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H éykpion g mroyokng epyociog oamd 1o Tuqua Emotmiung kor  Teyxvoloylog
[Teppdrrovtoc Tov Teyvoloyucol ITavemotnpiov Kompov dev vTodnAdvel amapottiTmg Kot

AmOd0YN TOV ATOYE®Y TOL GLYYPAPEN €K LEPOVG TOV T paTOG.



o Mero va evyaplotiom wWwitepa Tov emPAémovia kKaOnynm upov Kovortavtivo
Kovtsovmdkn, yio tTnv Topoy®pnon ToV GLYKEKPILEVOL BELOTOG TN SIMAMUATIKNG EPYOCIAG,
KoOdc kot yo v Kabodynon kot tnv ocvveyn emifreyn tov kab’ OAnN TN SldpKELd
dlekmepaimong g mapovcag TTvylakne. Emiong, tov evyaptotd yio v vmwootipién, yio 10
OUEIDMTO EVOLOPEPOV KOl TN CUUTAPACGTACT] TOV, TOCO KOTE TNV EKTEAEGTN TOL TELPULATIKOV
HEPOLG OGO Kol KATA TNV GLYYPAPN TOV, yloti ywpic tnv fondeia Tov N OAOKANP®GN VTG
™mg perétng o Mrav addvotn. Idwitepeg evyapiotieg Bo MBela vo oamevBoveo oTo
Teyvoloywo avemomuo Kompov kot kuping otov kopro Kevotavtivo Bapaton, npdedpo
tov Tunpatog Emomung kow Teyvoroylag IlepifdAiovtog yio v mopoydpnon Tov
ovykekpipévovr  Bépatog, tv  ddbeon ToL gpyactnplakod ydpov IleptPaAilovrikig
Bloymuetog ko Broteyvoroyiog kot Tnv mapoay®@pnon TV opyavey Kot UnYavnaToy yio v
TPOAYLOTOTOINGCT TOV TEPOUOTIKOD HEPOVS, KOODG Kol TO TPOCMOTIKO TOV €PYOCTNPIOL TOL
ntav mpdvpo vo pe Ponbnoer oe 0Tt mPOPANUa mpoékvmte. Oepuéc evyaplotieg otV
kadnyntpua tov Néov EAMnvikav, kupia Avtiydvn Hoppaén yio 1o apépioto evolapépov kot
™V N0 cVUTAPAGTAGT TOV LoV £0€1E€ KaB® OAN TN S1APKELD TNG GLYYPAPNS TNG TUPOVGOS
gpyaciog Kot Kupimg TNV €VXAPIOTO Yol TOV YPOVO TTOL HOL OPLEPMGE Y. TV 010pOwon,
GLVTOKTIKA KOt 0pBoypapikd, TG Tapodcas TTUYLOKNS Epyaciog KaBds Kot yio v Bondeta

OV LoV TPAGOEPE GTNV GLYYPOEN TG PipAoypapiog.



INEPIAHYH

H bleomycin (unieopvkivn, BLM) givan éva avtiBiotikd mov dpa katd tewv OyKov Kot
OVIKEL GE L0 TAEN YAVKOTENTIOKAOV, OVTIKOPKIVIKOV TAPAyOVTOV. ATOUOVAOONKE Y100 TPAOTN
@opd 1o 1966 and to Pakthiplo Streptomyces verticillus. H evdoxvttapikn ok dpdon g
bleomycin otovg avBpdrovg sivor omotéhespa TG avdTnToag déopevonc tov adfpov (Fe')
KOl TNG 0EEW0AVAYWYIKNG eVEPYOTOINoNG TOL poplakoh o&uyovou (02). Xvykekpuéva, 1M
bleomycin avtidpd pe ta 10vta puetdAiov (Fe' napdyovtag €vo yevdogvivo, 10 omoio
avTdpd pe TV GePpa Tov pe 10 o&uydvo. Avtd odnyel oty mopaymyr erevbepwv pilov
VEPOEEDTIOL KOt VOPOEEWDIOVL KOl GTNV Omay®YT| €VOG ATOUOV VOPOYOVOL 0td TV Bdomn TV
VOUKAETKAOV 0E€@V. AvTi 1 dadikacia £xel WG OMOTEAEGLOL TNV OACTOGT TNG OITANG EAMKOG
t0v DNA, ka0d¢ ko tig acvuvnBioteg prrotayeig dopég tov RNA.

AvTtikeipevo g SMAGUOTIKNG €pyaciog &ivar M HEAETN TOV GUUTAOKOV Cu?*-
bleomycin. H peiétn Poociletor oty décpevon tov yaAikod (Cu) oto evepyd KEVIPO TNG
bleomycin. Meté tov yapukmpopd tov ocvpmhékov Cu?*-bleomycin oe  cuvOfkec
1GoppoTiaG, CEPA €lXe 0 YOPAKTNPIGUOG TOV SOMK®V OOKVUAVGEDY TOV TOPATPOVVTOL
KOTA TNV GLVOPUOYN €VOG vToKatacTdtn. O LIOKATACTATNG GTNV TOPOVLGH HEAETN Elval TO
vepo&eidto Tov vopoyovov (Hz07), to omoio deopedetar 610 HETAALO Kol dnUovpyel To
soumhoko HOO-Cu'-bleomycin. Zmv cuvéyeio,  6An peAétn emovoliednke oe cvvOnkeg
Topovciog avaywyuwov, o&uydvoy kot petd DNA, étol dote va eEaxpifwbel o emhextikdg
Tpoémog adAnAeniopaong g bleomycin pe 1o DNA, kabmg kot 1 enidpacn mov avtd aoKei
otV Suvopikt Tov svotipatog Cu’-bleomycin.

Boowd epyoreio yioo v mopomdveo peAétn eivor 1 QOGHOTOGKOTIO. OpaTOV-
vrepuddovg (UV/IVIS) kot  vaépubpn eacpatookonio (IR). Me v yprion g UV/IVis
(QOGLOTOCKOTIOG YIVETOL O apYIKOG YOPAKTNPIGUOS NG POCIKNG NAEKTPOVIKNG KOTAGTOONG
TV cuunAdkov g bleomycin, mapovoia kot anoveioc DNA, obtog dote va eEakpiBobel o
TpOTOG e Tov omoio 1 bleomycin dpa emhextikd pe 1o DNA. Tty cuvéyela, yivetal 1 xpnon
m¢s IR ¢acpatookomiog, m omoio eivor pion mOAD evaicOntn tTexvikny Ko yivetor o
YOPOKTNPIOUOG TNG OOVNTIKNG KOTAoTOoNG TV ocvumiokwv tng bleomycin. Emiong,
eEethletan 1 ynueio Tov cvpmhokov Cu?*-bleomycin, Tapovsio kon omovsio DNA, pe okond
va mapatnpnei n déopevon tov petdArov oty bleomycin kot n avtidpaorn Tov GupTAOKOV

ue DNA.



Apyiké peletifnke n oviidpaon tov cvumidkov Cu®*-bleomycin, mapovsio kat
amovoioa DNA pe v yprion UV/IVis pacupatookoniog, 6mov mapatnpninke n aviidpacn tov
CUUTAOKOL KOl 1) OTOPPOPNOT TV EVOGEMY GE GLYKEKPEVO, UNkn kdpotog (nm). H
avTidpacT T0v GLUTAOKOL VIO TV TTaPoLGio. 0&VYOvoy dev eaivetar 6Tt yivetal Eekabapa
aeov dev €xel Ogifel kamolo Oetikd amotédeopa. To 1010 €ywve pe TNV aviidopacmn TOov
GUUTAOKOV Cu?-BLM-DNA ue 1o HoO,. Avtd opeideton 6to yeyovog OTL amd TV UGN TOL
0 YoAk6g €xel acbeveic petapdoeic, dAadn dev Exel 1oxLPTN EVINCT. ZTNV CLUVEXELD, EYIVE 1)
HeAETN Tov ovumAdkov pe v ypnon ¢ IR eacpatookomiog. Me avtiv TV TEYVIKY, Ol
JOVNGELS TV EVOCEDY Qaivovtal Alyo mo Eexdbapa kot mopatnpndnke n avtidpacn Tov
OLUTAOKOV GE GLYKEKPLUEVOLG KLUOTOPLOHovS (ecm™). H dwgpopd pe v UV/Vis
eacpatookormio. givar 0Tt M @acpoatookormiocn IR elvar pio gvaicOntn teyvikn yw tov
YOPOKTNPIGUO TOV EVOGE®V, YU avTO YpNLEL 110iTEPTG TPOGOYNGS, KUPIMG GTIG OOVINGELS TOV
napovctaloviol Adyw Bopvfov 1 aépa.

Kotaiyovtog, anmdtepog 6KomoOG-6Td)0G NG TAPoVGUS SIMAMUATIKNG epyaciag givol
N ¥PRoM Tov yokkob yia TV dnwovpyic Tov cvpmidkov Cu?*-bleomycin, ovtac Gote va
napatnpnOel 0 oyNUOTIGUOG KATO1wV EVOLAUES®OV LE BAoN TIC OVTIOPACELS TOV GLUTAOKOL LE
02 1 H202 xobdg, kot n wavoétnto tov svumidkov va dacmdoet to DNA kot to RNA.
XpnowonomOnke o yorkdg yoti omotedel pétoddo pe eucsloroykn onuocio pall pe tov
oionpo (Fe). Emopévog, onuaviikd onueio avopopdg tng mapodcOg TTUYKNG Eivol o
OMTIKOC KO SOVITIKOC YapoKTNPIopdc Tov cvumhdkov Cu?*-bleomycin, mopovoio kot

arovcio DNA.



ABSTRACT

Bleomycin (BLM) is an antibiotic that acts against tumors and belongs to a class of
glycopeptidic, anticancer agents. It was first isolated in 1966 from the bacterium
Streptomyces verticillus. The intracellular toxic effect of bleomycin in humans is a result of
the binding capacity of iron (Fe') and of redox activation of molecular oxygen (O,).
Specifically, bleomycin reacts with the metal ions (Fe') generating a pseudo enzyme which
reacts in turn with oxygen. This leads to the production of free superoxide and hydroxide
radicals and in the abduction of a hydrogen atom from the base of the nucleic acids. This
process results in the cleavage of the double-stranded DNA, as well as the unusual tertiary
structures of RNA.

Subject of the thesis is to study the complex Cu?*-bleomycin. The study is based on
the binding of copper (Cu) in the active center of bleomycin. After the characterization of the
complex Cu®**-bleomycin at equilibrium conditions, the characterization of the structural
variations observed during ligand assembly took place. The ligand in this study is hydrogen
peroxide (H,0O;), which binds to the metal and creates the physiologically active complex
HOO-Cu'"-bleomycin. Thereafter, the whole study was repeated in the presence of reducing
conditions, oxygen and after DNA, so that ascertain the selective interaction of bleomycin to
DNA, and the influence as this exerts on the dynamics of the system Cu?*-bleomycin.

Basic tools for this study are the ultraviolet-visible spectroscopy (UV/Vis) and
infrared spectroscopy (IR). The use of UV/Vis spectroscopy comprises the initial
characterization step of the basic electronic state complexes of bleomycin, in the presence or
absence of DNA, in order to determine the manner in which bleomycin selectively interacts
with DNA. The analysis continues with the use of IR spectroscopy, which is a very sensitive
technique and allows the characterization of the vibrational state of bleomycin complexes.
Additionally, this spectroscopic technique allows the examination of the Cu?®*-bleomycin
specific chemistry, in the presence or absence of DNA. Therefore, the binding of the metal to
bleomycin and the reaction between the complex and DNA can be observed.

Firstly, we studied the reaction of complex Cu?*-bleomycin, in the presence or
absence of DNA, using UV/Vis spectroscopy, in which we observed the reaction of the
complex and the absorption of the compounds at specific wavelengths. The reaction of the

complex in the presence of oxygen had not clearly seemed since there was no clear positive
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evidences. The same was done by the reaction of complex Cu?*-BLM-DNA with H,O,. This
is because the copper of its nature has patients transitions, that means that its transitions have
weak intensities. Subsequently, we studied the complex with the use of IR spectroscopy.
With this technique, the vibrations of the compounds appear slightly more clearly and then
we followed the reaction of the complex. The difference between IR and UV/Vis
spectroscopy is that IR spectroscopy is a sensitive technique for the characterization of
compounds, so it needs special attention, especially to the vibrations that occur due to noise
or air.

In conclusion, the ultimate objective-aim of this thesis is using copper to create the
complex Cu?*-bleomycin, in order to observe the formation of some intermediate based on
the reactions of the complex with O, or H,0O, as well, and the ability of the complex to cleave
DNA and RNA. We used copper because is a metal with physiological significance as iron
(Fe). Therefore, an important reference point of this thesis is the optical and vibrational

characterization of complex Cu®*-bleomycin, in the presence or absence of DNA.
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