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INTRODUCERE

Sanatatea globala reprezinta o prioritate constanta pentru societatea noastra, iar
progresele recente in medicind si nanotehnologie s-au concentrat pe promovarea
practicilor de medicind personalizatd, abordand in acelasi timp provocari esentiale
precum costurile, timpul si accesibilitatea. Tehnicile conventionale utilizate pentru
monitorizarea stdrii de sandtate sau evaluarea contamindrii se bazeaza, de regula, pe
instrumentatie sofisticata si costisitoare, necesitind specialisti calificati pentru
realizarea analizelor in conditii controlate de laborator. Dezvoltarea tehnologiei de
evolutie sistematica a liganzilor prin imbogatire exponentiald (SELEX) a permis izolarea
unor elemente noi de biorecunoastere, cunoscuti sub denumirea de aptameri. Aptamerii
sunt secvente monocatenare de oligonucleotide care pot fi obtinuti prin selectie in vitro,
prezentand afinitate ridicata si stabilitate superioara comparativ cu anticorpii
traditionali. Integrarea acestora in senzori electrochimici a condus la dezvoltarea unor
instrumente analitice moderne ce ofera analize rapide, sensibile, descentralizate si
rentabile, accesibile chiar si utilizatorilor fara instruire specializata. Prezenta teza a avut
ca obiectiv Tmbunatitirea gestiondrii provocarilor de sadndtate publica, precum
monitorizarea tratamentului cu antibiotice, terapia cancerului si evaluarea sigurantei
alimentare, prin utilizarea aptamerilor ca elemente de biorecunoastere. Astfel, au fost
investigate douad directii complementare de cercetare: i) selectia in vitro si
caracterizarea aptamerilor de tip ADN prin tehnologia SELEX bazata pe particule
magnetice (MBs-SELEX), aplicatd atat pentru molecule tintd mici, cat si pentru
biomolecule de dimensiuni mari si ii) dezvoltarea de aptasenzori electrochimici ca
platforme de detectie integrabile in dispozitive miniaturizate, destinate analizei
descentralizate si facile, pentru abordarea diverselor provocari din domeniul sanatatii
publice.
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STADIUL ACTUAL AL CUNOASTERII

Sistemul de sanatate publicd a inregistrat progrese semnificative odata cu
dezvoltarea tehnologica, orientandu-se citre obiectivul fundamental de imbunatatire a
calitatii vietii [1]. Desi eforturile recente s-au concentrat in principal asupra preventiei,
diagnosticului si tratamentului, sistemul de sanatate publica continua sa se confrunte cu
provocari majore, precum incidenta crescuta a bolilor infectioase cauzate de agenti
patogeni multirezistenti [2], recurenta neoplaziilor si manifestarile alergice severe [3].
Aceste aspecte evidentiaza necesitatea dezvoltarii unor metode analitice inovatoare si
eficiente, capabile sa sprijine diagnosticul, monitorizarea terapiei si garantarea
sigurantei alimentare [4].

Aptamerii reprezinta secvente scurte, monocatenare de ADN sau ARN,
caracterizate prin capacitatea de a se lega specific de o gama larga de molecule tinta,
datorita structurilor lor tridimensionale specifice [5]. Acestia sunt selectati in vitro
printr-un proces combinatorial de imbogatire, cunoscut sub denumirea de SELEX [6,7].
Tehnologia se bazeaza pe principiile evolutiei darwiniene la nivel molecular, in cadrul
careia cicluri iterative de selectie si amplificare conduc la imbogatirea progresiva a
bibliotecii initiale cu oligonucleotide de inalta afinitate, permitand la finalul selectiei
persistenta secventelor cu cea mai puternica interactiune fata de molecula tinta [8].

Odata cu descoperirea aptamerilor, in urma cu peste trei decenii, strategiile
SELEX au evoluat in paralel cu progresul tehnologic, vizind optimizarea eficientei,
reducerea timpului si a costurilor procesului de selectie [9,10]. O abordare versatila si
promitatoare in acest sens este tehnologia MBs-SELEX, care permite imobilizarea atat a
moleculelor mici, cat si a macromoleculelor pe suprafata particulelor magnetice (MBs),
utilizate 1n calitate de matrice suport. MBs ofera multiple avantaje, precum simplitatea
separdarii prin aplicarea unui cAmp magnetic, costuri reduse si o flexibilitate
operationala ridicata [8]. De asemenea, au fost dezvoltate diverse strategii post-SELEX
pentru Imbunatatirea afinitatii si stabilitatii aptamerilor izolati, respectiv pentru a
contracara limitdrile asociate degradarii enzimatice, eliminarii renale accelerate si
aparitiei raspunsului imun nespecific [11,12]. Aceste strategii includ optimizarea
secventei prin truncare [13], modificari chimice si conjugarea cu entitati functionale
[14].

Comparativ cu anticorpii, considerati etalonul de aur al elementelor de
biorecunoastere, aptamerii prezintd multiple avantaje, precum dimensiuni reduse,
stabilitate termodinamica superioara si variabilitatea scazuta intre loturi. Un beneficiu
essential, deosebit de util pentru dezvoltarea biosenzorilor electrochimici, il constituie
posibilitatea functionalizarii chimice a aptamerilor cu grupari functionale si markeri
redox, faciliteaza dezvoltarea de platforme de detectie inovative. Dezvoltarea
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aptasenzorilor electrochimici pentru testarea la punctul de ingrijire (POC) si punctul de
testare (POT), ca instrumente analitice moderne si alternative, reprezinta o directie de
cercetare promititoare in abordarea provocarilor actuale din domeniul sanatatii
globale. Acesti senzori se disting prin sensibilitate si selectivitate ridicate, costuri
reduse, timp de raspuns scurt si portabilitate, permitand extinderea analizelor clinice si
de mediu dincolo de laboratoarele specializate, catre cabinetele medicale, teren sau
chiar mediul domestic [15,16].

CONTRIBUTII PERSONALE

Studiul 1: Selectia de aptameri pentru antibiotice din clasa glicopeptidelor
utiliziand tehnologia SELEX bazata pe particule magnetice

Scop / Obiective: Scopul acestui studiu a fost reprezentat de selectia si caracterizarea
unor noi aptameri de tip ADN prin tehnologia MBs-SELEX, avand ca molecula tinta
vancomicina (Van), un antibiotic glicopeptidic utilizat ca tratament de prima linie in
infectiile cauzate de Staphylococcus aureus rezistent la meticilina (MRSA).

Material si metode: Strategia de selectia a constat 1n utilizarea unei biblioteci de ADN
monocatenare 1n solutie, in timp ce molecula tinta a fost imobilizata pe MBs, respectiv a
fost conceputa pentru a simula aplicatia clinica vizata a aptamerului in analize serice.
Pentru a creste selectivitatea aptamerilor izolati, Incepand cu runda a cincea a fost
introdusa o etapa de contra-selectie utilizind un analog structural din clasa
glicopeptidelor, teicoplanina (Teico). Afinitatea de legare a secventelor izolate pentru
Van a fost investigata in diferite configuratii prin rezonanta plasmonica de suprafata
(SPR), in vederea evaluarii influentei modificarilor post-SELEX si a imobilizarii
aptamerilor asupra afinitatii de legare, precum si pentru a prezice configuratia cu
potentialul de a genera cea mai bund performanta analiticA a aptasenzorului. De
asemenea, au fost efectuate studii computationale utilizand aptamerul cu cea mai buna
afinitate (8H) pentru elucidarea mecanismului de legare si identificarea regiunilor
functionale resposabile de recunoasterea moleculei tinta.

Rezultate: Dintr-un total de noua runde de selectie, biblioteca de ADN din runda a
saptea a prezentat cel mai ridicat procent de legare fata de Van (47 %), concomitent cu
o interactiune minima cu Teico (< 1 %), indicand o imbogatire satisfacdtoare a
secventelor si o selectivitate adecvata. Analizele SPR au evidentiat ca aptamerii selectati
prezinta afinitati in domeniul submicromolar si ca arhitectura structurala a aptamerului
influenteaza semnificativ constanta de legare. Structura tridimensionala a aptamerului
8H a fost determinata utilizind protocolul APTAMD, iar simularile de andocare au
generat mai multe modele pentru complexul cu Van, sugerand o interactiune



10 Magdolna CASIAN

predominanta in regiunea care conecteaza structurile tip hairpin 1 si 2, precum si
posibilitatea unui mecanism de ajustare conformationala indusa.

Concluzii: Noi aptameri de tip ADN, specifici pentru Van, au fost selectati cu succes prin
utilizarea tehnologiei MBs-SELEX. Protocolul de selectie optimizat, conceput pentru a
reproduce cat mai fidel conditiile fiziologice, a evidentiat ca atunci cand molecula tinta
prezinta cel putin o grupare functionala adecvata pentru imobilizare, MBs-SELEX
reprezinta o strategie mai simpla si mai rapida decat metoda capture-SELEX pentru
obtinerea de aptameri fiabili si selectivi, cu afinitati imbunatatite, necesitand
aproximativ jumatate din numarul de runde de selectie. Aptamerul 8H a demonstrat o
afinitate de legare superioara aptamerilor specifici Van raportati anterior in literaturg,
sugerand potentialul sau de a fi incorporat intr-un senzor electrochimic si calibrat in
intervalul clinic relevant.

Studiu 2. Strategii personalizate de selectie de aptameri pentru un biomarker al
carcinomului hepatocelular

Scop / Obiective: Scopul acestui studiu a fost selectia unor noi aptameri de tip ADN cu
specificitate pentru glypican 3 (GPC3), un biomarker tumoral al carcinomului
hepatocelular (HCC), utilizind tehnologia MBs-SELEX. Obiectivul final a vizat
dezvoltarea unui element de biorecunoastere moleculara cu potential de integrare intr-
un sistem de livrare tintita a medicamentelor, in scopul optimizarii tratamentului
sistemic al HCC in stadiile avansate.

Material si metode: Au fost implementate doua protocoale SELEX utilizand strategii
diferite de imobilizare a GPC3 pe suporturi solide. In primul protocol, s-a ales o abordare
de imobilizare aleatorie prin intermediul MBs functionalizate cu grupari tosil, pentru a
forma legaturi covalente cu grupdrile amino primare din structura GPC3 (SELEX
covalent). In al doilea protocol, s-a realizat o imobilizare orientat3, prin atasarea GPC3
pe MBs functionalizate cu Ni*?, prin complexarea coordinativa cu molecula de
hexahistidina aflata la capatul C-terminal al proteinei (SELEX his-tag). Amplificarea
aptamerilor in cadrul rundelor de selectie a fost optimizata prin PCR cantitativ in timp
real (qPCR), iar imbogatirea bibliotecii de ADN cu secvente caracterizate de afinitate
crescuta pentru GPC3 a fost monitorizata prin teste UV-VIS si fluorescenta.

Rezultate: Integrarea qPCR in fluxul SELEX a permis optimizarea procesului de
amplificare si cuantificarea ADN-ului monocatenar obtinut dupa fiecare runda de
selectie. Atfel, formarea artefactelor de tip primer-dimer a fost semnificativ redusa
comparativ cu rezultatele obtinute in cadrul selectiei de aptameri pentru Van (Studiul
1), evidentiind utilitatea qPCR. De asemenea, qPCR a permis cuantificarea precisa a
ADN-ului monocatenar recuperat dupa fiecare runda, permitdnd o monitorizare
detaliata si dinamica a evolutiei selectiei, spre deosebire de utilizarea exclusiva a
testelor de imbogatire post-SELEX. Pe baza rezultatelor acestor teste, rundele 4 (SELEX
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covalent) si 5 (SELEX his-tag) au fost clonate si secventiate, obtinandu-se cate 25 de
secvente primare pentru fiecare runda. Analiza bioinformatica a permis identificarea
mai multor aptameri caracterizati prin motive recurente distincte, capabile sa
recunoasca epitopi diferiti ai GPC3.

Concluzii: Utilizand tehnologia MBs-SELEX au fost izolati aptameri noi de tip ADN
pentru GPC3, confirmand versatilitatea acestei tehnologii in selectia aptamerilor atat
pentru molecule mici, cit si pentru biomolecule de dimensiuni mari. Protocolul de
selectie optimizat a depasit cu succes limitarile identificate In Studiul 1, in special
formarea produsilor secundari de amplificare PCR si monitorizarea limitata a procesului
de selectie. De asemenea, utilizarea unor strategii distincte de imobilizare a GPC3 a
condus la obtinerea mai multor secvente de aptameri cu regiuni de legare diferite, ceea
ce poate fi valorificat pentru selectarea de perechi de aptameri vizand situsuri distincte
ale proteinei tintd, in vederea dezvoltarii unor configuratii de tip sandwich. Aceasta
abordare ar putea creste potentialul de recunoastere al sistemului de terapie la tinta,
imbunatatind astfel capacitatea de diferentiere a celulelor HCC de cele sanatoase.

Studiul 3. Dezvoltarea unui aptasenzor pentru monitorizarea terapiei cu
vancomicina in ser

Scop / Obiective: Scopul acestui studiu a fost demonstrarea capacitatii de recunoastere
silegare a aptamerului 8H, selectat anterior pentru Van (descris in Studiul 1), in matrici
biologice complexe, prin integrarea sa intr-o platforma electrochimica destinata
monitorizarii terapiei medicamentoase (TDM).

Material si metode: Aptasenzorului electrochimic a fost fabricat utilizand electrozi
serigrafiati de aur, pe care a fost imobilizat aptamerul 8H prin legaturi covalente Au-tiol,
aplicand amperometria multipuls. Ulterior, suprafata a fost blocata cu un tiol aromatic,
p-aminotiofenol (p-ATP), pentru a inlocui moleculele de ADN adsorbite nespecific si
pentru a ocupa situsurile libere ramase pe suprafata electrodului de aur. Fabricarea
aptasenzorului, optimizarea platformei si interactiunea cu Van au fost monitorizate
electrochimic prin voltametria puls diferentiala (DPV), utilizind amestecul
ferrocianura/ferricianura ca sonda redox.

Rezultate: Aptasenzorul dezvoltat a fost calibrat in intervalul clinic relevant (2.5 - 50
uM), frecvent intalnit in TDM, pentru a stabili cu acuratete relatia semnal-concentratie,
adecvata aplicatiilor POC. Studiile de cross-reactivitate, efectuate cu diverse
medicamente administrate concomitent in sectiile de terapie intensiva (gentamicing,
amoxicilind, acetaminofen) au evidentiat selectivitatea aptamerului fatd de Van,
reducand riscul raspunsurilor fals-pozitive in medii biologice complexe. Aptasenzorul a
fost validat clinic utilizand probe de ser de la pacienti spitalizati aflati sub tratament cu
Van. Rezultatele obtinute prin analiza serului cu aptasenzorul electrochimic au
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prezentat o corelatie excelenta cu cele obtinute prin metoda standard turbidimetrica
imunoenzimatica PETINIA (R?=0.994), demonstrand capacitatea aptasenzorului de a
cuantifica Van in serul uman si evidentiind potentialul sdu ca alternativa rapida si viabila
pentru TDM la patul pacientului.

Concluzii: Aptamerul 8H specific pentru Van a fost utilizat cu succes in dezvoltarea unui
aptasenzor electrochimic destinat aplicatiilor de tip TDM. Aptasenzorul a permis
stratficarea corecta a nivelurilor de Van in probele clinice analizate, evidentiind un
potential ridicat pentru ghidarea rapida a recomandarilor de dozaj (in aproximativ 40
de minute) comparativ cu metodele curente utilizate in laboratoarele de analiza. Desi
studiul a fost realizat pe un numar limitat de pacienti, rezultatele ofera o dovada
promitatoare a conceptului, sustinind utilizarea aptasenzorilor electrochimici pentru
TDM direct la patul pacientului.

Studiul 4. Dezvoltarea unei platforme pe baza de aptameri si compusi tioaromatici
pentru detectia alergenilor alimentari

Scop / Obiective: Scopul acestui studiu a fost dezvoltarea unui aptasenzor electrochimic
rapid, sensibil si miniaturizabil pentru detectia alergenului alimentar Ara h1, menit sa
contribuie la reducerea riscului de reactii alergice induse de arahide si la imbunatatirea
monitorizarii sigurantei alimentare.

Material si metode: Pentru selectarea celei mai potrivite platforme pentru dezvoltarea
aptasenzorului, au fost caracterizate electrochimic si optimizate prin depunere de
nanoparticule de aur diverse tipuri de electrozi serigrafiati pe baza de carbon si aur
disponibili comercial. Pentru imobilizarea secventei de aptamer specifica pentru Ara hl,
au fost comparate doua strategii (metoda backfilling versus metoda inserting),
evaluandu-se influenta acestora asupra orientarii aptamerului, densitatii suprafetei si a
proprietatilor antifouling. Ca agent de blocare s-a utilizat un tiol aromatic (p-ATP).
Grefarea p-ATP-ului si a aptamerului pe electrozi serigrafiati de aur a fost monitorizata
prin voltametrie ciclica (CV), DPV si spectroscopie de impedanta electrochimica (EIS).
Detectia electrochimica a proteinei Ara h1 a fost evaluate indirect prin DPV si EIS in
prezenta sondei redox ferrocianurd/ferricianura. Parametrii analitici, precum
sensibilitatea, selectivitatea, stabilitatea si regenerabilitatea, au fost evaluati sistemic
pentru a determina performanta aptasenzorului dezvoltat.

Rezultate: Abordarea inserting, in care aptamerul a fost imobilizat in cadrul unei retele
preformate de p-ATP, a generat o schimbare de semnal mai mare in cadrul interactiunii
cu Ara h1 comparativ cu metoda backfilling. Aceste rezultate au evidentiat importanta
p-ATP-ului in promovarea unei orientari uniforme si controlate a aptamerului, datorita
rigiditatii sale structurale, asigurand totodata blocarea eficienta a suprafetei si efectul
antifouling. Aptasenzorului dezvoltat a prezentat limite de detectie satisfacatoare prin
DPV (3.24 nM) si EIS (14.08 nM), ambele sub pragul clinic relevant pentru Ara h1 si a
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demonstrat o selectivitata excelenta fata de proteine interferente intalnite frecvent in
matrici alimentare. Studiile de stabilitate au aratat faptul ca aptasenzorul si-a mentinut
92.27 £ 0.27 % din raspunsul initial dupa 7 zile de depozitare, confirmand posibilitatea
utilizarii lui pe perioade extinse. De asemenea, platforma de detectie a demonstrat o
capacitate de regenerate prin tratament chimic cu solutii cu fortd ionica ridicata,
pastrand o sensibilitate ridicati fatid de Ara h1 (102.1 + 1.6 %). In final, aptasenzorul a
fost aplicat cu succes pentru determinarea Ara h1l in diverse baturi si produse
alimentare, obtinand rate de recuperare foarte bune (88.59 - 112.1 %, RSD < 2.6 %).

Concluzii: A fost dezvoltat un aptasenzor electrochimic simplu si rapid pentru detectia
alergenului Ara h1 din arahide in probe alimentare. Aptasenzorului rezultat prezinta o
metoda alterativa promitatoare pentru detectia POT, cu potentialul de a reduce riscurile
alergice si de a minimiza utilizarea etichetarii preventive a alergenilor, imbunatatind
astfel siguranta consumatorilor si calitatea vietii.

CONCLUZII GENERALE

Aptamerii sunt elemente de biorecunoastere versatile, care pot fi proiectati prin
selectie in vitro pentru a prezenta proprietati specifice, adaptate aplicatiilor vizate.
Afinitatea si selectivitatea lor ridicatd le confera un rol important in introducerea
specificitatii in diverse platforme analitice, precum aptasenzorii electrochimici si
sistemele de livrare la tinta a medicamentelor.

Prezenta tezd a investigat aplicatiile variate ale aptamerilor si potentialul lor
semnificativ in abordarea unor provocari majore de sanatate publicd, precum rezistenta
la antibiotice, terapia cancerului si siguranta alimentara. Cercetarea s-a concentrat pe
doud directii principale: selectia si caracterizarea aptamerilor prin MBs-SELEX si
dezvoltarea de aptasenzori electrochimici pentru aplicatii POC si POT. in ambele directii,
aptamerii au fost testati pentru proproprietatile lor de recunoastere a unor molecule
tinta variate, de la compusi chimici de dimensiuni reduse pana la biomarkeri proteici.

In primul studiu, au fost selectati aptameri noi pentru Van, un antibiotic din clasa
glicopeptidelor, utilizind un protocol SELEX optimizat pentru a simula cat mai fidel
conditiile serice fiziologice. Aceasta abordare a permis izolarea unor aptameri capabili
sa discrimineze intre analogi structurali. Analiza SPR a identificat aptamerului 8H drept
cel mai performant candidat, cu o afinitate de legare superioara celor doi aptameri
raportati anterior in literatura. De asemenea, structura tridimensionala a aptamerului
8H a fost determinata prin modelari computationale folosind protocolul APTAMD, iar
simuldrile de andocare moleculara au furnizat mai multe modele ce descriu mecanismul
de legare dintre aptamer si Van.

in al doilea studiu, au fost selectati aptameri noi caracterizati de afinitate ridicati
fatda de GPC3, un biomarker tumoral specific HCC, demonstrand versatilitatea MBs-
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SELEX 1n selectia aptamerilor pentru molecule de dimensiuni diferite. Profitind de
multiplele grupari functionale oferite de structura complexa a proteinei tinta, au fost
concepute diverse strategii de imobilizare a GPC3 pe suportul solid. Aceasta abordare a
condus la selectia unor secvente distincte de aptameri, capabile sa recunoasca epitopi
diferiti ai proteinei. Protocolul de selectie a integrat qPCR pentru monitorizarea
procesului de amplificare si evaluarea imbogatirii secventelor cu afinitate pentru GPC3,
permitand astfel o evaluare in timp real a progresului selectiei si reducerea formarii
artefactelor de amplificare, o provocare observata anterior in SELEX-ul pentru Van.

In al treilea studiu, aptamerul 8H selectat anterior pentru Van a fost integrat cu
succes intr-un aptasenzor electrochimic conceput pentru aplicatii de TDM. Aptasenzorul
a fost calibrat pe un interval de concentratii relevante clinic si validat pe probe de ser
prelevate de la pacienti spitalizati aflati sub tratament cu Van. Rezultatele obtinute au
aratat o corelatie excelentd cu testul imunoenzimatic standard PETINIA utilizat in
practica clinicd, demonstrand potentialul aptasenzorului de a furniza rezultate rapide si
de a sprijini recomandarile de dozaj In aproximativ 40 de minute.

Ultimul studiu din aceasta teza a explorat aplicabilitatea aptamerilor in domeniul
sigurantei alimentare, prin dezvoltarea unui aptasenzor electrochimic simplu, rapid si
sensibil pentru detectia alergenului Ara h1l din arahide. Studiul a investigat influenta
diferitelor metode de imobilizare a aptamerilor si a strategiilor antifouling asupra
capacitatii de recunoastere Ara h1 in matrici alimentare complexe. Platforma optimizata
a permis detectia Ara h1 sub niveluri cunoscute pentru declansarea reactiilor alergice, a
demonstrat selectivitate excelenta fata de principalele proteine interferente din matrici
alimentare si a fost aplicata cu succes pentru determinarea Ara h1 in diverse produse
alimentare. Aptasenzorul dezvoltat reprezinta o solutie promitatoare pentru analiza
POT, contribuind la cresterea sigurantei consumatorilor si la Imbunatatirea calitatii
vietil.

In concluzie, studiile prezentate in aceasti tezi evidentiazi versatilitatea si
utilitatea practica a aptamerilor integrati in senzori electrochimici, ca instrumente
alternative rapide, sensibile si rentabile pentru analize in diverse domenii in vederea
asigurarii sanatatii publice.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE
CERCETARII DOCTORALE

Originalitatea tezei constd 1n analiza riguroasd a aptamerilor ca elemente de
biorecunoastere, pornind de la procesul de selectie in vitro prin tehnologia SELEX pana
la dezvoltarea de platforme electrochimice de detectie si aplicarea acestora in sprijinul
abordarii unor provocari majore de sanatate publica.

Un aspect inovator esential al tezei 1l reprezinta designul si optimizarea strategiei
MBs-SELEX pentru selectia in vitro a unor aptameri noi de tip ADN pentru tinte precum
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Van, un antibiotic glicopeptidic utilizat ca tratament de prima linie impotriva infectiilor
cu MRSA si GPC3, un biomarker tumoral exprimat in carcinomul hepatocelular. Ambele
protocoale SELEX au fost adaptate pentru a reproduce cat mai fidel conditiile fiziologice,
asigurand astfel succesul aptamerilor in aplicatiile propuse. Strategia de selectie
elaborata a permis izolarea unor aptameri cu afinitati ridicata pentru Van si GPC3, chiar
sifara optimizari post-SELEX, comparativ cu ceilalti aptameri truncati raportati anterior
in literatura.

Un alt element de noutate este reprezentat de integrarea modeldrii
computationale in protocolul de selectie al aptamerilor. in colaborare cu cercetatorii de
la Universitatea din Oviedo, protocolul APTAMD dezvoltat in laborator a fost utilizat cu
succes pentru a determina structura tridimensionala a aptamerului selectat pentru Van
si pentru a efectua studii de andocare moleculara. Aceasta abordare a oferit informatii
valoroase privind mecanismul de interactiune aptamer-tintd, completand validarea
experimentald si sprijinind designul rational a modificarilor post-SELEX (precum
truncarea sau functionalizarea chimicd), cu potentialul de extindere a aplicatiilor
aptamerilor selectati in dezvoltarea de biosenzori.

De asemenea, teza demonstreaza translatia cu succes a aptamerilor in biosenzori
functionali. Aptamerul selectat pentru Van a fost integrat intr-un aptasenzor
electrochimic caracterizat prin cost redus si timp de raspuns rapid, destinat TDM a Van
in context clinic. Aptasenzorul a fost calibrat pe intervalul de concentratii relevante
clinic si validat utilizind probe de ser provenite de la pacienti spitalizati aflati sub
tratament cu Van. Platforma dezvoltata a prezentat o corelatie puternica cu testul
imunoenzimatic standard PETINIA in cadrul probelor analizate, oferind o alternativa
rapida si rentabila pentru sustinerea recomanddarilor de dozaj si personalizarea
tratamentului antibiotic. In plus fatd de noutatea reprezentati de aptamerul de tip ADN
identificat, platforma dezvoltata constituie primul aptasenzor electrochimic nemarcat
validat clinic raportat in literatura pentru TDM al Van.

O alta contributie semnificativa a fost dezvoltarea unui aptasenzor electrochimic
sensibil, rapid si miniaturizabil, conceput pentru evaluarea cantitativa a riscului de
expunere la alergeni in produsele alimentare, farda a necesita proceduri complexe de
extractie. Aptasenzorul a fost aplicat cu succes pentru monitorizarea alergenului Ara h1
in produse alimentare comerciale si se numara printre putinii aptasenzori
electrochimici raportati in literatura pentru monitorizarea sigurantei alimentare in
cazul alergiilor la arahide.

In ansamblu, cercetarea prezentati in aceasti tezi evidentiazi versatilitatea si
utilitatea aptamerilor ca elemente de biorecunoastere in aplicatii diverse legate de
asigurarea sanatatii publice, incluzdnd monitorizarea tratamentului cu antibiotice,
terapia cancerului si siguranta alimentard. Prin abordarea simultanda a aspectelor
fundamentale ale selectiei in vitro de aptameri si a dezvoltarii practice a aptasenzorilor
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electrochimici, aceasta teza prezinta un liant intre proiectarea moleculard a noilor
elemente de biorecunoastere si aplicatiile lor concrete in lumea reala.
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INTRODUCTION

Global health has been a constant priority for our society and recent advances in
medicine and nanotechnology have focused on promoting more personalized medicine
practices while addressing key challenges such as cost, time and accessibility. Gold-
standard techniques used for health monitoring or contamination assessment typically
rely on sophisticated, expensive instrumentation and require skilled professionals to
conduct analyses in controlled laboratory settings. The development of systemic
evolution of ligands by exponential enrichment (SELEX) technology has enabled the
isolation of novel biorecognition elements, known as aptamers. Aptamers are single-
stranded oligonucleotide sequences that can be engineered through in vitro selection to
exhibit high affinity and superior stability compared to traditional antibodies. Their
integration into electrochemical sensors has lead to the emergence of modern analytical
tools that offer rapid, sensitive, decentralized and cost-effective analyses accessible even
to untrained users. This thesis aimed to improve the management of global health
challenges such as antibiotic treatment monitoring, cancer therapy and food safety
assessment through the use of aptamers as biorecognition elements. Two
complementary research directions were investigated: i) the in vitro selection and
characterization of DNA aptamers using magnetic beads-based SELEX (MBs-SELEX)
technology for both small and large target molecules and ii) the development of
disposable electrochemical aptasensors as efficient and cost-effective tools for tackling
global health challenges.
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STATE OF THE ART

Global public healthcare has undergone substantial improvements with the
advancement of technology, aimed at enhancing the overall quality of life [1]. While
efforts have increasingly focused on prevention, diagnostics and treatment, the current
global healthcare landscape continues to face critical challenges, such as the rising
prevalence of infectious diseases with multi-drug resistant pathogens [2], malignancies
and allergic reactions [3]. This underscores the urgent need for novel, efficient analytical
tools that can support and improve multiple aspects of healthcare systems, including
diagnostics, treatment monitoring and food safety [4].

Aptamers are short, single-stranded DNA or RNA sequences capable of
specifically binding to a wide range of target molecules through their tailored three-
dimensional structure [5]. They are selected in the laboratory using an in vitro
combinatorial enrichment process known as SELEX [6,7]. This technology is based on
the principles of Darwinian evolution at a molecular levels, wherein iterative rounds of
selection and amplification progressively enrich the pool with high-affinity
oligonucleotide sequences, ultimately favoring the survival of those exhibiting the
strongest binding to the target molecule [8].

Since the discovery of aptamers over three decades ago, SELEX strategies have
continuously evolved alongside technological advancements, aiming to improve the
efficiency, speed and cost-effectiveness of the selection process [9, 10]. A promising and
versatile approach for aptamer selection is MBs-SELEX, which enables the coupling of
both small and large molecules to the immobilization matrix. MBs offer several
advantages, including simplicity of separation using a magnetic field, cost-effectiveness
and operational versatility [8]. Various post-SELEX modification strategies have been
developed to enhance the affinity and stability of aptamers and to mitigate concern
regarding nuclease degradation, rapid renal clearance or non-specificimmune response
[11,12]. These include sequence optimization through truncation [13], chemical
modifications and conjugation with functional molecules [14].

Aptamers have many attractive features compared to the gold standard
antibodies, such as smaller size, higher stability and lower batch-to-batch variation. One
important advantage of aptamers for electrochemical biosensing applications is their
ability to be chemically functionalized with various functional groups and redox labels,
allowing for the design of versatile aptasensor configurations [14]. The development of
point-of-care (POC) and point-of-test (POT) electrochemical aptasensors as modern,
alternative analytical tools could be particularly promising for addressing various global
health challenges. These sensors offer exceptional attributes, including high sensitivity
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and selectivity, low cost, rapid response and portability, enabling clinical or
environmental analyses to extend beyond specialized laboratories to public settings,
such as hospitals, on-site fields and home settings [15,16].

PERSONAL CONTRIBUTIONS

Study 1: Aptamer selection targeting glycopeptide antibiotic by magnetic beads
SELEX technology

Aim / Objectives: The aim of this study was the selection and characterization of novel
DNA aptamers by MBs-SELEX technology targeting vancomycin (Van), a glycopeptide
antibiotic used as a first line treatment of methicillin-resistant Staphylococcus aureus
(MRSA) infections.

Materials and methods: The selection strategy employed a single-stranded DNA library
in solution, with the target molecule immobilized on MBs and was designed to mimic
the intended clinical application of the aptamer for serum analysis. To enhance the
selectivity of the isolated aptamers, a counter-selection step using teicoplanin (Teico), a
structural analog from the glycopeptide antibiotic class was introduced starting from
the 5% round of selection. The binding behavior of the isolated sequences in different
configurations was studies by surface plasmon resonance (SPR) to evaluate the
influence of post-SELEX modifications and aptamer immobilization on binding affinity
and to predict which configuration would yield the highest sensor performance.
Additionally, computational studies were conducted on the most promising aptamer
(8H) to investigate its folding mechanism and identify the functional regions responsible
for target binding.

Results: From a total of 9 selection rounds, the DNA pool from round 7 exhibited the
highest binding percentage towards Van (47%), while showing minimal binding to Teico
(<1%), indicating satisfactory sequence enrichment and selectivity. SPR studies
revealed that the selected aptamers presented affinities in the submicromolar range and
that aptamer configuration significantly influences the binding constant. The 3D
structure of the selected aptamer was reliably predicted using the APTAMD protocol and
docking simulations provided several models for its complex with Van that
systematically point to the binding in the region connecting hairpins 1 and 2 and the
possibility to an induced fit.

Conclusions: Novel DNA aptamers targeting Van were successfully selected using MB-
SELEX. The optimized selection protocol, which was designed to closely simulate
physiological conditions demonstrated that when the target molecule has at least one
suitable functional group for binding, MB-SELEX is a simpler and faster approach than
capture-SELEX for obtaining reliable and selective aptamers with improved affinities,
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requiring approximately half the number of selection rounds. The best aptamer
candidate (8H) displayed slightly improved binding affinity over the previously
reported Van aptamers, suggesting potential calibration within the clinically relevant
range.

Study 2. Tailored aptamer selection strategies targeting hepatocellular carcinoma
biomarker

Aim / Objectives: This study aimed the selection of novel DNA aptamers targeting
glypican 3 (GPC3), a clinically relevant tumor biomarker of hepatocellular carcinoma
(HCC), using MBs-SELEX technology. The final goal of this study was the development of
a molecular recognition element that could be used for the development of a targeted
drug delivery system for the improvement of the systemic treatment in the advanced
stages of HCC.

Materials and methods: Two SELEX trials were conducted using different GPC3
immobilization strategies on solid supports. In the first trial, a random immobilization
approach was employed using tosylactivated MBs, which formed covalent bonds with
the primary amino groups on the GPC3 structure (covalent SELEX). In the second trial,
a more oriented immobilization was achieved by attaching GPC3 via its C-terminal
hexahistidine tag to Ni*?-functionalized magnetic particles, enabling site-directed
attachment through metal-coordination complexes (his-tag SELEX). Aptamer
amplification during the selection rounds was optimized using real-time quantitative
PCR (qPCR). Enrichment of GPC3-binding sequences was monitored using UV-VIS and
fluorescence assays.

Results: The integration of qPCR into the SELEX workflow enabled the optimization of
the amplification process and the quantification of ssDNA recovered after each selection
round. Thus, primer-dimer formation was significantly lower than in the previous Van-
SELEX (described in Study 1), highlighting the usefulness of qPCR. Moreover, qPCR
enabled the quantification of ssDNA separated after each selection round, providing a
more detailed and dynamic understanding of the selection evolution, rather than relying
only on post-selection enrichment assay. Based on the enrichment assay results, rounds
4 (from covalent SELEX) and 5 (from his-tag SELEX) were cloned and sequenced,
obtaining 25 sequences for each selection round. Bioinformatic analysis enabled the
identification of multiple aptamer sequences characterized by distinct recurrent motifs
that may recognize different epitopes of GPC3.

Conclusions: Novel GPC3-binding aptamers were successfully isolated via MBs-SELEX
technology, highlighting the versatility of this type of SELEX for aptamer screening for
both small and large size molecules. The carefully designed and optimized selection
protocol successfully addressed key limitations identified in Study 1, specifically the
formation of PCR by-products and the limited monitoring of the selection process.
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Moreover, the various immobilization chemistries employed for the attachment of GPC3
on MBs led to the selection of multiple aptamer sequences with distinct recurrent
binding motifs, which can be particularly useful for selecting aptamer pairs targeting
different binding sites and for the development of sandwich assays, thereby increasing
the recognition potential of the targeted therapy system and improving the ability to
distinguish HCC cells from healthy cells in vivo.

Study 3. Aptasensor development for therapeutic drug monitoring of vancomycin
in serum

Aim / Objectives: The aim of this study was to demonstrate the recognition and binding
capabilities of the previously selected Van-binding aptamer 8H (described in Study 1) in
complex biological matrices, by integrating it into an electrochemical sensing platform
designed for therapeutic drug monitoring (TDM) applications.

Materials and methods: The electrochemical aptasensor was fabricated using screen-
printed gold electrodes on which the 8H aptamer was grafted via covalent Au-thiol
bonds through multipulse amperometry-assisted technique. The surface was then
blocked using an aromatic thiol, p-aminothiophenol (p-ATP), to displace the
nonspecifically adsorbed DNA and fill the remaining free sites on the Au surface. The
aptasensor fabrication process, platform optimization and aptamer-vancomycin
interaction was electrochemically monitored by differential pulse voltammetry (DPV)
using ferro/ferricyanide as a redox probe.

Results: The developed aptasensor was calibrated across the clinically relevant
micromolar range ( 2.5 - 50 uM) commonly encountered in TDM, to accurately establish
a signal-dose relationship suitable for POC applications. The cross-reactivity studies
performed using several commonly co-administered pharmaceuticals in intensive care
units (gentamicin, amoxicillin, acetaminophen) highlighted the selectivity of the
aptamer towards Van, thus minimizing the risk of false-positive responses in complex
biological media. The aptasensor was clinically validated using serum samples collected
from hospitalized patients undergoing Van therapy. The results obtained after serum
analysis using the electrochemical aptasensor showed a good correlation with those
obtained by standard particle-enhanced turbidimetric inhibition immunoassay
(PETINIA; R?=0.994). These results indicate that the aptasensor has excellent capability
for Van quantification in human serum, showing great promise as a viable and more
rapid alternative for TDM directly at the bedside of hospitalized patients.

Conclusions: The Van-binding aptamer 8H was successfully employed for the
development of an electrochemical aptasensor tailored for TDM applications. The
aptasensor correctly stratified Van trough levels across the tested clinical samples,
showing great potential for guiding drug dosing recommendations more rapidly (within
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~40 min) than the currently employed methods in the hospital laboratory. Although this
study was conducted on a limited cohort of patient samples, the results provide
promising proof-of-concept for on-site TDM using aptamer-based electrochemical
sensors.

Study 4. Aptamer and thioaromatic assembly as antifouling interface for food
allergens

Aim / Objectives: This study aimed to develop a rapid, disposable and sensitive
electrochemical aptasensor for the detection of food allergen Ara h1, that could aid in
tackling the risks of peanut-induced allergic reactions and improve food safety
monitoring.

Materials and methods: Various commercially available carbon and gold-based screen-
printed electrodes were electrochemically characterized and optimized through gold
nanoparticle deposition to choose the most suitable platform for aptasensor
development. To immobilize the Ara h1-binding aptamer sequence two immobilization
strategies were compared (backfilling vs. inserting method) and their influence on
aptamer monolayer orientation, density and antifouling properties was assessed. An
aromatic thiol (p-ATP) was used as blocking agent. The grafting of the p-ATP and Ara hl
aptamer on AuSPE was monitored by cyclic voltammetry, DPV and electrochemical
impedance spectroscopy (EIS). The electrochemical detection of Ara hl protein was
assessed indirectly by DPV and EIS in the presence of ferro/ferricyanide as a redox
probe. The analytical parameters, including sensitivity, selectivity, stability and
regenerability were systematically evaluated to determine the performance of the
constructed aptasensor.

Results: The inserting approach, where the aptamer was immobilized within a pre-
formed p-ATP monolayer, resulted in a higher signal change upon Ara h1 interaction
than backfilling method. This highlighted the importance of p-ATP in promoting a
uniform and controlled aptamer orientation due to its structural rigidity, while also
efficiently blocking the surface and providing an antifouling effect. The aptasensor
achieved satisfactory LODs by DPV (3.24 nM) and by EIS (14.08 nM), both below the
clinically relevant threshold and demonstrated excellent selectivity against potential
protein interferents commonly found in food matrices. Stability studies showed that the
aptasensor retained 92.27 % * 0.27 % of its original response after 7 days of storage,
confirming its suitability for extended use. Moreover, the sensing platform
demonstrated regeneration capability via high ionic strength solution treatment,
maintaining high sensitivity towards Ara h1 (102.1 % * 1.6 %). Finally, the aptasensor
was successfully applied for the determination of Ara h1 in various beverages and food
products with very good recovery rates (88.59 % - 112.1 %, RSD < 2.6 %).
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Conclusions: A simple and rapid electrochemical aptasensor was developed for the
detection of Ara h1 peanut allergen in food samples. The resulting disposable aptasensor
offers a promising tool for POT detection, with the potential to reduce health risks and
minimize the use of precautionary allergen labeling, thereby enhancing consumer safety
and quality of life.

GENERAL CONCLUSIONS

Aptamers are versatile biorecognition elements that can be engineered through
in vitro selection to exhibit certain specific properties tailored to their intended
applications. Their high affinity and selectivity make them valuable tools for introducing
specificity in various platform, such as disposable electrochemical aptasensors and
targeted delivery systems.

This thesis investigated the diverse applications of aptamers and their significant
potential in tackling critical global health challenges, including antibiotic resistance,
cancer therapy and food safety. Thus, the research was focused on two main directions,
the selection and characterization of aptamers using MBs-SELEX and the development
of electrochemical aptasensors for POC and POT applications. In both research
directions, aptamers were challenged to recognize various target molecules, from small
chemical compounds to larger biomolecules.

In the first study, novel aptamers were successfully selected against Van, a
glycopeptide antibiotic, using an optimized SELEX protocol designed to closely mimic
physiological serum conditions. This approach enabled the isolation of aptamers
capable of discriminating between structurally related analogs. SPR analysis identified
aptamer 8H as the top-performing candidate, exhibiting improved binding affinity
compared to the two previously reported aptamers from the literature. Furthermore,
the three-dimensional structure of 8H aptamer was determined using the APTAMD
protocol, enabling molecular docking simulations to reveal several potential models
describing the binding mechanism between 8H aptamer and Van.

In the second study, novel DNA aptamers were selected targeting GPC3, a tumor
biomarker of HCC, further demonstrating the versatility of MBs-SELEX for screening
aptamers targeting both small and large molecules. Taking advantage of the multiple
functional groups presented by a large protein target, various immobilization
chemistries were employed to attach GPC3 to the solid support. This strategy resulted
in the selection of distinct aptamer sequences with high affinities towards GPC3, which
could be responsible of recognizing different epitopes of the protein. qPCR was
integrated in the selection protocol to monitor the amplification process and assess the
enrichment of GPC3-binding sequences. This enabled real-time evaluation of the
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selection progress and aided in minimizing primer-dimer formation, a challenge
previously observed during Van SELEX.

In the third study, the previously selected Van-binding aptamer 8H was
successfully integrated into a disposable electrochemical aptasensor designed for TDM
applications. The aptasensor was calibrated across a clinically relevant concentration
range and validated using serum samples from hospitalized patients undergoing Van
treatment. The aptasensor showed strong correlation with the standard PETINIA
immunoassay used in clinical practice, demonstrating its potential to deliver rapid
results and support drug dosing recommendations within 40 min.

The last study of this thesis explored the application of aptamers in the field of
food safety through the development of a simple, rapid and sensitive electrochemical
aptasensor for the detection of peanut allergen Ara hl. The study investigated the
influence of various aptamer immobilization techniques and antifouling strategies on
the recognition capability of the aptamer in complex food matrices. The optimized
sensing platform enabled the detection of Ara h1 below the threshold concentration
known to trigger allergic reactions, demonstrated excellent selectivity against potential
protein interferents and was successfully applied to determine Ara h1 from multiple
food products. The resulting disposable aptasensor offers a promising tool for POT
detection for improving consumer safety and quality of life.

Overall, the studies presented in this thesis highlight the versatility and practical
utility of aptamers incorporated into electrochemical sensors as alternative tools for
rapid, sensitive and cost-effective analysis across a wide range of global health-related
applications.

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF THE
DOCTORAL THESIS

The originality of this thesis consists in the comprehensive investigation of
aptamers as biorecognition elements, starting from their in-lab screening via SELEX
technology to the development of electrochemical sensing platforms and their
application to aid global health challenges.

One key innovation of the thesis lies in the design and optimization of MBs-SELEX
strategy for the in vitro selection of novel DNA aptamers targeting Van, a glycopeptide
antibiotic used as first-line treatment of MRSA infection and GPC3, a tumor biomarker
expressed on HCC cells. Both SELEX protocols were carefully tailored to closely mimic
physiological conditions to ensure the success of aptamers in their intended
applications. The designed selection strategies enabled the isolation of aptamers with
higher affinities, even without any post-SELEX optimization, compared to the previously
reported truncated Van or GPC3-binding aptamers.
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Another element of innovation is represented by the integration of computational
modeling into the aptamer selection protocol. In collaboration with researchers from
University of Oviedo, the in-lab developed APTAMD protocol was successfully used to
predict the three-dimensional structure of selected Van-binding aptamer and perform
molecular docking studies. This provided valuable mechanistic insight into aptamer-
target interaction, complementing experimental validation and supporting the rational
design of post-SELEX modification studies, such as truncation and chemical
functionalization, for further biosensing applications.

The thesis also demonstrates the successful translation of aptamers into
functional biosensors. The selected Van-binding aptamer was incorporated into a
disposable, low-cost and rapid electrochemical aptasensor for TDM of Van in clinical
settings. The aptasensor was calibrated within the clinically relevant concentration
range and validated using serum samples from hospitalized patients undergoing Van
treatment. The aptasensor presented a strong correlation with the standard PETINIA
immunoassay across the tested clinical samples, offering a rapid and cost-effective
alternative for guiding drug dosing recommendations. In addition to the novelty of the
newly identified DNA aptamer sequence, the developed platform represents the first
clinically validated, label-free electrochemical aptasensor ever reported for Van TDM.

Another significant contribution was the development of a sensitive, fast and
disposable electrochemical aptasensor, designed as an easy-to-use tool for quantitative
allergen risk assessment in food products, without the need for complex extraction
procedures. The aptasensor was successfully applied for Ara hl peanut allergen
monitoring in commercially available food products and is among the few
electrochemical aptasensors reported in the literature for peanut allergy safety
monitoring.

Collectively, the research presented in this thesis highlights the versatility and
utility of aptamers as biorecognition elements in diverse global health related
applications, including antibiotic monitoring, cancer therapy and food safety. By
addressing both fundamental aspects of tailored aptamer selection and the practical
development of aptasensors, this thesis bridges a significant gap between molecular
design and real-world applications.
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