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YERT AT R e TS AR oK 454, R AEMhIR 2
JiL 0 AR R AR Y SRR YT TR
I B 1 FH 5

S BEHARTE 4 F B IVR 11 70 (heat shock
cognate protein, HSC70) BYZ 5 N4 H
Wi, TE I By A A RN K TRl AR v 4 T A
@ 1+ HSCT0 AT U % A KFERQ 741 9 2 1 5
MEZIRY), IF SRR 2RSS, MR
Yyt NS AR BEAT R ) AR R S 2K
fife iy, HhHZ2UE AR L (cathepsin L) & —
i IR W R G, TERRAR 2R A AR IS
Yyor i BB RS 0 BB IRA IR A0 Y
AR U8 AR Schechter—Berger A4 1, BEBEFYIf7
ROE P AR, HEEYIF S, .. P3-P2-P1-P1'-
P2-P3'.. 1, CMIKARER BT, JRPTSTY
P2 {3f s B 5E T cathepsin L (Y BV Fr bl , —
P21 R & AR R LR, cathepsin L AYBEHIZL
AL P [ P AR &R (arginine,
R), P2HIP3 (i mi Al K P FL IR FE N, ]
BORALBE R RT3 2 i AR PN 4 U
TR 7 A ) 2 BETR B v e B A T, 2R A TR
PRSP AIETE DRI P 38 s VA AR 1) T A i )
PR E Y

A5 b 240 A P T A AR e A 2 (R RO
5, BT ZEA H AR S, A
T Y5 AR B RT IS, ’it T
cathepsin L J§ Y) fii £ B % K 4+ + Fmoc-
FFRIKFERQ-OH, [ A9 /2 i 1% 73 ¥ BE fE 4 ) 15 it
&, NREF B EHA N cathepsin L BHEALAE FH IR
LTI U 2R ARG ), R4 13 e 240 .
30 3 5 SO B O A AT L S RAT I RI BT (matrix
assisted laser desorption/ionization time of flight mass
spectrometry, MALDI-TOF-MS) FlJii+ Jj & {43
(atomic force microscopy, AFM) %5 {¥ #% % %%
cathepsin L B Ui} J IR 53— it et S 2H 2 AR THOM T 35
IR, JFaE st MTT 36 DR Al A S B 52 2
JKXFL929, A375 & SH-SYSY U4tk . 4554
B, FEARAMNRMESAE T, cathepsin L BB HEDIE
Fmoc-FFRIKFERQ-OH 73 ¥+, H: i ¥7] 7 #) Fmoc-
FFR-OH e fE MR PEFR 5T i H 21 3T U 21 44514
Xt IhRa 4T A375 LA B SH-SYSY 1 EA Hf iy & i
YER Z5rF IR 90 . B8, REi i 4 ) 75 i
PRI BRI %) A Ak T D A5 225 A AT LSS 0 e
A, EXPIE R AEM A FEERAR, A A — R

HHHRIZ)
1 M7

1.1 #F#
ZIRA TR EA TR . WG, 1-33TE
=AM (HOBt) ., 1, 1, 3, 3-PUH KRS B
i (HBTU) %MW A& RAERARAF (L#E);
AN L2 K BE R AN, N- T 3R OB i
(DMF) ., — & H K (DCM) . — 5 N 3 2 Mz
(DIEA) . =% MR (TFA). =FNIHeEkE (TIS)
G A HENEYRHEARAR (BRME); URIE
(piperidine) . L TEIG HPEREALT. (i) . LNE
H Merck 2cH) (FE[E) . Cathepsin L CRIE T AN
WE, WEE=0.5 Umg) . 1,4- " FiFHBEEE (DTT) .
3-(4,5- W JLgems-2) -2, 5- L PU s R R (g
e, MTT) g H Sigma-Aldrich 2y 7] (SE[H); Ji#
fii (trypsin) Mg A USA Xiasi Bio A # (FEH ) ;
Lyso-Tracker Red (JFBHARLL (28 CHRER) W H 2
“REYFEARGRAR (B R4 miE (FBS)
W H B EY TREMEARAR (BiH); H5E
HRWHEMHH AR AR (ILAR); DMEM K7
FEE H Gibeo A F] (3E£E); RPMI-1640 35 57 31
HEYEAEARGRAT (LA, HAbA b
A A EAER (1) .

INERURET HEZR M (1L929) . A28 Jie Jo v 40 i
(SH-SYSY) . NEMEBARFAM (A375) ¥y
A E R B L A0 A . b SH-SYSY 4i
T 10%FBS . 1% 77 5% % 2 1) RPMI-1640 15 57 JE A
37°C. 5% CO, 4l FAa h i 92 . L929. A375 4
ML 10%FBS . 1% 7 6555 % 1) DMEM 35 57 JL7E
37°C. 5% CO,ZHMudEFRAf rhah 5z .

1.2 ZROFHIERK

ARS8 v i ) 22 JIK 43§ Fmoc-FFRIKFERQ-
OH. Fmoc-FFR-OH 3% [ Fmoc [E 14 s, FIH
T A B Z2 Ik MUY (Liberty 1 51 CEM A H], 3
E) A 256 & i C o % Nk T,
N E RSP T —IBR  TEk. #E
IR E SRS, A Z KGN IR e R R
W (95% (viv) TFA. 2.5% (viv) H4iK . 2.5%
(vv) TIS) HraiRidl . 2406 = m gk amug, Wik
TeRE7E R, VKOBRITNE, R CTkE BE2 IR DTIE NS
R, BRI 3) Z2 R B R R . 22 k™ S i 26
% F§ MALDI-TOF-MS Fil C, 5[] - 7 %% W #H
(reverse phase-high

performance liquid
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chromatography, RP-HPLC) 77k T455E .
1.3 SHIARHES

FREL 0.3735 mg Fmoc-FFRIKFERQ-OH £ Jik #5
K, VST Hepes Z2 ol rh, WS IC o 75 i e 24
AYTF TP T e N S (LSS i i
7530 min 5 2 k5 FAIRSE W R, W 4RZE 85°C
IR M 2 h DU HL A . X T AFM 5256 Jir R
o, FEEIR NECE 7 A TR, URIEZ I
TR FEsr HA %

1.4 % AkHcathepsin LEFM R £

TS B A SN 2% i : 1 mmol/L EDTA .
2 mmol/L DTT. 20 mmol/L [ fig 4 2% #h Wk ,
BSR4 pH 2 5.5. W {2 ) i, K 2 pl cathepsin L
(0.5 U/mg) T 48 pl 2% vh i v 7% 4L 30 min, HX
50 ul 3B ¢ F 4l 19 0.25 mmol/L Fmoc-FFRIKFERQ-
OH N A B LiRZE syl rh, ZEFUNEYI LR R
0.125 mmol/L, REIEIGEE T 37°CKEGHF, RN
Omin, 30min, 2h, 4h, 6h, 8h, 12 h/FrHIHL
FEHEAT BTRs A, A3 TR . BT pH 5.5 5%
4°F cathepsin L i 1 fie MAaoE 2, B U1 5N AE
T 2 - W5 R 9 22 vl (pH 5.5) AT .l T
cathepsin L& & S L 1 b 2 R 2 1 il , A Hi ik
PO AN ) B R EE (DTT) F1 2 e VU 2 1R
(EDTA) #FREWSH 2L & cathepsin L4 ', [
BEAE b A T TR - 158 1R 40 2% b i in AT = DTT
EDTA.

1.5 MALDI-TOF-MS3C§

MALDI-TOF-MS (Microflex % Bruker 2\ & ,
TEE) A AS I 22 Bkt 1) B g i ) 43 IO 1 7 el
AR SEG BT RN o - O3 -4- 5O A R
(HCCA, Bruker) fYJ TA30 1f #1¥ # ( H1 30%
(vv) ZHE . 70% (v/v) 0.1%TFA 7K 3% # HC il i
B BB T 2.5 nl FIRESS 2.5 WliRA 3
57, W2.5 plR A5G BIAE s TR b, CE
T XU A AR TR L SRR TR FHAE R |
FINE B BRI, WOGIEK 337 nm, fink
HL R 19.0 kV, S HL R 20.0 kv, ZER 5] H A [a]
140 ns, HOLHIF 60 Hz, ZHN450 AR 4E
YER RS .

1.6 AFM3ZL%

AFM (Nanoscope Iva %! Nanoscope Iva 23 Al ,
FEE) I A R AR 1 D TR A
YEH 1R AT AR TSN . AR S35 R FH 3 25 058

i B R AR ML, AE LI 10 )l R AR
i, 2930 s )5, HAREAUK R, JF
AR T A 5256 39 4 2 B2 b R 5 A =
(tapping mode), iM% 1 Hz, HiMAE0°, H
TR A 512x512. 5K ] TESP-V2 B A Fh REFREF
(Bruker) , %222k N K F 10 nm, & %
127 um, SHYERECH 42 N/m.

1.7 SRR AT

K MTT 324G 22 R 4 8 5 R A 520 . 1
St 1x10° cells/FLK5 L929 . SH-SYSY . A375 41y
A 96 FLANMRIE T, BT 5% CO, K5 F746 37°C Ki
FR24 h)E, JNAECHIGE 0 2 K. AR #2551
FUAE AR RRLE , A7 AR B IR FAE T AN A s
Fdl, AR 6N LIS, BllLr) 96 FLANALE:
FEME T 5% CO, B3R 24 h)m, BALn
A5 g/L MTTIEW 20 pl, 4 h 53R & L 456
WA, A 150 pl —H 3L (DMSO) , k%
10 min J5 & T B #5 1 (Spectra Max M2e %!
Molecular Devices A H], FE[E) HAEI 490 nm &b [y
WICHE (A, H, LEREDEL IR L. RIE
AN T A X G BER
AERA) - A5 4
AR - A(ZE A4
1.8 XA R 5 L'

FH R4 AR  (flow cytometry, FCM) Lk
B8 Gl £ RS I 4 1 A% BEE 445 #4119 A2 £k . Lyso-
Tracker Red /& — FP ¥ AR 21 (. 9 e 5, REIHE
YRR, AT R A0 M ARy S OB et Hi
1x10* cell/FLAZFf F 96 FLAN 3% F2 4, H55R24 h
J& . IABECH LS () 22 IR AE 5% CO, KR 3546 h 1%
48 h, RIGWCELNN, LRI IR, A
37°CHUR & #Y Lyso-Tracker Red Y {4k , 5 37°CHF
A 40 M 40 min. Bl 5 % R 45 2% v (phosphate
buffer saline, PBS) & 40Af, i FH i =L 40 fe {2
(FACSCalibur B8BD v W], &) #4740 .

YL e 5L 55 [R] A8 H Lyso-Tracker Red #E47
R, 4% 1x10* cell/FLEEA 96 FLANMEEE I, 557
24 hf5, MMARCHILE 0 2 BRIE W T 5% CO, 355746
TR 48 he A5 LBRAN I SR, R PBS Bk ik
3YK, JIMA 37°CTIE & i) Lyso-Tracker Red 44 {71
55 37°CHE & 4010 40 min. #2251, K PBS W
V3, I E SO RAEE (DMI300B #! Leica
ONFE], EE) TR

Survival ratio =
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VA AT 38 L B AZ AR S F v AR, 51k
HHMIAET, PRIHCTE R 0 A AR A SR e o vy i
IO R N7y 3 N S i A S i e = R £
—E M ERENE, — M A KFERQ J7 41 1Y 8 H o
TRE SRR Z ARG &, HE RSB AL e
Pk, ERATHFTEH, KA KFERQ FF3IAE Mt
IR JUAC P Rl AR ) e 2 Al R A AR 174 22 K
S FRETES A N U IR AL T 2617 67 B
2R, AR ) KA N S fin AT R 1 4R T Y
8 45 K Fmoc-FF J7 81 20 i i i 7 HA %
fif {4 cathepsin L W N 4, £ Fmoc-FF LA & KFERQ

(a) S
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D7 5N SRR R ERIE, P2 A 5 & 2R BRI B /K
PEREFERR, Z BT RE(H cathepsin L Y EEYISCR 5
AR S 22 R SRR Y] = i A B R R
KATBEA BT Fmoc-FFR-OH £ fik .

i 3 MALDI-TOF-MS 5 % 4 #7 |
FFRIKFERQ-OH 1 Fmoc-FFR-OH £ Jik i A1 X} 431
J 4 A 1 495.0 ([M+H] ") F1692.5 ([M+
H]Y), SERIFE M7 i (14937 fl
690.7) W4 (K 1a, b), [AIEF, RP-HPLC SE5G4Y,
RN, A £ K RP-HPLC % 18 o HA I8 1
PRI, XL TR A3 1 R 22 IRt B 3k 51 98%
(Bl 1c, d), fFEfEEEER .

Fmoc-
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Fig.1 MALDI-TOF-MS spectra and RP-HPLC profiles of Fmoc—FFRIKFERQ-OH and Fmoc-FFR-OH
(a, b) MALDI-TOF-MS spectra of Fmoc-FFRIKFERQ-OH and Fmoc-FFR-OH. (c, d) RP-HPLC profiles of Fmoc-FFRIKFERQ-OH and Fmoc-FFR-

OH.

2.2 Cathepsin L3} Fmoc—-FFRIKFERQ-OH £ fi
PR R

J K % % BK Fmoc-FFRIKFERQ-OH X
cathepsin L AR R P, 1 568 cathepsin L & T
iz &1 2% op W b B Mg 4L 30 min, SR JE A

0.25 mmol/L Fmoc-FFRIKFERQ-OH & & #12) )5 ,
37°CIK AN [A] st 1] i B, #5497 MALDI-TOF-MS
M, AEFME 2 R . R0 hinF, FEREIE N iR
ZH, {LAEK I 3] Fmoc-FFRIKFERQ-OH £ —F¢
i, HAHXE TR O 1495.0 ([M+H]Y) (K&
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2a) MRV 2 hE, BEUIAR ARG AR o
[T fe R 692.7 (B =1, 1% %0 {H 5 Fmoc-FFR-
OH—E ([M+H]"), {H(EHAL, KN =)
(e AR /D . B SO I R E K 25 4 Wi, il S
A ki B AR X 43 BT A 692.7 . 858.1 HYH ™
ik (& 2b) . Hidr, 692.7 3 Fmoc-FFRIKFERQ-
OH Y] 7 #) Fmoc-FFR-OH ([M+H]") 14> 7k
i, 858.1  Fmoc-FFRIKFERQ-OH [ ] /) NH.-
IKFERQ-OH (g AH X} 73+ Fi & 4 819.9) [M+

(2) 0h

1 495.042
[MI+H]"

1 =
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KA . 24 5y i [a] ZE 30 12 h, AR5
T K 692.6., 858.0 /W UWE(E 434 E , 1Ml Fmoc-
FFRIKFERQ-OH JiE ¥ 1495.0 fRIEAR B R 2%
¥t Bt i Fmoc-FFRIKFERQ-OH T # B ) 58 4>
(Fl2c) . BREERIH, HEERIMNRESMET, &
i1 31 89 £ Ik 4> T Fmoc-FFRIKFERQ-OH fi #%
cathepsin L i # ¥J #| & Fmoc-FFR-OH #1 NH.-
IKFERQ-OH P45 ik ([&l2d) .

(b) o .
1ooor 4h ey
MI: Fmoc-FFRIKFERQ-OH £
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Z 600f |
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L
E S
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200} 2=
0 J l J T Joa ) l
800 1000 1200 1400

mlz

(d

| D
Fmoc-FFRIKFERQ—Oy

NH2-IKFERQ-OH

Fig. 2 Analysis of enzymatic digestion products of cathepsin L
(a—c) MALDI-TOF-MS spectra of Fmoc-FFRIKFERQ-OH after incubation with cathepsin L for 0, 4 and 12 h respectively. (d) The possible

enzymatic process of Fmoc-FFRIKFERQ-OH after incubation with cathepsin L.

2.3 Fmoc-FFRIKFERQ-OH ¥, H g 1] 7= #) B %4
PUEEES 2]

A3 pH 5.5, pH 7.2 # 4 K Bt il 5 mmol/L
Fmoc-FFRIKFERQ-OH #l1 5 mmol/L. Fmoc-FFR-OH
WL, R N CE 7 AR B4, SRITAFM
Rl R Z BRI AREIES . 45 R o, FERRMEArh
PR, Fmoc-FFRIKFERQ-OH 240 4 il Hieobk
kg (&l3a, b), 1fif Fmoc-FFR-OH FpH 5.5,
pH 7.2 %4 FEPE I AR 4Rtk as k) (Kl 3c, d) . [
fift J5 53 AN 7= 1) KFERQAE M AE AR N IZ A AE Y

WHHAME 575, AEAEYREE, eI AR
ORI ERIBERIERETE N2
24 SREKEIMBhEEMERE

IR R, Z K4 Fmoc-FFRIKFERQ-
OH X} cathepsin L it 547 & m iz 14, g ) 7= )
Fmoc-FFR-OH 1] ] 21 % JE j 40 K £F 4k 4544 . Yang
A OV FR W Z O TR AN AR L A K £
AL L5 R RRAE A IR 2548, 51 R AHAEAET .
I, FRATTR A MTT B K T 3% £ JIK % 1E 5 40
1929, FfJed 40 g A375 LA K SH-SYSY ()40 g 231 .
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Fig.3 AFM images of Fmoc-FFRIKFERQ-OH and Fmoc-FFR-OH at pH 5.5 and pH 7.2
(a, b) AFM images of Fmoc-FFRIKFERQ-OH at pH 5.5 (a) and pH 7.2 (b). (c, d) AFM images of Fmoc-FFR-OH at pH 5.5 (c¢) and pH 7.2 (d).

45 Wi 7%, Fmoc-FFRIKFERQ-OH X iF # 4f
L929 W REPERSIN (1 4) . SVEH TR di i A375
F1 SH-SYSY B, B & 2 K B 38 fin, Fmoc-
FFRIKFERQ-OH %I A375 1 SH-SY5Y 41 it i A% 14
DB, SR IN A 1 mmol/L i, JLAN
FET- R0 63.92% . 73.44%, SXHEHILL, H
AnEMEER (K4) . Wik, £ K% T Fmoc-
FFRIKFERQ-OH X i J83 £l fifl A375 Fll SH-SYSY H.
ARG AAGER, i I 40 R AR A
YEM.

F ik M AFM S50 R B, £ K 43 ¥ Fmoc-
FFRIKFERQ-OH A& % 9% 1% i {4 14 119 cathepsin L
fift . $E Tk, BATE AN AR DL e 6 58
G I 22 K 43 I A 200 B A s AR 5 4 1 AR A 1
L. Lyso-Tracker Red REZF BRANAIAR, 1= b 4514l iy
FAFEMRR M AT B b, DT S A AR 1) 4
SO AR . X IR Y s, TR BRSO
JERR (E5d), BCRTAAR R L, S Il

121
W:1929 [:A375 []:SH-SYSY
1.0F ==
0.8f
z
% 0.6F o
> ek
3 -
© 04}
sk
0.2
0
Control 0.5 1.0

c/(mmol-L")

Fig. 4 Cytotoxicity of Fmoc—FFRIKFERQ-OH against
L929, A375 and SH-SY5Y cells
**P<0.001.

BEZE LA Y (& Sa) . 24 A 0.5 mmol/L
Fmoc-FFRIKFERQ-OH i}, B 4ifa A7 (& 5b),
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2 PN S AR R (5 Y O R B R AR (18T Se) . Y
Fmoc-FFRIKFERQ-OH ¢ & 4% 234 i 22 1 mmol/L,
VBRI B FAIN R, U R s e S &
Aa4s, HNAERESE SRR 2 (Bl 5¢) . MTT
SERFW], ZZ T, SH-SYSY 41 nY 171
FAUH 26.56%, FWKIAMCIET . A f
ISR o, WTRRAEMN, I EHARLL AR BAYE
O 5.23%, U I 4 TR 22 BRI T AR 445 ) R S
1. 44010 5 0.5 mmol/L Fmoc-FFRIKFERQ-OH &
F48h)m, ML AR BIPESR N 16.60%, i

(a) (b)

50 pm

(e)

WA 0 53 20 B 7 %5 AR 8 B0 0K, 4 Fmoc-
FFRIKFERQ-OH A9 ¥ B 3 M%) 1 mmol/L, 4f 1L
2GR PAYE RT3 4 33.30%,  BE A AR 43 g
UM NS B AR ZE R B B REIR (] Sg~), 25004
HUEH], Fmoc-FFRIKFERQ-OH £ ik n] 3@ 3+ 75 5145
T B 224 38 B A8 05 b g 0 B ) B A L i e R
MTT 45 5 B/ i FE T %0 73.44%, 2 W] Fmoc-
FFRIKFERQ-OH AN S 1+ 7 i (A 1 I 3 428 25 93 ik
S, ELS AR HADIS S I A e T ik A

(©)

(& (h) @
4007
300
3004 FL2-H subset FL2-H subset 3007 FL2-H subset
5.23 16.6 333
2] e | »n 200-—{ |2}
E E £ 2004
2 2007 : :
O O O
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Fig. 5 Fluorescence staining and FCM results of lysosome in the absence or presence of Fmoc—FFRIKFERQ-OH
(a—c) Inverted microscope images of the SH-SYS5Y cells before and after incubation with Fmoc-FFRIKFERQ-OH at concentration of 0, 0.5 and

1 mmol/L, respectively for 48 h. (d-f) Fluorescence images of lysosomes in SH-SYS5Y cells after incubation with Fmoc-FFRIKFERQ-OH at

concentration of 0, 0.5 and 1 mmol/L respectively for 48 h. (g—i) Flow cytometry results of intracellular lysosomal fluorescence intensity after the

cells were treated with Fmoc-FFRIKFERQ-OH at concentration of 0, 0.5 and 1 mmol/L for 48 h. The cells were labelled with lyso-tracker red.
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Fig. 6 The possible antitumor mechanism of lysosomal targeting peptide Fmoc—FFRIKFERQ-OH

Fmoc-FFRIKFERQ-OH, which self-assembles into small rod-like nanostructures in neutral conditions, can pass through tumor cell membrane via

endocytosis (I). The peptide arrives at lysosomes in tumor cells by the guiding of the signal sequence KFERQ (II). After traversing into the

lysosome, the active cathepsin L degrades Fmoc-FFRIKFERQ-OH and produces Fmoc-FFR-OH. The latter peptide can self-assemble into very long

nanofibers under acid condition. When the content of assembled Fmoc-FFR-OH reaches a certain threshold (I1I), lysosome membrane was disrupted,

leading to tumor cell apoptosis, and(/or) death (IV).
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Design of a Lysosome Targeting in situ Self-assembly Peptide and
Its Antitumor Activity"

CHEN Cui-Xia”, PENG Xiao-Ting, ZHU Yu-Ting, HAO Rui-Rui, YANG Liu-Xin,
WANG Tong, NIU Xiao-Ya, ZHAO Yu-Rong™

(Centre for Bioengineering and Biotechnology, China University of Petroleum (EastChina), Qingdao 266580, China)

Abstract Tumor has greatly threatened to human life. Now the main means of tumor treatment are surgery
and(/or) chemoradiotherapy. However, the chemoradiotherapy is usually not suitable to sustained treatment of
tumors due to its poor cell selectivity, side effects and inducing tumor cells resistance. Therefore, it is urgent to
develop new drugs with low toxicity and high activity at the tumor sites. In situ self-assembly peptides which can
target the tumors and self-assemble into specific nanostructures induced by the specific and highly expressed
substances at the tumor tissues are expected to be a new kind of anti-tumor drugs. In this study, we designed a
peptide denoted as Fmoc-FFRIKFERQ-OH based on the concept of in situ self-assembly of peptides. This peptide
can target lysosomes and self-assemble in sifu after being degraded by cathepsin L in lysosomes. The self-
assembly properties of Fmoc-FFRIKFERQ-OH and its enzymolysis products degraded by cathepsin L were
oberved by AFM and MALDI-TOF-MS. The anti-tumor activity of this peptide was measured by using the MTT
and flow cytometry assay. The results demonstrated that cathepsin L could precisely hydrolyze the Fmoc-
FFRIKFERQ-OH molecule under acidic conditions in vitro, and its enzymolysis product Fmoc-FFR-OH self-
assembled into long nanofibers, which had high antitumor activity against both A375 and SH-SYS5Y cells. The
relative survival rate was only 36.08% and 25.56% for A375 and SH-SYS5Y, respectively. Comparatively, Fmoc-
FFRIKFERQ-OH had lower toxic and side effects on normal cells L929. The self-assembled long fibers formed
by Fmoc-FFR-OH can disrupt the membrane of lysosome, which can induce cell apoptosis and(/or) death. Thus,
the designed Fmoc-FFRIKFERQ-OH is expected to be a new anti-tumor drug due to its high antitumor activity
and low toxicity against to normal cells.
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