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Abstract

Abstract

Mixed lineage kinase domain-like protein (MIkl) was identified as downstream
of Receptor interaction protein 3 (Rip3) in Tumor Necrosis Factor alpha (TNFa)
induced necrosis. However, the exact function of MIKI in necrosis is largely unknown.
By reconstituting exogenous MIkI in MIkI-KO cell, we found the integrity of N-
terminus domain of MIKI was required for it s normal function. Oligomerization of mlkl
was essential for necrosis, as artificially forced MIkl oligomers by fusing hormone-
binding domain (HBD*) triggered necrosis. Notably, artificially forced oligomers of N-
Terminal domains (ND-mlkl) but not C-terminal kinase like domain caused necrosis.
Further deletion mutations showed that the four-a-helix bundle of MIkl (1-130 amino
acids) is sufficient for necrosis. Both TNFa induced endogenous Mlkl oligomers in wild
type cell or HBD* mediated ND-mlkl oligomers were tetramers. Both of the homo-
oligomers were observed to translocate to lipid rafts on cellular plasma membrane via
immunofluorescence confocal microscopy. The membrane translocated signal
sequence was in in the junction of the first and second a-helices. Plasma membrane
translocation of MIkl or ND-mlkl leads to increased cellular plasma sodium
concentration, indicated by CoroNa Green signal strength largely enhanced detected
via immunofluorescence confocal microscopy. Depletion of sodium in cell culture
medium inhibited necrosis. All of the above phenomena were not observed in apoptosis.
Thus, we came to conclusion that, MIkl oligomerization leads to translocation to lipid
rafts on cellular plasma membrane, after that, MIkl complex acts either by itself or via
other proteins to increase sodium influx, which increased cellular osmotic pressure and
kept cell intaking more water, eventually leaded to plasma rupture.

Keywords: MIkl; necrosis; incresed plasmic sodium concentration; Rip3;
translocation to plasma membrane.



H ox

Hx
B B e I
AT ACT ..o 1
H% "
== - 1 =TT ST 1
) 25 7 N 2O SRR 1
L2 IMIIKE BB B oottt ettt ettt et ettt e et et ettt et et ettt ettt et ee s 3
120 MIKE BE ERZEA oottt ettt et renenees 3
1.2.2 MIkl EBTERTE RS SIBEE EAIER oo 4
1.3 ARSI M R B I T B AT TR R e oo 5
B E MBS e, 9
T T 7 11 FEUTTET U T U T TSRS URTRPPRURN 9
2.2 DN A R S0 T B E 75305 oottt 10
221 ERRBEZRIARFELHIFIIE oottt 10
222 KRBT RS LHBIEYEEIL oottt 12
223  EMIERL DNA BIIEEL (SDSTBEETESE) oo 12
A S % =TT ON 13
2.3 {MRERRBUAAEE . R AR SRR E T R e 13
2.3 BT TR oottt ettt en et en ettt 13
2.3.2 B R R R BIRREIATIE oottt 13
2.3, B R B L oottt 15
2.3 4 AR BT B R IR I oottt ettt 16
2 L B TE T E TR TE oottt ettt e ettt ettt 16
240 FRTRIBBEALAE ST oottt ettt ees 16
2.4.2 CellTiter-Glo Luminenscent Cell Viability ASSAYS ........ccccevvrvrerivieriiieresinneiesieenens 17
PRI A= R Ll ST IRE 1A b a s s M OSSOSO 18
251 R RIEIE T ERIRIEEDIIE .cooeeeeeeeeeee ettt ettt ettt e et 18
2.5 A B R B BB 2R 0 0 B oottt ettt 19
2.6 B R T B B B A et 20
PRI ha ki LG W: b ok e oy = 3oro = O 11 OO 22
2.6.2 B BIAE TR TEUTE oottt 23



H ox

2. B R T R T B BB oottt 24

2.7 L TIRF BYELZS EIR ..ottt e ettt et et et e st e e ene e eneeneees 24

2.7 2 TIRF R L B E BTNttt ee et en et 25

2.7 3 T RF R E P oottt ettt ettt en e ettt ees 26

274 B FEBEAIBIMMAIE B ST HT oo 28
PRI LGN E i s Lo 31
B E B T oo 33
3.1 MIKI BUE B UR S Z ZBEIRTE c.oooe oot ee e e e e eeeeeeeeteeee s e esseeseins e et annen 33
3.2 HBD 589 MIkl 3¢ MIkl S EIHRE B ASI ZHAEIRTE. ..o, 35
33 MIKI ZEIRTE R BT BRI oottt 38
3.4 MIKI [B) 2B B R BE 4 R R B R B A Tt e 42
3.5 TEH MKl SR inNB AT ERIE ERIRATERIFTZTERHE .o 47
3.6 MIkl RIEEN S EMEFRNEFREAS, RREHAMIFE................... 50
BT BT ettt ettt ettt 54
i E ] 57
FisR 2 BB R R SCRT R s 58
L -3 Al TSRS URRRRRRURS 60
U oo e ————— 64



Table of Contents

Table of Contents

ADSEract IN ChINESE......ccuiiiiiiie e I
Abstract iNn ENglish ... I
Index 1]
Chaper 1 INtrodUuCtiON .........cooiiiiiii e 1
I LT 0] £ TS PSR OPSUPT 1
1.2 MIKI Protein infromation ...........cocoiiiiiiiiiiiieese e 3
1.2.1 MIKI Protein SIFUCTUIE .....oveeeeeeeesie ettt neens 3
1.2.2 MIKIS fUNCHION 1N NECTOSIS vvvvevrivrirerieeesieiesieaesessestnsieseessessssaeeesesssssessessessessessessenes 4
1.3 Cell plasm membrane intergrity iN NECIOSIS .......covviiieiiieiie e see e 5
Chaper 2 Materials and Methods.............cccooeiiiiie i, 9
2.1 Reagents and antiDOdIES. .........cueiieiirieieiie s 9
2.2 Experiments and methods for DNA ... ... 10
221 Plasmids constructed for EUKArYOCYLe ..........cceviniinieininnieenneeee e 10
222 Transfection on E.Coli component Cells ..., 12
2.2.3 Preparation of plasmid DNA ..o s 12
224 CONSEIUCES SEGUENCING ..vvevevvetinirisieteiee ettt sttt 13
2.3 Experiments and methods for Cell............ooo e 13
2.3 L Cll CUIUIE ..ottt 13
2.3.2 Gene KNOCK OUL CEH TINES.......cceieieiiciese st 13
2.3.3 PACKING IENLIVIFUS ..ot 15
2.3.4 Infected cell With IENTIVIFUS .......ccociiiiiii e 16
2.4 Cell SUNVIVAL ... 16
2.4.1 Cytomer for Cell death .........ccocovieieece e 16
2.4.2 CellTiter-Glo Luminenscent Cell Viability ASSAYS ........ccccocervrervriereseresinsieienieennns 17
2.5 Experiments and methods for proteins ..........ccccceeveieeie s 18
2.5.1 Immunoprecipitation and WersternBIOt ...........cccooooieiniineiee s 18
2.5.2 Lipid raft iSOIAtioN .........ccovueiriiiiecsice e 19
2.6 Immunofluenscence Confocal MICIOSCOPY .........civrerierieiiirierie e 20
2.6.1 Fixed Samples Preparation .......c..cocoveeeiireresenesereeseeese e sre e e 22
2.6.2 Live cell sample for live time deteCtion ..........coovvevevieiieiesnsese e 23
2.7 TIRF and determination of bleaching Steps ........ccccccvveiiiiiiciiccc e, 24
2.7 L TIRF DaSIC PrINCEPIES ...cvevieieieeie ettt 24



Table of Contents

2.7.2 TIRF SYSEEIM SELUD ...evevieiiesiee ittt sttt sttt sttt st sb ettt sbe e b e nbestee s 25
B B I o] =] - [0 S 26
2.7.4 Single-molecular protein pull-down and detection ...........cccceevvivvienivverenereseeenen 28
2.8 Image analysis and statistical analysiS...........ccccceoveiiieiiiiie i 31
Chapter 3 Results and DISCUSSION .........ceeiiiieeiiiieeeiiiiee e e siieeesineens 33
3.1 MIKI ND is responsible for triggering NeCroptosis ........ccoevererererieiienenesieniens 33
3.2 Forcing the proteins of MIkl or ND of MIKI together triggersnecroptosis ............ 35
3.3 Up to four ND per 4-OHT-induced ND COMPIEX ......oovvviriiiiiiiiiieieseeesieiies 38

3.4 Translocation of MIkI to the plasma membrane is associated withplasma membrane
DIEAKAGE ... oottt e et e e re e 42
3.5 Translocation of an intact four-helix bundle of MIkl ND to plasmamembrane is
necessary and sufficient fOor NECrOPLOSIS ........ccvcivviiieiieciii i, 48

3.6  Translocation of MIkl to the plasma membrane leads to increased sodium

concerntration in NECrotiC CEIIS ........occo it 50
3.7 DISCUSSION ...ttt st sh et e e re e s be e e st e sbeebeeneesbeenbenneesreenbeaneeas 54
Appendix | Index of figures and tables..........c..cccooeiiiiiciiinc e, 57
Appendix T ADDIreVIAtIONS .......coeeeiiiiee e 58
RETEIENCES ..ot 60
ACKNOWAGEIMIENT.....oiiiiiiie e 64

VI



1.1 #AREsRIE

FORE K T R IR FE A T TNF (tumor necrosis factor-alpha) 2£ 5= LL 41 g ik (514
Hela, MEF Z4fiffitk) s sliIdts, Tire s —Ledn i sets SR sE (fln
L929, U937 Z4ffutk) 2,

AU T, IR RN IR IR I caspase FIRIGE, ANz 9545, 4
BB L, TR T/ A . ¥ 22— FER N R AR P MR R A O (e — T =X

AHMIIRTE, i A RIS B2 R I, 20 M s e M 2k, A 9 2
PRI . S AN AR TC R S A T 75 2 AR, TRk 2
A IIRESR LW, 2HRIRIER 2 Ripl &E H2 5RENEL iR A% ik
SUAE Tl m H TNF 512, 78 TNF R, A5 Fr TNFR #sus, B Es
DX ESEEEEA, BR “EShidE 440, @ TRADD. RIPL,
TRAF2/5. LUBAC Fl clAP1/2 ", <53 A4 —"0] LIAE Ry S B840 55 T I R A AT
B, fE3) NF-kB Fl MAPK B (5 5@ %18 9, FLiRZE &1 TNFR A A RIS
SR AR IR R R AR, B AR L E 252 A Ripl. Caspase-
8 Fl#z3kH 1 TRADD il FADDWO, «“&F &4k — ] LS T34 4%, 834 754 Rip3
FAAER DL R MY (5 S B Gk =", SRR, BN HEE
Ak, RS SR E LA 1.1,



ﬁ°f¥
1o
=
(s

P i
( cFLIP,
clAP inhibition or _—r

deubiquitination of CTRADD) (cFLIP ) o

ALY RIP1 by CYLD .7‘ ,
o) —ERn . Gmed
il = (Caspase-8) <Ll l@

ovol/0\ VAN T
=3 gi Az FADD or caspase-8 deletion
FRicl<\y or caspase-8 inhibition

H ‘\\u Lys63-Ub or RIP3 induction

B

iACi?""p_leAxA' Complex Il | Necrosome

..(DISC) \(complex lib)
NF-xB, MAPKs Apoptosis Necroptosis

E11 TNFERERKESEOESAE
Figl.1 TNF-induced formation of apoptotic and necroptotic signaling
complexes!®

EE G RIPL HEREERER — BEAESU, B RIP3 IREHT L Ji)
R A IE S B I 45 1 3 Fr i e 0 0, 2440 RIP3 1) RHIM domain H1 4%
S 5 RIPL () RHIM domain £H B AEFH ) QIG449-451AAA 5, RIP3 FiARE
5 RIPL M E ARS8, GLI A f%t TNF+2VAD JER M. 2R1, W RIPS-
RHIM mut 5 A R\ B alm 8 R E A E, IMARIEEH %1, Rip3
REMETERE AL B O W — A WT BIfk-G RIP3 FIBEE 2 L Rl & RIP3 2R,
MRAE WT [FEhE RIP3 e ARIILH 25 231 {7 22 RN 5E 232 A7 77 2 R B IR
A, TSRS TE 1) RIP3 Jf AN RERR I 2 1 IR A . HI T AR, 7EIRAE
BERE H T B0 75 B Rip3 BERR AR B T B CRIBEEETEE, 117 RIPL A i 1 E 1
A RETFANT 2

i H, RIP3 {E4HMUSRSERERE R s — SR LA LRI RITE 22 284k, i HL 3L L
[ [R5 22 SRR S R SE BT 6 75 1), an SR I BE S T i — 2R A, A 0 A SE HE AR 2218 I
HA RN,

EMFCE &1, Ripl M Rip3 #BiRiL, BEERILM Rip3 AEH 54 MIKIFO
21 (Mixed Lineage Kinase domain-Like, LA F4E5 MIKI [A1). BT FIHF 45
T, BRI MIKI REREH Rip3 BERR AL AR BESE Ktk ZBERR AL 2 IR BE T

2



il

Bl

TR, A1 Ripl, Rip3 —FkE, MIKI SZIRFERT LA s . SR1, MIKI /&
WA IR BE I BARLE ML M ATE 28

1.2 MIkI R

1.2.1 MIkl BESH

MIKI & AR 3 U IR DR sy 45 A T, B A R AN AR A
FEDRe IEH EEE LR T, VAIK LR 751 1 28R K 113515 ATP 1] alpha,
beta T % 5 41 A2 AH AR T DL SEDUBEIR B A (M e B : ZEMEAL TSP oL HRD £
SEF A A R A IRAAT AL 0y WAL O 1 DFG RS 41 i (1 R A S IR 45
& Mg2+551-LLEM A ATP | beta #1 langda g2 4. 1 MIKI £E3E4L S A2 o
HRD 1 DFG £ 57 741 it R & iy 2 P, i H. VAIK 7 51 1) di i 45 1 2%
I HR 5 T VA B AL % (B 250 S AN R R R . RS, 1R IR B i
Pery, BER K 5% —AME helix alpha C 14 28R G ST EA, SRTIAE
MIKI FE E A, XA helix alpha #% 5 — A AF BB ) HH 2R 340 f7 22 %% S 1 346 fiL
PR L B helix alpha B, 28 b, EI{E MIKI ) ATP 254 HASK IH ] LA
gh4 ATP, {HZ R NSRS HRD FI DFG IX /N X 3k E 7 ThfE, 3H KPAL
WeAEAL ARSI LD MIKE [ 25 M e AR OB B s R ek, T Al 3 IR K
W25 M

17 SRR MIKD 42K 46 i o MIKE S g a3 (CANER 1 A s g 31 58
170 A7 ZHE LD T BVUA™ alpha W e o R N MR e EDRH 5 7% Ak i Ay (B 4 74
o, Ak S kg T LA 1.2,

Pseudokinase
Domain

Helical
Bundle

180°

E1.2 RIE MK EAEH

3



oz

F—E A

hlll3

Figl.2 Structure of Mouse MIki[??

1.2.2 MIkl & B3R SE RS SiE s Ea1ER

FERFEFE S, Ripl A1 Rip3 & H AL T BIE M S H R, XFT A
WA BEHERE Fir 6 75 1123 SR X Pl 43 1 52 G R TE IR SE R R B IR T e ok
T ARG RE -

£ 2011 4, JbHt NIBS EBR AR FHR PO K NIH I ERIBER 293 i 37 % 3
TANJE MLKL 32 H, 1EA N RIP3 I NIFE A, {EPATANINAE L 2%
HEIE

AT 7S R B, MLKL 3= 2585 kinase-like domain 5 RIP3 ) Kinase
domain M EAEM . 1M H 5 AJE MLKL & F 1 kinase-like domain 5 RIP3 58 % 1)
kinase domain JL[FIFRIART, 2RI MLKL £ 5758 A EEIR Bk B ILm 4671
THRAEIEH RNINLE, J3— R FEIE R RME GO~ 28 A0 T B IR /K A Ak
S, MRMZ&AHEAR, WA CAHERTZ MLKL # RIP3 [#) kinase domain 2 1L.
[23]

M SRAH TR I A 5 A S P 1 Rip3 4 A 1 MIKI 45 & fRE 1280, 24
€ Rip3 KB ERABRR Z )5, HIARERAN MIKI 255 . fEARSN BiERIL
Rip3 kinase domain, A1 MIkl &2 H, HH [FAZ &KW 32 dxic ATP, A LUK IR Rip3
Ref Kt 32 L bric 2 MIkI 25 3 129, $iBH MIKI #6552 Rip3 R4 .

i H RIP3 BRI AR BERR AL MIKI BT 20, % 2RI 75 14 1) Rip3
ARG 5 MIKI A ELSE G0, P RTERM], THRRBIN RIP3 75 ZLAE 5 227
722 3R Ot B BRIR ) Rip3 MRS 231 7 A 2 BR AN G 232 i 22 %R 2l
o E RN B R S A AR 5 MLKL A 45 AT,

FEIRHIWT kB F, AU MLKL 85 B8 K IAE 357 7 75 Z R AN 5 358 fif
22 FIRAEINSUIE AR B BEBR A2, SRR 3 19 o7 S B R R AR A e B8 AR ol i i
AR R, U A I 4H M AN BEIR AL . XA R AE 22 b N A0 A AT e g
EIEH, Fon TR AL S AE N TR ISR ZE 2 OR B 2L . 7 SRR
MIKI 25 3 X P s e i A A7 i 32 AR BIAE 5 349 A 75 Z R AN LA IR ZE O AE 26
345 i 2.5 1% 11,



oz

F—E A

hlll3

I MLKL Refig 455 ATP, SRIMIXIIRE ) JEATTBR T 20 RS8R
SLIG RSO ATP 254 A4S A58 219 TR K AN HRZE M, 2 A
Refp 4 ATP, [HIEM2 MIKI JE R BRI MEF i, 7558
TNF+Smac+QVD-OPH 5| #2 IR SEHUKIT, 1B ATP 2566 MLKL & AT
RBEIIBE ST A M o

SR SR [ B BB 55 345 A 22 SR G e R A28, 8 X PP e ]
LRI 22 SRR R BR AL, XIS () MIKI 2R () St eIk RERS 51 A at T, M
H.i& caspase Z A7) QVD-OPH AN REMEHMHI ¥ 03X LEUEHE LEFRATHE I B Bl
SERIIY K219M F1 Q343A FRAZ 5121 MIKI #9 R A2 n] RE 545 Rip3 W& 14
R A 51 LA G s — B R AL

£ MLKL 3l 25 135 C-lobe m, 55 398 {2k Y 2 M A1 55 291 A IR
TR (FERIE MIKI 2 B R R I 9 5 385 17 28 TN & TR FH 2R 280 hise &),
FCRARAE IR B B ] h R BLR A, 4r il R Ay s d IR R . Al %
AR BENT TSQ Wi, J& #2828 M4 MIKI (RIIRFETh e 2P, X AT fgfon Ik
17, MIKI FE ) C-lobe FEIRSEHERE A LA 25042, 1 L28OP f3X T3 g 7134
Ko

XL AR R RO MIKI A ERERI ThREAR A0 AT T E 4l IR AL, 2
A NARHE RSB 1 7]

1.3 YHFRRRIRIEE AR T Z ERIX R

MIREE S B, e R ToIE R AL, M R A M ARIE S BT,
PRI 1.3 fros, AR 4R AT HUB I 4 i B S EE DR 9 AN TR, TS L3P 4m it
i 2 F P — B KR R Il TE AN B 1 R AR R A A P9 A S 1 DR B
7%, REMAERR IEH M40 A B S D s E P,

FEIX— R FEIE A 122, B M A K 0 2 D 58 S
BRI A TR AEIRE AN, BT IR T Rk AN T
AR L AP ES 1, AR 75 ZEA TR S P o 22 AN S = R RN
MITHERE LT A B (29 140nM) IR4H (10mM)  [RPIRES o 1T WG S 240 i 7y g 22
A, AL R, BRSO S T TE S A T AN R,

5



E |

hlll3

I, 2 Jurkat 204257 anti-Fas RIS, A0 AVETS, AEHIILEI
IR, AR SR IR H 19 4E e R ST TR AS o T IXRE R 4t i B T
YRS T ohE (0t IEEEL NMDG fR¥FIER ) HIANMIE TR, d0MB 8K
T 1 o AR (B e, P AT B R A P B RS TR LR IR, K
5 PRV A P T A K FE R B B R 4 4 R TR T R4S, i 1.3 R . X TR AT
M RAET R BRSNS B IR EE A B HE KRR

Jurkat
Control anti-Fas
‘) o _ ~."~.
Normal e j BN
Media [ . :
Sodium- | b =
Substituted M D AR
Media k.
(Choline) ™
Sodium- ;
Substituted
Media
(NMDG)

Replenishment
of Sodium

B13 AR TR EESE T AR R ER S
Figl.3 The Presence of extracelluar sodium controls apoptotic volume

decreast®l

R T A B A 1 ol T IR SR A SR Y, AESRSE R B A B A Ak, 2
K 1.4 AR ) L929 Al Akt LA TNF+2VAD HIB 51 RS IR FE, 1R AT BE2 i T i
JRWB KL 2 SE A o Fr EAFRATIHEDN , 20 DR A8 £ 24 1) BR A 25 1T REAT V238 s (2
AAGH mHEXTHE 1.3 5K 14 AR AREES, FATHENZE K2R
F BT N T IR AR AR



i
1o
=
(3

WTL929 + TZ

Bl1.4  L929 4HfutRiEER TNF+zVAD FRIBUE KA SEA B TES
Figl.4 The morphology of necrosis induced by TNF+zVAD in L929
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