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ABSTRACT

Myosin V is an unconventional type of actin-binding myosin that participates in cytoplasmic organelle 
transport. Although this unconventional myosin has been extensively studied, its subcellular localization in 
the mammalian cerebellum has not been determined. In this work, we used an antibody against the tail domain 
of the myosin-Va heavy chain and a secondary antibody labeled with protein A-gold (15 nm) to study the 
subcellular distribution of this protein. Myosin-Va was found in the cytoplasm, where it was associated with 
a filament (probably actin). This protein was also detected in the plasma membrane of axons and dendrites 
in the molecular layer in rat cerebellum. 
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INTRODUCTION

 Myosin-Va is an important member of a group 
of proteins collectively known as myosin-V. These 
proteins are involved in various cellular functions, 
including intracellular transport, signal transduction 
and the mechanoregulation of channels [28]. Myosin-
V has been detected in cultured vertebrate [29] and 
invertebrate [26] neural cells, in proteins extracted 
from vertebrate brains [3,21], in the neural enteric 
system of rats [6], in guinea pig cochlea [4], and in 
the centrosome of the rat hippocampus [8]. Myosin-
V has also been found in the dendritic and axonal 
terminations (growth cones) of chicken neurons 
[9,10,23,29], where it is responsible for the fusion 
of synaptic vesicles with the plasma membrane [21]. 
Other actin-binding proteins have also been found 
in neuronal cytoplasm of the adult rat forebrain 
[15,14,29].
 Myosin-V belongs to a superfamily of myosins 
found in lower and higher eukaryotes [29] and 
was originally identified as an ATPase-dependent, 
calmodulin-binding protein [7,29].  Structurally, 
myosin-V contains two heads connected to a long 
chain with 12 light chains. As a motor protein, 
myosin-V associates with actin [17] and is involved 

in the movement of cellular organelles [4,24] and 
in the segregation and generation of subcellular 
compartments [29]. Myosin-V is also associated 
with the membranes of melanosomes, synaptic 
vesicles and the smooth endoplasmatic reticulum 
[19,29] in the growing cones of neurons [2,29] and 
in synaptosomes of the rat cerebral cortex [29]. In 
neurons, the motor activity that results from the 
association of myosin-V with actin contributes to the 
formation of dendritic spines and to the formation 
of new connections [10]. A lack of myosin-V 
results in neural and pigmentation deficiencies in 
mice and humans [3], with these deficiencies being 
characteristic of the rare Griscelli syndrome in 
humans [13].
 The sublocalization of unconventional myosins, 
mainly myosin-V, may provide morphological 
evidence that would be helpful in understanding the 
movements or formation of dendritic spines in adult 
mammalian brains. In this work, we examined the 
sublocalization of myosin-V in adult rat cerebellum.
 
MATERIAL AND METHODS

The procedures involving animals were done within 
the guidelines of the Brazilian College for Animal 
Experimentation (COBEA) and were approved by the 
institutional ethics committee of the Federal University 
of Uberlândia. Four male Wistar rats (270 ± 32 g) that 
had been housed at 22 + 0.4°C, on a 12 h light/dark cycle, 
with free access to water and food were anesthetized 
intramuscularly with a mixture of xylazine (40 mg/kg) 
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and ketamine (100 mg/kg). The encephalon was removed 
from the cranium and dissected on ice to separate the 
cerebral cortex and the cerebellar cortex and medulla. 
All of the tissues were homogenized in 25 mM Tris-HCl, 
pH 8.0, containing 10 mM ATP, 10 mM EDTA, 0.3 mM 
PMSF, and 1 mM β-mercaptoethanol. The supernatant 
was obtained by centrifugation at 15,000 g for 15 min at 
4ºC.  Total proteins were measured by the Bradford assay 
[1] and aliquots were immediately diluted with sample 
buffer prior to electrophoresis.  Aliquots containing 20 
μg of protein were applied to 7-14% polyacrylamide gels 
containing sodium dodecylsulphate (SDS-PAGE) [18] and 
analyzed by western blotting [31]. A polyclonal antibody 
was generated in rabbits by inoculating a recombinant 
protein corresponding to the tail domain of chicken myosin-
Va, as described elsewhere [7]. Monospecific antibodies 
were obtained by affinity purification of this serum 
over a column of immobilized antigen. The secondary 
antibody used was a rabbit anti-IgG antibody conjugated 
with biotin (Sigma Chemical Co., St. Louis, MO, USA). 
Immunoreactive bands in the blots were detected with 
avidin-peroxidase and diaminobenzidene (Sigma).

For histological analysis, the cerebellum was sectioned 
(2 mm) and immersed overnight in a modified Karnovsky 
solution containing 3.5% paraformaldehyde and 0.5% 
glutaraldehyde. The sections were then immersed in 0.1 
M sodium cacodylate buffer containing 0.2% picric acid 
and washed overnight with 0.1 M sodium cacodylate buffer 
containing 10% sucrose, followed by post-fixation in 2% 
uranyl acetate in 15% acetone for 2 h at 4ºC.

The tissues were subsequently dehydrated in an 
acetone series (30, 50, 70 and 90%) at  4ºC for 30 min 
followed by a series of infiltrations: 1) overnight with a 2:
1 mixture of 90% acetone and 4 M LRWhite at 20ºC, 2) 24 
h with a 1:1 mixture of 90% acetone and LRWhite at 20ºC, 
3) 48 h with a 1:2 mixture of  90% acetone and LRWhite 
at 20°C, and 4) three 24 h cycles with pure LRWhite, at 
20°C, in the presence of ultraviolet light.

Sections were obtained using an ultramicrotome 
and were collected on slides in order to evaluate the 
synaptic regions of the cerebellar pyriform cells by light 
microscopy. The cerebellar region rich in Purkinje cell 
synapses was intimately associated with the molecular 
layer. After localization of the region to be sliced, 
ultrathin sections were obtained with a diamond knife and 
collected on nickel grids that were then processed for the 
immunocytochemical detection of myosin-V, as follows: 
1) a 10 min incubation with saturated periodic acid, 2) a 
20 min wash with ultrafiltrated Tris-buffered saline (TBS, 
pH 7.4), 3) a 15 min blockade with 0.02 M TBS containing 
5% albumin, 0.025% Triton X-100 and 0.025% Tween-20 
(TBS-ATT) in a humidified chamber, 4) a 20 h incubation 
with anti-myosin-Va antibody solution in TBS-ATT in a 
humidified chamber at 10ºC, 5) a 3 h wash with TBS-ATT, 
with the solution being changed every 20 min, 6) a 60 min 
incubation with secondary antibody conjugated to protein 
A and 15 nm gold particles (diluted 1:50 in TBS-ATT), 7) 

an overnight wash in 0.02 M TBS and 0.025% Triton X-
100, and 8) four washes with deionized water. The sections 
were contrasted for 1 min with lead citrate and for 10 min 
with 5% uranyl acetate prior to examination with a Zeiss 
transmission electronic microscope. 

RESULTS 

Labeling with 15 nm gold particles was found 
inside the axonal and dendritic cytoplasm in rat 
cerebellar synapses in the molecular layer (Fig. 
1), and was sometimes associated with actin (Fig. 
2) and the plasma membrane (Fig. 1). Figure 1 
shows various membrane units in an arrangement 
characteristic of the cerebellar molecular layer 
in which there are extensive ramifications of the 
dendritic expansions of pyriform cells. Axons and 
dendrites were indistinguishable, although both 
regions were stained.

At high magnification, a line was seen between 
two colloidal gold particles (Fig. 2) and probably 
represented an actin molecule, based on its 
characteristic shape and the fact that actin is a 
myosin-binding protein [15]. This line was not 
a microtubule protein, which also binds myosin, 
because its diameter was smaller than the gold 
particle (15 nm). 

Figure 3A shows the SDS-PAGE profile of the 
proteins present in the cerebral cortex, cerebellar 
cortex and spinal medulla. Immunoblotting of these 
proteins with an antibody against the tail region of 
myosin-Va resulted in a single immunoreactive band 
(Fig. 3B) and indicated that the protein seen close 
to 205 kDa in SDS-PAGE in the cerebral cortex, 
cerebellar cortex and spinal medulla homogenates 
was myosin-Va. 

DISCUSSION

 Myosin-V have been described in cell cultures 
[25,29], vertebrate brain extracts  [3,17], the neural 
enteric system of rats [6], guinea pig cochlea [4], the 
centrosome of the rat hippocampus [8], and in the 
dendritic and axonal terminations (growth cones) 
of chicken neurons [9,10,29]. However, only a few 
studies have examined the subcellular localization 
of myosin-V [11,20,25]. To our knowledge, the 
detection of myosin-V in cerebellum cells using an 
immunoelectronic method has not previously been 
described. 
 In this paper, we used in situ electronic microscopy 
with a post-embedding method to detect myosin-Va 
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in the cerebellum. Since the tissue penetration 
by conjugated antibodies is limited in this post-
embedding method, we used western blotting to 
confirm the presence of myosin-Va. In agreement with 
previous reports [7,10,15,16,25,27,30], a single band 
corresponding to myosin-Va was seen in the cerebral 
cortex, cerebellar cortex, and spinal medulla. 
 Brown and Bridgman [2] described the involvement 
of myosin-V in the migration of embryonic neurons. 
Since mature neurons can migrate, and since in 
adult brains new neurons can be formed from the 
subependimal layer [22], the localization of myosin-
V in the synaptic region of the rat encephalon 
seen here was an important morphological and 
biochemical finding that could contribute to our 
understanding of the reorganization of the neural net 
after brain lesions [12].
 The interaction of actin with myosin is involved 
in the movement of growing cones (filopodia and 
lamellipodia), as well as in the amoeboid movement 
of several cells and in organelle transport. According 
to DePina and Langford [5], myosin-V plays an 
important role in organelle transport in growing 
neurons [9,10]. The association of myosin-V with 
the plasma membrane agrees with such motor 
activity and with the presence of debrin in dendritic 
spines of the adult rat forebrain [15]. Since motor 
activity depends on protein fixation in the cells, the 
occurrence of actin-bound myosin and the association 
of myosin with the plasma membrane supports 
the involvement of myosin-Va in the intracellular 
movement of organelles in the cerebellum.  

Figure 1. Myosin-V molecules labeled with 15 nm gold 
particles in the plasma membrane (white arrows) and cy-
toplasm (black arrows) of rat cerebellum. Bar = 167 nm.
Figure 2. A putative actin filament (black arrow) between 
two myosin V molecules. Bar = 50 nm.

Figure 3. A) SDS-PAGE profile of proteins in rat cerebral 
cortex (b), cerebellum cortex (c) and spinal medulla (m). 
The left scale shows the relative molecular mass (Mr x 10-3) 
of standard proteins. Myosin Va has an Mr of ~205 kDa. 
B) Immunoblotting of the proteins after electrotransfer to 
a nitrocellulose filter. Myosin Va was detected using an 
antibody against the tail region of this molecule and a bi-
otin-conjugated secondary antibody followed by incuba-
tion with avidin-peroxidase-DAB in cerebral cortex (b), 
cerebellum cortex (c) and spinal medulla (m).
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 In conclusion, these findings demonstrate the 
presence of myosin-Va in the pre- and postsynaptic 
regions of rat cerebellum and indicate that this 
protein is probably associated with actin. 
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