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PRRs) PR AR i HE DR 1 B T AR A
K FHEEL (microbe-associated molecular patterns,
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(lipopolysaccharide, LPS) FlJJE#ERERZ 4 2, X
il H MAMPs fiil % 1 6 5 I W, (MAMP-triggered
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il ZHWAERWEMEM. f£ahWE £,
MAMPs PR 1] 3= 220 i B DR SF 1A 43 R R TE Ak 1Y)
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Wl HE & AR 2EhRe . A AR RIZ KR L
AR CRERAE, X AR — A A
WEAE S F - T RE X R 2 ) RGN AT AR 2 -
Rt , 3 — 2D i B I 50 36 Yopl S RN 45 1 [ 45
P LRI ZF DI RE , %F T B IIL Y 5 b 2R 8 R4
HERYEORE T HLERA o AR E
A BAE R G538 Yopl SN ) i 45
TES AP, A R IS B8 B % 4 G e i
b 1E R S 3 SRS R S i . I A
CLAEHT 1 YopJ ZEI N I 254 5 )7 SRR AR, I3
HAE I 3h 15 2 MAPK/NF-«B {5 53 #% Fl Ak 2R
Y 1E 3 B il & 1Y % % (pattern-triggered
immunity, PTI) FIZLN F fih A& ) 50 % (effector
triggered immunity, ETI) BijfH)Z 2% o a9 HAK 5>+
BLH, TR 20 B -1 32 A0 B T A2 2 v i 2R i
JE N EET Yopl & H A5 F T AR RAPLIw S g (hnde
[P/ N AT ) SR SCHE Ry BRI .

1 Yop) Z B EER IR

1.1 YopJZXHIR N MK 5
YopJ ZE ROV Y HETALHE 13 R 61 (R 1),

HOR IR T T AP L2 IR HUIRE TR Y Y410 21| Z A
SIYIBURE R . ZE RN ZEE A O
RS MRETE, BRI AEETE EEER TR
B R, FESSHIA R L, Yopl ZEERL N il
BAL T 3ANFREYE B 57 T N sy Al AR X (F
A7 T3SS 3% T b g (W A G Nif5 7 ) . Ty
AL 2 RA 3 A K R N g R C g SR T [ 201 ol P o)
WEEREL T A O AL S R AL B — R SE
Ml =R (AR -B 2R - EmR ), 2N
5 e iR 5 i CS5 K A AR Y (615
HEEM I, A R IS R 1Y Yopd 58 % W Bt
PopP2 [ Ak — I AR R 14 5% 35 oy R 4 2 1 T 1
R4 2R . PopP2. HR/RZRTA Yopl. Vb1 TH
AvrA | T 7R ¥ B HopZla, @l ¥ i M 9 B
VopA FlIEs HUfifl 7 AvrBsT 55 2P Al 51 B #IE
SCEA ORI ARG YE, BB LMEALRRE 1Y IS
Pyt KR AR TR T R R RS AR T A =
B A P e R % 2, R BH Yopl R 4 T RE
HZE T8 A B LA O S5 i 3 T 2 A R i
SV

Table 1 YopJ family effectors and their virulence mechanisms

R1  YopJ) KRB R EE HLMHHI

YopI R GLEN BRI T Rt HIERE R SR
YopJ TR AL TR R AR B LR . SUMORE FHITMAPK HINF-xB{5 5@ 8 /b 4m 288 [16-18]
(Y. pseudotuberculosis) Al ZEREARl  RETFWE; REEWARE T 1
T 2 R AT L P e s R Toll 52
k4 (TLR4) MRAIESS il
VopA B i S L R i HHIMAPK-ERK . -INKF1-p3815 54 5 289 (13, 18]
(V. parahaemolyticus)
AvrA M35 R S0 1T CEFER R, EAB MHIMAPK-INKAS 5 % 5 AR 6] 5522 288 [13, 19]
(S. enterica) [5N1 15 R ez N tia O I e T i
A1 R A
AopP ZN NN ) LR T HHINFxBIE 555, (et aium e 299 [20-21]
(A. salmonicida)
HopZla TR CTRROME . AN B SWEIT. KT KRR AR 369 [22-23]
(P, syringae) A S
PopP2 AL K KA LR PR TR BN, R RR 1 488 [24-25]
(R. solanacearum)
HopZ2 TERENEE LR OB IR SR B U Y, B 362 [26-27]
(P, syringae) R BT ) RN
HopZ3 TERAN R LRI AN B HEASE S EU, R e 411 [28-29]
(P, syringae) TEep T AR R 1
HopZ4 TR LT R i 0010 2R I 1 335 [30]

(P. syringae)
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BER1
YopI RN GiiES B T R WEREE  Z%3k
XopJ ] H B PP AR RSN, 1 2 g A 359 [31]
(Xanthomonas euvesicatoria) ETE
AviBsT i CWRERENE . EAM A SHIRKBEEN, SCRE AR 350 [32-33]
(Xanthomonas euvesicatoria) & et
AviRxv 34 PR R CWERRENE. EAM ASRE. KE. . HESNEE 355 [34]
(Xanthomonas euvesicatoria) SR
Y410 MR & (Rhizobium) LB RSB II91E £A5 TR, (eI AER 260 [35]

MAPK: 24324535 AL 2 34 (mitogen activated protein kinase) ; NF-xB: #%[HF «B (nuclear factor-xB); ERK: Ju4Me5 1845 Sl
(extracellular signal-regulated kinase); JNK: c-Jun &L (c-Jun N-terminal kinase) .

1.2 YopJZHKH&k Z B EREL IS AR RIE
1.2.1  MAFREEEALE . P AR S R
B

Yopl ZE M5 £ k% % Bl 7E Bl 2 MLk 1 Je s
ERMmREYE, S0 AHE A LB
(histone acetyltransferases, HATs) FIN i L BEHF%
fiff (N-terminal acetyltransferase, NATs) 7E ¥ %1 Fll
Uie E¥TCARRIvE B, SRIZ GG T A
TR R LR S . TE R R v
YopJ Z %S H i —— 2 A g 1t B0 L kb
IEY) R 1 22 3 R S o A IR IR 1Y L R FE R Tl
XRMEIEA A R e, (HSIRYESLR A 2K
B R AL B JCOC . WA L (A0 Yop) A B AN
PopP2) W HHiEREDS L WAL A PRIk AL, HRTE
(] — A A 1 S BRX 6 2 1 R 22 R B R 118 LA
SOBEAE B, X5 HAT (& — &1 e i 2= R )
FINAT (UM 55 3TN S o 056 ) T8 A i B
XS

FRTAE
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N N QR\
LA

YopJ FEIGRN W) ) £ 5k 5 o TG P 7™ A A4
THAEL =B P ez v s, S bt FAF
G R BCEEALE . ARG T A
Hh 0 20 2R (1 D 2R 26 oAk, 3o R .
5 AL 5 0 2 Dk 24 R 5l ik 0% % I £ T A T A
(acetyl coenzyme A, AcCoA) FHJFRFER, TE AL
W 8551 - R REREhRlA, IR A
(coenzyme A, CoA) ' TMi7E PopP2 fhiARLE A4
LI 281 1% S 5 P %8 P DU SR B A Yopd 280 ) YU
YIEs A RESC T =W CoA M52 2B, XIHEF
CoA Z5 A A A BT EA T & R4 6 it Y
BifS, 16 FIRYEN FRERN2Z2E IR . SR E@ R
SRR I 0 EAL A BT L -1 e A iR rh a4,
FEO IR L, NI 58 BB i s vy
(F 1) fEAAM LT, IR AR IC A AcCoA
APWEL R Yop) KGR Y A B/ “ A ClEfk” B
S, XFh A Ol B R AT 2 R AN DA R
I (4n HopZla i) T346 #% i Ik A A £ Bt 1k 17

Fig. 1 Acetylation modification of YopJ family effectors
Bl YopJHKEME Y Z B EIHmTERE
W MR, 5. PSSR Yopl SR S AL i AL R PR 4G T 4R U 20 Z R X1 W 2 MR 1 G I F 40 3B e, I
TR R R A BGE CEETTA (AcCoA), JEHILM Y Z k- B AT BEICIIGA (CoA); BJE, fi EIRWEN LINLER . /&R
OB AR BGEZ TR )5l QBRI R R, S8 RS B
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RUHOD) S ORKOESR R ML I U R ]
R EEAARIAL T ST, Kk, A OB eig &
YopJ ZZ G R AL AL B N FERFE, TAE—> 2
MBI R AN, BARETA BAT IR Yop)
RN R L AR RE XS 2135 A s W (B4 TE B ) 2,k
&, (AIFARFTAT B0 347 A 15N £ Tk - i v (R 44 45
XPOLEL IR W] BB AR HA AP R 2R
122 ERHEBIHFIP A T A MG

YopJ ZI £ Wi R i 1) o5 — A b 3 Rk J2 H:
TIIee ™ ks MO T FLA% A 3= A HUREA A0 % B (K
HILEE 7S 852  (inositol hexakisphosphate, IP,) “*#/,
XL P TE A R A N A T TR, R R
RIRGZ 1P, BN W — B T3SS A HAZ G £
AR, RIS IP A5G, MM . IPfEH%
YT AR, BEERZAY e Y, B
EER A SRS DB L M —A B
JEH AR Y, UL B A #E B2 (inositol
pentaphosphate, IP;) . ALEE =2 (inositol-1,4,5-
triphosphosate, 1P,), B H i 2 AR 5 A B 1R 2 AT
PITCR U Yopd 4 4o TP i ad el Ar M 8
MIZEFG AN (/8% ) R HL My # R IR 15 I 2 1 T
{7 Y VA= G VA I R S RV F B i DR AR T
FH 7 I FEL ] A His . Lys 1 Arg ZR LA AL 7, TP AN
RS BCAR AcCoA 454, B S HTRE Yop) ZRIE
WEALA S Fln, eS8 C LM HopZla
Hr, TP 45 A B AL R 45 25 A B AR A 7 A
(S349, S351 XHRMFIT), FHFHMREH . X
HHES S EFE ML S 3 I TP B AcCoA B 45 &
4% 0 e E AcCoA A 34 & Ik ik rh
O PITIORE o T AR AT Y SR ) PopP2 2544 5 1P 45
4 1 PopP2 Z5 X LR IR, 1P, 5 PopP2 455 5Bk T
PRI RCE M, BRI o ERiE
MG B BT, NIMTHYE PopP2 5 KM AH
HAEH " I, 1P, 3220 o AR I 55 AL
YopJ U, A I T IR AR A A8 Sy B kS
PERIFS G o X IP R3S ) 25 K4 S TG LR T Yopd
KA, WAFAE T AL 2 b (angEdL
I RTX B 1 AR W RIFEZRE B 7 ),
1.2.3  §m) 15 3 A DG

TEAE YopJ RN W AE HE Ak L 8 ORSF 1 Al
FEAEE M, ARSI SR 1 3 e v ) B
PRE# Y, Hoh e {5 S e o 250
YEMIXT 4. TEshme b, HB/R AR A Yopliid &
Mt b MAPK 3 i 38 3 P A 0 5%, 40 MAPK 33 i

(MAP kinase kinase, MKKs) AN NF-«B i [ H) %
SRS 7 IKKB (IKK &SI E) , A%
i MAPK I NF-xB {555 38 i B30T, DT BEL BT
R T 7 A A G B BN 1 Yopd ik BETS
FHEVEAME T, MR Al BB K Toll B2 {4 2
(Toll-like receptor 2, TLR2) #1 p38 MAPK i
5 VRIS MAPK R NF-«B il (14 _ x4l
MAPKKK ¥ 46 Az 1< [ 7 306 #0881 (MAPKKK
transforming growth factor activated kinase 1,
TAK1) WA N IE Yop) FIGE TG TE L AL AE T
M, HRIE RS S B A T lsE Iz
BRIV 7 3 490 50 81 1) Yop) A AR A AR )
(VIG5 . Yopd o ] LA DX 4333k 6 5 il L) AR S
MR W 55 m g . Bilan, REEREED
AopP il NF-«B {5 538 ¥ , {150 MAPK il
% 2005 I I TR Y VopA T 2 Tk Ak I 410 i
MAPK 1 1) c-Jun 2 F % 4 %  (c-Jun N-terminal
kinase, JNK) Flp38 i ='; Vb 5 A AvrA fig
i [ Bt 0 ) MAPK 3 5% A1 NF-xB A0S Y.

TEAE Y 1 b, HE Y EOW B RY Yop) RN )
(4nHopZla M HopZ3) = Z:i it £ B ALY e e AH
OGP THE PTIA ETLR 244 ', HopZlaff)
YERJE R, B RERS £ kA HopZ T bt 26
11 (HopZ-activated resistance 1, ZAR1) 3k
ML 1 (HopZ-ETl-deficient 1, ZED1), Mifi
fil & ETLRN, W3 ZARTEEE =, [FRdaem
il PTSZN AH IRt , - BELAS240 b0 R 5 A A0 577 A0 A O
TR, AN, HopZlaif il Z kA2 1 kE 20
it i ¥4 EF  (receptor like cytoplasmic kinases,
RLCKs) ZKWEML 51 (41 PBS1 #E i (PBSI-like
kinase, PBL) ), #ZMBEALY PBL it 5 ZEDI Fidi
JREE 1 (resistance protein, REE) ZARI1JE A4
T RE N Y ZAR/ZED1/PBL —J0E &Y, X Je:
ETI &/ R B ZEHLH . BF5Eie R BT, Bk ZEDI1
A, HAbLBEEE (40 ZED1-D1 # | K F (suppressor
of ZED1-DI, SZE1) # ZEDI-D2 #Il #l K ¥
(suppressor of ZED1-D2, SZE2) ) i iEZ 5
HopZ1la 110 5 A4 el P42 g 45 =

2 Yop)HKIRXI R 18 R SR R R

21 TEHREMREHopZla

T 7 {1 B 3 e TR 3 AR G R A T R
4 JE PN B % 20~30 B A A B RO &, b,
HopZ %% N 4 7T 43 25 2 HopZ1 (i % HopZla,
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HopZ1b #l HopZlc =#4& fii J K JE ) . HopZ2.
HopZ3 } HopZ4 . HopZ5 % W7 . ¥£ HopZ1 i 7Y
W, HopZlafE/7 I MILIRE 545 HopZ 253 FE [H
HAARL, REREPILR ST T Y ZARL R F R R G
M fih %2 ETL R 7 AHEEZ R, HopZ1b {4
ZAR1 55 ), 1 HopZlc 7€ 481 74 JF ) A 4%
T Y

HopZ1la j& H i YopJ S5 45 b A= ) - w90 3

IR 22—, Zhang %5 ) b T %8
T 45 4 IPOIR S T 1 IR 25K () By

20A), PLRIH 5P, Fl CoA LM = I8 S WK
PG R (PR 3.4 A) T, IX BE E R IE 52
HopZ la f&—Fh 45 Mg di i) LB R i, H 5 ik
%00 235 #5220 1 R P I8 1Y CE 1 HL A A
PEo L FHLEZ 1, HopZla BT RE ™A% MM T
IP [ AR 300G - 1P 455175 5 HopZla & A i & A
Ak, EH A —FhES e . A TE R AR
A, RSN . A Ty B AR R

| IEEEE [ EEE

1 46 284

83

@

369 aa

(b
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AR . XA IP A AR EHEXS HopZ la A4 &

CoA B XHE, 1EIA IPAAEMIEN T, WA
F|HopZla5 CoA MyZhE & 1,

€l 2a &7~ T HopZla By 25 M dakgh pl, (1 Jel
o, fEfilak ), DA GRS A D4Ry IP,
FICoAFLIA (HEERALAL), [ 2b MITEAbRTE T &M
JFAE B E | T A R gE e (o BEdRiE N
A~N, BITZERICH 1~8), I T HopZla e EE 1)
TR AR INE . FEC % BT B HopZla-1P-
CoA A FhARZE i (1 2a), AT LR b s Wl 2¢ 2]
CoA 7 Tk ATE— RSB AT I (¥ ) Atk
hiksk (gRf0) MR MY, BbAk, TP AT CoA
AL AEAS ] A A B . HopZlafl & 147 o
BRTEFN 8 BEE, B A B HES By A k.
AL SE AR R 6 2 BT B AL AL, - — MY oC.
oF . aGFlaJ AL —lf oD, oE. oH Flal$% 4l
Fl (El2b).,

Fig.2 Structural diagram of HopZ1a protein
E2 HopZlaZAB&HIRER
B WAL, St RSB, 1P JIUSSHERR (inositol hexakisphosphate); CoA: FfififfA

22 BWHE/RKHEPopP2

AT R CQTRLE 5 R A I S e R, AT
1RYALFE TS L BRBURN 3 i1 55 76 N 19 249 200 F i
WiiE £, RfaE R H A EEEYBOREZ —.
T EO R K 2 G i 22 3k 80 Flifi A (1) T3SS 5k 2K

F, fERGLA D, AT ) A 3 2% 60~90 > 3%
Yy, HA 4L 5 Yopl ZIGHIALN Y (PopPl |
PopP2. PopP3. RipAE FIRipJ), {H{UF PopP2 #
WESCHA R Dh6E

X} PopP2 BT W], HEEWE & A LBEL,



2026; 53 (3)

FRT, % WHEINES W REYop) KRB LY 5 IhEE <521

B S TE A AL 2 R B L | > PUE AR 1
S REMF (resistance to Ralstonia solanacearum 1-R,
RRS1-R) & — P HAT Frik 4 i A% 0 i R 2R 1T
HCui#E A T — i 7R F 45/ 5 WRKY, %45
AT DNA 255 IRE 0 PopP2 B FHHL 5
RRSI-R & PIAASE, il i £ M4k RRS1-R [ WRKY
gk, ML DNA S S iEME . X P LA IE
J&: RRS1-R B #EIR 51 PopP2 (155, 1M fi & HEC
FREHP T HBPME R A 4 (resistance to
Pseudomonas syringae 4, RPS4) F:[a] 45 5%
SV F EHAL R e

HHT, X PopP2 Hy45 5T iUAS | 2 i Jig
Zhang 5§ ' F 2017 4 5% T i B 4 PopP2 5 1P,
CoA L) J2 RRS1-R ) WRKY Z5#930E .19 & 54 i
RgEHy (K13). WRKY Z5A38 i9AZ 0 & — > 4

PopP2

i B AT B A B R A R R gk, AR
WRKYGQK J& 70 T paf il 2 ', X Fh&5 9 6E
B RE S P4 A DNA SUBBE R R, RS IF 5
b B 1 B fur B 3 5 DNA B 2R A B H oy B R Sk A &
AAHEAE, DA S2IE DNA 454 4 20 K3
ATLLAE M, 5 RRSI-R B WRKY 4543825 A A ,
PopP2 [ B Ik &k E W W 524k . PopP2 FlI
IP,. AcCoA 454 AR T8 77 45 F4 A {0
Ry FtmAL (F3). #F5EUEH, 5 HopZla BY1EHHL
HAHAL, 1P, REH i A5 #4015 34 3% PopP2 55 AcCoA
RIgE&ae 1, MM HEF PopP2 XF RRS1-RWRKY 44
PR LA TG o BBl , Kim %5 ) 38 o G pg B
A3 AT SFUESE T PopP2 Y 1] — 2 45 22 1) WRKY 4R
M, #F— L IELTHSm EREANY M

Zéf% [56, 63]0

RRSI-R

i |

(| TR | | nB-arC |

[ ke |

1 149 186 377 448 aa

8 145 170 421 498 854 1195

1273 aa

RRSI1-R

WRKY

Fig.3 Structural diagram of PopP2 protein
E3 PopP2EHLEHMTER
(a) PopP2fW I TZ5 M (&) R (5FE); (b) WRKYEMZ A (46), TIR: Toll/[14-%-15Z{K (Toll/interleukin-1
receptor domain) ; NB: #4245 & 45#38 (nucleotide-binding domain) ; ARC: Apaf-1/RZE [1/CED-4 [f] Ji 45 ¥4 3k (Apaf-1, resistance
protein, and CED-4 domain) ; LRR: & & =& fR#E & /3741 (leucine-rich repeat) ; RRSI-R: $i 5 ##i % 15 R 1 (resistance to Ralstonia
solanacearum 1-R); 1Py: JULEE/SHEER (inositol hexakisphosphate); CoA: HifA (coenzyme A).

2.3 BARWIIEAvA

YITEE (Salmonella spp.) B YopJ FIGEALN
W) AviA FAE T BB FEV T (S, typhimurium)
[ RUSTTE (S, enteritidis) BIZFPIMIERIF, %
BN YIS T TR B i R R R AR, Ui
PTEM LAY a8 b Bz 40 N S 2 4 A 9

WS, BzEs ka2t s R ks A+
Z_ [64]O

ST FEYD T T SL1344 HRRIY AvrA 252 iR ik
(L140) HR AR AvrA®H 5 AveA BA LAY 25
KRN A M PR, RS A TP A A L BRI fE
J1 U IR H, AveAM LB I R
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o BT AveA S B2 sl 7R TP AT CoA B IARAF7E
N45 8, Labriola s 'S0 2018 4E s Ih @i it 1 B
A AVEAN O 1 R GER (RN 3.4 A), XOR
A BAR T 02K U5 T S W B0 TR 1 Yopd AL
N EER

K 4a JE7R T Avr A 1) i AR 24y, o iy
LERIR LI LR, LA LR AR, R
JER T HEARSS G O A4S i IP A1 CoA 43+ (i

Fig.4 Structural diagram of Avr
AvrAME BT EE

El4

BT, AR I N skt (1~46) F1 C sk gk
(219~287) Mk, 4 8 1 o BREEFT 1 4B K
S, IEFEE R — B, sk (46~
219) JERL Ave A LSS R I, i — POy s
A IR FERER A BT AN . & 4b NIRRT T 2R
I 9 2 A a5t oot (e 59r8), 2
BT AvASH R TR SR FNEL, B EE AT AR
L o MR H R R

A" protein

(a) AviA“MORIETTAREL OB ) FUEAESSIIER (5 E) 5 (b) AviA“MZHZURENEL . TP JIUBE/SHBER (inositol hexakisphosphate) ;

CoA: #iifilfA (coenzyme A).

2.4 Yopl] Xik ZEEBEOEHFIFETILE
AL — 25 X 3 AN AR T[] 3500 1 1 Yop)
FWEBONY (AvrA*“ . HopZla FlPopP2) Y45
AT T I, DHERH B E I ERE, —E
AL ) CEMEARZE R, LI AN EEFN
Ui FI C S - BT B iR T S5 R TR = a5
o PSS RER A F BRI BB A TR
IR —M), 5 TP, Al AcCoA 45 4 R X i FE AR 5T o
FLASRUL, 1P 256 A0 Y 25K 385 i fb 45 b 3
SRk, FLA B F ey AR IR R AT 50k A 2 4S54
IR IE AT AR I R AR A AR Y X IR SE A
SR G AR AR S Yopd ZETGARN W0 1 S5 BR
J AcCoA 515 FIRYIRI 45 G013 T B4 Hh 54
B0 H—J5H, AcCoAZEABTEIP A5G 048 —

M, [EREAL T8 5 S5 M 5805 fi A 45 A Sl i 52 LA
B AL = BRI 29 20 AL iR U 5 41 1 235 440 38
I VR (H B4-BS BEZ (B SR ER 1) K AEH B
YEM o (EAHER M, 7E PopP2 5 HJIEY RRSI-R
WRKY 453 2 545, 1% VRIRTEM 45 &
73 WRKY BERERETF LI A A1 22 1 1) 2 BN 1 S
AR AR R R A, AT IRIE T 21k
B R R

JEEHAE EIRBL OB AES SRR PR ST 1
il 1 DNAMAN 0 /F X AvrA®-'* | HopZ1a Fl PopP2
(IR P HNIEATHO, 45 e fs 8 =& Z M3k
B 44 B RPN RS S X (J815) s AR
17T B2 F1 B3 Z A Y N i, 57 o 2 57 TR € oF A1
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Fig. 5 Comparison of structures and sequences of AvrA“"'*, HopZ1a and PopP2 acetyltransferases
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Fig. 6 Inhibition of MAPK and NF-kB signaling pathways by YopJ effectors of animal pathogenic bacteria
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Fig.7 HopZla effector proteins trigger HR responses in Arabidopsis
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Abstract The Type III Secretion System (T3SS) serves as a pivotal virulence apparatus for numerous Gram-
negative bacterial pathogens, enabling them to infect both animal and plant hosts. Functioning as a molecular
syringe, the T3SS directly translocates bacterial effector proteins from the bacterial cytoplasm into the interior of
eukaryotic host cells. These effectors are central weapons that precisely manipulate a wide spectrum of host

cellular physiological processes, ranging from cytoskeletal dynamics to immune signaling, to establish a favorable
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niche for bacterial survival and proliferation. Among the diverse arsenal of T3SS effectors, the YopJ family
constitutes a critical group of virulence factors. Members of this family are characterized by a conserved catalytic
triad structure—a hallmark of the CE clan of cysteine proteases that has been evolutionarily repurposed to confer
acetyltransferase activity. A defining and intriguing feature of these enzymes is their stringent dependence on a
host-derived eukaryotic cofactor, inositol hexakisphosphate (IP;), for allosteric activation. This requirement acts
as a sophisticated molecular safeguard, ensuring enzymatic activity only within the appropriate host environment,
thereby preventing detrimental effects on the bacterium itself. While seminal studies on individual members such
as Yersinia’s Yopl and Salmonella’s AvrA have provided deep mechanistic insights, a systematic and integrative
understanding of the structure-function relationships across the entire family remains fragmented. Key questions
persist regarding how a conserved catalytic core has diverged to recognize distinct host substrates in different
kingdoms of life. To address this gap, this article provides a systematic review of the YopJ family, focusing on
three interconnected aspects: their structural features, their catalytic mechanism, and their divergent
immunosuppressive strategies in animal versus plant hosts. By conducting a comparative analysis of the
sequences and resolved three-dimensional structures of three representative members (e. g., HopZla, PopP2,
AvrA), we elucidate regions of significant variation embedded within the conserved core catalytic architecture.
These variable regions, often involving surface loops and substrate-binding interfaces, are crucial determinants of
target specificity and functional specialization. The functional divergence of this effector family is most apparent
when comparing their modes of action in different hosts. In animal hosts, YopJ-family effectors primarily
sabotage innate immune signaling pathways. They achieve this by acetylating key serine and threonine residues
within the activation loops of critical kinases in the MAPK and NF-xB pathways. This post-translational
modification blocks the phosphorylation and subsequent activation of these kinases, leading to potent suppression
of inflammatory cytokine production. Conversely, in plant hosts, the strategy broadens to dismantle the two-tiered
plant immune system. YopJ homologs target a more diverse set of substrates, including immune-associated
receptor-like cytoplasmic kinases (RLCKSs), microtubule networks via tubulin acetylation (which disrupts cellular
trafficking and signaling), and transcription factors central to defense gene regulation. This multi-target approach
effectively suppresses both Pattern-Triggered Immunity (PTI) and Effector-Triggered Immunity (ETI). In
conclusion, this synthesis aims to deepen the mechanistic understanding of YopJ family-mediated pathogenesis by
integrating structural biology with cellular function across host kingdoms. Elucidating the precise molecular basis
for substrate selection—how conserved platforms achieve target diversity—is a major frontier. Furthermore, this
knowledge provides a vital theoretical foundation for developing novel anti-virulence strategies. Targeting the
conserved [P¢-binding pocket or the catalytic acetyltransferase activity itself represents a promising avenue for
designing broad-spectrum inhibitors that could disarm this critical family of bacterial effectors, potentially
offering new therapeutic approaches against a range of pathogenic bacteria.
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