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Abstract The role of microtubule-based trafficking in
acrosomal biogenesis was examined by studying the effects
of colchicine on spermiogenesis. In electron micrographs
of untreated cap-phase mouse spermatids, coated vesicles
were always seen on the apex and caudal margins of the
developing acrosomal cap. The increase in volume and the
accumulation of materials in the acrosome during the Golgi
and cap phases were observed to occur via fusion of vesi-
cles at various sites on the growing acrosome. By studying
the acid phosphatase localization pattern and colchicine-
treated spermatids, the role of clathrin-coated vesicles be-
came clear. Coated vesicle formation at the caudal margin
of the acrosome appeared to be responsible for the spread-
ing and shaping of the acrosome over the surface of the
nucleus and also established distinct regional differences in
the acrosome. In colchicine-treated spermatids, the Golgi
apparatus lost its typical membranous stack conformation
and disintegrated into many small vesicles. Acrosome for-
mation was retarded, and there was discordance of the spread
of the acrosomal cap with that of the modified nuclear
envelope. Many symplasts were also found because of the
breakdown of intercellular bridges. Colchicine treatment
thus indicated that microtubule-dependent trafficking of
transport vesicles between the Golgi apparatus and the acro-
some plays a vital role in acrosomal biogenesis. In addition,

both anterograde and retrograde vesicle trafficking are ex-
tensively involved and seem to be equally important in
acrosome formation.
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Introduction

The development of mammalian sperm in the testis from
spermatids to spermatozoa is called spermiogenesis and can
be divided, according to significant cytological features,
into four major phases: Golgi phase, cap phase, acrosome
phase, and maturation phase (Leblond and Clermont 1952;
Clermont and Leblond 1955). From the Golgi phase to the
cap phase, the most important event is the formation of the
acrosome. The acrosome has a distinct shape and size de-
pending on the species. Although many studies have fo-
cused on the characteristics of the acrosome in various species,
including development (Griffiths et al. 1981; Sinowatz and
Wrobel 1981; Peterson et al. 1992), structure and mem-
brane composition (Friend and Fawcett 1974; Stackpole
and Devorkin 1974; Pelletier and Friend 1983), distribution
of enzymes (Holt 1979; Tang et al. 1982; Bozzola et al.
1991), effects of drug treatment (Handel 1979; Russell et al.
1981; Russell et al. 1983), and abnormalities in sterile mu-
tants (Sotomayor and Handel 1986; Fouquet et al. 1992;
Russell et al. 1994), little is known about the mechanisms
that regulate the attachment, shaping, and spreading of the
acrosome over the nucleus.

During acrosome biogenesis, the Golgi apparatus is ac-
tively engaged in sorting and delivering proteins and mem-
branes to the developing acrosomal cap (Tanii et al. 1998;
Ventela et al. 2000; Ramalho-Santos et al. 2001). Micro-
tubules are well known to play a key role in organelle and
membrane-bound vesicle transportation in somatic cells
(Schnapp et al. 1985; Sheetz et al. 1987; Jordens et al. 2001;
Dell 2003) and have been suggested to have an important
function during early stages of acrosomal differentiation
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(Ventela et al. 2000). In mammalian spermatids, microtu-
bule configurations change according to developmental stage
(Moreno and Schatten 2000). Since nuclear shaping is de-
pendent on manchette microtubules (Russell et al. 1991;
Yamaguchi et al. 2004), the shaping and spreading of the
acrosome over the nucleus might also depend on micro-
tubules. Therefore, we have used colchicine, which binds to
free tubulins and causes microtubule depolymerization, to
evaluate the effects of microtubule disruption on acrosome
formation in mouse spermatids.

Normal and colchicine-treated mouse seminiferous tubules
were investigated by thin sectioning, cytochemistry, and
osmium-dimethyl sulfoxide (DMSO)-osmium (O-D-O) cryo-
fracturing methods. The maintenance of acrosomal shape,

the mechanism of the acrosome spreading over the nucleus,
and the relationship between microtubules and acrosome
formation were examined.

Materials and methods

Animals and tissue collection

The experimental protocol complied with NIH (USA) rec-
ommended procedures for animal use and care. Mature
male ICR mice were sacrificed by cervical dislocation, and
their testes were prepared as follows for ultrastructural ob-
servations. Testes were cut open, and the seminiferous tu-

Fig. 1 Acrosome formation
during Golgi and cap phases of
normal mouse spermatids.
a Round spermatid at the Golgi
phase consisting of a single
large Golgi apparatus (G) and
an acrosomal vesicle (AV)
attached to the nucleus (N).
b Cap-phase spermatid with an
acrosomal cap (A) spreading
over the nucleus. c Several
coated vesicles (arrows) on the
trans face of the Golgi appara-
tus. d Trans Golgi saccule
exhibiting direct fusion with the
developing acrosomal cap
(arrow). e Section through the
caudal margin of the developing
acrosome showing a row of
coated vesicles (arrows).
f Higher magnification; hexag-
onal structures on the coated
vesicle (arrowheads). Scattered
microtubules are also found
near this region (arrows). Bars 2
μm (a, b, e), 0.5 μm (c, d, f)
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bules were placed in Petri dishes containing culture medium
(a 1:1 mixture of Ham’s F12 and Dulbecco’s modified
medium with L-glutamine and 15 mM HEPES) with the
addition of 0.006% colchicine or saline (control) alone.
Media and chemicals were from Sigma. Seminiferous
tubules were incubated at 32°C with 5% CO2 for 1–3 days
(Parvinen et al. 1983).

Transmission electron microscopy

Normal saline-treated (control) and colchicine-treated mouse
seminiferous tubules were removed, pre-fixed in 2.5%
glutaraldehyde/0.1 M cacodylate buffer (pH 7.2) contain-
ing 2% tannic acid at 0–4°C for 1 h, and post-fixed in 1%
osmium tetroxide (OsO4), 0.1 M cacodylate buffer for 1 h
at room temperature. After fixation, specimens were dehy-
drated through a graded series of ethanol and then embed-
ded in Spurr’s resin. Ultrathin sections (approximately
80 nm thick) were cut on a Reichert-Jung Ultracut S ultra-
microtome, stained with uranyl acetate and lead citrate, and
examined with Hitachi H-7100 or H-7500 transmission
electron microscope (Hitachi, Tokyo, Japan) at 75 kV.

Enzyme cytochemistry

For cytochemical studies, testes were fixed in 1.25% glu-
taraldehyde and 2% paraformaldehyde in 0.1 M cacodylate
buffer at 0–4°C for 1 h, immersed in 2 M sucrose solution
for cryoprotection, and frozen with liquid propane. Semi-
thin cryosections of about 10–30 μm were cut on an ultra-
microtome in a cryosystem (Reichert FC S) under -80°C.
Specimens were incubated with β-glycerophosphate at 37°C
for 1 h. After post-fixation with 1% OsO4 in cacodylate
buffer for 30 min, the specimens were embedded in Spurr’s
resin. Ultrathin sections were taken and examined by the
methods described above.

Solutions for detecting acid phosphatase activity were
prepared according to Griffiths (1979). First, 25 ml acetate
buffer (0.05 M) and 0.25 ml lead nitrate (12%) were mixed,
and then 2.5 ml 3% aqueous β-glycerophosphate were
added drop by drop. The solution was filtered and heated in
a 60°C oven for 1 h. Control groups were incubated with
the same solution except distilled water was used instead of
β-glycerophosphate as a substrate.

Scanning electron microscopy

Specimens were prepared by the O-D-O method according
to Tanaka (1989) with some modifications (Ho et al. 1999).
Small blocks of tissues were fixed with 1% OsO4 in 0.1 M
cacodylate buffer at 0–4°C for 1 h, rinsed with cacodylate
buffer, and then immersed in 25% and 50% DMSO for
cryoprotection. The specimens were frozen in liquid propane
and cracked into small pieces in liquid nitrogen. Tissue
fragments were thawed in 50% DMSO and post-fixed in
1% OsO4 in cacodylate buffer. Maceration was carried out

by immersion of the specimens in 0.1% OsO4 at 20°C for
1–2 days. The specimens were dehydrated through a graded
series of ethanol solutions and critical-point dried with a
Hitachi HCP-2 critical-point dryer. After being coated with

Fig. 2 Electron micrographs showing the localization of acid phos-
phatase activity (electron-dense particles) in round and elongated
spermatids. a Acid phosphatase activity appears on both the outer
and inner acrosomal membranes in a cap phase spermatid. b Avesicle
(arrow) near the extension edge of the acrosomal cap (AC) contains
some enzyme. c Accumulation of acid phosphatase in the central
dense portion of the equatorial segment of the acrosome at
maturation phase. Bars 1 μm (a), 0.2 μm (b), 0.5 μm (c)
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Au-Pd, the specimens were examined with a Hitachi S-800
field emission scanning electron microscope.

Results

Morphological changes of normal spermatids
during spermiogenesis

In the beginning of spermiogenesis (the Golgi phase), a
single large Golgi apparatus bordered by a single saccule of
endoplasmic reticulum on its cis face appeared near the
nucleus in spermatids. Numerous coated vesicles accumu-
lated on the trans face of the Golgi apparatus and fused
together to form a proacrosomal vesicle attached to the
nucleus (Fig. 1a). During the next phase (the cap phase),
the acrosomal vesicle gradually increased in volume to
form an acrosomal cap. The cap spread over the nucleus on
the modified nuclear envelope, where the inner and outer
nuclear membranes lay extremely close to each other, until

it covered one third of the nuclear surface (Fig. 1b). During
these phases of rapid acrosomal formation, coated vesicles
budding from the edge of the trans Golgi network were
commonly seen in sections (Fig. 1c). Occasionally, trans
Golgi saccules were seen directly fused with the develop-
ing acrosomal cap (Fig. 1d). A row of coated vesicles
aligned on the caudal margin of the acrosomal cap could be
found if the section passed through the extending edge of
the acrosome (Fig. 1e). At higher magnification, the pres-
ence of hexagonal patterns indicated that these coated
vesicles were clathrin-coated. Some scattered microtubules
were also observed in this region (Fig. 1f).

Localization of acid phosphatase in the acrosome

In cytochemical studies, electron-dense spots showing acid
phosphatase activity were localized on the acrosomal mem-
brane inside the acrosomal cap from the Golgi phase through
the acrosome phase. The numbers of these electron-dense

Fig. 3 Comparison of colchi-
cine-treated (a, c, f, g) and
control (b, d, e, h) seminiferous
tubules. a Spermatogonia in
the basal compartment of the
seminiferous tubules are
arrested at metaphase after
colchicine treatment. b In
controls, spermatogonia are
mostly found in interphase,
with chromatin lying within an
intact nuclear envelope. c At the
ectoplasmic specialization be-
tween Sertoli cell and spermatid,
actin bundles (arrowheads)
aggregate as seen in controls
(d, e); however, fewer micro-
tubules (arrows) are found in
the colchicine-treated specimen
(c). f No manchette can be
detected in step 8–9 spermatids
after colchicine treatment,
(rectangle shown at higher
magnification in g). h In con-
trols, the manchette (arrows; see
also asterisk in d) is easily
seen around elongating nuclei
of control spermatids.
Bars 10 μm (a, b), 0.5 μm
(c–e, g), 2 μm (f, h)
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spots gradually increased as the acrosomal cap spread over
the nucleus, and most of them appeared to be localized on
both the outer and inner acrosomal membranes (Fig. 2a).
Occasionally, some vesicles near the caudal edge of the acro-
somal cap, corresponding to transport vesicles found in
most cap-phase spermatids, could also be detected contain-
ing enzyme activity (Fig. 2b). During the maturation phase,
the electron-dense spots were seen to disperse into the in-
terior of the acrosome instead of remaining restricted to the
acrosomal membranes, and most of them accumulated in
the equatorial segment (Fig. 2c). These densities were not
seen on control sections.

Ultrastructural alterations in colchicine-treated
seminiferous tubules

Under our experimental conditions, colchicine affected not
only spermatids, but also Sertoli cells and early spermato-
genic cells, such as spermatogonia. The effect of colchicine
was apparent when comparing colchicine-treated with

control seminiferous tubules. Many spermatogonia were
found arrested at metaphase (Fig. 3a) because microtubules
were disrupted after colchicine treatment, whereas control
spermatogonia were in the longer interphase (Fig. 3b).
Moreover, at the ectoplasmic specialization (a junctional
complex formed between Sertoli cells and spermatids) of
controls (Fig. 3d,e), bundles of actin filaments were
aggregated between a single saccule of the endoplasmic
reticulum and the plasma membrane of Sertoli cells,
whereas fewer microtubules were observed around the
ectoplasmic specialization in colchicine-treated samples
(Fig. 3c), indicating the decreased numbers of microtubules
in Sertoli cells. In spermatids, one of the most evident
effects caused by colchicine was the inhibition of
manchette formation around elongating spermatid nuclei,
where no or few microtubules were detected (Fig. 3f,g).
A collection of microtubule bundles was a prominent
feature found in control elongating spermatids (Fig. 3d,h).
All these results suggested that the colchicine was ef-
fective in disrupting the polymerization of microtubules.

Fig. 4 Colchicine-induced
alterations in spermatids. a A
symplast consisting of several
cap-phase spermatids. b Three
spermatids share a fused acro-
some in a symplast. c, d Dif-
ferent degrees of disorganization
of the Golgi apparatus after
colchicine treatment. e Colchi-
cine-treated spermatids show
partial development of the
acrosome. The modified nuclear
envelope extends further than
the acrosomal cap (between
arrowheads). f Vesicular
elements (arrows) lying over the
extended modified nuclear
envelope (between arrowheads).
Bars 2 μm (a, b, e), 1 μm
(c, d, f)
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Effects of colchicine on acrosome formation

After the second meiotic division of the spermatocytes, the
spermatids are connected to each other by the intercellular
bridges. This incomplete cytokinesis allows the interchange
of materials between spermatids and synchronizes their
development.

In colchicine-treated seminiferous tubules, many giant
symplasts with all the daughter cells at the same stage of
development were observed (Fig. 4a). Sometimes, several
nuclei shared one large acrosome following fusion of their
acrosomal caps, if the symplast was at the late cap phase
(Fig. 4b). The appearance of these symplasts was probably
induced by colchicine because of the rupture of the in-
tercellular bridges.

In addition, different levels of disorganization of the
Golgi apparatus were found in colchicine-treated sperma-
tids. Some of them dissociated into several short, partially
dilated cisternae (Fig. 4c). Moreover, some Golgi apparatus
were completely ruptured into an aggregation of transport
vesicles (Fig. 4d). In addition to the effects on the inter-
cellular bridges and the Golgi apparatus, some influences
of colchicine were also noticed on the spread of the acro-
some over the nucleus. In normally developing spermatids,
the formation of the modified nuclear envelope and the

extension of the acrosomal cap was coordinated. After
colchicine treatment, the modified nuclear envelope was
frequently observed extending beyond the margins of the
acrosome (Fig. 4e). Although no acrosome spreading oc-
curred over these areas, some fuzzy materials similar to that
in the subacrosomal space could be seen, and some vesic-
ular elements were observed attaching over the nucleus in
the position normally occupied by the acrosomal cap (Fig. 4f).

Under the scanning electron microscope, the three-dimen-
sional structures of the acrosomal cap and the relationship
between the organelles inside the spermatid could be clearly
seen in controls. In a mid-cap phase spermatid, a complete
acrosomal cap, surrounded at its caudal edge by a ring of
coated vesicles, was most obvious when the spermatid was
viewed from the nucleus side toward the acrosomal cap
(Fig. 5a). On the other side of the acrosome, a crenated
structure could be seen on the caudal edge arising from the
formation of coated vesicles, and numerous vesicles were
present on the outer surface of the acrosomal cap near the
apex (Fig. 5b). In colchicine-treated spermatids, instead of
regular Golgi stacks, numerous vesicles of various sizes
accumulated in the trans Golgi network (Fig. 5c). Most of
the cap-phase spermatids showed abnormally swollen acro-
somal caps and greatly reduced numbers of coated vesicles
on their caudal edges (Fig. 5d).

Fig. 5 Scanning electron mi-
crographs showing internal
structures of control (a, b) and
colchicine-treated spermatids
(c, d). a Caudal view of an
entire acrosomal cap (AC) at
mid-cap phase. b A rostral view
of the acrosome of a late cap-
phase (step 7) spermatid shows
numerous vesicles on the apical
(arrow) and caudal margin
(arrowheads) of the acrosome
(A). A Golgi apparatus (G) lies
on one side of the acrosome.
c Trans face view of the Golgi
apparatus in a colchicine-treated
spermatid shows several vesi-
cles accumulated in this area.
d Fewer vesicles (arrows) are
seen scattered on the caudal
edge of an abnormally shaped
acrosome (A) after colchicine
treatment. Bars 1 μm
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Discussion

Distribution and transport of acrosomal
membranes and enzymes

Active vesicle trafficking is involved in acrosome biogen-
esis, and many components of the machinery involved in
intracellular membrane fusion have been found to partic-
ipate in this event (Ramalho-Santos et al. 2001; Yang and
Sperry 2003). Several Golgi proteins (e.g., Golgin-97, Golgin-
95) have been found to be “missorted” to the acrosome
during acrosome formation; however, those proteins are
eventually retrieved via retrograde vesicular transport path-
ways and are not present in mature sperm (Moreno et al.
2000; Ramalho-Santos et al. 2001). Moreno and colleagues
(2000) have proposed that acrosome flattening and spread-
ing over the nucleus is the result of vesicle fusion at the
edges of the acrosome coupled with membrane retrieval
occurring at the apex. However, clathrin-coated pits and
vesicles are only observed during vesicle formation; coated
vesicles shed their clathrin coats immediately after vesicle
scission (Bonifacino and Glick 2004; Galli and Haucke
2004). Based on our observations, most vesicles found at
the caudal margin of the acrosome are clathrin-coated and
therefore are presumably leaving the acrosome, instead of
being added to it, which is in agreement with Pelletier and
Friend (1983). There is no doubt that the enlargement of the
developing acrosome is the result of fusion of vesicles
originating from the trans Golgi network with the acro-
some. The vesicles are speculated to fuse with the
developing acrosomal cap at various sites, resulting in an
undulated outer acrosomal membrane. Large amounts of
acrosomal proteins and membranes might also derive from
the fusion of awholeGolgi saccule during rapid acrosomal
growth. Missorted Golgi proteins and components of the
vesicle fusion machinery, such as v-SNARE, have to be
recycled back to the Golgi apparatus to ensure continuing
vesicle transport (Bonifacino and Glick 2004; Galli and
Haucke 2004). Clathrin has been localized over the whole
acrosomal cap (Moreno et al. 2000), indicating that
retrograde vesicle trafficking is involved during acrosome
formation.

Our finding of coated vesicles appearing on the apex and
the caudal margin of the developing acrosomal cap is in-
triguing. In order to determine whether the distribution of
coated vesicles plays a role in acrosomal enzyme distribu-
tion, we chose to study the localization of acid phospha-
tase. In our cytochemical studies with β-glycerophosphate
as the substrate, acid phosphatase activity was found on
both the outer and inner acrosomal membranes of cap-phase
spermatids in addition to small transport vesicles nearby.
However, in elongated spermatids, acid phosphatase activ-
ity appeared only in the equatorial segment. These results
suggest that the extensive acrosomal shaping and spreading
process leads to the redistribution of acrosomal enzymes,
which could be one of the mechanisms for localizing each
enzyme to a specific site.

Bozzola and colleagues (1991) have proposed that acro-
sin, a major protease of mammalian sperm, associates with

the acrosomal granule only during the cap and acrosomal
phases, but disperses throughout the acrosome, except for
the equatorial segment, during the maturation phase. The
outer acrosomal membrane is known to fuse with the plas-
ma membrane at specific sites during the acrosome reac-
tion, but membrane at the equatorial segment does not
participate in this fusion. The equatorial region remains un-
changed and is the site at which sperm-egg fusion eventu-
ally takes place (Yanagimachi 1994). Various systems have
been suggested to be involved in the transport of specific
proteins from the Golgi apparatus to the apical and baso-
lateral surfaces in polarized epithelial cells (Rindler et al.
1987). Our observations indicate that many vesicles fuse
with the acrosomal cap at various sites during the cap
phase. A possible explanation is that the specific fusion of
transport vesicles to various areas of the acrosome facili-
tates the specific distribution of certain acrosomal enzymes
within the acrosome. In other words, specific mechanisms
may exist to regulate the transport of particular membrane
domains and enzymes to the appropriate place of the cap at
the right time. The specific distribution of acrosomal mem-
branes and enzymes in the acrosome may be related to the
sequence of membrane fusion and enzyme release during
fertilization.

Effects of colchicine on developing spermatids

In seminiferous tubules, developing germ cells remain con-
nected to each other by intercellular bridges after mitotic
and meiotic divisions. These intercellular bridges are not
static structures but show size variation and considerable
structure-related diversity during spermatogenesis (Weber
and Russell 1987). In our study, colchicine-treated seminif-
erous tubules show many symplasts during the cap phase,
indicating that microtubules are important for maintaining
the structure of intercellular bridges, at least during certain
developmental stages.

Two decades ago, microtubules were shown to play a
vital role in maintaining the ultrastructural organization of
the Golgi apparatus in somatic cells (for a review, see Thyberg
and Moskalewski 1985). Morphological changes of the
Golgi apparatus, such as the dissociation of the Golgi stacks
and the accumulation of transport vesicles, are commonly
seen in cells treated with microtubule-inhibiting agents.
Functional microtubules are required for vesicle traffick-
ing, including that of Golgi-derived secretory granules
(Kraemer et al. 1999). Recently, specific molecular motor
proteins have been demonstrated to play an important role
in vesicle transport and acrosome biogenesis in rat sperma-
tids (Yang and Sperry 2003). Similar disintegrations of Golgi
bodies have been observed in our studies of colchicine-
treated spermatids (Fig. 4c,d), indicating that microtubules
are necessary to maintain the structural integrity of the
Golgi apparatus in mouse spermatids. With the O-D-O
cryofracture method, which enables the visualization of the
three-dimensional organization of the Golgi apparatus, or-
ganized Golgi stacks (Ho et al. 1999) were harder to find in
colchicine-treated samples than in controls. However, since
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the O-D-O method involves the washing away of most cyto-
plasmic proteins and even small vesicles during sample
preparation, disintegrated Golgi apparatus may have
been partially washed away.

In normally developing spermatids, the spreading of the
acrosomal cap over the nucleus is correlated with the spread-
ing of the modification of the nuclear envelope (Russell
et al. 1983; Fouguet et al. 1992). However, the modified
nuclear envelope underlying the acrosome grows beyond
acrosomal margins in OVE 219 transgenic mice (Russell
et al. 1994). The modifications in the nuclear envelope have
been suggested to signal the acrosomal spread. In our study,
inconsistent growth between the acrosomal cap and the
modified nuclear envelope has been found in most of the
colchicine-treated spermatids during the cap phase. This
inconsistency might be attributable to the retarded growth
of the acrosome instead of the overgrowth of the modified
nuclear envelope. Two reasons are proposed to account for
the retarded acrosomal growth. The first is the lack of antero-
grade vesicle trafficking, as the transport of small vesicles
from the Golgi apparatus to the growing acrosomal cap is
interrupted because of the rupture of the cytoplasmic micro-
tubular system by colchicine. The second is the lack of retro-
grade vesicle trafficking, because colchicine-treated cap-phase
spermatids have swollen acrosomes and greatly reduced
numbers of coated vesicles at the caudal margins of the
acrosomes. Therefore, coated vesicles leaving the caudal
margin of the acrosomal cap might act as a pulling force to
facilitate acrosomal shaping and spreading over the nucleus.

Recently, the subacrosomal structure linking the devel-
oping acrosome to the spermatid nucleus has been found to
be an F-actin/keratin-containing plate, termed the acro-
plaxome (Kierszenbaum et al. 2003; Kierszenbaum and
Tres 2004). During acrosomal biogenesis, the acroplaxome
behaves as the nucleation site to which Golgi-derived pro-
acrosomal vesicles attach and fuse. Both microtubule-based
and actin-based molecular motors are proposed to be in-
volved in transporting proacrosomal vesicles from the
Golgi apparatus to the acroplaxome (Kierszenbaum and
Tres 2004). Although no apparent disruption of the actin
cytoskeleton has been found in our study (Fig. 3c), micro-
tubule depolymerization might affect actin integrity at or
around the acroplaxome, thereby resulting in retarded acro-
somal growth. Therefore, details of the interactions between
microtubules and actin filaments should be determined.

Concluding remarks

In conclusion, the enlargement of the acrosome is achieved
by the fusion of vesicles secreted by the Golgi apparatus
and transported via microtubules to various sites of the grow-
ing acrosome. Our observations indicate that the shaping,
spreading, and maintaining of the acrosomal cap is regu-
lated, at least partially, by clathrin-coated vesicle-mediated
retrograde trafficking. Our results further show that, in mouse
spermatids, microtubules not only play an important role in
determining the organization of the Golgi apparatus, but

also participate in the mechanism regulating the spreading
and shaping of the acrosome over the nucleus.
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