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Synaptic vesicle release is mediated by
SNARE complexes that form between ves-
icles and the plasma membrane. SNARE
domains of syntaxin-1 and SNAP-25
(expressed on the plasma membrane) zip
together with the SNARE domain of
synaptobrevin-2 (expressed on vesicles),
pulling the two membranes together. Par-
tial SNARE assembly contributes to dock-
ing of vesicles at release sites, and it is part
of the priming process that enables rapid
fusion when calcium levels increase.

Munc18-1 also has important roles in
vesicle docking, priming, and/or fusion.
Munc18-1 helps stabilize syntaxin-1 in a
“closed” conformation, which inhibits for-
mation of the SNARE complex, but it also
binds to “open” syntaxin-1 and syna-
ptobrevin-2. These opposing roles have
been proposed to depend on the opening
and closing of a helical hairpin structure.
Specifically, the closed hairpin binds to
closed syntaxin-1, whereas the extended
hairpin is hypothesized to bind to open
syntaxin-1 and synaptobrevin-2.

Munch et al. tested this hypothesis by
overexpressing different mutated forms
of Munc18-1 in chromaffin cells from
Munc18-1-null mice. One mutation
(�324–339) removed most of the hairpin
structure; another (L348R), disrupted bind-
ing between Munc18-1 and synapto-
brevin-2; mutation P335A targeted the
‘hinge’ of the hairpin, promoting the ex-
tended, open conformation; and Y337A was
expected to disrupt interactions between
Munc18-1 and closed syntaxin-1.

Expression of any of these mutated pro-
teins rescued the docking defect caused by
Munc18-1 knock out. However, neither
�324–339 nor L348R Munc18-1 rescued
defects in calcium-induced vesicle release.
In contrast, P335A and Y337A mutations
increased calcium-induced vesicle release
relative to that produced by wild-type
Munc18-1. Although the amplitude of cal-
cium-induced vesicle release was reduced in
cells expressing �324 –339 or L348R

Munc18-1 and increased in those express-
ing the P335A mutant, the kinetics of release
were the unchanged, suggesting that fusion
was unaffected.

These results support the hypotheses
that the helical hairpin structure of
Munc18-1 is involved specifically in the
priming step of vesicular release, that this
role requires binding to synaptobrevin-2,
and that binding to closed syntaxin-1 inhib-
its this function. These data bring us closer
to a full understanding of the intricate pro-
tein interactions and transformations that
have evolved to ensure vesicles are released
in an efficient, well-controlled manner.
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Thalamocortical neurons communicate
with cortical neurons via single spikes and
bursts. When thalamocortical neurons
are resting near spike threshold, depolar-
ization triggers single spikes that repro-
duce the pattern of afferent input. If the
cells have been hyperpolarized sufficiently
to de-inactivate low-threshold Ca 2� cur-
rents, however, suprathreshold depolar-
ization elicits bursts of spikes. When these
bursts occur during wakefulness, they are
thought to indicate the presence of sur-
prising or salient stimuli.

To discern the function of thalamocorti-
cal bursts, one must know how excitatory

and inhibitory cortical neurons respond to
bursts and single spikes. Although extra-
cellular recordings have provided much
information regarding these responses, a
thorough understanding requires recording
intracellularly from monosynaptically cou-
pled thalamocortical and cortical neurons.
Hu and Agmon accomplished this technical
feat by first establishing whole-cell record-
ings of layer 4 and 5b somatosensory cortical
neurons in mouse brain slices, then using
optogenetic stimulation to narrow in on a
small region of thalamus containing a neu-
ron presynaptic to the recorded cortical
neuron. Cells in that thalamic region were
then patched sequentially until a neuron
making a monosynaptic connection with
the cortical neuron was identified.

EPSPs evoked by single thalamocortical
spikes were larger in amplitude and had
faster kinetics in fast-spiking inhibitory
interneurons (which target perisomatic
regions of principal neurons) than in regu-
lar-spiking (principal) neurons or soma-
tostatin-expressing interneurons. Because
EPSPs in regular-spiking and somatostatin-
expressing neurons had relatively slow de-
cay time constants, temporal summation
during bursts was greater in these neurons
than in fast-spiking interneurons. Conse-
quently, the maximum amplitude of bu-
rst-evoked EPSPs in regular-spiking and
somatostatin-expressing neurons was app-
roximately twice that evoked by single
spikes, whereas in fast-spiking neurons,
burst-evoked EPSPs were only �10% larger
than unitary EPSPs. Finally, whereas fast-
spiking interneurons often fired after a
single input spike, spiking in somatostatin-
expressing interneurons usually required a
burst of two or more spikes.

These results suggest that single spikes in
thalamocortical neurons are more likely to
induce firing in fast-spiking cortical in-
terneurons than in principal neurons or so-
matostatin-expressing interneurons. This
difference in spike probability is reduced by
burst firing, which increases the probability
of spiking preferentially in principal neu-
rons and somatostatin-expressing interneu-
rons. Thus thalamocortical bursts might
enhance the ability of principal cortical neu-
rons to respond to infrequent sensory stimuli.
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The helical hairpin of Munc18-1 (purple) binds to “closed” syn-
taxin 1 (cyan) when closed (left), but not when extended (right).
Mutations in this region (324 –339, red; P335, green; Y337, blue;
L348, orange) alter vesicle release. See Munch et al. for details.
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