Fosforilacdo oxidativa



Reagdes de oxido-redugdo (ou reagdes redox) envolve a transferéncia de elétrons (geralmente em pares) de um doador

para um aceptor, com a mudanga do nimero de oxidagcdo das espécies

Agente Agente
redutor oxidante
2+ 2t
Zn_ +Cu™ —Zn-~ +Cu
(s) (aq) (aq) (s)
Fonte: https://www.todamateria.com.br/reacoes-de-oxirreducao/
NOX =0 NOX = +2 NOX = +2 NOX =0
‘ Oxidagéao I
AA TodaMatéria Reducéo !

As reagoes redox podem ser escritas como meias reagoes:

Fe?t + Cu?t — Fe3* + Cu™

can be described in terms of two half-reactions:

(1) Fe’" ——= Fe®" + e~
2) Cu®" + e = Cu"




Estados de oxidagdo do carbono em molegulas organicas pode variar de acordo com os atomos ligantes
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O potencial redox padrdo (E®) de uma meia reagdo ¢ uma medida da tendéncia de uma espécie quimica adquirir elétrons

Device for
measuring emf

FIGURE 13-14 Measurement of the standard reduction potential
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hydrogen electrode, as shown here, at pH 0. The electromotive force
(emf) of this electrode is designated 0.00 V. At pH 7 in the test cell,
E’® for the hydrogen electrode is —0.414 V. The direction of electron
flow depends on the relative electron “pressure” or potential of the
two cells. A salt bridge containing a saturated KCl solution provides
a path for counter-ion movement between the test cell and the refer-
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A transferéncia de elétrons entre duas moléculas serd favoravel se ocorrer do par redox (doador/aceptor de elétrons)
mais negativo para o mais positivo (ou menos negativo)

TABLE 13-7 Standard Reduction Potentials of Some Biologically

Important Half-Reactions, at pH 7.0 and 25°C (298 K) Acetaldehyde + NADH + H® —— ethanol + NAD™
Halfreaction E” W

10, + 2H* + 26" — s H,0 0.816 (1) Acetaldehyde + 2H" + 2e- —— ethanol

Fe'* + e~ — Fe?* 0.771 E° = —0.197V
NO; + 2H" + 267 —— NO; + H0 0.421

Cytochrome f (Fe**) + e~ — cytochrome £ (Fe?*) 0.365

Fe(CN)Z~ (ferricyanide) + e~ — Fe(CN)§~ 0.36 (2) NAD" + 2H" + 26 — NADH + H

Cytochrome a; (Fe**) + e~ — cytochrome a; (Fe’*) 0.35 E* — —0320V
0; + 2H* + 26 — H;0; 0.295 o :
Cytochrome a (Fe**) + e~ — cytochrome a (Fe’*) 0.29

Cytochrome ¢ (Fe**) + e~ — cytochrome ¢ (Fe®*) 0.254

Cytochrome ¢, (Fe**) + e~ — cytochrome ¢, (Fe’*) 0.22 AF° = —0.197 V — (—=0.320 V) = 0.123 V,
Cytochrome b (Fe®*) + e~ — cytochrome b (Fe?*) 0.077 — -

Ubiquinone + 2H* + 2e~ —— ubiquinol + H; 0.045

Fumarate’~ + 2H* + 26~ — succinate’~ 0.031

2H* + 2e” — H;, (at standard conditions, pH 0) 0.000

Crotonyl-CoA + 2H* + 2~ — I-CoA —0.015

Oxalo:ycletatez‘ + 2H* + 20 _D:Jtyn:glate?— —0.166 AG=—-n7AE or AG°=—n?AFE"
Pyrwvate ™ + 2H* + 2e~ — lactate™ —-0.185

Acetaldehyde + 2H* + 2e~ — ethanol -0.197

FAD + 2H" + 2e- — FADH, —-0.219*

Glutathione + 2H* + 2~ — 2 reduced glutathione -0.23

S+ 2H' + 260 — H;S —0.243

Lipoic acid + 2H* + 2e~ —» dinydrolipoic acid -0.29 AG" = —n# AE® = —2(96.5 kJ/V - mol)(0.123 V)
NAD* + H* + 2e- — NADH —0.320

NADP* + H* + 26~ —> NADPH ~0.324 = —23.7 kJ/mol

Acetoacetate + 2H" + 2~ — B-hydroxybutyrate —0.346

a-Ketoglutarate + CO, + 2H* + 2e~ — isocitrate —-0.38

2H* + 26~ — 5 H, (at pH 7) —0.414

Ferredoxin (Fe**) + e~ — ferredoxin (Fe?*) —0.432




Lembrem que no Ciclo de Krebs todos os carbonos provenientes da glicose foram liberados como CO2 e os elétrons

transferidos para as coenzimas NAD+ e FAD, que agora estdo em suas formas reduzidas, NADH e FADH2
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Até aqui, o CK sé produziu 1 GTP (ATP) por molécula

de piruvato metabolizada

Se o rendimento da oxidagdo complete de glicose é
entre 32-36 moles ATP/mol glicose, e lembrando que a
glicolise produz apneas 2 moles ATP/mol glicose, como

sdo formados os outros ATPs?

Qual o destino das coenzimas reduzidas produzidas ho
CK?



NADH e FADH2 sdo carreadores soldveis de elétrons em reagdes de oxido-redugdo bioldgicas
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2 § . TABLE 13-9 Some Enzymes (Flavoproteins)
e H - HH g That Employ Flavin Nucleotide Coenzymes
In NADtF_’ 'duus 'l:ydrh:sx;z group 0.z Flavin ext
is esterifled with phosphate. =
(a) 0o zlzo zlw ziso 2'80 3Iuo 3'20 3:10 3'60 3'30 Enzyme nucleotide W (S)
e Acyl-CoA dehydrogenase FAD XXX
Dihydrolipoyl dehydrogenase FAD XXX
Succinate dehydrogenase FAD XXX
Glycerol 3-phosphate defydrogenase  FAD XXX
o N . Thioredoxin reductase FAD XXX-XXX
TABLE 13-8 Stereospecificity of Dehydrogenases That Employ NAD™ or NADP™ as Coenzymes NADH dehydrogenase (Complex 1) FMN XXX
Stereochemical Glycolate oxidase FMN XXX
specificity for
nicotinamide
Enzyme Coerzyme ring (A or B) fext page(s)
Isocitrate dehydrogenase NAD* A XXX
«-Ketoglutarate dehydrogenase NAD* B XXX
Glucose 6-phosphate dehydrogenase NADP™* B XX
Malate dehydrogenase NAD* A XX
Glutamate dehydrogenase NAD™* or NADP* B XX
Glyceraldehyde 3-phosphate dehydrogenase NAD* B XXX
Lactate dehydrogenase NAD* A XXX
Alcohol dehydrogenase NAD* A XXX




A ubiquinona é um carreador lipossolivel de elétrons em reagdes de oxido-redugdo bioldgicas
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FIGURE 19-2 Ubiquinone (Q, or coenzyme Q). Complete reduction
of ubiquinone requires two electrons and two protons, and occurs in
two steps through the semiquinone radical intermediate.



A fosforilagdo oxidativa acontece na membrana mitocondrial interna

ATP synthase Outer membrane
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FIGURE 19-1 Biochemical anatomy of a mitochondrion. The convo-

TABLE 19-3 The Protein Components of the Mitochondrial Electron-Transfer Chain

Enzyme complex/protein Mass (kDa) Number of subunits* Prosthetic group(s)
| NADH dehydrogenase 850 43 (14) FMN, Fe-S
Il Succinate dehydrogenase 140 4 FAD, Fe-S
Il Ublquinone cytochrome ¢ oxidoreductase 250 11 Hemes, Fe-S
Cytochrome c! 13 1 Heme
IV Cytochrome oxidase 160 13 (3-4) Hemes; Cu,, Cug

“Numbers of subunits In the bacteral equivalents i parentheses.

'Cytochrome ¢ Is not part of an erzyme complex; It moves between Complexes B and IV 35 3 freely soluble peotein.
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Na cadeia transportadora de elétrons, esses sdo transferidos das coenzimas reduzidas até O,
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O complexo I da cadeia transportadora de elétrons
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O complexo IT da cadeia transportadora de elétrons
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O complexo IIT da cadeia transportadora de elétrons
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O complexo IV da cadeia transportadora de elétrons

4H* 4H* 2H,;0 Matrix
(substrate) (pumped) (N side)



A energia liberada no transporte de elétrons pelos complexos da Cadeia Transportadora é armazenada na
forma de gradiente de prdtons
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FIGURE 19-16 Proton-motive force. The inner mitochondrial mem-
brane separates two compartments of different [H"], resulting in dif-
ferences in chemical concentration (ApH) and charge distribution
(A®) across the membrane. The net effect is the proton-motive force
(AC), which can be calculated as shown here. This is explained more

fully in the text.



Essa energia potencial € entdo utilizada para a sintese de ATP pela ATP sintase (Complexo V)

FIGURE 19-17 Chemiosmotic model. In this
simple representation of the chemiosmotic
theory applied to mitochondria, electrons from
NADH and other oxidizable substrates pass
through a chain of carmiers arranged asymmet-
rically in the inner membrane. Electron flow is
accompanied by proton transfer across the
membrane, producing both a chemical
gradient (ApH) and an electrical gradient (Ay).
The inner mitochondrial membrane is imper-
meable to protons; protons can reenter the
matrix only through proton-specific channels
(F.). The proton-motive force that drives
protons back into the matrix provides the
energy for ATP synthesis, catalyzed by the F,

complex associated with F.




O transporte de elétrons e a fosforilagdo do ADP sdo processos acoplados
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FIGURE 19-18 Coupling of electron transfer and ATP synthesis in
mitochondria. In experiments to demonstrate coupling, mitochondria
are suspended in a buffered medium and an O, electrode monitors O,
consumption. At intervals, samples are removed and assayed for the
presence of ATP. (a) Addition of ADP and P; alone results in little or no
increase in either respiration (O, consumption; black) or ATP synthe-
sis (red). When succinate is added, respiration begins immediately and

ATP is synthesized. Addition of cyanide (CN ), which blocks electron
transfer between cytochrome oxidase and O,, inhibits both respiration
and ATP synthesis. (b) Mitochondria provided with succinate respire
and synthesize ATP only when ADP and P; are added. Subsequent ad-
dition of venturicidin or oligomycin, inhibitors of ATP synthase, blocks
both ATP synthesis and respiration. Dinitrophenol (DNP) is an un-
coupler, allowing respiration to continue without ATP synthesis.



O desacoplamento desses processos libera energia ha forma de calor
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FIGURE 19-19 Two chemical uncouplers of oxidative phosphoryla-
tion. Both DNP and FCCP have a dissociable proton and are very
hydrophobic. They carry protons across the inner mitochondnial mem-
brane, dissipating the proton gradient. Both also uncouple photo-

phosphorylation (see Fig. 19-57).

== Heat



NADH citosdlico é oxidado pela cadeia transportadora de elétrons indiretamente, através de langadeiras
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Assistir os seguintes videos:

https://www.youtube.com/watch?v=rdF3mnyS1p0

https://www.youtube.com/watch?v=kXpzp4RDGJI&t=23s



https://www.youtube.com/watch?v=rdF3mnyS1p0
https://www.youtube.com/watch?v=kXpzp4RDGJI&t=23s

