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significance of the new work7 is in shifting
our attention first to a docking step on the
pore fibrils, which does not require
importin β or other factors, and then to
an unexpected role for nuclear histone H1
and importin β–importin 7 in capsid dis-
assembly and DNA entry. Discrepancies
between these studies7,12 could be
explained if the requirement for importin
β in the permeabilized-cell study12 actual-
ly reflects a requirement for importin β
downstream of the docking step, or if it
reflects differences between the in vivo7

and permeabilized cell12 systems. Future
work is likely to reveal requirements for
additional cytosolic factors, as well as
additional steps that can be experimental-
ly inhibited.

The use of importins in capsid disas-
sembly7 has certain parallels with the
recent exciting discovery that importins,
in addition to acting as import receptors,

can act as cellular switches that spatially
control microtubule and spindle assembly
(reviewed in refs 5, 13–14). In mitotic
cells, for example, free importins α and β
bind to and inhibit proteins required for
spindle assembly. This inhibition of spin-
dle assembly is, however, turned off in the
vicinity of the mitotic chromosomes.
There, Ran–GTP (produced by chromoso-
mally bound Ran guanine-nucleotide
exchange factor) locally disrupts the
inhibitory complexes and allows spindle
assembly. Thus, the adenovirus study of
Greber and colleagues7 is impressive not
only for revealing a distinct viral entry
pathway, but also as a novel example of
how the highly abundant importins (~2
µM in Xenopus eggs) can be used to con-
trol different cellular activities.
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Mitochondria must replicate during cell division to ensure that
daughter cells inherit roughly as many mitochondria as their
mother cell. This is achieved through fission prior to cell division
and subsequent mitochondrial enlargement in the daughter cells.
Intringuingly, a similar mitochondrial fission phenomenon is
observed in apoptotic cell death, where apoptosis is accompanied
by fragmentation of subcellular organelles, including mitochon-
dria, and eventually of the cell itself. Now Youle and colleagues
shed light on the mechanism of mitochondrial fission in apopto-
sis, and find that it is indeed similar to the process of mitochon-
drial division (Dev. Cell 1, 515–525 (2001)). They find that the
dynamin-related protein Drp1 translocates from the cytosol to
mitochondria after induction of apoptosis (see figure, Drp1 is
stained in green and mitochondria in red).

Dynamin proteins function in membrane constriction by
virtue of their mechanochemical properties. When Youle and
colleagues overexpressed a dominant-negative mutant form of
Drp1 (DN Drp1), it inhibited mitochondrial fragmentation in
apoptotic cells. Interestingly, a protein homologous to Drp1,
Dnm1, has been implicated in mitochondrial division in yeast.

In contrast to DN Drp1, overexpression of Bax, a protein that
acts to induce apoptosis in a mitochondria-dependent manner,
increases mitochondrial fragmentation. The BH3 domain of Bax
is required for this fragmentation; BH3 is also essential for the
pro-apoptotic activity of Bax. The Youle laboratory found that
DN Drp1 blocked Bax-induced mitochondrial fission; and in
cells expressing both Bax and DN Drp1, mitochondria seem to
be swollen. So it is possible that Drp1 relocalization from the
cytosol to mitochondria in apoptotic cells could limit the extent
of mitochondrial swelling.

DN Drp1 also prevents the loss of mitochondrial membrane
potential and release of cytochrome c from the mitochondrial
intermembrane space, and indeed cell death itself (as assessed

by DNA fragmentation, one of the hallmarks of apoptosis).
Mitochondrial swelling, loss of mitochondrial membrane
potential, and Bax-like proteins have all been proposed to reg-
ulate the release of cytochrome c and other death-promoting
molecules from mitochondria in apoptotic cells, so it seems
that the function of Drp1 could be central to the regulation of
cell death. Youle and colleagues even speculate that Drp1
could mediate the formation of vesicles at the outer mito-
chondrial membrane, which could contribute to the release of
pro-apoptotic proteins from the mitochondrial intermem-
brane space to the cytosol after induction of apoptosis, but
that remains to be tested. It also remains to be confirmed
whether the function of Drp1 is due to its mechanochemical
properties.
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