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Variations of protein profiles and calcium and phospholipase A, concentrations
in thawed bovine semen and their relation to acrosome reaction

V. Alonso Marquest, L.R. Goulart! and A.E.D. Feliciano Slva?

Abstract

Just ascalcium playsanintegral rolein acrosome capacitation and reaction, several spermatozoon proteins have been reported asbinding
to the ovum at fertilization. We examined the rel ationship between thawed bovine semen protein profiles, seminal plasmacalciumion
concentration, spermatozoon phospholipase A, (PLA,) activity and acrosomereaction. Electrophoretic profile analysis of spermatozoa
and bovineseminal plasmaproteins(total and membrane) reveal ed qualitative and quantitative differencesamong bulls. Variationsin PLA,
and seminal plasmacal cium concentration i ndicated genetic diversity among individuals. A 15.7-kDamembrane protein wassignificantly
correlated (r = 0.71) with acrosomereaction, which in turn has been associated with in vivo fertility.

INTRODUCTION

Mammalian fertilization isone of themost intricate,
regul ated cell-to-cell interactions, with ionsand proteins
playing an important role in the binding of spermatozoa
and ovum. Calcium has a fundamental role in acrosome
capacitation and reaction (Yanagimachi, 1988). Calcium
flux control through the spermatozoal membraneis essen-
tial tofertilization (Bailey and Buhr, 1993). The comple-
mentary nature of spermatozoon zona-pellucidareceptors
linked to ZP3 glycoprotein is not well known, e.g., ZP3
may interact and/or activate aparticular sperm binding pro-
tein/receptor to permit spermatozoon binding, subsequently
inducing production of intracellular second messengers
leading to acrosome reaction. Or ZP3 may interact and
activate one sperm receptor type, subsequently activating
another receptor. Then, again ZP3 interaction with sperm
surface may occur inamultivalent fashion. Thus, different
sperm binding proteins/receptors could together consti-
tute afunctional ZP3 receptor complex capable of trans-
lating intracellular signalsto modul ate acrosome reaction
(Kopf et al., 1995). Several proteinsfoundin spermatozoa
have aready been described as ovum-binding proteins: D-
manosidase (human, 135kDa; Tulsiani et al., 1990), HIS-
50 and HIS-100 (rat, 66 and 100 kDa; Dyson and Orgebin-
Crist, 1973), ZRK-receptor tyrosine kinase (human, 14,
18, 51, 63 and 95 kDa; Leyton and Saling, 1989), receptor
galactosyl (human, 50 kDa; Abdullah et al., 1991), sp56
(mouse, 56 kDa; Bookbinder et al., 1994) and phospholi-
pase A, (bovine, 16 kDa; Weinman et al., 1986). Artificia
insemination, embryotransfer andin vitrofertilization are
increasingly used for animal genetic improvement in bo-
vine reproduction, with success depending on the quality
of thawed semen used (Renard, 1984). We studied bovine

semen alterationsthat could influencefertility (Karabinus,
1991), by analyzing proteins, ions and enzymatic activity
inthawed semen that, in turn, may influence the acrosome
reaction, which has been associated with in vivo fertility
(Feliciano Silvaet al., 1996).

MATERIAL AND METHODS

Thirty-seven samples of cryopreserved bull semen
wereevaluated, 14 from Bostaurus, 15 from Bosindicus
and eight from cross-bred animals. The breeds studied
were: Caracu (1), Gir (7), Nelore (4), Guzera(2), Danish
(1), Holstein (6), Aberdeen Angus(1), Limousin (2), Sim-
mental (4), and Girolandesa (Holstein-Gir breed) (8). An
additional sample, consisting of a’5-bull semen pool with
different morphological alterations (eval uation of sperm
size, shape and appearance characteristics. normal forms,
abnormal head, abnormal tail and immature germ cells),
was included to eliminate abnormal proteins from the
analysisaswell asto allow comparison of proteins, ions
and enzymatic activity. At least two ejaculatesfrom each
bull were analyzed; each sample consisted of 0.5 ml di-
luted semen.

Semen gjacul ates were obtained from two artifi-
cial insemination companies (Lagoa da Serra | nsemi-
nacdo Artificial and Pecplan), where sampleswere col-
lected and analyzed according to international standards
(5% maximum abnormal acrosomal morphology), ina
diluent consisting of 0.2 mol Tris-base/l, 0.065 mol Ci-
trate acide/l, 0.026 mol fructose/l, 7% glycerol, 20% egg
yolk and antibiotics. The cryopreservation procedure was
asfollows.: 4°Ct0-10°C, decreasing 4°C per minute; -10°C
t0-130°C, at a40°C per minute ratewith liquid nitrogen
(-196°C).

!Laboratério de Genética Molecular, Departamento de Genética e Bioquimica, Universidade Federal de Uberlandia, Campus Umuarama,
Bloco 2E, sala 24, 38400-902 Uberlandia, MG, Brasil. Send correspondence to V.A.M. E-mail: vivialonso@hotmail.com
2Departamento de Reprodugéo, Centro National de Recursos Genéticos e Biotecnologia (CENARGEN - EMBRAPA), Brasilia, D.F, Brasil.



826 Marques et al.

Extraction and detection of semen proteins

The method used for extraction of total spermato-
zoon proteins was acid extraction as described by Dyck
and Buhr (1993). Each 0.5-ml diluted semen sample was
thawed at 37°C for 30 s. Seminal plasma and spermato-
zoon separation was done by centrifugation at 30,000 g
for 30 min. The spermatozoon pell et waswashed twicewith
0.05M Trig/l, pH 7, and 0.025 M sucrose/l by centrifuga-
tion at 30,000 g for 10 min, resuspended in 100 ul 0.18 N
H,SO,, incubated at room temperaturefor 30 min, and cen-
trifuged at 30,000 g for 30 min. Total protein content in
the supernatant was quantified (Bradford, 1976).

Themethod used for membrane protein extractionwas
that described by Jean et al. (1995). Spermatozoon sepa-
ration was similar to the previous procedure; however, pel-
let washeswere done using aphosphate-buffered solution,
followed by 30,000 g centrifugation for 10 min. The pel-
let was resuspended in 400 ul 0.6 M KCI/I and 0.002 M
phenylmethylsulfonylfluoride/l (PM SF), incubated onice
for 30 min, and centrifuged at 30,000 g for 5 min. The
supernatant membrane protein content was quantified, ac-
cording to Bradford (1976).

Seminal plasma protein extraction followed seminal
plasma and spermatozoon separation by centrifugation at
30,000 g for 30 min. Proteinswere precipitated with 3.6 ml
analytical acetone followed by another centrifugation at
12,000 g for 5min. The pellet wasresuspendedin 1 ml 0.1
mol Trig/l, pH 7.5. Sampleswere quantified (Bradford,1976),
and 5 ug total proteinswasloaded in each gel lane. Separa-
tionwasdonein 14% SDS-PAGE and detected by slver stain-
ing, accordingto Blum et al. (1987).

Phospholipase A, activity tests

Total semen protein wasacid extracted from two fro-
zen-thawed samples of each bull. Thirty-oneanimalswere
used to determine phospholipase A, activity, including:
Caracu (1), Gir (6), Nelore (4), Guzera(2), Danish (1), Hol-
stein (4), Aberdeen Angus(1), Limousin (2), Smmental (4),
Girolandesa(5), and the bulked semen. In each sample, an
average of 30 to 80 ugtotal proteinswas extracted, by de-
tecting fatty acids released after enzymatic cleavage by
phospholipase A, into aphospholipid and dying the prod-
uct using Rhodamine 6G, followed by quantificationina
spectrophotometer at 530 nm (Alonso Marques, 1998).

Calcium concentrationsin bovine seminal plasma

Nitroperchloric digestion (2 ml nitric acid and 1 ml
perchloric acid) for 2 hinadigestor block with an average
temperature of 200°C was carried out in 0.5 ml thawed
seminal plasmafrom 37 animals, obtained after semen cen-
trifugation at 30,000 g for 30 min. After that, seminal
plasmawas resuspended in 50 ml 0.5% lanthanun oxide,
according to Hommonnai (1978), modified. After diges-

tion reading wasdone over a12- to 24-h period in an atomic
absorption spectrophotometer (GBC-932AA), at 422.7 nm.

Acrosomereaction

Acrosomereaction was executed in accordance with
Parrish et al. (1988). Based on protein analysis considering
all variationsdetected frozen-thawed semen from 14 sdected
bullsof different breedswere used, including thefollowing:
Simmental (3), Nelore(2), Holstein (1), Gir (6), Caracu (1),
and Aberdeen Angus (1). Spermatozoawerewashed oncein
modified TALP Tyrodebuffer containing BGM-1 and BSA
(Parrish et al., 1988). Analysis of spontaneous acrosome
reaction due to the freeze-thaw process was made with a
negative control, which consisted of counting stained sper-
matozoon in air-dried smearsbeforeincubation (0 h). After
resuspension in the same sol ution, heparin was added. Hep-
arinisaglycosaminoglycan not directly leading to acrosome
reaction, but rather predisposing sperm to changestypical
of acrosomereaction (Ax and Lenz, 1987). Incubationfor 4
h at 38°C followed. Lysophosphatidylcholine, acting asa
fusogen component which stimul ates the acrosome reac-
tion (Llanoset al., 1995), was added and incubation con-
tinued for 15 min. To determine acrosome reaction, air-
dried smearswere stained with naphtol yellow and eritrosin
B (Lenzetal., 1983). Two hundred spermatozoawere ex-
amined at 1000X. Spermatozoathat had not undergonethe
acrosome reaction appeared dark, with adistinctly apical
edge whilethe otherswere much lighter in the acrosomal
area. Acrosome reaction index was calculated by dividing
acrosomereactionrateat 4 h by that at O h.

Anaysisof gels

Protein molecular mass and respective densitometry
analysis were determined by the ImageMaster Videodo-
cumentation System (1996).

Statigtical anaysis

Statistical analysisfor standard curves and correla-
tions was carried out by linear regression (Statistica for
Windows, 1993). For cal cium concentration and phospho-
lipase A, activity in different bull semen samples, variance
analysisand Duncan’smultiplerangetest were done by the
SASprogram (SASInstituteInc., 1989).

RESULTS
Electrophoretic profile of semen proteins

An analysisof total protein electrophoretic profiles
and respective densitometry in the 37-bull samplesof sev-
eral breeds (Aberdeen, Caracu, Danish, Gir, Girolandesa,
Guzera, Holtein, Limousin, Neloreand Simmental) arerep-
resented in Figure 1. Figure 1 shows quantitative differ-
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ences in proteins with molecular masses of 31.8, 29.7,
25.4,20.9,20.2,18.4,16.2 and 16 kDa. Qudlitative differ-
ences (presence or absence of bands) were observed in
proteins of low molecular mass (27.5, 21.4, 16.8 and 16.2
kDa). Spermatozoon membrane protein analysis showed
differences in proteins with molecular masses estimated
at 31.1 and 16.7 kDa (Figure 1). Quantitative differences
were found in proteins of 66, 60, 45, 36, 29, 27.3, 20.9,
20.2,18.8,17.3,16.3and 15.7 kDa. Eight sampleswith some
protei naceous differencesfound among the 37 animal sana-
lyzed arerepresentedin Figure 1. When anayzing the elec-
trophoretic profile of seminal plasma proteins, quantita-
tive differences were found in 94.5-, 29.9-, 24.9-, 18.1-,
17.4- and 16.2-kDaprotein bands, while qualitative differ-
enceswerefoundin 24.9- and 21.5-kDabands. Thediluent
wasalso analyzed and many proteinsweredisregarded.

Phospholipase A, activity test

Thirty-one semen sampleswere analyzed. Infive of
them, enzymatic activity could not be detected by the colo-
rimetric method, which has alower limit of detection of
0.001 unitsmin'* pl%. The mean enzymatic activity of the
31 bullswas0.573 unitsmint ult. PLA, varianceanaysis
wassgnificant among animals (P < 0.01), with enzymeacti-
vity that varied from 0.08 to 1.8 unitsmin* ul* (Tablel).

Analysisof calcium concentration
intheseminal plasma

Calcium concentration was calculated for 37 animals.
The mean cal cium concentration in the seminal plasmare-
vealed significant differencesamong bulls (P< 0.05). The
mean among bullswas 265 ug/ml (Tablel).

Acrosomereaction analysis

Fourteen of the 37 samples were analyzed for their
capacity to undergo in vitro acrosome reaction. The 14
samples had an acrosome reaction index varying from 1.5
to 10, with an average of 3.9, agreeing with results of
Feliciano Silvaet al. (1996).

Semen protein, phospholipase A, activity
and cal cium concentration correlation
between acrosome reaction

All proteins showing polymorphism in the electro-
phoretic profiles and therefore of possible importancein
the bovinefertilization processwere analyzed. Correlation
between proteins detected through electrophoresis and
phospholipase A, activity wasfound to be nonsignificant.
However, significant correlation between 10 proteinsand
seminal plasmacal cium concentration was found, with 7
proteins occurring in spermatozoaand the other 3in semi-
nal plasma(Tablell).
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Figure 1 - Electrophoresisin 14% SDS-PAGE of membrane proteins of
bovine spermatozoa. (MW) Standard of molecular mass SDS-6H. (1) Nelore,
(2) Nelore, (3) Limousin, (4) Smmental, (5) Nelore, (6) Gir, (7) Holstein, and
(8) Limousin.

The acrosome reaction presented asignificant posi-
tive correlation coefficient (r = 0.71) only for the sperma-
tozoamembrane protein of 15.7 kDa, and anegative corre-
lation coefficient (r = 0.61) for the spermatozoamembrane
protein of 31.1 kDa. Acrosome reaction did not present
relevant correlation with phospholipase A, (r = 0.06) or
with seminal plasmacalcium concentration (r = 0).

DISCUSSION

Analyses of the electrophoretic profiles of 37-bull
sampl es showed polymorphism among individuads, with no
specificity attributed to breeds, where differences were
both qualitative (DNA variations resulting in mutation or
deletion possibly preventing protein transcription and/or
trand ation) and quantitative (protein expression dterations,
affecting transcription aswell astranslation) perhapsim-
portant in the spermatozoon-ovum-binding processand also
in acrosome reaction induction.

Dueto limited phospolipase A, activity inthe thawed
bull semen, it escaped detection by conventional meth-
ods, e.g., the potentiometric (DeHaaset al., 1968). How-
ever, amore sensitive colorimetric method has been de-
veloped (Alonso Marques, 1998), which alows detection
of phospholipase A, activity exceeding 0.001 but under 3
unitsmin? pl. Quantitative diversity of phospholipase A,
activity among bulls, according to Chang et al. (1987)
may be explained by several factors, possibly interfering
in phospholipase A, activity even after its transcription
and translation. These would be kinase C protein, guani-
dine nucleotideregulating proteins, IP3, DAG and cAMP.
ThecAMP caninhibit phospholipase A, activity by bind-
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Tablel - Analysisof variance of phospholipase A, (PLA,) activity
and calcium concentration of frozen bovine semen.

Animal Means of PLA, Means of calcium
activity? concentration? (ug/ml)
Pool ® 0.005F 130FGH
Aberdeen OF 194.7EFGH
Caracu 0.003F 156.3EFGH
Danish 0.096EF 133.7FGH
Girl - 403B
Gir2 OF 204.8EFGH
Gir3 1.108 BCDEF 114.7GH
Gird 0.004F 110.7GH
Gir5 2.814A 186 EFGH
Gir6 0.295CDEF 105.7GH
Gir7 OF 170.3EFGH
Girolandesal 0.006 F 265CDEF
Girolandesa2 0.001F 585A
Girolandesa3 0.804 BCDEF 131 FGH
Girolandesa4 0.375CDEF 295BCDE
Girolandesa5 0.434CDEF 533A
Girolandesa 6 - 188EFGH
Girolandesa7 - 250DEFG
Girolandesa8 - 204.3EFGH
Guzeral 0.087EF 106.7GH
Guzera2 1862AB 383BC
Holstein 1 - 401B
Holstein 2 - 388.8BC
Holstein 3 0576 BCDEF 357.8BCD
Holstein4 0.188DEF 215.3EFGH
Holstein5 1.446BCD 9R.7H
Holstein 6 0.188DEF 1933EFGH
Limousin1 OF 108GH
Limousin2 0.002F 159EFGH
Nelorel 0.001F 199EFGH
Nelore2 1.187BCDEF 160.3EFGH
Nelore3 1352BCDE 194.3EFGH
Nelore4 0.752 BCDEF 92H
Simmentd 1 1.568BC 107GH
Simmentd 2 0.456 CDEF 173.7EFGH
Simmentad 3 1569BC 171.3EFGH
Simmentd 4 OF 2233EFGH

aMeans followed by the same letter are not significantly different. ®Pool
of five animalswith morphological alterations of sperm. - Samples that
were not analyzed.

Tablell - Correlation coefficient between semen proteins and
calcium concentration in bovine seminal plasma.

Correlation coefficient of
calcium with proteins

Proteinorigin

Total proteins

31.8kDa -0.50
20.9kDa 071
16.2kDa 041
Membrane protein

31l.1kDa 038
27.3kDa 0.46
20.8kDa 040
17.9kDa 054
Seminal plasmaprotein

29.9kDa 061
18.1kDa 034
16.2kDa -0.34

ing phospholipase A, or replacing the free stored calcium
essential for phospholipase A, activity (Van Den Bosh,
1980). The semen freezing and thawing process al so de-
creases phospholipase A, activity approximately 50% in
swine sampleswhen compared with the activity in fresh
semen (Dyck and Buhr, 1993).

Calcium concentration differences in bovine semi-
nal plasmasuggest apossible genetic control for releasing
extracellular calcium; however, these differences stem
fromindividua variability, unattributableto different breeds.
The high correlation coefficient between semina plasma
calcium concentration and semen protein suggeststhat sper-
matozoon proteins with molecular masses of approxi-
mately 31, 27, 20, 18 and 16 kDa, aswell asthose of semi-
nal plasmawith molecular masses of 29, 18 and 16 kDa,
participatein extracellular calcium flow activation. Sper-
matozoon protein of 31 kDaand semina plasmaprotein of
16 kDagave anegative correlation coefficient, associated
with lower levels of extracellular calcium.

According to Llanos et al. (1995) calcium is essen-
tial to acrosome reaction while, according to Ronkko et
al. (1994), phospholipase A, is also of great importance.
However, thisresearch showed no correl ation between cal-
cium ions, phospholipase A, activity and acrosome reac-
tion. Calcium and phospholipase A, activity present in bo-
vine spermatozoa, although varying significantly in bulls,
may be sufficient to produce acrosomereaction, and could
influence the bovine semen fertilization process. These
resultsdiffer from those arrived at Florman et al. (1989).
According to Florman, the calcium can stimulate the
acrosomereaction in bovine.

The protein of approximately 15.7 kDa, which pre-
sented positive correl ation with acrosome reaction may be
aZRK protein, important in the spermatozoon-ovum-bind-
ing processwhilethe 31.1 kDaproteinisprobably ZRK in
itsdimeric form, which may not stimulate the binding pro-
cess (as happensin human spermatozoa) essential for regu-
lating cascade in the acrosome reaction (Leyton et al.,
1992). This 15.7-kDa protein, which presented a signifi-
cant correlation (0.71) with the acrosome reaction, is a
candidate protein marker for fertility.
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RESUMO

V &iasproteinas que constituem o espermatozdidetém sido
rel astadas como sendo proteinas que se ligam ao évulo no momento
dafertilizago, ber como ionscélcio tém um papel importante na
capacitacdo e reacdo acrossdmica. Baseado nisto, este estudo
teve como objetivo analisar e correlacionar proteinas do sémen
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congelado bovino dediferentesragas, concentragdo deionscélcio
no plasmaseminal eatividadedafosfolipase A ,do espermatozéide
com areagao acrossomica, visando encontrar fatoresqueinfluen-
ciem no processo defertilizagdo bovina. Andlisesdo perfil eletro-
forético das proteinas (totais e de membrana) do espermatozéide
edo plasmasemina bovino revelaram variabilidade protécaentre
individuosnaqual diferengas qualitativas e quantitativasforam
identificadas. A quantificagdo dafosfolipase A,, bem como da
concentracdo de cdlcio no plasmasemina revelaram diversidade
genética entre touros. Uma proteina de 15,7 kDa apresentou
correlacdo significativa (0.71) com areacdo acrossomica, que
pode estar diretamente relacionada com afertilizacdo in vivo e
deste modo outros experimentos podem ser realizadosafim de
investigar a utilidade deste marcador protéico na verdadeira
fertilidade.
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