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A Powerhouse Divided

William Martin

omparing the genomes of mitochon-
dria and o-proteobacteria has yielded
many sequence similarities. This find-
ing strongly supports the view that these ener-
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ganelles (6). The second, a splendid find and

aptly named FtsZ-mt, is located in algal mito-~

chondria. This second cell division protein i§
very similar to the FtsZ of o-proteobacteria.
Antibodies raised against FtsZ-mt com-
bined with confocal immunofluorescence
microscopy allowed the authors to track the
progress of this nuclear-encoded protein.
They found that it homed to mitochondria
where it formed a ring-like structure that is
strikingly similar to the rings formed by bac-
terial FisZ during division. They also showed
that the amino-terminal sequence of FtsZ-mt
contains the signal that ensures this protein
is imported into mitochondria. The findings

The author is at the Institute of Botany Hl, University
of Diisseldorf, 40225 Disseldorf, Germany. E-mail:
w.martin@uni-duesseldorf.de

www.sciencemag.org SCIENCE VOL 287

erfnanent passengest
z»(lmel‘mf'ned into’the myriad forms saen:

lmtages{ ;itiﬁﬁa
&5 of their free- hvmg

tsZ: one mchlorop}aﬂs and‘ffie iF
that Qﬁl

o ﬁenome, and ifs g

,,,,,

) ﬂie ﬁ.mcnon of FtsZin rmtocho?nal di
" sion has @paremiy been replace by

fﬁ’eé fquet}ee thgffmtochondnal-s

support the view that FtsZ-mt carries out the
same task in mitochondrial division as its
relative does in bacterial division, revealing
yet another piece in the puzzle of mitochon-
drial origins.

Given this, one might think that all eu-
karyotes should possess mitochondrial FtsZ
homologs. But this is not so. Although proba-
bly ubiquitous among prokaryotes (bacteria
‘and archaea), FtsZ is notably absent from the

. mitochondria of yeast and higher eukaryotic
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unicellular organism with two flagella that has
a photosynthetic organelle acquired by sec-
ondary symbiosis—reveals that surprisingly
few of its proteins are targeted to plant or-
ganelles (plastids) (7); intriguingly, its FtsZ
protein is one of the few that is.
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A vexing evolutionary facet of the or-
ganelle and bacterial division story is its con-
nection to the major components of the eu-
karyotic cytoskeleton, tubulin and actin. The
structures formed by prokaryotic FtsZ are
strikingly similar to the protofilaments formed
by eukaryotic tubulins (5). Although the se-
quence similarity between FtsZ and tubulin is
slight (8), the three-dimensional structures of
the proteins are quite similar (9). Moreover, a
further component of the prokaryotic cell di-
vision machinery, FtsA, is very similar to
actin (8). Because a true cytoskeleton is one
of the attributes that distinguishes eukaryotes
from prokaryotes, the transition of these two
prokaryotic proteins into their eukaryotic
counterparts is unanimously agreed by biolo-
gists to be one of the crucial steps in eukary-
otic evolution (8, /0). Yet with newer data
pushing the origin of mitochondria possibly
as far back as the origin of eukaryotes them-
selves (1, 10), there is less unanimity as to
which came first: the cytoskeleton or the mi-
tochondrion. Although FtsZ seems to be pre-
sent in all prokaryotes, FtsA is found only in
eubacteria (not in archaea), and more specifi-
cally in those that possess peptidoglycan
(murein) in their cell walls (4). This indicates
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