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The cellular “Energy Storehouse”
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Mitochondria and chloroplasts share many of the features
of their bacterial ancestors. Both organelles contain their
own DNA-based genome and the machinery to copy this
DNA and to make RNA and protein. The inner
compartments of these organelles—the mitochondrial
matrix and the chloroplast stroma—contain the DNA (red )
and a special set of ribosomes. Membranes in both
organelles—the mitochondrial inner membrane and the
chloroplast thylakoid membrane—contain the protein
complexes involved in ATP production.
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S O M E M I T O C H O N D R I A A R E L O C A T E D N E A R S I T E S O F
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(A) In a cardiac muscle cell, mitochondria are located close
to the contractile apparatus, in which ATP hydrolysis
provides the energy for contraction.

(B) In a sperm, mitochondria are located in the tail,
wrapped around a portion of the motile flagellum that
requires ATP for its movement.
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(A) Mitochondria (red ) are fluorescently labeled in this
cultured mouse fibroblast.
(B) In a yeast cell, the mitochondria (red ) form a
continuous network, tucked against the plasma
membrane.
(A, courtesy of Michael W. Davidson, Carl Zeiss Microscopy Online
Campus;
B, from J. Nunnari et al., Mol. Biol. Cell. 8:1233–1242, 1997. With
permission by The American Society for Cell Biology.)
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(A) A schematic drawing
and

(B) An electron
micrograph of a
mitochondrion.

 Each compartment
contains a unique set
of proteins, enabling it
to perform its distinct
functions. In liver
mitochondria, an
estimated 67% of the
total mitochondrial
protein is located in
the matrix, 21% in the
inner membrane, 6%
in the outer
membrane, and 6% in
the intermembrane
space.



M I T O C H O N R I A  &  E N E R G Y  M E T A B O L I S M
In eukaryotic cells, acetyl CoA is
produced in the mitochondria
from molecules derived from
sugars and fats. Most of the
cell’s oxidation reactions occur
in these organelles, and most of
its ATP is made here.

As electrons are transferred from
activated carriers to oxygen,
protons are pumped across the
inner mitochondrial membrane.
This is stage 1 of chemiosmotic
coupling. The path of electron
flow is indicated by blue arrows.
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 Pyruvate and fatty acids enter the
mitochondrial matrix (bottom), where
they are converted to acetyl CoA.

 The acetyl CoA is then metabolized
by the citric acid cycle, which
produces NADH (and FADH2, not
shown).

 During oxidative phosphorylation,
high energy electrons donated by
NADH (and FADH2) are then passed
along the electron transport chain in
the inner membrane to oxygen (O2).

 This electron transport generates a
proton gradient across the inner
membrane, which is used to drive the
production of ATP by ATP synthase.

 The exact ratios of “reactants” and
“products” are not indicated in this
diagram: for example, it requires four
electrons from four NADH molecules to
convert O2 to two H2O molecules.



T H E  E L E C T R O N  T R A N S P O R T  C H A I N

• The electron-transport chain—or respiratory chain—that carries out
oxidative phosphorylation is present in many copies in the inner
mitochondrial membrane.

• Each chain contains over 40 proteins, grouped into three large
respiratory enzyme complexes. These complexes each contain
multiple individual proteins, including transmembrane proteins that
anchor the complex firmly in the inner mitochondrial membrane.

• The three respiratory enzyme complexes, in the order in which they
receive electrons, are:

• (1) NADH dehydrogenase complex,
• (2) cytochrome c reductase complex, and
• (3) cytochrome c oxidase complex.
• Each complex contains metal ions and other chemical groups that

act as stepping stones to facilitate the passage of electrons.
• The movement of electrons through these respiratory complexes is

accompanied by the pumping of protons from the mitochondrial
matrix to the intermembrane space. Thus each complex can be
thought of as a proton pump.

 During the transfer of high-energy electrons from NADH to oxygen (blue lines), protons derived from water are
pumped across the membrane from the matrix into the intermembrane space by each of the complexes. Ubiquinone
(Q) and cytochrome c (c) serve as mobile carriers that ferry electrons from one complex to the next.



A T P  S Y N T H A S E

• ATP synthase acts like a motor to convert the energy of
protons flowing down their electrochemical gradient to
chemical-bond energy in ATP.

• The multi-subunit protein is composed of a stationary head,
called the F1 ATPase, and a rotating portion called F0. Both F1

and F0 are formed from multiple subunits.
• Driven by the electrochemical proton gradient, the F0 part of

the protein—which consists of the transmembrane H+ carrier
(blue) plus a central stalk (purple)—spins rapidly within the
stationary head of the F1 ATPase (green), causing it to
generate ATP from ADP and Pi.

• The stationary head is secured to the inner membrane by an
elongated protein “arm” called the peripheral stalk (orange).

• The F1 ATPase is so named because it can carry out the
reverse reaction—the hydrolysis of ATP to ADP and Pi—when
detached from the F0 portion of the complex.
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