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S H AR T AR M T =K X B R
Y, kB 8+1) g, K (7.540.5) em, SEH AR
R, MW SRE, oS T8
By o S 1 1E] 9 3 K IR (2643) °C, = N BE R RLK
(26+1) °C,

WK S M B (deromonas hydrophila) & Bk
YYKO090901 A FE 2 F AT 705 . % IR
A, AU S (1) 1 ] A R RN TR TR R

1.2 EERFIFNER

CPMGH J™ M T Fig v 2 T 1% PR 770 A R A w5
i, R F R OR S A (TSB) S 37 21 A T 7R 36
AL AE YRR BR A, LR R T R A
T 25 R 2y ® 7= 5, PrimeScript RT reagent Kitfll
SYBR Premix Ex Taq 1 H K% 549 T4 R
N, Trizol Reagently H JeEfE 3L/ ], RATHE
Bl fa IgM 5T i Aquatic Diagnostic Ltd.j= i,
HRPHRICH P50 B 1gG o 2 [E Jackson 2y W] 7 i
A0 S 2 101 5% = Ay B 4t

ABI 7500%¢ Y & f PCRAY 4 35 [ Applied
Biosystems/\ Fl 7= i, ¥ Uk SO HL A 32 6 Sigma sy
H PP, R & E I E A 5% EI BECKMAN
COULTERZA w7 i, i 4% 4% PR SPH-2112F Jy 1 [
SHIPINGZ\ w] 7= i, A AL 55 FR A MIR-153% H A
SANYOZX ®lj™ iy, MEhR{Xinfinite M200 PRO i
+ Tecan’ 7l 77 i

1.3 MRS BERERERENGE

HYYKO09090 1 [ #k 22 Fh 3 TSB S F% 5k
28 °CHEIRTG AL 18 h, P44 42 2 500 mL TSBE; 57 3k
H128 °CY KI5 18 h, #RJ5 3 %ot /R Lo MR
28 °CK{i72h, KWK AH)E, B hIEKH
JHO TR TG S T o
14 ZRERBREBREENIKIBELFIE)

5B WR s a4, U8R . & RiEdl
TE1.5% /K P 78 S02 1S minf5 , 43 B7E 10 pg/mL
CPMGIAEM W . B A KF(10 pg/mL CPMG+
15 pg/mL LB %5 B0 ) (4 28 1 3 Y % TG A7 790 70 8 1
VT FERIR IS mine R RET dJE Ak EAT
TSR G, X B AR 1.5%E8 K P2 LS min,
ot I B2 A B ALY A AT AL, CE R N

PG RS IE, BHBRABNSL, Bl
P TH VA P A P Rk A 5.2%10° CFU/mL.,
1.5 RT-PCR#A S K4

Fie BT 2= 2 S P17 L AT RT-PCRAFE & il £
KRG . SRR REfE2, 4. 7. 11, 14F121 d43
OUR B4 21 5 75 AR AL A 20, g 4 UK 43
MLER3E o $2BUMIE 41 21 RNAJT S #% 5% cDNA.
e bREM 4, LL18S rRNAHINS:, SElT98 G
HPCR(RT-PCRKG I 5 F R M IgM . IL-1B. #MA
C3. C-HBEEZ M ARG HEH Rk i
1.6 —XEFBERFAECHIEMFETRIE)

W5 H AR A 24, 4120002, fRyEdl
TE &5 A7 (10 pg/mL CPMGHIS pg/mLILE
00 I W R O SR AR 1S min, X MR AE
1.5%ER 7K 12905 min, RIAFA30L, HE MR
VR VA R T A TR Ak B N /N F3.0%10° CFU/mL,
1.7 IERERIMAEZNNE

th 38 AR Y S BG G R TR B2 R R — IR
I, FFE8E A R4k —k, HBEI16H. &
WP REE3~5R, MWFEAZRBE2h, 4°C
i E I, 8500 r/minf 0> 10 min, $EHUMIE4 °C
PR . RRI IS PUSEAR RE 106, DARH AR
S 2 TR B ) i A A B v B R — e (R P R 4
IgMELHL ) B AR A0 VR B, [ BZELISATI A& I i Bt
B . LLS/N(EE K 2H ODE 45 1 4 ODH )/(FA ¥k
X FEZH ODME — %5 141 ODME ) =2. 1 (S /m A i
ODfE, N7 B Xt I8 ) ODAE ) H A BH 4 o
1.8 JEEALREIRIE

NI S0 O AE IR 30 d, PR
AL HLDs(8.7x10° CFU/mL, 0.1 mL)fY Mg /K < 8
JHL TR R AR Y YK 09090 118 Jis 33 25 45 S g 2 o th 3% 90
FSLH e RE30, 601120 df, 43 B g K
S AT Y YK090901 i KK (8.7x10° CFU/mL, 0.1 mL;
1.5x10" CFU/mL, 0.1 mL; 4.0x10" CFU/mL, 0.2 mL)
JE S TR A LB A . RS IC SR AE TR,
ZELgE 14 do TR AN e R4 R (RPS): RPS=
(1B PE IO T35 B FE T %)% 100% o
1.9 HEHR

S5 58 K4 LAY 249 (B 45 fE 2% (mean+SD) 3R
7N, HISPSS17.04¢ 54kt 47 P R 5 22 43
(One-Way ANOVA), VILSD E#FfTEZ H KL,
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2 &% P<0.05), HyE 4 i) C3F Ik B i 2 o T HR 41
o (P<0.05)(K 1-c), CPMGH i C-HEfE K KL ik

2.1 IgM, C3. IL-1p, C-REFRFMBEME  mosggmppasinil, 2. 4 A5 BAHL, %
HERZRE N WEES, 167 AAEREQ20.76, P<0.05);
o 4 IgM 3 35 1 B 8 5 T X IR 4 (P<0.05), Toe R 7E2 diih Bl i S E (16.44%, P<0.05),
HAeHam B BT, FREFETIE S, K RGP (R 1-d), CPMGH ¥ T il ik
CPMGZ 1E4 dik B 5 — 1> = 0 (34.71%, P<0.05), RIAE7 dist B TH(4.66%, P<0.05), 14 dik %%
M T, 7E14 dX E Tk 3 B (i (115.216% , FE6.66%, P<0.05); JofkFI i w2 dt e

P<0.05); TCAEFIAI11 dH P05 &6 (56.14% , 2 ETFS, IR R EEH02.9F%, P<0.05),
P<0.05), RiG14 dEW FE#HHQ27.81F, AR 5 XA T B 22 T (P>0.05) (Kl 1-e), L5

P<0.05), 7E21 disf S H BT (48.06%, P<0.05) SRR, SRS TR E A O I R (1 A N FR A
(Kl1-a), HPEHMIL-1BRYRB A S IgMARL & 83E & T X B4 (P<0.05); HH CPMGH IgMTE
(F1-b). CPMGH C37E7 dik &) 4 i (. (432.91% , gtk s, HC3. C-BESER VIR HEE
P<0.05); oA C3TE4 dif Gl BT sy AR SRR O R IR Y ek B T B A AR SR I [A]
H(135.21%, P<0.05), 7 d& P F FE#34(80.44% , kK,

be
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i g 2 O AL
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48 48 o e
R{ % R{ % 10.0 + adjuvant-free vaccine group
o o B CPMG 41
%E %E 7.5 ¢ be be CPMG-adjuvant vaccine group
< < bC
=B Se o sof be
Qéé Qéé 2.5
4 I~ <2 l[e
g g 0 L[
2 4 7 11 14 21 2 4 7 11 14 21
i 1) /d ik 1) /d
time time
(d) (e

1 N[EISLI4ERENMRPE h & REEXEFRENRAEE
(a) IgMAHXT FRIE &, (b) IL-1BAHXS RIL R, () COMAXTRIEE, (d) C-HERMIREE, (F BRI RILE, “a»Rpx AL Lk
FULH BRI 223 B B B35 72 5 (P<0.05), “b” 3R i AL 5 (B B B A B3 72 7 (P<0.05), “c”Ron EEFA S B EMARA &
7 5 (P<0.05)

Fig. 1 The relative expression level of genes in the Carassius auratus gibelio spleen in different experimental groups
(a) the relative expression level of IgM, (b) the relative expression level of L-1p, (c) the relative expression level of C3, (d) the relative expression
level of C-lectin, (e) the relative expression level of lysozyme; “a” indicates that the relative expression level is significantly differ-
ent between control group and adjuvant-free vaccine group (P<0.05), “b” indicates that it is significantly different between control

group and anisodamine-adjuvant vaccine group (P<0.05), “c” indicates that it is significantly different between adjuvant-free vac-

cine group and anisodamine-adjuvant vaccine group (P<0.05)
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2.2 MIEMAIM

ELISAI 22 ML Pk gl A, &A1k
TR T 36 E B T FH — YRR T e i S5 AR A, 2)F
MIEPA M IS E]160, 65T 1E(H640, 8JE K
320, 12J8REAER40, G5R BR, EE5HF R
H G Rt ) A, s PRt i s, 7E6JH
NP EE, HEAEFEE R —RKIZHE
B2 8 JE (2924 A 5 5 W LT BU AR S (1612)
2.3 fiERGIEAR A TRRERENIKIBE

N TR in i o P 1 S BRI o, 4541
LT A AR 36 X )5 12~48 h, 2 dJF oAt
"M% k4. CPMGHL ., HAHMA . TfhERH
FOR REZH 1 BT FE T %4301 2425.00% . 10.00% .
36.67%. 83.33%(F 1), CPMGZH 4 FH X 40 53 {4 4
HERPSHT0.6%, A5 70 4 1 A X G 5 O P 3
Al R ik 88.2% , W T oA B AL
56.0%(P<0.05),

24 —RBEFEAMANTRELERCGHERNFE)

b 3 DR AR Y — YRR I G ) S R A
SRR, B (BRPE30. 60, 120 d) A TG
JG, SEEEmERIT AR E12~72 h, 4d

JETCAETI B . 30 AR F B A X R Ny
54.6%, 60 d}44.0%, 120 dF &R 12.5%(F2).

3 Uit

A 5T B CPMG -5 W8 7K B0 1) K 36 3 1 Bk
H, B ES T4, I RT-PCRINE 5
RMERPERFIL-18, #MAC3 . C-BEEFE VI L

ade
600
5
<= 400
=° bdf
2z
£3
g 200
<
cef cef
0 I
2 4 6 8 12 16
IF 18]/
time

B2 mEFmESMN
2R RAR PR RMAME, LEEZER; 12FM6HAKTIA
rE, KREZER: “a”?FR6A 52, 4AMNFEREMN LG S
% 7% 5 (P<0.05), “b”H£R8E 52, 4 RE B EE R (P<0.05),
“c?RR12. 16/ 52, 4 BH B EE R (P<0.05), “d”EKR6JH
58 B A B3 7 R (P<0.05), “e”En6H 512, 16 AHEE
55 (P<0.05), “P"FR8H 512, 16/ B A 83 % 5 (P<0.05)

Fig.2 Serum antibody titer

The antibody titer is not significantly different between 2 and 4 weeks;
and it is also not significantly different between 12 and 16 weeks; “a”
indicates that the antibody titer is significantly different
between 6 weeks and 2, 4 weeks (P<0.05) , “b” indicates that
it is significantly different between 8 weeks and 2, 4 weeks
(P<0.05), “c”
between 12, 16 weeks and 2, 4 weeks (P<0.05), “d” indicates
that it is significantly different between 6 and 8 weeks (P<0.05),

indicates that it is significantly different

“e” indicates that it is significantly different between 6 weeks
and 12, 16 weeks (P<0.05), “f” indicates that it is signific-
antly different between 8 weeks and 12, 16 weeks (P<0.05)

T i 5 DR R AR A5 M A g3 TR T IgMUE IR 2 3R 0L o
SEIR R, CPMGHLAIJG AR 77 21 Hh STl 4 388 A 56
PR 7 114 2R 38 1 4B Wk 35 v T X B4 (P<0.05), CP-
MGZHAMA C3FNC-HEHE 3 A& K] 1 AH X K35 5 24 1

*1 FSTWAMBAMNRPE

Tab.1 The relative percent survival in the different experimental groups

47 NG R TR TR Y% FHIBET R Y% RPS%
groups challenged fish number death number mortality average mortality ’

CPMGH 30 7 23.33 25.00 70.6
CPMG-adjuvant vaccine

30 8 26.67
HEVERA 30 3 10.00 10.00 88.2
CPMG and anisodamine- adjuvant
vaccine 30 3 10.00
T 30 10 33.33 36.67 56.0
adjuvant-free vaccine

30 12 40.00
Xof HEZH 30 26 86.66 83.33 /
control group

30 24 80.00
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*2 BLWEAEMRIPR

Tab.2 The relative percent survival in the different experimental groups

) N TR 8] ERAHUR FETHU R BET-#% FEETHE% RPS%
groups challenging time challenged fish death number mortality average mortality
number

-Rey Sl 30d 20 7 35 37.5 54.6
CPMG and anisodamine-
adjuvant vaccine 20 8 40
i HEZH 20 16 80 82.5 /
saline control

20 17 85
PRl 60d 20 7 35 35.0 44.0
CPMG and anisodamine-
adjuvant vaccine 20 7 35
i HEZH 20 12 60 62.5 /
saline control

20 13 65
PRl 120d 20 17 85 87.5 12.5
CPMG and anisodamine-
adjuvant vaccine 20 18 90
i HEZH 20 20 100 100.0 /
control group

20 20 100

e T ICAR P T 40 (P<0.05) F1 X HR 2H (P<0.05),
H A BB RN Rk R e ] B

FI i 2 RE 2k R 3R 0k 5 H 4 % 2 R 3R
KRER KRR MICER, (HEEERT-PCRELAR 1%
i, NN 2 2w D A R 7 i T 9 i P
TS, B 5 K R R AT P 8 AR G PR 1Y
PR 2 35 1 DUAE g — TPE i F6 bR o R 22 8F (Scoph-
thalmus maximus)ZL A% 0T % 7% 7 (Reddish body
iridovirus) 4 7 5 B8 12 R 44 K i RE B (pDNA-CS-
NPs) R S0 K2 0F, BRI 7= A s LAY Se KAk
FRESEEGREN 2, MHC-1 o, MHC-T o, IFN-1,
IFN-=y IL-8FIMx33AH 25 F R, 290 difynl
o B AT AARR, HEE AR 1 (flagellin) BE ¥ VE 7
ftf (Salmo salar)TNFo., IL-6. IL-8FNIL-1p3R k1w
F B, (HRREVE S LA A4 3 PR, iR
5% ZAEAL Y (Edwardsiella tarda)R) T2 EE H B
B AR (rFimA)VE S A 570 5 e 4 TR (V-
brio harveyi)H 2 . 53 J3¢ 1 rVhhP2 [] B 13 5 e g2
KREEGE, e 1 dIfLE h IgMAH Xt 35 & bt fR 21
BERED . DiaofF M p-H R ME . 5 2
(LPS)73 ) 5 38 2 2 1848 T 1Y) 3- B R H 3ol e Id ==
fi# (glyceraldehyde-3-phosphate dehydrogenase, GAP-
DH) & 41 A 3 8 %98 T #F (Paralichthys olivon-
ceus), IgM. IFN-y, IL-1B, IL-6. TCRa. MHC-1I
ofA R R A M, HIEZ W . B-#
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WA = TR A . A5 h CPMGHL Y
Tl R IgMANIL- 1Pk A 2B LT, T RE
PR R R, X5 LR e A R e g A
15 0, B ) Y IgMURT IL- 1 B3 35 A8 AR AR L™,
5JLPSHE Ay 142 7] f 35 o B IgM 3R 3k A2 AL AH B,
Paulsen5 " B~ SR FI i 22 W8 I Il 132 33 K74 7
7. 14, 21.d, S5REM, KB MR
7 W BFmRNAR A 4 3 R, H21 dih A #
[ #eIk . [H Selvaraj% g p-7 SO AN 2 BHIR
YA . R REE(Cyprinas carpio), KPR
3Fh AR G 24 . 48 hiFIL-1R3E KA X 2 ik =1y
5XTMATEE2ZER . JiaoE R % & MEIEH
RGP e A BE, o IO 58 245 7 (FIA) G 3
silgM., C3. MHC-1 . MHC-1I . CD8a,
CD40. Mx. IFN-y, TNF-o MIL-63:H k&,
AR T AL BES D IgM . MHC-T | MHC-TT |
MxBEHERIA

R e a2 s v, B A B AT AR R
W (V. salmonicida). & [KHBIR 2% Q1 (Yersinia
rucken) SR AR AL U BB mBIER
YR LA B S B A 3 2 NPT 7 A2 . Navot&E!M!
I BUHE A B B 4 fA.(Carassius auratus ) B2 IR X
A 1ML F 2R P (BSA) W HT R e 42 g g AR Bt &
1977 Az o Zhou R Rk o =X R Ak B A B £
(Epinephelus sp.) Al L i 2 £ = 7 S IR (V. al-
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ginolyticus) 4 TH K G PE R MR ROR, iR
551 B B A A 24(95%) . Huising %558 & BR
1515 TR U L TR TR T A Y A R 1) S R e
955 N2 VR S R B R S e N 2K . DA, TR
T s A ) RT AR AT B e S S KNG L
PR RE T IR I AR BEROCR o Kai %O H R 2K
1) £ AV EY H K% B8 (Betanodavirus) il #5 B840 K
B, 2L R A BE A faRh A SR P R AT
DA 39%~43%45 55 2185% , 7 5k KA 2 Ml 22
IR BE (viral nervous necrosis, VNN il FET- %K .
F FH A AFE I IY & I A 1T (saponin)$ = o 6T 68
I (V. anguillarum) X iGPE R IR MW RIERR, B
AT A AR R R T72%, HUVBAT HED
Z W\ A A A LIk $83% , 1 Jo A4 5 AL A
27%; A S ¥ AE fa(Oreochromis) 5 R A
LT (4. punctata) KT ¥ B = WL PEBOR , AT
PRAPR S50 78.5%, T JCAR L /) 430 2 54.1%
57 A S U g 7K PR MY B B-hem A-ISCOMSY&E
12 U0 G P8 68 Bl (Anguilla sp.), W 40 B 55 AL R A
PO 35 2.2 75 T IMS 131247 70 20 5 T i 7 4
Fan®5 N HH £ S8 A 40 I8 1 TR 9 35 (iridovirus)
I P T YR I G KSR AR R R A
$90.5%, 3K R IMS 13125 K<L
PO 2 ¥ 6 PR U A e AR 6, A X R B o
RPSTI3567%, M oAk 72 B 20 1) 9 56%. 1L EE
5 0B (5 1 1 LA 5t O e B i R 2R, BATR
JE A0 AN SR A A E Y, S A BERE R,
HAE S B0 A7 ) RE i 5 46 g 2 i A B ROR 2
AHFFE T, R G 5 CPMGHL ) AT L 477 238 3k
#70.6%, HCPMGH! LU 5558 52 & 44 7 411 ik
#88.0%, W E & T I FHM56.0%, WL,
CPMGHI LI 75 Bl K & (o FH A 8OR S8, 3 ] g
B TP 3 0 W [ VR R A R T 0RE M 4 5t i A
AR A R P AR RE IV 2

SE
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Efficacy of inactivated Aeromonas hydrophila vaccine with a new
biodegradable material adjuvant in Carassius auratus gibelio
by immersion immunization

REN Yan', SHI Yunduo "**, SHI Cunbin ", WU Shugqin '

(1. Key Laboratory of Aquatic Animal Immune Technology of Guangdong Province,
Key Laboratory of Fishery Drug Development of Ministry of Agriculture, Pearl River Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510380, China,
2. College of Fishery and Life Science, Shanghai Ocean University, Shanghai 201306, China;
3. Sichuan Fisheries School, Chengdu 611730, China)

Abstract: Castor oil polyethylene glycol monoester glucoside (CPMG) is a kind of biodegradable and artificial
material. Formalin-inactivated Aeromonas hydrophila bacteria with or without CPMG, CPMG + anisodamine mix-
ture were administered on days 1 and 7 to Carassius auratus gibelio through immersion. Spleens were sampled on
days 2,4, 7, 11, 14 and 21 post-second vaccination, and the expression quantities of IgM, IL-1f, C3, C-lectin and
lysozyme mRNAs in spleen were detected through the real-time fluorescence quantitative PCR (RT-PCR). Formal-
in-inactivated A. hydrophila vaccine with CPMG + anisodamine mixture was immersion administered just once,
then, specific antibodies were detected and the fish were challenged intraperitoneally with lethal A. hydrophila at
different time post-vaccination. The results of vaccination twice showed that fish immunized with inactivated
A. hydrophila vaccine and CPMG exhibited enhanced expression of genes that are involved in both innate and ad-
aptive immune responses (IgM, IL-1B, C3, C-lectin and lysozyme) compared to no adjuvant control or saline con-
trol. The relative percent survival (RPS) was found to be 70.6% on day 30 post-vaccination, while immunization
with the antigen alone followed by an experimental challenge gave an RPS of 56.0%, moreover, the CPMG + an-
isodamine coupled vaccine showed an RPS of 88.2%.The results of vaccination just once showed that the CPMG +
anisodamine coupled vaccine could augment the production of specific serum antibodies, which reached the
highest level 6 weeks post-vaccination. The resulting RPS calculated was 54.6%, 44.0% and 12.5% on days 30, 60,
120 post-vaccination, respectively. These results indicate that formalin-inactivated A. hydrophila vaccine with CP-
MG immersion administered to gibel carps can significantly promote the gene expression of IgM, IL-1B, C3, C-
lectin and lysozyme in spleen and enhance specific immune responses against A. iydrophila infection.

Key words: Carassius auratus gibelio; castor oil polyethylene glycol monoester glucoside (CPMG); anisodamine;
formalin-inactivated vaccine; immersion immunization
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