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CELLS often exhibit a remarkable ability
to recover from insults, hinting at the
existence of homeostatic mechanisms that
return them to an equilibrium state. This
point was powerfully demonstrated!
almost 40 years ago. When a portion of
the cytoplasm of a growing amoeba was
repeatedly cut from the cell, the cell
continued accumulating mass, but never
divided — apparently it was aware that
it had not reached a size sufficient for
division.
Two reports on pages 339 and

acterizes the G1/S transition®. Moreaover,
cells have characteristically different sizes
with different carbon sources and, when
G1 cells are shifted from one carbon
source to another, they adjust to the new
size requirement for budding before mov-
ing on to S phase’. From these findings it
would seem that the critical component
monitoring growth is unstable.
Molecular definition of the homeostatic
mechanism that integrates growth with
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different approaches to come to the same
conclusion — that cAMP-dependent pro-
tein kinases inhibit transcription of the
CLNI and CLN2 genes. Moreover,
although transcription of CLN3 is not
subject to this inhibition, it may play a
special role in mediating the integration of
division and growth through the products
of CLNI and CLN2. The addition of
cAMP to the culture medium of cells
under special physiological conditions or
for cells altered in cAMP uptake or meta-
bolism results in G1 arrest, growth that
exceeds the normal size at budding, and
inhibition of CLNI and CLN2 transcrip-
tion. Expression of CLNI or CLNZ2 in

these cells under the control of a

promoter not subject to cAMP

342 of this issue® uncover a new
role for cyclic AMP in the
homeostatic mechanism that inte-
grates cell growth with division.
They deal with the budding yeast,
Saccharomyces cerevisiae, which
has been a popular organism for
studies on the relationship be-
tween growth and division in part
because the new growth in each
cell cycle is visible as a distinct
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body, the bud, that becomes the f
daughter cell.

A mother cell begins the cell
cycle in G1 phase; it produces a
new bud concomitant with S
phase; the bud grows throughout
S and G2; the nucleus divides at M
with one nucleus going to the
mother and one to the bud, and
the cell then divides (see figure).
Growth is integrated with division
in G1. This is most evident from
the different behaviours of the
mother cell and daughter bud in the next
cell cycle. The daughter is normally smal-
ler than the mother cell at division, espe-
cially under conditions of slow growth.
The daughter cell delays more than the
mother in the G1 phase of the next cell
cycle before producing a bud, giving itself
time to grow to the size characteristic of a
mother cell*. There is no requirement for
growth in other phases of the cell cycle
because, if growing cells are suddenly
starved of nitrogen to prevent protein
accumulation, all cells that have budded
complete the cell cycle and divide without
net growth®. Buds that were small at the
time of starvation produce tiny cells
which, upon readdition of nitrogen, stay
in G1 until they have reached the charac-
teristic size of mother cells.

These observations suggest that cells
must simply accumulate enough stable
protein in order to pass from Gl to S.
Others, however, indicate that the control
is more dynamic, responding to the rate as
well as the amount of growth. If the rate of
protein synthesis is limited in specific
ways, for example, then cells can greatly
exceed the critical size that normally char-
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regulation overcomes the Gl
arrest, showing that G1 arrest re-
sults from failure of CLNI1 or
CLN2 protein to accumulate.
Mutations in the regulatory sub-

Cdcagoin unit of the cAMP-dependent

: : kinases or in the kinases them-

Y [ 4 Y = selves demonstrate that these
Growth Start effects are being mediated

) —p @ — (9 —> e @ through the cAMP-dependent
kinases. Hence these experiments

b G1 e G2 Fm— show that cAMP exercises nega-

tive control on division through
the cyclins, whereas previous

Mother cell

The cell cycle consists of G1, S, G2 and M phases. In
Saccharomyces cerevisiae, growth is coordinated with divi-
sion in the G1 interval. Small daughter celis, produced under
conditions of growth limitation, do not pass Start until they
have achieved the size of mother cells. cAMP-dependent
kinases have antagonistic roles at Start, being required for
growth and inhibiting the transcription of cyclins.

division will require knowledge of the
molecular components that mediate
‘growth’ and ‘division’, respectively, and
those that communicate between them.
Previous work implicated the cAMP-
dependent protein kinases as important
mediators of growth, and the cyclin-
dependent kinases as mediators of divi-
sion. The two new papers> provide a link
between them. A variety of mutations that
inactivate either the production of cAMP
or their targets, the cAMP-dependent
protein kinases, result in a cessation of
growth and arrest of the cell cycle in G1
(ref. 8). Mutations that inactivate the S.
cerevisiae cyclin-dependent kinase Cdc28
arrest the division cycle in G1 while
growth continues’. The G1 collaborators
of the cyclin-dependent kinases, the cyc-
lins CLN1, CLN2 and CLN3, are metabo-
lically unstable, being synthesized in G1
and degraded at the G1/S boundary. The
cyclins are therefore prime candidates for
the dynamic component monitoring size
control; indeed, cyclin deficiency can pro-
duce larger than normal cells' and cyclin
excess smaller than normal cells'!.
Baroni et al.> and Tokiwa et al.”> use
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experiments, mentioned above,
demonstrated that it has pos-
itive control on both growth and
division.

How growth and division are
coordinated through these anta-
gonistic effects remains to be seen.
One clue comes from work show-
ing that reducing the rate of ini-
tiation of polypeptide chains can
arrest cells in G1, in spite of the fact that
the cells grow larger than the unperturbed
G1 cell, whereas limiting the rate of
polypeptide elongation does not have this
effect®, So one important task will be to
define the relationship between the initia-
tion of protein synthesis, cAMP metabol-
ism and expression of CLN genes. )
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