Journal of Andrology, Vol. 21, No. 5, September/October 2000
Copyright© American Society of Andrology

Cryopreservation Alters the Levels of the Bull Sperm

Surface Protein P25b

CARL LESSARD,* SOPHIE PARENT,* PIERRE LECLERC,* JANICE L. BAILEY,t AND ROBERT SULLIVAN*

From the *Département d' Obstétrique-Gynécologie, Faculté de Médecine, and the tTDépartement des Sciences
Animales, Faculté des Sciences de I’ Agriculture et de I’ Alimentation, Université Laval, Sainte-Foy, Quebec G1K

7P4, Canada.

ABSTRACT: Fertility of frozen-thawed bull sperm is reduced by cryo-
preservation. Freezing-thawing procedures can result in as much as
a sevenfold fertility decrease. Sperm mortality and loss of motility do
not fully explain the reduced fertility of cryopreserved semen; they may
be partially explained by the loss of sperm surface proteins, which are
necessary for fertilization. We have previously identified P25b, a
sperm surface protein, which is associated with the fertility index of
bulls used for artificial insemination. Using Western blotting tech-
niques, we have evaluated P25b levels before and after cryopreser-
vation of bull spermatozoa in extenders based on either egg yolk or
milk. Long storage periods (28 days) in liquid nitrogen results in a
threefold decrease of P25b levels associated with cryopreserved ver-

extender containing either egg yolk or milk. A decrease in P25b levels
associated with spermatozoa was observed after 5 days of storage in
egg yolk extender, whereas a significant decrease was observed after
14 days of sperm storage in milk extender (P < .05). Therefore, the
loss of P25b may be responsible, at least in part, for the decrease in
fertility following the freezing-thawing procedure of bull semen. More-
over, the cryopreservation extender used may have different effects
on the loss of sperm surface proteins after even brief storage periods
in liquid nitrogen. Considering that a sperm protein similar to P25b
exists in humans (P34H), these results may have significant clinical
applications in which frozen semen is used.
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sus fresh spermatozoa. Over a short storage period (3—7 days), a
stable P25b level was observed on spermatozoa cryopreserved in

M any aspects of sperm physiology and morphologytive consequences on sperm fertilizing ability. More sub-
are affected by cryopreservation procedures (Hamtle sperm damages can also be induced by cryopreser-
merstedt et al, 1990; De Leeuw et al, 1993; Foote andation, resulting in reduced fertilizing ability (Lasso et al,
Parks, 1993; Watson, 1995). It is generally admitted thal 994). These sublethal damages include injuries to sperm
most damage to sperm occurs during the freezing andurface proteins that occur during cryopreservation pro-
thawing procedures as opposed to dilution or the additioedures (Lasso et al, 1994). Segregation of membrane
of glycerol. These steps have major consequences Qfroteins as a result of lateral phase separation (De Leeuw
sperm fertilizing ability. Generally, sperm viability is de- et al, 1990), inactivation of membrane-bound enzymes,
creased by 50%, whereas fertilizing capacity is affectedind decreased lateral protein diffusion within the mem-
by a factor of sevenfold. Many factors contribute to spermprane (Hazel, 1995) have been shown to occur at different
damage, including temperature and osmotic effects duringteps of cryopreservation. These damages can be greatly
freezing and thawing (Watson, 1995). These injuries afyequced by using cryoprotectants such as glycerol (Polge,
fect sperm morphology (Gravance et al, 1998) and physj949) and sugars (Strauss, 1986; Crowe et al, 1987; De
iology, including regulation of intracellular €3 sperm | ceuw et al, 1993). These reagents protect the plasma
plasma membrane fluidity, permeability, lipid composi- memprane from the disorganization that occurs during
tion, and mitochondrial activity (Hammergtedt et al, 1990;freezing; they also favor sperm motility (De Leeuw et al,
De Leeuw et al, 1993; Watson, 1995; Bailey et al, 2000)1993) The Ioss of sperm surface proteins also occurs dur-

.These paramgters can be quantified a_nd used to gvalu% cryopreservation procedures (Lasso et al, 1994). Tak-
injuries associated with cryopreservation and their relaén together, these biochemical events affect the ability of
spermatozoa to efficiently interact with the female repro-
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and proposed to be involved in the steps leading to fer-
tilization (McLesley et al, 1998). One of these proteinsin
hamster, P26h, has been identified as essential for fertil-
ization (Sullivan and Robitaille, 1989; Bérubé and Sulli-
van, 1994). This protein is involved in zona pellucida
binding, is associated with the plasma membrane cover-
ing the acrosome, and is acquired by spermatozoa during
epididymal transit (Sullivan and Bleau 1985; Sullivan and
Robitaille, 1989; Robitaille et al, 1991; Bérubé and Sul-
livan, 1994; Légaré et a, 1999a; Sullivan, 1999). Using
a P26h antiserum, we have identified homologous pro-
teins in human (Boué et a, 1996) and bull (Parent et al,
1999) sperm. These proteins have been named P34H and
P25b, respectively. Like P26h, P34H is involved in a key
event leading to fertilization in humans (Boué et al, 1994,
1996). P34H shows a 65% amino acid similarity with
P26h (Gaudreault et al, 1999; Légaré et al, 1999b) and
the absence of P34H correlates with some cases of male
infertility (Boué and Sullivan, 1996; Guillemette et al,
1999). Similarly, the amount of P25b associated with
spermatozoa shows interindividual variation, and low
P25b levels are observed in spermatozoa from bulls of
lower fertility, as evaluated by their nonreturn rates
(NRRs; Parent et al, 1999). Therefore, it was suggested
that P25b is a marker of bull fertility, as are P34H and
P26h in the human and hamster, respectively (Sullivan,
1999). Considering the similarities between these sperm
fertility markers and the fact that sperm cryopreservation
is associated with the loss of surface proteins, we have
hypothesized that P25b loss could be used to explain, at
least in part, the fertility decrease associated with sperm
cryopreservation. Our results show that the duration of
storage in liquid nitrogen and the extender used to cryo-
preserve bull spermatozoa both affect the level of P25b
present on sperm surface. Considering that proteins re-
lated to P25b are present in other species, including hu-
mans, loss of these proteins could also be associated with
mammalian sperm cryodamage.

Materials and Methods

Animals

Semen samples used in this study were generously provided by
the Canadian bovine artificial insemination industry (Semex,
Guelph, ON, Canada). Eight bulls were selected to provide a
range of high to low fertility levels on the basis of their 60- to
90-day NRR of artificially inseminated cows (ie, meaning that
inseminated cows do not return to an estrus cycle between 60
and 90 days postinsemination). NRRs, which are the best eval-
uation of bull fertility in the bovine artificial insemination in-
dustry, were adjusted by a linear statistical model for the age of
cows, month of insemination, technician, herd, and price of bull
semen (Schaeffer, 1993). These fertility values were converted
to a scae of 1 to 9, with 1 being the lowest fertility, 5 the
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average for a given breed, and 9 the highest fertility. Semen was
collected using an artificial vagina, diluted in the extender, and
packaged to a final concentration of 15 X 106 spermatozoa per
straw of 250 pL. The extenders used to freeze the semen samples
were based on either whole milk or egg yolk; each containing
6% glycerol prepared as previously described by Bailey and
Buhr (1993) and Cormier et al. (1997), respectively. Immediate-
ly after collection, aiquots of unextended semen were either
processed for P25b extraction, or frozen in each extender ac-
cording to commercial procedures used in the industry.

Briefly, the freezing procedure included 4 steps. First, extend-
ed spermatozoa were cooled and incubated at 4°C for 2 h. The
samples were than cooled in liquid nitrogen vapor to —40°C,
—100°C, and —140°C at different speeds. Finaly, the straws
were plunged and stored in liquid nitrogen (—196°C) for differ-
ent periods of time.

Extraction of P25b

Straws stored in liquid nitrogen for different periods of time
were immediately thawed in a water bath at 37°C for 1 min.
Fresh or frozen-thawed spermatozoa were washed twice by cen-
trifugation at 300 X g for 10 min with 4 to 9 volumes of Dul-
becco’'s-phosphate buffered saline (D-PBS; GIBCO BRL, Grand
Idland, NY) pH 7.3. Sperm pellets were resuspended for 15 min
at room temperature in 9 volumes of 0.2% (vol/vol) Triton X-
100 (Fisher, Montréal, PQ, Canada) in D-PBS. Spermatozoa
were pelleted by centrifugation at 300 X g for 15 min, super-
natants were collected, and proteins were precipitated overnight
a —20°C with 9 volumes of ice cold acetone. Proteins were
pelleted by centrifugation for 10 min at 4000 X g, air dried, and
resuspended in sample buffer (2% [wt/vol] SDS, 75 mM Tris-
HCI, pH 6.8).

Preparation of P26h Control

The rabbit polyclonal antiserum used to detect bovine P25b was
previously produced against a hamster sperm protein, P26h (B&-
rubé and Sullivan, 1994), which was thus used as a positive
control in Western blot experiments. P26h protein was obtained
by Nonidet P-40 extraction on cauda epididymal spermatozoa as
previously described by Sullivan and Bleau (1985). One pg of
hamster sperm protein extract was used in parallel with each
SDS-PAGE performed on bull sperm extracts.

Western Blots

Sodium dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) of proteins extracted from 107 bull spermatozoa
was performed in duplicate according to the procedure of Lae-
mmli (1970). One gel was stained with Coomassie blue, the oth-
er was electrotransferred onto a nitrocellulose membrane
(BioRad, Hercules, Calif). This transfer was performed using a
Milliblot-Graphite electroblotter system (Millipore, Bedford,
Mass) at 13 mA per gel for 45 minutes, according to the pro-
cedure of Towbin (Towbin et al, 1979). The nitrocellulose mem-
brane was stained with Ponceau Red in order to identify molec-
ular weight markers. The Western blots were blocked with 5%
skim milk, 0.1% (vol/vol) Tween 20 (ICN Inc, Aurora, Ohio) in
PBS (PBS-T) pH 7.3, for 1 hour at room temperature. The first
antibody, a rabbit anti-P26h serum that cross-reacts with the
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Figure 1. Example of SDS-PAGE (A) and corresponding Western blots (B) of cryopreserved spermatozoa cryostored in egg yolk extender for different
periods of time. Lane 1 represents the positive control, 1 pug of total protein detergent extracted from hamster spermatozoa; lane 2 shows proteins
extracted from 107 fresh spermatozoa; lanes 3 to 7 represent proteins extracted from 107 spermatozoa cryostored for durations of 3, 5, 7, 14, and 28
days, which are indicated in Panel B. Molecular weight standards are indicated on the left of Panel A and 25 kd is indicated on the left of Panel B.
The arrow on the right of Panel A indicates the 45-kd protein band quantified by densitometry.

analogous bull sperm P25b protein (Parent et al, 1999) was used
throughout this study. The antiserum was preadsorbed on human
keratin (Bérubé et a, 1994) and used at a dilution of 1:500 in
PBS-T containing 5% skim milk. After 2 hours at room tem-
perature, the blots were washed 3 times (10 min each) with PBS-
T. The secondary antibody, a goat peroxidase-conjugated anti-
rabbit immunoglobulin G (BioRad) was used at a dilution of 1:
3000 in PBS-T containing 5% skim milk. After 45 minutes of
incubation followed by 3 washes with PBS-T, the P25b was re-
vealed by incubating the membrane with a peroxidase substrate
(ECL Kit; Amersham, Buckinghamshire, United Kingdom) for
1 minute or with Super Signal Ultra (Pierce, Rockford, I1I) for
5 minutes. The ECL reaction was visualized on X-ray film,
whereas the Super Signal Ultra was used for quantification using
a camera (Multilmage Light Cabinet, Alpha Innotech Corpora-
tion, Canberra Packard, ON, Canada).

Quantification of P25b

In order to quantify P25b levels associated with 107 spermatozoa
present in each sample, the Western blots were analyzed with
Alpha Ease software, version 3.3d (1993; Alpha Innotech). Con-
ditions were adjusted so that P25b measurements were per-
formed in the linear part of the enzymatic reaction. Aliquots of
fresh spermatozoa (Day O) obtained prior to cryopreservation
were considered as 100% of P25b.

In order to ascertain that the P25b loss was not a common
phenomenon that could be generalized to all the proteins extract-
ed by detergent treatment of frozen-thawed spermatozoa, differ-
ent protein bands were quantitated by densitometry. As an ex-
ample, quantities of a 45-kd protein extracted from 107 sper-
matozoa, as determined by its Coomassie blue density, are pre-
sented. As for P25b, the levels of 45-kd extracted from unfrozen
spermatozoa was considered as 100%.

Statistical Analysis

The Scheffé test was used to analyze the P25b and 45 kd levels
associated with spermatozoa that were thawed after different
storage periods and in different cryopreservation media. P25b or
45-kd levels were considered significantly different at P < .05.

Results

Effect of the Storage Period on Sperm Cryopreserved in
Egg Yolk

The quantity of P25b associated with a constant number
of spermatozoa cryopreserved in egg yolk was evaluated
after different periods of storage using straws prepared
from the same semen sample. Coomassie blue-stained



Lessard et al - Cryoinjuries to Sperm Surface Proteins

180 -
160 -

140 -

- —
o] o n
o (=) (=]

45 kDa protein or P25b level (%)
[e)]
o

40

20 A

0 3 5

703

@P25b

H45 kDa

7 14 28

Duration of storage (days)

Figure 2. Average P25b and 45-kd protein levels associated with spermatozoa from 8 bulls cryostored in egg yolk—based extender for different storage
durations. Results are expressed as a percentage of either P25b or 45-kd protein associated with the same number (107) of fresh spermatozoa
(storage Day 0). Vertical bars represent the standard deviation. * = P25b levels different from P25b level measured in fresh spermatozoa (P < .05).

gels of protein extracted from cryopreserved spermatozoa
thawed after different storage periods showed quantitative
variations in protein patterns (Figure 1A). These differ-
ences were observed when SDS-PAGE patterns of fresh
versus frozen-thawed spermatozoa were compared. These
quantitative protein variations were less apparent when
comparing fresh spermatozoa to those stored for less than
5 days than when comparing fresh spermatozoa to those
that had been stored for a period of 7 to 28 days. Com-
pared with fresh spermatozoa, certain proteins show no
variation during the storage period in liquid nitrogen. This
is well-illustrated by the 45-kd protein bands (Figure 2).
The P25b reduction during cryodamage is not associated
with a general loss of all proteins. P25b registers with
less intensity on Western blots than does hamster P26h
(Figure 1B). This is due to a higher affinity of the anti-
body for P26h than for P25b (Bérubé and Sullivan, 1994;
Parent et al, 1999).

Western blots of proteins extracted from spermatozoa
cryopreserved in egg yolk for 3 days showed that P25b
levels were not significantly different from those of fresh
spermatozoa from the same semen sample (Figure 2). The
effect of cryopreservation duration on P25b levels was
evaluated on semen from 8 different bulls showing high
interindividual variations (Figure 3). However, a longer
cryostorage period was associated with a significant de-
crease in P25b levels (P < .05) after a minimum of 5

cryostorage days (Figure 2). No statistical difference was
observed when P25b levels of fresh sperm were compared
with those that had been cryostored for 3 days (P > .05).
No further decrease in sperm P25b level was observed
when semen samples were stored for more than 28 days
(P > .05, data not shown). No correlation between the
percentage of P25b lost on spermatozoa cryopreserved
for al durations investigated and the NRR of these dif-
ferent bulls was observed (P > .05, data not shown).

Effect of Storage Period on Cryopreserved Sperm in
Milk

Coomassie blue-stained SDS-PAGE of proteins extracted
from spermatozoa that had been cryopreserved for dif-
ferent periods of time in milk-based extender showed
similar results to those of spermatozoa that had been
cryopreserved in egg yolk—based extender (data not
shown). Semen from 3 different bulls was evaluated and
the average levels of P25b after cryopreservation in milk
or egg yolk extender are shown in Figure 4. Western blot
analysis revealed that no decrease of sperm P25b level
was observed prior to 7 days of cryostorage in milk-based
extender. Less P25b was associated with spermatozoa af -
ter a 14 days of storage in milk-based extender compared
with only 5 days in egg yolk—based extender (Figure 4).
After 14 days of storage, P25b levels showed a greater
interindividual variability on spermatozoa that had been
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Figure 3. P25b level associated with 107 spermatozoa cryostored in egg yolk—based extender for 3 to 28 days for each individual bull investigated.
P25b is expressed as a percentage of P25b associated with the same number of fresh spermatozoa (Day 0 of storage). Semen from 8 (A to H) bulls
was evaluated. P25b level was quantified in comparison with the P25b level of fresh spermatozoa (storage Day 0).

cryopreserved in milk extender than the P25b levels on
spermatozoa that had been cryopreserved in egg yolk ex-
tender. Spermatozoa that had been cryopreserved in egg
yolk extender exhibited no further decrease in P25b levels
when cryopreservation was tested for longer durations.
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Figure 4. Average P25b level associated with spermatozoa of 3 bulls
cryostored in milk (gray bar) or egg yolk—based (white bar) extenders for
different storage durations. Results are expressed as a percentage of
P25b associated with the same number (107) of fresh spermatozoa (stor-
age Day 0). Vertical bars represent standard deviations. *P25b level is
different from P25b level measured in fresh spermatozoa (P < .05).

Again, no correlation between the percentage of P25b lost
during cryostorage and bull NRR was observed (P > .05).

Effect of Extender on Spermatozoa Cryopreserved
During a Long Period of Time

After 2 months of storage, P25b levels were evaluated on
frozen-thawed spermatozoa that had been cryopreserved
in either milk or egg yolk extender. P25b levels were not
statistically different between spermatozoa in the two
groups (Figure 5). However, a significant difference was
observed between P25b levels of cryopreserved sperma-
tozoa in either extender and those of fresh spermatozoa;
athreefold decrease in sperm P25b was measured after 2
months of cryostorage (P > .05). Greater interindividual
P25b level variations were observed with spermatozoa
that had been cryopreserved in milk-based extender com-
pared with those in egg yolk.

Discussion

Recently, bull subfertility has been shown to be associ-
ated with low levels of P25b, a sperm surface protein
(Parent et al, 1999). P25b belongs to a family of proteins
acquired by spermatozoa during epididymal transit (Sul-
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Figure 5. Average P25b level associated with fresh spermatozoa or sper-
matozoa cryostored for 2 months in egg yolk or milk-based extenders.
Results are expressed as a percentage of P25b associated with the
same number (107) of fresh spermatozoa. Three samples from each bull
were evaluated. Vertical bars represent standard deviations. The P25b
levels of spermatozoa cryostored in milk or egg yolk were statistically
different (P < .05) from that of fresh spermatozoa. The P25b levels of
spermatozoa cryostored in the 2 extenders were not statistically different
(P > .05).

livan, 1999). These proteins are involved in binding sper-
matozoa to the surface of the egg vestment, the zona pel-
lucida (Bérubé and Sullivan, 1994; Boué et a, 1994).
Considering that spermatozoa acquire this property during
epididymal transit, these proteins have been considered as
markers of epididymal maturation of male gametes. Fol-
lowing a long storage period in liquid nitrogen (ie, more
than 30 days), a decrease in P25b level was observed on
spermatozoa that had been cryopreserved in egg yolk as
well as in milk-based extenders (Figure 5). Compared
with fresh spermatozoa, the amount of P25b that re-
mained associated with the same number of frozen-
thawed spermatozoa is in the order of 30%. Such a dif-
ference in P25b amounts associated with a constant num-
ber of spermatozoa is sufficient to discriminate between
fertile and subfertile bulls (Parent et al, 1999). The loss
of P25b occurring during cryoprotection can thus be suf-
ficient to decrease frozen-thawed semen fertilizing ability,
a decrease that cannot be evaluated by conventiona an-
drological tests that are used to evaluate the injury of
frozen-thawed spermatozoa.

P25b is associated with the plasma membrane that cov-
ers the acrosomal cap of spermatozoa (Parent et al, 1999).
This surface protein is thus exposed to ice-formation in-
juries during the cryopreservation process (Hammerstedt
et al, 1990; Watson, 1995). It is conceivable that P25b is
partly cryoeluted from the surface of frozen-thawed
sperm. Cryoelution of superoxide dismutase, an enzyme
localized on the surface of human spermatozoa, has also
been described (Lasso et al, 1994). Considering the im-
portance of the P25b protein during key steps leading to
fertilization, P25b loss is probably one of the cryoinjuries
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causing the fertility decrease of frozen-thawed semen. Im-
paired zona pellucida binding ability after freezing-thaw-
ing procedures has been described in human sperm as the
result of cryoelution of an “essential ligand” from the
sperm surface (Amann et al, 1999c). This is true for hu-
man as for well as boar and bull cryopreserved sperma-
tozoa (Amann et al, 1999a,b,d). Loss of surface proteins
mediating sperm function appears to be an important
mechanism of the cryoinjury that lowers sperm fertility.
In bulls, it appears that P25b is one of these proteins.
Loss of P25b does not appear to be the consequence of
a general loss of some fraction of all proteins (Figure 2).
The mechanism of P25b anchoring to the sperm surface
is presently unknown and will eventually give some in-
dication of the cause of its loss during cryopreservation
of bull sperm.

Cryoinjuries are generally considered to occur during
the freezing and thawing procedures, not during the stor-
age period in liquid nitrogen (Hammerstedt et al, 1990;
De Leeuw et al, 1993; Watson, 1995). If this is the case
for cryoelution of P25b from the sperm surface, differ-
ences in P25b levels between fresh and cryopreserved
sperm would be apparent after the shorter storage period
evaluated (3 days) and not after 5 days and more than 7
days, as was observed when egg yolk and milk, respec-
tively, were used as extenders (Figure 4). Analysis of
P25b levels performed on each bull shows, however, that
sperm P25b from 3 out of 8 individuals decreases signif-
icantly after 3 days of cryopreservation (Figure 3). It thus
appears that sperm sensitivity to protein cryoelution,
which occurs during cryostorage, varies from one indi-
vidua to another.

A great interindividual variability is observed when
P25b is determined on a constant number of thawed sper-
matozoa. The difference in P25b level between the 8 bulls
used in this study can be as high as a threefold difference
(data not shown). Using frozen-thawed spermatozoa, we
have previoudy shown that low levels of P25b are ob-
served only on spermatozoa from poor-fertility bulls (low
NRR; Parent et al, 1999). One hypothesis would be that
this interindividual variability in P25b levels associated
with thawed spermatozoa is due to a variation in sperm
sensitivity to P25b cryoelution from one bull to another.
However, this is not likely because cryopreservation-as-
sociated loss of P25b does not correlate with bull NRR
fertility scores. In fact, it is the resting levels of P25b
associated with spermatozoa that are correlated with bull
fertility. It thus appears that cryodamage associated with
P25b affects thawed sperm fertilizing ability of all bulls
in a similar way. In humans, the counterpart of P25b is a
protein named P34H (Boué et a, 1994). When deter-
mined on fresh spermatozoa, P34H shows similar inter-
individual variability, with low values associated with
male infertility (Boué and Sullivan, 1996). Freezing-thaw-
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ing procedures decrease sperm P25b levels of all bullsin
a similar manner, the interindividual variability being a
consequence of the differing efficiency of sperm matu-
ration during epididymal transit (Parent et al, 1999; Sul-
livan, 1999).

When the effects of the cryostorage period were eval-
uated on bull sperm P25b levels, differences were ob-
served among egg yolk- and milk-containing extenders.
Compared with fresh semen, a P25b decrease was statis-
tically different after a 5-day cryostorage of sperm diluted
in egg yolk—based extender, whereas it took more than 7
days for spermatozoa prepared in milk-containing extend-
ers to show a significant decrease in P25b levels (Figure
4). It thus appears that a milk-based extender is more
efficient than egg yolk in protecting sperm against the
protein cryoelution that occurs during cryopreservation.
This discrepancy between the 2 extenders is significant
only after a short period of cryostorage. However, in long-
term cryostorage using extenders such as egg yolk and
milk, similar effects on P25b loss in bull semen were
observed (Figure 5). Thisis in agreement with most stud-
ies comparing the efficiency of these 2 extenders (Almqu-
ist, 1954; Foote and Arriola, 1987).

The cryoelution of P25b during a short duration of
cryostorage at —196°C is puzzling. To our knowledge, the
potential injury of such brief periods of cryostorage on
sperm surface proteins has not been investigated until
now. Below —120°C, no chemical reaction can occur and
thermally driven reactions are impossible at —196°C
(Gao, 1997). Physical effects could be a possible cause
of P25b cryoelution. The semen samples used in this
study were prepared and cryostored in research facilities
in which cell culture is routinely performed. It appears
that the physical vibrations of the building are sufficient
to interfere with in vitro cell attachment and growth of
particularly sensitive cell lines (Nalge Nunc International,
1999). If these vibrations can interfere with cell culture,
they may also cause a degree of physical cryoelution of
surface proteins at the interface between the membrane
bilayer phospholipids and extracellular ice. The effect of
continuous vibrations on cryoelution of sperm surface
proteins during short-period storage in liquid nitrogen is
under investigation. Different levels of liquid nitrogen in
the container had no effect on motility of thawed bull
spermatozoa (Arbeiter et al, 1980) and we suppose that
this variable also does not affect P25b levels in cryopre-
served bull spermatozoa. Over a longer storage period,
our results showed that P25b is cryoeluted from bull sper-
matozoa during cryopreservation and that 2 commonly
used extenders have similar effects after such durations.

The bull sperm protein, P25b, belongs to a family of
proteins that are evolutionarily conserved between differ-
ent mammalian species, including humans. The loss of
P34H, the human counterpart of P25b, on cryopreserva-
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tion of human sperm samples could be a useful clinical
evaluation mechanism of the ability to cryopreserve
sperm from different individuals, especially in an artificial
insemination with donor program.
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