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Bid & FH 2 {17 BH3 £ F 481 Bel-2 X5 8 H, 87 B A 5% 10 DL SR (R SIS AL 51k A 0 T3k
PPl AR B AR, B0 Bid 8 A SRR Z AR AR S BURLE AL s DL S A+ s
2. ARSCR IO I R AR BRI BOR [ 28 T A s 2 i 15 2 9 L T 1 0 T SO EOR, 20 A
FRLEEI )T OKT R € Bid R S B AR R ] A AR AT T RGBT, SERR M, tBid SR e R
a5 AR RERE, HREBOE AR IR T IR T — 2 tBid & 1 SR A MAE A 1 M.
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U b3 S PR 1T 3 B G B — R aE Tk R 02 A
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& AL ARYE Bel-2 5B K 45/ A DT B, Bel-2
FIGER ] Loy Ry =K, RISt & a2
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BH2, BH3, BH4 YA R 55 45 1445, 38 ik 40 11 42 3
TR RIS A 4k 24735 L (R T & A, s
Bax, Bak %681, f.%  BH1, BH2, BH3 =45
3, WA N T B S SRR A S S . BH3-
only A &H —/> BH3 45 #43, f135 tBid, Bad,
PumaUMA, NoxaOXA % HE H. XK &EH A LA

« [E R ARRHEEE S E RO TR (S 91753104) BT BN ERAL.

T #{E/E# . BE-mail: hushuxin@iphy.ac.cn

© 2018 FEYIEF S Chinese Physical Society

DOI: 10.7498/aps.67.20180099

PR AR S DNA % A PR -8 2 55 22 P 4 g
IR T, B0 Bax, Bak 258 A M 51 & T if
I N, Horr AN [\ B BH3-only 8 H X H 30 i
AR A [E 081, Bid & BH3-interacting domain
death agonist FJ I FK, 7&— L4l b, & =& 40 f i
T PN YR AR R AR 42 O B R ALy 0101, R4 i v
T2k FE R, B B0E 18 T2 B Caspase-8 ¥ Bid BY ]
N N-Ei Ml C-3ii 4> 1 B, N cleaved Bid (cBid).
WIS eBid P 8 23475 4 8t 535 it 7K A B AR FH B B
—if, I R R B R AR AR A A
BORGE S IF, &6 N-3i AT A o BRIE p7 K, 1M
TA C-ui i JE AN a BB iE (tBid T H) pls 45 & 1E
NERE T, 3 — 22 5] A Bax, Bak 55 & H
R AMEFE A, TR ER C DL H A T A
T LA R g 5o =17 B 24 4l i T BT
I ARAFIE N B T Bel-2 KRR FATEAS
PO TR AR AR AT 5 s i ol 518191 7R
il A FEE 1R 25 A 51 R T AR ML T2, 1 TNF - 15 3 1)
JH 48 B T, eBid B R I B 2 AN AT Bk
W PO tBid & o 40 i T R i e R A
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AL AR g L BT AT 7T ¢ Bid B B S BE IR I
() PR AR ELA'E FHORF ) B 200 R 08 1 0 7 7 L) B A AR
WEENE . BRI ACLHET T REMHHE,
B2 tBid & H 5 W5 I AE F 2 75 W] DA s i i s
(3B AT A AE B R 4. 1999 4E, Schendel 25 1]
IR A R Rt tBid B8 1 R & AR B R R
HMh IR E I RE 77 (1Bid B IR EERLE, N2.72 uM
(1 M = 1 mol/L)). 20024E, Grinberg % [*2 L)
B 77V, 1 Bax B HAFAE SO0 AT tBid &2 H
SR T ERRARSIMNE, FFidk— 2 FEAM O C Rt
. Zhao % 5] DLAN R 5256 K Ak A 52560 B Hz 4
TIUBE R G 1 e Bid £ AT LA 5 R AR I 1) 2 A ik
L, 1B BALHLHEIAS B B 1221, St ¢Bid 8 AT T
I Andrews 55 B 1124 U tBid & A EAR
FEAR 2 77 111 5 Bax & R ARMEL, AT ZERE AR I _E B
BEREEAR, (HAZ IR EEARAN & LA il m] A 51 832 11
FLIE (5 H 1 tBid & R E NN EE /R ZL). Bleichen
2 1290 JRYCH BLAR tBid B8 115 B M R4 AT )
A IFHE— B R BRI 25 254, SR tBid R H B
BRI 4 AF R (¢Bid & IR E 8 10 nM)
Age TR IR RENL, MR ER C | did.

N T E tBid B H H B2 7 Al DLE BUIRIK
M T R B AR R ) 3 Ak, FRATTSR O A 4 3
FAEBRE AR 3T A A 5805 (graphene oxide,
GO) K1 75 3 96 R HL [ B 7y 1 HOGH AN tBid
A SRR H#AT T RGBT
DA 3L R AR B R FBOBAE 96, SR 3L
PR AR R AN AL B W] DLSe I 2 W0 2 8 [F I
FAH L RN, X RE AT AR A R
TREE, 7] DLAE . 48 i 7K - %F tBid 2 -5 8% T M 1)
MEAEH#EATHE. mAHET GO MR E S
FHHOR, B 87y 1R 3 2OGEH R (single
molecule surface induced fluorescence attenuation,
sm-SIFA) W] PLE 43§ 7K ¥ J@ /i tBid & H 5 g
JEAE I AR, sm-STFA A R FH A 5 515k
1) 2R T ¢ D' 32 HE UL (STFA) K F ) — 8 11 3. 4
TFRIRMEL AR PO 25 Je R 5L 42 @ 5 TR
PR THI IR, 20 VAR K A0 2 Wi o P 2 ) AR A T AR
BEHAAL, SLIRAR RO R AR RO T
FEXS T o 2 1 AR R B AR AL BT RS 1Y), IX A A3 AT 4E
RGN AT TR 2 3 (i 51
TERLHAR) BRI, 3 e 3R A6 E T i /B3R 1 Y B
G FIBE . LAFE GO AMRIA, sm-SIFA £
AREIGA I 25 7] 73 3 20T LLIE 3 0.6 nm, 177 5 XUZ )

SR — % H A 44 nm, K F]F sm-SIFA AR
Y 75 % A (1 55 1 P2 1) (9 A LA T B AR K1
gk

2 SIS 77k 5 AR
2.1 SCIG[HEIE

DL JZE GO BRI, 24267 T 5L GO £
T, BT SIFA RS, 980673 B 6 5 B2 T
RI/1o = (d/do)*/[L+ (d/do)*] P72, Jert I g
ARG T2 B GO B 5 E, do(£94 nm) N7
M6 FAE GO R W IRE 8, d NFINR 5T
5 GO MR, WulaBHR 2B ma R o —iE
(polyethylene glycol, PEG) [f] GO K [HI, 4§/
o FAEBENRNE N IZ I, FCON ) N RR B o] DL
SR B R e, 3 R A g K 20,

i1 R = R M S 2 e 0 A T = = B e R
W H Y 100%, AT LA 7 #r S5 45 SR AT H tBid &
HIE R ER R A4 Bk, A0 Lg
ARG TR G R AR g, AT LLBL IR AR AR I RO 5
B DL O 4 1 P 3 5 A 21 tBid 2R 0 R 4R
REIANEG IR, /8 GO R, RERPAN T EE
SN 053 3 7 3 Q112 0 T | I e R 4
PR A B (BT A S EE ) o] LLE IS A 5K
I/Iy = (d/do)*/[1 + (d/do)*] it 55435 Hdd A
R TFEH GO .

2.2 W5 EE
221 SFIMH

SIG BT FH BT AR T Tl R R L e
(DOPC). i Mt A5 R (DOPA) LA Kz — yihi Ik 1k g
Pt -N-28 14 N 22 i &' PF B 9 8¢ £h (Rh-PE) 3504 T
Avanti Polar Lipids A 7]; HEPES, 5-(6)-#& %%t
# . NHS-PEG (431 5000)- 4 H 52 1185 | ik
58 DL K S8 v B ) 45 A LI 3 0 T P A%
FRE By \) . S8 /KO Milli-Q (Millipore)
HEAK (A Y 18.2 MQ-cm).

2.2.2  Giant unilamellar vesicles (GUVs) #J
) &
H IR 3 77 4% GUVs. ITO HR AL
B S TEK S BEEE S 10 min, FEHSA /T RE
(AR L 2 1) SR 75 10 min, f5a F H RSk E T
FARTF, BT 30 °C B2 FM /4 120 min
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Ja &R, FEPERNER, BLfl 1 meg/mL B A5 Bk
FELWR, s I 35 57 b o iU i AE AL ER AT TTO
W b, BT BT T 30 min. §]£ GUVs Y,
25 1) [ M AE = IE N 0.3 mol /L [ FEBE VA UE &, AR
JEHEIN10 Hz, 2.3 V AR, /5 FEM 2 h
J&, B N2 Hz, 2.3 V4REE1EH 30 min; fJ5 H
JEREZ 0 VMR H 6% 5 1 GUVS I, LA fEA].
SEAG I, BUE &% GUVs B 5 i & % T HEPES
G2 MBIV B-(6)-FR kR 6 B (B IR E N 20 uM),
tBid & [ (W E 20 nM) JLFVE A, 5256 H
tBid & [H 35 B & 7 # b 5 RL 2 B 2R Y 300t 75 i
Mrtafar it 7t 4 SR it

2.2.3  Small unilamellar vesicles (SUVs) &9
%

¥ DOPC K DOPA ABE/R LG 4 1 TI&E & M)
SR A AR, IRA A R AT, A
FETESSPHESGHET el B PURIERR
ZHREE WA DM IT K G, B EREEZ
2 mg/mL %2 ZHH, FE 1 b5, #EELAHE ISR
BB NI, T4 °C &AM N ORAF. 5K
6 v 4R FH 0 A 282 1) % 1 THI S HE Tl T U2
RV W 200 L Z248 3 AFE it 5 R it
BT 37 cClEBMP IR, LI Hifli A 2 mL Z&rh
W, LARR 25 2 R ZE.

224 GO-R T =B -B g o1 & 69 ) %

K FH BSGEE (6) Hummer J7 725 1] #6459 210K A ) B
JZ GO P30 R Langmuir-Blodgett (LB) $iAR
¥ KA B2 GO FE /8 ZiE V119 10 A D83 £
1, 2485 °C HA T2 hJa, FIXUH Bk 5 55 3
FRATE— T, Hl4& R i, R A A itk PO
JEl ik —

B ik E 8 0.2 mMZ FE it 52 mM NHS-
PEG R & 7K ¥ W, LA300 r/min 7F $2 IR I & 3l
B2 h, = FH R RN BUR RS 2 -
NHS-PEG /K ¥ 200 uL 218 vE N B 5, &3
Mk 1 5 7 2 A 5 GO 2 18] 1) m-me AH B AE FH AT LA
PEG 7 74 £ GO MRM. WEH3 h)5, fHH
2 mL IR E B KA it DA LR S GO
RIMEENZ RV #EE 400 uL 22 (20 mM
Hepes, 100 mM NaCl, pH = 7.4) 5.

ARSI F A BRI A RV EE AR 1T PEG 1)
GO R THI 4 571 T S HE B i X Jge.

3 XBREXRGITH

3.1 tBidEBEGUVs R FEZIERERE
B BREFROWR M L3648

Zhao 25 23] 7E 1) 9%t Bid 2 [ 5 28 W W 1A 15 2
T (19 AF LA B R B, T A R A TR M T
tBid & A2\ S R IR 1 R R R
PEBE R IR BE R AR TR RSO, T RS SR AR,
A1 51 AR TR A P R, (H RS BHIL R 5 R
B3R, RATEFEDOPA : DOPC =1 : 488
Tl B TR P UL 231 R P A TR SR 2% ) 13047 ¢ Bid R
F1 S B RE R 2 (A AH BV F 9T, B e xd ¢Bid 8
15375 FE 0 SV THI SC A% 525 3 PR 28 Ak 31
Z RN B FH AT 7T . O e R Bt
A DLIE B 22 3 1 [R] B R R A% ) 7 25 ¢Bid
BT 5B 0 R E AT B RS K
il % U7 (1) GUVs 55 58 Y 1R &L 5-(6)-FR TR RIF W
BA R, (B R B AT W, &5
FIR, 488 nm BOLEUK 1iEIE GUVs AMBER R
HAG 5 IR 58, R BFIEW 780 T R Z- 611 5-(6)-12
FPOE, T GUVs WEL2IEE S, 561 nm BOL
BOR BB TS5, R ILR BA JE 11 5%
Ve IINDYH P FRC ) tBid A, RI
561 nm ¥ Uk R TE HR AT LRA B 40 B (s
5 (E 1 (a). W GUVs NI LR 65 S, KW
tBid & [ AT HGE R R E GU Vs 10, 26 AR 1 I 1]
P BRI EEF A I CRFE IR I 0 se e ) A AR
JE ANt .

S TH] SCHE A 22 oAb — B L A T
i 2 11 5 T i 2 ) AR B AR P ) i R AR Ak &R 241,
I FH B V6L 24V BB TE T 04 1) 0 R T A K
REX5 72, I8 HEN 20 nM % Ehric 1 tBid 2
VAW, BITTA3 3081 1 (b) B IO RE, 455
F W tBid B [ 7E P 1H SCEE AR R A B AR U 1
B, TR, T DL EE B tBid 25 1 W B 3 i i i
A4 W B MY BoEsl, Wil 1 (c) B, R HTEH
{10 F- TH] S B A Bt i ah v, 2 RS T T
FURG R 1 5 B i S () A AR A2 R 4. 43311
B B Ay e s 5 a1 (d) A, K e
THIBER N — K, 3R IR BE AR R 1 1) tBid
BT DLRAR I TE sUAFAE 1.
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1 tBid EAARPERIKIRH  (a) tBid & AETEERIAIREE S, L (R R EA tBid EEEEAE) WEEH 73
J 488 nm WOLHUR VTS, KL 5-(6)- R E VLR IR S A 561 nm WOLMUIEIE K AR 20, &l BUR 45 R
G THE (5 tBid EEA—RIFEAR) L4572 488 nm ORI IIBIE, KL 5-(6)-FRIEW S & M R 45
A; 561 nm WOCEUR KNEIE, KLOGH 4-TREDPIHI B R, FEERG LR ER; (b) tBid 8 H £ i SR
M B B B0 TR BB EE R () PIAS tBid BR A 70 TV Il SCHE PR I AV IZ B ELI; (d) T SCHEBUR T B ¢Bid SR A7)

TR IR TS A R

Fig. 1. Adhesion of tBids on membrane. (a) Adhesion of tBids on GUVs surface; upper (without tBid): fluorescence

images of 5-(6)-carboxyfluorescein excited by 488 nm laser (left), excited by 532 nm laser (middle) and merged

image (right). Lower (incubated with tBid): fluorescence images of 5-(6)-carboxyfluorescein excited by 488 nm laser
(left), tetramethylrhodamine excited by 532 nm laser (middle) and merged image (right). (b) Adhesion of tBids

on solid supported bilayers surface. (c) Typical traces of two tBid molecules moved on a solid-supported bilayer.

(d) Arepresentative trace of fluorescence labelled tBid incubated with solid-supported bilayer.

3.2 tBidEHE EEZRBEERIEWL

48 A w7 TAEHEN, 7E tBid & A 15
B BEAH BLAE Ak A b, 4 ¢Bid S H Sk L
I, T REAS 2> 51 K 40 Ha 38 P9 25 ) i R 1290,
SN AT LR B A3 - KT R X AN AR AR A O AR
AT T ARG AL R TR E tBid & A 5 B IR AR
F I GUVs IR A5 4k, fEHI % GUVsHE, AT
0.001% ) Rh-PE, B 36 FTEARLE 561 nm BOG
WOR [ 20 18 38 Hp AT DU I B B k. R E
7E GUVs R R H YL k] 5-(6)- 2 3 6 &K, W
W7 T RSB IERCE ST, HEAER

tBid & N IR GUVs fh &, (B Z&IREN
20 nM, HE T 37 cCHHIEMA T E. 10 min 5,
TITEA R NI RN (B2 (a)), BIZE BT ER
T, BRIERN R T RIHISNE . XA RER,
5 BF ] ARG R B2 1) ¢ Bid 25 11 5 i P 2 I ) A+ B AR
eS8 I s fLiE. FR, {3 87
JEHE AR P T SCHERRAR & tBid & A 5 2 R A
HAEM 10 min J5 145 RBEAT T 2007, w2 (b) B
N, TR (& 1 (b) M ELER, R AR A e
e E e KNS —, Bl T — R A EE. @
XSO EREE A AT, T LAAS BB AE  tBid R T
N AR, B BRI E BN —, (HD
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K2 tBid EAERK LK ERSHENEYME () BAER tBid EH 5% Rh-PE H3EMNE 10 min JFRRE R, MEEH S
Sl 488 nm WOGHUR HVIBIE, KEDEH 5-(6)-FRIEV IR MBR LR, 561 nm BOCHUKIEIE, KAJGP I KBIGEE R, #EE KRB
SERIG G (b) FOEARC I tBid & H 5 P S EF E 10 min 5, EMBERERM TR R, () Ruhrid i) tBid HE 5P
SCHERRSEE 10 min Ja HIFRA/NIGETEER,; (d) B/ET tBid HEH 5% Rh-PE i E 60 min J5 FISLE4 R, WAEE A7/ 488 nm
WG BTG, KGRI 5-(6)-FRIEW MR MRE LR, 561 nm BOLHUACEE, KT FF B BG4 & &l g g R &
(e) ZOLARICHK tBid HE 5 FH SR T 60 min J5, EARIRE MM REHIREER; (£) FOUhric i tBid & 05 F i S ER &
60 min 5 BIfER/NIGIHER

Fig. 2. Permeabilization with accumulation of tBid on Membrane. (a) Representative images of GUVs incubated with wild-type
tBid for 10 min; fluorescence images of 5-(6)-carboxyfluorescein excited by 488 nm laser (left), rhodamine excited by 532 nm
laser (middle) and merged image (right); (b) image of the fluorescence labelled tBid incubated with a solid-supported bilayer for
10 minutes; (c) probability distribution function (PDF) of the fluorescence labelled tBid cluster size for 10 minutes incubation
with a solid-supported bilayer; (d) representative images of GUVs incubated with wild-type tBid for 60 min; fluorescence
images of 5-(6)-carboxyfluorescein excited by 488 nm laser (left), rhodamine excited by 532 nm laser (middle) and merged
image (right); (e) image of the fluorescence labelled tBid incubated with a solid-supported bilayer for 60 min; (f) probability
distribution function (PDF) of the fluorescence labelled tBid cluster size for 60 min incubation with a solid-supported bilayer.
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AR, RO E, LT AR =R DR,
AR AT L TURAR SR SRR (B 2 (c)). b4
RELH, tBid 8 [ 7> T ERBR ] 2218 R —
&, (EAEFE I [A] Y AN 2 DL SRS A R A& Ak, 2

BRI

WK tBid # H 5 GUVs J2F [ SCH# AR 2 1)
EHMFZEL b, AEAFRERPEES 752
RIS, £ GUVs AR, DRI NI

140
—— Quartz-bilayer
120 —— GO-PEG-bilayer
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© &
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so | (@
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K3  (a) O TRMFESFRIEFEHHA (sm-SIFA) /R E E; (b) 2EEARICAE 181 11 5 84N tBid & A/ FEA R
MAHJZ GO-PEG-bilayer #4 2 H1 586G L4025 R BIXT LE; (c) tBid FE 7 T RIERES L TIRRFRER, 20
SRR SR AR (d) tBid HE 2 FRERE AT 3 RARASRT, P10 SH#IER I tBid 5 H #5857 5658
G55 (e) MHRLT (d) it 5 R GO RIHFOG TG B () tBid A>T RERS T 5 KRN,
TOCIIATIEK I TRIR GG AL G W= T IRIR 670 T 1V K, 5 AL T IR B R AL 5 6 43 T IR v K A

Fig. 3.
(b) comparison of the fluorescent intensity of 181 labelled tBid on a monolayered GO-PEG-supported bi-

(a) Schematic diagram of single molecule surface-induced fluorescence attenuation (sm-SIFA);

layer (black) to that on a quartz-supported bilayer (grey); (c) photobleaching results of 181 labelled tBid
incubated with GO-PEG-supported bilayer for a few minutes; (d) a fluorescence trace of 181 labelled tBid
incubated with GO-PEG-supported bilayer for a long time; (e) probability distribution function (PDF) of the
fluorescent intensity built from trace in curve (d); (f) photobleaching results of 181 labelled tBid incubated
with GO-PEG-supported bilayer for a long time; red step is ascribed to the photobleach of the fluorescence
on the membrane surface, and blue step is ascribed to the photobleach of the fluorescence inserted deeply

into the membrane.
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H B 488 nm WG KR SRS S, Wk 2 (d)
TSk AT ER. RVE BRI N 0 TR FE K T 2
Gh, HIRE CEH 5-(6)-REXR AR TBEHEAN
TEEWL P ER, T 561 nm PO R E E BRI
TRARIMRFE A PR, R R, BRI R
PR EANB RN T ZEH TtBidERS
GUVs Z (B EAEH, S8 30 ERGEE KA T
M. £ SRR R (B2 (e)), 5EI2(b) M
FLAR, tBid SEEHIEAERE 2 H R T, Gt 4 R
AEEREARERPEA S TS AL
AR, EENINDT (F2(f). LR REH, X
tBid &5 U RE | — @ RIS, AR - 5 Fl s
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Abstract

The proapoptotic protein tBid is a member of Bcl-2 family, and it plays an important role in apoptosis by in-
ducing mitochondrial outer membrane permeabilization (MOMP) and lysosomal membrane permeabilization (LMP).
Previous studies have shown that the mechanism of tBid-dependent MOMP and LMP depends on tBid interacting with
membranes. Researchers hold different opinions about whether tBid itself could induce MOMP and LMP. Some of the
researchers insist that tBid must trigger other proteins like Bax or Bak inserting into the membrane, and assembly of
tBid itself could not form pores large enough to release cytochrome c. Some others think that tBid just like Bax, can
permeabilize mitochondrial outer membrane releasing cytochrome ¢ and lysosomal membrane with the leakage of lyso-
somal cathepsin B. Here, we want to know whether the tBid itself can induce membrane permeabilization in our model
system at low concentration. We use 3 ways to observe tBid and membranes interactions. They are confocal imaging
of GUVs (giant unilamellar vesicles), traditional single molecular fluorescence assay, and a recently developed approach,
single molecular surface-induced fluorescence attenuation (sm-SIFA). So we can obtain information from single vesicle
level and single molecule level. At single vesicle level, we can directly find out whether the GUVs are permeabilized
and at the same time the shape of the GUVs is changed. At a single molecule level, we can know the properties of one
protein. Especially by using the sm-SIFA, we can obtain the insertion depth of exact residue. Combining the results
obtained from different ways under the same conditions, we find that tBid itself can induce the model membrane to
permeate, releasing the fluorescent molecules, by oligomerization. What is more, we suggest that the mechanism is that
in oligomers some tBids can be inserted deep into the membrane although in oligomers not all the proteins have the
same insertion depth. It is indicated that the conformations of tBids in oligomers are diversified. We also prove that the
ways we use here are efficient. The GUVs and supported lipid bilayers are indeed tenable model systems. Sm-SIFA has

a grand future in the study of protein and membrane interactions.

Keywords: tBid protein, lipid membrane, apoptosis, single molecule techniques
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