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1. Current status of pharmaceutical products
and cell permeable peptides.



Transition of pharmaceuticals to larger compounds
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Cell membrane : barrier function
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Specialized proteins in the cell membrane regulate the concentration
of specific molecules inside the cell.

© 2010 Nature Education All rights reserved




HIVE1 TAT protein
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Figure 2. Amino Acid Sequence of HIV-1 Tat Protein (BRU Isolate)

Fic. 4. Effect of trypsinization on peptide uptake. 3 X 10” Hel.a
cells were incubated with 5 pM fluorescein-labeled Tat-(48-60) peptide
for 15 min at 37 °C (pane!l A) or with the same amount of peptide
digested with trypsin for 1 h at 37 ®°C before incubation with cells

(panel B).

Ref) Green, M. and Loewenstein, PB&111988, 55, 11761188
Ref) Vives E. et alJ. Biol. Cheni997, 272, 1601€16017



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




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



2. Classification of CelPenetrating Peptides (CPPs)
2-1. Cationic CPPs
2-2. Amphipathic CPPs
2-3. Hydrophobic CPPs



Various CetPenetrating Peptides (CPPs)
-

Table 1. Examples of CPPs and Their Sequences, Origins, and Physical-Chemical

:  Sequence 8 [oass
HV-1 TAT protein, GRKKRRQRRRPPQ HIV-1 TAT protein Cationic
TAT. w
HN-1 TAT proteln, RKKRRORRR HIV-1 TAT protein Cationic
TAT =
Penatratin, RQIKIWFONRRMKWKK Antennapadia Cationic
PANtDA3-58) Drosophiia
melanogaster
Polyarginines Rn Chemically synthesizad | Cationic
DPV1047 VKRGLKLRHVRPRVTRMDV Chemically synthesizad | Cationic
MPG GALFLGFLGAAGSTMGAWSQPKKKRKY  HIV glycoprotain 41/ | Amphipathic
SV40 T antigen NLS
N
Pep-1 KETWWETWWTEWSQPKKKRKV Tryptophan-rich Amphipathic . .
cluster/SVAO T antigen Cationic
NLS
PVEC LLILRRRIRKQAHAHSK Vascuar endothelial Amphipathic
cadherin . .
ARF(1-22) MVRRFLVTLRIRRACGPPRVRV PI4ARF proten Amphipathic Am P h | pa‘[h IC
BPrPr(1—28) MVKSKIGSWILVLFVAMWSDVGLCKKRP N terminus of Amphipathic
unprocessed bovine
prion protein .
MAP KLALKLALKALKAALKLA Chemically synthesizad | Amphipathic HVdfODhOblC
Transportan GWTLNSAGYLLGKINLKALAALAKKIL Chimeric galanin- Amphipathic —_
mastoparan
P28 LSTAADMQGWTDGMASGLDKDYLKPDD  Azurin Amphipathic
VTS DPKGDPKGVTVIVIVIVIGKGDPKPD Chemically synthesizad | Amphipathic
Bac 7 (Bac ;_n4) RRIRPRPPRLPRPRPRPLPFPRPG Bactenecin family of Amphipathic
antimicrobial peptides
C105Y CSIPPEVKANKPRVYL al-Antitrypsin Hydrophobic
PRVYLI PFVWYLI Darived fom synthetic | Hydrophobic
C108Y
Pep-7 SDLWEMMMVSLACQY CHLS peptida phage | Hydrophobic
clone
—

Ref) Daniela Rossi et @tends in Pharmacological Scien2@%7, 38, 406124



2. Classification of CelPenetrating Peptides (CPPs)
2-1. Cationic CPPs



Cationic CPPs

KTAT (Green, M. and Loewenstein in 1988)

4

S

olyarginines (rutaki,s. in 2001) )

Ri2
Ris

RRRR-GC*

RRRRRR-GC*
RRRRRRRR-GC*
RRRRRRRRRR-GC*
RRRRRRRRRRRR-GC*
RRRRRRRRRRRRRRRR-GC*

Fic. 1. Structure of arginine-rich peptides used in this study.
C-terminal cysteine amide (C*) was fluorescein-labeled for monitoring
the internalization of the peptides by fluorescence microscopy.

Ref) Futaki, S. et &l Biol. Chen2001, 276, 583¢6840




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.
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Ref) Morris, M.C. et aBiol. Cel2008, 100, 204217



Endocytosis
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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 ve

Ref) van den Berg, A. and Dowdy, Sufr Opin Biotechnol 2011, 22, 888393



Polyarginines
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Electrostatic interaction : 25 - 30%
Hydrogen bond : 70717 75%

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 dBiochemistry2006, 45, 58135829



Escape from endosome : Prot@ponge mechanism
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Ref) D. W. Pack, A. S. Hoffman, S. Pun, and P. S. StattdRev. Dru@iscov2005, 4(7), 584593



Escape from endosome : TARA2

HAZ2 peptide

pH 7.4

N-terminal 20 amino acids
of the influenza virus
hemagglutinin protein
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The deeper insertion of the V-shaped
structure destabilizes the membrane.
So, TAT-HA2-fusion protein can escape
PH7.4 Lipid Bilayer - from endosome.
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Ref) Han, XBushwellerJ.H.Cafisg D.S., Tamm, L.Kat. Struct. Biol2001, 8, 71§720
Ref) David, Y., ViRerellg M.,Verma S., Muir, T. WNat. Chem2015, 7, 394



Escape from endosome agents to help endosomal escape

Only using TAT-HAZ2 as a reagent can help
endosomal escape.

FITC-TAT trapped in endosome.

TAT-HAZ2 TAT-HA2

nucleus FITCT=t nucleus

transmission transmission

Ref) T. Sugita et &iochemical and Biophysical Research Communic&@®g 363, 10271032



Escape from endosome agents to help endosomal escape
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Escape from endosome agents to help endosomal escape
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dfTAT is more endosomolytic and
cause lysis of endosomal membrane

than monomeric TAT. Ref) J. APelloiset al. Nat. Meth 2014, 11, 86B67



Escape from endosome agents to help endosomal escape
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Bafilomycin (V-ATPase inhibitor)
inhibited the delivery by dfTAT.

D

Endocytosis and endosomal
acidification are important
for cytosolic penetration.

Ref) J. APelloiset al. Nat. Meth 2014, 11, 8, 86867



