
 

 

  
Short Abstract — We use microfluidic devices to study the 

cell morphology and beta-arrestin signaling during the cell 
chemotaxis in a gradient environment. By correlating the 
readout from Angiotensin receptor, beta-arrestin scaffold, 
phosphorylated ERK, actin and the receptor-arrestin complex, 
we infer that the arrestin-mediated signal amplification plays 
an important role in the gradient sensing, which can be well fit 
into an ODE model.  
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I. PURPOSE 
ow cells sense gradients of chemoattractants with 
frequently exquisite precision still remains an intriguing 

question [1]. One possibility is that internal scaffold proteins 
might supply an important needed local signaling control. 
Here we focus on an example scaffold protein to investigate 
this possibility.  

Classically, arrestins act as a receptor internalization 
partners, serving to desensitize the cell response to 
environment. More recently, however, beta-arrestins, an 
arrestin sub-family, have been found to play a more 
complicated role in regulation of cell signaling pathways [2]. 
Specifically, they physically scaffold diverse signaling 
transduction complexes to mediate a variety of cell 
responses, including cytoskeleton organization [3], apoptosis 
or survival [4], protein synthesis [5], vesicle trafficking [6], 
receptor transactivation [7],and chemotaxis [8]. We now 
address the role of the beta-arrestin scaffold-mediated signal 
transduction through the ERK MAPK signaling pathway [9] 
in regulation of chemotaxis in response to Angiotensin II. 
Using microfluidic device [10] and a library of single cell 
fluorescence based probes [11, 12], we can investigate the 
signaling events in cells both in spatially homogeneous and 
graded Angiotensin II concentrations at the single-cell scale 
and sub-minute resolution. By exploring signaling from 
upstream angiotensin receptor distribution, through 
beta-arrestin2-receptor complex and beta-arrestin2 
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distribution, to downstream -ERK phosphorylation and actin 
translocation, we illustrate how cells can amplify the shallow 
gradient cues to generate strong and directed migration 
force. Finally, we use mathematical model to confirm that 
the beta-arrestin scaffold can serve a critical role in gradients 
sensing and directed cell locomotion.  

 

II. CONCLUSION 
Optimized arrestin concentration is regulated by the 

balance of receptor recruit and ubquitin [13].  Also, it has 
been suggested that scaffold has a biphasic behavior [14]. 
Our model and experiment show that at its optimized value, 
the arrestins may amplify upstream signals, assemble 
downstream ERK and actin to help the filopodia formation.  
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