Overview of background

The project involves study of cell penetrating peptides (CPPs) by means of imaging techniques. CPPs are peptides that are capable of penetrating cell membranes otherwise impermeable and carry different covalently or non-covalently bounded cargo molecules (i.e. peptides, proteins, plasmids, ON-analogues, siRNA, decoy DNA) into a cell. These peptides are usually less than 30 amino acids in length, they are positively charged and/or amphipathic. Albeit CPPs have been proven to be very useful and promising tools in medicine their uptake mechanism is not clear. [1]
Studies indicate that CPP penetration is caused by positively charged amino acids within the peptide sequence [1]. First experiments to study the penetration mechanism were made with cells that were fixed by methanol or paraformaldehyde in order to “freeze” the cellular environment. These cells were incubated with fluorescence-labeled CPPs and washed afterwards and cellular intake was estimated by means of confocal fluorescence microscopy and FACS (fluorescence-activated cell sorter) analysis. Cellular intake occurred at temperatures 4°C and therefore it was proposed that peptides penetrate the cell membrane directly while endocytotic processes do not contribute much [1][2]. Two different models for intake were proposed: pore formation and carpet model [1]. However, direct penetration and crack formations in the membrane do not explain cargo delivery of large complexes and are difficult to reconcile with the low cytotoxicity of most CPPs [1].
The internalization process was believed to be non-endocygotic until it was showed that FACS analysis on the fixed cells might cause artificial uptake of CPPs. The problem was that CPPs remain attached to the cell membrane due to strong electrostatic interaction even after washing the cells. Adding tyropsine to washing solution and making experiments with live cells was introduced. [1][3]
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Further experiments emphasized the role endocygotic pathways in the internalization process [1][3][5]
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[7]. Most of these experiments have made with Tat peptides. The uptake has been suggested to be caveolae-mediated [1][8]. Other experiments have indicated a role of lipid-raft mechanisms and macropinocytosis [1][7]. It has also been shown that proteoglycans (PG) at the cell surface are necessary for most CPPs to bind onto the cell membrane. Cells that are lacking glucosaminoglycans (GAG) show a decrease in peptide uptake [1][9]. On the other hand it has been shown that not all cells that have GAGs are able to internalize Tat and Penetratine [1][10].
Albeit strong evidence in favor of endocytotic pathways in internalization process the direct penetration cannot be ruled out. Experiments made un-fixed cells and penetratin analogues and Tat by confocal laser scanning microscopy indicate non-endocygotic internalization pathways [1][11]. Cellular internalization of penetratine is also reported to be endocytosis-independent while endocytosis is only a minor pathway [1][12]. Experiments made with Pep-1 CPP suggest a pore formation mechanism [1][12][13]. Experiments made with penetratin suggest inverted-micelle penetration model [1].
Latest experiments made with penetratin encapsulated into large unilamellar vesicules suggest the mechanism to be dependent on the proton gradient over a transmembrane; transmembrane electrochemical gradient is being the driving force for penetratine translocation. Mechanism is believed to be generalizable to other CPPs. [14] 
It is therefore reasonable to believe that different uptake mechanisms are utilized with different peptides and different cells. Studies made with penetratin, Tat and trasportan 10 indicate that the internalization depends on cargo that is attached to a CPP. Also toxity caused by CPPs depends on peptide concentration, cargo molecule and coupling strategy. This indicates fluorescein might be unsuitable moiety as a CPP efficiency since it also (as a cargo) changes a CPP's pentration properties. [15]
The CPPs intake research experiments are made by means of attaching various fluorescent cargoes to CPP under investigation and observing CPP cellular intake by registering amount of fluorescence in intracellular medium by means of confocal fluorescence microscopy, fluoroscopy or HPLC. Even a standard protocol has been developed in order to standardize previously mentioned study methods. Other means have been used as well – FACS (fluorescence activated cell separation), spectrophotometry and fluorescence correlation microscopy, mass spectrometry, and observing biological effects of the delivered cargo. [16]
The exact CPPs’ penetration method is under active debate and no consensus has been achieved in this matter. Therefore the research for finding appropriate more general penetration mechanism and model is currently very actual.
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