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Role of Serine phosphorylation in regulation of RPTPα and the effect on Cell Motility
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Summary

Phosphorylation of serine180 and serine204 activates receptor protein tyrosine phosphatase alpha (RPTPα) which dephosphorylates and activates the protein Src kinase. Active Src phosphosphorylates downstream focal adhesion kinases and other substrates of Src which affects the motility and so on the migration of the cells. 
We were interested in the role of serine phosphorylation in regulation of receptor protein tyrosine phosphatase alpha and the effect on cell motility. To find out if serine phosphorylation have an effect and which serine residue of RPTPα cause this effect on the cell motility we did a wound-healing migration assay and time-lapse video microscopy to record the movement of cells during migration. Using software, we determined the migration rate of cells expressing single and double serine180 or serine204 mutated RPTPα. Individual cell trajectory data resulted in a decreased cell migration in serine204 to alanine mutants in mouse embryonal fibroblast cells compared to RPTPα knock-out cells and an increase in serine180 to alanine mutant RPTPα cells. Also we found a decreased migration rate in wildtype RPTPα cells compared to RPTPα knock-out cells.  The decreasing in migration rate which was also found in double serine180/serine204 to alanine mutants has indicated that absence of serine204 leads to a reduction in the motility of cells. 
According to this data, we may suggest that serine204 dephosphorylation activates RPTPα and so leads to migration of cells.
Samenvatting 
Fosforylering van serine180 en serine204 activeert receptor protein tyrosine fosfatase alpha (RPTPα) die dan het eiwit Src kinase defosforyleerd en zo activeerd. Actieve Src fosforyleerd naar beneden toe focal adhesie kinasen en andere substraten van Src die effect hebben op de motiliteit en zo dus de migratie van cellen. 
Wij waren geïnteresseerd in de rol van serine fosforylatie in de regulatie van de receptor protein tyrosine phosphatase alpha en het effect op de cel motiliteit. Om uit te vinden of serine fosforylatie een effect heeft en welk serine residue van RPTPα dit effect veroorzaakt op de cel motiliteit hebben we een migratie assay opgesteld en microscopische videobeelden gemaakt om zo de beweging van cellen vast te leggen tijdens migratie. Door software te gebruiken hebben we de migratie snelheid van cellen die enkel of dubbele serine180 en serine204 RPTPα gemuteerd waren bepaald. Data van individueel gemeten cellen heeft geresulteerd in een verlaagd cel migratie in serine204 naar alanine mutanten en een verhoging in serine180 naar alanine mutanten in embryonale muizen stamcellen vergeleken met RPTPα knock-out cellen. Ook hebben we een verlaagde migratie snelheid in wildtype RPTPα cellen vergeleken met RPTPα knock-out cellen gezien. De verlaging in de migratie snelheid gevonden ook in dubbel serine180/serine204 naar alanine mutanten heeft aangetoond dat afwezigheid van serine204 leidt tot een verlaging van de motiliteit van cellen.

Uitgaand van deze data, kunnen we de suggestie maken dat defosfoylering van serine204 tot activatie van RPTPα leidt en zo tot de migratie van cellen.

List of abbreviations 
PTP

Protein Tyrosine Phosphatase
PTK

Protein Tyrosine Kinase

MEF

Mouse Embryo Fibroblast

FAK

Focal Adhesion Kinases

IP

Immunoprecipition
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1.
Introduction
This report describes the research about the role of serine phosphorylation in regulation of Receptor Protein Tyrosine Phosphatase alpha (RPTPα) activity and the effect on cell motility. Protein phosphorylation is one of the main cell signaling mechanisms and is important in many cellular processes.1 This process in the cell is the addition and removal of phosphate groups to serine, threonine or tyrosine residues of a protein.2
The research project focuses on Receptor protein-tyrosine phosphates alpha. 
RPTPα, a member of the PTP family is a transmembrane protein with a short extracellular and two cytoplasmically localized protein-tyrosine phosphatase (PTP) domains.3 It is known that RPTPα can be phosphorylated on serine180 and serine204 residues lying in the juxtamembrane domain of RPTPα4 and also on tyrosine789 in the C-terminal region.5
Phosphorylation of these residues of RPTPα activates the cytoplasmic membrane-bound Src Protein-tyrosine kinase by dephosphorylating a tyrosine residue of Src6,7. The activation of the proto-oncoprotein Src signals downstream phosphorylating Focal Adhesion Kinases (FAK) and other effectors who play key roles in cell differentiation, proliferation, survival and the motility of the cells.8 Many studies have been done to investigate the effect of RPTPα mediated Src activation on cell differentiation, proliferation and survival, but the effect on cell motility is less studied. To study the effect of serine phosphorylation in regulation of RPTPα and the effect on cell motility, the migration rate in an in vitro wound-healing cell migration assay were used to determine the independent effect of serine180 and serine204 phosphorylation of RPTPα. Individual cell trajectory data of Wt RPTPα, RPTPα-S180A/S204A, RPTPα-S180A, RPTPα-S204A and RPTPα-/- MEFcells were obtained and analyzed with software after time-lapse video microscopy.
This research was done using an embryonic fibroblast cell line derived from homozygote knock-out mice for RPTPα which was stably transfected with wild type RPTPα or serine180/serine204 to alanine mutants. 

The analysis of the motility by comparing the migratory rate of cells stably transfected with different RPTPα serine mutants can give important information about the regulatory role of RPTPα serine phosphorylation.  
1.1 Protein phosphorylation and dephosphorylation
Protein phosphorylation and dephosphorylation is an active process in the cell cycle which can induce or reduce several mechanisms in the cell.2 This process in the cell is the addition and removal of phosphate groups to serine, threonine or tyrosine residues of a protein. The classification of kinases and phosphatases is based upon the nature of the phosphorylated –OH group of protein-threonine/serine and tyrosine kinases or phosphatases. The protein kinase family is the second largest family of enzymes and the fifth largest gene family.9,10
Protein kinases catalyze phosphorylation, and phosphatases catalyze dephosphorylation. Both reactions are reversible and can switch the function of various proteins “on” and “off.11 Phosphorylation changes the charge of a protein and generally leads to a conformational change. The regulation of all classes of proteins from structural proteins or enzymes to membrane channels and signaling molecules are controlled by kinase/phosphatase switches. Different protein kinases and phosphatases are specific for different target proteins and can thus regulate a variety of cellular pathways.1
1.2   Protein tyrosine phosphatases
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The protein tyrosine phosphatases (PTPs) superfamily of enzymes functions in a well coordinated way with protein tyrosine kinases to control signaling pathways that underlie a broad spectrum of fundamental physiological processes and has major importance for cell proliferation, differentiation, transformation and migration within eukaryotic organisms. As the name indicates, these enzymes dephosphorylate proteins only on their tyrosine residues (Figure 1.1).2
All protein tyrosine phosphatase genes are defined by the active-site signature motif (HCX5R), this codes for the phosphatase genes where the protein tyrosine phosphatases (PTPs) are the largest family member.2 Also on protein level, a conserved cysteine domain is absolutely required for PTPase activity and so essential for catalysis (den Hertog, 1993). From the 107 PTP human genes which encode for all known PTP family members and all proteins that contain a domain homologous to the catalytic domain of PTPs are 81 PTP genes active protein phosphatases with the ability to dephosphorylate phosphotyrosine.1
1.3   Receptor protein tyrosine phosphatase alpha (RPTPα) 
The classical PTPs can be categorized as receptor-like (R) or non-transmembrane (NT) proteins (Figure 1.2). As the name indicates receptor protein tyrosine phosphatase alpha (RPTPα) is a receptor-like PTP.2 RPTPs have the potential to regulate signaling through ligand-controlled protein tyrosine dephosphorylation, but for RPTPα no ligand activation has been found yet.2 So far, studies of these RPTPs indicate that all of the activity resides in the membrane –proximal (named D1) PTP domain and the membrane distal (named D2) domain is inactive (Figure 1.3) but the structural integrity of the D2 domain is important for the activity, specificity and of course stability of RPTPα as a whole.11
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Figure 1.2
Receptor-like PTPs (RPTPs) and Non-transmembrane PTPs (NTPTPs). 
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Mouse RPTPα contains 793 amino acids including a 19-residue signal sequence, a 123-amino acid extracellular domain, a transmembrane domain, two catalytic domains and a short C-terminal tail12 (Figure 1.3). RPTPα has two serine phosphorylation sites: serine180 (S180) and serine204 (S204) lying in the
 juxtamembrane domain and one tyrosine residue on 
position 789 (Y789) of the cytoplasmically localized D2 domain.13 Studies showed that protein kinase C (PKC) phosphorylates S180 and S204 in the juxtamembrane region of RPTPα resulting in an increase in phosphatase activity.14 Phosphorylation of S180 and S204 by PKC in vitro indicates that these sites may be direct substrates of PKC in vivo as well.  There is evidence that PKC activation correlates with the increase in RPTPα and Src kinase activity. PKC is not able to activate Src directly, but only via RPTPα..15 
1.4   RPTPα and Src activation 
Overexpression of RPTPα leads to dephosphoryation of the non-receptor protein tyrosine kinase c-Src inhibitor tyrosine phosphorylation site in vivo.7,16,17
Src, a non-receptor protein tyrosine kinase is encoded by a physiological gene, the first of the discovered proto-oncogenes.18 In fibroblasts Src is bound to secretory vesicles, endosomes, perinuclear membranes and to a variety of growth factors and integrins lying in the cytoplasmic face of the plasmamembrane.
Src kinase is slumber active during most of the cell cycle, but is activated by cell-cycle-dependent C-terminal tail dephosphorylation and activated loop phosphorylation. Src contains an SH4 domain, an SH3 domain, an SH2 domain, an SH2-kinase linker, a protein- tyrosine kinase domain (the SH1 domain), and a C- terminal regulatory tail19 (Figure 1.4). 
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Figure 1.4
Protein tyrosine kinase cellular Src (c-Src) dephosporylation of Tyr527 and activation.
SH3 domains (~60 amino acid residues) have low sequence specificity and has not further effects in kinase activity by amino acid substitutions. SH2 domains (~100 amino acids) binds to C-terminal amino acid sequences of phosphotyrosine residues. Besides constraining the activity of the enzyme via intramolecular contact, there are two other important functions of the SH2 and SH3 domains. First the activation of Src by proteins through displacing the intramolecular SH2 or SH3 domains and secondly enhancing the ability of proteins containing SH2 or SH3 ligands to function as substrates for Src protein-tyrosine kinase.10
The two most important phosphorylation sites of Src is Tyr527, six residues from the C-terminus and Tyr416, present in the activation loop which its phosphorylation promotes kinase activity resulting from autophosphorylation7(Figure 1.4). Src is mostly phosphorylated at Tyr527 which is bound intramolecularly to the Src SH2 domain. This binding stabilizes a restrained form of Src. In this conformation both domains (SH2 and SH3 domain) are accessible to external ligands.7 
In the phosphotyrosine displacement model (Figure 1.5) Tyr789 of RPTPα displace Src Tyr527 from the intramolecular Src SH2 domain thereby allowing Tyr527 to interact with the catalytic domain (D1) of RPTPα. Tyr789 of RPTPα anchors the enzyme to Src SH2 domain permitting to catalyze the dephosphorylation of Src Tyr527.17
The kinase activity of Src is increased during mitosis and repressed during interphase. Thus, constitutive activation of the Src proto-oncoprotein by mutation increases the tyrosine phosphorylation of multiple signal transduction proteins and hereby neoplastically transforming a variety of cell types, and affecting the migration of cells.13
Studies have shown that in human cancer, Src protein tyrosine-kinase expression and activity are increased.
Studies have also shown that both serine and tyrosine phosphorylation of RPTPα play an important role in dephosphorylation of tyrosine527, activation of Src and phosphorylation of Src kinase substrates hereby activating and affecting several mechanisms in the cell cycle including cell motility.17
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Figure 1.5
Phosphotyrosine displacement model for RPTPα substrate specificity. Closed and negatively regulated conformation of Src. (A) Src pTyr527 is bound to the Src SH2 domain. (B) Dissembling of this binding by thermal fluctuations. (C) Providing an opportunity for RPTPα Tyr789 binding to the SH2 domain of Src. (D) This transient binding allows Tyr527 to interact with the catalytic domain (D1) of RPTPα. (E) This leads to Tyr527 dephosphorylation of Src by the D1 catalytic domain of RPTPα. (F) Inducing an open and active conformation of Src.
1.5   Downstream effects of Src activation on cell motility
Src and Src family kinases (SFK) play an important role in bone resorption, cell proliferation, differentiation, morphology and is a crucial protein of adhesion-related signaling and motility.  Src family kinases are controlled by a variety of proteins including protein tyrosine kinases and integrin receptors.20 Activated Src dephosphorylate focal adhesion kinases (FAK) and Src associated substrates (Cas) which are focal adhesion proteins important for integrin signaling and are also substrates of Src.21 FAK is a protein tyrosine kinase involved in the regulation of cell cycle progression, cell survival and has a major role in the regulation of cell migration.22 Normally FAK gets activated by integrins, but in Src- transformed cells, this pathway may be constitutively activated as a result of FAK phosphorylation in the absence of integrin stimulation. Increased focal adhesion kinase (FAK) expression and tyrosine phosphorylation are connected with elevated tumorigenesis.23
Integrins are cell surface glycoproteins and can be clustered on the ventral surfaces of adherent cells in structures which induce a link between extracellular matrix proteins and the actin cytoskeleton. This interaction is critical to cell motility.24
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The cytoskeleton, a changeable system of fibers in the cytoplasm, supports the cell membrane and provides "tracks" for organelles and other elements to move through the cytosol. This system is constantly rearranging itself to suit new processes and is a secondary source of cell motility.
Studies showed that protein phosphorylation may be involved in integrin signaling and that FAK is an important receptor-proximal link between integrin signaling pathways. So when Src is getting activated it phosphorylates downstream proteins and so also FAK (Figure 1.6) who activates integrin signaling pathways and hereby inducing a link between extracellular matrix proteins and the actin cytoskeleton, so affecting the cell motility.25
[image: image22.emf]
1.6   Cell migration 
Cell migration is an essential process in all organisms and is important not only for development but also for wound repair and during immune surveillance. It is directed by extracellular signals that induce either attraction or repulsion of the cells. These factors can act at a distance or it may also be local signals received from neighboring cells or extracellular matrix. It is known that the major driving force of migration is the extension of a leading edge protrusion or lamellipodium, cell body contraction, the establishment of new adhesion sites at the front and detachment of adhesions at the cell rear.25 Proteins involved in cell migration or in the activation of signal transduction pathways which affects the cell migration are important for understanding this mechanism by deregulation.
1.7   Aim of the project
The focus of this project is to look if serine phosphorylation has an effect on RPTPα activity reflected in the motility of cells. The effect of single or double serine mutated residues (serine 180 or serine 204 to alanine mutants) of RPTPα in Mouse Embryonal Fibroblast cell lines on the cell motility are going to be analyzed by tracking individual cells and comparing the differences in migratory rate using RPTPα wildtype and MEF-/-  cells as controls. The motility of these cell lines are going to be investigated using the wound healing assay together with time-lapse video microscopy followed by individual cell tracking software programs. It is known that activation of Src through RPTPα induces activation of FAK, integrin and so downstream other proteins which affect the migration and the motility of cells by overexpression, so the outcome of this project will show if serine phosphorylation of RPTPα has a role in this cellular mechanism. 
2. 
Material & Methods
The experiments were done in mouse embryonic fibroblast (MEF)cells derived from 

RPTPα-/- mice which were stably transfected with constructs expressing wild type RPTPα, single or double serine180/serine204 to alanine RPTPα mutant and untransfected RPTPα-/- knock-out cell lines (Table 2.1). The cell lines used for the wound healing assay and immunoprecipitation (IP) were splitted at the same time with the same passage number. The cell lines were first thawed out and kept in culture until they reached 90% confluence and passaged only ones before IP and wound healing assay.
2.1   Tissue Culture
The cells used in this study (Tabel 2.1) were grown in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 7.5% fetal calf serum (FCS), essential amino acids, glutamine and    Peniciline/Streptomycin. The medium used for growing the stable cell lines contained also 500 μg/ml hygromycin (DMEM +Hygro). Transfected cell lines with a vector having the serine180 to alanine and serine204 to alanine or wildtype RPTPα sequence contains the hygromycin resistance gene. Hygromycin is used as a selection and maintenance of these transfected cell lines. It is a standard selection antibiotic in gene transfer.  

	Table 2.1    Cell lines of RPTPα clones transfected with  single serine180/serine204 to alanine mutants, double serine180/204 to alanine mutants, wildtype RPTPα  or  
RPTPα--/- knockout cell lines.

	Cell lines      Mutation in  RPTPα

	4.5

4.21

5.1

5.19

6.5

6.15

1.34 

10.4

10.12

MEF-10

3.39
	S180A

S180A

S204A

S204A

S180A/S204A

S180A/S204A


Wildtype

Wildtype

Wildtype

RPTPα(-/-)

RPTPα(-/-)


The medium was aspirated from the cells and the monolayer was washed once with 8ml PBS. 1ml of trypsine was added to the plate and incubated for 1-2 minutes in the incubator at 37˚C supplemented with CO2. New 100mm dishes were prepared with 7ml or 6.5ml (depending on the growth rate of each clone) of pre-warmed medium (DMEM). Also two 6-well dishes with a special glass plate on the bottom were prepared with 2.2ml or 2.3ml pre-warmed medium. 4ml of medium was added to the trypsinized cells, homogenized by pipetting several times and 1ml or 1.5ml of this medium was distributed in the 100mm dishes ( final volume of 8ml) for the immunoprecipitation and 300µl or 200µl in one well of the two 6-well dishes (end-volume of 2.5ml) for time-lapse video microscopy. The cells were incubated at 37˚C and they reached 90% confluency in the day of the wound healing assay. The cells were passed only once before the experiments for keeping the cells in a proper condition and to keep the protein levels as high as possible.
2.2   Wound-healing Migration Assay

The Wound-healing migration assay were used to look at cell migration and cell motility by comparing the difference among mutated and wildtype cells. The effect of a certain mutation on the cell motility and migration can be detected. This information has important value for understanding the role of a certain protein or a residue of this protein in the cell cycle by deregulation.

Cell lines (Table 2.1) with a same passage number (passage nr. 1) were used for the wound healing asay.
2.2.1 Optimization steps 

Several steps were necessary to find the optimal way to analyze the motility of these cell lines. 

Step 1:
First the cells were analyzed using a phase-contrast microscope. A digital camera was coupled to record the movement of the cells at different time points. Unfortunately the edges of the wound did not migrate uniformly toward each other. Instead, single cells started to move and cover the wound. A solution had to be found to solve this problem. 
Step 2: 

Then the cells were analyzed using time-lapse video microscope. Leica Confocal Software program were used to record the movement of the cells during overnight. The recording was made on transmission light. Unfortunately, it was unable to track individual cells with software programs, because the color and intensity of the cells were nearly the same as the background so individual cell tracking failed. There should be a difference in intensity of cells and background to track individual separated cells, so staining of the cells were necessary to obtain individual cell trajectory data.

Step 3:
Different dyes with different concentrations were tested for staining the cells. 0.01μM, 1μM, 0.1μM, 0.3μM, 2.5μM and 5.0μM and SYTO-11(Sigma) stock solution 5mM diluted in DMEM (-FCS). 5μM, 12.5μM and 25μM Cell- trackerTM MW 464.86g/mol and M 50μg diluted in DMEM (-FCS). 0.01μM, 0.1μM and 1μM BODIPY(Sigma) stock solution 5mM diluted in DMEM(-FCS). Acridine orange 0.02 mg/ml, MW 301.8mg/mmol diluted 1000x, 5000x, 10.000x, 50.000x and 100.000x in DMEM (-FCS). The dyes were tested first on MEF-10 cell line by staining for 1h at 37°C. Time-lapse video recording were made overnight for 14-16 hours with a cycle time of 15 minutes on fluorescent light (488nm) using Leica Confocal Microscope. 

2.2.2. Optimized wound-healing migration assay

All cell lines were plated in 6-well dishes with glass bottom and grown to reach >90% confluence. The cells were stained with 6.6269·10-6 µmol/ml Acridine Orange at 37ºC for 1 hour. The staining with Acridine Orange was performed after several tests were Acridine Orange remains the optimum dye for staining cells without toxic effects or unstained cells. Acridine orange is a nucleic acid selective fluorescent cationic dye useful for cell cycle determination. It is cell-permeable, and interacts with DNA and RNA by intercalation or electrostatic attractions. After 1h staining a scratch was made on the confluent monolayer of each well using a 200 µl pipet tip. The medium was aspirated and the cells were washed twice with 3ml DMEM. A final volume of 2.5 ml of medium was added to the cells. Time-lapse video recording were made overnight with a cycle time of 15 minutes on fluorescent light (488nm) using Leica Confocal Microscope.

This experiment is repeated twice for each cell line with same passage number (named as Experiment 1 and Experiment 2)
2.2.3 Time-lapse videos 

Overnight time-lapse videos were made for all the different cell lines using Leica Confocal Microscope. For each cell line 3 positions were taken for time-lapse video microscopy in both experiments (Experiment 1 and 2). The temperature of the cabin from the confocal microscope was set at 37°C. The atmosphere in the cabin was supplemented with CO2 during the time-lapses. The cycle time for each cell line was 15 minutes, so pictures were taken for the 15 minutes during 10-14 hours.   The software program stacks the images behind each other creating a time-lapse video. 
2.3   Software programs
2.3.1 ImageJ

After recording, the time-lapse video microscopy images were modified with the software program “ImageJ” to improve the quality of the images for tracking with the software program “Volocity 4.1” (see 2.3.2 Volocity 4.1).
ImageJ is a Java-based image analysis program created at the National Institutes of Health. The open architecture of ImageJ provides customers the ability to develop their own protocol by user-written plugins. Using the program ImageJ the images were modified by reinforcing the intensity of the fluorescent signal of the cells. The background noise and bleaching of the cells were repressed by several steps and the images were prepared (Appendices I) for tracking individual cells in the binary version using the software program ‘Volocity’.  
2.3.2 Volocity 4.1
After modification of the images and improving the fluorescence signal individual cells were tracked using the software program “Volocity 4.1” (Figure 2.1)

With the program Volocity Quantitation the objects, in this case cells, that one wishes to measure or track, were detected by creating a measurement protocol. The protocol was made step-by-step using a combination of criteria; the options intensity and size were included in this protocol before tracking moving cells. Feedback to the images is displayed in the Measurements view so refining the protocol quickly and easily was possible. The protocol was saved and applied to multiple volumes as a batch process. (Guideline downloaded from http://www.improvision.com)
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Figure 2.1
 Volocity logo

Individual cell tracking of moving cells was done by creating a measurement protocol (Figure2.2) by using the following steps:

· Find Objects by Intensity

· Exclude Objects by Size: >250-1000μm2
· Exclude Objects by Size: <1-10 μm2
· Remove Noise From Objects: Medium filter

· Track Objects

The measurements made for tracks (moving objects) were analyzed. From each position
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30 tracks (cells) were used as reliable trajectory data, with in total 90 cells (n=90) for the three positions of each cell line. In total, 72 positions were analyzed and a trajectory data of total 2160 tracks were used in this study. The migration rate in µm/min of each individual cell was calculated according to track length (µm) and time length (min) from each measurement during cell migration.
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2.4   Immunoprecipitation

Confluent cells grown in 100mm dishes were washed twice with ice-cold phosphate-buffered saline (PBS) and lysed in 1ml lysis buffer (50mM HEPES pH 7.5, 150 mM NaCl, 1.5 mM MgCl2, 1 mM EGTA, 10% glycerol, 1% Triton X-100, fresh added protease inhibitors 1 µg/ml leupeptin and 1 µg/ml aprotinin) for 30 min one ice. The lysated cells were harvested using a rubber scraper and the cell lysates were clarified by centrifugation for 10 min at 13000g at 4ºC. The total cell protein concentrations were determined using the bicinchoninic acid (BCA) protein assay (Sigma). (See 2.4.1 BSA protein assay). Before immunoprecipitation 40µl of lysate were kept to double check the protein concentration in the lysates. 

Since RPTPα from the stable cell lines contains a haemaglutinin tag (HA-tag), the immunoprecipitations (IPs) were done using an anti-HA-tag antibody. The anti-HA-tag antibody (12CA5) is binding to protein A-sepharose beads and this complex is capable of binding the HA-tagged proteins during incubation. First the anti-HA-tag antibody (MAb 12CA5) and protein A-Sepharose (GE Healthcare) were rotated for 1 h at RT. The quantity of anti- HA Ab was 100 µl to 25 µl protein A-Sepharose (slurry 1:1) for ~1 ml of cell lysate. The total amount of 12CA5 Ab and Protein A- Sepharose were divided into eppendorf tubes for each lysate and after short spinning in centrifuge at 4ºC the supernatants were removed using a vacuum pump while the beads remain on the bottom. 

A preclearing step was done by rotating the lysates after equilibration with 15µl Protein A-Sepharose for 30 min at 4ºC. After 1 min centrifugation on 4000 rpm at 4 ºC the supernatants were transferred to eppendorf tubes containing the beads loaded with antibody and were incubated for 1 h at 4ºC. The beads were cleaned by washing 4 times with HNTG-buffer (20 mM HEPES pH 7.4, 150 mM NaCl, 0.1%TX-100, and 10% glycerol). 

2.4.1 BCA protein assay

The BCA Working Reagent prepared by mixing 50 parts of Bicinchonic Acid Solution (bicinchoninic acid, sodium carbonate, sodium tartrate, and sodium bicarbonate in 0.1 M NaOH, pH 11.25) with 1 part of Copper (II) Sulfate Pentahydrate 4% Solution (4% (w/v) copper (II) sulfate pentahydrate) until a uniform, light green color arises. The required amount of BCA Working Reagent needed for the assays depends on how many blanks, Bovine Serum Albumin (BSA) protein standards, and unknown samples are to be assayed. Six BSA (1µg/µl) protein standards with concentrations of respectively 0µg, 8µg, 16µg, 24µg, 32µg and 40µg BSA and 15µl of each protein sample with unknown concentration were mixed with 800 µl BCA working reagent and incubated for 15 min at 60ºC. After cooling down to room temperature the samples were transferred into cuvets and the absorbance at 562nm was measured. The protein concentration was determined by plotting the net absorbance at 562 nm versus the BSA protein standard concentrations.

The protein concentration in each unknown sample was normalized according to the lowest protein concentration in a given sample with CLB. This resulted in approximately equal concentrations of protein.
2.4.2 SDS-Polyacrylamide gel-electroforesis (SDS-PAGE)

All the time 7.5% running gels were used. One gel contains the following components: 2.8ml 40%Acrylamide, 1.3ml 2%bisacrylamide, 1.88ml 3M Tris pH 8.8, 8.9ml H2O, 150µl 10%SDS, 8µl TEMED and 75µl 10%Ammonium persulfide (APS). A 4% stacking gel were prepared by mixing 4ml stacking solution(9.75 ml 40% Acrylamide, 5.0ml 2% bisacrylamide, 71ml H2O, 12.5ml 1M Tris pH6.8, 1ml 10%SDS, 0.150μl TEMED and 1.5ml 10%APS) 4µl TEMED and 40µl 10%APS. 

Immunoprecipitated proteins and cell lysates were mixed with 2X 40µl sample buffer (Laemmli Sample Buffer, 0.125M Tris pH6.8, 20% glycerol, 4% SDS, 2% β-mercaptoethanol and Bromophenol blue) and placed in a hot water bath at 90ºC for 5 minutes. Also 1µl SDS-PAGE molecular weight marker (Biorad) was added to 40µl 2x Laemmli sample buffer and boiled. The samples were loaded on the 7.5% SDS-PAGE gel and were run overnight at 25V and maximum amperage. 
2.5   Immunoblotting
The transfer of the proteins from the gel to a Polyvinyliden Difluoride (PVDF) transfer membrane was done by electrophoresis using a semi-dry transfer system for 2h at 160mA. The membranes were stained with Coomassie blue for 30 seconds, then destained with destaining buffer (500 ml MetOH, 500 ml H2O, 100ml HAc) three times and finally washed with H2O. A scan of the blots was taken for comparison of the amount of antibody in the lanes to control. The membranes were then blocked by shaking 20min in 5% milk in TBS-Tween (50 mM Tris pH7.5, 150 mM NaCl, 10% Tween-20). The membrane was incubated for 1h with the primary antibody (12CA5) diluted 1:500 in 5% milk. After 1 quick wash and 3x10min washes in TBS-Tween the membrane was incubated for 1h with the secondary antibody diluted 1:10.000 in TBS-Tween. The membrane was washed and  incubated for 1min in ECL (Enhanced Chemiluminescence) reaction mix: 36ml H2O, 4ml ECL buffer (1M Tris pH8.8), 200µl luminol (3-Aminophthohydrazide), 88µl 90mM P-Coumaric acid and 12µl 30% H2O2.  The chemiluminescent signal was detected using Fuji films. 
3.     Results

3.1   RPTPα expression in serine mutated, wild type and RPTPα-/- knock-out cells

To investigate the role of serine phosphorylation in regulation of RPTPα, Wt RPTPα-HA, RPTPα (S180A/S204A)-HA, RPTPα (S180A)-HA, RPTPα (S204A)-HA stably transfected cell lines and RPTPα-/- MEFcells were used. The RPTPα expression level in these cell lines was analyzed by anti-HA immunoprecipitation and immunoblotting (Figure 3.1). Two clones with different RPTPα expression levels for the same mutation were used for comparison between variations to obtain reliable data. 
The RPTPα-S204A cells, (clone5.1) show a high expression level of RPTPα compared to clone5.19. This was also monitored in the lysates (Figure 3.1A). In the cell lines expressing RPTPα-S180A/S204A (clone6.5 and 6.15) RPTPα expression level was lower. The same levels of RPTPα expression in these clones was also monitored in the lysates. Wildtype RPTPα (clone10.4), a high expresser of RPTPα shows high expression of RPTPα as well in the lysates. The large band arises for this cell line at 140-kDa altitude is also due to background signal (Figure3.1C). Wildtype RPTPα (clone1.34), a low expresser of RPTPα induces less expression of RPTPα compared to clone10.4 and also10.12 (Figure3.1A). 
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Figure 3.1  (A and C) RPTPα expression levels. HA-RPTPα was immunoprecipitated from cell lysates of Wt RPTPα-HA, RPTPα (S180A/S204A)-HA, RPTPα (S180A)-HA, RPTPα (S204A)-HA expressing cells and RPTPα knockout cells using an anti-HA-tag antibody (12CA5). Molecular weight markers are indicated on the left. The position of the 140 kDa RPTPα is indicated with an arrow. (B) Coomassie blue stained membrane:height of the amount antibody (showed with an arrow).
RPTPα expression in RPTPα-S180A cell lines showed small differences between clone 4.5 and 4.21 (Figure3.1C). As negative control untransfected RPTPα-/- MEF cells were used. In both blots (Figure3.1A/C) no RPTPα expression was detected. Only a smear at 140 kDa was observed but that was due to background signal which was present in all lanes. The IP for all cell lines were done to reflect the RPTPα expression level which differs for each clone with the migration rate in the wound-healing migration assay between serine mutated and wildtype cells. 
The amount of antibody in each lysate was the same shown in the coomassie blue stained membrane for control (Figure3.1B).
3.2   Effect of serine phosphorylation of RPTPα on cell motility 
The wound-healing migration assays were optimized through several steps, from taking pictures with a digital photocamera coupled to a microscope at different timepoints to fluorescent time- lapse videos of stained cells with an optimum dye for cells with no side-effects. The results of this optimization process (data not shown) have improved the quality of the images and made it possible to track individual cells with software. 

To determine the independent effect of serine180 and serine204 phosphorylation of RPTPα on the motility of cells we used a wound-healing migration assay. Before wounding and throughout the wounding assay, cells were maintained in the presence of serum and CO2. Individual cell trajectory data was obtained and analyzed with a software program (Volocity) after time-lapse video microscopy was done (Figure 3.2). 
The data for each experiment are represented separate and are expressed as the mean of n=90 individual tracked cells for each cell line. 

Figure 3.2   Cell migration rate – experiment 1: Mean migration rate (µm/min) and p-value for all the clones used in this experiment. P-value calculated with two-side Student t-test referred to Wt clone1.34. P-value <0,05 indicates that the data is statistically significant. n= 90 cells
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	Mutation
	Cell line
	Migratory rate

(µm/min)
	P-value

	S180A
	4.5
	0,58
	1,0927E-15

	
	4.21
	0,46
	1,0209E-02

	S204A
	5.1
	0,29
	4,2905E-13

	
	5.19
	0,21
	4,8159E-31

	S180A/S204A
	6.5
	0,25
	9,4733E-23

	
	6.15
	0,29
	4,1821E-16

	Wt
	1.34
	0,42
	4,1739E-24

	
	10.4
	0,45
	9,3443E-02

	
	10.12
	0,25
	4,1739E-24

	RPTPα(-/-)
	3.39
	0,62
	1,4783E-25

	
	MEF-10 (1)
	0,40
	2,8821E-01

	
	MEF-10 (2)
	0,61
	7,6029E-24


Analysis of trajectory data from the first experiment indicates that cells expressing RPTPα S204A and RPTPα S180A/S204A had decreased migration rates (below 0.30 μm/min) compared to cells without RPTPα(-/-).  The highest migration rates were observed for RPTPα-/- cells and second highest migration rates for S180A expressing cells. Wt RPTPα expressing clones had decreased migratory rates compared to RPTPα-/- cells and even more decreasing in clone 10.12.
The second experiment shows similarity with the first experiment (Figure3.2). The cell lines used for the second experiment stayed one day longer in medium without hygromycin. The upper and under migration rate limit differs for the second time-lapse video microscopy, so analysis according to these trajectory data indicates that cells expressing S204A and S180A/S204A has still decreased migratory rates accept varying around 0.40 ± 0.02 μm/min. Clone6.15 shows an increase in migration rate compared to the first experiment and to clone6.5. The high migration rate in RPTPα S180A expressing cells remains nearly unchanged in both experiments (Figure 3.3). Wt RPTPα expressing clones have distinct migratory rates except clone10.12 which shows here also more decreased migration rate. In general in RPTPα-/- cells, a higher migratory rate was observed compared to the other cell lines. To verify the accuracy of the migratory rate (μm/min) a Student t-test was performed for each clone (n=90) by taking clone1.34 (Wt) as reference. A p-value below 0.05 indicates the reliability of the trajectory data. To calculate the p-value for clone1.34 (Wt) clone10.12 (Wt) was used as reference. 
Figure 3.2   Cell migration rate – experiment 1: Mean migration rate (µm/min) and p-value for all the clones used in this experiment. P-value calculated with two-side Student t-test referred to Wt clone1.34. P-value <0,05 indicates that the data is statistically significant. n= 90 cells
	Mutation
	Cell line
	Migratory rate

(µm/min)
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P-value

	S180A
	4.5
	0,68
	2,9568E-01

	
	4.21
	0,53
	6,7476E-11

	S204A
	5.1
	0,41
	1,7531E-24

	
	5.19
	0,40
	4,4866E-27

	S180A/S204A
	6.5
	0,38
	8,2187E-35

	
	6.15
	0,62
	1,9218E-02

	Wt
	1.34
	0,66
	7.3750E-19

	
	10.4
	0,53
	2,6710E-12

	
	10.12
	0,48
	7,3750E-19

	RPTPα(-/-)
	3.39
	0,73
	3,3394E-05

	
	MEF-10 (1)
	0,65
	5,8216E-01

	
	MEF-10 (2)
	0,63
	2,0500E-01


Thus, S204A mutation affects Wt RPTPα by decreasing the migration rate and so changes the motility of wildtype cells. This is also confirmed in S180A/S204A mutated cell lines, which has more decreased migration rates. 

Figure 3.3    Comparison of Experiment 1 and 2.
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3.2.2 Effect of serine mutation on the cell morphology 

In all cell lines movement was in general perpendicular to the wound, with some cells changing their direction to migrate away from the opposing side of the wound. Lamellipodia were observed. The persistence of lamellipodia appeared to result from sustained adhesion at the leading edge. Cell division was observed in all cell lines, indicating the proper condition of cells during time-lapse video microscopy. After approximately 10 h all the cell lines reestablished a monolayer.

Morphological and migratory differences were observed between experiment 1 and 2 (Figure 3.2). Cell shape of RPTPα-S204A expressed cells was uniform and smaller then RPTPα-S180A cells. The size of RPTPα-S180A/S204A cells were larger compared to the rest of the cell lines inducing a decreased effect in the migratory rate.  No morphological features were observed in Wt cells. Cell density of RPTPα-/- cell lines had reached >90 confluence rapidly compared to other cell lines. The effect of the small cell size increases the migratory rate for RPTPα-/-clones.

These findings support the observation from trajectory data that S204 lacking MEF cells were less efficient in their forward movement and migrated significantly slower than S180A, Wt and 
RPTPα-/-cells. In S180A/S204A cells which were larger, the same less efficient forward movement of cells was observed. 
        


Experiment 1 
            Experiment 2
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4.     Conclusion & Discussion

The role of serine180 and serine204 phosphorylation in regulation of RPTPα and the effect on the motility of cells were investigated. 

Immunoprecipitation of RPTPα-/- cell lines showed no RPTPα expression in MEF-10 and resulted in the highest migration rate, especially in clone 3.39. The difference in migration rate between clone10.4 and 10.12 wildtype RPTPα can be explained by RPTPα expression in IP. We found unequal expression level of RPTPα, were clone10.4 has higher RPTPα expression level which reflects in an increased migratory rate in the wound-healing migratory assay. Clone 1.34 results in the lowest RPTPα expression level, but the migratory rate is higher than by clone10.12. This variation could possibly be due inaccurate working during IP by loosing protein beads. But, in general looking at all wildtype RPTPα clones, they all have an increased migratory rate compared to RPTPα-/-. 
The clone 4.5 and 4.21 of RPTPα-S180A shows a high expression level of RPTPα inducing a higher migratory rate than by other mutated cell lines. The higher expression level in 4.5 leads to increasing migratory rate compared to 4.21 which has lower expression level. Thus, S180 lacking cells have an increased migratory rate.
Double serine mutated cell lines clone 6.5 and 6.15, lacking S180 and S204 showed a decrease in the migration rate compare to RPTPα-/- cells. Experiment shows similar results between the two clones, but experiment 2 shows an huge increase in the migratory rate in clone6.15. These data can be invalid because experiment 2 is the duplicate of the first experiment. The differences in the migratory rate between these two experiments will be discussed later.

In RPTPα-S240A mutated cell lines, especially clone5.1 an high amount of RPTPα expression level was shown, resulting in reduction of the migratory rate. This was also the case in clone5.19 which only had less protein expression level in IP and an even more decreasing in the migratory rate. 

So, we can conclude that RPTPα-/- cells have the highest migration rate, wildtype RPTPα cells move slower then RPTPα-/- cells and inducing a S204A mutation or S180A/S204A  mutation in RPTPα the migration rate gets even more slower than in Wt RPTPα cells. These suggest that S204A mutation in RPTPα affects Wt RPTPα and play a role in regulation of RPTPα.  

Explanation of the variation in the migratory rates between Experiment 1 and Experiment 2 were interpretated separately.  This was done due conditional variations among cell lines in both experiments. The cells in experiment 2 stayed 1 day longer in medium. Knowing that single or double RPTPα-S180A/S204A MEFcells are stably transfected with vector containing Hygromyin, for selection of mutated cells containing this vector by keeping cells in medium with Hygromycin. For the wound-healing migration assay single or double serine mutate and wildtype cell lines were brought to confluence in medium (DMEM) without Hygromycin. Throughout the metabolism of cells are changing while they do not have to defend them against Hygromycin, so there survival mechanisms became less stimulated. This comfort ability of cells effects the morphological structure of cells and thus also the cell movement. In this case cell trajectory data for the second time-lapse video (experiment 2) recording differs from the first time-lapses (experiment 1).  The cell density of cell lines in experiment 2 which is actually a duplicate are tried to keep equal in both time-lapse video microscopy but there may have still variations in confluence between cell lines. 

4.2    End conclusion and future plans
Activation of Src through RPTPα activates downstream FAK and other effectors which are involved in cell migration. The migration rate in S180A cells resulted in an increased migration rate and the opposite effect occurred in S204A cells.  We can conclude that according to these data which showed that S204A RPTPα cells has a decreased migration rate  in absence of serine204, an increased migration in presence and a decreased migration rate in double mutated MEF cells indicating that presence and absence of this residue in RPTPα affects the motility of cells. 
This may suggest that activation of RPTPα mainly occurs through dephosphorylation of serine204 residue of RPTPα, reflected in the motility of cells. Dephosphorylation of S204 of RPTPα leads probably to activation of RPTPα, which activates Src kinase and Src kinase activates downstream FAK and other effectors by phosphorylating these proteins who play a role in cell migration. 

The data shown in this report about the effect of serine phosphorylation in cell migration are not showed and studied before, but to give more power to this finding more experiments should be done with different conditions of this serine mutated cells. 

Therefore in the future, these experiments are going to be repeated and the migration rate of these serine mutants will be compared according to three different conditions:

· Different density’s of cell lines: 


-Wt RPTPα-/- compare with RPTPα-/- cells

· Different substrates

-Fibronectin


-PolyL-lysin
· Transiently transfected cells

- Different RPTPα-/- cells, cotransfected with two vectors (RPTPa construct and     vector red fluorescent protein).
According to these results a more reliable interpretation could be made about the role of serine phosphorylation in regulation of RPTPα activity.
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Appendix
Protocol ImageJ

Start the Software Program ImageJ.

ImageJ Window: The ImageJ window will appear on the desktop; do not enlarge this window.

Note that this window has a Menu Bar, a Tool Bar and a Status Bar.
Menu Bar →

Tool Bar   →

Status Bar →



Importing  an Image Sequence: Select File → Import ( Image sequence
A Sequence Options window will appear:  

·  Increment: 2 ( only Fluorescent Image Sequences will appear)
·  File Name Contains: Pos001 or Pos002 etc. 

(Case sensitive)
· Click “OK”

Stacking image slices: Select Plugins( Stack( Group ZProjector

A Grouped ZProjector window will appear:  


· Group size: 2
· Projection Type: Sum Slices
· Click “OK”

Filtering Images: Select Process ( Filters ( Median

A Median window will appear:  

· Radius: 1.0 pixels


(Depends on the clearness of the background)

· Click “OK”
· Click “Yes”
For Image sequences with a high signal to noise ratio Median Filtering in this case use noise filtering. 
Noise Filtering: Select Process ( Noise ( Despecle. 

·  Click “Yes”

Enhancing Brightness and Contrast: Select Image → Adjust → Brightness/Contrast.

A B&C window will appear:  

· Set manually with the sliders. 


It’s recommended to change only the maximum intensity until the edge of the 
curve is reached.

· Click “Apply”
· Click “Yes”
For some image sequences enhance the intensity of the color.

Enhancing Color Intensity: Select Image( Adjust ( Color Balance

A Color window will appear:

· Set manually with the sliders. 


Its recommended to set only the maximum intensity.

· Click “Apply”
· Click “Yes”
When necessary it is recommended to refine the images.

Refining objects: Select Process ( Smooth

· Click “Yes”
Rotate Image Sequences which aren’t vertical for efficient analysis further  with the Software Program “Volocity”.

Rotating an Image: Select Image ( Rotate ( Arbitrarily

A Rotating window will appear:
· Angle (degrees): 360° - -360°
· Click “OK”

· Click “Yes”


Make for each position an AVI-file to open Image Sequences in Windows Media Player as videos.

AVI-file: Select File ( Save as ( AVI

Only the gap where the cells are moving into is used for efficient analysis with the Software Program “Volocity”.

Selection of a part from the Images: Select Rectangular area selection tool from the Tool bar( Select the area of interest ( Select Image from the Menu bar ( Duplicate


Make a binary version of the Image Sequences for efficient and easier working with the Software Program “Volocity”.

Thresholding (Binary Contrast Enhancement): Select Image ( Adjust ( Threshold

A Threshold window will appear:

The red areas will become the black portions in the binary image.

· Use the upper part to find an optimum   signal. The cells will be colored red.

· Click “Apply”
A Convert to Mask window will appear:
· Select Black Background.

· Click “OK”
The Binary version of the Image Sequences:





Time point 1



        
 Time point 58

Save the Image Sequences: Select File ( Save as ( Image Sequences

· Format: JPEG

· Name: Position…

· Click “OK”
The Image Sequences are now ready for tracking individual cells with the Software Program “Volocity”.
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Figure 3.2    Time-lapse video microscopy images of Experiment 1 and 2.
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Figure 2.2   Volocity 4.1 Window bar. Measurement protocol on the left. Feedback to images displayed in Measurements view (below image). Lines with an arrow indicate the track length (voxel) of each moving cell.





RPTPα-/-





D





Wt





S180A/S204A





S180A








Figure 1.6	Focal-adhesion kinase as a signal integrator. Focal-adhesion kinase (FAK) integrates signals from extracellular cues, such as integrins and growth-factor receptors, and from the upstream SRC-family kinases, to control and coordinate cell migration with survival signaling.





Figure 1.3	RPTPα, three phosphorylation sites: serine180, serine204 and tyrosine789.
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Figure 1.1	Protein phosphorylation and 
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