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Research Area 
Signal transduction leading to GLUT4-mediated glucose uptake 

The insulin-stimulated glucose uptake into skeletal/cardiac muscles and adipose tissues 
through the insulin-regulated glucose transporter (GLUT4) plays a pivotal role in maintaining a normal 
blood glucose level.  In fact, reduced glucose uptake into these tissues in response to insulin, a 
condition called ‘insulin resistance’, is associated with the pathophysiology of type 2 diabetes.  Thus, 
revealing the signal transduction pathway from insulin stimulation to glucose uptake through GLUT4 is 
crucial to diabetes research. 

In the absence of insulin, GLUT4 is stored in intracellular vesicles.  In response to acute 
insulin stimulation, these vesicles translocate to the plasma membrane resulting in the redistribution of 
GLUT4 in the plasma membrane, where GLUT4 can facilitate glucose uptake. 

Recently, we have reported that, by applying a cell-permeable phosphoinositide-binding 



 

 

peptide (PBP10), GLUT4 successfully translocated to the plasma membrane to face the extracellular 
surface of the cells, but did not transport glucose at all.  Thus, GLUT4 translocation to the plasma 
membrane is necessary but not sufficient for insulin-stimulated glucose uptake.  GLUT4 needs to be 
activated at the plasma membrane, demonstrating the separation of insulin signaling into two distinctive 
pathways: GLUT4 recruitment and GLUT4 activation. 
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PI 4,5-P2 activates GLUT4 in the plasma membrane.

 
 Phosphoinositide metabolism and the cytoskeleton have been shown to be involved in 
insulin-stimulated glucose uptake.  In our recent report, we found that PBP10, by its ability to bind to 
PI 4,5-P2, sequesters PI 4,5-P2 from its binding partners.  Replenishing PI 4,5-P2 after PBP10 
treatment successfully activated GLUT4 that had translocated to the plasma membrane by PBP10.  
Thus, PI 4,5-P2 in the plasma membrane, presumably through F-actin remodeling, has an ability to 
activate GLUT4 in the plasma membrane.  Now we are working on the role of phosphoinositide 
metabolism and the cytoskeleton in GLUT4 translocation and GLUT4 activation, respectively, by 
utilizing biochemical, biophysical and a state-of-the-art 3-D imaging technique. 
 These studies will help to identify new therapeutic targets against insulin resistance. 
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