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BRI, JoSEH EP P v ok R 5 3R
EAAEEEAEEZE L. 28, MINHSF
AP ROR B e R TS — b hu B A R, o gwfid
HKEE R R T AERERS SBIFE & AR
# & J¥ %] (nucleotide-binding domain, leucine-rich
repeat) FINLRZ & . 1 2:204F 1], RAERHEFATH
TERE ), ARSI H— e B R YINLR
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NLR3Z 4 8 [F /& 774 T 308 4 48 i v i) — A 4
% 2R KK (Jones and Dangl, 2006; Maekawa et
al., 2011). fEA) HH INLRAT DA B 3 B R b B S ik N
SRR AN B, AERE A S A S TR 4 R G
f 1 (Dodds and Rathjen, 2010; Duxbury et al.,
2016). NLREHNEA £ 85I HE 55 SATPE
(signal transduction ATPases with numerous do-
mains, STAND)FRE R, &I JERSF NG 1
AT F ] A% T R 45 6 (1) 3 SR 45 #4938 (nucleoti-
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de-binding and oligomerization domain, NOD)UL /&
CitLRR (Leucine-rich repeat)4: 41 (Lukasik and
Takken, 2009). H1 Tz T 41 o i) 1) 25 ) 3 R <5 47
1ET BRI 3NLRAL 72 (Apaf-1. HiPE(R) & 1 Al
Ced-4)7, ##i#Fx ~INB-ARCH (Jones and Dangl,
2006; Maekawa et al., 2011; Duxbury et al., 2016).
ZAR1 (HOPZ-ACTIVATED RESISTANCE 1)/2#lFd
I+ (Arabidopsis thaliana) (Lewis et al., 2010)F1/H 2
(Nicotiana benthamiana) (Schultink et al., 2019)3t
A i CC-NLR (CC (coiled-coil)-NLR)& 1, H:ifli
i 55 57 44 B M 5 B (RLCKS) W 5% % XI1-21) 22 /> i
AR TR RRE S () SeE Z AR AW, BANEEY)
R e e S AN [ £ 2805 2 1 I &K ETI (effector-trigge-
red immunity)$i% [ N (Lewis et al., 2013; Wang et
al., 2015; Seto et al., 2017). f#lu0, ZAR15RLCK XII
F A RKSTIE I E 5 W), R 5 V) B i 5 35 B
J % (Xanthomonas campestris) i) 2w & FAAVrAC .

XA AR, BT EAVIACKT PBL2 (U R IR 1Y
53— B ) HE AT PR R A 1 TR s PBL2YY, 2 &
PBL2"M" i 1 15 RKS1 41 T4 il # ZAR1-RKS 147 3%,
SE AL FE I %60 B B B AVEAC B R, 33 T S e
N (Wang et al., 2015). %5 FINLRIE I i T
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U S (hypersensitive response, HR)2& % i[5 45K,
) BEL L5 JE A 16 5, DT 9 o A R o) 7 JRR e S it
(Chisholm et al., 2006; Cui et al., 2015).

NLRYE AAA+ATPase [ i b, & 4\ gl i
SR ARAEER . R, MYINLRAEEIL G 25
ik 5 R 7 U8 2R LN AR R B e T N AR
(apopotosome) & # 4t /)M (inflammasomes) [ K &x
HEGMIATERE. AL, RECEIT T ZHERRE
AHFFE, E AT HAINLR G A4 Bh e 4 s 2 H
A SIS RS R R G e O A 2 AR
O3 FIH Y5256 45 F(Rairdan and Moffett, 2006; Qi
et al., 2012)/I3CHF, (HAEAR KRR L bt 2 MR 4 A\ 4
APAF-1 (Riedl et al., 2005; Reubold et al., 2011;
Zhou et al., 2015)f151#NLR (Hu et al., 2013; Hu et
al., 2015; Zhang et al., 2015; Maekawa et al., 2016)
HINOD I ZEHGH H 1 . HYINLR A INB-ARCHIIA N
& —Fp 2 H ADP-FIATP-45 & £, #8/~"NLR{E 5
“RH A CATIT RSB 7T R (Tameling et al.,
2002; Williams et al., 2011; Bernoux et al., 2016),
BINFES THUHEIIRR A SEARAS . A4S BRI 2%
R @ S5 E . b 8% DL AE DS Thie
T, RIRE AL I PBL2YMPVE A Ie A 45 4 ZAR1 -
RKS1E A Y15 7 S ZAR1-NBS: /I A 2421k, 2
BEADPRETE, HEANHIAPIRES; o EPRES K ZART14 &
ATPJE FKZARSEIE A K18 5, $UiZAR1-RKS1-
PBL2™MP I e IR 1 3R Ak S B O /A, T /M
L HIE R R SRS A T B, O R U N
¥R ME(Wang et al., 2019a, 2019b).

= A k2 5% [ BA R FH ¥4 U FL BT T B (cryo-elect-
ron microscopy), 7E1&SN %I EMT T 3NZARTE
GWEE(Wang et al., 2019a, 2019b). 1E#H A K%
PR, HEYINLRZZ 2™ A% 1%, DA R 9% k45 350
TR K2 BEAZ 40 o B g i ZAR 5 B I RK S 1
TR B A Wait, Al—J7 HER 7 NLRIE4ERF(E
RS HIHLE] (Wang et al., 2019a); 57— J7 148
R T ZAR1 5 AN FIRLCK  XII B i 45 4 B ML . 7F
ZAR1-RKS1H &4, ZARTHILRRES Ky tsid it 43 1
WEAE, BT ZAR SRR AL, ADPI 45
G BRE TIRBIERE . BRIEYANRE, HY)
NLRI & A Bom R o AT 2824 5 W0 2t
PA K Dy e HEAT AT, K I T ZAR1-RKS1HF 7 1 55
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PBL2MP 4> MLl (Wang et al., 2019a). ZAR1-
RKS1 1 RKS1 2 [ 9 i 2 7 5 PBL2YYP o fryUMP
BHAMEER, #RZART1-RKS1-PBL2YYP 5 41,
PBL2MP it 45 & fi A SR M BRI RKS 10 BE e e
%k, JEH 5ZARA P IINBD 45 #4444, 5
HZARI®P [ S e i 216012, ADPMZARTH B
S, MM 875 ZAR1-RKS 1-PBL2YMP 57 2477 1k A i Iisf
Al 455 ATPII R AR ZS(Wang et al., 2019a) (1)
B 0 A 25 4 S B NLRNEP 25 Wyt b 5 A5 Ak, %o BT AR
) b LB NLRSZAA [ BT L B A 5K 3

FEJG LRI, fbfi1# ZAR1-RKS1-PBL2YMP &3
AV (R RNRE) HAATP(EE ATP) L H G, K15 T
- FREZ1°9900 kDalJFERE AW, 2N “ZART
Pu/ME” o 3Pl A R B b, AR T
PR MAE 0 HE2(3.4 A) A5t . ZARHL /M
NECIR LR, HERILHZARIN S . ZARTHIFTH
SER I (B FECC. NB4E B (NBD) . 2 iE 45 74 43k 1
(HD1). B iR 45 1 1 (WHD) FILRRZ: 14 15) 52 5 1
ZARAFUME /M) T B AR, FE M dATPHE— P fa e
(Wang et al., 2019b) (K1), %45 ) 5NLRC4 5 JE 7K
(BAPAF- 1 TRV B IRK ZE R/ o AR5 BT A D REAIT
FOUESE, PUl/-MERITE S35 T ZART S . HRAH
MOBE TR S Bl Ak, PUm/AMEE TR T — 1 H
CCHi M B DhRe 450 . ZAR1ZE R4 J5, CC
1 i - R BE A R T — AN XU IR G W, AR
FREOIREE R P 1 B — AN R 45 (Wang et
al., 2019b). H—LHIEAF TR MR, %W}
REEFEAFBITIRZS PO/ ME S iR (plasma mem-
brane, PM)454, TiiX—D)Rexs 4zt T Aot A ]
BUER, WEARPUR MR AT Re a5 IR 2 FLEE S 1
I REER .

R LRTIR, Se4kAN . S RAN E A A T
ghify. Ak BEAIIIRE 2 EAUE, HIRSER T HE
YINLREHAE WA Y. SHMIhREHT, R T
NLRYEHI B9S85 T HUH . 20 50 R 4400 40 028 UK
(P E R A I, R g ] Py 22 3 A AF AE 2 A T
BRI E A HE, 2016; THE%E, 2018))5
S T A R . X I A AN R HE AR A
Y HENLRE F/EH 7 e gt 785 mpiay, it
N T HBOENLRAR T 3% P B B AR FT T 24
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Figure 1 PBL2"™ -induced activation and assembly of the ZAR1 resistosome

Arabidopsis PBL2 is modified by uridylyl transferase AvrAC, which is an effector protein from Xanthomonas campestris. The
uridylylated PBL2 (PBL2"™F) as a ligand is then recruited by the ZAR1-RKS1 complex through interaction with the pseudokinase
RKS1. The activation segment of RKS1 becomes stabilized (orange surface) after interacting with the two uridylyl moieties (in
sphere) of PBL2"™", and sterically clashes with ZAR1"®P, causing the latter to rotate outward and consequently release ADP,
forming an intermediate ZAR1-RKS1-PBL2"™F complex which allows it to bind dATP/ATP. Binding of dATP/ATP induces struc-
tural remodeling and fold switching of ZAR1. The very N-terminal helix (a1, red) of ZAR1 buried in the inactive ZAR1-RKS1
complex becomes solvent-exposed in the activated ZAR1-RKS1-PBL2"™" complex, forming a ZAR1 resistosome pentameric
structure through polymerization (a funnel-shaped structure highlighted within the purple frame). CC, NBD, HD1, WHD and LRR
are different structural domains of ZAR1.

interleukin receptor)® . TIR-NLR& 7 i@ it %1,  ease resistance 1) (Bonardi et al., 2011; Dong et
CC-NLREHM T RN FRpE S Harm s, © al, 2016)J8 TRPW8 3k, Xof 0L Fg 7 AAH 5 2 Fi
AR EY, A JLCC-NLRIEF TTIR-NLRf 4 TIR-NLREFUMEA EEEIER . b, XfpHr
=2 R (Castel et al., 2018; Qi et al., 2018; Wu et HI B T IF KM AT 9 B TIR-NLR % 15 5 5%
al., 2018). {1, CC-NLR NRG1 (N requirement  ‘FHHtSHHM, (HETIR-NLRGZ(E 5 3 5CC-
gene 1) (Peart et al., 2005)F1ADR1 (activated dis- NLRZ & A i A [F? Y& NNLRZE 5 ik /7 7E HE
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Open a Door of Defenses: Plant Resistosome
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Abstract Nucleotide binding, leucine-rich repeat (NLR) immune receptors are a major family of plant resistance (R)
proteins, which are also found in animals. NLRs turn on immune signaling by recognizing pathogen-specific effectors in
plants. Although the first few plant NLR R genes were cloned more than 25 years ago, the activation mechanism re-
mained elusive. No structure is available for the full-length plant NLRs despite attempts over the last 2 decades. Recently,
studies from the Chai, Zhou and Wang labs, published in Science, solved the structure of zygote arrest 1 (ZAR1) before
and after effector recognition, which fills a huge gap in NLR biology. This mini review briefly summarized these findings
and related progresses, and highlighted further challenges in NLR-mediated immune signaling field.
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