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Impacts of EvpP on the biological characteristics of Edwardsiella
tarda and infection of macrophages

YANG Zixuan, KANG Ruoming, HU Yushuai, GAO Yingli, WANG Shufang, QIN Lei

School of Marine Science and Fisheries, Jiangsu Ocean University, Lianyungang, Jiangsu, China

Abstract: [Objective] The type VI secretion system (T6SS) is a novel virulence factor of
Edwardsiella tarda. E. tarda virulence protein P (EvpP) is an effector of the T6SS. To date, the
functional mechanisms of EvpP are still poorly understood. This study aimed to comprehensively
investigate the biological functions of EvpP and elucidate the roles of T6SS in the pathogenicity of
E. tarda. |[Methods] We constructed the evpP-deleted mutant (AevpP) and complemented strain
(AevpP-C) to study the effects of evpP deletion on the biological characteristics of E. tarda and
infection in macrophages. [Results] No significant differences were observed in the growth curves
or physiological and biochemical properties among the wild-type (WT), AevpP, and AevpP-C.
However, compared with WT, AevpP exhibited significantly reduced motility, biofilm formation,
adhesion rate to RAW264.7 macrophages, intracellular proliferation capacity, and ability to induce
host cell autophagy, while triggering increased secretion of tumor necrosis factor-a (TNF-a) by
macrophages. The complementation of evpP-C did not fully restore the intracellular proliferation
capability, but completely rescued the other phenotypic defects. [Conclusion] EvpP does not affect
the growth or physiological and biochemical properties of E. farda. However, it could enhance the
bacterial motility, biofilm formation, adhesion to macrophages, intracellular proliferation, and
autophagy, while suppressing TNF-a secretion in E. tarda-infected macrophages. These findings
confirm that EvpP plays a critical role in the pathogenicity of E. farda.

Keywords: Edwardsiella tarda; EvpP; macrophages; biological characteristics

R 2% 7 f8AL [C B (Edwardsiella tarda) &:—Fh
S N B R A, HoE EE Tz, W
ghEfme . PIfZE, ICI72e. Mzl EE AL
(1 et X K = 3R A e E HORPL
E. tarda J& THENZFET, Be81ETS £ B W4 i
WA, shmifedE B RO g, X
E. tarda 32 BURHLEL T A 74, IXTFEIR
KAREE BRI 73R 2% 2 fiEAE [ 3R 1A 06 T
5B TAE.

TERZ R I, VI B3 R Si(type VI
secretion system, T6SS)#{ I\ N J& E. tarda & 175
TPt TE W), FE E. tarda WIEUR S TP L1535 H
TR, T6SS S5 VT 2 195 40 i 2 1 Al 3e

P4 actamicro@im.ac.cn, 7 010-64807516

GRS RS, MESHWEN . %
R BRI s - R El A I = W R B V% A N =
UL E T6SS MAVIIIRED . 1EH T6SS 143l
wH, BEEERNRETER P(E. tarda
virulence protein P, EvpP) & #{iF 32 Y E. tarda
FIEOR L RN, EvpP J& E. tarda F5AE 0953 W K
H, HESRZ B 77 R 48 EsrA-EstB Ak
P F Fur (IE M4 Zhang ZE 25 1A
INSLEG R, evpP 1Y% s vl 98715 XL H-NS
PNl . BHIKT EvpP BYZRIE Al E. tarda W31 T
FHIES, TR PR G b R A P I
Fh 2E 5 71 VA AR I E A 3 AR N 27 AR ) g
K W R, E. tarda NMR R K



T A5 | EYIEEIR, 2026, 66(2)

803

AN J5 EvpP IR iAkw & L, R EvpP =
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PEfAt
1.2 FERFIFNF
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W B R ERHAT IR A E]; MDC [ Bk
AW A LA RAEYE ARG A RA ] ;
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1.3 E. tarda BY evpP Rk (AevpP)FN[a]
MR (AevpP-C)RIE
1.3.1 S|¥89igit

M HE GenBank "' E. tarda evpP 3 [H ¥ 51
(Gene 4i'5 ID: 8608773), F|F Primer Premier
5.0 1T evpP SN RIAMFF LI TG 5 1 IR 1),
i) TRA R A RT3 196 .
1.3.2  evpP TREFR(AevpP)HIHIE

i FHRR) & B E. tarda TR 41 DNA
IEEREAR, 235 1S evpP JEPRTAY b AN i
[FEE . il 32 & PCR -1 A A BLA 2
pLP12 [ % FUkE 4 # 8 40 JF ki (pLP 12-evpP) . #f
A TR L AL KA AT i DHSa Apir 137 LB “F
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&40 TR AL E. coli P2163, W Aii LB F bt
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1 evpPHRERRFIEIAMKADIEFTA S|
Table 1

Primers used in the construction of evpP deletion mutants and complemented strains

BlE/ A Bk 2] PR
Primer names Primer sequences (5'—3") Product size (bp)
Pl CATGACGTCTAGACGCTGACGCATCCATTATCGCAAC 610

P2 GATATGCCCGACCGTCAGGTTTGGTCCAACATCGGACCATTCCAGCTC

P3 GAGCTGGAATGGTCCGATGTTGGACCAAACCTGACGGTCGGGCATATC 587

P4 TAGTCGTACTAGTTTGGCTGTCATCTCCGCTCAGGG

PS5 GACACAGTTGTAACTGGTCCA 1220

P6 CAGGAACACTTAACGGCTGAC

P7 CATGACGTCTAGAGCGTCGTGTCAGGAGGCGATGAA 970/1 663
P8 TAGTCGTACTAGTTTGCGCTCTTTCAGCTTGGGAAGC

P9 CGAATTGGGTACCAGCGCTT 273

P10 TACCGTCGACGCCGGCCAGC

P11 TGGGCTAGCGAATTCGAGCTAGGAGGAATTCACCATGTTGACTTTGAATTCCGAGCTG 618

P12 TGCCTGCAGGTCGACTCTAGCTATTTCAATATTGAAAATTGGTGGCTAC

P13 CTAGAGTCGACCTGCAGGCA 5529

P14 AGCTCGAATTCGCTAGCCCA

P15 CCATAAGATTAGCGGATCCTACCT 722

P16 CTTCTCTCATCCGCCAAAACAG

TRIL R EEYIAL A PUPJT T4 1S Rl [R5V 5 P3/PAI]T9 8 R [A RS . P1U/PAJT T BRAEARALIN ; P5/P6 ] T pLP12-
evpPTE AR K BRI ; P7/P8JH T4 A S5 Bk 46 5 PO/P10 ] T pBAD33em-rp4 B Ri 46 M ; P11/P12 1] T4 14 evpP;
P13/P14F T HipBAD33em-rpd# R F B 5 P15/P16HFevpP-pBAD33cm-rpd HE 41 JFok: Al [E] &Mk AGAS I

Restriction enzyme sites are underlined; P1/P2 used for amplifying the upstream homologous arm; P3/P4 used for amplifying

downstream homologous arm; P1/P4 used to detect deletion mutants; P5/P6 used to detect recombinant vector; P7/P8 used to detect

insertion mutants; P9/P10 used to detect pPBAD33cm-rp4; P11/P12 used for amplifying evpP; P13/P14 used for amplifying
pBAD33cm-rp4; P15/P16 used to detect evpP-pBAD33cm-rp4 and complemented strains.

B2163 k4% E. tarda 1, YREEURAEAR(20 ug/mL
Cm, 0.3% D-glucose)ffiiiEifi AZ BRI 71T PCR
Mo B—MEARZ L TSB (0.3% D-glucose)
1% 3% J5 U A F B (0.4% L-arabinose) i & FH 74 5a.
R, PCR KGN I 4TI 5 S ik
1.3.3  [El#MR(AevpP-C)BIHE

Z 132 R MR E R, K BTk
pBAD33cm-rp4 ¥4t T E. coli P2163 J& 2 25 4
Mo, ¥RAE LB Mk B 7 e . B AevpP 5
E. coli p2163 #EATHEA 525, i Bk pBAD33
cm-rp4 FENSTE AevpP 1T W, UL E. tarda
BARIEN 4] DNA it , #394ifk evpP M,
IE 5P M EUR R B AT o s e ik 4, PCR
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o 000 i 2 °E 4 SO R, AT IR B UE . O P
SLREORILAL E. coli 2163, SRJm M i B4 1
¥4 evpP-pBAD33cm-rp4 21 Jii ki 5% A AevpP.
PRI 1 Al e RESEA TR, BH P v R 2l Ak 3
I I Iy S
1.4 BEHREKHZRNE

Sk EL WT . AevpP Fll AevpP-C V&R
Z TSB }i373k, 28 °C., 120 r/min k7 1555 ZE %t
AR I(ODsoo M 0.6) o A 20 AT ok A SOKE BT TR
WELE—WET, 1 1% Hefh & i At TSB
KigR3k, 28 °C. 120 v/min fR¥H K FE 24 h, fEds
JE I E] s BRI . ODgoo fEIF 2 ARG I 2R o 3
WHE 3 K.
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1.5 FEHREIBE LN

K WT . AevpP Fil AevpP-C T FRAEFD T
TSA Kigedk, 28 °CHEIE I 12 h, PRIURVEH
Az B ER KPR R, SR A A i A S — ]
£ 0.5 NZZICH MR, o B W G HE RO A
Y A A AL A T, 28 CCHEFRMIHEF% 24 h,
WS AR 4l 4 e A i R e R 45 R . Il &
3.
1.6 EHREEIENE

- WT. AevpP F1 AevpP-C T# £k 43 5 i FH
TSB #5573 28 °C. 120 r/min ¥& 3% 1555 2008k
KH(ODeoo 17 0.6), K FH A B 1ok B SO A VR vk
P2, B 1 L R EE B AE 0.5%
B EARE FE 5L |, 28 °CHi 5% 12 h, AMRIF
D f2: 41 PR A2 B T AR LA B ELAR, e BT Hed 3 A
wkMizshie 1225 I EE 3 K.
1.7 BERREIH IR BRE FNE

¥ WT. AevpP Fl AevpP-C HE T 28 °C .,
120 r/min #3515 77 2 XA K (ODgoo M 0.6),
fifi F B ik TSB 1537 3L 45 4 B ODgoo £ 0.1,
5B 200 L BV R 96 FLARL, BEANSEEATE 8 A4
AT, TSB ¥EFRFAE A XTI, 28 °CHit i
B g% 48 h Ja FEBR R, PBS VBV 3 W, HAAM
T, A 200 puL 46 EERE E 10 min, W HH R
BT, 1% 255544 15 min, PBS P 3 1K
Al SEA TG MA 200 pL Jook Z AR
30 min, AR G 8 (H (ODsos) . 1R 36 L
23,
1.8 EIEpaZsMitiE

PRRZS B RAW264.7 40 i F-46 T 24 1L
B, BEFL 1x10° N4, 37 °C. 5% CO, 53¢ it
WG, i FRUBYL &2 K MOT (40 T : W5 20 Jifd )=
100: 1 19 BB B R A TR YL 5256 o 15 R Al
800 t/min Bf.0> S min, MFFH 1 h, WFHEFHFIHE,
T PBS #23ERANM 5-6 ¥k, AEFLINA 1 mL
1% Triton X-100 #4015 min, 27w EE

i BE JG TR AT T TSA i, 28 °CHEIEIEFE 24 h
#47 CFU THEOF R AR, R A =L)
FIi7R o
ZRH R = 4 L 50 L PN R R 850 < 100% (1)

1E 24 FLARH A € A £ 4T Giemsa G
B . RYA IR L, 4 E U, K
LR, PBS Uk 3 G BUE 4TI A,
2 1 5 10 min, i J5 FH 06 1 5% T4 W U o
10 min, YR G BRI IR . R SR A
3T, IIRER 3K,
1.9 BEARERIETE QN

Z: I8 Subashchandrabose 2518V 77 ¥ 4B 16
B AU 1.8 WIRHHRK:, #¥F 30 min
JE W R SR, PBS R VER 3R, BT A
100 pg/mL JERFEZR A58 R 7R3 T HE . 5L
B oA (To F1 T)), BASEERAHE 3 P47, To
HIEPRREFZMA 15 min J557H PBS Bk 3 1%,
1% Triton X-100 ZLf#ANML, FRERATAO T4
T HITE R KB ZANA 2 h 5 2 B A
Mo AHBEM NI FE 2T A A A QPR

HATH R =(T1=To)/Tox100% (2)

2 B A= G S I g e D BRI 1.8 7y, e
3
1.10 EMEZAAE5 3 TNF-a BYE

K H ELISA i35 5 il B A% WT. AevpP Fl
AevpP-C JE&HE RAW264.7 il il 5 IR SRFE K ¥ o
(tumor necrosis factor-o, TNF-a) F 43 W 3 3K 1
MR YL YRR 1.8 WAL, Rk 3
AT, BE 1 hJ5H 100 ug/mL KR Z 773
AbFR 1 h, BRI VR R G R AR SR R
Oy PIAEIE YL S 12 h A1 24 h B4R L3, IR
TNF-a ELISA Kit UiBH 45247 TNF-a AU 3t
WA 3K,
111 ST M B I 4 A B P

MR YA IR 1.8 W REMHALR:, IRRKEER
AEFR 1 h S EBOHT R AL, ARZERE SR 6 h 51k
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HE MDC [ W i 3 71) 5 08 B 5 A 7 2 L e £
(EN O SRT GlESiE
1.12  Western blotting &3 LC3 EH/Y
RIL=E

K FH G 58 B3 v 4 I B vk WT . AevpP Hil
AevpP-C B WG A IS TS ARG 11 1 3248 3
(LC3)srFRyFRiA G SRS [A] 1.8 47 2 F
¥, Sy TEREYE T 4 h R 8 h EEUAR I B,
il FH BCA 25 2 110 85 I 45 AR i 3 IV
JE . FESh 95 °CZEME 15 min J5 #E4T SDS-PAGE
B LC3 HIMEEH . HIKTERUS A 14V HE
5 B 50 min, HUH PVDF B, B
I min, FE i FACERRIREA 1 ho BB &
FHPi i LC3 —$i(1:2 500) . Hii ki B-tubulin
—40(1:7 500) 4 °CHFF &, Fifif5 TBST 51,
PR TPU(1:7 500075 1 h, TBST ik, Ha
B ECL BT, MR RELE.
{dFH Imagel A4 45 IR BE(E . I E & 3 1K,
1.13 ZFitESHh

AW B ] GraphPad Prism 9 #174811
o, BEARE LA EAR (R 22 (mean+SD)
FOR, L 0] 25 5 00 b S5 R el P AR ST AY ¢ R
PEATPRAL , 24122 A A 5 0 SR FH B PR 36 22
I3HT. P<0.05 B W AT G4

A
1 2 M bp
1 663 bp 2000

750
500

200
100

El REZELEREevpPEREIRA)FIEIAMEMB)AIH M. M: DL2000 DNA marker; 1:

2 HER50HT

21 BZEZELRKE epP RKHR
(AevpP)FN[EI XMk (AevpP-C)RI LK TE

i AR R RITRE T, IR
B R PUERRICFIBTREAFRE S S BB EE A v 3t
ATIE . S B i o X 0 6 5 1Y) b B kA 7 4G
I, VR AT IR, R SRS S PCR 4
Byl BER/N R 1195 bp, TP AR RRAYD 1S A
BIR/NH 1663 bp (K1 1A), FF5 T, sckeslifl
J&, FRRYHEEHE, PCR =Y P45 FAESE evpP
R TR LT, A 44N AevpP

P14 evpP I 5 pBAD33 #ifkJ¥41, AR
% evpP-pBAD33cm-rp4 T Tk, #51k AevpP.
LA AevpP 1 E. coli 2163 (evpP-pBAD33cm-rp4)
X HR ., PCR A6l 7 vk o 20 e e . anl&l 1B
7N, BAPESCREY 1S R Behy 722 bp, 24k B 5
B, JEHEATIN P B, 0 2 SR 3 W 1] kb p i
RS, 45 AevpP-C.
2.2 evpP TR E. tarda B9 E K
RE

Xf E. tarda ¥ =¥k WT . AevpP Fl AevpP-C
PEAT AR A RE 00 5 I i A= I i 2R (181 2). AT L
3 BRI A KAFEIFTE I 22 5, TEM R RE IR 5%
F N THIRIA 8 h BEAXEIY, 16 h #E AR

B
3 4 5 M bp

2 000

1000
750

500

200
100

722 bp

evpPE R 2:

BPAERR; 30 [AME; 4: evpPBRtR; 5. KIGFFIEIB2163 (evpP-pBAD33cm-1p4).

Figure 1

Detection of evpP deletion mutants (A) and complemented strains (B). M: DL2000 DNA marker; 1:

AevpP; 2: Wild type; 3: AevpP-C; 4: AevpP; 5: E. coli B2163 (evpP-pBAD33cm-1p4).
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0.8r o WT
-o-AevpP
0.6 - AevpP-C

S 0.4
S
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1 | 1
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t/h
2 B AR (W) BR 5K HR (AevpP) A [ 1 £
(AevpP-C)RV 4 K%k
Figure 2
AevpP-C.

The growth curves of WT, AevpP and

T, ISR, evpP FEH A BRI AS 2 52 0
E. tarda WEK BT o
23 evpP BREAFENM E. tarda BVEIRSE
FE

PO A KA WT. AevpP F1 AevpP-C
PRAEAT A AR AR PR /2, 45 R BN 3 BRI Y

R2 BEHRWT. AevpPHAevpP-CRYETEE 145

A R E R 23, MRR AR AR . R
Wi HEENE . 2200, BAMEMROR IS
5 SRR IR B P L RS =R BUK A Bl 1% 1, BB
i H | D F HLS (R 2). #2798 evpP SRR AR
W E. tarda (A FRAACRRA:
2.4 EvpP #0U E. tarda HIIZENEE S
XTERE WT . AevpP Fil AevpP-C #4742 8l ik
i, AR TR 2 B HAR VAL & T bR iz 3
GEDARINEYE (AP T Ry S E= SRR B ey
., 5 AevpP 13z 3 E J1 B 52451 (P<0.01),
M AevpP-C P&k &2 %7 4 ¥k iz sl 58 11 (K] 3), #7~
EvpP 5 E. tarda Wiz shVEAHG, REAS 1Y 95 T8 Pk
Iz BIRE
2.5 EvpP &5 E. tarda £ ¥ ERVFZ B
FHIZE R G AR TR WT . AevpP Fl
AevpP-C P2 AEYIERIRE S . WNIE 4 Fi7R, evpP
B RATS AevpP TR PR AE W IETE BURE 77 b 2 T 1%
(P<0.001), T1fii [BI%ME AevpP-C A= ¥ 5 I TE i fiE
1 5 B A PR L B 3 25 R (P>0.05), RN

Table 2 Biochemical characteristics of WT, AevpP and AevpP-C

i H Items WT AevpP AevpP-C i H Items WT AevpP AevpP-C

VP - - - Hi - - -

Voges-Proskauer Raftinose

LI ZLEE Sorbitol - - - 7 2K Maltose + + +

4> 35 AEEE Adonitol — - - % — ¥ Melibiose - - -

“H #2 Mannitol - - - Tifb A Hydrogen sulfide  + + +

AR Xylitol - - - N2 Phenylalanine - - -

I + + + R PR R il + + +

Glucose Lysine decarboxylas

ES i + + + 5 a8 BRI P + + +

Fructose Ornithine decarboxylas

JRERE - - - R 2 BUK fi Tt + + +

Sucrose Arginase dihydrolase

H #24# Mannose + + + Hik T Urease - - -

FLH Lactose - - - N3] Indole + + +

AME Xylose - - - &1L Oxidase - - -
+: BEE; - B

+: Positive; —: Negative.
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WT AevpP  AevpP-C

E3 FEHRWT. AevpPFlAevpP-CHIEFNIMME. A: —HREHEEIFE; B: B3 EREMES (>,
P<0.001; ns: P>0.05).

Figure 3  Motility determination of WT, AevpP and AevpP-C strains. A: Swimming path of WT, AevpP and
AevpP-C; B: Motility zone diameter of WT, AevpP and AevpP-C (***: P<0.001; ns: P>0.05).

A B ns
1S5 |
*x%
]
skesksk
1.0
g N
Q
1T
0.5+ -
AevpP-C
0.0

WT AevpP  AevpP-C

E4 BEHEWT. AevpPFlAevpP-CHIEYIEIERARIBI. A: BHIMRETTR48 W45 MY B: AW
W HCIE (ODsos) M AE (***: P<0.001; ns: P>0.05)

Figure 4 The biofilm forming of WT, AevpP#1AevpP-C. A: Biofilm formation of the strains by crystal violet
staining at 48 h; B: Absorbance measurement of biofilm formation at 595 nm (***: P<0.001; ns: P>0.05).
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Figure 5 Loss of evpP results in reduced adherence of Edwardsiella tarda to RAW264.7 cells. A: Giemsa-
stained RAW264.7 cells infected by WT, AevpP and AevpP-C strains, respectively; B: Adhesion rate of three
strains expressed as cell-associated CFU/initial CFU (***: P<0.001; ns: P>0.05).
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Figure 6 Loss of evpP results in reduced intracellular proliferation of Edwardsiella tarda in RAW?264.7 cells. A:
Giemsa-stained RAW264.7 cells infected by WT, AevpP and AevpP-C strains, respectively; B: Intracellular
proliferation rate of WT, AevpP and AevpP-C (*: P<0.05; ***: P<0.001).
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Figure 7 Analysis of TNF-a secreted by RAW264.7
cells after exposure to WT, AevpP and AevpP-C
strains (***: P<0.001; ns: P>0.05).
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Figure 8 Autophagy induced by WT, AevpP and AevpP-C strains, respectively. A: Autophagy was confirmed by
MDC staining (1: Control; 2: RAW264.7 cells infected with WT; 3: RAW264.7 cells infected with AevpP; 4:
RAW264.7 cells infected with AevpP-C); B: LC3 was detected by Western blotting in cells infected with strains
(+: Infected with this strain; —: Not infected with this strain; *: P<0.05; **: P<0.01; ***: P<0.001; ns: P>0.05).

PR T A A (OB T ERY, [RIEOMARSC VRN I Bl A W R R e AT T Y B0

PEVE T R PRt TR B . evpP BRI R G
Y5 E. tarda ¥ = ¥R AT LB A0, UESE evpP
FEHSRNT E. tarda B)ERFFETCE N, X R
EvpP 33F E. tarda =K HAF T T, B IGEE

TP — RV LSRR S it TRk dls . ©
AR, — SO d A RE ) A B AR AR

PEASG, Tl AT o A (A4 Qs A2 45 3 0 R
(e 3k, ) 2 K L 42 348 5 A0 BT 10 B0 pED TR
Zlﬂﬁﬁi%%%, evpP FER Y EIR T A2 E. tarda
B A BRA AR, /R EvpP T REJFIRE o B
WA AN B A PRAE AR 5 XX E. tarda W5E T
PR

AR T6SS 73l R LR Z R AR H AEE T

PEN20L AR 5T 25 R R, evpP FE R BRI
E. tarda Wi 8 HE ) 0.3 TR, KU EvpP 5
E. tarda Wiz g2 VIAH G . ¥ Bz 82 4 F i
FEMWN s, A UE R T AL R
5 A W R I RN RE T R I 2Rk B UTAH G
W58 20 T6SS AHICHE H hep2 B HE 52 1A 4
FHEES M FUC ™A 54006, I 1155 40 7# 1Y
BERE S A, EvpP i n] g i 5
M) E. tarda ¥ AH ICHR [ A9 208 R 52 m 40
WHEshge ), (IR A A R T
ML Rk — RS, EvpP RSt E. tarda
VIR B . AR 0 RSN R R SO TR B )
) —AHERE, 540808 sh g B2,

http://journals.im.ac.cn/actamicrocn



812

YANG Zixuan et al. | Acta Microbiologica Sinica, 2026, 66(2)

He ZPIfsz R, WiEHEAXT E. tarda 4=
W TE N 2 e . Leung ZEPOBF 5 KB,
E. tarda =W ERIIE 3% 2 A FE R, Wi
EvpP & il N5 E. tarda Wiz sV R 5200 A4
YIRS T A S 3 2o At ) 45 O AT A o il —
AR

L W40 6 AE 15 EHEAE E. tarda JRGL 15378 35
EwEENMA, E. tarda EMNZER, WE
s 4 B 7 W5k S R 8 B R B s 2, A2
FLAE 20 B P9 0 A A L E R AT T B
E. tarda 5 F WEAN MG 0 FL AR 45 SR8 B B iR 28
(AL G TR A0 R R A A0 T A i
FEAE X E. tarda G20 RN TR B DL K
EvpP UG, #El EvpP n] fE B #E ek 6] 5
5 E. tarda 5E VEANM O A BAE SRR . 400
MR e BT EEARY, £
Tl JELBRT 119 T6SS AHSCHEPH B UE S 2 5 AN 2
B G 8 202 AR BT R W, EvpP RE 53 5
E. tarda %} RAW264.7 4556, fei E. tarda
HSHEEAM M EAEN, AR TeSS 2514 &
MARBE R OL 7RIS . Wu ZEP2HIESE T6SS #
KEHE A Hep2 AE I IE M A HIE R G0 S i
ST 9 2 B2, (0 H RTE R R 2 EvpP {2 i
E. tarda ZEW A ELIEHLE] . EvpP S o i 45 #f
EEAMES, BRET AT, iR
Mt b, W75 E—E IR SIESE . E. tarda
RE 1% 75 L W 40 i v 7 35 13 5 2 L0 1 ¢
R EP, F P ST & B EvpP (1) s i AE
E. tarda JEY 9 B WE 40 0 2 T, HROR
EvpP 25 E. tarda SEWEAMEP EAERR ., A
R LB, 5 WT EHRHILEL, AevpP HIARFEE W
Y L P R B SRR ) B USSP ESE T
EvpP 1E E. tarda ‘5 15 W 40 0 B4 56 22 P il 8
Yo SR, AevpP-C FRTEARMIGE A 5 42k
52 BRPE UK, W7 EvpP o] A5 HAh 1 A
TAAAE YR VLA, S [RE Bl A 8 42 ) 4%
Xt E. tarda WIIN T2 P2 A5 . ©A MR A
B, BvpP figilid Ca® ki MAPK-Ink i 202

P4 actamicro@im.ac.cn, 7 010-64807516

ik E. tarda 76 B VEANAB N I E RN, SRR AEAE
HiAth EvpP 2 51 E. tarda KN AT RG4S 2
XL AR TS 5 EH RS2 evpP FEH
MRS, 1S AevpP-C R & /3K 52 B A=
AU ) L N HE TR K 3k B[R] R AT R i — AR
K55 B VR — B3OSk 4 B R g 2
BEIIE I W A AE AN A T, TNF-a J& /5
T8 FANE SN A OCEEAM ML A -, 2 B A 4%
il Fh ok AR IR 1 B 22 5 515 510, TNF-a
0 K BAE 10 £ 248 3R 2 2 (A8 [ TR 1) f s
J 0 R AR EEAEFCY, ARBIE BN, AevpP
WIMRAHEL E. tarda BFEARS S EUGEAR M - A B 22
B TNF-a, &7~ E. tarda GEWSTE B WS40 I N A=
17, W55 EvpP 45 TNF-o B33 WG,
EvpP e E WA TNF-o 59432 2E 7k 2]
E. tarda 3k REGIEHE R H Y

W 2 A7 AR T B AL A0 L N Y — T i il
PR PE B R A . LW A B S i L B
() SRS AL, G | e R A o AU e )
A H 2552 2056, AW IE B [ et F
A IR Z —, HAGE SOt T 40 A W Y G
BRFRRE . A WE A& A B LC3-T1 & %54k LC3-I1,
PR TE A AR o Sl A I LC3 8 YR
KA, AT RAPEAR 4 M e A R R RS PR A
ARG E. tarda $1-2K evpP I 0 2 T 8 B R AN
JiL [ WEKSF, ZRH EvpP B K RAW264.7 B
Wik A M K A FI W o SR IE dL R T, RV I O
T6SS Y VgrG2 & H A% 175 & B Wi 41 il B
W4 P e 2 B R e v H R AE T, BE AT
5 Bl 1 35 40 BRI MR PN 20 TR R AR, L mT B
— S5 T AT AR P R T R i AR O 5
KB, E. tarda WG B WEN AT 7 W BEAL 2E X
BTG, (HARPL E. tarda TFURF)H A WAL
HAEM N R85 . HEW E. tarda VT BEF| ] EvpP
Ffh A B wEARA A v, A BT A SRR
A R RN R E. tarda fil i A WERIHL
HIBEE T

g LRk, AAH5ERY] EvpP X E. tarda 1)



T A5 | EYIEEIR, 2026, 66(2)

813

ARKMAEMAEE TR E W, B35
E. tarda Wiz sh MY MOE e, FHAE E. tarda
HERMME TR, SRR MR
RIENEF A WERL R, HRE THENEM.
WEFE4S A5 T X EvpP BIAH, iE— st
E. tarda () JBGE BT B2 X i 3 B g2 1 285 1 5 e
B THAL, KT E. tarda 5 T6SS 43 R 534
o M 22 8] OC R AT, 0 e 0 533 245 RN A ]
TBIT . i IR G AR IR A AU iR i B A
WEE S S — T R - HLE T Y
58, MorFIZTRAIRSY EvpP X ik R A5
M A ELAHILAR] ,  IF TR SCHEMI A 756 IE

& Tk PR

W FHr: SCIHRAE . BURTRNE SRS HE
Z SRR IR B s S b R
UE; SR SRR AR SR EROT . f it
Western blotting iR HF; 25 R 3CRE, 5
WP B,

EE MR LT ERR

VR PR WL AT AR W] BE 2 R A ST TARRY
ERZ TR s AR

B3R

[1] BUJAN N, MOHAMMED H, BALBOA S, ROMALDE
JL, TORANZO AE, ARIAS CR, MAGARINOS B.
Genetic studies to re-affiliate Edwardsiella tarda fish
isolates to Edwardsiella piscicida and Edwardsiella
anguillarum  species[J]. Systematic and Applied
Microbiology, 2018, 41(1): 30-37.

[2] XU TT, ZHANG XH. Edwardsiella tarda: an intriguing
problem in aquaculture[J]. Aquaculture, 2014, 431:
129-135.

[3] LEUNG KY, SIAME BA, TENKINK BJ, NOORT RJ,
MOK YK. Edwardsiella tarda-virulence mechanisms of
an emerging gastroenteritis pathogen[J]. Microbes and
Infection, 2012, 14(1): 26-34.

[4] ZHANG LZ, NI CS, XU WT, DAI TC, YANG DH,
WANG QY, ZHANG YX, LIU Q. Intramacrophage
infection reinforces the virulence of Edwardsiella
tarda[J]. Journal of Bacteriology, 2016, 198(10):
1534-1542.

[5] SRINIVASA RAO PS, YAMADA Y, TAN YP, LEUNG
KY. Use of proteomics to identify novel virulence
determinants that are required for Edwardsiella tarda

pathogenesis[J]. Molecular Microbiology, 2004, 53(2):
573-586.

[6] ZHENG J, LEUNG KY. Dissection of a type VI secretion
system in  Edwardsiella tardalJ]. Molecular
Microbiology, 2007, 66(5): 1192-1206.

[71 RUSSELL AB, HOOD RD, BUI NK, LeROUX M,
VOLLMER W, MOUGOUS JD. Type VI secretion
delivers bacteriolytic effectors to target cells[J]. Nature,
2011, 475(7356): 343-347.

[8] #5MR, AT, F5E2E . AllTA VIRL M R GE B STk FE[].

AR, 2011, 51(3): 291-296.

LI J, YU Y, WANG HJ. Advances in bacterial type VI

secretion system: a review[J]. Acta Microbiologica

Sinica, 2011, 51(3): 291-296 (in Chinese).

/NG, VR, TV . RIS EE LA R R 22 R

T VUL 70 R SR s LB ). S W rad 4,

2019, 46(2): 339-344.

LIANG XY, XU P, DONG T. Effector recognition and

translocation by type VI protein secretion system in

Gram-negative bacteria[J]. Microbiology China, 2019,

46(2): 339-344 (in Chinese).

[10] HU WT, ANAND G, SIVARAMAN J, LEUNG KY,
MOK YK. A disordered region in the EvpP protein from
the type VI secretion system of Edwardsiella tarda is
essential for EvpC binding[J]. PLoS One, 2014, 9(11):
¢110810.

[11] WANG X, WANG QY, XIAO JF, LIU Q, WU HZ, XU
LL, ZHANG YX. Edwardsiella tarda T6SS component
evpP is regulated by esrB and iron, and plays essential
roles in the invasion of fish[J]. Fish & Shellfish
Immunology, 2009, 27(3): 469-477.

[12] ZHANG J, XIAO J, ZHANG Y, CUI S, LIU Q, WANG
Q, WU H, ZHANG Y. A new target for the old regulator:
H-NS suppress T6SS secretory protein EvpP, the major
virulence factor in the fish pathogen Edwardsiella
tardalJ]. Letters in Applied Microbiology, 2014, 59(5):
557-564.

[13] F 2% . 38 4l % 18 42 [C 3 W 4l {7 R 48 EsrA-EstB Al

QseB-QseC MY 7F Sy M FEHLHI[D]. Lifg: LR T K%,
2011.
WANG X. Pathogenic regulation mechanisms of two
component systems EsrA-EsrB and QseB-QseC in
Edwardsiella tarda[D]. Shanghai: East China University
of Science and Technology, 2011 (in Chinese).

[14] CHEN H, YANG DH, HAN FJ, TAN JC, ZHANG LZ,
XIAO JF, ZHANG YX, LIU Q. The bacterial T6SS
effector EvpP prevents NLRP3 inflammasome activation
by inhibiting the Ca*"-dependent MAPK-Jnk pathway[J].
Cell Host & Microbe, 2017, 21(1): 47-58.

[15] TAN JC, YANG DH, WANG Z, ZHENG X, ZHANG

YX, LIU Q. EvpP inhibits neutrophils recruitment via

Jnk-caspy inflammasome signaling in vivo[J]. Fish &

Shellfish Immunology, 2019, 92: 851-860.

SUBASHCHANDRABOSE S, SMITH SN, SPURBECK

RR, KOLE MM, MOBLEY HLT. Genome-wide

detection of fitness genes in uropathogenic Escherichia

coli during systemic infection[J]. PLoS Pathogens, 2013,

9(12): e1003788.

[17] RASHID MH, RUMBAUGH K, PASSADOR L,

—
Nl
[

[16

—_

http://journals.im.ac.cn/actamicrocn



814 YANG Zixuan et al. | Acta Microbiologica Sinica, 2026, 66(2)
DAVIES DG, HAMOOD AN, IGLEWSKI BH, YANG ZY, SHAO S, ACHMON Y, SIAME BA. Versatile
KORNBERG A. Polyphosphate kinase is essential for lifestyles of Edwardsiella: free-living, pathogen, and core
biofilm development, quorum sensing, and virulence of bacterium of the aquatic resistome[J]. Virulence, 2022,
Pseudomonas aeruginosa[J]. Proceedings of the National 13(1): 5-18.

Academy of Sciences of the United States of America, [27] SORIA-BUSTOS J, ARES MA, GOMEZ-ALDAPA CA,
2000, 97(17): 9636-9641. GONZALEZ-Y-MERCHAND JA, GIRON JA, de la

[18] YU M, XU Y, XU TT, WANG B, SHENG AB, ZHANG CRUZ MA. Two type VI secretion systems of
XH. Wecal, the initiating enzyme for colanic acid Enterobacter  cloacae are required for bacterial
synthesis, is required for lipopolysaccharide production, competition, cell adherence, and intestinal colonization[J].
biofilm formation and virulence in Edwardsiella tardal[J). Frontiers in Microbiology, 2020, 11: 560488.
Aquaculture, 2015, 437: 287-291. [28] WYNN TA, CHAWLA A, POLLARD JW. Macrophage

[19] BAI XR, LIU PX, WANG WC, JIN YH, WANG Q, QI Y, biology in development, homeostasis and disease[J].

ZHANG XY, SUN WD, FANG WH, HAN XG, JIANG Nature, 2013, 496(7446): 445-455.
W. TssL2 of T6SS2 is required for mobility, biofilm [29] GOMES MC, BROKATZKY D, MOSTOWY S. Shigella-
formation, wrinkly phenotype formation, and virulence of trained pro-inflammatory macrophages protect zebrafish
Vibrio parahaemolyticus SH112[J]. Applied from secondary infection[J]. Cell Reports, 2025, 44(5):
Microbiology and Biotechnology, 2024, 108(1): 537. 115601.

[20] CAI HY, YU JY, QIAO Y, MA Y, ZHENG J, LIN M, [30] ZELOVA H, HOSEK J. TNF-a signalling and

(21]

[24]

[26]

YAN QP, HUANG LX. Effect of the type VI secretion
system secreted protein hcp on the virulence of
Aeromonas  salmonicidalJ]. Microorganisms, 2022,
10(12): 2307.

LIU LY, HAO S, LAN RT, WANG GX, XIAO D, SUN
H, XU JG. The type VI secretion system modulates
flagellar gene expression and secretion in Citrobacter
freundii and contributes to adhesion and cytotoxicity to
host cells[J]. Infection and Immunity, 2015, 83(7):
2596-2604.

WU SL, TANG JF, WANG B, CAI J, JIAN JC. Roles of
Hcp2, a hallmark of T6SS2 in motility, adhesive capacity,
and  pathogenicity  of  Vibrio  alginolyticus[J].
Microorganisms, 2023, 11(12): 2893.

HOFFMAN LR, D’ARGENIO DA, MacCOSS MJ,
ZHANG ZY, JONES RA, MILLER SI. Aminoglycoside
antibiotics induce bacterial biofilm formation[J]. Nature,
2005, 436(7054): 1171-1175.

P R, T, RAEF, KA, BB . RV I P SI A
Yy I FSL e LA P ML W 5 2 JRE (0] A= 1 2 4k,
2020, 60(11): 2381-2390.

JIANG FF, LEI T, WU QP, ZHANG JM, PANG R.
Biofilm formation and regulation mechanism of FVibrio
parahaemolyticus:  progress and  trends[J]. Acta
Microbiologica Sinica, 2020, 60(11): 2381-2390 (in
Chinese).

HE Y, XU TT, FOSSHEIM LE, ZHANG XH. FliC, a
flagellin protein, is essential for the growth and virulence
of fish pathogen Edwardsiella tarda[J]. PLoS One, 2012,
7(9): e45070.

LEUNG KY, WANG QY, ZHENG XC, ZHUANG M,

P4 actamicro@im.ac.cn, 7 010-64807516

[31

[32

133

[34

[35

[36

]

]

]

]

]

—_

inflammation: interactions between old acquaintances[J].
Inflammation Research, 2013, 62(7): 641-651.

LI HL, SUN BG, JIANG S, SUN L. Cytokines induced
by Edwardsiella tarda: profile and role in antibacterial
immunity[J]. Biomolecules, 2021, 11(8): 1242.

BAH A, VERGNE 1. Macrophage autophagy and
bacterial infections[J]. Frontiers in Immunology, 2017, 8:
1483.

KLIONSKY DJ, ABDELAZIZ AK, ABDELFATAH S,
ABDELLATIF M, ABDOLI A, ABEL S, ABELIOVICH
H, ABILDGAARD MH, ABUDU YP,
ACEVEDOAROZENAA. Guidelines for the use and
interpretation of assays for monitoring autophagy[J].
Autophagy, 2021, 17(1): 1-382.

YU Y, FANG LH, ZHANG Y, SHENG HX, FANG WH.
VegrG2 of type VI secretion system 2 of Vibrio
parahaemolyticus induces autophagy in macrophages[J].
Frontiers in Microbiology, 2015, 6: 168.

GUO F, ZHANG H, CHEN CF, HU SW, WANG YZ,
QIAO J, REN Y, ZHANG K, WANG Y, DU GQ.
Autophagy favors Brucella melitensis survival in infected
macrophages[J]. Cellular & Molecular Biology Letters,
2012, 17(2): 249-257.

WA, A7 T, VRS DT, W, TR, R AES S
I3 2 e AR T 5 W A I ) A O S RE L 1) 5
Wi [J]. A 023 4R, 2025, 52(11):5226-5239.

HU YS, YANG ZX, XU JY, GAO YL, XU J, QIN L.
Autophagy participates in the Edwardsiella tarda-
macrophage interaction and influences on the
inflammatory response[J]. Microbiology China, 2025,
52(11): 5226-5239 (in Chinese).



