Electron Carriers Function in Multienzyme Complexes
1. The electron carriers of the respiratory chain are organized into membrane-embedded supramolecular complexes.
1. The inner mitochondrial membrane has four electron carrier complexes (Table 19-3).
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1. Complex I catalyzes electron transfer to ubiquinone from NADH. (Fig. 19-8).
· It is also called NADH:ubiquinone oxidoreductase or NADH dehydrogenase. 
· It contains an FMN and at least six iron-sulfur centers.
· It moves protons from the matrix to the intermembrane space.
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1. Complex II catalyzes electron transfer to ubiquinone from succinate (FADH2) (Fig. 19-9).
· It is also called succinate dehydrogenase, the only membrane-bound enzyme in the citric acid cycle. 
· It contains an FAD and three iron-sulfur centers.
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1. Other substrates pass electrons into the respiratory chain at the level of ubiquinone (Fig. 19-15).
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· The first step in the  oxidation of fatty acyl–CoA, catalyzed by the acyl-CoA dehydrogenase, involves transfer of electrons from the substrate to the FAD of the dehydrogenase, then to electron-transferring flavoprotein (ETF), which in turn passes its electrons to ETF:ubiquinone oxidoreductase. This enzyme transfers electrons into the respiratory chain by reducing ubiquinone. 
· Glycerol 3-phosphate, formed either from glycerol released by triacylglycerol breakdown or by the reduction of dihydroxyacetone phosphate from glycolysis, donates electrons to a glycerol 3-phosphate dehydrogenase on the outer face of the inner mitochondrial membrane, from which they pass to Q. 
1. Complex III carries electrons from reduced ubiquinone to cytochrome c. (Fig. 19-10).
· It is also called cytochrome bc1 complex or ubiquinone:cytochrome c oxidoreductase.
· It contains six hemes and two iron-sulfur centers.
· It moves protons from the matrix to the intermembrane space.
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1. Cytochrome c is a soluble protein of the intermembrane space.
· After its single heme accepts an electron from Complex III, cytochrome c moves to Complex IV to donate the electron to a copper center.
1. [bookmark: _GoBack]Complex IV, also called cytochrome oxidase, carries electrons from cytochrome c to molecular oxygen, reducing it to H2O. (Fig. 19-13).
· It contains two hemes and three Cu ions.
· It moves protons from the matrix to the intermembrane space.
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FIGURE 19-9 Structure of Complex II (succinate dehydrogenase). This
complex (porcine) has two transmembrane subunits, € and D: subunits A and B
extend into the matrix. Just behind the FAD in subunit A is the binding site for
succinate. Subunit B has three Fe-S centers. ubiquinone is bound to subunit B.
and heme b is sandwiched between subunits C and D. Two
phosphatidylethanolamine molecules are so tightly bound to subunit D that they
show up in the crystal structure. Electrons move (blue arrows) from succinate
to FAD. then through the three Fe-S centers to ubiquinone. The heme b is not
on the main path of electron transfer but protects against the formation of
reactive oxygen species (ROS) by electrons that go astray.
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FIGURE 19-15 Paths of electron transfer to ubiquinone in the respiratory
chain. Electrons from NADH in the matrix pass through the FMN of a
flavoprotein (NADH dehydrogenase) to a series of Fe-S centers (in Complex I)
and then to Q. Electrons from succinate oxidation in the citric acid cycle pass
through a flavoprotein with several Fe-S centers (Complex II) on the way fo Q.
Acyl-CoA dehydrogenase. the first enzyme of fatty acid § oxidation. transfers
clectrons to electron-transferring flavoprotein (ETF), from which they pass o Q
via ETF-ubiquinone oxidoreductase. Dihydroorotate, an intermediate in the
biosynthetic pathway o pyrimidine nucleotides (see Fig. 22-38), donates two
clectrons to Q through a flavoprotein (dihydroorotate dehydrogenase). And
glycerol 3-phosphate, an intermediate of glycolysis in the cytosol, donates
clectrons to a flavoprotein (glycerol 3-phosphate dehydrogenase) on the outer
face of the inner mitochondrial membrane, from which they pass fo Q.
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FIGURE 19-10 Structure of Complex III (cytochrome bcy complex).




image12.png
Intermembrane
space (p side)

2H"

(substrate)

e HO
(pumped)




image13.png
FIGURE 19-13 Path of electrons through Complex IV. For simplicity. only
one monomer of the dimeric bovine Complex IV is shown. The three proteins
eritical to electron flow are subunits L IL and IIL The larger green structure
includes the other 10 proteins in each monomer of the dimeric complex.
Electron transfer through Complex IV begins with cytochrome ¢ (top). Two
molecules of reduced cytochrome ¢ each donate an electron to the binuclear
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center Cuy. From here. electrons pass through heme a to the Fe-Cu center
(heme a3 and Cug). Oxygen now binds to heme a3 and is reduced fo its peroxy

Pui
derivative (O : not shown here) by two electrons from the Fe-Cu center.

Delivery of two more electrons from cytochrome c (top). for a total of four
o
electrons. converts the O to two molecules of water. with consumption of

four “substrate™ protons from the matrix. At the same time. two protons are
pumped from the matrix for each pair of electrons passing through Complex
IV. by a mechanism not fully understood. Note that reduction of O to 2H,O

requires four electrons, or two pairs of electrons.
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TABLE 19-3 The Protein Components of the

Mitochondrial Respiratory Chain

Mass Number of Prosthetic
Enzyme complex/protein  (kDa)  subunits®  group(s)

INADH dehydrogenase 850 45 (14) FMN, Fe-S

II Succinate dehydrogenase 140 4 FAD. Fe-S

III Ubiquinone: cytochrome 250 11 Hemes, Fe-
¢ oxidoreductase® S
Cytochrome ¢© 13 1 Heme

IV Cytochrome oxidase® 204 13(34)  Hemes:
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FIGURE 19-8  Structure of Complex I (NADH:ubiquinone
oxidoreductase). Complex I (shown here is the crystal structure from the
bacterium Thermus thermophilus) catalyzes the transfer of a hydride ion from
NADH to FMN, and from the FMN,, two electrons pass through a series of Fe-S
centers to the Fe-S center N-2 in the matrix arm of the complex. Electron
transfer from N-2 to ubiquinone on the membrane arm forms QHy. which
diffuses into the lipid bilayer. This electron transfer also drives expulsion from
the matrix of four protons per pair of electrons. Proton flux produces an
electrochemical potential across the inner mitochondrial membrane (N side




