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A. muciniphila is a Gram-negative, strictly anaerobic, non-motile, non-

spore-forming, oval-shaped bacterium. Its type strain is MucT (=ATCC 

BAA-835T =CIP 107961T). A. muciniphila is able to use mucin as its sole 

source of carbon and nitrogen, is culturable under anaerobic conditions on 

medium conta ining  gastr ic  mucin ,  and i s  ab le  to  co lonize  the 

gastrointestinal tracts of a number of animal species.

Recently, A. muciniphila strain Urmite became the first (evidently) 

unculturable bacterial strain to be sequenced in its entirety from a human 

stool sample.

1% ~ 5% 
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Daily administration of live A. muciniphila grown on a mucusbased 

medium can counteract the development of high-fat diet (HFD)-

induced obesity and gut barrier dysfunction.

Everard, A. et al. Proc. Natl. Acad. Sci. USA 110, 9066–9071 (2013)

The current growth requirements of A. muciniphila and its oxygen sensitivity 

render this bacterium unsuitable for human investigations and putative 

therapeutic opportunities.

Derrien, M., Vaughan, E.E., Plugge, C.M. & de Vos, W.M. Int. J. Syst. Evol. Microbiol. 54, 1469–1476 (2004)

如何解决？
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METHODS

A. muciniphila MucT (ATTC BAA-835) 

mucin
16 g/l soy-peptone
 4 g/l threonine, 
 a mix of glucose and N-acetylglucosamine (25 mM each)

Anaerobic PBS with 25% (vol/vol) glycerol 

 Pasteurization for 30 min at 70 ℃. 
 Cultures were then immediately frozen and stored at −80 ℃.

培养基替换

冲洗、收集

巴氏灭菌

平板计数 Plate counting using mucin media containing 1% agarose
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METHODS

Cohorts of 10- to 11-week-old male C57BL/6J mice

 12 h daylight cycle, lights off at 6 p.m.

Normal chow diet (ND)

High-fat diet (HFD)

 Body weight, food and water intake were recorded once weekly. 

Body composition

7.5 MHz time domainnuclear magnetic resonance (TD-NMR) 
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METHODS
Experiment 1 mice

ND HFD HFD Akk M HFD Akk S HFD Akk P

4 weeks Oral gavage 

Experiment 2

mice

ND HFD HFD Akk S HFD Akk P

5 weeks Oral gavage 

mice

ND HFD HFD Akk S HFD Akk P

5 weeks Oral gavage 

HFD Amuc_1100*

Experiment 3

ND
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METHODS

6h-fasted mice

2 g glucose per kg body weight

Oral gavage

glucose meter (Accu Check, Roche, Switzerland) 

0, 15, 30, 60, 90 and 120 min 
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METHODS

ELISA kit (Mercodia, Uppsala, Sweden)

Both blood glucose (−30 to 120 min)

Plasma insulin (−30 and 15 min) 
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METHODS

SAT Ileal tissue  

4% paraformaldehyde 24 h

ethanol 100% 24 h

5 µm  ileal paraffin sections

Periodic Acid Schiff (PAS) Staining

H.E. counter-Staining

Determine goblet cell density

Villus length ≥ 5 villi 
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METHODS

Spectrometer (Bruker)  600.22 MHz 1H光谱仪
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METHODS

pET-26b E. coli XL1Blue (Novagen, Merck Millipore, MA, USA)

Primer sequences

5′-GGGTACCATATGATCGTCAATTCCAAACGC-3′ (Forward) 
5′-CCTTGGCTCGAGATCTTCAGACGGTTCCTG-3′(Reverse). 

质粒 pET-26b-1100
（测序验证） 

E. coli BL21 (DE3)
转染

LB培养基 (卡那霉素，50 µg/ml)

220 rpm at 37 ℃，3h

1 mM IPTG（mid-exponential ）
5000g，离心10min收集沉淀，-20℃保存

细胞重悬，酶法裂解，
超声处理

离心，取上清 蛋白纯化 测定蛋白含量，-20℃ 保存
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METHODS

Hot phenol-water extraction method Zhang, L. & Skurnik, M. J. Bacteriol. 176, 1756–1760 (1994).

Plasma total cholesterol and triglycerides (TG) lipoproteins

Heat induced aggregation of Amuc_1100* was measured by light scattering on a Carry Eclipse Fluorescence 
spectrophotometer (Agilent Biosciences, Santa Clara, CA, USA) equipped with Cary temperature controller 
and thermophobes. Amuc_1100* (at the concentration of 15 µM) was heated in presence of PBS (pH 7.4) at a 
constant rate of 1 °C/min from 30 °C to 100 °C. The light scattering at 350 nm was measured with 
excitation and emission slits at 2.5 nm. 
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METHODS

p-IRβ (1:1,000; sc-25103, Santa Cruz, CA, USA), 
p-AktThr308 (1:1,000; #2965L, Cell Signaling, Danvers, MA, USA) 
p-AktSer473 (1:1,000; #4060L, Cell Signaling).

 β-actin (1:10,000; ab6276).

Endosafe-Multi-Cartridge System (Charles River Laboratories, MA, USA)

Everard, A. et al. Acad. Sci. USA 110, 9066–9071 (2013).
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METHODS

Sterile PBS containing glycerol

1010 CFU live A. muciniphila (Akk S - 1010)

109 CFU live A. muciniphila (Akk S - 109)

1010 CFU pasteurized A. muciniphila (Akk P - 1010)

mean ± s.e.m. 

one-way ANOVA Tukey post-hoc test

Kruskal-Wallis test

Dunnett post-hoc test

two-way ANOVA Bonferonni post-hoc test 

*, P < 0.05；**, P < 0.01 ；***, P < 0.001 

…………………….
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RESULTS

Figure 1 Pasteurization enhances A. muciniphila–mediated effects on high-fat diet-induced obesity. 
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RESULTS

Supplemental figure 1: Increased protection against HFD-induced obesity in mice receiving pasteurized A. muciniphila for 5 weeks. 
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RESULTS

Figure 2 Pasteurized A. muciniphila modulates adipose tissue physiology, intestinal energy absorption and urinary metabolome.

粪便能量

脂肪细胞大小 瘦素

Leptin：能够参

与糖、脂肪及

能量代谢的调

节，促使机体

减少摄食，增

加能量释放，

抑制脂肪细胞

的合成，进而

使体重减轻。
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RESULTS
(e) Orthogonal partial least-squares discriminant analysis (OPLS-DA) predictive score 
plot for urine metabolic profiles representing predictive component 1 (Tpred1) versus 
Tpred2. 

(f) Projection of all treatment groups on the first predictive score of the 
OPLS-DA model. 
(g) Empirical assessment of the significance of O-PLS goodness-of-fit 
parameters. 

尿液代谢分析
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RESULTSFmo3：TMA   →   TMAO
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RESULTS

Amuc_1100*热稳定性
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RESULTS

IR-β
AKTthr

AKTser
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RESULTS
LPS
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RESULTS

Supplemental figure 5: 
Safety assessment of 
daily A. muciniphila oral 
administration in
individuals with excess 
body weight after two 
weeks of treatment. 

药物安全性测试
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DISCUSSION

1. A. muciniphila ——治疗肥胖及相关代谢紊乱疾病的希望；

2. 新一代益生菌的研究领域——粘液层；

3. 应用障碍——大多肠道菌对氧气高度敏感；

4. 巴氏灭菌的A. muciniphila 对治疗更加有效；

5. A. muciniphila 外膜蛋白amuc_1100 对治疗起着关键作用；

6. 通过巴氏灭菌法对有益效果的改善是否适用于除A.muciniphila的其它细菌，仍需进

一步测试；

7. 巴氏杀菌是一种利用厌氧菌作为治疗工具的创新方法；

8. 分离和鉴定这些特殊细菌（益生菌）的产物对未来针对疾病的治疗会很有帮助；

9. 在合成培养基上培养的和巴氏灭菌的A. muciniphila 对人类来说是安全可用的。
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