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1.1 BACKGROUND 

 

1.1.1   Protease-Activated Receptor-2 (PAR-2) 

1.1.1.1   PAR-2 discovery 

Xenopus

1.1.1.2   Activators and activation of PAR-2 



In vitro, 

Porphyromonas 

gingivalis 

 

 

1.1.1.3   Structure and domains of PAR-2 



1.1.1.4   Tissue and Cellular specific expression of PAR-2  

1.1.1.5   PAR-2 activators 



Xenopus 



1.1.1.6  Intracellular signaling of PAR-2 







1.1.1.8  Termination of PAR-2 signaling 









1.1.1.9   Physiological functions of PAR-2   

 



1.1.1.9.1  PAR-2 in the gastrointestinal system 



1.1.2  -arrestins 







1.1.2.1 Regulation of -arrestins for endocytotic processes  

 











 

1.1.2.2 Structural domains of -arrestins 







 

1.1.2.3   -arrestins in GPCR signaling 





 

1.1.2.3.1 -arrestins and termination of G-protein signaling 





 

 

1.1.2.3.2 -arrestins mediated internalization of GPCR’s 











1.1.2.3.3  -arrestins as a scaffold for signaling components      













 

1.1.3  Cofilin 

1.1.3.1   PAR-2 and activation of cofilin 





1.1.4 Phosphoinositide-3-kinase (PI3K

  

    

1.1.4.1   PAR-2, -arrestins and PI3K 

 





 

   

1.1.4.2 PI3K and microbial internalization 

Pseudomonas Aeruginosa 

P. Aeruginosa

    



1.2 FIGURES AND LEGENDS 
 
Fig. 1-1: Activation of PAR’s.





Fig. 1-2: Activation of PAR’s via synthetic peptide.





Fig. 1-3: Inactivation of PAR’s.





Fig. 1-4: Functional domains of PAR’s.





Fig. 1-5: PAR-2 elicits dual and competitive modes of signaling.
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Fig. 1-6: Functional domains of -arrestins. 





Fig. 1-7: PAR-2 activation results receptor internalization in -arrestins/clathrin 
dependent fashion.









Fig. 1-8: PAR-2 activation leads to -arrestins scaffolding of MAPK complex.






Fig. 1-9: PAR-2 activation induces cofilin dephosphorylation and activation.
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2.1 ABSTRACT 



 

 



2.2 INTRODUCTION 

In vitro







2.3 MATERIALS AND METHODS 

 

Transfection and cell lines:



 

PAR-2 labeling with rhodamine 2fAP:

 

Protein analysis and western blotting:  



 

 

Electrical measurements:  

 

 

Microscopy

 

Immunofluorescence labeling of proximal jejunum



 

Data and statistical analysis:  



2.4 RESULTS  

 

Apical and basolateral PAR-2 are expressed in polarized CACO2-BBe monolayers 

and are accessible to rhodamine labeled 2fAP.  



  

in vivo



 

Basolateral PAR-2 activation promotes decreased transepithelial resistance and 

increases short circuit current. 



 

  





 

Apical PAR-2 induces a biphasic and early maximal activation of ERK 1/2 while 

basolateral PAR-2 induces a gradual and late maximal activation of ERK 1/2.  







 

Apical and basolateral PAR-2 activation of ERK ½  involves multiple distinct 

mechanisms.  







 













 

Basolateral PAR-2 activation results in activation of cofilin, while apical PAR-2 

activation does not. 











2.5 Discussion 



 





 









 







 





2.6 Figures and Legends 

Figure 2-1: Rhodamine labeled 2fAP is able to bind to PAR-2 and induce receptor 
internalization when introduced to the apical surface of polarized CACO2-BBe 
monolayers.  



 

 



Figure 2-2: Rhodamine-2fAP is able to bind to PAR-2 and induce receptor 
internalization when introduced to the basolateral surface of polarized CACO2-BBe 
cells.



 



Figure 2-3:  Isolated mice proximal jejunum labeled with PAR-2 antibody 9717 
showed both lumenal and serosal expression of PAR-2. 

 



 

 



Figure 2-4:  Transepithelial resistance (TER) measurements using Ussing Chamber 
showed CACO2-BBe formed “tight” monolayers when grown on transwell filters.  

 



 



Figure 2-5:  Activation of basolateral PAR-2 induces an increase in short circuit 
current (Isc) while activation of apical PAR-2 does not.  



 





Figure 2-6:  Apical PAR-2 induces a biphasic and early maximal activation of 
Extracellular Signal-Regulated Kinases 1 and 2 (ERK 1/2) while basolateral PAR-2 
induces a gradual and late maximal activation of ERK 1/2.  

 



 



Figure 2-7:  Apical and basolateral PAR-2 activation of ERK 1/2 involves multiple 
distinct mechanisms.  





Figure 2-8: Basolateral PAR-2 activation results in activation of cofilin, while apical 
PAR-2 activation does not. 
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3.2 INTRODUCTION 

 





3.3 MATERIALS AND METHODS 

 

Transfection and cell lines:

 

Microscopy

 



Immunofluorescence labeling of proximal jejunum

 

Data and statistical analysis:  

 

In vitro bacterial uptake assay:  



FACS analysis:  

In vivo mice small intestinal loop assay:  



3.4 RESULTS 

 

PAR-2 activation stimulates S. Aureus uptake in CACO-2.  

 

PAR-2 vesicles upon treatment with 2fAP colocalized with endocytosed S. Aureus 

particles in CACO-2 cells.  

 

PAR-2 induced S. Aureus uptake in CACO-2 cells is clathrin dependent.   



 

PAR-2 induced S. Aureus uptake is a signaling process involving PI3K.  

pseudomonas aeruginosa





 

PAR-2 stimulated endocytosed S. Aureus enters the early endosome and lysosome.  



 

PAR-2 activation stimulated S. Aureus uptake in vivo.  

 

in vivo

 



3.5 DISCUSSION 

 

PAR-2 activation stimulates S. Aureus uptake in CACO-2 and in mice ileum.  

 



PAR-2 vesicles upon treatment with 2fAP colocalized with endocytosed S. Aureus 

particles in CACO-2 cells and stimulated bacterial uptake is a clathrin mediated 

process.  



PAR-2 induced S. Aureus uptake is a signaling process involving PI3K.  

Pseudomonas Aeruginosa 

P. Aeruginosa

 





PAR-2 stimulated endocytosed S. Aureus enters the early endosome and lysosome.  



 

 



3.6     FIGURES AND LEGENDS 
 
 
Figure 3-1:  PAR-2 activation stimulates S. Aureus uptake in CACO-2.  



 



Figure 3-2:  PAR-2 vesicles upon treatment with 2fAP colocalized with endocytosed 
S. Aureus particles in CACO-2 cells.  

 



 



Figure 3-3:  PAR-2 induced S. Aureus uptake in CACO-2 cells is clathrin 
dependent.   



 



Figure 3-4:  PAR-2 induced S. Aureus uptake is a signaling process involving PI3K.  





 
Figure 3-5:  PAR-2 stimulated endocytosed S. Aureus enters the early endosome and 
lysosome.  





 
Figure 3-6:  PAR-2 activation stimulatd S. Aureus uptake in vivo.  

 in 
vivo
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4.1 ABSTRACT 





4.2 INTRODUCTION













4.3 MATERIAL AND METHODS 



 

Cell Culture:  

   





 

Flow cytometry analysis of surface expression of PAR-2:  

Immunofluorescence and confocal microscopy:  



Single cell Calcium Concentration measurements:  



Protein analysis and Western Blotting:  







pERK1/2 assays:  



g

g

 

 



4.4 RESULTS 

 

Role of beta-arrestins in receptor mediated desensitization:  

 







 













  













Differential kinetics of PAR-2 internalization in the absence of either -arrestin-1 or 

2:  



 







 

 





Role of -arrestins in exocytosis of PAR-2:  









Differential regulation of signaling molecules downstream by -arrestins 1 & 2:  









4.5 DISCUSSION 

Role of -arrestins in G-protein uncoupling and PKC-mediated desensitization:  













Role of -arrestins in PAR-2 trafficking:  





Role of -arrestins in ERK 1/2 activation:  







4.6 FIGURES AND LEGENDS 

 
Fig. 4-1: Dose response of Ca+2 mobilization to trypsin and 2f-AP. , 


A B





Fig. 4-2: -arrestins mediate PKC-induced PAR-2 desensitization and determine the 
duration of Ca+2 signaling. A-H: 

 
 

I:  
  J: 

K: 





Fig. 4-3: PMA induced desensitization is rescued by treatment with a broad 
spectrum PKC inhibitor (GFX). A-D E-H







Fig. 4-4: -arrestin-1 mediates early and -arrestin-2 mediates late PAR-2 
internalization.   





Fig. 4-5: Localization of PAR-2 with endosomal markers. A: 
 

B: 





Fig. 4-6: Localization of PAR-2 with lysosomes. A: 

 

B: 



 





Fig. 4-7: Time course of -arrestin translocation and colocalization with PAR-2. 

 A  B
 





Fig. 4-8: Disruption of Golgi apparatus with Brefeldin A blocks PAR-2 
reappearance at plasma membrane. A  B









Fig. 4-9: -arrestin-1 mediates early and -arrestin-2 mediates late ERK 1/2 
activation. A  B  C  D

E:





Fig. 4-10: Subcellular fractionation of pERK in MEF’s. A 
B  C  D
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5.1 Apical and basolateral pools of protease-activated receptor-2 direct distinct 

signaling events in the intestinal epithelium 

  











5.2 PAR-2 activation stimulates S. Aureus uptake in vitro and in vivo 

 



 
 
 
 




