulation systems. To test this we also investigate how nanotopography can be 

combined with surface chemistry modifications to enable the encapsulation of bioactive 

molecules, which could also be used to affect cell behavior. Results with BMP-2 and 

doxorubicin encapsulation demonstrate that the encapsulation is indeed possible; however 

the efficient design of the protective layer (e.g. polyelectrolyte bilayers prepared by layer-

by-layer technique) enabling the desired load and release is necessary. The results of this 

work suggest a significant impact for future studies on the application of titanium surface 

nanostructuring in implant technology. 
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Carbon/carbon composites are considered the most promising artificial materials for 

orthopedic implants owing to their unique properties, such as light weight, high toughness, 

high specific strength and corrosion resistance. In particular, carbon/carbon composites 

have a more similar elastic modulus to that of natural bone in comparison with metallic 

implants, which may help to avoid stress shielding and sequential bone absorption. However, 

the surface of carbon/carbon composites is biologically inert and fails to form a chemical 

bond with the host bone. Applying bioactive coating for carbon/carbon composites is a 

logical choice to improve the bioactivity so as to improve osseointegration with bone tissues. 

In this presentation, several kinds of bioactive coating for carbon/carbon composites are 

introduced, including hydroxyapatite coating, DCPD coating, ion substituted hydroxyapatite 

coating, carbon foam/ hydroxyapatite composite coating, collagen/hydroxyapatite 

composite coating, carbon nanotube/ hydroxyapatite composite coating, SiC nanowire/ 

hydroxyapatite coating, et al. The morphology, microstructure, formation mechanism, 

mechanical properties, in-vitro bioactivity and cell response of the coating are introduced. 
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In this study, cationic chitosan/polycaprolactone (CS-g-PCL/PCL) hybrid nanofibers were 

successfully prepared with electrospinning method. Prepared nanofiber films are suitable for 

application as a smart labels in the food packaging systems. PCL was synthesized in the 

presence of ɛ-caprolactone and stannous 2-ethyl hexanoate as monomer and catalyst, 

respectively. Subsequently, chitosan-graft-poly (ɛ-caprolactone) copolymers were 

synthesized in methanesulfonic acid under N2 atmosphere. Two different CS-g-PCL 

copolymers were synthesized with change in the ratio of chitosan and ɛ-caprolactone (CS-g-

PCL A and CS-g-PCL B). Prepared copolymers freeze dried under vacuum at -56 C̊ for 3 days. 

Synthesized PCL, CS-g-PCL A and CS-g-PCL were characterized by FTIR, HNMR and GPC. 

Cationic electrospun nanofibers were prepared with electrospinning method. For preparing 

of electrospinning solution, chitosan-graft-poly (ɛ-caprolactone) (A or B) and 

polycaprolactone (CS-g-PCL A or CS-g-PCL B/PCL) were blended in different proportions then 

nanofibers were prepared with electrospinning. Characterization of obtained nanofibers was 

carried out with SEM, XPS. Water contact angle test was done to study the hydrophilic and 

hydrophobic properties of the fibers. Stress strain test was done to prepare information 

about the mechanical strength of the nanofibers.  
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The aim of this study is synthesis of conjugated polymers loaded organic nanoparticles for 

detection and therapy of bacterial infections. The organic nanoparticles (liposome) were 

prepared according to the protocol. PFBT (Poly [9, 9-dioctylfluorene- 2, 7-diyl-co-

benzothiadiazole]) conjugated polymers were encapsulated by DSPE-PEG2000-MALIMIDE and 

obtained nanoparticles used for imaging purposes. Characterization of synthetized 

nanoparticles were carried out due DLS, zeta potential and TEM. The results shows that the 

synthetized nanoparticles are in sharp size distribution. Vancomycins molecules were 

thiolated during to the protocol and purified and dried by HPLC and freeze drying for 3 days, 

respectively. DSPE-PEG2000-MALIMIDE nanoparticles were conjugated by thiol ended 

vancomycin molecules in aquatic environment (Greg T. Hermanson, 2013). Theoretically 

each nanoparticle has available sides on surface to conjugate with approximately 9000 

thiolated vancomycin. Zeta potential of the nanoparticles were changed through conjugated 

by vancomycin from -32 to -21. Thiolated vancomycin was used as a targeting agent to gain 

nanoparticles specifically detection properties against gram positive bacteria. Two different 

bacterial culture were carried out for in-vitro and in-vivo studies (E.coli as a gram negative 

and MRSA as a gram positive grups). Cultured bacteria (E.coli & MRSA) were treated with 

different ratio of CPDP-MAL NPs-VAN and imaging of the prepared samples were taken by 

confocal laser scanning microscopy to know about specifically targeting behavior of  

prepared nanoparticles. 3x106cfu/ml of cultured bacteria were injected to the left (MRSA) 

and right (E.coli) back side of mice to created infected animal models. 200 µl (2x10-7 mmol) 

synthetized DSPE-PEG2000-MALIMIDE-VAN nanoparticles were injected intravenously to the 

mice. The spectral fluorescence imaging of infected mice was utilized with the Maestro 

software was put up to obliterate of the mouse background auto fluorescence and time-

dependent (1, 3 and 24h post injection) distribution profile of the CPDP-MAL NPs-VAN was 

obtained in living mice. 
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As it is known, biotin has many important roles in the biological functions. Also, it is well 

known that avidin has high affinity toward biotin molecule and forms a complex ion with 

biotin in a ratio of 1:4. This high affinity between avidin and biotin has used in many studies 

to develop selective detection systems in the literature. In this study, semi-synthetic biotin 

imprinted polymeric shell has been decorated onto the surface of avidin crosslinked Au/Ag 

nanoclusters using bis (2-20-bipyridyl) MATyr-MATrpruthenium(II) (MATyr-Ru-MATrp) as 

photosensitive monomer. The synthesized nanoclusters have been used the recognition of 

biotin by flourometric method. Synthesis of the photosensitive monomers has been realized 

by AmiNoAcid (monomer) Decorated and Light Underpinning Conjugation Approach 

(ANADOLUCA) method. This method provides a strategy for the preparation of 

photosensitive ruthenium based aminoacid monomers and oligomers, aminoacid monomer-

protein crosslinking using photosensitation and conjugation approach on micro and nano-

structures by ruthenium-chelate based monomers. The affinity constant (Ka) of biotin 

imprinted Au/Ag nanoclusters has been determined using the Scatchard method and found 

to be 3.89 x 105 M-1. The obtained calibration graph is linear for the range of 0.051 and 2.50 

µM of biotin. 
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Mucoadhesive controlled release dosage formulations have gained considerable attention 

due to their ability to adhere to the mucus layer and release the loaded drug in a sustained 

manner. Gelatin is proteinaceous biodegradable polymer, widely used in biomedical and 

biotechnological applications and is a good candidate for preparation of microspheres and 

microcapsules for the purpose of controlled release applications of drugs. In this study 

gelatin microspheres were prepared by cross-linking of gelatin in water/oil emulsion with 

glutaraldehyde by the emulsion polymerization method. The effect of different process 

parameters, such as gelatin concentration, emulsifier amount, emulsufication time, stirring 

rate on the morphology, and size distribution of microspheres were studied. The optical 

micrographes and SEM images of microspheres were taken for the characterization studies 

after preparations. The optimal conditions were found for gelatine microspheres as 0.1 

mg/ml gelatin concentration, 4% emulsifier amount, 10 min emulsufication time, 750 rpm 

stirring rate. The shape of the microspheres prepared by this method has spherical form. 

Gelatin microspheres’s size distribution were found as 22% <3 µm, 20% 5-7 µm, 30% 8-9 µm, 

8% 10-12 µm, 10% 13-15 µm at these conditions. By varying the formulation and processing 

conditions it would be able to modulate the size of these particles from 100 nm up to 1 µm. 

These results suggest the potential application of gelatin microspheres crosslinked with 

glutaraldehyde could be further utilized in a more effective manner for various drug delivery 

systems. 
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In this study, photothermal effect of some targeting nanoparticles is examined and 

simulated. It is known that metal nanoparticles dramatically generate heat when 

electromagnetic field radiated on them. The heat generation becomes strongly enhanced 

under plasmonic resonance and also severely depends on the nanoparticles size, shape, and 

materials. So, in this work, we initially report our practical works about metal nanoparticles 

hyperthermia effect and then we tried to study their behaviors in different phantom models 

to choose the best type of nanoparticles as extra heat generator source against different 

laser beams especially in the visible and NIR region. Commonly, the amount of generated 

heat and temperature increasing depends on the number of nanoparticles and optically 

effective their interaction into tumor. Our simulation showed that the plasmonic interaction 

between nanoparticles is very effective but didn’t always cause to a larger heat generation 

in area rather than each nanoparticle. So, for solving of this problem, we introduced a new 

nanostructure with a metal core and some small particles with a definite distance around it 

entitled “nano-satellites”. For this case, simulation results and experimental assays show 

that the new structure heat generation is so high and it is so much greater than conventional 

hyperthermia. It is contributed to the core near-field plasmonic effect on small nano-

satellites beside of incidence wave, which cause to extra heat generation. With that thought 

in mind, this case can be effectively used to burn and destruct the tumor cells. 
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The aim of the research is to attain antimicrobial properties against clinical pathogens to 

extracorporeal haemodialysis polymeric tubings by adsorption of AgNP synthesized by green 

chemistry. Plant extract obtained from the leaves of Liquidambar Orientalis Mill. Endemic 

plant, which is also known as Sığla (Günlük). AgNPs synthesized by the addition of AgNO3 to 

plant extract. The formation of nanoparticles was followed by UV-Visible 

Spektrophotometer. Additionally, SEM (Scanning Electron Microscope) and TEM 

(Transmission Electron Microscope) images are taken for AgNP characterization. AgNPs 

interacted with commercially available haemodialysis tubes. A highly compatible material, 

polyethylene glycol (PEG) used for this interaction and the surface coating provided by 

hydrophobic – hydrophilic interaction. Extracorporeal polymeric haemodialysis tubes with 

six different thicknesses were examined and immobilization of AgNP’s was achieved with 

four different stages and the modified surfaces were characterized by FTIR. The 

antimicrobial activity of dialysis tubings were tested with clinic patogens, Escherichia coli, 

Staphylococcus aureus, methicillin resistant Staphylococcus aureus, Pseudomonas 

auroginosa, Klebsiella pneumonia, and Candida albicans microorganisms. As a result, 

haemodialysis tubes modified with immobilization of silver nanoparticles showed 

antimicrobial activity against clinic pathogens. 
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For many applications such as biomacromolecule separation, drug delivery, biomolecular 

release and guest molecule encapsulation, large pores of mesoporous silica as well as their 

entirely uniform shape are high required. Due to large pore size and high surface area, 

mesoporous materials and their composites with nanocrystals have attracted considerable 

attention. Generally, the formation of spherical particles is preferable when the surface 

energy of a particle would be minimized. Mesoporous silica consists of both an inorganic 

silica part and an organic surfactant part. Hydrophobic interaction of a surfactant in a 

hydrophilic solution as well as condensation of silica precursors leads to a precipitation of 

mesoporous materials from a solution. On the basis of this aspect, shorter alkyl-chain 

surfactants with weaker hydrophobic interaction are used as a surfactant in order to obtain 

a spherical particle. Mesoporous silica spheres with particle diameter in the low submicron 

range were synthesized from tetraethoxysilane (TEOS) and n-dodecyltrimethylammonium 

bromide (C12TMABr) by using the co-solvent, polyethyleneglycol (PEG). The N2 

adsorption/desorption isotherms exhibited mesoporous characteristics. Ni was loaded onto 

the mesoporous silica spheres with impregnation method. The sample heated in H2 showed 

diffraction peaks of characteristic of polycrystalline fcc form of elemental nickel. Ni0 

fragments may be expected to react with the free surface silanols on the surface of silica 

sphere to form Si-O-Niδ+ species, which in turn may serve as a nucleating site for the further 

aggregation of nickel. The nickel-coated silica samples were treated as a magnetic mass 

having the same amount of nickel per silica sphere in the case of amorphous and 

polycrystalline materials. SEM images revealed that the mesoporous silica spheres 

decorated with Ni nanoparticles is quite uniform in size with a low submicron range. Based 

on these characteristics, these mesoporous silica spheres are likely to find many biomedical 

applications. 
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In recent years, there has been an increase in environmental pollution and health problems 

in the world. These increases have led people to use more natural resources and do research 

on biodegradable materials. Polylactic acid (PLA) is one of the natural biodegradable 

polymers sources that used in many fields such as food, textile, medical, and pharmaceutical 

industries. In the present study, lactic acid (LA) was produced by using homofermentative 

lactic acid bacteria (LAB), ABT-4 containing Lactobacillus acidophilus, Streptococcus 

thermophilus and Bifidobacterium. The production of biodegradable PLA was realized with 

LA monomers by direct polymerization method. Hundred percent whey lactose and two 

different combinations with MRS medium (75% whey lactose + 25% MRS and 50% whey 

lactose + 50% MRS) were used as an energy source.  The highest yield (47%) was obtained in 

100% whey lactose. In further studies, PLA produced by the new strains will be characterized 

by Fourier transform infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), 

scanning electron microscope (SEM) analysis. 
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Cellulose is one of the most common polymers found in wood, cotton and other 

lignocelluloses materials. It is synthesized by algae, sea lives and some bacteria. Natural 

plant cellulose nanofibrils known as cellulose I exist on the cell wall with hemicelluloses and 

lignin. Separation process of cellulose from hemicelluloses and lignin requires some 

chemical operations that cause increase in price. Recently, because of their unique structure 

such as high degree of polymerization, high crystallinity, and a lot of variable usages, 

bacterial cellulose (BC) nanofibrils have got an attention.  However, economically its 

production price is high. In this study, the potential of bacterial cellulose production by lactic 

acid bacteria (LAB) was evaluated by cultivating in industrial waste, whey, to decrease 

production cost. ABT-4 homofermentative bacterial cultures (Lactobacillus acidophilus, 

Streptococcus thermophilus and Bifidobacterium), STM-7 bacterial cultures (S. thermophiles), 

LB-12 bacterial cultures (L. lactis and S. thermophiles), and YC-380 bacterial cultures (L. lactis 

and S. thermophiles) were incubated in 100% whey lactose and two different combinations 

with MRS medium (75% whey lactose + 25% MRS and 50% whey lactose + 50% MRS) at 21oC 

for 10 days. NaOH solution was used to remove cellulose from bacterial cells. Finally, after 

the whitening operations, cellulose was dried by filtering. The results showed that YC-380 

bacterial cultures in 100% whey lactose medium had higher levels of cellulose production 

than other cultures suggesting that this combination might be a potential to make cellulose 

production economical by using cheap raw materials. Production optimization and 

characterization will be carried out in further studies. 
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Targeted surface delivery and controlled release of the chemicals and biomolecules from 

encapsulated systems are gaining high interest due to the adaptation for biomedical 

applications such as drug delivery, tissue engineering, cell encapsulation, theranostics.  In 

our work formation of surface mesoporous titania capsules on titanium with controllable 

release behavior are proposed for use on titanium implanted devices. Surface capsules are 

designed on the basic of porous titania layer formed by titanium anodization or 

sonochemical treatment. Adsorbed bone morphogenetic protein 2 (BMP-2) is used as an 

active chemical to encapsulate. Different polymer coatings are design to control release 

behavior: 1) achieve prolonged release; 2-3) switch on/off release with 2) electromagnetic 

irradiation, 3) change of surface hydrophilicity due to surface enzymatic reactions. In 

particular, we are using low-permeable skin-like polypyrrole based coating of different 

hydrophilicity and hydrophobicity. Structural characterization of mesoporous titania layer 

before and after loading, polymer coatings formation are examined by using AFM, SEM, TEM, 

IRRAS, contact angle, optical reflectance measurements, UV-Vis spectrometric, impedance 

spectroscopic and photoelectron-chemical  measurements. Mechanism of coating switch 

on/off is in focus. It is shown that local pH-change on titania surface during its irradiation can 

be effective instrument for capsules switch on/off. Cell culture on surfaces is examined for 

preosteoblasts on BMP-2-regulated release surfaces. 
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Energy need is rapidly increasing with increase in world population and developments in 
technology, while the fossil fuel reserves are diminishing. Bioethanol is a very promising 
renewable alternative to fossil fuels, and commonly used for transportation energy. Instead 
of food raw materials such as corn and sugar cane, ethanol obtained from cellulosic biomass 
by endoglucanase type of cellulase will reduce production costs. In order to develop more 
economical production processes, the choice of the host cell is extremely important. 
Escherichia coli bacterium is one of the most preferred hosts for the production of 
recombinant proteins. In this study, our recently codon optimized novel Cel5A enzyme was 
expressed in genetically modified E.coli and bioprocess optimization studies were followed 
by Western blot and spectrophotometric enzyme activity assays. The intracellular enzyme 
activity was increased 57-fold, up to 0.86 IU/mL and extracellular enzyme activity was 
increased 5-fold, up to 1.56 IU/mL, via bioprocess design. Thus, the significance of the 
research lies in overcoming the current bottlenecks in biofuel industry; this technology has 
the potential to reduce the cost of overall bioethanol production significantly. 
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3D Culturing methods are shown up after limitations of 2D culturing methods because the 

cell-cell and cell-matrix interactions can not be realized in 2D culture systems. Three main 

methods for 3D culturing exist; cells are cultered as aggragates (generally as spheroids), 

grown on 3D scaffold materials, and embedded in gels. Several fabrication methods are used 

to generate spheroids. Using bioprinters to obtain cell sepheroids to create new tissue is a 

new robotic technique and also non-traditional unlike liquid overlay/cell suspension culture 

and hanging drop techniques. In our studies, laser assisted bioprinting, pressure based 

extrusion bioprinting and syringe based extrusion bioprinting systems are used and 

sepheroids formation is analysed for each different systems. Different cell types and 

different materials are used in the experiments. For the laser assisted bioprinting system 

(Poietis®), laser parameters are determined for the spheroids size and consisting amount of 

cells in one sepheroid also spheroids distance to each other. All these features are important 

to tissue creating capability of sepheroids. For the syringe based extrusion bioprinting 

system (Organova®), any hydrogel material is not mixed to cell and only cell aggregates used 

via capillar of the system and huge amounts of cells are needed to create new 3D tissue. For 

the pressure based extrusion bioprinting system (WFIRM), cells are mixed with hydrogel and 

these hydrogels protect cells from surface tension and other physical effects, percentage of 

cells and mixed hydrogel is important. If the cell aggregates are bigger than expected, 

syringe can be clogged. So, finding best number of cells and hydrogel concentration is 

important. With all these sensitive parameters of each system spheroids could be generated 

as ready to create new 3D tissue. Also stem cell differentiation studies are done next step of 

our studies is printed stem cell spheroids differentiation in 3D conditions.  
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In this study, new surfaces for electrodes which have high stability, high surface area and 

highly catalytic activity were prepared by using polydopamine (PDA) coated pencil graphite 

electrodes. Afterwards, these electrodes were decorated with gold nanoparticles (AuNPs) 

which were prepared according to conventional Turkevich method. Surface characteristics of 

the nanoparticle decorated electrodes were examined by SEM and EDX analysis. These 

observations depicted that number density of AuNPs can be easily manipulated over time 

and 3 h for nanoparticle deposition was determined as optimal value according to 

electrochemical analysis. Firstly, modified electrodes were also investigated in voltammetric 

techniques by using potassium ferrociyanate standart redox solution, afterwards electrodes 

were employed in electrochemical analysis of dopamine by performing calibration and 

validation studies. Dopamine is a neurochemical agent and plays an important role in brain 

functions of humans and animals. Obtained LOD value of modified electrode with square 

wave voltammetric method was 0.4503 µM, LOQ was 0.8302 µM, with differential pulse 

voltammetric method LOD was 0.522 µM, LOQ was 0.7408 µM. Results of these applied 

methods were found to have accuracy, precision, reproducible and high confidence. 

Experimental results were found to be insignificant at 95 % confidence level. 
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The aim of this study is to prepare nonwoven fabric carrying silver nanoparticles (AgNPs), 

and investigate their antibacterial activities and cytotoxicities in parelel.  AgNPs with an 

average size of 10 nm were synthesized by reducing AgNPs from silver nitrate solutions using 

different reducing agents. Pure cotton nonwoven textiles (commercial) were first treated in 

in NaOH/urea/thiourea/H2O with an 8/8/6.5/77.5 composition, at -10°C for different times. 

Then AgNPs were immobilized from their nanoemulsions onto those pre-treated fabrics by 

simple adsorption (dipping) and then were heat stabilized. Treatment with solvent mixtures 

changed the fiber surface morphology very significantly and therefore the extent of 

adsorption and release of AgNPs. These fabrics were exhibited strong antibacterial effects 

on both Staphylococcus aureus and Escherichia coli. In vitro cell culture studies 

demonstrated that AgNPs nanoemulsions and also fabrics carrying them were cytotoxic on 

L929 fibroblasts in different extends depending on AgNPs loading. The special solvent 

treatment decreased the release of silver from the textiles (more controllable fashion) and 

therefore they were less cytotoxic comparing to the non-solvent treated ones.  
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Atmospheric pressure non-thermal plasmas are being intensively studied with respect to 

their potential application on biomedical materials. Surface modification of biomaterials is 

aneconomical and effective method for the eradication and control of bacterial infections 

and contamination. Stainless steel (L316) is one of the most frequently used implant 

materials used to date. In this study, the surface modification of biomedical stainless steel 

(L316) and its effect on early biofilm formation by non-thermal atmospheric pressure plasma 

was investigated. Stainless steel L316 was activated for 15 min by way of an atmospheric 

pressure non-thermal plasma system. The activated surface was characterized using 

different analyzing techniques namely, water contact angle (WCA) measurement for 

wettability, X-ray diffraction (XRD) and scanning electron microscopy (SEM). The 

antibacterial properties were evaluated using the plate-counting method on Pseudomonas 

aeruginosa PAO1. It was concluded that atmospheric pressure non-thermal plasma 

activation transformed the surface of stainless steel from hydrophobic to superhydrophilic 

indicating a contact angle of less than 5°, XDR results revealed no significant changes to the 

shape and position of the diffraction peaks. However the peaks were more intense for the 

plasma treated metal. Furthermore, no significant decrease was observed in the number of 

viable colonies that adhered to the plasma activated surfaces. 
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Nanoparticles, due to their availability to use in both scientific studies and pharmaceutical 

and biomedical applications, have been atract,ng much attention in recent years. Solid lipid 

nanoparticles (SLNs), which can be prepared by using various physiologically related lipids, 

emulsifiers and water, have been used as an alternative nanocarrier since 1990s. Due to 

possessing adjustable release kinetics depend on the synthesis method and biocompatibility, 

stability and availability/efficiency to encapsulate various active materials into the different 

parts of its structure, SLNs are ideal to be used in body with various administration routes. In 

our study, SLNs were synthesized by using “microemulsion method”, because of its user 

friendly nature like avoidance of high pressure, temperature, organic solvents and formation 

of monodisperse particles. Various techniques have been used in the characterization of 

SLNs such as AFM, SEM, LS and DSC. In addition, surface charge densities of each particle 

were calculated. After the synthesis of SLNs, encapsulation and release studies were 

performed by using ascorbic acid (AA) and methylene blue (MB) as model molecules. AA was 

loaded into the SLNs during the preparation of microemulsion whereas MB was entrapped 

on the surface of SLNs via electrostatic interaction dominantly. Although the performance of 

synthesized SLNs shows some variations, the optimum result is obtained for SLN to whom 

95% of the AA can be loaded and 90% of the drug was released within 24 hours. It was 

observed that, MB can be entrapped on the surface of SLNs with an efficiency of ~%90. The 

release kinetic was directly proportional to the surface charge density of the particles. After 

all, this study can be considered as a step in the improvement of controlled drug delivery 

systems as well as development of an understanding. 
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Colored wastes have a strong impact on the ecosystem. Some of these dyes flow into the 

freshwater sources and threaten the aquatic life and health. The textile industry is the 

largest consumer of dye stuffs. During the coloration process a large percentage of the inert 

synthetic dye released into the environment making the effluent highly colored and 

depredatory. Most of the traditional wastewater treatment processes remain incapable of 

eliminating these dyes as a result of their high stability to light, temperature, water. As an 

advanced oxidation process photocatalytic degradation could offer more efficient treatment 

for the breakdown of dye pollutants unlike traditional methods. Titanium dioxide has been 

considered as the most promising photocatalyst owing to its capability of generating 

hydroxyl radical that makes it a strong oxidant for organic pollutants, high reactivity, high 

chemical stability, biocompatibility and inexpensive commercial availability. However TiO2 

needs a continuous supply material to avoid the recombination of catalyst and to provide 

reusability. Chitosan beads as supporting materials would adsorb the dye molecules due to 

the functional amino groups inside its structure.  It continously enable TiO2 to degrade them. 

Thus heterogenous catalyst can be recovered and reused without a loss of activity. In light of 

these information the main objective of our study was defined as to develop a new, cost- 

effective, eco- friendly catalyst that would eliminate the carcinogenic dye pollutans while 

preventing generation of any additional pollution instead of transfering them. In order to 

achieve this goal,  a new photocatalyst was developed for the batch photocatalytic 

degradation of textile dyes. The photocatalyst was synthesized  by the immobilization of 

TiO2 nanoparticles into porous chitosan microbeads under optimized conditions. Bare 

chitosan microbeads and TiO2/chitosan composite microbeads were characterized by SEM, 

FTIR and BET analysis. The photocatalytic performance of the developed material was 

investigated in batch fashion using some common textile-dyes as model organic pollutants. 

The results indicated that the proposed material was a promising catalyst for the large-scale 

photocatalytic degradation of  organic pollutants.  
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Cancer continues to be the leading cause of death in Turkey as in the World. The incidence 

of cancer has increased depending on population growth and populatin aging in the World. 

The International Cancer Agency has drawn attention in particular to the increase in breast 

cancer. Breast cancer is the most common in women cancers and the first reason of death. 

Today, in the World, 1 of 4 female cancer patients is a breast cancer patient. For these 

reasons, early diagnosis of cancer and detection of cancer cells in blood or body liquids are 

very important. A test for detection of circulating tumor cells can be much more sensitive,  

fast; less invasive, costly and less time consuming. In this study, microchips have been 

produced to investigate the detection of circulating tumor cells. A surface modification has 

been applied in microhip channels and these microchannels have been coated with an anti-

EpCAM antibody which is spesific to the biomarker of breast cancer cells. Capturing MCF-7 

breast cancer cells, a cell line of breast cancer, in microchannels is the aim of this study. For 

this purpose, MCF-7 cells, spiked in PBS and blood, were injected into the channels. At the 

end of the experiments, the microchips were examined by Fluorescence microscopy. It is 

found that MCF-7 cells have been captured in microchannels and capture efficiences 

are %76±11 (in PBS concentrations) and %65±5 (in blood concentrations). The study 

reliability and specifity have been verified by repeating the experiments. ANOVA Test (SPSS) 

has been applied for the study reliability and it is also found that the experiments with 

different concentrations have not caused a significant effect on capture efficiency. 
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This study aims to compare osteointegration of nanostructured and hydroxyapetite 

deposited surface modified Ti based kirschner wires and plates in rat femur.  Material 

surfaces were first modified with a simple anodisation protocol in which materials were 

treated in hydrogen fluoride (1% w/w) at 20V. This modification resulted titanium oxide 

nanostructures in tubular form with quite narrow size distributions in the size range of 40-65 

nm in diameter. Then hydroxyapatite deposited layers formed of few µm particles were 

achieved by incubation in a simulated body fluid and then annealing at 500°C. Both surface 

modifications improved cell proliferation and alkaline phosphatase activity significantly in 

comparison to the control (un-modified Ti implants). The control and modified wires and 

plates were implanted to 21 male Sprague-Dawley rats. Implants with surrounding tissues 

were removed after 10 weeks, mechanical tests (torque and pull-out) were applied to 

kirschner wires demonstrated much better osteointegration in the surface modified forms. 

Histological examinations that have been done on explants containing plates showed similar 

results, statistically better osteointegration in the surface modified implants comparing to 

the control. Surface nanostructuring of commercially available titanium based implants by a 

very simple method - anodisation - seems very attractive method to increase 

osteointegration without using any bioactive surface coating like hydroxyapatite deposition.  
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Applications of polymers in industry are increasing rapidly due to the rapid developments in 

polymer science. One of the polymers became popular recently is a polysaccharide which is 

called chitin and chitosan obtained by removing acetyl groups from chitin. Chitin is a 

renewable biopolymer, the most abundant second to cellulose, and is commercially 

produced from waste crustacean exoskeletons using some chemicals. However, this process 

has some disadvantages due to seasonal supply of raw material, high processing cost and 

inconsistent physicochemical properties. In recent years, chitin and chitosan extraction from 

fungal mycelia has been gaining importance as an alternative source eliminating these 

drawbacks and providing efficient production with better properties but no significant 

progress has been made leading to the large-scale controlled production. In this study, firstly 

crustacean shells were used as chitin sources and production yields of chitin and chitosan 

were compared for different procedures in chitin extraction process and different 

deacetylation conditions. Furthermore, chitin and chitosan extraction from Aspergillus niger 

fungus was performed. According to yields of chitin and chitosan, it was confirmed that this 

fungus is more favorable source for chitin rather than chitosan. Chitins which were obtained 

from crustaceans and A. niger, and chitosans were characterized by FT-IR and TGA. When 

the FT-IR spectra were compared, absorption bands of products matched up with each other 

and literature. The highest degree of deacetylation of chitosan which was extracted from 

cell wall of A. niger was obtained as 74%. At the same time, the highest degree of 

deacetylation of chitosan which was produced by chemical deacetylation of A. niger chitin 

was obtained as 86%. Moreover, the thermal stability of chitosan (250-270˚C) was lower 

than that of chitin (350-400˚C) according to the TGA diagrams. Thus, this research showed 

that A. niger is a potential source for commercial production of quality chitin. 
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Lactic acid has been known as green alternatives to petroleum-derived plastics. Lactic acid 

generally is produced at an industrial scale by chemical synthesis or fermentation of 

carbohydrates. Considering the high potential of lactic acid applications in the food, 

cosmetic, pharmaceutical and textile industries, has turned it into a significant and desired 

product to make it quickly convertible to other important chemicals such as polylactic acid, a 

biodegradable polymer used as environmental friendly plastic. As demand for polylactic acid 

is increasing, fermentative production of pure lactic acid has found major importance in 

recent years. Lactic acid can be produced by several microorganisms specially using bacteria, 

fungi and algae. In this study Pichia pastoris as an expression host was used for converting 

crude glycerol into l-lactic acid. The LDH (L-lactate dehydrogenase) gene from Bos taurus and 

the GUT1 promoter from P. pastoris, which codifies for the enzyme glycerol kinase as one of 

the considerable enzymes of glycerol metabolism pathway which is converted glycerol to 1-

glycerol-3-phosphate was cloned from the pGAPZβ expression vector and used with the 

purpose of inducing the extracellular expression of l-lactic acid. The presence of the GUT1 

and LDH insert was confirmed by restriction analysis. pGUT1-Bt-LDH plasmids were 

linearized with Eco72I and were transformed into P. pastoris X33 and FA115 (Δpdc) by 

electroporation. Transformants were selected on YPD plates containing 100 μg/mL and 500 

μg/mL of zeocin after 3 days incubation at 28°C. Several clones were selected and the 

quantity of L-lactic acid obtained in BMGY culture medium was assayed. Concentrations of l-

lactic acid production and glycerol consumption were measured by HPLC from the samples 

taken in 12,24,36 and 48 hours.  
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Within the last decade, research on effects of magnetic field on cells, tissues and living 

organisms has been conducted. Especially, response to the electromagnetic field given by 

prokaryote single cell microorganisms that can fast and easily be cultivated, having the 

similar genetic composition, more simple in genetic and biochemical structure compared to 

other organisms, has been investigated in many experimental studies. It has been reported 

in the literature that magnetic field affects protein production and expression and various 

biological processes in the cells. The aim of this study is investigation of both biofilm 

formation and effect of magnetic field on gram positive Streptococcus pyogenes and gram 

negative Klebsiella pneumoniae bacteria. In this work, each strain of bacteria were incubated 

in aqueous media without agitation at 37°C for two different incubation period (24 and 48h). 

Four groups for each strain were evaluated within this context; (i) normal culture conditions 

(control); (ii) culture under 24 hours of continuous magnetic field; (iii) culture under 48 

hours of continuous magnetic field; (iv) normal culture conditions followed by exposing to 

magnetic field. Magnetic field was maintained by keeping the optimum gap between two 

magnetic bars as 2.5 cm. Cell growth and biofilm formation was determined by 

spectrophotometer measurements at different wavelengths. Cell growth was determined at 

620 nm and biofilm formation was determined at 540 nm after staining with crystal violet. 

Magnetic field did not significantly affect the cell growth of both strains for 24 and 48 h of 

cultivation but cultivation for 48 h results with an increase of biofilm formation.  
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In the present work, poly(-caprolactone)(PCL) which is biodegradable, FDA approved and 

widely used in tissue engineering applications, was used as film material. For this purpose 

polymer was dissolved in chloroform/ethanol mixture and electrospun. Perlite particles that 

is known to be antibacterial and antifungal material, however nontoxic unlikely to other 

antimicrobial agents were loaded to PCL films in order to provide antimicrobial activity. It is 

aimed that membranes produced by this way can be used as wound isolation material that 

has the potential to be used in skin tissue engineering field for wound and burn therapy and 

support healing process.  Isolation of exogen bacteria and avoiding moist control of the 

wound is crucial for wound healing. Fibrous structured materials produced by 

electrospinning technique prevents bacteria passage whilst allowing gas and moist transfer. 

In the context of this study electrospun PCL membranes were cut out with 6 mm in diameter 

and they were exposed to suspension of perlite particles in PBS for a few days in order to 

soak particles within the membranes. PCL membranes without perlite were used control in 

the following tests. Antimicrobial activities of the membranes were tested by disc diffusion 

test with Staphylococcus aureus and Escherichia coli.E.coli culture was seeded of EMB agar 

plaques and S.aereus culture was seeded on MHB agar plaques. Membranes sterilized under 

UV and placed appropriately on the agar medium and incubated for 16-20 hours at 37°C. 

After the incubation period no inhibition zone was observed for control group, however 

inhibition zones were evident around the membranes loaded with perlite. It has been 

concluded that perlite loaded membranes exhibited antimicrobial activity that it can be used 

in wound and burn therapy.   
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Iron oxides (Fe3O4 and Fe2O3) have received considerable attention in the fields of 

biotechnology and biomedicine because of their strong magnetic properties and low 

toxicity. Since magnetite nanoparticles (MNPs) tend to agglomerate and are very much 

susceptible to air oxidation, MNPs are coated with surfactant or a polymer. The extent of the 

biomedical applicability of MNPs depends on their stability in the solutions of physiological 

pH, as well as the degree of chemical functionalization of the surfaces. Hydroxyl groups on 

the MNPs surface lead to reaction with alkoxysilane reagents and formation of Si-O bonds 

which support terminal functional groups available for immobilization. In this work, the 

synthesis of bare MNPs was accomplished by thermal co-precipitation of iron ions in 

ammonia alkaline solution. Next, the surface functionalization of the MNPs was achieved by 

coating the MNPs with organosilanes such as (3-mercaptopropyl) mtrimethoxysilane and (3-

cyanopropyl) triethoxysilane. The structural and magnetic properties of magnetic 

nanocomposites were characterized by XRD, FT-IR and VSM techniques. X-ray diffraction 

measurements confirmed that spinel structure. VSM results proved that both of uncoated 

and coated nanoparticles have superparamagnetic characteristics. FT-IR spectral analysis 

confirmed the binding of organo silane molecules onto the surface of the MNPs mediated Si-

O-Fe chemical bonds. Functionalized superparamagnetic iron oxide nanoparticles displaying 

high saturation magnetization are of significance for biomedical applications. 
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Nanocrystals are a type of nanoparticles in 2-10 nm in particle diameter and semiconductor. 
Due to the special electrical and optical properties of these structures they have in attracting 
the attention of science and allows the formation of many applications. Nano properties of 
nanocrystals can be used in many application areas because of their small size. As is known, 
antibodies are protein structure biomolecules which multiply in the presence of antigens 
and many detection methods have been developed connecting the antibodies to a 
diagnostic platform. In some cases loss of some or all of the protein activity by 
immobilization and structural deformations are formed. So, the key point in the conjugation 
of antibody is the appropriate orientation without denaturation. In this study, nanocrystals 
containing cross-linked antibodies on it have been prepared. For this purpose, firstly,  CdSeS 
nanocrystals have been synthesized and then, aminoacid and ruthenium based monomers 
that provide cross linking without loss of conformation and function of antibodies have been 
used (ANADOLUCA). 
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Cationic chitosan/polycaprolactone hybrid matrices formed of nanofibers were successfully 

prepared by electrospinning. Antimicrobial activities of these matrices (2×2 cm2) against 

food spoilage bacteria, Pseudomonas aeruginosa ATCC 15442, and food pathogenic bacteria, 

Listeria monocytogenes ATCC 15313 (106-107cfu/ml) were evaluated by agar diffusion assay 

after 24, 48, and 72 h of incubation at 37 oC. The antimicrobial activity was evaluated by 

measuring the zone of inhibition and expressed in mm. While nanofibers prepared with 

blend of 50/50 proportions of PCL solution with copolymer A (CS-g-PCL A) (4.69±0.70 mm) 

and B (CS-g-PCL B) (4.60±2.00) were significantly reduced gram-negative bacteria, P. 

aeruginosa after 48 h incubation, none of the combination were effective on gram-positive, 

L. monocytogenes. When copolymer ratio increased to 75%, P. aeruginosa became more 

susceptible to CS-g-PCL B (5.10±1.55 mm). On the other hand; PCL itself had antimicrobial 

activity against L. monocytogenes. 

 
Partially supported by TUBITAK 1003 Project: 113O8664; and EU-IAPP-FP7-NanobacterphageSERS Project;                 

EP is supported by Turkish Academy of Sciences as Honorary Member 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



128 
 

Cryogel Scaffold Production from Fish Skin Isolated Collagen 

 
Zeynep Çetinkaya, D.D. Karakuş and N. Bölgen Karagülle 

Mersin University, Engineering Faculty of Engineering,                                                                               
Chemical Engineering Department, Mersin, Turkey 

 

Tissue engineering is a discipline which aims regenerating damaged tissues by using porous 

scaffolds and cells. Scaffolds produced from various biomaterials are used in regeneration of  

various organs and tissues. Collagen is a natural polymer used for scaffold production in the 

late years because of its being the most important component of the connective tissue and 

biocompatibility. Cryogelation is a simple technique compared to other scaffold production 

methods and scaffolds produced with this method have interconnected porous structure. 

Considering these properties, collagen was isolated in this study from fish skin which is a 

non-commercial waste material, and scaffolds were produced from this collagen with 

cryogelation method. By SEM analysis, porous structure of collagen, and by UV-Vis analysis 

protein structure was proven, and by Zeta potential iso-electrical point of the protein was 

determined, and,  Amit A, Amit B, Amit I, Amit II and Amit III characteristical peaks were 

demonstrated by FT-IR analysis. The collagen isolation yield was, 14,53% for acid soluble 

collagen (ASC) and 2,42% for pepcin soluble collagen. For scaffold characterisation produced 

by cryogelation method using isolated collagen, swelling and degradation processes were 

studied. With FTIR analysis, C=N bond belonging to gluteraldehyde reaction with collagen 

was found to be at 1655 cm-1. In the SEM analysis, it was observed that increasing collagen 

concentration while GA concentration was constant, increased the pore diameter and the 

wall thickness; and increasing GA concentration while the collagen concentration was 

constant, pore diameter was decreased and the wall thickness did not change significantly. 

When the collagen concentration was increased while GA concentration was constant and 

GA concentration increased while collagen concentration was constant, the swelling ratio 

decreased. When the collagen concentration was increased while GA concentration was 

constant and GA concentration increased while collagen concentration was constant, the 

weight loss decreased. These results were in accordance with each other. As a result, 

production of cryogel scaffold that will be used in the regeneration of damaged tissues was 

managed. The cryogels were produced from collagen that was isolated from skin of fish that 

is a waste material of the fish industry. 
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The information and expectations about the foods that people consume have been 

increasing rapidly because of the rise in the improvements and in the consciousness of the 

society. In addition, as issues such as waste control and clean environment are also on the 

agenda, studies on the evaluation and care of the waste consumption are at a level that 

cannot be ignored. Food taste, aroma, nutritional value, shelf life properties such as the 

improvement of the prevention of losses of the nutrients produced are also among the 

important issues. So the use of food additives has become inevitable with the increasing 

emphasis on these matters and demands. The extensive use of artificial food additives is 

known since the very ancient times. But as a result of the pursuit of the natural and the 

natural orientation in all matters, the use of natural additives is increasing rapidly. Natural 

additives can be produced from vegetable organisms, animal organisms or microorganisms. 

Pigments, which are a class of natural additives, are also found in the natural structure of 

minerals. It is known that fruit and vegetable wastes contain substances such as dietary fiber, 

antioxidants, pectin, fatty acids and pigments, which are very important in nutrition. 

Because of the antioxidant effect, β-carotene, also known as provitamin A, has an important 

place in human diet. It can be retrieved directly from foods or synthesized by chemical and 

physical methods. β-carotene chemically produced or synthesized by plants is in the only all-

trans form. However the microbial production of β-carotene enables the production in the 

form of both cis and all-trans isomers. cis-β-carotene in animal tissues melts much better 

hence the accumulation is much effective compared to the all-trans structure, which is the 

most important advantage. As anti-cancer property of cis-β-carotene isomers is discovered 

more effectively than all-trans form, use of this form has become widespread. As a result, 

the studies on β-carotene production by the microbial way have increased significantly. The 

yeast Rhodotorula glutinis is widely used to produce β-carotene industrially because of its 

high yield. This β-carotene can be used as a colorant and as provitamin A purpose in foods. 

In this study the production of β-carotene by Rhodotorula glutinis grown in the medium 

prepared from waste orange peels was examined. The effects of the shaking rate, initial pH, 

particle size and solid/liquid ratio on the production yield and efficiency of β-carotene were 

studied. The results showed that at optimum working conditions, 6.0 g dry cells/L and 810 

mg/L β-carotene were obtained at the end of growth. The high product yield found in this 

natural medium indicated that waste orange peel could be used as a new natural nutrient in 

growth medium. 
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