
JCB

JCB: ReviewJCB: Spotlight

641

The Rockefeller University Press   $30.00
J. Cell Biol. Vol. 214 No. 6  641–643
www.jcb.org/cgi/doi/10.1083/jcb.201608060

Early infantile epileptic encephalopathy (EIEE), also known 
as Ohtahara syndrome, is a debilitating neurological disorder 
that results in early-onset tonic seizures and severe intellec-
tual disability. Heterozygous mutations in MUNC18-1 (also 
known as syntaxin binding protein 1 [STX​BP1]) are linked to 
EIEE (Saitsu et al., 2008; Stamberger et al., 2016). Munc18-1 
was first identified as an essential component of the synaptic 
vesicle fusion machinery and binds to the SNA​RE receptor 
Syntaxin-1A (Hata et al., 1993). Munc18-1 plays an important 
role in regulating neuronal exocytosis by acting as a molecu-
lar chaperone for Syntaxin-1A and regulating its levels at the 
plasma membrane and has additional functions in vesicle fusion 
(Han et al., 2011; Ma et al., 2015; Shen et al., 2015). Although 
the genetic link between Munc18-1 and EIEE has been estab-
lished through multiple studies, it remains unclear how loss 
of Munc18-1 leads to EIEE. One EIEE-associated Munc18-1 
mutation (C180Y) is located in the hydrophobic core of the 
protein and results in decreased thermostability (Saitsu et al., 
2008; Martin et al., 2014). Although Munc18-1C180Y retains the 
ability to bind Syntaxin-1A, it has a tendency to form intracellu-
lar aggregates, which are targeted for proteosomal degradation 
(Martin et al., 2014). Therefore, one model to explain EIEE- 
associated haploinsufficiency is that Munc18-1C180Y mutants 
draw wild-type Munc18-1 proteins into aggregates, thereby 
lowering the levels of available functional molecules. In this 
issue, Chai et al. directly tested this model by analyzing aggre-
gate formation in the presence of Munc18-1C180Y mutants.

Using single-molecule fluorescence spectroscopy in a 
cell-free system, Chai et al. (2016) found that mutant Munc18-1 
coaggregated with wild-type Munc18-1 in vitro. The research-
ers tested the ability of Munc18-1C180Y to recruit new mono-
mers, and thus seed larger aggregates, by using Munc18-1C180Y 
tagged with two different fluorophores. These experiments 
showed that small aggregates of the mutant protein could seed 
formation of larger fibrils composed not only of the mutant 
Munc18-1 but also of the wild-type protein. Coaggregation 
with wild-type protein also occurred in vivo, when the authors 
expressed Munc18-1C180Y in PC12 pheochromocytoma cells 

or in rat hippocampal neurons. Several other EIEE-associated 
Munc18-1 mutants exhibited a similar ability to cause wild-type 
Munc18-1 aggregation in cells. Thus, the authors conclude that 
EIEE mutants are likely to act dominantly by sequestering wild-
type Munc18-1 into aggregates (Fig. 1 A).

A surprising twist came when Chai et al. (2016) noticed 
Lewy body–like structures in Munc18-1C180Y–expressing cells. 
Lewy bodies are fibrillar intracellular inclusions that are hall-
marks of Parkinson’s disease and Lewy body dementia. The 
primary component of Lewy bodies is α-synuclein, a pre-
synaptic protein highly expressed in the brain (Burré, 2015). 
The researchers followed up on this observation by showing 
that α-synuclein coaggregated with Munc18-1C180Y oligomers 
by single-molecule fluorescence spectroscopy in the cell-free 
system. In PC12 cells and in hippocampal neurons, expression 
of Munc18-1C180Y and other EIEE-linked mutants resulted in 
recruitment of α-synuclein into Lewy body–like aggregates. 
Conversely, Parkinson’s disease–associated aggregation-prone 
mutations in α-synuclein drew wild-type Munc18-1 into ag-
gregates (Fig. 1 B). Finally, Chai et al. (2016) showed that en-
dogenous α-synuclein coimmunoprecipitated with endogenous 
Munc18-1. Together, these results point to the interesting new 
hypothesis that Munc18-1 serves as a chaperone for α-synu-
clein, in addition to its role in SNA​RE regulation. A molecular 
chaperone facilitates proper folding, assembly, and disassembly 
of its target proteins and prevents aggregation. In support of 
a role for endogenous Munc18-1 in chaperoning α-synuclein, 
Chai et al. (2016) showed that loss of Munc18-1 leads to in-
creased α-synuclein aggregation, in both neurosecretory cells 
and in hippocampal neurons (Fig. 1 C). This α-synuclein aggre-
gation phenotype could be rescued by reintroducing Munc18-1 
in a dose-dependent manner. Thus, the ability of endogenous 
Munc18-1 to bind α-synuclein and to control its capacity to 
aggregate suggests that it has a physiological chaperone-like 
function for α-synuclein.

What role does the Munc18-1–α-synuclein interaction 
play in a cell, and how might this impinge on the pathological 
roles of α-synuclein in neurological disease? α-Synuclein binds 
directly to membranes and has several proposed functions in 
normal membrane trafficking, including serving as a chaperone 
for SNA​RE assembly via an interaction with the SNA​RE synap-
tobrevin-2 (Burré et al., 2010), as well as additional functions in 
diverse other processes, including membrane remodeling, lipid 
metabolism, neurotransmitter synthesis and transport, and syn-
aptic vesicle mobilization (Burré, 2015). In pathological states 
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such as Parkinson’s disease, α-synuclein misfolds and assem-
bles into aggregates that cause neurotoxicity and can be trans-
mitted in a prion-like form from neuron to neuron (Hasegawa et 
al., 2016). One hypothesis is that Munc18-1 indirectly prevents 
α-synuclein aggregation by chaperoning SNA​REs. Membrane 
binding by α-synuclein suppresses its aggregation (Zhu and 
Fink, 2003; Burré et al., 2015), and reduction of SNA​REs at the 
membrane in Munc18-1 mutants may in turn affect membrane 
α-synuclein levels, resulting in its aggregation. However, Chai 
et al. (2016)’s finding that Munc18-1 and α-synuclein coaggre-
gate in a cell-free system (where cellular and biochemical inter-
actions with SNA​REs are not relevant) suggests that Munc18-1 
may instead act directly on α-synuclein. It will be interesting to 
test how Munc18-1–mediated chaperoning affects the ordered 
oligomerization of α-synuclein on the membrane into aggrega-
tion-protective, physiologically functional conformations and 
to investigate if this chaperone activity plays a role in Parkin-
son’s disease and other related synucleinopathies.

Another interesting point to consider is how and why 
so many layers of chaperone activity are incorporated into 
the synaptic vesicle fusion apparatus. This protein machinery 
must undergo an enormous number of energetically demand-
ing assembly and disassembly events during its lifetime (t1/2 
of ∼2–5 d [Cohen et al., 2013]), leaving neurons extremely 
sensitive to accumulation of misfolded material. New findings 
by Chai et al. (2016) indicate that Munc18-1 is a chaperone 
for α-synuclein, in addition to its previously defined activity 
on Syntaxin-1A and at subsequent steps of SNA​RE-mediated 
fusion. α-Synuclein itself chaperones SNA​RE assembly via 
an interaction with the SNA​RE synaptobrevin-2 (Burré et al., 
2015). Finally, the synaptic vesicle–associated protein CSPα 
functions with several cofactors, including Hsc70, to chaper-
one the SNA​RE synaptosomal-associated protein of 25 Kd 
(SNAP-25; Sharma et al., 2011). Interestingly, α-synuclein 
overexpression compensates for the severe neurodegenera-
tive phenotypes arising from loss of CSPα without rescuing 
altered SNAP-25 levels (Chandra et al., 2005), suggesting that 
although the specific clients of each chaperone are nonredun-
dant, driving proper protein conformation at any step of the 
SNA​RE pathway is sufficient to support neuronal health in 
vivo. Munc18-1–mediated chaperoning of α-synuclein may 
provide another mechanism for ensuring a continuous supply 
of functional SNA​RE machinery proteins.

How might aggregation of Munc18-1 cause EIEE? A first 
hint came from the finding that several EIEE-causing mutations 
are heterozygous intragenic or whole-gene deletions, suggesting 
that haploinsufficiency for normal Munc18-1 function accounts 

for the disease (Saitsu et al., 2008; Stamberger et al., 2016). 
This hypothesis is also consistent with Chai et al. (2016)’s find-
ings that aggregation-prone Munc18-1 mutants sequester the 
wild-type copy of Munc18-1. Human cells may be even more 
sensitive to partial loss of MUNC18-1 because MUNC18-1 
heterozygous human induced pluripotent stem cell–derived 
neurons exhibit significant defects in synaptic strength (Patzke 
et al., 2015), whereas heterozygous mouse neurons display 
more subtle phenotypes (Toonen et al., 2006). Further insight 
into EIEE might therefore be gleaned from loss-of-function 
animal models of the disease. Munc18-1–null mutant mice 
exhibit normal brain development despite lacking synaptic 
transmission. However, unlike many other synaptic transmis-
sion mutants, these mice show widespread cell-autonomous 
neuronal death and their spinal cords feature hallmarks of 
neurodegeneration, including tau and ubiquitin-positive in-
clusions (Law et al., 2016). These neurodegenerative features 
may extend to EIEE mutants as well; Chai et al. (2016) found 
that cultured neurons expressing Munc18-1C180Y develop pyk-
nosis (nuclei with condensed chromatin), indicating that they 
are undergoing cell death. Although it is clear that Munc18-1 
EIEE mutants have defects in synaptic transmission (Martin 
et al., 2014; Shen et al., 2015), it will be important to further 
discern if neurodegeneration also contributes to the pathology 
of EIEE in humans and in animal models. Interestingly, over-
expression of Syntaxin-1A or Syntaxin-1B partially rescues 
neuronal viability defects in MUNC18-1 mutant neurons in 
culture, suggesting that neurodegeneration is at least in part 
mediated via the SNA​RE-dependent function of Munc18-1 
(Vardar et al., 2016). In the future, it will be of great inter-
est to test in vivo how neurodegeneration depends on the role 
of Munc18-1 in vesicle fusion or in chaperoning SNA​RES, 
α-synuclein, or other Munc18-1 targets.
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Figure 1.  Munc18-1 acts as a chaperone for 
α-synuclein. (A) Healthy cells. (B) EIEE-linked mu-
tants in Munc18-1 cause haploinsufficiency by 
seeding aggregation of wild-type Munc18-1 and 
causing aggregation of α-synuclein. (C) α-Synu-
clein aggregates in the absence of Munc18-1.
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