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E X WA B (Bacillus megaterium) , ¥R %
1 # W (Bacillus cereus) . i B 3 # ¥ B (Bacillus
subtilis) ¥ B ¥ H¥F & (Bacillus alvei) . 9% &= & 3%
88 (Bacillus thuringiensis) AR FEFRFHE R
. fh (Bacilluscereussubsp mycoides) . £ ¥F & (Der-
mabacter sp.). W B & I B (Bdellovibro bacteri-
ovorus) . ¥ BE I BR B (Micrococcus lysoleikticus) » 13
H P bR ARRL B R K 7= S 1 4R 4t ; W 44 (Caras-
sius auratus) , B B WG 7K 7= WF 5% B v 35 SR 43t , - 394K
HR(65.315.2) g; B SRS B HE (Aeromonas
punctata 1. interinalis Y. % Y B ( Vibrio
anguillarum) , ¥ B ¥ B Bl 2 B K 4 A4 Y 0F 5% Fr 42
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H3Ek

fit: & WM BEERE (Staphvlococcus aurevs) . H A
LRERAE. MEM ¥ 555 T Gibco 24 6] sMTT
Y58 W T Sigma 22 7);SOD A &, Frg o
HAEAEY TEMRA RE RSB, B e
HRABRARN L.

1.2 K &

L2.1 #XEAHHE 2508 0 FPARERNT
1000 mL HFEA G, K EXFMITHE . BRF
TR NEFRTE B FHATE. S HR
FFOE R ZE AT o B A L B2 AT o A BE R T
BT CERERIGHEENHEE T 25 CEK
B 3d, REESGTEE TR, YSMAENaR
VIR E] 1 X107 mL "E, IR 450 W
AEER O mn EAHARER HERFEHRE
WU AR R R

1.2.2 #E&ihk RFEHELK. AEEHSHH
.25t 30 d MFEHBRTFHRERE ., 2 10 A7
B. B R BTHRKEKERA S EH KRR
25+ C, Hp 1~ 40 ARH, BRAB M4 E
RERM = Es. 10 dhxtBa, #EHRRY 10
g/kg, BHE—EROFAK, EEFFHFI5d. 1~94
WK AERFRIFEH ERFRTEA HEER
A %5 FRFELA. S FRTHEA . ER
FRTHER A, AT I A f
BETHER P4 .

.23 #Ea#E MAREHOBELRSS
Mups MBI S EHERE N HER T L EAG
SR, PR B0 T BUS B A K B Bk
BR1x10'mL™", FEHRAOMERE BN HHE
W MABRGHKEIE 24 h, BB 4 CKERES
A

.24 R & SHERREBIEHE 0,7,14,
21,28.35 REUH, AR APHIEFE 3R Ef
Bk .- HRAXGHE 1.5 mL,

1.2.5 faaFREAMMAEASODEBEELMNE BO.5
mL FARMHEBRETF 1.5 ml BLEH,2 000 r/min
B0 10 min, A BT, — ¥4 7 KIS M4 %
6,85 B BR B8 L 88 O B O IR L L DR, SR A i 9 6 AR 3K
5 W8 LR s 50 — B4 1L 7 4 SOD ) 3K )
UL A A ok BE 1T SOD B IE
.

1.2.6 ZHBmEHEANE BE 2 KIGELHEE
PROER R TR AR SE R BT P RS AR 48 h U
&2 000 r/min B0 10 min, WEEHE. o1

mol/L. pH 6. 4 {1 B RR & 5 2 rh W (PBS) BE UK W)
B (ODs=0. 3), I HE B[] H kT E .
B 3mL ZEH.5 50 pL FFWmME FREPRE.
WH A B, REHKBBA 37 CKRBHHER 30
min, G S ZE F KBS 10 min, DU GE R
MEAME, FEMENETAHE:U=>A,—A4)/
AR U R HEMBE A IRNATEEE:A
KRN G e

1.2.7 dmrediadasd FHW 1ol AFEHR
BONAEETE 0.8 mL KHEMRIBRNELE
oL BB SCER(9 1/ 5 ¥, 2 500 r/min B0 15 min,
SEAHAR, ABEAKREKE N 1 X100 mL 5.5 H
XELI0JM AR O A RER FHARABLT
90 %.

1.2.8 WeumpsRdisnaai RSN
100p L 320 BV, 2 BR SCHR (11 D00 J ok ik A7 5
PR E .

1,29 WasEmEFHERGRE B 400p L
HARER,. SR CEm12]F E# T RE G
W 5E .
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2.1 O PR X 00 W RE IR R R
HELIAL EHSERE.H4,6,7,8 4,0
Y EMT A ERFATRBEREAA. ETE
4 F g pE A A A Y ML SR S 7 R IR
BRI BR T 5 T HUAT O A R WA B SR 14
KoHRE&H R E T8 21 X HA R A #
B.X 4 diMBLiE K EHETRABE . KPiikk
FLAE 6 HEBE.AlA 1 256,55 4,7 MIBHHKZ,
HEBHAKENH N 1:64.1:64F1:128, %
10 ZHME A AT B E LRSS 7 K™= AR\ ik
KBRS ) — HERFEZKE.
2.2 9MyEx®E SOD FHKR
HER2AR.ABHAPE 4,6,7,8 41, A& F
FELFF BA 41 . W R ZF FRAT B R T R 4L | AT O A
B4 A A SOD EHMRE, S IA M,
HERSERZER(P<0.01), HERBHE 21 X
WP A, R 5 AU 4G (B M (85. 4310. 26)
U/mL . 85 4R 25 FAT 3 2R 0 R 28 e {9 (98. 67 +
0. 65) U/mL. B ¥ 4§ 4 ¥ {4 5 (85. 64 £ 0. 38)
U/mL ., W P4 2% 9K 58 41 w§ f y (87. 59 + 0. 43)
U/mL,BiE PR T, KA SOD EHELHE
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Table 1 Changes of agglutinating antibody titer of immunized Carassius auratus
@5 #iR)E WA /d Time
Group 0 7 14 21 28 35
1 J 2.5(2~4) 5.1(4~8) 8.0(4~16) 5.9(4~8) 5.3(2~8) 3.7(2~4)
M 3.0 (2~4) 5.9(4~8) 5.1(4~8) 4.0(2~8) 2.5(2~4) 3.0(2~4)
2 J 2.0 (2~2) 2.5(2~4) 6.7(4~8) 3.0(2~4) 4.0(2~8) 2.5(2~4)
M 2.5 (2~4) 3.0(2~4) 4.0(2~8) 5.9(4~8) 3.7(2~4) 3.0(2~4)
3 J 2.6 (2~4) 2.5(2~4) 5.9(2~4) 2.3(2~4) 2.6(2~4) 3.0(2~4)
M 2.0(2~2) 2.3(2~4) 5.1(2~4) 2.6(2~4) 2.3(2~4) 2. 6(2~4)
4 A 2.5 (2~4) 40.5(32~64) 59.0(32~64) 53.5(32~64) 32.0(32~32) 29.5(16~32)
M 3.0 (2~4) 47.5(32~64) 55.7(32~64) 64.0(64~64) 53.5(32~64) 29.5(16~32)
5 J 2.6(2~4) 2.5(2~4) 4.0(2~8) 4.6(2~8) 4.0(2~8) 3.0(2~4)
M 2.3(2~4) 2.5(2~4) 3.0(2~4) 4.0(2~8) 2.3(2~4) 2.6(2~4)
6 ] 2.3(2~4) 14.8(8~16) 84.7(32~128) 94.6(64~128) 59.0(32~64) 28.2(8~32)
M 2.6(2~4) 29.5(16~32) 59.0(32~64) 161.9(128~256) 57.7(16~64) 29.5(16~32)
7 J 2.5(2~4) 29.5(16~32) 53.5(32~64) 57.7(16~64) 14.8(8~16) 13..4(8~16)
M 2.6(2~4) 28.8(8~32) 50.6(16~64) 57.4(32~64) 53.5(8~64) 29.5(16~32)
8 J 2.5(2~4) 50. 6(16~64) 59.0(32~64) 94, 6(64~128)  59.0(32~64) 28. 8(8~32)
M 2.3(2~4) 14. 8(8~16) 53.5(32~64> 57.7(16~64) 29.5(16~32) 28.2(8~32)
9 J 2.3(2~4) 2.3(2~4) 4.0(2~8) 13.4(8~16) 2.5(2~4) 2.3(2~4)
M 2.32~4) 2.6(2~4) 5.3(4~8) 7.2(2~8) 3.002~4) 2.6(2~4)
10 J 2.6(2~4) 3.002~4) 3.5(2~4) 3.0(2~4) 2.6(2~4) 3.0(2~4)
M 2.3(2~4> 5.3(2~4) 4.0(2~8) 3.5(2~4) 2.6(2~4) 2.6(2~4)
W) S REWEREM. MNE, XPRENLT K.
Note:J. Staphylococcus aurevs;M. Vibrio anguillarum ; geometric average value.
R BRMEBERENEEEMEN SOD FH
Table 2 Changes of SOD activity of immunized Carassius auratus U/mlL
w5l #1HaAtE/d Time
Group 0 7 14 21 28 35
1 25. 3440, 24 42.27+0.19 39.59+0. 38 44.4640. 63 40.16+0. 51 32.04+0. 42
2 25.18+0.43 29.34+40.37 35.28+0. 69 40.2140. 41 38.55+£0.71 31.25+0.35
3 26.32%0. 27 28.57+0.18 31.64+0.50 34.414£0. 36 30.2340. 61 28.54+0.48
4 26.4230.25 67.59+0.53" 78.69+0.19" * 85.43+0.26" " 76.36+£0.35" " 69.58+0.43"
5 26.64=%0. 39 37.76%0. 40 39.65+0. 47 43.38+0.55 40.17+0. 66 28.83+0. 65
6 25.59+0. 35 75.34+0.29"°* 86.67+0.26* " 98.67+£0.65" " 81.14+£0.48"* 73.481+0.56" *
7 26.3440. 41 69.54+0.14" 77.49+0.47" " 85.64+ 0.38"" 72.52+0.21** 66.73+0.37"
8 26.31+0. 28 65.42+0.39" 74.81+0.32" " 87.5940.43" " 74.411£0.18" " 67.56+£0.44"
9 26.521+0. 34 39.23+0.68 40.13+0.43 42.17£0.37 41.2140.63 31.2440. 36
10 26.49+0. 63 38.39+40. 54 39.43+0.24 41.83+0. 64 40.3240. 0. 51 29.6140. 41

H. 5 10AHK, * RREREBEKT(P<0.05), » » RARERZIJBEFAKF(P<0.0D), FTEMA.

Note ;:Compared with group ten, * stands for difference (P<0.05), * * stand for significant various differences (J><C0. 01). Same with

the following tables.

2.3 SHANNEEREREIENER

2.4 OMANNHERAREREENER

MEIAR,NE 7 KRFFLH, L 4,6,7,8 4,0
SHFRATEA BRFRATEEREAHH . RHFHE
HAMBHE N SN AN FREBE R, 5
MM, HRAL B EEZER(P<0.05); HES 21
Kot BT W fl, 53X RAH ., kR B EHEA
(P<0.01), HfbABEMEHLHREL.

MELTR,NE 7 KI5 4,6,7,8 4, B
MEFRFEA SRFRTHEREMPH EHE
SR B N P A A Y S S NS R,
FHEHS Y RAML HERBEHER (P
0.01), FH7E5 21 R BME(E . AL A A 0 IR E 18
EHEXHREL.
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Table 3 Changes of lysozyme activity of immunized Carassius auratus

#EE BB /d Time

a5

Group 0 7 14 21 28 35
1 0.015 0.023 0.027 0. 019 0. 020 0.017
2 0.014 0.018 0. 021 0.015 0.023 0.022
3 0.014 0.011 0.013 0.014 0. 009 0.015
4 0.014 0.035" 0.051" " 0.082"* 0.074° " 0.043"
3 0.015 0. 016 0. 020 0.017 0.014 0.012
6 0.014 0.041" 0.069" " 0.093" 0.085" 0.072° "
7 0.015 0.033" 0.048" 0.079* " 0.056" * 0.044"
8 0.015 0.038" 0.054" 0.076" 0.062" 0.045"
9 0.015 0. 021 0.018 0.023 0.016 0.014
10 0.014 0.015 0. 015 0.017 0.014 0.018

24 EMERETENEEEANEEESHMEME M
Table 4 Changes of phagocytic activity of leucocytes of immunized Carassius auratus

a1 #1858t /d Time

Group 0 7 14 21 28 35
1 0.151+0.003 0.17140. 005 0.16040. 026 0.170£0. 056 0.149+0, 015 0.153+0. 027
2 0.1524+0. 002 0.156+0.010 0.157+0. 008 0.1564+0.012 0.148+0.024 0.156+0.015
3 0.150%0. 011 0.151£0.012 0.146+0.028 0.152+0.003 0.14830. 021 0.15140. 005
{ 0.153+0.046 0.181+0.011" 0.1914+£0.022" " 0.203+0.026" " 0.192+0.012" ~ 0.176+0. 017"
3 0.1524+£0.010 0.148+0, 021 0. 149+ 0. 007 0.156+0.011 0.1534+0.013 0.15240. 009
8 0.148+0. 011 0.198+0.019" 0.2114+0.008" * 0.22340.020" 0.203+0.008" * 0.188+0.026"
7 0. 1494 0. 002 0.18440. 007" 0.204+0.010" 0,2201+0.027" " 0.19940.013" * 0.17940. 023"
8 0.15240. 001 0.187+0.015" 0.198+0.018" * 0.211%£0.035" "~ 0.193+0.015"* 0.162+0. 011
9 0.151+£0. 003 0.15240. 006 0.14940.012 0.159+0. 006 0.150+0.017 0.1524+0.026
10 0.157+0. 009 0.1671+0. 0144 0.155+0.025 0.163+0.014 0.156+0.027 0.157+40.007

2.5 O FhR M 6 & 00 A PR W RIS RO HAWEHESYHAHK HERBEHRER

hMESATN,NE 7 KFHEE.5 4,6,7,8 4, H) (P<0.0D),EE 21 REBEHE, HMANT S
S FRAEY SRFRTEERERA T HE MAEEYLH BT,
2 0 R K B 4 O 40 B 7 R O R R TR

x5 RAMEHEREMNEOEENGHERAMREE L

Table 5 Changes of bactericidal activity of phagocytes of immunized Carassius auratus

R AH Gt E) /d Time

# 5

Group 0 7 14 21 28 35
] 0.99540. 036 0.98240.016 0. 98640. 015 0. 979+ 0. 027 0. 982+0. 013 0.986+0.012
2 0.996+0. 005 0.981+0. 038 0. 976+ 0. 021 0.9834-0. 044 0.9784+0. 007 0.9731+0.035
3 0. 996+ 0. 013 0.9850. 018 0. 968 0. 050 0. 97740. 053 0. 957+0. 061 0. 980+0. 047
g 0. 9950, 024 0.813-0.053° <  0.78540.019°*  0.65240.026"*  0.766-0.035° "  0,859+0.015" °
5 0.99740. 017 0.97640.010 0. 966--0. 007 0.976+0. 055 0.97240. 066 0.95940. 015
8 0.995+0. 015 0.81240.020" *  0.73240.016°*  0.59040.065"*  0.65840.048°*  0.695--0.016" *
7 0. 99440, 027 0.83940.0147°  0.7640.047°*  0.71340.068" *  0.72640.021° °  0.765-:0. 037" °
8 0. 996-0.012 0.87340.009" ©  0.748-40.032°°  0.7154£0.008"°  0.734-0.018"°  0.78740.014" *
9 0. 9950, 001 0. 98140, 009 0.97540. 012 0.967+0. 010 0. 989+0. 003 0. 9900, 006
10 0.996+0.011 0. 986 + 0. 006 0.99340. 004 0.9924+0.014 0.993+0. 005 0.993+0.013
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Effect of nine kinds of bacteria and their metabolites on

the immune function of Carassius auratus

WANG Gao-xue,BAIl Bing

(College of Animal Science und Technology.Northwest A &. F University Yangling . Shannxi 712100,China)

Abstract ;: Nine kinds of bacterium and their metabolites were used to feed the Carassius auratus for 35
days. The phagocytic activity,bactericidal activity ,SOD activity,lysozyme activity and agglutinating anti-
body titer were detected every 7 days to study the effect of nine kinds of bacteria and their metabolites on
the immune function of Carassius auratus. The result shows that,compared with the control group,the
group of Bacilluscereussubsp mycoides, Bdellovibro bacteriovorus, Dermabacter sp. and Bacillus alvei had
more significant differences in phagocytic activity.bactericidal activity ,SOD activity and lysozyme activity
(P<C0. 01). The immune function of Carassius auratus could be enhanced by the Bucilluscereussubsp my-
coides Bdellovibro bacteriovorus, Dermabacter sp. and Bacillus alvei and their metabolites. The maximum
agglutinating anti body titer of Bacilluscereussubsp mycoides. Bdellovibro bacteriovorus , Dermabacter sp. and
Bacillus alvei were 13 256,13 128,1 : 64 and 1 ¢ 64. The maximum agglutinating anti body titer of Bacil-
lus alvei appeared on the 14th day. Other indexes were detected on the 21st day.

Key words :bacterium ;metabolites ;immune function;Carassius auratus



