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A More Accurate Method for Assessment of Cellular Uptake of
Cell-Penetrating Peptide (CPP)-Conjugated Cargo and its Delivery Kinetics

Mikage FUKASAWA, Saki FUKAHATA, and Akihiro AMBO
(Received November 20, 2016)

Cell-penetrating peptides (CPPs) are able to penetrate cell membrane and transport various cargoes into cells.
It is a promising strategy to transport therapeutic agent by using CPPs as carrier into the cells. An accurate
method for assessment of cellular uptake of CPPs can help to develop more potent carriers for drug delivery. For
this reason, we designed a CPP-conjugated cargo which nonaarginine peptide labeled with 4-[ (4-dimethylamino)
phenylazolbenzoyl (Dabcyl, fluorescence quencher) was coupled to a fluorescein-5(6)carbonyl (FAM)-labeled
dipeptide cargo via a disulfide bond and assessed the cellular uptake of the CPP-conjugated cargo by flow cytometry
using ImageStream® technology. When K562 cells were treated with 5 uM of the peptide at 37C in
10%FBS/RPMI1640 medium, the peptide uptake was observed in a concentration- and time-dependent manner and
reached its maximum in about 60 minutes. Also, the rate constants of absorption and elimination of FAM-cargo
peptide were determined by regression analysis; k,=30.79%107% min~!, k.=9.287 X 10~% min~!, respectively.
Furthermore, cellular uptake was significantly affected by diluting by PBS(—) before measurement. This result
suggests that washing cells with PBS(—) may cause artifacts leading to a misestimation of cellular uptake rate,

similar to cell fixation.

Key words — cell penetrating peptide; fluorescence resonance energy transfer (FRET): flow cytometric
analysis; kinetics analysis
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Fig. 1. Determination of cellular uptake using Dabcyl~R9_SS_FAM~CHH. The peptide are constructed from FAM- and
Dancyl-fragmets linked by a disulfide bond. FAM fluorescence is quenched by the Dancyl group when in close proximity.
In intracellular reductive condition, cleavage of the disulfide bond causes dequenching, and fluorescence emission by

FAM group.

MeEkz KL Twa EiEs gy, Iz T, X
5= I X BB EELHE TS T —T 4
T77 MeHELAZENHOLNTVWS, W X 5T,
Y AR EOFM /7 & L CPP LML T 1
= M & W50 HPLC W 4347 & % i
MALDI-TOF B &5H 12 & % 8= 617 72 Eh Th
NTWwW5b. I TlE Rezgui 5 ASHIFAEL Y JA &=
HWEICBTAIEMSAHE LA FEELTEL
v —4%— (BD FACSAria ) & #Y6HIBI 56D
MAGbEE M, CPPOMBARITEZ I 1
T4 AEHT LTS, 19

Pbo b B0 BUKTIEMIENRATRE ORI EEHEDS
JEMEZR D 2, BRA RMEIEEIN T TAHA AT A
7 2T e 1R L K o WEICAT O TS R, £ 2
T Fig LIWORTHERBIZESCMEREEZEEL
72. 95 CPP (UTX/F7VF=r) 1IN
KimihlZ Gab-Cys = 41 L T 4-[ (4-dimethylamino)
phenylazolbenzoyl (Dabeyl) %ML, #—2
(CPP It 2 o mM). HMTEYRAF Iy RT
F F) X FEARIC N K2 Gab-Cys /L T
fluorescein-5(6)carbonyl (FAM) %L 72
(BT BB DO FAM EE2FOV L AF Y RS
F FIEHEMTIRIZE A SHIBRMNICBIT L), 2
NHE2200XRTF K2 HEWDCys M TYANVT 4
FiAIo &) @i S92 (LT Dabeyl~
R9_SS_FAM~CHH & #9). FAM %1% 490 nm fif
EDOKXTHI# T 5 & 520 nm fFEDHEKEHET 5.
L2 Ui~ T F R CUEBERE L 72504712 Dabeyl 2&
WY, TOHELPWINENL-OBIE I N W
(FRET B%). Zo#EKE~7F FAMENIZA

5 ERICHBRBIC K o THRPICTV AN T 4 B
ENMEL, CPP A —TLDOHBENEENS. =
DFEFR, FRET HEPHHINLE CPPIZL 5T
S N7z — TICHRT 5 FAM 006 A 8l
BINDIEII%DL., ThbbXTF RPN
WCHDIAENTZE RO THIEDBIE I NS /2
O, FHili EREE o T B MM A L 7
CPPICL 2 E 2T 5. MIBNOEIEIRE
¥ ImageStream®X MarkIl Imaging Flow
Cytometer (Merck) *HWTHMr=1r7\, g
WL A A % 59 % . ImageStream® (il %
L7z fEIc L) 7o —4 A M A MY — T 2147
97289, MENOFEOJ[TEZ &b T T & % F
HEFD.

AWFFECIE LI E D JEEIZ IS CHERIZ X T
CPP DMFE N AT RE D REAli ASHITELZAT 2 % 215 2
R L7z

KEME B LVHE

1. BT F FOED R

771 HPLC Tl&, COSMOSIL AR-I # T &
(20150 mm, nacalai tesque) % F\»C, &M
A (006% TFA) B L UOHEHHEB (0.06% TFA
EH8%T L= MU) ZREEHME LT, HHE
04 mL/min, 40 43T 10%B 75 50%B & 72 % &
) R EMREEAB CTHEB L. _XTF FORH
1% 220 nm & 5 2 500 nm (Dabeyl b7 F F)
OB & ) E=%— 1L 7. MALDI-TOF & &%)
#Hrid Autoflex I (Bruker Daltonics) % Fv», i
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e k)i cllELZ. v M)y 7 AIZE
a—4- 7/ -k Fud T HERE AWz 7T
FOHIHEMEE LT, <7 F F& RPMI 1640 55 #h(12
wEL (20uM), 7L — Y — % — Infinite®M1000
(TECAN) % Hv», 488 nm T L7z & & @ 450
nm 725 750 nm (2 BT 2 SR 2 HlE L7z
2. XTFRFDERK

PRiEAT T FEHIRX, —#%) 7% Fmoc EAH A B
12 & D HESE L 7. Fmoc-NH SAL # g (0.58
mmol/g, #EL L) 2 MEMIEE LT, *TFF
SHAILE L 72 19 i Fmoc 1tid PIP/DBU/DMF
(2:2:96) &M\, #iEBUSIBARICN L T2:H
#?D Fmoc-7 3 /W% 2 48D 2-(1H-benzotriazole-
1-y1)-1,1,3,3-tetramethyluronium hexafluorophosphate
(HBTU) /1-hydroxybenzotriazole (HOBt) B L U4
2 & O diisopropylethylamine (DIPEA) 7 30
SRS S (RET I/ BRICIE, Fmoc-Arg
(Pbf)-OH, Fmoc-Cys(Trt)-OH, Fmoc-Cys(Acm)
-OH, Fmoc-Gab-OH, Fmoc-His(Trt)-OH % H\»
7z. Dabeylfbix, BEAHBIEICS L T2 HED
Sodium 4-[ (4-Dimethylamino)phenylazo]benzoic
acid # 2 4= ® HBTU/HOBt B X N4 K= D
DIPEA 347 F 30 43 M BUG & €72, FAM AL, 5
(6)-carboxyfluorescein (Fluka) ##igi2xf L T2
M5, HBTU/HOBt# 3 4&=B L U6 4580
DIPEA #HVv>, DMF #C 2 IR B &7z,
1) Dabcyl-Gab-Cys-(Arg) -NH,

3R & L € Fmoc EFEHE (0.58 mmol/g,
200 mg), Cys ¥%&3EE A2 Fmoc-Cys(Trt)-OH %
Wiz REEE L -fRERTF FEHIE (380 mg) % 5%
phenol/2.5% triisopropylsilane (TIS) /trifluoroacetic
acid (TFA) ¥iEhC 1 RERIHE L, RABiRES
KR 5 DT F FEBER AT - 72, TFA il
URE A Lotk KT —T VR, XTTF
FELB s BNl TF Flis (495
mg) % Develosil ODS 7 5 A4 12T 220 4 T 15-
55%B & 7z L EAMIREABR THEI L2, B o
BFAT =T RRL, 95%HMEE R R ) &
O, B L7-Ob, SR L7 IR
N7 F P& 533 mg a7z (WFBIED S KO 72X
X 24.7%). 45H7T HPLC : t,=18.88 47, MALDI
TOF-MS: Calced for CyH 3sN42012S1: m/z: 1861.1043.
Found: 18627260 ([M+H*]).
2) FAM-Gab-Cys(Npys)-(His)»NH, B X I FAM-

Gab-Cys-(His) »-NH,

HEBE & L T Fmoc FAH#E (0.58 mmol/g,
800 mg), Cys 7% #E A2 Fmoc-Cys(Acm)-OH %
a7z, fEEL 2R T T PR %2 10 mL @ 5%
Phenol/TFA Vi C 2 BRI #EFE L, REPLAR#E
BIUBE»SOXTF FORilix 1772, TFA
B A BT RME L0, Kk —T VA,
NTF Fajpg s, 75 FE45 (770 mg)
72 IRWT Acm 250 Npys EANOZEHL 179
72, $IRTOMANTF N5 % 6 mL @
TFA/AcOH (1 :1) ##IZ#M L, NpysCl (133
mg) Mz, WRTARMBEL CBELE S
56kt % HPLC CTHERE L 72. HoN/oRTF K%
Develosil ODS 71 7 12T 220 45 T 20-60%B & 7z
% EAR R AR CTHEH L7z, 95% R 2 75 371 43
RO, BEL7ZOL, HAEERE L2 RAEIC
FAM-Gab-Cys (Npys)- (His) ,-NH, % 179 mg 5 7=
(HFEM R 7 & Sk 72 313 39.1%) . 434 HPLC :
tr=24.78 4, MALDI TOF-MS: Calcd for
CyisHuN11 01252 m/z: 991.2378. Found: 992.3890
(IM+H*D).

F7o, REBEMGTCREIERYE LTELLY
ANVT7 4 FZEK%Z pH THEICTYFH LA
F—=Jv (DTT) 12X W#&EIC L7z Develosil ODS 7
F HIZC 220 43T T 20-60%B & 72 2 AR
FECEm L, i FAM-Gab-Cys-(His) ~NH, %
87 mg 472, 43t HPLC : tr=17.57 43, MALDI
TOF-MS: Calcd for CuHsoNgO10S1: m/z: 837.2541.
Found: 838.3400 ([M+H*]).

3) #iE~TF F (Dabcyl~R9_SS_FAM~CHH)

#5 8L L 72 Dabeyl-Gab-Cys-(Arg)-NH, (28 mg)
7K 500 uL 12 L, R\ T FAM-Gab-Cys
(Npys)-(His) - NH, D * & J — ViE# (B L2 15
mg/mL) = 1mL Nz 7T, 37CT30mMiEE S L
72, K6 FAM-Gab-Cys (Npys) - (His) ,-NH, %
JIXUF T A728012 Cys (100 meg) ZHNZ 7-.
BRI % 12412, Develosil ODS 71 5 4 127C 220
57T 10-50%B & 7% & H i EA B TR T F R
L7z, mAEWISEERTF 2 122 mg 7
7z (FE31.2%, Kt 72 Dabeyl-Gab-Cys-
(Arg)oNHp 2> 58 ). 4347 HPLC :© &= 2344 47,
MALDI TOF-MS: Calcd for Cy16H173N502Ss: m/z:
26963.427. Found: 2698.0920 ([M+H*]).
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N7zd 0% vz, ML, 10%IEE 045 i
% (FBS) % & & RPMI 1640 ¥ #th i T 37T,
5%CO, T TRz L7z, MilaoFtEuE, Ml
100uL & MY 7v— (TB) 104l ZiRE LD
DEFERIT T4 Y TATA4 RIZ~xo L,
TC20TM «H#+ Vv % — (BIO-RAD) 2T
A MR B A e L 7
4. N7 F N OHREATEITEED ST

K562 i & (5% 106 & A\ id 1x107/mL)
40 ul IR DOWE L %0 5 £ H 12T F Nl
L, —EKM#%, ImageStream®X MarkIl Imaging
Flow Cytometer (2% 10000 1% BV A F &, #
PN #EREE 2 ME L7z, BFICHS 2R Y,
NI, B2 EITh T ICEB IS AT 7.
TRTCOEBROWIGEI BT B HOH I KE %2 — %
L7z, F72, 10%FBS/RPMI 1640 ¥5#urh 5 uM
g 37C, 1R OMBENEITIC X 2 S0tiRE
A DT (Geo. Mean) % 100% & L T,
% D7 —% % HXFRE TR L. 7 — ¥ fRITiC
¥ IDEAS® (Merck) % v 7z,

aufbru ey A (P HfTlE, K562 Al
(5x109& A\ & 1x107/mL) 40 uL (2 PI/DMSO
i (1 mg/mL) % RPMI 1640 55 #5C 100 5127
U7 10 ul (Bt 2ug/mL) 2z, 1%
FRL7-1% 30 43 DA EfE L7z, PIALHEL L 725 12 o6
HRIEREANTF FERMLMEEITo 72, MY
¥ 7 NVv— (TB) #HNZ & 2T CTld, 05%TB 4
13 % 10%FBS/RPMI 1640 5531 T 5 f5 1A R L,
N SRR R 5 5 40N 2 ul 2L 72,
5. RT7FFOMBRABITONA 2T 1 U X&Eh

NRTF R & B M 0 5 65RO 3 5R AYIE AL
(RTF FOFMIEE A S Mg A~ OB & %=
&k BRTF FOBER) CHEO2OO#BEICE
WT I REEEILT A1 a2 /8= XY FEFN
ThbEE L. EEED» 515515 Geo. Mean
D FXT &R EE A & GraphPad Prism version 7
(GraphPad Software) O#H —7 714 v 54 » 7t
BEEZFMMAL, UTo22o00x»ofEshsET
VDI RKARK BT E (Flnay), WODGE % £
(k) BIOWHEHEEER (k) 2B L &b,
FIAZHEH t 1281 2 EEmETH ) (1) K
2oEsNSL. T2, FLIZRKM OB 28T
F RDHE L 72561215 5 N A MR HOtEE TH
%75, ImageStream® 12 X Z2HETIEESL Z L8
TExWwio, (2) XpsEN7:

Fl k,
FL=ﬁ(e’ket—e’kat) (1)
k ke / (ka— ke)
FImax:FIO <1:> (2>

& R

1. E#EANTF K Dabeyl~R9_SS_FAM~CHH @

L
&~ 7 F F Dabeyl~R9_SS_FAM~CHH %,
RPMI 1640 E#l2 ML (20uM), 7L — 1) —
& — 12 & 1) 450 nm 25 750 nm (2 B B HOEIRE
FAFX vy L2k ZAh, FAMEORKELHEET
H % 520 nm fFILIZEH AP SN e Hh - 72 (Fig.
2). —7J7, DTT MLE L 72354 Tl 520 nm 412
SHE R HOUEE O RO bz, £72, RPMI
1640 B H |2 L€ 12 B DL B L 723 &1
520 nm UL TOHEAS DTT ALE 123 L 1/6 F2
FTHWARLZ. B, T—F IR E L WVATPBS
(=) ™ 1EERT LA IZ (X RPMI 1640 55 # & [7 Kk 7
HIEART MUV R S, 24 BRI iE % T D
SREE DBETRASTED S N o 7z
2. NXTFRFOHBABITHE

71— 3k § 5 FAM-Gab-Cys- (His) -NH, % i 12
WML 7205 60 5B OMBLNEEFT % % L 7.
Fig. 312137 F Filsntk 60 43 D # G E D & A
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Fig. 2. Fluorescence property of Dabcyl~R9_SS FAM~
CHH in RPMI1640 medium. Fluorescence spectra are
shown before (blue) and after (green) reduction by
dithiothreitol. Red line shows the emission curve of
peptide solution without dithiothreitol over 12 hours.
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k79 4B X ImageStream® THUY A F L7241

fatgxmmd. Shinrd, BLZOMB TN
DHEGTEEEH /NS K, RS D MFLA T
T BIgE S .

W2 37C, 10%FBS/RPMI 1640 H o K562 Az
\25uM & 72 % X 912 Dabeyl~R9_SS_FAM~CHH
AWML, 5425 120 5% F TREMNIC
ImageStream® THllE L7, 775 71213 5 uM ML,
37C, 1 RHZOMIBNIEATIC X 5 EOGHEEE 54 D
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Fig. 3. Flow cytometry analysis on K562 cells treated with
FAM-Gab-Cys-(His)»NH, (5uM) using ImageStream®.
(A) The histogram represents intracellular emission
intensity. (B) Representative images of cells acquired
in ImageStream® FAM fluorescence (left), bright field
(middle) and merged images (right).
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Geo. mean % 100% & L C, 1l # ™ Geo. mean D HH
KR E S 7y b L7z, Fig 4A IRT &9 12
Dabcyl~R9_SS_FAM~CHH % K562 fiAZ 12 7in9
5 LM OB L & IZHEICREDEIML, 60 4
EHO Y — 7 2 B ZHEEEIMN T 3 22k %2 R L
7z. Fig. 4B |2 &M @ Dabeyl~R9_SS_FAM~
CHH Z iR L7z & & 0 1 W4 O MR 850 %
RF. 500 nM 2* 5 10 uM DO FEFH TR 7 F K Dy
IRAF BV AR O 8 ERREE (TR L 7.
3. X7 FFOMBAEITICH T 2 EH P IMER
E#H3WIPBS(-) FRICLIEE
29%FBS/RPMI 1640 35 H#1, HE1f{E O RPMI 1640 £
Hd %\ 1x PBS(—) 1 CHiZIZ Dabeyl~R9_SS_
FAM~CHH G##EEE5uM) ZiRhnL, 37C ThliR
L 720 AL O WE M N 3 Goh B 2 2 L7z
10%FBS/RPMI 1640 5 HbriCIT 572 b D & JLBg L 72
&2 (FigbA), WIFNOLEMETH 10%FBS/RPMI
1640 K5 & 0 & B ML N OGER EE SRR B 7z,
RPMI 1640 ¥ 31 [ C & — 2 By o e At 650 %
T 5 L 2%FBS, #EIML{E TlEE 21 153%,
163% & FBS IREEDME K 7 5 129k - THOGTREE AN
KLU 7z, MO RPMI 1640 ¥4 & PBS(-) # It
B9 5 L KA ORI I IZREE Th - 72
A, E—ZIETAEMIEFENEN6045, 304k
70 PBS(—) OFNE»ro72. T2, E—2 %D
WA DOEAEVIEIPBS(-) OFAKE L, N 120
A3t TR RGO RPMI 1640 3545 X 0 & 20%L) 1
b TlElo 72,

200 /
150 ///
100 ///
o/

4

0 25 5 7.5 10

Peptide concentration (LM)

Fig. 4. Time- and concentration-dependent uptake of Dabcyl~R9_SS_FAM~CHH in K562 cells. (A) Cells were incubated
with 5 uM peptide at 37C in 10%FBS/RPMI11640 medium. (B) Cells were treated with various concentrations of the

peptide for 60 minutes. The experiments were conducted in

duplicate and repeated twice. Data are shown as mean.
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BT

W EREIE AT IS B2 & W& O PBS(—-) THMRL
e AEOMBNOENHEE Y HREITbE VL O
EHEL 7. FOE Fig 5BIC/RT L 912155
DIV AR s EE AN IR & 72 ), 15 43 AR 13 Ay
ML VDD L) b EF IR & EHE %R
L7,

Dl Eo#at U7z 512 B0 2 M P iR 28
DI A T 47 AN 24T o 72, HIBN O HOE
BEEALD L A= A NETIVTH S LR
ELEZA, MEME X —33 5 HEsES
7z (R%0963-0997). Table 112 Fl,.,, k. B &
Pk xFTLdr.

4. X7 FFOMBEARZITEESMIC H (7 53l
)7

NRTF FOMBLAEY sAHOHE BT % T

Na DB % B 72012, PLALER %17 - 72411 %

A.
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o / ?i\‘@
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40 —
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Relative Fluorescence Intensity%

v T Dabeyl~R9_SS_FAM~CHH % #1 L 72 60
GRIZ7a—H A b X M) —fET 24T 572, Fig 6
DAF v & 70y MIIIHEEIZ 488 nm il X
% PLICHIRT 2 HOUIREE (Ch04) %, Al
75 FO FAM #CH R T 2 80t (Ch02) %
Y. EMREEOBLZE5%NPIRY T4 7 (8
Rl $2bbitMisThHY, LETIED D24
HIZ T FAM I X 2486 EDE L, B A
N7TAPE L DS LD I O GEREE
DEVERS % 5 ® T\w7z. Dabeyl~R9_SS_FAM~
CHH &L, #lsE 54w TB &Mz T 7u—
YA MAN) =W %2FT>72. Fig. 7B FEIIRT
FAZR T S 207 £ 9 IZFEHAE Tl TB 23FEH &
NV ORHE TIIRCHREINLTEY, i
WostidadlEsShzv. —J, Efliie A
5N A MM TIIHE CIRHBICREG S TEY

B.
140
120 e
100 o

60 ./ °
40
o,
@ undiluted
20
® diluted with PBS(-)
0" T T T
0 30 60 90 120

Incubation time (min)

Fig. 5. Effect of incubation medium on cellular uptake. (A) K562 cells were incubated with 5 uM Dabcyl~R9 SS_FAM
~CHH at 37T in 10%FBS/RPMI 1640 (red), 2%FBS/RPMI 1640 (blue), RPMI 1640 (magenta), and PBS(—) (green).
(B) Influence of dilution with PBS(—) on cellular uptake of the peptide. The green dots ; Incubated cell suspension
was diluted with an equal volume of PBS(—) before loading onto ImageStream®.

Table 1. Kinetic parameters of the cellular uptake of Dabcyl~R9_SS_FAM~CHH in K562 cells

Incubation medium 10% FBS/PRMI1640
10%FBS/PRMI1640 2%FBS/RPMI1640 0%FBS/PRMI1640 PBS(—) & dilution by PBS(—)
Floax 97.8 145.3 156.5 167.3 1234
k, (x107®* min~") 30.79 4754 63.38 129.2 298.3
k. (X107 min~1) 9.287 1.000 1.094 4143 6.654
tmax (min) 55.7 83.0 65.2 275 130
R? 0972 0.963 0.980 0.997 0.987

*The R? value shows the goodness of a fit.
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Fig. 6. Flow cytometry analysis on K562 cells treated with Dabcyl~R9_SS_FAM~CHH (5xM) and PI (2 ug/mL).
Scatterplot and histogram represent intracellular emission intensity. Representative images of cells acquired in
ImageStream® FAM fluorescence (Ch02), PI fluorescence (Ch04), bright field (Ch03), merged image (Ch02/Ch03),

scale bar: 10 um

A R2
120 #23 TB(-)
#3 TB(+)
904 TB()
Iy
=
[
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o
[T
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04 HHM&&M&ﬂW .

1630 163 ded  1e5  1e6
Intensity_MC_Ch02
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Ch02/Ch03
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Fig. 7. Effect of trypan blue (TB) on intracellular fluorescence. (A) The histogram represents intracellular FAM emission
intensity in the absence (TB(-),red) or presence of TB (TB(+), green). (B) Representative images of cells acquired
in ImageStream® FAM fluorescence (Ch02), bright field (Ch03), merged image (Ch02/Ch03), scale bar: 10 um

(Fig. 7B &, WE), FEIZHIIEANO FAM O G
BB SN, TBOFETHLIET S L TB 2R
L72b DT, BN EtEE oKWl e 2
N7 T DDA L7

% =

ffi % & CPP OMIIaNBITEIC DWW T INnFE TS
CDHENRH L. L L, CPP oMz & o«

DEBRGEMHENER > TBY, HEH o)
Lw, 72, —RICITEGER CPP T H W27
O—34 4 b A—%— 2% 5% T BEmMEE
L BBEM TN IEN, MlEB7 A E— M2 HW
7oERE R EI K o THIBBNBATREDSFFE S LT v
5. L2L, IhogiEliE—E—E8»xd»0,
HART A7 AFENTZIEL K OMEICITR S &
EEVEEW., 2 TARBIZETIESS TN FRET % #F
ORTF FEEEHL, WG LM G»S 70—
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P4 M ANY —fEHHTE % ImageStream® % £l
L7 X o THRIBNITREZ G-I T X % 2
riRET L7z,

Fig. 1 12" & ) IZ&FFL /27 F FTlE, CPP
HTHsb /) FTIVFEFZ DN EKEERIZ Dabeyl 2
AL, BARTIZMBEANIZRITTE v FAM-
Gab-CHH-NH, (Fig.3) #/7—T& L CIhbHay
ANVT 4 FEEAETEME L. ZoEBERTF i
BICHERBEICB W THRPLIZY AN T 1 AW
FZL, 22007 F FIZGhit, FAM #|ZH#
TLHENEERETH (Fig 2). 72, RPMI 1640 %%
WIZRPETRDLBTNVEFF U BEgIn T
L7290, 12 R DL B CHtE 3 % & —Hf2% %
JCEZTA, LaL, HAEFEEL 24 o HEE
Mo 2 B LI TIRIZIZLETH 5.

ik~ 75 K, Dabeyl~R9_SS_FAM~CHH #
10%FBS/RPMI 1640 K5 & 2 -5 58 14 F 1M
MRk K662 fAInz, 37CThRL7zE 2 A
B & %\ IR BARAE 11 HBE N o 3650 BE O 3K
PR ST (Fig 4). 72, BRMWE(LEZ 1 2
VX=XV NETIVEARE L THRITE 1T o 724G
B BRI —T 749 s 252 5HEIES RN,
5uM DRTF FEHW L X OWRIGEE ER & 74
B M E B A ZE N2 30.79% 1073 min~?,
9287%x1073 min~! &k 517z (Table 1). Z®
£ 9 ICEBREME L, CPP AL L - s & = =
DF FHEBEIZNY AT, BEISHBNOREED
BRI 2 Z b2 MEL, A4 AT 14 27 AEHE2AT
YT EMWTE. Fo, THIERELRVBERT
T PN MIE & HOGBERMEE T CEI%E 9 5 LAl
M OHEICSEER OFEM & I AT L2 L, E
I 72 FAM-Gab-Cys-(His) »-NH, 25Hi sk 12 i <
722 & XM OEEIRA LIz EZ NS,

CPP D9 b, AWETHW/ L) R4+ ) IT7TIVF
Z AT T N TR ALBRE R o L i EE S M AT
DIAAMICKELSEET LI EDPMONT WG, 202
Z CCIMIEEE DR 7 o 288 TRl I~ 7
FREZRMLUCHilaNEsx2fllE Lzl h, 2
NE TOHR & FEEC FBS i DT 12 fE Ak
WOHOBREE DB R L 72, K12 PBS(—) HhTid
109%FBS/RPMI 1640 35 #1250 LWLIUREE 28 (k)
HARELLEE 2D, 305 THIBBNE GRS Y —
Z1Z# L7 (Table 1). DL EO#EEN S, CPP O
HIBL N F2 AT BE 0 BEA T MG IR DB R & v
CEDPARBEFETORENS. KRIZPBS(-) TO

CPP Dl NA21T%% 10%FBS/RPMI 1640 55 #1 X 1
LHLNTHLI LMD, WERIZBITS PBS
(=) WKL AHMOEELF7-. Fig 5 1IR-T £
TR 30 43 F CIZHIIE N O HGIE EE 2 B |12
AL, 60205 120 5B TP L TR E4TH
WS E R RRERE o7z, B, HOLER
CPP % H\ 72 B R Cld M R k& L 72
CPP # 29 572012 1) 73V ALEL R 3 Al 12
X akiEaATy. T, —M L 7O —F A b
A — % — |2 X BUERZIZ PBS(—) &ML 72
B Bh by — A & THINL 2 BB L
THIEICHW S, RIFZECHLNIHERIE, o
FTEHLDOMETITbR TV RER 7 &Ik b
MR D PG AR & o THINER OB A& &S
KRESWEBEINDLZL2REL, £ OWMEEE
W7 =74 777 "DPEEINTVEILEFHEE
5. REUEHETERRE LICEBEICHT LTV
72O H O PBS(—) OBEINNSL, T—741
T7 7 MRSz ENTWEEEZLNRS.
—7, ML IS A L/ZZCPP 2 EE L %< T
BWwEw ) Fanrs, KD bRl L LT
FRET # fI L7z ok s hcng, 28 2
NS OHE TIIAEREERME L HNTnw27:9
(2T F RALERFZ I M) 72 2 X - THIRE % 3
BEL, PBSTH&E LD BIZ7E—H% A b A —
y—lZXhfifgNOEEERIE L TWwWb,. LoT,
INSOBRICLER LT =T 1 772 MNOE
FNTVDLEEZLNL. S5, TNHOHE
T3 HEK #fifg %> HeLa fifia 7z &% X7 F FULBLFL
22D F T eHOt RN & 0 B E & %
L, #4274 7 A 470 T 505, RS
NTWBRTF PSRN A N7-0 6
FIAMCHE SN a2 BE L Twaw, b L,
RTF FofifsbicHE s cnws L35 L, —
SERE 2 IR N o2 &b TllE L Tw
LUREMEN D 5. ARWFZE T 7 E B e By
FSRMAIIEE T & B8, WEREERME T
BTV — Mo ORBERHE T BT 572040
ETH5D. bL, [rEHEERMBEEHCLEAIC
A B, T A LR, BEPOELE
DML ZA XA =2 0752 EI12 X > TN
Yo%, ERETE 5 IN Cell Analyzer (GE
Healthcare Life Science) 7 & & 437N FRET % £f
DORTF FEDMAEHLEPENEEZZ NG,
X512, AR TIERTF FOMIENBEITRESE



HEARATIEAR 7 F R oM TR

Eilii: e ZDH A T 1 7 AEMF 91

flilc BT MO EBEIZOVWTHMET Lz, £
T, 7= A N A—F — |2 X D HETIXREERZ
PI e DWIENTE B 2 & 9 SIEMAL O H B % 47
W, s offifsNo st e Lz, EBTIR
FEMI T IR D SBFEETH - 7275, wihd
BWHEILRE AR L TB Y, 7 F FABEMAL
WCHERAETARITHICEIDEITLESN, EIEETHELT
Wbk EMHELL (Fig 6). AEBRTORRET
BRI DA M2 X o T Geo. mean [21XIT L A E
WEN Lo 00, HHMOEENL VA
(21X CPP O~ DHLY A A DFFAiI2 A & <
WEEGZLEEZOND. RIZ, TB ORI
W HMES L7z, i, TBIISEHE CIBE S h
FTHAGMT 5720, O EICHWONS.
F7:, TBIXIFHFERZ EOEMBOERWIEEL 7
O—4 A~ X2 M) =W CTRliT 5 LT, &
I A F 73 o 7o EOBIRRR R AR 2 D HOG %
JILyF T THZHNTHEREINS. 2V TB#R
(2 & o THEMIIEH I Hsk§ 2 dt s il 2 b 72
B, TB ZEML % WIGE & AR5 & HOGHE D55
ST LIRS EEREMIZ S 7 ~ L7z (Fig. 7).
INHZODMERD S, CPP OMBHN~NOBIT%
SIS 2 A IZEB O LB L e 5 9TE 2
BNBETENG, ZTOREZIHIT L7202 PIIC
L B[R GtER° TB ORMA BRI TH D Z & H
FIBHL 72

DibEoiE ) REFgE ClxiFiER R ML TH S
K562 Mg & fv:, 43 FWN FRET o7 F K&
ImageStream® & O AEHEIZ L > THiA DT —
747727 NEZ, CPP OMBLNFEATRE % BHE
WCERI L, I A AT 1 7 AENTZFTH S EDTE
7oo BRI, 70— A b A—=F =12 X BHTREC
X PSB(—) 2 £ 2 A CPP OMFEARBATIZK
EAREEXG 25 xWHOMIILE., ZORKE
&I, PSB(—) 12X A A7 CPP oMl If4T
ARHETHZEERLTEY, MIENEERZED
M EICIEERZARTH 5.
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