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For half a century, from about 1880 to
1930, many biologists were busily trying to
maintain perpetual, immortal cultures of
protozoans. All the leading scientific
nations contributed to this great research
effort: it began with Germans, such as
Engelmann and Weismann, was continued
in France by Maupas and Balbiani, and
the torch was passed, for the final phase,
to such industrious Americans as Calkins,
Jennings and Woodruff.

The main, though by no means the only,
research organism was Pgramecium. The
work concentrated on ‘isolate’ cultures:
no one doubted that ‘mass’ cultures with
millions of protozoans could be kept going
practically indefinitely. In an isolate
culture, an individual protozoan is iso-
lated and used to seed a new culture; from
this culture, after a day or so, another
individual is isolated and used in turn to
seed a second culture, and so on. Some
biologists claimed these cultures could be
immortal; others that they inevitably
senesced, as the organisms produced
abnormalities and their fission rate
declined.

There was another question. Could a
senescent culture, if conditions were
altered to permit sexual conjugation, be
‘rejuvenated’? Again, some said yes,
others no. And, according to Graham
Bell, “the problem was never resolved;
after fifty years it was simply abandoned”.
The body — or corpse — of that work has
long since been buried under the dust of
scholarship.

Bell’s new book is a piece of grave-
robbery, for he has read this old literature
and has brought it to bear on our modern
interests in the evolution of senescence,
repair mechanisms, recombination and,
particularly, sex. Incidentally, he was able
to solve the old problem itself. He has
located 75 experiments that can be ana-
lysed statistically. Of these, 65 show a
negative relation of fission rate and time:
the results (almost unknown to the experi-
menters) overwhelmingly confirm that
isolate protozoan cultures do indeed
‘senesce’. Without sex, a protozoan lin-
eage will become extinct after a few
hundred generations.

Bell also finds that sexual conjugation
does revive a senescent lineage. The best
experiment was by Calkins, who isolated
conjugating couples from an otherwise
asexual lineage of Uroleptus mobilis.
Lines bred from the conjugants consist-
ently out-lasted the original parental lines.

NATURE - VOL 341 - 26 OCTOBER 1989

Bell calls this “one of the more important
experimental results of biology”. It is
certainly one of the more agreeable.
Protozoans {in which, it should be recalled,
sex is separate from reproduction) carry
out conjugation in order to prolong their
lives.

A number of other provocative resulis
are conjured out of these old papers. But
Bell’s main concernis with the significance
of the two principal results. In a chapter
on senescence, he argues that decay of
protozoan cultures is fundamentally
different from senescence in multicellular
organisms. He accepts the theory of
Medawar and G.C. Williams, according
to which animals like ourselves senesce
because selection favours increased early
survival at the expense of survival later in
life. Bell believes that senescence in pro-
tozoan cultures is caused instead by the
accumulation of deleterious mutations.

Reproduction in isolate cultures is
parthenogenetic, by binary fission, and
the accumulation of mutations thus illu-
strates one of the main theories of sex —
the one known as ‘Muller’s Ratchet’. Sex,
if this theory is right, exists to purge the
DNA of the deleterious mutations that
tend to build up in an asexual lineage. In
Bell’'s neat image, sex is an exogenous
repair mechanism. It is impossible, in a
population of asexual organisms, to gene-
rate an organism with less than the present
minimum number of deleterious muta-
tions. This minimum number, moreover,
tends to increase through time. If all the
organisms with the current minimum
number of mutations by chance all die
without issue, the new minimum number

will increase. Muller’s Ratchet will have
turned. In a sexual population, an organ-
ism with fewer deleterious mutations can
be generated by recombination, and the
number of mutations therefore does not
tend to increase. According to Bell, “the
history of isolate cultures or protozoans
provides as comprehensive an illustration
of the Ratchet as one could wish for”.

He is probably correct, but his inter-
pretation is not so well established as he
concludes. Other theories of sex could
account for the same observations. A
popular theory at present suggests that sex
exists because of the coevolutionary
relations of parasites and hosts. It is
perfectly possible that, in an isolate
culture, parasites to which that particular
protozoan lineage lacks resistance genes
will build up. Outcrossing could then
introduce the resistance mechanisms, and
rejuvenate the culture. Other pheno-
mena, such as the spindly taxonomic
distribution of asexual reproduction,
which Bell explains by the Ratchet, can
also be explained by most other theories
of sex.

These are minor criticisms. This old and
forgotten literature has turned out, in
Bell’s hands, to contain some unexpec-
tedly suggestive results for more modern
and fundamental problems. He has evi-
dently enjoyed exhuming the ‘musty
volumes’. His book is concise, elegant,
non-technical and (that rare thing) a
thoroughly good read. O
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