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SERRM, 3 PP PLIRA SR U A IR I e R . s )E, S AL R B SU B , H 28 RN R
VNG TE(LMZ) 20 AR M (PP AT A B PR B (PT) W 35 T 50 (P<0.01), 5 21 KB BIEAE, RSB0 FRE. %
M ALLRE, 205 7. 14,21 128 d, SRy w il B EPTAAN . PP P il LMZ &2 5 T4 IR 41(P<0.05),
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Effects of three antigens extracted from Vibrio vulnificus on the
immunological protection of Nibea albiflora

Y AN Mao-Cang, SHAN Le-Zhou, CHEN Shao-Bo", XIE Qi-Lang

(Zhejiang Mariculture Research Institute, Zhejiang Key Laboratory of Exploitation and Preservation of Coastal Bio-resource, Wenzhou 325005, China)

Abstract: Nibea albiflora was immunized by intraperitoneal injection with either Lipopolysaccharide (LPS) or outer
membrane protein (OMP) extracted from Vibrio vulnificus or formalin killed Vibrio vulnificus (FKC). The influence of
the three antigens on the immunological function of Nibea albiflora was determined at different time points following the
injection by testing the agglutinating antibody titers of the serum, lysozyme activity of the serum, phagocytic activity of
the blood and the relative survival percentage. The results showed that the three antigens have higher immunogenicity
and antigenicity than the control group(injection with sterile saline). The agglutinating antibody titers of the immune
challenged groups increased quickly, and were highest on the day 28. The lysozyme activity and phagocytic activity were
raised significantly (P<0.01), reaching their top value on day 21, and then the index gradually reduced. The
immunological indexes of three immune groups were higher than the control group (P<0.05). The agglutinating antibody
titers of the LPS group or the OMP group were lower than the control group, but the relative survival percentage was
adverse when challenged with a Vibrio vulnificus infection. The order of relative survival percentage was group
LPS>OMP>FKC>Control.
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bicoloratus)(Shen et al, 2001) . & fifj (Anguilla
anguilla)(Xu et al, 2005) Fll % # £t (Rachycentron
canadum)(Jian et al, 2003)%5:11 2,

FLAT, TR A b KRR T oI 45 00 1 2K
T 5 1 N K 7 97 A Bl ) A B N D5 T E T 5
(Kawai & Kusuda, 1995; Ma et al, 2010) . 4R, K
R A 2 AR, B R BUAI AN
A EARY . JRZ HE(lipopolysaccaride, LPS)H
AR [ (outer membrane protein, OMP)#E &5 5
ARG, e F LR PEDUR (Yan, 2005). ¥F
2o e AR, HEZME(lipopolysaccaride, LPS)F!
AN I (outer membrane protein, OMP) & H A%
SR S e SR, AT AR LA AR e 1 S e D g
(Dalmo et al, 2000; Huang & Lu, 2002; Bader et al,
2004; Yan, 2005); LPS RERH B ik A0 i A= 45 5
PEPUE, SHENVAR S [NV, OMP WK HLAAT
MR e e AN A0 e S, I BT T g A% AR KR
iA(Begwald et al, 1992; Solem et al, 1995; Rahman &
Kawai, 2000; Mo et al, 2002). Ur4E3K, W5t T/EH
X IR 4 e K P v O S MR AR T K I 9 T
5, AE R T IR B A i 73 S A0 % T (OMP &0
LPS “5)H T /K 5758 0 2 G 2 L RE 4R TE 21 LU 5L
o AT GE T L I 5E L3 AR B L L
TR M L IR A0 A R T 1 DA R ARORS S
RGO LPS Al OMP X 35 il #6142
PEHLRENIREM, B LE%AR LPS FI OMP 1) %l 24y
P, T KA SRR 0 () e B B R S R
Wt o

1 #MR57F%

1.1 #4

111 Al WLl e K R 7t ir A %
TR, 120 HEe, (AE(50110) g; LEFEALRE
— L AU W EEIR . JRAMa R A R
. WA FET 3.3 mx3.3 mx1.0 m )% K JEHE
o, R, DARC S PR N B AR PR A ) ) B
H R W& 1k, SR EAAOK, WK 1h, KR
e 27.8~31.2 °Co 9% 1 MG, AT SR,
112 RIS wAR PR R O DRI ¥ 75 5 5 4l
10193 B 11BN 9K (Vibrio vulnificus) i B K (Ma et al,
2008; Yan et al, 2010).

1.2 RERBEIE

121 4w FKC BIH) & fF & bk % Al T

ZOBELL 2216E #}fi, 28 ‘CH7% 24 h &, LILHE
AR KVETS, WY 1.0x10° cells/mL IR, INA
ZIREN 0.5% AR /R Ak, 28 "CKIE 24 h )&, LA
SRR B TR BRI ROR, AR KIE S, TR AT
1E 4 CUKFHT 2
122 @I 9KE LPS il 4% 4% Westphal &
Jann(1969) My /K547, HL 20 mL Z&MW/KE 20
mL WS 1.0x10° cells/mL (6% 9 5 e fhl 1l 17
W, T 65 CTHMASFEEN 90%AM#R% 10 min,
AHIE 15 CJ5, 10 000 r/min 250> 30 min, HLH I
THBEENENTLE, 4 CZER/KIERT 3 d, 30 000 r/min,
10 CEHAFFEL S h, BCEIEHA T 1515 5] LPS
MR, B 4 CUKM&H. kA, MA 10 mL &
PR, BRI 2 55 o4 0.428 mg/mL, 65 C
AKBHAER 30 min 2R, FJCR AR K
W2 0.2 mg/mL.
1.2.3  fIKE OMP [fiil#s S M Sarkosyl ¥4
(Lutwyche et al, 1995)#2H OMP [¥]777%, HL 50 mL
WS N 1.0x10° cells/mL FIGI 4 9B BB, B0
EHAA, ] 20 mmol/L 1) Tris-HCI ZE Bt 3 WK;
BUKE AR 10 min; 4 °C, 6 000 r/min &5
> 30 min, W BIEW; 4 °C, 50 000 r/min 250 1 h;
g L3, DUEHIRT 0.5% kiR R (Sarkosyl)
(1) Tris-HCI ZZyhigih, 28 ‘CHEH 30 min; 4 C,
50 000 r/min 2.0 1 h; & E3EW, 1 20 mmol/L 1
Tris-HCl ZZMWRUEEDTIE; DUERMET 10 mL o
H2K, Lowry VEMEHERHAEEN 0.494 mg/mL,
=20°CRAF. G LLIE B AR B K AR & 0.1
mg/mL £ H .
1.3 FEFEHHE

4 4 8 (0 25 BR 1R (Staphylococcus aureus) B
FERIEAARR TR A, 78 37 CH&AFFREFR 24 h )5,
LR, Bl R B . RJETE S, aureus BN
NLWRBER 0.5% MR EHR, 75 37 CHAF FKIE
24 ho LD MLEIE S i C e Kis e, e
WA KRG 3 R, IR HKRERY R
1.0x10% cells/mL, B AHE/R DMK IHHI S, aureus
A (formalin killed S.aureus, F-SA), 1 Akl 1140 i
LT EE K. B4 COKF P RAT% .
14 fRE5FM

WIGLE 2.0 mx1.0 mx1.0 m FLFEEL AT, ik
¥ 3% OMP. LPS Al FKC = /MVES %55 Ab 3 41 Al
To v AR B ER KRS X R AL . DUBR v B A T
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RAOFERN 0.1 mL R SRR, BYLPS R &y
£} 16.0.02 mg, OMP F:Fi i 4 0.01 mg, FKC 5
B AR 1.0x10% AN, Xof 2L SR A ) 7058 2K
WA ER K, FEALAIEST S0 B o S AT A S e o
% 7d. 14d. 21dF28d Ji5, 2 WAL BENLE
I 5 R REHNCR M, R A MRS A 2 43, 1 6
DU VR T, 2% 03, ARSI 1375 vt S b A &k
WA TR YRS, 3 10 T A BRI B OB
£, Wl P, PRI i g0 M A S A o
1.5 EERAERSM BN E

K MESGEAT, RVHUR AR 24 h JGIR
SRS R IE 0.5%48 /R B bR K35 1 G455 91
#(1.0x10% cells/mL).
1.6 AEEEMERINE

Z | Zhao(2005) 1) J5 %, LA ¥ BE B Bk
(Micrococcus lysoleikticus) % T ¥y N IEY), H 1/15
mol/L, pH 6.4 WML MIBRINC G — i e B X B i
(ODs70~0.3). B 0.1 mL, & 28 ‘C/KBHT
i 5 min, ARJ5 AN 1.8 mL IR E W, AN
PR, 222 min BN 1% 5 mol/L KOH ¥ LLZ&
1R, SERF 640 nm PEAKMIFLIE G T1%. 0
410135 0.1 mL, BN 13 5 mol/L KOH ¥l 41, 28
C/KAHR IS min 5NN 1.8 mL 2P R,
EFIFEEE B4 2 min BRI E HE R T0%,
AT=(T1%~T0%) 4 1% N Z (1) 2248, RIH B IZ
A

HERRR DA B B AR UE (i (Amresco A F] 77, 3%
P£4 20 000 U/mg), H pH6.4, 1/15 mol/L PBS Fic &
B 1 000 pg/mL, HIKFAIRAF. I FEH] PBS #i
Bk 500 pg/mL. 100 pg/mL+ 50 pg/mL. 25 pg/mL.
10 pug/mL FRAETR . FH 0.1 mL 7 J5 1175 14 Bt b
HEARES LS AR, BRAED7 RS DL B s A A .
T A5 P AN T 5 s M VRS O 2R I AR A AE AT
BT, fREH G FE: U=a+bAT. % Lot

SR S BRI VE T, o U JOoR i s S 1
(%f7: U/mL).
1.7 BRBENE RN E

10 i A s PR I € 2 6 Luo et al(2001)1
Jiike BU100 pL Prtiln, A 100 pL ff14x i (A
HIBRE R, $E41, 25 “C/KI 60 min, /K IE) 4
K& 10 min $%30) 1 . HIWCEWRBURG IR (A
MmAFER S B) , FHHEERE 10 min, Giemsa Z4th 1
~1.5 h, FKPERT i BE SR o 4% T R T 4
[t (phagocytic percentage, PP) Ml # W $5 %
(phagocytic index, PI). #Wi 5 73 LL(PP)=2 5 k(1)
140 250/ E50 1 40 B R B < 100%, A W 4R 2L
(PO=FF W 41 i P4 (1 41 B S 50 2 5 A I 40 P
1.8 HHRW

K Reed & Muench(1938)f) 7 vl & 14579
B S A 40 (8 LDso by 5.5%10° CFU/ffL, T4 3l
JEHIEE 28 d, M G s AR R ZH & B 30 2 Bl £,
RSB 3 APATAL, BASTATAL 10 RBfa, RERM
FEIGE S 0.1 mL ¥k E H 5.5%10° CFU/mL G145 9K
(Vibrio vulnificus)i& W, BT P uEKmFE, &
SR 14 d, WIRFETDIRDL, FHREATAAERI IR
T3 B DA A 75 A0 T SOt i 5 DR R R e . S
g5 G VAR g fR P % (Relative percentage of
survival, RPS). RPS(%)=1-(ff& A0 T /% 4l
FET-2) x100%
1.9 HE#ELE

¥ STATISTICA 7.0 il ik AE R 55 )y 22
IIMTACEE, ZH10) 25 55 R Duncan’s £ HELLE, W3
KF2h 0.05, B2 KFR 0.01,

2 &4 R

2.1 ZMRIEIRN E G SRS R R
52 FUGT FELEEL B Qa0 100355 % AR AR R 1
SEARUWK 1 Pon. rTULEH, =FhPisidit sahh

®1 BFEEEMAREGIIERERR M ERE RSN

Tab.1 Serum antibody titers in Nibea albiflora inoculated with different Vibrio vulnificus antigens

G I i) 8] e HBEEE R0 Days after immunization and titers/d

%9 J5l Immunogen

0 7 14 21 28
LPS 1:2~8 (1:4.2) 1:4~16 (1:10.4) 1:1~32 (1:21.1) 1:16~128 (1:48.4) 1:128~1024 (1:128)
OMP 1:2~4 (1:2.6) 1:4~16 (1:10.4) 1:8~32 (1:16) 1:8~64 (1:36.8) 1:32~512 (1:111.6)
FKC 1:2~8 (1:3.4) 1:8~256 (1:32) 1:8~512 (1:48.5) 1:32~1024 (1:168) 1:128~1024 (1:388)
Control 1:2~8 (1:3.8) 1:2~8 (1:3.4) 1:4~8 (1:4.6) 1:2~8 (1:3.2) 1:2~16 (1:4.8)

5 BEARE A LA i M 3 PR RE AT B s o 455 A LIP3 5

Serum antibody titers showed as dilution ratio of serum. Figures in parenthesis indicate geometric average value.
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7 d )5, MIEEEPUASM R EFt. hx
YIS BEAR DA — BRI . fo ) 20 100375 vk
PR = T ALK Hebf 14 dL 21 d FT28 d
Jo & s A 2 AN B UA S A 22 %, FKC
MG EEEPUARY =T LPS Al OMP 417K
22 =MRERNEGEREIEEE RN

P G 88 i Tl £ i D R A A L [
1o 28 d FSEIG AP, X JRZH A 375 5 ol i 1) 3 12k Dk
578.4~612.8 U/mL, JG 3 % 5(P>0.05); #7 7 d.
14 d. 21 d M1 28 d J&, o £ L B I MR 25 Bk
T IR ZL(P<0.05), 25 21 d I, W EE R
IEFEAE, LPS 41iii(1 824.6 U/mL), FifiJ5 i ~
. LPS dIfEfTH ez dl b s, OMP 4like, ™
TR FE T FKC 41,
23 =MRERMERENEEEMENZME

52 G RN JRCBE Al £ 1009 TP AR VR 40 BT F-SA 1)
FMEETE R e 25 L2 2 FizR. iR LPS. OMP
Al FKC #ERh b )5, 52 S o iy 2 40 fu i)
R F 43 LL(PP)FI AR I 45 2L (PD & ¥ EF+(P<0.05),

IAEHRD 21 d ZEATTRBEAE, BHJGEM TR 75 14
d. 21 d A128 d i, &4l PP A PIEAIM
F M TR AL (P<0.01). R PEPTE LPS Al OMP
B BEWNZER, WE T FKC fuEd.

2500

OLPS groupa ®OMP group a

2000 - OFKC groupa O Control groupb 4

1500 |
1000

500

VAT G 1
Lysozyme activity (U/mL)
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14 21
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Fig. 1 The effects of three Vibrio vulnificus antigens on serum
lysozyme activity in Nibea albiflora

[Fl—RAEIS (], AR 7 RE RO 4L ) 2 57 535 (P<0.05), AHIR 7 BERIRA

i) 22 53 A . 3 (P>0.05)

Different letters indicate significant differences (P<0.05), same letters

indicate no significant differences (P>0.05) in the same observed period.

*2 EGEENAREGINENRELRTAMEEEEEN T U(THEIIREES)
Tab.2 The change of phagocytic activity in Nibea albiflora blood after inoculation with different Vibrio vulnificus

antigens of (mean +SD)

) . G I I ) B L g
TH Gl Days after immunization and phagocytic activity (d)
Items Immunized group
0 7 14 21 28
LPS* 27.8+4.35 31.844.31% 36.4+7.45" 38.8+6.31° 34.6+£5.85"
OMP* 28.4+3.61 31.4+3.77° 36.846.55" 37.0+4.56° 35.4+5.54"
PP(%)
FKC* 27.243.97 29.6+3.98" 33.8+3.760° 35.043.52° 35.243.54°
Control” 27.8+4.12 27.8+431° 28.0+4.90° 28.245.08° 28.8+3.66"
LPS* 2.56£0.34 3.56+0.37 4.62+0.57° 5.53£0.51° 5.19£0.65
OMP* 2.69+0.68 3.65+0.41° 4.65+0.45° 5.47+0.73" 5.16+0.39
PI(ind./cell)
FKC* 2.38+0.43 3.28+0.43° 4.59+0.48° 4.9540.43" 4.7540.52°
Control” 2.48+0.43 2.31+0.40" 2.28+0.39° 2.27+0.58° 2.39+0.27°

PP: AW T 2Ll RIVEFWGER A7) 1 20 M ot o 0t I ES 77 20 B P AW, B W A DA WO 40 R e )RR ), N[ B e 4 ) 2 57

535 (P<0.05), HHRIFRER RN 2 7 AN B3 (P>0.05).

PP: Percentage of phagocytes; PI: Phagocytic index. Different letters indicate significant differences (P<0.05), same letters indicate no significant differences

(P>0.05) in the same observed period.

24 XM REFRPERNE

LPS. OMP Fl FKC X #& ffi f (1) Ho % PR 2
WL 4, SEREW], H1K LPS Il OMP 4% 20 %) 3 4l
AR = R R ER, R IR 2 55 014 3]
77.8%F1 66.7%, 4 ALK T LPS #l OMP M4,
TS R 2 44.4%,

3 % i

OMP M1 LPS 1 ¥ % [GFI 1 B 1) 2 S AR 4
Prs, BAT RUFI) Sz i, 1540 A 27 o0k H A i
Ji At DA B IV A7 98 1 ) T R A T ORI T
{F(Kawai et al, 2004; Ye et al, 2004; Maji et al, 2006;
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Tab.3 The protective effect of the three antigens against a challenge with Vibrio vulnificus

4153 Wt R A JET- R EL BETZ%/% HHXS G e R /%
Group Number of challenged fish Number of dead fish Mortality/% Relative percent survival/ %
LpPS? 30 6 20 77.8°

OMP™ 30 9 30 66.7°
FKC" 30 15 50 44.4°

Control® 30 27 90 -

AN T RERTR LA 2253 545 (P<0.05), AR P RER A IR Z2 52 A8 1. % (P>0.05)

Different letters indicate significant differences (P<0.05), same letters indicate no significant differences (P>0.05).

Mao et al, 2007b; Zhang et al, 2011).Ingile et al(2000)
UESE T A M85 M0 % (Aeromonas  salmonicida)LPS
F1 OMP X} 6 2K P4V R i (Hippoglossus hipoglossus
L)AL IR A (Anarhichas minor L) 558 1) o J5t
PE, B8 O AR P AR A N P, R R B
HAMRIF R 2R . Zhou et al (2002) 11
A R, FERD— o W BE 1) g S 2F AR i TR
(Pseudomonas maltophilia)LPS W] DLt & U HE fiE fis
(Trachinotus ovatus) %} W& 22 2 A5 0 0 & 1 BT 77,
A ok 4 M A 0 IR R RE ), T DR R A S
(s 5k S Th Bk . Huang & Lu (2002)% 1R 25 %
18 A6 & (Edwardsiella tarda) %= W 111 M AME R A 1) 5
R ST T LA, 19314518, WA OMP ¥ fg
PRt RIF ISR /Y, 7 1557 LPS 445, OMP
(AR B4« Mao et al (2007a) 4R 18 P2k 20 2
HEA RUF e Bk, nI A A v 508 i 1R A 328 ik
5o AT E WEFOFLER 710 90E LPS. OMP
A FKC X sl £ G2 ORAP AR, 45388, LPS Al
OMP S RE I 35 M B v 20 4t £ VS PO AR B SRRV I8
PRI P M DA A L 1 0 M e v 2, T e
Tt ) R R ), RAIRE I R ik, 5 Bk
WL FARL.  H wr o T 0040 IR R P e S i it
SR/, Jung et al (2005)FRkE G147 5K 12 3= 2 A1 5
1 (MOMP) 1] 53 Wi FL B P B 7= A LR A PE B,
G BRI R MOMP 14 d Ji5, /M 1gG 7K1 2
FTtE, LDl 1gG2b MK Fam. AT 45 R
UESEAN7 N OMP tH n] 5 3 A0 28 7 A s (R A Pk
EIN NS

PO AR AP b A0 e A ) — S B S A Y
PrsR S5 A I HA R D Re R A, Piiksk
W S W T A SRR e 1 AR S 9% 7K P (Yang et al,
1998; Zhang & Nie, 2000). LPS. OMP 15 FKC —#¥,
WRERE R 2 BRI . Jian et al (2004)H 5T
K IE SN E (Vibrio alginnolyticus)LPS G ¥ Ay

BEft(Epinephelus Skaara)28 d BEEEPIARAN L 3] B
=, HeRP 8 mg/mL LPS A B G R Ik 3
80%. Bader et al (2004)>X ] N-lauroylsarcosine 7442
Hy fil 5% 185 46 & (Edwardsiella ictaluri)OMP, 3% %
PP S RN (Ictalurus punctatus), KIHE 21 d
o, SR AP W2 v T A KR, [
G R IL LPS 1 OMP 145 1 R LA = AE itk
(FIRES) W3 =T OMP s 2RI IR A . ANBIF 9T 45
RFRW], B 3 PR ks, ML REEDT
R M2 T, B IR Ty, B T A
K, 3 AN Z TR ILHTAR AN K- ey B
P& FKC 41, OMP 41F1 LPS 4l. &gk
B, 2 ot PR B KT 5 S5 R B ATAT A
—3H. Chen et al (1996)H & /K< 5L} B (Aeromonas
hrdrophila) F-AH LB LPS VE Sy it, 434
P EIR (Siniperca chuatsi)28 d Ji, ML &R
PR 439904 1:1 228.8 F1 1:275.2, AFXS G {4
Bk 80.7%H1 92.7%. Meng et al (2009)4 &
MRS 3 g KR e i, A
BV LTS TR = T OMP Rl LPS 41, 1A 4
PR R AL T OMP F1 LPS 4H; Zhang et al (2012)
FARE/K S FKC. OMP Il LPS A fe)ii, 43
) 5 9% . Mylopharyngodon piceus)28 d Ji, FKC
41, OMP 4141 LPS ZLHIHTARRA 7034 1:426.67,
1:341.33 F1 1:213.33, % 28 d Jo il B B4R
W], OMP ALK e bR H T 75%, LPS 4 67.8%,
I T FKC 241(50%). AHFFTH KB, #H%}F FKC
A E, LPS H1 OMP 52 B Rt o) P05 2y £ £ (14 I
THBEED RN THAC, (RS AE SEAT 250 S i r
¥, 3 5iEE] 77.8%H166.7%, T FKC ALK, 5
Chen et al (1996). Meng et al (2009)#1 Zhang et al
(012)I & RARL . IX W] BE A PRI A 52 G Fh 0] 4 T
PR L N, P A PR IEAN 2 A
HEA R, B FKC REA T2 a4
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B PRI K, ER A rh ] BEA7 £E— 2570
AU AN TR BCR, 52K OMP Al
LPS 4Bk T WK L RGER 2 TR, it EAAER]
Wz sl da A PR R, ARGV S L
AR, 7 2 R AR S B R T

AHIFGTAR, L 5 Ve T P A LR 11 4 A e
WTEAE 28 d AR FAAN ] T I B SR AL
W AIARAL, 25 G5 2 I35 4 VT I A LR 11 4 i
AW PEAE e W T, g 7 d R AT
X B 7K P (P<0.05), T LI kAR PR B 78 S g2
PR B8N, 1E 14 d Ja AT . AN
VA TRT I R ALY 1 0 P AR R PR T AR T B I
o, MR REER TR JIAE LT . IESCIRR 7 1
B A B T PUARACT I T e KR WIAE Sk 40
PUR AR KB IE BN, B0k 2 B8 M 5 47 g 4
P 50 R A Wt e ) 8 o W s v B DR L
AR, A W 240 AT T 5 MU IA 1 S R A T
(AR S PR ANM S e AR I, Bl S A2 BUAR KT T s
RART U I i By, S PR A S B Ae T2 A

B K-
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