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sumed during S phase’®. In this model,
the next round of replication in higher
eukaryotes cannot occur until the nucleus
has broken down, allowing the chromo-
somes to bind fresh licensing factor.

In budding yeast there is very good
evidence for a licensing factor that con-
trols, not DNA replication, but mating-
type switching, an event whose cell-cycle
regulation is similar to that of DNA
replication. This licensing factor, the Swi5
protein, is made during G2 but is held in
the cytoplasm because it is phosphory-
lated by Cdc28 (the budding yeast equiva-
lent of Cdc2). At the end of mitosis, the
inactivation of Cdc28 leads to the removal
of the phosphate groups, allowing Swi5 to
enter the nucleus, which like that of fission
yeast has remained intact throughout
mitosis’. Only when cells pass through
Start is the Swi5 within the nucleus
allowed to trigger the events that will lead
to mating-type switching. Much weaker
evidence supports the notion that a family
of proteins, whose prototypic member
is the budding yeast Cdc46 protein, act
in a similar way to license DNA
replication!*!".

Could licensing factor in the nucleus
regulate mitosis as well as DNA replica-
tion? In tnis model (b in the figure), the
presence of licensing factor inside the
nucleus prevents cells from entering mito-
sis. Like Swi5, licensing factor is made
during G2, but phosphorylation by Cdc2
keeps it in the cytoplasm. The inactivation

of Cdc2 at the end of mitosis allows
licensing factor to enter the nucleus and
keeps mitosis from occurring before the
beginning of DNA replication. Because
licensing factor is consumed during S
phase and can only re-enter the nucleus at
the end of mitosis, this scheme allows cells
to pass Start only once between successive
mitoses. In addition, it provides a simple
explanation for the re-replication of DNA
after the removal of Cdc2 from a G2 cell®.
The loss of Cdc2 allows licensing factor to
enter the nucleus at an inappropriate
point in the cell cycle (see figure). As a
result, when Cdc2 is resynthesized the
licensing factor in the nucleus prevents the
onset of mitosis, allowing another Start
and S phase to occur.

In this view of events, Rum1 may act as
an inhibitor of Cdc2 that is activated by
the presence of licensing factor in the
nucleus. A recent News and Views
article'? discusses a number of protein
inhibitors of Cdc2 and related cyclin de-
pendent kinases (Cdk), some of which
preferentially inhibit particular Cdk-
cyclin complexes'®'*. In G1 the presence
of licensing factor in the nucleus would
activate Ruml1, leading to a strong inhi-
bition of Cdc2-mitotic-cyclin complexes
that would prevent mitosis, and a weak
inhibition of Cdc2-G1-cyclin complexes
that would delay Start. Once licensing
factor was consumed during DNA replica-
tion, the activity of Ruml would decline,
allowing the Cdc2-mitotic-cyclin com-

plexes to drive entry into mitosis and
exclude licensing factor from the nucleus.
The overexpression of Ruml would in-
hibit the activity of this form of Cdc2 thus
preventing mitosis and allowing licensing
factor to enter the nucleus, triggering a
second round of DNA replication.

It remains to be seen which of these
models for the function of Ruml is cor-
rect. But elucidating the biochemical
function of this protein promises to yield
further insights into the regulation of
DNA replication. 0O

Andrew W. Murray is in the Department of
Physiology, University of California at San
Francisco, San Francisco, California
94143, USA.

1. Moreno, S. & Nurse, P. Nature 367, 236242 (1994).

2. Ai-Khodairy, F. &Carr, A.M. EMBOJ. 11, 13431350
(1992).

3. Rowley, R., Subramani, S. &Young, P. G. EMBOJ. 11,

1335-1342(1992).

4. Enoch,T.,Carr,A. M. &Nurse, P. Genes Dev. 6,
2035-2046 (1992).

. Kelly, T.J. etal. Cell 74, 371382 (1993).

. Broek, D., Bartlett, R., Crawford, K. & Nurse, P. Nature
349, 388-393(1991).

. Blow,J.J. &Laskey, R. A. Nature 332, 546548 (1988).

. Leno, G., Downes, C. S. & Laskey, R. A. Celi69, 151-158
(1992).

9. Moll, T., Tebb, G., Surana, U., Robitsch, H. & Nasmyth, K.

Cell66, 743-758 (1991).

Hennessy, K. M., Clark, C. D. &Botstein, D. Genes Dev.

4,2262-2263(1990).

Chen, Y., Hennessy, K. M., Botstein, D. & Tye, B. K. Proc.

natn. Acad. Sci. U.S.A. 89, 10459-10463 (1992).

Nasmyth, K. &Hunt, T. Nature 366, 634—-635 (1993).

Gu, Y., Turck, C. W. &Morgan, D. O. Nature 366,

707-710(1993).

Harper, J. W., Adam, G. R., Wei, N., Keyomarsi, K. &

Elledge, S.J. Cell 75, 805-816 (1993).

o m

0 ~

10.

11.

12.
13.

14.

— CARBON CYCLE

For calcium carbonate to
dissolve in the oceans,
pressure must be high,
and the water must there-
fore be deep. In shallow-
er regions, calcite is de-
posited on the sea bed,
as shown in this compu-
ter simulation of calcite
loading on and around
the Mid-Atlantic Ridge.
But the specific depth at
which calcite first dis-
solves, and thus the area
of the sea bed coated
with calcite at any one
time, depends on the to-
tal calcite concentration
in a clever balancing act
by the ocean. If the ocean
receives more excess
calcite via weathering, or
some other source (such
as changes in coral
growth rates), carbonate
chemistry works to increase the dissolu-
tion depth, so that more calcite can be
deposited on the sea floor and buried by
sediments to maintain a steady state.
On page 260 Archer and Maier-Reimer

Compensation in the deep ocean

use this phenomenon to address the
vexed question of why atmospheric car-
bon dioxide concentrations fell during
the last glaciation. They point out that the
atmospheric CO, concentration is con-

trolled by ocean carbon-
ate chemistry, and use a
model that combines
ocean circulation, car-
bon cycling and various
sedimentary processes
to try to test what sort
of changes in calcite
deposition would be
required to account for
the glacial change.

One suggestion that
they test is the effect of a
change in the relative de-
position rates of organic
carbon and calcite to the
deep sea — organic car-
bon degradation in the
sediments changes the
pore-water chemistry,
which in turn encourages
calcite to dissolve and
sets in train the whole
compensatory mechan-
ism. They find that de-
creasing the rate of calcite deposition by
just 40 per cent relative to organic
carbon deposition would be enough to
account for the entire glacial CO, de-
crease. Gabrielle Walker

D. Archer
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