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 学位論文の要旨 Abstract of Thesis 

In Chapter 1, the background and objectives of the study on microbial conversion of mangiferin into norathyriol 

were described. Mangiferin (1,3,6,7-tetrahydroxyxanthone-C2-β-D-glucoside) is a xanthonoid C-glycoside that belongs to 

polyphenols. Mangiferin possesses bioactive properties such as antiobesity and antioxidant. Norathyriol, the aglycone of 

mangiferin, reportedly has more potency as an antidiabetic and anticancer. Mangiferin is more available in nature than 

norathyriol, but deglycosylation is difficult due to the resistance of C-C bond against acid, alkaline, and enzymatic 

hydrolysis. Intestinal bacteria of humans and mammals (rats and pigs) were reported to convert mangiferin into norathyriol; 

however, study about mangiferin-converting activity was sparsely reported. To date, only two human intestinal bacteria 

possessing such activity have been isolated. In the preliminary study, intestinal bacteria that convert mangiferin into 

norathyriol was isolated from mouse, but the characterization was not yet performed. The objectives of this study were to 

examine the distribution of mangiferin-converting intestinal bacteria, and to isolate and characterize the active bacteria. 

In Chapter 2, the materials and general methods for conducting experiments were described. The distribution of 

mangiferin-converting intestinal bacteria was studied in humans and mice. Mangiferin-converting activity was directly 

examined by fecal filtrate and by cultivated bacteria (cultivated fecal filtrate and cultivated feces). In this experiment, 

cultivations were conducted under anaerobic conditions. Resting cells were subjected to mangiferin-converting activity 

assay in sodium phosphate buffer (final 1 mM mangiferin in 100 L of reaction solution). Conversion reaction was 

conducted at 37°C for 24 h under anaerobic conditions. Mangiferin and norathyriol in the reaction mixture were extracted 

using water-saturated 1-butanol containing 0.1% acetic acid and determined by an Acquity H-Class ultra-performance 

liquid chromatography (UPLC) system. Bacterial isolation was performed from the active mouse intestinal bacterial 

mixture by a dilution plate method. 

In Chapter 3, the distribution of mangiferin-converting intestinal bacteria in humans and mice was described. 

Mangiferin-converting activity assay on human intestinal bacteria was conducted on fecal filtrate (38 volunteers) and 

cultivated fecal filtrate (17 volunteers) under anaerobic conditions. The result showed that mangiferin-converting intestinal 

bacteria were distributed in humans. Mangiferin conversion into norathyriol was detected in several human fecal filtrate 

samples, but only a few showed high activity; most have low to none of mangiferin-converting activity. Mangiferin-

converting activity of human fecal filtrate was not directly correlated with gender or ethnicity. The activity was also 

observed in several samples of human cultivated fecal filtrate. However, a change was observed compared to the fecal 

filtrate activity, indicating the possibility that several types of mangiferin-converting bacteria exist in human intestine. 
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Unlike human intestinal bacteria, mangiferin-converting activity was not detected in the fecal filtrate and cultivated 

fecal filtrate of mice. However, intestinal bacteria derived from 4 out of 21 cultivated mouse feces exhibited the activity. 

The distribution of mangiferin-converting intestinal bacteria was observed in mice and not correlated to the age or feeding 

treatment. Isolation of active strain was performed on a mouse intestinal bacterial mixture which exhibited mangiferin-

converting activity through four generations. 

In Chapter 4, isolation and initial characterization of bacterium coded UH-8, and more detailed characterization of 

isolated bacterium Bacillus sp. KM7-1 was described. In the preliminary study, mangiferin-converting mouse intestinal 

bacteria KM7-1, KM2, and KM4 were isolated from a diet-induced obese model mouse C57BL/6J. In this study, a mouse 

intestinal bacterium UH-8 was isolated from the same source, and initial characterization suggested the similarity to  

KM7-1. From the four isolates, KM7-1 was selected for identification and characterization due to its stability in mangiferin-

converting activity. Identification was conducted on partial 16S rDNA sequence of KM7-1, resulted 99.2% identity to 

Bacillus hisashii N-11 and 99.0% to Bacillus thermoamylovorans LMG 18084. 

The taxonomically similar bacteria to Bacillus sp. KM7-1, B. hisashii N-11 and B. thermoamylovorans LMG 

18084, were facultative anaerobic and thermophilic. Based on that information, characterization of Bacillus sp. KM7-1 was 

conducted. Bacillus sp. KM7-1 was cultivated in various conditions: under anaerobic or aerobic conditions; in Gifu 

Anaerobic Medium (GAM) or Nutrient Broth (NB) medium; in an Erlenmeyer flask or a test tube; in shaking or static 

culture; at several cultivation temperatures; and for various cultivation times. Mangiferin-converting activity assay was 

performed at 37°C under various conditions: under anaerobic or aerobic conditions; using different cell amounts; and 

observed at various times (mainly 24 h). 

Characterization experiments revealed that although Bacillus sp. KM7-1 was isolated under anaerobic conditions 

at 37°C, it grew better under aerobic conditions and still exhibit mangiferin-converting activity. Bacillus sp. KM7-1 can 

grow under aerobic conditions at 37—60°C, and the resting cells showed complete conversion of 1 mM mangiferin into 

norathyriol. Among the examined factors, the optimum cultivation condition for Bacillus sp. KM7-1 was in NB medium 

in Erlenmeyer flask, at 50°C for 3 d under aerobic, static condition. Approximately 15 mg of resting cells of Bacillus sp. 

KM7-1 obtained from optimum cultivation condition completely converted 1 mM of mangiferin in 100 L of reaction 

solution at 37°C for 24 h under aerobic conditions. 

Examination of the taxonomically similar bacteria, B. hisashii and B. thermoamylovorans, indicated that although 

the facultative anaerobic and thermophilic characteristics were the same, only Bacillus sp. KM7-1 converted mangiferin 

into norathyriol. Reported mangiferin-converting bacteria, Bacteroides sp. MANG and Lachnospiraceae CG19-1, were 

isolated from human, mesophilic, and strictly anaerobic. Cells of Bacteroides sp. MANG and Lachnospiraceae CG19-1 

were cultivated in a mangiferin-containing medium before conversion, and the conversion was conducted by growing cells 

under anaerobic conditions. Conversely, Bacillus sp. KM7-1 showed better growth under aerobic conditions at higher 

temperature, and the resting cells converted mangiferin under aerobic conditions even though it was cultivated without 

mangiferin. Mangiferin conversion by Bacillus sp. KM7-1 was time-dependent and bacterial-amount dependent. Bacillus 

sp. KM7-1 exhibited conversion of the other C-glycosides orientin, homoorientin, vitexin, and isovitexin, and O-glycoside 

daidzin. Besides, conversion of C-glycoside puerarin by Bacillus sp. KM7-1 did not occurred, which was not reported in 

Bacteroides sp. MANG, and was different from that of Lachnospiraceae CG19-1 which converted puerarin. 

In conclusion, intestinal bacteria of humans and mice exhibited mangiferin conversion into norathyriol, but only a 

few showed high activity; most have low to none of mangiferin-converting activity. Bacillus sp. KM7-1, a mangiferin-

converting bacterium isolated from mouse, can be distinguished from previously reported mangiferin-converting bacteria 

and taxonomically similar bacteria by its ability to grow aerobically even at higher temperatures and exhibited norathyriol 

production under aerobic conditions. This is the first report of C-glycoside bioconversion into its aglycone under aerobic 

conditions. The ability of Bacillus sp. KM7-1 to convert mangiferin under aerobic conditions ensures simplicity because 

no special apparatus is needed and would be beneficial for norathyriol production and further application for human health. 


