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EYXAPIXTIEX

2V mopovoo TTLYLOKY epyocio mpaypoatomomOnke épevva pe 0épo «FTIR
(QOCULOTOOKOTIKY) HEAETN 1Tng Oéopevong tov ofwov o&éog (CH3COOH) oty
KuToYpoUKn o&eddon bas amd to Thermus thermophilus», tov tuqpotog Emothun
ko Teyvoroyia [TepiBdAiovtog Tov Teyvoroywkot Iavemotuiov Korpov. H vrddeién
tov Bépatog €ytve amd tov kabnynt kvpro Kovtesovndkn Kwvotavrivo. Ipodto amd
oo, BEAm va ekppdom Tig BepUEC LoV vyapioTieg oTov KaNynT pov K. Kovtoovmdkn
Kovotavtivo, yio v eumotocivn mov pov €6eiée kol v avdbeon g mapovoag
TTUYLOKNG epyaciag, Omwg eniong Kot yw tnv moAvTiun Pondeta kot kabodnynon tov
1060 010 €PYACTNPLOKO UEPOG NG HEAETNG OGO Kot 610 Bempntikd pépog. Emiong, Ha
NBeia va gvyaprotiom tov kuplo Bapdton Kwvortaviivo yio tnv mopoaympnon tov
gpyaotnpiov oAAG Kot Ttov amopaitntov €EOMAMGHOV Yo TNV Olekmepaimon Twv

TEPALATOV.

Agv Bo pmopodca vo PNy €uYOPIGTHCGHO OAOLG TOLG KaONYNTEG/TPlEG TOL
TUNUOTOC Y10 TIG TOAVTIUES YVAOGES OAAY Kot GLUPBOVAEG OV pov TPdGPEPaV 0 KAOE

évag Eexwprotd OAa aVTd T XPOVIa.

AxoroVBmg, Bo MBeha va  gVYOPICTAC® TOLG  OIAOVLG/eC  OAAG KOl
GLUPOLTNTEG/TPLES OV Y1 TNV TOAVTIUN PonBela TOVG TO TECCEPA AVTA POLTNTIKE [LOG

YPOVIA 0ALG KoL Yo TNV GTHPIEN TOVS 6TV OAN S1001KAGT0L TNG TTTLYLOKNG LoV EPYOCTOG.

EmmAéov, Ba ffela va ekppdowm T Oeppég Lov euyaploTieg 6Tovg YOVeiS pov
Avdpéa ko Mapio aAhd kol oto 0d€peia Lov Yio OAo 0ca LoV TPOSPEPAYV KATd TNV

OLIPKELL TOV QOITNTIKMV OV YPOV®V.

Téhog, opeilm éva €yKdpolo evyoplot®d o€ Eva Eexwplotd avBpomo oty {on
Hov, tov appafoviactikd pov Avactdon AdUmpov, GTOV OToi0 KOl OPIEPDOVE® TNV
TTUYLOKY LoV €pyacio, Yoo OAN TNV LIOROVN OV £0€1EE TO TECTEPA QVTA XPOVILL OAAL
Kot TNV 6TNPIEN TV 6€ KABE SLGKOAID TTOL TOPOVGLAGTNKE PEXPL TV OAOKANPWOCT TOV
omovd®Vv pov. Emiong, 0Am va Tov uxapioT)om Yoo TV EUTIGTOCLVT] TOL LoV £5e1EE
OTNV EMAOYN MOV 0LTH VO QOITNo® otov kAGdo Emotung kor Teyxyvoloyiag

[TepPdAriovToc oAAd KoL GTNV ETAOYT TOV BEUOTOG TNG TTUYLOKNG OV EPYACIOG.



ITEPIAHYH

H bas-kvtoypouikn o&eddon eival évo avamvevotikod Eviupo To omoio kataAdel
NV €vepyelokn amddoon NG avaym®yng Tov Hoplakoh o&uyovov 6To vepd Kol M
KPLGTOAALKT doUn TG TTpoépyeTal and Eva eotpetikd Oeppoeiro Pakthplo, To Thermus
thermophilus. Eniong, 10 cuykekpipévo EvOLUIO KOTNYOPLOTOIEITAL GTNY VIEPOIKOYEVELQL
TV 0EEB00MV TNG oiung Kot emmA£0v £xet poplakn pala 85 kDa. Aroptileton and 764
KatdAowma, po oiun b, o aiun oz, tpia dropo yoikov (2-Cua kot 1-Cug), kavdiio
HETAPOPAC NAEKTPOVIDV, TpwTOVI®V Kot 0&uydvov, ta omoio. odnyodv amevbeiog ot
dpactikry 0éom (evepyd KéEvipo), po déoun omd 15 éhkeg (SrapepuPpovikéc) ko €va
pikpd mepumAoopatikd topén. Amotehel 10 TEMKO cvpmAieypo omd TV GVGTAGT NG
OVOTVELCSTIKNG  HeUPpdvng Mg 7mPOTEIVNG G  TMOAAOVG  EVKOPLOTIKOVS Kot
TPOKAPLOTIKOVS 0gpOPtovg opyavicpovs. To évlvpo kataAder v avaywyn Tov
poplakod o&uyévov o100 vepd TavTOYpove, pe TNV o&eldmon Tov v YHEVOL
Kutoypopotog €. H ekevbepn evépyswn avtig g avtidpaong olatnpeitor g
SwpepPpavikny PBabuida mpmtoviov Kot xpnollomoleital Mg N Kvntnplog dvvaun yio.

v ovvbeon g ATP.

O xOprog o1dy0¢ TG ocvykekpévng FTIR pacpatookomikng pelétng eivan n
gvpeon €av deopevetor 10 pebavikd (HCOOH) kot abavikdé (CH3COOH) o0&y 610
SITVPNVIKO KEVIPO TOL KLTOYXPOUOTOG-has Kot To TMG dEGUEVETOL OTNV GUYKEKPIUEVN
neployn tov evlopov. ‘Eyve yprion g pnebdoov pacpotoskoniog vrepvfpov AdOy® Tov
OTL pe auTv TV HéEB0OO pmopove vor LEAETHGOVUE TV TOAVOTITO GLUVOPUOYNG TV
VITOKATACTATMV, €0V yivetol Katevbeiov 610 evepyd k€vipo 1 Ge Kdmowo dgvtepOTay
epoyn acBevovg déopevons. Avtég ot devtepotayeic meployég 1 OAMMDS KOWAOTNTESG
glval onuovtikol mopdyovteg yuo TNV KATOALTIKY Opdorn tov evivpov, apov Kavovuv
€QIKTO TOV EAEYYXO0 NG KIVNTIKNG Ko Oeppodvvopikng eEEMENG ¢ avtidopaons. Xe avtn
™V upeAétn yivetoar ypnorn 600 VIOKOTUCTATMOV Kol OKOTOG eivar m €bpeon twv

NAEKTPOGTATIKAOV OAANAETIOPAGEDV TTOV YivOVTOL 6TO vEPYO KEVTPO TNG TPMTEIVIG.

H goopoatockomikny pébodog o610 veépubpo elvarl o amd Tic KaAVTEPEG Kol
a&10MIOTEG TEYVIKEG TOOTIKNG KOl TOGOTIKNG OVOALGNG OOVNTIKOV pHeTaPdcemy, 0mov
pe v amoppdenon TG KATAAANANG akTvoPoAiag oto detypota mpokadeiton di€yepon

TV poplov oe vynAotepeg dovntikég otdbues. Me avt v pébodo eival ekt M



TOPOTNPNOYN  YOPOKINPIOTIKOV Opadwv mov Ppiokovior o pop 0AAG Kot O

TPOCAVATOMGUOG TOVG GTO YMDPO.

Me Bdon to amoteAéouoto mov TAPONKOV amd U CEPA GUYKEKPIUEVOV
TEWPAUATOV glvar epeavic N aAAnieniopacn tov aboavikod (CH3COO), aAld kot TOv
pebavikov (HCOO') avidvtog pe 10 dmupnvikd k€vipo tov evivuov. Me v FTIR
HEAETN €ylve aviyvevorn CLYKEKPUEVOV O0VINCE®MY Ol omoieg eivor ovuPatég pe v
OTOTPMOTOVIOUEVT]  HOpeT] TV OO0  VLIOKOTOOTOTMV, Ol Omoiol  TPOKOAOVV
NAEKTPOCTATIKEG OAANAETIOPACELS e OpAdES Kat apvo&éa mov Ppiockoviar eEmTepika
GLYKEKPLUEVNS KOIAOTNTAG TANGIOV TOV €vePYOD KEVTIPOL. MEG® NG TOPATHPNONG TOV
LETATOTICEWY TOV OOVAGE®V £KTOOMNG, Ol OV0 VTOKOTOOTATEG AELTOVPYOLV MG
AVIYVEVLTEG TOV NAEKTPOCTOTIKOV OAANAETIOPACEMY GTO TEPYETPIKO TEPPAAAOV TOV

evePYOU KEVTPOL TOL VEDLOL.

Aégarig khewwd: baz-kutoypoukn 0&eddacn, ofavikd avidv, pebavikd avidv,

QUG LOTOCKOTI0 VTEPVOPOL, VIOKATAGTATNG, EVEPYO KEVTPO, EvELLO.



ABSTRACT

Bas-cytochrome oxidase is a respiratory enzyme which catalyzes the energy
efficiency of reducing the molecular oxygen in the water. Its crystalline structure is
derived from an extremely thermophilic bacterium, called Thermus thermophilus. In
addition, this enzyme belongs to the superfamily of haem oxidases and its molecular
weight is 85 kDa. It is composed of 764 residues, one b haem, one a3 haem, three
copper atoms (2- Cua and 1-Cug), channels for electron transport, protons, and oxygen,
a bunch of 15 transmembrane helices and a small periplasmic domain. All the channels
lead directly to the active site. The enzyme is the final complex of the respiratory
membrane of the protein in many eukaryotic and prokaryotic aerobic organisms. The
catalysis of the reduction of the molecular oxygen in the water occurs simultaneously
with the oxidation of the reduced cytochrome c. The free energy of this reaction is
maintained as a transmembrane proton gradient and is used as the driving force for the
ATP synthesis.

The main purpose of the current FTIR spectroscopic study is to observe whether
the methanic and ethanic acid bind to the binuclear center of cytochrome baz and how it
binds to the specific region of the enzyme. The infrared spectroscopy method has been
used because with this method we can study the likelihood of shuffling the ligands if
they bind directly to the active site or to a secondary binding site. These secondary
regions, or otherwise cavities, are important factors for the catalytic activity of the
enzyme, since they make it possible to control the kinetic and thermodynamic evolution
of the reaction. In this study, two substituents are used which act as detectors of the

electrostatic and dynamic interactions made at the active site of the protein.

The infrared spectroscopic method is one of the best and most reliable
techniques for qualitative and quantitative analysis of vibrational transitions, whereby
the appropriate irradiation in the samples induces the stimulation of molecules at higher
vibrational voltages. With this method, it is possible to observe characteristic groups in
molecules, as well as their location in space. Additionally, an advantage of the method
is the analysis of samples with wide range of concentrations or even traces of

concentration.



Based on the results obtained from a series of specific experiments, it is evident
that an interaction of both the ethanic and the methanic anions occur within the
binuclear center of the enzyme. With the FTIR study, vibrational features were detected
that are compatible with the deprotonated forms of the two substituents, which cause
electrostatic interactions with groups and amino acids located outside the specific
cavity. By observing the shifts of stretching vibrations, it is evident that the two ligands
function as detectors of electrostatic interactions and give information about the

perimeter environment of the active site of the enzyme.

Keywords: bas-cytochrome oxidase, ethane anion, methane anion, infrared

spectroscopy, ligand, active center, enzyme



