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AEEBEREIIMNEER Tol C HEZKIA
REKBEERNREZRIPYR

E %1’27 ‘Ji 5%1,2, fé} /f%l’Za
#WeEE, f A, HFxE
LWL R K2 B, Wi ARl 316022; 2. #iVL &\ PEK =i 500, Wit
BRI FEPE S S0 %, Wi Sl 316021

O, & B, ERW,

?ﬁ%

(BRI AEERXF EREME I EE B Tol C (GenBank:
EPB97112.1) 49 % & 4R 47 % 5o

(] BERER AL RBELEG ToIC R EE, &4 K B6. A
RIAFTERERE ZH 0 X B6 #AT R R FE W F Rl ¥ B6
SR A RAFI R REE, BEEAReERAERL, K47 E
W E, AR 47 R (relative percent survival, RPS), [& #, K& %
ZIEE 2. 4 6. S AW AE A mIE. KE MM, W E o F SN
Fd R RFEEGRARN. RERE R EEAE &MWL G fn T
AR, FIREER, WEALRKEL .

[ZE5R | B6 4 F i & K 22ku, Westernblot £ 2 8 77, £ FHF &4
HammiEs Bo A @& 4. M B L2k 4R E, RPS
ik 72.22%. ELISA £ R B 7x, ®EKEF 2 AR, mEHERN L EFFH
®, %4k B 4(E (log, 8.65), MG A T, F8HNEERE
log, 6.98. #% £ & PCR (RT-PCR) £ 2 8 7, # % 5% 2. 4. 6.
SR, kBEfMNEF #EAAREEH A LR Edy Rk L, HIL-
1840 MHC 1 oty LG E Rk, KB 4513k 2] 93.33 f40 77.02 f,
e BE o AR 3R F) 241,13 4550 131.95 1%, & CD8 4, IgM. IL-18. CD4.
MHC 1 afn MHC I pEEF W Rk FRABEN T T LE. nH#W
FERT, tRAEZZELXEMEEAL T HATENE DALY,
FHMARARZENKREZNR, B6 #EAELE R ML R FHH D
Bl A, BHEFKEZTR.

[Z50] BE M AEE A FAMREME SEE B Tol C HAT R &K % Fn
RERPHEITN, KAB6EHRIFWEZFE, #%F 4 RPS
ik 72.22%, BAEHN TR FELRZENE L

K K#EH;, XFARERE; TolC; &&xGEP
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W FAINE R AN, AR F AR FIEE (Pseudo-
monas plecoglossicida) JE&4L 5| A2 1 N AIE F1 55000
= H B0 AR SR KB R AN s, B
o £8P R DL IR A R IR
asT (NIEE S JRPEREIEOKY, R AE T &
11K 70% ~ 80%™, L KB IRIE L N T E R
ZTFIR

AR AR R B =% TCBA M TR A MY 32 2544 1l
WY, TEAERE SR S5 A8 R T % iz 5 7 TH R 4%
HEEERY, 95 5 AR PR S 8, Ab
IS EE ] A 21 2 B R (adhesin) IIFE Y 1E R
s Ji TR 5 1 32 A g2 iy 2 kA 4 M ) FE AR A
AR P B — A o IR S ER B ARG g I
PR, Tol C R P2 =% [C P T A —Fh S I
EEM, MM EREEYRIRSMNEZ, =
55 40T N XA PSR SE B Az SRR,
TERIGFEV T IR E (Salmonella paratyphi)'” . W&
KM E (deromonas hydrophila)'" . iR 2% 5%
AL G (Edwardsiella tarda)'™ /1, Tol C &
PRI B R A SR R, X T A B b sk
PBEA RIFRIPEOR . BET, MARWREFMA
fi FR AL P Tol C A Hay SR A I 0 AH DGl
AHF SR ET 6 AR b H A5 ™ A R N I
W, T O AT Y R T R R R A
4, W FrekEMERRE, WERE AR
FMITE Tol C & FIE BN |, X H AR P4
RORIEATVEAN, DI IO 0 N I 1 R0 7Y 4
ER RIS %

1 AR TR

1.1 SEIEHR

AR oM R 7 AR R AR S0 2 A AR
R IE (A AT R B Sk AR 2 o
YE IERAE, IR R IR TR, pET-30a (+) AR S
R A7, pEasy-T wPEiki . BL,(DE;) #ik
BEREI A b a2 e AR Y AR B A FRA A .

Tag DNA AW . BR&IE N VIEE . T4
DNA 42 ## [ Roche (it 1), B . RNA
PEBUAF I H Omega Bio-Tek (3£ ), Je %5 .
7¢ 6 %€ 7 PCR (RT-PCR) i Iy [ TaKaRa (H
Ao BRI . 30% NMEIERE . DU 32
(TEMED)., # #7215 R-250 W H A= T4 T
(i) By A R F . HRP ARIC P

IgG Il A AL R ERHABRA A . bR T
R E 2P . RPITKH M gM Mg N
ARSI R A A H W TR LIRS PR
B FEARAT T WV R 2 S0 6 sh ) 48 2R
e P25 53 Stk (LS. 2023033), 52
LpuN ol sk (SN PR (ST AN [N RE Sy N S (L
PSR NS LS DA R 3 SN o (L L g g DAl 1)
T B AT
1.2 REGSREBEE Tol C EERE

HR A% NCBI 8 5 1) Ko R A f i
JiL T NB2011 #k 4P 11 Tol C £ 41 (GenBank
k5. EPB97112.1), il it SMART 7E4k T H.
T Tol C Z5 4 AT HESL, M Hh BEHUR: 57 1 A1
5 B 11 245 A S A O S B R S . DNAMAN,
Primer premier 55 #4453 H7 8 11 b e 51 2 I
VIR SR Y 3G 51 W, 65 40 PR o S T >4 1Y)
fit V) 5 B A7 55, WA 51 T 51k B6-F:
2aattc ATGCTCAACGAAGCCGTTCAGAA
(BamH 1), B6-R: aagettCCCGACGACGCTGTAG
AAGT (Hind ), TXIZ4b R YI075 . PCR
PHESHL. 95°C FARME S5min; 95°C30s, 55°C
1Bk 40s, 72°CHEMI60s, 35 MEH; 72 °C 4t
fiff 10 min, ¥ 3% 514 3% $ pEasy-T 5 b it ki ,
20 P TCIR I AR o

1.3 [FEEREHFE

JH BamH 1 F1 Hind M 5350 XU EET) T Bk A1
pET-30a (+) Bk, HLIKJE FISERYI ™=, He#k
5 H e A B i 1 - 4 B9 il 4
N, TR AL DHSo, 45 HCE PR v R Bk
P T A TR (1) B A BRA BT, il
J7 TR B TR 2 AR D) 1 — 20 B E o 4 3 12
I ok AL 2 BL21 (DE3) ik bk, Tk fHE
A, WRAET-80°C & H .

1.4 FEHFAWFSFRIEFAEKL

VA A% RIS E S A RIRE R
(50 ug/mL) (1 LB AR EE 15 2 OD i
0.6~0.8, N A IPTG ZE A ¥ % & 0.4 mmol/L ,
30°C 54555 Sh, BEOIEERIR, A 8 mol/L
PREZEZE, BOBEIEW, A Sx EFEZEvP,
100 °C il 5 min, 2R P9 M L& BE it L 9k (SDS-
PAGE) #: i #E [1 #1k . B4 IR R M rd 2k
Fiew MR T, bR AT 4 °C T IR R
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EVEBE N ERERREL 2% vhiA W (PBS) 1, LA SDS-
PAGE #: 5 2H 5 (4 Y 21k 808 . e By
EHEAEW, ¥l Bradford 25 14 e B 46 ) &
B 0 %2 8 R JS T80 °C -1

1.5 SIZENE ST

alifk /Y i 2H 55 11 45 SDS-PAGE HLyk G,
MR G R [, 5%BSA B, W
il £ BT P 2= S b R B AR IR B 2 e b
YER—¥1, FHifk 1gG-HRP Jy —40, WHE 52
J&, FH ECL Ak &R &

1.6 XEERESHES

R 50 g IR R B, AEENK
Pl (4.0 mx4.0 mx1.7 m) T8I 185 AT
BoRESLG . SIS T AR BT REMLI 5 B8 K v Y Il
HE AR, SCRsr 240, Hop 140840
REAL, VAN IRA, AWK IANTFAT, B
AT 35 o K alifbhy it E A S B LA R 4
FRARFRLE 12 1 LRI A O SR e Y, IR
TS A R, AERES 0.1 mL (75
AT ANINTEA 2 ug B ), S IR 5%
WY PBS, LUHEBERASE MWK E S, %
B30 1A K U A (14£3) °C, 45 H M2 1 YRS i
BE, WK 1R ¥k 4 W, RIEEET
SCEEHE . R 5x10* CFU/mL B W12 il 30
min AT, WG B H S0 A0 &
FIBET IGO0, HEWEE 14d, Gitser- %, it
R X4 471 3R (relative percent survival, RPS),
X TACRE U () 6 T 1) #0E 47 TG T A ) 0 A4 R 0 5
Kig®, Ve e o IR T I0RE H bk
1.7  MERAESIN M

RREIGIIEE 2. 4, 6. 8 &, FFABEHLIH
B3 B, F MS-222 BRI o, KR I,
BDICE TS, i [El4E ELISA KT
B yE AT R EER RS, 4005 1 1 5 000 RN
HPL R IgM L7 . 1 : 5000 B HRP #5
IEEPTR 1gG 37 °CIF RS, A TMB KW
WA, T 450 nm 25

1.8 iR EREERIEEN

TGRS 2. 4. 6. 8 JH, HEAFEHLIH
B3 Bacsta, BRI HJC RNA B8y ] | 451
BCK B RAEZ S, BT 3H RNA R G

W EP &, —80 °C IR1F . HUFRAFZH 2! 30~50
mg , FH RNA /pEili$2i457] & (Omega Bio-Tek,
) #£ BUE RNA, NanoDrop 2000 5 ] RNA
WA )5, S S cDNA, =20 °C fR4F
#H.
A NCBI B¢ () K& it -actin, IgM . IL-

18, MHC 1 a. MHC 1l . CD4. CDS8 %X %
%1, H Primer premier #1415 11 RT-PCR 5|
¥ (3% 1). RT-PCR JZ I #2 §i& SYBR" Premix Ex
Tag™ M UtBIFiEAT, RN &M 95 °C 30 s;
95°C5s, 60°C30s, 95°C 15, 40 MEHF;
It & I B : 95°C 15s, 60 °C 1 min,
95°C 15 s, VA f-actin fEHWNZILH, B PEEAR
WHE 3 MPATER AL, RH272C R IR A
Xf IR

%=1 RT-PCR 3|4

Tab.1 RT-PCR primers

HH NCBI# 35
genes NCBI accession no.

S1FF(5-3")

primer sequences (5'-3")

P-actin EU443733.1 F: AGGCTGTGCTGTCCCTGTATG
R: GCAGAGCGTAACCCTCGTAG
IgM FJ589726.1 F: CTTACGAGTTCCATACCACAA

R: GCTATACACCACATCATTCCTT

IL-1p KJ459927.1 F: TGGGACTGGACTTGGAGGTT

R: GGTCACGCTGCACTGGTAAT
MHC 1 o CX349048.1 F: GAGGTGTCCACATTTTCCA
R: GAAGTCTTCTCCATCATAACCAT

F: CCCAGGTCTGGAGAGAAG
R: CCGATGGCGATCTTGTTT

MHC 11 p EF681864.1

CD4 KP099054.1 F: CAAATCATCTCCTCTCCAG
R: ATCGCAATTTCAGGTCAG
CD8 XR_002042929.2 F: TGTCTTGTAGTCCACTCATACT

R: CGGTTTTCTTTTGTAATGGTGT

1.9 HLAYIFUE

WA TR, MARFN B 5,
Bhesbromt, H4BEpLE 3 Baigmm, AR
BYTY BT A A A RIS R 2H A B
HERISLEH R, 2 RPEERREE, (i
WY R, RAKE - (HLE) 4 )5 F 8 68 00
SOHAMIRAE . J3 I3 R g HRER T 1 R o £
HRALHIED R, SR

1.10 BUESHh

K H SPSS 23.0 AT G it 2 b, &
ZHAH R AR 0 B R AT B R R O 22008, 45
FHF I {EEAREZE (meantSD) K7,
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T
2 gEH

2.1 Tol C EFEH 5z PR ZFTIAE IR IE

i 3k SMART 28 [ 45 #4 37 2 43t T B %t
AR B Tol C 8 M P41 (EPB97112.1)
PEAT 00T, SRR, Tol C A& 2ANEEM
OEP (outer membrane efflux protein) 24 #4348, 43
ST A5 25~222 G LR (] 1-a) FIEE 242~
427 F IR (K] 1-b) i & . OEP L5ty 1 4
45 490 R 1) S £ o MELIE AN 12 AN BE AMIERY B IS,
AT B R SE R 1Y 3 TR s A1 I 3l . S 0 R AR
25~222 {vi E IR 1Y) OEP 45 M3l A Ky v je 0 o,
HR A I S HE R PCR 9734519 .

Pfam Pfam
OEP OEP

6 1(30 260 360 460
(@) (b)
1 OEP &g
Fig.1 OEP domains

DS 06 = DR 1 A A £ B i T A ) 4
DNA Atk , PCR P #5845 K/NH 594 bp #)
F B (B 2-a), 2007 F1 BLAST LX), b B
FF515 NB2011 £ Tol C ZmfisFe8l[aE: R 100%.

bp M 1 bp M 2
2000

1000

750

2000
500

1000
750
500
250

250

100

(a) (b)
2 REEFREME Tol C £HE PCR ¥4 (a) A
FERFRIEH A E (b)
M. DNA 4 F i S AR#E: 1. Tol C PCR 374 2. FA%F L Tol
C-pET-30a (+) XU Y] «
Fig.2 PCR amplification Tol C gene (a) and
construction of prokaryotic expression
vector (b) of P. plecoglossicida

M. DNA marker; 1. PCR product of Tol C; 2. double enzyme digestion
of pet-30 a (+) vector.

W3t BamH 1 #1 Hind M LN A, ¥ Tol C FEH
A pET-30a (+) JFORLAYFEIRME , 5 16 FHE: su e,
ZEMFFEYIE , Tol C 4/ F 5 IS A pET-
30a (+) G AGAE , =20 BRI AR A5 T30 K /)N
() R B (&1 2-b), TiE B JEAZ 3 2K Bk A4 i )

22 FHHEERIFSRIAFMAL

VR BT ) 23K Uk R A BL21 (DE3) %
INT R, PRECHMER AT R i S 3R IA
AL 0.4 mmol/L 1 IPTG, 30 °C i55%
5hia, WeWHEHH#TT SDS-PAGE, LIk
T pET30a (+) 1Y BL21 fE =5 (AN IR, HL k4
RN, XA, fb T HEA R TR
ML 25 kn E A — BEBRFW, 5
TR E A A (7 His br%5) KA (K 3-a),
WEME R R, 23K T i B 41 8 i
%K B6o WL R . B0 5 54T SDS-
PAGE, %% /8 B6 3% LI IRIE RAFAE
W FE IR AR 8 mol/L JR XM, 445
FEAfiAJ5 AT — 1 5570 (18] 3-b), dlifbry
FH Bo &M IR EE YIS, H Bradford 14
EWRE, A 20% HiMAfET-20 °C.

23 EREAMNRERMEDHR

ik E 245K 1 B6 £ SDS- PAGE HLJK .
TR . PUARIEE . ECL {2z &6l &
BAAJE (K 4), B6 538 MR B # S bt i i

M 3

M 1 2

ku

75
63

48

35

25

17

11

@ (b)
3 ERZEAKFESRIE (a) REK (b)

M. AT ERE; 1.B6 RAESRIE; 2. X; 3.B6 &
aife.

Fig.3 Induced expression of recombinant protein (a)
and purification (b)

M. protein marker; 1. induced expression of B6 protein; 2. control;

3. purification of B6 protein.
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ku M 1 15
CJPBS xf izl PBS control group
31 [ B6 %#J%41 B6 immunization group
=35
%32
®£E 5
22 B
4  Western blot 10 %7 7% [ 1% |=b'—| I-E] lab'—| |=b'—|
e L L — i . > - s 0
M. A FREMRE: 1 /PGS EH Be HAL G K. ) 4 6 3
Fig. 4 Immunogenicity was detected by Western blot Ao iE I N )/

M. protein marker; 1. binding band of rabbit antiserum to recombinant

B6 protein.
HARAE G447, WEW] Bo HoA RAFAY S Jiidt:
24 HREHEMNFRIPER (RPS)

fit K #1015 B6 BT 4 JR G BEATIR i
W, WHEFH 4 KX, PBS X HRAIfLE H BLAE
T2, % 1~6 X, BoBEAHIILT- ML ; 5 11
K, WARGETRE, TG . Xt
WA AESE 8 KA 10 Kk BT 1% ; B6 7
REH TR T BB IR NP2, WH &
KYEEPICT- B, # L% 14 d, PBS X
ZH F1 B6 e i 4 1 R ARFE TR 4351 R 75.00%
20.83%, MR B6 FE4Hn RPS H 72.22%
(# 5),

160
140
120
100
80
60
40
20

-e- PBS X4l PBS control group
-+ B6 %J% 4l B6 immunization group

A7 5/%

survival rate

0 2 4 6 8 10 12 14 16

B R Hud
days after challenge

5 WEG 14d FEERGH
Fig. 5 Survival rate of 14 days after challenge

2.5 MiFHAKTE

BPEJGH 2. 4. 6. 8 J&, PBS Xf M4 FI
B6 e 41 I T B AR K E R 45 SR R, B6
GBI W HUAOKFLESR 4 JH R I (E (log, fE
H 8.65), WG 22 TRE, o 8 M FE R 6.99
(log, fH); B6 e 41 il 1 Hi M4 /K - 76 56 2~8 JA
¥ 3% 5T PBS X IR (P<0.05) (£ 6),

time after immunization

6 RBREXREGEMBREFKEEL
G METARE T log, (HSD, 24 P/N=2 (P/N=FF IfLi# ODys, /
I L7 ODyso) I LI 4 B i M B JBE o S [ 5 B o 15 et IR ZHL AR
L2 7 B 3% (P<0.05)s 2. 4. 6. ST BIRRGEGE 2. 4. 6. 8
JARURERS[R], RIE.
Fig. 6 Changes of serum antibody level of
L. crocea after immunization

Each bar represents mean log, value+SD of the highest dilution of the
serum when P/N=2 (P/N=0Dys, of the inspected sera/OD,s of the neg-
ative serum). Different letters showed significant difference compared
with the control group (P<0.05). 2, 4, 6, 8 respectively indicated the

sampling time at 2, 4, 6, 8 weeks after immunization, the same below.
2.6 REHEXERNRIETK

g2 J5 5 2~8 i, Sk RIBLIE 2H 2 b oG
o e I P 1) ek AR b B 7 i, Hor,
IgM. IL-18. MHCI B, CD4. CD8 K y#ik
HKOF R e T = Ja AR R A Sk
o, IgM. IL-18. MHCI B 1P 555 4 i ik
FNE(E, CD4. CD8TE 6 JEl ik BN, MiLIE
MY, IgM. IL-1f. MHCIIB. CD4. CD8
TEEE 6 JRR BNl . BLAh, MHCT o Fik/KF-
FERPE T 26 2~8 JAl — L&t L #ads . 7EFraG i
f) 6 MR, IL-18. MHC T o (AT 6355
IR, B m R A3 241.13 4% (IL-18,
BE 20 21, 55 6 i) Ml 13295 % (MHC 1 a,
RLAEEHZY, 25 8 Jil). Bk CD8 41, Hgx s AL
FENRELH 2 () 3Rk 38 e 13k B A 4

27 WERALFRETL

XoF SR B 1) K Ao A S iE AT HE L £
SER IR, il R R TR R v JE B A ML
RN N w2 /OO SR B R e v R 4 E
W8 43 DX 8 PR 21 B8 RN T A i omT A (B R -1,
PBS X MR YR 5, JE il ™ =T HAERE &

R E K7 2: 2 E /) sponsored by China Society of Fisheries
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30
) CI X control
E 25 | COE spleen
I g 20 k'™ head kidney
'z T
[9]
=< o
= 10
.z a a a b a
0 Land o[ :
2 b b b ﬂ b
- 0 L= |l| = = = |l|
2 8
G % I 1 1]/ )
time after immunization
(@)
_ 20 COXHE control
% CWE spleen
o = 15| BBk headkidney 2
.S
9 2
E_L )
) a
= % 5 ’J_‘
= b
L b b ¢ c b b
o lAa AR &L &S
2 4 6 8
G925 Ji5 ] )/ )
time after immunization
(©
200 CIXFHE  control
4 150+ 3 spleen a
L; 100 | EIL% headkidney b
Hﬂmﬂ ,g 50 . |i| b rl
;ﬁ s — I—I
=
o S 15
25 12
=2 9 b
= 6
8 3 C C C C
0 L= = = =
2 6 8
G2 J 1]/
time after immunization

(©

400 r %8 control [ MM spleen

388 k5 head kldney ﬁ
B

100
30
20
10

PSS

relative expression level

i

6 8
%%—?}ENI‘EJ/EJ
time after immunization
(b)
80 X control
60 - Mk spleen i

o)
>
[}
- 5 40 + k¥  head kidney b
g 20 ¢ ﬁ
B 10 a
=5 gl
Z o
= 6 r a a
g 4 b b
e 2+tb ’l‘ b c ﬂﬂ c c H
o Ll Im ™ M M ,
2 4 6 8
28 J ) )/ A
time after immunization
(d)
20 C %R control
4 16 CIAE  spleen
- 3k head kidney
ﬂﬂﬂlﬂ 9 a
X'z 12
K& a
=5 8 a
=3 ; 2 |
= 4
= b
8 bl |2 b H N H b
0 0 & 1 |
2 4 6 8
a8 Jii B[]/
time after immunization
H

E7 XKE&G&RER2-8AEEHEXERNRKETL
(a) IgM, (b)IL-18, (c) CD4, (d)CD8, () MHC 1 a, (f) MHC 1l p; A[EFRFERME L AF T LI 53 R4 7 5 8 2% (P<0.05).

Fig. 7 Expression level changes of immune related genes in L. crocea 2-8 weeks after immunization
(a) IgM, (b) IL-1p, (c) CD4, (d) CD8, () MHC 1 a, (f) MHC 1I B, different letters indicated that there were significant differences between the experi-

mental group and the control group under the same conditions (P<0.05).

HMIIRAE, HLILE AR, FR 40 A
ﬂ%@k,mﬁ%ﬁimﬂ%ﬁ%mf,4
Bt n & @, Rl a, JF gk
ﬂ nFZREL, IR ENG, MR 46,
M 5 A A (BR-2). A EH, W

I S 5 A TR A SR B8 R i it I I B 45
(Kl he-3). B6 IZ M), %%&Wmﬂm
M5 36 % (FIR-4), KRABEET, TR
4, HIRHHADN AR E RS,

LB AHZ HE Yo 25 R o, AR
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&

B XSaEAREXSE. MEARRKET R
1. FER B RS A IR 5 2. PBS X A IR 40 I == 384k (i 3k), BRIEEVIR (= /T8): 3. PBS XTI MAESS TT (#7k): 4. B6 Sedl K
AT S AR BERIE KB L 6. B6 ALK Sk L (Z 1K) 7. PBS MHBALL B BB R UIR (#i3k): 8. PBS X B4
K MBI (7).
Plate Immuno-histopathological sections of L. crocea head kidney and spleen before or after the challenge
1. spleen of healthy L. crocea not challenged with poison; 2. splenic cell vacuolation (arrow) and deposition of ferriflavin (triangle) in PBS control group;
3. splenic nodules (arrow) in PBS control group; 4. spleen of L. crocea in B6 immune group; 5. healthy L. crocea head kidney without challenge;

6. renal hemorrhage in the head of L. crocea in B6 immune group (triangle); 7. iron lutein deposition in the head kidney of PBS control group (arrow);

8. renal cell lysis of L. crocea head in PBS control group (arrow).

K Sk B 20 R, T ER R R I 2 2
11 240 R FIASE 248 L B 78 O B JEC 30 %) X AR S 48 AH
T HE R E AR B R bR L 1 20 (R -5). B6 e
PEAIFE G, kB AL ANM i 2 (ER-6),
MEZ T, PBS MIBAKEG, K'EHL MU
Wi, O L, MKRE, 41
B ISR BE I A A Bk B R DR (B hR-7)5 434
LS A T SR (B S RRASNT , G AT R 25
(EIi-8)
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T=, fif ) AT L BE T A AR P B AR A P
J17, 0 HOGSK B RIS 2 2 34 20 B B B — Y R
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FHMICT: LA 4~10 K, W11 KR
Jrs, HAIRAESEBOKIRBERE 10 °C, BfG
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W T, 8 4 s B A (log, fH M
8.65), UFHH B6 A &S T 18 £ B IR e %
GRE G5 8 i, BUARRUAN K IH 4 45 78 458 =1 7K
(log, {4 6.99), it — U] B Wi A R 4F
M ZE L ] . RT-PCR 45 5L FE B, Hyir
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ARWFFEEE RART . IL-1p & —Fh i B A4 S8 AE 40
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o BB TR R B —E I R R o

AR, DA IE F1 R AR 1 R B £
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W F BB ), ABEsE st B T
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RIPCRE AL R, FEBCENH R4S T
R CR . i TIREE AL RE, FRAHE X
BTz, DARB B, 575 X AT VAR
WriE—a7 , AMUFRHBEXZ AL, FEALN
FEFERR M 22 550 (AP S0 TR 7E A [ 3 DX AT
REfFEZ PTG /Y, R AAEAE 5/ 2
PR RTHE, 3K 2598 Vi PO A FNAHET i B 1 MERE S
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Prokaryotic expression of outer membrane protein Tol C of
Pseudomonas plecoglossicida and its immunoprotective
effect analysis on Larimichthys crocea

WANG Ying '?, WANG Hao ', XU Wei'?, WANG Wei*, SHIHui?’
WANG Gengshen >,  XIE Jianjun®, HE Jie’, XU Wenjun’
1. School of Fishery, Zhejiang Ocean University, Zhoushan 316022, China;

2. Key Laboratory of Mariculture and Enhancement of Zhejiang Province,
Zhejiang Marine Fisheries Research Institute, Zhoushan 316021, China

Abstract: In recent years, due to the high density of mariculture, the water circulation is not smooth, the sea area's pollution is
becoming more and more serious and the disease occurs frequently. Visceral white spot disease caused by Pseudomonas pleco-
glossicida is a common bacterial disease of Larimichthys crocea in cage culture. A recombinant Tol C domain protein named
B6 was obtained by prokaryotic expression to evaluate the immunoprotective effect of Tol C (GenBank: EPB97112.1). The
immunogenicity of B6 was preliminarily detected by rabbit anti-P. plecoglossicida polyclonal antiserum. Following this, a sub-
unit vaccine was prepared by mixing B6 with alum adjuvant, and L. crocea was immunized by intraperitoneal injection. The
relative protection rate (RPS) was detected 4 weeks after immunization. Meanwhile, the serum, head kidney and spleen of fish
were collected at 2, 4, 6 and 8 weeks after immunization, and the serum antibody titer and the expression level of immune-
related genes were determined. Finally, the head kidney and spleen of healthy and challenged individuals were both collected
and made into paraffin sections to compare histopathological changes. The results showed that the molecular weight of B6 was
22 ku. The Western blot results showed that the rabbit antiserum against P. plecoglossicida could strongly bind to B6 with a
single unique band. A total of four weeks after inoculation with B6 subunit vaccine, the RPS reached 72.22%. ELISA showed
that the serum antibody titer increased significantly since the second week after immunization, peaked at the fourth week (log,
value 8.65), and decreased slightly to log, value 6.98 in the eighth week. RT-PCR showed that the expression level of immune-
related genes in the head kidney and spleen were both up-regulated with varying degrees at 2, 4, 6 and 8 weeks after immuniza-
tion. Among them, the up-regulation rates of /L-18 and MHC | a was the largest, with 93.33 and 77.02 times each in the head
kidney, and 241.13 and 131.95 times each in the spleen, respectively. Except for CDS, the expression up-regulation trend of
IgM, IL-158, CD4, MHC 1 o and MHC Il f in the spleen was all higher than that in the head kidney. Paraffin sections showed
that severe bleeding spots and nodules appeared in the head kidney and spleen of the control group after the challenge, accom-
panied by different degrees of siderophore deposition. Comparatively, there were only a few bleeding spots in the head kidney
and spleen of the B6 immunized group, and no nodules and siderophore deposition. In conclusion, our study first reported the
prokaryotic expression and immune protection evaluation of the outer membrane protein Tol C from P. plecoglossicida. The
results showed the recombinant Tol C protein had strong immunogenicity and good immune protection in L. crocea, with a RPS

of 72.22 % 4 weeks after immunization, thus was a potential candidate of subunit vaccine.
Key words: Larimichthys crocea; Pseudomonas plecoglossicida; Tol C; immune protection
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