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␎グ 

TMA: Trimethylamine  

TMAO: Trimethylamine N-Oxide 

DHA: Docosahexaenoic acid 

EPA: Eicosapentaenoic acid 

DOHaD: Developmental Origins of Health and Disease 

BSH: Bilesalthydrolase 

DCA: Deoxycholic acid 

LCA: Lithocholic acid 

HFD: High-fat diet 

FXR: Farnesoid X receptor 

GPCR: G protein-coupled receptor 

TGR5: Takeda Gprotein-coupled receptor5 

GLP-1: glucagon-like peptide-1 

PYY: peptide YY 

SPI: soy protein isolate 

PFA: paraformaldehyde 

PBS: phosphate buffered saline 

EtOH: ethanol 

NEFA: non-esterified fatty acid 

TG: triglyceride 

MeOH: methanol 

DPP-4: dipeptidylpeptidase-4 

MRM: multiple reaction monitoring 

CA: cholic acid 

TCA: taurocholic acid 

α-MCA: α-muricholic acid 

β-MCA: β-muricholic acid 

TαMCA: tauro-α-muricholic acid 

TβMCA: tauro-β-muricholic acid 

CDCA: chenodeoxycholic acid 

TCDCA: taurochenodeoxycholic acid 

TLCA: taurolithocholic acid 

HCA: hyocholic acid 

UDCA: ursodeoxycholic acid 

HDCA: hyodeoxycholic acid 

TDCA: taurodeoxycholic acid 
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TUDCA: tauroursodeoxycholic acid 

THDCA: taurohyodeoxycholic acid 

OTU: Operational Taxonomic Unit 

PCoA: principal component analysis 

LDA: linear discriminant analysis 

LEfSe: linear discriminant analysis effect size 

PCR: polymerase chain reaction 

PERMANOVA: permutational analysis of variance 

epi: epididymal adipose tissue 

peri: perirenal adipose tissue 

sub: subcutaneous adipose tissue 

BAs: bile acids 

FDR: false discovery rate 

HBG: high β-glucan 

LBG: low β-glucan 

MPI: mung bean protein isolate 

CGA: chlorogenic acid 

CA: caffeic acid 

HMCA: 4-Hydroxy-3-methoxycinnamic acid  

HMPA: 3-(4-hydroxy-3-methoxyphenyl) propionic acid  

HYA: 10-hydroxy-cis-12-octadecenoic acid  

LPL: Lipoprotein lipase 
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➨ 1❶ ⥴ゝ 

㣗஦䛿᪥䚻䛾⏕࿨άື⥔ᣢ䛻ᚲせ䛺ᰤ㣴⣲䜔䜶䝛䝹䜼䞊※䛾ᦤྲྀ䛾䛯䜑䛻㔜せ䛷䛒䜛䚹୍᪉䛷䚸㏆ᖺ䛾

㣗䛾Ḣ⡿໬䛻క䛖㐣๫䛺㣗≀ᦤྲྀ䛻䜘䜛䜶䝛䝹䜼䞊ᜏᖖᛶ䛾◚⥢䛿⫧‶⑕䛾Ⓨ⑕䛻ᐤ୚䛧䚸䛥䜙䛻⢾ᒀ⑓䚸

㧗⾑ᅽ⑕䜔⬡㉁␗ᖖ⑕䛺䛹䛾⏕ά⩦័⑓䜢䛿䛨䜑䛸䛩䜛ᵝ䚻䛺⑌ᝈ䜢ㄏⓎ䛩䜛䛣䛸䛛䜙䚸ୡ⏺䛷᭱䜒῝้䛺೺

ᗣၥ㢟䛾୍䛴䛸䛺䛳䛶䛔䜛䚹ᐇ㝿䛻䚸1970ᖺ௦௨㝆䚸ୡ⏺୰䛷⫧‶⑕䛾⨯ᝈ⋡䛜㧗䜎䛳䛶䛚䜚䚸2016ᖺ䛻䛿䚸

ᡂே䛾⣙ 40䠂(⣙ 20൨ே)䛸 5ṓ䛛䜙 19ṓ䛾Ꮚ౪䛾 18䠂(⣙ 3൨ 4000୓ே)䛜⫧‶⑕䛒䜛䛔䛿䛭䛾ணഛ㌷䛻

ヱᙜ䛩䜛䛸᥎ᐃ䛥䜜䛶䛔䜛 1)䚹䜎䛯䚸⫧‶ேཱྀ䛾ቑຍ䛻క䛔䚸㧗⾑ᅽ἞⒪䛻⏝䛔䜛㝆ᅽ⸆䜔⢾ᒀ⑓἞⒪䛻⏝䛔

䜛⾑⢾㝆ୗ⸆䛺䛹䛾㟂せ䛜ቑ኱䛧䛶䛚䜚䚸2014ᖺ䛻䛿ୡ⏺඲య䛷 2඙䜰䝯䝸䜹䝗䝹௨ୖ䛾⤒῭ⓗᙳ㡪䛜᥎ᐃ䛥

䜜䛶䛔䜛䜘䛖䛻䚸ྛᅜᨻᗓ䛾㈈ᨻ䜢ᅽ㏕䛧䛶䛚䜚䚸⫧‶ၥ㢟䛿ಶே䛾⏕࿨䛻㛵䜟䜛೺ᗣၥ㢟䛻䛸䛹䜎䜙䛪䚸♫఍

ⓗ䛻䜒኱䛝䛺ၥ㢟䛸䛺䛳䛶䛔䜛 1)䚹䛭䛾䜘䛖䛺୰䚸䛣䜜䜙䜶䝛䝹䜼䞊௦ㅰ⑌ᝈ䛾┤᥋ⓗ䛺ཎᅉ䛾୍䛴䛸䛧䛶䚸⭠ෆ

⣽⳦ྀ䛾◚⥢䛸䛭䜜䛻క䛖⭠ෆ⣽⳦௦ㅰ≀䛾ኚ໬䛷䛒䜛䛣䛸䛜䚸㏆ᖺ䛾⭠ෆ⣽⳦ゎᯒᢏ⾡䛾Ⓨᒎ䛻䜘䜚⛉Ꮫ

ⓗ᰿ᣐ䛻ᇶ䛵䛔䛶᫂䜙䛛䛸䛥䜜䛴䛴䛒䜛 2)䚹 

⭠ෆ⣽⳦ྀኚ໬䛜䜶䝛䝹䜼䞊௦ㅰ⑌ᝈ䛻㛵୚䛧䛶䛔䜛஦䜢᭱ึ䛻♧၀䛧䛯◊✲䛿䚸2006 ᖺ䛾䝂䞊䝗䞁䜙䛻

䜘䜛䜸䝭䜽䝇ゎᯒ䜢ᛂ⏝䛧䛯⭠ෆ⣽⳦ྀ䛸⫧‶䛸䛾㛵ಀ䜢᳨ウ䛧䛯◊✲䛷䛒䜛䚹䝂䞊䝗䞁䜙䛿೺ᖖ䝬䜴䝇䛸⫧‶䝬

䜴䝇䛾⭠ෆ⣽⳦ྀ䜢 16S rRNA ⣔⤫ゎᯒ䛻䜘䜚ẚ㍑䛧䚸⫧‶䝬䜴䝇䛷䛿೺ᖖ䝬䜴䝇䛸ẚ䜉 Bacteroidetes㛛䛻ᒓ

䛩䜛⳦䛜ᑡ䛺䛟䚸Firmicutes 㛛䛻ᒓ䛩䜛⳦䛾๭ྜ䛜㧗䛔䛣䛸䜢᫂䜙䛛䛸䛧䛯䚹䛥䜙䛻䚸⫧‶䝬䜴䝇䛾⭠ෆ⣽⳦ྀ䜢䚸

⭠ෆ⣽⳦䜢ᣢ䛯䛺䛔↓⳦䝬䜴䝇䛻⛣᳜䛩䜛䛣䛸䛷䚸⛣᳜䛥䜜䛯䝬䜴䝇䛜⫧‶⑕≧䜢࿊䛩䜛䛣䛸䜢♧䛧䛶䛔䜛䚹䛣䛾

䜘䛖䛺⫧‶䝬䜴䝇䛸೺ᖖ䝬䜴䝇㛫䛷䜏䜙䜜䛯⭠ෆ⣽⳦ྀ⤌ᡂ䛾┦㐪䛿䝠䝖䛻䛚䛔䛶䜒ྠᵝ䛻☜ㄆ䛥䜜䛶䛔䜛䚹䝠䝖

䛚䛡䜛◊✲䛸䛧䛶䛿௚䛻䜒䚸Ḣᕞ䛸୰ᅜ䛷ᐇ᪋䛥䜜䛯䝁䝩䞊䝖◊✲䛜䛒䜛䚹୧ᅜ䛻䛿ே✀ⓗ䚸㣗⏕άⓗᕪ␗䛜䛒

䜛䛻䜒㛵䜟䜙䛪䚸2 ᆺ⢾ᒀ⑓ᝈ⪅䛾⭠ෆ⣽⳦ྀ䛻䚸㓗㓟⏘⏕ Clostridium ᒓ䛾๭ྜ䛜ప䛟㠀㓗㓟⏘⏕

Clostridium ᒓ䛾๭ྜ䛜㧗䛔䛸䛔䛖ඹ㏻Ⅼ䛜☜ㄆ䛥䜜䚸⭠ෆ⣽⳦ྀ䛜⫧‶䜢ྵ䜐䜶䝛䝹䜼䞊௦ㅰ⑌ᝈ䛻኱䛝䛺

ᙳ㡪䜢ཬ䜌䛩せᅉ䛸䛺䜛ྍ⬟ᛶ䛜♧၀䛥䜜䛯 3,4)䚹 

䜶䝛䝹䜼䞊௦ㅰ⑌ᝈ䜢䛿䛨䜑䛸䛩䜛ᵝ䚻䛺⑓ែ䛸ᐦ᥋䛻㛵୚䛩䜛䛣䛸䛜♧၀䛥䜜ጞ䜑䛶䛔䜛⭠ෆ⣽⳦ྀ䛿䚸

㣗஦䜔䝇䝖䝺䝇䛺䛹䛾⎔ቃᅉᏊ䛻䜘䛳䛶๻ⓗ䛻䛭䛾ᵓᡂ䛜ᙳ㡪䜢ཷ䛡䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛶䛔䜛䚹≉䛻㣗஦䛿

⭠ෆ⣽⳦ྀ䛾ኚ໬䜢▷ᮇ㛫䛷๻ⓗ䛻ㄏᑟ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛥䜜䛶䛔䜛䚹౛䛘䜀䚸䝠䝖䛻䛚䛡䜛㣗஦௓ධヨ㦂䛻

䛚䛔䛶䚸༸䚸䝏䞊䝈䜔䝧䞊䝁䞁䛺䛹䛾⫗㢮䜢ྵ䜐ື≀ᛶ㣗ရ䜢 5 ᪥㛫ᦤྲྀ䛧䛯⿕㦂⪅䛾⭠ෆ⣽⳦ྀ䛻䛿⫹Ồ

㓟⪏ᛶ䜢♧䛩⳦✀(Alistipes ᒓ䚸Bilophila ᒓ䜔 Bacteroides ᒓ䛺䛹)䛾ቑຍ䛜☜ㄆ䛥䜜䛯୍᪉䛷䚸㔝⳯㢮䚸⡿䜔

䝺䞁䝈㇋䛸䛔䛳䛯᳜≀ᛶ㣗ရ䜢ᦤྲྀ䛧䛯⿕㦂⪅䛾⭠ෆ⣽⳦ྀ䛻䛿㣗≀⧄⥔䜢ศゎ䛩䜛⳦✀(Roseburia ᒓ䚸

Eubacterium rectale䜔 Ruminococcus bromii䛺䛹)䛾ቑຍ䛜☜ㄆ䛥䜜䛯 5)䚹䜎䛯䚸ᆅ୰ᾏ㣗䛾䜘䛖䛺㔝⳯䞉✐㢮䜢

୰ᚰ䛸䛧䛯㣗஦䜢᪥ᖖⓗ䛻ᦤྲྀ䛧䛶䛔䜛䝠䝖䛾⭠ෆ⣽⳦ྀ䛻䛿䚸㞴ᾘ໬ᛶከ⢾䜢ศゎ䛩䜛 Prevotella ᒓ䜔

Lachnospira ᒓ䛜㇏ᐩ䛻Ꮡᅾ䛧䚸⭠ෆ⣽⳦௦ㅰ≀䛷䛒䜛▷㙐⬡⫫㓟䛾⏕యෆ⃰ᗘ䛜㧗Ỉ‽䛷Ꮡᅾ䛧䛶䛔䜛䛾

䛻ᑐ䛧䚸䝁䝸䞁䜔䜹䝹䝙䝏䞁䛺䛹䜢㇏ᐩ䛻ྵ䜐ື≀ᛶ㣗ရ䜢୰ᚰ䛸䛧䛯㣗஦䜢᪥ᖖⓗ䛻ᦤྲྀ䛩䜛䝠䝖䛾⭠ෆ⣽⳦

ྀ䛻䛿䚸Ruminococcusᒓ䜔 Streptococcusᒓ䛺䛹䛜ቑຍ䛧䛶䛔䜛䛣䛸䛜ほᐹ䛥䜜䛯䚹䛥䜙䛻䛿ᆅ୰ᾏ㣗䛾᪥ᖖⓗ
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䛺ᦤྲྀ㔞䛜ᑡ䛺䛔䜋䛹䚸⭠ෆ⣽⳦௦ㅰ≀䛷䛒䜛 TMA (Trimethylamine)䜢ཎᩱ䛸䛧䛶ᐟ୺䛾⫢⮚䛷⏘⏕䛥䜜䜛

ᚰ⾑⟶⑌ᝈⓎ⑕ཎᅉ≀㉁䚸TMAO (Trimethylamine N-Oxide)䛜ᒀ୰䛷㧗⃰ᗘ䛻᳨ฟ䛥䜜䛯 6,7)䚹ู䛾ሗ࿌䛷䛿䚸

㣗஦⒪ἲ䛻䜘䛳䛶య㔜䛜ῶᑡ䛧䛯⫧‶⪅䛾⭠ෆ⣽⳦ྀ䛜䚸⫧‶⪅≉᭷䛾⭠ෆ⣽⳦ྀᵓᡂ䛛䜙೺ᖖ⪅䛾⭠ෆ

⣽⳦ྀ䛻ఝ䛯ᵓᡂ䛻ኚ໬䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䜚 8)䚸ᦤྲྀ䛩䜛㣗஦䛾✀㢮䛜⭠ෆ⣽⳦ྀᵓᡂ䛻ኚ໬䜢䜒䛯䜙䛧䚸

ᵝ䚻䛺⑌ᝈ䝸䝇䜽䛻ᙳ㡪䜢ཬ䜌䛧䛶䛔䜛ྍ⬟ᛶ䛜♧၀䛥䜜䛶䛔䜛䚹 

䛣䛾䜘䛖䛻⭠ෆ⣽⳦ྀᵓᡂ䜢ኚ໬䛥䛫䜛䛣䛸䛷䚸ᐟ୺䛾⏕యᜏᖖᛶ⥔ᣢ䛻ᐤ୚䛩䜛㣗஦⏤᮶䛾ᡂศ䛜ᵝ䚻

䛺◊✲ሗ࿌䛛䜙᫂䜙䛛䛸䛺䜚䛴䛴䛒䜛䚹౛䛘䜀䚸㣗஦୰䛻ྵ䜎䜜䜛⬡⫫㓟䛿ᐟ୺䛾䜶䝛䝹䜼䞊※䛸䛧䛶྾཰䛥䜜

䜛䛰䛡䛷䛺䛟䚸⭠ෆ⣽⳦ྀᵓᡂ䜢ኚ໬䛥䛫䜛䛣䛸䛷䚸⫧‶䜔䜲䞁䝇䝸䞁᢬ᢠᛶ䛾ច㉳䛻ᐤ୚䛩䜛䛣䛸䛜ሗ࿌䛥䜜

䛶䛔䜛䚹DHA (Docosahexaenoic acid)䜔 EPA (Eicosapentaenoic acid)䛺䛹䛾ከ౯୙㣬࿴⬡⫫㓟䜢㇏ᐩ䛻ྵ䜐㨶

Ἔ䜢ᦤྲྀ䛥䛫䛯䝬䜴䝇䛾⭠ෆ⣽⳦ྀ䛻䛿䚸Akkermansiaᒓ䚸Lactobacillusᒓ䜔 Bifidobacteriumᒓ䛺䛹䛾ቑຍ䛜

☜ㄆ䛥䜜䚸㣬࿴⬡⫫㓟䛾㇏ᐩ䛺䝷䞊䝗䜢ᦤྲྀ䛥䛫䛯䝬䜴䝇䛾⭠ෆ⣽⳦ྀ䛻䛿 Bilophilaᒓ䜔 Bacteroidesᒓ䛾ቑ

ຍ䛜☜ㄆ䛥䜜䛯䚹䛥䜙䛻䚸⭠ෆ⣽⳦ྀ䛾ኚ໬䛸ඹ䛻䚸䝷䞊䝗䜢ᦤྲྀ䛥䛫䛯䝬䜴䝇䛷䛿⾑୰䜶䞁䝗䝖䜻䝅䞁⃰ᗘ䛾ୖ

᪼䚸⬡⫫⤌⧊⅖⑕䜔䜲䞁䝇䝸䞁᢬ᢠᛶ䛜ほᐹ䛥䜜䚸㣗⏝Ἔ䛸⭠ෆ⣽⳦ྀ㛫䛾┦஫స⏝䛜⬡⫫⤌⧊⅖⑕䛻ᐦ᥋

䛻㛵୚䛩䜛䛣䛸䛜♧䛥䜜䛯 9)䚹䜎䛯䚸㣗஦⬡㉁୰䛾୺䛺ᵓᡂ⬡⫫㓟䛾୍䛴䛷䛒䜚ᡃ䚻䛾⏕࿨⥔ᣢ䛻㔜せ䛺ᚲ㡲

⬡⫫㓟䛷䛒䜛䝸䝜䞊䝹㓟䜒䚸ங㓟⳦䛺䛹䛾⭠ෆ⣽⳦௦ㅰ䜢ཷ䛡䛶Ỉ㓟໬⬡⫫㓟䜔䜸䜻䝋⬡⫫㓟䛺䛹䛻ྜᡂ䛥䜜

䜛䛣䛸䛷䚸⭠⟶ୖ⓶䝞䝸䜰ᶵ⬟䛾୍䛴䛷䛒䜛䝍䜲䝖䝆䝱䞁䜽䝅䝵䞁䛾ไᚚ䚸⭠⟶ච␿ไᚚ䜔䜰䝖䝢䞊ᛶ⓶⭵⅖ᨵၿ䚸

⬡㉁௦ㅰไᚚ䜔ⓑⰍ⬡⫫⤌⧊䛾䝧䞊䝆䝳໬䛻䜘䜛ᢠ⫧‶స⏝䜔ᢠ㓟໬స⏝䛻ᐤ୚䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛶

䛔䜛 10-16)䚹䜎䛯䚸᳜≀Ⰽ⣲䛷䛒䜛䝣䝷䝪䝜䜲䝗䜢䛿䛨䜑䛸䛧䛯䝫䝸䝣䜵䝜䞊䝹㢮䜒⭠ෆ⣽⳦䛻䜘䜛௦ㅰ䜢ཷ䛡䚸ᐟ୺

䛾⏕యᜏᖖᛶ⥔ᣢ䛻ᐤ୚䛩䜛䛣䛸䛜᫂䜙䛛䛸䛥䜜䛶䛔䜛䚹౛䛘䜀䚸኱㇋䜲䝋䝣䝷䝪䞁䛾୍䛴䛷䛒䜛䝎䜲䝊䜲䞁䛿

Bifidobacterium breve䜔 Lactobacillus paracasei䛺䛹䛾⭠ෆ⣽⳦䛻䜘䛳䛶䜶䜽䜸䞊䝹䛻ྜᡂ௦ㅰ䛥䜜䜛䛣䛸䛷䚸

㦵⢒㧼⑕䜔ᚰ⾑⟶⑌ᝈ䛾ண㜵䛻ᐤ୚䛩䜛䛣䛸䛜♧䛥䜜䛶䛔䜛 17)䚹䜰䝭䝜㓟㢮䜒䜎䛯䚸⭠ෆ⣽⳦䛻䜘䜛௦ㅰ䜢ཷ䛡䚸

ᐟ୺䛾೺ᗣ䛻ᐤ୚䛩䜛䛣䛸䛜♧၀䛥䜜䛶䛔䜛䚹㣗஦䛛䜙ᦤྲྀ䛩䜛ᚲせ䛾䛒䜛ᚲ㡲䜰䝭䝜㓟䛾୍䛴䛷䛒䜛䝠䝇䝏䝆

䞁䛿䚸⭠ෆ⣽⳦䛻䜘䜛௦ㅰ䜢ཷ䛡䚸䜲䝭䝎䝌䞊䝹䝥䝻䝢䜸䞁㓟䛻ኚ᥮䛥䜜䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛶䛔䜛䚹䜲䝭䝎䝌䞊

䝹䝥䝻䝢䜸䞁㓟䛿೺ᗣ䛺ே䛾౽୰䜔⾑ᾮ୰䛻䛿Ṥ䛹Ꮡᅾ䛧䛺䛔䛾䛻ᑐ䛧䚸2 ᆺ⢾ᒀ⑓ᝈ⪅䛻䛚䛔䛶䛿㧗⃰ᗘ

䛷Ꮡᅾ䛧䚸䜲䞁䝇䝸䞁᢬ᢠᛶ䛾ᝏ໬䛻ᐤ୚䛩䜛䛣䛸䛜♧䛥䜜䛯䚹䛥䜙䛻䛭䛾ኚ᥮⳦䛿 2ᆺ⢾ᒀ⑓ᝈ⪅䛾⭠ෆ⣽⳦

ྀ䛻≉␗ⓗ䛻Ꮡᅾ䛧䛶䛚䜚䚸⭠ෆ⣽⳦௦ㅰ䛜䝠䝖䛾⑌ᝈ䛻ᐤ୚䛩䜛䛣䛸䛜♧䛥䜜䛶䛔䜛 18)䚹䜎䛯㏆ᖺ䛷䛿䚸䝠䝖䛾

ᡂேᚋ䛾೺ᗣ䜔⑌ᝈⓎ⑕䛿ᡂ㛗㐣⛬䛻䛚䛡䜛ᵝ䚻䛺⎔ቃᅉᏊ䜈䛾᭚㟢䛾䜏䛺䜙䛪䚸⫾ඣᮇ䜔ฟ⏕┤ᚋ䛾⏕

⌮ⓗ⎔ቃ䜒ᙳ㡪䜢ཬ䜌䛩䛸䛔䛖䚸DOHaD (Developmental Origins of Health and Disease)௬ㄝ䛾ᥦၐ௨㝆䚸⭠ෆ

⣽⳦ྀ䜒Ꮚ౪䛾ᑗ᮶ⓗ䛺䜶䝛䝹䜼䞊௦ㅰ⑌ᝈ䚸ච␿⑌ᝈ䜔⚄⤒Ⓨ㐩㞀ᐖ䛺䛹䛾ᵝ䚻䛺⑓ែ䛻ᙳ㡪䜢ཬ䜌䛩

⎔ቃᅉᏊ䛷䛒䜛䛣䛸䛜᫂䜙䛛䛸䛺䜚䛴䛴䛒䜛䚹౛䛘䜀䚸ẕஙᡂศ䛾୍䛴䛷䛒䜛䝠䝖ẕங䜸䝸䝂⢾䛿䚸Streptococcus 

pneumoniae 䜔 Campylobacter jejuni 䛺䛹䛾⑓ཎᛶ⣽⳦䛜ୖ⓶⣽⬊䛻௜╔䛩䜛䛾䜢㜼ᐖ䛧䚸䛥䜙䛻䛿ẘ⣲ཎᛶ

኱⭠⳦䛜ᨺฟ䛧䛯ẘ⣲䛻⤖ྜ䛩䜛䛣䛸䛷䚸ୗ⑩䜔⅖⑕䛛䜙䛾ಖㆤస⏝䜢᭷䛩䜛䛣䛸䛜᫂䜙䛛䛸䛥䜜䛯 19)䚹䜎䛯䚸

⫱ඣ䛾㝿䛻ᰤ㣴⣲䜢ẕங䛻ᶍೌ䛧䛯ேᕤங䛷⫱䛶䜙䜜䛯ஙඣ䛿䚸ẕங䛷⫱䛶䜙䜜䛯ஙඣ䛸␗䛺䜛⭠ෆ⣽⳦ྀ
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䜢ᵓᡂ䛧䚸䛥䜙䛻䚸ேᕤங䛾䜏䛷⫱䛶䜙䜜䛯ஙඣ䛿⫶⭠⅖䚸ᛴᛶ୰⪥⅖䜔䜰䝺䝹䜼䞊䛺䛹䛾ච␿⑌ᝈⓎ⑕䝸䝇

䜽䛜ቑຍ䛩䜛䛣䛸䛜☜ㄆ䛥䜜䛶䛚䜚䚸ᰤ㣴※䛾㐪䛔䛻䜘䜛⭠ෆ⣽⳦ྀᵓᡂ䛾ኚ໬䛜ᐤ୚䛧䛶䛔䜛ྍ⬟ᛶ䛜♧၀

䛥䜜䛶䛔䜛 20)䚹ᐇ㝿䛻䚸ẕங䛿ேᕤங䛸ẚ㍑䛧䛶䚸⭠⢓ᾮ⏘⏕䚸䝍䜲䝖䝆䝱䞁䜽䝅䝵䞁ᙧᡂ䜔ච␿⣽⬊ไᚚ䛺䛹䛾

ච␿ᶵ⬟䜈䛾ᐤ୚䛜♧䛥䜜䛶䛔䜛 Lactobacillus ᒓ䚸Bacteroides ᒓ䜔 Clostridia ⥘䛺䛹䛾ᐃ╔䛻㈉⊩䛧䚸ஙඣ

䛾⭠⢓⭷䝞䝸䜰䛾ᜏᖖᛶ⥔ᣢ䛻㛵୚䛧䛶䛔䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛 21)䚹㏆ᖺ䛷䛿䚸ẕங⮬య䛜⣽⳦ྀ䜢᭷䛧䛶

䛚䜚䚸ẕஙᡂศ䛾䝞䝷䞁䝇䜔ẕங䜢┤᥋୚䛘䜛䛛ᦢங䛧့ங⎼䛷୚䛘䜛䛛䛺䛹ᵝ䚻䛺せᅉ䛷⣽⳦ྀ䛾ᵓᡂ䛜

ኚ໬䛧䚸ஙඣ䛾⭠ෆ⣽⳦ྀ䛾ᵓᡂ䛻ᙳ㡪䜢ཬ䜌䛩䛣䛸䛷䚸ஙඣ䛾೺ᗣ䜔Ⓨ㐩䛻ᐤ୚䛩䜛ྍ⬟ᛶ䛜♧၀䛥䜜䛶

䛔䜛 22)䚹䛣䛾䜘䛖䛻䚸ᡃ䚻䛜᪥ᖖⓗ䛻ᦤྲྀ䛩䜛㣗஦䛿┤᥋ⓗ䛻⭠ෆ⣽⳦ྀ䛾ᵓᡂ䛻ᙳ㡪䜢ཬ䜌䛧䚸ᐟ୺䛾⏕య

ᜏᖖᛶ⥔ᣢ䛻኱䛝䛟ᐤ୚䛧䛶䛔䜛䛣䛸䛜♧၀䛥䜜䛶䛔䜛䚹䛣䛾୰䛷≉䛻䚸୺せ䛺⭠ෆ⣽⳦௦ㅰ≀䛷䛒䜛⫹Ồ㓟

䜔▷㙐⬡⫫㓟䛜䚸ᐟ୺䛻Ꮡᅾ䛩䜛ཷᐜయ䜢άᛶ໬䛩䜛䝅䜾䝘䝹ศᏊ䛸䛧䛶స⏝䛧䚸ᐟ୺䛾䜶䝛䝹䜼䞊ᜏᖖᛶ

⥔ᣢ䛻᭱䜒㔜せ䛺ᙺ๭䜢ᢸ䛳䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䜚䛴䛴䛒䜛䚹 

⫹Ồ㓟䛿䚸⫢⮚䛻䛚䛔䛶䝁䝺䝇䝔䝻䞊䝹䜘䜚ྜᡂ䛥䜜䜛䝇䝔䝻䜲䝗໬ྜ≀䛷䛒䜚䚸䝍䜴䝸䞁䜎䛯䛿䜾䝸䝅䞁䛜䜰䝭䝗

⤖ྜ䛧䛯ᢪྜᆺ⫹Ồ㓟䛸䛧䛶⫹ᄞ䛻㈓ⶶ䛥䜜䜛୍ḟ⫹Ồ㓟䛸䚸୍ḟ⫹Ồ㓟䛜⭠ෆ⣽⳦䛻䜘䜛௦ㅰ䜢ཷ䛡䛶ྜ

ᡂ䛥䜜䜛஧ḟ⫹Ồ㓟䛾஧✀㢮䛻኱ู䛥䜜䜛䚹୍ḟ⫹Ồ㓟䛿䚸㣗஦ᦤྲྀ䛻䜘䜚⫹ᄞ䛜཰⦰䛩䜛䛸䚸⫹⟶䜢㏻䛨䛶

༑஧ᣦ⭠䛻ศἪ䛥䜜䜛䚹ศἪ䛥䜜䛯⫹Ồ㓟䛾⣙ 95%䛿ᅇ⭠ୗ㒊䜘䜚෌྾཰䛥䜜䚸㛛⬦䜢㏻䛨䛶⫢⮚䜈䛸ᡠ䜛䚹

୍᪉䚸෌྾཰䛥䜜䛺䛛䛳䛯୍ḟ⫹Ồ㓟䛾୍㒊䛿䚸ᑠ⭠ୗ㒊䛻䛚䛔䛶⭠ෆ⣽⳦䛾 BSH (bile salt hydrolase)䛻䜘

䛳䛶ᢪྜᆺ⫹Ồ㓟䛾⬺ᢪྜ䛜㉳䛝䚸䛥䜙䛻⭠ෆ⣽⳦䛻䜘䜛⬺Ỉ㓟໬䚸஧Ỉ㓟໬䜔䜶䝢䝬䞊໬䜢䛿䛨䜑䛸䛧䛯௦

ㅰ䜢ཷ䛡䚸䝕䜸䜻䝅䝁䞊䝹㓟 (deoxycholic acid; DCA)䜔䝸䝖䝁䞊䝹㓟 (lithocholic acid; LCA)䛺䛹䛾஧ḟ⫹Ồ㓟

䛻ྜᡂ䛥䜜䜛 23)䚹䜎䛯䚸⫹Ồ㓟䛜᭷䛩䜛⏺㠃άᛶస⏝䛿ẅ⳦ຠᯝ䜢䜒䛯䜙䛩䛯䜑䚸⫹Ồ㓟䛿⭠ෆ⣽⳦ྀ䛾ᙧ

ᡂ䛻┤᥋ⓗ䛻㛵୚䛩䜛㔜せ䛺ไᚚᅉᏊ䛷䜒䛒䜚䚸⫹Ồ㓟⤌ᡂ䛸⭠ෆ⣽⳦ྀ䛿┦஫స⏝䜢᭷䛧䛶䛔䜛䛸ゝ䛘䜛 24䠈

25)䚹ᐇ㝿䛻⭠ෆ⣽⳦ྀኚ໬䛸⫹Ồ㓟⤌ᡂ䛿ᐦ᥋䛻⏕యᜏᖖᛶ䛻ᐤ୚䛧䛶䛚䜚䚸౛䛘䜀㠀䜰䝹䝁䞊䝹ᛶ⬡⫫⫢

⅖䛾⨯ᝈ⪅䛿䚸⫹Ồ㓟ྜᡂ㔞䚸⣅౽୰䛾୍ḟ⫹Ồ㓟㔞䛚䜘䜃୍ḟ⫹Ồ㓟/஧ḟ⫹Ồ㓟ẚ䛾ቑຍ䜢క䛖⭠ෆ⣽

⳦ྀ◚⥢䛜ほᐹ䛥䜜䛶䛔䜛 26,27) 䚹䜎䛯䚸ᢠ⏕≀㉁ᢞ୚䛻䜘䜛⭠ෆ⣽⳦ྀ䛾◚⥢䛜⾑Ύ䜾䝹䝁䞊䝇⃰ᗘ䛚䜘䜃

⾑Ύ䝖䝸䜾䝸䝉䝸䝗⃰ᗘῶᑡ䜢ᘬ䛝㉳䛣䛧䚸䛣䛾⢾௦ㅰ䞉⬡㉁௦ㅰ␗ᖖ䛻⭠ෆ⣽⳦ྀ◚⥢䛻క䛖஧ḟ⫹Ồ㓟㔞ప

ୗ䛾ᐤ୚䛜᫂䜙䛛䛸䛥䜜䛶䛔䜛 28)䚹䛣䛖䛧䛯⫹Ồ㓟㔞䛾ኚ໬䜢క䛖⭠ෆ⣽⳦ྀኚ໬䛿㣗஦䛻䜘䛳䛶ㄏⓎ䛥䜜䜛䛣

䛸䛜᫂䜙䛛䛸䛥䜜䛶䛚䜚䚸౛䛘䜀㧗⬡⫫㣗(HFD; High-fat diet)䛾ᦤྲྀ䛜䚸⭠ෆ⫹Ồ㓟㔞䜢ᛴ㏿䛻ቑຍ䛥䛫䚸⭠

ෆ⣽⳦ྀ⤌ᡂ䜢ኚ໬䛥䛫䜛䛣䛸䛜♧䛥䜜䛶䛔䜛 29)䚹⫹Ồ㓟䛿⬡㉁䜢䝭䝉䝹໬䛩䜛䛣䛸䛷ᾘ໬䞉྾཰䜢ຓ䛡䜛㔜せ

䛺ศᏊ䛷䛒䜛୍᪉䛷䚸᰾ෆཷᐜయ䛾 FXR (farnesoid X receptor)䜔 G 䝍䞁䝟䜽㉁ඹᙺᆺཷᐜయ(G protein-

coupled receptor; GPCR)䛾୍䛴䛷䛒䜛 TGR5 (Takeda Gprotein-coupled receptor 5)䛺䛹䜢άᛶ໬䛥䛫䜛䝸䜺䞁䝗䛸

䛧䛶䜒ᶵ⬟䛧䛶䛚䜚䚸⫹Ồ㓟䛻䜘䜛⢾௦ㅰ䚸⬡㉁௦ㅰ䛾䜘䛖䛺䜶䝛䝹䜼䞊௦ㅰไᚚ䛻䛣䜜䜙ཷᐜయ䛜㛵୚䛧䛶䛔

䜛䛣䛸䛜᫂䜙䛛䛸䛥䜜䛶䛔䜛 30)䚹౛䛘䜀䚸⭠⟶ෆศἪ L⣽⬊䛻Ⓨ⌧䛩䜛 TGR5䜔 FXR䛜䚸⭠ෆ⣽⳦௦ㅰ≀䛷䛒

䜛 DCA 䜔 LCA 䛺䛹䛻䜘䛳䛶άᛶ໬䛥䜜䚸䜲䞁䝇䝸䞁ศἪ䜢ಁ㐍䛩䜛䜲䞁䜽䝺䝏䞁䛷䛒䜛⭠⟶䝩䝹䝰䞁 GLP-1 

(Glucagon-like peptide-1)䛾ศἪ䜢ஹ㐍䛩䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛 31-37)䚹GLP-1䛿䚸ᑠ⭠ୗ㒊䚸኱⭠䜔┣⭠䛻ᩓ
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ᅾ䛩䜛⭠⟶ୖ⓶ෆศἪ L ⣽⬊䛜ྜᡂ䛩䜛䝥䝻䜾䝹䜹䝂䞁䛜䚸⩻ヂᚋ䝥䝻䝉䝅䞁䜾䜢ཷ䛡䜛䛣䛸䛷⏘⏕䛥䜜䜛 30

䜰䝭䝜㓟䛾䝨䝥䝏䝗䝩䝹䝰䞁䛷䛒䜛䚹GLP-1 䛿⮅⮚䛻స⏝䛩䜛䛣䛸䛷䚸䜲䞁䝇䝸䞁ศἪ䛾ಁ㐍䜔䜾䝹䜹䝂䞁ศἪ䛾

ᢚไ䜢௓䛧䛯䚸㣗ᚋ䛾⾑⢾್ୖ᪼䛾ᢚไ䛻ᐤ୚䛩䜛䛣䛸䜔䚸⫢⮚䛻స⏝䛩䜛䛣䛸䛷䚸⫢⮚䜈䛾⬡⫫⵳✚䛾ᢚไ

䜔⬡⫫ྜᡂ䛾ᢚไ䛻㛵୚䛩䜛䛣䛸䛜᫂䜙䛛䛸䛥䜜䛶䛔䜛 38)䚹⫹Ồ㓟ཷᐜయ䛾䛖䛱䚸TGR5 䛿኱⭠䛻䛚䛔䛶䚸

GLP-1 䛾Ⓨ⌧䛸ศἪ䜢ㄏᑟ䛩䜛 36)䚹୍᪉䚸FXR 䛾άᛶ໬䛿䚸L ⣽⬊䛻䛚䛡䜛ゎ⢾䛸ⅣỈ໬≀ᛂ⟅㡿ᇦ⤖ྜ䝍

䞁䝟䜽㉁䛾άᛶ䜢㜼ᐖ䛩䜛䛣䛸䛻䜘䜚䚸ᅇ⭠䛻䛚䛡䜛 GLP-1 䛾Ⓨ⌧䛸ศἪ䜢ᢚไ䛩䜛䛣䛸䛷䚸䜶䝛䝹䜼䞊௦ㅰ䜢

ไᚚ䛧䛶䛔䜛䛣䛸䛜♧䛥䜜䛶䛔䜛 37,39)䚹 

▷㙐⬡⫫㓟䛿䚸୍䛴䛾䜹䝹䝪䜻䝅䝹ᇶ䛻ᩘಶ䛛䜙ᩘ༑ಶ䛾䜰䝹䜻䝹ᇶⅣ⣲䛜㙐≧䛻⧅䛜䛳䛯ᵓ㐀䜢䛧䛶䛔

䜛⬡⫫㓟䛾䛖䛱䚸Ⅳ⣲ᩘ䛜 1~6 ಶ䛾⬡⫫㓟䛾⥲⛠䛷䛒䜛䚹䝞䝍䞊䜔䝏䞊䝈䛺䛹䛾ங〇ရ䚸࿡ჯ䚸㓺Ἔ䚸㣗㓑䜔

୍㒊䛾㓇㢮䛸䛔䛳䛯Ⓨ㓝㣗ရ䛻㧗䛟ྵ᭷䛧䛶䛚䜚䚸㣗஦䛻䜘䜚ᦤྲྀ䛩䜛䛣䛸䛜䛷䛝䜛䛜䚸⏕యෆ䛻䛚䛡䜛୺䛺▷

㙐⬡⫫㓟䛾౪⤥※䛿䚸⭠⟶ෆ䛻䛚䛡䜛㣗≀⧄⥔䛻௦⾲䛥䜜䜛㞴ᾘ໬ᛶከ⢾䛾⭠ෆ⣽⳦ྀ䛻䜘䜛Ⓨ㓝䛷䛒䜛䚹

㞴ᾘ໬ᛶከ⢾䛿䚸䝠䝖䛾ᾘ໬㓝⣲䛷䛿ᾘ໬䛥䜜䛺䛔䛯䜑䚸ᑠ⭠䛷྾཰䛥䜜䛺䛔䜎䜎኱⭠䜈䛸฿㐩䛧䚸䛭䛣䛷⭠ෆ

⣽⳦䛻䜘䜛௦ㅰ䜢ཷ䛡䜛䚹䛭䛾୺せ䛺௦ㅰ≀䛜䚸㓑㓟䚸䝥䝻䝢䜸䞁㓟䚸㓗㓟䛺䛹䛾▷㙐⬡⫫㓟䛷䛒䜚䚸㓑㓟䛷䛿

Acetobacterᒓ䚸Bifidobacteriumᒓ䜔 Gluconobacterᒓ䚸䝥䝻䝢䜸䞁㓟䛷䛿 Dialisterᒓ䜔 Ruminococcusᒓ䚸㓗

㓟䛷䛿 Butyrivibrioᒓ䚸Clostridium ᒓ䜔 Eubacteriumᒓ䛺䛹䛻ศ㢮䛥䜜䜛୍㒊䛾⭠ෆ⣽⳦䛜▷㙐⬡⫫㓟䜢⏘

⏕䛩䜛⳦ᰴ䛸䛧䛶ྠᐃ䛥䜜䛶䛔䜛 40-42)䚹䛣䜜䜙▷㙐⬡⫫㓟䛿⭠⟶䜘䜚྾཰䛥䜜䛶ᐟ୺䛾䜶䝛䝹䜼䞊※䛸䛺䜛䛰䛡

䛷䛺䛟䚸GPCR 䛷䛒䜛 GPR41䚸GPR43 䜔 Olfr78 䛺䛹䜢௓䛧䛶ᐟ୺䛾䜶䝛䝹䜼䞊௦ㅰㄪ⠇ᶵ⬟䜢Ⓨ᥹䛩䜛䛣䛸

䛜᫂䜙䛛䛸䛥䜜䛶䛔䜛 41,43,44)䚹GPR41 䛿⭠⟶䚸⮅ᓥ䚸஺ឤ⚄⤒⣔䛺䛹䛻Ⓨ⌧䛧䛶䛚䜚䚸⭠⟶ෆศἪ L ⣽⬊䛻䛚

䛔䛶䛿⭠⟶䝩䝹䝰䞁䛾୍䛴䛷䛒䜛㣗ḧᢚไ䝩䝹䝰䞁 PYY (peptideYY)䛾ศἪไᚚ䛻䚸⮅ β ⣽⬊䛾䛚䛔䛶䛿䜲

䞁䝇䝸䞁ศἪㄪ⠇䛻䚸஺ឤ⚄⤒⣔䛻䛚䛔䛶䛿ᚰᢿᩘ䜔⇕⏘⏕ㄪ⠇䛻䜘䜛䜶䝛䝹䜼䞊௦ㅰไᚚ䛻ᐤ୚䛩䜛䛣䛸

䛜ሗ࿌䛥䜜䛶䛔䜛 45-47)䚹GPR43 䛿⭠⟶䚸⬡⫫⤌⧊䛺䛹䛻Ⓨ⌧䛧䛶䛔䜛䚹⭠⟶ෆศἪ L⣽⬊䛻䛚䛔䛶䛿 GLP-1

ศἪಁ㐍䛻䚸⬡⫫⤌⧊䛻䛚䛔䛶䛿䜶䝛䝹䜼䞊ᜏᖖᛶ⥔ᣢ䛻ᐤ୚䛩䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛 48,49)䚹Olfr78 䛿⾑

⟶䜔⭠⟶䛻Ⓨ⌧䛧䛶䛚䜚䚸⾑⟶䛻䛚䛔䛶䛿䝺䝙䞁ศἪ䜢ㄪ⠇䛩䜛䛣䛸䛷䛾⾑ᅽㄪ⠇䚸⭠⟶ෆศἪ L⣽⬊䛻䛚䛔

䛶䛿 PYY 䛾ศἪไᚚ䛻ᐤ୚䛩䜛䛣䛸䛜᫂䜙䛛䛸䛥䜜䛶䛔䜛 50,51) 䚹䛣䛾䜘䛖䛻䚸⭠ෆ⣽⳦௦ㅰ䛻䜘䛳䛶⏘⏕䛥䜜

䛯⫹Ồ㓟䜔▷㙐⬡⫫㓟䛜䚸ᐟ୺䛾䜶䝛䝹䜼䞊௦ㅰไᚚ䛻኱䛝䛺ᙳ㡪䜢ཬ䜌䛩䛣䛸䛜᫂䜙䛛䛸䛥䜜䛴䛴䛒䜛䚹 

ᮏ◊✲䛷䛿䚸㣗஦ᡂศ䛻䜘䜛⭠ෆ⎔ቃ(⭠ෆ⣽⳦ྀ⤌ᡂ䞉⭠ෆ⣽⳦௦ㅰ≀)䜈䛾ᙳ㡪䛻╔┠䛧䚸䛣䜜䜙䜢௓䛧

䛯௦ㅰᶵ⬟ᨵၿస⏝ᶵᗎ䜢᫂䜙䛛䛻䛩䜛䛣䛸䜢┠ⓗ䛸䛧䛯䚹㣗஦ᡂศ䛻䜘䜛䜶䝛䝹䜼䞊௦ㅰไᚚᶵᵓ䛾ゎ᫂䛿䚸

ୡ⏺ⓗ䛻῝้䛺ၥ㢟䛸䛺䛳䛶䛔䜛⏕ά⩦័⑓䛾᪂䛯䛺ண㜵䞉἞⒪ἲ䛾☜❧䛻⧅䛜䜚䚸ே䚻䛾ẖ᪥䛾೺ᗣ䛻㈉

⊩䛷䛝䜛䛸ᮇᚅ䛥䜜䜛䚹 
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➨ 2❶ ศ㞳኱㇋䝍䞁䝟䜽㉁(SPI)䛻䜘䜛⭠ෆ⎔ቃኚ໬䛸䜶䝛䝹䜼䞊௦ㅰไᚚ 

➨ 1⠇ 䛿䛨䜑䛻 

኱㇋䝍䞁䝟䜽㉁䛿䚸ື≀ᛶ䝍䞁䝟䜽㉁䛻ྵ䜎䜜䜛ᚲ㡲䜰䝭䝜㓟䛾䜋䛸䜣䛹䜢ྵ䜏䚸ື≀ᛶ䝍䞁䝟䜽㉁䛸䜋䜌ྠ

➼䛾ᰤ㣴౯䜢ᣢ䛴᏶඲䝍䞁䝟䜽㉁䛷䛒䜛䛣䛸䛜▱䜙䜜䛶䛔䜛䚹ศ㞳኱㇋䝍䞁䝟䜽㉁(soy protein isolate; SPI)䛿䚸

኱㇋䝍䞁䝟䜽㉁䛾⢭〇≀䛾䛖䛱䝍䞁䝟䜽㉁ྵ᭷㔞䛜 90%௨ୖ䛾䜒䛾䛷䛒䜚䚸䝣䜲䝹䝮ᙧᡂ≉ᛶ䜢᭷䛩䜛䛣䛸䛛䜙

ங໬๣䚸䝀䝹໬๣䜔ಖ‵๣䛺䛹䛸䛧䛶ຍᕤ⫗〇ရ䚸ஙඣ⏝ㄪᩚங䜔䝟䝇䝍䛺䛹䜈䛾ῧຍ≀䛸䛧䛶฼⏝䛥䜜䛶䛔

䜛 52)䚹䛭䛾୺せᡂศ䛿䜾䝸䝅䝙䞁䛸 β-䝁䞁䜾䝸䝅䝙䞁䛷䛒䜚䚸඲኱㇋䝍䞁䝟䜽㉁䛾⣙ 40%䜢༨䜑䜛䜾䝸䝅䝙䞁䛻䛿

௦ㅰᶵ⬟ᨵၿస⏝䛻ᑐ䛩䜛୍㈏䛧䛯⤖ᯝ䛜ᚓ䜙䜜䛶䛔䛺䛔䛾䛻ᑐ䛧䚸඲኱㇋䝍䞁䝟䜽㉁䛾⣙ 20%䜢༨䜑䜛 β-

䝁䞁䜾䝸䝅䝙䞁䛿䚸୰ᛶ⬡⫫ቑຍᢚไ䚸⬡⫫⫢ᢚไຠᯝ䜔䜲䞁䝇䝸䞁᢬ᢠᛶ䛾ᨵၿ䛺䛹ከ䛟䛾௦ㅰᶵ⬟ᨵၿస

⏝䛜ሗ࿌䛥䜜䛶䛔䜛 53-58)䚹SPI 䛾ᦤྲྀ䛻䛚䛔䛶䜒䚸య㔜䛚䜘䜃య⬡⫫䛾ῶᑡຠᯝ䜔⬡⫫⫢ᢚไຠᯝ䜢᭷䛩䜛

䛣䛸䛜᫂䜙䛛䛸䛥䜜䛶䛔䜛 54,59)䚹䛣䛾䜘䛖䛺 β-䝁䞁䜾䝸䝅䝙䞁䜔 SPI 䛺䛹䛾኱㇋䝍䞁䝟䜽㉁ᦤྲྀ䛻䜘䜛௦ㅰᶵ⬟ᨵ

ၿຠᯝ䛿䚸⫹Ồ㓟⤌ᡂኚ໬䛸䛾㛵㐃䛜♧၀䛥䜜䛶䛚䜚 26,27,29)䚸䛣䛾⫹Ồ㓟⤌ᡂኚ໬䛻⭠ෆ⣽⳦ྀ䛾㛵୚䛜᥎

ᐹ䛥䜜䛶䛔䜛䛜 23,60)䚸䛣䜜䜙䛾せᅉ䛾ືⓗ䛺┦஫స⏝䛿䛔䜎䛰᫂䜙䛛䛸䛥䜜䛶䛔䛺䛔䚹䛭䛣䛷䚸ᮏ◊✲䛷䛿䚸SPI

䛾ᦤྲྀ䛜䚸⭠ෆ⣽⳦ྀ䛸⫹Ồ㓟⤌ᡂ䛾ኚ໬䜢ㄪ⠇䛧䚸HFD䛻䜘䜛య㔜ቑຍ䜔⫧‶䛻ᑐ䛩䜛ண㜵ຠᯝ䜢Ⓨ᥹䛩

䜛䛸௬ᐃ䛧䚸SPI䛾ᦤྲྀ䚸⭠ෆ⣽⳦ྀ䚸䛚䜘䜃⫹Ồ㓟䝅䜾䝘䝹䛾┦㛵㛵ಀ䜢᫂䜙䛛䛻䛩䜛䛣䛸䜢┠ⓗ䛸䛧䛯䚹 

 

➨ 2⠇ ᐇ㦂ᮦᩱ䛚䜘䜃᪉ἲ 

2-1. ື≀䛚䜘䜃㈇Ⲵヨ㦂 

ᐇ㦂ື≀(Conventional)䛿䚸᪥ᮏ䜶䝇䜶䝹䝅䞊ᰴᘧ఍♫䛛䜙㉎ධ䛧䛯C57BL/6J⣔⤫䛾㞝䝬䜴䝇䜢౑⏝䛧䛯䚹

7㐌㱋䛾䝬䜴䝇䜢㉎ධ䛧䚸CLEA Rodent Diet CE-2(᪥ᮏ䜽䝺䜰)䜢୚䛘䛶 1㐌㛫㥆໬䛥䛫䛯ᚋ䚸8㐌㱋䛛䜙ヨ㦂㣗

䛾㈇Ⲵヨ㦂䜢㛤ጞ䛧䛯䚹䝁䞁䝖䝻䞊䝹㣗䛸䛧䛶㧗⬡⫫㣗(HFD; 60kcal%⬡⫫ྵ᭷㔞;䝸䝃䞊䝏䝎䜲䜶䝑䝖)䚸ヨ㦂㣗

䛸䛧䛶 HFD 䛻ྵ䜎䜜䜛䜹䝊䜲䞁䜢 SPI 䛻⨨᥮䛧䛯 HFD-SPI 㣗䛾 2✀䛾㣫ᩱ䜢㈇Ⲵヨ㦂䛻⏝䛔䛯(Table.1)䚹㈇

Ⲵᮇ㛫䛿 4㐌㛫䛷䚸㐌 1ᅇయ㔜 ᐃ䜢⾜䛔䚸య㔜ኚ໬䜢ẚ㍑䛧䛯䚹ᐇ㦂ື≀䛿䚸ᐊ  20~23℃䚸‵ᗘ 40~60䠂

䛾⎔ቃ䛾ୗ䚸12᫬㛫䛾᫂ᬯ䝃䜲䜽䝹䛷㣫⫱䛧䛯䚹 

↓⳦ᐇ㦂䛿䚸᪥ᮏ䜽䝺䜰ᰴᘧ఍♫䛻ጤク䛧䛯䚹↓⳦⎔ቃ䜢ᵓ⠏䛧䛯ᑠᆺ䝡䝙䞊䝹䜰䜲䝋䝺䞊䝍䞊ෆ䛷㣫⫱䛧

䛯↓⳦䝬䜴䝇(Jcl:MCH(ICR)[Gf]♂䚸8㐌㱋)䛻䚸50kGy䛾䜺䞁䝬⥺↷ᑕ䛻䜘䜚⁛⳦ฎ⌮䛧䛯 HFD䚸HFD-SPI䜢 4

㐌㛫⮬⏤ᦤ㣗䛥䛫䚸య㔜᥎⛣䜢ほᐹ䛧䛯䚹 
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Table. 1 

Ingredient HFD HFD-SPI 

  g g 

Casein 200 0 

Soy Protein Isolate 0 203.3 

L-Cystine 3 0 

DL-Methionine 0 3 

Maltodextrin 10 125 125 

Sucrose 68.8 68.8 

Cellulose, BW200 50 50 

Soybean oil 25 25 

Lard 245 245 

Mineral mix S10026 10 10 

DiCalcium phosphate 13 13 

Calcium carbonate 5.5 5.5 

Potassium citrate, H2O 16.5 16.5 

Vitamin mix V10001 10 10 

Choline bitartrate 2 2 

Total weight, g 773.8 777.1 
   
Energy, kcal/g 5.1 5.1 

% Energy   

Protein 18 18 

Carbohydrate 21 21 

Fat 61 61 

% Weight   

Protein 23 23 

Carbohydrate 26 26 

Fat 35 35 

 

2-2. ๗᳨䛚䜘䜃⤌⧊᥇㞟 

4 㐌㛫䛾㈇Ⲵヨ㦂⤊஢ᚋ䛻๗᳨䛸ศᯒ䛻ᚲせ䛺⤌⧊䛾᥇㞟䜢⾜䛳䛯䚹ゎ๗䛿⣙ 5 ᫬㛫䛾⤯㣗ᚋ䛻⾜䛳䛯䚹

⤯㣗୰䛿䝬䜴䝇䜢✵䜿䞊䝆䛻⛣䛧䚸⣅౽䜢᥇㞟䛧䛯䚹᥇㞟䛧䛯⣅౽䝃䞁䝥䝹䛿䛩䛠䛻ịୖ䛻⨨䛝䚸඲䛶ᅇ཰ᚋ䚸

-80℃䛷෾⤖ಖᏑ䛧䛯䚹ゎ๗┤๓䛻䚸ᑿ㟼⬦䜘䜚ᚤ㔞䛾⾑ᾮ䜢᥇ྲྀ䛧䚸LFS 䜽䜲䝑䜽䝉䞁䝃䞊(䝆䝵䞁䝋䞁䞉䜶䞁䝗䞉

䝆䝵䞁䝋䞁)䜢⏝䛔䛶⾑⢾್䜢 ᐃ䛧䛯䚹䛭䛾ᚋ䚸䝬䜴䝇䛾⭡⭍ෆ䛻䝋䝮䝜䝨䞁䝏䝹䜢ὀᑕ䛩䜛䛣䛸䛻䜘䜚㯞㓉䜢⾜

䛔䚸⾑ᾮ䛚䜘䜃ⓑⰍ⬡⫫⤌⧊(⢭ᕢ࿘ᅖ⬡⫫⤌⧊䚸⭈࿘ᅖ⬡⫫⤌⧊䚸⓶ୗ⬡⫫⤌⧊)䚸⫢⮚䚸┣⭠䜢᥇ྲྀ䛧䛯䚹

ୗ኱㟼⬦䜘䜚᥇⾑䜢⾜䛔䚸ᚓ䜙䜜䛯⾑ᾮ䝃䞁䝥䝹䛿䚸4℃䚸7,000×g䛷 5ศ㛫㐲ᚰ䛧䚸⾑₢䛾䜏䜢ᅇ཰䛧䛶-80℃
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䛷෾⤖ಖᏑ䛧䛯䚹䜎䛯䚸᥇ྲྀ䛧䛯⤌⧊䝃䞁䝥䝹䛿㔜㔞䜢 ᐃ䛧䚸䜰䝹䝭䝩䜲䝹䛻ໟ䜣䛷-80℃䛷෾⤖ಖᏑ䛧䛯 49)䚹 

 

2-3. 䝦䝬䝖䜻䝅䝸䞁䞉䜶䜸䝅䞁ᰁⰍ(HEᰁⰍ) 

⫢⮚䛾୍㒊䜢ษ䜚ྲྀ䜚䚸OCT 䝁䞁䝟䜴䞁䝗(䝃䜽䝷䝣䜯䜲䞁䝔䝑䜽䝆䝱䝟䞁)䛻ໟᇙ䛧䛶-80℃䛷෾⤖䛧䛯ᚋ䚸䜽䝷䜲

䜸䝇䝍䝑䝖(CM1850䚸LEICA)䛷ⷧษ䛧䛶⤌⧊ษ∦䜢స〇䛧䛯䚹⤌⧊ษ∦ୖ䛻 4%PFA (paraformaldehyde)䜢 1mL

䛪䛴⁲ୗ䛧䛶 10ศ㛫㟼⨨䛧䚸⤌⧊䜢ᅛᐃ䛧䛯䚹PBS (phosphate buffered saline) (10ศ㛫䚸3ᅇ)䛷Ὑίᚋ䚸䝦䝬

䝖䜻䝅䝸䞁䛷 20ศ㛫ᰁⰍ䛧䛯䚹70% EtOH (ethanol)䛚䜘䜃Ỉ䛷Ὑί䛧䛯ᚋ䚸䜶䜸䝅䞁䛷 5ศ㛫ᰁⰍ䛧䛯䚹෌ᗘ䚸

70% EtOH䛚䜘䜃Ỉ䛷Ὑί䛧䛯ᚋ䚸70% EtOH (10ศ㛫)䛚䜘䜃 100% EtOH (10ศ㛫䚸2ᅇ)䛻䜘䜚⬺Ỉ䛧䚸䛥䜙䛻

䜻䝅䝺䞁(10 ศ㛫䚸2 ᅇ)䛻䜘䜚㏱ᚭ䜢⾜䛳䛯䚹㢼஝䛥䛫䛯ᚋ䚸MOUNT-QUICK (኱㐨⏘ᴗ)䜢⁲ୗ䛧䚸䜹䝞䞊䜺䝷

䝇䜢䛾䛫䛶ᑒධ䛧䛯䚹ᑒධ๣䛜஝⇱䛧䛯ᚋ䚸ගᏛ㢧ᚤ㙾䛷⫢⤌⧊ീ䜢ほᐹ䛧䛯 49)䚹 

 

2-4. ⾑₢୰䛾⬡㉁䛾ᐃ㔞 

⾑₢୰䛾⥲䝁䝺䝇䝔䝻䞊䝹⃰ᗘ䛿䚸䝷䝪䜰䝑䝉䜲™䝁䝺䝇䝔䝻䞊䝹(䝁䝺䝇䝔䝻䞊䝹䜸䜻䝅䝎䞊䝊䞉DAOSἲ䚸ᐩ

ኈ䝣䜲䝹䝮࿴ග⣧⸆)䛾䜻䝑䝖䜢⏝䛔䛶 ᐃ䛧䛯䚹⾑₢୰䛾㐟㞳⬡⫫㓟(non-esterified fatty acid; NEFA)⃰ᗘ䛿䚸

䝷䝪䜰䝑䝉䜲™NEFA (ACS䞉ACOD ἲ䚸ᐩኈ䝣䜲䝹䝮࿴ග⣧⸆)䛾䜻䝑䝖䜢⏝䛔䛶 ᐃ䛧䛯䚹⾑₢୰䛾䝖䝸䜾䝸䝉䝸

䝗(triglyceride; TG)⃰ᗘ䛿䚸䝷䝪䜰䝑䝉䜲™䝖䝸䜾䝸䝉䝷䜲䝗(GPO䞉DAOS ἲ䚸ᐩኈ䝣䜲䝹䝮࿴ග⣧⸆)䛾䜻䝑䝖䜢⏝

䛔䛶 ᐃ䛧䛯 49) 

 

2-5. ⫢⮚୰ TGᐃ㔞 

⫢⮚䜢⣙ 75mgษ䜚ྲྀ䜚䚸TGᢳฟ䝞䝑䝣䜯䞊[0.45M㓑㓟䠖䝯䝍䝜䞊䝹(methanol; MeOH)䠖䜽䝻䝻䝩䝹䝮䠙1䠖2.5䠖

1.25] 4mL୰䛷䝩䝰䝆䝘䜲䝈䛧䚸ప ᐊ(4℃)䛷୍ᬌ䚸㌿ಽΰ࿴䛧䛯䚹⩣᪥䚸MilliQỈ䜢 1mLຍ䛘䛶䜘䛟᧠ᢾ䛧䚸

4℃䚸1,500×g 䛷 10 ศ㛫㐲ᚰ䛧䚸ୗᒙ䜢ᅇ཰䛧䛯䚹ᅇ཰䛧䛯⁐ᾮ䜢 60℃䜲䞁䜻䝳䝧䞊䝍䞊ෆ䛷⵨Ⓨ஝ᅛ䛥䛫䚸

250μl 䛾䜲䝋䝥䝻䝢䝹䜰䝹䝁䞊䝹䛻෌ᠱ⃮䛧䛯䚹ㄪ〇䛧䛯ᠱ⃮ᾮ୰䛾 TG ⃰ᗘ䜢䝷䝪䜰䝑䝉䜲™䝖䝸䜾䝸䝉䝷䜲䝗䛾

 ᐃ䜻䝑䝖䜢⏝䛔䛶 ᐃ䛧䚸⫢⮚ 1g䛻ྵ䜎䜜䜛 TG㔞䜢ồ䜑䛯 49)䚹 

 

2-6. ⾑₢୰ GLP-1⃰ᗘ ᐃ 

άᛶᆺ GLP-1䛾ศゎ䜢㜵䛠䛯䜑䛻䚸᥇ྲྀ䛧䛯⾑ᾮ 99μl䛻 DPP-4 (dipeptidylpeptidase-4)䜲䞁䝠䝡䝍䞊(Merck 

Millipore)䜢 1μl ຍ䛘䛶䜘䛟ΰྜ䛧䚸4℃䚸7,000×g 䛷 5 ศ㛫㐲ᚰ䛧䛶䚸⾑₢䜢ᅇ཰䛧䛯䚹䛣䛾⾑₢䝃䞁䝥䝹୰䛾

GLP-1⃰ᗘ䜢䝺䝡䝇®GLP-1(Active)(ᐩኈ䝣䜲䝹䝮䝽䝁䞊䝅䝞䝲䜼)䛾䜻䝑䝖䜢⏝䛔䛶 ᐃ䛧䛯 61)䚹 

 

2-7. ⾑₢୰䜲䞁䝇䝸䞁⃰ᗘ ᐃ 

⾑₢୰䛾䜲䞁䝇䝸䞁⃰ᗘ䛿䚸䝺䝡䝇®䜲䞁䝇䝸䞁-䝬䜴䝇(RTU)(ᐩኈ䝣䜲䝹䝮䝽䝁䞊䝅䝞䝲䜼)䛾䜻䝑䝖䜢⏝䛔䛶 

ᐃ䛧䛯 49)䚹 
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2-8. ⾑₢୰ PYY⃰ᗘ ᐃ 

⾑₢୰䛾 PYY⃰ᗘ䛿䚸䝬䜴䝇/䝷䝑䝖 PYYELISA䜻䝑䝖(ᐩኈ䝣䜲䝹䝮࿴ග⣧⸆)䜢⏝䛔䛶 ᐃ䛧䛯 61)䚹 

 

2-9. ⣅౽୰䛾▷㙐⬡⫫㓟ᐃ㔞 

᥇ྲྀ䛧䛯⣅౽䜢 10ಸ㔞䛾MilliQỈ䛻ᠱ⃮䛧䚸4℃䚸8,000×g䛷 5ศ㛫㐲ᚰ䛧䛯䚹ᅇ཰䛧䛯ୖΎ䛻 2%㔞䛾 5-

䝇䝹䝩䝃䝸䝏䝹㓟䜢ຍ䛘䚸4℃䛷 15ศ㛫䜲䞁䜻䝳䝧䞊䝖䛧䛯ᚋ䚸4䉝䚸15,000㽢g䛷 15ศ㛫㐲ᚰ䛧䛶㝖䝍䞁䝟䜽ฎ

⌮䜢䛧䛯䚹ෆ㒊ᶆ‽≀㉁䛸䛧䛶 2-䜶䝏䝹㓗㓟䜢ຍ䛘䛯ᚋ䚸5%㔞䛾ሷ㓟䛸 2ಸ㔞䛾䝆䜶䝏䝹䜶䞊䝔䝹䜢ຍ䛘䛶䚸

ᾮᾮศ㓄ᢳฟ䜢⾜䛳䛯䚹ㄪ〇䝃䞁䝥䝹୰䛾ྛ✀▷㙐⬡⫫㓟⃰ᗘ䜢 GCMS-QP2010 Ultra (Shimadzu)䛻䜘䜚 

ᐃ䛧䛯䚹GC䛻䛿䚸ෆᚄ 0.25 mm䠈⭷ཌ 0.36 µm䛾 VF-WAX ms 30m䜻䝱䝢䝷䝸䞊䜹䝷䝮(Agilent )䜢౑⏝䛧䚸 䜻

䝱䝸䜰䜺䝇䛻䛿 1mL/min䛾ὶ㏿䛷䝦䝸䜴䝮䜢౑⏝䛧䛯䚹 ᐃ୰䛾 GC 䛿䚸ึᮇ ᗘ 50℃䛷 1ศ㛫⥔ᣢ䛧䛯ᚋ䠈

15℃/ศ䚸8℃/ศ䚸15℃/ศ䛷䛭䜜䛮䜜 145℃䚸220℃䚸240℃䛻᪼ 䛧䚸240℃䛻㐩䛧䛯ᚋ 1 ศ㛫ಖᣢ䛥䛫䛯䚹EI

䜲䜸䞁※䛸䜲䞁䝆䜵䜽䝍䞊䛾 ᗘ䛿䛭䜜䛮䜜 200℃䛸 250℃䛸䛧䛯䚹ྛ໬ྜ≀䛿ಶู䛾䜲䜸䞁(m/z)䛚䜘䜃᳨ฟ᫬

㛫䛷ศ㞳䞉ྠᐃ䛧䛯(Table. 2)䚹ᚓ䜙䜜䛯䜲䜸䞁䜽䝻䝬䝖䜾䝷䝣䛾䝢䞊䜽䜢✚ศ䛧䚸ಶ䚻䛾▷㙐⬡⫫㓟䛸 2-䜶䝏䝹㓗

㓟䛾᳨㔞⥺䜢⏝䛔䛶ᐃ㔞䛧䛯 61)䚹 

Table. 2 

▷㙐⬡⫫㓟 
ion 

(m/z) 

Retention time 

(min) 

㓑㓟 60 10.6 
䝥䝻䝢䜸䞁㓟 74 11.7 

n-㓗㓟 60 12.8 

n-ྜྷⲡ㓟 60 14.3 

2-䜶䝏䝹㓗㓟 88 14.6 

 

2-10. ⣅౽䞉┣⭠䞉⾑₢୰䛾⫹Ồ㓟ᐃ㔞 

᥇ྲྀ䛧䛯⣅౽䛒䜛䛔䛿┣⭠ෆᐜ≀䜢෾⤖஝⇱ᶵ䛷୍ᬌ஝⇱䛥䛫䚸䝃䞁䝥䝹䛾஝⇱㔜㔞䜢 ᐃ䛧䛯䚹஝⇱䝃

䞁䝥䝹䜢 MilliQ Ỉ䠇0.4M NaOH (1:1䚸v/v)୰䛻ᠱ⃮䛧䚸ෆ㒊ᶆ‽≀㉁䛸䛧䛶䝕䜸䜻䝅䝁䞊䝹㓟䛚䜘䜃䝍䜴䝻䝕

䜸䜻䝅䝁䞊䝹㓟䛾㔜Ỉ⣲ᶆ㆑య(d4-DCA 䛚䜘䜃 d4-TDCA)䜢ຍ䛘䚸䛥䜙䛻䝦䜻䝃䞁䜢ຍ䛘䛶ᾮᾮศ㓄ᢳฟ䜢⾜

䛳䛯䚹ୗᒙ䜢ᅇ཰䛧䚸4℃䚸20,000×g 䛷 10 ศ㛫㐲ᚰ䛧䛯䚹ୖΎ䜢ᅇ཰䛧䚸䝃䞁䝥䝹඘ሸ๓䛻䚸MeOH 1mL䚸

MilliQỈ 3mL䜢㏻䛧䛶䝁䞁䝕䜱䝅䝵䝙䞁䜾䛧䛯 Oasis® PRiME HLB 1cc Extraction Cartridges (Waters)䛻㏻䛧䛶

⢭〇䛧䛯䚹䝃䞁䝥䝹඘ሸᚋ䚸MilliQỈ 500μL䛷Ὑί䛧䚸MeOH䠇䜰䝉䝖䝙䝖䝸䝹(1:1䚸v/v) 1mL䛷⁐ฟ䛧䛯䚹 

⾑₢䝃䞁䝥䝹䛻䛴䛔䛶䛿䚸䝃䞁䝥䝹 100μl䛻ᑐ䛧䛶䚸MilliQỈ 100μl䠇0.4M NaOH 200μl䜢ຍ䛘䚸ෆ㒊ᶆ‽

≀㉁䛸 d4-DCA䛚䜘䜃 d4-TDCA䜢ຍ䛘䛶㐲ᚰ䛧䛯ᚋ䚸ୖΎ䜢 Oasis® HLB μElution Plate 30μm (Waters)䛻䜘䜚

⢭〇䛧䚸MeOH䠇䜰䝉䝖䝙䝖䝸䝹(1:1䚸v/v)100μL 䛷⁐ฟ䛧䛯䚹ACQUITY UPLC®䝅䝇䝔䝮(Waters)䛻 Xevo TQD 
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MS (Waters)䜢⤌䜏ྜ䜟䛫䛯 LC/MS/MS 䜢⏝䛔䛶䚸ㄪ〇䝃䞁䝥䝹୰䛾ྛ✀⫹Ồ㓟⃰ᗘ䜢 ᐃ䛧䛯䚹䜹䝷䝮䛿

Acquity HSS C18 (2.1 3 100mm䚸1.7mm) column (Waters)䜢౑⏝䛧䛯䚹⛣ື┦䛿䚸0.1%㓑㓟Ỉ⁐ᾮ䛸䜰䝉䝖䝙䝖䝸

䝹-䜲䝋䝥䝻䝟䝜䞊䝹(9:1䚸v/v)䜢⏝䛔䛯䚹ྛ໬ྜ≀䛾᳨ฟ䛿䚸䝛䜺䝔䜱䝤䜲䜸䞁䜶䝺䜽䝖䝻䝇䝥䝺䞊䝰䞊䝗䛾ከ㔜

཯ᛂ䝰䝙䝍䝸䞁䜾 (multiple reaction monitoring; MRM)䛷⾜䛔䚸ಶู䛾䝥䝺䜹䞊䝃䞊䜲䜸䞁䚸䝥䝻䝎䜽䝖䜲䜸䞁䛚

䜘䜃᳨ฟ᫬㛫䛷ศ㞳䞉ྠᐃ䛧䛯 (Table. 3)䚹 

Table. 3 

⫹Ồ㓟 
Precursor ion 

[M-H]-(m/z) 

Product ion 

[M-H]-(m/z) 

Retention time 

(min) 

Collision energy 

(V) 

CA 407.6 407.6 5.23 20 
TCA 514.7 514.7 3.62 35 

aMCA 407.6 407.6 4.13 20 
bMCA 407.6 407.6 4.31 20 

TaMCA+TbMCA 514.7 514.7 2.76 35 
CDCA 391.6 391.6 6.97 10 

TCDCA 498.6 124.2 4.66 60 
LCA 375.6 375.6 10.0 15 

TLCA 482.7 482.7 6.60 30 
HCA 407.6 407.6 4.73 20 
DCA 391.6 391.6 7.28 10 

UDCA 391.6 391.6 5.22 10 
HDCA 391.6 391.6 5.31 10 
TDCA 498.6 124.2 4.98 60 

TUDCA+THDCA 498.6 124.2 3.42 60 
d4-DCA 395.6 395.6 7.28 10 

d4-TDCA 502.7 124.0 4.98 60 

 

2-11. 16S rRNA⳦ྀゎᯒ 

⣅౽୰䛾 DNAᢳฟ䛻䛿䚸FastDNA™ SPIN Kit for Feces (MP Biomedicals)䜢౑⏝䛧䛯䚹䝃䞁䝥䝹䛾 DNA⃰

ᗘ䜢⣙ 10ng/μl䛻ᥞ䛘䚸16S rRNA㑇ఏᏊ䛾 V4㡿ᇦ䜢 515F/806R䝥䝷䜲䝬䞊䜢⏝䛔䛶ቑᖜ䛧䛯䚹Nextera® XT 

Index kitv2 SetA (illumina)䜢⏝䛔䛶୧➃䜢䝍䜾௜䛡䛧䚸⢭〇䜢⾜䛳䛯ᚋ䚸illumina MiSeq䛚䜘䜃MiSeq Reagent 

kit V3 (illumina)䜢⏝䛔䛶䚸䛂Preparing Libraries for Sequencing on the MiSeq䛃(part 15039740, Rev. D)䛾䝥䝻䝖䝁

䝹䜢⏝䛔䛶ㄪ〇䛧䚸䜰䞁䝥䝸䝁䞁䛾䝅䞊䜿䞁䝇䜢⾜䛳䛯䚹䝅䞊䜿䞁䝇ᚋ䛾ᚤ⏕≀⩌㞟ゎᯒ䛿 QIIME1 

(Quantitative Insights Into Microbial Ecology䚸version1.9.1)䛾䝟䜲䝥䝷䜲䞁䜢⏝䛔䛶䚸䝸䞊䝗䛾⤖ྜ䚸䜽䜸䝸䝔䜱䞊

䝏䜵䝑䜽䚸⣽⳦ྀ⤌ᡂ䛾ゎᯒ䜢⾜䛳䛯䚹䝕䞊䝍䝧䞊䝇䛸䛧䛶䛿 Silva (version1.2.8)䜢⏝䛔䛶䚸䝕䞊䝍䝧䞊䝇䛻ྵ䜎

䜜䜛䝸䝣䜯䝺䞁䝇㓄ิ䛤䛸䛻 97%䛾┦ྠᛶ䜢ᣢ䛴䝸䞊䝗䜢䜎䛸䜑䛶 Operational Taxonomic Unit (OTU)䜢సᡂ䛧䛯䚹

ᚓ䜙䜜䛯 OTU 䜢䜒䛸䛻ヨᩱ䛾⣽⳦䛻䛴䛔䛶㛛䚸⛉䝺䝧䝹䛾⳦ྀ⤌ᡂ䜢Ỵᐃ䛧䛯䚹Ỵᐃ䛧䛯⣽⳦ྀ⤌ᡂ䛸⤫ィ
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ศᯒ䝋䝣䝖 R 䜢౑⏝䛧䛶䚸୺ᡂศศᯒ(principal component analysis; PCoA)䛸䝠䞊䝖䝬䝑䝥ゎᯒ䜢⾜䛳䛯䚹PCoA

䛻䛿 Vegan䝟䝑䜿䞊䝆䜢䚸䝠䞊䝖䝬䝑䝥ゎᯒ䛻䛿 ComplexHeatmap䝟䝑䜿䞊䝆䜢⏝䛔䛶┦ᑐᏑᅾẚ䜢ィ⟬䛧䛯䚹

⥺ᙧุูศᯒ(linear discriminant analysis; LDA)䛚䜘䜃 LEfSe (LDA effect size)䛿䚸αỈ‽ 0.05䚸LDA 䝇䝁䜰㜈

್ 2.0 䚸 ┦ ᑐ Ꮡ ᅾ ẚ 0.1% ௨ ୖ 䛷 タ ᐃ 䛧 䚸 Huttenhower lab Galaxy server 

(http://huttenhower.sph.harvard.edu/galaxy/)䜢⏝䛔䛶ィ⟬䛧䛯 62)䚹 

 

2-12. ᐃ㔞䝸䜰䝹䝍䜲䝮 PCR 

FastDNA™ SPIN Kit for Feces (MP Biomedicals)䛻䜘䜚⣅౽䝃䞁䝥䝹䛛䜙⣽⳦ྀ DNA䜢ᢳฟ䛧䚸DNA⃰ᗘ

䜢 10ng/μl䛻ᥞ䛘䚸䛥䜙䛻䛣䜜䜢 100ಸᕼ㔘䛧䛯䜒䛾䜢䝔䞁䝥䝺䞊䝖 DNA 䛸䛧䛯䚹Clostridium cluster XIVa䛾䝇䝍

䞁䝎䞊䝗䛸䛧䛶䛿䚸Blautia Coccoides (JCM1395T䚸RIKEN BRC)䜢⏝䛔䛯䚹䛭䜜䛮䜜䚸MonoFas䝞䜽䝔䝸䜰䝀䝜䝮

DNA ᢳฟ KitⅦ(䝆䞊䜶䝹䝃䜲䜶䞁䝇)䛻䜘䜚 DNA 䜢ᢳฟ䛧䛯䚹DNA ⃰ᗘ䜢 10ng/μl 䛻ᥞ䛘䚸䛣䜜䜢 5 ಸ䛪䛴

ẁ㝵ᕼ㔘䛧䛶䝇䝍䞁䝎䞊䝗䜢ㄪ〇䛧䛯 61)䚹ᐃ㔞䝸䜰䝹䝍䜲䝮 PCR ゎᯒ䛿䚸TBGreen™ Premix Ex Taq™ II  

(TaKaRa)䛚䜘䜃 StepOnePlus™ Real-Time PCR System (Applied Biosystems)䜢⏝䛔䛶⾜䛳䛯䚹䜎䛯䚸Clostridium 

cluster XIVa 䛾᳨ฟ䛻䛿䚸Forward:CGGTACCTGACTAAGAAGC䚸Reverse:AGTTTYATTCTTGCGAACG 䛾

䝥䝷䜲䝬䞊䜢౑⏝䛧䛯䚹 

 

2-13. ⤫ィฎ⌮ 

⤖ᯝ䛿඲䛶ᖹᆒ್±ᶆ‽ㄗᕪ䛷⾲䛧䛯䚹ᖹᆒ್䛾ẚ㍑䜢 t᳨ᐃ䛻䜘䜚⾜䛔䚸p್䛜 0.05ᮍ‶䛾ሙྜ䚸⤫ィⓗ

䛻᭷ព䛸䛧䛯䚹⭠ෆ⣽⳦ྀ䛾㢮ఝᛶ䜢ศᯒ䛩䜛䛯䜑䛻䚸⤫ィศᯒ䝋䝣䝖 R 䛾 Vegan 䝟䝑䜿䞊䝆䜢⏝䛔䛶

Permutational multivariate analysis of variance (PERMANOVA)᳨ᐃ䜢⾜䛳䛯䚹 

 

 

  



14 
 

➨ 3⠇ ⤖ᯝ䛚䜘䜃⪃ᐹ 

3-1. SPI䛾ᢠ⏕ά⩦័⑓స⏝ 

SPI 䛾ᦤྲྀ䛻䜘䜛ᢠ⏕ά⩦័⑓ຠᯝ䜢☜䛛䜑䜛䛯䜑䛻䚸㏻ᖖ㣫⫱䛧䛯 C57BL/6J 䝬䜴䝇(Conventional)䛻䚸

HFD䜎䛯䛿HFD-SPI䜢 4㐌㛫ᦤ㣗䛥䛫䚸య㔜ኚ໬䜔⬡⫫⤌⧊㔜㔞䜢ẚ㍑䛧䛯䚹䛭䛾⤖ᯝ䚸HFD-SPI⩌䛿HFD

⩌䛻ẚ䜉䛶㈇Ⲵ 1㐌㛫ᚋ᫬Ⅼ䛛䜙య㔜䛜᭷ព䛻㍍䛟䚸SPI 䛜㧗⬡⫫㣗ㄏᑟᛶ䛾య㔜ቑຍ䜢᭷ព䛻ᢚไ䛩䜛䛣

䛸䛜☜ㄆ䛥䜜䛯(Fig. 1A)䚹䜎䛯୍᪥ᙜ䛯䜚䛾ᖹᆒᦤ㣵㔞䛻ᕪ䛿ぢ䜙䜜䛺䛛䛳䛯䜒䛾䛾䚸⢭ᕢ࿘ᅖ⬡⫫⤌⧊

(epididymal adipose tissue; epi)䛚䜘䜃⭈࿘ᅖ⬡⫫⤌⧊ (perirenal adipose tissue; peri)䜔䚸⓶ୗ⬡⫫⤌⧊

(subcutaneous adipose tissue; sub)䛺䛹䛾ⓑⰍ⬡⫫⤌⧊䛾㔜㔞䛜 HFD-SPI⩌䛻䛚䛔䛶᭷ព䛻ῶᑡ䛧䛶䛚䜚䚸SPI

ᦤ㣗䛻䜘䜛⬡⫫⵳✚ᢚไຠᯝ䛜♧䛥䜜䛯(Fig. 1B,C)䚹HFD ⩌䛸 HFD-SPI ⩌䛷య㔜䜔⤌⧊㔜㔞䛻ᕪ䛜ㄆ䜑䜙

䜜䛯䛯䜑䚸⥆䛔䛶䚸⾑୰䛚䜘䜃⫢⮚୰䛾ྛ✀⬡㉁䝟䝷䝯䞊䝍䞊䛻䛴䛔䛶ẚ㍑᳨ウ䜢⾜䛳䛯䚹䛭䛾⤖ᯝ䚸⫢⮚୰

䛾 TG 㔞䛜 HFD-SPI ⩌䛷᭷ព䛻ῶᑡ䛩䜛䛣䛸䛜☜ㄆ䛥䜜䛯(Fig. 1D)䚹䜎䛯䚸⫢⮚୰䛾 TG 䛾⤖ᯝ䛸୍⮴䛧䛶䚸

⫢⮚ษ∦䜢ほᐹ䛩䜛䛸䚸HFD⩌䛾⫢⣽⬊䛷䛿⬡⫫⁲䛾⫧኱໬䛜☜ㄆ䛷䛝䜛୍᪉䛷䚸HFD-SPI⩌䛾⫢⣽⬊䛷䛿

⬡⫫䛜⵳✚䛧䛶䛔䜛ᵝᏊ䛿ぢ䜙䜜䛺䛛䛳䛯(Fig. 1D)䚹୍᪉䚸⾑୰䛾䝁䝺䝇䝔䝻䞊䝹䚸TG䚸NEFA ⃰ᗘ䛚䜘䜃⾑

⢾್䛻ᕪ䛿ぢ䜙䜜䛺䛛䛳䛯(Fig. 1E-H)䚹䛥䜙䛻䚸䛣䜜䜙䛾 SPI䛾ᢠ⏕ά⩦័⑓స⏝ᶵᗎ䜢᥈䜛䛯䜑䚸䜲䞁䝇䝸䞁䚸

PYY䚸GLP-1 䛸䛔䛳䛯௦ㅰ㛵㐃䝩䝹䝰䞁ศἪ䛾ኚ໬䜢ㄪ䜉䛯⤖ᯝ䚸䜲䞁䝇䝸䞁䛚䜘䜃㣗ḧῶ㏥ຠᯝ䜢᭷䛩䜛⭠

⟶䝩䝹䝰䞁䛷䛒䜛 PYY 䛾⾑₢䝺䝧䝹䛿 2⩌㛫䛷ྠ⛬ᗘ䛷䛒䛳䛯䛜(Fig. 1I,J)䚸GLP-1䛾⾑₢䝺䝧䝹䛿 SPIᦤ

㣗䛻䜘䜚᭷ព䛻ቑ኱䛩䜛䛣䛸䛜♧䛥䜜䛯(Fig. 1K)䚹௨ୖ䜘䜚䚸SPI 䛿⫢⮚䜈䛾୰ᛶ⬡⫫⵳✚䜢ᢚ䛘䚸⬡⫫⫢ᢚไ

స⏝䜢᭷䛩䜛䛣䛸䛜☜䛛䜑䜙䜜䛯䚹 
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Figure. 1 

CONV-R mice were characterized for body weight gain (A), food intake (B), weight of epididymal, perirenal, 

subcutaneous adipose tissues and liver and cecum (C), hepatic triglycerides and histology of hepatocytes by H&E 

staining (D) (n = 9–10). Plasma total cholesterol (E), plasma triglyceride (F), plasma NFFA (G), blood glucose (H), 

plasma insulin (I), plasma PYY (J), and plasma GLP-1 (K) (n = 8–10). Data are expressed as means ± SE. 

Differences were assessed by Student's t-test. Significance is established at adjusted p < 0.05 (* p < 0.05, ** p < 

0.01). 
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3-2. ↓⳦᮲௳ୗ䛻䛚䛡䜛 SPI䛾⏕⌮ᶵ⬟ 

SPI 䛾ᢠ⏕ά⩦័⑓స⏝䛜⭠ෆ⣽⳦ྀ䜢௓䛧䛯స⏝䛷䛒䜛䛛䜢᳨ド䛩䜛䛯䜑䛻䚸↓⳦䜰䜲䝋䝺䞊䝍䞊ෆ䛷㣫

⫱䛧䛯 ICR䝬䜴䝇(Germ-free)䜢⏝䛔䛶䚸Conventional䛸ྠᵝ䛾㈇Ⲵヨ㦂䜢ᐇ᪋䛧䛯䚹䛭䛾⤖ᯝ䚸Germ-free᮲௳

ୗ䛻䛚䛔䛶䛿䚸HFD ⩌䛸 HFD-SPI ⩌䛻య㔜ᕪ䛿ぢ䜙䜜䛪䚸ⓑⰍ⬡⫫⤌⧊㔜㔞䛚䜘䜃⫢⮚୰ TG 㔞䛾᭷ព䛺

ῶᑡ䜒ㄆ䜑䜙䜜䛺䛛䛳䛯(Fig. 2A-C)䚹䜎䛯䚸PYY 䛾⾑₢୰⃰ᗘ䛾ኚ໬䛿 Conventional ᮲௳ୗ䛸 Germ-free ᮲

௳ୗ䛷ྠᵝ䛷䛒䛳䛯䛜䚸GLP-1 䛾⾑₢୰⃰ᗘ䜈䛾ᙳ㡪䛿ᾘኻ䛧䛶䛔䛯(Fig. 2D,E)䚹௨ୖ䜘䜚䚸Germ-free ᮲௳

ୗ䛷䛿 SPI䛻䜘䜛⬡⫫⫢䛻ᑐ䛩䜛ಖㆤస⏝䛸 GLP-1ศἪಁ㐍స⏝䛾ᾘኻ䛜☜ㄆ䛥䜜䛯䚹 

 

 

 

 

 
Figure. 2 

GF mice were characterized for body weight at 12 weeks of age (A), weight of epididymal, perirenal, subcutaneous 

adipose tissues and liver and cecum (B), and hepatic triglyceride (C) (n = 8). Plasma PYY (D) and GLP-1 (E) were 

measured by ELISA (n = 8). Data are expressed as means ± SE. Differences were assessed by Student's t-test. 

Significance is established at adjusted p < 0.05 (** p < 0.01). 
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3-3. SPI㈇Ⲵ䛻䜘䜛⭠ෆ⣽⳦௦ㅰ≀ኚ໬ 

HFD ⩌䛸 HFD-SPI ⩌㛫䛾⭠⟶䝩䝹䝰䞁ศἪ䛻ᕪ䛜ぢ䜙䜜䛯䛣䛸䛛䜙䚸ఱ䜙䛛䛾⭠ෆ⣽⳦௦ㅰ≀ኚ໬䛜 SPI

䛾⬡㉁௦ㅰᨵၿస⏝䛻ᙳ㡪䜢ཬ䜌䛧䛶䛔䜛ྍ⬟ᛶ䛜♧၀䛥䜜䛯䛯䜑䚸GLP-1 ศἪ䛻㛵୚䛩䜛䛣䛸䛜ሗ࿌䛥䜜

䛶䛔䜛୺せ䛺⭠ෆ⣽⳦௦ㅰ≀䛷䛒䜛▷㙐⬡⫫㓟䛸⫹Ồ㓟䛾ศᯒ䜢⾜䛳䛯䚹▷㙐⬡⫫㓟䛿⭠⟶ෆศἪ⣽⬊䛻

Ⓨ⌧䛩䜛 GPR43 䜢άᛶ໬䛧䚸GLP-1 ศἪ䜢ಁ㐍䛩䜛䛣䛸䛜᫂䜙䛛䛸䛥䜜䛶䛔䜛 48)䚹䛧䛛䛧䚸⣅౽୰䛾▷㙐⬡⫫

㓟㔞䛻HFD⩌䛸HFD-SPI⩌㛫䛷᭷ព䛺ቑຍ䛿ㄆ䜑䜙䜜䛺䛛䛳䛯(Fig. 3A)䚹䛣䛾⤖ᯝ䛿䚸┣⭠㔜㔞䛜HFD-SPI

⩌䛷ቑຍ䛧䛺䛛䛳䛯䛣䛸䛸┦㛵䛩䜛(Fig. 1C)䚹ᚑ䛳䛶䚸SPI 䛿Ⓨ㓝ᛶ䛾ప䛔⣲ᮦ䛷䛒䜚䚸䛭䛾௦ㅰᶵ⬟ᨵၿస⏝

ᶵᗎ䛿䚸Ⓨ㓝ᛶ䛾㧗䛔䝣䝷䜽䝖䜸䝸䝂⢾䜔䜲䝚䝸䞁䚸β-䜾䝹䜹䞁䛺䛹䛻௦⾲䛥䜜䜛㞴ᾘ໬ᛶከ⢾䛾௦ㅰᶵ⬟ᨵၿ

స⏝ᶵᗎ䛸䛿඲䛟␗䛺䜛䛣䛸䛜♧၀䛥䜜䛯䚹ḟ䛻䚸SPI 䛜⫹Ồ㓟䛾ྜᡂ䚸௦ㅰ䛻ཬ䜌䛩ᙳ㡪䜢ホ౯䛩䜛䛯䜑䛻䚸

⣅౽୰䛾⫹Ồ㓟⃰ᗘ䜢ᐃ㔞䛧䛯䚹䛭䛾⤖ᯝ䚸HFD-SPI⩌䛷䛿HFD⩌䛸ẚ㍑䛧䛶䚸஧ḟ⫹Ồ㓟⃰ᗘ䛜᭷ព䛻ୖ

᪼䛧䚸୍ḟ⫹Ồ㓟⃰ᗘ䛿୰⛬ᗘ䛻పୗ䛧䛶䛔䛯䚹⯆࿡῝䛔䛣䛸䛻䚸HFD-SPI ⩌䛷䛿┣⭠ෆ䛾஧ḟ⫹Ồ㓟⃰ᗘ

䛜㠀ᖖ䛻㧗䛔䛻䜒䛛䛛䜟䜙䛪䚸⣅౽୰䛾⫹Ồ㓟㔞䛿 HFD ⩌䜘䜚䜒ᑡ䛺䛛䛳䛯(Fig. 3B ᕥ)䚹䛣䜜䜙䛾⤖ᯝ䛛䜙䚸

HFD-SPI ⩌䛿䚸⫹Ồ㓟䚸≉䛻஧ḟ⫹Ồ㓟䛜኱⭠䛷䛛䛺䜚྾཰䛥䜜䛶䛔䜛䛣䛸䛜♧၀䛥䜜䛯䚹≉䛻䚸⣅౽୰䛾

DCA 䛸 LCA䜢ྵ䜐஧ḟ⫹Ồ㓟㔞䛿䚸HFD-SPI⩌䛿 HFD⩌䜘䜚䜒᭷ព䛻㧗䛛䛳䛯(Fig. 3C)䚹䜎䛯䚸୍ḟ⫹Ồ㓟

䛻䛚䛔䛶䛿䚸㱎ṑ㢮䛾୺せ䛺୍ḟ⫹Ồ㓟䛷䛒䜛 α-䝮䝸䝁䞊䝹㓟(α-muricholic acid; aMCA)䛸 β-䝮䝸䝁䞊䝹㓟(β-

muricholic acid; bMCA)䛾୧᪉䛜䚸HFD-SPI⩌䛷 HFD⩌䛸ẚ㍑䛧䛶᭷ព䛻ῶᑡ䛧䛶䛔䛯(Fig. 3C)䚹୍᪉䚸⾑₢

୰䛾⫹Ồ㓟䛻䛴䛔䛶䛿䚸HFD ⩌䛸 HFD-SPI ⩌䛾㛫䛻᭷ព䛺ᕪ䛿䛺䛛䛳䛯(Fig. 3D)䚹䜎䛯䚸Germ-free ᮲௳ୗ

䛻䛚䛔䛶䛿䚸┣⭠䛚䜘䜃⣅౽୰䛻஧ḟ⫹Ồ㓟䛿䚸䜋䛸䜣䛹ྵ䜎䜜䛶䛔䛺䛛䛳䛯(Fig. 3B ྑ) 䚹DCA 䜔 LCA 䛺

䛹䛾஧ḟ⫹Ồ㓟䛿䚸⭠⟶ෆศἪ⣽⬊䛻Ⓨ⌧䛩䜛 TGR5 䜢௓䛧䛶 GLP-1 ศἪ䜢ஹ㐍䛩䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛

䛣䛸䛛䜙 31)䚸SPI䛿⭠ෆ⣽⳦䛻䜘䜛୍ḟ⫹Ồ㓟䛛䜙஧ḟ⫹Ồ㓟䜈䛾ኚ᥮䜢ಁ䛧䚸ቑຍ䛧䛯 DCA䜔 LCA䛜⭠⟶

ෆศἪ⣽⬊⭷ୖ䛾 TGR5䜢άᛶ໬䛩䜛䛣䛸䛷䚸GLP-1ศἪ䛜ಁ㐍䛥䜜䛯䛣䛸䛜♧၀䛥䜜䜛䚹 
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Figure. 3  

Fecal SCFAs were measured in HFD- and HFD-SPI-fed CONV-R mice (A). BAs were determined in cecal contents 

and feces of CONV-R and GF mice (B and C). The data were shown in the absolute amounts (B, left and right) and 

ratio (B, middle) of primary and secondary BAs, and individual BAs (C). Individual BAs were determined in plasma 

of CONV-R mice (D). Data are expressed as mean ± SE (n = 7–10). Differences were assessed by Student's t-test. 

Significance is established at adjusted p < 0.05 (* p < 0.05, ** p < 0.01). 
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3-4. SPI㈇Ⲵ䛻䜘䜛⭠ෆ⣽⳦ྀኚ໬ 

SPIᦤ㣗䛻䜘䜚⭠ෆ⣽⳦ྀ䛜䛹䛾䜘䛖䛻ኚ໬䛧䛯䛾䛛䜢᫂䜙䛛䛻䛩䜛䛯䜑䛻䚸⣅౽䜘䜚⣽⳦ྀ DNA䜢ᢳฟ䛧䚸

16S rRNA ⳦ྀゎᯒ䜢⾜䛳䛯䚹⣅౽୰䛾ᚤ⏕≀ྀ䜢ศ㢮Ꮫⓗ䛻ゎᯒ䛧䛯䛸䛣䜝䚸䛹䛱䜙䛾⩌䛻䛚䛔䛶䜒䚸㛛

(phylum)䝺䝧䝹䛷䛿 Firmicutes㛛䛸 Bacteroidetes㛛䛾༨᭷⋡䛜㧗䛟䚸Proteobacteria㛛䛜䛭䜜䛻⥆䛔䛶༨᭷⋡

䛜㧗䛛䛳䛯䚹Deferribacteres 㛛䛸 Actinobacteria 㛛䛿䚸HFD 䛸ẚ㍑䛧䛶䚸HFD-SPI ⩌䛷┦ᑐⓗ䛺Ꮡᅾẚ⋡䛜ඃ

఩䛻ቑຍ䛧䛶䛔䛯(Fig. 4A)䚹UniFracゎᯒ䛻䜘䜚ᚓ䜙䜜䛯㊥㞳⾜ิ䜢⏝䛔䛶୺ᗙᶆศᯒ(PCoA)䜢⾜䛔䚸୧⣽⳦

ྀ㛫䛾㢮ఝᛶ䜢どぬ໬䛧䛯⤖ᯝ䚸㣗஦䛾✀㢮䛻ᛂ䛨䛶␗䛺䜛䜽䝷䝇䝍䝸䞁䜾䛜♧䛥䜜䚸PCoA1 ㍈䛻ἢ䛳䛶 HFD-

SPI ⩌䛸 HFD ⩌䛾⭠ෆ⣽⳦ྀ䛜᏶඲䛻ศ㞳䛧䛶䛔䛯(Fig. 4B)䚹PERMANOVA 䛻䜘䜛୍ᑐẚ㍑䛾⤖ᯝ䚸⤫ィ

ⓗ䛻᭷ព䛺ศ㞳䛷䛒䜛䛣䛸䜒☜ㄆ䛥䜜䛯䚹⛉(family)䝺䝧䝹䛷䛾┦ᑐⓗ䛺Ꮡᅾ㔞䜢䝠䞊䝖䝬䝑䝥䛷ẚ㍑䛩䜛䛸䚸⛉

䝺䝧䝹䛻䛚䛔䛶䜒 SPI ㈇Ⲵ⭠ෆ⣽⳦ྀ䛜ኚ໬䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹≉䛻䚸BacteroidalesS24-7 ⛉䚸

Ruminococcaceae ⛉䛺䛹䛾᭷ព䛺ቑຍ䛸 Streptococcaceae ⛉䚸Lactobacillaceae ⛉䚸Coriobacteriaceae ⛉䛺䛹

䛾᭷ព䛺ῶᑡ䛜ㄆ䜑䜙䜜䛯(Fig.4C)䚹䛣䛾䛖䛱䚸Ruminococcaceae⛉䛿 BSHάᛶ䜢᭷䛩䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛

62)䚹䛥䜙䛻䚸⭠⟶ෆ䛾஧ḟ⫹Ồ㓟㔞䛜 SPI㈇Ⲵ䛻䜘䜚᭷ព䛻ቑຍ䛧䛶䛔䛯䛣䛸䛛䜙䚸⫹Ồ㓟௦ㅰ䛻㛵㐃䛩䜛⳦䛾

ኚ໬䜢䝸䜰䝹䝍䜲䝮 PCR 䛻䜘䜚ㄪ䜉䛯⤖ᯝ䚸䝁䞊䝹㓟 (cholic acid; CA)䜔䜿䝜䝕䜸䜻䝅䝁䞊䝹㓟

(chenodeoxycholic acid; CDCA)䛺䛹䛾୍ḟ⫹Ồ㓟䜢䛭䜜䛮䜜 DCA 䜔 LCA 䛺䛹䛾஧ḟ⫹Ồ㓟䛻ኚ᥮䛩䜛 7α

⬺Ỉ㓟໬㓝⣲䜢᭷䛩䜛⳦䛜ከᩘሗ࿌䛥䜜䛶䛔䜛 Clostridium cluster XIVa⛉䛾Ꮡᅾ㔞䛜 HFD-SPI⩌䛷᭷ព䛻

ቑຍ䛧䛶䛔䛯 64,65)(Fig. 4D)䚹䛥䜙䛻䚸LDA䛚䜘䜃 LEfSe 䜢⏝䛔䛶䚸HFD⩌䛸 HFD-SPI⩌㛫䛷Ꮡᅾ㔞䛾ᕪ䛜᭱

䜒኱䛝䛔ศ㢮⩌䜢䛥䜙䛻≉ᐃ䛧䛯⤖ᯝ䚸HFD ⩌䛸 HFD-SPI ⩌䛿䛭䜜䛮䜜䛻␗䛺䛳䛯⣽⳦䜽䝷䝇䝍䞊䜢᭷䛧䛶䛔

䜛䛣䛸䛜☜ㄆ䛥䜜䛯(Fig. 4E,F)䚹௨ୖ䜘䜚䚸SPI ㈇Ⲵ䛻䜘䜚⭠ෆ⣽⳦ྀ䛿ኚ໬䛧䚸≉䛻஧ḟ⫹Ồ㓟⏘⏕⳦䛷䛒䜛

Clostridium cluster XIVa⛉䛜᭷ព䛻ቑຍ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Figure. 4  

(A) Relative abundance of major taxonomic groups at phylum level, (B) principal coordinate analysis (PCoA), and 

(C) heatmap of relative abundance of major taxonomic groups at family level (mean relative abundance > 0.1%) of 

the fecal microbiota in HFD-SPI-fed mice vs. the HFD controls based on unweighted Unifrac distances between 

diet groups. (D) Clostridium cluster XIVa of the fecal microbiota was measured by quantitative real-time PCR. Data 

are expressed as mean ± SE (n = 6–8). Differences were assessed by Student's t-test. Differences were assessed by 



21 
 

Student's t-test. Significance is established at adjusted p < 0.05 (** p < 0.01). Linear discriminative analysis (LDA) 

effect size (LEfSe) analyses of statistically significant taxa at family level. Taxa were sorted by degree of difference 

(E) and overlaid on a taxonomic cladogram (F). Only the taxa meeting a significant LDA threshold value of >2.0 

are shown. n = 9 for HFD group, n = 7 for HFD-SPI group. 

 

➨ 4⠇ ᑠᣓ 

ᮏ◊✲䛷䛿䚸ศ㞳኱㇋䝍䞁䝟䜽㉁(SPI)䛜⭠ෆ⣽⳦䛻䜘䜛⫹Ồ㓟௦ㅰ䜢௓䛧䛶䚸௦ㅰᶵ⬟ᨵၿస⏝䜢♧䛩䛣

䛸䜢᫂䜙䛛䛻䛧䛯䚹௨ୗ䛻䚸ᮏ◊✲䛷ᚓ䜙䜜䛯▱ぢ䜢⥲ᣓ䛩䜛䚹 

SPI 䛾୺せᡂศ䛷䛒䜛 β-䝁䞁䜾䝸䝅䝙䞁䛿䚸ᢠ⫧‶స⏝䜔⬡⫫⫢ᢚไస⏝䛺䛹䜢᭷䛩䜛䛣䛸䛜᪤䛻᫂䜙䛛䛸䛥

䜜䛶䛔䜛䛜䚸ᮏ◊✲䜘䜚䚸SPI ᦤ㣗䛿 HFD ㈇Ⲵ䛻䜘䜛⫧‶ㄏᑟ᫬䛻䛚䛔䛶䚸య㔜䛚䜘䜃ⓑⰍ⬡⫫⤌⧊㔜㔞䛾

ቑຍ䜢ᢚไ䛧䚸≉䛻䚸⫢⮚୰䛾୰ᛶ⬡⫫⵳✚䜢᭷ព䛻ᢚไ䛩䜛ຠᯝ䛜䛒䜛䛣䛸䛜☜䛛䜑䜙䜜䛯䚹䛣䛾䛸䛝䚸⣅౽

୰䞉┣⭠୰䛾DCA䜔LCA䛺䛹䛾஧ḟ⫹Ồ㓟㔞䛜᭷ព䛻ቑ኱䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹⭠⟶ෆศἪ⣽⬊⭷ୖ

䛻Ⓨ⌧䛩䜛 TGR5 䛿άᛶ໬䛥䜜䜛䛸 GLP-1 ศἪ䜢ಁ㐍䛩䜛䛣䛸䛜᫂䜙䛛䛸䛥䜜䛶䛔䜛䛜䚸䛭䛾䜰䝣䜱䝙䝔䜱䞊䛿

LCA>DCA>CDCA>CA 䛷䛒䜛䛣䛸䛜ศ䛛䛳䛶䛔䜛 44)䚹䜘䛳䛶䚸SPI ᦤ㣗䛻䜘䜚䚸⭠⟶ෆ䛻䛚䛔䛶஧ḟ⫹Ồ㓟㔞

䛚䜘䜃஧ḟ⫹Ồ㓟䠋୍ḟ⫹Ồ㓟ẚ䛜ቑ኱䛧䛯䛣䛸䛜䚸TGR5 䛾άᛶ໬ቑ኱䜢௓䛧䛶 GLP-1 ศἪஹ㐍䛻ᐤ୚䛧

䛯䛸᥎ 䛥䜜䜛䚹䜎䛯䚸⣅౽୰䞉┣⭠୰䛾஧ḟ⫹Ồ㓟㔞䛜᭷ព䛻ቑຍ䛧䛶䛔䛯䛸䛔䛖䛣䛸䛿䚸䛩䛺䜟䛱䚸஧ḟ⫹Ồ

㓟䛾᤼ἥ䛜ಁ㐍䛥䜜䛯䛸䛔䛖䛣䛸䛷䛒䜛䚹⫢⮚୰䛾஧ḟ⫹Ồ㓟㔞䛾పୗ䛜⾑Ύ䜾䝹䝁䞊䝇⃰ᗘ䛚䜘䜃⾑Ύ୰ᛶ

⬡⫫⃰ᗘ䛾ῶᑡ䜢䜒䛯䜙䛩䛣䛸䛜ሗ࿌䛥䜜䛶䛚䜚 28)䚸஧ḟ⫹Ồ㓟䛜ᐟ୺䛾䜶䝛䝹䜼䞊ᜏᖖᛶ⥔ᣢ䛻㔜せ䛺ᙺ

๭䜢ᢸ䛳䛶䛔䜛ྍ⬟ᛶ䛜♧၀䛥䜜䛶䛔䜛䚹 

SPI㈇Ⲵ䛻䜘䜛⭠ෆ⣽⳦ྀኚ໬䜢ぢ䛶䜏䜛䛸䚸Ruminococcaceae⛉䛸 Clostridium cluster XIVa䛾᭷ព䛺ቑຍ

䛜ㄆ䜑䜙䜜䛯䚹Ruminococcaceae⛉䛿 BSHάᛶ䜢᭷䛩䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛 63)䚹BSH䛻䜘䜚ᢪྜᆺ⫹Ồ㓟䛜

⬺ᢪྜ䛥䜜䜛䛸䚸ᑠ⭠ୗ㒊䜔኱⭠䛻䛚䛔䛶䛒䜛✀䛾⭠ෆ⣽⳦䛻䜘䜛⬺Ỉ㓟໬䜔㓟໬䛺䛹䛾௦ㅰ䜢ཷ䛡䜛䜘䛖䛻

䛺䜚䚸஧ḟ⫹Ồ㓟䛾⏘⏕䛜ቑ኱䛩䜛䚹䜎䛯䚸CA 䜢 DCA 䜈䚸CDCA 䜢 LCA 䜈ኚ᥮䛩䜛 7α ⬺Ỉ㓟໬㓝⣲䜢᭷

䛩䜛 Clostridium cluster XIVa䛾ቑຍ䜒䚸DCA䜔 LCA䛺䛹䛾஧ḟ⫹Ồ㓟䛾ቑຍ䛻ᐤ୚䛧䛯䛸⪃䛘䜙䜜䜛䚹䛯䛰䚸

⫹Ồ㓟䛿⭠ෆ⣽⳦䛻䜘䜛௦ㅰ䜢ཷ䛡䜛୍᪉䛷䚸⭠⟶ෆ䛾⫹Ồ㓟⤌ᡂ䛜⭠ෆ⣽⳦ྀ⤌ᡂ䛻ᙳ㡪䜢ཬ䜌䛩䛸䛔䛖

┦஫㛵ಀ䛜ᡂ䜚❧䛳䛶䛔䜛䚹䛧䛯䛜䛳䛶䚸SPI 䛭䛾䜒䛾䛜┤᥋ⓗ䛻 Ruminococcaceae ⛉䛸 Clostridium cluster 

XIVa 䜢ቑຍ䛥䛫䜛స⏝䜢᭷䛩䜛䛾䛛䚸䛒䜛䛔䛿䚸SPI䛜⫹Ồ㓟௦ㅰ䛻ᙳ㡪䛩䜛䛣䛸䛷⭠⟶ෆ⫹Ồ㓟⤌ᡂ䛜ኚ໬

䛧䚸䛭䛾⤖ᯝ䚸⫹Ồ㓟௦ㅰ㛵㐃䛾⭠ෆ⣽⳦ᩘ䛜ኚ໬䛧䛯䛾䛛䛿䚸ᮏ◊✲⤖ᯝ䛰䛡䛷䛿⤖ㄽ௜䛡䜛䛣䛸䛿䛷䛝䛺

䛔䚹䛯䛰䚸Germ-free᮲௳ୗ䛷䛿䚸SPI䛾㧗䛔ᢠ⏕ά⩦័⑓ຠᯝ䛜ᡴ䛱ᾘ䛥䜜䛯䛣䛸䛛䜙䚸䛭䛾௦ㅰᶵ⬟ᨵၿຠ

ᯝ䜢Ⓨ᥹䛩䜛䛯䜑䛻䛿⭠ෆ⣽⳦䛚䜘䜃⭠ෆ⣽⳦௦ㅰ≀䛾Ꮡᅾ䛜㔜せ䛷䛒䜛䛣䛸䛜♧၀䛥䜜䛯䚹ᮏ◊✲⤖ᯝ䜘

䜚䚸SPI䛾ᢠ⫧‶స⏝䛸㧗䛔⬡⫫⫢ᢚไస⏝䛜☜ㄆ䛥䜜䚸䛭䛾స⏝ᶵᗎ䛻䛴䛔䛶䛿䚸⭠ෆ⣽⳦௦ㅰ≀䛷䛒䜛஧

ḟ⫹Ồ㓟䛜㔜せ䛺㘽䜢ᥱ䛳䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 

⢾ᒀ⑓䚸⬡㉁␗ᖖ⑕䛺䛹䛾⏕ά⩦័⑓䛾Ⓨ⑕䞉ቑᝏせᅉ䛸䛧䛶䚸⫢⮚䛻䛚䛡䜛⬡⫫⵳✚䛾ቑຍ䛜ᐦ᥋䛻㛵
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㐃䛧䛶䛔䜛䛣䛸䛜▱䜙䜜䛶䛔䜛䛜䚸⫢⮚⬡⫫㔞䜢ຠᯝⓗ䛻ῶ䜙䛩᪉ἲ䛿䚸ᦤྲྀ䜹䝻䝸䞊ไ㝈䛻䜘䜛㣗஦⒪ἲ䛸ᩘ

✀㢮䛾་⸆ရ௨እ䛻䛿☜❧䛥䜜䛶䛔䛺䛔䚹SPI 䛿㧗䛔⬡⫫⫢ᢚไຠᯝ䜢ᣢ䛴䛣䛸䛛䜙䚸ᢠ⏕ά⩦័⑓ຠᯝ䛾

㧗䛔᪂䛯䛺ᶵ⬟ᛶ㣗ရ㛤Ⓨ䜈䛾ᛂ⏝䛜ᮇᚅ䛥䜜䜛䚹SPI 䛾⫹Ồ㓟௦ㅰ䜢ᇶ㍈䛸䛧䛯స⏝ᶵᗎ䛾඲ᐜ䜢᫂䜙䛛

䛻䛧䛶䛔䛟䛣䛸䛿䚸⭠ෆ⣽⳦ྀ䛸⫹Ồ㓟௦ㅰ䛾㛵㐃䛻╔┠䛧䛯᪂䛯䛺⏕ά⩦័⑓἞⒪ἲ䛾☜❧䛻䜒⧅䛜䜛䛸ᮇ

ᚅ䛥䜜䜛䚹 
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➨ 3❶ 䜹䞊䝗䝷䞁䛻䜘䜛⭠ෆ⎔ቃኚ໬䛸䜶䝛䝹䜼䞊௦ㅰไᚚ 

➨ 1⠇ 䛿䛨䜑䛻 

β-䜾䝹䜹䞁䛿䚸β-D-䜾䝹䝁䞊䝇ከ⢾㢮䛾୍✀䛷䛒䜚䚸⣽⳦䚸㓝ẕ䚸┿⳦䚸⸴㢮䚸㣗⏝䜻䝜䝁䚸✐≀䛺䛹䛾⣽⬊

ቨ䛻Ꮡᅾ䛧䛶䛔䜛 61,66,67)䚹䜋䛸䜣䛹䛾 β-䜾䝹䜹䞁䛾୍⯡ⓗ䛺ᙧែ䛿䚸β-(1→3)䜾䝸䝁䝅䝗⤖ྜ䜢ᣢ䛴 D-䜾䝹䝁䞊

䝇䝴䝙䝑䝖䛛䜙ᵓᡂ䛥䜜䛶䛔䜛䛜䚸㓝ẕ䜔┿⳦䛾 β-䜾䝹䜹䞁䛿ศᒱ䛧䛶䛚䜚䚸β-(1→6)䜾䝸䝁䝅䝗⤖ྜ䜢ྵ䜣䛷䛔

䜛䚹୍᪉䚸኱㯏䜢䛿䛨䜑䛸䛩䜛✐㢮䛾 β-䜾䝹䜹䞁䛿䚸β-(1→3)䛚䜘䜃 β-(1→4)䜾䝸䝁䝅䝗⤖ྜ䜢ᙧᡂ䛧䛶䛔䜛䚹䛭

䛾௚䛾 β-䜾䝹䜹䞁䛿䚸β-(1→3)䜾䝸䝁䝅䝗⤖ྜ䛾䜏䛾┤㙐ᵓ㐀䜢ᣢ䛳䛶䛔䜛䚹ᐟ୺䛾㓝⣲䛿䛣䛾 β-䜾䝸䝁䝅䝗⤖

ྜ䜢ษ᩿䛩䜛䛣䛸䛜䛷䛝䛺䛔䛯䜑䚸β-䜾䝹䜹䞁䛿㞴ᾘ໬ᛶከ⢾㢮䛸䜏䛺䛥䜜䛶䛚䜚䚸䛔䛟䛴䛛䛾 β-䜾䝹䜹䞁䛷䛿

ᦤྲྀ䛩䜛䛣䛸䛷⭠ෆ⣽⳦ྀ䛾ኚ໬䛻క䛔䚸ච␿ᛂ⟅䜔௦ㅰไᚚ䛺䛹ᐟ୺䛾⏕యᜏᖖᛶ䛻᭷┈䛺ຠᯝ䛜ᚓ䜙

䜜䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛 61,68)䚹 

Agrobacterium biobar䛺䛹䛾⣽⳦䛻䜘䛳䛶ྜᡂ䛥䜜䜛䜹䞊䝗䝷䞁䛿䚸β-(1→3)䜾䝸䝁䝅䝗⤖ྜ䛾䜏䜢ᣢ䛴┤㙐≧

䛾 β-䜾䝹䜹䞁䛷䛒䜚䚸㣗ရῧຍ≀䛸䛧䛶ຍᕤ㣗ရ䛾䝊䝷䝏䞁໬๣䚸Ᏻᐃ๣䜔ቑ⢓๣䛺䛹䛻౑⏝䛥䜜䛶䛔䜛 69)䚹䛣

䜜䜎䛷䛻䚸䜹䞊䝗䝷䞁䛾ᦤྲྀ䛜⭠⟶ෆ䛾▷㙐⬡⫫㓟⃰ᗘ䜢ୖ᪼䛥䛫䚸ᐟ୺䛾ච␿⣔䜔㦵௦ㅰ䜢ᨵၿ䛩䜛䛣䛸䛜

ሗ࿌䛥䜜䛶䛔䜛䜒䛾䛾䚸௦ㅰᜏᖖᛶ䛻ཬ䜌䛩ᙳ㡪䛿䛔䜎䛰᫂䜙䛛䛸䛥䜜䛶䛔䛺䛔 70,71)䚹䛭䛣䛷䚸ᮏ◊✲䛷䛿䚸䜹

䞊䝗䝷䞁䛾ᦤྲྀ䛜䚸⭠ෆ⣽⳦ྀ䛸⭠ෆ⣽⳦௦ㅰ≀㔞䛾ኚ໬䜢ㄪ⠇䛧䚸HFD 䛻䜘䜛㣗஦ㄏᑟᛶ⫧‶䛻ᑐ䛩䜛௦

ㅰᶵ⬟ᨵၿຠᯝ䜢Ⓨ᥹䛩䜛䛸௬ᐃ䛧䚸䜹䞊䝗䝷䞁䛾ᦤྲྀ䚸⭠ෆ⣽⳦ྀ䚸䛚䜘䜃⭠ෆ⣽⳦௦ㅰ≀䛾┦㛵㛵ಀ䜢᫂

䜙䛛䛻䛩䜛䛣䛸䜢┠ⓗ䛸䛧䛯䚹 

 

➨ 2⠇ ᐇ㦂ᮦᩱ䛚䜘䜃᪉ἲ 

2-1. ື≀䛚䜘䜃㈇Ⲵヨ㦂 

ᐇ㦂ື≀䛿䚸᪥ᮏ䜶䝇䜶䝹䝅䞊ᰴᘧ఍♫䛛䜙㉎ධ䛧䛯 C57BL/6J ⣔⤫䛾㞝䝬䜴䝇䜢౑⏝䛧䛯䚹3 㐌㱋䛾䝬䜴

䝇䜢㉎ධ䛧䚸CLEA Rodent Diet CE-2(᪥ᮏ䜽䝺䜰)䜢୚䛘䛶 1㐌㛫㥆໬䛥䛫䛯ᚋ䚸4㐌㱋䛛䜙ヨ㦂㣗䛾㈇Ⲵ䜢㛤

ጞ䛧䛯䚹㣫ᩱ䛿㧗⬡⫫㣗(HFD; 60kcal%⬡⫫ྵ᭷㔞;䝸䝃䞊䝏䝎䜲䜶䝑䝖)䜢䝧䞊䝇䛻 10䠂(w/w)䛾 38μm (400 䝯

䝑䝅䝳)䝉䝹䝻䞊䝇⢊ᮎ(ᐩኈ䝣䜲䝹䝮࿴ග⣧⸆ᰴᘧ఍♫)䜎䛯䛿䜹䞊䝗䝷䞁(ᐩኈ䝣䜲䝹䝮࿴ග⣧⸆ᰴᘧ఍♫)䜢

㓄ྜ䛧䛯䜒䛾䜢⏝䛔䛯(Table. 4)䚹㈇Ⲵᮇ㛫䛿 12 㐌㛫䛷䚸㐌 1 ᅇయ㔜 ᐃ䜢⾜䛔䚸య㔜ኚ໬䜢ẚ㍑䛧䛯䚹ᐇ㦂

ື≀䛿䚸ᐊ  20~23℃䚸‵ᗘ 40~60䠂䛾⎔ቃ䛾ୗ䚸12᫬㛫䛾᫂ᬯ䝃䜲䜽䝹䛷㣫⫱䛧䛯䚹 
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Table. 4 

Ingredient Cellulose Curdlan 

  g g 

Casein 200 200 

L-Cystine 3 3 

Maltodextrin 10 125 125 

Sucrose 68.8 68.8 

Cellulose, BW200 50 50 

Soybean oil 25 25 

Lard 245 245 

Mineral mix S10026 10 10 

DiCalcium phosphate 13 13 

Calcium carbonate 5.5 5.5 

Potassium citrate, H2O 16.5 16.5 

Vitamin mix V10001 10 10 

Choline bitartrate 2 2 

Cellulose 86 0 

Curdlan 0 86 
   
Energy, kcal/g 4.72 4.72 

% Energy   

Protein 20 20 

Carbohydrate 20 20 

Fat 60 60 

 

2-2. ๗᳨䛚䜘䜃⤌⧊᥇㞟 

12㐌㛫䛾㈇Ⲵヨ㦂⤊஢ᚋ䛻๗᳨䛸ศᯒ䛻ᚲせ䛺⤌⧊䛾᥇㞟䜢⾜䛳䛯䚹ゎ๗䛿⣙5᫬㛫䛾⤯㣗ᚋ䛻⾜䛳䛯䚹

⤯㣗୰䛿䝬䜴䝇䜢✵䜿䞊䝆䛻⛣䛧䚸⣅౽䜢᥇㞟䛧䛯䚹᥇㞟䛧䛯⣅౽䝃䞁䝥䝹䛿䛩䛠䛻ịୖ䛻⨨䛝䚸඲䛶ᅇ཰ᚋ䚸

-80℃䛷෾⤖ಖᏑ䛧䛯䚹ゎ๗┤๓䛻䚸ᑿ㟼⬦䜘䜚ᚤ㔞䛾⾑ᾮ䜢᥇ྲྀ䛧䚸LFS 䜽䜲䝑䜽䝉䞁䝃䞊(䝆䝵䞁䝋䞁䞉䜶䞁䝗䞉

䝆䝵䞁䝋䞁)䜢⏝䛔䛶⾑⢾್䜢 ᐃ䛧䛯䚹䛭䛾ᚋ䚸䝬䜴䝇䛿䜲䝋䝣䝹䝷䞁䛻䜘䜛྾ᘬ㯞㓉䜢⾜䛔䚸⾑ᾮ䛚䜘䜃ⓑⰍ

⬡⫫⤌⧊䚸⫢⮚䚸┣⭠䜢᥇ྲྀ䛧䛯䚹ୗ኱㟼⬦䜘䜚᥇⾑䜢⾜䛔䚸ᚓ䜙䜜䛯⾑ᾮ䝃䞁䝥䝹䛿䚸4℃䚸7,000×g 䛷 5 ศ

㛫㐲ᚰ䛧䚸⾑₢䛾䜏䜢ᅇ཰䛧䛶-80℃䛷෾⤖ಖᏑ䛧䛯䚹䜎䛯䚸᥇ྲྀ䛧䛯⤌⧊䝃䞁䝥䝹䛿㔜㔞䜢 ᐃ䛧䚸䜰䝹䝭䝩䜲

䝹䛻ໟ䜣䛷-80℃䛷෾⤖ಖᏑ䛧䛯 49)䚹 

 

2-3. 16S rRNA⳦ྀゎᯒ 

⣅౽୰䛾 DNAᢳฟ䛻䛿䚸FastDNA™ SPIN Kit for Feces (MP Biomedicals)䜢౑⏝䛧䛯䚹䝃䞁䝥䝹䛾 DNA⃰



25 
 

ᗘ䜢⣙ 10ng/μl䛻ᥞ䛘䚸16S rRNA㑇ఏᏊ䛾 V4㡿ᇦ䜢 515F/806R䝥䝷䜲䝬䞊䜢⏝䛔䛶ቑᖜ䛧䛯䚹Nextera® XT 

Index kit v2 SetA (illumina)䜢⏝䛔䛶୧➃䜢䝍䜾௜䛡䛧䚸⢭〇䜢⾜䛳䛯ᚋ䚸illumina MiSeq䛚䜘䜃MiSeq Reagent 

kit V3 (illumina)䜢⏝䛔䛶䚸䛂Preparing Libraries for Sequencing on the MiSeq䛃(part 15039740, Rev. D)䛾䝥䝻䝖䝁

䝹䜢⏝䛔䛶ㄪ〇䛧䚸䜰䞁䝥䝸䝁䞁䛾䝅䞊䜿䞁䝇䜢⾜䛳䛯䚹䝅䞊䜿䞁䝇ᚋ䛾ᚤ⏕≀⩌㞟ゎᯒ䛿

QIIME1(Quantitative Insights Into Microbial Ecology䚸version1.9.1)䛾䝟䜲䝥䝷䜲䞁䜢⏝䛔䛶䚸䝸䞊䝗䛾⤖ྜ䚸䜽䜸

䝸䝔䜱䞊䝏䜵䝑䜽䚸⣽⳦ྀ⤌ᡂ䛾ゎᯒ䜢⾜䛳䛯䚹䝕䞊䝍䝧䞊䝇䛸䛧䛶䛿 Silva (version1.2.8)䜢⏝䛔䛶䚸䝕䞊䝍䝧䞊

䝇䛻ྵ䜎䜜䜛䝸䝣䜯䝺䞁䝇㓄ิ䛤䛸䛻 97%䛾┦ྠᛶ䜢ᣢ䛴䝸䞊䝗䜢䜎䛸䜑䛶 OTU 䜢సᡂ䛧䛯䚹ᚓ䜙䜜䛯 OTU 䜢䜒

䛸䛻ヨᩱ䛾⣽⳦䛻䛴䛔䛶㛛䚸⛉䝺䝧䝹䛾⳦ྀ⤌ᡂ䜢Ỵᐃ䛧䛯䚹Ỵᐃ䛧䛯⣽⳦ྀ⤌ᡂ䛸⤫ィศᯒ䝋䝣䝖 R 䜢౑⏝

䛧䛶䚸୺ᡂศศᯒ(PCoA)䛸䝠䞊䝖䝬䝑䝥ゎᯒ䜢⾜䛳䛯䚹PCoA 䛻䛿 Vegan 䝟䝑䜿䞊䝆䜢䚸䝠䞊䝖䝬䝑䝥ゎᯒ䛻䛿

ComplexHeatmap䝟䝑䜿䞊䝆䜢⏝䛔䛶┦ᑐᏑᅾẚ䜢ィ⟬䛧䛯 62)䚹 

 

2-4. ᒓ䝺䝧䝹䛷䛾ᐃ㔞䝸䜰䝹䝍䜲䝮 PCR䛻䜘䜛⭠ෆ⣽⳦䛾┦ᑐᏑᅾ㔞ẚ㍑ 

FastDNA™ SPIN Kit for Feces (MP Biomedicals)䛻䜘䜚⣅౽䝃䞁䝥䝹䛛䜙⣽⳦ྀ DNA䜢ᢳฟ䛧䚸DNA⃰ᗘ

䜢 1ng/μl䛻ᥞ䛘䝔䞁䝥䝺䞊䝖 DNA 䛸䛧䛯䚹ྛ䝃䞁䝥䝹䛾 16S rRNA㑇ఏᏊ䝁䝢䞊䜢䚸≉␗ⓗ䛺 16S䝥䝷䜲䝬䞊

䜢⏝䛔䛯䝸䜰䝹䝍䜲䝮 PCR 䛷ホ౯䛧䛯䚹ෆ㒊䝁䞁䝖䝻䞊䝹䛸䛧䛶䝴䝙䝞䞊䝃䝹 16S rRNA 㑇ఏᏊ䜢⏝䛔䚸16S 

rRNA 䛻ᑐ䛩䜛┦ᑐ䝺䝧䝹䛷⾲䛧䛯䚹ᐃ㔞䝸䜰䝹䝍䜲䝮 PCR ゎᯒ䛿䚸TBGreen™ Premix Ex Taq™II (TaKaRa)

䛚䜘䜃StepOnePlus™ Real-Time PCR System (Applied Biosystems)䜢⏝䛔䛶⾜䛳䛯 61)䚹䝴䝙䝞䞊䝃䝹 16S rRNA

䛚䜘䜃ྛ⳦ᒓ䛾᳨ฟ䛻䛿䚸ୗグ䛾䝥䝷䜲䝬䞊䜢౑⏝䛧䛯(Tabel. 5)䚹 

Table. 5 

Gene Primer Sequence 

Universal 
Forward 5'-ACTCCTACGGGAGGCAGCAGT-3' 

Reverse 5'-ATTACCGCGGCTGCTGGC-3' 

Muribaculum 
Forward 5'-AGGGAGCAATTGAGTCCACG-3' 

Reverse 5'-TGATATTCCGCCTACGCACC-3' 

Paramuribaculum  
Forward 5'-TAATACGGAGGATGCGAGCG-3' 

Reverse 5'-CAAGGCACCCAGTTTCAACG-3' 

Duncaniella 
Forward 5'-TAATACGGAGGATGCGAGCG-3' 

Reverse 5'-GCATTCCGCATACTTCTCGC-3' 

Catenibacterium 
Forward 5'-TAGCGCAGGGATGGACCTAT-3' 

Reverse 5'-TGTCTCAGTCCCAATGTGGC-3' 
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2-5. ⣅౽୰䛾▷㙐⬡⫫㓟ᐃ㔞 

᥇ྲྀ䛧䛯⣅౽䜢 10ಸ㔞䛾MilliQỈ䛻ᠱ⃮䛧䚸4℃䚸8,000×g䛷 5ศ㛫㐲ᚰ䛧䚸ୖΎ䜢ᅇ཰䛧䛯䚹2%㔞䛾 5-䝇

䝹䝩䝃䝸䝏䝹㓟䜢ຍ䛘䛶㝖䝍䞁䝟䜽䛧䛯ᚋ䚸5%㔞䛾ሷ㓟䛸 2 ಸ㔞䛾䝆䜶䝏䝹䜶䞊䝔䝹䜢ຍ䛘䛶䚸ᾮᾮศ㓄ᢳฟ

䜢⾜䛳䛯䚹ෆ㒊ᶆ‽≀㉁䛿 2-䜶䝏䝹㓗㓟䜢⏝䛔䛯䚹ㄪ〇䝃䞁䝥䝹୰䛾ྛ✀▷㙐⬡⫫㓟⃰ᗘ䜢 GCMS-QP2010 

Ultra (Shimadzu)䛻䜘䜚 ᐃ䛧䛯䚹䜹䝷䝮䛿 VF-WAX ms column (30m䚸0.25mmID䚸1μm Thickness䚸Agilent)䜢౑

⏝䛧䛯䚹ྛ໬ྜ≀䛿ಶู䛾䜲䜸䞁(m/z)䛚䜘䜃᳨ฟ᫬㛫䛷ศ㞳䞉ྠᐃ䛧䛯(Table. 2)䚹ᚓ䜙䜜䛯䜲䜸䞁䜽䝻䝬䝖䜾䝷

䝣䛾䝢䞊䜽䜢✚ศ䛧䚸ಶ䚻䛾▷㙐⬡⫫㓟䛸 2-䜶䝏䝹㓗㓟䛾᳨㔞⥺䜢⏝䛔䛶ᐃ㔞䛧䛯 61)䚹 

 

2-6. ⾑₢୰䛾⬡㉁䛾ᐃ㔞 

⾑₢୰䛾⥲䝁䝺䝇䝔䝻䞊䝹⃰ᗘ䛿䚸䝷䝪䜰䝑䝉䜲™䝁䝺䝇䝔䝻䞊䝹(䝁䝺䝇䝔䝻䞊䝹䜸䜻䝅䝎䞊䝊䞉DAOSἲ䚸ᐩ

ኈ䝣䜲䝹䝮࿴ග⣧⸆)䛾䜻䝑䝖䜢⏝䛔䛶 ᐃ䛧䛯䚹⾑₢୰䛾 NEFA 䛿䚸䝷䝪䜰䝑䝉䜲™NEFA(ACS䞉ACOD ἲ䚸ᐩ

ኈ䝣䜲䝹䝮࿴ග⣧⸆)䛾䜻䝑䝖䜢⏝䛔䛶 ᐃ䛧䛯䚹⾑₢୰䛾 TG ⃰ᗘ䛿䚸䝷䝪䜰䝑䝉䜲™䝖䝸䜾䝸䝉䝷䜲䝗(GPO䞉

DAOSἲ䚸ᐩኈ䝣䜲䝹䝮࿴ග⣧⸆)䛾䜻䝑䝖䜢⏝䛔䛶 ᐃ䛧䛯 49)䚹 

 

2-7. ⾑₢୰ GLP-1⃰ᗘ ᐃ 

άᛶᆺ GLP-1䛾ศゎ䜢㜵䛠䛯䜑䛻䚸᥇ྲྀ䛧䛯⾑ᾮ 198μl䛻 DPP-4 䜲䞁䝠䝡䝍䞊(Merck Millipore)䜢 2μlຍ䛘

䛶䜘䛟ΰྜ䛧䚸4℃䚸7,000×g 䛷 5 ศ㛫㐲ᚰ䛧䛶䚸⾑₢䜢ᅇ཰䛧䛯䚹䛣䛾⾑₢䝃䞁䝥䝹୰䛾 GLP-1 ⃰ᗘ䜢

glucagon-like peptide-1 (Active) ELISA (Merck Millipore)䛾䜻䝑䝖䜢⏝䛔䛶 ᐃ䛧䛯 62)䚹 

 

2-8. ⾑₢୰䜲䞁䝇䝸䞁⃰ᗘ ᐃ 

⾑₢୰䛾䜲䞁䝇䝸䞁⃰ᗘ䛿䚸䝺䝡䝇®䜲䞁䝇䝸䞁-䝬䜴䝇(RTU)(ᐩኈ䝣䜲䝹䝮䝽䝁䞊䝅䝞䝲䜼)䛾䜻䝑䝖䜢⏝䛔䛶 

ᐃ䛧䛯 49)䚹 

 

2-9. ⫢⮚୰ TGᐃ㔞 

⫢⮚䜢⣙ 75mg ษ䜚ྲྀ䜚䚸TG ᢳฟ䝞䝑䝣䜯䞊(0.45M 㓑㓟䠖MeOH䠖䜽䝻䝻䝩䝹䝮䠙1䠖2.5䠖1.25) 4mL୰䛷䝩䝰

䝆䝘䜲䝈䛧䚸ప ᐊ(4℃)䛷୍ᬌ䚸㌿ಽΰ࿴䛧䛯䚹⩣᪥䚸MilliQ Ỉ䜢 1mLຍ䛘䛶䜘䛟᧠ᢾ䛧䚸4℃䚸1,500×g 䛷 10

ศ㛫㐲ᚰ䛧䚸ୗᒙ䜢ᅇ཰䛧䛯䚹ᅇ཰䛧䛯⁐ᾮ䜢 60℃䜲䞁䜻䝳䝧䞊䝍䞊ෆ䛷⵨Ⓨ஝ᅛ䛥䛫䚸250μl 䛾䜲䝋䝥䝻䝢䝹

䜰䝹䝁䞊䝹䛻෌ᠱ⃮䛧䛯䚹ㄪ〇䛧䛯ᠱ⃮ᾮ୰䛾 TG⃰ᗘ䜢䝷䝪䜰䝑䝉䜲™䝖䝸䜾䝸䝉䝷䜲䝗䛾 ᐃ䜻䝑䝖䜢⏝䛔䛶 

ᐃ䛧䚸⫢⮚ 1g䛻ྵ䜎䜜䜛 TG㔞䜢ồ䜑䛯 49)䚹 

 

2-10. 䝦䝬䝖䜻䝅䝸䞁䞉䜶䜸䝅䞁ᰁⰍ(HEᰁⰍ) 

⫢⮚䛾୍㒊䜢ษ䜚ྲྀ䜚䚸OCT 䝁䞁䝟䜴䞁䝗(䝃䜽䝷䝣䜯䜲䞁䝔䝑䜽䝆䝱䝟䞁)䛻ໟᇙ䛧䛶-80℃䛷෾⤖䛧䛯ᚋ䚸䜽䝷䜲

䜸䝇䝍䝑䝖(CM1850䚸LEICA)䛷ⷧษ䛧䛶⤌⧊ษ∦䜢స〇䛧䛯䚹⤌⧊ษ∦ୖ䛻 4%PFA 䜢 1mL 䛪䛴⁲ୗ䛧䛶 10
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ศ㛫㟼⨨䛧䚸⤌⧊䜢ᅛᐃ䛧䛯䚹PBS (10 ศ㛫䚸3 ᅇ)䛷Ὑίᚋ䚸䝦䝬䝖䜻䝅䝸䞁䛷 20 ศ㛫ᰁⰍ䛧䛯䚹70% EtOH

䛚䜘䜃Ỉ䛷Ὑί䛧䛯ᚋ䚸䜶䜸䝅䞁䛷 5ศ㛫ᰁⰍ䛧䛯䚹෌ᗘ䚸70% EtOH䛚䜘䜃Ỉ䛷Ὑί䛧䛯ᚋ䚸70% EtOH (10

ศ㛫)䛚䜘䜃 100% EtOH (10ศ㛫䚸2ᅇ)䛻䜘䜚⬺Ỉ䛧䚸䛥䜙䛻䜻䝅䝺䞁 (10ศ㛫䚸2ᅇ)䛻䜘䜚㏱ᚭ䜢⾜䛳䛯䚹㢼

஝䛥䛫䛯ᚋ䚸MOUNT-QUICK(኱㐨⏘ᴗ)䜢⁲ୗ䛧䚸䜹䝞䞊䜺䝷䝇䜢䛾䛫䛶ᑒධ䛧䛯䚹ᑒධ๣䛜஝⇱䛧䛯ᚋ䚸ග

Ꮫ㢧ᚤ㙾䛷⫢⤌⧊ീ䜢ほᐹ䛧䛯 49)䚹 

 

2-11. 䝸䜰䝹䝍䜲䝮 PCR 

䝬䜴䝇⤌⧊䛛䜙䛾 RNA ᢳฟ䛿 RNAiso Plus (TaKaRa)䜢⏝䛔䛶⾜䛳䛯䚹ᢳฟ䛧䛯 RNA 䛿 Moloney murine 

leukaemia virus reverse transcriptase (Invitrogen)䜢⏝䛔䛶㏫㌿෗䜢⾜䛳䛯䚹㏫㌿෗䛷ᚓ䜙䜜䛯 cDNA 䛿 Taq 

DNA polymerase (TaKaRa)䛸䝥䝷䜲䝬䞊䛻䜘䜚ቑᖜ䛧䚸ᐃ㔞䝸䜰䝹䝍䜲䝮 PCR ゎᯒ䛿䚸TBGreen™ Premix Ex 

Taq™II (TaKaRa)䛚䜘䜃 StepOnePlus™ Real-Time PCR System (Applied Biosystems)䜢⏝䛔䛶⾜䛳䛯䚹㑇ఏᏊ

Ⓨ⌧䛿䚸䝝䜴䝇䜻䞊䝢䞁䜾㑇ఏᏊ 18S 䜢⏝䛔䛯ẚ㍑ 2-ΔΔCtἲ䛻䜘䜚ṇつ໬䛧䛯䚹ྛ㑇ఏᏊ䛾䝥䝷䜲䝬䞊䛿䚸ୗ

グ䛾㓄ิ䜢౑⏝䛧(Tabel. 6)49)䚹 

 

Table. 6 

Gene Primer Sequence 

18S 
Forward 5'-CTCAACACGGGAAACCTCAC-3' 

Reverse 5'-AGACAAATCGCTCCACCAAC-3' 

Acc1 
Forward 5'-AAGGCTATGTGAAGGATG-3' 

Reverse 5'-CTGTCTGAAGAGGTTAGG-3' 

Pgc1a 
Forward 5'-GAGAATGAGGCAAACTTGCTAGCG-3' 

Reverse 5'-TGCATGGTTCTGAGTGCTAAGACC-3' 

Cpt1a 
Forward 5'-GCATAAACGCAGAGCATTCC-3' 

Reverse 5'-GATGTTGGGGTTCTTGTCTCC-3' 

 

2-12. ⣅౽୰䛾⫹Ồ㓟ᐃ㔞 

᥇ྲྀ䛧䛯⣅౽䜢෾⤖஝⇱ᶵ䛷୍ᬌ஝⇱䛥䛫䚸䝃䞁䝥䝹䛾஝⇱㔜㔞䜢 ᐃ䛧䛯䚹஝⇱䝃䞁䝥䝹䜢 MilliQ Ỉ䠇

0.4M NaOH (1:1䚸v/v)୰䛻ᠱ⃮䛧䚸ෆ㒊ᶆ‽≀㉁䛸䛧䛶 d4-DCA䛚䜘䜃 d4-TDCA 䜢ຍ䛘䚸䛥䜙䛻䝦䜻䝃䞁䜢ຍ

䛘䛶ᾮᾮศ㓄ᢳฟ䜢⾜䛳䛯䚹ୗᒙ䜢ᅇ཰䛧䚸4℃䚸20,000×g 䛷 10 ศ㛫㐲ᚰ䛧䛯䚹ୖΎ䜢ᅇ཰䛧䚸䝃䞁䝥䝹඘ሸ

๓䛻䚸MeOH 1mL䚸MilliQỈ 3mL䜢㏻䛧䛶䝁䞁䝕䜱䝅䝵䝙䞁䜾䛧䛯Oasis® PRiME HLB 1cc Extraction Cartridges 

(Waters)䛻㏻䛧䛶⢭〇䛧䛯䚹䝃䞁䝥䝹඘ሸᚋ䚸MilliQ Ỉ 500μL 䛷Ὑί䛧䚸MeOH䠇䜰䝉䝖䝙䝖䝸䝹(1:1䚸v/v) 1mL

䛷⁐ฟ䛧䛯䚹䝃䞁䝥䝹඘ሸᚋ䚸MilliQ Ỉ 500μL 䛷Ὑί䛧䚸MeOH䠇䜰䝉䝖䝙䝖䝸䝹(1:1䚸v/v)1mL 䛷⁐ฟ䛧䛯䚹
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ACQUITY UPLC®䝅䝇䝔䝮 (Waters)䛻 Xevo TQD MS (Waters)䜢⤌䜏ྜ䜟䛫䛯 LC/MS/MS䜢⏝䛔䛶䚸ㄪ〇䝃

䞁䝥䝹୰䛾ྛ✀⫹Ồ㓟⃰ᗘ䜢 ᐃ䛧䛯䚹䜹䝷䝮䛿 Acquity HSS C18 (2.13100mm䚸1.7mm) column (Waters)䜢౑

⏝䛧䛯䚹⛣ື┦䛿䚸0.1%㓑㓟Ỉ⁐ᾮ䛸䜰䝉䝖䝙䝖䝸䝹-䜲䝋䝥䝻䝟䝜䞊䝹(9:1䚸v/v)䜢⏝䛔䛯䚹ྛ໬ྜ≀䛾᳨ฟ䛿䚸

䝛䜺䝔䜱䝤䜲䜸䞁䜶䝺䜽䝖䝻䝇䝥䝺䞊䝰䞊䝗䛾 MRM 䛷⾜䛔䚸ಶู䛾䝥䝺䜹䞊䝃䞊䜲䜸䞁䚸䝥䝻䝎䜽䝖䜲䜸䞁䛚䜘䜃

᳨ฟ᫬㛫䛷ศ㞳䞉ྠᐃ䛧䛯 (Table. 3)䚹 

 

2-13. ⤫ィฎ⌮ 

⤖ᯝ䛿඲䛶ᖹᆒ್±ᶆ‽ㄗᕪ䛷⾲䛧䛯䚹⭠ෆ⣽⳦ྀ䛾㢮ఝᛶ䜢ศᯒ䛩䜛䛯䜑䛻䚸⤫ィศᯒ䝋䝣䝖 R䛾 Vegan

䝟䝑䜿䞊䝆䜢⏝䛔䛶 PERMANOVA᳨ᐃ䜢⾜䛳䛯䚹ྛ⩌䛾 alpha diversity䛿 Shannon-diversity䜢⏝䛔䛶 ᐃ䛧

䛯䚹16S rRNA䝅䞊䜿䞁䝅䞁䜾䛻䛚䛡䜛 FDR (false discovery rate) q್䜢 Benjamini-Hochbergἲ䜢⏝䛔䛶᥎ᐃ

䛧䛯䚹16S rRNA䝅䞊䜿䞁䝅䞁䜾䛾䝕䞊䝍䛿䚸FDR⿵ṇ䜢⾜䛳䛯 Student's t-test䜢⏝䛔䛶ゎᯒ䛧䛯䚹P < 0.05䛚

䜘䜃 q < 0.05䛷⤫ィⓗ䛻᭷ព䛺ᕪ䛸䛧䛯䚹  
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➨ 3⠇ ⤖ᯝ䛚䜘䜃⪃ᐹ 

3-1. 䜹䞊䝗䝷䞁䛻䜘䜛⭠ෆ⣽⳦ྀ⤌ᡂ䛾ᨵၿ 

㧗⬡⫫㣗ᦤྲྀ䛻䜘䜛⭠ෆ⣽⳦ྀ◚⥢䛿⫧‶䜢ቑᝏ䛥䛫䜛୍᪉䛷䚸㣗≀⧄⥔ᦤྲྀ䛻䜘䜛⭠ෆ⎔ቃኚ໬䛿ᐟ

୺䛾௦ㅰᶵ⬟䜢ᨵၿ䛥䛫䜛䛣䛸䛜▱䜙䜜䛶䛔䜛䚹䛭䛣䛷䜎䛪ึ䜑䛻䚸㣗≀⧄⥔䛸ྠᵝ䚸㞴ᾘ໬ᛶከ⢾㢮䛾୍✀

䛷䛒䜛䜹䞊䝗䝷䞁䛻䜘䜛⭠ෆ⣽⳦⤌ᡂ䛾ኚ໬䜢ㄪ䜉䛯䚹㠀Ⓨ㓝ᛶ⧄⥔䛷䛒䜛䝉䝹䝻䞊䝇䜢ᑐ↷⩌䛸䛧䚸䝉䝹䝻䞊

䝇䛒䜛䛔䛿䜹䞊䝗䝷䞁䜢㓄ྜ䛧䛯 HFD䜢 12㐌㛫ᦤ㣗䛥䛫䚸㈇Ⲵヨ㦂ᚋ䛾⣅౽୰䛾⭠ෆ⣽⳦ྀ䛾ኚ໬䜢ẚ㍑䛧

䛯䚹䛭䛾⤖ᯝ䚸PCA 䛸 alpha-diversity 䛻䜘䛳䛶♧䛥䜜䜛䜘䛖䛻䚸䜹䞊䝗䝷䞁䛜⭠ෆ⣽⳦ྀ䛾⤌ᡂ䜢ኚ໬䛥䛫䜛䛣䛸

䛜☜ㄆ䛥䜜䛯(Fig. 5A)䚹⣅౽୰䛾⣽⳦ྀ䜢㛛(phylum)䝺䝧䝹䛷䛾䝞䞊䝏䝱䞊䝖ゎᯒ䜢⾜䛳䛯⤖ᯝ䚸䜹䞊䝗䝷䞁

㈇Ⲵ⩌䛷䛿䚸Bacteroidetes 㛛䛜ቑຍ䛧䚸Firmicutes 㛛䚸Deferribacteres 㛛䚸Proteobacteria 㛛䛾ῶᑡ䛜ㄆ䜑䜙䜜

䛯(Fig. 5B)䚹Bacteroidetes 㛛䛾┦ᑐⓗ䛺Ꮡᅾ㔞䛿䚸䜹䞊䝗䝷䞁㈇Ⲵ⩌䛜䝉䝹䝻䞊䝇㈇Ⲵ⩌䜘䜚䜒᭷ព䛻㧗䛟䚸୍

᪉䛷 Firmicutes 㛛䚸Deferribacteres 㛛䚸Proteobacteria 㛛䛾┦ᑐⓗ䛺Ꮡᅾ㔞䛿᭷ព䛻ῶᑡ䛧䛶䛔䛯䚹䛥䜙䛻䚸⛉

(family)䝺䝧䝹䛷ྛ⩌䜢䜽䝷䝇䝍䝸䞁䜾䛩䜛䛸䚸䜹䞊䝗䝷䞁㈇Ⲵ⩌䛻䛚䛔䛶 Bacteroidales S24-7⛉䚸Prevotellaceae

⛉䚸Erysipelotrichaceae ⛉䛾ቑຍ䛜☜ㄆ䛥䜜䛯 (Fig. 5C)䚹≉䛻䚸Bacteroidales S24-7 ⛉䛻ᒓ䛧䛶䛔䜛

Muribaculum ᒓ䚸Paramuribaculum ᒓ䚸Duncaniella ᒓ䚸Erysipelotrichaceae ⛉䛻ᒓ䛧䛶䛔䜛 Catenibacterium

ᒓ䛾Ꮡᅾ㔞䛾㢧ⴭ䛺ቑຍ䛜☜ㄆ䛥䜜(Fig. 5D,E)䚸䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜚䚸⭠ෆ⣽⳦ྀ⤌ᡂ䛾ᨵၿ䛜☜ㄆ䛥䜜䛯䚹 
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Figure. 5  

Changes in fecal microbiota of mice supplemented with curdlan. (A) Principal component analysis (PCA) of 

taxonomic groups at the family level. Difference in α-diversity between cellulose and curdlan groups. (B) Relative 

abundance of major taxonomic groups at the phylum level. (C) Heat map of relative abundance of major taxonomic 

groups at the family level (mean relative abundance > 0.1%). (D, E) The relative abundance of the gene 
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Muribaculum, Paramuribaculum, Duncaniella (D), and Catenibacterium (E) between cellulose or curdlan groups 

were detected using real-time PCR. Data are expressed as means ± SEM (Cellulose-supplementation group: n = 6, 

Curdlan-supplementation group: n = 6). P < 0.05 was considered statistically significant (*P < 0.05 and **P < 0.01). 

 

3-2. 䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜛⣅౽୰▷㙐⬡⫫㓟䛾ቑຍ 

㣗≀⧄⥔䛾ᦤྲྀ䛿䚸䛭䛾ከ⢾ᵓ㐀䛾㐪䛔䛻ᛂ䛨䛶⭠ෆ⣽⳦䛾⤌ᡂ䜢ኚ໬䛥䛫䜛䛣䛸䛻䜘䜚䚸ᵝ䚻䛺䝺䝧䝹䛷

⭠ෆ▷㙐⬡⫫㓟⃰ᗘ䜢ቑຍ䛥䛫䜛䛣䛸䛜▱䜙䜜䛶䛔䜛䚹䛭䛣䛷䚸䜹䞊䝗䝷䞁㈇Ⲵᚋ䛾⭠ෆ䛻䛚䛡䜛▷㙐⬡⫫㓟

⏘⏕㔞䜢 ᐃ䛧䛯䚹12 㐌㛫䛾㈇Ⲵヨ㦂ᚋ䚸䜹䞊䝗䝷䞁㈇Ⲵ⩌䛾┣⭠㔜㔞䛿䚸䝉䝹䝻䞊䝇㈇Ⲵ⩌䛸ẚ㍑䛧䛶᭷ព

䛻㧗䛛䛳䛯(Fig. 6A)䚹䛣䛾⤖ᯝ䛿䚸䝬䜴䝇䛻䛚䛔䛶䛿䚸┣⭠䛜㣗≀⧄⥔䛾୺䛺Ⓨ㓝㒊఩䛷䛒䜚䚸Ⓨ㓝ᛶ㣫ᩱ䛾

ᦤྲྀ䛻䜘䜚┣⭠䛜⫧኱䛩䜛䛣䛸䛛䜙䚸䝉䝹䝻䞊䝇䛻ẚ䜉䛶䜹䞊䝗䝷䞁䛜┣⭠䛷Ⓨ㓝䛩䜛䛣䛸䜢♧䛧䛶䛔䜛 72)䚹┣⭠

㔜㔞䛾⤖ᯝ䛸┦㛵䛧䛶䚸䜹䞊䝗䝷䞁㈇Ⲵ⩌䛾⣅౽୰▷㙐⬡⫫㓟䛿䚸䝉䝹䝻䞊䝇㈇Ⲵ⩌䛾䛭䜜䜘䜚䜒᭷ព䛻㧗䛛

䛳䛯(Fig. 6B)䚹䛣䛾⤖ᯝ䛿䚸▷㙐⬡⫫㓟䛷䛒䜛䝥䝻䝢䜸䞁㓟䜔㓗㓟䜢⏘⏕䛩䜛䛣䛸䛜▱䜙䜜䛶䛔䜛 Bacteroidales 

S24-7⛉䛻ᒓ䛩䜛 Muribaculumᒓ䚸Paramuribaculumᒓ䚸Duncaniellaᒓ䛾ቑຍ䛸୍⮴䛧䛶䛔䜛(Fig. 5D)73,74)䚹

௨ୖ䛾䜘䛖䛻䚸䜹䞊䝗䝷䞁䛾ᦤྲྀ䛻䜘䜚䚸⭠ෆ⣽⳦௦ㅰ≀䛷䛒䜛▷㙐⬡⫫㓟䚸≉䛻㓗㓟䛾䝺䝧䝹䛜㢧ⴭ䛻ቑຍ䛥

䜜䛯䚹 

 
Figure. 6 

Short-chain fatty acid (SCFA) production by curdlan supplementation. (A) Weight of cecum in mice fed a high-fat 

diet (HFD) supplemented with cellulose or curdlan for 12 weeks. (B) Amounts of acetic, propionic and butyric acids 

among SCFAs extracted from fecal samples collected during a 5-h fast after 12 weeks of cellulose or curdlan 

supplementation determined using GC-MS. Data are expressed as means ± SEM (Cellulose-supplementation group: 
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n = 12, Curdlan-supplementation group: n = 12. P < 0.05 was considered statistically significant (**P < 0.01). 

 

3-3. 䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜛㧗⬡⫫㣗ㄏᑟᛶ㧗⾑⢾䛾ᨵၿ 

⭠⟶ෆ䛾▷㙐⬡⫫㓟䛾ቑຍ䛿ᐟ୺䛾௦ㅰᜏᖖᛶ䛻ᙳ㡪䜢୚䛘䜛䛣䛸䛜▱䜙䜜䛶䛔䜛䛯䜑 43,75)䚸HFDㄏⓎ⫧

‶䝬䜴䝇䛻䛚䛡䜛䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜛௦ㅰᶵ⬟䜈䛾ᙳ㡪䜢ㄪ䜉䛯䚹㏻ᖖ㣫⫱䛧䛯 C57BL/6J 䝬䜴䝇䛻䚸㔜㔞

ẚ 10%䛷䝉䝹䝻䞊䝇䜎䛯䛿䜹䞊䝗䝷䞁䜢㓄ྜ䛧䛯 HFD 䜢 12 㐌㛫㈇Ⲵ䛧䚸య㔜ኚ໬䜔⬡⫫⤌⧊㔜㔞䜢ẚ㍑䛧

䛯䚹䛭䛾⤖ᯝ䚸య㔜䛚䜘䜃⬡⫫㔜㔞䛾ቑຍ䛿䚸䝉䝹䝻䞊䝇⩌䛸䜹䞊䝗䝷䞁⩌㛫䛷ྠ➼䛷䛒䛳䛯(Fig. 7A,B)䚹䛥䜙

䛻䚸⫢⮚㔜㔞䜔⫢⮚୰䛾 TG 䜔⬡⫫⁲䛾኱䛝䛥䚸⫢⮚䛻䛚䛡䜛䜶䝛䝹䜼䞊ᾘ㈝(Pgc1a)䚸β 㓟໬(Cpt1a)䚸⬡⫫

㓟ྜᡂ(Acc1)䛺䛹䛾௦ㅰ㓝⣲㑇ఏᏊ䛾Ⓨ⌧㔞䜒䚸䝉䝹䝻䞊䝇⩌䛸䜹䞊䝗䝷䞁⩌䛾㛫䛷᭷ព䛺ᕪ䛿䜏䜙䜜䛺䛛䛳

䛯(Fig. 7C,D)䚹୍᪉䛷䚸⾑₢ TG㔞䛸 NEFA㔞䜒䚸䝉䝹䝻䞊䝇⩌䛸䜹䞊䝗䝷䞁⩌䛷ྠ⛬ᗘ䛷䛒䛳䛯䛜䚸⾑⢾್䛸⾑

₢⥲䝁䝺䝇䝔䝻䞊䝹್䛻䛚䛔䛶䛿䚸䜹䞊䝗䝷䞁⩌䛜䝉䝹䝻䞊䝇㈇Ⲵ⩌䛸ẚ㍑䛧䛶᭷ព䛻ప䛛䛳䛯(Fig. 7E)䚹䛥䜙

䛻䚸䝉䝹䝻䞊䝇⩌䛻ẚ䜉䚸䜹䞊䝗䝷䞁⩌䛾⾑₢୰䛾䜲䞁䝇䝸䞁䛚䜘䜃䜲䞁䜽䝺䝏䞁䛾୍✀䛷䛒䜛 GLP-1 ⃰ᗘ䛿᭷

ព䛻㧗䛛䛳䛯(Fig. 7F,G)䚹⭠⟶䝩䝹䝰䞁䛷䛒䜛 GLP-1 䛿䚸⮅⮚䛾 β ⣽⬊䛾ቑṪ䜔䜾䝹䝁䞊䝇౫Ꮡᛶ䛾䜲䞁䝇䝸

䞁ศἪ䛾ቑຍ䛻㛵ಀ䛧䛶䛔䜛䛣䛸䛛䜙 48)䚸䜹䞊䝗䝷䞁䛾ᦤྲྀ䛿䚸⾑₢䜲䞁䝇䝸䞁䛚䜘䜃 GLP-1 䝺䝧䝹䛾ୖ᪼䛻క

䛔䚸㧗⾑⢾䜢ᨵၿ䛧䛶䛔䜛ྍ⬟ᛶ䛜♧䛥䜜䛯䚹 



33 
 

 
Figure. 7 

Improvement of metabolic function by curdlan supplementation. (A) Body weight gain. (B) Weight of white 

epididymal (epiWAT), perirenal (periWAT), and subcutaneous (subWAT) adipose tissues. (C) Weight of liver. 

Hepatic triglyceride, and hematoxylin and eosin (H&E) staining of hepatocytes in cellulose or curdlan group. (D) 

Relative mRNA expressions involved in energy expenditure (Pgc1a), β-oxidation (Cpt1a), and fatty acid synthesis 
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(Acc1) in the liver. (E) Blood glucose, plasma total cholesterol, triglyceride, non-esterified fatty acids (NEFAs), (F) 

plasma insulin, and (G) plasma GLP-1 levels were measured after fasting for 5 h. (B–G) Mice fed a HFD diet 

supplemented with cellulose or curdlan for 12 weeks. Data are expressed as means ± SEM. P < 0.05 was considered 

statistically significant (*P < 0.05 and **P < 0.01). Cellulose-supplementation group: n = 10–12; Curdlan-

supplementation group: n = 11–12. Each cage contained two mice. Epi, epididymal; Peri, perirenal; Sub, 

subcutaneous; WAT, white adipose tissue. 

 

 

3-4. 䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜛⣅౽୰䛾⫹Ồ㓟㔞䛾ኚ໬ 

▷㙐⬡⫫㓟䛿䚸䛭䛾ཷᐜయ䛷䛒䜛 GPR41䚸GPR43䜢௓䛧䛶䜲䞁䝇䝸䞁䛚䜘䜃 GLP-1䛾ศἪ䜢ಁ㐍䛧䚸௦ㅰไ

ᚚᶵᵓ䛻ᙳ㡪䜢୚䛘䜛 43,76)䚹䛧䛛䛧䚸⭠ෆ⣽⳦ྀ䛿▷㙐⬡⫫㓟⏘⏕䛰䛡䛷䛺䛟䚸୍㒊䛾⭠ෆ⣽⳦䛜᭷䛩䜛

BSH 䛻䜘䛳䛶䚸⫢⮚䛷ྜᡂ䛥䜜䛯୍ḟ⫹Ồ㓟䛾⬺ᢪྜ䜔⬺Ỉ㓟໬䛺䛹䛾௦ㅰ䛻䜘䜛஧ḟ⫹Ồ㓟⏘⏕䛻䜒ᐤ୚

䛧䛶䛔䜛䚹䛥䜙䛻䚸஧ḟ⫹Ồ㓟䛾ቑຍ䛻䜘䛳䛶䜒 GLP-1 䛾ศἪ䛻ᙳ㡪䜢୚䛘䜛䛣䛸䛜▱䜙䜜䛶䛔䜛 31,36,37,77) 䚹䛭

䛣䛷䚸䜹䞊䝗䝷䞁ᦤྲྀ䛸⾑₢GLP-1ቑຍ䛾㛵ಀ䜢᫂䜙䛛䛻䛩䜛䛯䜑䛻䚸⣅౽୰䛾୍ḟ⫹Ồ㓟䛚䜘䜃஧ḟ⫹Ồ㓟

䜢 ᐃ䛧䛯䚹⤖ᯝ䚸୍ḟ⫹Ồ㓟䛻ᑐ䛩䜛஧ḟ⫹Ồ㓟䛾ẚ⋡䛿䚸䝉䝹䝻䞊䝇㈇Ⲵ⩌䜘䜚䚸䜹䞊䝗䝷䞁㈇Ⲵ⩌䛾᪉

䛜ඃ఩䛻㧗䛛䛳䛯(Fig. 8A)䚹䛥䜙䛻䛭䜜䛮䜜䛾⫹Ồ㓟䛾ᐃ㔞ศᯒ䜢⾜䛳䛯⤖ᯝ䚸㱎ṑ㢮䛷᭱䜒ከ䛔୍ḟ⫹Ồ

㓟䛷䛒䜛 bMCA䛜䚸䜹䞊䝗䝷䞁㈇Ⲵ⩌䛷䛿䝉䝹䝻䞊䝇㈇Ⲵ⩌䛻ẚ䜉䛶኱ᖜ䛻ῶᑡ䛧䛶䛔䜛୍᪉䛷䚸୺せ䛺஧ḟ

⫹Ồ㓟䛷䛒䜛 DCA䛿䚸䝉䝹䝻䞊䝇㈇Ⲵ⩌䛻ẚ䜉䚸䜹䞊䝗䝷䞁㈇Ⲵ⩌䛷䛿኱ᖜ䛺ቑຍ䛜☜ㄆ䛥䜜䛯(Fig. 8B)䚹䛣

䜜䜙䛾⤖ᯝ䛛䜙䚸䜹䞊䝗䝷䞁ᦤྲྀ䛻䜘䜛஧ḟ⫹Ồ㓟䛾ቑຍ䜒䜎䛯䚸⾑₢୰䛾 GLP-1 ⃰ᗘ䛾ୖ᪼䛻㛵୚䛩䜛䛣䛸

䛜♧၀䛥䜜䜛䚹 
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Figure. 8  

Changes in the bile acid (BA) profile of mice supplemented with curdlan. (A) Ratio of primary and secondary BAs. 

(B) Individual BAs. Data are expressed as mean ± SEM. Cellulose-supplementation group: n = 9; Curdlan-

supplementation group: n = 10. P < 0.05 was considered statistically significant (*P < 0.05 and **P < 0.01). CA, 

cholic acid; TCA, tauro-cholic acid; aMCA, α-muricholic acid; bMCA, β-muricholic acid; TaMCA, tauro-α-

muricholic acid; TbMCA, tauro-β-muricholic acid; CDCA, chenodeoxy cholic acid; TCDCA, tauro-chenodeoxy 

cholic acid; LCA, lithocholic acid; TLCA, tauro-lithocholic acid; HCA, hyocholic acid; DCA, deoxycholic acid; 

UDCA, ursodeoxycholic acid; HDCA, hyodeoxycholic acid; TDCA, tauro-deoxycholic acid; TUDCA, tauro-

ursodeoxycholic acid; THDCA, tauro-hyodeoxycholic acid. 
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➨ 4⠇ ᑠᣓ 

ᮏ◊✲䛷䛿䚸䜹䞊䝗䝷䞁䛜⭠ෆ⣽⳦ྀ䛾⤌ᡂኚ໬䜢௓䛧䛶䚸㧗⬡⫫㣗ㄏᑟᛶ㧗⾑⢾䛾ᢚไస⏝䜢♧䛩䛣䛸

䜢᫂䜙䛛䛻䛧䛯䚹௨ୗ䛻䚸ᮏ◊✲䛷ᚓ䜙䜜䛯▱ぢ䜢⥲ᣓ䛩䜛䚹 

䜹䞊䝗䝷䞁䛾ᦤྲྀ䛿䚸⭠ෆ⣽⳦䛾⤌ᡂ䛻ᙳ㡪䜢୚䛘䚸௦ㅰ䛚䜘䜃ච␿ᶵ⬟䜢ᨵၿ䛩䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛

70)䚹䛧䛛䛧䚸䜹䞊䝗䝷䞁ᦤྲྀ䛻䜘䜛⭠ෆ▷㙐⬡⫫㓟⏘⏕䜢௓䛧䛯௦ㅰᶵ⬟䜈䛾ᙳ㡪䛿䛣䜜䜎䛷᫂䜙䛛䛻䛥䜜䛶䛔

䛺䛔䚹ᮏ◊✲䛷䛿䚸㧗⬡⫫㣗ㄏᑟᛶ⫧‶䝬䜴䝇䛻䜹䞊䝗䝷䞁㈇Ⲵ䛩䜛䛣䛸䛷䚸⾑⢾್䛸⾑₢⥲䝁䝺䝇䝔䝻䞊䝹್

䛜పୗ䛩䜛䛣䛸䜢᫂䜙䛛䛻䛧䛯䚹䛥䜙䛻䚸䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜛⾑⢾್ୖ᪼ᢚไຠᯝ䛿䚸⭠ෆ⣽⳦ྀ䛻䜘䜛▷㙐

⬡⫫㓟⏘⏕䛸⫹Ồ㓟⤌ᡂ䛾ኚ໬䛜ᐤ୚䛧䛶䛔䜛䛣䛸䜢ぢฟ䛧䛯䚹ᮏ◊✲䛷䛿䚸䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜚䚸

Bacteroidales S24-7 ⛉䛸 Erysipelotrichaceae ⛉䛾᭷ព䛺ቑຍ䛜♧䛥䜜䛯䚹Bacteroidales S24-7 ⛉䛻ᒓ䛩䜛

Muribaculumᒓ䚸Paramuribaculumᒓ䚸Duncaniellaᒓ䛿䚸▷㙐⬡⫫㓟䛷䛒䜛䝥䝻䝢䜸䞁㓟䜔㓗㓟䜢⏘⏕䛩䜛䛣

䛸䛜▱䜙䜜䛶䛔䜛 73,74)䚹䛧䛯䛜䛳䛶䚸䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜛⣅౽୰䛾▷㙐⬡⫫㓟㔞䛾ቑຍ䛻䚸Muribaculum ᒓ䚸

Paramuribaculumᒓ䚸Duncaniellaᒓ䛾ቑຍ䛜୍㒊㛵୚䛩䜛ྍ⬟ᛶ䛜♧၀䛥䜜䛯䚹䜎䛯䚸Erysipelotrichaceae⛉

䛾 Catenibacterium ᒓ䛿䚸BSH 㑇ఏᏊ䜢᭷䛩䜛䛣䛸䛜▱䜙䜜䛶䛔䜛 63)䚹BSH 䛿஧ḟ⫹Ồ㓟⏘⏕䛻㔜せ䛺㓝⣲

䛷䛒䜛䛣䛸䛛䜙䚸䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜛 Catenibacteriumᒓ䛾ቑຍ䛜஧ḟ⫹Ồ㓟䜈䛾௦ㅰຠ⋡䛾ྥୖ䛻ᐤ୚䛩䜛

䛣䛸䛷⣅౽୰䛾஧ḟ⫹Ồ㓟䛜ቑຍ䛧䚸⾑₢ GLP-1 ⃰ᗘ䛜ୖ᪼䛧䛯ྍ⬟ᛶ䜒⪃䛘䜙䜜䜛䚹䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜛

஧ḟ⫹Ồ㓟ቑຍ䛸 GLP-1ศἪㄪ⠇䛾స⏝ᶵᗎ䜢᫂䜙䛛䛻䛩䜛䛻䛿䚸䛥䜙䛺䜛◊✲䛜ᚲせ䛷䛒䜛䚹䜎䛯䚸䝁䝺䝇䝔

䝻䞊䝹䛿⫹Ồ㓟ྜᡂ䛾ᇶ㉁䛸䛧䛶฼⏝䛥䜜䜛䛯䜑䚸䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜛⾑₢䝁䝺䝇䝔䝻䞊䝹㔞䛾పୗ䛿䚸⣅౽

୰䛾⫹Ồ㓟⤌ᡂ䛾ኚ໬䛸㛵㐃䛧䛶䛔䜛ྍ⬟ᛶ䛜♧၀䛥䜜䜛䛜䚸䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜛䝁䝺䝇䝔䝻䞊䝹ᢚไຠᯝ

䛾ヲ⣽䛺ᶵᗎ䜢᫂䜙䛛䛻䛩䜛䛯䜑䛻䛿䚸▷㙐⬡⫫㓟ཷᐜయḞᦆ䝬䜴䝇䜢⏝䛔䛯᭦䛺䜛◊✲䛜ᚲせ䛷䛒䜛䚹 

ᮏ◊✲䛷䛿䚸䜹䞊䝗䝷䞁㈇Ⲵ䛜㧗⬡⫫㣗ㄏⓎ㧗⾑⢾䛻ᑐ䛧䛶ᢚไຠᯝ䜢Ⓨ᥹䛧䚸⭠ෆ⎔ቃ䜢ᨵၿ䛩䜛䛣䛸䜢

♧䛧䛯䚹䛣䜜䜙䛾ຠᯝ䛿䚸⭠ෆ⣽⳦䛾௦ㅰ≀䛷䛒䜛▷㙐⬡⫫㓟䜔஧ḟ⫹Ồ㓟⏘⏕䛻䜘䜛 GLP-1 䛾ศἪಁ㐍䛾

⤖ᯝ䛸䛧䛶㉳䛣䜛䛣䛸䛜᝿ᐃ䛥䜜䜛䚹䛧䛯䛜䛳䛶䚸ᮏ◊✲⤖ᯝ䛿䚸௒ᚋ䚸⫧‶䜔⢾ᒀ⑓䛺䛹䛾⏕ά⩦័⑓䜢ண㜵

䛩䜛䛯䜑䛾㣗ရῧຍ≀䛾㛤Ⓨ䛻㈉⊩䛩䜛䜒䛾䛸⪃䛘䜙䜜䜛䚹 
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➨ 4❶ ⥲ᣓ  

ᮏ◊✲䛷䛿䚸㞴ᾘ໬ᛶ㣗஦ᡂศ䛷䛒䜛ศ㞳኱㇋䝍䞁䝟䜽㉁(SPI)䛚䜘䜃䜹䞊䝗䝷䞁䛾ᦤྲྀ䛜䚸⭠ෆ⣽⳦ྀ䛾

⤌ᡂኚ໬䛸䛭䜜䛻క䛖⭠ෆ⣽⳦௦ㅰ≀㔞䛾ኚ໬䜢௓䛧䛶䚸௦ㅰᶵ⬟ᨵၿస⏝䜢♧䛩䛣䛸䜢➨ 2 ❶䛚䜘䜃➨ 3

❶䛷᫂䜙䛛䛻䛧䛯䚹➨ 2 ❶䛚䜘䜃➨ 3 ❶䛻䛚䛔䛶䚸SPI 䛒䜛䛔䛿䜹䞊䝗䝷䞁䛾ᦤྲྀ䛿䚸⫧‶䛸ṇ䛾┦㛵⳦䛸䛥䜜

䜛 Streptococcaceae⛉䛾ῶᑡ䚸▷㙐⬡⫫㓟⏘⏕⳦䛷䛒䜛 Bacteroidales S24-7⛉䛾ቑຍ䛚䜘䜃஧ḟ⫹Ồ㓟ྜᡂ

㓝⣲ BSH䜢᭷䛩䜛 Ruminococcaceae⛉䛒䜛䛔䛿 Erysipelotrichaceae⛉䛾ቑຍ䛜ඹ㏻䛧䛶♧䛥䜜䛯䚹䛥䜙䛻䚸୧

◊✲䛻䛚䛔䛶䚸⭠⟶䝩䝹䝰䞁GLP-1䛾ศἪ䛜ྠ⛬ᗘ䛻ಁ㐍䛩䜛䛣䛸䛜ㄆ䜑䜙䜜䛯䚹䛧䛛䛧䛺䛜䜙䚸➨ 2❶䛾 SPI

ᦤྲྀ䛷䛿⬡⫫⫢ᢚไ䛜ほᐹ䛥䜜䛯䜒䛾䛾䚸䜲䞁䝇䝸䞁ศἪಁ㐍䛿ㄆ䜑䜙䜜䛪䚸୍᪉➨ 3 ❶䛾䜹䞊䝗䝷䞁ᦤྲྀ䛷

䛿䜲䞁䝇䝸䞁ศἪಁ㐍䛿ㄆ䜑䜙䜜䛯䜒䛾䛾⬡⫫⫢ᢚไ䛿ほᐹ䛥䜜䛺䛛䛳䛯䚹୧◊✲䛷ඹ㏻䛧䛶ྠ⛬ᗘ䛾ศἪୖ

᪼䛜☜ㄆ䛥䜜䛯 GLP-1 䛾⏕⌮స⏝䛷䛒䜛䚸⬡⫫⫢ᢚไ䛸䜲䞁䝇䝸䞁ศἪಁ㐍䛜䚸䛭䜜䛮䜜୍᪉䛷䛾䜏ㄆ䜑䜙䜜

䛯஦䛻㛵䛧䛶䛿䚸GLP-1௨እ䛾⏕యෆᡂศ䛾ᙳ㡪䛜᝿ᐃ䛥䜜䜛䚹➨ 2❶䛷䛿 SPIᦤྲྀ䛻䜘䜚䚸⣅౽୰䛾஧ḟ⫹

Ồ㓟㔞䛜๻ⓗ䛻ቑຍ䛧䛶䛚䜚䚸➨ 3❶䛾䜹䞊䝗䝷䞁ᦤྲྀ䛻䜘䜛ቑຍ㔞䜘䜚䜒ಸ㏆䛔ቑຍ䛜ほᐹ䛥䜜䛯䚹⫢⮚䛻Ⓨ

⌧䛩䜛஧ḟ⫹Ồ㓟ཷᐜయ FXR䛿⬡⫫⫢⵳✚ᢚไస⏝䜢᭷䛧䛶䛔䜛䛯䜑 34)䚸䛣䛾஧ḟ⫹Ồ㓟㔞䛾ᕪ䛜䚸SPIᦤ

ྲྀ䛸䜹䞊䝗䝷䞁ᦤྲྀ䛻䜘䜛⬡⫫⫢ᢚไຠᯝ䛾㐪䛔䛻ᙳ㡪䜢ཬ䜌䛧䛯ྍ⬟ᛶ䛜♧၀䛥䜜䜛䚹୍᪉䚸䜲䞁䝇䝸䞁ศἪ

ಁ㐍䛾㐪䛔䛻㛵䛧䛶䛿䚸➨ 3❶䛾䜹䞊䝗䝷䞁ᦤྲྀ䛷䛾䜏ୖ᪼䛜☜ㄆ䛥䜜䛯▷㙐⬡⫫㓟䛾㛵୚䛜᥎ᐹ䛥䜜䜛䚹▷

㙐⬡⫫㓟䛿䚸⮅⮚ β⣽⬊䛾GPR43䜢άᛶ໬䛩䜛䛣䛸䛷⮅⮚ β⣽⬊䛾ศ໬䜢ಁ㐍䛩䜛䛣䛸䛜♧䛥䜜䛶䛔䜛 79)䚹䜎

䛯䚸▷㙐⬡⫫㓟䛾୍䛴䛷䛒䜛㓗㓟䛿䚸⮅⮚ β⣽⬊䛻䛚䛔䛶 HDAC㜼ᐖ䛻䜘䜛ศ໬ಁ㐍䜢䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺

䛳䛶䛔䜛 43)䚹௨ୖ䛾䜘䛖䛻䚸SPI 䛚䜘䜃䜹䞊䝗䝷䞁䛾ᦤྲྀ䛻䜘䜛䚸⭠ෆ⎔ቃኚ໬䜢௓䛧䛯䜶䝛䝹䜼䞊௦ㅰ䜈䛾ᙳ

㡪䛿䚸⭠ෆ⣽⳦௦ㅰ≀䛻䜘䜛ᐟ୺䛾ᵝ䚻䛺ཷᐜయ䜢௓䛧䛯」ྜⓗ䛺స⏝䛻㉳ᅉ䛩䜛䛣䛸䛜♧၀䛥䜜䜛䚹 

㏆ᖺ䚸ᵝ䚻䛺௦ㅰᛶ⑌ᝈ䜔ච␿⑌ᝈ䛜䚸㣗⏕ά䜔⭠ෆ⣽⳦ྀ䛾ᵓᡂ䛸㛵㐃䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛻䛺䛳䛶

䛔䜛䚹⭠ෆ⣽⳦ྀࠕࠊࡣ➨ ࡢᐟ୺ࠊࡎࡽࡲ␃࡟ඹ⏕㛵ಀ࡞༢⣧ࡢ࡜ᐟ୺ࠊ࡟࠺ࡼࡿࢀࡉ⛠࿧࡜ჾࠖ⮚ࡢ3

⏕యᜏᖖᛶ⥔ᣢ࡟㔜せ࡞ᙺ๭ࢆᢸࠊ࡟ࡽࡉࠋࡿ࠶ࡘࡘࡾ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿ࠸࡚ࡗᵝ࡞ࠎ㣗஦ᡂศࢆ⭠

ෆ⣽⳦ྀࡀ௦ㅰࡿࢀࡉ⏕⏘࡛࡜ࡇࡿࡍ⭠ෆ⣽⳦௦ㅰ≀⩌ࠊࡀᐟ୺ཷᐜయࢆ௓࡚ࡋᵝ࡞ࠎ⏕⌮ᶵ⬟ࡓࡶࢆ

࡛✲◊ᮏࠊࡓࡲࡶࠎᡃࠋࡿ࠸࡚ࢀࡉド᫂ࡀ࡜ࡇࡿ࠶ศᏊᐇయ࡛࡞ᐇ㉁ⓗࡄ⧄ࢆྀ⳦ෆ⣽⭠࡜ᐟ୺ࠊࡍࡽ

ࡓࡋ࡟࠿ࡽ᫂ SPI ෆ⣽⳦௦ㅰ⭠࠺క࡟ࢀࡑ࡜ᵓᡂࡢྀ⳦㣗஦ᡂศ௨እ䛻䜒䚸⭠ෆ⣽ࡢ࡝࡞ࣥࣛࢻ࣮࢝ࡸ

≀⤌ᡂࢆኚ໬ࠊࡏࡉᐟ୺࡟᭷┈࡞స⏝ࡍࡽࡓࡶࢆ㣗஦ᡂศࠋࡿ࠸࡚ࡋ࡟࠿ࡽ᫂࠿ࡘࡃ࠸ࢆ 

౛ࡤ࠼㣗஦࡚ࡗࡼ࡟ᦤྲྀࡿࢀࡉ㣗≀⧄⥔ࠊࡕ࠺ࡢ኱㯏ࠊࡿࢀࡲྵ࡟β-(1→3)࡜ β-(1→4)ࢻࢩࢥࣜࢢ⤖ྜ

ࡓࡋΰᅾࡀ β-ࠊࡀࣥ࢝ࣝࢢ⭠ෆ⎔ቃࢆኚ໬࡛࡜ࡇࡿࡏࡉᐟ୺࣮ࢠࣝࢿ࢚ࡢ௦ㅰ࡟᭷┈࡞ຠᯝࢆ୚ࡇࡿ࠼

ࡓࡋሗ࿌ࢆ࡜ ኱㯏ࠋ(61 β-ࡣࣥ࢝ࣝࢢ⬇ங⣽⬊ቨࡿࢀࡲྵ࡟Ỉ⁐ᛶ㣗≀⧄⥔࡛ࠋࡿ࠶✀Ꮚ⬇ஙࠊ⬇ⱆࡩࡸ

࡝࡞ࡲࡍ β-ྵࣥ࢝ࣝࢢ᭷㒊఩ࡴྵࢆ඲⢏⢊ࡢᦤྲྀࣥࣜࢫࣥ࢖ࠊࡀឤཷᛶࡢቑຍࡢ࡝࡞⢾௦ㅰ࡟᭷┈࡞ຠ

ᯝࠊࡽ࠿࡜ࡇࡍ♧ࢆస⏝ᡂศ࡚ࡋ࡜኱㯏 β-ࡀࣥ࢝ࣝࢢᮇᚅࠊࡀࡓ࠸࡚ࢀࡉヲ⣽࡞స⏝ᶵᗎࡉ࡟࠿ࡽ᫂ࡣ

ࡓࡗ࠿࡞࠸࡚ࢀ పྵ᭷኱ࡣ࠸ࡿ࠶㧗ྵ᭷኱㯏⢊ (high β-glucan; HBG)ࣥ࢝ࣝࢢ-βࠊࡣࠎᡃ࡛ࡇࡑࠋ(78,80,81

㯏⢊ (low β-glucan; LBG)ࢆΰྜࡓࡋ㧗⬡⫫㣗࡟ࢫ࣐࢘ࢆ୚ࠊ࠼኱㯏 β-࣮ࢠࣝࢿ࢚ࡿࡼ࡟ࣥ࢝ࣝࢢ௦ㅰ࡬
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ࡣ࡟ࡽࡉࠊቑຍᢚไࡢ㔜㔞⫫⬡ࡧࡼ࠾య㔜ࠊࡣ࡛ࢫ࣐࢘ࡓ࠼୚ࢆHBG㣗ࠊᯝ⤖ࡢࡑࠋࡓࡋウ᳨ࢆᙳ㡪ࡢ

ࡿ࠶࡛ࣥࣔࣝ࣍⟶⭠ PYY࡜ GLP-1ࡢศἪ㔞ቑຍࡀ☜ㄆࠊࡓࡲࠋࡓࢀࡉHBG㣗ࢆ୚ࡢࢫ࣐࢘ࡓ࠼⣅౽࡛

ࡿ࠶࡛⳦⏕⏘㓑㓟࡞୺せࠊ࡜ቑຍࡢ㙐⬡⫫㓟▷ࡣ Bifidobacterium ᒓࡴྵࢆ Actinobacteria 㛛ࡢᏑᅾ㔞ࡢ

๻ⓗ࡞ቑຍࡀほᐹࠋࡓࢀࡉ⯆࿡῝࡟ࢫ࣐࢘⳦↓ࠊ࡟࡜ࡇ࠸ᑐ࡚ࡋ HBG 㣗ࢆ୚ࡢࡽࢀࡇࡶ࡚࠼ኚ໬ࡣ☜

ㄆࠊࡓࡲࠋࡓࡗ࠿࡞ࢀࡉ኱㯏 β-ࢆࣥ࢝ࣝࢢ HFD࡟┤᥋ΰྜࡓࡋ㣵ࢆ୚ࠊࡶ࡚࠸࠾࡟ࢫ࣐࢘ࡓ࠼HBG㣗

ࡧࡼ࠾⣅౽୰▷㙐⬡⫫㓟㔞ࠊศἪ㔞ࣥࣔࣝ࣍⟶⭠ࡢᵝྠ࡜ࢫ࣐࢘ࡓ࠼୚ࢆ Actinobacteria 㛛ࡢᏑᅾ㔞ࡢ

ቑຍࡀ☜ㄆࡢࡽࢀࡇࠋࡓࢀࡉ⤖ᯝࠊࡽ࠿኱㯏 β-ࡣࣥ࢝ࣝࢢ⭠ෆ⣽⳦ྀࡢ⤌ᡂࢆኚ໬ࠊࡏࡉ⭠ෆ⣽⳦௦ㅰ

⏝సࡢࣥࣔࣝ࣍⟶⭠ࡿࢀࡉ㐍ಁࡀศἪ࡚ࡋ௓ࢆ㙐⬡⫫㓟▷ࠊ࡛࡜ࡇࡿࡏࡉቑຍࢆ㙐⬡⫫㓟㔞▷ࡿ࠶࡛≀

ࡓࡗ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇࡿ࠼୚ࢆຠᯝ࡞┈᭷࡟௦ㅰ࣮ࢠࣝࢿ࢚ࡢᐟ୺ࠊࡏࡉୖྥࢆ  ࠋ(61

SPI ≀㣗ရῧຍ࡞┈᭷࡟ᐟ୺⏕యᜏᖖᛶࠊࡏࡉኚ໬ࢆྀ⳦ෆ⣽⭠ࡾࡼ࡟ᦤྲྀࠊࡶ࡟௨እࣥࣛࢻ࣮࢝ࡸ

ࡢ᫓㞵ࠊࡣMPIࠋࡓࡁ࡚ࡋ࡟࠿ࡽ᫂ࢆຠᯝࡿࡼ࡟㉁ (mung bean protein isolate; MPI)ࢡࣃࣥࢱ㇋⥳࡚ࡋ࡜

ཎᩱࡢࣥࣉࣥࢹ㇋⥳ࡿ࡞࡜⏕⏘వ๫≀࡛ࡢࡑࠊࡾ࠶୺ᡂศ࡛ࡿ࠶ 8S ㉁ࢡࣃࣥࢱ㇋኱ࡀࣥࣜࣈࣟࢢ SPI

ࡿࡍ᭷ࡢ β-࡜ࣥࢽࢩࣜࢢࣥࢥ㧗ࣀ࣑࢔࠸㓟┦ྠᛶ࡜ᵓ㐀㢮ఝᛶࠊࡽ࠿࡜ࡇࡘࡶࢆβ-࡟ࣥࢽࢩࣜࢢࣥࢥ௦

⬡ࡿࡅ࠾࡟㱎ṑ㢮ࠊࡣᦤྲྀࡢMPI࡟ᐇ㝿ࠋࡿ࠸࡚ࢀࡉᮇᚅ࡟࠸኱࡚ࡋ࡜⿵᪂つᶵ⬟ᛶ㣗ᮦೃ࡞Ᏻ౯ࡿࢃ

⫫⫢ᢚไࡿࡅ࠾࡟ࢺࣄࡸ⢾௦ㅰࡧࡼ࠾⬡㉁௦ㅰࡢᨵၿࡀሗ࿌ࡢࡢࡶࡿ࠸࡚ࢀࡉ ヲࡢᢚไຠᯝ‶⫧ࠊ(82-84

⣽࡞స⏝ᶵᗎࠊ࡛ࡇࡑࠋࡓࡗ࠿࡞࠸࡚ࢀࡉ࡜࠿ࡽ᫂ࡣ㧗⬡⫫㣗ࢆࣥ࢖ࢮ࢝ࡿࢀࡲྵ࡟ MPI ࡓࡋ᥮⨨࡟

HFD-MPI㣗࡜ HFD㣗࡟ࢫ࣐࢘ࢆ୚ࠊ࠼MPIࡿࡼ࡟⫧‶ᢚไຠᯝ᳨ࢆウࡢࡑࠋࡓࡋ⤖ᯝࠊMPI ㈇Ⲵ࠾࡟

ࡶ࡚࠸ SPI ㈇Ⲵྠᵝࠊ࡟HFD ㈇Ⲵ࡟క࠺య㔜ࡧࡼ࠾ⓑⰍ⬡⫫⤌⧊㔜㔞ࡢቑຍᢚไࠊ⫢⮚୰ࡢ୰ᛶ⬡⫫

⵳✚ᢚไຠᯝࠊ⭠⟶࣍ࣝࣔࣥ GLP-1ศἪቑຍࡀ☜ㄆࠊࡓࡲࠋࡓࢀࡉ⣅౽୰࣭┣⭠୰ࡢ஧ḟ⫹Ồ㓟㔞ࡢ᭷

ព࡞ቑຍ࡜ BSHάᛶࢆ᭷ࡿࡍ Ruminococcaceae⛉ࡢቑຍࡶほᐹࡽࢀࡇࡣ࡛ࢫ࣐࢘⳦↓ࠊ࡟ࡽࡉࠋࡓࢀࡉ

MPIࠊࡽ࠿࡜ࡇࡓࡋᾘኻࡀኚ໬ࡢ ㈇Ⲵࡶ SPI ㈇Ⲵྠ࡜ᵝ࡟⭠ෆ⣽⳦ྀᵓᡂࡧࡼ࠾⭠ෆ⣽⳦௦ㅰ≀(஧ḟ

⫹Ồ㓟)⤌ᡂࢆኚ໬ࠊ࡛࡜ࡇࡿࡏࡉᐟ୺࣮ࢠࣝࢿ࢚ࡢ௦ㅰᶵ⬟ᨵၿຠᯝ࡟ᐤ୚ࡗ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇࡿࡍ

ࡓ  ࠋ(85

೺ᗣຠࡢࡑࠊࡓࡲࡶᦤྲྀࡿࡼ࡟㣗஦ࡢ≀㢮໬ྜ࣮ࣝࣀ࢙ࣇࡿࡍ⏝౑࡟άᛶ໬ࡸ⣽⬊⏕ᡂࡢ㌟⮬ࡀ≀᳜

ᯝࡀᮇᚅ࣮ࣝࣀ࢙ࣇࡣ࣮ࣄ࣮ࢥࠋࡿ࠸࡚ࢀࡉ㢮᳜≀໬ྜ≀ࡴྵࢆ㣗ရࡢ୰࡛ࡶ᭱ࡶᗈࡃᾘ㈝ࡿ࠸࡚ࢀࡉ

㣧ᩱࠊࡾ࠶࡛ࡘ୍ࡢ⩦័ⓗ࡞ᦤྲྀࡀᚰ⮚⑓ࡸ⬻༞୰ࡢண㜵ࢡࢫࣜࡢࢇࡀࠊ㍍ῶ࣮ࢠࣝࢿ࢚ࠊ௦ㅰ⑌ᝈࡢ

ᨵၿࡢ࡝࡞೺ᗣຠᯝྍࡿࡀ࡞ࡘ࡟⬟ᛶࡀ♧၀ࡿ࠸࡚ࢀࡉ  㓟(chlorogenicࣥࢤࣟࣟࢡࡣ࡟࣮ࣄ࣮ࢥࠋ(86,87

acid; CGA)࢙ࣇ࢝ࡸ㓟(caffeic acid; CA)ࡀ㠀ᖖ࡟㇏ᐩࡀࡽࢀࡇࠊࡀࡿ࠸࡚ࢀࡲྵ࡟ O-methyltransferase࡟

ࡓࢀࡉᡂྜ⏕ࡾࡼ 4-Hydroxy-3-methoxycinnamic acid (HMCA)ࡣᢠ㓟໬స⏝ࡸᢠ⅖⑕స⏝ࠊᢠࢇࡀస⏝ࠊ

ㄆ▱ᶵ⬟ࡸ⚄⤒ኚᛶࡢᨵၿࠊ㦵ࡢࢢࣥࣜࢹࣔࣜࡢㄪ⠇ࡸ⪏⢾⬟㞀ᐖࠊ⬡㉁␗ᖖ⑕ࡸ⅖⑕ࡢ⦆࿴࡝࡞ᵝࠎ

࡚ࢀࡉ࡟࠿ࡽ᫂࡝ṤࡣศᏊᶵᗎ࡞ヲ⣽ࠊࡢࡢࡶࡿ࠸࡚ࡗ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇࡿࡍᐤ୚࡟యᜏᖖᛶ⥔ᣢ⏕࡞

࠸࡞࠸ ࡚ࡅཷࢆ௦ㅰࡿࡼ࡟ྀ⳦ෆ⣽⭠ࡣHMCAࠊࡓࡲࠋ(88-92 3-(4-hydroxy-3-methoxyphenyl) propionic acid 

(HMPA)࡟ኚ᥮ࡢ⭠ࠊࢀࡉᢠ⅖⑕స⏝ࠊᢠ㓟໬స⏝ࡸ⚄⤒ಖㆤస⏝ࢆᣢࠊࡢࡢࡶࡿ࠸࡚ࢀࡉ♧ࡀ࡜ࡇࡘ
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HMPA࣮ࢠࣝࢿ࢚ࡀ௦ㅰไᚚ࡟ᙳ㡪ࢆཬࡓࡗ࠿࡞ࡇ࡚ࢀࡉ࡜࠿ࡽ᫂ࡣ࠿ࡍࡰ 㣗஦ࠊࡣࠎᡃ࡛ࡇࡑࠋ(94-96

୰ࡿࢀࡲྵ࡟HMCA࡜⭠ෆ⣽⳦ྀࡢ┦஫㐃㛵ࠊ࢚ࡋ┠╔࡟ ࠋࡓࡋウ᳨ࢆᙳ㡪ࡍࡰཬ࡟௦ㅰㄪ⠇࣮ࢠࣝࢿ

ឤཷࣥࣜࢫࣥ࢖ࡸ࿴⦅ࡢ⫢⫫⬡ࠊయ㔜ቑຍᢚไࡿࡅ࠾࡟ࣝࢹࣔ‶⫧㧗⬡⫫㣗ㄏᑟᛶࡣHMCAࠊᯝ⤖ࡢࡑ

ᛶࡢᨵၿ࡟ᐤ୚ࡓࡲࠋࡓࡗ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇࡿࡍ HMCA Bacteroidetesࠊࡣᦤྲྀࡢ 㛛࡜ Actinobacteria㛛

ࡸቑຍࡢ Firmicutes㛛ࡢῶᑡࡓࡗ࠸࡜⭠ෆ⣽⳦ྀ⤌ᡂࡢኚ໬࡜┣⭠ෆᐜ≀୰ࡿࡅ࠾࡟HMPAࡢቑຍࢆ㉳

ࣝࢹࣔ‶⫧㧗⬡⫫㣗ㄏᑟᛶࡓࢀࡽHMCAᦤྲྀ࡛ぢࠊࡶሙྜ࡛ࡓࡏࡉ᥋ᦤྲྀ┤ࢆHMPAࠊ࡟ࡽࡉࠋࡓࡋࡇ

௨ࠋࡓࢀࡉㄆ☜ࡀኚ໬ࡢྀ⳦ෆ⣽⭠ࠊ࿴⦅ࡢឤཷᛶࣥࣜࢫࣥ࢖ࡸ࿴⦅ࡢ⫢⫫⬡ࠊయ㔜ቑຍᢚไࡿࡅ࠾࡟

HMCAࠊࡾࡼୖ ࡸ HMPA ㉁௦ㅰ⬡ࡢ⮚⫢ࡸ௦ㅰไᚚ࣮ࢠࣝࢿ࢚࡟≉ࠊኚ໬ࡢྀ⳦ෆ⣽⭠ࡿࡼ࡟ᦤྲྀࡢ

ࡿ࠸࡚ࢀࡉ၀♧ࡀ㛵୚ࡢ࡬ Bacteroidales S24-7⛉ࡸ Coriobacteriaceae⛉ࡢቑຍࠊࡀHMCAᦤྲྀࡿࡼ࡟௦

ㅰᶵ⬟ᨵၿ࡟ᐤ୚ྍࡿࡍ⬟ᛶࡀ♧၀ࡓࢀࡉ  ࠋ(97

ࢆ㓟ཷᐜయ⫫⬡ࡢᐟ୺ࠊࡋ┠╔࡟஫㐃㛵┦ࡢྀ⳦ෆ⣽⭠࡜ከ౯୙㣬࿴⬡⫫㓟ࡿࢀࡲྵ࡟㣗஦୰ࠊࡓࡲ

௓࣮ࢠࣝࢿ࢚ࡓࡋ௦ㅰㄪ⠇࡟ཬࡍࡰᙳ㡪᳨ࡢウࡿ࠸࡚ࡗ⾜ࡶ ࡛ࡘ୍ࡢᵓᡂ⬡⫫㓟࡞୺ࡢ㣗஦⬡㉁୰ࠋ(62

ࢀࡉ௦ㅰ࡟Ỉ㓟໬⬡⫫㓟ࠊࡾࡼ࡟⳦ෆ⣽⭠ࡢ࡝࡞⳦ங㓟ࡢ㒊୍ࠊࡣ㓟࣮ࣝࣀࣜࡿ࠶ 10-hydroxy-cis-12-

octadecenoic acid (HYA)ࠋࡿࢀࡉ⏕⏘ࡀᐇ㝿࡟㏻ᖖ㣗ᦤྲྀ࣐࢘࡜ࢫẚ㍑ࠊ࡚ࡋ㧗⬡⫫㣗ᦤྲྀ࣐࢘࠸࠾࡟ࢫ

࡜ῶᑡ࡞㢧ⴭࡢ⳦ங㓟ࡢ୰⭠┣ࠊࡣ࡚ HYA ࡀῶᑡ࡞๻ⓗࡢෆ⣽⳦௦ㅰ⏤᮶⬡⫫㓟⭠ࡢ࠿ࡘࡃ࠸ࡴྵࢆ

☜ㄆࠊࡓࡲࠋࡓࢀࡉ㧗⬡⫫㣗࣮ࣝࣀࣜ࡟㓟ࢆΰྜࡓࡋ㣵࡟ࢫ࣐࢘ࢆᦤྲྀ࡜ࡿࡏࡉ⬡⫫⤌⧊⅖⑕ࡀほᐹࡉ

㧗⬡⫫㣗ࠊࡎࢀࡉほᐹࡀㄏⓎࡢ⑕⅖⧊⤌⫫⬡࡜ࡿࡏࡉᦤྲྀ࡟ࢫ࣐࢘ࢆ㣵ࡓࡋΰྜࢆHYAࠊࡋᑐ࡟ࡢࡓࢀ

㈇Ⲵࡿࡼ࡟⫧‶⑕≧ࡢᨵၿࡀ☜ㄆࠊ࡟ࡽࡉࠋࡓࢀࡉHYA ࡿ࠶࡛⳦ங㓟ࡿࡍ᭷ࢆ⬟⏕⏘ Lactobacillus 

salivariusࢆᐃ╔ࡣ࡛ࢫ࣐࢘ࡓࡏࡉ┣⭠୰ HYA⏘⏕㔞ࡢቑຍࠊ࡜㧗⬡⫫㣗ㄏᑟᛶࡢ௦ㅰ␗ᖖ࡟ᑐࡿࡍᨵ

ၿస⏝ࡀほᐹࠊࡽ࠿࡜ࡇࡓࢀࡉ⭠ෆ⣽⳦ࡀ㣗஦୰ࡿࢀࡲྵ࡟ከ౯୙㣬࿴⬡⫫㓟ࡢ௦ㅰࢆไᚚࡉ⏕⏘ࠊࡋ

᢬ᢠࡿࡍᑐ࡟‶⫧ࡿࢀࡉㄏᑟࡾࡼ࡟㧗⬡⫫㣗ࠊ࡛࡜ࡇࡿࡏࡉάᛶ໬ࢆᐟ୺ཷᐜయࡀ≀ෆ⣽⳦௦ㅰ⭠ࡓࢀ

ᛶ࡟ᐤ୚ࡓࡋ࡟࠿ࡽ᫂ࢆ࡜ࡇࡿࡍ  ࠋ(62

㏆ᖺ⫧‶⑕ࡸ 2ᆺ⢾ᒀ⑓ࡢ࡝࡞⮫ᗋ⌧ሙ࡚࠸࠾࡟ὀ┠ࢆ㞟ࡿ࠸࡚ࡵపⅣỈ໬≀㣗࡟௦⾲࡞࠺ࡼࡿࢀࡉ

࡚ࡋᐤ୚࡟௦ㅰไᚚ࣮ࢠࣝࢿ࢚ࡢᐟ୺࡛࡜ࡇࡍࡰཬࢆᙳ㡪࡟ᵓᡂࡢྀ⳦ෆ⣽⭠ࠊࡓࡲࡶ㣗⤯ࡸ㣗ࣥࢺࢣ

ࡸ㣗㈇Ⲵࣥࢺࢣࢆࢫ࣐࢘ࠋࡿ࠸ 48 ᫬㛫㣵ࢆ୚࠸࡞࠼⤯㣗ࢡࢵࢽ࢙ࢪࢺࢣࡢ࡝࡞⎔ቃୗ࡛㣫⫱ࠊ࡜ࡿࡍ

Bacteroidetes 㛛ࡢ๭ྜࡢῶᑡࡢᩘ⳦⥲ࡸῶᑡࡢ࡝࡞⭠ෆ⣽⳦ྀኚ໬ࡀ㉳࡟ࢀࡑࠊࡾࡇక࡚ࡗ⭠⟶ෆ▷㙐

⬡⫫㓟㔞ࡢῶᑡࡀ☜ㄆࠊ࡟ࡽࡉࠋࡓࢀࡉ⭠⟶ෆ▷㙐⬡⫫㓟㔞ࡀῶᑡࡓࡋ⤖ᯝࡿࡅ࠾࡟⟶⭠ࠊ Lipoprotein 

lipase (LPL)άᛶࡢᢚไࡀほᐹ୍ࠋࡓࢀࡉ᪉࡛ࠊ඲㌟ࢡࢵࢽ࢙ࢪࢺࢣࡣ࡚࠸࠾࡟⎔ቃୗ࡛࡟ࡵࡓࡿ࠶⫢⮚

㉁௦ㅰ࣭࢚⬡ࡣ࡛⟶⭠ࠊࡾࡼ௨ୖࠋࡓࢀࡉㄆ☜ࡀ㐍ಁࡢLPLάᛶࠊࡋቑຍ࡟๻ⓗࡀ⏕⏘యࣥࢺࢣࡢࡽ࠿

ࢥࣝࢢࡢ࡝࡞㣚㣹≧ែࠊ࡛࡜ࡇࡿࡍஹ㐍ࢆ⏝฼࣮ࢠࣝࢿ㉁௦ㅰ࣭࢚⬡ࡣ඲㌟࡛ࠊࡋᢚไࢆ⏝฼࣮ࢠࣝࢿ

⭠࡟㒊୍ࡢస⏝ᶵᗎࡢࡑࠊࡾ࠾࡚ࡏࡉኚ໬࡟య㉁࡞᭷฼࡟Ꮡ⏕ࡿࡅ࠾࡟ቃ⎔࠸࡞ࡁ࡛⏝฼࡟ṇᖖࢆࢫ࣮

ෆ⣽⳦ྀࡀ㛵㐃ࡓࡋ࡟࠿ࡽ᫂ࢆ࡜ࡇࡿࡍ  ࠋ(98

࡟㣗஦ࠊࡎࡽ࡞ࡳࡢᙳ㡪ࡢ࡬యᜏᖖᛶ⏕ࡿࡼ࡟ኚ໬ࡢྀ⳦ෆ⣽⭠ࡢಶయࡓࡋᦤྲྀࢆ㣗஦ᡂศࠊ࡟ࡽࡉ
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࡟ᙳ㡪ࡍࡰཬ࡬௦ㅰ⑌ᝈ࣮ࢠࣝࢿ࢚ࡢฟ⏕ᚋ࡜Ⓨ㐩ࡢඣ⫾ࡀྀ⳦ෆ⣽⭠ࡢẕయࡢዷፎ୰ࡓࡋኚ໬ࡾࡼ

㙐▷ࡾࡼ࡟Ⓨ㓝ࡢྀ⳦ෆ⣽⭠ࡀ⥔⧅≀㣗ࡓࡋᦤྲྀࡀẕయࡢዷፎ୰ࠊᯝ⤖ࡢࡑࠋࡓࡗ⾜ࢆウ᳨✀ྛࡋ┠╔

⬡⫫㓟ࠊࡋ⏕⏘ࢆ⾑ᾮࢆ௓࡚ࡋẕయ⭠ෆ⣽⳦ྀ⏤᮶ࡢ▷㙐⬡⫫㓟ࡀ⫾ඣ࡟ᒆࠊ࡛࡜ࡇࡿࢀࡽࡅ⫾ඣࡢ௦

ㅰ࣭ෆศἪ⣔ࡀṇᖖ࡟Ⓨ㐩ࠊࡋᡂ㛗᫬࣮ࢠࣝࢿ࢚ࡢ௦ㅰࠊ࡛࡜ࡇࡿ࠼ᩚࢆฟ⏕ᚋ࠸ࡃࡾ࡞࡟‶⫧࡟య㉁

ࡓࡋ࡜࠿ࡽ᫂ࢆ࡜ࡇࡿసࢆ   ࠋ(79

ࠊᯝ⤖ࡢࡑࠊࡾ࠾࡚ࡋไᚚ࡟᥋ⓗ┤ࢆᵓᡂࡢྀ⳦ෆ⣽⭠ࡀ࠸㐪ࡢᰤ㣴⎔ቃࡸ㢮✀ࡢ㣗஦ࠊ࡟࠺ࡼࡢࡇ

ᐟ୺ࡢ⏕యᜏᖖᛶ⥔ᣢ࡜ᐦ᥋࡟㛵୚ࠊࡓࡲࠋࡿ࠸࡚ࢀࡉ♧ࡀ࡜ࡇࡿࡍᐟ୺࡜⭠ෆ⣽⳦ྀࡄ⧄ࢆᐇ㉁ⓗ࡞

ศᏊᐇయ࡛ࡿ࠶⭠ෆ⣽⳦௦ㅰ≀⩌ࠊࡀᐟ୺ഃཷࡢᐜయࢆ௓࡚ࡋᵝ࡞ࠎ⏕⌮ᶵ⬟ࢆ᭷࡟࠿ࡽ᫂ࡀ࡜ࡇࡿࡍ

ࡘࢀࡉ෌ㄆ㆑ࡀ㔜せᛶࡢ㣗ࠖࠕࡍࡰཬࢆᙳ㡪ࡃࡁ኱࡟⏕⏘≀ෆ⣽⳦௦ㅰ⭠࡜ෆ⣽⳦ྀᵓᡂ⭠ࠊࡵጞࡾ࡞

࡟ᐟ୺ࡀྀ⳦ෆ⣽⭠ࠊ࡟᫬ྠ࡜ࡿ࠶࡛※࣮ࢠࣝࢿ࢚࡞㔜せ࡟ࡵࡓࡿࡍᣢ⥔ࢆ࿨⏕ࡀࠎᡃࡣ㣗஦ࠋࡿ࠶ࡘ

᭷┈࡞௦ㅰࡢࡵࡓ࠺⾜ࢆ⭠ෆ⎔ቃ⥔ᣢࡶ࡟㔜せ࡛࡟≉ࠋࡿ࠶㣗஦⏤᮶⭠ෆ⣽⳦௦ㅰ≀ࠊࡣ࡚࠸࠾࡟✲◊ࡢ

⢭〇ࡓࡋ௦ㅰ≀ࢆࡢࡶࡢࡑᢞ୚ࡿࡍ᪉ἲࠊ௦ㅰ≀ࡢཎᩱࡿ࡞࡜㣗஦ࢆᢞ୚ࡿࡍ᪉ἲࡣ࠸ࡿ࠶ࠊ௦ㅰ≀ࢆ

ྜᡂ࡛ࡿࡁ⭠ෆ⣽⳦ࢆ┤᥋ᢞ୚࡛࡜ࡇࡿࡍ⏕యෆ࡛ࡢຠ⋡ⓗ࡞௦ㅰ≀⏘⏕ࡍಁࢆ᪉ἲࡀ࡝࡞ᶍ⣴ࢀࡉ

⥔ࢆయᜏᖖᛶ⏕ࡢᐟ୺ࡀ≀௦ㅰࡽࢀࡇࠊࡓࡲࠋࡿࢀࡉᮇᚅࡀᛶ⬟ྍࡢ๰ฟࡢᶵ⬟ᛶ㣗ရ࡞ࡓ᪂ࠊࡾ࠾࡚

ᣢ࡟ࡵࡓࡿࡍ㔜せ࡞ᅉᏊ࡛ࠊࡶࡽ࠿࡜ࡇࡿ࠶⭠ෆ⎔ቃࡢ⥙⨶ⓗ࡞ゎᯒࠊࡀᡃࡢࠎ೺ᗣቑ㐍ࢆᡭຓࡿࡍࡅ

᪂つ࡞἞⒪ἲࡢ㛤Ⓨ࡜ࡿࡀ⧄࡟ᮇᚅࠋࡿࢀࡉ 
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➨ 6❶ Ꮫ఩ㄽᩥせ᪨ 

 㣗஦䛿⏕≀䛾ᰤ㣴≧ែ䜔௦ㅰᶵ⬟䛻ᙳ㡪䜢୚䛘䜛᭱䜒㔜せ䛺ᅉᏊ䛷䛒䜛䚹୍᪉䚸㐣๫䛺㣗≀ᦤྲྀ䛻䜘䜛䜶

䝛䝹䜼䞊ᜏᖖᛶ䛾◚⥢䛿⫧‶⑕䜔 2ᆺ⢾ᒀ⑓䛻௦⾲䛥䜜䜛⏕ά⩦័⑓䛾Ⓨ⑕䛻ᐤ୚䛩䜛䛣䛸䜒▱䜙䜜䛶䛔

䜛䚹䛭䛾䜘䛖䛺୰䚸㏆ᖺ䛾⭠ෆ⣽⳦ゎᯒᢏ⾡䛾Ⓨᒎ䛻క䛔䚸䛣䜜䜙䜶䝛䝹䜼䞊௦ㅰ⑌ᝈ䛾┤᥋ⓗ䛺ཎᅉ䛾୍䛴

䛜䚸⭠ෆ⣽⳦ྀ䛾◚⥢䛸䛭䜜䛻క䛖⭠ෆ⣽⳦௦ㅰ≀䛾ኚ໬䛷䛒䜛䛣䛸䛜⛉Ꮫⓗ᰿ᣐ䛻ᇶ䛵䛔䛶᫂䜙䛛䛸䛥䜜䛴

䛴䛒䜛䚹䛥䜙䛻䚸㣗஦⏤᮶䛾ᡂศ䛜⭠ෆ⣽⳦ྀ䛾ᵓᡂ䛸⭠ෆ⣽⳦௦ㅰ≀㔞䜢ኚ໬䛥䛫䜛䛣䛸䛷䚸ᐟ୺䛾⏕యᜏ

ᖖᛶ⥔ᣢ䛻ᐤ୚䛩䜛䛣䛸䛜ᵝ䚻䛺◊✲ሗ࿌䛛䜙᫂䜙䛛䛸䛺䜚䛴䛴䛒䜛䚹䛣䛾䜘䛖䛻䚸㏆ᖺ䛾೺ᗣᚿྥ䛾㧗䜎䜚䛻䜘

䛳䛶㣗䛾㔜せᛶ䛜෌ㄆ㆑䛥䜜䛯䛣䛸䛷䚸௦ㅰᛶ⑌ᝈ䛻ᑐ䛩䜛ண㜵ຠᯝ䛜ᮇᚅ䛥䜜䜛㣗஦ᡂศ䛾◊✲䛜άⓎ䛻

⾜䜟䜜䛶䛔䜛䚹 

኱㇋䝍䞁䝟䜽㉁䜔㣗≀⧄⥔䛻௦⾲䛥䜜䜛㞴ᾘ໬ᛶከ⢾㢮䛿䚸೺ᗣຠᯝ䛜ሗ࿌䛥䜜䛶䛔䜛㣗஦ᡂศ䛾୍䛴䛷

䛒䜛䚹኱㇋䝍䞁䝟䜽㉁䛾୺せᡂศ䛷䛒䜛 β- 䝁䞁䜾䝸䝅䝙䞁䜔⣽⳦⏤᮶䛾㞴ᾘ໬ᛶከ⢾㢮䛷䛒䜛䜹䞊䝗䝷䞁䜒䜎

䛯䚸ᢠ⫧‶ຠᯝ䜔ච␿ᨵၿຠᯝ䛺䛹⏕యᜏᖖᛶ⥔ᣢ䛻ᐤ୚䛩䜛䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛䜒䛾䛾䚸䛣䜜䜙㣗஦ᡂศ

䛾䜶䝛䝹䜼䞊௦ㅰไᚚᶵᵓ䛾඲ᐜ䛿ᮍ䛰ゎ᫂䛥䜜䛶䛔䛺䛔䚹䛭䛣䛷䚸ᮏ◊✲䛷䛿䚸㣗஦ᡂศ䛻䜘䜛⭠ෆ⎔ቃ

(⭠ෆ⣽⳦⤌ᡂ䞉⭠ෆ⣽⳦௦ㅰ≀)䜈䛾ᙳ㡪䛻╔┠䛧䚸䛣䜜䜙䛾㣗஦ᡂศᦤྲྀ䛻䜘䜛௦ㅰᶵ⬟ᨵၿ䛻⮳䜛స⏝

ᶵᗎ䜢᫂䜙䛛䛻䛩䜛䛣䛸䜢┠ⓗ䛸䛧䛯䚹 

 ➨ 2❶䛷䛿䚸ᐇ㦂䝬䜴䝇䛻䚸㧗⬡⫫㣗୰䛾䜹䝊䜲䞁䜢኱㇋䝍䞁䝟䜽㉁䛾⢭〇≀䛷䛒䜛ศ㞳኱㇋䝍䞁䝟䜽㉁(soy 

protein isolate; SPI) 䛻⨨᥮䛧䛯㣫ᩱ䜢㈇Ⲵ䛧䚸SPI䛾ᦤྲྀ䛻䜘䜛⭠ෆ⎔ቃኚ໬䛾㣗஦ㄏᑟᛶ⫧‶䛻ᑐ䛩䜛ᙳ

㡪䜢ホ౯䛧䛯䚹⤖ᯝ䚸SPIᦤྲྀ䛻䜘䜚䚸㧗⬡⫫㣗㈇Ⲵ䛻క䛖య㔜ቑຍ䞉⬡⫫⵳✚䛜᭷ព䛻ᢚไ䛥䜜䜛䛣䛸䛜☜䛛

䜑䜙䜜䛯䚹䛣䛾䛸䛝䚸㣗㣵ᡂศ䛾㐪䛔䛜஧ḟ⫹Ồ㓟ྜᡂ⳦䛾ቑຍ䜢䛿䛨䜑䛸䛧䛯⭠ෆ⣽⳦ྀኚ໬䜢ᘬ䛝㉳䛣䛧䚸

䛭䛾⤖ᯝ䚸⭠⟶ෆ䛻䛚䛔䛶⭠ෆ⣽⳦௦ㅰ≀䛷䛒䜛஧ḟ⫹Ồ㓟䛾㔞䜢᭷ព䛻ቑຍ䛥䛫䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹

䜎䛯䚸஧ḟ⫹Ồ㓟䛾ቑຍ䛻క䛖䜲䞁䜽䝺䝏䞁䛾ศἪቑຍ䛜ほᐹ䛥䜜䛯䚹୍᪉䚸⭠ෆ⣽⳦ྀ䜢᭷䛥䛺䛔↓⳦䝬䜴䝇

䛻ᑐ䛧䛶ྠᵝ䛾ᐇ㦂䜢⾜䛳䛯⤖ᯝ䚸䛣䜜䜙䛾௦ㅰᶵ⬟䛾ᨵၿຠᯝ䛜ᾘኻ䛩䜛䛣䛸䛜♧䛥䜜䛯䚹௨ୖ䛾⤖ᯝ䜘䜚䚸

኱㇋䝍䞁䝟䜽㉁䛾ᐟ୺௦ㅰᶵ⬟ᨵၿຠᯝ䛻⭠ෆ⣽⳦ྀ䛚䜘䜃䛭䛾௦ㅰ≀䛜㔜せ䛺ᙺ๭䜢ᢸ䛳䛶䛔䜛ྍ⬟ᛶ

䛜♧၀䛥䜜䛯䚹 

 ➨ 3❶䛷䛿䚸ᐇ㦂䝬䜴䝇䛻䚸ᚤ⏕≀䛻䜘䛳䛶ྜᡂ䛥䜜䜛㞴ᾘ໬ᛶከ⢾㢮䛾ෆ䚸䛭䛾⢾䛾⤖ྜᵝᘧ䛛䜙 β-䜾䝹

䜹䞁䛻ศ㢮䛥䜜䜛䜹䞊䝗䝷䞁䜢 10%(w/w)䛷ΰྜ䛧䛯㧗⬡⫫㣗㣫ᩱ䜢㈇Ⲵ䛧䚸䜹䞊䝗䝷䞁ᦤྲྀ䛻䜘䜛⭠ෆ⎔ቃኚ

໬䛜㣗஦ㄏᑟᛶ⫧‶䛻୚䛘䜛ᙳ㡪䜢ホ౯䛧䛯䚹⤖ᯝ䚸䜹䞊䝗䝷䞁ᦤྲྀ䛻䜘䜚䚸㧗⬡⫫㣗㈇Ⲵ䛻క䛖⾑⢾್䛸⾑

₢⥲䝁䝺䝇䝔䝻䞊䝹್䛾ቑຍ䛜᭷ព䛻ᢚไ䛥䜜䜛䛣䛸䛜☜䛛䜑䜙䜜䛯䚹䛣䛾䛸䛝䚸⭠⟶ෆ䛷䛿䚸▷㙐⬡⫫㓟⏘⏕

⳦䜔஧ḟ⫹Ồ㓟ྜᡂ⳦䛾ቑຍ䛸䛔䛳䛯⭠ෆ⣽⳦ྀኚ໬䛸䚸䛭䜜䛻క䛖䚸⭠ෆ⣽⳦௦ㅰ≀䛷䛒䜛▷㙐⬡⫫㓟䛚

䜘䜃஧ḟ⫹Ồ㓟䛾㔞䛾᭷ព䛺ቑຍ䛜ほᐹ䛥䜜䛯䚹䜎䛯䚸䜹䞊䝗䝷䞁㈇Ⲵ䛻䜘䜚䜲䞁䝇䝸䞁䛚䜘䜃䜲䞁䜽䝺䝏䞁ศἪ

䛾ୖ᪼䛜ほᐹ䛥䜜䛯䚹௨ୖ䛾⤖ᯝ䜘䜚䚸䜹䞊䝗䝷䞁䛻䜘䜛ᐟ୺௦ㅰᶵ⬟ᨵၿຠᯝ䛜䚸⭠ෆ⎔ቃ䛾ኚ໬䛻䜘䜛䜲䞁

䜽䝺䝏䞁ศἪಁ㐍䛾⤖ᯝ䛷䛒䜛ྍ⬟ᛶ䛜♧၀䛥䜜䛯䚹 

௨ୖ䛾䜘䛖䛻䚸ᦤྲྀ䛧䛯㣗஦ᡂศ䛾✀㢮䛾㐪䛔䛜⭠ෆ⣽⳦ྀ䛾ᵓᡂ䜢┤᥋ⓗ䛻ไᚚ䛧䚸▷㙐⬡⫫㓟䜔஧ḟ

⫹Ồ㓟䜢䛿䛨䜑䛸䛧䛯⭠ෆ⣽⳦௦ㅰ≀䛾⏘⏕㔞䜢ኚ໬䛥䛫䜛䛣䛸䛷䚸ᐟ୺䛾⏕యᜏᖖᛶ⥔ᣢ䛻ᐦ᥋䛻ᐤ୚䛩

䜛䛣䛸䛜♧䛥䜜䛯䚹≉䛻ᮏ◊✲䛷ᢅ䛳䛯 SPI䜔䜹䞊䝗䝷䞁䛿ಖ‵๣䜔ቑ⢓๣䛸䛧䛶ຍᕤ㣗ရ䜈䛾㣗ရῧຍ≀䛸

䛧䛶฼⏝䛥䜜䛶䛔䜛㣗஦ᡂศ䛷䛒䜛䛯䜑䚸䛣䜜䜙㣗஦ᡂศ䛾⭠ෆ⣽⳦௦ㅰ≀䜢ᇶ㍈䛸䛧䛯⏕యㄪᩚస⏝ᶵᗎ䛾

඲ᐜ䜢᫂䜙䛛䛻䛧䛶䛔䛟䛣䛸䛿䚸⢾ᒀ⑓䚸⬡㉁␗ᖖ⑕䛺䛹䛾⏕ά⩦័⑓䜢ண㜵䛩䜛䛯䜑䛾ᶵ⬟ᛶ㣗ရ䜔≉ᐃಖ

೺⏝㣗ရ䛾㛤Ⓨ䜔᪂䛯䛺㣗஦⒪ἲ䛾ᥦ᱌䛻㈉⊩䛩䜛䜒䛾䛸⪃䛘䜙䜜䜛䚹 
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➨ 7❶ ᴗ⦼㞟 

᪤Ⓨ⾲ㄽᩥ┠㘓 

Ꮫ఩ㄽᩥ䜢ᵓᡂ䛩䜛ㄽᩥ䞉ⴭ᭩(Ꮫ఩ㄽᩥᑂᰝせ௳䜢‶䛯䛩䜒䛾) 

Keita Watanabe, Miki Igarashi, Xuan Li, Akiho Nakatani, Junki Miyamoto, Yuka Inaba, Asuka Sutou, Tsutomu 

Saito, Takumi Sato, Nobuhiko Tachibana, Hiroshi Inoue, Ikuo Kimura. "Dietary soybean protein ameliorates high-

fat diet-induced obesity by modifying the gut microbiota-dependent biotransformation of bile acids." PLoS One. 

13, e0202083 (2018). (ᰝㄞ᭷䜚) 

 

Ꮫ఩ㄽᩥ䜢ᵓᡂ䛩䜛ㄽᩥ䞉ⴭ᭩(Ꮫ఩ㄽᩥᑂᰝせ௳䜢‶䛯䛥䛺䛔䜒䛾䠅 

Keita Watanabe, Mayu Yamano, Yuki Masujima, Ryuji Ohue-Kitano, Ikuo Kimura. "Curdlan intake changes gut 

microbial composition, short-chain fatty acid production, and bile acid transformation in mice." Biochem Biophys 

Rep. 27, 101095 (2021). (ᰝㄞ᭷䜚) 

 

䛭䛾௚䛾ㄽᩥ䞉ⴭ᭩ 

Ikuo Kimura, Junki Miyamoto, Ryuji Ohue-Kitano, Keita Watanabe, Takahiro Yamada, Masayoshi Onuki, Ryo 

Aoki, Yosuke Isobe, Daiji Kashihara, Daisuke Inoue, Akihiko Inaba, Yuta Takamura, Satsuki Taira, Shunsuke 

Kumaki, Masaki Watanabe, Masato Ito, Fumiyuki Nakagawa, Junichiro Irie, Hiroki Kakuta, Masakazu Shinohara, 

Ken Iwatsuki, Gozoh Tsujimoto, Hiroaki Ohno, Makoto Arita, Hiroshi Itoh, Koji Hase.  "Maternal gut microbiota 

in pregnancy influences offspring metabolic phenotype in mice." Science. 367, eaaw8429 (2020). (ᰝㄞ᭷䜚) 

 

Junki Miyamoto, Ryuji Ohue-Kitano, Hiromi Mukouyama, Akari Nishida, Keita Watanabe, Miki Igarashi, 

Junichiro Irie, Gozoh Tsujimoto, Noriko Satoh-Asahara, Hiroshi Itoh, Ikuo Kimura. "Ketone body receptor GPR43 

regulates lipid metabolism under ketogenic condition." Proc Natl Acad Sci U S A. 116, 23813-23821 (2019). (ᰝ

ㄞ᭷䜚) 

 

Junki Miyamoto, Miki Igarashi, Keita Watanabe, Shin-ichiro Karaki, Hiromi Mukouyama, Shigenobu Kishino, 

Xuan Li, Atsuhiko Ichimura, Junichiro Irie, Yukihiko Sugimoto, Tetsuya Mizutani, Tatsuya Sugawara, Takashi Miki, 

Jun Ogawa, Daniel J. Drucker, Makoto Arita, Hiroshi Itoh, Ikuo Kimura. "Gut microbiota confers host resistance to 

obesity by metabolizing dietary polyunsaturated fatty acids." Nature Commun. 10, 4007 (2019). (ᰝㄞ᭷䜚) 

 

Ryuji Ohue-Kitano, Satsuki Taira, Keita Watanabe, Yuki Masujima, Toru Kuboshima, Junki Miyamoto, Yosuke 

Nishitani, Hideaki Kawakami, Hiroshige Kuwahara, Ikuo Kimura. "3-(4-Hydroxy-3-methoxyphenyl)propionic 

Acid Produced from 4-Hydroxy-3-methoxycinnamic Acid by Gut Microbiota Improves Host Metabolic Condition 

in Diet-Induced Obese Mice." Nutrients. 11, E1038 (2019). (ᰝㄞ᭷䜚) 
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Akiho Nakatani, Xuan Li, Junki Miyamoto, Miki Igarashi, Hitoshi Watanabe, Asuka Sutou, Keita Watanabe, 

Takayasu Motoyama, Nobuhiko Tachibana, Mitsutaka Kohno, Hiroshi Inoue, Ikuo Kimura. “Dietary mung bean 

protein reduces high-fat diet-induced weight gain by modulating host bile acid metabolism in a gut microbiota-

dependent manner䇿 Biochem Biophys Res Commun. 501, 955-961 (2018). (ᰝㄞ᭷䜚)  

 

Junki Miyamoto#, Keita Watanabe#, Satsuki Taira, Mayu Kasubuchi, Xuan Li, Junichiro Irie, Hiroshi Itoh, Ikuo 

Kimura. “Barley b-glucan improves metabolic condition via short-chain fatty acids produced by gut microbial 

fermentation.” PLoS One. e0196579 (2018). (ᰝㄞ᭷䜚) # equally first author 

 

Xuan Li, Keita Watanabe, Ikuo Kimura. "Gut Microbial Dysbiosis Drives and Implies Novel Therapeutic 

Strategies for Diabetes Mellitus and Related Metabolic Diseases." Front Immunol. 10, 3389 (2017). (ᰝㄞ᭷䜚)  

 

Mayu Kasubuchi#, Keita Watanabe#, Kanako Hirano,# Daisuke Inoue, Xuan Li, Kazuya Terasawa, Morichika 

Konishi, Nobuyuki Itoh, and Ikuo Kimura. "Membrane progesterone receptor beta (mPRb/Paqr8) promotes 

progesterone-dependent neurite outgrowth in PC12 neuronal cells via non-G protein-coupled receptor (GPCR) 

signaling." Sci Rep. 7, 5168 (2017). (ᰝㄞ᭷䜚) # equally first author  

 

Ώ㎶ၨኴ䚸す⏣ᮒ㔛䚸ᐑᮏ₶ᇶ䚸ᮌᮧ㑳ኵ. "ዷፎ୰䛾㣗≀⧄⥔ᦤྲྀ䛸⫾ඣ䛾௦ㅰ" ⢾ᒀ⑓Ꮫ 2021. p17-25 

(2021). 

 

ᐑᮏ₶ᇶ䚸Ώ㎶ၨኴ䚸ᮌᮧ㑳ኵ. "㣗䛸⭠ෆ⣽⳦䛻䜘䜛ᐟ୺䛾௦ㅰไᚚ" ⏕໬Ꮫ.  93ᕳ 1ྕ p52-58 (2021). 

 

Ώ㎶ၨኴ䚸ᐑᮏ₶ᇶ䚸㛗㇂⪔஧䚸ᮌᮧ㑳ኵ. "⫾ඣᮇ䞉ஙඣᮇ䛾⭠ෆ⣽⳦ྀ䛾㛗ᮇⓗᙳ㡪" ་Ꮫ䛾䛒䜖䜏 ≉

㞟ྕ Vol.275 No.9, p952-956 (2020). 

 

ᐑᮏ₶ᇶ䚸Ώ㎶ၨኴ䚸ᮌᮧ㑳ኵ. "⭠ෆ⣽⳦䛸 DOHaDᏛㄝ"Pharma Medica Vol.38 No.12, p37-40 (2020). 

 

Ώ㎶ၨኴ䚸ྥᒣᗈ⨾䚸ᐑᮏ₶ᇶ䚸ᮌᮧ㑳ኵ. "㣗⏤᮶ᰤ㣴䝅䜾䝘䝹䛸⭠ෆ⎔ቃ䜢௓䛧䛯ᐟ୺䜶䝛䝹䜼䞊௦ㅰไ

ᚚ" ⢾ᒀ⑓䞉ෆศἪ௦ㅰ⛉ Vol.51 No.1, p1-7 (2020). 

 

Ώ㎶ၨኴ䚸ྥᒣᗈ⨾䚸ᐑᮏ₶ᇶ䚸ᮌᮧ㑳ኵ "䜿䝖䞁య⏕ᡂ䜢ಁ䛩㣗஦⒪ἲ䛻䜘䜛య⬡⫫ῶᑡ䝯䜹䝙䝈䝮" 䝞䜲

䜸䝃䜲䜶䞁䝇䛸䜲䞁䝎䝇䝖䝸䞊䠄B&I䠅 Vol.78, No.3, p196-201 (2020). 

 

ᖹ䛥䛴䛝䚸Ώ㎶ၨኴ䚸኱᳜㝯ྖ䚸ᮌᮧ㑳ኵ. "㣗≀⧄⥔⏤᮶⭠ෆ⣽⳦௦ㅰ≀䚸▷㙐⬡⫫㓟䛸ᐟ୺௦ㅰไᚚ" 䝹

䝭䝘䝁䜲䝗◊✲ Vol.22, No.2, p53-62 (2018). 



50 
 

 

Ώ㎶ၨኴ䚸ᐑᮏ₶ᇶ䚸ᮌᮧ㑳ኵ. "⫧‶䛸⭠ෆ⣽⳦ྀ" Modern Physician, Vol.38, No.2, p158-161 (2018)  

 

Ώ㎶ၨኴ䚸ᖹ䛥䛴䛝䚸ᮌᮧ㑳ኵ. "▷㙐⬡⫫㓟䛾⏘⏕䞉௦ㅰ䛸⏕⌮ᶵ⬟" 㣗䛸་⒪, 2018 WINTER-SPRING 

Vol.4, p30-37 (2018)  

 

ᐑᮏ₶ᇶ䚸Ώ㎶ၨኴ䚸ᮌᮧ㑳ኵ. "⭠ෆ⣽⳦䛻䜘䜛⬡⫫㓟௦ㅰ䛸ᐟ୺䜈䛾ᙳ㡪" BIO Clinica, Vol.32, No.14, 

p19-23 (2017)  

 

ᐑᮏ₶ᇶ䚸Ώ㎶ၨኴ䚸ᮌᮧ㑳ኵ. "௦ㅰไᚚ䛻䛚䛡䜛㣗≀⧄⥔䞉▷㙐⬡⫫㓟䛾㛵୚" ෆศἪ䞉⢾ᒀ⑓䞉௦ㅰෆ

⛉ Vol.45, No.1, p7-13 (2017) 

 

Ⓨ⾲ 

䚽Ώ㎶ၨኴ䚸ᒣ㔝┿⏤䚸኱᳜㝯ྖ䚸ຍ⸨⿱ᩍ䚸ᮌᮧ㑳ኵ 䇾⣽⬊⭷ୖ䝥䝻䝀䝇䝔䝻䞁ཷᐜయ䜢௓䛧䛯௦ㅰᶵ⬟

ไᚚ䇿  ⏕⌮Ꮫ◊✲ᡤ◊✲఍ 㐠ືჾ䠋௦ㅰ⣔㐃㛵䛻䜘䜛⏕యᶵ⬟ไᚚ䛸䛭䛾ኚᐜ䛾௙⤌䜏 WEB 2021ᖺ

12᭶䠄ཱྀ㢌䠅䠄ᰝㄞ䛺䛧䠅 

䚽Ώ㎶ၨኴ䚸኱᳜㝯ྖ䚸ᮌᮧ㑳ኵ “⣽⬊⭷ୖᛶ䝇䝔䝻䜲䝗䝩䝹䝰䞁ཷᐜయmPRε䜢௓䛧䛯௦ㅰᶵ⬟ไᚚ”➨ 93

ᅇ᪥ᮏ⸆⌮Ꮫ఍ᖺ఍  ⚄ዉᕝ  2020ᖺ 3᭶䠄䝫䝇䝍䞊Ⓨ⾲䠅䠄ᰝㄞ䛺䛧䠅 

䚽Ώ㎶ၨኴ䚸኱᳜㝯ྖ䚸ᮌᮧ㑳ኵ “⣽⬊⭷ୖᛶ䝇䝔䝻䜲䝗䝩䝹䝰䞁ཷᐜయmPRε䜢௓䛧䛯௦ㅰᶵ⬟ไᚚ”➨ 93

ᅇ᪥ᮏ⸆⌮Ꮫ఍ᖺ఍  ⚄ዉᕝ  2020ᖺ 3᭶䠄ཱྀ㢌䠅䠄ᰝㄞ䛺䛧䠅 

䚽Ώ㎶ၨኴ䚸๽⍧䚸኱᳜㝯ྖ䚸ᮌᮧ㑳ኵ  “⣽⬊⭷ୖᛶ䝇䝔䝻䜲䝗䝩䝹䝰䞁ཷᐜయ mPRε 䜢௓䛧䛯௦ㅰᶵ⬟ไ

ᚚ”᪥ᮏ㎰ⱁ໬Ꮫ఍ 2020ᖺᗘ኱఍ ⚟ᒸ 2020ᖺ 3᭶䠄ཱྀ㢌䠅䠄ᰝㄞ䛺䛧䠅 

䚽Ώ㎶ၨኴ䚸኱᳜㝯ྖ䚸஭ୖ኱㍜䚸ᮌᮧ㑳ኵ “᪂つ⣽⬊⭷ୖᛶ䝇䝔䝻䜲䝗䝩䝹䝰䞁ཷᐜయ䛾ᶵ⬟ゎᯒ”➨ 37

ᅇෆศἪ௦ㅰᏛ䝃䝬䞊䝉䝭䝘䞊 ୗ࿅ 2019ᖺ 7᭶䠄䝫䝇䝍䞊Ⓨ⾲䠅䠄ᰝㄞ䛺䛧䠅 

䚽኱᳜㝯ྖ䚸Ώ㎶ၨኴ䚸ᮌᮧ㑳ኵ “⣽⬊⭷ୖᛶ䝇䝔䝻䜲䝗䝩䝹䝰䞁ཷᐜయ䜢௓䛧䛯௦ㅰᶵ⬟ไᚚ”⏕⌮Ꮫ◊

✲ᡤ◊✲఍ 㐠ືჾ䠋௦ㅰ⣔㐃㛵䛻䜘䜛⏕యᶵ⬟ไᚚ䛸䛭䛾ኚᐜ䛾௙⤌䜏 ᒸᓮ 2018 ᖺ 9 ᭶䠄ཱྀ㢌䠅䠄ᰝㄞ

䛺䛧䠅 

䚽Ώ㎶ၨኴ䚸ᐑᮏ₶ᇶ䚸ᖹ䛥䛴䛝䚸ᮌᮧ㑳ኵ “኱㯏 β-䜾䝹䜹䞁⏤᮶⭠ෆ⣽⳦௦ㅰ≀䛻䜘䜛௦ㅰᨵၿຠᯝ䛾ゎ

᫂䇿 ➨ 36ᅇෆศἪ௦ㅰᏛ䝃䝬䞊䝉䝭䝘䞊 ᐑᇛⶶ⋤ 2018ᖺ 8᭶ 2䠄䝫䝇䝍䞊Ⓨ⾲䠅䠄ᰝㄞ䛺䛧䠅 

䚽Ώ㎶ၨኴ䚸⢑ῲ┿⏤䚸஭ୖ኱㍜䚸ᮌᮧ㑳ኵ “᪂つ⣽⬊⭷ୖᛶ䝇䝔䝻䜲䝗䝩䝹䝰䞁ཷᐜయ䛾⬡⫫⤌⧊䛻䛚䛡

䜛ᶵ⬟ゎᯒ” ➨ 14ᅇ GPCR◊✲఍ ᮾி 2017ᖺ 5᭶ 䠄䝫䝇䝍䞊Ⓨ⾲䠅䠄ᰝㄞ䛺䛧䠅  

䚽ᐑᮏ₶ᇶ䚸⢑ῲ┿⏤䚸Ώ㎶ၨኴ䚸ᖹ㔝ຍዉᏊ䚸஭ୖ኱㍜䚸ᑎ⃝࿴ဢ䚸ᑠすᏲ࿘䚸ఀ⸨ಙ⾜䚸ᮌᮧ㑳ኵ䚸“᪂

つ⣽⬊⭷ୖ䝥䝻䝀䝇䝔䝻䞁ཷᐜయ mPRβ䛻䜘䜛⚄⤒ᶵ⬟䜈䛾ᙳ㡪” ➨ 14ᅇ GPCR◊✲఍ ᮾி 2017ᖺ 5

᭶ 䠄䝫䝇䝍䞊Ⓨ⾲䠅䠄ᰝㄞ䛺䛧䠅  
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⢑ῲ┿⏤䚸Ώ㎶ၨኴ䚸ᐑᮏ₶ᇶ䚸୰ᓥၨ䚸ᅧ⃝⣧䚸䚽 ᮌᮧ㑳ኵ.䇿୰㙐⬡⫫㓟䞉䜿䝖䞁㣗䛻䜘䜛௦ㅰᶵ⬟ᨵၿ䝯

䜹䝙䝈䝮䛾ศᏊ䝺䝧䝹䛷䛾ゎ᫂䇿 ᪥ᮏ㎰ⱁ໬Ꮫ఍ 2017ᖺᗘ኱఍ ி㒔 2017ᖺ 3᭶䠄ཱྀ㢌䠅䠄ᰝㄞ䛺䛧䠅 

䕿Keita Watanabe, Junki Miyamoto, Ikuo Kimura. 䇾Barley b-glucan improves metabolic condition via short-chain 

fatty acids produced by gut microbial fermentation.䇿18th World Congress of Basic and Clinical Pharmacology 

(WCP2018) 2018ᖺ 7᭶ 䠄䝫䝇䝍䞊Ⓨ⾲䠅䠄ᰝㄞ䛺䛧䠅  
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➨ 8❶ ㅰ㎡ 

 ᮏ◊✲䜢⾜䛖䛻䛒䛯䜚䚸◊✲䛾ሙ䜢୚䛘䛶䛟䛰䛥䜚ከ኱䛺䜛䛤ᣦᑟ䛸㐺ษ䛺䛤ຓゝ䜢㈷䜚䜎䛧䛯䚸ி㒔኱Ꮫ኱Ꮫ

㝔⏕࿨⛉Ꮫ◊✲⛉⏕య䝅䝇䝔䝮Ꮫศ㔝 ᩍᤵ(ᮾி㎰ᕤ኱Ꮫ ኱Ꮫ㝔㎰Ꮫ◊✲㝔 ௦ㅰᶵ⬟ไᚚᏛ◊✲ᐊ 

≉௵ᩍᤵ) ᮌᮧ㑳ኵඛ⏕䛻῝䛟ᚚ♩⏦䛧ୖ䛢䜎䛩䚹 

୪䜃䛻䚸༤ኈㄢ⛬ 2 ᖺḟᚋᮇ䜘䜚䚸ᣦᑟᩍᐁ䛸䛧䛶᠓ษ୎ᑀ䛻䛤ᣦᑟ䛔䛯䛰䛝䜎䛧䛯䚸ᮾி㎰ᕤ኱Ꮫ㎰Ꮫ◊

✲㝔ᛂ⏝⏕࿨໬Ꮫ㒊㛛 ᩍᤵ すἙ῟ඛ⏕䛻ᚰ䜘䜚ឤㅰ⏦䛧ୖ䛢䜎䛩䚹 

䜎䛯䚸◊✲༠ຊ䜢㈷䜚䜎䛧䛯䚸ᮾி㎰ᕤ኱Ꮫ㎰Ꮫ◊✲㝔ᛂ⏝⏕࿨໬Ꮫ㒊㛛 䝔䝙䝳䜰䝖䝷䝑䜽෸ᩍᤵ ᐑᮏ₶

ᇶඛ⏕䚸㔠ἑ኱Ꮫ᪂Ꮫ⾡๰ᡂ◊✲ᶵᵓ㠉᪂ⓗ⤫ྜ䝞䜲䜸◊✲䝁䜰ᰤ㣴䞉௦ㅰ◊✲䝴䝙䝑䝖 ᩍᤵ ஭ୖၨඛ

⏕䚸෸ᩍᤵ ✄ⴥ᭷㤶ඛ⏕䚸୙஧〇Ἔ䜾䝹䞊䝥ᮏ♫ᰴᘧ఍♫ 㰻⸨ດᵝ䚸ᶲఙᙪᵝ䚸బ⸨໶ᵝ䛻ཌ䛟ᚚ♩⏦

䛧ୖ䛢䜎䛩䚹 

䛭䛧䛶䚸᪥ᖖ䚸᭷┈䛺㆟ㄽ䜢䛿䛨䜑䚸බ⚾ඹ䛻ᩘ䚻䛾㠃䛷኱ኚ䛚ୡヰ䛻䛺䜚䜎䛧䛯ி㒔኱Ꮫ኱Ꮫ㝔⏕࿨⛉Ꮫ

◊✲⛉⏕య䝅䝇䝔䝮Ꮫศ㔝 ෸ᩍᤵ ຍ⸨⿱ᩍඛ⏕䚸ຓᩍ ኱᳜㝯ྖඛ⏕䛻ᚰ䜘䜚ឤㅰ䛔䛯䛧䜎䛩䚹 

᭱ᚋ䛻䚸ᮾி㎰ᕤ኱Ꮫᛂ⏝⏕࿨⛉Ꮫᑓᨷ䛾ඛ⏕᪉䚸ྠᮇ䛾ⓙᵝ䚸ᮾி㎰ᕤ኱Ꮫ௦ㅰᶵ⬟ไᚚᏛ◊✲ᐊ䛾

ⓙᵝ䚸ி㒔኱Ꮫ⏕య䝅䝇䝔䝮Ꮫศ㔝䛾ⓙᵝ䚸ᐙ᪘䚸཭ே䛻䚸඘ᐇ䛧䛯 3 ᖺ㛫䛾◊✲⏕ά䜢㏦䜙䛫䛶䛔䛯䛰䛡

䛯䛣䛸䚸ᚰ䜘䜚ឤㅰ䛔䛯䛧䜎䛩䚹 

 

 

 

 

 

 

 

 

 

 

 


