
Evidence for the release of mitochondrial
proteins has been rather limited7, and there
are no data to suggest that activation of
CED-3 requires cytochrome c. Rather, bio-
chemical experiments led to the develop-
ment of a model8 in which CED-9 inhibits
apoptosis through direct interaction with
and sequestration of CED-4. Although
attractive in its simplicity, this model is still
incomplete. It does not explain, for example,
why CED-9 would need to be localized to
mitochondria in order to function.

Conradt and colleagues1 now address this
problem. Using live microscopy, the authors
noticed that cells undergoing apoptosis in 
C. elegans embryos also showed fragmented
mitochondria. Fragmentation was clearly
caspase-independent (it still occurred in 
animals with mutant, inactive CED-4 or
CED-3), indicating that it was a very early
event in the apoptotic programme. Further-
more, fragmentation was abrogated in 
animals lacking the upstream protein EGL-1
(a so-called BH3-domain protein), confirm-
ing that fragmentation is an integral part 
of the death process. Surprisingly, both 
gain-of-function and loss-of-function muta-
mutations in the Bcl-2 counterpart CED-9
also blocked fragmentation. This unex-
pected observation implies that CED-9 
has at least two distinct, and apparently
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antagonizing, functions: sequestration of
CED-4, which protects cells from death, and
promotion of mitochondrial fission, which
the authors suggest enhances apoptosis.

So how important is mitochondrial frag-
mentation for C. elegans apoptosis? To find
out, Conradt and colleagues overexpressed
either the wild-type form or a dominant-
negative (poison) form of DRP-1 — a pro-
tein that participates in the normal fission
process9. As has been reported by others,
overexpression of the poison form prevented
fragmentation. This treatment also resulted
in a mild but significant increase in long-
term cell survival. In contrast, over-
expression of normal DRP-1 increased 
mitochondrial fragmentation. Using vari-
ous assays, the authors conclude that this 
latter treatment also led to the death of at
least some cells that normally would have
lived. In other words, mitochondrial frag-
mentation is not only associated with apop-
tosis in C. elegans,but also contributes to it.

These results are clearly exciting, but a
few notes of caution are warranted. First,
although Conradt and colleagues make a
convincing case for a causal involvement of
mitochondrial fragmentation in apoptosis
(see Fig. 4 on page 758), the overall effect on
cell survival was rather weak. Fewer than
20% of cells could be rescued through

expression of the poison form of DRP-1;
even less could be killed by overexpression 
of the wild-type protein. These numbers 
are much lower than would be observed in
animals with mutant CED-3 or CED-9,
respectively. Second, because of technical
limitations, the authors could only infer the
extent of extra cell death caused by over-
expression of wild-type DRP-1. A direct
quantification is thus still missing. Third, as
is the case in mammals, one must remember
that mitochondrial fission occurs all the
time, also in cells that live. How does the cell
distinguish between normal fission and 
pro-apoptotic fission? Is CED-9 required for
both processes,or only for the latter?

The final and perhaps most intriguing
question is: how can mitochondrial divi-
sion contribute to apoptosis? Conradt and 
colleagues1 posit that fission might pro-
mote the release from mitochondria of a
cytochrome-c-like molecule, which would
cooperate with CED-4 to activate the pro-
tein-digesting CED-3. If correct, this would
imply that the apoptotic pathways in worms
and mammals are much more similar than
current dogma suggests. We are sure 
to see more mitochondria mining in the
coming years. ■
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You could be forgiven for thinking that
the vision of port wine crawling up
the inside of a glass was simply the
result of having drunk the experiment.
Yet James Thomson investigated such
a phenomenon 150 years ago, and
attributed the cause to gradients in
surface tension. Writing in Physical
Review Letters, Yutaka Sumino et al.
now report that this so-called
Marangoni effect makes oil droplets
perform even more stunning tricks.
When placed on a glass substrate
submerged in water, the droplets
spontaneously climb stairs or loop-
the-loop on the inside of a vertical
glass hoop (see pictures, in clockwise
sequence from top left).

The spectacle is driven by the
action of surfactant molecules,
which attach uniformly to the
surface of glass substrates placed 
in solution, thereby creating a
hydrophobic coating. But when the
surfactants are next to a droplet,
they move from the surface into 
the oil phase. The resulting local
perturbation of the coating makes
the surface less hydrophobic, and

creates a gradient in the surface
tension between the front and rear
of the droplet that induces motion.

Soon after a droplet has passed
by, the surfactant molecules that it
has removed are replaced from the
solution, returning the substrate to
its hydrophobic state. Unlike in other
self-running droplet systems,
trajectories can therefore cross each

other repeatedly. It is this feature
that makes the droplet’s loop-the-
loop possible. It also means that,
by using narrow glass strips, the
droplets can be forced from random
movement into regular back-and-
forth motion.

All movement stops after a few
tens of seconds, however. Sumino 
et al. attribute this to the depletion

of charged complexes in the oil
droplets. As long as they are
present, the complexes pair up 
with surfactant molecules and
accelerate them across the
oil–water interface. Without this
effect, the surface-tension gradient
falls below the value needed to drive
droplet motion against viscous
damping. Magdalena Helmer
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