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Plants recognize pathogens through intracellular receptors that trigger defense signaling. Nucleo-
tide-binding leucine-rich repeat (NLR) proteins within a cell specifically recognize pathogenic mole-
cules (effectors), leading to signal transduction that ultimately triggers the cell death pathway, thereby
inducing effector-triggered immunity in plants. NLR proteins are broadly categorized into two types
based on their N-terminal domains: coiled-coil domain NLRs (CNLs) and toll/interleukin-1 receptor
(TIR) domain NLRs (TNLs) are defined by their unique N-terminal domains. The TIR domain, which
is responsible for activates nicotinamide adenine dinucleoside hydrolases (NADases), is crucial for
the degradation of the NAD+ cofactor. TNL-dependent immune signaling involves lipase-like proteins
known as Enhanced Disease Susceptibility 1 (EDS1) and its partners Phytoalexin Deficient 4 (PAD4)
and Senescence-Associated Gene 101 (SAG101). This immune system also requires helper NLR sub-
families, such as activated disease resistance 1 (ADR1) and N requirement gene 1 (NRG1). The cata-
Iytic activity of TIR domain proteins generates various small molecules reported to activate plant’s
immune responses. These small molecules bind to specific sites on EDS1-PAD4 and EDS1-SAG101,
inducing structural changes in the EP domain, and subsequently enabling interaction with ADR1 or
NRGI1. Here, we will discuss the characteristics of these small molecules and describe their relation-
ships with protein complexes based on their structural and biochemical characteristics. We will also
discuss how these small molecules can activate immune pathways.

Key words : EDS1, NADases, NLR, resistosome, TNL

M B

o

1= Aol EA8k= -8 Al(receptor) 7 2] 5] B
AL AA3A w2A AE W Aaxdo] AztdE. 24
Fo] Wy 849 NLRYE (Nucleotide-binding and
leucine-rich repeat receptor)= YA A (effectors) & &
o] o= Qs A& WIS ST, A E H=Z
AP (cell death)S E3H3E A1 & H S HH-S(effector-triggered

immunity) & f=3¢th ojuw], NLREH S 722 Wl

e g

£ F3l 2822 (oligomers)E 431, resistosome©] 2}
1 BYE g 23k (complex)E ©l ETH6, 19, 21].
N 2k F2]of Toll/interleukin-1 receptor (TIR) =™ -2
Zt1 & NLR @ (TNLs)S NAD' RFQIAE E3)
5= &4 NADases (nicotinamide adenine dinucleotide

*Corresponding author

Tel : +82-51-510-2263, Fax : +82-51-581-2962

E-mail : ghliml6@pusan.ac.kr
This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

hydrolases)S F23}6FaL A2, 13, 17, 34]. TNL-2] &4
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syringae2] type III secreted effector (T3SE)Q] HopZlag <!
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electron microscopy) T-Z%E41-& &3l ZAR1o] T 7]
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spora arabidopsidis effetor?] ATR1-E[26, 30], B4l (Nicoti-
ana benthamiana)®] Roql+=
syringae effetor] AviRps4E Q1213}e] 2 Eo] AYHH-E-
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adenine dinucleotide hydrolases) &3} 9= gH o=
HAg 5L 7IAL 9lom, NAD7F HEd & =S
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o] I} A NADase2| &4 H 71 =
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538 ol59 Tx3 BAS & Ad EDSI E§AS} AR
9] Adto] Lz WIE §=3531, hNLRZ && 3

ADRIE+= NRG1# 43 H9A7F P A = o] Aent-g
& A= RS FAsA 1S, 16] (Fig 1).

pRib-AMP/ADPO|| 2|5t EDS1/PAD42| EAM3i0| 2|5t
ADRIMSEE

Huang 5[15]2 LC-HRMSEX ZAIE 53 EDSI-
PAD4S} ADRI-L19] #3288 F5dtE T 79 &8
AHES AT TNLs @2 o] NADase ] &4
AD'E 7}4=23)3}e] Adenosine diphosphate ribose (ADPR)
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Fig. 1. TIR-domain enzymatic activities in plant immunity. Two distinct EDS1 heterodimer complexes are conformationally acti-
vated by different sets of TIR-domain catalyzed ribosylated nucleotides. Small molecules binding to either the EDS1-PAD4
or EDS1-SAG101 complexes facilitates their interaction with ADR1 or NRGI, respectively. This mechanism involves
TNL- and TIR-only enzymes that produce small molecules such as pRib-ADP/AMP and ADPr-ATP/di-ADPR, which
in turn activate the EDS1-PAD4-ADR1 and EDS1-SAG101-NRG1 immunity pathways. The figure was created using

Biorender.com.
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Jia 5[16] EDSI-SAG1013} NRG1A2] 45285 &
E3}= ABA ADP-ribosylated ADPR (di-ADPR)3} ADP-
ribosylated ATP (ADPr-ATP)Z 774 3} th(Fig. 2). EDSI-
SAG1019] Ao a3t AlaEZe Belslr] ¢, RPPI
< g7 HH ARl 3 EDSI-SAG101-X (A& &) AgA|
= B, A5t LC-HRMSE 53 2% B8 7133
Az, EA o] BEHy, BalE =4S B3 2 7
ZE2 §3319, ADPr-ATP (m/z 1047.0530(z=1")Z ua] Wl
t}. EDS1-SAG101 &3] o A= EDS1-PAD4 54| o} =
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PAD4%}= MRS AEEZHC] BolF o= A& HYihg
of #AT Aolgts AL A3 E F Utk theo=

ADPr-ATP7} EDS1-SAG101-NRG19] A3 2-g-of o] &}
<A gRlstr] 98 1PE gt A3 ADPr-ATP7} EA)
g Agolnt EFAY gA4HE AS FRlsAni15]. F
7}A 0 2 ADPr-ATP7} TIR =W ¢l Zujutg Aoz
A3l AAEE AJDA FRlsts AFS 913l RBAIS ©]
239 tH22]. TIRS 235} 3 Q)& RBAIY 7 NADase
71%5°] A3¥ RBAIPNS dullof IpRAAA Fels) £
Az}, RBAIV7F #d | Gl Qo)A ek ADPr-ATP7} =
AE AL g 5 AUt o3 A#}EL EDSI-
SAG101 -3t o] &A3sl7} TIRS v ol 2J3) A/d¥ ADPr-
ATPO] Aol o3 HdejH o= o]FojAn, E4 27|&
o] o] F5A g FAUE HAFTH16]

Huang 5[15]-2 Cryo-EMS ©]&3}o] EDSI-SAG101%
Ao YA F2E ERlste] ADPr-ATP7} @il E3}
Aol o= F9lo] AFst=AE &8 TE ADPr-ATP
7} £33 = pRib-ADPH-E2 427 54 45
2+ 8318 | nucleobase adenine F#-2 EDS19] His'® 2H7]
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Fig. 2. TIR-catalyzed ADP-ribosylation reaction in plant. An illustration showing a potential mechanism for the production of
ADPR, di-ADPR, ADPr-ATP, pRib-AMP and pRib-ADP by TIR catalyzed reactions. Abbreviations used are Adenosine
diphosphate ribose (ADPR), ADP-ribosylated ADPR (di-ADPR) and ADP-ribosylated ATP (ADPr-ATP), 2’-(5’-phosphori-
bosyl)-5’-adenosine mono-/di-phosphate (pRib-AMP/ADP). The figure was created using Biorender.com.
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