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Ageing and death—
mitochondria divide or
die, depending on their
interactions with the
nucleus

Animals with a fast metabolic rate tend to age quickly and succumb to
degenerative diseases such as cancer. Birds are an exception because they
combine a fast metabolic rate with a long lifespan, and a low risk of disease.
They achieve this by leaking fewer free radicals from their mitochondria. But
why does free-radical leakage affect our vulnerability to degenerative
diseases that on the face of it have little to do with mitochondria? A dynamic
new picture is emerging, in which signalling between damaged mitochondria
and the nucleus plays a pivotal role in the cell’s fate, and our own.
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The F1-Fo ATPase

Structural model of EFOF1 (stator
subunits in dark gray, rotor in light
gray), and, at the very right side,
of the homodimer of subunit b,
and numbers for the torsional
stiffness of various domains.
Numbers given on the left side
resulted from data obtained with
EF1 in the set-up shown in Fig.
1A, those in the right side from
EFOF1 as in Fig. 2A, and the one
at the very right from EFOF1 as in
Fig. 4A. The stiffness comes in
units of pNnm. Numbers
associated with horizontal colored
lines denote the resulting stiffness
result (see Eq. 3) as
observed when the respective
disulfide cross link (its two
cysteines shown in the same hue,
dark
on the stator or light on the rotor)
was closed. The numbers between
the black vertical arrows
denote the stiffnesses of the rotor
domain lying between the
respective pairs of cross link
positions. The red arrow marks the
region of greatest compliance in
EFOF1, the dominant elastic
buffer which is responsible for an
elastic power transmission
between FO and F1.
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High-Speed Atomic Force
Microscopy Reveals Rotary Catalysis
Stylus
of Rotorless F1-ATPase

kayuki Uchihashi,1,2,3* Ryota Iino,3,4,5* Toshio Ando,1,2,3† Hiroyuki Noji3,4,5†

is an adenosine triphosphate (ATP)–driven motor in which three torque-generating b subunits
the a3b3 stator ring sequentially undergo conformational
changes upon ATP hydrolysis to
F1
ate the central shaft g unidirectionally. Although extensive experimental and theoretical
rk has been done, the structural basis of cooperative torque generation to realize the
idirectional rotation remains elusive. We used high-speed atomic force microscopy to show
at the rotorless F1 still “rotates”; in the isolated a3b3 stator ring, the three b subunits
lically propagate conformational states in the counterclockwise direction, similar to the rotary
aft rotation in F1. The structural basis of unidirectionality is programmed in the stator ring.
ese findings have implications for cooperative interplay between subunits in other
xameric ATPases.
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AFM movie of the C-terminal side of α3β3 in 2 µM ATP. Scan area, 17 x 13 nm2; frame rate,
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The way in which mitochondria generate
energy is one of the most bizarre
mechanisms in biology. Its discovery has
been compared with those of Darwin and
Einstein. Mitochondria pump protons across a
membrane to generate an electric charge
with the power, over a few nanometres, of a
bolt of lightning. This proton power is
harnessed by the elementary particles of life
—mushroom-shaped proteins in the
membranes—to generate energy in the form
of ATP. This radical mechanism is as
fundamental to life as DNA itself, and gives
an insight into the origin of life on Earth
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