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Abstract

Between endothelial cells, tight- and adherens junctions are maintained to act as a barrier. This barrier function is vital for the state of the bloodvessel, if it is damaged, an immuneresponse can be triggered and give rise to artherosclerosis. This eventually would block the blood flow. It is found that cPLA2α plays a role in maintaining those tight- and adherens junctions. cPLA2α is a cytosolic protein that plays a major role in the immunerespons. It translocalises to the golgi upon confluency in human umbilical vein endothelial cells (HUVEC), while it was thought that it was dependant on calcium stimulation to translocalise to a membrane. Caveolin 1 is thought to recruit cPLA2α at the golgi and maintaining it there. It seems that this goes via a direct interaction. Attempts to prove the direct interaction  of caveolin 1 and cPLA2α  via an in vitro binding assay have been done and described here, but did not were succesfull up to this date. Why these attempts weren´t succesfull is discussed, as well as possible solutions to the problems stated.
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1 - Introduction

The Ca2+-sensitive cytosolic phospholipase A2 (cPLA2) is found in most of the cells and tissues and hydrolyzes phospholipids at the sn-2 position. It prefers arachadonic acid-containing glycerophospholipds as a substrate, thereby releasing arachadonic acid, well known as a precursor of lipid inflammatory mediators (1). It’s a member of a large family of proteins, the phospholipases. This family of proteins consists of 2 supergroups: the smaller, secreted proteins, which are between 10 and 19 kD large, are put in supergroup 1. Supergroup 2 is larger, between 29 and 120 kD, and is mainly intracellular. cPLA2 belongs to group IV of supergroup 2 and has multiple isoforms: cPLA2α, cPLA2β, cPLA2γ, cPLA2δ, cPLA2ε and cPLA2ζ. The focus of this research is on cPLA2α. This is a ~85kD large protein.

Upon rising of the calcium leves in the cell, is translocalizes to a membrane in the cell, and starts hydrolizing the glycerophospholipds. Arachadonic acid is a precursor for the eicosanoids, so it’s very important in the immune-response of the cell. Therefore cPLA2α plays a big role in the immune-response of cells(2, 3). The protein consists of several domains, pictured in figure 1 as a chrystal structure.

As said, it has a very important role in the functioning of the cell. It hydrolyzes glycerophospholipids at their sn-2 position. It doesn´t only translocalise at the plasma membrane, but also at the rough endoplasmic reticulum, the nuclear envelope and the golgi, which is important in this particular research. In endothelial cells, human umbilical vein endothelial cells (HUVEC) to be specific, it is found that cPLA2α translocalises to the golgi upon confluency, instead of responding to rising calcium levels, which is the known stimulant for cPLA2α to translocalise to a membrane. It is maintained at the golgi while the cells are confluent. Upon woundening of the monolayer, the cPLA2α dissociates from the golgi, into the cytosol. When cPLA2α is at the golgi, it’s 87% less active. This implicates that cPLA2α has a function in controlling endothelial cell proliferation, regulated by reversible association with the golgi apparatus.(4) 

The catalytical domain of the protein has some specific features that are vital in our research. As shown in figure 1, the catalytical domain is directed at the same side as the Ca2+ lipid binding domain. The part of the catalytical domain that is depicted in yellow. This domain can possibly interact with other proteins. It has been proven that cPLA2α translocalizes to the golgi upon confluency of HUVECs. It’s interesting to find out which proteins are necessary for the recruiting of cPLA2α and maintaining it to the golgi, because when cPLA2α can´t be translocated to the golgi, the tight junctions that are formed upon confluency, as well as the adherens junctions that are formed after cPLA2α is translocated to the golgi, get disrupted (Regan 2006, data not published). Damage to the tight- and adherens junctions has an direct effect on the integrity of the monolayer of endothelial cells in blood vessels. Damage to that monolayer can result in atherosclerosis. Therefore is vital that we understand the mechanism behind the formation of the tight- and adherensjunctions. Now that it is proven that cPLA2α at the golgi has an effect on the tight- and adherens junctions, it is vital that we find out what it does there and how it get´s there. As stated earlier, cPLA2α can interact with various proteins. It seems logical that proteins act as a chaperonne for cPLA2α to get it to the golgi and maintain is there. A possible binding partner is proposed here and investigated is whether these two proteins can interact directly with each other. That protein is called caveolin.

Caveolins participate in many important cellular processes, including vesicular transport, cholesterol homeostasis, signal transduction, and tumor suppression. Caveolin is a membrane-bound protein, but not a transmembrane protein (figure 2). Both it´s membrane attachment domains are faced to the cytosolic side of the membrane(4). Caveolin has 3 subtypes known to be present in mamals: caveolin 1, -2 and –3. It´s present in nearly every celltype, but expression levels vary within different tissues. Caveolin 1 and –2 are present in endothelial cells, caveolin 3 is mainly found in the different types of muscle cells. Caveolin 1 and –2 colocalize and are co-expressed, the second needs the first to be directed at the plasma membrane. Caveolin 1 is the protein that undergoes the interactions, so we focus on that specific type. Caveolin 1 has 2 subtypes, known as caveolin 1α and caveolin 1β. Yhe difference between the two is that the β-subtype lacks 31 aminoacid residues on the N-terminus of the protein. This has no or little effect on the proteins physical and chemical properties, besides it beeing 3,1 kD lighter. It can interact with various proteins like endothelial nitric-oxide synthase, dynamin, EGFR and Ras. These interactions can occur via the caveolin scaffolding domain (figure 2).  This specific domain can interact with a limited amount of specific amino-acid sequences: ΦxΦxxxΦxxΦ, ΦxxxxΦxxΦ or ΦxΦxxxxΦ, where the Ф stands for either tryptophan, tyrosine or phenylalanine, the 3 aromatic amino acids. Interesting about these interaction domains is that they occur on cPLA2α, beeing the yellow part of figure on, in the catalytic domain. So it is very well possible that these two proteins can interact together. Just a theoretical proof isn´t proof enough, but there is more indirect evidence that these two can interact. When caveolin is knocked down, cPLA2α dissociates from the golgi, and the integrity of the tight junctions and adherens junctions is damaged. (figures 3 and 4). Also, cPLA2α and caveolin 1 have been co-immunoprecipitated, however this is not direct evidence of interaction between the 2 proteins, because other cellular proteins might be involved in a co-immunoprecipitation. The caveolin scaffolding domain does inhibit cPLA2 activity in purified hippocampal synaptoneurosomes (5), suggesting a interaction in those cells. To study a direct interaction, an in-vitro binding assay is the designated technique. With an in-vitro binding assay, recombinant purified proteins are used and co-immunoprecipitated in roughly the same manner as in a regular co-immunoprecipitation on cells.

This all leads to our main hypothesis: cPLA2α is recruited and maintained at the Golgi via caveolin-1, via a direct interaction. Therefore we have to prove that direct interaction. The main question of this research is: do cPLA2α and caveolin 1 interact directly?

Figure 1:
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cPLA2 consists of 2 domains: a Ca2+ lipid binding domain and catalytic domain, which releases the arachadonic acid from the glycerophospholipids.

Figure 2:

A) Caveolin: a membrane-bound protein, necessary for the formation of caveolae, small invaginations in the membrane that play a role in endocytosis. Here is it depicted as a dimer, for simplicity, but normally it 14-16 monomers form a homo-oligomer, necessary for the strcuture of the caveolae. B) The domains present in caveolin. The amino-terminal membrane attachment domain is also called the caveolin scaffolding domain (CSD)(6).
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Figure 3:

Caveolin 1 is knocked down using a siRNA. It clearly shows that cPLA2α is dissociated from the golgi in the cells where caveolin is knocked down (yellow arrows).
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(Regan et al., unpublished data)

Figure 4:

Knocking down caveolin 1 results has a similar effect on adherens junctions  as the silencing cPLA2α. VE-cadherin is an adherens junction marker. (Regan et al., unpublished data)
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2 – Materials and methods
Plasmid constructs

The following plasmids where produced: pUR58050-6his-cPLA2α, pGEX5x-1-caveolin1α and pGEX5x-1-caveolin1β. Attachment 1, 2 and 3 give the datasheets for all the produced plasmids. 

Cloning of  cPLA2α into pUR5850-IIIa3

The used acceptor vector is pUR5850-IIIA3, an derivative from pUR5850, a Escherichia coli expression vector. This vector contains VHH signal sequences that needs to be removed. The vector  was digested with Pst1 and HindIII, thereby removing the VHH signal sequences, the his tag, the myc tag and the biotinylation site. It also contains a VHH (IIIa3), which was removed together with the myc tag, biotinylation site and his tag. One signalsequence is remained remain: cHC-V, between the PelB and halfway the Pst1-restriction site, is 12 basepares (bp) long with an overlap of 3 bp with the Pst1 restriction site. The cPLA2 donor vector, pEGFP-C1-cPLA2 (EGFP-cPLA2) contains a point mutation at 5’ of cPLA2: TCA ( GCA, which mutates serine into an alanin. This mutation is mutated back by adapting the forward primer. The last alanin has the code GCT in this vector, in the reference sequence (accession#NM_024420) this alanin is coded by GCA. 

The  cPLA2α-gene was isolated from the donor vector using PCR. The annealing temperature of the primers was set at 62 ºC. This gave enough specificity for the PCR to be done. Elongating temperature was set at 72 ºC for 15 seconds/100 bp. After PCR, the product was put on 1% agarose, cut out and purified using the QiaQuick gel purification system (Qiagen). After purification, 1μg of DNA was digested with Pst1 and HindIII, using the standard protocol from Amersham biosciences.

The acceptor vector was also digested wiht Pst1 and HindIII, after digestion it was put on 1% agarose gel, cut out and purified using the QiaQuick gel purification system (Qiagen). The digestion of the insert was purified the same way. After purification, the insert and the vector where ligated in a 3:1, 4:1 and 7:1 molar ratio. After overnight ligation at 16 ºC, using T4 DNA ligase, with a buffer containing ATP, the produced plasmid where transformed into the E. coli strain TG-1, using electroporation. 100μl bacterial suspension into 400 μl 10% glycerol was mixed with 3,5 μl ligation-reaction mix and electroporated at 1200 V. After electroporation, 1 ml of grow medium was added and the bacteria where put at 37 ºC, to recouperate. After 30’, 50 μl of the bacteria was plated out LB-agar plates, containing ampicilin. Resistance for ampicilin was provided by the amp-res gene, located on pUR5850.

After overnight growth at 37 ºC, 12 colonies were selected for screening. After 7 hours of growth in 5 ml LB-amp medium, the plasmids where purified from the bacterial lysate, using the Qiagen plasmid purification mini kit. After digestion with HindIII and PstI, 12 out of 12 colonies where confirmed positive for having the insert. Out of these 12, 1 was selected for sequencing, performed by ServiceXS. The sequence proved to be correct, so the plasmid could be used for protein production.

Cloning of  pGEX-5x-1-caveolin 1( and pGEX-5x-1-caveolin 1β.

The  caveolin-gene was isolated from the donor vector using PCR. The annealing temperature of the primers was set at 63 ºC. This gave enough specificity for the PCR to be done. Elongating temperature was set at 72 ºC for 15 seconds/100 bp. Information about primers is put on the datasheets. After PCR, the product was put on 1% agarose, cut out and purified using the QiaQuick gel purification system (Qiagen). After purification, 1μg of DNA was digested with BamH1 and EcoR1, using the standard protocol from Amersham biosciences.

The acceptor vector was also digested wiht BamH1 and EcoR1, after digestion it was put on 1% agarose gel, cut out and purified using the QiaQuick gel purification system (Qiagen). The ligation of the vector and the insert and transformation of the bacteria was carried out the same way as in the cloning of cPLA2 into pUR5850. After screening of the clones, 10 out of 12 and 11 out of 12 colonies was found to be positive for respectively the caveolin 1( insert and the caveolin 1β insert. Two clones of both contructs were selected, grown in 50 ml LB-amp, purified and sent for sequencing to ServiceXS. Both of the clones for both constructs had no point mutations and were suitable for protein production.

Protein production

For the production of the GST-fusion proteins (glutathion-S-transferase)(7), 100 l of electro-competent bacteria (E. coli, BL21 strain, codon+) was added to 100 ng plasmid and electroporated at 1200 V. Then 500 l LB medium without antibiotic and incubated for 30-45 minutes at 37(C to allow expression of the antibiotic resistance gene. The total volume was the put in 50 ml LB containing ampicilin. The flask was incubated overnight, rotating at 180-225 rpm in an 37(C incubator. 

The bacterial culture was 1:10 diluted in LB + amp and rotated for 2 hrs at 30(C. After that the bacteria are in log phase and protein production can be induced, which was done by adding 0.1 mM IPTG and rotating again for 2 hrs at 30(C. The  500 ml bacterial culture was centrifuged for 20 min. at 5000 rpm at 4(C in SLA3000 rotor (Sorvall RC5B Plus centrifuge).

The pellet was resuspended in 21 ml Lysis Buffer (50 mM Tris HCl pH 7.5; 1 mM EDTA;

100mM NaCl; 5% Glycerol; 0.1 % Triton X100) with 1 mM DTT  and 1x complete protease 

inhibitor, EDTA free (Roche molecular biochemicals), added just before use. The 

resuspended pellet was sonicated 3 times for 30 seconds, using a MaxiTip sonicator. After 

sonication, the cellsuspension was centrifuged for 20 min. at 10.000 rpm at 4(C in SS34 rotor 

(Sorvall RC5B Plus centrifuge). The lysate was divided in tubes containing 1 ml of 

supernatant in 10%  glycerol, was freezed in liquid nitrogen and stored at -80(C.

The his6 tagged cPLA2 was produced the same way, except that the overnight bacterial 

culture was diluted 1:100 in order get into log-phase. 

SDS-PolyAcrylamide Gel Electrophoresis (SDS-PAGE) and immunoblotting

GST-protein lysates and his6-cPLA2 were respectively seperated on a 12 % and a 8% SDS-

PAGE and transferred onto a polyvinylidene difluoride (PVDF) membrane. The membrane 

was stained with coomassie, to ensure that equal amounts of protein were loaded. 

Immunoblotting was performed using indicated primary antibodies, detected with an 

appropiate secondary antibody, bound to a horseradish peroxidase. Detection of the signal 

was performed by using a chemi-luninescence detection system (Perkin Elmer Life sciences). 

Molecular weight markers were reported on the exposed film, to compare the position of the 

bands detected.

GST-pull down assay

GSH-sepharose beads were washed 3 times with 0.5 ml fish buffer (50 mM Tris HCl, pH 7.4; 10% Glycerol; 100 mM NaCl; 1% NP-40; 2 mM MgCl2) and added to an equal amount of fish buffer + (FB+: Fish buffer with 1X Complete protease inhibitor EDTA free, 1mM Na3VO4, 10mM NaF) From that slurry, 100 μl was added to ~1 ml bacterial supernatant containing GST-protein (stored at -80(C). This suspension was rotated for 30-45 min. at 4(C, washed 3 times with 0.5 ml FB and  400 l FB+ was added to the beads. 

Preparing cell lysates

Cells were washed once with ice-cold PBS,  750 l FB+ was added and incubated 5 min. on ice. The cells were scrapped and harvested in a 1.5 ml eppendorf tube, centrifuged for 5 min. at 13.000 rpm at 4(C. and the supernatant transfered to a new 1.5 ml eppendorf tube. 

Pull down 

From the GSH/GST-fusion protein beads, 40 μl was added to the supernatant of the cell lysate, rotated for 0.5-1 hour at 4(C. and washed 3 times with 0.5 ml FB. The beads were resuspended in 20 μl 2x sample buffer, boiled for 10 min. and stored at -20(C. 

3 - Results

Cloning of new constructs:

The constructs produces as described in materials and methods were sent to Service XS for 

sequencing. The sequences were aligned against the sequence that is found using BLAST and against the theoretical construct that was in our cloning strategy. All the produced vectors proved 100% correct.

GST-fusion proteins:

As shown in figure 5, protein production of the GST-fusion proteins wasn´t completely without problems. The mouse α-caveolin antibody showed several bands for GST-caveolin 1α as well as for GST-caveolin 1β. Detection with a GST-antibody proved unsuccesfull, for reasons unknown. Pull down with GSH-beads, however, did prove succesfull, as shown in figure 7. So a GST-tag was attached to the protein and could be used for purification and pull down experiments.

His6-cPLA2 protein production

As shown in figure 6, we did manage to produce his6-cPLA2 in a prokaryotic expression system, although it did show several bands. However, the 6histidine tag wasn´t recognized by the α-his peroxidase, while the control, a his-ubiquilin fusion protein, was recognized.

Because of these peculiar results, and due to time limitations, it was decided not to use these 6his-cPLA2α fusion protein and instead try a GST-pull down on HUVECs, and detect on cPLA2.

GST-pull down

Figure 7b shows clearly that GST-tagged caveolin 1 was produced, although several bands appear again on the immunoblot. The pull down of cPLA2α from HUVEC-lysate using GSH-GST fusion protein beads did not succeed, there appears to be no cPLA2 detected in lane 3. The experiment was done twice, with differing amounts of beads. Hyperfilm was used in order to obtain as much signal as possible. 

Results: figures




        

4 – Discussion

Goal of this research was to obtain evidence that cPLA2α and caveolin 1 can interact directly in vitro. This was to be studied via an in vitro binding assay. There is already a considerable amount of indirect evidence pointing in that direction. From the what was already known, we can conclude that the two proteins must have something to do with each other. Unfortunataly, we can’t give a definitive answer to the question of there is direct interaction. Production of both recombinant proteins encountered several problems, starting in the cloning stage. 

It was decided to do a GST-pull down, instead of an in vitro binding assay as was the first plan. So only the recombinant GST-caveolin 1 would be used. Out of this pull down, no cPLA2α was detected on western blot. This does not imply that the two don’t interact directly. When a co-immunoprecipitation is done with caveolin 1 on cPLA2α, very low amounts of cPLA2α are immunoprecipitated together with caveolin 1. This implies that the interaction is weak, and vast amounts of caveolin 1 need to be used pull down the cPLA2α. When doing a in vitro binding assay, this should be taken into account. The GST-pull down we performed had that taken into account, only the GST-fusion protein we worked with gave several bands on westerblot, even after purification with GSH-beads. When doing an in vitro binding assay, the two recombinant proteins can only interact which each other. It is favorable to use GST-fusion proteins that are purified and give one band on westernblot. 

So the proteins that we produced weren’t completely pure. How is that possible? That, we don’t know, but can make some suggestions. The vector that was used to produce the proteins was correct, but it might be possible that producing GST-fusion proteins in the prokaryotic expression system could result in problems with the post translational modification of the protein. Caveolin 1 is a membrane protein, and must therefore be produced in the rough ER, and transported via the golgi to the membrane. These organelles are absent in E. coli. This has consequences for the post translational modification of the protein. Producing GST-caveolin 1 in a eukaryotic expression system might overcome this problem. Making an entirely new construct,  with GST linked to the caveolin scaffolding domain, could be another solution, since it is expected that the caveolin scaffolding domain is the interaction domain for cPLA2α. Why GST in the GST-fusion protein isn’t recognized by it’s antibody, while it does stick to GSH-beads, isn’t clear either. If detection would only be done on caveolin 1, this problem can be easily overcome. 

The his-cPLA2α also encountered problems, but cPLA2α is a cytosolic protein and is therefore produced in the free ribosomes. This should not be a problem for E. coli, this has been done previously(8). Why the his-tag isn’t recognized by the antibody, while the construct is sequenced and confirmed to be 100% correct, isn’t understood. It might be that the leftover VHH-signal sequence hinders the recognition with an antibody. It is possible to perform a pull down on the 6his-tagged cPLA2, using TALON-beads. If the proteins gets purified that way, it can be used in an in vitro binding assay. This wasn’t performed due to time limitations. 

If cPLA2α is involved in the formation of tight- and adherens junctions, how would this work, in theory? It is known that cPLA2α translocalises to the golgi upon confluency of HUVECs. Beeing a phospholipase, cPLA2α could be very well involved in membrane trafficking of proteins. This has already been reported previously in kidney epithelial cells, where cPLA2 is found to be important for maintaining the golgi-structure and play a significant role in the trafficking of membrane proteins(9). This might also be the case in endothelial cells. If a phospholipid is hydrolyzed, releasing a fatty acid and a lysophosholipid, this is has consequences for the shape of the membrane. A regular phosholipid has a rectangular shape, however, a lysophosholipid has the shape of an inverted cone. This induces curvature of the membrane. If enough curvature is induced, at the appropiate postitions, budding of the membrane can occur. It might be this budding that plays a role in the transport and localisation of the tight- and andherens junction proteins. If curvature of the membrane is prevented, budding can’t occur and the trafficking of membrane proteins is put to a hold. Because cPLA2α is at the golgi upon confluency and maintained there and that all membrane protein trafficking goes via the golgi-apparatus, this is a scenario that is likely to occur. However it still has to be proven. Th
e first step in that process is the discovering how cPLA2α is recruited and maintained at the golgi, though a lot of observations made point towards caveolin 1. If there is an direct interaction, this can be observed in living cells, via a technique called FRET (Förster Resonance Energy Transfer). Via this microsope technique, protein interactions can be studied. Then can be identified how cPLA2α is recruited and maintained. If we could make clear what proteins are involved in formation and maintening of the tight- and adherens junctions between endothelial cell, and identify where  it goes wrong in case of artherosclerosis, where tight- and adherens junctions are disrupted for some reason, we would be a step further in preventing this condition. More research on the formation of tight- and adherens junctions is therefore necessary, starting with the role of cPLA2α in this process.

Abbreviations:

cPLA2α
: cytosolic phospholipase A2
kD        
: Kilo Dalton

HUVEC
: Human umbilical vein endothelial cells

siRNA

: Small interfering ribonucleic acid.

Bp
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His

: histidine

GST 

: Glutathion S transferase

GSH

: Glutathion beads

PBS

: Phosphate buffered saline

FB (+)

: Fish buffer (with additives)

FRET

: Förster Resonance Energy Transfer
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Attachment 1

	Name
	pUR5850-6his-cPLA2

	Length
	6751 bp

	
	

	Parental Vector:
	pUR5850

	Resistence for  :
	Ampicilin

	
	

	Insert:
	6His-cPLA2

	Restriction site 1:
	Pst1

	Restriction site 2: 
	HindIII

	Length of the insert :
	2301 bp


Remarks: One signalsequence is remained remain: cHC-V, between the PelB and halfway the Pst1-restriction site, is 12 basepares (bp) long with an overlap of 3 bp with the Pst1 restriction site. This sequence codes for gln-val-gln-leu-gln, followed by the 6his-tag. 

The last alanin has the code GCT in this vector, in the reference sequence (NM_024420) this alanin is coded by GCA. This is a silent mutation.



Attachment 2

	Name:                                 pGEX-5x-1-caveolin 1(

	Length:                               5507 bp

	

	Parental Vector:                   pGEX5x-1


	Resistance:                          Ampiciline

	

	Insert:                                  human Caveolin 1( from EGFP-Cav1n3

	Restriction site 1:                BamH1


	Restriction site 2:                EcoR1

	Length of the insert :           558 bp


Remarks: Stop codon TAA (wild type) is changed in stop codon TGA at the EcoR1 restriction site.

Restr. Analysis via Pst1/BamH1, resulting in 2 bands at 1500 and 4000 bp.


`

Sequence of the insert with the transscription to the aminoacids.

                            BamH1 restr. site

gg atc cta atg tct ggg ggc aaa tac gta gac tcg gag gga cat ctc tac acc gtt ccc atc cgg gaa 

                 M   S    G    G    K  Y   V    D   S    E    G    H   L   Y   T   V    P   I    R     E 

cag ggc aac atc tac aag ccc aac aac aag gcc atg gca gac gag ctg agc gag aag caa gtg tac gac 

 Q   G    N    I    Y    K    P   N   N    K   A    M   A   D    E    L    S     E    K    Q  V   Y    D

gcg cac acc aag gag atc gac ctg gtc aac cgc gac cct aaa cac ctc aac gat gac gtg gtc aag att gac         A     H    T   K   E     I     D   L   V    N    R   D   P    K   H   L    N    D    D   V   V   K    I   D

ttt gaa gat gtg att gca gaa cca gaa ggg aca cac agt ttt gac ggc att tgg aag gcc agc ttc acc acc ttc 

F    E    D   V   I    A   E    P    E     G    T   H   S    F   D    G    I   W  K    A    S    F   T   T    F

act gtg acg aaa tac tgg ttt tac cgc ttg ctg tct gcc ctc ttt ggc atc ccg atg gca ctc atc tgg ggc att tac 

 T    V   T    K   Y   W  F  Y    R   L   L   S   A    L   F   G   I     P    M   A   L   I     W  G    I   Y

ttc gcc att ctc tct ttc ctg cac atc tgg gca gtt gta cca tgc att aag agc ttc ctg att gag att cag tgc atc 

 F   A   I     L   S  F   L    H   I    W   A   V   V   P    C   I    K    S   F    L   I    E    I   Q    C    I

agc cgt gtc tat tcc atc tac gtc cac acc gtc tgt gac cca ctc ttt gaa gct gtt ggg aaa ata ttc agc aat 

 S    R    V  Y  S     I   Y    V  H    T    V   C   D    P   L   F   E    A  V   G    K    I   F    S    N

       EcoR1 restr. site 
gtc cgc atc aac ttg cag aaa gaa ata tga att c 



 V    R   I    N    L   Q    K   E    I    *


Attachement 3

	Name:                                 pGEX5x-1-caveolin 1(

	Length:                               5414 bp

	

	Parental Vector:                  pGEX5x-1


	Resistance:                         Ampiciline

	

	Insert:                                  human Caveolin 1( from EGFP-Cav1n3

	Restriction site 1:                BamH1


	Restriction site 2:                EcoR1

	Length of the insert :           465


Remarks: Stop codon TAA (wild type) is changed in stopcodon TGA at the EcoR1 restriction site.

Restr. analysis is possible with Pst1 and BamH1, giving 2 bands: 1400 bp and 4000 bp.


Sequence of the insert caveolin-1 (, cloned with BamH1 and EcoR1.

                      BamH1 restr. site

Gg atc cta Atg gca gac gag ctg agc gag aag caa gtg tac gac gcg cac acc aag gag atc gac ctg gtc            

                   M   a   d     e   l    s    e     k    q   v  y    d   a    h    t    k    e    i     d   l   v   

aac cgc gac cct aaa cac ctc aac gat gac gtg gtc aag att gac ttt gaa gat gtg att gca gaa cca gaa 

 n    r    d   p   k    h    l   n   d   d   v    v   k   i    d   f   e    d   v    i   a    e    p    e    

ggg aca cac agt ttt gac ggc att tgg aag gcc agc ttc acc acc ttc act gtg acg aaa tac tgg ttt tac cgc 

g    T     h   s    f   d    g   i    w   k   a    s    f   t    t   f   t   v    t    k   y  w   f  y   r    

ttg ctg tct gcc ctc ttt ggc atc ccg atg gca ctc atc tgg ggc att tac ttc gcc att ctc tct ttc ctg cac atc 

 l   l   s   a    l   f   g   i     p   m   a    l   i    w   g    i   y   f   a   i    l   s   f   l   h    i   

tgg gca gtt gta cca tgc att aag agc ttc ctg att gag att cag tgc atc agc cgt gtc tat tcc atc tac gtc 

 w   a   v   v   p   c    i    k   s    f    l   i    e    i    q   c   i     s    r   v   y  s    i    y   v   

cac acc gtc tgt gac cca ctc ttt gaa gct gtt ggg aaa ata ttc agc aat gtc cgc atc aac ttg cag aaa gaa 

h   t    v    c    d   p    l  f    e   a   v   g    k   i    f   s    n   v    r   i     n   l   q    k    e                                                   

                                  EcoR1 restr. site

ata tga att c 

  i   *
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Figure 5: GST-fusion protein production. Lanes 5, 6 and 7 are bacterial lysates. A mouse α-caveolin 1 antibody from Roche was used. Arrows indicate bands that are at the right height for GST-caveolin 1α or, in case of  lane 5 GST-caveolin 1β. Lane 1 is a control for the antibody, caveolin 1 from a HUVEC-lysate is seen there. Lanes 3 and 4 are GST-caveolin 1β protein productions done with an other vector, which has an extra 31 amino acid residues on the C-terminus of caveolin 1. 
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Figure 6; His6-cPLA2 protein production: 


A: αHis6-immunoblot(Roche antibody). Lane 3 is the positive control, beeing purified his-ubiquilin, which should give a band at 70 kD. B: A mouse α-cPLA2 (Santa Cruz biotechnology, sc-454) was used. Lane 1 is lysate from HUVEC, lane 4 is the bacterial lysate. Several bands are observed again. The expected band of his-cPLA2 is indicated with an arrow.








Figure 7; GST-pull down experiment.


A: pull down experiment; GSH-beads purified the GST-tagged caveolin 1 from the bacterial lysate. This was incubated for 1 hr with HUVEC-lysate, to let the endogenous cPLA2 bind to the caveolin. The beads were boiled and everything was put on gel. Lane 2 is a pull down with only GST, lane 3 is the pull down with GST-tagged caveolin, lane 4 is a HUVEC lysate. Immunoblotting was done with a mouse α-cPLA2 antibody, from Santa Cruz. No cPLA2 appears in the pull down. B: immunoblotting with mouse α-caveolin 1 antibody shows several bands,so GST-tagged protein did get purified from the bacterial lysate
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