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Research Results (Including Purpose, Results, Figures, etc.) 

1. Purpose of the research 

Cell-penetrating peptide (CPPs) such as TAT peptide and transportan 10 (TP10) can penetrate plasma 

membrane of cells but the mechanism of its entry is not clearly understood. To elucidate the mechanism of the 

translocation of CPPs across plasma membrane and to reveal its elementary processes, we have developed the 

single giant unilamellar vesicle (GUV) method for CPPs, and succeeded in observing the elementary processes of 

the entry of fluorescent probe-labeled CPPs into single GUVs [1-3]. To reveal the mechanisms of entering of 

TP10 into a GUV lumen, in the present study we investigated the effects of the membrane potential across lipid 

bilayers on the entering of CF-TP10 using the single GUV method.  

2. Results and discussion 

First, we developed the method to prepare GUVs with various negative membrane potentials and examined 

the membrane potential by measuring the fluorescence intensity of the GUV membranes (i.e., the rim intensity) 

due to a potential-sensitive dye using confocal laser scanning microscopy. Then, we analyzed the membrane 

potential dependence of the rim intensity, indicating the application of membrane potential across the membranes.  

Then, we examined the effect of membrane potential on the entry of CF-TP10 into GUVs comprised of 

dioleoylphosphatidylglycerol (DOPG) and dioleoylphosphatidylcholine (DOPC) (2/8, molar ratio) using single 

GUVs containing small GUVs inside the GUV lumen [1] or single GUVs containing LUVs inside the GUV lumen 

[2]. We found that CF-TP10 entered the GUV without pore formation and the rate of entry of CF-TP10 into the 

GUV lumen increased with an increase in negative potential. These results indicate that the rate of translocation of 

CF-TP10 across the membrane increased with negative membrane potential. We discussed the mechanism of this 

effect of membrane potential based on the prepore model of the translocation of CF-TP10 across the membrane 

[3].  
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As described above, this year we found that CF-TP10 entered the GUV without pore formation and the rate of 

entry of CF-TP10 into the GUV lumen increased with an increase in negative potential. These results indicate that 

the rate of translocation of CF-TP10 across the membrane increased with negative membrane potential. We have 

proposed a hypothesis on the mechanism of effect of membrane potential on entry of CF-TP10 into single GUVs. 

Next year we continue to perform this project to obtain several experimental results to support of this hypothesis.   

Next, to generalize the concept of the effect of the membrane potential on the entry of CPPs, we investigate the 

effect of membrane potential on the entry of other CPPs such as Rh-LfcinB (4-9) (1) and its elementary processes. 

Generally, it is considered that the labeling of fluorescent probe to peptides affects their behavior. To overcome 

this problem, we will develop a new method to detect the entry of non-labeled peptide to single vesicles. After we 

develop the method, we examine the effect of membrane potential on the entry of non-labeled TP10 into single 

vesicles.  

The results of the effect of membrane potential on the entry of CPPs and the mechanism of the translocation of 

CPPs across the membranes are very helpful to develop novel vectors for the delivery of drugs, chemicals, 

oligonucleotides, and proteins into cells for curing various diseases. 
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