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Motor nerve arborization requires proteolytic domain 
of Damage-induced neuronal endopeptidase (DINE) 

during development 
 

Damage-induced neuronal endopeptidase (DINE)ࢮ࣮ࢸࣟࣉࡢάᛶ 

 ࡿ࠶ᚲせ࡛㍈⣴⤊ᮎศᯞᙧᡂࡢ࣮ࣥࣟࣗࢽᮇ⬨㧊㐠ື⏕⫾ࡣ࣓ࣥࢻ
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ᯇᮏ ᪩⣖Ꮚ 



࠙⥴ゝࠚ 
� Damage-induced neuronal endopeptidase (DINE)ࠊࡣ⚄⤒ᦆയⓎ⌧ᛂ⟅ࡿࡍศᏊࡋ

࡚ᙜ◊✲ᐊ࡛ྠᐃࡓࢀࡉ⭷୍ᅇ㈏㏻ᆺ࣓ࠋࡿ࠶࡛ࢮ࣮ࢸࣟࣉࣟࢱDINE ࣗࢽᦆയࡣ

ࠊࡵࡓࡢࡇࠋࡿ࠶ศᏊ࡛ࡿࡍ⌧Ⓨ㢧ⴭࡶ࡛࣮ࣥࣟࣗࢽᮇ⬨㧊㐠ື⏕⫾࡚࠼ຍ࣮ࣥࣟ

DINE Ḟᦆ(DINE KO)ࠊࡣ࡛ࢫ࣐࢘ᶓ㝸⚄⤒ࡢ㍈⣴⤊ᮎศᯞཬࡧ⚄⤒➽᥋ྜ㒊ࡢᙧᡂࡀ

ⴭࡃࡋ㜼ᐖࠊࢀࡉ⏕┤ᚋ྾ࡾࡼṚஸࠋࡿࡍDINE ࡣ Aȕ ࡿ࠶ศゎ㓝⣲࡛ࡢ

Neprilysin ♧ࢆάᛶࡶ࡚ࡋᑐ⿵ᇶ㉁ೃࡢ࡛ࡲࢀࡇࠊࡀࡿࡍᒓ࣮࣑ࣜࣇࡌྠ

ࣟࣉࣟࢱ࣓ࠊࡣ㏆࡛᭱ࡓࡲࠋࡓࡗ࠶࡛᫂࠺ࡿࡍ⬟ᶵ࡚ࡋࢮ࣮ࢸࣟࣉࡎࡉ

ศࡿࡍ⬟ᶵ࡚ࡋ᥋╔ᅉᏊࡃ࡞ࡣ࡛ࢮ࣮ࢸࣟࣉࡶࡽࡀ࡞ࡋᒓ࣮࣑ࣜࣇࢮ࣮ࢸ

Ꮚࡀሗ࿌࡛ࡇࡑࠋࡿ࠸࡚ࢀࡉᮏ◊✲࡛ࠊࡣ⫾⏕ᮇ㐠ືࡢ࣮ࣥࣟࣗࢽ㍈⣴ศᯞᙧᡂ࠾

࡚࠸ DINE DINE KOࠊࡵࡓࡿࡍࡽ᫂ࢆ࠺ࡿࡍ⬟ᶵ࡚ࡋࢮ࣮ࢸࣟࣉࡀ ࣐

ࡢࢫ࢘ in vivo ࡽࡉࠋࡓࡗ⾜ࢆᐇ㦂࣮ࣗ࢟ࢫࣞ DINE ⣽⬊㛫┦సࣥ࣡ࣗࢩ㍈⣴Ѹࡀ

 ࠋࡓࡋウ᳨ࡶ࡚࠸ࡘᛶ⬟ྍࡍಁࢆ㍈⣴ศᯞᙧᡂࡋไᚚࢆ⏝
 

࠙᪉ἲࠚ 
� ⫾⏕ᮇ㐠ື࣮ࣥࣟࣗࢽ≉␗ⓗ㌿ᅉᏊ Hb9 㔝⏕ᆺࠊ࡚࠸⏝ࢆ࣮ࢱ࣮ࣔࣟࣉࡢ DINE 

(DINEWT) ࡣࡃࡋࡶ 2 ✀㢮ࡢኚ␗ᆺ DINE (DINEmut ࡧࡼ࠾ DINEE613V)ࢆ GFP ࡑඹ

ࡿࡍ⌧㐣Ⓨࢀࡒࢀ 3 ✀㢮ࡢ Tg DINEmutࠋࡓࡋస〇ࢆ(TgWT, Tgmut, TgE613V) ࢫ࣐࢘ ࠊࡣ

ࡿ࠶άᛶ㡿ᇦ࡛ࢮ࣮ࢸࣟࣉࡓࢀࡉ㛫࡛ಖᏑ࣮࣑ࣜࣇ 5 Ḟኻࡢ㓟(612-616)ࣀ࣑

C ᮎഃࣀ࣑㓟㸦672㸧ࡢⅬኚ␗࡚ࡗࡼస〇ࡋ㸦Fig.1B㸧ࠊDINEE613V ࡣ 613 ࡢ┠␒

ࡓࡋస〇ࠋࡓࡋస〇࡚࠼ຍࢆ␗Ⅼኚࡳࡢ㓟ṧᇶࣀ࣑ Tg ࢆࢫ࣐࢘ DINE KO ࢫ࣐࢘

㓄ࠊࡋᚓࡓࢀࡽ⫾ඣࡢᶓ㝸⭷➼ᢞᑕࡿࡍ㐠ື⚄⤒ࡢศᯞࢆ࣮ࣥࢱࣃ whole-mount

ච⤌⧊Ꮫྍ࡚࠸⏝ࢆどࠊࡓࡲࠋࡓࡋᐃ㔞 PCRࠊin situ hybridizationࠊච⤌⧊

Ꮫࠊ㐠ືࣥ࣡ࣗࢩ࣮ࣥࣟࣗࢽ⣽⬊ࡢඹᇵ㣴ࣥ࣡ࣗࢩࠊ࡚࠸⏝ࢆ⣽⬊ࡢศࢽࡧࡼ࠾

 ࠋࡓࡋホ౯ࢆ⏝స┦ࡢ࣮ࣥࣟࣗ
 

࠙⤖ᯝࠚ 
� DINE DINE KOࠊࡀࡿࡍ⌧Ⓨᐩ㇏࡛࣮ࣥࣟࣗࢽᮇ㐠ື⏕⫾ࡣ ⚄ᶓ㝸ࠊࡣ࡛ࢫ࣐࢘

⤒㍈⣴⤊ᮎࡀᶓ㝸⭷⾲㠃ࡣ࡛ࡲ฿㐩ࡢࡑࡢࡢࡶࡿࡍᚋࡢศᯞ␗ᖖࡀぢࠊࢀࡽ⚄⤒➽

᥋ྜ㒊ᙧᡂࡀ㜼ᐖࡿࢀࡉ(Fig.1A)㇟⌧ࡢࡇࠋ DINE ࡿࡍ㛵ࡀάᛶࢮ࣮ࢸࣟࣉࡢ

DINEWTࠊࡵࡓࡿࡍࡽ᫂ࢆ࠺ ࡢάᛶ㒊ኚ␗ᆺࡣࡓࡲ DINEmut ᮇ⬨㧊㐠⏕⫾ࢆ

ࡿࡍ⌧㐣Ⓨ࡛࣮ࣥࣟࣗࢽື Tg DINE KOࠊࡋస〇ࢆࢫ࣐࢘ ࢟ࢫ࡚ࣞࡋ㓄ࢫ࣐࢘

࣮ࣗᐇ㦂ྛࡵࡌࡣࠋࡓࡗ⾜ࢆ Tg እ᮶ᛶࡿࡅ࠾ࢫ࣐࢘ DINE ㄪࢆ࣮ࣥࢱࣃ⌧Ⓨࡢ

ࡢእ᮶ᛶⓗ␗≉࣮ࣥࣟࣗࢽᮇ⬨㧊㐠ື⏕⫾ඹࠊࢁࡇࡓ DINE ࡓࡋ⌧ᗘⓎ⛬ྠࢆ

(Fig.1C,D)ࠋDINE 㐣Ⓨ⌧ࡿࡼᶓ㝸⚄⤒㍈⣴ศᯞࡢᙳ㡪ࢆㄪࠊࡵࡓࡿ⫾ඣࡢ

ᶓ㝸⭷࡚࠸⏝ࢆ whole-mount ච⤌⧊Ꮫࠊࡀࡓࡗ⾜ࢆTgWTࠊTgmut ᶓ㝸ࡶࢫ࣐࢘

ࡓࡗ࡞ࢀࡽࡵㄆࡣᕪ࡞᭷ព㛫ࡢࢫ࣐࢘㔝⏕ᆺ(WT)࡚࠸࠾ࡉ㛗ࡢศᯞࡢ⤒⚄

(Fig.1E,F)ࠋḟࡢࡽࢀࡇࠊ Tg ࢆࢫ࣐࢘ DINE KO ࡘඣ⫾ࡓࢀࡽᚓࠊࡋ㓄ࢫ࣐࢘
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እ᮶ᛶࠊᯝ⤖ࡢࡑࠋࡓࡋどྍ࡚චᰁⰍࢆ࣮ࣥࢱࣃศᯞࡢ⭷ᶓ㝸ࠊ࡚࠸ DINEWT ࢆ

Ⓨ⌧ࡿࡍ DINE KO DINE KOࠊࡣ࡛(KO;TgWT)ࢫ࣐࢘ ࡸ㍈⣴ศᯞ␗ᖖࡿࢀࡽぢ࡛ࢫ࣐࢘

⚄⤒➽᥋ྜ㒊ᙧᡂࠊࢀࡉ࣮ࣗ࢟ࢫࣞࡀᶓ㝸⚄⤒ࡢศᯞࡢ㛗࣭ࡉ」㞧ᛶࡶ WT

KO;TgWTࠊࡇ࠸῝⯆ࠋ(Fig.2A-C)ࡓࡋ♧ࢆᯝ⤖ࡢᵝྠࢫ࣐࢘ ࡶᚋ⏕ࡣࢫ࣐࢘

⏕Ꮡࠊࡋᡂయ࡛ࡲᡂ㛗ࡓࡋ(Fig.2D, E)ࢀࡇࠋᑐࠊࡋDINEmut ࡿࡍ⌧Ⓨࢆ DINE KO ࣐

「ࡢศᯞࠊࡉ㛗ࡢ⤒⚄ᶓ㝸ࠊࡎࢀࡽࡵㄆࡃࡀຠᯝ࣮ࣗ࢟ࢫࣞࠊࡣ࡛(KO;Tgmut)ࢫ࢘

㞧ᛶࡶࡀ WT KOࠊࡋῶᑡ᭷ពࡾࡼࢫ࣐࢘ ࡓࡋ♧ࢆᆺ⌧⾲ࡢ୍ྠࢫ࣐࢘

(Fig.2A-C)ྠࠋᵝࡢ⤖ᯝࡀᗈ⫼➽ᢞᑕࡶ࡚࠸࠾⤒⚄⫼⬚ࡿࡍㄆࡓࢀࡽࡵ(Fig.3A-C)ࠋ

ࡽࡉ 1 ሷᇶ⨨ࡢኚ␗ᆺ DINE ࡿࡍ⌧Ⓨࢆ TgE613V ࢆࢫ࣐࢘ DINE KO 㓄ࢫ࣐࢘

KOࠊࢁࡇࡓࡗ⾜ࢆᐇ㦂ࡢᵝྠ࡚ࡋ ࡧࡼ࠾ KO;Tgmut ࡽᚓࡀᆺ⌧⾲ࡌྠࡰࢫ࣐࢘

DINEࠊࡽᯝ⤖ࡢࡽࢀࡇࠋࡓࢀ ศࡢ㍈⣴⤊ᮎ࣮ࣥࣟࣗࢽ㐠ືࡀάᛶࢮ࣮ࢸࣟࣉࡢ

ᯞᙧᡂᴟ࡚ࡵ㔜せ࡛ࡀࡇࡿ࠶᫂ࠋࡓࡗ࡞ࡽ 

� ḟ DINE KO ㍈ࠊࢁࡇࡓࡋほᐹヲ⣽Ꮫⓗ⧊⤌ࢆᶓ㝸⚄⤒㍈⣴⤊ᮎࡢࢫ࣐࢘

⣴࿘ᅖࡢᮍศࣥ࣡ࣗࢩ⣽⬊ࡢᙧែ␗ᖖࡀㄆࡓࢀࡽࡵ(Fig.4A,B)ࠋDINE ࣮ࣟࣗࢽࡣ

ࣥ≉␗ⓗⓎ⌧ࣥ࣡ࣗࢩࠊࡋ⣽⬊ࡣⓎ⌧ࠊࡽࡇ࠸࡞ࡋDINE ࢩᮍศ㍈⣴ࡀ

ࣗ࣡ࣥ⣽⬊ࡢ┦స⏝㛵ྍࡿࡍ⬟ᛶࠋࡓࡋ┠╔⫾⏕ᮇ㐠ື⚄⤒ࡿࡅ࠾ᮍศ

ࡢ㍈⣴ࠊࢁࡇࡓࡋウ᳨࡚࠸ࡘศࡧࡼ࠾ቑṪࡢ⬊⣽ࣥ࣡ࣗࢩ DINE Ḟᦆ࡚ࡗࡼ

ᮍศࣥ࣡ࣗࢩ⣽⬊ࡢ⛣ື࣭ቑṪࡣᙳ㡪ࠊࡀࡓࡗ࡞ࢀࡉศࡿ࠶࡛࣮࣮࣐࢝ Oct-6

KO;TgWTࠊKOࠊWTࠊࡽࡉࠋ(Fig.5A,B)ࡓࢀࡉ♧ࡀࡇࡿࡍῶᙅ᭷ពࡀ⌧Ⓨࡢ ࡼ࠾

ࡧ KO;Tgmut ࣮ࣥࣟࣗࢽ㐠ືࡓࡋㄪᩚࡽࢫ࣐࢘ WT ඹᇵ㣴࡚࠸⏝ࢆ⬊⣽ࣥ࣡ࣗࢩࡢ

KOࠊࢁࡇࡓࡗ⾜ࢆ  KO;Tgmut ࢩࡿࡍ⨨㓄࡚ࡗἢ㉳✺⤒⚄ࡣ࡛࣮ࣥࣟࣗࢽ㐠ືࡢ

ࣗ࣡ࣥ⣽⬊ࡀᩘࡢ WT ㍈⣴ࠊࡽᯝ⤖ࡢ௨ୖࠋ(Fig.5C,D)ࡓ࠸࡚ࡋῶᑡ᭷ព࡚ẚ

ࡿࡅ࠾ DINE ࡍไᚚࢆ⏝⣽⬊㛫┦సࣥ࣡ࣗࢩ㍈⣴Ѹᮍศࡀάᛶࢮ࣮ࢸࣟࣉࡢ

 ࠋࡓࢀࡉ၀♧ࡀᛶ⬟ྍࡿ
 

࠙⪃ᐹࠚ 

� ᮏ◊✲࡛ᡃࠊࡣࠎ⫾⏕ᮇ㐠ືࡢ࣮ࣥࣟࣗࢽ㍈⣴⤊ᮎศᯞᙧᡂ࡚࠸࠾ DINE ࣟࣉࡀ

ඛኳᛶ㛵ࢺࣄࡣ㏆࡛᭱ࠋࡓࡋ၀♧࡚ࡵࡌࡣయෆ࡛⏕ࢆᛶ⬟ྍࡿࡍ⬟ᶵ࡚ࡋࢮ࣮ࢸ

⠇ᣊ⦰࡚࠸࠾ DINE㸦ECEL1㸧ࡢኚ␗ࡀ┦ḟ࡛࠸ሗ࿌ྠࡶ࡚࠸࠾ࢺࣄࠊࡾ࠾࡚ࢀࡉ

ᵝ DINE ◊ᮏࡓࡲࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋࡓᯝࢆᙺ࡞㔜せ࡚ࡋࢮ࣮ࢸࣟࣉࡀ

ࡿࡍᏑᅾ㍈⣴ࠊ࡚࠸࠾✲ DINE ᛶ⬟ྍࡿࡍ㛵⏝⣽⬊㛫┦సࣥ࣡ࣗࢩ㍈⣴Ѹࡀ

㍈ࡢෆ➽ࡀ⏝స┦ࡢ⬊⣽ࣥ࣡ࣗࢩ㍈⣴ࠊ࡚࠸࠾⏕Ⓨࡢ⤒⚄㐠ືࠋࡓࢀࡉ၀♧ࡀ

⣴⤊ᮎศᯞ㔜せ࡛ࡀࡇࡿ࠶ Neuregulin ࡸ ErbB2/3 Ḟᦆࡓ࠸⏝ࢆࢫ࣐࢘㐣ཤࡢ◊✲

࡛ሗ࿌ࠋࡿ࠸࡚ࢀࡉDINE ࣗࢩ㍈⣴Ѹࡀᇶ㉁ࡓࡅཷࢆศゎ࡚ࡗࡼάᛶࢮ࣮ࢸࣟࣉࡢ

࣡ࣥ⣽⬊㛫┦స⏝ࢆไᚚࠊࡋṇᖖ࡞㍈⣴⤊ᮎศᯞಁࢆ㐍ྍࡿࡍ⬟ᛶࠋࡓࢀࡽ࠼⪄ࡀ 

 

࠙⤖ㄽࠚ 
� DINE ᙧࡢ᥋ྜ㒊➽⤒⚄ࡧࡼ࠾㍈⣴⤊ᮎศᯞ࣮ࣥࣟࣗࢽ㐠ືࡣάᛶࢮ࣮ࢸࣟࣉࡢ
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ᡂᴟ࡚ࡵ㔜せ࡛ࡀࡇࡿ࠶᫂ࡣ㇟⌧ࡢࡇࡓࡲࠋࡓࡗ࡞ࡽ DINE ษ᩿࡚ࡗࡼ

ᛶ⬟ྍࡿ࠸࡚ࡋ㛵ࡀไᚚ࡞㐺ษࡢ⏝⣽⬊㛫┦సࣥ࣡ࣗࢩ㍈⣴Ѹࡿࡼᇶ㉁ࡓࢀࡉ

 ࠋࡓࢀࡽ࠼⪄ࡀ
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