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Elucidation of the activation mechanism and structure of resistance proteins
using cryo-electron microscopy
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Resistance proteins are important intracellular receptors for plant
immunity. The applicant has previously shown that the resistance protein Pit, an immune receptor for
blast fungus, induces a defense response to the fungus through small GTPase OsRacl, a master
regulator of rice. In this study, we found that Resistance protein Pit induces disease resistance to
rice blast fungus by activating OsRacl through a G-protein activator protein called 0sSPK1. In
addition, they 1dentified three amino acids in the CC domain of Pit that are important for
subcellular localization and function. These discoveries reveal the activation mechanism of
resistance proteins that induce the strongest immune response in plants.
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1. WFZEBRAAY WD 5t

HiEE OIXZNETIS, A RMESTFEG X /327 OsRacl 23EMEERTE O PE A I BURHT
JastZ2FHE L, R MEICHEIEdT 25 2 & 2 52 LT 5 (Kawano et al., Front. Plant
Sci 2014, Kawano et al., COPB 2013, Kawano et al., Rice, 2010, Nagono et al., Plant
Cell 2016), OsRacl (X, M HREZF D~ AL —43FD1OTH Y, HiEH HIL OsRacl %
& L7t %~ b U —72 Defensome DT 21T > TV 5, HEEE HIX, OsRacl 73, A
FOFREEHRETH LV H BRHEICHT 5 NLR BUSHIE Y X7 E Pit O FHRCEI< 1
AA FTHAHZLEZRH L, (Kawano et al., JBC 2014, Kawano et al., Cell Host
Microbe, 2010), Pit OFHAENEHZ /7 EDIRIE %7, OsRacl Z{&EME(LT 5 GDP/GTP
exchange factor (GEF) % L XJ'E T 5 0sSpikel #[AE L7=, Pit 2% 0sSpikel ZJ1 L T
OsRacl Z{EMEALT D2 LICL D, MRMEZFHEET L2 ZLEEMLNIL TS, &I, H
HHOIE, Pit OV T FTHD AvrPit RS 7 B2 TIZRELTE Y AvrPit-
Pit-0sSpikel-OsRacl &\ 9 & 7/ URIERK Z ML LoD H D5, £, Pit Offi#az &
X7 % AT AT TIELPit 28 Coiled—coil (CC) RAA &I LTHA ~—{bT 22 &0,
in vitro CATPFEBRENR®HH Z EEZRHLTWD, HIZ, AE—NVAT—/LThHoHN, &)
tsEMEE HO TR0ttt # > X7 8 Pit ORI L T\ % (Kawano et al.,
Cell Host Microbe, 2010), ZDOEFED Pit fl#a% L NI ELZNE TIZHLMNILTZY
TIIMEEREE B L T2 LItk o T, ZNETHRETH > 72, |EUEX 7 BED Y
v Radidite OIEMEN S, TiaFOEHALE TICELIEBRAZW LN T L 2 LA
RBIC7ZR 2 DTIH RV E B 2T,

2. WFEDOHT

AHFFETIE, BARORERRNTIE TH D 7 T A AT BAMEE & A LRI & BEGE L C, BIfE
FCARHTH LI MEY VX7 E Pit O U Ty RN o, Py FOFEMHIcES 7 a
BERAEPAONCTHZE2HNET S, LD LS ICEREZED -, IR L72X 512, 2K
DIRFUE L X7 G ORGP R 2% AL PRI DA FRE T o 72, TALE THESL L
TWDEMRE RN Z W2 EE T T i ic B iiiaz v o2 L T &
FEDOPit oI EORMREMHNLT D, HFONTZ T EERNT, ks 378
DOFEMROFAECEE TH D EEZ LN TNDLX T LATF FiEA . DTS, D FRFEED
FEMT 2 ATV, B2 X7 Pit ORNIEMAL ETEHALOIRBEZ B 620N T 5, RIZ, 7 7
A FEFBMEEAE VT, Pit ORIEMEAL L TEHEALOIRIED S REE Z I 0T 5, £ D
%, Pit U R THD AvrPit & Pit AR, £ LT, OsRacl DIEMEALF L X7 ETH
D Pit O FFDOY 7 F AT THEHD 0sSpikel & Pit OBEAIRDSLIRKHEE 2 7 & 20T
Lo LAEOfENTIC I 0. BPMES o7 Pit O U T REREkE OTEMHAL S TS0
TEMACIZE 2 2IRBERH O 5,

3. WDk
In vitro OFEFET vk A, BER-2 1TV v KT vt A, XU ITFENazfliol-0mE
T v ' A, A FOMIRE WD BIRE &2 - 72 R ER 7 E 21T -7,



[RER 1] ERtES >/ B Pit A GEF 0sSPK1 L4BE4EMA L T OsRacl #;EMIE L. 1 RDiH
$%%%H5 (Wang et al., PNAS 2018)

Nucleotide—binding domain and leucine-rich repeat (NLR) 7 7 I U —DkHitk & o7&
I, HESCENM) ORI N CEERGESZ AR E L THIEL TV 5, B OBRIIMBG 7B FEE S
TSR A2 R L7225 (Bentet al., Science 1994), kil L X7 EOEEZED T
s 7T N FPNARRIRTD R Z R OIEMALD 53 F A I =X LIHNE L A EDIpo> TR
., Jones, Vance, Dangl I%. Science ZEIZHEEH I N B 2—DF T, PO NLR IEHELOT
MDA Ry b & BHHBEORE, MiadEttoZ b, RPri7ilast, 28 Wies 7 vas
EMRE T, IRIRE L TARBHTH D] L3 LTW5 (Jones et al., . Science 2016), NLR 7 7
RV —DEGUES R ERED L ITHEM O A L T2 O0E KRS EET 57
OIZIE, ZORBEERRT 2 ER D 5.

AR TIX, R # /X7 E Pit OBEENR Y 7T N1 2RE L, HiFE bILIE TIT,
A FOARSGy T8 G Z /37 H OsRacl I8 AA wF X /37 E L TPt O FRTHE, ks
VR E O MBI 7o RO T o DIRTERE R OFEAL & Rt 7 it 2 %575 Z L 2B 6
IZL T3 (Kawano et al., Cell Host Microbe 2010 ; Kawano et al., J Biol Chem, 2014),
ABFFE T, GDP/GTP ZZHAR -4 > /37 T 5 0sSPK1 78 Pit OEHED FIiENTH 5 Z & %1
M2 L7e (I 1), 0sSPKI i3, OsRacl OFMALZ 37 B & LTHEEL TR Y . Pit-0sSPK1-
OsRacl & = — Vi, Pit 240 LICBRICHERFHZRIZLTND EEXLND, HEFE LD
HDRRY | AWFFEIE. R Z T ERNEEOME G T &I U CIEMERESE O 4 5 R FTHY 72 il 52
ol &R A ZYO TR LIZ b DO TH D, Lo T, AFZEIK, WO 5%0I%E D5y 1%
WA fET 5 FCTEHERARLAREET 26D LEZXTND, SHICHFEEDLIZ, ) —DDORH
NI E T D RGA b £z, 0sSPKL LAHANEM T Z L 2FER-2 ATV v R7 v A TH
LTz, ZOfERIE, OsRacl O RNAL 721X RI T b RAT 4 7HID OsRacl ZRIFEE <&
5 & RGA4 DITAET 2 b BIFE Blast fungus
~OEPMER R DD £V D 2
NETORE L —HT 5 (Chen et
al., Plant Cell Physiol, 2010;
Ono et al., PNASA, 2001), Z iU
bR RERET DL, Pit-
0sSPK1-OsRacl & ¥ = —/LiL M)
DU S R E a0 Uitk
(s D HE AR A A D —DT
B 5, AEIOFEFIL, BHuE & X
VENIT T AN =L T T
G312 TEVE(L LAl O 5% & 5 <0 # Effectors
B AR E S T2 DT
H5,

X1

[R 2] PitdDCC FALVIZHS 3 DDRFSN-BUKEREN, Pit DMBREREL LRE
FEICRHMLTWLS

NLR & /X7 B, AR IR 39 5 A MaN 5 R & L TE TS, NLR O N
KIHC®H D CC RAA L ETIR RAAL L, BRI EFET D OOEERTT v b7 4 — LA
ELTHBEL TUWD, NLR D CC RAA > & TIR RAA UL, AV d~—fk, FlOT 7 F L5y
+ L OfEE. mFNMAEER. RfEkie . Zme#iEs A L T\b, L7zh> T, NLR @ CC
BEOTIR FAA OEREFZ LD ERS T2 Z L1 NLR X ED L 51T L THEM O5E %
FlEE T ONEHEET D DIELD,



FFEE DIXT 2N E TIZ, Pit AT DA RD CCAINLR & /37BN, MifafEic 77 =
VX7 UATF RAHRIR - 0sSPKL &4 LTIy - GTPase OsRacl ZIHMEL L. 4 2\ b IR
Magnaporthe oryzae \ I3 DI ERPIMEEZ LT HT 2 EEZHLNILTE 7 (Wang et al.,
PNAS 2018 ; Kawano et al., JBC 2014 ; Kawano et al., Cell Host Microbe 2010), AHFZET
I, BEFIO NLR 2 > R 7 ORI CEEEIZHRTTE SV TS Pit O CC KA A D 3 DOBKMEEE
\ZHEH LTz, A4 LF MLALO R 12 A X F X RPML @ CC T NLR D Z 4 & OIRFREIEIT, AT
TR SR AR ERE IS LTV A T E R SN TS (Kasmi et al. PNAS
2017; Maekawa et al.Cell Host Microbe 2013), BHERIEWZ &2, PiticBIFAZNDH 3H>D
FREEOBEREIL, MLA10 X° RPM1 OREEE L 1T R E < B D Z LWL NI o7, Pit O 3 DDBf
ARMFRIEICERAZEANT L & AV I~ bITITEB L2V, Pit BB T 54 30 E BIFRE
~OEPUER KON, S HIT, T 6 OBUKMFRILD Pit OMIEERIELIZEE L TnWD Z &
ZHE L, Pit OF LWEREZ SN Lz, ZO/EIL, v uAf XFXFD CCHNLR TH D
IAR1 25 7L — k& LT, Pit DEEEZRER Y —FF I /452 L THIESNT, 5RO
FEEIX, NLR OTEMELD A B = X L0, HIFEN TOJRTE & FERED BIfR 2 BifiE 42 LT, Hii- 7218
Refftsb0Th o,
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