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Synapsin I and Synaptophysin are selectively localized in 
axonal endings of CNS neurons where they are associated 
with small synaptic vesicle membranes. The development 
of expression of these 2 proteins was studied by immuno- 
cytochemistry during ontogenesis of the peripheral vestib- 
ular system in the mouse. Both proteins are localized in 
vestibular ganglion neurons and in their peripheral sensory 
extensions as early as gestational day 14. While the entire 
periphery of these fibers is labeled during embryogenesis, 
both proteins are subject to relocation during the postnatal 
maturation of these fibers. In the mature vestibular receptors 
they disappear from the fibers themselves but are found 
concentrated in their intraepithelial endings and in the neu- 
ronal cell body. 

These observations show that the distribution pattern of 
Synapsin I and Synaptophysin in peripheral extensions of 
vestibular afferent neurons during development is identical 
to that described in axonal processes of CNS neurons. This 
suggests that the peripheral processes of the vestibular af- 
ferent neurons present structural and biochemical charac- 
teristics of axons. These characteristics are consistent with 
a bimodal sensory and secretory function of mature endings. 

Synapsin I and Synaptophysin, 2 proteins associated with the 
membrane of synaptic vesicles (for a review, see De Camilli and 
Jahn, 1990), have also been recently localized in sensory endings 
of the PNS. Synapsin I and Synaptophysin are colocalized in 
annulospiral sensory endings in the neuromuscular spindle (De 
Camilli et al., 1988) and in caliceal sensory endings in the ves- 
tibular receptors (Scarfone et al., 1988), and Synapsin I has been 
localized in sensory endings of the taste buds (Finger et al., 
1990). In the vestibular caliceal endings, Synapsin I and Syn- 
aptophysin localization led to the discovery of a population of 
vesicles presenting morphological characteristics of synaptic 
vesicles (Scarfone et al., 1988). These findings suggest the ex- 
istence of biochemical analogies between the sensory neurites 
of PNS neurons and axons of CNS neurons. 
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The peripheral extensions of primary afferent neurons convey 
information to the sensory ganglia where the cell body of the 
neuron is situated. Moreover, in the case of vestibular receptors 
and taste buds, they are postsynaptic to sensory cells. In this 
respect, they can be considered as being functionally similar to 
dendrites of CNS neurons. However Synapsin I and Synapto- 
physin are usually not detectable by immunocytochemistry in 
CNS dendrites, whereas they are highly concentrated in axonal 
endings where they probably participate in the regulation of the 
release of neurotransmitter (De Camilli and Jahn, 1990). In 
axonal endings, Synapsin I is selectively associated with neu- 
rotransmitter-containing small synaptic vesicles (SSVs; De 
Camilli et al., 1983; Navone et al., 1984) and interact with 
various cytoskeletal elements (Balher and Greengard, 1987). 
Synaptophysin is an intrinsic membrane protein of axonal end- 
ings’ SSVs (Jahn et al., 1985; Navone et al., 1986). 

The clear-cut functional difference between axonal and den- 
dritic compartments of CNS neurons is accompanied by bio- 
chemical and structural differentiations that develop very early 
during neurogenesis (Burgoyne and Cambray-Deakin, 1988; 
Goslin et al., 1988; Goslin and Banker, 1989). One essential 
occurrence involves the strict segregation of synaptic vesicles 
and their associated proteins in axonal endings (Cambray-Dea- 
kin et al., 1987). The development of Synapsin I and Synap- 
tophysin distribution is closely linked to axonal differentiation 
(Mason, 1986; Leclerc et al., 1989). To determine whether bio- 
chemical analogies between sensory neurites and axons could 
be extended to ontogenesis of specific proteins, we studied the 
development of Synapsin I and Synaptophysin immunoreactiv- 
ity in the peripheral extensions of vestibular afferent neurons. 

The development and synaptogenesis of primary afferent fi- 
bers of the vestibular system in mammals have been previously 
studied in our laboratory (Mbiene et al., 1988, 1989; Desmadryl 
and Sans, 1990). This development is characterized by the mas- 
sive arrival of afferent fibers at early fetal stages and by the late 
postnatal maturation of intraepithelial endings. This maturation 
leads to the formation of large bouton endings and of the char- 
acteristic nerve calices. During embryogenesis the presence of 
small size vesicles has been noted in these afferent fibers (Sans 
and Dechesne, 1987). 

In this article, we demonstrate that analogies between pe- 
ripheral processes of vestibular afferent neurons and axons of 
CNS neurons can be extended to the developmental distribution 
pattern of Synapsin I and Synaptophysin. These results give 
further support to the hypothesis of a bimodal sensory and 
secretory function of the adult vestibular afferent endings. 
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Materials and Methods 
Animuls 
Developing CBA/C57 mice ranging in age from gestational day (CD) 
14 to postnatal day (PD) 12, and adults up to 6-months old were used 
for this study. The presence of a vaginal plug was taken as sign of the 
beginning of the gestational period (GDI). The day of birth was taken 
as PDO. For each developmental stage (GD14, GDI 5, GD16, GDI 8, 
PDO, PD2, PD4, PD6, PDS, PDl2, I month, and 6 months), the 3 
animals used came from at least 2 different litters. 

Antibodies 

Affinity puriticd antibodies directed against Synapsin I (De Camilli et 
al., 1983) and against the synaptic vesicle protein P38 (Synaptophysin; 
Jahn et al.. 1985) wcrc diluted 0.1-0.05 mdml in 0.1 M ohosohate 
huger, pH 7.4. The secondary antibodies used were fluorescein- or rho- 
daminc-labeled (Biosys), or unlabeled IgG and peroxidase-antiperoxi- 
dase (PAP) complexes (DAKO); dilutions were made according to the 
supplier’s instructions. 

Tissue preparation 

Two types of preparations were used according to the 2 different im- 
munocytochemical techniques employed (see below). The otocysts of 
embryos and pups aged up to PD6 wcrc tixcd by immersion in a fixative 
solution containing 4% formaldehyde and 1% dimethylsulfoxide in 0. I 
M phosphate buffer, pH 7.4; 0.2% glutaraldehyde was added to this 
solution when the specimens were to be embedded in Epon. Older 
animals were deeply anesthetized with sodium pcntobarbital (50 mg/ 
kg) and transcardially perfused with the same fixative solutions. The 
vcstibular receptors wcrc then dissected out and posttixcd in the same 
fixative solution for 1 hr. The specimens were either impregnated over- 
night at 4°C in 20% sucrose-phosphate buffer, then subscqucntly frozen 
and sectioned at a thickness of 10 pm on a cryostat or dehydrated in 
graded ethanol and embedded in Epon (Epox 8 12, E.F. Fullam) for 
cutting I-pm-thick semithin sections. 

Immunocytochemicul staining 

Two complementary immunocytochcmical techniques were used in this 
study. The presence of antigens was always assessed first on frozen 
sections (pre-embedding technique) which gave the best antigen pres- 
ervation. Precise localization of the antigens (intracpithelial in partic- 
ular) was then assessed by postembedding techniques on semithin sec- 
tions. The main advantage of this technique is excellent resolution. 

Pre-embedding technique. The frozen xctions were reacted overnight 
at 4°C with the primary antibodies. Sections then were incubated at 
room temperature (I .5 hr) with Ruorescein- or tetramethylrhodamine- 
labeled anti-rabbit IgG, carefully rinsed in antibody-free dilution me- 
dium, mounted in 95% bidistilled glycerol, and either directly observed 
or stored at -30°C. 

Postembedding technique. Semithin plastic sections were deseponizcd 
with a solution of 2 gm KOH added to a mixture of 10 ml methanol 
and 5 ml propylene oxide (Maxwell, 1978). Immunocytochemical stain- 
ing was performed using a 5-step peroxidase-antiperoxidasc (PAP) tech- 
nique adapted from Vacca et al. (I 980). The sections were sequentially 
incubated at room temperature by the following steps: (1) primary an- 
tibodies, 1.5 hr; (2) unlabeled anti-rabbit IgG, 30 min; (3) rabbit PAP 
complexes, 30 mitt; (4) unlabeled anti-rabbit IgG, 20 mitt; and (5) rabbit 
PAP complexes, 20 min. Between each step the sections were carefully 
rinsed with PBS (5 x IO min). The bound pcroxidase complexes were 
revealed with 0.05% 3,3’-diaminobenzidine tetrachloridc (Sigma) in the 
presence of 0.01% hydrogene peroxide (5-10 mitt, room temperature). 
The sections were then dehydrated and mounted in Entcllan (Merck). 

Controls 

The antibodies were all affinity-purified and thoroughly characterized 
(De Camilli et al., 1983; Jahn et al., 1985; Navonc et al., 1986). The 
specificity of the immunocytochemical reactions was assessed by in- 
cubation of 1 section per experiment with nonimmune serum instead 
of the specific primary antibody. On these sections the immunorcaction 
was always negative (see Fig. 3E). 

Microscopic analysis 

Observation and microphotography were performed with a Lcitz Or- 
thoplan microscope. Incident fluorescent excitation was performed with 

the Lcitz Pleomopak 2 accessory equipped with a 12/3 filter system for 
fluorescein isothiocyanate (FITC) and with an N2 filter system for tetra- 
mcthylrhodamine isothiocyanate (TRITC). 

Results 
GD14 
Synapsin I and Synaptophysin are present in the immature oto- 
cyst, and their distribution is identical (Fig. IA,B). They are 
localized at the statoacoustic ganglia level. The immunoreac- 
tivity is particularly concentrated in bundles of afferent neutites 
emerging from the ganglia and growing toward the brainstem 
as well as toward the otic vesicle. At the periphery, densely 
packed immunorcactive. fibers are seen under areas where the 
epithelium limiting the otic vesicle is thicker. These arcas cor- 
respond to the future sensory epithelia of the inner ear. 

GD18 

At this stage, the overall morphogenesis of the vestibular part 
of the otic vesicle is achieved. The primary afferent neurons of 
the vestibular ganglion and their expanding ncurites are im- 
munoreactive for both Synapsin I and Synaptophysin. The af- 
ferent fibers can thus be followed on their peripheral path. There 
bundles of immunoreactive affercnt fibers can be found in the 
sensory receptors. They divide into thick, individualized neu- 
rites that penetrate the sensory epithelia. The endings of these 
fibers form a dense plexus at the base of the future hair cells. A 
number of slender extensions of these endings can be seen be- 
tween the sensory cells (Figs. 1 C, 2A). 

Day of birth: PDO 

Synapsin I and Synaptophysin immunoreactivity highlight an 
increase in the number of afferent neutites in the sensory epi- 
thelia (Fig. 2B). Postembedding staining details ofthis immature 
innervation can be observed. Fibers penetrate the sensory epi- 
thelium at right angles. They join the now extensive plexus of 
endings at the base of the hair cells. Higher magnification (Fig. 
3/1,R) shows 2 prominent features: (1) fibers terminating as large 
patches at the base of cells likely to be future type 11 hair cells, 
and (2) elongated, slender neutites originating in the afferent 
plexus at the base of the hair cells and growing in the middle 
part of the epithelium. In the latter case, the neutites can be in 
apposition to hair cells or can aim toward the upper limit of 
the cpithelium without any visible contact with hair cells. 

PD2 

Synapsin I and Synaptophysin are again present in Scarpa gan- 
glion neurons and in the fibers that emerge from the ganglion 
up to their intraepithelial peripheral extremities. Synapsin I 
immunoreactivity is still evenly disttibutcd along the entirclcngth 
of the fibers. On the other hand, Synaptophysin immunoreac- 
tivity displays a gradient of intensity between the subepithelial 
part of the less immunoreactive fibers and their more immu- 
noreactive intracpithelial endings (cf. Fig. 4A.B). The intraepi- 
thelial immunoreactive endings undergo reorganization, and the 
structures present features that are characteristic of calyccs (Fig. 
4B). 

PD4-PD12 

Intraepithelial immunoreactive endings arc at this point always 
in apposition to hair cells (Figs. 2C,D; 3C-G). Complete im- 
munoreactive calyccs can be observed at PD6 (Fig. 3c); this 
becomes mote prominent at PD12 (Figs. 20; 3k’,G). At PDI 2, 
however, some incomplete nerve calyces can still be observed. 
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Figure 1. A and B, GD14. Compari- 
son of Synapsin I (SYM, A) and Syn- 
aptophysin (P38; B) immunofluores- 
cence in frozen sections of the same 
otocyst. Both proteins are present in the 
statoacoustic ganglion (Gg) and in nerve 
fibers emerging from both its central 
and peripheral sides. Bundles of im- 
munoreactive fibers are accumulated 
under the thickened sensory areas of the 
otic vesicle (arrow in A). B shows the 
immunoreactive fibers of the VllIth 
nerve emerging from the otic capsule 
and penetrating the brainstem (Bs). The 
high density of synaptic endings ex- 
plains the granular aspect of the em- 
bryonic brainstem staining. VS, vestib- 
ular part; Ch. cochlear part of the otic 
vesicle. C, GD18. Synapsin I immu- 
noreactivity in a transverse frozen sec- 
tion through an utricle (U) and crista 
ampullaris (C). Synapsin I is present in 
nerve bundles forming dense layers un- 
der each receptor. Individual afferent 
fibers emerge from this layer and pen- 
etrate both sensory epithelia where they 
form a network underlining the base of 
the sensory cells. The upper part of the 
sensory epithelia contains a large num- 
ber of slender vertical immunoreactive 
neurites. The nerve of crista ampullaris 
in cross section forms a patch of im- 
munoreactive fibers (arrow). 
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Synapsin I immunoreactivity is still present in the peripheral 
part of the fibers but shows a gradient similar to the one pre- 
viously observed for Synaptophysin. Over this period, Synap- 
tophysin immunoreactivity completely disappears from the 
subepithelial part of the nerve fibers. It is now segregated in the 
cell bodies of Scarpa ganglion neurons and in intraepithelial 
nerve endings. 

The subcellular distribution of Synapsin I and Synaptophysin 
immunoreactivity in the nerve calyces can also be assessed. Both 
proteins are distributed in the calyces all around the hair cells 
and tend to aggregate in a punctuate pattern; this tendency is 
more prominent for Synaptophysin. However, both proteins are 
clearly more concentrated in the constricted terminal portion 
of the nerve calyces that surround the apical part of the type I 
hair cells. Again this intracaliceal segregation seems to be pro- 
gressive and takes place earlier for Synaptophysin (Fig. 3, cf. 
SE and F-G). The appearance of synaptic endings of efferent 
axons, which is known to take place during this period in the 
mouse, is hardly noticeable because of the density of the im- 
munoreactive afferent innervation. 

Adult 

At this phase, Synapsin I and Synaptophysin are both clearly 
segregated in the neuronal cell bodies of the Scarpa ganglion, 
and in intraepithelial nerve endings. No immunoreactivity is 
seen in the fibers themselves between the ganglion and the re- 
ceptors (Fig. 40). 

In the sensory epithelia, both proteins are exclusively local- 
ized in the same compartments, namely, the upper extremities 
of the afferent calyces and the nerve endings at the base of the 
hair cells (Fig. 4CJ. No immunoreactivity is seen in the pre- 
terminal portions of the fibers. 

In the cell bodies of Scarpa ganglion neurons, Synapsin I is 
evenly spread out over the perikaryal cytoplasm. On the other 
hand, Synaptophysin immunoreactivity is compartmentalized 
in definite structures scattered throughout the whole cytoplasm; 
this distribution corresponds to the disposition of the Golgi 
apparatus in these neurons (cf. Fig. 4, C, and 0,). This difference 
may be related to the different synthetic pathways of these 2 
proteins. 

Control. The controls for each stage were unstained as shown 
in Figure 2E. An unspecific peroxidase reaction is seen only on 
the otoconia and as a faint coloring of the hair cell bodies. 

Discussion 

The present results confirm our previous findings on the pres- 
ence of Synapsin I and Synaptophysin in afferent endings of 
adult vestibular sensory receptors (Scarfone et al., 1988). Here 
we also show that during development, the evolution of Syn- 
apsin I and Synaptophysin localization in the peripheral exten- 
sions of vestibular primary afferent neurons is identical to that 
which occurs in axonal compartments of CNS neurons. 

In the CNS, after an early developmental stage when all neu- 
rites protruding from future neurons are morphologically iden- 

Figure 2. A-D, Evolution of Synapsin I immunoperoxidase during ontogenesis of vestibular utricle on semithin plastic sections. A, GD18; B, day 
of birth (PDO); C, PD8; D, PD12. Synapsin I is present in the layer of fibers formed by the afferent utricular nerve under the epithelia and in 
individualized fibers that penetrate the sensory epithelium at right angles. In the epithelium, Synapsin I immunoreactivity demonstrates the growth 
and maturation of the afferent innervation of the sensory cells. Before birth (A, B), patchy endings contact the hair cells at their base and slender 
elongated endings grow between the sensory cells. After birth (C, D), the main feature is the growth and maturation of the nerve calices around 
type I hair cells. At PD8, a number of hemicalices are visible, but complete calices are already numerous. At PD12, most calices are complete, but 
immature features such as interrupted calices are still visible. Small densely immunoreactive dots, more numerous than at PD8, are probably 
presynaptic endings of the efferent axons contacting either the base of the nerve calices or the base of the type II hair cells. The otoconial membrane 
shows an unspecific peroxidase reaction (see E). E, Control section of PDO utricle incubated with nonimmune serum. Note the absence of specific 
immunoreactivity and the unspecific accumulation of peroxidase reaction product on the otoconia overlaying the sensory epithelium. A faint 
coloring allows identification of hair cells. 

Figure 3. A, PDO. Detail of Synapsin I immunoreactivity on a semithin plastic section of utricle. Large immunoreactive afferent fibers penetrate 
the immature sensory epithelium and either end up as large boutons at the base of the hair cells (arrows) or continue towards the upper limit of 
the epithelium as slender neurites apposed to the hair cells or growing freely in the epithelium (arrowhead). The slight stain of the sensory cells is 
nonspecific (see Fig. 2E). B, PDO; Synaptophysin (P38) immunoreactivity. The features are quite similar to Synapsin I (see A). C, PD6. A completely 
formed calice displays Synapsin I immunoreactivity along its entire length with a marked accumulation of the protein in its apical part (double 
arrows). On the right side of the picture an incomplete calice ensheathes a round immature type I hair cell. D, PD8; Synapsin I immunoreactivity 
(detail of Fig. 2C). Three type I hair cells are surrounded by immunoreactive calices. Note the accumulation of the antigen in the apex of the.calices 
(double arrows). Two type II hair cells (stars) are contacted at their base by large immunoreactive, probably afferent, endings. E, PD8; P38 
immunoreactivity: section of the utricle presented in D showing 2 immunoreactive calices. F, PD12. Synapsin I-immunoreactive calices are cut 
slightly obliquely and transversally to their length axis and viewed at different heights. The nonimmunoreactive type I hair cell nuclei and cytoplasms 
are clearly visible encircled by Synapsin I-positive calices. Note the small diameter of calices cut at the apex of the hair cells (double arrows; cf. 
with double arrows in D or G). The calices are still strongly reactive along their entire length. G, PD12; P38 immtmoreactivity. A type I hair cell 
is surrounded by an immunoreactive calyx. P38 is strongly accumulated in the apical ends of the calyx (double arrow) and barely visible in its 
laterobasal part. 

Figure 4. A and B PD2, Comparison of Synapsin I (SYN; A) and P38 (B) immunoreactivity in transverse frozen sections of the same crista. Both 
proteins are present in the bundled afferent fibers of the crista ampullaris nerve. Synapsin I immunoreactivity is uniform in all preterminal and 
terminal segments of the fibers while Synaptophysin immunoreactivity is more intense in the intraepithelial endings of these fibers than in their 
preterminal parts, which are faintly fluorescent. In the sensory epithelium, the afferent endings form a dense plexus at the base of the hair cells. 
Transversally cut growing nerve calices appear as ring structures at the top of the crista in B. C and D, Comparison of Synapsin I (C) and P38 (0) 
immunofluorescence in a longitudinal frozen section of a vestibular crista, its nerve, and the vestibular ganglion shows that both proteins are not 
expressed in the nerve fibers (arrows) and are enclosed within the intraepithelial endings (above) and the cell bodies of afferent neurons (below). A 
folded utricular epithelium (U) is visible in D. C, shows that Synapsin I immunoreactivity in the sensory receptor is concentrated in the apical 
part of the nerve calices and in nerve endings at the base of the cells. C, and D, show immunoreactivity in the vestibular ganglia. Synapsin I (C,) 
is evenly distributed in the cytoplasm of vestibular afferent neurons while P38 (DJ is segregated in individualized organelles of these neurons giving 
a punctiform aspect to the labeling. 
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tical, 1 of the processes soon acquires specific axonal features 
(see Goslin and-Banker, 1989). Small-sized vesicles and proteins 
specific to synaptic endings are among the first constituents to 
be segregated in the axonal compartments (Sarthy and Bacon, 
1985; Cambray-Deakin et al., 1987). This segregation is fol- 
lowed somewhat later by a major reorganization of the cyto- 
skeletal networks of axons and dendrites (Burgoyne and Cam- 
bray-Deakin, 1988). This process leads to structurally and 
biochemically very distinct axonal and dendritic segments. Im- 
munocytochemical detection of Synapsin I and Synaptophysin 
distribution during development of the CNS shows an evolution 
that closely matches axonal differentiation. Hence, after a very 
early stage wherein both proteins are diffusely distributed in the 
neuron and in all its extensions, they are rapidly no longer 
detectable in dendrites but remain present along the whole length 
of the axonal extensions up to the growth cone where they are 
colocalized with synaptic vesicles (Lohman et al., 1978; Knaus 
et al., 1986; Mason, 1986; Leclerc et al., 1989). Maturation of 
the neuron is accompanied by the relocation of both proteins 
within the axon resulting in a punctuate staining pattern. This 
pattern indicates an augmentation of their concentration in the 
axonal synaptic endings and a diminution in the preterminal 
fibers (Loffler et al., 1986; Mason, 1986; Weiss et al., 1986; 
Lindsley et al., 1987; Leclerc et al., 1989). These developmental 
changes are considered to be preparatory steps toward the main 
function of mature axonal endings, the release of neurotrans- 
mitters. 

In the mouse vestibular system, both proteins are present, as 
in the CNS axons, along the entire periphery of the afferent 
fibers at the earliest embryonic stage studied (GD14). The in- 
tense staining of afferent fibers during development enabled us 
to define features of their growth in the immature vestibular 
receptors. This demonstrates a potential use of Synapsin I or 
Synaptophysin immunoreactivity for the study of innervation 
of the inner ear. Hence, we observed the presence, close to birth, 
of a transitory increase in the number of slender neurites growing 
in the hair cell layer of the sensory epithelia. These are remi- 
niscent of the “primitive afferent innervation” observed in hu- 
man fetuses by electron microscopy (Sans and Dechesne, 1987) 
and of the transitory “filopods” observed in the mouse by HRP 
labeling of afferent fibers (Desmadryl and Sans, 1990). In ad- 
dition, we have been able to visualize the postnatal maturation 
of intraepithelial afferent endings and, in particular, the growth 
of caliceal endings around type I hair cells described by electron 
microscopy in the cat (Favre and Sans, 1979a,b) and in the 
mouse (Nordemar, 1983). This has only recently been observed 
at the light microscopy level using HRP labeling (Desmadryl 
and Sans, 1990). 

The presence of Synapsin I and Synaptophysin during early 
developmental stage could be related to the growth pattern of 
the peripheral sensory extensions of vestibular primary affer- 
ents. These neurites have to grow through connective tissue of 
the otic capsule. This growth can be reproduced in vitro (Davies, 
1989) and is stimulated by displacement of their target tissue 
(Rose et al., 1977). This behavior is reminiscent of axonal growth 
and, in the CNS, presence of synaptic vesicles and synaptic 
vesicle-associated proteins in axonal compartments during de- 
velopment has been tentatively related to the specific growth 
characteristics ofaxonal growth cones (Goslin et al., 1988; Rater 
et al., 1988). 

Synapsin I and Synaptophysin continue to elicit an intense 
immunoreaction in the endings of the peripheral fibers of the 

vestibular afferent nerve after contact with the hair cells and 
during maturation of these endings. During the same period, 
both proteins gradually disappear from the nerve fibers them- 
selves. This relocation is identical to the redistribution of Syn- 
apsin I and Synaptophysin in axons of CNS neurons. We suggest 
that, as is the case for synaptic endings of CNS axons, the changes 
we observe here indicate a secretory function of the mature 
afferent endings (see Scarfone et al., 1988). 

This progressive segregation ends in the same immunoreac- 
tive pattern for both proteins. It occurs, however, more rapidly 
for Synaptophysin (achieved at PD12) than for Synapsin I 
(achieved at adult stage). In the mature synaptic endings, both 
proteins are associated with SSVs (Navone et al., 1984, 1986), 
but the region of the neuron where association of Synapsin I 
with the membrane of synaptic vesicles takes place is not known 
(De Camilli and Navone, 1987). Synapsin I is also associated 
with cytoskeletal elements (Bahler and Greengard, 1987). This 
raises the possibility that during development, Synapsin I mi- 
grates with the cytoskeletal pool and becomes associated with 
vesicles only in the synaptic terminal. These changes in im- 
munoreactivity pattern might also result from affinity changes. 
Multiple Synapsin I RNA types are expressed during differen- 
tiation and development, some being specific to undifferentiated 
forms (Roman0 et al., 1987) and to immature forms (Haas and 
De Gennaro, 1988). Affinity differences between immature and 
mature forms could explain the fiber staining and the transient 
discrepancy between the 2 synaptic vesicle-associated proteins 
that we have observed. 

Synapsin I and Synaptophysin also elicit a bright immuno- 
cytochemical reaction in the cell bodies of vestibular afferent 
neurons. The pattern of this reaction is different for each protein. 
It reflects their site of synthesis. The cytoplasmic protein Syn- 
apsin I is synthesized on free ribosomes in the cytoplasm, while 
the membrane protein Synaptophysin transits by the Golgi ap- 
paratus (De Gennaro et al., 1983; Navone et al., 1986). 

In conclusion, the development of Synapsin I and Synapto- 
physin distribution and their stabilization in the peripheral end- 
ings of vestibular primary afferent neurons is consistent with an 
axonal nature of these net&es. Owing to their primary function, 
which is to receive sensory information from the sensory cells, 
the “dendrite” label is sometimes used for the peripheral ar- 
borization of these neurites. We suggest that this denomination 
is misleading with respect to their biochemical characteristics 
and that their ability to release neurotransmitters or neuro- 
modulators like axonal presynaptic endings should be consid- 
ered. 
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