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1. Introduction 
Biological membranes are hydrophobic barriers to separate the insides and the 

outsides of the cells. It is therefore difficult to deliver bioactive molecules with a high 
hydrophilicity, such as proteins and nucleic acids, into cells. On the other hand, the 
microscopic observation of fluorescently labeled molecules in the cells is one of the most 
powerful methodologies for the analysis of the intracellular molecular interplays. For the 
observation of the intracellular proteins, one of the most popularly employed methods is 
to transfect cells with the plasmids coding the tandem sequences of the proteins of 
interest and proteins that yield fluorescence. The eventual expression of the fusion 
proteins enables us to observe the behaviors of the proteins in the cells. However, if 
exogenous proteins that are chemically modified with fluorescence moieties can directly 
be brought into cells, the availability of fluorescent labeling with various properties will 
expand the horizons of the in-cell molecular imaging.  

Recently, a novel strategy has been 
presented to use membrane-permeable 
peptide vectors to deliver exogenous 
proteins into cells [1]. Short peptide 
segments derived from HIV-1 Tat and 
Drosophila Antennapedia homeodomain 
proteins are among the representatives of 
these peptides (Table). By conjugation of 
these pept ides either chemically or 
genetically to cargo proteins, the successful 
delivery of various proteins into cells has 
been achieved to control cellular functions. 
Not only for protein delivery, this strategy 
has been applied to the delivery of various 
molecules with wide ranges of molecular 
sizes and physicochemical properties, such 
as small molecular weight compounds, 
oligonucleotides, magnet beads, and even liposomes. These properties could be promising 
to introduce fluorescently labeled molecules in the cells. However, because the majority 
of these molecules are taken up by the cells using endocytosis and trapped in endosomes, 
low efficiency of their translocation into cyotsol hampers the observation of the molecules 
in cytosol. Here we introduce a new approach of the intracellular delivery using a peptide 
vector in the presence of counteranions, which may overcome this shortage. 
 

2. Conteranion-mediated delivery of  arginine-rich peptide into cytosol 
The guanidinium cations in the above-mentioned vectors can bind tightly to 

negatively charged small molecules with high hydrophobicity (Figure 1A). We have 
shown that the counteranions can have a large effect on the behavior of arginine-rich 
peptides in the artificial membranes [2,3]. Figure 1B shows a typical extraction  

Table. Examples of membrane-permeable arginine-rich peptides. 
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Figure 1. (A) Structures of two representatives of negatively 

charged counteranions with high hydrophobicity. (B) Typical 

results of extraction experiment with Fl-(Arg)8 (25 μM), PG 

(left, 0 mM; right, 0.25 mM), CHCl3 and a phosphate buffer. 
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experiment that hydrophilic octaarginine labeled with fluorescein [Fl-(Arg)8] can be 
transferred into hydrophobic environment (CH3Cl) with the help of a counteranion (PG). 
It has been thought that the positively charged arginine-rich peptides electrostatically 
interact with the counteranions to increase their net hydrophobicity and therefore to 
directly translocate through the lipid bilayer. After confirming that this 
counteranion-mediated direct translocation of arginine-rich peptides occurs in artificial 
liposomes, we have investigated whether counteranions can have effects on the cellular 
uptake of octaarginine (R8), one of the representative arginine-rich peptides.  

When HeLa cells were treated with R8 peptide in the presence of pyrenebutyrate, 
a representative counteranion, to analyze the total amount of the internalized R8 peptide 
using a flow cytometer, a gradual increase in uptake of R8 peptide was observed in 
accordance with increase in concentration of pyrenebutyrate (Figure 2A). In microscopic 
observation, a diffuse cytosolic localization of the internalized R8 peptide was achieved in 
a few minutes (Figure 2B). In addition, we found that these effects of pyrenebutyrate 
were significantly suppressed by cancellation of membrane potential. These facts suggest 
that the interaction with hydrophobic counteranions allows the hydrophilic arginine 
peptides to easily go through the hydrophobic biological membranes, and that the 
membrane potential would play critical roles in this process. Using this 
counteranion-mediated delivery, we have succeeded in delivery of a bioactive molecule 
and even large molecular weight protein into cytosol. 
 
3. Conclusion 

This counteranion-mediated approach enables us to achieve direct, efficient and 
reversible delivery of bioactive proteins bearing arginine vectors into the cytosol. The 
procedure is very simple with no detectable cytotoxicity. A few minutes’ treatment of the 
cells with pyrenebutyrate/peptides in PBS is sufficient for the introduction. Considering 
these outstanding features, this concept of counteranion-mediated delivery using 
arginine-rich peptides should open new avenues for intracellular protein delivery and 
imagings of intracellular molecules.  
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Figure 2. (A) HeLa cells were pre-treated with pyrenebutyrate for 5 min prior to a 15-min incubation 
with fluorescently labeled R8 peptide (5 μM) in phosphate buffered saline (PBS), washing with cold 
PBS and analysis by flow cytometry. (B) HeLa cells were pre-incubated with pyrenebutyrate (50 μM) 
for 2 min prior to 4-min incubation with R8 peptide (10 μM) and analyzed by confocal microscopy. 


