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Aerobic oxidation of pyruvate and fatty acids in mitochondria
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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
the inner membrane is impermeable to NAD+ and NADH; instead, a shuttle system (red) transports electrons from cytosolic NADH to NAD+ in the matrix. O2
diffuses into the matrix and CO2 diffuses out. Stage-1: fatty acyl groups are transferred from fatty acyl CoA and transported across the inner membrane via a
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
(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
FADH2. Stage-2: electrons from these reduced coenzymes are transferred via electron transport complexes (blue boxes) to O2 concomitant with transport of H+
ions from the matrix to the intramembrane space, generating the proton-motive force. Electrons from NADH flow directly from complex I to complex III, bypassing
complex II. Stage 3: ATP synthase, the F0F1 complex (ornage), harnesses the proton-motive force to synthesize ATP. Blue arrows indicate electron flow; red
arrows transmembrane movement of protons; and green arrows indicate transport of metabolites.
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When a person eats,
blood glucose rises.
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High blood glucose stimulates
the pancreas to release insulin.
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Insulin stimulates the uptake of
glucose into cells and storage
as glycogen in the liver and
muscles. Insulin also stimulates
the conversion of excess
glucose into fat for storage.
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As the body's cells use
glucose, blood levels decline.
Low blood glucose stimulates
the pancreas to release
glucagon into the bloodstream.
Glucagon stimulates liver
cells to break down glycogen
and release glucose into the
blood.a
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The stress hormone
epinephrine and other hormones
also bring glucose out of storage.
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Blood glucose begins to
rise.
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