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Berkeley the hottest debates were those 
between C. D . Bailyn (Yale University) 
and S. Kulkarni (California Institute of 
Technology) on this issue. 

The main lesson to be learned from 
these developments is that the system of 
globular clusters is like a galactic ecosys

tem. None of the important issues can be 
considered in isolation, because they are 
so closely interlinked: the galactic gravi
tational field influences the dynamical 
evolution , the evolution influences the 

stellar density, and this in turn affects 
the ways in which individual stars and 
binary stars can evolve . Several pieces of 
this web of interactions have become 
clearer in recent years, and 
one of the most exciting challenges in 
the coming decade will be the task of 
delineating the entire network. 0 
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Progress by poisoning 
Dan Cutler 

EXOTIC poisons have often been in
trumental in revealing cellular and 
molecular phenomena. A new and parti
cularly striking example is to be found 
in the paper by Schiavo et al. on page 
832 of this issue1

. The authors describe 
experiments which show that tetanus 
toxin (TeTx) and botulinum-B toxin 
(BoNT) exert their deadly effects 
through the cleavage of one particular 
synaptic vesicle membrane protein, 
synaptobrevin-2. 

These neurotoxins are structurally 
similar and are each synthesized as a 
precursor with low toxicity, which is 
processed to the active form of two 
disulphide-linked subunits. One subunit 
(the heavy chain) mediates binding to 
the cell surface , conferring target speci
ficity , and facilitates entry of the other 
subunit (the light chain) into the cytosol 
where it causes the toxic effect . The 
different clinical effects of the two toxins 
reflect their different target cells: TeTx 
causes spastic paralysis by blocking pre
synaptic neurotransmitter release in the 
central nervous system, whereas BoNT 
causes flaccid paralysis by blocking 
acetylcholine release at the neuromuscu
lar junction. 

Recently , Schiavo et a!. and others 
looked into the possibility - initially 
suggested by protein sequence data -
that both toxins are zinc-dependent 
endopeptidases. The conserved zinc
binding motif characteristic of this 
activity2 seems to be functionally impor
tant; TeTx (refs 3, 4) and BoNT (ref. 5) 
light chains both contain zinc. Chelation 
of the ion both blocks the toxic effect of 
TeTx on Aplysia neurons injected with 
toxin, and inhibits the proteolytic activ
ity of the light chain in vitro4

. 

What is the target of this proteolytic 
activity? Schiavo et a!. have now ex
plored the possibility that it lies in the 
synaptic vesicle membrane. They incu
bated highly purified synaptic vesicles 
with the toxins and show that both 
cleave a membrane protein with the 
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electrophoretic mobility of synapto
brevin-2 (ref. 6). The cleavage produces 
two fragments with a time course match
ing that of the inhibition of neuro
transmitter release in Aplysia neurons 
injected with toxin. Protein sequen
cing confirms that the protein affected 
is synaptobrevin-2, and that both toxins 
cleave at the same single peptide bond. 
A peptide corresponding to the clea
vage site can also inhibit toxin function 
both in vivo and in vitro . So it seems 
that TeTx and BoNT block transmitter 
release by cleavage of synaptobrevin-2, 
and that this is the only target for these 
toxins. 

Apart from the satisfaction of identify
ing the molecular target of two neuro
toxins whose effects have been known 
for such a long time (the symptoms of 
tetanus poisoning were described by 
Hippocrates), these are the first toxins to 
be shown to exert their actions through 
effects on a synaptic vesicle membrane 
protein. For those in the business this is 
an exciting development - work on this 
membrane is already intense, and fur
ther clues to the function of its proteins 
will add impetus to the field. 

The identification and characterization 
of the protein components of the synap
tic vesicle membrane is proceeding at 
such a pace that it may become the first 
organelle for which all the integral mem
brane protein components are described. 
They may be divided into two main 
categories7

: components that carry out 
the uptake and storage of neurotransmit
ter; and components that include those 
responsible for the membrane traffic of 
synaptic vesicles , including targeting, 
docking and fusion at the presynaptic 
plasma membrane , as well as the subse
quent retrieval and reconstitution of the 
vesicle. These events also occur during 
vesicular traffic between other mem
branes, but the proteins under consid
eration are confined to neurons and 
neuroendocrine cells. They must there
fore carry out aspects of these tasks 
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particularly associated with neural and 
neuroendocrine secretion, including the 
regulation of secretion in response to 
external secretagogue action, and the 
tight docking of synaptic vesicles at the 
plasma membrane (thought to contribute 
to the extremely rapid exocytic response 
to stimulation). 

It is proving difficult to assign specific 
functions to members of this group of 
proteins, although there has been some 
progress. Of the three main members, 
the synaptotagmins (p65) have been im
plicated in synaptic vesicle docking and 
fusion7 (although a recent paper de
scribes a neuroendocrine cell line with
out p65 that still has a fully functional 
regulated secretory pathway8), and 
synaptophysin (p38) is a candidate for 
the exocytic pore complex7

• But there 
have been few clues to the function of 
the synaptobrevins, and the unequivocal 
demonstration that the proteolytic 
cleavage of synaptobrevin-2 abolishes 
synaptic vesicle function is a major 
step forward . 

The findings of Schiavo et a!. raise 
many questions. The structure of 
synaptobrevin-2, with the bulk of the 
protein on the cytoplasmic side of the 
membrane , suggests that it interacts 
either with the plasma membrane or 
with some cytoplasmic molecule. But if 
synaptotagmin is involved in docking, 
what might synaptobrevin-2 be needed 
for? If it is involved in targeting, then 
where do the synapsins, which mediate 
interactions between the vesicle and the 
cytoskeleton9, fit in? Whether this appa
rent confusion of overlapping functions 
reflects the extensive (and possibly 
cooperative) interactions that occur10 be
tween synaptic vesicle membrane pro
teins, or whether we do not yet appreci
ate the full range of tasks carried out by 
this membrane, is not clear. But one 
thing is certain: identification of a few 
more toxins whose target lies within the 
synaptic vesicle would be very useful. In 
the meantime, sales of tetanus toxin and 
botulinum-B toxin will surely rise. 0 
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