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AHIRAF),HH-6 B BHBKBR(EETE
HAERAEFRAT]) ,HZS-H KB IR 2% (W /RIET
RERHEFHARF XA AH), Sartorius Bs2000s
R, BRI R ( LS B BT SR —
T e

EZ RN R BHRicd) v-~ P-ATP (k.
R ERAEN TRAR) , Z i PBS f1 HEPES
(SIGMA AH]) , 4 1iiE HE H R BRMNE R
JRTE B VS W S5 oAt H ML 2 O o E I Bl 7
Mo
1.2 HAEKERRERIE

W RN RAR T v-"P-ATP $# 8 1 pCi/mL
MBS FAEERR S, AEERNEN 1% 7
B EAM T HF 24 h,4 000 t/min 0> 10 min,
FH PBS VR 1A 2 ~3 R, BJGIEBBT PBS 1, %
B ELE(2.5 ~5) x10° CFU/mL ,4 CHRER
Ao
1.3 S@FEEHEEANHE

HIfERER 0.5 kg A4 BRER 5 4%, Mk Y]
BUHT B 4 R 3 1 | JF B 4, % B Ouwehand
2B vk, A 0.01% BRREY PBS Bk ¥kHTH Y
FRHE, A RB N RREHBRANREHAGD
B, 56729 10 mmol/L pH 7. 4 ) HH buffer &7,
13 000 r/min B.> 10 min, 2 B 40 M FIZH R
BEEBRRNEEARE, FABKEZ 1.0
mg/mL 4, 335 LUE - 70 CRERH.
1.4 HAEEEHEHMIE

4 o 69 15 4 B RBFRHAESL 1.5
mL, 43 B A 0.75 mL £ 0. 5% (w/v) &R
£4.800 pg/mL JEE HEF.800 pg/mL & HE K,
37 CAbEE 1 h J5,10 000 r/min B.{> 15 min, RJ5
Fi PBS ¥Ei& 3 ¥ (4 000 r/min, 10 min) , )5
PBS EAZ 1.5 mL &/, (5] A A 54l 38 i
BT R

FREGHERZ  HBREOMRES,MA
96 FLAIMIIZFRAREFL 100 pL, B 4 CIKFEHE E
20 h,

BihmBnEn RFECEERBEEN
9 FLIEF R PR RFW, BEMA 100 pL HH
Buffer &% 1 WK, R J5 LI A B 59 8 4 100
pL,37 AL h, B FE % , F§ HH Buffer %k 1
W, 8FLIMA S 1%SDS 0.1 mol/L NaOH R34
¥ 200 pL,60 CALEL 1 h, KEfLH B W AR 2305

BIEMA 5 mL 28K NN €S+, H FI-
2107P YR IR MR BRI B s 4
1.5 FHBEEHEHMIE

6 ILEFARFBLMARKBEEE 100
pL, ARG 43 AIIA 100 pL 19 0.5% (w/v) ELER
#1.800 png/mL R HE§.800 pg/mL & HEE K,
BB EA 100 pL,37 CA 2.5 h j5§, 54 C
VKAHALFEL 20 h, SR A 1. 4 B4 O kR I 266 M 40 B 1Y
M
1.6 FEBEREEHMERKNET

HABHSARREFHRGHFERD KK
BRI ICRAE R EE L 100 pL WA C B E
FWEAK % fLikt , ZiRAHE 1 h, RFEERE
Y&, il HH Buffer ¥ 3 K, Br 2 R BB BT 14,
BILMACHHICHRIEE 100 pL, EWRALE L b,
T Z R, F§ HH Buffer YE% 3 W, KA 1.4
4 T A A 5 B B T 4, TR B IR A D £ A
RACHER = BXHRA , THE R IR B X R 2,
HEARN

CPM( % ) (373 J B8 B A X 6 B 28 ) = CPMa/
CPMo x 100
A, CPMa g HE 7 18 FH LA S5 25 B i) 978 JB v i i
T, CPMo 23 1% R 28 7 I B O T o

HAWHARREFRGESLER KB
B BRI C A B Bl 100 pL FEARIC KR
JREE AL 100 pL [EEHINA S B E R E 1159 96
R, ZRALEL b, RFLZREE, A HH
Buffer Y& 3 3K, R AR M OEE, RA 1.4 B
T5 PR &R R B T 1, IRl B % PBS B 2%
AT B EXHRAE , THER IR B X R 3R,

# AR AR R 9 BARAEA mme
FrRICHR IR B AR AR IC 2 A T I 55 “ 35 4 P X
IR R HERER M R, AR R 254
BER IR AR HE R
1.7 BEST

SRA3 SPSS 11.5 X4 8E #E47 4047, & R A
ERIME + FRERE R

2 4R
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BrE A B HEATAC B, A AL B B ARV IR, T S
HEM RN N, 2RBRALHE, K L2 KF



14 i

AR5  JLBR £ A B OO T R VR B T S R R A 149

MRBEREM(P <0.05) , REBKRIRBET
FE(P<0.01), SBREAMAAE,Z2.C3.12 E
W RAA B (P >0.05) {8 E2 B R 1% B
# TFE(P <0.01) ;D2 BRI R4 B3 EFH(P <
0.01), ZidEHE K 42, C3 1 D2 KRAM &
BUAEE(P>0.05),72 KR R B ET M
(P<0.05) ,L2 71 E2 B Ry RAR B E TR (P <

0.01) (& 1), #iBA 5 pRiz EWRER E RS
RE bt A . 22.,C3 .. D2 41 R i 5SS
REZRRIOVER AR, T L2 f1 E2 4 i3k
EHBER EERINEARM R, RERE5E
SR B SARL, B R AL B LLJS X B B R R
BRGHEBRER, HENX SRERNITEA —
TERIK R

®1 SHKBEFEFAOBNRURNSIHEEELEREEANHEXNFHHE

Tab.1 Effect of chemical and enzymatic treatment of 5 probiotic strains

on the relative adhesion to the immobilized carp intestinal mucus %
i V) c3 L2 E2 D2
treatment Bacillus subtilis Bacillus pumilus Enterococci spp. Enterococci spp.- Citrobacter spp.
P HR4H control 100 100 100 100* 100%
B R4 metaperiodate 11.93 +1.00° 51.51 +5.52° 73.56 £2.22 70. 88 +6.03" 21.43 +1.86°
BE BB trypsin 114.30 £20. 47 101.50 +7.94 90.74 +24.84 60.78 +11.89° 116.60 +4. 72°
EHEE K protease K 74.94 £0.80 91.18 +£4.41 50.66 +13. 04" 50.67 +3.78° 97.11 £9.27

& RPFPISE T HEA R BT IME + o2 RPA—REREARTFBEERBEEE (P<0.01), TRMAL

Notes ; Significance level was P <0. 01 between values scripted with different letters. The same as below.

2.2 BIEEHREAXNFHRTE
RGN EB K FBRE OB B R
EH AR BB FEBE QAR B, T E B R Rt
R, HREALIRBMRMLE,C
E2 R R B B+ (P <0.05), 1 22,12 Fl
D2 B Rk B3& EFH(P<0.01) . Z2FEAB K

ALER L2 B R M R AR B 2 T M (P <0.01), Tij D2
HORERT R B3 B FH (P <0.05) , FLA TR MR B B fi 26
BUARE (P>0.05), ZREAMAHE,C K
MR BE T (P <0.05) L2 Filff Rtk B3 b7
(P<0.01)(%2), HRERY HBEALES
RZWHEEMRAZR B AEARES

xR2 FEREOLSFABITEWRNSIEE S kit EEOEXN RN E
Tab. 2 Effect of chemical and enzymatic pretreatment of carp intestinal mucus

on the relative adhesion of 5 probiotic strains %
Qb3E 72 c3 L2 ) 2] D2
treatment Bacillus subtilis Bacillus pumilus Enterococci spp. Enterococci spp.- Citrobacter spp.
XHEE4 control 1002 1002 1002 100? 100?
B R4 metaperiodate 118.80 +5. 38° 113.70 +9.6° 112.40 +1. 64 113.10 +4.7° 181.20 +17.96°
JEE A trypsin 93.01 +7. 84 82.85 +8.10° 111.60 +3. 83° 87.50 +3.83 108.90 +5.81
EHE§ K protease K 106.20 +9. 72 104.20 +4.48 87.59 +3.28° 95.65 +12.28 128.10 +11.33°
2.3 SmEEIREENERNRR = 900 HHEAET
- - e a = ! - eXclusion
MEILTLEN .- AR CEl TR S 150
. 2R M 0
FACASEREAOBHAEFRMEE L o8
BMBRR—H 5 Rt Bd KBIFE =8
ATCC23922 IEMENAREEP>0.05) 62 & -
el
o

B3 MR T KT8 CVCC2060 R M
(P<0.01),D2 BEREMKT CVCC2060 FFLH}
(P<0.05),C2 fl E2 B2 E T+ =M K AIE
AHL FFEM R (P <0.05) ,22 BEF R KL
HEE AH2 BIZERT (P <0.05) ,

OATOCZES2E [CYCC2060 MAHL BA2

BE1 HmEEHRERARFREENAXRHZE
Fig. 1

The relative adhesion of pathogens

by exclusion of probiotic strain
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EAERRE AR S HR A, &
BRI R AT B ATCC25922 B9 %6 i B2 WA A B 3%
(P>0.05), D2 IR BERRMKT XBHHFHE
CVCC2060 FIBEMI R (P <0.01) ,72 BERRKT
KSR AHL R R (P <0.05) ,E2 8
EWINT BKSBME AL BRI R (P <
0.05) (B 2), Hrp#mREmEFMRHAT
BTG HETX W RE R B T4 AR BB TR
JRE R E S, (A UL F M B b
[T

EIHEA

conpetiticon

o

FFH AR/ %
adhesion percent
— = D
om o S
[ R - T )
I
‘I

=M =
2 3 Lz EZ 02
EATIC23922 SCVOCI060 MAHL 21 AFE2

B2 #mEERTHERARREENAXRMNE
Fig. 2 The relative adhesion of pathogens
by competition of probiotic strain

BURAE R 3o IR B O 6 B R IR B R, 5 MR 22
A AR B R T R IBATH ATCC25922 Y
R FR(P <0.01) ,D2 % B 2 HIFEE T KA &
CVCC2060 HIZEMI 3 (P <0.01) ,Z2 . C3 F1 E2 &
ZHFEM T CVCC2060 HFEMT (P <0.05) ,Z2
I C3 & RN T K R AHL FORAR 2R
(P<0.05),C3 BEHMMEMET MK BHE AH2
HRERR 2R (P <0.05) (B 3) .

IEfEA
160 displacenent

Fil /%
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Z2 C3 Lz EZ Dz
JATCC23022 B CVCCI0E0 MAHL SaH2

B3 s#mAEERKEREREENHAXRME
Fig. 3 The relative adhesion of pathogens

by displacement of probiotic strain
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2 r
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Chabrillon 45" 45 18 — B, il 5 F 24 1E F 893
ST, SRR ISR R B R 2R, TR
BEREREENFHRE, EHEFERD, 8T
AR H SR ZER, R EEERAR
E(P>0.05), T H SHHEEENaBHRE
L2 B E R AUR BT, 5 Niall 14538
—3. BT B SEH RS, KBITE CVCC2060
R PR VE PR 0 4, A ) 5 R T SR B R
BHE X, SARIMETIRE (BURRTIN) &
HERAE Al o, IR R BRAT B D2 BR B % AR
CVCC2060 BIBiM 2, (BEHAME T IR B T 8 A
EUMIET R, X TR REE N D2 B2 EE
TR ., E4ERT, RRRERTE 22
BERKEKSLHE AHL KRR (P <
0.05) , TZEHFE AP EMA BE (P >0.05),
BREBRSMETIRE T, 72 3 AHl RIHRRE
HIRSHLERD , X TR I T E AR R B R LU
72 BEMBE T MH R B BRI RSN
HIVERT , SHRSMEPLR IR R — B, TSI
AR, AT R E 2 SRR, TR &
PR RED , RE R S TE  s T R
B BB TR TER .4 B IR M B 2
AEREBIMS, SEHEMELE X, e
2 g REEE A R REES
Fiack ) e, LR R M TR I AT AR
TR B S S I O B R I, W 2 B
B IR 0T JB 9% , 5 AR IR R PR P R — 30
LA, 35 2 B R SRS TR RN A RRE , A A
R B B 2%

TEBM R B 25 A5 8 5% IR B A ELAE AT A
J5 ¥4 N B B 48 £ 7, X 55 Chabrillon
a3 58 — 3k, Niall 2507 O X P B S T AR 2
TR &M, AR R R R M E L E
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The adhesion characteristics of S probiotic strains to
the carp foregut mucus in vitro

ZENG Dong', WANG Yi-ping'”, NI Xue-qin'*, WANG Kai-yu** , WU Meng""
(1. Animal Microecology Research Center in Veterinary College, Sichuan Agricultural University, Ya’ an 625014, China;
2. Key Laboratory of Animal Disease and Human Health of Sichuan Province, Ya’ an 625014, China;
3. Aquaculture Department in College of Animal Science and Technology ,
Sichuan Agricultural University, Ya’ an 625014, China;
4. The Fish Disease Research Center of Sichuan Agricultural University, Ya’ an 625014, China)

Abstract ; Using immobilized mucosal model in witro, combined with the isotope tracing method, the
adhesion characteristics of Enterococci, Citrobacter isolated from carp intestines and Bacillus isolated from
water to the carp foregut mucus were investigated. Results showed that after the modification with
proteolytic enzymes or sodium metaperiodate, the relative adhesion percentages of all five bacteria were
declined extremely significantly after they were treated with sodium metaperiodate ( P <0.01), but it was
affected less by the proteolytic enzymes treatment( P >0.05) , indicating that main lectins existing on the
cell surface of the five bacteria are glycoprotein compounds. After the modification with proteolytic enzymes
or sodium metaperiodate of mucus, the relative adhesion percentages of part of five bacteria were declined
significantly after the mucus was treated with proteolytic enzymes ( P < 0. 05), but it was affected
significantly by the sodium metaperiodate treatment( P <0.05) , indicating that the special receptors of the
microorganisms are protein compounds. According to the interactions such as exclusion, competition, and
displacement, the five probiotic bacteria can reduce the relative adhesion percentages of part pathogens
significantly. The inhibition of displacement to the pathogens was best, but the disparity was led by the
different strain.

Key words: Cyprinus carpio; adhesion; mucus; probiotics
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