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摘  要：【目的】酸马奶可防治心血管、消化系统、肺结核、糖尿病和腹泻等疾病，尤其马克斯

克鲁维酵母 Kluyveromyces marxianus 对单核细胞增生李斯特菌 Listeria monocytogenes 有抑菌作

用，但对酸马奶提取 K. marxianus 代谢抗菌复合物抑菌作用的研究报道较少。为此，研究酸马奶

提取 K. marxianus 代谢抗菌复合物对感染致病性大肠杆菌 Escherichia coli O8小鼠免疫机能及其

盲肠菌群的影响。【方法】将 128 只小鼠随机分为 4 组，空白组、致病对照组、K2 组和 K8 组，

致病对照组小鼠连续 7 d 灌胃无菌 PBS，并于第 4 天注射 E. coli O8；K2 组灌胃抗菌复合物 K. 

marxianus pH 2.0，并注射 E. coli O8；K8 组灌胃抗菌复合物 K. marxianus pH 8.0，并注射 E. coli O8。

采用常规 HE 染色法观察 0、4 和 7 d 小鼠小肠病理切片，称重法测定小鼠免疫器官指数，ELISA

法测定血清中免疫球蛋白，流式细胞术测定 T 细胞亚群，平板涂布法测定盲肠菌群。【结果】致

病对照组小鼠在实验第 4 天注菌后出现一系列患病临床症状和小肠组织病理变化。K2 组和 K8

组小鼠整体精神状态好于致病对照组，死亡小鼠数量较少，可一定程度上缓解和改善感染致病性

E. coli O8 小鼠的小肠组织病理变化。致病对照组在第 7 天胸腺指数显著低于空白组(P<0.05)。K2

组和 K8 组在第 4 天和第 7 天脾脏指数显著高于空白组(P<0.05)。致病对照组在第 7 天 IgA 显著

低于空白组(P<0.05)。K2 组在第 4 天 IgA、IgG 显著高于空白组(P<0.05)。K2 组在第 7 天 IgG 和

IgM 显著高于空白组(P<0.05)。K8 组在第 7 天 IgM 显著高于空白组(P<0.05)。K2 组在第 4 天和

第 7 天 CD8+显著低于空白组，CD4+/CD8+显著高于空白组(P<0.05)。K8 组在第 4 天 CD8+显著

低于空白组(P<0.05)。K8组在第7天CD8+显著低于空白组，CD4+/CD8+显著高于空白组(P<0.05)。

致病对照组在第 7 天盲肠 E. coli 数量显著高于空白组，双歧杆菌数量显著低于空白组(P<0.05)。

K2 组在第 7 天盲肠 E. coli 数量显著低于空白组，肠球菌数量显著低于空白组，乳酸杆菌数量显

著高于空白组(P<0.05)。K8 组在第 7 天盲肠肠球菌数量显著低于空白组，乳酸杆菌数量显著高于

空白组(P<0.05)。【结论】酸马奶提取 K. marxianus 代谢抗菌复合物 K2 和 K8 能缓解感染致病性

E. coli O8 小鼠临床症状，提高其免疫机能，并影响其盲肠菌群，提高双歧杆菌和乳酸杆菌，降

低 E. coli 和肠球菌的数量。 
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Abstract: [Objective] Koumiss had beneficial therapeutic effects on cardiovascular disease, digestion 

disease, tuberculosis, diabetes and diarrhea, especially Kluyveromyces marxianus had antibacterial 

effect on Listeria monocytogenes. There was limited knowledge about antimicrobial compounds of K. 

marxianus in Koumiss, so, we evaluated the effect of antimicrobial compounds of K. marxianus in 

Koumiss on immune function and caecal microflora in mice challenged with pathogenic Escherichia 

coli O8. [Methods] Kunming strain mice (128 heads, 20±2 g) were divided into 4 groups, the control 

group, the challenged control group K2 group, and K8 group. Mice in the challenged control group 

were oral administrated sterile PBS by gavage for 7 d, then were administered intraperitoneally E. coli 

O8 at 4 d. Mice in K2 group were oral administrated K. marxianus pH 2.0 and K8 group were oral 

administrated K. marxianus pH 8.0, then were administered intraperitoneally E. coli O8. The pathological 

section of small intestine of mice were observed by HE staining at 0, 4, 7 d. The thymus index and 

spleen index were weighed and calculated. Immunoglobulins in serum were monitored by 

enzyme-linked immunosorbent assay (ELISA). T subsets were analyzed by flow cytometry. The caecal 

microflora was calculated by the spread plate method. [Results] Mice in the challenged control group 

appeared clinical symptoms and pathological changes of small intestine after they were challenged with 

E. coli O8 at 4 d. Mice in K2 and K8 groups had better mental state, and less died mice than the 

challenged control group, K2 and K8 could improve pathological changes of small intestine after mice 

were challenged with E. coli O8. Compared with the control group, the thymus index was decreased at 

7 d by the challenged control group, while the spleen index was increased at 4 d and 7 d by K2 and K8 

groups (P<0.05). Compared with the control group, IgA was decreased at 7 d by the challenged control 

group, while IgA and IgG were increased at 4 d, IgG and IgM were increased at 7 d by K2 group, IgM 

was increased at 7 d by K8 group (P<0.05). Compared with the control group, CD8+ was decreased 

and CD4+/CD8+ was increased at 4 d and 7 d by K2 group, CD8+ was decreased at 4 d by K8 group, 

CD8+ was decreased and CD4+/CD8+ was increased at 7 d by K8 group (P<0.05). Compared with the 

control group, E. coli was increased and Bifidobacterium was decreased at 7 d by the challenged 

control group (P<0.05), while E. coli was decreased, Enterococcus was decreased, and Lactobacillus 

was increased at 7 d by K2 group (P<0.05), Enterococcus was decreased, Lactobacillus was increased 

at 7 d by K8 group (P<0.05). [Conclusion] These results suggested that antimicrobial compounds of K. 

marxianus in Koumiss named K2 and K8 could ease clinical symptoms after mice were challenged 

with pathogenic E. coli O8, enhance their immune function, influence their caecal microflora as 

Bifidobacterium and Lactobacillus increased, E. coli and Enterococcus decreased. 

Keywords: Koumiss, Antimicrobial compound, Escherichia coli, Caecal microflora, T subsets 
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monocytogenes
[4-5]

[6]

pH
[7]

Saccharomyces

[8-10]

K. marxianus

 

Escherichia coli

——

[11]
K. marxianus
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[12]

K. marxianus K. marxianus 

pH 2.0 K. marxianus pH 8.0 E. coli O8

K. marxianus

E. coli O8

 

1  材料与方法 

1.1  实验材料 

1.1.1  供试材料：1 (g/L

39 3 5 10 pH 

6.0)

PE anti-mouse CD4+(12-0041) PE 

anti-mouse CD8+(12-0081) Affymetrix

E. coli O8

E. coli K. marxianus

26S rDNA

K. marxianus K. marxianus

1 25 °C 72 h

[13]

K. marxianus pH 2.0 (K2) K. marxianus pH 8.0 

(K8) ( 2 711.3 mg/100 g

1 874.7 mg/100 g) (680.8 mg/100 g

672.0 mg/100 g) (673.1 mg/100 g

13.2 mg/100 g)  (743.9 mg/100g

405.3 mg/100 g) (75.0 mg/100 g

74.1 mg/100 g)  

1.1.2  实验动物与实验设计： 128

20±2 g 4

K2 K8 32

1 50% (Minimum lethal 

dose MLD) E. coli O8 4.7×10
9
 CFU/mL

 

1.2  实验方法 

1.2.1  小鼠临床及小肠病理学观察：

HE  

1.2.2  免疫器官指数的测定： 0

4 ( ) 7 8

= (mg)/ (g) =  

表 1  实验设计 

Table 1  Experimental design 

 

Group 

 

Testing program 

 

The control group 

PBS 7 d

0.2 mL/  

 

The challenged 

control group 

PBS 7 d 4

50% MLD E. coli O8 0.3 mL/  

K2  

K2 group 

PBS K2 [

2 500 mg/(kg·bw)] 7 d 4 50% 

MLD E. coli O8 0.3 mL/  

K8  

K8 group 

K2 PBS K8 

[ 2 500 mg/(kg·bw)]  
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(mg)/ (g)
[14]

 

1.2.3  血清免疫球蛋白的测定：

ELISA (

) IgA IgG

IgM
[14]

 

1.2.4  T 细胞亚群的测定：

200 µL 10 5 mL

12 min 1 500 r/min 7 min

3 mL PBS 3 100 µL PBS

1×10
6

/µL 2 50 µL

CD8-PE CD4-PE 4 °C

30 min 2 mL PBS

300 µL PBS Facsealibur

( BD ) CD4+ CD8+

CD4+/CD8+
[15-16]

 

1.2.5  盲肠菌群的分析：

10

8 10
−1

−10
−8

50 µL

(BBL) 37 °C

48 h 50 µL

(LBS)

37 °C 48 h

50 µL (DHL) 37 °C

24 h E. coli 50 µL

KF 37 °C 48 h

( X)

lg CFU/g
[17]

(lg CFU/g)=lg[X/0.05× /

(g)]

 

1.3  数据处理 

x ±s SAS 8.0

Duncan P<0.05

 

2  结果与分析 

2.1  K2 和 K8 对感染致病性 E. coli O8小鼠临床

症状和小肠病理变化的影响 

2.1.1  K2 和 K8 对感染致病性 E. coli O8小鼠临床

症状的影响： 7 d

4 8−12 h

24−36 h

48−72 h (

7 )

K2 K8

 

2.1.2  K2 和 K8 对感染致病性 E. coli O8小鼠小肠

病理变化的影响： 1

7

K2

K8 4

7

E. 

coli O8 K2 K8

E. coli O8

 

2.2  K2 和 K8 对感染致病性 E. coli O8小鼠脏器

指数的影响 

2 0

(P>0.05) 4

(P>0.05) 7

(P>0.05)

(P<0.05) K2 K8 4 7

(P<0.05)

(P>0.05) E. coli O8

K2 K8

E. coli O8  
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图 1  小鼠小肠组织病理形态学变化(HE 染色，200×) 

Figure 1  Pathomorphology of small intestinal in mice (HE staining, 200×) 

A B 7 d C 4 d K2 D 7 d K2 E 4 d K8 F 7 d K8 .  

Note: A: The control group at 0 d; B: The challenged control group at 7 d; C: K2 group at 4 d; D: K2 group p at 7 d; E: K8 group at 4 d; F: 

K8 group at 7 d. 

 

表 2  K2 和 K8 对感染致病性 E. coli O8小鼠脏器指数的影响 

Table 2  Effect of K2 and K8 on the thymus index and spleen index in mice challenged with pathogenic E. coli O8 

 

Item 

 

Time 

(d) 

 

Group 

 

The control group 

 

The challenged control group 

K2  

K2 group 

K8  

K8 group 

 

Spleen index 

0 5.63±0.52 5.59±0.89 5.56±0.77 5.60±0.80 

4 5.71±1.48
b
 5.75±1.70

b
 8.19±2.54

a
 8.22±2.34

a
 

7 5.83±1.72
b
 5.40±0.35

b
 9.35±1.54

a
 8.64±1.98

a
 

 

Thymus index 

0 2.64±0.49 2.60±0.31 2.65±0.90 2.61±0.27 

4 2.78±0.67 2.70±0.52 3.22±2.04 2.99±1.60 

7 3.32±0.86
a
 1.72±0.54

b
 3.00±0.17

a
 2.93±0.23

a
 

(P<0.05) (P>0.05). 

Note: In the same row, values with different small letter superscripts mean significant difference (P<0.05), while with the same or no letter 

superscripts mean no significant difference (P>0.05). 
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表 3  K2 和 K8 对感染致病性 E. coli O8小鼠免疫球蛋白的影响 

Table 3  Effect of K2 and K8 on immunoglobulin in mice challenged with pathogenic E. coli O8 (mg/L) 

 

Item 

 

Time 

(d) 

 

Group 

 

The control group 

 

The challenged control group 

K2  

K2 group 

K8  

K8 group 

IgA 0 83.08±0.64 82.87±1.70 83.50±1.48 82.44±0.85 

 4 83.29±0.42
b
 83.71±1.27

b
 94.10±3.18

a
 90.50±1.27

ab
 

 7 84.77±0.64
ab

 74.17±1.48
c
 88.59±1.91

a
 81.59±0.85

b
 

IgG 0 116.59±0.90 116.29±1.79 115.39±2.09 116.89±2.99 

 4 116.89±1.19
b
 117.19±3.29

b
 132.12±3.88

a
 127.04±2.39

ab
 

 7 117.19±0.30
bc

 112.41±2.69
c
 130.33±3.88

a
 124.65±1.19

ab
 

IgM 0 309.17±3.01 310.37±1.81 306.16±8.42 308.56±14.44 

 4 305.55±4.21 309.17±13.84 351.89±13.24 328.42±16.25 

 7 306.76±5.42
b
 270.05±2.41

b
 421.68±15.64

a
 392.20±15.04

a
 

(P<0.05) (P>0.05). 

Note: In the same row, values with different small letter superscripts mean significant difference (P<0.05), while with the same or no letter 

superscripts mean no significant difference (P>0.05). 

 

2.3  K2 和 K8 对感染致病性 E. coli O8小鼠血清免

疫球蛋白的影响 

3 0

(P>0.05) 4

(P>0.05) 7 IgA

(P<0.05) IgG IgM

(P>0.05) K2 4 IgA IgG

(P<0.05) IgM (P>0.05) K2

7 IgA (P>0.05) IgG IgM

(P<0.05) K8 4

(P>0.05) K8 7 IgA

IgG (P>0.05) IgM

(P<0.05) E. coli O8

IgA K2 K8

E. coli O8 K2  

2.4  K2 和 K8 对感染致病性 E. coli O8小鼠 T 细

胞亚群的影响 

4 CD4+ (P>0.05)

0 CD8+ CD4+/CD8+ (P>0.05)  

4 7 CD8+ CD4+/CD8+

(P>0.05) K2 4 7

CD8+ (P<0.05) CD4+/CD8+

(P<0.05) K8 4 CD8+

(P<0.05) CD4+/CD8+

(P>0.05) K8 7 CD8+

(P<0.05) CD4+/CD8+ (P<0.05)

E. coli O8 T

K2 K8 E. coli O8

CD8+ CD4+/CD8+ K2  

2.5  K2 和 K8 对感染致病性 E. coli O8小鼠盲肠

菌群的影响 

5 0 4 E. coli

(P>0.05)

7 E. coli

(P<0.05) (P>0.05)

(P>0.05)

(P<0.05) K2 7 E. coli

(P<0.05)  
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表 4  K2 和 K8 对感染致病性 E. coli O8小鼠 T 细胞亚群的影响 

Table 4  Effect of K2 and K8 on T cell subsets in mice challenged with pathogenic E. coli O8 (%) 

 

Item 

 

Time 

(d) 

 

Group 

 

The control group 

 

The challenged control group 

K2  

K2 group 

K8  

K8 group 

CD4+ 0 36.25±0.85 36.43±0.49 36.16±0.37 36.63±0.47 

 4 36.35±0.94 36.41±0.80 36.59±1.04 36.46±2.79 

 7 36.28±2.06 36.17±5.87 36.85±4.35 36.52±2.61 

CD8+ 0 25.57±3.43 25.31±2.89 25.32±2.93 25.56±1.43 

 4 25.60±4.86
a
 25.50±1.86

a
 19.17±2.25

b
 19.94±2.16

b
 

 7 25.70±1.32
a
 26.69±0.59

a
 17.86±2.30

b
 17.97±1.89

b
 

CD4+/CD8+ 0 1.45±0.21 1.46±0.16 1.45±0.15 1.44±0.09 

 4 1.47±0.29
b
 1.43±0.10

b
 1.94±0.23

a
 1.85±0.24

ab
 

 7 1.42±0.13
b
 1.36±0.23

b
 2.12±0.46

a
 2.04±0.13

a
 

(P<0.05) (P>0.05). 

Note: In the same row, values with different small letter superscripts mean significant difference (P<0.05), while with the same or no letter 

superscripts mean no significant difference (P>0.05). 

 

表 5  K2 和 K8 对感染致病性 E. coli O8小鼠盲肠菌群的影响 

Table 5  Effect of K2 and K8 on caecal microflora in mice challenged with pathogenic E. coli O8 

 (LgCFU/g of cecum wet weight) 

 

Item 

 

Time 

(d) 

 

Group 

 

The control group 

 

The challenged control group 

K2  

K2 group 

K8  

K8 group 

 

E. coli 

0 6.85±0.88 6.82±0.01 6.83±0.16 6.80±0.14 

4 6.87±0.85 6.86±0.79 5.95±0.31 6.13±0.62 

7 6.83±0.84
b
 10.05±0.14

a
 5.29±0.23

c
 5.56±0.77

bc
 

 

Enterococcus 

0 6.60±0.32 6.55±0.14 6.57±0.20 6.62±0.09 

4 6.53±0.24 6.55±0.74 5.93±0.35 5.96±0.06 

7 6.64±0.26
a
 6.56±0.74

a
 4.59±0.38

b
 5.22±0.32

b
 

 

Lactobacillus 

0 6.11±0.06 6.09±0.15 6.08±0.07 6.11±0.09 

4 6.10±0.23 6.06±0.14 6.86±0.58 6.64±0.13 

7 6.17±0.04
b
 5.58±0.55

b
 7.34±0.27

a
 7.27±0.69

a
 

 

Bifidobacterium 

0 10.02±0.05 10.01±0.03 9.91±0.07 10.01±0.13 

4 10.03±0.30 10.00±0.57 10.53±0.38 10.41±0.36 

7 10.17±0.21
a
 6.62±0.23

b
 10.03±0.15

a
 10.01±0.59

a
 

(P<0.05) (P>0.05). 

Note: In the same row, values with different small letter superscripts mean significant difference (P<0.05), while with the same or no letter 

superscripts mean no significant difference (P>0.05). 
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(P<0.05)

(P<0.05) (P>0.05)

K8 7 E. coli

(P>0.05) (P<0.05)

(P<0.05)

(P>0.05)

E. coli O8 E. coli

K2 K8 E. coli O8

E. coli

K2  

3  讨论 

E. coli O8

E. coli
[18]

Girard
[19]

K2 K8

E. coli O8

 

[20]

E. coli 

O8 K2 K8

E. coli O8

K2 K8 E. coli O8

[21]
 

IgA IgG IgM
[22]

E. coli O8 IgA IgG

IgM 4 K2  

IgA IgG

[23]
7

K2 IgG IgM K8

IgM K2 K8

K2 K8 7

E. coli O8

K2 K8 E. coli 

O8

 

T

CD4+ CD8+

CD4+ CD4+/CD8+

[24-25]

K2 K8

E. coli O8 CD4+/CD8+ K2 K8

 

[26]
E. coli

[27-28]

E. coli O8 E. coli

E. coli O8

E. coli

K2 K8 E. coli 

O8 E. coli

K2 K8

K2 K8

pH

[29-30]

[31]
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4  结论 

(1) E. coli O8

E. coli

IgA  

(2) K. marxianus

K2 E. coli O8

CD4+/CD8+ CD8+

E. coli  

(3) K. marxianus

K8 E. coli O8

E. coli O8 IgM

CD4+/CD8+ CD8+

 

(4) K. marxianus

K2 K8 E. coli O8 K2
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