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第 1 章 序論 

生物の多様性創出 

笴עמ┪㐌槉ס׆   175 笴׵ךׄדյ茻嗚ⳛ朮׽ֽי׿׼甦ֿ焒ס׵┧ 6.6 ┧甦锶יז־ח
气עיַץꅼⵊ气朮㳔עכ׆׾׌؅闋僻ّثؼ؜ْ׌⮂ײ甦㝂坎䙎؅气םֹ׻ס׆ն׾ַ
朮㳔ס劄׵ꓨ锡ם鞏꾴׾ֵךח┞סն甦⮔ⵊס־׼✇ע锡㎋יז׻מ气媧溷갲곐ֿ气׋յ◝
겏㎒ꪨךꈽ⚻㲳★嵣ֿ鉿יז׻מכ׆׾םׂם׿؂气׾׋ն气媧溷갲곐מ╭ע★ꏕ⯼갲곐
★ն׾םמꏕ⯼갲곐ֿꓨ锡★עך甦ꪨַםַך؆ⵊֿꅼ⮔מն杅׾׿׈꿔⮔מꏕ䔿갲곐★כ
ꏕ⯼갲곐עי׊כّثؼ؜ْם╭ס甦ꪨסךꏕ⣪סٜػءبꇙַֿ䮕ׅ׾׿׼ն׌ע׿׆
갲곐ֿ气ךכ׆׾׌ꏕ★מꈷ䫘溷ׄדכյ⻎甦׊⯁؅ⶓٜػءبꏕ⣪ס沌甦כ甦⻎ה؂ם
بי׎؂⻉מ׿אמ׀כ׾׌ꅼⵊֿٜػءبꏕ⣪עךꅼⵊסꈷ䫘溷★ꏕםֹ׻ס׆ն׾׋
ػءبעמ⻉㖪ג׊ꅼⵊֿׄדյ曩偙׽䖩锡ֵֿ׾׌ꅼⵊמ免⻎׵䓺鮐׾׌㵼⺇؅ٜػء
׽▗驟ց؅סրꈌ䗎䍲ס׆מ־յ气朮ַֿ׊־׊ն׾׌յꈌ䗎䍲ֿ⛼稔׍׿㵼ֿ鉿؂⺇סٜ
鱳ֻ؅־׾鞃僻׾׌㵅隍溷ם煝疴ע勑ד㸴ַםն 

 

シクリッド 

ثت٠؜׾׿׼焒ךכ׆ח气䡢؅䭥׷䓺䡢ם㝂坎י״嚋עغشٛؠب ْغشٛؠب潨؜
י׊כח┞ס蕟⽱幾ַ杅䖇סغشٛؠبն׾ֵך斪䊝떃ס幜寊䙎׾׿׈꿔⮔מ璇ْثت٠
סלם 緽媧 (Hert, 1985)⻎⪳׾׌複Ⲏמי䑱ֿ㲳芌⩨׷⺚⫐⟛芌׾甂떃؅㴕׷ⷯך⫏յ⺚ע
栃杅ם㲳芌ֿי䮕ׅ׾׿׼ն׼־؜ٛنؓעغشٛؠب╚ⷁ稌յؓ յُؓة םٜ؜ت؝ر
笴סյ떃甦׽ֽי׊䌮ׂ气䛈מ╚汔┾ל 10؅ⷑ׾״笴 3000 甦 (Kocher, 2004) ֿ焒׼
 ն׾ַי׿

杅מ匯ؓס؜ٛن┩㝕弮յؓٛعؠ٥ؔ弮յُٚؗؕ弮յ؜٭ؼ؝٤ذ弮עך栃皑מ
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㸴俙ס甦׼־焝劻ꪨך晥溪溷םꈌ䗎侑俆ֿ气׽ֽי׋յס׿ב׿א弮ך 500 甦յ240 甦յ
800 甦 (㎫ 1, Seehausen, 1996; J. Snoeks, 2000; Ronco et al., 2020) ס׵㎷劔甦ֿ气䛈י׊
焒י׊כ气朮ٜظٓם劄ꈌס״ג׾׌؅闋僻ّثؼ؜ْ⮂气朮㝂坎䙎ⱁ׼־כ׆׾ַ
׵ך־םն׾ַי׿׼ 2 槁㐂יזֿ┪䍲䌏┞ע弮ؓٛعؠ٥ؔג׿ױ㎪מ㝕㐌徧䊝סח
־׍؂׼־י׊弮ֿ䧯皑ס 14,600 䌑 (Johnson, Kelts and Odada, 2000) ־׊篑ꇃםַי׊
յꄊ(Samonte et al., 2007) ׍׼ֽי׊ⵊ⮔מꈽ⚻溷ל؆כ׮ֿّؿأעךյ甦ꪨ״גַ
茣䙎ֿ둚ׂյ气⺪׾ַי׊ⵊ⮔ׂ׀㝕מꈽ⚻溷ך甦ꪨע꽝㔔ّؿأג׊㶐稚מ甦⮔ⵊמ
朮㝂坎䙎ⱁ⮂ס⮔㲳㕈潒ס闋僻מ劄ꈌם气朮׾ֵךն 

 

嗅覚に基づく選択的交配の可能性 

ꈽ⚻溷⮔ⵊס㸯ַ׈匯ؓמ╭עךغشٛؠبס؜ٛن气媧⯼갲곐יז׻מ갲׿׼י
׼ט׽׆갲곐ֿ鱍ם㐌槏溷םֹ׻ס弮עغشٛؠبն(Van Der Sluijs et al., 2008) ׾ַי
ַ欎㘶ך䙊ꅋמ甦⮔ⵊ׼־כ׆׾ַי׊㐌槏溷갲곐ׂםךׄדյ䙎ꈷ䫘׷ꈷ䫘溷★ꏕמ
 ն׾䖩锡ֵֿ׾׌갲곐؅脝䢩׾׻

♃虝镊؅כ㨰㥀虝׼־כ׆׾ַיז㨰㥀虝؅䭥ם㝂坎מכ甦ׇעت؛סغشٛؠب
ն㵅갾ג׀י׿׈峜潨ךױ׿׆ꈷ䫘溷★ꏕֿג׊ LWS ׷ SWSյRH و؛ס鏿俙סלם
 Terai et al., 2002; O’Quin et) ג׀י׿׈㝂坎䙎ֿ獏ס溪槁ꓪ׷⮬ꈽ⚻㲳ꏕך٤ꈽ⚻㲳ب

al., 2010; Smith and Carleton, 2010; Schulte et al., 2014)նגױյꄞ僻䍲ؓٛعؠ٥ַؔ⛼ס
弮עך焝峒ꩽס⩱ֿ⼔⹺ׂ׌׷׿׈յ寊幾יז׻מ⩱欎㘶ֿ㝕ׂ׀沌׽ֽיזםյو؛
 ;Terai et al., 2006, 2017)׾ַיזֿםח׵מꈌ䗎ס׫欎㘶⩱ג׊ֹ׆ע㝂坎䙎ס٤ب

Wright et al., 2020)նס׆㨰㥀虝מ㸐׾׌ꈷ㟱䙎כ欎㘶ס׫ꈌ䗎ע篙יַחצꅼⵊ׆׾׌
׌⼯鰱ַ㨰㥀虝؅ֿت؛ն(Seehausen et al., 2008) ׾ַי׿׈⼴㖥׵❛ג׊甦⮔ⵊךכ
׾ Pundamilia nyererei ׾׌⼯귱ַ㨰㥀虝؅כ P. pundamilia ע LWS איַחמ٤بو؛
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յْ׽ֽיז؅䭥ٜٛؓםꈌ䗎溷מ⩱յꩽ峒ꩽכٜٛؓםꈌ䗎溷מ⩱焝峒ꩽ׿ב׿ ֿت
ס׆מ׼׈ն׾׋ꈷ䫘溷★ꏕֿ气׼־כ׆׳؅㟱ت؛׾锶ֻמ־׷똀׽׻ 2 ٜٛؓסח
ע P. nyererei ֿ气䛈׾׌焝峒ꩽ⩱ם⳰⨲ס幾㖪כ P. pundamilia ֿ气䛈׾׌焝峒ꩽ⩱ס⨲
⯼气媧יז׻מכ׆ׂחצ篙סꈷ㟱䙎ס阾┪ֿ׿׆յ׽ֽי׊ꈌ䗎׿ב׿אמ幾㖪ם⳰
갲곐ֿ䧯皑׾׌նמֹ׻ס׆䠊镊ס欎㘶ꈌ䗎כꈷ㟱䙎ֿ篙גַחצꅼⵊע䠊镊뉮ⳛ
Sensory drive׿ף⽿כյ䙊ꅋם甦⮔ⵊ؅䑛׀鱍כ׌׆脝ֻ׾ַי׿׼ (Endler, 1992)ն
מ׼׈ LWS 气׊ꂉ׽յ繪׍׼箽؂עך䍲┞ע甦⮔ⵊ׾׿׈➶יז׻מ㝂㒘ס٤بو؛
ג׊ն┞䍲甦⮔ⵊ׾ַי׿׼脝ֻכ׾׋ P. nyererei כ P. pundamilia 欎㘶גז懊מ긊䊬ע
ח鰱ַ㨰㥀虝؅䭥י׋䗎מ寊幾צ⫙յ׊겧★יַֽמ P. sp. “nyererei-like”כ P. sp. 

“pundamilia-like”מ⮔ⵊג׊ (Meier et al., 2017)նס׼׿׆偆םג勑阾鼥甦׵יַֽמ
LWS  ׾׿׈獏ぃֿכ׆׾ַי׊甦⮔ⵊ׊ꂉ׽յ繪׽ֽיז䌮ֿע㝂㒘ס٤بو؛

(Meier et al., 2018)ն 

  ┞偙עغشٛؠبך坎չם㖪긖ךㆉ镊؅⯈氠׾ַיז־⮔ֿכ׆׾׌ (Keller-Costa, 

Canário and Hubbard, 2015)ն❛ֻُؕؗٚף弮غشٛؠبס Pseudotropheus emmiltos כ
P. fainzilberi նP. emmiltos(Plenderleith et al., 2005) ׾׌氠⯈ㆉ镊؅מ甦霼焒⻎ע עتْס
镄镊כㆉ镊ס╋偙ֿ❈ֻ׾匛簡稔עךյ⻎甦כت؛סյ锶ג潨ֿג⛣ׂ׻ P. fainzilberi

甦؅⻎עך匛簡稔סײסյ镄镊ַםֻ❈ㆉ镊ֿךն┞偙׾׌ꈷ䫘溷★ꏕ׊⯁؅餟ت؛ס
霼焒׽םׂם׀ךֿכ׆׾׌յꈷ䫘溷★ꏕ؅鉿גזםׂם؂նؘنסت؛ֿتْע׿׆
ٞٓ٤؅ㆉַך⻎甦؅餟⯁؅כ׆׾ַי׊獏ぃ׾ַי׊նגױյ⺚⫐⟛芌ؠ٥ؔ׾׌؅
غشٛؠبס弮ؓٛع P. nyererei כ P. pundamilia ؅氠ַג⺚⫐ס⯁؅ⷯס镩מ瓌׊劂ֻ
⻎כ嬎镩גַיז׼׵ייյ蔦⮔ֿ芌׍׼ꫀ؂מ甦沌甦⻎עغشٛؠبյ㦇עך㵅닫׾
甦؅ت؛ס㟱גזםמֹ׻׳ (Verzijden and Ten Cate, 2007)նע׿׆嬎镩מ٤ؘٓٞنס
㹽╚朮סتֿْت؛סؓمٚؔطמ׼׈ն׾ַי׊؅獏ぃכ׆׾׿鉿؂ֿײꁎ׽⯝׾׻
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鮐׼־䧯敿䍲⻉؅雄❿כ׆׾׌ (Miranda et al., 2005) ׷յסت؛סؓمٚؔط㹽מ⻻ױ
׵כׂם㸴ֿغؕٞطت⻉٤ꐦ䫱ٞؠٜء׾׿ 2 ♑յ⻎甦׿׈㵼⺇ך㵼糞⺇׾ם沌סח
⠥糞ס玗篑⫐⮔岬מ㜟ⵊ؅⹳י׊כ٤ؘٓٞن٭ُؕٚو׌ׯ塌茣כ׆׾׌ (Keller-

Costa, Canario and Hubbard, 2014; Keller-Costa et al., 2014) ֿ獏׾ַי׿׈ն 

 

シクリッドの嗅覚受容体の多様性 

瞉脢ס䨾㺲煝疴㵍ֿ鉿גז⮔㲳笠簡闋卥סغشٛؠبע׼־ㆉ镊⺇㵼糞ס㝂坎䙎ֿ
獏׾ַי׿׈ն❛ֻף넍ס⴨ַס⺇㵼מלם䔢皑כח脝ֻ׾׿׼ 2 㒘ꚕ밮⺇㵼糞V2R
ꈽ⚻㲳יַחמꈽ⚻㲳ꓨ鏿ס♑עغشٛؠبיז׻מ澵돞떃׵׽׻㝂ׂ٭مؤס62 ⠥
؅⟛䭥׾ַי׊(Nikaido et al., 2013)նꈽ⚻㲳ꓨ鏿יז׻מ气ג׋偆锺⺇㵼糞ע偆锺塌茣
棨䕑׽׻ֿغشٛؠبיז׻מכ׆׾׌䋀䌮ַ⴨ַ؅霼焒מס׾׌鬚桬׾׀ךնגױյ
떃꿔٤ؘٓٞن׾ֽׄמ⺇㵼糞⠿鎢 (Behrens et al., 2014) כח┞ס脝ֻ׾ַי׿׼ 1 㒘
ꚕ밮⺇㵼糞V1Rꈽ⚻㲳יַֽמ鏿俙ך٭مؤס㝕ׂ׀ꏕ⮬ס沌׾ם㝂㒘ֿ锶ז־ח
מն杅(Nikaido et al., 2014) ׾ַי V1R2 ֽמغشٛؠبס㝕弮┩ס؜ٛن匯ؓע㝂㒘ס
նLWS׾ַי׿׈յꩽ劻ꪨ㝂㒘ֿ粪䭥׽ֽיז־ח䌮ׂ锶יַ ׷ V1R2 ⫏겏㎒מֹ׻ס
ע㝂㒘׾ַי籽ׄ׿׈粪䭥מ׍׿׈㎷㴻ך Standing Genetic Variation (SGV) ׿ף⽿כյ
SGV  ;Hermisson and Pennings, 2005) ׾םכ甦⮔ⵊֿ⺪茣ם䙊ꅋךכ׆ׂ⦐ꈷ䫘ֿמ

Barrett and Schluter, 2008)նה؂ם׌ V1R2 ׵ LWS ꈷ䫘溷★ꏕ؅䬎ֹמ坎⻎כ٤بو؛
 䔿ꃍնימ睗◝皹ע霄箖׾茣䙎ֵֿ⺪׾ַי׊㶐稚מ⮂㝂坎䙎ⱁסغشٛؠبךכ׆

 

׾׿׈䞯◙מ⮔ⶥע茣䙎⺪׾ַי׊㶐稚מ㝂坎䙎סغشٛؠبㆉ镊ֿמֹ׻ס┪♧
ֿյסغشٛؠبㆉ镊⺇㵼糞؅غ٤؝ٛס鞪ג׬煝疴׷ꫀꅙ׾׌鉿ⳛ؅鞪ג׬煝疴׆ע
־׼䔢ⰺ؅僻ג׊ג卸מ⮂ㆉ镊ֿ㝂坎䙎ⱁיַֽמغشٛؠبնַםַי׿鉿؂ךױ׿
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٤؝ٛסㆉ镊⺇㵼糞ס⠥չעך脝ֻյ勓煝疴כַם׎־闋僻ֿ姊סغ٤؝ٛעמ׾׌מ
睗ג׊㵅닫笠؅牞皑׾׌⮂䗎瞩؅嗱غ 2 皹ն姌מ 6 ׾ֵח V1R ⺇㵼糞ח┞סյV1R2

ꈽ⚻㲳מ濪潨׊յV1R2 ⺇㵼糞غ٤؝ٛס䗎瞩؅嗱隍׊յ㝂㒘ֿסغشٛؠبꈷ䫘溷★
ꏕ؅➶ꅼ׾׌⺪茣䙎؅嗱隍ג׊睗 3 皹ն 
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第 2 章 シクリッドにおける匂い受容の検出系の確⽴ 

背景 

  ⳛ朮עㆉ镊؅⯈氠י׊յ䱱넍鉿ⳛ׷ꏕ⣪潸䩘ס䱱筺յס׽ף؂ם霼餟յ㎇ꆸ鉿ⳛյ䯱낛脢
ㆉ镊⺇㵼糞ֿ׾׌溪槁ך勒唏玗篑׾ֵמㆉ镊㊭עնㆉ镊ֹם׆鉿ⳛ؅ֽםյ坎չלם㎇ꉌס
⴨ַ朮鮐؅⺇㵼׊յ莊ס╚卿玗篑מ䫋㸚יז׻מכ׆׾׌气׾׋նיזֿג׊ⳛ朮ס坎չם
鉿ⳛ؅槏闋עמ״ג׾׌杅㴻ס⺇㵼糞׾םכغ٤؝ٛסאכ⴨ַ朮鮐ס╋偙؅⻎㴻׆׾׌
 ն׾ֵךꓨ锡ֿכ

  떃꿔עך寊志䙎ס⴨ַ朮鮐؅ㆉ┪滽OEך嗱⮂׾׌ն떃꿔ס䱱넍鉿ⳛמꫀꅙ׾׌⴨ַ
朮鮐ע鏿俙焒׾ַי׿׼ն❛ֻףյآئ׷ٖبشؔنٚهح꿔ؿِؓיַֽמꐦ (Valentinčič, 

Lamb and Caprio, 1999; Hara, 2006; Koide et al., 2009)յ٤َِؓٛיַֽמ٘؟٤؞ (Rolen et 

al., 2003)յغز؛ٝؠؽיַֽמٖبشؔنٚهح (Wakisaka et al., 2017) ֿ䱱넍鉿ⳛ؅靕
㸬ֿכ׆׾׌㖥⼴׾ַי׿׈նס׼׿׆⴨ַ朮鮐׵׀⦐ס♑ע䭥׽ֵ׵כ׆חյ❛ֻِؓף
 ,Shoji et al., 2003; Yambe et al., 2006; Yamamoto) ٤ؘٓٞن䙎׷ٜػءب嬎䈢ך꿔آئꐦֿؿ

Hino and Ueda, 2010)յךؓمٚؔط獗⚶溷㐌⛺؅獏׽גַ⦐י׊כٜػءب׌յَِٛؓ٤
٤ة٤ٚءذتٞو׷غؕٞطتն䙎׾׌׵׽ג׊㎇ꉌ鉿ⳛ؅靕鱍ךٖبشؔنٚهحֿ
 ,.Dulka et al., 1987; Sorensen et al., 1988; Stacey et al) ׂ⦐י׊כ٤ؘٓٞنך٘؟٤؞ע

1989)նֿכ׆ׂ⦐י׊כ٤ؘٓٞن׵יַֽמٖبشؔنٚهحע٤ة٤ٚءذتٞو獏
׊כ⴨ַ朮鮐ך떃甦ס־חַׂ׼־㵅닫סㆉ괎㎫עն芮寚ꐦ(Yabuki et al., 2016) ׾ַי׿׈
յٕ׷כ׆׾׿׈㵼⺇י ס♑յֿ׾ַי׿׈⼴㖥ֿכ׆׾׌㎇ꆸ鉿ⳛ؅靕鱍עך؟ػْؗص
㝂ׂס떃甦סאך塌茣ע僻ַםַיזםמ־׼ (Li, Sorensen and Gallaher, 1995; Michel and 

Lubomudrov, 1995; Zhang, Brown and Hara, 2001; Huertas et al., 2010)ն 

  떃꿔סㆉ镊⺇㵼糞ע 4 ⴨ַ⺇㵼糞 (Buck and Axel, 1991); 䕻 :٭ِٛؒنㆉ镊⺇㵼糞סח
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ꓪِؓ٤ꫀꅙ⺇㵼糞 (Liberles and Buck, 2006); 1 㒘ꚕ밮⺇㵼糞 (Dulac and Axel, 1995); 2 㒘ꚕ
밮⺇㵼糞 (Herrada and Dulac, 1997) ׾׿׼ׄ⮔מն٤بؿظؓ׵מ♑סא⺇㵼糞A2cֿ
ㆉ┪滽ך溪槁ךٖبشؔنٚهح׵כ׆׾׌㖥⼴׾ַי׿׈ (Wakisaka et al., 2017)ն׼׿׆
ע縓嬰箖苣ףֻ❛ն׾ַי׊溪槁ךㆉ玗篑OSNס甦꿔ס־חַׂע㵼糞⺇ס OR ⺇㵼糞
׷ TAAR ⺇㵼糞؅溪槁׊(Hansen et al., 2003; Sato, Miyasaka and Yoshihara, 2005)յِؓؿꐦյ
䙎غؕٞطتյ٤ة٤ٚءذتٞوյ芮寚ꐦյَِٛؓלם٤յ䋀䌮ַ⴨ַ朮鮐؅⺇㵼׾׌ 

(Sato and Suzuki, 2001; Hansen et al., 2003; Yabuki et al., 2016; Sato and Sorensen, 2018)նTAAR

⺇㵼糞ע杅٤؅َِؓٛמ⺇㵼׾׌ (Hussain et al., 2013; Li et al., 2015)նסח┞ֹ׵╭锡ם
ㆉ玗篑箖苣׾ֵך䕻簎嬰箖苣מ╭ע V2R ؅溪槁׊㎫ 4AյV2R ⺇㵼糞⪴ؿِؓמꐦ؅⺇
㵼ֿכ׆׾׌獏׾ַי׿׈ (Sato and Suzuki, 2001; Hansen et al., 2003; Luu et al., 2004; Koide 

et al., 2009; DeMaria et al., 2013; Sato and Sorensen, 2018)նV1R ⺇㵼糞׵㸴俙ס䕻簎嬰箖苣ך
溪槁׽ֽי׊㎫ 4Bյס٤بٞز♣颍氙朮׾ֵך ׷ꏽꐦ4HPAAٜؼؘنب؞ٞغك-4
芮寚ꐦ꿔؅⺇㵼ֿכ׆׾׌㖥⼴׾ַי׿׈ (Behrens et al., 2014; Cong et al., 2019)նגױյ澵
돞떃עך〯►꿔ך锶סوؕذַםַיז־חㆉ玗篑 crypt 箖苣ֿ㲽㐂׊յⷃ┞ס V1R ⺇㵼
糞V1R4/ORA4ֿ杅沌溷מ溪槁ךٖبشؔنٚهحֿכ׆׾׌㖥⼴׾ַי׿׈ (Oka, 

Saraiva and Korsching, 2012)ն٤بؿظؓעמ׼׈⺇㵼糞׾ֵך A2c ؅溪槁׾׌ pear-shaped

玗篑 (Wakisaka et al., 2017) ׷յkappe 箖苣׵לם锶׾ַיז־ח (Ahuja et al., 2015)ն 

٤؞յآئ׷ٖبشؔنٚهحյׂם㸴ע煝疴סלם闋僻סغ٤؝ٛסㆉ镊⺇㵼糞׼׿׆  
סյ떃꿔׽ֽי׿׼ꮹמ떃甦סꌃ┞סלם٘؟ 60؅ⷑ׾״偆澵돞떃꿔עךㆉ镊ס煝疴ֿ
ם׀㝕׾׿׈圸䧯ך气朮ٜظ긊ٓס׆עמ״ג׾׌㝂坎䙎؅槏闋סն떃꿔ַםַי׿׈ם
 ն׾םמꓨ锡ֿכ׆煝疴؅鉿ֹךو٭ٜء

  勓煝疴עך茻嗚ⳛ朮׵ך־םס劄׵㝂坎ⵊג׊笠簡מغشٛؠب׾ֵךח┞ס濪潨ג׊ն
ꃍ┪ךն䍇皹(Kocher, 2004) ג׊׆ꈌ䗎侑俆؅鱍ם꿃詇ך弮ס؜ٛن匯ؓמ杅עغشٛؠب
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坎չעغشٛؠبյַֿםַך؆ꅼי׊嬟鼛כ镄镊煝疴עㆉ镊煝疴סغشٛؠبמֹ׻ס
 Miranda et al., 2005; Plenderleith et al., 2005; Verzijden and Ten) ׾ַי׊氠⯈ㆉ镊؅ך㖪긖ם

Cate, 2007; Keller-Costa, Canario and Hubbard, 2014; Keller-Costa et al., 2014; Keller-Costa, Canário 

and Hubbard, 2015)նגױյ瞉脢ס䨾㺲煝疴㵍ע匯ؓ؜ٛن氙סغشٛؠب V2R ꈽ⚻㲳ؤס
յ׷ (Nikaido et al., 2013) כ׆׾ַיז俙؅䭥٭مؤס㝂ׂ׵׽׻澵돞떃ס♑յ׊㙟Ⲏֿ٭م
鏿俙ס V1R ꈽ⚻㲳מ㝕ׂ׀ꏕ⮬ס沌׾ם㝂㒘ֿ㲽㐂כ׆׾׌ (Nikaido et al., 2014) ؅僻׼
ַי׊؅獏ぃכ׆׾ַיז㝂坎䙎ֿꫀ؂סㆉ镊מ⮂㝂坎䙎ⱁסغشٛؠبյ׽ֽי׊מ־
י׿׈煝疴עיַחמ塌茣סㆉ镊⺇㵼糞ס⠥չסغشٛؠب坎յ⻎כ떃甦ס♑յ׊־׊ն׾
 նַםַ

  勓煝疴ؓٛعؠ٥ؔעך弮氙غشٛؠب Haplochromis chilotes ⴨ַסㆉ┪滽OEס
朮鮐מ㸐غ٤؝ٛ׾׌䗎瞩؅玗篑嵛ⳛُ٭؜٭ꈽ⚻㲳 c-fos ג؅氠ַه٭ٞوٍٛס in 

situ hybridization նH. chilotesג׊嗱隍ך յ׽ֵך嬟鼛溷䧯ꩽֿ僃ׂ粪䭥٬緽媧ֿ㵼儅ע
둚闋⦐䍲ّؿأ (Nakamura et al., 2021) ֿ⯈氠⺪茣׽ֵךյㆉ镊⺇㵼糞ꈽ⚻㲳ס⻎㴻׵
鉿׾ַי׿؂ (Nikaido et al., 2013, 2014)ն瞉脢ס־חַׂע⴨ַ朮鮐מ㸐י׊ 3 甦꿔ס
ㆉ玗篑箖苣OSNյ䕻簎嬰箖苣յV2R+ 箖苣յV1R+ 箖苣غ٤؝ٛס䗎瞩؅嗱隍ג׊նױ
׾׌㸐מꐦؿյِؓג V2R+ 箖苣ס䗎瞩׷յסت؛סغشٛؠب㹽מ㸐׾׌ V1R+ 箖苣䗎瞩
؅㖥⼴׾׌ն勓煝疴מֹ׻סלֿغشٛؠبע⴨ַ؅⺇㵼סיַחמ־׾׌ꓨ锡ם㕈狸溷
㕈潒؅䳀❵׊յ♀䔿ס煝疴יַֽמㆉ镊מ㕈ׂט㝂坎䙎ⱁ⮂塌圸ס闋僻מ鬚桬כ׾׌䘼؂
 ն׾׿

 

材料・⽅法 

シクリッド 

勓㵅닫מ氠ַג Haplochromis chilotes (Boulenger, 1911) 2018 ע 䌑מ◝갧㕔煝疴㵍ֿ╚䖥
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עն떃ג׿׈䱰겏ךꓩ㜽鞪吉ג׿׈㵅偡ך彴ا٠٤ّסؓؼا٤ذיזםכ   :僻免ꪨךˬ27

12 免ꪨյ凉免ꪨ: 12 免ꪨךٜؠؕئס粪䭥٬緽媧ג׎׈ն612֐ ⠥糞ت؛ 3֐1 ⠥糞
յ1׊냣芌ך寊垗40cm×25cm×36cmؠشزتٚو؅ 傽 2 ㎇냣倣ًٝ؅عش稚ֻגն㵅
닫匛簡؅䲩ֻ״ג׾յ僻溮ם㨰㥀虝ֿ锶׾׿׼䧯敿؅ײסت؛ג׊㵅닫מ❈氠ג׊ն 

ⳛ朮؅氠ַסי׬׌ג㵅닫ע㝕㳔ֽצ׻侓䍟ס ARRIVE ׿׈㵅偡יז䕋מ٤ؕٚغؕ؝
 նג

 

匂い刺激剤 

ꐦؿ鮐圸䧯ِؓؠق٤ذ 20 甦ٜؓ٤ؼ؟յ٤ةزتكյٛ٤بյؓ٤؟ٚقتꐦյء
و٤յبٛء٤յؕطتب٤յِذٜء٤յ؟ٚقت٤յؓؼ؛ٝت٤յٛج٤ꐦյِذٜ
ٞٛ٤յؓٚ٤ؼյؕ٤بؕٞخյٞؕ٤بյْ٤ؼ؛ز٤ؼٜٚؓؼؘننعوٛع
ؒ٤٤بٞز٤ٛف4-ٜؼؘنب؞ٞغكꏽꐦ (4HPAA)ٛ עꐦLCAٜ٭ؤع
㶠㛶ّٜؔن⾔⩱筙赟ֽצ׻ Sigma Chemical Co.׼־鮫⪜ג׊ն⻄ِؓؿꐦ٤؅بٞزꯙ
ׂֽצ׻ 4HPAA بٞزնג׊志帇؅鞪鏫ؠشعتסյ12 mM (mmol/L)׊志闋מ鱩筙寊ע
כ٤ LCA յ6 mM NaOHע 寊志帇מ志闋י׊ 12 mM ն3ג׊志帇؅鞪鏫ؠشعت 甦ס䫱⻉
٤ٞطتٞغ٤ؓمؙٞغكظյغؕٞطت 3-燓ꐦDHEA-sյβ-ؙٜ٭؛ةٚعت 17-(β- 

D-غؼٞؠٜءE 2-17gֽצ׻ β-ؙع٭ؘنٜتة -3,17 ٜ٭؛ةٚعتE2-3,17s
յDMSO׊⪛鮫׼־ 匯☒ⵊ䧯䈰噺յCayman ChemicalյSanta Cruz Biotechnology׿ב׿אյע

י׊志闋מ 10 mM յ稺煞׍ױնג׊鞪鏫ך䩘꽄סյ♧稔עն넍䬂⮂朮ג׊؅鞪鏫ؠشعت
״ץכֽعش냣倣ًٝג׊ EP1յ╩笶傽庣냣倣2 g 鱩筙寊מ 14 mL ؅Ⲏֻյ笴 30 璈ٍٜ
ךն㵍廛ג׊تؠشط 5 ⮔ꪨؕג׊ع٭يٖ؞٤䔿յ8000×g ך 5 ⮔ꪨꇶ䖥⮔곐׊յ┪庣؅
넍䬂⮂朮ؠشعتס志帇ג׊כն⻄ؠشعت志帇ע剈궢㵅닫؅鉿ֹ 1 ٧劓♧⫐מ鞪鏫׊յ
յ15 mL׊䉤ꓡך鱩筙寊מ⯼յ剈궢ע志帇ؠشعتնג׊㲽⟛ך℃4 氠ַמ䉤ꓡ帇؅㵅닫ס
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20تؠشꐦِؿյِؓע䉤ꓡ⠨椙סն⻄帇ג 甦/ِؓؿꐦ聁 A-D ؅ 30 ⠨䉤ꓡי׊ 400 

µM垗⫐ס箽懍䍲 2 µMյ䫱⻉؅تؠشِغؕٞطت 1500 ⠨䉤ꓡי׊ 6.6 µM 垗⫐ס箽
懍䍲 33 nMג׊כնٜؓ٤ِذٜء/٤بٛ/٤ؼ؟ꐦ/ؓ٤؟ٚقتꐦ/4HPAA ע 6 ⠨䉤ꓡ
劄箽懍䍲סך⫏mM垗 2 ؅ י׊ 10 µMյLCA ע 3 ⠨䉤ꓡ4 י׊ mM 垗⫐סך劄箽懍
䍲 20 µMג׊כն넍䬂⮂朮ע 75 ⠨מ䉤ꓡג׊垗⫐ך 15,000 ⠨䉤ꓡյ9.5 µg/mLն 

 

尿採取 

㹽ע䧯敿׼־غشٛؠبסت؛ג׊䱰⺅ג׊նךױ׿׆떃꿔׼־䉤ꓡַםַי׿׈㹽؅
䱰⺅ג׊煝疴ֿ׾ֵ־חַׂעյتُةؼ׷تُٚؠئյٓ ؝ؾجյؓمٚؔطؠ٭ل٤ا
 Yambe, Shindo and Yamazaki, 1999; Sato and) גַי׿׼ꮹמ㝕㒘甦סלםْٚلذبٜ

Suzuki, 2001; Keller-Costa et al., 2014; Fatsini et al., 2017)ն勓煝疴עך Yambe et al., 1999 ئך
յ糞ꩽֿ笴׊㹽䱰⺅偙岺؅䗎氠ג׿鉿؂י׊㸐מتُٚؠ cm 9֐6 蔹媃׼־غشٛؠبס
㎫ג׊䱰⺅岺؅ꪛ溪ם潲䱸溷ַם׎׈ 2A, Bն䱰⺅מ氠ַעٜط٭ط؜ג婱璇氠呧硄崟
嵩ه٭ٞوꓹ28Gյ490703յB.S.A.ؕٚؠئ؅⯈氠ג׊㎫ 2Aնס׆ꓹע⣨긖מ疮ֿ
ꪛַ׽ֽיյ⩰盚מ疮סꪛַגꓹמ嬟׬潨雾ַׂמ׊׽ױն؅׿׆⩰盚׼־笴 cm 1.2֐0.5

־׷׾׹מֹ׻ַם׿յ╚疾圸ꅎ؅愵מֹ׻׾םמ⣨ֿ⫐⣨׾ַיַ⻔յ疮ֿך翝⛺ס
笴מ 90°剱ׅג㎫ 2Aնס׆剱ׅגꓹه٭ٖز٤ؤٛب؅㜽䔳 10 mm; ⫐䔳 0.5 mmמ
䱸濪Ⱐؓٞؒن٤ٜؓ EXTRA ꅋⲯ䙎┧茣㒘յبؼؤך㎷㴻׊յ؅ه٭ٖزמ׼׈寎┪
ג׿־翝מ 15 mL ꇶ䖥硄מ䱸籽ג׊նמ׼׈ꇶ屉硄٭ذ٭ٝمت؅ؓDAS-01յؓ ٠٤ث
 նג׊وشٚعמꇶ䖥硄י׊䑛⼔յ㹽؅׊庿㐁י׊䱸籽מ

նג׊⪛䯏מ萩茆׼־؅糹䱖岡⺚ٜط٭ط؜նג׊寎⬗묄ꏣיׄחמ寎寊עغشٛؠب
מ׼׈ךوشٛؠյ潨椝׊㎷㴻מٝل㹸ךꓹꓭעه٭ٖز٤ؤٛب׾׌䱸籽מٜط٭ط؜
㎷㴻ג׊ն؅ٜط٭ط؜䯏⪜עغشٛؠبג׊ⳛ؅׀⯜ꮹ٤ٝزَؙٛמ״ג׾׌鏫ؾס
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י׊؅ꄼٜط٭ط؜עն㹽ג׊⪛䫋מ╚յ寊׿⪛מ٭ف٤ٔزعش 5֐3 免ꪨ⼔䑛׊յ笴 500

µL 1000֐ ס⮴ն劄ג׊㎇⹺ךꇶ䖥硄ס┪㹽؅寎ס 30 ⮔ꪨך䱰⺅ג׊㹽ע糞菍帇ס庋⪜؅
ꮐמ״ג׃䎰啇ג׊ն䱰⺅ג׊㹽סٜو٤ئ 10 µL  Tetra Testؕجشٜؓ٭ؿؘنغ٤ؕע

Ammonia Reagent, Tetra, Blacksburg, VA, USAמ氠ַյؓסؓؼ٤ٓ⻻劔؅嗱隍ךכ׆׾׌
䱰⺅ֿٜو٤ئג׊㹽؅כ׆׾ֵך牞ג״־ն䱰⺅ג׊㹽ע30ˬך⟛㲽ג׊ն剈궢㵅닫⯼
מ 100 µL ؅鱩筙寊ך 150 ⠨䉤ꓡ׊յ䉤ꓡג׊㹽 15 mL ؅剈궢ג׊垗⫐ך䉤ꓡ⠨椙 30000

⠨ն 

 

曝露と切⽚作製 

㎫ג׎׈յ簮낛׿׈갲곐מ剈궢⯼傽עغشٛؠب 2Cն肚傽յעغشٛؠبꈚ⩱ג׿׈
剈궢氠ס寊垗30 cm×11 cm×9 cmյ3 Lמ瓌ג׿׈ն寊垗ס┞盚ע׼־莈㘇筶寊ֿ嵣⪜׊յ
⹸㸐⣨׼־嵣⮂ג׊ն1.53֐ 免ꪨ䔿յ寊ס嵣⪜؅┞免溷מ⢶婝׊յً -SJ-1211II) و٤َذتٛ

H, ؓ؅ (٭ع氠ַי寊ס嵣⪜׋⻎כ盚מ 15 mL ؤهؔط؝ؾնד؆ꁎ׽⴨ַ⯢懈Ⱐ؅ꃻס
笴עն⴨ַ⯢懈Ⱐג׊鱩筙寊؅剈궢עךٜ٭ٞع٤ 1 ⮔ꪨיׄ־寊垗⫐מ䫋稚׿׈յסא䔿
עյ剈궢䔿 20 ⮔ꪨ״ג׾׎׈ն劄⮴劻ꈽ⚻㲳c-fos؅溪槁ג׊ꪛ⫙؅⪛嵣ס莈㘇筶寊מ
寊垗؅غشٛؠبמ汦ג׎׼ױնסא䔿յ؅غشٛؠب 5 ⮔ꪨ寎⬗묄ꏣ׊յꅋמ־׷偂꾁
ך╚PFAյWakoٛ٤ꐦ累銘气槏낛㘇寊PBSغكظٌّٜٜؓٚقյ4׊ OE ؅䷂
ג׊⮂䷂նג׊⮂ OE ע 4% PFA/PBS4℃ך 7.5 免ꪨ㎷㴻׊յ20% sucrose/PBS4℃ך
┞冄⭦槏י׊⬾篙⟛饦ג׊նמ׼׈ O.C.T. compound (ؠشط٤ؕؒنٚؠئ) מⴭ㓷׊յ帇
糞痾筶ך⬾篙ג׎׈ն⬾篙׈⸧ךعشذت؛ؕٚؠעؠشٞه 10 µm 篙⮗曩寊䌐긖⬾ס
؅糸鏫׊յتٚءغؕٚتMAS-01, 千嶚熾㲳䈰噺┪מ鼥ג׎ն⬾篙⮗曩ע❈氠ךױ׾׌
 նג׊㲽⟛ך℃80-
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リボプローブの作製 

迄⩱ in situ hybridization迄⩱ ISH氠עه٭ٞوٍٛסյء٤ؔظ٭ؤ꽝㔔עגױ긊脌
陹꽝㔔מ陭阛ג׊ն⻄ꏕ⮬עյOE ס cDNA ٭ُؕٚو⻄׼־銨 1؅氠ַי Ex-Taq (ذ
מ( -) pBluescript SKII עגױ pGEM-T (Promega) עնPCR 氙朮ג׎׈㙟䋀ך(؛ؕفٚ؜
DNA Ligation kit (؛ؕفٚ؜ذ) ؅氠ַ׊٤٘ب٭أؕٚיյ㝕萛褛DH5α٤ؼ٭ٞؠך
 QIAfilter ׼־㝕萛褛עغِتٚوնג׿׈牞霼׽׻מت٤آ٭ب٭؝٤ئע⮬նꏕג׿׈ء

Plasmid Midi Kit (Qiagen) ך䬂⮂׊յꈌ⮗ם⯜ꮹꐠ筶 (Takara) ؅氠ַי潲ꟃⵊג׊նמ׼׈
מ؅ꚪ㒘غِتٚو偂⮗ס׆ DIG עגױ FITC RNA labeling mixRocheכյT7յT3 גױ
ע SP6 RNA polymeraseRoche؅氠ַי DIG/FITC 埉餟ֿٍٛه٭ٞو⻉䧯ג׿׈ն 

 

蛍光 in situ hybridization (ISH) 

ⷃ虝յעגױ 2 虝迄⩱ ISH 㵅偡י婞؅Ⲏֻ⟵ס־חַׂמ偙岺סյ(Suzuki et al., 2015)ע
 ն׾׌阾ꃍמ祔愃מն♧稔ג׊

ⷃ虝 ISH ح٭ػؕطٞو㖪⻉յ⮗曩؅ס K5µg/mLך 37ˬ٬8 ⮔ꪨ⭦槏׊յDIG 埉餟
5 ng/µg؅ه٭ٞوٍٛ 曩؅⮗מն姌ג׎׈٤٘بˌحؕرٛهؕـ冄┞ך℃60 SSC ך
崟嵩׊յRNase A/TNE2 µg/mLך 37℃٬30 ⮔ꪨ⭦槏׊յ٤ةلؓعوٝعت٤ز؛ل
מ׼׈Vector Laboratoriesյعش؞ء٤؞شٞه 1ء٤؞شٞه雧赟PerkinElmer/TBS

㵍廛ך 1 免ꪨג׊ء٤؞شٞهնح٭رب؞؛ًٜעٜػءب埉餟䫎 DIG 䫎糞1: 100
11207733910Rocheך嗱⮂׊TSA Plus Biotin kitPerkinElmerٜػءبך㙟䋀׊Alexa 

Fluor 488 埉餟٤ةلؓعوٝعت1: 200Thermo Fisher Scientificך迄⩱埉餟ג׊ն⮗曩
ע Vectashield mounting medium with DAPIVector Laboratories 獗ך㸖⪜ג׊ն 

2 虝 ISH 㖪⻉յ⮗曩؅ס DIG צ׻ֽ FITC 埉餟ٍٛه٭ٞو⻄ 2.5 ng/µgכ ┞ך℃60
冄ג׎׈ثؕرٛهؕـնDIG 埉餟ٍٛح٭رب؞؛ًٜעٜػءبס׼־ه٭ٞو埉餟
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䫎 DIG 䫎糞1: 100յ11207733910յRocheך嗱⮂׊յTSA Plus DIG kitPerkinElmerך㙟
䋀׊յDyLight 594- conjugated anti-DIG 䫎糞1: 150յDI-7594-.5յVector Laboratoriesך迄
⩱埉餟ג׊ն姌מյFITC 埉餟ٍٛ؅ٜػءبס׼־ه٭ٞو䫎٤ؕجٝ؛ٜن-POD Fab 

fragment1: 80, 11426346910, Roche؅氠ַי嗱⮂ג׊նDIG ٭رب؞؛ًٜג׿׈埉餟מ
嵛䙎؅ح 15% H2O2/TBS ך 30 ⮔ꪨ⭦槏ךכ׆׾׌┮嵛䙎ⵊג׎׈䔿յTSA Plus Biotinkit

PerkinElmerٜػءبך㙟䋀י׊ Alexa Fluor 488- conjugated streptavidin (1: 200, Thermo 

Fisher Scientific) ך迄⩱埉餟ג׊ն⮗曩ע Vectashield mounting medium with DAPI (Vector 

Laboratories)ך㸖⪜ג׊նסי׬׌氺⦐ע Zeiss Axiocam 503 CCD٭ٚ؜ ْ؜ ٚCarl Zeiss
גֻ⤫؅ Zeiss Axioplan SP 迄⩱꿃䕻ꡘ؅氠ַי⺅䕑ג׿׈ն氺⦐ע Adobe Photoshop CC ؅
氠ַٜيٝי鎢婞յعتٚع٤ؤ鞪俠յ以⛣٭ٚ؜ⵊDIG յFITCذ٤حُעٜػءب ب
 նג׿鉿؂ֿ׎؂⻉נꓨי׊א糽յעٜػء

 

画像処理 

玗篑嵛ⳛُ٭؜٭ꈽ⚻㲳ס尴㴻עמյמغشٛؠب넍䬂⮂朮؅剈궢׊յ30 ⮔䔿מ OE ؅
י׊⮂䷂ 1 虝 ISH ؅鉿ַյ갅䙎箖苣ס㙟Ⲏֿ劄׵㝕ׂ׀յ⟤⺴䒣䍲ֿ劄׵둚ַ⮴劻٭ُס
׾ַי׿׈⼴㖥ךյ⩰鉿煝疴עמ㴻⮿סն갅䙎ג׊ꈽ⚻㲳؅䱱٭؜ OSN  䓺枱ם㒘溷⫀ס

(Hamdani and Døving, 2007; Ahuja et al., 2015; Wakisaka et al., 2017)؅複攍㕈徙י׊כ氠ַגն
յc-fosגױ 갅䙎c-fos+עיַחמ齇䍲⡑ֿ 85 ؅鱩ֻ؅ٜػءب׾갅䙎ג׊כնⷃ虝 ISHյ
2 虝 ISH 婞锺ⵊסն玗篑箖苣俙ג׊阾鼥מ❛⭡ס㎫ע曩俙յ⠥糞俙⮗ס׽גյ⠥糞ֵמ׵כ
յOEע긖畤ג氠ַמ ⮗曩ס DAPI 偂⮿כ갅䙎ך翝⛺׋⻎ꈽ⚻㲳ֿסն╋偙ג׊廠㴻׼־⦍
յע䩘꽄ס׼׿׆նג׊םײכꓨ갅䙎◝מ⻉㖪ג׿׈偂⮿כ׾ַי׊䓺枱؅ס箖苣׋⻎յ׿׈
י׬׌ Adobe Photoshop CC ؅氠ַי鉿גזն簡阛闋卥עյ㎫מ❛⭡ס獏מֹ׻׌ Tukey-

Kramer 㝂ꓨ嬟鼛յWelch ס t 嗱㴻յStudent ס t 嗱㴻ֽצ׻⮔俆ס瞏鮐䙎ס F 嗱㴻؅氠ַגն
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劔䟨䙎ע p≦0.05  նג׊尴㴻ך

 

系統樹作成 

  澵돞떃 6 甦غشٛؠب [Haplochromis chilotes], ٖبشؔنٚهح [Danio rerio], جؕذ
 ,[Takifugu rubripes] ءنٚع ,[Gasterosteus aculeatus] ؛ؗأع ,[Salmo salar] آئؗٙؕ

ע⮬ꐦꏕؿِؓסי׬׌ס[Oryzias latipes] ؜رْ ,[Tetraodon nigroviridis] ءنٛغِ
(Nikaido et al., 2013)ך⺅䕑ג׿׈ꏕ⮬؅氠ַגնꏕ⮬ע MAFFT7 (Katoh and Standley, 2013) 

ס յRAxML-NG (Kozlov et al., 2019)׿׈ع٤ْ٤ؕٚؓך PROTGTR+G+I ٜٓظյع٭ه
雧鉿㎇俙وشٚعت 100 ㎇ך劄㹏笠簡堅ֿ糸䧯ג׿׈ն 

 

 

結果 

シクリッドの c-fos 遺伝子は神経活動マーカーとして有用 

յOE׊넍䬂⮂朮؅剈궢מغشٛؠبמ״׋ע   יַֽמ 5 劄⮴劻ꈽ⚻㲳סח c-fos, egr1, c-

jun, fra1, junb 溪槁┪僰؅ס ISH סغشٛؠبյ׊❿雄יז׻מ OE 玗篑嵛ם劄ꈌ׾ֽׄמ
ⳛُ؅٭؜٭尴㴻ג׊նסא篙卸յc-fos ס갅䙎箖苣俙כ僰┪ס䒣䍲ٜػءبׂ׀㝕׵劄ך
㙟Ⲏֿ锶״גג׿׼յc-fos غشٛؠب؅ OE ׊尴㴻י׊כ٭؜٭玗篑嵛ⳛُג׊ꈌ׵劄מ
㎫ג 3Aն姌סغشٛؠبמ OE ׾ֽׄמ c-fos յ낛״ג׾׌❿雄מ溪槁┪僰؅㴻ꓪ溷ס
朮䬂⮂帇ס剈궢䔿ס免ꪨ剈궢׼־寎⬗묄ꏣסךױ免ꪨ; 10/20/30 ,ٜ٭ٞع٤ؤ ⮔; ㎫
3B,C; 銨 2מ䗎י׋ c-fos+ 箖苣ס俙ֿ㙟Ⲏ؅־ֹל־׾׌嗱隍ג׊ն⻄⠥糞׼־㒌潲 z 鼎
סךױ稔׼־┪ס 5 瞏⮔י׊⻄ⶓꪨמّر٤ٚ׼־ꈷ؆ד 5 卶ס⮗曩׾ֽׄמ c-fos+ 箖苣
俙ס糹俙؅嬟鼛؀׆כג׊յ剈궢䔿 20 ⮔յ30 ־㝂מ劔䟨י׬嬟מٜ٭ٞع٤ؤ俙ֿסך⮔
3גז ⠥糞; p=0.014, p=0.020; Tukey-Kramer test; ㎫ 3B; 銨 3նך׆א♧ꮳס㵅닫עך剈궢
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免ꪨ؅סךױ寎⬗묄ꏣ׼־ 20  նג׊כ⮔

 

微絨毛細胞における c-fos の発現 

姌מ䕻簎嬰箖苣غ٤؝ٛס䗎瞩؅嗱隍ג׊նַׂס־ח澵돞떃עך䕻簎嬰箖苣ֿِؓؿ
ꐦמ䗎瞩ֿכ׆׾׌焒׾ַי׿׼(Sato and Suzuki, 2001; Hansen et al., 2003; Sato and Sorensen, 

2018)ն䕻簎嬰箖苣עך V2R ֿ溪槁׽ֽי׊㎫ 4AյV2R ⺇㵼糞׵⻎坎ؿِؓמꐦ؅⺇㵼
ג׊ꃍ┪עך׆׆ն(Koide et al., 2009; DeMaria et al., 2013) ׾ַי׿׈獏ぃֿכ׆׾׌ c-fos

䩘岺ֿג溪槁؅氠ַס OSN յِؓ״ג׾׌؅嗱隍־׾ֵך劔氠מ❿雄סꈷ䫘䙎غ٤؝ٛס
ꐦ庋⻉朮20ؿ 甦ؠق٤ذס鮐圸䧯ِؓؿꐦ, 箽懍䍲⻄ 2 µMכյِؓؿꐦמ㶠؆ד넍
䬂⮂朮箽懍䍲15,000 ⠨䉤ꓡמ㸐׾׌䕻簎嬰箖苣ס c-fos 溪槁؅雄❿ג׊նגױյؠب
㹽箽懍䍲: 6000ت؛סغشٛ ⠨䉤ꓡכ䫱⻉غؕٞطت庋⻉朮DHEA-s, E2-17g, E2-3,17s, 

箽懍䍲: ⻄ 33 nMמ㸐׾׌ c-fos 溪槁؅雄❿ג׊ն㹽ס٤ؘٓٞن׾ֽׄמغشٛؠبע
طت⻉յ䫱(Maruska and Fernald, 2012; Keller-Costa et al., 2014)׽ֽי׿׼脝ֻכ簊徎❴ם╭
 Miranda et al., 2005; Keller-Costa et)׾׿׼焒י׊כ⠿鎢ס٤ؘٓٞنסغشٛؠبעغؕٞ

al., 2014)ն杅מ雧닫מ氠ַג 3 غشٛؠب氙؜ٛن匯ؓעغؕٞطت⻉䫱סח Astatotilapia 

burtoni  Cole) ׾ַי׿׈⼴㖥ֿכ׆׾׿׈⮂嗱יז׻מ㵼糞⺇סչ⯁ֿ׿ב׿איַֽמ

and Stacey, 2006)ն׍ױյ┪阾 4 甦ס⴨ַ⯢懈朮ס׫剈궢יז׻מ c-fos+ 箖苣ס俙ֿع٤ؤ
4ג׊؅牞霼כ׆׾׌㙟Ⲏמ⛺⨲י׊嬟鼛כٜ٭ٞ ⠥糞; ׿ב׿א p=0.047, p=0.035, 

p=0.024, p=0.043; Welch ס t 嗱㴻յ㎫ 5A, B; 銨 2 銨צ׻ֽ 3ն姌מ⻄⴨ַ⯢懈朮鮐ס嗱⮂מ
㸐׾׌䕻簎嬰箖苣ס㶐稚؅雄❿מ״ג׾׌ c-fos+ 箖苣ך╚ס Trpc2+ 䕻簎嬰箖苣؜٭ُס
㎫ג׊⮂؅砯⻉ⰺסꈽ⚻㲳٭ 5C, ⻄ 4 ⠥糞նc-fos+ 箖苣╚סך Trpc2+ סⰺ⻉ؿِؓע
ꐦ庋⻉朮剈궢免מ劄׵둚ׂ׽ם55±8.8%յت؛غشٛؠب㹽כ35±5.7%䫱⻉ؕٞطت
׿ב׿אגז־둚מ劔䟨׵׽׻庋⻉朮剈궢免24±3.0%غ p=0.0080, p=6.1×10-4; student’s 
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t 嗱㴻; ㎫ 5C; 銨 2յ銨 3նגױյ넍䬂⮂朮ס剈궢免׵מⰺ⻉ֿ둚ׂגזם48±11%; ㎫ 5C; 

銨 2ն┞偙ך䫱⻉غؕٞطت庋⻉朮ס剈궢免מ劄׵ⰺ⻉ֿ⛼ׂյِؓؿꐦ庋⻉朮յ넍䬂⮂
朮յت؛סغشٛؠب㹽剈궢免כ嬟鼛י׊劔䟨גז־⛼מ׿ב׿א p=6.1×10-4 , p=0.0095, 

p=0.022; ㎫ 5C; 銨 3նמ׼׈ OSN 縓嬰箖苣 (㎫׾ֵך箖苣甦ם锡╭סח┞ֹ׵ס 6C; Jones 

and Reed, 1989; Koide et al., 2009) ס⴨ַ⯢懈朮מ㸐׾׌ c-fos 溪槁⻄ 1 ⠥糞؅縓嬰箖苣
׾ֵךꈽ⚻㲳٭؜٭ُס Golf2 ؅氠ַי雄❿ג׊նסא篙卸յ䕻簎嬰箖苣עכ㸐攍溷מ c-

fos+ 箖苣ך╚ס Golf2+סⰺ⻉ע䫱⻉غؕٞطت庋⻉朮剈궢免מ劄׵둚ׂ67յِؓؿꐦ
庋⻉朮42⹳צ넍䬂⮂朮剈궢免41ס♑עמ⭦槏ت؛סغشٛؠب㹽ך 58כ
嬟鼛׽םׂ⛼י׊յ寊עך 29גזֵך㎫ 6A, B; 銨 2ն 

 

アミノ酸曝露に対する V2R 陽性細胞の c-fos 発現 

匯ؓ؜ٛن氙עךغشٛؠب V2R 㝂ꓨꈽ⚻㲳傈ס笠簡杅沌溷ם䬺㝕؅篑닫׻מכ׆ג׊
׵כׂם㸴יז 61 ⠥םعؠذ٤ؕס V2R ꈽ⚻㲳؅⟛劔׽ֽי׊յע׿׆澵돞떃ך╚ס劄㝕
筦׾ֵך٭ٛع٭قٝס (Nikaido et al., 2013)նס׆ V2R ꈽ⚻㲳俙ס䬺㝕ֿ餟⯁⺪茣ם⴨ַ
ךױ׿׆עמغشٛؠبն׾׿׈䞯◙כג׊鬚桬מ㝂坎ⵊסغشٛؠبյ׽ֿםחמ䬺㝕ס
ג׿׈㴻⻎ך澵돞떃מ 16 ס V2R הֹס٭ِٛؒنهئ 13 ֿ㲽㐂׾׌ (Hashiguchi and 

Nishida, 2006)㎫ 7ն׼׿׆ 13 ס V2R מյ杅הֹס٭ِٛؒنهئ 4 ٭ِٛؒنهئסח
4յ8յ14յ16ّظ٤ذעꓨ鏿٭مؤיז׻מ俙ֿ䬺㝕׾ַי׊ն׼׿׆עך׆׆䬺㝕׊
ג 4 نهئס٭مؤٜء٤بַםַי׊Ⲏֻյ䬺㝕מ4յ8յ14յ16٭ِٛؒنهئסח
י׊כ٭ِٛؒ 2-17-1 ꐦ庋⻉朮20ؿյِؓיַחמ 甦ؠق٤ذס鮐圸䧯ِؓؿꐦ, 箽
懍䍲⻄ 2 µM剈궢׾׻מ c-fos 溪槁؅雄❿ג׊㎫ 8A, B; 銨 2ն⻄ٛס٭ِٛؒنهئ
י׊㸐מꈽ⚻㲳٭مؤסי׬׌׾׿ױ⻻מ٭ِٛؒنهئעه٭ٞوٍ 80♧┪ס潸⻎䙎
ס׼׿׆״׋־׼նֵג׊陭阛מֹ׻ח׵؅ 4 ם׊㹾㐂⪳מַ◦ֽע٭ِٛؒنهئסח
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㎫ג׊؅牞霼כ׆ַ 4CնV2R+ 箖苣غ٤؝ٛס䗎瞩椙ע V2R+ 箖苣ך╚ס c-fos+ סⰺ⻉כ
ע篙卸յ떃꿔סאնג׊⮂砯י׊ V2R ⺇㵼糞ؿِؓי׊♃؅ꐦ؅嗱⮂ַֹכ׾׌♳鞃؅鎁
מֹ׻׾ׄ♕ V2R+ 箖苣ס㝂ֿׂِؓؿꐦמ䗎瞩ג׊㎫ 8A, B; 銨 2նV2R ِٛؒنهئ
14٭ כ 16V2R sub. 14, sub. 16ס溪槁箖苣עך嬟鼛溷㝕ם׀ⰺ⻉ֿ䗎瞩׊2816յ
V2R 2-1V2R 7-1 עך溪槁箖苣ס 8.8ס玗篑ֿ䗎瞩ג׊ն┞偙ך V2R sub. 4 כ sub. 8 յעך
ׇׂ┞ꌃס溪槁玗篑ؿِؓ־׊ꐦמ䗎瞩גז־םַי׊3.6%/0.9%ն 

V2R sub. 14+כ sub. 16+ 箖苣ֿؿِؓסלꐦ؅⺇㵼؅־׾ַי׊鞪ؠق٤ذמ״ג׾׬鮐
圸䧯ِؓؿꐦ 20 甦؅ 4 ꐦGlyյAlaյSerյؿ䙎ِؓ╚עגױA: 긊嚋䙎 ˌ و٭ٜءסח
ProյThrյB: 蛢눥傈٤ِفٜ؜עגױꐦPheյTyrյTrpյHisյAsnյGlnյC: ⮔㼜גױ
ꐦArgյLysյAspյGlu劄ؿꐦValյIleյLeuյMetյCysյD: 衠괎ِؓؿ⻻燓ِؓע
箽懍䍲: ׿ב׿א 2 µMغ٤؝ٛיׄ⮔מ䗎瞩؅嗱隍ג׊նنٚهحעׄ⮔و٭ٜءס׆
 ׾ַיַטכ׵מ闋卥ء٤ٛذتٚؠס٤٭ذق괎宜䗎瞩׾׌㸐מꐦؿِؓסٖبشؔ

(Friedrich and Korsching, 1997)նV2R sub. 14+ 箖苣ע衠괎䙎ِؓؿꐦ؅⻻ؿِؓ׳ꐦ D 聁מ劄
16㎫ג׊䒣ׂ䗎瞩ך둚ַ䗎瞩椙׵ 8C,D; 銨 2նV2R sub. 14+ 箖苣ؿِؓס♑עꐦ聁מ
ֿג׊䗎瞩׵ D 聁כ嬟鼛גז־⛼כ׾׌0.9 :ٜ٭ٞع٤ؤ%յA: 2.3%յB: 4.0%յC: 3.9%յ
㎫ 8C,D)ն┞偙յV2R sub. 16+ 箖苣עյ⮔㼜ِؓؿꐦ׷⻻燓ِؓؿꐦ؅⻻׳ C 聁מ劄׵둚ַ
ⰺ⻉ך䗎瞩ג׊㸐攍: 0.12%, A: 2.9%, B: 2.8%, C: 9.2%, D: 4.7%; ㎫ 9A, B, 銨 2ն 

V2R sub. 14+ 箖苣ס䗎瞩؅䑛׀鱍ؿِؓג׊׆ꐦמ׼׈؅篹׽ꁎמ״ג׳յD 聁ס 4 סח
㘇ע؀յV2R sub. 14+ 箖苣׆כג׊剈궢מغشٛؠب׿ב׿אꐦ箽懍䍲: 10 µM؅ؿِؓ
㕈䙎ِؓؿꐦյ杅מ٤ؼ؟ٜؓמ둚ַ䗎瞩椙؅獏ג׊ٜؓ46 :٤ؼ؟%յٛ26 :٤ة%յء
յV2R sub. 14מ׼׈٤ꐦ: 0.87%յ㎫ 8E, F) ն؟ٚقت٤ꐦ: 0.33%յِؓذٜ ׾׌㺲מ 2 ח
㎫ג׊䗎瞩椙؅嗱隍غ٤؝ٛ׾׌㸐מ٤ؼ؟ٜؓס㵼糞14-1, 14-2⺇ס 8G, Hնסא
篙卸׼׿׆ 2 ׿ב׿אյע䗎瞩椙׾׌㸐מ٤ؼ؟ٜؓס㵼糞⺇סח 14-1 ֿ 0%յ14-2 ֿ 28%
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㎫גַיזם沌ׂ׀㝕כ 8G, Hն 

յV2R sub. 16גױ ׾׌㺲מ 3 ס㵼糞16-1, 16-3, 16-6⺇סח C 聁ِؓؿꐦמ㸐؝ٛ׾׌
כ㵼糞⺇׵יַֽמ㵼糞⺇ס׿׍յַ׊־׊նג׬䗎瞩椙؅鞪غ٤ c-fos ׈镸㷋ע㹾㐂⪳ס
㎫גז־ם׿ 9Cյ銨 2նע׿׆ V2R 16٭ِٛؒنهئ הֹס 16-1/3/6 ♧㜽ס V2R ؅溪
槁׾׌ OSN ꐦؿِؓיַֽמ C 聁؅⺇㵼ֿכ׆׾ַי׊獏ぃ׾׿׈ն 

ַם׊⹸䗎׽ױֵמꐦؿյِؓגױ V2R ⺪׾ַי׊ꫀ稚מ獗⚶鉿ⳛ瞏ֿ٭ِٛؒنهئ
茣䙎؅嗱阧״ג׾׌յ4 ס٭ِٛؒنهئסח V2R+ 箖苣⻄ 1 ⠥糞ت؛סغشٛؠبס
ג׊䗎瞩מ㹽סت؛յ׊־׊նג׊䗎瞩椙؅嗱隍غ٤؝ٛ׾׌㸐מ㹽ס V2R+ 箖苣׿׍ַע
 :sub. 4: 1.5%, sub. 8: 1.7%, sub. 14: 1.6%, sub. 16גזֵך㸴俙׵יַֽמ٭ِٛؒنهئס

1.0%; ㎫ 10A, Bն 

 

V1R 陽性細胞の c-fos 発現 

劄䔿מյV1R+ 箖苣ס⴨ַמ㸐غ٤؝ٛ׾׌䗎瞩؅雄❿ג׊նסٖبشؔنٚهح V1R ⺇
㵼糞ע 4HPAA  ,.Behrens et al., 2014; Cong et al) ׾ַי׿׈⼴㖥ֿכ׆׾׌㵼⺇芮寚ꐦ꿔؅כ

2019) ֿյסא塌茣ע❸撬י׊כ┮僻׾ֵךն׍ױ 6 סי׬׌ח V1R ؅⻉庋סه٭ٞوס
氠ַי 4 ꐦ庋⻉朮20ؿِؓ—⴨ַ⯢懈朮סח 甦ؠق٤ذס鮐圸䧯ِؓؿꐦ, 箽懍䍲⻄ 2 

µMյ넍䬂⮂朮箽懍䍲15,000 ⠨䉤ꓡյت؛סغشٛؠب㹽箽懍䍲: 6000 ⠨䉤ꓡյ䫱
⻄ :庋⻉朮DHEA-s, E2-17g, E2-3,17s, 箽懍䍲غؕٞطت⻉ 33 nM—מ㸐׾׌ V1R+ 箖苣
㎫ג׊❿䗎瞩؅雄غ٤؝ٛס 11A-C; 銨 2նV1R+ 箖苣ت؛סغشٛؠبע㹽מ劄׵둚ַ
16±5.7; ㎫׊䗎瞩椙؅獏غ٤؝ٛ 11A,Bյ׵׽׻ٜ٭ٞع٤ؤ劔䟨מ둚גז־p = 0.038; 

Tukey- Kramer test; 銨 3ն┞偙յِؓؿꐦ庋⻉朮5.5±1.3%յ넍䬂⮂朮5.5±2.8%յ䫱⻉
ג׊⹸䗎מ庋⻉朮4.3±3.4%غؕٞطت V1R+ 箖苣ت؛ע㹽כ嬟鼛כ׾׌㸴俙ךյع٤ؤ
ס׀כג׊剈궢מ㹽ت؛յמ׼׈նגז־םע劔䟨䈼כٜ٭ٞ c-fos+ 箖苣╚ך V1R+ סⰺ⻉
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ꐦ庋⻉朮յ넍䬂⮂朮ؿp = 0.067յֿِؓגז־םע䈼ם劔䟨י׊嬟鼛כٜ٭ٞع٤ؤע
㎫גז־둚מ劔䟨ע׽׻剈궢免ס庋⻉朮غؕٞطت⻉䫱צ׻ֽ 11A, C; ׿ב׿א p = 0.026, 

p = 0.030, p = 0.028; Tukey-Kramer test; 銨 3նמ׼׈ 6 סח V1R 㹽ت؛יַחמ׿ב׿אס
כ؀յV1R2/ORA1+ 箖苣׆כג׊❿䗎瞩؅雄غ٤؝ٛ׾׌㸐מ V1R5/ORA5+ 箖苣غ٤؝ٛך
䗎瞩ֿג׿׼ײ׿ב׿א 33%յ40%; ㎫ 11D-G; 銨 2ն 

 

 

考察 

シクリッド嗅神経細胞のリガンド応答は c-fos のリボプローブを用いた ISH によって
評価が可能 

勓煝疴עך⴨ַמ㸐غشٛؠب׾׌ OSN מ״ג׾׌❿玗篑䗎瞩؅雄ס c-fos ٞوٍٛס
ג؅氠ַه٭ ISH ؅㵅偡ג׊նc-fos ׊כ٭؜٭玗篑嵛ⳛُם劔氠ע劄⮴劻ꈽ⚻㲳םֹ׻ס
 ,.Okuyama et al., 2011; Kress and Wullimann, 2012; Hussain et al)׾ַי׿׈嵛氠ך澵돞떃י

2013; Yabuki et al., 2016)նעךغشٛؠب c-fos (Butler and Maruska, 2016; Field and Maruska, 

כ (2017 egr1 (Burmeister and Fernald, 2005; Burmeister, Jarvis and Fernald, 2005) ֿמ׵כ莊ס
玗篑嵛ⳛُי׊כ٭؜٭氠ַֿכ׆׾ַי׿׼㖥⼴ֿ׾ַי׿׈յOE עך c-fos 넍ךײס
䬂⮂朮剈궢䔿מ溪槁箖苣ֿ劔䟨מ㙟Ⲏ׊յֿٜػءب㙟䒣ג׊նגױյסغشٛؠب Trpc2+ 

箖苣כ V2R+ 箖苣סס㝂ֿׂِؓؿꐦמ⹸䗎׊յס♑ע׿׆澵돞떃סך⩰鉿煝疴؅佻䭥י׊
 Sato and Suzuki, 2001; Hansen et al., 2003; Koide et al., 2009; DeMaria et al., 2013; Sato and) ׾ַ

Sorensen, 2018)ն┞偙յِؓؿꐦמ剈궢׀כג׊ c-fos+ 箖苣ס ע41% Trpc2 ꯬䙎׽ֵך㎫
5Cյ42%ע Golf2+׼־כ׆׾ֵך㎫ 6Bյ縓嬰箖苣ؿِؓ׵ꐦמ䗎瞩ֿכ׆׾ַי׊獏
ぃג׿׈նע׿׆յتُةؼյْؓٛثُػ؜յך٘؟٤؞㵅偡ג׿׈괎宜气槏㳔溷煝疴 

(Sato and Suzuki, 2001; Hansen et al., 2003; Sato and Sorensen, 2018) כ┞蔹׾ַי׊նס׼׿׆
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篙卸ע⴨ַ剈궢׾׻מ c-fos  ն׾ַי׊؅獏ぃכ׆׾ַי׿׈⮂嗱מ⮗溪槁┪僰ֿꈌס

V2R sub. 14+ֽצ׻ sub. 16+ 箖苣ס㝂ֿׂ㝕ꌃ⮔ؠق٤ذע鮐圸䧯ِؓؿꐦמ䗎瞩סג׊
צ׻ֽ+յV2R sub. 4׊㸐מ sub. 8+ 箖苣ע㸴俙־׊䗎瞩גז־ם׊նעכ׆ס׆ V2R sub. 4 ׷
sub. 8 ⺇㵼糞 ע긊ؠق٤ذ鮐圸䧯ِؓؿꐦס♑סלםغزوً׷ⵊ⻉朮؅⺇㵼׆׾ַי׊
٤ֿ䙎ؼٝؽ؞׾ֵךꐦؿ鮐䙎ِؓؠق٤ذ긊ךآئעך澵돞떃ס♑ն׾ַי׊؅獏ぃכ
ךٖبشؔنٚهح׷؛ؗأعյ(Yambe et al., 2006) ׷כ׆׾׿׈㵼⺇י׊כ٤ؘٓٞن 9-

mer ס MHC ؅غزوً OE (Milinski et al., 2005; Hinz, Namekawa, et al., 2013)כ׆׾׌㵼⺇ך

ֿ㖥⼴׾ַי׿׈նًעלםغزو甦杅沌溷י׊כٜػءبם劔氠כ׾ֵך脝ֻ׿׼յV2R 

sub. 4 כ sub. 16 ⺇ך٭ِٛؒنهئ׾ַי׊㝂坎ⵊי׊栃皑ך笠簡ס鏿俙ס떃꿔מֹ׻ס
㵼׾׿׈⺪茣䙎ֿ脝ֻ׾׿׼ն㵅갾 V2R sub. 4 䗎־׊־׍؂מꐦؿ鮐圸䧯ِؓؠق٤ذע
瞩׍׎յ sub. 16 ؅圸䧯׾׌⺇㵼糞ס㸴׵כׂם 3 ꐦؿ鮐圸䧯ِؓؠق٤ذעך㵼糞⺇סח
㎫גז־ם׊䗎瞩מ 8B; ㎫ 9Cն 

 

V2R 遺伝子の重複がシクリッドの受容できる匂い物質の増加につながったことを示唆 

յsub. 14גױ ׾׌㺲מ 2 סח V2R ⺇㵼糞הֹסյٜؓמ٤ؼ؟⺇㵼䙎؅獏עס׌曩偙ד
㎫גזםכ־׼僻׵כ׆׾ֵךׄ 8G,Hնמ׼׈ sub. 16 ס V2R ⺇㵼糞⪢糞ؿِؓעךꐦ
C 聁غ٤؝ٛמ䗎瞩؅獏ֿג׊յ㸴׵כׂם sub.16 ׾׌㺲מ 3 סח V2R ⺇㵼糞עך䗎瞩ֿ
锶גז־ם׿׼㎫ 9Cն٭مؤמֹ׻ס׆俙ֿ䬺㝕ג׊ V2R غ٤؝ٛך٭ِٛؒنهئ
ꈷ䫘䙎ֿ沌׽םյV2R 獏ぃֿכ׆גזֿםחמ䬺㝕ס⴨ַם䬺㝕ֿ嗱⮂⺪茣ס俙٭مؤס
 ;媘㕈 (Luu et al., 2004׾׿׈廠◙כ׾׌ꫀ総מꈷ䫘䙎غ٤؝ٛ׵יַֽמն⩰鉿煝疴ג׿׈

Alioto and Ngai, 2006) ֿյךغشٛؠب杅沌溷٭مؤמ俙ֿ㙟Ⲏג׊ V2R ٭ِٛؒنهئ
׾׿׈佻䭥ע鞃♳ס׆׵׼־焒锶ַֹכ׾ֵך㝂坎י׊嬟鼛כ澵돞떃ס♑יַֽמ
(Nikaido et al., 2013)նס׆♳鞃מ׼׈؅嗱隍עמ״ג׾׌յِؓؿꐦכ V2R ׎؂⻉ײ篁ס
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؅ꃯⲎי׊嗱隍׾׌䖩锡ֵֿ׾ն 

 

嗅上⽪におけるシクリッド尿中物質の検出 

ג׀י׿׈獏יז׻מ괎宜气槏㳔溷煝疴יַֽמ澵돞떃עㆉ镊䗎瞩׾׌㸐מ㹽ךױ׿׆
(Sato and Suzuki, 2001; Frade et al., 2002; Keller-Costa et al., 2016; Fatsini et al., 2017)ն勓煝疴ך
յc-fosע ׾׌㸐מ㹽י溪槁؅氠ַס OSN ت؛סغشٛؠب篙卸յסאնג׊❿䗎瞩؅雄ס
㹽ס剈궢׽׻מ靕㸬ג׿׈ c-fos+ 箖苣ס 縓嬰箖苣Golf2+յע䕻簎嬰箖苣Trpc2+յ58%ע35%
ע0% crypt 箖苣V1R4/ORA4+ֿכ׆׾ֵך⮿僻ג׊ն㹽ס嗱⮂מ縓嬰箖苣ֿ劄׵㶐稚׌
佻׵׼־괎宜气槏㳔溷煝疴ג׊䗎瞩؅獏׾׌㸐מ㹽ס縓嬰箖苣׾ֽׄמتُةؼעכ׆׾
䭥׾׿׈(Sato and Suzuki, 2001)նעך٘؟٤؞縓嬰箖苣ֿ䫱⻉؅غؕٞطت嗱⮂؅כ׆׾׌
脝ֻכ׾(Sato and Sorensen, 2018)յت؛סغشٛؠب㹽׾׻מ縓嬰箖苣غ٤؝ٛס䗎瞩ע㹽
 ն׾׿׼茣䙎ֿ脝ֻ⺪גַי׊鱍㎋מغؕٞطت⻉䫱׾׿ױ⻻מ

סյV1R+ 箖苣מ׼׈   ׵כׂםն㸴ג׊⹸䗎מ㹽ت؛סغشٛؠب15.8%ֿ V1R2 ע Trpc2

㎫׼־כ׆׾ַי׊㹾㐂⪳כ 4Bյ㹽מ⹸䗎׾׌䕻簎嬰箖苣ס┞ꌃעמ V1R+ 箖苣ֿ⻻ױ
ע겏㎒סյV1R+ 箖苣׊־׊ն׾茣䙎ֵֿ⺪׾ַי׿ V2R+ 箖苣ס겏㎒מ־׾ע׵׽׻㸯׈
ׂյت؛㹽מ剈궢ס׀כג׊ c-fos+ 箖苣╚ך V1R+סⰺ⻉ע ㎫״גגזֵך5.8% 11Cյ
V2R+ 箖苣ت؛׵㹽מ䗎瞩כ׾ַי׊脝ֻ׾׿׼ն嗱隍מ氠ַג 4 סח V2R ٭ِٛؒنهئ
㎫ֿגז־ם׿׼䗎瞩ֿ锶מ㹽ت؛עך 10A,Bյ♑ס٭ِٛؒنهئס V2R ֿ䗎瞩י׊
յِעמ㹽סؓمٚؔط׷تُةؼն㵅갾յ׾茣䙎ֵֿ⺪גַ ٜٛٓⷃ⛺ؿِؓסꐦ懍䍲ֿ
⻻ֿכ׆׾ַי׿ױ焒׽ֽי׿׼ (Sato and Suzuki, 2001; Kutsyna et al., 2016)յ㹽╚ؿِؓס
ꐦ瞏؅ V2R ⺇㵼糞ֿ⺇㵼ֿכ׆׾ַי׊獏ぃ׾׿׈ն 

6 סח V1R ⺇㵼糞הֹסյV1R2(ORA1)+כ V1R5(ORA5)+ 箖苣ت؛סغشٛؠبיַֽמ
㹽מ㸐י׊䗎瞩ֿ锶ג׿׼㎫ 11D-GնV1R2 כ V1R5 ♧㜽עך䗎瞩ֿ锶ֿגז־ם׿׼յ
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סյ9%גױն׾茣䙎ֵֿ⺪׾ַיז⹸䗎؅䬎׾׌㸐מ⴨ַ徎ס♑לם童׷㹽تْ V1R+ 箖苣
ֿ넍䬂⮂朮מ⹸䗎׼־כ׆ג׊յֿ׼׿א낛朮ס䱱筺׾ַי׿؂❈מ⺪茣䙎׷յ♣颍ג׿׈
㹽╚׼־䱖⮂ג׿׈넍ס♣颍朮ס⺇㵼׾ַי׿؂❈מ⺪茣䙎ֿ脝ֻ׾׿׼(㎫ 11B)նV1R2 ע
ס♑ V1R յOEי׊嬟鼛כ 獏ֿכ׆׾ֵךꓨ锡מ杅מ⮂嗱ס溪槁箖苣俙ֿ㝂ׂյ㹽׾ֽׄמ
ぃ׾׿׈ն♧⯼ס煝疴סٖبشؔنٚهحעך V1R2 ⺇㵼糞׾ֵךعتؼإؓס 4HPAA ס
剈궢ֿסٖبشؔنٚهح氙ⷯ؅靕溪כ׆׾׌(Behrens et al., 2014)׷յV1R2 ֿ떃꿔ꪨ׻ך
ׂ⟛㲽כ׆׾ַי׿׈(Saraiva and Korsching, 2007)׼־㕈潒溷ם塌茣؅䭥ח⺪茣䙎ֿ脝ֻ׼
 ն׾׿

 

 

結論 

׽׻מյ (1) ⴨ַ剈궢׽׻┪♧ c-fos+ 箖苣ס俙ֿ㙟Ⲏכ׆׾׌յ(2) 䕻簎嬰箖苣ֿِؓؿ
ꐦכ넍䬂⮂朮מ䗎瞩׊յךٖبشؔنٚهحע׿׆鉿ג׿؂⩰鉿煝疴כ┞蔹כ׆׾ַי׊
׼־ c-fos ג؅氠ַه٭ٞوٍٛ ISH ֿյغشٛؠب OSN 䗎瞩غ٤؝ٛ׾׻מ⴨ַ朮鮐ס
؅雄❿מס׾׌劔氠؅כ׆׾ֵך獏ג׊նגױյ3V2R מꐦؿِؓמכׇ٭ِٛؒنهئ
㸐׾׌䗎瞩䙎ֿ沌כ׆׾םյ4V2R sub. 14 ׾׌㺲מ 2 ⺇㵼糞ꪨמ٤ؼ؟ٜؓך㸐׾׌䗎
瞩䙎מ䈼ֵֿ؅כ׆׾獏׊յיַֽמغشٛؠب V2R 䬺㝕ס⴨ַ朮鮐םꓨ鏿ֿ嗱⮂⺪茣ס
偙岺׾׌⺅䱰מ㹽؅긊蔹媃溷׼־غشٛؠبյ5מ׼׈նג׊茣䙎؅獏ぃ⺪גזֿםחמ
؅牞皑׊յ6V1R+ 箖苣杅מ V1R2յV1R5؅⻻׳坎չם OSN מ㹽ت؛סغشٛؠبֿ
䗎瞩؅כ׆׾׌僻ג׊מ־׼ն勓煝疴ס篙卸עյסغشٛؠب OSN 㸐מ⴨ַ朮鮐׾ֽׄמ
׾ֽׄמ떃甦ד؆㶠מ气朮㝂坎䙎י״嚋ס׆յ׽ֵךס׵׾׌杅沌䙎؅嗱隍غ٤؝ٛ׾׌
ꈌ䗎侑俆מ㸐׾׌ㆉ镊ס㶐稚؅㵅닫溷מ僻כַׂי׊מ־׼◙䞯׾׿׈ն 
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第 3 章 シクリッド V1R2 のアリル間のリガンド分化の検証 

背景 

㝂ׂס气朮ע镄镊٬ⵊ㳔䝠㖥מ㕈יַט⻎甦؅霼焒׊յꈷ䫘溷מ★ꏕ׾׌նיז׻מ׿׆
沌甦ꪨ★겧ֿꮐֿ׿յ甦ס㝂坎䙎ֿ粪䭥׾׿׈նⵊ㳔䝠㖥מ㕈גַטꈷ䫘溷★ꏕؘٞنעך
ٓ٤ֿ㝕ם׀䔢ⰺ؅卸׌גն〯►꿔׷╋气꿔յ暻輮꿔סלם꯽┪茻嗚ⳛ朮٤ؘٓٞنס⺇㵼
糞עי׊כ˻㒘ꚕ밮⺇㵼糞 (Dulac and Axel, 1995) ׷˼㒘ꚕ밮⺇㵼糞 (Herrada and Dulac, 

1997) ֿ焒׾ַי׿׼(Boschat et al., 2002; Del Punta et al., 2002; Loconto et al., 2003)ն㝂ׂס
꯽┪茻嗚ⳛ朮יַֽמꚕ밮㊭ך溪槁׾׌ V1R ⺇㵼糞׷ V2R ⺇㵼糞ֿ٤؅ؘٓٞن⺇㵼׌
לם鉿ⳛ׽絭䒟׷յ★㹼׿׈䫋㸚מ둚姌╚卿玗篑י׋笛槉糞؅ꄼסⰶㆉ槉עٜػءبכ׾
նV1R׾׌㜟ⵊ؅靕㸬ס玗篑⫐⮔岬םյ坎չ׷ꏕ⣪鉿ⳛס ꈽ⚻㲳׷ V2R ꈽ⚻㲳ע甦ׇמכ
㝕ׂ׀俙ֿ٭ٛع٭قٝ׷沌׽ֽיזםյ甦ׇמכ沌יזם⮔岬ס٤ؘٓٞن׾׿׈庋׏
甦杅沌溷ך (Sorensen, Christensen and Stacey, 1998; Malnic et al., 1999) כ׆׾׌㵼⺇؅׎؂⻉
նV1R׾׀ךֿכ׆׾׌䗎瞩؅靕㸬ם ꈽ⚻㲳ע杅מ〯►꿔ךꈽ⚻㲳ס٭مؤꓨ鏿כㅗ㝤؅
繪׽ꂉ׽ֽי׊յ甦ׇמכ俙ֿ٭ٛع٭قٝ׷㝕ׂ׀沌׾ (Grus et al., 2005; Nikaido, 2019)ն
םعؠذ٤ؕעعشٚ׷تُؗףֻ❛ V1R ꈽ⚻㲳؅ 239٬108 ⠥䭥מסח㸐׊(Young et al., 

2010)յؕ־׍؂עؽ 8 ⠥־׊䭥׍ג (Young et al., 2005)յעלם؜ٜؕ׷ٛٓؗؤ 1 䭥׵ח
עך〯►꿔׼־כ׆סאն׾ַי׿׼焒ֿכ׆ַםג V1R ꈽ⚻㲳ֿ甦杅沌溷٤ؘٓٞنם
䗎瞩מ㝕ׂ׀鬚桬כ׾ַי׊◙䞯׾׿׈ն 

  ┞偙ך떃꿔סל؆כ׮עך甦ך V1R ꈽ⚻㲳澵돞떃עיַֽמ ORA ꈽ⚻㲳׵כ׍؅؂
־ 6 ն떃꿔(Saraiva and Korsching, 2007) ַם׊劔־׊٭مؤ V1R ꈽ⚻㲳ע嚋י״⟛㲽溷ך
떃꿔笴 2 ┧甦׋⻎ךי⪡ׯ׮ס 6 յV1R2׽ֽי׿׈劔⪳ֿ٭مؤ ꈽ⚻㲳׷յV1R3/V1R4 ס
⪴ꄼ玆⩰ꈽ⚻㲳עءٞخ٭؛ס黡돞떃׵ך؟ػْؗصٕ׷锶׾־ח (Grus et al., 2005)նס׆
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떃꿔׼־כ׆ V1R ꈽ⚻㲳ע甦ꪨך⪴ꄼג׊㕈潒溷ם塌茣؅䬎כ׾ַיז脝ֻֿ׾׿׼յ꯽
┪茻嗚ⳛ朮٤ؘٓٞنמֹ׻ס⺇㵼糞؅䬎ע־ֹל־׾ַיז僻ַםַי׿׈מ־׼նむ
┞յV1R2 ⺇㵼糞עיַחמյؓ׾ֵךعتؼإ حֿ ꏽꐦ (4HPAA)ٜؼؘنب؞ٞغك-4
כ׆׾ֵך㵼糞⺇٤ؘٓٞن׼־כ׆׾ַי׿׈⼴㖥ֿכ׆׌➶氙ⷯ؅סٖبشؔنٚه
ֿ獏ぃ׾ַי׿׈ (Behrens et al., 2014)նגױյסغشٛؠبסت؛㹽╚מ V1R2 ⺇㵼糞ס
떃꿔מ׼׈ն(Kawamura and Nikaido, 2022) ׾ַי׿׈獏ぃ׵כ׆׾׿ױ⻻ֿغ٤؝ٛ V1R2

ꈽ⚻㲳ע꯽┪茻嗚ⳛ朮ס V1R ꈽ⚻㲳ס٭ِٛؒن⪴ꄼ玆⩰ꈽ⚻㲳ֿכ׆׾ֵך僻׈מ־׼
떃꿔ע׿׆ն(Nikaido, 2019) ׾ַי׿ V1R2 ⺇㵼糞ֿ꯽┪茻嗚ⳛ朮ֿח׵鏿겧٤ؘٓٞنם
⺇㵼סّطتب鱍徎溷ם塌茣؅䬎؅כ׆׾ַיז獏ぃ׾ַי׊ն 

  瞉脢ס䨾㺲煝疴㵍ע匯ؓסغشٛؠبס؜ٛن V1R ꈽ⚻㲳מ㸐י׊⮔㲳笠簡闋卥؅㵅偡
סյ鏿俙׊ V1R ꈽ⚻㲳מ㝕ׂ׀ꏕ⮬ס沌׾ם㝂㒘ֿ㲽㐂؅כ׆׾׌僻ג׊מ־׼ (Nikaido 

et al., 2014)ն杅מ匯ؓס؜ٛن弮⪢㔔ך锶׾־ח V1R2 ꈽ⚻㲳ס 2 甦꿔ٜٛؓסյclade˻כ
clade˼ע笴 14 ׾ֵךٜٛؓםյ玆⩰溷׽ם沌׵ꐦؿِؓ clade˻׼־ clade˼ֿ⮔㼜׾׌卹
dN/dS = 6.24㎫ג׿׈⮂蔦撬ꈷ䫘ֿ嗱ס婞עך 12A, Bնؿِؓמ׼׈ꐦ翝䳕ס㝂ֿׂ
䱿㴻┪غ٤؝ٛס篙⻉ꌃ⛺מꁿ䱸׽ֽי׊ (㎫ 12C)յٜؓٛꪨך沌؅غ٤؝ٛ׾ם⺇㵼׌
 ն׾׿׈獏ぃֿכ׆׾

  V1R2 ע㜟沌׾ַי籽ׄ׿׈粪䭥מ׍׿׈ꩽ劻ꪨ㎷㴻מֹ׻ס standing genetic variation 

(SGV) ׿ף⽿כյ匯ؓ؜ٛن氙ך┪ّؿأסغشٛؠب俙㝂ׂ溪锶׾ַי׿׈ (Brawand et 

al., 2014; Svardal et al., 2020; Nakamura et al., 2021)նSGV ٜٛؓם劔漨מ갾סלם欎㘶㜟ⵊע
מն㵅갾(Hermisson and Pennings, 2005; Barrett and Schluter, 2008) ׾׌מ茣⺪㎷㴻؅ם䙊ꅋס
镄镊⺇㵼糞׾ֵך LWS ס٤بو؛ SGV ؠ٥ؔךכ׆׾׿׈㎷㴻יזם沌י׋䗎מ欎㘶ע
׻מ겧★מ׼׈ն(Seehausen et al., 2008)׾ַי׊׆鱍׀甦⮔ⵊ؅䑛סغشٛؠب弮氙ؓٛع
׾ LWS ס SGV ׿׈獏ぃ׵כ׆׾ַי׊ꂉ׽繪׵䍲✇甦⮔ⵊ؅׾׻מյ⮔偂ꈷ䫘כ气⫙ס



29 

 

յSGV(Meier et al., 2017, 2018)׽ֽי 獏כ׾ַי׊㶐稚ׂ׀㝕מ⮂㝂坎䙎ⱁסغشٛؠبֿ
ぃ׾׿׈նה؂ם׌ V1R2 ꈽ⚻㲳ס㝂㒘ע沌٤؅ؘٓٞن׾ם⺇㵼סغشٛؠبךכ׆׾׌
ꈷ䫘溷★ꏕ٬甦⮔ⵊ؅䑛׀鱍כ׌׆♳鞃ֿ皑׾׿׼י㎫ 13ն 

 ׾ַי׿׼脝ֻכ׾׌⮂٤؅䱖ؘٓٞن׼־╚㹽מ坎⻎כ떃꿔ס♑עغشٛؠب  

(Keller-Costa, Canário and Hubbard, 2015)ն❛ֻף Astatotililapia burtoni ׈냣芌ֿتْעت؛ס
꾗䍲ס䱖㹽ךכ׆ֹ⚶⮂כتْסյ䱖ⷯ劻׽ג׊寛䠀鉿ⳛ؅ꪛ㢼ךכ׆׌剈מ寊גַי׿
؅둚ֿׂכ׆׾׌׽ג׊焒׾ַי׿׼ (de Caprona, 1974; Maruska and Fernald, 2012)նגױյ
ُٚؗؕ弮غشٛؠبס Pseudotropheus emmiltos כ P. fainzilberi 甦⻎יㆉ镊؅氠ַעך
؅霼焒׊յ★ꏕ׾׌ (Plenderleith et al., 2005)նْעت؛סؓمٚؔطؠ٭ل٤آמ׼׈
⻻מ╚㹽סت؛עتْסאյ(Miranda et al., 2005) ׊䙎䧯敿嫘갧؅䱿㴻׼־⴨ַס╚㹽סت
٤ٌٜٓغؕٞطت䧯敿靕鱍ךכ׆׾׿׈剈מغؕٞطت⻉٤ꐦ䫱ٞؠٜء׾׿ױ 17,20β-

ت⻉ն䫱(Keller-Costa et al., 2014) ׾׌⮂侑ס٤17,20β-P؛-3-٤ؾءٝو-4-ب؞ٞغكة
 ,Stacey and Sorensen) ׽ֽי׿؂❈י׊כ٤ؘٓٞنٜػٌٜٓיַֽמ떃꿔עغؕٞط

2002; Stacey, 2011)յעךغشٛؠب笠簡ׇמכ沌׾ם䫱⻉סغؕٞطت篁؅׎؂⻉ײ⺇㵼׌
מ׼׈ն(Cole and Stacey, 2006; Keller-Costa, Canário and Hubbard, 2015)׾ַי׿׼焒ֿכ׆׾
׆׾׌ꐦ懍䍲ֿ㜟ⵊؿِؓס╚㹽יז׻מ٭؞ؙٜٚكסت؛סؓمٚؔطؠ٭ل٤آ
غشٛؠبס㝂ׂסյ┩㝕弮׵יַֽמն鉿ⳛ긖(Kutsyna et al., 2016) ׾ַי׿׈⼴㖥׵כ
׈鉿ⳛֿ镸㷋םֹ׻׃⴨ַ؅ㆉיׄט밮؅ꁿמ糹䱖岡菍סַ◦ֽיַֽמꏕ鉿ⳛ★עך
כ㎇⹺̕侑窢ס׫⫏⺚ס氙ⷯⷯ̕יַֽמꏕ⣪鉿ⳛ׾׿ף⽿כء٤ٛؠ٭ئס׆ն׾׿
ַֹ䈰瓦؅ 2 ⶐך㎇׼ֿם׽繪׽ꂉ׌㎫ 14Aնסא䈰瓦ֽעتْכت؛ך╚ס◦ַ
նْ׾׿׈鉿ⳛֿ镸㷋םֹ׻׃⴨ַ؅ㆉס╚յ㹽ׄט밮؅ꁿמ糹䱖岡菍ס 糹סت؛ֿت
䱖岡菍מꁿׂט갾ֿت؛עמ侑窢׊յْ تْעך鞃סն䕋匡׾׎׈窢⺇؅ⷯס⫏⺚סت
ג׊כֹ׻ֻ⾺יꪨꇙֻכ埛坎؅ⷯ׾׿ף⽿כعشَتءشؙ׾ֵמٝل㹸סت؛ֿ
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篙卸ס鉿ⳛ׵כד阋ֿ׾ַי׿؂յ׵ךت؛밮؅糹䱖岡菍מꁿ׾ׄט鉿ⳛֿ锶׆׾׿׼
 ,Theis) כ׆׾׿窢ֿ┪䩘ׂ鉿؂⺇׵יזױ׊יז⺅׽⮗؅عشَتءشյؙ׷כ

Salzburger and Egger, 2012) ֽ׼־◦ַ㹽╚٤؅ؘٓٞنסㆉַֿכ׆׾ַך獏ぃ׿׈
غشٛؠب弮氙ؓٛعؠ٥ؔעך㵅닫⤫◙גז瞉脢ֿ鉿מ׼׈ն׾ H. chilotes יַֽמ
函궢ت؛ג׿׈㹽מ靕䑛׾׿׈鉿ⳛ׵镸㷋ג׿׈㎫ 14Bն♧┪غشٛؠبמֹ׻ס
յV1R2׿׼脝ֻכ׾׿׈⮂䱖׼־╚㹽ע٤ؘٓٞن׵יַֽמ ⺇㵼糞מغ٤؝ٛסꫀ
 ն׾׿׈䞯◙ֿכ׆׾׿׈⮂䱖׼־╚㹽׵י׊

  勓煝疴ؓٛعؠ٥ؔעך弮؅غشٛؠبס氠ַ٤ؘٓٞنי⺇㵼糞⠿鎢׾ֵך V1R2 ⺇
㵼糞יַחמյ4HPAA ت⻉䫱סغشٛؠبնג׊ꈷ䫘䙎؅嗱隍غ٤؝ٛמ䖥╚靕㸬糞؅ס
עיַחמغؕٞط OR ⺇㵼糞׷ TAAR ⺇㵼糞؅溪槁׾׌縓嬰箖苣ך⺇㵼׾׿׈⺪茣䙎ֿ
둚ׂյV1R2 ⺇㵼糞غ٤؝ٛע䗎瞩כַם׊脝ֻ״ג׾׿׼յꯙ㜽ג׊(Nikaido et al., 2014)ն
כ˻篙卸յcladeסא clade˼ٜٛؓסꪨغ٤؝ٛךꈷ䫘䙎ֿ沌؅כ׆׾ם獏ג׊նגױյب
מ㹽סت؛סغشٛؠ V1R2 ⺇㵼糞ֿٛغ٤؝䗎瞩؅כ׆׾׌獏ג׊նסغشٛؠبמ׼׈
㹽ّ٭ٍٞذْס闋卥׼־劔ⲇغ٤؝ٛם⠿鎢י׊כ 4HPAA ׾ֵך靕㸬糞ס ب؞ٞغك-3
ג偆סغشٛؠبךכ׆闋卥؅鉿ֹם霄箖׽׻ն♀䔿յג׊ꏽꐦ3HPAA؅杅㴻ٜؼؘن
 ն׾׿׈劻䔵ֿכ׆׾׿׈闋僻ֿّثؼ؜ْ⮂㝂坎䙎ⱁם

 

 

材料・⽅法 

シクリッド 

勓㵅닫מ氠ַג Haplochromis chilotes (Boulenger, 1911) כ Haplochromis sauvagei (Pfeffer, 

1896; Seegers, 2008)2018 ע 䌑מ◝갧㕔煝疴㵍ֿ╚䖥ا٠٤ّסؓؼا٤ذיזםכ彴ך㵅
偡ג׿׈ꓩ㜽鞪吉ך䱰겏ג׿׈ն떃ע 僻免ꪨ: 12ךˬ27 免ꪨյ凉免ꪨ: 12 免ꪨךٜؠؕئס
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粪䭥٬緽媧ג׎׈ն612֐ ⠥糞ت؛ 3֐1 ⠥糞ؠشزتٚو؅寊垗40 cm×25 cm×36 

cmך냣芌׊յ1 傽 2 ㎇냣倣ًٝ؅عش稚ֻגն㵅닫匛簡؅䲩ֻ״ג׾յ僻溮ם㨰㥀虝ֿ锶
 նג׊氠❈מ؅㵅닫ײסت؛ג׊䧯敿׾׿׼

ⳛ朮؅氠ַסי׬׌ג㵅닫ע㝕㳔ֽצ׻侓䍟ס ARRIVE ׿׈㵅偡יז䕋מ٤ؕٚغؕ؝
 նג

 

尿採取 

㹽ע䧯敿׼־غشٛؠبסتْכت؛ג׊䱰⺅ג׊նס׼־غشٛؠبסت؛㹽䱰⺅ע
睗 2 皹ס包倣٬偙岺ס㹽䱰⺅13 ׼־غشٛؠبסتնْ׾ֵך׽ꄼג׊阾鼥מة٭ً
ٚؠئ.ꓹ28Gյ490703յB.S.Aه٭ٞو婱璇氠呧硄崟嵩מ坎⻎כت؛׵יַֽמ⺅㹽䱰ס
ؕי׊כٜط٭ط؜؅氠ַגնْ ⺅否؅ס٤ؤٛبמ呧勓׃׌ס疮ס⣨긖מ׼׈עך氠ت
㎫גׄ♕׽ 14C, Dնס٤ؤٛبס׆否גֹ׺ץע؆㒘׽ֽי׊؅յ糹䱖岡菍ס׼־莈訒
ؒن䱸濪Ⱐؓٞ٤ٜؓע٤ؤٛبն׾׌؅ꮐ婝⪛嵣ס寊ס㎪⽟כ EXTRA ꅋⲯ䙎┧茣㒘յ
睗ע䈰瓦ס䔿סאնג׊㎷㴻ךبؼؤ 2 皹ס包倣٬偙岺ס㹽䱰⺅14 ׊阾鼥מة٭ً
עն㹽ג׊㲽⟛ךˬ30-ע㹽ג׊⺅ն䱰׾ֵך׽ֽכג LC-MS/MS 闋卥յעׂ׊׵函궢㵅닫
㹽עמ⯼ն剈궢㵅닫ג氠ַמ 100 µL ؅鱩筙寊ך 150 ⠨䉤ꓡ׊յ䉤ꓡג׊㹽 15 mL ؅剈궢׊
䉤ꓡ⠨椙ך⫏垗ג 30000 ⠨ն 

 

匂い刺激剤・曝露・切⽚作製 

ꏽꐦٜؼؘنب؞ٞغك-ꐦLCAյ2ٜ٭ؤعꏽꐦ (4HPAA)ٜٛؼؘنب؞ٞغك-4
2HPAAյ3,4-ٜؼؘنب؞ٞغكةꏽꐦ34DHPAAյٌٓ٤ةز٤أꐦHGAյ4-ك
نب؞ٞغك-٤ꐦ3PPAյ4؛مٞوٜؼؘن-4HPEյ3ٜ٭ؿذؙٜؼؘنب؞ٞغ
צ׻筙赟ֽ⩱⾔ّٜؔن㶠㛶ע٤ꐦVAٛؼف٤ꐦ4HPPyAյلٜمٜؼؘ Sigma 
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Chemical Co.׼־鮫⪜ג׊ն4HPAA, 3HPAA, 2HPAA, 4HPE, 3PPA, VA  3׊志闋מ鱩筙寊ע

mMյ志帇 10 mL ؅剈궢30) ג׊ µmol; 垗⫐ס箽懍䍲 10 µM)ն4HPPyA כ HGA ע DMSO

ך鱩筙寊מ׼׈100 mMյ׊志闋מ 3 mM 志帇י׊䉤ꓡמ 10 mL ؅函궢30) ג׊ µmol; 垗
箽懍䍲ס⫏ 10 µM)նLCA յ6 mM NaOHע 寊志帇מ志闋׊12 mMյמ׼׈鱩筙寊ך 6 mM

志帇י׊䉤ꓡמ 10 mL ؅函궢60) ג׊ µmol; 垗⫐ס箽懍䍲 20 µM)նס׫غشٛؠب⴨ַ⯢
懈Ⱐס剈궢ס䩘꽄ע睗 2 皹ס包倣٬偙岺ס剈궢כ⮗曩糸鏫15 ׽ֽכג׊阾鼥מة٭ً
 ն׾ֵך

 

リボプローブの作製と 2 色蛍光 in situ hybridization (ISH)と画像 

睗ע䩘꽄ס糸鏫ه٭ٞوٍٛ 2 皹ס包倣٬偙岺סه٭ٞوٍٛס䩘꽄16 阾מة٭ً
鼥׾ֵך׽ֽכג׊նגױ 2 虝迄⩱ ISH 睗ע䩘꽄ס 2 皹ס包倣٬偙岺ס迄⩱ in situ hybridization

16 ն睗׾ֵך׽ֽכג׊阾鼥מة٭ً 3 皹ס 2 虝迄⩱ ISH עי׊כ㜟剳掾׾ֽׄמ DIG

埉餟 c-fos כه٭ٞوٍٛ FITC 埉餟 V1R2 ؅氠ַյc-fosه٭ٞوٍٛ ُי׊叉虝מ⩰ך
מ姌ذ٤ح V1R2 ׵槏⭦ס糽ն叉虝䔿ג׊叉虝ך 17 ך䩘꽄ס׽ֽכג׊阾鼥מة٭ً
鉿ג׿؂ն氺⦐⭦槏׵ 17  ն׾ֵך׽ꄼג׊阾鼥מة٭ً

 

LC-MS/MS 解析 

LC-MS/MS帇糞ّظ٤ذ٭ؔنٚءعُٞؠ鮐ꓪ⮔卥闋卥ע匯☒㝕㳔ס气朮ⵊ㳔
煝疴㵍ימյ匆氭⣌ⲙ侷ֿ㵅偡ג׊ն鍮翝ע Orbitrap LC-MS/MS Q ExactiveThermo Fisher 

Scientific؅氠ַגն鱩둚ꅋت٤ُ٭ؚنق帇糞٭ؔنٚءعُٞؠUPLC؅ꄼꇃ׊
յ㎂ꓨ嚋㒘鮐ꓪ⮔卥׊٤ⵊ؛꯬ؕיז׻מ岺ESI٭ٝوتٞعؠؙٝעٜو٤ئג
鍮翝י׿׈ء٤ٛذٜؔنךյؕ٤ֿ؛嗱⮂ג׿׈ն4HPAA ؅鉿⮂嗱ס靕㸬糞סא׷
㹽עיַחמ㹽#23, #24, #25, #30ג氠ַמ״גֹ 700 µL מ 2.5 M-HCl ؅ 12 µL ؅Ⲏ
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ֻյ1000 µL ךٜزꏽꐦؙס 3 ㎇䬂⮂ג׊նמ׼׈ SpeedVacTMThermo Fisher Scientific
յ80 µL׎׈映◉ך µm 0.22 ٭ذٜؔنة٤ٛبי׊志闋ך謞汦寊ס י׎׈ꄼꇃמ 600 

µL 潸䓜׾גֵמ 70 µL ؅ LC-MS/MS 闋卥מ氠ַג㎫ 18Aն芮寚ꐦ꿔ס嗱⮂؅鉿ֹג
㹽עיַחמ㹽#31, #34ג氠ַמ״ 800 µL ؅ꮹ㜽؀ꇃAmicon Ultra-0.5, PLBC Ultracel, 

3 kDa׊յ؅٭ذٜؔنꄼꇃג׊氺⮔؅㎷潸䬂⮂Sep-Pak C18 6 cc Vac Cartridge, 1 g 

Sorbent per Cartridge, 55-105 µmמ氠ַג㎫ 19Aն㎷潸䬂⮂מ٭ذٜؔن媘汦ג׊氺
ע⮔ PBS 200 µL י׊⮂志ך HMW 氺⮔ג׊כն㎷潸䬂⮂ٜ٭ؿذْע 10.8 mL ؠؓך
յ鱩筙寊׊٤٘ب٭يؔط 10.8 mL յLMWי׊䌐銝ⵊך 氺⮔ 800 µL+鱩筙寊 1 mL ؜؅
ն鱩筙寊ג׊ꄼמّٚ 3.6 mL ٜٛعؼعجյؓ׊ٖبشؚؗך 3.6 mL ն志ג׊⮂志ך
⮂氺⮔؅ 120 µL ס յ100 µL׊志闋מ鱩筙寊/ٜٛعؼعج25%ؓ ؅ LC-MS/MS ⮔卥מ
氠ַגն؅٭ذشٛوتמ׼׈氠ַי 1:18 յ1׊곐⮔מ ؅ LCMS 廠㴻յ18 ؅ LC-MS ⮔
 նג氠ַמ氺⮔㵅닫י׊כ⺅

䕑ג׿׼篙卸ע MS-DIAL(Tsugawa et al., 2015)؅氠ַי闋卥յؓ٤؅٘ب٭طؿ氠ַ
هؕٚ׾ַי׊ꪛ⪫ֿ٭ذ٤ج欎㘶魕徎璇㳔煝疴ס槏ⵊ㳔煝疴䨾עמ٤٘ب٭طؿնؓג
ٚ ٛ  (http://prime.psc.riken.jp/compms/msdial/download/msp/MSMS_Public_ExpBioInsilico_NE 

G_ VS17.msp؅氠ַגնמ׼׈ MS-FINDER(Tsugawa et al., 2016)؅氠ַיⵊ⻉朮⻎㴻؅
 նגזם׆ֽ

 

進化圧解析 

  떃꿔 76 甦ס V1R2 ꈽ⚻㲳ء٤ؔظ٭ؤס꽝㔔סغشٛؠبע V1R2 י׊כ٭ؙٛؠ؅
TBLASTN 䱱筺יז׻מⷃ곐ג׊նV1R2 ꈽ⚻㲳ؿِؓסꐦꏕ⮬؅ MAFFT7 (Katoh and 

Standley, 2013) ׊ع٤ْ٤ؕٚؓךյtranalign (Rice, Longden and Bleasby, 2000)٤ؓٚغؤך
նV1R2ג׊䕑⺅؅ع٤ْ٤ؕ ꈽ⚻㲳סי׬׌ׯ׮ע甦ךꓨ鏿סت؝ٞخ٭؛׍׼ֽי׊ꫀ
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総״ג׾ֵמյ笠簡堅ע٭ةَٞعס떃꿔ס笠簡ꫀ総 (Rabosky et al., 2018) ׼־圸碎ג׊ն
笠簡堅┪ס⻄卹יַחמյPAML (Yang, 1997) ס codemlmodel = 1, CodonFreq = 0؅氠ַ
׾םכ䭰埉סꅼⵊ㐁י dN/dSω؅䱿㴻׊յR ة٭آشقס GGTREE (Yu et al., 2017) ך笠
簡堅卹ꩽ㘇㕈ꩽյ虝ωնמ׼׈ clade˼ֿ⮔㼜׾׌卹מ䙎ס蔦撬ꈷ䫘ֿ⦍ַ׆׾ַי
׌䊟摾♳鞃րclade˼ֿ⮔㼜יյcodemlmodel = 2, CodonFreq = 0؅氠ַ״ג׾׌؅嗱㴻כ
כ׆ס坎⻎כն┪阾גזם׆յ㹏䍲嬟嗱㴻؅ֽכ׵סցַם䈼ֿכωס卹ס־׮ωֿס卹׾
؅䱿㴻ٛغ٤؝篙⻉ꌃ⛺גזם׆ֽ׵ךնٛغ٤؝篙⻉ꌃ⛺עյ(Cong et al., 2019)ך鉿׿؂
ג in silico סٖبشؔنٚهحיַֽמء٤ٛظٓء٤؞شغ V1R5 ⺇㵼糞غ٤؝ٛכ
LCAסꪨס鴇곐ֿ 3Å 䔿⯼סאכ媘㕈גזםכ⫏♧ 2 媘㕈ס꽝㔔כ㴻聋׊յ⟛㲽ג׿׈
מכ׵؅ن٭زٓ V1R2 כ V1R5 V1R2 (Cong et al., 2019) י׊ع؅ؓٚؕ٤ْ٤ غ٤؝ٛס
篙⻉ꌃ⛺؅尴㴻ג׊ն 

 

交配実験 

沌׾ם V1R2 յ״ג׾׌❿ꈷ㟱䙎؅雄סꪨغشٛؠبח׵؅ ꈽ⚻㲳㒘 (clade˻, clade˼)ס
3 寊垗㎫גז⮗ⶓמח 23A؅氠ַյ★ꏕ㵅닫؅鉿גז (Plenderleith et al., 2005)նٛؠب
עמⶓ氺ס╚؆յ澵״ג׾׌؅ꈷ䫘ت؛ֿتْיַֽמꏕ★עغش clade˻־ clade˼סꈽ⚻
㲳㒘؅䭥؅تْח鏿俙ⶐ⪜׿յסא╋걋סⶓ氺ג׿⪛מ clade˻כت؛ס clade˼לסت؛ס
ٜٛؠؓםꄞ僻גꪛַס疮מֹ׻׾׌⴨ַֿꄞꇃעնⶓ氺ג׊מֹ׻׾׀ך؅ꈷ䫘־׼ה
卆׽ֽי׿׼⮗♐ךյ♐⮗׽鱳מ׊★ꏕֿ鉿ֿⷯכ׾׿؂䍏긖ס粵ס稔מ訒מֹ׻׾ה陭
阛ג׊նס׆氙ײ訒סⷯג׿׈כ俙סتْךꈷ㟱䙎ס雄❿؅雧גײն勓煝疴ٛعؠ٥ؔעמ
ؓ弮氙׽ֵךغشٛؠبסյclade˻כ clade˼ס׼הלꈽ⚻㲳㒘׵㲽㐂׾׌甦׾ֵך
Haplochromis sauvagei ؅氠ַגն 
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結果 

cladeⅡは cladeⅠと比較して 4HPAA、LCA に対する応答性が低かった 

떃꿔ס V1R2 ꈽ⚻㲳ע긊䊬מ⟛㲽溷םꈽ⚻㲳׼־כ׆׾ֵך澵돞떃⪢糞غ٤؝ٛךꈷ䫘
䙎ֿ⟛㲽溷ֿכ׆׾ֵך◙䞯׾׿׈ (Saraiva and Korsching, 2007; Grus and Zhang, 2009)ն 

㵅갾յ匛뛗꿔ס V1R2 ס 篙⻉ꌃ⛺ (Cong et al., 2019)غ٤؝ٛס┪䱿㴻עגױꩽյ⪡ס
dN/dS 闋卥סغشٛؠب׵יַֽמ׼הלס clade˼ֿ⮔㼜׾׌卹آئ׷꿔ס卹؅ꯙַ׮י
㎫ג׿׈䱿廠כ׾ַיַ⦐筙ⵊꈷ䫘ֿך卹סי׬׌ל؆כ 15A, Bնشؔنٚهحך׆א
סٖب V1R2 ⺇㵼糞ֿ䗎瞩ֿכ׆׾׌㖥⼴׾ַי׿׈ 4HPAA ؤعٛ׾ֵך甦┞ס芮寚ꐦכ
׾ֵךꐦLCA(Behrens et al., 2014; Cong et al., 2019)؅玆⩰㒘ٜٜؓٛ٭ clade˻㒘ס V1R2

؅䭥ח Haplochromis chilotes י׊剈궢מ c-fos ס in situ hybridization 䗎瞩؅嗱隍؅غ٤؝ٛך
篙卸յ4HPAAסאնגזם׆ֽ כ LCA ؅剈궢ס׼הלג׊㖪⻉ٜ٭ٞع٤ؤ׵יַֽמ
寊כ嬟鼛י׊둚ַٛغ٤؝䗎瞩椙V1R2 갅䙎箖苣╚յc-fos 갅䙎׾ֵךⰺ⻉זםכ
control: 0.32±0.55%; 4HPAA: 32±0.98% (P<0.001; Student’s t-test); LCA: 17%; ㎫) ג 16A-C; 銨
4)նע׿׆ clade˻㒘ס V1R2 ⺇㵼糞ֿ 4HPAA ׷ LCA ؅⺇㵼؅כ׆׾׌獏׾ַי׊ն⻎坎
מ clade˼Haplochromis sauvagei׵יַחמ 4HPAA כג׊䗎瞩؅嗱隍غ٤؝ٛ׾׌㸐מ
 0±0% (control), 4.0±3.3%ג׿׼䗎瞩椙ֿ䕑غ٤؝ַٛ⛼מ劔䟨י׊嬟鼛כ˻؀յclade׆

(4HPAA); p= 0.0028; Student’s t-test; ㎫ 16A, B; 銨 5նגױյclade˻ס㖪⻉כ沌׽םյ4HPAA

 =pגז־םע劔䟨䈼י׊嬟鼛כ䗎瞩椙غ٤؝ٛסךٜ٭ٞع٤ؤע䗎瞩椙غ٤؝ٛסך

0.17ն⻎坎מ LCA ׵י׊㸐מ clade˻כ嬟鼛כ׾׌⛼ַ䗎瞩椙גזםכ3.2%; ㎫ 16A, C; 

銨 5նס׼׿׆篙卸ע clade˻כ clade˼ꪨغ٤؝ٛךꈷ䫘䙎ֿ沌؅כ׆׾ם獏ぃ׾ַי׊ն 

 

オスの尿中に V1R2 受容体のリガンドが存在 

  姌מ㵅갾סغشٛؠبמ㹽╚מ V1R2 ⺇㵼糞ֿغ٤؝ٛס⻻־׾׿ױ嗱隍״ג׾׌յؠب
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㹽100 µL, 箽懍䍲סت؛מ(clade˻, H .chilotes) غشٛ 30000 ⠨䉤ꓡ؅剈궢׊յV1R2+箖
苣غ٤؝ٛס䗎瞩؅嗱隍ג׊նסא篙卸յ㹽غ٤؝ٛיז׻מ䗎瞩椙ס׵׾ֵֿ׀ח׼ףמ
 ;39±23%; p= 0.0024ג׿׼䗎瞩椙ֿ䕑غ٤؝둚ַٛמ劔䟨י׊嬟鼛כٜ٭ٞع٤ؤס

Student’s t-test; ㎫ 17A, Bնסت؛סغشٛؠبע׿׆㹽╚מ V1R2 ⺇㵼糞ֿغ٤؝ٛס⻻
 ն׾ַי׊؅獏כ׆׾׿ױ

 

尿中から 4HPAA 誘導体の検出 

姌מ V1R2 ⺇㵼糞סغ٤؝ٛס⠿鎢׾ֵך 4HPAA ؅嗱隍־׾׿ױ⻻מ╚㹽غشٛؠبֿ
յLC-MS/MS״ג׾׌ 闋卥غ٭ٓهؔط؝ؾ؅㵅偡ג׊㎫ 18AնH. chilotes تْס
#23׼־䱰⺅ג׊㹽 600 µL ؅闋卥מ氠ַյ4HPAA ׾׌㸐䗎מ m/z = 151.04 ٞؠتُך
㎫ג׿׼䕑ֿؠ٭مס؀յ鏿俙׆כג׊⮂؅䬂ّٚءعُ 18Bն؅ؠ٭مס׿׆槏ⵊ㳔
煝疴䨾ס欎㘶魕徎璇㳔煝疴ֿ٭ذ٤ج⪪ꪛٛٚهؕٚ׾ַי׊ (http://prime.psc.riken.jp 

/compms/msdial/download/msp/MSMS_Public_ExpBioInsilico_NEG_VS17.mspמ㸐طؿؓי׊
؀յ⟛䭥免ꪨ׆כגז٤؅鉿٘ب٭ 21.1 מ⮔ 4HPAA 긖ؠ٭مג׿׈٤٘ب٭طؿֿؓ
畤: 4.9×109; ㎫ 18Cնֿؠ٭مס׆ 4HPAA 氮匡؅כ׆׾ֵךס׵ס牞隍״ג׾׌յ4HPAA

ס埉徙朮鮐ס LC-MS/MS ؀յ⟛䭥免ꪨ笴׆כג׊嬟鼛כٜعؠًت 21 蔹┞ֿؠ٭مס⮔
յMS/MS׊ ס㹽׼־篙卸ס׆նג׊翝ֿ┞蔹⛺סؠ٭م׵ٜعؠًت m/z = 151.04յ⟛䭥免
ꪨ 21.1 ֿؠ٭مס⮔ 4HPAA ㎫ג׿׼״־牞ֿכ׆׾ֵך 18Dնגױյm/z = 151.04 ُס
ךّٚءعُٞؠت 4HPAA ♧㜽׵מ 4HPAA ׾ֵך靕㸬糞ס ꏽꐦٜؼؘنب؞ٞغك-3
3HPAA׷ ؿؓ׵לם٤ٛؼف٤յيٚقٜزꏽꐦ2HPAAյْٜؼؘنب؞ٞغك-2
 109×9.2 ,(٤ٛؼف) 109×2.3 ,(٤يٚقٜزْ) 긖畤: 1.2×109ؠ٭مג׿׈٤٘ب٭ط

(2HPAA), 5.0×1010 (3HPAA); ⟛䭥免ꪨ⮔: 24.4 (ْ٤يٚقٜز), 34.3 ,(٤ٛؼف) 31.4 

(2HPAA), 36.4 (3HPAA); ㎫ 18C; 銨 6Aն杅מ 3HPAA ע 4HPAA قյذ翝沌䙎糞ْ⛺ס
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ٚׂםךׄד׾ֵךյؠ٭م긖畤ֿ 4HPAA ׷ 2HPAA ׵׽׻ 5–10 ⠨둚ׂյ㹽╚׼־嗱⮂
׵ך־םסⵊ⻉朮ג׿׈ 5 沁潨ؠ٭مמ긖畤ֿ㝕גז־׀銨 6Bնע׿׆ 3HPAA ֿ㹽╚
ס鏿俙מ׼׈ն׾ַי׊؅獏ぃכ׆׾׌㲽㐂ך둚懍䍲מ H.chilotes 㹽ס 30 µL#23 [ْت]յ
؀յ#24׆כגז闋卥؅鉿מ坎⻎ך[ت؛] յ#30[䱖ⷯ劻-تْ] յ#25[ت؛] #24 㹽؅ꯙַס
י 4HPAAյ2HPAAյ3HPAA ֿ嗱⮂׿׈յ3HPAA ֿ杅מ둚懍䍲ך嗱⮂ג׿׈㎫ 18Eն 

 

LCA を尿中から検出 

מ׼׈ LCA 瞏ס芮寚ꐦ꿔ס⻻劔ס嗱隍״גסյ䬂⮂ס匛簡㎫ 19A؅㜟ֻי H. chilotes

㹽ס 800 µL31[ت؛], #[ت؛]34כ LCA ס埉徙朮鮐ס LC-MS/MS 闋卥؅鉿גזնסא
篙卸յMS/MS מ坎⻎כյ埉徙朮鮐ֿגז־ם׿׈䕑⺅עٜعؠًت m/z = 375.29յ⟛䭥免ꪨ
笴 35 긖畤: 1.1×107 (#31), 1.9×106 (#34 ); ㎫ؠ٭مג׿׼䕑ֿؠ٭مמ⮔ 19B, Cյ銨 6նױ
յLCAג ♧㜽ס芮寚ꐦٜ٭ؤٞؓٞؗذי׊כꐦٜ٭ؤب؞؛ظؿآכꐦ-燓ꐦֿؓ٭طؿ
ٜ٭ؤب؞؛ظؿآ) 1.6×108 ,(ꐦ, #31ٜ٭ؤٞؓٞؗذ) 긖畤: 1.0×108ؠ٭مג׿׈٤٘ب
ꐦ, #31); 銨 6ն 

 

尿画分に対する V1R2 陽性細胞の応答 

#31, #34 גז鉿ך㹽ס LC-MS/MS 闋卥׵יַֽמ 3HPAA 瞏ס 4HPAA ׈⮂靕㸬糞ֿ嗱ס
յMS/MSֿגז־ם׿׈ע٤٘ب٭طؿ؀յؓ׆כג׊嗱隍־ֹל־׾׿ ׼־ٜعؠًت
⟛䭥免ꪨ 19.6 䭥免ꪨ⟛עׂ׊׵յؠ٭مס⮔ 24.7 ֿؠ٭مס⮔ 3HPAA 䞯◙ֿכ׆׾ֵך
 ,긖畤: 1.5×109 (19.6 min, #31), 1.4×109 (24.7 min, #31), 1.1×109 (19.6 min, #31)ؠ٭مג׿׈

8.9×108 (24.7 min, #31); ㎫ 20A, Bն 

姌#34 ,#31מ 氺⮔ (100 µLסאյ׊氺⮔㹽؅ס 潸䓜յ) ؅ H. chilotes י׊剈궢מ c-fos ס in 

situ hybridization יז׻מ V1R2+箖苣غ٤؝ٛס䗎瞩؅嗱隍ג׊ն#31 䭥免ꪨ⟛ע㹽ס 5–12
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⮔յ12–19 ⮔յ26–33 ⮔յ33–40 յ#34׊氺⮔ך⮔ ע㹽ס 5–12 ⮔յ12–19 ⮔յ26–33 ⮔յ33–

40 מ㹽מ״׋עնג׊氺⮔ך⮔ V1R2 ⮔յ⪢氺״ג׾׌؅嗱隍כ׆׾׿ױ⻻ֿغ٤؝ٛס
؅庋י׏㵅닫׊յV1R2+箖苣ֿٛغ٤؝䗎瞩؅כ׆׾׌牞ג״־ٛغ٤؝䗎瞩椙: 72%#31, 

59%#34; ㎫ 20A, 銨 4ն姌ס׿ב׿אמ氺⮔غ٤؝ٛך䗎瞩椙ס嗱隍גזם׆؅ֽնא
י׊㸐מ⮔氺ס鏿俙׵יַֽמ㹽ס׼הל篙卸յס V1R2+箖苣غ٤؝ٛס䗎瞩ֿ锶ג׿׼
㎫ 20Aն⟛䭥免ꪨ 5–12 䗎瞩غ٤؝ٛ) 䗎瞩غ٤؝ٛ׵יַֽמ㹽ס׼הלע⮔氺ס⮔
椙: 12% (#31), 6.7% (#34))յ⟛䭥免ꪨ 12–19 #34ע⮔氺ס⮔  䗎瞩0% (#31), 17%غ٤؝ٛײס

(#34)յ3HPAA ֿ⻻ֿכ׆׾׿ױ◙䞯׾׿׈⟛䭥免ꪨ 19–26 ַֽמ㹽ס׼הלע⮔氺ס⮔
䗎瞩(17% (#31), 5.7% (#34))յ⟛䭥免ꪨغ٤؝ٛ׵י 26–33 #31ע⮔氺ס⮔ غ٤؝ٛיַֽמ
䗎瞩 (15±5.7%, n = 3)յLCA ֿ⻻כ׾׿ױ◙䞯׾׿׈⟛䭥免ꪨ 33–40 #31ע⮔氺ס⮔ ַֽמ
յ#34(n = 3 ,5.3±7.4%) ׿׼䗎瞩ֿ锶غ٤؝ٛי 䭥免ꪨ⟛ס 26–40 䗎瞩غ٤؝ٛע⮔氺ס⮔
ֿ锶גז־ם׿׼0%նꮹ㜽؀ꇃגׄ⮔יז׻מ 3kD ס׼הלעמ氺⮔HMWס┪♧
㹽غ٤؝ٛ׵יַֽמ䗎瞩ֿ锶גז־ם׿׼ն 

 

新たなリガンド候補物質である 3HPAA のリガンド応答性の違い 

㹽╚מ둚懍䍲ך㲽㐂גַי׊ 3HPAA ׵יַחמ 4HPAA מ坎⻎כ V1R2 ⺇㵼糞יז׻מ
⺇㵼؅־׾׿׈嗱隍״ג׾׌յV1R2 כ˻甦⫐㝂㒘cladeס clade˼ֿ 㲽㐂׾׌ H. sauvagei

מ 3HPAA (箽懍䍲 10 µM) ؅剈궢י׊ c-fos ס in situ hybridization יז׻מ V1R2+箖苣؝ٛס
ם篙卸յ玆⩰溷סאնג׊䗎瞩؅嗱隍غ٤ clade˻㒘כٜ٭ٞع٤ؤעך嬟鼛י׊劔䟨מ둚
43±19%; p= 0.013; Student’s t-test; ㎫ג׿׼䗎瞩椙ֿ䕑غ٤؝ַٛ 21A, B, 銨 4ն┞偙ך
clade˼㒘ע 3HPAA םכ䗎瞩椙غ٤؝ַٛ⛼מ劔䟨י׊嬟鼛כ˻յclade׍׎䗎瞩غ٤؝ٛמ
1.1±0.93%; p= 0.035; Student’s t-test; ㎫גז 21 A, B, 銨 4ն(Nikaido et al., 2013) 
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4HPAA/3HPAA 誘導体に対するリガンド応答性の違い 

מ霄箖מ׼׈   clade˻כ clade˼㒘ס V1R2 ⺇㵼糞غ٤؝ٛסꈷ䫘䙎؅嗱隍״ג׾׌յٞز
׾׿ױ⻻מ 颍篑鴤 (Kanehisa and Goto, 2000)♣ס٤ب 4HPAA ׷ 3HPAA غك-靕㸬糞յ2ס
ةز٤أꏽꐦ34DHPAAյٌٜٓؼؘنب؞ٞغكة-ꏽꐦ2HPAAյ3,4ٜؼؘنب؞ٞ
٤ꐦHGAյ4-٭ؿذؙٜؼؘنب؞ٞغك ٜ4HPEյ3-٤؛مٞوٜؼؘنꐦ3PPAյ
׾׌㸐מ٤ꐦVAٛؼف٤ꐦ4HPPyAյلٜمٜؼؘنب؞ٞغك-4 V1R2 溪槁箖苣ס
䗎瞩؅غ٤؝ٛ H. sauvagei ؅氠ַי c-fos ס in situ hybridization י׬׌ג׊嗱隍יז׻מ
箽懍䍲 10 µM, ㎫ 22 A, B, 銨 4նסא篙卸յclade˻ب؞ٞغكע㕈כ C2 㕈؅ب؞ٍٜ؜ס
劔׾׌ 2HPAAյ34DHPAAյHGA ׆䗎瞩椙: 24%, 42%, 29%յغ٤؝ٛ׊䗎瞩غ٤؝ٛמ
ס 2 ַםג媘㕈؅䭥סח 4HPAյ3PPAյ4HPPyAյVA  ,0%, 0%גז־ם׊䗎瞩غ٤؝ٛעמ

0%, 0%ն┞偙ך clade˼ע 2HPAA ׂ⪡־ל؆כ׮עמ靕㸬糞ס♑յ׊䗎瞩غ٤؝ٛײסמ
 0% (34DHPAA), 1.5% (HGA), 0% (4HPE), 3.1% ,(2HPAA) 22%) גז־ם׊䗎瞩غ٤؝ٛ

(3PPA), 0% (4HPPyA), 2.0% (VA)ն 

 

 

考察 

3HPAA は祖先型アリルである cladeⅠ型の V1R2 受容体の有力なリガンド候補 

  c-fos ס in situ hybridization ؅氠ַغ٤؝ٛג⺇㵼ס嗱隍יז׻מ㸴׵כׂם玆⩰㒘ٜؓٛ
׾ֵך clade˻㒘ס H. chilotes עמ╚㹽סت؛ס clade˻㒘ס V1R2 ⺇㵼糞ֿغ٤؝ٛס⻻ױ
מ╚㹽ך׆אնג׿׈獏ぃֿכ׆׾׿ V1R2 ⺇㵼糞غ٤؝ٛס⠿鎢׾ֵך 4HPAA ֿ⻻׿ױ
؀յ4HPAA׆כג׊闋卥؅㵅偡ّ٭ٍٞذْס㹽־ֹל־׾ַי ֵך靕㸬糞סאⲎֻյמ
׾ 3HPAA ׷ 2HPAA מն杅גז־⮔ֿכ׆׾׿ױ⻻מ╚㹽׵ 3HPAA 㲽㐂מ╚㹽ך둚懍䍲ע
յV1R2׽ֽי׊ 溪槁箖苣غ٤؝ٛס䗎瞩׵䑛׀鱍׼־כ׆׌׆ clade˻㒘ס V1R2 ⺇㵼糞ס
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劔ⲇغ٤؝ٛם⠿鎢כ׾ֵך脝ֻ׾׿׼նגױյ3HPAA ע 4HPAA 颍♣ס٤بٞزמ坎⻎כ
氙朮 (Kanehisa and Goto, 2000) ׼־כ׆׾ֵך糞⫐סך⻉䧯ֿ⺪茣׾ֵךն┞偙ך㹽ס氺⮔
עך嗱隍ס䗎瞩غ٤؝ٛ׾׌㸐מ 3HPAA ؅⻻כ׳脝ֻ׾׿׼氺⮔؅⻻י״鏿俙ס氺⮔מ㸐
ע׿׆նג׿׼䗎瞩ֿ锶غ٤؝ٛי׊ clade˻ס V1R2 ⺇㵼糞ֿ㹽╚ס鏿俙؅غ٤؝ٛס⺇
㵼؅כ׆׾ַי׊獏ぃ׾ַי׊ն㵅갾յ⪢氺⮔ס庋⻉#31עמ #34כ 嬟כ氺⮔ⷃ糞׵׿׍ַ
鼛י׊둚ַٛغ٤؝䗎瞩椙ֿ䕑׽ֽי׿׼㎫ 20Aյ鏿俙׾׻מغ٤؝ٛסⲯ卸ֿⲎ砯׈
ն3HPAA׾׿׈䞯◙כ׾ַי׿ ♧㜽غ٤؝ٛס⠿鎢עי׊כ 4HPAA ׷ 2HPAA ؜յ־׮ס
גז־긖畤ֿ둚ؠ٭مסٜعؠًتյה㕈؅䭥ب؞ٞغكכ㕈ب؞ٍٜ 㴗䛈ب؞ٞغك-3
눥ꐦ׷ ٤ꐦ銨؜ظغ-12 6Bֿ䮕ׅ׾׿׼նLCA յֿ׾ַי׿׈⮂嗱׵芮寚ꐦ꿔סלם
LCA ע 3HPAA 긖畤ֿؠ٭مכ׾׌嬟鼛כؠ٭م׾׿׼ײכ 500֐100 ⠨⛼ׂյٛغ٤؝䗎
瞩椙׵ 3HPAA ٜ٭ؤب؞؛ظؿآכꐦٜ٭ؤٞؓٞؗذגז־ח锶מ־׮גױյׂ⛼׽׻
ꐦ-燓ꐦעלם㴷茣㕈ס甦꿔غ٤؝ٛ׼־䗎瞩؅䑛׀鱍ֿכ׆ַם׈׆◙䞯״ג׾׿׈յٛ
 ն׾׿׼脝ֻכַ׈㸯ע㶐稚ס׫䗎瞩غ٤؝

䝠㖥䙎⯁յ䙎⽟劻嫘갧յ气媧萠ꓨꓪסյ气糞עי׊כ㺤劳ס䔿♀מ״גס嗱隍ס׼׿׆
䭰俙לם٬㹽סא׷氺⮔מ㸐غ٤؝ٛ׾׌䗎瞩ס嗱隍٬LC-MS/MS 闋ّ٭ٍٞذْ׾׻מ
卥؅篁י׎؂⻉ײ闋卥ַׂי׊؅䖩锡ֵֿ׾ն 

 

cladeⅠと cladeⅡはリガンド選択性が異なる可能性 

  c-fos ס in situ hybridization ؅氠ַغ٤؝ٛג⺇㵼ס嗱隍׽׻מյסغشٛؠب V1R2 ⺇㵼
糞ס 2 甦꿔ٜٛؓסյclade˻כ clade˼غ٤؝ٛךꈷ䫘䙎ֿ沌׾ם⺪茣䙎ֿ獏ג׿׈㎫ 16, 

21, 22յ銨 7ն玆⩰㒘׾ֵךٜٛؓס clade˻㒘ע䋀䌮ַⵊ⻉朮4HPAAյ3HPAAյ2HPAAյ
34DHPAAյHGAյLCAغ٤؝ٛמ䗎瞩ג׊նס׼׿׆ⵊ⻉朮ס⪴ꄼ掾עי׊כC2 ס
ס׆ն׾׿׼䮕ֿׅכ׆׾ַי׊㕈؅劔ب؞ٞغك׷㕈ب؞ٍٜ؜ 2 יֻ⤫㴷茣㕈؅סח
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ַםַ 4HPE כ 3PPA ب؞ٞغكכ㕈ب؞ٍٜ؜׼־כ׆גז־ם׊䗎瞩؅靕鱍غ٤؝ٛע
㕈ע clade˻غ٤؝ٛס䗎瞩מꓨ锡ֿכ׆׾ֵך獏ぃ׾׿׈ն㵅갾յ⩰鉿煝疴׵יַֽמ
4HPAA ס׆׼־ 2 סٖبشؔنٚهحךכ׆׾؅㜟ֻ־׼הלס㴷茣㕈סח V1R2 ⺇㵼糞
؅溪槁׾׌㕆너箖苣ס䗎瞩ֿ䒘ׂ׽םյEC50 յגױն(Behrens et al., 2014) גזם둚ׂע
4HPPyA כ VA ס׆׼־כ׆גז־ם׊䗎瞩غ٤؝ֿٛ 2 ׷㕈ب؞عْמꁿׂס㴷茣㕈סח
׵׿׆յ׿׈獏ぃֿכ׆׾׿׈㵼ֿꮞ㵬⺇סغ٤؝ٛךכ׆׾ֵמ㕈ٜؼٍٜ؜ Behrens et 

al., 2014  坎 (Cong et al., 2019)⻎כٖبشؔنٚهحךն┞偙׾ַי׿׈⼴㖥ֿכ׆ס坎⻎ך

ח׵돞呬؅غؕٞطتמ LCA ٤돞呬ح٤يֿغ٤؝ٛ׼־כ׆׾ַי׊䗎瞩غ٤؝ٛ׵מ
מֹ׻סն┪ꃍ׾׿׈獏ぃֿכ׆ַםעךꓨ锡עכ׆׾ֵך돞呬غؕٞطت׷כ׆׾ֵך
סٖبشؔنٚهح V1R2 ⺇㵼糞סغشٛؠبכ玆⩰㒘ٜؓٛ׾ֵך clade˻㒘ס V1R2 ⺇
㵼糞غ٤؝ٛסꈷ䫘䙎ע꿔⛣סغ٤؝ٛ׋⻎׼־כ׆׾ַי׊⺇㵼מ⯈氠כ׆׾ַי׿׈
ֿ◙䞯׾׿׈ն㵅갾յ澵돞떃⪢糞ך V1R2 ꈽ⚻㲳ע⟛㲽溷׽ֵךյꈽ⚻㲳⪢糞׵䱿㴻┪ٛס
׵ 篙⻉ꌃ⛺ (Cong et al., 2019)غ٤؝ dN/dS ⡑ֿ⛼ַ㎫ 15A, Bնגױյ勓煝疴עך鏿俙
׼־כ׆ג׊䗎瞩غ٤؝ٛמⵊ⻉朮ס clade˻㒘غ٤؝ٛעꈷ䫘䙎ֿ⹌㶔ׂםעךյ鏿俙ס
ն㵅갾յclade˻–V1R2׾茣䙎ֵֿ⺪׾׌㵼⺇؅غ٤؝ٛ 溪槁箖苣ע鏿俙ס⟛䭥免ꪨס㹽⮔
氺מ䗎瞩גַי׊㎫ 20Aն׊־׊յV1R2 ꈽ⚻㲳ֿ澵돞떃⪢糞ך⟛㲽溷ך䱿㴻┪ٛغ٤؝
篙⻉ꌃ⛺׵⟛㲽溷כغ٤؝ٛעכ׆׾ֵך⺇㵼糞ס⹌㶔ם 1: 1 㸐䗎؅獏ぃ׽ֽי׊յגױ
勓煝疴עך嗱隍ג׊ⵊ⻉朮ס俙ֿ㸴ׂםյٛغ٤؝䗎瞩ס㴻ꓪ؅㵅偡׼־כ׆ַםַי׊
杅沌溷מ⛼懍䍲ך䒣ׂٛغ٤؝䗎瞩؅靕鱍׾׌ⵊ⻉朮ֿ㲽㐂׾׌⺪茣䙎ֵֿ׽յ♀䔿׼׈
 ն׾ֵך嗱隍ֿ┮⺪姊׾ם

  ┞偙ך clade˼㒘ס V1R2 ע 2HPAA ׼־כ׆סאնג׊䗎瞩غ٤؝ٛײסמ clade˼עך
獏ぃֿכ׆גזםמ㶔⹌׽׻ꈷ䫘䙎ֿס翝ꫀ総⛺ם潸㸐溷ס㕈ب؞ٞغكכ㕈ب؞ٍٜ؜
׼脝ֻ׵茣䙎⺪׾ֵך䖩锡ֿכ׆׾ַיꪛַֿ⛺ذْ׷⛺ٚقס٤欎ح٤يյגױն׾׿׈
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 媘㕈׾׿׈䱿廠כ׾׌潸◦糸氠כ㕈ب؞ٞغك㕈յب؞ٍٜ؜מ坎⻎כ˻նclade׾׿

R612.57 յA1845.42כ עׂ׊׵ D1895.47(Cong et al., 2019) ע⟛㲽ٜ؜׼־כ׆׾ַי׿׈
 ն׾׿׈䞯◙ֿכ׆ם䖩锡מס׾׿׈㵼⺇ע㕈ب؞ٞغكכ㕈ب؞ٍ

勓煝疴׽׻מ clade˼㒘ס V1R2 ⺇㵼糞ע clade˻㒘غ٤؝ٛכꈷ䫘䙎ֿ沌׾ם⺪茣䙎ע獏
㴻ꓪ闋卥ֿ׷嗱隍סךⵊ⻉朮ם䌮碃׽׻עמ׾׌ꇙַ؅闋僻סꈷ䫘䙎غ٤؝յֿٛג׿׈
䖩锡׾ֵךն⪽糞溷׽׻עמ 4HPAA ׷ 3HPAA յ־׮׾׌嗱隍מ䌮碃׽׻י׊ꫀמ靕㸬糞ס
㹽╚׼־둚懍䍲ך嗱⮂ب؞ٞغكג׿׈㕈ب؞ٍٜ؜כ㕈؅䭥٤ح٤يֿח돞呬؅䭥םג
ַⵊ⻉朮յעמ׼׈ 2  ն׾䖩锡ֵֿ׾׌嗱隍׵י׊ꫀמⵊ⻉朮ַםֻ⤫נ⫆㴷茣㕈؅סח

 

V1R2 のリガンド分化がもたらすのは？ 

㹽╚סⵊ⻉朮מ䗎瞩׼־כ׆ג׊յV1R2 ⺇㵼糞ע䙎⽟劻ס⻎鞪յ䙎鉿ⳛס靕鱍յ♑⠥糞
塌茣ֿ◙䞯ס㵼糞坎⺇٤ؘٓٞنյלם䱿㴻ס٭؞ؙٜٚك䙎⽟劻嫘갧յتذ٭طتס
ֿ׾׿׼脝ֻ׵茣䙎⺪׾ַי׊䗎瞩מ⴨ַס넍ס╚ն㹽׾׿׈ V1R2 ֿ떃꿔⪢糞ך⟛㲽׿׈
նV1R2׾׿׼脝ֻכַ⛼ע茣䙎⺪׼־כ׆׾ֵךꈽ⚻㲳ג ⺇㵼糞ס塌茣ס闋僻ע♀䔿ס鞏
꾴׾ֵךח┞סٛغ٤؝剈궢׾ֽׄמ鉿ⳛ闋卥յ鉩╚ٌٜٓ٤廠㴻յٛ ֽׄמ剈궢غ٤؝
׾ֽׄמ莊׾ c-fos 溪槁闋卥לםնV1R2 ⺇㵼糞ֿס٤ؘٓٞن⺇㵼؅䬎׾ַיז㖪⻉յ
V1R2 ⺇յ׊־׊ն׾׿׼茣䙎ֿ脝ֻ⺪׾׋ꈷ䫘溷★ꏕֿ气יז׻מⵊ⮔סغ٤؝ٛסאכ
㵼糞סغ٤؝ٛכ⮔ⵊע⻎免מ鱍ף׿ׄם׼׆ V1R2 ⺇㵼糞ס塌茣ֿ䴮׿؂םյ┮ꈌ䗎םמ
յV1R2עי׊כח┞ס鞃僻׾׌؅闋尴׿׆ն׾ י׊꽝㔔ֿꅙꟃ׾ꫀ؂מ氙气غ٤؝յٛכ
ױյ׍׼ֽיז־ח锶ךױ׿׆ע꽝㔔׾׌ꅙꟃםֹ׻סאյ׊־׊ն׾׿׼㖪⻉ֿ䮕ׅ׾ַ
ג V1R2 ךغشٛؠب弮氙ؓٛعؠ٥ؔח甦⫐㝂㒘؅䭥ס Hardy-Weinberg 䌐銝׼־詇ׂ׊
ꆌ莈׍׼ֽי׊յٞطى䱸⻉⠥糞סꈌ䗎䍲ֿ⛼稔؅כ׆ַם׊獏ぃכ׆׾ַי׊ (Nikaido 

et al., 2014) ׼־⺪茣䙎כַ⛼ע脝ֻ׾׿׼նסח┞ֹ׵鞃僻ע V1R2 ⺇㵼糞ֿٛ؅غ٤؝
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⺇㵼׵יׂם׀ך䔔꼸ֿ㸯ַ׈㖪⻉ֿ䮕ׅ׾׿׼ն❛ֻכ׵כ׵ף㹽╚ס鏿俙غ٤؝ٛס
؅䋀䌮ׂ⺇㵼גַי׊玆⩰㒘ס clade˻ס V1R2 ֿյ嵞气㒘ס clade˼כ׵כ׵כ׾םמ⺇㵼
כꈷ䫘䙎غ٤؝ٛס˻杅ⵊյcladeמ㵼⺇סغ٤؝ٛס杅㴻ג׀ך clade˼غ٤؝ٛסꈷ䫘䙎
ֿ┞ꌃꓨיזם㹽╚؅غ٤؝ٛס㜟׍׼؂⺇㵼׾׀ך㖪⻉׾ֵךնס׆㖪⻉յ⺇㵼糞ֿ㜟ⵊ
׊כ❛ס־׮նַ׈㸯עַ⻉䍲׾׿؂םյ塌茣ֿ䴮״ג׾׀ך㵼⺇؅غ٤؝ٛס╚㹽׵י׊
עי V1R2 ⺇㵼糞ֿㆉ镊׽⯝ג׊♃؅ꁎמײ㶐稚׾ַי׊㖪⻉׾ֵךնס׆㖪⻉յV1R2 ⺇
㵼糞ֿ㹽╚ٛ؅غ٤؝⺇㵼׽⯝׵יזםׂם׀ךꁎמײ㶐稚ס־׮׾׌ㆉ镊⺇㵼糞ז׻מ
آئעײꁎ׽⯝ג׊♃նㆉ镊؅ַםעכ׆׾םמꈌ䗎┮מהյ潲״ג׾׿鉿؂ֿײꁎ׽⯝י
 Hasler and Wisby, 1951; Dittman and Quinn, 1996; Gerlach)׽ֽי׿׼焒ךٖبشؔنٚهح׷

et al., 2008; Hinz, Kobbenbring, et al., 2013)յؓٛعؠ٥ؔ弮ךغشٛؠبס㲽㐂ֿ獏ぃ׿׈
䓜ֿ❛ס׼׿׆ն(Verzijden and Ten Cate, 2007; Verzijden, Korthof and Ten Cate, 2008) ׾ַי
מ䔿עغ٤؝ٛס╚㖪⻉յ㹽׾ױעי V1R2 ⺇㵼糞כ⻎鞪כ׾םמֹ׻׾׌脝ֻ׾׿׼ն㵅
갾յ箔♣ֿꓨֿّؿأי׿׼נ㐬┞כ׾ַיזםמ脝ֻؓٛعؠ٥ؔ׾׿׼弮شٛؠبס
յV1R2עךꏕ㵅닫★ג׊㵅偡מ溷⤫◙י؅氠ַغ ם׿׈牞霼עꈷ㟱䙎ם僻溮ךꪨٜٛؓס
㎫גז־ 23B, CնV1R2 עךס׾׿׈⪛㜟沌ֿ㸬מ偆锺ע꽝㔔׾ꫀ؂מ氙气غ٤؝ٛס
յV1R2ׂם ׾׌俙㝂ׂ㲽㐂מ┪ّؿأמ坎⻎כ SGV (Brawand et al., 2014; Svardal et al., 2020; 

Nakamura et al., 2021) י׊כ㲽㐂ךכ׆׾׌筶僃ׂ V1R2  ն׾׿׼茣䙎ֿ脝ֻ⺪׾׌鞪⻎כ

  V1R2 עי׊כח┞ס茣䙎⺪׾׿׼脝ֻי׊כ漨⯈סכ׆ח׵㝂㒘؅ס V1R2 ⺇㵼糞ֿ欎
㘶כ篙ס־׮גַחצ塌茣؅䭥׾ַיז㖪⻉ֿ䮕ׅ׾׿׼ն׾ֵ׽ױח欎㘶稔עך clade˼
ס V1R2 עמ⻉㖪םֹ׻ס׆ն׾ֵך⻉㖪׾םמꈌ䗎溷ֿכ׆ח׵؅ sensory drive יז׻מ
䙊ꅋמ甦⮔ⵊֿꅼכ׳脝ֻ׾׿׼ (Endler, 1992)նגױյV1R2 ⺇㵼糞ֿㆉ镊׽⯝ג׊♃؅ꁎ
겧؅★סך甦ꪨ׾ַי׋겧甦┮瓷ֿ气ך؆瓦䍲⮔ⵊֿꅼ׾յֵעמ⻉㖪׾ַי׊㶐稚מײ
㎇ꉌס״ג׾׌ꈷ䫘溷★ꏕמ㶐稚׾׀ך⺪茣䙎ֵֿ׾նמֹ׻ס׆겧甦┮瓷؅㎇ꉌג׾׌
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ثؾ؜صـע❛׾׌ꈷ䫘溷★ꏕֿꅼⵊג׊♃ㆉ镊؅יז׻מ 䒣ⵊ (Dobzhansky, 1937)מ״
 ն(Turner and Harr, 2014; Smadja et al., 2022) ׾ַי׿׈⼴㖥ךِ

  ♀䔿ס׼׿׆⺪茣䙎؅嗱隍״ג׾׌յؓٛعؠ٥ؔ弮ׂםךׄדغشٛؠبסյ甦⮔ⵊ־
յV1R2׽ֽי׊瓦䍲免ꪨֿ篑ꇃ׾ֵ׼ ⺇㵼糞غ٤؝ٛג׎؂⻉מ氙气םמֹ׻ֹם׆؅ֽ
ךלםغشٛؠبס氙؜٭ؼ؝٤ذغشٛؠبםֹ׻׾׿׈劻䔵ֿכ׆׾ַיז clade

˻յclade˼ס׿ב׿א㹽╚ٛסغ٤؝嗱隍؅㵅偡׾׌䖩锡ֵֿ׾ն 

 

 

結論 

  勓煝疴ע匯ؓךغشٛؠبס؜ٛن䌮ׂ㲽㐂׾׌ V1R2 ⺇㵼糞ס 2 甦꿔ٜٛؓסյclade

כ˻ clade˼סꪨغ٤؝ٛךꈷ䫘䙎ֿ沌׾ם⺪茣䙎؅獏ג׊նגױ clade˻㒘ח׵؅ٜٛؓס
מ╚㹽סغشٛؠب clade˻㒘ס V1R2 ׾ֵךח┞סعتؼإյؓ׊㲽㐂ֿغ٤؝ٛס
3HPAA ֿ둚懍䍲ך㲽㐂؅כ׆׾׌獏ג׊նמ׼׈ V1R2 ⺇㵼糞ֿ鏿俙ס㹽╚ⵊ⻉朮؅⺇㵼
יַֽמ煝疴סն♀䔿ג׊؅獏ぃכ׆׾ַי׊ V1R2 ⺇㵼糞ס塌茣؅僻׊מ־׼յclade˼㒘
ס V1R2 ⺇㵼糞׵僻׾ֽׄמغشٛؠبךכ׆ַׂי׊מ־׼偆םג㝂坎䙎ⱁ⮂塌圸؅䳀
ゃֿכ׆׾׀ך劻䔵׾׿׈ն 
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第 4 章 総論 

勓煝疴עך꿃詇ם㝂坎䙎ך焒׾׿׼匯ؓסغشٛؠبס؜ٛنㆉ┪滽؝ٛ׾ֽׄמ
מ⮂嗱ס䗎瞩غ٤ c-fos ג؅氠ַه٭ٞوٍٛס 2 虝 ISH ֿ劔氠؅כ׆׾ֵך獏ג׊ն
׷䕻簎嬰箖苣ךכ׆׾㵅닫笠؅氠ַס׆ V2R ⺇㵼糞غ٤؝ٛס䗎瞩䙎؅嗱隍ג׊ն杅
ג׊俙ֿ䬺㝕٭مؤךغشٛؠبמ V2R ⺇㵼糞14٭ِٛؒنهئס ٜؓךꪨ٭مؤס
׾ֽׄמغشٛؠبע׿׆նג׊؅獏ぃכ׆׾䈼ֵֿמ㵼茣⺇׾׌㸐מ٤ؼ؟ V2R ם
شٛؠبֿ׿אյ׽ֿםחמ㙟Ⲏס⴨ַ׾׀ך俙䬺㝕ֿ⺇㵼٭مؤסㆉ镊⺇㵼糞סל
ٛסך٭مؤס־׮ն♀䔿׾ַי׊茣䙎؅獏⺪גזםמⲙׄס㝂坎ⵊ׷欎㘶ꈌ䗎סغ
סך䋀䌮ַ甦סغشٛؠبյ׷嗱隍סꈷ䫘䙎غ٤؝ V2R מ׼׈笠簡٬ꅼⵊ㐁闋卥յס
澵돞떃ס䋀䌮ַ甦ס V2R ךכ׆׾׌ꈷ䫘䙎؅嗱隍غ٤؝ٛסך V2R 䬺ס俙٭مؤס
㝕غ٤؝ٛ׷⮔ⵊס免劻؅僻׊מ־׼յV2R ⺇㵼糞ס㝂坎ⵊסغشٛؠبכ㝂坎ⵊס
ꫀ総؅僻כ׾׀ךמ־׼脝ֻ׾׿׼ն 

  勓煝疴ס׼־غشٛؠبגױעך㹽䱰⺅מ䧯Ⲍ׊յסت؛סغشٛؠب㹽מ㸐׌
מն杅ג׊䗎瞩؅嗱隍غ٤؝ٛ׾ V1R ⺇㵼糞ֿמت؛סغشٛؠب䗎瞩؅כ׆׾׌僻
ַםַיזםמ־׼塌茣ֿ僻דױעךյ떃꿔׊מ־׼ V1R ⺇㵼糞ֿס٤ؘٓٞن⺇㵼
מ׼׈עךն勓煝疴ג׊؅䬎ֹ⺪茣䙎؅獏לם 6 ׾ֵח V1R յV1R2ח┞ס ׊濪潨מ
סغشٛؠبնג V1R2 ׾ם沌ׂ׀㝕ס⮬ꏕך㝕弮⪢㔔┩ס؜ٛن匯ؓע 2 甦꿔ؓס
ٜٛյclade˻כ clade˼ֿ锶׾׿׼նמ׿׆㸐׊յc-fos ؅氠ַג㵅닫笠؅氠ַי鏿俙
םꈷ䫘䙎ֿ沌غ٤؝ٛךյٜؓٛꪨ׊䗎瞩䙎؅嗱隍غ٤؝ٛ׾׌㸐מ⠿鎢غ٤؝ٛס
סն玆⩰㒘ג׊מ־׼؅僻כ׆׾ clade˻㒘ס V1R2 ⺇㵼糞ע 4HPAA ׷ 3HPAA 䋀לם
䌮ַ 4HPAA 靕㸬糞מ䗎瞩מסגַי׊㸐׊յ嵞气㒘ס 2HPAA ׿׼䗎瞩ֿ锶ךײס
מ׼׈նג clade˻㒘סغشٛؠبס㹽ّ٭ٍٞذْס闋卥؅ꄼי׋ clade˻㒘إؓס
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յ3HPAAח┞סعتؼ ֿ㹽╚מ둚懍䍲ך㲽㐂؅כ׆׾ַי׊獏׊յ3HPAA ֿ clade˻
㒘ס V1R2 ⺇㵼糞ס劔ⲇ؅כ׆׾ֵךغ٤؝ٛם獏ぃג׊ն┞偙ך V1R2 ⺇㵼糞ֿ鏿
俙ס㹽╚ⵊ⻉朮؅⺇㵼׾ַי׊⺪茣䙎؅獏ג׊ն♀䔿 V1R2 ַי׊מ־׼塌茣؅僻ס
ךכ׆ַׂי׊ꇙַ؅窢吉סꈷ䫘䙎غ٤؝ٛסꪨٜٛؓמ׵ככׂ V1R2 ⺇㵼糞ס㝂
㒘ֿסغشٛؠب㝂坎ⵊג׊׼ג׵מ䔔꼸؅僻כ׾׀ךמ־׼脝ֻ׾׿׼ն 

劻䔵ֿכ׆׾םמⲙ┞ס闋僻ّثؼ؜ْ⮂㝂坎䙎ⱁג׊♃ㆉ镊؅ע勓煝疴מֹ׻ס┪♧
 ն׾׿׈

 



図 

 

図 1．東アフリカ三⼤湖とその成⽴年代、生息するシクリッドの種数 

 䑛氠倀桬ע 1
 Seehausen, 1996; 

2
 Johnson et al., 2000; 

3
 ; Ronco et al., 2019; 

4
 Cohen., et al, 1993; 

5
 Snoeks, 

2000; 
6
 Delvaux, 1995ն 

  

 弮ؓٛعؠ٥ؔ

 弮؜٭ؼ؝٤ذ

甦俙: 500 甦 1յ䧯皑䌑♣: 14,600 䌑⯼ 2 

甦俙: 240 甦 3 յ䧯皑䌑♣: 12 ~ 9 溯┧䌑⯼ 4 

ُٚؗؕ弮 甦俙: 800 甦 5 յ䧯皑䌑♣: 42 ┧䌑⯼ 6 
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図 2. 手法の模式図 

(A) 㹽䱰⺅ך氠ַت؛׾氠ٜط٭ط؜סն雾؅׽ױꮐ婝מ״ג׾׌⣨긖גַחמ疮؅埛䑑㎫ך獏
埛䑑㎫ն(C) c-fosסն(B) 㹽䱰⺅岺׌ ⴨ַמغشٛؠب嗱⮂笠նס䗎瞩غ٤؝ٛג׊כ٭؜٭؅ُ
؅剈궢׊յㆉ┪滽OE؅ⷃ곐׊յ㎷㴻غكظٌّٜٜؓٚق╚յ20ךت٭ٞؠت翝䳕׊յ
⬾篙ⴭ㓷ג׊նמ׼׈賹⮗⮗曩1 µm؅糸鏫׊յin situ hybridizationISHמ❈氠ג׊ն 
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図 3. 餌抽出物の曝露によって OE で c-fos の発現が誘導される  

(A-C) מغشٛؠب鱩筙寊ٜ٭ٞع٤ؤעגױ낛朮䬂⮂朮箽懍䍲15,000 ⠨䉤ꓡ؅剈궢׊
סغشٛؠبג OE ⮗曩؅氠ַג ISHն(A) 劄⮴劻ꈽ⚻㲳 c-fos, c-jun, egr1, junb, ⹳צ fra1 ٛס
ISH ג؅氠ַه٭ٞوٍ ע叉虝⦐ն熏納ס OE ն(B) c-fos׌齡ꌎ؅獏ס ג؅氠ַه٭ٞوٍٛס
ISH ד؆㎪ך卽ס嫘┪עն╚嫘׌؅銨׈ꩽס免ꪨסךױ寎⬗묄ꏣ׼־⴨ַ剈궢ע叉虝⦐ն埭鼎ס
꽝㔔ס䬺㝕氺⦐ն稔嫘ٜ٭ٞع٤ؤهؔط؝ؾעه٭ٞوت٤جն(C) 1 mm2 䓜ס׽ג c-fos 갅
䙎c-fos箖苣俙ס啥نٚء䌐㐬 ± 埉徙⢞䈼ն⻄⠥糞יַחמ 5 ⮗曩ס c-fos 箖苣ס糹俙؅
阛廠ג׊⻄ 3 ⠥糞Tukey-Kramer 嗱㴻銨 3ն*p < 0.05նע٭فٜ٭آتAך 20 µm, B
ך 100 µmն 
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図 4. 受容体/受容体、受容体/Trpc2 の共局在の検証 

 (A,B) סغشٛؠب OE ⮗曩׾ֽׄמյTrpc2糽כ V2R sub. 4/8/14/16Aُذ٤حעגױ
V1R2/ORA1Bُذ٤ح؅ه٭ٞوٍٛס氠ַג 2 虝 ISH סי׬׌叉虝⦐նס V2R כ V1R2/ 

ORA1 ֿ Trpc2 ն(C)  2(A, B) גַי׊㹾㐂⪳כ 甦꿔ס V2R糽ذ٤حُכמ㸐٭ٞوٍٛ׾׌
ג؅氠ַه 2 虝 ISHն沌׾ם V2R ⻎㛶מַ◦ֽע䱖♑溷מ溪槁גַי׊նע٭فٜ٭آت 20 µmն 

  



52 

 

図 5. 微絨毛細胞のリガンド応答 

(A-C) 鱩筙寊ٜ٭ٞع٤ؤյ20 甦꿔ؠق٤ذס鮐圸䧯ِؓؿꐦס庋⻉朮箽懍䍲⻄ 2 µMյ
넍䬂⮂朮箽懍䍲15000 ⠨䉤ꓡյت؛סغشٛؠب㹽箽懍䍲6000 ⠨䉤ꓡյ3 甦꿔ס䫱⻉ت
⻄庋⻉朮箽懍䍲غؕٞط 33 nM؅剈궢סغشٛؠبג׊ OE ⮗曩ס c-fos糽ֽצ׻ Trpc2

ُذ٤ح׾׻מه٭ٞوٍٛס 2 虝 ISH צ׻叉虝⦐ (A)յֽס 1 mm2 ס╚ c-fos 箖苣俙ס啥
䌐㐬 ± 埉徙⢞䈼1نٚء ⠥糞ֵ׽ג 1 ⮗曩յ⻄ 4 ⠥糞Welch ס t 嗱㴻銨 3(B)յֽצ׻
c-fos 箖苣╚ך Trpc2 סⰺ⻉ס啥نٚء䌐㐬 ± 埉徙⢞䈼1 ⠥糞ֵ׽ג 1 ⮗曩յ⻄ 4 ⠥糞
Welch ס t 嗱㴻յStudent ס t 嗱㴻銨 3(C)ն*p < 0.05, **p < 0.01, ***p < 0.001նע٭فٜ٭آت
20 µmն 

 

  



53 

 

図 6. 繊毛細胞のリガンド応答 

 (A, B) 鱩筙寊ٜ٭ٞع٤ؤյ20 甦꿔ؠق٤ذס鮐圸䧯ِؓؿꐦס庋⻉朮箽懍䍲⻄ 2 µMյ
넍䬂⮂朮箽懍䍲9. 5 mg/Lյסت؛㹽箽懍䍲6000 ⠨䉤ꓡյעגױ 3 甦ס䫱⻉غؕٞطت
סغشٛؠبג׊庋⻉朮箽懍䍲33 nM؅剈궢ס OE ⮗曩 c-fos糽ֽ צ׻ Golf2ُذ٤ح
׾׻מه٭ٞوٍٛס 2 虝 ISH ס叉虝⦐ (A)յֽצ׻ c-fos箖苣ך╚ס Golf2סⰺ⻉ס啥نٚء
⻄ 1 ⠥糞յ1 ⮗曩(B)ն(C) סغشٛؠب OE ⮗曩ס Golf2糽ֽצ׻ Trpc2ُذ٤حס
ג؅氠ַه٭ٞوٍٛ 2 虝 ISH ע٭فٜ٭آت叉虝⦐նס 20 µmն 
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図 7. 真骨魚 7 種の V2R の最尤系統樹 

⫑䒁ע V2R ךն勓煝疴ג׊⡑؅獏وشٚعتع٭هךغ٭ؿסն┞ꌃ׌؅銨٭ِٛؒنهئ⻄ס
❈氠ג׊ V2R ךغشٛؠب귱עגױ俙ֿ䬺㝕٭مؤךغشٛؠبյ鰱ע٭ِٛؒنهئס
䬺㝕׍׎ך獏ג׊նסغشٛؠب V2R  Haplochromis) غشٛؠب:նHcג׊獏ך虝ة٤ٝ؛ע

chilotes)Dr: ٖبشؔنٚهح (Danio rerio)Ss: ؓ٤ٓ٭ئؠشؔط٤ٚعSalmo salarGa: 

 Tetraodon) ءنٛغِ :Tn(Takifugu rubripes) ءنٚع :Tr(Gasterosteus aculeatus) ؛ؗأع

nigroviridis)Ol: ْ؜ر (Oryzias latipes) ն 
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図 8. V2R 陽性細胞のリガンド応答 

 (A,B) 20 甦꿔ؠق٤ذס鮐圸䧯ِؓؿꐦ庋⻉朮箽懍䍲⻄ 2µMמ剈궢סغشٛؠبג׊ OE

⮗曩ס c-fos糽כ V2R sub. 4/8/14/16/2,7-1ُذ٤ح؅ه٭ٞوٍٛס氠ַג 2 虝 ISH 叉虝ס
⦐Aյֽצ׻ V2R 箖苣╚ך c-fos סⰺ⻉ס啥نٚء(B)⻄ 1 ⠥糞ն(C,D) 4 聁ؿِؓסꐦ庋
⻉朮A: Gly, Ala, Ser, Pro, Thr; B: Phe, Tyr, Trp, His, Asn, Gln; C: Val, Ile, Leu, Met, Cys; D: Arg, Lys, 

Asp, Glu; 箽懍䍲⻄ 2µM؅剈궢ג׊ OE ⮗曩ס c-fos糽כ V2R sub. 14ُذ٤حوٍٛס
ג؅氠ַه٭ٞ 2 虝 ISH צ׻叉虝⦐Cյֽס V2R sub. 14 箖苣⻄ 1 ⠥糞╚ך c-fos סⰺ⻉
ꐦ聁ؿِؓ Dն(E,F)نٚء啥ס D ؅圸䧯ؿِؓ׾׌ꐦյؓ ٤յٛؼ؟ٜ ٤ꐦյِذٜء٤յة
סغشٛؠبג׊剈궢מ٤ꐦ箽懍䍲2 µM؟ٚقتؓ OE ⮗曩ס c-fos糽ֽצ׻ V2R sub. 

14ُذ٤ح׾׻מه٭ٞوٍٛס 2 虝 ISH 叉虝⦐ (E) յֽצ׻ V2R sub. 14 箖苣ך╚ס c-fos

סⰺ⻉؅獏׌啥نٚء (F)⻄ 1 ⠥糞(G,H) ٜؓ٤ؼ؟箽懍䍲2 µMמ剈궢ג׊ OE ⮗
曩ס c-fos糽כ V2R sub. 14-1/14-2ُذ٤ح׾׻מه٭ٞوٍٛס 2 虝 ISH 叉虝⦐Gյס
צ׻ֽ V2R sub. 14 箖苣ך╚ס c-fosסⰺ⻉ס啥نٚء(H)⻄ 1 ⠥糞ն焌꾁ע c-fos כ V2R ⪳ס
㹾㐂؅銨׌ն(B,D,F,H) ⻄מ┪ס٭فյ1 ג׿׈ع٤ؗ؜ך曩⮗סח V2R箖苣ס俙ֿ獏ַי׿׈
ע٭فٜ٭آتն׾ 20 µmն 
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図 9. V2R sub. 16 陽性細胞のアミノ酸に対するリガンド応答 

(A, B) 4 聁ؿِؓסꐦ A-DA: Gly, Ala, Ser, Pro, Thr; B: Phe, Tyr, Trp, His, Asn, Gln; C: Val, Ile, Leu, 

Met, Cys; D. Arg, Lys, Asp, Glu; 箽懍䍲: ⻄ 2 µMמ剈궢סغشٛؠبג׊ OE ⮗曩ס c-fos (糽) כ 

V2R sub. 16 (ُذ٤ح) ؅ه٭ٞوٍٛס氠ַג 2 虝 ISH צ׻叉虝⦐ (A)յֽס V2R箖苣ך╚ס
c-fosסⰺ⻉ס啥نٚء⻄ 1 ⠥糞Bն⻄啥מ┪ס 1 ג׿׈ع٤ؗ؜ך曩⮗סח V2R箖苣ס
俙؅獏׌(B)ն焌꾁ע⪴㹾㐂؅獏׌(B)ն(C) ِؓؿꐦ聁 C (Val, Ile, Leu, Met, Cys; 箽懍䍲⻄ 2 µM) 

סغشٛؠبג׊剈궢מ OE ⮗曩ס c-fos (糽) כ V2R 16-1/16- 3/16-3 (ُذ٤ح) ه٭ٞوٍٛס
؅氠ַג 2 虝 ISH ꐦ聁ؿِؓ׵יַֽמ٭مؤס׿׍叉虝⦐նַס C 镸ע㹾㐂⪳׾׻מ剈궢ס
㷋גז־ם׿׈նע٭فٜ٭آت 20 µmն  
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図 10. V2R 陽性細胞のオスの尿に対するリガンド応答 

 (A, B) ت؛㹽箽懍䍲6000 ⠨䉤ꓡמ剈궢סغشٛؠبג׊ OE ⮗曩ס c-fos糽ֽצ׻ V2R

ُذ٤ح؅ه٭ٞوٍٛס氠ַג 2 虝 ISH צ׻叉虝⦐Aյֽס V2R箖苣ך╚ס c-fosס
ⰺ⻉ס啥نٚء⻄ 1 ⠥糞(B)նت؛㹽剈궢׾׻מ⪴㹾㐂ל؆כ׮ע镸㷋גז־ם׿׈ն 
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図 11. V1R 陽性細胞のリガンド応答 

(A) סت؛㹽箽懍䍲6000 ⠨䉤ꓡמ剈궢סغشٛؠبג׊ OE ⮗曩ס c-fos糽כ V1Rsُ
ג؅氠ַه٭ٞوٍٛסذ٤ح 2 虝 ISH յ20ٜ٭ٞع٤ؤ叉虝⦐ն(B,C) 鱩筙寊ס 甦꿔ذס
⻄庋⻉朮箽懍䍲סꐦؿ鮐圸䧯ِؓؠق٤ 2 µMյ넍䬂⮂朮箽懍䍲9.5 mg/Lյסت؛㹽箽
懍䍲6000 ⠨䉤ꓡյעגױ 3 甦꿔ס䫱⻉סغؕٞطت庋⻉朮箽懍䍲33 nMמ函궢ؠبג׊
סغشٛ OE ך╚סյV2Rs 箖苣יַֽמ c-fosסⰺ⻉ס啥نٚء䌐㐬 ± 埉徙⢞䈼(B)כ c-fos

 箖苣ך╚ס V2Rsסⰺ⻉ס啥نٚء䌐㐬 ± 埉徙⢞䈼(C)ն(D,E) ت؛㹽箽懍䍲6000 ⠨
䉤ꓡמ剈궢סغشٛؠبג׊ OE ⮗曩ס c-fos糽ֽצ׻ V1R2ُذ٤ح؅ه٭ٞوٍٛס
氠ַג 2 虝 ISH ך╚סյV1R2 箖苣כ叉虝⦐Dס c-fos סⰺ⻉ס啥نٚء(E)ն(F,G) ت؛㹽
箽懍䍲6000 ⠨䉤ꓡמ剈궢סغشٛؠبג׊ OE ⮗曩ס c-fos糽ֽצ׻ V1R5ُذ٤ح
ג؅氠ַه٭ٞوٍٛס 2 虝 ISH ך╚סյV1R5 箖苣כ叉虝⦐Fס c-fos סⰺ⻉ס啥نٚء
(G)ն焌꾁ע c-fos כ V1R յ1מ┪סն(B,C,E,G) ⻄啥׌㹾㐂؅銨⪳ס ג׿׈ع٤ؗ؜ך曩⮗סח
V1R箖苣ס俙؅獏׌ն*p < 0.05նע٭فٜ٭آت 20 µmն   
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図 12. 東アフリカ産シクリッドの V1R2 の 2 種類のアリル 

匯ؓס؜ٛن┩㝕弮סغشٛؠبס V1R2 ꈽ⚻㲳עꏕ⮬יז׻מ 2 甦꿔ٜٛؓסյclade˻鰱
כ clade ˼귱׾׿׼ׄ⮔מA,Bն (A) ؓٛعؠ٥ؔ弮ךغشٛؠبס锶גז־ח V1R2 ؓס
Nikaido et al., 2014) عꐦؓٚؕ٤ْ٤ؿِؓסٜٛ 侉㜟)ն㝂㒘ס锶؅ׄדعؕئג׿׼獏׌┪
複攍ꏕ⮬V1ס┪俙㲻ն┞沁ס ٜؓٛؿِؓ׋⻎כꐦ媘㕈ךعشغעعؕئגזד銨׌ն (B) 

┩㝕弮סغشٛؠبס V1R2 笠簡堅 (Nikaido et al., 2014ס 侉㜟)ն甦⻏ס埭עعشيؒنٜؓס气
䛈㐌؅獏׌V: ؓٛعؠ٥ؔ弮յT: ؜٭ؼ؝٤ذ弮յM: ُٚؗؕ弮յR: 岉䈢ն玆⩰㒘ס clade

˻鰱׼־嵞气㒘ס clade˼귱ֿ⮔㼜׾׌卹ך婞ס蔦撬ꈷ䫘ֿ嗱⮂ג׿׈dN/dS = 6.24ն
(C) V1 ٜؓٛclade˻כ V9 ٜؓٛclade˼ס翝䳕عؕئ귱ַ╩כ䱿㴻┪غ٤؝ٛס篙
עعؕئ⻉篙غ٤؝嬟鼛նٛס╩סة٤ٝ؛عؕئ⻉ Cong et al., 2019 סٖبشؔنٚهحך
V1R5 ⺇㵼糞غ٤؝ٛכLCAס in silico ն2ג׿׈䱿㴻׼־ء٤ٛظٓء٤؞شغ 勓ס寊䌐納
ע葬鬪ꄼ꽝㔔ג׊獏ך TOPCONS (Bernsel et al., 2009) ך◙廠ג׿׈ն  
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図 13. V1R2 の多型を介したシクリッドの選択的交配のモデル 

V1R2 ⺇㵼糞סꈽ⚻㒘מ׿אכ㸐䗎٤ؘٓٞنג׊㒘ֿ┞蔹ג׊㖪⻉ײסמꏕ⣪鉿ⳛֿ鉿׿؂յ
┞蔹ַם׊㖪⻉עמꏕ⣪鉿ⳛֿ鉿ַם׿؂ն 
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図 14. シクリッドは尿中からフェロモンを排出することが示唆される 

(A) סغشٛؠب׾׿ף⽿כء٤ٛؠ٭ئꏕ⣪鉿ⳛնמت؛㹸؅ٝل痒؅ⷯעتْכ׾׿־气ײ
מ갾סאյ׀؅痒ٝل㹸סت؛׵偙סتْיΐն籽ַ׾ֻ⾺מ؅⺚ⷯסאעتΏյْ׊כ
◦ֽֿتْכت؛ն׌ꂉ׽繪׵䍲✇؅تجٞوס׆Αն׾׎׈窢⺇؅ⷯס⫏⺚י׊侑窢ֿت؛
նB׾׿׼脝ֻכ׾׆鱍י׿׈靕䑛מ⴨ַס╚㹽ע؅痒ׂ鉿ⳛٝل㹸סַ  غشٛؠب 

(Haplochromis chilotes) סت؛ס㹽100 µLס剈궢יז׻מ镸㷋غشٛؠبג׿׈ت؛ 1 ⠥糞յ
تْ 2 ⠥糞ס靕䑛鉿ⳛն剈궢ג׊⛺翝؅鰱ַ焌ⷦך獏׌նC, D㹽䱰⺅氠ٜط٭ط؜סնت؛
氠 (C) تْכ氠 (D)նْت氠ס٤ؤٛبעמٜط٭ط؜ס否ֿ♕㺲׾ַי׊ն 
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図 15. 魚類（条鰭類）76 種の V1R2 遺伝子の dN/dS 解析 

匛뛗꿔 76 甦ס V1R2 ꈽ⚻㲳ס⪢ꩽꏕ⮬ (A) כ䱿㴻ٛغ٤؝篙⻉ꌃ⛺ (B) ס笠簡堅כ dN/dSω
նωֿ׌ω؅銨ע虝ס㘇㕈翝䳕俙յ卹ע׈ꩽס䱿㴻⡑ն卹ס 1.5 ؅鱩ֻ׾㖪⻉י׬׌עω= 1.5 㖪ס
նV1R2׌獏ך虝寊虝ס⻉ ꈽ⚻㲳סי׬׌ׯ׮ע甦ךꓨ鏿סءٞخ٭؛׍׼ֽי׊ꫀ総׾ֵמ
ג׊獏ךն焌ⷦג׊圸碎ס⩧؅ 笠簡ꫀ総 (Rabosky et al., 2018)ס甦ע٭ةَٞعסյ笠簡堅״ג
clade˼ֿ⮔㼜׾׌卹מ婞ס蔦撬ꈷ䫘ֿ⦍ַ؅כ׆׾ַי嗱㴻״ג׾׌յ䊟摾♳鞃րclade˼ֿ⮔㼜
 ն╚סتؠش㎂閣ַٍגזם׆յ㹏䍲嬟嗱㴻؅ֽכ׵סցַם䈼ֿכωס卹ס־׮ωֿס卹׾׌
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図 16. 4HPAA と LCA に対するリガンド応答 

(A-C) 鱩筙寊ٜ٭ٞع٤ؤյ4HPAAյLCA箽懍䍲 10, 20 µM؅剈궢غشٛؠبג׊
Haplochromis chilotes clade˻յHaplochromis sauvagei; clade˼) ס OE ⮗曩ס V1R2糽כ c-

fosُذ٤ح؅ه٭ٞوٍٛס氠ַג 2 虝 ISH צ׻叉虝⦐Aյֽס V1R2箖苣ך╚ס c-fos
⻄ٜ٭ٞع٤ؤنٚء啥ס⻉ⰺס 3~4 ⠥糞յ4HPAA⻄ 2~3 ⠥糞յLCA⻄ 1 ⠥糞յ1 ⠥糞
䓜׽ג 5 ⮗曩B, Cնכٜ٭ٞع٤ؤ 4HPAA ꪨյגױ 4HPAA ך־םס clade˻כ clade˼ꪨך
Student ס t 嗱㴻גזם׆؅ֽ銨 5Bն**p < 0.01, ***p < 0.001նע٭فٜ٭آت 20 µmն 
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図 17．cladeⅠの V1R2 受容体はオスの尿にリガンド応答 

(A, B) غشٛؠبHaplochromis chilotes clade˻סت؛ס㹽箽懍䍲30000 ⠨䉤ꓡ؅剈궢
סHaplochromis chilotes clade˻غشٛؠبג׊ OE ⮗曩ס V1R2糽כ c-fosُذ٤ح
ג؅氠ַه٭ٞوٍٛס 2 虝 ISH צ׻叉虝⦐Aյֽס V1R2箖苣ך╚ס c-fosסⰺ⻉ס啥ٚء
4ٜ٭ٞع٤ؤن ⠥糞յت؛㹽5 ⠥糞Student ס t 嗱㴻(B)ն*p < 0.05 նע٭فٜ٭آت
20 µmն 
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図 18. シクリッドの尿のメタボローム解析 

A4HPAA 靕㸬糞؅嗱⮂סغشٛؠبס״ג׾׌㹽ّ٭ٍٞذْס闋卥ס嵣׿նBشٛؠب
㹽#23סغ  նm/z׌ⵊ⻉朮ն綼鼎ֿ鮐ꓪ괎衠嬟m/zյ埭鼎ֿ⟛䭥免ꪨ؅銨סי׬׌ג׿׈⮂嗱ך

= 151.04鰱ַ納ך䬂⮂؅ّٚءعُٞؠتُג׊⺯⣨מ獏׌ն圸ꅎ䑑٘ب٭طؿؓ׿ב׿אע
նC4HPAAյ2HPAAյ3HPAA׌ⵊ⻉朮؅銨ג׿׈٤ יַחמ䭥免ꪨ⟛ג׿׈٤٘ب٭طؿֿؓ
ג׊⮂䬂׿ב׿א MS/MS 귱; ⟛䭥免ꪨٜعؠًت 21.1 ⮔, 34.3 ⮔, 36.4 ⮔ն稔⣨ס鰱ַؠًت
סⵊ⻉朮ס׿ב׿אג׊䕑⺅׼־ٛٚهؕٚעٜع MS/MS նD4HPAA׾ֵךٜعؠًت 埉ס
徙朮鮐ס MS/MS m/z = 151.04, ⟛䭥免ꪨٜعؠًت 21 ⮔כ㹽סٜعؠًتס嬟鼛նE鏿俙
׾ֽׄמ[ت؛] յ#30[䱖ⷯ劻-تْ] յ#25[ت؛] յ#24[تْ] 㹽#23ס m/z = 151.04 ُٞؠتُס
ն4HPAAյ2HPAAյ3HPAAّٚءع ֿ嗱⮂כ׾׿׈◙䞯׾׿׈⟛䭥免ꪨ׿ב׿א؅掾納ך獏׌ն 
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図 19. 尿中からリトコール酸の検出 

A芮寚ꐦ꿔؅嗱⮂סغشٛؠبס״ג׾׌㹽ّ٭ٍٞذْס闋卥ס嵣׿նB芮寚ꐦס 1 甦
ס埉徙朮鮐סꐦLCAٜ٭ؤعٛ LC-MS/MS 闋卥ס m/z = 375.29 ٚءعُٞؠتُג׊⮂䬂ך
ّնMS/MS 800 µL[ت؛]34# ,[ت؛]㹽31סغشٛؠبնCגז־ם׿׈䕑⺅עٜعؠًت

ס LC-MS/MS 闋卥ס m/z = 375.29 նLCAّٚءعُٞؠتُג׊⮂䬂ך ⻎כ闋卥סך埉徙朮鮐ס
坎מ⟛䭥免ꪨ笴 35  նג׿׼锶ֿؠ٭مמ⮔
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図 20. 複数の尿画分に対する cladeⅠの V1R2 受容体のリガンド応答 

(A) סغشٛؠب㹽31[ت؛], #[ت؛]34800 µL ס LC-MS/MS 闋卥㎫ 19Aס m/z = 151.04

3HPAA 瞏מ㸐䗎ך䬂⮂ّٚءعُٞؠتُג׊┪嫘כյ⮔⺅ LC-MS ג׿׼䕑יז׻מ
氺⮔ 100 µL 潸䓜#31 䭥免ꪨ⟛ע㹽ס 5–12 ⮔յ12–19 ⮔յ26–33 ⮔յ33–40 ⮔յ#34 ע㹽ס 5–12

⮔յ12–19 ⮔յ26–33 ⮔յ33–40 סHaplochromis chilotes clade˻ג׊氺؅函궢⮔ך⮔ 2 虝
ISH ׾ֽׄמ V1R2箖苣ך╚ס c-fosסⰺ⻉ס啥نٚء稔嫘ն鏿俙ס氺⮔מ㸐غ٤؝ٛי׊䗎
瞩ֿ锶ג׿׼ն3HPAA 寊虝19.6ؠ٭م׾׿׈䞯◙כד ⮔յעׂ׊׵箋虝24.7 ⮔ע⟛䭥免
ꪨ 12–19 庋⻉յHMWס⮔氺⪡ע.նall frac׾׿ױ⻻מ⮔氺ס⮔ ג׿׈곐⮔יז׻מꮹ㜽؀ꇃע 3kD

նB3HPAA׌؅銨⮔氺ס┪♧ ㎫ؠ٭م׾׿׈䞯◙כד 20A 寊虝19.6ס ⮔յעׂ׊׵箋虝
24.7 ⮔ס LC-MS/MS HPAAג׊䕑⺅׼־ٛٚهؕٚכ┪嫘ٜعؠًت ס MS/MS ؠًت
 稔嫘նٜع
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図 21. 3HPAA に対するリガンド応答 

(A, B) 3HPAA箽懍䍲 10 µMמ剈궢غشٛؠبג׊Haplochromis sauvagei) ס OE ⮗曩ס V1R2

糽כ c-fosُذ٤ح؅ه٭ٞوٍٛס氠ַג 2 虝 ISH צ׻叉虝⦐Aյֽס V1R2箖苣ס
ך╚ c-fosסⰺ⻉ס啥نٚء3 ⠥糞յ1 ⠥糞䓜׽ג 5 ⮗曩Student ס t 嗱㴻(B)ն*p < 0.05 ն
ע٭فٜ٭آت 20 µmն 
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図 22. 4HPAA 誘導体に対するリガンド応答 

(A, B) 4HPAA ꏽꐦٜؼؘنب؞ٞغكة-ꏽꐦ2HPAAյ3,4ٜؼؘنب؞ٞغك-靕㸬糞2ס
34DHPAAյٌٓ٤ةز٤أꐦHGAյ4-ٜ٭ؿذؙٜؼؘنب؞ٞغك4HPEյ3-ؼؘن
٤ꐦVA箽懍ٛؼف٤ꐦ4HPPyAյلٜمٜؼؘنب؞ٞغك-٤ꐦ3PPAյ4؛مٞوٜ
䍲 10 µMמ剈궢غشٛؠبג׊Haplochromis sauvagei) ס OE ⮗曩ס V1R2糽כ c-fosُح
ג؅氠ַه٭ٞوٍٛסذ٤ 2 虝 ISH צ׻叉虝⦐Aյֽס V1R2箖苣ך╚ס c-fosסⰺ⻉ס
啥نٚء1 ⠥糞յ1 ⠥糞䓜׽ג 5 ⮗曩(B)նע٭فٜ٭آت 20 µmն  
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図 23．交配実験に選好性の違い検証 

A★ꏕ㵅닫氠寊垗ס埛䑑㎫ն3 ׿ב׿אמⶓ氺ס⺯յ䈱ׄ⮔מⶓ氺סח clade˻כ clade˼؛ס
עמⶓ氺ס╚؆Haplochromis sauvageiյ澵ت clade˻تْסH. sauvageiյעׂ׊׵ clade˼ס
H. sauvagei؅تْ 12֐10 ⶐ⪜ג׿նⶓ⮗עמ׽疮ֿ疾ַ׽ֽיյ澵؆╚סⶓ氺ֿتْס⴨ַ
؅氠ַ؅ت؛יꈷ׾ַיזםמֹ׻׾׀ךֿכ׆שն緽媧ֿ鉿ֿⷯכ׾׿؂䍏긖ס粵ס稔ٚعמ
俙氙ⷯ㎇סⷯג׊כ訒ײ氙כ㎇俙緽媧㎇俙ג׿ꏕ⣪鉿ⳛֿ鉿؂סնB, C┞ꅙ׾׿׈وش
俙؅ꈷ㟱䙎ס雄❿מ氠ַגնBclade˻סتْסꈷ㟱䙎նCclade˼סتْסꈷ㟱䙎ն 
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表 

表 1. プローブ作製に用いたプライマー 
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表 2.  c-fos アッセイのまとめ（第 2 章） 
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表 3.  c-fos アッセイの検定（第 2 章） 
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表 4. c-fos アッセイのまとめ（第 3 章） 
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表 5. c-fos アッセイの検定（第 3 章） 
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表 6. LC-MS/MS 解析のまとめ 
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表 7. V1R2 のリガンド選択性のまとめ 
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