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Supplementary Table 1. X-ray crystallography data collection and refinement statistics

Rat MLKL (179-464)

Horse MLKL (188-475)

Data collection

Space group P6,22 C2
Cell dimensions

a, b, c(A) 190.0, 190.0, 77.79 155.5, 124.8, 81.05

o, B,y (°) 90, 90, 120 90, 112.7, 90
Resolution (A) 47.5-2.19(2.27-2.19) 40.1 —2.75 (2.84 - 2.75)
R-merge 0.1024 (1.24) 0.1914 (1.548)
1/ cl 24.83 (3.04) 8.79 (0.99)
Completeness (%) 100 (98) 99 (90)
Redundancy 20.2 (20.3) 6.9 (6.2)
Refinement
Reflections used in refinement 42667 (4080) 36830 (3346)
R-work 0.1852 (0.2348) 0.1834 (0.3138)
R-free 0.2161 (0.2913) 0.2379 (0.3601)
No. non-hydrogen atoms 4300 6645

Protein 4112 6585

Ligand 6 12

Water 182 48
Average B-factor 51.33 59.53

Protein 51.21 59.44

Ligand 91.83 65.59

Water 52.50 45.13
R.M.S. deviations

Bond lengths (A) 0.01 0.01

Bond angles (°) 1.02 1.38

Statistics for the highest-resolution shell are shown in parentheses.



SUPPLEMENTARY FIGURES

Supplementary Figure 1. Amino acid sequence alignments for MLKL orthologs
examined in this work.

Sequence alignment of orthologs with Linnaean names on the left and common names on the
right. Residues conserved with identity (dark green) and high similarity (light green) are
highlighted in the alignment. Regions equivalent to catalytic motifs on canonical kinases are
coloured red, and residues of the aC helix (dark blue) and activation loop (light blue) are
highlighted. The position of the horse B3-a.C loop helix is indicated in bright blue, and the
residues equivalent to RIPK3 binding residue (F373 in mouse) are highlighted in yellow. The
domain architecture of mouse MLKL (PDB:4BTF) is illustrated above the alignment: lines are
loops, cylinders are helices and arrows P-sheets. Underlined, bolded residues are RIPK3
substrates in mouse and human MLKL. Residue numbering corresponds to the mouse MLKL

sequence.



Four-helix Bundle

K4

8

C o Q2

¢ S0 £5 2
utmﬁ 2% 26
955625295
SXITITaOFuL®
COzownr ST+
R T - [ T U T R
<< < CIC=EF >0
<<k ZFHOX _ X
W WX X
_—_ - — W > >
IO X | T | wuw
O | w | w | << | X
On wnw oo Ta | O
oo omwnn |
g4 a0> 00 00
Z0 N0 NZXIT NN
Xy xoxoeIxxd
X ¥ X Owow<wuw
Ow O OO0 o x
[eNe e T NeNe e Ne RN
<<O FO<C<<X |
OO0 C Ox OO x x
e
Xew ===2>FHXO0
CC w0 wwao
g a>> <>
[ W W WY« WY W« WY o TP Y
OO0 x OCCwx =0
—_ - a0 a0 a0
=
OO O OO0 - - <
I T 0 Z20IT00Xx
>>>>> - — - >
o orxroeeeo!
ZZIT OZWhr X
Ox O OO>_x0O
T R S
oo oooooeo
Cxx O=ZT T wa
OO O OO0 WwoOow
[cNecleciiececNeleNeN:4
XX X XX TNXoEm-X
X ¥x OO0 X X ¥ ¥
oo ooz =z
> > > >> 00 w<
X X X X X X X X
S=E===>><>
X X W wwIOOXx
WwwZwwwo w
coooouwzo>
OCx O TT a4
WO ¥XZ0OFZO0
> > T > > T > > >
—-_— - —_———— =
—_ > - a<C> X
OO0 0 Ox T OOX
[CRONOMONOCE 4L Jf af 4
H = o D = 2 = =
XX - 0O0nnnwon
_— — -
||||| >>> -
OO T O xx =Zuw
OO x OO0 WwuwOox
[ R R [ R
X X Z X T . — — —
OO0 w o000 Wwww
==S======3=
g3288534¢
>a 8 [SRRCER S

S B0TEL
UNS&..HOU
mOHCSGW,.._U%
;Y gXoe

Dl 1

63

x

[%]

cg o

o £ a® o
»n c O X @© =
S.EL _9O8DF
O®8S50.2c 593
SEXITAOFL®
Owo »KWwWwXx @
DOOHOW 1T
>0> 1 - aguw a0
Fooo oI <<w o>
ZxXx=_=0Cuw —
ST xxxexxeon
E=ile e e e e e e}
>0 wWwoouwuwww
>>>>><< <= >
(e Nec e e e e Ne i ge]
|
a4 a0 00 a0 a0a0=<
d a0 a0 004a0>0
NN R NN NN
- W -
Wwwwwwdoda =
wwy wwadIadd
S R T
> _>>> << <
. |
xoeowowowwOX -
= = o o o
XX N¥XOXonIrx
WwwoewyY owan o
zZzzzzzz=zz|
>>>>>> 0>
Lwowo =130
IIXOOHN>FHAOZ
|
RSN R R [ N N VR U R EE ]
||||| wwuwo
¥ X XY OXOCXX
Oo0oQowaownw _ I
ZHnOITTnNnZ0w
OO nNnOVOxO=zO0
S>>
D X®NZXX
S <A a= >
[T T T T T TR TR
B
=S=2T0 000 =x
|||||| O >
Izznz=2=T=Z
Do na v ZO+
XX EXXE-OO<
¥xOzZzZZxOITZuw
DDOODDDOOD
oo > > > >
X X XU XXX NN
WWwwWwIAorx a0
||||| >=> -
oo wxx a4
CCOOWX Wwonuw
ZxzOx OO0 x x
e
Wwwwwww S Z
¥ ¥ uwOwoo <X -
 ————————
>><C<>>< -+
wo<< <3O 10
OwWwx TS 4000w
[P I T P I R |
Xooworwox X ww
SSSSJ@SS.@S
S353833%3
S S TTZTO®

238230882
UNSG ... S O3
moH._.mSGWﬁ%
. € X
MR. [ZBQX0]

LM- - GMA Q Stickleback

KETLRQYLP--P-- K Human

NKTLKQCSL-----K Mouse
KEALKQCSL-----K Rat
EETRRI VRQYLQ----- K Horse

LKNNVEKI

NMKE/
S|

SMEE|I
KRVI QGLR--RENAVI ETLLKQLENTTRETIETVRSLMQ-SDAHK Pig

SVEEI

LMQLaQl
LVKLQI
EASLRRLEI

domain

KAFLDQVI ASTKEPEDEAWEI QMGSQCMESKVDWMQGL K- -~ - - - Chicken
RATLEELLTKTKDAVNNVHGEVKHVGSKVDNVENKMDQVLQMMK D Tuatara
MSELKEHLNRMSEYPVILNIHNVFIVS8SSGTRTPR----L~-~---- - Frog

Go--ooee— - - NENMKVI

RRAFQMLR--RDNEKI
EAELKTRQTDKVG--LLEYMQEQQRDMEI

RKVFQKLE--SGDEI VEASLRKLEI

Pseudokinase

Brace region

RQKASWQQEDQAQ
SPGVSWHQEDQQ

G.gallusAF QAKI CRRQDAE
173

H. sapiens| SQGASWAQEDAQQ
S. scrofa |
S.punctatusACEKVTWSKEDGAQ
X. tropicalisF FDENKRMRQS QR
G. aculeatusVFELVSRMKEDEE

R. norvegicusV S QP ASWQQEDQQ
E. caballus |

M. musculusV S QP ASWQQEDRNQ

Human
Horse
Chicken
Tuatara
Frog
Stickleback

o
)
S
o

=

w w O (V20 S e VT
< <€ < <= - Z
O x O g a>0 4
oo woo o
ZZxxxxxzO0O0O
ZZX WNWZX XX >
ol b > >
>>>>>F->>x
EEREEEgEeeET
|
<< <<<<<<<<<
> >>>>>>
oaooaoaooaaa
DTN >Ln o
XY X xxxomwd
ITI>TTITT oI >Z
>>>>>>>>un
W wow o ww S w
ECACECRORONORONOURON
0o ¥ u WX ¥ ¥
> > > > > > > > >
= = 0 0 ] ] =
FHFFFEFORFOW
DODDOOD>T W
S ao>uwLoxzzz
XX W oW W WX o <C
NZZ0ZF-ZXH-
WY YO ww >
¥ XY XHHXO=Z=ZZ=
R R [ R
XX g0 0T 00
FHE— —>XFo®nX
=ES=T=Z0=TxT=0x
ocoocoow o= >
[ I N R
o >00Xx | X |
OCOwwo kOO
R U I TR
T oCwWwwdIw>
W W Www oW X
XX XXX XoE _ o
[ RN N S TR TTTTTT]
||||||| — T
Wowowowwww oI
X X X X X - - X
—_> e - - = = =
goCcOoXaow | Z
| T R R I S B
| T B T~ B
w1 W |
Oowouworom | —
o0 Cuwxox | O
oooaoo0O= | O
—> - — a0>0 | 0
Wwwwwo=Z< |+
00X x>0 | —
F==2=xx0 | »n
oooaa | g |a
0w 9n9nnocoona
33583833383
S8 TS o
22823088 L
mNsmSGWWW
S Ty ]
s. Y sXo
x

X

]

c 3

o £ g ©
0 89 XxXxg T
S,EL L% DS
Ogs562cS0os
SEXITaOFL®
HDHO<C<IWXY Za
S=ELouwL ===
FEE —<®OF®®»
i Qe [l R [ §
e <<
oooooITwnz<
¥N¥¥X¥XXOoxZ=
wowowdwwan
XorXowx X X X owowm
[ Y= = = = R Sy e}

roroeooeoeowdo

FFFFFFRRFRF®

N GE GGG 412

a0 0T X XX
W oW WX woww

>>>>>> > -
||||||| =
DDODDDDOD>
Lo b o >
[T e Ne Ne NG NG NON 4
cooooaoaoa
I T O T T B B 7
ooooo — oW
XX FHFO_J0nO
>>>>>00xo0
FEEFEEFEX®OI<O
COWWwuwuwuwx on
ooocooowood
|||||||| >
OO0OO0OO>000O0
EEEEEEEEETE
ESACECRCEURCRURURC

M. musculus
R. norvegicus
H. sapiens

E. caballus
S. scrofa

G. gallus

S. punctatus
X. tropicalis
G. aculeatus

353

activation loop

g6 BT

x
o

c 3

o £ g8 o
b 89 X5 T
S_EL _LORODF
OxwsS02cS59 5
SXITAOFRL®
WX XXX > W
D HXOOXxWwX
N N
<+-+-FF>wox
F<OOIXZO -
XYoo oroeooeoex
DODDDX XX
e e e 1]

QN
QT
i
QT
QT
E S
E S
El S
ET

X X X X X U X X X
DX nnooOwmw

EEEEEEEEEE
[0 o o W 0 ]
oo oo o]
[Cooococoooo]
<<<<<ODE DO
EpEpEp—————
xxxxxxxxx]
>>>>>>> >
TTOTXZOOOK
> > > > > > > >

NV WZUVWWX XXX
DODHRFNDONHZ

VX noZn=z

ZZ2xZZ00wmwo0

R
G
G
R
R
G
G
G
G

g a> >
W W S x
1 <<wnoaaon
I 1 00 X XXX
FEE<<<<kF—WwkEuw
WwoOWwwwwoOww
DO DODH-F -
I T TXTITITOOXTOC

AR
AR
AR
A K
A
A
S
A
A

SLLVLR
M. musculuse DKKQE PV GQ

SLLVLR
MVLVLG
I'VvLVLQ
TQMALH
ARMCRD

4139

M. musculus V
R. norvegicus V
H. sapiens K

E. caballus L
S. scrofa L

G. gallus |

S. punctatus |
X. tropicalis Q
G. aculeatus T

F373

ERLKNPFCL

354

X
]

c 3

o € s o
w 80 XxXxg =
S_EQ _O% 9%
oRS502c89os
SEXITAOFL®
<< <C>>00 a0
>>>>>_ >z >
O a0 a0 X ¥ O X
Wwx 3 ad >z
x>ax>ITx>==z
||||||| o —
¥ XX OwuwuwpF—w
X WWwyY ¥ 0o Xx
DODODDO® N ZZ
[ N N R R A |
[ N N R R =
[ N T IR R I A
| I B B R O I |
o0ozo0aor-onon
[CNCHCRTRNC NSNS I
[CNCNONONONONON NG
wwduwwuw< N
| Wy W iy Iy Ty Iy W N N )
aaoaoaoaoaoaaa
- > — — _x
¥ AOXXXXXr
BOOOO®n®nOO
FEFEFFFEF®O®
CI<CICCCTCTS <<
0000
WL W W W W

=EE==E=====>=

L
L
L
L
L
L
L
F
M

\%
|

CLCHDICCTO NN

oooo0ooxoo0oow

ERLQDPFCK
QELEDVFYQ
ERLENVYRK
QI LNNVYHK
ENLMDVYYP
QGLASLYHK
EMLNDVNLN

S
S
S
S
S
A
S
A
S

> > 0 e - e - = -
> > > > > > > > >
<< < << 1O
FREE<<_a®n3 .
Do n=<a |
DOXY O |
DU >S><>>0 |
reowoex Gwdon
Wwwowuwom=X 0
<<FF<<uW 3O _
XX XWWZXXon
DN DOT O D00
335383383
358080 08JOC®
n&muvu@bsgcm:b

© .S o
mNSCS.GumC
- Ty e
S0 %X o

¢« a4 <« o 464

x

[%]

€o 8

o £ s o
n © O X © =
S.EQ _O8 DG
Sg§s502c350%s
SEXIIQaOFWL®
>0 00 » >
XX |1 <X
XX 11 F»o
o0 1 1O <X |
=0 0=
DO X >
WwOoYXY | WY @©w<
Wwwow | Ow>x >
P ¥ R L N R
<<k lao<aon
won | n<>Za
I T I R R |
Xxoex | X agmox
WwwyY | woowan
g a>> W >
—_—— e | —_———_——_a
OOWw | wWwdw< >
o000  Wwwwo A
S<>>>< <<
DDODDDOD- DD
ooooooaoo
EEReEjes e prE e nE eey
Oz>x=0zZzuwoO
D?LODDW D W
ocooooaoaa
Lwowoodzao
I TIT>Zw>F >
<< << <OOO
roore e oo

E
E
E
D
D
Q
Q
K
D

ZZooozZw>0

—_— —_— —_> > - a4
Wwwwwx Ow o
xOx oo uwxw <

42w odcwno > uw
wuwowowao wonw o w

R. norvegicusE NKKQE PV GQ
H. sapiensV KRQQEPL GE
E.caballusMDRYQEPL GE

S.scrofaENRHQEPLGE
G.galusE HRYQEPVGE

S. punctatusE QHYQDPL GE
X. tropicalisC K DMKE GL P A
G. aculeatusNEKF KEELP S



Supplementary Figure 2. An example of the flow cytometry gating strategy used
throughout this study.

Intact cells were gated as shown in (a). Subsequently, viability was measured based on
propidium iodide (PI)-uptake (b), where PI uptake identified dead cells. This strategy has is as
previously reported'.
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Supplementary Figure 3. Western blot validation of MLKL ortholog and mutant
expression in MIkl”- mouse dermal fibroblasts (MDF) and MLKL”- U937 human cells.

(a) Doxycycline-induced expression of mouse, human, horse, rat, tuatara, chicken, stickleback,
pig and frog MLKL in Mikl”- MDF cells was validated by western blot using the anti-MLKL
mADbD (clone 3H1), via a C-terminally fused FLAG tag or using another anti-MLKL mAb (clone
5C4) for pig MLKL. Exogenes were expressed in MDF lines derived from biologically-
independent MIkl’- mice (denoted 391, 392 and 393). GAPDH blots were used as loading
controls. (b) Expression of orthologs in MLKL”- human U937 cells was monitored by western
blot as for MDF cells in (a). Note tuatara MLKL expression was not detectable in U937 cells.
(¢, d) Expression of horse and mouse MLKL mutants in MIkl”- MDF cells was monitored by
western blot as described in (a). (e) Rat S345D mutant MLKL expression in M/kl”- MDF and
MLKL"- U937 cells was validated with the pan-MLKL mAb (3H1 clone) by western blot. The
positions of molecular weight markers are shown on the left in each panel. The shown western
blots are representative of 2 independent repeats. Uncropped blots are provided in a Source

Data file.
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Supplementary Figure 4. Electron density maps for the novel activation loop
conformation of horse MLKL.

Electron density maps for the activation loop and surrounding regions of the horse MLKL
pseudokinase structure for all three chains of the aysmmetric unit. The blue mesh shows the o
weighted 2Fo-Fc refined density, and the red and green mesh show the difference density map,
Fo-Fc. Bonds are depicted as lines; green for carbon atoms, red for oxygen and blue for
nitrogen. Thr356 and Ser357, the activation loop residues equivalent to those targeted by
RIPK3 in human MLKL, and the N- and C-lobes, are labelled. The 2Fo-Fc density was

contoured at 1.0 ¢ and Fo-Fc density contoured at 3.5 6. Maps were visualised in Coot?.

Chain A
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