NEWS AND VIEWS

threshold level of the protein. Second,
when CSF preparations from crushed frog
eggs were depleted of pp39™ with mono-
clonal antibodies, they lost their CSF ac-
tivity. Control antibodies did not diminish
the CSF content of the cell-free extracts.
A similar conclusion can be drawn from
recent experiments in mouse oocytes,
where ablation of c-mos mRNA with anti-
sense oligonucleotides prevented meiosis
IT arrest®,

There is a close relationship between
CSF and MPF despite their clearly dif-
ferent identities. CSF is in effect a special-
ized entity designed to stabilize MPF in
metaphase-arrested eggs. CSF does not
advance the cell cycle in microinjected
Xenopus blastomeres; it simply locks the
cell in metaphase once metaphase has
been achieved by the action of MPF. The
key question is therefore: how is MPF
turned on and off, and how can its level
be kept high? This issue was recently dis-
cussed by Andrew Murray in these
pages”. The figure presents a speculative
summary. There is no doubt that MPF is
turned on by a protein phosphatase™ and
turned off by a protease that digests its
cyclin subunit. A key point is that cyclin is
only unstable during mitosis, which means
that MPF must itself activate the protease,
probably indirectly as shown in the model.
This provides a negative feedback loop
that makes mitosis normally a self-limiting
process. The circuit almost certainly con-
tains a positive feedback loop as well;
there are reasons to suspect that the phos-
phatase that turns on MPF is itself turned
on by MPF as shown by the positive feed-
back arrow in the figure.

One interpretation of Sagata et al.’s
results is that the putative cyclin-specific
protease of the model is kept switched
off by pp39™”-mediated phosphorylation.
According to this view, the protease is
activated by a phosphatase, which by a
simplifying guess could be the same phos-
phatase that activates and keeps MPF
active. The idea that the cyclin protease is
turned on and off by reversible phosphory-
lation is attractive, because it could explain
why cyclin is only unstable during a nar-
row window that opensjust before the onset
of anaphase and closes once MPF activity
has been lost. The alternative hypothesis
is that cyclin itself can be made protease-
resistant by c-nos-catalysed phosphoryla-
tion. The species specificity of c-mos
might arise by co-evolution with the sur-
prisingly variable amino-terminus of
cyclin, which is required for destruction”
and which shows rapid evolutionary drift.
It is not yet clear if cyclin is a substrate
for pp39™ and, if so, whether pp39™-
phosphorylated cyclin resists destruc-
tion. This is of course an active area of
investigation.

The puzzling variability of the cell-cycle
arrest states shown by cocytes and eggs of
different animals is now somewhat easier
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to understand. Molluscan oocytes are fer-
tilized directly in first meiotic prophase,
frog and mouse eggs arrest in second
meiotic metaphase, while sea-urchin eggs
are blocked in the G1 phase of the first
post-meiotic mitotic cell cycle. It used to
be difficult to see how such variability
could evolve without extensive changes to
the cell-cycle control machinery, which as
we now appreciate shows high evolution-
ary conservation. The c-mos results give
an example of how this can be achieved; a
protein kinase appears in the right place at
the right time, phosphorylates a key cell-
cycle regulator, and then vanishes.

How can c-mos act as an oncogene if its
primary role is to block the cell cycle? The
answer is not clear. One possibility is that
pp39™* indeed blocks somatic cells in
metaphase, which may sometimes result
in chromosome breakage and hence aneu-
ploidy when cells escape the block.
Another possibility is that c-mos could
stabilize ‘start’ cyclins in the G1 phase of
the cell cycle and thereby cause cells to
proliferate inappropriately. Conceivably
some sort of side reaction — for example
the inappropriate phosphorylation of a
protein quite unconnected with cell-cycle
regulation — might lead to the trans-
formed phenotype. but the effects of
c-ros expression in cells will surely come
under new scrutiny in relation to the cell
cycle. Tt would be particularly interesting
to know whether appropriate levels of
pp39™ expression block normal somatic
cells in mitotic metaphase; was this the
basis of its previously noted toxicity™?
Paradoxically, the original finding that
pp39™ can promote frog oocyte matura-
tion is now even harder to understand
than it was at first report”’. The new results
make much more sense. 0
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DAEDALUS

Frankenplastik

LasT week Daedalus decided that a poly-
mer chain growing ionically in a magnetic
field would grow in a circle, and close on
itself to give a ring molecule. In strong
solutions or liquid monomer, the growing
rings will interlink to a sort of ‘molecular
chain-mail’: a flexible solid with unique
elastic properties. DREADCO chemists
are now taking this idea further, by incor-
porating a few charged groups into the
structure. Ideally, they would like each
ring to have a positive charge and a nega-
tive charge diametrically opposite each
other, and the whole structure plasticized
for high molecular mobility.

The outcome should be a sort of plastic
pseudo-electrolyte with loosely tethered
ions. A current traversing the plastic will be
carried by the charges, which will migrate
like ions in an electrolyte. Stretched be-
tween its two rapidly separating charges,
each ring will be pulled into a long thin
loop; the plastic material will extend
strongly. Reverse the current, and it will
contract again. The long travel of the
moving charges should absorb a great deal
of electrical energy and convert it to mech-
anical movement.

So this novel plastic will act as a
piezoelectric linear motor with an amaz-
ingly long throw. Like a conventional
piezoelectric, it will also be a sensitive
strain gauge. This elegant combined sensor
and motor, silent and maintenance free,
mouldable in any shape to deform in
any desired way, and with the flexibility
and feel of biological tissue, is clearly
the perfect artificial muscle. DREAD-
CO’s Ionomuscle® should revolutionize
robotics.

Already DREADCO anatomists and
engineers are designing Ionomuscled robot
arms, hands, legs, and so on, that mimic
their human counterparts quite realisti-
cally. They won’t have much advantage
over conventional robot arms and ac-
tuators, though they should be very wel-
come in the artificial-limb market. But if
DREADCO can manage to imitate the
complexity of human musculature in close
detail, the company will find itself facing a
question straight out of science fiction.
What use are truly humanoid robots?

Without a corresponding revolution in
artificial eyes, ears and inteiligence,
Tonomuscled humanoid robots may look
and feel quite lifelike but will be pretty
untalented. Even so, their wide range of
realistic preprogrammed poses and facial
expressions should equip them for a variety
of lucrative careers. Daedalus can see them
employed as stunt men, television pre-
senters, nondirective psychotherapists
(equipped with a vocal version of the well
known °‘Eliza’ programme), active shop-
window dummies, decoy policemen,
watchmen and security guards, and sexual
surrogates. David Jones
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