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E: AR ABRIAKE Q-9 M4 % ¥ (exopolysaccharides from Lactococcus lactis Q-9, EPS-9)
RN E S TANTEE LR KA R E R B, LI 4R B 4 b Wy EPS-
9 (250, 500 F2 1 000 pg/mL) 5 &8 Sk 5 4 f A 4b 3535 3%, A Sk 6 40 B B B 7 RE 4 A0 B
EH, UWEABERY —FANE NO)f 4 H T804 K E. & 300 & &4 [(47.66+
0.43) gl FEAL 4K S 41, T HR 4 (FA M An Fe ) 9 "R G B 8y 3% 5. 2k % wb 75 /R (phosphate buf-
fer saline, PBS), 4 ¥ 41 47| ¥ "& & [ ¥ & &5 EPS-9 (250, 500 f=2 1 000 pg/mL), 1 %/X,
HFHENBTdEROLAIFRKRAR. M, MHEAMRMABEHAEREEIHEKAERE,
P40l G PBS A3, B4 24h 5 Bl Frn TR 4148, 2 Al AR I ot % o NO 7o 40 Je
HT 06 mE, KAEH(LZM) fng ks i B (AKP) Byt AT IRAR 418 F s Hi At (T-AOC,
T-SOD. CAT. GSH. GSH-Px #1 MDA) 5 5. KN4 R B r, EPS-O i B F # % 4 3k i
G FE R ) e AR, JFR E NO. R k 40 f Bl F (TNF-a. IL-1p fr IL-6) Fo 4 %k
40 ji B F (IL-10 fn TGF-B) W & B RN ER T, 5 WM B 448, EPS-9 &4
B R F LR E T NOFufE K 40 fl Bl T 89 & &, LZM fo AKP 3& 1, DL KT IR AR 0
MAMKT. BRABMBEREE, NO. R X 4ME THEKEXLZM. AKP W 7& P
HERERTHENEA. ELRREE5E, EPSOABHA D FFRRAMETHERE
HEEFHE. AREN, EPSOERAFGRIHELERGHENFEFFHELE. WALE
Ve R T O o IO K (s B o R W oS (e -

KA 4, AMEMA S, RNE; MAKEN, FED

FESES:S917.1

g A PR AT e 2R PR RE AT AR AR K
L2 8 68 5 X A 5 O T AR K 7 SR BE R AR B T
I i A B A I T DU R0 A e A AR
JK 7 R A R AT, AT DA T 24 Y AR
i RN 25 W5 B Y e A R S A R A, I
I, 5K S A A A RO A A R
AEH A ARG AR, ORI 2 B F 5T
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EPS [ 248,
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1478 KopE o R 44 3%

Wi e, EPS & —Fh & e KRS
Y, F G A A A, A
FLRE A E Y, FLARE (lactic acid bacteria, LAB)
BT A B AR R B AN A YRR
PRI, 7E EPS P2 AR h g TR A RIS %8R
i ERILTAE, SRUET LAB 9 EPS X i 3 S s
AP EATE MR R C 8z prget ™, i,
kYR F T 8 LT B (Lactobacillus casei WXD030)
TR PR 119 JitL 71 22 % L-EPS A 3 5 1 5% RAW264.7 4
L %) 346 B AN A W T 1 LA &35 R NO. TNF-a, IL-
1B 1 TL-6 A4 77 A T & 45 8 7 55 988 o 25 i 4
B RFLFF A (L. reuteri Mh-001) 7= 4= i) EPS i@
I FEAR RAW246.7 /)N BLUE BEZ0 i TNF-a (9 3%3X
M7 A g AR BEASOW Y, A3 B5 TREFLH Y 6 Bk
SR FLFTF B (L. rhamnosus) 7= 19 EPS 7£ DPPH
B BREFE AR T AR, &5
RE 7 B4 1 5 R 45 J G T MR A S e b R R
SR BT E A TG R, AR A A 2 3 B R R B
WSS SR, SRR T FLER FLER B (Lactococcus
lactis) W] EPS Xt 7K 7= sh W) G e 4y . i e AT 1k
BT VE I R R E D

TE LAAE B 58 v, AR 40 07 326 s o D £t e i
(Cyprinus carpio) 78 W2 43 BARTH 3 AR FLIR
FLEREE", Hi B RE Q-9 X H A B i i e AR K
ey E A, ik, RizFL R FLERE Q-9
{142 4 (EPS-9) [ A BAG S e i 1 . Hra AL
P R e TR R e ) D) RE . A IR X — R iR,
S I 30 e X i R R I YR P R A A O S
PRI IR L Wl T R BT SR AR RE D BRI, R GE A
5% EPS-9 X 1A P R A1 1) G 8 38 45 e S Ak 0%
PR, WFGE S, R0 ¥ e SL IR TR L Ah 2 M K 7 5%
B By b B o R B S

1 MRS Tk

1.1 LGB

PR Q-9 M7 1 N AW Hh or B AR AT, MR
I8 A= RV TN 16S rDNA JF- 51 43 B 9 % 5 h FLIR
FLEREE ", S B, AR Q-9 7E MRS }; 3%
e 37°C #EIESE 240, WK EMIFE (deromonas
hydrophila AhO1) 7€ LB K5 3% 3£ h 37 °C & 1+ F
180 r/min 4z % 15 7% 16 h.

1.2 LS NES5418
H4 it FRE A [(47.66+0.43) g] JBREE, 7E TC A 4514
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T K B O o R N R/ s g T, 8
75T RPMI-1640 15 35 5 (10% G 4= 113 , GIBCO,
USA; 100 U/mL 7 % % Ml 100 pg/mL £ % % ,
Sigma, USA), % 40 g v B2 J5 i A 24 £L 41 i
H:FEM (Corning, USA; 2x10° ~/mL), JHAS[E] ¥k &
f) EPS-9 (0, 250, 500 1 1 000 pug/mL) 7 28 °C
WER AN, 24 h J5 K9 VR 40 R T NO
WA L
1.3 KSR AYE5E B 0 Fn & I SE M B9 4
R EPS-9 Xt Sk 5 40 o 1 5H fE T R A
WV PR Y 5 ), AN R R E B9 EPS-9 (0. 250,
500 F1 1 000 pg/mL) Ab 3 24 £L 41 i 55 75 4 b i 3k
B 4 (2x10° 4~ /mL). 43 515% H MTT &5 & (F
g AR ) TR AR S T ) R 2T G e 1) ik
IR, ELARERAE AL B8 S BEET I (0 A G 52,

14 AL

T & Ao A SCH AR I S ]
B KPR AR K e SR e, P A,
M7 PEATHR PN SER 2 ET, MR R R
Freagife2 Ji o B, 300 FBR/IMHIT [(47.66+
0.43) g] 114 fit 3 i B L 73 A 15 4> 300 L (1) 5% 5 A7
(20 BB /Ao A RIEEME 3 7K (09:00, 13:00 F1 17:00)
FEWBME . LR, BREH 30% 1K,

FREEHEL, KRR (2651) °C, SEFIN 12 h,
4] o Ao K F 4L 2R HF 15 A7 FE AT Bl L5

h5dH, B3 ATAT, TR, 25— (9]
PEXTBE) S 20 (FEPEXTBE) 43 945 T 0.1 mL #
i 55 2% v (PBS); 4% 3 4043 145 T 0.1 mL A~
] ¥ BF (250, 500 Al 1 000 pg/mL) ) EPS-9,
RI1WK, EEHER TG, SRV 6 B,
RIRIURE o WIS, B B> R FE A b 4 0 4 (9]
PEXT HRLEH ARSI W 56 100 pl FE /KA Ah 01
(LD5p=5%10° CFU/mL). [ %F B 41 7 5 100 pL
JCH PBS. FRAEAAFF L, JRYs 24 h JEICERE R

Bk g MW 7dMEETS 2405,
FEARBEDLIMER 6 B £, 28 MS-222 R AL B )5 2
HR kR SE ML, 20 (4 °C, 3 000 x g, 30 min) 43
BRI YE o BEJE XTI, o B R
A RE 3 T80 °C 117, %
1.5 NO 94

Z MU, i A S — A A iR &
(Beyotime, ¥, v [E]) 0 0% 7 0RO Y
NO 7K. fdi F] EnSpire 2300 /it 51X (PE EnSpire,

HHE K 7% 23240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

9 1] AT, 45 FMRFLIKE Q-9 MuAh M %I 1 e K G e I 2 . UL T M AN BT 1 RE 52 1479

USA) 7£ 490 nm &bl & WG R o AR 4 A R 4k 5
A R T A A i 2 A 38 NO YR FE
1.6 IEMHEXERHNE

Sy K EPS-9 7 {4 N 1) BT A AE T, fif
FHAE B (8 3070 & (RS o0 f A W TR 5 BT )
FENFAR T R PTELAE J1 (T-AOC), TN (MDA),
A MEH K (GSH). #8 A AL ¥ B fL B (T-SOD). i
AL & (CAT) F 4 e H K i 01k 9 1§ (GSH-
Px) & M. PEAERES RG4S
1.7 SZEHEXIERENE

Sk PEAl EPS-9 [ G 88 4T 3G Mk, AR S
6 25 1 5 22 o [ T AR USRS 0 O T VAR AL v A
JL PR A A i, LA B G I A R S R 30 1)
FHERFFE™, Heah, RIERF & (@Y
TR 5T ) S AR BB, DU I A TR
(LZM) Rt B 2 i (AKP) A6 M o

1.8 HIEDH

SEI6 T AT A R AR F S Y E AR E 22 (R
KB (n=6), WE 53 HrkH SPSS 25.0 41
One-Way ANOVA ' Scheffe #5645, L& TE/K 1%
g P<0.05,

2 4

2.1 EPS-9 X382 3L 1% 40 A 18 55 A ) A B REE 1
apA

EPS-9 X fiHl 3k "B 41 i 458 7 B8 1 01 A W 315 1 1
R 25 SR G, A EELAH S AN A 14 A g AN
WG M 2 R T IR A (P<0.05), FF P
Se s BEAR A e, LR FE 500 pg/mL A,
EPS-9 42 1 VE 40 53l & X HEZH 1) 1.65 £5 Al 1.41
(&1, & 2), W EPS-9 15 A I i vk B G
PR X S A B A R R

2.2 NO ZEmHEMN

EPS-9 {4 N FIAR AN X NO 25 5 52 i) i A6 ) %
BN, EPSOMHE LB 240 )5, RS
U B A0 A B F U R NO I B T IR A
(P<0.05, [& 3), EPS-9 MM A5, [k Ik vk i
(250 pg/mL) AbFAT A1, oAt A 3R ZH 13 T NO fY
i 3 W T IR R (P<0.05, 1), W
TR BR R AT IR G fi i 25 1S N IR NO %t [ FH
PR PR ZH . (22.32+1.18) pmol/L], {H EPS-9 4 B
2H BB . 2 B AR H g K M B RS 19 NO 4 n £

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries
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treatment groups

E 1 EPS-9 xf#8 k'S 40 i34 7E 4E RIS
1. %P2, 2.250 pg/mL EPS-9 AL #E4H, 3. 500 ug/mL EPS-9 4k #f
41, 4.1000 pg/mL EPS-9 4bF 4 ; & th A [F] 7 B R 2 57 I 3%
(P<0.05); T A
Fig. 1 Effect of EPS-9 on the proliferation of
head kidney cells of C. carpio

1. control group, 2. 250 pg/mL of EPS-9 treatment group, 3. 500 pg/mL
of EPS-9 treatment group, 4. 1 000 pg/mL of EPS-9 treatment group;

different letters indicate statistical difference (P<0.05); the same below

03

Ho

o
8}
T
He

M AR AE /Ay,
cell phagocytosis
o

1 2 3 4
Wb EREZH
treatment groups
2 EPS-9 xf L' 40 i & IS MBI R
Fig. 2 Effect of EPS-9 on the phagocytosis of
head kidney cells of C. carpio

(P<0.05), Jf5: Uk BEARIAY (R 1) e 7E = Ve BT
(1000 pg/mL) ZbHZH , NO AYAERRFEIR T 71.85%,
5B X BRZAR L T i 3 M 25 R (P>0.05, 3R 1),
2.3 EPS-9 X E L XEIRF N

EPS-9 X470 48 AL 48 bR 52 i 1 A I 45 2R B
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1480 KopE o R 44 3%

H e
H e

— AW EIKE/(umol/L)
NO concentration
(OS]

1 2 3 4
AbFRA

treatment groups
3 EPS-9FFHELE MBS M NO BN

Fig. 3 Effect of EPS-9 induced nitric oxide (NO)

production in head kidney cells of C. carpio

FEMRALEE 7 d 5, APRLAFEAR T T-AOC M9 &,
T-SOD. GSH-Px Fl CAT A4 7% Pk 5 X} B8 2 AH Ho 1
SIS NS AR R, JF B P A 3
B TXHELL (P<0.05, Kl 4-a~d), AbFELIR) GSH
JK 34 S 25 TR B4 (P<0.05), {H A [) 4k 2 21
Z A B FHME 2R (P>0.05, & 4-¢), tHEZ, EPS-

9 Kb FH4H BE 35 FRAK MDA (9K -, I 5 vk B 4K
Ji L (P<0.05, &l 4-f),
2.4 EPS-9 X1k 'S 20 B 40 A [ F 43 3 RO 52 i
A A 0 Sk B 40 e R O P A i i TR
(TNF-a, IL-1B. IL-6) Fll 47 48 40 g [ F (IL-10,
TGF-B) [ & Wi i, A EPS-9 Y 1A S 47 32 9 45
. R ER, ANFEHEE EPS-9 AbBRAL -h A5
40 X7 0 A R Y B R T B4 (P<0.05),
HA IL-6, TL-10 I TGF-P B4 i 5 He B 4 i 41
I H 5 i v BE Rb PR 4H IL-6. IL-10 1 TGF-B (94
BRI R HRZH A 1,61, 1.64. 1.941% . TNF-
o AL IL-1P 14 & Bk i 522 3050 18 0 )5 e A0 1) e 3
A B A G 4300 o X FRZH Y 1.88 il 1.34 % (P<
0.05, % 2), EPS-9 E{RASNHA 1 2 1Y S 58 )8 15
EHL.

2.5 EPS-9 %} ;E 4AA8E F 5 i B 52 0

20 PN A S s s R R G E T, I,
3 3 G 0 A 5 R 40 L PR ) A AR Ak TT A EPS-
9 AR N G e AT 1M . S5 R R, EPS-9 XX
L2 it PR A 2 AN TR AT R D (36 3). TER AL
P 7dJ5, EPS-9 HE W& e 4 4 Hu X ¥ TNF-
o, IL-1B Al IL-6 AY A& Wi (P<0.05), H & 7|H K

#=1 ESPOEERWEFIE NOKRENR LZM, AKP 5E 4 a4

Tab.1 Effects of EPS-9 or/and A. hydrophila on the NO concentration, LZM and AKP activities in the serum of C. carpio
isiil — %L &/ (umol/L) A E/(U/mL) T PR Y /(U/mL)
treatments NO LZM AKP

R 7 d

gavage treatment (7 d)

X HRZH 4.60 +0.70° 73.41 £3.82° 1.12+0.01°
control group

250 pg/mL EPS-94bHZH 498 +0.46" 83.90 + 5.61° 1.21+0.01°
250 pg/mL of EPS-9 treatment group

500 pg/mL EPS-94LFii 4 927+ 1.47° 204.49 + 7.34° 1.49 £ 0.05°
500 pg/mL of EPS-9 treatment group

1 000 pg/mL EPS-94bFH4 9.82+£2.11° 130.34 +5.50° 1.69 +0.02¢
1 000 pg/mL of EPS-9 treatment group

KEL#E24 0

challenge treatment (24 h)

I P HE 2H 4.72+0.76° 72.37 +3.82° 1.14+0.01°
negative control

IH 4 %o i 2 22.32+0.91° 179.78 + 7.34° 3.17 £0.03¢
positive control

250 pg/mL EPS-9-+0 7K < 5L B Ab 3 20 16.44 +1.14° 158.80 +5.90 1.81 £ 0.06°
250 pg/mL of EPS-9+ A. hydrophila treatment group

500 pg/mL EPS-9-+IE /K < 5 TR AL #E 20 11.88 +1.85° 149.81 £9.24° 1.24+0.05°
500 pg/mL of EPS-9+ A. hydrophila treatment group

1 000 pg/mL EPS-9+1& 7K <, 5 ff b b #E 20 6.28 £0.70" 76.40 £ 6.62° 1.13£0.01°

1000 pg/mL of EPS-9+ A. hydrophila treatment group

TE: VEMRAC BN CET Ab B L B A, RPN R 2 R R (P<0.05), R

Notes: the data of gavage treatment and challenge treatment were analyzed, respectively, different letters indicate statistical difference (P<0.05), the same

below
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Fig. 4 Effects of EPS-9 on the levels of antioxidant substances in the hepatopancreas of C. carpio

A, A, EPS-9 AR P 3 B = i A di i R IL-
10 1 TGF-B 1323k KT (P<0.05), Jf H TGF-B 1y
FAB G AL R AR 7 AHAL, T IL-10 B9 5 Al
It S IR R R

[ K P2 % 2 32 /) sponsored by China Society of Fisheries

R o G 0 W KB L TR R U S I A
K76 e, i — AR EPS-9 X 18 = % &
G VE I (5% 3). S BIMEXTIREHARLL, mEK
I AR S A AR A e TR RN 4% A i TR T
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1482 Ko kAR 44 &
% 2 EPS-9 Xt #8 3L 'S 40 A 43 3ih 4 AR [ F & 2 Ve
Tab. 2 Effects of EPS-9 on the secretion of cytokines in the head kidney cells of C. carpio pg/mL
4%4H  groups TNF-o, IL-1B IL-6 IL-10 TGF-B
X B A 7.38 +0.58" 489.29 + 6.85" 24.49 £2.16 20.61 +0.61° 84.82 + 4.04°
control group
250 pg/mL EPS-94LFHZH 10.39 +0.85 654.49 £9.31° 3229+ 1.69° 26.60 + 1.39° 116.76 + 3.87°
250 pg/mL of EPS-9 treatment group
500 pg/mL EPS-94b#EZH 13.88 £ 0.28° 573.69 + 10.90° 34.63 +£2.58b° 32.43 £0.93° 133.71 +£5.79°
500 pg/mL of EPS-9 treatment group
1 000 pg/mL EPS-94bFH2H 10.30£0.95°  569.39+23.50°  39.48 +2.05 33.85+0.27° 164.41 + 5.60°

1000 pg/mL of EPS-9 treatment group

#*3 ESPYEBRHER

Tab. 3

HREE T 5Bt

Effects of EPS-9 or/and A. hydrophila on the cytokines secretion in the serum of C. carpio pg/mL

AEEL treatments TNF-a IL-1B IL-6 IL-10 TGF-B
FERALIRT d
gavage treatment (7 d)
o AL 2.68 £0.33" 28.98 +2.32° 19.45 +1.38° 35.02+0.95°  233.52+13.08"
control group
250 pg/mL EPS-94bHE 41 4.65+0.34 48.86 £ 4.02° 31.46+1.51° 77.73 £ 1.22° 316.33 £ 8.65"
250 pg/mL of EPS-9 treatment group
500 pg/mL EPS-94b ¥ 4 529+0.57° 60.23+8.04°  33.81+£3.16° 7138261  321.89+2.12°
500 pg/mL of EPS-9 treatment group
1 000 pg/mL EPS-94b 340 11.43 +£0.95° 80.11 +4.64° 39.25+1.61° 66.40 £ 3.28° 365.59 + 5.14°
1 000 pg/mL of EPS-9 treatment group
BE4bFE24 h
challenge treatment (24 h)
I et T 2 2.68 +0.33" 28.98 +2.32° 19.45 +1.38° 35.02+0.95°  233.52+13.08
negative control
FH P T TR 20 12.04+0.91° 85.80+£4.64° 4127+ 1.66° 59.60 +1.57°  531.75 +4.35°
positive control
250 pg/mL EPS-9-+g 7K 5 5. B b #1240 6.54+1.21° 51.39 £2.36° 30.33 £ 1.94° 52.34+£1.25"  443.58 £20.46
250 pg/mL of EPS-9+ A. hydrophila treatment group
500 pg/mL EPS-9-+Ig /K /< 5 it 14 &b BE 21 4.82+0.66" 37.82+1.95° 2329 +1.75° 54.71+0.84"  453.85+18.01°
500 pg/mL of EPS-9+ A. hydrophila treatment group
1 000 pg/mL EPS-9-+IE 7K <, B i i Ab B8 21 3.37+0.86™ 31.50 £ 1.95° 22.59 £ 1.64° 73.54+£1.01°  525.06 £ 7.26°

1 000 pg/mL of EPS-9+ 4. hydrophila treatment group

(A i B (P<0.05). BRI, 5 BH M X IR
AL, EPS-9 AbHZH ({2 R 4 i & i 2
) AR R R [ AG (P<0.05). It HAE 75 H)EE (1 000
ug/mL) Zb 4, TNF-a, IL-1B 1 IL-6 )5 5% &
5B B A L TG 2 M 25 R/ (P>0.05), T
EPS-9 Ab B ZH A% & 25 48 Jin TL-10 A1 TGF-B B 7KF,
ISR (P<0.05), H B (1000 pg/mL)
AT ZH TL-10 B9 A B 2 25 8 T B X IR 4 (P<
0.05).

2.6 EPS-9 X}IM5E LZM F1 AKP 5E M 895200

FENE AL TR 7 d 5, Kb BRAL M ¥ LZM [T
PR 5 X A L S B i 5 Bk s, 5
X IR 4RI Mk R Ab B ZH A, 500 AT 1000
ug/mL AbFRA 1M1 3 LZM Y35 1 3% T+ (P<0.05,
). 1M AKP 15 PEE BB Nk, It HALEE

https://www.china-fishery.cn

2 IV AKP A9 36 PR 1 8 3w 0 R 4 (P<0.05,
# 1), BBAKTHPMAEBEGS, I3 LZM Fil AKP
T AR (P<0.05, 1), JFE AR,
B R AL BRAL , LZM A1 AKP 35 7% 5 Bk
X HRZH AR LG TG B 2 1 25 55 (P>0.05, & 1),

3 iR

EPS 2 % A= i -5 1 A WA BARE T B9
SR g AR R BGE A AR MR RE L IRDRER] T R
G 5 25 A e ] 1 g 3 T A 7 T 84 A o
ZILHARARE T T, B TR
FLEK TR ) EPS X A1 I (9 B1F 52 R WLARGE o B9
KW, EPS fE I3 5 1 5 A A e 5 M S B
20 AR S G R S L B 3G R LA R i R
XEPREE I ARTT Y, PRI e B RS2 B L A

HHE K 7% 23240 sponsored by China Society of Fisheries
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9 1] BT, 45 FLIRFLERIA Q-9 M A2 M) il 5 R e 2 . S A I T AT 1A B 14 52 1483

WL AR BRI SR 2 R TE AR AW R,
R, A2 B 7EHEST EPS-9 MRG0 N 25 . Bt
AT P RN PE RE 152 R

B /L W A B S AT T T A 22 40 T A AR
PR ORSF 04 40 L v, 2 DR AR B 88 3R 4 P 1Y) G i
S0 M S A0 ) e B B ) R T R L
EZENPHADIRED, BN AEFRES HEEm
R TR R N A T RERY, PR, R G 4 g
XF 2R N AR L, PR R, B
Z VNG A& APSL FIZL IR 1A 2 i EPS-2 fig 43l #2
15 KB A (Larimichthys crocea) FNHESk B 5 I 41 g
FWEIE PR, AREG, EPS-9 BE i 2 1Y 9 A
Sk B G A AR A A FEL BE T DA TS (1B 1 RNIE] 2),
JE R R BRI A . AN, 7EFLER AT B A 2 B
OS¢ BIRH B R 235 512

WL R, NO BB s e RS, & RIAE
YA B AT A A R I R 2 A
AE T RON, AR A A L O R R
(ONOOH), M A FE S il 9o I G AE P o A=
I, NO 2 A PR BT B g G i v i) — A G 5 2
JL B 480 R 70w AR AY B, K EE 2 HE APS
FILTg B4 APSL ¥ 68 B 5 48 v K o 3k 5
YA NO By AE 7, 4 H A8 2 88 HP-02 X it 3
PRI AE ™, FEAHESE T, B fif AN [
e B2 1Y EPS-9 5 7K AR M T AT 5 S K T 1Y
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Effects of an exopolysaccharide from Lactococcus Iactis Q-9 on
innate immune response, antioxidant activity, and disease resistance
against Aeromonas hydrophila in Cyprinus carpio

FENG Junchang, CAI Zhongliang, CHEN Yongyan, CHANG Xulu,
LIU Huifen, ZHAO Yanjing, ZHANG Jianxin

(College of Fisheries, Engineering Technology Research Center of Henan Province for Aquatic Animal Cultivation,
Engineering Lab of Henan Province for Aquatic Animal Disease Control, Henan Normal University, Xinxiang 453007, China)

Abstract: To investigate the effects of the oral administration of exopolysaccharides from Lactococcus lactis Q-9
(EPS-9) on the immunoregulatory properties, antioxidant activities and resistance against Aeromonas hydrophila in
Cyprinus carpio, the purified EPS-9 (250, 500 and 1 000 pg/mL) were co-cultured with the head kidney cells of C.
carpio. The proliferation and phagocytosis activities of the head kidney cells, and the concentration of nitric oxide
(NO) and cytokines in the culture medium were determined. Next, 300 C. carpio [(47.66+0.43) g)] were randomly
divided into five groups; the two control groups (negative and positive) were administered sterile PBS and the
three treatment groups were administered different concentrations of EPS-9 (250, 500 and 1 000 pg/mL) for seven
days. Subsequently, the positive and treatment groups were infected with A. hydrophila, and the negative group
was treated with sterile PBS for 24 h. The concentration of NO, cytokines, lysozyme (LZM) and alkaline phos-
phatase (AKP) in serum, the antioxidative indexes (T-AOC, T-SOD, CAT, GSH, GSH-Px, MDA) in the hepato-
pancreas of the C. carpio were tested. We observed that EPS-9 could significantly enhance the proliferation and
phagocytosis activities, besides inducing the production of NO, pro-inflammatory cytokines (TNF-a, IL-1f, IL-6)
and anti-inflammatory cytokines (IL-10, TGF-f) in vitro. The in vivo experimental results revealed that EPS-9 sig-
nificantly enhanced NO production, protein levels of pro-inflammatory cytokines (TNF-a, IL-1p, IL-6), LZM and
AKP activities in the serum, and the antioxidant level in the hepatopancreas compared to that observed in the neg-
ative group prior to 4. hydrophila infection. NO, pro-inflammatory cytokines, LZM and AKP activities were signi-
ficantly lower than that in the positive group after infection. However, whether infected or not, the expression of
anti-inflammatory cytokines (IL-10, TGF-B) increased significantly in the EPS-9-treated groups. Therefore, the
results suggested that EPS-9 could enhance the non-specific immunity, antioxidant activities and anti-A. hydrophila
activity of C. carpio in vitro and in vivo, and could be used as a safe and effective feed additive in aquaculture.
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