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1. Summary1. Summary1. Summary1. Summary    

 

 ┿᰾⣽⬊ࡣ࡟⏕య⭷࡛ᵓᡂࡓࢀࡉከᵝ࡞⣽⬊ෆᑠჾᐁࡀᏑᅾࡢࡽࢀࡑࠊࡋ㛫࡛ࡣ⭷㍺㏦ࡼ࡟

࣮ࢯࢻ࢚ࣥ࡜㸦TGN: trans-Golgi network㸧⥙ࢪࣝࢦࢫࣥࣛࢺࠋࡿ࠸࡚ࢀࢃ⾜ࡀ㉁㍺㏦≀࡚ࡗ

ࡿ࠸࡚ࢀࢃ⾜ࡀ㸧ࢡࢵ࢕ࣇࣛࢺࣥࣞࣈ㏦㸦࣓ࣥ㍺ື⭷ࡓࡋ௓ࢆ⬊そᑠ⿕ࣥࣜࢫࣛࢡࡣ㛫࡛ࡢ࣒

ࡣ࡟ᑠ⬊ᙧᡂࡢࡑࠊࡀ AP-1」ྜయ࡜ GGA⺮ⓑ㉁ࡀ㛵୚ࠋࡿ࠸࡚ࢀࡽ▱ࡀ࡜ࡇࡿࡍ 

 AP-1」ྜయࡿ࠶࡛ࢺࢵࢽࣘࣈࢧࡢ γ1ࡢࣥࢳࣉࢲ࢔ ear࢖࣓ࢻ 㸦ࣥγ1-earࣥ࢖࣓ࢻ㸧ࠊ࡜GGA

⺮ⓑ㉁ࡢ GAEࠊࡣࣥ࢖࣓ࢻγ-synerginࠊRabaptin-5ࠊp56ࣥࣜࢫࣛࢡࡢ࡝࡞⿕そᑠ⬊࡟ᵝ࡞ࠎ

ᶵ⬟ࢆ௜ຍ࣮ࣜࢧࢭࢡ࢔ࡿࡍ⺮ⓑ㉁⩌࡜┦஫స⏝ࠋࡿࡍγ1-ear࡜ࣥ࢖࣓ࢻ GAEࡣ࡟ࣥ࢖࣓ࢻ㧗

࡜㓟ṧᇶ㸧ࣀ࣑࢔␯Ỉᛶࡣxxφ㸦φ[W/F]ࡢⓑ㉁୰⺮࣮ࣜࢧࢭࢡ࢔ࡶࡽࡕ࡝ࠊࡾ࠶ࡀ㓄ิ┦ྠᛶ࠸

ࡿࡍᑐ࡟ⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࠊࡣ࡟㛫ࡢࡽࢀࡇࠊࡽࡀ࡞ࡋ࠿ࡋࠋࡿࡍㄆ㆑ࢆࣇ࣮ࢳ㓄ิࣔ࠺࠸

ぶ࿴ᛶࡢ㐪ࠊࡽ࠿࡜ࡇࡿࢀࡽࡳࡶ࠸[W/F]xxφࡢㄆ㆑ࣔࣇ࣮ࢳ௨እ࣮ࣜࢧࢭࢡ࢔ࠊࡢ⺮ⓑ㉁ࡢㄆ

㆑ᶵᵓࡀᏑᅾࡿࡍ஦ࡀண᝿ࠋࡓࢀࡉγ1-earࡧࡼ࠾ࣥ࢖࣓ࢻ GAE࣮ࣜࢧࢭࢡ࢔࡜ࣥ࢖࣓ࢻ⺮ⓑ㉁

⏤᮶࣌ࡢ࡜ࢻࢳࣉ」ྜయࡢ❧యᵓ㐀ࡢẚ㍑ࠊࡽ࠿⏕యෆ࡛ γ1-ear࡟ࣥ࢖࣓ࢻ≉␗ⓗࡿࡍྜ⤖࡟ 

γ-synergin࡛ࠊࡣㄆ㆑ࣔࡽ࠿ࣇ࣮ࢳ Cᮎ➃᪉ྥ࡟㸱ṧᇶ㞳ࡓࢀ Phe㸦+6㸧ࠊࡀγ1-earࣥ࢖࣓ࢻ

ࡢ Ser764 γ1-ear ࡢࡇࠊ࡚ࡋࡑࠋࡓࢀࡉ㏆ᖺぢฟࡀ࡜ࡇࡿ࠸࡚ࡋ⏝஫స┦࡜ศᏊ⾲㠃ࡿసࡀ ࢻ

ࡢࣥ࢖࣓ Ser764 GGAࠊࡣ㓟ṧᇶࣀ࣑࢔ࡿࡍయᵓ㐀ୖヱᙜ❧࡜ ࡢ඲࡚࣮࣑ࣜ࢓ࣇ GAE ࢖࣓ࢻ

࡚࠸࠾࡟ࣥ Pro࡟⨨᥮ࡓ࠸࡚ࢀࡉ㸦GGA1-GAEࡣ࡚࠸࠾࡟ Pro574㸧ࠋ 
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γ1-ear ࡢ᮶⏤ࢺࣄࠊࡣ⚾࡛ࡇࡑ  ࡜ࣥ࢖࣓ࢻ GAE ศᏊࡢⓑ㉁ㄆ㆑⺮࣮ࣜࢧࢭࢡ࢔ࡢࣥ࢖࣓ࢻ

ᶵᵓࠊ࡟ࡵࡓࡿࡍ࡟࠿ࡽ᫂ࢆγ1-earࡢࣥ࢖࣓ࢻ GAEᆺࡢ S764Pኚ␗య࡜ γ-synergin࣌ࢻࢳࣉ

ࡧࡼ࠾ࠊయྜ「ࡢ࡜ GGA1-GAE γ1-ear ࡢࣥ࢖࣓ࢻ ᆺࡢ P574S ኚ␗య࡜ p56࣌ࡢ࡜ࢻࢳࣉ」

ྜయࡢࢀࡒࢀࡑࠊ࡚࠸ࡘ࡟㹖⥺⤖ᬗᵓ㐀ࢆỴᐃࡋ㔝⏕ᆺࡢᵓ㐀ࡢ࡜ẚ㍑ࠋࡓࡗ⾜ࢆ๓⪅࠸࠾࡟

ࡢࣥ࢖࣓ࢻγ1-earࠊࡣ࡚ S764Pኚ␗ࡾࡼ࡟ γ-synergin ࡢࢻࢳࣉ࣌ Phe㸦+6㸧ࡀ❧య㞀ᐖࢆ㉳

࿘㎶࡛ γ-synerginࡢPhe㸦+6㸧ࠊࡋࡇ γ1-ear ࡀࢻࢳࣉ࣌ ࠊ࡚ࡗࡼ࡟࡜ࡇࡿࢀ㞳ࡽ࠿ࣥ࢖࣓ࢻ

㔝⏕ᆺ࡛ࡣᏑᅾࡓ࠸࡚ࡋỈศᏊࢆ௓ࡿࡍỈ⣲⤖ྜࡀࢡ࣮࣡ࢺࢵࢿኻࠊࡾࡼ࡟ࢀࡇࠋࡓ࠸࡚ࢀࢃ

γ1-ear ࣥ࢖࣓ࢻ S764P ኚ␗య࡜ γ-synergin ࠾࡟⪅ᚋࠋࡓࢀࡉ ணࡀ࡜ࡇࡿࡍపୗࡀぶ࿴ᛶࡢ

GGA1-GAEࠊࡣ࡚࠸ ࡢࣥ࢖࣓ࢻ P574S ኚ␗ࡣ኱࡞ࡁᵓ㐀ኚ໬ࢆᘬࡁ㉳ࠊࡎࡉࡇ㔝⏕ᆺྠ࡜ᵝ

ࠊ࣌ࡽ࠿࡜ࡇࡓࡗ࠶యᵓ㐀࡛❧ࡢ  ࠋࡓࢀࡉ၀♧ࡀᏑᅾࡢᶵᵓࡢูࡣ࡜ࡢࡿࡅ࠾࡟6㒊఩+ࡢࢻࢳࣉ

 ୍᪉ࠊγ1-ear࡜ࣥ࢖࣓ࢻ GGA1-GAEࡢࢀࡒࢀࡑࡢࣥ࢖࣓ࢻ㔝⏕ᆺ࡜ኚ␗యࡽࢀࡑࠊ࡚࠸ࡘ࡟

࣓ࢻγ1-ear ࠊࢁࡇ࡜ࡓࡋᐃ ࡚࠸⏝ࢆඹ㬆ࣥࣔࢬࣛࣉ㠃⾲ࢆぶ࿴ᛶࡢ࡬ⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡢ

ࡢࣥ࢖ Ser764ࡧࡼ࠾ GGA1-GAE ࡢࣥ࢖࣓ࢻ Pro574࣮ࣜࢧࢭࢡ࢔ࡧࡼ࠾ࠊ⺮ⓑ㉁ࡣ࡚࠸࠾࡟

Phe㸦+6㸧ࢀࡒࢀࡑࠊࡀぶ࿴ᛶ࡟㔜せ࡛ࡀ࡜ࡇࡿ࠶ศࠋࡓࡗ࠿௨ୖࡢ⤖ᯝࠊࡽ࠿[W/F]xxφࡢㄆ

㆑ࣔࡶࡾࡼࣇ࣮ࢳ Cᮎ➃᪉ྥ࡟㸱ṧᇶ㞳ࡓࢀ Phe㸦+6㸧ࡀ AP-1」ྜయ࡜ GGA⺮ⓑ㉁ࢭࢡ࢔ࡢ

ࡁ࡛ࡀ࡜ࡇࡿࡍ࡟࠿ࡽ᫂ࢆศᏊᶵᵓࡢࡑࠊࡋ♧ࢆ஦ࡿ࠸࡚ࡗࢃ㛵࡟㑅ᢥ≉␗ᛶࡢⓑ㉁⺮࣮ࣜࢧ

 ࠋࡓ
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2. Introduction2. Introduction2. Introduction2. Introduction 

    

2.1. 2.1. 2.1. 2.1. ⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁ࡢࡢࡢࡢᒁᅾᒁᅾᒁᅾᒁᅾࡢࡑࡢࡑࡢࡑࡢࡑ࡜࡜࡜࡜㍺㏦㍺㏦㍺㏦㍺㏦࣒ࢸࢫࢩ࣒ࢸࢫࢩ࣒ࢸࢫࢩ࣒ࢸࢫࢩ    

 ┿᰾⏕≀ࡢ⣽⬊ෆࡣ࡟⬡㉁஧㔜ᒙ࡛ᅖࡓࢀࡲᵝ࡞ࠎ⣽⬊ෆᑠჾᐁࡀᏑᅾࡢࡽࢀࡑࠋࡿ࠸࡚ࡋ

⣽⬊ෆᑠჾᐁࡣ≉ᐃࡢ⺮ⓑ㉁ࡀᒁᅾ࡛࡜ࡇࡿࡍṇᖖ࡞ᶵ⬟ࢆ⥔ᣢࠋࡿ࠸࡚ࡋ⣽⬊ෆᑠჾᐁࡢ࡬

ṇ࠸ࡋ⺮ⓑ㉁ࡢᒁᅾࢆ⥔ᣢࡽࢀࡑࠊ࡟ࡵࡓࡿࡍ⣽⬊ෆᑠჾᐁࡢ㛫࡛ࡎ࠼⤯ࡣṇ☜࡞⺮ⓑ㉁ࡢ⭷

ື㍺㏦㸦࣓ࣥࢡࢵ࢕ࣇࣛࢺࣥࣞࣈ㸧ࡿ࠸࡚ࢀࢃ⾜ࡀ㸦Bonifacino et al., 2004㸧ࣞࣈ࣓ࣥࠊࡓࡲࠋ

ࡿࡍ༠ാ࡜࣒࣮ࢯࢯࣜࠊࡃ࡞ࡣ࡛ࡅࡔ㏦㍺ࡢ㉁≀ࡢ㛫ࡢ⣽⬊ෆᑠჾᐁࡣ⬟ᶵࡢࢡࢵ࢕ࣇࣛࢺࣥ

ࢻ࢚ࣥ࠺⾜ࢆࡳ㎸ࡾྲྀࡢ⣽⬊እ≀㉁ࠊࡸ࣮ࢪ࢓ࣇࢺ࣮࢜࠺⾜ࢆศゎࡢⓑ㉁⺮࡟㠀㑅ᢥⓗ࡛࡜ࡇ

 ࠋࡿ࠸࡚ࡗࢃ㛵࡟ᐦ᥋ࡶ࡜࡝࡞ศἪࡢ࡬⣽⬊እࡓࡋ௓ࢆศἪ㢛⢏ࡸ⬊ศἪᑠࠊࢫࢩ࣮ࢺ࢖ࢧ

 ᰾࡟࣒࣮ࢯࢩ࢟࢜ࣝ࣌ࠊ࢔ࣜࢻࣥࢥࢺ࣑ࡸᒁᅾࡿࡍ⺮ⓑ㉁ࠊࡣ⏕ྜᡂࡢ㝿ࣝࢼࢢࢩࡢ㓄ิ࡟

Ỵᐃ࡚ࡗࡼ࡟㓄ิࣝࢼࢢࢩࡢࡇࠋ㸦Mattaj et al., 1998㸧ࡿࢀࡉ㏦㍺ࢀࡉỴᐃࡀⓗᆅ┠ࠊ࡚ࡗࡼ

ࡉ㏦㍺࡟⣽⬊ෆᑠჾᐁࡢ➼⭷⬊⣽ࠊ࣒࣮ࢯࢯࣜࡸ࣒࣮ࢯࢻ࢚ࣥࠊ࡚ࡋᑐ࡟㏦㍺ࡢⓑ㉁⺮ࡿࢀࡉ

ࡓᑠ⬊య㸦ER: endoplasmic reticulum㸧࡛᪂ࠊࡣⓑ㉁⺮ࡿࢀࡉศἪ࡟⣽⬊እࡧࡼ࠾ⓑ㉁⺮ࡿࢀ

ERࠊ࡟ᚋࡓࢀࡉᡂྜ⏕࡟ ࡿࡍᏑᅾ࡟ ERES㸦ER exit sites㸧࡜࿧ࡿࢀࡤ㡿ᇦࠊࡽ࠿ERGIC

㸦ER-Golgi intermediate compartment㸧࣭ ࡚⤒ࢆయࢪࣝࢦ TGN㸦trans-Golgi network㸧࡜࡬

㍺㏦࡚ࡋࡑࠋࡿࢀࡉ TGN᭱ࡽ࠿⤊┠ⓗᆅ࡛ࠊ࣒࣮ࢯࢯࣜࡸ࣒࣮ࢯࢻ࢚ࣥࡿ࠶⣽⬊⭷࡜࡬ᑠ⬊㍺

㏦࡜࿧ࡿࢀࡤᶵᵓࡾࡼ࡟㍺㏦ࡿࢀࡉ㸦Bonifacino et al., 2004㸧㸦ᅗ 2-1㸧ࠋ 
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 ᑠ⬊㍺㏦ࡣ㍺㏦ᑠ⬊࡜࿧ࡿࢀࡤ┤ᚄ 50-100 nmࡢᑠ࡞ࡉᑠ⬊ࢆ௓ࡓࡋ⣽⬊ෆࡿࡅ࠾࡟≀㉁㍺

㏦ᶵᵓ࡛ࠊ㍺㏦ඖࡢ⣽⬊ෆᑠჾᐁࡳ✚ࡽ࠿Ⲵ⺮ⓑ㉁ࢆ㑅ᢥⓗࡾྲྀ࡟㎸ࡔࢇ㒊ศࡿࢀࡧࡃࡀ⭷ࡢ

ࡇࡿࡍྜ⼥⭷ࡋື⛣࡛ࡲ⣽⬊ෆᑠჾᐁࡢ㏦ඛ㍺ࡀࢀࡇࠋࡿࡍᙧᡂࢆ⬊㏦ᑠ㍺ࡋⓎⱆ࡚ࡋ࡟࠺ࡼ

ࢥࡣ࡟㝿ࡿࡍฟⱆࢀࡉᙧᡂࡀ⬊㏦ᑠ㍺ࡽࢀࡇࠋࡿ࠸࡚ࡋ㏦㍺ࢆᡂศ⭷࡜≀ෆᐜࡢ⬊㏦ᑠ㍺࡛࡜

ࡣ⬊㏦ᑠ㍺ࠊࡾࡼ࡟㢮✀ࡢⓑ㉁⺮ࢺ࣮ࢥࡢࡇࠋࡿࢀࡉそ⿕࡚ࡗࡼ࡟ⓑ㉁⺮ࢺ࣮ COP㸦coat 

protein㸧I⿕そᑠ⬊ࠊCOPII⿕そᑠ⬊ࣥࣜࢫࣛࢡࠊ⿕そᑠ⬊ࡢ 3✀㢮࡟ศ㢮ࡿࢀࡉ㸦Kirchhausen, 

2000㸧㸦ᅗ 2-1㸧ࠋERࡽ࠿ ERGIC࣭ ࡀⓑ㉁⺮ࢺ࣮ࢥࡿࡍ㛵୚࡟㏦㍺ࡢ㡰᪉ྥࡢ࡬యࢪࣝࢦ COPII

ࡧཬࠊ㏦㍺ࡢ㛫ࡢయࢪࣝࢦࠊ᪉୍ࠋ㸦Springer et al., 1998㸧ࡿ࠶࡛ ERGIC࣭ࢪࣝࢦయࡽ࠿ ER

ࡀⓑ㉁⺮ࢺ࣮ࢥࡿࡍ㛵୚࡟㏦㍺ࡢ㏫᪉ྥࡢ࡬ COPI࡛ࡿ࠶㸦Barlow et al., 1994; Letourneur et 

al., 1994㸧ࠊ࡚ࡋࡑࠋTGN௨㝆ࡢ㍺㏦⺮ⓑ㉁᭱ࡢ⤊┠ⓗᆅ࡛ࠊ࣒࣮ࢯࢯࣜࡸ࣒࣮ࢯࢻ࢚ࣥࡿ࠶⣽

ࢫࣛࢡࡢࡇࠋ㸦Doray et al., 2001㸧ࡿ࠸࡚ࢀࢃ⾜࡚ࡋ௓ࢆ⬊そᑠ⿕ࣥࣜࢫࣛࢡࡣ㏦㍺ࡢ㛫ࡢ⭷⬊

ࣜࣥ⿕そᑠ⬊ࣥࣜࢫࣛࢡࡢ⿕そࡢᙧᡂࡳ✚࡜Ⲵ⺮ⓑ㉁ࡢ㑅ᢥࡾྲྀࡸ㎸ࣥࣜࢫࣛࢡࠊࡳ⿕そᑠ⬊

 :ⓑ㉁㸦AP⺮࣮ࢱࣉࢲ࢔ࡣࡳ㎸ࡾྲྀࡸ㑅ᢥࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡿࡍ௜ຍࢆ⬟ᶵ࡞ࡲࡊࡲࡉ࡟

adaptor protein㸧」ྜయࡣࡓࡲ GGA㸦Golgi-localizing, γ-adaptin ear homology domain, 

ARF-binding㸧⺮ⓑ㉁࡚ࡗࡼ࡟ไᚚࡿ࠸࡚ࢀࡉ㸦ᅗ 2-2㸧ࠋ 



 10 

 
ᅗᅗᅗᅗ 2222----1111    ⣽⬊ෆ㍺㏦⣽⬊ෆ㍺㏦⣽⬊ෆ㍺㏦⣽⬊ෆ㍺㏦ࡢࡢࡢࡢᶍᘧᅗᶍᘧᅗᶍᘧᅗᶍᘧᅗ    

 

䛣䛾ᅗ䛿 ER 䛛䜙䛾⣽⬊ෆ㍺㏦䛾ᵝᏊ䜢ᶍᘧⓗ䛻♧䛧䛯䜒䛾䛷䛒䜛䚹㍺㏦䛾⤒㊰䛿▮༳䛷䛭䛾᪉ྥ䜢♧䛧

䛶䛔䜛䚹㍺㏦ᑠ⬊䛿䛭䜜䛮䜜䚸COPI䠄䜸䝺䞁䝆䠅䚸COPII䠄㟷䠅䚸䜽䝷䝇䝸䞁䠄㯤䠅䛾Ⰽ䛷䛭䜜䜙䛾ᒁᅾ఩⨨䜢♧

䛧䛶䛔䜛䚹䛣䛾ᅗ䛿 Bonifacino et al., 2004 䛛䜙㌿㍕䛧䛯䚹 
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ᅗᅗᅗᅗ 2222----2222    APAPAPAP----1111」ྜయ」ྜయ」ྜయ」ྜయࣥࣜࢫࣛࢡࣥࣜࢫࣛࢡࣥࣜࢫࣛࢡࣥࣜࢫࣛࢡࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟⿕そᑠ⬊⿕そᑠ⬊⿕そᑠ⬊⿕そᑠ⬊ࡢࡢࡢࡢไᚚไᚚไᚚไᚚ    

 

䜎䛪䚸TGN ⭷ୖ䛾 GEF䠄guanine nucleotide exchange factor䠅䛻䜘䜚䚸ARF-GDP 䛜 ARF-GTP 䛻ኚ᥮䛥䜜䜛䚹

䛭䛾ᚋ䚸䐟AP-1 」ྜయ䛿✚䜏Ⲵ⺮ⓑ㉁䛾㑅ู䝅䜾䝘䝹䠄sorting signal䠅䜢ㄆ㆑䛧䚸䜽䝷䝇䝸䞁⿕そᑠ⬊䛾⤌

❧䛶䜢㛤ጞ䛩䜛䠄Initiation䠅䚹䐠✚䜏Ⲵ⺮ⓑ㉁䛜㞟䜑䚸⃰⦰䛥䜜⭷䛾‴᭤䛜ቑ኱䛧䚸䜽䝷䝇䝸䞁⿕そᑠ⬊䛜

ฟⱆ䛩䜛䠄Budding䠅䚹䐡ARF 䛾㠀άᛶ໬䜔 Uncoating 㓝⣲䛾స⏝䛺䛹䛻䜘䜚ᑠ⬊䛛䜙䜽䝷䝇䝸䞁⿕そ䛜እ䜜

䜛䠄Uncoating䠅䚹䐢᭱⤊ⓗ䛻┠ⓗ䛾⭷䛸⼥ྜ䛩䜛䠄Fusion䠅䛣䛸䛻䜘䛳䛶䚸✚䜏Ⲵ⺮ⓑ㉁䛜㍺㏦䛥䜜䜛䚹䛣䛾

ᅗ䛿 Yamada 2004 䛛䜙㌿㍕䛧䛯䚹 
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2.2. AP2.2. AP2.2. AP2.2. AP」ྜయ」ྜయ」ྜయ」ྜయ࡜࡜࡜࡜ GGAGGAGGAGGA⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁    

 AP」ྜయ࡜ࣥࢳࣉࢲ࢔ࠊࡣ࿧ࡿࢀࡤ኱ࢺࢵࢽࣘࣈࢧ࡞ࡁ ࣈࢧࡢ୰ᑠࠊ࡜γ㸧 ࡧࡼ࠾ 㸦βࡘ2

ࢺࢵࢽࣘ ィྜࡢµ㸧 ࡧࡼ࠾ 㸦σࡘࡎࡘ1 ࡿ࠶ᅄ㔞య࡛ࣟࢸ࣊ࡿࢀࡉᵓᡂࡽ࠿ࢺࢵࢽࣘࣈࢧࡢࡘ4

㸦ᅗ 2-3A㸧㸦Hirst and Robinson, 1998㸧ࡢࡇࠋ AP」ྜయࡣ AP-1ࡽ࠿ AP-4࣮࣑ࣜ࢓ࣇࡢ࡛ࡲ

ࡏࢃྜࡳ⤌ࡢࢺࢵࢽࣘࣈࢧࡿ࡞␗㛫࡛ࡢ⣽⬊ෆᑠჾᐁࡿ࡞␗ࡀࢀࡒࢀࡑࡢࡑࠊࡾ࠾࡚ࡋᙧᡂࢆ

࡟ࡽࡉࠋ㸦Ohno, 2006㸧ࡿ࠸࡚ࡋ㛵୚࡟㏦㍺ࡢⲴ⺮ⓑ㉁ࡳ✚ࡿ࡞␗࡚ࡋᙧᡂࢆᅄ㔞యࣟࢸ࣊ࡢ

AP-1」ྜయࡣ࡟ AP-1A」ྜయ࡜ AP-1B」ྜయࡢ 「AP-1Aࠋࡿ࠸࡚ࡋᏑᅾࡀࢺࢵࢭࣈࢧࡢࡘ2

ྜయࡽ࠿࣒࣮ࢯࢻ࢚ࣥࡣ TGN AP-1Bࠊ࡟㏦㍺ࡢ࡬ 」ྜయࡣᑠ⭠ୖ⓶ࡢ࡝࡞ᴟᛶ⣽⬊࡚࠸࠾࡟

TGN࡜ഃᇶᗏ⭷㸦basolateral membrane㸧ࡢ࡜㛫ࡢ㍺㏦࡟㛵୚ࡿ࠸࡚ࡋ㸦Sugimoto et al., 2002㸧ࠋ

AP-1A」ྜయ࡜ AP-1B」ྜయࡣ㸲ࡕ࠺ࡢࢺࢵࢽࣘࣈࢧࡢࡘ σ1㸧 ࡜γ1ࠊ㸦β1ࢺࢵࢽࣘࣈࢧࡢࡘ3

µ1A ࢺࢵࢽࣘࣈࢧࡢࡘ㸯ࡾṧࠊࡾ࠶ඹ㏻࡛ࡣ µ1B ࡜ AP-1Aࠊࡾࡼ࡟࠸㐪ࡢ 」ྜయ࡜ AP-1B

」ྜయࡢ㸰࡟ࢺࢵࢭࣈࢧࡢࡘศࡿ࠸࡚ࢀ࠿㸦Fölsch et al., 1999㸧ࠋ 

    AP-1 」ྜయࡢ γ1 ࡘᣢࡀࣥࢳࣉࢲ࢔ N ᮎ➃ࢻࢵ࣊ࡢ㸦Head㸧ࡣࣥ࢖࣓ࢻ㍺㏦ᑠ⬊ࡢᙧᡂ㛤

ጞ࡚ࡋ࡜ࣝࢼࢢࢩാࡃάᛶᆺࡢ ARF࡜┦஫స⏝ࡿࡍ㸦Austin et al., 2000㸧ࠋµ1ࢺࢵࢽࣘࣈࢧ

ྜ「AP-1ࠋ㸦Rodionov et al., 1998; Storch et al., 2001㸧ࡿ࠸࡚ࡋ㛵୚࡟ㄆ㆑ࡢⲴ⺮ⓑ㉁ࡳ✚ࡣ

యࠊࡣβ1 γ1 ࡜ࣥࢳࣉࢲ࢔ ࡿ࠸࡚ࡋᏑᅾ࡟㡿ᇦࢪࣥࣄࡢࣥࢳࣉࢲ࢔ L(L/I)(D/E/N)(L/F)(D/E)㓄

 ;㸦Gallusser et al., 1993ࡿ࠸࡚ࡋྜ⤖࡜ࣥࣜࢫࣛࢡࠊ࡚ࡋ௓ࢆࣇ࣮ࢳࣔࢫࢡࢵ࣎ࣥࣜࢫࣛࢡࡢิ

Doray et al., 2001㸧ࠋγ1-ear࡜࿧ࡿࢀࡤ γ1ࡢࣥࢳࣉࢲ࢔ Cᮎ➃ࣥࣜࢫࣛࢡࠊࡣࣥ࢖࣓ࢻࡢ⿕そ
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ᑠ⬊࡞ࡲࡊࡲࡉ࡟ᶵ⬟ࢆ௜ຍ࣮ࣜࢧࢭࢡ࢔ࡿࡍ⺮ⓑ㉁⩌㸦γ-synergin ࡿࡍ⏝஫స┦࡜㸧࡝࡞

㸦Page et al., 1999㸧ࠋ 

 ୍᪉ࣥࣜࢫࣛࢡࠊ⿕そᑠ⬊ࡢᙧᡂࡳ✚࡜Ⲵ⺮ⓑ㉁ࡢ㑅ᢥࡾྲྀࡸ㎸ࣥࣜࢫࣛࢡࠊࡧࡼ࠾ࠊࡳ⿕

そᑠ⬊࡞ࡲࡊࡲࡉ࡟ᶵ⬟ࢆ௜ຍ࣮ࣜࢧࢭࢡ࢔ࡿࡍ⺮ⓑ㉁ࡢ㑅ᢥࡾྲྀࡸ㎸ࠊ➼ࡳAP」ྜయྠ࡜ᵝ

ࡿ࠸࡚ࡗ⾜ࢆࡁാࡢ GGA⺮ⓑ㉁ࠊ࣊ࡣ ࡿ࠸࡚ࡋ⬟ᅄ㔞య࡛ᶵࣟࢸ AP」ྜయࡾ࡞␗࡜༢㔞య࡛

ᶵ⬟ࡿ࠸࡚ࡋ㸦Boman et al., 2000, Hirst et al., 2000, Pousse et al., 2000, Takatsu et al., 

2000 㸧࡯ࠋங㢮࡛ࡣ GGA1ࡽ࠿ GGA3ࡢ࡛ࡲ 3✀㢮࡛ࢆ࣮࣑ࣜ࢓ࣇᙧᡂࠋࡿ࠸࡚ࡋGGAࡣඹ

㏻ࣥ࢖࣓ࢻࡓࡋᵓ㐀ࢆಖᣢࠊࡾ࠾࡚ࡋN ᮎ➃ࡽ࠿ VHS㸦Vps27p/Hrs/STAM㸧ࠊࣥ࢖࣓ࢻGAT

㸦GGA and Tom1㸧ࢪࣥࣄࠊࣥ࢖࣓ࢻ㡿ᇦࠊGAE㸦 γ-adaptin ear㸧ࡢࣥ࢖࣓ࢻ ࠿㡿ᇦࡢࡘ4

㸦ᅗࡿ࠸࡚ࢀࡉᵓᡂࡽ 2-3B㸧ࠋ 

 AP-1」ྜయࡢ➼ྠ࡜ᶵ⬟ࢆᣢࡿ࠸࡚ࡗGGA⺮ⓑ㉁ࡢࡑࠊࡣVHS࡛ࣥ࢖࣓ࢻMPR㸦mannose 

6-phosphate receptors㸧ࡢ࡝࡞㍺㏦⺮ⓑ㉁ཷᐜయࠊࡋྜ⤖࡜AP-1」ྜయࡢ µ1࡜ࢺࢵࢽࣘࣈࢧ

ྠᵝࡳ✚ࠊ࡟Ⲵ⺮ⓑ㉁ࡢㄆ㆑࡟㛵୚ࡿ࠸࡚ࡋ㸦Puertollano et al., 2001㸧ࡓࡲࠋ GATࠊࡣࣥ࢖࣓ࢻ

AP-1」ྜయࡢ γ1ྠ࡜ࣥ࢖࣓ࢻࢻࢵ࣊ࡢࣥࢳࣉࢲ࢔ᵝࠊ࡟ARF࡜┦஫స⏝ࡢ࡬⭷࡛࡜ࡇࡿࡍ⤖

㡿ࢪࣥࣄࠋ㸦Boman et al., 2000; Takatsu et al., 2002㸧ࡿ࠸࡚ࡋไᚚࢆᙧᡂࡢ⬊㏦ᑠ㍺ࡋ௓ࢆྜ

ᇦࠊࡣAP-1 」ྜయࡢ β1 γ1 ࡸࣥࢳࣉࢲ࢔ ࡢ࡬ࣥࣜࢫࣛࢡࠊ࡟ᵝྠ࡜㡿ᇦࢪࣥࣄࡢࣥࢳࣉࢲ࢔

࡟ᵝྠ࡜ࣥ࢖࣓ࢻγ1-earࠊࡣࣥ࢖࣓ࢻGAEࠊ࡚ࡋࡑࠋ㸦Mullin et al., 2001㸧ࡿ࠸࡚ࡗ⾜ࢆྜ⤖

ࠊࡋㄆ㆑ࢆࣇ࣮ࢳ㓄ิࣔࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡿࡏࡉ௜ຍࢆ⬟ᶵ࡞ࠎᵝ࡟⬊そᑠ⿕ࣥࣜࢫࣛࢡ
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ࢭࢡ࢔ࡽࢀࡇࠋ㸦Mattera et al., 2003㸧ࡿ࠸࡚ࡗ⾜ࢆࡳ㎸ࡾྲྀࡢ࡬⬊そᑠ⿕ࣥࣜࢫࣛࢡࡢࡽࢀࡑ

γ1-ear ࡣⓑ㉁⺮࣮ࣜࢧ ࡸࣥ࢖࣓ࢻ GAE ࡔࡿ࠸࡚ࡗᣢࢆࣇ࣮ࢳ㓄ิࣔࡿࡍ⏝஫స┦࡜ࣥ࢖࣓ࢻ

γ-synergin ࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࠋࡿ࠸࡚ࡋ㛵୚࡟⏝஫స┦ࡢ࡜ⓑ㉁⺮ࡢᩘ「ࡢ௚ࠊࡃ࡞ࡣ࡛ࡅ

ࡣ aftiphilinࡸ p200࡜㸦Hirst et al., 2005㸧ࠊRabaptin-5ࡣ Rabex-5࡜┦஫స⏝ࡿࡍ㸦Lippé et 

al., 2001㸧ࡽࢀࡇࠋ γ1-earࡸࣥ࢖࣓ࢻ GAEࣥ࢖࣓ࢻ௨እࡢ⺮ⓑ㉁ࡢ࡜┦஫స⏝ࣥࣜࢫࣛࢡࡀ⿕

そᑠ⬊࡞ࡲࡊࡲࡉࡢ࡬ᶵ⬟௜ຍ࡟㛵୚࡜ࡿ࠸࡚ࡋᛮࡢࡽࢀࡑࠊࡀࡿࢀࢃヲ⣽࡞ᶵ⬟ࢬࢽ࣓࢝ࡢ

 ࠋ࠸࡞࠸࡚ࡗ࠿ศࡣ࣒

 γ1-ear࡜ࣥ࢖࣓ࢻ GAEࡣ࡟ࣥ࢖࣓ࢻ㧗ࣀ࣑࢔࠸㓟㓄ิࡢ┦ྠᛶࣜࢧࢭࢡ࢔ࡶࡽࡕ࡝ࠊࡾ࠶ࡀ

࣮⺮ⓑ㉁୰ࡢ[W/F]xxφ㸦φࡣ␯Ỉᛶࣀ࣑࢔ࡢ㓟ṧᇶ㸧࠺࠸࡜㓄ิࣔࢆࣇ࣮ࢳㄆ㆑ࢃ࠿࠿ࡶ࡟ࡿࡍ

 㸦Page et al., 1999; Mardonesࡘᣢࢆ࠸㐪࡟ᇶ㉁≉␗ᛶࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡣయෆ࡛⏕ࠊࡎࡽ

et al., 2007㸧ࠋ௨ᚋࠊᮏㄽᩥࡣ࡚࠸࠾࡟ [W/F]xxφࣔࡢࣇ࣮ࢳ[W/F]ࡢ㒊ศࣉ࣌ࠊࡋ࡜ ”0“ ࢆ

࡟⨨఩ࡢ 0 ࡣࣇ࣮ࢳxxφࣔ[W/F]ࠊࡕࢃ࡞ࡍࠋࡿࡍ࡜࡜ࡇࡿ࠼ᩘ࡟ୗὶ᪉ྥࢆ⨨ṧᇶ఩ࡢࢻࢳ

Trpࡣ࠸ࡿ࠶ Pheࡢ3+ࠊ఩⨨࡟␯Ỉᛶࣀ࣑࢔ࡢ㓟ṧᇶࢆᣢࡘ㓄ิ࡛ࠋࡿ࠶⣽⬊ෆ࡛ࣜࢧࢭࢡ࢔

࣮⺮ⓑ㉁ࡿ࠶࡛ࡘ୍ࡢ γ-synerginࡣ γ1ࡢ࡜ࣥࢳࣉࢲ࢔ඹᒁᅾࠊࡀࡍ♧ࢆGAEࡣ࡜ࣥ࢖࣓ࢻ♧

ࡿ࠶ⓑ㉁࡛⺮࣮ࣜࢧࢭࢡ࢔ࡢ⣽⬊ෆู࡛࡟ᵝྠࠊ᪉୍ࠋ㸦Page et al., 1999㸧࠸࡞ࡉ p56 ࠊࡣ

γ-synergin ࡟㏫ࡣ࡜ GAE γ1ࠊࡀࡍ♧ࢆ⏝஫స┦ࡢ࡜ࣥ࢖࣓ࢻ ࠸࡞ࡉ♧ࡣ࡜ࣥࢳࣉࢲ࢔

㸦Mardones et al., 2007㸧ࠊࡓࡲࠋin vitro࡛ࠊࡣγ-synerginࡣࢻࢳࣉ࣌ࡢ in vivoྠ࡜ᵝ࡟ γ1-rar

p56ࠊࡀࡍ♧ࢆぶ࿴ᛶ࠸ᙉ࡚ࡋᑐ࡟ࣥ࢖࣓ࢻ γ1-ear ࡣࢻࢳࣉ࣌ࡢ ࡜ࣥ࢖࣓ࢻ GAE ࡟ࣥ࢖࣓ࢻ
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ᑐࡿࡍぶ࿴ᛶྠࡀ⛬ᗘ࡛ࡀ࡜ࡇࡿ࠶ሗ࿌ࡿ࠸࡚ࢀࡉ㸦Collins et al., 2003㸧ࠋ 
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㸦A㸧      㸦B㸧 

 

ᅗᅗᅗᅗ 2222----3333    APAPAPAP----1111」ྜయ」ྜయ」ྜయ」ྜయ࡜࡜࡜࡜ GGAGGAGGAGGA⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁ࡢࡢࡢࡢᶍᘧᅗᶍᘧᅗᶍᘧᅗᶍᘧᅗ    

 

䠄A䠅AP-1 」ྜయ䛿䝦䝔䝻ᅄ㔞య䛷ᙧᡂ䛥䜜䛶䛚䜚䚸䜽䝷䝇䝸䞁⿕そᑠ⬊䛾ᙧᡂ䛸ไᚚ䛻㛵୚䛧䛶䛔䜛䚹γ1 䜰

䝎䝥䝏䞁䛾 N ᮎ➃䛿άᛶᆺ䛾 ARF䠄ARF-GTP䠅䛸䚸µ1 䝃䝤䝴䝙䝑䝖䛿✚䜏Ⲵ⺮ⓑ㉁䛸┦஫స⏝䛩䜛䚹β1 䜰

䝎䝥䝏䞁䛸 γ1 䜰䝎䝥䝏䞁䛾䝠䞁䝆㡿ᇦ䛿䜽䝷䝇䝸䞁䛸⤖ྜ䛧䚸γ1 䜰䝎䝥䝏䞁䛾 C ᮎ➃䠄γ1-ear 䝗䝯䜲䞁䠅䛿

ᵝ䚻䛺䜰䜽䝉䝃䝸䞊⺮ⓑ㉁䛸⤖ྜ䛩䜛䚹 

䠄B䠅GGA ⺮ⓑ㉁䛿 3 䛴䛾䝗䝯䜲䞁䛸䝣䝺䜻䝅䝤䝹䛺䝠䞁䝆㡿ᇦ䛷ᙧᡂ䛥䜜䛶䛚䜚䚸䜽䝷䝇䝸䞁⿕そᑠ⬊䛾ᙧᡂ

䛸ไᚚ䛻㛵୚䛧䛶䛔䜛䚹GAT 䝗䝯䜲䞁䛿άᛶᆺ䛾 ARF 䛸䚸VHS 䝗䝯䜲䞁䛿✚䜏Ⲵ⺮ⓑ㉁䛸┦஫స⏝䛩䜛䚹䝠䞁

䝆㡿ᇦ䛿䜽䝷䝇䝸䞁䛸⤖ྜ䛧䚸䛥䜙䛻 casein kinase II 䛻䜘䜛䝸䞁㓟໬䛻䜘䜚䚸VHS 䝗䝯䜲䞁䜢⮬ᕫ㜼ᐖ䛩䜛䚹

GAE 䝗䝯䜲䞁䛿 γ1-ear 䝗䝯䜲䞁䛾䝩䝰䝻䜾䛷䜰䜽䝉䝃䝸䞊⺮ⓑ㉁䛸⤖ྜ䛩䜛䚹 
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2.2.2.2.3333. . . . γγγγ1111----earearearear࡜࡜࡜࡜ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ GAEGAEGAEGAE࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁ࡢࡢࡢࡢㄆ㆑ㄆ㆑ㄆ㆑ㄆ㆑    

 γ1-ear ࡓࢀࡉᐃྠ࡟ึ࡚᭱ࡋ࡜ⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡢ  γ-synergin ࡣ 5 ࡢࡘ acidic 

phenylalanine motif㸦[D/E]FxxFࣔࣇ࣮ࢳ㸧ࢆᣢࡿ࠸࡚ࡗ㸦669-673ࠊ693-697ࠊ690-694ࠊ672-676ࠊ

775-779㸧㸦Page et al., 1999㸧ࠋᚋ㏙ࡢ γ1-earࡀࣥ࢖࣓ࢻᙧᡂࡿࡍ ࠊ࡟ࢺࢵࢣ␯Ỉᛶ࣏ࡢࡘ2

[D/E]FxxFࣔࣇ࣮ࢳ୰ࡢ ࡢࡘ2 Pheࡾࡲࡣࡀ㎸ࠊࡳγ-synerginࡢㄆ㆑ࡀ࡜ࡇࡿ࠸࡚ࢀࢃ⾜ࡀ X

⥺⤖ᬗᵓ㐀ゎᯒࡓࡗ࡞࡟࠿ࡽ᫂ࡾࡼ࡟㸦Yamada, 2004㸧ࡢࡇࠋ ࠺ࡢࣇ࣮ࢳFxxFࣔ[D/E]ࡢࡘ5

ࡕ ࡚ࡗ࠶ࡾ࡞㔜ࡣࡘ4 ࡢࡘ2 FxxFxxFࣇ࣮ࢳࣔࡢ㸦669-673࡜ 690-697㸧ࢆᙧᡂࡑࠊࡾ࠾࡚ࡋ

ࠊ࡜ࡿࡼ࡟ሗ࿌ࡢ࡛ࡲࢀࡇࠋࡿ࠶࡛⬟ྍࡶ࡜ࡇࡿ࠼⪄࡜ࡿ࠸࡚ࡋᏑᅾࡀPhe࡟⨨఩ࡢᯝ +6⤖ࡢ

γ1-earࡣࣥ࢖࣓ࢻ γ-synerginࡢ 687EQDDFFFFADFFFFMAFFFFSN699࡜ 772SDDDFFFFADFFFFHS781ࡢ 㡿ࡢࡘ2

ᇦࡶࡾࡼ 666LADDFFFFGEFFFFSLFFFFGE678 ⾲㸦ࡿ࠸࡚ࢀࡉ♧ࡀ࡜ࡇࡿࡍྜ⤖ࡃᙉࡾࡼ࡟㡿ᇦࡢ 2-1㸧

㸦Yamada, 2004㸧ࠋ 

࡟⨨఩ࡢ6+ ࡢγ-synergin ࡢࡇ  Pheࢆᣢࡘ FxxFxxFࣔ࡟ࣇ࣮ࢳ㢮ఝࡢ㓄ิࠊࡣ௚ࢭࢡ࢔ࡢ

ࡿ࠶ⓑ㉁࡛⺮࣮ࣜࢧ EpsinRࡶ࡟ぢฟࡀ࡜ࡇࡍฟ᮶ࠋࡿEpsinRࡣ࡟ ࡢࡘ3 Fxx[F/W]xxF㓄ิ

࡟୰ኸ㒊ࠊ୰࡛ࡢࡽࢀࡑࠊࡋᏑᅾࡀ Trp ࡘᣢࢆ 368GNGDFFFFGDWWWWSAFFFFNQ380 ࠊࡀ㡿ᇦࡢ

340SADLFFFFGGFFFFADFFFFGS352ཬࡧ 613KQDAFFFFANFFFFANFFFFSK625ࡘ2ࡢ㡿ᇦࡶࡾࡼγ1-earࡼ࡟ࣥ࢖࣓ࢻ

⾲㸦Yamada, 2004㸧㸦ࡿ࠸࡚ࢀࡉ♧ࡀ࡜ࡇࡿࡍྜ⤖ࡃᙉࡾ 2-1㸧ࠋ 

 Inoue ࡧࡼ࠾ Yamada γ-synerginࠊ࡜ࡿࡼ࡟ሗ࿌ࡢ ࢻࢳࣉ࣌ 666LADDFFFFGEFFFFSLFFFFGE678 ࡜

EpsinRࡢ 368GNGDFFFFGDWWWWSAFFFFNQ380ࡢ㡿ᇦ࡟ᑐࡿࡍ GGA1-GAEࡢࣥ࢖࣓ࢻぶ࿴ᛶࡣ γ1-ear
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ࡢRabaptin-5ࠊࡋ࠿ࡋࠋ㸦Inoue, 2004; Yamada, 2004㸧࠸ᙅࡶࡾࡼࣥ࢖࣓ࢻ 435DESDFFFFGPLLLLVG444

ࡿࡍᑐ࡟㡿ᇦࡢ GGA1-GAEࡢࣥ࢖࣓ࢻぶ࿴ᛶࠊࡣγ1-earྠ࡜ࣥ࢖࣓ࢻ⛬ᗘ࡛ࡓࡗ࠶㸦⾲ 2-1㸧

㸦Inoue, 2004; Yamada, 2004㸧ࠋ 

 γ1-ear 8ࠊࡣࣥ࢖࣓ࢻ ࡿ࡞ࡽ࠿ࢻࣥࣛࢺࢫβ ࡢࡘ 2 ᯛࡢ βࣥࣜࣈࣟࢢࣀ࣒࢖ࡿࡼ࡟ࢺ࣮ࢩᵝ

ᵓ㐀ࢆᙧᡂࡿ࠸࡚ࡋ㸦Nogi et al., 2002; Kent et al., 2002㸧ࠋγ1-earࡢࣥ࢖࣓ࢻ⾲㠃࡛ࠊࡣβ4࡜ 

β7ࡢ ࡢ࿘㎶ࢻࣥࣛࢺࢫβ ࡢࡘ2 Lys756ࠊArg793ࠊArg795ࠊLys797ࡢ㸲ࡢࡘሷᇶᛶࣀ࣑࢔㓟

ṧᇶࠊࡀഃ㙐ࣝ࢟ࣝ࢔ࡢ㙐㒊ศ࡚࠸⏝ࢆ኱࡞ࡁ␯Ỉᛶ㡿ᇦࢆᙧᡂࡢࡽࢀࡇࠋࡿ࠸࡚ࡋ 4 ࢔ࡢࡘ

ⓑ⺮࣮ࣜࢧࢭࢡ࢔ࠊࢁࡇ࡜ࡓࡋᑟධࢆK797Q㸧ࠊR795QࠊR793Qࠊኚ␗㸦K756Q࡬㓟ṧᇶࣀ࣑

㉁ γ-synergin ࡜ Rabaptin-5  ;㸦Nogi et al., 2002ࡓࡋపୗࡀຊ⬟ྜ⤖ࡢࣥ࢖࣓ࢻγ1-ear ࡢ࡬

Yamada et al., 2005㸧࣮ࣜࢧࢭࢡ࢔ࠊࡽ࠿࡜ࡇࡢࡇࠋ⺮ⓑ㉁ࡣ γ1-earࡢࣥ࢖࣓ࢻ␯Ỉᛶ㡿ᇦࢆ

௓࡚ࡋ┦஫స⏝ࠊ࡚ࡋࡑࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋγ1-ear࡜ γ-synergin࣌ࡢ࡜ࢻࢳࣉ」ྜయࡢ⤖

ᬗᵓ㐀࡛ࡢࡇࠊࡣ ࡟ࢺࢵࢣ␯Ỉᛶ࣏ࡢࡘ2 Phe㸦0㸧࡜ Phe㸦+3㸧ࡢഃ㙐ࡀධࡾ㎸ࡴ❧యᵓ㐀ࢆ

ᙧᡂࡓ࠸࡚ࡋ㸦Yamada et al., 2005㸧ࠊࡓࡲࠋGAEࡶࣥ࢖࣓ࢻ Ala563ࠊArg608ࠊArg609ࠊLys611

࡛ᙧᡂࡿࢀࡉ␯Ỉᛶ㡿ᇦࢆ௓࣮ࣜࢧࢭࢡ࢔࡚ࡋ⺮ⓑ㉁࡛ࡿ࠶ p56 ࡗ⾜ࢆ⏝஫స┦ࡢ࡜ࢻࢳࣉ࣌

 ࠋ㸦Collins et al., 2003㸧ࡓ࠸࡚

 γ1-ear࡜ࣥ࢖࣓ࢻ γ-synergin࣌ࡢ࡜ࢻࢳࣉ」ྜయࠊཬࡧ GAE࡜ࣥ࢖࣓ࢻ p56࣌ࡢ࡜ࢻࢳࣉ

」ྜయࡢ❧యᵓ㐀ࡣỴᐃࢀࡉሗ࿌ࡿ࠸࡚ࢀࡉ㸦Collins et al., 2003; Yamada et al., 2005㸧ࠋγ1-ear

ࠊࢁࡇ࡜ࡓࡋẚ㍑ࢆ㓟㓄ิࣀ࣑࢔ࡢࡽࢀࡑࠊ࡚࠸ࡘ࡟ࣥ࢖࣓ࢻGAEࡢGGA1-GGA3࡜ࣥ࢖࣓ࢻ
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GGA࡛ࡣ඲࡚ Pro࡛ࡿ࠶㒊఩㸦GGA1ࡢ GAE࡛ࡣ Pro574㸧ࠊࡀγ1-earࡣ࡛ࣥ࢖࣓ࢻ Ser764

⾲㸦ࡓࡋぢฟࢆ࡜ࡇࡿ࠸࡚ࡗ࡞࡜ 2-2A㸧ࣀ࣑࢔ࡢࡽࢀࡇࠋ㓟㓄ิࡢ㡿ᇦ࣮ࣜࢧࢭࢡ࢔ࡣ⺮ⓑ㉁ࡢ

ࡢࣥ࢖࣓ࢻGAEࠊࢁࡇ࡜ࡓࡗ⾜ࢆࡏࢃྜࡡ㔜ࡢయᵓ㐀❧࡟ḟࠋࡿ࠶㒊ศ࡛ࡿࡍ᥋㏆ࡀ⨨఩ࡢ6+

Pro574ࡀ γ1-earࡢࣥ࢖࣓ࢻ Ser764ࡶࡾࡼ γ-synerginࡢ Phe㸦+6㸧࡟᥋㏆ࢆ࡜ࡇࡿ࠸࡚ࡋぢ

ฟࡓࡋ㸦ᅗ 2-4㸧ࠋᚑࡢࡇࠊ࡚ࡗ Pro574ࡀ γ-synerginࡢ Phe㸦+6㸧࡟❧య໬Ꮫⓗ࡞ᖸ΅ࡿࡍࢆ

࠼⪄࡜࠿࠸࡞ࡣ࡛ࡢࡿㄝ᫂ฟ᮶ࢆ࡜ࡇࡿ࠸࡚ࡗ࡞ࡃᙅ࡭ẚ࡟௚ࡀ⏝஫స┦ࡢࡑࠊཎᅉ࡛ࡀ࡜ࡇ

γ1-ear ࡟ࡳ࡞ࡕࠋࡓ ࡜ࣥ࢖࣓ࢻ GAE ⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔࠸࡞ࡀᕪ࡟ぶ࿴ᛶࡿࡍᑐ࡟ࣥ࢖࣓ࢻ

p56ཬࡧ Rabaptin-5 6+ࡢࢻࢳࣉ࣌ࠊࡣ࡛ ࡣࢺ࢖ࢧ Ala ᨭᣢࢆ࠼⪄ࡢࡇࠊࡶ࡜ࡇࡿ࠸࡚ࡗ࡞࡟

⾲㸦ࡿࡍ 2-2B㸧ࠋ 

γ1-ear ࡣ⚾ࠊ࡟ᇶࢆᬒ⫼ࡢࡽࢀࡇ  ࡜ࣥ࢖࣓ࢻ GAE ࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡿࡅ࠾࡟ࣥ࢖࣓ࢻ

㑅ᢥ≉␗ᛶࠊࡣγ1-ear ࡢࣥ࢖࣓ࢻ Ser764 ࡜ GAE ࡢࣥ࢖࣓ࢻ Pro574࣮ࣜࢧࢭࢡ࢔࡟ࡧࡽ࡞ࠊ

⺮ⓑ㉁ࡢ Phe㸦+6㸧࡜ Ala㸦+6㸧ࡢ㐪࠺࠸࡜ࡿ࠸࡚ࡌ⏕࡚ࡗࡼ࡟ࡏྜ⤌ࡢ࠸௬ㄝࠊ࠼⪄ࢆGAE

ࡢࣥ࢖࣓ࢻ Pro ࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔࡜ Phe㸦+6㸧ࡢࡏࢃྜ⤌ࡢሙྜ࡟❧య㞀ᐖࢡ࢔ࠊࡌ⏕ࡀ

ࡢ࡬ⓑ㉁⺮࣮ࣜࢧࢭ GAEࡢࣥ࢖࣓ࢻぶ࿴ᛶࡀపୗࡿࡍ Pro/Phe(+6)❧య㞀ᐖࣔࢆࣝࢹᥦၐࡿࡍ

ࡢࣥ࢖࣓ࢻγ1-ear ࡚ࡋࡑࠋࡓࡗ⮳࡟ GAE ᆺࡢ S764P ኚ␗య࡜ GAE γ1-ear ࡢࣥ࢖࣓ࢻ ᆺࡢ

P574Sኚ␗యࢆ᪂࡟ࡓసᡂࡢࡽࢀࡑࠊࡋ X⥺⤖ᬗᵓ㐀ゎᯒࡧࡼ࠾⏕໬Ꮫⓗ࡞ゎᯒࠊ࡛࡜ࡇ࠺⾜ࢆ

Pro/Phe(+6)❧య㞀ᐖ᳨ࣔࡢࣝࢹドࠋࡓࡗ⾜ࢆ 
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⾲⾲⾲⾲ 2222----1111    γγγγ1111----earearearear࡜࡜࡜࡜ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ GAEGAEGAEGAE࡟࡟࡟࡟ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻᑐᑐᑐᑐࡢࡢࡢࡢࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ྛྛྛྛࡿࡍࡿࡍࡿࡍࡿࡍぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶ 

  peptide   sequence        Kd㸦µM㸧 

      γ1-earࣥ࢖࣓ࢻ GAEࣥ࢖࣓ࢻ 

γ-synergin 666LADDFGEFSLFGE678       5.1      75 

  687EQDDFQDFMAFSN699      17 

  772SDDDFADFHS781       79 

EpsinR  368GNGDFGDWSAFNQ380      22         110 

  340SADLFGGFADFGS352     370 

  613KQDAFANFANFSK625      550 

Rabaptin-5 435DESDFGPLVG444       61     69 

Inoue, 2004; Yamada, 2004 
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⾲⾲⾲⾲ 2222----2222    earearearearࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻཬཬཬཬ࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔ࡧࡧࡧࡧ⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁ࡢࡢࡢࡢ┦஫స⏝㒊఩┦஫స⏝㒊఩┦஫స⏝㒊఩┦஫స⏝㒊఩ࣀ࣑࢔ࣀ࣑࢔ࣀ࣑࢔ࣀ࣑࢔ࡢࡢࡢࡢ㓟㓄ิ㓟㓄ิ㓟㓄ิ㓟㓄ิࡢࡢࡢࡢẚ㍑ẚ㍑ẚ㍑ẚ㍑    

㸦A㸧 earࣥ࢖࣓ࢻ 

γ1-ear:          759 Q L Q L L S P S S S I 769 

GGA1-GAE:        569 K V K L Q P P S G T E 579 

GGA2-GAE:        543 R V K L Q P A S S S K 553 

GGA1-GAE:        620 K V K L Q P P S G T E 630 

 

㸦B㸧 ࣮ࣜࢧࢭࢡ࢔⺮ⓑ㉁ 

γ-synergin:        666 L A S S F G E F S L F G E 678 

p56:                 2 D D D D F G G F E A A E T  14 

Rabaptin-5         435 D E S D F G P L V G A D S 447 

EpsinR:            369 G N G D F G D W S A F N Q 381 

 



 22 

 
ᅗᅗᅗᅗ 2222----4444    +6+6+6+6㒊఩௜㏆㒊఩௜㏆㒊఩௜㏆㒊఩௜㏆࡛ࡢ࡛ࡢ࡛ࡢ࡛ࡢγγγγ1111----earearearear࡜࡜࡜࡜ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ GAEGAEGAEGAEࡢࡢࡢࡢࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻᵓ㐀ᵓ㐀ᵓ㐀ᵓ㐀ࡢࡢࡢࡢẚ㍑ẚ㍑ẚ㍑ẚ㍑    

 

γ1-ear 䝗䝯䜲䞁䛸 γ-synergin 䝨䝥䝏䝗䛸䛾」ྜయ䛸 GAE 䝗䝯䜲䞁䛸 p56 䝨䝥䝏䝗䛸䛾」ྜయ䛾❧యᵓ㐀䜢䚸

γ1-ear 䝗䝯䜲䞁䛾 Ser764 䛸 GAE 䝗䝯䜲䞁䛾 Pro574 䛾࿘㎶ṧᇶ䛾 CαཎᏊ䛷㔜䛽ྜ䜟䛫䛯䚹γ1-ear 䝗䝯䜲䞁

䛾 Ser764 䛸 GAE 䝗䝯䜲䞁䛾 Pro574䚸γ-synergin 䝨䝥䝏䝗䛾 Phe䠄+6䠅䚸p56 䝨䝥䝏䝗䛾 Ala䠄+6䠅䜢䝇䝔䜱䝑䜽䝰

䝕䝹䛷ᥥ䛔䛯䚹γ1-ear 䛸γ-synergin 䝨䝥䝏䝗䛿⥳Ⰽ䛷䚸GAE 䝗䝯䜲䞁䛸 p56 䝨䝥䝏䝗䛿䝅䜰䞁䛾Ⰽ䛷♧䛧䛯䚹 
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3. Materials and methods3. Materials and methods3. Materials and methods3. Materials and methods 

    

3.1. 3.1. 3.1. 3.1. Ⓨ⌧⣔Ⓨ⌧⣔Ⓨ⌧⣔Ⓨ⌧⣔ࡢࡢࡢࡢᵓ⠏ᵓ⠏ᵓ⠏ᵓ⠏    

 ᮏ◊✲࡛⏝ࡓ࠸඲࡚ࡢ⺮ⓑ㉁ࢺࣄࠊࡣࢻࢳࣉ࣌ࡧࡼ࠾⏤᮶ࠋࡿ࠶࡛ࡢࡶࡢγ-synergin ࢳࣉ࣌

᪤ࡣࢻ࣑ࢫࣛࣉࡢࡘ஧ࡿࡏࡉ⌧኱㔞Ⓨࢆࣥ࢖࣓ࢻGST⼥ྜ γ1-earࠊ࡜ࣥ࢖࣓ࢻγ1-ear ྜ⼥ࢻ

ࡉసᡂ࡚ࡗࡼ࡟ࡽYamadaࠋ㸦Yamada, 2004; Yamada et al., 2005㸧ࡓ࠸⏝ࢆࡢࡶࡓࢀࡉసᡂ࡟

ไ㝈㓝⣲ࠊࡣࢻ࣑ࢫࣛࣉࡢࣥ࢖࣓ࢻγ1-ear ྜ⼥ࢻࢳࣉγ-synergin࣌ ࡓࢀ BamH Iࡧࡼ࠾ Xho I

ࡓࢀࡉษ᩿ࡾࡼ࡟ pGEX4T-2㸦GE healthcare㸧࡟ γ1-ear ᚋࡔࢇ㎸⤌ࢆ㸦703-822㸧ࣥ࢖࣓ࢻ

㸦SGG㸧࣮࢝ࣥࣜ࡜㸦668DDFGEFSLFGE678㸧ࢻࢳࣉγ-synergin࣌ ࡋBamH I࡛෌ᗘษ᩿ࠊ࡟

ࡢࢻࢳࣉγ-synergin࣌ ࡣࡽ࠿ࢻ࣑ࢫࣛࣉࡢࡇࠋࡿ࠶࡛ࡢࡶࡔࢇ㎸⤌ࢆ Cᮎ➃࡜ γ1-earࡢNᮎ

γ-synerginࠋࡿࢀࡉ⌧Ⓨࡀែ࡛⺮ⓑ㉁≦ࡓࢀࡀ࡞ࡘࡀ㓄ิ࣮࢝ࣥࣜࢆ㛫ࡢ➃ ⤖ࡀ㒊ศࢻࢳࣉ࣌

ᬗ᱁Ꮚ୰ࡢ㞄ࡢᑐ⛠ศᏊࡢ γ1-earࣥ࢖࣓ࢻ㒊ศ࡜┦஫స⏝ࠊࡾࡼ࡟࡜ࡇࡿࡍᙉᅛࢢࣥ࢟ࢵࣃ࡞

 ,.㸦Yamada, 2004; Yamada et alࡿࡁ࡛ࡀ࡜ࡇࡿࡍỴᐃࢆయᵓ㐀ྜ「ࡢ⬟㧗ศゎ࡚ࡋᙧᡂࢆ

2005㸧୍࠺ࡶࠋ᪉ࡢ Nogi࡚ࡗࡼ࡟ࡽసᡂࡓࢀࡉ GST⼥ྜ γ1-earࠊࡣࢻ࣑ࢫࣛࣉࡢࣥ࢖࣓ࢻไ

㝈㓝⣲ BamH Iࡧࡼ࠾ EcoR Iࡾࡼ࡟ษ᩿ࡓࢀࡉ pGEX4T-2࡟γ1-earࣥ࢖࣓ࢻ㸦677-822㸧ࢆ⤌

㎸ࡿ࠶࡛ࡢࡶࡔࢇ㸦Nogi et al., 2002㸧ࡢࡽࢀࡇࠋ㸰࡟ࢻ࣑ࢫࣛࣉࡢࡘ Quick change II

㸦Stratagene㸧ࠊ࡚࠸⏝ࢆGAEᆺࡢ S764Pኚ␗ࢆᑟධࠋࡓࡋ 

ࡓࡲ  GGA1-GAE ࡣ࡚ࡋ㛵࡟ࣥ࢖࣓ࢻ Collins ࡿ࠸࡚ࢀࡉỴᐃࡀయᵓ㐀❧࡟᪤࡚ࡗࡼ࡟ࡽ
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ไ㝈㓝⣲ࠋ㸦Collins et al., 2003; Lui et al., 2003㸧ࡓࡋ࡟࡜ࡇࡿ࠸⏝࡟⌧Ⓨࢆ㡿ᇦࡢ494-639

BamH Iࡧࡼ࠾ EcoR Iࡾࡼ࡟ษ᩿ࡓࢀࡉ pGEX6P-1㸦GE healthcare㸧࡟ GGA1-GAE࢖࣓ࢻ

ࣥ㸦494-639㸧ࢆ⤌㎸ࢆࢻ࣑ࢫࣛࣉࡔࢇసᡂࡶࢻ࣑ࢫࣛࣉࡢࡇࠋࡓࡋ γ1-ear ࡟ᵝྠ࡜ࣥ࢖࣓ࢻ

Quick change II㸦Stratagene㸧ࠊ࡚࠸⏝ࢆγ1-earᆺࡢ P574Sኚ␗ࢆᑟධࠋࡓࡋ 

 ᚋ㏙㸦3.5 ⠇㸧ࡢ⾲㠃ࣥࣔࢬࣛࣉඹ㬆㸦SPR㸧ࡢ ᐃࡿ࠸⏝࡟ GST ࣑ࢫࣛࣉࡢࢻࢳࣉ࣌ྜ⼥

࡜γ-synergin㸦666LADDFGEFSLFGE678㸧ࠊࡕ࠺ࡢࢻ EpsinR㸦368GNGDFGDWSAFNQ380㸧

Yamadaࠋ㸦Yamada, 2004㸧ࡓ࠸⏝ࢆࡢࡶࡓࢀࡉసᡂ࡟᪤ࡣ ࣉࡢࡽࢀࡇࡓࢀࡉసᡂ࡚ࡗࡼ࡟ࡽ

ไ㝈㓝⣲ࡣࢻ࣑ࢫࣛ BamH Iࡧࡼ࠾ Xho Iࡾࡼ࡟ษ᩿ࡓࢀࡉ pGEX4T-2ྜ࡟ᡂ࢜ࣜࢦ DNAࢆ

⤌ ㎸ ࢇ ࡛ స ᡂ ࡋ ࡓ ࡶ ࡢ ࡛ ࠶ ࡿ ࠋ Rabaptin-5 㸦 435DESDFGPLVGADS447 㸧 ࡜ p56

㸦2DDDDFGGFEAAET14㸧ࡢGST⼥ྜ࣌ࡶࢻࢳࣉYamadaࡢࡽసᡂྠ࡜ࢻ࣑ࢫࣛࣉࡓࡋᵝࠊ࡟

ไ㝈㓝⣲ BamH Iࡧࡼ࠾ Xho Iࡾࡼ࡟ษ᩿ࡓࢀࡉ pGEX4T-2ྜ࡟ᡂ࢜ࣜࢦ DNAࢆ⤌㎸࡛ࢇస

ᡂࠋࡓࡋp56⼥ྜ࣌ࡣࢻ࣑ࢫࣛࣉࡢࢻࢳࣉ Quick change II㸦Stratagene㸧ࡢ6+ࠊ࡚࠸⏝ࢆ㒊

ศࡢ Alaࢆ Phe࡬⨨᥮ࡿࡍኚ␗ࡢᑟධࠋࡓࡗ⾜ࢆ 

⾲ࢆぴ୍ࡢࢻ࣑ࢫࣛࣉࡢࡽࢀࡇ   ࠋࡍ♧࡟3-1
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ᅗᅗᅗᅗ 3333----1111    γγγγ----synerginsynerginsynerginsynergin࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ⼥ྜ⼥ྜ⼥ྜ⼥ྜ    γγγγ1111----earearearearࢻ࣑ࢫࣛࣉࢻ࣑ࢫࣛࣉࢻ࣑ࢫࣛࣉࢻ࣑ࢫࣛࣉࡢࡢࡢࡢࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ    

 

䠄A䠅GE Healthcare ♫ pGEX4T-2 䛾 MCS䠄Multi-Cloning Site䠅䚹ᮏ◊✲䛷䛿 BamH I 䛸 Xho I 䛾㛫䛻 γ-ear 䝗

䝯䜲䞁䜢ᤄධ䛧䚸෌ᗘ BamH I 䛷ษ᩿䛧 γ-synergin 䝨䝥䝏䝗䜢ᤄධ䛧䛶䛔䜛䚹ᅗ䠄B䠅䛷䛾䝸䞁䜹䞊㒊䠄SGGGSGSGSGS䠅

䛾 GS 䛿䛣䜜䛻⏤᮶䛩䜛䚹 

䠄B䠅MCS 䛾 BamH I 䛸 Xho I 䛾㛫䛻䚸γ-synergin 䝨䝥䝏䝗䛸䝸䞁䜹䞊䚸γ1-ear 䝗䝯䜲䞁䜢ᤄධ䛧䛯䚹γ1-ear 䝗䝯䜲

䞁䛾 C ᮎ➃䛻䛿⤊Ṇ䝁䝗䞁䛜௜ຍ䛥䜜䛶䛔䜛䚹Thrombin 䛻䜘䜚㓝⣲ฎ⌮䛥䜜䛯ሙྜ䚸Thrombin cleavage 

site 䛾 Arg䠄R䠅䛸 Gly䠄G䠅䛾㛫䛷ษ᩿䛥䜜䚸GST-Tag 䛜እ䜜䜛䚹 
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⾲⾲⾲⾲ 3333----1111    ᮏ◊✲ᮏ◊✲ᮏ◊✲ᮏ◊✲ࢻ࣑ࢫࣛࣉࢻ࣑ࢫࣛࣉࢻ࣑ࢫࣛࣉࢻ࣑ࢫࣛࣉࡓ࠸ࡓ࠸ࡓ࠸ࡓ࠸⏝⏝⏝⏝࡟࡟࡟࡟    
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3.2. 3.2. 3.2. 3.2. ⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁ࡢࡢࡢࡢⓎ⌧Ⓨ⌧Ⓨ⌧Ⓨ⌧࡜࡜࡜࡜⢭〇⢭〇⢭〇⢭〇    

 3.1⠇࡛సᡂࡓࡋ⺮ⓑ㉁Ⓨ⌧⏝ࠊ࡚࠸⏝ࢆࢻ࣑ࢫࣛࣉࡢEscherichia coli BL21 (DE3) pLysS

ᰴࢆᙧ㉁㌿᥮ࠋࡓࡋᙧ㉁㌿᥮ࡓࡋ኱⭠⳦ࢆ LBᇵᆅ㸦1 % (w/v) 0.5 ,ࣥࢺࣉࣜࢺ % (w/v) 㓝ẕᢳ

ฟ≀, 1 % (w/v) NaCl㸧୰࡛ 37 ℃࡛㟈࠺࡜ᇵ㣴ࡋ OD600ࡀ ᗘ⃰⤊࡟᫬ࡓࡋ㐩࡟0.7 0.2 mM࡟

࡟࠺ࡼࡿ࡞ IPTGࢆῧຍࡋⓎ⌧ࡢㄏᑟࡢࡑࠋࡓࡗ⾜ࢆᚋ27ࠊ ℃࡛ 16 ᫬㛫ᇵ㣴ࢆ⥅⥆ᚋࠊ኱⭠

 ࠋࡓࡗ⾜ࢆ⳦㞟ࡢ⳦

 ⺮ⓑ㉁ࡢ⢭〇ࡢ㐣⛬ࢆᅗ LBᇵᆅࠊࡣ࡚࠸࠾࡟௨ୗࠊࡋ♧࡟3-2 1 Lࡽ࠿ᅇ཰ࡓࡋ኱⭠⳦ࡓ࠶

ࢆ⳦⭠኱ࡓࡏࡉ⌧኱㔞Ⓨࢆⓑ㉁⺮࠼᥮⤌ࠋࡍ♧ࡁ᭩࡛ࡾ 30 mlࡢ PBS⦆⾪ᾮ㸦10 mM ࣜࣥ㓟

ࡾࡼ࡟㉸㡢Ἴ◚○ᶵ㸦TOMY, UD-201㸧ࠊᾮ pH 7.4, 145 mM NaCl㸧࡛ᠱ⃮ᚋ⾪⦅࣒࢘ࣜࢺࢼ

ịୖ࡛◚○ࡋ㸦output 10, duty 10, 5 min x 2 cycles㸧ࠊ㐲ᚰ᧯స㸦HITACHI, CR21G, R20A2

ࠋࡓࡋᅇ཰ࢆΎୖࡢࡑ࠸⾜ࢆ㝖ཤࡢ≀ዃ㞧࡚࡟rpm, 30 min x 2 cycles, 4 ℃㸧 18000 ,ࢱ࣮ࣟ

pGEX4T ࡧࡼ࠾ pGEX6P ⓗ⺮ⓑ㉁㸦γ1-ear┠ࡓࢀࡲ㎸ࡳ⤌࡟ ࡜ࣥ࢖࣓ࢻ GAE ࡣ㸧ࣥ࢖࣓ࢻ

GST㸦glutahione S-transferase㸧⼥ྜ⺮ⓑ㉁࡚ࡋ࡜Ⓨ⌧ࠊ࡛ࡢࡿࡍGSTࢆࢢࢱ≉␗ⓗ࡟ㄆ㆑ࡋ

྾╔ࡿࡍ Glutathione Sepharose 4B㸦GE healthcare㸧1 ml࡟࣒ࣛ࢝ࢆ඘ሸࠊࡋPBS⦆⾪ᾮ 5 

mlࢆ࣒࡚ࣛ࢝࠸⏝ࢆᖹ⾮໬ᚋࣝࣉࣥࢧ⁐ᾮࢆῧຍࠋࡓࡋPBS⦆⾪ᾮ 10 ml࡛࣒࢝ࣛࢆὙίࡋዃ

㞧⺮ⓑ㉁ࢆ㝖ࡓ࠸ᚋࠊGST⼥ྜ GAEࡣ࡛ࣥ࢖࣓ࢻ⤊⃰ᗘ 1 mM࡟࠺ࡼࡿ࡞࡟ DTTࢆῧຍࡓࡋ

PBS⦆⾪ᾮ 1 ml࡛෌ࢆ࣒ࣛ࢝ࡧὙίࠋࡓࡋGST⼥ྜ GAEࡣࣥ࢖࣓ࢻ PreScission࣮࢔ࢸࣟࣉ

࠼ຍࢆ㸦GE healthcare㸧25 U㸦unit㸧ࢮ ࡣࣥ࢖࣓ࢻGST⼥ྜ γ1-earࠊ࡛℃ 4 Thrombinࣉ
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࠼ຍࢆ㸦GE healthcare㸧20 Uࢮ࣮࢔ࢸࣟ ࢀࡒࢀࡑࠊ࡛℃ 16 16᫬㛫ࡢ㓝⣲ฎ⌮࡚ࡗࡼ࡟ GST

PBSࠊᚋࡢࡑࠋࡓࡗ⾜ࢆษ᩿ࡢࢢࢱ ⦆⾪ᾮ 5 ml ࠋࡓࡏࡉฟ⁐ࡽ࠿࣒ࣛ࢝ࢆ≀⏘ษ᩿࡚࠸⏝ࢆ

Thrombin࡛ࢮ࣮ࢸࣟࣉฎ⌮ࡓࡋ GAEࡣࣥ࢖࣓ࢻ 500 µl ࡢ Benzamidine Sepharose 6B㸦GE 

healthcare㸧࣒࢝ࣛࢆ㏻ࡾࡼ࡟࡜ࡇࡍṧ␃ࡿ࠸࡚ࡋ Thrombin GSTࠋࡓࡋ㝖ཤࢆࢮ࣮࢔ࢸࣟࣉ

࠸⏝ࢆ㸦20 mM Tris-HCl pH 8.0, 100 mM NaCl㸧࣮࢓ࣇࢵࣂℐ㐣ࣝࢤࡣⓑ㉁⺮ࡢษ᩿ᚋࢢࢱ

Superdex 75pg㸦GE healthcare㸧࡛ ࡢࢺࢵ࢝ࢬ࢖ࢧ10K Daࠊ࠸⾜ࢆℐ㐣ࣝࢤ Amicon Ultra-15

㸦Millipore㸧ࠋࡓࡗ⾜ࢆ⦰࡚⃰࠸⏝ࢆ཰㔞ࡢࡽࡕ࡝ࠊࡣ⺮ⓑ㉁ࡶᇵᆅ㸯ࣜࡾࡓ࠶ࣝࢺࢵ 2.5 mg

 ࠋࡓࡗ࠶࡛

ᚋ㏙㸦3.5ࠊࡓࡲ  ⠇㸧ࡢ⾲㠃ࣥࣔࢬࣛࣉඹ㬆㸦SPR㸧ࡢ ᐃࡿ࠸⏝࡟ GST ࠊࡣࢻࢳࣉ࣌ྜ⼥

GSTࢆࢢࢱษ᩿࡟ࡎࡏ⁐ฟ⦆⾪ᾮ㸦10 mM 㑏ඖᆺ glutathione, 20 mM Tris-HCl pH 8.0㸧࡛

Glutathione Sepharose 4Bࡽ࠿⁐ฟࠊࡏࡉγ1-earࡸࣥ࢖࣓ࢻ GAEྠ࡜ࣥ࢖࣓ࢻᵝࣝࢤ࡟ℐ㐣

⃰ࡧࡼ࠾⢭〇࡟ᵝྠ࡜ࢻࢳࣉ࣌ྜ⼥GSTࡶGSTࡿ࠸⏝࡟࣮ࣝࣟࢺࣥࢥࡢ㹿 ᐃࡓࡗ⾜ࢆ⦰⃰࡜

ࡢ඲࡚ࠊࡣ཰㔞ࠋࡓࡗ⾜ࢆ⦰ GST⼥ྜ࣌ࡧࡼ࠾ࢻࢳࣉ GST࡛ᇵᆅ ⣙ࡾࡓ࠶ࣝࢺࢵ1ࣜ 10 mg

 ࠋࡓࡗ࠶࡛
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ᅗᅗᅗᅗ 3333----2222    ⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁ࡢࡢࡢࡢ⢭〇⢭〇⢭〇⢭〇    

 

䠄A䠅⺮ⓑ㉁䛾⢭〇䛾㐣⛬䜢ᶍᘧⓗ䛻♧䛧䛯䚹 

䠄B䠅⢭〇䛻䜘䜚ᚓ䜙䜜䛯ྛ⺮ⓑ㉁䛸䝨䝥䝏䝗䛾⃰⦰ᚋ䛾 SDS-PAGE䚹 
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3.3.3.3.3333. . . . ⤖ᬗ໬⤖ᬗ໬⤖ᬗ໬⤖ᬗ໬    

 ⢭〇ࡓࡋ γ-synergin࣌ࢻࢳࣉ⼥ྜ γ1-earࣥ࢖࣓ࢻ P764Sኚ␗యࡢ⺮ⓑ㉁ࡣ⤖ᬗ໬ࣟ࣎ࢺࢵ

㸦Hiraki et al., 2006㸧ࠊ࡚࠸⏝ࢆ⺮ⓑ㉁⃰ᗘ 10 mg/mlࠊ ᗘ 293Kࣉࢵࣟࢻࢢࣥ࢕ࢸࢵࢩࠊ⵨

Ẽᣑᩓἲ࡚࡟ 480᮲௳㸦96᮲௳ x 5ࢺ࣮ࣞࣉ㸧࡛⤖ᬗ໬୍ࡢḟࡢࡇࠋࡓࡗ⾜ࢆࢢࣥࢽ࣮ࣜࢡࢫ

୍ḟࡣ࡟ࢢࣥࢽ࣮ࣜࢡࢫ Crystal Screen I & II㸦HAMPTON RESEARCH㸧࡜Wizard I & II

㸦Emerald BioSystems㸧ࠊCryo I & II㸦Emerald BioSystems㸧ࠊMembFac㸦HAMPTON 

RESEARCH 㸧ࠊ PEG/Ion Screen 㸦 HAMPTON RESEARCH 㸧ࠊ Natrix 㸦 HAMPTON 

RESEARCH㸧ࠊFootprint㸦Molecular Dimensions Limited㸧ࠋࡓ࠸⏝ࢆࢺࢵ࢟ࢢࣥࢽ࣮ࣜࢡࢫࡢ

ⓑ㉁⃰ᗘ⺮ࠊᯝ⤖ࡓࡗ⾜ࢆ⢭ᐦ໬ࡢ௳ᬗ໬᮲⤖࡟ඖࢆ௳᮲ࡓࡋᯒฟࡀᬗ⤖࡚࡟ࢢࣥࢽ࣮ࣜࢡࢫ

10 mg/mlࠊ ᗘ 289K3.3 ࠊ M Na Formate0.2ࠊ M NaCl20ࠊ % glycerol0.1ࠊ M Tris-HCl pH8.0

ࡾࡼ࡟⵨Ẽᣑᩓἲࣉࢵࣟࢻࢢࣥࢠࣥࣁࠊ᮲௳ୗ࡛ࡢỿẊ๣ࡴྵࢆ 7 ᪥㛫㟼⨨୕ࠊ࡛࡜ࡇࡿࡍ㎶

ࢀࡒࢀࡑࡀࡉ㛗ࡢ 0.3 mm ⛬ᗘࡢᅇᢡᐇ㦂࡟㐺ࡓࡋ⺮ⓑ㉁⤖ᬗࢆᚓࡓࡁ࡛ࡀ࡜ࡇࡿ㸦ᅗ 3-3A㸧ࠋ 

 ⢭〇ࡓࡋ GAEࣥ࢖࣓ࢻ P574Sኚ␗యࡢ⺮ⓑ㉁ࠊࡣp56࣌࡜ࢻࢳࣉ⺮ⓑ㉁ࡢ10:1 ࢆẚ⋡㸦ࣔ

ࣝẚ㸧࡛ΰྜࠊࡋγ-synergin γ1-ear ྜ⼥ࢻࢳࣉ࣌ ࣥ࢖࣓ࢻ P764S ኚ␗యྠ࡜ᵝ࡟⤖ᬗ໬ࣟ࣎

ⓑ㉁⃰ᗘ⺮ࠊ࡚࠸⏝ࢆࢺࢵ 10 mg/mlࠊ ᗘ 293Kࣉࢵࣟࢻࢢࣥ࢕ࢸࢵࢩࠊ⵨Ẽᣑᩓἲ࡚࡟ 480

᮲௳㸦96᮲௳ x5ࢺ࣮ࣞࣉ㸧࡛ ⤖ᬗ໬୍ḟ୍ࡢࡇࠋࡓࡗ⾜ࢆࢢࣥࢽ࣮ࣜࢡࢫḟ࡟ࢢࣥࢽ࣮ࣜࢡࢫ

ࡣ Crystal Screen I & II࡜Wizard I & IIࠊCryo I & IIࠊMembFacࠊPEG/Ion ScreenࠊNatrixࠊ

Footprint࡚࡟ࢢࣥࢽ࣮ࣜࢡࢫࠋࡓ࠸⏝ࢆࢺࢵ࢟ࢢࣥࢽ࣮ࣜࢡࢫࡢ⤖ᬗࡀᯒฟࡓࡋ᮲௳ࢆඖ࡟⤖
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ᬗ໬᮲௳ࡢ⢭ᐦ໬ࠊ࠸⾜ࢆ⺮ⓑ㉁⃰ᗘ 10 mg/mlࠊ ᗘ 289K30%ࠊ w/v PEG 1500ࡿ࡞ࡽ࠿ỿ

Ẋ๣ࡢ᮲௳ୗ࡛ࣉࢵࣟࢻࢢࣥ࢕ࢸࢵࢩࠊ⵨Ẽᣑᩓἲࡾࡼ࡟ 14᪥㛫㟼⨨୕ࠊ࡛࡜ࡇࡿࡍ㎶ࡢ㛗ࡉ

ࢀࡒࢀࡑࡀ 0.1 mm⛬ᗘࡢᅇᢡᐇ㦂࡟㐺ࡓࡋ⺮ⓑ㉁⤖ᬗࢆᚓࡀ࡜ࡇࡿฟ᮶ࠋࡓ㸦ᅗ 3-3B㸧 
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 A                    B 

 

ᅗᅗᅗᅗ 3333----3333    ᚓᚓᚓᚓࡓࢀࡽࡓࢀࡽࡓࢀࡽࡓࢀࡽ⤖ᬗ⤖ᬗ⤖ᬗ⤖ᬗࡢࡢࡢࡢ෗┿෗┿෗┿෗┿    

 

䠄A䠅γ-synergin 䝨䝥䝏䝗⼥ྜ γ1-ear 䝗䝯䜲䞁 S764P ኚ␗య䛾⤖ᬗ䚹 

䠄B䠅GAE 䝗䝯䜲䞁 S574P ኚ␗య䛸 p56 䝨䝥䝏䝗䛸䛾」ྜయ䛾⤖ᬗ䚹 

୧෗┿䛸䜒䝞䞊䛾㛗䛥䛿 0.2 mm 䛷䛒䜛䚹 
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3.3.3.3.4444. . . . ᅇᢡᅇᢡᅇᢡᅇᢡࡢࡢࡢࡢࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹ ᐃ ᐃ ᐃ ᐃ࡜࡜࡜࡜ᵓ㐀Ỵᐃᵓ㐀Ỵᐃᵓ㐀Ỵᐃᵓ㐀Ỵᐃ    

 γ-synergin࣌ࢻࢳࣉ⼥ྜ γ1-earࣥ࢖࣓ࢻ S764Pኚ␗యࡢ⤖ᬗࣜࢺࢡ࢓ࣇࣥࢺ࢛ࣇࡣ 㸦࣮PF㸧

ࡢ BL-5Aࠊ࡛ࣥ࢖࣒࣮ࣛࣅἼ㛗 0.9834 Åࠊ㟢ග᫬㛫 ᣺ືゅࠊ⛊ 3 0.5ᗘ180ࠊᗘࡢᅇᢡ࣮ࢹ

ࣥ࢖࣓ࢻGAEࠋࡓࡗ⾜ࢆᐃ ࡢࢱ P574Sኚ␗య࡜ p56࣌ࡢࢻࢳࣉ」ྜయࡣ PF-ARࡢNW12A

Ἴ㛗ࠊ࡛ࣥ࢖࣒࣮ࣛࣅ 1.0000 Åࠊ㟢ග᫬㛫 ᣺ືゅࠊ⛊ 3 0.5 ᗘ180ࠊ ᗘࡢᅇᢡࡢࢱ࣮ࢹ ᐃ

ࡶ࡜ᬗ⤖ࡢࡽࡕ࡝ࠋࡓࡗ⾜ࢆ 100 Kࡢ❅⣲࡛࢞ࢫ෭༷ࡓࢀࡉ≧ែ࡛ ᐃࢺࢵࢭࢱ࣮ࢹࠊ࠸⾜ࢆ

ࡣ HKL2000㸦Otinowisky et al., 1997㸧࡚࠸⏝ࢆฎ⌮ࠋࡓࡋ 

 γ-synergin γ1-ear ྜ⼥ࢻࢳࣉ࣌ ࣥ࢖࣓ࢻ S764P ኚ␗యࡢ⤖ᬗᵓ㐀ࠊཬࡧ GAE ࣥ࢖࣓ࢻ

P574Sኚ␗య࡜ p56࣌ࡢࢻࢳࣉ」ྜయࡢ⤖ᬗᵓ㐀ࠊࡣඹ࡟MOLREP㸦Vagin et al., 1997㸧ࢆ

γ-synergin ࡢ㔝⏕ᆺࢀࡒࢀࡑࡣ࡟ࣝࢹࣔࠋࡓࡋỴᐃ࡚ࡗࡼ࡟ศᏊ⨨᥮ἲࡓ࠸⏝  ྜ⼥ࢻࢳࣉ࣌

γ1-earࡢࣥ࢖࣓ࢻ⤖ᬗᵓ㐀㸦PDBᮍⓏ㘓, Yamada et al., 2005㸧ཬࡧ GAE࡜ࣥ࢖࣓ࢻ p56࣌

⤌ࡢࣝࢹศᏊࣔࠋࡓ࠸⏝ࢆᬗᵓ㐀㸦PDB code: 1OM9, Collins et al., 2003㸧⤖ࡢయྜ「ࢻࢳࣉ

ࡣ࡟࡚❧ COOT㸦Emsley et al., 2004㸧ࠊ࠸⏝ࢆᵓ㐀ࡢ⢭ᐦ໬ࡣ࡟ CCP4㸦Collaborative 

Computational Project, Number 4, 1994㸧ࡢ REFMAC5㸦Murshudov et al., 1997㸧࡜ CNS

㸦Brunger et al., 1998㸧ࠋࡓ࠸⏝ࢆᅗࡢసᡂࡣ࡟ PYMOL㸦DeLano, 2008㸧ࠋࡓ࠸⏝ࢆ 

 ᅇᢡࢺࢵࢭࢱ࣮ࢹ཰㞟ཬࡧศᏊࣔࡢࣝࢹ⢭ᐦ໬ࡢ⤖ᯝ࡟㛵ࡿࡍ⤫ィ್ࠋࡍ♧࡟3-2⾲࡜1-3⾲ࢆ 
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⾲⾲⾲⾲ 3333----1111    γγγγ1111----earearearearࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ S764PS764PS764PS764Pኚ␗యኚ␗యኚ␗యኚ␗యࡢࡢࡢࡢ⤖ᬗᵓ㐀Ꮫⓗ⤫ィ್⤖ᬗᵓ㐀Ꮫⓗ⤫ィ್⤖ᬗᵓ㐀Ꮫⓗ⤫ィ್⤖ᬗᵓ㐀Ꮫⓗ⤫ィ್    
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⾲⾲⾲⾲ 3333----2222    GAEGAEGAEGAEࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ P574SP574SP574SP574Sኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜ p56p56p56p56࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయࡢࡢࡢࡢ⤖ᬗᵓ㐀Ꮫⓗ⤖ᬗᵓ㐀Ꮫⓗ⤖ᬗᵓ㐀Ꮫⓗ⤖ᬗᵓ㐀Ꮫⓗ⤫ィ್⤫ィ್⤫ィ್⤫ィ್    
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3.3.3.3.5555. . . . ⾲㠃⾲㠃⾲㠃⾲㠃ࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉඹ㬆ඹ㬆ඹ㬆ඹ㬆㸦㸦㸦㸦SPR: SPR: SPR: SPR: ssssurface urface urface urface pppplasmonlasmonlasmonlasmon    rrrresonanceesonanceesonanceesonance㸧㸧㸧㸧 ᐃ ᐃ ᐃ ᐃ    

 SPRࡢィ ࡣ࡟ BIACORE2000㸦Biacore㸧ࡎࡲࠋࡓ࠸⏝ࢆ GST࡟ᑐࣝࢼ࣮ࣟࢡࣀࣔࡿࡍᢠ

య㸦Biacore㸧ࢢࣥࣜࣉࢵ࣑࢝ࣥ࢔ࢆἲ࡛ CM5ࣉࢵࢳ࣮ࢧࣥࢭ㸦Biacore㸧࡟ᅛᐃ໬ࠋࡓࡋ඲࡚

࡛ࣝࢡ࢖ࢧᐃ ࡢ 1000 RU㸦resonance unit㸧ࢆࣝࢼࢢࢩࡢᚓ࣮ࣝࣟࢺࣥࢥ࡟࠺ࡼࡿࢀࡽ GST

࡜ GST⼥ྜ࣌ࢆࢻࢳࣉᅛᐃ໬ࢆࢀࡇࠊࡋ ᐃ⏝࡟ࢀࡇࠋࡓࡋ࡜ࣉࢵࢳ࣮ࢧࣥࢭࡢẁ㝵ᕼ㔘ࡓࡋ 

γ1-ear GAEࠊࣥ࢖࣓ࢻ ࡋὀධࢆኚ␗యࡧ㔝⏕ᆺཬࡢࢀࡒࢀࡑࣥ࢖࣓ࢻ SPR  ᐃࠊ࠸⾜ࢆᅛᐃ

໬࡟ࢻࢳࣉ࣌ࡓࡋᑐࡿࡍ γ-earࣥ࢖࣓ࢻཬࡧGAEࡢࣥ࢖࣓ࢻぶ࿴ᛶ㸦ᖹ⾮್Req㸧ࢆ ᐃࠋࡓࡋ

 ᐃ࡛ᚓࡓࢀࡽ SPRࡣ࣒ࣛࢢ࣮ࢧࣥࢭ BIAevaluation 3.2㸦Biacore㸧࡚࠸⏝ࢆ࣒ࣛࢢࣟࣉࡢゎ

ᯒࠋࡓࡗ⾜ࢆẁ㝵ᕼ㔘ࡓࡋ γ-earࣥ࢖࣓ࢻཬࡧ GAE⃰ࡢࣥ࢖࣓ࢻᗘ࡟ᑐࡿࡍᖹ⾮್ࢀࡒࢀࡑࢆ

ゎ㞳ᐃᩘ࡚࠸⏝ࢆsteady-state affinity modelࠊࡋࢺࢵࣟࣉ Kdࡢ⟬ฟࡢࡽࢀࡇࠋࡓࡗ࡞ࡇ࠾ࢆ

SPR ᐃࡣ 293 K࡛10ࠊ mM HEPES pH 7.5࡜ 150 mM NaCl0.0005ࠊ % surfactant P20ࢆ

ࡧGSTཬࠊࡣ㏿ὶࡢୖࣉࢵࢳ࣮ࢧࣥࢭࠊ࠸⾜᮲௳ୗ࡛ࡢ࣮࢓ࣇࢵࣂࡴྵ GST⼥ྜ࣌ࡢࢻࢳࣉᅛ

ᐃ໬᫬ࡣ࡟ 5 µl/minྛࠊ earࣥ࢖࣓ࢻ⺮ⓑ㉁ὀධ᫬ࡣ࡟ 15 µl/minࠋࡓࡋ࡜
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4. Results4. Results4. Results4. Results    

    

4.1. γ4.1. γ4.1. γ4.1. γ----synergisynergisynergisynerginnnn㓄ิ㓄ิ㓄ิ㓄ิࢆࢆࢆࢆㄆ㆑ㄆ㆑ㄆ㆑ㄆ㆑ࡿࡍࡿࡍࡿࡍࡿࡍγγγγ1111----earearearearࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ P764SP764SP764SP764Sኚ␗యኚ␗యኚ␗యኚ␗యࡢࡢࡢࡢ⤖ᬗ⤖ᬗ⤖ᬗ⤖ᬗᵓ㐀ᵓ㐀ᵓ㐀ᵓ㐀    

 γ1-ear࡜ࣥ࢖࣓ࢻ GAEࣀ࣑࢔ࠊࡣࣥ࢖࣓ࢻ㓟㓄ิ┦ྠᛶࡀ㧗ࡢࡽࢀࡑࡓࡲࡃ❧యᵓ㐀ࡃࡼࡶ

ఝ࡚ࠊࡎࡽࢃ࠿࠿ࡶ࡟ࡢࡿ࠸⏕యෆ࡛ࡣ γ1-ear  ⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔࡟ⓗ␗≉ࡀࡳࡢࣥ࢖࣓ࢻ

γ-synergin  ࡣ࡟㑅ᢥ≉␗ᛶࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡢࡇࠋ㸦Lui et al., 2003㸧ࡿ࠸࡚ࡋㄆ㆑ࢆ

γ1-ear ࡢࣥ࢖࣓ࢻ Ser764 ṧᇶࡀ㔜せ࡞ᶵ⬟ࢆᯝ࠺࠸࡜ࡿ࠸࡚ࡋࡓ௬ㄝ᳨ࢆドࠊ࡟ࡵࡓࡿࡍ

S764Pኚ␗ γ1-ear࡜ࣥ࢖࣓ࢻ γ-synerginࡢ࡜」ྜయࡢ❧యᵓ㐀ࡢỴᐃࠋࡓࡗ⾜ࢆ 

 γ-synergin γ1-ear ྜ⼥ࢻࢳࣉ࣌ ࡟ࣥ࢖࣓ࢻ S764P ኚ␗ࢆᑟධࡓࡋ⺮ⓑ㉁289ࠊ࡚࠸⏝ࢆ K

࡛ 7 ᪥㛫ࡢ⤖ᬗᡂ㛗୕ࡾࡼ࡟㎶ࡢ㛗ࢀࡒࢀࡑࡀࡉ 0.3 mm ⛬ᗘࡢ⤖ᬗࢆᚓࡓࡁ࡛ࡀ࡜ࡇࡿ㸦ᅗ

3-3A㸧ࡢࡇࠋ⤖ᬗ࡚࠸⏝ࢆ PF ࡢ BL-5A ࡚࡟ࣥ࢖࣒࣮ࣛࣅ 0.9834 ÅࡢἼ㛗࡛ X ⥺ᅇᢡᐇ㦂ࢆ

⬟ศゎࢁࡇ࡜ࡓࡗ⾜ 2.58 Åࡢ࡛ࡲᅇᢡⅬࡀぢࡢࢺࢵࢭࢱ࣮ࢹࠊࢀࡽ཰㞟ࡓࡗ⾜ࢆ㸦⾲ 3-1㸧ࡇࠋ

࡟ศᏊ⨨᥮ἲࡓࡋ࡜ࣝࢹࣔࢆ㔝⏕ᆺࡿ࠸࡚ࢀࡉỴᐃࡀᵓ㐀࡟᪤ࠊ࡚࠸⏝ࢆࢺࢵࢭࢱ࣮ࢹᅇᢡࡢ

ࡌྠ࡜㔝⏕ᆺࡣᬗᵓ㐀⤖ࡓࢀ࠿ゎࠋࡓࡗ⾜ࢆᵓ㐀Ỵᐃࡿࡼ P3121 㠀ᑐ⛠༢఩ࠊࡕᣢࢆ⩌㛫✵ࡢ

୰ࡢศᏊᩘࡣ ⾲㸦ࠋࡓࡗ࠶1࡛ 3-1㸧 

 ඲యᵓ㐀ࡣ࡚ࡋ࡜㔝⏕ᆺྠ࡜ᵝ࡟ β4-7-8㸧 ࡜β1-2-3-5-6 ࢻࣥࣛࢺࢫ㸦βࢺ࣮ࢩ㏫ᖹ⾜ βࡢࡘ2

ࡿࢀࡉᙧᡂࡾࡼ࡟  βࢳࢵ࢖ࢻࣥࢧᵓ㐀ࢆᣢࡓ࠸࡚ࡗ㸦ᅗ 4-1㸧ࠋ γ-synergin ࢻࢳࣉ࣌

㸦688DFGEFSLFGE697㸧ࡢ㟁Ꮚᐦᗘࡶ㔝⏕ᆺྠࡰ࡯࡜ᵝࡢ఩⨨࡟☜ㄆࡓࡁ࡛ࡀ࡜ࡇࡿࡍ㸦ᅗ 4-2㸧ࠋ
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ࡓࡋ௒ᅇỴᐃࠊࡋ࠿ࡋ S764P ኚ␗య⤖ᬗࡢศゎ⬟ࡣ 2.58Å࡜㔝⏕ᆺ⤖ᬗࡢศゎ⬟ 1.85Å

㸦Yamada et al., 2005㸧࡜ẚ࡚࡭పୗࠊࡓࡲࠋࡓ࠸࡚ࡋ㔝⏕ᆺ࡛☜ㄆࡀ࡜ࡇࡿࡍฟ᮶ࡓࡗ࠿࡞ 

γ-synergin ࢻࢳࣉ࣌ C ᮎ➃ࡢ Glu(+8)ࡢ㟁Ꮚᐦᗘࢆኚ␗ᆺ࡛ྠࡶᵝ࡟☜ㄆࡀ࡜ࡇࡿࡍฟ᮶࠿࡞

ࡘ࡟㓟ṧᇶࣀ࣑࢔ࡢ㒊ศ㸦698SGGGS702㸧࣮࢝ࣥࣜࡓ࠸࡚ࢀࡉㄆ☜ࡣ㔝⏕ᆺ࡛ࠊࡃ࡞࡛ࡅࡔࡓࡗ

㸦ᅗࡓࡗ࠿࡞ฟ᮶ࡀ࡜ࡇࡿࡍㄆ☜ࢆ㟁Ꮚᐦᗘࡶ࡚࠸ 4-3㸧ࠋ 

 㔝⏕ᆺ࡜ S764Pኚ␗యࡢ❧యᵓ㐀ࢆ㔜ࢁࡇ࡜ࡓࡏࢃྜࡡ㸦ᅗ 4-4㸧ࠊγ1-earࣥ࢖࣓ࢻ඲య࡛ࡣ

୺㙐ࡢ CαཎᏊࡢᖹᆒ஧஌೫ᕪ㸦R.M.S.D: Root Mean Square Deviation㸧ࡣ 0.35Å࡛ࠊࡀࡿ࠶

γ-synergin࣌ࢻࢳࣉ㒊ศ࡛ࡣ 0.83Å࡛ࡓࡗ࠶㸦ᅗ ඲యࣥ࢖࣓ࢻγ1-earࠊࡣ࡜ࡇࡢࡇࠋ4-6㸧ࠊ4-5

γ-synergin ࡶࡾࡼ γ-synergin ࡟ࡽࡉࠋࡿ࠸࡚ࡋ♧ࢆ࡜ࡇࡿ࡞␗ࡀᵓ㐀ࡃࡁ㒊ศ࡛኱ࢻࢳࣉ࣌

ሙྜࡢ㔝⏕ᆺࠊࢁࡇ࡜ࡓ࡭ㄪ࡚࠸ࡘ࡟ᗘᅉᏊ ࡢ㒊ศࢻࢳࣉ࣌ Phe㸦+3㸧ࡽ࠿ Phe㸦+6㸧࡛ࡲ

ࡢ 4 ṧᇶࡢࢻࢳࣉ࣌ࠊࡣᖹᆒ ᗘᅉᏊ࡜ẚ㍑࡚ࡋపࠊࡋ࠿ࡋࠋࡓ࠸࡚ࡋ♧ࢆ್࠸S764P ኚ␗య

್ࡢ➼ྠࡰ࡯࡜ᖹᆒ ᗘᅉᏊࡢࢻࢳࣉ࣌ࠊࡋ᪼ୖ࡟ᑐⓗ┦ࡀᗘᅉᏊ ࡢ㒊ศࡢࡇࠊࡣ࡟ሙྜࡢ

⾲㸦ࡓ࠸࡚ࡋ♧ࢆ 4-1㸧㸦ᅗ 4-7㸧ࠋ 

ࡓࡋᑟධࢆ␗ኚࡢࣥ࢖࣓ࢻγ1-ear ࡟ヲ⣽࡟ࡽࡉ  Pro764࡜ γ-synergin࣌ࡢࢻࢳࣉ Phe㸦+6㸧

࠿ศࡀ࡜ࡇࡿ࠸࡚ࡗ࡞ࡃ↓ࡀỈศᏊࡓ࠸࡚ࡋ㔝⏕ᆺ࡛Ꮡᅾࠊ࡜ࡿࡳぢ࡚ࢆ࠸㐪ࡢᵓ㐀ࡢ௜㏆ࡢ

㸦ᅗࡓࡗ 4-8㸧ࡢࡇࠋỈศᏊࡣ Phe㸦+6㸧ࡢ୺㙐ࡢ❅⣲ཎᏊ࡜ Phe750ࡢ୺㙐ࡢ❅⣲ཎᏊࠊGln780

γ1-earࠋࡿ࠸࡚ࡋᙧᡂࢆྜ⤖Ỉ⣲ࢀࡒࢀࡑ㛫࡛ࡢ࡜ཎᏊࡢࡘ୕ࡢࡇࠊ㓟⣲ཎᏊࡢഃ㙐ࡢ ࢖࣓ࢻ

ࣥ S764P ኚ␗యࡢᵓ㐀࡛ࡢ γ-synergin ࡟⨨఩ࡢࢻࢳࣉ࣌ࡢሙྜࡢ㔝⏕ᆺࠊࡣ⨨఩ࡢࢻࢳࣉ࣌
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ẚࠊ࡚࡭Phe㸦+6㸧ࡢ୺㙐ࡢ❅⣲ཎᏊࡢ఩⨨࡛ 1.8 Åࠊγ1-ear ࠸ື࡟᪉ྥࡿࢀ㞳ࡽ࠿ࣥ࢖࣓ࢻ

ࡀ㛫ࡢ࡜ỈศᏊ࡜⣲ཎᏊ❅ࠊࡾࡼ࡟࡜ࡇࡢࡇࠋࡓ࠸࡚ 4.3 Å࡛Ỉ⣲⤖ྜࢆᙧᡂ࡛࠸࡞ࡁ㊥㞳࡜

 ࠋࡿࢀࡽ࠼⪄࡜ࡓࢀእࡀỈศᏊࠊࡾ࡞
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ᅗᅗᅗᅗ 4444----1111    γγγγ1111----earearearearࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ S764PS764PS764PS764Pኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜    γγγγ----synerginsynerginsynerginsynergin࣌ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయࡢࡢࡢࡢ❧యᵓ㐀❧యᵓ㐀❧యᵓ㐀❧యᵓ㐀    

    

γ1-ear 䝗䝯䜲䞁䛾㒊ศ䜢䝸䝪䞁ᅗ䛷䚸⤖ᬗᑐ⛠ศᏊ䛾 γ-synergin 䝨䝥䝏䝗㒊ศ䜢䝇䝔䜱䝑䜽䝰䝕䝹䛷ᥥ䛔䛯䚹

γ1-ear 䝗䝯䜲䞁㒊ศ䛿䚸N ᮎ➃䛛䜙 C ᮎ➃䜎䛷䜢㉥䛛䜙㟷䛾䜾䝷䝕䞊䝅䝵䞁䛷䚸䝨䝥䝏䝗㒊ศ䛿Ⅳ⣲䜢㯤䚸㓟

⣲䜢㉥䚸❅⣲䜢㟷䛾Ⰽ䛷♧䛧䛯䚹 
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ᅗᅗᅗᅗ 4444----2222    γγγγ1111----earearearearࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ S764PS764PS764PS764Pኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜    γγγγ----synerginsynerginsynerginsynergin࣌ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࡢࡢࡢࡢ㒊ศ㒊ศ㒊ศ㒊ศࡢࡢࡢࡢ㟁㟁㟁㟁

ᏊᐦᗘᅗᏊᐦᗘᅗᏊᐦᗘᅗᏊᐦᗘᅗ    

    

γ1-ear 䝗䝯䜲䞁䛾㒊ศ䜢⾲㠃䝰䝕䝹䛷䚸ᑐ⛠ศᏊ䛾 γ-synergin 䝨䝥䝏䝗㒊ศ䛾 1.8 σ䛾㟁Ꮚᐦᗘᅗ䜢䝯䝑䝅

䝳䛷䚸䝨䝥䝏䝗㒊ศ䜢䝇䝔䜱䝑䜽䝰䝕䝹䛷ᥥ䛔䛯䚹γ-synergin 䝨䝥䝏䝗䛾㔝⏕ᆺ䛾ศᏊ䝰䝕䝹䛿䚸S764P ኚ␗

య䛾ศᏊ䝰䝕䝹䛾 CαཎᏊ䛷㔜䛽䛒䜟䛫䜢⾜䛳䛯䚸䝨䝥䝏䝗䛾䝇䝔䜱䝑䜽䝰䝕䝹䛿䚸㔝⏕ᆺ䛾Ⅳ⣲䜢䝅䜰䞁䚸

S764P ኚ␗య䛾Ⅳ⣲䜢㯤䚸㓟⣲䜢㉥䚸❅⣲䜢㟷䛾Ⰽ䛷♧䛧䛯䚹 
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ᅗᅗᅗᅗ 4444----3333    γγγγ1111----earearearearࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ S764PS764PS764PS764Pኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜    γγγγ----synerginsynerginsynerginsynergin࣌ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయ࣮࣮࣮࣮࢝ࣥࣜ࢝ࣥࣜ࢝ࣥࣜ࢝ࣥࣜࡢࡢࡢࡢ㒊ศ㒊ศ㒊ศ㒊ศࡢࡢࡢࡢ㟁㟁㟁㟁

ᏊᐦᗘᅗᏊᐦᗘᅗᏊᐦᗘᅗᏊᐦᗘᅗ    

    

γ1-ear 䝗䝯䜲䞁䛸 γ-synergin 䝨䝥䝏䝗䛸䜢⤖䜆䝸䞁䜹䞊㒊ศ䛾 1.0 σ䛷䛾㟁Ꮚᐦᗘ䜢䝯䝑䝅䝳䛷䚸䜎䛯䝸䞁䜹䞊

㒊ศ࿘㎶䛾 3 䜰䝭䝜㓟ṧᇶ䜢䝇䝔䜱䝑䜽䝰䝕䝹䛷ᥥ䛔䛯䚹 
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ᅗᅗᅗᅗ 4444----4444    γγγγ1111----earearearear࡜࡜࡜࡜ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ    γγγγ----synerginsynerginsynerginsynergin࣌ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయࡢࡢࡢࡢ㔝⏕ᆺ㔝⏕ᆺ㔝⏕ᆺ㔝⏕ᆺࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ S764PS764PS764PS764Pኚ␗యኚ␗యኚ␗యኚ␗యࡢࡢࡢࡢ㔜㔜㔜㔜

    ᅗᅗᅗᅗࡏࢃࡏࢃࡏࢃࡏࢃྜྜྜྜࡡࡡࡡࡡ

 

γ1-ear 䝗䝯䜲䞁䛸䛭䜜䛸┦஫స⏝䛧䛶䛔䜛ᑐ⛠ศᏊ䛾 γ-synergin 䝨䝥䝏䝗䛾」ྜయᵓ㐀඲య䛾 CαཎᏊ䛷

㔜䛽ྜ䜟䛫䜢⾜䛳䛯䚹γ1-ear 䝗䝯䜲䞁㒊ศ䜢䝸䝪䞁ᅗ䛷䚸γ-synergin 䝨䝥䝏䝗㒊ศ䛿䝇䝔䜱䝑䜽䝰䝕䝹䛷ᥥ䛔

䛯䚹䝨䝥䝏䝗䛾䝇䝔䜱䝑䜽䝰䝕䝹䛿䚸㔝⏕ᆺ䜢Ⅳ⣲䛿䝅䜰䞁䛷䚸S764P ኚ␗య䛾Ⅳ⣲䜢㯤䛷䚸㓟⣲䜢㉥䚸❅⣲

䜢㟷䛷䚸䝸䝪䞁ᅗ䛿䚸㔝⏕ᆺ䛿䝅䜰䞁䛷䚸S764P ኚ␗య䛿㯤䛾Ⰽ䛷♧䛧䛯䚹 
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ᅗᅗᅗᅗ 4444----5555    γγγγ1111----earearearearࡢࡢࡢࡢࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ S764PS764PS764PS764Pኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜㔝⏕ᆺ㔝⏕ᆺ㔝⏕ᆺ㔝⏕ᆺࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜❧యᵓ㐀❧యᵓ㐀❧యᵓ㐀❧యᵓ㐀ࡢࡢࡢࡢẚ㍑ẚ㍑ẚ㍑ẚ㍑㸦㸦㸦㸦1111㸧㸧㸧㸧    

 

γ1-ear 䝗䝯䜲䞁䛾 S764P ኚ␗య䛸㔝⏕ᆺ䛾❧యᵓ㐀䜢 CαཎᏊ䛷㔜䛽䛒䜟䛫䜢⾜䛳䛯㝿䛾䛭䜜䛮䜜䛾ṧᇶ

䛾୺㙐䛾 R.M.S.D.䛾್䜢㟷Ⰽ䛷♧䛧䛯䚹 
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ᅗᅗᅗᅗ 4444----6666    γγγγ1111----earearearearࡢࡢࡢࡢࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ S764PS764PS764PS764Pኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜㔝⏕ᆺ㔝⏕ᆺ㔝⏕ᆺ㔝⏕ᆺࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜❧❧❧❧యᵓ㐀యᵓ㐀యᵓ㐀యᵓ㐀ࡢࡢࡢࡢẚ㍑ẚ㍑ẚ㍑ẚ㍑㸦㸦㸦㸦2222㸧㸧㸧㸧    

 

γ1-ear 䝗䝯䜲䞁 S764P ኚ␗య䛸γ-synergin 䝨䝥䝏䝗䛸䛾❧యᵓ㐀䜢䚸γ1-ear 䝗䝯䜲䞁䛾㒊ศ䜢䝸䝪䞁ᅗ䛷䚸

γ-synergin 䝨䝥䝏䝗䜢䝇䝔䜱䝑䜽䝰䝕䝹䛷♧䛧䛯䚹䛣䛾䝰䝕䝹䛻䚸䝸䝪䞁ᅗ䛷䛿୺㙐䛾ྛཎᏊ䛾䚸䝇䝔䜱䝑䜽䝰

䝕䝹䛷䛿඲䛶䛾ཎᏊ䛾䚸㔝⏕ᆺ䛸䛾඲䛶䛾ཎᏊ䛷㔜䛽ྜ䜟䛫䛯㝿䛾 R.M.S.D.䛾್䛻ᛂ䛨䛶䚸0 Å(㟷)䛛䜙

1.0 Å䠄㉥䠅䛷䛾Ⰽ䛷♧䛧䛯䚹 
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ᅗᅗᅗᅗ 4444----7777    γγγγ1111----earearearear࡜࡜࡜࡜ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ    γγγγ----synerginsynerginsynerginsynergin࣌ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయ࡛ࡢ࡛ࡢ࡛ࡢ࡛ࡢ ᗘᅉᏊ ᗘᅉᏊ ᗘᅉᏊ ᗘᅉᏊ    

 

γ1-ear 䝗䝯䜲䞁 S764P ኚ␗య䛸 γ-synergin 䝨䝥䝏䝗䛸䛾❧యᵓ㐀䜢䚸γ1-ear 䝗䝯䜲䞁㒊ศ䜢䝷䜲䞁䝰䝕䝹䛷䚸

γ-synergin 䝨䝥䝏䝗㒊ศ䜢䝇䝔䜱䝑䜽䝰䝕䝹䛷♧䛧䛯䚹䛣䛾䝰䝕䝹䛻䚸䛭䜜䛮䜜䛾 ᗘᅉᏊ䛾್䛻ᛂ䛨䛶䚸䝨

䝥䝏䝗㒊ศ䜒ྵ䜑⺮ⓑ㉁඲య䛾 ᗘᅉᏊ䛾ᖹᆒ䠄㟷䠅䛛䜙䝨䝥䝏䝗㒊ศ䛾 ᗘᅉᏊ䛾ᖹᆒ䠄㉥䠅䛾Ⰽ䛷♧䛧

䛯䚹 
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ᅗᅗᅗᅗ 4444----8888    γγγγ1111----earearearear࡜࡜࡜࡜ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ    γγγγ----synerginsynerginsynerginsynergin࣌ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయ6+6+6+6+ࡢࡢࡢࡢ㒊఩࿘㎶㒊఩࿘㎶㒊఩࿘㎶㒊఩࿘㎶ࡢࡢࡢࡢᵓ㐀ᵓ㐀ᵓ㐀ᵓ㐀ࡢࡢࡢࡢẚ㍑ẚ㍑ẚ㍑ẚ㍑    

 

γ1-ear 䝗䝯䜲䞁䛾㔝⏕ᆺ䛾 Ser764 䛸ኚ␗య䛾 Pro764䚸Phe750䚸Gln780 䛸 γ-synergin 䝨䝥䝏䝗䜢䝇䝔䜱䝑䜽

䝰䝕䝹䛷ᥥ䛔䛯䚹㔝⏕ᆺ䛾Ⅳ⣲䛿䝅䜰䞁䚸S764P ኚ␗య䛾Ⅳ⣲䛿㯤䚸㓟⣲䛿㉥䚸❅⣲䛿㟷䛾Ⰽ䛷♧䛧䚸Ỉ

ศᏊ䛿⥳Ⰽ䛾⌫య䛷♧䛧䛯䚹 
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ࡧࡧࡧࡧཬཬཬཬࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻγγγγ1111----earearearear࡜࡜࡜࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌✀ྛ✀ྛ✀ྛ✀ྛ .4.2 .4.2 .4.2 .4.2 GAEGAEGAEGAEࡢࡢࡢࡢࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻኚ␗ኚ␗ኚ␗ኚ␗ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶࡢࡢࡢࡢኚ໬ኚ໬ኚ໬ኚ໬    

 4.1 ⠇࡛᫂࡟࠺ࡼࡓࢀࡉ࡟࠿ࡽ γ1-ear ࡢࣥ࢖࣓ࢻ S764P ኚ␗య࡜ γ-synergin 「ࡢࢻࢳࣉ࣌

ྜయᵓ㐀࡛ࠊࡣᙜึࡢ௬ㄝ㏻࡟ࡾ GAEᆺࡢ S764Pኚ␗ࡢᙳ㡪6+ࡢࢻࢳࣉ࣌ࡾࡼ࡟㒊఩௜㏆࡛

኱࡞ࡁኚ໬ࡀ㉳࣮ࣜࢧࢭࢡ࢔ࠊ࡛ࡇࡑࠋࡓ࠸࡚ࡁ⺮ⓑ㉁࡟6+ࡢ఩⨨ࣀ࣑࢔ࡿࡍ㓟ṧᇶࡀ γ1-ear

ࡧཬࣥ࢖࣓ࢻ GAE࡟ྜ⤖ࡢ࡬ࣥ࢖࣓ࢻ㝿ࠊࡋ⁐ᾮ୰ࡢ࡝࡚࠸࠾࡟ᵝ࡞ᙺ๭ࢆᯝ࠿ࡢࡿ࠸࡚ࡋࡓ

SPRࠊ࡟ࡵࡓࡿ▱ࢆ ࢃྜࡳ⤌ࡢࢻࢳࣉ࣌࡜ⓑ㉁⺮ࡓ࠸⏝ࠋࡓࡋᐃ ࢆぶ࿴ᛶࡢࡽࢀࡑ࡚࠸⏝ࢆ

⾲ࡣࡏ  ࠋࡓࡋ♧࡟4-2

 SPR ᐃ ࡚ࡋ࡜ᆺ⟽ࡀ࣒ࣛࢢ࣮ࢧࣥࢭ࡛ࡏࢃྜࡳ⤌ࡢࢻࢳࣉ࣌࡜ⓑ㉁⺮ࡢ඲࡚ࠊࡣᐃ࡛ ࡢ

ᅗ࡚ࡋ࡜㸦୍౛ࡓࢀࡉ 4-9㸧ࡢࡽࢀࡇࠊࡣࢀࡇࠋ⺮ⓑ㉁࡚࠸࠾࡟ࡏࢃྜࡳ⤌ࡢ࡜ࢻࢳࣉ࣌࡜ゎ㞳࣭

⤖ྜ㏿ᗘࠊࡃ㏿ࡀ཯ᛂ࡚ࡵࢃࡁࡀ᪩ࡃᖹ⾮ࠊࡵࡓࡢࡑࠋࡿ࠸࡚ࡋ♧ࢆ࡜ࡇࡿ࠸࡚ࡋ⾜⛣࡜࡬⺮

ⓑ㉁⃰ࡢᗘࡢࡑ࡜ᖹ⾮್ࡽ࠿ゎ㞳ᐃᩘ Kdࡢ⟬ฟࡓࡗ⾜ࢆ㸦ᅗ 4-10㸧ࠋ 

  ᐃࡢ⤖ᯝࢆ⾲ ࡢࣥ࢖࣓ࢻγ1-earࠋࡓࡵ࡜ࡲ࡟4-2 S764Pኚ␗ࠊ࣌ࡾࡼ࡟ ⨨఩ࡢ6+ࡢࢻࢳࣉ

ࡣ࡛ 㸦γ-synerginࡓࡋపୗࡣぶ࿴ᛶࡢEpsinR࡜γ-synergin ࡘᣢࢆPhe࡟ 4.0 µMࡽ࠿ 7.7 µMࠊ

EpsinR࡛ࡣ 4.3 µMࡽ࠿ 7.9 µM㸧ࠊࡽࡀ࡞ࡋ࠿ࡋࠋGAEࡢࣥ࢖࣓ࢻ P574Sኚ␗࡛ࡽࢀࡑࠊࡣ

ࡓࡗ࠿࡞ࢀࡽぢࡣኚ໬ࡢぶ࿴ᛶࠊࡀࡓ࠸࡚ࢀࡉᮇᚅࡀ࡜ࡇࡿࡍቑຍ࡟ᵝྠࡀぶ࿴ᛶࡿࡍᑐ࡟

㸦 γ-synergin࡛ࡣ 18.2 µMࡽ࠿ 30.6 µMࠊEpsinR࡛ࡣ 43.9 µMࡽ࠿ 86.2 µM㸧ࣉ࣌ࠊࡓࡲࠋ

࡟⨨఩ࡢ6+ࡢࢻࢳ Alaࢆᣢࡘ Rabaptin-5ࡣ γ1-ear࡜ GAEࡢኚ␗యඹ࡟ぶ࿴ᛶࡢኚ໬ࡣぢࡽ

ࡣ㸦γ1-ear࡛ࡓࡗ࠿࡞ࢀ 34.4 µMࡽ࠿ 32.5 µMࠊGAE࡛ࡣ 10.3 µMࡽ࠿ 11.8 µM㸧ࠋ 
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 γ1-earࡣ࡛ࣥ࢖࣓ࢻᙜึࡢண ㏻ࠊࡾGAE ᆺࡢ S764P ኚ␗ࡾࡼ࡟ Phe㸦+6㸧ࢆᣢࢳࣉ࣌ࡘ

᪉୍ࠋࡓࢀࡉࡇ㉳ࡁᘬࡀపୗࡢぶ࿴ᛶࡢ࡬ࢻ GAE γ1-ear ࡧࡼ࠾㔝⏕ᆺࠊࡣ࡛ࣥ࢖࣓ࢻ ᆺࡢ

P574Sኚ␗ࡢ࡬ࢻࢳࣉ࣌ࡿࡅ࠾࡟ぶ࿴ᛶࡢᕪࡣ γ1-earࡢ࡛ࣥ࢖࣓ࢻ㐪࡟࠸ẚ࡜ࡿ࡭ᑠࠊࡃࡉᙜ

ࡣࢀࡇࠋࡓࡗ࠿ศࡀ࡜ࡇ࠸࡞ࡁㄝ࡛᫂ࡣ௬ㄝ࡛ࡢึ GAEࡀࣥ࢖࣓ࢻᮏ◊✲࡚࡟ᥦၐࡿ࠸࡚ࡋ❧

య㞀ᐖ࣮ࣜࢧࢭࢡ࢔ࡿࡼ࡟⺮ⓑ㉁ࡢ㑅ᢥ≉␗ᛶࡣ࡜㐪࠺ไᚚᶵᵓࢆᣢࡣࡓࡲࠊ࠿ࡿ࠸࡚ࡗ 

γ1-earᆺࡢ P574Sኚ␗ࡢᑟධࠊࡾࡼ࡟␗ᖖ࡞❧యᵓ㐀ྍࡢ࠿ࡽࡕ࡝ࡢ࠿ࡿ࠸࡚ࡗ࡜ࢆ⬟ᛶࡀ♧

၀ࠋࡓࢀࡉ 
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⾲⾲⾲⾲ 4444----2222    earearearearࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࡜࡜࡜࡜⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁࣌ࡢࡢࡢࡢࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ SPRSPRSPRSPRࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶ㸦㸦㸦㸦KKKKdddd㸧㸧㸧㸧    

 

GST ⼥ྜ䝨䝥䝏䝗䜢䝉䞁䝃䞊䝏䝑䝥䛻ᅛᐃ໬䛧䚸ear 䝗䝯䜲䞁⺮ⓑ㉁䜢ὶ㊰䛻ὶ䛧䛶 SPR 䛾 ᐃ䜢⾜䛳䛯䚹䛭

䜜䛮䜜䛾䝸䜺䞁䝗ཬ䜃䜰䝘䝷䜲䝖䛾⤌ྜ䛫䛷䚸8 ẁ㝵䛾ᕼẁ㝵㔘䜢⾜䛳䛯䚹ᚓ䜙䜜䛯 8 䜹ᡤ䛾 ᐃⅬ䛾⃰ᗘ

ཬ䜃ᖹ⾮್䠄Req䠅䛛䜙ゎ㞳ᐃᩘ Kd ཬ䜃䛭䛾ᶆ‽೫ᕪ䜢⟬ฟ䛧䛯䚹 

㸦µM㸧 
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ᅗᅗᅗᅗ 4444----9999    ⾲㠃⾲㠃⾲㠃⾲㠃ࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉඹ㬆ඹ㬆ඹ㬆ඹ㬆㸦㸦㸦㸦SPRSPRSPRSPR㸧㸧㸧㸧୍ࡢࡢࡢࡢ࣒ࣛࢢ࣮ࢧࣥࢭ࣒ࣛࢢ࣮ࢧࣥࢭ࣒ࣛࢢ࣮ࢧࣥࢭ࣒ࣛࢢ࣮ࢧࣥࢭࡢࡢࡢࡢ౛୍౛୍౛୍౛    
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ᅗᅗᅗᅗ 4444----10101010    ⾲㠃⾲㠃⾲㠃⾲㠃ࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉඹ㬆ඹ㬆ඹ㬆ඹ㬆㸦㸦㸦㸦SPRSPRSPRSPR㸧㸧㸧㸧ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟γγγγ1111----earearearearࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ GAEGAEGAEGAEࢡ࢔ࢡ࢔ࢡ࢔ࢡ࢔ࡢࡢࡢࡢࠎࠎࠎࠎ✀✀✀✀࡜࡜࡜࡜ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ

    㸧㸧㸧㸧ࡁࡁࡁࡁ⥆⥆⥆⥆ぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶ㸦㸦㸦㸦1111㸧㸧㸧㸧㸦㸦㸦㸦ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁࣌⺮࣮ࣜࢧࢭ࣮ࣜࢧࢭ࣮ࣜࢧࢭ࣮ࣜࢧࢭ

 

䠄A䠅 γ1-ear 䝗䝯䜲䞁䛸䛭䜜䛮䜜䛾䝨䝥䝏䝗䛸䛾ぶ࿴ᛶ䜢䝥䝻䝑䝖䛧䛯ᅗ䚹㉥Ⰽ䛜㔝⏕ᆺ䛾䚸㟷Ⰽ䛜 S764P ኚ

␗య䜢♧䛧䛶䛔䜛䚹 

䠄B䠅GAE 䝗䝯䜲䞁䛸䛭䜜䛮䜜䛾䝨䝥䝏䝗䛸䛾ぶ࿴ᛶ䜢䝥䝻䝑䝖䛧䛯ᅗ䚹䝢䞁䜽䛜㔝⏕ᆺ䛾䚸䝅䜰䞁䛜 P574S ኚ

␗య䜢♧䛧䛶䛔䜛䚹 
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4.3. GAE4.3. GAE4.3. GAE4.3. GAEኚ␗యኚ␗యኚ␗యኚ␗య/p56/p56/p56/p56」ྜయ」ྜయ」ྜయ」ྜయࡢࡢࡢࡢ⤖ᬗ⤖ᬗ⤖ᬗ⤖ᬗᵓ㐀ᵓ㐀ᵓ㐀ᵓ㐀    

 4.2⠇࡛ࡣγ1-earࡢࣥ࢖࣓ࢻ S764Pኚ␗ࡾࡼ࡟ Phe㸦+6㸧ࢆᣢࡢ࡬ࢻࢳࣉ࣌ࡘぶ࿴ᛶࡢపୗ

GAEࠊࡋ࠿ࡋࠋࡓࡋ♧ࢆ࡜ࡇࡿࢀࡉࡇ㉳ࡁᘬࡀ ࡢࣥ࢖࣓ࢻ P574S ኚ␗࡛ࡣ Phe㸦+6㸧ࢆᣢࡘ

ࣥ࢖࣓ࢻGAEࠊࡣḟ࡛ࡇࡑࠋࡓࡗ࠿࡞ࢀࡽࡳࡣኚ໬ࡢぶ࿴ᛶ࡞᭷ពࡢ࡬ࢻࢳࣉ࣌ P574Sኚ␗య

࠸ࡘ࡟⏝஫స┦ࡢ㉁ࢡࣃࣥࢱ࣮ࣜࢧࢭࢡ࢔࡜ࣥ࢖࣓ࢻGAEࠊ࡟ඹ࡜ࡿࡳヨࢆỴᐃࡢయᵓ㐀❧ࡢ

࡞ᐩ㇏ࡢぢ▱ࠊ࡟ࡵࡓ࠺⾜ࢆウ᳨࡞ヲ⣽ࡾࡼ࡚ p56 ⏕㔝ࠋࡓࡳヨࢆయᵓ㐀Ỵᐃ❧ࡢయྜ「ࡢ࡜

ᆺࡢ GAE࡜ࣥ࢖࣓ࢻ p56࣌ࡢ࡜ࢻࢳࣉ」ྜయᵓ㐀ࡣ᪤࡟Ỵᐃࡿ࠸࡚ࢀࡉ㸦Collins et al., 2003㸧

GAEࠊ࡛ࡢ ࡢࣥ࢖࣓ࢻ P574S ኚ␗య࡜ p56 ࡜㔝⏕ᆺࡋỴᐃࢆయᵓ㐀❧ࡢయྜ「ࡢ࡜ࢻࢳࣉ࣌

 ࠋࡓࡗ⾜ࢆẚ㍑ࡢ

 GAEࡢࣥ࢖࣓ࢻ S574Pኚ␗య࡜ p56࣌ࡢ࡜ࢻࢳࣉ」ྜయࡢ⤖ᬗ293ࠊࡣK࡛ 14᪥㛫ࡢ⤖ᬗ

ᡂ㛗୕ࡾࡼ࡟㎶ࢀࡒࢀࡑࡀ 0.1 mm⛬ᗘࡢ኱ࢆࡢࡶࡢࡉࡁᚓࡓࡁ࡛ࡀ࡜ࡇࡿ㸦ᅗ 3-3B㸧ࡢࡇࠋ⤖

ᬗ࡚࠸⏝ࢆPF-ARࡢNW12A࡚࡟ࣥ࢖࣒࣮ࣛࣅ 1.0000 ÅࡢἼ㛗࡛X⥺ᅇᢡᐇ㦂ࡇ࡜ࡓࡗ⾜ࢆ

ࠊ᭱ࢁ ኱ศゎ⬟ 1.90 Åࡢ࡛ࡲᅇᢡⅬࢆ୚ࡢࢺࢵࢭࢱ࣮ࢹࡿ࠼཰㞟ࡓࡁ࡛ࡀ࡜ࡇࡿࡍࢆ㸦⾲ 3-2㸧ࠋ

ࡢGGA1ࠊ࡚࠸⏝ࢆࢱ࣮ࢹᅇᢡࡢࡇ GAE࡜ࣥ࢖࣓ࢻ p56࣌ࡢ࡜ࢻࢳࣉ」ྜయࡢᵓ㐀㸦PDB␒

ྕ 1OM9㸧㸦Collins et al., 2003㸧ࣝࢹࣔࢆศᏊࡿࡍ࡜ศᏊ⨨᥮ἲ࡚ࡗࡼ࡟ᵓ㐀Ỵᐃࠋࡓࡗ⾜ࢆ

ゎࡓࢀ࠿⤖ᬗᵓ㐀ࡣ P21 ࡟㠀ᑐ⛠༢఩ࠊࡕᣢࢆ⩌㛫✵ࡢ 4 యศᏊ㸦GAEྜ「ࡢࡘ ࡢࣥ࢖࣓ࢻ

S574Pኚ␗య࡜ p56࣌ࢻࢳࣉ㸧ࠋࡓ࠸࡛ࢇྵࢆ 

 GAEࡢࣥ࢖࣓ࢻ S574Pኚ␗య࡜ p56࣌ࡢࢻࢳࣉ」ྜయࡢ⤖ᬗᵓ㐀ࠊࡕ࠺ࡢGAEࣥ࢖࣓ࢻ㒊
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ศࡣNᮎ➃࡜ Cᮎ➃௜㏆࡟ α࣊ࣜࢆࢫࢡࢵᣢࡢࡘ2ࠊࡕ βࢺ࣮ࢩ㸦βࢻࣥࣛࢺࢫ β1-2-3-5-6࡜ 

β4-7-8㸧ࡾࡼ࡟ᙧᡂࡿࢀࡉ βࢳࢵ࢖ࢻࣥࢧᵓ㐀ࢆᙧᡂࠋࡓ࠸࡚ࡋ㸦ᅗ 4-11㸧ࠊࡣࢀࡇ௒ᅇศᏊ⨨

᥮ࡓ࠸⏝࡟ࣝࢹࣔࡢ㔝⏕ᆺࡢ GAEྠ࡜ࣥ࢖࣓ࢻᵝ࡛ࠋࡓࡗ࠶㠀ᑐ⛠༢఩୰࡟Ꮡᅾࡿࡍ㸲ࡢࡘ」

ྜయศᏊࡕ࠺ࡢ ࡜ࡇࡿࡍỴᐃࢆᵓ㐀ࡢ㓟ṧᇶࣀ࣑࢔඲ࡿࢀࡲྵ࡟ࣥ࢖࣓ࢻGAEࠊ࡚࠸࠾࡟ࡘ2

㸦ᅗࡓࡁ࡛ࡀ 4-12㸧ࠋṧࡢࡾ ࡣ࡚࠸ࡘ࡟ࡘ2 Nᮎ➃࡜ Cᮎ➃ඹ㒊ࢀࡒࢀࡑࡢ 3ṧᇶࡢ㒊ศࢆ㝖

ࡃ 501 ࡽ࠿ 636 㸦ᅗࡓࡁ࡛ࡀ࡜ࡇࡿࡍỴᐃࢆᵓ㐀ࡢ㓟ṧᇶࣀ࣑࢔ࡢ࡛ࡲ 4-12㸧ࠋp56 ࢻࢳࣉ࣌

ࡣ࡚ࡋ㛵࡟ Ỵࢆᵓ㐀ࠊࡁㄆ࡛☜ࡀ㟁Ꮚᐦᗘࡢ㓟ṧᇶࣀ࣑࢔ࡢ࡛ࡲ6+ࡽ࠿2-࡚࠸࠾࡟඲࡚ࡢࡘ4

ᐃࡀ࡜ࡇࡿࡍฟ᮶ࠋࡓ 

 ẚ㍑࡟ࡵࡓࡢ GAEࡢࣥ࢖࣓ࢻ㔝⏕ᆺ࡜ P574Sኚ␗యࡢ ࢃྜࡡ㔜ࢀࡒࢀࡑࢆయᵓ㐀❧ࡢࡘ4

β5-6ࠊβ2-3 ࡟࠺ࡼࡍ♧࡟ᅗࠊࢁࡇ࡜ࡓࡏ ࠸㛗ࡢ㛫ࡢ 2 ࡞ࡁ኱࡛ࣉ࣮ࣝࡢࡘ R.M.S.D.ࡢ್ࡢኚ

໬ࡀほ ࡓࢀࡉ㸦ᅗ ࠸࡞ࡢ᥋㛵ಀ┤ࡣ࡟⏝஫స┦ࡢ࡜ࢻࢳࣉ࣌ࡣ㡿ᇦࡢࡇࠋ4-15㸧ࠊ4-14ࠊ4-13

㡿ᇦ࡛ࠋࡿ࠶ㄆ㆑㒊఩௜㏆ࡢ β6-7ࡢ㛫ࡧࡼ࠾ࠊࣉ࣮ࣝࡢ β4࿘㎶࡛ࡣ R.M.S.D.ࡣ್ࡢ 0.3Å௜

㏆࡜పࠋࡓ࠸࡚ࡗ࡞࡟್࠸P574S ኚ␗యࡢ༢఩᱁Ꮚ୰ࡢ 4 ศᏊࠊࡿࡅ࠾࡟୺㙐ࡢ CαཎᏊࡢ

R.M.S.D.ࡣ್ࡢ ࡽ࠿0.64 0.73Åࡢ⠊ᅖ࡛ࠋࡓࡗ࠶ 

 ௨ୖࡢᵝࠊ࡟GAEࡢࣥ࢖࣓ࢻ S574Pኚ␗య࡜ p56࣌ࡢࢻࢳࣉ」ྜయࠊ࡚࠸࠾࡟GAE࢖࣓ࢻ

㸦ᅗࠋࡓࡗ࠿࡞ࢀࡉほᐹࡣ࠸㐪ࡢㄆ㆑ᶵᵓࢻࢳࣉ࣌ࡸయᵓ㐀❧ࡿ࡞␗ࡃࡁ኱࡜㔝⏕ᆺࡢࣥ 4-16㸧

GAEࠊࡽ࠿࡜ࡇࡢࡇ ࡿ࠸࡚ࡋᮏ◊✲࡛ᥦၐࡣ࡟ࣥ࢖࣓ࢻ Pro/Phe(+6)ࡀࡏࢃྜ⤌ࡢཎᅉࡢ❧య

㞀ᐖ࣮ࣜࢧࢭࢡ࢔ࡿࡼ࡟⺮ⓑ㉁ࡢ㑅ᢥ≉␗ᛶ௨እࡢไᚚᶵᵓࡀᏑᅾࡀ࡜ࡇࡿ࠸࡚ࡋ♧၀ࠋࡓࢀࡉ 
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ᅗᅗᅗᅗ 4444----11111111    GAEGAEGAEGAEࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ P574SP574SP574SP574Sኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜ p56p56p56p56࣌ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయࡢࡢࡢࡢ❧యᵓ㐀❧యᵓ㐀❧యᵓ㐀❧యᵓ㐀    

 

GAE 䝗䝯䜲䞁 P574S ኚ␗య䛸 p56 䝨䝥䝏䝗䛸䛾❧యᵓ㐀䜢䚸GAE 䝗䝯䜲䞁䛾㒊ศ䜢䝸䝪䞁ᅗ䛷䚸p56 䝨䝥䝏䝗

䜢䝇䝔䜱䝑䜽䝰䝕䝹䛷ᥥ䛔䛯䚹GAE 䝗䝯䜲䞁㒊ศ䛿䚸N ᮎ➃䛛䜙 C ᮎ➃䜎䛷䜢㉥䛛䜙㟷䛾䜾䝷䝕䞊䝅䝵䞁䛷䚸䝨

䝥䝏䝗䛿Ⅳ⣲䜢㯤䚸㓟⣲䜢㉥䚸❅⣲䜢㟷䛾Ⰽ䛷♧䛧䛯䚹 
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ᅗᅗᅗᅗ 4444----12121212    GAEGAEGAEGAEࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ P574SP574SP574SP574Sኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜ p56p56p56p56࣌ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయࡢࡢࡢࡢ㠀ᑐ⛠ศᏊ㠀ᑐ⛠ศᏊ㠀ᑐ⛠ศᏊ㠀ᑐ⛠ศᏊ    

 

GAE 䝗䝯䜲䞁 P574S ኚ␗య䛸 p56 䝨䝥䝏䝗䛸䛾❧యᵓ㐀䜢䚸䝸䝪䞁ᅗ䛷ᥥ䛔䛯䚹4 䛴䛾㠀ᑐ⛠ศᏊ䜢㟷Ⰽ䠄A

ศᏊ䠅䚸䝅䜰䞁䠄B ศᏊ䠅䚸㯤Ⰽ䠄C ศᏊ䠅䚸㉥Ⰽ䠄D ศᏊ䠅䛷♧䛧䛯䚹䝟䝛䝹䠄a䠅䜢ᆶ┤ୖ᪉ྥ䛛䜙ᥥ䛔䛯䜒䛾䛜

䝟䝛䝹䠄b䠅䚹 
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ᅗᅗᅗᅗ 4444----13131313    GAEGAEGAEGAEࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ P574SP574SP574SP574Sኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜ p56p56p56p56࣌ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ❧యᵓ㐀❧యᵓ㐀❧యᵓ㐀❧యᵓ㐀ࡢࡢࡢࡢ㠀ᑐ⛠ศᏊྠኈ㠀ᑐ⛠ศᏊྠኈ㠀ᑐ⛠ศᏊྠኈ㠀ᑐ⛠ศᏊྠኈࡢࡢࡢࡢ㔜㔜㔜㔜࠶ࡡ࠶ࡡ࠶ࡡ࠶ࡡ

    ࡏࢃࡏࢃࡏࢃࡏࢃ

 

GAE 䝗䝯䜲䞁䛸 p56 䝨䝥䝏䝗䛸䛾❧యᵓ㐀䜢䚸GAE 䝗䝯䜲䞁㒊ศ䜢䝸䝪䞁ᅗ䛷䚸p56 䝨䝥䝏䝗㒊ศ䜢䝇䝔䜱䝑䜽䝰

䝕䝹䛷ᥥ䛔䛯䚹㔝⏕ᆺ䠄PDB: 1OM9䠅䛻 P574S ኚ␗య䛾 4 䛴䛾㠀ᑐ⛠ศᏊ䛾 CαཎᏊ䛷㔜䛽䛒䜟䛫䜢⾜䛳

䛯䚹㔝⏕ᆺ䛿㯤Ⰽ䛷䚸P574S ኚ␗య䛿㟷Ⰽ䠄A ศᏊ䠅䚸䝅䜰䞁䠄B ศᏊ䠅䚸㯤Ⰽ䠄C ศᏊ䠅䚸㉥Ⰽ䠄D ศᏊ䠅䛾Ⰽ

䛷♧䛧䛯䚹 
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ᅗᅗᅗᅗ 4444----14141414    GAEGAEGAEGAEࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ P574SP574SP574SP574Sኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜ p56p56p56p56࣌ࡢࡢࡢࡢࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయ࡜࡜࡜࡜㔝⏕ᆺ㔝⏕ᆺ㔝⏕ᆺ㔝⏕ᆺGAEGAEGAEGAEࡢࡢࡢࡢࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ❧యᵓ❧యᵓ❧యᵓ❧యᵓ

㐀㐀㐀㐀ࡢࡢࡢࡢẚ㍑ẚ㍑ẚ㍑ẚ㍑㸦㸦㸦㸦1111㸧㸧㸧㸧    

 

GAE 䝗䝯䜲䞁 P574S ኚ␗య䛸 p56 䝨䝥䝏䝗䛸䛾」ྜయ䛾❧యᵓ㐀䛸㔝⏕ᆺ䛾 CαཎᏊ䛷㔜䛽䛒䜟䛫䜢⾜䛳

䛯㝿䛾䛭䜜䛮䜜䛾ṧᇶ䛷䛾 RMSD 䛾್䜢㟷Ⰽ䠄A ศᏊ䠅䚸䝅䜰䞁䠄B ศᏊ䠅䚸㯤Ⰽ䠄C ศᏊ䠅䚸㉥Ⰽ䠄D ศᏊ䠅䛷

♧䛧䛯䚹 
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ᅗᅗᅗᅗ 4444----15151515    GAEGAEGAEGAEࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ P574SP574SP574SP574Sኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜ p56p56p56p56࣌ࡢࡢࡢࡢࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయ࡜࡜࡜࡜㔝⏕ᆺ㔝⏕ᆺ㔝⏕ᆺ㔝⏕ᆺGAEGAEGAEGAEࡢࡢࡢࡢࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ❧యᵓ❧యᵓ❧యᵓ❧యᵓ

㐀㐀㐀㐀ࡢࡢࡢࡢẚ㍑ẚ㍑ẚ㍑ẚ㍑㸦㸦㸦㸦2222㸧㸧㸧㸧    

 

GAE 䝗䝯䜲䞁 P574S ኚ␗య䛸 p56 䝨䝥䝏䝗䛸䛾」ྜయ䛾❧యᵓ㐀䠄A ศᏊ䠅䜢䚸GAE 䝗䝯䜲䞁㒊ศ䜢䝸䝪䞁ᅗ

䛷䚸p56 䝨䝥䝏䝗㒊ศ䜢䝇䝔䜱䝑䜽䝰䝕䝹䛷ᥥ䛔䛯䚹䛣䛾䝰䝕䝹䛻䚸䝸䝪䞁ᅗ䛷䛿୺㙐䛾ྛཎᏊ䛾䚸䝇䝔䜱䝑䜽

䝰䝕䝹䛷䛿඲䛶䛾ཎᏊ䛾䚸㔝⏕ᆺ䛸䛾඲䛶䛾ཎᏊ䛷㔜䛽ྜ䜟䛫䛯㝿䛾 R.M.S.D.䛾್䛻ᛂ䛨䛶䚸0 Å(㟷)䛛

䜙 1.5 Å䠄㉥䠅䛷䛾Ⰽ䛷♧䛧䛯䚹 
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ᅗᅗᅗᅗ 4444----16161616    GAEGAEGAEGAEࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ P574SP574SP574SP574Sኚ␗యኚ␗యኚ␗యኚ␗య࡜࡜࡜࡜ p56p56p56p56࣌ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ」ྜయ」ྜయ」ྜయ」ྜయ࡛ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࡢ࡛ࡢ࡛ࡢ࡛ࡢ㒊ศ㒊ศ㒊ศ㒊ศࡢࡢࡢࡢ㟁Ꮚᐦᗘ㟁Ꮚᐦᗘ㟁Ꮚᐦᗘ㟁Ꮚᐦᗘ

ᅗᅗᅗᅗ    

 

p56 䝨䝥䝏䝗㒊ศ䛾 1.8 σ䛷䛾㟁Ꮚᐦᗘᅗ䜢䝯䝑䝅䝳䛷䚸䝨䝥䝏䝗䜢䝇䝔䜱䝑䜽䝰䝕䝹䛷䚸GAE 䝗䝯䜲䞁 P574S

ኚ␗య䜢⾲㠃ᅗ䛷ᥥ䛔䛯䚹p56 䝨䝥䝏䝗䛾㔝⏕ᆺ䛾ศᏊ䝰䝕䝹䛿䚸P574S ኚ␗య䛾ศᏊ䝰䝕䝹䛾 CαཎᏊ

䛷㔜䛽䛒䜟䛫䜢⾜䛳䛯䚹䝨䝥䝏䝗䛿䚸㔝⏕ᆺ䛾Ⅳ⣲䜢䝅䜰䞁䚸P574S ኚ␗య䛾Ⅳ⣲䜢㯤䚸㓟⣲䜢㉥䚸❅⣲䜢

㟷䛾Ⰽ䛷♧䛧䛯䚹 
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4.4. 4.4. 4.4. 4.4. p56p56p56p566+6+6+6+ࡢࡢࡢࡢ఩⨨఩⨨఩⨨఩⨨ࡢࡢࡢࡢኚኚኚኚ␗␗␗␗ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶࡢࡢࡢࡢኚ໬ኚ໬ኚ໬ኚ໬    

 4.3 ⠇࡛ࠊ❧యᵓ㐀ࡧࡼ࠾ p56ࡢㄆ㆑ᶵᵓࠊࡀ㔝⏕ᆺ࡜ S574Pኚ␗య࡛ᕪࡀ࡜ࡇ࠸࡞ࡀศ࠿

ࡓࡗ GAEࠊ࡚࠸ࡘ࡟ࣥ࢖࣓ࢻp56࣌ࡢ࡜ࢻࢳࣉぶ࿴ᛶ࡚࠸ࡘ࡟ヲ⣽࡟ゎᯒࠋࡓࡗ⾜ࢆp56࣌ࣉ

ࡀ⨨఩ࡢ6+ࡣࢻࢳ Phe࡛ࡃ࡞ࡣ Ala࡛ࡢࡇࠊ࡛ࡇࡑࠋࡿ࠶ Ala㸦+6㸧ࢆ Phe࡟⨨᥮ࡓࡋኚ␗

㸦ᅗࡓࡋᐃ ࢆぶ࿴ᛶࡢ࡜ኚ␗య㸦㹑764㹎㸧ࡧࡼ࠾㔝⏕ᆺࡢࣥ࢖࣓ࢻGAEࠊࡋᑟධࢆ 4-17㸧ࠋ

ẚ㍑ࠊ࡟ࡵࡓࡢγ1-earࡢࣥ࢖࣓ࢻ㔝⏕ᆺࡧࡼ࠾ኚ␗య㸦㹎574㹑㸧ࡶ࡚࠸ࡘ࡟ ᐃࡑࠋࡓࡗ⾜ࢆ

⾲ࢆᯝ⤖ࡢࡽࢀ  ࠋࡓࡵ࡜ࡲ࡟4-3

 +6 ࡀ⨨఩ࡢ Ala࡛ࡿ࠶㔝⏕ᆺࡢ p56࣌4.2ࠊࡣ࡛ࢻࢳࣉ⠇࡛ࡢ Rabaptin-5  ࡟ᵝྠ࡜ᯝ⤖ࡢ

γ1-ear ࡧཬࣥ࢖࣓ࢻ GAE ࡓࡗ࠿࡞ࢀࡽぢࡣኚ໬ࡢぶ࿴ᛶࡿࡼ࡟ᑟධࡢ␗ኚ࡟ඹࣥ࢖࣓ࢻ

㸦γ1-earࡣ࡛ࣥ࢖࣓ࢻ 4.0 µM࡜ 3.2 µMࠊGAEࡣ࡛ࣥ࢖࣓ࢻ 5.2 µM࡜ 4.9 µM㸧ࡢ6+ࠋ఩⨨࡟

Pheࡢኚ␗ࢆᑟධࡓࡋ p56࣌ࡓ࠸⏝ࢆࢻࢳࣉሙྜࠊγ1-earࡢ㔝⏕ᆺ࡛ࡣぶ࿴ᛶࡀቑຍࡓࡋ㸦4.0 

µMࡽ࠿ 2.2 µM㸧ࠊࡣࢀࡇࠋኚ␗ࡢᑟධ࡛ FFFFxxFFFFxxFFFF㸦FFFFGGFFFFEAFFFF㸧ࡀࣇ࣮ࢳࣔࡢᙧᡂࡇࡿࢀࡉ

ࡀࣥ࢖࣓ࢻγ1-earࠊࡾࡼ࡟࡜ FFFFGGFFFF࡜ FFFFEAFFFFࡢ஧࢝ᡤ࡛ㄆ㆑࡛࡛࡜ࡇࡓࡗ࡞࡟࠺ࡼࡿࡁぶ࿴ᛶ

ࡓࡋቑຍࡀぶ࿴ᛶࡾࡼ࡟࡜ࡇࡿࡍㄆ㆑ࢆPhe㸦+6㸧ࠊ࡟ࡽࡉࠋࡿࡁ࡛ࡀ࡜ࡇࡿ࠼⪄࡜ࡓࡋቑຍࡀ

ࡓࡲࠋࡿࡁ࡛ࡀ࡜ࡇࡿ࠼⪄ࡶ࡜ GAEࡢࣥ࢖࣓ࢻ㔝⏕ᆺ࡛ࠊࡣp56࣌ࡢ࡬ࢻࢳࣉኚ␗ࡢᑟධࡼ࡟

ࡀぶ࿴ᛶࡾ 6ಸ⛬ᗘపୗࡿ࠸࡚ࡋ㸦5.2 µMࡽ࠿ 29.6 µM㸧ࡣࢀࡇࠋᮏ◊✲ࡢ௬ㄝ㏻ࠊࡾ࠶࡛ࡾ

Pro574࡜ Phe㸦+6㸧ࡿࡼ࡟ Pro/Phe(+6)❧య㞀ᐖࣔࡿࡼ࡟ࣝࢹぶ࿴ᛶࡢపୗࠋࡿࢀࡽ࠼⪄࡜ 

6+ࠊ࡟ࡽࡉ  ࡟⨨఩ࡢ Phe ࡓࡋᑟධࢆ␗ኚࡢ p56 γ1-earࠊሙྜࡓ࠸⏝ࢆࢻࢳࣉ࣌ ࡟ࣥ࢖࣓ࢻ
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GAEᆺࡢ S764Pኚ␗ࢆᑟධ࡛࡜ࡇࡿࡍぶ࿴ᛶࡀ 1.5ಸ⛬ᗘపୗࡓࡋ㸦2.2 µMࡽ࠿ 3.5 µM㸧ࠋ

GAEࠊࡓࡲ γ1-ear࡟ࣥ࢖࣓ࢻ ᆺࡢ P574S ኚ␗యࢆᑟධࠊ࡛࡜ࡇࡿࡍぶ࿴ᛶࡀ 3 ಸ⛬ᗘୖ᪼ࡋ

ࡽ࠿㸦29.6 µMࡓ 10.4 µM㸧ࡣࡽࢀࡇࠋᮏ◊✲ࡢ௬ㄝ㏻ࠊ࡟ࡾγ1-earࡣ࡛ࣥ࢖࣓ࢻ S764Pኚ␗

ࡢࢻࢳࣉ࣌ࡾࡼ࡟ Phe㸦+6㸧࡜❧య㞀ᐖࢆᘬࡁ㉳ࡋࡇぶ࿴ᛶࡀపୗࠊࡋGAEࡣ࡛ࣥ࢖࣓ࢻ P574S

ኚ␗ࢻࢳࣉ࣌ࡾࡼ࡟ Phe㸦+6㸧ࡢ࡜❧య㞀ᐖࡀゎᾘࢀࡉぶ࿴ᛶࡀቑຍࠋࡿࢀࡽ࠼⪄࡜ࡓࡋ 

 ௨ୖࠊࡽ࠿࡜ࡇࡢGAE γ1-earࡶ࡟ࣥ࢖࣓ࢻ ࡢᵝྠ࡜ࣥ࢖࣓ࢻ Pro/Phe(+6)ࡀࡏࢃྜ⤌ࡢཎᅉ

 ࠋࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿ࠸࡚ࡋᏑᅾࡀ㑅ᢥ≉␗ᛶࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡿࡼ࡟య㞀ᐖ❧ࡢ
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⾲⾲⾲⾲ 4444----3333    earearearearࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁࡜࡜࡜࡜ p56p56p56p56࣌ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ SPRSPRSPRSPRࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶ㸦㸦㸦㸦KKKKdddd㸧㸧㸧㸧    

 

GST ⼥ྜ䝨䝥䝏䝗䜢䝉䞁䝃䞊䝏䝑䝥䛻ᅛᐃ໬䛧䚸ear 䝗䝯䜲䞁⺮ⓑ㉁䜢ὶ㊰䛻ὶ䛧䛶 SPR 䛾 ᐃ䜢⾜䛳䛯䚹䛭

䜜䛮䜜䛾䝸䜺䞁䝗ཬ䜃䜰䝘䝷䜲䝖䛾⤌ྜ䛫䛷䚸8 ẁ㝵䛾ᕼẁ㝵㔘䜢⾜䛳䛯䚹ᚓ䜙䜜䛯 8 䜹ᡤ䛾 ᐃⅬ䛾⃰ᗘ

ཬ䜃ᖹ⾮್䠄Req䠅䛛䜙ゎ㞳ᐃᩘ Kd 䜢⟬ฟ䛧䛯䚹䛣䛾 ᐃ䜢 3 ᅇ⾜䛔䚸ゎ㞳ᐃᩘ Kd 䛾ᖹᆒ್ཬ䜃ᶆ‽೫ᕪ

䜢⟬ฟ䛧䛯䚹 

㸦µM㸧 
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ᅗᅗᅗᅗ 4444----17171717    ⾲㠃⾲㠃⾲㠃⾲㠃ࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉࣥࣔࢬࣛࣉඹ㬆ඹ㬆ඹ㬆ඹ㬆㸦㸦㸦㸦SPRSPRSPRSPR㸧㸧㸧㸧ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟γγγγ1111----earearearearࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ GAEGAEGAEGAEࢡ࢔ࢡ࢔ࢡ࢔ࢡ࢔ࡢࡢࡢࡢࠎࠎࠎࠎ✀✀✀✀࡜࡜࡜࡜ࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ

    㸧㸧㸧㸧ࡁࡁࡁࡁ⥆⥆⥆⥆ぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶぶ࿴ᛶ㸦㸦㸦㸦2222㸧㸧㸧㸧㸦㸦㸦㸦ࡢ࡜ࡢ࡜ࡢ࡜ࡢ࡜ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉ࣌ࢻࢳࣉⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁࣌⺮࣮ࣜࢧࢭ࣮ࣜࢧࢭ࣮ࣜࢧࢭ࣮ࣜࢧࢭ

 

䠄C䠅 γ1-ear 䝗䝯䜲䞁䛸 GAE 䝗䝯䜲䞁䛾 p56 䝨䝥䝏䝗䛸䛭䛾 Phe䠄+6䠅ኚ␗య䛸䛾ぶ࿴ᛶ䜢䝥䝻䝑䝖䛧䛯ᅗ䚹㉥Ⰽ

䛜㔝⏕ᆺ䛾 γ1-ear 䝗䝯䜲䞁䚸㟷Ⰽ䛜 S764P ኚ␗య䚸䝢䞁䜽䛜㔝⏕ᆺ䛾 GAE 䝗䝯䜲䞁䚸䝅䜰䞁䛜 P574S ኚ␗

య䜢♧䛧䛶䛔䜛䚹 
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5. Discussion5. Discussion5. Discussion5. Discussion 

    

5.1. 5.1. 5.1. 5.1. γγγγ1111----earearearear࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔ࡢࡢࡢࡢࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ⺮ⓑ㉁ㄆ㆑⺮ⓑ㉁ㄆ㆑⺮ⓑ㉁ㄆ㆑⺮ⓑ㉁ㄆ㆑ࡢࡢࡢࡢศᏊᶵᵓศᏊᶵᵓศᏊᶵᵓศᏊᶵᵓ    

 γ1-ear࡜ࣥ࢖࣓ࢻGAEࡣ࡟ࣥ࢖࣓ࢻ㧗ࣀ࣑࢔࠸㓟ࡢ㓄ิ┦ྠᛶࡸᶵ⬟ࡢ㢮ఝᛶ࠿ࡶ࡟ࡿ࠶ࡀ

 ,.㸦Hirst et al., 2000, Hirst et alࡿ࠸࡚ࡗ࡞␗ࡀぶ࿴ᛶࡿࡍᑐ࡟ⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࠊࡎࡽࢃ࠿

2003, Lui et al., 2003㸧ࠋGAE࡜ࣥ࢖࣓ࢻẚ㍑ࠊ࡜ࡿࡍγ1-earࡣࣥ࢖࣓ࢻ γ-synergin࣌ࢻࢳࣉ

࡟ࢻࢳࣉEpsinR࣌ࡸ in vitroࡢᐇ㦂⣔࡚࠸࠾࡟≉␗ⓗ࡟㧗࠸ぶ࿴ᛶࢆᣢࡀ࡜ࡇࡘ௨๓ࡢ࡛ࡲ◊

ࡸࢻࢳࣉγ-synergin࣌ ࡽࢀࡇࠊ࡚ࡋࡑࠋ(Inoue, 2004; Yamada, 2004)ࡿ࠸࡚ࢀࡉ♧࡛✲ EpsinR

࡟⨨఩ࡢ6+ࡶࡽࡕ࡝ࠊࢁࡇ࡜ࡓࡳ࡚ࡋẚ㍑ࢆ㓟㓄ิࣀ࣑࢔ࡢࢻࢳࣉ࣌ Pheࢆᣢࡋุ᫂ࡀ࡜ࡇࡘ

࡜ࣥ࢖࣓ࢻγ1-earࠊࡋ┠╔࡟⨨఩ࡢࡇ࡟୺ࠊ࡛ࡇࡑࠋࡓ GAEࡢࣥ࢖࣓ࢻぶ࿴ᛶࡢ㐪࡜࠸❧యᵓ

㐀ࡢ㛵ಀࡓࡗ⾜࡚࠸ࡘ࡟ᐇ㦂࡟ᇶ࡙࡚࠸⪃ᐹࠋ࠺⾜ࢆ 

 γ1-earࡢࣥ࢖࣓ࢻGAEᆺ S764Pኚ␗య࡜㔝⏕ᆺࡢ γ-synergin࣌ࡢ࡜ࢻࢳࣉ」ྜయࡢ❧యᵓ

㐀ࢆẚ㍑ࠊ࡜ࡿࡍγ1-ear ࠊࡀࡓࡗ࠿࡞ࢀࡽぢࡣᵓ㐀ኚ໬࡞ࡁ኱ࡣ࡚ࡋ࡜ⓑ㉁඲య⺮ࡣࣥ࢖࣓ࢻ

ࡢࢻࢳࣉγ-synergin࣌ ࡿ࠸࡚ࡋྜ⤖ Phe㸦+6㸧௜㏆࡛ࡣ኱࡞ࡁኚ໬ࡀほ ࡛ࠊ࡚ࡋࡑࠋࡓࡁSPR

ᐃ ࡀ஦ࡿࡍపୗࡀぶ࿴ᛶࡢ࡬ࢻࢳࣉγ-synergin࣌ ࡾࡼ࡟ᑟධࡢ␗S764Pኚࠊࡣᐃ࡛ ࡿࡼ࡟

 ࠋࡓࢀࡉ

ㄝ࡛ࣝࢹࣔ࡞࠺ࡼࡢḟࡣపୗࡢぶ࿴ᛶࡢ࡬γ-synerigin ࡢࣥ࢖࣓ࢻγ1-ear ࡢ␗S764Pኚࡢࡇ 

ࡢࢻࢳࣉγ-synergin࣌ࠊ࡟࠺ࡼࡿࢀࡉ♧ࡽ࠿యᵓ㐀❧ࡓࡋỴᐃࠋࡿฟ᮶ࡀ࡜ࡇࡿࡍ᫂ Phe㸦+6㸧
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γ1-earࠊࡣ ࡓࡋᑟධ࡟ࣥ࢖࣓ࢻ GAE ᆺࡢ S764P ኚ␗ࡢ Pro764 ṧᇶ࡟᥋㏆ฟ᮶ࡍࠋࡿ࡞ࡃ࡞

ࣉγ-synergin࣌ࠊࡾࡼ࡟࡜ࡇࡿࡀᗈࡀ㊥㞳ࡢ࡜ࣥ࢖࣓ࢻγ1-ear ࡜ࢻࢳࣉγ-synergin࣌ࠊࡕࢃ࡞

ࡢࢻࢳ Phe㸦+6㸧ࡢ୺㙐ࡢ❅⣲ཎᏊ࡜ỈศᏊࡢ㛫࡛ᙧᡂࡓ࠸࡚ࢀࡉỈ⣲⤖ྜࡢࡑࠊỈศᏊ࡜ 

γ1-earࡢࣥ࢖࣓ࢻPhe750ࡢ୺㙐ࡢ㓟⣲ཎᏊࡧࡼ࠾Gln780ࡢഃ㙐ࡢ❅⣲ཎᏊࡢ㛫࡛ᙧᡂ࡚ࢀࡉ

㸦ᅗࡓࢀࢃኻࡀྜ⤖Ỉ⣲ࡓ࠸ 4-8㸧ࠋ㔝⏕ᆺ࡛ࡣᏑᅾࡢࡽࢀࡇࡓ࠸࡚ࡋỈ⣲⤖ྜࡀᾘኻ࡜ࡇࡿࡍ

 ࠋࡿࢀࡽ࠼⪄࡜ࡓࡋపୗࡀぶ࿴ᛶࡢࢻࢳࣉγ-synergin࣌ࠊࡾࡼ࡟

ㄝࡃࡼࡶ࠸㐪ࡢᗘᅉᏊ ࡢࢻࢳࣉγ-synergin࣌ࡿࡅ࠾࡟X⥺ᵓ㐀ゎᯒࡢయྜ「 ࡣࣝࢹࣔࡢࡇ 

㔝⏕ᆺ γ1-earࠋࡿࡍ᫂ γ-synergin ࡣ࡛ࣥ࢖࣓ࢻ ࡢࢻࢳࣉ࣌ Phe㸦+6㸧௜㏆ࡢ ᗘᅉᏊࣉ࣌ࡣ

ࡣS764Pኚ␗య࡛ࠊࡀࡓࡗ࠶್࡛࠸ప࡜ࡿࡍẚ㍑࡜ᖹᆒ್ࡢ㒊ศࢻࢳ Phe㸦+6㸧௜㏆ࡢ ᗘᅉ

Ꮚࡀ್ࡢ≉␗ⓗ࡟ቑຍࢻࢳࣉ࣌ࠊࡋ㒊ศࡢᖹᆒ್࡟㏆࡛ࡲ್࠸ቑຍࡿ࠸࡚ࡋ㸦ᅗ 4-7㸧ࡣࢀࡇࠋ

๓㏙ࡢ γ-synergin γ1-ear ࡜ࢻࢳࣉ࣌ ࢻࢳࣉ࣌ࠊࡾࡼ࡟࡜ࡇࡓࡋᾘኻࡀྜ⤖Ỉ⣲ࡢ࡜ࣥ࢖࣓ࢻ

ࡢ Phe㸦+6㸧ࡀỈศᏊࢆ௓࡚ࡋ γ1-ear࡟Ỉ⣲⤖ྜ࡛ᅛᐃࡀࡢࡓ࠸࡚ࢀࡉእࠊࢀPhe㸦+6㸧ࡑࡸ

 ࠋࡿㄝ᫂ฟ᮶ࡃࡼࡤࢀ࠼⪄࡜ࡓࡗ࡞ࡃࡁ኱ࡀࡂࡽᦂࡢ࿘㎶㒊ศࡢ

GAEᆺࠊࡎࡽࢃ࠿࠿ࡶ࡟ࡿ࠶࡛ࡳࡢ␗㒊఩≉␗ⓗኚࠊ࡚࠸ࡘ࡟ࣥ࢖࣓ࢻγ1-earࠊ࡟ࡽࡉ  S764P

ኚ␗యࡢ⤖ᬗᵓ㐀ࡢศゎ⬟ࡀ㔝⏕ᆺ࡜ẚ㍑࡜ࡿࡍపୗ࡛ࣝࢹࣔࡢࡇࡶ࡜ࡇࡿ࠸࡚ࡋㄝ࡛᫂ࠋࡿࡁ

௒ᅇ⏝ࡓ࠸ γ-synergin࣌ࢻࢳࣉ⼥ྜ γ1-earࠊࡣࣥ࢖࣓ࢻγ1-earࡢNᮎ➃࢝ࣥࣜ࡟ 㸦࣮SGGGS㸧

γ-synergin ࡚ࡋ௓ࢆ ࡢࢻࢳࣉ࣌ C ᮎ➃ࠋࡿ࠸࡚ࡋྜ⼥࡜⤖ᬗ୰࡛ࡢࡇࠊ γ-synergin ࢻࢳࣉ࣌

ࡿࡍ㞄᥋ࡀ  γ1-ear γ1-earࡢࡇࠊࡾࡼ࡟࡜ࡇࡿࡍྜ⤖࡟ᑐ⛠ศᏊࡢࣥ࢖࣓ࢻ  ࡜ࣥ࢖࣓ࢻ
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γ-synergin࣌ࢆྜ⤖ࢻࢳࣉ⤖ᬗࠊ࡚࠸⏝࡟ࢢࣥ࢟ࢵࣃࡢ⤖ᬗࡢ㉁㸦ศゎ⬟㸧ࠋࡿ࠸࡚ࡏࡉୖྥࢆ

S764Pࡢኚ␗ᑟධࡾࡼ࡟ γ-synerginࡢ࡬⤖ྜຊࡀపୗࠊࡋ⤖ᬗࡀࢢࣥ࢟ࢵࣃಖᣢࡗ࡞ࡃࡃ࡟ࡋ

ࡢࢻࢳࣉγ-synergin࣌࡟ࡽࡉࠋࡿࡁ࡛ࡀ࡜ࡇࡿ࠼⪄࡜ࡿ࠸࡚ࡋపୗࡀ⬟ศゎࠊࡾࡼ࡟࡜ࡇࡓ Phe

㸦+6㸧௜㏆࡛ࡢ኱࡞ࡁኚ໬ࠊࡾࡼ࡟Ᏻᐃࡓࡋ❧యᵓ㐀ࢆᙧᡂ࡜࠸ࡃ࡟ࡋᛮ࣮࢝ࣥࣜࡿࢀࢃ㒊ศ

࡜ࡓࡗ࡞ࡃ࡞ࡁ࡛ ほࡀ㟁Ꮚᐦᗘࡢ㒊ศ࣮࢝ࣥࣜࡓ࠸࡚ࡁ࡛ ほࡣ㔝⏕ᆺ࡛ࠊࡌ⏕ࡀࡂࡽᦂ࡟

 ࠋࡿࡁ࡛ࡀ࡜ࡇࡿ࠼⪄

࡟ࢻࢳࣉp56࣌ࠊࡓࡲ  Phe㸦+6㸧ࡢኚ␗ࢆᑟධࠊࡾࡼ࡟࡜ࡇࡿࡍ㔝⏕ᆺࡢ GAEࡢ࡜ࣥ࢖࣓ࢻ

ぶ࿴ᛶࡀపୗࠊࡋγ1-earᆺࡢ P574Sኚ␗య࡛ࡣぶ࿴ᛶࡀቑຍࠊࡽ࠿࡜ࡇࡓࡋᮏ◊✲࡛ᥦၐ࡚ࡋ

ࡿ࠸ Pro/Phe(+6)❧య㞀ᐖࣔࡣࣝࢹ GAEࡶ࡟ࣥ࢖࣓ࢻᙜ࡚࡜ࡿࡲࡣ᥎ ࠋࡿࢀࡉ 

γ1-ear ࡟࠺ࡼࡢࡇ  γ1-earࠊࡣㄆ㆑≉␗ᛶࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡿࡼ࡟ࣥ࢖࣓ࢻ ࡢࣥ࢖࣓ࢻ

764ṧᇶ┠ࠊࡀGAEࡢࣥ࢖࣓ࢻ Pro574ࡾ࡞␗ࡣ࡜ Ser764࡛࣮ࣜࢧࢭࢡ࢔ࠊࡾࡼ࡟࡜ࡇࡿ࠶⺮

ⓑ㉁ࡢ6+ࡢ఩⨨ࡢ Pheࡾࡼ࡜ᙉ࠸┦஫స⏝ࡓࡲࠊࡾࡼ࡟࡜ࡇࡿࡍࢆ GAEࡣ࡚࠸࠾࡟ࣥ࢖࣓ࢻ

 ࠋࡓࡗ࡞࡟࠿ࡽ᫂ࡀศᏊᶵᵓ࠺࠸࡜ࡿ࠸࡚ࢀࡽࡵᙅࡀᶵᵓ࡛ぶ࿴ᛶࡢ㏫ࡢࡑ

 

5.2. 5.2. 5.2. 5.2. GAEGAEGAEGAE࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔ࡢࡢࡢࡢࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻࣥ࢖࣓ࢻ⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁ㄆ㆑ㄆ㆑ㄆ㆑ㄆ㆑ࡢࡢࡢࡢศᏊᶵᵓศᏊᶵᵓศᏊᶵᵓศᏊᶵᵓ    

    GAEࠊࡣ࡛ࣥ࢖࣓ࢻP574Sኚ␗ࡢᑟධࡾࡼ࡟ Phe㸦+6㸧ࢆᣢࡘ γ-synerginࡸ EpsinR࡝࡞

GAEࠊ࡜࡜ࡇࡓࡗ࠿࡞ࢀࡉ ほࡣቑຍࡢぶ࿴ᛶࡢ࡬ࢻࢳࣉ࣌ࡽࢀࡇࡢ γ1-ear ࡢࣥ࢖࣓ࢻ ᆺࡢ

P574Sኚ␗య࡜ p56࣌ࡢ࡜ࢻࢳࣉ」ྜయࡢ❧యᵓ㐀ࡀ㔝⏕ᆺ5.1ࠊࡽ࠿࡜ࡇࡓࡗ࠶࡛ࡌྠࡰ࡯࡜
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⠇࡛㏙ࡓ࡭ Pro/Phe(+6)❧య㞀ᐖ࣮ࣔࣜࢧࢭࢡ࢔ࡿࡼ࡟ࣝࢹ⺮ⓑ㉁ࡢ㑅ᢥᶵᵓ௨እࡢᮍ▱ࡢศ

ᏊᶵᵓࡢᏑᅾࡀ♧၀ࠋࡿࢀࡉ 

 5.1 ⠇ࡢศᏊᶵᵓ࡟ᚑࠊ࡜࠺GAE ࡢࣥ࢖࣓ࢻ S574P ኚ␗ࡢᑟධࠊࡾࡼPhe㸦+6㸧ࢆᣢࡘ 

γ-synerginࡸ EpsinR࡟࡝࡞ᑐࡿࡍ❧య㞀ᐖࡿࡼ࡟ぶ࿴ᛶࡢపୗࡀゎỴ࣌ࡽࢀࡇࠊ࡛࡜ࡇࡿࢀࡉ

ࡢᐇ㝿ࠊࡀࡿࢀࡉᮇᚅࡀቑຍࡢぶ࿴ᛶࡢ࡬ࢻࢳࣉ SPR ࠊࡋ࠿ࡋࠋࡓࡗ࠿࡞ࢀࡉ ほࡣᐃ࡛ ࡢ

p56࣌࡟ࢻࢳࣉ Phe㸦+6㸧ࡢኚ␗ࢆᑟධࠊ࡛࡜ࡇࡿࡍGAEࡢࣥ࢖࣓ࢻ Pro574ࡢ࡜❧య㞀ᐖࢆ

ᘬࡁ㉳ࡋࡇぶ࿴ᛶࡀపୗࡿࡍ஦ࢆほᐹࡢࡇࠊࡓࡲࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡍ Pro࡜ Phe㸦+6㸧ࡿࡼ࡟

❧య㞀ᐖࡣ γ1-ear ᆺࡢ P574S ኚ␗ࡢᑟධ୍ࠊࡾࡼ࡟ᐃࡢᅇ᚟ࡶ࡜ࡇࡿࡍࢆほᐹ࡛ࡀ࡜ࡇࡿࡍ

 ࠋࡓࡁ

ࡓ࡭5.1⠇࡛㏙ࠊࡽ࠿࡜ࡇࡢࡽࢀࡇ  Pro/Phe(+6)❧య㞀ᐖ࣮ࣔࣜࢧࢭࢡ࢔ࡿࡼ࡟ࣝࢹ⺮ⓑ㉁ࡢ

㑅ᢥ≉␗ᛶࡣ GAEࡶ࡟ࣥ࢖࣓ࢻᏑᅾࡢࡑࠊࡀࡿ࠸࡚ࡋศᏊᶵᵓࡶࡾࡼඃඛࡣ࠸ࡿ࠶ᙉຊ࡟ᶵ⬟

 ࠋࡓࡁ࡛ࡀ࡜ࡇࡍぢฟࢆᛶ⬟ྍࡿ࠸࡚ࡋᏑᅾࡀㄆ㆑ᶵᵓࡢูࡿ࠸࡚ࡋ

 

5.3. AP5.3. AP5.3. AP5.3. AP」ྜయ」ྜయ」ྜయ」ྜయཬཬཬཬࡧࡧࡧࡧ GGAGGAGGAGGA⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࣮ࣜࢧࢭࢡ࢔࡜࡜࡜࡜⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁⺮ⓑ㉁    

 5.1⠇࡛㏙ࡓ࡭Pro/Phe(+6)❧య㞀ᐖ࣮ࣔࣜࢧࢭࢡ࢔ࡿࡼ࡟ࣝࢹ⺮ⓑ㉁ࡢ㑅ᢥ≉␗ᛶࠊࡣγ1-ear

࡜Proࡢ㓟ṧᇶࣀ࣑࢔ࡢࡘ୍ࡓࡗࡓࡢ୰ࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡧࡼ࠾ࣥ࢖࣓ࢻGAEࡸࣥ࢖࣓ࢻ

Ser 5.2ࠊ࡚࠼ຍ࡟ࢀࡑࠋࡿ࠸࡚ࢀࡉไᚚ࡚ࡗࡼ࡟࠸㐪ࡢ ⠇࡛㏙ࡓ࡭ GAE ᮍࡿࡅ࠾࡟ࣥ࢖࣓ࢻ

࡜ࣥ࢖࣓ࢻγ1-earࠊࡶⓑ㉁ㄆ㆑ᶵᵓ⺮࣮ࣜࢧࢭࢡ࢔ࡢ▱ GAE࣮ࣜࢧࢭࢡ࢔ࡢࣥ࢖࣓ࢻ⺮ⓑ㉁ࡢ
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㑅ᢥ≉␗ᛶ࡟㛵୚ྍࡿ࠸࡚ࡋ⬟ᛶࠋࡓࢀࡉ♧ࡀ⌧ᅾ࡟࡛ࡲᚓࡿ࠸࡚ࢀࡽ▱ぢ࡛ࡣ γ1-ear࢖࣓ࢻ

ࡧࡼ࠾ࣥ GAEࡢࣥ࢖࣓ࢻ❧యᵓ㐀࡟኱࡞ࡁᕪࢆࡽࢀࡑࠊࡃ࡞ࡣẚ㍑ࡢࡇࡶ࡚ࡋᮍ▱ࡢㄆ㆑ᶵᵓ

ࡢࡇࠋࡿ࠶୙࡛᫂ࡣ࡛≦⌧ࡣ࠿ࡿ࠸࡚ࢀࡉ࡞࡚ࡋ࡟࠺ࡼࡢ࡝ࡀ GAE࡟ࣥ࢖࣓ࢻᏑᅾࡿ࠸࡚ࡋᮍ

࡜ࣥ࢖࣓ࢻγ1-earࠊࡃ࡞ࡣ࡛ࡢࡶࡿࡼ࡟࠸㐪ࡢᵓ㐀࡞ࡁ኱ࡶㄆ㆑ᶵᵓࡢ▱ GAEࡎࢃࡢࣥ࢖࣓ࢻ

࠸࡚ࡌ⏕ࡽ࠿࠸㐪ࡢ㓄ิ࡞࠿ࡎࢃࡢࣇ࣮ࢳㄆ㆑ࣔࡘᣢࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡸ࠸㐪ࡢᵓ㐀࡞࠿

 ࠋࡿࢀࡽ࠼⪄࡜࠿࠸࡞ࡣ࡛ࡢࡿ

 5.1 ⠇࡛㏙6+ࡓ࡭ ఩⨨ࣀ࣑࢔ࡢ㓟ṧᇶࡢ❧య㞀ᐖࡿࡼ࡟ศᏊᶵᵓࠊࡣ࡛ࡅࡔγ1-ear ࣥ࢖࣓ࢻ

࡜ GAE ᛶ⬟ྍࡿ࠶୙༑ศ࡛ࡣ࡟ࡿࡍㄝ᫂ࢆ㑅ᢥ≉␗ᛶࡢⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔࠸ᙉࡢࣥ࢖࣓ࢻ

ࡿ࠸࡚ࢀゐࡶ࡛✲◊ᮏࠊࡋ࠿ࡋࠋࡿ࠶ࡀ GAEࡢࣥ࢖࣓ࢻᣢࡿ࠸࡚ࡗᮍ▱ࡢㄆ㆑ᶵᵓࠊࡸᮍࡔⓎ

ぢ࠸࡞࠸࡚ࢀࡉ௚ࡢㄆ㆑ᶵᵓࡳ✚ࡢ㔜ࡢࡑࠊ࡚ࡗࡼ࡟ࡡ㑅ᢥ≉␗ᛶࡀ㐩ᡂྍࡿ࠸࡚ࢀࡉ⬟ᛶࡀ

ᜏᖖⓗ࡛ṇࠊࡋಖ☜ࢆ෕㛗ᛶ࠸㧗࡛࡜ࡇࡿࡍᏑᅾࡀㄆ㆑ᶵᵓ࠸ᙅࡢᩘ「ࡽࢀࡇࠊ࡚ࡋࡑࠋࡿ࠶

 ࠋࡿࡁ࡛ࡀ࡜ࡇࡿ࠼⪄࡜ࡿ࠸࡚ࡋ⬟ᶵࡀ⣽⬊ෆ㍺㏦࡞☜

 

AP-1」ྜయ࡟㑅ᢥⓗࡿࡍྜ⤖࡟ γ-synerginࡣ Aftiphilinཬࡧ p200࡜」ྜయࢆᙧᡂࠊࡋෆ⓶

⣽⬊࡚࠸࠾࡟ศἪ≀㉁ࢆ⵳✚ࡿࡍ Weibel-Palade యࡢᙧᡂ࡟ᙉࡃ㛵୚ࡀ࡜ࡇࡿࡍ♧၀࠸࡚ࢀࡉ

࡟ᵝྠࠊࡓࡲࠋ㸦Lui-Roberts et al., 2008㸧ࡿ GGA⺮ⓑ㉁࡟ᑐ࡚ࡋ㑅ᢥⓗࡿࡍྜ⤖࡟ p56ࠊࡣ

࡚ࡗࡼ࡟࡜ࡇࡿࢀࡉ㜼ᐖࡀྜ⤖ࡢࡑ GGA ⺮ⓑ㉁ࡴྵࢆ㍺㏦ᑠ⬊ࡢ⣽⬊ෆ࡛ࡢ㐠ືᛶࡀⴭࡃࡋ

పୗࡀ࡜ࡇࡿࡍሗ࿌ࡿ࠸࡚ࢀࡉ㸦Mardones et al., 2007㸧ࢧࢭࢡ࢔ࡿࡍྜ⤖ࠊࡣ࡜ࡇࡢࡽࢀࡇࠋ



 73 

࣮ࣜ⺮ⓑ㉁ࠊࡾࡼ࡟AP-1」ྜయࡸ GGA ⺮ⓑ㉁ࡀᙧᡂࣥࣜࢫࣛࢡࡿࡍ⿕そᑠ⬊ࡢ㍺㏦᪉ྥࡸᒁ

ᅾࡀไᚚࢆ࡜ࡇࡿ࠸࡚ࢀࡉᙉࡃ♧၀ࠋࡿ࠶࡛ࡢࡶࡿࡍ 

 ᮏ◊✲࡛ࠊࡣAP-1」ྜయ࡜ GGA ⺮ⓑ㉁ࡢ୰࡛࣮ࣜࢧࢭࢡ࢔ࠊ⺮ⓑ㉁ࡾྲྀࡢ㎸࡟ࡳ㛵୚ࡿࡍ

γ1-earࣥ࢖࣓ࢻཬࡧ GAEࡀࡽࢀࡑࠊ࡚࠸ࡘ࡟ࣥ࢖࣓ࢻ㧗࠸㓄ิ┦ྠᛶࡸ㠀ᖖ࡟ఝࡓ❧యᵓ㐀ࢆ

ࡀ࡜ࡇࡿࡍ࡟࠿ࡽ᫂ࢆ➃୍ࡢᶵᵓࡿࡍ㑅ูࢆⓑ㉁⺮࣮ࣜࢧࢭࢡ࢔ࡿ࡞␗ࠊࡎࡽࢃ࠿࠿ࡶ࡟ࡘࡶ

ⓑ⺮࣮ࣜࢧࢭࢡ࢔ࡽ࠿ኚ໬ࡢయᵓ㐀❧ࡸ㓟㓄ิࣀ࣑࢔࡞࠿ࡎࢃࡢᩘ「ࠊࡽ࠿࡜ࡇࡢࡇࠋࡓࡁ࡛

㉁ࡢ࡬㑅ᢥ≉␗ᛶ࡚ࡗࡼ࡟ࢀࡑࠊࡌ⏕ࡀ AP-1」ྜయࡸ GGAࡀᙧᡂࣥࣜࢫࣛࢡࡿࡍ⿕そᑠ⬊ࡢ

㛫࡛ྲྀࡾ㎸࣮ࣜࢧࢭࢡ࢔ࡿࢀࡲ⺮ⓑ㉁࡟㐪ࡀ࡜ࡇࡿࡌ⏕ࡀ࠸᥎ ࣮ࣜࢧࢭࢡ࢔ࠋࡿࢀࡉ⺮ⓑ㉁

ࡋ࡟࠿ࡽ௒ᅇ᫂ࠊ࡚ࡗࡼ࡟࡜ࡇࡿࡍྜ⤖࡜ⓑ㉁⺮࡞ࡲࡊࡲࡉ࡟ࡽࡉࠊࡾࡓࡋ⬟ᶵࡀ㌟⮬ࢀࡑࡣ

ไࢆ࠸⯙ࡿ᣺ࡢ⬊そᑠ⿕ࣥࣜࢫࣛࢡࡓࡌᛂ࡟ⓑ㉁⺮࣮ࢱࣉࢲ࢔ࡿࡍྜ⤖ࠊ࡚ࡗࡼ࡟ศᏊᶵᵓࡓ

ᚚࠋࡿࢀࡽ࠼⪄࡜ࡿࡍ 
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