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wasps successful in removing a nymph. In
contrast, the success rate of predatory
wasps can be as high as 90% in the
absence  of  tending  females®.
Offspring—parent signalling appears to
play a central role in defence in these
subsocial insects. As in eusocial taxa,
communication among group members
permits an adaptive response to a rapidly
changing feature of the environment.
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Classic clues to
NSF function

SIR — Most  intracellular ~membrane
fusion events require the action of the N-
ethylmaleimide-sensitive fusion protein
(NSF)'. The role of NSF in vesicular
transport remains highly controversial,
and various models have proposed that
NSF acts at a post-docking stage close to
membrane fusion?, at a post-docking but
pre-fusion stage®, or at a pre-docking
stage*’. A recent study of in vitro vacuolar
fusion in yeast® supports the latter
hypothesis, as does re-examination of a
1976 report on the temperature-sensitive
Drosophila mutant comatose’, which is
now known to be an NSF mutant®.

Like many other in vitro membrane
fusion assays', homotypic fusion of yeast
vacuolar vesicles requires NSF (Sec18p in
yeast). Using an elegant approach, Mayer
et al.® have succeeded in kinetically defin-
ing the stage of action of NSF in the com-

Neurotransmission and synaptic vesicle recy-
cling in Drosophila synapses. Stages depict-
ed: 1, action potential propogation; 2,
synaptic vesicle exocytosis and neurotransmit-
ter release; 3, coated pit formation; 4, endo-
cytic vesicle formation; 5, vesicle uncoating
and reloading with neurotransmitter; 6, prim-
ing of vesicle for docking and/or fusion. The
putative stages at which paralytic mutants are
blocked in this cycle are illustrated.
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plex process of priming, docking and
fusion of vesicles that comprises the vac-
uolar fusion assay. They found that the
action of Secl8p is complete even before
docking can occur, implying that NSF acts
to prime vesicles for subsequent docking
and/or fusion.

Although the literature is replete with
data on NSF function in constitutive
membrane traffic' such as the vacuolar
fusion assay, the only functional evidence
for a role of NSF in regulated membrane
traffic, as reported in Nature®, is that the
temperature-sensitive paralysis exhibited
by comatose mutants of Drosophila are
due to point mutations in the dNSF-I
gene. The original, classic work on
comatose by Siddiqi and Benzer’, when
reinterpreted 20 years later, provides
important information on the molecular
function of NSF in neurotransmission in
vivo.

Siddiqi and Benzer’ observed the kinet-
ics of onset and recovery from tempera-
ture-induced paralysis in three Drosophila
mutants: para (paralysed), shi (shibire) and
com (comatose), all of which result from a
presynaptic block of neurotransmission.
Para mutants became paralysed within
seconds of a temperature shift and recov-
ered almost instantaneously, whereas com
mutants required a minute to become
fully paralysed and 30 minutes to recover;
shi mutants were intermediate, displaying
complete paralysis at 30 seconds and
recovering after 20 minutes. Although
phenomenological at the time, these data
have profound functional significance as it
is now known that the para gene codes for
a voltage-dependent sodium channel’, the
shi gene for dynamin'® and the com gene
for NSF®.

Neurotransmission begins with an
action potential and results in the release
by exocytosis of neurotransmitter, which
then signals to the postsynaptic cell
(stages 1 and 2 in the figure). Neverthe-
less, this complex process can take place
in less than 200 microseconds. However,
the depletion of synaptic vesicles by exo-
cytosis has to be balanced by replenish-
ment of new synaptic vesicles via
endocytosis in a process estimated to
require many seconds'' (stages 3-6 in the
figure). The kinetics of temperature-
induced paralysis fit this model, as para
flies exhibiting defects in voltage-depen-
dent Na* channels (required to generate
an action potential) recover from paraly-
sis almost instantaneously, as would be
predicted if an essential switch for neuro-
transmission was suddenly turned on.
Indeed, such fast kinetics are exhibited
not only by different allelic mutants of
para, but also by nap (no action potential)
and tip-E (temperature-induced paralysis-
E) Drosophila mutants, which have dif-
ferent Na* channel defects'”. In contrast,
shi flies exhibiting mutations in dynamin
(required for endocytic vesicle forma-

tion) take 20 minutes to recover fully
from paralysis, as would be predicted if
an essential switch for synaptic vesicle
replenishment was suddenly turned on
(the synaptic vesicle pool in shi mutants
is replenished after 15 minutes’).

As the time taken for com flies to
recover from paralysis is even longer than
that required for shi flies and as the
known allelic mutants of com display sim-
ilar kinetics of paralysis, this suggests that
the action of NSF is slower than the
process of synaptic vesicle recycling. The
new work on vacuolar fusion® suggests
that this action is the priming of vesicles
for cell membrane docking and fusion.
Synaptic vesicle recycling is thought to
involve two processes, endocytosis and
vesicle re-priming, both requiring many
seconds''. The slow kinetics of shi and
com mutants’ support a model in which
dynamin acts in endocytosis and NSF in
re-priming recycled synaptic vesicles (see
figure). Such a slow, priming action of
NSF is consistent with the hypothesis that
NSF acts as a molecular chaperone to
fold Botulinum neurotoxin substrates into
a conformation competent for vesicle
docking and/or fusion®. In addition to the
Drosophila mutants discussed above,
there are many temperature-sensitive
paralytic mutants with differing kinetics
whose mutant genes are unknown'?. On
identification of these genes, a rich source
of data from previous decades should
lead to insights on their in vivo molecular
function in synaptic vesicle dynamics
based on the kinetics of their paralytic
phenotypes.
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