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Development of novel cell-penetrating peptide [Cys-CPT2’9] penetratin
with high translocation ability and antitumor activity
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Abstract: To develop a cell-penetrating peptide with high membrane penetrating ability and effective
antitumor activity, we designed and synthesized an analogue of penetratin, [Cys-CPT *°] penetratin, by substitution
of GIn® and Asn’ with Cys-CPT. We investigated the transmembrane activity and antitumor activity of [Cys-CPT*’]
penetratin.  The fluorescence intensity of [Cys-CPT>’] penetratin in HeLa cells was observed by laser confocal
microscopy and flow cytometry, and the cell uptake mechanism of [Cys-CPT>°] penetratin was evaluated by
using different endocytic inhibitors, finally the anti-tumor activity of [Cys-CPT *°] penetratin was tested by MTT
assay. The results showed that the membrane activity of [Cys-CPT>’] penetratin was significantly enhanced
in laser confocal microscopy and flow cytometry assay, and the intracellular fluorescence intensity was 5 times
higher than penetratin. The cell uptake mechanism study of [Cys-CPT>’] penetratin indicated that it mainly
entered the cell through the clathrin and endocytosis. Moreover, [Cys-CPT>°] penetratin exhibited anti-tumor
activity against HeLa cells, and its inhibitory effect on cancer cells was stronger than CPT.  [Cys-CPT *’] penetratin
is a new cell-penetrating peptide with high translocation ability, and has anti-tumor activity against HeLa cells.

Key words: cell-penetrating peptide; cysteine; camptothecin; antitumor activity; cellular uptake; endocytosis

Yok H391: 2017-01-08;  f&1H H 31: 2017-02-23.
BEWH: ERBARRERESTIIHHE (81273440); MK ZEd s A AR 55 26 L 5 4 BB H  (1zujbky-2015-30).
*JBIAE# Tel / Fax: 86-931-8915683, E-mail: nijm@lzu.edu.cn

DOI: 10.16438/j.0513-4870.2017-0036



s G PR A 7 S SN D % R K [ Cys-CPT>?] penetratin (4501 A3 PSR4 - 803

FEIEH N R il ah i, B ik £ 5T 1)
RRIEAFINRERE E 70 T kS 5 AR IEHE 4 2
R R . BR8] I R AL, &R
ZRIL =), EATA] e R IR B AR B AR, HE
SEuEmm AN, Bt st R gEE KL 700~
1000 J3 NFET i, PRIsRE & — > BRI R 2= 3k
e TR AR R S £ E A 9% 3 [
BCL-X. MDM2 Fil FGFRI1 Z:if ik 2 V15650, 75
ERERIT Y, P2 AT AL E A R T
25 eh T e DL IZE Ao 4 i R ) e 4 P T R
DRI, O PR AV AT A 245 47 e 24 T £k BB 17 S s A2 4500
Sy E g

AP BK (CPPs) 1 y—Fit 5~30 AL MR A
SRR, AR AR GRSk . w
R A% 33 108 25 b K 4 1 25400 2 3% 240 M R N 4 PR P L
R AT A E DM, R, 1F% 75 S LL CPPs
YRR BT i R AR #8048 . Penetratin SR
TR e A R FUR A R, R — SR PSR I T R
I BRI e B B 1) o R RN WA D — N AE 2
YA T &R0 B U2, Penetratin 7 51 H 1 BH S
THRERKEAR (Arg) FUBERR (Lys) /& K% 5K
T T AN T AR AL A, SR AT AT e ek
i 2 B A BN TR A P R (Trp)s
HZ MR (Phe) MR LM (lle) NHKMRIERK,
A AR E JEK 5 400 i R g R 0 R B AR RO IRk,
penetratin F A ZF ERFE R SEPE, e T N g
B B AR B BRI T LE AR

TEARMFH, PL penetratin 1E AR HHIREK,
B 2 ALA 9 R E B R B 4 It 2 R — A
(Cys-camptothecin, Cys-CPT) LAIJI penetratin [1J
ek, B AR LT AR R A e B —
(L IR 2N, B )i 13 8] 1 BE[Cys-CPT?’] penetratin
(B 1), VR B8 T e 2 R I .

Figure 1 Spiral wheel structure of penetratin. Black: Basic
amino acids; Gray: Hydrophilic amino acids, uncharged; White:
Nonpolar amino acids; Cys: Cysteine; CPT: Camptothecin
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Table 1 Amino acid sequence of peptides. “Fluorescein moiety (FITC) was attached to the N-terminus of peptide via an amino-

hexanoic acid (AHX) spacer

Peptide

Amino acid sequence

Penetratin

FITC-penetratin

[Cys>°] penetratin
FITC-[Cys>’] penetratin
[Cys-CPT**] penetratin
FITC-[Cys-CPT?*?] penetratin
Transportan 10 (TP10)
FITC-TP10

RQIKIWFQNRRMKWKK-NH,
FITC-AHX-RQIKIWFQNRRMK WKK-NH,*
R[Cys]IKIWFQ[Cys]RRMKWKK-NH,
FITC-AHX-R[Cys]IKIWFQ[Cys]RRMK WKK-NH,
R[Cys-CPT]IKIWFQ[Cys-CPTIRRMKWKK-NH,
FITC-AHX-R[Cys-CPT]IKIWFQ[Cys-CPTIRRMK WKK-NH,
AGYLLGKINLKALAALAKKIL-NH,
FITC-AHX-AGYLLGKINLKALAALAKKIL-NH,
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Figure 2 Cellular uptake of peptides in HeLa cells.
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Cells were incubated with 2 pmol-L™" FITC-labeled peptides for 30 min in

serum-free medium. A: Laser confocal images of cellular uptake of peptides; B: Flow cytometry analysis of peptides internalized into

cells.
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Figure 3 Response value of FITC-penetratin (F-penetratin) and
FITC-[Cys-CPT>’] penetratin (F-[Cys-CPT>°] penetratin) under
different concentrations on HeLa cells. It was investigated

quantitatively by flow cytometry after 30 min treatment

1, 2, 3 and 4 were FITC-penetratin (F-penetratin), FITC-[Cys>°] penetratin (F-[Cys>’] penetratin), FITC-[Cys-CPT>°] penetratin
(F-[Cys-CPT>"] penetratin) and FITC-TP10 (F-TP10, positive control).
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Figure 4 The internalization of penetratin (A) and [Cys-CPT>"]
penetratin (B) evaluated by flow cytometry in the presence of
specific endocytosis inhibitors. CPZ: Cefoperazone; EIPA: 5-(N-
Ethyl-N-isopropyl) amiloride; M SCD: Methyl-beta-cyclodextrin
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Figure 6 Inhibitory activity of [Cys-CPT>] penetratin on tumor
cell proliferation. ~A: Survival rate of HeLa cells in drug treatment
for 30 min and then cultured for about 72 h; B: Survival rate of
HeLa cells in drug treatment for 1 h and determined using the
MTT method. n=3, x*s. MTT: 3-(4,5-Dimethyl-2-thiazolyl)-
2,5-diphenyl-2- H-tetrazolium bromide
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RUSF A 386 0 J5 AR 3k 1 2 B JOK 5 4 i Bt 2 T ) A LA
A, A5 2 R 4r B Py AL o TR S ik — 20

Merge

Figure 5 CPT uptake in HeLa cells. Cells were incubated with serum-free medium containing 2 umol-L™" CPT (A) and [Cys-CPT*]
penetratin (B) for 30 min and finally investigated by confocal laser scanning microscopy. DIC: Differential interference contrast
microscopy; DAPI: Cells which took up CPT appear blue under fluorescent light
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