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Vesicular (v)- and target (t)-SNARE proteins assemble in SNARE complex to mediate membrane fusion. Tetanus neurotoxin-insensitive
vesicular-associated membrane protein (TI-VAMP/VAMP7), a vesicular SNARE expressed in several cell types including neurons, was
previously shown to play a major role in exocytosis involved in neurite growth in cultured neurons. Here we generated a complete
constitutive knock-out by deleting the exon 3 of Vamp7. Loss of TI-VAMP expression did not lead to any striking developmental or
neurological defect. Knock-out mice displayed decreased brain weight and increased third ventricle volume. Axon growth appeared
normal in cultured knock-out neurons. Behavioral characterization unraveled that TI-VAMP knock-out was associated with increased
anxiety. Our results thus suggest compensatory mechanisms allowing the TI-VAMP knock-out mice to fulfill major developmental
processes. The phenotypic traits unraveled here further indicate an unexpected role of TI-VAMP-mediated vesicular traffic in anxiety and
suggest a role for TI-VAMP in higher brain functions.

Introduction
Sybl1/Vamp7, the gene encoding tetanus neurotoxin-insensitive
vesicular-associated membrane protein (TI-VAMP/VAMP7),
was originally identified as the first pseudoautosomal gene to be
X and Y inactivated (D’Esposito et al., 1996). TI-VAMP is a vesicular soluble N-ethylmaleimide-sensitive fusion protein attachment protein receptor (SNARE) (Galli et al., 1998). The pairing
of vesicular (v)- and target (t)-SNAREs located on two opposing
membranes leads to subsequent membrane fusion (Weber et al.,
1998). TI-VAMP is resistant to clostridial neurotoxins unlike
Received Aug. 30, 2011; revised Nov. 28, 2011; accepted Dec. 15, 2011.
Author contributions: L.D., D.V., and T.G. designed research; L.D., K.Z., M.P., M.G., H.M., R.C., M.-F.C., M.-C.B.,
G.P., J.-C.B., and F.T. performed research; L.D., K.Z., M.P., M.G., H.M., R.C., M.-F.C., M.-C.B., G.P., J.-C.B., F.T., F.D.R.,
V.P.-G., T.S., D.V., M.D., and T.G. analyzed data; L.D., K.Z., M.P., M.G., V.P.-G., T.S., D.V., M.D., and T.G. wrote the
paper.
Work in our group was funded in part by grants from Inserm, the Association Française contre les Myopathies, the
Association pour la Recherche sur le Cancer, the Mairie de Paris Medical Research and Health Program, the Fondation
pour la Recherche Médicale (FRM), and the Ecole des Neurosciences de Paris (ENP) (to T.G.). K.Z. was supported by a
Bourse de doctorat pour ingénieurs fellowship from the CNRS and a doctoral fellowship from the FRM. M.P. was
supported by the ENP Ph.D. program. The Institut Clinique de la Souris - ICS (Mouse Clinical Institute) was funded by
Inserm. We thank Nicolas Cogrel for his excellent technical assistance in the elevated-plus-maze and cookie tests. We
are grateful to F. Causeret, Y. Arai, and A. Pierani (Institut Jacques Monod, Paris) for helpful discussion. We are
respectively grateful to A. Peden (MRC, Cambridge, UK) and B. Gasnier (Université Paris Descartes) for the kind gift of
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VAMPs 1/2/3, defining clostridial neurotoxin-resistant pathways. TI-VAMP contains an N-terminal extension of ⬃100 aa
called Longin domain which has two functions: it binds to the ␦
subunit of the molecular coat AP-3 to target TI-VAMP to synaptic vesicles (Scheuber et al., 2006), and it inhibits the formation of
SNARE complexes (Martinez-Arca et al., 2003). TI-VAMP interacts with plasma membrane and endosomal t-SNAREs, and is
necessary for lysosomal and granule secretion in several cell types
(for review, see Chaineau et al., 2009). In neurons, TI-VAMP was
shown to play important role for axonogenesis (Gupton and
Gertler, 2010), neurite growth in PC12 cells (Martinez-Arca et al.,
2000; Racchetti et al., 2010), and axonal and dendritic growth
in cultured neurons (Martinez-Arca et al., 2001; Alberts et al.,
2003). Here, we set out to analyze the function of TI-VAMP in
mouse behavior following the generation of a knock-out mutant.

Materials and Methods
Mouse line creation and reverse transcription-PCR. The VAMP7 knockout mouse line was established at the Institut Clinique de la Souris (ICS;
Illkirch, France; http://www.ics-mci.fr/). The targeting vector was constructed by successive cloning of PCR products and contained 4.2 kb 5⬘,
0.6kb floxed and 3.6 kb 3⬘ homology arms and a Neomycin selection
cassette. Two loxP sequences, delimiting the floxed arm, were located
directly in intronic sequences bordering exon 3.
The linearized construct was electroporated in 129S2/SvPas mouse embryonic stem (ES) cells. After selection by PCR and Southern blot (data not
shown), a positive ES clone was injected into C57BL/6J blastocysts, and male
chimaeras derived gave germline transmission. The resulting line was
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checked by PCR and bred with a CMV-Cre deleter mouse to result in deletion of exon 3. Progeny mice were backcrossed on C57BL/6 background.
The mice were subsequently genotyped using the forward primer (5⬘CGGTAACTGATGGTTTTACAATCTG-3⬘) and the reverse primer (5⬘GTTGATAAAGGTACAGAGAG-3⬘), WT amplified sequence being 730 bp
while the knock-out amplification was 250 bp. For reverse transcription
(RT)-PCR, forward primer was 5⬘-CCCGCCAGACGGTACTCGGT-3⬘ and
reverse primer was 5⬘-AGTTTGGTGGTTTCCACCTTGGCA-3⬘.
Neuronal cell cultures. Hippocampal cultures from 18-d-old embryo
were prepared, fixed, and stained as described previously (Danglot et al.,
2003). Cells were dissociated and plated on poly-L-lysine (1 mg/ml,
Sigma)-coated glass coverslips.
Immunocytochemistry and Western blot. Immunocytochemistry was performed as previously described (Scheuber et al., 2006). Images of tissue section were acquired on a Leica SP5 confocal microscope by sequential
scanning of the emission lines and manually adjusted to obtain the entire
brain surface. Fluorescence images were acquired on a Leica DMRE microscope using FITC-, Cy3-, and DAPI-specific sets of filters and a highresolution camera (Coolsnap HQ) driven by MetaMorph. Axons and
dendrites’ lengths were measured using MetaMorph. Statistical significance
was evaluated using GraphPad Prism. The level of significance (Mann–
Whitney) is indicated by one (p ⬍ 0.05), two (p ⬍ 0.01), or three (p ⬍
0.001) symbols. Tissues were quickly dissected and homogenized in TSE
(Tris/sodium/EDTA) buffer and processed for Western blotting as described
previously (Danglot et al., 2010). Antibodies against TI-VAMP, Syb2,
VAMP4, SNAP-25, SNAP-23, Syntaxin 1, Synaptophysin, Varp, L1-CAM,
AP-3, VIAAT were previously described (Alberts et al., 2003; Martinez-Arca
et al., 2003; Burgo et al., 2009; Danglot et al., 2010). All other antibodies
against tubulin (Hybridoma Bank), GFP and Tau (Roche Diagnostics), HRB
(Santa Cruz Biotechnology), MAP2 (Abcam), GAP-43 (Millipore), Syntaxin
3 (Sigma), Golgin (BD Biosciences) were commercially available.
Animal production and phenotyping. The WT and KO littermate male
cohort was established at the Mouse Clinical Institute animal facility.
They were 10 weeks old at the beginning of testing and had a mixed
genetic background 129/Sv-C57BL/6. They were housed in M.I.C.E.
cages and maintained in a room with controlled temperature (21⫺22°C)
under a 12 h light/dark cycle (light on at 7:00 A.M.), with food and water
available ad libitum, with a standard chow diet (Safe D04) during the
whole protocol. All experiments were performed in accordance with the
European Communities Council Directive of 24 November 1986. Modified SHIRPA, rotarod test, grip test, tail flick, hot plate, open field test,
tail suspension, auditory startle reflex reactivity and prepulse inhibition,
Y-maze spontaneous alternation task (Meziane et al., 2007; Mandillo et
al., 2008), string test (Andrieu et al., 2006), shock threshold test, and
Pavlovian fear conditioning (Lamprianou et al., 2006) were previously
described. Noninvasive blood pressure was performed in conscious animals by tail cuff sphygmomanometry as described previously (Koutnikova et al., 2009). Blood was collected after 4 h fasting by retro-orbital
puncture upon isoflurane anesthesia, and blood parameters analyzed as
described previously (Champy et al., 2004). Data were analyzed using
unpaired Student’s t test, one factor or repeated measures ANOVA with
one between factor (genotype) and one within factor (time). Qualitative
parameters (e.g., some clinical observations) were analyzed using  2 test.
The level of significance was set at p ⬍ 0.05. In vivo magnetic resonance
imaging was performed according to the method of Gakuba et al. (2011).
Cookie test and elevated-plus-maze test. These tests were conducted at KeyObs on 17-week-old males produced at ICS, housed in groups of 2–5. Olfactory function was measured in the cookie test as described previously
(Dawson et al., 2005). Anxiety-related behavior was measured in the
elevated-plus-maze test as described previously (Belzung and Griebel, 2001).

Results
Vamp7 gene targeting strategy and expression analysis in
KO mice
We generated a Vamp7 knock-out mouse line (called TI-VAMP
KO or KO) by invalidating the X-linked Vamp7 gene in a CreloxP system to avoid Vamp7 nullisomy at the level of the male ES
cells. A Vamp7 floxed allele (Vamp7flox/flox) was created by insert-
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ing loxP sequences at the borders of exon 3 (Fig. 1 A) and a Vamp7
KO allele lacking exon 3 by crossing homozygous Vamp7flox/flox
mice with a CMV-Cre deleter line expressing the Cre recombinase early during embryonic development and active in most
cells and tissues (Fig. 1 A). The CMV-Cre::Vamp7flox/flox strain
was crossed with C57BL/6 WT animals to eliminate the CMV-Cre
transgene. The resulting mice, referred to as TI-VAMP KO, develop normally up to adulthood.
We first checked mRNA expression transcripts using primers
selected in the first and the last exon. We obtained one single band
corresponding to the full mRNA sequence in WT and the expected
recombined band in KO. In KO, however, we also noted minor
RT-PCR fragments which by sequencing were found to lack exon 3.
These fragments included a potential open reading frame with an
ATG in exon 5 (Vacca et al., 2011; 3⬘ fragment). We also found the
previously identified isoform c (TIVc; Martinez-Arca et al., 2003).
Thus, we further checked whether the mRNAs found in KO could
encode a C-terminal fragment of TI-VAMP. To this end, we produced artificial proteins (full-length TI-VAMP, 3⬘ fragment and
TIVc) in vitro in rabbit reticulocytes. Translated TI-VAMP, 3⬘ fragment and TIVc were immunoprecipitated with a pAb (TG18), then
recognized by anti-TI-VAMP mAb158.2 (Fig. 1B). Furthermore,
expression of GFP-tagged TIVc in Cos7 cells allowed us to confirm
that both our antibodies recognize TIVc (Fig. 1C). Using these tools,
we found that TI-VAMP KO mice consistently displayed no expression of full-length TI-VAMP, 3⬘ or TIVc encoded proteins (Fig. 1D).
To test whether even a low amount of 3⬘ or TIVc could be expressed,
immunoprecipitations by TG18 from both cortex and liver tissues
were performed. Full-length TI-VAMP was immunoprecipitated in
WT tissues, whereas neither 3⬘ nor TIVc were detected in WT or KO
cortex or liver (Fig. 1E). These data demonstrate that TI-VAMP KO
is a null allele and that the mRNA identified do not lead to expression
of truncated forms of the protein. We further found that other neuronal v- and t-SNAREs as well as TI-VAMP partners, Varp and HRB
(Chaineau et al., 2008; Burgo et al., 2009), were expressed at similar
levels in WT and KO (Fig. 1F).
Decreased body temperature and increased blood glycerol in
TI-VAMP KO mice
The TI-VAMP KO mice were viable and fertile. We had on average 8.25 ⫾ 0.66 pups per litter over 15 litters (124 animals) obtained by crossing heterozygous females with KO males, with a
50:50 male/female ratio (43.2 ⫾ 4.8% of females vs 56.8 ⫾ 4.8%
of males; one sample t test p ⫽ 0.1798). However, we detected a
significant decrease in proportion of heterozygous females (17 ⫹
3.7% compared with the expected 25%, one sample t test p ⫽
0.0469). We then systematically examined male mice of the same
age. KO males showed no difference in body weight or length,
had normal physical appearance including fur pigmentation, but
showed significantly lower body temperature compared with WT
( p ⬍ 0.05) (Table 1). Because of TI-VAMP’s function in cardiomyocytes (Schwenk et al., 2010), TI-VAMP knock-out was analyzed to detect cardiac and/or blood pressure disorder. TI-VAMP
KO male mice showed no defect in noninvasive blood pressure
measurements in conscious animals or echocardiography in
anesthetized mice. We also evaluated several parameters in
plasma samples (Table 1). None of these biological parameters
showed significant differences between KO and WT except glycerol levels which were slightly higher in KO, however still in physiological range.
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Figure 1. CMV-Cre::Vamp7flox/flox mice are full Vamp7 knock-out mice. A, Strategy for the CMV-Cre::Vamp7-flox/flox construct. B, TI-VAMP, 3⬘ fragment (TIV-Cter) and TI-VAMPc (TIVc) cDNAs
were used to produced proteins in rabbit reticulocytes (0 ⫽ no plasmid), which were immunoprecipitated with pAb TG18 and revealed with 158.2 mAb. C, GFP-TI-VAMPc expressed in Cos cells is
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Table 1. Lower body temperature and brain weight and increased glycerol in
TI-VAMP KO
WT
KO
Mean ⫾ SEM
General Health
Body weight (g)
Brain weight (g)
Body length (cm)
Body temperature (°C)
Blood chemistry
Sodium
Potassium
Chloride
Calcium
Phosphorus
Total proteins
Urea
Creatinine
Albumin
Total bilirubin
Lactate dehydrogenase
Aspartate aminotransferase
Alanine aminotransferase
Alkaline phosphatase
␣-Amylase
Glucose
Total cholesterol
HDL cholesterol
LDL cholesterol
Triglycerides
Free fatty acids
Glycerol
Insulin
Leptin
Adiponectin
Behavioral tests
Open field
Distance traveled (m)
Number of rears
% of time in the center
Number of entries
Rotarod- 4 to 40 rpm in 5 min (s)
Grip strength ratio (grip mean/weight)
String test (s)
Tail flick (s)
Hot plate
First reaction (s)
Jump (s)
Shock threshold (mA)
Flinch
Vocalization
Y-maze alternation
% Spontaneous alternation
% Alternance arm return
%Same arm return
Tail suspension test
Duration of immobility (s)
Latency to first immobility (s)

Mean ⫾ SEM

26.64 ⫾ 0.62
0.47 ⫾ 0.006
9.75 ⫾ 0.08
36.98 ⫾ 0.26

26.30 ⫾ 0.17
0.43 ⫾ 0.015*
9.55 ⫾ 0.11
36.09 ⫾ 0.25*

149.91 ⫾ 0.34
4.66 ⫾ 0.08
112.73 ⫾ 0.41
2.41 ⫾ 0.01
2.33 ⫾ 0.16
51.55 ⫾ 0.69
7.11 ⫾ 0.21
7.71 ⫾ 0.30
27.82 ⫾ 0.48
2.23 ⫾ 0.18
387.90 ⫾ 26.84
69.40 ⫾ 4.95
40.00 ⫾ 1.58
83.91 ⫾ 1.39
630.36 ⫾ 22.01
16.85 ⫾ 0.98
2.94 ⫾ 0.12
2.04 ⫾ 0.09
0.49 ⫾ 0.02
1.17 ⫾ 0.07
1.25 ⫾ 0.03
337.63 ⫾ 8.46
0.66 ⫾ 0.23
2.19 ⫾ 0.43
10.26 ⫾ 0.79

150.31 ⫾ 0.55
4.56 ⫾ 0.15
113.31 ⫾ 0.29
2.45 ⫾ 0.02
2.23 ⫾ 0.13
51.77 ⫾ 0.46
6.86 ⫾ 0.22
7.57 ⫾ 0.18
27.92 ⫾ 0.31
2.05 ⫾ 0.06
344.38 ⫾ 26.99
63.85 ⫾ 6.06
38.85 ⫾ 3.27
85.38 ⫾ 1.46
666.77 ⫾ 20.72
18.98 ⫾ 0.67
2.80 ⫾ 0.06
1.93 ⫾ 0.05
0.47 ⫾ 0.01
1.14 ⫾ 0.11
1.41 ⫾ 0.08
386.92 ⫾ 19.71*
0.46 ⫾ 0.11
1.80 ⫾ 0.35
12.60 ⫾ 1.09

106.89 ⫾ 3.99
261.55 ⫾ 25.17
12.55 ⫾ 1.35
109.45 ⫾ 8.91
132.45 ⫾ 10.75
7.82 ⫾ 0.32
2.32 ⫾ 0.27
4.24 ⫾ 0.14

116.11 ⫾ 4.10
293.08 ⫾ 39.43
14.66 ⫾ 1.85
119.23 ⫾ 8.66
113.62 ⫾ 10.54
8.39 ⫾ 0.20
3.16 ⫾ 0.36
4.19 ⫾ 0.18

9.35 ⫾ 0.93
90.13 ⫾ 6.63

9.44 ⫾ 0.72
97.64 ⫾ 5.79

0.08 ⫾ 0.00
0.18 ⫾ 0.02

0.08 ⫾ 0.00
0.18 ⫾ 0.02

60.40 ⫾ 3.49
34.82 ⫾ 3.75
2.29 ⫾ 0.68

64.91 ⫾ 2.76
33.52 ⫾ 2.93
0.92 ⫾ 0.49

144.80 ⫾ 23.02
70.57 ⫾ 18.03

154.15 ⫾ 20.93
46.80 ⫾ 5.89

General health, blood chemistry analyses, and behavioral tests were performed on WT and KO littermates (WT, n ⫽
11; KO, n ⫽ 13; *p ⬍ 0.05 by Student’s t test).

Effect of lack of TI-VAMP on neurite growth and
brain development
Intriguingly, we found a significant decrease of 8.5% in brain
weight in TI-VAMP KO mice (Table 1). No significant difference
was however observed in the gross architecture of the brain as
revealed by DAPI staining (Fig. 2A). We did not find any significant difference neither in the number of cells stained by BrdU,
nor in staining for Doublecortin and Caspase 3 in E15.5 dorso-

lateral cortex. This suggests normal cell proliferation and death in
TI-VAMP KO at E15.5 (our unpublished observations). Staining
of the presynaptic marker Synaptophysin in the hippocampus
showed the same distribution between KO and WT whereas TIVAMP staining was totally lost in KO (Fig. 2 B). Expression of
several neuronal markers (L1-CAM, VIAAT, GAP-43) using
Western blot showed no difference (Fig. 1 F). MRI showed increased volume of the third ventricle in TI-VAMP KO mice (Fig.
2C,D). In previous studies, TI-VAMP was shown to mediate axonal and dendritic growth in cultured neurons (Martinez-Arca et
al., 2001; Alberts et al., 2003). Therefore, we measured axonal
length in cortical explants from WT and KO grown in plasma
matrix but found no difference (Fig. 2 E). Accordingly, hippocampal neurons grown for 2 DIV, in the presence or absence of
feeding astrocytes, showed no significant defect in axonal or dendritic growth (Fig. 2 F). Altogether, these findings indicate that no
major developmental defect was observed in differentiating neurons in absence of TI-VAMP.
Increased anxiety in TI-VAMP KO mice
TI-VAMP was proposed to mediate the release of neurotransmitters at a subset of synapses (Scheuber et al., 2006). This led us to
characterize behavioral alterations in TI-VAMP KO male mice as
possible consequences of presynaptic defects. For this purpose,
KO mice and their WT littermates were analyzed in a behavioral
test battery designed to investigate a wide range of nervous system
functions including sensory-motor abilities, emotional behavior,
sensory-motor gating, olfaction, learning and memory, and anxiety. When tested for specific motor abilities, TI-VAMP KO
males performed correctly in the grip, string and rotarod tests
compared with WT (Table 1). In the open-field test, overall locomotor activity and rears were comparable between WT and KO
(Table 1). Exploration of the central part of the open field arena
was also comparable between genotypes (Table 1). TI-VAMP KO
mice performed like WT in the hidden cookie test which is devoted to measure olfaction (Fig. 3A). Gross neurological evaluation revealed that mutant mice were less active than WTs after
immediate transfer in SHIRPA’s arena (t22 ⫽ 2.30, p ⬍ 0.05)
perhaps suggesting increased anxiety (see below). Sensory and
vestibular functions were not affected. Mutant mice had also normal pain sensitivity in the tail flick and hot plate tests and normal
foot-shock sensitivity (Table 1). Loss of TI-VAMP was further
evaluated using auditory startle and prepulse inhibition (PPI) of
startle reflex. The amplitude of the startle response to high sudden acoustic stimulus (110 dB) was slightly higher in TI-VAMP
KO than in WT, but the difference between genotypes was not
significant (Fig. 3B). When the startling pulse was preceded by
prepulses with lower intensities, the level of PPI tended to be
reduced in TI-VAMP KO mice (Fig. 3B). In the Y-maze paradigm, no difference in the ratio of spontaneous alternation was
noted between WT and TI-VAMP KO mice (Table 1), thus indicating that working memory performance was not affected in
KO. The number of visited arms was also comparable between
the two genotypes (Table 1). We then tested the role of TI-VAMP
in emotional behavior. In the tail suspension test, the latency to
the first immobilization was slightly but not significantly reduced
in TI-VAMP KO mice perhaps suggesting a tendency to despair
(Table 1). WT and KO behaved similarly in fear conditioning
(Fig. 3C). Finally, we analyzed KO and their WT littermates for
the evaluation of anxiety. TI-VAMP KO mice performed as control in the Four Plates test, an animal model of anxiety based on
conditioned response used to evaluate the anxiolytic-like effect of
molecules (Masse et al., 2008). In the elevated-plus-maze test, the
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Discussion
Against all predictions based on data in
cell lines and cultured primary neurons,
here we found that elimination of TIVAMP does not lead to any major developmental defects but show decreased
body temperature, increased blood glycerol and increased basal anxiety.
We demonstrated that exon 3 elimination generates a null allele and a complete
lack of TI-VAMP expression. The lack of
major global developmental defect is surprising considering the role of TI-VAMP in
neurite growth, and several secretory pathways in cultured cells (Chaineau et al., 2009)
and of TI-VAMP ortholog mutants in
plants which show growth defects (Kwon et
al., 2008). In absence of TI-VAMP, we
found a decrease of brain weight, suggesting
the need for a detailed analysis of neuronal
architecture. We did not find any defect in
growth of TI-VAMP KO cultured neurons
in presence or absence of feeding astrocytes.
Using hippocampal neurons from a different TI-VAMP KO mouse, Sato et al. (2011)
reported a modest effect on axonal growth
of neurons grown for 3 DIV. Therefore, we
are led to the idea that one or several other
v-SNAREs or other mechanisms compensate for TI-VAMP functions. For instance,
KO of endosomal Vti1b generated viable
and fertile mice but the invalidation of both
Vti1a and Vti1b impaired neuronal development and induce perinatal lethality
(Kunwar et al., 2011). VAMP4, previously
Figure 3. TI-VAMP KO show increased anxiety. A–D, KO and WT littermates were analyzed with olfaction cookie test (A),
acoustic startle test (B), contextual and cued fear conditioning tests (C), and elevated plus maze (anxiety, D) (KO, n ⫽ 11; WT, n ⫽ shown to be involved in neurite growth
(Racchetti et al., 2010), is an obvious candi13; **p ⬍ 0.005, Student’s t test).
date to compensate for the loss of TI-VAMP
at least for some of its functions during depercentage of entries in open arms and the time spent in open
velopment. Previous experiments in cultured neurons used silencing
arms which are elevated from the floor are used as index of anxapproaches and expression of the Longin as dominant-negative fragiety. The number of total entries was similar in both genotypes
ment to conclude that TI-VAMP was involved in neurite growth. Based
indicating a similar locomotion activity in the maze. However, there
on the present data and Sato et al. (2011), it is likely that the abovemenwas a significant increase in enclosed arms entries and decrease in the
tionedcompensatorymechanismsoccurpreferentiallywhenTI-VAMP
percentage of open arm entries in TI-VAMP KO indicating a higher
is deleted early in development. We conclude that TI-VAMP functions
unconditioned basal anxiety level in the KO (Fig. 3D).
during development in vivo are either dispensable or compensated for
by other SNAREs allowing the KO mice to fulfill major developmental
processes.
4
The main defects identified in our TI-VAMP KO mice are de(Figure legend continued.) region which harbors the highest expression level of TI-VAMP, is tocreased body temperature, increased third ventricle volume, blood
tallydeprivedofTI-VAMPsignalintheKO,whereasthesynapticmarkerSynaptophysinisexpressedat
glycerol and anxiety. At this point, we cannot relate these phenotypic
similar level. C, Magnetic resonance imaging experiments were performed using a 7 Tesla Pharmastraits in an obvious manner. Body temperature is regulated by stress
can magnet (Bruker) on anesthetized mice (4 WT and KO) with high resolution T2 images (rapid
and anxiety (Hodges et al., 2008) and increased blood glycerol could
acquisition with relaxation enhancement: repetition time ⫽ 4 s, echo time ⫽ 62 ms, matrix ⫽
be a consequence of compensating the lower temperature through
384 ⫻ 384, slice thickness ⫽ 0.5 mm, resolution ⫽ 50 ⫻ 50 m, and acquisition time ⫽ 38 min).
D, Regions of interest were manually outlined in a blinded fashion using ImageJ. The volume of the
metabolic regulation. Interestingly enough, a polymorphism in
third ventricle was significantly higher. E, Representative images of 1 DIV cortical explants from WT
Vamp7 was also associated with bipolar affective disorder which is
and KO embryos, grown in plasma matrix (scale bar: 200 m). Quantification of maximal axonal
characterized by increased anxiety (Saito et al., 2000; Müller et
length of the different genotypes at 1 DIV (means ⫾ SEM) (WT, n ⫽ 120; KO, n ⫽ 158) (Student’s t
al., 2002). TI-VAMP is expressed in epithelial cells (Chaineau
test p ⫽ 0.831). F, Hippocampal neurons from WT and KO embryos were grown with or without
et al., 2009) thus third ventricle volume defect could be linked to
astrocyte-conditionedmediafor2DIVandstainedforMAP2andTau.Scalebar,20 m.Dendriticand
non-neuronal dysfunction. TI-VAMP is the only synaptic
axonal length of WT and KO are not statistically different (Mann–Whitney test: without
v-SNARE cargo of AP-3 (Martinez-Arca et al., 2003). Based on
astrocytes, axons p ⫽ 0.46 and dendrites p ⫽ 0.15; with conditioned media, axons p ⫽
0.16 and dendrites p ⫽ 0.28).
experiments in mocha mice in which TI-VAMP targeting to CA3
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mossy fiber nerve terminals is lost (Scheuber et al., 2006), we
proposed that TI-VAMP could be involved in constitutive neurotransmitter release at mossy fiber nerve terminals. The Longin
domain of TI-VAMP was recently further proposed to regulate
spontaneous release in cultured hippocampal neurons (Hua et
al., 2011). Thus, despite the fact that TI-VAMP KO does not show
the main neurological deficits of mocha mice (Kantheti et al.,
1998), it will now be of high interest to characterize neurotransmission in TI-VAMP KO mice to reveal potential impairment of
signaling at a subset of synapses related to unconditioned anxiety
and/or thermoregulation and assess its potential role in bipolar
affective disorder. TI-VAMP is expressed in neurons and also
non-neuronal cells (Chaineau et al., 2009). Therefore, it will be
important to characterize conditional mutant specifically lacking
expression in neurons or glial cells to further decipher the function of TI-VAMP in both cell types in vivo.
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