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Molecular mechanism for activation of Ralstonia solanacearum type 111 effector
RipAY in plant cells
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Ralstonia solanacearum injects virulence effector proteins into plant cells
to succeed in infection. One of the effector proteins, RipAY, was found to function as a y -glutamyl
cyclotransferase, which degrade glutathione (GSH), a tripeptide that plays important roles in the

plant immune system. The in vitro GSH degradation activity of RipAY is specifically activated by
eukaryotic factors in the yeast and plant extracts. Interestingly, RipAY was activated by plant
h-type thioredoxins that exist in large amounts in the plant cytosol in a thiol-independent manner.
On the other hand, RipAY was not activated by bacterial thioredoxins. The high GSH degradation
activity of RipAY is sufficient to suppress plant immunity during infection. However, GSH plays
important roles in bacterial tolerance to various stresses and growth. The specific activation of
RipAY in plant cells may be developed to prevent unwanted firing of its enzyme activity in bacterial
cells.



¥ X C—19, F-19—1.
1. WFERHMA YW DO R

fid & IR O BEAERIZB W T, Ko
NI E DR — T 2L »THRE
SNb, HITHEFEEBIRKDO PAMP X° Avr
TV 7 X =% CORERRNL S
B FEEHTIZ V2 A —Z I ET5H
JWIFEMER - CZnE M T 5, T ARHEm O
HEERE [Hi%E) OFIKME Ralstonia
solanacearum \ZB W TH Z OBRIZFE L TH
D KEPEYEYLRR I 70 UL Eb o=
=7 X —FEEMEICEAL TV S,
EFOIL, HRHE O RipAY =7 = 7 ¥ —
NEEMEANTy-Z L Z Iy r7a hT R
7x7—% (y-GCT) & L. WY DK
ERHIGZEE 2 Y RTF R, TAET
zw/mﬁn%%EWK“%Té:&%%w
77 L7, BLERGENCZ KN B <05 A6 97 B
®$T%ﬁéﬁtmmY&/A7 71 GSH
IIRIEE 2 R ST ARIEER CTh - 720, B
AN T RipAY ZREL S H 728560, KiGHE
T@ﬁbt?ﬁﬁﬁummY ﬁ%%%tm
e oo Rl R 20 2 72 A T TR R L
AN ﬁmei\M@ﬁ%TLto_@F
ED 5| RipAY O GSH 43 fis M H3 ek 12 il
BENTVWD Z &N RS NT,

2. WMHEOHM

ARFZE1%. RipAY @ GSH ﬁa\ﬁ’%ﬁ‘rﬁz%%‘rﬁz
b3 216 FMWIK O ER 2 5 I
RRET Y =7 X —DFEER 2N Lt
ﬁik%%J%%%TéE%fﬁbﬂto

3. WO ik
AIEPERLD RipAY FH#az & 2R 7 EF &%
M3 2 BERE X O (R 1 2 HLfh iR 0> ©
BRL, EEREHLMZT D,

4. WFFERRE
(1) RipAY D GSH 43 & 1 XA 50 o0 B AZ Al
FSEN RS i (AP g0

RipAY @ GSH 73 fif & % in vitro TEEMIT
FHD 728 RipAY, RipAY E216Q K% Bk
Dy-GCT TH D YERI63c ¥ v /3JEH % K
FCRBL S, Mz ¥ N ERE LT,
YER163c % in vitro T GSH &GS H 5 &
G&iﬁ%ﬂbbt(ﬂI%LW>L&ﬁWmeAY
T A 22T LT GSH O X
BN olz, WS ONDORFEFHT T =
7 X — TIIRERIEME DS B R IR 1 CIEvE
fbsind Z ERmbTV 5D, & 2T RipAY
D BRI R K OV 4 o HHL Fe H i % 0
R 12 T A, GSH fEERFE O bz (K
1), —J7. RipAY Oy-GCT &M% 1 5 15+
b@ﬁw&\/&ﬁﬁmﬁQW(mmY
E216Q) TIXBER: & UMl O MLl H K I
R ABR R ém&motoﬁ%rﬁnf
Pseudomonas syringae @ AvrRpt2 =7 = 7 5
— TSmO 77 4 ) T
T 27 X —O7 T T —BIEEREE
SNHZENINETICHRESINTWND,

Z—19,

CK—19 (Jtm@)

RipAY DOiEMALIZY 7 a7 4 U R 5
DINE DINERENDT-E A, BT 4
U UBR T & KR U T2 B RS Bk O HLfh
T RipAY BiEMEfbanz (K1), 2oz
Lnb ., RipAY IEVELICIZS 727 4 U L
SORMOBEZMIBK 2855252 &0
BAGMNE o7z,

Il RipAY [ RipAY E216Q [ YER163c

hand

None Yeast Plant Yeast
extract extract

GSH (mM)

extract
(A8 cyclophilins)

L RipAY {3 REOERMAK 112 & v iIEM(L S D

(2) RipAY #IEMALT 2 E&ZMIaY v XV B
DIFIE
RipAY #ZIHMEALT 5 EZMIAR 1 % [ &
T 5720, FHEEDE S Il R AL K 2 4508
%&T THE L, MﬂY@ﬁikkﬁ%Té?
PR BEREM UL, B X TBEDESy
A2 &I TIRE LT & A, BT A
LRFUUTRX2 THDHZ ENRHLMNE RS
7o HEHLTRX2 7 WV CTHRAEERZ(To 72 &
Z A, TRX2 O &|Z)5 LT RipAY @ GSH 47
ISP ITHE R Lz (9 2), — 5, BEREDy-GCT
T¥ 5 YER163c @ GSH /3 ffiG HEIL TRX2 @
BINZ K> TRIE Lo T, ERITIE
ﬁkéhtRmAYmYmu&ci@%3W4o
FVY GSH 73 fiE M2 7~ L. RipAY FER
%ﬁ&G&i IEEER TH D Z LN
kiﬁoto FAL RF T EALEDEY
WHBICHEET DL NI ETH DN,
RipAY | iﬁﬂ%i@ﬁ;@?"j‘l/ ¥ 2 Th
TEMEL S 720> 72 (K 2) . RipAY (X5 #5975
EHKEOFAL FEF v ThHiEMIbER A
Mmote (K3), ZOREEND ., RipAY [3H
HHEAN CIEIARIEHER CHEFF S D & & 2
biLd,

RipAY YER163c

GSH (mM)
[}
GSH (mM)
D

0o 005 02 1 5
00204 705 2 10

Thioredoxin (ug)

002 01 05 2 10
Thioredoxin (ug)

2. RipAY K OV YER163¢ @ GSH 43 fiRi% M 12 54 % Hg i
FALV X OHR. BRFA L FF L TRX2 (@)
FOKRBET AL FE 2 TrxA (A) & SOSHIZERM L,
GSH # % JHIE L7z,



(3) RipAY [TA#H) D il o B
ko ToALT 4 RIETG
EHEbEh D

HHHREOT 7 = 7 X — TR N T
FEEET 2 729, RipAY IHHEHMIEN O T 4 1L
REFo oL visibshd &P b,
W TIEF AL R e b A
TBY, YaAf XFXFTiId<ts 20
DFAV RFRLNFEL, TODEAT
m,x,y,z,0 KO h)IZH5E STV %, RipAY
IHE MR N ISR E I RTET 272, #
JERDF AL RF v h ORRER- &
ZA, MIREIZZEICHFIET DT 4L REv
VRIS BS TIEMHLSND Z ERH LN E
ol (K3), —F, ERIRIZOBFET D
FA L RE¥vml,fl,x, yl KO z Tide<
EHE L SN hotz, =7 =7 X —DERIE
PES A & M) < BT O A JRIET D1 EIN
FTCIEMIbEND L) EFSFa—=7
ENTWD DT RZERETE,

FALV XV UIETTANVT o RigniE s
ENLTHE RN EOFENEZRIET S Z &
DHIHNTWD, LaL, RipAY OIEHEALIC
AEWEIIVLE TR holz, 2O LTV AL
7 4 FETEEZ AT LR TF AL ¥
U RipAY ZIEMHEALLARNWEFEL RS —
HL, FAL I UL DRIMDH Ry
BRI O FAEDR TR RBE S D,

BT+ R¥xv
TR IR AF RIS

_10
S 8
Es
I 4
(2]
83 ————
Vec Rs h1 h2 h3 h4 h5 h7 h8 h9
TreA
rx Cytosolic TRX

N

GSH (mM)
ON DO O

Vec m1 f1 x y1 z ol

Mitochondrial
TRX

Chloroplastic TRX

3. fEF A L R 2 2 & B RipAY OIEHEAL. (A)
W ER (B) BB E I b= K TR

6. GSH IZHMIFH O AEBFTICHAETH S

HAEEE OMALN T RipAY MAARTEMEAL
THEFF S NS Z &%, WEEICE 5T GSH
DIEFICEHERZ L 2B AET 5, MET
I GSH IZ B CHpc S L, A T <
fEFIX gshd e N gshB Bin I — RS T
W5, HRERE O gshAB Bk (RS1701 #%)
ZERR L. GSH ZATE RN 2 & 2l L
77o BLBREWLZ &2, RS1701 KR Tid Hy0, %0
AFNNT U A X — I xt T A PES KX
SIETFTLTEY., GSH BNIREEOERLA F L
ANBERM R CEE M@ E A2 LTV D
ZEMBBH LN T, F72, RS1701 BRIE

GSH Z & £ WiV ClIse oA HE
DEETDHZEND, FHEEOAEFIC GSH
PUMETHDHZ ERENnz (X4), lEoD
FEFRD G, RipAY OIEMEIXFEEENO GSH
BRI DSED - OICEEICHIE S TWn
HEEZBND,

20 - RS1701
(+ GSH)

RS1002

-
[6)]
1

Cell density (OD,,,)

o
3
.

RS1701
0 12 24 36 48

Time (hr)
4. GSH A R 28 Bk RS1701 D e/ gz J51) % Ba5E

FLo

AT S HEAER R O RipAY =7 = 7 4
—PEMTF AL R v TiHMEE SR 5 M
7172 GSH 73 f#& ThH vV . D GSH 7' —
IV Rk S O ERBURS T 5 &
WO AR AE AT A FEO IR Th D
ZEBHALMNERST (HS5), EHTA LR
& UNTHETE L T2 RipAY DOIEMEALEERE L.
JRE A &2 L > THHEEZ GSH % RipAY IZ
LB MRMNDFL IR E L THRELR
EEZBND,

Inactive
Stress
*tolerance
Hrp

]
=
WAMNHNA IAIAIAIAIIAIAIN, M, MAPAININS
PVVVYVIVE RV DD DD DD DD DD DD
“Suppression of PTI”

Inactive “Active”

iGSH:
- lDegradation
o

5. A & HRE I OAR EAERIZ 31T D RipAY D&E

Plant thioredoxin

5. TR ILE

(MesEam ) (FE21F)

(O Mukaihara, T., Hatanaka, T., Nakano, M.,
and Oda, K. Ralstonia solanacearum type Il
effector RipAY is a glutathione-degrading
enzyme that is activated by plant cytosolic
thioredoxins and suppresses plant immunity.
mBio 7:€00359-16 (2016).

DOI: 10.1128/mBi0.00359-16




@ Nakano, M., Oda, O., and Mukaihara, T.
Ralstonia solanacearum novel E3 ubiquitin
ligase (NEL) effectors RipAW and RipAR
suppress pattern-triggered immunity in plants.
Microbiology 163:992-1002 (2017)

DOI: 10.1099/mic.0.000495

CReRE) Grefh)

@ EHAG - —WEFBL - (LR - A HEGE -
REAEFRIE - Bl - (RS- REM 2. T
A B T R B OO 95 I 7 <0 1 BE % 4 5
DALGWOERE. Tk 28 B AR
RS, VR 2843 H 22 B ([f1)

© FmEA, HEEF., mEMES YO
ORI EMH T 5 ERFE Y = 7
X — ORISR, 55 73 [8] 9 [E DY E R ¥
SRS ER 2845 A 14-15 B (BH)

@ HEE A, /NHEF, mEMEC. B3 v
FF LU —BEMEEFOFEHFRET 7 =
72 —IEM O ARGEEMEIT 5. BAR
T 785 80 [AIR<>, Rk 28 4F 9 A 16-19
H (1)

@ mEMESC - FEEA - NEERE. AR
# RipPl (T AHBAK ML EH— I8
SNbd~AFT—RIIFRFRN)T7 =/ % —T
bDH. VAL 29 FHE A ALY SRS,
k29 44 H 26 H~28 H (%)

® FEEA - /NHEER - mEESC YO B
REE LA MG T L2HFR-BREHT 7 =7 X —0O
[FE & BEREMRAT. ARk 29 A1 H AHE i B
S RE R 29 4R 4 H 26 H~28 B (F&[H)

® MIREE. WAoo T, Wakms - )
ARMEMERIRICRT 227 = 7 ¥ —
BRE. % 17 [A] RIBS SNA AP A = R
RV A, FERE29 411 A 28 B (1)

(XEF) GO k)

(PEZE PEHE)
OHiER I GE o 1)
BALAP

ORI (GO 1)
BALAP

(ZDfth)
BALAP

6. HFFERERR

() WFgefzes

mE S (MUKAIHARA, Takafumi)

i |1 B AR K PERR B & o & — R
e+ £ OME RS - MR

WFFEE &5 : 80344406



