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09.712)5 B T S 8 (Merrill)y, T FAFH
08.923(Lactobacillus plantarum 08.923)53 5 T k& B%
FL(fermented milk), F#7 V144 55 S0 50 % 50 25 14
1 RZBMEFLATE CGMCC 1.372(L. rhamnosus
CGMCC 1.3724), EHEIKFEHCGMCC
1.2471(Streptococcus thermophilus CGMCC
1.2471) . £ BB AFE 22 JLIE A CGMCC 1.2202
(Bifidobacterium infantis CGMCC 1.2202)3 1t F h
] 36 2R T R R B R 5 B K R
T (Aeromonas hydrophila)NJ-1 | 516 ¥ K 2= 15
W5 BEh th ZF-A 40 AR A T 5B 5 B IR L

1.2 AEEH

W o3 B DR AF 1Y 2 F FLIRR B 09. 71245 Fh T35 57
A ¥ (nutrient broth, NB)}FFEIE, H 4R LR H
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37 °CIR K5 9748 ho Mg /K LM R NT- 145 0 BE 5
1 ) I 75 B Ak, FILB(Luria-Bertani)$% 3% 5 5%
F, 37°CHERKEFR12h, 300 r /min, K FRES O
(3500 r /min, 10 min, 4°C), 3 FWEW. MK
PBSZE WPy IS PE3 UG I AGE M PBSH &, S|
I8 7K A ER B TR Y b o T e R R v rh g K S
L TR e FE
1.3 ZERaiE ST

P ZF-4 40 ] 2R AE 4 i B SR FEDMEM/F -
12(1 = DFPFFREFR10% KIGIRA 5, 1%31),
BEFRIEEE 28 °C, FEFEPCO MR ]5%

14 FERESHEMEILESR
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M s P AL R A A SRR FLIR R 1 m LB TR
[1x10° CFU/mL, #f#7ETLNHLHDMED/F-
12(1 = DIEFEEE], FFFFIDMEM/F-12(1 = 1)40jE
BRI RNV, 7E 28 °C. 5% CO, %
FATIEFR12 h, IR, INASEAFRPBSEE
R LA R BRA M LR ; RBRPBS)E, HUAE
HP A3 IR FLINAL mL Trizol DA HE B4,

T 2L AR HRN A B i 77 T-—80 °CUkAR o
HARA 3SR AL A S RO AR IR 3, SR
JE ARG K S HIE ENT-1 LY JE H107 CFU/mL,
B2 T4 h, {# ] Annexin V-FITC/PIZHMLJHT
KA GG AR b B P A A TR

L5 BED &R I RIARAE &
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9:001 T /F-3:00ME & =X ML .
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coagulans 09.712%F B 5 fa JE 47 iR M o 2L IR 11 20 1Y
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PBSZE WP L VE G H A, 2 B ZhouE ")y ik (1
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H81 mL PBSZE vhii : 1 glEmi Rl i tb i, 76
T B 7 LA 34 5 B8 5 B. coagulans 09.712[7)
PBSZZ i, 16452 TFPBSZE thil vh i A0.01 gflii
BR A4 VE I R3], B BE 107 CFU/ /gl K o
Xof B 2H v HBEI E # PBS, 20 °CUT 15 h, F%
W& Harikrishnan¥& "9 J5 k0 2% | A7, KU 40 g
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Wpr s 138F, K HEHL > 24, S
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— 21 1] i PB ST A% (1) TR IE AR S X RAZH 43 Sl
SLn W28 dJi5 g 7K M B NT- 1R A7 A O
SCY, AMRPEATIATSCE, A 9Sk AR B (10°
CFU/mL)Y#, TCHE 12 h 8 5 o fa FH 32 58 K
VE3 IR B R SRk, RIS AL,
2. 3R FEAT i BURE (n=3) ] T 40 Mo 4 1 31k 1Y
I3HT. HARAG0RRML > 234k, R34
WRESE, 2B S MmNR28 dfF, W KHE N
LR 10° CFU/mLIY FE 7K R L TR NJ- 13047 3%
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1.7 SRR E EPCRGN

FH TrizoB& BUERNA, ¥ 4% 5% 1 cDNA J i 17
PR, 51 SRR (1) 51 5 A BR 2 R 5 A
(1) K H SR % )t i PCRIY (Nano, Roche),
Hh &K HRpL13, RT-PCRF 20 pLik
%: 2xSYBR Green Mix 10 uL, 20 uMHJ iF 2 51
Y404 uL, cDNAFHR2 pL, ddPCR/K7.2 pL.

PCRY LT . 95 °CTIZAE P15 min, 95 °C7AR
H20s, 60°CiE k20s, 72 °CIEM20s, 401G
R, 72 °CIEH110 min, fFE65 °CH} 2 il 4% fi ith
2k, 72 °CH A 28 Y155 o
1.8 HUIEAIE

S8 T 3R AG BY 4% 2H B 34 5K A Origin8. 0 Fll
SPSS 16.00EFT 443 . 45 R 1% - 14 K =hr

R1 ZEREAEEPCRIIYISH

Tab.1 Sequences of primers used for real-time PCR

R AR SR 5(5-3") x5
genes sequences(5'-3") accession no.
IL-1p F: AACCTGTACCTGGCCTGTTG BC098597
R: ATCTCCACCATCTGCGAATC

TNF-a F: ACCAGGCCTTTTCTTCAGGT AY427649
R: TGCCCAGTCTGTCTCCTTCT

IL-10 F: ATTTGTGGAGGGCTTTCCTT NM_001020785
R: AGAGCTGTTGGCAGAATGGT

NF«kB F: GGACGGAGACACGTATCTGC NM_213184.1
R: ACCATTTGTGGCTGTTCTGTGAC

rpll3 F: TCTGGAGGACTGTAAGAGGTATGC NM_198143

R: TCAGACGCACAATCTTGAGAGCAG

W2 RN, A4 8E E 17 5 K 5 22 3 M7 (One-
Way ANOVA), H.# 3 {H f# H Duncan % 2% £
B, P<0.05, INHFEEREEZR; P<0.01,
N FER i P 22 5

2 HEiH

2.1 SHIABEXNZF-4AET MR FRIER
A AT RN

Sk TR0 45 o 7L R B A AR A BE T A R iR T
Bz 240 M A G 58 O 25 ) R s LA, S sk
5 37 240 i DR ke A 0 4 928 g 25 R PRI ) SRR A
Hor NFreB 2 411 i 6 328 7 245 11 B 5 0% O 4 I
T, EEW MM N . 2 2R 5 AR
WL 20 A AR T A R i R A K A R e A Y
5 B, TNFo &t H TUFHIEH, IL-102M R
W, 2FAMRALIE, X TNFeBIFR
ik, ZHEHFLIR TE 09.71240 B 2H 55 I Ath A 3 2H AH
o HB A W G M 25 S (P<0.01), & XF FRAH (K44 ,
HUCER AT 08.923(KI 1), Ak, X T4
PR FIL-10/ 235, ZRHIFLIRR 141 09.712FAE ) 3L
FEBE 08.923 b 321 55 At L 1% P b 3 41 AH EE A B
M2 5 (P<0.01), SAORPE, DI EZ5RHR
A 25 £ LR 18 09.7 12 MR # FLAT 18 08.923 4 #4534k
V18 240 L SR8

20 00 R T S A AT Rk b N T AR A
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23.36%, H YR BRAEFLAT H CGMCC 1.372F14H
YIFLAT I 08.923, KZH33%, HAB2HFLER A
b B S G U8 TR AR D, (R A AT
3Fp I (E2), Wt Pl SR, SR ALER
"1 B. coagulans 09.712%F F ZF-41 L4715 H B0 A
B, FrLASEHB. coagulans 09.712HF T~ —#K& N
S

22 RIRKEEKSEREN-IXSEHRI&ER
AEMEFREEHETL

TEARI A2 rh, 3Fh 4 L X - 1) 3R I8 R E
YOG A — R E . EBCE RS LR, W
WEB. coagulans 09.71241 B 4 M X+ IL-1 80 e 3k 1
Eb X BRZH AT T B I8 35 1 42 155 (P<0.001),  {HUZFifi 5
Breg i B I, MR HE R B3R I A R 5
A AR R AR E . M T TNF-oHIL-
10/ Fik, EHTFFMWE 1R, B. coagulans
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different LAB treatments
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E1 ABRESZF-4AE/ENEBRETFHEMNFILE
1.5, 2. FM AR H09.712; 3. B 2 M I B CGMCC
1.372; 4.t FLAT 14 08.923; 5. K XUB AT # 22 )L WA CGMCC
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Fig. 1 Relative gene expression of cytokines in the ZF-4

@

IL-10 mRNA KI5 B

relative /L-10 mRNA abundance

_._.
O~ WA LN X0 DS —
I S S

cells incubated with lactic acid bacteria

1. control; 2. B. coagulans 09.712; 3. L.rhamnosus CGMCC 1.3724; 4.
L. plantarum 08.923; 5. B. infantis CGMCC 1.2202; 6. S. thermophilus
CGMCC 1.2471; the error bars indicate standard deviation (+SD),
statistical significance (P < 0.01) was marked by different letters, the

same below
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028 dJe T FH i R R W8 7K B TR N - 16 B
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09.7 1240 FRLH A FE T R AE B I A 1R E &
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AR T, A% N T xB(NFxB)WK 2 325 35 R MK
iR AN EZAE T K TR DA G 1 U o A1
DA B Jiefrggg A R A il B 00 05 B AL B8, TNF-o
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09.7 12 F1 A5 # FLAT 14 08.923 )5 , 4l h NFxB .
TNF-oFNIL-10/% &3 b HAth 2 #8 5 (P <0.01), 1k
B 33 2 40 T ) SE T 01 ZF -4 200 J 2R 114 e 928 34 8 ]
Al 238 1 NFxB {5 538 B S, X NFxB PR $5 (1)
TS TNF-o 323K 5 (R 45 Rt 2 HE T
X—45 . WA T IL-10 54 R i -
F 240 M X SO0 T I S 92 I R A A 3 A A TR R
ARAERTY, BN ZE M FLRR 1 09.71240 3 40 R 2
PEZF-A40 M 31K T Z B IL-10, 254 5P LR B ot
I K A R NT- 175 5 A A B U TR I B,
A 25 760 LR B4 09.7 12X B L £ ZF-4 40 it 76 HE AT 5
Jir SRR e R % fife S RE SN 4 J T ELAT — 2 T T o

S SOKEE AR LR T 09.7 1278 i 3 45 ) R
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Fig.2 Apoptosis of ZF-4 cells incubated with five kinds of LAB infected by A. hydrophila NJ-1

a—f. flow cytometry profiles; (a) PBS-treated group; (b) B. coagulans 09.712; (c) L. plantarum 08.923; (d) L. rhamnosus CGMCC 1.3724; (e) B.
infantis CGMCC 1.2202; (f) S. thermophilus CGMCC 1.2471); (g) statistical analysis of apoptosis rate of each group after the induction of 4. hydrophila
NJ-1(1. control; 2. B. coagulans 09.712; 3. L. rhamnosus CGMCC 1.3724; 4. L. plantarum 08.923; 5. B. infantis CGMCC 1.2202; 6. S. thermophilus
CGMCC 1.2471)
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Fig. 3 Quantitative PCR analysis of the expression of
cytokine genes associated with gut mucosal immunity in
B. coagulans 09.712-treated zebrafish
after A. hydrophila NJ-1 challenge

The error bars indicate standard deviation (+SD), *. P < 0.05; **. P <
0.01; *** P <0.001, the same below
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Fig. 4 Average cumulative mortality rates of zebrafish
after the effects against A. hydrophila NJ-1 infection by
B. coagulans 09.712

D B E W RREHTRE S, R AR
PO S HE SRy, B SR ALK B e N, TR
A PRS2 56 R i A8 0/ R K S PR BT INT - LR S
B FET- %, ZE AL ER 1R 09.712 7] VE Sy 13 B
KT BB R  BR AR B, AHIF ST 45 Sl 1 B
LR VT 26 R 1 B 28 I8 1V FH AL B B2 (1L 30 e

SE R

[1]  Verschuere L, Heang H, Criel G, et al. Selected bacterial
strains protect Artemia spp. from the pathogenic effects
of Vibrio proteolyticus CW8T2[J]. Applied and
Environmental Microbiology, 2000, 66(3): 1139—1146.

[2] Subasinghe R P, Barg U, Phillips M J, et al. Aquatic
animal health management: investment opportunities
within developing countries[J]. Journal of Applied
Ichthyology, 1998, 14(3—4): 123-129.

[3] Tuomola E M, Ouwehand A C, Salminen S J. The effect
of probiotic bacteria on the adhesion of pathogens to
human intestinal mucus[J]. FEMS Immunology &
Medical Microbiology, 1999, 26(2): 137-142.

[4] Scannapieco F A, Wang B Y, Shiau H J. Oral bacteria
and respiratory infection: effects on respiratory pathogen
adhesion and epithelial cell proinflammatory cytokine
production[J]. Annals of Periodontology, 2001, 6(1):
78-86.

[5] Panigrahi A, Kiron V, Puangkaew J, et al. The viability
of probiotic bacteria as a factor influencing the immune
response in rainbow trout Oncorhynchus mykiss[J].

Aquaculture, 2005, 243(1-4): 241-254.

http://www.scxuebao.cn



402

Ko AR

40 %

[6]

[81]

[10]

[11]

[12]

Pirarat N, Kobayashi T, Katagiri T, et al. Protective
effects and mechanisms of a probiotic bacterium
Lactobacillus rhamnosus against experimental
Edwardsiella tarda infection in tilapia (Oreochromis
niloticus)[J].

Immunopathology, 2006, 113(3—4): 339-347.

Veterinary Immunology and

Russo P, Iturria I, Mohedano M L, et al. Zebrafish gut
colonization by mCherry-labelled lactic acid bacteria[J].
Applied Microbiology and Biotechnology, 2015, 99(8):
3479-3490.

Gioacchini G, Maradonna F, Lombardo F, et al. Increase
of fecundity by probiotic administration in zebrafish
(Danio rerio)[J]. Reproduction, 2010, 140(6): 953-959.
Rieu A, Aoudia N, Jego G, et al. The biofilm mode of
life boosts the anti-inflammatory properties of
Lactobacillus[J]. Cellular Microbiology, 2014, 16(12):
1836-1853.

Pan C Y, Wang Y D, Chen J Y. Immunomodulatory
effects of dietary Bacillus coagulans in grouper
(Epinephelus coioides) and zebrafish (Danio rerio)
infected with Vibrio vulnificus[J]. Aquaculture
International, 2013, 21(5): 1155-1168.

Zhou Z G, Wang W W, Liu W S, et al. Identification of
highly-adhesive gut Lactobacillus strains in zebrafish
(Danio rerio) by partial rpoB gene sequence analysis[J].
Aquaculture, 2012, 370-371: 150-157.

Harikrishnan R, Balasundaram C, Heo M S. Effect of

probiotics enriched diet on Paralichthys olivaceus

http://www.scxuebao.cn

[13]

[14]

[15]

[16]

[17]

(18]

infected with lymphocystis disease virus (LCDV)[J].
Fish & Shellfish Immunology, 2010, 29(5): 868-874.
Clavel T, Haller D. Molecular interactions between
bacteria, the epithelium, and the mucosal immune system
in the intestinal tract: implications for chronic
inflammation[J]. Current Issues in Intestinal
Microbiology, 2007, 8(2): 25-43.

Foligne B, Nutten S, Grangette C, et al. Correlation
between in vitro and in vivo immunomodulatory
properties of lactic acid bacteria[J]. World Journal of
Gastroenterology, 2007, 13(2): 236-243.

Niers L E M, Timmerman H M, Rijkers G T, et al.
Identification of strong interleukin-10 inducing lactic
acid bacteria which down-regulate T helper type 2
cytokines[J]. Clinical & Experimental Allergy, 2005,
35(11): 1481-1489.

O'Hara A M, O'Regan P, Fanning A, et al. Functional
modulation of human intestinal epithelial cell responses
by Bifidobacterium infantis and Lactobacillus
salivarius[J]. Immunology, 2006, 118(2): 202-215.
Lammers K M, Brigidi P, Vitali B, et al.
Immunomodulatory effects of probiotic bacteria DNA:
IL-1 and IL-10 response in human peripheral blood
mononuclear cells[J]. FEMS Immunology & Medical
Microbiology, 2003, 38(2): 165-172.

Hart A L, Lammers K, Brigidi P, et al. Modulation of
human dendritic cell phenotype and function by

probiotic bacteria[J]. Gut, 2004, 53(11): 1602—1609.



34 EEW, . POREKTEM NI VRS 9 3L 1 07 o8 S H: S g5 94 4 403

Selection and immunomodulatory effect of lactic acid bacteria in protecting
zebrafish against Aeromonas hydrophilia NJ-1 infection

WANG Yanbo', REN Zhenzhen', ZHANG Yan’, FU Linglin'"

(1. Food Microbiology Technology Key Laboratory of Zhejiang Province, School of Food Science and Biotechnology,
Zhejiang Gongshang University, Hangzhou 310018, China;
2. Hebei Food Inspection and Research Institute, Shijiazhuang 050091, China)

Abstract: In order to screen and obtain probiotic bacteria for effective protection against Aeromonas hydrophilia
NIJ-1 infection in aquatic animals, we compared the expression levels of NFxB, TNF-a and IL-10 in ZF-4 cell
model co-cultured with five different potential probiotic lactic acid bacteria (LAB) by quantitative PCR. The
apoptosis of ZF-4 cells induced by A. hydrophilia NJ-1 infection was also determined in LAB-treated and control
groups. Next, Bacillus coagulans 09.712 with best immunomodulative effect in vitro was supplemented into feed
and fed to zebrafish for 28 days. The expression levels of cytokines (TNF-a, IL-1 and IL-10) in gut tissue were
monitored and the cumulative mortality was recorded for 15 days after challenge. Our results showed that among
these five probiotic LAB, treatment with B. coagulans 09.712 could significantly increase the expression levels of
NFxB, TNF-o and IL-10 in ZF-4 cells. The apoptosis rate was 23.36%, much lower than other groups. In addition,
administration of B. coagulans 09.712 significantly enhanced the levels of /L-1f, TNF-a and IL-10 in gut on the
first day post challenge. The expression of cytokines remarkably decreased during the periods after challenge. At
day 3-post challenge, the level of IL-1 in B. coagulans 09.712-treated group was lower than that of control, while
the level of IL-10 was higher in bacteria treatment. The cumulative mortality of zebrafish fed with bacteria was
significantly lower than that of control. Taken together, B. coagulans 09.712 has an effective immunomodulatory
effect in vitro and in vivo against infection. Our work may provide new insight into immunomodulative and
immunoprotective function of probiotic LAB in zebrafish.

Key words: Aeromonas hydrophilia; lactic acid bacteria (LAB); ZF-4 cell line; zebrafish; immunomodulatory
effect; cytokine
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