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Table 1 YopJ family effectors and their virulence mechanisms
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Fig. 1 Acetylation modification of YopJ family effectors
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TEFE D 18 F b, AP BUR H Y Yopd RN )
(41 HopZ1a Fl1HopZ3) % it £ Wt AAEY) S A
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MBS 1 (HopZ-ETl-deficient 1, ZED1), MIfi
filh % ETURY , W3 ZARL S =, [FRHaEm
il PTI sz W AH S 4, BELA 240 i 2 5is A4 R0 575 A0 AH 5
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Fig.2 Structural diagram of HopZ1a protein
E2 HopZlaZB&HITRERE
PR (BE), fiefbaityil (4RE) 1P, JUESHERL (inositol hexakisphosphate); CoA: #fifiEA,
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H R IR ST R AR i RO I, A
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TS B PR 2H i 22 38 80 R AE 1) T3SS &4 £
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Yo Hoh a5 Yopd MG RLN Y (PopPl .
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B A A LA 2 R AR B I > P AN 1

S -REH (resistance to Ralstonia solanacearum 1-
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RHBAREAP T HBRLMEEMA 4 (resistance
to Pseudomonas syringae 4, RPS4) LR/ S/ 4
Y2 SN ) AL IR

HHT, X PopP2 Y45l o¢ iAs 1 2 i Jig
Zhang 55 ' F 2017 4 5% Jj f# M7t PopP2 5 1P6
CoA LA M RRS1-R ) WRKY Z5F438E i) 52 &9 i
REER) (E3). WRKY g5 3 i 4% 0 & — A i
My I & A8 B SR e R A5, HAAR S
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K8 5 PEAE A DNA BURTER R, HARSF TS
b B 1 B fur B 3 5 DNA B 22 A 6 e o7 B R Bk A &
AEAEAER, M SCEL DNA Y454 420 3
ALLEH, 5 RRSI-R [ WRKY Z5H k45 5 AT ,
PopP2 F B ok &/ B E M 524k . PopP2 Fl
IP,. AcCoA 454 AN T8 17 45 4 BRI fb A% 0
fIFtmiAL (#13) . BFFEIER, 5 HopZla FfE AL
AR, TP, BEE i A5 #4 18 55 3% 58 PopP2 5 AcCoA
4G RE S, MiHE T PopP2 X} RRS1-RWRKY %%
P BTG . DBk, Kim %5 19 38 o g%
I BT SFUESE T PopP2 #I ] — 2H 4% %€ 1) WRKY 2K
H, #—IELTHESEFEREANYH

é:g':é. [56, 63]0

PopP2 RRS1-R

N s | [ TR [ [vBaRc[ [ IRR |

1 149 186 377 448 18 145 170 421 498 854 1195 1273
B
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Fig.3 Structural diagram of PopP2 protein
E3 PopP2ZHBLEMRERE
(a) PopP2 YT &5 F10 (F6m) Affbas sk (£8€); (b) WRKYHE LG (46). TIR : Toll/[44r%E-152/K (Toll/interleukin-1
receptor domain) ; NB: % ER4E A 4503, (nucleotide-binding domain) ; ARC : Apaf-1/RZE [1/CED-4 [R5 25 #4938 (Apaf-1, resistance

protein, and CED-4 domain); LRR: & &%

ZER W ELZ)FS (leucine-rich repeat) ; RRS1-R: HIFHMiH 15 -RE ] (resistance to Ralstonia

solanacearum 1-R); 1P, WIEENHEAE (inositol hexakisphosphate); CoA: ##ifA (coenzyme A).

2.3 BRIDPIIEKEAvA

WITIRHE 8 (Salmonella spp.) 1) Yopd FKIG5K
N AViA FETE T BRAIFE (S, Typhimurium) Fi R
(S. Enteritidis) TN MIZFIMIE R, 23N YITE
VI I S R P R EZAE R, Uh B AH B TE
FLahtE 0 I8 1 R A0 AN e A P 5 S A
W, BRZESIREERE RN CEEHDH T
Z—

R FEVD T IC T SL1344 BERE N AvrA 5% & R 5%

3L (L140) S 725K AvrA® ' 5 AvrA A FHA
FIZE R R P PR, U dR 4 A TP A A 2R
BIRE ST B JEHL, AveA I b T A
FoE k. M AveA S HU 2, Sk 7E TP CoA i 4
FEAE N 45k, Labriola %5 ' T 2018 4F iU U g At th
T HP AT AveAS Y SRR EE R (S FER 3.4 A),
XS AN IRA AT B K IR T 3 B0 1 1Y Yopd &
R A5

P 4aJB/R T AvA [ iR g5 Ky, Forpi Y
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| feteis s |
1 46 219 287

Fig.4 Structural diagram of Avr

219) JER AvA™ O B ASHIER, Hh— ey 5
A aBRBEHER & BT EAUN . 1 40 W TEApRIE 12K
FUSUEERYE [0 F —eaitoolt (RS iE), &
BT Avr A TERESM AR ANAL, B EEIHEC bR
T, o BRHEH T HIRE

AALMO

protein

B4 AvAN BB EREE
(a) AVrASHORGIRATAERIBR OB () AEALEHIN (E): (b) AvASTRGLLEUANEL TP: UBEABERR (inositol hexakisphosphate)

CoA: HfililfA (coenzyme A).

24 Yopl) Kik ZEEBERSEEFE SR

AR SCHE— 25 %] 3 4 2R P F AN [R) 20 B 1Y Yopl
KGN (AveA' | HopZlaflPopP2) H45#4
AT T IRES, DR H B B ERE. = F 0
V0 CEARALZS I, LA AN F BN
vt A1 C ity Fy BT SH8 B AA JE T S5 438, AE =
AT ESRERAY F BOL R R NG A TSR
S —, 15 1P F AcCoA 45 A 3 i B AR 57
FORUL, TP 5 G701 25 M43 5 AL 45 4 3
SESFII,  HA B H far B BRI 5ok A 2445
B IE R AT BR R A LA AR Y XA PSS A
SR G AR RS Yopd SR M TS i) G5 IR
S AcCoA 515 IR 45 G001 T LB R 2548 5%
50 S—J5 1, AcCoAZE/TEIP A5G 48—
M, [RIREA T8 9 S5 H 5k 5 itk 25 A B 22 LAk
HE B EAE = BAAR K220 AL R )55 4 Ak 25 44 35
I VR (HH B4-BS B 2 [ AR BER L) & 2EAH B

YEF . (HASTEREM S, 7 PopP2 5 HJE Y RRSI-R
WRKY 5 25458, % VRIZBERN 45 &
13 WRKY e85 1 157 £ ok Ak 1) i 20 1) 22 A 1
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........................ EEPFLPSDKADRYLPVSFYKHTQGAQ 229
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TOOO000
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Fig.5 Comparison of structures and sequences of AvrA“"'*" s HopZ1la and PopP2 acetyltransferases
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Fig.6 Inhibition of MAPK and NF- kB signaling pathways by YopJ effectors of animal pathogenic bacteria
El6 ZhBREAIY opJBUEL 1 3 MA PKHINF-kB1E S8 25 (30 1
MEKK, MKK, JNK. p38. Raf. ERK. IKKo. IKKB. T«kB. p50&p65¥ 4 {55 i i A JCHE il . MAPK: 42 5 24 5016 AL A9 25 11 3
(mitogen activated protein kinase) ; NF-xB: #%[KF«B (nuclear factor kappa B) ; MEKKI: %% J53G 1k 25 1 3 B 4B 9 B 1 (mitogen-
activated protein kinase kinase kinase 1); TAK1: MAPKKK#: b4 K [H F#i% ¥ 1 (MAPKKK transforming growth factor activated kinase
1); MKK: MAPKJfifi (MAP kinase kinase); JNK: c-Jun Z23E03AF (c-Jun N-terminal kinase) ; ERK: FIAMS SR 540 (extracellular
signal-regulated kinase) ; Raf: Rafi#{[if (rapidly accelerated fibrosarcoma); IKK: B il & 13 A (IxB kinase) ; IxB: #1)l il & [1«B
(inhibitory protein) ; p50: #% K F kB p50 3 3 (NF-kappa-B p50 subunit) ; p65: 4% [H F«B p65 . % (RELA proto-oncogene, NF-xB

subunit)
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HEn] c-Jun A1 INK I8 #% , F8E B % % B R H ZO-1
(tight junction protein ZO-1, TIJZF1ZO-1""), F
H., Beclin-1 (A WERYCHE > FRTTE 1) RikHY
AvrA J /DI i INK GRS Y, INK 0 1 51)7H
B T AvrA BE{IGIY Beclin-1 ik it 7,

YopJ (HB/REFRINEE)R) @i L Wi i, BH
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A 3 3 0 ) 3 ) MK K s i35 14, # 15) MAPK &%
2. Trosky %5 Y IERH, VopA A %I HIiFL sh )
AR ) MAPK {5 538 %, (HORI ] NF-«B 38 [,
IF H Y AERERE R 2K, VopA 15 S M A K AR,
0 BH BT % B MAPK 5 4538 #% o Luo &5 7 W38 3E T
VopA 1 ] SF g 1% INKC I S5 P44 T . VopA
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Fig.7 HopZla effector proteins trigger HR responses in Arabidopsis
B7 #\EIT HHopZ1as{ i & Afh & HR R M
T B B Yopl KRN M HopZ 1a L AL IR BEZED L, G ZARL, fil Z 4RI IF HRBABUL Y . ZED1: ZARIILFAHISCHE1
(HopZ-ETlI-deficientl, ZED1); ZAR1: HopZiiGiRIPiikE 11 (HopZ-activated resistance 1); Ac: ZMBEHE (acetylation); HR: #EHUS N

(hypersensitive Response)
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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
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
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as Yersinia's YopJ 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- kB 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 IP6-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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