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English Summary

Orchestrating Efficacy of Synaptic Transmission

The Role of Munc18

	 The	general	aim	of	this	thesis	was	to	study	role	of	Munc18	in	regulating	effi-
cacy	of	synaptic	transmission	and	its	plasticity.	The	Sec1/Munc18-like	(SM)	pro-
tein	family	has	emerged	as	a	key	regulator	of	neurotransmitter	release85,	191,	192	(for		
review	 see187)	 and	 therefore	 forms	 an	 excellent	 candidate	 protein	 for	 genetic		
manipulations	to	enlighten	some	of	the	key	features	of	the	molecular	mechanisms	
regulating	efficacy	and	plasticity	of	neurotransmitter	release.	In	invertebrates	such	
as	D. melanogaster	and	L. pealei,	overexpression	of	ROP,	the	Munc18-1	homolog	
in	Drosophila,	as	well	as	injection	of	s-Sec1	into	squid	giant	synapses	results	in	
a	reduction	of	neurotransmitter	release188,	189.	However,	in	yeast,	the	Munc18-1		
homolog	 Sec1p	 actually	 stimulates	 SNARE-mediated	 membrane	 fusion	 in		
vitro190.	 In	addition,	Munc18-1	 is	an	 important	docking	 factor	 in	chromaffin	
cells83,	possibly	by	regulating	availability	of	Syntaxin	1	to	form	core-complexes.	
In	 addition	 to	 the	 lack	 of	 neurotransmitter	 secretion,	 munc18-1	 null	 mutant	
neurons	are	characterized	by	improper	neurite	outgrowth	and	premature	degen-
eration.	Synaptic	vesicle	release	is	not	essential	for	neuronal	survival,	suggesting	a	
cell-intrinsic	defect	in	munc18-1	null	mutant	neuron.	Hence,	while	the	general	
importance	of	SM	proteins	in	secretion	is	undisputed,	their	exact	in vivo	function	
remains	enigmatic.	In	short,	this	thesis	addresses	the	following	research	questions:
Chapter 2: Which parameters of synaptic release are affected when varying the expres-
sion levels of Munc18-1 in glutamatergic and GABAergic neurons?
In	chapter	2	we	show	that	synapses	with	reduced	expression	of	the	presynaptic	
gene	munc18-1	 suffer	from	increased	depression	during	intense	stimulation	at	
glutamatergic	 and	GABAergic	 synapses.	Conversely,	munc18-1	 overexpression	
makes	these	synapses	recover	faster.	Concomitant	changes	in	the	readily	releas-
able	vesicle	pool	and	its	refill	kinetics	were	found.	These	data	show	that	varying	
expression	of	munc18-1	controls	synaptic	recovery	by	modulating	the	number	of	
docked,	release-ready	vesicles	and	thereby	replenishment	of	the	secretion	capacity.
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Chapter 3: Can delayed Munc18-1 expression in munc18-1 null mutant neurons 
prevent neuronal death and rescue synaptic release?
In	 chapter	 3	 we	 show	 that	 viral	 introduction	 of	 munc18-1-ires-egfp	 or	
munc18-1-egfp	 in	munc18-1	null	mutant	neurons	at	DIV	1	restored	neuronal		
viability,	 dendrite	 outgrowth	 and	 neurotransmitter	 secretion.	 Thus,	 delayed		
expression	 of	 Munc18-1	 is	 able	 to	 restore	 both	 synaptic	 vesicle	 release	 and		
neuronal	viability	in	munc18-1	null	mutant	neurons	creating	a	powerful	experi-
mental	tool	to	study	the	molecular	function	of	Munc18-1	in	neuronal	secretion.
Chapter 4: What is the role of Munc18-1 phosphorylation by PKC in regulating 
synaptic release?
PKC	 is	 activated	 by	 DAG	 via	 its	 C1-domain	 or	 directly	 by	 Ca2+	 via	 its	 C2-
domains	 and	 has	 been	 found	 to	 induce	 synaptic	 potentiation/augmentation	
in	 many	 studies147,	 193,	 194.	 Rapid	 Munc18-1	 phosphorylation	 by	 PKC	 upon		
depolarization195,	 196	 changes	 its	 affinity	 for	 Syntaxin195,	 197,	 making	 Munc18-
1	 a	 potentially	 important	 downstream	 target	 for	 PKC-dependent	 synap-
tic	 potentiation.	 In	 addition	 to	 PKC	 activation,	 DAG	 can	 also	 directly	 acti-
vate	 other	 C1-domain	 containing	 proteins	 like	 Munc13.	 Direct	 activation	 of	
Munc13	is	essential	for	synaptic	potentiation	and	continues	to	occur	after	PKC		
activity	is	blocked,	suggesting	a	redundant	role	of	PKC198.	Thus,	a	conceptual	
paradox	 between	 PKC-dependent	 and	 PKC-independent	 pathways	 exists.	 In	
chapter	 4	 we	 provide	 evidence	 to	 converge	 both	 pathways	 of	 DAG-induced		
potentiation.	 First,	 we	 confirmed	 that	 DAG	 analogues	 indeed	 continue	 to		
potentiate	 transmission	 after	 PKC	 inhibition	 (via	 Munc13),	 but	 only	 in		
neurons	 that	 previously	 experienced	 DAG	 analogues,	 before	 PKC		
inhibition	 started.	 Second,	 we	 identified	 an	 essential	 PKC-pathway	 by		
expressing	 a	 PKC-insensitive	 Munc18-1	 mutant	 in	 munc18-1	 null		
mutant	 neurons.	 This	 mutant	 supported	 basic	 transmission,	 but	 not	 DAG-
induced	 potentiation	 and	 vesicle	 redistribution.	 Furthermore,	 Munc18-1	
phosphorylation	 by	 PKC	 is	 a	 central	 and	 essential	 aspect	 in	 short-term	 plas-
ticity.	 These	 data	 show	 that	 activation	 of	 both	 PKC-dependent	 and	 -inde-
pendent	 pathways	 (via	 Munc13)	 are	 required	 for	 DAG-induced	 potentia-
tion	 and	 Munc18-1	 is	 an	 essential	 downstream	 target	 in	 the	 PKC	 pathway.
Chapter 5: Does Munc18-1 have a second, post-docking role in synaptic vesicle  
maturation?
In	 chromaffin	 cells	 Munc18-1	 expression	 levels	 correlate	 with	 the	 number	 of	
membrane	 associated	 vesicles,	 suggesting	 a	 primary	 role	 in	 vesicle	 docking83.		
Interestingly,	 although	 cortical	 munc18-1	 null	 mutant	 synapses	 (E16)	 are		
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silent,	vesicle	docking	is	normal,	suggesting	a	second	essential	role	of	Munc18-
1	 in	 regulated	 exocytosis85.	Chapter	5	 shows	 that	Munc18-1	participates	 in	 a		
second	 step	 during	 regulated	 exocytosis,	 downstream	 of	 vesicle	 docking.	 We	
compared	 synaptic	 vesicle	 release	 in	 munc18-1	 null	 mutant	 hippocampal		
neurons	 expressing	 Munc18-1	 with	 neurons	 expressing	 the	 non-neuronal		
isoforms	 Munc18-2	 or	 -3.	 Indeed,	 synaptic	 vesicle	 docking	 was	 impaired	 in		
neurons	expressing	non-neuronal	isoforms	of	Munc18,	suggesting	an	important	
role	for	Munc18-1	in	synaptic	vesicle	docking.	However,	the	impaired	morpho-
logical	docking	 could	not	 fully	 account	 for	 the	 severe	 reduction	 in	miniature		
frequency,	 evoked	 release	 and	 hyperosmotic	 sucrose	 responses,	 demonstrating	
that	Munc18-1	has	 a	 second	post-docking	 role	 in	 synaptic	vesicle	 release	 and	
that	this	function	cannot	be	compensated	by	non-neuronal	isoforms	of	Munc18.
Chapter 6: Can we dissect the roles of Munc18-1 in neuronal outgrowth and synaptic 
vesicle release?
In	 addition	 to	 the	 lack	 of	 neurotransmitter	 secretion,	 munc18-1	 null		
mutant	neurons	are	characterized	by	improper	neurite	outgrowth199.	Munc18-
1	has	a	high	binding	affinity	for	Syntaxin	1,	a	constituent	of	the	core-complex		
necessary	for	vesicle	fusion200.	This	highly	conserved	interaction	with	Syntaxin	
1	may	be	crucial	for	the	role	of	Munc18-1	in	regulating	synaptic	vesicle	release,		
although	the	remarkable	stability	of	this	complex	seems	unfavorable	for	sustaining		
synaptic	efficiency	especially	during	periods	of	increased	neuronal	activity.	Alter-
natively,	the	Munc18-1/Syntaxin	1	complex	regulates	neurite	outgrowth	during	
neuronal	development,	 and	 is	not	 involved	 in	 controlling	 fast	neurotransmit-
ter	release	 in	adult	neurons.	In	chapter	6	we	studied	the	role	of	the	Munc18-
1/Syntaxin-complex	 by	 viral	 expression	 of	 mutated	 munc18-1	 with	 impaired		
syntaxin	binding	affinity	(munc18-1D34N/M38V)	in	munc18-1	null	mutant	neurons.	
The	total	synapse	number	was	decreased	in	neurons	expressing	Munc18-1D34N/

M38V,	 indicating	 a	 possible	 role	 of	 the	 Munc18/Syntaxin-complex	 in	 synapse		
formation/stabilization.	 Interestingly,	 a	 similar	 reduction	 was	 found	 in	 spon-
taneous	 release	 frequency,	 EPSC	 amplitude	 and	 RRP	 size,	 showing	 normal		
function	of	the	remaining	synapses.	Furthermore,	EPSC	rundown	and	recovery	
kinetics	during	and	after	 repetitive	 stimulation	are	normal	 in	neurons	expres-
sing	Munc18-1D34N/M38V.	Thus,	the	high	affinity	Munc18-1/Syntaxin	1	complex	
is	crucial	for	efficient	synapse	formation	and/or	stabilization,	but	is	not	essential	
for	 efficient	 synaptic	 vesicle	 release.	We	 now	 have	 a	 tool	 to	 specifically	 study	
the	role	of	Munc18-1	in	neurite	outgrowth	and	synapse	formation/stabilization.


