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W% (Reactive Oxygen Species, ROS) 7= FE7E T A= WA () Ak 22 74 B
HE RS RERREEIRR I, WEHEAIE S5 3] T 91 TR PSR A i
TR, T I HLZE B (Butylated hydroxyanisole, BHA) #& A\ & M ST B 771,
% (Amytal) S2AORAR b L7536 22 BEAVHHIF], —FH G 2k
8, A LA A 2R SR AE R 7 (Tumor Necrotic Factor o, TNF-a ) 5
[/ BT 4EAM I 2R L929 HUREFPPE4TIIASE. SR1, BHA A1 Amytal #RASGEH
i TNF 755 (1 \ 45 17 B e 4 i 2 HT-29 IR S PR dR e . & K& ImEIT,
AT, AU 2 B 40 M A8 AT LAg: BHA AT Amytal BRI, L%
AN PR BE R TNF Brsling, A5 Z 4 i fe e 40 A SE st ik BHA
A Amytal Bl FATHE—BAUESE T ROS W] LU SRIRFE/ MAERITE L, IF% 58 %2
A BAFE 4 E 8R- 77 2 PRSI 1 (receptor (TNFRSF)-interacting serine-threonine
kinase 1, RIP1) 25 4% 340 b, 50N ROS HIKH# 7> 1. HE IR/
SHYIRIRFEAS S G 5R, &R RIP] 25 A E BERRAGAH BB . BATHE T =
ANREE . ROS BTN REPE AR, I H A5 161 A1 222 F2 N RIP1 (M) RetE:
(¥ E R AGAL i R, BATTH TAE A ROS 41 MR SE 9 5 B2 AL T 4 F ML
ErfERE.

ReEiE: ROS; FEFPYEANINIL; ARERIL



Abstract

Abstract

Reactive oxygen species (ROS) emerge during a number of physiological and
pathological processes and their involvement in apoptosis and necroptosis has been
widely reported. Butylated hydroxyanisole (BHA), an ROS scavenger, has been
demonstrated to block or delay tumor necrotic factor a (TNF)-induced necroptosis in
murine cell line 1929, so as to Amytal, which can block electron flow to ubiquinone
at complex I (NADPH-ubiquinone oxidoreductase). However, BHA/Amytal cannot
inhibit TNF-induced necroptosis in HT-29, a human colorectal adenocarcinoma cell
line. Here, we show that the sensitivity to BHA/Amytal inhibition is not restricted in
murine cells, but rather, it depends on whether TNF boosts aerobic respiration in the
given cells. Furthermore, we verified ROS to enhance the formation of necrosome and
identified RIP1 on the signaling axis of TNF-induced necroptosis to sense ROS. The
redox-mediated enhancement of necroptotic signaling is coupled with
auto-phosphorylation of RIP1 and we have identified three cysteines as effector
residues to sense ROS and S161 as the functional auto-phosphorylation site. Our work

provides a molecular mechanism for the regulation of necroptosis by ROS.

Key words: ROS; necroptosis;autophosphorylation



1.1 fRFEFF I T AR

AL T — AN EER AR, R RS AR TS, E e 4 AR
KB FHEPUR JFE AR R o, i TR A . PRI R — i 1 4H i
TR, ERHIE R G (05T [ 45, i EA% B R (Deoxyribonucleic acid, DNA)
BBk,  FOgm R T R T M . R T 0T DA IR SR AE R F (Tumor
necrosis factor, TNF) FRHSZAARBE (FrBMIAMEIERL, extrinsic pathway),
B I 2RI B RN T I EEEOE (BIPYIEIAES, intrisic pathway ). 41
PATA SRS p (G T2 R AWl (caspase) S —FiE bR E AR, ©1F
MR, MMM R lat 22 2% (phosphatidyl serine, PS) #MiH, Xl
TEACIAN ML b T bRic, WA 0 A S R R R o T A ) R T
FAT R ARE T AL G52 45 5 10 SO0 SN o X B AR T N T 4i i TR 2 4G
WUATER & v, IR TG gE i WL 7 2 52 ANE Y, A0 o —FhgE Ty
H—— 4SRRI & 2 — 2 4RI ) 56 BE P TR 2 2K, XN AR L T B A 2
T MR I 22 SRR, A RS R T VR 1 fE A 5 B fE A G 4y
T4 (danger-associated molecular patterns, DAMPs), #7321 K& 2 0E
o DRI, AR SELE 5 70 B B SRR MBI A I 21, I HLZ 2 AR
ANMBET ), AN TR AR EEE SR T P KM, AR ST A
NROMLINEE AL, AT, oLt RR Y, MRS R E — RPN 5
TIEB AR 3 H, ARGk S e dni I T RO, AR 4TI R e AR
PATMEIC, X R, A A2 TR AR DRI X 51X Fh 40 A T )5 20
(¥7. BRIk, H HT AU P X 32 4448 T FH 2 E 38088 (receptor interacting protein, RIP)
S IAIRIRSE, A NRIRIR 2 2R R 7 4R FE . (programmed

. . 4
necrosis, necroptosis) [,

KERIE SR, AREFERIES 53T K2R KSR RS, BinE
&G, tn4-JEiREE (vaccinia virus), HAERZNHEE (herpes simplex virus type 1,
HSV1) FRE4IH5 5 (murine cytomegalovirus); 4B EYY, WNE5 % 0 A
(mycobacterium tuberculosis); P M IS S B K0T [ B, AR i

3
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(psoriasis), # M7 (inflammatory bowel disease), #fIfil-F- ¥y T2V B #i45

(ischemia-reperfusion kidney injury), #RLIMIEIRIY (retinal degeneration), FR A

(pancreatitis), TNF 53 RGN RAE R M LEE1E (TNF-induced systemic
inflammatory response syndrome (SIRS)) FHz ik s LA A, 200160

1.2 IEFE At B L THES1RiE

FEFP 10 R BE W] LARE 2 F sz AR5 5, Wi RSB 1 (TNF) SZAR KR,
Toll F:324& 3 F1 4 (Toll-like receptor 3, Toll-like receptor 4, TLR3, TLR4) F1T
PE Mk (interferon receptor) o i, TNF %4k 1 (TNFR1) 4+ FHFEF 1%
AN FE R H BTSSR 1. TNFR1 S5 e i i iR, ©&h —
AL TEIE A AR G503, FRONBET- 45 #4038 (Death domain, DD). #if DD
[IFET 2 AR L $E CD9S/FAS/APO-1, TNF AIEHI T2 Sl /A (TNF-related
apoptosis-inducing ligand, TRAIL) 324 1 12, SET-324%K 3 (death receptor
3,DR3) .DR6 FI4NFE T A 324K (ectodysplasin A receptor). #R1, XELZAAA
AT THMsETs, B2 rHER S FHUEZK T« B (NF-x B) K% . TNFRI
R IXIZ AR E . TNFRL BER =R A, 2554 TNF 46, S5
TNFR1 KA R, SR T A EHE RS 5 5 5%, Micheau
Tschopp v NE G T (complex D "1, Complex I H1##% 35 (4 TNF 52 4A& A%
FET-45#3%  (TNF receptor-associated death domain, TRADD), TNF AZ/&AH K
T 2 (TNF receptor-associated factor2, TRAF2), RIP1, JHT-ZHMI3MHI4) 1 (cellular
inhibitor of apoptosis 1, cIAP1), cIAP2 FIZkttiz R AR 59 (the linear
ubiquitin chain assembly complex, LUBAC) #1j%.. 1, E3 EF:H cIAP1, cIAP2,
A LUBAC B HOIL-1 =5 &M 1 hF 2Bk TRZ £k, REENA
T T. SEWI1 RNz X T « B EEEIHIY (KK 87058
T A T IR WOBOE 0 KK 2 WERRAL Tx B o JBEMT S50 1« B o 4l 85 (1 WK A A
NF- k B Z AR A,

SEY 1T RIESIREE, ERPIE N 5Kk 8 H FADD MR
4§ caspase-8 (11 e R B Z®) IXAMU£ T FADD Ml caspase-8 (¥ 5 & &4

MAEAEW) lla (complex 1la). cFLIPL s caspase-8 Mif Gl KM [F] R4, B A
4
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caspase-8 ) FAL 21 caspase-8 [IFT /i, HEMHIHIANMIA TS, (H2554
TREEA caspase-8 BYVIINFL G 1 RIP1, RIP3 [fE/I, KL cFLIP. HI¥0H

BE P AP SRR T2, ] AR P40 R aE 0 AW Ta B WEE
caspase-8 2> By ) M| RIP1, RIP3 %, [KItH caspase-8 il 7] LLLR#F RIP1
SN e, TS R AR HEAIIASE. RIP1 A1 RIP3 fER A9 la L iFa e 45
&, BEAEY Na BER T EEY b, SEFTENREREEY (B 1. RIP1 A
RIP3 @4 e (1) RIP [R]J5AH H 1 F A5 (RTP homotypic interaction motif, RHIM)
e —FEM R E G, XANE SV T RIP3 R RV & 2 Bl s
Y (mixed lineage kinase domain-like, MLKL) F) %58 FI0E A2 00 75 1)
24261 RIP3 2>k MLKL [f155 357 AR R ER AN 55 358 (724 48., {2 f# MLKL

TACTF FLEE R 020 A 5 285 # R A0 s b (& 1) B9 2700,
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Fig.1 Molecular mechanism of programmed necrosis (by Francis Ka-Ming Chan,
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Y caspase-8 i i 28 Bk k- 4 2 - DA 2 IR - 11 A S I AR HH 2L

(Benzyloxycarbonyl-Val-Ala-Asp-fluoromethylketone, z-VAD)Filifil, ¥ 2

caspase-8 G, TEIRTE ST T, RIPL & {40 MFE 7 IR SR B4R
BIS4 49 S 14 (1 RIP1 3B RHIM-RHIM FEHRT RIP3 AR EAEH, #E §5C
RIP3 HIHOE AR P AR AL, JF HIXFh AN ISR SEAE RIPL BRK B RIP1 il
BRI L AR R AT, S —TJ5 T, RIP1 M7 Necrostatin AJ
CLd s # ) RIPL BB s, b 1T A A i B8 1 52 AR A 5 (2 e M 20 M 2 2
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D890, SR, RIPT [R5 R A2 o] 4% 72 5 PEAN IR SR, (53R RFefif vk
(1) AR AMSZBAIESE, RIPL AT LA BERRAL, (H2TEERERR ML RIP3D), X i
BT —AArRetE: RIPL @S A BERRIL, MM RITIF, #Eminr Lo RHIM £
el RIP3 A EAEH, 7REi#, RIP1 IGAFTEH M EZ MR, F AR IIRAE.

ST, RIPL PRI FFAEQILL T8 . ZEAN AN caspase-8 #4771 1150 T, RIP1
Sl FET 45 #438, (Death domain, DD) 1 FADD A E/E, #Efisids
FADD-caspase-8-FLIP. Caspase-8-FLIP 5 — SAKMAATE /R & i T 4uii =, (2
FATIRIR A caspase-8 [IBTYIETERY, [T fEEI ) RIP1 A1 RIP3 DAL SR SEIE % b
(R A 3712125 400 R S I R A, IR R PRI PR AT

b T 7% Z AN caspase-8 S BIYIMEA, RIP1 I RIP3 2 [Hifid RHIM
A5 BAH AR F AR 2 40 R AR PR SR AT FR K. 5 RHIM B i3k iR
1 [A) 5 ZUHA ) T TR BOE M FER R, X PR IR (A G5 MRS 5 R s R S 2 7
RIP1 il RIP3 FAHEAE A AT, A SREIR T X Py A 5, st 2> 7™ EARA RIP1
[¥) 5 R AL AN RIP1 R RIP3 [RIMHE, 017 52 0 24 f A2 3 PEER SR G s ) Cln
B2 Frs ).

A .
Y ane dim @ dim dim @ dim
DR APs ) el e |_=_.u |
 EE 2 0z
o | -, 2 = oz (P=o A A
: ; | | 218 NN KGOS
) i i : :
, RIPK1 < RIPK1 !
| 1' : E dim
: R | =
| | memssmssssmm————— ‘ =
i ! [ ! =
| | o [ =
: I ———’ i ! E
i ! : :
| | |
\ []
1 i —

NECROPTOSIS NECROPTOSIS

[ 2 32 F 1 4R sE Y RIP1
Fig.2 Roles of RIP1 in Necroptosis (By Douglas R. Green, 2014[41])
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1.4 FEFMEARRIARTE PRV RER 1L BT

B AR R AL —FRTHHRE ATP 1Y), ENMEABWT R, JEHEHRES
AR TREEMER, FOYIE Bl R B RAE R, oS80S
SRR, B GIEE 5Ps . smEh ) R A&es . RN MR 7 358
i FEr, FEAE T8/ MA B RIPT A RIP3 #R/2 1 £ BRI . RIP3 (K55
199 £ 55 357 SLANEE 358 47 22 Z B A UE S T B ER A A7 o, JF BLZEAH A2
FRUERAEA, R T EERERY S, MLKL (055 357 MR &R 4 358 frs
SR B b HIE SRR S 4 RIP3 BERRAL, JF HOX SeffmR ik 57 5 SR FE AT
YA, BRI, R 2 K S = AR IR 1 T BT EIR £ AR AR A,
(X BT T (BRI S FE 7 PESR BB R, T98R & — AT A A 1 ] s 421,

1.5 ROS fEFE -1 4AREERIE R E91ER

FAE 19 thad 80 FAX, MUAWFFT A LRI, 1929 /N AT 4E 20 5 K A2 1)
FEFFIEAHMIIATE, BEREBE ROS IEFRF, Flan T ZE2E R W (Butylated
hydroxyanisole, BHA) Ml N-ZBt-L-E-tZ R (N-Acetyl-L-cysteine, NAC) Jr#ll
i, R LI IE IR YT, ANML AR R RN R AR BE AT ROS [ AL, B
Ty iy o [ i 5 A% B AL R A P 7K R B8AIE T ROS S 40 IAR P M R BB (0 ke
SRT, B SEIREE R L T ARFEMW A . LR RN ROS 774 i EE
KR, 7E SVEC 8(# 3T3-SA 4t 54, @it Zebifk HIE (mitophagy) TR
& ROS IIHE R I, Zekifhk ROS BRANMIFE FHERFE T S Ah, it Hidie 2
75 » BHA PR P PESR BRI RE I, W] BE 2 BT “ AR AL Coff-target effect)
S W R RLR G T ThRE, BOE I B BER IR R A2 (PLA2)/LOX
ES I IWOE, ARG ROS, ABHNHIA AR R SRR BRI, —
AT/ IS AE FADD SRZK B SVE R 4 i A % (T-ALL) 400 & Jurkat
i, ] TNF- a Fl =4y Smac 204 BV6 JLFEIMIE, $RIE T R 4R FE 4
AR P I AT RE ML Y, BB A I ROS #4%E T RIPI-RIP3-MLKL & &%,
M55 1 MLKL (£33 3858 7 ROS HIF=4E, dEmiEdt 7 40 M fe e AR st i &
Ao BIME DL, SR FRAE DG I IR UE L S % RRIE A M N2 FKF L, BT ROS/A
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