GO/ - B S/MINER AT R R RIS R
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Jul. 25, 2019, 35(7): 1162-1173
DOI: 10.13345/j.¢jb.190030 ©2019 Chin J Biotech, All rights reserved

210 B 2 AR AR 52 oL A T i

whiE e, TEE S, BN, ATH S

1 TR AarRleFEpe, e EIT 361102
2 JEITRF AR, fmad EI] 361102
3 EFEYYRIZWAF SR TR RPI L, fEE HT 361102

WVEEE, FHRME, =A% YUAZE ARG T B R Bk . A T AR AR, 2019, 35(7): 1162-1173.
Xie YY, Wang SJ, Yuan Q, et al. Advances in the research and application of cell penetrating peptides. Chin J Biotech, 2019,
35(7): 1162-1173.

B E: @R FIEMK (Cell-penetrating peptides, CPPs) ;2 — K 444 F id o L IE R 40 L[5 4942 Ik, CPPs 7T i if ) Adm
ABFEFIFEREZEAR. RNA. DNA FAD K> FHA @A LFELB LI 6. AT EERRGFENT,
CPPs A4 A ARt tE . stémfid ey FM . TRAMREZETHR. THE5EDERETAALBRESTHELAFMNH
B, ARRAUIRA ST ARFGANEERRLRERNEEZ I, FEEDEFHRAABRER RIFGE AT *. XF
AFxF CPPs #9945 5 . ANJOSEE MG B 06 77 B R 69 37 38 AF 70t R AT 42 8 o it ik

XERE: mILT R, AL, NREE AR

Advancesin theresearch and application of cell penetrating
peptides

Yangyang Xie'®, Shaojuan Wang®®, Quan Yuan®?, and Ningshao Xia®*

1 School of Life Sciences, Xiamen University, Xiamen 361102, Fujian, China
2 School of Public Health, Xiamen University, Xiamen 361102, Fujian, China
3 National Institute of Diagnostics and Vaccine Devel opment in Infection Diseases, Xiamen University, Xiamen 361102, Fujian, China

Abstract: Cell-penetrating peptides (CPPs) are short peptides that can penetrate the cell membrane or tissue barrier. CPPs
can deliver a variety of biomacromolecules, such as proteins, RNA and DNA, into cells to produce intracellular functional
effects. Endocytosis and direct penetration have been suggested as the two major uptake mechanisms for CPPs-mediated cargo
delivery. Compared with other non-natural chemical molecules-based delivery reagents, the CPPs have better biocompatibility,
lower cytotoxicity, are easily degraded after cargo delivery, and can be fused and recombined expressed with bioactive
proteins. Because of these advantages, the CPPs have become an important potential tool for delivery of developing drugs
which targets intracellular factors. As a novel delivery tool, the CPPs also show promising application prospects in biomedical
researches. This review summarized recent advances regarding the classification characteristics, the cellular uptake
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mechanisms and therapeutic application potentials of CPPs.

Keywords. cell-penetrating peptides, cellular uptake mechanisms, cell-penetrating delivery system
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Tablel Sequencesand classification characteristics of previously reported cell-penetrating peptides

Sequence Name Class
RKKRRQRRR TAT(49-57) Cationic
R5, R7, R8, R9, R10, R11, R12 Polyargine Cationic
RQIKIWFQNRRMKWKK Penetratin Cationic
TRQARRNRRRRWRERQR Rev Cationic
KMTRAQRRAAARRNRWTAR Gag Cationic
VKRGLKLRHVRPRVTRMDV DPV 1047 Cationic
TRRNKRNRIQEQLNRK Prp6 Cationic
KLALKALKALKAALKLA MAP Amphipathic
GWTLNSAGYLLGKINLKALAALAKKIL Transportan Amphipathic
KETWWETWWTEWSQPKKRKV Pep-1 Amphipathic
GLAFLGFLGAAGSTMGAWSQPKKKRKYV MPG Amphipathic
MVKSKIGSWILVLFVAMWSDV GLCKKRP Bovine Prp Amphipathic
MVRRFLVTLRIRRACGPPRVRV AFR Amphipathic
LLIILRRRIRKQAHAHSK pVECVT5 Amphipathic
DPKGDPKGVTVTVTVTVTGKGDPKPD SAP Amphipathic
VRLPPPVRLPPPVRLPPP Bac7 Amphipathic
RRIRPRPPRL PRPRPRPL PFPRPG (PRR)n Amphipathic
PPR)3, (PPR)4, (PPR)5, (PPR)6 Bip Amphipathic
VPTLK (PMLKE, VPALR, VSALK, IPALK) C105Y Hydrophobic
CSIPPEVKFNPFVYLI Pep-7 Hydrophobic
SDLWEMMMV SLACQY FGF Hydrophobic
PIEVCMY REP SG3 Hydrophobic
RLSGMNEVL SFRWL Hydrophobic

454 11y Protaminel 1 Penetratint®, k£ %ty
BH 25— 78 %) 4 Jif0 2 RSB A 20 R R 2 PR

2002 4 Park iy iff 57 6 B TAT 25 ke 31 28 AR
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endocytosis) . /INEHE /TN EER (Caveolin-
dependent endocytosis) DA% A& H 11 A/ Ve 2 11
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Fig. 1 Endocytosis pathway of cell penetrating
peptides. (A) Cell membrane is concaved under the
action of transmembrane peptide to form endosomes into
cells. (B) Cell-penetrating peptide leads to the formation
of large and irregular macropinocytosome.
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Fig. 2 Direct penetration of cell penetrating peptides. Schematic drawing of the direct penetration pathway of cell
penetrating peptide. (A) Translocation of CPPs through pores in lipid bilayers, the cell membrane form a large pore
channel for along time. (B) Translocation of CPPs through transient prepores in lipidbilayers. The cell membrane form
a transient pore with smaller diameter and have a shorter duration. (C) Translocation of CPPs via inverted micelle
formation in lipid bilayers. Positively charged CPPs form a neutral complex with negatively charged lipids, which can
translocate across the bilayer.
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