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ABSTRACT

Plasminogen activators (PAs) are serine protease that cleave plasminogen to form the active protease plasmin. PA/
plasmin system play a role in mammalian fertilization and motility and acrosome reaction of sperm. The present study
was undertaken to identify PAs in porcine gametes and investigate a possible role of plasminogen in in vitro fertili-
zation in the pig. When boar spermatozoa were preincubated in a fertilization medium (mTBM) for 0, 2, 4 or 6 h,
the activity of tPA-PAI (110~ 117 kDa), tPA (62~ 70 kDa), and uPA (34~ 38 kDa) was observed in the sperm incuba-
tion medium and sperm sample. PA activities in the sperm incubation medium significantly (p<0.05) increased accord-
ing to increasing incubation times, while PA activities in sperm significantly (p<0.05) decreased at the same times. In
addition, the rate of acrosome reaction in spermatozoa increased by increasing culture times. When oocytes were sepa-
rated from porcine cumulus-oocytes complexes at 0, 22 or 44 h of maturation culture, no PA activities were observed
in cumulus free-oocyte just after aspiration from follicles. However, the activity of tPA-PAI (108 ~113 kDa) and tPA
(75~ 83 kDa) was observed at 22 h of in vitro culture and significantly (p<0.05) increased as the duration of the culture
increased. On the other hand, when porcine oocytes were activated by sperm penetration or calcium ionophore,
plasminogen significantly (p<0.05) increased ZP dissolution time (sec) in activated oocytes by sperm penetration. These
results suggest that supplementation of plasminogen to fertilization medium may play a positive role in the im-
provement of in vitro fertilization ability in the pig.
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INTRODUCTION secreted as an inactive single-chain molecule of 31~54
kDa (Hart and Rehemtulla, 1998).

In humans and other various animals, Smokivitis et

Plasminogen is a ubiquitous zymogen, being abun-
dant in blood plasma and in most extracellular fluids
including seminal plasma (Kobayashi et al.,, 1992), ute-
rine fluid (Bruse et al, 1998), and ovarian follicular
fluid (Colgin and Murdoch, 1997). Plasminogen activa-
tors (PAs) are specific proteolytic enzymes which con-
vert the inactive proenzyme plasminogen to the active
protease plasmin. Plasmin is a trypsin like proteolytic
enzyme with broad substrate specificity, which cleaves
blood fibrin clots and some other proteinases, such as
procollagenase and proelatase (Mullertz, 1988). There
are two types of plasminogen activator on the basis of
molecular mass: tissue-type PA (t-PA), which is se-
creted in an active form with a molecular mass of ar-
ound 70 kDa, and urokinase-type PA (u-PA), which is

al. (1987) reported that matured spermatozoa contain a
number of protease such as PAs, PA inhibitor (PAI)
and plasmin inhibitor (PI). PAs and their inhibitors are
both located in the plasma and the outer acrosomal
membrane of man and boar spermatozoa (Smokovitis
et al., 1992). Trypsin-like protease stimulates the capa-
citation and/or induces the acrosome reaction (Zane-
veld and De Jonge, 1991) or are involved in the sp-
erm binding to zona pellucida (ZP; Benau and Storey,
1987). Ioannis et al. (2004) reported that the PA/plas-
min system could be involved in the initiation of the
hyperactivation of bovine sperm. On the other hand,
Huarte et al. (1985) reported that the production of
tPA was triggered by the resumption of meiosis in
mice and rats. PAs activity has also been shown in fo-
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llicular fluid (Smokovitis et al., 1988), oocytes (Huarte
et al., 1993), and cumulus cell culture (Liu and Hsueh,
1987; Karakji and Tsang, 1995), while t-PA and its m-
RNA have been detected in oocyte cytoplasm (Strick-
land et al., 1988). Zhang et al. (1992) reported that the
presence of a tPA in the secretion of activated rat
eggs and the inhibitory effects of a tPA antibody on
activation-induced zona reaction.

PAs/plasmin system is implicated in a variety of ba-
sic biological processes such as extracellular matrix de-
gradation, tumor invasiveness, tissue remodeling and
cellular differentiation (Smokovitis et al.,, 1988). Several
observations suggest that the PA/plasmin system might
also play a role in mammalian oocyte fertilization, in
sperm motility, acrosome reaction of capacitated sperm
(Taitzoglou et al., 2004) and alteration of ZP (Cannon
et al., 1998). Huarte et al. (1993) reported that the addi-
tion of plasminogen to- fertilization medium has been
shown to increase the yield of fertilized mouse eggs.

Therefore, the purposes of the present study were
1) to examine any change of PAs activity in the ferti-
lization medium (mTBM) during pre-incubation of bo-
ar spermatozoa, 2) to identify PAs in porcine in vitro
matured oocytes, and 3) to evaluate a possible role of
plasminogen, the major substrate for PAs, on fertiliza-
tion responses, ZP susceptibility to pronase digestion
during in vitro fertilization in the pig,

MATERIALS AND METHODS

Culture Media

All chemicals used in this study were purchased fr-
om Sigma-Aldrich Corporation (St. Louis, Mo, USA)
unless otherwise stated. The medium used for oocyte
maturation was BSA-free North Carolina State Univer-
sity-23 (NCSU-23; Petters and Wells, 1993) supplemen-
ted with 10% (v/v) porcine follicular fluid (pFF), 0.6
mM cysteine, 10 IU/ml human chorionic gonadotropin
(hCG) and 10 IU/ml pregnant mare's serum gonado-
tropin (PMSG). The basic medium used for IVF was ess-
entially the same as that used by Abeydeera and Day
(1997). This  medium, designated as modified Tris-bu-
ffered medium (mTBM), consists of 113.1 mM NaCl, 3
mM KCl, 75 mM CaCl,-2H,O, 20 mM Tris, 11 mM
glucose, 5 mM sodium pyruvate, and no antibiotics.
Embryo culture (EC) medium was NCSU-23 contain-
ing 0.4% BSA (fraction V; A 8022; Petters and Wells,
1993).

Preparation of Spermatozoa and Oocyte

Ejaculated semen was collected from three Duroc
boars by an artificial vagina. The same three boars we-
re used for all experiments. Fresh spermatozoa were

washed three times by centrifugation (1,900 xg for 4
min) in Dulbecco's PBS (DPBS; GIBCO BRL, Grand
Island, NY, USA) supplemented with 1% BSA, 75 ng/
ml potassium penicillin G, and 50 pg/ml streptomycin
sulfate. After washing of the fresh boar spermatozoa
with PBS, the washed spermatozoa were resuspended
in mIBM.

Porcine ovaries were collected at a local slaughter-
house and kept in saline (NaCl, 0.9% w/v ; Penicillin
100,000 IU/1 ; Streptomycin 100 mg/l and Amphoteri-
cin B 250 ng/l) at 30 to 32C. Cumulus-oocytes com-
plexes (COCs) were aspirated from 2 to 6 mm follicles
with a 10 ml syringe with an 18-gauge needle. COCs
with uniform ooplasm and a compact cumulus cell ma-
ss were prepared in a Hepes-buffered TALP medium
containing 0.1 (v/v) polyvinylalcohol (H-TL-PVA). The
collected oocytes were washed three times in matu-
ration medium and 10 COCs were introduced to 50
il drop of the maturation medium under mineral oil.
After culture for 22 h, oocytes were washed three
times and then cultured in the maturation medium
without hormones for another 22 h at 39T, 5% CO,,

In air.

In Vitro Fertilization

After 44 h of in vitro maturation, cumulus cells we-
re removed mechanically by repeated passages though
a fine pipette. Nude oocytes were initially washed
‘three times in 500 ul of TL-Hepes-PVA medium and
Eubsequently in pre-equilibrated fertilization medium
(mTBM). After washing, ten oocytes were transferred
into pre-equilibrated 50 pl drop of fertilization medi-
um (MTBM) with or without 50 pg/ml plasminogen
under mineral oil. Fresh spermatozoa were washed th-
ree times by centrifugation (1,900 xg for 4 min) in
Dulbecco's PBS (DPBS; GIBCO BRL, Grand Island, NY,
USA) supplemented with 1% (w/v) BSA. At the end
of the washing procedure, the sperm pellet was resus-
pended in fertilization medium (mTBM), and then 50
ul of this suspension was added to the fertilization
drop containing IVM oocytes to give a final concen-
tration of 1x10° spermatozoa/ml. At 6 h post-insemina-
tion, oocytes were washed three times in pre-equi-
librated embryo culture (EC) medium and cultured in
the same medium.

SDS-PAGE and Zymography

SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) and zymography were performed us-
ing procedures described by Dyk and Menino (1991)
with a slight modification. Frozen samples were th-
awed and homogenized with a sonicator. As a stan-
dard of tPA, a stock solution of 0.5 ng/ml tPA from a
human melanoma cell culture (Sigma) was prepared in
a sample buffer. Each homogenized sample (20 pnl) be-
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ing compared in each experiment, a stock solution of
human tPA (7 nl), and molecular mass markers (10 p
I; Bio-Rad Lab., Hercules, CA) were placed in a cas-
tellated well in a 4.5% stacking gel with a 12.5% se-
parating gel. Electrophoresis was conducted at 20 mA
for 2 h.

After electrophoresis, the polyacrylamide gels were
gently shaken in 2.5% Triton X-100 for 45 min, rinsed
with distilled water three times, and incubated for 30
min at 39C in a phosphate-buffered saline (PBS). Each
gel was carefully laid on a casein-agar gel (zymogr-
am) containing purified human plasminogen supported
in a plastic chamber. For preparing zymograms, 0.4 g
of nonfat dry milk was dissolved in 10 ml of buffer
containing 0.0013 M CaCl,-2H;O, 0.1 M glycine, 0.038
M Tris, and 0.005 M sodium azide. The nonfat dry
milk mixture was heated to 55C and combined with
9.9 ml of 1% (v/v) melted agarose maintained at 55T.
Purified human plasminogen stock solution (100 pl)
‘was added to 199 ml of the warmed mixture to yield
a final plasminogen concentration of 50 pg/ml and 10
ml of this mixture was cast into a warmed dish (100x
15 mm; Falcon 1012; Becton and Dickinson) and all-
owed to cool. Zymograms containing 0 1 g/ml of plas-
minogen were used for detection of any nonspecific
proteolytic activity. Polyacrylamide gels and zymogr-
ams were incubated at 39°C for 24~48 h to allow the
development of lytic bands. After the distance from
the edge of the separating gel to the center of the dl-
ear lytic bands in each lane was measured, incubation
of zymograms was terminated by separating the gels.
Then the zymograms were fixed with 3% (v/v) acetic
acid for 10 min, and rinsed under tap water. Zymo-
grams were dried and stained with 0.1% (w/v) Amido
Black 10 B for permanent storage. Polyacryamide gels
were stained with 0.025% Coomassie Brilliant Blue
R-250 in 65:25:10 water : isopropanol : acetic acid and
destained with 80:10:10 water : isopropanol : acetic acid.

All experiments measuring PA activity were repeat-
ed at least three times. Protease activity was quantified
by densitometric scanning of the zymograph using NIH
Image 1.62 (Center for information Technology Na-
tional Institutes of Health, Maryland, USA). PA acti-
vities were expressed relative to the activity in a fixed
sample, which was different in each experiment.

Assay of Chlortetracycline (CTC) Fluorescence of Sper-
matozoa

The functional state of the spermatozoa was asse-
ssed using the chlortetracycline (CTC) fluorescence ass-
ay method described by DasGupta et al. (1993). A
CTC solution was prepared on the day of use and
contained 750 pM CIC (Sigma) in a buffer of 130 mM
NaCl, 5 mM cysteine, 20 mM Tris-HCl; the pH was
adjusted to 7.8 with IN HCL This solution was kept

wrapped in aluminum foil at 4C until just before use.
Hoechst-treated sperm suspension (45 nl) was added
to 45 ul of CTC solution at room temperature in an
aluminum foil-wrapped centrifuge tube and mixed tho-
roughly. Spermatozoa were then fixed by adding 8 ul
12.5% (w/v) paraformaldehyde in 0.5 M Tris-HCl (pH
74). Slides were prepared by placing 10 ul of the st-
ained, fixed suspension on a slide for observation.
One drop of anti-fade solution [0.22 M 1,4-diazabicyc-
l0(2.2.2) octane (DABCO; Sigma) was dissolved in gly-
cerol:PBS (9:1)] was mixed with the drop of semen to
retard fading of the fluorescence. After adding a clean
coverslip, the slide was compressed firmly between ab-
sorbent tissues (Kimwipes) to remove any excess fluid
and to maximize the number of spermatozoa lying flat
on the slide. The coverslip was then sealed with co-
lorless nail varnish, wrapped in aluminum foil and st-
ored at 4C until used for microscopic observation.

An assessment was carried out on either the same
or the following day using an Olympus BHS micro-
scope equipped with phase-contrast and epifluorescent
optics. Cells were assessed for CIC staining using ul-
traviolet light. The exicitation beam (halogen lamp)
was passed through a 405 nm band pass filter, and
CTC emission was observed through a 455 nm di-
chroic mirror with an additional 375 nm barrier filter.
Three kinds of CTC staining patterns were identified:
an F pattern, spermatozoa with uniform fluorescence
over the entire head (uncapacitated spermatozoa); a B
pattern, spermatozoa with a fluorescence-diminished ba-
nd in the post-acrosomal region and a relatively bri-
ght fluorescence in the acrosomal region (capacitated
spermatozoa); and an AR pattern, spermatozoa with al-
most no fluorescence over the whole sperm head ex-
cept for a thin band of fluorescence in the equatorial
segment (acrosome-reacted spermatozoa). At all three st-
ages a bright fluorescence on the midpiece could be
seen. At least 200 spermatozoa were counted for each
sample. Experiment was replicated three times.

Assessment of Zona Pellucida Solubility of Oocytes
Activated

To test the effect of plasminogen on zona pellucida
susceptibility to pronase digestion, cumulus-free oocy-
tes matured in vitro washed three times in 500 pl
drops of fertilization medium (mTBM) and transferred
to 50 ul drops of the same medium (mTBM) with or
without 50 pg/ml plasminogen for 6 h at 39C, 5%
(v/v) CO; in air. Oocytes matured were activated by
coincubation with 1x10° cells/ml spermatozoa or by
treatment with 5 pM calcium ionophore A23187. At 6
h after insemination, oocytes were washed three times
in TL-Hepes-PVA (39C) and placed (n = 5~15 oocy-
tes/treatment) into 100 ul of a 0.1% (w/v) pronase so-
lution in PBS. Zona digestion was observed continu-
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ously at room temperature (25C) with an inverted mi-
croscope. When the zona pellucida was no longer vi-
sible at x200 magnification, the zona pellucida disso-
lution time (sec) was recorded. The experiment was re-
plicated three times.

Statistics

- Data were analyzed by ANOVA using the General
Linear Models procedure of the Statistical Analysis Sys-
tem (SAS Institute Inc., Cary, NC). When F-test results
were significant in ANOVA, individual data were fur-
ther tested by Duncan's multiple-range test. Differences
with values of p<0.05 were considered to be statisti-

cally significant. Data are presented as meantstandard
error of the mean (SEM).

Experimental Designs

In experimental design 1, to determine the changes
of PAs activity and acrosomal status in boar sperma-
tozoa during preincubation, spermatozoa were preincu-
bated in fertilization medium (mTBM) for 0, 2, 4 or 6
h. After preincubation, sperm incubation medium and
spermatozoa (40x10° cells/ml) were sampled for deter-
mination of PAs activity. Also, the functional state of
spermatozoa (acrosomal status) was assessed using ch-
lortetracycline (CTC) fluorescence assay.

In experimental design 2, to determine the changes
of PAs activity in porcine oocyte during in vitro ma-
turation, COCs were cultured in maturation medium.
At 0, 24 and 48 h after the onset of maturation cul-
ture, the cumulus cells were removed mechanically by
repeated passages though a fine pipette. After the re-
moval of cumulus cells from the COCs at each time
point, 40 denuded oocytes (DOs) were separately put
into microtubes containing 20 pl of sample buffer (5.0
% [wfv] SDS, 20% [v/v] glycerol, and 0.0025% [w/v]
bromophenol blue in 0125 M Tris-HCl buffer) and
frozen at —80C until used for zymographic analysis.

In experimental design 3, to examine the effects of
plasminogen on the fertilizing ability in vitro of por-
cine gametes, in vitro fertilization was performed in a
fertilization medium (mTBM) with or without 50 pg/
ml plasminogen. At 6 h after the onset of insemina-
tion, susceptibility to pronase digestion was monitored.
At 12 h post-insemination, oocyte penetration tests we-
re performed.

RESULTS

Fig. 1. and 2 show the changes of PAs activity in
sperm incubation medium and boar spermatozoa pre-
incubated with different incubation periods. When bo-
ar spermatozoa were preincubated in a fertilization me-
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Fig. 1. Changes of PAs activity of sperm incubation medium at 0,
2, 4 and 6 h culture in fertilization medium. (A) Zymographic ana-
lysis of sperm incubation medium of culture in fertilization me-
dium (mTBM). (B} Intensity of PAs activity was quantified by den-
sitometric scanning of zymography and expressed relative to the ac-
tivity at 6 h of culture for tPA-PAI complex, tPA and uPA. Values
obtained from three replicates are expressed as mean = SEM. " °
Values with different letters are significantly different (p<0.05).

dium (mTBM) for 0, 2, 4 or 6 h, three plasminogen-
dependent lytic bands (110~117 kDa, 62~70 kDa, and
34~38 kDa) were observed in a sperm incubation me-
dium (Fig. 1 (A)) and spermatozoa sample (Fig. 2 (A)).
PAs activities in the sperm incubation medium were
significantly (p<0.05) increased during increasing prein-
cubation periods (Fig. 1 (A)), whereas PAs activities in
spermatozoa were significantly (p<0.05) decreased (Fig. 2
(B))-

On the other hand, the changes of acrosomal status
in boar spermatozoa were examined after preincuba-
tion for 0, 2, 4 or 6 h by CIC assay. Fig. 3 shows
that the changes of CTC patterns in boar spermatozoa
incubated with different periods. The rates of capaci-
tated spermatozoa were significantly (p<0.05) decreased
(67.0% to 42.3%) and the rates of acrosome reaction
(AR) in boar spermatozoa were significantly (p<0.05)
increased (21.8% to 55.4%) as the preincubation time
increased from 0 to 4 h.

This study showed the change of PAs activity in
oocytes that were separated from porcine COCs at 0,
22 and 44 h of maturation culture (Fig. 4). No PAs
activity was observed in cumulus free-oocyte just after
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Fig. 2. Changes of PAs activities of sperm at 0, 2, 4 and 6 h culture
in fertilization medium. (A) Zymographic analysis of sperm at cul-
ture periods in fertilization medium (mTBM). (B) Intensity of PAs
activity was quantified by densitometric scanning of zymography
and expressed relative to the activity at 0 h of culture for tPA-PAI
complex, tPA and uPA. Values obtained from three replicates are
expressed as mean + SEM. *™ Values with different letters are sig-
nificantly different (p<0.05).

aspiration from follicles. As shown in Fig. 4, the acti-
vity of tPA-PAI (108~113 kDa) and tPA (75~83 kDa)
was observed at 22 h of culture and significantly (p<
0.05) increased as the duration of the culture incr-
eased.

Fig. 5. showed that the effect of plasminogen on ZP
solubility in porcine oocyte activated by sperm pene-
tration or by treatment with calcium ionophore. When
porcine oocytes were activated, ZP dissolution time
(sec) tended to increase when plasminogen was added
in fertilization medium (mTBM). Addtion to 50 u g/ml
plasminogen significantly (p<0.05) increased ZP disso-
lution time (sec) In activated oocytes by sperm penetra-
tion.

DISCUSSION

The plasminogen activator (PAs) activity of mamma-
lian gametes has been previously described. tPA and
uPA are localized to the plasma and the outer acro-
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Fig. 3. Change of CTC patterns of sperm at 0, 2, 4 and 6 h culture
in fertilization medium (mTBM). F: intact non-capacitated, B: capa-
citated, AR: acrosome-reacted spermatozoa. Values obtained from
three replicates are expressed as mean + SEM. *° Values with diff-
erent letters within each CTC patterns differ significantly (p<0.05).
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Fig. 4. Changes of PAs activities of porcine COCs at 0, 22 and 44
h of in vitro culture. (A) Zymographic analysis of different stage of
COCs. (B) Intensity of PAs activity was quantified by densitometric
scanning of zymography and expressed relative to the activity at 22
h of culture for tPA-PAI complex and tPA. Values obtained from
three replicates are expressed as mean + SEM. *  Value with diff-
erent letters are significantly different (p<0.05).

somal membrane of human, and boar spermatozoa
(Smokovitis et al., 1992), and tPA is detected in the
rat (Bicsak and Hsueh, 1989), mouse (Stutz et al,
1998), and pig (Kim and Menino, 1995) oocytes. The
present study was undertaken to examine, the changes
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Fig. 5. Effect of plasminogen on zona pellucida (ZP) susceptibility
to pronase digestion. Activation of oocytes was achieved by sperm
penetration or by treatment with 5 uM calcium ionophore A23187.
Values obtained from three replicates are expressed as mean *
SEM. *" Values with different letters within each treatment of oo-
cytes activation differ significantly (p<0.05).

of PAs activity in porcine gamates during in vitro cul-
ture and the effect of plasminogen, the major substrate
for PAs, on zona pellucida during in vitro fertilization,

Hart and Rehemtulla (1988) reported that tPA is
secreted in an active form with a molecular weight of
around 70 kDa and uPA is secreted as an inactive
single-chain molecule of 31~54 kDa. Both tPA and
uPA can form SDS-stable complexes with PAI a fa-
mily of specific inhibitors for PA, yielding PA-inhi-
bitor complexes detectable by zymography (Rehemtulla
et al, 1990). tPA and PAI form a complex with a mo-
lecular weight of approximate 110 kDa (Kruithof et al.,
1984; Wagner and Binder, 1986). The research demon-
strates that tPA-PAI, tPA, and uPA are released by
boar spermatozoa during preincubation in a fertiliza-
tion medium (mITBM). Although PAs activities in sp-
erm incubation medium increased time-dependently dur-
ing in vitro culture for 6 h, PAs activities in sperma-
tozoa decreased. Also, the rates of acrosome reaction
(AR) in boar spermatozoa increased as the preincu-
bation time increased. In addition to several enzymes
located in the head of the mammalian spermatozoa
(Zaneveld and De Jonge, 1991), the presence of tPA
and uPA as well as PA inhibitor (PAI) and plasmin
inhibitors (PI) has been detected in the ejaculated sp-
ermatozoa of human and various animal species, in-
cluding bull, ram, buck, boar and stallion (Smokovitis
et al, 1987). PAs activity in spermatozoa incubation
medium was increased after the induction of acrosome
reaction of human, boar, bull and ram spermatozoa by
hyamine, triton or calcium ionophore (Taitzoglou et al.,
1996). These results are consistent with our results sh-
owing that tPA-PAI, tPA, and uPA may be released in
boar spermatozoa during acrosome reaction.

This study showed that no PAs activity was de-
tected in porcine oocytes separated from cumulus cells
just after collection from the antral follicle, but the
activity of tPA-PAI and tPA was increased as the cul-

ture time increased from 22 to 44 h. Although the
type of PAs detected in COCs seemed to be different
according to the different species, the increase of PAs
activity during in vitro or in vivo maturation has been
reported in pig and rat COCs. Although uPA activity
is not detected in porcine COCs at before and after
maturation, other studies have shown that both tPA-
PAI and tPA activity increases during in vitro matu-
ration (Kim and Menino, 1995).

Results of this study showed that the addition of

plasminogen to the fertilization medium increased ZP
dissolution time (sec) in activated oocytes by sperm
penetration or calcium ionophore. Also, ZP solubility
was associated with proteolytic alteration of the ZP
polypeptides by the PA/plasmin system. Previous re-
ports suggested that tPA is released from the rat oo-
cytes as a result of oocyte activation and participates
in ZP hardening (Zhang et al., 1992). In fertilized or
calcium ionophore-activated mouse oocytes, zona hard-
ening may be caused by a proteolytic factor in the
cortical granules, which induces limited proteolysis of
the zona protein ZP2 (Moller and Wassarman, 1989).
Zhang et al. (1992) have reported the presence of a
tPA-like macromolecule in the secretion of activated
rat eggs and the inhibitory effect of a tPA antibody
on activation-induced zona reaction, indicating that the
ZP molecules could be modified by PA/plasmin sys-
tem. -
In summary, this study provides information con-
cerning the production of PAs by pig gametes during
in vitro culture and the effect of the plasminogen, the
major substrate for PAs, on various fertilization pha-
ses, such as ZP susceptibility to pronase digestion dur-
ing fertilization in the pig. It was found that boar sp-
ermatozoa release tPA-PAI tPA and uPA during pre-
incubation and pig oocytes produce tPA-PAI and tPA
during in vitro maturation. Also, addition of plasmi-
nogen to the fertilization medium increases ZP diges-
tion time (sec) by pronase. These results suggest that
supplementation of plasminogen to the fertilization
medium may play a positive role in the improvement
of fertilization ability in the pig.
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