
Not all RGC axonal arbors responded to either BDNF or 
anti-BDNF. A subset of arbors in tadpoles treated with BDNF 
or anti-BDNF showed behaviours and rates of branch elabora- 
tion similar to those in control-treated tadpoles (Figs 3/and 4).  
Thus presenting the quantitative data as averages (see Fig. 3ci) 
underrepresents the magnitude of either BDNF or anti-BDNF 
effects on arborization in the most affected cases. The lack of 
noticeable effects on a subgroup of RGC axons is consistent 
with our previous findings that not all RGCs express the trkB 
gene'?. This predicts that a subpopulation of RGCs should be 
neither responsive to. nor dependent on. BDNF. Indeed. a sub- 
population of RGCs survives and differentiates in culture. even 
in the presence of neutralizing antibodies to BDNF (not shown). 
Consistent with this prediction of a mixed response, in some 
cases in which two arbors were followed simultaneously in the 
same animal. one arbor responded to the BDNF or anti-BDNF 
treatment but the other did not (in three of four animals). Thus 
those cases in which the neurotrophin or antibodies had no effect 
appear to result from a lack of neurotrophin responsiveness by 
individual RGCs, rather than to failed access of the agents. Con- 
sequently, our in vivo data indicate that BDNF has a direct effect 
on axon arborization in most RGCs. probably affecting those 
expressing TrkB. the specific receptor for BDNF. 

The present results show a rapid and significant effect of alter- 
ing tectal BDNF levels on the dynamics of optic axon terminals 
ill vivo. BDNF stimulates the elaboration and extension of 
axonal branches and spikes; branch elimination continues at the 
control values. The significant decrease in branch addition in 
the presence of function-blocking antibodies to BDNF suggests 
that endogenous tectal BDNF influences the djnamic branching 
of axonal arbors. Thus these results provide evidence for the 
involvement of neurotrophins in developmental events other 
than survival. and suggest a role for BDNF in the interaction 
of axon terminals with their targets. The rapid BDNF effect on 
axon arborization and remodelling is consistent with a direct 
action on optic axons and with possible effects on growth-cone 
motility, synapse formation. and or synapse stabilization. Previ- 
ous studies have shown that axons mustdramatically rearrange 
during retinotectal map format ionx~y~--~- .  at a time of active 
transmission of visual information between the retina and optic 
tectum? Given that neurotrophins have been implicated in mod- 
ulation of synaptic effi~acy'~. and that roles have been proposed 
for coordinated synaptic activity in the formation and refinement 
of the neuronal maps'^^ ". an attractive hypothesis is that recip- 
rocal interactions between neuronal activity and neurotrophic 
 factor^^^'^" provide a direct means to couple neuronal morphol- 
ogy and function during development of the central nervous 
system. 
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S \ M ~ P T O T ~ G M I \ ,  an integral membrane protein of the synaptic 
vesicle' ', binds calcium and interacts with proteins of the plasma 
membrane4.  These observations suggest several possible functions 
for spaptotagmin in synaptic vesicle dynamics: it could facilitate 
exocytosis by promoting calcium-dependent fusion3, inhibit 
exocy tosis by preventing fusion7, or facilitate endocflosis of slnap- 
tic vesicles from the plasma membrane by acting as a receptor for 
the endoqtotic proteins of the clathrin AP2 complex8. Here we 
show that syaptic  vesicles are depleted at synaptic terminals in 
slnaptotagmin mutants of the nematode Caenorhabdiw elegans. 
This depletion is not caused by a defect in transport or by increased 
synaptic vesicle release, but rather by a defect in retrieval of synap- 
tic vesicles from the plasma membrane. Thus we propose that, as 
well as being involved in exocytosis, synaptotagmin functions in 
vesicular recycling. 

In the nematode Ciienorhabditis elogun'i. synaptotagmin is 
encoded by the gene stit-1 (ref. 9). To characterize the role of 
synaptotagmin. we examined the synaptic ultrastructure of both 
wild-type worms and mutants deficient in snt-1 function, using 
electron microscopy to determine the number and localization 
of synaptic vesicles at neuromuscular junctions. We analysed 
junctions involving three cell types in the ventral nerve cord. the 
VA. VB and VD motor neurons. Neurom~iscular junctions were 
depleted of synaptic vesicles in si-it-1 mutants con~pared to wild- 
type worms (Fig. I ) ,  which had an average of 40 vesicles per 
synaptic profile. whereas snt-l(n266.7) mutants had an average 
of seven vesicles and st1t-l(md290) mutants had an average of 
nine vesicles per synaptic profile. Moreover, there was no redis- 
tribution of vesicles to the intersynaptic regions: wild-type and 
~nt-l(mci290) worms both had an average of two vesicles per 
section between neur~~muscular junctions (Fig. 1 legend). 

These data suggest that synaptic vesicles may be accumulating 
in the plasma membrane in .s/i/-1 mutants. However. alternative 
explanations are possible. One possible explanation is that the 
depletion of vesicles at the synapse might be a consequence of 
the general sickness of the snt-1 mutants. which have a very 
slow rate of pharyngeal pumping'" and. as a result of chronic 
starvation. are small and have a transparent gut. To determine 
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