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BWE, EBERE"

(LWL A BB E M SRR 500, Wil T3 315100
2. LR RFEKFTE S AR, L 201306)

RE: A FABREMNFRAEEANBALARWERE, REZEE 2SR AAAETALR
BHWRATERTERNZFH L. FEANB20II D EA NI 2 R %, THREZHE
FEWEHNET, ExsAREH WA W ARAXKENEERALEE A . N #IAEXSAKE
NB20I1 B R R ER, FRAMEY, LRRANKHRIRE 4% MET ExsAR
BRI FNEZFLEAF L RTHR, SN R T HRE AR R E o4 0I77480 55 0
WA EEE, RS AEANE TN, R, BdFFETEREAEA
TREFARECNIEALNRELTN. ARXKYN, EAGREHRYNERME, AL
WAEEAELRhWARIER, BAREALEER —FHRHEANKERE TH, 2~ 24hliEA%E
BRI EF; REMXMNAEABHIOhLDs%2.59x10"/mL, thHAMREGRER; BEWH T £
MEFNALENEE RN GEE, RURTHRNE IR RE, TUEIESFEENFLTLR.
KiiE: k&4, 2F5amamy,; NASWAAEFHAERAESA; R%; &)

FESES:S941.42

A f {8 PR MY B (Pseudomonas plecoglossicida)
& KRB (Larimichthys crocea) N JIE F 15,9 B 5
B BOW RNB20 1 1R K20 00 )3 A R A 2R 3R
B, TR G LY B TR 439 22 4 (type 111 secretion
system, T3SS)™!, X RGAF1E TR Z = L
BURTE T, TE AR BB A T A A A
FAZE EA MR R B A, AR A e
BRSO o Tk B e A, R EBOIR
i E AN M B SR A . U AR S AL i A S
FAY P A0 A A SR T RE DA A ST
SR SEIALIEY, NB2011H T3SS 540 4% 5 i
B (P. aeruginosa) F I Z Gt 1 25 ¥4 F2H 1% F M A
. IS AR T3SS 2K 435 kb, 4024
SENH R, Mt ARaimEr . A ER . &
B FFor FAEAR S s ARG TR B Y Rk

WS HER: 2016-03-23  {&E HEA: 2016-09-01

ERFRERRD: A

2 SR 1 B I ExsARY IR 5, ExsATE M0 5z 5]
HoAth 18 5 5 F1ExsC . ExsEFNExsDA I 5 8 #0
TENB2011 T3SSH & LY Exs A -5 i £ 115 5. i B A
o7 2 11 R R () U 1R 65%, I HL A A AL 1Y
iged,

AR 52 6 3 3k XA 4[] Y5 R 4 vk F E Exs A RE
8 53 A5 (1) % 7 oA B A TR AR, R U BT A Ak R
ZEAF PR R B A BE L B O B R AE M AR
RETEA P e . SN, B7E T f#ExsA
A=Y Re, AR BE SIS R AR, Ak —
A 1) P TR B AL I Al

1 MRS A

1.1 EHR. ARKSIERE
KB #E.coli TOP10, DH5a, B2155H

BEATE : WivlE BRI SIS (LY15C190006); HiiL4 B i 2 5 2R} E 5 S8 = W B0 H (1740002280); 538 1R 0137 1 BA 5

H (2015C110005, 2015C110018)
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KA FAFE, R EF AR ENB201 14 A
S B HURAT . FokipKD4, pUCI9, pCVD442
T R A AR R A PR AR L /N BB
Y HLIT774 1 FE AR R A B AR
DMEM 3 % JE 1 [ Gibeo2A &, % B i 14 i £, °F
M2 i CHROMagar/s @] 243

1.2 iR

Pfu DNAR A . ANTPIR AW . BRI N
VIB§EcoR 1 . BamH 1 | Pst 1 50 H E4Y T
FEORIE)VA BN 7 (TaKaRa); DNA LK & .
DNA 1 kb Marker. DNAB i 4 5 I 5] 05 3 71
& kRN ESE WA AT AY TR
R ARAR; RIBE R (Kan), A EHHER
(Amp). HEER . KKEZRFW A Invitrogen,

1.3 NB2011EE‘EDNAKJIZEY

TELBY-H F Pk HCAA 7%, HefP TLBRG %
W28 cCR G, ZE & oWEREER, MW
FLCTABILFEHUFE [ 41 DNA .

1.4 PCRY

FRHE © 1 AINB201 1 ExsA3E K Kz 5 4] ¢ %71
(GenBank% st %5 : ASIX00000000), FiPrimer
premier 6. 05K 15X 514, 4G L R 51
Y. TUERIEE I . RIRE R B AR T
Yy . R DR AIMIN 4 5 L RS T (R 1)
JRL A 95 °CHIAE S min; 95 °CAEHE30 s,
B KRB N66 . 65 . 55, 65F163 °C) 45 s,
72 °CIEMH90 s, FHFF30UK; 72 °CAIEH 7 min,
PANB201 15 H 20 DN AT AR R J5RE 8 SR i 179
W, RN EEHRIE, S uLY H YT 1 %5005
I 1 AT H U DA S L P W, U0 Al 4k [l i
(ITse ™= 4 R S [) 95 2 21 7 D) o

1.5 [REILREEZHFRKpUCI-AExsARI#3E

] Y5 5 41 BE PCRy™ 4 48 24k In1 IS0 i 4k 152
TR S HEA T U U] S 5 SR pUC 19 FH AH [7)
PEAT G V) o RN AR AT R K B RN B R 2l
b, TER—EdmALifbipUCIOfE Ul ™9 . |-
T F R T PR B, RN S vp i T,
DNAGEHEW, 16 °Cil Wi, E =Yt
2L AE. coli TOP10JESZ 540, 7ELBFAR
(Amp, 50 pg/mL) | T37 °CH; 7 2 HL g I 1

Wi AL BR AR I B e B, R AT P W PCRAS
Do BE P B Ry X6 R T R B T Ui TR A B
FHPETERE, R ApUCI9-AEXsA ., 7 FHAE 78 i A
5mLLB(EFH% K, 50 pg/mL), 37 °CH;i it
W, K HAEB D EL LT RIDNA,

1.6 3T$BE 4K (pCVD442-AExsA-Kan) & fit 75
ke

18 1 PCR IV, M pK D4 kr I P44 15 3| Kandt
PERLH Kk HE, B BamH [ VIE )G, TokEA
pUC19-AExsA; £ Amp(50 pg/mL)FIKan
(25 pg/mLYy i I, RS &AE RIBE Ry iR
TEHEATHE B B 0 WUBT M v P o BEAL PRI — A 5
B, /NG4S BRI DNA, #£715pUC19-AEXSA-
Kan, 43 LLExsA-5FHIExsA-3RA [ FiiE514,
PCRY" 3 % 5 85 41 b .

il & pCVD442 5k, 435l LA BamH 1 11k
pUC19-AExsA-KanFflpCVD442F0k:, £lifk (a5
SRR, ER YA KA B DHS o Apir,
TELB¥-# (Kan, 25 pg/mL) F37 °CHi 5 & H g
L R . PRHU e, FE R A LBES 3% 3 (Amp,
50 ug/mL, Kan, 25pug/mL), 37 °CH:FEid % 5 #
HUsRL, FRASFTHE 2R /A pCVD442-AExsA-Kan,,

4T # # /K pCVD442-AExsA-KanH, 5% 1k i

®1 ZBHFAAKNGIY

Tab.1 Primers used in the experiment

ClEZER S Fi& 1975 (5'-3")
name of primers usage primer sequences (5'-3")
ExsA-5F 1Y b R ATAGAATTCGTCGACAAGTGGCGACGAAGCAACATCATTGAGC

ExsA-5R amplification of upstream homology arm

ExsA-3F I IR

ExsA-3R amplification of downstream homology arm
BamHI-Kan-F PRI SRR R

BamHI-Kan-R amplification of kanamycin resistant gene
ExsA-outF Y% BUEE R SR 5

ExsA-outR amplification of external sequence of the target gene
ExsA-InF S IR IR A B A 41

ExsA-InR

ATAGGATCCCGACTCAGACGACATAGCAAGCCTCCTACA
ATAGGATCCATGGGCGCTGGCTGATAAAAATGTCAAGG
ATACTGCAGTCGACACGCCAATCCACACCAAGCTCAG
ATAGGATCCATATGAATATCCTCCTTAGTTCCTATTC
ATAGGATCCGAGCTGCTTCGAAGTTCCTA
GCAATGAGCATAGGGTCATGTTCAGGTAGAG
GTTGAGCTTCTGAGCGCCATCTTCGATATG
CACGTACATCATTGGCAGTGACACTC

amplification of internal sequence of the target gene CTCCTTGAACACCGTCAGGCTAGTG

e R RIZ T RIS 5

Notes: underlined letters indicated the restriction enzyme recognition sequence
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AKIGFFRIB2155HAK, BLBY-#[Amp, 50 pug/mL,
0.5 mmol/L % 3L B¢ — R (DAP)], 30 °CHiF EH
YEREIE B . v R R T 4 A S0 i AR
FEB2155/pCVD442-AExsA-Kan,,

17 A& LW R ExsAZFE B R E K H ik

P ELL B M 1 A K A 10 R o {1 B
NB2011# 5[ A5 mL LB; B2155/pCVD442-
AExsA-Kan®. 5[ A5 mL LB(Amp, 25 pg/mL),
30°C, 220 r/mind%FEK . HL500 pLAHA T B2155/
pCVD442-AExsA-KanlH % 51000 pnL3Z K 5
(NB201 D)E IR A& (AR - 2), BREVATIRSG
J5, 6000 r/ming.0>5 min, WA A, Ttk
LB £ M (DAP, 0.5 mmol/L Ve 1K, ik &
F1 mL LBE; 3£ ¥ (DAP, 0.5 mmol/L ), H100 uL
BF0.22 pnm T IS |, 30 °cCHi R . I
H, SR L&A AES mLAR PR K iP ik 3T PR
HU40 pLTH & A T % 4 Kan (25 pg/mL)AY LB
Wi, 30 °CRiFiEW . FEKanfith A I, BEHLEE
PE1SATERE, 43 APk A20 uL LBRG IR 3L, R HI4h
51 )4 PCREG I . BEREY™ 1Y ™= Wy I B W K+
Ji 4 s B 1 7 A BE (A TR 45K B 3475 b
ExsA# Kand/i £ 5 KB A R bR 15 1< £ 4168 bp)
() O R, 3 6 T A I 1% Ak Exs AL R T8I Joohr B 4%
8 B PR 4 5 104 BH M s B

1R 5 15 5 A 1Y) 1T T X0 2 2 Pl LBRE T
M 10%HE0E, JoNaCl), 30 °CH5 % 2 g eI i
BEML K E 14 e e A S mL LB(Kan, 25 pg/mL),
30 °CHE SR o U H BB, 4351 R FH A Fn
WG4, HATPCREEE . ExsASMIG] )4 1 7~
YK BE4000~5000 bp, P51 9 45 2 45 F 4 v
G B Ry Exs AE DR B R TR 25 R Bk 22 R AR 1) s o
fir 4 JINB2011/AExsA-Kan(AexsA NB2011),

1.8 R HEXTI7T7440 B B9 5 M A B N HE SR 4
e opl|

GRS JTTALN L P Rt B AR PR 4 R R R Y
Rl 2 BRE A s, 4350 DLET A RUR 58 A8 AU TR
PRAEDMEM 5% 4= 3 3% WK v J8% s 200 Hfo Rk 1% %
(multiplicity of infection, moi) =10 : 1], 4kZrtk
Fr o 30 min 5 K I R AET774 540 2 T 64 20 1
it LIPBSIEVEAIL6UK, MAS00 pL 1%
Triton X-100%2 ff 40 M, 287 B 8% 5% 16 I 2 1% 1
TEA RN PN Ak B A TR A e I, 4 i 22 PBSTH UE
J5 LA N200 pg/mLEK K% & i DMEM; 5 L 97

H2h, RICHINANTE, SR )5 4 R AR P05 Uk
S R TR RN L B R PN Ak LG R R 3 TR
OS2 v L T (R s R N A TR L I 4
R I B BRI, LA 10 pg/mLIR K% R 1)
DMEMBE; 2 B4k S 45 F2 4, IF LA SLISVE B %
M, BRE4 h, BRI, SMF TR
I % TR A, T 3O (E

19 FRAHRIT KT & AILDs A M

S-S5 A T H (7515) g B R By fa, Bl
BLArSHL, B 10, RREFH T HRE miyE
RUKTGAR T, SCEFIRTTIE N7 do 1~441 R M
7 M 65 ST 55 0.2 mLVR BE 435 1.0x10° L 1.0
10° . 1.0x107 £11.0x10® CFU/mLI¥JNB2011AExsA
6 VR, GRS VRS R R R 1.0x10°
CFU/mL NB201 135 i, XF B 417 540.2 mLIC
ALK, 1R 10 AN R R FIBET G 0L, It
T3 99 04 P-4 B A e AE T R R . 22 SPSS17.0A9 1L
AN AL 9] )79 (Bliss) 14496 hi LDsg.

110 REKBREAREHNBHBES

HL B R D) K R TR A . E N LI
TG0, 24, 48F172 h, 43l JC B SR B S 56 £ 1)
JEFIE . BN 02, DA T D) A T mmx
1 mmx1 mmiP /B, AR IR A R A7 U
H5E, T4°CIHRAE, ROBHERKE, KHH
FE & BT N B A Spure IR IR G h, SR
NG AR BN, 70 °CHIAAO h, 1 5 KE
pit 28 AGE TR B Y VB R Ty 72 L4 5.0% & T A T
WA G 15 min, WEYI R, LIH-7650i% i AU AL
T BB (TEM, HAn)UEE, .

2 4R

2.1 ITEERERRO AN R PR S A RO 3

A BT IEATHE S | 9 3 NB201 14 P 40
DNA, PCR;™ ¥ 37 JIg W5 5 Fi ks D 58] 1 T 49 1)
Hiw R B, BB 2 519904 F11977 bp(Kl1-a).
RN B K 164 5L T 2 IR PCRG
BR1. 8FI165 s LT H iy B, B,
HoA SR T2 5 T 1881 bp i F F B (&1 1-b),
W25 2% W o A 3R AR R )

2.2 ITHREARIHIE
FI pKDAFORE b 8 D)3 3% 21 R IR = pi bk 5
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2 M1 M MI1615141312 11109 8 765 4 3 21

(@) (b)

E 1 T4 B AIPCRY HEFNFTERE (A A4 32
(a) ITHE A BEMIPCRY 1 45 5 ;. M. 10 kb DNA ladder; 1. b3 ] J5
MAE, KE04bp: 2. FiFFFEEAE, KEI77bp: (b) FTHE
BARPIE, 1~16. FB1~165 LMY B 45, FHME T EPCR™
YIK 1881 bp

Fig.1 PCR amplification of the targeted fragments and

construction of the targeting vector
(a) PCR amplification of the targeted fragments; M. 10 kb DNA ladder;
1. upstream homologous arm, 904 bp; 2. downstream homologous arm,
977 bp; (b) construction of targeting vector; 1-16. PCR
amplification of No. 1-16 clones, respectively, the length of

the PCR product of positive clones is 1881 bp

M 1 1 M

(a) (b)

B2 FRERMUEEENEEFITREAREE
M. 10 kb DNA ladder; (a) 1. R &R hi bk & F R A 3474,
K 1519 bps (b) 1. FE 24T 48 v BRMIPCRIRIE, K J£3360 bp (5]
Y N ExsA-SFHIExsA-3R)

Fig. 2 PCR amplification of the kanamycin resistance
gene and identification of the targeting plasmid

M. 10 kb DNA ladder; (a) 1. PCR product of kanamycin resisting gene,
with the length of 1519 bp; (b) 1. PCR identification of the whole
targeting fragment with the expected length of 3360 bp (primers: ExsA-
SF and ExsA-3R)

R, WK 1519 bp (El2-a), ¥ EARHiPERA
7L B A pUC19-Exs A% 4 5 K75 5 41 Fi ki pUC19-
ExsA-Kan; fEMEAE - IBamH 1 ¥ ExsA-Kanf
BT, FiBE ApCVD442, 41 JFiki 4 PCRY 1
3 T 213360 bpl 4 v A B, RIS TT
/K pCVD442-AExsA-Kan([&2-b).,

http://www.scxuebao.cn

23 HEAENME. BEXLKRRExsAERE
¥R B K 7 1

FTHE K pCVD442-AExsA-KanHi § fk A
E.coli B2155)5 315 W #EB2155/pCVD442-AEXsA-
Kan, FfEHEA LRI, Eatless, Bk
PCVD442-AExsA-Kan M LA T8 2842 A 32 7K T8 A%
TR A M ENB2011, 78 Kandi kA b BEHL Pk
TE Y 54 v B LLAMI 5| ) PCRAG I 45 SR B, i
A L RER YR A B R R TR R e RE R YT
B P YA B (K13-a) 0 3K S8 5 B N 1 Exs A R 4T
B J5TORE 4 56 U DR B 4 Je 0y BRI E s ke . Horp
e B 14k S8 0t 10% BEBE LB M ik, A= KA o
W 2 PCRY 1 (K13-b), ExsAZMUG|H1d"18 7= 9y K
F£4000~5000 bp, WG4 e 4 R AN, #*
A 3 A5 [ U5 7 21 B AR NB2011/AExsA-Kan,

M6 543 21 M12 3 M4 56

(a) (b)

B3 FHREIREKEROPCRE E R EHEFR L

E KR ASMUSIHIPCRE E
()& R PFREKBEKIPCREE: M. 10 kb DNA
ladder; 1~5. 5 1~55 S BEM I M 45 R s 6. [ BRI 18 45
Ry (D)HERE TR EAERKEM NS MG PPCREE: 1. 2.
ExsASEF M Iy a5 R, PATE: 3. XK, 4. 5.
ExsAZER NG I &R, P78 6. AR

Fig.3 PCR identification of clones growing on
LB agar with kanamycin or sucrose agar

(a) PCR identification of clones grew on kanamycin agar after
conjugation experiment; M. 10 kb DNA ladder; 1-5. PCR
products of clones of no. 1-5, respectively; 6. PCR product of
the wild strain; (b) PCR identification of clones grew on
sucrose agar; 1, 2. amplification products with the primers
targeted the external sequence; 3. the negative control; 4, 5.
amplification products with the primers targeted the internal

sequence; 6. the negative control

24 RERKEEBILDsI N

il 45 BF A2 TR BRNB201 11 28 7% 1 Bk AExsA
NB201 IAS [F] ¢ B A9 oA B, 40 Tl 4468 M s 3 B U
YR KB g, Gt T IWEIE9 dIN LK
1 & BB T 15 L (K 2) . PRI BESS £ Py ik Hp
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R2 HEMRTERHALBRREARGIR
Tab. 2 Artificial challenge of L. crocea against the wild and mutant strains of NB2011

Y359 dA R R/ R
205 BRI B/(CFU/mL) Btk St KU R cumulative mortality in nine days post challenge TETI5/%
groups  concentration of bacteria strain no. of samples 2 3 4 5 6 7 3 94 mortality
1 1.0x10° AExsA 10 0 1 7 8 9 10 10 10 100
2 1.0x10’ AExsA 10 0 1 3 5 6 6 6 6 60
3 1.0x10° AExsA 10 0 0 2 0 3 4 5 5 42
4 1.0x10° AExsA 10 0 0 0 0 1 1 2 3 30
5 1.0x10° NB2011 10 0 4 7 8 10 10 10 10 100
6 0.75% NaCl 10 0 0 0 0 0 0 0 0 0

B4 B S5 NB20 1 1E 25 Ak 45 A ] 4 40
W, FRT R A TGSk, 4SPSS17.0i1
R BRI YL 96 h YLD, }2.59%10" CFU/mL,,

2.5 ZRETHRN R BN ARIT7489 R M AN BE A
HIEE R

W5 A [R] R (1] Ak B3R A5 B4 R & Uk A T BB
BT b, 13228 WE #EA TSR 4), 4559
2 A Exs AT 2 48 X6 F B 1R 6 0 240 it 174 285 Bff 3%
AP R, KR R] k-2 hy (HRRAE T R A
AR, XL B[R] S0 by IR H, AR
TR AL 5 20 B B R S0 b 6 LA TR
0~12 h, Pl B EIAERS , B PN B (A sl 20 2 4 AN
W 2 IH TR AR A A S T R i TR 5 A
PR AE A1 M P9 B 50 5 B2 R R 1 A R A
0~2 hN B AR K BRI, 2~8 hiN 4 FR AR AR (19 %1
e, {H12~28 hZ & B 53 .

(oo}
S

—NB 2011
——NB 2011 2ExsA

v} D 3

202 4 6 810121416 182022242628

R/
time post infection

B .
[N -]

REFL A 41 13 $ B /CFU
2

average bacteria counts per well

—_ N
o O

4 REHRSFERIT ERELBITT400 R |
ML R R EIE S 5L
Fig. 4 Adhesion of macrophage J774, internalization
and intracellular reproduction of the wild and
mutated strains of AExsA NB2011

2.6 RLBKEEKXEEWBMRBIENE

DAY A R R 28 A8 ok 3 S R e flt B K U £,
G0 JER % I 72 WA P I 2 0% 9 AR R PR A A 1
DB ) o S5 3R B, fE B £ 41 20 200 ffa SR B 43
WY, PN 20 M A 0 B (BTRR-1~3) 5 B A= Ak JEk e
48 W, REEMFNE . B UE . JENE b R A
07 T 5 20 i v (181 Wi -4~6); 272 h, 4 E
LR AR, oy B AN A S, R
2 BB (EIR-5, BIRR-7, 8); 1548 bR Gy
AU 72 W R KN B B, ALEEME T,
AL SIER, BN & KEka/MME,
W 2% 3 B 0 A (R -9) 0 kY24 WU AT A 5K
6 £ 21 20 v R L% 3] B A RN I O R

3 iR

TIIY 73 0 3R 0 2 1 22 5 22 TG B ko D 7
FEEOREM EZ R, WHE/R AR K& (Yersinia) |
G J& (Shigella)FP 2t | A4 A5 A B AR 2%
FABAE [C T (Edwardsiella tarda)®5™, ExsA2 i 2k
15 BRI TR T3SS I e s M 86 11, ExsALE [n] 1 #28
T3SSHICHE I RIL, AT IS, XAEH
AP B B T RN RIS I SIC TR (Vibrio parahaemdyticus)
T AT BB ET AR S R A ) R A (R R
JfI TR T3SS ExsAZKE A i 2 58 48 B bk 2 90 i ]t
MBS R R, SEPARRPH L, N TG Ak
X R HE A B T TR T 2019045 5 AR )R e vk
(1x10° CFU/mML)Ac 4 T, WP A pR s gL (553 K
BA0%IET, WZEAEMRICIET; ST R IR 3
A X 5 A B 7 A L 7 J e A 4 R R B A R
(AL, BP A BRERGLIS , JT7ALH L A £ A
P IE 2 M SRR LA R R R A, R T B
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A AR TE G200 0 P A 3 R B R 5T 8 AR B
TRYLJTTAANML 2 S5, P9 AR A0 B R TR,
F12 h R bR, B DY R B 4 i bt ok
WZEE WG AR AATE, $R78 1 B RS M RR 0% A
OB BR IS AT, T3SSH& 1% b £F L WG 200 i P A= A7
FETE T LTG0 o A G 4 I Exs A1) 28 725 808K
MR H R RBKRH, K B Rk 7 — 3 A
HEHPP_exoUTE R MR R RIL, % EH A
JE B A LVE PR, P BE 55 9% W 7R I 48 A Y P A7
T R BEURH ST, 00 L At o 288 1) 0 43 - AN
Fik, XN IZE R REE 0SS, NI
WG VE BR A BN, Rk, A S0 50 v g8 AR #E
IR e A LB, RWIZ R I A 78 H A Y
BN HFREOR LS, TS

A S5 W A B 20 0 58 A8 I I Exs AL R
WP A R I A R P s AR, O ELAE A R
JP B K B (M 347534 E 4168 bp), JFHI AT
JE B Bl AR W] BB S s e T Ui R 2R, DT Y
TIN5 AR bk 22 B 52 A e RO G M . AR BIESE I
IR I I Exs AL R 1) TR G 2848, R4 4ROk 24
IR IR FLPE 20 g %) 50 i (pCP20TC) 28 HL 5% 4k
#E ANB2011/AExsA-Kan, T3 75 & 2H i (19 18
N Kandot 3 R B 5 6k, e 2R A5 Exs %L P i 5k
PR, (HRBE TN . by v 78 BORD HoAth o 2% G
PERR RPN Y, B R AR
ANBESZEL, HEM AT BE R pCP20TCHE 1% i H K1k /K
AAR, Bl LA TE M Az 2R, AR AL
il 1 W

IR % % 15 A [C TR S I K fa 28 Y 5 2R TR
PR, LTSS 12 bl S 2R I3 41 if PN 1 4 1) o 22
BOHET, wSAREZMENERD, G
EseB, EseCHlEseD4, 3% PR Rl Bk 1) 98 28 bR 78
B I 200 i RS A N IR G R SR 2 1 R P
EseB. EseC. EseDF¥:0 % A EscAX aroCEH ,
RAF I 2R BR T T LB AR BRI ES T 570065, Pk
TR A MR e BE N Y (Paralichthys
olivaceces) YL T A RARY X KA AR M
P, HT U 5T RN AR S50 v 405 B T NB201 1R
FE K 0 B WA P 0 A ARG A 4 s [RR
OF T AEAL TR —FE ol 8 i A% N i e T B
IR IR Y Y IR AR o AT 5 X Exs AL A (1)
B o2 A8 U ARAS T B 7 0855 10 R A A qR PR
P KR, Ol ) BH T3 SS7E % 1 BOW AL i 1R
M. PR SRR EE THE -2, WA
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Construction of ExsA, the transcription regulator of Type Il secretion system
mutated Pseudomonas plecoglossicida NB2011, and characterization of
the virulence against large yellow croaker (Larimichthys crocea)

ZHANG Jie'!, GUO Haijie’, GAO Liting', MAO Zhijuan "
(1. Biological and Environmental College, Zhejiang Wanli University, Ningbo 315100, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Pseudomonas plecoglossicida has been reported as the causative agent of the visceral granulomas
disease in farmed Larimichthys crocea. The pathogenic strain NB2011 encodes a typical type III secretion system,
which is present in many Gram-negative pathogens, and may be an important virulence factor of this strain. ExsA,
the transcription regulator of this system, is essential for the type III expression and function. In this study, the
mutant strain AExsA NB2011 was obtained by the method of double homologous recombination whose internal
sequence of the Exs4 gene of NB2011 was replaced by a kanamycin resisting gene. Adhesion, internalization of
macrophage J774, and intracellular replication of the mutant strain were detected, LDs of artificial challenge was
tested, and the ultrastructure pathology of infected fish was investigated. Compared to the wild strain, the number
of the internalized mutant strain in the macrophages was a little lower, the number decreased in several hours and
was too low to be detected in 12 h; while the number of wild strain increased after 12 h post internalization; LDs
of the mutant strain increased to over 190 times the wild strain; TEM observation results showed the wild bacteria
survived and replicated in macrophages of the infected fish, while no mutant bacteria were observed in the fish
tissue during the experiment time. The results indicated a dramatic virulence attenuation of AExsA NB2011. The
strain may serve as a good candidate for vaccine development.

Key words: Larimichthys crocea; Pseudomonas plecoglossicida; type Il secretion system transcription regulator

ExsA; mutation; virulence
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7~8. NB2011/& %72 ht {fg I AVE DEH b M E WA, 1 (i Sk AR R A 22 . 9. AexsA NB201 /& Je72 hR 3 i (M FIE2H 4L, B
8 Sk F o IE B4 M rh oK B R A /N

Plate Tissue pathology of L. crocea infected by mutated and wild strains of P. plecoglossicida NB2011
1-3. the tissue of liver, spleen and kidney from healthy control fish, respectively; 4—6. macrophages in the tissue of liver, spleen
and kedney from NB2011 infected fish 48 h post infection, black arrows indicated the bacteria; 7-8. macrophages in the tissue of
NB2011 infected fish 72 h post infection, the white arrow indicated the broken cell membrane; 9. the liver tissue form AexsA

NB2011 infected fish 72 h post infection, the black arrow suggested plenty of residual bodies in a macrophage
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