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10.1038/nrn2085 Regardless of whether botulinum 
neurotoxins (BoNTs) are accidentally 
ingested with disastrous conse-
quences or whether vanity drives 
people to inject them to smooth their 
wrinkles, the molecular mechanism 
by which these toxins bind to neu-
rons has remained elusive. Three new 
papers now present structural and 
mutational analyses of the molecular 
interactions of BoNT/B and G, with 
synaptotagmins and gangliosides 
as the two distinct receptors on the 
neuronal membrane, confirming 
the long-standing double-receptor 
hypothesis.

There are seven structurally 
and functionally related serotypes 
of bacterial BoNTs (BoNT/A–G), 
which bind to motor neurons with 
very high affinity. After undergoing 
receptor-mediated endocytosis, they 
translocate from the endosome to the 
cytosol. There they proteolytically 

cleave core proteins of the vesicle 
fusion machinery, leading to inhibi-
tion of neurotransmission at the 
neuromuscular junction, causing 
muscle paralysis.

Membrane binding of BoNTs 
involves interaction with protein 
receptors and gangliosides, which 
are complex glycolipids abundant 
on the surface of nerve cells. For 
BoNT/B and BoNT/G, the protein 
receptors are the luminal domains of 
synaptotagmin (SYT) I and II, which 
are only exposed to the cell surface 
after vesicle fusion with the plasma 
membrane. Now different research 
groups have analysed the structural 
and molecular nature of these inter-
actions. 

In two papers published in 
Nature, the authors solved the crystal 
structures of BoNT/B bound to the 
SYTII recognition domain, and of 
a fusion protein composed of the 
cell binding domain of BoNT/B and 
the entire luminal domain of SYTII, 
respectively. These studies showed 
that SYTII binds to the most distal 
part of BoNT/B, adjacent to the 
binding pocket for gangliosides. This 
binding induces the formation of an 
α-helix in the SYTII binding domain. 
The residues of BoNT/B and SYTII 
that are crucial for the toxin–receptor 
interaction as revealed by the crystal 
structure were mutated. Jin et al. and 
Rummel et al. systematically studied 
the binding properties of these 
mutants by in vitro pull-down assays 

and the toxicity of the BoNT mutants 
in phrenic nerve preparations of 
wild-type and ganglioside deficient 
mice, which is an established method 
for assaying toxicity. The mutants 
which showed lower binding affinity 
in the pull-down assays also dis-
played attenuated toxicity. 

Together, these findings identify 
key residues in the binding domains 
of BoNT/B and G and SYTI and 
II. The identification of the BoNT/
B–SYTII interface can now be used 
as a target for the development of 
preventative vaccines or inhibitors. 
Already, the crystal structures of 
similar complexes have been used 
to explain the effects of neutralizing 
therapeutic antibodies against other 
BoNTs, as described in a related 
Nature Biotechnology structure paper 
by Garcia-Rodriguez et al. Designing 
mutated versions of BoNT could also 
be used to target different cell types 
and to exploit BoNTs as drug delivery 
systems. 
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