Oxidative Phosphorylation
Electron pass through a series of membrane-bound carriers

3 types of electron transfers occurs in oxidative phosphorylation:
1. direct transfer of electrons, as in the reduction of Fe3+ or Fe2+
2. transfer as hydrogen atom (H+ + e-)
3. transfer as hydride ion (:H-), which bears two electrons

In addition to NAD and flavoproteins, three other types of electron-carrying molecules
function in the respiratory chain; a hydrophobic quinone (ubiquinone) and two different
types of iron-containing proteins (cytochromes and iron-sulfur proteins).
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Cytochromes are proteins with characteristic strong absorption of visible light, due to
their iron-containing heme prosthetic group

Iron-sulfur proteins
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The iron is present not in the heme but in association with inorganic sulfur atoms or with
the sulfur atoms of Cys residues in the protein or both.

Rieske iron-sulfur proteins are variation, in which one Fe atom is coordinated to two
His residues rather than two Cys residues

Electron carriers function in multienzyme complexes
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Protein Components of the Mitochondrial Electron-Transfer Chain

Mass NMumber of Prosthetic
Enzyme complex (kDa) subunits*® group(s)
I NADH 550 42 (14) FMM, Fe-5
dehydrogenase
Il Succinate 140 5 FAD, Fe-S
dehydrogenase
I Ubigquinone: 250 11 Hemes, Fe-5S
cytochrome o
oxidoraductase
Cytochrome cf 13 1 Heme
IV Cytochrome 160 13 (3-4) Hemes; Cu,, Cug
oxidase
*Mumbers of subuniis in the bacterial eguivalants in parentheses.
"Cytochrome ¢ is not part of an enzyme complex; it moves between Complexes |1l and IV

as a freely soluble protein.

Complex I (NADH-ubiquinone oxidoreductase)
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Complex II (Succinate dehydrogenase) — Succinate to Ubiquinone
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Complex III (Cytochrome bel complex or ubiquinone-cytochrome c oxidoreductase)
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Net equation:
QHa + 2 Cyt oy (oxidized) + 2Hy — G +2 Cytey ireduced) + 4Hp



Complex IV (Cytochrome oxidase) — Cytochrome to O2
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ATP Synthase — Chemiosmotic model

Chemical ATP
potential synthesis
ApH > driven by
(inside proton-motive
alkaline) force negative)

ATP Yield from Complete Oxidation of Glucose

Process Direct product Final ATP
Glycolysis 2 NADH (cytosolic) 3 or 5*
2 ATP 2
Pyruvate oxidation (two per 2 NADH (milochondrial 5
glucose) matrix)
Acetyl-Coh oxidation in & MADH (mitochondrial 15
citric acid cycle matrix)
{two per glucose)
2 FADH. 3
2 ATP or 2 GTP 2
Tatal yield per glucose 30 or 32

*The number depends on which shuttle system transfers reducing equivalents into mitochendria,



Photophosphorylation
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Exc1ton transfer
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moleculez: Beaction-

chlorophyll
Lizght excites an antenna molecule

{chlﬂrﬂphyll ar accessory pigment),
raising an electron to a higher
energy level, o

The excited antenna molecule
passes energy to a neighboring
chlorophyll molecule (resonance
energy transfer), exciting it.

This energy is
transferred to a
reaction-center chlorophyll,

exciting it.

acceplor

The excited reaction-

center chlorophyll
passes an electron to
an electron acceptor.

The electron hole in the Electron
reaction center is
filled by an electron
from an electron donor. i

The absorption of a photon has caused
separation of charge in the reaction center.



Cyclic Photophosphorylation — Photosynthetic bacterium
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Bacterium (E. coli)
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