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摘  要: 本文采用体外细胞培养法, 从实验室现有的 20株不同生境来源的双歧杆菌中筛选具有较

强粘附能力的菌株, 并通过混合培养和牛津杯方法, 研究了具有粘附特性的双歧杆菌对肠道致病

菌的体外拮抗作用。结果显示, 长寿老人源菌株 A03 和 I06 的粘附能力最强, 其菌液对金黄色葡

萄球菌及大肠杆菌均具有显著的抑制性, 但是菌体及中和后的发酵液均没有抑菌性, 说明受试菌

主要通过其代谢产物中的有机酸来发挥其抑菌性能; 此外, 通过分析比较受试菌和肠道致病菌分

别与 Caco-2细胞粘附后释放的乳酸脱氢酶量, 证实双歧杆菌与致病菌对细胞的作用具有本质上的

区别, 双歧杆菌的粘附能减缓致病菌对细胞所造成的损害。 
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Their Antagonistic Activity Against Enteropathogens 

LIU Guo-Rong1  PAN Wei-Hao1  CHANG Xiao-Yuan1  LIN Feng-Xiang2  LI Ping-Lan1* 
(1. Key Laboratory of Functional Dairy Ministry of Education of the People’s Republic of China, College of Food Science 

 and Nutritional Engineering, China Agricultural University, Beijing 100083, China) 
(2. Haerbin Meihua Shengwu Technology Co. LTD, Haerbin, Heilongjiang 150018, China) 

Abstract: Twenty bifidobacterial strains were tested for adherence ability with cellular model systems in vi-
tro. Strain A03 and I06 showed high adherence to the epithelial cells. The inhibitory effects of Strain A03 
and I06 on enteropathogen Staphylococcus aureus and Escherichia coli were demonstrated by simultaneous 
incubation and antimicrobial testing. These antibacterial activities were mainly induced by organic acids 
produced by bifidobacteria. The release of LDH of Caco-2 cells which were differently treated with bifido-
bacteria and enteropathogen, suggested that the adherence of bifidobacteria were essentially different with 
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1  材料与方法 

1.1  试验材料 
1.1.1  试验菌株: ᴉ : 20 ᴄ Ế ̔ả

҈̇Ὗ’ ᶕ’ ⁶ ϧ, ᴉ
ᴡᴂ 1Ȋ : , Staphy-
lococcus aereu ATCC 6538, ATCC Ђ ̔ ; ỵ
Ⱳ Ὗ , Escherichia coli CMCC(B)44102, ׃

ᶕ Ӓᶕ ⁞ Ȋ 
1.1.2  细胞模型: ͞ Caco-2 , 
ATCC HTB-37, ְᵶ֥ Ὗ’Ἆ Ȋ 
1.1.3  培养基: MRS ἍѷἎ ̓ᴄ ᴉ

Ἅѷ; LBἍѷἎ ̓ ᴂỵⱲ

Ὗ ἍѷȊ 
1.1.4  培养液: MEM Ἅѷ ̓ Caco-2 Ἅ

ѷ, ả Gibco ѫᴢȊᴄ ( ȉ

); ֘ (0.25% , 0.03% EDTA, pH 
7.6~8.0); pH 7.4 PBS Ғ Ȋ 
1.1.5  试剂盒: ̻ (LDH) , ֶ

͘ ♦ Ȋ 
1.1.6  主要仪器: (10 mm×7.8 mm×6 mm) 

( ֶ ̶ ̪ ᶕ ח ), ́ ֘ Ἅѷ

(Forma scientific), TGL-16C (˺
‰͙ ’ΌṺח), pHS-25 ỡ שּ (˺ ₓ

’ΌṺ ѫᴢ), 722S Һўўּש (˺ ў

ѫᴢ), ͕ ם ( ⱱ Ὗ’) Ȋ 

1.2  试验方法 
1.2.1  双歧杆菌粘附力的测定: ρὔ Ἅѷ

״ , Hidalgo J [4] Ȋ 
1.2.2  培养试验: ₵ᴉ ᴄ ᵶ 24 h
Ἅѷ ҺӍ 108 CFU/mL, ᴩᴈ 0.4 mL
̓ 10 mL, pH 7.0 MRS ρἍѷἎ̔, ̓ 37°C
† 36 h, ѳ 12 hҺӍᴈ , ᴄ

ᵶ ᴮת , ִ Ἅѷ

̛ ₮ , ᴄ ִ Ἅѷ ̛ ₮ Ȋ 
1.2.3  牛津杯法测定双歧杆菌对致病菌的抑制作 
用[5,6]: 1) ρ ᴂ˺ ҺӍ₮

: ₵ ᴄ ̓ 8000 r/min 10 min
ᴰ, ˻ ρ Ή ᴮρ

ת ԝ, ҺӍΉ˺ ᴂ ρ

, ̍ ˾ᴆ ắ ẩ˺

Ⱡ Ȋ2) ל : ₵ ᴄ

2.5 mol/L NaOH ̔ᵶ ̔ , Ếԝ, 
Ϝ pH Ч Ӑ 6.5~7.0, ҁ , ̔ᵶ

Ӡᴰұ ẩⱠ Ȋ3) ӹ ₮  ל
: ₵ ᴄ Ѩ 80°C ӹ 10 min 

ᴰ, , ˾ѳͺὌ ẩⱠ Ȋ 
1.2.4  双歧杆菌与致病菌对 Caco-2 细胞膜通透性

的影响: ᴮ 1.2.1, ҺӍ₵ 1 mLᴄ ȉ

1 mL ȉ1 mLᴄ ˾ 1:1
˾ 1 mL Caco-2 ԝ, , 
Ҝ ᴂ ⁞ , 3 ם̑ Ȋ 37°C ҺӍ

† 2 h, ̓ 8000 r/min 10 min, ᴈ˺ , ̎
̻ (LDH) ⁞ , ˺

̔ LDHᵄ , ᴈѳםẾЧȊ 
1.3  数据的统计学处理 

SPSS11.5 Δ₮ ’Һ Ȋ 

2  结果与分析 

2.1  双歧杆菌粘附能力的测定 
₮ ⁞ Caco-2 ρὔ , 

₮˺ 20 ˽ᴮ ᴄ ӵ

⁞ ᾉ 1ȊᴚΉ ұ, ˽ᴮ ἱ ᴄ

˾ ˺ ӵᴩ ˽ᴮ,  
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表 1  20 株双歧杆菌的粘附指数 
Table 1  Adherence of 20 Bifidobacterium strains tested 

 
Strain 

 
Origin 

/  
Adherence ( ±s) 

 
Strain 

 
Origin 

/  
Adherence( ¢s) 

BM-1 ₲ ͞  5.23¢2.10  (gh) WY-2 ḣѷ῝і  4.68¢2.12  (gh) 

BM-2 ₲ ͞  16.29¢3.12   (d) WY-3 ḣѷ῝і  4.23¢2.43   (h) 

BM-3 ₲ ͞  6.22¢3.21   (gh) WY-4 ḣѷ῝і  5.03¢2.15   (g h) 

BM-4 ₲ ͞  9.97¢2.21   (f) ZZ-1 ᾄʹ  4.97¢2.17   (g h) 

BM-5 ₲ ͞  8.22¢2.72    (f) ZZ-2 ᾄʹ  7.48¢2.73   (g f) 

BM-6 ₲ ͞  15.93¢3.21   (d) ZZ-3 ᾄʹ  18.43¢4.51  (d) 

BM-7 ₲ ͞  36.73¢3.38   (c) ZZ-4 ᾄʹ  17.35¢3.73  (d) 

I06 ₲ ͞  48.13¢3.12  (b) CP1 ᴄ ӒӜ 12.73¢2.18   (e) 

A03 ₲ ͞  48.98¢5.11   (a) CP-2 ᴄ ӒӜ 12.87¢2.08   (e) 

WY-1 ḣѷ῝і  4.87¢1.95   (g h) CP-3 ᴄ ӒӜ 4.01¢2.52   (h) 

: ˽ᴮ  ắ 5% ˺ם . 
Note: The differences between the values with the same letters (in columns) are not statistically significant at P=0.05. 

ӵ ₲ ͞ A03 ᵶ I06 , ѳ
ҺӍ̛(48.98±5.11)̑/ ᵶ(48.13±3.12)̑/

Ȋ15% ѳ ẾЧắם 30 ̑ / Ή˺ , 
30% ẾЧắם 10~30 ̑ / ̥ , 
30% ẾЧͫ̓ם 5~10 ̑/ ̥ , 
ѳυ 25% ẾЧắם 5̑/ Ή˻Ȋ

ӵםẾЧ̛ 14.62 ̑/ Ȋ˺

̽ᴄ ₮ ˺ ắ

Ⱡ Ȋ 
2.2  双歧杆菌与致病菌混合培养试验 

ᴉ ᴄ A03ȉI06˾ ȉ

Ὗ ѯἍѷ 12 hȉ24 hȉ36 hᴰ, ҺӍ ᴄ

˾ , ѳ ᾉ 2ȉ3 Ȋ 
ᴄ A03ȉI06 ҺӍ˾

12 hȉ24 hȉ36 h ѯᴮἍѷȊѯἍѷ 12 hᴰ, ˾
₮ , ᴫἍѷ ̔

̛ҡℓ, ᴄ Ӆ ̓₮ ; 24 h
ᴂ 36 hѯἍѷᴰ, ᴫἍѷ ̔

˻ ̂ יִ Ὗ, ắ 36 hὌ, ˾ I06ȉA03ѯἍѷ
ҺӍ 3.78±0.00 log CFU/mL

ᴂ 6.73±0.00 log CFU/mL, ᴮ ᴄ

םὌ̓ב , ˾₮ Ⱡ Ȋ ,
 

表 2  双歧杆菌与金黄色葡萄球菌混合培养的实验结果 
Table 2  The growth (log CFU/mL) of bifidobacteria and Staphylococcus aureus in monocultures and co-cultures 

 
Variable Staphylococcus aureus cells count 

ᴄ

�Ypx
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2.3  牛津杯法测定双歧杆菌对致病菌的抑菌效果 
Ϝ ҺӍ ⁞̽ᴉ ᴄ A03ȉ

I06₮ ᴂὟ ψ Ȋ

( 4ȉ5) ˴ ̽ A03ȉI06₮
ᴂὟ Ӓψ Ȋ ρ ᴂ̔ᵶ

ᴰἍѷ ₮ Ế˽Ѵ Ӓψ , ᴚ
̜ ̛ᴉ ᴄ · ͔ ȊἍѷ

ӹ ᴰѳ ˾ᴆ Ⱡ , 
˴ ̽ ψ ת ͫ₱, Ẕ̛

Ὗὖ ̛ , ₮ , ᴉ ᴰѳ

₵ νȊ 

 
表 4  不同处理对抑菌活性的影响 

Table 4  Inhibitory activity after different treatment 
with Staphylococcus aereus as indicator bacterium 

ẩ  

 ‚
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表 6  双歧杆菌及金黄色葡萄球菌、大肠杆菌粘附对

细胞释放 LDH 的影响 
Table 6  Changes of LDH release of Caco-2 cells in-
fected with bifidobacteria strains and Staphylococcus 

aereus, Escherichia coli in monocultures and co-cultures

Ὄ  
Treatments 

̻  
LDH(U/L) 

A03 272.30¢39.84 

I06 624.42¢6.64 

S. aereus 1225.36¢19.92 

A03+S. aereus 745.56¢31.90**AA 

I06+ S. aereus 774.65¢6.64ȄȄBB 

E. coli 769.95¢13.28 

A03+E. coli 727.70¢6.64**AA 

I06+E. coli 727.70¢19.91ȄȄBB 

: *: (A03+S. aereus/E. coli) ˾ A03 ₮ Ⱡ ; 
Ȅ: (I06+S. aereus/E. coli) ˾ I06₮ Ⱡ ; A: (A03+ 

S. aereus/E. coli) ˾ S. aereus/E. coli ₮ Ⱡ ; 

B: (I06+S. aereus/E. coli) ˾ S. aereus/E. coli₮ Ⱡ ; 

**ȉȄȄȉAAȉBB: P<0.01. 
Note: *: The differences between the values between (A03+ 
S. aereus/E. coli) and A03 is statistically significant at P=0.05; 
Ȅ: The differences between the values between (I06+S. aereus/E. 
coli) and I06 is statistically significant at P=0.05; A: The differ-
ences between the values between (A03+S. aereus/E. coli) and S. 
aereus/E. coli is statistically significant at P=0.05; B: The differ-
ences between the values between (I06+S. aereus/E. coli) and S. 
aereus/E. coli is statistically significant at P=0.05; **,ȄȄ, AA and 

BB: The differences at P<0.01. 
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论文中计量单位的表示方法 

 

̛ ảӺ ᴆⱫ ȏѰ̓ắ ả ˴ ⁞ ִμ ᵰΈȐ ⁞, ִμᵶִμ ᴡ

ả₄ ∂ᴆⱫ ȏ ᵶִμȐGB3100-3102-93 Ȋִμ ᴡẾ ℅҆( ρ), ˽ј

ϵ₮ִμ ᴡ Ќ Ȋ ₵ ҽ꞉ ִμᵶ ᴡͫ ᾉ˻, Ⱳ ψ ״ Ȋ 

: d; ℅ h; Һ min; s Ȋ 

˽ ,mol/L :שּ M (џҺ  ᵶ(שּ N( (שּ ִμ Ȋ 

˽ ,r/min :שּ rpmȊ 

ӵ: Paל kPaȉMPa Ȋ 

ўₓּש: OD( ρ) Ȋ 

ὟҺ  Һ  : D kD, bp kb Ȋ 

Ấ ̔ Ч ᵶִμ: ᴡ ρ, ִμ ρת ᴡ , ϡᾉ: t(h) (
, ִμ ℅ )Ȋꜝ Ч ִμ: ִμ˽ , ̥ ӹ˴ (°C ᵶ% ὔ), ϡᾉ:  

20 cm¤0.3 cm, ˽ ҆ 20¤0.3 cm; 3°C~5°C˽ᴚ҆ 3~5°C; 3%~6%˽ᴚ҆ 3~6% Ȋ 
 


