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AN: Accessory nucleus

AP: Action potential

AZ: Active zone

APP: Amiloyd Precursor Protein

ADPN: Anterodorsal preoptic nucleus
ARC: Arcuate nucleus

AVP: Arginine-vasopressin

ASD: Autism spectrum disorder

BNST: Bed nucleus of the stria terminalis
BBB: Blood brain barrier

BDNF: Brain derived neurotrophic factor
Calbl: Calbindin

CAPS: Calcium-activator protein for secretion
Cnrl: Cannabinoid receptor 1

CP: Caudate putamen nucleus

CNS: Central nervous system

CSF. Cerebrospinal fluid

CNTNAP2: Contactin Associated Protein-Like 2
DIV: Day in vitro

DCV: Dense core vesicle

D: Diffusion coeficient

DMH: Dorsomedial hypothalamus

E: Embryonic stage

ER: Endoplasmic reticulum

GPCR: G protein coupled receptor

HFS: High frequency stimulation

LH: Lateral hypothalamus

LTP: Long-term potentiation

LFS: Low frequency stimulation

MSD: Mean Square Displacement

MeA: Medial amygdala

MC4R: Melancortin 4 receptor

MGIuUR: Metabotropic glutamate receptor
NB: Neurobasal

NPY: Neuropeptide Y

NMDA: N-methyl-D-aspartate

NAcc: Nucleus accumbens

ON: Overnight

OT: Oxytocin

OTR: Oxytocin rceptor

PFA: Paraformaldehyde

PVN: Paraventricular nucleus

PeVN: Periventricular nucleus

PLAP: Placental leucine aminopeptidase
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tPA: Plasminogen activator

PDL: Poly-D-lysine

PO: Postnatal day

PSD: Postsynaptic density

PFC: Prefrontal cortex

RRP: Readily Releasable Pool

ROI: Region of interest

RP: Reserve pool

RCH: Retrochiasmatic nucleus

RT: Room temperature

SEM: Scanning Electron Microscope
Reln: Serine protease Reelin

SNPs: Single Nucleotide Polimorphisms
SRP: Slow releasable pool

SDS: Sodium Dodecyl Sulfate

SNAP: Soluble N-ethylmaleimide-Sensitive Factor
Receptor

SON: Supraoptic nucleus (SON)

SCH; SCN: Supraquiasmatic nucleus
SV: Synaptic vesicle

Syb: Synaptobrevin

Syt: Synaptotagmin

Stx: Syntaxin

TGN: Trans-Golgi network

VAMP: Vesicle associated protein
VMH: Ventromedial hypothalamus
VMPO: Ventromedial preoptic nucleus
VGCC: Voltage-gated calcium channel
PAM: a-amidating monooxygenase

Attachment

Protein

AMPAR: a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor

a -MSH: a-melanocyte-stimulating hormone
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ABSTRACT

Oxytocin (OT) is a neuropeptide hormone that plays a key role in the regulation of social
behaviors. Primarily synthesized in the hypothalamus, OT production is centered in the
paraventricular (PVN) and supraoptic (SON) nuclei. From there, OT is released into the
bloodstream, where it supports functions like childbirth and the milk ejection reflex, and into
the brain, where it influences social behaviors, including attachment, maternal care, and
aggression. Dysregulation of the oxytocinergic system has been associated with impairments
in social behaviors, as seen in autism spectrum disorder (ASD).

OT is stored within Dense Core Vesicles (DCVs), whose release properties remain less
understood compared to Synaptic Vesicles (SVs). To address this knowledge gap, the
primary aims of this thesis were to characterize the dynamic properties of OT release and to
identify the molecular machinery involved.

To achieve these objectives, we used live-cell microscopy and secretion assays in primary
hypothalamic cultures to analyze OT-containing compartments’ dynamics under both basal
and stimulated conditions, with and without extracellular calcium.

A detailed analysis of SNARE protein expression in hypothalamic slices and cultures
identified SNAP-47 as a key somatodendritic SNARE protein. This non-canonical SNARE
was closely associated with OT-membrane patches, positioning it to play a significant role in
OT dynamics and release during both basal and stimulated states. Furthermore, the
elimination of SNAP-47 in the PVN reduced sociability in mice, suggesting that alterations in
somatodendritic OT dynamics may affect basic aspects of social behavior.

In summary, our findings reveal that OT vesicles represent a heterogeneous population
regulated by a unique SNARE complex involving SNAP-47, which contributes to both basal
and activity-dependent mobilization of OT in hypothalamic neurons, potentially impacting
social behavior.
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RESUMEN

La oxitocina (OT) es un neuropéptido que juega un papel importante en la regulacion de los
comportamientos sociales. Sintetizada principalmente en el hipotalamo, la produccién de OT
se centra en los nucleos paraventricular (PVN) y supradptico (SON). Desde aqui, la OT es
liberada al torrente sanguineo, donde desempefia funciones facilitadoras durante el parto y
la lactancia, y en el cerebro, donde influencia los comportamientos sociales, incluyendo la
formacion de vinculos, el cuidado materno, y la agresién. La desregulacién del sistema
oxitocinérgico se ha asociado con alteraciones en el comportamiento social, como se ha
visto en el trastorno del espectro autista (ASD).

La OT se almacena en vesiculas de nucleo denso (DCVs), cuyas propiedades de liberacion
han sido menos estudiadas en comparacién con las vesiculas ligeras (SVs). Para avanzar
en esta linea de conocimiento, los objetivos principales de esta tesis se han centrado en
caracterizar las propiedades dindmicas de las vesiculas de OT e identificar la maquinaria
molecular implicada en su liberacién.

Para alcanzar estos objetivos, combinamos técnicas de microscopia en célula viva y
ensayos de secrecion en cultivos primarios de hipotdlamo, para analizar la dinAmica de los
compartimentos de OT en condiciones basales y en respuesta a protocolos de estimulacion,
con y sin calcio extracelular.

Un analisis detallado de la expresibn de proteinas SNARE en rodajas y -cultivos
hipotaldmicos identificé un papel clave para SNAP-47. Esta proteina SNARE no candnica se
encuentra estrechamente asociada con los parches de OT de membrana, indicando una
importante funcion en la dinamica y liberacién de OT en condiciones basales y en respuesta
a estimulacion. La eliminacion de SNAP-47 en el PVN redujo la sociabilidad en ratones,
sugiriendo que alteraciones en la dinamica de la OT somatodendritica podrian afectar
aspectos fundamentales del comportamiento social.

Nuestros resultados revelan que las vesiculas de OT constituyen una poblacién heterogénea
regulada por un complejo SNARE que involucra SNAP-47, que contribuye tanto a la
movilizacién de OT en condiciones basales como en respuesta a protocolos de estimulacion,
potencialmente influyendo en la regulacién de aspectos basicos de la conducta social.
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1.- Oxytocin

1.1.- Discovery of oxytocin

Oxytocin (OT) is a neuropeptide that plays a crucial role in various physiological processes,
such as social bonding, childbirth, and lactation. The discovery of OT dates back to the early
20" century, and the understanding of its physiological function has evolved over time (Lee
et al.,, 2009; Shen, 2015). OT was first identified and isolated from the posterior pituitary
gland by British pharmacologist Sir Henry Dale and his colleague Otto Loewi in 1906 (Dale,
1906; Ott & Scott, 1910). They initially referred to it as "oxytocic principle" due to its ability to
stimulate uterine contractions. Subsequent research by Sir Vincent du Vigneaud in the 1950s
led to the synthesis and determination of the chemical structure of OT.

Du Vigneaud's work earned him the Nobel Prize in Chemistry in 1955. He identified the exact
amino acid sequence of OT, which consists of nine amino acids (Fig. 1). This breakthrough
allowed scientists to produce synthetic OT, enabling further research and applications in
medicine (Lee et al., 2009).

Intron 1 Intron 2
A) \/
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Figure 1.- Structure of the human oxytocin gene and protein. A) OT gene on human
chromosome 20, containing three exons and two introns. Adapted from Jurek & Neumann,
2018. B) OT gene transcript codes for an initial signal peptide, the nonapeptide OT (OXT in
the image), a glycine, lysine, arginine (GKR) processing signal, the variable NH2-terminal
region of neurophysin, the core neurophysin, and its COOH-terminal region. Adapted from
Jurek & Neumann, 2018. C) Schematic representation of the OT structure. OT is a
nonapeptide molecule with a tripeptide linear part with an amidated COOH terminus, and a
cyclic part that is connected via a disulfide bridge between the two cysteines. Adapted from
Jurek & Neumann, 2018.
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The fact that OT was first identified in the uterus does not mean that its functions are limited
to this organ, although, for the first 50 years after its discovery, research on OT’s physiology
was limited to it (Camerino, 2023). Indeed, the role of OT in social behavior and emotion
regulation has become significant areas of research in modern psychology and
neuroscience. It is to the point that OT is often referred to as the "love hormone" or "bonding
hormone" due to its association with pro-social and maternal behaviors (Lee et al., 2009).

Today, OT continues to be studied for its potential therapeutic applications, including its use
in obstetrics to induce labor and reduce postpartum bleeding, as well as its role in treating
certain social and psychological disorders (Benarroch, 2013). However, the understanding of
OT's complex functions is an ongoing area of research to which this thesis aims to contribute
new pieces of basic knowledge.

1.2.- Oxytocin synthesis

OT is primarily synthesized in the hypothalamus, being the paraventricular (PVN) and the
supraoptic (SON) nuclei the best characterized regions (Swanson & Sawchenko, 1983;
Gimpl & Fahrenholz, 2001) (Fig. 2A). However, other hypothalamic regions also exhibit OT-
containing cells such as the periventricular nucleus (PeVN), the anterodorsal preoptic
nucleus (ADPN), the supraquiasmatic nucleus (SCH), and the retrochiasmatic nucleus
(RCH) (Hashimoto et al., 2014; Madrigal & Jurado, 2021) (Fig. 2B). Furthermore, OT
synthesis has also been reported in extrahypothalamic areas such as the medial amygdala
(MeA) and the bed nucleus of the stria terminalis (BNST) (Hashimoto et al., 2014; Madrigal &
Jurado, 2021) (Fig. 2B).
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Figure 2.- Mouse brain hypothalamic nuclei. A) OT is primarily synthesized in the
paraventricular (PVN) and the supraoptic (SON) nuclei. B) Representative image of the
hypothalamus adult mice brain processed with the iDISCO+ protocol and stained for OT. The
image shows the hypothalamic area displaying oxytocinergic neurons pseudocolored in each
hypothalamic nucleus and surrounding areas such as the BNST. PeVN: periventricular
nucleus; ADPN: anterodorsal preoptic nucleus; BNST: bed nucleus of stria terminalis; SON;
supraoptic nucleus, PVN; paraventricular nucleus, RCH; retrochiasmatic area, and AN;
accesori nuclei. Scale bars indicate 300 ym. Credit to Pilar Madrigal (lab member).

In a nutshell, the OT gene consists of three exons and two introns (Tom & Assinder, 2010)
(Fig. 1A) that upon translation results in a pre-pro-peptide that requires extensive processing
by peptidases that work across different points of OT’s maturation through the secretory
pathway and up to vesicle packaging, more often of the dense core vesicle (DCV) type (Kim
et al., 2006). OT’s mature structure consists of a signal peptide, the nonapeptide OT and the
carrier protein neurophysin |, essential for its storage and release (Lee et al., 2009) (Fig. 1B,
C, and Fig. 3).
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Biosynthesis of oxytocin
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Figure 3.- Biosynthesis of oxytocin through mice development. Genomic structure of the OT
gene, transcription and translation process. After translation, OT preprohormone is produced.
It will be cleaved and matured by successive enzymes, giving rise to intermediate OT forms.
Mature OT, detected from birth, is released and degraded or binds to OT receptor (OTR) or
Vla receptor (AVP receptor). PAM: a-amidating monooxygenase; PLAP: placental leucine
aminopeptidase (oxytocinase). Adapted from Grinevich et al., 2015. During embryonic and
early postnatal development, the cleavage of OT by peptidases produces numerous
intermediate variants, capable of binding to the oxytocin receptor (OTR), although their
functional relevance remains unknown (Grinevich et al., 2015).
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1.3.- Types of oxytocin neurons

Oxytocinergic hypothalamic neurons have been typically categorized in two distinct types:
magnocellular and parvocellular neurons. Magnocellular neurons present somas of 20-30
pum, are found in the PVN and SON, their axons project to the posterior pituitary and their
dendrites into the brain, producing large amounts of neuropeptide (Fig. 4). On the other
hand, parvocellular neurons present somas of 10-20 ym, are concentrated in the PVN, their
dendrites extend to the brain, as well as their axons which also project to the median
eminence, brainstem, and the spinal cord (Van Den Pol, 1982; Eliava et al., 2016; Althammer
& Grinevich, 2018) (Fig. 4). Unlike magnocellular neurons, parvocellular axons have been
identified in several brain regions such as the olfactory system, prefrontal cortex, entorhinal
cortex, central and medial amygdala, BNST, hippocampus, and the lateral septum
(Benarroch, 2013). In comparison, parvocellular neurons synthesize less OT than
magnocellular neurons.
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Figure 4.- Oxytocinergic hypothalamic neurons are classified in magnocellular and
parvocellular neurons. A) Drawing of magnocellular (top) and parvocellular (bottom) OT
neurons identified by intravenous FluoroGold labelling. Scale bar indicates 20 um. Adapted
from Lewis et al, 2020. B) Schematic representation of projections arising from
magnocellular (red) and parvocellular (green) neurons. B.1) Magnocellular neurons of the
PVN and SON project their dendrites into the brain, and their axonsto the posterior lobe of
the pituitary. B.2) Parvocellular neurons of the PVN send their axons into the brain, and to
hindbrain and spinal cord structures, and their dendrites into the brain. Adapted from
Althammer & Grinevich, 2018.

Although anatomical considerations for distinguishing these two cell types are prominently
used, hypothalamic oxytocinergic neurons can also be classified according to their
electrophysiological properties or gene expression. Electrophysiological experiments
distinguished type | and Il OT neurons. Type | neurons exhibit higher threshold depolarizing
potentials and shorter membrane time constant than type Il neurons. Interestingly, type | and
Il neurons loosely correspond to magno- and parvocellular neurons, respectively (Althammer
& Grinevich, 2018). Genetically, magnocellular neurons are enriched in the calcium-binding
protein Calbindin (Calbl) and a large conductance calcium-activated potassium channel
subunit (Kcnmb4), meanwhile parvocellular neurons are enriched in the extracellular matrix
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serine protease Reelin (Reln) and the cannabinoid receptor 1 (Cnrl) gene (Lewis et al.,
2020).

1.4.- Oxytocin and arginine vasopressin

OT is closely related with arginine-vasopressin (AVP), a nonapeptide that differs from OT in
only two amino acids (Stoop, 2012; Benarroch, 2013) (Fig. 5). Likewise OT, AVP is primarily
synthesized in the hypothalamus, and requires peptidase processing to reach its mature form
(Stoop, 2012). Both OTR and AVP receptors (AVPRs including Vl1aR, V1bR and V2R)
belong to the G protein-coupled receptor superfamily (Stoop, 2012). Although OT and AVP
can be found co-expressed in some hypothalamic neurons (Otero-Garcia et al., 2016;
Madrigal & Jurado, 2021), their developmental dynamics exhibits significant differences
(Madrigal & Jurado, 2021).

Oxytocin Arginine-vasopressin
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g kt yN /‘.\ H,N /,NH: \/\ ;,:

ROV etont” wif ”) &

Figure 5.- Peptide sequence and structure of OT and AVP prohormones. Adapted from
Otero-Garcia et al., 2016.

Both OT and AVP are released into the bloodstream and into the brain (Fig. 6). Peripherally,
OT participates in parturition, milk ejection reflex and sexual behavior; meanwhile AVP
primarily participates in circadian rhythms and temperature regulation, water retention and
blood pressure (Stoop, 2012). In the brain, both peptides have been postulated to regulate
social behavior, usually in opposite ways. Whereas OT has been attributed to anxiolytic,
antidepressant, and pro-social properties (Insel & Young, 2001; Benarroch, 2013), AVP has
been linked to anxiety, depression, aggression, and enhanced responsiveness to social
stressors (Benarroch, 2013; Otero-Garcia et al.,, 2016). Despite the traditional view that
presented OT and AVP as endogenous antagonists, recent evidence revealed a more
complementary role (Abramova et al., 2020; Aspesi & Choleris, 2022). Nonetheless, OT can
still be considered an “emotionally enhancer”, or prosocial substance depending on the
context and the targeted brain region (Duque-Wilckens et al., 2018).
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Figure 6.- OT and AVP systems in the human and mouse brain. In the human and mouse
hypothalamus, OT and AVP are synthesized in the PVN and SON nuclei, and are processed
along the axonal projections to the posterior lobe of the pituitary, where they are stored in
secretory vesicles and released into peripheral circulation. In addition to this release from
axonal terminals, there is dendritic release of OT and AVP into the extracellular space,
resulting not only in local action but also in diffusion through the brain to reach distant targets
(dotted arrows). Thus, both peptides have peripheral and central functions. Adapted from
Meyer-Lindenberg et al., 2011; Brown et al., 2020; Borie et al., 2021.

1.5.- Oxytocinergic regulation of glutamatergic transmission in the hypothalamus

The a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR) is one of the
main mediators of fast glutamatergic transmission in the central nervous system (CNS),
including brain regions such as the hypothalamus. Activation of AMPARS plays a main role in
long-term synaptic plasticity, largely due to the trafficking of AMPAR subunits that adapt the
receptor composition in response to various patterns of stimulation (Royo et al., 2022).
Interestingly, activity-dependent insertion of AMPAR at the plasma membrane is achieved by
the formation of a specific postsynaptic SNARE complex in which SNAP-47 plays a
prominent role (Jurado et al., 2013; Arendt et al., 2015).

Glutamatergic transmission influence practically all autonomic and homeostatic responses
orchestrated in the hypothalamus including stress, energy and electrolyte balance, circadian
rhythms, blood pressure, lactation, and fertility (Royo et al., 2022). OT- and AVP -expressing
cells, located in the PVN and SON, receive dense glutamatergic innervation and express
both postsynaptic AMPA and N-methyl-D-aspartate (NMDA) receptors, which are believed to
influence their firing patterns and ability to release OT and AVP (Royo et al., 2022). In fact,
AMPA, kainate, and NMDA receptor mRNA are found in the hypothalamus at similar levels
than in the cortex and hippocampus. Interestingly, AMPAR subunits have been postulated to
exhibit region- and cell-specific patterns (Fig. 7), which along with subunit composition, give
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place to multiple modes of glutamatergic transmission in the hypothalamus, which may
underlie and modulate its various central and neuroendocrine functions (Royo et al., 2022).

Glutamate Receptor subunit (GluA1-4)
Al A2 A3 A

Parvo @ ® 0

Magno + * ¥

Parvo or Magno A A A

Anterior Posterior

»

Figure 7.- AMPAR subunit distribution across distinct hypothalamic nuclei in the rat brain. A)
Coronal plane of the hypothalamus showing the different hypothalamic regions. PVN:
paraventricular nucleus; DMH: dorsomedial hypothalamus; VMH: ventromedial
hypothalamus; LH: lateral hypothalamus; SON: supraoptic nucleus; PeVN: periventricular
nucleus; SCN: suprachiasmatic nucleus; ARC: arcuate nucleus. B) Sagital plane of
hypothalamic nuclei. AMPAR subunit abundance is represented for each nucleus according
to available literature in the rat brain (Van Den Pol, 1994; Eyigor et al., 2001). Detailed
information regarding AMPAR subunit abundance in magno- and parvocellular neurons is
only available for the PVN (Herman et al., 2000). Adapted from Royo et al., 2022.

Hormonal secretion at neurohypophysial terminals is largely regulated by glutamatergic
activity onto both OT and AVP magnocellular neurons. OT release from magnocellular
neurons required for lactation is NMDAR and AMPAR-dependent, and NMDARs have been
shown to inhibit OT release in the posterior pituitary. On the other hand, a combination of
AMPARs and metabotropic glutamate receptors (mGIuRs) activation promotes OT
somatodendritic release.

A prominent example of homeostatic regulation of glutamatergic transmission in the
hypothalamus is osmotic regulation. Water deprivation increases the density of GIuN1 in the
SON OT and AVP neurons accompanied by a reduction of GIuN2B expression. Chronic salt
loading stimulation produces an increase in GIuAl protein expression level, potentiating
AMPAR-mediated current amplitude in magnocellular hypothalamic neurons (controlling
blood pressure, blood volume, and Na balance). Furthermore, PVN and SON magnocellular
neurons undergo plastic changes during lactation and milk ejection which involve a two-fold
increase in AMPAR-mediated current frequency and decay kinetics, probably due to a switch

30



in AMPAR subunit composition. However, hypothalamic plasticity differs from the classical
molecular mechanisms underlying plasticity in hippocampal synapses (Fig. 8).
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Figure 8.- Comparative representation of the molecular mechanisms underlying plasticity in
hippocampal and hypothalamic synapses. A) Schematic representation of the model CA3-
CAl synapse. High frequency stimulation (HFS) induces calcium entry trough NMDARs
activating intracellular signaling cascades that drive new AMPARs including GluA2-lacking
receptors into the synaptic membrane. These changes result in a long-lasting potentiation of
the synaptic strength and an increase in spine volume. In contrast, low frequency stimulation
(LFS) induces a moderate entry of intracellular calcium which drives AMPARs out from the
plasma membrane, weakening synaptic strength and decreasing the spine volume. B)
Schematic representation of a hypothalamic synapse. In addition to glutamatergic inputs,
hypothalamic synapses are heavily influenced by hormonal secretion from neighboring
peptidergic neurons. In contrast to classical plasticity protocols in the hippocampus,
hypothalamic synapses commonly exhibit short-term adaptions in response to prolong and
low frequency patterns of activity. Short-term potentiation of synaptic strength can be
achieved by activation of postsynaptic NMDAR and an increase of synaptic AMPARS,
enriched in GluA2-lacking subunits. In addition, NMDARSs can be rapidly recruited at synaptic
localizations in parallel to presynaptic changes. On the other hand, hypothalamic synapses
undergo short-term synaptic depression in response to low frequency stimulation by several
mechanisms which may involve the activation of peptidergic or NMDA receptors, that drive
the removal of synaptic GluA2-lacking AMPARs, NMDARSs, and reduce glutamate release
probability. Adapted from Royo et al., 2022.

The involvement of AMPAR-mediated transmission in hypothalamic function suggests that
dysregulations of AMPAR trafficking, phosphorylation or subunit composition, may be
associated with cognitive and behavioral impairments including anxiety, depression,
ischemia, intellectual disability, neurodegenerative conditions, drug addiction or social
deficits (Royo et al., 2022).

In summary, there are many evidences indicating that hypothalamic neurons undergo plastic
events in which AMPAR modifications in terms of subunit composition, post-translational
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modifications or subcellular localization are required. Nevertheless, the exact mechanisms
involved in these processes in OT and AVP cells are not as well understood as in
hippocampal synapses, thus undeniably more research on this topic is needed (Royo et al.,
2022).

1.6.- Oxytocin receptor

The oxytocin receptor is a G protein-coupled receptor, which belongs to the rhodopsin-type
(class I) G protein coupled receptor (GPCR) family (Lee et al., 2009; Dumais & Veenema,
2016) (Fig. 9A). Recent studies indicate that the canonical OTR transcript, assumed to be
the only functional form, is not the only transcript, revealing the existence of up to eight
MRNA OTR variants, highlighting a complex transcriptional regulation (Danoff et al., 2023).

OTR is both expressed in peripheral tissues and in the brain. OTR distribution in the brain
differs across species, sex, developmental stage and brain region, which may explain the
different effects attributed to OT (Viero et al., 2010; Jurek & Neumann, 2018; Sharma et al.,
2019).

Intriguingly, OTR also binds AVP, although with less sensitivity than to OT, and undergo
desensitization after a persistent agonist stimulation, that ultimately results in the
internalization of the receptor (Gimpl & Fahrenholz, 2001).
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Figure 9.- The oxytocin receptor. A) Schematic representation of the OTR structure. The
OTR is a seven-transmembrane helix (TMH1-7) receptor with three extracellular loops (2—7)
and three intracellular loops (1-6). Adapted from Jurek & Neumann, 2018. B) Comparison
between OTR expression and projection of hypothalamic oxytocin neurons. Adapted from
Son et al., 2022.

Over the years, several strategies have been employed to investigate OTR expression in the
brain, although their accuracy has been compromised due to the homology of OTR with
other related receptors, such as AVPRs. The most commonly used techniques are receptor
autoradiography in fixed tissue (Sharma et al.,, 2019), commercial antibodies, in situ
hybridization, qPCR, Western blotting (Jurek & Neumann, 2018), and OTR-reporter mice
such as the well-characterized OTR-Venus transgenic line (Sharma et al., 2019).
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Interestingly, a recent paper by the Kim lab (Son et al., 2022) revealed a limited correlation
between OT and OTR distribution, suggesting an important contribution of volume
transmission in OT-dependent signaling (Fig. 9B). In this scenario, OT released at the level
of the third ventricle could travel within the cerebrospinal fluid to distant regions, such as the
cortex that contain high levels of OTR.

1.7.- Oxytocin and social behavior

OT neurons, primarily of the magnocellular type, project their axons to the neurohypophysis
(a.k.a the posterior pituitary gland), where they release large amounts of OT into the
bloodstream. Systemic OT acts as a hormone with prominent reproductive functions as the
aforementioned role in promoting uterine contraction and milk ejection reflex (Tom &
Assinder, 2010). OT also participates in kidney functions (urine osmolarity), pancreatic
functions (glucagon and insulin secretion), and cardiovascular functions (vasodilation and
decreasing myocardial contractility) (Tom & Assinder, 2010).

In addition to peripheral axonal release, OT can also be secreted at the somatodendritic
compartment (Ludwig & Leng, 2006), which represents a significant source of OT in the
CNS.

The action of OT in the brain has been mostly associated to the regulation of social behavior
(Insel and Young, 2001; Ludwig & Leng, 2006; Neumann, 2008; Délen, 2015b). One of the
first evidence that relates OT with social behavior can be found in the classical experiments
performed by Young and Wang in 2004. Autoradiography analyses showed that, in contrast
to promiscuous voles, monogamous prairie voles exhibited higher densities of OTR in the
nucleus accumbens (NAcc) and the caudate putamen (CP) nuclei, two regions involved in
reward and behavior reinforcement (Fig. 10A, B). Results from partner-preference behavioral
tests also showed that a selective OTR antagonist (OTA) infused bilaterally into the NAcc or
the prefrontal cortex (PFC), but not the CP, impairs monogamous partner-preference in
female prairie voles (Young & Wang, 2004) (Fig. 10C).

A) B) C)
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Figure 10.- OTR expression in monogamous and non-monogamous voles. A, B) OTR
autoradiography experiment in prairie voles’ brains. Monogamous prairie voles (A) have
higher densities of OTR in the nucleus accumbens (NAcc) and caudate putamen (CP) than
do non-monogamous montane voles (B). Both species express OTR in the prefrontal cortex
(PFC). Scale bar indicates 1 mm. C) A selective OTR antagonist (OTA) infused bilaterally
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into the NAcc or PFC, but not the CP, blocks partner-preference formation in female prairie
voles. Adapted from Young & Wang, 2004.

One of the most convincing evidence supporting the role of OT in social behavior was
obtained exploring KO mice in which either the OT or the OTR genes were removed or
inactivated. Male mice constitutively lacking OT (OT™) fail to recognize females to which they
have been previously exposed (identified as reduced olfactory investigation), indicating social
memory impairments (Ferguson et al., 2000) (Fig. 11A). Furthermore, postpartum female
mice lacking the OTR gene were less efficient retrieving their pups than wild type animals,
indicating deficits in this aspect of maternal behavior (Takayanagi et al., 2005) (Fig. 11B). In
humans, OT promotes empathy, trusting and cooperation, and reduces social aversion and
response to social stress (Benarroch, 2013; Hashimoto et al., 2014), as well as reducing
anxiety and fear (Tom & Assinder, 2010). As a consequence of its implication in social
behavior, dysregulation of oxytocinergic signaling is believed to lead to autism and
obsessive-compulsive disorder (Viero et al., 2010).
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Figure 11.- Oxytocin involvement in social behavior in mice. A) Male mice constitutively
lacking OT (Ot-/-, OXT in the image) present impaired social memory. Social memory by
Oxt—/— (open symbols) and Oxt+/+ (filled symbols) male mice was measured as a difference
in olfactory investigation. Data depict mean +/-1 s.e.m. for the amount of time (s) allocated to
investigation of the same ovariectomized female during each of four successive 1 min trials.
Asterisks represent a significant decrease between each trial compared with the first trial for
Oxt+/+ males. Adapted from Ferguson et al., 2000. B) Pup retrieval and crouching behaviors
in Oxtr-/- and Oxtr+/+ postpartum females. Failure to retrieve was assigned as 30 min, the
length of the observation period. Adapted from Takayanagi et al., 2005.

Although OT is required as a mediator of maternal and prosocial behaviors, it might not be
sufficient. A disruptive article by Berendzen et al., (2023) explored different aspects of
maternal behavior in a novel OTR KO mouse line developed by CRISPR-Cas9 technology.
These KO animals showed social treats similar to those of the wild type animals. These
unexpected data may be explained by the residual activity of the remaining OTR levels
(Danoff et al., 2023) or the compensation by AVP-signaling. Moreover, recent research by
Dayu Lin’s laboratory has uncovered a specific role of OT in modulating social aversion
(Osakada et al., 2024), highlighting that a comprehensive understanding of OT's role in brain
function is still incomplete.
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Brain OT has been implicated in several aspects of social behavior. Classical experiments
performed in monogamous prairie voles indicated that OT administration accelerates pair
bonding formation (Young & Wang, 2004). Conversely, blocking the OTR impairs pair
bonding formation (Insel et al., 1998; Neumann, 2008). Furthermore, OT reduces social fear
and anxiety levels (Neumann, 2008; Pefagarikano et al., 2015).

OT and OTR KO mice exhibited reduced social memory and recognition (Neumann, 2008),
and developmental dysregulation of the oxytocinergic system leads to several social
impairments in humans (Meyer-Lindenberg et al., 2011) as well as in animal models, like
Prader-Willi Syndrome, Phelan-McDermid Syndrome, or autism spectrum disorder (ASD)
(Rajamani et al., 2018). As an example, a study performed comparing family- and
institutionalized-reared children, indicated that social deprivation impairs the development of
the oxytocinergic system (Fries et al., 2005).

One of the disorders most commonly associated with OT alterations is ASD. ASD is defined
as a neurodevelopmental syndrome characterized by social behavioral deficits as impaired
language development, repetitive behavior, and social and communicative deficits (Alarcon
et al.,, 2008; Insel, 2010). ASD is associated with hyperactivity, epilepsy, and sensory
processing abnormalities (Pefiagarikano et al., 2011). ASD is estimated to be 70 % to 90 %
heritable (Alarcén et al., 2008), and has a heterogeneous etiology. 700 genes, most of which
are rare variants, have been identified as risk genes (Pefiagarikano et al., 2015; Ddlen,
2015a; Doélen & Sahin, 2016). As several genes implicated in ASD encode for synaptic
proteins, ASD is suggested to be a “synaptopathy” (Dolen and Sahin, 2016; Rajamani et al.,
2018).

Alterations in the genes coding for the AVPR1a, the OTR, neurophysin | and Il, CD38 (a
protein identified to participate in OT release), and OT give rise to social deficits present in
autistic patients (Ebstein et al., 2009; Modi & Young, 2012). FMR1, UBE3A, DHCR7, and
MeCP2 genes (Modi & Young, 2012), and the fragile X mental retardation protein (FMRP),
UBE3A protein, T.brain-1 (TRB1) gene and CHDS8 (a chromatin remodeling factor) (Ddlen &
Sahin, 2016), are other genes associated with ASD. Importantly, reduced OT levels are
related with ASD (Insel, 2010; Erdozain & Pefiagarikano, 2020), determining the severity of
the syndrome (Délen, 2015a).

Different types of animal models have been developed to mimic various characteristics of
autistic patients including genotypic, phenotypic and environmental features (Modi & Young,
2012). Contactin Associated Protein-Like 2 (CNTNAP2), a cell adhesion protein of the
neurexin family, was discovered to be associated with autism in 2008, in a study performed
by Alarcén et al., (2008) that correlated Single Nucleotide Polimorphisms (SNPs) with gene-
expression analyses. CNTNAP2 deficits were correlated with language difficulties in autistic
patients (Alarcén et al., 2008). CNTNAP2 KO mice present hyperactivity, epileptic seizures,
repetitive behaviors (Pefiagarikano et al., 2011), and altered synaptic patterns and
development (Lazaro et al., 2019). Interestingly, these mice present reduced number of
oxytocinergic neurons in the PVN (Pefiagarikano et al., 2015). Stimulation of endogenous OT
release through activation of the Melancortin 4 receptor (MC4R) in PVN neurons improved
social behavior in these mice as well as daily postnatal administration of exogenous OT
(Pefnagarikano et al., 2015). Intracerebroventricular injection of OT also has been shown to
ameliorate social deficits in OT, OTR and CD38 KO mice (Modi & Young, 2012).
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These promising data drawn from preclinical studies have inspired OT-based interventions in
autism patients, being intranasal application the most common route of administration (Fig.
12A). Intranasal OT treatments may increase emotion recognition, empathic perception, and
social memory (Kosfeld et al., 2005; Modi & Young, 2012; Young & Barrett, 2015). However,
the high variability across patients and the short duration of the beneficial effects have limited
the application of these treatments in the clinic. Furthermore, the ability of exogenous OT to
effectively cross the blood brain barrier (BBB) is still under heated debate in the field (Insel,
2010; Dolen, 2015b; Leng & Ludwig, 2016; Erdozain & Pefiagarikano, 2020) (Fig. 12B),
meanwhile other administration routes like intraperitoneal and intracerebral injections have
been less explored in the context of clinical trials (D6len, 2015b).
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Figure 12.- Intranasal application of OT as a common route of administration for treating
social behavior impairments. A) The brain OT system: projections, release, neuronal OTR-
mediated input from the periphery, and external application. ECF: extracellular fluid; CSF:
cerebrospinal fluid; PVN: paraventricular nucleus of the hypothalamus; SON: supraoptic
nucleus; AN: accessory nuclei. Adapted from Jurek & Neumann, 2018. B) Studies of the
central bioavailability of peripherally administered OT have demonstrated that the
neuropeptide does not effectively cross the blood-brain barrier (BBB). For example,
intracarotid artery injection of tritiated (radiolabelled) water and oxytocin in rats, followed by
rapid (15-s post injection) dissection of 19 brain regions, four of which lie outside the BBB
(pineal, choroid plexus, poster pituitary, anterior pituitary), and measurement of recovered
radioactivity revealed that, even at supraphysiological levels, OT injected peripherally does
not appreciably reach the central brain tissue. Adapted from Ddlen, 2015b.

Biologically stable OT analogs are an alternative to overcome the poor penetration of OT into
the BBB (Modi & Young, 2012; Ddlen, 2015b). For example, Pitocin was administered to
ASD and Asperger’s patients reducing repetitive and stereotypic behaviors (Modi & Young,
2012). Other alternative are non-peptide agonists, which present higher stability, central
penetration, and bioavailability than OT. WAY-267464 and the Ferring analog are some
viable examples (Modi & Young, 2012). In animal models, activation of receptors at OT
neurons has been implemented to promote OT release, like melanocortin, serotonin, or
retinoic acid receptors (Modi & Young, 2012).
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These results highlight the need to further explore the role of OT in the brain in order to
optimize the methodology to detect OT levels and release events to improve correlative and
causal studies (Young & Barrett, 2015; Erdozain & Pefiagarikano, 2020).

2.- Neurotransmitter exocytosis

Neurotransmitter release is amongst the best understood exocytic processes in eukaryotic
cells. Vesicle membrane’s fusion with the plasma membrane is essential for neurotransmitter
release into the synaptic cleft and subsequent binding and activation of specific receptors,
usually located at the postsynaptic cell (Sudhof, 2004) (Fig. 13A). Prior to fusion,
neurotransmitter-containing vesicles undergo several steps which consist of tethering,
docking, and priming (Kasai et al., 2012) (Fig. 13B). These processes are believed to
position vesicles to facilitate highly efficient release events upon extracellular calcium influx
induced by action potentials (APs) and the formation of the SNARE fusion complex (Gerber
& Sudhof, 2002; Stojilkovic, 2005; Sudhof & Rothman, 2009; Sudhof & Rizo, 2011).
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Figure 13.- Exocytosis of synaptic vesicles. A) Schematics of synaptic transmission.
Chemical neural communication is based in neurotransmitter release. When the vesicle
membrane fuses with the cellular membrane, neurotransmitters are released into the
synaptic cleft, bind to the postsynaptic receptors and activate them. Adapted from Sudhof,
2012. B) Synaptic vesicle cycle. Steps in vesicle fusion include vesicle tethering, docking,
priming and finally, fusion. These events are driven by high-affinity interactions between
SARE proteins, and are regulated by calcium and calcium-binding proteins through their
interaction with the SNARE complex. Adapted from Ovsepian & Dolly, 2011.

In general, two main forms of cargo release have been identified: kiss-and-run and full fusion
(Stojilkovic, 2005; Vardjan et al., 2007), although exocytosis can also be classified as
spontaneous or constitutive, and triggered or stimulated (Kasai et al., 2012).
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2.1.- Somatodendritic release

Classically, neuronal exocytosis refers to neurotransmitter release at axon terminals.
However, multiple studies suggest that the neuronal somatodendritic compartment is also an
active site of release, particularly of neuromodulators from DCVs (Ludwig & Leng, 2006;
Kennedy & Ehlers, 2011). Several studies have addressed the postsynaptic release of OT
and AVP-containing DCVs in the PVN and SON. The first evidence of OT and AVP
somatodendritic secretion was described by Pow and Morris in 1989, employing tannic acid
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Figure 14.- Somatodendritic release in the hypothalamus. A) Longitudinal section of a
magnocellular SON dendrite (D) in the ventral glial lamina, from brain slice preparations
exposed to 1.2 mM tannic acid in a saline solution containing 56 mM KCI. Numerous DCVs
are identified; exocytic figures are indicated by arrows. Scale bar indicates 1 pm. Insert:
Immunogold labelled OT-DCV from the cell body of a magnocellular neuron from an animal
pre-treated with colchicine. Scale bar indicates 200 nm. Adapted from Pow & Morris, 1989.
B) Differential regulation of dendritic and axonal oxytocin secretion. Administration of a-
melanocyte-stimulating hormone (a-MSH) induces dendritic oxytocin release (B.1.), and a
transient increase in the intracellular Ca®* concentration (B.2) while inhibiting the firing rate of
OT neurons and reducing secretion from the posterior pituitary (B.3). Adapted from Ludwig &
Leng, 2006.
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Although somatodendritic release has not been as extensively studied as axonal release, it is
believed that this form of neuronal secretion is primarily induced by agents that mobilize
intracellular calcium from the endoplasmic reticulum, such as thapsigargin. Other major
players in somatodendritic release are:

-Specific SNARE proteins. Data from several brain regions indicate that classical SNARE
proteins are not found in the dendrites of secretory neurons, suggesting that variants of these
proteins mediate dendritic release (Ludwig & Stern, 2015).

-Actin cytoskeleton. Several studies indicate that actin filaments surround the plasma
membrane of the neurons (cortical F-actin). In sites where DCVs have been detected, there
is no F-actin filaments. So, it has been proposed that actin cytoskeleton mediates the
transport and the organization of the DCVs to the membrane, and that actin depolimerization
(G-actin) leads to DCVS’ release (Tobin & Ludwig, 2007; Ludwig & Stern, 2015; Ludwig et al.,
2017).

-Calcium entry through glutamate NMDARs may mediate dendritic DCVs’ release (Ludwig &
Stern, 2015).

-Specific voltage-gated calcium channels (VGCCs) may mediate postsynaptic DCVs’
exocytosis, specifically N-type channels (Ludwig & Stern, 2015; Ludwig et al., 2017).

-Involvement of specific calcium buffering mechanisms (Ludwig & Stern, 2015; Ludwig et al.,
2017).

Somatodendritic release has been shown to be induced either by trains of APs at high
frequencies, high potassium or application of neuropeptides (De-Miguel & Trueta, 2005). As
such, the activation of the peptide receptors by an intracellular calcium mobilizing agent (in
the case of OT, agents such as a-melanocyte-stimulating hormone (MSH), thapsigargin, or
cyclopiazonic acid) (Ludwig et al., 2017) has been linked to DCV mobilization and release
(Fig. 14B). Importantly, neuropeptide release is self-sustaining, further activating the neuron
to amplify subsequent release events. Vesicles from the Readily Releasable Pool (RRP), a
set of vesicles ready for fusion, play an important part in this phenomenon as they constitute
a “primed” pool able to sustain release in response to future stimulus (electrical or osmotic)
(Ludwig et al., 2002; Ludwig & Leng, 2006; Ludwig & Stern, 2015).

To note, somatodendritc release is not restricted to hypothalamic neurons. In peripheral
aminergic neurons and the neuropile of the trigeminal nucleus caudalis, DCVs’ exocytosis
from unspecialized membrane zones has also been reported. Additionally, substance P
secreted from the soma of dorsal root ganglion neurons, dopamine from the soma of
substantia nigra neurons or from retina amacrine cells, as well as serotonin from Cajal-
Retzius neurons are also prominent examples of somatodendritic release (De-Miguel &
Trueta, 2005). Other cases of dendritic release occur at the synapse between granule and
mitral cells in the olfactory bulb and the release of dynorphin from hippocampal granule cells
(Kennedy & Ehlers, 2011).
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3.- Dense Core Vesicles vs. Synaptic Vesicles

Neuropeptides, such as OT, as well as other neuromodulators like catecholamines,
neurotrophic factors or hormones, are commonly stored in dense core vesicles (Ludwig &
Leng, 2006), which exocytosis mechanisms in neurons have not been as extensively studied
as the properties of neurotransmitter release (stored in synaptic vesicles). The main
differences between DCVs and SVs, and their release properties are summarized in Fig. 15,
and tables 1 and 2 (Ludwig and Leng, 2006; Van Den Pol, 2012; Ludwig and Stern, 2015).
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Figure 15.- Dense core vesicles vs. Synaptic vesicles. A) Electron micrograph of PVN
neuron cell body under basal conditions. SVs are indicated with white arrows; DCVs are
indicated with orange arrows. Scale bar indicates 1 ym. B) Comparison of fast amino acid
synaptic transmission (left) and slower neuropeptide transmission (right). Adapted from Van
Den Pol, 2012.

Table 1.- Properties of Synaptic vesicles and Dense core vesicles.

Synaptic vesicles Dense core vesicles
(SVs) (DCVs)
Diameter (nm) 20-50 nm 100-150 nm
Cellular distribution Presynaptic Heterogeneously
distributed
Site of release Active Zone (AZ) Non-specialized region
Release kinetics Milliseconds Seconds-Minutes
Cargo Neurotransmitters Neuropeptides,
catecholamines,
hormones,
neuromodulators
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Table 2.- Differences between classical neurotransmission and peptidergic neuromodulation.

Neurotransmitters Neuropeptides
Release stimulus Action Potential / Calcium | Electrical activity / Partially
influx Calcium-dependent
Receptors lonotropic / Metabotropic Mostly Metabotropic
Concentration released High (micromolar) Small (hanomolar)
Half-life ms (5 ms aprox.) min (e. g. OT: 20 min in
brain; 2 min in blood)
After release Recycled trough specific | Extracellular degradation
transporters trough unspecific
peptidases,
synthesized de novo

4.- The SNARE complex

4.1.- The SNARE complex hypothesis

The SNARE complex is a group of proteins that mediate the fusion between vesicles and
lipid membranes. SNARE refers to the Soluble N-ethylmaleimide-Sensitive Factor
Attachment Protein (SNAP) Receptor. A canonical SNARE complex is constituted by the
interaction of three SNARE proteins: synaptobrevin-2 (Syb-2), also known as VAMP-2 (for
“vesicle associated membrane protein”), syntaxin-1 (Stx-1), and SNAP-25 (Ramakrishnan et
al., 2012) (Fig. 16).
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Figure 16.- Canonical SNARE complex for presynaptic neurotransmitter release. A) Domain
diagrams of the neuronal SNARES: synaptobrevin, syntaxin-1, and SNAP-25. SNARE motifs
are labeled SNARE; the syntaxin-1 N-peptide is labeled N-pep; in SNAP-25, CCCC denotes
a cysteine-rich region that is palmitoylated. The numbers at the top right indicate the length
of the proteins. Adapted from Rizo & Sudhof, 2012. B) Model of the neuronal SNARES
assembled into the core complex. The ribbon diagrams represent the crystal structure of the
core complex and the structure of the amino-terminal Habc domain of syntaxin-1. The Habc
domain is coloured in orange; Syb-2 is colored in red; Stx-1 is colored in yellow; SNAP-25
amino terminus is colored in blue; and SNAP-25 carboxyl terminus is colored in green. The
cylinders represent the transmembrane regions of Syb-2 and Stx-1, which are inserted into
the synaptic vesicle and plasma membranes, respectively. The curved lines represent short
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sequences that connect the SNARE motifs and the transmembrane regions, as well as the
linker region between the Habc domain and the SNARE motif of Stx-1. Zero layer is indicated
by the dotted line. Adapted from Rizo & Sidhof, 2002; Kadkova et al., 2019.

The three families of SNARE proteins present a common SNARE motif composed of 60-70
amino acids that contains heptad repeats (Fig. 16A). A fully formed SNARE complex is
characterized by a highly stable four-helix bundle resistant to sodium dodecyl sulfate (SDS,
detergent that denature proteins) (Rizo & Rosenmund, 2008; Sudhof & Rizo, 2011). SNARE
proteins can be classified as v-SNAREs, if they are located in the vesicle membrane, as
synaptobrevins (Sybs), and t-SNAREs, if they are found in the target plasma membrane,
such as syntaxins (Stxs) and some SNAPs (Ovsepian & Dolly, 2011; Ramakrishnan et al.,
2012). Synaptobrevins and syntaxins contribute one a-helix to the complex, whereas SNAP
proteins like SNAP-25 contribute two a-helices, which leads to the close up of the vesicle and
plasma membranes, and the formation of a four-helical coiled coil (Sudhof, 2004; Rizo &
Rosenmund, 2008; Kadkova et al., 2019; Urbina & Gupton, 2020) (Fig. 16B). Specifically,
synaptobrevins contribute an arginine residue; meanwhile syntaxins and SNAPs contribute a
glutamine residue in the middle of the complex. The nature of these amino acids in the zero
layer (Kasai et al.,, 2012; Kadkova et al., 2019) provide the bases for an additional
classification of SNARE proteins into Q-SNARE (SNAREs that contribute a glutamine
residue) and R-SNARE (SNAREs that contribute an arginine residue) (Ovsepian & Dolly,
2011; Kuster et al., 2015; Kadkova et al., 2019; Urbina & Gupton, 2020).

4.2.- Synaptic vesicle fusion

Presynaptic SVs’ fusion in excitatory neurons is usually mediated by the canonical SNARE
complex, constituted by: Syb-2 or VAMP-2, Stx-1, and SNAP-25 (Sidhof, 2004; Kadkova et
al., 2019), and comprises several steps (Fig. 17). After an action potential, the neuron
depolarizes allowing extracellular calcium entering the cell through voltage-gated calcium
channels. Synaptic vesicles surrounding the active zone (AZ) get closer to the membrane
(tethering) through the zippering action of the SNARE complex formation (Stdhof, 2004).
Muncl8, a cytosolic regulatory protein, binds to Stx-1, which facilitates the interaction
between Stx-1 and SNAP-25 and Syb-2. This docking step (Ovsepian & Dolly, 2011)
precedes fusion, that is ultimately triggered by the calcium sensor Syt-1 (Stdhof, 2004;
Ovsepian & Dolly, 2011). When vesicle membrane fuses with the plasma membrane,
neurotransmitters are released into the synaptic cleft, where they bind to specific
postsynaptic receptors activating the postsynaptic neuron (Stojilkovic, 2005; Ovsepian &
Dolly, 2011). After release, the SNARE complex is disassembled by NSF and SNAP proteins
(Sudhof and Rothman, 2009), and synaptic vesicles are recycled for another round of
exocytosis (Sudhof, 2004). Meanwhile, the reserve pool replenishes the vesicles that are
being recycled, in order to maintain exocytosis in response to subsequent stimulation (Fig.
17).
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Figure 17.- The synaptic vesicle cycle. Schematics of a presynaptic nerve terminal in
contact with a postsynaptic neuron. The synaptic vesicle cycle consists of exocytosis (red
arrows) followed by endocytosis and recycling (yellow arrows). SVs (green circles) are filled
with neurotransmitters (NT: red dots) by active transport (neurotransmitter uptake) fueled by
an electrochemical gradient established by a proton pump that acidifies the vesicle interior
(vesicle acidification; green background). In preparation to synaptic exocytosis, SVs are
docked at the AZ, and primed by an ATP-dependent process that renders the vesicles
competent to respond to a Ca**-signal. When an action potential depolarizes the presynaptic
membrane, Ca®*-channels open, causing a local increase in intracellular Ca®* at the AZ that
triggers completion of the fusion reaction. Released neurotransmitters then bind to receptors
associated with the postsynaptic density (PSD). Adapted from Sudhof & Rizo, 2011.

4.3.- The SNARE proteins

4.3.1.- Synaptobrevin

Sybs or VAMPs are transmembrane proteins constituted by a short amino-terminal
sequence, a SNARE motif, and a carboxy-terminal membrane anchor (Stidhof & Rizo, 2011).
They have 20 kDa of molecular mass approximately, and are the most abundant proteins in
SVs. (Gerber & Sudhof, 2002; Rizo & Sudhof, 2002). Sybs were identified in 1992 by means
of specific botulinum toxin subtypes known to block release due to irreversible Syb cleavage
(Sudhof & Rizo, 2011).

The most prominent Syb isoforms in the brain are Syb-1 and Syb-2. Syb-1 is abundant in the
spinal cord and neuromuscular junctions, meanwhile Syb-2 is more commonly found in the
forebrain. In addition to the well-described role in mediating presynaptic SVs release, Syb
proteins have been also implicated in postsynaptic functions. As such, Syb-1 has been
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proposed to participate in NMDARs trafficking. Furthermore, Syb-2 may regulate several
processes including the trafficking of AMPAR- and GABAAR-containing endosomes in
dendrites (reviewed in Madrigal et al., 2019). Isoforms such as Syb-3, 4 and 7 are found in
lower levels in the brain, and Syb-4 and 7 are also expressed in several tissues (Madrigal et
al., 2019; Urbina & Gupton, 2020).

4.3.2.- Syntaxin

Stxs are SNARE proteins which structure comprises a transmembrane domain, several
hydrophobic regions and the SNARE-domain (Teng et al., 2001; Gerber & Sidhof, 2002;
Kasai et al., 2012; Rizo & Sidhof, 2012).

The Stx family is constituted by 18 isoforms, with some of them also including alternatively
spliced isoforms (e.g., Stx-1, 2, 3, 5 and 16) (Teng et al., 2001). Importantly, among the 18
possible isoforms, only Stx1-4 are located in the plasma membrane (Teng et al., 2001).

Stx-1 is the best studied, and presents two isoforms: Stx-la and Stx-1b, which is the most
abundant in the brain (Ramakrishnan et al., 2012; Madrigal et al., 2019). In addition to its
well-known role in presynaptic vesicle exocytosis, Stx-1 can also be localized
postsynaptically, playing a role in trafficking and exocytosis of excitatory and inhibitory
receptors (Madrigal et al., 2019).

Another prominent isoforms found at dendrites are Stx-3 and Stx-4 (Kennedy et al., 2010;
Jurado et al., 2013; Arendt et al., 2015). Specifically, Stx-3 has been found in the dendrites of
excitatory neurons, where it plays an important role in regulating AMPAR trafficking during
long-term potentiation (LTP) (Jurado et al., 2013), whereas Stx-4 may participate in receptor
exocytosis during homeostatic plasticity (Arendt et al., 2015).

Other syntaxin isoforms (e.g., Stx-5, Stx-18) are mayor players of the secretory pathway
with various roles in vesicle trafficking from the endoplasmic reticulum (ER), the Golgi
apparatus, trans-Golgi network (TGN), and the endosome system (Teng et al., 2001).

4.3.3.- SNAPs

The SNAP family is formed by SNAP-25, SNAP-23, SNAP-29, and SNAP-47, receiving its
name depending on their molecular weight (Urbina & Gupton, 2020) (Fig. 18). Below, we
discussed the main properties of these isoforms, with a special focus on SNAP-47, the main
target of the present study.
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Figure 18.- Schematic view of the domain structure of the members of the SNAP-25 protein
family. All SNAP-25 homologues contain tandem SNARE motifs (boxed). Palmitoylation sites
in the linker region are indicated on SNAP-23 and SNAP-25. SNAP-47 has an extended N-
terminal domain and linker region compared with other SNAPs. Adapted from Holt et al.,
2006.

SNAP-25

SNAP-25 was the first identified and best studied SNAP protein (Kadkova et al., 2019).
SNAP-25 contains a short N-terminus, a SNARE-motif (Qb), a linker region, and a second
SNARE-motif (Qc) (Gerber & Sudhof, 2002). It is located at the plasma membrane, through
the palmitoylation of central cystein residues (Gonzalo & Linder, 1998; Gerber & Sudhof,
2002; Rizo & Sudhof, 2012).

SNAP-25 is highly abundant in the brain, although it can also be found at high levels in other
tissues. The two SNAP-25 exons generate SNAP-25a and SNAP-25b via alternative splicing
(Kadkova et al., 2019). SNAP-25b dominates in the adult brain, whereas SNAP-25a is
expressed in adrenal chromaffin cells and B-cells of the pancreas. SNAP-25a is also
expressed in the olfactory bulb, hypothalamus, and the pituitary, as well as brain regions
specialized in the release of neuropeptides and hormones (Kadkova et al., 2019).

SNAP-25 participates in regulated and spontaneous presynaptic exocytosis (Kadkova et al.,
2019). In addition, SNAP-25 has been shown to play a postsynaptic role, participating in
NMDA-receptor trafficking (Jurado et al., 2013), AMPA-receptor and GABAAR dynamics,
and removal of kainate receptors (Kadkova et al., 2019). SNAP-25 also participates in spine
formation (Fossati et al., 2015). It has also been suggested that SNAP-25 participates in the
exocytosis of DCVs in chromaffin cells and in some neurons (Kadkova et al., 2019).
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SNAP-23

Structurally, SNAP-23 is almost identical to SNAP-25, due to the duplication of the SNAP-25
ancestral gene (Kadkova et al.,, 2019). In vitro studies have shown that SNAP-23 can
substitute SNAP-25, although with less efficiency (Kadkova et al., 2019).

Nonetheless, some differences in expression and function between SNAP-25 and SNAP-23
have been reported. As such, SNAP-23 seems to be less abundant in late endosomes and
the trans-Golgi network (Kadkova et al., 2019).

SNAP-23 is found in the CNS and in non-neuronal tissue where it can participate in the
regulation of exocytosis of platelets and mast cells, pancreatic cells, Schwann cells,
juxtaglomerular cells, and alveolar cells. Interestingly, in neurons, SNAP-23 is often found in
the soma and dendrites (Kadkova et al., 2019) participating in GABAA and NMDA receptor
trafficking (Ramakrishnan et al., 2012; Kadkova et al., 2019), and in astrocytes (Fukuda &
Mikoshiba, 2001).

SNAP-29

SNAP-29 is the less known member of the SNAP family. Unlike SNAP-25 and SNAP-23,
SNAP-29 exhibits a long linker and lacks palmitoylation sites for membrane anchoring,
suggesting a primarily cytosolic location (Kadkova et al., 2019). Nonetheless, SNAP-29 has
been reported in synaptic vesicles in neurons, Golgi endosomes, and in close proximity to
plasma membrane organelles (Madrigal et al., 2019; Kadkova et al., 2019).

SNAP-29 has been reported to interact with Stx-6, Stx-1 and Stx-17 and to partially rescue
the effects of SNAP-25 KO in neurons (Arora et al., 2017).

SNAP-47

SNAP-47 was first identified by Holt et al., in 2006 in synaptic vesicles from striata primary
neurons from newborn mice (Holt et al., 2006). SNAP-47 has a longer N-terminal tail and a
longer linker region than SNAP-29 (Kadkova et al., 2019), but similar to SNAP-29, it lacks
palmitoylated cysteine residues and is not cleaved by SNAP-specific botulinum neurotoxins
A or E (Holt et al., 2006; K&adkova et al., 2019).

In epithelial cells, SNAP-47 has been shown to interact with Stx-1 and Stx-5 in the ER and
with Stx-1 in the plasma membrane. In addition, SNAP-47 weakly interacts with Syb-2 and
Syb-3 and more strongly with Syb-4, 7 and 8, regulating their subcellular localization and
exocytosis (Kuster et al., 2015). SNAP-47 is detectable as early as embryonic day 10 (E10)
and reaches maximal levels at E18 in brain extracts (Holt et al., 2006) (Fig. 19A). SNAP-47 is
expressed mostly in the brain, followed by the liver, kidney, heart, testis, lung, skeletal
muscle, and spleen (Holt et al., 2006) (Fig. 19B).
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Figure 19.- Developmental profile and tissue distribution of SNAP-47 protein. A) SNAP-47
was detected as early in development as embryonic day 10 (E10), with maximal levels of
expression reached at embryonic day 18 (E18). These levels were maintained into early
adulthood. B) SNAP-47 is ubiquitously expressed but is particularly enriched in the brain. In
addition, it is abundant in liver, kidney, lung, spleen, and testis. The protein was not detected
in skeletal muscle. C, D) SNAP-47 is expressed in all brain regions as determined by
immunoautoradiography on sagittal mouse brain sections (C) and Western blotting on
various brain areas (D). Scale bar indicates 2 mm. Adapted from Holt et al., 2006.

In the brain, SNAP-47 is located in both axons and dendrites (Minster-Wandowski et al.,
2017; Madrigal et al., 2019; Kadkova et al., 2019) in different brain regions including the
cortex, the hippocampus, cerebellar granule cells, the olfactory bulb, the thalamus, the
striatum and the brain stem (Holt et al., 2006; Irfan et al., 2019) (Fig. 19C, D). Cumulative
evidence suggests that SNAP-47 could be implicated in both pre- and postsynaptic functions.
In vitro, SNAP-47 forms complexes containing Stx-1 and Syb-2, being capable of promoting
membrane fusion at pre- and postsynaptic compartments. As such, axonal brain derived
neurotrophic factor (BDNF) secretion requires a SNAP-47-dependent mechanism that is
further enhanced by SNAP-25 (Shimojo et al., 2015). Postsynaptically, SNAP-47 associates
with Stx-3 and Syb-2 to mediate activity-dependent insertion on AMPARs during LTP (Jurado
et al., 2013) and homeostatic plasticity (Arendt et al., 2015), as well as participating in the
early secretory pathway of other SNARE proteins (Kuster et al., 2015).

Interestingly, SNAP-47 has been shown to interact with the intracellular domain of Amiloyd
Precursor Protein (APP) and huntingtin under physiological conditions (Del Prete et al., 2014;
Sap et al.,, 2021), with reports indicating a decrease of SNAP-47 in Parkinson’s disease
(Bereczki et al., 2018). These findings suggest that alterations in SNAP-47 may be linked to
common neurodegenerative disorders.

Since studies in neuronal tissue are scarce, most information regarding SNAP-47 function
has been gathered in cell lines. In these models, SNAP-47 consistently appears to
participate in autophagosome formation usually forming stable complexes with Syb-7 and
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Stx-16 (Aoyagi et al., 2018; Tang, 2019). Furthermore, SNAP-47 interaction with Stx-17 and
Syb-7/Syb-8, mediates autophagosome-lysosome fusion (Jian et al., 2024). In HelLa cells, it
was described that a complex constituted by SNAP-47 and Syb-5, and Stx-1 (or Stx-4)
regulates exosome release (T. Matsui et al., 2023). More recently, SNAP-47 has also been
involved in EV-D68 (enterovirus) replication (Corona et al., 2018).

4.3.4.- Synaptotagmin

The Syt family comprises 16 isoforms in mammals, serving as calcium sensor proteins that
activate membrane fusion events by interacting with SNARE proteins (Sudhof, 2012; Sudhof,
2013).

Structurally, synaptotagmins are vesicle proteins with an N-terminal transmembrane region,
a central linear sequence, and two cytoplasmic calcium-binding C2 domains, C2A and C2B.
These domains interact with the SNARE complex and phospholipids (Gerber & Sidhof,
2002; sudhof, 2013).

Syts work in conjunction with complexin, a small soluble protein binding to the SNARE
complex, required to activate and optimize Syt's action (Sudhof, 2012; Sidhof, 2013).

Among the family members, Syt-1, 2, 9, and 12 are present on both SVs and secretory
granules, while Syt-10 is specifically found on secretory vesicles in olfactory mitral neurons.
Syt-7 is predominantly located on secretory granules known as "secretory lysosomes" in
non-neuronal and non-endocrine cells (Sudhof, 2012). Furthermore, Syt-4 is distributed on
the trans-Golgi complex, synaptic vesicles, and postsynaptic organelles, possibly widely
distributed in neuronal organelles. Syt-3, Syt-6, and Syt-7 are localized on the plasma
membrane (Gerber & Siudhof, 2002).

In terms of abundance in synaptic vesicles, Syt-1 and Syt-2 are the most prevalent isoforms.
Syt-3 and Syt-11 are found in dendrites, Syt-5, 7, 10, and 17 are found in axons, and Syt-4,
6, 9, and 12 are found in both axons and dendrites. These various isoforms play distinct roles
in exocytosis and endocytosis, exhibiting different properties and kinetics (Sudhof, 2004;
Rizo & Rosenmund, 2008; Dean et al., 2012).

4.4.- Pathologies associated to alterations of the SNARE complex: SNAREopathies

Pathologies associated to mutations in the coding genes for the core components of the
SNARE complex are known as “SNAREopathies” (Verhage & Sgrensen, 2020). These
pathologies may present a myriad of symptoms including autistic features, spasms, ataxia,
hypotonia, hyperkinesia, or stereotypies (Verhage & Sgrensen, 2020). Interestingly,
mutations affecting SNARE proteins do not always translate into pathological effects, often
requiring the contribution of specific environmental factors to trigger a disorder (Verhage &
Sgrensen, 2020). When manifested, symptoms usually start in the first year of life, as the
affected genes participate in the release of important molecules for brain development
(Verhage & Sgrensen, 2020).
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Research on this topic has been primarily focused on the members of the canonical SNARE
complex (Syb-2, Stx-1, SNAP-25, and Syt-1) (Ramakrishnan et al., 2012; Praschberger et
al., 2021; Uzay & Kavalali, 2023). Moreover, mutations and dysregulations in other isoforms
of the SNAP and Syt families have been described. Mammary and prostate
adenocarcinomas and ovarian cancer present increased levels of SNAP-23 (Kadkova et al.,
2019); biallelic loss-of-function in Stx-3 gene is linked to severe retinal dystrophy (Perez-
Hurtado et al., 2023) ; and Stx-18 deficiency impairs vesicular transport of collagen Il, leading
to osteochondrodysplasia (Guillemyn et al., 2023).

At the moment, there are no effective treatments for SNAREopathies (Verhage & Sgrensen,
2020),despite employment of aminopyridines has been proposed to rescue exocytosis, as it
increases presynaptic calcium in non-epileptic patients (Uzay & Kavalali, 2023).

4.5.- SNARE complex involved in oxytocin release

As aforementioned, the formation of the SNARE complex is crucial for neurotransmitter
release and its dysregulation or mutation of one of its core components leads to devastating
disorders. Although the kinetic properties and molecular mechanisms involved in SNARE-
dependent presynaptic neurotransmitter exocytosis have been extensively studied, much
less is known regarding neuropeptide release, usually involving DCVs.

As such, whereas axonal OT release into the bloodstream is mediated by classical SNARE
proteins (Miyata et al., 2001; Tobin et al., 2012), the proteins mediating OT somatodendritic
release into the brain are not well characterized.

Evidence indicates some classic neurotoxins cleave postsynaptic OT release (De Kock et al.,
2003; Bergquist & Ludwig, 2008), indicating the involvement of a SNARE complex
constituted by some canonical SNARE proteins. As such, Stx-1 was found in the cytoplasm
of soma and dendrites of hypothalamic neurons, partially colocalizing with OT (Tobin et al.,
2012), and Stx-la KO mice exhibit social behavior impairments likely due to the
dysregulation of oxytocinergic and dopaminergic systems. Importantly, administration of OT
partially restores social deficits in these animals (Fujiwara et al., 2016; Fujiwara et al., 2021),
suggesting a role of Sxt-1a in OT release.

However, the components of the SNARE complex and Syt proteins involved in OT release
during basal and stimulated conditions remain to be identified. Immunohistochemistry
experiments in SON hypothalamic slices showed no expression of SNAP-25, Syb-1,2,3, Syt-
1 and Syt-7 in the soma and dendrites of these neurons (Tobin et al., 2012). Given the
unique properties and kinetics of DCVs exocytosis, it is likely that the SNARE complex
involved in their release includes distinct SNARE proteins (Van Den Pol, 2012).
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To deepen our understanding of the properties and underlying mechanisms of OT regulation
in the soma of hypothalamic neurons, we set out to achieve the following specific objectives:

1.

To describe the morphological properties of hypothalamic OT-containing
Dense Core Vesicles (DCVs) under basal and stimulated conditions.

To analyze the dynamics and trafficking of somatic OT-containing
compartments under basal conditions and in response to neuronal stimulation.

To examine the recruitment and release of somatic OT-containing
compartments to the membrane under basal and stimulated conditions.

To characterize SNARE and synaptotagmin proteins expression in the somatic
compartment of OT-producing hypothalamic neurons.

To analyze the interaction between somatic OT- and SNAP-47-containing
compartments under basal and stimulated conditions.

To examine the role of SNAP-47 in OT trafficking to the membrane and its
implications for social behavior in mice.

Our results shed light on the dynamic properties of OT vesicles, contributing to our
understanding of OT regulation in the brain and its potential impact on social behavior.
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1.- Animals

The mouse has been the experimental animal model employed in the present study. Three
mouse strains were employed depending on the purpose of the experiment (Table 3).

Table 3.- Mice strains employed in the experimental procedures of this thesis.

Genotype Experiment Age Sex
o Primary culture for Postnatal day | Male and
BL6/C57 immunocytochemistry 0 (PO) female
(wild o Immunohistochemistry Adult (34
Type-WT) months)
o Electron microscopy Adult (3-4 | Male and
oTTem o Immunohistochemistry months) female
o Social behavior Adult (34
o Primary culture for chasing, months)
dynamics, and cytotoxicity Adult (2
assay months
aprox.)
PO
o Primary culture for chasing PO Male and
OTEYFP and immunocytochemistry female

To unambiguously identify OT-expressing neurons, we employed the mouse transgenic line
OT-Ires-Cre:Rosa26iDTR/+OT-Cre (OT®™ thereafter) (Jackson Laboratories, strain ID:
024234) originally generated by Wu et al., 2012, which express Cre recombinase under the
control of endogenous OT promoter (Fig. 20A). These animals were bred with reporter mice,
expressing either tdTomato (Ai9, Jackson Laboratories, strain ID: 007909) or EYFP (R26-
stop-EYFP, Jackson Laboratories, strain ID: 006148) (Fig. 20B). The resulting animals are
referred to as OT“™" and OTE'™", in which oxytocinergic cells are identified by either the

expression of tdTomato or EYFP, respectively (Fig. 20C).
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Figure 20.- Characterization of the transgenic mouse lines employed in this study. A)
Schematics of the design to generate the transgenic mouse line OT®™. Cre recombinase was
targeted just after the stop codon of the OT gene using an internal ribosomal entry site (Ires).
Adapted from Wu et al., 2012. B) Schematics of the Cre-reporter construct inserted into the
Rosa26 locus. Adapted from Madisen et al., 2009. C) Pictures of the PVN of OT“™™ and
OTE"" adult mice. Endogenous signal from OT“™" neurons was amplified with anti-RFP
antibody (red); OT neurons were also stained with and anti-OT antibody (green).
Endogenous signal from OT=™" neurons was amplified with anti-GFP (green) antibody; OT
neurons were also stained with an anti-OT antibody (red). Arrows indicate OT neurons
stained with anti-RFP/anti-GFP and anti-OT antibodies; asterisk indicates the third ventricle.
Credit to Pilar Madrigal (lab member). Scale bar indicates 150 ym.

All experiments were performed according to Spanish and European Union regulations
regarding animal research (2010/63/EU). Experimental procedures were approved by the
Bioethical Committee at the Institute of Neuroscience (CSIC-UMH) and the Consejo Superior
de Investigaciones Cientificas. Animals were born and maintained in the Animal Facility of
the Institute of Neuroscience (CSIC-UMH), and were housed in ventilated cages in a
standard pathogen-free facility, on a 12 h light/dark cycle, with free access to food and water,
controlled temperature (23-25 °C) and humidity (40-60 %). The experimental design was
optimized to minimize the number of animals.
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For genotyping, PCR analysis for the Cre allele was performed using the following primers

and PCR program (Fig. 21):
Primers:
ACACCGGCCTTATTCCAAG (R)
TTTGCAGCTCAGAACACTGAC (F)
AGCCTGCTGGACTGTTTTTG (WT- R)
Denature:; 95 °C, 3 min
Amplification: 94°C, 15 s

62°C, 20 s

72°C,30s

Elongation: 72 °C, 10 min

Ladder +- +/+ WT Samples

OT-Cre

tdTomato

Figure 21.- PCR gel from OT"“™™ mice. OT-Cre and tdTomato alleles.
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2.- Electron microscopy

2.1.- Acute hypothalamic slices and treatment

Acute hypothalamic brain slices from OT"“™™ male mice (3-4 months old) were obtained by
Paula Guillamén (TFM alumni).

Animals were anesthetized injecting Dolethal (Vetoquinol Especialidades Veterinarias S.A.,
Dolethal 200 mg/mL) intraperitoneally, and were perfused with cold sucrose cutting solution
(composition in mM: 185 sucrose; 25 NaHCOg; 25 glucose; 2.5 KCI; 1.2 NaH,PO, H,0; 10
MgSO,; 0.5 CaCl,; < 4 °C). Then, animals were decapitated and their brains were dissected
in cold sucrose cutting solution. Hypothalamic brain slices (250-300 pm thick) were
processed in a vibratome (Leica VT1000 S). The vibratome chamber contained ice-cold
sucrose cutting solution bubbled with carbogen (95 % oxygen/5 % carbon dioxide) to
preserve slices’ health. Hypothalamic slices were incubated in Tyrode’s solution (composition
in mM: 125 NaCl; 2 KCI; 30 glucose; 25 HEPES; 2 CaCl,; 2 MgCl,; pH 7.4) 30 min at 32-34
°C, and then 30 min at room temperature (RT) for recovery.

Hypothalamic slices were individually transferred to a multi-well plate (Falcon, Ref: 353043)
and incubated either in Tyrode’s solution or 100 mM KCI Tyrode’s solution (composition in
mM: 27 NaCl; 100 KCI; 30 glucose; 25 HEPES; 2 CaCl,; 2 MgCl,; pH 7.4) 1 min at 37 °C.

2.2.- Hypothalamic slices processing for transmission electron microscopy

Once hypothalamic brain slices were obtained and treated, they were processed for electron
microscopy. Only brain slices that contained clearly identifiable PVN regions were selected to
be incubated in fixation buffer during 4 h at 4 °C. Fixation buffer was composed of sodic
cacodylate buffer 0.1 M, pH 7.3 (ANAME, Ref.12300, 100 g), PFA 2 % (ANAME, Ref: 15710,
10x10 mL), and glutaraldehyde 2.5 % (ANAME, Ref. 16220, 10x10 mL). Then, the PVN
region was dissected and transferred to fixation buffer for 2-3 hrs at 4 °C. Fixation buffer was
replaced by sodic cacodylate buffer 0.1 M + sucrose 8 %. Samples were stored at 4 °C until
they were processed at the electron microscopy service of the University of Murcia, where
image acquisition through transmission electron microscopy was conducted.

2.3.- Image acquisition

Electron microscopy images were obtained at the Servicios de Apoyo a la Investigacion of
the University of Murcia employing a JEOL JEM-1011 microscope, a Gatan BioScam 792
digital camera and the Digital Micrograph 3.11.0 software (Gatan, Inc., Pleasanton., CA,
USA). Images of hypothalamic terminals were acquired at 10000X.

The Scanning Electron Microscope (SEM) uses as lighting source a beam of electrons
generated by the thermionic effect of a tungsten filament. Electrons are accelerated and
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directed towards the sample, collide with it, are selectively scattered, and all of them are
driven by electromagnetic lenses in high vacuum conditions to form the image (UPV
Electronic microscopy service, 2020).

Image acquisition was carried out operating the SEM at 80-90 kV and image capture was
made using a digital camera Gatan Bioscam Model 792 through the Digital Micrograph
3.11.0 software. Resulting images were visualized in gray scale. Dense samples present
higher degree of electron dispersion, resulting in dark images (as happens with DCVs);
meanwhile electrons pass through thinner structures, resulting in clearer images (as is the
case of SVs) (Ubero, 2008).

2.4.- Electron microscopy image analysis

Images were analyzed using the open image analysis software Fiji (ImageJ 1.53t, National
Institutes of Health, USA) employing a homemade plugin ("SynVesMeasuring",
https://github.com/mdimitrovg/SynVesMeasuring) (Fig. 22). "SynVesMeasuring” was custom-
developed by Momchil D. Georgevski employing Cellpose 2.0, a general-purpose algorithm
for cellular segmentation (Stringer et al., 2021), and leveraging deep learning image
segmentation models. These models were trained using our own electron microscopy
images to generate regions of interest (ROIs) for vesicles within the cells. The cellular
membrane and AZ were delineated manually, and subsequent measurements were
conducted by the plugin from the vesicle's centroid to the nearest point on these structures,
thereby yielding high resolution measurements.

The parameters analyzed were: area and diameter of DCVs, DCVs' density within the
terminal, distance from DCVs to the membrane, and distance from the DCVs to the AZ. Data
were statistically analyzed with the data analysis software GraphPad Prism 8 (GraphPad
Prism version 8.0.01 for Windows, GraphPad Software, Boston, Massachusetts USA,
www.graphpad.com). Results are shown as mean + SEM.
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1) Trace cells outline

Experimental image

3) Trace distance to the
2) Vesicles’ segmentation membrane and to AZ

‘Qﬁ % 3 g 3 & b L [ a ) P

Segmented image

Figure 22.- Segmentation process for electron microscopy images. 1) Outline tracing: from
the experimental images, first step is tracing the cells outline. 2) Vesicles’ segmentation: the
macro segments the vesicles within the cells. 3) Distance measurement: the macro
measures the vesicles’ distance to the membrane and to the AZ (when present). Measured
parameters are displayed in an excel sheet. Scale bar indicates 1 ym.

3.- Primary culture of hypothalamic neurons

3.1.- Treatment of cell culture coverslips

24 mm or 12 mm diameter coverslips (VWR, Ref: 631-0153; Ref: MENZCB00120RAC20,
respectively) were employed depending on experiment requirements (Table 4). Pretreatment
with poly-D-lysine (PDL, Sigma Aldrich, Ref: P7886) was performed following standard
procedures. Briefly, we washed the coverslips with 100 % ethanol (Ethanol absolute,
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Vidrafoc, Ref: 141086.1211), let them dry and placed them in a cell culture multiwell plate
(P6 or P12 multiwell plate, Falcon, Ref: 353046; Ref: 353043, respectively). PDL was added
to the coverslips, and plates were placed in a cell incubator (Thermo Scientific™ Heracell™
150i) during 2 h at 37 °C. Then, PDL was removed and coverslips were washed x3 with
autoclaved distilled water and dried. Culture plates were wrapped with parafilm (American
National Can., Menasha, WI 54952) and stored until use. All procedures were performed in
sterile conditions.

3.2.- Hypothalamic dissection for primary culture

PO male and female mice were decapitated (mice genotype depended on the experiment,
see Table 3), brains were carefully removed and hypothalami were dissected in cold HBSS
1X (< 4 °C, Fisher, Ref: 14175-053) as described in Fig. 23.

ai-\___ a" a' e — v___(;_qrpus callosum a" S ,_....n---»-._J;Iippocampus
o / A \
b / e \\ \ ; Wi N E \
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St B ) 0y
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,,,,,,,, Anterior commissure 1 St 7" \Third ventricle

Figure 23.- Hypothalamic dissection from PO mouse brain. Solid black lines represent the
anatomical reference to separate the brain and obtain the hypothalamus. Dotted black lines
serve as references to visualize the anatomical structures to dissect the hypothalamus. a’)
Caudal view of the brain regions exposed after the first incision to locate the end of the
hypothalamus. a’’) Coronal view of the regions visible upon the second incision. Dotted blue
lines indicate the cutting zones to isolate the hypothalamus. Blue shaded area represents the
dissected hypothalamus. Adapted from Viudes, 2021 (TFM alumni).

Dissected hypothalami were transferred to a falcon tube (15 or 50 mL), and were incubated
in digestion solution during 18 min at 37 °C, to break cell unions and disintegrate the tissue.
Digestion solution contained Recombinant DNase | (10 U/uL, Sigma Aldrich, Ref:
04716728001), MgCl, 20 nM (Sigma Aldrich, Ref: M2670), CaCl, 20 nM (Merk, Ref: 102378),
papain (Sigma Aldrich, Ref: P3125), and EBSS 1X (Gibco, Ref: 14155-063). After incubation,
hypothalami were disaggregated mechanically pipetting through a P1000 pipette. Then,
tissue was centrifuged (Eppendorf Centrifuge 5810) 5 min, 200 rpm. Supernatant was
discarded and the pellet was resuspended in a solution containing EBSS 1X, trypsin inhibitor
type 11l Ovomucoid (Sigma Aldrich, Ref: T2011) and DNAse I. Cells were then transferred to
a density gradient made of trypsin inhibitor type Il Ovomucoid, carefully placed with a P1000
pipette. Cells were centrifuged 5 min at 1000 rpm. Supernatant was discarded and cells were
resuspended in culture medium. Culture medium was composed of Neurobasal culture
medium 1X (NB, Fisher, Ref: 21103-049) supplemented with B27 1X (Thermo Fisher, Ref:
17504-044, Stock 50X), Penicilin/Streptomycin (10.000 U/mL, Thermo Fisher, Ref:
15140122), L-Glutamine (2X, Thermo Fisher, Ref: 11500626, Stock 200 mM), and D-(+)-
Glucose solution (45 % in H,O, Sigma Aldrich, Ref: G8769). Then, 10 uL of cells were mixed
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with 10 uL of trypan blue solution (Sigma Aldrich, Ref: T8154) to estimate the cell number in
a Neubauer chamber. Cells were plated and placed in a cell incubator at 37 °C, 5 % CO,,
After 1 h, culture medium was added to each well. Half of the culture medium was refreshed
each 2/3 days.

Cell density (n° cells/well) plated depended on the purpose of the experiment (Table 4).

Table 4.- Density of cultured neurons for each experiment.

Experiment Number of cells per well | Coverslip diameter (mm)
Immunocytochemistry 15x10* 12
Cytotoxicity assay 12.5x10" 24
Vesicle dynamics 12.5x10" 24
Chasing 15x10* 24
Viral infection + Chasing 20x10" 24

3.3.- Endogenous OT expression in hypothalamic primary cultured neurons

As in the case of hypothalamic slices (Fig. 20C), we amplified endogenous signal of
oxytocinergic neurons from OT“™™ and OTE'™ mice with anti-RFP and anti-GFP antibodies,
respectively (Fig. 24A, B, and Table 5). In cell culture, the RFP fluorescent signal was not as
bright as the GFP signal. However, we identified a similar number of oxytocinergic neurons in
both OT™™ and OT®™ mice (Fig. 24C). Furthermore, RFP and GFP antibodies stained an
equivalent number of oxytocinergic cells as identified by a specific anti-OT antibody (Fig.
24D). Number of OT cells was normalized with respect the total cell number in the culture
plate. Data were statistically analyzed with GraphPad Prism 8. Results are shown as mean *
SEM.
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Figure 24.- Identification of oxytocinergic cultured neurons employing OT“™" and OT®'""
transgenic mice. A) Expression of endogenous signal from OT"“™™ was amplified with anti-
RFP (red); OT neurons were also stained with and anti-OT antibody (green). B) Expression
of endogenous signal from OT=" was amplified with anti-GFP (green); OT neurons were
also stained with and anti-OT antibody (red). Arrows indicate OT neurons stained with anti-
RFP/anti-GFP and anti-OT antibodies. Scale bar indicates 50 ym. C) The number of
identified OT neurons was similar between OT“™ and OTE"™ mice strains (anti-RFP
(OTY™™): 20.6 %; anti-GFP (OTE"™"): 24.39 %). D) Oxytocinergic neurons identified either
with anti-RFP or anti-GFP antibodies coexpressed with OT neurons identified with an anti-OT
antibody (anti-OT+anti-RFP (OT"™™): 97.7 %; anti-OT+anti-GFP (OT®"""): 96.6 %). Adapted
from Caro, 2020 (TFM alumni). Statistical analysis: Mann-Whitney non-parametric test; p-
value> 0.05 (ns), = 0.05 (*), < 0.01 (**), = 0.001 (***), < 0.0001 (****). Appendix, tables 1 and
2.

4.- Primary culture viral infection

Hypothalamic primary cultures from OT“™" PO mice were infected at 7 day in vitro (DIV) with
an adeno-associated virus (AAV) AAV-OT-SNAP-47-KD-GFP (SNAP-47-KD from now on,
Fig. 25A).

A specific shRNAs designed to target the untranslated (UTR) region of mouse SNAP-47
(shRNAs: SNAP-47: ATAGCAATAGAATCAGCAGAGC) was subcloned into an AAV2 viral
backbone containing GFP as a reporter employing an EcoRI restriction site. The
effectiveness of the shRNA was determined using RT-PCR standard procedures described
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in Jurado et al., (2013). Viral particles were generated at the Viral Core Facilities at the
University of Barcelona. Briefly, HEK293 cells were transfected using the calcium phosphate
method. Culture media was collected 40-44 h after transfection and filtered with 0.45 um
PVDF filter (Millipore) to remove cellular debris followed by centrifugation at 50,000 x g to
concentrate the viral particles (4.6x10" viral genomes per mL (vg/mL). Concentrated virus
was dissolved in a small volume of medium, aliquoted and stored frozen at -80 °C.

Before infecting the cells, half of the culture medium was replaced for fresh medium. Virus
(0.5 pL/well from stock) was added to 2 mL of culture medium (virus final concentration was
1.15x10%. Infected neurons were identified 4 days post-infection by green fluorescence
signal (Fig. 25B). Chasing experiments were performed 4 days post-infection, as described
in the “Chasing experiments® section. As control for chasing experiments, we employed
uninfected wells.

A) B)

AAV-OT-SNAP-47-KD-GFP virus SNAP-47 - SNAP-47-KD

Figure 25.- AAV-OT-SNAP-47-KD-GFP virus. A) Map of the AAV-OT-SNAP-47-KD-GFP
virus employed in this thesis. B) Hypothalamic primary culture 4 days post-infection with
SNAP-47-KD virus. Infected neurons present green fluorescence (as virus construct includes
GFP as reporter gene for infection), and no SNAP-47 signal (white arrows). Not infected
neurons present SNAP-47 signal (blue arrows, anti-SNAP-47 staining, Table 5). Adapted
from Caro, 2020 (TFM alumni). Scale bar indicates 30 ym.
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5.- Immunochemistry

5.1.- Hypothalamic slices for immunohistochemistry

Immunochemistry was performed in either hypothalamic primary cultured neurons or
hypothalamic brain slices (mouse strain, sex and age depended on the experiment, see
Table 3).

For immunohistochemistry, animals were anesthetized with isofluorane (Isoflutek 1000 mg/g,
Laboratorios Karizoo S.A.) and were transcardially perfused with paraformaldehyde (PFA) 4
% (Sigma Aldrich, Ref. 441244). Brains were dissected and maintained in PFA 4 % overnight
(ON) at 4 °C. Then, brains were washed x3 with PBS 1X, embedded in agarose 4 % (Lonza,
Ref: 50100), and sliced in a vibratome at 50 pm thickness.

5.2.- Immunohisto- and -cytochemistry

Samples were fixed or perfused with PFA 4 % (primary cultures were fixed and hypothalamic
slices were obtained from perfused mice), rinsed in PBS 1X during 10 min x3, and incubated
in blocking solution during 1 h 30 min at RT. Cell blocking solution was composed by PBS
azide 0.5 % (Sodium Azide 99.5 %, Sigma Aldrich, Ref: S2002), 0.1 % Triton X-100 (Sigma
Aldrich, Ref: X-100), and 2 % Normal Goat Serum (Sigma Aldrich, Ref: G9023); tissue
blocking solution was composed by PBS azide 0.5 %, 0.3 % Triton X-100, and 2 % Normal
Goat Serum. After that, samples were incubated ON at 4 °C with primary antibodies prepared
in blocking solution. Samples were incubated with antibodies against OT, SNARE and
synaptotagmin proteins: SNAP-25, SNAP-23, SNAP-47, Synaptotagmin-4 (Syt-4),
Synaptotagmin-1 (Syt-1), Synaptotagmin-7 (Syt-7), Synaptobrevin-1, 2, 3, Syntaxin-1 (Stx-1),
Stx-3 and Stx-4 (Table 5). RFP and GFP antibodies were used to amplify endogenous signal
of oxytocinergic neurons from OT“™™ and OT™ mice, respectively (Table 5). Golgin-GM-
130 antibody was used to detect Golgi apparatus, and a-tubulin antibody for axonal detection
(Table 5).

Samples were rinsed with PBS 1X during 10 min x3, and incubated with Alexa secondary
antibodies (Table 6) prepared in blocking solution during 2 h at RT.

Samples were rinsed with PBS 1X during 10 min x3 and incubated with DAPI (Sigma Aldrich,
Ref: D9542) during 5 min (cells) or 10 min (brain slices). Finally, samples were mounted in
coverslips employing Mowiol-Dabco-Glycerol (Mowiol: Merk, Ref: 475904; Dabco: Sigma
Aldrich, Ref: 10981; Glycerol: Sigma Aldrich, Ref: G5516).
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Table 5.- Primary antibodies used in this thesis.

Primary Host Supplier Dilution Reference | Observations
antibody cells; tissue
SNAP-25 mouse Synaptic 1.500; 1:100 111-011
Systems
SNAP-23 rabbit Synaptic 1:100; 1:100 111-202
Systems
SNAP-47 rabbit Synaptic 1:100; 1:100 111-403
Systems
Synaptotagmin- | rabbit Synaptic 1:100; 1:200 105-143
4 (Syt-4) Systems
Synaptotagmin- | mouse Synaptic 1:100; 1:100 105-011
1 (Syt-1) Systems
Synaptobrevin- | mouse Synaptic 1:500; 1:50 104-011
12,3 (Syb- Systems
1,2,3)
Syntaxin-1 mouse Synaptic 1:100; 1:100 110-011
(Stx-1) Systems
Oxytocin (OT) rabbit Millipore 1:800; 1:800 Ab911
Oxytocin (OT) mouse (Dr. | 1:300; 1:800 Does not work
in culture
GFP chicken Aves Lab 1:1000; GFP-1020
1:1000
RFP rat Chromotek -;1:1000 5f8-100 Does not work
in culture
Golgin-GM-130 | mouse 1:1000; no | 610822
Biosciences used
a-Tubulin mouse 1:5000;1:5000 | Ab7291
Table 6.- Alexa secondary antibodies used in this thesis.
Secondary Host Supplier Dilution cells; Reference
antibody tissue
Anti-mouse Alexa | goat Invitrogen 1:500 A32723
488
Anti-mouse Alexa | goat Invitrogen 1:500 A11032
594
Anti-rabbit  Alexa | goat Invitrogen 1:500 A11034
488
Anti-rabbit  Alexa | goat Invitrogen 1:500 A11072
594
Anti-rabbit  Alexa | donkey Jackson 1:500 711-605-152
647 ImmunoResearch
Anti-chicken Alexa | goat Invitrogen 1:500 A11039
488
Anti-rat Alexa 594 | donkey Jackson 1:500 712-585-153
ImmunoResearch
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5.3.- Image acquisition

Images were acquired with a Leica SPEII confocal microscope (Leica Microsystems), LAS X
software, 405 nm, 488 nm, 561 nm, and 635 nm diode lasers, using oil immersion objectives
20X (0.6 ACS APO IMM CORR), 40X (1.15 ACS APO CS), and 63X (1.40 HCX PL APO
CS).

5.4.- Golgin GM-130 immunocytochemistry: image acquisition and analysis

Anti-OT and anti-Golgin GM-130 antibodies (Table 5) were employed to stain OT and the
Golgi apparatus, respectively, in hypothalamic primary cultured neurons from BL6/C57 PO
mice at 14 DIV. Identification of individual OT vesicles was challenging due to the inherent
limitations of confocal microscopy. Given these limitations, as much as possible we have
avoided the term OT vesicles and used OT-containing compartments, OT-membrane
patches or OT-containing vesicles instead to refer to these subcellular structures.

Images were acquired with a confocal laser system Olympus Fluoview FV300 (Olympus
Corp., Tokio, Japan), mounted in an inverted IX71 microscope, with a 100X oil immersion
objective (A.N = 1.45), and the FluoView 5.0 software. Each image was composed of several
z stacks in order to acquire the entire structure of Golgi apparatus. For image analysis we
employed the free image analysis software Fiji (ImageJ 1.48v, National Institutes of Health,
USA) and, specifically the “UCSD Control” (Kelly and Karten, 2000) and JACoP plugins
(Bolte & Cordelieres, 2006). Data were statistically analyzed with GraphPad Prism 8. Results
are shown as mean * SEM; colocalization parameters are shown as percentage.

Image analysis protocol for Golgi images:

1.- Images were opened with the “UCSD Control” plugin in Fiji software. An image was
separated into the different planes that composed it. Each z stack was checked for the Golgi
channel. Stacks in which the Golgi apparatus was present were selected for the analysis.

2.- A 3D projection of the image was made with the selected stacks. OT-containing
compartments from the 3D projection were drawn and saved in the ROl manager.

3.- OT-containing compartments (green channel) in each stack from the 3D projection were
analyzed for colocalization with Golgi (red channel) employing the JACoP plugin, and
threshold was set automatically. Colocalization parameters were obtained for individual OT-
compartments from each z stack.

Colocalization analysis between OT-compartments and Golgi

Colocalization analysis renders two parameters: Manders’ coefficient and Pearson’s
coefficient.

Manders’ coefficient refers to the overlapping degree of pixels from two channels. In our
case, that means the overlapping between an OT-containing compartment staining and Golgi
staining. Manders’ overlapping coefficient values range from 0 (no overlapping) to +1 (total
overlapping) (Fig. 26B). Two Manders’ coefficients are obtained: Manders_A refers to
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channel 1 (red) overlapping with channel 2 (green); and Manders_B refers to channel 2
(green) overlapping with channel 1 (red). In our case, since the Golgi apparatus was bigger
than OT-containing compartments (Fig. 26D), we just reported Manders_B values (Manders’
overlapping coefficient from now on), since Manders_A always indicated an artificial 200 %
overlap. That is, the overlapping of the OT-containing compartment (channel 2, green, the
smaller structure) with the Golgi channel (channel 1, red, the bigger structure).

Pearson’s coefficient refers to the correlation degree of pixels from two channels. In our
case, that means the correlation between an OT-containing compartment staining and Golgi
staining. Pearson’s correlation coefficient values range from -1 (perfect inverse correlation:
objects do not touch), O (no correlation: objects are close but they are not in contact), and +1
(perfect correlation: both objects are entirely in contact) (Bolte & Cordeliéres, 2006;
Labrador, 2014 ) (Fig. 26C).
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Figure 26.- Colocalization analysis between OT-containing compartments and the Golgi
apparatus. A) Colocalization scatter plot of channel 1 (red) and channel 2 (green). Red
shaded area indicates that green channel predominates over red channel; yellow shaded
area indicates that both channels present the same intensity, which means colocalization;
and green shaded area indicates that red channel predominates over green channel.
Adapted from Meas-Yedid, 2017. B) Manders’ overlapping coefficient indicates overlapping
between two channels, and values range from O to +1. Adapted from Mascalchi &
Cordeliéres, 2019. C) Pearson’s correlation coefficient indicates correlation between two
channels, and values range from -1 to +1. Adapted from Mascalchi & Cordelie, 2019. D)
Hypothalamic cultured neuron stained with anti-OT and anti-Golgin GM-130 antibodies. OT-
containing compartments are identified by green fluorescence (white arrows). Golgi is
identified by red fluorescence (dotted blue line). Dotted white line indicates cell membrane,
and dotted pink line indicates cell nucleus. Scale bar indicates 3 pm.
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It is important to consider that despite both parameters inform about colocalization between
pixels of two channels, Manders’ and Pearson’s coefficients present notable differences.
Manders’ overlapping coefficient compares the area of pixels between two channels, does
not depend on the objects size, and it is independent of channels intensity; meanwhile
Pearson’s correlation coefficient compares channels pixel by pixel, and it requires that both
objects present the same size. In our case, colocalization analysis was performed between
OT-containing compartments and Golgi or OT-containing compartments and SNAP-47-
containing compartments (colocalization analysis described in “Colocalization analysis
between OT- and SNAP-4-membrane patches” section). Golgi and SNAP-47-containing
compartments were commonly bigger than OT-containing compartments. So, we presented
Manders’ and Pearson’s coefficients taking this into account. Considering the size
differences, Manders’ overlapping coefficient was considerable more reliable than Pearson’s
coefficient. Thus, we mostly rely on Manders_B referring to the overlap of OT-containing
compartments with Golgi or SNAP-47 patches.

We generated a random data set as an additional control for the colocalization analysis. To
generate the random data set we employed the “UCSD Control” and JACoP plugins in Fiji
(ImageJ 1.48v, National Institutes of Health, USA). The random data set was generated from
the experimental stack that presented the highest Manders’ overlapping value for each OT-
containing compartment. The Golgi channel was maintained and random OT-containing
compartments were generated manually over it. Random OT-containing compartments were
generated choosing an experimental compartment closest to the mean compartments’ size,
and placing it at random x, y positions in the cell soma (excluding the nucleus and
extracellular locations). We placed as many random OT-containing compartments as
experimental OT-containing compartments were observed in each cell. The final random
image (control) was generated overlapping the image containing the randomly generated
OT-containing compartments with the experimental Golgi image (Fig. 27). Colocalization
analysis was performed in these images in the same manner as in the case of experimental
data.
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Figure 27.- Experimental (top) and random (bottom) images employed for colocalization
analysis between OT-containing compartments and Golgi apparatus. To generate random
images, OT-containing compartments were generated manually over the experimental Golgi
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channel. OT-containing compartments are identified by green fluorescence; Golgi is
identified by red fluorescence (dotted blue line). Experimental OT-compartments are
indicated by white arrows, and random OT-compartments are indicated by orange arrows.
Dotted white line indicates cell membrane, and dotted pink line indicates cell nucleus. Scale
bar indicates 3 um.

As we worked with fluorescent images, presented data is an approximation in pixels, due to
the light scattering intrinsic to fluorescence techniques. To note, the resolution limit of our
microscope was estimated around 100 nm, making impossible to resolve images beyond that
limit.

6.- Cytotoxicity

6.1.- Cytotoxicity experiment

Citotoxicity experiments were performed in 12 DIV hypothalamic primary cultured neurons
obtained from OT“™™ PO mice. The objective was to test the potential toxicity of the
stimulation protocols elicited by high KCI (50 or 100 mM KCI Tyrode’s solution). To do so, we
implemented the “LIVE/DEAD® Cell Imaging Kit” (Thermo Fisher, Ref: R37601).
“LIVE/DEAD® Cell Imaging Kit” contains a non-fluorescent green cell-permeant molecule
(calcein AM) that becomes fluorescent when it is enzymatically processed by esterases, and
a red cell-impermeable molecule only visible in dying or death cells, whose nucleus integrity
is compromised.

Cells were incubated during 1 or 10 min, 37 °C in Tyrode’s basal solution, EtOH 70 %, 50
mM KCI Tyrode’s solution (composition in mM: 77 NaCl; 50 KCI; 30 glucose; 25 HEPES; 2
CaCly; 2 MgCly,; pH 7.4) or 100 mM KCI Tyrode’s solution. “LIVE/DEAD® Cell Imaging Kit”
2X was added to each well and cells were incubated during 15 min at 20-25 °C. After that,
cells were fixed with PFA 4 % during 10 min, were rinsed with PBS 1X during 10 min x3,
incubated with DAPI during 6 min, rinsed with PBS 1X during 10 min x3, and mounted in
coverslips with Mowiol-Dabco-Glycerol.

6.2.- Image acquisition and analysis

We acquired 5 images/condition from at least two different primary cultures with a Leica
SPEII confocal microscope, LAS X software, 405 nm, 488 nm, 561 nm, and 635 nm diode
lasers, using oil immersion objective 20X (0.6 ACS APO IMM CORR).

Image analysis consisted of the quantification of live (green) and death (red) cells employing
the open image analysis software Fiji (version 1.52t, National Institute of Health, USA) and
normalizing them based on the DAPI staining. Data were statistically analyzed with
GraphPad Prism 8. Results are shown as mean + SEM.
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6.3.- Neuronal stimulation with high KCI does not affect cell viability

Results indicated that across conditions, except for the EtOH 70 % treatment, cell viability
was not significantly affected by KCI solution (Fig. 28). From these experiments, we
concluded that the application of either 50 mM or 100 mM KCI does not significantly affect
cell health, thus, providing a viable stimulation protocol for our experimental setup majorly
based on cultured neurons.
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Figure 28.- Cytotoxicity assay in hypothalamic primary cultured neurons. A) Example
pictures of hypothalamic primary cultured neurons incubated with basal, 100 mM KCI, and
EtOH 70 % solutions during 1 min. After treatment with different media and incubation with
“LIVE/DEAD® Cell Imaging Kit”, live cells were stained in green (orange arrows), and dead
cells were stained in red (white arrows). Scale bar indicates 50 ym. B) Quantification of live
and dead cells from hypothalamic primary cultures after different treatment conditions and
incubation times indicated that the number of dead cells was significantly lower in all assayed
conditions, except for EtOH 70 % medium. Statistical analysis: Mann-Whitney non-
parametric test was employed for comparisons between same incubation conditions;
Kruskal-Wallis non-parametric test was employed for multiple comparisons between different
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incubation times; p-value> 0.05 (ns), < 0.05 (*), < 0.01 (**), < 0.001 (***), < 0.0001 (****).
Appendix, tables 3-6.

Our results are consistent with previous work that used stimulation solutions based on high
KCI as an effective and safe stimulus to induce DCVs’ exocytosis in in vitro models (Vardjan
et al., 2007). Furthermore, DCVs in neurons, including OT-containing DCVs (Pow & Morris,
1989), have been shown to require robust and sustained stimulation protocols, conditions
that are efficiently achieved with high KCI concentrations (Castel et al., 1996; Xia et al., 2009;
Persoon et al., 2018).

7.- OT vesicle dynamics

7.1.- Image acquisition

We employed 7-14 DIV hypothalamic primary cultured neurons from OT“™™ PO mice
obtained as described in the “Primary culture of hypothalamic neurons” section. Image
experiments were performed with a confocal laser system Olympus Fluoview FV300,
mounted in an inverted IX71 microscope, with a 100X oil immersion objective (A.N = 1.45).
FluoView 5.0 software was used to monitor the experiments. A perfusion system was
coupled to the microscope to apply different media to the cells. The experimental routine
consisted of the identification of an oxytocinergic cell (recognized by the endogenous red
fluorescent signal, Fig. 29) and focusing on the soma. Data was collected during the
perfusion with Tyrode’s basal medium during 10 s, followed by stimulation with 100 mM KCI
(Stimulation) during 60 s, and a final application of Tyrode’s basal solution during 10 s.
Solutions were tempered at 37 °C before application. Imaging recordings consisted of a
continuous time lapse of each individual cell acquired at 1 Hz during 80 s. Although
endogenous OT fluorescence signal from OT“™™ neurons was clearly visible, identification of
individual OT-containing compartments was challenging due to the inherent limitations of
confocal microscopy.

’ Transmitted light - OT-containing compartments |

Cell membrane

Figure 29.- Oxytocinergic primary cultured neuron from OT“™™ mouse. OT-containing

compartments are identified by endogenous fluorescence from reporter tdTomato (red).
Dotted blue line delineates a few OT-containing compartments (also indicated by blue
arrows), dotted white line indicates cell membrane, and dotted pink line indicates cell
nucleus. Scale bars indicate 7.9 ym (left and middle images) and 3 um (right image).
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7.2.- Image analysis

Time lapse experiments were analyzed semiautomatically employing the image analysis
software Imaris (Imaris x64 9.3.1, Oxford instruments). Images were filtered employing
Gaussian and background subtraction filters to enhance OT-containing compartments’
detection by the software. We focused our analysis in the somatic OT-compartments, which
were segmented with the “Spots” tool. Then, we tracked OT-compartments’ movement
selecting “Brownian movement” algorithm (used for randomly moving objects) as we did not
know a priori the type of movement expected for OT-compartments in the soma (Fig. 30).

| Video-1 || Video-2 |

Figure 30.- OT-containing compartments were semiautomatically tracked with Imaris.

Analyzed parameters were: number of OT-containing compartments, OT-compartments’
displacement length (um), speed (um/s), and Mean Square Displacement (MSD, um?).
Displacement length refers to the displacement of a spot (in our case, an OT-compartment)
from its origin over time. MSD refers to the area explored by a spot (in our case, an OT-
compartment) over time, which is related to its migration efficiency.

MSD analysis of each OT-containing compartment was obtained by performing a linear
regression analysis. The particle fits to the linear equation if its R? is above 0.6 (a perfect fit is
considered R?> 0.9). The slope of the diffusion equation indicates whether the particle
follows a diffusive movement (slope value greater than two decimal places: 0.00X, indicates
significant diffusive movement) or not (slope value greater than three decimal places:
0.000X, indicates not significant diffusion). The diffusion coefficient (D) was calculated
following the linear equation (y= slope*x), in which the slope is proportional to the diffusion,
as follows:

y= slope*x
d’= 4D*t
d’= value*t
4D= value
D= value/4.

These parameters were statistically analyzed with GraphPad Prism 8. Results are shown as
mean = SEM.
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7.3.- Mathematical model

In order to further characterize the OT-containing compartments’ dynamics, we implemented
a mathematical model based on a prototypical hypothalamic neuron containing OT vesicles
distributed throughout the cell. The model was designed in collaboration with Prof. Amparo
Gil, from the Department of Applied Mathematics and Computer Science, at the University of
Cantabria.

Our working model assumes almost spherical cells, in which a regular cone can be inferred
as a model domain (Fig. 31A). In this model, a cone that reaches the center of the soma can
be considered as a representative portion of the entire cell, in turn formed by a set of cones.
This segmentation is performed to improve computational efficiency, as analyzing the entire
cell would be highly resource-intensive.

From measurements performed in hypothalamic cells in culture, we estimated a mean cell
radius of 4 um and a mean nucleus radius of 2.3 pm. For the base of the model cone, we
used a radius of 1 um. Fig. 31A depicts the conical domain used to perform the simulations
in a prototypical hypothalamic neuron.

An orthogonal 3D regular grid maps the conical domain with a distance between grid points
of Al= 0.1 pm. Each point of the grid is associated with a cubic compartment of volume (Al)®.
With the chosen cone height of 4 um and excluding the nucleus region, which we have
assigned 2.3 um, this corresponds to a discretization of 17 slices along the height of the
cone. These estimations are represented in Fig. 31B.
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Figure 31.- Geometrical model. A) Prototypical hypothalamic neuron and conical domain
superimposed representing a portion of the cell. Dotted white line indicates cell membrane,
and dotted pink line indicates cell nucleus. Scale bar indicates 3 um. B) Conical domain
representing a portion of the cell. The cone is divided in 17 slices; 5/6 slices represent a
portion of the cell.
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In our model, vesicles move from one compartment to another compartment of the grid due
to diffusion, which is modeled as a random displacement process. The time scale for the
random displacement is given by the spatial resolution (0.1 um) and the diffusion coefficient.
The relation between those scales is given by: At = (Al)?/(4D), being Al the spatial resolution
and D the diffusion coefficient. The time resolution At is the time step of the simulation: dots
(vesicles) will be moved every time step At using a random walk algorithm in which each
vesicle will have a 50 % chance to remain in its initial position and a 25% chance to move
either in the positive or negative direction for each spatial dimension.

The conical domain (17 slices) was divided in three portions composed of 5/6 slices:
membrane (slices from 1 to 5), cytoplasm (slices from 6 to 11), and near the nucleus (slices
from 12 to 17) (Fig. 31B). In the simulations, OT vesicles were randomly distributed in each
portion as starting point, and freely diffused through the cell during the simulation time, being
the nucleus a forbidden zone. That is, OT vesicles could arrive near but not inside the
nucleus.

Simulations consisted of 1 min of basal followed by 1 min of KCI for diffusive and non-
diffusive compartments, indicated with the experimentally obtained diffusion coefficient,
starting either near the nucleus, from the cytoplasm, or from the cell membrane. The number
of diffusive and non-diffusive OT-compartments was selected according to the experimental
data obtained (n= 11 diffusive compartments; n= 93 non-diffusive compartments). The model
was configured to simulate compartments’ movement throughout the cell, and not to or from
the extracellular space.

As it was not possible to perform a simulation employing two different diffusion coefficients,
we performed basal and stimulus simulations separately. Because of this, the starting
position of compartments in basal and stimulus conditions are the same, despite under
experimental conditions, compartments’ dynamics were acquired through a time lapse. Thus,
for statistical analysis, we considered t1_KCI as t0_KCI, to simulate the already exposed to
basal conditions OT-compartments, which could be already mobilized from their starting
point.

Statistical analysis was performed with GraphPad Prism 8. XY plots and scatter plots are the
average of three simulations, and results are shown as mean + SEM; dynamic plots are the
representation of a model compartment, and were represented with MATLAB (R2017b, The
MathWorks, Inc.).
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8.- Chasing experiments

8.1.- Chasing experiment

We employed hypothalamic primary cultured neurons between 10-13 DIV obtained from
either PO OT“™™ or OT®"® mice. Primary cultures were performed according to the “Primary
culture of hypothalamic neurons” section.

To perform chasing experiments, cells were rinsed twice with tempered Tyrode’s basal
solution during 3 min in a shaker. Then, cells were incubated with Tyrode’s basal solution,
100 mM KCI Tyrode’s solution, chelated extracellular calcium Tyrode’s basal solution or
chelated extracellular calcium 100 mM KCI Tyrode’s solution during 1 min or 10 min, 37 °C.
0.5 mM EGTA was added to Tyrode’s basal medium or 100 mM KCI Tyrode’s medium to
chelate extracellular calcium. Solutions were tempered at 37 °C before its application to the
cells.

After incubation, and in order to avoid endocytosis, multiwells were placed on ice and cells
were rinsed once with 4 °C calcium-free Tyrode’s solution during 3 min in a shaker. Then,
cells were incubated with primary antibodies prepared in 4 °C calcium-free Tyrode’s solution
(Table 5. Primary antibodies: anti-OT rabbit, anti-SNAP-47 rabbit, and anti-GFP chicken).
Multiwells were transferred to a humid chamber, and placed on ice inside a cold camera for
incubation during 2 h in a shaker.

After primary antibody incubation, cells were rinsed twice with calcium-free Tyrode’s solution
at 4 °C during 3 min in a shaker and were fixed with 4 °C PFA 4 % during 10 min. Next, cells
were incubated with Triton X-100 0.1 % (Sigma Aldrich, Ref. X-100) in 3.6 % formaldehyde
37 % (Sigma Aldrich, Ref. F1635) in PBS 1X during 10 min, with PBS 1X during 10 min, and
with PBS 1X 1 % BSA (Sigma Aldrich, Ref. A7906) during 10 min at RT in a shaker. During
these steps, multiwell plates were maintained in a humid chamber on ice.

Then, cells were incubated with Alexa secondary antibodies prepared in PBS 1X (Table 6.
Secondary antibodies: anti-Rabbit Alexa 488, anti-Rabbit Alexa 594, and anti-chicken Alexa
488, depending on the experiment) during 2 h at RT in a shaker. Multiwell plates were placed
into a humid chamber and protected from light during secondary antibody incubation. Finally,
cells were rinsed x4 with PBS 1X during 10 min at RT in a shaker.

8.2.- Image acquisition

Images were acquired with a confocal laser system Olympus Fluoview FV300, mounted in an
inverted IX71 microscope, with a 100X oil immersion objective (A.N = 1.45). FluoView 5.0
software was used to monitor the experiments. Image acquisition was made in the z plane,
where the cell nucleus was clearly visible, corresponding approximately to the middle portion
of the cell. As a consequence, acquired images presented a single z stack.
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8.3.- Image analysis

Images were analyzed using the open image analysis software Fiji (versions 1.48v and 1.52t,
National Institute of Health, USA), employing a custom made macro by the Instituto de
Neurociencias imaging facility, and the image analysis software Imaris. We analyzed the
number and area of OT- and SNAP-47-containing membrane patches, the distance between
OT- and SNAP-47-membrane patches (from centroid to centroid), and the colocalization
between them. Data were statistically analyzed with GraphPad Prism 8. Results are shown
as mean = SEM,; colocalization parameters are shown as percentage.

8.4.- Colocalization analysis between OT- and SNAP-47-membrane patches

Colocalization analysis between OT- and SNAP-47-membrane patches was performed with
the image analysis software Imaris. OT- and SNAP-47-membrane patches were found to
show a high degree of colocalization (Fig. 32, top). Clearly separated patches were not
considered for analysis (Fig. 32, bottom). To calculate the number of OT-patches colocalizing
with SNAP-47, we considered the total OT-membrane patches in each cell as the 100 %.
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Figure 32.- Hypothalamic cultured neurons in which OT- and SNAP-47-compartments
colocalize (top) and not colocalize (bottom). Clearly separated patches were not considered
for analysis. OT-compartments were stained in green (white arrows), and SNAP-47-
compartments were stained in red (orange arrows). Dotted white line indicates cell
membrane, and dotted pink line indicates cell nucleus. Scale bar indicates 3 pm.

Green (OT-membrane patches) and red (SNAP-47-membrane patches) channels were
segmented with Imaris “Surface” tool (Fig. 33: “Segmented channels”). Then, a mask was
generated over each channel, to isolate the staining and to represent virtually the stained
structure (Fig. 33: “Masked channels”). Colocalization analysis was performed onto the
generated masks, selecting and establishing a threshold for each one, and generating a
colocalization channel from which we obtained the colocalization results (Fig. 33:
“Colocalization channel”).
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Figure 33.- Colocalization analysis between OT-membrane patches (green fluorescence)
and SNAP-47-membrane patches (red fluorescence). Colocalization analysis was performed
in Imaris. Green and red channels were segmented with Imaris “Surface” tool. Then, a mask
was generated over each segmented channel, and colocalization analysis was performed
onto the generated mask. A colocalization channel was generated, from which we obtained
colocalization parameters. Experimental, segmented, masked and colocalization channels
are indicated with white arrows. Dotted white line indicates cell membrane, and dotted pink
line indicates cell nucleus. Scale bar indicates 4 um.

Colocalization parameters (Manders’ overlapping and Pearson’s correlation coefficients)
were obtained. In this case, Manders’ coefficient indicates the overlapping between an OT-
membrane patch and a SNAP-47-membrane patch; and Pearson’s coefficient indicates the
correlation between an OT-membrane patch and a SNAP-47-membrane patch. Similar to the
colocalization analysis between OT-membrane patches and the Golgi apparatus, OT-
membrane patches and SNAP-47-membrane patches differed in size, as SNAP-47-
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membrane patches were bigger than OT-containing ones (Fig. 34B). So, we only reported
the Manders’ value corresponding to the overlapping of an OT-membrane patch (channel 2,
green, smaller) with a SNAP-47-membrane patch (channel 1, red, bigger).
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Figure 34.- Number and area of OT- and SNAP-47-membrane patches. A) Number of OT-
and SNAP-47-membrane patches was similar across all analyzed conditions (Number of
patches. Basal_1 min, OT: 1.96 £ 0.16 vs. SNAP-47: 3.56 + 0.41, p-value= 0.1001;
Stimulation_1 min, OT: 2.15 + 0.18 vs. SNAP-47: 3.44 + 0.33, p-value= 0.0558; Basal_10
min, OT: 1.33 + 0.24 vs. SNAP-47: 2.50 + 0.54, p-value= 0.0859; Stimulation_10 min, OT:
1.71 £ 0.36 vs. SNAP-47: 1.56 + 0.24, p-value= 0.7944; Basal+EGTA_1 min, OT: 3.21 + 0.36
vs. SNAP-47: 4,96 = 0.56, p-value= 0.1426; Stimulation+EGTA_1 min, OT: 1.76 = 0.16 vs.
SNAP-47: 3.51 + 0.40, p-value= 0.0032). B) SNAP-47-membrane patches were bigger than
OT-membrane patches (Area in pm?. Basal_1 min, OT: 0.35 + 0.03 vs. SNAP-47: 0.59 *
0.05, p-value= 0.0004; Stimulation_1 min, OT: 0.37 = 0.03 vs. SNAP-47: 0.66 + 0.06, p-
value= 0.0024; Basal_10 min, OT: 0.50 + 0.16 vs. SNAP-47: 2.43 + 0.92, p-value= 0.6255;
Stimulation_10 min, OT: 2.43 0.53 vs. SNAP-47: 0.28 + 0.07, p-value= 0044
Basal+tEGTA 1 min, OT: 0.39 0.02 vs. SNAP-47: 0.75 £ 0.06, p-value< 0.0001;
Stimulation+EGTA_10 min, OT: 0.42 + 0.04 vs. SNAP-47: 0.76 £ 0.08, p-value= 0.0163).
Statistical analysis: Mann-Whitney non-parametric test; p-value> 0.05 (ns), < 0.05 (*), < 0.01
(**), £0.001 (***), = 0.0001 (****). Appendix, tables 7-10.

+
+

It is also important to indicate that 48 data points were not considered for the statistical
analysis because they presented negative Pearson values.

As control for colocalization analysis, we generated a random data set. Random data set
was generated as in the “Colocalization analysis between OT-compartments and Golgi”
section. In this case, SNAP-47 channel was maintained and random OT-membrane patches
were generated manually over it. All SNAP-47 images were selected for generating the
random data set, as each image was composed by a single stack. First, we measured the
distance between OT- and SNAP-47-membrane patches from random images. As random
distance values were extremely elevated in comparison with experimental distance values, it
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was clear that length values obtained from the experimental data set were not random.
Therefore, colocalization analysis was not performed for the random data set.

8.5.- Chasing experiments with OT“™ and OT®"™ mice: identification of OT-membrane
patches

As shown in Fig. 24 (“Endogenous OT expression in hypothalamic primary cultured neurons”
section), the anti-RFP rat antibody did not work properly in culture. So, in chasing
experiments, we employed an anti-OT rabbit antibody to identify OT-containing
compartments in cultures from OT“™™ mice. Since we were also interested in identifying
SNAP-47-containing compartments, we employed OT="" mice for dual quantifications,
staining SNAP-47 with an anti-SNAP-47 rabbit antibody, and amplifying the signal from OT-
containing compartments with an anti-GFP chicken antibody. In summary, we performed
chasing experiments in hypothalamic primary cultures from OT“™™ and OTEY™ mice strains,
identifying OT-containing molecules with anti-OT or anti-GFP antibodies (Table 5). We
performed control chasing experiments to check whether we were capable of identifying the
same number of OT-containing compartments in both mouse strains, since the antibodies
were different (anti-OT in the case of OT"™", and anti-GFP in the case of OT'"" mice). Data
were statistically analyzed with GraphPad Prism 8. Results are shown as mean + SEM,;
colocalization parameters are shown as percentage.

As shown in Fig. 35A and B, we did not find significant differences between the two
approaches, since the number of OT-membrane patches obtained in both mouse strains was
equivalent under basal and stimulus conditions (Fig. 35A. Number of OT-patches.
oT“™ Basal: 1.71 + 0.15 vs. OT®"" Basal: 2.4 + 0.33, p-value= 0.1218;
OTY™™ Stimulation: 2.76 + 0.24 vs. OTE"™_Stimulation: 3.06 + 0.32, p-value=0.7098).
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Figure 35.- Chasing experiments performed in cultured neurons from OT“™" and OTE'™
mice. A) The number of OT-containing compartments identified with an anti-OT antibody in
OT“™™™ mouse, and identified with an anti-GFP antibody in OT®"™ mouse, under basal and
stimulus conditions was similar (Number of OT-patches. OT“™™ Basal: 1.71 + 0.15 vs.
OTE™ Basal: 2.4 + 0.33, p-value= 0.1218; OTY™™ Stimulation: 2.76 + 0.24 vs.
OTE""_Stimulation: 3.06 + 0.32, p-value=0.7098). B) Hypothalamic primary cultured neurons
from OT“™™ and OTE"™ mice. OT-containing compartments were identified with an anti-OT
antibody in OT“™™ mouse (red patches, white arrows); OT-containing compartments were
identified with an anti-GFP antibody in OT®"™ mouse (green patches, blue arrows). Dotted
white line indicates cell membrane, and dotted pink line indicates cell nucleus. Scale bar
indicates 3 ym. C) The number of OT-containing compartments identified with an anti-OT
and an anti-GFP antibodies in OTE™ mice, under basal and stimulus conditions, was similar
(Number of OT-patches. anti-OT_Basal: 2.5 + 0.27 vs. anti-GFP_Basal: 2.44 + 0.24, p-
value= 0.9936; anti-OT_Stimulation: 1.54 + 0.21 vs. anti-GFP_Stimulation: 1.27 + 0.14, p-
value= 0.4807). D) Colocalization analysis between OT-containing compartments identified
with an anti-OT antibody or with an anti-GFP antibody indicated high level of overlapping
between the two antibodies, either under basal or stimulus conditions (Basal, Manders’ 1:
0.87 £ 0.02 vs. Manders’ 2: 0.82 £ 0.02, p-value= 0.0270; Stimulation, Manders’ 1: 0.68 +
0.07 vs. Manders’ 2: 0.89 + 0.04, p-value= 0.0232). E) Hypothalamic primary cultured neuron
from OT®"™ mouse. OT-containing compartments were identified with an anti-OT (red
patches, orange arrows), and anti-GFP (green patches, orange arrows) antibodies. Dotted
white line indicates cell membrane, and dotted pink line indicates cell nucleus. Scale bar
indicates 3 ym. Statistical analysis: Mann-Whitney non-parametric test; p-value> 0.05 (ns), <
0.05 (*), =0.01 (**), = 0.001 (***), < 0.0001 (****). Appendix, tables 11-16.
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Additionally, OT-membrane patches signal revealed by different antibodies (anti-OT and anti-
GFP) in the same mouse strain (OT=""" mice) showed more than 80 % of overlapping under
basal and stimulus conditions (Fig. 35C. Number of OT-patches. anti-OT_Basal: 2.5 + 0.27
vs. anti-GFP_Basal: 2.44 + 0.24, p-value= 0.9936; anti-OT_Stimulation: 1.54 + 0.21 vs. anti-
GFP_Stimulation: 1.27 £+ 0.14, p-value= 0.4807. Fig. 35D. Manders’ 1_Basal: 0.87 + 0.02 vs.
Manders’ 2_Basal: 0.82 + 0.02, p-value= 0.0270; Manders’ 1_Stimulation: 0.68 + 0.07 vs.
Manders’ 2_Stimulation: 0.89 + 0.04, p-value= 0.0232).

We concluded that both mouse strains, combined with the use of these antibodies, could be
employed to adapt the experimental conditions to our needs without compromising reliability.

9.- Stereotaxic injections

In vivo stereotaxic injections were performed in male and female OT"“™™ mice 1.5 months-
old. AAV-OT-SNAP-47-KD-GFP virus (SNAP-47-KD, see “Primary culture viral infection”
section) was injected bilaterally in the PVN with the objective of reducing endogenous SNAP-
47 protein expression in this area. As control, we injected animals with an AAV-GFP virus.

9.1.- Injector preparation

Glass pipettes (3.5 Drummond #3-000-203-G/X, Drummond Scientific Company, USA)
were made in a puller (P-2000, Sutter Instrument Co., USA) with the following parameters:
Heat-84, Fil-5, Vel-40, Del-115, and Pul-65 to obtain a fine and long tip to reach the PVN in
the most effective and painless way for the animals. Glass pipettes were filled with mineral oil
and inserted into the injector (Nanoliter 2010, World Precision Instruments). Next, we filled
the glass pipette with either the SNAP-47-KD or the AAV-GFP virus (control).

9.2.- Preparing animals for the surgery

Animals were anesthetized with 4-5 % isoflurane (Isoflutek 1000 mg/g, Laboratorios Karizoo
S.A). The isoflurane machine was connected to an isoflurane filter (gas filter canister, RWD)
and to an oxygen concentrator at level 2 % (525 Oxygen concentrator, DeVilbiss
Healthcare). When the animal was asleep, it was placed on an electric blanket (Temperature
Control Unit HB 101/2, Panlab, Harvard apparatus) at 22-23 °C in the stereotaxic table (Just
for Mouse Stereotaxic Instrument, Ref: 51730, Stoelting). We applied ophthalmic gel in the
mouse eyes to avoid possible wounds and ulcers because of the cold light (Leica KL 1500
LCD) used to visualize the skull. Then, we fixed the head of the animal in the stereotaxic
frame to avoid movements and damage to the animal during the surgery. Next, we employed
fine surgery grade scissors to cut the head skin and visualize Bregma and Lambda as
reference sutures, and cleaned the uncovered area with physiological serum (FisioVet,
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Braun). We employed a magnifying glass 1.6X (Carl Zeiss Meditec aG, Ref: 000000-1403-
542, OPMI 1-FC, Zeiss) to identify Bregma and Lambda sutures and to perform the required
alignments to locate the PVN (injection site). PVN coordinates from Bregma were: AP: -0.94;
DV: 4.75; and ML: 0.25.

9.3.- Stereotaxic injection

Once the injection site was located, we drilled the head bone (Omni Drill 35, World Precision
Instruments), cleaned the area with physiological serum and introduced the glass pipette into
the brain at the PVN coordinates. We waited 5-10 min before injecting 150 nL of virus in 36.8
nL serial pulses. We waited additional 10-15 min before removing the pipette in order not to
drag the virus from the tissue.

After the injection, the zone was cleaned with physiological serum and the wound was closed
with cicastick (Chemical iberica). Then, betadine (10 % gel) and blastostimulin (Almirall, 1%)
were applied, and 0.2 uL of buprex (Bupaq multidosis, Ritcher pharma, 0.3 mg/mL; 3 uL/g
dose) was injected intraperitoneally.

The animal was placed in a recovery chamber (Vetario Intensive Care Unit) at 25 °C until
waking up. When the animal moved freely around the chamber it was returned to its home
cage. Behavioral experiments and processing of the tissue were performed 3-4 weeks after
injection. Animals were checked regularly to make sure the wound had healed and that their
behavior was normal.

9.4.- Processing of injected hypothalamic brain slices

3-4 weeks post injection, brains were extracted from mice and hypothalamic brain slices (290
pm) were obtained and fixed in PFA 4 % ON. Then, immunohistochemistry was performed
following the protocol explained in the “Immunohisto- and cytochemistry” section. We
employed primary antibody anti-GFP chicken to stain infected neurons, anti-RFP rat to stain
OT neurons, and anti-SNAP-47 rabbit to stain SNAP-47-containing neurons (Table 5).

Images of the PVN region were acquired with a Leica SPEIl confocal microscope, LAS X
software, 405 nm, 488 nm, 561 nm and 635 nm diode lasers, using objective 10X (0.3 ACS
APO CS dry) and 63X (HCX PL APO CS). SNAP-47 fluorescence channel was deconvoluted
with the image analysis software Huygens (Huygens Professional) to obtain better spatial
resolution and to reduce out of focus. Then, images were processed with the image analysis
software Imaris. The analyzed parameters were: number of OT neurons in the PVN, number
of infected and uninfected OT neurons in the PVN, number of OT infected neurons with
SNAP-47 staining, and florescence intensity of the SNAP-47 channel in the PVN from SNAP-
47-KD virus injected and non-injected mice. Data were statistically analyzed with GraphPad
Prism 8. Results are shown as mean + SEM.
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10.- Social behavior: three chamber test

Three-chamber test was performed by Adrian Portalés (lab member) in male and female
mice 3-4 weeks after injection.

Three-chamber test (Fig. 36) consisted in testing mice sociability in a cage (60 x 40 x 22 cm)
following standard procedures (Nadler et al., 2004). Dividing walls were made from clear
Plexiglas, with openings allowing access into each chamber. The test mouse was first placed
in the middle chamber and allowed to explore for 10 min. After the habituation period, an
unfamiliar subject of the same sex (mouse 1, M1) was placed in one of the side chambers.
The unfamiliar mouse was enclosed in a small, round wire cage, which allowed nose contact
between the bars. In this first session (sociability), the test mouse had a choice of spending
time in either the empty chamber (E) or the chamber occupied by M1. At the end of the
sociability session, each mouse was tested in a second 10 min session to evaluate social
preference for a new subject. A second, unfamiliar mouse (mouse 2, M2) of the same sex
was placed in the chamber that had been empty during the first session. This second
unfamiliar mouse was enclosed in an identical wire cage than M1. The test mouse had a
choice between the first, already-investigated mouse (M1) and the novel unfamiliar mouse
(M2), which indicates social preference or social novelty (Nadler et al., 2004). Continuous
video recordings were collected and analyzed offline using BORIS and SMART video-
tracking software (PanLab S.L.). Measures of time spent sniffing from E, M1, and M2 mice
were quantified for each session. Social index and social novelty index (which indicate how
many time spent the test mouse exploring both cages) were calculated dividing sniffing time
from M1 and E, and M2 and M1, respectively. Data were statistically analyzed with
GraphPad Prism 8. Results are shown as mean + SEM.

SOCIABILITY SOCIAL NOVELTY

MOUSE 1 (M1) MOUSE 1 (M1) MOUSE 2 (M2)

TEST ‘lx
. W

Figure 36.- Schematics of the three-chamber test used in this study to test sociability and
social novelty. In the sociability phase, the sniffing time of E and M1 is compared. Social
novelty is estimated by quantifying the sniffing time of exploring M1 vs. M2. Adapted from
Portalés et al., 2023.
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11.- Statistical analysis

Statistical analyses were performed with the data analysis software GraphPad Prism 8. Non-
parametric, unpaired t-test (Mann-Whitney test); non-parametric, unpaired, multiple
comparisons ANOVA test (Kruskal-Wallis test); or non-parametric, paired, multiple
comparisons ANOVA test (Friedman test) were performed depending on data type (Table 7).
Linear regression and frequency distribution were also performed with some data. Results
are shown as mean * standard error of the mean (SEM), and/or percentage, and/or number
of values (n). P-value: > 0.05 (ns), < 0.05 (*), < 0.01 (**), < 0.001 (***), < 0.0001 (****). All
statistical analyses were performed with raw data; some data has been normalized for
graphing, with the purpose of a clearer representation of the results.

Table 7.- Statistical analysis employed in each experiment.

Statistical test Experiment
Mann-Whitney Electron microscopy
Chasing OT
Vesicle dynamics
Mathematical model
Immunocytochemistry Golgin
Chasing SNAP-47
Immunohistochemistry injected
mice
Social behavior
Electron microscopy
Vesicle dynamics
Immunohistochemistry injected
mice
Vesicle dynamics
Vesicle dynamics (MSD data)
Electron microscopy
Immunocytochemistry Golgin
Chasing SNAP-47

O O O O O O O

Kruskal-Wallis

O O O |0

Friedman
Linear regression
Frequency distribution (raw data and %)

O O O |0 |O
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1.- Electron microscopy: properties and localization of hypothalamic DCVs
under basal and stimulated conditions

In order to better understand the properties of hypothalamic DCVs, particularly those
containing OT in the PVN, we conducted a morphological characterization employing
electron microscopy techniques in fixed tissue. To this aim, hypothalamic brain slices were
obtained from OT"“™™ male mice (3-4 months old) and incubated in either Tyrodes’ solution
(Basal) or 100 mM KCI Tyrodes’ solution (Stimulation) during 1 min. This stimulation solution
has been previously reported to mobilize DCVs (Castel et al.,, 1996; Xia et al., 2009),
including OT-containing DCVs (Pow & Morris, 1989). Hypothalamic slices were prepared for
transmission electron microscopy as described in the “Electron microscopy” section from
materials and methods, and were imaged in the Electron Microscopy Facility at the University
of Murcia. From these high resolution images, we characterized morphologically DCVs under
both basal and stimulus conditions employing a homemade plugin in Fiji (see “Electron
microscopy image analysis” section from materials and methods).

Hypothalamic DCVs were clearly identified as electron-dense subcellular compartments, as
these kind of vesicles present high degree of electron dispersion, in contrast to SVs, that
were visualized as clearer compartments (Fig. 37). We analyzed the following parameters to
characterize DCVs’' properties: area and diameter, vesicles density within the terminal,
vesicle distance to the plasma membrane, and vesicle distance to the AZ.
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Stimulation

Figure 37.- Hypothalamic brain slices visualized by transmission electron microscopy under
basal and stimulus (100 mM KCI) conditions. Compared with basal conditions (A, C), DCVs’
number was reduced (B) and presented smaller size (D) in response to 100 mM KClI
stimulation. DCVs are indicated with orange arrows; SVs are indicated with white arrows.
Scale bar indicates 1 ym.

1.1.- Neuronal stimulation decreases hypothalamic DCVs’ area

In general, under basal conditions DCVs could be classified in two main populations
according to their area: a pool with a maximum area of 220 nm? (that constituted 26 % of
DCVs), and a second population with a maximum area of 280 nm? (74 % of DCVs) (Fig. 38A.
Area in nm?. Pobl_Basal: 202.6 + 4.1 vs. Pob2_Basal: 293.7 + 5.1, p-value< 0.0001).

Our data indicated a significant decrease in DCVs’ mean area in response to stimulation
compared to basal conditions (Fig. 38B. Area in nm?% Basal: 270.1 + 5.8 vs. Stimulation:
233.9 £ 7.3, p-value= 0.0002). This result is clearly visualized in the histogram shown in Fig.
38C, with the majority of DCVs (70.21 %) presenting an area ranging from 180 to 260 nm?
after stimulation.

89



A) 500 B) 500 sk c) 254

dededek
o o
< 4004 <& 4004 20+
: :
» 300 » 300 o 15-
o 4] o
8, 200- “@” 0, 200 0 104
o X [3+]
o o
Z 100 Z 100- 5
-—T 0 T T 0 T T T
,,'b\ ﬁ;b\ qp\ \0(\ 0 100 200 300 400 500
< ® F & Area_DCVs (hm?
. & _ ( )
)
D) e <° E) X F)
150 ik 150+ ki 30—

100 204

Diameter_DCVs (nm)
o =]
(=] o o
1 1 1
“c%
i [+
Diameter_DCVs (nm)
o
L
i o
DCVs
(=]

504 104
vy)
fab}
! (7]
RN S & 0 50 100 150 200 |
o % > & i -
N 02 Q 6‘0\ Diameter_DCVs (nm) .
G) & & H) & ) o
.é. — =
= =
S 14004 £ 1400+ ns e
» 12004 ® 12004 o - c
> = 80 —_
© 1000+ 1000 )
QO 800 3 =
| 8003 9, 800, i
o (] N -
2 2 g 60 S
5 600+ 5 600 @
5 - 5 a0-
£ 4004 £ 4004 o )
8 e 2
8 200 ? 200 - 20
f =
s s
o 0~ B 0- 0
e e S & 0 500 1000 1500
<d G
> @ _@x‘} Distance to membrane_DCVs (nm)
C <° &
J) T K) ns L)
= 1000- =27 o 107
g .
u —= 154
ﬁl 800 o E 1 3
S 600 £ Y £ &1
N I g 10 E
3] —
>
£ 400~ ot % 2 4
< S 5
2 200 o 5 T 2 2
Q c
o L]
8 0—T—7T o 0- 0
|7} W N
2 & o & & 0 5 10 15
< R Q R Density_DCVs/terminal (%)
3 &
) ¥

Figure 38.- Morphological analysis of DCVs in hypothalamic brain slices under basal and
stimulus conditions. A) According to their area, two populations of DCVs could be
distinguished under basal conditions (Area in nm® Pob1_Basal: 202.6 + 4.1 vs. Pob2_Basal:
293.7 £ 5.1, p-value< 0.0001). B) DCVs’ mean area was reduced under stimulus conditions
compared with DCVs’ mean area under basal conditions (Area in nm?. Basal: 270.1 + 5.8 vs.
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Stimulation: 233.9 £ 7.3, p-value= 0.0002). C) Histogram of DCVs’ area under basal and
stimulus conditions. DCVs’ area was smaller under stimulus conditions compared with basal
conditions (Frequency distribution, Appendix, table 19). D) According to the diameter of
DCVs, two populations could be distinguished under basal conditions (Diameter in nm.
Pobl_Basal: 65.60 + 1.30 vs. Pob2_Basal: 94.31 + 1.60, p-value< 0.0001). E) DCVs’
diameter was reduced under stimulus conditions compared with basal conditions (Diameter
in nm. Basal: 86.01 + 1.80 vs. Stimulation: 74.4 + 2.3, p-value= 0.0002). F) Histogram of
DCVs’' diameter under basal and stimulus conditions. DCVs’ diameter was smaller under
stimulus conditions compared with basal conditions (Frequency distribution, Appendix, table
22). G) Considering distances larger or shorter than 400 nm from the DCVs to the plasma
membrane under basal conditions, two populations could be distinguished (Distance in nm.
Pobl_ Basal: 139.2 + 7.7 vs. Pob2_Basal: 753.3 + 182.5, p-value< 0.0001). H) DCVs’
distance to the membrane did not differ under basal and stimulus conditions (Distance to the
plasma membrane in nm. Basal: 166.8 £ 17.0 vs. Stimulation: 127.9 + 9.8, p-value= 0.2222).
I) Histogram of DCVs'’ distance to the membrane under basal and stimulus conditions. The
majority of DCVs, either under basal or stimulated conditions, were found < 100 nm away
from the plasma membrane (Frequency distribution, Appendix, table 25). J) DCVs’ distance
to the AZ under basal and stimulus conditions suggested a decrease in the distance to the
AZ in response to stimulation, despite not statistically analyzed (Distance to the AZ in nm.
Basal: 478.0 + 120.3, Stimulation: 164.2 = 0.0, Appendix, table 26). K) DCVs’ density did not
differ between basal and stimulus conditions (Density as percentage. Basal: 3.0 + 0.7 vs.
Stimulation: 2.0 £ 0.6, p-value= 0.3614). L) Histogram of DCVs’ density indicated variability
under both basal and stimulus conditions (Frequency distribution, Appendix, table 29).
Statistical analysis: Mann-Whitney non-parametric test; p-value> 0.05 (ns), < 0.05 (*), = 0.01
(**), = 0.001 (***), < 0.0001 (****). Appendix, tables 17-29.

1.2.- Neuronal stimulation decreases hypothalamic DCVs’ diameter

In parallel to the area, DCVs in basal conditions could be divided in two populations
depending on their diameter: one population (29 % of DCVs), in which the majority of
vesicles (61.5 %) presented a diameter of 70 nm, and a more prevalent population (71 % of
DCVs), in which the majority of vesicles (39. 1 %) presented a diameter of 90 nm (Fig. 38D.
Diameter in nm. Pobl Basal: 65.60 + 1.30 vs. Pob2_Basal: 94.31 + 1.60, p-value< 0.0001).
The estimation of DCVs’ diameter correlated with the results of the area, revealing a smaller
diameter in response to stimulation (Fig. 38E, F. Diameter in nm. Basal: 86.01 + 1.80 vs.
Stimulation: 74.4 + 2.3, p-value= 0.0002).

1.3.- Analysis of DCVs’ proximity to the plasma membrane

The distance of DCVs to the plasma membrane was also analyzed. We found not significant
differences between basal and stimulus conditions (Fig. 38H. Distance to the plasma
membrane in nm. Basal: 166.8 £ 17.0 vs. Stimulation: 127.9 + 9.8, p-value= 0.2222), despite
a trend towards shorter distances was noted in response to stimulation. The majority of
DCVs either in basal or stimulated conditions were found < 100 nm away from the plasma
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membrane (Fig. 38Il. Percentage of DCVs at < 100 nm from the plasma membrane. Basal:
61.8, Stimulation: 70.21). Nonetheless, it is noteworthy that in response to stimulation, no
DCVs were found further than 400 nm from the membrane, whereas about 4 % of DCVs
under basal conditions can be found further than 400 nm (Fig. 38l). An additional
classification considering distances larger or shorter than 400 nm from the plasma
membrane under basal conditions rendered two subpopulations: a major pool (95.5 % of
DCVs), within the 400 nm range, and a minor one (4.5 % of DCVs) that was located at
distances > 400 nm from the plasma membrane (Fig. 38G. Distance to the plasma
membrane in nm. Pobl Basal: 139.2 + 7.7 vs. Pob2_Basal: 753.3 + 182.5, p-value<
0.0001).

1.4.- Analysis of DCVs’ distance to the AZ

Furthermore, the distance of DCVs to the AZ was analyzed. Our data suggested a decrease
in the distance to the AZ in response to stimulation (Fig. 38J. Distance to the AZ in nm.
Basal: 478.0 + 120.3, Stimulation: 164.2 + 0.0), despite the fact that the minimum value in
baseline (203.3 nm) was two times higher than the mean distance under stimulated
conditions (164.2 nm) (Fig. 38J). Unfortunately, no statistical analysis could be performed
due to the low number of DCVs found in terminals with clearly identifiable AZs.

1.5.- Analysis of DCVs’ density at synaptic terminals

Finally, DCVs density (number of vesicles per terminal) was calculated. Results indicated not
significant differences in DCVs density between basal and stimulation conditions (Fig. 38K.
Basal: 0.03 £ 0.01 vs. Stimulation: 0.02 + 0.01, p-value= 0.3614). Nevertheless, similar to the
estimations of distance from the plasma membrane shown in Fig. 38H, the stimulated
conditions showed a trend toward lower DCVs’ density (Fig. 38K). However, it is important to
note that DCVs’ density in basal conditions is quite variable, ranging from 0.2 % to 7.5 %
(Fig. 38L), with 47 % of the terminals presenting a low DCVs mean density between 0.5 - 1.0
%. On the other hand, the majority of terminals in stimulation conditions (92 %) exhibited a
vesicle density ranging between 0.1 - 4.0 %, with 8 % of the terminals showing a higher
density of 10 - 10.5 % (Fig. 38L).
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2.- Chasing of OT-containing compartments: OT recruitment to the somatic
plasma membrane

The electron microscopy analyses suggested that neuronal stimulation induced changes in
the morphology and organization of hypothalamic DCVs. Due to difficulties for using our
validated OT antibody in pre-embedding protocols to label OT vesicles, we analyzed the
specific properties of OT-containing compartments using fluorescence labelling techniques in
cultured hypothalamic cells.

Hypothalamic primary cultured neurons were obtained from OT*“™™ and OT=®" PO mice. 10-
13 DIV cultures were incubated with either Tyrode’s solution (Basal), 100 mM KCI Tyrode’s
solution (Stimulation), chelated extracellular calcium Tyrode’s basal solution (0.5 mM EGTA)
or chelated extracellular calcium 100 mM KCI Tyrode’s solution during 1 or 10 min, to
perform vesicle chasing procedures (see details in the “Chasing experiment” section from
materials and methods). After treatment, cells were incubated with specific anti-OT antibody
(Table 5. Primary antibody: anti-OT rabbit) to identify OT-containing microdomains at the
plasma membrane (Fig. 39). As this technique involves the halting of the endocytic
processes, fluorescence signals post-fixation were interpreted as OT-containing
compartments prepared to undergo exocytosis or already fused to the plasma membrane,
due to difficulty to resolve individual OT vesicles (referred to as OT-containing
compartments, OT-membrane patches or OT-containing vesicles from now on).
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’ Basal 1 min ‘ ’ Stimulation 1 min ‘ ’ Stimulation 10 min ‘

o

Transmitted light - OT-membrane patches

Figure 39.- OT-membrane patches in hypothalamic primary cultured neurons under different
conditions. OT neurons incubated with Tyrode’s basal solution during 1 min (A), 100 mM KCI
Tyrode’s solution (Stimulation) during 1 min (B) or 10 min (C). OT-membrane patches were
identified with an anti-OT antibody and visualized as green dots (white arrows). Dotted white
line indicates cell membrane, and dotted pink line indicates cell nucleus. Scale bar indicates
3 um.

2.1.- Properties of OT-membrane patches

2.1.1.- Neuronal stimulation increases the number of OT-membrane patches

Neuronal stimulation during 1 min significantly increased OT-membrane patches in
hypothalamic primary cultured neurons (Fig. 40A. Number of OT-patches. Basal_1 min: 1.9 +
0.1 vs. Stimulation_1 min: 2.8 £ 0.17, p-value< 0.0001). In contrast, neurons incubated
during 10 min exhibited the opposite trend (Fig. 40A. Number of OT-patches. Basal_10 min:
2.3 £ 0.2 vs. Stimulation_10 min: 1.6 + 0.1, p-value= 0.0002). This finding suggested that with
longer stimulation times, most OT-containing vesicles may have already been released.
Consequently, prolonged stimulation does not allow recovery for subsequent exocytic
events. As a consequence, after 1 min of high potassium stimulation, the number of OT-
membrane patches was higher than after 10 min of stimulation (Fig. 40A. Number of OT-
patches. Stimulation_1 min: 2.85 = 0.17 vs. Stimulation_10 min: 1.61 + 0.13, p-value<
0.0001). Unexpectedly, spontaneous OT secretion probability showed a not significant trend
toward higher values in response to longer incubation times (10 min) with basal solution (Fig.
40A. Number of OT-patches. Basal_1 min: 1.9 + 0.1 vs. Basal_10 min: 2.3 £ 0.2, p-value=
0.1023).
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Figure 40.- Number of OT-membrane patches in hypothalamic primary cultured neurons. A)
1 min stimulation increased OT-membrane patches (Number of OT-patches. Basal_1 min:
1.9 £ 0.1 vs. Stimulation_1 min: 2.8 £ 0.17, p-value< 0.0001); 10 min stimulation reduced OT-
membrane patches (Number of OT-patches. Basal_10 min: 2.3 £ 0.2 vs. Stimulation_10 min:
1.6 £ 0.1, p-value= 0.0002). Longer incubation times under basal conditions did not increase
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OT-membrane patches (Number of OT patches. Basal_1 min: 1.9 + 0.1 vs. Basal_10 min:
2.3 £ 0.2, p-value = 0.1023); and under stimulation, the number of OT-membrane patches
was higher after 1 min of stimulation compared with 10 min incubation (Number of OT-
patches. Stimulation_1 min: 2.85 + 0.17 vs. Stimulation_10 min: 1.61 + 0.13, p-value<
0.0001). B) The number of OT-membrane patches was similar between cells incubated
either with basal or stimulus conditions during 1 or 10 min in the presence of extracellular
calcium chelator EGTA (Number of OT-patches. Basal+EGTA 1 min: 2.8 + 0.2 vs.
Stimulation+EGTA_1 min: 2.9 + 0.2, p-value= 0.5976; Basal+EGTA_10 min: 1.2 + 0.2 vs.
Stimulation+EGTA_10 min: 1.2 £ 0.2, p-value> 0.99999; Stimulation+EGTA_1 min: 2.9 + 0.2,
Stimulation+EGTA_10 min: 1.2 + 0.2, p-value= 0.0619; Basal+EGTA_1 min: 2.82 + 0.21 vs.
Basal+EGTA 10 min: 1.20 + 0.20, p-value= 0.0833). C) The number of OT-membrane
patches was increased in extracellular calcium-free basal medium compared with basal
medium incubation during 1 min (Number of OT-patches. Basal_1 min: 1.95 + 0.12 vs.
Basal+EGTA_1 min: 2.82 + 0.21, p-value= 0.0011). The number of OT-membrane patches
was the same under stimulus conditions with or without extracellular calcium (Number of OT-
patches. Stimulation_1 min: 2.84 = 0.17 vs. Stimulation+EGTA_1 min: 2.94 + 0.23, p-value=
0.8934). D) The number of OT-membrane patches was similar between cells incubated
during 10 min under basal or stimulation conditions with and without extracellular calcium
(Number of OT-patches. Basal_10 min: 2.3 + 0.2 vs. Basal+EGTA_10 min: 1.2 + 0.2, p-
value= 0.15; Stimulation_10 min: 1.6 + 0.1 vs. Stimulation+EGTA 10 min; 1.2 + 0.2, p-value=
0.6824). Statistical analysis: Mann-Whitney non-parametric test; p-value> 0.05 (ns), < 0.05
(*), 0.01 (**), = 0.001 (***), = 0.0001 (****). Appendix, tables 30 and 31.

2.1.2.- Membrane recruitment of OT under stimulus conditions depends on extracellular
calcium

A key factor to trigger vesicle exocytosis is calcium influx, thus we ought to investigate the
role of extracellular calcium in the recruitment of OT-containing compartments in response to
neuronal stimulation. The role of extracellular calcium is particularly controversial for OT
vesicles, as their release has been previously reported to primarily depend on intracellular
calcium stores (Van Den Pol, 2012). Thus, in the following experiments we explored OT
dynamics in free-extracellular calcium solutions.

Our results indicated a not significant increase in OT-membrane patches in response to an
extracellular calcium-free stimulation solution, either during 1 or 10 min incubation (Fig. 40B.
Number of OT-patches. Basal+EGTA 1 min: 2.8 £ 0.2 vs. Stimulation+EGTA 1 min: 2.9 +
0.2, p-value= 0.5976; Basal+EGTA_10 min: 1.2 + 0.2 vs. Stimulation+EGTA_10 min: 1.2 +
0.2, p-value> 0.99999), which could indicate that OT recruitment to the plasma membrane, at
least partly, depends on extracellular calcium influx.

Interestingly, despite a not significant trend, the number of OT-membrane patches detected
under 1 min stimulation without extracellular calcium was higher than the number detected
under 10 min stimulation without extracellular calcium (Fig. 40B. Number of OT-patches.
Stimulation+EGTA_1 min: 2.9 = 0.2 vs. Stimulation+tEGTA_10 min: 1.2 £+ 0.2, p-value=
0.0619), suggesting longer stimulation times reduce the number of OT-membrane patches.
Despite not significant, the same tendency was observed under basal conditions (Fig. 40B.

96



Number of OT-patches. Basal+EGTA_1 min: 2.82 = 0.21 vs. Basal+EGTA_10 min: 1.20 +
0.20, p-value= 0.0833).

2.1.3.- Membrane recruitment of OT under basal conditions is negatively regulated by
extracellular calcium

However, the removal of extracellular calcium increased the number of OT-membrane
patches under basal conditions (Fig. 40C. Number of OT-patches. Basal_1 min: 1.95 £ 0.12
vs. Basal+tEGTA_1 min: 2.82 + 0.21, p-value= 0.0011). This result suggested that
extracellular calcium influx may inhibit the spontaneous recruitment of OT to the plasma
membrane. In this scenario, stimulation with high KCI may not further increase the number of
OT-containing compartments, which are similar under stimulation and calcium-free
stimulation medium (Fig. 40C. Number of OT-patches. Stimulation_1 min: 2.84 £ 0.17 vs.
Stimulation+EGTA_1 min: 2.94 + 0.23, p-value= 0.8934).

Not significant differences were identified in response to calcium-free solutions (basal and
stimulation) after 10 minutes, despite the number of OT-membrane patches was higher in the
presence of extracellular calcium (Fig. 40D. Number of OT-patches. Basal_10 min: 2.3 £ 0.2
vs. Basal+EGTA_10 min: 1.2 £ 0.2, p-value= 0.15; Stimulation_10 min: 1.6 + 0.1 vs.
Stimulation+EGTA 10 min: 1.2 + 0.2, p-value= 0.6824). These results could indicate that
extracellular calcium is necessary for maintenance of exocytosis in hypothalamic neurons
during prolonged incubation times.

2.2.- Area of OT-membrane patches

2.2.1.- OT-membrane patches’ area depends on the stimulus duration

Our data indicated no changes in the area of OT-membrane patches in response to 1 min
stimulation compared with 1 min incubation under basal conditions (Fig. 41A. Area in pm?Z.
Basal_1 min: 0.36 £ 0.03 vs. Stimulation_1 min: 0.34 + 0.02, p-value= 0.4634), indicating that
stimulation did not affect the area of OT-membrane patches. In response to 10 min
incubation time, OT-membrane patches were bigger under stimulus conditions compared
with basal conditions (Fig. 41A. Area in um?® Basal_10 min: 0.24 + 0.02 vs. Stimulation_10
min: 0.40 £ 0.04, p-value< 0.0001).

Furthermore, the area of OT-membrane patches seemed larger in basal conditions during 1
min than in basal conditions during 10 min (Fig. 41A. Area in um?. Basal_1 min: 0.36 + 0.03
vs. Basal_10 min: 0.24 = 0.02, p-value< 0.0001), which could be linked to the depletion of
OT-compartments in response to longer incubation times.
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Figure 41.- Area of OT-membrane patches in hypothalamic primary cultured neurons. A)
The area of OT-membrane patches was similar under basal and stimulated conditions during
1 min (Area in um?® Basal_1 min: 0.36 + 0.03 vs. Stimulation_1 min: 0.34 + 0.02, p-value=
0.4634). Under 10 min incubation, OT-membrane patches were bigger under stimulus
conditions compared with basal conditions (Area in pm? Basal 10 min: 0.24 + 0.02 vs.
Stimulation_10 min: 0.40 £ 0.04, p-value< 0.0001). The area of OT-membrane patches
seemed larger in basal conditions during 1 min than in basal conditions during 10 min (Area
in ym?. Basal_1 min: 0.36 = 0.03 vs. Basal_10 min: 0.24 + 0.02, p-value< 0.0001), and no
differences were found under stimulus conditions (Area in ym?. Stimulation_1 min= 0.34 *
0.02 vs. Stimulation_10 min= 0.41 *+ 0.04, p-value= 0.6985). B) In the presence of EGTA, the
size of OT-membrane patches was bigger when incubating the cells during 10 min in
comparison with 1 min incubation, either in basal or stimulus conditions (Area in um?Z
Basal+EGTA_1 min= 0.33 £ 0.02 vs. Basal+EGTA_10 min= 0.73 £ 0.29, p-value= 0.0308;
Stimulation+EGTA_1 min= 0.31 £ 0.02 vs. Stimulation+EGTA_10 min= 0.55 + 0.14, p-value=
0.0271). OT-membrane patches’ size was similar under same incubation times (Area in pm?.
Basal+EGTA_1 min= 0.33 = 0.02 vs. Stimulation+EGTA_1 min= 0.31 + 0.02, p-value=
0.1217; Basal+EGTA_10 min= 0.73 = 0.29 vs. Stimulation +EGTA_10 min= 0.55 + 0.14, p-
value> 0.9999). C) Incubating the cells during 1 min with a medium with or without
extracellular calcium, either in basal or stimulus conditions, did not modify the size of OT-
membrane patches (Area in ym?. Basal_1 min: 0.36 + 0.03 vs. Basal+EGTA_1 min: 0.33 +
0.02, p-value= 0.1592; Stimulation_1 min: 0.34 = 0.02 vs. Stimulation+tEGTA_1 min: 0.31 £
0.02, p-value= 0.3376). D) Incubating the cells during 10 min with free-extracellular calcium
led to bigger OT-membrane patches than when incubated with extracellular calcium either in
basal or stimulus conditions (Area in um? Basal_10 min: 0.24 + 0.02 vs. Basal+EGTA_10
min: 0.73 % 0.30, p-value= 0.0014; Stimulation_10 min: 041 + 0.04 vs.
Stimulation+EGTA_10 min: 0.55 + 0.14, p-value= 0.0598). Statistical analysis: Mann-Whitney
non-parametric test; p-value> 0.05 (ns), < 0.05 (*), < 0.01 (**), = 0.001 (***), < 0.0001 (****)
Appendix, tables 32 and 33.

Interestingly, this trend was reversed in the absence of extracellular calcium (Fig. 41B. Area
in ym?. Basal+EGTA 1 min: 0.33 + 0.02 vs. Basal+EGTA_10 min: 0.73 + 0.30, p-value=
0.0308), suggesting that, despite inducing a reduction in the number of OT-containing
compartments upon longer treatments (Fig. 40B. Number of OT-patches. Basal+EGTA_ 1
min: 2.82 + 0.21 vs. Basa+EGTA 10 min: 1.20 + 0.20, p-value= 0.0833;
Stimulation+EGTA _1 min: 2.9 + 0.2, Stimulation+EGTA_10 min: 1.2 + 0.2, p-value= 0.0619),
the area is increased maybe as a result of impaired calcium-dependent recycling pathways.

Extracellular calcium-free solutions, either basal or stimulation solutions, did not affect the
area of OT-membrane patches compared with their respective mediums containing calcium
during 1 min incubation (Fig. 41C. Area in um?® Basal_1 min: 0.36 + 0.03 vs. Basal+EGTA_1
min: 0.33 £ 0.02, p-value= 0.1592; Stimulation_1 min: 0.34 £ 0.02 vs. Stimulation+EGTA_1
min: 0.31 £ 0.02, p-value= 0.3376).

Furthermore, we observed that the area of OT-membrane patches from cells incubated
during 10 min with basal medium without extracellular calcium was larger than the area of
OT-membrane patches from cells incubated during 10 min with basal medium containing
extracellular calcium (Fig. 41D. Area in um?. Basal_10 min: 0.24 + 0.02 vs. Basal+EGTA_10
min: 0.73 + 0.30, p-value= 0.0014), suggesting that despite a reduction in the number of OT-
patches, they could be larger (Fig. 40D. Number of OT-patches. Basal_10 min: 2.3 £ 0.2 vs.
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Basal+EGTA_10 min: 1.2 £ 0.2, p-value= 0.15). Although not statistically significant, the size
of OT-membrane patches incubated during 10 min under stimulated conditions without
extracellular calcium was also larger than the size of the patches incubated in the presence
of extracellular calcium (Fig. 41D. Area in pm? Stimulation_10 min: 0.41 + 0.04 vs.
Stimulation+EGTA_10 min: 0.55 + 0.14, p-value= 0.0598).

3.- Dynamic properties of OT-containing compartments in response to
neuronal stimulation

Although vesicular chasing experiments provided crucial information about the properties of
OT-containing compartments, they did not offer insight into their dynamics and kinetics. To
delve deeper into this aspect, we took advantage of the properties of the transgenic OT"™™"
mouse, which allowed us to analyze subcellular compartments in OT cells (Fig. 29). To this
aim, 7-14 DIV hypothalamic primary cultures were treated with basal and stimulation
Tyrode’s solutions as described in “OT vesicle dynamics. Image acquisition” section from
materials and methods.

Fluorescence dispersion and the resolution limitations of confocal microscopy did not allow
resolving single vesicles. So these signals were considered as clusters of OT-containing
compartments, similarly to the vesicle chasing experiments aforementioned. Our analysis
focused primarily on the somatic OT-containing compartments, which were tracked
semiautomatically employing the image analysis software Imaris (see “OT vesicle dynamics.
Image analysis” section from materials and methods).

3.1.- Mobility of OT-containing compartments

Employing this experimental strategy, we first explored the mobility of OT-containing
compartments in response to 1 min stimulation protocol. Our results indicated a reduction of
OT-containing compartments of 20 %, suggesting that neuronal stimulation could induce the
release of these compartments (Fig. 42). Importantly, the application of Tyrode’s basal
medium indicated low probability of spontaneous release of OT-containing compartments,
that was promoted in response to stimulation with high KCI (Fig. 42B. t50. Basal: 2.42 + 0.08
vs. Stimulation: 2.56 + 0.1, p-value= 0.0240; t60. Basal: 2.4 + 0.08 vs. Stimulation: 2.48 +
0.1, p-value= 0.0109; t80. Basal: 2.32 + 0.08 vs. Stimulation: 2.43 + 0.09, p-value= 0.0281).
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Figure 42.- Dynamics of OT-containing compartments under basal and stimulus conditions.
A) Cell body of an OT“™™ hypothalamic cultured neuron before and after stimulation. OT-
containing compartments (identified by red fluorescence, orange arrows) disappeared from
the plane of acquisition, probably due to exocytosis. Dotted white line indicates cell
membrane, and dotted pink line indicates cell nucleus. Scale bar indicates 3 ym. B) OT-
containing compartments decreased 20 % under 100 mM KCI stimulation (t50. Basal: 2.42 +
0.08 vs. Stimulation: 2.56 + 0.1, p-value= 0.0240; t60. Basal: 2.4 + 0.08 vs. Stimulation: 2.48
+ 0.1, p-value= 0.0109; t80s. Basal: 2.32 + 0.08 vs. Stimulation: 2.43 + 0.09, p-value=
0.0281). Statistical analysis: Mann-Whitney non-parametric test; p-value> 0.05 (ns), < 0.05
(*), =£0.01 (**), £0.001 (***), £ 0.0001 (****). Appendix, tables 34-38.

We then studied the kinetics of OT-containing compartments during basal and stimulated
conditions, identifying distinct populations according to different parameters analyzed.

3.2.- Displacement of OT-containing compartments

Displacement length refers to the distance of a spot (in our case, an OT-compartment)
travelled from its point of origin over the course of the experiment. We classified OT-
containing compartments according to the first time point that resulted in a significant
difference in the displacement length compared to the baseline.

Our analysis revealed that OT-containing compartments were highly heterogeneous
regarding their mobility in response to neuronal stimulation (Fig. 43A-H). According to the
displacement criterion, OT-containing compartments were classified in four main subgroups:
dynamic, delayed, uncoupled and stable (Fig. 43I, J).
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Figure 43.- OT-containing compartments classification depending on their displacement in
response to neuronal stimulation. A-H) OT-containing compartments could be classified
according to the time point in which their displacement showed a significant difference
compared to their baseline. Each graph corresponds to an individual example of the different
types of OT-containing compartments identified. 1) Classification of OT-containing
compartments depending on their displacement length in response to stimulation. J) OT-
containing compartments could be classified in four groups depending on their displacement
length in response to stimulation: dynamic, delayed, uncoupled, and stable. K-L) Delayed (K)
and uncoupled (L) subgroups could be subclassified depending on the time point they
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modified their displacement length in response to high KCI stimulation. Presented data are
normalized. Statistical analysis: Friedman non-parametric; p-value> 0.05 (ns), < 0.05 (*), <
0.01 (**), = 0.001 (***), = 0.0001 (****). Asterisks in graphs represent the first time point in
which the OT-compartment changed its displacement length compared to the baseline.
Appendix, tables 39-55. The dynamic pool maodified their displacement during the first 10 s of
stimulation and comprised the 7.3 % of the total OT-containing compartments (Fig. 43A, |,
and J).

The majority of compartments belonged to the delayed group (57.7 %), which modified their
displacement length 20, 30 or 40 s after stimulation (Fig. 43B-D, I, J, and K). The population
that responded to the stimulus after 50-60 s of KCI application or during the last seconds of
basal medium application was classified as uncoupled (22.8 %) (Fig. 43E-G, |, J, and L).
Finally, OT-containing compartments which did not respond to KCI were classified as stable
(12.2 %) (Fig. 43H, I, and J).

Interestingly, uncoupled and stable OT-containing compartments presented more
displacement than dynamic and delayed ones under basal conditions (Table 8). Under
stimulus application, dynamic, delayed, and uncoupled OT-containing compartments
increased their displacement, and all of them presented similar mean displacement values
(Table 8). Top displacement values corresponded to mean displacement values in basal
conditions, when uncoupled and stable OT-containing compartments presented their higher
displacement (Table 8). Nevertheless, top displacement values between the different OT-
containing compartments groups were different under stimulus conditions, the opposite that
happened with mean values (Table 8).

Table 8.- Mean and top displacement length of OT-containing compartments.

Mean displacement length Top displacement length
(Mean £ SEM), um (Mean £ SEM), um

OT-containing Basal 100 mM KCI Basal 100 mM KCI
vesicles
Dynamic 0.09+£0.01 0.18 + 0.005 0.34£0.01 0.80 £+ 0.005
Delayed 0.08 + 0.002 0.20 +£0.002 0.43 £0.002 0.95 + 0.002
Uncoupled 0.11 £ 0.005 0.18 £ 0.003 0.45 +0.005 0.75 £ 0.003
Stable 0.12+0.01 0.12 £ 0.003 0.54+0.01 0.64 £ 0.003

3.3.- Speed of OT-containing compartments

We also analyzed the speed of OT-containing compartments, which allowed us to perform an
additional classification. In this case, the criterion followed was the speed changes (or not) in
comparison to the baseline. According to their speed, OT-containing compartments could be
classified in: responding (as an alternative: mobile, Fig. 44A, B) and non-responding
(alternative: immobile, Fig. 44C). These results were in agreement with the displacement
data, that indicated that most OT-compartments belonged to the delayed pool.
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Figure 44.- OT-containing compartments classification depending on their speed in response
to neuronal stimulation. A-B) OT-containing compartments modified their speed at different
time points, either increasing or decreasing it. Each graph represents several individual OT-
containing compartments increasing (A) or decreasing (B) their speed at specific time points
(mobile). C) Individual examples of OT-containing compartments that did not modify their
speed in response to stimulation (immobile). D) Classification of OT-containing
compartments depending on their speed in response to stimulation. E) OT-containing
compartments could be classified in two groups depending on their speed changes in
response to stimulation: responding or mobile, and non-responding or immobile. F) Mobile
OT-containing compartments could increase or decrease their speed. Presented data are
normalized. Statistical analysis: Friedman non-parametric; p-value> 0.05 (ns), < 0.05 (*), <
0.01 (**), = 0.001 (***), = 0.0001 (****). Asterisks in graphs represent the first time point in
which the OT-compartment changed its speed compared to the baseline. Appendix, tables
56-82.

The vast majority of OT-containing compartments (70.6 %) belonged to the immobile group
(Fig. 44C, D, and E). The remaining 30 % (29.4 %), which could be classified as mobile,
showed two subcategories: a subgroup that increased their speed (68.6 % of OT-
compartments from the mobile group) and a subgroup that decreased their speed (31.4 % of
OT-compartments from the mobile group) (Fig. 44A, B, D, E, and F).

Under basal conditions, OT-containing compartments presented mean speed values ranging
from 0.04 to 0.06 um/s, depending on the group, with top mean speeds ranging from 0.15 to
0.32 um/s (Table 9). Under stimulus conditions, the three OT-containing compartments
subgroups presented similar mean speed values (Table 9).
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Table 9.- Mean and top speed of OT-containing compartments.

Mean speed (x SEM), um/s Top speed (x SEM), um/s
OT-containing Basal 100 mM KCI Basal 100 mM KCI
compartments
Mobile_Increase | 0.04 £0.15 0.07 £0.12 0.15+0.15 0.34+0.12
Mobile_Decrease | 0.06 £ 0.27 0.05+0.10 0.27 £0.27 0.28 £0.10
Immobile 0.05 +0.09 0.05+0.03 0.32 £ 0.09 0.34 £0.03

3.4.- Mean Square Displacement of OT-containing compartments

As an additional parameter for characterization, we analyzed the Mean Square Displacement
(MSD) of OT-containing compartments. MSD is defined as the surface area covered by a
spot (in our case, an OT-compartment) over the time course of the experiment, and it is
related to migration efficiency.

First, we conducted a linear fitting to obtain the value of the diffusion coefficient (D) from the
MSD parameter for each OT-containing compartment. This analysis yielded two populations:
a predominant population (91.1 %) with low slope values, indicating non-diffusive dynamics
(Table 10), and a minority pool (8.9 %) with higher slope values, suggesting diffusive
movement (Table 10). These populations were named as “Non-diffusive” population and
“Diffusive” population, respectively (Table 10, and Fig. 45A-C).

Table 10.- Linear regression analysis of the two populations of OT-containing compartments

identified by MSD.

Condition R? Linear regression Diffusion
equation (slope) coefficient (D),
pum?/s

Diffusive_10 s of | 0.8846 Y = 0.001414*X + | 3.53*10-4
basal 0.002306
Non-diffusive_10 s | 0.6735 Y = 0.001608*X + | 4.02*10-4
of basal 0.007355
Diffusive_10 s of | 0.0303 Y =-0.0001803*X + | -4.5*10-5
stimulation 0.02199
Non-diffusive_10 s | 0.0862 Y = 0.0003032*X + | 7.58*10-5
of stimulation 0.02447
Diffusive_20 s of | 0.8062 Y = 0.01030*X - | 0.002.57*10-3
stimulation 0.2007
Non-diffusive_20 s | 0.0862 Y = 0.0003032*X + | 7.58*10-5
of stimulation 0.02447
Diffusive_ 60 s of | 0.9150 Y = 0.004969*X — | 1.24*107
stimulation 0.05056
Non-diffusive_60 s | 0.8258 Y = 0.0005905*X + | 1.48*10™
of stimulation 0.02207
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Figure 45.- OT-containing compartments classification depending on their MSD in response
to neuronal stimulation. A) OT-containing compartments could be classified in two groups
depending on their MSD: diffusive and non-diffusive. B) The vast majority of the OT-
containing compartments analyzed (91.1 %) exhibited non-diffusive movement, meanwhile a
small percentage (8.9 %) could be classified as diffusive. C) Non-diffusive (top) and diffusive
(bottom) OT-containing compartments trajectories. Scale bars indicate 0.4 ym (contained
movement) and 0.7 ym (diffusive movement). D) MSD of the two identified populations of
OT-containing compartments in the first ten seconds of basal application. E) MSD of the two
identified populations of OT-containing compartments in the first ten seconds of KCI
application. F) MSD of the two identified populations of OT-containing compartments after
ten seconds of KClI application. Appendix, table 83.

Both populations (non-diffusive and diffusive) exhibited significant linearity during the first 10
s of basal application, indicating that in the initial phase of the experiment, OT-containing
compartments exhibited diffusive dynamics (Table 10, and Fig. 45D). To note, the “Diffusive”
population showed a better fit overall.

During the first ten seconds of stimulation neither population exhibited significant changes in
MSD (Table 10, and Fig. 45E). Diffusive movement appeared 10 s after KCl application (20 s
after the beginning of the experiment) (Table 10, and Fig. 45F) just in a few compartments
(8.9 % of OT-compartments analyzed), indicating an overall delayed mobilization.
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These findings were again consistent with the displacement length analysis in which the
majority of OT-containing compartments could be classified as “Delayed” (displacement
changed after 20-40 s of stimulation). Despite the vast majority of OT-containing
compartments did not significantly diffuse over large areas, most exhibited some type of
contained movement (as seen in the displacement length results), which could be related to
passive vibration of compartments anchored to the cytoskeleton or to the plasma membrane.

4.- Subcellular localization of OT-containing compartments

Our analyses revealed that the majority of the OT-containing compartments were immobile
or presented slow kinetics within the second time-scale. Thus, we investigated whether this
limited mobility could be due to the presence of OT-containing compartments near the Golgi
apparatus. To explore this possibility, we performed immunocytochemistry experiments to
analyze the colocalization between OT and the Golgi matrix protein of 130 KDa (Golgin-
GM130) in 14 DIV hypothalamic primary cultures from WT PO mice (Table 5. Primary
antibodies: anti-OT rabbit, and anti-Golgin mouse).

The Golgi apparatus was clearly identified with the Golgin-GM130 staining as a well-defined
organelle near the cell nucleus (Fig. 46). OT-containing compartments were distributed
throughout the soma, some of them in close proximity to the plasma membrane, and others
overlapping with Golgin-GM130 (Fig. 46).

| Transmitted light - Golgin GM-130 - OT |

Figure 46.- OT-containing compartments and Golgin-GM-130 in primary hypothalamic
cultured neurons. Golgi apparatus (red fluorescence, dotted blue line) was located adjacent
to the cell nucleus. OT-containing compartments (green fluorescence, white arrows) were
found either in close proximity to the Golgi apparatus, distributed throughout the cytoplasm,
or close to the plasma membrane. Dotted white line indicates cell membrane, and dotted
pink line indicates cell nucleus. Scale bar indicates 3 um.
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First, we analyzed how many OT-containing compartments were close to the Golgi
apparatus with respect to the total number of OT-compartments in the cell. Quantification
analysis indicated that around 22 % of the OT-containing compartments were in close
contact with Golgi (Fig. 47).

A) *kkk B)

ns 204 — -0.5
1004 = e

o
1
(o}
o
T T
=} o
w &~

=
o
c
£
— >

g E
E 1 = 104 2
g 504 ns 8 S 02 3
o ] D » < 8 =
€ ] 37 B L 0.1
B ]
g E
E 0 T T T T 0 0.0

N N (]
© ® Q\'be@ (go\q .O*é\

© &

o) NS

Figure 47.- OT-containing compartments were distributed throughout the cell cytoplasm, and
a small percentage was located near Golgi apparatus. A) OT-containing compartments
distribution throughout the cell indicated that around 22 % of the compartments were in close
contact with Golgi (Number of OT-compartments. Cell= 21.39 + 2.55 vs. Cytoplasm= 16.72 +
2.35, p-value> 0.9999; Cell= 21.39 + 2.55 vs. Golgi= 4.68 + 0.45, p-value< 0.0001; Cell=
21.39 + 2.55 vs. Membrane= 3.39 + 0.47, p-value< 0.0001; Cytoplasm= 16.72 + 2.35 vs.
Golgi= 4.68 + 0.45, p-value= 0.0004; Cytoplasm= 16.72 + 2.35 vs. Membrane= 3.39 * 0.47,
p-value< 0.0001; Golgi= 4.68 + 0.45 vs. Membrane= 3.39 = 0.47, p-value> 0.9999).
Statistical analysis: Kruskal-Wallis non-parametric test. B) Golgi apparatus presented bigger
area than OT-containing compartments (Area in ym?® OT-compartments= 0.07 = 0.01 vs.
Golgi= 6.23 = 0.69, p-value< 0.0001). Statistical analysis: Mann-Whitney non-parametric test;
p-value> 0.05 (ns), < 0.05 (*), = 0.01 (**), £ 0.001 (***), < 0.0001 (****). Appendix, tables 84-
87.

Then, we analyzed the degree of colocalization between the OT-containing compartments in
close proximity to the Golgi apparatus (22 %) and Golgin-GM130. The colocalization analysis
was performed in Fiji using the “UCSD Control” and JACoP plugins (see “Golgin GM-130
immunocytochemistry: image acquisition and analysis” section from materials and methods).
Colocalization analysis rendered two coefficients: Manders’ overlapping coefficient and
Pearson’s correlation coefficient.

Manders’ coefficient refers to the overlapping degree of pixels from two channels. In our
case, Manders’ coefficient indicates the overlapping between an OT-containing compartment
staining and Golgi staining. Pearson’s coefficient refers to the correlation degree of pixels
from two channels. In our case, Pearson’s coefficient corresponds to the correlation between
an OT-containing compartment and the Golgi staining.
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The percentage of overlapping (Manders’ coefficient) between OT-containing compartments
and Golgi ranged between 20 and 90 % (Fig. 48A, blue), with a mean overlapping value of
55 + 1. % (Fig. 48B, blue). Approximately, half of the OT-containing vesicles (54 %)
presented Golgi overlapping values between 50 and 60 % (Fig. 48A, blue).
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Figure 48.- Colocalization analysis between OT-containing compartments and Golgi
apparatus. A-B) Manders’ overlapping coefficient. OT-containing compartments overlapping
coefficient ranged between 20 and 90 % (A, blue. Frequency distribution, Appendix, table
89); the mean overlapping coefficient was 55 % (B, blue. Manders_Experimental= 0.55 +
0.01 vs. Manders_Random = 0.38 + 0.03, p-value< 0.0001). C-D) Pearson’s correlation
coefficient. OT-containing compartments correlation coefficient ranged between 20 and 85 %
(C, blue. Frequency distribution, Appendix, table 90); the mean correlation coefficient was 55
% (D, blue. Pearson_Experimental = 0.55 + 0.01 vs. Pearson_Random = 0.42 + 0.01, p-
value< 0.0001). Statistical analysis: Mann-Whitney non-parametric test; p-value> 0.05 (ns), <
0.05 (*), = 0.01 (**), =0.001 (***), = 0.0001 (****). Appendix, tables 88-91.

Mean Pearsons’ coefficient values indicated correlation values ranging between 20 and 85 %
(Fig. 48C, blue), with a mean correlation of 55 + 1 % (Fig. 48D, blue), suggesting that half of
the pixels corresponding to the OT-containing compartments overlapped with the Golgin-
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GM130 staining. Interestingly, one of the OT-containing compartments presented a
Pearson’s coefficient of -4.8 %, indicating an inverse correlation between these two
compartments. This value was excluded from the statistical analysis.

We generated a random data set as control to identify the degree of arbitrariness in our
experimental conditions. Generation of the random data set is explained in detail in “Golgin
GM-130 immunocytochemistry: image acquisition and analysis. Colocalization analysis
between OT-compartmentes and Golgi” section from materials and methods.

The randomly-generated OT-containing compartments presented a mean value of Manders’
overlapping coefficient of 38 + 3 % (Fig. 48A, B, purple), suggesting that the values obtained
with the experimental data set were not due to chance (Fig. 48B, purple. Manders’
coefficient_Experimental: 0.55 + 0.01 vs. Manders’ coefficient Random: 0.38 + 0.03, p-
value< 0.0001). Similar scenario was found in the case of Pearson’s correlation coefficient,
presenting mean values of the randomly-generated OT-containing compartments of 42 £ 1
%, whereas the mean value of the experimental OT-containing compartments was 55 + 1 %
(Fig. 48C, D, purple. Pearson’s_coefficient_Experimental: 0.55 + 0.01 vs. Pearson’s
coefficient_Random: 0.42 +0.01, p-value <0.0001).

5.- Modeling OT-compartments’ dynamics

Following the dynamics experiments, we conducted simulations to analyze the movement of
OT-compartments in greater detail. A mathematical model of oxytocinergic neurons was
developed in collaboration with Prof. Amparo Gil (University of Cantabria), as described in
“OT vesicle dynamics. Mathematical model” section from materials and methods.

Using the geometrical model (conical domain: 17 slices), we simulated the dynamic behavior
of diffusive and non-diffusive OT-containing compartments over 1 min of basal incubation,
followed by 1 min of stimulus incubation. The simulations started from three distinct cellular
zones: near the nucleus (slices from 12 to 17), in the cytoplasm (slices from 6 to 11), and at
the membrane (slices from 1 to 5).

These simulations were generated by modifying the script to specify the diffusion coefficient
and the initial position of the OT-compartments. The number of diffusive (n= 11) and non-
diffusive (n= 93) OT-compartments was selected based on experimental data, with “n”
indicating the actual difference in the number of diffusive and non-diffusive compartments.

Results indicated that, during 1 min of stimulation, OT-containing compartments, either
diffusive or non-diffusive, remained within their initial region (near the nucleus, at the
cytoplasm or at the membrane), and did not move to a different region (Fig. 49A, B, and C).
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Figure 49.- Modeling of OT-compartments’ dynamics. A-C) Simulations of diffusive and non-
diffusive OT-compartments over time were conducted under basal and stimulation
conditions, starting near the nucleus (A), within the cytoplasm (B), and at the membrane (C).
D-F) Statistical analysis of the positions of diffusive OT-compartments between the initial and
final time points under basal and stimulation conditions was performed for compartments
near the nucleus (D, blue. ti_ Basal: 12.97 + 0.31 vs. tf_Basal: 11.76 + 0.61, p-value= 0.3015;
ti_Stimulation: 13.36 + 0.40 vs. tf_Stimulation: 11.70 + 0.63, p-value= 0.0827; ti_Basal: 12.97
+ 0.31 vs. tf_Stimulation: 11.70 £ 0.63, p-value= 0.2577), in the cytoplasm (E, blue. ti_Basal:
758 + 0.37 vs. tf Basal: 8.06 + 0.60, p-value= 0.5833; ti_Basal: 7.58 = 0.37 vs.
tf_Stimulation: 7.94 £ 0.64, p-value= 0.9310; ti_Stimulation: 7.58 + 0.43 vs. tf_Stimulation:
7.94 = 0.64, p-value= 0.9821), and at the membrane (F, blue. ti_Basal: 2.91 + 0.27 vs.
tf_Basal: 4.03 £ 0.57, p-value= 0.3087; ti_Stimulation: 3.24 + 0.21 vs. tf_Stimulation: 4.33 £
0.38, p-value= 0.0591; ti Basal: 2.91 + 0.27 vs. tf_Stimulation: 4.33 + 0.39, p-value= 0.0079).
Similarly, statistical analysis of non-diffusive OT-compartments' positions was conducted
between initial and final time points under basal and stimulus conditions for compartments
starting near the nucleus (D, purple. ti Basal: 13.39 + 0.11 vs. tf Basal: 12.58 + 0.19, p-
value= 0.0435; ti_Stimulation: 13.34 + 0.12 vs. tf_Stimulation: 11.98 + 0.17, p-value< 0.0001;
ti_Basal: 13.39 £ 0.11 vs. tf_Stimulation: 12.31 + 0.17, p-value< 0.0001), in the cytoplasm (E,
purple. ti_Basal: 7.74 + 0.11 vs. tf Basal: 7.13 £ 0.22, p-value = 0.0270; ti_Stimulation: 7.54
+ 0.12 vs. tf_Stimulation: 6.80 %= 0.20, p-value= 0.0022; ti_Basal: 7.74 + 0.11 vs.
tf_Stimulation: 6.80 + 0.20, p-value< 0.0001), and at the membrane (F, purple.ti_Basal: 2.76
+ 0.08 vs. tf_Basal: 3.88 £ 0.14, p-value< 0.0001; ti_Stimulation: 2.91 + 0.09 vs.
tf_Stimulation: 3.39 = 0.12, p-value= 0.0404; ti_Basal: 2.76 £ 0.08 vs. tf_Stimulation: 3.39 +
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0.12, p-value= 0.0037). G-l) Schematic representation of a model vesicle is provided for
those starting near the nucleus (G), in the cytoplasm (H), and at the membrane (l). Vesicles’
positions are indicated by the number slice: membrane (slices from 1 to 5), cytoplasm (slices
from 6 to 11), and near the nucleus (slices from 12 to 17). Statistical analysis: Mann-Whitney
non-parametric test; p-value> 0.05 (ns), < 0.05 (*), < 0.01 (**), £ 0.001 (***), < 0.0001 (****).
Appendix, tables 92-97.

5.1.- Modeling OT compartments’ dynamics near the nucleus

When OT compartments started near the nucleus, diffusive compartments appeared to
migrate toward the cytoplasm under basal conditions (Fig. 49D, blue. Diffusive, ti_Basal:
12.97 + 0.31 vs. tf Basal: 11.76 + 0.61, p-value= 0.3015). A similar trend was observed for
non-diffusive vesicles, which were capable of reaching the membrane (Fig. 49D, purple.
Non-diffusive, ti_Basal: 13.39 £ 0.11 vs. tf_Basal: 12.58 + 0.19, p-value= 0.0435).

In the final seconds of stimulation, both diffusive and non-diffusive OT-compartments
migrated toward the cytoplasm and even reached the membrane (Fig. 49D. Diffusive,
ti_Stimulation: 13.36 + 0.40 vs. tf_Stimulation: 11.70 + 0.63, p-value= 0.0827; Non-diffusive,
ti_Stimulation: 13.34 £ 0.12 vs. tf_Stimulation: 11.98 + 0.17, p-value< 0.0001).

Comparing the initial (basal) and final (stimulation) points, we observed that KCI mobilized
OT-compartments from the nucleus to the cytoplasm, and even to the membrane (Fig. 49D.
Diffusive, ti_Basal: 12.97 + 0.31 vs. tf_Stimulation: 11.70 + 0.63, p-value= 0.2577; Non-
diffusive, ti_Basal: 13.39 + 0.11 vs. tf_Stimulation: 12.31 + 0.17, p-value< 0.0001), reinforcing
the mobilizing effect of our stimulation protocol observed in chasing experiments (Fig. 40A).
Consequently, extending the simulation time might result in an even greater number of OT-
compartments reaching the cytoplasm and membrane.

5.2.- Modeling OT-compartments’ dynamics in the cytoplasm

The modeling results for OT-compartments originating in the cytoplasm closely mirrored
those observed for compartments starting near the nucleus.

In the final seconds of basal simulation, diffusive compartments that started in the cytoplasm
were found near the nucleus, within the cytoplasm, and at the membrane, although the
changes were not significant (Fig. 49E, blue. Diffusive, ti_Basal: 7.58 + 0.37 vs. tf_Basal:
8.06 + 0.60, p-value = 0.5833). This result suggested that cytoplasmic OT-compartments
move throughout the entire cell. Similarly, non-diffusive compartments were distributed
throughout the cell after 1 min of basal simulation (Fig. 49E, purple. Non-diffusive, ti_Basal:
7.74 £ 0.11 vs. tf_Basal: 7.13 £ 0.22, p-value = 0.0270).

During the stimulation, both diffusive and non-diffusive compartments were distributed
throughout the cell at the starting point. By the end of the stimulation, OT-compartments
became even more heterogeneously distributed (Fig. 49E. Diffusive, ti_Stimulation: 7.58 +
0.43 vs. tf_Stimulation: 7.94 + 0.64, p-value= 0.9821; Non-Diffusive, ti_Stimulation: 7.54 +
0.12 vs. tf_Stimulation: 6.80 + 0.20, p-value= 0.0022). The increased mobility of these
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compartments under stimulation may suggest that molecular anchors could have been
disrupted to facilitate mobility.

Finally, stimulation induced redistribution of OT-compartments from the cytoplasm to other
parts of the cell (Fig. 49E. Diffusive, ti_Basal: 7.58 + 0.37 vs. tf_Stimulation: 7.94 + 0.64, p-
value= 0.9310; Non-diffusive, ti_Basal: 7.74 = 0.11 vs. tf_Stimulation: 6.80 + 0.20, p-value=
0.0001), indicating active trafficking of these compartments, and further supporting the
mobilizing effect of KCI observed in our experiments (Fig. 40A).

5.3.- Modeling OT-compartments’ dynamics in the membrane

Both diffusive and non-diffusive OT-compartments exhibited similar results starting from the
membrane.

Several diffusive and non-diffusive compartments moved to the cytoplasm, and even
approached the nucleus, after 1 min under basal conditions (Fig. 49F. Diffusive, ti_Basal:
2.91 + 0.27 vs. tf_Basal: 4.03 £+ 0.57, p-value= 0.3087; Non-diffusive, ti_Basal: 2.76 + 0.08
vs. tf Basal: 3.88 + 0.14, p-value< 0.0001). It is important to note that the mathematical
model was configured to simulate compartments’ movement throughout the cell, not to or
from the extracellular space. Therefore, the model could not identify release events expected
to occur under physiological conditions.

Under stimulus conditions, both diffusive and non-diffusive compartments were found mostly
at the membrane (Fig. 49F. Diffusive, ti_Stimulation: 3.24 + 0.21 vs. tf_Stimulation: 4.33 +
0.38, p-value= 0.0591; Non-diffusive, ti_Stimulation: 2.91 + 0.09 vs. tf_Stimulation: 3.39 +
0.12, p-value= 0.0404), indicating that, when compartments are positioned in the membrane,
the stimulation strengthen the interaction. These findings support the chasing experiments’
results, which showed a significant increase in the number of OT-containing compartments
following KCI stimulation (Fig. 40A).

Comparison between the initial (basal) and final (stimulation) points of the simulation
revealed that under KCI incubation, OT-compartments originating from the membrane were
predominantly found in the membrane but also in the cytoplasm (Fig. 49F. Diffusive, ti_Basal:
2.91 £ 0.27 vs. tf_Stimulation: 4.33 £ 0.39, p-value= 0.0079; Non-diffusive, ti_Basal: 2.76 +
0.08 vs. tf_Stimulation: 3.39 + 0.12, p-value= 0.0037).

From these simulations, we can conclude that both diffusive and non-diffusive OT-
compartments could be able to reach different subcellular regions, despite their distinct
movement patterns.
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6.- SNARE proteins’ expression in hypothalamic oxytocinergic neurons

Results from the dynamics’ analysis of OT-containing compartments indicated distinct
properties of release and recruitment to the plasma membrane upon neuronal stimulation.
We thus hypothesized that such properties could be underlined by a specific SNARE fusion
machinery acting at the somatodendritic compartment of oxytocinergic neurons. We then
ought to analyze the expression of common presynaptic SNARE proteins, as well as
unconventional isoforms previously described to play a role in dendritic trafficking (Jurado et
al., 2013; Arendt et al.,, 2015; Jurado, 2014). To this aim, we performed a detailed
immunochemistry characterization in hypothalamic slices at postnatal and adult
developmental stages from WT mice as well as in hypothalamic primary cultures from OT="""
PO mice.

6.1.- Expression of SNAP isoforms in the adult PVN and SON

Immunohistochemistry experiments showed that non-canonical SNAREs could be found at
the somatodendritic compartment of oxytocinergic neurons in both the PVN and SON (Fig.
50). As such, SNAP-25, a prototypical presynaptic SNARE protein highly expressed in the
brain (Kadkova et al., 2019), was not found in the soma and dendrites of hypothalamic
neurons, but identified in their fibers and axonal projections. In contrast, two less common
isoforms, SNAP-23 and SNAP-47, were found in the cell bodies of oxytocinergic neurons in
the PVN and SON (Fig. 50).
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Figure 50.- Expression of SNAP proteins in OT hypothalamic neurons in the adult brain. In
the adult brain, canonical presynaptic SNAP-25 was concentrated in the fibers of
hypothalamic neurons within the PVN and SON, but not in the somas of OT neurons. The
SNAP isoforms SNAP-23 and SNAP-47 were found expressed in PVN and SON OT
hypothalamic neurons. OT is stained in green; SNAPs are stained in red; white arrows point
oxytocinergic neurons coexpressed or not with SNAP proteins. Scale bar indicates 30 ym.
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6.2.- Expression of syntaxin proteins in the adult PVN and SON

We expanded our characterization by analyzing the expression of syntaxin proteins, another
essential member of the SNARE fusion complex. Immunohistochemistry experiments
indicated that Stx-1, a canonical presynaptic syntaxin isoform, was confined to fibers in the
PVN, but it did not colocalize with oxytocinergic neurons. In contrast, Stx-1 expression was
found in some oxytocinergic cells in the SON, suggesting a region—specific expression
pattern. Furthermore, either Stx-3 or Stx-4 did not colocalize with OT neurons, although Stx-4
was found in non-OT neurons in the SON (Fig. 51).

| Stx-1 - OT - DAPI Stx-3 - OT - DAPI Stx-4 - OT - DAPI
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Figure 51.- Expression of Stx proteins in OT hypothalamic neurons in the adult brain. Stx-1
did not colocalize with OT hypothalamic neurons in the PVN; meanwhile it exhibited
colocalization with a subpopulation of OT neurons in the SON. Stx-3 was not expressed in
OT hypothalamic neurons. Stx-4 was not expressed in the PVN, although it could be found in
non-OT neurons in the SON. OT staining is stained in green; Stxs are stained in red; white
arrows point oxytocinergic neurons coexpressed or not with Stx proteins. Scale bar indicates
30 um.
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6.3.- Expression of synaptotagmin proteins in the adult PYN and SON

We first analyzed the expression in the PVN and SON of Syt-1, a canonical presynaptic
calcium sensor. Our findings indicated no detectable expression of Syt-1 in oxytocinergic
hypothalamic neurons. Similarly, Syt-7 was not detected in these cells. As expected from
previous studies (G. Zhang et al., 2011), Syt-4 was found in the PVYN and SON, colocalizing
with oxytocinergic neurons in both regions (Fig. 52).
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Figure 52.- Expression of Syt proteins in OT hypothalamic neurons in the adult brain.
Whereas expression of either Syt-1 or Syt-7 isoforms was not detected in hypothalamic OT
neurons, Syt-4 isoform showed a clear overlap with OT neurons. OT is stained in green; Syts
are stained in red; white arrows point oxytocinergic neurons coexpressed or not with Syt
proteins. Scale bar indicates 30 um.
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6.4.- Expression of synaptobrevin proteins in the adult PVN and SON

Finally, we analyzed the expression of Syb proteins in the PVN and SON, as the third
mandatory component required to form a functional SNARE complex. Our
immunohistochemistry experiments were unable to identify Syb-1, 2, 3, the most common
brain Syb isoforms, in the PVN. Nonetheless, these proteins seemed to be expressed in the
SON, although excluded from oxytocinergic neurons (Fig. 53).

| Syb-1, 2, 3 - OT - DAPI |
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Figure 53.- Expression of Syb proteins in OT hypothalamic neurons in the adult brain.
Common Syb isoforms (Syb-1, 2, 3) were not detected in PVN neurons. Although these
isoforms were found in the SON, they did not colocalize with OT neurons. OT is stained in
green; Sybs are stained in red; white arrows point oxytocinergic neurons coexpressed or not
with Syb proteins. Scale bar indicates 30 pym.
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6.5.- Developmental expression of somatodendritric SNARE isoforms in OT neurons

Our results identified Syt-4, SNAP-23, and SNAP-47 as potential candidates to mediate
somatodendritic OT-compartment’s dynamics in oxytocinergic neurons. Thus, we decided to
explore the expression of these proteins during early postnatal development in order to better
characterize their expression patterns.

Immunohistochemistry analyses revealed that SNAP-23 and Syt-4, which were found to
colocalize with OT neurons in the adult brain, were not expressed in PVN and SON neurons
of PO mice (Fig. 54). In contrast, clear SNAP-47 signal was detected in oxytocinergic
neurons from newborn mice (Fig. 54).
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Figure 54.- Expression of SNARE proteins in OT hypothalamic neurons at PO. Syt-4 and
SNAP-23 proteins were not found in OT neurons at PO in contrast to SNAP-47, which
colocalized with OT neurons within the PVYN and SON at this developmental stage. OT is
stained in green; Syt-4, SNAP-23 and SNAP-47 are stained in red; white arrows point
oxytocinergic neurons coexpressed or not with Syt-4, SNAP-23 or SNAP-47 proteins. Scale
bar indicates 30 um.
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These results indicated that non-classical SNARE proteins could be found in the
somatodendritic compartment of oxytocinergic neurons, and that the expression of these
proteins appeared to be developmentally regulated, with SNAP-47 being the most stably
expressed throughout development.

6.6.- SNARESs’ expression in hypothalamic primary cultures

In view of the results described above, we decided to focus on SNAP-47 as a potential
candidate to regulate OT dynamics and exocytosis at the somatodendritic compartment of
oxytocinergic neurons. Thus, to complete the characterization of SNAP-47 in oxytocinergic
neurons, we performed immunocytochemistry experiments in primary hypothalamic cultures
(Fig. 55A), since this was a central model for many of the assays performed in the present
study. For these experiments, we employed OT®™ PO mice, and stained OT and SNAP-47
with specific primary antibodies (Table 5. Primary antibodies: anti-GFP: chicken, and anti-
SNAP-47 rabbit).
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Figure 55.- Expression of SNAP-47 protein in hypohalamic primary cultures. A)
Oxytocinergic primary cultured neurons (green) expressed SNAP-47 (red). White arrows
point oxytocinergic neurons which also expressed SNAP-47 protein. Scale bar indicates 50
um. B) Approximately 70 % of cultured oxytocinergic neurons also expressed SNAP-47.
Appendix, table 98.

Our results indicated that 70.83 % of cultured oxytocinergic neurons also expressed SNAP-
47 (Fig. 55B). This result suggested that SNAP-47 is abundant in the soma of oxytocinergic
primary hypothalamic neurons, making this system suitable for studying a potential role of
SNAP-47 in OT dynamics and exocytosis.

6.7.- SNAP-47 is primarily expressed in the somatodendritic compartment

Immunochemistry experiments indicated that SNAP-47 is primarily expressed in the
somatodendritic compartment of oxytocinergic neurons (Fig. 50, 54, and 55). Nonetheless,
we also explored a potential axonal localization by co-staining SNAP-47 and a-tubulin, a
common microtubule marker enriched in axonal compartments. For these experiments, we
employed hypothalamic PVN slices from adult OT"™™ mice (3-4 months old).

Our findings indicated no clear colocalization between SNAP-47 and a-tubulin (Fig. 56).
SNAP-47 staining was restricted to the somatodendritic compartment of oxytocinergic
neurons, whereas a-tubulin staining was limited to fibers. These results indicated that SNAP-
47 is primarily enriched in the postsynaptic compartment of oxytocinergic neurons.
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a-tubulin - SNAP-47

Figure 56.- Expression of SNAP-47 and a-tubulin in OT neurons. SNAP-47 (red) did not
colocalize with the axonal marker a-tubulin (green) in oxytocinergic PVN neurons (A) or with
primary cultured oxytocinergic neurons (B). White arrows indicate OT neurons expressing
SNAP-47, and no a-tubulin signal. Scale bars indicate 50 ym (upper panel), and 30 pm
(middle and lower panel).

7.- OT and SNAP-47 interaction in the plasma membrane of hypothalamic
oxytocinergic neurons

Once SNAP-47 was identified as a somatodendritic SNARE in OT neurons (Fig. 50, 54, and
55), we proceeded to investigate its interaction with OT-containing compartments. To this
aim, we performed chasing experiments in primary hypothalamic cultured neurons between
10-13 DIV from OT™ PO mice (see “Chasing experiments” section from materials and
methods), employing a specific anti-SNAP-47 antibody (Table 5. Primary antibody: anti-
SNAP-47 rabbit) to identify SNAP-47-membrane patches (Fig. 57).
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Figure 57.- SNAP-47-membrane patches in hypothalamic cultured OT neurons under basal
and stimulated conditions. SNAP-47 was stained in red (white arrows). Dotted white line
indicates cell membrane, and dotted pink line indicates cell nucleus. Scale bar indicates 3

pm.

7.1.- Properties of SNAP-47-membrane patches

7.1.1.- The number of SNAP-47-membrane patches is not affected by neuronal stimulation

Results from these experiments indicated that the number of SNAP-47-membrane patches
was independent of the treatment (Fig. 58A. Number of SNAP-47-patches. Basal_1 min:
3.50 £ 0.40 vs. Stimulation_1 min: 3.44 + 0.33, p-value= 0.6445; Basal_10 min: 2.50 + 0.54
vs. Stimulation_10 min: 1.56 + 0.24, p-value= 0.2488). Treatment duration slightly affected
the number of SNAP-47-membrane patches, despite not significant results (Fig. 58A.
Number of SNAP-47-patches. Basal 1 min: 3.50 + 0.40 vs. Basal_10 min: 2.50 + 0.54, p-
value= 0.9670; Stimulation_1 min: 3.44 + 0.33 vs. Stimulation_10 min: 1.56 £ 0.24, p-value=
0.1939). These data indicates that SNAP-47-membrane patches are quite stable across

different conditions.
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Figure 58.- SNAP47-membrane patches’ number and area in hypothalamic primary cultured
neurons. A) The number of SNAP-47-membrane patches was independent of the treatment
applied and the incubation time (Number of SNAP-47-patches. Basal_1 min: 3.50 + 0.40 vs.
Stimulation_1 min: 3.44 + 0.33, p-value= 0.6445; Basal_10 min: 2.50 + 0.54 vs.
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Stimulation_10 min: 1.56 + 0.24, p-value= 0.2488; Basal_1 min: 3.50 + 0.40 vs. Basal_10
min: 2.50 + 0.54, p-value= 0.9670; Stimulation_1 min: 3.44 + 0.33 vs. Stimulation_10 min:
1.56 + 0.24, p-value= 0.1939). B) The number of SNAP-47-membrane patches increased in
the absence of extracellular calcium under basal conditions (Number of SNAP-47-patches.
Basal_1 min: 3.56 + 0.41 vs. Basal+EGTA 1 min: 4.96 = 0.56, p-value= 0.0457). Under
stimulus conditions, SNAP-47-membrane patches remained similar (Number of SNAP-47-
patches. Stimulation_1 min: 3.44 + 0.33 vs. Stimulation+EGTA_1 min: 3.51 £ 0.40, p-value=
0.8052; Basal+EGTA_1 min: 4.96 £ 0.56 vs. Stimulation+EGTA_1 min: 3.51 £ 0.40, p-value=
0.1534). C) SNAP-47 patches’ area was not affected by the type of treatment (Area in pm?.
Basal_1 min: 0.59 + 0.05 vs. Stimulation_1 min: 0.66 + 0.06, p-value= 0.8451; Basal_10 min:
2.43 £ 0.92 vs. Stimulation_10 min: 2.43 £ 0.53, p-value= 0.1651). Incubation time increased
the area in response to 10 min incubation Area in pm? Basal_1 min: 0.59 + 0.05 vs.
Basal_10 min: 2.43 + 0.92, p-value= 0.3038; Stimulation_1 min: 0.66 * 0.06 vs.
Stimulation_10 min: 2.43 £+ 0.53, p-value= 0.0014). D) In the absence of extracellular
calcium, the area of SNAP-47-membrane patches was larger under basal conditions, and
remained similar under stimulated conditions (Area in ym?. Basal_1 min: 0.59 + 0.05 vs.
Basal + EGTA 1 min: 0.75 = 0.06, p-value= 0.0074; Stimulation_1 min: 0.66 + 0.06 vs.
Stimulation+EGTA_1 min: 0.76 £ 0.08, p-value= 0.3154; Basal+EGTA_1 min: 0.75 £ 0.06 vs.
Stimulation+EGTA_1 min: 0.76 + 0.08, p-value= 0.1289). Statistical analysis: Mann-Whitney
non-parametric test; p-value> 0.05 (ns), < 0.05 (*), < 0.01 (**), = 0.001 (***), < 0.0001 (****).
Appendix, tables 99-102.

7.1.2.- Analysis of SNAP-47-membrane patches’ recruitment to the plasma membrane in the
absence of extracellular calcium

We then explored the role of extracellular calcium in the recruitment of SNAP-47 to the
plasma membrane. To this aim, we eliminated extracellular calcium by adding EGTA (0.5
mM) as a chelating agent to Tyrode’s incubation medium.

EGTA had a slightly effect on the number of SNAP-47-membrane patches under stimulated
conditions compared with basal conditions (Fig. 58B. Number of SNAP-47-patches.
Basal+tEGTA_ 1 min: 4.96 £ 0.56 vs. Stimulation+tEGTA_1 min: 3.51 = 0.40, p-value=
0.1534).

Surprisingly, in basal conditions, the absence of extracellular calcium increased the number
of SNAP-47-membrane patches (Fig. 58B. Number of SNAP-47-patches. Basal_1 min: 3.56
+0.41 vs. Basal+EGTA _1 min: 4.96 £ 0.56, p-value= 0.0457), suggesting a negative effect of
extracellular calcium influx on SNAP-47 recruitment in basal conditions, in a similar fashion
to what we observed with OT (Fig. 40C. Basal_1 min: 1.95 + 0.12 vs. Basal+EGTA_1 min:
2.82 + 0.21, p-value= 0.0011). This effect was not observed under stimulus conditions with
and without extracellular calcium, as the number of SNAP-47-membrane patches remained
similar in both scenarios (Fig. 58B. Number of SNAP-47-patches. Stimulation_1 min: 3.44 +
0.33 vs. Stimulation+EGTA_1 min: 3.51 + 0.40, p-value= 0.8052).
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7.2.- Area of SNAP-47-membrane patches

7.2.1.- SNAP-47-membrane patches’ area is not affected by neuronal stimulation

Similar to the number, the area of SNAP-47-membrane patches was not affected by the
stimulation protocol (Fig. 58C. Area in ym?. Basal_1 min: 0.59 + 0.05 vs. Stimulation_1 min:
0.66 = 0.06, p-value= 0.8451; Basal_10 min: 2.43 £ 0.92 vs. Stimulation_10 min: 2.43 £ 0.53,
p-value= 0.1651). Nevertheless, incubation time affected the area of SNAP-47-membrane
patches increasing it in response to 10 min incubation, despite not significant results were
obtained under basal conditions (Fig. 58C. Area in pm? Basal_1 min: 0.59 + 0.05 vs.
Basal 10 min: 2.43 + 0.92, p-value= 0.3038; Stimulation_1 min: 0.66 * 0.06 vs.
Stimulation_10 min: 2.43 = 0.53, p-value= 0.0014).

7.2.2.- SNAP-47-membrane patches’ area is increased in the absence of extracellular
calcium under basal conditions

Comparing the same treatments with and without EGTA in basal conditions indicated that the
area of SNAP-47-patches was larger in the absence of extracellular calcium (Fig. 58D. Area
in ym?. Basal_1 min: 0.59 + 0.05 vs. Basal + EGTA_1 min: 0.75 #+ 0.06, p-value= 0.0074),
likely reflecting the increase in the number of SNAP-47-membrane patches (Fig. 58B). Under
stimulus conditions, the absence of extracellular calcium seemed not to affect the area of
SNAP-47-membrane patches (Fig. 58D. Area in ym?®. Stimulation_1 min: 0.66 + 0.06 vs.
Stimulation+EGTA_1 min: 0.76 + 0.08, p-value= 0.3154).

7.3.- Interaction between OT- and SNAP-47-membrane patches

We then explored the relationship between the membrane microdomains enriched with OT
and SNAP-47 under basal and stimulus conditions (Fig. 59A), staining SNAP-47 with an anti-
SNAP-47 antibody and OT with an anti-GFP antibody (Table 5. Primary antibodies: anti-
SNAP-47 rabbit, and anti-GFP chicken). First, we measured the distance, from centroid to
centroid, between OT- and SNAP-47-membrane patches employing the image analysis
software Imaris. These calculations provided an estimation of the distances between these
two compartments.

Results indicated that the average distance between OT- and SNAP-47-membrane patches
was approximately 0.10 um, under both basal and stimulated conditions (Fig. 59B. Distance
in ym. Experimental_Basal_1 min: 0.1 + 0.00 vs. Experimental_Stimulation_1 min: 0.09 +
0.00, p-value= 0.2735). Despite not significant differences were observed, in basal conditions
38.16 % of the analyzed patches were found at distances < 0.05 ym, meanwhile under
stimulated conditions, this percentage was 45.39 % (Fig. 59C). This result indicated that
stimulation, even slightly, decreases the distance between OT- and SNAP-47-membrane
patches.
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Figure 59.- Distance between OT- and SNAP-47-membrane patches from the experimental
data set. A) OT- and SNAP-47-membrane patches in hypothalamic cultured OT neurons
under basal and stimulated conditions are identified by green and red fluorescence,
respectively. OT- and SNAP-47-membrane patches in close contact are indicated by white
arrows. Dotted white line indicates cell membrane, dotted pink line indicates cell nucleus.
Scale bars indicate 3 uym. B-C) Distance between OT- and SNAP-47-membrane patches in
the experimental data set. Distance between OT- and SNAP-47-patches was similar
between basal and stimulated conditions (B. Distance in ym. Experimental_Basal_1 min:
0.10 £ 0.00 vs. Experimental_Stimularion_1 min: 0.10 + 0.00, p-value= 0.2735). In basal
conditions, 38.16 % of the analyzed patches were found at distances < 0.05 ym, meanwhile
under stimulated conditions, this percentage was 45.39 % (C. Frequency distribution.
Appendix, table 105). Statistical analysis: Mann-Whitney non-parametric test; p-value> 0.05
(ns), =0.05 (*), < 0.01 (**), = 0.001 (***), = 0.0001 (****). Appendix, tables 103-105.

In parallel, we generated a random data set as an unbiased control to measure the distance
between OT- and SNAP-47-membrane patches (Fig. 60A. Generation of the random data set
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explained in “Immunochemistry. Golgin GM-130 immunocytochemistry: image acquisition
and analysis. Colocalization analysis between OT-compartments and Golgi” section from
materials and methods).
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Figure 60.- Distance between OT- and SNAP-47-membrane patches from the experimental
and random data sets. A) OT- and SNAP-47-membrane patches under basal (top) and
stimulus (bottom) conditions. Random images were generated with experimental SNAP-47-
membrane patches (red fluorescence, white arrows), and randomly-generated OT-
membrane patches (green fluorescence, orange arrows). Dotted white line indicates cell
membrane, and dotted pink line indicates cell nucleus. Scale bar indicates 3 um. B-C)
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Distance between OT- and SNAP-47-membrane patches in the random data set. Distance
between OT- and SNAP-47 patches was similar between basal and stimulated conditions (B.
Distance in pum. Random_Basal_1 min: 4.43 = 0.19 vs. Random_Stimulation_1 min: 4.61 +
0.25, p-value= 0.8565). Distances between OT- and SNAP-47-membrane patches were
equally distributed under basal and stimulated conditions (C. Frequency distribution.
Appendix, table 106). D) Comparison between experimental and random data set distance
between OT- and SNAP-47-membrane patches under basal and stimulated conditions
indicated that the distance between random patches highly differed from experimental data
set (Distance in ym Experimental_Basal_1 min: 0.10 £ 0.00 vs. Random_Basal_1 min: 4.43
+ 0.19, p-value< 0.0001; Experimental Stimulation_ 1 min: 010 + 0.00 vs.
Random_Stimulation_1 min: 4.61 = 0.25, p-value< 0.0001). Statistical analysis: Mann-
Whitney non-parametric test; p-value> 0.05 (ns), < 0.05 (*), < 0.01 (**), < 0.001 (***), <
0.0001 (****). Appendix, tables 103, 104, and 106.

Results indicated no differences between the distance of random patches neither in basal
nor under stimulation (Fig. 60B. Distance in ym. Random_Basal_1 min: 4.43 + 0.19 vs.
Random_Stimulation_1 min: 4.61 £ 0.25, p-value= 0.8565).

Distances between OT- and SNAP-47-membrane patches were equally distributed in both
conditions. In the random data set, approximately 5 % of the data presented a distance
ranging from O to 1 ym, 90 % of the data ranged from 1 to 8 ym, and the 5 % of the data
ranged from 9 to 21 pym (Fig. 60C). On the contrary, in the experimental data set we could
observe small differences in the distance between basal and stimulated conditions (Fig.
59B). An especially interesting result from the random data set is that the distances between
OT- and SNAP-47-membrane patches were larger than 1 ym, indicating a scenario far from
the experimental data (Fig. 60D. Distance in um. Experimental Basal 1 min vs.
Random_Basal 1 min, p-value< 0.0001; Experimental_Stimulation_1 min vs.
Random_Stimulation_1 min, p-value< 0.0001), with only 3-4 % of the randomly-generated
OT-patches exhibiting distances from SNAP-47-patches less than 1 ym (Fig. 60C).

From the randomly-generated data set, only 9 % of patches presented a distance similar to
the experimental data (ranging from 0.01 to 0.6 ym) (Fig. 61A) which provided further
confidence to perform the final colocalization analysis on the experimental data.
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Figure 61.- Interaction between OT- and SNAP-47-membrane patches in the random and
experimental data sets. A) Only 9.31 % of random data presented distances between OT-
and SNAP-47 patches similar to the ones obtained for experimental data set. B) 89.47 % of
experimental OT-membrane patches interacted with SNAP-47 under basal conditions
(Number of experimental OT-patches. OT"_Basal 1 min: 133 vs. OT" SNAP-47" Basal_1
min: 119, p-value= 0.3435). C) 85.47 % of experimental OT-membrane patches interacted
with  SNAP-47 under stimulated conditions (Number of experimental OT-patches.
OT"_Stimulation_1 min: 142 vs. OT" SNAP-47"_Stimulation_1 min: 122, p-value= 0. 3323).
D) The interaction of OT- and SNAP-47 patches was similar under basal and stimulated
conditions in the experimental data set (Number of OT- and SNAP-47-experimental patches
interacting. OT* SNAP-47"_Basal_1 min: 133 vs. OT" SNAP-47"_Stimulation_1 min: 142, p-
value> 0.9999). Statistical analysis: Mann-Whitney non-parametric test; p-value> 0.05 (ns), <
0.05 (*), =0.01 (**), = 0.001 (***), = 0.0001 (****). Appendix, tables 107-109.

Our results indicated that the majority of OT-membrane patches were found in close
proximity with a SNAP-47-membrane patch, under both basal and stimulated conditions (Fig.
61B-D. Number of OT-patches. Basal OT+SNAP-47_ 1 min: 183 + 0.153 vs.
Stimulation_OT-SNAP-47_1 min: 1.88 = 0.16, p-value> 0.9999).

7.4.- OT- and SNAP-47-membrane patches present high degree of overlapping

Colocalization analysis between OT- and SNAP-47-membrane patches was performed with
image  analysis software Imaris (see  “Immunochemistry. Golgin GM-130
immunocytochemistry: image acquisition and analysis. Colocalization analysis between OT-
compartments and Golgi” section from materials and methods). Colocalization analysis
rendered Manders’ and Pearson’s coefficients (Manders’ and Pearson’s coefficients are
described in “Immunochemistry. Golgin GM-130 immunocytochemistry: image acquisition
and analysis. Colocalization analysis between OT-compartments and Golgi” section from
materials and methods).

Results indicated that the mean overlapping degree (Manders’ coefficient) between OT- and
SNAP-47-membrane patches under basal conditions was 76 % (Fig. 62A, blue.
Manders_Basal_1min: 0.76 £ 0.01 vs. Manders_Stimulation_1 min: 0.80 + 0.01, p-value=
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0.0914). The overlapping degree ranged from 30 to 100 %, and the majority of the patches
analyzed (60 %) presented an overlapping between 75 and 95 % (Fig. 62B, blue). Under
stimulus conditions, the mean overlapping degree was 80 %, ranging from 35 to 100 % (Fig.
62A, B, orange). The majority of the patches analyzed under stimulus conditions (60 %)
presented an overlapping between 80 and 95 % (Fig. 62B, orange). Results obtained from
basal and stimulated conditions indicated that OT and SNAP-47 are found in close contact.
This could mean that SNAP-47 patrticipates in OT dynamics and release during spontaneous
exocytosis (that is, under basal conditions), and under stimulated exocytosis (high KCI
incubation).

=
c
o g
Q
£ 100 £ 254
S E Basal
» 80- N 20- Stimulation
= Iy
2 60 S 5 15-
g o2
o 40 2 2 10-
m o
o o
& 204 o 51
(=]
o) [ =
g_ 0 I I B 0- T T 1
% 6"\0 {6\0 g 0 20 40 60 80 100
1S \r\ N €  Overlapping degree (Manders' coefficient, %)
> L7 & =
O op &
&
,,_,"0
201
— 154

patches (%
2

w
1

0 I I I I
0 20 40 60 80

Correlation degree (Pearson’s coefficient, %)

Correlation degree (Pearson's coefficient, %)
Interacting OT- and SNAP-47-membrane

Figure 62.- Colocalization analysis of OT- and SNAP-47-membrane patches in oxytocinergic
cultured neurons. A-B) Manders’ overlapping coefficient between OT- and SNAP-47-
membrane patches was similar under basal and stimulus conditions (A. Manders_Basal_1
min: 0.76 £ 0.01 vs. Manders_Stimulation_1 min: 0.80 + 0.01, p-value= 0.0914). The
overlapping degree ranged from 30 to 100 % under basal conditions and from 35 to 100 %
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under stimulus conditions (B. Frequency distribution. Appendix, table 112). C-D) Pearson’s
correlation coefficient between OT- and SNAP-47-membrane patches was similar under
basal and stimulus conditions (C. Pearson_Basal 1 min: 0.26 = 0.01 vs.
Pearson_Stimulation_1 min: 0.28 £+ 0.01, p-value= 0.4134). The correlation degree ranged
from 0 to 65 % under basal conditions and from 0 to 70 % under stimulus conditions (D.
Frequency distribution. Appendix, table 113). Statistical analysis: Mann-Whithey non-
parametric test; p-value> 0.05 (ns), < 0.05 (*), < 0.01 (**), = 0.001 (***), < 0.0001 (****),
Appendix, tables 110-113.

Furthermore, analysis of Pearson’s coefficient indicated a similar degree of correlation under
both basal and stimulated conditions (Fig. 62C, D. Pearson_Basal_1 min: 0.26 + 0.01 vs.
Pearson_Stimulation_1 min: 0.28 + 0.01, p-value= 0.4134). Nevertheless, mean Pearson’s
coefficient was approximately 30 % (Fig. 62C) in both basal and stimulated conditions;
meanwhile mean Manders’ coefficient was approximately 80 % (Fig. 62A) in both basal and
stimulated conditions. This result is probably due to the different size of OT- and SNAP-47-
membrane microdomains, being Mander’s coefficient a more reliable parameter than
Pearson’s coefficient, as explained in the materials and methods section (see “Chasing
experiments. Colocalization analysis between OT- and SNAP-47-membrane patches”
section).

8.- SNAP-47-KD impairs OT recruitment to the plasma membrane under basal
and stimulated conditions

Given that the colocalization analysis indicated a high degree of overlapping between SNAP-
47- and OT-membrane microdomains, we ought to explore a potential role of SNAP-47 in OT
exocytosis. To this aim, we infected 7 DIV hypothalamic primary cultures from PO OT"™™
mice with SNAP-47-KD virus (see “Primary culture infection” section from materials and
methods) in order to reduce endogenous SNAP-47 protein and to study the impact on OT-
containing compartments release employing a similar strategy to the aforementioned chasing
protocols.

Results indicated that neurons infected with SNAP-47-KD exhibited a significant reduction in
OT-membrane patches compared to uninfected neurons (Fig. 63A). This reduction was
observed under both basal and stimulated conditions (Fig. 63B. Number of OT-patches.
Uninfected_Basal: 1.72 * 0.12 vs. Infected_Basal: 0.94 + 0.23, p-value< 0.0001;
Uninfected_Stimulation: 2.34 + 0.20 vs. Infected_Stimulation: 0.46 + 0.12, p-value< 0.0001),
indicating that SNAP-47 plays a role in OT exocytosis or at least in OT recruitment to the
membrane.
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Figure 63.- OT-membrane patches in uninfected and SNAP-47-KD-infected primary cultured
hypothalamic neurons. A) Infected and uninfected OT hypothalamic neurons under basal
and stimulus conditions. Uninfected neurons presented more OT-membrane patches (red
fluorescence, white arrows) than infected neurons. Dotted white line indicates cell
membrane, and dotted pink line indicates cell nucleus. Scale bar indicates 3 um. B) Infected
neurons presented less OT-membrane patches than uninfected neurons under basal and
stimulated conditions (Number of OT-patches. Uninfected Basal: 1.72 + 0.12 vs.
Infected_Basal: 0.94 + 0.23, p-value< 0.0001; Uninfected_Stimulation: 2.34 + 0.20 vs.
Infected_Stimulation: 0.46 + 0.12, p-value< 0.0001). Uninfected neurons presented more OT-
membrane patches under stimulus than under basal conditions (Number of OT-patches.
Uninfected_Basal: 1.72 £ 0.12 vs. Uninfected_Stimulation: 2.34 £ 0.20, p-value= 0.0369;
Infected_Basal: 0.94 + 0.24 vs. Infected_Stimulation: 0.46 £+ 0.12, p-value= 0.1290). C) The
area of OT-membrane patches did not differ between infected and uninfected neurons,
neither under basal or stimulated conditions (Area in um?. Uninfected_Basal: 0.56 + 0.08 vs.
Infected_Basal: 0.32 + 0.05, p-value= 0.4250; Uninfected_Stimulation: 0.52 + 0.06 vs.
Infected_Stimulation: 0.40 + 0.12, p-value= 0.2530; Uninfected_Basal: 0.56 0.08 vs.
Uninfected_Stimulation: 0.52 + 0.06, p-value= 0.3595; Infected Basal: 0.32 + 0.05 vs.
Infected_Stimulation: 0.40 + 0.12, p-value= 0.9813). Statistical analysis: Mann-Whitney non-
parametric test; p-value> 0.05 (ns), < 0.05 (*), < 0.01 (**), < 0.001 (***), < 0.0001 (****).
Appendix, tables 114-117.
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Comparisons between OT-membrane patches in basal and stimulus conditions from infected
neurons indicated that, under stimulus conditions, neurons presented less OT-membrane
patches than under basal conditions (Fig. 63B. Number of OT-patches. Infected_Basal: 0.94
+ 0.24 vs. Infected_Stimulation: 0.46 + 0.12, p-value= 0.1290). This result could indicate that
SNAP-47 plays an active role in OT membrane recruitment in response to stimulation, in
agreement with results from our chasing experiments (“Chasing of OT-containing
compartments” section). Interestingly, results indicated that the area of OT-membrane
patches did not differ between infected and uninfected neurons, both in basal and stimulus
conditions (Fig. 63C. Area in um?. Uninfected_Basal: 0.56 + 0.08 vs. Infected_Basal: 0.32 *
0.05, p-value= 0.4250; Uninfected_Stimulation: 0.52 + 0.06 vs. Infected_Stimulation: 0.40 +
0.12, p-value= 0.2530).

9.- SNAP-47-KD in vivo

9.1.- SNAP-47-KD reduces SNAP-47 expression in PVN hypothalamic neurons

To analyze the efficacy of the viral vector to reduce endogenous levels of SNAP-47 in
oxytocinergic neurons under physiological conditions, we conducted in vivo stereotaxic
injections in the PVN of adult OT“™" mice (see “Stereotaxic injections” section from
materials and methods). After an incubation period of 4-5 weeks, immunochemistry
experiments were performed along with behavioral experiments.

Immunohistochemistry experiments were carried out in non-injected mice, injected mice with
SNAP-47-KD virus, and injected mice with AAV-GFP virus (control) after 4-5 weeks post-
injection to study SNAP-47 expression in to the PVN. We employed anti-RFP antibody to
label oxytocinergic neurons, anti-GFP antibody to stain infected cells, and anti-SNAP-47
antibody to identify expression of SNAP-47 protein (Table 5. Primary antibodies: anti-RFP
rat, anti-GFP chicken, and anti-SNAP-47 rabbit).

As previously presented (Fig. 50), SNAP-47 exhibited high levels of expression in the PVN
majorly colocalizing with oxytocinergic neurons, but also with non-oxytocinergic neuros, as
can also be seen in non-injected mice (Fig. 64).
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Figure 64.- SNAP-47 expression in PVN OT neurons from a non-injected mouse. SNAP-47
was expressed in the soma of OT neurons (white arrows) and non-OT neurons (orange
arrows) in the non-injected mouse PVN. Dotted white line delineates PVN structure, and
asterisk indicates the third ventricle. Scale bars indicate 150 ym (top panel), and 20 uym
(bottom panel).

In contrast, mice injected with SNAP-47-KD virus exhibited a significant reduction of
endogenous SNAP-47 expression (Fig. 65A). As such, 98 % of infected oxytocinergic
neurons did not show SNAP-47 labelling (Fig. 65C. Number of neurons. SNAP-47-KD_OT™:
22.86 + 7.58 vs. SNAP-47-KD_OT" SNAP47": 0.45 + 0.30, p-value< 0.0001; SNAP-47-
KD_OT": 22.86 + 7.58 vs. SNAP-47-KD_OT" SNAP47: 22.41+ 7.44, p-value> 0.9999;
SNAP-47-KD_OT" SNAP47": 0.45 + 0.30 vs. SNAP-47-KD_OT" SNAP47": 22.41+ 7.44, p-
value< 0.0001).
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Figure 65.- SNAP-47 expression in PVN OT neurons from injected mice. A) SNAP-47-KD-
infected OT neurons did not express SNAP-47 in their somas (white arrows). Uninfected OT
neurons clearly expressed SNAP-47 in their somas (orange arrows). B) AAV-GFP-infected
OT neurons expressed SNAP-47 in their somas (white arrows) as well as uninfected neurons
(orange arrows). (A-B) Dotted white line delineates PVN structure, and asterisk indicates the
third ventricle. Scale bars indicate 150 um (top panels), and 20 um (bottom panels). C) 98 %
of the PVN SNAP-47-KD-infected OT neurons did not express SNAP-47 (Number of
neurons. SNAP-47-KD_OT": 22.86 + 7.58 vs. SNAP-47-KD_OT" SNAP47": 0.45 + 0.30, p-
value< 0.0001; SNAP-47-KD_OT":22.86 + 7.58 vs. SNAP-47-KD_OT" SNAP47:22.41+ 7.44,
p-value> 0.9999; SNAP-47-KD_OT" SNAP47": 0.45 + 0.30 vs. SNAP-47-KD_OT" SNAP47"
22.41+ 7.44, p-value< 0.0001). Statistical analysis: Kruskal-Wallis non-parametric test. D)
SNAP-47 mean fluorescence intensity of PVN SNAP-47 infected cells was significantly
reduced in comparison to non-injected animals (Mean fluorescence intensity. Non-injected:
8.11 + 0.79 vs. SNAP-47-KD_Injected: 0.81 + 0.31, p-value< 0.0001). Statistical analysis:
Mann-Whitney non-parametric test; p-value> 0.05 (ns), < 0.05 (*), < 0.01 (**), < 0.001 (***), <
0.0001 (****). Appendix, tables 118-121.

Analysis of SNAP-47 mean fluorescence intensity indicated a significant reduction in animals
injected with a specific SNAP-47-KD-expressing virus in comparison to non-injected animals
(Fig. 65D. Mean fluorescence intensity. Non-injected: 8.11 + 0.79 vs. Injected: 0.81 + 0.31, p-
value< 0.0001).

In parallel, we conducted injections with a control AAV-GFP virus to test a potential effect of
the injection procedure. As shown in Fig. 65B, PVN neurons infected with the control virus
showed no detectable changes in the SNAP-47 expression levels.

9.2.- In vivo injection of SNAP-47-KD in the PVN impairs sociability

OT is a key neuropeptide involved in a wide range of social behaviors, including bonding,
social recognition, and stress regulation. Impairments in OT signaling are linked to various
neurodevelopmental and psychiatric disorders such as autism and schizophrenia. Given
SNAP-47's role in OT-compartment trafficking at the somatodendritic compartment, knocking
down this protein could disrupt OT release and impact social interactions.

To start addressing this hypothesis we performed behavioral assays such as sociability and
social novelty as standard approaches to measure social interaction and preference for
social novelty (such as recognizing new individuals) in animal models. Behavioral
experiments were performed on SNAP-47-KD and AAV-GFP injected mice 4-5 weeks post-
injection. Sociability and social novelty were analyzed using a three-chamber test as
described in “Social behavior: three chamber test” section from materials and methods.
Regarding the sociability test, control mice (injected with AAV-GFP virus) spent more time in
the social side of the cage (Mouse 1, M1) versus the empty one (Fig. 66A. Exploration time
(s). Control: Empty: 31.30 = 6.94 vs. M1: 72.10 £ 9.48, p-value= 0.0159). Similarly, SNAP-47-
KD injected mice also exhibit normal sociability (Fig. 66B. Exploration time (s). SNAP-47-KD:
40.41 £ 4.20 vs. M1: 59.70 * 5.61, p-value= 0.0143). Nevertheless, the total interaction time
of the SNAP-47-KD-injected mice was significantly reduced compared with control animals
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(Fig. 66C. Sociability index. Control: 2.65 * 0.44 vs. SNAP-47-KD: 1.57 + 0.20, p-value=
0.0451).
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Figure 66.- Sociability and social novelty behavior in control and SNAP-47-KD mice. A-B)
Control mice spend more time exploring M1 in comparison with the empty cage than SNAP-
47-KD mice (Exploration time (s). A. Control: Empty: 31.30 £ 6.94 vs. M1: 72.10 + 9.48, p-
value= 0.0159; B. SNAP-47-KD: 40.41 + 4.20 vs. M1: 59.70 £ 5.61, p-value= 0.0143). C)
SNAP-47-KD mice presented reduced sociability index compared with control mice
(Sociability index. Control: 2.65 + 0.44 vs. SNAP-47-KD: 1.57 = 0.20, p-value= 0.0451).
Sociability index indicates how many time spent the test mouse exploring the empty cage vs.
M1. D-E) The time spend by control and SNAP-47-KD mice exploring M1 compared with M2
was similar (Exploration time (s). D. Control: M1: 40.32 £ 4.40 vs. M2: 76.18 = 2.57, p-value=
0.0079; E. SNAP-47-KD: M1: 40.08 + 3.30 vs. M2: 88.23 + 16.74, p-value= 0.0070). F)
Control and SNAP-47-KD mice presented similar social novelty index (Social novelty index.
Control: 1.97 £ 0.19 vs. SNAP-47-KD: 2.43 = 0.57, p-value= 0.9433). Social novelty index
indicates how many time spent the test mouse exploring M1 (already known) vs. M2,
Statistical analysis: Mann-Whitney non-parametric test; p-value> 0.05 (ns), < 0.05 (*), < 0.01
(**), £0.001 (***), £ 0.0001 (****). Appendix, tables 122-125.
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On the other hand, results from the social novelty test, which are related with memory,
indicated that both control and SNAP-47-KD-injected mice preferred the new mouse (M2)
over the previously explored one (M1) (Fig. 66D-F. Exploration time (s). D) Control: M1:
40.32 + 4.40 vs. M2: 76.18 £ 2.57, p-value= 0.0079; E) SNAP-47-KD: M1: 40.08 + 3.30 vs.
M2: 88.23 + 16.74, p-value= 0.0070. F) Social novelty index. Control: 1.97 + 0.19 vs. SNAP-
47-KD: 2.43 £ 0.57, p-value= 0.9433), indicating the social novelty phase was unaffected by
SNAP-47-KD. To note, high variability was observed in SNAP-47-KD-injected mice, which
could be due to different injection efficiency (Fig. 66F).

From these behavioral experiments, we concluded that the reduction in SNAP-47 expression
in the hypothalamus affects sociability, but not social memory. These results could indicate
that reducing SNAP-47 levels, and likely ambient somatic OT, may have a subtle yet specific
impact on some basic aspects of social behavior.

These initial behavioral tests serve as a first attempt to understand the functional
consequences of disrupting somatodendritic OT release through SNAP-47 KD, laying the
groundwork for more detailed studies on OT's role in social dynamics.
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1.- Properties and localization of hypothalamic DCVs under basal and
stimulated conditions: insights from electron microscopy analysis

1.1.- Analysis of DCVs’ number and density at synaptic terminals

Our electron microscopy results indicated that DCVs constituted a small percentage of the
total vesicles at synaptic terminals, consistent with previous electron microscopy studies
performed in hippocampal neurons (Persoon et al., 2018). Under stimulation conditions,
DCVs at hypothalamic synaptic terminals showed a reduction in density that, despite not
statistically significant (Fig. 38K. Basal: 0.03 £ 0.01 vs. Stimulation: 0.02 £ 0.01, p = 0.3614),
may suggest DCVs’ activity-dependent exocytosis. However, prior studies of magnocellular
neuron dendrites in the SON reported a three- to four-fold increase in neuropeptide release
upon high KCI stimulation (one exocytosis event per 4620 um), and identified a greater
abundance of neuropeptide-containing DCVs than observed in our study (Pow & Morris,
1989) (Fig. 67). These discrepancies may arise from differences in the hypothalamic region
studied (PVN vs. SON), cellular structure analyzed (soma vs. dendrites), osmotic stimulation
concentration (100 mM KCI vs. 56 mM KCI), and/or stimulation duration (1 min vs. 10 min)
(Pow & Morris, 1989).
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Figure 67.- Neuropeptide-containing DCVs in hypothalamic neurons under basal conditions.
A) Longitudinal section of a SON magnocellular dendrite. Vesicles in the process of
exocytosis or membrane fusion are indicated by arrows. Adapted from Pow & Morris, 1989.
B-C) Longitudinal section of PVN’s neuronal somas. DCVs are clearly identified as electron
dense structures (orange arrow). AZ: active zone. Scale bars indicate 1 pm.

Although not statistically significant, our stimulation conditions (100 mM KCI during 1 min)
reduced the DCVs count by 54.5 % (Fig. 38K. Density as percentage. Basal: 2.93 + 0.72 vs.
Stimulation: 2.03 £ 0.56, p-value= 0.3614), demonstrating similar efficiency than protocols
utilizing high electrical stimulation, which achieved a 41 % reduction (Cifuentes et al., 2008).

Interestingly, 5-second high KCI stimulation in rat PC12 cells resulted in a 54 % reduction in
DCVs (Grandolfo & Nistri, 2005), closely matching the decrease observed with our 1-minute
protocol. Altogether, these results suggest that DCVs are mostly mobilized within the initial
seconds of stimulation.
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1.2.- Neuronal stimulation decreases hypothalamic DCVs’ area and diameter

According to our electron microscopy results, two DCVs’ populations can be distinguished in
basal conditions according to their size: one population with a mean diameter of 70 nm
(Pobl_Basal: 28.9 % of DCVs), and a more prevalent population with a mean diameter of 90
nm (Pob2_Basal: 71.1 % of DCVs; Fig. 38D. Diameter in nm. Pobl Basal: 65.60 + 1.30 vs.
Pob2_Basal: 94.31 + 1.60, p-value< 0.0001). We refer to the 70 nm diameter population as
medium dense core vesicles and to the 90 nm diameter population as large dense core
vesicles. A study by Sorra et al.,, (2006), also identified two DCVs’ populations in the
presynaptic axons of the stratum radiatum in the CA1 region of the adult rat hippocampus:
larger DCVs with a diameter of 100 nm, and smaller DCVs with a diameter of 80 nm (Sorra
et al., 2006). They hypothesized that the large DCVs likely contain neuroactive peptides and
other co-transmitters, whereas medium DCVs could storage components of the presynaptic
AZ (Sorra et al., 2006). Furthermore, Sorra et al., (2006), described 80 nm DCVs as “usually
located near non-synaptic membranes” and less abundant than the 100 nm DCVs (Sorra et
al., 2006), which coincide with the properties of our 70 nm diameter population (Pobl Basal,
a.ka. medium dense core vesicles).

Importantly, neuronal stimulation reduced the average size of DCVs (Fig. 38B. Area in nm*.
Basal: 270.1 £ 5.8 vs. Stimulation: 233.9 + 7.3, p-value= 0.0002; Fig. 38E. Diameter in nm.
Basal: 86.01 + 1.80 vs. Stimulation: 74.4 = 2.3, p-value= 0.0002), indicating that high KClI
stimulation may affect DCVs’ morphology, potentially reflecting cargo release (Vardjan et al.,
2007; Xia et al., 2009; Vardjan et al., 2007).

1.3.- Analysis of DCVs’ proximity to the plasma membrane

The distance of DCVs to the plasma membrane was not significantly different between basal
and stimulated conditions (Fig. 38H. Distance to the plasma membrane in nm. Basal: 166.8 +
17.0 vs. Stimulation: 127.9 + 9.8, p-value= 0.2222).

However, there was a trend towards shorter distances in response to stimulation. Although
subtle, this small difference could indicate mobilization of DCVs in response to the stimulus
as a prior step to exocytosis or subsequent recycling (Cifuentes et al., 2008). Nonetheless, it
is important to consider that DCVs’ dynamics could be different in response to distinct
stimulation patterns. For example, it has been described that high-frequency stimulation (40
Hz, 1 min) elicited to nerve terminals of the rat superior cervical ganglia did not reduce the
distance between the edge of the vesicle and the plasma membrane (Cifuentes et al., 2008).
In our experiments, the majority of DCVs were found < 100 nm from the plasma membrane
(Fig. 38l. Percentage of DCVs at < 100 nm from the plasma membrane. Basal: 61.8,
Stimulation: 70.21; notice that our measure begins in the centroid of the vesicle).
Interestingly, 1.12 % of DCVs in basal conditions were found less than 100 nm from the
plasma membrane whereas this percentage increased up to 4.25 % under stimulated
conditions. We observed that during basal conditions, 37.07 % of DCVs could be found
within 100-700 nm from the plasma membrane. This distance was reduced to a range of
100-300 nm under stimulated conditions for 30 % of the analyzed vesicles. This dynamic is in
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agreement with previous reports (Cifuentes et al., 2008), which found a significant reduction
of DCVs located at 200-300 nm from the plasma membrane after electrical stimulation.

1.4.- Analysis of DCVs’ distance to the AZ

Regarding the distance to the AZ, the results obtained should be considered with caution due
to the scarce number of AZs identified in our samples.

Distance from the vesicle centroid to the AZ ranged from 160 nm (stimulus conditions) to 780
nm (basal conditions) (Fig. 38J. Distance to the AZ in nm. Basal: 478.0 + 120.3, Stimulation:
164.2 + 0.0), which is comparable with data from hippocampal cultures (Persoon et al.,
2018), suggesting that high KCI stimulation could mobilize DCVs to the AZ. On the other
hand, experiments employing electrical stimulation have shown not to affect the distance of
DCVs to the AZ (Cifuentes et al., 2008), indicating that different stimulation protocols may
induce different trajectories of DCVs’ mobilization.

Despite the few data points, we observed that, in basal conditions, DCVs locate further away
from the AZ than to the membrane (Fig. 38H. Distance to the plasma membrane in nm.
Basal: 166.8 + 17.0; Fig. 38J. Distance to the AZ in nm. Basal: 478.0 + 120.3). These results
suggest that unlike SVs, DCVs are not concentrated at specialized release sites such as the
AZ (Sudhof, 2004; Hammarlund et al., 2008).

Interestingly, DCVs locate further away from the AZ than to the membrane under stimulus
conditions (Fig. 38H. Distance to the plasma membrane in nm. Stimulation: 127.9 + 9.8; Fig.
38J. Distance to the AZ in nm. Stimulation: 164.2 + 0.0), which suggests that although high
KCI stimulation mobilizes DCVs to the plasma membrane, the AZ is not their preferential
target. This is supported by evidence indicating that DCVs do not require a specialized
region for release (K. Matsui & Jahr, 2006; Tobin & Ludwig, 2007; Hammarlund et al., 2008),
such as the classical experiments performed by Morris and Pow in 1989, that observed
release of OT- and AVP-containing vesicles along the entire dendritic membrane (Fig. 67A).

Consistent with this, our electron microscopy experiments showed that DCVs in mouse
hypothalamic slices altered their density, size, and proximity to the membrane in response to
high KCI stimulation. These results indicate that this stimulation protocol is a valid strategy to
mobilize and release DCVs in the hypothalamus. However, our analysis was restricted to
hypothalamic terminals with recognizable AZs or nearby subcellular regions containing SVs,
thus leaving open the question of how these protocols may affect DCVs dynamics and
release in the somatodendritic compartment, which has been previously identified as an
active region for DCVs’ exocytosis (Pow and Morris, 1989).
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2.- Chasing of OT-containing compartments: OT recruitment to the somatic
plasma membrane

2.1.- Properties of OT-membrane patches

2.1.1.- Neuronal stimulation increases the number of OT-membrane patches

The effectiveness of our stimulation protocol (100 mM KCI, 1 min) was further supported by
vesicle chasing experiments. Neuronal stimulation increased OT-membrane patches in
primary cultured hypothalamic neurons (Fig. 40A. Number of OT-patches. Basal_1 min: 1.9 +
0.1 vs. Stimulation_1 min: 2.8 + 0.17, p-value< 0.0001). This result supports the
effectiveness of protocols based on high KCI to stimulate neuropeptide release from the cell
body (Troger et al., 1994, Trueta et al., 2003). Interestingly, high KCI has been shown to elicit
peptides’ exocytosis more effectively than electrical stimulation, unlike what happens with
classical neurotransmitters (Troger et al., 1994; Trueta et al., 2003). Several lines of
evidence demonstrate that electrical stimulation primarily promotes SVs' exocytosis
meanwhile depolarization induced by high KCI favors DCVs’ exocytosis (Troger et al., 1994;
Persoon et al., 2018) without affecting cell viability (see “Cytotoxicity” section from materials
and methods). Nevertheless, electrical stimulation at specific high frequencies has been
used to effectively induce DCVs’ exocytosis from neurons (Troger et al., 1994; Trueta et al.,
2003; Baginska et al., 2023).

Despite its efficiency, the duration of protocols based on high KCI should be carefully
considered since prolonged stimulation times may deplete the DCVs’ releasable pool. As
such, we observed reduced number of OT-membrane patches in response to 10 min
stimulation (Fig. 40A. Number of OT-patches. Basal_10 min: 2.3 £ 0.2 vs. Stimulation_10
min: 1.6 £ 0.1, p-value= 0.0002; Stimulation_1 min: 2.85 £ 0.17 vs. Stimulation_10 min: 1.61
+ 0.13, p-value< 0.0001). This finding could indicate a depletion of DCVs during the first
seconds of stimulation, and suggests a slow replenish mechanism of the DCVs’ releasable
pool. Similarly, prolonged electrical stimulation decreases the number of DCVs in the
hippocampus, which are restored after interburst intervals of 5 s (Baginska et al., 2023).
Furthermore, prolonged stimulation protocols, either electrical or osmotic, could deplete
internal calcium stores, which have been identified to be required to support DCVs’
exocytosis (Ludwig et al., 2002; Tobin & Ludwig, 2007; Baginska et al., 2023). In addition,
prolonged stimulation may lead to desensitization of OTRs, whose activity is required for the
feedback mechanism that promotes OT release (Di Scala-Guenot et al., 1994).

Moreover, DCVs’ exocytosis could be influenced by their positioning. SVs are commonly
concentrated near the AZ, so short electrical pulses are sufficient to increase local calcium
concentration to induce SVs’ release. On the other hand, DCVs are usually located scattered
throughout the cell, requiring robust and prolonged stimulation protocols that result in higher
intracellular calcium concentrations (Troger et al., 1994; Ludwig & Leng, 2006; Tobin &
Ludwig, 2007; Persoon et al., 2018).

In the hypothalamus, L-type calcium channels, characterized by a longer duration of the
open state, have been implicated in DCVs’ exocytosis likely to their contribution to maintain a
prolonged calcium influx (Troger et al., 1994). Intracellular calcium-dependence of
somatodendritic OT-DCVs’ exocytosis has been explored in experiments employing the
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calcium chelator BAPTA (De Kock et al., 2003), demonstrating that the release dynamics at
distinct compartments depends on different types of calcium channels (Ludwig et al., 2002;
Ludwig & Leng, 2006; Qian et al., 2023). Whereas axonal release is primarily mediated by N-
type calcium channels, somatodendritic release depends on L-type calcium channels’ activity
and requires higher increases in intracellular calcium (Ludwig & Stern, 2015; Ludwig et al.,
2017; Qian et al., 2023).

In addition to calcium influx, the formation of a functional SNARE complex is critical to
regulate DCVs’ exocytosis (De Kock et al., 2003; Baginska et al., 2023), although its exact
molecular composition remains to be elucidated, being the present study a first step towards
its characterization.

2.1.2.- Membrane recruitment of OT under stimulus conditions depends on extracellular
calcium

Given its crucial role in exocytosis, the sensitivity of OT release to calcium was explored
using calcium-free solutions (0.5 mM EGTA). Our results indicated no increase of OT-
membrane patches in response to a calcium-free stimulation solution, either 1 or 10 min (Fig.
40B. Number of OT-patches. Basal+EGTA_1 min: 2.8 + 0.2 vs. Stimulation+EGTA_1 min:
2.9 £ 0.2, p-value= 0.5976; Basal+EGTA 10 min: 1.2 £ 0.2 vs. Stimulation+EGTA_10 min:
1.2 £ 0.2, p-value> 0.99999). Thus, these results indicate that OT recruitment to the plasma
membrane is dependent on extracellular calcium, according to previous evidence showing
that somatodendritic release depends on both intracellular and extracellular calcium sources
(Tobin et al., 2011).

Stimulation during 1 min under calcium-free conditions leads to an increase of OT-membrane
patches compared to 10 min stimulation (Fig. 40B. Number of OT-patches.
Stimulation+EGTA 1 min: 2.9 = 0.2 vs. Stimulation+EGTA_10 min: 1.2 £+ 0.2, p-value=
0.0619). Similar to stimulation protocols in calcium-containing media, extended stimulation
times reduced OT-membrane patches, likely due to the depletion of the OT reserve pool (Di
Scala-Guenot et al., 1994; Baginska et al., 2023).

2.1.3.- Membrane recruitment of OT under basal conditions is negatively regqulated by
extracellular calcium

Unexpectedly, we found that the number of OT-membrane patches was increased in
calcium-free basal medium (Fig. 40C. Number of OT-patches. Basal_1 min: 1.95 + 0.12 vs.
Basal+EGTA_1 min: 2.82 + 0.21, p-value= 0.0011). This basal effect prevents the
recognition that, in reality, stimulation in the presence of EGTA induces an increase in the
number of OT-patches similar to that observed in the medium with calcium (Fig. 40C.
Number of OT-patches. Stimulacion_1min: 2.84 £ 0.17 vs Stimulation+EGTA_1 min: 2.94 +
0.23, p-value= 0.90), which could indicate that extracellular calcium entry is not a crucial
event for OT secretion in response to this stimulation protocol and that even calcium-
dependent pathways may inhibit OT exocytosis (Sabatier et al., 2003; Stojilkovic, 2005;
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Ludwig & Leng, 2006; Tobin et al., 2011). In this scenario, extracellular calcium could
activate calcium-dependent signaling pathways that suppress OT release through
mechanisms involving specific exocytotic machinery. The increase in OT-patches in the
absence of extracellular calcium may indicate a compensatory response, where the removal
of external calcium relieves the inhibition on OT release, allowing for increased accumulation
of OT-membrane patches. Furthermore, in calcium-free medium, neurons could employ
intracellular calcium stores as their calcium source. Intracellular calcium has been shown to
reach broader parts of the cell than extracellular calcium, which is constrained to the channel
pore and surrounding area. (Troger et al., 1994; Persoon et al., 2018; Baginska et al., 2023).
Thus in fact, intracellular calcium pathways could be more efficient to recruit OT-containing
compartments scattered across non-synaptic regions (Stuenkel, 1994; Mitchell et al., 2001,
Tobin et al., 2011; Kortus et al., 2016; Baginska et al., 2024).

The increased number of OT-membrane patches under calcium-free conditions could also be
explained by reduced endocytosis rates. In the case of OT vesicles, such mechanism could
be supported by Syt isoforms with different calcium sensitivities such as Syt-4 (Fig. 52 shows
Syt-4 expression in OT neurons) (Z. Zhang et al., 2009; Wolfes & Dean, 2020). In the
absence of extracellular calcium, endocytosis may be enhanced leading to an increase in the
observed number of OT-membrane patches.

However, a role for extracellular calcium, albeit indirect, cannot be completely rule out since
prolonged stimulation (10 min) resulted in reduced number of OT-membrane patches (Fig.
40B. Number of OT-patches. Stimulation+EGTA_1 min: 2.9 £ 0.2 vs. Stimulation+EGTA_10
min: 1.2 + 0.2, p-value= 0.0619). Other causes such as the desensitization of OTRs, and
reduced efficiency of vesicle priming in the absence of extracellular calcium can also play a
role (Di Scala-Guenot et al., 1994; Ludwig et al., 2002; Tobin et al., 2011; Kortus et al., 2016;
Baginska et al., 2023).

2.1.4.- Syt isoforms and sensitivity to calcium

The stimulation type and the source of calcium are key factors in the regulation of DCVs’
exocytosis. Regarding the role of calcium, Syt proteins play a critical modulatory role
depending on their sensitivity and subcellular location (Z. Zhang et al., 2011; Baginska et al.,
2023). Distinct Syt isoforms have been identified in various types of DCVs conferring them
unigue sensitivity to calcium (Z. Zhang et al., 2011; P. Zhang et al., 2023). For example, in a
study by Z. Zhang et al., (2011), Syt-1 expression was found to be the predominant isoform
in small DCVs, whereas Syt-7 expression was typical of large DCVs (Z. Zhang et al., 2011).
There is also evidence that the same Syt isoform can be positioned in different parts of the
cell depending on the maturation state of the DCV, as have been observed for Syt-4 on
PC12 cells (Fukuda et al., 2003). Thus, the implication of different Syts with distinct calcium
sensitivities (Z. Zhang et al., 2011), could also play a role in the various effects observed in
response to our stimulation protocol with and without EGTA.
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2.2.- Area of OT-membrane patches

We observed that under calcium-free medium, OT-membrane patches exhibited a larger
area (Fig. 41B. Area in um?® Basal+EGTA_1 min: 0.33 + 0.02 vs. Basal+EGTA_10 min: 0.73
+ 0.30, p-value= 0.0308; Fig. 41D. Basal_10 min: 0.24 + 0.02 vs. Basal+EGTA_10 min: 0.73
+ 0.30, p-value= 0.0014; Stimulation_10 min: 0.41 + 0.04 vs. Stimulation+EGTA_10 min:
0.55 + 0.14, p-value= 0.0598). These results could be due to a potential impairment of the
endocytic and recycling processes as aforementioned (Z. Zhang et al., 2009; Z. Zhang et al.,
2011), which could occur under long incubation times (10 min).

3.- Dynamic properties of OT-containing compartments in response to
neuronal stimulation

3.1.- Mobility of OT-containing compartments

As aforementioned, our stimulation protocol induced a 20 % reduction of OT-containing
compartments in cultured oxytocinergic neurons (Fig. 42B. t50. Basal: 2.42 + 0.08 vs.
Stimulation: 2.56 + 0.1, p-value= 0.0240; t60. Basal: 2.4 + 0.08 vs. Stimulation: 2.48 + 0.1, p-
value= 0.0109; t80. Basal: 2.32 + 0.08 vs. Stimulation: 2.43 £ 0.09, p-value= 0.0281). These
results are in line with similar experiments performed in chromaffin and PC12 cells, two cell
models widely used to study exocytosis (Lochner et al., 2006; Ewing et al., 2020). For
example, experiments in chromaffin cells have shown a 30-50 % reduction of DCVs in
response to 2 min stimulation with 60 mM KCI, (Steyer et al., 1997), suggesting that DCVs’
release requires robust osmotic stimulation protocols across different cell types, although
with some specific properties. As such, PC12 cells might be more sensitive to osmotic than
to electrical stimulation protocols, since DCVs’ reduction in response to electrical stimulation
was reported to be scarce in this cell type (10-20 %) (Barg et al., 2002). Furthermore, high
KCI stimulation protocols might be more efficient to mobilize DCVs in cultured oxytocinergic
cells than in other neuronal types such as hippocampal or striatal neurons (Silverman et al.,
2005; Xia et al., 2009; Persoon et al., 2018).

In addition, the delay between the stimulation and DCVs’ release is also a common feature
throughout different cell preparations. A review of the current literature revealed that DCVs’
kinetics range from 10 ms to 1000 s, meanwhile SVs’ kinetics range between 0.1 ms to 10 s,
and 1000 s in the case of spontaneous release (Kasai et al., 2012). An extreme example of
prolonged and delayed release can be found in secretory B-cells and chromaffin cells, which
can take 2 and 1 min to release their content, respectively (Oheim et al., 1998; Bednarska et
al., 2021).

Altogether, this evidence suggests the involvement of a distinct release machinery, likely less
efficient that the canonical SNARE fusion complex implicated in presynaptic release.

A particular feature of oxytocinergic neurons is the low number of DCVs released in
comparison to specialized secretory cells like chromaffin or PC12 cells (Lochner et al., 2006;
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Ewing et al., 2020), that led us to hypothesize that cultured oxytocinergic neurons present an
intermediate scenario, or dual nature, between the fast kinetics and high number of vesicles
released at their presynaptic terminals, and the slow somatic kinetics of secretory cells,
suggesting a functional adaptation likely critical to their role in secreting neuropeptides into
both the bloodstream and the CNS.

3.2.- Heterogeneity of OT-containing compartments

Classically, vesicles have been classified in three pools: the readily releasable pool (RRP),
the slow releasable pool (SRP), and the reserve pool (RP) (Neeliyath et al., 2012; Qin et al.,
2022). This classification typically associated with SVs has recently been applied to
neuroendocrine and secretory cells (Neeliyath et al., 2012; Qin et al., 2022).

However, the particular properties of secretory cells have prompted new classifications to
better characterize the dynamics of DCVs. So, readily releasable DCVs in PC12 cells under
high KCI stimulation have been proposed to belong to two additional subpopulations
depending on their priming and fusion kinetics (SP1: fast priming and slow fusion pore
dilation; SP2: slowly primed and fast fusion pore expansion) (Qin et al., 2022). Also in PC12
cells, neuropeptide Y (NPY)-containing DCVs have been classified depending on their dwell
time in sedentary (dwell time = 102 s), mobile (disappear during the 120 s recording), and
visiting (enter and left the field of view < 120 s) vesicles (Xue et al., 2024). Vesicles’
heterogeneity has also been found in chromaffin and human pancreatic islet cells (Xue et al.,
2024).

To date, these types of classifications have not yet been performed in neuronal cells and
specifically, in oxytocinergic hypothalamic neurons. Our vesicle dynamics’ data have allowed
us to initiate a detailed characterization of the somatic OT-containing compartments
depending on their displacement, speed, and diffusion, which provides novel insights into the
potential subtypes and dynamics of DCVs in these neurons.

3.3.- Displacement of OT-containing compartments

Our first attempt at DCVs’ classification in oxytocinergic neurons was based on identifying
the time point at which OT-containing compartments exhibited changes in their displacement.
This approach yielded the following classification of OT-containing compartments: dynamic
(7.32 %), delayed (56.30 %), uncoupled (23.53 %), and stable (12.60 %) (Fig. 43I-J). This
classification shows similarities to other types of secretory cells. For example, in PC12 cells,
islet amyloid polypeptide-containing vesicles were categorized into two groups based on their
proximity to the membrane (Barg et al., 2002). Similarly, in chromaffin cells, NPY-containing
DCVs exhibited directed motion, caged motion, or were nearly immobile upon stimulation
(Nofal et al., 2007).

Furthermore, Park et al., (2012) established a classification of SVs in hippocampal neurons
based on their net displacement as intersynaptic (4 %), intraboutonic (69 %), and minimal
(27 %) (Park et al., 2012). These classifications suggest that DCVs and SVs could share
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similar displacement in response to stimulation, despite differences in their release kinetics.
For instance, our dynamic pool might share characteristics with the hippocampal
intersynaptic population of SVs, while the delayed and uncoupled OT-compartments might
correspond to the intraboutonic population, and the stable OT-compartments to the minimal
SVs population identified by Park et al., (2012).

In hippocampal neurons, presynaptic DCVs exhibit slow submicron-scale mobility under
basal conditions (Scalettar et al., 2012). Under high KCI stimulation, DCVs can be mobile
over a time scale of less than 27 seconds, mobile but overlapping after 27 seconds, or
immobile (Silverman et al., 2005). This indicates that DCVs in hippocampal neurons display
various kinetics and movements similar to those observed in oxytocinergic neurons.

3.4.- Speed of OT-containing compartments

Speed analysis allowed us to perform an additional classification of OT-containing
compartments as responding or mobile (29.4 %) and non-responding or immobile (70.6 %)
(Fig. 44D, E). The mobile OT-compartments either increased or decreased their speed in
response to stimulation, while the immobile OT-compartments showed no speed changes
under the same conditions (Fig. 44F).

Under basal conditions, OT-containing compartments presented mean speed values ranging
from 0.04 to 0.06 um/s, depending on the group, with top mean speeds ranging from 0.15 to
0.32 um/s (Table 9). Comparatively, Brain Derived Neurotrophic Factor (BDNF)-DCVs in
cultured hippocampal neurons exhibited mean speed of 0.25 um/s and top speed of over 0.4
um/s (Xu et al., 2014). In thalamocortical axons in vivo, the mean speed was 1 um/s, and the
top speed was 2.06 um/s, with some DCVs reaching velocities over 5 um/s (Knabbe et al.,
2018). Additionally, 11 % of DCVs in thalamocortical axons exhibited a pausing fraction
(Knabbe et al., 2018).

Tracking AVP-DCVs in dendrites and axons of acute brain slices showed similar mean speed
values in both compartments, but higher mean maximum speed values in axons (dendrites:
0.37 pum/s; axons: 0.42 um/s) (Kirchner et al., 2023). This supports the notion that vesicle
kinetics vary with cellular compartment and vesicle size, with axonal transport generally
being faster.

Under 100 mM KCI stimulation, OT-containing compartments classified as mobile presented
mean speeds of 0.07 um/s (for those increasing speed) and 0.05 um/s (for those decreasing
speed, Table 9). Immobile OT-containing compartments presented a mean speed of 0.05
um/s (Table 9).

Comparing these findings with other studies, hippocampal spines showed directed transport
of DCVs at approximately 0.42 um/s under 50 mM KCI stimulation, with a small fraction (4 %)
being immobile (Silverman et al., 2005; Lochner et al., 2006). In contrast, the majority of our
analyzed OT-containing compartments (70.6 %) were immobile (Fig. 44D).

Under 50-60 mM KCI stimulation, granules in chromaffin cells presented a mean speed of
0.04 um/s (Steyer et al., 1997), while a-hydroxylating monooxygenase granules in cultured
trigeminal ganglion neurons had a mean speed of 0.4 um/s or less, with half of the vesicles
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moving at 0.025 pum/s or less (Sobota et al., 2010). Peptidergic granules generally exhibited
mean speed values between 0.03 and 0.07 um/s, similar to the OT-containing compartments
we analyzed. However, OT-containing compartments showed higher top speed values (0.34
um/s for mobile increasing speed OT-compartments, 0.28 pum/s for mobile decreasing speed
OT-compartments, and 0.34 um/s for immobile OT-compartments, Table 9) compared with
chromaffin cell granules (0.11 pm/s) and a-hydroxylating monooxygenase granules (0.1-2
um/s) (Barg et al., 2002). These results highlight that while mean speed values of various
granules in distinct cell types are comparable, their top speed values can differ significantly.

3.5.- Mean Square Displacement of OT-containing compartments

Finally, we analyzed MSD of OT-containing compartments to determine whether their
movement was due to diffusion. According to the reviewed literature, vesicles are considered
nearly immobile when displaying diffusion coefficient values of D< 5*107™* um?/s (Silverman et
al., 2005; Lochner et al., 2006; Scalettar et al., 2012).

From linear fitting and subsequent D calculation over the entire 60 seconds of KCI
stimulation, we identified two populations: a majority population with D= 1.476*107* um?/s
(Non-diffusive, 91.1 %), and a minority population with D= 1.24*1072 um?/s (Diffusive, 8.9 %)
(Table 10, Fig. 45A, B). The low slope (Y= 0.0005905*X), characteristic of non-diffusive
movement, suggests non-diffusive OT-compartments might be constrained by the
cytoskeleton, possibly vibrating in a reduced space. Conversely, the diffusive population
moved initially but then stopped, implying they were mobilized by the high KCI stimulus and
then anchored shortly after. These results suggest that both populations may be regulated by
distinct anchoring mechanisms (Alabi & Tsien, 2012; Chung & Raingo, 2013).

We then analyzed diffusion coefficients under basal and KCI conditions. During the first 10
seconds of basal perfusion, all OT-containing compartments, regardless of their classification
during the stimulation time, exhibited non-diffusive movement (Non-diffusive: D= 4.02*107™
um?/s; Diffusive: D= 3.535*107* um?s, Table 10, and Fig. 45D). This finding aligns with
previous reports indicating low diffusion coefficients for vesicles in secretory cells under
basal conditions, in the range of D= 4*107° um?/s in chromaffin cells (Steyer et al., 1997),
and D< 107° um?/s for SVs (Scalettar et al., 2012).

During the first 10 seconds of stimulation, both diffusive and non-diffusive OT-containing
compartments remained nearly immobile (Non-diffusive: D= 7.58*107° um#%/s; Diffusive: D=
4.5*107° um?/s, Table 10, and Fig. 45E). However, in the subsequent 10 seconds, the
diffusive population became mobile (D= 2.56*1073 um?/s), while the non-diffusive population
remained immobile (D= 7.58*107° um?/s, Table 10, and Fig. 45F). These results indicate a
delayed response to stimulation, consistent with our previous findings indicating that most
OT-containing compartments could be classified as delayed, modifying their displacement
after 20-40 seconds of stimulation.

Previous studies support our findings. For instance, NPY-DCVs in PC12 cells under 105 mM
KCI stimulation were classified as "active" if they moved before fusion and "inert" if they
moved in a confined way (Xue et al., 2024). This classification resembles our "diffusive” and
"non-diffusive” populations. In hippocampal neurons under 50-58 mM KCI, 13 % of
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plasminogen activator (tPA)-DCVs were immobile, 49 % exhibited fast and directed
movement, and 38 % showed slow diffusive movement (Silverman et al., 2005; Lochner et
al., 2006). Our results, showing 91.1 % of non-diffusive and of 8.9 % diffusive OT-containing
compartments (Fig. 45B), suggest that directed and slow vesicles in hippocampal neurons
could exhibit similar properties to the non-diffusive population in oxytocinergic neurons.

Lastly, OT and glutamate vesicle dynamics were studied using genetically encoded sensors
in PVN acute brain slices (Qian et al., 2023). Under electrical stimulation, the diffusion
coefficient estimated for OT vesicles was approximately 5*10% pum?/s, and for glutamate, D=
25.1*10% um2/s. These values are higher than those obtained in our experiments, likely due
to differences in the type of stimulation (high KCI vs. electrical), and the preparation (primary
culture of hypothalamic neurons vs. PVN acute brain slices) (Qian et al., 2023).

3.6.- Vesicles’ dynamics are affected by different factors

Our results, along with data from the literature, indicate that vesicle populations, whether
DCVs or SVs, exhibit heterogeneous dynamics according to the cell type (secretory or
neuronal) or the type of stimulation (basal conditions, electrical or osmotic stimulation). This
heterogeneity can be attributed to various factors like second messengers, physiological, and
pharmacological modulators (Borges et al., 2023), the availability and isoforms of SNARE
proteins (Baginska et al., 2023), the organization of the fusion site, calcium concentrations,
and the expression of specific calcium channels (Sidhof, 2004).

Additionally, the time and type of stimulation (Xia et al.,, 2009; Persoon et al., 2018),
compartment-specific regulation (Kirchner et al., 2023), and temperature (Kirchner et al.,
2023) play crucial roles in determining vesicle kinetics and exocytosis. Furthermore, the
regulation of each vesicle pool likely serves distinct roles, reflecting the complexity and
adaptability of the exocytic processes to meet the needs of the system.

3.7.- Role of vesicle subpopulations

The co-existence of different vesicle pools is expected to play key roles in maintaining the
competence of release and recovering secretion capacity upon repeated stimulation (Qin et
al., 2022). The functional diversity is further influenced by varying the recycling kinetics that
dictate the rate and extent of release, as well as the presence of different cargos within
distinct vesicle subpopulations (Xue et al., 2024). Additionally, vesicles may have varying
requirements depending on the physiological demand or the specific region where release
occurs (Ludwig & Leng, 2006; Ludwig & Stern, 2015).

Understanding the diverse roles of vesicle subpopulations is crucial, as each pool likely
serves distinct functions.
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3.8.- Subcellular localization of OT-containing compartments

Our analyses identified a high percentage of OT-containing vesicles which exhibited slow
dynamics, thus we explored the number of OT-compartments in the proximity of the Golgi
apparatus, a pool expected to exhibit low mobility. We found that, in oxytocinergic cultured
neurons, 21.82 % of OT-containing vesicles were found near Golgi, with an overlapping level
of ~ 55 % (Fig. 48B. Manders’ coefficient_Experimental: 0.55 £ 0.01). These results could
partly explain some of the kinetics of OT-containing vesicles classified as immobile or with
limited movement (Beuret et al., 2004). However, this percentage could not explain the whole
picture since the delayed pool of OT-containing compartments surpasses that of the overlap
with the Golgi apparatus (dynamic: 7.32 %; delayed: 56.30 %; uncoupled: 23.53 %; stable:
12.60 %, Fig. 43I, J), indicating that slow kinetics may be an intrinsic property of OT-vesicle
dynamics, as in the case of other neuropeptide-containing DCVs.

4.- Modeling of OT compartments’ dynamics

A mathematical model of OT dynamics based on experimentally determined diffusion
coefficients (D) under basal and stimulated conditions was conducted for further
understanding the behavior of OT under different physiological states. The model described
the OT movement within three main subcellular compartments: nucleus, cytoplasm, and
plasma membrane, to gain insights into how OT distribution, release, and clearance may
vary in response to changes in cellular activity.

4.1.- Modeling of OT-compartments’ dynamics near the nucleus

Results from OT-compartments dynamics’ simulations indicated that OT-compartments
located near the nucleus, either diffusive or non-diffusive, migrated toward other cell regions
under basal conditions (Fig. 49B. Diffusive, ti_Basal: 12.97 + 0.31 vs. tf_Basal: 11.76 £+ 0.61,
p-value= 0.3015; Non-diffusive, ti Basal: 13.39 £+ 0.11 vs. tf_Basal: 12.58 + 0.19, p-value=
0.0435). Cell regions were indicated by the slice number. Near the nucleus: slices from 12 to
17; in the cytoplasm: slices from 6 to 11; and at the membrane: slices from 1 to 5. These
findings suggest that OT-containing compartments may be undergoing maturational steps,
moving from regions near the nucleus and close organelles, such as the endoplasmic
reticulum or the Golgi apparatus, towards the rest of the cell (Kim et al., 2006). However, it
remains unclear what percentage of these compartments corresponds to cytoplasmic
compartments versus those located in the endoplasmic reticulum or Golgi. Under stimulation,
OT-compartments also moved towards the cytoplasm, and even to the membrane (Fig. 49B,
C. Diffusive, ti_Stimulation: 13.36 £+ 0.40 vs. tf_Stimulation: 11.70 + 0.63, p-value= 0.0827,
Non-diffusive, ti_Stimulation: 13.34 + 0.12 vs. tf_Stimulation: 11.98 + 0.17, p-value< 0.0001),
suggesting that stimulation promotes the activation of the secretory pathway in the
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anterograde direction. This mobilization could be due to the need to replenish cytoplasmic
pools, particularly under stimulation conditions (Stojilkovic, 2005; Kasai et al., 2012).

4.2.- Modeling of OT-compartments’ dynamics in the cytoplasm

Diffusive and non-diffusive OT-containing compartments at the cytoplasm moved throughout
the entire cell under basal conditions (Fig. 49F. Diffusive, ti_Basal: 2.91 + 0.27 vs. tf_Basal:
4.03 = 0.57, p-value= 0.3087; Fig. 49E, Non-diffusive, ti_Basal: 7.74 + 0.11 vs. tf_Basal: 7.13
+ 0.22, p-value= 0.0270), with their distribution becoming more heterogeneous in response to
stimulation (Fig. 49F, G. Diffusive, ti_Stimulation: 3.24 + 0.21 vs. tf_Stimulation: 4.33 + 0.38,
p-value= 0.0591; Non-diffusive, ti_Stimulation: 2.91 + 0.09 vs. tf_Stimulation: 3.39 + 0.12, p-
value= 0.0404). These results potentially reflect active endocytic and exocytic processes,
indicating ongoing vesicle recycling and trafficking within the cytoplasm (Gondré-Lewis et al.,
2012; Kasai et al., 2012), and even mobilization towards the plasma membrane for
supporting ongoing exocytosis under stimulus conditions.

4.3.- Modeling OT-compartments’ dynamics in the membrane

Finally, OT-compartments nearby the plasma membrane moved to inner cell zones under
basal conditions (Fig. 49J, K. Diffusive, ti_Basal: 2.91 + 0.27 vs. tf_Basal: 4.03 + 0.57, p-
value= 0.3087; Non-diffusive, ti_Basal: 2.76 + 0.08 vs. tf Basal: 3.88 = 0.14, p-value<
0.0001), suggesting potential recycling mechanisms (Gondré-Lewis et al., 2012; Kasai et al.,
2012). Under KCI incubation, OT-compartments could be found within the plasma
membrane, but also in the cytoplasm (Fig. 49J, K. Diffusive, ti_ Basal: 2.91 + 0.27 vs.
tf_Stimulation: 4.33 £+ 0.39, p-value= 0.0079; Non-diffusive, ti Basal: 2.76 + 0.08 vs.
tf_Stimulation: 3.39 + 0.12, p-value= 0.0037). A plausible explanation for this result could be
that the KCl-induced depolarization may lead to increased exocytosis and endocytosis
activity. This heightened activity could cause OT-compartments, initially associated with the
plasma membrane, to be internalized as part of the endocytic recycling processes.
Simultaneously, the compartments that remain near the membrane could reflect ongoing
exocytosis. The presence of these compartments in both locations suggests a dynamic
equilibrium between exocytosis and endocytosis under stimulus conditions.

Conclusions from the model support our experimental observations indicating that only a
small pool of OT-containing compartments exhibits free diffusion throughout the cell, while
the majority of OT-containing compartments displayed contained, vibrational-like movement
(Table 10, and Fig. 45). Based on these theoretical and experimental data, we hypothesize
that the diffusive group may be responsible for the basal maintenance and homeostasis of
OT compartments, while the non-diffusive group may represent the traditional pools: RRP,
SRP, and RP (Stojilkovic, 2005; Tobin & Ludwig, 2007).
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5.- SNARE proteins’ expression in hypothalamic oxytocinergic neurons

As very little is currently known regarding SNARE expression in oxytocinergic cells, we
conducted a detailed immunochemistry characterization to identify SNARE proteins in
hypothalamic slices from WT mice, focusing on the somas of OT neurons within the PVN and
SON.

The expression analysis of SNAP, Stx, Syt, and Syb isoforms in oxytocinergic neurons within
the PVN and SON reveals distinct patterns that may underline the specificity and complexity
of the SNARE machinery in these neurons. Our findings demonstrate that only non-canonical
SNAP-23 and SNAP-47 proteins are expressed in the soma of OT neurons in the PVN and
SON, without any visible signal for SNAP-25 (Fig. 50). While SNAP-23 and SNAP-47 are
generally found across various brain regions and in non-neuronal tissues (Holt et al., 2006;
Kédkova et al., 2019), they are also involved in exocytosis, with SNAP-47 additionally playing
a role in postsynaptic function (Jurado et al., 2013). Our study is the first to identify SNAP-47
in hypothalamic neurons highlighting its potential significance in somatic OT dynamics.

Although SNAP-25 is commonly associated with SVs’ exocytosis in neurons and it is also
present in other secretory cells such as adrenal chromaffin cells and B-pancreatic cells, it
was not detected in OT neurons of the PVN and SON under our experimental conditions.
This isoform plays a crucial role in SNARE-dependent exocytosis, particularly in facilitating
SVs’ release (Rizo & Sudhof, 2002). However, our findings suggest that in hypothalamic
neurons, SNAP-25 is replaced by non-canonical isoforms such as SNAP-23 and SNAP-47,
potentially supporting peptide exocytosis in the somatodendritic compartment.

Examining the syntaxin family, we found a region-specific expression of Stx isoforms in the
PVN and SON. Canonical Stx-1 is present in non-oxytocinergic fibers in the PVN and some
oxytocinergic neurons in the SON, suggesting differential expression across hypothalamic
nuclei (Fig. 51). This region-specificity could be attributed to the subcellular localization
determined by syntaxin cytoplasmic domains (Teng et al., 2001). This subcellular distribution
aligns with its potential role in somatodendritic release, whereas Stx-3 and Stx-4 were
notably absent in PVN and SON oxytocinergic neurons (Fig. 51). Consistently, Stx-1a has
been shown to facilitate exocytosis in other neuroendocrine cells through interactions with
potassium channels (Singer-Lahat et al., 2007).

Regarding synaptotagmin isoforms, neither the canonical calcium sensor Syt-1 nor the non-
canonical Syt-7 were detected in the PVN or SON oxytocinergic neurons (Fig. 52). In
contrast, both isoforms are typically expressed in DCVs within adrenal chromaffin cells,
where they support fast and slow fusion events, respectively (Brown et al., 2020). In
hippocampal neurons, Syt-1 and Syt-7 colocalize with DCVs, indicating a role in their
release. However, the absence of these isoforms in hypothalamic OT neurons suggests that
another Syt isoform/s mediates OT exocytosis in these regions. Supporting this, our findings
confirmed the expression of Syt-4 in the soma of OT neurons in both PVN and SON (Fig.
52), consistent with previous studies in PC12 cells and the neurohypophysis, where Syt-4 is
implicated in peptide release dynamics and DCVs’ physiology, from biogenesis to membrane
fusion (Fukuda et al., 2003). The specific role of Syt-4 in somatodendritic OT exocytosis
remains to be explored in detail.

153



Our investigation of Syb isoforms revealed that Syb-1, -2, and -3 were not expressed in the
PVN and were only present in non-OT neurons in the SON (Fig. 53). This result diverges
from previous studies which reported Syb-2-mediated DCVs'’ release in rat SON neurons, a
discrepancy possibly explained by species-specific differences and the inherent limitations of
immunohistochemistry methods (Bergquist & Ludwig, 2008; De Kock et al., 2003). These
findings emphasize the need for further research to determine Syb expression and function
across species and experimental conditions.

Overall, our findings suggest that SNARE-mediated OT release in PVN and SON neurons
relies on non-canonical, distinct SNARE isoforms. SNARE proteins like Syb-2, SNAP-25, and
Syt-1, traditionally involved in SVs’ exocytosis, are absent in these hypothalamic nuclei, with
SNAP-23, SNAP-47, and Syt-4 potentially playing prominent roles in somatodendritic
exocytosis. However, the current literature presents a complex and sometimes contradictory
view of SNARE involvement in OT release, with studies showing varying expression patterns
for SNAP-25, Syb, and Stx-1 across different neuron types and species (Ovsepian & Dolly,
2011; Tobin et al., 2012; Qian et al., 2023). This complexity underscores the need of further
research to elucidate the molecular mechanisms possibly supporting OT release in response
to various physiological demands.

5.1.- Developmental expression of somatodendritic SNARE isoforms in OT neurons

Our immunohistochemistry results in adult mice revealed SNAP-23, SNAP-47, and Syt-4 in
the soma of OT neurons in both the PVN and SON (Fig. 50, and Fig. 52). Interestingly, in
newborn mice, we observed no signal for SNAP-23 and Syt-4, while SNAP-47 was clearly
detected (Fig. 54), suggesting a potential developmental regulation of SNARE protein
expression in these neurons.

Evidence from various studies underlines the dynamic nature of SNARE protein expression
during neuronal development. As such, Syb-2 expression increases steadily throughout
development, while SNAP-25 and SNAP-47 are particularly enriched during the prenatal
stage, with Syb-2 and SNAP-25 showing higher expression levels postnatally compared to
other SNARE proteins (Urbina & Gupton, 2020). As such, DCVs’ release in 3 DIV
hippocampal cultures is independent of SNAP-25. By 4 DIV, however, SNAP-25 dependence
starts to emerge (Arora et al.,, 2017). These findings indicate the involvement of different
SNARE proteins at distinct stages of vesicle maturation (Eaton et al., 2000). Although
additional complexities arise in neuronal cultures constituted by immature neurons
undergoing maturation under non-physiological conditions, the observed developmental
shifts in SNARE expression strongly indicate that neurons rely on specific isoforms at
different developmental stages. Beyond developmental changes, it is also plausible that
SNARE protein expression is influenced by external factors, such as specific types of
stimulation, functional demands (e.g., lactation), or physiological conditions (e.g., stress,
deprivation, or pathology). This suggests a dual regulatory mechanism for SNARE
expression: one layer governed by developmental timing and another modulated by
environmental conditions.
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5.2.- Roles of SNARE and Syt proteins in DCVs’ exocytosis

Previous works suggest that SNARE isoforms can either substitute for one another or act
selectively in specialized contexts. For example, SNAP-25 and SNAP-23 can
interchangeably perform similar functions in mammalian cells, supporting the adaptability of
SNARE components (Ovsepian & Dolly, 2011). In nigral dopaminergic neurons, distinct Syb
isoforms are engaged depending on the specific functional requirement, demonstrating the
selective use of SNARESs based on cellular demands. Additionally, Syt isoforms, such as Syt-
1 and Syt-7, modulate calcium-dependent exocytosis in dendrites, underscoring their role in
fine-tuning physiological responses (Ovsepian & Dolly, 2011).

In cultured hippocampal neurons, both Syt-1 and Syt-7 act as calcium sensors for DCVs,
indicating that neurons can utilize different Syt isoforms depending on their needs (Baginska
et al., 2023). Further evidence of functional redundancy within the SNAP-25 family comes
from neurons lacking SNAP-25, where SNAP-23 and SNAP-29 compensate by supporting
vesicle fusion (Arora et al., 2017). In PC12 cells, Syt isoforms vary according to vesicle size,
which influences calcium sensitivity and fusion type, indicating a highly adaptable exocytic
system that accommodates vesicle-specific requirements (Z. Zhang et al., 2011).

Whether this functional versatility could be extended to non-canonical SNARE complexes
remains to be investigated. In this regard, our findings reveal that OT neurons in the mouse
PVN and SON primarily express non-canonical SNARE proteins in the somatic
compartments, providing a novel scenario to explore the properties of alternate forms of
fusion. However, this pattern is not unique to OT neurons; nigral dopaminergic neurons, for
instance, seem to rely on a SNARE complex constituted by Stx-3, Syb-2, and SNAP-25 to
regulate somatodendritic exocytosis (Ovsepian & Dolly, 2011). Similarly, cultured trigeminal
ganglion neurons contain a variety of non-canonical Syb isoforms, along with SNAP-25 and
Stx-1, to regulate DCVs (Merighi, 2018). In cortical neurons, SNAP-47 coexists with SNAP-
25 and Syb-2 within DCVs, further illustrating the adaptability of the SNARE complexes
associated with DCVs’ function (Merighi, 2018).

5.3.- SNAP-47 expression in oxytocinergic neurons

Our findings demonstrate high expression levels of SNAP-47 in the somas of hypothalamic
neurons within the PVN and SON during both adulthood and early development, as well as in
primary cultured oxytocinergic neurons (Fig. 50, 54, and 55). Immunohistochemical analysis
using a-tubulin antibody showed no colocalization with SNAP-47, indicating that SNAP-47 is
absent from the axons of these hypothalamic neurons (Fig. 56). SNAP-47’s postsynaptic
expression pattern in OT neurons suggests a prominent role in somatic OT dynamics and
exocytosis, believed to be distinct from the machinery supporting axonal release (Gerber &
Sudhof, 2002; Sudhof & Rothman, 2009).

Existing literature highlights the varied cellular localization and functional diversity of SNAP-
47. SNAP-47 has been identified in the ER, Golgi, post-Golgi compartments, cytosol, and
neurites, emphasizing its involvement in multiple cellular contexts (Kuster et al., 2015;
Munster-Wandowski et al., 2017; Kadkova et al., 2019; Urbina et al., 2021). Interestingly, in
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cortical and hippocampal neurons, SNAP-47 is present presynaptically but it is not
associated with synaptic vesicles (Shimojo et al., 2015).

SNAP-47 primarily interacts with various Syb isoforms, including Syb-4, Syb-7, and Syb-8 in
the Golgi, supporting a role in regulating their trafficking through the secretory pathway
(Kuster et al., 2015). Additionally, SNAP-47 associates with Stx-5 and Stx-1 in the ER and
Golgi, and with Stx-3 and Syb-2 to facilitate postsynaptic AMPA receptor release in
hippocampal and cortical neurons (Shimojo et al., 2015; Kadkovéa et al., 2019). These
interactions highlight SNAP-47's specialized roles in diverse cellular environments and
exocytic processes.

6.- OT and SNAP-47 interaction in the plasma membrane of hypothalamic
oxytocinergic neurons

Considering the prominent role of SNAP-47 as a somatic SNARE protein in OT neurons, we
performed chasing experiments to study the dynamics of SNAP-47-containing compartments
under basal, stimulus, and calcium chelated media.

6.1.- Properties of SNAP-47-membrane patches

6.1.1.- The number of SNAP-47-membrane patches is not affected by neuronal stimulation

The number of SNAP-47-enriched membrane patches was similar under basal and
stimulated conditions at both 1 and 10 minutes of incubation, suggesting that SNAP-47
localization is not significantly affected by neuronal stimulation (Fig. 58A. Number of SNAP-
47 patches. Basal_1 min: 3.50 = 0.40 vs. Stimulation_1 min: 3.44 %+ 0.33, p=0.6445;
Basal_10 min: 2.50 + 0.54 vs. Stimulation_10 min: 1.56 + 0.24, p=0.2488). This stability
suggests that SNAP-47-enriched microdomains may serve as anchor sites at the plasma
membrane to coordinate the recruitment of OT-containing vesicles.

However, prolonged incubation times led to a reduction in the number of SNAP-47
microdomains, though the decrease was not statistically significant (Fig. 58A. Basal_1 min:
3.50 + 0.40 vs. Basal_10 min: 2.50 + 0.54, p=0.9670; Stimulation_1 min: 3.44 £+ 0.33 vs.
Stimulation_10 min:; 1.56 £ 0.24, p=0.1939). This reduction might be explained by depletion
of exocytotic activity or increased calcium-dependent endocytosis during extended
incubation times. Both processes are likely influenced by specific Syts with varying calcium
sensitivity (Z. Zhang et al., 2009; G. Zhang et al., 2011; Z. Zhang et al., 2011). Calcium
elevation, for instance, may selectively recruit certain Syts to induce vesicle fusion,
particularly those with lower affinity that respond only to high calcium levels (Baginska et al.,
2023).
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6.1.2.- Analysis of SNAP-47-membrane patches’ recruitment to the plasma membrane in the
absence of extracellular calcium

We also explored the impact of removing extracellular calcium for the SNAP-47-enriched
microdomains at the plasma membrane, finding that stimulation with EGTA-containing
solutions did not affect the number of SNAP-47-membrane patches, providing further support
to the notion that SNAP-47 is quite stable at the plasma membrane (Fig. 58B. Number of
SNAP-47-patches. Basal+EGTA_1 min: 4.96 + 0.56 vs. Stimulation+tEGTA_1 min: 3.51 +
0.40, p-value= 0.1534).

Nevertheless, the removal of extracellular calcium under basal conditions resulted in a
significant increase in the number of SNAP-47-membrane patches (Fig. 58B. Number of
SNAP-47-patches. Basal_1 min: 3.56 + 0.41 vs. Basal+EGTA_1 min: 4.96 = 0.56, p-value=
0.0457), similar to the results observed with OT (Fig. 40C. Number of OT-patches. Basal_1
min: 1.95 + 0.12 vs. Basal+EGTA_1 min: 2.82 + 0.21, p-value= 0.0011). As in the case of
OT, we hypothesize that SNAP-47 transport to the membrane could be slowed down by
extracellular calcium (Troger et al., 1994; Sabatier et al., 2003; Stojilkovic, 2005; Tobin et al.,
2011; Kortus et al., 2016; Persoon et al., 2018; Baginska et al., 2023). In contrast, under
stimulated conditions, SNAP-47 recruitment to the membrane was independent of
extracellular calcium (Fig. 58B. Number of SNAP-47-patches. Stimulation_1 min: 3.44 + 0.33
vs. Stimulation+tEGTA_1 min: 3.51 + 0.40, p-value= 0.8052), also similar to OT (Fig. 40C.
Number of OT-patches. Stimulation_1 min: 2.84 + 0.17 vs. Stimulation+EGTA_1 min; 2.94 +
0.23, p-value= 0.8934). This could be explained by the fact that under stimulus conditions,
somatic exocytosis may majorly rely on intracellular calcium stores as the main calcium
source (Mitchell et al., 2001; Ludwig et al., 2002; Persoon et al., 2018).

6.2.- Area of SNAP-47-membrane patches

6.2.1.- SNAP-47-membrane patches’ area is not affected by neuronal stimulation

The area of SNAP-47-membrane patches was not affected by the type of treatment, similar
to the number of patches (Fig. 58C. Area in um?®. Basal_1 min: 0.59 + 0.05 vs. Stimulation_1
min: 0.66 + 0.06, p-value= 0.8451; Basal_10 min: 2.43 £ 0.92 vs. Stimulation_10 min: 2.43 +
0.53, p-value= 0.1651).

Longer incubation times (10 min) increased the area of SNAP-47-membrane patches,
despite not significant results were observed under basal conditions (Fig. 58C. Area in pm?.
Basal_1 min: 0.59 + 0.05 vs. Basal 10 min: 2.43 + 0.92, p-value= 0.3038; Stimulation_1 min:
0.66 £ 0.06 vs. Stimulation_10 min: 2.43 = 0.53, p-value= 0.0014). These results present a
paradox: after 10 min of incubation, the number of SNAP-47-patches decreases compared to
1 min, yet the patch area increases. This seems an apparent contradiction, since larger
patches would typically indicate a greater humber of molecules. Given that the size of a
SNAP-47 molecule is constant, these findings imply a more complex mechanism affecting
patch formation and distribution under prolonged incubation times, which warrants further
investigation.
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6.2.2.- SNAP-47-membrane patches’ area is increased in the absence of extracellular
calcium under basal conditions

In the absence of extracellular calcium, SNAP-47 membrane patches were larger than in
regular basal medium (Fig. 58D. Area in ym? Basal_1 min: 0.59 £ 0.05 vs. Basal + EGTA_1
min: 0.75 + 0.06, p=0.0074). However, under stimulation, there was not significant difference
in patch size between conditions with and without extracellular calcium (Fig. 58D. Area in
pm?2: Stimulation_1 min: 0.66 £ 0.06 vs. Stimulation + EGTA_1 min: 0.76 + 0.08, p=0.3154).

These observations are consistent with findings on the number of SNAP-47 membrane
patches (Fig. 58B. Number of SNAP-47-patches: Basal 1 min: 3.56 + 0.41 vs. Basal +
EGTA 1 min: 4.96 + 0.56, p=0.0457; Stimulation_1 min: 3.44 = 0.33 vs. Stimulation +
EGTA_1 min: 3.51 + 0.40, p=0.8052). Under basal conditions, the increase in both patch size
and number suggests that SNAP-47 patch formation is less dependent on extracellular
calcium. In contrast, during stimulation, these results may imply that SNAP-47 recruitment to
the membrane is linked to extracellular calcium entry, reflecting a greater reliance on a
calcium-dependent mechanism under stimulated conditions.

These data suggest that SNAP-47-membrane compartments’ dynamics are influenced by
extracellular calcium levels rather than by neuronal stimulation alone. This again points to a
potential calcium-dependent mechanism regulating SNAP-47’s mobilization and membrane
association. Understanding this mechanism could provide insights into the role of SNAP-47
in synaptic function and plasticity, highlighting its potential involvement in calcium-mediated
cellular processes.

6.2.3.- Role of SNAP-47 in oxytocin recruitment and exocytosis

Regarding colocalization analysis between OT- and SNAP-47-membrane patches, we found
that both molecules were in close contact under basal and stimulated conditions (Fig. 59B.
Distance in ym. Experimental_Basal_1 min: 0.1 £ 0.00 vs. Experimental_Stimulation_1 min:
0.09 £ 0.00, p-value= 0.2735; Fig. 62A. Overlapping coefficient. Manders_Basal_1min: 0.76
+ 0.01 vs. Manders_Stimulation_1 min: 0.80 + 0.01, p-value= 0.0914; Fig. 62C. Correlation
coefficient. Pearson_Basal 1 min: 0.26 + 0.01 vs. Pearson_Stimulation_1 min: 0.28 + 0.01,
p-value= 0.4134).

Chasing experiments in cultured oxytocinergic neurons infected with a virus expressing a
specific SNAP-47-KD showed that infected neurons exhibited significantly fewer OT-
membrane patches compared to uninfected neurons, under both basal and stimulated
conditions (Fig. 63B. Number of OT-patches. Uninfected Basal: 1.72 + 0.12 vs.
Infected_Basal: 0.94 £+ 0.23, p-value< 0.0001; Uninfected_Stimulation: 2.34 = 0.20 vs.
Infected_Stimulation: 0.46 £+ 0.12, p-value< 0.0001).

Together, these experiments suggest that the interaction between OT and SNAP-47 likely
has a functional role, implicating SNAP-47 in OT exocytosis or, at least, in the recruitment of
OT to the somatic plasma membrane.
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7.- SNAP-47 in vivo knock down: implications in social behavior

In vivo stereotaxic injections into the PVN of adult OT*™™ mice indicated that SNAP-47-KD
reduced 98 % SNAP-47 expression in OT neurons (Fig. 65C. Number of neurons. SNAP-47-
KD_OT": 22.86 + 7.58 vs. SNAP-47-KD_OT" SNAP47": 0.45 + 0.30, p-value< 0.0001;
SNAP-47-KD_OT": 22.86 + 7.58 vs. SNAP-47-KD_OT" SNAP47: 22.41+ 7.44, p-value>
0.9999; SNAP-47-KD_OT" SNAP47": 0.45 + 0.30 vs. SNAP-47-KD_OT" SNAP47": 22.41+
7.44, p-value< 0.0001), as well as their SNAP-47 mean fluorescence intensity (Fig. 65D.
Mean fluorescence intensity. Non-injected: 8.11 + 0.79 vs. Injected: 0.81 + 0.31, p-value<
0.0001), indicating that the knockdown was highly effective in reducing SNAP-47 protein
levels.

Regarding behavioral experiments, sociability test indicated that SNAP-47-KD injected mice
exhibited reduced sociability compared with animals injected with a control GFP virus (Fig.
66C. Sociability index. Control: 2.65 + 0.44 vs. SNAP-47-KD: 1.57 £ 0.20, p-value= 0.0451);
whereas social novelty remained unaffected (Fig. 66F. Social novelty index. Control: 1.97 £
0.19 vs. SNAP-47-KD: 2.43 + 0.57, p-value= 0.9433). These results suggest that SNAP-47
levels, and likely ambient somatic OT, may have a subtle yet specific impact on some basic
aspects of social behavior. Nevertheless, sociability was not entirely abolished in the SNAP-
47-KD animals (Fig. 66A. Exploration time (s). Control: Empty: 31.30 + 6.94 vs. M1: 72.10 £
9.48, p-value= 0.0159; Fig. 66B. Exploration time (s). SNAP-47-KD: 40.41 + 4.20 vs. M1:
59.70 + 5.61, p-value= 0.0143), indicating that other factors may contribute to sociability and
partially compensate for the disruption of basal OT. Besides, lack of effect on the social
novelty phase in the three-chamber test (Fig. 66D-F. Exploration time (s). D) Control: M1:
40.32 + 4.40 vs. M2: 76.18 + 2.57, p-value= 0.0079; E) SNAP-47-KD: M1: 40.08 + 3.30 vs.
M2: 88.23 + 16.74, p-value= 0.0070. F) Social novelty index. Control: 1.97 + 0.19 vs. SNAP-
47-KD: 2.43 + 0.57, p-value= 0.9433) suggests that reducing SNAP-47, and thereby
disrupting somatic OT dynamics, may impact specific aspects of social behavior. Specifically,
OT somatic release might affect more sustained and context-dependent behaviors, such as
sociability, while OT axonal release could be more crucial for behaviors involving rapid
communication and signaling, such as aggression.

Previous studies linked reduced OT plasma membrane with social impairments, such as
impaired social memory and social interaction, as a result of the abolishment of release
proteins such as Stx-la and CAPS2 (Fujiwara et al., 2016; Fujima et al., 2021; Fujiwara et
al., 2021).

Thus, from our experiments we can conclude that SNAP-47 reduces the number of OT-
containing compartments in the plasma membrane, likely reducing the level of ambient OT
with behavioral consequences.

Although the literature on SNAP-47 is scarce, a study by Bereczki et al., (2018) correlated
cognitive impairment before death with loss of SNAP-47 in Alzheimer's disease patients,
suggesting a potential role as a predictive molecular fingerprint in neurodegenerative
diseases (Bereczki et al., 2018). However, the understanding of SNAP-47’s function in the
brain is just beginning to arise through the application of knockout and knockdown strategies.
Nevertheless, several studies indicate the functional impact of SNAP protein alterations in
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both mice and humans (Miller et al., 2011; Huang et al., 2023; Ali et al., 2023; Ansari et al.,
2024; Ma et al., 2024).

This thesis project covers from molecular to behavioral approaches to study the postsynaptic
exocytosis machinery, focusing on the little studied protein SNAP-47 expression in neurons.
Our work represents the first advance in the knowledge of the involvement of a non-
canonical SNAP in the somatodendritic OT exocytosis, being the first step for future studies.
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CONCLUSIONS

1.- Neuronal stimulation mobilizes OT to the plasma membrane of the soma, promoting its
release through an extracellular calcium-dependent mechanism, which in turn limits its
recruitment under basal conditions.

2.- OT compartments in the soma of cultured hypothalamic neurons exhibit high
heterogeneity in displacement, velocity, and diffusion, suggesting distinct functions among
subpopulations.

3.- Syt-4, SNAP-23, and SNAP-47 are expressed in the soma of OT neurons with distinct
developmental regulation, suggesting specific SNARE machinery for somatic OT exocytosis,
different from the canonical presynaptic SNARE complex.

4.- SNAP-47 microdomains in the somatic membrane of oxytocinergic neurons are stable
under basal and stimulation conditions, showing high colocalization with OT. SNAP-47
deletion suggests a role in OT recruitment to the membrane and in the regulation of
sociability.

CONCLUSIONES

1.- La estimulacién neuronal (100 mM KCI) moviliza la OT hacia la membrana plasmatica del
soma, favoreciendo su liberacibn mediante un mecanismo dependiente de calcio
extracelular, que a su vez limita su reclutamiento en condiciones basales.

2.- Los compartimentos de OT en el soma de neuronas hipotalamicas en cultivo presentan
una alta heterogeneidad en desplazamiento, velocidad y difusion, sugiriendo funciones
distintas entre subpoblaciones.

3.- Syt-4, SNAP-23, y SNAP-47 se expresan en el soma de las neuronas de OT, con distinta
regulacién durante el desarrollo, sugiriendo una maquinaria SNARE especifica para la
exocitosis somatica de OT, distinta del complejo SNARE presinaptico candnico.

4.- Los microdominios de SNAP-47 en la membrana somatica de neuronas oxitocinérgicas
son estables en condiciones basales y durante la estimulacion neuronal, mostrando alta
colocalizacion con OT. Su eliminacion sugiere un papel en el reclutamiento de OT a la
membrana y en la regulaciéon de la sociabilidad.
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APPENDIX.- Statistical data

MATERIALS AND METHODS

3.-Primary culture of hypothalamic neurons.

Table 1.- OT neurons identified in OT™™ and OT®""" hypothalamic cultures with anti-RFP
and anti-GFP antibodies, respectively. n= 3 hypothalamic primary cultures.

OT neurons (% = SEM)
anti-RFP (OT"™™) 20.6 + 1.6
anti-GFP (OTE"™) 2439+ 25

Table 2.- OT neurons identified with anti-OT and anti-RFP antibodies in OT""" hypothalamic
cultures, and anti-OT and anti-GFP antibodies in OTE"™" hypothalamic cultures. n= 3
hypothalamic primary cultures.

OT neurons (% + SEM)
anti-OT+anti-RFP (OT"™™) 97.7+1.2
anti-OT+anti-GFP (OT="™) 96.6+1.5

6.-Cytotoxicity.

Table 3.- Descriptive statistics of cytotoxicity experiments. n= 2 hypothalamic primary
cultures (5 images/condition).

DAPI Live Dead
Treatment (Mean + DAPI (%) (Mean + Live (%) (Mean + Dead (%)
SEM) SEM) SEM)
i?: o 24265?861 100 14937.391 87.40 238.;1; 12.59
!i:?lei: | Soss 100 0£0 0 Py 100
wtomn | 2ee0 | 100 | 0%0 | 0| %R | 00
icc)ll_l m 210782; 100 1178‘%27i 83.56 3;421; 16.39
Ecc::r:_lomM 1166%; 100 1129%91’ 78.60 3; gGi 21.40
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100
2150 = 1846 + 304 +
mM__KCI 3233 100 31.29 85.86 > 78 14.14
1 min
oM Kol | 240 100 1822+ 1 g5.08 297 £ 14.01
1m0 ! 23.99 20.74 ' 3.77 '
min
Table 4.- Statistical analysis of cytotoxicity experiments.

Treatment Comparison | Statistical test | p-value | p-value summary
Basal 1 min Live vs. Dead | Mann-Whitney | 0.0001 ok
Basal 10 min Live vs. Dead | Mann-Whitney | <0.0001 Fkkk
50 mM KCI_10 min Live vs. Dead | Mann-Whitney | 0.0007 *rk
50 mM KCI_1 min Live vs. Dead | Mann-Whitney | <0.0001 okk
100 MM KCI_10 min | Live vs. Dead | Mann-Whitney | <0.0001 okk
100 mM KCI_1 min Live vs. Dead | Mann-Whitney | <0.0001 Fokkk
EtOH 70 % 10 min Live vs. Dead | Mann-Whitney | <0.0001 rkkk
EtOH 70 % 1 min Live vs. Dead | Mann-Whitney | <0.0001 rkkk

Table 5.- Statistical analysis of “Live” data from cytotoxicity experiments.

Comparison Statistical test p-value p-value summary
Basal 1 min VS, |y skal-wallis >0.9999 ns
Basal 10 min
Basal_1 min vs. _ "
EtOH 1 min Kruskal-Wallis 0.0015
Basal 1 min vs. ] "
EtoH 10 min Kruskal-Wallis 0.0015
Basal_1 min vs. ,

50 mM KCI 1 min Kruskal-Wallis >0.9999 ns
Basal_1 min vs. _

50 mM KCI 10 min Kruskal-Wallis >0.9999 ns
Basal 1 min vs. ]

100 mM KCI 1 min Kruskal-Wallis >0.9999 ns
Basal 1 min vs.

100 mM KCI_10 Kruskal-Wallis >0.9999 ns
min

Basal_10 min wvs. _ -
EtOH 70 % 1 min Kruskal-Wallis 0.0016

Basal_10 min vs. , "
EtOH 70 % 10 min Kruskal-Wallis 0.0016

Basal_10 min vs. _

50 mM KCI_1min Kruskal-Wallis >0.9999 ns
Basal_10 min vs. _

50 mM KCI 10 min Kruskal-Wallis >0.9999 ns
Basal_10 min vs. _

100 mM KCI 1 min Kruskal-Wallis >0.9999 ns
Basal_10 min vs.

100 mM KCI_10 Kruskal-Wallis >0.9999 ns
min

EtOH 70 %_1 min _

vs. EtOH 70 % 10 Kruskal-Wallis >0.9999 ns
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min

EtOH 70 % 1 min
VS. 50 mM
KCl_1min

Kruskal-Wallis

0.0017

*%

EtOH 70 %_1 min
vs. 50 mM KCI_10
min

Kruskal-Wallis

0.0683

ns

EtOH 70 % _1 min
vs. 100 mM KCI 1
min

Kruskal-Wallis

0.0023

*%

EtOH 70 %_1 min
vs. 100 mM KCI_10
min.

Kruskal-Wallis

0.0007

*k*k

EtOH 70 %_10 min
vs. 50 mM KCI 1
min

Kruskal-Wallis

0.0017

*%

EtOH 70 %_10 min
vs. 50 mM KCI_10
min

Kruskal-Wallis

0.0683

ns

EtOH 70 %_1 min
vs. 100 mM KCI 1
min

Kruskal-Wallis

0.0023

*%*

EtOH 70 %_10 min
vs. 100 mM KCI_10
min

Kruskal-Wallis

0.0007

*k*k

50 mM KCI_1 min
vs. 50 mM KCI-10
min

Kruskal-Wallis

>0.9999

ns

50 mM KCI_1 min
vs. 100 mM KCI_1
min

Kruskal-Wallis

>0.9999

ns

50 mM KCI_1 min
vs. 100 mM KCI_10
min

Kruskal-Wallis

>0.9999

ns

50 mM KCI_10 min
vs. 100 mM KCI 1
min

Kruskal-Wallis

>0.9999

ns

50 mM KCI_10 min
vs. 100 mM KCI_10
min

Kruskal-Wallis

>0.9999

ns

100 mM KCI_1 min
vs. 100 mM KCI_10
min

Kruskal-Wallis

>0.9999

ns

Table 6.- Statistical analysis of “Dead” data from cytotoxicity experiments.

Comparison Statistical test p-value p-value summary
Basal_1 min vs. Kruskal-Wallis >0.9999 ns
Basal 10 min
Basal 1 min vs. Kruskal-Wallis >0.9999 ok
EtOH_1 min
Basal_1 min vs. Kruskal-Wallis >0.9999 ol
EtoH 10 min
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Basal_1 min vs.
50 mM KCI_1 min

Kruskal-Wallis

0.0009

ns

Basal_1 min vs.
50 mM KCI_10 min

Kruskal-Wallis

0.0012

ns

Basal 1 min vs.
100 mM KCI 1 min

Kruskal-Wallis

>0.9999

ns

Basal 1 min vs.
100 mM KCI_10
min

Kruskal-Wallis

>0.9999

ns

Basal 10 min vs.
EtOH 70 %_1 min

Kruskal-Wallis

>0.9999

*k%k

Basal 10 min vs.
EtOH 70 % 10 min

Kruskal-Wallis

>0.9999

*%

Basal 10 min vs.
50 mM KCI_1 min

Kruskal-Wallis

>0.9999

ns

Basal 10 min vs.
50 mM KCI_10 min

Kruskal-Wallis

0.0226

ns

Basal 10 min vs.
100 mM KCI 1 min

Kruskal-Wallis

0.0019

ns

Basal 10 min vs.
100 mM KCI_10
min

Kruskal-Wallis

0.0057

ns

EtOH 70 %_1 min
vs. EtOH 70 % 10
min

Kruskal-Wallis

0.0040

ns

EtOH 70 %_1 min
vs. 50 mM KCI 1
min

Kruskal-Wallis

0.0288

EtOH 70 %_1 min
vs. 50 mM KCI_10
min

Kruskal-Wallis

0.0025

*%*

EtOH 70 %_1 min
vs. 100 mM KCI_1
min

Kruskal-Wallis

0.0074

*%*

EtOH 70 %_1 min
vs. 100 mM KCI_10
min

Kruskal-Wallis

0.0053

*%*

EtOH 70 %_10 min
VS. 50 mM
KCIl _1min

Kruskal-Wallis

>0.9999

EtOH 70 %_10 min
vs. 50 mM KCI_10
min

Kruskal-Wallis

>0.9999

*%*

EtOH 70 %_1 min
vs. 100 mM KCI_1
min

Kruskal-Wallis

>0.9999

*%*

EtOH 70 %_10 min
vs. 100 mM KCI_10
min

Kruskal-Wallis

>0.9999

*%*

50 mM KCI_1 min
vs. 50 mM KCI_10
min

Kruskal-Wallis

>0.9999

ns

50 mM KCI_1 min
vs. 100 mM KCI_1

Kruskal-Wallis

>0.9999

ns
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min

50 mM KCI_1 min Kruskal-Wallis >0.9999 ns
vs. 100 mM KCI_10
min
50 mM KCI_10 min Kruskal-Wallis >0.9999 ns
vs. 100 mM KCI 1
min
50 mM KCI_10 min Kruskal-Wallis >0.9999 ns
vs. 100 mM KCI_10
min
100 mM KCI_1 min Kruskal-Wallis >0.9999 ns
vs. 100 mM KCI_10
min
8.-Chasing experiments.
Table 7.- Descriptive statistics of OT- and SNAP-47-membrane patches.
Membrane Number of
Condition atches’ tvpe Cells (n) patches
P yp (Mean + SEM)
Basal 1 min oT 71 1.96 £ 0.16
- SNAP-47 98 3.56 £ 0.41
Stimulation_ 1 min ot 82 215+ 0.18
- SNAP-47 103 3.44 +0.33
Basal 10 min oT 9 1.33+£0.24
- SNAP-47 10 2.50 £ 0.54
. . . oT 7 1.71+0.36
Stimulation_10 min SNAP-47 9 156024
. oT 71 3.21+0.36
Basal+EGTA_1 min SNAP-47 79 4.96 £ 0.56
Stimulation+EGTA _ oT 68 1.76 £ 0.16
1 min SNAP-47 76 3.51 £+ 0.40
Table 8.- Statistical analysis of OT- and SNAP-47-membrane patches.
. . . i p-value
Condition Comparison | Statistical test p-value summary
. OT vs. .
Basal_1 min SNAP-47 Mann-Whitney 0.1001 ns
Stimulation_1 OT vs. .
min SNAP-47 Mann-Whitney 0.0558 ns
. OT vs. .
Basal_10 min SNAP-47 Mann-Whitney 0.0859 ns
Stimulation_10 OT vs. .
min SNAP-47 Mann-Whitney 0.7944 ns
Basal+EGTA _ OT vs. ,
1 min SNAP-47 Mann-Whitney 0.1426 ns
Stimulation+ OT vs. , -
EGTA 1 min SNAP-47 Mann-Whitney 0.0032
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Table 9.- Descriptive statistics of OT- and SNAP-47-membrane patches’ area.

Area
Condition Membr,ane Membrane (Mean £ SEM),
patches’ type patches (n) um’
Basal 1 min oT 139 0.35+0.03
- SNAP-47 330 0.59 + 0.05
Stimulation_ 1 min oT 174 0.37 +0.03
— SNAP-47 318 0.66 + 0.06
Basal 10 min oT 12 0.50 £ 0.16
- SNAP-47 25 2.43+£0.92
. . . oT 3 2.43 + 0.53
Stimulation_10 min SNAP-47 12 0.28+0.07
Basal+EGTA 1 oT 227 0.39 £+ 0.02
min SNAP-47 374 0.75 £ 0.06
Stimulation+EGTA oT 120 0.42 + 0.04
1 min SNAP-47 260 0.76 + 0.08

Table 10.- Statistical analysis of OT- and SNAP-47-membrane patches’ area.

Condition Comparison Statistical p-value p-value
test summary
. OT vs. - *kk
Basal 1 min SNAP-47 Mann-Whitney | 0.0004
. . . OT vs. . *k
Stimulation_1 min SNAP-47 Mann-Whitney | 0.0024
. OT vs. .
Basal 10 min SNAP-47 Mann-Whitney | 0.6255 ns
. . . OT vs. . *k
Stimulation_10 min SNAP-47 Mann-Whitney | 0.0044
Basal+EGTA_1 min OT vs. Mann-Whitney | <0.0001 ok
- SNAP-47 '
Stimulation+EGTA_1 OT vs. : N
min SNAP-47 Mann-Whitney | 0.0163
Table 11.- Descriptive statistics of OT-membrane patches in OT“™™ and OT'™ mice.

OT-membrane patches
Parameter Cells (n) (Mean + SEM)

OTY™" anti-OT_Basal 38 1.71+0.15
oT9™™ anti-

OT_Stimulation 33 2:76£0.24
OT=""" anti-GFP Basal 30 2.4+0.33
OT=""™_anti-

GFP_Stimulation 34 3.06+0.32
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Table 12.- Statistical analysis of OT-membrane patches in OT“™™ and OTE""" mice.

g:Tomparison Statistical test p-value p-value summary
tdTom

8$EYFP_—I§:§§I vs: Mann-Whitney 0.1218 ns
OT"™™ Stimulation
VS. Mann-Whitney 0.7098 ns
OTE"™ Stimulation

Table 13.- Descriptive statistics of OT-membrane patches identified with anti-OT and anti-
GFP antibodies (OT®" mice).

OT-membrane patches
Parameter Cells (n) (Mean + SEM)
anti-OT_Basal 36 2.5+0.27
anti-OT_Stimulation 11 1.54 £ 0.21
anti-GFP_Basal 36 2.44 £0.24
anti-GFP_Stimulation 11 1.27+0.14

Table 14.- Statistical analysis of OT-membrane patches in OT“"" and OT®"™ mice.

Comparison Statistical test p-value p-value summary
anti-OT_Basal vs. .
anti-GFP_Basal Mann-Whitney 0.9936 ns
anti-
aOr;I:[i__StlmuIatlon vs: Mann-Whitney 0.4807 ns

GFP_Stimulation

Table 15.- Descriptive statistics of colocalization (overlapping) analysis.

Condition OT-membrane Coefficient value Coefficient value
patches (n) (Mean £ SEM) (% £ SEM)

Manders’ 1 _Basal 46 0.87 £0.02 87 %2
Manders’ 2 Basal 46 0.82 £0.02 82+2
Manders’

1 Stimulation 11 0.68 + 0.07 68+7
Manders’

2 Stimulation 11 0.89+0.04 89+4

Table 16.- Statistical analysis of colocalization (overlapping) analysis.

Comparison Statistical test p-value p-value summary
Manders’ 1  vs. . .
Manders’ 2 Basal Mann-Whitney 0.0270
Manders’ 1 vs.
Manders’ Mann-Whitney 0.0232 *
2_Stimulation
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RESULTS

1.-Electron microscopy.

Table 17.- Descriptive statistics of DCVs’ area.

Parameter DCVs (n) Area (Mean + SEM), nm?
Area_Basal 89 270.1 £5.78
Area_Stimulation 47 233.9+7.29
Area_Pobl Basal 23 202.6 £4.07
Area_Pob2 Basal 66 293.7+5.11

Table 18.- Statistical analysis of DCVs’ area.

Comparison Statistical test p-value p-value summary
gfi‘rsnﬂlaﬁon VSl Mann-Whitney 0.0002 xok
Egg%:ggzz: VS| Mann-Whitney <0.0001

Table 19.- Frequency distribution of DCVs’ area.
2 Basal Stimulation Stimulation
Area (nm’°) (raw data) Basal (%) (raw data) (%)

120 0 0 1 2.13
140 0 0 1 2.13
160 1 1.12 2 4.26
180 4 4.49 5 10.64
200 6 6.74 6 12.77
220 12 13.48 7 14.89
240 8 8.99 9 19.15
260 10 11.24 6 12.77
280 17 19.10 3 6.38
300 14 15.73 3 6.38
320 5 5.62 2 4.26
340 4 4.49 1 2.13
360 4 4.49 1 2.13
380 3 3.37 0 0

400 0 0 0 0

420 0 0 0 0

440 1 1.12 0 0

DCVs 89 100 47 100
Table 20.- Descriptive statistics of DCVs’ diameter.

Parameter DCVs (n) (Mea[z'irgg&r), nm
Diameter_Basal 90 86.01 +1.82
Diameter_Stimulation 47 74.44 £ 2.32
Diameter Pobl Basal 26 65.60 + 1.29
Diameter Pob2 Basal 64 94.31 + 1.59
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Table 21.- Statistical analysis of DCVs’ diameter.

Comparison Statistical test p-value p-value summary
Basal VS. , .
Stimulation Mann-Whitney 0.0002
Pobl Basal VS. , ke
Pob2 Basal Mann-Whitney <0.0001

Table 22.- Frequency distribution of DCVs’ diameter.

Diameter (nm) Basal Basal (%) Stimulation Stlmglanon
(raw data) (raw data) (%)

40 0 0 1 213
50 3 3.33 3 6.38
60 7 7.78 10 21.28
70 16 17.78 12 25.53
80 15 16.67 10 21.28
90 25 27.78 6 12 77
100 12 13.33 3 6.38
110 8 8.89 1 513
120 3 3.33 1 513
140 1 1.11 0 0

DCVs 90 100 47 100

Table 23.- Descriptive statistics of DCVs’ distance to the membrane.

Distance to the
Parameter DCVs (n) membrane
(Mean £ SEM), nm
Dist Mb_Basal 89 166.8 + 17.01
Dist Mb_Stimulation 47 127.9+9.79
Dist Mb_Pobl Basal 85 139.2+7.71
Dist. Mb_Pob2_Basal 4 753.3 + 182.50

Table 24.- Statistical analysis of DCVs’ distance to the membrane.

Comparison Statistical test p-value p-value summary
Basal vs. .
Stimulation Mann-Whitney 0.2222 ns
Pobl_Basal vs. . _—
Pob2_Basal Mann-Whitney <0.0001
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Table 25.- Frequency distribution of DCVs’ distance to the membrane.

thzlfri?nct?r;?]e Basal Basal (%) Stimulation Stimlglation

(nm) (raw data) (raw data) (%)
0 1 1.12 2 4.26

100 54 60.67 31 65.96
200 23 25.84 12 25.53
300 7 7.87 2 4.26
400 1 1.12 0 0
500 0 0 0 0
600 0 0 0 0
700 2 2.25 0 0
800 0 0 0 0
900 0 0 0 0
1000 0 0 0 0
1100 0 0 0 0
1200 0 0 0 0
1300 1 1.12 0 0

DCVs 89 100 47 100

Table 26.- Descriptive statistics of DCVs’ distance to the AZ.

Distance to the AZ

Parameter Synaptic terminals (n) (Mean + SEM), nm
Dist_AZ Basal 4 478.0 £ 120.3
Dist AZ_Stimulation 1 164.2 + 0.00

Table 27.- Descriptive statistics of DCVs’ density in synaptic terminals.

Synaptic Density Density
Parameter terminals (n) (Mean = SEM) (Mean = SEM), %
Density Basal 35 0.03+0.01 2.93+0.72
Density_ 24 0.02 £ 0.01 2.03 +0.56
Stimulation
Table 28.- Statistical analysis of DCVs’ density.
Comparison Statistical test p-value p-value summary
Basal VS. :
Stimulation Mann-Whitney 0.3614 ns
Table 29.- Frequency distribution of DCVs’ density/terminal.
Density/ Basal Basal (%) Stimulation Stimulation
terminal (%) (raw data) 0 (raw data) (%)
0 2 5.88 2 8.33
0.5 8 23.53 6 25
1.0 8 23.53 4 16.67
1.5 2 5.88 7 29.17
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2.0 3 8.82 0 0
2.5 1 2.94 0 0
3.0 1 2.94 2 8.33
3.5 0 0 0 0
4.0 2 5.88 1 4.17
4.5 0 0 0 0
5.0 0 0 0 0
5.5 2 5.88 0 0
6.0 2 5.88 0 0
6.5 1 2.94 0 0
7.0 1 2.94 0 0
7.5 1 0 0 0
8.0 0 0 0 0
8.5 0 0 0 0
9.0 0 0 0 0
9.5 0 0 0 0
10.0 0 0 1 4.17
10.5 0 0 1 4.17
11.0 0 0 0 0
115 0 0 0 0
12.0 0 0 0 0
DCVs 34 100 24 100

2.-Chasing of OT-containing compartments: OT recruitment to the somatic

plasma membrane.

Table 30.- Descriptive statistics of OT-membrane patches.

- OT-membrane patches
Condition Cells (n) (Mean + SEM)
Basal 1 min 194 1.95+0.11
Stimulation 1 min 206 2.84+£0.17
Basal 10 min 117 2.32+0.18
Stimulation_10 min 102 1.61+0.13
Basal+EGTA 1 min 142 2.82+0.21
Stimulation+EGTA 1 min 136 2.94 £ 0.23
Basal+EGTA 10 min 5 1.20£0.20
Stimulation+EGTA 10 min 5 1.20+£0.20

Table 31.- Statistical analysis of OT-membrane patches.

vs. Stimulation 10

Comparison Statistical test p-value p-value summary
Basal_1 min vs. : R
Stimulation 1 min Mann-Whitney <0.0001
Basal 10 min vs. . Sk
Stimulation_10 min Mann-Whitney 0.0002
Basal 1 min vs. .

Basal 10 min Mann-Whitney 0.1023 ns
stimulation 1 min | pann whitney <0.0001 o
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min

Basal+EGTA _1 min
VS.
Stimulation+EGTA _
1 min
Basal+EGTA_10
min VS.
Stimulation+EGTA_
10 min
Basal+EGTA 1 min
VS.
Basal+EGTA_10
min
Stimulation+EGTA _
1 min VS.
Stimulation+EGTA _
10 min

Basal 1 min vs.
Basal+tEGTA 1 min
Stimulation_1 min
VS.
Stimulation+EGTA _
1 min

Basal 10 min vs.
Basal+EGTA 10 Mann-Whitney 0.1524 ns
min

Stimulation_10 min
VS.
Stimulation+EGTA _
10 min

Mann-Whitney 0.5976 ns

Mann-Whitney >0.9999 ns

Mann-Whitney 0.0833 ns

Mann-Whitney 0.0619 ns

Mann-Whitney 0.0011 *x

Mann-Whitney 0.8934 ns

Mann-Whitney 0.6824 ns

Table 32.- Descriptive statistics of OT-membrane patches’ area.

Condition OT-membr(ir)we patches | areq (Mean £ SEM), pm?
Basal 1 min 378 0.36 + 0.03
Stimulation 1 min 583 0.34 £ 0.02
Basal 10 min 272 0.24 £ 0.02
Stimulation_10 min 169 0.41 £ 0.04
Basal+EGTA 1 min 336 0.33+£0.02
Stimulation+EGTA 1 min 400 0.31+£0.02
Basal+EGTA 10 min 6 0.73+0.29
Stimulation+EGTA 10 min 5 0.55+0.14

Table 33.- Statistical analysis of OT-membrane patches’ area.

Comparison Statistical test p-value p-value summary
Basal_1 min vs. :
Stimulation 1 min Mann-Whitney 0.4634 ns
Basal 10 min vs.
Stimulation_10 min

Mann-Whitney <0.0001 Fokkk
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Basal_ 1 min vs. Whi .
Basal 10 min Mann-Whitney <0.0001

Stimulation_1 min

vs. Stimulation_10 Mann-Whitney 0.6985 ns
min

Basal+EGTA 1 min

VS. .

Stimulation+EGTA_ Mann-Whitney 0.1217 ns
1 min

Basal+EGTA 10

min VS. ,

Stimulation+EGTA._ Mann-Whitney >0.9999 ns
10 min

Basal+EGTA 1 min

VS. Wi *

Basal+EGTA_10 Mann-Whitney 0.0308

min

Stimulation+EGTA _

1 min VS. . .

Stimulation+EGTA,_ Mann-Whitney 0.0271

10 min

Basal 1 min vs. .

Basal+EGTA 1 min Mann-Whitney 0.1592 ns
Stimulation_1 min

VS. .

Stimulation+EGTA_ Mann-Whitney 0.3376 ns
1 min

Basal 10 min vs.

Basal+EGTA 10 Mann-Whitney 0.0014 *x
min

Stimulation_10 min

VS. .

Stimulation+EGTA_ Mann-Whitney 0.0598 ns
10 min

3.-Dynamic properties of OT-containing compartments in response to neuronal

stimulation.

Table 34.- Number of cells and OT-containing compartments analyzed in the dynamics

experiment.
. OT-containing
Condition Cells (n) compartments (n)
Basal 31 80
Stimulation 54 180
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Table 35.- Descriptive statistics of OT-containing compartments analyzed in the dynamics

experiment.
oT- oT- OoT-
Control comprt_ OT- comprt_ | comprt_
Time (s) condition Basal comprt_ | Experimt. Stim Stim
(Mean £ | Basal (%) | condition | (Mean % (%)
SEM) SEM)
0-10 (t10) | Basal 256+01| 100 Basal 20 100
(1'[202)0 Basal 2(.)45391 96.85 Stim. 2691111 98.13
- + i +
égo?so Basal 2(.;1(&)38_ 95.84 Stim. 2(.)2.3151_ 96.25
(335;0 Basal 264581 94.70 Stim. 2(.)6flt 90.63
?:[(E))OS)O Basal 264§Si 9458 Stim. stfoi 86.25
2(()506)0 Basal 2(.)4(())81 93.82 Stim. 264foi 83.75
8(;07)0 Basal 2(.)3381 91.30 Stim. 2(.)4(()391 83.13
70-80 232+ Basal 243 81.88
(t80) Basal 0.08 90.79 0.09

Table 36.- Statistical analysis of

OT-containing compartments’ mobility under basal

conditions.
Comparison Statistical test p-value p-value summary
t10 vs. t20 Kruskal-Wallis >0.9999 ns
t10 vs. t30 Kruskal-Wallis >0.9999 ns
t10 vs. t40 Kruskal-Wallis >0.9999 ns
t10 vs. t50 Kruskal-Wallis >0.9999 ns
t10 vs. t60 Kruskal-Wallis >0.9999 ns
t10 vs. t70 Kruskal-Wallis >0.9999 ns
t10 vs. t80 Kruskal-Wallis >0.9999 ns

Table 37.- Statistical analysis of OT-containing compartments’

mobility under stimulus

conditions.
Comparison Statistical test p-value p-value summary
t10 vs. t20 Kruskal-Wallis >0.9999 ns
t10 vs. t30 Kruskal-Wallis 0.6443 ns
t10 vs. t40 Kruskal-Wallis 0.0242 *
t10 vs. t50 Kruskal-Wallis 0.0041 *k
t10 vs. t60 Kruskal-Wallis 0.0007 Fokk
t10 vs. t70 Kruskal-Wallis 0.0006 il
t10 vs. t80 Kruskal-Wallis <0.0001 Fokxk
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Table 38.- Statistical analysis of OT-containing compartments’ mobility between basal and

stimulus conditions.

Comparison Statistical test p-value p-value summary
Basal vs. Basal-t10 Mann-Whitney 0.7204 ns
gfilriadlation-tzo vs: Mann-Whitney 0.8758 ns
g?rsnaﬂlation—ISO VS Mann-Whitney 0.2847 ns
gfilriadlation-mo vs: Mann-Whitney 0.0620 ns
g?rsnaﬂlation—ISO VS Mann-Whitney 0.0240 *
pasa g0 | MannWhitney 0.0109 *
gzrsrillation—ﬂo VS Mann-Whitney 0.0630 ns
Basal vs. Basal-t80 Mann-Whitney 0.0281 *

Table 39.- Descriptive statistics of the displacement length of an OT-containing compartment
from the Dynamic group, modifying its displacement during the first 10 s of stimulation (Fig.

43A).
E . Displacement .
. xperimental Displacement
Time (s) condition length length (norm)
(Mean £ SEM), ym

0-10 (t10) Basal 0.09 £ 0.01 1.00+0.14
10-20 (t20) Stimulation 0.20+£0.01 2.23+0.14
20-30 (t30) Stimulation 0.27 £ 0.02 3.05+0.17
30-40 (t40) Stimulation 0.22£0.01 2.51+0.14
40-50 (t50) Stimulation 0.19 £ 0.02 2.12+0.21
50-60 (t60) Stimulation 0.22 £0.01 2.46 £ 0.14
60-70 (t70) Stimulation 0.21+£0.01 2.31+£0.13
70-80 (t80) Basal 0.23+£0.01 2.56 £ 0.14

Table 40.- Statistical analysis of the displacement length of an OT-containing compartment
from the Dynamic group, modifying its displacement during the first 10 s of stimulation (Fig.

43A).
Comparison Statistical test p-value p-value summary
t10 vs. t20 Friedman 0.0244 *
t10 vs. t30 Friedman <0.0001 Fkkx
t10 vs. t40 Friedman 0.0006 Fokk
t10 vs. t50 Friedman 0.0741 ns
t10 vs. t60 Friedman 0.0009 *kk
t10 vs. t70 Friedman 0.0071 *k
t10 vs. t80 Friedman 0.0009 Fkk
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Table 41.- Descriptive statistics of the displacement length of an OT-containing compartment
from the Delayed group, modifying its displacement after 20 s of stimulation (Fig. 43B).

Experimental Displacement Displacement
: condition length length (norm)
Time (s) (Mean x SEM), pm

0-10 (t10) Basal 0.07 £ 0.02 1.00 £ 0.22
10-20 (t20) Stimulation 0.27 £ 0.02 3.58 £+ 0.29
20-30 (t30) Stimulation 0.53 £ 0.05 7.19+0.61
30-40 (t40) Stimulation 0.68 £ 0.02 9.15+0.31
40-50 (t50) Stimulation 0.65 + 0.03 8.75+0.34
50-60 (t60) Stimulation 0.71+0.01 9.53 + 0.09
60-70 (t70) Stimulation 0.71+£0.01 9.54+0.11
70-80 (t80) Basal 0.73+£0.02 9.88 £ 0.31

Table 42.- Statistical analysis of the displacement length of an OT-containing compartment
from the Delayed group, modifying its displacement after 20 s of stimulation (Fig. 43B).

Comparison Statistical test p-value p-value summary

t10 vs. t20 Friedman >0.9999 ns
t10 vs. t30 Friedman 0.0432 *

t10 vs. t40 Friedman <0.0001 Fkkx
t10 vs. t50 Friedman 0.0098 i

t10 vs. t60 Friedman <0.0001 Fkkk
t10 vs. t70 Friedman <0.0001 Fokkk
t10 vs. t80 Friedman <0.0001 Fkkx

Table 43.- Descriptive statistics of the displacement length of an OT-containing compartment
from the Delayed group, modifying its displacement after 30 s of stimulation (Fig. 43C).

. Displacement :
. Experimental Displacement
Time (s) condition length length (norm)
(Mean * SEM), pym

0-10 (t10) Basal 0.09 £ 0.01 1.00+0.16
10-20 (t20) Stimulation 0.08 £ 0.01 0.91+0.16
20-30 (t30) Stimulation 0.19 £ 0.02 2.16 £ 0.19
30-40 (t40) Stimulation 0.30 £ 0.04 3.43+0.42
40-50 (t50) Stimulation 0.42 £ 0.05 4.78 + 0.60
50-60 (t60) Stimulation 0.42 £ 0.03 4.77 £ 0.36
60-70 (t70) Stimulation 0.46 £ 0.04 5.22 + 0.46
70-80 (t80) Basal 0.53 £ 0.02 5.96 + 0.23
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Table 44.- Statistical analysis of the displacement length of an OT-containing compartment
from the Delayed group, modifying its displacement after 30 s of stimulation (Fig. 43C).

Comparison Statistical test p-value p-value summary
t10 vs. t20 Friedman >0.9999 ns
t10 vs. t30 Friedman >0.9999 ns
t10 vs. t40 Friedman 0.0326 *
t10 vs. t50 Friedman 0.0013 *x
t10 vs. t60 Friedman 0.0013 *x
t10 vs. t70 Friedman 0.0003 el
t10 vs. t80 Friedman <0.0001 ko

Table 45.- Descriptive statistics of the displacement length of an OT-containing compartment
from the Delayed group, modifying its displacement after 40 s of stimulation (Fig. 43D).

. Displacement .
. Experimental Displacement
Time (s) condition length length (norm)
(Mean * SEM), pm

0-10 (t10) Basal 0.07 £ 0.01 1.00+0.16
10-20 (t20) Stimulation 0.12+£0.01 1.90+0.10
20-30 (t30) Stimulation 0.11+£0.01 1.70+0.13
30-40 (t40) Stimulation 0.14+£0.01 2.10+0.19
40-50 (t50) Stimulation 0.27 £ 0.02 4.18 +0.38
50-60 (t60) Stimulation 0.33+£0.02 4.99 + 0.26
60-70 (t70) Stimulation 0.33+£0.02 5.08 £ 0.29
70-80 (t80) Basal 0.32 £ 0.02 4.84 +0.31

Table 46.- Statistical analysis of the displacement length of an OT-containing compartment
from the Delayed group, modifying its displacement after 40 s of stimulation (Fig. 43D).

Comparison Statistical test p-value p-value summary
t10 vs. t20 Friedman 0.5799 ns
t10 vs. t30 Friedman >0.9999 ns
t10 vs. t40 Friedman 0.3866 ns
t10 vs. t50 Friedman 0.0001 Fokk
t10 vs. t60 Friedman <0.0001 Fkkx
t10 vs. t70 Friedman <0.0001 Fkkx
t10 vs. t80 Friedman <0.0001 Fkkx
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Table 47.- Descriptive statistics of the displacement length of an OT-containing compartment
from the Uncoupled group, modifying its displacement after 50 s of stimulation (Fig. 43E).

E , Displacement ,

. xperimental Displacement
Time (s) condition length length (norm)

(Mean * SEM), ym

0-10 (t10) Basal 0.12 + 0.02 1.00 £ 0.19
10-20 (t20) Stimulation 0.17+0.01 1.42 +£0.07
20-30 (t30) Stimulation 0.17 £ 0.02 1.37+0.18
30-40 (t40) Stimulation 0.20 £ 0.03 1.63 +0.23
40-50 (t50) Stimulation 0.23+0.01 1.90+0.11
50-60 (t60) Stimulation 0.28 + 0.03 2.29+£0.24
60-70 (t70) Stimulation 0.34 +0.02 2.73+0.16
70-80 (t80) Basal 0.36 £ 0.03 2.92+0.24

Table 48.- Statistical analysis of the displacement length of an OT-containing compartment
from the Uncoupled group, modifying its displacement after 50 s of stimulation (Fig. 43E).

Comparison Statistical test p-value p-value summary
t10 vs. t20 Friedman >0.9999 ns
t10 vs. t30 Friedman >0.9999 ns
t10 vs. t40 Friedman 0.3866 ns
t10 vs. t50 Friedman 0.0741 ns
t10 vs. t60 Friedman 0.0009 ok
t10 vs. t70 Friedman <0.0001 Fkkx
t10 vs. t80 Friedman <0.0001 xR

Table 49.- Descriptive statistics of the displacement length of an OT-containing compartment
from the Uncoupled group, modifying its displacement after 60 s of stimulation (Fig. 43F).

Experimental Displacement Displacement
_ condition length length (norm)
Time (s) (Mean = SEM), pm

0-10 (t10) Basal 0.10 £ 0.02 1.00 £ 0.02
10-20 (t20) Stimulation 0.14 +£0.02 1.40 £ 0.02
20-30 (t30) Stimulation 0.21+0.02 2.17 £0.02
30-40 (t40) Stimulation 0.18 +0.02 1.80 £ 0.02
40-50 (t50) Stimulation 0.24 + 0.04 2.43+0.04
50-60 (t60) Stimulation 0.21 +0.03 2.17 £0.03
60-70 (t70) Stimulation 0.25+0.03 2.58 £ 0.03
70-80 (t80) Basal 0.30+£0.04 3.06 + 0.04
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Table 50.- Statistical analysis of the displacement length of an OT-containing compartment
from the Uncoupled group, modifying its displacement after 60 s of stimulation (Fig. 43F).

Comparison Statistical test p-value p-value summary
t10 vs. t20 Friedman >0.9999 ns
t10 vs. t30 Friedman 0.1234 ns
t10 vs. t40 Friedman >(0.9999 ns
t10 vs. t50 Friedman 0.0960 ns
t10 vs. t60 Friedman 0.1992 ns
t10 vs. t70 Friedman 0.0326 *
t10 vs. t80 Friedman 0.0051 **

Table 51.- Descriptive statistics of the displacement length of an OT-containing compartment
from the Uncoupled group, modifying its displacement in the last seconds of basal medium

application (Fig. 43G).

. Displacement :
. Experimental Displacement
Time (s) condition length length (norm)
(Mean £ SEM), ym

0-10 (t10) Basal 0.09 £ 0.02 1.00 + 0.17
10-20 (t20) Stimulation 0.10+£0.01 1.10+0.16
20-30 (t30) Stimulation 0.11 £ 0.02 1.25+0.18
30-40 (t40) Stimulation 0.09 +0.01 0.98 + 0.10
40-50 (t50) Stimulation 0.10 + 0.02 1.18 £ 0.19
50-60 (t60) Stimulation 0.16 £ 0.02 1.81+0.25
60-70 (t70) Stimulation 0.18 £ 0.02 2.06 + 0.28
70-80 (t80) Basal 0.26 + 0.02 2.95+0.28

Table 52.- Statistical analysis of the displacement length of an OT-containing compartment
from the Uncoupled group, modifying its displacement in the last seconds of basal medium

application. Fig. 43G).

Comparison Statistical test p-value p-value summary
t10 vs. t20 Friedman >0.9999 ns
t10 vs. t30 Friedman >0.9999 ns
t10 vs. t40 Friedman >0.9999 ns
t10 vs. t50 Friedman >0.9999 ns
t10 vs. t60 Friedman 0.1992 ns
t10 vs. t70 Friedman 0.0960 ns
t10 vs. t80 Friedman 0.0004 Fokk
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Table 53.- Descriptive statistics of the displacement length of an OT-containing compartment
from the Stable group, not modifying its displacement in response to stimulus (Fig. 43H).

E : Displacement ,

. xperimental Displacement
Time (s) condition length length (norm)

(Mean * SEM), ym

0-10 (t10) Basal 0.08 + 0.01 1.00 £ 0.14
10-20 (t20) Stimulation 0.07+£0.01 0.87+0.14
20-30 (t30) Stimulation 0.06 £ 0.02 0.84 £ 0.23
30-40 (t40) Stimulation 0.07£0.01 0.87 £0.17
40-50 (t50) Stimulation 0.08 + 0.02 1.08 £ 0.24
50-60 (t60) Stimulation 0.08 + 0.02 1.07 £0.20
60-70 (t70) Stimulation 0.10+0.02 1.30+£0.26
70-80 (t80) Basal 0.09 £ 0.01 1.14+0.12

Table 54.- Statistical analysis of the displacement length of an OT-containing compartment
from the Stable group, not modifying its displacement in response to stimulus (Fig. 43H).

Comparison Statistical test p-value p-value summary
t10 vs. t20 Friedman >0.9999 ns
t10 vs. t30 Friedman >0.9999 ns
t10 vs. t40 Friedman >0.9999 ns
t10 vs. t50 Friedman >0.9999 ns
t10 vs. t60 Friedman >0.9999 ns
t10 vs. t70 Friedman >0.9999 ns
t10 vs. t80 Friedman >0.9999 ns

Table 55.- Number of OT-containing compartments considered for the displacement
analysis.

Population OT-containing compartments OT-containing
P (Mean) compartments (%)

Total 119 100
Dynamic 9 730
Delayed 67 56 30
Delayed
(20 s post-KCl) 20 16.81
Delayed
(30 s post-KCl) 27 22.69
Delayed
(40 s post-KClI) 20 16.81
Uncoupled 28 5353
Uncoupled
(50 s post-KCl) 11 9.24
Uncoupled
(60 s post-KCI) 7 5.88
Uncoupled
(last 10 s basal) 10 8.40
Stable 15 12.60
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Table 56.- Descriptive statistics of the speed of an OT-containing compartment from the
increasing speed group. This OT-compartment increased its speed after 10 s of stimulation

(Fig. 44A, v1).
, Experimental Speed
Time (s) o (Mean £ SEM), Speed (norm)
condition

um/s
0-10 (t10) Basal 2.80 £ 0.39 1.00 £ 0.39
10-20 (t20) Stimulation 3.63 +0.39 1.29 +0.39
20-30 (t30) Stimulation 3.31+0.49 1.18 £ 0.49
30-40 (t40) Stimulation 3.70+£0.51 1.32+0.51
40-50 (t50) Stimulation 3.71£0.53 1.32 £ 0.53
50-60 (t60) Stimulation 3.47 +0.79 1.24 +0.79
60-70 (t70) Stimulation 5.96 + 0.84 2.13+0.84
70-80 (t80) Basal 3.60 £ 0.83 1.28 + 0.83

Table 57.- Statistical analysis of the speed of an OT-containing compartment from the
increasing speed group. This OT-compartment increased its speed after 10 s of stimulation

(Fig. 44A, v1).

OT-containing Statistical test p-value p-value summary
compartment

t10 vs. t20 Friedman >0.9999 ns

t10 vs. t30 Friedman >0.9999 ns

t10 vs. t40 Friedman >0.9999 ns

t10 vs. t50 Friedman 0.4752 ns

t10 vs. t60 Friedman >0.9999 ns

t10 vs. t70 Friedman 00432 *

t10 vs. t80 Friedman >0.9999 ns

Table 58.- Descriptive statistics of the speed of an OT-containing compartment from the
increasing speed group. This OT-compartment increased its speed after 20 s of stimulation

(Fig. 44A, v2).
: Experimental Speed
Time (s) condition (Mean = SEM), Speed (norm)
um/s
0-10 (t10) Basal 2.32+£0.32 1.00+0.14
10-20 (t20) Stimulation 3.02 £ 0.38 1.30+0.16
20-30 (t30) Stimulation 6.94 £ 1.08 2.99+£0.46
30-40 (t40) Stimulation 9.09 + 2.09 3.92 £ 0.90
40-50 (t50) Stimulation 6.61 + 1.55 2.85 + 0.67
50-60 (t60) Stimulation 6.16 £ 0.83 2.66 + 0.36
60-70 (t70) Stimulation 6.19 £ 0.99 2.67 £0.43
70-80 (t80) Basal 7.22+1.64 3.12+0.71
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Table 59.- Statistical analysis of the speed of an OT-containing compartment from the
increasing speed group. This OT-compartment increased its speed after 20 s of stimulation

(Fig. 44A, v2).

OT-containing Statistical test p-value p-value summary
compartment

t10 vs. 120 Friedman >0.9999 ns

t10 vs. t30 Friedman 0.0326 *

t10 vs. t40 Friedman 0.0741 ns

t10 vs. t50 Friedman 0.4752 ns

t10 vs. 160 Friedman 0.1234 ns

t10 vs. t70 Friedman 0.0326 *

t10 vs. t80 Friedman 0.1234 ns

Table 60.- Descriptive statistics of the speed of an OT-containing compartment from the
increasing speed group. This OT-compartment increased its speed after 40 s of stimulation

(Fig. 44A, v3).
. Experimental Speed
Time (s) condition (Mean £ SEM), Speed (norm)
um/s
0-10 (t10) Basal 1.52 +0.37 1.00 £ 0.24
10-20 (t20) Stimulation 2.14+0.74 1.41 +£0.49
20-30 (t30) Stimulation 3.54 £ 0.62 2.34+0.41
30-40 (t40) Stimulation 3.67 £ 0.65 2.42 + 0.43
40-50 (t50) Stimulation 4.47 + 0.69 2.95 + 0.46
50-60 (t60) Stimulation 3.06 + 0.93 2.02 £ 0.62
60-70 (t70) Stimulation 3.47 £0.45 2.29+£0.30
70-80 (t80) Basal 2.68 £ 0.53 1.77 £ 0.35

Table 61.- Statistical analysis of the speed of an OT-containing compartment from the
increasing speed group. This OT-compartment increased its speed after 40 s of stimulation

(Fig. 44A, v3).

OT-containing Statistical test p-value p-value summary
compartment

t10 vs. t20 Friedman >0.9999 ns

t10 vs. t30 Friedman 0.3123 ns

t10 vs. t40 Friedman 0.1992 ns

t10 vs. t50 Friedman 0.0134 *

t10 vs. t60 Friedman >0.9999 ns

t10 vs. t70 Friedman 0.0741 ns

t10 vs. t80 Friedman >0.9999 ns
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Table 62.- Descriptive statistics of the speed of an OT-containing compartment from the
increasing speed group. This OT-compartment increased its speed after 60 s of stimulation

(Fig. 44A, v4).
, Experimental Speed
Time (s) condition (Mean £ SEM), Speed (norm)
um/s
0-10 (t10) Basal 1.64+0.24 1.00+0.15
10-20 (t20) Stimulation 1.90 £ 0.25 1.15+0.15
20-30 (t30) Stimulation 1.73+£0.39 1.05+0.24
30-40 (t40) Stimulation 2.49 +0.32 1.51 +£0.20
40-50(t50) Stimulation 2.67 £0.45 1.62 +£0.27
50-60 (t60) Stimulation 2.39+£0.32 1.45+0.20
60-70 (t70) Stimulation 3.43+0.30 2.09+0.18
70-80 (t80) Basal 2.63 +0.39 1.60 £ 0.24

Table 63.- Statistical analysis of the speed of an OT-containing compartment from the
increasing speed group. This OT-compartment increased its speed after 60 s of stimulation

(Fig. 44A, v4).

OT-containing Statistical test p-value p-value summary
compartment

t10 vs. t20 Friedman >0.9999 ns

t10 vs. t30 Friedman >0.9999 ns

t10 vs. t40 Friedman 0.2503 ns

t10 vs. t50 Friedman 0.1992 ns

t10 vs. 160 Friedman 0.4752 ns

t10 vs. t70 Friedman 0.0026 *k

t10 vs. t80 Friedman 0.3866 ns

Table 64.- Descriptive statistics of the speed of an OT-containing compartment from the
increasing speed group. This OT-compartment increased its speed in the last seconds of
basal medium application (Fig. 44A, vb).

: Experimental Speed
Time (s) condition (Mean = SEM), Speed (norm)
um/s
0-10 (t10) Basal 1.94+0.36 1.00+0.18
10-20 (t20) Stimulation 1.03+£0.12 0.53 £ 0.06
20-30 (t30) Stimulation 2.03+0.35 1.04 £ 0.18
30-40 (t40) Stimulation 1.50 +0.18 0.77 £ 0.09
40-50 (t50) Stimulation 3.05 +0.56 1.57 £ 0.29
50-60 (t60) Stimulation 2.58 £ 0.39 1.33+0.20
60-70 (t70) Stimulation 2.75+0.44 1.42 +0.23
70-80 (t80) Basal 5.46 + 0.57 2.81+0.29

205



Table 65.- Statistical analysis of the speed of an OT-containing compartment from the
increasing speed group. This OT-compartment increased its speed in the last seconds of
basal medium application (Fig. 44A, v5).

OT-containing Statistical test p-value p-value summary
compartment

110 vs. t20 Friedman 0.5799 ns

t10 vs. t30 Friedman >0.9999 ns

t10 vs. t40 Friedman >0.9999 ns

t10 vs. t50 Friedman >0.9999 ns

t10 vs. t60 Friedman >0.9999 ns

t10 vs. t70 Friedman >0.9999 ns

t10 vs. t80 Friedman 0.0098 *

Table 66.- Descriptive statistics of the speed of an OT-containing compartment from the
decreasing speed group. This OT-compartment decreased its speed after 20 s of stimulation

(Fig. 44B, v1).
. Experimental Speed
Time (s) condition (Mean £ SEM), Speed (norm)
um/s
0-10 (t10) Basal 2.43 +0.46 1.00+£0.19
10-20 (t20) Stimulation 1.76 £ 0.36 0.72+0.15
20-30 (t30) Stimulation 1.55+0.28 0.64+0.11
30-40 (t40) Stimulation 1.33+0.17 0.55 + 0.07
40-50 (t50) Stimulation 1.47 £0.19 0.61 + 0.08
50-60 (t60) Stimulation 1.19+0.20 0.49 + 0.08
60-70 (t70) Stimulation 1.47 £0.17 0.60 + 0.07
70-80 (t80) Basal 1.06 + 0.22 0.44 £ 0.99

Table 67.- Statistical analysis of the speed of an OT-containing compartment from the
decreasing speed group. This OT-compartment decreased its speed after 20 s of stimulation

(Fig. 44B, v1).

OT-containing Statistical test p-value p-value summary
compartment

t10 vs. t20 Friedman 0.8448 ns

t10 vs. t30 Friedman 0.5799 ns

t10 vs. t40 Friedman >0.9999 ns

t10 vs. t50 Friedman 0.8448 ns

t10 vs. t60 Friedman 0.4752 ns

t10 vs. t70 Friedman >0.9999 ns

t10 vs. t80 Friedman 0.0244 *
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Table 68.- Descriptive statistics of the speed of an OT-containing compartment from the
decreasing speed group. This OT-compartment decreased its speed after 40 s of stimulation

(Fig. 44B, v2).
, Experimental Speed
Time (s) condition (Mean £ SEM), Speed (norm)
um/s
0-10 (t10) Basal 2.95+0.56 1.00+0.19
10-20 (t20) Stimulation 2.21 £0.23 0.75+0.08
20-30 (t30) Stimulation 2.10+£0.32 0.71+0.11
30-40 (t40) Stimulation 2.16 + 0.40 0.73+0.14
40-50 (t50) Stimulation 1.74 +£0.29 0.59 +0.10
50-60 (t60) Stimulation 2.41 £ 0.38 0.82+£0.13
60-70 (t70) Stimulation 1.43+£0.26 0.49 £ 0.09
70-80 (t80) Basal 2.19+0.33 0.79+0.11

Table 69.- Statistical analysis of the speed of an OT-containing compartment from the
decreasing speed group. This OT-compartment decreased its speed after 40 s of stimulation

(Fig. 44B, v2).

OT-containing Statistical test p-value p-value summary
compartment

t10 vs. t20 Friedman >0.9999 ns

t10 vs. t30 Friedman >0.9999 ns

t10 vs. t40 Friedman >0.9999 ns

t10 vs. t50 Friedman 0.1992 ns

t10 vs. t60 Friedman >0.9999 ns

t10 vs. t70 Friedman 0.0432 *

t10 vs. t80 Friedman >0.9999 ns

Table 70.- Descriptive statistics of the speed of an OT-containing compartment from the
decreasing speed group. This OT-compartment decreased its speed after 50 s of stimulation

(Fig. 44B, v3).
, Experimental Speed
Time (s) - (Mean £ SEM), Speed (norm)
condition

um/s
0-10 (t10) Basal 2.49+0.44 1.00£0.18
10-20 (t20) Stimulation 4.56 + 0.78 1.83+0.31
20-30 (t30) Stimulation 1.99+0.40 0.80 + 0.16
30-40 (t40) Stimulation 2.56 £ 0.52 1.03+0.21
40-50 (t50) Stimulation 2.11+0.81 0.85+0.33
50-60 (t60) Stimulation 0.00 + 0.00 0.00 + 0.00
60-70 (t70) Stimulation 0.33+0.22 0.13+0.09
70-80 (t80) Basal 0.80 £ 0.57 0.32+0.23
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Table 71.- Statistical analysis of the speed of an OT-containing compartment from the
decreasing speed group. This OT-compartment decreased its speed after 50 s of stimulation

(Fig. 44B, v3).

OT-containing Statistical test p-value p-value summary
compartment

t10 vs. 120 Friedman >0.9999 ns

t10 vs. t30 Friedman >0.9999 ns

t10 vs. t40 Friedman >0.9999 ns

t10 vs. t50 Friedman >0.9999 ns

t10 vs. t60 Friedman 0.0037 *x

t10 vs. t70 Friedman 0.0432 *

t10 vs. t80 Friedman 0.0432 *

Table 72.- Descriptive statistics of the speed of an OT-containing compartment from the
decreasing speed group. This OT-compartment decreased its speed after 60 s of stimulation

(Fig. 44B, v4).
. Experimental Speed
Time (s) condition (Mean = SEM), Speed (norm)
um/s
0-10 (t10) Basal 2.57+£0.44 1.00+£0.17
10-20 (t20) Stimulation 3.70 £ 0.65 1.44 +0.25
20-30 (t30) Stimulation 5.56 + 1.32 2.17 £ 0.52
30-40 (t40) Stimulation 3.11+£0.82 1.21+0.32
40-50 (t50) Stimulation 1.90 £+ 0.66 0.74 £ 0.26
50-60 (t60) Stimulation 1.26 £ 0.65 0.49 £ 0.25
60-70 (t70) Stimulation 0.82 + 0.58 0.32+0.23
70-80 (t80) Basal 2.27 +£1.18 0.88 + 0.46

Table 73.- Statistical analysis of the speed of an OT-containing compartment from the
decreasing speed group. This OT-compartment decreased its speed after 60 s of stimulation

(Fig. 44B, v4).

OT-containing Statistical test p-value p-value summary
compartment

t10 vs. t20 Friedman >0.9999 ns

t10 vs. t30 Friedman >0.9999 ns

t10 vs. t40 Friedman >0.9999 ns

t10 vs. t50 Friedman >0.9999 ns

t10 vs. t60 Friedman 0.3123 ns

t10 vs. t70 Friedman 0.0432 *

t10 vs. t80 Friedman 0.5799 ns
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Table 74.- Descriptive statistics of the speed of an OT-containing compartment from the
immobile group. This OT-compartment did not modify its speed during the stimulation

protocol (Fig. 44C, v1).

, Experimental Speed
Time (s) condition (Mean £ SEM), Speed (norm)
um/s
0-10 (t10) Basal 1.21+0.33 1.00 + 0.27
10-20 (t20) Stimulation 1.07 £ 0.13 0.88+£0.11
20-30 (t30) Stimulation 1.09+0.18 0.90 £ 0.15
30-40 (t40) Stimulation 1.05+0.20 0.86 + 0.17
40-50 (t50) Stimulation 0.99+0.14 0.82+0.11
50-60 (t60) Stimulation 1.29+0.27 1.07 £ 0.22
60-70 (t70) Stimulation 1.21+£0.15 1.00+0.12
70-80 (t80) Basal 1.00 £ 0.16 0.82+0.14

Table 75.- Statistical analysis of the speed of an OT-containing compartment from the
immobile group. This OT-compartment did not modify its speed during the stimulation

protocol (Fig. 44C, v1).

OT-containing Statistical test p-value p-value summary
compartment

t10 vs. t20 Friedman >0.9999 ns

t10 vs. t30 Friedman >0.9999 ns

t10 vs. t40 Friedman >0.9999 ns

t10 vs. t50 Friedman >0.9999 ns

t10 vs.t60 Friedman >0.9999 ns

t10 vs. t70 Friedman >0.9999 ns

t10 vs. t80 Friedman >0.9999 ns

Table 76.- Descriptive statistics of the speed of an OT-containing compartment from the
immobile group. This OT-compartment did not modify its speed during the stimulation

protocol (Fig. 44C, v2).

, Experimental Speed
Time (s) - (Mean £ SEM), Speed (norm)
condition

um/s
0-10 (t10) Basal 1.59+0.30 1.00+0.19
10-20 (t20) Stimulation 2.17 £ 0.38 1.36+0.24
20-30 (t30) Stimulation 1.25+0.19 0.78+0.12
30-40 (t40) Stimulation 1.74 + 0.25 1.10 + 0.16
40-50 (t50) Stimulation 1.79+0.40 1.12+0.25
50-60 (t60) Stimulation 1.48 + 0.27 0.93+0.17
60-70 (t70) Stimulation 1.09 +0.26 0.68 +0.16
70-80 (t80) Basal 1.94 + 0.57 1.22 +0.36
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Table 77.- Statistical analysis of the speed of an OT-containing compartment from the
immobile group. This OT-compartment did not modify its speed during the stimulation

protocol (Fig. 44C, v2).

OT-containing Statistical test p-value p-value summary
compartment

t10 vs. t20 Friedman 0.5799 ns

t10 vs. t30 Friedman >0.9999 ns

t10 vs. t40 Friedman >0.9999 ns

t10 vs. t50 Friedman >0.9999 ns

t10 vs. t60 Friedman >0.9999 ns

t10 vs. t70 Friedman >0.9999 ns

t10 vs. t80 Friedman >0.9999 ns

Table 78.- Descriptive statistics of the speed of an OT-containing compartment from the
immobile group. This OT-compartment did not modify its speed during the stimulation

protocol (Fig. 44C, v3).

. Experimental Speed
Time (s) condition (Mean = SEM), Speed (norm)
um/s
0-10 (t10) Basal 3.23 £ 0.57 1.00+0.18
10-20 (t20) Stimulation 2.52 £ 0.49 0.78 £ 0.15
20-30 (t30) Stimulation 3.98+1.01 1.23+0.31
30-40 (t40) Stimulation 1.88 + 0.38 0.58 £ 0.12
40-50 (t50) Stimulation 3.00 £ 0.60 0.93+0.19
50-60 (t60) Stimulation 2.72+0.51 0.84 +£0.16
60-70 (t70) Stimulation 1.94 + 0.48 0.60 £ 0.15
70-80 (t80) Basal 3.21 £ 0.46 0.99+0.14

Table 79.- Statistical analysis of the speed of an OT-containing compartment from the
immobile group. This OT-compartment did not modify its speed during the stimulation

protocol (Fig. 44C, v3).

(zgnﬁgg:?rwé:? Statistical test p-value p-value summary
t10 vs. t20 Friedman >0.9999 ns
t10 vs. t30 Friedman >0.9999 ns
t10 vs. t40 Friedman 0.0568 ns
t10 vs. t50 Friedman >0.9999 ns
t10 vs. t60 Friedman >0.9999 ns
t10 vs. t70 Friedman 0.0960 ns
t10 vs. t80 Friedman >0.9999 ns
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Table 80.- Descriptive statistics of the speed of an OT-containing compartment from the
immobile group. This OT-compartment did not modify its speed during the stimulation

protocol (Fig. 44C, v4).

, Experimental Speed
Time (s) condition (Mean £ SEM), Speed (norm)
um/s
0-10 (t10) Basal 2.31 £ 0.37 1.00+0.16
10-20 (t20) Stimulation 3.61 £ 0.83 1.57+0.36
20-30 (t30) Stimulation 4.00 £ 0.58 1.74 +0.25
30-40 (t40) Stimulation 3.35+0.56 1.45+0.24
40-50 (t50) Stimulation 3.13+0.54 1.36 £ 0.23
50-60 (t60) Stimulation 3.79+£0.71 1.64 +0.31
60-70 (t70) Stimulation 3.72+£0.72 1.62+0.31
70-80 (t80) Basal 4.23+0.70 1.83+0.30

Table 81.- Statistical analysis of the speed of an OT-containing compartment from the
immobile group. This OT-compartment did not modify its speed during the stimulation

protocol (Fig. 44C, v4).

OT-containing Statistical test p-value p-value summary
compartment

t10 vs. t20 Friedman >0.9999 ns

t10 vs. t30 Friedman >0.9999 ns

t10 vs. t40 Friedman >0.9999 ns

t10 vs. t50 Friedman >0.9999 ns

t10 vs. t60 Friedman >0.9999 ns

t10 vs. t70 Friedman >0.9999 ns

t10 vs. t80 Friedman 0.8448 ns

Table 82.- Number of OT-containing vesicles examined in the speed analysis.

Population OT-containing OT-containing
compartments (Mean) compartments (%)

Total 119 100
Mobile  (increase  and 35 29.41
decrease)

Increase speed (mobile) 24 20.17
Decrease speed (mobile) 11 9.24
Immobile 84 70.59

Table 83.- Number of OT-containing vesicles analyzed for MSD.

Population OT-containing OT-containing
compartments compartments (%)
Total 124 100
Diffusive 11 8.87
Non-diffusive 113 91.13
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4.-Subcellular localization of OT-containing compartments.

Table 84.- Descriptive statistics of OT-containing compartments analyzed

experiments. n= 18 cells.

in Golgi

- OT-containing OT-containing
OT-containing compartments/cell compartments
compartments (n) (Mean + SEM) (% + SEM)
Cell 446 21.39+ 2.55 100
Cytoplasm 301 16.72 + 2.35 67.49
Golgi 84 4.68 £ 0.45 18.83
Membrane 61 3.39 + 0.47 13.68

Table 85.- Statistical

experiments.

analysis of OT-containing compartments analyzed

in  Golgi

Comparison Statistical test p-value p-value summary

Cell vs. Cytoplasm Kruskal-Wallis >0.9999 ns

Cell vs. Golgi Kruskal-Wallis <0.0001 rkkk

Cell vs. Membrane Kruskal-Wallis <0.0001 il
Cytoplasm VS. Kruskal-Wallis 0.0004 rkk

Golgi

Cytoplasm VS. Kruskal-Wallis <0.0001 rkkk
Membrane

Golgi VS. Kruskal-Wallis >0.9999 ns
Membrane

Table 86.- Descriptive statistics of Golgi and OT-containing compartments’ area.

Area (Mean + SEM), ym®

Golgi

6.23 £ 0.69

OT-containing compartment

0.07 £ 0.01

Table 87.- Statistical analysis of Golgi and OT-containing compartments’ area.

Comparison Statistical test p-value p-value summary
OT-compartments Mann-Whitney <0.0001
vs. Golgi
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Table 88.- Descriptive statistics of colocalization analysis between Golgi and OT-containing

compartments.
- OT-containing Coefficient value Coefficient
Condition compartments (n) (Mean = SEM) value
P - (% + SEM)
Manders’_Experimental 85 0.55 + 0.01 55+ 1
data set
(';"a“ders —Random 61 0.38 + 0.03 38+3
ata set
Pearson_Experimental 84 0.55 + 0.01 55+ 1
data set
EstarSO”—Ra”dom data 61 0.42 + 0.01 42+1

Table 89.- Frequency distribution of Manders’ coefficient.

OT-containing OT-containing | OT-containing | OT-containing
, compartments
Manders . compartments | compartments | compartments
_ _Experimental :
coefficient (%) _Experimental | _Random data | _Random data
data set (raw
data set (%) set (raw data) set (%)
data)
0 0 0 2 3.28
10 0 0 5 8.20
20 1 1.18 7 11.47
30 4 4.70 23 37.70
40 14 16.47 9 14.75
50 26 30.59 6 0.84
60 20 23.53 2 3.28
70 14 16.47 1 1.64
80 4 4.70 0 0
90 2 2.35 2 3.28
100 0 0 4 6.56
OT-containing 85 100 61 100
compartments
Table 90.- Frequency distribution of Pearson’s coefficient.
com acr)';rn-wents or- oT- or-
Pearson’s Ex perimental_ compartments_ | compartments_ | compartments_
coefficient (%) gata set Experimental Random data Random data
data set (%) set (raw data) set (%)
(raw data)
15 0 0 0 0
20 1 1.19 4 6.56
25 1 1.19 2 3.28
30 0 0 6 9.84
35 7 8.33 7 11.47
40 5 5.95 15 24.59
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45 7 8.33 9 14.75
50 16 19.05 10 16.39
55 13 15.48 2 3.28
60 11 13.09 3 4.92
65 9 10.71 2 3.28
70 8 9.52 0 0
75 3 3.57 1 1.64
80 0 0 0 0
85 3 3.57 0 0
90 0 0 0 0
OT-containing 84 100 61 100
compartments

Table 91.- Statistical analysis of colocalization analysis.

Comparison

Statistical test

p-value

p-value summary

Manders__
Experimental data
set VS.
Manders_Random
data set

Mann-Whitney

<0.0001

*kkk

Pearson__
Experimental data
set VS.
Pearson_Random
data set

Mann-Whitney

<0.0001

*kkk

5.-Modeling of OT-compartments’ dynamics.

Table 92.- Descriptive statistics of OT-containing compartments’ simulation starting near the
nucleus (slices from 12 to 17).

Simulated

diffusive_tf Stimulation

Condition OT-compartments (n) Position (Mean = SEM)
Diffusive ti Basal 11 12.97 £ 0.31
Diffusive_tf Basal 11 11.76 + 0.61
Diffusive _ti_Stimulation 11 13.36 + 0.40
Diffusive tf Stimulation 11 11.70 £ 0.63
Non-diffusive_ti_Basal 93 13.39+0.11
Non-diffusive_tf Basal 93 12.58 + 0.19
Non-
diffusive_ti_Stimulation 93 13.34x0.12
Non- 03 11.98 +0.17
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Table 93.- Statistical analysis of OT-containing compartments’ simulation starting near the

nucleus.

Comparison Statistical test p-value p-value summary
Dif, 1 _Basal vs. Mann-Whitney 0.3015 ns
tf Basal
Dif, ti_Stimulation .
vs. tf_Stimulation Mann-Whitney 0.0827 ns
Dif, ti_Basal vs. .
tf Stimulation Mann-Whitney 0.2577 ns
Non-dif, ~ t_Basal Mann-Whitney 0.0435 *
vs. tf_Basal
Non-dif,
ti_Stimulation  vs. Mann-Whitney <0.0001 rkkk
tf_Stimulation
Non-dif, ti_Basal| 00 Whitney <0.0001

vs. tf_Stimulation

Table 94.- Descriptive statistics of OT-containing compartments’ simulation starting from the
cytoplasm (slices from 6 to 11).

Simulated OT-

diffusive_tf Stimulation

Condition Position (Mean + SEM)
compartments (n)

Diffusive ti Basal 11 7.58 £ 0.37
Diffusive tf Basal 11 8.06 £+ 0.60
Diffusive_ti_Stimulation 11 7.58 + 0.43
Diffusive_tf Stimulation 11 7.94 + 0.64
Non-diffusive ti Basal 93 7.74 +0.11
Non-diffusive_tf Basal 93 7.13+£0.22
Non-

diffusive_ti_Stimulation 93 754£0.12
Non- 03 6.80 + 0.20

Table 95.- Statistical analysis of OT-containing compartments’ simulation starting from the

cytoplasm.

Comparison Statistical test p-value p-value summary
Dif, ti_Basal vs. Mann-Whitney 0.5833 ns
tf Basal
Dif, ti_Stimulation .
vs. tf_ Stimulation Mann-Whitney 0.9821 ns
Dif, ti_Basal vs. .
tf Stimulation Mann-Whitney 0.9310 ns
Non-dif,  ti_Basal| 00 whitney 0.0270 *
vs. tf Basal
Non-dif,
ti_Stimulation  vs. Mann-Whitney 0.0022 *x
tf_Stimulation
Non-dif, —ti_Basal | . 00 whitney 0.0001 sk

vs. tf_Stimulation
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Table 96.- Descriptive statistics of OT-containing compartments’ simulation at the membrane

(slices from 1 to 5).

Condition Simulated OT- Position (Mean + SEM)
compartments (n)

Diffusive ti Basal 11 2.91+0.27
Diffusive_tf Basal 11 4.03 + 0.57
Diffusive_ti_Stimulation 11 3.24+0.21
Diffusive tf Stimulation 11 4.33+0.38
Non-diffusive ti Basal 93 2.76 £ 0.08
Non-diffusive tf Basal 93 3.88+0.14
Non-

diffusive ti_Stimulation 93 2.91+0.09
Non-

diffusive tf Stimulation 93 339+0.12

Table 97.- Statistical analysis of OT-containing compartments’ simulation at the membrane.

Comparison Statistical test p-value p-value summary
Dif, t_Basal vs. Mann-Whitney 0.3087 ns
tf Basal
Dif, ti_Stimulation .
vs. tf_Stimulation Mann-Whitney 0.0591 ns
Dif, ti_Basal vs. , o
tf Stimulation Mann-Whitney 0.0079
Non-dif,  ti_Basal , _—
vs. tf_Basal Mann-Whitney <0.0001
Non-dif,
ti_Stimulation  vs. Mann-Whitney 0.0404 *
tf_Stimulation
Non-dif,  ti_Basal Wi o
vs. tf_Stimulation Mann-Whitney 0.0037

6.-SNARE proteins expression in hypothalamic oxytocinergic neurons.

Table 98.- Descriptive statistics of SNAP-47 expression in primary cultured hypothalamic

neurons. n= 4 cells.

+ + oT" oT"
+ oT oT + N )
oT + .| OT (%) | SNAP-47" | SNAP-47
SNAP-47" | SNAP-47 (%) (%)
8 5 3 100 62.5 37.5
5 4 1 100 80 20
Total 5 3 2 100 60 40
6 5 1 100 83.33 16.67
24 17 7 100 70.83 29.17
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7.-OT and SNAP-47 interaction in the plasma membrane of hypothalamic

oxytocinergic neurons.

Table 99.- Descriptive statistics of SNAP-47-membrane patches.

- SNAP-47-membrane
Condition Cells (n) patches (Mean + SEM)
Basal 1 min 98 3.56 £ 0.41
Stimulation_1 min 103 3.44 £ 0.33
Basal 10 min 10 2.50 £ 0.54
Stimulation 10 min 9 1.56 £+ 0.24
Basal+EGTA 1 min 79 4,96 + 0.56
Stimulation+EGTA_1 min 76 3.51+0.40

Table 100.- Statistical analysis of SNAP-47-membrane patches.

Comparison

Statistical test

p-value

p-value summary

Basal_ 1 min vs.
Stimulation_1 min

Mann-Whitney

0.6445

ns

Basal 10 min vs.
Stimulation_10 min

Mann-Whitney

0.2488

ns

Basal 1 min vs.
Basal 10 min

Mann-Whitney

0.9670

ns

Stimulation_1 min
vs. Stimulation_10
min

Mann-Whitney

0.1939

ns

Basal+EGTA 1 min
VS.
Stimulation+EGTA _
1 min

Mann-Whitney

0.1534

ns

Basal 1 min vs.
Basal+EGTA 1 min

Mann-Whitney

0.0457

Stimulation_1 min
VS.
Stimulation+EGTA _
1 min

Mann-Whitney

0.8052

ns

Table 101.- Descriptive statistics of SNAP-47-membrane patches’ area.

SNAP-47-membrane

Condition patches (n) Area (Mean + SEM), pm?
Basal 1 min 330 0.59 + 0.05
Stimulation_1 min 318 0.66 £ 0.06
Basal_10 min 25 243+0.91
Stimulation_10 min 3 2.43 +0.53
Basal+EGTA 1 min 374 0.75+0.06
Stimulation+EGTA_1 min 260 0.76 £ 0.08
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Table 102.- Statistical analysis of SNAP-47-membrane patches’ area.

Comparison Statistical test p-value p-value summary

Basal_ 1 min vs.
Stimulation_1 min
Basal 10 min vs.
Stimulation_10 min
Basal_ 1 min vs.
Basal 10 min
Stimulation_1 min
vs. Stimulation_10 Mann-Whitney 0.0014 *x
min
Basal+EGTA 1 min
VS.
Stimulation+EGTA_
1 min

Basal 1 min vs.
Basal+tEGTA 1 min
Stimulation_1 min
VS.
Stimulation+EGTA _
1 min

Mann-Whitney 0.8451 ns

Mann-Whitney 0.1651 ns

Mann-Whitney 0.3038 ns

Mann-Whitney 0.1289 ns

Mann-Whitney 0.0074 *x

Mann-Whitney 0.3154 ns

Table 103.- Descriptive statistics of OT- and SNAP-47-membrane patches’ distance from
experimental and randomly-generated data set.

OT- and SNAP-47-
Measurements between membrane patches’
Condition OT- and SNAP-47- . b
distance (Mean = SEM),
membrane patches um
Experimental Basal 1 min 152 0.10 + 0.00
Expgrlmental_StlmuIatlon_ 141 0.10 + 0.00
1 min
Random_Basal 1 min 151 443 +£0.19
rF;fi:lr?dom_snmuIatlon_l 139 461 +025

Table 104.- Statistical analysis of OT- and SNAP-47-membrane patches’ distance.

Comparison Statistical test p-value p-value summary
Experimental_
Basal 1 min vs.
Experimental _
Stimulation_1 min
Random_Basal_1
min vs. Random_ Mann-Whitney 0.8565 ns
Stimulation_1 min
Experimental_
Basal_ 1 min vs.
Random_Basal 1
min

Mann-Whitney 0.2735 ns

Mann-Whitney <0.0001 ekok
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Experimental _

Stimulation_1 min

vs. Random_
Stimulation_1 min

Mann-Whitney

<0.0001

*kkk

Table 105.- Frequency distribution of OT- and SNAP-47-membrane patches’ distance in
experimental data set.

Distance (um) (ra?/vazi;lta) Basal (%) S(trlarlcvu(lji[;g; St'm(g /L‘;‘t'on
0.0 4 2.63 8 5.67
0.05 54 35.53 56 39.72
0.10 69 45.39 47 33.33
0.15 16 10.53 22 15.60
0.20 3 1.97 3 2.13
0.25 3 1.97 1 0.71
0.30 0 0 1 0.71
0.35 1 0.66 0 0
0.40 0 0 1 0.71
0.45 1 0.66 0 0
0.50 0 0 1 0.71
0.55 0 0 0 0
0.60 1 0.66 1 0.71

Total 152 100 141 100
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Table 106.- Frequency distribution of OT- and SNAP-47-membrane patches’ distance in
randomly-generated data set.

Distance (um) (ra%vazglta) Basal (%) (?:;L[/ngi;:;) Stimulus (%)
0 6 3.97 4 2.88
1 14 9.27 19 13.67
2 17 11.26 13 9.35
3 18 11.92 22 15.83
4 24 15.89 15 10.79
5 25 16.56 15 10.79
6 12 7.95 16 11.51
7 20 13.24 12 8.63
8 8 5.30 16 11.51
9 5 3.31 3 2.16

10 1 0.66 1 0.72
11 1 0.66 1 0.72
12 0 0 0 0
13 0 0 1 0.72
14 0 0 0 0
15 0 0 0 0
16 0 0 0 0
17 0 0 0 0
18 0 0 0 0
19 0 0 0 0
20 0 0 0 0
21 0 0 1 0

Total 151 100 139 100

Table 107.- Descriptive statistics of distance between randomly-generated OT- and SNAP-
47-membrane patches.

Random patches (n) Random patches (%)

Random

patches_distance_0-1 pm 27 9.31
Random
patches_distance_>1 pym 263 90.69

Table 108.- Descriptive statistics of interaction between experimental OT- and SNAP-47-

membrane patches.

OT-membrane OT-membrane
- OT-membrane patch'e's OT-membrane patch'e's
Condition atches () colocalizing atches (%) colocalizing
p with P ) with
SNAP-47 (n) SNAP-47 (%)
Basal 1 min 133 119 100 89.47
iti'g‘“'at'on—l 142 122 100 85.91
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Table 109.- Statistical analysis of interaction between experimental OT- and SNAP-47-
membrane patches.

Comparison Statistical test p-value p-value summary
OT" Basal_1 min
vs. OT"

SNAP-47" Basal_1
min

OT"_Stim_1  min
vs. OT"
SNAP-47*_Stim_1
min

oT"

SNAP-47" Basal_1
min vs. OT" Mann-Whitney >0,9999 ns
SNAP-47"_Stim_1
min

Mann-Whitney 0.3435 ns

Mann-Whitney 0.3323 ns

Table 110.- Descriptive statistics of Manders’ and Pearson’s coefficients from experimental
data set. n= 132 cells.

OT-membrane Colocalization Colocalization
Condition patches colocalizing coefficient coefficient
with SNAP-47 (n) (Mean + SEM) (% + SEM)
Manders Basal 127 0.76 £ 0.01 7611
Manders_Stimulation 119 0.80+£0.01 80+1
Pearson Basal 126 0.26 + 0.01 26+1
Pearson Stimulation 119 0.28 + 0.01 28+1

Table 111.- Statistical analysis of Mander’s and Pearson’s coefficients for OT- and SNAP-
47-membrane patches in experimental data set.

Comparison Statistical p- p-value
P test value summary
Manders_Basal 1 min VS. Mann-
Manders_Stimulation_1 min Whitney 0.0914 ns
Pearson Basal 1 min VS. Mann-
Pearson_Stimulation 1 min Whitney 0.4134 ns

Table 112.- Frequency distribution of Manders’ coefficient for OT- and SNAP-47-membrane
patches in experimental data set.

Manders’ Basal Basal (%) Stimulation Stimulation
coefficient (raw data) (raw data) (%)
0.25 0 0 0 0
0.3 3 2.36 0 0
0.35 0 0 1 0.84
0.4 1 0.79 1 0.84
0.45 1 0.79 0 0
0.5 4 3.15 6 5.04
0.55 8 6.30 2 1.68
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0.6 9 7.09 5 4.20

0.65 7 5.51 8 6.72

0.7 10 7.87 5 4.20

0.75 18 14.17 14 11.76

0.8 12 9.45 18 15.13

0.85 14 11.02 11 9.24

0.9 20 15.75 26 21.85

0.95 13 10.24 17 14.28

1 7 5.51 5 4.20

Total 127 100 119 100

Table 113.- Frequency distribution of Pearson’s coefficient for OT- and SNAP-47-membrane

patches in experimental data set.

Pearsons’ Basal Basal (%) Stimulation Stimulation
coefficient (raw data) (raw data) (%)
0 3 2.38 4 3.36
0.05 13 10.32 8 6.72
0.1 18 14.28 11 9.24
0.15 13 10.32 14 11.76
0.2 12 9.52 16 13.44
0.25 11 8.73 11 9.24
0.3 18 14.28 12 10.08
0.35 9 7.14 9 7.56
0.4 11 8.73 9 7.56
0.45 1 0.79 9 7.56
0.5 7 5.55 7 5.88
0.55 8 6.35 4 3.36
0.6 1 0.79 1 0.84
0.65 1 0.79 2 1.68
0.7 0 0 2 1.68
0.75 0 0 0 0
Total 126 100 119 100

8.-SNAP-47-KD impairs OT recruitment to the plasma membrane under basal

and stimulated conditions.

Table 114.- Descriptive statistics of OT-membrane patches in uninfected and SNAP-47-KD-

expressing neurons.

. OT-membrane patches
Condition Cells (n) (Mean + SEM)
Uninfected Basal 1 min 147 1.72+0.12
%ri]rlinfected_snmulatlon_l 145 234 +0.20
Infected_Basal_1 min 48 0.94 +0.24
Infected_Stimulation_1 min 52 0.46 £ 0.12

222



Table 115.- Statistical analysis of OT-membrane patches in uninfected and SNAP-47-KD-
expressing neurons.

, Statistical p-value
Comparison p-value
test summary

Uninfected_Basal_1 min vs. Mann- .
Infected_Basal 1 min Whitney <0.0001
Uninfected_Stimulation_1 min vs. Mann- <0.0001 Tk
Infected Stimulation_1 min Whitney )
Uninfected_Basal_1 min vs. Mann- 0.0369 .
Uninfected_Stimulation_1 min Whitney '
Infected_Basal_1 min vs. Mann-
Infected Stimulation_1 min Whitney 0.1290 ns

Table 116.- Descriptive statistics of OT-membrane patches’ area in uninfected and SNAP-
47-KD-expressing neurons.

OT-membrane patches

Condition Cells (n) (Mean + SEM)
Uninfected_Basal_1 min 95 0.56 £ 0.08
z?rinfected_Stimulation_l 81 052 +0.06
Infected_Basal 1 min 32 0.32+£0.05
Infected_Stimulation_1 min 20 0.40 + 012

Table 117.- Statistical analysis of OT-membrane patches’ area in uninfected and SNAP-47-
KD-expressing neurons.

Comparison Statistical test p-value p-value summary
Uninfected_Basal_
1 min vs.
Infected_Basal 1
min
Uninfected
Stimulation_1 min
VS. Mann-Whitney 0.2530 ns
Infected_Stimulatio
n_ 1 min
Uninfected Basal
1 min vs.
Uninfected_
Stimulation_1 min
Infected_Basal 1
min vs. Infected_ Mann-Whitney 0.9813 ns
Stimulation_1 min

Mann-Whitney 0.4250 ns

Mann-Whitney 0.3595 ns
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9.-SNAP-47-KD in vivo

Table 118.- Descriptive statistics of oxytocinergic neurons infected with AAV-SNAP-47-KD-
GFP virus.

Infected OT Infected OT
Sli Infected OT
ices (n) neurons (n) neurons neurons
(Mean = SEM) (% £ SEM)
oT" 22 503 22.86 + 7.58 100
OT' SNAP47* 22 10 0.45 + 0.30 1.99
OT" SNAPAT 22 493 22.41+7.44 98.01

Table 119.- Statistical analysis of oxytocinergic neurons infected with AAV-SNAP-47-KD-
GFP virus.

Cgmgc?triesd(;n Statistical test p-value p-value summary
8; SNAPAT Kruskal-Wallis <0.0001 woex
gﬁ SNAPAT Kruskal-Wallis >0.9999 ns
8; SS,L\"AAIE f77.+ VSl Kruskal-Wallis <0.0001 wrkx

Table 120.- Descriptive statistics of SNAP-47 mean fluorescence intensity in the PVN.

Mean Mean
. fluorescence fluorescence
Slices (n) . . . .
intensity intensity
(Mean + SEM) (% + SEM)
Injected
SNAP-47-KD virus 22 0.81+0.31 10
Non-injected 36 8.11+0.79 100

Table 121.- Statistical analysis of SNAP-47 mean fluorescence intensity in the PVN.

Comparison Statistical test p-value p-value summary
SNAP-47 fluo
intensity_Injected Mann-Whitney <0.0001 rkkk
vs. Non-injected
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Table 122.- Descriptive statistics of sociability test in control and SNAP-47-KD mice.

Exploration Exploration
Condition Tested mice time_Empty time_M1 Sociability
(n) (Mean £SEM), | (Mean + SEM), index
S S
Control 31.30 £ 6.94 72.10 + 9.48 2.65+0.44
SNAP-47-KD 40.41 £ 4.20 59.70 £ 5.61 1.57+0.20

Table 123.- Statistical analysis of sociability in control and SNAP-47-KD-mice

Comparison Statistical test p-value p-value summary
Control: E vs. M1 Mann-Whitney 0.0159 *
I\SATAP'M'KD: EVS- | Mann-Whitney 0.0143 *

Control vs. : .
SNAP-47-KD Mann-Whitney 0.0451

Table 124.- Descriptive statistics of social novelty test in control and SNAP-47-KD mice.

Exploration Exploration
Condition Tested mice time M1 time_M2 Social novelty
(n) (Mean £SEM), | (Mean = SEM), index
S S
Control 5 40.32 + 4.40 76.18 + 2.57 1.97 £0.19
SNAP-47-KD 8 40.08 + 3.3 88.23 + 16.74 2.43 £ 0.57

Table 125.- Statistical analysis of social novelty in control and SNAP-47-KD-mice

Comparison Statistical test p-value p-value summary
Control: E vs. M1 Mann-Whitney 0.0079 o
I\S/ITAP-AW-KD: E vs. Mann-Whitney 0.0070 ™
Control vs. )

SNAP-47-KD Mann-Whitney 0.9433 ns
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