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HINSED —FE T 57 AN b — RZ, BSOS & W o 7oA OFEAWFRIT
FIRIZ B W TITARD A, EEMEOHER, S HIcBR EICEET 2, THRF—T X
DORFEICED | A TIIRE RS, HORERR, PAREDEEREBZHIZEZT,
ZDOEDZT AP =V ATEMZENTRHADEMBLIG TH Y | eI EEE S 2T
Do WRPEDY A b1 A 2 Off, SMAVEDOHIERL D A VA iR EDOff 2 DRF-IZ X
DTHRM—VARFEEINDE, TRN—VAFATRFTHHVATA T a T T —ED

“J AX—F (caspase)” |V 7T IMrb D, ZOIEMHAL A A 8—FIZ L 2 B2 A
=T DGV Z R THIBN D & X 7 B3I S, ffESEICE S 1-3,

HFLEOMI T 2FEDO 7 R b= 2D 2 7 FIRERE R M5 TS (Fig. 1) 4,
TNFaX°Fas U v RigEDY A M OA U REOZFK (TALET X —) LRAELTERD
L HRMEOREE” & DNAHEREICLVI hary FITh6y h7rb CHAMRH LT
D “WREORE” Thod, EHHLDOREKIZENTS, EEDO I A —ERFETRHT
ELTEINTWD, B TR I2FEEO D ANN—ERFRESNTEBY, TR M= 2H5 0
IRIEFISICBIE LTS, 209 T K =Y A2 D0 AR—E T, BREDEW D
bA =T —HF =N ANRN—R LT = Z =T AN—BIHHEIND, A =3 T—F—
AX—E L LT, caspase-2, caspase-8, caspase-9, % L T caspase-10 2[FE i, =7
=7 B —H AN—F L LT, caspase-3. caspase-6, = L T caspase-7 N HLOM-> T3 5,
H ANR—B X, IEH 72N TIEIEERL (pro-caspase) & L CHIET LM, —ET R h—
VADY T T NABMRICADL LA == = AN—ERHEEE L, SHIl=T =
7 B =T AN—E &l - G\ 5, I b ENTc=T = 7 Z— D AN—EIZ L - T 400
FEZEA D HE L2 T ENOE ST, ZOMBEMIIENE Z 5, 2D X DI,
TR =VARHIIIA =V o= F — L =7 = 7 X — OO T A3—EHEE) L CIEMEAL
T8 “DANR—BHRATr—R” BNFET D,

Ligan
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Q:'_’!_‘“_‘_‘f‘)Mitochondria
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(SRR Apoptosis | (REHEE)

Figure 1 Apototic signaling pathway



TAL® T Z—D—Ff, Fas 2T 2RO T R b — AFFE T 7 F 0 Tld, Miflao
FEREICIRAT L C o 7T R IE S 2 DI % 68, —DiF, f =V T—HF —H A/—
B D caspase-8 WHIEETL 7 = 7 ¥ — 1 A/N—F D caspase-3 & IEMALT 5 Type 1 L FEEIL
HRRIETH Y | ST caspase-8 78 Bel-2 7 7 X U —41-0 Bid 2845 = & T, NP
DRRFEIEMEAL ST D Type 2 DRI TH D 9, U /B L/ BRGR ORI Tl Type 1
OFEFEAMFE DI, FTFHIIESS HeLa MlafE Tl Type 2 ORREEDTEHALT 5 & mbit T D
T ALE T X —ORBLEN V72 Type 2 O TIX, 748 h— ZADOHH > 7 F VD355
ThHIOIT, YT T NEHEIET D7 OICNRERMEORBENEELT 52 ZE2 b1 TND
HAN kT DS MEDS Type 1 & Type 2 DM@ TIZR 2D 0o HELHH 10, £/, &
ARN—T I Alr— Rz L THEMAL L7z caspase-3 & caspase-6 (Z Lo T, caspase-8 73Y]
Wr S AUEHAL T DR T 4 77 4 — RNy 7 OfFEE RT3 112 & Zhicxt LG
7R RIRZ R TS BRH Y, BB L TWD,

Type 1 cell /| Type 1 pathway Type 2 cell / Type 2 pathway
Ligand Ligand
Plasma membrane Plasma membrane
m\neath receptor ;' m\neam receptor )n
‘ ’ @ itochondria Wmmchondna
EADD FADD a
Casp8 Casp8 @
Apoptosis Apoptosis |

Figure 2 Extrinsic Type 1/ Type 2 pathway

N A= OEBEEIZBR 572012, BisFXE~TV A (Vv 7T U FwUR)
PERSH, TORABMPFIRONTZ, BIRRNZ LIiZ, B ASR—EZRZ kf“ﬁf‘%\éé
CHEENRROND, T AL 77 —OMENER T DISC &\ 5 EEERETEKT 55
Caspase-8, 7% 7% —%y1 FADD, ¢-FLIP ® / v 7 7 7 b~ A%, 34D 10 A B
5 11 H BEIZOEO HIflc K W SEICE D 1417, F£ 7= caspase9. 7 ¥ /¥ —/31 Apaf-l
caspase-3 / v 7 7 U h= 7 AL, HHARE R B O 72 D JEEER 22 LT AR 1~3 B
ET 51820, 7R3 ZADOERIT. W ASN—ERED LML TH D, A= DR
HBIIRE SN TR0 DD, FAERHI I~ 208 E H 2 WITRAEBRRSTT AR b —
VANPBIE I TN D 21-23,

WA TIR, BREFHICR N5 BOBITITHIREZ £ Z LIZBRET L v s Tnsd
2426 1z C, 77V Y AHxT)V (Xenopus laevis) DAIHIFEAEDBEFRIZBWNTT AR b—



VAPREDLZ EBWEINTND 229, 20 &5 AT AR b= A%, HELEE
AL TR b=V ZAETRFDOHN ZAR=ERL Bel-2 7 7 2 U —F 05 LT\ 5 Al etk
NEZBIND, BEICT 7 U Y A HT /LT, caspase 3 ZZ 8D/ D 1 A/X—EN[FEE
ENTEY 3031 ZOHT caspase-3 & caspase-9 NWAREHIDIRIT L TV A#fkIC W TE
DFRBNBEO LD Z EHWMEIN TIN5 3238,

AFRIZE > TT R B —=V RAETRTFTH LN ANR—BOGTHFEZR LML, £
IRFEANTISUT D T3 AR —8 DAPRAIESE 2 B 2 72012, 5 —5E TlX, caspase-8 DIEME
B ZDTRON A — R 1 METHHIETED VAT LML, 2OV AT LA
W T D caspase-8 DIEMEDFEMZ Mt L7, 8 & ClX, WA= X7 — N&E NANIC
BE L caspase-8 & Z D TiD caspase-3 DIEMZHIHT 5 Z & CTUAMAMET AR b— 2%
Wail@n s 7T NORNEZAMHEIC Lc, £z, ERICICAI LT 7 L 2Bk LT
— X LBETDHZLICL 2T, TR —VAZEITT DO HLE caspase-8 <
caspase-3 DIEMEALBZHET HZ LailkAl-, FE=TTIE, 77V BV AT )5 Bid
B L O xCaspase-8 D 37 11 7' T 5 xCaspase-108 Z Hifft L. OIERE A BT LT-, £ 7.
caspased3 DE=H—431 SCAT3 23 HRTH 7 AV 2=y (Tg) H/LZ/ERL,
ZOHRAEIC YW THRE LT,
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F—E NEETH b=V RT T FIREIZBIT 5 caspase-8 DIEMALEEHE DFiE A

TR M=V AD Y 7 FIREICET HHFRIC OV T, 2 E TIEMIRER S & o)
B LoV RE L7720 T 5B R A ER Ch o 7o, ZOFEZ, 7T
DIGHE A RRRFHNTBIN T2 2 LIZIRANH 0 . Iz THIRAN TR & 2 2 7 L D22 72
EREREDDZ LITTERMoTe, ITHE, #LF "7 EE o7 1 Ml L~ L T
Bz s, WERFIA) & 2 WILZEM R IR ET 3 v RE L 72 0 DD d 5, T E TIZ FRET
(Fluorescence resonance energy transfer. #{Y¢IEME— /L —H) OJFEAZFH L=
1‘3%/? REMF NI BN IR D=L = MER S, AR OS2 BT T
S FHOMHBEMEHOBMIZHIRL TV D, MKAFEDOHNIIESBIZI W TS, FRET OJEl
%mﬁbt%:&~ﬂ%ﬁ%’%O%%%éhfwé% ABFFECIE, 2 O EOE S 8
VB EBERDYE I AN—BIENEE =% —43F SCAT, & b2 3FHOE N Z " Hx
XA H7- caspase-8 + caspase-3 IEMETE =% —/4rF CYR83 #{ERIL., 7K h—AD
BRZIEMHAL T 2 A N—BOZFE#E 1 a0 L)L TrRfbT 25 Z & aRkAi, Eiz,
CYR83 % i\ 7z caspase-8 DIEMAL E ZD TFIMOI A — R& 1 fild TCE=F—TZX 5
AT LHHFE L, TR =V AT T FIAREDORFE Z R RFIICIR T2 2 & IZTHY A
72s 51T, caspase-8 DEHEMAL AL O R T 4 77 4 — KXy 7 DIFAEIZOWT b IGE
L7,

(5]

BETREAT 7RI FO/ER

2 ODWNH T ENERE LT & 37 'E D SCATS 1%, seCFP (Cyan Fluorescent
Protein Mtk B1K), IETD El% % 5>V > 5 —, Venus (Yellow Fluorescent Protein DI R
) 35 OECE T DNA 7 7 7 * > b % pcDNA4/HisMax (Invitrogen #1-) (2 A L 7=, SCAT3
I% seCFP, DEVD E8IZ >V 1 —, Venus DJET DNA 77 7 A &~
pcDNA4/HisMax (23 A L7 36, CYRS83 (%, seCFP, Venus. mRFP1 (monomeric red
fluorescent protein 1; RFP DR K) 37D 3 FIHDO WX L /X B & 2 DD H A/—F 58
bl s IETD, DEVD Z#8f> VU > 71 —% seCFP—-IETD U > 77— —Venus—DEVD U > 7
— — mRFP1 ®JE T pCAGGS3 ([2E A L7z, —>0n VU i —i¥Iix
SSSELSGIETDGTSGSEF, SSSELSGDEVDGTSGSEF © 7 X / [ldsl % =it a— K
2%, 2250 CYR ZH{K, CYR83 (IETA) & CYR83 (DEVA) X, CYR83 THW/=Y »
H—D7T 2 RS IETD 8L ODEVD O7 ARG X UET T =B LIZY v —




AL, RGEEHWY ar et ¥ o7 EoERIZIE SCATS, SCATS, seCFP,
Venus. mRFP1 ® DNA 7 7 * > k% pRSET (Invitrogen b)) ([ZE A L7z, MEHIfER X
VT BERY AT D AN Z NI BEER DT 02, B A S—PHIBA (pro-caspase).
& % % FK506-binding protein 12 variant (FKBP) & caspase-8 D& % > /X7 G Th
% FKBP-caspase8 M4 ¢cDNA % pEU (Z#fi A L7 39, FKBP-caspase8 cDNA [,
pSH1/HA-Fvls-caspase8 % Baylor College of Medicine @ J. Wang &+ LV it 5. 7=,
Caspase-3 D717 7 —BIEMER KU OLERKIL, PCRIET caspase-3 D7 17 7 —Eik
PR THD QACRG DU AT A Ui EE Y AZEHE L, pEUIZFEA LT, & F ARK5S
B 7 A3 FiZ. ARK5 ¢cDNA % pIREShyg2 (BD-Clontech ) (2 A L7, ARK5 ®
¥ —PERAK ARK5(S600A) 1%, FF—FE AL HNIZHD N KLY 600 FHOEY
VAT T = CER L pIREShyg2 (T8 A L7, Mifu Tl 389 % 72 912 caspase-6
BLO2 ’D@Z{/Eﬁi caspase-6CS. caspase-6SE |% pIREShyg2 |Z4fi A L 7=, Caspase-6CS
TEMWRIER L 57202, TeT7 7 —BiEMEETHD 163 HEHOT I VOV AT A
VR AT ) T ERL L, caspase-6SE (XHEANCHE S RREEESL -0, U Vg
ILSNDENLTHD 257 FH DY Y FEEEAE 712 I FRIC PCR EZ AW TEH# L 7=,
WA LT,

LR R L OEETEA

t N TESENS MBI CTH D HeLa #ElX Dulbecco’'s Modified Eagle’s medium
(DMEM)IZ 10% fetal calf serum (FCS) Z sl L 725 Hu A F\ N CThs 48 L7=, HeLa fifa~o
B T-E AT Lipofect AMINE 2000 (Invitrogen )% 7=, E k caspase-6 siRNA &
AN ALX, TransFectin™ Lipid Reagent (Bio-Rad Laboratories £1:) 2 iV 7=,

VTINEBEADARA—D T

@ 35mm DHTFARNLT 4 vva WF7 7 77 2%, 1HaT—7 0 (G
Ta—7 427 L, DL HeLla filfa L7z, RABGEFZEALESHIZ 1~2 HH
i UT-, = OMIfa% PBS TP, 1 mM CaCle. 0.5 mM MgCls. 10% FCS %4
te PBS ISWRICEHL L=, 7R h—3 ZAFHEIZ1T, 200 ng/mL #i Fas $ifk (CH11, MBL £t)
& 5 pg/ml cycloheximide (CHX; Sigmaaldrich #5) % MW /=, F72. UV HKIZ XL 57 K b
— 3 AFHERECIX, UV linker (FS800, Funakoshi ) % AV T 200 J/m2 B L7-, 7&K
= A ZFEE L, 2Ot ESE (DMIRE2, Leica Mycrosystems #5) b CHET +
> 3— (MIFIBC, AV > /32tk) NTC 37 °C THRIE L7 HEIMEBI#IE LT,

FRET O % A4 5T T AA A— 7%, d#tB#E. CCD 7 A7 (CoolSnalHQ, Roper
Scientific 1), 7 4 Vv Z—F = ¥+ — (MAC5000, Ludl Electronic Products ) ¥ X O
Y 7 k7 = 7 MetaFluor / MetaMorph (Universal Imaging ) % i\ /=, #5%% B9
%7 4 V& —1%, D425/40x. HQ500/20x, HQ545/30x ? 3 FikH % bl (excitation) =~




4 L& — & LT, D480/40m. HQ535/30m. HQ620/60m @ 3 Fl¥H A 45 ¢ B/ (emission)
TA4NH—L Loz (B TH7 4 /vH—|L, Chroma Technology L L W IEAN), # A 7
aA w7 7 —IIIRHNE 4% DT T A%\ e, SCAT =% —5 %53 5546,
Ml 15 #IZ—E OfIMRE T D425/40x O 7 4 V2 —% i LT seCFP ZJiliZ L. seCFP 7>
53T % H0E % D480/40m T, Venus 2 H¥7 540t 2 HQ5H35/30m THUfS L 7=, Venus
D IEHRIE & seCFP OAIEHRE D& FRET O H 23K, & HIZEDEE A 5 h
7 —TF/r LTz, f#NTIZIE MetaFluor & % VM d MetaMorph % U 7=, CYR83 D4, 1
Bl OEREE 4 SOF ¥ o Fb 2 O0ENH 7 EHE 250 FRET #8) © (1) seCFP
% D425/40x & D480/40m D 7 ¢ /L% —_ (2) Venus % HQ500/20x & HQ535/30m D 7 ¢
L #—_(3) seCFP - Venus ® FRET % D425/40x & HQ535/30m 7 1 L% — (4) Venus
> mRFP1 FRET % HQ500/20 & HQ620/60m D7 /L& —. @ 4 OHEHE TIT

ST,

BHER Y R BERV AT 2ERAVEY o By b RSB O

HAN—VBIZET DY av v M2 U B BRI @G Y 287 BT IR &
VR ERY AT DR VT 39, Caspase-3, caspase-6, FKBP-caspase8. 3 X O\ caspase-3
DEFRMED Y 2 e > ME, pEU R Z =i -7z SP6 7' n & — ¥ — & FIW TR T
MNOEREEY 2R L /NEIRSFER Y (WEPRO-1240, CellFree Sciences f1) % VT
HRBPEM NS Z R BT LT, ER L7 Y 2 ey b A 3—F X, SDS-PAGE
LR DFURERN - 2R R T a T 4 I KRR AR LT,

H A= H R — KD in vitro B

In vitro TO I AN—E A — FEMERO KX, SCAT3 & 5\ ik SCAT8 £ =% —
ST DU O L - THIE LT, DB 2 3—F & SCAT3 72\ LIk SCATS % il 2
T 37°C, 2Rl A v F% 2X— |k L7=t. SDS-PAGE A sample buffer Z# #h1 L CEEE i
Zis ik L, BVEPERIC SDS-PAGE (2 it L7z, SB5XVKE) L7z SCAT # L /37 i, A A —
U7+ 7 A Y — (Typhoon 9410, GE Healthcare tt) ZHWCEHET 7 VLT 2 K7LV %
o352 L TCHETRUG L, £ oHt ¥ — 2 % ImageQuant THRALHIIZHEIRIL LT,
7R b= A& FHE LT HeLa fila To CYRS83 OUIWr OMEHTIZ & [FRED Tk & F 2, &
a2 R B EET S L ——(3 457 nm. 532 nm, 633 nm & A\ SOEHRAGIZIE 526SP,
555BP20, % L T 610BP30 @ 3 FE DK 7 4 V& — & H iz,

AL)TayT 4T

In vitro FAERCR TUIWT S 7 0 A X—B O L, iR 2 SDS-PAGE T/3Ef,. PVDF
B ZHR B A%, BL caspase 3 P, #i caspase-6 Hiffk, $i caspase-8 Hifk (Cell Signaling
Technology th) T+ FhA L/ 7T vT 47 L, “IRPULIZ HRP ik L7-Hi~ v &,




HDHWFHT Y IgG HiiA(Cell Signaling Technology #1) %/l L. Western Lightning
(PerkinElmer Life Sciences 1) Z W T AL, H&EZIZA A—Y T+ 7 A4 ¥ — (LAS-3000,
FUJIFILM )T > 7B xR LT,

BARTE A L7z HeLa o000 A=Y Ot IX, Mgz lysis buffer [50 mM
Tris—-HCl (pH 7.5), 150 mM NaCl, 5 mM EDTA, 1% TritonX-100, 0.5% sodium
deoxycholate, protease inhibitor cocktai IZ¥&f# L. ml¥&(k L7=¥ > 7 /L% SDS-PAGE (Z
T/Hri#E L. $T caspase-8 iR, i caspase-6 HUiK, Hi caspase-3 Pk, HT PARP Hifk (Cell
Signaling Technology ). & 2 Wit i 7 7 F v Hi & (MAB1501R, Chemicon
International th)) T/ A/ 7Juvs 47 Lz,

R

E =& —43F SCAT % F\V 7= MllN caspase-8 {fH & caspase-3 IEMED RIFRLL

RN D 73 A 8= OIEMEZ /[ b3 5 72912, caspase-8 DIEMEZHE T HE =4 —
43F SCATS, caspase-3 DIGMEZ T 2 E =% —/F SCAT3 # th Zi/ER L7z, Zh
5 F DR % Fig. 312779, SCATS8 %, seCFP & Venus % caspase-8 ikl 5l % &
iV > —SSSELSGIETDGTSGSEF T#:f5i L TIER L7z, SCATS3 |%, seCFP & Venus
DI caspase-3 Fiklic s & & Te V) o 1 —SSSELSGDEVDGTSGSEF Z4f A L7z, FHRED
BLHNTA % J1 28— B RaE S % <,

SCAT8 SCAT3
seCFP Venus seCFP Venus

SSSELSGIETDGTSGSEF SSSELSGDEVDGTSGSEF

Figure 3 The structure of FRET-based biosensors, SCAT8 and SCATS3.
SCATS consists of two fluorescent proteins, the seCFP and Venus, and contains the
caspase-8 recognition sequence, IETD, in the linker portion. SCAT3 contains the

caspase-3 recognition sequence, DEVD, in the linker portion.

SCATS & A% SCATS % =— R4 % DNA % HeLa fIIZEA L, #5738 AL Z
i Fas Hifk CH11 TR U 7- % BEMEEEIZE U 7=, a0 B O fiia %2 seCFP bt Fl D425/40x



7 4 VZ —ThbkE L, Venus 0L ST 5 7 4 L% —HQ535/30m (FRET 5 ¥ /L),
& 5T seCFP O 2 B4 2% D480/40m (CFP T+ %/L) O~ 4 L4 —T 100 X Y
72y Uik 200 X UM OREUG LT, MIROBEGEITTHE 15 BB & I121To 7, IS Lz mif
L. MetaFluor (2T FRET ¥+ %/\/ CFP F v %/ ® ratio Z% L., FRET F ¥ %/L D
IR MR ratio DEELLY 7 — & TS DE 7z, Tid Fig. 4A T/R$ L 912, caspase-8
DIEVEZFBOIED T2 4 DRITHIREE LIZ U, £ D% b ratio DEL GRELD 7 — Dk
BrHEAETOERI) BDIEZ 52, Fit Fig. 4B @ caspase-3 OIEMEIZHT 72 3B TK

=< ratio AR L BANLH M ET) L, —%IZ FRET BN ElETE 2 WE E TR T4
DT LMo, ZIUTHE L 725 SCATS IR HERE £ Tl —E 0 0l S5 DLzt
L. SCAT3 04 r’rﬂiﬂ’ﬂﬂﬂfﬂ% AT W ENs EE LN, ZOX DI 2FEED

T K=y FEE S Z LI XV caspase-8 & caspase-3 DIEMAVERITEN R H D Z LA
R LmCcEE,

10
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Figure 4 Imaging profiles of CASP8 and CASP3 activation associated with

apoptosis.
(A, B) Serial fluorescence ratio images of dying HeLa cells were generated by
monitoring SCATS (A) and SCAT3 (B) through filters as described in the Materials and

methods. Numbers indicate time after taking the first image.

Dual-FRET system ; 1 AT 2 DD B A X—PiEMED FIR#H
EED L oIz, SCAT8 H AU X SCAT3 #{fHEH Z ik, filx oMz

11



caspase-8 & caspase 3 DIEFMZ AL T 22 LN TE 2, LI LARBL, W A/—ED
IEMEZ 1Ml TS 2 Z &3 TERY, £Z TP R =V AFERDO 1 fild T =
T = HAR=BL 2T =27 Z =N AN OEWEZ R T 572912,
dual-FRET v AT L& LTz, ZOVAT ADRDIZ, 3 2O®ENHZ /37 E seCFP
(super enhanced CFP), Venus. mRFP1 (monomeric RFP 1)A%E##E L7-@ha % v 378
CYR83 ##5% L7z, CYR83 I%, ®h& /XU BEH DY 7 — I 2 2D A/—ER
PkELS IETD 3 X O DEVD BRZEnZFhfEA S TEY (Fig. 5). FRET (2 X% caspase-8
L caspase-3 DIEMEEFRIFFICKRNT A E=#—/0 L L THIEET 2 Z En3ifF S, £72.
IETD % IETA ([Z@E# L7307 > h@® CYRS3(IETA) & . DEVD % DEVA (Z{EH#i L 7=
CYRS83(DEVA)D 2 FFE L ER L7 (Fig. TA), o ANV T haflio Zick-T, &
A=V FFRBCA 2N F N E A caspase-8 & 5 WM caspase-3 12 K o THREEMICOIBr & T
5T & RRAEE LT,

CYRS83
seCFP Venus (YFP) mRFP1

SSSELSGIETDGTSGSEF SSSELSGDEVDGTSGSEF

Figure 5 Characterization of the dual-FRET biosensor, CYR83.
A schematic structure of a FRET-based biosensor, CYR83. CYRS83 consists of three
fluorescent proteins, seCFP (CFP), Venus, and mRFP1 (RFP); the linker portion

contains two distinct caspase cleavage sequences, IETD and DEVD.

CYRS83 # F\\ 7= 1 it TP caspase-8, caspase-3 O [F]R#E AR H

ZZR L7- Dual-FRET ¥ 27 ADFEMMEZ SOGBAMEBIBIZRIZ L > THiFf L7-, HeLa #fi
il CYR83 %8l 4 577 A RDNA ZEHA L, 7&K b— AFFERF OO GG & fftT
Uiz, FTIEICRHE LT 4 DDF v RNV Z W HIEIZ KD 2 D7 N BITE D
i, 2 >0 FRET Hi{g4 s Lz, 7H b—T ZADOBENRKMO—>Th 2 MIRUE
L0, HROEICHEFRRZR T 5 &, HORFRTENRENMERT 5, KRRz GbE
D721, MBS OHOEAHE R LR, 372 HHIAIGHE AL & 72 REfE 2 t =0 &R E L
7o ZOBMEIZIY ., fHx O CTORFMAFEELTHZ LN TE, HEFRBETTON AR
—BIEMEZ T D 2 LR FRRIC 2R o T,

Pi Fas HFUAREEF O CYR83 HEIMADOE A # A 57 7 A THIEZ L. FRET Ot
ratio Z BELl 1 7 —For L7z, BEEFGEIC X 2 (Fig. 6) 2 S 5@ O ratio ®
BAbw 2777 (Fig. 7) T L7z, Ratio DEBNIELEOUINOFRRE % R~IE L Tk Y, Ratio
O TIEHI AN—EOEE EFE2ERT 5, Fig. 6 IC K28 KHEE LD L

12



Venus/seCFP & mRFP1/Venus ® FRET OZAbIEi# TH LR Y | 7T 7 IZHE 3
5 e X VEHFEIEWV NGRS bz, Caspase-8 DIEMALIZEMERITH 0 . 1 Bef H I MR
MEOBTSEi L 0ihE v . 2 B HIE caspase-3 DIEMALZIZIE Z W 2> EHH (plateaw)
% T L7- (Fig. 7B, shown by red lines), Et[)72 caspase-8 iEPEALN T AR F— A D4t
MR T D 2 & D720, NIRMERKE AT T2 UV JIC LD 7R b
— 3V AZFHE L, CYR83 IZ X 5 A N—BIEMEZ et U=, UV JIJEEEIZ X caspase-8
D 2 BEPEE OISO E ST (Fig. 7C, shown by red lines), Z®DZ & LV, i Fas
PURKLFE T 5 7= caspase-8 @ 1 B H OiE M XA RE I R R TH D Z &
oo Te,

F7-. dual-FRET > 27 AL, 1 iR~ ZBWTH A= 1 A r— RN CiEMAL
T LD I A=V BRI FR T D 2 LKz, Caspase-8 & caspase-3 D
NG — 2w g B b AMRIPERR S . IR O WISV T caspase-3 DIETE(LIE
caspase-8 @ 2 B H OIEMALRNCE = 0 | B2 SO TH -~ 7= (Fig. 7B,C, shown
by blue lines), F7=. caspase-8 DIEMEZFEL D &, 1 EMEH & 2 BBEE OIEHELORM

U Ry @O B (Fig. 7B, shown by arrows), = OIS IIIEME(L L 7= caspase-3 I
&% CYR83 DU OFMERTHL EZEZLBND, DFE Y, seCFP 2T 5L, =x/LF
—7 seCFP — Venus — mRFP1 ~:B#E) L T\ /=D, caspase-3 (2L > 7T Venus &
mRFP1 OGRS D & =X F—BENR R 20 ZORER, BEL TWehoTx
NX—=NEDEE Venus DHOEE LTHMT 2720 THL EHERESND, €D & ZMGE
T D78, B A=A A A A7z CYR83 IETA) & CYRS83 (DEVA) % fii > C
FH~7= (Fig. 7A), CYR83 (IETA)I. caspase-8 iikfils IETD % IETA IZEH L7=72 %
caspase-8 (ZJ& % seCFP & Venus RIOUIMNIE Z 57202 £20v5 ., CYRS3 (IETA)??)
caspase-3 |2 & > T Venus — mRFP1 [ CUIKF & 7272 51X, seCFP % M3 2/1h&E D
Venus/seCFP OHEELERAEEN LHERF S D Z E N PRIz, 2O THIL. EEORIET
— % Venus/seCFP @ ratio 23HEM L T\ 5 Z L2 K-> CiEA &7z (Fig. 7D), BA S
12, CYR83 T# 5 #15 Venus/seCFP ratio ® U /37 > RiX mRFP1 OUIRHZ L 5 Z & &R
2 7=, —J7.caspase-3 iZikfi’ ] DEVD %z DEVA |24 % L 7= CYR83 (DEVA)IZ, caspase-8
D5 % H. 5 Venus/seCFP @ ratio Z1kix CYR83 L [FED /¥ —2 ThHMN, VAT
Ri3kE = 5720 7= (Fig. TE), £ 7= caspase-3 DiEM: %2~ 3137 O mRFP1/Venus @ ratio
WZZBAEDZRD B 7o 7= (Fig. TE),

BA LT TAA A=V TOREENE=H 3T OUIK 2 KM L TWD 2 & ZHERT D
7291, CYR83 LU 7 > CYR83 (IETA) & CYR83 (DEVA) DU/ 57— %
SMAMERS K OWRIMET AR b — 3 AR 2 TEE(E L7z HeLa flifaz W T, Ek?ﬁ"]ll?ﬁﬂ’\“
7= (Fig. TF,G). #1 Fas HUIAfIIH 4 Kefil# 12, CYRS83 FEMIL OHh i & g+ 5 & |
Wr =17z seCFP, Venus, mRFP1 AW iubfEid Sz, LarL, CYR83 (IETA)%IE‘f‘EH
faTl&, BT & 417z seCFP & Venus /3 H S mRFP1 A3 STt Sz
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(Fig. 7F), Z® Z L%, seCFP — Venus [ CIIUIMNE & 2o 72 2 & 27”9, £72 CYR83
(DEVA)ZEBLHIL DS54 | [FER 72 il C I bl < 417 Venus & mRFP1 3% H S 3, seCFP
O Y S TR & Au(Fig. 7TF). 3725 Venus — mRFP1 B TUIW A X 7205 72,
—7J5. CYR83, CYRS83 (IETA). CYRS83 (DEVA)Z 4 Az T, caspase-3 THl
Wr S DWNTEME S R 7 B IiXn 3 CYRS83 A A L7-flia T AR BN 358D b
TEBY ., 2OT7 A b=V ZAOMITITIZEN e -T2, UV BF#O CYR83 1511 CYRS3
(IETA) O U bR L7223, i Fas Pk & [AEkIC CYR83 AL TlL seCFP, Venus,
mRFP1 N EFMME SRR X722 CYR83 (IETA) FHAAL Tld mRFP1 & A X
7= (Fig. 71G), Zh b DfER L v, FRET @ ratio ZbiZE =% —3FDOYIKFIZ L W iL Z %
Z EDNEER S LT,

UEDZ XD AFEICL->TLIMETA, =32 —F =D AR—EBEBLPz T =7 ¥
— I AN—=BOMOIERZFRIRFIZE=2—1L, TR F—Y ZARHIE Z 2 laNFR 28]
BT DHUAT LEMSL LTz, ZOT AT L% T caspase-8 & caspase-3 D F 7 - 7= 1E M
INF— g T E ISR,

A
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Figure 6 Imaging profiles of caspase-8 and caspase-3 activation associated with
apoptosis.

(A, B) Serial fluorescence ratio images of dying HeLa cells using a FRET-based
CYRS3. For the detection of caspase-8 (A) and caspase-3 (B) activation, three cells in the
same field were monitored through filters. Numbers indicate time after taking the first

image.
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Figure 7 Monitoring of caspase activation with the CYR83 in single cells.
(A) A schematic structure of CYR83 and its variants. In CYR83(IETA) variant, the
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IETD sequence was replaced by IETA; in the CYR83(DEVA) variant, DEVD was
replaced by DEVA. (B) The graphic pattern of the emission ratio based on the
fluorescence intensity of the CYR83 in single cells undergoing apoptosis. The
CYR83-expressing Helia cells were induced to undergo apoptosis with an agonistic
anti-Fas antibody and monitored by dual-FRET. Time course was set up before and
after 1 h of cell shrinkage. The temporal fluctuations of the emission ratio on
Venus/seCFP and mRFP1/Venus in single cells are plotted as red and blue lines,
respectively. The IETDase and DEVDase activities are inversely proportional to graphic
data. The arrow indicates a rebound detected by monitoring the fluorescence. (C) The
CYR83-expressing HeLa cells were induced to undergo apoptosis by UV-irradiation and
monitored by dual-FRET. A time course of the emission ratio is indicated. (D, E) HeLa
cells expressing CYR83 variants were monitored for fluorescence. Transfected cells
expressing CYR83(IETA) (D) or CYR83(DEVA) (E) were treated with an anti-Fas
antibody and monitored for fluorescence. (F, G) Fluorescence image analyses on the
proteolytic processing profiles of CYR83 and its variants. HeLa cells expressing CYR83
or its variants were subjected to extrinsic (F) and intrinsic (G) apoptotic stimuli at
indicated times. Cell extracts prepared from those cells were resolved by SDS-PAGE

and scanned for fluorescence in the gel using the imaging analyzer.

H A= H R — KD in vitro B

Dual-FRET > 2 7 A % H W THMAMERR B (238 1T D easpase-8D 2B MEDIEM:, 38 L OE D
1B H X L 7 2 — il K A WIElEM L TH D Z & 27/R L7z, Caspase-8idcaspase-3%
It L7-caspase-6iZ L > THIMT & D &N HENRH V| 2BBEH OIEMEIXT R h— A
TFMBEDORYT 4 77 4— KRNy 72X bDEEZEZbNID, JareF s b
73 As3—+F & SCAT8, SCAT3% H Tz in vitroT D H A/ 3—8 ) A /- — R O FAE R & i A 12,
KNG H % FiV Ceaspase-3°caspase-6D U 1 B0 M X L R 7 DAL &R 2 7
W, B ANR—ERHCIEEL LT LE S 2 OICIREHRI ORI 2 ¢ X /o 72 (data
not shown), fit-> T, HiBKAD Y =22 J o Fpro-caspase-3. pro-caspase-6, 3L
FKBP-caspase-8 DAL, MMIfER X o 7 EEK Y AT NEIEH L7239,
FKBP-caspase-8/Z. FK506fiA % 7327 '% (FK506 binding protein: FKBP) & caspase-8
DTaTT—BRAL OGS R ETH H4, FKBP-caspase-8DIEMEALIZ, —&iA
AEHET HFKBPY > RO TORARETH U | caspase-82° _EK{LT 52 L THLE
B ©CIEMAL T 2 & OME 0 3 5, FKBP-caspase-8%ff 5 72 HiE, HARMICEX 5
caspase-8D B CIEMAL BT 5, & 2 TH A= B A4 — R Din vitroBkE i
pro-caspase-8Dfti> 1 & L TFKBP-caspase-8= W5 Z L2 Lz, £7=. 7 F LD AT
FIRT & L THIROIEM LR caspase-8 &1 (Y, 7 A7 — KOEITIZSCAT3E L USCATS
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OUIWrCHEf L 7= (Fig. 8B, lanes 1-14 and lanes 15-26), AR DORIZBWT, B A r—
R oA I - 7215 b il caspase-813#96.2 units T - 722, = D E([XSCATS, SCATS
% BIEH—FEICA ¥ 2 — g U LT HEHEDIE L7220 > 72 (Fig. 8B, lanes 2 and 16),
IE M R caspase-8 & HiBR{ADpro-caspase-3Z B &I Z L2k V., SCAT3OYIW N A
b7z, ZDZ LiX, pro-caspase-3BIEMALANI AR L CREE AWM L= Z & 2RIET 5
(Fig. 8B, lanes 3and 11), - &/ 71 v MMZX Y. pro-caspase-3NUIrInTnbHZ L%
7= (Fig. 8C,lanes 1 and 9), 7' 17 7 — VB iEME KA Dpro-caspase-3% AW 7= 54,
IEME(E Dcaspase-8 & R L T HSCAT3O YK X R & 72 v~ 7= (Fig. 8B, lanes 4 and
12), &M bl caspase-8 & pro-caspase-3DfiZ. pro-caspase-6"FKBP-caspaseS8% i1 L
THSCAT3DUIHIRE < Eb b7z (Fig. 8B, lanes 5-10, 13, 14), —J . SCATS8
DYIWIZ S\ Tk, EME R caspase-8. pro-caspase-3., FKBP-caspase-8% /x5 & .
SCAT8 T R 57 (Fig. 8B, lane 18), & & Zpro-caspase-6% i {L7
caspase-8. pro-caspase-3, FKBP-caspaseSDIRAWRIZEMT 5 &, EHRMOLGE LD b
SCAT8DYIWr232.5f% L EZ% < 72 -7~ (Fig. 8B, lane 21), Pro-caspase-6/dpro-caspase-3
DIEMAL L7 BRI HIF S 7= T (Fig. 8C, lanes 3, 4, 12 and 13), SCATSDUIKIIZIX
caspase-3 & $[f] L 7zcaspase-6 DIEVEL 2N EHL 72 & HEl| Xt 7-, FKBP-caspase-8i%. HJl
72 LI iE M bcaspase-8DUSIM Tl 7 v 7 7 —BiEkEn 72 < (Fig. 8B, lanes 17 and 23).
fthod Ty ZAR—F 2 L v iEMA L & T (Fig. 8C, lanes 18-24), SCAT8Z Ul L 7= & & 2 b,
BYPER 7 7 0 7 7 — B R IKIC X D caspase-8DFHEMENNSCATS D YW IZ KB 7R2 N2 & %
KL, ZDOX T, WAN—BA AT — R&invitroCHAERL L, caspase-8DRT T 17
74— Ry 7 X DIEMAL 2 fEsE LT,
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Figure 8 Functional reconstitution of the caspase cascade in vitro.
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(A) A schematic structure of FRET-based probes SCAT3.1 and SCATS.1. Both
SCAT3.1 and SCATS8.1 are fusion molecules consisting of seCFP and Venus and
containing either the caspase-3 recognition sequence (DEVD) or the caspase-8
recognition sequence (IETD) in the linker portion. (B) In vitro cleavage assay of the
FRET-based probes with recombinant proteins. Various reaction mixtures containing
either SCATS3.1 or SCATS8.1 combined with several caspases were incubated at 37°C for
2 h, and the cleaved products were analyzed by SDS-PAGE followed by scanning of the
fluorescence in the gel. The arrow and arrowheads indicate the full-length and cleaved
form of the probes, respectively. (C) Immunoblot analyses for monitoring the processing

profile of pro-caspases in the reaction mixtures. After incubation for 2 h, the processing



pattern of pro-caspases in the mixture was analyzed by SDS-PAGE following
immunoblotting with antibodies against caspase-3, caspase-6, or caspase-8. The arrow
indicates the full-length procaspase and the white and black arrowheads indicate the
completely and partially cleaved fragments, respectively. The star indicates active
caspase-8 included in the mixture in advance and the asterisk shows a non-specific
reaction. Abbreviations: W, wild-type pro-caspase-3; M, the protease-defect

pro-caspase-3 mutant.

ARKS5 (2 & % caspase-6 DFEM:H 238 U /- caspase-8 DIEME(L
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seCFP & Venus OftE A E Z#i 2 T, SCAT3.1 LRI UHRIZL7=Z i X -> T FRET §<j3¢
NEE-ST2Z & %2 TiRERIC CHER L=, ARKS Z#E A L7-#illTI%, caspase-8 D 2 B
HOEMIEE N R 57 (Fig. 9C), —J57 T ARK5 (S600A) % A L 7-#lfii? caspase-8 D
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Figure 9 Effects of the negative regulator on CASP6 activity.

(A) The protein structure of the 2nd version of SCATS. The improved construct
SCATS8.2 was generated by exchanging the linker sequence DEVD in SCAT3.1 with
IETD. (B-D) The graphical patterns of caspase-8 activation monitored with SCATS8.2 in

single cells undergoing apoptosis. Hel.a cells were transfected with either empty vector
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(B), plasmid carrying ARK5 ¢cDNA (C) or kinase-deficient mutant cDNA (D) in
combination with the SCAT8.2 gene, and incubated for 1 day. Transfected cells were
treated with 200 ng/ml of anti-Fas antibody and 5 ng/ml of CHX; the emission ratio of
SCATS8.2 was monitored. Graphic data were adjusted by aligning a time schedule of
morphological change, and representative data from two independent experiments was

shown in each graph.

Caspase-6 ENEENIXIT 5 caspase-8 DIEMHEE)

Caspase-8 DIEMEILIZIIT D caspase-6 DB G-% & B IZEATIT 5728, caspase-6 % id |
FEERWN LT RNAL 128 VDR S8 T caspase-8 DIEMIZ KIET B LT -, £,
siRNA OHIFEAIZ X 5 caspase-6 OFEELINHIZNEIC OV Tt L7z, Caspase-6 (Z%f7
% siRNA % A L7- HeLa MifdiX, #EA 3 H#IZIX caspase-6 w23/ L7z (Fig. 10A),
Z ORI Z IV CTHT Fas FLILELIZ X 5 caspase-8 35 LU caspase-3 DIEIMEDZEAL & kgt
L 7=(Fig. 10B-E), Caspase-8 DIEMEIZOWT Y 7 7 & thilsd % & FRET O/ BIGEN S
IR S (6 =0) £ TOERR]., 72 5 NT SCATS D547 Ul £ TOREMIA caspase-6 #]I
FIHPL CTIZEL 2> TE Y, BHSNIT caspase-8 DIEVELAEN TWD Z L AVHIA L 72
(Fig. 10B, C), —J5. caspase-3 DIEMEIZ OV T SCAT3 OE®E #2525 & . SCAT3 DUk
I% siRNA A DF LN 72~ 7= (Fig. 10D, E), {H L, fﬁmﬂ@uﬂﬂﬁﬂk {725 Z &M
w7z (Fig 10F), 723, = hu— L siRNA & AW 723BR (12 L 0 . siRNA E A%
% caspase-8 35 XU caspase-3 DIEMEICEEN 2N & 2R LT (ﬂ%%\éi@o ZiB Ok
RL V., caspase-6 OlIL caspase-8 DIEVE(LZR & NTHINIUAGIZ B % 5 2 D)3,
caspase-3 DIEMB LT AN b= ZOMITITITHE L 2\ 2 L DR SN,

RIZ, caspase-6 DIBFIFEBLUZ L 2 5B A M7=, caspase-6 331 N2 DD caspase-6 %
BRZERBTHTTAIR %%ﬂ%ﬂﬂ”ﬁ%@ L (Fig. 10G), HeLa MifaiZ & x5 A L7z, T
Fas HUAIECTT AR h— A 2758 L 7-BE, caspase-6 ZimFIF 95 & caspase-8 DU
DT 5 Z &3 yho 7= (Fig. 10H), a7 7 —EB RKIEAERIKCTH 5 caspase-6CS &
MR L 7-8A . caspase-8 DUIMHEEILIE = 5720 - 72 (Fig. 10H), 7=, fHEHU
WL ZE AR TH 5 caspase-6SE Z i HFEHL L T caspase-8 DUIMHEHE LA HiL7e -7z
(Fig. 10G,H), Caspase6 ® 257 HH DLV U 5EIEN ARKS I K-> TV VEgband &,
ZOTaT T —BIEENRIHISND Z LD 1243 SR Y LA RIK caspase-6SE D
FERITZFOZ L EZXFFLTWA, IEDORERK V| caspase6id, 7AHR h—T ADETIZIE
T LHMETRWR RYT 477 4 — K23y 7128 % caspase-8 DIEMALIZIZBI G- L C
WAHZ EBHLMNERST,
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Figure 10 Effects of the downregulation of caspase-6 on caspase-8 cleavage.

(A) Immunoblot analysis of the downregulation of caspase-6 by RNA interference.
HeLa cells were transfected with either siRNA or Cy3-conjugated siRNA for caspase-6
and incubated for 1-3 days. Cell lysates were prepared at the indicated times and
analyzed by SDS-PAGE and following immunoblotting with an anti- caspase-6 antibody.
(B, C) The graphical patterns of caspase-8 activation in single cells monitored with
SCATS8.2. (D, E) The graphical patterns of the caspase-3 activation monitored with
SCAT3.1. Cy3-positive cells (C, E) and parental cells (B, D) were treated with 200 ng/ml
of anti-Fas antibody and 5 pg/ml of CHX; the emission ratios of FRET-based biosensors
were monitored. Representative data from two cells in four independent experiments
are shown in graphs (B-E). (F) The overlay of graphic data shown in (D) and (E),
indicating the time series around cell shrinkage. After vertical extension of the scale,
graph D (red) was overlaid on graph E (blue). (G) A schematic diagram of constructs.
caspase-6CS is a mutant replaced the cysteine residue with serine in the active site of
the protease domain. caspase-6SE is a mutant replaced the serine residue with
glutamic acid. (H) Immunoblot analyses of HeLa cells expressing caspase-6 derivatives.
HeLa cells were transiently transfected either with plasmids carrying caspase-6 (lanes
4-6), caspase-6CS (lanes 7-9), caspase-6SE (lanes 10-12), or control vector (lanes 1-3)
and treated with anti-Fas antibody and CHX at indicated times. Endogenous caspase-8,
caspase-3, PARP and actin and exogenous caspase-6 derivatives were examined by
immunoblotting with suitable specific antibodies. The numbers indicate the ratio of
full-length caspase-8 in each transfectant by calculating the measurements of caspase-8
and actin using an image analyzer. Arrows indicate intact proteins while white

arrowheads identify the cleaved fragments.
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HIWT 2 &, T “IETDase” 285EMA(L L, ®iZ “DEVDase” . = LT “IETDase” 2 fF
TEMAL T DR RIS BTV 5, Caspase-3i%, “DEVDase” & L Tl Tk v, “IETDase”
TIE72\, “IETDase” & L CHIEEMED & DHeaspase-9h, E=X—23 7 DCYR83IZx LT
IEBFPEDMERNZ EMBA S E 25T D (Fig. 7B,C), Caspase-6DFHN72< T,

“IETDase” OIEMIZRD b5 (Fig. 10A, C), T 6 OREREHE 2 TRAWIZFERT
5E. D7 & bHeLafildlZ B WTIIAR T T 4 77 4 — Ry ZREBIFEL, THIZ X
- Ccaspase- 8V HENEMHALT 5 L\ 2 5,

TIERTT 4 7T 74— R 71X o> THEMAL L7 caspase-8D A BRAIEFEIX (A Th 5
D> ? Sakamakib 1L, 4REEBAO L) v AL A F ¥ XV THHITHIK-1IZEH LT,
Z DX T EOMENEIC “TETD” BEFINFIEL, 7R h—3 ARF|Zcaspase-8iT &
S THIMrEN7253, 7R b —3 ZADERBHELE CThd D MIRINHEIE T U 7 LA A EHHRA A
> DAfASME TR 2 25, THIK- 1230 &35 & 0 U 0 LA A O A3 m £ - 725,
F 72, THIK-1DOWij¥ii2 2 EseCFP & Venusz D72 F =il & 7 VXV B AR IED & |
IEF 7 OMap E CFRETZ 8235 2 LN TEX LN, 7H M= ARFEEIND &
THIK-1DO#iE 73448 L TFRET DratioZME T L, £ DT D3 % — 1 [ZSCAT8Dratiofi
TR —2 ERFFICAE LTz, EoT7 4 — RNy 7 )—T 2 K Hcaspase-8D LM
ft. > THIK-10O8r — 4 U U LA A ORHHHER— ARG~ & 88 L T 5 AfRENE
75)3%‘/1 %ﬂ’w”:o

2P 5 IR L LT, 7 AL E 7 Z—OTRAIL-RUCXT 27 T=A7 1 v
7 iﬁ#ﬁi@Mapatumumab“’%TRAIL R2IZx 9 5 HifkLexatumumab54 23 i 41 T 5 23,
EDBRO N2 WEFNRH D, ZOFRRKRT, TALE T Z—NEHELELTH, gD
TR =V ADY T FIRED TR REIIRIEIZH 5 & 2 i, il 21X caspase-8DiE
Z IS 2 - FLIP DI B & T AUTHUR DR & D73 7285, ARS8 CHESL L T2 E =% — 401
ERWDZEIZED, YT NMBERED EOKRA v M CIEE LRI EE TV E 0 E
HERITTRE & 720 . DA A TR T 572012 & D X 5 7B 2 fEH U Bro ) &4
BTHZEIZONDHbDOEEILND,
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FE KHETT NI LB caspase-8, caspase-3 DIHEMALEDIRFT

AiE ClX, FRET OFELZICH L EE=4—0 T2 H\5Z & T, 1/laFDT A /—
B OIEMEICE U TRIF 2B b 2T 2 R &2 ML LTz, EDOfESR. caspase-8 D B[R 72
TEMHEALEE . WONT 1 B E o Lt 72— K 2 WIS & MIRRIGHERR (2 2 D16
L OBEMRENE RS D Z ENAMREL e o7z, Z DB caspase-8 DIEMALIZ, T A
LET S —%NT DT RN —VAD YT FIREREIZIS O THEICRD biviz, EBRIC
FH 7= HeLa #ifdiX, caspase-8 28 Bid ZHIKi L CI b2 KU 7 &4 L7=NIREOREK %
1EMEALT % Type 2 O & Wit T %, Type 1l & Type 2 il DiEV M, Fas 72 &
DT AL 7 ¥ = TIZBIT 5 caspase-8 DIEMELEDIEWTILZ2W ) E DGR ALY
SO, THE TOHAM Tl caspase 8 OWIMIEMEDO A EFFET D Z LN TEX R 728, K
WRFEIZ K > THENL LT A A=V T OFiEZAWVIUTRIERRIZR D LB bivl, A&
TlX. &5I2 Fas FI CIEMALEND B A =P O BHIEL 2 RETT 2720, Fi- 1288
TTFNERE LT EICE T, WAR—BOEMILBEEZRET D Z & 2ilkAaT,

(7]

A

Pl caspase-3 HLiR, HL caspase-9 HLif, L Bid HiifiL Cell Signaling Technology 1L ¥ |
Pt caspase-6 fifk (B3E8). ¥l caspase-8 Hitik (5F7), i caspase-10 Hiik (4C1), i Fas i
& (CH1DIX MBL #:X v | #t actin Hifk (MAB1501R)i% Chemicon International #:
D IEEAL7-, Carbobenzoyl — IETD - fluoromethylketone (z-IETD-fmk) | Peptide
Institute ft X W EA L7-, b b Bid IZFFRAY72 Cy3 #5E & D WIIARIER, D siRNA 7 7 7
/L (GAAGACAUCAUCCGGAAUA, ACGAUGAGCUGCAGACUGA,
GCACCUACGUGAGGAGCUU, CUCCAAAGCUGUUCUGACA) (%, Dharmacon £k
(catalog number: M-004387-00) L ¥ . & b caspase-6 [ZHFFAI7: Cy3 fE & & 5 WO IEARIER
® siRNA # 7 7/ (CAGAGAAGUUGGACACCAA, UGUGUGAGAUGUUGGGAAA,
and GGUUUGAUAUGGAGAAACA) X, B-Bridge International ft X VA L7z, 7' m
TT—EHELN I TME, FTHTAT AL VAL,

BEFREHAT I A I ROBE

FRET OJFEEZGH L7=E =4 —4y 1 SCATS8.1, SCATS.2 ¥ L SCAT3.1 (X, DNA
777 A b pCAGGS ITHA LT, Ml Rl XL OEBIT R oW 2 o7 E %
HRIEL-OOTTAI Rar A 77 pCS2-mRFP1-Mem (X 3AE A=Wt 40rT F B
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1+ XL V. pLBR™-EGFP I The European Molecular Biology Laboratory (EMBL)® Jan
Ellenberg f#+ X v fit 5 <4172,

LR R L OEETEA

bt hTESENAMIE TS S HeLa MifEfkIL, 10% fetal calf serum (FCS)Z ML 7=
Dulbecco's Modified Eagle's medium (DMEM) T34 L7=, 77 A X K DNA Oi#{s & A
|Z1% LipofectAMINE 2000 (Invitrogen )% M /=, E I Bid siRNA OB 18 AL,
TransFectin™ Lipid Reagent (Bio-Rad Laboratories £5) % v 7=,

Vav By b F NI EDER

X R EEBDOIRIEIZT 572, & | caspase-3. caspase-6, caspase-8. caspase-9.
caspase-10, BLW Bid O& Y a v N oI E BRI R X X7 B AT A
WCCHERL LT, a7 7 —EDIEHETHE VAT A kA ) AT Lz CS AR
% 21— K9 2% caspase-3. caspase-6, caspase-8. caspase-9. caspase-10 P4 cDNA % pEU
7T AI RIZEALZ, Z1b & BidecDNA % pEU 77 A RIZEA L6 fED =
A KZ7 27 & RNA Ao E L THW=, A&7 RNA X, /WNERIERHYD
(WEPRO-1240, CellFree Sciences tH)Z W\ TZ L RV BEREIT o120 BRENT-Y =
YT N F T EORHmEL SDS-PAGE #% Coomassie Brilliant Blue 448 THfgad L 72,
Varve sy b2 o7 B0REL. DC Protein Assay kit (Bio-Rad Japan 1), B8X O
albumin standard solution (PIERCE #H)IZ CTFE L7,

AL)TayT 4T

2R 5 5 W IR 4172 caspase-8 DR HIR, siRNA LERIZ K 25 Bid D/ v 7 X0 %)
RERT 272010, B EALZMIE T R b— 3 ARRRALERTZC lysis buffer [50
mM Tris—HCI (pH 7.5), 150 mM NaCl, 5 mM EDTA, 1% TritonX-100, 0.5% sodium
deoxycholate, protease inhibitor cocktail IZ¥fi# L7=, "[¥ b L7z ¥ 7 L%, SDS-PAGE
\ZTH L. PL caspase-8 HLIAK, L caspase-6 FLIK, HT Bid HiiK, & DV IELHL actin HFLIAT
AL TawT 47 Lz, £72, MlaN D caspase-3. caspase-6. caspase-8. caspase-9,
caspase-10, BL O Bid ¥ v 7' H &L FEET 57292, HeLa Al OHMIfE & 5HHIF I
lysis buffer TIAEfE L., BEMEIICHN Lz, o7 nid, DY a v Mo E
& 362 SDS-PAGE THrlfith, &4 DX R BT DR TA L ) T ayT 4 T EAT
S7c, ZRPURIC HRP ik L7-Hi~ T A, HDHWEH Y ¥ IgG Hifk(Cell Signaling
Technology %) Z{# ] L. Western Lightning (PerkinElmer Life Sciences )% i C # >
NI R LT,

_7F RERZMEH LT~ caspase-8 DiEMHE
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Caspase-8 DIEVEIZ KT 27 F RLEARI O R 2 TN D D212, HT Fas Pk THIEK
% 60 77AiC z2 IETD-fmk % 1 pM O CTEHICHI L, WZ!K%%EL?&&:&? A LT TR
£ U SCAT & =% —/r & 3Bl A Mid 0 e mifg 2 Bfg Lz,

BHEET NOBE
TR M= ADY T FIAREICK T H2HEE T VX, Fig. 11 1T 71 —F ¥ — MK
DNWT, TR M=V AV 7 F NV REREK % Table 1 12508 L7 ALF OGS TR L7z,

Death ligand/agonistic antibody
Death receptor

Oligomerization

Adaptor (FADD)
Inhibitor
\ %% SCAT8
03* 08/ Bid

C6* m tBld*
05\) C3+ C3
SCAT3 /U Mltochondrla

C9x*
Substrates

Figure 11 A schematic diagram of the apoptotic signaling pathway.

The schematic diagram on apoptotic signaling pathways associated with
CASP8activation. The apoptotic reaction starts when natural death ligand or agonistic
antibody against death receptor binds to and induces the oligomerization of receptors.
An adaptor molecule, FADD and caspase-8 (C8) are recruited to form a DISC complex.
In the DISC complex, active caspase-8 (C8*) arises by autoprocessing and is released
from the complex to cleave downstream molecules, caspase-3 (C3) and Bid. A truncated
form of Bid (tBid*) processed by active caspase-8 translocates into the mitochondria and
triggers the intrinsic apoptotic pathway, following the change of caspase-9 (C9) to active
form (C9%). caspase-3 (C3) is activated after cleavage by apical active caspases C8* and
C9*. In caspase-6, pro-form (C6) is converted into the active form (C6*) by the cleavage
with active caspase-3 (C3*). The inhibitor such as CARP1 regulates the activation of
caspase-8. SCAT8 and SCAT3 were cited as a substrate recognized by either active

caspase-8 or caspase-3.
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Table 1 Chemical reaction equations and categorization.

kl
1 Ce + DISC(k—> C,DISC Interaction between CASP8 and DISC
2
k3
2 CDISC - C,L+C,S Cleavage of CASP8 in the DISC complex
o,
3 2C, L +2C.S—>Cq Formation of an active form of CASP8
* k5 *
4 C; +C, > C,C, Interaction between active CASP8 and CASP3
k6
* k7 *
5 C,C, > CS+CL+C Cleavage of CASP3
* ks *
6 C; +Bid«<CBid Interaction between active CASP8 and Bid
k9
* . kl() . *
7 CBid »>tBid + C, Truncation of Bid by active CASP8
* kll *
8 Cg +SCAT8 > CSCATS Interaction between active CASP8 and SCAT8
k12
% ki %
9 CSCAT8 - CFP + YFP +Cq Cleavage of SCATS by active CASP8
* kg *
10 C; + CARP < C,CARP Inhibition of active CASP8 by CARP
15
* k16 *
11 C, +C, <k—)CgC3 Interaction between active CASP9 and CASP3
17
* kg %
12 C,C,>C,L+C5+C, Cleavage of CASP3 by active CASP9
k19 *
13 2C,L+2C,8S—>C, Formation of an active form of CASP3
* kZO *
14 C,+ SCAT3<I(—)C3SCAT3 Interaction between active CASP3 and SCAT3
21
* ky *
15 C,SCAT3—>CFP +YFP +C, Cleavage of SCAT3 by active CASP3
* k23 *
16 C,+C,eCC Interaction between active CASP3 and CASP6
kg
* k25 *
17 C,Cy>CL+CS+C, Cleavage of CASP6 by active CASP3
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kZ() *
18 2C,L+2CS—>Cq Formation of an active form of CASP6
* k27 *
19 C, +CARP < C,CARP Interaction between active CASP3 and CARP
kZS
20 C,CARP —degradedCARP +C, Cleavage of CARP by active CASP3
. k30 * .
21 C,+tBid—>C, +tBid Activation of CASP9
* k:“ *
22 C,+C,CCy Interaction between active CASP6 and CASPS
k32
* k33 *
23 CCi >CL+CS+Cy Cleavage of CASPS8 by active CASP6

Lexicons: DISC, Ligand + Receptor + FADD complex; Cn, inactive procaspase-n; Cn*,
active form of caspase-n; tBid, truncated form of Bid; CARP, negative regulator; CASP3,
caspase-3; CASP6, caspase-6; CASP8, caspase-8; CASP9, caspase-9; L, large subunit; S,

small subunit; k, reaction rate constant.

Table 1 TH/R LIALZENIGE 6 DOH T 3V —Z01F, Frtlom T MG TE L,
INOEMETLHZETHHEETAEZER L, v, IAN—EOT a7 7 —8 A
A VOREIZESRIFESN TS0, KA AN—B L HE L ORISERILFRRETH
0. BAN—E L EEORG - MRAEERI L OBER IS DER Z TRLOME T—&E L IUE
L7z,

fiEGE# = 0.5 /nmol sec,

REETEEL = 0.01 /sec,

FOGHEEEH = 15.0 /sec

1. caspase-8 DIEMAL., FHWEARWLIZA B EXZ—CARP & OHEAE/ER

d[C8l/dt = -k1[C8][DISC] + k2[C8DISC] - k27[C8][C6* | + k28[C8CE* ]

d[DISCl/dt = - k1[C8][DISC] + (k2 + k3)[C8DISC]

d[C8DISCJ/dt = k1[C8][DISC] - (k2 + k3)[C8DISC]

d[C8C6* I/dt = k27[C8][C6* ] - (k28 + k29)[C8C6* ]

[
[

d[C8Ll/dt = d[C8S]/dt = k3[C8DISC] + k29[C8C6* ] - 4k4[C8L]4
d[C8* ]/dt = k4[C8LI4 - k5[C8* ][C3 ] + (k6 + k7)[C8*C3] - k8[C8* ][Bid]
+ (k9 + k10)[C8*Bid] - k11[C8* ][SCATS] + (k12 + k13)[C8*SCATS]
- k14[C8*][CARP] + k15[C8*CARP]
2. caspase-3 DIETE(LI L OHE & OfES
d[C3l/dt = - k5[C8* ][C3 | + k6[C8*C3 ] - k16[C9* ][C3 ] + k17[C9*C3 ]
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d[C8*C3]/dt = k5[C8* ][C3 ] - (k6 + k7)[C8*C3]

d[C3LlJ/dt = k7[C8*C3 ] + k18[C9*C3 ] - 4k19[C3L]4

d[C3* ]/dt = k19[C3L]4 - k20[C3* [[SCAT3] + (k21 + k22)[C3*SCAT3]

-k22[C3* ][C6 ] + (k24 + k25)[C3*C6 ] -k27[C3*][CARP]
+ (k28 + k29)[C3*CARP]
3. SRR S 2 b KU TRRE~DBIT

d[Bidl/dt = - k8[C8* ][Bid] + k9[C8*Bid]

d[C8*Bidl/dt = k8[C8* ][Bid] - (k9 + k10)[C8*Bid]

d[tBidl/dt = k10[C8*Bid]
[
[

d[C9l/dt = - k30[tBid]h[C9 ]/(kx + [tBid]h)

d[C9* J/dt = k30[tBid]h[C9 l/(kx + [tBid]h ) - k16[C9* ][C3 ] + (k17 + k18)[C9*C3 ]
d[C9*C3l/dt =k16[C9* ][C3] - (k17 + k18)[C9*C3]

4. KT 4T 74— KXy 7 V—T\Z L 5 caspase-8 IfIEAk
d[Cel/dt = - k23[C3* ][C6 ] + k24[C3*C6]
d[C3*Cel/dt = k23[C3* ][C6] - (k24 + k25)[C3*C6]
d[C6L)/dt = k25[C3*C6 ] - 4k26[C6L]4
d[C6* ]/dt = k26[C6L]4 - k31[C6* ][C8 ] + (k32 + k33)[C6*C8 ]

5. caspase-8 IZxf 345 CARP OF%E
d[CARPI/dt = - k14[C8*][CARP] + k15[C8*CARP] - k27[C3*][CARP]

+ k28[C3*CARP]

d[C8*CARPl/dt = k14[C8*][CARP] - k15[C8*CARP]
d[C3*CARPl/dt = k27[C3*][CARP] - (k28 + k29)[C3*CARP]

6. 1 A=V (2 k% SCAT DYt
d[SCATS8]/dt = - k11[C8* ][SCATS8] + k12[C8*SCATS]
d[C8*SCATS]/dt = k11[C8* ][SCATS] - (k12 + k13)[C8*SCATS]
d[YFPl/dt = k13[C8*SCATS] + k22[C3*SCAT3]
d[SCAT3]/dt = - k20[C3* ][SCATS3] + k21[C3*SCAT3]
d[C3*SCAT3]/dt = k20[C3* [[SCAT3] - (k21 + k22)[C3*SCAT3]
d[CFPl/dt = k13[C8*SCATS] + k22[C3*SCAT3]

[RER]

TR B =V RV T FIVGEOEHET LV ORESE
BB CTRLELIIC, FRET OF#ZICH L= —0F2H\HZ Licky, M
JaBBIZE ) A = = —H —H AX—F D caspase8 BLOTL T =7 X —N AX—FD
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caspase-3 DIEMALZ LML T 5 Z LA AIHE L 7 o 7=, % _F Tld, caspase-8 & caspase-3
DENENDOIEMEZ FFRIICHIE CX 25 =% — %> T, W5 7o FRET OZE&)
© caspase-8 & caspase-3 DEERIEMZ KD ZN O EHEET NV TEILT H I L 2Rk AT,

T AN—TBOHEPIREWEZRHTE L L 91T, F—ETHWE=%—4r1 SCAT8 &
SCAT3 # B L7z, FRET O ratio OEBENILKT DL 512, VB —HLoT I /B
F¥ 2 T Uiz, TOREE, B SCATS.1 DA Venus # > /37D C Kl 9 7
RBEERS ZEICL Y, BEENKE L ho7 (Fig. 12B), 72tk BRI SCAT3.1 1%, C
K 7 7 X WA KI5 Z L CRhEN Ed o7 (Fig. 12C), FEERIC. HeLa Mifaicig A
L C FRET O ratio DZEBEZFH~72 & Z A 3% & SCATS.1 13 ratio flEAY 2.5 725 1
£ CTAB L, SCAT3.11E5 75 0.8 £ TEb-> Tz (Fig. 12B,C), T by RME=%
= FIIHIRRE D OFEREZ R T Z EHB L2729, BLTF ORI Ve,

A B
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Figure 12 Generation and monitoring of FRET-based biosensors, SCAT8.1 and
SCATS.1.

(A) The structure of FRET-based biosensors, SCAT8.1 and SCAT3.1. SCATS.1
consists of two fluorescent proteins, the truncated Venus and full-length seCFP, and
contains the caspase-8 recognition sequence, IETD, in the linker portion. SCAT3.1
consists of the truncated seCFP and full-length Venus and contains the caspase-3
recognition sequence, DEVD, in the linker portion. (B, C) The dynamics of caspase-8
and caspase-3 activation monitored with either SCAT8.1 or SCAT3.1 in human cell lines.
HeLa cells expressing SCAT8.1 or SCAT3.1 were treated with 200 ng/ml of anti-Fas
antibody in the presence of 5 pg/ml CHX and monitored by FRET during apoptosis.
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Each line in the graph indicates the emission ratio based on the fluorescent intensity of
the biosensors detected through the D480/40m (for seCFP) and HQ535/30m (for Venus)
emission filters in single cells, and is inversely proportional to the caspase-8 or
caspase-3 activity. (n) indicates the number of cells examined. Time zero indicates the
moment when apoptotic stimulants were added. The right panels (B and C) indicate the
adjusted profiles by converting the moment within an hour based on time courses from

single cells (gray lines) and their average (a blue line).

TR =Y A& LTWA T Dcaspase-8 & caspase-3DIEMAIRRE A HEE T D72
T AIR—=T N Ar— R L TV Heaspase 8, caspase-3, caspase9d, = L CTBidi LW
B ANR—EOIE L LU TERE LTZSCAT8H 5 W ISCAT3IZHOWT, FH A0 5 Kt %
2 TCrHERITHAIAR T T NV EER LT, Z DT /L%~ T, caspase-8 & caspase-3
LT, b SN FOENMEERF LTz, W ANR—BIZL 27 v T 7 —BIEER
R TH D=0, SCAT T-RNIEDIE & /X7 B IX, MRt > 7 BeFE I
Fe oy 7RI IE S 2 LSRRI SN D, £ 2 SCATOUIMNIE, AIEHER T 2/ —F
DEIZE > TRELSEEEZIT 5, Caspase-8¢& caspase-3D A N [AREEIZIEMHAL S D
ERET D L. FRETOratioZLIXIFIFFRFICE 2 - Tz (Fig. 18A), Wiz, &L L
7-caspase-8% caspase-3D1/58 & X iE LIcHh . T T /L CTIIFED 7208 HSCAT8D %
(B TETHE Z 0 | Z3UTHe  CSCAT3 N 2 Z L L= (Fig. 13B), #1274 tcaspase-8
Micaspase-3L W LW ERET D & SCAT8DratioZ LT EITE X 72 b DD, Wil 72 24T
Ho7= (Fig. 130), Fig. 13AL 13CT/R L=T — X X, EBRCE LN EHT —# (Fig. 12B,
C) LHLMIZE /> TDHDIZx L, Fig. 12BTR LT —XITEBPILTWS, Zo ko
W2, BEETVOT — & L ERINEONTT =X 2T 52 LiIc kv, EEOMaT
Tldcaspase-8DIEME(L Eidcaspase-3L U L7 EHELR I Lz, Zhuid, Ml TAER S
7= & /Ncaspase-8D Fiicaspase 3L W L7 0 I HDHWIIH A NRX—E B A — RO _ELLIT
L{E 9 % caspase-873—# CHIEMAL ST Y 7T ABHIR S LD 030, WO whE
PERE 2 Bz,

F 72, caspase-8DIEMALIZHE < caspase-3DIEMELIZOWVWT, T Far R TREOE
BIZOWTET VTR Lz, ABFFEICI W TIERR L 72 $8E 7 /L Clt. Type 2 Al CIE
\Zi2 % % caspase-8 — Bid — caspase-9 — caspase-3D 7 FIURED H b, BidO#ET
7T E W LT easpase-3DTEMEN BN TR X 5 Z & & Lz (Fig. 13D), 2 ET
DERE S LI LTl & B2 D0, Z ORI O TEEBRMICHERE L2 (i),

UIED X DT, Ba 7237 A =2 — %R E L TER LIEEEET VL, I A—ENE
P 22— 2 FEREICTVIREE CRELT D 2 EMARETH L Z LI LT,
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CASP8, CASP3=100 nM CASP8=20 nM, CASP3=100 nM CASP8=300 nM, CASP3=30 nM No intrinsic signals
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Figure 13 Mathematical models of caspase-8 (CASP8) and caspase-3 (CASP3)
activation.

(A—C) The graphical patterns of CASP8 and CASP3 activation proposed by a model.
The numbers of moles of CASP8 and CASP3 in the model are 100 nM CASP8 and
CASP3 (A), 20 nM CASPS8 and 100 nM CASP3 (B) and 300 nM CASPS8 and 30 nM
CASP3 (C), respectively. (D) In the case of no intrinsic apoptotic signaling pathway.
Except that there is no linkage through Bid to the mitochondrial pathway, the
parameters were set up as indicated in (B). Red and blue lines in each graph indicate
the virtual emission ratio of the FRET-based biosensors after apoptotic stimuli,

inversely correlating with a time course on CASP8 and CASP3 activities, respectively.

BT TN OFE : R A E L2 RO 8 23 —E OiEHE R

Bel-2 7 7 2 U —43+® Bid L. caspase-8 [ZL - THIKr&END L., ZDOUIWEY tBid
(truncated Bid)23I b= RUT~BITL, X b2y U TREEZIGHEIT S 56, K5
Tl ERAICI Fa s FU TREZ T2 BT, RNAL FEREIC LY Bid # 327 F
DERZEMH Lz, £L T, I har RUTREDEH L LRWVIRETT R h— 2%
L, ZDOWHFD SCAT £ =% —/43¥® ratio Z{b & lE L 7=, Fig. 14A (279 X 512, Bid
FERW) siIRNA 2 N7 VA7 =27 v a > LM TR, BA 3 B#IZ Bid # > /37 B3 ER
L7z, Z O AZHT Fas PUATULEL L CTT R h—3 A& #HE L, caspase-8 1 L () caspase-3
DIEMZEET=2— LT, TDOH%E, caspase-8 DIHFMEIITE L2y (Fig. 14B,C).
caspase-3 DIEMEIL =2 b — izl _KE < 2L L7- (Fig. 14D,E), Bid AW\ Z 22 &
T caspase-3 DIEMEIEN2 D IHI STV, T TH D caspase-3 IZIEMAL L T
BY . TOREMIENFHE Sz, BREWNC 22, Fig. 14E O 75 7 TR /A —
X, BERET IC L o THEE L7232 —> (Fig. 13DNTARELL T e, 2B O 5#
%, Type 2 flifa s S Cu\% HeLa ffgicB VT, 2 har RUTENMTDHTHRF—T A
DY T FIMBERKE T TR <, Type 1 HIAD K 9 IZEHE caspase-8 7)) caspase-3 & &1
b9 2R BB L T2 TREME 2230 < RI2 L 72, IR CL BOE 7L TR L 72 Fig. 13D
D/RY— o OIEFMEZE T DR L 2o T,
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Figure 14 Effects of the downregulation of Bid in the apoptotic signaling pathway.

(A) Immunoblot analysis of the downregulation of Bid by RNA interference. HeLa
cells were transfected with either siRNA or Cy3-conjugated siRNA for Bid and
incubated for 1-3 days. Cell lysates were prepared at the indicated time and analyzed
by SDS-PAGE, followed by immunoblotting with an anti-Bid antibody. (B, C) The
graphical patterns of the caspase-8 activation in single cells monitored with SCATS.1.
(D, E) The graphical patterns of the caspase-3 activation in the single cells monitored
with SCAT3.1. Cy3-positive cells (C, E) and parental cells (B, D), co-expressing either
SCATS8.1 or SCAT3.1, were treated with 200 ng/ml of anti-Fas antibody and 5 ng/ml of
CHX; the emission ratio was monitored. The graphical data were adjusted by converting
the moment when cells went away from a scanning spot to time zero. Representative

data from five independent experiments is shown in each graph.

Caspase-8 DFBUNMIILED TR b—T R T F A DIREL
BHETNOVI 2 b— a3 TiE, 7R b=V AFERFOTEME(L caspase-8 B3 E L
<HEIF 5 & caspase-3 DUIHT « IEMELN T 720 7AR b=V ANABITIE Z 5 & HEH
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sni- (Fig. 13C), =0 in silico TOMATRE % EBRHICEAET 572, FK506 64 5 o
R L caspase-8 DF AT X /X7 FvCasp8 Z3 ¥4 577 A RafEfl L= (Fig.
15A), FvCasp8 3, AP20187 # /1 L T &b A, T DEEIKDH T caspase-8 23k
b7 5, HeLa fil@ic Z @ FvCasp8 #E A L7-1% ., AP20187 ZE5HICIMZTT R h—
AEFHE LTz, AP20187T IMINC K57 AR F—L AOFFEIL, T Fas FUABRINIZ X5 7K &
— UV AFFEITH AR TR GE X RINE 1L RFINIZIE T R b—v 2 &% L7 (Fig. 156B),
F 72, AP20187 IR X 2 7 R b — AFHERFC 1T, caspase-8 DFE TH 5 SCATS.1 D
G 23 BT Fas HUAFHE T A b — v R RIS, M oEEBEENICE Z -7 (Fig
15C,D), — 5. caspase-3 DIFMEIZITHEN72v - 7= (Fig. 15E,F), Z OFEBRAER T, L5
BHET VOV 2 b— 3 (Fig. 13A) EEEIL T\ 5, HeLa M@ FvCasp8 &N
1E caspase-8 DIEBL LUt E 1A L) T a v T 4 U TNz E 2 A ERICHW -
TlX FvCasp8 S INTE caspase8 D 3.6 (5% < fFIEL T\ = Z Lb (Fig. 15G, lanes 1,2),
AR ARITIE 5 DL S ThH T, £72 AP20187 BN & » T, Yl S L7tk
Ao FyvCasp8 23 &7z (Fig. 15G, lane 8), —Ji CHIkD HeLa fif., 25 %
AP20187 T _EIMEAFHE X 72\ FKBP rapamycin fii&c (FRB) K XA 7 caspase-8
(\ZflE L7 FRB-Casp8 (Fig. 15A) 23 A L7242 TlX, AP20187 Z¥shl L C & Ul Xz
1ML caspase-8 1T ST, 7R b— Y ANFEE I N TV 7= (Fig. 5G, lanes 7,9),
ZDZ L LY FvCasp8 DIEMEIIKAE LT T R b= AFFETHD Z X nhoT-, 7=,
G2 87 B EFRET DA Fas FURIC L VAT 25 & NTED caspase-8 DA7R
594k FyvCasp8., FRB-Casp8 & (Ul T 7= (Fig. 15G, lanes 5,6), L7 L,
SCATS8.1 @ ratio DEBYNZ =2 OHEIT S & £/ v —DF UM &7z FvCasp8 1
AR TRV EE X BT,

35



) =3 SCATS.1
Fv  Protease domain E
Fv-CASP8 | K ) § +AP20187 /+chas Ab
FRB E
rocases DK O &
0 1
DED1 DED2 g
casps| [ [C D e,
0 1 2 3 4
Time (h)
C , E
= SCAT8.1 +uFas Ab 0 & SCAT3.1 +aFas Ab
c - .w c 5
§ 2 §_ 4
£ £
[ = 3
@ &
o 1 o 2
o =l k
= = 1
© 0 Y] 0
30 20 10 0 10 20 30 40 50 60 -30 20 10 0 10 20 30 40 50 60
Time (min) Time (min)
D F
0 E SCAT8.1 +AP20187 T 6 SCAT3.1 +AP20187
e o °
g 2 g 4
E m-—...\ E 5
g \ ) m—
= 1 L 2
) 2 -
< 0 & 0
-30 -20 -10 0 10 20 30 40 50 60 -30 -20 -10 0 10 20 30 40 50 60
Time (min) Time (min)

No treatment CH11&CHX AP20187
(kDa) “None FvC8 FrC8 None FVCB FrCB None FvC8 FrCB

62 —— Endogenous CASP8
- FRB-CASP8
-— Fv-CASP8

47

Cleaved FRB-CASP8

S5 - e Cleaved Fv-CASP8

25+

164 p18 large subunit

[—= o= = — == == == — == |« Actin
1 2 3 4 5 6 7 8 9

Figure 15 Enhanced caspase-8 (CASP8) activation caused the promotion of
apoptosis.

(A) The structure of chimeric Fv-CASP8 and FRB-CASPS consisting of the artificial
dimerization domain, Fv or FRB 57 and the protease domain of CASP8. Fv-CASPS8, but
not FRB-CASPS, is able to dimerize in the presence of the dimerization compound,
AP20187. DED, death effector domain. (B) The graphical patterns of caspase-8
activation monitored with SCAT8.1. Hel.a cells were transfected with either empty

vector or plasmid carrying Fv-CASP8 in combination with the SCATS8.1 gene, incubated
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for 1 day. Eight single cells expressing Fv-CASP8 were treated with 100 nM AP20187
and six cells carrying empty vector were treated with 200 ng/ml of anti-Fas antibody
and 5 pg/ml of CHX; their emission ratios are each indicated by lines. Time zero
indicates the moment when apoptotic stimulants are added. (C, D) The graphical
patterns of the caspase-8 activation in single cells monitored with SCATS.1. (E, F) The
graphical patterns of the caspase-3 activation in single cells monitored with SCAT3.1.
HeLa cells expressing Fv-CASPS8 were treated with AP20187 (D, F) and HeLa cells
carrying empty vector were treated with anti-Fas antibody and CHX (C, E). Graphic
data (C—F) were adjusted by aligning a time schedule of morphological change, and
representative data from four or two independent experiments was shown in each graph.
(G) Immunoblot analysis of caspase-8 derivative-expressing cells. HeLa cells were
transfected either with plasmids carrying Fv-CASPS (lanes 2, 5 and 8), FRB-CASPS8
(lanes 3, 6 and 9), or control vector (lanes 1, 4 and 7) and treated with either anti-Fas
antibody and CHX for 6 h (Ianes 4—6) or AP20187 for 6 h (lanes 7-9). The full-length and
processed fragments of endogenous caspase-8 and exogenous derivatives were detected

by immunoblotting with an anti-caspase-8 antibody.

Caspase-8 DIEMEZHH] L7z BE DI R 8—¥ H X r— R OfEHT

Carbobenzoyl - IETD - fluoromethylketone (z-IETD-fmk)/%, caspase-8 |ZHFHAY72FH.
EHITIH D, IKIESE T z-IETD-fmk LR 2UE, 7R b — 2 245 = & 72 < caspase-8
DOIEVEZER N IAE T 2 O TIERW e B 2| zIETD-fmk % FiLEE L 7%, $T Fas FLii
FLTT AR b —3 A28 L7- HeLa Milid caspase-8 DIEVEZFHT-, £k x 72 Tk
L72&ZA, 1 uM OREPR ORI TH D Z L0330 o712, z2IETD-fmk ORTLHEIZ X
D 2B H O caspase-8 DIETEIZ DU TRENFED B L, dr il 7z (Fig. 16A,B),
— 5T, 1KIEE D z-IETD-fmk OUSHITIX caspse-3 DOIEMEIZE{LIZ 72 < (Fig. 16C,D). 7
RE—=Y 2L Lo 72, 2O O EIL, 1B H O caspase-8 iEMALEITDETH
caspase-3 OIEME(LITIZ 3 TH D Z R Sz, 8D Fig. 81" L7 X H1T, n
vitro \ZEBIFH I ANR—E B A — FEEZEIZEB W T, caspase-3 DIFMEALIZITAVED
caspase8 T+ ThHDHZ LEMAL TS,

CORBEHIETT IVCTHEHETH72DIZ, caspase-8 DOIEMEZHNHIT 5 Z & 2VHBA L C
WD NTEPERRLE 2y CARP 58 2 3£ 5 /L8 A L7-(Fig. 16E), PHESF1#E F Tl
Z DIRPERAFHINC SCAT8 DECH DK T AEL 785 Z & AR L, ZHUTFER TR %zhf:T
— % L —F L7=(Fig. 16E, left panel), —J7. SCAT3 Dttt kix, CARP OFEDH
T2 BT BN 72y - 7= (Fig. 16E, right panel), Z D X 912, FHEETLIX
caspase-8 IEM:HE & o /R 7 B DIF(E F T caspase-8 DIEVENZLEN 4573, caspase-3 DiE
PRI B L 2N E R THIRRE & 72 o T,
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Figure 16 Effects of peptide inhibitors upon caspase-8 and caspase-3 activation.

(A, B) The graphical patterns of caspase-8 activation monitored with SCATS.1. (C, D).
The graphical patterns of caspase-3 activation monitored with SCAT3.1. Cells
expressing SCATS.1 (A, B) or SCAT3.1 (C, D) were treated with 200 ng/ml of anti-Fas
antibody and 5 pg/ml of CHX in the absence (A, C) or presence of 1 pM z-IETD-fmk (B,
D) in the medium. Representative data from four independent experiments was shown
in each graph. (E) The graphical patterns of caspase-8 and caspase-3 activation
proposed by a model. A negative regulator, CARP partially inactivates caspase-8 (left
panel) but not caspase-3 (right panel). Red and blue lines in each graph indicate the

virtual emission ratio of the FRET-based biosensors after apoptotic stimuli.
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Figure 17 Estimations of CASP8 and CASP3 expression using the particle filter.

The comparison between the results obtained from a deterministic model and the
experimental data. The fluorescence indicated by SCAT8 and SCATS3 is plotted as a
function of time. Filled rectangles (m) and circles (o) show the numerical results of our
deterministic model when caspase-8 = 110 nM and caspase-3 = 190 nM, by maximizing
log-likelihood. On the other hand, open rectangles (o) and circles (o) show the live
imaging data of the fluorescence indicated by SCAT8 and SCATS3, respectively. The
fluorescence of SCAT biosensors obtained from our model is close to the experimental

data at these levels of caspase-8 and caspase-3 expression.

TR PV AEFEITT B HIZHNEZ caspase-8 & caspase-3 DYIHIEHED EE
CNETOHETIE, 7R P—V ZADFATICHNER T 0 7R b — v ABER T D5 75
WCETERSN TR o7, LarL, MIlEADOT R F—Y ZAFTRF DO B ENET
PFNY T F MR E L TV D0 a5 2 &, BEET VEZTERT 272012
RA[R T D, 1> 7T, HeLa M caspase-3. caspase-6. caspase-8, caspase-9.
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caspase-10, Z LT Bid D& FORELZERETHZ LI Lz, INHT R b— AR
K7D FEOREICIE, A TAER LY 2B M2 U NI E 39 Z2fFEREL LT
Mz, Varerr bR Befio TREREED, A5/ 71y MEFTIZE T
1HIRRS 720 OT A N — ABEK 1O 5 75w R 72 (Fig. 18A), EDOfEF % Table 2
g, FHHIORER. caspase-8 D4y 7-#X. caspase3 D31 ELV 6 (5% FET D &
RS b, 72, ABMIE L7z caspase-8 Dy - Hid, iEDHE 60 KLV L7,
WITHIEN D2 X7 OREZ RO H7-912, HeLa MldOEEEE LN OERE %,
HEREIE 72\ LN 2 A T~ D e % R B W CHlIlE Lz (Fig. 18B), HIERS R A
Table 3 (279, FH~72 8 DML SWT, £ OMILAFEIL 5,149 pm3 ~ 9,573 um? %
TOMTHA L, FH1T 6,884 £ 1,371 pm3 72 o 7=, FAERICEZEORRE 2R iR (=
HIRRARE — BEARRE )& LT 5,657 + 1,485 ym3 & W O & S-, Zno0KEE b &
W27 AR b= AR A O T IS 720 OJREAFH L2 L 2 A, caspase-3 (X 10.6 pM,
caspase-6 [X 0.9 uM, caspase-8 (% 58.7 uM, caspase-9 (£ 0.9 pM, Bid (£2.9uM & 72>
77, caspase-8 DIRER T THN T AL X —JBIZ LA = 2—F— N ANR—=FTH
% caspase 10 13 0.4 pM LA F CTH o7z, ZOREITEEORE 61 H 25 L 9 ITHfas %758
TROICEARTNRETHDL LA R, —FH, HEET VL0 YIHNEMEIC LB
caspase-8 & caspase-3 JEE 34 %110 nM & 190 nM & RFEH 72D T, T bDT —H
CHIANEE L L2l 2 A, TR b —3 ZOWHNEME L BITHE NI H % caspase-8
7 0.19 %. caspase-3 D 1.79 % ThH D Z LMol (Tabled), T78bpH, 7R =2
T TN TS AR Z D T2 DITIE, FIE O caspase-8 B D 0.2 %N iEMALT 5721 T
DTHDHZ Dol
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Figure 18 Quantitative analyses of molecules involved in apoptotic signal

transduction.

(A) Immunoblot analyses for estimating the amount of caspases and Bid in HeLa

cells. Protein content of caspases (caspase-3, caspase-6, caspase-8, caspase-9, and

caspase-10) and Bid in extracts of precounted HeLa cells was determined by SDS-PAGE

followed by immunoblotting with suitable specific antibodies. Recombinant proteins
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were used, in the indicated quantities, as the index of standardization. (B) Estimation of
the volume of the cell body and nucleus of HelLa cells. Eight Hela cells expressing both
plasma membrane-bound mRFP1 and nuclear LBR-EGFP were imaged under a

confocal microscope.

Table 2 The number of caspase and Bid proteins in a single cell.

) Total length ) Number
Protein Molecular weight (g)

(amino acids) (per cell)
caspase-3 277 31593.8 3.6x107
caspase-6 293 33309.9 3.2x10°
caspase-8 481 55707.6 2.0x 108
caspase-9 416 46280.8 2.9x10°

caspase-10 522 589717.5 <14x10°
Bid 195 21994.6 9.9 x 10°

Table 3 The volume of the whole-cell and nucleus of HeLa cells.

Volume (pm?)

Cell number whole cell nucleus cytoplasm

#1 6,098 1,307 4,791

#2 9,573 1,090 8,483

#3 5,149 1,508 3,641

#4 6,292 1,205 5,087

#5 6,019 1,154 4,865

#6 7,849 900 6,949

#7 6,715 1,053 5,662

#8 7,374 1,602 5,772
Mean+SD 6,884+1,371 1,2274235 5,656+1,485

Table 4 The ratio of caspases activating to initiate apoptosis on HeLa cells.

] Conc. of activated caspases based by ]
Conc. in a cell ) ratio
mathematical model

caspase-8 58.7 uM 110 nM 0.19%
caspase-3 10.6 uM 190 nM 1.79%
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BT, 7R M= RADO VTV E TIICIEZ D T2 DIV E R caspase-8 DTS
PEDREZ KD, BREOK 0.2 %NEET VI THLZ R L, 7T oS %
BAEALT 272 0I2iE, BEET N ZME S TEBRERS ROEZR VD, BHEET VE S b ERT
—Z EBE LI b OTRINIR SR, KBFFETIE, HAS—EH A7 — NITHT 5%
BT LA L, W - N7 8 28— R — R NBHITENE LT R0 55k
OERWT =2 LETNERET 22 L TEBRBRICERLEBEET V2K LT,
DET I HFE-> T, caspase-8 DFHIEMAL SN AEEE VI LTz, ZDXHIT, BA/S—
P OIEEICRET O EEE TV L ERROLE LT 52 81280, BEET VIZLDBED
i WHERE & FTREIC L 72,

IHNETIZ, DANR—BOFEMLELED TR N =Y 2D Y 7 I OURZEICET 2 58T
L, BELSAELNTE 62, LinL, Z<BNEROATIER I TWelediz, 71
DIEFMEIZHOWTIIRRES LTV RV, Fox OEFET VT, BT —2 L2 0REWA
A L2 AR L7c 72012 (Figs.13 - 16), ZOfEEMEITE W EB 2 biviz, FEEE, K1
T 4 VA =X o TEE LTIk bcaspase-8 & caspase-3D &I F 41110 nM & 190
nME 7257, ZOBEOKIET MZ L HFRETOratioZ#hix, FllF—# LIZFEERY
G otz (Fig. 17), B 502 A EETSHER LB BRE T VITSERE D/ WET L TH b,

AWFETIET =27 4 v 7 72fiFashifR & 52N 2 THeLafifaio 7 A8 h—3 X %
FH L7z, DFEV, HHUCE L W AMIlRER Lo L7 X — 32 THIRE KIGL 9 DIk
HTHD, TOEDTHRF—=VADT T F L, BTN R 56, LinL, FasH
HUVETRAILL 7 H —D X 57T AL T X —DAKD Y Hr Rk, BEHEARTH D,
BRSSO Fas ) B a3 BT DM, fErfila L g5 2 & T T Re bk T
— 05 E AR 7 AR b= 22845, oLt 7y — - VTV FaIERER
DEALTH Y | REFHREIECTH 5, R CiEM{bd Hcaspase-8D &EX, 4 lalDEEE
ET NG ROT-caspase-SOYHDIEMHAL EL W LD WATREERE X HbIvd, TILTH
TRFN—=VANFEINDIDIE, VH e Le T X —DfEE T o MBI E, 7
RN R = AR D AT DIFE e T 5 Z & THIHNEMAL & D/ S 24> TV D D TIERW
LHEHIEN D,

Zlal, Type 2#ifE > HeLaflila & W 7E 5t GUfRAT 2 HED 7= 23, U L RERR MO XL 5 7¢e
Type TAIIEIZIB W T RBRICHRGET 2 LR H 5, 4% Type MBI X 2 MEESHED I,
Type 1#HfE & Type 2/IfEIZ 31T D caspase- SO IHIEMEAL EDEVNOF 2 L LV B
TR =V 2DV T T IMRERZ B TE 5 Z E NS D,

F A FROEILE T /LTl &K O EITHIIN TH— & L TET AV ZAER LT223,
FEBIIALE — D WVIERFTICHEEL TWD I ERNEZLND, £ A=V T L7 ) L
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=U MU OFREE S AN—B O EFER G v — X235 & MlasEnmbl s h
TR ERROREIEN R D 7T, WAFATIT, RREFRHICR 5 2 R OB TITME LD 2 &
WZLLFT L D BTN D 2426, Nz C, 77 U B A H =)V (Xenopus laevis) DHIHFA
DHFEIZIBNTT R F—=V AN E 5 2 & bW S TND 2729, Z 0 L9 efilisee T
A= ZE HHIHLF UL TR b= ZFTRF-OH ASR—=ERL Bel2 77 IV —53F
DS L TWADR[EEMENRE X BN D, BECT 7 U Y A HT)LCTlX, caspase-d & 5 1r5>
DT AN—EREEZ LTI Y 3078 ZDOH T caspase-3 & caspase 9 NAETEHDIRITL
TWAHBRICBWTZORANBBEOOND Z L bMES TS, AZETE, 77V
T AT TN E TR h— RAFELTIRFO Bid 3 L O xCaspase-8 D/XT7 127 Th D
xCaspase-108 % Hififf L, Z OEBEZMRNT L7-, F7=. caspase-3 DE =4 —4y1 SCAT3
ERETDHIN IV AV 2=y (T /VEERL, Rt L7 Tg h =i flioT, &
REIFH1 D caspase-3 DIHMEZ R TZ 20 LT,
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Xenopus laevisk O 1&51, B Aifa

Xenopus laevisi TR EMERS L0 N LTz, XenopusIPD in vitro fertilization|d,
Suzuki b DH|EIZHE L7, ZHEINT, 3% AT A » CHEMAF ZIRE L, K THEE
WHOLOEZMRNA~ A 7Aooy ay, HDHWNERT-PCRONTIZH W=, RO AT
— 1%, Nieuwkoop & Faber (1967)? J5{E80IZ Il > TRIE L7, AR~ 7 A caspase-8
K~ U A15 caspase-9KIH~ 7 A8 LV = o A VEHEZAIAE (mouse embryonic
fibroblast, MEF) Z#f 2 L7z, 7=t FRMEE 293402 (HEK293 cel) HikOHEK293Fas
B LW HEK293THIfaE A V2, & 2 ORIfakIL, Faskt L Wlarge THUR Z Z L E4LE
FHHLTWD, 2o OfidiL, Dulbecco’s Modified Eagle’s medium (DMEM) + 10%%4+
IR MTE (FCS)TH#E L=,

Xenopus Caspase-1083% & ' Xenopus Bid D B B
Xenopus®DED R A A v &Ff>01, 725 NIBIdD T DRIED DI, BlastY 7 kv
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=7 ZHWTNCBIF — 4 _N— 2% #HiF# L7z, & hNFADD®ODED K A A VES% 7 1 —712,
Xenopus \[ZIRE L THEZEAZIToT2& 2 A, 20DESTZ 12— (GenBank accession nos.
BJ063173 and BJ0590094) 73[FI7E S 7z, [AERIC, & FBidZ 7' m— 7B LIz L 25,
1>DESTZ 1 — (GenBank accession no. AW641666) 2 [FE Sz, b7 o—r
IR % . DyeDeoxyterminator Cycle sequencing (Applied Biosystemsth), 3 X O
DNAY— 7 =% — (PRISM™ 310, Applied Biosystems Inc. and LI-COR 4000,
LI-COR Biosciencestt) Cfi#di L7z, Xenopusk L Ot Ny+D 7T X J BRECH HLEE I
CLUSTALWY 7 ko7 827 7,

BEFREAT 7 X I FOBERCHBE~DOELETFEA

Xenopus caspase-108 (xCaspase-108) & EGFPOFIA # o /37 & Z WL E ML TR
57-%. PCRCHiNE L 7-xCaspase-108 cDNAWT i pEGFP-C1 (BD-Clontech#h)(ZE A L
7oo X VHEHxCaspase-108DFEHLD 7=, xCaspase-108 cDNAWT 7 IZFLAG ¥ 7 Ei51 %
L., pME18S® 5 W ZpCAGGS8|ZE A L=, Y u 77 —ERELETHD
xCaspase-108 (C3849)1E., 77 7 —X¥DIEMIETH 5384 FH DV AT A kL
(QACQG) &t U T EH# L 7-DNAW i ZPCRIZ X » TIERL L, pCS2IZE A L 7=, Xenopus
Bid GBid)D X 2> KU T ~OBIT MR 57 DIHW @S % > /37 ExBid-EGFP
1%, xBid cDNA % pEGFP-N1 (BD-Clontech#)IZ# A L7-, xBidd % R fkxBid (D52A) 1%
T AR—LIRHEYITHHIETDD H B, 52IEH DT ANRT XU “D” 27 7= “A”

AR L7Z2bO%ZpEGFP-NUIEA L, @E ¥ X7 BRET 7 A X RpxBid (D52A) —

EGFPZ{EHL L 7=, EGFP & U oxBid (txBid) Dhe & » 23 7 HEGFP — txBid D3 HiZ
I%, xBid cDNADS3FEHD T I VIR Y > 0 L0 AVARF VKRG E TITHY T 5
DNAWr % pEGFP-CLIZE A L7z, GFP& ~ 7 Acaspase-8Dfl& % v /37 &
GFP-mCasp8 cDNA, Flag— ~ 7 AFADD ¢cDNA, % L T~ 7 ABcl-XL cDNAZ, JE1TAF

FRIZ L > CpMEISSIZEA L2 HDEFH LTz, ZNbe2TOF T AI NiE
Lipofect AMINE PLUS Reagent (Invitrogentl:) Z i\ C & hEZEEHIAEI ﬁfrﬁz%l L7

bRV 2=y TQHT)ERBIVEDa VR T 7 MMER

SCAT3% 1 /L CRELSHEDLTEDITHWZTF7AI Ra A N7 7 ML, pCAGGS~ 7~
X —|ZSCAT3ZEAN L TIER L7z, SCAT3%%HLTH N7 AV =y 7 (Tgh =/
REMIE & FEIZN 7= Kroll & Amaya B (2 K » TR Sz Fika iz 84686, 7 5 72—
LT ENTgh TV THDHZ Eid, B TOENEOBIEOFMII L > THE L, £/-. V)
IR OB ZAT O B HOLIC Ko THER Lz, ABFETIL. F1HRD A 2D I% H iz,

FEERMMIZ BT 5xCaspase-108 & xBidD 7 & b — 3 A HiEEE
Bz, EGFP —xCaspase-1088 % W IEGFP — txBidZ Al C, & 5 W\ EtxBid<°
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Y UABl- XL T T AI RELICI R T =7 v a k> TEA L, —HOMiaIc>
WTIE, B AN—EDOHEHKITH 5 carbobenzoyl — Val — Ala — Asp — fluoromethylketone
(z-VADfmk) (Kamiya Biomedicaltt) z 55 #1i2100 pMOJEE CUI L 7=, EA24FE [ #£1C
3.7% R/~ U CHEE L, dtiEssE (DMIRE2, Leica Microsystemsth) CEGFPEG R
O & fss Uiz, [FEkIZ, Caspase-8KH~ 7 A7 5 (NZcaspase 9K~ 7 A3k
MEFI(ZEGFP — txBidZ 5 A U, 24FF[E R ICHBEBILZ LT, 707 7 —BAREHER O
xCaspase-108 (C3848) A (&K%, pEGFP-C1 & #:icHeLafifaiZ 8 A L, 24FF 5% 10T
FasHiiACH-11 (MBL#) %200 ng/mL, 37 o~¥% 3 K (CHX) %5 pg/mLiE L T7 &
M= ZAFHE L MR T %, Mkt L C8RFHEREE L7, RARIZBel-XLOHLT AN b — v ZhHIT
2T, Bel- XL & pEGFP-C1% HeLaffifiadiZ 355 A L, 200 ng/mL®OCH-11 &£ 5 pg/mLo
CHXZ#IN L 245 & HI2H 38 LT,

xBid DRI BTE

HeLa#i}21 pDsRed2-Mito (BD-Clontech#t) & pxBid — EGFP72\> L1EpxBid (D52A) —
EGFPZ 5 A L, 200 ng/mLOCH-11 &5 ng/mLOCHXZIRM L TT AR b— A ZFHE L
770 xBid? RTEMERIT L S TAMEE (TCS SP2, Leica Microsystemstt) & Fu 7=,

Y a2 ) bxCaspase-108DIERL, in vitro”' v T 7 — &M

xCaspase-1083 & UxCaspase-8DO#Ha z # L 7 B A BT 272012, W4+ DcDNA
ZpMAL-c2E~X7 % — (New England Biolabstt)IZEA L7z, * AT 172> bu— b
L C. xCaspase-108Mlarge subunit® #2572 HxCaspase-108 (p21) A /ERL L=, Z DX
YoXZEE, small subunitZ K< 72z u T 7T —BIEEEB L, IO T A
K%, K Rosetta (DE3) (NovagenthIZ I E AL L, IPTGEEIZ LV v /L h— A5
BRI EEDORER N BEERR S, ZOX LRI EETIn—AL Y (New
England Biolabsth) & W CKHERLL 72, Yo7 7 —BiEtEomticid, &g s
acetyl — Ile — Glu — Thr — Asp — a — (4 — ethylcoumaryl — 7 — amide ) (Ac-IETD-MCA)
(Peptide Institutetb) vy, 1pg OV ar e v ¥ 7B %2200 ulLo 7 07 7 —+1
7 v A3y 77— [60 mM PIPES (pH 7.2), 10% sucrose, 100 mM NaCl, 1 mM EDTA,
0.1% CHAPS, and 10 mM dithiothreitoll 1 T37 °C TS S ¥/, 7 m7 7 —RIC kv i
BHYIK &5 &7 — amino — 4 — methylcoumarin (AMC) 23 lF#E 35 DT, ZDO&EE 7 L
— kU —4#— (ARVO-SX, PerkinElmer Life Scienceft) C. il &355nm, =t E
460nm CTHIE L7z, £ TORERIT, EREEL n=37TIiT->7-, MBPEEAIZX T 584 K&
L. xCaspase-10BD i Kz His# 7 Z £ L 7=xCaspase-108 — His & [RIBEIZ/ESRL L |
nickel'NTA L ¥ (Qiagent)iZ TR L 7=, xCaspase-108(Z & 5xBid D YW 12>\ THif
BT 5720, xBid — EGFPH L UxBid (D52A) — EGFP % LRI CTERLL 7239, pEUN
7 2 —DSP6~7 11— 4% —% HTxBid — EGFPH £ O'xBid (D52A) —- EGFPOmRNA%
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TERLL . /NEIRZERIE Y 2 N Tin vitroC X /87 A& =1 T - 172, xBid — EGFPE L O
xBid (D52A) — EGFPIZ %9 % xCaspase- 108D UIWHEM L, 7o T 77— 7 vk A Ry 7 7
—H, zZVAD-fmk{F(E T, & D WIEIE(FAE FT37°C, SRS T 5 Z LI LV fi~7=,
EEOF X, MUSATRKRZSDS-PAGETEXIKEI L, A A=V T TF T4 % —
(LAS-3000, FUJIFILM#) & F T, EGFPOENEN A O DT F FOKE S/ BHE L
7=

Ab)TayT 4 7 BLUCGRE LR

TR b= AR L AxBidO YK &2~ 5729, xBidds L UxBid (D52A) %
HEK293FasfiifidiZ 8 A L, 2H#12200 ng/mLOCH-11 &5 ng/mLOCHXZ AL CT7 R
N— R EFHE LT, 6% ISR Z I L. lysis buffer [50 mM Tris-HC1 (pH 7.5), 150
mM NaCl, 5 mM EDTA, 1% TritonX-100, and 0.5% sodium deoxycholate] CIAfE L 7=, =
O ik 2 SDS-PAGE Tyt L 721, $iGFPHLE (1E4, MBLth) A ffi>TA L/ 71
T 4T E T o7,

xCaspase-108 & Xenopus L O~ 7 AT R b —3 AHEKN A O ANER Z {5720,
HEK293THfu|Z EGFP — xCaspase-108&% %\ [ZGFP — mouse caspase-8¥ .77 A I K
& Flag — xFADD 72\ LiZFlag — mouse FADDREL ' 7 2 I REZ BR8N LT, 24FFH
Bed& 1%, AR A BN Ulysis buffer THfiE L, $iFlaghtf& (M2, Sigma Chemicalsth) &
Protein-A Sepharose (Amersham Biosciencestt) Z FiV T # LR 7 ik L=, 55
iz X278l SDS-PAGE#%FiFlaghtidss L OHiGFPHiAL HWTA L T vy T 4
T EAT oI,

xCaspase-108D 7 E —E&{l, xCaspase-108 & xCaspase-10&H 5\ IxCaspase-8D~
T u B EFARD 72 HEK293T#IE I EGFP — xCaspase-108% 8177 A 2 K & Flag
—xCaspase-108, Myc — xCaspase-1086, HA — xCaspase-86DFHL 7T A I RaIEA L
7o 24WFRIRE R % M 2 lysis buffer TR L, HIGFPHUR CTHRUEILRE L7, 1507 %
Wk X, SDS-PAGE#., HIGFPHUA, HiFlaghiif, HiMychilk (9E10), % L CHHAR
& (ab-hatag, InvivoGenth) TRt L7z, S0JZIERED A L 71 v 7 4 7 O2RBURIZIL,
~ 7 Z1gG TrueBlot™ (eBiosciencefl:), & % & HRP-{Ei% Hii~ 7 A IgGHik (Cell
Signaling Technologyth) & H\ 7o, E£72, kBRI AW BB HEAMBRO T R h—v
AL ET DD, HWANX—B-A X —THDH/ ¥ 2 U A )L Ap35EIE 18T T
A FEBIEFEALL,

RT — PCR (Reverse Transcription-Polymerase Chain Reaction)f##T

T 7V I AT T ORE & IR BRBEOR, I X OEUAMRE L Y ISOGEN reagent
(Nippongeneth) % FIVVTRNAZ [FIL L 7=, %RNA 1pg & Y Ready-To-Go RT-PCR beads
(Amersham Biosciencesth) 3 L OVT7 v ¥ bnF b~ —7 7 A v —% UV CTeDNAG A 1T
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>72, ZDcDNAX Y F B ZPCRIGIE L=, AW 7 T4 ~—I%,

xCaspase-108% X UxCaspase-10 (forward:5-CAAGACCTTTCTGGATGTGTTGTG-3’,
reverse: 5 "TTTGCTTGAAACCTGGATGGAG-3),

xCaspase-8 (forward: 5-CGCTTCTATACTGGAAATATTCTT-3,

reverse: 5-TTGTACTGAAATCTTCTCAAAT-3),

xBid (forward: 5-GGAAACGTCCAATTAAGATCT-3’,

reverse: 5-CCTCTGTCTGGCGAGACGCTC-3)Th 5,

RNoT 47 arbra— e LT, EFla (forward: 5-CAGATTGGTGCTGGATATGC-3’,
reverse: 5~ ACTGCCTTGATGACTCCTAG-3) & A /N=F T I NKF¥7—E (ODC)
(forward: 5-CAGCTAGCTGTGGTGTGG-3,
reverse: 5-CAACATGGAAACTCACACC-3) % i\ 7=, PCREWIX, 2.5% 7 I —RA 7L
AV ToE - R L7z,

xCaspase-1088 L OtxBidD h T AVIE~D~v A ruaAf V= I va v
xCaspase-1080D 7 1 7 77—V iHMEZE B {AxCaspase-108 (C3848) 5 L ONEMERI D txBid ™
mRNA/Z, pCSII-xCaspase-108 (C384S)72 & NI pCSII-txBidD~7'F A K&T 7 L—
M ZmMESSAGE mMACHINE SP6 kit (Ambiontt) Z W CERL L. Sephadex G-50
column (Amersham Biosciencesth) %z HVW TR L 7=, Z ®mRNA% Xenopus 4EIERIED TS
2, AEEB2AAEIZ20, 50, 200 pg~ A/ RA V= v a v L, BIETAEALR
1%3% FicollF A 0.1 x Steinberg’s solution8® CH:#E L 7=,

SCATS —Tgh T V& AW ®IE v )7 B DfEkT

SCAT3Z 3BT 5 4FIEKINIZtxBid mRNAZE A L, IWE%2iED7-1%, R%protease
inhibitor cocktail (3= 7 A 7 A 7 1) & Hlysis bufferiZ TR L., = L7T=, ZOHiHY
Z AL TIZSDS-PAGEZ 1TV, A A—Y 77 )7 A4 % — (Typhoon 9410,
Amersham Biosciencest1)|Z CTECFP & Venus D a0 e 2 W L=, #titk, ¥ va s~ —
7Y UT v R 7 —R2501CTHa LTz,

BOSCAT3DHEBIZIZIX, stage 63DERRIFHIC AT A Z~ T v 7 %, 0.02%ik
EOmM-7 X ) REEFEBRTT VAL AR F— b G E K C00 IR L=, &
SeEEMEE (DMIRE2, Leica Microsystemsth) % 7=, FRETOHE DR 5%, RiiFED
FEIZES T,
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[RER]

xCaspase-108D Hiff

Caspase-101Z 58 . DEDfEIk 2 & dp # L /7 B % . NCBIOESTF — 4% ~N— 2 | T
L. XenopusDEH¥cDNAZ A7 Z ) —J1 V0, & hcaspase-10 L fHAMEDHHW 7 17—
1 OKFE LT, 207 vu— 2 OcDNAFEAFERGE L72RE R, 2 DcDNAR 22— R4 254
NTEIX5127 R W EA L BEICHEE S LTz Xenopus caspase-10 & 7 3/ EET84%,
Xenopus caspase-8 & 32% DFFEINEZ A L7z (Fig. 19A,B), Z DX /37 &%, BEFD
Xenopus caspase-10DFRAIA T T A 2 T OEMTH 5 alREM: & . BIOBIEFIZH kT
HoXT 1 Tl hy ST D AREMENE 2 B iz, Xenopus laevislt. AEKINH2 58 TH
HZ D (BRI, BEThLIAREENRENo T, O L EFEHT L7201,
Xenopus caspase-10 & DFELOEWIZHEH Lz, TNENEHHITX 54 Y IDNA%Z 77
A~—ky F& LT, HaRRBAEEBOK, 25 WITMAONER & Vi L7 SRNAZ #
BUZHWT, RT-PCRZE T 7= & 2 A, HBAENHETITHE > T Xenopus caspase 10 & /g~ 7=
B NE — BTz (%), 16> T, AalHEE L 72cDNAIL, caspase-10 & L5 D
f5+TdH Y. caspase-108& Mg Lz,
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(A)

CasplOf -———===—-—-—————- MDENSMLILSIDDGLGREDIEALKFLCRDVLRKNKLLSVEISGOELEQQ 47
Caspl0  ——====———————- MDENSMLLINIDDGLGREDIEALKFLCRDVLRKNKLLSV[@SGEELEQQ 47

Casp8 MSDLLSSTVDAMNLABMYKEMFEMSEDEDRTET LI 1 gileE K R TABEKENERDAR T L.C 61

OETT NI T < T DL I[§E DDIF LLIE LLY I INHHS LLREDLGTNKENVOKIBL PHEK I S|y RIEML YE LS E iy

Caspl0 ITEDLINEDMMFLLEELLY I INHHSLLERIDLGTNKYEVOKML PHIsIK I SPYROMLYELSE [Ny

Casp8 WEK < gIC Y NBL S Fil B~ HERN DR G K eV R TIHMERR T 1=V S P Oik3es | EIDIR 122
¢ r—

OEYISINOJcIN\\/ T G)DEKR I LEL L PI@KKHKENKTFLDVLCQLEKENE I TEDNVEL LEBIFINKVSEPDL LK R,
OEYI NN\ \/ T G5 DEKR I LEJIL PElK KHKENK T FLDVLCQLEKEN/ I TEDNV/SLLERYFIEKVSEPDL LK
Casp8 EESkKEvVEDEXEMIDL s TAR TR AS TMEN L Bty EKEH PEDEGK@KHDLETEGCKNEMSE 183

—
* Kk ok Kk k ok k ok
CasplOp IIEKYKE OPSAPPIBYEHELINPIELSTIQVSSKINNESW| ELIEH 219

Caspl0 [ ESEEECHK- MR c1 NP ToeTS - IR DIseoE - BN 227
Casp8 NHEDMER I SEADNEREAN - ——————————————— LEDHFrERESVBEEGVNCTAQEPFNGER 228
[——y —

CasplOp EAEKEDD SGNIDNOLSDLRLNFEBTPOQASTIAMILYBMNIREKHRGYCLITIDNY I FIAK 280

CasplO 288
Casp8 273
Caspl0B REGSDKDAGALRDVFISWLGLBVE I VigNLGEEH I RSIKIAFKSKDHSERDCE K
CasplO REGSDKDAGALEDVFEWLGLIEVE I VINLGHES I RE®T KIHFKSKDHSERDCE [CEY)

Casp8 ARSODCKYT DY AR E FEEREFNAREY I TRE HRDETEANHOK TREME S KEOEERRRSH 334

LTS SN\ CC T LTHGESGTVIIGSDDEEVS IREMMSYFTIETSCIS LINLKPKLFFIQACQGEY THPSSKV [EKER
SET SN/ CC T LTHGESGTVIUGSDDWEVS IREUMSYFTINT S ClS LIWLKPKLFF IQACQGHY THPSSKV [
Casp8 [VCIaT LEHGEYG T V@GO DEE E Vial T8 gy N Ee)sICIRS LYK PKEIE F I QACQG)IaEIH Plalgy 395

LTI =/\D AV PVE HKKY IVNVPKEADFLLGMS TVDG YA YRHRI#GSWY T QALCKNLVEMV PRGE TS
LTS SNV |2D2 SVPVEHKKY IVNVPKEADFLLGMS TVDG YA YRHIM®4GSWY I QALCKNLVEMV PRGE [
Casp8 DI DS FRY EEAN(ER) 15 e A D F LigNG A TVoi8 Y iR HRIMNG SH Y TO[8]L C KL iGN e 453

CasplOB DILSILTKVNKDVSERI.KEDSEEMI. KOMPOPEYTLLKKLIFPVPNVPFIMINMCOENSP 512
CasplO DILSILTKVNKDVSERILKEDSEGINLKOMPOPAYTLLKKLIFPVPIBVPFIESEMICOENSP 520
Casps | ENDHRNSRES BRI Lo BN BRI < - B G BB 500

(B)
xCaspase-10f  xCaspase-10 xCaspase-8 hCaspase-10 hCaspase-8
xCaspase-10B - 84 32 43 33
xCaspase-10 - 30 40 33
xCaspase-8 - 32 32
hCaspase-10 - 33
hCaspase-8 -

Figure 19 Alignments of xCaspase-108 with their homologs.

(A) Amino acid sequence comparison of xCaspase-108, xCaspase-10, and xCaspase-8.
The predicted amino acid sequence of Xenopus caspase-108 cDNA clone db61b04 was
aligned with caspase-10 and caspase-8 from Xenopus. Amino acids that are identical or

similar between the three molecules are indicated in black and shaded boxes,
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respectively. Two DED motifs are underlined and the protease domain is indicated by a
box. Asterisks (*) indicate the amino acids deleted in caspase-108, but not caspase-10.
The bold arrows underneath the amino acid sequence indicate the primers used for
RT-PCR analysis. (B) Comparison of homologies between Xenopus and human initiator

caspases. The numbers indicate the percentage identity between the two molecules.

HeLa#fifd % FV 7= Xenopus caspase-108 D iU SF.55 & &

XenopusTlE, xCaspase-8 & xCaspase-100D2 05D A =L =—H —Hh AN—EN[EE S
TWNWDB, ZhbOa1IE, BIEEAI LY WHIEMEN T A h— 242/ Z L, WL
DORTET T L ASEORREZ A L T 7286, xCaspase-108%H [AEEDOIEREEZ RS Z L 3~ D
78, BARTFEANI L - THFAEOMIIN 7 R b —3 A& TR LIz, ZOHBO
72 . EGFP & xCaspase-108D A& % 737 EEGFP-xCaspase-108 cDNA (Fig. 20A) %
FR L, HeLafifdlZ ZOFBLT 7 A I FEEA LT, Ba 088 A S 7o Miflaokhlds X
OAEFOA T, SOCHAMEE F CEGFPIGEMIa 285425 2 & THIE LTz,
EGFP-xCaspase-108% & A L 7=HeLaffifidiZ, 1 & 2CEGFPEEMat s = > e —iro
EGFP#E AHeLaffaZ b8/ L T iz Z & 225 EGFP-xCaspase 108233845 Z L iC
K VMIRRAE S & T2 Z & 2R d (Fig. 20B,C), LovL. W AX—BIEAITH D
z-VAD-fmk % RINT % & | EGFPIMEAIIR S 0 L | MifafgRe b EWI2 R > 7 (Fig. 20D),
ZDZ X, zVAD-fmkimINZ X W xCaspase-10BIZ L 57 KR h— ANEIN-Z L %
Y, £, z2VAD-fmkZ RN L 7-HeLafifd 238 L< BT H &, T AT =/ ¥ —T 4
T A R8O L RN D BREIK L [F] UREIE(A N EGFP-xCaspase-108 T H [ 5 47- (Fig. 20E),
FTATT 27 X — KA A (DED)Z > % X7 &Rk, xCaspase-108 b DEDZ /1 L C
ZEMMETDZETIEMELTT R b= 2A2FET L2 E0NEZ 6N,

bzl L0 xCaspase- 1081 I FLEADMALIZ X L T MAEEEREN H D Z &3

DT,

DED1 DED2 Protease domain

A EGFP-xCasp10p3
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Figure 20 Over-expression of xCaspase-108 induces apoptosis in mammalian cells.

(A) Constructs termed EGFP-xCaspasel08 encode fusions of EGFP and caspase-108.
(B-E) HeLa cells were co-transfected with plasmids encoding EGFP alone (B),
GFP-xCasp108 (C—E). Transfected cells were cultured in the presence or absence of 100
pM z-VAD-fmk (D,E). After 24 h of culture, cells were washed and fixed. A single field
was then photographed by phase contrast (right panels) and fluorescence (left panels)
microscopy. The arrowheads in (C) indicate apoptotic bodies, while the dotted line in (E)

indicates the edge of the magnified cell.

In vitro {231 5xCaspase-1080D 7 17 7 —ViEMHE DR FE

xCaspase-108D 7' 07 7 —VIEEIZHOW TR L2, Varerr ho
xCaspase-108 & xCaspase-8 4 {E#L L, KIGHE > HIEFR L7, w0t E %2 H\ e in vitroT v
ALY, Uz e hxCaspase-108i%, xCaspase-8E A U7 o7 7 —VBiEMEE2 /R
Z EWyinoTz (Fig. 22A), — ., xCaspase-10B8Plarge subunitfBikd #0585 U =2
By MIEEEZGWr LR o7z,

t FCaspase-103BidZ YW 28 1N H D E WO HENRH D 9, KWLIZENTH Y
o) hdxCaspase-108 & xBid% V) TxCaspase-108723Bid Z W42 kit L 7=,
Va2 v bxBid— EGFP, 5 X UxBid (D52A) — EGFP % i 7 o /X7 B AR Y AT
L39ZHWTH L, 1n vitroD % TxCaspase-108& )i L7z, ZDfEH, Fig. 22BIZ/RT
£ 912, xCaspase-108/IxBidZ B4 5725, ZEARIIUIMT TE o Te, TORE, AN
— PR ERz-VAD-fmk 2 592 = & TxCaspase-1080 7 10 7 7 —BIEMEIZPHLE S iz,
S in vitroDENTRE S L 0 . xCaspase-1081Z 7 1 7 7 —EiEM N H 0 xBid 2 785k L Uk
THZ LNl

>

:xBid-EGFP
:xBid(D52A)-EGFP
:xCasp10p-His
:z-VAD-fmk

>
-
o
[
~—

)

w
(4]

n
oW

xCasp8 <Full-length

<Cleaved form

o

xCasp10p (p21)

Protease activity (AU
@

[
o

4 6 8
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o
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Figure 21 xCaspase-108 protease activity and the cleavage of xBid in vitro.

(A) The protease activities of the following recombinant proteins fused to MBP at the
N-terminus: the xCaspase-10 protease domain (xCasplOB), the large catalytically
inactive subunit of xCaspase-108 (xCasp108(p21)), and the xCaspase-8 protease domain
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(xCasp8) were examined. The fluorescence of AMC released from a synthetic caspase
substrate, Ac-IETD-MCA, was measured at the indicated times at 37 °C. The resultant
data are presented as arbitrary units (AU). These data are representative of two
experiments performed in triplicate. (B) The protease activity of recombinant
xCaspase-108 against xBid was examined. Active xCaspase-108 (xCasp108-His), tagged
with a His-tag sequence at both the N- and C-termini of the protease domain, was
purified from Z. coli. Both the xBid-EGFP and xBid(D52A)-EGFP fusion proteins were
synthesized by in vitro translation. After incubation of xBid-EGFP or xBid(D52A)-
EGFP with or without active xCasp108-His in the presence or absence of z-VAD-fmk,
the reaction mixture was resolved by SDS-PAGE and the processing profile analyzed
using an image analyzer. FITC-labeled molecular weight markers were applied at left

side lane.

xCaspase-108% . DED K XA ' & D Xenopus’2W LIk~ U R 537 L DS

SEATHFEIC X W . Xenopus caspase-103FADD & fE&4 5 2 & 2445 L7286, [ARRIC.
xCaspase-1087° Xenopus°~ 7 A DFADD & =N EHHEET D oaat Lz, HRHE L
HEK293Mifn ik 2 AV 7= FADD D4 b2 L U | xCaspase-10873~ 7 A caspase-8
LRI U K 912 Xenopus FADD, & A\ id~ 7 AFADD & O#ARE LT —HEICitlEd 52 &
R Sz (Fig. 22A), & HIZDED K A A > %41 L TxCaspase-10873xCaspase-108 &
RE ZEIMMET D D), xCaspase-8°xCaspase-10& ~7 1 " HIMMbLT 200 % LT-
L Z A, xCaspase-108/IxCaspase-108 &, F7-xCaspase-8<°xCaspase-10& HLfESE L T
5L EN otz (Fig. 22B), 2D Z L XV | xCaspase-108(XDED K A A > %1 U C,
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Figure 22 xCaspase-108 interacts with Xenopus FADD, caspase-8 and caspase-10.
(A) HEK293T cells were co-transfected with plasmids either EGFP-xCaspasel08,
GFP-mouse caspase-8, Flag-xFADD, Flag-mouse FADD, or control vector. After 24 h of
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transfection, cells were lyzed. Proteins were then immunoprecipitated from cell lysates
with an anti-Flag antibody. Whole cell lysates and immunoprecipitates were analyzed
by immunoblotting with anti-Flag and anti-GFP antibodies. (B) HEK293T cells were
co-transfected with plasmids either EGFP-xCaspase-108, FlagxCaspase-106,
HA-xCaspase-8, Myc-xCaspase-10, or control vector. After 24 h of transfection, cells
were lyzed. Proteins were immunoprecipitated from cell lysates with an anti-GFP
antibody. Whole cell lysates and immunoprecipitates were analyzed by immunoblotting
with anti-Flag, anti-HA, anti-Myc, and anti-GFP antibodies. To prevent apoptosis, we

introduced the baculovirus p35 gene, a strong caspase inhibitors?, into all samples.

xBid D Eigf

Xenopus Bid (2B L ClE. Xenopus U8 cDNA 74 77V —%RTHZLICL->T 1
DO & 72 % cDNA 7 v — 2 Z[FE LTz, MREEORR, 20 cDNA 7 m— 3, 1847
R /A a— KL, b b Bid & 36%DHRMZ R Lz (Fig. 23), £727 2/ BEECHI 2R~
% & caspase-8/ caspase-10 (2 L - Cililk - Ulr & 5hd%] “LETD” #7887 (Fig. 23,
shown by asterisks), Zi1L 5 DOFHE S Z D4 T3 FLIE Bid @ Xenopus "E0 7 Th
HEWEL, xBid & L7=,

(C)

xBid = -------- MEINVKEHLVSYEE I DERNHKE-ERWElSwEARBEGKEVAR 41
hBid MDCEVNNGSEMRDEGHTNLLUFGFEGS CSENSERREMDA L GHEL Pvilla P 50
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xBid  MGRNECHESEEENyorEgroT vy ECEAE BB CEEY DEMEHERBE o1
hid  weGYl- EMOENENRS HER-1cR1BADSESOEDE B EMIOVER D oo

xBid  EevREEEVEEEvoAE §iE Ry - MO VR E-cUBeE. 137
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Figure 23 Alignments of xBid with their homologs.

Amino acid sequence comparison of Xenopus and human Bid molecules. Amino acids
that are identical or similar between Xenopus and human molecules were indicated in
black and shaded boxes, respectively. The bold lines over the amino acid sequence
indicate the BH3 domain, while the caspase recognition sequence is designated by

asterisks.
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HeLa#fl % F\ 72 Bid D AR ST 5 B AE

R ADOBIAIL T AR b — 3 AFHFERE A2 £5-05, xBid b [FERDOMREZ K> Z & 2~ 2720,
BISFEAC L > THFLEOMIE A T A b — 2 &8 295 L7, EGFP & xBidONAK
U577 X/ B KI: Liztruncated xBid (¢xBid) Dl & & XV EERBE T LA A N T
FEGFP-txBid & fERL L 7= (Fig. 24A), HZLEOBUADBE A H A —B 12 L D Il ST,
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7= (Fig. 24B,C), 2D Z & LV | txBid&#E AT 5 & B A X—BIRFRAEH Tt 2 7%
M5 2 ERHERI S L7, txBid2d X Fa v R 7R AEE L THIIZEAFEL T\ D Z
LEMERT D720, BidD X 9 BH3 FICK T 2817 R b —3 A5+ L LTHLATND
Bel-27 7 2 UV —43 FOBel-XLAHEEH L T, txBidOhREFH <7z, ~ 7 ABel-XLFEH A~
2 4 —%EGFP-txBid & [FAIFRFICAIIISE A L7z & 2 A, EGFPHIEMIIERED bz B3Z D
HIREII DI CTH 7= 2 £ D, ~ 7 ABel-XLITER/ I txBid O M AEAERE 2 Bl E T 5
Z otz (Fig. 24D), — 1 Bel-XLid, HiFashifA THlIE L 72 HeLeAtfalZ 35 TEGFP
Bt A2 KRS S8 7= 2 & D (Fig. 24H). txBidids& 72 7 R b— 2 AFEESF T
HDHENHRINT, SBHITBIAD TR b=V AV T F IOV ORFED 72 | caspase-8
KRIE~ U ARSI (MEFs)E X Olcaspase-9/KHE~ 7 A IRMEAHE S/ IE 158112
EGFP-txBidD =2 A T 7 h&EALTZE Z A, caspase-8KIEMEFIZ%F L ClLHfansE %2
T 5N, caspase-9KAEMEF CILHIUIEN L & 720> 7= (Fig. 20E,F), txBid?D 7 R
— 3 AFHE | Tcaspase- 9N M ETH D I LRI T,

ozl L0 xBidiIFFAIEOMAIZX LT HAREFHEENH D Z &, txBidD
RS EREILI P RUTRIEZEE L TND Z ERghoT,
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A EGFP truncated xBid (58-184 aa)

EGFP-txBid 227 R

xBid EGFP
xBid-EGFP
LETD
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xBid (D52A) -EGFP 7/////’//////2
D52A

Figure 24 Over-expression of xBid induces apoptosis in mammalian cells.

(A) Constructs EGFP-txBid encode fusions of EGFP and truncated xBid. EGFP
fusions of full-length wild-type and mutant xBid were named xBid-EGFP and
xBid(D52A)-EGFP, respectively. (B-H) HeLa cells were co-transfected with plasmids
encoding EGFP-txBid (B-D) with mouse Bcl-XL (D). Transfected cells were cultured in
the presence or absence of 100 pM z-VAD-fmk (C). Mouse embryonic fibroblasts (MEF)

deficient in caspase-8 (E) or caspase-9 (F) were also transfected with a plasmid encoding
EGFP-txBid. After 24 h of culture, cells were washed and fixed. A single field was then
photographed by phase contrast (right panels) and fluorescence (left panels) microscopy.

(G, H) HeLa cells transfected with a plasmid encoding control EGFP together in
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conjunction without (G) or with mBecl-XL (H) were treated with an anti-Fas antibody in
the presence of CHX for 24 h. After fixation, cells were photographed by both phase

contrast and fluorescence microscopy.

7A=Y RZBIFBHxBADI b2 FY 7 ~DBE)

HFLEOBIdIX, 1E M bcaspase-8IZ L » THIlr <41, UIKIHBIdIZI h=> RU T2
179 %56, XenopusBidD I F a2 KU T ~OBITE2MERT 5720, 2R OxBidd CRuwM
\ZEGFPZ il L7- % o X7 ExBid-EGFPZHLT 577 A RE/ER L= (Fig. 24A),
Z D7 T A3 RuEpDsRes2-Mito & |2 HeLafiiiZE A L, FaszimMELT 291K CH11
EMZTCTHRIN—VAEFHE LIZEZ A EGFPOEENI a2 FUTIZREEL TWDHIR
B EDODsRed —H L2 Z &v5 . xBid-EGFPIZI b RUTA~LBITL TS Z &
PHBA L7 (Fig. 26B), £7=, B AX—E3i#ASILETD # LETAIZ & #2 L 72 xBid & £ 0
xBid (D52A), L UEGFP L Ofhe # 37 ExBid (D52A)-EGFPERET 577 AI K
ZVERLL 72 (Fig. 24A), xBid (D52A) ~-EGFP %359 2 Clx, Fasfllig7 R h— &
ZE L CHxBid (D52A)-EGFPO I k2> R U T ~OBITIZR L0~ 7= (Fig. 250),
HAFHOBId LR U< | xBidiZ W T H U S e X7 F RT3 har KU T~ BT
THIEEAMNAT L0, A 5/ T7ayT 47 %f7o72 (Fig. 25D), = OfEF, HiFas
PUATT R b= A28 LBV T, xBid — EGFPIIUIK & CTu7=23, xBid
(D52A) — EGFPIXUIMIRI A fesd S /e v~ 7= (Fig. 25D), 2O X H 12, xBidiZ 7R h—v
AERRHCEIN S du, IR CH HtxBidiZ I b2 RUT~EBITL, NRMEDOT R h—
VAEHETHIENRHLMNE ST,
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Figure 25 xBid processing and translocation to the mitochondria following

apoptotic stimuli.

(A—C) HeLa cells expressing xBid — EGFP (A, B) or xBid (D52A) — EGFP (C), stained
with DsRed2 — Mito, were stimulated without (A) or with an anti-Fas antibody and
CHX (B, C) for 2 h. Both EGFP and DsRed fluorescence images were examined by
confocal microscopy. Scale bars indicate 8 pm (A) and 4 nm (B, C), respectively. (D)
HEK293Fas cells untransfected or transfected with xBid-EGFP or mutant xBid (D52A)
— EGFP were incubated in the absence or presence of anti-Fas antibody for 6 h. Cell
lysates were then analyzed by immunoblotting with an anti-GFP antibody. The sizes of

molecular weight standards are shown at the left side.
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In vitro ({2331 5xCaspase-1080D 7 17 7 —ViEMHE DR FE
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xCaspase-108 & xCaspase-8#{ERL L, KIGHE > HIFR L7, w0t E %2 H\ e in vitroT v
TAIZEY, Ve ) hxCaspase-108i%, xCaspase-8E A U7 v 7 —VBiEMEE2 R
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Figure 26 xCaspase-108 protease activity and the cleavage of xBid in vitro.

(A) The protease activities of the following recombinant proteins fused to MBP at the
N-terminus: the xCaspase-10 protease domain (xCasplOB), the large catalytically
inactive subunit of xCaspase-108 (xCasp108(p21)), and the xCaspase-8 protease domain
(xCasp8) were examined. The fluorescence of AMC released from a synthetic caspase
substrate, Ac-IETD-MCA, was measured at the indicated times at 37 °C. The resultant
data are presented as arbitrary units (AU). These data are representative of two
experiments performed in triplicate. (B) The protease activity of recombinant
xCaspase-108 against xBid was examined. Active xCaspase-108 (xCasp108-His), tagged
with a His-tag sequence at both the N- and C-termini of the protease domain, was
purified from Z. coli. Both the xBid-EGFP and xBid(D52A)-EGFP fusion proteins were
synthesized by in vitro translation. After incubation of xBid-EGFP or xBid(D52A)-
EGFP with or without active xCasp108-His in the presence or absence of z-VAD-fmk,
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the reaction mixture was resolved by SDS-PAGE and the processing profile analyzed
using an image analyzer. FITC-labeled molecular weight markers were applied at left

side lane.

Xenopusitis X OVRAHRRRIZ $51) B xCaspase-108 & xBid mRNA D FH

A L 7-xCaspase-1083 L OxBid DI ARF 1 L O T DR HL 2 RT-PCR CHER
L7z, xCaspase-10BD 3 ZxCaspase-10& Ll 2720, ZDO D& BT 5 Z L0
KDHPCRT T4 ~—%i%it Lz, Mk CORALMHR LI-L A, xCaspase-108 &
xCaspase-10D Wi 13, ik, ok, B gk, FFige, i, 775 P JLlis TR B GRS B vz (Fig. 27A),
—F . MBAETORBLZMR LT & A, xCaspase-101T ¥ Dstage 1-2012 THILN H 5
NT=DIZkt L, xCaspase-1081EE H & OB - HITEMEAL 3 D stage 15/16 LK THRELN
HY., BEBAIRERD LN (Fig. 27B), i, xCaspase-8& R U/ X — ThHhoT=,
Z DX 51z, xCaspase-108 & xCaspase- 101 AMRFITITER R S T2 ARF — L ZoR LT,
— 77 TxBidld, HBHEIGEWVARO LD DD, 2 TORMMRSRE © 7o R A B I THEL
D3RS S e (Fig. 27A, B),
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Figure 27 Expression profiles of xCaspase-108 and xBid in adult tissues and during

early embryogenesis.

(A, B) Total RNAs isolated from the brain, heart, kidney, liver, lung, muscles, and
spleen of adult frogs (A) and from embryos at stages 1, 8.5/9, 10.25, 11/12, 15/16, 20, 25,
and 32 (B) were subjected to RTPCR analysis of xCaspase-108, xCaspase-10,
xCaspase-8, and xBid transcript expression. The resulting PCR products were resolved
by 2.5% agarose gel electrophoresis. As an internal control, EFla (A) and ornithine
decarboxylase (ODC) (B) transcripts were examined. Molecular weight markers

(M.W.M.) were applied in lane 1 of both panels.
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WA~ L 720 (Fig. 28B,a,c). W< O DR CTiElE 2380 7- (Fig. 28B,a,c, shown

by arrow), £ O 2L mRNAZE A5 & JENRFEEREN R 57 (Fig. 28B,d.e,
shown by arrowheads), = ® X 9 22 £ B ImMRNARIZEKFRHTHY . 2 ba—)L
mRNAZE A LRI Sz inode (RFER), b2 Ry, Imr7—EX
f8xCaspase-108% Xenopust)WIFRIZH AT 5 & @HHE CRAERFEZFE L TNDH &
M5, WIEDOxCaspase-10BDOEFEZHI L T\ D Z ENRB X D2, LM
xCaspase-108(%. XenopusW)HIFAEIZE S LTV AlREMEAS BV,
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Figure 28 A protease-deficient xCaspase- 108 causes the irregular development of
Xenopus embryos.

(A) Anti-apoptotic assay of an xCaspase-108 mutant. HeLa cells were transfected
with pCSII-xCaspase- 108(C384S) (panels ¢ and d) or control vector (panels a and b)
together with pEGFP-C1, cultured for 24 h and treated with (lower panels) or without
(upper panels) 200 ng/mL of anti-Fas antibody CH11 and 5 pg/mL of CHX for 8 h.
Viable cells were detected as EGFP-positive cells under the fluorescent microscope. (B)
Morphological analysis of embryos expressing an xCaspase-108 mutant. Wild-type
embryos were injected without (a) or with 20 pg (panels b and d) or 200 pg (panels ¢ and
e) mRNA encoding a protease-deficient form of xCaspase-108, xCaspase-108(C384S), at
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the equatorial area of two dorsal (panels b and c¢) or two ventral (panels d and e)
blastomeres at the four-cell-stage. Images of the developing embryos were acquired at
stage 45. The arrows and arrowheads indicate the edema and the abdominal
constriction of the dorsally and ventrally injected embryos, respectively. Scale bars
indicate 2 mm. (C) A summary of the data in (B) is presented. The numbers of embryos
displaying short trunk shape, edema, or abdominal constriction were counted under the
microscope. Data represent the percentages calculated from duplicate experiments.

Abbreviations: D, dorsal; V, ventral.

SCAT33 B Tg 4 = NV DYERL
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SRS L 7-xBid A XenopusiRiZBW T T AR b=V A& 5| &R TR 5 720, &M
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7o Tz, T ORISR B S - i T, AR ITtxBid mRNAZE A L 7= /fah HF34AT

5T D, IRIC txBid 28 A L7ZRIC BT, caspase-30NEM T 2 02 W4 5729
SCAT3-Tgh /L DOMIZtxBid mRNA%ZE A LT, SCAT3% > X/ & @@Jﬁ@ﬁﬁffnﬂ’\
7= (Fig. 29B), [AARIZ4BIERIED LHIFEIZtxBid mRNAZE A L, stage 5 & HiZstage 7&
stage 10F TRAENEA TR Z AL L CH R B2t Uiz, & OMHR & 2L
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A P —THog G L7z, txBid mRNAZEA L7282 5 L72SCAT31E, — 23tk =
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Figure 29 Enforced expression of truncated xBid induces apoptosis during
development.

(A) Morphological analysis of the embryos occurring cell death. Wild-type embryos
were injected with 50 pg (middle panel) and 200 pg (lower panel) of truncated xBid
(txBid) mRNAs into the equatorial area of two dorsal blastomeres at 4-cell-stage and
photographs were taken of developing embryos at stage 8. The arrows indicate the area
involved in cell death. (B) Fluorescence images of SCATS in transgenic embryos were
acquired after injection of txBid mRNA. Cell extracts were prepared from uninjected
embryos or embryos injected at the 4-cell stage with 50 pg of txBid mRNA isolated, at
stages 5, 7 or 10. Cell extracts derived from whole embryos were resolved by SDS-PAGE.
Fluorescence was analyzed on a fluorescent image analyzer (upper panel), followed by
staining of the gels with Coomassie Brilliant Blue (lower panel). FITC-labeled
molecular weight markers are visible in the right lane. An arrow indicates full-length
SCATS3, while the white and black arrowheads indicate the cleaved Venus and seCFP
fragments, respectively. The numbers on the fluorescent bands indicate the ratios of
intact to processed SCAT3 proteins calculated by fluorescence measure using an image

analyzer.

Xenopus D DiBfTRIC 1T % caspase-3D B BEIZDOWNT

SRR SH2txBidic X 5 7R b — 3 AFFEIC L > T, SCAT3-Tgl =/LDJET
SCAT3D UM AR X iz Z & K v | SCAT3-Tgh = /L iX7 R b — AZE\W\WTinvivo T
caspase-3DIEM A AL TE 2 Z L MIFr &SN, ZTD7=, BREMIZT A F—v 2038
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REANHMREICE B L, 1B{THF O R TSCAT3OFRET D H: B AL & TV 5 vGE L=,
IERERFHC 3 LT-SCAT3-Tgh VDA X~V x 7 L %~ T, RO & B LT
LA, RO B IEIZ)NT TFRETOEEN KX oo TWnd Z & &80T (Fig.
300), Z DENTHERIT, Jeuiizm g 5 1IiE - Ceaspase-3DIEMENE L 2> TWA Z L &R
B9 5, IBfTREORIZI\ Teaspase-SOFELNBEIZHE SN TWDH Z &b, SCAT3D
FRET O ENIIEMAL L -caspase-3SOEHZ XML L TWAH EEZ B b,
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Figure 30 Detection of caspase-3 activation in the regressing tail of a transgenic
frog expressing a biosensor SCAT3.

(A) Structure of CAG-SCATS3 transgene containing the FRET-based biosensor
SCAT3 and the rabbit B-globin polyA signal sequence, under control of the CAG
promoter. (B) Whole-body fluorescence of a SCATS3-expressing transgenic frog: seCFP
(left) and of Venus (right) fluorescence in a juvenile frog. (C) The imaging pattern of the
tail of a SCAT3-expressing transgenic tadpole (stage 63) undergoing metamorphosis.
Pseudo colors indicate the emission ratio of calculated fluorescent intensity passing

through 535 nm and 480 nm filters, and were varied from 2.0 to 1.4 during monitoring.
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DIEMEALIZ L DSCAT3O U 2FesB L=, 2N HDZ & L0, HEEL/-xBidix, e+
THDHIENghole, E6I2 SCAT3 - T VAV ==y 7 )V Hin vivoll BV ThH
caspase-3DE=HX —3FL L THIHTESZ &, X~V % 7 VDROIBHEIFIZE Z 5
caspase-3DIEM: & | ZERKGFAIIERZELE LTIRA D Z EMTE T,

BT DWFFEIZ & - T, Xenopus laevisD&fn 1AL, RELR E 42 ) AEHEIZED 1
AP IR D7 ) DR TmBEAMERTH D Z ERRES =9, fifE sz —4 X
— A& PR L 2 A, AFETRIE L Tzcaspase- 1081 & m 1%, LMD HIYL AR FIcAF
fEL., —HEICHBES L7z caspase- 108 s 11X, SEHKDOFHEIGEAMR EITFEL TND D
EPHIA LTz, SO —T B o AL AESMAOA R v Y MIELEMREIZB N T,
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fF7E LT\ % Smad4 (Smad4a, Smad4B)TH il H93, FAENHETIZHE > TSmad4Bi»
5Smadda~E UV X N E 5, BInF22% v bd D Xenopus laevisit. FEAEITLE,
ZOMOBET D ED TENETNDOBIR T ZHENG T TO D RREMENEV, — TR DN
3 Cl¥. caspase-10 & caspase 108D 3 FH L TR Y (Fig. 27A), B L NTFBHIE A
AR & B> TV D,

Chenb ik, H _ETHWEFVHDAWIFRBRAA L 2K ANR—YD T 77 —E R
AL ANCBIT @A X v EEER L, RERLSH D0~ T el TOEME L E R~
40, i 51X, caspase-3. caspase6. caspase-8, caspase-9., % L Ccaspase-10{Z DV THR
7 L. caspase-8. caspase-9¢& caspase-1003DODH ARX—ENHRE T _BIMEAZHE L=
5. IEH LT 2 EHME L TnD, LivL, caspase-8 & caspase- 100D ~7 12 DG HH T
I TIEMEAGITE 2 720 o 7o, AMFFE TR, @RIFEHLO R 7275 Heaspase-108 & caspase-10, &
%\ caspase-10B & caspase-8D [ CH AMEA MR S/ (Fig. 22B), EERNTIE,
caspase-10 & caspase- 8B < Oh, Z L L ZENENMBIZEH < Do, BlkH D
METH H, b b TIEL. caspase-10 caspase-8DIEIn+FDFIEIUTE TN U BEMN
AomoTEY, HIHERICRFEDHED HILD, B L, caspase-103FERE L 72\ & f
PERMIR N 2 CH OB BRI/ DY 94, caspase-8OMERE LWL IERE LD |
xCaspase-8 (C384S)OmRNA % iff# 1% . 4EIEK D XenopusBiZiE A L Tstage 45F THRAEN
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AR R T A BT 5 & AR EWEROERIEZ 2 LTV D EE RO bt CR¥EFHR
T—H), ZDO X9 7pFEM IxCaspase-108 (C384S) mRNAZ~ A /7 uAf V=V v a

L7254 (Fig. 28B) LT\ 5, ~ 7 Allidcaspase- 10037/ L LD RELTWD

Z LB, caspase-10 & caspase-8D R Z <% LT, XenopuslIH H72ET N & 72
% EEDbND,

Fig. 28BIZF  TxCaspase-108DTEME & AT OW TG L7, IRFEARFIZ
xCaspase-10BDIEMEZFFET D Z LILEE Th 573, xCaspase-108D FEE AL FEE
ENTVWRNWZ DY R EE LT A T3, FEMR OxCaspase-108% #8i% 4
HHURPEL L TR WEDOERIZ X - T, xCaspase-10BDIEMEE IR TRIET 5 Z & 1XIA
#Th o7z, xCaspase-108DIMIZI T DI DV TIEL, Whole-mount in situ
hybridization (WISH) (Z & - Tstage 8~stage 32D RIZ DOV TH~7220, L2>L, Fig. 28B
(9L 9 72, stage 45 F THAE L7 CIIWISHO HEAMHI R B RN DR B A MET 52 &
ILCTx9, AR ZDELZWEWTWT@XCaSpase 108% MEFR CTE 7o Tz, BAEICBW TS
RIZNTIRIEEIZEB T HxCaspase- 108D AEF R ENIH L0 > TR W, 5L &
D TIRIEAEIZE T HxCaspase- 108D & ZH L MNIZ L TNWE 2N EEZZ TN D,

Alal, R ZE Z LS HiRIT T 5 RIZEBW T, caspase3DE=X —43FThHD
SCATSIZ w@]fﬁi@é EEROTZ, RO L HIT, BREMOMERIT, MIasEoOmHNES T
D, AKeHIE IRFEREERNA T Uy 7 BT, FIRIREALVE VA EE
KI5 & )T%@JETTZP e Z LN BN TWD, SCAT3-Tgh /LT HURAR A L
FEUHA L CEEREZHED D L. SCATS-TgH = /L DR TCFRETOZE# 2B 1= (R¥EH),
Das 5 LB TRED BIZ B W TR D caspase-3 & fik uZ e o TR L. & BIZHIRIES
BB LA X~V v 7 VDR TIZL WL OiEHR Dcaspase-3 & 78D TUN 532,
Takagi 5IZ A THIZRT R b — ZAOFERZM - T, IWIEERTOT R b— AL
CTFRETOEE ZFE LTV 5H%, Z0D K I ICHIEERFOT R h— A L SCAT3-Tgh —
JVOFRETEENZAABI NS 2 23, %2 OFfL L ~/L T, caspase-3DIEMEL 7R h— 2 A
fu b OBRZMEIZT 20 ERH D, 4%, ELBIESFELRET L2 LICLD, I3
M B PECEIER S LD IISEIZ DUV T, caspase-3DIEMELEEY TR h—V A THDHZ & &
NI LIonEZ X TWD,
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G

1972 12 Kerr HIZ K > THIO TT AR h— 3 ADMEE 96 I TLAER, 7 A /3—E X2 Bel-2
77 IV —=0FE TRV RCED L EE R Y T EORE, WY 7T VR
REEDERNHALNZRY 22055, L LINETOMIEIE, FICHIER 2 H- 74
LR TEEZHOCCOMITTHY . 7R b— ZAFTRHICE Z 2 e O b % H—
faCHl % LB 2 Z L IZWEECH 7, AMFEDOHE —= Tid, FRET OFHAZISH LT
AAN—BOEERERE =4 —0F 2R L, WU TIVE A LA AT T OEMN
ZEIRT S Z LT LEOHMINT TR Z 50 A —E OFEMEZ BRI T 5 2 L &R
Frlz, ZOFEHE, caspase-8 DIHIMERAEZ 1 MR TR IRT A2 Z LTI L, & 5HIC
dual-FRET ORAMEST 52 L2 XV | HEDO I A R—ENREHD L I A r— FOKRFI
TR B TRD Z LN ATRE & 72 V) | caspase-8 DK XN T-TEMED caspase-3 IEME&ZIZHE =
HZEERMEL, ROT 4T 74— KRy I N—TOFEERETHI LN T,

ZDOEHT, TALETEZ—ENT D caspase-8 DIEMELZ /5L~ UL T Z D Z &N
TE, SHIFAAR—BOEWZ B OB TR T Z LIC X 0 BOEHAEH A vHEIC LT,
WIZHE _ETIE. TR M= AD Y T FVE IS Z 5 T2 HOIZVE T caspase-8 DHIHITE
PEDBEZ RO, V7 FTNVORS ZHIELT D7D, BT T V2 Al o ToRREED KD
HRVWAD, BEETVAGLERT — & LELS L2 b O TRITNITR B0, AR T,
HANN—=B A — T 28T T VEME L, Ml - e 8 2= 27—
N2 NGRNCBRIE LTZRER NG ROTEFE T —F L 2T NV ERAET 5 2 & TEERGERICE
BLUTHEHET VAT LT, ZOFT VM- T, caspase-8 DAJHNE AL S 412 i 4|
D L7-, Alrl, Type2 i@ HeLa HijaZMFoe kST HNT 2 D 723, U o NERRMAE
DX 97 Type 1MIIZIHWTHRBRICKRRET 2 MLERH 5, 4 1% Type 1M D%
AEAHED X, Type 1 #lfE & Type 2 ffRIZH51T 5 caspase-8 DAIHWIEME(L BEDE W OF 7,
E. RVIERRT RN = 2DV FFNVRERKEZ B TE 5 Z ERMFEEN D,

FAEIZBT D AN—BOERBIERNZ BT 5720, BEFOBH IS
77U Y A H )V (Xenopus laevis) \ZIEH L, H=FETIEXT 7V WY A HT)VHEDOT
AN b— 2 AR HE B A O BEE, I ONSTETER caspase-3 DM HAE =% —F &2 RKHE L= b
TUAY 2= I A TIVORIN BT, 4 El, Bid B X caspase-10 (2 AH A 72
caspase-108 ZH7-ICHEEL 7=, & MEEMBIEATAHZE T, BAdDOTH h— T RAFHE
RRAMRT DL b, DT AZRIN~OEBEFEANIL > THE U < MRS %
L7, £72 SCAT3 N7V AV 2= 7 DT NDOZEIN~BIETHEAT L LITLD,
SCAT3 DU MR Lz, ZHbmZ & LV HEEL 72 xBid 138RED FTH D Z &3 bns
o7, EHIZSCAT3 — N T U AV 2= 7 HT)VN In vivo lZEBW T 1 caspase-3 DFE =
=T ELTHIATEDZ L, AX~Y v 7 VORDIBHERIIE Z 5 caspase-3 {HME% |
ZERURFR RIS L E LTI A D ZENTE T, ZOZ LV, SCAT3 T AV =
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v 7 VIR, RIEAEIZEIT D caspase-3 DIEMEE RN T HDIZHERRET VB 720 |
S%B OB ET RN AEEBLEFEHND LT, BRAEBICASND TR F— X
DFFHT. AN caspase-3 & & ¥ 7= A —F DA EI DML & & 2 T\ 5,
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FRET OB ZICH LIeE=F =0 F L VTN EZA LA A=V T DFREANT

caspase-8 & caspase-3 DiE % 1 MHAL CRIFFICEIZT 522 L. TAL®Y
H — il %4 L CHE X 5 caspase-8 OFIMNEME(L L ZDHDOKRTT 4+ 77 4 — Ky
7 N—TNZ K DI RR - EEAREIC LT,

2. EBRT—X L AT HHEET VAL L, BEET LD HeLa Ml CiEMEA L &
1% caspase-8 & caspase-3 DEZHETE LT-,
3. BRI
HE
4

AWM TBESNDT R b= A% 2720, Xenopus 767 7R h— A
I5famrsa—=71, ZOKRBERE LT, 7B L7z SCAT3 F 7 v AV =

I ATJAIT R b=V AHHOET AVEmE LTEATH L Z L 20T,
fif IR A 2 L 72,

b, 7THR RN =V RAFATR T CThH 2 7 AX—B D50 1T & AR 2 4B EE O
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