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Deubiquitination of NLRP3 by BRCC3 critically regulates the inflammasome

activity
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Highlights

- A small molecule DUB inhibitor G5 inhibits inflammasome activation

- G5 induces NLRP3 poly-ubiquitination

- Deubiquitination of NLRP3 regulates the activation of inflammasome

- The deubiquitinating enzyme BRCC3 deubiquitinates the LRR domain of NLRP3
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A small molecule DUB inhibitor G5 inhibits IL-1β secretion
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Selective inhibition of the NLRP3 inflammasome by G5
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G5 triggers NLRP3 ubiquitination
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Identification of DUBs regulating the NLRP3 inflammasome
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including 4
i
<=5)=H(9H&H0. \a10 =? '9(<)EH&$0%)E)$%)$( H(&527&. @2( $=( 93=$&H(H =; (<)

>O\FM 9$% I`/L &$;79559H=5)H P<&'< H<9?) '=55=$ %=P$H(?)95 '=$H(&(2)$(H P&(<
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>,0MN @2;;)? bS?&H 6F7 E6U+T QN 5/. >9F7 !QN 5/. XDSI Q 5/. >,0MN !n. ,/1* !

5/. E?=()9H) &$<&@&(=?Hc+ /-'0DR"H P)?) &552$=E?)'&E&(9()% P&(< 9$(&0'0/-' @)9%H+

`552$=E?)'&E&(9()% '=5E7)W)H P)?) P9H<)% &$ 7-H&H @2;;)? 9$% E?=()&$H )72()% &$

O9)557& @2;;)? L m+ S= ()H( '=G97)$( @&$%&$3 @)(P))$ >O\,V 9$% 2@&]2&(&$. ')77H P)?)

7-H)% &$ %)$9(2?&$3 @2;;)? bf / 2?)9. !NN 5/ >96L,aM. !N 5/ S?&H06F7 E6 f+N. QNN

5/ >9F7. !N n 37-')?=7. N+! n (?&(=$ m0!NN. !N 5/ β05)?'9E(=)(<9$=7. !N 5/

&5&%9_=7)c 9$% 6&H02@&]2&(&$ P9H E2770%=P$)% P&(< >&0>SI @)9%H bl&93)$c+ ")9%H P)?)
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?&$H)% P&(< 7-H&H @2;;)? bVN 5/ &5&%9_=7)c. 9$% )72()% bN+!Q / S?&H06F7 E6 T+U. Q n

1D1. VN n 37-')?=7. LNN 5/ &5&%9_=7). N+UL / β05)?'9E(=)(<9$=7c+

I1F =7&3=5)?&H9(&=$ 9HH9-

/9'?=E<93)H P)?) 7-H)% &$ @2;;)? I b6)E)H LN 5/. 4F7 !N 5/. /3F7L !+Q 5/. XDSI

! 5/. E?=()9H) &$<&@&(=?Hc @- H<)9?&$3 LN (&5)H (<?=23< 9 Lf03923) $))%7)+ `$(9'( ')77H

9$% $2'7)& P)?) E)77)()% @- ')$(?&;239(&=$ bVMN 3. f 5&$c. 9$% F6I,1 @2;;)? b6)E)H LN

5/. /3F7L Q 5/. XjSI N+Q 5/. F6I,1 N+!n. E?=()9H) &$<&@&(=?Hc P9H 9%%)% (= (<)

H2E)?$9(9$(+ ,?=()&$H 9HH='&9()% (= (<) E-?=E(=H=5) P)?) E)77)()% @- ')$(?&;239(&=$

bLTQN 3. f 5&$c. '?=HH7&$:)% P&(< D11 bLQ 5/. VN 5&$c+
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*)?$9$%)H0I7$)5?&. S+. ^2. A+. /=$:H. "+j+. *&(_3)?97%. 4+I+, et al. bLNNec+ F2((&$3
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F==E)?. X+/+. F2('7&;;). F+. 4?&H(&9$H)$. S+h+. ,9$%)-. I+. ,&':9?(. F+/+. 9$% F=<)$.
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,9$9?)(9:&H. S+. /&3$=(. j+. R77?&'<. X+, et al. bLNNec+ I'(&G9(&=$ =; (<) >O\,V

&$;79559H=5) &$ %)$%?&(&' ')77H &$%2')H `O0!@)(90%)E)$%)$( 9%9E(&G) &552$&(- 939&$H(
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l2=$3. I+I+. O9(_. X+. 1'=((. F+,+. 9$% I7$)5?&. X+1+ bLN!Nc+ I$(&0&$;79559(=?-
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"&=7 F<)5 285. eUeL0efNL+

4)77)?. /+. \2)33. I+. ^)?$)?. 1+. 9$% "))?. 6+D+ bLNNfc+ I'(&G) '9HE9H)0! &H 9 ?)3279(=?
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/9?&9(<9H9$. 1+. >)P(=$. 4+. /=$9':. D+/+. 82'&'. D+. *?)$'<. D+/+. O)). ^+,+. \==H)0

j&?59. /+. X?&':H=$. 1+. 9$% D&W&(. 8+/+ bLNNMc+ D&;;)?)$(&97 9'(&G9(&=$ =; (<)

&$;79559H=5) @- '9HE9H)0! 9%9E(=?H I1F 9$% `E9;+ >9(2?) 430. L!V0L!f+

/9?(&$=$. *+. /9-=?. I+. 9$% SH'<=EE. A+ bLNNec+ S<) &$;79559H=5)HJ 329?%&9$H =; (<)

@=%-+ I$$2 \)G `552$=7 27. LLe0LTQ+

>)P(=$. 4+. /9(H25=(=. /+O+. ^)?(_. `+X+. 4&?:E9(?&':. D+1+. O&77. A+\+. S9$. A+. D233)?.

D+. j=?%=$. >+. 1&%<2. 1+1+. *)77=2H). *+I+, et al. bLNNfc+ R@&]2&(&$ '<9&$ )%&(&$3 ?)G)97)%

@- E=7-2@&]2&(&$ 7&$:93)0HE)'&;&' 9$(&@=%&)H+ F)77 134. TTf0TUf+

1<9=. j+. O&77&. D+\+. ,9(()?H=$0*=?(&$. A+. F=7)59$. 4+I+. /=??&HH)-. D+X+. 9$%

j?))$@)?3. \+I+ bLNNec+ S<) \9EfN0"\FFVT %)02@&]2&(&$9(&$3 )$_-5) '=5E7)W

9$(93=$&_)H \>*f0R@'!V0%)E)$%)$( 2@&]2&(&$9(&=$ )G)$(H 9( D>I %=2@7) H(?9$% @?)9:H+

,?=' >9(7 I'9% 1'& R 1 I 106. V!TT0V!U!+

1<&$:9&. 4+. /'F975=$(. S+6+. 9$% O)H7&). 4+1+ bLNNfc+ F?-=E-?&$09HH='&9()% E)?&=%&'

H-$%?=5)H 9$% 92(=&$;79559(&=$+ F7&$ XWE D)?59(=7 33. !0e+

1=P9. /+X+. ")$$)((. X+A+. j-3&. 1+,+. 9$% 69?E)?. A+^+ bLNNec+ D);&$&$3 (<) <259$

%)2@&]2&(&$9(&$3 )$_-5) &$()?9'(&=$ 79$%H'9E)+ F)77 138. Vfe0MNV+

1()<7&:. F+. 9$% D=?;7)2($)?. I+ bLNNUc+ Fa,H 9$% ,a,HJ 5=%279(=?H =; &$;79559H=5)

9'(&G&(-+ A `552$=7 179. UeeV0Ueef+



LL

I':$=P7)%35)$(

S<&H P9H H2EE=?()% &$ E9?( @- (<) >9(&=$97 `$H(&(2() =$ I3&$3 b\VU IjN!LfQec (= AB+

^) (<9$: ^9%) 69?E)? b69?G9?% /)%&'97 1'<==7. "=H(=$c ;=? (<) DR" )WE?)HH&=$

7&@?9?-. X59% I7$)5?& bS<=59H A);;)?H=$ R$&G)?H&(-. ,<&79%)7E<&9c ;=? &55=?(97&_)%

>O\,V 4a. >jQ 9$% P&7%0(-E) 59'?=E<93)H. Ap?3 SH'<=EE 9$% *9@&= /9?(&$=$ bR>`O.

O92H9$$)c ;=? (<) *7930>O\,V 9$% &(H %)7)(&=$ 52(9$( '=$H(?2'(H. 8&H<G9 D&W&(

bj)$)$()'<c ;=? 9$(&04Mf0 9$% 9$(&04TV07&$:)% E=7-2@&]2&(&$ 9$(&@=%&)H. I7;?)% j=7%@)?3

b69?G9?% /)%&'97 1'<==7. "=H(=$c ;=? (<) 6&H0R@&]2&(&$. 6I0R@&]2&(&$. 6I0R@&]2&(&$

4Mf0=$7- 9$% 6I0R@&]2&(&$ 4TV0=$7- '=$H(?2'(H. X?&' F==E)? b69?(P&': F=77)3).

a$)=$(9c ;=? (<) "\FFV 9$% "\FFV 6!LLl '=$H(?2'(H. >=@2<&:= 49-939:&

bj)$)$()'<c ;=? 9$(&0I1F 9$(&@=%-. /&'<9)7 1(9?$@9'< b69?G9?% /)%&'97 1'<==7.

"=H(=$c ;=? Salmonella typhimurium H(?9&$ !VMM. S<=59H 6)$?- bO-=$ R$&G)?H&(-c ;=?

9%G&')H 9$% %&H'2HH&=$. 9$% D&5&(?- a;)$3)&5 ;=? '?&(&'97 ?)9%&$3 =; (<) 59$2H'?&E(+
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*&32?) 7)3)$%H

*&32?) !+ jQ &$<&@&(H `70!β H)'?)(&=$+

bI0"c /9'?=E<93)H P)?) (?)9()% P&(< O,1 b!NN $3g57c ;=? f < 9$% IS, bL 5/c bIc =?

$&3)?&'&$ bQN !/c b"c ;=? (<) 79H( VN 5&$+

bFc /9'?=E<93)H P)?) (?)9()% P&(< O,1 b!NN $3g57c ;=? !L < 9$% IS, bL 5/c ;=? (<)

79H( VN 5&$+ jQ P9H 9%%)% !Q 5&$ E?&=? IS,+

*&32?) L+ jQ &$<&@&(H (<) >O\,V &$;79559H=5)+

bIc >jQ ')77H P)?) (?)9()% P&(< jQ ;=? L < 9$% IS, bL 5/c P9H 9%%)% ;=? (<) 79H( VN

5&$+

b"0Fc O,10E?&5)% 59'?=E<93)H b!NN $3g57. !L <c P)?) (?)9()% P&(< IS, bL 5/. VN

5&$c+ jQ b! !/c P9H 9%%)% !Q 5&$ E?&=? IS,+ F)77H P)?) 7-H)% 9$% E?=()&$H ;?=5 (<)

E-?=E(=H=5)0'=$(9&$&$3 E)77)( P)?) '?=HH07&$:)% P&(< D11 9$% 9$97-_)% @- P)H()?$

@7=((&$3 bFc+

bD0Xc O,10E?&5)% 59'?=E<93)H b!NN $3g57. !L <c P)?) (?)9()% P&(< $&3)?&'&$ bLN !/. T

<c+ jQ P9H 9%%)% !Q 5&$ E?&=? $&3)?&'&$ 9( (<) &$%&'9()% '=$')$(?9(&=$H bDc =? ! !/ bXc+

b*06c O,10E?&5)% 59'?=E<93)H b!NN $3g57. !L <c P)?) (?)9()% P&(< 6OOa/) b! 5/.

VN 5&$c b*. 6c =? H&7&'9 bN+Q !3g57. L <c bj. 6c+ jQ P9H 9%%)% !Q 5&$ E?&=? >O\,V

9'(&G9(=?H 9( (<) &$%&'9()% '=$')$(?9(&=$H b*. jc =? ! !/ b6c+

*&32?) V+ jQ (?&33)?H (<) 2@&]2&(&$9(&=$ =; >O\,V+



LM

bI0"c >jQ 59'?=E<93)H )WE?)HH&$3 *7930>O\,V 9$% '=$(?=7 >O\,V 4a &55=?(97&_)%

59'?=E<93)H P)?) (?)9()% P&(< jQ bL !/c 9$% /j!VL b!N !/c bIc =? E64d (10 !g/ml,

2 h) (B). Flag-NLRP3 immunoprecipitates were analyzed for ubiquitination.

(C) Inflammatory peritoneal macrophages were treated with LPS (100 ng/ml, 8 h) and G5

(2 !M, 30 min). Endogenous NLRP3 immunoprecipitates were analyzed for

ubiquitination.

(D) Inflammatory peritoneal macrophages were treated with LPS (100 ng/ml, 12 h), G5

(0.5 !M), MG132 (20 !M) and E64d (10 !g/ml) for 2 h. Arrowhead, high molecular

weight NLRP3.

(E) 293T cells expressing Flag-NLRP3 and His-Ubiquitin were treated with G5 (0.5 !M),

MG132 (10 !M) and E64d (10 !g/ml). Proteins covalently bound to His-Ubiquitin were

pulled-down in denaturing condition with Ni-NTA beads (upper panel). Flag-NLRP3

immunoprecipitates in RIPA buffer were analyzed for ubiquitination (lower panel).

(F) NG5 and NLRP3 KO macrophages were treated with G5 (2 !M, 2 h). Flag-NLRP3

immunoprecipitates were analyzed for their association with K48 and K63 ubiquitin

chains.

(G-H) 293T cells co-expressing Flag-NLRP3 and HA-Ubiquitin, HA-Ubiquitin K48-only

or HA-Ubiquitin K63-only (G) or Flag-NLRP3 full-length (FL) and its Flag-tagged

isolated domains (H) were treated with G5 (0.5 !M, 30 min). Flag-NLRP3

immunoprecipitates were analyzed for ubiquitination.

*&32?) M+ "\FFV E?=5=()H `O0!β H)'?)(&=$ @- %)2@&]2&(&$9(&$3 (<) O\\ %=59&$ =;

>O\,V+



LQ

bIc `$;79559(=?- E)?&(=$)97 59'?=E<93)H (?9$H;)'()% P&(< $=$0(9?3)(&$3 b>Sc =?

"\FFV0HE)'&;&' H&\>I P)?) (?)9()% P&(< O,1 b!NN $3g57. !L <c 9$% IS, bL 5/. VN

5&$c+

b"c >jQ ')77H (?9$H;)'()% P&(< (<) &$%&'9()% H&\>I P)?) (?)9()% P&(< IS, bL 5/. VN

5&$c+

bFc `55=?(97&_)% 59'?=E<93)H (?9$H%2')% P&(< "\FFV =? "\FFV 6!LLl )WE?)HH&=$

'=$H(?2'(H 9$% (?9$H;)'()% P&(< (<) &$%&'9()% H&\>I P)?) (?)9()% P&(< O,1 b!NN $3g57.

!L <c 9$% IS, bL 5/. VN 5&$c+

(D) Co-immunoprecipitation of endogenous BRCC3 with Flag-NLRP3 from NG5 cell

lysate. NLRP3 KO macrophages were used as negative control.

(E) Co-immunoprecipitation of endogenous BRCC3 with endogenous NLRP3 from

macrophages treated with LPS (100 ng/ml, 12 h) and G5 (1 !M, 1 h).

b*c >jQ ')77H P)?) (?9$H;)'()% P&(< (<) &$%&'9()% H&\>I+ Flag-NLRP3

immunoprecipitates were analyzed for ubiquitination by WB. G5 treatment and NLRP3

KO macrophages were used as positive and negative controls respectively.

(G) Inflammatory peritoneal macrophages transfected with the indicated siRNA were

treated with LPS (100 ng/ml, 12 h). Endogenous NLRP3 immunoprecipitates were

analyzed for ubiquitination.

(H) 293T cells expressing Flag-NLRP3, His-Ubiquitin and Myc-BRCC3 treated with G5

(0.5 !M, 10 min) were lysed in denaturating conditions. Ubiquitinated proteins were

pulled-down on Ni-NTA beads.
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b`0Ac I$(&0/-' b`c =? 9$(&0*793 bAc &552$=E?)'&E&(9(&=$ ;?=5 7-H9()H =; LeVS ')77H

)WE?)HH&$3 /-'0"\FFV 9$% *7930>O\,V b*Oc =? *7930(933)% >O\,V &H=79()% %=59&$H

b>IF6S. Δ,BD. ΔO\\. O\\. ,BDc. (?)9()% P&(< jQ b! !/. ! <c+ C. 2$HE)'&;&' @9$%H+

b4c LeVS ')77H )WE?)HH&$3 /-'0"\FFV 9$% *7930>O\,V O\\ =? ,BD P)?) (?)9()% P&(<

jQ b! !/. ! <c+ *7930>O\,V &552$=E?)'&E&(9()H P)?) 9$97-_)% ;=? 2@&]2&(&$9(&=$+

I??=P<)9%. 2@&]2&(&$9()% O\\+
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Figure 3, continued
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Figure 4, continued
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Figure 4, continued
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