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As the Chair of the symposium, I may not be able to summarize all of the presentations of the 

whole congress. I would just like to make a few more remarks to highlight some of the key 

issues we have presented and discussed at different sessions and the remarkable outcomes of 

the congress. Over one hundred twenty participants representing 9 countries have attended at 

the congress. In the three days, we had 10 invited speakers and two scientific sessions 

followed by two poster sessions as well. In the follow-up sessions, we have covered a wide 

range of issues in the presentations and discussions which are relevant to:  

• DNA chips, nucleic acid sensors and aptasensors 

• Enzyme-based biosensors 

• Immunosensors 

• Lab-on-a-chip 

• Microfluidics and immobilisation technology 

• Nanobiosensors, nanomaterials & nanoanalytical systems 

• Printed biosensors and microfabrication 

• Analytical sensors 

 

It is my hope that, based on the face-to-face relationships established through this congress, in 

the future we will be able to respond to issues that we have in common and achieve our 

common objectives. Thank you all very much for your cooperation. Up to the closing of the 

congress, I would like to draw the final conclusion: I hope that you are all going to leave 

Çanakkale as happy. With this impression in mind, I would like to take this opportunity to 

thank all of  

 

The speakers for their wonderful presentations!  

The chairpersons of the all scientific sessions!  

The contributors of the posters and all of you for your active participation to each of the 

sessions of the congress! 
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I would like to express my warmest thanks to Prof. Dr. Sibel Ayşıl Özkan and Prof. Dr. 

Arzum Erdem Gürsan for their supporting us in all stage of the organization of the 

congress. 

The special thanks go to our valuable sponsors: 

-Referans Kimya 

-Bros Group International 

-Methrom-Turkey 

-Central Union of Agricultural Cooperatives of Turkey-Mehmet Özkurnaz 

-İnterlab 

-4-D Sistem 

-Demotech 

-Ata Pastanesi 

Without their supporting this congress would not have been possible to arrange.  

By the end, would you please all join me to give big hands to all staff from the local 

organization committee for their continued efforts and hardworking which made this congress 

possible and successful.  

As you known, the posters presented last two days were evaluated by our scientific committee 

members. And they made decision on the best three posters of the congress. Three prizes were 

awarded for the first, second and third best posters:  

First prize goes to Josune J.EZENARRO from Universitat Autonoma de Barcelona, SPAIN. 

The title of the study is “Label-free fluorescence cyanobacteria detection in aquaponics”.  

Second prize goes to Gamze EMİR from Çanakkale Onsekiz Mart University, Çanakkale, 

TURKEY. The title of the study is “A non-enzymatic flow injection analysis of glucose at a 

nickel nanoparticle modified pencil graphite electrode”  

Finally, third prize goes to Murat SERHATLIOĞLU from İhsan Doğramacı bilkent 

University, Ankara, TURKEY. The title of the study is “Electric Field Induced Non-uniform 

Viscoelasticiy: A Unifying Model”   

Now, I would like to talk about the next 5th International congress on biosensors. Firstly, We 

think that it will be better to organize this congress once in two years. Because it could be 

difficult to organize an international congress every years. Then at where the next congress 

will be held. At the moment, we have two groups which are disposed to organize the next 

congress. So, we will announce the place and local organizers of the next congress in the 

coming months.  

With these anticipations, I’d like to end my remarks. Thank you very much!  

 

 

On behalf of the organization committee, 

Prof.Dr.Mustafa Kemal SEZGİNTÜRK 
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Abstract 

Nucleic acid biosensors are in the group of affinity biosensors that are mainly based on nucleic acid 

recognition processes developed for the goal of simple and low-cost point-of-care detection of specific 

nucleic acid sequences related with genetic and infectious diseases [1]. There is an urgent need for directly 
quantifying DNA samples for use in polymerase chain reactions (PCR), or pharmaceutical testing and quality 

control of bioanalytes. Electrochemical biosensors coupling the inherent specifity of biorecognition reactions 

with the high sensitivity of physical transducers, hold great promise for sequence-specific nucleic acid 
detection for clinical, environmental or forensic investigations [2-4]. An overview to novel approaches used 

in the development of electrochemical nucleic acid biosensor technologies has been presented herein, that 

have been applied for monitoring of spesific biomolecular recognitions (nucleic acid hybridization, DNA 

aptamer-protein, or drug-DNA interactions) with their advantages &  further applications.  

 

Acknowledgements. A.E acknowledges the financial support from Turkish Science and Technology Research Council  

(TUBITAK  Project no. 111T073, 212T082, 114Z400), and she also would like to express her gratitude to the Turkish 

Academy of Sciences (TÜBA) as the principal member for its partial support.  

References 

 

1. Y. Du, S. Dong, “Nucleic Acid Biosensors: Recent Advances and Perspectives”,  Anal. Chem., 89, 2017,  189-215. 

2. E. Palecek, M. Bartosík, “Electrochemistry of Nucleic Acids”,  Chem. Rev. 112, 2012,  3427–3481. 

3. J. Wang, “Carbon‐Nanotube Based Electrochemical Biosensors: A Review”, Electroanalysis, 17, 2005, 7-14.  

4. A. Erdem, “Nanomaterial-based electrochemical DNA sensing strategies”, Talanta, 74, 2007, 318-25. 

 

 

 

 

 

 

 

 

 



4th International Congress on Biosensors, Çanakkale/TURKEY 

 

31 
 

IS-3 
Electrochemical Impedance Spectroscopy: Do’s and Don’ts 

 

Burak Ülgüt 

Bilkent University, Ankara, Turkey 

e-mail: ulgut@fen.bilkent.edu.tr 

 

Abstract  
 

Electrochemical Impedance Spectroscopy is a powerful analytical tool that is widely used in a variety of 

fields along with biosensors1,2,3. At a very fundamental level, Electrochemical Impedance Spectroscopy 

analyses investigate the frequency dependent current/voltage relationships of an electrochemical system. The 
fact that instruments are available that can measure a very wide impedance range (μΩ-TΩ) in a very wide 

frequency range (μHz-MHz) not only enable a very widely applicable technique, but also create plenty of 

pitfalls. If employed correctly, the data obtained can yield invaluable information regarding the 

electrochemical system, however, due to the potential measurement and analysis issues, the information 
might be sincerely incorrect or vague. The measurement is either a current measurement as a function of 

applied oscillating potentials, or a potential measurement as a function of applied oscillating currents. This 

contribution will cover the fundamentals of measurement and analysis aspects of electrochemical impedance 
spectroscopy. The talk will cover the correct way of measurement and analysis in addition to common 

pitfalls encountered.  
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Abstract  

 

To manage a patient´s disease better a more personalized medicine is necessary which can be performed 
using biomarker analysis to get more molecular insights, more specific diagnostic tests and to develop 

tailored patient specific drugs1. Organ on chip systems are promising candidates to speed up personalized 

drug developments using living tissues on a microfluidic chip. While cells have been kept alive in vitro and 
researched on since more than a century, they are far away establishing physiological conditions. Therefor 

microfluidics and monitoring of metabolic parameters of the cellular microenvironment are mandatory to 

ensure reproducible culture conditions and to gain new insights into the transient nature of many biological 
processes which are very important for drug development. The usage of microfluidic devices for the 

investigation of cellular responses in a 3D cell culture and subsequent control of cell culture medium is 

necessary to approach a more physiological situation and to get an immediate response of living tissues to 

new drugs which can accelerate preclinical drug evaluation. We have developed a set of new chemo- and 
biosensor devices which are able to monitor cell on chip systems up to a week without recalibration. The 

new concept of a consumption free oxygen sensor using the principle of active potentiometry2 is introduced 

and the use of multilayer microbiosensor arrays. Such arrays consist of electrochemical enzyme based highly 
miniaturized biosensors which can be placed in a microfluidic device to get a real monitoring of all important 

small molecules events. By monitoring cell culture, it was shown that always hypoxic regimes independently 

of cell culture conditions were seen. Additionally, the reaction of tumor tissues on tumor drugs can easily be 
monitored. Finally, a new concept using CRISP/CAS systems for selective miRNA detection for low level 

concentrations was introduced3. 
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Abstract  
 

The search for novel interfaces able to conjugate an efficient immobilization of biomolecules with an 

improved analytical performance is an important challenge in the field of advanced biosensors. In this 

context, due to their unique physicochemical properties, the nanomaterials have received great attention in 
the last years for the development of innovative bioplatforms with optimal architectures and suitable 

structural and electronics characteristics. This presentation will be focused on the critical discussion of the 

design, characterization and analytical applications of biosensing integrated supramolecular architectures 
based on the successful combination of nanomaterials (carbon nanotubes, graphene, nanoparticles), 

biomolecules (ADN, enzymes, aptamers, antibodies, lectines, aminoacids) and polymers (polypeptides, 

polyethylenimine, Nafion). Special attention will be given to the influence of nanostructures 

functionalization and biorecognition/transduction events on the analytical performance of the resulting 
architectures. Different biosensing schemes will be presented in connection with the quantification of clinical 

biomarkers (glucose, uric acid, galectine 3, microRNA21, hydrogen peroxide) and environmental markers 

(heavy metals, phenolic compounds) through different sensing events: enzymatic, bioaffinity complex 
formation, immunosensing, aptasensing and genosensing. We will demonstrate the advantages of a critical 

selection of the nanomaterial-functionalization-scheme, the biorecognition element and the 

transducer/functionalized nanomaterial/biomolecule interface for the development of competitive, easy-to-

prepare and innovative nano(bio)sensors.  
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Abstract 

The analysis of foods to assess the presence of chemical contaminants is a practice of crucial importance for 
ensuring food safety and quality. Over the past decade, the control of food safety has been mainly carried out 

through product testing rather than process control. Chemical contaminants can be present in foods and feed 

mainly as result of the use of agrochemicals, such as residues of pesticides and veterinary drug 

contamination from environmental sources (water, air and soil pollution), cross contamination or formation 
during the food processing, migration from food packaging materials, presence or contamination of natural 

toxins. Natural toxins are defined as poisonous substances, which are synthesized by various organisms as 

animals, certain plant species or by microorganisms. Due to their ubiquitous occurrence and the wide range 
of chemical structure of produced toxins, they represent an important economic and health risk. Among 

them, mycotoxins are toxic metabolites produced by fungi, mostly by saprophytic moulds on different 

foodstuffs. Additionally, they are also present in many plant pathogens. They have harmful effect on human 
and animal health. Mycotoxins are considered as harmful naturally occurring secondary metabolites. 

Mycotoxin contamination has attracted the worldwide attention, and has been considered as major financial 

problem due to the huge economic loses mainly based on human health, animal productivity, and national 

and international level trade there must be a proper legislation to set the acceptable limit of toxins for the 
purpose to minimize the exposure to mycotoxins. This kind of legislation will help in taking action against 

the improper usage of chemicals in agriculture sector, storage of products such as wheat, rice and other 

crops, and proper control of those products is required in future to ensure health impact of human beings and 
animals. The classical techniques have some drawbacks such as high cost and less sensitivity etc. In order to 

address these issues, various methods have been developed. Among these, biosensors are considered as 

promising tool in the assessment of mycotoxin food contamination. Electrochemical and optical aptasensors 
are   promising methods. They offer the advantages of low cost, low power consumption, and high stability. 

This presentation mainly focuses on the methods development in the sense that how mycotoxins can be 

detected from new emerging bio-analytical approaches. Several applications of determination of mycotoxins 

in food and feed will be discussed. 
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Abstract  
 

The guarantee of food safety requires fast and accurate control for all contaminants, chemicals and bacteria, 
which are harmful to human health. The need to ensure food safety and quality are of great concern to both 

the food industry and consumers. In the food industry, the safety of a product is evaluated through periodic 

chemical and microbiological analysis: these procedures conventionally use the techniques as 
chromatography, spectrophotometry, and electrophoresis that are time-consuming, require highly trained 

personnel, are expensive and require steps of extraction or sample pretreatment, increasing the time of 

analysis. Consequently, among food and beverage industries, exists a growing demand in biosensing 

technologies as simple, rapid, accurate, low – cost and portable analytical devices for the monitoring and 
detection of chemical and microbiological contaminants (toxins, mycotoxins, pathogenic bacteria, pesticides 

and allergens) that endanger the food safety. Among biosensors, the label-free biosensors, characterized by 

direct detection of the analyte of interest, exploiting the advantages of an impedimetric transduction 
technique, seem to be the most promising devices for the future.  

Some examples are reported for analytes as well as ochratoxin, aflatoxin A, gluten, organophosphorus and 

carbamic pesticides, E.coli and other microbial pathogens using antibodies, aptamers, enzymes and peptides 
for  molecular specific recognition. 

 
Keywords: Impedimetric biosensors, Label free, Food safety 
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ABSTRACT  

 

Low-dimensional nanometer-sized materials and systems have defined a new research area in condensed-

matter physics within past decades. Nanotechnology has become very popular in the sensor fields. Nano-

sized materials have been shown to have a number of novel and interesting physical and chemical properties. 
Apart from the mentioned categories of materials, there exist different materials of various types for 

fabricating nanosensors1,2. Carbon is called as a unique element, due to its excellent applications in many 

areas. Carbon is an astonishing element that can be found many forms including graphite, diamond, 
fullerenes, and graphene and used to create very sensitive nanosensors. Carbon‐based nanomaterials have 

been studied extensively in recent decades, with the synthesis of new nano-sized materials being an active 

trend for the development of assorted applications focused on their interesting electronic properties. Thus, 

several carbonaceous materials have been proposed such as carbon nanodiamonds, nanohorns, and 
nanofibers3-6. 

 

Key words: Biological applications; Electroanalysis; Nanomatererials; Nanosensors; Pharmaceuticals. 
  

 

1. INTRODUCTION 
 

Nanoscience or nanotechnology are simply science and engineering carried out on the nanometer scale, that 

is, 10−9 meters. In the past two decades, researchers began developing the ability to manipulate matter at the 

level of single atoms and small groups of atoms and to characterize the properties of materials and systems at 
that scale. Nanoscale science and engineering also seek to discover, describe, and manipulate those unique 

properties of matter at the nanoscale in order to develop new capabilities with potential applications across 

all fields of science, engineering, technology, and medicine. There exist various materials of different types 
for fabricating nanosensors7-9. Especially, carbon-based nanomaterials have become very important due to 

their unique combinations of chemical and physical properties, extensive research efforts are being made to 

utilize these materials for various industrial applications, such as high-strength materials and electronics. 
These advantageous properties of carbon-based nanomaterials are also actively investigated in several areas 

of biomedical and drug assay. Carbon is called as a unique element, due to its magnificent applications in 

many areas. Today, application of different nanoparticles in construction of sensors as a modifier is quite 

frequent. The nanoparticles have different effects on response of the nanosensor besides improving their 
thermal, electrical, and mechanical properties3-6,10.  

 

2. MATERIALS AND METHODS  

 

Electrochemical nanosensors have recently found extensive applications in pharmaceutical and biomedical 

industries with some advantages such as lower detection limits, wider linear response range, sensitivity, good 

stability and reproducibility when compared with other sensors and techniques. As the demand for smaller, 
faster, cheaper, and ultrasensitive qualification and quantification of samples rapidly increases, these 

methods provide a viable path toward the next generation of electrochemical sensors11,12. Nowadays, many 
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different analytical methods are used in environmental, pharmaceutical, or clinical laboratories and a number 

of the commercial point-of-care devices work using nanosensors. 

 

3. RESULTS AND DISCUSSION  
 

Among all nanomaterials, carbon is the unique element for its endless advantages in sensor design. Carbon 

can be found in different forms such as diamond, graphite, graphene and carbon can be coupled with other 

nanomaterials such as carbon quantum dots3-6. Fullerene is the arrangement of 60 carbon atoms like a soccer 
ball structure. Fullerenes were discovered in 1985 and from that time, they found important place in 

nanosensor design. They are very stable materials since due to their higher ionization energy their oxidation 

is difficult. Carbon nanotubes were derived from fullerenes, therefore they are also called as tubular 

fullerenes or Bucky tubes. The mainly used carbon materials in electrochemical nanosensor design due to 
their high electrical conductivity, high resistance to heat and chemical inactivity, high tensile strength. 

Moreover, carbon nanowires also suggested for the surface design in nanosensors as they can even act as an 

electrode independently. They have very small diameter even 1 nm. Another type of carbon derivative 
nanomaterial is carbon nanofiber. Carbon nanofibers can be microelectrodes due to their smaller surface 

area. There can be carbon nanofibers in the form of cylindrical or disk depending on the usage. Graphene 

which is a single layer of graphite, can be in single layered form, double layered form, reduced graphene 

oxide form or graphene oxides form. They have all high conductivity and large surface area properties that is 
very important in nanosensor design3-6. 

 

4. CONCLUSIONS  
 

In recent years, nanotechnology with its wide applications has become very popular in the biomedical and 

pharmaceutical area. Nanotechnology covers the synthesizing and using materials at the level of atoms, 

molecules, and supramolecular structures. The small size, atom level structures enable nanoscience to be 
useful in many areas. Nano-sized materials can give sensor beneficial properties from analytical 

perspectives. Electrochemical approaches are useful for nanotechnology since one atom level 

electrochemical change can be followed using electrochemical methods, such as cyclic voltammetry, 
differential pulse voltammetry etc. In this abstract, an overview of electrochemical carbon based nanosensors 

in biomedical and pharmaceutical area are discussed. This study provides an overview of some of the 

important and recent developments brought about by the application of carbon based nanostructures to 

nanotechnology for both chemical and biological sensor development and their application in pharmaceutical 
and biomedical area. 
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Abstract  
 

The constant progress in the identification of biomarkers at different molecular levels in samples of varying 
nature and the need to carry out routine analyses at decentralized settings involving simple and short 

protocols are just examples of the growing current clinic demands not fully satisfied by conventional 

available techniques. In this context, the unique features offered by electrochemical biosensors in terms of 

affordability, real-time and reagentless monitoring, simple handling and portability, together with their 
versatility, make them especially interesting to be adapted to the increasingly challenging requirements of 

today's clinic and point-of-care (POC) diagnostics. Such breakthrough would further allow the continuous 

development of strategies with improved performances in the clinical field unthinkable a few years ago.1 
This talk will discuss the main characteristics and opportunities offered by novel electroanalytical biosensing 

scaffolds developed in our research group for single or multiplexed determination of emerging cancer 

biomarkers considered of early diagnosis and prognosis at the genetic, regulatory and functional levels. 
Attention will be paid to the determination of protein biomarkers with increasing relevance in early diagnosis 

(autoantibodies) and metastatic processes (FGFR4, E-cadherin, CDH-17 and IL-13sR2), and epigenetic 

biomarkers (miRNAs and methylated cytosine epimarks), in complex clinical samples, such as low-diluted 

serum, whole cells and paraffin-embedded tissues, very scarcely explored to date both with conventional 

techniques or electrochemical biosensing. The developed methodologies, based on the coupling of attractive 
bioreceptors and bioassays formats implemented onto functionalized magnetic microcarriers or 

nanostructured disposable electrodes have demonstrated, in a pioneering way, practical usefulness for the 

accurate determination of the target analytes in these challenging samples after minimal treatments. Unlike 

semi-quantitative, subjective and complex interpretation results provided by conventional methodologies 
used in hospital routines, these easy handling single- or multiplexed electrochemical biotools, which can be 

readily applied to the determination of other biomarkers, provide accurate quantitative results with lower 

sample amounts and cost and in remarkably shorter assay times. These interesting features make them 
suitable alternatives in the implementation of user-friendly and affordable devices, particularly attractive to 

improve cancer outcomes inpatient, outpatient and even home care. 

 
Keywords: electrochemical biosensors; cancer biomarkers; early diagnosis; challenging applications 
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Abstract 

 

Cells can track the changes in their environment and they can create an output upon sensing the signals in 

their environment. In principle, thanks to their capability of sensing a large number of molecules, cells can 
be used as advanced sensor systems. However, considering the fact that each cell type is unique in terms of 

the molecules they can sense, there is a need to engineer specific cells with extended capability of sensing 

molecules which are not in its sensing palette. To do so there is a need to program cells for biosensing 

purposes using the tools of synthetic genetic circuitry. The capabilities of cellular biosensing can be extended 
for a precise detection of molecules by employing cellular computation tools such as logic gates. In this talks 

I will cover our recent research efforts to program cells to detect medically relevant molecules such as urea, 

uric acid, glucose, as well as heavy metals. Also, I will address our newly engineered cells those use sense-
response concept for on demand synthesis of drug molecules and nanomaterials. 
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ABSTRACT  

 

This study presents evaluation of the possible interaction mechanism between dsDNA and Lercanidipine. 
The interactions between Lercanidipine-dsDNA were investigated by differential pulse voltammetry using 

two different interaction methods; at the dsDNA-electrochemical biosensor surface and in bulk incubated 

solution. At the dsDNA modified glassy carbon electrode surface, the peak currents of guanine and adenine 
were decreased while Lercanidipine interacts with DNA. The interactions between Lercanidipine-dsDNA 

were further studied by UV-Vis absorption spectroscopy and molecular docking. 

Keywords: DNA Biosensor, electrochemistry, lercanidipine, groove binding 

 
 

1.INTRODUCTION 

 

The interaction of drugs with the DNA is of major importance in drug discovery and pharmaceutical 

development processes. Electrochemical DNA-biosensors form a useful model for simulating nucleic acid 

interactions with environmental carcinogenic compounds and clarifying the mechanisms of interaction with 
drugs.  

Lercanidipine (LDP) is calcium channel blocker, treat a variety of conditions, such as high blood pressure, 

angina, arrhythmias, and circulatory disorders. The interactions between LDP and deoxyribonucleic acid 

sodium salt from calf thymus (ct-dsDNA) were examined by differential pulse voltammetry, UV-vis 
spectrophotometry and molecular docking. 

 

 

2. MATERIALS AND METHODS 

 

2.1. For electrochemical methods            

Voltammograms were carried out using an AUTOLAB-PGSTAT 30 electrochemical analysis system with 

General Purpose Electrochemical Software (GPES) 4.9 software (Eco Chemie, Utrecht, and The 

Netherlands). A three-electrode cell with an Ag/AgCl (3M KCl) reference, a Pt wire counter and glassy 

carbon electrode (GCE) as the working electrodes were used.  
Calf thymus ct-dsDNA was obtained from Sigma. LDP was supplied by Recordati®. All other chemicals for 

the preparation of buffers and supporting electrolytes were reagent grade (Merck or Sigma). The 
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concentrations of ct-dsDNA in ultra-pure water were prepared as 575 µg mL-1. A stock solution of LDP was 
prepared in ethanol. 

The interaction between LDP and DNA was investigated in solution and at the electrode surface by 

electrochemical methods. In bulk incubation procedure, 100 µg mL-1 ct-dsDNA and 1 µg mL-1 LDP in 
solution form were mixed together in a pH 4.70 (0.1 M acetate buffer), and then incubated at room 

temperature with different time periods (0-240 min).  

The multi-layer ct-dsDNA-modified electrode was prepared by depositing three drops of 5 µL each 

containing 50 µg mL-1 ct-dsDNA on the GCE surface. 

 

2.2. For UV-Vis absorption spectroscopy  

Titration were carried out by adding DNA solution to fixed concentrations of LDP (30 µM) solutions in 
acetate buffer (0.1 M; pH 4.70). Spectra were recorded between 250-450 nm for LDP-DNA titration. The 

titrations were performed by keeping temperatures at 283 K, 293 K and 303 K. 

 

2.3. Molecular Docking  

Discovery Studio (DS) 2018 software was used to search the possible orientations and interaction 

mechanism of LDP with DNA as target. 

 
 

3. RESULTS and DISCUSSION 

 

3.1. Electrochemical methods             

This study presents evaluation of the possible interaction mechanism between calcium channel blockers; 

LDP and calf thymus dsDNA. The interactions between LDP-dsDNA was investigated by differential pulse 

voltammetry using two different interaction methods; at the dsDNA-electrochemical biosensor surface and in 
bulk incubated solution. The decrease in the peak current of guanine and adenine were used as an indicator 

for confirmation of the interaction event in acetate buffer of pH 4.70.   

The DP voltammograms of LDP showed two peaks at 0.75 V (first peak) and 0.94 V (second peak). The 
oxidation peak of dGuo and second peak of LDP have overlapped at almost 0.98V. So, to evaluate the 

interaction in solution, only dAdo signal was remarked. After 120 min incubation time, the peak current of 

dAdo significantly was decreased. Also, the first peak current of LDP decreased with a slight shift in peak 
potential. At dsDNA biosensor, after interaction with LDP, the peak currents of guanine and adenine were 

almost decreased by 100 to 24%.  

 

3.2. UV-Vis absorption spectroscopy  

The interactions between LDP-dsDNA was further studied by UV-Vis absorption spectroscopy and 

molecular docking. The spectrophotometric studies show that the intermolecular interaction between LDP 

and ds-DNA can be mainly through hydrogen bonding and van der Waals forces. The binding constants was 
found as 6.34×103.  

 

3.3. Molecular Docking  

 Furthermore, the calculation of binding energy -7.61 kcal/mol of LDP-1 and docking interactions with 
ctDNA from CDOCKER in DS 2018 exhibited that the hydrogen bond were dominant forces in the binding 

process. 

 

4. CONCLUSIONS 

 

This interaction studies by electrochemically, spectrophotometrically and molecular docking offer the 
opportunity to know about the effects of drugs in DNA structure and know about mechanism of interaction 

and it may be useful to design new drugs. Also, binding constant is a basic experimental parameter in many 

clinical studies, such as pharmacokinetic drug interaction. 
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ABSTRACT  

 

Morphazinamide HCl (MRA) as an anti-tuberculosis drug, was analyzed from human serum sample for the 

first time. Iron (III) oxide nanoparticles (Fe2O3NPs) were used for fabrication of nanosensor on a glassy 
carbon electrode (GCE). Cyclic voltammetry, electrochemical impedance spectroscopy, transmission 

electron microscopy, scanning electron microscopy and energy-dispersive X-ray spectroscopy were 

employed for morphological characterization of the electrode surface. The results displayed a higher surface 
area and greater conductivity for the Fe2O3NPs modified glassy carbon electrode (Fe2O3NPs/GCE) than bare 

GCE. The square wave voltammetry response of the Fe2O3NPs/GCE was linear with MRA concentration in 

the range of 1 µM to 100 µM under optimized conditions (0.1M phosphate buffer solution at pH 3.0; drop-

casting volume 10 µL; accumulation time 15 s; accumulation potential -0.3 V), with a detection limit of 0.21 
nM. Also, the proposed procedure was very efficient for MRA determination from human serum sample with 

high recoveries. 

 
Keywords: Morphazinamide; Electrochemistry; Sensor; Drug analysis 

 

 
1. INTRODUCTION  
 

Tuberculosis is a common infectious disease, and it is deadly in many cases1. Morphazinamide HCl (N-

(morpholin-4-ylmethyl)pyrazine-2-carboxamide) (MRA) is a drug that used to treat tuberculosis and it can 
be very effective in all forms of tuberculosis2. MRA has shown an improved antituberculous activity in 

infected human macrophages relative to pyrazinamide. 

In the past decade, nanomaterials have played a crucial role in the development of electrochemical sensors. 
Due to the small size of nanoparticles, they have unique physical, chemical and electronic properties that are 

different from bulk materials and can be used to make new and developed sensitive devices; especially in 

electrochemical sensors. Up to now, there is no any electroanalytical technique neither bare nor modified 

electrode has been described for the assay of MRA in the literature. So that, in this study, iron oxide 
nanoparticles (Fe2O3NPs/GCE) was developed for rapid, accurate, precise and sensitive determination of 

MRA. The results showed that proposed nanosensor has excellent electrochemical efficiency with high 

sensitivity.  
 

 

 
 

 

 

 



4th International Congress on Biosensors, Çanakkale/TURKEY 

 

44 
 

2. MATERIALS AND METHODS  

 

Iron (III) oxide (Fe2O3) was obtained from Sigma–Aldrich (< 50 nm particle size). The standard reference 

compound, MRA was generously supplied by KOCAK Pharmaceuticals, Istanbul-Turkey. Human serum 
from human male AB plasma was purchased from Sigma–Aldrich (St. Louis, MO, no need for ethical 

committee permission) and stored at −20 °C. A stock solution of 1.0×10−3 M MRA was prepared in 

deionized water. Acetic acid, potassium phosphate monobasic, potassium hydroxide were obtained from 

Sigma–Aldrich. Sodium hydroxide and potassium acetate were prepared from LOBA–Chemie, HORASAN–
Kimya, respectively. The buffer solutions for electrochemical measurements were prepared using sodium 

acetate/acetic acid for buffer solution pH 4.0 and 5.0 and KH2PO4/H3PO4 for pH 2.0 and 3.0, KH2PO4/KOH 

for pH 6.0 and 7.0. All aqueous solutions were prepared with deionized water. 
A PalmSens 5.2 electrochemical analyzer was used for all electrochemical measurements, including cyclic 

voltammetry (CV) and differential pulse voltammetry (DPV), square wave voltammetry (SWV) and 

adsorptive stripping square wave voltammetry (AdSSWV). A three-electrode configuration was used 

consisting of GCE or modified GCE as working electrodes, Pt wire (BASi) as the counter electrode, 
Ag/AgCl (BAS; 3 M KCl) as the reference electrode. pH measurements were accomplished by a pH meter 

Model 538 (WTW, Austria) with a merged electrode (reference electrode–glass electrode).  

 

3. RESULTS AND DISCUSSION  
 

3.1. Electrochemical behavior of MRA 

Cyclic voltammetric technique was applied to survey the electrochemical behavior of 0.1mM MRA on the 
Fe2O3NPs/GCE and bare GCE in 0.1 M PB (pH 3.0) solution (as a supporting electrolyte) at sweep rate 100 

mVs−1. According to Fig. 1A a considerable enhancement in the anodic peak current of MRA can be seen, 

which is attributed to a catalytic behavior of Fe2O3NPs. In addition, the electrocatalytic activity of these 
nanoparticles was compared with different nanoparticles such as AuNPs, MWCNT, COOHfMWCNT, ZnO, 

rGO, AgNPs, CQD by using square wave voltammetry technique. The obtained results showed (bar graph of 

Fig 1B-C) that the highest anodic peak current (7.226 µA) and the lowest peak potential (1.12 V) of MRA 

were observed with Fe2O3NPs Fig 1D). Therefore, the Fe2O3NPs modified GCE was chosen for subsequent 
studies. These improved properties can be explained by the magnetic properties and high conductivity of 

these nanoparticles, which facilitates the electron transfer speed between GCE and MRA and thus the current 

value increases. 
To selection of analysis technique, voltammetric responses of 0.1mM MRA have been investigated in 0.1 M 

PB (pH 3.0) solution by SWV and DPV. Among the two techniques, SWV showed more sensitive responses 

with bare and Fe2O3NPs/GCE than DPV. For this reason, the analysis of MRA was performed with SWV.  
Pyrazine and morpholine were studied as model compounds to investigation of oxidation mechanism of 

MRA in 0.1 M PB (pH 3.0) solution by applying CV and DPV, SWV at the Fe2O3NPs/GCE.  

Determination of MRA concentration was carried out by Fe2O3NPs/GCE at 0.1 M PB (pH 3.0) solution with 

using optimized conditions (accumulation time 15 s; accumulation potential -0.4 V). LOD and LOQ were 
found as 0.02μM and 0.06μM, respectively. Stability of electrode was tested during a week. The responses 

did not changed significantly. 
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Fig. 1. (A) Cyclic voltammograms for 0.1mM MRA at GCE (blue line) and Fe2O3 NPs/GCE (red line) in 0.1 M PB (pH 

3.0) solution at sweep rate 100 mVs−1. (B) Bar graphs of obtained anodic peak currents and (C) peak potentials (D) 

square wave voltammograms of 0.1mM MRA on the different modified electrodes in the presence of 0.1 mM MRA, A; 

AuNPs/GCE, B; MWCNT/GCE, C; COOH-MWCNT/GCE, D; ZnO/GCE, E; rGO/GCE, F; AgNPs/GCE, G; 

CQD/GCE, H; Fe2O3 NPs/GCE in compare with bare GCE by SWV. 

The practical analytical performance of the offered nanosensor was examined by selecting different 

concentrations of MRA in a biological sample analysis (synthetic human blood serum) and the recovery tests 

of MRA were performed by AdSSWV method under optimized conditions to estimate the accuracy, validity 
and applicability of the proposed nanosensor (Fig 2). Recovery value (99.4%) obtained after addition of 

known amount of pure drug into serum, using the obtained calibration curves. 
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Fig.2. (A) AdSSWV responses with various concentrations of MRA in the synthetic human serum; (B) Calibration 

curve (dependency between concentration of MRA and oxidation peak current). 

 

4. CONCLUSIONS  
 

A sensitive, precise, accurate and fully validated electrochemical determination of MRA in human serum 

was performed for the first time using AdSSWV method. The obtained results illustrated that Fe2O3NPs 
showed successful sensors abilities compared to other modifiers and displayed good electrocatalytic activity 

toward MRA electro-oxidation. Dynamic concentration range and the detection limit were founded as 

1.0 × 10-6 to 1.0 × 10-4 M and 2.09 ×10-8 M under the optimized conditions, respectively. 
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ABSTRACT  

 

We introduce grating nanoantenna based perfect absorber (PA). Absorption, reflection and transmission 

responses of PA are analyzed under x-polarized illumination source by using finite difference time domain 
(FDTD) method. We strongly obtain more than 90% absorption values in mid-infrared (MIR) region at the 

two resonance frequencies. We also numerically show refractive index sensing sensitivity of PA in different 

cladding media such as air, de-ionized water, acetone, and glycerol with 100 nm thicknesses.  

 
Key words: Perfect absorber; nanoantenna; refractive index; cladding media; mid-infrared. 

 

1. INTRODUCTION  
Perfect absorbers typically consist of three functional layers that comprise a dielectric interlayer sandwiched 

between two metal layers1. PAs simultaneously minimize the reflection with perfect impedance matching 

and eliminate the transmission. The top layer is mainly periodically patterned metallic nanostructure that 
serves as a resonator. The bottom layer is mostly thick metal plane which is used as an optical mirror that 

significantly reduces transmission. The coupling between two metallic layers results in magnetic resonance 

depending on the thickness and dielectric constant of the dielectric layer1. Perfect absorbers are commonly 

used in biosensing applications owing to have high surface enhanced infrared absorption (SEIRA) 
enhancement values, strong absorption and refractive index sensing sensitivity2,3. In this study, we proposed 

grating nanoantenna based perfect absorber. Firstly, we analyzed absorption, reflection and transmission 

spectra of these nanostructures. Secondly, we obtained refractive index sensing sensitivity of the 
nanostructures by embedding PA into different dielectric media.  

 
2. MATERIALS AND RESULTS 

Proposed nanostructure is illustrated in the Fig. 1(a). We design our nanoantenna on multilayer system which 

consists of a spacer layer (MgF2) between nanoparticle top layer and gold (Au) film bottom layer on a 

substrate (Si). Gold film thickness is 200 nm. MgF2 layer thickness is 100 nm and Au nanoantenna thickness 
is 50 nm. Periodicities of the nanostructures are 3000 nm. We determine the lengths as L1=2400 nm, 

L2=1900 nm, L3=700 nm, D=500 nm and w=250 nm.  

 

 
Figure 1. (a) Top layer of PA. (b) Reflection, transmission and absorption spectra of the structure. 
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Dielectric constants of the metals are taken from Palik4. Periodic boundary conditions are used for x- and y-
axes and perfectly matched layers are used along z-axis. Fig. 1(b) shows calculated reflection (R), 

transmission (T) and absorption (A=1-R-T) spectra of the PA by commercial software Lumerical FDTD 

Solutions5. Transmission is fully blocked by bottom gold film. So, absorption is equal to 1-R. PA have dual-
resonant behavior in MIR regime. The resonance frequencies are 1093 cm-1 (f1=32.76 THz) and 3183 cm-1 

(f2=95.42 THz). The obtained absorption values are more than 90%.  

We also numerically investigated the sensing capability of the structure by embedding PA into different 100 

nm thick dielectric cladding media such as de-ionized water (DIW) (n=1.3325), acetone (n=1.3591) and 
glycerol (n=1.4722). In Fig. 2, the spectral response of the PA can be tuned by changing the cladding media. 

It is observed that when we increase the refractive index, resonance frequencies can be shifted to lower 

frequencies. 
 
 

 
 

Figure 2. Reflection spectra of PA in different cladding media. 

 
3. CONCLUSIONS  
 

In conclusion, we presented a dual-resonant PA for biosensing applications. We investigated the spectral 

responses such as absorption (A), reflection (R) and transmission (T). We also numerically embedded PA 

into different dielectric media to show high refractive index sensing sensitivity. Consequently, our PA is so 
good tool for biosensing applications in molecular finger-print region. 
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Abstract  

 

Nanofibers are the materials which have extremely high surface are that provide tremendous advantageous 

to the device where the nanofibers are used. Electrospinning is an applicable and controllable technology 
that promotes to produce continuous nanofibers structures in a mat format from various materials including 

polymers, ceramic and composites.1 Cellulosic materials are biocompatible materials that have been used 

for various bio-applications including biomedical devices 2, drug delivery systems3, absorbents4, etc. 

Recently cellulosic materials have also been used for biosensor applications.5 In this study, the aim is to 
produce electrospun cellulosic hybrid nanofibers to use the surface as electrochemical DNA biosensor. In 

this regards, cylindrical graphite electrode surfaces were coated by various type cellulosic hybrid 

nanofibers by using solution electrospinning process. Cellulose monoacetate was used as a cellulosic phase 
in the electrospinning solutions and hence the nanofibrous mat structures. DNA molecules were 

immobilized on the surface of as-spun cellulosic hybrid nanofibers via physical adsorption method. 

Electrochemical measurements were carried out by using nanofiber coated graphite electrode where DNA 
molecules were immobilized on the nanofibers. The results were analysed by focusing on the guanine 

oxidation signal intensity changes after the electrochemical measurements. The results revealed that 

cellulosic hybrid nanofibers can be potentially used for electrochemical DNA biosensor applications. 

Materials characterizations including SEM, DSC, TGA and FTIR were also conducted to interpret the 
relation with the material and electrochemical biosensor results. The prepared biosensor systems will be 

potentially used to electrochemically characterize genetically modified organisms.  

 
Keywords: Cellulose monoacetate, electrospinning, nanofibers, DNA biosensor, genetically modified organism 

 
Acknowledgements  
This study was supported by Scientific Research Project Unit (BAP) of Bursa Uludağ University, under project 

number: KUAP (MH) 2018/11. The authors thank Bursa Uludag University. The study is the part of Ayşe Bostancı’s 

Master thesis at the Graduate School of Natural and Applied Sciences, Bursa Uludağ University. 

Reference  

 
1. D. Li and Y. Xia, Electrospinning of nanofibers: Reinventing the wheel? Advanced Materials, 2004, 16, 1151–1170. 

2. G. Helenius., H. Backdahl, A. Bodin, U. Nannmark, P. Gatenholm, B. Risberg, In vivo biocompatibility of bacterial 

cellulose. J. Biomed. Mater. Res. A, 2006, 76 (2), 431-8.  

3. P. Taepaiboon, U. Rungsardthong, P. Supaphol, Vitamin-loaded electrospun cellulose acetate nanofiber mats as 

transdermal and dermal therapeutic agents of vitamin A acid and vitamin E. Eur. J. Pharm. Biopharm., 2007, 67 (2), 

387-97.  

4. F. Jiang, Y.L. Hsieh, Amphiphilic superabsorbent cellulose nanofibril aerogels. J. Mater. Chem. A, 2014, 2, 6337-

6342.  
5. C. Esmaeili, M.M. Abdi, A.P. Mathew, M. Jonoobi, K. Oksman, M. Rezayi, Synergy Effect of Nanocrystalline 

Cellulose for the Biosensing Detection of Glucose. Sensors , 2015, 15, 24681–24697.  



4th International Congress on Biosensors, Çanakkale/TURKEY 

 

50 
 

O-5 
A New and Label-Free Electrochemical Biosensor System Based on Disposable Graphite 

Paper Electrode: Ultra Sensitive Determination of Adiponectin in Real Human Serum 
 

Burcu Özcan, Mustafa Kemal Sezgintürk
 

 

Çanakkale Onsekiz Mart University, Engineering Faculty, Bioengineering Department,TURKEY 

e-mail: burcuozcan@comu.edu.tr 

 

 

 

ABSTRACT  

 

Adiponectin (APN), a 244-amino acid protein expressed in white adipose tissue, is an anti inflammatory  
adipocytokine involved in glucose and lipid metabolism. The concentration of APN correlates positively 

with high-density lipoprotein-cholesterol levels, and negatively with glucose and insulin concentrations as 

well as with liver fat content, visceral adiposity and degree of obesity or body mass index (BMI)1. In this 
study, a disposable GP (graphite paper) based biosensor was constructed for adiponectin determination. To 

obtain a sensitive and linear biosensor, all immobilization steps were optimized. Electrochemical impedance 

spectroscopy (EIS) were used for investigation of the impedimetric behaviour of the biosensor in all 
immobilization steps, optimization steps and analytical studies. 

 

Keywords: biosensor; graphite paper electrode; electrochemical impedance spectroscopy; adiponectin.  

 
1. INTRODUCTION  
 

Obesity defined as ‘steatopygia in the body, which may adversely affect health’ by the World Health 
Organization (WHO) has increasingly become one of the most important health problems recently [1]. 

Causes of this disease include excessive caloric intake, malnutrition, genetic factors, environmental factors 

known as endocrine disruptors and hormonal factors. Childhood obesity may lead to insulin resistance and 

this may lead to the emergence of type 2 diabetes at early ages2. Electrochemical impedance spectroscopy 
(EIS) is a label-free and successful method which is widely used as a standard characterization technique for 

many material systems and applications (corrosion, plating, batteries, fuel cells, biosensors etc.). Impedance 

spectroscopy is a powerful method of analysing the complex electrical resistance of a system and is sensitive 
to surface phenomena and changes of bulk properties3. In this study, it is aimed to design a GP based 

biosensor system to determine the adiponectin. 

 
2. MATERIALS AND METHODS  

 

All measurements for the constructed biosensor were obtained from Gamry Potentiostate / Galvanostate, 

Reference 600 (Gamry Instruments, Warminster, USA) connected to a computer with Cyclic Voltammetry, 
Chronoimpedimetry and Electrochemical Impedance Spectroscopy software (Gamry Instruments, 

Warminster, USA). Graphite paper electrode (working electrode), 3 M Ag/ AgCl saturated with KCl 

(reference electrode) and platin wire (counter electrode) were used as a triple electrode system. All chemicals 
used in this study were purchased from Sigma- Aldrich (St. Louis, MO, USA). GP electrode was purchased 

from Xiamen Tob New Energy Technology Co. Ltd. In this study, anti-adiponectin was immobilized onto 

the surface after the GP electrode was modified (Figure 1). And anti-leptin concentration was optimized to 

construct a sensitive biosensor. 
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   Figure 1.  Schematic presentation of the GP-based biosensor 

 
 

3. RESULTS AND DISCUSSION 

Electrochemical impedance spectroscopy is a tool, which is used for monitoring the structure and function of 

a variety of biosensors such as immunosensors, DNA biosensors, enzyme based biosensors and chip-based 
sensors. In an EIS technique, biodetection of a biomolecule is associated with the differences between the 

electron transfer resistances. Fig 2A and Fig. 2B present the impedance spectra and cyclic voltammograms 

belonging to the immobilization steps of the GP based biosensor.  
 

 
 

 

 

 

 

A 
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   Figure 2.  A) EIS spectra and B) CV voltammograms belonging to the immobilization steps of the biosensor 

 

3.1. Optimization studies 

 

In order to investigate the effect of antibody concentration on the biosensor response, three different anti-

adiponectin concentrations (5 ng/mL, 10 ng/mL, 25 ng/mL) were tried. For this purpose, the modified 

electrodes were incubated in three different anti-adiponectin concentrations. The calibration graphs given in 
Fig. 3 were obtained by using the impedance curves. As seen in Fig. 3, the highest signals and the highest R2 

value were obtained by incubating the biosensor with 10 ng mL-1 anti-adiponectin.  

 

 
 Figure 3. The effect of the anti-adiponectin concentration to the biosensor response 

 

 
3.2. Analytical characterization of the biosensor 

After optimization studies, the concentration range of adiponectin, in which the biosensor can respond, was 

determined. The biosensor was incubated in increasing concentrations of adiponectin under the optimum 
conditions. The EIS curves and CV voltammograms obtained by incubating the biosensors with increasing 

B 
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adiponectin concentrations are shown in Fig.4A-B. The calibration curve (Fig. 4C) showed a wide detection 
range from 0.05 pg mL-1 to 25 pg mL-1. 

 

 

 

  
Figure 4. A) EIS spectra, B) CV voltammograms and C) Calibration curve of the proposed biosensor 
 
 

C 
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4. CONCLUSIONS  
In this study, we constructed a new GP- based biosensor system for adiponectin determination. The designed 

biosensor system has a lot of advantages such as good sensitivity, low detection limit, wide linear range, 

good reproducibility and repeatability. Moreover, the biosensor preparation was very simple and cost 
effective. The biosensor sensor construction steps were monitored by EIS and CV methods. 
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Abstract  
 

In recent decades, polymer nanocomposites have attracted great attention in sensor applications because of 
their unusual multifunctional properties with unique design possibilities 1.  In addition, graphene is the most 

popular precursor for the preparation of polymer nanocomposites due to its excellent physical and chemical 

properties such as biocompatibility, low toxicity, etc. 2. Graphene-based polymer nanocomposites have been 

used to enhance the optical, mechanical, thermal and electrical properties of polymer nanocomposites 3. 
Paper-based systems are good alternatives to applications of polymer nanocomposites in the sensor field.  

Paper-based sensors have reached wide popularity because of their low cost, easy to operate, portable and 

simplicity of fabrication 4. Rapid and selective detection of trace analytes has become essential in many 
fields 5. Especially, detecting organometals pollutants is a high priority over public safety and environmental 

protection 6. The detection of organometallic compounds present in groundwater is crucial not only for their 

toxicological effect but also bioaccumulation properties of these compounds 7. In this study, the novel sensor 

platform was designed to detect organotin as a model analyte by using the nanocomposite with the 
recognition sites and photoluminescence on nitrocellulose. As mentioned above, the paper-based molecular 

imprinted nanocomposite system was developed for the first time for the organotin detection as an alternative 

to expensive systems such as GC-MS, GC-MS-MS used in TBT determination and the detection limit at ppt 
level is comparable to these systems was achieved. The nanocomposite composed of the molecularly 

imprinted nanoparticles coupled with GQDs which photoluminescence was affected by organotin to be 

detected either in PBS buffer or in seawater was applied on the nitrocellulose to obtain the lower limit of 
detection. This novel photoluminescent sensor established in this research, has the potential to pave the way 

for further studies and applications. 

 
Keywords: organotin, molecular imprinting, graphene quantum dots 
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ABSTRACT  

 

Herein, we report a facile technique to fabricate fluorescent polymeric structure, brilliant-green sequestered 

poly(amic) acid film (BG-PAA), as bi-enzyme support-material for sensor applications. The structure and 

fluorescence properties of the fabricated BG-PAA membrane were investigated using 1H NMR, scanning 

electron microscopy (SEM) and fluorescence microscopy. β-galactosidase (βGal) and glucose oxidase 
(GOD) were used as a model enzyme that immobilized on BG-PAA membrane using glutaraldehyde. The 

created BG-PAA/βGal-GOD membrane was utilized to fabricate fluorescent sensors for the determination of 

lactose. Firstly, βGal hydrolysed the lactose to glucose and galactose. Utilization of the dissolved oxygen in 
GOD mediated glucose oxidation resulted in alteration of the measured fluorescence. In the fluorescence 

assay, the decreased concentration of oxygen causes the increased fluorescence intensity due to the 

elimination of quenching effect of oxygen on BG fluorescence. After optimization of working conditions 
linearity, limit of detection and repeatability of system were determined. Finally, BG-PAA/βGal-GOD 

surfaces, was tested as an inhibition based assay for GSH detection. 

 

Keywords: Poly(amic) acid; inhibition sensors; fluorescence sensing; quenching of fluorescence; 
glutathione 

 

1. INTRODUCTION  
 

Highly selective and sensitive detection of biologically important structures including small molecules (e.g. 

glucose, lactate, alcohol and phenol) and whole cells (e.g. pathogen microorganism and cancer cells) is 
critical in clinical analysis, environmental screening, food safety and bioprocess monitoring1. Optical 

biosensors have received great attention because of their simplicity, higher sensitivity and precision, long 

term stability, real-time detection capabilities and label-free design of array2. Addition of biomolecules such 

as peptides, enzymes, antibodies and cells to structure of transducer material brings selectivity to analytical 
measurements systems1,3. Poly(amic) acid (PAA), a conjugated polymer, has previously been used as a 

sensing platform. PAA is an electroactive, conductive and biodegradable polymer that contains numerous 

amounts of amide and carboxyl functional groups1. PAA also has excellent biodegradable characteristics 
hence will not introduce any environmental toxicity. PAA is the generic name of polycondensation product 

of diamines and dianilines in anhyrdrous polar aprotic solvents. Hereby, 4,4-oxydianiline as amine source 

and pyromellitic dianhydride as carbonyl source were utilized to synthesize polymers, whose synthesize and 

characterization were extensively studied. PAA, which can be synthesized by dissolving 4,4′-oxydianiline 
(ODA) and pyromellitic dianhydride (PMDA) in N, N-dimethylacetamide (DMAC), is conducting polymer. 

It is used to prepare conducting PAA membranes because of easy synthesis, controlled thickness, 

nanoporousity, solubility in solvents, presence of functional groups on the structure to bind molecules4. In 
previous sensor applications, PAA has served as a structural element, mediator and transducer.1 In these 
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applications, the PAA’s transport properties, electrical conductivity or rate of energy migration, provided 
amplified sensitivity. 

Inhibition based biosensors offer huge possibilities for the determination of pollutants such as insecticides, 

heavy metals or the like5. These biosensors show a decrease of their signal intensity in the presence of 
enzyme activity. It is possible that inhibition-based biosensors are able to detect toxic compounds at lower 

concentrations than permissible concentrations, which makes them very attractive for environmental 

monitoring, especially for field applications. The determination of the inhibitory effect consists of three 

steps: measurement of initial biosensor response, the incubation of the biosensor in a solution that contains 
an inhibitor (that can be thought of as exposure to the inhibitor), and the measurement of the residual 

response of the biosensor6. 

Here, brilliant green (BG) polyamic acid (PAA) membrane with β-galactosidase (βGal) and glucose oxidase 
(GOD) was subsequently integrated as a biofunctional film for obtaining a glutathione biosensor based on 

inhibition sensors. After characterization of BG-PAA/βGal-GOD surfaces, characterization was carried out 

as an inhibition-based assay for GSH detection. 

 
 

2. MATERIALS AND METHODS  

 
Materials. β-galactosidase (βGal; 11.8U.mg-1 from Aspergillus oryzae), Glucose oxidase (GOD; 

147900U.g-1, from Aspergillus niger), reduced glutathione GSH (≥98.0%), maltose, lactose, ascorbic acid, 

3-acetaminophenol, uric acid and ethanol were purchased from Sigma. 
 

Immobilization of βGal and GOD on BG-PAA membranes. In the case of bienzyme configuration, β-Gal 

(1.2 mg), GOD (1.0 mg) and glutaraldehyde (10µL, 1%) solutions were dropped on membrane in microplate 

wells and allows to dry. After washing of the loosely bounded enzymes, it was used as lactose detection. In 
this bi-enzymatic reaction, lactose is firstly hydrolyzed by β-Gal to form galactose and glucose as products, 

and glucose is used by GOD as a substrate. Therefore, fluorescence response of bienzymatic system was 

measured against blank in which substrate was not be used. The effect of reduced glutathione GSH on β-Gal 
was also examined as a known inhibitor compound for that one. GSH was incubating with reaction mixture 

for 3 min before adding of lactose. The response signals were defined as the difference in fluorescence 

signals in the presence and absence of substrate and registered. 
 

Fluorescence assay. Sample excitation was performed at 400 nm, while the emission spectrum was recorded 

in the range 450–700 nm. In the fluorescence emission assay, the emission intensities were registered at 538 

nm by using a proper filter after excitation at 355nm in a Microplate Fluorometer. All measurements were 
performed in 96-well plates at 25 °C. 250μL of working buffer and an amount of substrate from stock 

solution were transferred into well covered by enzyme-modified membranes and allow incubating at 25°C. 

 

 

3. RESULTS AND DISCUSSION  

Fluorescence emission spectra of BG-PAA after excitation at 400 nm was shown in Fig 1.  

 
 

Figure 1. Emission spectra of BG-PAA membrane in sodium phosphate buffer (Excitation: 400 nm). 
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Fluorescence sensing of lactose. In this fluorescence-based sensing approach, as indicated above lactose is 
hydrolysed by βGal to form galactose and glucose as products, and glucose is used by GOD as substrate and 

the resulted oxygen consumption in the medium a causes an increase in fluorescent intensity. The pH effect 

on system was investigated by monitoring the fluorescence emission signals via microplate reader by using 
sodium acetate buffers (pH: 4.0; 4.5; 5.0 and 5.5; 50 mM) and sodium phosphate buffers (pH: 6.0; 6.5 and 

7.0; 50 mM) in the presence of 5 Mm lactose as a substrate. After incubation of the reaction mixture for 5 

min at 25 °C. Maximum increase in the fluorescence signal was observed at pH 5.0, 50 mM acetate buffer 

value (Fig. 2), and then this value was used for further trials. 

 
Figure 2. Optimum pH for BG-PAA/βGal-GOD. 

 

The fluorescence response of BG-PAA/βGal-GOD was linear in the range 0.25–5 mM for lactose with 

equations of y=0.23x+0.152 (R2=0.990). Where x is the lactose concentration and y is fluorescence intensity 

that is defined as the difference in fluorescence emission signals (Fig. 3). The repeatability of BG-
PAA/βGal-GOD was also investigated, for this purpose 10 successive measurements were performed by 

using 5 mM lactose: standard deviation (SD) and variation of coefficient (cv %) were calculated as 

1.34±0.02 mM and 2.44 %, respectively. Limit of detection (LOD) was also calculated, by applying the 
S/N=3 criterion, it was found to be 0.069 mM. 

 
Figure 3. Effect of lactose concentration on fluorescence intensity of BG-PAA/βGal-GOD 

[inset: linear graph for the lactose]. 

 

The BG-PAA/βGal-GOD was also used to observe the analysis of βGal inhibitors such as GSH. BG-

PAA/βGal-GOD was pre-incubated with GSH for 5 min in the plates and then, lactose at the saturation level 
(5 mM) was subsequently added, the response signals were registered toward the blank. For the observation 

of effect of inhibitor concentration on BG-PAA/βGal-GOD, decrease in the signal values that was registered 

in the presence of the inhibitor was monitored. The linear graph between the fluorescence signal and GSH 
concentrations is defined with the equation of y=-744.61.59x+71.0 (R2=0.996) (Fig. 4). 
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Figure 4. Effect of GSH concentration on the fluorescence intensity of BG-PAA/βGal-GOD. 

 

Interference study. The effect of interfering compounds on fluorescence response was evaluated. The 

inference effects of uric acid, ascorbic acid, ethanol and 3-acetamidophenol were tested. These compounds 

were injected with lactose at same concentration (0.25 mM). The fluorescence response obtained for lactose 
was accepted as 100% and compared to the responses obtained for the other substances. It can be seen from 

(Fig. 5) no interference was observed in fluorescence intensity for lactose. 

 
Figure 5. Effect of some organic compounds on the fluorescence response.  

 

 

4. CONCLUSIONS  
 

In this BG had been successfully incorporated in to PAA. Here we have highlighted the potential use of BG-

PAA membranes as a platform for fluorescence sensing assay. As a result of the enzymatic reaction BG-

PAA interacted with the BG-PAA/βGal-GOD in the detection of lactose. Firstly, lactose was hydrolysed to 
galactose and glucose and then glucose was oxidized by GOD causing a diminution of dissolved oxygen in 

medium and consequently an increase in fluorescence intensity enabling us to monitor analysis of lactose and 

βGal inhibitor. Finally, through the results it can be said that BG-PAA is a promising material for 

fluorescence-based sensing. 
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ABSTRACT  

 

Cardiovascular diseases (CVD) are one of the causes of death worldwide. The early detection of the CVD is 
very crucial in clinical diagnosis for person with this disease or who have a risk. In this study, we constructed 

a sensitive immunosensor with disposable graphite paper (GP) electrodes for Troponin T (TnT) detection. 

TnT immunosensor was carried out by electrochemical impedance spectroscopy (EIS), cyclic voltammetry 

(CV) techniques. The TnT electrochemical immunosensor had excellent repeatability, reproducibility and a 
wide detection range (from 0.1 fg/mL to 100 fg/mL). The proposed immunosensor had also low limit of 

detection (LOD) and limit of quantification (LOQ) values as 0.124 fg/mL and 0.414 fg/mL, respectively. 

Finally, the proposed immunosensor was applied in real samples for applicability of clinical practice. 
 

Keywords: Troponin T (TnT), Graphite paper (GP) 

 
1. INTRODUCTION  
 

The early diagnosis of cardiovascular diseases, which affect the mortality rate on a global scale and that 

many people in daily life can progress without having a long-term presence in the body despite the very 
serious damaging effects, has undoubtedly become a very important need for human health. CVD is 

generally caused by malnutrition, smoking habit, drug habit, alcoholic drink use, excessive stress, life style 

of the person1. 
Cardiac troponin T (cTnT) and cardiac troponin I (cTnI) are more sensitive and specific than other cardiac 

biomarkers, i.e. myoglobin and creatine-kinase MB for acute myocardial infarction (AMI) (Jaffe et al. 

2010).,2 . 

Biosensor systems designed to identify biologically active species in the body, biomarkers specific or 
susceptible to any type of disease; It is able to determine in samples taken from very few volumes of body 

fluids such as serum, CSF, saliva. The biosensors are not only very convenient for use in clinical 

applications, but also because they can be designed with high precision and low cost. 
 

2. MATERIALS AND METHODS  

 
Impedance, cyclic voltammetry and square wave voltammetry measurements were taken with Gamry 

Potentiostat/Galvanostat (Reference 600, Gamry Instruments, Warminster, PA, USA) connected with a 

computer via an EChem Analyst software throughout the entire study. PURELAB flex 3 & 4 Ultrapure 

Water Purification System (ELGA LC 134 model) was used during the preparation stages of all 
immobilization and incubation of the immunosensor. All the chemicals, biorecognition materials (anti-TnT 

antibody, TnT antigen and BSA protein) were purchased from Sigma-Aldrich (St. Louis, M.O., USA). The 

whole proteins were formed by using phosphate buffer (50 mM, pH 7.0) and were kept at -20 oC. Also, 5 
mM [Fe(CN)6]4/5 mM [Fe(CN)6]3 (1:1) which is a redox probe solution containing 0.1 M KCl, was prepared. 

Using three - electrode system has a Ag/AgCl (saturated with KCl) as a reference electrode and a platinum 

wire as a counter electrode, except for the working electrode (GP ) in this study. Reference electrode and 
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counter electrode were purchased from BASi (West Lafayette, IN, USA). All measurements were performed 
at 25 °C in 15 mL of 5 mM [Fe(CN)6]4 /5 mM [Fe(CN)6]3 solution which is ferricyanide/ferrocyanide redox 

probe. 

 
Figure 1. Schematic presentation of the TnT immunosensor 

 

3. RESULTS AND DISCUSSION  

 

3.1. Immobilization of the proposed immunosensor 
 

        Electrochemical impedance spectroscopy and cyclic voltammetry are efficient techniques to research 

the immobilization on electrochemical immunosensors. The EIS technique is utilized with a Randless 
equivalent circuit which involves the charge transfer resistance (Rct), the solution resistance (Rs), the 

constant phase element (CPE) and Warburg impedance (W). The diameter of the semicircle of the EIS data 

corresponds to the Rct value in the Nyquist plot (Chen et al. 2011). 
 

 
Figure 2. EIS and CV responses of immobilization steps for the TnT  immunosensor 
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3.2. Optimization studies of the proposed immunosensor 
 

In order to investigate the effect of the amount of HCl acid on the biosensor, the biosensors systems were 

prepared with different concentrations of HCl acid. For this purpose, the concentration of HCl acid was 
optimized by using four different concentration values (1 M, 1.5 M, 3 M and 6. 25 M) prepared in ultra-pure 

water. The biosensors were prepared with these concentrations of HCL acid and standard graphics for the 

TnT biosensor were obtained. Fig.3. displays the optimization result for the concentrations of HCl acid.  

For this aim, EIS and CV measurements were taken with the biosensor prepared with 1 M HCl starting from 
low concentration values first. When the data obtained from the measurements are examined, it is thought 

that the immobilization of the surface cannot be completed in the low acid concentration. The impedance 

signals, which are very close to each other during the operation, reinforce this possibility. Therefore, the next 
concentration was chosen as 1.5 M HCl and the biosensor was prepared at this concentration. When the 

standard curve in Fig.3, which is generated by the Rct is values calculated from the EIS signals, is examined, 

it appears to have higher signals than the previous concentration. The next HCl concentration was chosen as 

3 M. At the end of the study, it is clearly seen that there is an increase in the signals of the standard curve 
with increasing concentration. The final preference concentration value for optimization was determined as 

6.25 M HCl. This concentration value with the highest signal is considered to be the optimum HCl 

concentration. At concentrations of more than 6.25 M HCl, studies at higher concentrations could not be 
carried out as the electrode surface became severely damaged by intensive acid treatment and immobilization 

became impossible.  The standard graphs for this optimization step are shown in Fig.3. 

 

 
Figure 3. Standard curves obtained by different HCl acid concentrations. 

 

3.3. Analytical studies of the proposed immunosensor 
 

The TnT biomarker was prepared in increasing concentrations and detected with the proposed immunosensor 

using the EIS and the CV techniques. An excellent linear range was obtained using eight different 
concentration values for sensitive detection of the TnT biosensor. The extensive detection range of the 

proposed immunosensor was determined as a 0.5 fg/mL – 1000 fg/mL. The calibration curve, the EIS 

spectrum, and the CV voltammogram of the TnT immunosensor are presented in Fig.4. However, limit of 

detection (LOD) and limit of quantification (LOQ) values of the proposed immunosensor were calculated to 
be 1.28 fg/mL and 4.29 fg/mL, respectively. 
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Figure 4. A) Calibration curve, B) EIS spectra and C) CV voltammogram of the proposed immunosensor 
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4. CONCLUSIONS  
 

This study presents the fabrication of a reusable, very sensitive and excellent reproducible TnT 

immunosensor with a single-use, low-cost, applicative GP electrodes. This proposed immunosensor was 

designed in accordance to the sensitive detection of the TnT for clinical applications.  
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Abstract  
 

Over last two decades, there are tremendous effort for developing of instrument-free sensing methodologies 
which expedite detection process as well as reduce the cost. The proposed methodologies relying on the 

optical methods are mostly monitoring colour transitions perceivable by naked eye. However, monitoring of 

colour transition tend to be complicated or falsified at extreme conditions such as ultra low concentration or 
interfering media and therefore precision of naked-eye-detection at such conditions is still questionable. In 

this talk, I share the common perspective for developing of naked-eye-detection diagnostic tools and latest 

strategies to increase the precision of instrument-free methodologies for healthcare and water-safety.           

 
Keywords: Naked-eye-detection; instrument-free methods; diagnostic tools; portable devices 
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ABSTRACT  

 

Heat shock proteins (Hsps), also called stress proteins, are a group of proteins found in all life forms of cells. 
Hsps stabilize proteins and allow folding of denatured proteins, but their main task is to synthesize in 

response to heat. Hsps (especially Hsp70) in mammalian brain are either synthesized regularly during 

development or response to stress has been found to reduce stress-induced brain damage. So, the targeted 
protein for the study is HSP-70.In this study, an ITO-PET (indium tin oxide polyetyleneterephthalate) based 

biosensor is configured to detect HSP-70. Hsp-70 immunosensor was carried out by electrochemical 

impedance spectroscopy (EIS), cyclic voltammetry (CV) techniques.  The electrodes were coated with 
AuNPs electrodeposition then thionine electropolimerization to form the electrode surface. Glutaraldehyde 

on the electrode surface was used for antigen-antibody interaction via crosslinker. The AuNPs 

cycles,thionine cycles,glutaraldehyde concentration and incubation time,antiHSP-70 concentration and 

incubation time,HSP-70 incubation time were optimized. The linear range was 1fg-1500fg and calibration 
graph is drawn. 

 

Keywords: HSP-70, Biosensor, Heat shock proteins, ITO-PET 
 

1. INTRODUCTION  
 

         Heat shock proteins (Hsps) are highly conserved proteins found in nearly all organisms and are induced 
by various environmental and pathophysiological stresses. Hsp 70, as well as Hsp 60 and Hsp 90, acts as a 

molecular chaperone, and is involved in folding of nascent polypeptide chains and translocation of precursor 

proteins across the membranes of cytoplasmic organelles. In fact, Hsp 70 is overexpressed in various tumors 
such as those of the lung, colon, breast and pancreas. 

        Under normal conditions, the function of Hsp70 proteins helps folding newly synthesized polypeptides 

and transports proteins to the opposite side of the membrane. the extra task is to send a distress signal to the 
immune system for the destruction of infected or diseased cells. 

       The biosensor to be used for the study is designed specifically for that protein. So,he biosensors are not 

only very convenient for use in clinical applications, but also because they can be designed with high 

precision and low cost.   
 

2. MATERIALS AND METHODS  

 
All chemical (BSA protein, anti HSP-70, HSP-70 antigen, gold (III)chloride trihydrate (HauCl4) from Sigma 

Aldrich (St. Louis, M.O., USA). Impedance and cyclic voltammetry were taken with Gamry 

Potentiostate/Galvanostate (Interface 1000, Gamry Instruments, Warminster, PA, USA) connected with a 

computer via an EChem Analyst software throughout the entire study. PURELAB flex 3 & 4 Ultrapure 
Water Purification System (ELGA LC 134 model) was used during the preparation stages of all 

immobilization and incubation of the immunosensor. The whole proteins were formed by using phosphate 
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buffer (50 mM, pH 7.0) and were kept at -20 oC. Also, 5 mM [Fe (CN)6]4/5 mM [Fe (CN)6]3 (1:1) which is a 
redox probe solution containing 0.1 M KCl, was prepared. Using three - electrode system has an Ag/AgCl 

(saturated with KCl) as a reference electrode and a platinum wire as a counter electrode, except for the 

working electrode (ITO-PET) in this study. Reference electrode and counter electrode were purchased from 
BASi (West Lafayette, IN, USA). All measurements were performed at 25 °C in 15 mL of 5 mM [Fe (CN)6]4 

/5 mM [Fe (CN)6]3 solution which is ferricyanide/ferrocyanide redox probe. 

 

 
        Figure 1. Representation of immobilization steps of anti HSP-70 onto ITO-PET electrodes 
 

 

3. RESULTS AND DISCUSSION  

 

3.1. Immobilization of the proposed immunosensor 
 

        Electrochemical impedance spectroscopy and cyclic voltammetry are efficient techniques to research 

the immobilization on electrochemical immunosensors. The EIS technique is utilized with a Randless 

equivalent circuit which involves the charge transfer resistance (Rct), the solution resistance (Rs), the 

constant phase element (CPE) and Warburg impedance (W). The diameter of the semicircle of the EIS data 
corresponds to the Rct value in the Nyquist plot (Chen et al. 2011). 

 

 
Figure 2. EIS responses of immobilization steps for the HSP-70 immunosensor 

 
3.2. Optimization studies of the proposed immunosensor 

 

      All optimization graphs are shown in the Fig.3.  
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3.3. Analytical studies of the proposed immunosensor 

 

The HSP-70 biomarker was prepared in increasing concentrations and detected with the proposed 

immunosensor using the EIS techniques. An excellent linear range was obtained using eight different 
concentration values for sensitive detection of the HSP-70 biosensor. The extensive detection range of the 

proposed immunosensor was determined as a 1 fg/mL – 1500 fg/mL. The calibration curve of the HSP-70 

immunosensor are presented in Fig.4.  
 

 
Figure 4. Lineer graph 
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4. CONCLUSIONS  

 

The optimization studies were successfully carried out. The ITO-PET working electrode was found to be an 
ideal surface for biosensor systems. The modification of the electrode surface with gold nanoparticles and 

polythionine could  
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Abstract 
 

Surface-enhanced Raman spectroscopy is a selective technique, providing molecular fingerprint information 

and has the potential to detect down to a single-molecule.1 Despite the ultra-sensitivity and specificity, the 

applicability of SERS as a routine sensing tool is limited due to the poor reproducibility and low signal 
intensity. Therefore, the need for fabricating reproducible strong SERS-active substrates arises, which 

periodic nanostructured arrays satisfy.2 Currently, these periodic nanostructures are usually created by 

lithography which is time consuming, high-cost and cannot be applied to large areas. Anodic alumina 

membranes (AAMs) are a class of special biomaterials that are produced from high purity aluminum via 

two-step anodization. AAMs can be both used as a template to fabricate and used directly as SERS substrate. 
AAMs offer a cost-effective way to obtain highly controlled nanostructured plasmonic arrays on a large scale 

(few cm2 areas) compared with lithographic methods. We are studying different methods of fabricating 

periodically decorated nanoparticle arrays by utilizing AAMs. Firstly, the barrier side of alumina was used to 

obtain periodically nanobump- decorated substrates and then treated with wet etching to create periodic 
arrays of nanocraters. After an optimized thin gold coating, nanocratered substrates displayed intensified 

SERS signals compared with the nanobumped counterparts. Further studies focused on the use of alumina 

membranes as templates. Using AAM as a mold has an additional advantage as it can be used repeatedly to 
obtain surfaces and reduce the cost. It allows tuning the topography of the resultant films through changing 

the morphologic characteristics of the mold. In one study, the effect of alumina membranes pore-size was 

examined, as they are used to obtain periodically nanopillar-decorated polycarbonate surfaces. Polydopamine 
coating was used as a facile way to reduce silver ions to form silver nanoparticles for creating the plasmonic 

effect. The intensities of SERS signals from the obtained surfaces were compared by the detection of a dye 

and also were verified with computer simulations. Finally, multibranched polycarbonate nanopillar arrays 

with a thin layer of gold were used to identify Thioflavin-T, correlated with the presence of beta amyloid (1-
42) peptide, a well-established biomarker of Alzheimer disease. The SERS signals demonstrated a linear 

change with the logarithm of the peptide concentration and the detection limit was found to be 0.5 pg/mL. 
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ABSTRACT  

Pemetrexed (PEM) is an antifolate anticancer drug. It inhibits folate-dependent enzymers and inside cells it 

is converted to a metabolite which is a more potent inhibitor. Inhibiting the enzymes decreases the synthesis 

of nucleic acids and therefore reduces cell replication. Molecularly imprinted polymers (MIP) contain 

selective recognition sites for a target molecule in a polymer matrix: They are synthesized by polymerizing 
functional monomers in the presence of the template molecule which is subsequently removed. This process 

leaves behind cavities in the polymer which are to some extent complementary in size, shape and 

functionality to the template. Therefore, it is preferentially rebound even from complex mixtures.  

A highly sensitive and selective electrochemical sensor was fabricated by electropolymerization of 

molecularly imprinted polymer (MIP) in the presence of PEM onto carbon quantum dots/Screen printed 
carbon electrode(SPCE) using cyclic voltammetry (CV). We used o-Phenylenediamine(o-PD) as functional 

monomers, combined with the high sensitivity of electrochemical detection, to achieve a specific and 

efficient detection of PEM. The experimental parameters, such as modification agents, monomer and 

template concentration, number of cycles of electropolymerization process, extraction solvent and incubation 

time were optimized. 

The stepwise preparation of the MIP was characterized electrochemically by means of cyclic voltammetry 
and electotrochemical impedance spectroscopy (EIS) employing a redox probe. The selectivity of the PEM 

nanosensor was investigated in the presence of various interfering molecules. The sensor had a high-speed 

real-time detection capability, low sample consumption, high sensitivity, and low interference. In addition, 

the novel method was applied to detect PEM in human spiked serum samples with satisfactory results. 

Keywords: Pemetrexed; molecularly imprinted polymer; carbon quantum dots; electrochemistry 

1. INTRODUCTION  

Pemetrexed (PMX), N-[4-[2-(2-amino-4,7-dihydro-4-oxo-1H-pyr- rolo [2,3-d] pyrimidin-5-yl) ethyl] 
benzoyl]-L-glutamic acid disodium salt is a novel multi-targeted anti-cancer antifolate agent that exerts its 

action by disrupting crucial folate-dependent metabolic processes essential for cell replication. PMX has 

shown good treatment against non-small-cell lung cancer, squamous-cell carcinoma of head and neck, colon 

cancer and breast cancer1. 

In recent years, MIP sensors have exhibited high recognition capacity toward template molecules, superior 
stability, selectivity, sensitivity and demonstrated good analytical performance. MIP, a three-dimensional 

polymeric matrix, are tailor-made materials with selective recognition properties toward a selected guest 

biomolecule. The synthesizing process of MIP is based on the electropolymerization of a functional 

monomer with a biomolecule used as a template. After the removal of the imprinted molecule, the cavities 
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are formed. This polymer contains sites with high affinity for the template molecule due to their structure 

and the size of the monomer unit functional groups2.  

QDs are semiconductor nanoparticles with size less than 10 nm nanocrystal particle. The quantum dots 
modified SPCE enhanced effectiveness of the electrode surface, sensitivity of the electrochemical analyses 

and the response current3. 

In the present study, novel pemetrexed nanosensors are described based on the design of MIPs using o-PD 
membranes as a functional monomer at the SPCE for the selective and sensitive detection PEM. This is the 

first application of electropolymerization and MIPs for electrochemical determination of PEM. 

2. MATERIALS AND METHODS  

Apparatus  

All chemicals used in the study were of analytical reagent grade purity and distilled water was used in the 

experiments. A SPCE (3 mm in diameter) from Dropsens (Spain) was used as a planar three electrode based 
on a graphite working electrode, a carbon counter electrode, and a silver pseudo-reference electrode. 

Voltammetric measurements were performed by using a PalmSens potentiostat (Netherlands). PEM and o-

Phenylenediamine(o-PD) were kindly supplied by Sigma Aldrich(USA). The solution of 100 mM acetate 

buffer (pH 5.2) was applied as a supporting electrolyte. Carbon quantum dots (CQD) was purchased from 

DropSens (Llanera, Spain). 

For the characterization of MIP, the modified electrodes were characterized by SEM analysis using ZEISS 
EVO 40 (Merlin, Carl Zeiss) and electrochemical impedance spectroscopy (EIS) experiments were 

performed in a solution containing 5.0 mmol−1 Fe(CN)6 3-/4- at a ratio of 1:1 and 0.1 mol−1 KCl. AUTOLAB-

PGSTAT100N (Eco Chemie, Utrecht, The Netherlands) electrochemical instrument was used for the EIS 

studies. 

Preparation of the MIP/CQD/SPCE  

Before being modified, the SPCE were pretreated by applying a potential of −0.4 to +1.2 V in H2SO4 0.10M 

using the scan rate of 50 mV s−1 for 20 cycles. Subsequently, different amounts of the CQD solution were 

dropped onto the surface of the SPCE and 10.0 μL was selected in the following experiments. Therefore, 
10.0 μL of the commercial CQD was directly dropped onto the surface of the SPCE and kept for 15 min at 

vacuum drying.  

Electropolymerization was performed by scanning the potential of the SPCE between -0.20 V and 0.75 V 

with a scan rate of 50 mV/s in a solution of 100 mM acetate buffer, pH 5.2 containing 5 mM o-PD and 10 

μM. The preparation schematic of the MIP/CQD/SPCE sensor is depicted in Scheme1. 

 

 

Scheme 1. Preparation procedure of the MIP/CQD/SPCE 
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Determination of PEM in synthetic serum sample  

In order to analyze PEM in synthetic serum sample, 3.6 mL serum sample was mixed with 5.4 mL of 

acetonitrile and 1 mL of 10 μM PEM standard sample. The calibration curve related with the increasing 

concentrations of PEM was obtained. 

3. RESULTS AND DISCUSSION (Times New Roman, 11 punto, Bold) 

Characterization of the modified electrodes  

EIS is a very effective technique used for the monitoring of changes in the surface features of the modified 
electrodes in the assembly process. Likewise, Fig 1 was indicated step by step by means of recording the 

cyclic voltammograms of the modified electrode in the presence of in 5.0mM [Fe(CN)6]3−/4− solution. 

 

 

Fig 1. Cyclic voltammograms obtained with different electrode. 

 

Optimization of determination conditions 

The experimental parameters, such as modification agents, monomer and template concentration, number of 

cycles of electropolymerization process, extraction solvent and incubation time were optimized.  

Analytical performance 

Under the optimal analytical conditions, the determination of PEM at different concentrations was performed 

by CV. As shown in Fig. 2, the oxidation peak current is proportional to the concentration in the ranges of 

5×10−9-1×10−7 M. 
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Fig 2. Linear calibration curve of current with PEM concentrations. 

4. CONCLUSIONS  

In this work, a sensitive voltammetric PEM-MIP nanosensor was implemented via an electropolymerizing 

PEM imprinted o-PD film on CQD/SPCE. The electropolymerization procedure was very simple, rapid, and 

controllable. The MIP SPCE/CQD/o-pD has been proved to be selective, repeatable, and stable for the 

determination of PEM.  
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Abstract 

 

Conventional techniques employed for diagnosis are mostly based on the determination of the expression 
level of protein biomarkers. MicroRNAs (miRNAs) have emerged as one of the most promising biomarkers 

of genetic molecular subtype, whose dysregulation is often associated with human diseases. MiRNAs are a 

class of endogenous small (18–25 nucleotides) non-coding RNAs, which play important roles in various 
cellular processes, as well as in a number of illnesses such as cancer, heart and neurological diseases.1 

Therefore, circulating miRNAs can be used as minimally invasive biomarkers for the diagnosis of different 

diseases, posing urgent need to develop methods to detect miRNAs in a reliable manner with high specificity 
and sensitivity in order to make miRNA testing a routine part of medical care.2 Electrochemical nucleic acid 

biosensors have emerged as a particularly attractive option for miRNAs detection in terms of automatization, 

short assay time and low detection limit. In this regard, original strategies have been reported through the use 

of electrochemical sensors based on proteins able to bind specifically to RNA–RNA and DNA–RNA hybrids 
such as specific antibodies2, viral proteins1 and zinc finger proteins (ZFPs).3  
We here report a novel electrochemical strategy which combines 

the benefits of using magnetic microbeads (MBs), disposable 
screen-printed carbon electrodes (SPCEs) and a ZFP for the 

detection of miR-21 (Fig.1). The methodology involves the 

selective capture of a RNA homohybrid between the target miRNA 
(miRNA-21) and a biotinylated synthetic complementary RNA 

detector probe (b-RNADp) by the commercial His-tag-ZFP in a 

homogenous solution. The His-tag-ZFP-miR-21-b-RNADp 

complex is then captured onto MBs (His-Tag-Isolation-MBs) used 
as solid support for the isolation of the above-mentioned complex 

and its final conjugation with a streptavidin-horseradish peroxidase 

polymer (strep-HRP). The modified MBs are magnetically 
captured at the surface of a SPCE, and amperometric detection is 

performed using hydroquinone (HQ) as electron transfer mediator 

and H2O2 as the enzyme substrate. Once the operational and 

analytical characteristics were established, its practical 
applicability was evaluated by analyzing total RNA extracted from 

healthy and breast cancer cells without any previous amplification step in just 2 hours, thus demonstrating its 

potential to perform determination of mature miRNAs in these complex samples. Current efforts are ongoing 
to improve the sensitivity of this approach using different labels and amplification strategies. 

 
Keywords: MiRNAs; Zinc finger protein; Amperometric detection 
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Abstract  
 

Acetaminophen (AC) is a useful analgesic and antipyretic drug widely used to relieve pain, fever, cold, and 

cough, and headache, toothache and back pain1. In general, AC is considered safe and does not show any 
serious side effects when consumed at prescription doses. However, consuming excessive amounts of AC 

results in accumulation of toxic metabolites which cause hepatotoxicity and nephrotoxicity. Therefore, the 

development of an easy, sensitive and sensitive method for the determination of AC is very important for 
quality control in pharmaceutical and overdose diagnostics. In literature, many methods such as 

chromatography, capillary electrophoresis, spectrophotometry, titrimetry and flow injection methods have 

been used for the detection of AC3. However, some of these methods are time-consuming and require high 

instrumentation cost, trained staff for the operation. Furthermore their poor sensitivity is not suitable for 
practical application. The use of graphene has gained much interest in the development of electrochemical 

AC sensors due to their large surface area, high electronic conductivity, high chemical and physical 

durability2. In the present work, it was aimed to prepare Ni-decorated graphene layers with high 
electrochemical activity and large surface area for the construction of electrochemical AC sensors with high 

sensitivity and selectivity. Ni-decorated graphene hybrids (Ni/rGO) were synthesized using a facile room 

temperature precipitation method. The nanohybrids were characterized using X-ray diffraction (XRD), 
transmission electron microscopy (TEM), Raman spectroscopy, thermogravimetric analysis (TGA), and N2-

adsorption methods. The performance of the sensors was evaluated by cyclic voltammetry (CV) and 

chronoamperometry (CA) methods. Our primarily results showed that the introduction of metal nanoparticles 

onto the graphene surface enhanced the electrochemical performance of the sensors significantly. The CV 
results showed that the electrochemical performance of Ni-modified electrodes were higher than Ni-free 

graphene-based sensors. In accordance with this result, the superior sensing performance of Ni- modified 

sensors was also confirmed by the CA experiments. A wide linear detection range up to 30 mM was 
obtained. As a result, it was confirmed that a fast, highly sensitive, and selective non-enzymatic 

electrochemical sensor has been developed for the detection of AC. 

 
Keywords: Graphene; Nickel nanoparticle; Acetaminophen; Electrochemical sensors  
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ABSTRACT  

 

In this work, a novel electrochemical sensor for the determination of catechol was developed based on the 

layer-by layer modification of the glassy carbon electrode surface with Cu metal–organic framework, ZnTe 
nanorods and Au nanoparticles. Characterization of synthesized materials were performed by field emission 

scanning electron microscopy, energy dispersive X-ray spectroscopy, FT-IR, X-ray diffraction, and 

electrochemical techniques. The amount of Cu metal–organic framework, ZnTe nanorods and Au 
nanoparticle, pH, scan rate was optimized to find the optimum catechol response. Under the optimized 

condition, the linear range from 2.5×10−7 M to 3 × 10−4 M with a sensitivity of 142.03 μA mM−1 and a 

calculated detection limit of 16 nM were obtained for the designed Cu-MOF/ZnTe NRs/AuNPs/GCE 

nanosensor using DPV technique. The sensor also exhibited good selectivity, high reproducibility and 
stability. The developed sensor was successfully applied for the determination of catechol and its derivatives 

in the wastewater, well water, tap water, tea samples and in biological fluids with satisfactory recovery data. 

 
Key words: Cu-MOF; ZnTe nanorods; Au nanoparticles; Catechol; Glassy carbon electrodes.  

 

1. INTRODUCTION  
 
Catechol, which is used in cosmetics, tanning, flavoring agents, antioxidant, food antioxidants is one of the 

most important isomers of phenolic compounds. Moreover, catechol compounds are known as environmental 

pollutants due to their high toxicity and low degradation in the environment. Therefore, a sensitive 
determination method for Catechol in various samples is very important.  
Nanostructured materials possess unique optical, electronic and magnetic properties depending on their core 

materials and they have large surface-to-volume ratio that favors miniaturization. In the last few years, 
nanostructured materials. Nowadays, nanorods and metal–organic framework are very hot topic, due to the 

large surface areas, ordered pore structure, chemical tenability, and diversified morphology via linking to 

organic linkers, multiple coordination sites and inorganic moieties. ZnTe nanorods can be used in many 

applications in the electronic and optoelectronic devices, sensors and biosensors.  
In this work, Cu metal–organic framework, ZnTe nanorods and Au nanoparticles were used to create a novel 

nanosensor for the sensitive determination of catechol. After characterizing the synthesized nanomaterials 

using FESEM, EDS, XRD, FTIR and EIS techniques, behavior of Catechol was studied at the modified 
glassy carbon with Cu-MOF/ZnTe NRs/Au nanocomposite. Cu-MOF/ZnTe NRs/Au NPs/GCE successfully 

applied for the determination of catechol and its derivatives in the wastewater, well water, tap water, tea 

samples and in biological fluids with satisfactory recovery data. 
 

2. MATERIALS AND METHODS  

 

An AUTOLAB (model PGSTAT30) potentiostat/galvanostat equipped with a three-electrode cell system 
consists of a platinum counter electrode, an Ag/AgCl electrode (BASi; 3 M NaCl) as a reference electrode, 
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and a bare and Cu-MOF/ZnTe NRs/Au NPs modified glassy carbon electrodes as a working electrode, were 
used for all electrochemical experiments.  

All of the materials used in experiments had analytical grade and were used as received without further 

purification. The ZnTe nanorods were prepared by a solvothermal method1, and the Cu-MOF was 
synthesized using the reported protocol2.  

 

2.1. Preparation of Cu-MOF/ZnTe NRs/Au NPs/GCE 

After cleaning the electrode surface by 0.3 µm alumina slurry on polishing cloth, GCE was ultrasonicated in 
a mixture of ethanol and deionized water (1:1, v: v) for 10 min. Then, 10 μL suspension of Cu-MOF/ZnTe 

NRs was dropped on the GCE surface which was prepared by mixing the powders of Cu-MOF and ZnTe 

NRs with 1:3 ratio in de-ionized water and then ultrasonicating for 20 min. After that, the Cu-MOF/ZnTe 
NRs/GCE surface were activated at 1.7 V for 300 s using the literature information3 following by addition of 

3 µL of gold nanoparticles. Characterizations of the structure and morphology were achieved using X-ray 

diffraction, FTIR, FESEM and electrochemical impedance spectroscopy techniques. 

 
 

3. RESULTS AND DISCUSSION  

 

3.1. Surface Morphology 

 

The morphology of the synthesized materials was studied by FESEM microscopic images. As it can be seen 
from figure 1 trihedral Cu-MOF and ZnTe nanorods were observed for Cu-MOF/ZnTe NRs/Au NPs 

nanocomposite. 
 

 
Figure 1.  Cu-MOF/ZnTe NRs/Au with different scales 1 µm and 200 nm. 

 

3.2 Optimization of the experimental parameters 

 

The experimental parameters including the Cu-MOF/ZnTe nanorods ratio, volume dropping of suspension, 

volume dropping of Au NPs, pH value of the measurement solution. These results were summarized in table 
1. 

 

Table 1. Experimental conditions for catechol detection using Cu-MOF/ZnTe NRs/Au NPs/GCE 
Ratio dropping of suspension 1:3 ratio of Cu-MOF to ZnTe NRs 

Amount of nanomaterials 9 mg mL−1 of ZnTe and 3 mg mL−1 of Cu-MOF 

Volume of dropping of suspension 10 µL 

Volume of AuNPs 3 µL 

Measurement medium  pH 1.09 PB solution 

 

The Cu-MOF/GCE has nearly two times higher than bare GCE, Cu-MOF/ZnTe NRs/GCE has nearly 2.5 

times higher than bare GCE and Cu-MOF/ZnTe NRs/Au NPs/GCE composite electrode exhibited an 

excellent electrocatalytic activity nearly 7 times than bare GCE with enhanced electrochemical response 

towards the oxidation of catechol (Figure 2). This may be due to the synergistic effect of Cu-MOF/ZnTe 
NRs and Au nanoparticles.  
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Figure 2. Responses of 0.2 mM of catechol using a) bare GCE b) Cu-MOF/GCE c) Cu-MOF/ZnTe NRs/GCE d) Cu-

MOF/ZnTe NRs/Au NPs/GCE 

 

 

3.3Analytical characterization and real sample analysis 

 
Analytical characterization of the designed nanosensor was achieved using linear range, limit of detection, 

limit of quantification, sensitivity, sensitivity per surface values. The linear range was obtained between 

2.5×10−7 – 3×10−4 M, sensitivity was obtained as 142.03 μA mM−1, sensitivity per surface area was 
calculated as 1.420 μA μM−1 cm−2, the limit of detection was found as 16 nM and the limit of quantification 

was found as 53 nM. 

The detection of catechol was achieved in well water, tap water, waste water samples, and tea samples. 
Known amount of Catechol was added to the samples and recovery studies were performed and the results 
were summarized in table 2. 

 

Table 2. The detection of catechol in well water, tap water, waste water samples, tea samples and 
pharmaceuticals. 

Sample      Added (µM
–1

)          Found (µM
–1

) Recovery% 

Tap water 10.00 9.93 ±  0.19 99.40 

Well water 4.99 4.82 ± 0.13 96.44 

Waste Water 7.48 7.50 ± 0.19 100.18 

Green tea* 10.00 22.74 ± 0.43 103.27 

Black tea**  4.99 8.83 ± 0.20 95.23 

Larodopa®  (L-Dopa) 20.00 mg 20.031 mg 100.15 

Adrenalin Osel® 

(Epinephrine)             0.50 mg.mL-1 0.49 mg.mL-1 99.29 

 

Moreover, the effect of interferences such as ascorbic acid, folic acid, uric acid, hydroquinone, Na+, K+, 

Cl−, HPO4
2−, Mg2+ and glucose were also investigated. There was no reliable interference effect of these 

chemicals. 

 
4. CONCLUSIONS  
 

It can be concluded that, Cu-MOF/ZnTeNRs/AuNPs/GCE holds comparable and better analytical 

performance when we compare already published researches4-10. Moreover, the proposed sensor with 
nanostructured nanorods, a metal organic framework and gold nanoparticles could be used in several sensing 

applications in environmental control and biological molecules of interest. 
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ABSTRACT  

 

Biofilms on medical devices such as implants and catheters are one of the most urgent threats in clinic 

because of causing increased antimicrobial resistance. Indirect detection methods such as end-point staining 

methods with crystal violet in tubes or microtiter well plates for screening attached bacteria on the surfaces 
target to extracellular polysaccharides. These methods are simple, however there are some problems. First, 

they can only be used after formation of the biofilms, meaning there is no chance to continue the study with 

the same biofilms after staining. Second, they are semi-quantitative methods and the dyes are non-
specifically bound to materials and so, sensitivity and reproducibility are low. In this study, a new, rapid, 

quantitative, indirect, nuclease-based fluorescence method was developed for detection of the formation of 

biofilm on the plastic surfaces. In comparison with control which is nuclease-negative bacteria, biofilms 

produced by S. aureus had 31 times more signal. Additionally, biofilm produced by S. aureus in media not-
including H2O2 had 14 times more signal than ones with H2O2.  

 

Key words: Biofilm; rapid; detection; nuclease-based fluorescence biosensor 
 

1. INTRODUCTION 

 
While changing their lifestyles from unicellular to multicellular forms, microorganisms can form biofilms, 

which provide some advantages as antibiotic resistance, because many antibiotics, disinfectants, and 

germicides cannot penetrate to biofilm layer.1,2 Biofilms have been known since the early days of 

microbiology.3 However, it has been recently understood that up to 80% of human microbial infections are 
related to biofilm infections, which effects quality of life and increase morbidity rate, because of insufficient 

treatment and therapy.3 Planktonic lifestyles of microorganisms are quite different their biofilm 

communities.3 In a biofilm community, there is no observed the same cell physiology of all cells contributed 
to biofilm formations.3 Some of them are metabolically silent, other may be persistent.3 Because of these 

nanobiodiversity, new experimental tools are needed to be able to understand this kind of complex 

biosystems.3 
Biofilm formations have been detected by using a) direct methods: using light microscopy, transmission 

electron microscopy (TEM), scanning electron microscopy (SEM), confocal laser scanning microscopy 

(CLSM), fluorescent in-situ hybridization (FISH), or b) indirect methods: roll plate method, Congo Red agar 

method, crystal violet method in test tubes or microtiter well plates, and PCR.4 Among all these direct 
methods, except light microscopy, require the use of expensive devices, whereas indirect methods, except 

PCR, are semi-quantitative methods.5 

It was showed that fluorescently-labelled DNA oligomers could be used for determine of nuclease activity 
and real-time detection of microorganisms producing nucleases. 6,7   In this study, we suggest a new, 

quantitative, indirect method using DNA oligomers labelled with a fluorophore and quencher at the ends to 

detect biofilms formed bacteria producing nuclease enzymes. Since fluorescent molecules are quenched by 

the quencher molecules, the intact DNA oligomers are in “turn-off” mode (Figure 1). In the presence of 
biofilm, fluorescently-labelled DNA oligomers become “turn-on” mode, because DNA oligomers are 
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digested by nuclease enzymes secreted from bacteria. So, it can be monitored by change in fluorescence 
signal in biofilms. 

 

2. MATERIALS AND METHODS  

 

S. aureus (DSMZ1104) and E. coli (DSMZ1103) bacteria were used in this study. The formation of biofilm 

was carried out as the protocol published by Bose et al.2 Briefly, bacteria from fresh agar culture media were 

inoculated into trypticase soy broth (TSB) including 1% glucose and the liquid media were incubated at 37oC 
for 16 h. Growth culture was diluted 1:100 with the same fresh media. The diluted culture was transferred 

into the sterile 96-well plates as 200 µL. To show hydrogen peroxide (H2O2) effects on the formation of 

biofilm, H2O2 was also added into the diluted culture as 3% final concentration. The liquid media with no 
bacteria were used as blank controls. The cultures were incubated at 37oC for 24 h. Then, culture media were 

removed gently and all wells were washed with phosphate-buffered saline (PBS) (137 mmol L–1 NaCl, 2.7 

mmol L–1KCl, 10 mmol L–1 Na2HPO4, 2 mmol L–1KH2PO4, pH 7.4)8 for three times, to remove free bacteria.  

 
Fluorescently labelled DNA oligomers were purchased from Metabion. Sequences of DNA oligomers were 

like below: 

 
5’-Fluorescein-AAAAAAAAAAAAAATTTTTTTTTTTTTT-DABCYL-3’ 

 

DNA oligomers were dissolved in TSB media as 50 nmol L–1 final concentrations to detect the formation of 
biofilm. Once added DNA oligomers into the wells and after the incubation 37oC for 2h, fluorescence signals 

were measured. S1 nuclease enzymes were used as positive control that shows whether DNA oligomers 

became “turn-on” mode, or not. 

 

 
 

Figure 1: Turn-off and turn-on mode of fluorescently labelled DNA oligomers. 

 

3. RESULTS AND DISCUSSION  
 

 

Fluorescent labelled DNA oligomers were degraded after addition of S1 nucleases. The similar results with 
the S. aureus biofilms were obtained and increase in the fluorescence signal was observed. In comparison 

with E. coli bacteria, S. aureus had 31 times more signal (Figure 2). The effect of hydrogen peroxide was 

also detected in this method. S. aureus in growth media including H2O2 had also 14 times less signal than 
ones without H2O2 (Figure 2). 
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Figure 2: Detection of the formation of biofilm via the nuclease-based fluorescence method. 

 

4. CONCLUSIONS  
 

A new, rapid, quantitative, indirect, nuclease-based fluorescence method was developed for the detection of 

the biofilm formations caused by microorganisms producing nuclease enzymes. Since it is not end-point 

detection method, biofilms may be continuously subjected to new experiments such as treatment with the 
anti-biofilm agents, after measurements. 
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ABSTRACT  

 

As a novel L-cysteine sensor, based on glassy carbon electrode modified by g-C3N4/MoS2 was developed for 

simple and reliable determination of a short L-cysteine. The g-C3N4, MoS2 and g-C3N4/MoS2 were 

characterized and analyzed by X-ray diffraction, fourier transform infrared, cyclic voltammetry and 

electrochemical impedance spectroscopy. The g-C3N4/MoS2 modified glassy carbon electrode exhibited the 

greatest electrocatalytic activity for the oxidation of L-cysteine 0.1 M phosphate buffer solution (pH 7.5) 

compared to the bare, g-C3N4 and MoS2-modified glassy carbon electrodes. The excellent activity of the g-
C3N4/MoS2 modified GCE is related to the synergetic interactions between MoS2 and the g-C3N4, and the 

enhancement of conductivity. The developed g-C3N4/MoS2 electrochemical sensor was successfully used to 

the detection of L-cysteine. 
 

Key words: MoS2; g-C3N4; L-cysteine sensor.  

 
1. INTRODUCTION  
 

Bioactive ʟ-cysteine ((R)-2-amino-3-mercaptopropanoic acid), which has significant role in living systems 

by including important cellular functions such as protein synthesis, metabolism and detoxification, is a 
sulfur-containing amino acid1. With the oxidation of  ʟ-cysteine (L-Cys), ʟ-cysteine turns into ʟ-cystine. This 

system is commonly used as a model system to examine the influence of the disulfide bonds and thiol group 

in proteins2. Furthermore, L-Cys can alse be used for hepatitis and serum disease2. But, L-Cys-related 
disorders may cause several clinical diseases such as slow growth, skin lesions, edema, liver damage, muscle 

and fat loss, Alzheimer's and Parkinson's diseases3. So, detection of L-Cys at low levels by sensitive and 

accurate analytical techniques is significiant1. Recently, different analytical techniques have been 

investigated for Cys concentration detection such as high-performance liquid chromatography, capillary 
electrophoresis, fluorescence spectrometry, and electrochemical analysis4. However, these procedures are 

usually high cost and time consuming2. The electrochemical sensors have advantages such as low cost, high 

precision, simple and easy utilization, compared with other techniques for electrochemical detection of L-
Cys2.  

Graphitic carbon nitride (g-C3N4), as a two-dimensional (2D) π-π conjugated semiconductor material, has 

drawn attention because it has a unique electronic structure, large surface area, superior physical and 
chemical features. Owing to its excellent features, it has been commonly used in energy conversion and 

storage, supercapacitor, photocatalysis, photoelectrochemical ve bio-sensor applications5. Despite g-C3N4 

has great application areas, its less separation charge carriers and easy agglomeration or precipitation limits 

its applicability5,6. To overcome this problem, many techniques have been developed, such as metal or 
nonmetal doping, and heterogeneous coupling. The heterogeneous coupling may be the most effective way 

for electrochemical detection because the heterojunction structure allows to decrease the diffusion distance 

and shorten the reaction time, which increases the efficiency of photogenerated charge carriers and the PEC 
performance6. Therefore, combining g-C3N4 with 2-dimensional nanomaterials may further increase 
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photocurrent response. Among the transition metal dichalcogenides (TMDs)  as a kind of 2D nanomaterials, 
molybdenum disulfide (MoS2)with excellent light absorption and large photoinduced charge carrier lifetimes 

has drawn attention in the electrochemical sensing applications. MoS2, which has huge spesific surface area  

and great electrical conductivity, consists of three atom layers (S-Mo-S) through van der Waals interactions 
and it is used to generate electrochemical sensors for the detection of bioactive materials6-8. Formation of g-

C3N4 heterojunciton with MoS2 expands the surface area, expedites the migration of electrons and increase 

the PEC performance. 

In this work, MoS2/g-C3N4 nanocomposite on a glassy carbon electrode (GCE) were prepared and studied in 
sensitive detection of L-Cys. Compared with the bare electrode and carbon g-C3N4, the MoS2/g-C3N4 

electrode has lower detection limit and higher sensitivity for detection of L-Cys. 

 
2. MATERIALS AND METHODS 

 

2.1. Chemicals  

All chemicals were of analytical grade unless otherwise stated. Ammonium heptamolybdate 
((NH4)6Mo7O24), thiourea, melamine and ethanol were purchased from Merck (Germany). L-cysteine 

hydrochloride were obtained from Sigma-Aldrich (USA). Deionized water (DW) was used for aqueous 

solutions with a Water Pro BT purification system (Labconco).  
 

2.2. Characterization  

The structure of all samples was characterized by using a PAN-alytical X-ray diffractometer (XRD, 
Netherlands) and FTIR spectra (Shimadzu UATR Two instrument, Japan). The cyclic voltammetry (CV) 

measurements and electrochemical impedance spectroscopy (EIS) analysis were carried out CHI 660C 

model potentiostat (CH Instruments, USA). The electrochemical workstation with three electrode cell, which 

consists of a modified glassy carbon electrode (GCE) as the working electrode, an Ag/AgCl (saturated KCl) 
electrode as the reference electrode and a platinum wire electrode as the counter electrode, was used. 

 

2.3. Synthesis of MoS2/g-C3N4 
Firstly, g-C3N4 was synthesized by heating melamine in a closed crucible. The melamine was first heated at 

500 °C with a heating rate of 20 °C.min−1 for 2 h, and subsequently the temperature was kept constant at 

520 °C for 2 h for further deammonation. Secondly, MoS2 was synthesized on g-C3N4 by hydrothermal 
method. The certain amount g-C3N4 was dispersed in 30 mL DW under ultrasonication. After sonication for 

15 min, 1.85 g of (NH4)6Mo7O24, 2.05 g of thiourea and 30 mL of DW were added in a mixture, and stirred 

for 1 h at room temperature. The mixture was transferred to a Teflon-lined autoclave (100 mL) and reacted at 

200 °C for 16 h9,10 As a result, the obtained MoS2/g-C3N4 was centrifuged and washed with DW and ethanol 
was dried at 70 °C for overnight. 

 

2.4. Fabrication of modified electrodes 

A three-electrode electrochemical cell was used with Ag/AgCl as the reference electrode, all composite 

mounted GCE as the working electrode and Pt wire as the counter electrode. Before modification, the GCE 

was first cleaned with alumina slurry and then ultrasonicated in ethanol and deionized water for 10 min, 

respectively. MoS2/g-C3N4  (3 mg/mL) was ultrasonicated for 10 min and then 5 µL MoS2/g-C3N4 was 
dropped on the cleaned GCE surface. The electrode was dried in air. A schematic demonstaration of the 

electrochemical determination and oxidation reaction of L-Cys using MoS2/g-C3N4 is exhibited in Scheme 1. 

 

3. RESULTS AND DISCUSSION  
 

3.1. Characterization 

Crystal information of the samples was characterized by XRD as shown in Fig. 1A. As can be seen in Fig. 
1a, the two typical diffraction peaks at 13.1° and 27.5° can be well indexed as the (100) and (002) crystal 

planes of hexagonal g-C3N4, respectively (ICDS 98-004-1952), which correspond to in-plane structure of tri-

s-triazine unit, and periodic stacking of conjugated aromatic rings in the g-C3N4
11. The four diffraction peaks 

of 2θ around 14.1°, 33.2°, 39.4° and 58.6° can be indexed to the (002), (103), and (105) reflections of MoS2, 

respectively. The XRD pattern of the MoS2/g-C3N4 composite exhibits the peaks of both MoS2 and g-C3N4, 

which verifies its formation12.  
 

https://021075g5t-y-https-www-sciencedirect-com.proxy.sakarya.deep-knowledge.net/topics/chemistry/melamine
https://021075g5t-y-https-www-sciencedirect-com.proxy.sakarya.deep-knowledge.net/topics/chemistry/crucible
https://021075g5t-y-https-www-sciencedirect-com.proxy.sakarya.deep-knowledge.net/topics/engineering/rate-of-heating
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Scheme 1.  Schematic illustration of the electrochemical detection and oxidation reaction of L-Cys using MoS2/g-C3N4 . 

 
Figure 1.  XRD images of all samples 

 

3.2. Electrochemical studies 

Electrochemical impedance technique which displays the interfacial changes of modified electrodes and 

examines electrode kinetics, is a useful method2. Fig. 2 (a) demonstrates the Nyquist plots of EIS in 

[Fe(CN)6]
3-/4-solutions for g-C3N4, MoS2 and MoS2/g-C3N4. As can be seen in Fig. 2(a), the semicircle 

diameter at higher frequencies indicates the the limited process for electron-transfer resistance (Rct) and the 

linear portion at lower frequencies represents the diffusion limited process13. The modified electrodes have 

exhibit insignificant electron transfer resistance so the semicircles have the smaller radiuses, compared with 
bare GCE. The diameter of the semicircle declined in the case of MoS2/g-C3N4 compared with g-C3N4, 

indicating that the impedance and electron transfer resistance decreased upon MoS2 addition. According the 

results, with the modification of MoS2/g-C3N4 on GCE increased the conductivity between the analyte and 

electrode by showing diffusion-controlled reaction. 
To analysis the oxidation of L-Cys, the CVs were studied in presence of GCE, g-C3N4, MoS2, and MoS2/g-

C3N4 in 0.1 M PBS (pH 7.5) solution containing 5 mM L-Cys at scan rate of 50 mV s-1 (Fig. 2 (b)). The 



4th International Congress on Biosensors, Çanakkale/TURKEY 

 

89 
 

visible oxidation peak does not observed for the bare GCE. This situaiton may be related to the slow electron 
transfer kinetics14. While MoS2/g-C3N4 illustrated an oxidation peak of L-Cys at the potential of +0.55 V, it 

did not an oxidation peak at a potential of +0.55 V for g-C3N4 and MoS2. These results depict that MoS2/g-

C3N4 demonstrated better electro-catalytic feature than that of g-C3N4 and MoS2. It can be related to good 
electrical conductivity and chemical activity of MoS2/g-C3N4. 

 

  
Figure 2. Impedance spectra (a) and Cylic Voltammetry curves (b) in 0.1 M PBS (pH 7.5) solution containing 5 mM L-

Cys at scan rate 50 mV s-1 of all products.  

 
4. CONCLUSIONS  
 

In this study, an electrochemical sensor based on MoS2/g-C3N4 was prepared for the detection of L-Cys. The 

electrochemical studies proved that MoS2/g-C3N4 high electrocatalytic activity, sensitivity and stability in the 
detection of L-Cys oxidation. The modification of MoS2 on the g-C3N4 considerably enhanced the 

conductivity and demonstrated superior electron transfer characteristics. The MoS2/g-C3N4 sensor also 

supplies a hopeful platform for applying in electrocatalysis and constructing effective sensors in the future.  
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Abstract  
 

Breast cancer, widespread disease in worldwide, has second highest number of death compared to other 
cancer types such as lung, pancreas, colon and prostate. It is diagnosed by some techniques such as 

Mamography, Biopsy, ELISA and etc (1,2). Biosensor technology is a promising alternative because of their 

high sensitivity and specificity (3). This technique is also cheaper, practical and time saving with respect to 

the traditional techniques. Combining unique properties of nanotechnology and biosensors technology result 
in enhancement of specific signal in measurement steps. Cancer diagnosis can be achieved by detection of 

biomarkers found in the body fluid. CA 15-3 is the most commonly used bio-marker in monitoring treatment 

controls for next stage of the breast cancer patients (4). Some biological fluids such as saliva provide non-
invasive, painless detection at minimum risk without cross contamination unlike blood samples (5). A study 

of 29 breast cancer patients, 31 healthy women also showed the correlation of CA15-3 concentration in 

serum and saliva (2). In this work, cancer antigen 15-3 (CA 15-3) found in saliva will be detected as a breast 

cancer biomarker by developed biosensor. For this aim, screen printed electrode surface will be modified 
with biocomposite film composed of anti-CA15-3 and magnetite nanoparticles. This matrix will be covered 

on electrode surface and the analytic performance (linear detection range, sensitivity and limit of detection 

“LOD”) of resulting electrochemical biosensor will be determined for CA 15-3 biomarker.   
 
Keywords: CA15-3 detection, Electrochemical biosensor, Saliva, Magnetite nanoparticle 
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Abstract  

 

Prostate cancer is the most common cancer type and has a high mortality rate. The early and accurate 

detection of prostate cancer is extremely important to reduce mortality and save lives1. Prostate specific 
antigen (PSA) is the most used biomarker of prostate cancer. The normal level of PSA in human serum is 

less than 4 ng/mL. If the concentration of PSA is higher than 20 ng/mL in human serum, prostate cancer may 

be occurred in human body. However, the PSA analyses give false positive results. Additionally, biopsy-
confirmed prostate cancer is reported at low PSA levels (< 4 ng/mL)2. CC Chemokine Receptor 4 (CCR4) is 

also considered a promising target of prostate cancer3. Generally, enzyme-linked immunoassay (ELISA) has 

been employed for CCR4 cancer biomarker detection. Unfortunately, this method is very expensive and 

requires highly-trained staff. However, electrochemical biosensors have some advantages compared with 
ELISA technique such as low-cost, easy sample preparation, high sensitivity and selectivity toward various 

targets. In present study, an impedimetric immunosensor based on poly (pyrrole propionic acid) P(Pyr-PAc) 

modified disposable ITO electrode was developed for the detection of CCR4 cancer biomarker. 
Immobilization of anti-CCR4 antibodies onto the ITO electrode surface of the biosensor was performed by 

amide bound formation between carboxyl groups of P(Pyr-PAc) polymer and amino groups of antibodies. 

The modifications formed on the electrode surface were characterized by electrochemical impedance 
spectroscopy, cyclic voltammetry, atomic force microscopy and scanning electron microscopy. Under 

optimal conditions, the immunosensor determined CCR4 antigen in concentration range of 0.02 pg/mL to 8 

pg/mL with a limit of detection of 6.4 fg/mL. The developed immunosensor illustrated good storage stability, 

repeatability, reproducibility and reusability. In addition, the proposed immunosensor was able to selective 
determination of CCR4 antigen in human serum samples. 
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Abstract  
 

Chemical modification of bulk material surfaces plays an important role in modern chemical, biological, and 

materials sciences, and in applied science, engineering, and technology. Nature provides to the scientists 
plentiful inspiration source to discover new materials with wonderful properties for these applications. In 

recent decades, many excellent biomimetic materials have been designed with inspiration from biological-

derived compounds for surface covering. Among these, poly(dopamine) which was first discovered as a bio-

inspired coating material (mussel-inspired material) in 20071, has opened a new route with its fascinating 
properties for the modification of surfaces. Its monomer, dopamine contains catechol group, leading to the 

hypothesis that its existence may be crucial for achieving strong adhesion. More recently, plant polyphenols 

which react according to the same pathways as catechols, have also drawn an increasing attention for this 
purpose (new generation of bio-inspired adhesive polymer materials). Keeping the above knowledge in 

mind, this presentation will be focused on the application of three bioactive compounds (all containing 

catechol group) for their promising sensor applications with excellent catalytic properties. The compounds 
tested were dopamine (3,4-dihydroxy phenethylamine), mostly known as a neurotransmitter, caffeic acid (3-

(3,4-dihydroxyphenyl)-2-propenoic acid), one of the principal components of woody plant biomass and its 

residues, and rutin, the glycoside of the aglycone, quercetin (2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-

chromen-4-one), in fact, two of the most representative flavonols in nature. In our first study, a 
poly(dopamine) polymer film modified carbon paste electrode was fabricated. The process could be used in 

surfactant media (anionic type, sodium dodecylsulfate) to get the synergetic effect for the sensitive 

voltammetric determination of ranitidine which is commonly used in the treatment of high gastric acid 
secretion, in pharmaceutical formulations and spiked human urine samples (LOD = 5.9×10−9 M). In another 

study, we used a poly(caffeic acid) modified glassy carbon electrode to investigate the electrochemical 

behavior of gallic acid, one of the main natural phenolic components. Gallic acid content in red wine samples 
was successfully determined on applying the prepared sensor (LOD = 6.0×10−9 M). Our research group has 

also fabricated a poly(rutin) modified glassy carbon electrode in the presence of cationic surfactant, 

cetyltrimethylammonium bromide for the electrocatalytic oxidation of atorvastatin which is used to prevent 

cardiovascular disease in those at high risk and treat abnormal lipid levels. The suggested method was also 
applied to pharmaceuticals and spiked human urine samples (LOD = 2.2×10−9 M). For all studies, 

electropolymerization procedure was employed to construct the sensor system. 
 

Keywords: Poly(dopamine), poly(caffeic acid), poly(rutin), electrochemical sensing 
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Abstract  

Legionella pneumophila is a waterborne pathogen ubiquitous in freshwater environments that can colonize 

man-made water system where it can grow uncontrollably and be transmitted to humans by inhalation or 

micro-aspiration of aerosols causing outbreaks. Effective Legionella monitoring and surveillance in 

freshwater systems is essential in order to avoid outbreak appearance1. Standard methods are time-

consuming and require laboratory facilities; meanwhile faster molecular methods are expensive and need 

qualified personnel and specific instrumentation2.Thus, a fast, low cost, automated and portable detection 

system is required. In the present work, an amperometric immunosensor is developed. A nitrocellulose 

microfiltration membrane inside a homemade holder is used as support for water sample concentration and 

Legionella immunodetection. The horseradish peroxidase (HRP) enzymatic label of the antibodies permits 

using the redox substrate 3,3′,5,5′-Tetramethylbenzidine (TMB) to generate current changes proportional to 

the bacterial concentration present at the samples. The amperometric measurements are carried out in carbon 

screen-printed electrodes when a reduction potential of 50 mV (vs Ag) is applied. The reduction current 

values (absolute values) at 50 mV (vs Ag) obtained for different Legionella concentration samples have been 

used to obtain a calibration curve. In this way, the sensor demonstrated a good linear response (R2=0.993) 

for Legionella cell concentrations ranged between 101 and 105 cfu in water samples with a detection limit 

below 10 cfu·mL-1, improving the detection limit found in the literature for the actually available Legionella 

biosensors. In summary, we have developed an amperometric immunoassay system that integrates 

Legionella concentration and immunodetection giving the chance to treat big sample volumes and detect low 

bacteria concentrations with a detection limit below 10 cfu·mL-1. The device developed is a rapid, 

economical, portable and user-friendly sensor for Legionella pneumophilla detection. Moreover the system 

reduces the detection time from 10 days of the conventional culture-based methods3 to 2-3 h. 

Keywords: Legionella pneumophilla; concentration; amperometric biosensor; immunodetection  
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ABSTRACT  

 

A new electrochemical sensor based on Au-MoS2/TiO2 has been developed for electrocatalytic oxidation and 

determination of L-cysteine. The Au-MoS2/TiO2 was characterized by X-ray diffraction, fourier transform 
infrared, cyclic voltammetry and electrochemical impedance spectroscopy. Cyclic voltammetry studies 

demonstrated that the electrochemical behaviour of L-cysteine at the Au-MoS2/TiO2 modified glassy carbon 

electrode is considerably improved compared to both the bare and MoS2/TiO2-modified glassy carbon 
electrodes. The Au-MoS2/TiO2 showed a very efficient electrocatalytic activity for the oxidation of L-

cysteine in 0.1 M phosphate buffer solution (pH 7.5). The proposed electrochemical sensor was successfully 

applied to the determination of L-cysteine. 
 

Keywords: MoS2; TiO2; Gold nanoparticles; L-cysteine sensor.  

 

1. INTRODUCTION  
 

L-cysteine (L-Cys) is one of the amino acids that play a crucial role in regulating the biological activity of 

proteins1,2.  L-Cys deficiency is involved in syndromes of slow growth in children, liver damage, weakness 
and skin lesions, Alzheimer's and Parkinson's diseases2. L-Cys can be synthesized in the human liver and is 

therefore not an essential amino acid. On the other hand, L-Cys can be oxidized to form L-cystine, thus the 

couple of L-cysteine/L-cystine have been widely applied as a model system to study the role of the disulfide 
bond and thiol group in proteins in a variety of biological media2,3. 

The metal oxide semiconductor sensors become important candidate for sensors, such as smaller size, high 

sensitivity, good stability, and simplicity of integration. Titanium dioxide (TiO2), as one of the typical n-type 

semiconductors, is widely employed for constructing gas sensors or biosensors4. Zhang and co-workers 
studied a novel electrochemical sensor based on the Ag/TiO2/r-GO hybrid material for the determination of 

nitrite5. Erdogan et al. developed a new electrochemical sensor (TiO2-Ag/PPy/GCE) based on TiO2-Ag/PPy 

nanocomposite modified glassy carbon electrode (GCE) for determination of tyramine (TA)6. 
 More recently, molybdenum disulfide (MoS2) has received considerable attention due to its narrow bandgap, 

high thermal stability and special optical properties7. In particular, the narrow bandgap of MoS2 makes this 

material more suitable in PEC sensor development. In addition, MoS2 is also regarded as a promising 

electrode material in battery developments owing to its 2D lamellar structure that is analogous to graphene8. 
Accordingly, MoS2 possesses many advantages similar to graphene such as large surface area and high 

conductivity9. 

Gold NPs (Au NPs) have been used to fabricate various types of modified electrodes because of their large 
surface area, good biocompatibility, high conductivity, renewable surface, and electrocatalytic activities10. 

Kaur et al. developed gold nanoparticle decorated nanocrystalline zeolite by the electrostatic interaction and 

its application for detection of cysteine11. Zhang et al. reported a high-performance room-temperature 
benzene sensor based on Pd-TiO2/MoS2 ternary nanocomposite via a facile hydrothermal route4.  

This research is mainly focused on the synthesis of Au-MoS2/TiO2 and explores their applications in 

electrocatalytic oxidation. To the best of our knowledge, this is the first report which deals with the 
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simultaneous electrochemical determination of L-Cys based on gold nanoparticles decorated MoS2/TiO2 as 
an electrode material. 

2. MATERIALS AND METHODS 

 
2.1. Chemicals  

All chemicals were of analytical grade unless otherwise stated. Ammonium heptamolybdate 

((NH4)6Mo7O24), NaOH, gold standard solution (1000 ppm), sodium borohydride (NaBH4), thiourea and 

ethanol were purchased from Merck (Germany). Titanium isopropoxide (TTIP) and L-cysteine 
hydrochloride were obtained from Sigma-Aldrich (USA). Deionized water (DW) was used for aqueous 

solutions with a Water Pro BT purification system (Labconco).  

 

2.2. Characterization  

The structure of all samples was characterized by using a PAN-alytical X-ray diffractometer (XRD, 

Netherlands). The structural information of samples was obtained by FTIR spectra (Shimadzu UATR Two 

instrument, Japan). The cyclic voltammetry (CV) measurements and electrochemical impedance 
spectroscopy (EIS) analysis were performed on CHI 660C model potentiostat (CH Instruments, USA). The 

electrochemical workstation with three electrode cell was employed with a modified glassy carbon electrode 

(GCE) as the working electrode, an Ag/AgCl (saturated KCl) electrode as the reference electrode and a 
platinum wire electrode as the counter electrode. 

 

2.3. Preparation of Au-MoS2/TiO2 
Firstly, TiO2 NPs were prepared using microwave assisted hydrothermal method with some modification12. 5 

mL of TTIP and 5 mL of NaOH (1 M) were dissolved in 60 mL of DW. After stirring for 1 h at room 

temperature, the mixture was transferred into the Teflon-lined autoclave microwave assisted hydrothermal 

vessel and conducted microwave irradiation with a controlled power of 380 W for 30 min at 100 °C. TiO2 
NPs were centrifuged at 5000 rpm for 15 min and washed with DW several times and ethanol. Then the 

obtained white powder was dried at 70 °C for 24 h. Secondly, for the fabrication of MoS2/TiO2, 0.5 g TiO2 

was dispersed in 50 mL of DW under ultrasonication. After stirring for 10 min, 1.85 g of (NH4)6Mo7O24, 
2.05 g of thiourea and 100 mL of DW were added in a mixture, and stirred for 1 h at room temperature. The 

mixture was transferred to a Teflon-lined autoclave (100 mL) and reacted at 200 °C for 16 h13,14. Then the 

obtained MoS2/TiO2 was centrifuged and washed with DW and ethanol was dried at 70 °C for overnight. 
Finally, 100 mg MoS2/TiO2 was dispersed in 20 mL of DW under ultrasonication for 30 min. Then, 5 mL of 

gold standard solution and 12.5 mL of DW were added to the dispersion under stirring at 300 rpm. After 30 

min, 5 mL of NaBH4 (0.2 M) was added to the reaction mixture, which was stirred for 30 min. Subsequently, 

the mixture was washed twice with DW and collected using a magnet and dried overnight. Thus, Au-
MoS2/TiO2 was prepared by chemical reduction of gold ions on MoS2/TiO2 using NaBH4 reduction agent15. 

 

2.4. Fabrication of modified electrodes 

A three-electrode electrochemical cell was employed with Ag/AgCl as the reference electrode, all composite 

mounted GCE as the working electrode and Pt wire as the counter electrode. Before modification, the GCE 
was first polished with alumina slurry and then ultrasonicated in ethanol and deionized water for 10 min, 

respectively. Au-MoS2/TiO2 (3 mg/mL) was ultrasonicated for 10 min and then 5 µL Au-MoS2/TiO2 was 

dropped on the cleaned GCE surface. The electrode was dried in air. 

 

3. RESULTS AND DISCUSSION  
 

3.1. Characterization 

XRD is powerful technique to further verify the formation of a Au-MoS2/TiO2 composite. The XRD patterns 

of TiO2, MoS2, MoS2/TiO2, and Au-MoS2/TiO2 nanocomposite are shown in Fig. 1 (a). The XRD spectra of 

TiO2 indicated anatase phase formation (ICDS: 98-015-4601) due to (101) crystal plane16. The six diffractive 
peaks at 25.28°, 37.95°, 47.98°, 53.84°, 54.88° and 62.72° can be indexed to the (101), (004), (200), (105), 

(211), and (204) crystal planes of anatase TiO2, respectively17. The XRD pattern of MoS2 presented the 

characteristic diffraction peaks at 14.1°, 33.2°, 39.4° and 58.6° are respectively indexed to (002), (100), 
(103) and (110) planes of the single-phase MoS2. The XRD pattern of the MoS2/TiO2 composite shows the 
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presence of both TiO2 and MoS2 which are (002) diffraction of MoS2 and (101) diffraction of anatase TiO2
8. 

As for Au-MoS2/TiO2 nanocomposite, Au NPs peak exhibited several new peaks at 37.7°, 43.8° and 65.6° 

corresponding  

 
 

to the (110), (200) and (220) reflections of Au NPs, which indicated that Au NPs were deposited on the 

MoS2/TiO2
18. 

FTIR spectra of TiO2, MoS2, MoS2/TiO2 and Au-MoS2/TiO2 samples in the range of 4000–400 cm-1 are 
shown in Fig. 1 (b). For TiO2, a broad band below 1000 cm−1 was monitored, which can be assigned to the 

bending and stretching vibration of Ti-O-Ti bond17. MoS2 sample display its characteristic Mo–S peak at 467 

cm-1. Additionally, the appearance of two peaks at 861 and 1034 cm-1 attributed to C–S and C=S, 
respectively19. 

FTIR spectra of MoS2/TiO2 and Au-MoS2/TiO2 also show peaks of (C–S) and (C=S). However, the vibration 

of Ti-O-Ti bond was repressedthe Mo-S peak.  

 

  
 

Figure 1.  XRD images (a) of and FT-IR spectra (b) of all samples 

 

 

3.2. Electrochemical studies 

To explore the electron transfer rate between the surface of the electrode and the solution, the 
electrochemical impedance spectroscopy (EIS) was performed in [Fe(CN)6]

3-/4-solutions. As shown in Fig. 2 

(a), the semicircular part at higher frequencies represents the electron transfer limited process while a linear 

portion at lower frequencies represents the diffusion limited process20. Compared with bare GCE, the 
modified electrodes have unconspicuous electron transfer resistance because of the smaller radius. In 

summary, compared with the others, Au-MoS2/TiO2 can better provide greater electrical activity area and 

more active sites, and promoted electron transfer between electrodes and nanomaterials. These results 
expressly show that the modification of GCE with Au-MoS2/TiO2 enhanced the conductivity between the 

analyte and electrode by demonstrating diffusion-controlled reaction in the EIS measurement2. 

Fig. 2 (b) depicts CVs for L-Cys oxidation, at bare GCE, TiO2, MoS2, MoS2/TiO2 and Au-MoS2/TiO2 in 0.1 

M PBS (pH 7.5) solution containing 5 mM L-Cys at scan rate of 50 mV s-1 . The bare GCE does not seem to 
demonstrate a discernible oxidation peak. The low voltammetric response at the bare GCE may be ascribed 
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to the slow electron transfer kinetics11. Au-MoS2/TiO2 exhibited an oxidation peak of L-Cys at the potential 
of +0.9 V with a peak current of ca. 95 µA. However, TiO2, MoS2 and MoS2/TiO2 did not indicated an 

oxidation peak at a potential of +0.9 V. The result demonstrates that doping of Au has a remarkable effect on 

the electrochemical performance of Au-MoS2/TiO2, which can be ascribed to the improved conductivity. 
 

 
Figure 2. Impedance spectra (a) and Cylic Voltammetry curves (b) in 0.1 M PBS (pH 7.5) solution containing 5 mM L-

Cys at scan rate 50 mV s-1 of all samples.  

 

4. CONCLUSIONS  
 

In this work, a new electrochemical sensor for sensitive, specific detecting L-C was developed. The sensor 

platform based on Au-MoS2/TiO2 was established. The synthesized composite consisting of dispersed Au 

NPs, showed the large surface area, high electrical conductivity and excellent electrocatalytic activity for the 

oxidation of L-Cys. The novel sensor also provides a promising platform for studying in electrocatalysis and 
constructing attractive sensors in the future. 
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ABSTRACT 

 

The development of Chitosan (CHIT)/reduced graphene oxide (NRGO) composite in order to modify the 

surface of pencil graphite electrodes (PGE) for the impedimetric detection of miRNAs was performed. The 

optimization of experimental parameters such as, the effect of NRGO concentration and miR 660 DNA 
probe concentration was performed based on the response of the modified electrode. Then, the 

sequenceselective hybridization between miRNA 660 DNA probe and its RNA target was evaluated by 

measuring changes on charge transfer resistance, Rct values. The selectivity of impedimetric biosensor was 

tested in the presence of non-complementary miRNA (NC) sequences. 
 

Keywords: microRNA; graphene oxide; electrochemical biosensor; pencil graphite electrode; 

electrochemical impedance spectroscopy 
 

1. INTRODUCTION 

 
The nanomaterials modified surfaces have recently presented an excellent prospect for biological recognition 

surfaces in order to develop a more selective and sensitive DNA sensor technology. Different 

electrochemical DNA sensing strategies developed in principle of nanotechnology have become one of the 

most exciting topic in analytical chemistry due to the challenging advances of various nanomaterials1-3. 
Graphene-derived materials, such as graphene oxide (GO), are easily functionalized by well-established 

chemistry. GO is insulating in nature, due to the high content of oxygen functional groups and needs to be 

reduced to retrieve the sp2 network and accompanied electron transport. The simultaneous introduction of 
nitrogen atoms in the carbon lattice during reduction processes can further enhance the electrical 

conductivity and provide active sites for electrochemical catalysis4.  

The high surface area, high electrical conductivity of nitrogenated reduced graphene oxide (NRGO), along 

with good biocompatibility and increased adsorption qualities of chitosan (CHIT) offer a synergetic 
biosensing platform. 

microRNAs (miRNAs) have been defined as a class of short endogenous non-coding RNAs5. They are single 

stranded RNAs found in eukaryotic cells and contain 18–25 bases5,6. Although miRNAs are non-coding 
nucleic acids, they play crucial roles in regulatory process such as cell proliferation, differentiation and 

apoptosis. In addition, they can be found in body fluids and are associated with many important diseases 

such as different types of cancer, neurodegenerative diseases like Alzheimer and Parkinson, diabetes and 
heart diseases.miR660 is known as a tumor-related miRNA and it was upregulated in chronic lymphocytic 

leukemia7, whereas it was deregulated in plasma samples of non-small-cell lung cancer (NSCLC) patients8. 

miR-660 also acts as a lung tumor suppressor miRNA9. 
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The development of label-free electrochemical biosensors could substantially simplify assay protocols and 
offer great prospects for high fidelity miRNA profiling in a point-of-care (decentralized testing and 

monitoring) setting. Various nanoparticles have been used so far in electrochemical biosensor of miRNA 

detection, such as gold nanoparticles10-12, carbon nanofibers13, graphene and graphene-based materials1,2,4,14. 
In this study, the impedimetric detection of miRNA was performed by using a chitosan-nitrogen doped 

reduced graphene oxide (CHIT NRGO) modified graphite electrode (PGE)4. The sequence selective 

hybridization between miRNA 660 DNA probe and its RNA target was evaluated by measuring changes on 

Rct values. The selectivity of impedimetric biosensor was examined in contrast to the non-complementary 
miRNA (NC) sequences. 

 

2. MATERIALS AND METHODS 

 

All electrochemical measurements were carried on an IVIUM COMPACT STAT with a 2.452 software 

package electrochemical analysis system for EIS analysis. The conventional three electrode system consisted 

of a PGE as the working, an Ag/AgCl/3 M KCl as the reference electrode and a platinum wire as the 
auxiliary electrode. 

 

2.1. Chemicals: 

Chitosan (CHIT) from shrimp shells was purchased from Sigma-Aldrich (Germany). Other chemicals were 

supplied from Sigma (USA) and Merck (Germany) in analytical reagent grade.   

CHIT solution was prepared by dissolving 5 mg chitosan flakes into 1 mL of 1% (v/v) acetic acid solution by 
sonication during 45 min. Then, the required amount of NRGO was added into CHIT solution and this 

mixture was sonicated for 15 min. 

 

2.2. Procedure: 

Preparation of CHIT-NRGO/PGE: Each PGE was immersed into eppendorf tubes containing a mixture of 

CHIT and NRGO during 1 h, in order to immobilize a CHIT-NRGO layer on the surface of PGEs. 

Hybridization Process of miR 660 DNA Probe and miR 660 RNA Target: miR 660 DNA probe or miR 660 
RNA target was prepared in PBS. The mixture of DNA probe and RNA sequences was allowed for 

hybridization for a period of 15 min by mixing. 

Hybrid immobilization onto the CHIT-NRGO/PGE: DNA-RNA hybrids were immobilized onto the surface 
of CHIT-NRGO modified electrodes during 1 h via passive adsorption process. 

 

2.3. Impedimetric Measurement: 

The EIS measurements were performed in the presence of2.5 mM K3[Fe(CN)6]/K4[Fe(CN)6] (1: 1) mixture 
preparedin 0.1 M KCl as a redox probe. 

 

3. RESULTS AND DISCUSSION 

 

 The optimization studies, such as; miR 660 DNA probe concentration, hybridization time, hybrid 

immobilization time etc. were performed based on the impedimetric response of the modified electrode. The 

representative scheme related to the experimental procedure was given in Figure 1. 
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Figure 1. The representative scheme related to the experimental procedure on impedimetric detection of 
miRNA. 

 

The changes at the Rct values were monitored before and after hybridization between various concentration 

of miR 660 DNA probe (0.5, 1, 2 µg/mL of probe) and 10 µg/mL miR 660 RNA target, employing a 30 min 
hybridization time. The maximum increase at the Rct value (63%) was obtained when hybridization occurred 

between 1 µg/mL miR 660 DNA probe and 10 µg/mL miR 660 RNA target (not shown). 

The effect of hybridization time was then investigated. The maximum increase at Rct value (8 fold) was 
obtained in the case of 15 min hybridization time. Therefore, 15 min hybridization time was chosen as 

optimum (not shown). 

The effect of immobilization time of hybrid onto the surface of CHIT-NRGO/PGE was investigated. The 
maximum increase at Rct value (2.8fold) was obtained when immobilization performed during 60 min. 

Under optimum conditions, the effect of target miRNA concentration was studied. The hybridization 

between 1 µg/mL miR 660 DNA probe and miR 660 RNA target in different concentrations varying from 10 

to 60 µg/mL was performed and the average Rct values were given in Table 1. The detection limit (DL)15 was 
calculated in the linear range of 5–20 µg/mL miR 660 RNA target concentrations, and was found to be 1.72 

µg/mL. 

 
Table 1. The average Rct values measured after hybridization of 1 µg/mL miR 660 DNA probe and miR 660 

RNA target in different concentrations varying from 10 to 60 µg/mL (n=3). 

 

miR 660 

concentration (µg/mL) 

Rct (Ohm) 

10 56.50 ± 3.87 

20 105 ± 2.83 

30 143 ± 31.11 

40 185 ± 48.46 

50 279.50 ± 23.33 

60 259 ± 11.31 

 

 
The selectivity of the impedimetric miR 660 biosensor was also tested against to other miRNA sequences 

(miR 16 RNA and miR 34a RNA) by resulting with a good selectivity. 
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4. CONCLUSIONS 
 

CHIT-NRGO modified graphite electrodes were developed while monitoring the selective hybridization of 

miR 660 sequence by EIS technique in our study4. Besides its having easy, quick and disposable attributes, 

this impedimetric miRNA biosensor shows a great promise as a low-cost sensor kit for healthcare 
monitoring, clinical diagnostics, and biomedical devices. 
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Abstract 
 

Cyanide (CN-) is one of the main pollutants in water. Detection and removal of CN- have major impact in 

science. Colorimetric detection is one of the most outstanding techniques which is performed by gold 
nanoparticles (GNPs). However, reducing GNPs has been generally done by harsh chemicals and strong 

reducing agents, which causes toxic effects and this eventually limits the bioapplications1. Green synthesis 

approach by utilizing plant extracts is a newly developing methodology for synthesis of GNPs. Melissa 
officinalis (lemon balm) and Punica granatum (pomegranate) extracts were employed for the synthesis. 

Here, GNPs was used as colorimetric sensors for cyanide (CN-) sensing, since they rapidly generate Au-CN 

complex in the presence of oxygen2, and this cause naturally occurring color of GNPS’ to disappear. A 

plasmonic platform was utilized for the detection, and GNPs were functionalized to a solid surface. Several 
concentrations of CN- was employed to the platform to observe a color change. Also, a microfluidic platform 

was designed to enable the on-field use of the methodology. Poly-methyl methacrylate (PMMA) based 

microfluidic chips were combined with GNPs functionalized cellulose filter papers and readied for 
application on field. According to Food and Drugs Administration (FDA)3, LOD for CN-, is 8x10-3 M. In this 

study, we were able to enhance the sensitivity to 10-15 M. 

 

Keywords: green synthesis; gold nanoparticles; characterization;melissa officinalis;punicagranatum 
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Abstract  
 

In the last decades, drug abuse became one of the most concerns of human societies. The statistic results 
have shown the increasing interest in the use of illegal drugs among the adults’ population and also 

teenagers. Amongst variety types of abuse drug, cannabis probably are one of the oldest drugs might be used 

by millions of people all around the world.1 The market of the synthetic cannabinoids (SCs) is affected by 

increasing trend of cannabis usage. SCs are a group of new designed psychoactive substances which gained 
tremendous attention due to their similar effects as illegal abused drugs on nerve system and specially brain. 

Some features of SCs such as undetectability with urine toxicology screen technology, low cost and easy to 

synthesis made them an interesting subject as abuse drugs. The use of SCs cause some critical damages on 
kidneys, brain, and so on which make some serious health problems such as tachycardia, psychosis, etc. 

Different methods have been applied and reported in order to cognition and prevention of abuse drugs. 

Among the reported methods it seems biosensors have been attracting great attention thank to some features 
such as the higher activity and stability from maintain enzymes in natural environment, the availability and 

low price2. Here, we have synthesized functional magnetic nanoparticles to immobilize Antibody of JWH-

073. Bioconjugated MNP-AbJWH-073 were fixed on screen printed electrode (SPE) surface via magnetic field. 

Any changes on the electrode surface as a result of analyte interactions were followed by electrochemical 
techniques such as differential pulse voltammetry, cyclic voltammetry, and electrochemical impedance 

spectrometry. The linearity of biosensor was found as 5.0-400 ng/mL and limit of detection (LOD) was 

calculated as 22 ng/mL (n=6) by using 3Sb/m formula. The performance of the designed MNP-AbJWH-073 

biosensor was also studied with synthetic urine samples. The results showed that proposed biosensor has a 

good potential to detect SCs, with low cost, rapid preparation steps as well as good analytical performances. 
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Abstract 
 

Acetaminophen (AC), an alternative to aspirin, has been used to treat fever, cold, cough, and pain. Although 

AC is used to relieve mild or moderate pain and does not have any significant side effects in prescribed 

doses, the high dose consumption of this drug may lead to some pathological conditions including 
hepatotoxicity and nephrotoxicity1. It is due to the fact that excessive AC results in the accumulation of toxic 

metabolites in liver and kidney. Therefore, the detection of AC using fast, reliable, and cost-friendly methods 

is essential. In this work, for the sake of developing novel sensors platforms for AC sensing, graphene was 

modified with Zinc (Zn) nanoparticles and employed to modify glassy carbon surfaces. The zinc-modified 
graphene nanohybrids were synthesized using a facile room temperature chemical precipitation method and 

characterized using transmission electron microscopy (TEM), x-ray photoelectron spectroscopy (XPS), X-

ray diffraction (XRD), and thermogravimetric analysis (TGA) methods. The electrochemical performance of 
the sensors against AC was evaluated using cyclic voltammetry (CV), chronoamperometry (CA), and 

electrochemical impedance spectroscopy (EIS) methods. The results indicated that Zn/rGO modified GC 

sensors displayed a high performance against AC at the pH of 7.4. In addition, the sensors showed linear 
response up to 20 mM. The performance of the sensors was also evaluated in terms of selectivity, storage 

stability and response stability. 
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Abstract  
 

Nicotinamide adenine dinucleotide (NADH) is a coenzyme involving in important metabolic redox reactions 

in cells and takes a role as electron carrier. Direct oxidation of NADH requires quite high overpotential (>1 

V) in bare electrodes. Electrooxidation of NADH at high overvoltage causes irreversible formation of 

enzymatically inactive forms of NAD+ and contamination (fouling) of electrode surface due to adsorption of 
these products which results in background currents leading to interferences in real samples. In order to 

decrease the high overpotential and to minimize the side reactions, various mediators, polymers and 

nanomaterials (NMs) have been widely used in modification of electrodes1-3. In this study, synergic effect of 
nanoparticles (gold nanoparticles and reduced graphene oxide) and poly (neutral red) (PNR) examined on 

oxidation of NADH with screen-printed electrodes. A homogeneous and stable solution was prepared by 

mixing  0.5 mg of RGO with 1 mL of DMF:water (1:1) mixture and then by sonicating for 3 h. The 1 mL of 
this solution was dropped onto the working electrode surface of SPCEs. NR was electropolymerized on bare 

or NM modified SPCEs by potential cycling at a scan rate of 50 mV s.-1 to form a PNR film on the surface. 

The potential was cycled between -0.9 to +0.9 V for 15 cycles in a solution containing 1 mM NR monomer, 

0.025 M pH 5.5 PBS and 0.1 M KNO3. 4 µL of the colloidal gold suspension (AuNP) was dropped on the 
WE surface of SPCE/RGO/PNR and the modified electrode was let to dry. The optimum pH and working 

potential for the electrochemical analysis of the NADH was determined. Analytical characterization of 

NADH biosensor was performed. 
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Abstract  

 

This study describes general strategy of polyurethane (PU) nanoparticles encapsulating fluorescent 

conjugated polymers for bioimaging applications. The encapsulation process provide major advantages such 

as photostability, high quantum yield, multifunctionality, colloidal stability as well as low photooxidation. 

The obtained encapsulated conjugated nanoparticles (ECNP) were found to be stable in aqueous media with 

biocompatible and functionable surfaces1. The nanoparticles have spherical shape with an average 

hydrodynamic radius of 170 ± 10 nm in aqueous media. By specific surface functionalization, ECNP were 

directed to label specific organelles i.e. lysozyme, mitochondria and nucleus and the use of ECNP were also  

demonstrated for cancer cell imaging. In vitro studies suggest that ECNP can function as a powerful 

fluorescent probe to achieve objective imaging of cancer cells with prominent cytotoxity2.  Confocal laser 

scanning microscopy studies shows that the ECNP localize in cytoplasm around the nuclei. Our recent 

results illustrate that the potential of ECNP based nanoprobes for versatile in vitro applications3. 
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Abstract 
 

Glucose naturally consists as an energy source in human blood and it is generally known that high glucose 

levels in human blood can cause serious diseases such as diabetes and kidney diseases etc. Therefore, 
accurate, sensitive and selective determination of glucose has become an attractive topic in the development 

of electrochemical sensors/biosensors1. Recently, flow injection analysis (FIA) has found considerable 

attention in electrochemical sensors/biosensors, because FIA has unique properties for routine analytical 
determinations such as (i) fast response, (ii) low sample consumption, (iii) short analysis time based on a 

transient signal measurement in a flow-through detector and (iv) an online method for difficult operations of 

separation and chemical conversion of analyses into detectable species2. In this work, a Cu nanoparticle 

modified pencil graphite electrode (CuNPs/PGE) was proposed for the amperometric determination of 
glucose in flow injection analysis (FIA) system for the first time. CuNPs were electrodeposited on the PGE 

surface via recording of 10 successive cyclic voltammograms (CVs) of 2.0 mM Cu(NO3)2 solution 

containing 0.10 M KNO3 at PGE. CVs of CuNPs/PGE in the absence and in the presence of 2.5 and 5.0 mM 
glucose in 0.10 M NaOH containing 0.10 M KCl show that oxidation current of glucose shifted from +0.70 

V to +0.45 V compared with bare PGE. In addition a remarkable enhancement was obtained in the peak 

current of glucose. These results indicate that the CuNPs/GPE exhibits a good electrocatalytic activity 
toward oxidation of glucose. In the final step, FI amperometric determination of glucose was performed 

under optimized conditions (applied potential:+0,45 V, flow rate:2.50 mL min-1). FI amperometric current-

time curves showed that CuNPs/PGE gives a wider linear response range between 0.75 µM and 250 µM for 

glucose. Other analytical parameters such as LOD, LOQ and sensitivity were found to be 0.21 µM, 0.70 µM 
and 0.69 µAµM cm-2 respectively. Selectivity properties of the proposed biosensor were tested in various 

interfering species. The results showed that L-glutamic acid, salicylic acid, citric acid, sucrose, galactose, 

lactose and maltose in equivalent concentrations have no significant effect on oxidation current of glucose. 
The fabricated sensor was applied to various samples (Dextrose Serum and Glucose Tolerance Test Drink) 

and obtained results suggest that CuNPs/PGE can be suitable for selective and sensitive determination of 

glucose in real samples which do not include dopamine, L-ascorbic acid and uric acid.  
 
Keywords: Glucose; Cu nanoparticle; pencil graphite electrode; flow injection analysis.  
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Abstract  
 

The development of novel tools for environmental and biomedical monitoring have been crucial. Organisms 
have already evolved to respond to their surroundings for variety of reasons such as finding nutrient or 

escaping from a toxic molecule. Nowadays microorganisms are genetically engineered to respond to changes 

in environmental conditions in dose dependent manner1. Cellular sensory systems have advantage over other 
sensor methods due to their high specificity, quick response time, low cost, ease of manipulation and being 

environmentally friendly2. Single input biosensors can be combined to get multi input complex systems 

which can produce single or multi outputs by using synthetic gene circuits. For some disease or 

environmental  conditions, detecting multiple inputs at the same time could save time and help to get more 
precise diagnosis or precautions against toxicity. In this study, cellular sensor circuits of four heavy metal 

target analytes - copper, lead, cadmium and arsenic - were built and optimized, Escherichia coli has been 

used as host organism. In order to construct the circuits for corresponding heavy metals, a transcription 
factor and its cognate promoter have been cloned upstream of a reporter protein, super fold green fluorescent 

protein (sfGFP). Constructed circuits have been analyzed for time dependency and dynamic range. To 

amplify signal level and to increase output range, promoter engineering, stronger ribosome binding site 

(RBS) and hrp synthetic amplification3 methods have been used which allowed us to manipulate heavy metal 
sensors’ behavior from analog to digital. These circuits could simply translate the presence of a heavy metal 

into an information which could be read and processed by the host cell to produce measurable output. Time 

and dose dependent change in the amount of reporter protein is quantified by a spectrometer and it could be 
simply visualized under blue light which enable us to create a low-cost, easy to use and portable kit for 

heavy metal detection system. Copper and lead biosensors’ detection limit and output is improved up to 10 

fold and 30 fold, respectively. Cadmium and arsenic biosensors’ are still in optimization process. Copper and 
lead biosensors are implemented in an IMPLY logic gate by using hrp system for further implementation 

into complex multi-layered logic systems. This proposed modular whole cell biosensors aim to precisely 

identify and integrate multiple heavy metals in time and dose dependent manner to be used in biomedical as 

well as environmental applications. 
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ABSTRACT  

 

In this work, a polymer of anthracene derivative (poly[(E)-6-methyl-6'-(10-methylanthracen-9-yl)-1,1'-

diundecyl-[3,3'-biindolinylidene]-2,2'-dione] (PIIDAnth)) was synthesized and characterized to investigate 

its electrochemical and biosensing properties. To the best of our knowledge, a sensor design and 

electrochemical properties of the PIIDAnth show that superior properties for both systems were attempted 

for the first time, and this approach resulted in improved biosensor characteristics. The redox behaviour of 

the polymer was monitored via cyclic voltammetry in a three electrode cell system. The polymer was 

manually spray coated on ITO electrode surface using an air brush. For electrochemical studies, ITO coated 

glass slides were used as the working electrode, a platinum wire and Ag wire were used as counter and 

pseudo-reference electrodes, respectively. For biosensor experiments, graphite rods were used as the working 

electrode. In order to prepare a biosensor, glucose oxidase (GOx) was immobilized onto the modified 

electrode surface. To improve the biosensing ability of the designed sensor system, single-walled carbon 

nanotubes (SWCNTs) were introduced into the polymeric matrix. Such a sensor design was also compared 

with the pristine PIIDAnth modified surfaces. Amperometric measurement technique was used in biosensor 

applications. The newly designed biosensor which combined the advantages of each component was tested 

as glucose sensing system offering wide linear range (0.05-1.0 mM), low detection limit (26 µM) with a high 

sensitivity (61.23 μA/mMcm2). The apparent Michaelis-Menten constant (KM
app) was estimated as 0.8 mM. 

The capability of the biosensor in determining glucose content in beverages was also demonstrated. As a 

conclusion, PIIDAnth/SWCNT/GOx coating surface is found to be an excellent architecture for glucose 

sensing. 

Keywords: Glucose biosensor, anthracene and isoindogo based polymer, single walled carbon nanotubes, 

amperometric biosensor 

1. INTRODUCTION  

Conjugated polymers (CPs) have remarkable electrochemical, structural, and optical properties making them 

usable in many research fields especially in biosensors.1,2 Considering that CPs have the ability to mimic the 

natural environment for biomolecules, CPs are promising materials for the immobilization of biomolecules 

in biosensor construction.3 In addition, isoindigo based polymers are mostly preferred due to their beneficial 

and environment friendly properties. They were also mostly used as active layers in organic field effect 

transistors or organic solar cells due to their high charge mobility.4, 5 To the best of our knowledge, isoindigo 

based polymers were not used for amperometric glucose biosensing applications in literature. Carbon 

nanotubes were also considered as a great candidate in order to design transducer surface because of their 

unique properties.6 Among nanomaterials, single-walled carbon nanotubes (SWCNTs) have paved the way to 

new and improved sensing devices since they have an ideal combination of morphology, biocompatibility 
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and electronic properties. Considering all of the information above mentioned, poly[(E)-6-methyl-6'-(10-

methylanthracen-9-yl)-1,1'-diundecyl-[3,3'-biindolinylidene]-2,2'-dione] namely PIIDAnth was synthesized 

and used as a glucose sensing layer (Scheme 1). In addition to this, the sensor properties were improved with 

the help of the SWCNTs. After all optimization studies, the biosensor was tested in beverages with high 

accuracy results.  

2. MATERIALS AND METHODS  

All chemicals used in organic synthesis were obtained from Aldrich. Single walled carbon nanotubes 

(SWCNTs), glutaraldehyde (GA), glucose oxidase (GOx, β-D-glucose: oxygen 1-oxidoreductase, EC 

1.1.3.4, 17300 units/g solid) from A. niger and β-D-glucose were provided by Sigma.  

All the amperometric measurement studies were done using PalmSens potentiostat. Three electrode cells 

with an Ag wire electrode as the pseudo-reference electrode and Pt wire as the counter electrode were 

constructed during electrochemical measurements. As a working electrode graphite rods were used (type 

RW001, 3.05 mm diameter and 13 % porosity). The glucose was determined employing amperometric 

method at -0.7 V vs. Ag wire by injecting the different amount of the glucose into a 10 mL solution of 50.0 

mM PBS, pH 7.0. 

To prepare PIIDAnth:SWCNTs dispersion, SWCNTs (0.5 mg) were mixed with PIIDAnth (0.25 mg) in 1 

mL of DMF. The final mixture was sonicated using an ultrasonic bath cooled with ice and then allowed to 

reach room temperature. After that, the previously cleaned spectroscopic grade graphite rods were modified 

with the final PIIDAnth:SWCNTs dispersion. Then, optimum amount of GOx was immobilized on the 

modified graphite electrode surface. After a while, the electrode matrix was fixed by gluteraldehyde solution 

as the cross linking agent and left for 2 h at room temperature. Before use it, the electrodes were cleaned 

with distilled water to remove the unbound molecules. The construction steps of the biosensor were shown in 

Scheme 2. 

 

 

 

Scheme 1. The structure of the PIIDAnth. 
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Scheme 2. Fabrication procedure of the proposed glucose biosensor. 

3. RESULTS AND DISCUSSION 

Multichromic polymer of PIIDAnth was coated on ITO slides using an air brush and its electrochromic 

properties were investigated. For electrochemical experiments, 0.1 M TBAPF6/ acetonitrile (ACN) solution 

was used. Doping and dedoping potentials of the polymer were also estimated at a scan rate of 100 mV/s. L, 

a, b colour coordinates of the polymer films were also determined. For biosensor studies, optimum ratio of 

the polymer: carbon nanotube, enzyme and pH were determined as 1:2, 1.0 mg and 7.0, respectively. Under 

the optimum conditions, a calibration curve was drawn and kinetic parameters of the biosensor was 

evaluated using the curve. In the light of these results, the quantitative determination of the glucose was also 

tested by the proposed biosensor in beverages and the satisfactory results were obtained. Moreover, surface 

morphology of the sensor was analysed by scanning electron microscope (SEM). The surface was greatly 

changed after addition of the biomolecule.  

4. CONCLUSIONS  

A novel PIIDAnth:SWCNTs surface was created for glucose sensing using an easy fabrication step. To 

create such a surface, poly[(E)-6-methyl-6'-(10-methylanthracen-9-yl)-1,1'-diundecyl-[3,3'-biindolinylidene]-

2,2'-dione] (PIIDAnth), was synthesized. Electrochemical and biosensing properties of the polymer were 

investigated. The effect of the combination of SWCNTs and PIIDAnth on the biosensor performance was 

also evaluated. Surface modifications were also followed by SEM and cyclic voltammetry techniques. The 

fabricated glucose biosensor showed very high sensitivity, low detection limit and also low KM
app value. 

Finally, beverages samples were assayed using the sensor to show its practical use. 
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Abstract  
 

Development of accurate, inexpensive and fast-screening devices has been a big vacancy in the field of 

medical diagnostics1. While considered as more convenient, reliable and low-cost alternatives to traditional 
detection and monitoring methods, the rate of transfer of cellular biosensing devices to clinical laboratory 

has been relatively slow2. With the aim of precisely identifying and integrating multiple disease condition 

signals from blood serum, a series of whole-cell biosensors that respond to urea, uric acid and heavy metals 
including copper, arsenic, lead and cadmium were developed in Escherichia coli host. After the 

characterization of single analyte biosensors, synthetic biology strategies such as promoter engineering, 

coupling with a genetic amplifier3 used to enhance the rate and capacity of the signal output. Urea and uric 
acid biorecognition modules were integrated with the means of synthetic logic gates to employ where 

combination of several markers is needed for detection. In addition, a novel attempt for transforming this 

biosensing system to a point-of-care device has been investigated. Thorough biofilm-cellulose interactions, 

stabilizing of biosensors on a low-cost portable medium has been aspired to attain more widespread 
application globally. 
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ABSTRACT 

 

Toxin substances are among the biohazard elements that threaten the safety of food and can cause death of 

living organisms. Apart from the traditional methods, biosensors for analysis food toxins have found wide 
usage area in recent years. These sensors have been named by the addition of biological materials such as 

enzymes, cells, tissues, antibodies, DNA, etc. to their structures. In this study, screen printed electrodes 

(SPE) were used for the determination of food toxin. SPEs are single-use and cost-effective materials. In 
addition, these small devices are easy to use and suitable for real-time detection without the need for 

laborious pre-treatments and trained users. In this study, first of all, the gold SPEs were incubated with 

K3Fe(CN)6 redox probe and electrochemical impedance analysis (EIS) of the samples were characterized and 
then evaluated. In order to give biofunctional properties to SPEs, biofunctionalized SPE impedance 

measurements were taken by incubating 0.01 ng/ml, 0.1 ng/ml, 1 ng/ml domoic acid (DA) solution. Nyquist 

graphs obtained after modifying SPE which were modeled with appropriate equivalent electrical circuit. In 

the results obtained, an increase in Rct was observed as a result of the binding of the toxin substance to the 
anti-toxin-Mab. This increase in Rct value also increased due to the increase in DA concentration. In 

addition, surface morphological features of SPEs were examined by atomic force microscopy (AFM) and the 

possible problems that could be encountered for EIS measurements of the other intermediate layers to be 
formed on the surface in future studies were discussed. As a result, it is expected that this biosensor will 

work with low error margins, and the results of the toxin analysis have significant consequences for the 

future studies. 
 

Key words: Screen Printed Elektrodes (SPE), Food Toxin Substance Analysis, Domoic Acid (DA) 

 

1. INTRODUCTION 

 

Toxins are called chemical substances that disrupt normal physiological and biochemical mechanisms when 

they enter the living organisms through the mouth, respiratory, skin and infection, and can cause the death of 
organisms1. Food safety can be defined as the production, processing, storage, transportation, distribution 

and consumption of food raw materials in order to ensure healthy and perfect food production2. The main 

factors that threaten food safety can be listed as physical hazards like glass fractures, biological hazards 

(parasites, bacteria, etc.), and chemical hazards such as mercury, lead, and cadmium.  
In addition, up to now, three important methods are extensively used in food toxin analysis: Mass 

Spectrometry (MS)3, High Performance Liquid Chromotography (HPLC) and Enzyme-Induced 

Immunosorbent Assay (ELISA)4. Apart from these conventional methods, the biosensors according to 
detection materials are also used in food toxin substance analysis5-6 (Fig. 1).  

 



4th International Congress on Biosensors, Çanakkale/TURKEY 

 

117 
 

 

 

Fig.1 Schematic representation of a biosensors6 

In this study, disposable SPEs were used for the determination of food toxin. SPEs are cheap materials that 

can be manufactured in large numbers at one time, and without the hassle of pre-treatment and trained users, 

these small devices are easy to use and are suitable for real-time detection7-8. There are many studies in the 

literature using protein analysis using gold SPEs. Besides, EIS and CV measurements can be performed for 

gold SPEs using different mats9. The basic function of EIS is the characterization of double-layer structures 

on the electrode/electrolyte10. This method is used for the analysis of electrochemical reactions in material 

synthesis, corrosion, batteries, fuel cells and many other fields11.  

In this study, firstly, the gold SPEs were incubated with K3Fe(CN)6 redox probe and the results were 

evaluated by EIS. In order to give biofunctional properties to SPEs, impedance measurements of the sensors, 

which were biofunctionalized by incubating SAM, NHS / EDC and Streptavidin respectively, were carried 

out. In addition, the surface morphological features of SPEs were examined by AFM and the possible 

problems that could be encountered for EIS measurements by immobilization of other interlayers which are 

required to be formed on the surface in future studies were also discussed. 

 

2. MATERIALS AND METHOD 

In experimental studies, Dropsense 220 AT screen printed gold electrode with 0.1256 cm2 working area was 
used. The EIS measurements for this electrode were performed with the Gamry Instruments Reference 3000 

with Auxiliary Electrometer. The 50 mM K3Fe(CN)6 solution used as redox probe was first incubated in the 

bare electrode and the impedance measurement was taken in the frequency range of 10000 Hz - 0.1 Hz. The 
electrode surface was then washed with ethanol and PBS, followed by biofunctionalization steps; 0.01 ng/ml, 

0.1 ng/ml, 1 ng/ml domoic acid solution were incubated and impedance measurements were taken at the 

same frequency range. The results of modeling of Nyquist graphs are interpreted.  

The morphological analysis of the SPE surface was performed with the Veeco Multimode 5 AFM 
instrument. Analysis of the working electrode region of the bare SPE was performed at 4.8 µm x 4.8 µm 

surface area.  

 
Fig. 2 An image of DropSense SPE (left) and Gamry Instruments Reference 3000 with Auxiliary Electrometer (right). 
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3. RESULTS AND DISCUSSION 

 

 In our study, it is aimed that the SPE is biofunctionalized and the antibody will react with the toxin 

substance. Figure 3 shows Nyquist graphs of the impedance spectrum obtained for different modification 
steps on the surface of the SPE. As can be seen in the Nyquist graph, while the bare SPE continues in a linear 

diffusion, parabolic curves are formed due to the reaction of the others on the modified SPEs. 

 

 
 

Fig. 3 Nyquist plots of 50 mM K3Fe(CN)6 of bare electrode (a), SPE/Mab modified electrode (b), SPE/Mab/0.01 ng/ml 

DA modified electrode (c), SPE/Mab/0.1 ng/ml DA modified electrode (d), and SPGE/Mab/1 ng/ml DA electrode (e) 

using a frequency range of 10 kHz – 0.1 Hz. (The insert is the equivalent electric circuit applied to fit the impedance 

spectroscopy). 
 

 The obtained Nyquist graphs were modeled with appropriate electrical circuit, and the electrolyte 

resistance (Re) and charge transfer resistance (Rct) values were obtained. Table 1 presents a result of 

modified SPEs. When the results were examined, the electrolyte resistances (Re) were almost identical in all 
modified electrodes. When Rct were examined, it was seen that SPE/Mab captured the antigen (Domoic 

acid) and the higher the domoic acid concentration, the higher the Rct value was observed.  
 

Table 1. Simulated values of all elements in the equivalent electric circuit for the various steps of the biosensor 

fabrication and the reaction between antibody and DA. 

 

 

Electrode Re  (kΩ cm2) Rct =Rct (1) +Rct (2) (kΩ cm2) 

SPGE / anti-DA-Mab 0.0481 44.0939 

SPGE / anti-DA- Mab / 0.01 ng/ml 

DA 

0.0491 53.4854 

SPGE / anti-DA-Mab / 0.1 ng/ml 

DA 

0.0507 56.7037 

SPGE / anti-DA-Mab / 1 ng/ml DA 0.0500 111.7011 

 
To evaluate the reaction between anti-DA-MAb and DA, DA concentrations were studied at different 

concentrations. It was observed that the significant increase in Rct values in Nyquist graphs increased almost 

linearly as DA concentration increased. As shown in Figure 4, a calibration graph was plotted against 

∆RctDA /∆RctMab values at 0.01 ng/ml, 0.1 ng/ml and 1 ng/ml DA concentrations. The obtained R2 value 
shows that the results are convenient to capture and determine unknown DA in any media. 
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Fig. 4 Calibration curve of ∆RctDA /∆RctMab for our developed biosensor. 
 

 
The surface properties of an electrode are one of the important factors in the electrode modification process 

which has a strong relationship between sensitivity and selectivity of the target substance. Figure 5 shows 

AFM results. When the results were analyzed, the surface roughness value of SPE was approximately 182 

nm. The high surface roughness value of SPE was found to be due to the fact that it was a commercial 
electrode and it was found to be similar to the results in the literature12.  

 

 
 

 
Fig. 5 AFM images of a bare SPE. 
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4. CONCLUSIONS 

 

In our study, biosensor was developed by using EIS method and the targeted toxin substance analysis was 

performed successfully. Nyquist graphs obtained by modifying SPE are modeled with appropriate equivalent 
electrical circuit. In the results obtained, the increase in Rct was seen as a result of the DA-bonding to anti-

DA-Mab. This increase in Rct was also successfully increased with the concentration of DA. As a result of 

this preliminary study, the biosensor which we developed has low error margins and acceptable sensitivity; 

in the second stage of our study, DA toxin analysis will be performed in the real food samples consumed 
intensively and the results will be examined. 
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Abstract  
 

Probiotics are the living organisms that are beneficial residents of our body. Recently, it is discovered that 

more than a mutualistic relationship, probiotics involved in many events in our body including disease 
resistance, food uptake and even our mood swings. From the side of biotechnology, repurposing probiotics 

that have these natural abilities proposes a great chance for the future developments of healthcare.1 With the 

emergence of synthetic biology, now we may consider biological systems as biological devices, and by 
applying synthetic biology principles, we could engineer these devices for various medical applications. 

Among these probiotic strains, Escherichia coli (E. coli) Nissle 1917 is a well-known strain that can be 

engineered with widely studied synthetic biology tools developed for other E. coli strains. In addition to that, 

this strain has a natural ability to colonize in human gut, and can also circulate in blood stream. In this 
project, in order to obtain a new-generation theranostic bio-device for type II diabetes, we are aimed to equip 

E. coli Nissle 1917 with two genetically engineered modules including a whole cell biosensor module for 

monitoring gut glucose levels and a self-actuated peptide release system, which will be coupled with our 
glucose sensor, for delivering human glucagon-like peptide (GLP-1) to the patient, a promising alternative 

for the treatment of type II diabetes.2 Currently we engineered and tested a hydrogen peroxide biosensor 

which exceeds existing whole-cell biosensors by giving up to 8-fold change with hydrogen peroxide gradient 
and coupled it with a Pyruvate Oxidase enzyme from Streptococcus bacteria to co-operate with this sensor 

for building a glucose sensing module. By detecting hydrogen peroxide generation by Pyruvate Oxidase 

from pyruvate, a metabolic product of the glucose consumption by bacteria, our glucose sensor module also 

shows up to 3-fold signal increase with glucose gradient. We also constructed and tested an Ag43 auto 
transporter protein and Tobacco Etch Virus (TEV) protease-based peptide release system3 for both human 

GLP-1(7-36) and Super folder Green Fluorescent protein fused human GLP-1(7-36) (sfGLP-1) to operate 

with our glucose sensor in further operations. Overall, our enzyme-based glucose sensor and self-actuated 
peptide release system promises a great basis for designing new-generation living medicines by using whole-

cell biosensors and engineered probiotics. 
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Abstract 

 

In this study, carbon fiber was used, as a new electrode material, poly (Th-co-Py) copolymer was coated on 

carbon fiber and new enzyme electrodes, which have not been mentioned before, were fabricated. Carbon 
fiber enzyme electrodes were prepared by immobilization of invertase and polyphenol oxidase enzymes on 

the electrodes of carbon fiber. The electrodes were obtained by immobilization of enzyme in the conductive 

poly (Th-co-Py) polymer matrix during electrochemical polymerization of copolymer onto laboratory–made 
carbon fiber electrodes. Kinetic parameters of immobilized enzyme, Vmax (maximum reaction rate) and Km 

(substrate affinity) were determined. Vmax and Km values for invertase were 2.471 ± 0.150 umol/min.electrode 

and 30.60 ± 5.30 mM, for polyphenol oxidase 0.0562 ± 0.012 umol/min.electrode and 842.00 ± 37.50 mM 
respectively. It was examined the effect of conditions on activity of immobilized enzyme. Optimum pH and 

temperature ofimmobilized invertase were found as pH 5.0 and 60˚C, for polyphenol oxidase it was 

determined as pH 8.0. Operational stability and shelf life of electrodes were investigated. It was observed 

that there was no loss of activity for both electrodes after consecutive activity measurements in the same day. 
In shelf life study, invertase electrode activity was measured as %60 after a 25-day period. It was found that 

this enzyme electrode can be used between the day of 2 and 15 with relative activity of 95.66 ± 2.92. For 

polyphenol oxidase electrode activity measurements were performed for a 45-day period. It was seen that the 
electrode activity increased after the day 5 and the it was kept until the day of 45. Thus, this electrode can be 

utilized between the day of 6 and 45 with relative activity of 87.96 ± 6.12. Polyphenol oxidase enzyme 

electrodes were used for real samples. It was performed analysis of polyphenolics in the samples that were 

obtained by hot water extraction of black tea. Detection limit (LOD) was 0.0374 mg/mL for polyphenol 
oxidase electrodes. The results were confirmed by Folin-Ciocalteau method of analysis. 
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 ABSTRACT 

 

Parathyroid hormone is a polypeptide containing 84 amino acids secreted by cells of the parathyroid glands. 
Imbalances of PTH levels in serum indicate various diseases. Excessive secretion of paratroit is called 

hyperparathyroidism. It causes medical problems such as osteoporosis, mental disorders, ulcers, pancreatitis, 

kidney stones, cancer and other symptoms. Early detection of disease greatly increases the chances for 
successful treatment. In this study, we aimed to design an ultrasensitive electrochemical immunosensor for 

PTH detection. Indium Tin Oxide (ITO) was used as electrode for electrochemical impedance spectroscopy 

(EIS) measurements. Modification of the ITO surface is important for the success of the immobilization step. 
Therefore, different methods have been used for the modification of ITO surfaces and their optimization has 

been realized. ITO sheets were modified by using 3-cyanopropyltrimethoxysilane (CPTMS) self-assembled 

monolayers (SAMs) for immobilizing the anti-PTH antibody via covalent interactions. Cyclic voltammetry 

(CV), and electrochemical impedance spectroscopy (EIS) methods were applied to characterize 

immobilization steps of anti-PTH and to determine the PTH concentration.  

Keywords: biosensor; disposable immunosensor; ITO-PET electrode; parathyroid hormone; 3-CPTMS 
 

1. INTRODUCTION 

 

Parathyroid is a hormone secreted from parathyroid glands that regulates calcium and phosphorus levels in 

extracellular fluid. In electrochemical biosensors, the chemical reaction between the immobilized 

biomolecule and the target analyte affects the measurable electrical properties of the solution, such as electric 

current or potential. Özcan et al. (2014) used anti-parathyroid hormone (anti-PTH) as a bioreceptor in a 
biosensor system. They reported increased impedance values due to increased PTH concentration. For the 

first time, single frequency impedance technique was used for PTH detection.  

Electrochemical biosensors have important advantages in determining hormones due to their simplicity, 
sensitivity, portability and ease of use. Unlike chromatographic techniques, the electrochemical techniques 

used do not require pretreatment. Electrochemical biosensors are based on amperometric, potentiometric and 

impedimetric measurements. 
 

2. MATERIALS AND METHODS 

 

2.1. Chemicals and apparatus 

All reagents and ITO-coated PET films were bought from the Sigma Aldrich (USA). Ultrapure water 
(18.2MΩ/cm) was gained from a Elga LC134 system. PTH and Anti-PTH solution prepared with pH 7.0 

phosphate buffer (50 mM) were also bought from Sigma Aldrich. 0.5% (BSA) was also prepared with 

phosphate buffer. All electrochemical experiments were generated by using a Gamry potentiostat/galvanostat 
(Reference 600,Gamry Instruments, Warminster, PA, USA) interfaced with a PC via an EChem Analyst and 

the electrochemical measurements were performed in 50mM PBS solution (pH 7.4) containing 0.1M KCl 

5mM [Fe(CN)6 ]3-/4- as a redox probe. ITO-PET electrode (2 mm × 20 mm) was utilized as a working 

electrode in three electrode system for the electrochemical measurements. Also, an Ag/AgCl and a platin 

wire were utilized as a reference electrode and a counter electrode, respectively.  
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2.2. Fabricating of ITO-based immunosensor 

 

The first step, ITO-PET electrodes cleaned by ultrasonication with acetone, soap solution and ultrapure water 

respectively for 10 min. The electrodes were incubated for 90 minutes in a solution containing ammonium 
hydroxide, hydrogen peroxide and ultra-pure water (1:1:5) to form hydroxyl groups for the silanization 

process. Then the electrodes were washed with ultra-pure water and dried with argon gas. After this 

procedure, the ITO electrodes were immersed into 1% 3-CPTMS solution prepared in the pure toluene-

ethanol mixture (1:1) and incubate overnight at room temperature. Self-assembled monolayers were formed 
for covalent binding of the antibody by 3-CPTMS. Then ITO electrodes were washed with ethanol / toluene 

(1: 1) mixture and ultra-pure water, respectively, to get rid of physically adsorbed 3-CPTMS molecules. 

After interaction of silane groups and OH groups, electrodes were incubated in 200 μL of 10 ng mL−1 anti-
PTH solution for 45 minutes to immobilize antibodies to the surface. After incubation with PTH antibody, 

electrodes were washed with ultra-pure water to remove unbound antibody molecules. Finally, anti-PTH 

immobilized ITO electrodes were treated with BSA (0.5%) for 60 min to block the active ends. At the end of 

this, the electrodes were washed with ultrapure water and dried with argon gas. With this last step, the now-
prepared biosensor was stored at +4°C until the PTH measurements were performed. The modified ITO 

substrates were indicated as ITO, ITO-OH, ITO/CPTMS, ITO/CPTMS/antiPTH, ITO/CPTMS/anti-

PTH/BSA and ITO/CPTMS/antiPTH/BSA/PTH. 

 

 
 

Fig. 1 Immobilization scheme 

 
 

2.3. Electrochemical measurements 

All electrode modification, optimization steps, and immobilization processes were characterized by using 
cyclic voltammetry and electrochemical impedance spectroscopy. All electrochemical measurements were 

realized in potassium ferricyanide/potassium ferrocyanide (1:1) solution including 0.1 M KCl. For CV 

measurements, the applied potential was chosen between− 0.5 V and 5 V. The formal potential applied in the 

impedance studies was 0 V. And impedance measurements was the frequency range from 50,000 to 0.05 Hz. 
 

3. RESULTS AND DISCUSSION 

Electrochemical impedance spectroscopy is a powerful technique that allows for unlabeled and real-time 
measurement of probe-analyte interactions. EIS was successfully used to measure the amount of PTH on the 

electrode surface of the described biosensor. Absolute impedance values were used to establish a linear 

relationship between PTH amount and electrochemical signals. Increased concentration of PTH caused an 
increase in semicircle diameters in Nyquist plots. 
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      Fig 2. EIS (A) and CV (B) responses of immobilization steps  

 

 

3.1. Optimization studies 

In the optimization study of biosensor, the effect of anti-PTH concentration was investigated. Three different 

concentration values of 5, 10 and 20 ng / mL were tested. Each step of immobilization is characterized by 

impedance and voltammetric techniques. The obtained Rct values and standard curves were plotted. 
 

 

 
 

Fig. 3 Standard curves obtained by different Anti-PTH concentrations 
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4. CONCLUSION  

The aim of this study was to develop a biosensor for early diagnosis of PTH-related diseases. The parameters 

for the formation of the desired biosensor have been optimized. This biosensor may be preferred because of 

its sensitivity and wide detection range. It could also determine the PTH antigen at very low concentrations 

such as femtogram levels. 
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Abstract  
 

Hemorheology investigates the characteristics of circulatory blood flow determined by the blood biophysical 

parameters. These parameters are the deformation, aggregation and volume fraction of red blood cells 
(RBCs) as well as blood – plasma visco(sity)elasticity. Although there are studies aiming to measure one 

parameter at a time, these parameters are interdependent and should be monitored together for a complete 

analysis. This study reports a portable microfluidic device for the simultaneous measurement of these 

parameters in a psychologically relevant microenvironment at multicellular level. The device consists of a 
single-channel microchip and an analyzer (a pump, a light emitting diode – photodetector pair, and 

electronics). The channel accepts 50 µl blood sample, and the measurement lasts no more than 1 min. The 

measurement is based on the optical analysis of RBCs during flow.1-2 The sample is moved back and forth 
for 14 s with 2-s period using pressurized pumping. During the periodic flow, the light transmitted through 

the blood sample is recorded by the optical system in near infrared.3 Following, the optical signal is analyzed 

to get the required parameters. For the experimental verification, firstly, the viscosity and viscoelasticity of 
the suspending medium is changed using varying concentrations of glycerol and polyethylene oxide (PEO) 

polymer, respectively. Rheological changes in the medium determine the viscous and elastic stresses on 

RBCs, and therefore, affect their flow characteristics and deformation. The optical signals show differences 

in accordance with these changes. Also tuned are RBC deformability by glutaraldehyde cell membrane 
fixation and RBC aggregability by dextran addition. In addition, it is possible study the coupling of these 

parameters. For example, medium viscoelasticity affects RBC deformation, or hematocrit affects blood 

viscosity. These changes can be observed in real time from the signals – an important step for 
hemorheology-related diagnostics. In conclusion, we have developed a portable microfluidic platform 

enabling simultaneous quantitative analysis of blood biophysical parameters from a drop of blood. 

Keywords: Microfluidics; rheology; point-of-care; hemodynamics  
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Abstract  
 

Breath analysis is an emerging field for diagnosis of numerous diseases since human exhaled breath contains 

many volatile organic compounds (VOCs) and most of them is relevant to diseases1. Breath analysis is a non-
invasive methodology over routine clinical practices. This study reports selective determination of clinically 

relevant biomarkers acetone and toluene in exhaled breath. The sensing platform consists of electrospun 

polymer nanofibers and multi walled carbon nanotubes (MWCNT) which are integrated into a microfluidic 
cartridge (μ-card) that facilitates collection and concentration of exhaled breath. The sensing mechanism of 

the platform is based on nanofiber deformation upon VOCs exposure due to varying interactions between 

VOCs in exhaled breath and nanofibers. Resistivity changes are recorded upon exposure to exhaled breath in 
the concentration ranges between 35 ppb – 3.0 ppm for acetone and 1 ppb – 10 ppm for toluene.2 The 

proposed sensing platform enabled acetone detection from exhaled breath at clinically relevant concentration 

levels. Described methodology provides an avenue for rapid detection of volatilomes thereby enabling point 

of care diagnosis in high-risk group individuals. 
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Abstract  
 

Blood is the most significant element of the human being circulating whole body. It even pass from the 

capillaries sizing down to a few micron1. Hence measuring blood viscosity is very critical for human life2. In 

this study we have developed an on chip method for measuring blood viscosity. There have been previous 
attempts to develop devices for blood viscosity3 however our work differs from the others with a few aspects 

like cost effectiveness and being stand alone. Since the big part of the veins is in micron size, we fabricated 

microchannel for measuring the blood viscosity. Both conventional photo lithographical techniques and our 
invention laser engraving methods were employed for the fabrication of the microchannels. A syringe was 

integrated at the end of the channel which formed a negative pressure and sucked the sample through the 

channel that was put into the entrance. Commercially available blood was used to test the device that we 
have developed. For the first, several fluids which have different viscosities were run in the channel and a 

table was formed according to the results. All the fluids with known viscosities were flowed for 30 s and the 

end points of the fluids were determined to form the table of viscosities based on the advancement of the 

fluid inside the channel. Hence when a new sample was sent to the channel, the viscosity is determined 
according to 30 s performance of the new fluid inside the channel. The results showed a big accuracy with 

the conventional viscometers. Changing the channel dimensions enabled the measuring the viscosity at 

different shear rate. This device offers a very useful way of measuring blood viscosity. It is also very cost 
effective which formed of a few components which are a plastic or PDMS microchannel, a syringe and 

tubing.   

 
Keywords: Biosensor; blood viscosity; microfluidic viscometer; etc. 
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Abstract 
 

Electrochemical immunosensors are challenging sensors in the development of quick and highly sensitive 

biosensors, which are a combination of enzyme linked immunosorbent assays (ELISAs) and electrochemical 

detection methods, such as amperometry. The method depends on the antigen-antibody specific interaction 
and the electrochemical detection. Recently, antibody immobilization for the development of an 

immunosensor is done by using magnetic beads (MBs) under an applied magnetic field. This allows us to 

develop the immobilization protocol at outside not on the surface of the transducer. When these useful and 
specifically functionalized carriers are combined with screen printed electrodes (SPEs), a very successful and 

sensitive immunosensor design can be approached.  SPEs are electrodes produced by printing different 

conductive inks on various types of ceramic surfaces or insulating plastics. Since they are cheap and 

potentially reduce the risk of contamination in single-use sensors, they are very useful in the prevention of 
losing sensitivity. When the combination of ELISA, MBs and SPEs is performed, a powerful immunosensor 

can be designed, Enzyme-based electrochemical immunosensors are used for the detection of the 

concentration of an antigen, like an ELISA protocol. They are well known in amperometric immunosensor 
designs. In the development of an immunosensor, the final step is the enzyme activity reading, which is 

directly related with the concentration of the interested antigen. The selection of the most productive 

substrate of the enzyme is one of the crucial points of the design, because of its importance on the sensitivity 

of the immunosensor. The most commonly used enzyme is horseradish peroxidase (HRP), which catalyses 
the oxidation of several compounds, such as 3,3',5,5'-tetramethylbenzidine (TMB) and 2,2'-azinodi-[3-

ethylbenzthiazoline-6-sulfonic acid] (ABTS). In an amperometric HRP-based immunosensor, an 

electrochemically active substrate (TMB or ABTS) is turning into an electrochemically reduced molecule 
under an applied potential. In order to get the highest reduction potential of H2O2, a constant potential is 

applied to the system. The described immunosensor exhibits a good specificity and high sensitivity in the 

field. 
 
Keywords: Immunosensor; amperometry; magnetic beads; SPE 
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Abstract  
 

Diagnosis of a disease is an important step for treatment of patients. Although there are varied types of 

diagnostic tools and biosensors, there is still an unmet need for rapid, cost-effective and easy-to-use point-of-

care (PoC) devices. Lately PoC biosensors were improved by integration of smart phones into the diagnostic 

devices. This work describes the development of smart phone-assisted magnetic levitation methodology for 
PoC applications. Here, we demonstrated the capability of a smart phone assisted-magnetic levitation 

platform on Hepatitis C detection. Firstly, magnetic levitation platform was associated with smart-phone 

based platform and optimized via polyethylene microbeads at varied concentrations and in different 
paramagnetic solutions. Then, HCV NS3 protein was quantified via developed experimental platform. Smart 

phone-assisted magnetic levitation methodology provides easy-to-use, rapid, and cost-effective PoC system 

for diagnostic applications through density analysis, which would easily be adapted to next generation 

detection technologies.   
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Abstract  
 

Urea (H2N-CO-NH2) is a nitrogenous organic compound usually found in blood as well as other body fluids. 

Metabolism of proteins produces ammonia (NH3), which in turn get converted into urea, in kidney and liver. 
It is commonly found in nature and its determination is one of the important aspects in medical diagnosis and 

farming science, environmental monitoring and food science. Urea level in urine and blood is used as a 

valuable marker to check kidney and liver functioning, increased catabolism of proteins, congestive heart 
failure, high protein diet, malnutrition, pregnancy and even shock and stress1. In fact, urea is a waste product 

of protein degradation and the main nitrogen component of urine, produced in the liver and eliminated by the 

kidneys. Some pathologies such as renal insufficiency, hyperpyrexia, hypertyroidism, leukemia, burns and 
diabetes mellitus are reflected by out-of-range urea concentrations (2.5-7.5 mM in the blood)3. For this 

reason, it is very important to determination urea in serum samples. Urease (3.5.1.5) is an enzyme that splits 

urea into ammonia and hydrogen carbonate which results in a decrease in concentration of hydrogen ions 

(pH increases) and formation of two new ions2. Poly (2-hydroxyethyl methacrylate) (HEMA) is a polymer 
that forms a hydrogel in water. Urease was immobilized into poly (HEMA) copolymer by covalent linkage 

for the determination of urea. In this work,  it is aimed to developed chronopotentiometric urea biosensors 

with the help of ammonium ions in the presence of urease enzyme in biological fluids. Under optimum 
conditions, urea concentration, pH, temperature, selectivity, sensitivity, storage time, stability and 

reproducibility will be carried out. It is hoped that the disposable nano poly(HEMA) membrane modified 

screen printed electrodes developed in our work will enable simple, rapid and inexpensive identification for 

the urea and will be an alternative to the expensive and time consuming mostly spectroscopic techniques.  
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Abstract 
 

DNA is a primary material used to understanding of the genetic processes mechanism and is also a target for 

many types of drugs1. Such drugs affect DNA replication and binding of them to DNA can interfere with the 
numerous processes, including transcription and replication in which DNA participates. In the present study, 

a DNA-biosensor was prepared using immobilization technique to investigate the interaction between DNA 

and cefdinir which has a broad spectrum of activity against many gram-negative and gram-positive aerobic 

organisms2. The interaction of cefdinir with DNA was studied by using an electrochemical DNA biosensor. 
The binding mechanism of cefdinir was explained by using differential pulse voltammetry (DPV) at DNA-

modified pencil graphite electrode (PGE). The decrease in the guanine oxidation peak area or peak current at 

+0.95 V was used as an indicator for the interaction mechanism in 0.05 M phosphate buffer (pH 7.4). The 
changes in the experimental parameters such as the accumulation time and the concentration of cefdinir were 

studied and the binding constant (K) value was obtained with DPV3. 
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Abstract 
 

Human chrorionicgonadotropin (hCG) is a dimericglycoprotein normally produced by trophoblast cells of 
the placenta in pregnancy1. hCGstimulates the production of testosterone in maletesticles. This increased 

endogenous androgen production generates physical advantages in male athletes, particularly in power 

sports2. Therefore hCGis included on the List of Prohibited Substances and Methods of the World Anti-
Doping Agency (WADA) both for in- and out-of-competition testing.In this study a protein assay based on 

molecular organic cavity modified magnetic nanoparticle was developed and combined with Surface 

Enhanced Raman Spectroscopy technique. In this context, molecular organic cavity modified magnetic 

nanoparticles (MNP) and gold nanorods (AuNRs) were synthesized and then characterization of these 
nanoparticles was performed. After that, both AuNRs and MNPs are modified with specific reagent and 

antibodies, respectively. Pre-enrichment of hCG was carried out with the molecular organic cavity magnetic 

nanoparticles. AuNRs, were labelled with 5,5′-Dithiobis-(2-nitrobenzoic acid)] DTNB Raman tag to be able 
to monitor Raman signal belongs to the MNP-hCG-AuNR sandwich structure. Then the hCG protein 

captured by MNP was transferred in a passive micro chip that consist of four microchamber. The interaction 

of this MNP with DTNB tagged AuNR was carried out using a magnetic force outside of the chip. Thus the 
movement of MNP through first chamber to the last chamber was supplied with a magnet. Washing step was 

performed with PBS buffer in the third chamber. Finally, in the last chamber the Raman signal of DTNB 

molecule which is belong to the MNP-hCG-AuNR structure was measured using Raman spectrophotometer. 

The selectivity studies was carriedout with Human Luteinizan Hormone (hLH), Human Chorionic 
Gonadotropin Hormone (hGH) and Immunoglobulin G (IgG) protein. The regression coefficeint and the 

limit of detection were found as 0,9964 and 1,34 IU/L, respectively. The analysis system developed for 

hCGproteins will be an alternative technique to routine hCGanaly sissystem (AutoDELFIAhCG) and also be 
alternative to routine protein analysis technique such as Western Blotusedin doping control that are 

expensive and time consuming. 
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Abstract 

 
Erythromycin belonging to macrolide antibiotics is a natural compound metabolized by a strain of 

Streptomyces erythreus and is mainly used for the infections of Gram-positive bacteria and Gram-negative 

coccus1. The electrochemical behavior of erythromycin (ERY) on pencil graphite electrode (PGE) has been 
investigated using cyclic, differential and square-wave voltammetry in phosphate and acetate buffer media at 

various pHs. In the potential range -0.4 to +0.5V, PGE yields a pair of stable redox waves. It is the carbonyl 

group of the ERY molecule immobilized on the PGE surface that behaves as a two-electron redox process 

involving one proton2. The interaction of ERY with DNA was also studied by using an electrochemical DNA 
biosensor. The surface of an electrochemical PGE modified with a layer of double-stranded DNA (dsDNA) 

or single-stranded DNA (ssDNA) and was used to investigate ERY-DNA interactions and the results were 

compared each other. The decrease in the guanine oxidation peak area or peak current was used as an 
indicator for the interaction mechanism. The changes in the experimental parameters such as the 

accumulation time and the concentration of ERY were studied and the binding constant (K) value was 

obtained with DPV3. 
 
Keywords: Erythromycin, DNA biosensor, binding constant, PGE. 
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Abstract 
 

Ochratoxin A (OTA), member of mycotoxins family produced by various species of Aspergillus and 

Penicillium, is considered as a toxic secondary metabolite and can contaminate cereals and wines1,2. This 

research includes the first time, a facile and label-free electrochemical impedimetric aptasensor for rapid 

detection and quantitation of Ochratoxin A (OTA) in beer samples using pencil graphite electrode (PGE). 
The developed aptasensor was constructed based on the diazonium-coupling reaction mechanism3 for the 

immobilization of OTA aptamer on PGE. The aptasensor exhibited a very good limit of detection (LOD) as 

low as 0.10ng/mL, with a high level of selectivity and reproducibility. The increase in electron transfer 
resistance was linearly proportional to the OTA concentration in the range of 0.1 - 2.0 ng/mL, with an 

acceptable recovery percentage (92-94 %, RSD = 3.94 %) obtained in beer samples. This work can facilitate 

a general model for the detection of OTA in beer samples based on the impedimetric aptasensor in which 

PGE was used. 
 
Keywords:Ochratoxin A, aptasensor, diazonium-coupling reaction, electrochemical impedance spectroscopy. 
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Abstract 

 

A simple, rapid, selective and novel room temperature phosphorescent (RTP) sensor system have been 

developed with quantum dots (QDs) and molecularly imprinted polymers (MIPs) for the recognition of 

cefdinir (CEF). The Mn-doped ZnS QDs were prepared using the procedure described by Wang et al.  and 

QDs were modified with 3-(mercaptopropyl) triethoxy silane (MPTS) to increase the stability of the 

particles1. The MIP was synthesized using CEF as a template, 3-aminopropyltrimethoxy silane (APTES) as a 

functional monomer, and tetraethoxy silane (TEOS) as a cross-linker. Non-imprinted polymer (NIP)-coated 

MPTS modified QDs were also prepared using the same method but without adding the template (CEF). 

Phosphorescence quenching depends on the recognition capacity through the imprinted cavities of the 

particles with the template (CEF). In this work, the calibration curve was obtained by applying Stern-Volmer 

equation based on quenching mechanism between modified QD particles and CEF in different organic and 

aqueous media. In addition, analytical parameters (LOD, LOQ, precision, accuracy etc.) were determined. 

Owing to the fact that surface imprinted QDs have high affinity for the target and capable of specific 

recognition, this phosphorescence sensor shows a great success in detecting CEF in different medium and 

samples.  

Keywords: Molecularly Imprinted Polymers; Phosphorescent Sensor; Quantum Dots. 
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Abstract  
 

Electrospinning is an ancient and interesting technique to produce nanofibers. A variety of materials such as 

natural and synthetic polymer, polymer alloys, ceramics etc. can be used to form electrospun nanofibers [1]. 

Among them, poly (vinylidene fluoride) (PVDF) is useful polymer to produce electrospun nanofibers 
because of its strong piezoelectric properties, high mechanical strength, thermal stability, high electric and 

chemical resistance and good processability. PVDF has been used in various fields including tissue 

engineering, filtration, air cleaning, rechargeable batteries and sensors etc. [2]. The high hydrophobicity and 
poor wettability of PVDF limits its applications on the preparation of biofunctional surface. To increase its 

uses to immobilize biomolecules by covalent bonds on the surface of PVDF electrospun nanofibers, 

hydrophilic polymers with functional groups such as amine or carboxylate can be added to PVDF solutions 

[3]. The both polymers are applied to the prepare electrospun nanofibers. Here, PVDF and 
polyethyleneimine (PEI) polymers was used together to prepare PVDF-PEI electrospun nanofibers. Scanning 

electron microscopy (SEM) and contact angle measurements were carried out to characterize the PVDF-PEI 

nanofibers. After characterization, antibodies were immobilized on the surface by the help of covalent bonds. 
Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) measurements were carried out to prove 

the success of surface modification. In conclusion, PVDF-PEI electrospun nanofiber based immunosensor 

was tested for sensing of small molecules. 
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Abstract 
 

Carbohydrate polymers can be isolated from different natural origins (algal, plant, microbial, animal) which 

effects on the availability and cost efficiency.  In addition to that, carbohydrate polymers have lots of 
advanced features such as biocompatibility, thermostability, non-toxicity, renewability and biodegradability 

which are crucial combinations for some processes from lab-scale to industrial applications [1]. Therefore, 

carbohydrate polymers have been extensively utilized as an advanced material in drug delivery systems, 
tissue engineering, biomedical devices, food packaging and enzyme immobilization etc. [2]. Among other 

polymer-based materials, nanofibers provide a promising platform for biotechnological applications 

attributed to their high surface area and nanoscale structure. Tendency to form hydrogen bond of 
carbohydrate polymers in the solution leads the higher viscosity which obstacles to obtain them in ultrafine 

nanofibers. However, most of the carbohydrate-based nanofibers have been produced by electrospinning 

technique with the accurate combination of polysaccharide concentration, the solvent mixture and operation 

parameters. Although, processing of carbohydrate polymers is challenging, electrospinning is a promising 
technique to produce carbohydrate polymers in nanosized fibers [3]. Herein, one of the cellulose derivative 

cellulose acetate (CA) was blended with chitosan (CS) for electrospinning application. Different solvent 

systems and CA-CS ratio were examined to obtain the ultrafine nanofibers. Scanning electron microscopy 
(SEM) technique was performed to characterize the surface morphology of CA-CS nanofibers. Then, glucose 

oxidase (GOx) was immobilized on CA-CS coated GCE by covalent modification to design biosensor 

platform. CV, DPV, EIS measurements were carried out to prove the surface modification. Finally, CA-

CS/GOx platform was investigated to detect glucose in synthetic samples and some interfering compounds 
were tested to find out the performance of CA-CS/GOx platform. 
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Abstract  
 

Screen-printing technology is a technique used in the fabrication of electrodes due to their advantages 

allowing biosensor to be placed large-scale in the market of handheld instruments. The main advantages of 

the screen-printed electrode include simplicity, versatility, modest cost, portability, small size and the 
possibility of mass production capabilities1. In order to avoid disadvantages of immobilization of enzymes by 

adsorption, entrapment and cross-linking, the immobilization by using self-assembled materials have been 

reported as a successful alternative to produce biosensors. These materials have been usually prepared using 

thiol affinity for some metal surfaces, particularly gold2. The determination of hydrogen peroxide is of great 
importance in chemistry, biology, clinical control and environmental protection. Hydrogen peroxide can be 

detected enzymatically at low applied potentials by employing peroxidase as bioelectrocatalysts for its 

electrochemical reduction. Among peroxidases, horseradish peroxidase (HRP) has been the most widely 
studied in the development of enzyme-based amperometric biosensors3. Nanopolymers allow high amounts 

of enzyme loading and can be used as the carrier to immobilize the enzymes. For this purpose, poly (HEMA-

GMA) nanoparticles were synthesized and poly (HEMA-GMA) was covalently attached on the surface of 
Au screen-printed electrode via cysteamine. Then peroxidase was successfully immobilized on the surface 

modified Au screen-printed electrode in order to detect H202 selectively and sensitively. The experimental 

results show that the novel prepared electrocatalytic active biosensor can be used for detection of H2O2. 
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Abstract  
 

Taking pros-and-cons of these sensor systems into consideration, it became conspicuous that clinical 

diagnostic of diseases through microfluidic chips is advantageous for sure, as they offer; (i) their high 
flexibility, (ii) detection speed without sophisticated requiring any additional instrument, whilst 

simultaneously being “economic” due to miniaturization. In short, biosensors fabricated by technology of 

microfluidics offers the most suitable platform, encouraging the development of point-of-care diagnostics1. 
In terms of detecting cancer biomarkers in these micro devices, sensitivity is always the key parameter, 

especially when biomarkers are found to be at overly low concentrations in certain cases. An apparent 

approach to obtain sensitivity high enough to overcome this obstacle is the use of microbeads functionalized 

by biomolecules with affinity to biomarkers. Indeed, numerous research groups proven that microfluidic 
chips harbouring such microbeads had afforded very sensitive results with limit of detection reduced to 

zeptomolar, and attomolar levels2. Microfluidic systems use and/or transfer fluids with various mechanisms 

in devices with inner sizes in the order of 1µm. Because of the small size, the physical changes in the macro 
dimensions differ in the micro-dimension; as the diffusion distance decreases in microsystems, the reaction 

yield increases, the reaction time decreases, so the faster response is obtained. COMSOL Multiphysics get 

various advantages in terms of microsystem simulation and modeling with its integrated modelling and 
simulating environment3. In this study, microfluidic device has been designed then change of physical 

parameters in continuous flow of phosphate buffer saline and polystyrene microbeads were examined. All 

simulations were performed with COMSOL 5.2 Multiphysics Software. Microchannel was patterned with 

pyramid well array and conic well array and microbeads were placed as one by one into each microwell; 
PBS flow in microchannel was simulated with different flow rates.  
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Abstract 
 

In this study, for the determination of urea amperometric Prussian blue (PB) based amperometric biosensors 

were prepared. For this purpose, the cross-linking techniques using glutaraldehyde medium containing 

gelatin and PB and Urease enzyme was immobilized on the surface of the screen-printed electrode (SPE). 

SPE / PB / Urease was observed that the electrodes are suitable for the determination of urea and 

optimization study was performed using the enzyme electrodes. SPE / PB / Urease enzyme optimum amount 

of gelatin to the electrodes, glutaraldehyde ratio of concentration, buffer type, buffer concentration, 
respectively, in phosphate buffer; 0.003 g, 0.5%, 0.02 M, 0.05 M; pH was set at 7.5. The enzyme electrode 

linear operating range for urea, 2 × 10-6- 2 × 10-2 mM, observed ability to limit 2 × 10-6 mM, response time 

of 150 h and shelf-life was found to be about a week. Urease enzyme on the electrode found in real samples 

were analyzed possible disruptive effects of some kind. 

Keywords: Urease enzyme, Screen-printed electrode, amperometric, biosensor. 
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Abstract  
 

The Langmuir-Blodgett (LB) alternate layer fabrication technique provides one of the most effective 

methods to fabricate organic thin films in the nanoscale. The structure of these thin films could be controlled 

at the molecular scale by spreading a monolayer on an air-water interface followed by sequential transferring 

of this layer onto a selected solid substrate. They can be utilized within optical, electrical and biological 

sensor applications in many different fields. In this paper, two calix[4]arenes containing either carboxylic 

acid or amino substituents were utilised to prepare multilayer LB films and to study the electrical 

characteristic of these films using I-V, C-f and tanδ-f measurements. The resultant calix[4]acid/amine 

multilayers demonstrated a highly non-linear I-V behaviour which obeys a Schottky conduction mechanism. 

 

Keywords: Calixarenes; Langmuir-Blodgett films; Schottky mechanism; electrical measurements 

 

Reference  
 

1 S. Shkirskaya, M. Kolechko, N. Kononenko, Sensor properties of materials based on fluoride polymer F-4SF films 

modified by polyaniline, Current Appl. Phys. 15 (2015) 1587-15922.  
2 A. Rouis, J. Davenas, I. Bonnamour, H. Ben Ouada, Studies of morphological optical and electrical properties of the 

MEH-PPV/azo-calix[4]arene composite layers, Physica B 474 (2015) 70–76. 

 
  



4th International Congress on Biosensors, Çanakkale/TURKEY 

 

145 
 

P-13 
 

Electric Field Induced Non-Uniform Viscoelasticity: a Unifying Model 

 

Murat Serhatlıoğlu, Ziya Işıksaçan, Çağlar Elbüken* 
 

UNAM-National Nanotechnology Research Center and Institute of Materials Science and Nanotechnology, 

Bilkent University, Ankara,Turkey 

 

e-mail: elbuken@unam.bilkent.edu.tr 

 

Abstract  
 

A neutrally buoyant particle in a laminar flow experience a velocity gradient. This generates an 

perpendicular lift force to the oncoming flow which moves the particle to the equilibrium positions in flow1,2. 

In Newtonian solutions shear gradient lift force pushes particles to high shear rate regions. On the other 

hand, in viscoelastic non-Newtonian solutions elastic lift force pushes particles to low shear rate regions 
opposite to shear gradient lift force. If hydrodynamic flow and an external force acts together in particle-

laden flow, it generates slip velocity which flips the direction of lift force according to the velocity difference 

between the particle and fluid. In this study, we investigated unusual flips in the direction of lift force with 
different particle migration behaviours in microfluidic environment using Newtonian and viscoelastic non-

Newtonian fluids under mutual combination of hydrodynamic flow and external electric field. We suspended 

6 µm diameter PS particles (103 particles/ml) in three different medium: DI water; 500 ppm, 5 MDa 

polyethylene oxide (PEO); and 1000 ppm, 1.6 MDa hyaluronic acid (HA) viscoelastic solutions. All three 
solutions were pumped with a pressure pump and simultaneously excited with DC electric field (500 V/cm) 

through 50x60 µm2 cross-section straight microfluidic channel. Slip velocity between the particle and the 

suspending fluid interacts with the local fluid shear and shear gradient lift force. In DI Water, suspended 
particle lifts to the center (electrophoretic force is in reverse direction with the pressure flow) or the wall 

(electrophoretic force is in the same direction with the pressure flow) of the microchannel. The same 

phenomenon behaves exactly reverse for PEO, while exactly same for HA based viscoelastic solution. 
External electric field modulates the shear around the particle. The difference between two different 

viscoelastic solutions is generated, since PEO accepted as a neutral polymer while HA is a polyelectrolyte. 

Thus, electric field acts on HA polymers and locally change their positions. This generates a modified elastic 

lift force which defines the equilibrium position of particles. On the other hand, neutral viscoelastic polymers 
not effected by the electric field so that, only local shear gradient is modified. It transverse the elastic lift 

force direction and results with reverse equilibrium positions for particles compared to Newtonian DI water. 

The electric field-induced non-uniform viscoelasticity opens a new area for the future of viscoelastic 
microfluidic applications. 
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Abstract  
 

Since distinctive structural feature and unique electronic and mechanical properties of carbon nanotubes 

(CNTs), they have been widely used for development of numerous biosensors including nucleic acid 

biosensors [1-3]. Chitosan (CHIT) is a linear hydrophilic polysaccharide and biological cationic 

macromolecule with primary amines. Its spesifications such as, good biocompatibility, non-toxicity 
biodegradability and film-forming ability promote its usage in biomedical applications as well as 

development of  nucleic acid based biosensors [3]. In the present study, single walled carbon nanotubes-

chitosan composite modified  graphite electrodes and multiwalled carbon nanotubes-chitosan composite 
modified  graphite electrodes were developed as biorecognition platform, and then tested their 

electrochemical performance based on the voltammetric results. Under the optimum experimental conditions, 

the electrochemical detection of nucleic acids was explored by using differential pulse voltammetry 
technique. 
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Abstract 

To prepare sensor systems based on biological molecules, a variety of materials such as conductive 

polymers, clays, biopolymer scan be used as immobilization matrix for biomolecules. Amongthem, 

electrospun nanofibers are good alternatives for the immobilization of biological materials. Polyvinylidene 
fluoride (PVDF)nanofibers are one of the most popular ones, especially in tissue engineering application due 

to its distinct mechanical and chemical properties. However, in some cases, lacking functional group on 

polymer structure obstructs the covalent modification of the nanofibers for biomolecules immobilization. 

Herein, polyethyleneimine (PEI) was blended with PVDF polymer to provide functional amino groups on the 
surface of the nanofiber mat. PVDF (Polyvinylidenefluoride) is a special polymer used in applications 

requiring the highest purity and also in applications requiring resistance to solvents, acids, and 

hydrocarbons[1]. Polyamidoamine (PAMAM) dendrimers are the hyperbranched polymers with defined size 
and shape properties and a multifunctional terminal surface. They consist of the internal structure and 

primary amine terminal surface and contain carboxylate surface groups as intermediates[2].Gluconobacter 

oxydans is an obligate aerobic bacterium that has a respiratory metabolism that uses oxygen as the terminal 

electron acceptor and oxidizes various sugars and polyols[3]. In this study, the hydrophobic polymer was 
mixed with the hydrophilic material to produce electrospun nanofiber which is water-insoluble but has a 

hydrophilic character. Firstly, the PVDF polymer was dissolved in DMF/Acetone solvent and PAMAM was 

added to mixture. Then, scanning electronmicroscopy (SEM) technique was performed to characterize 
PVDF-PAMAM electrospunnanofibers. The nanofibers obtained by the electrospinning technique were 

coated on the GCE electrode. Gluconobacteroxydans was immobilized on PVDF-PAMAM nanofibers. In 

addition, CV, DPV, EIS measurements were performed. Consequently, the PVDF-PAMAM/G.oxydans 

surface was used for the detection of glucose in samples. 

Keywords: Electrospunnanofibers; PVDF-PAMAM;microbialbiosensor; G.oxydans 
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Abstract  

 

Poly-Ɛ-caprolacton (PCL) is a cheap, hydrophobic polyester that is widely used in biomedical applications 

and electrospinning due to its biodegradability and biocompatibility. Polyethyleneimine (PEI) is a water-

soluble functional group providing polyelectrolyte. PEI provides functional amino groups to the mix by 
blending with PCL. The PCL-PEI electrospun nanofibers obtained by electrospinning, and the fibers were 

perfected by characterization. The constructed PCL-PEI nanofibers have been used widely in different areas 

but no microbial biosensor use was known before this study. Microbial whole-cell biosensors have gained 
attention because of their expansion related to the interaction of different disciplines and the requirements of 

biotechnological processes. Electrochemical microbial biosensors use microorganisms as bio-recognition 

components to detect some compounds, Gluconobacter oxydans is a widely-used gram negative bacterium 
known for its oxydative enzymes (PQQ-dependent-dehydrogenases) located on the cell periplasm. In this 

study, PEI blended with PCL and nanofibers were created by electrospinning application, subsequently G. 

oxydans was immobilized on the nanofiber coated glassy carbon electrodes (GCE) by glutaraldehyde 

chemistry and a biosensor platform was designed. CV, DPV, and EIS measurements were carried out to 
demonstrate the surface modification. Scanning electron microscopy (SEM) was used to characterize the 

surface of the fibers and the cell immobilization. Eventually, PCL-PEI/G. oxydans biosensor design was 

analysed to detect glucose in different synthetic samples and interfering chemicals were tested to figure out 
the performance of the biosensor.  
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Abstract  
 

Hydroxyapatite (Ca10(PO4)6(OH)2, HaP) is known as a bioceramic analogous to the mineral component of 

bone. Owing to osteoconductive, bioactive, biodegradable and biocompatible properties with its multi-

adsorbing sites in order to form biocomposite structures its has been widely used. In addition, its 

nanostructrured form exhibits a high surface. Its micro and nanometer-sized forms create interests in 

different areas like protein adsorption and separation, bone implants, bone tissue engineering and 

(bio)sensors.1 Daunomycin (or daunorubicin, DNR) is an anthracycline antibiotic and a clinically useful 

whose antitumor activity has been attributed to the intercalation of the planar aromatic ring system between 

the DNA base pairs.2 Since DNR has different electroactive groups in its molecular structure, its interaction 

with DNA could be monitored by using different voltammetric techniques.3 In our study, the interaction of an 

anticancer drug, Daunorubicin (DNR) with DNA was examined by using hydroxyapatite nanoparticles (HaP) 

modified pencil graphite electrodes and differential pulse voltammetry technique. The experimental 

parameters such as DNA concentration, drug concentration etc. were optimized. The interaction of DNR 

with DNA was then examined according to the changes at signals coming from DNR and DNA under the 

optimum conditions. Such kind of investigations of drug-DNA interactions can provide to understand the 

mechanism of interaction of DNA with drug, and also to develop new drug molecules as a biochemical 

target. 

Keywords: Hydroxyapatite Nanoparticles; drug-DNA interaction; Electrochemical DNA Biosensor.  
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Abstract  
 

A novel biosensor is fabricated for the detection of testosterone which is an indicator of doping. The sensory 

platform is constructed via drop coating on a screen-printed carbon electrode, using poly(benzenediamine-
bis[(2-ethylhexyl)oxy]benzodithiophene) (pBDBT) as the polymer layer. Testosterone antibodies are 

immobilized on the polymer coated electrode surface via glutaraldehyde, which binds to the surface through 

the amino functional groups on the polymer backbone. The changes in the surface features due to 
testosterone binding are investigated via electrochemical techniques such as differential pulse voltammetry, 

cyclic voltammetry, and electrochemical impedance spectrometry. Surface morphology of the modified 

electrodes is characterized by scanning electron microscopy. The linearity range and limit of detection of the 
sensor are calculated. Further, the sensory platform is utilized for the testosterone analysis in synthetic 

biological fluids. 
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Abstract 
 

Schiff bases that include imine group in their structures have potential as anti-tumour, anti-viral anti-malarial 

and anti-bacterial agents1. The interaction of Schiff base (2-((3-chlorophenylimino) methyl)-5-
(diethylamino)phenol-CMDP) with dsDNA was evaluated with the help of UV-visible spectroscopy and 

differential pulse voltammetry (DPV). First, the binding constant of Schiff base (CMDP) was calculated 

using UV-visible spectroscopy and DPV with the addition of DNA. After each addition of DNA, the 
absorbance and current values of CMDP were observed to be decreased indicating its interaction with 

CMDP. For these measurements 40 µM CMDP was used in 90% Tris-HCl buffer (pH 7.4) and 10% 

dimethyl sulfoxide (DMSO). The binding constants were calculated as 6.75 × 103 and 5.91 × 103for 15oC and 
20oC, respectively using UV-visible spectroscopy and it was calculated as 3.93 × 103 using DPV. dsDNA 

biosensor was also prepared to show the interaction of CMDP with DNA in pH 4.7 acetate buffer solution. 

For this purpose glassy carbon electrode (GCE) was used. A decrease in adenine and guanine oxidation 

signals was obtained by increase in interaction time. Moreover, the dsDNA interaction with CMDP was also 
proved by DPV measurements using polyGuanine (polyG) modified GCE and polyAdenine (polyA) 

modified GCE. After immersion of these electrodes in 40 µM solution of CMDP with increase in incubation 

time the peak currents of guanine and adenine decreased similarly as that of DNA biosensor. 
 
Keywords: Schiff base; calf thymus dsDNA; binding constant; interaction 
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Abstract  
 

Polyamines (putrescine, spermidine, and spermine) are organic compounds that are found in every living 

cell, where they are involved in numerous biochemical and physiological activities, including cell 

proliferation and differentiation1,2. On the other hand, the cell growth promoting effect may also be negative 
in relation to cancer development. Therefore, the amount of dietary polyamine is important. Putrescine is 

formed in the process of decarboxylation of the amino acids arginine and ornithine. Putrescine is a toxic 

diamine a foul-smelling organic chemical compound. The high putrescine content is often associated with 
the high activity of various bacterial groups, particularly Enterobacteriaceae and Clostridium 3. Therefore, 

the putrescine content in food, a freshness marker and microbial spoilage can be used as indicator. In this 

study, the preparation of various modified electrodes with newly synthesized nanomaterials and investigated 
the usability of electrodes as putrescine sensors. For this purpose, glassy carbon electrode (GCE) surfaces 

were modified with nanocomposites such as TiO2-CoS, TiO2-In2S3, TiO2-In2S3, TiO2-In2S3-Ag and 

TiO2-In2S3-CoS. The surface properties of the modified electrodes were investigated by cyclic voltammetry 

(CV), electrochemical impedance spectroscopy (EIS), scanning electron microscope (SEM) methods. The 
putrescine response of the modified electrode with the best electrochemical properties was examined by 

differential pulse stripping voltammetry method. The parameters affecting the analytical performance of 

modified electrode have been optimized such as pH, deposition time, deposition time, amount of 
nanocomposite. Performance factors of modified electrode were determined. The prepared modified 

electrode has been used in the determination of putrescine content in lemon, grapefruit and fish samples.  
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Abstract  
 

The fascinating properties of conjugated polymers (CPs) have caused enormous motivation among scientists 

to discover their possibilities in biosensing applications.1 Carbon nanotubes have been also widely used in 

biosensing experiments due to their great contributions on biosensor performance.2 Under the light of this 
information, in the present work, a newly designed amperometric ethanol biosensor through electrochemical 

coating of fluorene-9-carboxylic acid (PFCA) on a graphite electrode was fabricated. In addition to this, 

multiwall carbon nanotubes (MWCNTs) were used to create an ethanol sensor. These two sensor responses 
were compared and the best sensing ability was reported. The conjugated polymer (PFCA) was prepared 

through electrochemical polymerization by potential cycling. For, MWCNTs modifications, carbon nanotube 

solution was drop cast on the previously cleaned graphite electrode surface. After polymer and nanotube 

modification, alcohol oxidase (AOx) was immobilized on a modified electrode surfaces for ethanol sensing. 
For biosensor experiments, graphite rods (type RW001, 3.05 mm diameter and 13% porosity) were used as 

the working electrode. Silver and platinum wires were used as the pseudo-reference and counter electrodes, 

respectively. In amperometric studies, the decrease in oxygen level as a result of enzymatic reaction were 
monitored vs Ag reference electrode in phosphate buffer (50 mM, pH 7.0) at -0.7 V. In the analytical 

investigation, the calibration plot was drawn, where sensitivity and limit of detection were calculated.  
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Abstract 

Nowadays nanotechnology plays an important role in science and industry. Based on the importance of 

nanotechnology many efforts had been made in order to synthesize the nano-sized materials. Among various 

methods and techniques suggested to prepare nano-sized materials, it seems electrospinning has shown great 
performance and efficiency to synthesize nanomaterials especially nanofibers. Among the biopolymers, 

natural polysaccharide cellulose is the most common biopolymer which can be obtained easily. Despite all 

advantages, cellulose due to its intramolecular interaction in specific hydrogen bonds can not dissolve easily 

in regularly used organic solvents. Therefore, soluble cellulose derivatives in common solution systems 
gained tremendous attention in electrospinning applications1.  While, nano-sized cellulose fibers which are 

made by the electrospinning procedure can be utilized in many important applications such as tissue scaffold, 

wond dressing and filtration systems [2].  Another nanostructure which is Poly(amidoamine) (PAMAM) 
dendrimers are the first complete dendrimer family to be synthesized, characterized and commercialized. 

Based on this extensive activity, they are known as a unique new class of synthetic nanostructures. 

Dendrimers allow the precise control of size, shape and placement of functional groups that is desirable for 

many life science applications [3].   Herein, the objective of the study is to produce nanofibers and then to 
immobilize biomolecule with covalent bonds onto the surface of electrospun nanofibers. First of all, 

cellulose acetate (CA) was dissolved and PAMAM was added to the mixture for electrospinning. Secondly, 

the nanofibers obtained by the electrospinning technique were coated on a slide to characterize morphology 
of them by Scanning electron microscopy (SEM) technique. Thirdly, peroxidase was immobilized on CA-

PAMAM nanofibers. Fourthly, RGB values were followed after enzymatic reaction. Finally, the CA-

PAMAM/Peroxidase was used for the determination of hydrogen peroxide in samples. 
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Abstract 

 

Conducting polymers which are the π-conjugated organic materials are the rapid and considerably growing 

area of organic materials. Conducting polymers which can be electropolymerized on an electrode surface 
provide suitable environment for biological materials and have some advantages such as ease of preparation, 

good stability and good conductivity. Their effective features for biosensor design can be listed as their 

consistency with biological molecules, easy and fast preparation, high reproducibility and electrochemical 
properties. Conducting polymers show a well-organized molecular structure so that they are able to be used 

to function as a three-dimensional matrix for immobilization of biomolecules [1]. This polymers, all of these 

properties are used in the field of enzyme immobilization matrices, drug release, sensor design, cardiac 

pacemakers. Fluorescence sensing is increasingly showing improvement in the field of research and 
technology. When compared to other detection methods, fluorescence sensing is recognized with superior 

sensitivity features, fast response and spatial resolution high enough to allow the taking of microscope 

images [2]. In this study, a new sensor design was performed by immobilizing the catalase enzyme on the 
conductive polymer (DTP-Trp/CAT) for H2O2 determination. The catalase enzyme on the ITO glass slides 

was conjugated to polymeric surfaces via covalent bonds. For sensing experiments, fluorescence 

spectrophotometer was used to measure fluorescence intensity. The morphological characterizations of 
(DTP-Trp/CAT) were determined by scanning electron microscopy SEM and fluorescence microscopy. 

Finally, the optimized sensor platform was applied in synthetic samples such as urine, sweat, saliva and 

serum. 
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Abstract  

 

Meldonium is a drug exhibiting cardioprotective and anti-ischemic effects. Meldonium was added to the 
World Anti-Doping Agency list of prohibited substances in 2016, due to its performance-enhancing effects 

in sports1. In this study, we developed a cross reactive sensor array for fluorimetric determination of 

meldonium. For this aim, four different chemosensors with an ethidium bromide scaffold have been 

synthesized. Sensor array was constructed using 96 well-plate and fluorescence response from these 
chemosensors were used in array sensing. The differential response obtained from sensor array were 

evaluated using linear discriminant analysis (LDA). Discriminatory power of the array was tested against 

possible interferants (ascorbic acid, acetylsalicylic acid, arginine, L-carnitine and acetylcholine) and 100% 
classification has been achieved in qualitative analysis (Figure 1). Also, semi-quantitative analysis in 

meldonium spiked urine samples was performed using LDA (Figure 2). 
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Figure 1: 3-D graphic of qualitative studies in urine samples Figure 2: 2-D graphic of semi-quantitative studies in urine 
samples 
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Abstract 

 

Nanofibers is a definition used for fibers of 1 µm nanometers or smaller. Nanofibers are suitable for new 
technologies that require very small environments because the existing high surface area can cause special 

characteristics [1]. One of the nanofiber production techniques is electrospinning. Electrospinning is an 

electrostatic method that uses electric forces to produce polymer fibers from 2 nm to several micrometer 
diameter using polymer solutions. Electrospinning is preferred as a simple, easy to install, fast and 

inexpensive method in the production of nanofibers. [2]. PCL [poly (Ɛcaprolactone)] is a hydrophobic, 

biocompatible, synthetic polymer with properties such as high tensile strength, low melting point and neutral 
charge [3]. Dendrimers; high branched structures, and polymerisation grades are macromolecule classes 

defined by the gaps in which functional groups can be placed. Polyamidoamine (PAMAM) dendrimers; an 

ethylenediamine core, a repetitive branching amidoamine internal structure, and a primary amino terminal 

surface [4]. In this work, PCL/PAMAM electrospun nanofibers using PCL and PAMAM solutions were 
obtained by electrospinning. PCL/PAMAM electrospun nanofibers were characterized by scanning electron 

microscopy (SEM). Aptamer against to E. coli O157:H7 was immobilized on the surface via glutaraldehyde 

chemistry. After that, E. coli adhesion was carried out. Finally, aptamer-FITC conjugate was added to the 
surface. The fluorescence of the surfaces was followed in microplate reader. It was proved by scanning 

electron microscopy and fluorescence microscopy where the cells were attached to the surfaces. 

 
Keywords:Electrospun nanofibers; PCL; dendrimer; E.coli O157:H7; fluorescence sensor 
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Abstract  
 

Poly(amic) acid (PAA) polymers, a conjugated polymer, are in use of a variety of applications including 
filtration membranes, electrode materials and bio-sensor support applications. PAA is an electroactive, 

conductive and biodegradable polymer containing secondary amine, phenyl and carboxyl functional groups. 
PAA also has excellent biodegradable characteristics hence will not introduce any environmental toxicity1. 
Similarly, Poly(ɛ-caprolactone) (PCL) is a biocompatible and biodegradable aliphatic polyester that allows 

flexible design at different shape and size with a desired mechanical strength and processability, so it has 

been considered as a potential biomaterial. However, hydrophobic nature limits potential of pure PCL due to 
the fact that the materials are used in bio-based applications require hydrophilicity, what is mainly overcome 

with introduction of such polymers as polyethyleneimine, chitosan and other natural materials2,3. In this 

study, PAA polymer was blended PCL for the preparation of PCL-PAA electrospun nanofibers in bead-free 

form. Different proportions of polymer ratio were examined to obtain the ultrafine nanofibers. Scanning 
electron microscopy (SEM) technique was performed to characterize the surface morphology of polymer 

nanofibers.  PCL-PAA nanofibers were tested as a novel platform for biosensing applications. 
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Abstract 
 

Development of rapid and reliable methods for hydrogen peroxide determination is of great importance in 
chemistry, food industry, clinical control and environmental monitoring. Electrochemical (bio)sensors have 

been extensively explored for the detection of hydrogen peroxide due to their simplicity, high selectivity and 

sensitivity1. Recently, modification of electrode surfaces with carbon nanotubes and/or metal oxide 

nanoparticles has attracted a tremendous amount of attention in (bio)sensor fabrication. These nanomaterials 
greatly improve performance parameters of (bio)sensors, as they possess unique properties like high 

electrocatalytic effect, large surface area, chemical stability and strong adsorption ability. Among various 

metal oxide nanoparticles zinc oxide nanoparticles (ZnONPs) hold a special place in biosensor 
developmentbecause of their own merits such aswide band gap, good biocompatibility, nontoxicity and fast 

electron transfer ability2. Prussian blue (PB) is a well known electron-transfer mediator and widely used in 

the amperometric sensor and biosensors. Moreover, PB was reported as artificial peroxidase because of its 
analogy with the peroxidase enzymes3. In this study H2O2 (bio)sensors operating at low potentials were 

fabricated using PB and/or HRP and ZnONPs-MWCNT modified glassy carbon electrodes (GCE). The 

analytical performance of these (bio)sensors were compared in terms of linear working range, sensitivity, 

detection limit and stability. Two different types of modified electrodes were prepared to fabricate the H2O2 
(bio)sensors: (i) GCE was modified with multiwalled carbon nanotubes (MWCNT) and ZnONPs dispersed 

in gelatin solution. Horseradish peroxidase (HRP) enzyme solution was pipetted onto ZnONPs-

MWCNT/GCE and the enzyme modified electrode was kept in 2.5% glutaraldehyde vapor for 10 min to 
achieve the crosslinking of the enzymes. HRP/ZnONPs-MWCNT/GCE was finally modified with Nafion in 

order to prevent enzyme from leakage. (ii) PB solution prepared in phosphate buffer was drop casted onto 

the ZnONPs-MWCNT/GCE prepared in step (i) to construct the PB/ZnONPs-MWCNT/GCE. Cyclic 

voltammetry measurements were performed in 0.1 M KCl solution containing Fe(CN)6
3-/4- to investigate the 

electron transfer properties of the modified electrodes Optimization of electrode surface composition and 

experimental parameters such as pH, working potential were performed. Analytical performance parameters 

including selectivity, repeatability, and reproducibility of the biosensors were determined. The 
HRP/ZnONPs-MWCNT/GCE biosensor showed higher sensitivity and wider linear range than its PB based 

counterpart. The analytical applicability of the (bio)sensors for the determination of H2O2 in disinfection 

solution was also addressed. 
Keywords: Hydrogen peroxide (bio)sensor, carbon nanotube, metal oxide nanoparticle, Prussian blue 
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Abstract  
 

Neutral red (NR), a phenazine dye, has often been used as a biological marker, an indicator of pH in 

biochemical systems, an artificial enzyme substrate and a redox mediator to determine lactate, glutamate, 

glucose and other important analytes. Electropolymerization of NR to give poly(neutral red) (PNR) has been 

done on various electrode substrates such as carbon film1-3. The main aim of the present research is to the 
preparation of PNR on screen-printed electrode modified with reduced graphene oxide (RGO) for sensor and 

biosensor application. A homogeneous and stable solution was prepared by mixing 0.5 mg of RGO with 1 

mL of DMF:water (1:1) mixture and then by sonicating for 3 h. The 1 mL of this solution was dropped onto 
the working electrode surface of SPCEs. NR was electropolymerized on bare or NM modified SPCEs by 

potential cycling at a scan rate of 50 mV s.-1 to form a PNR film on the surface. The potential was cycled 

between -0.9 to +0.9 V for 15 cycles in a solution containing 1 mM NR monomer, 0.025 M pH 5.5 PBS and 

0.1 M KNO3. The optimum pH and working potential for the electrochemical analysis of the dopamine were 
determined. Analytical characterization of dopamine biosensor was performed. 
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Abstract  
 

Diabetes mellitus is one of major killers that treats human health1. So, an accurate, low-cost, fast, sensitive 

and selective method is always needed for monitoring the glucose levels in human blood in order to control 

or reduce the effects of diabet2. Electrochemical methods have been found great attention due to their 

advantageous properties such as simplicity, fast response, low detection limits, high sensitivity and 
selectivity, miniaturizing to different devices and also these methods do not include expensive devices or 

complicated equipments1-2. In this work, a cheap and disposable pencil graphite electrode (PGE) was 

modified with nickel nanoparticles for accurate, fast, sensitive and selective flow injection (FI) amperometric 
enzymless detection of glucose. In first step, modified electrode (NiNPs/PGE) was fabricated via recording 

25 successive cyclic voltammograms (CV) of 10.0 mM Ni (NO3)2 containing 100 mM KNO3 in potential 

between -0.70 V and +1.0 V at bare PGE. Both the responses of the bare and modified electrodes were tested 

1.0 mM glucose in 0.1 M NaOH solution. Recorded CVs showed that the oxidation current of glucose at 
NiNPs/PGE is much higher than the bare PGE and also peak potential observed at +0.75 V for PGE was 

shifted to +0.50 V at Ni/PGE which indicates the high electrocatalytic properties of Ni nanoparticles. In the 

second part of the study, the effects of applied potential and flow rate on oxidation current of glucose in FIA 
were optimized as +0.45 V and 1.70 mL/min, respectively. Then, various concentrations of glucose were 

injected to the FIA system. Obtained current-time curves proved that oxidation current of glucose increases 

linearly between 0.1 μM and 100 μM. LOD that significant analytical parameter was calculated as 0.043 µM. 
Applicability of the proposed sensor was tested at dextrose serum by FIA-standard addition method. The 

results demonstrate that NiNPs/PGE can be suitable for the enzymless FI amperometric detection of glucose 

in real samples. 
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Abstract 
 

RF is one of the physical vapor deposition methods of aluminum thin film magnetic sputtering method1,2,3. 

The thicknesses of Al layers deposited in the study were measured, production rates were calculated, X-ray 

diffraction was investigated by XRD analysis and surface properties were determined by atomic force 
microscopy (AFM). As a result of the study, it was observed that the ratio of AlN phase to Al phase 

increased with increasing system power. In addition, it has been observed that coating thickness and surface 

roughness increase with increasing system working power and coating time. 
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Abstract  
 

World population is increasing and in few years food and water scarcity problems will be a worldwide 

concern. Aquaponic systems could be key to have a sustainable system that provides fish protein and crops 
with a minimum water consumption. Aquaponic systems combine elements of recirculating aquaculture and 

hydroponics, where fish waste is used as fertilizer for crops1. Although the eutrophication of the water due to 

the compounds excreted by the fishes serves as plant nutrients, they can also favour the apparition of 

cyanobacteria bloom. Cyanbacteria are part of freshwater phytoplankton assemblages but they represent a 
high health risk for both fish and humans owing to a broad range of allergens, toxic and carcinogenic 

substances they produce. In addition to the ensuing productivity losses, cyanobacteria also produce off-

flavours2. Standard methods for monitoring cyanobacteria in water samples continue being time consuming, 
labour intensive and require qualified personnel. Phycocyanin, is a photosynthetic pigment restricted to few 

phytoplankton groups, which is effectively excited at wavelength ranges (430-530 nm) different to these 

employed to Chl-a excitation (590-630 nm)3. Thus, is possible to distinguish cyanobacteria from eukaryotic 
algae. In this work, we present an innovative sensing approach based on water sample concentration and 

cyanobacteria detection using fibre-optics measuring phycocyanin autofluorescence in a single device. 
Cyanobacterial dilutions in a final volume of 15 mL of sterile water were prepared and filtered through a 

nitrocellulose microfiltration membrane by a peristaltic pump at 30 mL·min-1. Then, cyanobacteria retained 
on the membranes were excited at 590 nm and their fluorescence emission was measured at 660 nm, being 

able to distinguish the fluorescence emitted by low cyanobacterial concentrations in few minutes. The 

relative fluorescence values obtained for different cyanobacteria dilutions permitted to obtain a calibration 
curve. The sensor demonstrated a good linear response (R2=0.99) and a detection limit of about 3618 cells 

mL-1. Moreover, this detection limit could be further reduced by filtering larger sample volumes. In 

summary, we have developed an alert system about cyanobacteria presence that will allow activating a faster 
removal response and avoiding bloom apparition.  
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Abstract  
 

Cyanobacteria are photosynthetic bacteria that are worldwide distributed in different ecosystems due to their 

high adaptability to the environment, playing a significant role in the production of oxygen or organic matter. 

However, the excessive growth of cyanobacteria produce the development of blooms in freshwater sources 
like lakes or rivers, causing several health problems mainly related with the production of toxic secondary 

metabolites known as cyanotoxins1. Cyanotoxins are a chemically diverse group of substances that have 

adverse effects on humans, animals or plants, and can be classified into hepatotoxins, neurotoxins, 

cytotoxins, dermatoxins and endotoxins. In that sense, detection of cyanobacteria is quite demanding to 
prevent the presence of cyanotoxins. Currently, the majority of methods for detection of cyanobacteria or 

their toxins are based on chemical, biochemical or molecular-based techniques that are usually time 

consuming and require trained personnel. In this work, we demonstrate different strategies for detection of 
cyanobacteria using impedimetric sensors based on interdigitated electrodes arrays (IDEA), which present 

advantages for different biosensing applications like ease of miniaturization, low cost production and label-

free operation. In addition, here we present a new a concept of a three dimensional (3D)-IDEA with 
insulating barriers separating electrodes digits. The functional mechanism of the device is based on 

registration of changes in conductivity at the surface of the barrier provoked by electrical charge 

redistribution caused by surface chemical reactions2. Therefore, by means of the (bio)functionalization of 

standard planar IDEA and 3D-IDEA sensors cyanobacteria can be immobilized on the sensor surface, 
producing changes in the superficial impedance. Moreover, in our group we have developed a filtration 

system to recover the cyanobacterial cells from water samples, allowing to easily transfer the bacterial cells 

from the filter to the sensor surface3. By means of this methodology it is possible to reduce the problems 
attributed to the matrix effect of complex samples. IDEA impedimetric sensors functionalized with the layer-

by-layer method using polyions allows to detect cyanobacterial dilutions with concentrations as low as 102 

cells/mL in 30 minutes. The developed system is a promising tool for monitoring cyanobacteria in water-

based samples.  
Keywords: Cyanobacteria; Impedimetric sensor; Interdigitated electrode arrays (IDEA) 
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Abstract 

 

Interleukin-1 (IL-1) is a primary regulator of inflammatory and immune response. IL-1 family possess 11 

cytokines (IL-1 to IL-11) that regulate inflammatory responses. Interleukin-1α (IL-1α) is a cytokine 

composed of 159 amino acids and regulates the immune response1. IL-1𝛼is produced by activated 

macrophages, neutrophils, and epithelial and endothelial cells2. IL-1𝛼 is a biomarker of oral squamous cell 

carcinoma, head and neck squamous cell cancer. The ranges of IL-1𝛼 biomarker in oral squamous cell 

carcinoma were 0-137 pg/mL in serum and 175-1000 pg/mL in saliva3.In this study, we developed an 
electrochemical impedance-based immunosensor for IL1α antigen detection in human saliva samples. 

Fluorine-doped tin oxide (FTO) glass was one of the commercially available transparent conductive oxide 

(TCO) substrate and used as a support for biosensing system construction. Anti-IL 1α antibody was 
employed as biorecognition molecule and covalently immobilized onto self–assembled monolayer (SAM) of 

(3-isocyanatopropyl) triethoxysilane(IPTES) on FTO electrode surface. Electrochemical characterizations 

were performed by electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV) techniques. 
Morphological characterizations were carried out by scanning electron microscopy and atomic force 

microscopy. The change in the electrochemical impedance was recorded and used for quantifying IL 1α 

concentration. The fabricated immunosensor illustrated high sensitivity in the range of 0.04 pg/mL to 2 

pg/mL with a low detection limit of 10.6 fg/mL. Moreover, the immunosensor showed high selectivity when 
detecting IL 1α antigens and illustrated suitability for practical applications. The suggested immunosensor 

was a stable and sensitive tool for IL 1α detection and could be able to use in potential applications of cancer 

diagnosis. 
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Abstract  

 

Cadherin-like protein 22 (CDH22) is a cadherin superfamily member and has a role in cell-cell adhesion and 

metastasis. CDH22 is highly expressed in the pituitary gland and brain and also it has a role in tissue 
formation in neural and nonneural cells of the brain and neuroendocrine organs. Over-expression of CDH 22 

causes colorectal cancer, breast cancer and metastatic melanoma1,2. The concentration of CDH 22 biomarker 

in human serum can be determined by ELISA kit. The linear range and detection limit of the ELISA kit are 
15.6–500 ng/mL and 2 ng/mL, respectively3. In this study, we fabricated a novel, very sensitive impedimetric 

immunosensor for detection of CDH22 biomarker based on brush type poly(thiophene-g-

glycidylmethacrylate) modified disposable ITO electrode. Anti-CDH22 antibodies were immobilized on the 
polymer modified ITO electrode and used for CDH22 antigen detection. Electrochemical impedance 

spectroscopy, cyclic voltammetry, scanning electron microscopy and atomic force microscopy measurements 

were perfomed for following immobilization steps.The developed immunosensor illustrated a relationship 

between interfacial resistance change and CDH22 antigen concentrations (0.01-3 pg/mL). In addition, this 
immunosensor was specific for CDH22 antigen detection with a limit of detection of 3.2 fg/mL. The 

selectivity of immunosensor was tested and our immunosensor gave negligible response in the presence of 

some interferent proteins. Moreover, the suggested immunosensor showed good performance for CDH22 
detection; good stability (seven weeks), excellent reproducibility (RSD 1.88%), good repeatability (RSD 

3.83%). Although CDH22 antigen detection is the focus of this study, other cancer biomarkers can detect by 

using this immunosensor fabrication strategy. 
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Abstract  

 

AFP is oncofetal glucoprotein, liver and testicular cancer, as well as predominantly in hepetocellular cancer 

(HCC), vitellüs sac and other malignant tumors. The determination of the amount of AFP, early detection 
and the limit range reached by the method used for this determination is of great importance1. In this study, 

label-free AFP immunosensor is prepared on screen-printed electrodes and electrochemical characterizations 

are performed. For this purpose firstly, the screen-printed electrodes (SPCE) were modified with reduced 
graphene oxide (RGO), polyneutral red (PNR) and gold nanoparticule (AuNP). Then, the surface of the 

electrodes (SPCE/RGO/PNR/AuNP) were modified by GA, Anti-AFP, BSA and AFP, respectively, and the 

AFP immunosensor was prepared (SPCE/RGO/PNR/AuNP/GA/Anti-AFP/BSA/AFP). Schematic 
representation of preparation of AFP immunosensor is given in Figure 1. The incubation times of antigen and 

antibodies, pH and amount of antibodies of the prepared immunosensors were optimized. The preparation 

stages of immunosensors and optimization studies were characterized by electrochemical methods. CV, 

DPV, SWV and EIS were used as electrochemical analysis methods. 
 

 
Figure 1. Schematic representation of preparation of AFP immunosensor 

 
Keywords: AFP, label-free immunosensor, polyneutralred, reduced graphene oxide, screen-printed electrode 
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Abstract  
 

Hydrogen peroxide (H2O2) is one of the electroactive species produced in reactions catalyzed by oxidase 

enzymes. Most of the oxidase based electrochemical biosensors are based on the monitoring of the 

concentration of H2O2 produced in proportion to the amount of the analyte. Therefore, the fast and highly 
accurate determination of H2O2 is very important in drug, clinical, industrial and environmental analyzes1. 

The aim of this work is to preparation of screen-printed electrode modified with reduced graphene oxide 

(RGO), polyneutral red (PNR) and gold nanoparticles for amperometric detection of H2O2. The firstly, RGO 

was modified on screen-printed electrode (SPCE) by LBL method. Then, 1 mM NR was electropolymerized 
on SPCE/RGO by potential cycling between -1.1 to +0.9 V at a scan rate of 50 mV s.-1 to form a PNR film 

on the surface2-4. Finaly, 4 µL of the colloidal gold suspension (AuNP) was dropped on the WE surface of 

SPCE/RGO/PNR and the modified electrode was let to dry. The optimum pH and working potential for the 
electrochemical analysis of the H2O2 was determined. Analytical characterization of H2O2 biosensor was 

performed. 
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Abstract  
 

Since electrochemical biosensors offer great profits for their high sensitivity and selectivity, low-cost, and 
compatibility with microfabrication technology, they have a key importance in diagnosis, environmental 

monitoring, forensic applications, and pharmaceutical investigations.  Nucleic acid-based analysis has gained 

much interest in the diagnosis and monitoring of various clinical treatments. As they provide better 
advantages over conventional nucleic acid assay methods, they have rapid response, easy-to-use, high 

sensitivity and low-cost in the detection of specific nucleic acid sequences. Thus, they are used in the studies 

related to nucleic acid research. The indicator-based nucleic acid detection protocol is one of the major 
approaches to monitor the nucleic acid hybridization-mediated recognition events in biochemical analysis.  

Metal complex, cobalt phenanthroline, [Co(phen3+
3)], which is one of these indicators, interacts with the 

nucleic acids via intercalation. Thus, this interaction allows an increase on its electrochemical signal2,3. The 

magnitude of the indicator peak is expected higher in the presence of double stranded DNA in contrast to 
single stranded DNA. In our study, the interaction of metal complex, [Co(phen3+

3)] with nucleic acids was 

examined using graphite electrodes and differential pulse voltammetry (DPV) technique. The experimental 

parameters, such as, accumulation time with the applied potential for indicator as well as its concentration 
were examined. The detection of interaction of [Co(phen3+

3)] with nucleic acids was successfully 

investigated based on the changes at the response under the optimized conditions. 
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Abstract  
 

Tyrosinase, is a multifunctional copper-containing enzyme that catalyzes two distinct reactions of melanin 
synthesis: a hydroxylation of monophenols to o-diphenols (monophenolase activity) and an oxidation of o-

diphenols to o-quinones (diphenolase activity), both using molecular oxygen. Nanostructured materials 

possess unique optical, electronic and magnetic properties depending on their core materials and they have 

large surface-to-volume ratio that favours miniaturization. In recent studies, great attention has paid metallic 
oxide nanostructured materials due to their high conductivity, stability and catalytic properties1,2,3. Three 

different immobilization platforms have been designed for Tyrosinase based electrochemical biosensors for 

Tyrosinase inhibition applications. For this purpose magnetic nanoparticles (MNPs), iridium oxide 
nanoparticles (IrOxNPs), electrochemically reduced graphene oxide (ERGO), carbon nanotubes (CNT) 

polythionine were used.Catechol detection is optimized in terms of nanomaterial concentration, number of 

cycles to reduce graphene oxide, amount of iridium oxide nanoparticles and amount of Tyrosinase. The 
analytical characterization of the designed nanobiosensors SPE/MNPs/Tyr/IrOxNPs, 

SPE/ERGO/IrOxNPs/Tyr and SPE/CNT/polythionine/IrOxNPs/Tyr were achieved by continuous additions 

of catechol at different concentrations. After then, Tyrosinase inhibition was followed by drugs. For 

SPE/ERGO/IrOxNPs/Tyr biosensor, limit of detection (LOD) value was obtained as 0.053 µM for catechol 
detection. For MNPs/Tyr/IrOxNPs biosensor LOD was obtained as 0.006 μM for catechol and for 

SPE/CNT/polythionine/IrOxNPs/Tyr biosensor 0.004 μM LOD value was obtained.  
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Abstract  

Tumor necrosis factor receptor-associated protein (TRAP-1) is a mitocondrial chaperone protein that is 

indicated as a target for cancer treatment. Mitochondrial chaperone TRAP-1 increases resistance to stress, 

mobility and fertility. TRAP-1 controls the cell migration of cancer cells under methabolic stress conditions. 

In this study, it is aimed to design a label free biosensor based on ITO-PET (Indium tin oxide-

polyethyleneterephalat) electrode for TRAP1 protein determination. Firstly, ITO electrodes were modified 

with NH4OH/H2O2/H2O to create hydroxyl (OH) groups on the surface. Later, the electrodes were immersed 

in 3-glycidoxypropyltrimethoxysilane (3-GOPS) (in toluene) and incubated in this solution overnight. Silane 

groups were intracted with -OH groups on the surface . Then, anti-TRAP1 protein was  immobilized onto the 

electrode surface. After the covalent immobilization of anti-TRAP1 protein on the surface,  BSA protein was 

used to block the free active ends. All parameters such as 3-GOPS and anti-TRAP1 concentrations, TRAP1 

and anti-TRAP1 incubarion periods were optimized. All electrode modification and immobilization 

processes were characterized by using Cyclic Voltammetry (CV) and Electrochemical Impedance 

Spectroscopy (EIS). These steps were realized in K3[Fe(CN)6]/ K4[Fe(CN)6]  redox probe. Electrochemical 

experiments were monitored using IVIUM. The linear range of the immunosensor was detected as 0.1-100 

pg/ mL. 

Keywords: TRAP-1, 3-GOPS, ITO-PET, immunosensor 
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Abstract  
 

Parathormone is secreted by the parathyroid glands and is the most important regulator of blood calcium 

levels. Parathormone is known as PTH, parathyroid hormone and parathyrin in literature. In this  study, a 

new biosensor was  designed with disposable ITO-PET (indium tin oxide polyethylene terephthalate) 

electrodes for sensitive detection of PTH. Firstly, hydroxyl (OH-) groups were formed on the ITO-PET 

electrode surface. Secondly, the hydroxylated electrodes were incubated with 3-GOPE (3-

glycidoxypropyltriethoxysilane) overnight. Afterwards, anti-PTH antibody was immobilized onto the 3-

GOPE modified electrode surface. The optimum parameters such as 3-GOPE concentration, anti-PTH 

concentration, anti-PTH and PTH incubation time were determined to obtain a sensitive biosensor system. 

Electrochemical Impedance Spectroscopy and Cyclic Voltammetry were used for all optimization studies. In 

the future, analytical characterization of the proposed biosensor modified with 3-GOPE will be studied and 

determined. 
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Nowadays, breast cancer is one of the most common types of cancer among women. Vascular endothelial 

growth factor (VEGF) could be used as a potential biomarker of this type of cancer which is an important 
regulator of angiogenesis and vascular permeability and is considered to be a powerful mitogen for 

endothelial cells1. In this study, a novel biosensor was developed by using disposable indium-tin oxide-poly 

(ethylene terephthalate) (ITO-PET) electrodes as a working electrode for sensitive detection of VEGF. In the 

immobilization process, 3-Glycidoxypropyltriethoxysilane (3-GOPE) was used as silanising agent with its 
chemically active glycidoxy groups, which were used for the immobilization of VEGF-R1 onto the ITO 

electrodes. Electrochemical impedance spectroscopy (EIS) was applied in order to characterization the 

biosensor which produced in this work. As electrochemical characterization applications, Single Frequency 
Technique (SFI), storage life, repeatability and reproducibility process were used. Scanning Electron 

Microscope (SEM) images, energy dispersive x-ray spectrum, mapping and FTIR were investigated in order 

to support the electrochemical characterization results.   
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