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Tab. 1 Bacterial strains and plasmids used for test

TARRER UL Strain or plasmid FER A8 A Genotype or phenotype He¥H Source
AN L STA RS HprE AL, Sy e A AR R S AT
HERS MR AexsALRibRpE exsA 15 R BR TR R AT 1
KIGFFHEWM3064 By R, H TR A & S EE AT
JikiPlasmid
FI A FURIpRE112 FERRITORL, ¥ sacBREN, S EEH (Cm)Pi ik S PR AF

1.2 SCIgEN4) e W B AEAL (Oreochromis niloticus) a1 W B RS T K P RHE AT B Bl SCEE WG FRIE 3L
Hi, FRFE KK/, Bkg R (10£1) g FI(50+1) go

1.3 FEAF PRSI V)G A Buffer 22 0P A NEB /A wl; T4 DNA Ligase M H: Buffer Z& i
W H Monad /A 7] ; Rapid Taq Master Mix (2x). Phanta Max Master Mix, FastPure Gel DNA Extraction
Mini Kit, FastPure Gel DNA Extraction Mini Kit 255 1) H Vazyme /A &); & AE G2 5R 8 11 M(IgM) i EE
B IR S AT G 2 W VLDl S S AT BRIl o B L (R RRPR IO | JBEEE Ui . BiAsm . Bk ) 1
H Oxoid A H]; "2 LEF g (Dap) W H Sigma A Al; A% Z M B IR REFRHA AR £ F CHLER
SR PGB R B A R A R BN EE R (Amp) W H EHEEM A YRHCA R A

1.4 HRSHBEHE AexsAl BEERPRKIEE 58T exsAl JER S BRI, a8t bR Ui ) 5
FFBH R 15 1Y) exsd1-F'/R' | exsA1-F/R* FIERIAES |19 exsA1-F/R" TERERY 5 19 h s N
VI BstXT B U170, I A RS I BR ) v 9 YD Kpnl A1 Sacl B3R 50751, 9 [A] J5UEF 2 [a] s
EcoR I MBI 55 (55 2) o AL QR A BE DA 4, FHRCRR 5108 38 bR T R DRVE Jf 4tk i, % -
TR R B B BstXT Al EcoR 1Y), pRE112 Uk H Kpnl F1 Sacl [ 1], I-3% #4521 # 4 FOkL, F5K
B YRR AKIGAT R WM3064 J8Z S 40M0 b 2 7535 57, TRTE PCR S iE, Gk th PR bk . Rk
1) 10 I A T R A /= BR P E A  B5 XO, FE R (1 2 2) L (1 2 3)FI(3 + DY ELBNR A
1 mL, 6 000 rrmin”' Z.0> 3 min J5, 8 30 uL FE A TCHLAY Dap 19 LB P4k I, 30 °C 3557 30 h, ¥ &4
R ARG 1 07 U AGECS MR B A pk b . B 50 L 42505, B iR/ T 50 pg'mL ™ 2R
HRR. 50 pgmL " @R R LB Pl |, 30 °C ¥Rl i W% PCR Bk A2 2 [P . 25 A
L R, A BH PR TR R E Ik 8% FREMH I L, Pk 1L FS Y BRI, (1 T R BR S IE S | ) exsA1-Fo/R, V%
PCR SiiE, X452 1) A Bk @55 | 90281 PCR 438, X 7=k 4T 1 YIS RIS 36 R0 o

1.5 HAEAERKBRZNE 0P AR AR AR AN AexsA 1 MIFRPREATRTV, B T3 A SmL LB i)
IRIGFRIEAAAT T, 30 °CL 200 rmin” RIS EHMTCEETHHIE I ODgoo 15, 585 H55 RRK RV
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Tab. 2 Nucleotide sequences of primers used for construction of deletion mutants

5|44 F Primer 51451 Primer sequences

A.veronii C4-F ATGGTCGCAGAGCTTGTC

A.veronii C4-R CAGCACAATAGAACACCAGAC

exsA1-F! CTGCAGAACCAGGTACCTGGCACACCATTAAGTCTGAGTC
exsA1-R' CTGCAGAACCAGAATTCTGGGAATCTGCGTGTAGTACCAG
exsA1-F* CTGCAGAACCAGAATTCTGGCCAGGTCGAGCGGTTGCAAC
exsA1-R? CTGCAGAACCAGAGCTCTGGCTGTGCCGTGTCGGGCACGG
exsA1-F° CTGCTTGTGACTGTTGTAGG

exsA1-R° GCTATGCCTTGCTCATCTTG

pRE112-F ACATAGCCCCACTGTTCGT

pREI12-R TTTTCGTCTCAGCCAATCC

Fi B2 10° CFU-mL ™, 437 B 100 pL F BRI T 96 FLARAH N AL B, JCTR i i) LB IR AR 55 57 36 4E S %t
M ¥ 96 FLARE T Z I REMbn (X h, BB Ry I 30 °C, Fpgkedftl, 22 36 h, &F 30 min &
1 ¥X ODgyo H.-

1.6 TIEGEURESE W4 M BT AR BE AN AexsAl PR AR A VE LR T 5 mL LB WA 32 3,
30 °C., 200 r'min' ERIEFE, EHMPHOCETTH I H ODgyo 16)5, B ODgyy=1 HITE, 6 000 r'min”" Z5.0>
3 min J5 2% 3, FHTCH 0.9% A FER K R, A S 2x10° CFU-mL™", RIS . YL 5 i ¥ 2k
IR (10£1) g Ja, B35 20 F5 o HM R YL, 4218 10 pL-g " MR () R G ot 7 AR f A IR
TSI . FREER 1A, e A RSt T 4L

1.7 M3 IeM 2N EEKHFI NI (50+1) g B9 %2 40, F-34945 2k 3 20, BI2s (A0t R4 | B4
PRIB AN AexsAl PRBRIREAE, FHE N PERISE 1 8. B 48 FC A B AR R AexsA 1 RRBRIR BB T4
HAT LB WA R B O AR5, Bl B R B R BE 10 4%, 158 2x107 CFU-mL™ K. X &R
MEAT R s T S IR S 5, TE B 0.9% AR BRER AKX R . 9 K S5 PR I8 W] — 40 2 Ak £, o0 B e 075 J 46
2 K54 KRR 6 KA B i o K 1M % IR E 30 min, 2 000 r-min~' 250> 20min, W (%
RN ) 2EA T4 1.5 mL EP 45, —20 C {RFE5 . SRA% AR G e BREE 11 M (IgM) B G2 3 M
FR G e 2 Al A i 1gM B RS R U SR e O T RE AR AR R TgM K. AR BLR SES
IgM 254, Fi-5 HRP bric PR gs &, TSt s - duik—Ebadi i 2 69, e ks TMB &6, FHER
AXHE 450 nm PRI EWOLEE (OD H) , 38 brifE 2B o 1gM M

1.8 BEHMTIEGBNEERIFENE KD AEMOFHEEN(10£1) g J5, 4 BT R4 | kA4
FFERD T R, 520 40 55 B354 IO MU AexsAl BERPR, BB W BE N 2x107 CFU-mL™ A vE ST
Wo FHE 10 pL-g ' AR i i S X 5 R A0 A 7 I s R ), B R A 3 0 T T 0.9% AE AR /K . 9d
JEEE PRI, 2 RGPS RS, ] 2x10° CFU-mL™ 4 B A5 T bk AT Dok 25 ke 122 e 2L R e edoi
R, [R5 P i i JC B A PR /K B A I 0 HR 2, SO S A B ARt BER BTN, 138 BT ET- R

2 HEREHH

21 HRSEBIE AexsAl BBRIRAVE 1 FIEBCESHOE, SO IS 1Y) B EAME LU AR
TR S AT 18, LI AL 4 [T exsA T RBRAR, T RS IET | ) exsd-FO/R FEAT X0 LR T # E
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5 PCR IGTE( 1), fhI& 1 7] 0L, B A RS exsA-FO/RC 5 | WyEAT sapeimS, PCR P24k /A 1100 bp; Hi
THEYEE TP AFTE 2 N8 DL exsA, AexsAl B-ICRASKRE PCR F=#)55% T4 600 bp Y exsAl S F Bk,
A 1100 bp AYHFA B SERE =) . K mibr i BE VIS BSOS, 260 24 T A TR (IR ey A BR A 7
PEATI R, TUFPE5 SR R exsAl ELALINEIC . R, Kk sk 45 A 4k FC TR AexsA 1 REBREAAR -

22 WIS BHREIFTFER AexsAl BURHKE AL  IE 24 RAAMIE C4 BFAERERT AexsA1 FbRIE
FEEFR T A KL IEER (B 2), dE 2 7T, 76 LB AR IR 3 ob, 4 GBI AexsA 1 MiBRbk S
C4 B A RRAEVE RIS TC 22 57, FE X B0 R R S 3 R B e 90 < s AT T B 24 e, (LR A Fl A Kl
AEAEREES . XU exsA1 FE PR 2 PP B A9 A K 35 B B =2 )
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M: DL 5000 DNA marker; 1, 2, 3, 4, 5: AexsA1 mi 4%
6: APk
Fig. 1 PCR verification of Aeromonas veronii AexsA1 mutant
strains

M: DL 5000 DNA Marker; Lanes 1, 2, 3, 4, 5: AexsAl
mutant strains; Lanes 6: Wild strains.
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JEs T O o B HE A TR, SR SR LA 3,
FH IR 3 AT, AexsAT i BBk A4 IS 4L B8 ) A X 1 B
BRI R BE S S . BRI S5 P AR eSS
1 RIUFET- N 25%, 7 RININFET R K 30%; 1M
AR e B AR A 1 R, BT R E A B
65%, M55 3 RAJFET-HIKE] 85%; =5 X M4 7E
WLEE I P A BRSBTS 00 o X U B exsA1 JE A i
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Fig.2 Growth curves of Aeromonas veronii wild strains and
AexsA1 mutant strains
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Fig. 3 Survival of tilapia infected with Aeromonas veronii
wild strains and mutant strains

K FH AR S0P ) B A 2 TG B TR AexsAT U 75 Bk, X B AR gk A7 B B T 5, DA IE

AexsAT WREHRXT B HE AR e itk . P AR IgM RIBREITZR DL 4-A, 45 RR I, HEFP AexsAl IHFEIR
J&, BAEAEN R IgM 52 2 5 4 K, 1gM 9REIAS) 3.81 pg-mL !, 5B R 1) IgM ]
ERARFEZER (K 4-B) . EIRETRERY], 4ERTAME Aexsd 1 IFEMR AT LIFEABULIITEOL T, 55 )E
X B o A 5 B A R R K B S BONE, HAT SR I

25 BMEBEMNTIESMNRBHRIPEMNE 5 2 YHEMEERTHY 9 d 5, HIim R B 09 4 1A T Y A 1Y
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Fig. 4 Immunoassay of tilapia inoculated with the AexsA1 attenuated strains

o

A: IgM standard curve of Tilapia; B: IgM concentration in tilapia serum.
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IR TR PR P P T AT AT S BRAR T
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Immunogenicity of Aeromonas veronii AexsAl Attenuated Strains

SHENG Qianglong, XU Yike, LIU Chaolun, LI Hong, MA Xiang, TANG Yanqiong, LIU Zhu

(School of Life and Pharmaceutical Sciences, Hainan University, Haikou, Hainan 570228, China)

Abstract: Aeromonas veronii is a gram-negative pathogen that infects humans terrestial and aquatic animals. In
gram-negative bacteria, ExsA4 can activate the type Il secretion system and mediate cytotoxicity to the hosts.
Our previous genomic analysis showed that 4. veronii had two copies of exs4 gene, suggesting that its
virulence regulation might be mediated by exs4 gene. In this study, the homologous recombination double
exchange technology was applied to construct the Aderomonas veronii AexsA1 mutant strains, and the challenge
experiment was carried out by means of intraperitoneal injection. The results showed that the virulence of 4.
veronii without exs41 was decreased significantly. After tilapia fish was inoculated with the AexsA41 attenuated
strains and the wild strains, respectively, the accumulation level of immunoglobulin M (IgM) in the serum of
fish was increased and reached its peak at the 4th day. The immune protection rate of AexsA1 attenuated strains
against tilapia was 70% under the lethal dose of A. veronii wild strains. These results indicated that AexsA1
attenuated strains could induce the immune response of tilapia, which may lay a foundation for the further

development of 4. veronii as a live attenuated vaccine.
Keywords: Aeromonas veronii; virulence; immunoglobulin M; Immune protection rate
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