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EYXAPIXTIEX

H mroyoxm avt) epyocio eivol a@lepopévn 6Tov oyomnuévo LoV TTATEPE TOL OEV

Bpioketar mAéov ot {om.

®a Nfela va gvyoaprotow Wwitepa tov Ap. Kovotavtivo Kovtcovrdkn, vy v
EUTIGTOCVVT] TOV LOL €0€1EE KOl Y10 TOV TOAVTIO XPOVO TOL SEOEGE Yl TNV TEPATWOON
™G mopovcog epyasiog. Tov evyoaplotd Oepud yio v kaBodrynon, v vrootipién,
TI YVOGEIS OV HOL Topeiye KoB OAN TV O1dpKelo SEKTEPAUUIMONG NG TTUYLOKNG

HeAETNG.

EmmAéov, Ba nBelo va gvyapiomowm Bepud tov Ap. Kovortaviivo Bapdton yo v
wapoy] tov epyaompiov I[lepiorroviikng Broynueiag kot Bioteyvoroyiag, Omov

EKTOVIOTKE 1] TTTUYLOKT LOV EPYAGTO KO TO, OEIYUATA TOV KVTOYPMUOTOG bas.

AwBdvopor Vv avaykn va EMONUAVEO TNV AmEPAVTY] EVYVOUOCUVI] HOL GTNV
OKOYEVELDL LoV Y10t OAL OGO LoV £X0VV TPOCPEPEL TOGO GTN SLAPKELD TOV HOONTIKAOV
000 KOl KOTO TNV OEPKELN TOV QOITNTIKAOV HOL YPOVAOV Kol TNV OUEPIGTN VTOGTHPIEN
Toug og kéBe pov emroyn. [lépav dpmg amd v mOAOTIUN avT) VIOGTNPEY, LoV
£0maav OAa To. PO MOTE Va. Yive €vag cmoTdg AvOpmmog Kot avtd givol KATL Tov

ogv pobaivetal, aALG peTadideTaL.



ITEPIAHYH

H xvtoypoukn ofeddon bas givar 10 1eMKO GOUTAEYHO TNG OVATVEVOTIKNG
aALGI00G KOl KOTOAVEL TNV Te0GAPOV MAekTpoviov avaywyn tov Oz oe H2O. H
erebBepn evépyewn avtig TG avtidpaong dwnpeitor cov  pio  StapepPpovikn
Babuidmon mpwtoviov 1 omoion odnyel oty cHvBeon g KVPLag PloAoyIKNG TYNG
evépyelag ATP. H xvtoypopkn o&etdoavaywydon bas eivor o&giddon tomov B and 1o
eEaupetikd Oepudeiro Paxtipio Thermus thermophilus, mwov exppaletar VO VYNAES
Beppokpaocies, mepropilovtag £totl TV mopoyn 0ELYOVOL Kot VITOPAAAETOL GE SLUKPITES
1010TNTEG TPOGOEGNC KO UETAPOPAC niektpovimv. H bas avaywydon o&uydvov and 1o
Thermus thermophilus eivor 1 povn o&elddon tHmov B g omoiag 1 KpuoTEALOYPAPIKT
doun €éyer mpooolopiotel. Amoteleiton omd TPE VEOUOVAdES pHe ocuvolkd 764
vroAeippato optvo&émv, opo-omupNnvikd cOUTAoKo yoikov, Cua otnv vropovdada II,
o younAov spin aiun b kot évo durvpnvikd kévrpo mov amnoteleitor amd v ATOUO
yoAko0 Cus kot po vyniob spin aiun az mov Ppickovtor oty vropovada I Kot To
opodtmvpnvikd cvumhoko xarkod (Cual®*-Cual®*) oy vropovada I1. H kutoypopiky
ofe1ddon baz kotodvel v evepyelakn amdO0on TG AVOy®YNG TOL HOVOEELSIOL TOL
alotov (NO) oe povoleidro tov dalmtov (N20) kot g o&eidmon tov Lovoiediov Tov
avBpaxa (CO) oe d10&eido tov dvBpaxa (CO2), pe to terevtoio va €xel pio yevikm

avtiopoon:
Feas®"-Cug?* + CO + H20 = Fea3?*-Cusl® + CO2 + 2 H*

Enopévmg, dedopévou 0tL 10 010&€id10 TOL dvBpaka elval Tpoidy piag amd Tig
KOTOAVTIKEG avTIOpAcelS TG bas, o yopoakTnplopds TG SEGUEVGNG TOV GTO IVOVKAEIKO

KEVTPO yivetar onuovtikd CHTnpo.

O o16)0¢ VNG TG peAéng givar va amokailvebei o tpdmog déapevong tov CO2
pe v o&ewdaon baz-kvtoypoduatog €. Ot QOOUATOCKOTIEC 0paTOD - VIEPIDOOVS
(UV/Vis) kau vtephBpov pe petaoynuatiopd Fourier (FTIR) givar epyaieio svaicOnto
TN douN Kol otV 0EEW00vVOy®YN, KOVE Vo mopakoAovBodv T OéGuHELoT TOV
dw&ediov tov dvBpaka, €vOC KOTOALTIKA OpacTikod ovvdétn. To o10&eido Tov
avOpaxa (CO2), HEC® TOL AGVUUETPOL TPOTOL SOVNONG, PEPEL [0 GOPN KoL 1GYLPN
vépuOpn amoppdenom, mov pmopet va ypnotpomondel o¢ evaicOnrog YyynAdng TV

OAANAETOPAGEDMY TOL GTO OIVOLKAETKO KEVTPO.



Ta Mebévta eacpota UV/Vis kot FTIR eivon ovpPatd pe plo acBevn, pn
deopenTiKn ovvdeon dlo&eldion Tov avBpaka oe pia devtepevovca BEom Tpdcdeonc Tov
evlbpov. Avt n déopevon puOuiletor amd MAEKTPOGTOTIKEG OAANAETIOPACELS, TTOV
OTOOEIKVVETOL OTO TN HKPT UETUTOMIGN TOV AGVUUETPOL TPOTOL 3OV oG tov CO2. Ta
GLUVOLOCUEVE OMOTEAEGHOTA VTOONADVOVY ®¢ BEon mPAGdEoNG TNV KOWOTNTO TTOL
Bploketan dimia oty aipn as,  onoia £xel amoderydel ¢ Evag Tpocwpvog EeVIGTNS Kot
00NYel GE GUUTEPACUOTO GYETIKA UE TIS OLVOUIKES, OEpLOSVVOUIKEG KOl KIVNTIKEG,
OPUCTIKES OLOPOUES TTOV UTOPOVV VO 0KOAOVOGOVY Kot GAAN KOTAAVTIKG GTUOVTIKA
puopa. Avtég ot dtadpopés ivol yvawotd 0t Tailovv onuovTikd poAo KT TV dldpKela
™G KatdAvong, Kuplowg HECH NG avayvoplong Kot Tng Oldkpiong Tov Guvoét
(VTOGTPOUATOG) KOt XPNGYEVOLY MG KAVAALD 16000V Kaun €£0d0v Tpog kavn and To

EVEPYO KEVTPO.

Vi



ABSTRACT

Cytochrome c oxidase is the final complex of the respiratory chain and catalyzes
the exergonic four-electron reduction of molecular oxygen (O2) to water (H20). This
redox-driven enzyme conserves part of the released free energy generating a proton
motive force that leads to the synthesis of the main biological energy source ATP. Bas-
cytochrome c oxidase is a B-type oxidase from the extremely thermophilic eubacterium
Thermus thermophilus, expressed under elevated temperatures, thus limited oxygen
supply, and subjected to discrete ligand binding and electron transfer properties. The bas
oxygen reductase from Thermus thermophilus is the only B-type oxidase whose
crystallographic structure has been determined. It consists of three subunits with a total
of 764 amino acid residues. The low-spin heme b and the binuclear heme as-Cug active
center are contained in subunit | and the mixed valence homodinuclear (Cual®*-Cual**)
copper complex in subunit 1l. In addition to the 4 e reduction of O, cytochrome bas
also catalyzes the 2 e” reduction of nitric oxide (NO) to nitrous oxide (N2O), and the 2 e
oxidation of carbon monoxide (CO) to carbon dioxide (COz2), with the latter having an

overall scheme:
Feas3*-Cup?® + CO + H20 = Fea32*-Cusl* + CO2 + 2 HY

Therefore, since carbon dioxide is the product of a catalytically active path of
cytochrome bas, the characterization of its binding to the binuclear center becomes an

important issue.

The objective of this study is to reveal the CO> mode of binding tobas-
cytochrome c¢ oxidase. Ultraviolet/visible (UV/Vis) and Fourier transform Infrared
(FTIR)spectroscopies are structure- and redox-sensitive tools able to monitor the
binding, of carbon dioxide, a catalytically active ligand. Carbon dioxide (COz),through
its antisymmetric stretching mode, carries a clear and strong infrared signature, that can

be used as a sensitive probe of its interactions into the binuclear center.

The obtained UV/Vis and FTIR spectra are compatible with a weak, non-
bonding binding of carbon dioxide into a secondary binding site of the enzyme. This
binding is governed by electrostatic interactions, evidenced by the small downshift of
the antisymmetric stretching vibration of CO2. The combined results suggest as the

binding site the previously revealed cavity next to heme asz, which has been proven as a
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temporary host of ligands and lead to mechanistic conclusions about the possible,
thermodynamically and kinetically, active paths that other catalytically important
molecules also may follow. These paths are known to play significant role during
catalysis, mainly through ligand (substrate) recognition and discrimination and serve as

entrance (input) and/or exit (output) channels to and/or from the active center.
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