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SUMMARY

THE DEVELOPMENT OF AMPEROMETRIC UREA BIOSENSOR
BASED ON DENDRIMER MODIFIED ELECTRODES

Jackson Narkpa NYANGWEBAH

Biomedical Engineering Programme

MSec. Thesis

Advisor: Assoc. Prof. Dr. Mehmet SENEL

This study demontrates construction of the amperometric urea biosensors based on
ferrocene polyamidoamine dendrimer with various generations (G1, G2 and G3) and
carbon nano tubes (CNT). Pencile graphite electrode (PGE) has been modified by
simple droping of the Fc-PAMAM (Gl to G3) and Fc-PAMAM (G3)/CNT
nanocomposite, after which Urease enzyme was immobilized. In comparison of Fc
PAMAM electrodes, G3 electrode showed best result, after which it was combined with
CNT. Fc-PAMAMY/CNT urea based biosensor showed very good selectivity towards
urease with the detection limit of 0.05 mM, linear range of 0.2 to 1.65 mM, sensitivity
of 1.15uA/mM and response time of 4s. In order to check for selectivity and reliability
of the proposed biosensor analytical recover and real sample, the human blood analysis
was conducted. The real sample investigation of the developed amperometric urea
biosensor was held from the serum collected from human blood samples, with recovery

of 95.8 to 103.3 %.

Keywords: Amperometric, Urea, Urease, Immobilization, Ferrocene, plyamidoamine
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OZET

DENDRIMER MODiFIYE ELEKTROT BAZLI AMPEROMETRIK
URE BiYOSENSOR GELISTiRIMI

Jackson Narkpa NYANGWEBAH

Biyomedikal Miihendisligi Programi
Yiiksek Lisans

Danigman: Dog¢. Dr. Mehmet Senel

Belirtilen calisma, ferrosen merkezli poliamidoamid dendrimerlerin 3 jenerasyon (Fc-
PAMAM Gl1, G2 ve G3) tiirevleri ile cok duvarli karbon nanotiip (KNT) bazlh
olusturulan amperometrik iire biyosensorlerini tanitmaktadir. Kalem grafit elektrotlar
tek adimda basit damlama yontemi kullanilarak miinferit bir sekilde Fc-PAMAM( Gl1,
G2 ve G3) ve Fc-PAMAM G3/KNT nanokompozit ile medifiye edildikten sonra iireaz
enziminin yiizeye baglanmasi saglanmistir. Diger jenerasyonlarla kiyaslandiginda Fc-
PAMAM G3 elektrodunun en iyi performansi sergilemesinden dolayi, KNT ile bu
jenerasyonda calisilmistir. Ureaz modifiye edilmis Fe-PAMAM G3/KNT (Fc-PAMAM
G3/KNT/Ureaz) biyoelektrodu 0.05 mM tespit limiti, 0.2-1.65 mM lineer araligi,
1.15uA/mM hassasiyeti ve 4 s yanit siiresi gibi performans kriterleriyle ¢ok iyi sonuglar
gostermistir. Secicilik ve giivenirlilik gibi 6zelliklerin sorgulanmasi icin analitik geri
kazamim ve kan numunelerinde 6lciimler gergeklestirilmistir. Onerilen amperometrik
iire biyosensorlerle yapilan insan kanindaki iire miktarinin 6l¢iim sonuglarina gore

biyoelektrot, lineer aralifinda %95-107 arasinda geri kazanim gostermistir.

Anahtar kelimeler: Amperometrik, Ure, Ureaz, immobilizasyon, Ferrosen,
poliamidoamid.
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CHAPTER 1

INTRODUCTION

1.1 Purpose of the Thesis

Urea is the bye-product of an amino acids production in the cytosol and the
mitochondrial of the liver cells ordefined as the residues of protein breakdown products
in most terrestrial mammals. Being a residue, it produces ammonia, which is a toxic
substance for liver and kidney cells, therefore; the elevation of urea in human needs to
be accurately and consistantly evaluated for the prevention of vital organ disease[1].The
human systems function in a normal range of urea that present in the serum about 15 to
40 mg/dL(5 to 20 mg/dl, or 1.8 to 7.1 mmol urea per liter).On this note, the hyper-urea
concentration in human lead to many body alnormaolities and medical dieases, such as
the shrinking cells, tissues or organs due to the insufficient water,the digestive tract
bleeding, cirrhosis, kidney damage and painful sensations in the body. And the hypo-
urea level in the blood results in the reduction of body vitality and strength and form
kidney stone [2]. Generally, there have been many laboratory detective methods used
for the evaluation of this liver enzyme bye-product, urea in both clinical and research
diagnoses. Despite of the prolong usage of their test establishment, the analysis and
result process take lots of time and even as it's relate to method complexities.
Meanwhile its alternative, the biosensors do creat numerous of benefits today to both
clinical and research purposes, like the miniaturization of devices and their capability
ofsignals data results [3]. Despite of variety of transducers that have been produced for
urea evaluation, a novel urea biosensor is now proposed, that's based on ferrocene
polyamidoamine dendrimer modified pencil graphite electrode. This nano amperometric
urea biosensor meanly focuses on the evaluationof urea at a very low and at the initial
elevation of urea level in the body having being constructed; this biosensor will use
urease to catalyze the composition of urea in electrochemical environment. As it is

proposed, the incorporation of carbon nanocomposites on the conducting polymer



Film gives the sensor viability, accurate result production, short processing time and

more over less expensive for production.
1.2 Literature Survey

Urea defined asa by-product of proteins metabolism in the liver during the kerbs cycle.It
is known as a protein residues in the body, which need to be monitored due to the
related toxiccharacteristics associated to human body physiology. Due to its
toxic(ammoniun) feature, which affects vital body organs(kidney, liver, etc.), the
demands for the medical attention is required[4]. In clinical approach, urea evaluations
are of vital importance in medical and biomedical settings to determine its biological
concentration. Its high or low concentration provides health information for the organ
(kidney)excretion orhepatotoxinproblems[5]. The normal urea level in blood serum
ranges from 7 to 20 mg/dL (15 to 40mg/dL) (2.5 to 7.5mmol/L), where the elevationof
its amount leads tohealth issues, such as acute or excretory bladder blockage, with
shock, burns, fluid lost, and gastrointestinal bleeding. However, a reductionof urea
contentleads tocirrhosis, nephritic syndrome and the reduction in body vitality and

strength [6, 7].

Biosensors are defined as a converting instrucment which works with biorecognition
elements (enzymes, nucleic acid (DNA or RNA), microorganisms, whole cells,
antibodies) or biochemicaland electrochemicalpropared substance and physicochemical

transducer to translates a biological signal into a measureable or counting signal.
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Figure 1.2 (A) presents the amperometric biosensing components [8],(B) shows various

biosensor elements, sample, transducers and electronics system [9].

Amperometryis electrochemical method that conventionally uses the three
electrodes configuration. In its method, a fixed working current is set with the modified
electrode and the reference electrode, whichcorrelate bioelectrical signal,which is
equivalent to the substrate composition present. And the signal is measured in the
function of the modified electrode and measuring electrode. In the amperometric
determination, the current signal is providedfrom the reaction of Redox[10]. As an
example polyaniline—-Nafion compoundwasprepared tofabricate amperometric urea

sensor, which depends on polyaniline—perfluorosulfonated ionomer composite



electrodes, where the enzyme wasimmobilized to the constructed matrix (film). Due to
this electrochemical composition, they carried out system modifying process and
dropped coating. It provedthe biosensor sensitivity of the compound modified on the
working electrode, showingdropped coating procedure as superior over the system
modifying process[11]. The major purposes of the amperometric applications are rooted
on the ability of the electron conduction from the active site of the recognition element
tosensor within working of the transferrer (mediator) the endurance of the fixed applied
potential. Urea biosensor is an example of amperometric instrument, whichconducts the
breaking down of urea to HCO3 and NHy4 [12]. Due to this process, urease converte the
substrate(urea) into HCO3; and NHysubstance, which are further liberated in the Krebs
cycle[5]. Different biosensor matrices areevaluated for their inert with different
functional groups to establish smooth redox reaction between substrate and biomolecule
to produce electrochemical signals and the ability to amplify working signal to be
desynchronized from interfering biological or chemical species signals [13].A number
of well-established traditional methods have been used in determining urea elevation in
human serum.Such as; spectroscopic, colorimetric, and the liquid high performance
chrotomagraphy techniques [11].With the incorporations of synthesized chemical types,
biorecognition elements and electrochemical matries,the amperometric method serves
as alternative to the tradition methods. The amperometric urea biosensors are
categorized into three phases. In the first phase, the biomolecule is attached or
embedded within the filmthatcan be fixed to the sensing device. The second phase
brings about the surface or medium adsorption of covalent fixation of the biomolecule
active site is embedded within thesensing platform and allows the degradation of the
partial-permeable membrane. In third phase, the biomolecules are attached directlyto
the sensors and electronic device amplifies the signal [14]. Therefore, the enzyme
immobilization presentsa major support for the fabrication of analytical amperometric
urea biosensors, providing a well defined function, possessing good experimental and

good shelf life, highly detectable and owns real time characteristics [15].



1.3 Urea Detection Methods

In the amperometric biosensors measurement, the reduction and oxidation current
is acquire from the reaction of the biorecognition element and the targeted analytes on
the transducer within the solutions. Due to the setting of fix amperometric applied
potential, electron transfer mechanism can be deduced by its interaction with the
catalyst molecules, which conductions are mostly influenced by mediator or the
conducting polymers[14]. Scientists have worked efficiently with biosensors due to the
many advantages they offer, such as specificity, speed, miniaturization and low cost
effect for various applications [11]. In current discoveries for point-of-care testing,
military detection, clinical diagnosis, food quality technology, environmental and
biomedical monitoring, amperometric enzymatic biosensors plays a very important part
in solving many challenges that were faced within the experimental and diagnostic
procedures of the traditional techniques [16]. Normal level of urea composition in the
human serum do allow well systemic functions of the kidney, hepatic system and the
normal functioning of the gastrointestinal organs [11]. Since urea measurement being of
a vital interest, biomedical engineers, researchers and clinical laboratory techniques
have critically evaluated the hyper-urea concentration variation, that states between
180mg/dl and 480mg /dl to have been requiredfor the dialysis of the blood to remove
toxic substances[17],and sometime related to many health problems; such as acute or
chronic urinary tract obstruction, shock [18], liver failure [19], precisely, the elevation
of human serum urea leading toan increasein mortality of acute ischemic stroke
patients[20].An elevation of blood urea concentrations have been associated with
chronic uraemic encephalopathy, other in hyper ammonaemia, acidosis and impaired
calcium homeostasis latter state [21],renal deficiency [22], burns, dehydration, and
gastrointestinal bleeding and the hypo-urea concentration has been notified of leading
to nephritic syndrome, and cachexia [3, 20].Conventionally, there have been several
analytical techniques used to monitor urea concentrations in the human blood serum.
But there are two techniques commonly used for urea analysis, which include
traditional techniques and electrochemical techniques. The traditional techniques
although precise, but characterized by common pitfalls, such as pretreatment

procedures, method complexity, the high costs associated with experimental procedures



and the delay observe between test time and the treatment time, which takes several

hours, days and even weeks [11].
1.3.1 High Performance Liquid Chromatography (HPLC)

The High Performance Liquid chromatography method appliction in the detection of
urea is mainly based on quantification. This procedure strongly analyzed size of
particles arranged in a given column. Due to its technical complexity, inadequate
sensitivity and involvement of expertise, the high performance liquid chromatography

method hasn’t been used for real time detection [23, 24].

1.3.2 Colourimetric Techniques

The colorimetric technique is widely used in the detection of urea concentration in a
solution with the help of a color reagents. This analytical technique deeds with the
conversion of absorbent spectra of a color gradient differentiation in the experimental
chamber and results are counted as product that is proportional to urea present in the

sample[25].
1.3.3 Flourometry

The fluorimetric technique, this is an analytical procedure which deals with the
identification of molecules by detecting and quantifying the beam in a wavelength of
the ultraviolet light emitted during fluorescence. There are several complications in this
flow system, where the system need to be pre-concentrated, the analyte pretreated twice

most probably and the medium transported to the detector [26].
1.3.4 Piezoelectric crystal

Piezoelectrtric crystal is the technique that deals with electric-charges that are
accumulated in a given sample materials to develop a response, which is applied to
produce a mechanical stress measurable respone. In piezoelectric urea detection, urea is
catalyzed in the presence of Urease giving ammonia and carbon dioxide as a bye-
products. The products of the reaction in turn exert a certain pressure on the
piezoelectric detector, which converts the mechanical pressure into electrical signal that
is counted. Its drawback for real time diagnosis is that, it produces very low sensors

output and its crystal sample are prone to fracture[27].



1.3.5 Mass Spectrophotometry

Mass spectrometric technique; amass spectrometric technique is achemo
analytical technique that aid in identify the quantities and type of chemicals present in a
sample by measuring the mass ratio and abundance of gaseous ions. Mass spectrometric
technique works by ionizing chemical compounds to generate charged molecules when
bombarding it with electron that causes it breaking into charged fragments, this
technique needs retreatment of samples in many experimental designs to achieve data
accuracy, good linearity curve and a very little uncertainty in the determination of urea

in real sample [28, 29].
1.4 Electrochemical Determination of Urea

There are three basic enzymatic urea biosensor techniques that are widely used for
urea detection. In electrochemical bioanalysis, these techniques are based on different

modes of measurements. Their modes of measurements includes:
1.4.1 Enzymatic conductometry

The conductometric technique, Conductometric transducers as a biosensing devices
were constructed by Watson et al.. this work consisted of an oxidizing silicon adhesive
disk with serpentine, interlock gold electrode pairs on one dimensional surface
arrangement[30]. Conductometric biosensor techniques are the measurement of
conductance, capacitance and admittance from an ion charge produce in a solution
between the electrodes. In this reaction, an alternating potential is applied between two
inert electrodes producing a change in the ionic strength of the sample, which can be
monitored by conductometric devices. Common pit falls of this technique; its
biosensors are limited due to the ionic background for the use of clinical sample and its
limitation of measuring small conductive change in a solution with high ionic strength,

of which it producesnarrow dynamic range and has low sensitivity [31, 32].
1.4.2 Enzymatic potentiometry

Potentiometric mode of measurement, one of the commonly used techniques for urea
detection that based on ion charge selective characteristics. In this technique, the current
potential changes based on different charges that are set between the two electrodes, the

indicator electrode and reference electrode. Based on the potential difference, the
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constant half-cell potential is required from the reference electrode, while the indicator
electrode provides changing potential for analyte specificity in solution. This potential
change causes a detection low response and high influence of interference signal,

instead of having a fixed steady state potential values [14, 33].
1.4.3 Enzymatic amperometry

Amperometric urea technique is the analytical electrochemical technique that applied in
most biomedical/clinical research for blood serum analysis, which takes advantage of
electroactive chemical species that are involve with oxidation and reduction reaction.
Conventionally, there are three electrodes system in the electrochemical amperometric
working procedure, which includes the working electrode, the reference electrode and
the counter electrode. During its reaction, the fixed applied current is usually set
between the working electrode and reference electrode and the steady state signal is
produced between the working electrode and the counter electrode,which are then
measured and regulated by counter electrode. Its steady-state current generates is fixed
and is proportional to the concentration of analyte in the solution. Its common drawback
is, the factor affecting the transfer of electron from the catalytic site of an enzyme to the
electrode surface, where electron landing affinity measurement is held [14, 31, 34].
Most amperometric urea detection techniques in research and clinical laboratories are
based on mediation/conducting polymers, which are widely used. Mediators or
conducting polymers are used to enhance the speed, sensitivity and the versatility of the
biosensor in a polymer containing solution for precise measurement of analyte
concentration. Because of the different behavior pattern of conducting polymers, they
are widely used to perform high electrochemical conductivity, minimize compound
interference signals that have affinities to electrons experimental setup [35].Based on
these unique, characteristics of conducting polymers, scientists manipulate conducting
polymers to yield different results and to enhance the speed, sensitivity and broad scope

for biosensor experiment or for diagnosis [14].

In this proposed document, the development of amperometric urea biosensor, we
work with ferrocene, polyamidoamine dendrimer (Generations) andcarbon Nanotube to
modify the pencil griphite electrode using the covalent immobilization technique for

urease binding to polymer in the fabrication of urea biosensors. The Ferrocene-
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Pamamserves as mediator,conducting polymer film. But it was studied that the Fc-
PAMAMA film electrons conduction was slightly unstable due to the weak interaction
between the polymer film and ureasein the research. The composite of multi-wallcarbon
nanotube was added to improve the electrons transfer capacity on the biosensor. In this
paper, the carbon Nanotube plays major role in the promotion of electron transfer from
the oxidation and reduction reaction and covalently immobilization of the urease to the
polymer film, as similar work reported in[4].With the use of ferrocene-Pamam, carbon
nanotube composite and urease, the developed amperometric urea biosensorhad low
detectedlimitto urea concentration. Therefore keeping the enzyme activity stable, the
biosensor precisely, efficiently had shorter response time, fast sensitivity, good

reusability and a good shelf-life.



CHAPTER 2

BIOSENSORS

From the centuries of medical development, agriculture and environmental
detection, the traditional methods of pathogens and chemical diagnoses have been the
detective methods, which suffer analytical accuracy, specificity and lost real time
sensitivity. These traditional experimental techniques are widely used in clinical and
research laboratories. Due to the many challenges the present traditional methods (cell
culture, microscopic detection, DNA- based method) are confronted with, an
alternative, biosensors that provide researchers high sensitivity, low cost,
reproducibility, simple, accurate and affordable for individuals, homes, industries and
medical facilities have been emerged[36].Due to the biosensor integration, the device
has been categorized into three generations. In its earlier development, the biocatalyst
was based on the binding to or the entrapment of bio-recognition substance into the
membrane that is held to the transducer surface. Based on the trapping technique, the
first generation emerged. Ronkainen et al.. 2010, a glucose biosensor constructed to
trapped glucose oxidase which then further more oxidized [-D-glucose to B-D-
gluconolactone, follow by the proceeding reduction of flavin adenine dinucleotide to
flavin adenine dehydrogenase (FADH?2). To produce hydrogen peroxide, an oxygen was
added to the flavin adenine dehydrogenase and another flavin adenine dinucleotide
(FAD) was formed. In this electrochemical setup, a fix applied voltage accelerated the
oxidation with the hydrogen peroxide production on the electrode surface to elaborate
electrical signal. However, the first generation biosensor fabrications were marked by
pitfall, that is; the active site of the enzyme and the flavin functional group were hidden
deep beneath the enzyme, which causes obstruction for an electrons transfer, because of
the confinement of the electrons, a high potential was required to accelerate the
movement of electrons generated from the oxidation hydrogen peroxide to the sensor
surface, thereby inducing many reduction and oxidation reactive species that form part

of the blood matrix composition that cause noisy signals(artifacts) or signal interface,
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like the case of paracetamol, ascorbic acid, uric acid, organic or inorganic elements
present in the blood fluids[8]. Due to these electrons confinement, the second
generation stands to result some of the shortcomings of earlier generation by the
incorporation of chemically synthesized mediators, which nowregulates the movements
of electrons in most electrochemical applications. For second generation biosensor
construction, the oxidizing mediator produces flavin adenine dinucleotide (FAD) with a
continuous self-reduction. In the same manner, the mediator is produced on the surface
of the electrode and inducing a measurable signal [37]. The mediator is synthesized and
sometimes diluted into a phosphate buffer saline (PBS) solution or in an electrolyte
solution to conduct a quantitative electrons transfer from the active site of biomolecules
to the surface of the electrodes. With the use of commonly synthesized mediators, such
as; polyvinylimidazole [38], polyvinylpyridine [39], ferrocene-polyamidoamine (Fc-
PAMAM) [40] , polypyrrole [41], these mediators provide speedy electron transfer
during redox reaction and induce the redox platform for enzymes and sensor response
[37]. It was really means of a covalent adsorption ofthe active biorecognition element to
the transducer surface and the conducting polymers more permeable to be easily
attached. Then in its third generation, an amperometric enzyme based biosensors have
been divided into two main groups, which are the mediated based biosensors and the
non-mediated biosensors. The biosensors based on mediator, which the second
generation biosensors are part, have been widely used in purpose of upgrading the
sensitivity and reliability of the first generation biosensors. It has been observed that
few mediating molecules cause sample contamination or leakage outting through
electron transfer mechanism [42]. Based on the improvement of biosensor usability and
performance of the second generation biosensors, the non-mediated or mediator-free
amperometric enzyme based biosensors are discovered in finding remedy. The third-
generation amperometric enzyme based biosensors have the abilities to directly transfer
electrons from the oxidizing or reducing amino acid residues or proteins to the sensing

electrodes [14, 43].
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2.1 Biological Recognition Elements

Biological Recognition Elementsin the study of biosensor, there have been several
others matrix materials used as bio-recognition elements, namely antibodies, DNA/
RNA, enzymes, whole cell or tissues. The major function of the bio-recognition
elements is to react with the targeted analyte that can improve the biosensor selectivity,
which occurs according to its analyte proportionalities in the working environment. Due
to the increase threats that are posed in the agricultural sectors, health and
environmental areas, these bio-recognition elements are used based on their specificity
to construct biosensor for fast detection of pathogens involve with food spoilage in the
agro-industries[44], that cause disease outbreak in the health sector and that produce
toxins or gaseous odors in environmental pollution. Bio-recognition elements are one
the main component for biosensor fabrication. Since they are too important, the
selection of bio-recognition elements must be done in careful view of the biosensor

specificity to a target analyte concentration in complex medium[45].
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Figure 2.1 Biological recognition elements used in biosensors application
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2.1.1 Antibodies

An antibody based biosensors are widely used in this age for most research and clinical
laboratories. In most mammals, the white blood cell producesthe Y—shaped proteins
called immunoglobulin which stage a defense against foreign bodies or antigens and
protect the host body[46].There are several immobilization techniques used in binding
antibody to the electrode surface for determination of good experimental result. These
techniques include the direct adsorption of antibodies to the surface of the electrode [47]
and covalent bonding of antibodies on the membranes or surfaces activated by ways of
multifunctionalized terminal groups (Polyamidoamine(PAMAM), glutaraldehyde or
Carbodiimides) and the entrapment of biological antibodies within a polymeric

matrixes [48].
2.1.2 Deoxyribonucleic acid/Ribonucleic acid

DNA/RNA (Nucleic acids) based biosensors; Due to the exposure of living organisms
to chemicals and toxins containing substance through food and water, there have been
numerous medical cases in the world today. The deoxyribonucleic acid (DNA) is a
biomolecules that carries genomics information that can be used in the fabrication,
function and reproduction of living organisms and in the replication of viruses, that are
most often involved with contaminants and pollutants. DNA as biological molecule is
one of the biorecognition elements used in biosensor construction to evaluate and
analyze chemical compositions and pollutants from the environment. Basically there
two monitoring techniques for this DNA based electrochemical detection. They include
the direct monitoring of analyte and Indirect monitoring technique of inhibitor, the
direct monitoring technique deals with the signal produce from the reaction between
biomolecules and substrate or analyte in solution. In the direct monitoring of DNA film
or polymer film containing DNAenzyme modified on the working electrode, the
production or consumption in reacting signals are measured from the proportional
amount of analyte in the sample. Indirect monitoring technique is widely practiced with
the use of biochemical receptor or activator, where the organic pesticides, heavy metals,
fluoride, cyanide inhibits the DNAenzyme that are modified on the working electrode of
the biosensors. However, the function of the DNAezyme based biosensor is
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irretrievable. Due to the irretrievable ability of the biosensor, their biocatalytic functions
are preserve when process chemically form. The technique does not require direct
detection of substrate in a solution, rather detection is observed by the inhibition or

obstruction of the biomolecule function on the biosensor [49].
2.1.3 Enzymes

Enzyme based biosensor; from the evolution of this great discover of biosensors,
enzymes have been a component part of biosensor development. The biosensor based
on enzyme is one of the widely used electrochemical techniques in the field of
biomedical and clinical researches[50].An enzyme based biosensors having been
discovered by prof. Leland C. Clark Jr. in 1962, the enzyme catalyzed reactions in
biological environment have been one of the methods in diagnosing the human blood
glucose and blood serum urea concentration[51]. From 1962 until now, the portable
electrochemical enzyme based miniaturized devices have given the public easy access
to self-diagnosis[52]. Enzymes as macromolecules is one of the receptors or biological
recognition elements (Enzyme (mono-or multi-enzyme), Whole cells (micro-organisms,
such as bacteria, fungi, eukaryotic cells or yeast) or cell organelles or particles and
Tissue (plant or animal tissue slice)) that is incorporated unto the biosensor surface [49].
Enzymes are biological catalysts, which increases the rate of chemical reactions in a
biological environment without being consumed. They are also protein and are folded
into several dimensional shapes. There have been many works done in reported
literature concerning enzyme based biosensors. On the basis the electrochemical
enzyme based biosensors, techniques which are widely used, the enzymes are

incorporated unto the sensors surfaces making continuous consumption of analytes.
2.1.3 Whole cells / Microorgnisms

The Whole cells/microbial cell biosensor is an analytical device that incorporates
microorganisms to a transducer for fast, accurate and sensitive analysis of a specific
analytes in medical research, environmental monitoring, defense and in quality control
of food industries. Whole cell/microorganisms are one of the biological recognition
elements, one of the component in biosensor design for its reliability and device
efficacy[53]. There are many environmental threats and risk due to the uncontrollable
use of industrial chemical compounds, which are released into the air and the soil.
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These pollutants contaminate water sources or our ecosystems not only in industrial
areas, but at other parts of our environments. Being exposed to these hazardous
chemical compounds, humans and other wildlife suffer physiological gene alterations,
reduced fertility, neurological disorder and common genetic mutation. On this basis,
researchers have fabricated biosensor from the current technology that is dominating the
hospitals and home diagnosticsfor the accurate evaluation of medical related cases,
environmental contaminants and an oxygen shortage environs[52, 54],andwhole cell/
microbialbiosensors most often work with both chemcal and physical immobilization
methods[14] .In many cases, the chemical immobilization technique, covalent binding
doesn’t suit for the whole cell to be immobilized on the biosensing surfaces. The
simplest encounter is with the chemicals reaction to many different cell matrices, that
which affects the morphology of the sensor and the survival of the immobilized cells on

the sensing faces [55].
2.1.4 Tissues materials

Tissue based biosensors; Tissue is one of the biological recognition elements
(bioreceptors). These biomolecules of the living organisms possess the quality
characteristics, which are used in most detective or diagnostic studies[56]. In the most
of the tissue biosensor based application, tissue slices, which are sources of enzyme
used to catalyze an analyte in a given reactions. Over the years, the tissues based
biosensors have offered many advantages, which have given it high attraction by the use
of electrochemical biosensor techniques[57]. These advantages are: the high stability
and high level of activity resulting from the maintenance of the enzyme in its natural
environment, the biosensors long lifetime stability, a good reusability characteristics,
this biosensor biomolecule (bioreceptor) has easy accessibility and application
attractiveness, fast, less time consuming enzyme extraction and purification. The tissues
based biosensors offer a minimum disadvantages, like the low detection specificity to
the present of other chemicals that make up the organisms. In a given sample, the
analyte detection takes time for the biosensor to produce a short response time due to
the tissue enzyme interaction, that which produces artifacts signals (signal noise) or

reaction barriers[58].
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2.2 Electrochemical Immobilization Techniques

They are the major techniques that are performed in electrochemical biosensor
applications. The immobilization techniquesare distinctive from other techniques based
on the specificity of biological elements that are selected, the selective medium, the
right analyte to be targeted and the scope of transducer [59]. These techniques have had
numerous advantages due to their stability and good thermal functionalities,
reproducibility, fast detection, reliability and low operational cost in the construction of
biosensors [60]. Due the biosensor specificity of electrode modification deigns,
immobilization techniques are categorized into two parameters, which include the
physical and the chemical methods. Physical Immobilization technique includes

adsorption and entrapment.
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Figure 2.2 Schematic representation of the main different immobilization methods [61].
2.2.1 Adsorption

Absorption is one of the earliest and the most common technique practice in the
immobilization of most biorecognition elements to biosensor faces. This technique is
meanly based on Van der Waal’s force interaction, electrostatic interactions and

hydrogen binding interaction, where biological recognition elements are immobilized
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on the basis of these weak binding forces [62]. Due to the adjustability of temperature,
potential hydrogen and ionic strength, these weak forces easily adapt. This method can
be applied to whole cell contain matrix. In this application, a microbial suspension is
deposited directly to the face of electrode and incubated for a proper binding of cell or
microbial components to polymer film on the electrode. Therefore is proceeded by
washing out the unbind cell with buffer solutions. Meanwhile, cells are absorbed based
on the face material polarity, charges, hydrophobicity and their hydrophilic interactions.
Due to these properties, whole cell adsorption immobilized technique suffers faulty

quality of shelf life stability [63].
2.2.2 Entrapment

An entrapment immobilization based technique is the encapsulation of biomolecules
into any of these matrix types, where an enzyme can be entrapped into sol- gel, a silica
gel, a polysaccharide or a carbon pastematrices or embedded into an electropolymerized
films and or into an amphiphilic matrices [64], that form a polymer chains around the
biological recognition elements. Due to this interaction of physical immobilization, in
which, there have been three dimensional practices that are commonly used of
entrapment procedures. It can be infers from the -electropolymerized film
construction[65]. Under an electrochemical polymerization procedure, there is a single
step practice that contains a common and attractive procedure for the controlling of
enzymes on the surface of the electrodes. In the electropolymerization, a medium
containing a monomer, and an enzyme is prepared and a net applied current is set to the
transducer. Within the medium, the monomer oxidizes during the reaction producing
positive ions. These positive monomer ions are further reacted and producing dimers,
forming polymers at the surface of the sensor. The polyaniline, polythiophene,
polypyrrole, Hypoxanthine or Glucose, which are conducting polymers control film

thickness and conductivity[66].
2.2.3 Covalent Binding

Covalentattachmentis one the immobilization method of the chemical methods, that is
vastly used in most biosensor electrode modification. In this immobilizing procedure,
the polymer film or electrochemical or supporting matrices are constructed and the
biological recognition elements are attached to the supporting film or to the biosensor
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surface [67]. To achieve biomolecule stabilization, an immobilization of several
dimensional covalent attachment of enzymes should be associated with the activated
conducting polymers, such as ferrocene or a multifunctional group (Polyamidoamine
(PAMAM)), which provides several terminal points for covalent binding, process that is
initiated by crosslinking agents (glutaraldehyde or carbodiimide) [68]. There are some
common features of the covalent immobilization, which enhance the binding and
functions of biomolecules to supporting matrices. These covalent features are; the
activation of carboxylic groups, the activation of amino residues, the Chemisorption,
etc. In covalent binding immobilization, biocatalysts are purposely attached to the
biosensor surface initiated by conducting polymer of the functional groups in the
supporting matrix for its catalytic activity. On the solid supporting film, the binding of
enzymes is conducted by the early activation, which is controlled mostly by those

reagents (carbodiimides or glutaraldehyde[64].
2.2.4 Cross-Linking

The activation of carboxylic groups; this carboxylic activator, carbodiimides influences
attachment an enzyme amino acid residue unto a carboxyl groups as a supporting
matrix. For immobilization efficacy, the carbodiimides are induced with the N-
hydroxysuccinimide to give enzymatic biosensors a good detective response. For an
insight, an immobilization of the enzyme cholesterol oxidase as an example was
achieved by self-assembling of a thiol, 3-mercaptopropionic acid and carboxylic
residues on the gold working electrode, where thecarbodiimide methiodide influences
the attachment of the carboxylic residues to the 3-mercaptopropionic acid [69], the
activation of amino residues, this procedure do work with the attachment of amino
residue of a supporting matrix and carboxyl function of enzymereaction, which is
influence by the Carbodiimides. With the use of carbodiimide coupling reaction, the
immobilization Urease onto poly (N-3-aminopropyl pyrrole-co-pyrrole) film having
free amino residue was developed to provide the amperometric urea biosensor a good

response for urea detection [64].
2.3 Polymeric Mediators

Polymeric mediators of enzyme based biosensor is achemically synthezed co-
polymer or polymers that contain functioal groups whichare electrochemical strategized
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basically use to modify electrodes for experimental purposes and for ability of
transferring electrons, attaching of biomolecules, improving electrodes that are less
yielding to the present of interferent in giving low electrode potentials in a sample. In
one of the working procedures, glucose was oxidized by glucose oxidase and produced
hydrogen peroxides, where the analyte, glucose is detected with a working electrode
modified with peroxidase. In this procedure, the polymer film was constructed with the
polymer bonded to the mediator, which was further reduced on the working electrode
by the oxidation of the enzyme (peroxidase) [70]. Polymeric mediators are defined as an
artificial electron transferring agents which stimulate electrochemical reactions that
involve the oxidation and reduction. Due to mediator ability to transfer, they are also
involve in the speedy electron transfer mechanism, where analytes are catalyzed and
mediators conduct electrons from the active site of the biomolecules to the surface of
the working electrodes. To cause mediator stable for the proper transfer of electrons,
there require several working environmental factors, which are enlisted as; the mediator
chosen must possess low oxidation and reduction current, that is lesser than the active
interferents in a given sample, the current of the oxidation and reduction precise
mediator must produce an appropriate potential gradient for electron transfer between
active site of the enzyme and surface of the electrode and the mediator oxidation and
reduction potential should be more positive for oxidizing the biomolecules or highly
negative for the reducing of biomolecules [70]. Advantages of the mediator, with the
discovery of hydrophobic positive ion exchanged polymers, mediators in amperometric
biosensor application have had tremendous advantages over the past years and these
advantages include: the enzyme modification can be easily immobilized to polymer film
on electrodes. Due to the negative ionic charges present on the polymer containing
enzyme film, the negative biological interferent agents are obstructed of producing
anion signal in the electrochemical solution. The polymer enzyme film serves as a
promotion of ion exchange in the biological prepared sample [70, 71].In the 1960s,
conducting polymers were discovered. One of the familiar electrically conducting
polymers, polypyrrole was identified. From it identification period to the early 1970s,
nothing was said about conducting polymers. Dated back in the 1977, Alan Heeger,
Alan MacDiarmid and Hideki Shirakawa wrote about polyacetylene treated with iodine

and discovering its ability to conduct electric signals. From the 1980, the understanding
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and the development of polyheterocycles, such as polypyrrole, polythiophene,
polyaniline, and poly(3,4-ethylenedioxythiophene, have boarding many fields of
research in working with functional groups of aromatic conducting polymers, which

possess good conductivities, a strong stabilities and easily synthesized[12].
2.4 Conducting Polymers

Coucting polymer is defined as the material contains an electron backbone that
responsible in conducting many electrochemical behaviors in a given application.
Because of the electrochemical character, they can electrically produce signals, has high
electron affinity, it has low energy optical transmission, low ionization potential and
their polymer chain contains single and double bonds[14].Based on the preparation
conducting polymers, they are grouped into two broad categories, known as; the
chemically prepared ones and the electrochemically category. Due to the polymerization
procedure and material composition, these two categories of conducting polymers have
both advantages and disadvantages. The chemical preparation produces condensation
polymerization procedure; it is sometime called additional polymerization. Some of it
advantages include; Larger-scale productive possibility, Post-covalent modification of
bulk conducting polymer possibility, More options to modify conducting polymer
backbone by covalent attachment, etc. and common disadvantages are; does not have
the capability of producing a thin films, Synthesis of the conducting polymer contain
highly complicated procedure, etc.The electrochemical preparation of conducting
polymer was identified in the1970, when pyrrole black were isolated as a precipitate on
a platinum electrode by exposing an liquid pyrrole medium and sulfuric acid to an
oxidative potential. From this experimental method electrochemical polymerization in
the 1970s and 1980, conducting polymers are widely used in many fields of studies
today, such fields include; research biosensor, or biomedical, optical sensor application,
clinical application, etc. There are conventionally three-electrode arrangement, working
electrode, counter electrode, and reference electrodes in a sample according to its
application of its specificity[12]. There are also some advantages and disadvantages in
the electrochemical polymerization method, advantage include; capability of thin film
synthesis, easily synthesis, synthetic or biomolecules are easily entrapped into

conducting polymer film.Its disadvantages are; Post-covalent modification of bulk
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conducting polymer is difficult, difficult to remove film from electrode surface[72]. The
conductivity ability of conducting polymers it is influenced with several other factors
such as the polar on length, the conjugation length, the overall chain length and their
charge transfer ability to adjacent molecules. This mechanism was expressed that the
large number of models is based on intersoliton hopping, the fast movement among the
localized states, assisted in the arrangement of molecules during vibrations, intra-chain
placement of molecules, variable range hopping in 3-dimensions and charging energy
limited tunneling among the conducting domains [10]. The importance of conducting
polymers in the field of research, biomedical and medical diagnosis has expressed vital
interest with matrix biomolecules immobilization in biosensor applications. Because of
the various geometry shape presented by conducting polymers, their chemical structure
are flexible, which can allow the synthesis, chemical modeling and -electrode
modification attractive. Because of film thickness and modulate, the conducting
polymer can change the enzyme activity, which have brought about the understanding
of molecular interaction between the bioactive protein and simple composite or

chemical complexes ( dendrimers) [10].
2.5 Dendrimer

Dendrimer are known as hyperbranched macromolecules with central core which best
defines it and identifying it a multifunctionalized group. Due to the hyperbranching
structure, dendrimers are emerging synthetic structure possessing a treelike branching
morphologies and have a monodisperse arrangement according to the generations [73].
Dendrimers are usually synthesized by the step-by-step building method, which
characterizes the polymerization reaction. Its structure contain from a single central core
with tertiary multifunctional terminal ends. Moreover, their sizes and their molecular
mass are easily handle, thus giving them their polydispersing property, structural
control, unique ornamentation of the physical characteristics and its classical polymeric
property. Due to the step-by-step divergent synthesis, generations are formed when
dendrimer layer is added. Because of these layer additions, dendrimers have produced
about zero to twelve generations, which they own one to three dimensional structures.
Dendrimer was first synthesized by F.Vogtle et al.. 1978, who named it “cascade

structure” where the unidirectional step-by-step added layers of the six dendrimer units
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within the cascade structure of a primary dendrimer was seem to be one of the best
using dendritic groups.[74]. Then R.G.Denkewalter et al.. 1981 in his work, synthesized
polylysine dendrimers in 1985, which was not published[75]. The word dendrimer,
which means tree taken from a Greek word “déndros”, was given by D.A. Tomalia et
al..1983 [76], when he first synthesized dendrimer and later published his work in 1985,
at which the first synthesized polyamidoamine dendrimers were known. Due to
controllable characteristics of Polyamidoamine, it has been used in many research field
and point of care testing, clinical diagnostics within three major domains, such as,
material characterization, biocatalytic interaction and biology or medicine. The process
of producing dendrimer is based on various synthetic cores, for example, starting with
the hexafunctional cores for production of the eighth generation or starting with the
trifunctional core producing up to the twelfth generations. Due to the multi-terminal
ends of dendrimers, there are many functional groups that can easily be immobilized to
the dendrimers functional groups. The complexation of dendrimers range from one to
several generations identified their chemistry for hold terminal or half terminal
attachment. Due to the dendrimer complexation, the entire structure terminal groups are
bonded to other functional groups or half of the terminal functional groups are also
bonded. Due to the presence of various functional groups at the terminal ends
dendrimers, this hyperbranched structure is able to incorporate different types of
complexes, which can be found at different locations of the dendrimers. Like the
ferrocene, the complexation of gadolinium or the bisphosphonate groups, generally
gives rise to several branches that can be used also for new reactivity of dendrimers at
one or more layers. The ferrocene derivatives contribute to the branches of dendrimer
structure, where the macrocycles phthalocyanine develops the complexation of central

core of the dendrimers [77].
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Figure 2.4 present the synthetic process of the ferrocene polyamidoamiﬁe dendrimer,
whcih includes: i. Ethylenediamine and NaBH4 reduction, (ii) methyl acrylate,
ethylenediamine in methanol, which demonstrate the step-by-step structural formation

of the dendrimer first, second and third generations [78].
2.6 Carbon Nanotube Composites

From the discovery of Carbon nanotubes in 1991 by lijima, there have been three
different types of carbon groups. The carbon types include the diamond carbon type,
graphite containing carbon and fullerene carbon. The diamond is arranged with four
bonds of atom to the neighboring elements, which form three-dimensional structures.
For graphite in the 1970s, the graphite stacks of the carbon nanofibers were then form.
In Graphite carbon, the structure contains two-dimensional hexagonal carbon atoms
sheet arrangement, where the carbon has an average distance of 1.42 A Relating to the
ability of hydrogen uptake, the geometry of sheets, which contain 3.35A are accessible
to the outer and the inner layer for diffusivity of substance into the carbon
nanostructure. The fullerene carbon was discovered in 1991, under which gave rise to
the wide use of carbon carbon-nanotube today in many research application including
biosensors, drugs delivery etc. Nanotubes are produced from the repeated graphite sheet

that is folded cylindrically into tube. There are many forms of nanotube that exist,

23



which form a single-wall or multiwall nanotubes. The single wall nanotubes possess
caps at its end that shows structural characterization of the fullerenes. The single wall
nanotubes (SWNTs) developed structure from the Van der Waals forces that is found in
the folded tubes. Due to the lengthiness of the nanotube, the diffusivity of the hydrogen
on the inner layer of the tube can produce structural order that fills the entire tube
volume, which most often appears as structural disorder within the tube or a sharp curve
on the tube that may show like block layer due to the hydrogen diffusion. Because of its
structural appearance like block, the cutting of the tubes to shorter pieces for
experimental purposes can help convenient usage of the nanotube [79]. In the effort of
S.E. Meibodi el al. 2014, an amperometric urea biosensor based on polyaniline multi
wall carbon nanotube pencil graphite electrode was constructed. In this work, the
carbon nanotube used with the electric conducting polymer, polyaniline created a
feasible electrochemical ability to conjugate and form highly hydrophobic layer for
electric and hydrophobic interaction with other compound. From the composition of the
polymer film, the new nanocomposites were form to enhance the electric and the
mechanical properties, which was intended to improve the stability and sensitivity of the

urea biosensors [80].
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CHAPTER 3

MATERIAL AND APPARATUS

Urea (reagent/analyte) was purchased from Sigma Aldrich, Urease (ur. enzyme,
from Jack Bean Canavalia ensiformis plant) was purchased from Sigma Aldrich,
Carbon Nanotube (CNT) was purchased from Sigma Aldrich, Ferrocene was purchased
from Sigma Aldrich, polyamidoamine (PAMAM) was purchased from Sigma Aldrich,
Ethanol isolate was purchased from Sigma Aldrich, Ascorbic Acid was purchased from
Sigma Aldrich, Distilled Water (Fatih Distillation Millipore RiOs at 25 °c ) system,
crystal Sodium Phosphate (NaH,PO4 . 2H,0) was purchased from Merck Chemical
company, crystal Sodium Phosphate (Na,H,PO, . 2H,0) was purchased from Merck
Chemical company, phosphate buffer saline (PBS) solution 10mM of pH of 8.0 was
prepared from NaH,PO4.2H,O and Na,H,PO0..2H,O in Fatih physical chemistry
Laboratory and all chemicals used in this project were of analytical reagent grade.
Silver/Silver Chloride (Ag/AgCl) Reference Electrode, Platinum Wire Counter
Electrode, Pencil Graphite working Electrode, Glass Cell (conventional three electrode
configuration glass Cell), Micropipette, Ultrasonic cleaner (Bandelin Sonorex), Oven
(Memmert GmbH+KG-D 91126 Schwabach FRG made in Germany), Magnetic stirrer
(Heidolph stirrer made in Germany), pH meter (WTW Inolab pH-7110 made in
Germany), Sartorius AX224 Auto-Scale (sarto@sarto.com.tr),Bench Mark ORBi-
Shaker JR (Model BT-300), Refrigerator (BOSCH ELECTRONICS), Auto Lab.
Electrochemical Analyzer (Potential and Galvanic static Ivium Tech. made in Tulsa,

Oklahoma, United State of America) and Monitor (Computer).
3.1 Instrumentation

Sets of pencil graphite electrodes were prepared, polished and cleaned with ultrasonic
cleaning for 60 seconds in ethanol solution. Prepared electrodes, which comprise of
three generations of Ferrocene-polyamidoamine (Fc-PAMAM) dendrimer were coated
and the electrochemical optimization and characterization were performed during the

cyclic voltammetry using the auto lab Ivium, potentiostat.An autolab Ivium device is
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equipped with the Ivium software and contained three-electrode-cell arrangement. The
working electrodes with the electrochemically active areas of 2cm were activated and
lcm activated area was used, the platinum wire used as a counter-electrodeandsilver/
silver Chloride (Ag/AgCl) electrode placed in glass tube containing membrane filled
with a saturated potassium Chloride was used as a reference-electrode. The
electrochemical amperometric measurements, optimization and characterization
experiments were performed in 15ml of 10mM phosphate buffer solution (pH- 8.0)
prepared from NaH,PO4.2H,0 and Na,H,P04.2H,;0. The autolab IVIUM TECH device
was used for all electrochemical amperometric procedures. The zero to zero point eight
volt (0.0 — 0.8 v) linear sweep of the cyclic voltammetry was set and at the applied
potential of zero point three —five volt (0.35v) to obtain the all electrochemical

measurements.
3.2 Methods

During the electrochemical procedure, three sets of pencil graphite electrodes were
modified with 7.5uL. of a synthesized ferrocene polyamidoamine (Fc-PAMAM)
dendrimer with its concentration of SmM. Two centimeters (2cm) each of the electrodes
surfaces were prepared and activated in an isolate ethanol solution within the Ultrasonic
cleaner. One centimeter (1cm) activated area of the electrodes was coated with the 7.5
puL of ferrocene polyamidoamine (Fc-PAMAM) dendrimer matrix. According to their
molecular structure, these constructed polymer films were categorized into first, second
and third generations. They were separately prepared with ferrocene combine to the
hyperbranched structures to generations atthe same 5mM concentration on each
electrode. The constructed polymer films were placed the Oven for three hundred(300)
seconds (Sminutes) at sixty degree Celsius (60 °C) for the sensor surfac incubation, then
removed the sensors and allowed the fifteen hours(15hrs) sensor air dry incubation
under twenty five degree Celsius (25 °C). After the incubation, six pairs of ferrocene-
polyamidoamine electrodes were immerged in test tubes containing enzymes(Ur). These
test tubes were then placed on the bench Mark ORBi-Shaker JR and these the modified
electrodes were allowed to shake for 180 minutes. From the given time, enzyme was
covalently immobilized to electrodes through porous surface of the polymer film. Upon

electrodes removal and rinsed to disperse the unbind enzyme,were immerged in a
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fleshly prepared 2ml of 10mM phosphate buffer solution (PBS) pH- 8.0 for the

electrode preservation awaiting electrochemical amperometric measurement.
3.2.1 Preparation andModification of Pencil Graphite Electrodes

A sets of pencil graphite electrodes, working electrodes were measured and prepared
according to each ferrocene polyamidoamine(Fc-PAMAM) dendrimer generation that
had been previously reported [81]. The sets of electrodes were divided into three
groups(G1, G2 & G3), which serve for each dendrimer generation. The first set of
electrodes was measured and marked with one line each indicating for first generation.
The second set of electrodes was measured and marked with two lines each presenting
second generation and the same process was done for the third set of pencil graphite
electrodes. These pencil graphite electrodes were cleaned with a set time of one minutes
(1mins) each in 99% ethanol solution under an ultrasonic cleaning and allowed them to
properly get dry. A 7.5uL ferrocene polyamidoamine (Fc-PAMAMA) dendrimer with
the concentration of SmM was casted on the prepared surface of the pencil graphite
electrodes according to each prepared dendrimer generation. The modified pencil
graphite electrodes were dried in the oven (Memmert) at sixty degree Celsius (60 °C)
for ten minutes (10mins); the working electrodes were then taken and dried for fifteen
hours (15hrs) overnight in a twenty five degree Celsius (25 °C). A fresh urease, enzyme
was prepared, where the constructed polymer film electrodes were immerged into. The
enzyme test tubes were anchored in rack and placed on the bench Mark ORBi-Shaker
JR. The test tube rack was shaken for one hundred and eighty minutes (180 mins) to

covalently immobilize the enzyme to the polymer film.
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A) Fc-PAMAM G1 B) Fc-PAMAM G2 C) Fc-PAMAM G3 D) Fc-PAMAM G3/MWCNT

Pencile Graphite Electrode (PGE)

Figure 3.2.3 Shows the schematic view of the Fc- PAMAM Dendrimer Generational
composition. A) Fc- PAMAMGI, B) Fc- PAMAMG?2, C) Fc- PAMAMGS3 and D)Fc-
PAMAMG3/MWCNTs.
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E
ﬂ. Fe-PAMANM Film C D
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Pencil Nano iosensor
Graphite Tube
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Figure 3.2.4 shows the progressive steps of the urea biosensor contruction. (A) The
prepared pencil graphite bear electrode, (B) the dropped coating of synthesized
ferrocene-PAMAM on the surface of the electrode, (C) Constructed film with Fc-
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PAMAM dendrimers, (D) the addition of multiwall carbon nano composite to the
polymer film, (E) Fc/PAMAM/CNTs modified working electrode, (F) the urease,
enzyme covalent immobilization to the polymer film, (G) a biosensor with

Fc/PAMAM/CNTs/Ur fully constructed.
3.2.2 Immobilizationof Ureaseon PGE/Fc-PAMAM Eectrodes

A twenty gram per one liter (20g/L) of urease was freshly prepared and placed in
refrigerator. The Urease was immobilized onto the polymer film on the working
electrode by the immerging of the working electrodes containing the constructed
polymer film into the freshly prepared urease. The test tubes containing urease and the
working electrodes were anchored in a test tube rack and placed on the Shaker. The test
tube rack was shaken for one hundred and eighty minutes (180 mins) under a constant
temperature, twenty five degree Celsius (25 °C) to conduct the physical covalent
immobilization from the shaking interaction between enzyme and the polymer film. The
purchased urease enzyme and the prepared enzyme were kept under a four degree

Celsius (4°C).
3.3 Electrochemical optimization and characterization
3.3.1 Electrochemical optimization of PGE/Fc-PAMAM electrode

The electrochemical cyclic voltammgram were ran to determine the suitable
working range of the amperometric urea detectors that are based on the ferrocene
coupled with polyamidoamine (Fc-PAMAM) dendrimer modified on the pencil
graphite electrodes. The optimization of ferrocene- polyamidoamine (Fc-PAMAM)
dendrimer does establish the different behavior patterns in the oxidation and reduction
peak currents. From the cyclic voltammetry, the linear sweep of ferrocene-
polyamidoamine (Fc-PAMAM) dendrimer was set at a range of zero to zero point
eight volt (0.0 — 0.8) with the applied potential of zero point third-five (0.35v). In this
optimization procedure, there were three ferrocene polyamidoamine dendrimer
generations and the working electrodes were studied at a scan rate of one hundred
millivolts per second (100mv/s). The scan rate of the working electrode was ranged
from 100mv/s to 500mv/s to determine the domains of direction in the cyclic

voltammetric shift and the height of the oxidation and reduction peak currents. The
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oxidation and reduction peak currents increase as the scan rate increases with a
displayed peak potentials showing the slight directional change. As the scan rate
increases, anodic peak potential or oxidation current increases and directionally shift
toward highly positive end of the cyclic curve. To the opposite proximity of anodic peak

current, the cathodic peak current was shifted toward a highly negative value.
3.3.2 Electrochemical characterization

The scans occurring at different rates ranging from 100mV/s to 500mV/s at the pencil
graphite, working electrode of Gl, G2 and G3 and the urease/ ferrocene
polyamidoamine electrode of G1,G2 andG3 was well performed using the potentiostat
to obtain the cyclic voltammetry. The electrode configuration was set up for the bio-
analysis of ferrocene polyamidoamine electrode and urease ferrocene
polyamidoamine(Fc-PAMAM) bioactive electrode. Using the three-electrode system
couple with fifteen milliliters (15mL) phosphate buffer solution containing ten micro-
molar(10mM) NaH,PO,.2H,0 and Na,H,P04.2H,0, the cyclic voltammetric response
was obtained from the working electrode, oxidized ferrocene polyamidoamine(FC-
PAMAM) electrode and oxidized ur/Fc-PAMAM on the pencil graphite electrodes.
From potential range of 0.0 to 0.8 V at a scan rate of 100mV/s, the increase in the
reduction current obtained for the ferrocene polyamidoamine (Fc-PAMAM) pencil
graphite electrode gave flat curve. The cathodic current induces an increase when
cyclic voltammetric curve was plotted for the working electrode of the three
generations. The curves obtain from working electrode was been compared to the
oxidize urease/ferrocene polyamidoamine on the working electrodes, in which the
conducting polymer modified electrodes showed anodic cyclic voltammetric curves.
Due to the low conductivity onthe working electrodes, the oxidation and reduction
activity from the cyclic scan increases with the working electrode surface modification.
Its cyclic voltammetric results show that with the low resistance, the polymer (Fc-
PAMAM) can have ability to enhance electron transfer, that increases oxidation and
reduction peak current in the three generations. It was then inferred that the increase in
the scan rate increases the oxidation peak potential directionally shifting the oxidation

peak moving towards the positive sides.
3.4 Operational Repeatability and Storage Stability
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3.4.1 Repeatability

Sets of the pencil graphite electrodes were modified, dried and immobilized with
urease. The reusability of the biosensors was worked out under room temperature with
the electrochemical amperometric system. With the conventional electrode set up, the
0.35v applied potential and the 0.0 to 0.8v linear sweep, the constructed biosensors
based on the ferrocene polyamidoamine (Fc-PAMAM) three generations was used
fifteen consecutively times in different prepared sample for the detection of urea. A 15
mL of 10mM phosphate buffer saline (PBS) solution under a constant stirring condition
in an electrochemical glass cell was used to establish the reusability of each the
electrodes. With different time interval, the reusability of each of the working electrode
was carried out. The reusability process of the amperometric mode of measurement was

worked out with the use of 10mM phosphate buffer saline (PBS pH 8.0) solution.
3.4.2 Storage Stability

The operational stability of the modified pencil graphite electrodes was measured under
an ambient amperometric electrochemical condition. In this experiment, the working
electrodes were prepared and modified according to its dendritic generations. The
amperometric procedures were conducted within the three electrode system within a
continuous stirring environ. The analyte detection was held, in which the urease
catalyzes urea from the oxidation and reduction reaction in the sample to form
ammonium and bicarbonate ions. With 15ml of pH 8.0 of 10mM phosphate buffer
saline (PBS pH 8.0) solution, subsequent measurement of biosensors were held after
every 72 hours. The biosensors were kept in pH 8.0 phosphate buffer saline (PBS)

solution and stored in 4°C temperature environment.

3.5 Amperometric Measurements

Amperometric measurements were done with the use of electrochemical amperometric
conventional system. With the three electrodes configuration and an electrochemical
glass cell, which comprise of the pencil graphite electrode as working electrode,
platinum wire as counter electrode and Ag/AgCl ( KCl solution) as reference electrode

under a continuous stirred condition, a zero point three-five volts (0.35V) fixed applied
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potential was set between the reference and working for the electrochemical
amperometric analysis. With the given applied potential at room temperature, a 15 mL
of 10mM phosphate buffer saline (PBS- pH 8.0) solution was used to detect a one molar
(1M) urea concentration. And the amperometric measurement was proportional to the
present of the analyte concentration in a sample, where the counter electrode regulates

the potential generated biological signals.
3.6 Interferences

With the zero point three-five volts (0.35V) within fixed applied potential, set at a range
of zero to zero point eight volt (0.0 — 0.8), uric acid , ascorbic acid, glucose and
benzoate had insignificant interference on the urea biosensor construct with ferrocene,
Polyamidoamnie dendrimer and carbon nanocomposte. This insignificant effect
observed within a 10mM pH 8.0 PBS solution in the amperometric instrumentation
under a constant room temperature and at a continue stirring electrochemical condition.
Due to the present of the conducting polymers and nano composite, the signals (artifact)
of these interferents (uric acid , ascorbic acid, glucoseand benzoate), that are commonly
found in blood fluid were diminished as observed, analyzed and reported in the

graphical presentation in our results.
3.7 Real sample analysis

Real sample experiments are perfromed using PGE/Fc-PAMAM/CNT proposed
electrode to measure urea concenetration in human blood serum. Since linear range of
the biosensor is not covering normal urea conncetration in human blood sample, the
isolated real sample was diluted to meet linear range of the experiment. First
experiments were preformed using healthy human blood serum, than healthy human
blood serum was spiked with known amount of urea concentration 0.3, 0.6 and 1.2mM

in order to see selectivity and reliabilty of proposed biosensor.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Electrochemical Analysis

4.1.1 Cyclic Voltammogram
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Figure 4.1.1 Cyclic voltammograms of Fc-PAMAM G1, Fc-PAMAM G2, Fc-PAMAM
G3 and Fc-PAMAM /MWCNTs G3 with the scan rate of 100mVs™ in 10 mM PBS(pH

8.0) solution.

Figure 4.1.1 Illustrates characterization of electrode surface modified with Fc-
PAMAM G1, Fc-PAMAM G2, Fc-PAMAM G3 and Fc-PAMAM /MWCNTs G3 using
cyclic voltammogram at 100mVs'within 10 mM PBS pH-8.0. The ferrocene units of
Fc-PAMAM redox peak has been decrease with PAMAM generation increasingin G1 to
G3, however addition of MWCNTs to Fc-PAMAM(G3) gave an accelerating electron
transferresulted on the electrode surface. Applied potential of bio-sensing electrode of
0.35 V was selected due to the oxidation and reduction peak property of ferrocene
mediator. The advantage of selecting mediators oxidation potential in amperometric
measurementsas an applied potential of electrode, is to avoid or decrease the influence

signals of biological interferent species in thesample.
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Figure 4.1.2 Cyclic voltammogram of the A) Fc-PAMAM G1, B) Fc-PAMAM G2, C)
Fc-PAMAM G3, D) Fe-PAMAM/CNTs G3 10mM PBS, at 25° C,

In order to see number of oxidations stateas as well electron trasnfer rate behavior of
cyclic voltammetry has been preformed, the CV reocrdes were preformed between 0.0
and 0.8 V with 10mM PBS with scane rates of 50, 100, 200, 300, 400 and 500 mVs™
and an effect of the scan rate on the peak current was presented at the anodic current
peak and cathodic current peak (Ipa and Ipc). Anodic peak potential (Epa) of the
electrodes has been obtained at 0.35V as a results of oxidation of polymer and cathodic
peak potential. The diffusion controlled process during forward and reverse scan

. . 1
reduction process of iron(Fe)"

at Fc-PAMAM coated electrodes can be seen from
linear relation between scan rates and current. It was found out that the addition of
CNrTincreases the difference between reduction and oxidation current peak of CNT

containing in the electrode as compared to the Fc-Pamam without MWCNTs.
4.1.2 Determination of Experimental Variable
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4.1.2.1 Optimum pH
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Figure 4.1.2.1 Effect of pH On the amperometric response of the Fc-PAMAM G1, Fc-
PAMAM G2, Fc-PAMAM G3 bio-sensing electrodesat0.35V applied potential in
10mM PBS.

Figure 4.1.2.1 Illustrates the effect of the pH on amperometric current response of a
proposed bio-sensing electrodes in the pH range of 4.0 to 9.0 prepared from10mM PBS
at applied potential of 0.35V. The Fc-PAMAM G1/Urease, Fc-PAMAMG2/Urease and
Fc-PAMAM G3/Ureasesuitably obtained pH 8.0 as an optimum pH, which is also
reported by Pizzariello et al.,[33]. As shown from resulting current response of
electrodes with low pH buffers, the signals start to increase as pH increases. At a low
pH, the electrode shows malfunction effect due to the acidic environ, the potential of pH
8.0 presents aplateau and start to havea drastically current response reduction at a higher

pH due to the based environ.
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4.1.2.2 Optimum Temperature
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Figure 4.1.2.2 Temperature effect on the amperometric current response of a Fc-
PAMAM Gl1, Fc-PAMAM G2 and Fc-PAMAM G3at 0.35V applied potential in a
10mM of PBS.

For the determination of optimum temperature, the enzyme electrode current
response was recorded at various temperatures from 25°C-55°C range, at which time the
electrodeswere susceptible 40°C obtained as optimum temperature in a ImM substrate
of 10 mM PBS, pH 8. At an embientenvironmental temperature, the enzymes increases
in reaction rate, in which maintains the physical bindings of redox reaction process. At
higher temperature, the three dimensional shape of enzyme active site degrades and the
enzyme starts to lose its full activity. In this work, the highest current response was
obtained for all generations at 40°C and their current response graduallydecrease as the
temperature further increases. An additional reason to the enzyme electrode current

response decrement comes from the Van der waal’s interaction between the dendrimer
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polymer and enzyme molecules that eventually lead to the desorption of enzyme

molecules from the electrode surface.

4.2. Amperometric Response of Electrodes
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Figure 4.2 presents the amperometric responses of Fc-PAMAM G1, Fc-PAMAM G2,

Fc-PAMAM G3 and Fc-PAMAM/CNTs G3 biosensor on the Fc-PAMAM dendrimers

5SmM concentration at 10 mM PBS (pH 8.0) of applied potential of 0.35 V.

Amperometric current reponse of Fc-PAMAM based electrodes has been
conducted by successful addition of 0.2mM urea. As it presented in the above figure
4.2 The electode Fc-PAMAM G3 containing CNTs shows high current response as
compared to Fc-PAMAM G1 to Fc-PAMAM G3 electrodes. From this comparison, the
bio-sensing electrode of the Fc-PAMAM /CNT have huge dominancy when compared
to rest of the electrodes. The Fc-PAMAM /CNTshows a linear range of 0.2 to 1.8mM,
detection limit of 0.05mM, sensitivity of 1.15pA/mM and response time of 4s.
Reaching 1.8mM additional response was observed and showing a less activity from the
electrode, which might be atributed to high analyte concentration in electrocehmical

solution and leading to enzyme inhibition.
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Figure 4.2.1 This shows the amperometric response of the Fc-PAMAM G3 , Fc-

PAMAM G3 , Fc-PAMAM G3 , Fc-PAMAM/CNTs G3, biosensor Calibration curve of

ferrocene-polyamidoamine dendrimer concentrations acquired from the urease

immobilized electrodes in 10mM of PBS (pH 8.0)

Figure 4.2.1 Ilustrates calibration curves of Fc-PAMAM GI1 to G3 and Fc-PAMAM G3
MWCNT based electrodes. Resulting calibration plot demonstrated linear range of
electrodes for MWCNT based 0.2 to 1.8mM, Fc-PAMAM G3 0.2 to 1.4mM, Fc-
PAMAM G2 0.2 to 1.2mM and Fc-PAMAM Gl based electrode form 0.2 to 1.2 mM.
The response time of 4s at a linear range of 0.2 to 1.8mM, sensitivity of 1.15 pA/mM
and low detectionlimit of 0.05SmM. This values were acquire from the MWCNTs

efficiency to increase electron transfer rate.
4.3. Reusability and Storage of Bio-sensing Electrode

4.3.1. Reusability
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Figure 4.3.1 Operational stability of Fc-PAMAM G1, Fc-PAMAM G2, Fc-PAMAM G3
and Fc-PAMAM/CNTsG3 electrodes, 10mM PBS (pH 8.0)

The operational stability of enzyme electrode modified with each polymer and
with CNT containing in the third generation of Fc-PAMAM polymer was determined in
10 mM PBS with a pH of 8, under 0.35V applied potential, and ImM substrate addition,
where the results are as shown in fig. 4.3.1.Having thesame number ofenzyme
electrode,the number of electrode usage against relative response percentage is observed
that highest operational stability percentage was generated fromFc-PAMAMG3/CNT
enzyme electrode, where the first three measurements vary in 95% response area and
the rest decreases by 60% in their responses. The Fc-PAMAM modified electrodes
without CNT have a higher deduction in their responses as compared to CNT containing

electrode, reaching 12% relative response at fifteen (15) measurements.
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4.3.2 Storage Stability
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Figure 4.3.2 Storage stability of Fc-PAMAMGI1, Fc-PAMAMG2, Fc-PAMAMG3 and
Fc-PAMAM/CNTs G3 based bio-sensing electrodes

Storage stability experiments were performed at same conditions as in operational
stability. The Storage stability was assessed in the course of 16-days, with the use
ofsame enzyme electrode. Fig. 4.3.2, displays the current response of CNT-Fc-PAMAM
(G3)/Urease electrode, which was decreased by 12% at 31 day of measurements. In
continuing measurement, the electroderesponse further more decrease to 50%, whereas
PGE/Fc-PAMAM (G1-2-3)/Urease electrodes were able to retain the initial response for
approximately 62% at 31 day of measurements and later decrease in potential within the
days of storage measurements, drawing down 10% response. The results from

operational and storage stability experiments signify that the conductivity enhancement
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at the CNT electrode surface provided a higher percentage current response when

compared to PGE/Fc-PAMAM (G1-2-3)/Urease bio-electrodes.

4.4. Analytic Recovery

Table 4.4. Analytical recovery of PGE/Fc-PAMAM/MWCNT/Urease based bio-

sensing electrode.

Urea added uM Urea founduMR RSD (%) Recovery %
0.50 0.53 2.3 106.0
1.0 0.95 1.95 95.0
1.5 1.44 2.54 96.0

Analytical recovery of Fc-PAMAM G3/CNT electrode has been performed using
0.5, 1.0 and 1.5 uM urea solution. After amperometric current response has recorded
from working electrode, urea concentration was calculated from previously shown
calibration curve. Fc-PAMAM G3/CNT fabricated biosensor demonstrated recovery in
the range of 95 to 106% which is very good for electrode performance and it proves

accuracy and reliability of proposed bio-sensing electrode.

4.5. Interferences
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Figure 4.5 Interference effect of sodium benzoate (SB), uric acid (UA), glucose, and
ascorbic acid (AA) on PGE/Fc-PAMAM G3/MWCNT /Urease electrodes in 10 mM
PBS (pH 8.0) at applied potential of 0.35V.

Selectivity of constructed bio-sensing electrodes is of high significance. The prepared
electrodes were subjected to possible interfering substances found human blood serum
at ImM of uric acid, ascorbic acid, glucose, and benzoic acid from the sodium benzoate
solution. Fig.4.5 shows the results of interference study where there is no significant
current response of Fc-PAMAMG3/CNTs/Urease electrodes as compare to the response
towards 1mM of the substrate addition. The reaction conditions were established as has
being for operational stability experiments, where the interfering substances were

prepared in 10 mM PBS, pH 8.
4.6. Real sample application

Table 4.6 Determinaton of urea in human blood sample by PGe/Fc-PAMAM/CNTs

based biosensing electrode.
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Blood Sample Urea mM UreaDetected mMRSD (%) Recovery (%)

Sample 1 0 0.22 0.51 -
Sample 2 0.3 0.513 0.97 103.3
Sample 3 0.6 0.792 0.34 98.3
Sample 4 1.2 1.35 2.65 95.83

NOTE: Recovery (%)=[Ctoundy~Csamptely Caddaeay] * 100, n=3

Real sample analysis of Fc-PAMAM/MWCNT based electrode has been
conducted using human serum samples which were spiked with known concnetrations
of urine. Table 4.6, illustrates results of fabricated electrodes current response on 0.3,
0.6 and 1.2 mM urea additions. It has to be shown that the results for the sample 1
which was not spiked with urea has been measured and obtained results have been
excluded from other samples. Results show that the electrode gives good response
towards urine with RSD (%) varies from 0.95 to 1.65 and recovery (%) from 95.83 to
103.3 %, implying that the selectivity and reliability of proposed biosensor was
susceptible to. Theobtained real sample results can be attributed to electrode preparation
method and the minimum influence interferent species. As well, it is important tonote
that the blood sample has been pretreated and dilution in order to fit the linear range of

the proposed biosensor.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

A new amperometric urea biosensor had been developed based on covalent
enzyme immobilization method. This enzyme (ur) based biosensor was constructed
from the synthesized ferrocene Polyamidoamine dendrimer and the multi-wall carbon
nanotube, which form a conducting polymer film unto the surface of the pencil graphite
electrodes by dropped coating procedure. The film therefore showed surface to
materials biocompatibility due to the electrode porosity. With the used of
electrochemical conventional electrodes (working, platinum and Ag/AgCl electrodes)
configuration, at a 0.35V applied potential , 0.0 and 0.8V as linear sweep and with the
scan rate of 100mVs™, this biosensor was able to obtaina well-defined anodic and
cathodic peaks in a 15mL of 10mM (PBS) pH 8.0 solution. There were distinguishable
oxidation and reduction shifts, when the scan rate maximized from 100mVs™! to
500mVs™' reflecting the locations of the oxidation peak current shift from left to right
and showing the direction of reduction current shift from right to the left. This
reversibility of redox reaction mechanism implied the diffusion analyte molecule and
biomolecule interaction. A suitable potential hydrogen (pH) working 10mM of PBS (pH
8.0), from where the given optimum pH current response, enzyme stability and activity
were greatly improved in all the urease ferrocene-Pamam electrodes to 100% with a
slight change of 5% in the fc-pamamG3/CNT/ Ur electrode, with 45% change in the fc-
pamamG1/CNTs/ Ur electrode and a change of 65% in the fc-PAMAMG2/CNTs/ Ur
electrode. The temperature range of 25°C to 40°C gives the biosensor stable current
response, which was showing in all of the electrode current responses. The enzyme
activity decreases when there was increase in temperature in all of the electrodes.
Therefore, the increase in temperature to 45°C led to 20% reduction in the Fc-PAMAM
G1&G3/Ur/PGE, while the Fc-PAMAM G2/Ur/PGE had 15% current deduction. The

amperometric  response of fc-PAMAM  dendrimer modified electrodes

44



was capable of detecting urea concentrations at the very outset like 0.05mM
concentration at its elevated level in human serum. With the 7.5uL of 5mM
concentration of the polymer, 15mL of 1M urea and fleshly prepared urease, stored at
4°C, the biosensor provided a high sensitivity in a low detection limit and contained a
broad sensing range, operational stability and maintaining its enzymatic properties
during biosensor shelf-life. With fast and good response time, this biosensor presents a
quality, affordable, real time detection. Therefore steady-state enzymatic current
response of PGE/Fc-PAMAM G3/CNTs/Urease was achieved by (95- 98%) on catalytic
function of urea concentration and the addition in the urea gave a tremendous increase
in amperometric current signal, improving viability of the biosensor, meanwhile the
amperometric current response to urea using the Fc-PAMAM dendrimer generations
and the inclusion of multiwall carbon nanotube was linear in the urea range of 0.2 to
1.8mMand the limit of detection was 0.05mM. Meanwhile, the amperometric current
response of the enzyme electrode reusability of the Fc-PAMAMG3/CNTs/Ur satisfied
the electrochemical feasibility and influencing electrode sensitivity 80 to 100%, while
the storage current response for the first six 80 to 100% of the sixteen days of active
responses. Therefore, the The amperometric response time of 4s linear range of 0.2 to
1.8mM, sensitivity of 1.15 uA/mM and low detection limit of 0.05SmM, which can be
attributed to MWCNTs to increase electron transfer rate and influencing the expression
the noisy signals that were generated from the interferent species (Uric acid, Ascorbic
acid, Sodium benzoate and glucose) in the present of the signals produced form the urea
been catalyzed. Therefore, the signals generated by the interferent species were

negligible due its relative value.
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