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W E: g RALREH (deromonas veronii) /¥ L KMAME KT, Tl XKZHMAANELSZF %
AR E IR FA b Fa AR s S A AR E . VIR 50k & % (type 6 secretion system, T6SS) &
REERALIAK RN XAEE AR T, Sl ik T4 &% 49 (bacterial enhancer-binding
protein, bEBP) VasH # 77 #4% T6SS #fit, RERALIA T AT ALEX —REXZ S TR H.
[B8¢9]) 85 VasH & & 3 £ K AL E T6SS R AR e om, AHRNIRI T6SS M 69 4 1K,
AR IORE B RAE], ARG ST 4x e KA IR B F R AR5 . [k ] vA A veronii C4
RAIA M, BT R R F L REAME VasH B K B Ak AvasH A== 4k AvasH/p-vasH. i@ it RT-qPCR
M F B BT T6SS 2 FH #gAast &L F, 84 VasH 3+ T6SS £ B Ak K-P oy #rh; @iLm Ak
WM&, EHOENERARTLES, RALHLENTAEAWEL KA, # 7 VasH 4% R & K w48
RBFAEQ Fok;, BRI L R A s D & AR K ) ¥ 4L B 5L IR JE (median lethal dose, LDsp)
MZIF4E VasH BB H Z& Hfesmit ey et m ., (4R RAMET vasH & B 34 Fo = 4k
i #k. VasH K 33 T6SS 4 M & & Fa L & & 4 A HL R 69 R348 35 2 F 15 4K(P<0.05), #L8A VasH
JE @) A4E T6SS A B KK, vasH AR AR AR ED AL RKALIRANERE D, ROV ERLE
M, 2FHRRBAENEL RN D EIER, BRI TSR NBE TR, RLaKNBRLTHR
T, AvasH B #k#9 LDso 4 1.58x10", #2542 A & H 4k LDso (7.34x10'%) 89 2.15 4%, ERLRAH
5x10° CFU/mL B, AvasH BARA L G H D & 90— F G 4 B R L0 69 33.3% %2 0, &9
VasH #& & AR T KA LI H 98 mi, (4] LR AEIHE VasH & @ 2+ T6SS £ B &L LA
EREEN, ATHAALALERRAOERREBINRBA, 22 ZH 042 WEN R Faft

VRNIUH : R H AR A4 (324MS017): [H 5 H AR 4 (32360047)

This work was supported by the Hainan Province Natural Science Foundation (324MS017) and the Natural Science Foundation of
China (32360047).

*Corresponding author. E-mail: 993034@hainanu.edu.cn

Received: 2026-01-10; Accepted: 2026-03-31; Published online: 2026-04-21



4136 GAO Shijie et al. | Acta Microbiologica Sinica, 2026, 66(8)

B Z% A, tmiAERRAMBD &5 TWEEEN. AR AR —FIRR VasH B 1284 4 K,
AETOHE T6SS E LS HENFRBRRA LA TR RBET L 2T LT E, FEZZTmY
ok,

X LRAFRE; vasH; T6SS; &7

VasH positively regulates type VI secretion system expression and
influences competition and virulence of Aeromonas veronii

GAO Shijie, MA Xiang"

School of Life and Health Sciences, Hainan University, Haikou, Hainan, China

Abstract: Aeromonas veronii is a Gram-negative pathogenic bacterium that causes various diseases
in aquatic animals and humans, posing a serious threat to aquaculture and public health. The type
VI secretion system (T6SS) is a key virulence factor determining the pathogenicity of 4. veronii. It
is known that the bacterial enhancer-binding protein (bEBP) VasH is responsible for regulating the
T6SS function, while whether this regulatory relationship exists in A. veronii remains unknown.
[Objective] To elucidate the impacts of VasH on T6SS expression and function in A. veronii,
thereby providing a theoretical basis for deciphering the mechanism of T6SS-mediated
pathogenicity of 4. veronii and for the subsequent prevention and control of 4. veronii infections.
[Methods] With 4. veronii C4 as the wild-type strain, the VasH-deficient mutant strain AvasH and
the complemented strain AvasH/p-vasH were constructed via a homologous recombination
strategy. RT-qPCR was employed to measure the relative expression levels of T6SS genes in each
strain to clarify the effect of VasH on T6SS gene expression. Growth curve establishment,
transmission electron microscopy (TEM) for observing bacterial morphology, and the crystal violet
assay for biofilm quantification were performed to determine the influences of VasH on pathogenic
characteristics. An in vitro bacterial competition assay and a zebrafish model for determining the
median lethal dose (LDsy) were employed to assess the comprehensive effects of VasH on bacterial
competitiveness and pathogenicity. [Results] The VasH-deficient mutant strain AvasH and the
complemented strain AvasH/p-vasH were successfully constructed. The deletion of VasH resulted
in a decrease (P<0.05) in the expression of genes encoding both T6SS structural and effector
proteins, indicating that VasH was responsible for regulating T6SS gene expression. The deletion of
vasH did not significantly affect the growth or surface morphology/structure of A. veronii.
However, it led to a significant increase in the biofilm formation and a significant decrease in in
vitro bacterial competitiveness. The zebrafish infection assay showed that the LDsy of AvasH was
1.58x10", which was 2.15 times that (7.34x10'%) of the wild type. Moreover, at an infection
concentration of 5x10° CFU/mL, the death rate of zebrafish decreased from 33.3% in the wild-type
infection group to 0 following infection with AvasH, indicating that deletion of vasH attenuated the
virulence of A. veronii. [Conclusion] In A. veronii, VasH positively regulates T6SS gene
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expression. It may not be involved in regulating the growth state or external morphology of the
pathogen but significantly influences the biofilm formation and competitiveness of A. veronii,
thereby modulating the overall virulence during infection of the zebrafish host. This study provides
essential research tools and lays a preliminary foundation for further exploration of the molecular
mechanisms by which VasH mediates pathogenicity through regulating T6SS activity and function

in 4. veronii.

Keywords: Aeromonas veronii; vasH; T6SS; virulence

4i: E%iﬂ@%@emmonas veronii) C4 JBT=
M B Bl (deromonadaceae). X, il =
(Aeromonas), J&=— M ELA iz 368 T (14 2% [
PERFFIA, T2 FHOR K . Wi &g s ab
BN A 2 A B AR T K S 2 Rk Rl 2 G
SR TG AT g R A PRI . R
Wi eSS, BT RO B % IR
RO, HAT, 4R B A A K SR
BV SN I T A 22 A v A S

O3 WA FR G A T 2 DRI T ) | O A
ik, W W ER . WK . WHERME
P A0, 2 R AN B B T, Hod, VI
ST Z Gt (type 6 secretion system, T6SS)ES S 41
BRI S 4+ 7 RN R B 3 1y M T % 5 s A
T6SS J& ) VZAFTE T3 == [R PR R T A g ok 9 A=
YRS FHLES, BRI SN BATIEEG . A
il A5 1) 8 19 2800 B 1 AR A AR S A A, AT A
A G52 A A0 T6SS 11 Ml w52 3] ™4
PP, ATERE 50 T HEHOE o IRAAIESE T6SS
PPHEEALER], ASOUR B T 3F— 20 4 IO
LGRSO FLER , o m] S T B AR T g L Y
Y5 NG | B A T R R A R
(ST

AE G IPAETH C4 BRI A A7 — 4
i T6SS ML, AL 1A FFEM 3 R,
FE B G A A TR G R 455 R 1 VasH (12
K. BV VasH g5 o RRIVER, ZE2ELIN
BRI P 7K TR A A R PR TeSS 1% T
P el gV SR A 2B S R A G i T
VasH A== Dhtie, A9 R H [R) 5 5 20 5L

R AR T vasH &R B R AR SR PR B
PRl SR AR BRI AR LU, WIS vasH Bk
X T6SS HE PR F KK B SE I 5 384 00 g It
WA BE S FIAE I e T, B vasH SR
X9 5 R B0 A S R AE I 2 5 3 A A 2 el ]
T S0 N B Ao JR L AR 7 A N 2 ) R
B B A e FE (median lethal dose, LDsg), [# A
vasH SR8 IR TR 2565 85 1 15200 o A 5T LA
W R R AT VasH 25 8 42 4 Q0 HR i Te
T6SS PIfen) 43 F MLl B JLt,  [R]Es sk i
2 DA B AT SRR 174 7 4 SR s P SR

1 MRE5F*E
1.1 ##§

HARUTUR. pRE112 . KA FF B (Escherichia
coli) WM3064 Y5 M AL I0 28 LR A7 TR AR

0 P e R 2 PR R SR BOEGR & . — AP v T
i 7] & . 2xPhanta UniFi Master Mix. Clon
Express Ultra One Step Cloning Kit, HiScript® III
All-in-one RT SuperMix Kit, ChamQ SYBR
Color qPCR Master Mix Kit, Fd 5t MERE Y HL
T ARA R HEA . BEAE, OXOID 2
Al AR BUER . Hom. b, dt
R ERF AR A Al ; RNAprep Pure Cell/
Bacteria Kit, PCR =¥ 4lifbilfl &, Ri41b
FHEAEOA R

75 B 7 B BT, Hitachi /A 7] ; Roche
LightCycle® 96 1{#%, Roche Diagnostics 23]

S BT TS 19 OB it D e 55 i A T
AW TR IR A FRA Rl ABF5E T
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SIaNR 1 s, AR R A A TR AR R ORL
2 FiR,
1.2 EHEKREE

K H A B R 2 b s B I ) & A
A. veronii C4 7 A= RUTE rh #& OE K 2H DNA 1R
Jy PCR &i#z, LA vasH F1/R1 Fl vasH F2/R2 (£ 1)
HJ15140, 433 PCR Y3 vasH FEH ) . FiiElR]

=1 AHSERRASY

Table 1 Primers used in this study

Y5 R B, PCR VAR ZR (50 uL): 2xPhanta UniFi
Master Mix 25 uL, . TFU#5[4(10 pmol/L)4%
2 uL, DNA #ifg 1 uL, ddH,O 20 pL. PCR 2
N 95 CCTAE M 5 min; 95 °C7E 1 30 s,
60 °CiBk 30's, 72 °CZEfH 30s, It 30 MG,
72 °CCASEA 5 min, ffi ] PCR =¥y 2lifk i) &
X PCR " ## P=y it s 4tk mllic. LA L. TR
TV B, A Overlap PCR 3545 [R] J5VE

Primer names Primer sequences (5'—3")

Note

pRE112 validation primer

Primers for pRE112 vector
linearization

Validation of vasH gene knockout
Amplification of the upstream

homologous sequence of vasH

Amplification of the downstream
homologous sequence of vasH

vasH complementation plasmid primers
Primers for pBBR vector linearization

Primers for pBBR plasmid verification

Primers for RT-qPCR

pREII2 F ACGCCATTCATGGCCATATCA

pREI12R GTTATTGGTGCCCTTAAACGC

pRE112-anti-F TCTAGAAGAAGCTTGGGATCG

pRE112-anti-R GAGCTCTCCCGGGAATTCATG

vasH FO GGATGCTGGAGTCCGTCATT

vasH RO CTCCTTGTTGCCTGATTGCGC

vasH F1 AATTCCCGGGAGAGCTCATCATCGACTGCAAGAACGTG
vasH R1 ATGATGCTCAGGTCAGCCCTCCACCTCG

vasH F2 GCTGACCTGAGCATCATGGGTTTGTTGC

vasH R2 CCAAGCTTCTTCTAGAATCCCTGATCCCGGATAAACC
vasH F3 GCTTGATATCGAATTCATGGAGCAAGCCCTCGCATT
vasH R3 TAGAACTAGTGGATCCTCAGTTCACCTCCAGTTTCTG
pBBR-anti-F GAATTCGATATCAAGCTTATCG

pBBR-anti-R GGATCCACTAGTTCTAGAGC

pBBR-F AGCGGCTATTTAACGACCCTGCC

pBBR-R GTGCTGATGCCGCTGGCGATTCAGGT

gyrB-qF GCTCACCATTCGTCGTAACGG

gyrB-qR GCCACCCTCGTAGCAGAAAT

hep-qF GGTCAGCGTGTCCACAAACC

hep-qR GGCATCTGGCAGTCGATGTC

vgrG(cluster2)-qF AAGCCCGATGAAATCCTC

vgrG(cluster2)-qR CCTTGCACTTCTCACACTCCTCA

vgrG(cluster134)-qF  ACACAGAAGCCTGACGAA

vgrG(clusteri34)-qRk ~ GTGTTTGCCCTGCTCGAA

tsel-qF CACTGGCACCAGCAAAACCG

tsel-qR GACATGCTCGCGCTTTACATCG

tse2-qF AGGGACGAGGTTTGACCCAT

tse2-qR ATTCGTGGGCACACCAAACA

tse3-qF GCCAACAACACCACCAAGCA

tse3-qR TCTTCCTTGTTGCGGCAACT

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



AN A | BUAETIAER, 2026, 66(8)

4139

w2 KW BT R E AR BTRL

Table 2 Bacterial strains and plasmids used in this study

Strain or plasmid Relevant genotype or characteristic(s) Source
Aeromonas Wild type, ampicillin resistance, virulent to fish Lab stock
veronii C4

Aeromonas veronii
C4 ArsmA

Aeromonas veronii
C4 AtssB

Aeromonas veronii
C4 AvasH

Aeromonas veronii
C4 AvasH/P-vasH

pRE112
chloramphenicol (Cam) resistant

Escherichia coli

Ampicillin resistant, 7smA gene deleted from WT, T6SS-activated strain
Ampicillin resistant, tssB gene deleted from WT, T6SS-inactivated strain
Ampicillin resistant, vasH gene deleted from WT

Ampicillin and kanamycin resistant, vasH gene deleted from WT and

complemented with functional vasH gene on pBBR plasmid

Suicide plasmid for homologous recombination to construct knockout strains,

Previously constructed
in our laboratory!?!

Previously constructed
in our laboratory!'?!

This study

This study

Laboratory stock

Encodes a relaxase, a mating pair formation (MPF) complex and a type IV coupling Laboratory stock

This study

WM3064 protein on the chromosome, diaminopimelic acid (DAP) auxotroph

pBBR-vasH Derived from pBBR-MCS-2, contains the ORF region of vasH; kanamycin
resistance

pBBR-eGFP Derived from pBBR-MCS-2, contains the ORF region of eGFP; gentamicin

resistance
Escherichia coli

BL21(DE3) competition assay in this study

Used for plasmid cloning and protein expression; served as the target strain for

Previously constructed

in our laboratory'?

Laboratory stock

BT, LA pRE112-anti-F/R 451 48 i 52 [
PCR £ M1k pRE112 /A& (PCR RN f& R A I,
FEESHE] Ry 2.5 min), FEFH— v BEBRHA ] &
B R BAR S vasH b R RIJRVE 4 P )
R, I AL AR OB pRET12-AvasH, F#4
AL E E. coli WM3064 B2 2540, >R ]
TR 5 2R 0 28 U5 Wy 56 uF BH 4 5o %, PCR 7=
Yk A TAEY) TRE (i) B A B /1 .
B % E IE A B pRE112-AvasH T 2H B AR 6 2 5%
F£ & ODgoo N 0.4-0.6, 55 AH [R] 4k i 1) 4 [G A o
M C4 WT 2 1:1, 3:1. 13 AR ES, &k
FHR 800 L. 43 WL 50 pL R4 3 W in &
50 ug/mL — % % B¢ iR (diaminopimelic acid,
DAP)F) LB -4z |, 30 °CfEIE 5555 24 h, kI
P B, AT 25 pg/mL AR
(chloramphenicol, Cam)#l1 50 pg/mL 2~ 5 %5 &R
(ampicillin, Amp) BT -, DL pRE112 F/R
J51YiEAT PCR B UEHE G+ PRIUHM G T

() BLTR Y5 B2 A T LB MRS SR I, 30 °CHiR%
FEFR, B 100 pL BEIRIRAT T3 20% FEAE Y
LB P b, 30 °CfEIE15FF 24 h, 7% PCR
YF vasH BRI RE, PCR P2tk TAY) T
(TR AR A B w1

AN PR R B AR 5 LR AR — 3, Y
PR 4l pBBR Fikr, ZetEfbn| ¥k
pBBR-anti-F/R, HWHEHE R By 151 9 4 h
vasH F3/R3,
1.3 £KehZNE

PR WT . AvasH Fl AvasH/p-vasH 1) 5.
7%, PR T LB BigRsEdr, 30 °C. 150 r/min
Rt o FAEZTE ODg0o=0.02 e 4y i) 5%
3 LB A MO B3R5 B3 M9 B3R AT,
SeH MO B SR VETEAR 1 . 30 °CTH i H g
B EERE 1 h PUE ODgoo (H, 10 A I 221 A=
Kihdk, MBI NMEY¥ERE, LM H
2 3 K., i H GraphPad Prism 10.0 {41748
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IR IPiR AN
1.4 HEHIRER AR BESINE

PEHLC WT . AvasH F1 AvasH/p-vasH ¥ 7% ,
I3 B2 T ODe0o=0.02 Bk 5 1% &5 LB H5
FRFE, IR IRAEFL 300 uL FEIR S 2 48 1L
M, PAE 50 ug/mL Amp (1) LB 1% 3% 34E R 25
X AR . 30 °CHtE 1T 9% 36 h Ja W i 7R M
FHICTE PBS 22 vvifk vk % B8 09 U TR 3 4K,
FIA 200 pL 0.5% 25 i 2 d A 444 10 min, i
FHTCREIK 853 th e LBk i Qe (il . T 37 °CHit
AR TS A 200 L 33% i R
37 °CHFE 30 min, {HAHEEFRILT 570 nm KT
MEWSCEE ., B 3 MY FEE, Lk
i 4K,
1.5 & 5 B $8 (transmission electron
microscopy, TEM)¥{ 22

W 35 SR DA R B 42 2 i LB B R Ak
Hi, 15322 ODgoo M 0.4-0.6, WEE 1.5 mL B
EELEF, 6000 r/min .0 5 min 2R I,
A 1 mL JCR PBS 78538 3 WK, Il 1 mL HL B E
W R [ 2 ho HUUR AT Rl R0 A 1), e B T
e, W10 pL EW, FHE 15 min, RERER
WK, BT i HT7800 7 5 1 8 s
WE IR . AL 3 MR ERE, LR E
3K,
1.6 RT-qPCR #7

W LB 8595 3 rp B R R E B4
10 000 r/min &.0> 1 min 2[5 373, ] DEPC
KU AR s F2 JE, # 8 RNAprep Pure Cell/
Bacteria Kit i 5 H#EHUH R &L RNAL LA 1000 ng
RNA WM, F gDNA Fii 55 ) i i & 1
Fic i A AL #% BB HiScript® III All-in-one RT
SuperMix Kit Ut 1547, BRI 3 MEY)
FEE, BMEYFELR I MEARERL ., &
R EE PTGz 1 R, NSERE R
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gyrB. SEIFHOERE i 5 PCR (RT-qPCR)% I8
ChamQ SYBR Color qPCR Master Mix Kit 9 PiAH
FiEFT, {8 Roche LightCycle® 96 {3 # il 5& 1E
BIE(Cy)o R 2722 T34 SL A A 0 e 3k
i, JFHRREE 22500 (one-way ANOVA)#EA T
B EMRL
1.7 HHEZEFLN

W 2 PSPPI P A B AR E N B T,
itf pBBR-eGFP FURLIY KA HT I BL21 758 HAw
IR, BB R I A % 10° CFU/mL.
e S AR B AR EE 101 5 10:1 IR A, K
RA WM T AR LB A b, 37 °CHi 3%
24 h, BHIEEIBCER EER G, RAPUER
VEREME PR B AR IC Ik 2 B 2 MR EA, B AL
PR SEES | TR O = A0 AR A 5 4
PR AFIG TH L U1k 3 N EY ¥ ERE, 5
K 3 K.
1.8 PS5 LDs ME

K LDso PEAN AvasH B bk AH X T B 2F #0
(W) BE BRI T 128k, BEHUEERE Y 5 dpf AB &
BEhfadhita, REMLO R 3 A, BAE 4 P47
WA, B4 30 &, T 28 °C E3 Biahkss
F%, JCRRJEIIN 14 h YERE/10 h JRKE . 7T IR
fif B3 KifRIt)n, KA B D fmah s BRI T
WT. AvasH X AvasH/p-vasH WA 10 £586 5
T BRI (W B YL T 5%10°-5%10° CFU/mL) 1, %}
FEZH DL PBS AbHE, & 4 h g 3BT 00, F5sk
48 h, MRHE T S & FRIEPH A LDso (6. A5
JIT AT BN S 36 AR A R~ s e PR A 4
L, gi'5 4 HNUAUCC-2023-00141,
1.9 #HIELE

SIS B YA AT ] Excel 28, SR ] SPSS 24.0
TG0, GraphPad Prism 10.0 #4724
AL, Gt TR R OUR ki . R
% 7 271 (one-way ANOVA), Dunnett 5 % &
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Log-rank (Mantel-Cox )56 .

2 BERE54M

2.1 vasH BEPRE#K AvasH F1[2] 4 B #%
AvasH/p-vasH W5

IR HE vasH FER I R UERNRVE (KT 1A
1B) -4k Ak pRE112 #AR (K 1C), FIH— 58
Wek Tl k) 2 AR S RE pREL12-AvasH ., 4517 7% PCR
B UE BHE TR, AvasH REBRER G P 38 724k
309 bp, i A. veronii C4 HfH= RIXS FE RGP 14 r=4)
k1848 bp (K 1D), 2k R/ANMFA T, £
HWEA vasH OB IIRR . E—22%F PCR ;=4
WP, BN vasH FER CL 58 460 o W, A
pBBR BRI IES [ 9% [ R MR #ET T PCR S3iE,
SERL R Y ) S KNS BB E 2 440 bp
—2, RIS ERI(E 1E),

i RT-qPCR e I iy #4) 22 el o A [ b o ke
i ovasH R ) SR, 2R 1F PR
SR, AvasH BFERET vasH FEF FiEK
V- 2 A T RIANE R AvasH p-vasH T vasH
FER TR A B E S TEAR, K2 TR E
FRCR, X AT ERIH P T [Bl#h Bk pBBR T #7
Y ZH R ARA Bl
2.2 VasH EAXHE RS BHE T6SS £
EFREEBIE AN

75 HAl 55 5 B P VasH S T6SS & I AEFT
WFEIEH, HJ T S8 TeSS A ig!, A
1 VasH £ R 2 QUM TR T6SS Ak PR FRik K
SERysZ, DGR B AR A | vasH RRBR
PR AvasH FNRIRNERE AvasHIp-vasH SR HiF58 Xt
%, i@l RT-qPCR LA T6SS £k bn it 85 1
Hep. VgrG MW & 1 Tsel. Tse2. Tse3 (13
RFTAKE, G50 BN, AvasH HERH T6SS 1L
Eo ey B SN R B A f = B SO E Sy S S o
B S AT RN =R 7 S ek DIV~ S E N E S i S & /3
B IRV K (B 2), BiRET R K],
VasH X 4 [G P I T6SS J& K Y # ik B 1

PR
23 VasH EBAS5AKERS 2
=B 7 TREKFIMNRRAS

AR RN, FEEEREREMI
B h & R AR I AE W s R T B IR R R A
(LB K3, B E 25 h i, HEEFRLMUT
WT. AvasH 1 AvasH/p-vasH Bk ) ODgoo YI1E
SR 0.7, 0.8, 0.8, TME HIRKMT =&
ODgoo YIEI N 1.6, TEFE EFRHFLMHET,
AvasH Fll AvasH/p-vasH T FE B9 A= K i 265 B A
RUAH L TG i 3% 22 5 (B 3A); eSS FR IR 4%
BT, AvasH F1 AvasH/p-vasH T FR B9 #7 3 4 K
WA REAL, WPAAIT 14 h FEARREW], &
AR AE 2 29 18 h (18] 3B). iR g5 R FEN],
B PR S 2 T4 R R A AR K
VasH & ] e 2 5L E TR 540 T AR AR
K, BESERFJMT T HEERK TR #H
AT

AR RN, AvasH Fl AvasH/
p-vasH TR IE S B AR 25 44 5 B A= RUAH ok
W EZER, 3HRREHEMEEY 2, K&
Mo 2 S R AR B S I (B 4). 4G
AR, VasH 2 AT REAN S 5 40 TR 4t it BE Bl
T 45 04 R 2 2%, o AN 52 ) 240 77 7 38 3 5 24
I,
2.4 VasH ERHIHIEREVIRR AL

K UGG R @RI WT, AvasH F
AvasH/p-vasH BRI OE BGRE 71, &5 R
K5 Pn. SEAERIAE, AvasH BRI AP
JERCEE 71 e, T AvasH/p-vasH W ¥R A9 4E
VIR iCRe ) WK 52 2 42 i B AR B R K-, 3R]
VasH A G625 il AE PRSI i),
25 VasH EHEFAEAFE N MIEE
F77

O3 5 DA FCSCR TR C4 19 WT . AvasH Fl
AvasH/p-vasH NI, L pBBR-eGFP Jit
B R AFFE BL21 i HAREIRR, i@ iAo 554
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A bpp M 1 2 3 4 5 6 B bp Cbpp M 1 2
5000 5000 5742 b
3000 3000 o0 2
2000 2000 2000

1 000 1 000

465 b
443 bg o00
100

908 bp 1000
500

100

D bp M1 23 456 78 910111213 14 15 16 17 18

E bp M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

2440 bp

F vasH
s

0.5F

i

WT AvasH AvasH/p-vasH

e
=

Bl R EPkAvasHFNE MR ¥R Avas H/p-vas HE ¥ 3 M 45 K FI8E

Figure 1 Construction of the knockout strain AvasH and the complemented strain AvasH/p-vasH, and validation
of vasH transcription levels. A: Linearized fragments of the homologous arms flanking vasH (Lanes 1, 2: PCR
product of the upstream homologous arm; Lane 3: Negative control for upstream fragment PCR; Lanes 4, 5: PCR
product of the downstream homologous arm; Lane 6: Negative control for downstream fragment PCR); B: The
upstream and downstream homology arm fragments were linked by overlap extension PCR (Lanes 1, 2: Overlap-
PCR product of the upstream and downstream homologous arms of vasH; Lane 3: Negative control for overlap-
PCR); C: Linearization of the pBBR vector by inverse PCR (Lane 1: Non-linearized vector; Lane 2: Linearized
vector fragment after inverse PCR); D: Validation of the AvasH knockout strain (Lanes 1-17: candidate clones;
Lane 18: PCR negative control); E: Validation of the AvasH/p-vasH strain (Lanes 1-16: Candidate clones; Lane
17: PCR negative control); F: RT-qPCR analysis of vasH expression in AvasH and AvasH/p-vasH. M: DL5000 bp
DNA marker. Statistical significance for RT-qPCR data was determined by one-way ANOVA. **: P<0.01; *:
0.01<P<0.05; ns: P>0.05.
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Figure 2 RT-qPCR analysis of the effect of vasH deletion on T6SS gene expression in WT, AvasH and
AvasH/p-vasH strains. A, B: Expression levels of T6SS structural genes /cp and vgrG; C—E: Expression levels of
three T6SS effector proteins Tsel, Tse2 and Tse3. Statistical significance was determined by one-way ANOVA.
**: P<0.01; *: 0.01<P<0.05; ns: P>0.05.
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Figure 3 Growth curves of Aeromonas veronii C4 WT, AvasH and AvasH/p-vasH strains. A: Growth curve

under LB culture conditions; B: Growth curve under M9 culture conditions.
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Figure 4 Transmission electron microscopy images showing the surface morphology of Aeromonas veronii C4
WT (A), AvasH (B) and AvasH/p-vasH (C).
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Figure 5 Biofilm formation in Aeromonas veronii C4 WT, AvasH and AvasH/p-vasH. One-way ANOVA was
used for statistical analysis. ***: P<0.001; *: 0.01<P<0.05.
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Figure 6 Interspecies competitive ability of Aeromonas veronii C4 WT, AvasH, and AvasH/p-vasH strains
assessed by in vitro competition assay. Survival of E. coli BL21 target was determined after 24 h co-culture on
LB agar with WT, AvasH and AvasH/p-vasH attacker strains at inoculation ratios of 10:1 (A-C) and 1:1 (D-F),
using spot plating (A, D), CFU counting (B, E), and flow cytometry FITC fluorescent channel detection (C, F).
A : Below detection limit. Statistical significance was determined by one-way ANOVA. **: P<0.01; *:
0.01<P<0.05; ns: P>0.05.
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Table 3 LDs, for zebrafish larvae infected with WT, AvasH, and AvasH/p-vasH strains of Aeromonas veronii C4

Dose of challenge/(CFU/mL) Number of death/Total Death rate/%
WT AvasH AvasH/p-vasH WT AvasH AvasH/p-vasH
5x10° 0 0 0 0.00 0.00 0.00
5%107 0 0 1 0.00 0.00 333
5%10° 10 0 1 33.33 0.00 333
5%x10° 30 30 30 100.00 100.00 100.00
LDs, 7.34x10" 1.58x10" 1.36x10"
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Figure 7 Survival curves of zebrafish larvae (5 dpf)
infected with Aeromonas veronii WT, AvasH and
AvasH/p-vasH strains. Zebrafish larvae were infected
with A. veronii concentration of 5x10° CFU/mL, and

survival was monitored every 4 h.
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