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1. Current status of pharmaceutical products 
and cell permeable peptides.
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Cell membrane : barrier function

Specialized proteins in the cell membrane regulate the concentration 
of specific molecules inside the cell.

© 2010 Nature Education All rights reserved.
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HIV-1 TAT protein

Ref)  Green, M. and Loewenstein, P.M. Cell1988, 55, 1179ς1188
Ref)  Vivès, E. et al. J. Biol. Chem. 1997, 272, 16010ς16017



Strategy by CPPs

Specialized proteins in the cell membrane regulate the concentration 
of specific molecules inside the cell.

© 2010 Nature Education All rights reserved.
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Various Cell-Penetrating Peptides (CPPs)

Ref)  Daniela Rossi et al. Trends in Pharmacological Sciences2017, 38, 406-424
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Cationic CPPs

TAT (Green, M. and Loewenstein in 1988)

Polyarginines (Futaki, S. in 2001)

Ref)  Futaki, S. et al. J. Biol. Chem. 2001, 276, 5836ς5840



Cationic CPPs

Abundant basic amino acids will be cationic

under physiological environment.

So they interact with phospholipid head groups of 

cell membrane.

Especially, arginine can form hydrogen bond with it.

Ref)  Morris, M.C. et al. Biol. Cell 2008, 100, 201ς217



Endocytosis

CPPs can be more positive and interact with the negatively 

charge components of the endosomal membrane.

This binding causes stiffening of the membrane, determining its 

rupture and the release of the vesicleôs contents.

Ref)  van den Berg, A. and Dowdy, S.F. Curr. Opin. Biotechnol. 2011, 22, 888ς893

Endosome



Polyarginines

Polyarginines can interact with the membrane by hydrogen bond.

So, arginine-rich CPPs may enter the cell via a nonendocytotic 

mechanism.

Ref)  Hitz, T. et al. Biochemistry2006, 45, 5817ς5829

Electrostatic interaction  :  25 - 30%

Hydrogen bond  :  70 ï75%



Escape from endosome  :  Proton-sponge mechanism

Ref)  D. W. Pack, A. S. Hoffman, S. Pun, and P. S. Stayton. Nat. Rev. Drug Discov. 2005, 4(7), 581ς593

< Proton-sponge mechanism >

Endosome



Escape from endosome  :  TAT-HA2

Ref)  David, Y., Vila-Perello, M., Verma, S., Muir, T. W. Nat. Chem. 2015, 7, 394

pH 5                         pH 7.4

HA2 peptide

The deeper insertion of the V-shaped 

structure destabilizes the membrane.

So, TAT-HA2-fusion protein can escape 

from endosome.

Ref)  Han, X., Bushweller, J.H., Cafiso, D.S., Tamm, L.K. Nat. Struct. Biol. 2001, 8, 715ς720

N-terminal 20 amino acids 

of the influenza virus 

hemagglutinin protein



Escape from endosome  :  agents to help endosomal escape

TAT-HA2 TAT-HA2

Only using TAT-HA2 as a reagent can help 

endosomal escape.

Ref)  T. Sugita et al. Biochemical and Biophysical Research Communications 2007, 363,  1027ς1032

FITC-TAT trapped in endosome.



Escape from endosome  :  agents to help endosomal escape

Ref)  Wadia, J. S., Stan, R. V., Dowdy, S. F. Nat. Med. 2004, 10, 310-315

TAT-Cre trapped in endosome.

When TAT-Cre enters in cells, it 

recombine EGFP reporter gene.



Escape from endosome  :  agents to help endosomal escape

Ref)  J. P. Pelloiset al.  Nat. Meth. 2014, 11, 861-867

dfTAT =  dimeric fluorescent TAT

dfTAT is more endosomolytic and 

cause lysis of endosomal membrane 

than monomeric TAT.



Escape from endosome  :  agents to help endosomal escape

Ref)  J. P. Pelloiset al.  Nat. Meth. 2014, 11, 8, 861-867

Bafilomycin (V-ATPase inhibitor) 

inhibited the delivery by dfTAT.

Endocytosis and endosomal 

acidification are important

for cytosolic penetration.


