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Plasminogen activators (PAs) have been implicated in: ovulation, oocyte maturation,

fertilization, implantation, and many other reproductive activities. Three pathways have

been implicated in the activation of the PA regulatory system. These include the

conventional PKC and cAMP-dependent signaling pathways, and also an independent

pathway thought to be regulated by protein phosphatases. Previous research has

suggested that PA activity in bovine oocyte-cumulus cell complexes (BOCC) is affected

by okadaic acid (OA), a dose dependent phosphatase 1 (PP1) and 2A (PP2A) inhibitor

(10 nM, 0.1 nM respectively) (Nagamine et al, 1991; Kim, 1995). The specific purpose

of this research project was to determine the effects OA has on expression of the essential

components of the PA system. We showed that OA affects the transcriptional levels of

plasminogen activator inhibitor-1 (PAI-1), tissue-type plasminogen activator (tPA), and

(3-actin. The uPA receptor (uPA-R) also expressed variability among its mRNA levels in

a dose response to OA; however, the data were not significant. We also suggest that the

PA system is involved in the BOCC's response to OA induced stress between the

concentrations of 50-100 nM. In conclusion, PP1 and PP2A are essential to the



expression of PAs in BOCC, and PP1 seems to be the predominant protein phosphatase

driving PA expression.
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Introduction:

Plasminogen activators (PAs) are trypsin-like serine proteases that convert the zymogen

plasminogen to the active serine protease plasmin. As a result of this proteolytic activity

and with the assistance of SDS-PAGE electrophoresis, scientists have been able to

identify and quantify PAs and complexes by a process called zymography. Two distinct

PAs have been identified and are well characterized: tissue-type PA (tPA) and

urokinase-type PA (uPA). Research with bovine oocyte-cumulus cell complexes (BOCC)

identified a lytic band in the 70-80 kDa range for tPA, while uPA was observed as a

smaller protein with a lytic band in the 48-60 kDa range (Kim, 1995; Park et al., 1999).

Other methods of PA detection include immunochemical activity and recombinant DNA

probes (Hart, 1998)

Physiologically, the plasminogen activator system is an essential source of extracellular

proteolysis responsible for multiple aspects of female reproductive activities, e.g.

ovulation, oocyte maturation, fertilization, implantation, and mammary involution.

Reinthaller et al. (1990) reported variations in tPA, uPA, and PA inhibitor within

maturing human oocyte-corona-cumulus cell complexes, in vivo. They observed that

tPA increased with maturity within the complex, but that uPA and PA inhibitor did not

show a significant change. tPA levels have also been shown to increase with maturity in

rat oocytes during in vivo maturation (Bicsak et al., 1989). In cattle, PAM, tPA, and

uPA-receptor (uPA-R) transcription appears to be low during early follicular

development and slowly increase with a peak expression in preovulatory follicles. uPA,
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however, is expressed at its highest levels during early follicular development and

decreases with maturity (Li et al., 1997). Following the gonadotropin surge, both tPA

and PAI-1 levels increase, which initiates degradation of the extracellular matrix required

for follicular rupture (Dow et al., 2002; Liu et al., 1991). PAs are essential in multiple

aspects of reproduction, and their in vivo involvement in maturation and ovulation are

essential.

In vitro oocyte maturation is also highly dependent upon a tightly regulated PA system.

Huarte et al. (1985) found that rat and mouse oocytes produced only tPA during

spontaneous in vitro maturation; however, cultured oocyte-cumulus cell complexes

produced both tPA and uPA. In contrast, Park et al. (1999) determined that bovine

oocytes produced uPA, while the cumulus cell complexes produced both uPA and tPA.

In cultured BOCC, uPA was first experimentally noticeable after 6 hours and peaked at

12 hours; while tPA was first observed at 12 hours and peaked at 24 hours. Bieser et al.

(1998) also found that uPA expression peaks after 12 hours in culture. They also found

that PAI-1 expression gradually increases up to 18 hours, and then slowly declines

thereafter. Because of the ever increasing importance of advancing IVF technologies,

understanding the roles of the PA system in in vitro oocyte maturation are essential.

Plasminogen activators have also been implicated in multiple aspects before, during, and

after fertilization. Previous research has shown that plasminogen is present in the

fertilization environment, and that inhibitors of the catalytic activity of plasmin inhibit

fertilization (Huarte et al., 1993). Huarte et al. (1993) also reported that the addition of
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plasminogen to IVF medium increases fertilization rate, when compared to IVF without

the addition of plasminogen in the same conditions. Rekkas et al. (2002) reported that

cortical granules of the oocyte express tPA activity and not uPA or PAI-1 during in vitro

maturation with higher levels after 24 hours of culture than 12 hours. This is suggestive

of the role of tPA in the cortical reaction and formation of the zona block to polyspermy.

uPA, however, is involved in the male's contribution to fertilization by being bound to

the surface of sperm via its receptor, thus localizing the proteolytic activity and activation

of plasminogen (Huarte et al., 1993; Ellis et al., 1991). These findings support ideas that

the PA system is essential in fertilization.

Plasminogen activator activities are regulated by multiple cellular interactions and

pathways. In part, their activity is controlled by specific physiologic polypeptide

interactions via at least three inhibitors, PA inhibitor-1 (PAI-1), -2 (PAI-2), and -3 (PAl-

3) (Dano et al., 1985; Kruith et al., 1988). PAI-1 is a member of the Serpin gene family

and has a greater affinity for inhibiting uPA, while tPA activity is modulated

physiologically by PAI-2. PAI-1 interacts directly with free uPA and uPA bound to its

extra cellular receptor uPA-R to inhibit its localized proteolytic effect (Ellis et al., 1990).

Other methods of PA regulation include: hormonal regulation of their synthesis and

release, interactions with cell surface receptors, post-transcriptional regulation, and

interactions with other regulatory proteins.

Essential to these regulatory interactions are cell signaling pathways. Ny et al. (1987)

suggested that the increase in PA activity is directly related to the activation of the
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protein kinase C pathway via GnRH treatment in rat oocyte-cumulus cell complexes.

Also, the protein kinase A pathways have been shown to affect PA levels through FSH

treatment (Salustri et al., 1985). Another independent pathway of the PKC and cAMP-

dependent signaling pathways involves regulation of PAs by means of dephosphorylation

by phosphatases (Nagamine et al., 1991; Kim and Menino, 1995).

Protein phosphatases have been implicated in multiple cellular functions and controls of

cell cycle, growth, and division (Mumby et al., 1993; Janssens et al., 2001). Four

essential protein serine/threonine phosphatase complexes have been characterized:

Phosphatase 1 (PP 1), Phosphatase 2A (PP2A), Phosphatase 2B (PP2B), Phosphatase 2C

(PP2C) (Cohen et al., 1989). PP1 and PP2A account for the majority of enzyme activity,

dephosphorylating phospho-serine and -threonines in living cells. Several holoenzyme

complexes of PP2A have been isolated from various cell types. In vivo, PP2A exists as a

heterotrimeric complex of a core dimer (PP2AD) and a third variable subunit (PP2AB)

(Figure 1). The core enzyme is composed of a 36-kDa catalytic subunit (PP2Ac or C)

and a 65-kDa regulatory subunit (A subunit or PR65). These subunits exist as two

isomers, C a and C 0, and An and A 3 (Price, 2000; Turowski, 1999). The regulatory B

subunits PP2B exist as four forms: B, PR55a, p, r, g; B', PR61 a, p, y, S, E; B", PR72, 130, 59,

48; B"' PR93/SG2NA, PR110/striatin (Janssens et al., 2001). These isoforms of the

regulatory B subunits have been shown to be strictly tissue dependent, and as research

continues, more are likely to be found. However, to our knowledge, PP2A has not been

isolated or extensively studied in BOCC as other tissues.
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However, some researchers have studied the effects PP2A and PP1 on plasminogen

activators and oocyte maturation in BOCC with the assistance of a selective

serine/threonine phosphatase inhibitor, okadaic acid (OA) (Kim,1995; Levesque and

Sirard, 1995). Okadaic acid (Figure 2) was the first of a family of polyether toxins

discovered in marine microalgae. Okadaic acid inhibits PPI and PP2A in a dose

dependent manner, 10 nM and .1 nM, respectively. OA inhibits PP1 and PP2A by

binding to the catalytic subunits. Each subunit contains a unique L7 amino acid loop that

not only provides a binding domain for OA, but also determines the sensitivity of the

phosphatase to OA (Dawson et al, 1999). By inhibiting PP1 and/or PP2A, okadaic acid

significantly increases the number of proteins phosphorylated. In BOCC, this increased

phosphorylation resulted in a four-to-six fold increase in PAI-1 and uPA activities and a

one-to-three fold increase in tPA (Kim, 1995). OA also accelerates maturation of oocytes

matured in vitro in the absence of cumulus cells. Also, oocytes did not form a

metaphasic spindle (Levesque and Sirard, 1995). Although the research is limited with

respect to the role of phosphatases on plasminogen activator activity, research regarding

PAs is always essential for further understanding reproductive physiology.
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Objective:

The purpose of this thesis was to further determine the mechanism by which okadaic acid

affects the expression of the PA system (PAI-1, tPA, uPA-R, and uPA) as well as (3-actin.
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Materials and Methods:

Recovery and Culture of BOCC

Bovine ovaries were collected from a local slaughterhouse and transported to the

laboratory in a phosphate buffered saline (PBS) solution (25-30°C) within 2 hours of

collection. BOCC were harvested by slicing the ovarian cortex with a scalpel and

washing with phosphate buffered saline. BOCC were recovered from the ovarian debris

and washed with Tissue Culture Medium 199 (TCM 199) supplemented with 3 mg/ml

polyvinylpyrrolidone (10 kD), 50 mg/ml sodium pyruvate, 2.6 mg/ml sodium

bicarbonate, and 10 ml/1 of an antibiotic-antimycotic solution containing 10,000 units

penicillin, 10mg streptomycin, and 25 µg amphotericin (modified TCM 199).

BOCC were carefully selected with a stereomicroscope and only those with two or three

layers of cumulus cells were included in the study. BOCC were cultured in microdrops

of modified TCM 199 containing 0, 2.5, 7.5, 25, 75, 250 nM OA at 39°C in a humidified

atmosphere of 5% CO2 in air (Kim and Menino, 1995). After 24 h, conditioned medium

was recovered from the microdrops and stored at -20°C until assayed for PA and PAI

activities by zymography. BOCC were frozen in dry ice and ethanol and stored at -80°C

until extracted for RNA.

Zymography

Zymography and reverse zymography were performed to quantify PA and PAI activities,

respectively, in conditioned medium as described by Kim and Menino (1995). Briefly,

each sample of conditioned medium was diluted with an equal volume of 2X sample

buffer (5% SDS; 20% glycerol; 0.0025% bromophenol blue in 0.125M Tris buffer) and

electrophoresed in 10% polyacrylamide gels copolymerized with casein and human
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plasminogen (the zymograph). Following electrophoresis, zymographs were gently

shaken in 2.5% Triton X-100 for 1 h and incubated for 24 h in 0.1 M glycine-NaOH

buffer (pH 8.3) to allow development of PA activity. Zymographs were stained for 1 h

with 0.05% Coomassie Brillant Blue R-250 and destained until clear lytic bands were

visible against the blue background.

Reverse zymographs were prepared following the same procedure described for regular

zymographs except urokinase was added to the incubation bath. Reverse zymographs

were incubated in 0.1 M glycine-NaOH buffer for 3-5 h following the Triton X-100 wash

and stained and destained as described for the regular zymographs. PAI-1 containing

bands appear as blue-stained bands against a clear or pale blue background.

PA and PAI activities in zymographs and reverse zymographs were quantified using the

Kodak Digital Science Electrophoresis Documentation and Analysis System 120.

Reverse Transcription-Polymerase Chain Reactions (RT-PCR)

RNA was recovered from BOCC using phenol/cholorform extraction and ethanol

precipitation as described by Arcellana-Panlillo and Schultz (1993). Equivalent amounts

of total RNA was reverse-transcribed by priming with random decamers and Superscript

II reverse transcriptase (Gibco BRL). cDNA generated from reverse transcription was

amplified in multiplex PCR using Taq DNA polymerase (Pharmacia Biotech) and

oligonucleotide primers and competimers for 18s rRNA (QuantumRNA 18s Internal

Standards, Ambion) as the internal standard and primers specific for the genes of interest:

3-actin, uPA, tPA, and PAI-1 (Appendix 2). Ambion's QuantumRNA 18s internal

standard allows for the comparison of the genes of interest relative to the expression of

attenuated amplification of 18s rRNA. PCR conditions that have been previously used

with good success on bovine embryos are: 1) an initial 4 min soak at 94 C 2) 30-40 cycles

of denaturation for 1 min at 94 C, annealing for 2 min at 55-65 C and extension for 2 min

at 72 C (optimal cycle number and annealing temperatures were determined
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experimentally, Appendix 2); and 3) incubations at 72 C for 7 min. PCR products were

resolved on 2 or 3% agarose gels and stained with Syber Green. RT-PCR was performed

in triplicate across doses of OA for each gene of interest. As a check for contamination

with genomic DNA, PCR was performed with the primer pair for (3-actin, which yields a

243 by product from cDNA and a 330 by product from genomic DNA. Samples were

discarded if genomic DNA was present. Because all these genes are expressed in bovine

ovary, bovine ovarian cDNA was used as the positive control for PCR and water in place

of the RT product served as the negative control.

Expression of 18s rRNA cDNA and the genes of interest were evaluated in SYBR Green

stained gels using the Kodak Digital Science Electrophoresis Documentation and

Analysis System 120. Signal intensity of the cDNA for the genes of interest was

expressed relative to the intensity of 18s rRNA cDNA.

Data Analysis

Differences in tPA, PAI, and uPA activities due to concentration of OA were determined

by analysis of variance (ANOVA) and Fisher's least significant differences procedures.

Differences in the expression of (3-actin, uPA, tPA, PAI-1, and uPA-R relative to the 18s

rRNA internal standard due to the level of OA in the culture medium was first

determined by ANOVA. If the ANOVA produced significance (p<0.15) Fisher's least

significant differences procedures were used to determine differences among treatment

groups. All analyses were conducted using the NCSS 2000 statistical software program

(Number Cruncher Statistical System, Hintze, JL, Kaysville, UT).
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Results:

PA Activity Analyzed by Zymography and Reverse-Zymomphy

The sensitivity of our zymographs determined by our human uPA standard was greater

than or equal to 0.005 nM uPA. (Figure 3) However, this sensitivity was not low enough

for our cultures as we were unable to detect any proteolytic activity within the

conditioned medium (Figure 4). Further research is being conducted at this time to

evaluate zymographic activity levels of PAs by concentrating the culture medium using

ultrafiltration.

Relative effectiveness of PCR primers

Based on previous research in our lab and other labs we designed bovine oocyte primers

specific for (3-actin, PAI-1, tPA, uPA-R, and uPA (Appendix 2). Figures 5-9 depict the

effectiveness of each primer run under optimal conditions with 5 µl of cDNA. (3-actin

was used to determine relative quantity and purity of cDNA samples. The primer set for

(3-actin included a genomic intron which, if present, resulted in a 330 by product.

However, (3-actin cDNA resulted in a 243 by product (Figure 5). The PAI-1 and tPA

primers resulted in PCR products at of 379 by (Figure 6) and 408 bp, respectively (Figure

7). The uPA-R primer set resulted in a faint but noticeable product at 345 by (Figure 8).

The uPA transcripts were difficult to prime and amplify. The uPA primers did not result

in a consistent noticeable band of expected product sizes 511 by or 302 by (dependent
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upon 5'-primer used) with 5 pl of cDNA (Figures 9a and 9b, respectively). However,

both product sizes (511, 302) were observed when the uPA primers were used with 5 µl

of cDNA from bovine ovary, uterus, caruncle, or ewe endometrium (Figures 9c and 9d,

respectively).

Effects of okadaic acid on 0-actin mRNA production in BOCC

Although (3-actin is not directly involved (to our knowledge) in the PA system, we used it

to determine purity of our RT-PCR cDNA products. Previous research suggested that

OA has a dose dependent effect on (3-actin expression (Hamaguchi and Kuriyama, 2002).

Greatest mRNA expression was in the control group treated with 0 nM OA (Figure 10).

(3-actin expression decreased among the cultures as the concentration of OA increased up

to 25 nM. At 25 nM OA mRNA levels were significantly lower than the control group as

well as the 2.5 nM OA cultures. However, no other significant differences among

cultures were observed. An interesting phenomenon was observed with higher OA

concentrations cultures (75 and 250 nM OA). In both of these cultures, (3-actin mRNA

levels increased to near control levels.
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Effects of okadaic acid on PAI-1 mRNA production in BOCC

The effects of OA on PAI-1 mRNA production within cultured BOCC was determined

by relative quantitative RT-PCR, of which the PAI-1 PCR products were compared to a

2:8 primer:competimer ratio for the 18s rRNA transcripts. Figure 11 depicts the relative

expression of PAI-1 in the 0, 2.5, 7.5, 25, 75, and 250 nM OA cultures. Increasing the

concentrations of OA did not cause a significant difference (P<0.05) of relative PAI-1

expression from the control. It was observed (P>0.05) that the PAI-1 mRNA levels

slightly decrease from control levels in the 2.5 nM OA culture, then increase in the 7.5

nM OA and 25 nM OA cultures. PAI-1 mRNA expression was significantly higher in the

25 nM culture than the 2.5, 75, and 250 nM OA cultures. The 250 nM OA culture had

virtually no effect on PAI-1 mRNA levels within the cultured BOCC.

Effects of okadaic acid on tPA mRNA production in BOCC

The effects of the phosphatase inhibitor, OA, on tPA were quantified by relative

quantitative PCR using the 18s rRNA as an internal standard (2:8 primer:competimer

primer ratio). tPA mRNA production was influenced (P>0.05) by the increasing

concentrations of OA in the cultures (Figure 12). The expression pattern for tPA is very

similar to the pattern observed in the (3-actin analysis. tPA mRNA showed an initial

decrease between the control and the 2.5 nM OA culture. The tPA mRNA levels were

slightly lower in the 7.5 nM OA culture when compared to the 2.5 nM OA culture,
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however, both were significantly lower than the control. tPA expression in the 25 nM

culture decreased to a point where it was unable to be amplified by our PCR procedures.

However, when BOCC were cultured in 75 nM OA, tPA mRNA levels were above

control levels and significantly greater than the 2.5, 7.5, and 25 nM OA cultures. This

increase seemed to be a result of change of OA concentration between 25 nM and 75 nM

as there was little change observed in increasing the OA concentration to 250 nM.

Effects of okadaic acid on uPA-R mRNA production in BOCC

The effect of increasing the concentration of OA was also analyzed with respect to the

uPA receptor. Although the mRNA levels do not differ statistically, the data suggest a

dose-dependent response of uPA-R to increasing levels of OA that should be further

researched. Unlike other components of the PA system in BOCC, uPA-R mRNA appears

to increase as the concentration increases up to a peak mRNA expression in the 25 nM

OA culture (Figure 13). There was little change in mRNA levels observed between the

2.5 and 7.5 nM OA. BOCC cultured in 75 nM OA seemed to drastically decrease mRNA

levels of uPA-R to a level below the control level. Although there was a noticeable

decrease in mRNA levels between 25 and 75 nM OA, increasing the concentration to 250

nM OA increased the mRNA levels to near control levels.
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Discussion:

Plasminogen activators have been implicated in: ovulation, oocyte maturation,

fertilization, implantation, and many other reproductive activities. Previous research

has been conducted to determine the cellular mechanisms by which PAs are induced;

however, most of this work has been at the protein level (Kim, 1995; Park et al, 1999).

More recently, research analyzed the expression of various components of the PA system

(Bieser et al, 1998; Dow et al., 2002; Peng et al., 1993; Whiteside et al., 2001). The

purpose of this research was to analyze PA regulation at the transcriptional level, by

determining relative PA mRNA levels following treatment of BOCC with okadaic acid,

a dose dependent PP1 and PP2A inhibitor. tPA was affected by the phosphatase

inhibitor, while other components of the PA system and 0-actin highly suggest a dose-

dependent response to OA.

(3-actin is an essential protein of the cell's cytoskeleton that assists in cellular integrity,

mobility, growth, and division. Because of its roles within the cell, (3-actin is

constitutively expressed, especially within the rapidly growing cells of the cumulus

oophorus. Previous research has suggested that the inhibitory effect of OA on PP1 and

PP2A has an effect on 0-actin expression. Our research further supports current data on

the role of PP 1 and PP2A in the expression pathway of f3-actin. As OA concentrations

were increased from 0 nM nearing the point of PP 1 inhibition, 10 nM, the decrease in 0-

actin mRNA was linear. These data suggest that PP2A, inhibited at. I nM OA, is

involved in (3-actin expression. However, when both protein phosphatases are inhibited

in the 25 nM OA culture, (3-actin mRNA expression is significantly reduced by nearly
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half, thus supporting the current belief that both PP1 and PP2A are involved in the

expression pathway of (3-actin.

Previous research in our lab and others has shown that PAs have multiple pathways of

regulating expression. One such pathway, the focus of this research project, is

independent of the conventional PKC and cAMP-dependent signaling pathways. Our

research supports previous theories that PP 1 and PP2A are involved in a signaling

pathway responsible for PA mRNA expression. However, it does not coincide with

previous research evaluating PA activity in response to increasing amounts of OA (Kim,

1995). Since Kim's research project, our BOCC preparation, wash and culture

conditions, and source of OA have changed. These changes could account for the

differences between expression and activity. However, the differences can also be related

to the inhibitory effects of OA. The dephosphorylation activity of protein phosphatases 1

and 2A have been implicated in post-translational modification and activation of many

proteins. Although, to the best of our knowledge, no research has been conducted to

determine the specific effects, if any, that PP 1 and PP2A have on post-translational

modification or activation of tPA or uPA. This research could suggest a possible

relationship of PP1 and PP2A in the proteolytic activation or post-translational

modification of PAs. However, PA activity should have been analyzed as well in this

research project to validate such a suggestion. For unknown reasons our zymographs did

not have the sensitivity (>.005 nM uPA) to detect PA expression. Thus, the conclusion

of PP1 and PP2A involvement after transcription is lightly supported by indirect evidence

of post-translation modification of other proteins and requires further research.
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Irrelevant of post-translational modification, our transcriptional analysis of the PA system

expressed a dose-dependent response to OA. In cultures below the point of PP1

inhibition, 10 nM, tPA had significantly different levels of mRNA when compared to the

controls, while PAI-1 and uPA-R suggested involvement of PP2A in its expression.

When PP2A was inhibited in the 2.5 nM culture, the analysis of tPA showed a decrease

in mRNA levels, suggesting that PP2A is involved in upregulation of this particular tPA

expression pathway. Also, PP2A activity seemed to have a suggested role in the

upregulation of PAI-1 expression. However, in each culture, as the concentration of OA

approached and surpassed, 7.5 and 25 nM OA, the 10 nM inhibition point of PP I; levels

of tPA mRNA levels compared to 18s rRNA levels drastically decreased. tPA mRNA

levels were so low that our PCR techniques were unable to detect them, suggesting that

both PP1 and PP2A phosphatase activity within the expression pathways is necessary for

transcription. Also, PPI is the primary phosphatase driving expression of tPA.

However, PAI-1 responded inversely to effects of OA and increased mRNA expression

to a peak nearly 40% greater than control levels at 25 nM OA. Thus, PPI is also the

essential phosphatase responsible for regulating PAI-1 expression. The uPA-R data,

although not significant, was unique in itself. It appears that the phosphatase activities of

both PP1 and PP2A have essential inhibitory effects upon uPA-R expression pathways.

As suggested by Kim (1995) and others (Levesque and Sirard, 1995) the

dephosphorylation activity of PP1 and PP2A are essential in the PA regulation pathway,

and our data suggests that their regulatory activity is essential in pathways of induction

before transcription occurs.
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In our analysis of PA regulation, we analyzed the effects of OA at concentrations higher

than the accepted threshold of PP1 inhibition. In our cultures of 75 and 250 nM OA

concentrations, we observed significant differences among mRNA levels. For all mRNA

levels, with the exception of uPA-R, increases to points at or above control levels were

observed. This was intriguing because at these levels both phosphatases should still be

inhibited, thus suggesting alternative means of PA activation independent of PP 1 and

PP2A regulation.

Okadaic acid is also a known tumor promoter and has been a useful tool for studying

multiple cellular processes, including stress and stress response in various cell types

(Fernandez et al., 2002). OA has been shown to induce oxidative stress and heat stress

responses among cells cultured in 50-100 nM OA (Chang et al., 1992, 1993; Schmidt et

al., 1995; Tunez et al., 2003). As a result of cellular stress the PA system, specifically

tPA, is activated among various tissues (Diamond et al., 1990; Miura et al., 2000;

Winnerkvist et al., 1997). We believe that this could be a possible explanation of the

dramatic increase in mRNA levels of tPA, PAI-1, and (3-actin. To further support the

idea of stress induced PA expression in BOCC, research with in vitro fertilization has

shown that cumulus cells increase different levels of stress related proteins to help protect

the oocyte during periods of stress, especially during oxidative stress (Cetica et al., 2001;

Tatemoto et al., 2000). However, to the best of our knowledge, no research has been

conducted to determine if PAs are part of a stress response among cumulus-oocyte

complexes.
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In conclusion, these data suggest that PP 1 and PP2A play essential regulatory roles in the

expression pathways of the PA system and (3-actin. We also suggest that the PA system

within BOCC is one of many stress-sensitive protein pathways induced during cellular

stress. Further research is required to determine if the differences among expression and

activity are due to experimental or physiological influences. However, further

understanding the PA system with respect to reproduction will be a career for many and

this research provided one more block to the foundation of the knowledge to come.
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PR110/stri atin

Figure 1 Structure of Protein Phosphatase 2A

C is the catalytic subunit, A is the second regulatory or structural subunit, and
B/B'/B'/B"" are the third variable subunits, which are structurally unrelated. In
Mammalia, A and C are encoded by two genes (a and b); the B/PR55 subunits are
encoded by four related genes (a, b, g and d); the B'/PR61 family are encoded by five
related genes (a, b, g, d and e), some of which give rise to alternatively spliced products;
the B' family probably contains three related genes, encoding PR48, PR59 and the splice
variants PR72 and PR130; SG2NA and striatin comprise the B- subunit family.

(Strack S. Cribbs T. et al. 2002)
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Figure 2. Okadaic Acid. A. Linear structure of okadaic acid. B. Crystal structure of
okadaic acid.

(Dawson F and Holmes C, 1999)



Figure 3. Zymography to determine sensitivity to decreasing concentrations of uPA.
Lane 1, 5 IU/ml; Lane 2, 1 IU/ml; Lane 3, 0.5 N/ml; Lane 4, 0.1 IU/ml; Lane 5 0.05
IU/ml; Lane 6, 0.01 IU/ml; Lane 7, 0.005 IU/ml; Lane 8, 0.001 IU/ml
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Figure 4. Zymograph of conditioned medium recovered from 30 BOCC after 24 hours.
Lanes: Std, Low-Molecular Weight SDS-Page marker; Lane 1, 0.1 N/ml uPA; Lane 2,

nM OA; Lane 3, 2.5 nM OA; Lane 4, 7.5 nM OA; Lane 5, 25 nM OA; Lane 6, 75 nM
DA; Lane 7, 250 nM OA; Lane 8, Medium Control (No BOCC)
0



396bp

Figure 5. (3-actin PCR products (243 bp) from BOCC cultured in the presence of
Aadaic acid. Lane 10 nM OA, Lane 2 2.5 nM OA, Lane 3 7.5 nM OA, Lane 4 25 nM
DA. Lane 5 75 nM OA. Lane 6 250 nM OA. Lane 7 1kb DNA Ladder.
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Figure 6. PAI-1 PCR products (379 bp) from BOCC cultured in the presence of okadaic
acid. Lane 1 0nMOA,Lane22.5nMOA,Lane37.5nMOA,Lane425nMOA,
Lane 5 75 nM OA, Lane 6 250 nM OA, Lane 7 lkb DNA Ladder.
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Figure 7. tPA PCR products (408 bp) from BOCC cultured in the presence of okadaic
acid. Lane 1 0nMOA,Lane22.5nMOA,Lane37.5nMOA,Lane425nMOA,
Lane 5 75 nM OA, Lane 6 250 nM OA, Lane 7 1kb DNA Ladder.
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Figure 8. uPA-R PCR products (345 bp) from BOCC cultured in the presence of
Dkadaic acid. Lane 10 nM OA, Lane 2 2.5 nM OA, Lane 3 7.5 nM OA, Lane 4 25 nM
DA, Lane 5 75 nM OA. Lane 6 250 nM OA. Lane 7 1kb DNA Ladder.
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Figure 9a. uPA PCR products (511 bp) with original primers. Lane 10 nM OA, Lane 2
2.5nMOA,Lane 37.5nMOA,Lane 425nMOA,Lane 575nMOA,Lane 6250nM
OA, Lane 7 1kb DNA Ladder.

Figure 9b. uPA PCR products (302 bp) with new 5'-primer and original 3'primer.
Arrow A indicates 344 by band on 1kb DNA ladder. Arrow B indicates 298 by band on
1kb DNA ladder. Lane 1 1 kb DNA Ladder, Lane 2 0 nM OA, Lane 3 2.5 nM OA, Lane
47.5nMOA,Lane 525nMOA,Lane 675nMOA,Lane 7250nMOA

506,517 by

Figure 9c. uPA PCR products (511 bp) with original primers. Lane 1 Bovine ovary
cDNA, Lane 2 Sheep endometrium cDNA, Lane 3 Bovine caruncle cDNA, Lane 4
Bovine uterus cDNA, Lane 5 PCR- (water), Lane 6 1 Kb DNA Ladder.
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Figure 9d. uPA PCR products (302 bp) with new 5'- primer. Arrow A indicates 344 by
band on 1kb DNA ladder. Arrow B indicates 298 by band on 1kb DNA ladder. Lane 1
1 Kb DNA Ladder, Lane 2 Bovine ovary cDNA, Lane 3 Sheep endometrium cDNA,
Lane 4 Bovine caruncle cDNA, Lane 5 Bovine uterus cDNA.
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Figure 10. Relative RT-PCR with specific primers for (3-actin (243 bp) and a 18S
rRNA (324 bp; 2:8 ratio of 18S rRNA primer:competimer) with a graphical analysis
following 24 hour culture in the presence of varying OA concentrations.
Means without common superscripts (a, b) differ. (P< 0.05)
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Figure 11. Relative RT-PCR with specific primers for PAI-1 (379 bp) and a 18S rRNA
(324 bp; 2:8 ratio of 18S rRNA primer:competimer) with a graphical analysis following
24 hour culture in the presence of varying OA concentrations.
Means without common superscripts (a,b) differ. (P< 0.05)
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Figure 12. Relative RT-PCR with specific primers for tPA (408 bp) and a 18S rRNA
(324 bp; 2:8 ratio of 18S rRNA primer:competimer) with a graphical analysis following
24 hour culture in the presence of varying OA concentrations.
Means without common superscripts (a, b, c) differ. (P< 0.05)
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Figure 13. Relative RT-PCR with specific primers for uPAR (345 bp) and a 18S rRNA
(324 bp; 1:9 ratio of 18S rRNA primer:competimer) with a graphical analysis following
24 hour culture in the presence of varying OA concentrations.
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Appendix 1: Solutions

Modified TCM 199

1x DPBS

1.5M Tris-HCl--pH 8.3

0.5M Tris-HCl--pH 6.8

10% Ammonium Persulfate

SDS-Sample Buffer

Running Buffer

UPA Standards

2.5% Triton X-100

0.1 M Glycine

5 IU/ml Urokinase in. 1 M Glycine

0.1 % Coomassie Blue

Destain Solution

5% Glycerol

Syber Green Staining Solution

GIT Buffer

Serial Dilution of Okadaic Acid

M 2 Medium

50x TAE Buffer



38

Modified TCM 199

Pyruvate 500 mg
PVP-10 30 mg
TCM 199 10 ml

10 ml
*Store @ 4°C
* Filter into snap top 14 ml tube

Ix DPBS

IOx DPBS 100 ml
.264 % CaC12-2H20 50 ml
dH2O 850 ml

1 liter
* Store @ 4°C

1.5 M Tris HCI, pH 8.8

Tris base 27.3 g
Deionized water 80 ml

80 m1
* Adjust to pH 8.8 with 6N HCZ

* Store @ 4°C

0.5 M Tris-HC1, pH 6.8

Tris Base 6 g
Deionized water 60 ml

60 ml
* Adjust to pH 6.8 with 6NHCl
* Store @ 4°C
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10% Ammonium Persulfate

Ammonium Persulfate 0.05 g
dH2O 500 µl

500 µl
*Store @ Room Temperature

SDS-Sample Buffer
1x 2x

Deionized Water 4.2 ml 0.4 ml
0.5 M Tris-HCL, pH 6.8 1.0 ml 2.0 ml
Glycerol 0.8 ml 1.6 ml
10% (w/v) SDS 1.6 m1 3.2 ml
I% (w/v) bromophenol blue 0.4 ml 0.8 ml

8.0 nil 8.0 ml
* Store @ Room Temperature

5X Running Buffer

Tris Base 9g
Glycine 43.2 g
SDS 3g
Deionized Water to 600 ml
* Store @ 4°C
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Standard Curve Solutions (UPA)

10IU1,ul = 50 gl 100 IU/µl + 450 µl TCM 199 (Mod)

5IU1,ul = 25 µl 100 IU/µl + 450 µl TCM 199 (Mod)

1 IU/ul = 50 µl 10 IU/µl + 450 µl TCM 199 (Mod)

0.5 IU/,ul = 50 µl 5 IU/µl + 450 µl TCM 199 (Mod)

0.1 IU/,ul = 50 µl 1 IU/µl + 450 µl TCM 199 (Mod)

0.05 IU/,ul = 50 µl 1 IU/µl + 450 µd TCM 199 (Mod)

*Add 4S0 p1 of SDS-Sample Buffer to each sample to bring up to 1 ml

*Store @ Room Temperature

2.5 % Triton X-100

Triton X-100 25 ml
dH2O 975 ml

1 liter
*Store @ Room Temperature

0.1 M Glycine

Glycine 7.507 g
dH2O 1000ml

1 liter
*Store @ 4°C

5 IU/ml Urokinase in .1 M Glycine

Urokinase (100 IU/ml) 2.5 ml
.1 M Glycine 47.5 ml

50.0 ml
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0.1 % Coomassie Blue Stain

Isoproponal 250 ml
Acetic Acid 100 ml
dH2O 650 ml
CBB R-250 0g

1 liter
* Store @ Room Temperature

Destain Solution

Isoproponal 200 ml
Acetic Acid 200 ml
dH2O 1600 ml

2 liter
* Store @ Room Temperature

5% Glycerol

Glycerol 50 ml
dH2O 950 ml

1 liter
* Store @ Room Temperature

Syber Green Staining Solution

Syber Green 20 gi
1 x TAE Buffer 200 ml

200 ml
*Store @ 4°C
*Light sensitive
*Lasts approx. 3 stains
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GIT Buffer

Guanidinium Thiocyanate 25 g
dH2O 29.3 ml
.75M Na Citrate (pH 7) 1.76 ml
10% Sarcosyl (Na lauryl sarcosene) 2.64 ml
*Bring up to 50 ml 50 ml

*Store @ room temp
*Lasts 3 months

Serial Dilution of 5 µM Okadaic Acid Stock to make:
250 nM, 75 nM, 25 nM, 7.5 nM, 2.5 nM solutions.

Cs = Concentration start Vs = Volume of 5 µM OA stock
CF = Concentration finish VD= Volume of TCM 199 (mod)

VF = Final volume

Equations

Vs (ml) = (CF * VF) / Cs

VD(ml)=VF-Vs

Table of Dilutions

Cs CF Vs VD VF
5 µM .25 M 150µl 2.85 ml 3.0 ml
5 µM .075 µM 45 1 2.955m1 3.0 ml

250 nM 25 nM 300 pl 2.7 ml 3.0 ml
75 nM 7.5 nM 300 µl 2.7 ml 3.0 ml
25 nM 2.5 nM 300 1 2.7 m1 3.0 ml
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M 2 Medium

Stock Solution

Stock A
NaCl 5.534 g
KCl .0356 g
KH2PO4 .162 g
MgS04 .144 g
Na acetate 4.125 g

*Make up to 100 ml with dH2O
*Filter sterilize

Stock E
Hepes 5.004 g

*Dissolve in 75 mL dH2O
*pH to 7.4 with 5N NaOH
*Make up to 100 ml with dH2O
*Filter sterilize

Stock D
CaC12*2H20 .252 g

*Make up to 100 ml dH2O
*Filter sterilize

M2 Medium
Glucose 150 mg
Stock A 15 ml
NaHCO3 .0496 g
Na Pyruvate .0057 g
Stock D 15 ml
Stock E 15 ml
BSA .6 g

*Make up to 150 ml with dH2O
*Sterilize filter
*Aliquot into 10 ml tubes and store in fridge
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Appendix 2: Bovine PCR Primers and Product Size

tPA

5' Primer (21 bp) --- # 575
5' -CCTGGTGCTAC GTCTTCAAGG

3' Primer (20 bp) --- #982
5' -AGGTGATGTC C GC GAAGAGG

Product Size
408 by

Optimum PCR annealing Temperature
58°C

Citation
Ravn, P. Berglund, L. Cloning and Characterization of the
Bovine Plasminogen Activators uPA and tPA.
Int. Dairy J. 5, 1995 p. 605-617

uPA

5' Primer (22 bp) --- #198
5' -GTCTGGTGAATCGAACTGTGGC

3' Primer (18 bp) --- #708
5' -GGCTGCAAACCAAGGCTG

Product Size
511 by

Optimum PCR annealing Temperature
58°C

Citation
Kratzschmar, J. Haendler, B. Bovine Urokinase-Type
Plasminogen Activator and its Receptor: Cloning and
Induction by Retinoic Acid. Gene. 125, 1993 p.177-183
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uPAR (receptor)

5' Primer (22 bp) --- #192
5'-GCAATGAGATGAACGTGGTGAG

3' Primer (20 bp) --- #536
5'-AGCCAGGAAGGATGCCACAG

Product Size
345 by

Optimal PCR Annealing Temperature
55°C

Citation
Kratzschmar, J. Haendler, B. Bovine Urokinase-Type
Plasminogen Activator and its Receptor: Cloning and
Induction by Retinoic Acid. Gene. 125, 1993 p.177-183

PAI-1

5' Primer (18 bp) --- #95
5'-CCATCCCAAGGCACTGCG

3' Primer (22 BP) --- #473
5' -CTTGACCGTGGTAC GGAACAGC

Product Size
379bp

Optimal PCR Annealing Temperature
56°C

Citation
Prendergast, G. Diamond, L. The c-myc-Regulated Gene
mrl Encodes Plasminogen Activator Inhibitor 1. Molecular
and Cellular Biology. Mar. 1990 p. 1265-1269
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Actin

5' Primer (bp) --- #
5' -TTGGCCTTAGGGTTCAGGGGGG

3' Primer (bp) --- #
5' CGTGGGCCGCCCTAGGCACCA

Product Size
243 by
330 by if genomic DNA present

Optimal PCR Annealing Temperature
58°C

Citation
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Appendix 3: Unstained Low SDS-Page Molecular
Weight Standards (Bio-Rad)

Phosphorylase B 97.4 kD
Serum Albumin 66.2 kD
Ovalbumin 45.0 kD
Carbonic Anhydrase 31.0 kD
Trypsin Inhibitor 21.5 kD
Lysozyme 14.4 KD




