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INTRODUCERE

In ultimii ani, stiinta nanomaterialelor si a nanotehnologiei a cunoscut o
dezvoltare semnificativa in ceea ce priveste dezvoltarea nanosenzorilor, cu limite foarte
scazute de detectie, versatilitate ridicata si capacitatea de a detecta diferite semnale
biofizice cce pot fi asociate cu prezenta unor markeri de sanatate sau de poluare.

Aceasta capacitate de detectare a moleculelor care pot fi asociate cu prezenta unei
boli sau a unui nivel de contaminare reprezinta un instrument esential cu un impact
asupra bunastdrii populatiei generale prin cresterea calitdtii vietii si a sperantei.
Dezvoltarea senzorilor electrochimici a fost studiata pe larg, deoarece se pot genera
platforme cu multe aplicatii ce reduc dezavantajele celulelor electrochimice clasice.

Nanomaterialele pot fi utilizate pentru a mari aria electroactiva a electrodului si,
prin urmare, pentru a oferi semnale electrice mai mari care permit detectia unor
niveluri mai scazute de analiti. Selectivitatea senzorilor electrochimici poate creste prin
imobilizarea biomoleculelor care pot recunoaste selectiv si lega analitul tinta. Aceste
molecule se numesc bioreceptori, iar senzorul electrochimic se numeste biosenzor.

Obiectivul principal al cercetari acestei teze de doctorat a fost dezvoltarea unor
platforme electrochimice potrivite pentru aplicatii electroanalitice folosind diferite
strategii. Pentru aceasta, mai multe nanomateriale, cum ar fi polimerii conductivi,
nanoparticulele metalice, firele metalice, au fost utilizate pentru a creste performantele
analitice,. Aplicabilitatea platformelor dezvoltate a fost dovedita prin detectarea
bioanaliticd a unor substante de interes. Analiti tinta cu roluri importante in domeniul
medical si de mediu au fost alesi pentru a fi detectati din matrice complexe, simuland
conditiile in situ.

STADIUL ACTUAL AL CERCETARII iN DOMENIU

In prima parte a acestei teze, este prezentati o analizi a datelor din literatura de
specialitate prin introducerea domeniului senzorilor electrochimici si a celor mai
recente tendinte in domeniu. Astfel, sectiunea prezinta informatii generale despre
nivelul actual al cercetarii electrochimice si necesitatea detectiei rapide si precise a
compusilor biomedicali relevanti.

Prin urmare, primul capitol prezinta fundamentele senzorilor electrochimici si
rolul important al utilizarii bioreceptorilor pentru a creste selectivitatea senzorului.

Al doilea capitol prezinta principalele metode electrochimice ce pot fi utilizate
pentru modificarea electrozilor si chiar pentru detectia analitilor. Pentru a simplifica
intelegerea lor, metodele au fost impartite in functie de caracteristica lor principala in
metodele voltammetrice si metodele amperometrice. In plus, in acest capitol a fost
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efectuatad o scurta introducere despre metodoele de cuantificare a analitilor, indicand
diferentele dintre detectarea analitilor utilizdnd sau nu markeri electrochimici.

in al 3-lea capitol al acestei pirti este prezentat rolul modificirii al suprafetei
electrochimice. Pentru inceput, sunt prezentati polimerii conductivi si rolul lor in
cresterea conductivitatii si a reproductibilitdtii suprafetei. Apoi, sunt descrise
materialele compozite metalice si rolul lor in imobilizarea biomoleculelor, capitolul
incheindu-se cu descrierea materialelor pe baza de grafit si a metodele de modificare a
acestora.

Ultimul capitol face o scurta introducere a moleculelor detectate in aceasta teza
de cercetare, explicind necesitatea detectiei rapide, sensibile si precise a acestora.
Analitii au fost impartiti in 3 categorii: analiza de mediu, analiti de importanta medicala
si analiti detectati din alimente.

CONTRIBUTII PERSONALE

In aceastd parte a tezei sunt descrise principalele contributii ale autorului.
Sectiunea este 1mpartitd in 3 capitole principale fiecare cu propriile sale studii.
Caracteristica principald a fiecarui capitol este reprezentata de materialele utilizate
pentru modificarea electrozilor.

Capitolul I prezinti platforme electrochimice pe bazi de polimeri. in acest
capitol este prezentat un singur studiu, un protocol de polimerizare a pirrol-ului pe
suprafata electrozilor de carbon imprimati (SPCE) si aplicarea acestuia in vederea
determinarii acidului folic.

1. Senzor electrochimic pe baza de poli-pirol pentru detectia directa
a acidului folic

Detectia acidului folic in probe biologice sau produse farmaceutice este de mare
importanta datorita implicatiilor sale in functiile biologice ale corpului uman precum in
dezvoltarea si cresterea fatului. Deficitul de acid folic poate fi contracarat prin aportul
extern din formulari farmaceutice sau produse alimentare. Elaborarea platformelor de
detectie reprezintd o munca continua in care utilizarea polimerilor conductivi modificati
cu diferite grupari functionale reprezinta una dintre strategiile de ultim moment.
Posibilitatea de a manipula morfologia lor cu ajutorul sabloanelor sau agentilor
tensioactivi reprezinta un alt avantaj. O platforma de detectie bazata pe polipirol
functionalizat cu grupari carboxil a fost sintetizata electrochimica In prezenta unui agent
tensioactiv polimeric pe o suprafata electrodica pe baza de grafit. Senzorul a fost capabil
sa detecteze acidul folic intr-un domeniu de linearitate cuprins intre 2,5 uM si 200 uM
cu o limita de detectie de 0,8 uM. Acesta a fost utilizat pentru detectia analitului din serul
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uman comercial si produse farmaceutice cu rate excelente de recuperare. Rezultatele au
fost verificate de doua ori folosind o procedura spectrofotometrica optimizata care a
confirmat performantele senzorului in evaluarea probelor reale.

Al doilea capitol, impartit in 2 studii separate, prezinta dezvoltarea unor
platforme electrochimice pe bazi de polimer si particule metalice. in acest capitol,
proprietatile polianilinei si poli-l-lizinei au fost combinate cu cele ale particulelor
metalice precum aurul si platina pentru a realiza platforme electrochimice care ofera o
suprafatd de imobilizare ridicata si o buna conductivitate si limite foarte scazute de
detectie.

1. Platforma nanostructurata pe baza de aur-platina/poli-anilina
pentru caracterizarea arsenicului

Arsenicul este unul dintre cele mai abundente minerale si, de asemenea, unul
dintre cei mai toxici compusi. Datorita toxicitatii sale ridicate, dezvoltarea unor metode
analitice sensibile este foarte important3, tinand seama de faptul ca nivelul admis in ape
este in intervalul de pg L-1. Se propune o platforma noua si usor de utilizat pentru
detectarea As(III) din probele de apd, bazata pe nanoparticule bimetalice de aur si
platina si un polimer conductiv (polianilind). Polimerizarea anilinei s-a realizat printr-
o procedura de voltametrie ciclic3, in timp ce pentru nanoparticulele bimetalice au fost
testate proceduri voltammetrice si amperometrice, fiind aleasa cea cu cea mai mare arie
electroactiva. Detectia electrochimica a fost realizata dupa optimizarea pre-concentrarii
As(III) la nivelul suprafetei electrodice si a parametrilor voltammetriei anodice de
separare a undelor patrate, dovedindu-si aplicabilitatea pentru analiza in situ si rapida
a arsenicului.

2. Electrozi de carbon modificati cu nanoparticule de Aur-Platina
pentru detectia pe baza de aptamer a lizozimului

O noua platforma hibrid pe baza de de poli-L-lizind conductiva (Poly-L-Lys) si
nanostructuri de aur (NSs) a fost pregatita pentru dezvoltarea unui aptasensor
structurat de tip sandwich pentru detectia sensibila si selectiva a lizozimului (Lyz). S-a
realizat electropolymerizarea Poly-L-Lys pe suprafata SPCE, urmata de depunerea
aurului dintr-o solutie care contine HAuCla si polietilenglicol 10 000 (PEG). Concentratia
solutiei de HAuCls a fost parametrul cheie in controlul morfologiei platformei, confirmat
prin microscopie electronica de scanare si microscopie de fortd atomica. Caracterizarea
electrochimica a platformelor a demonstrat diferente in ceea ce priveste proprietatile
electrochimice voltammetrice si de impedanta ale platformei obtinute folosind 2 mM
HAuCL4 (AuNSs(I)@PEG/Poly-L-Lys/SPCE) si 20 mM HAuCls (AuNSs(II)@PEG/Poly-L-
Lys/SPCE). Toti pasii implicati In dezvoltarea aptasensorului au fost evaluati pentru a
determina configuratia optima a senzorului pentru detectarea Lyz (Figura 1).
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Aptasensorul cu cea mai buna configuratie a fost aplicat Intr-un domeniul de linearitate
larg (707x10> pM) si a fost calculatd o limita de detectie de 2 pM (3 *o/pantd).
Aplicabilitatea aptasensorului electrochimic a fost demonstratd prin cuantificarea cu
succes a Lyz 1n probe de vin.
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Lysozyme thiol modified aptamer &  ysomyme B, sveptavidin Alkaline Phosphatase

Figure 1 Schematic representation of sandwich-structured aptasensor for Lyz
analysis

Ultimul capitol al acestei teze de doctorat prezintd utilizarea nanostructurilor
metalice pentru dezvoltarea platformelor electrochimice. Trei studii sunt
prezentate in acest capitol. Diferite structuri metalice sunt sintetizate pentru a obtine
platforme cu conductivitate foarte buna si sunt prezentate diferite combinatii cu
materiale pe baza de grafit, astfel Incat performantele generale ale senzorului sa fie
imbunatatite.

1. Fire de cupru modificate din spuma de nichel pentru determinarea
amperometrica a glucozei

In ciuda faptului ci biosenzorii electrochimici enzimatici reprezinti standardul
de aur pentru gestionarea diabetului zaharat, elaborarea senzorilor neenzimatici a
devenit studiata pe larg ca un concept out-of-the-box care are ca scop simplificarea
abordarii existente. Un punct de vedere important este reprezentat de pretul scazut al
dispozitivului de detectie, care are efecte pozitive atat asupra pentru utilizatorii finali,
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cat si pentru sistemele de sanatate. Dezvoltarea nanomaterialelor nanoporoase pentru
aplicatii biomedicale si electrocataliza a fost mentionata ca o alternativa la metodele
conventionale datoritd suprafetei lor extinse, proprietatilor electrice, usurintei de
functionalizare si nu in ultimul rand a costului lor scazut. Celule electrochimice 3D din
cupru si spuma de nichel (Cu/Nif) au fost cu succes caracterizate electrochimic si
aplicate 1n detectia glucozei. Prin functionalizarea firelor de cupru cu un strat
suplimentar de spuma de Ni, s-a imbunatatit raspunsul electroanalitic legat de detectia
non-enzimatica a glucozei in 0,1 M NaOH si in probe de ser. Senzorii au fost testati cu
succes In prezenta analitului si a unor molecule ce se gasesc impreuna in lichidele
biologice si pot interfera cu analitul de interes.

2. Electrozi de carbon vitros modificati cu nanospatii de aur pentru detectia
selectiva a tetraciclinei

In ultimii ani, rezidurile de tetraciclini (TET) din alimente si ap au reprezentat
0 preocupare majora pentru autoritdtile de reglementare si consumatori, cu efecte
adverse atat asupra ecosistemelor, cat si asupra sanatatii umane. In aceasti lucrare, am
dezvoltat o nouad platforma nanostructuratd 3D, denumita goldnanovoids@aptamer cu
proprietdti de biorecunoastere si de imbunatatire a semnalului pentru detectia
tetraciclinei. Am proiectat si sintetizat o platforma nanostructurata de aur pentru
functionalizarea aptamerului specific tetraciclinei, extinzand gama de aptasensori
utilizati in detectia electrochimicd si oferind o platformd promititoare pentru
monitorizarea in situ a apei. Semnalul electrochimic poate fi redus eficient prin
interactiunea specificA TET-aptamer care duce la modificari conformationale si
structurale ale stratului de recunoastere, inzestrandu-l cu o stare "inchisa".
Aptasensorul poate detecta TET intr-un domeniu de concentratii de 1,25-10-8 M pana la
1,00-10¢M, cu o limita de detectie si limita de cuantificare calculate ca 1,20-10-°M (0,53
ng/ml) si, respectiv, 4,23-10° M (1,87 ng/ml). In plus, aptasensorul a prezentat o
selectivitate excelenta pentru TET in prezenta diferitilor analiti ce pot interfera cu
analiza. In plus, senzorul propus de si-a dovedit caracteristicile practice de cuantificare
rapida si precisa a reziduurilor TET din esantioanele de ape uzate cu recuperari
satisfacatoare (dela 93,181a 112,64 %, RSD 1,12 % - 6,13 %). Am proiectat si sintetizat
o platforma nanostructuratd de aur pentru functionalizarea cu aptamer specific
tetraciclinei, extinzand gama de aptasensori de detectie electrochimica si oferind o
unealta importanta pentru monitorizarea in situ a apei .

3. Platforma pe baza de oxizi de carbon si nanostructuri de Aur-
Platina pentru detectia Ara H1

Alergiile induse de arahide sunt considerate unele dintre cele mai severe
sensibilitati alimentare care pun viata in pericol, deoarece declanseaza cea mai mare
frecventa a reactiilor severe si fatale, chiar si in urme. Prin urmare, este imperativ
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necesarda dezvoltarea unor metode analitice rapide, precise si usor de utilizat pentru a
determina Ara h1, o proteina din Arachis hypogea si principalul alergen din arahide. In
aceasta lucrare, au fost aplicate doua strategii pentru a dezvolta o platforma
electrochimica bazata pe GO-COOH si nanoparticule metalice SPCE (Figura 2). Datorita
reactiei de afinitate dintre receptorul ADN specific si analitul tinta, a fost dezvoltat un
aptasensor electrochimic cu specificitate ridicata si sensibilitate buna fata de Ara h1l.
Performantele analitice ale aptasensorului au fost reprezentate de un interval de
linearitate de 5 - 150 nM si o limita de detectie de 1.66 nM. Metoda a fost aplicata In
probe alimentare fara arahide, cu Ara h1 addugat, cu recuperari foarte bune dovedindu-
se a fi un instrument promitator pentru prevenirea reactilor alergice la arahide.

NHz - (CHz)s- Ferl?ocene ®»
A
My P 4 ’)

-— L 4
/
=
ey L
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L&D
AG = -17.44 kcal/mol
Food samples analysis
sSDNA unfolding &
= immobilization via /l'f
(2) \carbodiimide bond e ﬁlﬁ
)
=

Platform synthesis
&activation

- 00 Ars HL
DEA blocking step & £
— Ara H1 incubation 4
GO-COOH@AU-PtNPs ()

150 M Ara H1)

Figura 2 Reprezentarea schematicd a aptasensorului pe bazd de
grafene-compozit bimetalic pentru analiza alergenului din arahide Ara h1.

CONCLUZII GENERALE SI ORIGINALITATEA TEZEI

Scopul acestei teze a fost de a dezvolta noi platforme electrochimice adecvate
pentru analiza un molecule de importanta medicala. Au fost utilizate mai multe strategii
de detectie, cum ar fi detectia directd sau detectia indirecta cu folosind un bioreceptor.

Primul obiectiv important al studiilor a fost reprezentat de dezvoltarea si
caracterizarea diferitelor nanostructuri si modificarea electrozilor cu acestea in vederea
detectiei electrochimice. Al doilea obiectiv a fost de a demonstra aplicabilitatea lor in
analiza probelor reale. Pentru aceasta, diferite molecule avand o caracteristica comuna:
impactul lor asupra sanatatii umane au fost detectate din matrici complexe.
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Contributia personala si adusa acestei teze a fost Tmpartita in trei capitole
principale si un total de 6 studii. Deoarece unul dintre obiectivele principale ale tezei a
fost dezvoltarea platformelor care utilizeazd nanomaterialele ca elemente de baza
pentru senzorii electrochimici, tipul de materiale utilizate pentru modificarea
electrozilor a fost ales cand s-au impartit studiile pe capitole. Originalitatea acestei teze
constd in design-ul studiilor si dezvoltarea de noi abordari si metode pentru dezvoltarea
mai multor senzori electrochimici pe baza de nanomateriale, potriviti pentru detectarea
unei game largi de molecule. Platformele electrochimice au fost obtinute prin depunerea
de particule metalice, polimeri sau oxizi de carbon functionalizati pe suprafata
diferitelor celule electrochimice.
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INTRODUCTION

In the last couple of years, the science of nanomaterials and nanotechnology has
seen a significant development towards nanoscale biosensing with very low limits of
detection, high versatility and the ability to detect different biophysical signals that can
be associated with the presence of health or pollution markers.

This capability of detecting molecules that can be associated with the presence of
a disease or level of contamination represents an essential tool that impacts the general
population's well-being by increasing life quality and expectancy. The development of
electrochemical sensors has been extensively studied as they can generate platforms
with many applications and reduce the disadvantages of unmodified electrochemical
cells.

Nanomaterials can be used to increase the electrochemical area of the electrode
and, therefore, offer higher electric signals that enable the detection of lower levels of
target analytes. The selectivity of the electrochemical sensors can pe increased by the
immobilization of biomolecules that can selectively recognize and bind the target
analyte. These molecules are called bioreceptors, and the electrochemical sensor is
called a biosensor.

The main objective of this thesis research was to develop various electrochemical
platforms suitable for electroanalytical applications using different designs and
strategies. For this, several nanomaterials were used as building blocks to increase the
analytical performances, like conductive polymers, noble MNPs, or metallic wires. The
applicability of the developed platforms was proven in bioanalytical sensing. Target
analytes with important roles in the medical and environmental fields were chosen to
be detected from complex matrixes, simulating the in-situ conditions.

STATE OF THE ART

In the first part of this thesis, an analysis of the literature data is presented by
introducing the field of electrochemical sensors and the latest trends in the field.
Thereby, the state of the art section presents general information about current
electrochemical developments and the need of biomedical relevant compounds fast and
accurate detection.

Therefore, the first chapter presents the fundamentals of electrochemical
sensors and the important role of using bioreceptors molecules in order to increase the
selectivity of the sensor.

The second chapter presents the main electrochemical methods that can be used
for electrode modification and even for analytes detection. In order to simplify their
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understanding, the methods have been divided according to their main characteristic in
Voltammetric methods and amperometric methods. Moreover, a brief introduction into
analytes quantification was performed in this chapter, showing the differences between
labeled and label free analytes detection.

In the 3t chapter of this part the role of difference surface modifiers is
presented. Firstly, the conductive polymers and their role in increasing the conductivity
and the reproducibility of the surface is presented. Next, the metallic composite and
their role towards biomolecules immobilization is described, finishing the chapter with
the description of graphite based materials and their modifications methods.

The last chapter is making a brief introduction of the analytes detected in this
research thesis explaining the need of their fast, sensitive and accurate detection. The
analytes were divided in 3 categories: environmental analysis, medical importance
analytes and food detected analytes.

PERSONAL CONTRIBUTION

In this part of the thesis, the main author contributions are described. The section
is devided into 3 main chapters each one with its own studies. The main characteristic
of each chapter is represented by the materials used for electrode modification.

Chapter I presents Polymer-based electrochemical platforms. In this chapter
only one study is presented, a protocol of Pyrrole polymerization on the surface of
screen printed carbon electrodes (SPCE) and its application towards Folic acid
determination.

1. Poly-Pyrrole electrochemical sensor for direct detection of Folic
Acid

The detection of folic acid in biological samples or pharmaceutical products is of
great importance due to its implications in the biological functions of the human body,
along with the development and growth of the fetus. The deficiency of folic acid can be
reversed by the intake of different pharmaceutical formulations or alimentary products
fortified with this molecule. The elaboration of sensing platforms represents a
continuous work in progress, a task in which the use of conductive polymers modified
with different functionalities represents one of the outcoming strategies. The possibility
of manipulating their morphology with the use of templates or surfactants represents
another advantage. A sensing platform based on carboxylic functionalized polypyrrole
was synthesized via the electrochemical approach in the presence of a polymeric
surfactant on a graphite-based surface. The sensor was able to detect the folic acid from
2.5 uM to 200 pM with a calculated limited of detection of 0.8 pM. It was employed for
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the detection of the analyte from commercial human serum and pharmaceutical
products with excellent recovery rates. The results were double checked using an
optimized spectrophotometric procedure that confirmed furthermore the
performances of the sensor related to real samples assessment.

The second chapter, divided into 2 separate studies is presenting polymer-noble
metallic particles based electrochemical platforms. In this chapter, the properties of
polyaniline and poly-L-lysine were combined with the ones of metallic particles like gold
and platinum in order to achieve electrochemical platforms that offer a high
immobilization surface and a good conductivity in order to obtain very low limits of
detection.

1. Gold-Platinum/poly-aniline nanostructured platform for arsenic
fingerprinting

Arsenic, one of the most abundant mineral and also one to the most toxic
compounds. Due to its high toxicity sensitive analytical methods are highly important,
taking into account that the admitted level is in the range of ug L-1. A novel and easy to
use platform for As(III) detection from water samples is proposed, based on gold and
platinum bimetallic nanoparticles and a conductive polymer (polyaniline). The
polymerisation of aniline was performed using a cyclic voltammetry procedure while
for the bimetallic nanoparticles voltammetric and amperometric procedures were
tested, the one with the highest electroactive area being chosen for As(III) detection..
The electrochemical detection was achieved after optimization of cathodic pre-
concentration and stripping parameters by square wave anodic stripping voltammetry
at modified screen-printed carbon-based electrochemical cells, proving its applicability
for disposable and cost-effective in situ analysis of arsenic.

2. Gold/Poly-L-Lysine modified carbon electrodes for Lysozyme
aptasensing

A novel hybrid platform of conductive Poly-L-Lysine (Poly-L-Lys) and gold
nanostructures (NSs) was prepared for the development of a sandwich-structured
aptasensor towards the sensitive and selective detection of Lysozyme (Lyz).
Electrodeposition of Poly- 1 -Lys-at screen-printed carbon electrodes (SPCE) was done,
followed by the gold deposition from a solution containing HAuCls and 10 000
Polyethylene glycol (PEG). The concentration of the HAuCls solution was the key
parameter in controlling the morphology of the platform, confirmed by scanning
electron microscopy and atomic force microscopy. Electrochemical characterization of
the hybrid platforms demonstrated differences in the electrochemical voltammetric and
impedance properties of the platform obtained wusing 2 mM HAuCLs
(AuNSs(I)@PEG/Poly-L-Lys/SPCE) and 20 mM HAuCls (AuNSs(I[)@PEG/Poly-L-
Lys/SPCE). All steps involved in the aptasensor development were evaluated to
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determine the optimum sensor configuration for Lyz detection (Figure 1). The
aptasensor with the best configuration was applied in a wide linear range (707 <105
pM), and a limit of detection of 2 pM was calculated (3 *o/slope). The applicability of the
electrochemical aptasensor was demonstrated by the successful quantification of Lyz in
wine samples.
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Figure 3 Schematic representation of sandwich-structured aptasensor for Lyz
analysis

The last chapter of this research is presenting the use of metallic
nanostructures for electrochemical platforms development. Three studies are
presented in this chapter. Different metallic structures are synthesized in order to
obtain platforms with very good conductivity and different combinations with graphite
based materials are presented so that the overall performances of the sensor are
improved.

1. Nickel foam modified copper wires for glucose amperometric
determination

Despite the fact that the electrochemical biosensors based on glucose oxidase
represent the golden standard for the management of diabetes, the elaboration of
nonenzymatic sensors became extensively studied as an out-of-the-box concept that
aims to simplify the existing approach. An important point of view is represented by the
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low price of the sensing device that has positive effects for both end-users and
healthcare systems. The development of nanoporous nanomaterials for biomedical
applications and electrocatalysis was referred to as an alternative to the conventional
methods due to their enlarged area, electrical properties, ease of functionalization and
not least to their low cost. 3D electrochemical Cu/Nit electrodes and Cu sticks have been
successfully electrochemically characterized and applied for Glu detection. An extra
step of Cu sticks functionalization with an additional Ni foam layer enhanced the
electroanalytical response related to the non-enzymatic detection of Glu in 0.1 M NaOH
and in serum samples. The sensors were successfully tested in the presence of the
designated target, even in the presence of common interference agents found in
biological samples.

2. Modified glassy carbon electrodes with gold nanovoids for selective
tetracycline detection

In recent years, tetracycline (TET) antibiotic residues in food and water have
been of great concern to regulators and consumers, with adverse effects on both
ecosystems and human health. In this work, we developed a novel 3D honeycombed
goldnanovoids@aptamer nanostructured platform with biorecognition and signal
enhancement properties for the detection of tetracycline. We have designed and
synthesized a 3D honeycombed gold nanostructured platform for the highly tailored
aptamer functionalization for the specific detection of tetracycline, expanding the range
of electrochemical detection aptasensors and offering great promise for water in-situ
monitoring. The electrochemical signal can be effectively quenched by TET-aptamer
specific interaction that leads to conformational and structural changes in the
recognition layer, endowing it an “off” condition. The aptasensor can detect TET at a
concentration of 1.25-10-8M to 1.00-10-¢ M, and the limit of detection (LOD) and limit of
quantification (LOQ) were calculated as 1.20-10-°M (0.53 ng/mL) and 4.23-10°M (1.87
ng/mL), respectively. Furthermore, the aptasensor presented excellent selectivity in
detecting TET in the presence of various anti-interference analytes. In addition, the
proposed “signal-off” sensor proved its practical feasibilities to quickly and accurately
quantify TET residues in wastewater samples with satisfactory recoveries (from 93.18
to 112.64 %, RSD 1.12 % - 6.13 %). We have designed and synthesized a 3D
honeycombed gold nanostructured platform for the highly tailored aptamer
functionalization for the specific detection of tetracycline, expanding the range of
electrochemical detection aptasensors and offering great promise for water in-situ
monitoring.

3. Gold-Platinum@Graphene oxide based platform for Ara H1 allergen
determination
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Peanuts induced allergies are considered one of the most severe, life-threatening
food sensitivities since they trigger the highest frequency of severe and fatal reactions,
even in trace amounts. Therefore, it is imperative to develop fast, accurate and easy-to-
use analytical methods to determine Ara h1l, is a seed storage protein from Arachis
hypogea and the main peanut derived allergen. In this work, two strategies were applied
to develop an electrochemical platform based on GO-COOH and metallic nanoparticles
immobilised on screen-printed carbon electrodes (SPCEs) (Figure 2). Thanks to the
affinity reaction between the specific DNA receptor and the target analyte, an
electrochemical aptasensor with high specificity and good sensitivity towards Ara h1
was developed. The analytical performances of the aptasensor showed a linear range of
5-150 nM, and a limit of detection of 1.66 nM. The method was applied in peanut-free
food samples with very good recoveries proving to be a promising tool for peanut allergy

prevention.
NH - (CHle Ferrocene s
g I -— L 4
i 7
=
o W )
/%
58D
S
AG = -17.44 kcal/mol
Food samples analysis
sSDNA unfolding &
- bilizat 2
B e ot
< @ 3

Platform synthesis
Sactivation

Ay

00 Ara HL
DEA blocking step & 2
Ara H1 incubation

Figure 4 Schematic representation of the graphene-bimetallic based
aptasensor for Ara h1 peanut allergen analysis.

GENERAL CONCLUSIONS and ORIGINALITY OF THE THESIS

The aim of this thesis was to develop new electrochemical platforms suitable for
medical and environmental targets analysis. Several detection strategies like direct
detection or indirect detection using a bioreceptor were employed.

In the studies presented, the first important goal is the development and
characterization of different nanostructures modified platforms suitable for
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electrochemical detection. The second goal was to demonstrate their applicability in real
samples analysis. For this, different analytes with a common characteristic: their impact
over the human health were detected from complex matrixes.

The personal contribution added to this thesis was divided into three main
chapters and a total of 6 studies. Since one of the main goals of the thesis was to develop
platforms using nanomaterials as building blocks for electrochemical sensors, the type
of materials used for electrode modification was chosen in order to divide the studies
into chapters. This thesis originality consists in the study and development of novel
approaches and methods for the design of several nanomaterials based electrochemical
sensors suitable for the detection of a broad range of molecules. Sensitive platforms
were obtained by the deposition of metallic particles, polymers or functionalized
Graphene oxides on the surface of different electrochemical cells.
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