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insulin-signalling pathway in mammals.
Specifically, activation of DAF-2 influences
the rate of synthesis and degradation of a sec-
ond messenger called phosphatidylinositol-
1,4,5-trisphosphate, PtdIns(1,4,5)P3 (refs
5,6). The resulting increase in the level of
PtdIns(1,4,5)P3 activates a protein-kinase
cascade7,8. One output of this insulin-
signalling pathway, which was first discov-
ered in C. elegans, occurs via the forkhead-
like transcription factor DAF-16 (refs 9,10).
Mutations that result in activation of DAF-
16 lead to a dramatic extension of lifespan
(and increased dauer formation), and loss of
DAF-16 function prevents this extension. 

One gap in our understanding has been
what acts upstream of the DAF-2 insulin
receptor to regulate its activity. The answer
is presumably insulin-like ligands11, but
what regulates their synthesis and secretion?
Dauer formation involves sensory trans-
duction, and the roles of several specific cili-
ated sensory neurons in dauer formation
have been described12. Many genes have
been identified in C. elegans that affect the
structure and function of broad sets of sen-
sory neurons, and Apfeld and Kenyon1 now
show that mutations in nearly all of these
genes cause increased lifespan, although this
effect is much weaker than that caused by
mutations in daf-2. These sensory muta-
tions do not seem to influence feeding rate,
timing of development or fertility, suggest-
ing that their effect on lifespan is relatively
direct. 

In C. elegans, lifespan can also be
increased if the germ line is eliminated by
laser microsurgery13. When Apfeld and
Kenyon did this in the sensory-deficient
mutants they found that the extension of
lifespan was roughly additive, suggesting
that the two pathways act independently.
Finally, the authors showed that sensory-
deficient mutations do not further extend
the lifespan of worms mutated in the daf-2
gene. Moreover, the extended-lifespan effect
in sensory-deficient worms is partially sup-
pressed by mutations in the daf-16 gene.
These results indicate that the extension of
lifespan caused by the sensory defects results,
at least in part, from effects on the insulin-
signalling pathway. 

What do these striking results mean for
the normal process of ageing? The authors’
interpretation is simple and sexy — they
assert that environmental signals act
through sensory neurons to control lifespan.
Supporting this view is the fact that there are
many insulin-like proteins in C. elegans11. By
analogy with vertebrate insulins, the worm
insulins are presumably packaged into secre-
tory vesicles for release from excitable cells.
These proteins are a potential mechanistic
link between sensory processes and the daf-2
insulin-signalling pathway. It is possible that
insulin release is regulated by sensory neu-
rons that respond to environmental cues,
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electronic publishing database of last week
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has more consequences of pure Internet-
based publishing.

For a start, it will relax all size
constraints. Many scientific papers are
jargon-packed and atrociously written
because the authors have to squeeze their
message into limited journal space. And
thousands of interesting small
observations are never published at all,
being too brief for any paper. In particular,
many negative results languish in file
drawers. But an electronic system, with the
total indexing it makes possible, could
publish papers of any size. All would have
the chance to be retrieved, studied and
cited, bringing prestige to their authors.
And with number of citations, not number
of papers, as the criterion of prestige, size
doesn’t matter.

How would the system be paid for? A
scientific paper is an advertisement for its
authors (indeed, some are little else). So
page charges levied on those authors
should work well. The tricky problem is
refereeing, to keep out (or at least point
out) the nutters and incompetents. A
democratic database should accept any
paper, however mad, provided the author
could pay for it. But he would be wise to
offer it to a referee, who would ‘mark’ it,
and append comments in the form of a
separate note cited in the paper. This
citation would neatly reward the referee
for his work. The system would multiply
the referee’s mark, positive or negative, by
his own citation score. An author who
approached a high-ranking referee would
thus be taking a big risk — condemnation
would give the paper a very negative mark.
Users could scan the database through a
filter cutting out papers below a certain
mark, thus excluding the low-ranked stuff.

The whole database would probably
divide itself into self-contained mutually
citing regions. Some would be inhabited by
cliques of nutters all citing each other.
Some would form rival schools of mutually
negative refereeing. But science, alone
among philosophies, converges on
consensus. The biggest mutually citing
region would be the domain of respectable,
authoritative scientific opinion. David Jones
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and that sensory defects reduce this release.
The result is a partial failure in activation of
the DAF-2 receptor. 

But is the link between sensory processes
and insulin signalling as direct as a failure to
respond to specific sensory cues, as Apfeld
and Kenyon suggest? There is reason to
doubt this simple idea. In the sensory-
deficient mutants, the affected sensory
neurons don’t just fail to function — they
adopt physiologically abnormal states. In
particular, the neurons that regulate dauer
formation are in an abnormal state that
influences dauer formation in ways not char-
acteristic of the wild type14. For example,
in these sensory mutants affecting the
structure of cilia, at least one of the dauer-
regulating neurons is thought to release the
transforming growth factor-b-related pro-
tein DAF-7 constitutively12. This activity
accounts for the dauer-defective phenotype
of these mutants. A morphological correlate
to this abnormal state is the growth of aber-
rant axonal processes by many of these neu-
rons15. Considering the complexity and vari-
ety of the defects, simple interpretations of
these results would be incautious.

Nevertheless, Apfeld and Kenyon provide
excellent evidence that physiologically
abnormal sensory neurons can exert a strong
influence on the lifespan of C. elegans. This
evidence is consistent with a key function for
these neurons in the related process of dauer
formation, and with the regulation of insulin
release by neurons. What it does not provide
is specific information about what the nor-
mal sensory involvement might be. Discov-
ering whether there are specific environ-
mental modulators of lifespan and, if so,
what they are and how they act, is a challenge
for the future. n
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