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Background and Aims: Sperm motility is regulated by pro-
tein phosphorylation. The 66 kDa protein obtained from
hamster sperm flagella was phosphorylated at serine residues
associated with the motility initiation. In order to understand
the regulatory mechanism of sperm motility, the 66 kDa pro-
tein was identified in the present study.

Methods: The 66 kDa protein was purified by 2-D gel electro-
phoresis and identified by matrix-assisted laser desorption
ionization mass spectrometry, liquid chromatography-tandem
mass spectrometry and peptide sequencer.

Results: The 66 kDa protein was tubulin β chain.

Conclusion: The 66 kDa protein is one of the tubulin β chain
isoforms and phosphorylated in relation to the motility initi-
ation. (Reprod Med Biol 2004; 3: 133–139)
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INTRODUCTION

PROTEIN PHOSPHORYLATION and/or dephosphory-
lation are a very important event in the signal

transduction regulated sperm motility.1–3 Many protein
phosphorylations regulated sperm motility occurrs by
extracellular activation factors such as calcium and/
or bicarbonate, and cyclic adenosine monophosphate
(cAMP). Extracellular activation factors stimulate ade-
nylate cyclase resulting in cAMP production.4–6 Cyclic
AMP activates a cAMP-dependent protein kinase and
introduces protein phosphorylation and/or dephos-
phorylation.7–13 Eventually, the interaction between
dynein adenine triphosphatase and axoneme generates
the bending motion in flagella.

In hamster spermatozoa, the extracellular activation
factor is calcium.14 It is assumed that the pathways for
intracellular signal transduction related to motility acti-

vation in the hamster spermatozoa are basically the same
as described above. In our previous studies,11–13,15–19 we
have detected many phosphoproteins associated with
hamster sperm motility. We recently proposed that
sperm motility should be regulated through two types
of phosphorylation cascade in hamster spermatozoa,15

because that the hamster spermatozoa moved slowly
even when extracellular calcium was chelated11 and that
the spermatozoa swam vigorously when calcium was
present in the medium.11 From these observations, we
redefined sperm motility as four states: preinitiation,
initiation, activation and hyperactivatiom.15 We detected
four flagellar phosphoproteins associated with sperm
initiation and activation.13,15 At the motility initiation,
the 66 kDa protein and the 58 kDa protein were phos-
phorylated at serine residues. The 58 kDa protein was
identified as adenosine triphosphate (ATP) synthase F1
component β subunit that existed in sperm flagellum.18

On activation, two types of 36 kDa proteins, which were
designated as the 36K-A protein and the 36K-B protein,
were phosphorylated at serine residues in a cAMP-
dependent manner.13,19 The 36K-A protein was identified
as a pyruvate dehydrogenase E1 component β subunit
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localized at the fibrous sheath of the principal piece of sperm
flagellum.19 However, the 36K-B protein was also identified
as a pyruvate dehydrogenase E1 component β subunit
and localized at the middle piece of sperm flagellum.13

In the present study, we identified the 66 kDa protein,
which was one of four phosphoproteins associated
with hamster sperm motility.

MATERIALS AND METHODS

Reagents

AGAROSE FOR ISOELECTRIC focusing (IEF) and
ampholine were purchased from Amersham-

Biosciences (Buckingham, UK). Trypsin was purchased
from Promega (Madison, WI, USA). Other chemicals
were of reagent grade from Wako Pure Chemical Indus-
tries (Osaka, Japan).

Preparation of demembranated sperm 
flagellar extracts

Demembranated sperm flagellar extracts were prepared
according to the method described in our previous
studies11 with some modifications.15 Spermatozoa
obtained from the cauda epididymis of sexually mature
male golden hamsters (Mesocricetus auratus) were
suspended in the homogenization buffer containing
200 mM sucrose, 25 mM glutamic acid, 25 mM potas-
sium hydroxide and 20 mM Tris-HCl (pH 7.9) supple-
mented with 10 mM phenylmethylsulfonyl fluoride
(PMSF) and 20 µg/mL leupeptine and homogenized
with a Teflon homogenizer. After the homogenate was
diluted into a fourfold volume of the homogenization
buffer supplemented with 2.5 mM PMSF and 5 µg/mL
leupeptine, they were centrifuged at 750 g for 5 min at
4°C to separate the sperm head and flagellum and the
supernatant including flagella was collected. Flagella were
demembranated by the homogenization buffer supple-
mented 1 mM dithiothireitol (DTT), 0.1% (w/v) Triton
X-100 for 30 s at a ambient temperature. Demembranated
flagella were collected by centrifugation at 5500 g for 5 min
at 4°C and were adjusted to a final protein concentration
of 1 mg/mL with the homogenization buffer. After they
were precipitated by 10% trichloroacetic acid the precipi-
tate was suspended at 1 mg/mL in a guanidine solution
containing 8 M guanidine hydrochroride, 10 mM sodium
pyrophosphate, 10% (v/v) 2-mercaptoethanol, 2% (v/v)
Nonidet P-40 and 0.5 M Tris-HCl (pH 7.5). The suspen-
sion was dialyzed in a urea solution containing 7 M urea
and 1% (v/v) 2-mercaptoethanol before electrophoresis.

Purification of the 66 kDa protein with 
electrophoresis

In order to purify the 66 kDa protein, demembranated
sperm flagellar extracts were subjected to 2-D gel electro-
phoresis after the extracts were carried out by sucrose
density gradient IEF.

Sucrose density gradient IEF was carried out accord-
ing to the method of Vesterberg20 with some modifica-
tions.15 Sucrose density gradient was made from 0 to
50% (v/v) together with an ampholine (pH 3.5–10) as
the carrier ampholite. Urea was added to all solutions
at 3 M as a final concentration.

2-D gel electrophoresis combined with agarose-IEF
and sodium dodecyl sulfate–polyacrylamide gel electro-
phoresis (SDS-PAGE) was carried out according to the
method of Hirabayashi21 with some modifications.22 First
dimension IEF was performed on cylindrical agarose
gels at 4°C with a mixture of two types of ampholines
(pH 4–6 and pH 3.5–10 used at 2 : 1) as carrier ampho-
lite. SDS-PAGE was carried out according to the method
of Laemmli.23 The separating gel used was 10% (w/v)
polyacrylamide containing 0.1% (w/v) SDS.

Peptide mass finger printing

Peptide mass finger printing was carried out according
to our previous study.13 After 2-D gel electrophoresis, a
spot of the 66 kDa protein was dried with acetonitoril
and then soaked in 100 mM ammonium bicarbonate con-
taining 10 µg/mL trypsin for in-gel digestion. After the
incubation, the supernatant was subjected to mass spectro-
metry with MALDI-TOF-MASS (M@LDI, Micromass,
Manchester, UK). Based on results obtained by mass
spectrometry, the 66 kDa protein was analyzed by means
of mass spectrometry (MS)-Fit (http://prospector.ucsf.edu/
ucsfhtml4.0/msfit.htm).

Amino acid sequence analysis with LC-MS/MS

Amino acid sequence analysis with LC-MS/MS was
carried out according to our previous study.13 After 2-D gel
electrophoresis, a spot of the 66 kDa protein was soaked
in 40 µL of 100 mM ammonium bicarbonate containing
10 µg/mL trypsin. After digested peptides were extracted
from spots, they were subjected to mass spectrometry
with an LC-MS/MS (MAGIC2002 high-performance liquid
chromatography ultra violet, Michrom Bioresources,
Auburn, CA, USA; LC-Q ion-trap mass spectrometer;
Thermo Finnigan, San Jose, CA, USA). Based on the results
obtained by mass spectrometry, the 66 kDa protein
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was analyzed with a TurboSequest (Thermo Finnigan).
Furthermore, several amino acid sequences obtained
by mass spectrometry were subjected to a blast search
(http://blast.genome.ad.jp/).

Amino acid sequence analysis with a peptide 
sequencer

Amino acid sequence analysis with a peptide sequencer
was carried out according to our previous study.13 Amino
acid sequence analysis of prepared peptides was per-
formed with a peptide sequencer (PPSQ-21; Shimadzu,
Kyoto, Japan). After 2-D gel electrophoresis, spots were
transferred to a polyvinylidene fluoride (PVDF) mem-
brane (Immobilone Psq; Millipore, Bedford, MA, USA)
and were subjected to amino acid sequence analysis.
Based on the amino acid sequence analysis results,
the 66 kDa protein was identified by means of FASTA
(http://fasta.genome.ad.jp/).

RESULTS

IN ORDER TO identify the 66 kDa protein, it was
purified using sucrose density gradient IEF (Fig. 1)

and 2-D gel electrophoresis (Fig. 2). The fractions of
pH 4.5–615 of the 66 kDa protein were collected (Fig. 1)
and carried out with 2-D gel electrophoresis (Fig. 2).
The 66 kDa protein was purified as a protein spot from
those fractions using 2-D gel electrophoresis (Fig. 2).
As the spot of the 66 kDa protein consisted of a single

component,15 it was analyzed by peptide mass finger
printing after the spot of the 66 kDa protein was
digested by trypsin (Fig. 3). As shown in Fig. 3a, many
peptide materials of the 66 kDa protein and trypsin were
detected. Sixteen materials were obtained and matched
to the tubulin β chain from the result of database search
(Fig. 3b,c). As shown in Fig 3b, 16 materials corre-
sponded to sequences of tubulin β chain, respectively.
The corresponding sequences of the 16 materials were
overlapped to human tubulin β chain (Fig. 3c). The
coverage of those 16 peaks was 33.93% from the results
of the database search. For precision, the 66 kDa
protein was analyzed using LC-MS/MS (Fig. 4). As
shown in Fig. 4a, many peptide materials of the 66 kDa
protein and trypsin were detected. From the results of
the analysis of MS/MS for each materials, 20 materials
were originated in the 66 kDa protein (Fig. 4a,b). From
the results of the database search, amino acid sequences
of those materials also matched to human tubulin β
chain (Fig. 4c). Coverage of those 20 peaks was 51% by
amino acid count.

Furthermore, the spot of the 66 kDa protein was ana-
lyzed at the N-terminal sequences using peptide sequencer.
N-terminal amino acid sequences of the 66 kDa protein
were MREIVHLQAGQ. They corresponded to the N-
terminal sequences of tubulin β chain from the result
of the database search.

Figure 1 Sucrose density gradient isoelectric focusing (IEF)
of flagellar extracts. After sucrose density gradient IEF and
fractionation of 2 mL, the pH and the absorbance at 580 nm
of each fraction were measured. Most proteins were recovered
in acidic pH fractions, and the pH of fractions 13, 14 and
15 was from pH 4.5 to pH 6. (�), pH; (�), absorbance.

Figure 2 2-D gel electrophoresis of pH 5 fraction of sucrose
density gradient isoelectric focusing. The arrow on the photograph
indicates the 66 kDa protein. Bars on the left side of
photograph show molecular weight standards. Bar on the top
of photograph shows the isoelectric point range.

http://blast.genome.ad.jp/
http://fasta.genome.ad.jp/


136 M. Fujinoki et al. 

Reproductive Medicine and Biology 2004; 3: 133–139

DISCUSSION

PROTEIN PHOSPHORYLATION IS the essential event
in the signal transduction which regulates sperm

motility. It has been accepted that protein phosphory-
lation associated with sperm motility is generally a
result of cAMP and cAMP-dependent protein kinase
as sperm motility depends on cAMP. In many previ-
ous studies it was found that many proteins were
cAMP-dependent phosphorylated in association with
sperm motility. For example, a 58 kDa protein, named
axokinin, in dog spermatozoa,7 65 kDa proteins in
mouse spermatozoa,10 36 kDa and 10 kDa proteins in
hamster spermatozoa,11–13 20 kDa and 26 kDa proteins
in ascidian spermatozoa24 and 40 kDa, 20 kDa and
15 kDa proteins in salmon spermatozoa.25–28 However,
it was also found that many cAMP-independent protein

Figure 3 Peptide mass finger printing of the 66 kDa protein.
(a) Mass spectrogram of the 66 kDa protein digested by
trypsin. Numbers on spectrogram indicate molecular mass of
16 peaks originated from the 66 kDa protein. (b) Results of
data base search using mass spectrometry-fit. Amino acid
sequences of 16 peaks originated from the 66 kDa protein
were estimated. All estimated amino acid sequences were
involved in the tubulin β chain. (c) Amino acid sequences
of human tubulin β chain. Netted sequences indicate area
covered by the results of peptide mass finger printing.

Figure 4 Liquid chromatography-tandem mass spectrometry
(LC-MS/MS) analysis of the 66-Da protein. (a) Chromatogram
of the 66 kDa protein digested by trypsin. Many peaks originated
from the 66 kDa protein and peaks of self-digested peptides
of trypsin were detected. Twenty-one peaks of those originated
from the 66 kDa protein. Numbers on spectrogram indicate
peaks originated from the 66 kDa protein, respectively.
(b) Molecular mass and amino acid sequences of each peak
originated from the 66 kDa protein. All estimated amino acid
sequences were identical to the tubulin β chain from the
results of data base search. (c) Amino acid sequences of human
tubulin β chain. Red letters indicate sequences covered by
the results of LC-MS/MS analysis.
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phosphorylation is associated with sperm motility in
several animals, for example, boar,29 goat,30 hamster,15,31–35

human,36–38 mouse,39 and sea urchin40 spermatozoa.
Those phosphoproteins were associated with activation
and/or hyperactivation of sperm motility. Recently, it was
demonstrated that the small G-protein was associated
with the regulatory mechanism of sperm motility.41 It
was demonstrated that approximately 80 kDa tyrosine
phosphoprotein detected in several mammalian sperma-
tozoa was A-kinase anchoring protein.42,43 Furthermore, it
was suggested that 58 kDa and 36 kDa proteins detected
in hamster spermatozoa was ATP synthase F1 component
β subunit18 and pyruvate dehydrogenase E1 component
β subunit,13,19 respectively. In salmon and trout sperma-
tozoa,26 it was shown that 40 kDa and 20 kDa proteins
was catalytic subunit of A-kinase and dynein light chain,
respectively. However, other phosphoproteins were not
identified.

In our previous studies,11,15 we suggested that hamster
sperm motilities, the slow movement and the vigorous
movement, are regulated through two types of phos-
phorylation cascade. The former slow movement was
triggered independently of extracellular activation factors
and was essential for starting sperm motility. We defined
the start of motility as ‘initiation’. The latter vigorous
movement was extracellular activation factor-dependent.
We defined the activation of motility as ‘activation’. We
detected four flagellar phosphoproteins associated with
sperm initiation and activation.15 At the motility initi-
ation, the 66 kDa protein and the 58 kDa protein were
phosphorylated at serine residues. In the present experi-
ment, the 66 kDa protein was identified as tubulin β
chain. The 58 kDa protein was identified as ATP syn-
thase F1 component β subunit in a previous study.18

On activation, two types of 36 kDa proteins, which were
designated as the 36K-A protein and the 36K-B protein,
were phosphorylated at serine residues in a cAMP-
dependent manner.13 Both the 36K-A protein and the
36K-B protein were identified as a pyruvate dehydroge-
nase E1 component β subunit in previous studies.13,19

Proteins detected and identified in our previous
studies13,18,19 were phosphoproteins associated with
metabolism, although they were detected as phosphory-
lation associated with sperm motility. We understand
that those proteins were phosphorylated associating with
ATP supply when spermatozoa move. Only the 66 kDa
protein was not related to metabolism as it was identi-
fied as tubulin.

In hamster spermatozoa, the 66 kDa protein was
tubulin β chain. However, the 66/65 kDa phosphopro-
tein was also detected from mouse spermatozoa.10,39 Is

mouse 66/65 kDa protein also tubulin β chain? It
was shown that mouse 66/65 kDa protein was phos-
phorylated at serine residues in a cAMP dependent
manner.10,39 In contrast, phosphorylation of hamster
66 kDa protein did not depend on cAMP, although this
protein was phosphorylated at serine residues.15 There-
fore, it seems that mouse 66/65 kDa protein differs from
hamster 66 kDa protein.

Tubulin is the most major component of axoneme in
sperm flagellum. We could not show the isoform type
of tubulin from data obtained in the present experi-
ment. Although tubulin can be phosphorylated, it is
not clear whether the phosphorylation of tubulin is
associated with sperm motility. The phosphorylation of
66 kDa protein increased associated with the initiation
of sperm motility, but it occurred at a low level before
the initiation of sperm movement.15 Recently, it was
reported that the 15 kDa phosphoprotein detected in
salmon sperm contained tubulin-like sequences28 and
localized at the basal portion of sperm flagellum with
protein kinase.44,45 As tubulin is a major cytoskeleton
protein in sperm flagellum, function of tubulin have
not been examined in signal transduction regulated
sperm motility. However, tubulin may play a role in
sperm motility regulation as phosphoproteins associ-
ated with sperm motility were tubulin and/or tubulin-
like protein.
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