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1.1 ##y

L1 400 & MRk . N Sl R g i R
(ASTC-a-1)H B Koz B e dd it /A s A s
73 DMEM Il T 3% [F GIBCO A ) ; CCK-8(Cell
Counting Kit-8)J# [ H A - 2= 50T 964
#l Hoechst33258 FlJ4A 4 H 25 [F Sigma A #]; %
e iX 7 Lipofectamine % 1~ 3& [# Invitrogen 2\ w5
Bid 1 Caspase-3 [f] —$iJ# T3¢ [H Cell Signalling
NFs 96 P IRDye™ 800 1 - 2€ [E Rockland
Immunochemicals A 7] ; &% FBEIH 5] Cocktail Set |
T3 H Calbiochem A ] .

112 FEZAA . MO RERWH D M
(LSM510/ConfoCor2, Zeiss, Germany), ZI.4h% Y41
i it% 2 45 (LI-COR Odyssey, Inc., Lincoln, NE), [
I 2 A M3 (DGS032, [l g 54 A L T4 AT 1=
Jr 3 s R TTE A A, A Co, 41 i K5 =48
(Tempcontrol 37-2 digital, Zeiss, Germany).

1.2 A%

1.2.1 ik e HoA g, ok pFRET-Bid(pYFP-Bid-
CFP)/& 74K Bid [ N %ii A1 C i 73 Jill il & 7 YFP
F1 CFP. Jiiki pBid-CFP J&7F 4 Bid [ C iy il &
T CFP MM . X P AP ORI H A 2R 50 K2
Kazunari Taira (3% H84. ik pSCAT3 Hi Caspase-3
) 4] %) JiE ) DEVD, CFP F1 Venus(YFP % 4% 14
YFP-S175G) fili & F A i il ZJ50RE HH H AX RIKEN
i B} 2% WF 9% Bf Masayuki Miura 2% 2008 . 50 k;
pDsRed-Mit & cytochrome ¢ %84 B 11 3 K] 3 iof
BRI Y DIBEBEDIA 25 BamH 1 1 Nhe 1 4 £ 50k
Ak pDsRed-N1 [ N ¥, A4 2 5l 7] ALEN FL 34
LGRSV OF 8 ORI 1Al = I Nl N
Yukiko Gotoh Z($5 H I,

1.2.2 AN % R e . 41 i 77 W h DMEM,
UM 10% /s 4 1L 3 (FCS), 100 U/ml 75 55 2% Al
100 mg/L 587 2. N il 40 B )W 2 (1 v 4k
R MR RN, RE9E 24 h Ay, A IC A
50%~70%, ¥ Lipofectin X754, Fra e
FF ity 34 T8 0 BT (29K FE 20 pumol/L) Ak B K 175 5 40
HE T

1.2.3  WOCTER A WA GRS SERG AR
(P9 AR IIAE Zeiss 24 ] LSM 510 R E LI 4k
4 WA E5ei, SRA Plan-Neofluar 40x/1.3 NA

BT A0 B R AT WO L SR AR R R A
pSCAT-3 #1 pFRET-Bid 1t % 41 Jfid () FRET 2 .,
S R SR 458 nm IR B 1 OB AE R RO UE,
NFT515 nm )73 2853 08, & FH A1l 470~ 500 nm
(P98 i sk CFP Ol IE 1 9¢ e ElE, K8 530 nm
(P8 it % YFP 3@ 1 11 9¢ 6 4% . DsRed 1 H]
488 nm 45 125 T WOEAE A ORI, RRCE (Bt
1% ] BP600-650.

1.2.4  J0MRIE TR AT, ASLE R H CCK-8 SRl
A (K 4 i EE 1 . ¥ ASTC-a-1 41 iU % 3748 96 1L
Wb, A5 BE R Sx10° S /ml. £F 37C . 5%CO,
FRR LA, Hi9% 24 h, BEIHEFRM, B
EDA AL, BN 20 pmol/LIBUE (1 87 i 5%
FiWi. WwE 8h, 12h, 16h, 20h, 24 h b
41, kbHi5e)5H CCK-8 HEAT 4N My Pk #r.  ASinl
BIAEFLINAN 10 wl CCK-8 7, T FHPIHE
2h Ja, {5 DG5032 YIS e A WA bl e ot
J&, B2EL 450 nm HﬁﬁgH&%ETQ(Am)’ Ao N EUHE
590 A S  UE L.

1.2.5 Hoechst33258 4¢ff. F ASTC-a-1 4 fii 55 5%
TR IR I, 430 B A S A
24h J5, AP 20 wmol/LIAA 4L HE, 20 h
. MNZHK L 10 mg/L 1) Hoechst33258 4L,
10 min, F PBS ¥&¥E 2 i, 7E2¢06 RAMET NS4

RO, SEBWORICIURAT, PSR AR LA
) SRy 25 L.

1.2.6 B0 SR B IR gy i 4 6] B4R
20 wmol/LIEAAL# 20 h J5 41 i, FI Tive ¥ PBS
e 2 W, INZ4# (50 mmol/L Tris-HCl, pHS.0,
150 mmol/L NaCl, 1% TritonX-100, 100 mg/L PMSF
AT 1xEE 1 g7 Cocktail Set 1) T UK 4k ¥ 24/t
MM, 30 min J5, 13 000 /min T 4°C .0 10 min,
B B35 . K Bradford ¥E3 52 2 A BRI,
AN FFEZ T 100C 2 5 min, DL 12% SDS-PAGE
SR ARG s 2 PVDF i, B2 5% B IR
AWy A 45 min,  —HT(50 0 4 el Caspase-3 $it
A£1:1000, i Bid Hifk 11 1000)F 4C T
BB, )5 TBST #((0.02 mol/L Tris-HCI,
0.1 mol/L NaCl, 0.01% Tween-20, pH 7.6) ¥t /i
3x10 min. LBL%%¢56 " HT IRDye™ 800(1 : 5 000) = ik
NHDEIEE 2 h JE TR, BERAMEE L RE
JIEE T LI-COR Odyssey 2L 4h5¢ Y34 lifh 248 b
R A4
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1.2.7 o . d sk E G R s 4 Zeiss
Rel3.2 K14 4b B3 A (Zeiss, Germany) X K4 L it
G E X AT 9O BE e . P sE s ok
ITT n=3 EL, [FIE X 2 A0 M 5856 54
PEdAT T 504

2 & R

2.1 %8I5S ASTC-a-1 HHREAT

SR T RS DN MG EET Ak 38 5 A () BN 1) 5P 40 P v
K FH CCK-8 BEAT 1 ASH I ML Ak 34 I AN [R] B [ £ 11
MG PE, KA CCK-8 #E4T 4341, ANIR) b FE 4111
Ao TN 1a fis. HXHRAMIEL, S Ak 3
12h, 4035 HEA R TR, &P 160 5, 40
PEAERAG, RPMMAAERIC. BEE, s
16 h JiFH Hoechst Z (kM 4 B AZ 1 24, 4553
R by, A3 PO BEZA AN R AR S AT I A 3
YA R CLe W 0 . SR, AT R H BT
%, Hoechst Je{t 2k JLR W, ZNH1ES 16 h j5 40
J B S R AR T

(2)

f
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(b) Control Cisplatin

Fig. 1 Cisplatin-induced apoptosis in ASTC-a-1 cells

(a) The viability of ASTC-a-1 cells after cisplatin treatment, was
assessed by the CCK-8 assays at different time points. Data represent
the x + s of four independent experiments, *P < 0.05 p.s. Control group.
M : Control; [O: Cisplatin. (b) Nuclear condensation of apoptotic cells.
16 h after cisplatin treatment (right panel), ASTC-a-1 cells were stained
with Hoechst 33258, visualized under a Nikon fluorescent microscope
(60x).

2.2 RHIRET pFRET-Bid BY4FE

AT BE T FRET Jf B ¥ v 160 9¢ 06 4 &1
pFRET-Bid, 53 41 g A MU ITER 5 5 0 40 i 9 1
R Bid A VIR BSR4, fdE FRET J&t
H, 1f Bid #¢ V¥ 2 dr, CFP #1 YFP AHPE R,
MOk CFP I, el LA CFP JLR 445 YFP,
M AT LA 2 YFP (#1986, 4 Bid #¢ V) #I,
CFP 1 YFP #7385, 2GILHR g & 4 74 5t o5 PR AIK
B e, RN B 1K YFP 9¢ 't -t A B Ml AR
B R (8] 2a). ¥ OUHRET pFRET-Bid #% 3 ik
ASTC-a-1 4011, Fli& 8 AR IA f5 Wil 2b
IR, AEUEWNZARET e O RO RIS S, N 2 Ak
A SER I — P IR ERET AT SR R,
514 nm & B T HOGIE BN 2269 8 YFP )k
ST (B 2b, YFP), 324K A J5 )58 &
SHTRBET YFP. CFP {5 1R G I 98 6 i AR 4k
(K 2¢). szt R (E 2b, o) LLER], EEA
XN, YFP [R5t Wi R %, 7R E 5
i), BT ARSI R EA R SO R 4 21k
F A, PR GE 1 CFP (1) 9% ' o JE W) BE 4K 384
o PG, AR SR R (B 2b, o) UESE: TE
TR, POHR pFRET-Bid (1) FRET 2% W &,
IR E T ST Bid DIRI B2 T4 5.
2.3 SERTAGI IR $A 15 S 40 B OA T 2 & Bid T1E
RIS

7. ASTC-a-1 4f Jfid 1 %% % YFP-Bid-CFP J5i i,
Fik 36 h Jaou kAT AN [F R AL BE, YFP & CFP
B I T) AR A0 1 8 e 1) SR ] 3, 3b . 5K
e RO, XTHASER T, el En,
YFP 1 CFP (1) % 65 FE B A AT AT AL 4k (K] 3a). 75
S AL 5, nT LB 2] CFP [%¢ b5 A2 B 2
Hnm, M YFP B SG R U WAL SS, YFP/CFP 1)
SR A R GS ( 3b), 1%KL R £ Bid 0.4
wevnE. B 3¢, T FRET JREE, @il &
0 FEZH A4 A 3 ZH YEP AT CFP %6 i B2 1) L
RIS TE] AR 4k, UESK Bid &g IE]. [ Ar L
FH, Bid MY AELLLYRIEIG 4~5h,  Piit
292 h. T G B (1 45 FAIE 52 Bid # b))
(K 3d). AEMERS S 4l g ok R, kA
FRET 3 ATE W& 40 e 3 % Bid 1980 247 R 247 A
W, UFB Bid fEiz i T R b U], HAEAS S R
HATONS, DimtiK.
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Fig. 2 Characterization of Bid FRET probe in living ASTC-a-1 cells
(a) In our FRET system, excitation of CFP at 458 nm should result in emission at 476 nm if no YFP is in close proximity. In the YFP-Bid-CFP, energy
should be transferred from excited CFP to YFP, with resulting emission at 527 nm. When the fusion protein is cleaved by Calpain, energy can no
longer be transferred from excited CFP to YFP. (b, ¢) Acceptor bleaching confirms FRET between CFP and YFP. (b) YFP was bleached in a single cell
by repeated scanning of the cell area at high laser power at 514 nm. The experiment was repeated twice. (¢) Quantitative analysis of CFP and YFP
fluorescence following the bleaching of YFP.m—m: YFP; e—e: CFP.
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Fig. 3 Real-time monitoring of Bid cleavage in single living cell
ASTC-a-1 cells were transfected with YFP-Bid-CFP. (a) Typical fluorescence images of CFP and YFP emissions of the control cells. (b) Typical
fluorescence images of CFP and YFP emissions of the cells after cisplatin treatment. The panels of CFP, YFP and YFP/CFP are shown separately. (c)
Dynamics of YFP/CFP ratio after cisplatin treatment. The YFP/CFP ratios at the first time point are normalized to 1. Results represent one of four
replicates. m—m: Control;0—o: Cisplatin. (d) Analysis of Bid cleavage by Western blotting.
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Fig. 4 Dynamics of Bid translocation to mitochondria during cisplatin-induced apoptosis

Bid-CFP localization at mitochondria was determined based on the overlap of Bid-CFP and DsRed-Mit fluorescence images. (a) Control cells without

Bid translocation over time. (b) Time-lapse images of Bid-CFP redistribution after treatment with cisplatin. Similar results were obtained from 3

independent experiments. (c¢) Time courses of Bid translocation to mitochondria after cisplatin treatment. Each curve represents an average of 12~ 15

cells obtained from 3 independent experiments. Bid-CFP fluorescence intensity in each curve at the first time point is normalized to 100 and the time of

the onset of Bid-CFP redistribution is set to zero. m—m: Control;e— e: Cisplatin. Data represent the x + s.
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[f]. 4 Caspase-3 35 J5, J&4 DEVD #% 1) %,
CFP 1 Venus 47 &5, CFP [ 658 FTF, Venus
[R5 e B R B%, Venus/CEP %¢ % & ELAE AN K
F%. )M Venus/CFP %¢ 5 S LU AR ¥ 1 B o] L
2 [ WL Y N Caspase-3 3% . £E ASTC-a-1 4
Mo b 3 g pSCAT-3 Jitki, ik 36 h Ji x4l fuidkqT
AIE I AEHE, YFP K CFP Bl i) 284k [ 4 75 7 31
BRI 5a, 5b Pras. sEE 4 R EoR, X4l

¥rh, RG] Y, YFP R CFP [#)%% Y6 3 5
B B AR 5a). fELREAEI G, nTLUE
F|, CFP 2GR BEIE5R, 1M YFP [ 2¢ ' 9
WARGG, YFP/CFP (15 B AR N i 55 (18] 5b), %5%
K% K Caspase-3 &G, K scH, ET
FRET Jt BlL, T8 3 7€ 5 2 B 0 JEZH R I 4 #8241
YFP Fl CFP %'t 5 5 ¥ Lb % B i) [7] (1) 8)) 25 A2 4L
UESK Caspase-3 LL&ihfh, HILBE K AEAE 25 )
W14 h 5, 30 min Py REATA) TS Ak, 85 110 S
E[ 251 45 HAE S Caspase-3 #¢ VI EIEAL(E 5d).
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Fig. 5 Real-time monitoring of Caspase-3 activation in single living cell

ASTC-a-1 cells were transfected with pSCAT-3. (a) Typical fluorescence images of CFP and YFP emissions of the control cells. (b) Typical

fluorescence images of CFP and YFP emissions of the cells after cisplatin treatment. The panels of CFP, YFP and YFP/CFP are shown separately. (c)

Dynamics of YFP/CFP ratio after Cisplatin treatment. Results represent one of three replicates. o—

caspase-3 activation by Western blotting.
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HYIEIE K tBid, B 5 tBid #4547 1) 2 ki AR 41 5 155
RIGELT AR, RS S T R, BT
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SR D) R 2 5218 )7 51|(DEVD),  ffiJifd
WVF 2 B LR R AE D REREAS, TR 40 i 45 K4 ik
g5, M SEE T A A A, DR e A 4
LU TR R SR ) “ Ay HR gL 128,
R H A FOtRA B SCAT3, FIH FRET HK,
TEVEAN MO AR A S AT RIS T g 5
ff) Caspase-3 G LI S L. LR LR B
7N, FEPETZJE B, Caspase-3 B4 GE, H. 30 min
WA R AL (K 5).

B, AN ] FRET 2 2¢ 6 i £
A, FEVEAMIASER . B ATRLHBIIT ST T g 75
TR TR RS, $K19 T Bid. Caspase-3 2541
oy T AP TG 5 Il B b () B AT b Bk 4% 34
FEPE, A BT A Bt b 588 7 F BLAI R AR,
AIGRIBTT HAFT I B S A

gt B H AR 5 K% Kazunari Taira 240557 B84
kL pFRET-Bid Al pBid-CFP; & i [ 4 RIKEN
i & 2% WF 9% BT Masayuki Miura 2 % 2 18 )5t i
pSCAT3; &S AR K% Yukiko Gotoh ##% £
4 5k pDsRed-Mit.
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Using FRET Technique to Investigate The Apoptotic
Mechanism Induced by Cisplatin in Living Cells

LIU Lei™, ZHANG Ying-Jie, WANG Xian-Wang
(MOE Key Laboratory of Laser Life Science & Institute of Laser Life Science, College of Biophotonics,
South China Normal University, Guangzhou 510631, China)

Abstract Cisplatin, an efficient anticancer agent, can trigger multiple apoptotic pathways in cancer cell.
However, the signal transduction pathways in response to cisplatin-based chemotherapy are complicated, and the
mechanism is not fully understood. Using fluorescence resonance energy transfer (FRET) technique, the molecular
mechanism of cisplatin-induced apoptosis in living human lung adenocarcinoma cells (ASTC-a-1) were
investigated. After cisplatin treatment, the recombinant pFRET-Bid and pSCAT-3 probes were used to determine
the kinetics of Bid cleavage and Caspase-3 activation, respectively. The fluorescence probes Bid-CFP and
DsRed-Mit were also used to detect the spatial and temporal changes of Bid in real-time in sub-cell level. The
results showed that a cleavage of the Bid-FRET probe occurring at about4~5h after treated with 20 pmol/L
cisplatin. Cleavage of the Bid-FRET probe coincided with a translocation of tBid from the cytosolic to the
mitochondria, and the translocation lasted about 1.5 h. At the anaphase of cell apoptosis, Caspase-3 was activated
obviously as detected by FRET and Western blotting techniques. Using real-time single-cell analysis, it was
observed the kinetics of Bid and Caspase-3 activation for the first time in living cells during cisplatin-induced

apoptosis.
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