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Statement of Purpose: Intracellular delivery of certain

peptides remains a challenge towards their development 

as therapeutics. The majority of studies so far have 

focused on the use of peptide sequences able to drive 

internalization of a variety of cargoes that are attached to 

them. We here present an alternative strategy, namely the 

formation of peptide amphiphiles (PAs), where a 

hydrophobic, lipid-like tail is covalently attached to a 

peptide. We chose the MDM2 binding sequence from the 

p53 tumor suppressor protein, which has shown potential 

as a pro-apoptotic signal in cancer cells (Vassilev LT. 

Trends Mol Med 2008;13:23-31). PAs were found to 

localize inside cells to a higher extent than unmodified 

peptide. The mechanisms of internalization are discussed 

and the effect of different hydrophobic tails on stability 

and internalization are investigated. 

Methods: Peptide amphiphiles were prepared by standard 

solid-phase, Fmoc-based peptide synthesis, purified using 

HPLC and characterized using ESI-Mass Spectrometry. 

Because of their amphiphilic character, PAs self-assemble 

in aqueous solutions, forming micelles. The self-assembly 

process was studied using light scattering and electron 

microscopy.  

SJSA-1 osteosarcoma cells were used to study the uptake 

process of PAs. Following incubations with fluorescently 

labeled PAs, cells were washed and analyzed using epi-

fluorescence microscopy or flow cytometry. Different 

inhibitors (e.g. sodium azide, cyclodextrin) and 

incubation conditions (e.g. 4°C, absence of serum) were 

employed in order to determine which internalization 

pathways are used. 

Results: Peptide p5314-29 was modified at the N-terminus 

with a palmitic acid tail and labeled with rhodamine to 

give the molecule presented in figure 1.  
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Figure 1. Chemical structure of the peptide amphiphile 

(C16K(Rho)p5314-29) used in this study. 

Above a critical concentration (approx. 10 uM) the 

peptide amphiphiles assemble into rod-like micelles. 

Incubation of SJSA1 cells with these micelles led to 

internalization of fluorescent PAs, as can be seen in figure 

2. Quantification of the amount of fluorescence per cell 

by flow cytometry revealed significantly higher uptake 

compared to unmodified peptide. Moreover, based on 

fluorescence self-quenching we showed that peptide 

amphiphiles are taken up in monomeric rather than

micellar form.  

 
Figure 2. Uptake of fluorescent peptide amphiphiles by 

live SJSA-1 cells shown by flow cytometry (A) and 

fluorescence microscopy (B) 

 

The intracellular distribution of fluorescence indicated 

vesicular entrapment of the PAs. Co-localization studies 

with transferrin verified that the majority of PAs are 

found in the endosomes. Incubation at 4°C or after ATP 

depletion resulted in abolishment of uptake further 

supporting an energy-dependent, endocytic, uptake 

mechanism. Finally, the absence of serum or presence of 

a cholesterol depleting agent did not affect to a 

considerable degree the uptake.  

Single-tailed peptide amphiphiles were found to 

disassociate raplidly in the presence of albumin. In order 

to enhance stability we synthesized double-tailed 

amphiphiles and are in the process of investigating their 

uptake. Initial results demonstrate similar degree of 

uptake and same mechanisms. 

Conclusions: We here present an approach to creating 

cell permeable peptides, and demonstrate it using a pro-

apoptotic peptide derived from p53 tumor suppressor 

protein. Covalent attachment of lipid-like tails to the 

peptide led to uptake of the resulting peptide amphiphile 

by live cancer cells. The peptide amphiphile was localized 

inside endosomal vesicles, not gaining access to the 

cytoplasm and the nucleus where its site of action is 

located. Based on the above, further strategies are 

required to disrupt the endosomes and release the peptide 

amphiphile into the cytoplasm. 


