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Development of cell-penetrating peptides as vectors for drug delivery
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Abstract: Biomacromolecules play an important role in the treatment of many diseases, but as a result of
cell membrane serving as the natural barriers, only the small molecular compounds whose molecular weights are
smaller than 600 Da can get through cell membrane and enter the cell. In recent years, some short peptides (the
length less than 30 amino acids) are found to have the cell-penetrating function, called cell-penetrating peptides
(CPPs).
many mammal animals with many methods.
So, the discovery of CPPs has a very good applicable prospect in such research fields as cell-biology,
This

paper reviews the types and characteristics of CPPs, internalization mechanisms, applications, and their existing

They are able to effectively translocate segments of protein, polypeptides, nucleic acid into the cells of
They have high transduction efficiency and will not lead to cell
damage.
gene-therapy, drug transduction in vivo, evaluation of clinical medicine and medical immunology.

problems.

Key words: cell-penetrating peptide; mechanisms of membrane-penetrating; drug delivery

YK 2 BB AT AR 2> T ACF AT 2 WA )T .
11 AT THT W F8) A 5 22 1 702 A% 4 T A 40 2%,
LA K 4 B A0 SO0 PERCE ) B, 8RR 2 HAAAR
UF RSN DG TE R Gy T AR YA BERE AN AL Y,
L2 FJeid R SE AT (AR o D o IR 28 A )3

R H 8: 2009-08-21.

EE&WH: EEAREFESE I (20672086, 20802057); 1 5
N 2 N AR S v By (N TR [2007]170
5 PHAL T K2 SRR L 4 %8 ) (JC200824).

"MIRAEE Tel: / Fax: 86-29- 88491840, E-mail: qinchg@nwpu.edu.cn

PER 7> FAER NI RE0G, ATES KR T &M
£5% N O i L5 7)) e S A R R = R R BV i e S
WAL X R TTELT AN AT AT, By
FLv RBES AT IR Bk, A5 AL A 25 532 i
AR T RE, AE S S s LA A
AaIITE, T RES T EL R OR AN, R TR AR
Jiike MAMZZRYER I RS pH (B BURK I i BTk,
FORAEARTR A58 T A8 15 2% 26 e 1k AT RE Tis 25 ) 13t
AL, REF N AR BR824 R ST R AT



<18 ¢ 222244 Acta Pharmaceutica Sinica 2010, 45 (1): 17-25

— € Ja PRk

XML TR, AR T — ek i A
JTURE 75 AN ML RE AN AL N, T B2 Fs B 1
LECIRYRSBEeli) v il g S Vs e: Si R e IAN i (A PSS
S IR R 1 2R A B — B AR A ¥ ) 1 2 is
Wk Ak, B 40 M % K (cell-penetrating peptides,
CPPs), ‘B4t — KKH 10~30 M IERR A BRIk,
WK A B % 348 (protein translocation domain,
PTD) sl “HFi& AL ” JIk (Trojan horse peptides)
W 3L (transduction peptide) 2% . IX U6k T A4
PN B R APES T, I HAEEPEAR A SO0 T CPPs
G5 R s PEJBT 2 AL N IS5 S AT BEAFAE 1) 1)
BT AT 2538
1 HREFRABIMER. 5 EREWFHE

FIHATC B, CRIL T Z 8 CPPs, BATIILA W1
i © HAT e ERB SR E, @ F LISk
g, @ WA FHRARAM, @ o2
RS PE TN, © vy LA I [ A A a5 A
Rk, TriE s a e

CPPs {73 K UL L GE— AR TE L AT o HRYEAN ]
(153 PR UE, 15 BIA[H] IR0 o de i A7 2 4 AR Ik
PR ORISR S0y 3 K38 © EAATANK
(protein derived CPPs), Ul penetratin. TAT ! pVEC
% @ FEA K (model peptides) U1 MAP A1 (Arg) 7%5;
® Wik (designed CPPs) Ul MPG Fil Transportan
SR NI SR M P T LA 3 3 O K
P CPPs (PaCPPs), U! MPG. transportan. TP10. Pep-1;
@ TEEWSETE CPPs (SaCPPs), 1 penetratin, RL16;
® JEM3ETE CPPs (NaCPPs), 1 R9.
2 YHARE AERA Y SRR A2 R E AL

A K CPPs [N ALHLH— H BLRAAAE S L. Al
WAL 2E S, HES I CPPs 1 5T 8210 41 Mo s 1)
2, R AR AR RS N4l .
21 FE®KX HAAA CPPs L4 it 45 A 1
KAWL, 207 g AR il g . 247
AR, W IE WA CPPs AT gL 41 M it -y £
HoL A (1) 461K Sl SR BE 4l 5, AT AT A L i g by 47
A (1) TG BT & o CPPs HRAFAE IR AT IF WAy (1B 2
FEIR L5 AN Mo sE -y A7 LAy (R4 BT 45 &  CPPs % B (1)
WAL A o g R, B o K P R B A
ST MR T (R IR B A AR S P i e AR R o

Ziegler ZPRYE CPPs (¥ S MEREE 20 Tl )b T
FE B ES S AU A A IR E L. PaCPPs &
I &5 5 N 2 SRR KA B N BN, &5 0 O A A

(o BRTiE Y B A S S5 B R, HAKERE. SaCPPs 1E
B W4l Wk Sl by AR e, i I e R AR AR e
AE N4 12 e #1J%, NaCPPs 55 45 A i A AN B2 1k
W b, A tdi AN BBy T2 . PaCPPs &
SaCPPs 1t 7 i I # o A I o )2 e AR 25 L, 0 s e
P, 4% CPPs Hdldess it — AL XS+
J (R S HEAE o T AEAIGBE ZR R B2 A B 28 1 IR o 4 70 J5e
%A1 R, SaCPPs. NaCPPs L5fiii [A] A 2s R A AR TAE
M.

KT Gy Rl Bt v Ik 5 2 TR A O T B 45 44,
MATFE TR 22 R A0 S A e AR, S v
AL, BRFLE T Y, RS, N E e
JUMEE R 255 o
2.2 RLHLE] LT CPPs MIWNALHLE] (ZF AL/
Sy LN U — M nT gy Sy R U 1 g
(o) o, B9 1 e o B A s i S B, 5 B
54530 (translocation models)!"?! X AU $5 fz % 1 [4]
(inverse micells). £ (carpet) A FIfL (barrel stave)
B (B 1); WAL (endocytosis), 35 M k% 2 A
(clathrin, 120 nm). fIg i %/ & £ [ (caveolin, 50~80
nm)!" " E IR (macropinocytosis, 1~5 pum) /5
IR (B 2). e SR AR AR AT
21 CPPs 877 i 5 HH €L T A0 ML J5T, 1y N A 1)
CPPs # IRAGIEFENL . — R UL, 2 CPPs Iz /M1
SRR LT, 22 KA T R 3R LA IR B 4 ) AN
JRLPA ;1T 2438 BRI 56 7K P 24 isf i 2 L R R AR,
P AE AL LA 43 1 S v L

E A 5 10 P A U g 2 11—
CPPs IS8 K5 7254 (Mw > 30 000 Da) A SEHLH,
B MR R A ARIR PR T RSN B A
() — A e ) AR I R o el (R 5 B R B AR
EH A S AR 1 32 s 42, & REAEAN A
R ERAT A i am ey, i Hoa] BLMISE R34 2k
LB AT SCRE 1R K /s AN J7 T8 X 73 AR S H A
XN EAE .

B, AP T —FPA K& & CEh 2k A 1
CPPs [ 5 el L 5 /N1 (Mw < 3 000 Da) %5
AL . CPPs [T KE (41 mT DL 5 41 g 2 1 1)
UANEER o8 P i At e /N R S N A S R
WAL AR T 20 7 2 i i R, 28 X6 A A 3 40
&, BB CPPs B4 sirh . A AT RE A AN [H] 1
B (MR YRR R KPR ) AR T2 CPPs 1)
HAfr P ORH B L ey BEEE, IX S CPPs 7R B 5T 1) 3))
715 PR 25 TR 503 B A L S R N JTig BT 43 )2



fE A A0 2 BEIR AR DA 25 B (KR S0k © 19

Barrel stave models Carpet model Inverse micells

Figure 1 Translocation models
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Figure 2 Endocytosis
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Figure 3 Schematic representation of the internalization pathway and intracellular processing that CPPs can undergo into the cell.

la/1b: Firstly, CPPs will interact with proteoglycans or phospholipides with negative charge in the cell membrane; 2a: After internalized
by endocytosis, CPPs can enter cells to form endosome; 2b: CPPs are transduced directly into the cytoplasm; 3a: CPPs escape from
lysosomal degradation; 3b: CPPs are degradated by lysosomal; 4a/4b: CPPs are taken into the Golgi apparatus/the endoplasmic reticulum;
4c: CPPs possibly enter the nucleus; 5a: CPPs are degraded by cytoplasmic proteases, or it may be redirected out of the cell either intact

or after degradation; 5b: CPPs may be transcytosed out of the cell
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Sequences of cell-penetrating peptides (CPPs)
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Tat* %P,  GRKKRRQRRRPPQRQTSMTDFYHSKRRLIFS
CAI ITFEDLLDY Y GP-NH,
NYAD-1 ITEXDLLXYYGP-NH,
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POD GGG(ARKKAAKA),

*Ac-acetyl, Cya: Cysteamine
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