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Souhrn

Tato disertani prace je zagfena na elektrochemickou analyzu nukleotidovych
sekvenci s vyuzitim enzymovych a elektrochemickyuoiatek. Teoretickacast je
rozklena do iti kapitol. Prvni popisuje vlastni elektrochemickaitivitu DNA na
rtutovych a uhlikovych elektrodach aeglstavuje né€pstji pouzivané elekrochemicke
metody pro detekci DNA. Druha kapitola se zabyv&kibchemickou detekci
hybridizace DNA pomoci uhlikovych elektrod a biosefi na bazi uhlikovych tighych
elektrod. Feti je pak ¥novana moznostem dikladim zna&eni DNA pomoci nukleotid
modifikovanych elektrochemicky aktivnimi zti@mi.

Experimentalntast je pilozena ve form péti publikaci otiSénych v impaktovanych
casopisech, viz flohy 1-5. V kapitole Vysledky a diskuze jsou shgna strigné
komentovany vysledky obsazen&sgtito¢lancich.

Dvé z piloZzenych praci jsou zasteny na detekci nukleotidovych sekvenci DNA
pomoci amplifikace detekovaného signalu reakci lfkad@anou enzymem alkalickou
fosfatdzou navazanou na DNA. V prvni publikaci bgvrzeny metody pro sekwvari
analyzu DNA s vyuzitim tighych uhlikovych elektrod. Pomoci hybridizace cil@®&A
se specifickym primerem nebo sekve® specifickym ¥lenénim biotinylovanych
nukleosid trifosfai (ANTP) metodou prodluzovani primeru (PEx) bylo mmznejen
ovetit piitomnost hledané sekvence ve studovaném Useku @Ehwale i monitorovat
expresi genubcL v riznych tkanich rostliny tabaku. V druhé praci bylatoda PEXx
vyuzita pro analyzu jednonukleotidovych polymorfisra genu p53 a exprese jeho
mutantnich forem v buwdnych liniich. Detekce byla provéda pomoci elektrody

z pyrolytického grafitu.

Nasledujici iti publikace se zabyvaly zéenim DNA pomoci dNTP nesoucich
elektrochemicky aktivni zi&u, které byly z&lenény do fettzce DNA polymerazami.
Pro modifikaci DNA bylo pouzito & raznych znaek. Tii z nich obsahovaly ionty kav
(ferocen, komplexy [Ru(bpyl’* a [Os(bpy)]**), dalsi dv byly organické elektroaktivni
skupiny (nitro- a aminoderivaty fenylu). V&echnyokg komplexu [Ru(bpy)®, msly
velmi vhodné vlastnosti pro elektrochemickou detekoatené DNA uhlikovymi
elektrodami. Zavedené zfky byly vyuzity pro detekci jednonukleotidovych
polymorfismi a pro ,vicebarevné® elektrochemické zemni, umo#ujici detekci tzrne

modifikovanych DNA nebo jedné DNA modifikovan&nymi zngkami sodasre.



Summary

This dissertation thesis is focused on the eleb#oucal analysis of nucleotide
sequences using enzymes and electroactive labeésthiEoretical part consists of three
sections. In the first one, intrinsic electrochemhigctivity of DNA on mercury or carbon
electrodes and electrochemical methods frequerdbd ufor the DNA detection are
described. The second section deals with the elgotmical detection of DNA
hybridization using carbon electrodes and biosendased on screen-printed carbon
electrodes (SPCE). In the third section, the pdgss of DNA labeling using
nucleotides modified with electrochemically actiabels are introduced.

Experimental part of the thesis encompasses fiyensapublished in international
peer-reviewed journals (see appendices 1-5). Theltseincluded in these papers are

summarized and briefly commented in the chapteuReand Discussion.

Two of the attached publications are focused onditection of DNA nucleotide
sequences using amplification of the detected t8ghw catalytic reaction of alkaline
phosphatase used as an enzyme label. In the &psrpmethods for sequence-specific
analysis using SPCE are proposed. The presencé¢aofet sequence in the studigsB
gene fragment is detected using the target DNA idigation with specific primer or
using sequence-specific incorporation of a nucteodriphosphate (dANTP), bearing
biotin as an anchor for the enzyme attachment, roygs extension (PEx). The same
approaches were used for the detectiombol gene expression in different tissues of
tobacco plant. In the second publication, the PEethiod was applied for the single
nucleotide polymorphisms analysis g3 gene and for monitoring expression of its

mutants in human cell lines.

The other three publications are focused on DNAeliag by incorporation of
dNTPs bearing electroactive labels into DNA by DNélymerases. Five different labels
were prepared; three of them included a metal ifemrdcene, [Ru(bpy)** and
[Os(bpy)}]** complexes), the other two were organic electreactiroups (nitro- and
amino derivatives of phenyl). All of them, with trexception of the [Ru(bpy*
complex, exhibited excellent features for the etetiemical detection of the labeled
DNA using carbon electrodes. These labels wereiegpdbr the single nucleotide

polymorphisms detection and in the “multicolor” @®chemical DNA labeling.



