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Alfred R. Menino
The bovine blastocyst is composed of a one-celled layer of trophectoderm 
surrounding a fluid filled sac called the blastocoel and a ball of cells called the inner cell 
mass (ICM). On Day 8 (Day 0=fertilization) in bovine embryos, endodermal cells leave 
the ICM, migrate over the extracellular matrix (ECM) on the blastocoelic side of the 
trophectoderm and form a full layer of extraembryonic endoderm on Day 10. Three ECM 
glycoproteins have been shown to be involved in endodermal cell migration: fibronectin, 
vitronectin, and laminin. Bovine endodermal cells migrate on fibronectin and vitronectin 
whereas laminin is believed to be produced when migration is complete to stabilize cell-
ECM interactions (Haun and Menino, 2001; Singleton and Menino, 2005). 
Urokinase-type plasminogen activator (uPA) activity has been detected in bovine 
endodermal cells during cell migration, but its exact role is not understood (Haun and 
Menino, 2001). The matrix metalloproteinase (MMP) inhibitor, TIMP-2, is stimulatory to 
bovine endodermal cell proliferation and migration, and enhances PA production but 
MMP have not been detected in bovine ICM (Haun and Menino, 2001). Endodermal cell 
migration may require limited proteolysis of the ECM, and if this is the case uPA may be 
the protease involved. The objective of this research was to determine if the bovine 
embryonic uPA can directly degrade fibronectin and laminin without plasminogen 
activation.

Embryos for this project were obtained from cows at the OSU Beef Cattle Center and 
donations by breeders. Conditioned medium was collected from embryos ranging from 
morulae (Day 6) to hatched blastocysts (Day 12). Conditioned medium was assayed for 
embryonic uPA (ePA) activity using a caseinolytic agar gel assay. Proteolysis of the 
ECM glycoproteins by ePA was determined by SDS-polyacrylamide gel electrophoresis. 
No autolysis was observed over 48 hr of  incubation at 39º C for fibronectin, 
collagen ІV, or laminin using SDS-PAGE. Lysis was observed for laminin by human 
urokinase, but no fibronectin breakdown occured with human urokinase. Laminin showed 
no degradation by bovine ePA, however the polypeptide profile of fibronectin 
demonstrated cleavage by bovine ePA. These results indicate that ePA can proteolytically 
degrade fibronectin in the absence of plasminogen. Cleavage of fibronectin may aide in 
endodermal cell proliferation by facilitating movement over the ECM.
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Introduction:

In early embryo development, the blastocyst is composed of a one-celled layer of 

trophectoderm surrounding a fluid filled sac called the blastocoel and a ball of cells called 

the inner cell mass (ICM). On day 8 (Day 0=fertilization) in bovine embryos, endodermal 

cells migrate over the extracellular matrix (ECM) on the blastocoelic side of the 

trophectoderm and form a full layer of extraembryonic endoderm on Day 10. Cell 

migration events depend on a family of cell surface proteins known as integrins that bind 

to specific ECM proteins (Damsky and Werb, 1992). There are three ECM glycoproteins 
that have been shown to be involved in bovine endodermal cell migration: fibronectin, 
vitronectin, and laminin (Haun and Menino 2001; Singleton and Menino, 2005). Bovine 
endodermal cells use fibronectin and vitronectin to migrate whereas laminin is produced 
when migration is complete to stabilize cell-ECM interaction. 

Plasminogen activators (PA) are known to be involved in ECM remodeling and cell 

migration. Plasminogen activators are serine proteinases that convert plasminogen to 

plasmin. Plasmin breaks down fibrin, ECM, and basement membrane components. There 

are two types of PA: tissue-type PA (tPA) and urokinase-type PA (uPA). It has been 
suggested that uPA, upon binding to its membrane receptor (uPAR), can influence cell 
migration by cleaving ECM proteins such as fibronectin, vitronectin, and laminin. 
Plasminogen activation and plasmin action are controlled by four protease inhibitors: 
plasminogen activator inhibitors-1 (PAI-1), -2 (PAI-2) and -3 (PAI-3), and alpha-2-
antiplasmin. Plasminogen activator activity has been detected in endodermal cells during 
cell migration, but its exact role is still not understood. The matrix metalloproteinase 
(MMP) inhibitor, TIMP-2, is stimulatory to bovine endodermal cell proliferation and 
migration, and enhances PA production but MMP have not been detected in ICM during 
this period (Haun and Menino, 2001). Endodermal cell migration may require limited 
proteolysis of the ECM, and if this is the case then uPA may be the protease involved. 
Therefore the objective of this research was to determine if the bovine embryonic uPA 
can directly degrade fibronectin or laminin without plasminogen activation. 

Review of the Literature:
Cattle have a 21-day estrous cycle and ovulation occurs 24-36 hr after the onset of estrus. Fertilization occurs at the ampullary-isthmic junction and the embryo leaves the oviduct and enters the uterus on Day 4 (Day 0=day of fertilization). Embryos divide geometrically to the 2-cell, 4-cell, and 8-cell stages and attain the 16-cell stage on Day 5. At the 16-cell stage the embryo undergoes determination, where outer cells become destined to develop into fetal membranes and inner cells will eventually become the fetus. On Day 6 the embryo is called a morula. Differentiation between the outer and inner cells occurs as a fluid-filled cavity called the blastocoel develops. The embryo becomes a blastocyst consisting of the blastocoel surrounded by a single layer of trophectoderm and a cluster of inner cell mass (ICM). The blastocyst expands and is characterized by a layer of extraembryonic endoderm on Day 10. On Days 10-12 the embryo hatches, shedding the zona pellucida, and starts to elongate. On Days 14-18 mesodermal cells migrate from the embryonic disc to form a single layer between the trophectoderm and endoderm. The embryo implants by attaching to the endometrium between Days 25-30. 
The extraembryonic endoderm, mesoderm, and trophectoderm later become the fetal membranes. The endoderm and mesoderm together make up the yolk sac and allantois. The mesoderm and trophectoderm combine to form the amnion and chorion. The allantochorion is the outermost fetal membrane and contains fused allantois and chorion.
This research focuses on development of the blastocyst stage during Days 8-10. On Day 8, endodermal cells differentiate from and leave the ICM and migrate over the extracellular matrix (ECM) on the blastocoelic side of the trophectoderm. Endodermal cells form a full single layer of extraembryonic endoderm by Day 10. The ECM is composed of secreted proteins and polysaccharides. It fills the space between cells and binds cells and tissues together (Cooper and Hausman, 2004). The ECM contains adhesion proteins that link the components of the matrix both to one another and to attached cells (Cooper and Hausman, 2004). Three ECM glycoproteins, fibronectin, vitronectin, and laminin, are directly involved with endodermal cell migration in the bovine embryo. Fibronectin is a major component of the ECM and promotes cell adhesion, cell migration, and cytoskeletal development (Richoux et al., 1989; MacLaren and Wilderman, 1995). Fibronectin is a dimeric 440 kD glycoprotein composed of two polypeptide chains (220 kD each) each containing nearly 2500 amino acids joined by disulfide bonds near the C-terminus. Fibronectin is further cross-linked into fibrils by disulfide bonds. It was shown by Haun and Menino (2001) that bovine endodermal cells migrate over fibronectin. This was done by culturing isolated ICM on matrices of fibronectin, laminin, and vitronectin (Haun and Menino, 2001; Singelton and Menino, 2005). Endodermal cells use fibronectin and vitronectin to migrate over the trophectoderm on Day 8 and 9, and laminin is believed to be secreted on Day 10 to stabilize the cell-ECM interactions. Laminin is a large hetero-trimeric glycoprotein that has three distinct polypeptide chains. The three chains, α1 (~400 kD), β1 (~210 kD), and γ1 (~210 kD), are disulfide bonded into an asymmetric crosslike structure (Alberts et al., 1994). The major structural protein of the ECM is collagen. Collagen ΙV is the network forming collagen of the basal laminae. Collagen is composed of three polypeptide chains coiled around each other in a triple helix which consists of repeats of the amino acid sequence GLYXY (Cooper and Hausman, 2004). 
The main cell surface receptors responsible for attachment of the cells to the ECM are the integrins. The interactions between the ECM and integrins on the cell surface play a key role in the survival, differentiation and migration of endodermal cells (Singleton, 2002). Integrins are heterodimeric cell surface receptors with α and β subunits that carry out interactions between cells and cell-ECM. The extracellular domain is the N-terminus and the inner domain is a short cytoplasmic tail. The α subunit binds divalent cations, and the matrix binding domain is composed of both subunits. To date, 19 different integrin α-subunits and eight different β-subunits have been reported in vertebrates, and these subunits form at least 25 known αβ heterodimers (Wehrle-Haller and Imhof, 2003).  Integrins bind to a wide variety of ECM components. The observation that bovine endodermal cells proliferate over fibronectin, and to a lesser extent over laminin, implies that bovine endodermal cells possess the necessary integrins to interact with these two ECM (Haun and Menino, 2001). The α5β1 integrin is the most common integrin associated with fibronectin and is expressed in bovine embryos (MacLaren and Wilderman, 1995). In fibronectin, the Glu-Ile-Leu-Asp-Val (EILDV) sequence is recognized by the α4β1 integrin and the Arg-Gly-Asp (RGD) site is recognized by the α5β1 integrin. The RGD sequence is recognized in fibronectin, vitronectin, and other adhesive proteins. The RGD sequence is present in at least five other integrins. The integrins that bind vitronectin are the α5β1 and α5β3 integrins, and for laminin it is the α6β1 integrin. 
The mechanisms by which endodermal cells move over the ECM is not fully understood. Cell adhesion and migration are essential for embryonic development (Wehrle-Haller and Imhof, 2003). In eukaryotes, cells exhibit different sizes and shapes of cell-substrate adhesion sites (focal adhesions) (Wehrle-Haller and Imhof, 2003). They fulfill mechanical and sensing functions that involve irreversible anchorage of the actin cytoskeleton to the ECM during migration and monitoring of intracellular or extracellular tension (Wehrle-Haller and Imhof, 2003). A cell can change from a stationary to mobile status as a result of signals from ECM molecules, growth factors, or chemokines. The physical link between the ECM substrate and the actin cytoskeleton is facilitated by receptors on the integrin family and a large set of adaptor proteins. During cell migration this physical link is modified, including the formation of integrin clusters at the front end, their stabilization in the cell body and subsequent disassembly of these clusters at the rear of the cell. The modulation of the adhesion strength of the cell to the substrate is regulated by the affinity switch of integrin molecules and increased avidity through clustering of intregrins (Wehrle-Haller and Imhof, 2003).

Plasminogen activator (PA) has been shown to be present in the bovine embryo in appreciable amounts throughout blastocyst formation and hatching (Menino and Williams, 1987). It was shown by Haun and Menino (2001) that PA is secreted in appreciable amounts by endodermal cells during migration. Plasminogen activators are serine proteinases that convert the proenzyme plasminogen into plasmin, and are involved in the blood clotting cascade. There are two types of plasminogen activators based upon molecular mass, tissue-type plasminogen activator (tPA) and urokinase-type plasminogen activator (uPA). Urokinase-type PA has a molecular mass between 30 and 55 kD, whereas tPA is about 72 kD (Dyk and Menino, 1991). Only uPA has been shown to be present in early bovine embryos (Berg and Menino, 1992). Plasminogen activator inhibitor-1 (PAI-1) and 2 (PAI-2) are both inhibitors of PA, and serve to regulate PA activity. The receptor for uPA, uPAR, is found on the cell membrane surface of endodermal cells and  uPAR can also bind vitronectin. 

Bartlett and Menino (1995) using sheep embryos demonstrated that endodermal cells use the ECM glycoproteins fibronectin and collagen ΙV for migration. ICM were isolated from embryos and placed onto matrices of collagen ΙV, fibronectin, and laminin. Cultures were evaluated for cellular outgrowth from the ICM over the substrate and PA production. Outgrowths were obtained on collagen ΙV and fibronectin, but none on laminin. PA production was high on fibronectin and low for collagen ΙV and laminin. 


The mechanisms by which endodermal cells migrate over the ECM in the bovine blastocyst is not understood. The role of uPA during endodermal cell migration is also not known. In mice, suggested roles of PA in the parietal endoderm include facilitating migration over the trophectoderm as well as breaking down Reichert’s membrane (Sherman et al., 1976). The purpose of this research was to determine if the embryonic uPA induced degradation of the ECM glycoproteins fibronectin and laminin in the absence of plasminogen. Urokinase-type PA may be able to cleave these ECM glycoproteins to activate them or signal a change in morphology or purpose of activity. During endodermal cell migration in the bovine blastocyst, endodermal cells produce uPA. It is not known what induces uPA production, but a possible mechanism is that binding of the endodermal cells to fibronectin or other ECM glycoproteins induces a cellular signal to start uPA production for cell migration. As endoderm cells migrate uPA may cleave the bonds between the glycoproteins to facilitate migration. The glycoprotein may change shape from the cleavage or disrupt its bond with its integrin. In the case of fibronectin, after cleavage, a change in morphology may cause the RGD sequence to no longer be exposed to bind to the α5ß1 integrin on the endodermal cell. Detachment from the integrin will allow the endodermal cells to keep moving and proliferating over the ECM by binding to the next fibronectin protein. Laminin is secreted and binds to the endoderm to stabilize the new endoderm layer once it is fully formed. In the case of laminin, uPA may also cleave this glycoprotein so it can change conformation to be able to bind to the α6ß1 receptor on the endodermal cells.
The blastocyst stage is a window of opportunity for proper embryo development. Endodermal cell migration is important because it gives rise to allantois and yolk sac during fetal development. Improper development of these endodermal derivatives can lead to loss of pregnancy. In cloning, nuclear transfer embryos have low pregnancy rates (10%) and the process is very inefficient. The potential of cloning and biotechnology using nuclear transfer embryos for agriculture have unlimited benefits and positive economic impact. First trimester losses of more than 50% are common for nuclear transfer pregnancies in cattle, sheep, and goats, whereas there is only a loss of 2-4% of naturally conceived pregnancies (Hill et. al., 2000). The inefficiencies of nuclear transfer in vivo have stopped the commercial development of its use in agriculture. Pregnancies from nuclear transfer have a much higher incidence of placental abnormalities. A similar reduction in allantoic epithelial development and vascularization was also reported in preliminary studies (Hill et. al., 2000). The in vitro conditions may be the cause of the abnormal development of the placental precursors causing the higher pregnancy losses.  
Bovine blastocysts generated by in vitro fertilization have very low pregnancy rates (<25%). This is because the ideal in vivo conditions have not been met for proper embryo development. Research has shown that embryos grown completely in vitro do not develop as well as in vivo counterparts. This can be attributed to improper blastocyst formation, especially improper formation of the trophectoderm and endoderm during the blastocyst stage. Improper migration of endoderm can result in aberrations of the allantois, causing a failure of pregnancy and inducing embryo death. Improper endodermal migration can develop from a genetic abnormality or inhibiting the expression or function of proteins involved in cell migration. Failure of integrin expression, or blocking the integrin from the desired binding protein, eg., α5β1 for fibronectin, would lead to aberrant tissue formation. Aberrant trophectoderm would disrupt extraembryonic membrane formation and cause improper development of cotyledons in the bovine fetal membrane which can lead to pregnancy loss. 


Nuclear transfer embryos are a method of producing transgenic organisms that produce biotech products. For example, dairy cattle who produce human serum albumin through their milk. With only a 1% pregnancy rate for nuclear transfer embryos, the process is very costly and inefficient. Pregnancy losses are a result of placental abnormalities, including aberrant allantois. The cause may be from endodermal cell migration as allantois is an endodermal derivative. Further understanding the process of endodermal cell migration can lead to understanding formation of the allantois. In vitro culture is obviously not as supportive as in vivo conditions.  Through further research, the process may be improved to get higher pregnancy rates by using better in vitro conditions. This can make nuclear transfer and cloning more feasible and have greater success rates. 

Materials and Methods:

Embryo Collection and Culture:


Two 25-mg injections of PGF 2α (Lutalyse) were given to 5 cows at the OSU Beef Cattle Center twelve days apart, with a third injection 12 hr after the second injection on Day 12. Cows were superovulated with 28-36 mg of porcine follicle-stimulating hormone (FSH) twice daily on Days 9, 10, 11, and 12 with the respective decreasing injections of 5, 4, 3, and 2 or 6, 5, 4, and 3 mg. Cows were watched daily for onset of estrus, and artificially inseminated at 0, 12, and 24 hr after estrus onset. A 100-µg injection of gonadotropin releasing hormone (GnRH) was given at the first insemination. 

Embryos were collected on Days 7-12 (Day 0=fertilization) non-surgically by flushing the uterus with Dulbecco’s  phosphate buffered saline (DPBS) containing 2 mL/L heat-treated cow serum and 10 mL/L of antibiotic-antimycotic solution. Embryos were recovered from the flushing medium using a 70 micron Teflon filter, and washed three times with Ham’s F-12 containing 0.15% Bovine Serum Albumin (BSA). Embryos were counted and evaluated for viability and morphology under a light microscope. 

Embryos were cultured in 25-µL drops of Hams F-12 with 0.15% BSA covered with light mineral oil in a 39° C in a humidified 5% CO2 in air atmosphere. Embryos were washed three times and placed into individual drops. Every 24 hr embryos were evaluated and moved to a new drop and the medium was recovered and frozen at -20º C. Conditioned medium was collected at 24-hr intervals as long as the embryos remained viable. 
PA Activity Assay:
To determine the activity of ePA in the conditioned medium a caseinolytic agar gel assay was used. Gel plates were made with a total volume of 15 mL containing 1% casein and 1% agarose. Ten 4 mm diameter wells were cut in the gel to load samples in volumes of 20 μL. Standards used different concentrations of human urokinase (0 to 5 IU/mL) in 10 µL volumes incubated with 15 µL of plasminogen. Standards and samples were incubated at 39º C for 30 min, as the urokinase converts plasminogen to plasmin. Samples were placed into the wells and incubated for 24 hr at room tempurature. Clear lytic zones around each well from the plasmin breaking down the casein in the gel were measured with a micrometer caliper. An equation of the line was constructed for the standard using Log [urokinase] x 1000 vs. ring diameter. Linear regression analyses using STATSGRAPHICS Plus version 5.1 was used to construct the standard curve and calculate the unknown concentration of ePA. 
Bovine Serum Albumin Removal:
Bovine serum albumin (BSA) is commonly used as a constituent for embryo culture medium. To evaluate conditioned medium for breakdown of fibronectin or laminin using electrophoresis, the BSA must be removed from the conditioned medium because it distorts the electrophoretic profile, and may cover up other important bands or proteolytic fragments. 


Two methods were used to remove BSA from the conditioned medium. The strategy was to remove the BSA from the medium without affecting ePA activity. The first method used an Affi Gel Blue column (BioRad) to remove the BSA.  The second method used anti-BSA agarose (Sigma) to remove the BSA from the medium. In this method the BSA binds to the beads while mixing for 24 hr. The bead-conditioned medium mixture is centrifuged and the resulting supernatant should have no or little BSA remaining. 
To avoid the problem of removing BSA from conditioned medium, embryos were cultured with the synthetic polysaccharide polyvinylpyrrolidone (PVP, 40 kD) in the place of BSA. PVP does not yield any banding when evaluated with SDS-PAGE. Embryos survive in PVP, but are not as robust as when cultured in BSA. Early embryo cultures used Ham’s-F12 with 1 mg/mL PVP, whereas subsequent experiments used 3 mg/mL PVP. 
Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis:

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was used to evaluate protein degradation by ePA in this experiment. The BioRad Mini-Protean 3 gel kit was used in these experiments. The stacking gel was 4% and the resolving gel was either 7% or 12 %. Acrylamide gels were 1 mm thick and 8 cm wide by 7.3 cm high with ten lanes and a loading capacity of 25 µL per well. Samples were loaded 1:1 with SDS-reducing sample buffer containing ß-mercaptoethanol and heated to 95° C for five min. Gels were initially stained with Coomassie Brilliant Blue (CBB) R-250 for 1 hr, then destained for 3-12 hr in destaining solution. The gels were dried and laminated for storage. 
Before the experiment began fibronectin, laminin, collagen ІV, and vitronectin were assayed with SDS-PAGE to determine the adequate concentrations to use. CBB R-250 stain failed to show sufficient sensitivity. Two alternative, more sensitive staining processes were evaluated, silver and florescence staining. Silver staining yielded the best results and was chosen for all future experiments. 

For silver staining, the gel was fixed for 20 min. in a solution of 30% distilled water, 10% acetic acid, 10% developmental accelerator solution, and 50% methanol. The gel was then washed twice with distilled water for 10 min. each. Silver staining follows for 20 min. or until the desired level of staining was reached. Gels can be stored in a solution of 5% acetic acid and photographed using a light source and digital camera. Gels can also be scanned using a densitometer to determine the molecular weight of the major polypeptides and relative percents of each polypeptide in the electrophoretic profile (Cannon and Menino, 1998).  Molecular weights of unknown bands were determined using protein standards. 
In the first experiment, loading densities required for each ECM used in the proteolytic experiments were evaluated. In the second experiment autolysis of the proteins fibronectin, laminin, and collagen ΙV was examined by incubation at 39º C for 0, 6, 12, 18, 24, and 48 hr. In experiment three, human urokinase (2.5 IU) was incubated with 0.5 mg/mL fibronectin, laminin, and collagen ΙV. In experiment four, conditioned medium containing ePA was incubated with fibronectin and laminin. Densitometric analysis was conducted to evaluate changes in the polypeptide profiles due to treatment.

Analysis of Fibronectin and Laminin Degradation by Agarose Gel Assay:
A very simple method that can yield quick preliminary results whether ePA breaks down these ECM glycoproteins is the mini-gel plate assay.  An agarose gel-ECM mixture is prepared by casting 1% agarose and 100 μg/mL of fibronectin, vitronectin, or laminin onto a microscope slide and loading samples into 4 mm wells. After 24 hr the slide was fixed, dried, stained, destained, and observed for lysis. If lysis persists it means ePA cleaves the ECM protein. 

Statistical Analyses:

Differences in the distribution of polypeptides in the electrophoretic profiles due to treatment were analyzed using Chi-square procedures for contingency tables. All analyses were performed using the NCSS statistical software program (Hintze J.L., 2000).
Results:

A total of 75 embryos were used for this research project to obtain conditioned medium. Sixty-one frozen embryos were from donations and 14 embryos were obtained from nonsurgical collections. Fifty-six embryos were cultured in Ham’s F-12 with 0.15% BSA in a humidified atmosphere of 5% CO2 in air at 39° C. Of the embryos cultured with BSA, 24 survived for only 24 hr, and 3, 11, 4, and 14 developed into early blastocysts, normal blastocysts, hatching blastocysts, and hatched blastocysts, respectively (Figure 1). In each of the experiments, conditioned medium was collected and PA activities were assayed. As expected, embryos with poor survival failed to produce significant quantities of PA (Table 1).

Eight experiments were conducted to remove the BSA from the conditioned medium (Table 2). Experiments 1 and 6 used an Affi-Gel Blue column, which efficiently removed the BSA, but caused a loss of ePA activity (Figure 2). The rest of the experiments used anti-BSA agarose to remove the BSA. This method also efficiently removed most of the BSA (Figure 3), but PA activity was lost or greatly reduced in the procedure (Table 2). 


In the first culture using Ham’s F-12 with 1 mg/mL PVP, 9 embryos were cultured for 24 hr in medium with 0.15% BSA then transfered to PVP-containing medium. No embryo developed past the morula stage once placed into culture medium with PVP. In the second culture using 3 mg/mL PVP, 7 embryos were used and 850 µL of medium with an activity of 0.334 IU/mL was collected. Of these embryos, 6 became hatched blastocysts and one remained a blastocyst. In the third culture using 3 mg/mL 
Figure 1-Bovine embryos at various developmental stages, A) morula, B) early blastocyst, C) hatching blastocyst, and D) hatched blastocyst (330x)
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Table 1-Plasminogen activator activity in conditioned medium recovered from bovine embryos
	Culture Date
	Conditions of Media
	Volume Collected

(µL)
	ePA activity

(IU/mL)

	 1-30-06
	0.15% BSA w/

Ham’s F-12
	640
	0.097

	 3-21-06
	0.15% BSA w/

Ham’s F-12
	1560
	0

	 5-3-06
	0.15% BSA w/

Ham’s F-12
	450
	0.4

	 11-9-06
	0.15% BSA w/

Ham’s F-12
	380
	0.102

	 1-16-07
	3 mg/mL PVP w/

Ham’s F-12
	850
	0.334

	 1-16-07
	0.15% BSA w/

Ham’s F-12
	120
	0.812

	 2-19-07
	3 mg/mL PVP w/

Ham’s F-12
	300
	0.602


Table 2-Plasminogen activator activities and relative BSA concentrations in conditioned medium following Affi-Gel Blue treatment or incubation with anti-BSA agarose.

	Trial
	Conditions for Removal of BSA
	*[BSA]


	Enzyme Activity

 (IU/mL)

	1
	Affie-Gel Blue Column ePA Pool 1
	+
	0.05

	2
	Anti-BSA agarose  with 5 IU human urokinase in mixed in Petri-dish
	+
	0.112

	3
	Anti-BSA agarose  with 5 IU human urokinase mixed in test tube and stir bar
	+
	3.98

	4
	Anti-BSA agarose  with 5 IU human urokinase stirring for 3 days
	+
	1.58

	5
	Anti-BSA agarose  :5 IU human urokinase ratio 2:1 for 24 hrs mixing
	+-
	4.5

	6
	Aurum Affi-Gel Blue Column with 5 IU human urokinase
	++
	0.03

	7
	Anti-BSA agarose  48 hrs mixing with 5 IU human urokinase
	++
	0.001

	8
	Anti-BSA agarose  ePA Pool 4
	+-
	0


*[BSA]:  Values based upon visual examination of the gels
                 ++ = complete removal of BSA

                   + =high amount of BSA removal

                  +- =approximately half of BSA removed

                  - =very little removal of BSA

                - - = no removal of BSA

Figure 2-SDS-PAGE (7%) of BSA Removal with Affi-Gel Blue Column, Lane 1) high molecular weight standard, Lane 2) Hams F-12 with 0.15% BSA pre-column, Lane 3) Hams F-12 with 0.15% BSA post-column, Lane 4) Phosphate buffer wash through column, Lane 5) Hams F-12 with 0.15% BSA 2nd run through column, Lane 6) Low molecular weight standard
     1            2             3      4    5                    6
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Figure 3-SDS-PAGE (7%) of conditioned medium incubated with anti-BSA agarose, Lane 1) high molecular weight standard, Lanes 2 and 3) Hams F-12 with 0.15% BSA pre agarose beads, Lanes 4 and 5) Hams F-12 with 0.15% BSA post agarose beads, Lane 6) low molecular weight standard.
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PVP, 3 embryos yielded a volume of 300 µL of conditioned medium with an activity of 0.6 IU/mL (Table 1). Two of these embryos became blastocysts and one became a hatched blastocyst. Medium was examined with SDS-PAGE for the presence of BSA (Figure 4).
Autolysis of the three ECM glycoproteins collagen ІV, fibronectin and laminin was not observed. Each protein was incubated for up to 48 hr and samples were drawn at 0, 6, 12, 18, 24, and 48 hr. When analyzed by SDS-PAGE using 12% and 7% resolving gels, no differences in electrophoretic profiles were observed (Figures 6, 7, and 8), with the exception of the laminin in the 7% resolving gel (Figure 5). When each timecourse point was compared to the 0-hr incubation only the 12-hr electophoretic profile was different (P<0.05). This was indicated by a moderate difference in the higher relative intensity of the third polypeptide in the 12 hr lane. However no differences (P>0.10) were observed between the 0-hr and the 6, 18, 24, and 48 hr treatments.

One hundred µL of 0.5 mg/ml of fibronectin and laminin were incubated with 100 µL of 2.5 IU human urokinase. Samples were recovered at 0, 6, 12, 24, and 48 hr in 40 µL volumes and evaluated using 7% and 12 % resolving gels for SDS-PAGE with 25 µL per sample. Each sample was examined for lysis by densitometric scanning of the polypeptide profiles. The polypeptide profile for laminin showed lysis on the 7% resolving gel (Figure 9) beyond 6 hr of incubation, indicating lysis occurs at some point between 6 and 12 hr. The high molecular mass polypeptide and 4th polypeptide in laminin increased in relative intensity over time whereas the 2nd polypeptide decreased (Figure 10). No differences (P>0.10) in the electrophoretic profiles were observed for 
Figure 4- SDS-PAGE (12%) for presence of BSA in PVP medium, Lane 1) culture medium with 0.15% BSA, Lane 2)culture medium with 3 mg/mL PVP, Lane 3) culture medium 2 with 3 mg/mL PVP, Lane 4) low molecular weight standard.
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Figure 5-SDS-PAGE (7%) of laminin autolyis timecourse experiment,  Lane 1) high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 18 hr, Lane 6) 24 hr, Lane 7) 48 hr, Lane 8) low molecular weight standard.
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Figure 6- SDS-PAGE (12%) of laminin autolysis timcourse experiment, Lane 1)high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 18 hr, Lane 6) 24 hr, Lane 7) 48 hr, Lane 8) low molecular weight standard
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Figure 7-SDS-PAGE (7%) of fibronectin autolysis timcourse experiment, Lane 1)silver high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 18 hr, Lane 6) 24 hr, Lane 7) 48 hr, Lane 8) low molecular weight standard
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Figure 8-SDS-PAGE  (12%) of fibronectin autolysis timecourse experiment, Lane 1)silver high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 18 hr, Lane 6) 24 hr, Lane 7) 48 hr, Lane 8) low molecular weight standard
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Figure 9-SDS-PAGE  (7%) of human urokinase plus laminin incubation, Lane 1) high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 24 hr, Lane 6) 48 hr, Lane 7) low molecular weight standard
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Figure 10- Relative intensities of individual polypeptides in the electrophoretic profile for laminin plus human urokinase incubation in 7% gel
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laminin in 12 % gels (Figure 11). Fibronectin showed no appearance of proteolytic 

fragments when incubated with human urokinase (Figures 12 and 13). 

Conditioned medium from the second culture with PVP was used for these experiments. One hundred µL of ePA (0.334 IU/mL) was incubated with 100 µL of 1 mg/mL fibronectin and 80 µL of ePA was incubated with 80 µL of 1 mg/mL laminin. Samples were recovered at 0, 6, 12, 24, and 48 hr for fibronectin and 0, 6, 12, and 24 hr for laminin in 40 µL volumes. Samples were evaluated using SDS-PAGE with 7 and 12% resolving gels. All time points for both the 7 and 12% laminin gels showed no lysis by ePA (Figures 14 and 15). Fibronectin showed lysis by ePA on the 7% gels (Figure 16) whereas no lysis was observed in 12% gels (Figure 18). The 7% gel showed lysis for the 24 and 48 hr time points, and no lysis before 12 hr. This suggests ePA cleaves fibronectin beyond 12 hr of incubation (Figure 16). The high molecular mass polypeptide in fibronectin increased in relative intensity over time whereas the 3rd and 4th polypeptides disappeared (Figure 17). The 7th polypeptide decreased and the 8th increased in relative intensity after 12 hr. 
Figure 11- SDS-PAGE  (12%) of human urokinase plus laminin incubation, Lane 1) high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 24 hr, Lane 6) 48 hr, Lane 7) low molecular weight standard
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Figure 12- SDS-PAGE (7%) of human urokinase plus fibronectin incubation, Lane 1) high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 24 hr, Lane 6)48 hr, Lane 7) low molecular weight standard.
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Figure 13-SDS-PAGE (12%) of human urokinase plus fibronectin incubation, Lane 1) high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 24 hr, Lane 6) 48 hr, Lane 7) low molecular weight standard
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Figure 14-SDS-PAGE (7%) of laminin plus ePA incubation, Lane 1) high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 24 hr, Lane 6) low molecular weight standard
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Figure 15- SDS-PAGE (12%) of laminin plus ePA incubation, Lane 1) high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 24 hr, Lane 6) low molecular weight standard
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Figure 16- SDS-PAGE (7%) of fibronectin plus ePA incubation, Lane 1) high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 24 hr, Lane 6) 48 hr, Lane 7) low molecular weight standard.
   1              2      3      4      5      6                    7
[image: image20.png]



Figure 17-Relative intensities of individual polypeptides in the electrophoretic profile for fibronectin plus ePA incubation in 7% gel
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Figure 18- SDS-PAGE (12%) of fibronectin plus ePA incubation, Lane 1) high molecular weight standard, Lane 2) 0 hr, Lane 3) 6 hr, Lane 4) 12 hr, Lane 5) 24 hr, Lane 6) 48 hr, Lane 7) low molecular weight standard.
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Discussion:

Removal of BSA from the culture medium using anti-BSA agarose was successful in removing the BSA but there was loss of ePA activity. In the first experiment, mixing the beads using a shaker for 24 hr did not sufficiently put the beads into solution. There was no removal of BSA using this method. In a second experiment the beads were stirred with a stir bar for 24 hr at 4º C. Approximately half of the BSA was removed and the ePA activity was unaffected. In the next series of experiments the beads were stirred with a stir bar and samples taken off at 12, 24, 48, and 72 hrs to find out what amount of BSA will be removed and how much ePA activity would be retained. The BSA was mostly removed over time, but there was an inverse correlation with loss of ePA activity. In the last series of experiments the amount of agarose was doubled but stirring was for a shorter period of time, with the intent that less stirring would retain more ePA activity. More BSA was removed, and greater ePA activity was retained, but little supernatant remained.
An Affi-Gel Blue column that binds BSA from plasma was also employed to remove BSA from the culture medium. This method was abandoned as ePA was lost with each passage through the column. The 0.15% BSA present in the culture medium posed a problem as this very large protein distorted the gels by producing large bands that mask other proteins, thereby making the gels difficult to evaluate. Two attempts were performed to remove the BSA in the medium using these BSA binding columns. The medium was first dialyzed against phosphate buffer for 24 hr, then passed through the Affi-Gel Blue column. Little activity was recovered from the assayed medium. This indicated that the ePA was either lost or was still bound to the column. To recover the ePA from the column, ten 2ml volumes of phosphate buffer were passed through the column, followed by volumes of  0.6, 0.9 and 1.4 M NaCl. All samples were assayed for caseinolytic activity and no activity appeared in any of the samples. The original samples from the column and the phosphate buffer were concentrated by centrifugation using Centricon spin columns (Amicon) and reassayed, but no activity was recovered. An Aurum Affi-Gel Blue column was used the second time. There was complete BSA removal, however no ePA activity was observed in the eluate. When evaluated using SDS-PAGE all the BSA was removed from the conditioned medium, but no ePA activity was retained in both trials with the columns.
PVP containing embryo culture medium was used twice in this experiment to obtain conditioned medium with no BSA. In the first collection using 1 mg/mL PVP (10 kD), all of the embryos did not survive. The PVP containing medium was revised with a higher concentration of PVP, 3 mg/mL, and a higher molecular mass (40 kD). This collection yielded  0.334 and 0.602 IU/mL ePA activity which was high enough to run the experiments. Medium was also assayed for the presence of BSA or any other proteins in the gel. This medium was then used for actual experiments evaluating ePA breakdown of ECM glycoproteins as there was sufficient activity and no BSA present. 

The three ECM glycoproteins fibronectin, laminin, and collagen ІV showed no autolytic breakdown after evaluation of their electrophoretic profiles, with the exception of the 7% laminin gel. Only the 12-hr incubation profile differed from the 0-hr incubation. If actual autolysis did occur, one would expect similar differences to persist beyond the 12-hr incubation. However this was not the case. It is possible that a subtle irregular sample loading for this lane contributed to the discrepancy in the electrophoretic profile.  

Laminin was cleaved by human urokinase in the 7% gel, but no lysis was observed in the 12% gel. Analysis of the 7% gel showed that human urokinase cleaved laminin past 6 hr, as the 12, 24, and 48 hr timepoints were different. Although the 12 % gel showed no difference in electrophoretic profile, the higher molecular mass polypeptides probably did not separate sufficiently to allow detection of differences in relative percents.


Human urokinase showed no lysis of fibronectin in these experiments. However, Gold et al. (1989) reported that human urokinase degraded human plasma fibronectin in the absence of plasminogen. In their experiment human fibronectin was used instead of bovine fibronectin which may explain the difference between the studies. Gold et al. (1989) also used greater concentrations of human urokinase and fibronectin, which may be another reason why our our experiment did not yield lysis of fibronectin.


Laminin did not show evidence of lysis by bovine ePA in the electrophoretic profile. The ePA used had an activity of 0.334 IU/mL which may not have been sufficient to induce lysis.
Bovine ePA altered the electrophoretic profile of fibronectin past 12 hr of incubation. For both the 24 and 48 hr treatments with ePA, polypeptides 1, 2, and 8 increased in relative intensity while 3, 4, 5, 6, and 7 decreased compared to the 0-hr. The results of no lysis of fibronectin in the 12% gel may again be due to inadequate separation of the larger polypeptides.

Urokinase-type PA can directly cleave the α6β1 integrin which is one of the intregrins that binds laminin (Manolis et al., 2003). In this regard, uPA is responsible for  activation of the α6β1 integrin. This could be a role for uPA in the bovine blastocyst, by facilitating endodermal cell attachment to laminin on Day 10 through activating the α6β1 integrin. The actual integrins used by bovine endodermal cells to attach to laminin are not known, as there are 6 different known integrins that bind laminin (Simon et al., 1996). In mouse embryos it is known that the α6β1 integrin is the primary receptor for laminin (Simon et al.,1996). The embryo always has the potential to interact with laminin through the α6β1 or α5β3 integrins in mouse embryos (Sueoka et al., 1997).  

Another possible role for uPA in endodermal cell migration in the bovine blastocyst is increased affinity of uPAR for the ECM. Binding of uPA to uPAR localizes proteolytic activity to the cell surface, but it also has other effects on cells. For example, uPA binding to uPAR increases the affinity of uPAR for vitronectin by forming stable complexes between uPAR and a variety of integrins (Czekay and Loskutoff, 2004). This process aides in cell migration by localizing more integrins to bind glycoproteins in the ECM. 

Bovine embryonic uPA degraded fibronectin, but had no observable effect on laminin. These data suggest that a possible role for ePA in bovine endodermal cell migration involves cleavage of the ECM glycoprotein fibronectin. 

Conclusion:


Bovine endodermal cells produce uPA during migration and formation of extra- embryonic endoderm. This research has demonstrated that embryonic uPA cleaves fibronectin, suggesting its involvement in endodermal cell migration. One cause of low pregnancy rates in embryos generated by in vitro fertilization and nuclear transfer is aberrations in the fetal membranes, specifically the allantois. As endodermal cells give rise to allantois, improper endodermal cell migration may be the indirect cause of pregnancy loss. Improper endodermal cell migration from the ICM may be due to the cells producing inadequate amounts of uPA for fibronectin cleavage, therefore inhibiting proliferation over the ECM and formation of extraembryonic endoderm. Understanding the processes involved in endodermal cell migration may offer development of improved culture medium and lead to higher pregnancy rates in embryos resulting from in vitro fertilization and nuclear transfer. 
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