well, and there is controversial evidence
from the martian meteorite ALH84001 that
supports this view (23). But there are pos-
sible abiotic sources for CHy, too, on both
Mars and early Earth. The one that was prob-
ably most important is that identified by
Sagan and Chyba, namely, submarine out-
gassing at mid-ocean ridges. Submarine vol-
canism favors CH, over CO, by shifting the
chemical equilibrium to the right in the reac-
tion COZ +2 Hzo (g CH4 +2 Oz. Today, the
CH,/CO, ratio in hydrothermal vent fluids
is only ~1% (24), but it could have been
much higher in the past if the primitive
mantle were more reduced. Evidence for a
reduced early mantle is provided by thermo-
dynamic analyses of diamond inclusions (25)
and by recent studies of metal-silicate parti-
tion coefficients of siderophile elements
(26), which indicate that the upper mantle
could originally have been in equilibrium
with metallic iron. Applying these same ar-
guments to early Mars is speculative but not
outside the realm of possibility.

I note, parenthetically, that maintaining
f(CH,4) = 0.01 in the primitive martian at-
mosphere would require a CH, source com-
parable to that on modern Earth, which
would almost certainly have to be biological.
It would also require that hydrogen be
bottled up at the exobase so that it escaped at
less than the diffusion-limited rate (18). This
latter constraint seems physically plausible
in light of the cold temperatures expected in
a CO,-rich upper atmosphere, but it has not
been demonstrated that the escape of H
would have been slow. So, it is far from obvi-
ous that high CH, concentrations are the
solution to the early Mars climate problem. It
does seem likely that Sagan and Chyba are
on the right track, however: Reduced gases
probably were present in significant concen-
trations on both early Earth and Mars, and
they played an important role in climate evo-
lution on both planets. Sagan himself had
been fond of this idea for many years. It seems
likely that his excellent scientific intuition
will once again be found to be correct.
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Sticky Endings: Separating Telomeres
R. Scott Hawley

The ends of eukaryotic chromosomes are
capped by telomeres, which facilitate the
replication of the ends of the DNA mol-
ecule. The telomeres of both homologous
and nonhomologous chromosomes can
easily self-associate, perhaps as a simple
consequence of their structure—repeated
arrays of a sequence at the ends of all of an
organism's chromosomes. Indeed, the clus-
tering of telomeres at one point in the
nucleus, creating a so-called “bouquet” of
chromosomes, has been noted in a variety
of organisms (1). As discussed in a recent
Perspective (2), these associations are suf-
ficiently strong that the separation of te-
lomeres presents a special problem for the
meiotic and mitotic segregational systems.

Evidence that cis- and trans-acting
functions are required for the separation of
telomeres at cell division has been recently
obtained in Tetrahymena and Drosophila
(3,4). In this issue (page 1252), Conrad et
al. (5) report a gene (NDJ 1) that encodes a
telomere-associated protein required for
meiotic chromosome segregation in a
third organism, the yeast Saccharomyces
cerevisiae. This protein accumulates at the
telomeres of chromosomes during meiotic
prophase, and its absence results in high
levels of failed meiotic chromosome seg-
regation (meiotic nondisjunction). The
failure of homolog separation at meiosis is
observed whether or not the homologs
have undergone genetic recombination.
However, there is no effect of the absence
of the Ndj1 protein on the segregation of
telomere-less ring chromosomes, arguing
that Ndj1 protein is not required for mei-
otic chromosome separation per se, but
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rather that the Ndjl protein is essential
to separate segregational partners that
have telomeres.

The Ndijl protein is also required for
the completion of homologous synapsis.
Loss of the Ndj1 protein delays the forma-
tion of the axial elements of the synap-
tonemal complex, a structure that con-
nects homologous meiotic chromosomes
along their length, without affecting re-
combination. The mechanism by which
the Ndjl protein facilitates synapsis re-
mainsunclear, but the normal clustering of
telomeres into a bouquet may create three-
dimensional chromosome arrangements,
such as interlocked bivalents, that would
impede proper synapsis. An inability to
dissolve telomere-telomere interactions,
especially those between nonhomologous
telomeres, might prevent the chromo-
somal movements required to resolve
those problems and facilitate homologous
alignments. Such a model nicely explains
both the effects of Ndjl deficiency on
synapsis and segregation, and the rather
curious lack of effect of this deficiency on
ring chromosomes.

Thus, even as cells have used telo-
meres to neatly solve the problem of rep-
licating chromosomal ends, they have in-
troduced difficulties for chromosomal
movement because of the inherent sticki-
ness of telomeres. Perhaps not surpris-
ingly, cells have evolved ways to cope.

References

1. A. F. Dernburg et al., in Telomeres, E. H.
Blackburn and C. W. Greider, Eds. (Cold
Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, 1996), pp. 295-338.

. R. S. Hawley, Science 275, 1441 (1997).

K. E. Kirk et al., ibid., p. 1478.

. G. Cenci et al., Genes Dev. 11, 863 (1997).

. M. N. Conrad et al., Science 276, 1252 (1997).

o s wN

1215





