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Fig.1 The influence of B. subtilis and A. hydrophila on morphology in the intestinal epithelial cells of grass carp
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Table 1 The adherence rate of B. subtilis and its inhibition ratio to A. hydrophila in the intestinal epithelial cells of grass carp %

I8 /h Zh M % Adherence rate ) 2%

Time BS AH BS+AH Inhibition ratio
1 11.55+3.211 14.38+3.189 7.75+1.323 45.494+5.526
3 14.7541.984 17.8342.626 11.50+1.750 35.5540.455
6 14.4240.804 21.0842.788 13.9240.764 33.08410.657

TR M TR X A B R G B R 4 i ol 1403806 £
3.189%.17.83% +2.626 % ,21.08 % +2.788 % ; 2 Fif
a0 LB E S WE KSR T R B R 4 0 R
7.75%+1.323%.11.50% 4+ 1.750% . 13. 92% +
0.764 Y0 o A B 25 J60AT T X 9 7K <50 i 17 285 BT g 0 )
TR 45.49% 4 5.526% ,35.55% £ 0.455% .
33.08 % +10.657%.

23 MEFHEAEMEKSERENE&R FE
4 B i 1 B 2 T

i L 2 AR R R R 7K BRI TR X A i b R 4
G PRS2 DL 2 2. 50 IR AH L. BS 4140 i 1
MTT OD {22 5% A i3 (P>>0.05) ;M7 1.3 6 h
5 AH 440 i MTT OD {8 5 3 B A% (P<<0.05) ;
H 1 hJ5.BS+AH 44 MTT OD {8 & 1% T % I

K2 HEFAFEHMEKSERENESFELEHEE MTT OD ENHM
Table 2 The influence of B. subtilis and A. hydrophila on MTT OD value in the intestinal epithelial cells of grass carp

Ui H Items Con BS AH BS+ AH
1 0.44340.018e 0.42340.037e 0.35840.048cd 0.38440.039d
I 1F] /b 3 0.34840.035bed 0.35740.058cd 0.27540.038a 0.34940.046cd
Time
6 0.324740.025bc 0.30040.056ab 0.27040.043a 0.31840.035abc
BUA 55347 (P )
Two-way analysis(P value)
T AR AL P Bacteria strain 0.000
Kb BRI [A] Treat time 0.000
o] X b 3 B [
TR R Ah 3 < A 3B (1) 0.283

Bacteria strain X Treat time

TE B I AR 2, AT B AR AN R 7R R s B 1Y 25 5+ B 3% (P <C0.05) . n =6, Note: Values in the same row with dif-
ferent letters are significantly different (P<C0.05), date presented are Means4SD, n=6.

ZH(P<<0.05), T H Ao i) &5 L E2Z R (P> BS+HAHH(P<0.05)., &4F4H 3 h 1 6 h MTT
0.05) . ZEMHE 3h 5, AH4 MTT ODHEEMT OD{ES 1 h A 8 FEMK P <<0.05) .,
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Fig.2 The influence of B. subtilis
and A. hydrophila on LDH activity in the

intestinal epithelial cells of grass carp
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Fig.3 The influence of B. subtilis and A. hydrophila on Na* ,K" -ATPase and AKP

activity in the intestinal epithelial cells of grass carp
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Fig.4 The influence of B. subtilis and A. hydrophila on GOT and GPT activity in the intestinal epithelial cells of grass carp



FLYESE 2 A AR ZF ST BT R i B A B PR 285 R B I K Ao M T Y 4 71

%5
3 W #

o JAL T 22 B30 38 5 B M O S A AE B T B A
o | FE A0 AR i 3R ALY A {2 AN M AR A R 4
A2 R, T 403 1 R A0 3 Bl 1 R E . B
P MRS 25 2 T PSB0201 A DA B AR g |
£ 60 174 200 B G A AR RO (R Al T S TR R . AR
50 TR B ZE SR T 86 BT B A L R A R ek
S 2 BT A L AU 5% 3] 40 0 e AR AR SR L 55 B A
TEAH TR) o ) B Aty R 2 9 A T R 920 Fl e K B T
5| 7 1 4n e S AR 1k

W W, K S A # (Bi fidobacterium lon-
gum ) SBT2928 W] LA 43 Wh— Fofr 25 B 410 ) P57 %K
70 56 i 35 M K KT 3 (enterotoxigenic Escherich-
ia coli) X bR REAR I HCT-8 BB 5 35 42 1
A AR G B R 1 L 38 2 o 6 BB, DT
JE A TE W 1 Bz 40 2 1T A 2 B AR R AR A
B ZEAFE T Y B SR L WO AR R A AR
B0 5 o DT 0 0 5 B T g L B 4 A ) 8 BRE R A
2 ARG R R B AR AT DR — o R
JE I 0 451 8 7K SR R T R £ i L R A0 ) 28 R R
P05 o AH HL 0 3 85 B ) B R R i — A BT

MTT OD B ] S e 3 20 i 45 2 A 40 a4 35 1)
W77, A HGE W, B0 KA SW0309 1] LU
A R HT-29 4RSS (P <
0.05) . 11 FH £ A= 17 % [C FLAF 1A JTCM1081 5 7 2 31,
FFA Lall1878 AbFHJS . 40 M 15 J7 JF JC 18 3% 25 1k s %
[CFLAF I JCM1081 s g MR FLAT I Lalll878 53
5 R AT i SW0309 [+ 587 75 40 i X 40 i %

F2 ) B /N F B0 R K W FF R SW0309 4b i

4, FEAR I, 5 R RZE AT I A S A i
MTT OD {H %A W A5k, 1 i 7K <05 i o 5 75 4
BFEFART A MTT OD {5 (P <<0.05) , A H 28 1
FF NG K M L F 4 40 MTT OD fEH
W A AR AR (L BAE AT e 32 ) 8 82/ T g /K B R R
HH.

LA PN K4 F 90 5 LDH RE 0% 42 4 iy S
S0 I BB P 5 405 R BEC LDH E B S LR & A g
30 Ao 240 L R3] 5 A A L 2 4 B 5 A7 3 450 403 17 3
PEXE B, LDH fg  3 %s 2 A 46, TS 308 4
LDH &M m . 5% B He , 25 45 3 PSB0201
5% etally b A LR L B 55 BV LDH W

TPEMA b Th L (H 22 SR B E U i B0 v 68 9N
L) B = = = N 91 D) S W R T
PRI AR 25 R e — 2. 5 xR
AH LR o A B 25 960 FF B8 X 40 i 1% 7% 17 LDH 3 #
35 R, WG KSR T T A 51 R A g bR AN i
BrAE LW LDH 3 Pk W 35 &, RS B2 90 R I
I 7K i B L0 A 0 40 i 5 3% T LDH 6
PEARLA T e A0 T i i B2 Y /N T i K B
AL EEA .

WF5% % B AKP,Na', K'-ATP f§.GPT FI
GOT %5 20 i 4> 16 . 9 T A& A 5 AR 8 2% U0 A
Setremnl AR AR B v, 4 kb BRAE A0 AKP (19
WA &R T AR AL U6 A5 TR AR G Al A 1Y 43 1k 0T
Ry B ER N, 50 A 4 AR FL R R 2E AT B A
— R LREAC T AR Na© , KT -ATP i 19 1%
PE AR Z2 00 ] 1 T b 2 R L T R KB TR A
2 W] A A R AR ML b Na™ KT -ATP By
TPk AN, 5% B A LG R ZE AT R R K R
PR L EE AL, AR Na® , KT -ATP iff 1936 #
FE 1.3 Fl 6 h i i 3 B AR, F 3% M AR ) R B /N
T g KA M AL FEA 10 B RS R 2R AT PR R T
MK S BT s R A T

M) GPT i GOT 76 & 4 i A i ol
EEBEREEMEM ., AR A, K< E 5
FREAR T A M GPT Il GOT B 3E 1 5 b 55 28 AT
B FIRG K S HA IR B L 0% B AL 40 GPT 1 GOT
PEREARER BEAR T /g /K KPR B AL BE2H . Wi g K <
BN TA S T B b Bz A0 R AR T A A K O A R
ZEF6LAT R GF 3K i 5 e B T — e AR

2 % X #

[1] LEEKK, LIUP C, CHUANG W H. Pathogenesis of gastro-
enteritis caused by Vibrio carchariae in cultured marine fish
[J7. Marine biotechnology, 2002, 4(3):267-277.

[2] CASCON A, YUGUEROD J, TEMPRANO A, et al. A ma-
jor secreted elastase is essential for pathogenicity of Aeromonas
hydrophila [J]. Infection & immunity, 2000, 68(6):3233-
3241.

[3] SESHADRIR, JOSEPH S W, CHOPRA A K, et al. Genome
sequence of Aeromonas hydrophila ATCC 7966T: jack of all
trade [ J]. Journal of bacteriology, 2006, 188(23):8272-8282.

[4] KHUSHIRAMANI R M, MAITI B, SHEKAR M, et al. Re-



72 o R R R

% 36 &

combinant Aeromonas hydrophila outer membrane protein 48
(Omp48) induces a protective immune response against Aero-
monas hydrophila and Edwardsiella tarda []].Research in
microbiology, 2012, 163(4) :286-291.

[5] JUTFELT F, SUNDH H, GLETTE J, et al. The involve-
ment of Aeromonas salmonicida , virulence factors in bacterial
translocation across the rainbow trout, Oncorhynchus mykiss »
(Walbaum) , intestine [J]. Journal of fish diseases, 2008, 31
(2):141-151.

[6] SCHROERS V, MAREL M V D, NEUHAUS H, et al
Changes of intestinal mucus glycoproteins after peroral appli-
cation of Aeromonas hydrophila, to common carp (Cyprinus
carpio) [J]. Aquaculture, 2009, 288(3/4) :184-189.

[7] BHAVSAR A P, GUTTMAN ] A, FINLAY B B. Manipula-
tion of host-cell pathways by bacterial pathogen [J]. Nature,
2007, 449(7164) :827-834.

[8] LA RAGIONER M, WOODWARD M ]. Competitive exclu-
sion by Bacillus subtilis spores of Salmonella enterica sero-
type enteritidis and Clostridium perfringens in young chickens
[J]. Veterinary microbiology, 2003, 94(3) :245-256.

[9] LA RAGIONER M, CASULA G, CUTTING S M, et al.Ba-
cillus subtilis, spores competitively exclude Escherichia coli,
078:K80 in poultry [J]. Veterinary microbiology, 2001, 79
(2):133-142.

[10] Tk e, Wh#s . JHOOMR, 45, AR 2FFAF 1 B115 TR AL BE 3% K
HO SR T R B RCR RS LT ). BUE Y A aE A, 2005,
32(4):79-84.

[11] &I, A, XU, 45, —BR 2 FAF 1R 19 40 89 2 8 T OBt i
BORWEFE[T]. 2R BL 2 . 2008, 36(6):2321-2322.

[12] wh/N2z, ZEMB e, A fi. il 25 ST 181 365 B T o 2 I R A £
Caco-2 #EAIATFELI]. B AR K 224410, 2010, 33(6) :81-
84.

[13] WU Z X, FENG X, XIE L L,et al. Effect of probiotic Bacillus
subtilis Chy for grass carp, Ctenopharyngodon idella (Valen-
ciennes, 1844), on growth performance, digestive enzyme ac-
tivities and intestinal microflora [J]. Journal of applied ichthy-
ology, 2012, 28(5). 721-727.

[14] INGRASSIA 1, LEPLINGARD A, DARFEUILLEMICHAUD
A. Lactobacillus caset DN-114 001 inhibits the ability of ad-
herent-invasive Escherichia coli isolated from Crohn’s disease
patients to adhere to and to invade intestinal epithelial cells

[J]. Applied &. environmental microbiology, 2005, 71(6):

2880-2887.

[15] GUZMAN-MURILLO M A, MERINO-CONTRERAS M L,
ASCENCIO F. Interaction between Aeromonas wveronii, and
epithelial cells of spotted sand bass (Paralabrax maculatofas-
ciatus) in culture [J]. Journal of applied microbiology, 2000,
88(5) :897-906.

[16] FLECKENSTEIN J M, HARDWIDGE P R, MUNSON G P,
et al. Molecular mechanisms of enterotoxigenic Escherichia co-
li , infection [J]. Microbes &. infection, 2010, 12(2):89-98.

[17] SCHMIDT L D, KOHRT L J, BROWN D R. Comparison of
growth phase on Salmonella enterica serovar Typhimurium in-
vasion in an epithelial cell line (IPEC J2) and mucosal explants
from porcine small intestine [ J]. Comparative immunology mi-
crobiology & infectious diseases, 2008, 31(1):63-69.

(18] F . WHESE. /W PSB0201 X A K 92 B 4k fa flg il 1
M m L) ], R AR 2241, 2007, 15(2) :233-236.

[19] FUJIWARA S. Inhibition of the binding of enterotoxigenic

Escherichia coli Pb176 to human intestinal epithelial cell line

HCT-8 by an extracellular protein fraction containing BIF of

Bi fidobacterium longum SBT2928. suggestive evidence of
blocking of the binding receptor [J]. International journal of
food microbiology, 2001, 67(1/2):97-106.

[20] CHOW A, ZHANG R. Glutamine reduces heat shock-induced
cell death in rat intestinal epithelial cells [J]. Journal of nutri-
tion, 1998, 128(8):1296-1301.

(217 Eouk, HFEZE, 22, 55, FLAF Tk B0 5 Boms v K FF i Xt
A RIS L)) MR AR Ak A, 2006, 31
(6):550-552.

[22] KONJEVIC G, JURISIC V, SPUZIC 1. Corrections to the o-
riginal lactate dehydrogenase (LDH) release assay for the e-
valuation of NK cell cytotoxicity [J]. Journal of immunological
methods, 1997, 200(1/2):199-201.

[23] R#litm, RRE ., WA, TR B XTI 1 K 40 B 25 B & xt
8 N A A BT ], I B2 2k, 2006, 40(8) :9-12.

[24] YOKOYAMA T, KAYA S K, TANIGUCHI K, et al. Acid-
labile ATP and/or ADP/P (i) binding to the tetraprotomeric
form of Na/K-ATPase accompanying catalytic phosphoryla-
tion- dephosphorylation cycle [J]. Journal of biological chemis-
try, 1999, 274(45) :31792-31796.

[25] CUVIER-PERES A, KESTEMONT P. Development of some
digestive enzymes in Eurasian perch larvae, Perca fluviatilis

[J]. Fish physiology and biochemistry, 2001, 24(4):279-285.



%5 W FLYESE 2 A AR ZF ST BT R i B A B PR 285 R B I K Ao M T Y 4 73

Adherence of Bacillus subtilis to intestinal epithelial cells

of grass carp and its inhibition to Aeromonas hydrophila
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Abstract To investigate the adherence of Bacillus subtilis and its inhibitory of Aeromonas hy-
drophila , the adherence rate of B. subtilis, its inhibition rate of A. hydrophila, and various physiologi-
cal and biochemical indexes were detected in the intestinal epithelial cells of grass carp. The results
showed that after treatment of B. subtilis alone, cell morphology, methyl thiazolyl tetrazolium optical
density (MTT OD) value, lactate dehydrogenase (LDH), alkaline phosphatase (AKP) and glutamic-
oxalacetic transaminase (GOT) activity were unsignificantly changed (P >>0.05), but the activities of
Na®, K"-ATPase and glutamic-pyruvic transaminase (GPT) significantly increased (P <(0.05) at 3 h
and 6 h, respectively. The cell shape was obviously changed by A. hydrophila from ellipse to irregular
shape and the number of dead cells in the culture medium increased. Meanwhile, A. hydrophila could
significantly increase MTT OD value and LDH activity in the culture medium, and significantly decrease
the activities of Na® ,K"-ATPase, GOP and GPT in the cells (P <C0.05). The adherence experiment
showed that B. subtilis could significantly reduce the adhesion of A. hydrophila to grass carp intestinal
cells. In brief, adhesion and damage of A. hydrophila to intestinal epithelial cells were inhibited by
B. subtilis.
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