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Construction and biological characterization of three virulence-
related gene deletion mutants of Pseudomonas plecoglossicida

JIA Tingting, CHI Yu, LI Shanshan, CHEN Jigang, MAO Zhijuan”

College of Biological and Environmental Sciences, Zhejiang Wanli University, Ningbo, Zhejiang, China

Abstract: Pseudomonas plecoglossicida is the pathogen of visceral white spot disease in large
yellow croaker (Larimichthys crocea). At present, the pathogenic mechanism of P. plecoglossicida
has been partially understood, and some effective vaccines have been screened, whereas no
commercial vaccine has been developed. [Objective] To deepen the understanding about the
pathogenic mechanism and develop efficient attenuated live vaccines of P. plecoglossicida.
[Methods] We targeted /uxR and the RNA polymerase ¢ factor gene rpoE associated with quorum
sensing to construct deletion mutants of P. plecoglossicida NB2011 by double homologous
recombination. In addition, the strain AT6SSIAluxR with deletion of both the type VI secretion
system 1 (T6SS1) gene and /uxR was constructed. The biological characteristics and virulence of
the mutants were analyzed. The relative percent of survival of fish after vaccination with the double
deletion mutant was investigated. [Results] We successfully constructed AluxR, AT6SS1AluxR, and
ArpoE. Compared with the wild type, none of the three mutants showed significant changes in the
growth rate, swarming ability or swimming ability, while AluxR and AT6SSIAluxR showed
significant decreases in biofilm formation. The internalization, adsorption, and intracellular
proliferation of the mutants in mouse macrophages were observed. All the three mutants could
survive in J774A. 1 macrophages and showed lower proliferation capacities than the wild type.
Compared with the wild type, the two single mutants showed significantly reduced virulence to
goldfish (Carassius auratus) after intraperitoneal injection at a concentration of 1.0x10” cells/mL.
The double deletion mutant A76SS/AluxR showed no virulence when challenging goldfish at the
same dose, with the LDsp>10® cells/mL. In the immune protection experiment, the goldfish was
vaccinated with AT6SS1AluxR, and the fish was artificially challenged with the wild type 28 days
later. The relative percent of survival reached 78.60%, which indicated effective protection.
[Conclusion] In this study, three gene deletion mutants were successfully constructed, and the
virulence of the mutants was significantly decreased. Among them, A76SS1AluxR is expected to be
a candidate strain for the development of the attenuated live vaccine against P. plecoglossicida
infection.

Keywords: Pseudomonas plecoglossicida; double homologous recombination; deletion mutation;
biological characteristics; virulence assay; relative percent of survival

ARE O MIR(Pseudomonas plecoglossicida) — —E T ff o 1% 0l & 7EARE 500 T L fa 25
IR R AR A B KA NIE RS Bk, HEEF I PSS ARS
WIECREAN . BET, ETIXENEURILEEA (type VI secretion system, T6SS), — /3l R4
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(type III secretion system, T3SS)., ZKEFAKFI L E
WA 5 SO BE DA A 65 g v PR 3 2 1 S5 L
Bi(CspA)EEH . o T E (rpoE). #¥iz i &
BRI (ZnuCBA . ZnuA . ZnuC)., B 4
T HL R (RK21-RS10325)4: 2 BIF5E 3 e W< )
TR AR LR A A b R N S I A
B R B MR P 25 A RO RRED . e
PRIFEREFE W, K P B X 12 T R e ) PR A
RORAES , T Z Rl Bk 23 ) R AR P A 2 Y
59 7% 1% ¥ 1 (live attenuated vaccine, LAV)3k 15 T
FXTBARRORIPRCR,, AUf ATosD. AT6SSINMSSS5.
ArpoS ZEHO1 - Fi| L R UTER B R ARAF 1Y espAl
rpoE SEH IR e R A Bt s, Wik T
AR ARG SR 5 T A I P A T
(A 2 R P — B - 58 BE S P2 B RE IS A AU
i I AR A AR R R, A RO
i 3500 20 L S e AV B e, DT A 8 e
T A TN BRI N B I . EL T, S5
LB Ry 12 BRI E P AT A6 A1 2 )

A 5E S 7% o4 T A {5 B 1 55 75 16 928 v
BT S, e 53 0 I 7 e A
I {1 R DG 1Y) 5 PR AR Ay R R PR A A e O A R
LuxR & 4l [ %5 B R ) 37 140 280 22 52 (quorum
sensing, QS) " AUFE sRISFEEE 1, TR E 1A%
JEAH DGR B s B O T, I 5 TR AR 3L
WRPEFAE VI EEEP) . RpoE & —Fh 4 41T fiE
o A, AT LU R B S5 ) i (AR ) 31 7 R IR 3R
RO R A — S 0 R D AR 1 5 S K I
Z 5% 1P, WIRETE P. plecoglossicida 1Y) &%
Bl i AR N, B O S E T6SST 2
R EEE S PR R, AT e R
luxR . rpoE AE ML DRy B 2k 5 A8 bk, J %
GES IR I A W2 R A | B )RR S e I i
5 7RIS a0 Ar, BRI R R A B R
S5 TEE Y P SR (AL BE 2 A M R T PR

1 ME5F*E

1.1 ##§

111 Etk. FRAISZHA

P. plecoglossicida NB2011 B} A= k& (WT) D\ #7
VLA G2 1L 57 0 X A A S o R £ JBUE b
B, BRI E A, AT6SST 7%
T H A TR R 20 A A R TR A, Escherichia
coli DH5a., E. coli WM3064 [2,6- % %P ik
(2,6-diaminopimelic acid, DAP)& Bk ] 8 32
YN AT B AR pK18mobsacB-Ery 14 H S 55
FARIE . /ANREELIAE 1774A.1 W A 2 A YR
FARAF],

1.1.2 EERF

i BUHITRT i (o (R 55 | CHROMagar
ol BERERY . E B EIW H Oxoid 2 A
DMEM %57 3E06 H Hyclone 23l 5 JiG 4 IM.15 14
H Corning 2~ ] ; JREFNE F Gibeo 23] 5 FiJieE ]
Weisl5h & A Omega Bio-Tek 24 H]; DAP It A
ERTRL T AE AR R A IR A ) S
FIRER, A NVEER. KRERHWALET
Y TR RN ARAFE, £dtEREH
WeFE 43R 50, 100, 200 pg/mL; BRI NI
B A=Y TR(KREARAA; 2xTag
MasterMix W [ 7175 5 Ay 22 A= PR e 4 A7 B
oy E) ;s FAAREN AR LR A E 244 E AR AR
R R, GR35 R i
1.1.3  SEIezhY)

S B B P 1R T (10+5) g 1 f e 4
fi, WA THEEEST Y., AR TE Y
SIEIG Y ARAT W VLT HL A B S 5 s WA B D
SR AALAE, S 20250417001
1.1.4 Sl

4G P. plecoglossicida NB2011 4> 3k [ 4H J#
HIJ(NCBI &35}y ASIX00000000), Fi 1 [i] 5 H
BB, A A SnapGene #4511 H & IuxR
rpoE BERIBRBREY 5100, 5190 i A48 T AR T2
(LA R AF G, 51T 1,
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x1 AWRETASI

Table 1 Primers used in this study

Primers name Primer sequences (5'—3")

Amplicon size (bp)

luxR-MF1 GCTCTAGAAGGGTCAGGAAGCCGAAT 529
luxR-MR1 GGAATGGCTGTCAGATCAGCATCCGTTACTCCCTTGGT

luxR-MF2 ACCAAGGGAGTAACGGATGCTGATCTGACAGCCATTCC 585
luxR-MR2 CCCAAGCTTGTACTTCTCCAGCAGGTC

rpoE-MF1 GCTCTAGAGCCTCTTCATTGCACAGG 686
rpoE-MR1 GCTGTCTCAGGTTTCCTGCTGGGTTAGCATGAACAC

rpoE-MF2 GTGTTCATGCTAACCCAGCAGGAAACCTGAGACAGC 480
rpoE-MR2 AAAACTGCAGGTTGCTCACTGCTCTCAC

luxR-wS CACCGAATACACCAGCTTGAT 714/1 410
luxR-wA GGTACGCGATTCTACAGCG

luxR-dS CCGCAAGCTGAACAGGTT 914/1 610
luxR-dA CTTCTTCTGAGCCAGCGA

rpoE-wS CAGGTGGAACTCGAAACC 897/1 539
rpoE-wA CGACGCAATTCCAATTCG

rpoE-dS CTGCGTATCCGAAACCTG 957/1 479
rpoE-dA CCCTGGTAACTCTGCTTT

M13F(-47) CGCCAGGGTTTTCCCAGTCACGAC

M13R(-48) AGCGGATAACAATTTCACACAGGA

MFI/MR1, MF2/MR245128 I . FUFFEVE R BEse BT 105 wS/wA . dS/dAS3 ) Rtk 58 A8 bk FAds A 98 A8 BR BRI 5 | 4 5
MI3F(-47)/M13R(-48) N E 4 sa b F RIS E S 1Y) T R FRAIPE Py IR BIA 15

MF1/MR1, MF2/MR2 were the cloning primers for the upstream and downstream homologous fragments, respectively; wS/wA,

dS/dA were used as the detection primers for the deletion and insertion mutants, respectively; M13F(-47)/M13R(-48) were used as

the identification primers for the recombinant clone; Underscores indicate restriction enzyme recognition sites.

1.2 EFEBRARTERIDE

R T BT B A S v, ARBESE LA ArpoE ik
RN F], AR R EE R, fAg
e S N SR 7 B SN S A ol
P. plecoglossicida NB2011, T6SS1/luxR XL K ik
RN L AT6SS IV g & bk, A EE 3
5 AluxR #8146
1.2.1 P. plecoglossicida NB2011 £ [E2H 2 BX

BUCH AR B A P, plecoglossicida NB2011 [
PREERM D 35 B (A BE 32 0L B RIZE 1k, 28 °CHE3%
FEREERE . ZEHTEAR L PR &
B 50 uL CHE /K PCR &, 481 105 °C
AP 15 min.

>4 actamicro@im.ac.cn, 7 010-64807516

1.2.2 pKl18mobSacB-rpoE E4H B & ki Y
LAFE ST

LA P. plecoglossicida NB2011 & [K 24 “hy 5
e, KI5 I¥ rpoE-MF1/rpoE-MR1 ., rpoE-MF2/
rpoE-MR2 735l 74, 1533 rpoE L[ IEE A
Jr B TR B O Be, JFSR A PCR 4l
iRl &gt LA, B R BObEit, RASIY
rpoE-MF 1/rpoE-MR2 4" 34, 35454 rpoE il &
AB B, JfFMaifeiin @i raifk. PCR K
KA (50 uL): ExTag (5 U/uL) 0.25 pL, 10xExTag
buffer 5 pL, dNTP Mixture 4 uL, I, FUEs149
(10 pmol/L) %% 1 uL, DNA #AR 1 uL, ddH,O
37.75 pL, PCR R &A% 95 °CHIZE Y% 5 min,
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95 °CAL 1 45's, 57.6 °CiB K 1 min, 72 °CHEfi
30s, 5 EH; 95 °CAEME 45 s, 68 °CiH k
1 min, 72 °C#Ef#i 2 min 30's, 30 MEFF; 72 °C
ZGEAH 10 min, 10 °CHEE

¥ AB glifb 5 B FIA kL pK 1 8mobsacB-Ery
Iy E T 37 °C, F Xba 1 F0 Pst T 3E4T WU .
B alifb 5 7E 16 CIVRER S %, HEHN ™
WAL ZE K KT 7 DHSo B2 A4, 1 B VK
K4, H M13F(-47)/M13R(-48)5 | ik AB i
AR Ol I 48 L) A BH A v e -k
Py o 58 OE eI, PRk A o8 4
—E, TORAEM M B TS S50 5 I
TR FR ORI, ] A 42 HCER 20 kL pK 1 8mobsacB-
rpoE (T FK pK18-rpoE), 4 $& Ly B % 4k 2
DAP & JR AR E. coli WM3064 w1, 153 {4
T WM3064 (pK18mobsacB-rpoE).

K FHAR TR 7 44 #2452 pK18mobSacB-luxR
A [ AR I A IR 5 T
1.2.3 FRARTIREVEE

P AT E. coli WM3064 (pK18-rpoE)5 5%
KB P. plecoglossicida NB2011 ¥— & H iR &,
BHEA G R IR TERE A LB (DAP=0.3 mmol/L)
28 °CHefy 24 he ZJ5, HUEEREBIEAT 10 f5
R R G 1A T LB (KIRE & 4 50 pg/mL)F-
Mio 28 °CHEFRRI A, BRER 4k 5 1Y B v fe 7
LB ¥ A 35 352 5 28 °C. 180 r/min YR % 155 &
ODgy=0.6, 43 51| >k H 51 ¥ rpoB-wS/rpoE-wA .
rpoE-dS/rpoE-dA X ve fE #E 1T PCR &, LAY
A AL NB2011 1E A B X HR . PCR s b A& &
(50 uL): 2xTaq M (0.1 U/uL) 25 pL, YKE5Y)
(10 pmol/L)#% 1 uL, #4R 4 pL, ddH,O 24 pL.
PCR S 451 : 95 °CHIZAEYE 5 min; 95 °CALME:
45's, 47.5°CiRK 1 min, 30 MEH; 72 °CHEff
3min30s, 10 °CI#i.
1.2.4 FREFRTIHRAVAE

PRI M ol e Ah T A LB 1, 28 °C,
180 r/min ¥R %5535 B ODep=0.6, WU B M ik
17 10 f5RE FE R BRI IR AT AE & 20% FEMEAY LB ~F-

M b, 28 cCHEFRIB . FRBCF-HR LA sake, SR
FH 540 A 5 78 R A (] A Az 3 6 ek A7 PCR
R, DA A AR A BAE X RE
1.3 RTHREYZSFE D
1.3.1 4HEAE K HhZa )

g3 i Bk BB 3% 46 19 NB2011, AluxR .
ArpoE F1 AT6SSIAIuxR TFikk, HFh%E LB WiRE:
FiFrh 28 °C . 180 r/min H R . BUT R BEI7
Yy, VAR Z ODg=0.6, 218 1:100 1)
Fb 1 5 422 2 100 mL LB AR B 32 v 28 °C |
180 t/min ¥53% . LAFEHZIIZI 0 h, 3 h J5TF LA
Frill, AEMIFE 1 h 235002 3-13 h BT ZI ODgoo
(B o 2R AL A R 15 FR A 1], 9N A A5 R BT
ODgoo (IR MR K, FRdHE 3 1 FA7.
1.3.2  4AEKFEE TN

g3 i Bk BB 5 3 1k B9 NB2011, AluxR .
ArpoE Fl AT6SSIAIuxR H.F 7% 4% F T 5 mL LB
Wik R ek, 28 °C, 180 r/min $5 3514 7% . ¥4
BT E ODg0o=0.6, WLHX 2 uL R S AT
BRI LB EARIE R, 2 0E5% 24 h
720 5, R AR R RO 2 40 R vk 3 e B AR
BEABE 3 FAT
1.3.3  4AEEKEE M

a3 9 Bk BOEr & 15 1k ) NB2011, AluxR.
ArpoE Fl AT6SSIAIuxR T #%, #Fh%E 5 mL LB
WA R Fe Kb, 28 °C, 180 r/min H5 3547 . 4
TR R ODg0o=0.6, WLHL 2 uL Bk 75l T
e VAR RS F2 3L H0 (0.5% BRI M), 20915 5%
24 h f1 72 h JE, RS R RO 20 B vk P B
7, B 3 AT
1.3.4 AR IBR R BN E

Y P A Y i RE 1 2 BESCEk[14] 06T, TR
B 100 L 8 % 4F 0 W A 96 L sk i AR
28 °CHfr R 24 ho FF LA LW, HEHE
PBS 2% i U Ja A B [ g RS
PN 2% %5 550w, % T 448 15-20 min,
MK e HRICE KR, BREfLHak

http://journals.im.ac.cn/actamicrocn
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ARG FRE T A 33% UK 2RV U LAV i
ShiAnEE . FE 590 nm AMFT, M IR AL P IA TR
1) OD . BUGRIR B RN 3 MLIES, K
Y BUEEL 3 YOEYIME D 8); VAREERE IR
TAE R BT B B PEAE A 2 A5 S SRR (.
(Do)o #YE DAE, FHERDIN: AV IY
AR (D H R T 2 %5 Do), 554 Y8 B Bdk (D
{EAE D 5 2 % Do Z[)) . JoA= Yy i mi ik (D
HNFEHET D).

1.4 RTHEHEN

141 ETHRIEMEMEATIM . R{LFnE
A4S 5

G AR RN L W5 440 G P 0 B . P Al R B
PEMREL T EMR IEOSCHR[ 1213047, #3555 3 AR
BRGH R E A 7774A.1 DL 10° cells/fL Y 5
FERERNT 24 FLHRR, 7E 37 °C. 5% CO, k537
AR K. MR E AR R T,
JH PBS 1% 4111 NB2011 Fl1 98 28 # 4l IR YL &5
A (multiplicity of infection, MOI)=10:1 £ DMEM
SERIEFRIE PRI, BT 30°C. % 5% CO,
B3 FE4 T EE 1 h, PBS WVE4IME 3 %k, H
1% Triton X-100 244NN, TRM T HA N EE
(100 pg/mL) A F-H b Aerimh seE, e Z8UE
RFEBEMME . HAYHY 24 FLE T LA PBS W EESS ,
] LA I A BN T 200 pg/mL KK R )
DMEM ¥ 35 35 647 2 h IR, AL T4
FHF R AL A B . 205 1 PBS Tkl
ML, BRERKRER, 2faais, WA Taaw
T 8% 2 (100 pg/mL) 1Pt b IF T E500 i Al .
HAasmyflrb, FH PBS WIS IR RE R R L, U
DMEM R FR B4R 2355, I LU /ER 0 h,
b 4 h FH PBS {5 BE4 ML, S A 1% Triton X-100
ZAfRAMG, UEATIE TR, AU AN B E B W A
L P A A B AR 200 o
142 REKNESENESHRAE

43 9 Hk BUBT £ 75 1L B9 NB2011, AluxR .,
ArpoE Fil AT6SSIAIuxR .14 7% 7 2 5 mL LB

>4 actamicro@im.ac.cn, 7 010-64807516

WAR R g2 b, 28 °C . 180 r/min 1% 37 i %
(ODgo=1.0), &I AR 405, I
B PBS PRI B TR BE 2 1.0x107 cells/mL 11
RRWIRE, %M.

A A A1 B o 0 £ 1, B o F7 1
AR FHER . PR (10+£5) g (e
Gl SefEFRIEE LIRS RN 1R L
BB 20 &, SrnlAEIETST 0.1 mL ARV
(PR, % AR v S AH [R] 7 5 1 PBS. &R
S 7d NIAIRIEOL, Goitsbr-, S
(] 7 I HE (20£1) °C.

1.5 REMMESENRERIPN

A ERRE R . PR E (1045) g 1y
B 4t JerE R = ISR AR FRE N 1
DL b BHaBENLY N 4 4, B4 30 B, AR
JNABEZE AR, WREEE T 0 A PRI AR BRI AT
RPERY TS . 55 1 AURISE 2 4l M dl, &
J 1 v 5 0.1 mL 1.0x107 cells/mL Fit) B L Tk (7
WA T SRR BE AR LDso); 55 3. 4 4 X R4,
G [R] 590 2 A K B A R K

Perh 28 d Ja, s A 5k B2 43l
I 30 Bfa, AfEkES 0.1 mL 1.0x10° cells/mL
B EF 4= ¥k P. plecoglossicida NB2011 T 2 1T
N T Xk, a0 s B fa R IR FSE T4 0
X F R T R RIS, AR E SR TR . 3
6 45 A A A 2 (DM 5 AR G s A
(relative percent survival, RPS),

RPS=(1- R 2HAET R RRZHAET 258) < 100% (1)
2 RS540

2.1 ERFEREEREE
2.1.1 FEEBRFRNEEREEL

Zeat PCR 47450 538AF rpoE () L3t [ W
A JrBe(686 bp). N ilF[AIIEE B F Bt (480 bp) &
G AB R Bt(1 166 bp) (K 1), STHK/N—5
FEHAT R Mgt



BUSEE 45 | BUEYAER, 2025, 65(8)

3649

A

bp M 1 2 3 4

5 bp M 1

5000

3000

2 000

1500

1 000

750

686 bp 500

«—1166bp

Bl rpoEEE ETiHEMTEERME. A: poE L Rt BHOY H(KiEL, 2: ARE:; WkiE4, 5: B
FBO); B: rpoE I, Tt BeiRlA (Ukil1: ABRLG i Bt; JKiEM: DL5000 DNA marker).

Figure 1

Amplification and fusion of upstream and downstream fragments of the rpoE gene. A: Amplification

of the upstream and downstream fragments of 7poE (Lane 1, 2: A fragment; Lane 4, 5: B fragment); B: Fusion of

the upstream and downstream fragments of 7poE (Lane 1: Fusion AB fragment; Lane M: DL5000 DNA marker).

2.1.2 FANRTHRAIAE

P H At Ak 0 BH P v R 1 2 AR R 57
B85, o 51 Y rpoE-wS/rpoE-wA |
rpoE-dS/rpoE-dA HEATAEIN , DAY A= A1 25 AR
ookt R B AERRYTBG FB 4RO A 1 479 bp.
1539 bp, HARZBIEH SumBEH: RGP
rpoE-wS/rpoE-wA 414 Jr Bl 897 bp, K514
rpoE-dS/rpoE-dA 9314 i Bh 1539 bp; 3mEEd -
K519 rpoE-wS/rpoE-wA ¥ 14 F-EBE K 1 479 bp,
K H51%) rpoE-dS/rpoE-dA §7 44 F Bt & 957 bp.,
ERMmE 2 Frax, 1. 3.4, 6, 7. 8,9, 10
FBAPERET, ATLUHIET 1. 3. 4. 7 SBETN
3umE L, 6. 8. 9. 10 FEfET N 5w,
2.1.3 FREETHREVIIE

PRI 20% BEMENY LB VAl b i v e
F, 3 HILL rpoE-wS/rpoE-wA ., rpoE-dS/rpoE-dA
SIP1E T PCR K, DA AR R AIZS (A A6 B
TER B R 5848 s Y 38 774 897, 957 bp HEX,
PR BB 1479, 1539 bp, 2540 3 B
N, SEREAGE, FARYIEEE, Jf# A PCR
TRaE 7/ RS R S P K T S o R v Y 4
B

FIFER Bk s, B 7 AluxR 5

BE DR R 58 AR Ak LA e WIS PRI 2 A8 1 5 LAVITR 43
WhER G e 57 R AT6SS IV WE N2 K, At
T XRALKE AT6SS1AIUXR .
2.2 RETHREFHE D
221 HAEREKEZ

DIFERERTZ0 R 0 h, 3 h 5468 1 h #6000 1 7%
ODyoo, SR 3—-13 h B ODgoo 8. 1K 4
s, SEFAEMRMLL, AluxR. AT6SSIAluxR Wi
FRASRI AR B TC AR Ak, ArpoE 2875 KR 1Y
AR ETE 0-5 h WAl SEFAERRAHIE, 5 hEHA
KBRS TE A, HAESITE L EZRAR
F(P>0.05),
222 ZHERVKBNEES

B AR 953 24 h F1 72 h I, A
R RO £ 40 P Uk o P AR . AR 2 R 2 1
FERE 5538, il 5 s . BFAE R NB2011
55 3 BRSZSHRAE 24 h F1 72 h Bk ShAE 13
FEEF(P>0.05),
2.2.3  ZHERVFFIKEES

IR 2 L TR T A R e rp s
(0.5% BAHRH ), 28 °cCHFEH 9% 24 h Ml 72 h
Jei . RS A= RO S 40 TR Ui Dk P A o AR A S

http://journals.im.ac.cn/actamicrocn
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bp
5000

3000
2000
1500
1000

750
500

1479 bp

897 bp

250

bp M 1 2 3 4 5 6 7 8 9 10 11 12

5000

3000
2000
1500
1000
750
500

<«—1 539 bp
<+—957 bp

250

B2 rpoEfBNRTHRIEM . A: KI5 WrpoE-wS/rpoE-wAR I ZEH s B: K51 4¥rpoE-dS/rpoE-d Al
S UKIET. 3.4, 6. 7. 8,9, 10: FHPERCRE; JKIE11: DINB20TUWEAYER AR PKiE12. 25 XA
VKiEM: DL5000 DNA marker,

Figure 2 Detection of rpoFE insertion mutants. A: Primers rpoE-wS/rpoE-wA assay; B: Primers rpoE-dS/rpoE-dA
assay. Lanes 1, 3, 4, 6, 7, 8, 9, 10: Positive clones; Lane 11: NB2011 was used as a negative control; Lane 12:
Blank control; Lane M: DL5000 DNA marker.
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Figure 3  Detection of rpoE deletion mutant. A: Primers rpoE-wS/rpoE-wA assay; B: Primers rpoE-dS/rpoE-dA
assay. Lane 1: Positive clone; Lanes 2—-5: Negative clones; Lane 6: NB2011 was used as a negative control; Lane
7: Blank control; Lane M: Lane DL5000 DNA marker.
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of the wild type and mutants in J774A.1.

Adhesion, internalization and replication

HA—E W EoRTE .
24 REHMNEESEHNRERIFN

MR BE J1 AT 45 2, B #E AT6SSIAIuXR 5
AR R G M0, JFTERERD 28 d JE AT A TIX
i, B AR, JOSRIET B, TR
RN RE 4 ) S BE ORI 38, A5 R ANIEL 9 TR .
PR AEREYE 2 d I Rhge MBS T- %, e
MR Sz BRI ZHL 2 s B0 1 225745 (1] 10)5 Bas
BT RS [ HER , RIS S R A H

Table 2  Virulence test of the mutant strains against Carassius auratus

7S TR HEA%L Gt YR H SET- 4L FET-H
Strains Bacterial concentration  Sample (pcs) Daily mortality rate of experimental fish Mortality
(cells/mL) 1d 2d 3d 4d 5d 6d 74 ()
ArpoE 1.0x107 20 0 0 0 0 3 0 0 15
AluxR 1.0x107 20 0 0 1 0 4 2 0 35
AT6SS1AIuxR 1.0x10° 20 0 0 0 0 0 0 0 0
1.0x10° 20 0 0 0 0 0 0 0 0
1.0x107 20 0 0 0 0 0 0 0
1.0x10° 20 0 0 0 0 0 0 0
NB2011 1.0x107 20 0 3 2 2 2 3 3 75
Control PBS 20 0 0 0 0 0 0 0 -
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Figure 10 Anatomy of the internal organs of Carassius auratus. A: Tissue anatomy of a healthy fish (The black

arrow indicates the healthy spleen); B: Tissue anatomy of diseased fish (The white arrow indicates white nodules

in the spleen).
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