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VA I A BT K P T T It G, 2 T ik A
293 VR PR IR () - 3 7 885 ( Cynoglossus semilaevis )
Hh 3 B AR, pSR4ATs [ A% UKL (Cmr ) ply AR S 56 28
TRAT SR Z S AN E. coli CC118 Hy A 5256 % ]
YEo FLANTE XTI Litopenaeus vannamer) LRGSR
N HREES KR 4~6 em (AR 1.2~
2.3 g) K H I, T ARG S5
1.2 REINE RseB EREGREKKREIE

A NCBI i /5 i e 9 (ATCC17749 )
K20 552 2% , LA RseB K8 e b R R
FP3I o DNA A e it F1 & Mol (2 1) . H
RseB-up-F/RseB-up-R F1 RseB-down-F/RseB-down-
R WiXS 5195 B934 RseB 3L 1 T 3t [a] Y50 ik
A B, PCR #F:95 C 5 min; 95 C 30 s,
52 C 305,72 °C 1 min 40 s, JEFRECH 35, 72 C
5 min, HERE LKA PCR 4, [l 4ife, 1]
W ¥y 45 L IR 5 5 AR AR, RseB-up-F I RseB-
down-R 2 R 5 [WaEAT RlG PCR 914 JF I Bk
R KA o BRI PE LI EE Not T Al Bam H
I #EA5 YT, M) 5 WAy pSR4Ts H A% i
Ry, LA E. coli CC118 JBZ A4t , i
100 pg/mL Y HT 4 R Kan LB i & BH 1% 5 B
pSR47s-ARseB, Lk 5| ¥ pSR47s-F/pSR47s-R il
16S-F/16S-R #£47 PCR " W Il FP 48 € . 45

SR H AR BURL pSR47s-ARseB WAATH E. coli
CC118 F AV HEINTE WA, 765 100 pg/mL
Kan 1 Amp /) LB I $ki% FH 4 50 /%, L RseB-up-F
F RseB-down-R Ry | FiiF 51 ¥ #E47 PCR #:ill,
PCR 7= HLIK 4547 K/ R 1500 bp 2245 1Y B 58
BT MR RN TE & 10% BEMEEY LB | #E17 &5 0
BE,37 CHEge, Pyt nl LIE S 10% RERE I 4 LB
AR KRl PCR 7™ 9 Bk B 254 292 1 259 bp
() B T B B AR, LA 5| 40 %) RseB-up-F Fll RseB-
down-R % 16S-F 16S-R 47 PCR A il Fi 7 4
SE RseB FEPRBHERR T (E 1) o
1.3 E#RERILR

WG BN AN RseB 32 [ BLC TR Bk ARseB 1
BT RE SN AR 1% LB FP 2] LB B 57 47K
37 °C 150 v/min ¥53%, A5G 1.5 h B 1 ke, FI
43366 EE T ( BIO-RAD Smart-Spec™ Plus ) il 5 7£
ANTE] B (B R 4 B AR K B RO B OD A (9% K
600 nm) , L35 =0 ] A AL A, LAY B OD i
DK e 3 AT 1[4 o 1 S
1.4 RmEEHNE

W7 BE DI TR Rk 2K 28 ZE ¥R ARseB PR 5T [ )
SHERN TR LB b i % 5%, 15 S0 5 20 Fx
WAL, B4 3 A AT, IO [R) A R LR I T AT fL
(9 2F 1 3R A () T ] P 28 SR g 2 4 ),
FUAE R 90 mm/ A, 2 M i ik 5% ; TFL I FLAE
H/NHR 0.3 em) 37 CHFE,7E 12 .24 .36 48 h 4t
4 /s ) 5 00 5 5 L P AR RN

®1 EHRRIAGI TR

Tab.1 Strains, plasmids and primers

TR R K5 ) FA R EFRE Fe P
Strains, plasmids and primers Phenotypes and correlative characters Source
-~ . e \+) Amp+ Tk s
BBk Strains e - S A 2 A
RIgHFE CC 118 etk ARSI R
KIAHTE CC 118-pHelper B BORE L Cm AR S 2 IRAT

JER Plasmids

KIFFE CC 118-pSR47s FE DR A B TR Km KRR
AAGGAAAAAAGCGGCCGCGACGGCATTTCAATCAAGT
RseB-up-F I NEE
seB-up (3IA Not. 1 BB S
RseB-up-R TGCATCTCAACAAGATGCATAACAATGATGACCGCGT INEIER
RseB-down-F ACGCGGTCATCATTGTTATGCATCTTGTTGAGATGCA INEIE R
CGGGATCCGCTCTCATGGATGGAGAAT
imers «eB-down- INF]
5% Primers RseB-down-R (BIA Bam H 1 B 8) N FE
pSR47s-F CAGGAAACAGCTATGAC INEIER
pSR47s-R GATTTGCAGACTACGGGCCTA INTEIE R
16S-F ATCCTGGCTCAGAACGAACG INFEIE R
16S-R GAACAACGCTAGCTCCCTCC AL

http://www. shhydxxb.com



41 i B AR R BEIE RseB JE N BRI XT FLAN I X RO 1 ) 52 ) 683

RseB-up-F RseB-down-F
. RseB}

[ {p—
RseB-up—R RseB-down-R

lOverlap l

N\ Y/
| |+ pSR47s
up down

upt+down

a X
SR47
Amp+ ig W ﬁ
AEEE N

Homologous Ori-
recombination ¥

e 'léseB"\"j"j\,
HAER :

Wild strain uptRseB+down=2 242 bp

RseB ZRERKHE R

ARseB strain

=3

. S>—L
uptdown=1 259 bp
(RseB EF KA 983 bp)
1 A%EINE RseB EEFRTEREE
Fig.1 RseB gene knockout in Vibrio alginolyticus

1.5 REINE AN TR FLAESTER

FRYE T g 45 5, e ar 3 AP, AT
TER YL SL5G  H2 IR 1% (1) F ) 43 ) 3k A7 B A
55 ARseB W SRR, 37 C b i35 5%, AR P
PRICER 10 A5 1 i 4, 4 R A X L B IO OD
JIEXT R ) PR ES F: (24 OD {EA 1. 3 ZE A5 B, % g
PRAKICRE S 107) AR B8 IR o HE A B T 15 ALK 1
PSR R, BRI IRF 5 L, SRR AR
BERBEYE Bl 1.0x107 CFU/mL, 45T X R %k
O 50 B, BN ERAL I 3 AT, SR
A PRERIKAE X IR, B R4 K, SR PR K IR PN 7
SR AR %55 88 5 1 1, 4 30 K s S0 0 i B ) TR
A AR5 K A B B AR 95 B 1. 0% 107 CFU/
mL, R (] UL 22 X6 0 19 2 0 1 O, R G R 2
44" BERL O R B X BF G T BT
fif B B FE T (R A, B A fizp 3 3 & T KIS
HIFER T FEA IS I, I 500 wL iy PBS 2% ift
WAV, B LW W AT AE S T T ik BE Ry 100
mg/mL Z{ W& & 1 TCBS 34k 1,37 C il
F%, W5 AT B PR T o B T4k REALPKEE 300

BT, DL RseB-up-F HI RseB-down-R 5 _F T 5|
Y47 PCR %578 , T P A 5 i U I 5 ARseB &
PRITES ZE(2-B4F e U Kw) , a5 4k =
M IR RR 53 25 1) ARseB 15 e N A £k &/ B A= B 355
BB, S B ORI S R
1.6 NAEITIRALFEFNE

N TGS FEXT IR 1 %6 8 .16 .32 FiI
64 /NI 43 51 B AL 4k RO AT 1 ML 94 Vi R R 2 AT
fife ) BRIBOHBRRR o 28 [ 5 86 B2 B K 3 B R
Y1 4 i 3880 R, 0 22 e i Y Rk
fs g 621

2 4

2.1 RseB KR EMHE

TERFAE VS BN TE b @R RseB B& PRI, 76 &%
10% MR 20N 52 R 1Y LB “FA b i 45 24 B
1259 bp BYRUEE e PHAE FE e, )7 R
A B O DR AF L, B3 B 2 983 bp, T 154
SRR AP 51— 3, X 3R W] RseB B[R K
HiFE ARseB f 83
2.2 RseB EEFEBAENEEKNZN

1.5 h W2 ARseB DAREFNEF A V5 i 0K pa 1) A
Kt anl&l 2 s, Bl & 3575 0 ] i HE RS, 2 3%
FRIHE N 6 h )5, ARseB B bk 5 B A 1% w9 1 A
AL R, B TR AR K OD e i 42 17 i
PR, UREFRAFE N 9 h B, ARseB Bk H A K
WE(E ,OD fH° 1. 36, 3G F T[] 4y 12 h i), BF A=
O H PR K I (E, OD B2k 1. 33,
2.3 RseB EEREEKEFERRMNES ML
Eb B

12,24 36,48 h 4 /> [R) o5 0 A= 7 5 9 B F0
ARseB 753 7 10 B B AR R /NI 3 Jr s
MELIRITE] O 12.36.,48 h B, B AF 75 w55 B A
RseB & R 2 1 i oI B 119 3 1L P8 A% /N LA
gtz (B 3), il hEZRmkEE (P<
0.001) ZEHFH W3 (P<0.01)  ERBFH(P<
0.05) ,48 h FHEIMYE TR T 37.5%
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—@— RseBEFIBR K E Bk ARseB strain

1.6 —0— FAFEH Wild strain

.41 133

L2 [ 126 \o—0—0—g—0~ =

/ 117 1.19 1.20 1.17

1.0} 119 1.14
g L ) :\Q/.\’/.\./l.oz\'\.
g oosl 5 0.95190 0.6 101 0.99 5% g 97
% 0.89
B 0.6}

0.4

0.2

1.5 3.0 4.5 6.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5 21.0 22.5 24.0
B 3emt A Time/h
2 ARseB Btk SH AR BIMEE KB LE
Fig.2 Growth curve of ARseB strain and wild Vibrio alginolyticus
: S A I T A P

80 g
| RseBEE R B ks 1 A P R B L P RseBE: It 4% A ARV L BB

(a) PAEINEMFARYSIME Wild strain and ARseB strain on blood agar plate

16.00 mEFAEER Wild strain
14.00+ "™RseBEFERER ARseB strain

—
[\

.00
. 00
.00
6. 00
4.00

—_
o

E# Diameter/cm
(o]

12 24 36 48
Ff ] Time/h
(b) MBI AR/MEEEE Change of hemoysis area at different time point

FEARIE EJ7 8+« "AURZ R BE (P<0.001) , HORIE EJ75 &+ « " ARZEREEF(P<0.01), 5" « "fLRERBF (P<

0.05),
"% % " at the top of the bar chart indicate extremely significant difference ( P<0.001), " % " at the top of the bar chart indicate

significant difference (P<0.01), " *" at the top of the bar chart indicate significant difference (P<0.05).
B3 RseB ERBRKF %S EF 4l E R Mm%

Fig.3 Hemolysis between RseB gene deletion strain and wild Vibrio alginolyticus
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2.4 RseB 35N0iA 55N E £ FLAYEXT 4R 7 8 M E
TEAE N REES

S AR L, MLANEXTERFE ARseB TARE
JEYLRFIE] Ry 8 h B Y BLAE T, FF 4R SR T A [R] 4R
25 4 h, LTy, BfAIHER 20 h, SRy (8] N FE TR
B AR T B AR AR, IR YL ik 96 h i), Bt AE
T3 98% (Kl 4) o UL I TR B A T AR )
JLGRIERTURTE S AN, B SE T, Bk & 21,
WA W, B IR R & RN has SE 4, B4
BRI B X WFAE ARseB T bR JECL AT 4] (e iif
B 24 h 2247) B IGE A , R E s 1 5
JHRRR & 410 Bl A L o] A 3 0, JB% Y% ARseB
PR i 18 T 1 A8 A5 BRI 98 J 4 T &

—o— FFAEF M Wild strain

—
[=3
(=)

90

70
60
50 |
40
30
20
10

- —®— RseB ZFRREH ARseB strain

AN DO A NORE) KD N N
60 h B, BF A R R B X IR & A KRR ST T IR
G Ko ARy vh s, IR LT b B e, &
HE BT BR A SRR v 25 IR, T ARseB B R Sk
AR XTI, o 1 5 o 55 R B R ARG, R SRR e i
RAAXT o A B e 4 0 i 2 o 4 B 45 51 Y
A 2 PCR 731, 73 545 21l BER /Ny
1 259 bp [ ARseB FFEAN 2 242 bp (155 A4 75 K
W (&l 5a) o ARseB Tk 57 A6 1 TR 9 A
g Ayl 60 A4S F1 129 A, FFE T 53. 4%,
ARseB TPk 55 5T A= v e o 0 W0 REAS g 3470 22 2
R 22 5 (P<0.001) , WLIET 5b,

BT Cumulative death rate/%

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96

RYLR A Time/h

El 4 RseB EFEBFFMNERAAKETFEFRKOEHR TR TR
Fig. 4 Cumulative mortality of ARseB strain
and wild Vibrio alginolyticus strain treatment groups

DNA Marker
2 000 bp
1 500 bp
1 000 bp

500 bp

2 242 i
1 259 bp
RS T
-

RseBE: R RAE#

250 bp
100 bp

(a) JAERPREEINEFRCZEE K/ Ik
Identification of two strains by PCR

FEARF E 7 6« o " (LR 22 B (P<0. 001)

#E Number

150 il

—_
[=2
(=]

(=)
(=]

0
RseBE:[FIG K B #E AL FE MR

ARseB strain Wild strain

(b) BHERBENEFEHE

Viable quantity of Vibrio alginolyticus from intestine

"% s %" at the top of the bar chart indicate extremely significant difference ( P<0.001).
BS5 MAEIERIZERN RseB EERKFEK ST AR ZIMNALEN LE

Fig.5 Number comparison of ARseB and wild strains from the intestine of Litopenaeus vannamei
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2.5 FLNEXTERATERAR AR R IE TN
TNPETRIT 735, PLAN T Xk B T I 52 SRR e 5 1
Tt A A T W AR A o JEF 1 f 2 3oF 0 e R
AR DRE AR BT, 150 B2 10 - 40 FT 8 140 /N A
IR R 45 A4 2 R R K 44 T RE Y e 6 AR 1) B0
i B X I P JET R R 235 4 S50, 00 R A T A T AL
BRIV S Fa 2 % 3 B0 W o 308 o o g 0 T
JRRBEAT U1 i 4 WL 3] - DL 0] R 32 375 8 5K
R T B R 32 245 15 , JTF /N 4 HE 81 0 e
AL, JF ELBRAR K (01 ST 46 B W], A 118
TR 5 b K 20 5 9 o B 25 06, 40 i A B =T
FiH K o ML 8.16,32,64 h 2 4 AN ] £
AR ) R ] R0 R T B T A A A
FE R W IN 8 EL S I A 2, RseB 5 PR it 2 TR A I
e (149 LAY X MR IR IR 52 1017 AR R A5

3 e

AT ARV BB L pSRATs w5 ST Ay
#fk 3T Overlap PCR I [a] 5 5 41 i e AR , B
DI HE RseB FE IR R T MR . 5 5 A AUV B O BT
FHEL , RseB DR 1R fofe 2 5 3 3 I 1 A 1 52 3
IEAHSCHE , 255 IR E] 2 6 h 15, RseB B[R 2K 14
55 B A P I A 38 2 IO, 2 T AR
A OD WEfEFERATH B[R, RseB PRk Ok i
B EE N 7 ML R % 37. 5%, BERSTE T A2 JT
AR R v A A7 R B, 2 5t A R = G
PR ) R A YR SO TR S
AR A R T 2 R PR 199 6 A AR 1 B T M R
ST PR EE , HRE PR R 08 1 e 2 R B il AT 1Y
Fe s IR By, B AR W AL 1 R R T, 42 i
TA S AWEE, o WHSEME— A AR ) AUTERS 5%
IR BOE RS E 317, J7 8 5 KRR 7R H .
Koy o WFIET o ik, EERMEAK BB
AR5 HE R 5 5%, ik =00 2 — AR ML o Ak
YIREN o HTFHE R o HTFIRERN. o 1Y
T EE TR V45 A AR %) IO R B N, HE T e
PSR o [T RseA WYREMRHRIE . 1ERAFT
B, Sigma E Regulators f o (E) BT ( RpoE) 1)
FEPIAN RpoE J A F il 1) )3 2l ¥ e s i ) 1y oT
4 RseA RseB Fll RseC 4 %' . Sigma E 2 KIHHT
TR e Ul AR o S I 75 BT AL 5 114, T8 A AT 1Y A
HFE VLR ARUE N B AE e i FRrh R B 2 G E
BERIVER 2 Rsed VER—Fit o 7, 838 i
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DegS RseP FNZH i J57 35 (A B AR WOH AL 5, A Be B
B o AR XA A W) K A T RERR AT . RseB ¥AE
H sigma E —Fh G R4 JOAF 2 A BN R N 1Y
AT, AGNEE IR B AT RseA 145
FBRES G388 RseA BYTE M , DA OR AT AH LY
B N 30 5 R s B K A2 ) B
R o IERRET T AR I TP BT
KR, RseB FE PR 55 9ICER 7 0L 305 14 AN 8 740 G,
RseB FE [R5 I iR AE LA I X 0F A 6 90 55
WS, ReeB JE IR A B RR A6 F MU B501G S2 86 v 2
PR B AP L P (AR RseB JE R &P 3 Ay
—ME R ER MR ML, XA
RseB BEPTEMERE )5 , Rpok TR PR BE Z 355, 5| &
i 1 P 20 S5 e A I IS Y 3 e oA A A o I
TEPEA S DI R I Y 28 AR S, S B M %
R BRI, A BF 5% 2 4k s 4 IR JS L — M TE
Ve OB Fok I 10 7 1 -5 B0 MR Y Sigma
E 7 R I ZR R e, 1R 5 i il #E AR
RFRAYNY IR W] BESZ Vi B I N 2 Fh o 4y i 2
]

FLANEEXT IR R Y B0 M0 45 3 R, FLAK
TEXTUR YL RseB JE PR G2 T AR I 4R A0 T i) ] 4
R4 h,LT,, #E3E 20 h, FS Y6 24 /NI, RseB
DR 2K AT AE X W o ) S BB RE T T B 53. 4%
TE AR RIIAT, RseB FEPI B TR AR AE X 48 B 1Y
FEIG BT 0 K T HF A= 4k (0. 01<P<0.05) . 4f
DATERL g 2 F vpr, XY T A i) AR A B (3R
BB B8 R U &R B KA ) RAERK
AR, A T3 A M AN T AR Ak ) FR A 4 T A
By 0 SE DRI IGT I 5 0 286 B S AH B A S e, Ut
it L6 I R 1) R 3K B 1 5 22 A Qi R 4 1R 5
TR R 58 8 N, [R]E R IE T = SO i F2 0 &
A0TSR g IR T L 22 ol AL, S
BIRHA RIS e BB AR 2 —,
"B LEZ R (1% JHF JB L AV Ay 40 D e R TR 200 1) o 3
JHF/INAE SR T R i 5 ) 2L B RN A ¥ 1) e 1) B Bk AR
(A BT, L AET B Py 23 200 i A R, AR AR LR S
DRE AL, Al FE I S0 41 6 43 B 4 28 R 4t i
(B i) WR4uH(E 40/ e 4m il (R 4 )
LM (F 4000) o PR B 40 M g iA
X T/ INGE P S T ) A W A A (2 R, 8
W2 R YRS IR R £ s F 40
P 5 b VU S T JRUBORE 0 A2 1 I R
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eI 04 PLAA X R T I ™ E 37 F (R e, RseB 3
PR i 535 TRT Aok TR 4 11 L 490 Y2 ok RS T gl i =2 452 17 1
FE I o ¥ DI A I 2 P T T R 3R 3
LEAATE AHPNS (BRI 2 — " . RseB
FE PR Ry — Fh B 77 3 DR AE 3 3 I RRT 4= % X BR 5

bd

”
8

> { A N :‘\
..,‘..\_g,\:,
"??' :

é? -"\ngii e

3 A N

'.'* 1

;R EER At
e Lo LY Bl N

A iy e
(X #e
\ '.‘32 ]

A AHPNS [yl rp i R ¥ T — @ MVEH . T HF
PR AR RRIY 1 S e W PR AR T A 3 )
HEEBE S RN RGeS |W
I, RGBSR I HL 3 412 B0 9K B 1 & 9 AL 47K
PR EBTA A EEE L,

‘aw

s, 3]

LA ==

1~ 5 FIR P A P B R IR 1) PLANE X IR PR AR 7E 08,1632 .64 h 3k 5 ANI (] £ N A TT R 5 6~ 10 IR RseB FEIH REER I
BETE PR (1 PLAA T XS UF SRR AR AE 0.8.16,32.,64 h 3 5 AN E] £ AR U 5 5 Sk i Kb 7 Wl SR it T g 6 o, 6 82 4
(B 40 E 0 F 4005 RO 400 ) At /b, A0 M 25 AN AL, 200 6 P f 2 B A S BB e e A

The numbers 1-5 represent the infected slices of the hepatopancreas of Litopenaeus vannamet infected by Vibrio alginollyticus at S time points
0,8,16,32 and 64 h; The numbers 6—10 represent the infected slices of the hepatopancreas of Litopenaeus vannamei infected by the albiolytic
strain with RseB gene knockout at 5 time points: 0,8,16,32 and 64 h; The arrow indicates that the number of immune cells (B cells, E
cells, F cells and R cells) decreases with the increase of infection time, and the cell morphology is gradually irregular, and the cell nucleus

is constantly fragmented.

BRR LRSS ERAT R AR B AR IR T L

Plate Pathological changes of hepatopancreas in Litopenaeus vannamei
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Deletion of RseB gene attenuates the pathogenicity of Vibrio alginolyticus in

Litopenaeus vannamei

MENG Lu'?, CHE Jinyuan"?, HUANG Xuxiong"?, LUO Tuyan’, BAO Baolong'"

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University , Shanghai 201306, China; 2. National Demnstration Center for Experimental Fisheries Science Education, Shanghai
Ocean University, Shanghai 201306, China; 3. Institute of Quality Standards and Testing Technology for Agro-Products, Fujian
Academy of Agricultural Sciences, Fuzhou 350003, Fujian, China)

Abstract; Vibrio alginolyticus, a Gram-negative bacterium, is a dominant bacterium in the marine
environment. At the same time, it is also a common pathogenic bacterium in daily life. When the temperature
is between 25 °C and 35 °C, the epidemic vibriosis is particularly easy to break out, which has a significant
impact on the mariculture industry. RseB gene was successfully deleted with Overlap PCR and homologous
gene recombination. The results showed that the RseB gene was correlated with the growth rate of V.
alginolyticus , and the deletion strain increased the growth rate of Vibrio alginolyticus. RseB gene deletion
resulted in a 37.5% decrease in hemolysis of V. alginolyticus. The pathogenicity test results showed that the
death time of the RseB gene deleted strain in the experimental group was delayed by 4 h, and the LTy, was
delayed by 20 h. At 24 h after challenge, the colonization ability of RseB gene deletion strain in L. vannamei
decreased by 53.4%. The hepatopancreas of L. wvannamei infected by Vibrio phagolysii were seriously
infected, the order of hepatic tubules was out of order, the space became larger, the boundary began to blur
gradually, and the lumen of hepatopancreas tubules disappeared. The arrangement of liver cells began to be
irregular, and some liver cells were obviously enlarged or even the whole cell began to degenerate, dyed dark
with eosin, and the nucleus began to disappear. The results of pathological sections at 8, 16, 32 and 64 h
showed that the hepatopancreas damage of RseB gene knockout strain was relatively mild.
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