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Low Temperature-Induced Dimerization of the
Bovine Sperm Serine Protease, BSp66

Andreina Cesari,* Claudio Santiago Cacciato, Rosana Esther De Castro, and Jorge Julian Sanchez

Instituto de Investigaciones Biologicas, Facultad de Ciencias Exactas y Naturales,
Universidad Nacional de Mar del Plata. CC:1245 (7600) Mar del Plata, Argentina

Abstract BSp120 and BSp66 are trypsin-like serine proteases from bovine spermatozoa. The former is active in
cryopreserved sperm samples while the latter shows proteolytic activity in recently obtained fresh sperm. Both proteases
are immunologically related and co-localize in the apical portion of the sperm head. In Western blots with specific
antibodies, sperm samples incubated with reducing agents showed a decrease in the amount of BSp120, while BSp66 was
detected with both anti-BSp120 and anti-BSp66 antibodies. BSp120 was evident in frozen intact spermatozoa after
60 days of semen cryopreservation and the kinetic of appearance of this protein was coincident with the decrease in the
amount of BSp66. Identical results were obtained by freezing sperm extracts from fresh semen at —20°C. Our results
suggest that BSp120 results from disulfide bond-dimerization of BSp66 and that this process may be induced by
temperatures below zero in both intact spermatozoa and in sperm extracts. J. Cell. Biochem. 88: 1057-1065, 2003.
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Cryopreservation of gametes is a common
practice in reproductive biotechnology. Cellular
changes occurring in spermatozoa during
storage in liquid nitrogen are currently studied
since impaired fertility is observed by compar-
ison with fresh semen [Watson, 2000]. Protein,
cholesterol, and lipid composition in plasma
membrane suffer modifications during capaci-
tation in porcine spermatozoa. These changes
that alter membrane fluidity are mimicked by
cryopreservation [Pettit and Burh, 1998] and
are explained by membrane protein destabiliza-
tion induced by freezing [Pérez et al., 1996]. Low
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temperature-induced alterations in acrosomal
structure were also described [Moses et al.,
1995; Althouse et al., 1998]. High levels of
oxygen reactive species leading to unsaturated
fatty acids peroxidation of acrosomal mem-
brane [Bilodeau et al., 2000] and increased
calcium influx, initiates a process called “cryo-
capacitation” and acrosomal reaction prema-
turely [Esteves et al., 1998; Thundathil et al.,
1999; Bailey et al., 2000] by altering sperm
proteins mainly on the plasma membrane.
Sulfhydryl groups of membrane proteins main-
tain a dynamic equilibrium with their disulfide
counterparts. It has been demonstrated that
cooling and freezing-thawing exert marked
effects on the sulfhydryl groups of bull sperm
membrane proteins [Chatterjee et al., 2001].
Altogether, cold-induced alterations result in a
reduction in fertilization rates of cryopreserved
mammalian spermatozoa [Moses et al., 1995;
Althouse et al., 1998; Pettit and Burh, 1998].
Mammalian fertilization needs that sperma-
tozoa penetrate two oocyte layers which are
cumulus oofurus (CO) and zona pellucida (ZP).
Two possible mechanisms allow entry through
the ZP: mechanical force (sperm motility) and
enzymatic hydrolysis [Kohno et al., 1998].
Several serine proteases have been described
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in mammalian spermatozoa including acrosin
[Zaneveld et al., 1971; Baba et al., 1994a,b;
Kohno et al.,, 1998]. In our laboratory two
antigenically related trypsin-like proteases,
BSp120 and BSp66, which are located in the
apical portion of bovine sperm head, were
recently described [Cesari et al., submitted for
publication]. We have preliminary evidence
that support a membrane-bound localization
of these proteases. Alterations in this bo-
vine sperm proteolytic system were observed
when cryopreserved spermatozoa were com-
pared with fresh spermatozoa. Cryopreserved
sperm displays BSp120 activity while fresh
sperm shows BSp66 activity. However, when
fresh sperm extracts were stored at —20°C
during more than 30 days, activity of BSp120
become appreciable [Cesari et al., submitted for
publication]. In this work we report that BSp66
dimerizes into an active form, BSp120, and that
dimerization is induced by low temperatures.

MATERIALS AND METHODS
Materials

Casein, Mr protein standards and other ana-
Iytical grade chemicals were purchased from
Sigma-Aldrich (USA). Azocasein was prepared
in our laboratory as described by Kirtley and
Koshland [1972]. Polyclonal antibodies against
BSp120 and BSp66 were prepared in our labo-
ratory as described [Cesari et al., submitted for
publication].

Semen Source

Cryopreserved semen pills were generously
provided by the Bovine Artificial Insemination
Industry (CIALE SA) and by INTA-Balcarce,
Argentina. Each dose (250 pl) contained a final
concentration of 50 x 10° spermatozoa/ml. This
material was conserved in liquid nitrogen
(—196°C). Recently ejaculated (fresh) semen
was collected using an artificial vagina, diluted
in buffer 10 mM Hepes (pH 7.5) and washed
twice by centrifugation at 400 g for 10 min at
4°C. Then, spermatozoa were suspended in the
same buffer to a final concentration of 50 x
10° spermatozoa/ml.

Cryopreservation of Spermatozoa

One to three ejaculates from 5 bulls housed at
the Balcarce Experimental Station of INTA
were collected by artificial vagina. Semen was
evaluated for percentage of progressively motile

spermatozoa and sperm concentration. Only
ejaculates containing at least 70% motile sper-
matozoa and more than 600 x 10® spermatozoa/
ml were pooled and diluent was added at
35-37°C to give a concentration of 150—200 x
10° spermatozoa/ml. The extender used was
230 mM lactose, 5% v/v glycerol, 20% v/v egg
yolk, 1 mg/ml streptomycin, and 0.6% mg/ml
penicillin. The diluted semen was cooled to 5°C
in 1 h. Drops of diluted semen (200 pl) were
made on dry ice carbonic holes and after 5 min,
transferred to liquid nitrogen at —196°C and
stored until used.

Determination of Proteolytic Activity

Routinely, azocasein was used as substrate.
The reaction mixture contained 0.5% (w/v)
azocasein, 0.1 M Tris-HCI (pH 7.5), and enzyme
solution in 300pl final volume. Incubations were
performed at 39°C during 4 h and stopped by
adding 1 volume of cold 10% trichloroacetic
acid (TCA). The assayed tubes were left on
ice for 15 min and centrifuged for 15 min at
3000 g. Acid-soluble products were detected in
the supernatant by measuring absorbance at
335 nm (Asss). One unit of activity (U) was
defined as the amount of enzyme that produced
an increase of 1 in Asss under the conditions
above described. The conditions to measure
trypsin and papain activities were adjusted in
order to obtain an increment of Asss=1 in
30 min at 39°C. For papain activity reaction
mixture contained 1 mM B-mercaptoethanol.

Proteolytic activity on the synthetic oligopep-
tide Gly-Gly-Arg-a-4-methylcoumaril-7-amide
(MCA) was performed in a reaction mixture
containing 0.2 mM peptidyl-MCA, 0.1 M Tris-
HCI1 (pH 7.5), and enzyme solution in a final
volume of 75 pl. Incubations were performed at
39°C and stopped by adding 2 mM PMSF
(phenylmethylsulfonyl fluoride). The degrada-
tion product of peptidyl MCA was measured
fluorometrically at 460 nm with an excitation
filter of 360 nm in a Turner 450 fluorometer.
One unit was defined as the variation of fluo-
rescent emission related to the fluorescent
signal of a 0.2 mM 7-amido-4-methyl-coumarine
solution.

Protein Determination

Protein concentration was determined by the
bicinchoninic acid procedure [Smith et al., 1985]
using bovine serum albumin as standard.



Low Temperature-Induced Modifications on Sperm Proteases 1059

When samples were obtained after SDS—
PAGE, portions of gel corresponding to BSp120
and BSp66 Mr, were sliced and then incubated
overnight at 4°C in 100 mM Tris-HCI (pH =7.5)
and homogenized in the same buffer. After
centrifugation protein concentration was deter-
mined in the supernatant.

Partial Purification of BSp120 and BSp66

Purification of BSp120 and BSp66 was per-
formed as described [Cesari et al., submitted for
publication]. BSp120 and BSp66 were obtain-
ed from cryopreserved or fresh spermatozoa,
respectively.

Polyacrylamide Gel Electrophoresis

Samples were electrophoresed in 7.5% (w/v)
polyacrylamide gels containing 0.1% sodium
dodecyl sulfate (SDS—PAGE) at 4°C and 20 mA/
gel, according to Laemmli [1970]. Samples were
mixed with 5 x Laemmli sample buffer with or
without 1 mM dithiotheritol (DTT) and 25 mM
B-mercaptoethanol (B-MCE). Samples were not
boiled. Mr were estimated using protein stan-
dards: B-galactosidase (116 kDa), bovine serum
albumin (66 kDa), and ovoalbumin (43 kDa).
Proteins were stained with Coomassie brilliant
blue R-250 (CBB).

Disulfide Reduction
and S-Carboxymethylation

Samples were incubated in the presence of
10 mM DTT and 0.1% SDS, in 100 mM Tris-HCI
(pH 7.5) for 5 min at room temperature. Then,
iodoacetamide was added (final concentration
34 mg/ml) and samples were further incubated
for 5 min. Excess of DTT, SDS, and iodoaceta-
mide were eliminated by extensive washing
with 50 mM Tris-HCI (pH 7.5) and the sample
concentrated in Amicon units (10.000). After
this treatment the activity was measured using
azocasein and Gly-Gly-Arg-MCA and also by
zymography. Trypsin and papain activities
were assayed as controls.

Zymography

Proteins were fractionated in 7.5% (w/v)
polyacrylamide gels containing 0.1% (w/v) gela-
tin following the method of Hummel et al.
[1996]. Electrophoresis was performed as des-
cribed above. In order to eliminate SDS the gel
was washed in 2.5% (v/v) Triton X-100, 5% (w/v)
CaCl, and incubated for 20 h at 39°C in
0.1 M Tris-HCI (pH 7.5). Proteolytic activity

was visualized as unstained regions after CBB
staining.

Western Blotting

Proteins were fractionated in polyacrylamide
gels as described and then transferred onto
nitrocellulose membranes at 190 mA for 30 min
in Trans-Blot SD-cell (Bio-Rad). The transfer
solution contained 48 mM Tris/39 mM glycine
(pH 9.2) and 20% (v/v) methanol. Membranes
were blocked in 25 mM Tris-HCI (pH 7.4), 0.02%
(v/v) Tween-20, 5% (w/v) skimmed milk, and
0.02% sodium azide (w/v) (blocking buffer) at
room temperature for 2 h. The blocked mem-
branes were incubated with specific antiserum
diluted 1:200 in blocking buffer at room tem-
perature for 4 h with gentle shaking and then
washed in blocking buffer. The membranes
were incubated with alkaline phosphatase-
conjugated anti-rabbit IgG diluted 1:7500 in
the same buffer for 1 h. After extensive washing,
the membranes were immersed in alkaline
phosphatase buffer (0.1 M Tris-HCl, pH 9.5,
0.1 M NaCl, 5 mM MgCl,), containing 0.33 mg
nitrobluetetrazolium and 0.01 mg 5-bromo-4-
chloro-3-indolyl phosphate per ml until color
development, and stopped with distilled water.

RESULTS

Analysis of BSp120 After Treatment
With Reducing Agents

BSp120 was detected and partially purified
from cryopreserved bovine spermatozoa while
BSp66 was obtained from fresh spermatozoa
[Cesari et al., submitted for publication]. Dur-
ing purification of BSp66, the presence of a
proteolytic band corresponding to the relative
mobility of BSp120 was observed in gelatin
zymograms when the extracts were stored at
—20°C during 60 days or longer [Cesari et al.,
submitted for publication]. This result agreed
with the evidence obtained in Western blots,
indicating that both proteins were present in
fresh and cryopreserved spermatozoa, provided
that the samples had been stored at tempera-
tures below 0°C [Cesari et al., submitted for
publication]. The Mr of BSp120 (120 kDa) is
about twice the one of BSp66 (66 kDa). To
evaluate whether BSp120 could result from
dimerization of BSp66, we treated partially
purified BSp120 isolated from cryopreserved
intact spermatozoa with the reducing agents p-
MCE or DTT. Then, the samples were analyzed



1060 Cesari et al.

B

MCE - - - +
DTT - - + -

MCE - - +
DTT - + -

Fig. 1. Effect of reducing agents on BSp120. SDS—PAGE (A) and Zymography (B) profiles of partially
purified BSp120 from cryopreserved spermatozoa obtained after benzamidine-Sepharosa chromatography
as described [Cesari et al., submitted for publication]. Mr: molecular mass standards (kDa); lane 1, without
reducing agent; lane 2, TmM DTT; lane 3, 25 mM 2-B-mercaptoethanol.

by SDS-PAGE (Fig. 1A) and zymography
(Fig. 1B). After treatment with the reducing
agents, the protein band corresponding to
BSp120 decreased, while the intensity of the
one corresponding to BSp66 increased (Fig. 1A,
lanes 1-3). As shown in the zymogram, the
activity of BSp120 was no longer detected after
the samples were treated with the reducing
agents concomitantly with the appearance of
BSp66 activity (Fig. 1B, lanes 1-3). The 45 kDa
gelatinolytic band, which was inactivated after
treatment with the reducing agents (Fig. 1A,
lane 1-3), was attributed to acrosin. We had
previously demonstrated that acrosin (45 kDa)
co-purified with BSp120, as it was recognized by
specific anti-acrosin antibodies [Cesari et al.,
submitted for publication]. The identity of
BSp120 and BSp66 was confirmed by Western
blotting using specific antibodies (Fig. 2). After
incubation with B-MCE or DTT only BSp66 was
detected while BSp120 was no longer evident
using either anti-BSp66 or anti-BSp120 specific
antibodies (Fig. 2A,B). This result suggests that
BSp120 may be a dimer of two BSp66 subunits
connected by disulfide bridges.

In order to verify if cysteine residues in BSp66
were required not for the activity but for
the homodimer formation, the proteins were
reduced and S-carboxymethylated, and the

proteolytic activity was measured. Figure 3
shows that BSp66 is still active after reduction
and carboxymethylation indicating that disul-
fide bonds are not necessary for protein activity.
Identical results were obtained when BSp66
proteolytic activity was assayed in vitro using
either azocasein or Gly-Gly-Arg-MCA as sub-
strates (data not shown). Trypsin (negative
control) activity was not affected while Papain

A anti-BSp120 B anti-BSp66
1 2 3 1 2 3
e oy — S
120- 120-
66- 66- i
45-
45-
MCE - - + - - b
DTT - + = o 4 _

Fig. 2. Effect of reducing agents on the immunological
detection of BSp120. Western blot analysis of partially purified
BSp120 from cryopreserved spermatozoa (30 pg), incubated with
(A) anti-BSp120 (1/200) and (B) anti-BSp66 (1/200) antibodies.
Lane 1: Without reducing agent; lane 2, TmM DTT; lane 3,
25 mM 2-B-mercaptoethanol. Mr standards are indicated on the
left (kDa).
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1 2 3
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Fig. 3. Activity of the monomer BSp66 after S-carboxymethyla-
tion. Zymography of partially purified BSp120 from cryopre-
served spermatozoa. Control (lane 1), reduction with T0mM DTT
(lane 2), and S-carboxymethylation with 34 mg/ml iodoaceta-
mide (lane 3) were assayed. Before electrophoresis, samples
were extensively washed to remove the excess of reagents.
Mr standards are indicated on the left (kDa).
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(positive control) activity decreased 98%. Due
to high amount of protein loaded in the zymo-
graphy, BSp120 was not completely reduced
to BSp66.

Changes in Protease Structure During Storage
at Low Temperatures

To test whether storage of semen samples at
—196°C may induce dimerization of BSp66 in
intact spermatozoa, we analyzed the presence
and activity of BSp120 and BSp66 in fresh
sperm at different times after cryopreservation
(Fig. 4A). BSp66 was the only band detected in
fresh sperm extracts using either anti-BSp120
(Fig. 4C, lane 1) or anti-BSp66 antiserum (not
shown). After 60 days of cryopreservation, a
protein band corresponding to 120 kDa was also
detectable by SDS—PAGE and Western blotting
and remained evident at least up to 120 days
(Fig. 4A,C, lanes 4 and 5). Accordingly, the

B
120-
66-
45-
Fs 10 30 60 120 time (days)
4 5
R W

PR

60 120 time (days)

Fig. 4. Effectof cryopreservation (—196°C) on BSp66. Fresh spermatozoa were diluted in extender solution
and frozen at —196°C. Then, samples were thawed at different times, spermatozoa extracts (50 ug) were
analyzed by SDS-PAGE (A), Zymography (B), and Western blotting with (C) anti-BSp120 antibody (1/200).
Electrophoresis was performed under non-reducing conditions. Lane Mr: Molecular mass standards (kDa);
lane 1, Fresh sperm; lane 2, 10 days; lane 3, 30 days; lane 4, 60 days; lane 5, 120 days.
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pattern of proteolytic activity showed the ap-
pearance of the active band corresponding to
BSp120 after 30—60 days of cryopreservation of
spermatozoa (Fig. 4B). A remarkable decrease
in the amount of BSp66 was also observed after
60-120 days of storage (Fig. 4A,C, lanes 4
and 5). This decrease was not observed in
zymograms probably due to the high levels of
BSp66 activity in addition to the semiquantita-
tive nature of this method.

In parallel, sperm extracts from fresh sper-
matozoa were stored at —20°C during different
times to investigate the possibility that incuba-
tion at low temperatures may induce formation
of BSp120 from BSp66 in the absence of intact
cells. As observed in cryopreserved spermato-
zoa, Western blot analysis revealed that the
kinetics of appearance of BSp120 was concomi-
tant with the decrease in BSp66 (Fig. 5A). The
results observed in gelatin zymograms also
evidenced this conversion (Fig. 5B).

These results indicate that dimerization
of BSp66 into BSpl20 is induced by low
temperatures.

Changes in Proteolyitc Activity
During Cryopreservation

In order to evaluate whether cryopreser-
vation of intact spermatozoa may result in
variation of total proteolytic activity, azoca-
seinolytic activity was measured in sperm
extracts following semen storage at —196°C
for different times (Fig. 6). A fivefold increment
of total activity was observed after 60 days
of cryopreservation, suggesting that freezing/

A

120- e -0 Sud

66- v

Fs 10 30 60

Fig. 5.

120 time (days)
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thawing enhances total proteolytic activity in
bovine spermatozoa.

On the other hand, when proteolytic acti-
vity of partially purified fractions containing
BSp120 and BSp66 was measured in the pre-
sence of 25 mM B-MCE or 1 mM DTT, conditions
that induce the conversion of BSpl20 into
BSp66, a threefold decrease in activity was
observed (not shown). To investigate whether
this decrease may be due to lower activity
of the monomer (BSp66) as compared to that
of the dimer (BSp120), or to a direct or in-
direct effect of reducing agents on BSp66 active
site, both proteases were separated by SDS—
PAGE and the fractions of the gel corresponding
to BSp120 and BSp66 Mr were sliced from
the gel and incubated with azocasein in the
presence or absence of B-MCE (Fig. 7). A 55%
reduction in the activity of BSp120 was ob-
served after incubation of this protein with
B-MCE. Since BSp66 activity was increased by
effect of the reducing agent, an inhibitory effect
of B-MCE on the intrinsic activity of the
monomer, may be discarded. We concluded that
the dimeric form is more active than the mono-
meric one, and as a consequence, at least part
of the increment of activity observed during
cryopreservation may be attributed to forma-
tion of the dimeric form of the protease.

DISCUSSION

BSp120 and BSp66 are proteolytic enzymes
of bovine spermatozoa. They share several pro-
perties such as trypsin-like proteolytic activity,
subcellular localization and cross-reactivity

120-

66-

Fs 10 30 60

120 time (days)

Effect of below-zero conservation of fresh sperm extracts on BSp66. Protein extracts obtained from

fresh spermatozoa were stored at —20°C during different times. Then, 50 pg protein were analyzed by
Western blotting with antibodies against (A) BSp120 (1/200) and (B) Zymography. Electrophoresis was
performed under non-reducing conditions. Lane 1: Fresh sperm; lane 2, 10 days; lane 3, 30 days; lane 4,
60 days; lane 5, 120 days. Mr standards are indicated on the left (kDa).
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Fig. 6. Changes in total azocaseinolytic activity during cryo-
preservation of spermatozoa. In parallel to the experiment
describe in Figure 3, total activity of sperm extracts (200 pg)
was measured using azocasein as substrate. One unit of activity
(U) was defined as the amount of enzyme that produced an
increase of 1 in As35 in 4 h at 39°C. Results are presented as
means of three identical assays + standard deviation (SD).

against specific antibodies [Cesari et al., sub-
mitted for publication]. The present study was
carried out in order to elucidate the relation
existing between BSp120 and BSp66 and the
effect of low temperature on this proteolytic sys-
tem. We have previously observed that BSp120
is mostly active in cryopreserved sperm while
BSp66 is active mainly in fresh spermatozoa
[Cesari et al., submitted for publication]. In
this work we provide evidence about structural
modifications of BSp66 during freezing and
thawing. We propose that it dimerizes into

-
0.2 -
2
z
3
2 0.1
0.0
BSp120 BSp66

Fig. 7. Effectof B-MCE over BSp120 and BSp66 azocaseinolytic
activity. Partially purified BSp120 and BSp66 from fresh
spermatozoa stored during 60 days at —20°C were separated
by SDS-PAGE. Gel fractions containing each protease were
incubated over azocasein in the presence (filled bars) or absence
(empty bars) of 25 mM B-MCE, during 16 h at 30°C. Protein
concentration of both gel fractions was identical (0.25 mg/ml).
Activity data (U defined in Fig. 5) are presented as means
(n=3)£SD.

BSp120 by means of disulfide-bond formation,
as evidenced by treatment of BSpl20 with
reducing agents (Figs. 1 and 2). BSp120 and
BSp66 displayed enzymatic activity before and
after incubation with reducing agents, re-
spectively (Fig. 1B). In agreement with these
results, S-reduction and carboxymethylation
did not affect BSp-66 activity (Fig. 3) indicat-
ing that disulfide bridges are not required for
its enzymatic activity. When the activity was
quantified, a decrease in total proteolytic activ-
ity was found in partially purified fractions from
cryopreserved spermatozoa by effect of reducing
agents (not shown), which was attributed in
part, to a reduction of the activity as a
consequence of dissociation of BSp120 into
BSp66 by effect of B-MCE (Fig. 7). Antibodies
obtained in our laboratory against BSp120 and
BSp66 confirmed the conversion of BSp120 into
BSp66 (Fig. 2). Both antibodies cross-reacted
with the same protein species in Western blots
in the presence or absence of reducing agents
(compare Figs. 2A and 2B), confirming the
antigenic relationship between these proteins
[Cesari et al., submitted for publication]. Con-
version of BSp66 into BSp120 was observed
after storage of semen samples at —196°C for
60 days (Fig. 4C) as well as in protein extracts
from fresh spermatozoa conserved at —20°C
(Fig. 5A). These results explain the occurrence
of BSp120 activity in sperm extracts stored
below 0°C for a long time [Cesari et al., sub-
mitted for publication]. Modifications induced
by low temperatures on these proteases were
independent from rearrangements occurring in
the plasma membrane after freezing and thaw-
ing [Pettit and Burh, 1998] as shown by the
identical kinetics of conversion of BSp66 into
BSp120 displayed in intact cryopreserved sper-
matozoa or frozen sperm extracts (Figs. 4 and 5).

Decrease in fertility after cryopreservation of
spermatozoa was explained by factors affecting
the proportion of survivors and factors influen-
cing the functional status of survivors [Watson,
2000]. In the second group, the considerable
reduction of intact acrosomes and acrosin activ-
ity can be considered [Esteves et al., 1998].
However, the methodology commonly employ-
ed for clinical evaluation of acrosin activity
is based on determination of sperm amidase
activity on the peptide substrate Na-benzoyl-
DL-arginine p-nitroanilide (BAPNA) [Kennedy
et al., 1989; Pleban et al., 1990; Glogowski et al.,
1998]. If as proposed, other trypsin-like serine
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proteases are present in spermatozoa, total pro-
teolytic activity of intact spermatozoa or total
sperm extracts should not be attributed only
to acrosin. In this work we obtained higher
total protease activity in frozen sperm extracts
than in fresh sperm extracts. This increment of
activity correlated with protease dimerization
kinetics (Fig. 6) suggesting that BSp120 may be
more active than BSp66 under these conditions.
This hypothesis was consistent with the results
obtained after electrophoretic fractionation of
BSp120 and BSp66 and determination of pro-
tein activity (Fig. 7). Alternatively, another
protease(s) may be activated by cryopreserva-
tion, and/or endogenous protease inhibitors
may be inactivated. The physiological signifi-
cance of these modifications may be interpreted
as related to sulfhydryl modifications linked to
freezing and thawing [Chatterjee et al., 2001].
Removal of coating-components on membrane
sulfhydryl groups may expose BSp66 sulfhydryl
groups allowing dimerization into BSp120.
It is also possible that this dimerization is a
phenomenon that occurs during natural capa-
citation, and that premature capacitation of
frozen-thawed spermatozoa mimics this event.
Experiments aimed to evaluate the dimeriza-
tion kinetics along the different steps of capa-
citation are needed to address this issue.

ACKNOWLEDGMENTS

We thank the Laboratory of Reproductive
Biotechnology, INTA-Balcarce, and CIALE SA,
Argentina for cryopreserved semen and fresh
semen. We acknowledge the contribution and
critical guide of Dr. C Martone. We specially
thank Dr. Claudia Studdert for critical reading
of the article.

REFERENCES

Althouse GC, Wilson ME, Kuster C, Parsley M. 1998.
Characterization of lower temperature storage limita-
tions of fresh-extended porcine semen. Theriogenology
50:535—543.

Baba T, Azuma S, Kashiwabara S, Toyoda Y. 1994a.
Sperm from mice carrying a targeted mutation of
the acrosin gene can penetrate the oocyte zona pel-
lucida and effect fertilization. J Biol Chem 269:31845—
31849.

Baba T, Niida Y, Michikawa Y, Kashiwabara S, Kodaira K,
Takenaka M, Kohno N, Gerton G, Arai Y. 1994b. An
acrosomal protein sp32, in mammalian sperm is a
binding protein specific for two proacrosins and an
acrosin intermediate. J Biol Chem 269:133—-140.

Bailey JL, Bilodeau JF, Cormier N. 2000. Semen cryopre-
servation in domestic animals: A damaging and capaci-
tating phenomenon. J Andrology 21(1):1-7.

Bilodeau JF, Chatterjee S, Sirard MA, Gagnon C. 2000.
Levels of antioxidant defenses are decreased in bovine
spermatozoa after a cycle of freezing and thawing.
Mol Reprod Dev 55:282—-288.

Cesari A, Cacciato CS, De Castro RE, Sanchez JJ. Partial
purification and characterization of trypsin-like serin
proteases from bovine sperm. Submitted.

Chatterjee S, De Lamirande E, Gagnon C. 2001. Cryo-
preservation alters membrane sulfhydryl status of
bull spermatozoa: Protection by oxidized glutathione.
Mol Reprod Dev 60:498-506.

Esteves S, Sharma R, Thomas A, Agarwal A. 1998.
Cryopreservation of human spermatozoa with pentoxifyl-
line improves post-thaw agonist-induced acrosome re-
action rate. Hum Reprod 13:3384—3389.

Glogowski J, Demianowicz W, Piros B, Ciereszko A. 1998.
Determination of acrosin activity of boar spermatozoa
by the clinical method: Optimization of the assay and
changes during short-term storage of semen. Therio-
genology 50:861-872.

Hummel KH, Penheiter AR, Gathman AC, Lilly WW.
1996. Anomalous estimation of protease Mr using
gelatine-containing SDS—PAGE. Anal Biochem 233:
140-142.

Kennedy WP, Kaminski JM, Van der Venn HH,
Jeyendran RS, Reid DS, Blackwell J, Bielfeld P,
Zaneveld LJD. 1989. A simple, clinical assay to evaluate
the acrosin activity of human spermatozoa. J Androl
10:221-231.

Kirtley ME, Koshland DE. 1972. Environmentally sensitive
groups attached to proteins. Methods Enzymol 26:578—
601.

Kohno N, Yamagata K, Yamada S, Kashiwabara S,
Sakai Y, Baba T. 1998. Two novel testicular serine
proteases, TESP1, and TESP2 are present in the mouse
sperm acrosome. Biochem Biophys Res Comm 245:658—
665.

Laemmli UK. 1970. Cleavage of structural proteins during
the assembly of the head of the bacteriophage T4. Nature
227:680-685.

Moses DF, Heras MA, Valcarcel A, Perez LJ,
Baldassarre H. 1995. Use of computerised motility
analyser for the evaluation of frozen-thawed rum
spermatozoa. Androlgia 27:25—29.

Pérez LJ, Valcarcel A, Heras MA, Moses DF,
Baldassarre H. 1996. Evidence that frozen-thawed rum
spermatozoa show accelerated capacitation in vitro as
assessed by chlorotetracycline assay. Theriogenology 46:
131-140.

Pettit J, Burh M. 1998. Extender components and sur-
factants affect boar sperm function and membrane
behaviour during cryopreservation. J Andrology 19(6):
736-"746.

Pleban P, Zaneveld LJD, Rajasingam SJ. 1990. Test
of spermatozoa function: Acrosin. In: Anibal A, editor.
Human spermatozoa in assisted reproduction. Acosta:
William y Wilkins Press. Section D1.

Smith PK, Kron RL, Hermanson GT, Mallia AK,
Gartner FH, Provenzano MD, Fujimoto EK, Goeke NM,
Olson BdJ, Klenk DC. 1985. Measurement of protein using
bicinconinic acid. Anal Biochem 150:76—85.



Low Temperature-Induced Modifications on Sperm Proteases 1065

Thundathil J, Gil J, Januskauskas A, Larsson B, Soder-
quist L, Mapletoft R, Rodriguez-Martinez H. 1999.
Relationship between the proportion of capacitated
spermatozoa present in frozen-thawed bull semen and
fertility with artificial insemination. Int J Androl 22:
366—373.

Watson PF. 2000. The causes of reduced fertility with
cryopreserved semen. Anim Reprod Sci 60-61:481-492.

Zaneveld LJD, Polakoski KL, Robertson RT, Williams WL.
1971. Trypsin inhibitors and fertilization. In: Proceed-
ings of the first international conference on proteinase
inhibitors. Berlin; Walter de Gruyter, pp 236—244.



