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Subject recruitment and diagnosis

For each affected individual, clinical data, brain imaging and EEG were reviewed by the clinicians
(geneticists, neurologists and child neurologists, paediatricians) from the participating centres.
Genomic DNA was extracted from the whole blood or saliva of the affected individuals and their
parents after informed consent for DNA analysis was provided by the families. The study was
approved by the ethics committee of the University College London (07/Q0512/26) and additional
local ethics committees of the participating centres. Parents of the affected individuals (and when
available unaffected siblings) were recruited for segregation analysis, which was carried out using
Sanger sequencing. The individuals diagnosed with neurodevelopmental impairment including
intellectual disability (ID), developmental delay (DD), autism spectrum disorder (ASD), Rett
syndrome (RTT)- like stereotypies, and epileptic encephalopathy (EE) were recruited in the different
Institutions participating to the study. Based on the International League against epilepsy (ILAE)
classification, an EE was defined in the patients as refractory seizures and cognitive slowing or
regression associated with frequent, ongoing epileptiform activity.!

Based on the RTT diagnostic criteria,? the affected individuals from this cohort having at least 1/4
main RTT criteria and >4 supportive criteria have been diagnosed with RTT-like features, as
previously reported. >*°

ID was defined based on the presence of significant deficits conceptual, social and/or practical skills
associated to significant deficits in adaptive behavior.®

Detailed epilepsy and medical histories were obtained as well as the results of investigations
including EEG and MRI studies. The 4 individuals carrying de novo VAMPZ2 intragenic variants
reported in the present study were recruited from different research groups and consortia in the UK
and internationally. Patient 1 was followed up at University Hospital “Gaetano Martino” (Messina,
Italy) and was genetically investigated by trio- whole exome sequencing (WES) as part of the SYNAPS
Study Group (http://neurogenetics.co.uk/synaptopathies-synaps/) initiative. Patient 2 was recruited
and studied by trios WES at Cincinnati Children's Hospital Medical Center (Ohio, USA). Patient 3 was
recruited at the Genetic Unit in Cruces University Hospital (Bilbao, Spain) and investigated by trio
WES at the Instituto de Investigacion Hospital 12 de Octubre (i+12) (Madrid, Spain). Patient 4 was
followed up at University Hospital Vall d’Hebron (Barcelona, Spain) and was identified by reviewing
the SYNAPS Study Group exome dataset during the replication cohort screening phase of this study.
Patient 5 was followed up at University Hospital of Dijon (Bourgogne, France). Routine clinical
genetic and metabolic screenings performed during initial workup was negative in each case, which
warranted further investigation on a research basis. All families gave written informed consent for
inclusion in the study, including for the publication of photographs and videos.



Supplemental case reports

Patient 1

Patient 1 is a 3-year-old Italian girl born at term after an uneventful pregnancy. Familial history was
negative for neurological disorders. Her growth parameters, including occipito-frontal circumference
(OFC) at birth were within normal range. She has a history of hypotonia and developmental delay
since the first month of life (Video S1). She became able to hold her neck at 10 months of age and
she acquired the ability of sitting autonomously only at the age of 2 years and 6 months; at the
present age of 3 years she still is unable to walk. All other major developmental milestones, were
delayed, and her current cognitive and social skills are severely impaired. Since the first months of
life, impaired visual fixation was evident, with only occasional and brief episodes of eye contact
(Video S2). During the first year of her life, a virtual absence of purposeful hand movements was also
noticed (Video S2). At around 6 months of age a complex hyperkinetic movement disorder became
evident. This consists in distal choreic-predominant movements (mainly involving upper and lower
limbs) associated to dystonic postures of the neck and the trunk. She also exhibit since the first year
of life complex motor stereotypies which include arm flapping, RTT-like hand-predominant
stereotypies including hand-wringing, repeated clapping, rocking and raspberry blowing. She also
present since infancy frequent automatisms (hand to mouth) and frequent episodes of staring
(Videos S1-S2). Brain MRI scan performed at the age of 2 years showed some generalised delay in
the maturation of myelin, with a reduced volume of the cerebral white matter posteriorly; also, the
optic nerves and chiasm were found hypoplastic. Because of the poor visual contact she underwent
funduscopic examination which was reported as normal and she was diagnosed with cortical visual
impairment. Until the present age of 3 years, she did not presented clinically with epileptic seizures,
but ictal EEG recording performed at the age of 15 months showed high- voltage delta activity with
interposed sharp wave-slow wave complexes (predominant over the right central and posterior
brain regions). She was never put under anti-epileptic drugs (AEDs). She has not showed
developmental regression. Currently, she has severe speech impairment (aphasia). Trio WES
identified a de novo missense variant in VAMP2 [NM_014232: ¢.223T>C (p.Ser75Pro)].

Patient 2

Patient 2 is a 10-year-old Caucasian boy born at term by normal delivery. At birth, his growth
parameters were normal. Since the first month of life, he started experiencing multiple episodes per
day of focal seizures, with ictal EEG recording showing fast rhythmic activity followed by sharp wave-
slow wave complexes over the right occipital areas. Delay in his developmental milestones, as well
difficulties with language, social interaction and behavior were noticed since his first infancy. He is
non-verbal and does not follow verbal commands. He has severe self-injurious behaviours. He
exhibited poor visual fixation since the first months of life and was lately diagnosed with cortical
visual impairment (although he can respond to bright colours). During his childhood, frequency and
severity of seizures increased with up to 100 episodes per day. At 6 months of age he underwent
craniotomy for grid placement and had a right posterior circulation stroke affecting the thalamic and
cortical areas. At 18 months of age he had a right temporal lobectomy and subsequent resection of
areas of focal cortical dysplasia posterior to the temporal lobe. Around the age of 2 years the
Patient developed a hyperkinetic movement disorder with severe chorea associated to dystonic



postures (Video S3). At the age of 6 years he underwent deep brain stimulation which mildly
improved the severity of his movement disorder. In addition to neurodevelopmental impairment,
epilepsy and abnormal movements, he presented complex motor stereotypies, including hand
stereotypies (e.g., wringing), rocking, oral automatisms (hand to mouth), and virtual absence of
purposeful hand movements (Video S3). He also present behaviour abnormalities with episodes of
self-injuries, head banging, screaming spells, and exaggerated startle response. Because of his
behaviour, he was put under risperidone and escitalopram and paliperidone. At his current age of 10
years, he present motor impairment (he can sit independently but he has backward falling and
cannot stand nor walk without assistance), and his seizures are now significantly decreased in
frequency and severity with only 1-2 episodes per month. Brain MRI, microarray and metabolic
studies were performed and resulted as normal. He performed array-CGH that was normal. Trio-
WES identified a variant in VAMP2 [NM_014232: c.233>C (p.Glu78Ala)] as the only rare de-novo
variant in the child.

Patient 3

He is a 13-year-old Spanish boy born at term by normal delivery. At birth, his growth parameters
including OFC were normal. At 20 days of life episodes of apneas were detected, with the exclusion
of infectious, metabolic or cardiologic causes. At the age of 5 months the Patient was evaluated
because of a delay in his developmental milestones. At that time, the child was not yet able to hold
his neck; in addition, axial hypotonia, poor visual fixation and stereotyped hand movements (e.g.,
clapping, washing) were noticed. He presented a severe delay in motor milestones and never
attained the ability to walk (and became wheelchair-dependent). The Patient exhibited since the first
months of his life poor visual fixation since the first months of life and was lately diagnosed with
cortical visual impairment. During his infancy he developed a hyperkinetic movement disorder
characterized by the combination of choreic movements (predominant in the upper limbs). At the
age of 12 months he presented with episodes consisting in brief lapse of consciousness with staring
and upward rolling of the eyes; these episodes were associated to generalized paroxysm and
lentified below activity on EEG. He was put under valproic acid and then vigabatrine, but episodes
changed becoming generalized spasms with disorganization and paroxysms on EEG. At the present
age of 13 years he is under clonazepam treatment and chetogenic diet and does not present
anymore epileptic episodes. He still present flapping, stereotyped hand movements, and choreic
hyperkinetic movements (Video S4). He is non-verbal and present difficulties in social interaction.
He underwent multiple metabolic and genetic test including array CGH and Sanger sequencing of
different genes (MECP2, CDKL5, FOXG1) which resulted normal. Trio-WES identified a variant in
VAMP2 [NM_014232: c.230T>C (p.Phe77Ser)] that was confirmed de-novo by Sanger sequencing.

Patient 4

He is a 14-year-old Caucasian boy who was born at term after an uneventful pregnancy and a normal
delivery. There is no history of neurological disorders in the family. Both parents and 2 younger sibs
are healthy. Global developmental delay was already suspected at 6 months of age. Further
milestone achievements confirmed the patient’s neurodevelopmental disorder including mild
hypotonia, gross motor delay (he attained independent ambulation after 3 age years) and some
degrees of clumsiness and incoordination (Video S5). Severe receptive and expressive language
disorder was also evident since infancy and, at his present age of 14 years, he is able to understand
simple verbal commands and use gestural expressive communication and a 5- 10 simple words. His
visual contact and fixation were present since early infancy, but he presented impaired social
communication, abnormal behaviour with restricted interests and prominent hand stereotypies
(Video S5) including Rett syndrome (RTT) — like features (e.g., hand wringing, washing, clapping) that



led to the diagnosis of Autistic Spectrum Disorder (ASD). Currently, clinical examination does not
show definite dysmorphic features; there have not been signs of developmental regression and OFC
is normal. No motor or sensory anomalies are apparent, and he is able to walk without assistance.
Brain MRI, visual evoked potentials, metabolic screening, Multiplex Ligation-dependent Probe
Amplification (MLPA) for sub telomeric deletions, array-CGH and panel sequencing of 55 genes
linked to non-syndromic intellectual disability were all normal. He developed infrequent staring
episodes with eyelid myoclonus at 5 years of age. Several EEG recordings showed both generalized
and multifocal interictal epileptiform discharges and sodium valproate was started. He remained
seizure-free until the age of 11 years when he suffered a single episode consistent with non-
convulsive status epilepticus, described as with impaired consciousness and subtle clonic
movements involving the right arm during which the patient could maintain stance or even walk
around. Valproic acid dose was adjusted and he has remained seizure free ever since and with
normal follow-up EEGs. WES identified a de novo single amino acid deletion at position 43
[NM_014232:¢.128 130delTGG (p.Val43del)].

Patient 5

Patient 5 is a 3-year-old French girl born at term after an uneventful pregnancy. Familial history was
negative for neurological or genetic disorders. Her growth parameters, including OFC at birth were
within normal range. She has a history of hypotonia since birth and developmental delay was
evident since the first month of life. She became able to hold her neck at the age of 9 months and to
sit with support at the age of 12 months. All other major developmental milestones were delayed,
and her current cognitive and social skills are severely impaired. His visual contact and fixation were
present since early infancy, but she presented mild convergent strabismus (right > left), hyperopia
and astigmatism. She has impaired verbal and non-verbal communication, abnormal behaviour and
stereotypies including arms flapping and hand washing and clapping, that led to the diagnosis of
Autistic Spectrum Disorder (ASD). She never presented seizures and her EEG was unrevealing.
Currently, clinical examination does not show definite dysmorphic features. She has a wide nasal
bridge, anteverted nares, thick lips, full cheeks, stellar iris, and excessive skin in the neck. At the
present age of 3 years, she is able to pronounce 4-5 words and became capable of walking when
parents give her one hand. She currently benefits from speech therapy, psychomotricity and
physiotherapy. She has a normal height and weight growth. Brain MRI, visual evoked potentials,
metabolic screening, Multiplex Ligation-dependent Probe Amplification (MLPA) for sub-telomeric
deletions and array-CGH were all normal. WES identified a de novo single amino acid deletion at
position 45 [NM_014232: ¢.135_137delCAT (p.lle45del)].
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Supplementary Figure 1. Ictal EEG showing a focal seizure.

Ictal EEG recording from Patient 2 (E78A) at the age of 8 months showing a focal seizure
characterized by fast rhythmic activity intermixed with high-voltage polymorphic theta activity and
sharp waves over the right anterior temporal brain areas. The EKG trace shows concomitant sinusal
tachycardia.
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Supplementary Figure 2. Molecular Modelling of identified VAMP2 variants.

Rearrangement of the VAMP2 ectodomain/Stxla/Snap25 complex after 100 ns of molecular
dynamics simulation for the wild type VAMP 2 protein and its mutants. VAMP2 ectodomain is
depicted in green for Wild Type, light green for mutants; Syntaxin-1A is depicted in orange for Wild
Type, light orange for mutants; Synaptosomal-associated protein 25 chains are represented in blue
and cyan for Wild Type, marine and aquamarine for mutants. Point of mutation is represented with
magenta spheres.
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Supplementary Figure 3. Backbone Root Mean Square Deviation of identified VAMP2 variants.

Backbone Root Mean Square Deviation (RMSD, blue), backbone radius of gyration (black), and
backbone RMSF (green) for (A-C) VAMP2 wilde type and its mutants (D-F) S75P, (G-1) F77S, and (J-L)
E78A.
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Supplementary Figure 4. Regional brain expression of VAMP2

Brain expression values of VAMP2 show higher expression levels in the striatum and also other CNS
regions, especially FCTX (frontal cortex), THAL (thalamus) and OCTX (occipital cortex), and less in
TCTX (temporal cortex), HIPP (hippocampus), WHMT (white matter), SNIG (substantia nigra), MEDU
(medulla), and CRBL (cerebellar cortex).
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Supplementary Figure 5. Disease variants VAMP2 proteins expression and purification.

The SDS-PAGE and Coomassie-stained gel image showing the disease variants VAMP2 proteins
(A67P, S75P and E78A) expressed and purified to similar integrity to the WT protein. The t-SNARE
(Syntaxin1 and SNAP25) and Munc18-1 proteins used in the experiments were also analysed on gel.
All proteins were resolved to their corresponding molecular size, indicating reasonable protein

quality.
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Supplementary Figure 6. Disease variants VAMP2 proteins cause loss-of-function in SNARE-
mediated liposome fusion assay.

(A) The SDS-PAGE and Coomassie-stained gel image showing donor v-liposomes reconstituted with
VAMP2 wildtype (WT), and mixture of WT and disease variants VAMP2 (A67P, S75P, E78A). Gel also
shows t-SNARE (Syntaxinl and SNAP25) acceptor t-liposomes. (B), Line graphs showing the average
(with Munc18-1) increase in NBD fluorescence due to fusion between WT or WT-disease variants
VAMP2 (A67P, S75P, E78A) v- and t-SNARE liposomes. Liposome fusion reaction in the presence of
CDV was used as negative control.



Supplemental Table 1. De novo VAMP2 variants identified in this study

=

Patient Genomic Variant dbSNP138 1000G ESP6500 EXAC gnomAD SIFT PolyPhen Mutation CADD_PHRED GERP
coordinates Taster
(GRCh37/hg19)
1 17:8064985- NM_014232:
8064985 €.223T>G; - - - - - D(0) D(0.925) D(1) 27.3 5.26
p.Ser75Pro
2 17:8064978- NM_014232:
8064978 €.230T>C; - - - - - D(0) D(0.997) D(1) 27.7 5.26
p.Phe77Ser
3 17:8064975- NM_014232:
8064975 €.233A5C; - - - - - D(0) D(0.56) D(1) 25.9 5.26
p.Glu78Ala
4 17:8065077- NM_014232:
8065080 €.128_130delTG G ; - - - - - - - - - -
p.Val43del
5 17:8065071- NM_014232:
8065073 c.135_137delCAT; - - - - - - - - - -

p.lled5del




Supplemental Methods

Genetic analyses

All research centres involved in this study followed a trio-based WES approach to identify the de
novo VAMP2 variants as the cause of the neurodevelopmental phenotypes of the patients. Most of
the methods used by the centres were detailed previously. The SYNAPS Study Group
(neurogenetics.co.uk/synaptopathies-synaps) analysed approximately 335 trios of children with
neurodevelopmental impairment (as part of a larger cohort of ~4,750 individuals affected with early-
onset neurological disorders). Following their respective analysis pipelines, participating centres
generated a list of candidate variants filtered against public database variants and according to
modes of inheritance. All variants reported in the present study were determined independently by
participating centres. Connecting the different contributing centres was facilitated by the web-based
tools.’

WES data analysis and variant calling

Libraries were prepared from parent and patient DNA, and exomes were captured and sequenced by
trio-WES on lllumina sequencers. Raw data were processed and filtered with established pipelines at
the academic laboratories involved in the study.®!? In Patient 2, 3 and 5, the sequence reads were
aligned against the human reference genome (GRCh37/hg19) using Burrows-Wheeler Aligner (BWA)
in order to obtain candidate variants. Single-nucleotide variants (SNVs) and short insertion or
deletion variants (indels) were identified using Haplotype Caller of GATK (v3.3.0) according to the
Best Practices for variant analysis. In Patients 1 and 4, variant (single nucleotide variants and indels)
calling and filtering was performed using the Genome Analysis Tool Kit (GATK; see URLs). In all cases,
variants that did not adhere to the following criteria were excluded from further analysis: (1) allele
balance of >0.70, (2) QUAL of <20, (3) QD of <5 and (4) coverage of <20x.

Variants were annotated and the Exome variant server ESP6500 (evs.gs.washington.edu) was used
to assess variant frequency in the control population. In the index case trio WES (Patient 1) the
average sequencing depth of the on-target regions was 78.2 reads per nucleotide, with 96.8% of the
regions covered at least 20X.

In all five trios studied, only exonic and donor/acceptor splicing variants were considered.
Synonymous variants were also excluded. Priority was given to rare variants (<1% in public
databases, including 1000 Genomes Project, NHLBI Exome Variant Server, Complete Genomics 69,
and ExAC with a GERP++ score > 2). PCR and Sanger sequencing were conducted according to
standard methods (detailed conditions of the primers used, and sequencing methods are available
upon request). The filtered variants were confirmed by the conventional Sanger sequencing
according to standard methods (available upon request).



Variants filtering and identification of VAMP2 variants

Following their respective analysis pipelines, participating centres generated a list of candidate
variants filtered against public database variants and according to modes of inheritance. All
participating centres prioritized autosomal recessive and dominant de novo mutations in the
analysis and annotated variants using the Variant Effect Predictor (Ensembl release 75) based on
Sequence Ontology nomenclature: missense variant, initiator codon variant, splice donor or acceptor
variant, frameshift variant, stop lost, stop gained, in frame insertion or deletion. To exclude likely
benign amino acid changes, missense variants were further considered only if predicted damaging by
at least 3 out of 5 in-silico methods we used (PolyPhen-2, SIFT, Mutation Taster, Condel and CADD,
see URLs). Variants that were not present in both the mother and the father of the probands were
considered de novo. In recessive filtering, homozygous, hemizygous or compound heterozygous
variants were included. Variants present in >1% of our internal exome dataset at the UCL Institute of
Neurology (containing ~ 5000 exomes from individuals affected with a range of neurological
disorders) were excluded. Exome data were analyzed for variants in genes linked before to NDDs,
epilepsy and RTT-like presentations, and for variants in possible new genes. Genes involved in EE and
RTT-like presentations were retrieved from the literature.*®> Based on values from the ExAC
database (containing 60,706 individuals), we also prioritized variants in genes with high probability
of being LoF intolerant (i.e., EXAC pLI >0.9) and highly constrained for missense variations (Z-score
>2). In our analysis, we also prioritized variants affecting domains important to genes function
(UniProt database) and variants in genes implicated in brain development and function (literature)
and variants in genes predominantly expressed in the central nervous system (GTEx database). In the
case of new candidates, variants in genes whose homologues or functionally correlated genes are
already established causing similar neurological disorders were also prioritized. In Patient 1 who was
analyzed in the discovery phase of this study, the only de novo variant identified by WES and
confirmed by Sanger sequencing was in VAMP2 [NM_014232: c.223T>C (p.Ser75Pro)]. Similarly to
the index case (Patient 1), also in other research and diagnostic laboratories the identified de novo
variants in VAMP2 [NM_014232: c.230T>C (p.Phe77Ser), c.233A>C (p.Glu78Ala), c.128 130delTGG
(p.Val43del), c.135_137delCAT (p.lle45del)] were prioritized (Supplemental Table 1).

VAMP2 mutations thus emerged in each participating centre as the most likely explanation for the
individuals disease pathogenesis, as supported by crucial role of the gene in synaptic transmission
and the high conservation and biological importance of the affected residues within the C- terminus
of the v-SNARE domain. Variants were submitted to Leiden Open (source) Variation Database (LOVD;
www.lovd.nl). All the de novo VAMP2 variants were found with trio WES and confirmed in all cases
by trio Sanger sequencing. All variants in were annotated with the transcript NM_014232. For trio
Sanger, the following sets of intronic primers designed by Primer3 were used for both PCR and
sequencing: Forward (5’- CTGTGTGTCCTTGGCATGTT- 3’) Reverse (5’-ATACCCCATTCACCCACCTG -3’).
PCR products were amplified using 50 ng of DNA, with standard FastStart PCR reagents (Roche), on
an ABI Veriti Thermal Cycler (Applied Biosystems). PCR products were purified using Exo-SAP
(Exonuclease | and Shrimp Alkaline Phosphatase; incubated at 37°C for 15 minutes followed by
inactivation by heating to 80°C for 15 minutes) and sequencing PCR was performed bi-directionally
using BigDye Terminator Ready Reaction Mix kit version 3.1 (Applied Biosystems) and analysed on an
ABI 3730xI capillary sequencer.



Replication cohort screening

As part of our replication cohort analysis we then searched for variants in the VAMP2 gene within
genetic datasets from undiagnosed patients recruited in the SYNAPS Study Group which contains
approximately 335 trios of children with neurodevelopmental impairment as part of a larger cohort
of ~4,750 individuals affected with early-onset neurological disorders. This led to the identification
of Patient 4 carrying a de novo single amino acid deletion at position 43 [NM_014232:
c.128 130delTGG (p.Val43del)]. Another de novo single amino acid deletion at position 45
[NM_014232: c.135_137delCAT (p.lled5del)] was identified by comparing results with international
colleagues through the Web-based tool GeneMatcher.131



Functional analyses

Recombinant proteins expression and purification

All recombinant protein constructs used in the experiments were expressed in bacteria BL21 (DE3) E.
coli cell lines. The pTW34-trans-SNARE construct co-encoding the 6-histidine-tagged mouse SNAP25
and rat Syntaxinla (pTW34-t-SNARE) was expressed and purified as previously described.'® '’ Upon
overnight affinity pulldown on the Ni-NTA beads at 4 °C, t-SNARE proteins were eluted into an n-
Octyl-D-glucopyranoside (OG) buffer A (25 mM HEPES-OH pH7.4, 400 mM KCI, 10 % glycerol, 1 % OG
and 1 mM DTT) containing 300 mM imidazole pH7.4. The pET-6-histidines-SUMO-tagged constructs
encoding the rat Munc18-1, full-length wildtype (WT) mouse VAMP2 and cytoplasmic domain of
VAMP2 (CDV) were described.'® Site-directed mutagenesis using the WT VAMP2 as template was
performed to generate the disease variants VAMP2 containing amino acid substitution at Serine75
to Proline (S75P) and Glutame78 to Alanine (E78A). The WT and variants VAMP2 proteins were then
expressed and purified as described previously (Shen J et al; 2007). The His6-SUMO proteins were
incubated for 3-hour at 4 °C on the Ni-NTA affinity beads, followed by washing using OG buffer for
VAMP2 and buffer A for Munc18-1. The SUMO-tag was removed by overnight cleaving on beads
using 50 ul of SUMO-protease at 4 °C. The concentration of SUMO-protease used for tag-cleaving is
typically at 4-7 mg/ml. The VAMP2 proteins were eluted into OG buffer and Munc18-1 was eluted
into buffer A without OG. Purified proteins were evaluated on SDS-PAGE and Coomassie-stained.
Protein concentrations were determined by colourimetry reaction using Bradford dye.*

Proteoliposome reconstitution for lipid mixing assay

The purified SNARE proteins were reconstituted into lipid vesicles (Avanti Polar Lipids) by detergent
dilution and dialysis. Proteoliposomes were isolated by floatation using Nycodenz density gradient as
previously described.’” The t-SNARE protein was reconstituted into palmitoyl-2-oleoyl
phosphatidylcholine (POPC): 1,2 dioleoyl phosphatidylserine (DOPS) at 85:15 mol% liposomes at
protein to lipid ratio of 1:400. The VAMP2 proteins used in the reconstitution were into POPC, DOPS
and the fluorescent probes NBD-PE and rhodamine- PE (1.5 mol% each) at protein to lipid ratio of

1:150, mimicking the reported VAMP2 densities on the synaptic vesicles.zo’ 21 Proteoliposomes

containing mixture of WT VAMP2 and mutant proteins were reconstituted at protein to lipid ratio of
1:300 each.

Liposome fusion assay

The lipid-mixing assay utilised the Foster resonance energy transfer (FRET) principle.?> 2 In this
assay, v- SNARE liposomes contained PE-lipids labelled with fluorophores Nitro-2-1, 3 benzoxadiazol-
4yl- phosphatidylethanolamine (NBD-PE) and lissamine rhodamine B (RHO). Within a closed distance
in a liposome, NBD fluorescence is quenched in the presence of rhodamine. Upon fusion of v-SNARE
liposomes with the unlabeled t-SNARE liposomes, the spatial interaction between NBD and
rhodamine molecules increased. Dequenching of NBD, concomitant with increase in NBD
fluorescence provide a measure of liposome fusion.?? Liposome fusion assay was performed by
mixing 5 pl of the donor liposome (VAMP2) with 45 pl of the acceptor liposome (t-SNAREs).
Liposomes mixes were pre-incubated in the presence or absence of Munc18-1 on ice for 3-hour to
allow for trans-SNARE complex assembly. Fusion of liposomes was monitored by the change in NBD



fluorescence at 538 nm using a fluorescent microplate reader. After 60 min, 10 ul of 2.5 % w/v n-
dodecyl-B-maltoside was added to lyse all vesicles to estimate the maximum NBD fluorescence.®?

Molecular modelling and dynamic stimulations

We build a model of each mutant ectodomain by homology modelling with the humanised wild type
(WT) as a template. We follow the behaviour of the WT and each mutant along time by means of full
atom molecular dynamics simulations in water solvent. The soluble WT VAMP2 fragment was built
from the first complex of the asymmetric units of structure PDB ID 3HD7 representing the neuronal
SNARE complex from Rat.?* We humanized the complex by mutating two residues (V278I, V283l) in
Chain B (protein Stx1a). The reported VAMP2 chain (Chain A) does not include the mutation (V8A)
from Rat to Human and therefore it was left as it is. The same applied to the other two chains (chain
C e D, SNAP25). The humanised complex was then placed in a cubic box, and minimized. All the
other mutants were constructed from this minimised humanised complex. All the complexes
containing the mutants, including the WT, were then placed in a triclinic box and minimised. A water

layer of 0.8 nm and Na® ions to neutralize the system were added, and a second minimization was
performed. In all cases we used AMBER99SB-ILDN force field and Simple Point Charge water. On all
systems we performed NVP and NPT equilibrations for 100 ps, followed by 100 ns NPT production

run at 300 K. The temperature was controlled with a modified Berendsen thermostat25 the pressure
with an isotropic Parrinello-Rahman at 1 bar. The iteration time step was set to 2 fs with the Verlet

integrator and LINCS constraint.26 We used periodic boundary conditions. Configurations were

sampled every 10ps. All the simulations and their analysis were run as implemented in the
GROMACS.?” During the simulations, the WT and S75P seem to reach a stationary state while major
rearrangements are still observed for F77S and E78A at end-simulation as emerges in their backbone
root mean squared deviation (RMSD, Supplementary Figure 3 A, D, G, J) and radius of gyration
(RMSD, Supplementary Figure 3B, E, H, K). In all cases the most mobile portion of the chain is that
close to the C-term as seen in their root mean squared fluctuation (RMSF, Supplementary Figure 3 C,
F, I, L). The RMSF further indicates that the in all cases the mutations enhance the mobility of the
backbone, an effect particularly evident for E78A (Supplementary Figure 3L).



Consortia and networks involved in this study
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Recruiting Consultant Clinical Geneticists: Jonathan Berg*, David Goudie, Susann Schweiger Research Nurse/
Genetic Counsellors: Debbie Rice

Diagnostic Laboratory Scientists: David Baty, Norman Pratt Edinburgh (MRC Human Genetics Unit, MRC IGMM,
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