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El ATP synthesis by FoF, using proton-motive force

The outer membrane is freely permeable to all metabolites, but specific transport proteins (colored ovals) in the inner membrane are required to import pyruvate
yellow), ADP (green), and Pi (purple) into the matrix and to export ATP (green). NADH generated in the cytosol is not transported directly to the matrix because
An A . f ATP P T . b C 1 1 1 R . . he inner membrane is impermeable to NAD* and NADH; instead, a shuttle system (red) transports electrons from cytosolic NADH to NAD* in the matrix. O2
CC o roduc 7 C ar S ratio fiffuses into the matrix and CO? diffuses out. Stage-1: fatty acyl groups are transferred from fatty acyl CoA and transported across the inner membrane via a

n ccounti ng o roduction y cliufar espiration special carrier (blue oval) and then reattached to CoA on the matrix side. Pyruvate is converted to acetyl CoA with the formation of NADH, and fatty acids
D . . t t ﬂ . th . | t attached to CoA) are also converted to acetyl CoA with formation of NADH and FADH2. Oxidation of acetyl CoA in the citric acid cycle generates NADH and
“ADH2. Stage-2: electrons from these reduced coenzymes are transferred via electron transport complexes (blue boxes) to O2 concomitant with transport of H*

urin g res p iIration ’ most ene rgy Oows In IS Seq uence g ucose 1o ons from the matrix to the intramembrane space, generating the proton-motive force. Electrons from NADH flow directly from complex | to complex Ill, bypassing
H H somplex Il. Stage 3: ATP synthase, the FoF1 complex (ornage), harnesses the proton-motive force to synthesize ATP. Blue arrows indicate electron flow; red
to electron transport chain to proton-motive force to ATP <

armows transmembrane movement of protons; and green arrows indicate transport of metabolites.
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» About 40% of the energy in a glucose molecule is transferred to
ATP during cellular respiration, making approximately 38 ATP

The coordinated action of two antiporters (purple and green) results in the uptake of one ADP® and

one HPO,Z in exchange for one H* during e" transport. The outer membrane is not shown here
because it is permeable to molecules smaller than 5kDa.
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