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ᖹᡂ㸰㸯ᖺ 㸳᭶ 㸯㸯᪥⌧ᅾ 

 

 

 

 

 

 

 

 

 

 

 

 

 

◊✲ᡂᯝࡢᴫせ㸸 

 ᳜≀ච␿཯ᛂ࡛ࡿ࠶㐣ᩄឤ⣽⬊Ṛㄏᑟ࡟ OsNAC4 ࢖ࢫศᏊࡀ㌿෗ㄪ⠇ᅉᏊࡢ᭷≉≀᳜࠺࠸࡜

OsNAC4ࠊࡓࡲࠋࡓࡋ♧ࢆ࡜ࡇࡿࡍ㛵୚࡚ࡋ࡜ࢳࢵ 㓟ࣥࣜࡢṧᇶࣥࣜࢭ࡟㐣ᩄឤ⣽⬊Ṛㄏᑟ᫬ࡣ

໬࡚ࡗࡼ࡟᰾ࠊࡋ⾜⛣࡟ᑡࡶ࡜ࡃ࡞ 139 ಶࡢ㑇ఏᏊࡢⓎ⌧ࢆไᚚࡉࠋࡓࡋ࡟࠿ࡽ᫂ࢆ࡜ࡇࡿࡍ

୰࡛ࡢ㑇ఏᏊࡢࡽࢀࡇࠊ࡟ࡽ OsHSP90 IRENࠊ࡟㏱㐣ᛶ႙ኻࡢ⭷⬊⣽ࡣ ᰾ࡣ DNA 㛵୚࡟໬∦᩿ࡢ

 ࠋࡓࡋ࡟࠿ࡽ࡚᫂ࡵึࢆ࡜ࡇࡿࡍ

 

 

஺௜㢠 
                               㸦㔠㢠༢఩㸸෇㸧 

 ┤᥋⤒㈝ 㛫᥋⤒㈝ ྜ ィ 

2007ᖺᗘ 8,300,000 2,490,000 10,790,000 

2008ᖺᗘ 7,100,000 2,130,000 9,230,000 

ᖺᗘ    

ᖺᗘ    

  ᖺᗘ    

⥲ ィ 15,400,000 4,620,000 20,020,000 

 

 

◊✲ศ㔝㸸᳜≀ศᏊ⏕⌮Ꮫ 

 ศ⛉࣭⣽┠㸸㎰ⱁ໬Ꮫ࣭⏕≀⏕⏘໬Ꮫ࣭⏕≀᭷ᶵ໬Ꮫࡢ㈝◊⛉

᳜ࠊ㐣ᩄឤ⣽⬊Ṛࠊ࣮ࢱࢩ࢚ࣜࠊ㉁ࣜࣥ㓟໬ࢡࣃࣥࢱࠊ࢙ࣥࣜࢪࣛࣇࠊ㸸᳜≀ච␿ࢻ࣮࣮࣡࢟

≀⑓ཎ⳦ࠊᑠ⬊యࠊ⣽⬊⭷ 

 

㸯㸬◊✲㛤ጞᙜึࡢ⫼ᬒ 
࡯ࠊࡀࡘᣢࢆᶵ఍ࡢ᥋ゐ࡜⳦ࡢࡃከࡣ≀᳜ 
ච␿ࡋ▱ឤࢆ౵ධࡢ⳦ࡀ≀᳜ࠊሙྜࡢ࡝ࢇ࡜
ᡂࡣឤᰁ࡚ࡗࡼ࡟࡜ࡇࡿࡍㄏᑟࢆ࣒ࢸࢫࢩ
ࡢ࣒ࢸࢫࢩච␿≀᳜ࡿࡍ᭷ࡀ≀᳜ࠋ࠸࡞ࡋ❧
୰࡛㐣ᩄឤ⣽⬊Ṛࡣឤᰁࡢ᪩ᮇ࡟ㄏᑟࢀࡉ
᰾ࠊࡾ࠶ච␿཯ᛂ࡛ࡿ DNA ⭷⬊⣽ࡸ໬∦᩿ࡢ
ࣟࣉ࠺కࢆᙧែኚ໬࡞ᚩⓗ≉ࠊ㏱㐣ᛶ႙ኻࡢ
㐣ࠋࡓ࠸࡚ࢀࡽ▱ࡀ࡜ࡇࡿ࠶⣽⬊Ṛ࡛࣒ࣛࢢ
ᩄឤ⣽⬊Ṛࡣ⑓ཎ⳦ㄆ㆑ᚋ࡟ㄏᑟࡇࡿࢀࡉ
᝟ሗࡢࡑ࡜⑓ཎ⳦ㄆ㆑ࡣ࡟ㄏᑟࡢࡇࠊࡽ࠿࡜

࡚ࢀࡉ♧ࡀ࡜ࡇࡿ࠶ᚲ㡲࡛ࡀ⣽⬊ෆఏ㐩ࡢ
࡜࡯ࡣ࡚࠸ࡘ࡟ศᏊᶵᵓࡢㄏᑟࡢࡑࠊࡀࡓ࠸
 ࠋࡓࡗ࠿࡞࠸࡚ࡗ࡞࡟࠿ࡽ᫂࡝ࢇ
 ᡃ࡟ࢿ࢖ࠊ࡛ࡲࢀࡇࡣࠎᑐ࡚ࡋ㠀⑓ཎᛶࡢ
᳜≀⑓ཎ⣽⳦ࢆ᥋✀ࠊ࡜ࡿࡍ⣽⬊⭷ࡢ㏱㐣ᛶ
႙ኻࡸ᰾ DNA ᙧែࡢ⬊⣽࡞ᚩⓗ≉ࠊ໬∦᩿ࡢ
ኚ໬ࢆక࠺㐣ᩄឤ⣽⬊Ṛࡀㄏᑟ࡜ࡇࡿࢀࡉ
㐣ᩄឤ⣽⬊Ṛࡢࡇࠊ࡟ࡽࡉࠋࡓࡋ࡟࠿ࡽ᫂ࢆ
ࣃࣥࢱࡸ㉁ྜᡂࢡࣃࣥࢱࡢ᪂つࡣ࡟ㄏᑟࡢ
࠶ᚲ㡲࡛ࡀ࡝࡞ࣝࢼࢢࢩ+Ca2ࠊ㉁ࣜࣥ㓟໬ࢡ
㐣ᩄឤࡢࡇࠊ࡟ࡽࡉࠋࡓࡋ࡟࠿ࡽ᫂ࢆ࡜ࡇࡿ

◊✲✀┠㸸ᇶ┙◊✲㸦B㸧 
◊✲ᮇ㛫㸸2007ࠥ2008 

ㄢ㢟␒ྕ㸸㸯㸷㸱㸶㸮㸮㸴㸵 

◊✲ㄢ㢟ྡ㸦࿴ᩥ㸧࣒ࣛࢢࣟࣉ⣽⬊Ṛ࡛ࡿ࠶㐣ᩄឤ཯ᛂ᳜ࡢ≀ච␿ࡿࡅ࠾࡟ᙺ๭ࡢࡑ࡜ㄏᑟᶵᵓ 

 

◊✲ㄢ㢟ྡ㸦ⱥᩥ㸧 Induction mechanism of plant hypersensitive cell death 

  

◊✲௦⾲⪅ 

⶧ ᫭᳜㸦SAI KOUSHOKU㸧 

㛗὾࢜࢖ࣂ኱Ꮫ࣭ࢫ࢚ࣥ࢖ࢧ࢜࢖ࣂ◊✲⛉࣭ᩍᤵ 

◊✲⪅␒ྕ㸸㸮㸮㸰㸴㸱㸲㸲㸰 



 

 

⣽⬊Ṛㄏᑟ࡟ඛ࡚ࡗࡔ OsNAC4 ⊃≀᳜࠺࠸࡜
࠸ぢࢆ࡜ࡇࡿࢀࡉⓎ⌧ㄏᑟࡀ㌿෗ᅉᏊࡢ⮬
ฟࠊࡽ࠿࡜ࡇࡢࡇࠋࡓࡋ㐣ᩄឤ⣽⬊Ṛㄏᑟࡣ
OsNAC4 Ⓨࡢ㑇ఏᏊ࡚ࡗࡼ࡟㌿෗ᅉᏊ࠺࠸࡜
⌧࡛ࣞ࣋ࣝไᚚྍࡿ࠸࡚ࢀࡉ⬟ᛶࡀᥦ♧ࡉ
OsNAC4ࠊࡽ࠿࡜ࡇࡢ௨ୖࠋࡓࢀ ࡓࡋ࡜୰ᚰࢆ
㐣ᩄឤ⣽⬊ṚㄏᑟࡢศᏊ࣓࢝ࢆ࣒ࢬࢽ◊✲
 ࠋࡓ࠸࡚ࡗ࡞࡜ᚲせࡀ࡜ࡇࡿࡍ
 
 
㸰㸬◊✲ࡢ┠ⓗ 
 ᳜≀ච␿཯ᛂࡢ୰࡛㐣ᩄឤ཯ᛂࠊࡣ㠀ぶ࿴
ᛶ⳦ឤᰁ᫬࡟ㄆࡢ⳦ࠊࢀࡽࡵឤᰁ㒊఩࿘㎶࡟
ᒁᡤⓗ࡟ㄆࡿࢀࡽࡵ⯆࿡῝࠸⣽⬊Ṛ࡛ࠋࡿ࠶
ᡃࡢࡇࠊࡣࠎ㐣ᩄឤ⣽⬊Ṛ࣒ࣛࢢࣟࣉࡀ⣽⬊
Ṛ࡛ࡢࡇࠊ࡜ࡇࡿ࠶⣽⬊Ṛࡢㄏᑟࡣ࡟᪂つࡢ
ࢩ+Ca2ࠊࣝࢼࢢࢩ㓟໬ࣥࣜࠊ㉁ྜᡂࢡࣃࣥࢱ
࡜ࡇࡿ࠶ᚲ㡲࡛ࡀࣝࢼࢢࢩάᛶ㓟⣲ࠊࣝࢼࢢ
ࢆ⣽⬊Ṛࡢࡇࠊ࡚ࡋࡑࠋࡓࡁ࡚ࡋ࡟࠿ࡽ᫂ࢆ
ㄏᑟࡿࡍ୰ᚰⓗᅉᏊࡢ⮬⊃≀᳜࡚ࡋ࡜㌿෗
ᅉᏊ࡛ࡿ࠶ OsNAC4 ࡇࡿࡍ࡟࠿ࡽ࡚᫂ࡵึࢆ
ࡣ࡛✲◊ᮏࠊ࡛ࡇࡑࠋࡓࡁ࡛ࡀ࡜ OsNAC4 ㌿
෗ᅉᏊࢆ୰ᚰࡓࡋ࡜㐣ᩄឤ⣽⬊Ṛࡢㄏᑟᶵ
ᵓࢆศᏊ࡛ࣞ࣋ࣝ᫂ࢆ࡜ࡇࡿࡍ࡟࠿ࡽ┠ⓗ
 ࠋࡓࡋ࡜
 
 
㸱㸬◊✲ࡢ᪉ἲ 
㸦1㸧ࡿࡅ࠾࡟ࢿ࢖ OsNAC4 㐣ᩄឤ⣽⬊Ṛㄏࡢ
ᑟ 
 OsNAC4 㑇ఏᏊࢿ࢖ࢆ⣽⬊ෆ࡛㐣๫Ⓨ⌧ࡍ
ࡿ OsNAC4-pAHC17࣋ࢆ࣮ࢱࢡసᡂࢸ࣮ࣃࠊࡋ
ᇵ㣴ࢿ࢖ࡾࡼ࡟ἲࢺ࣓ࣥࢻ࣮ࣂࣥ࣎ࣝࢡ࢕
⣽⬊࡟ᑟධࡓࡋᚋ࣮ࣝࣈࢫࣥࣂ࢚ࠊᰁⰍࡸ
TUNEL ἲ࡚ࡗࡼ࡟⣽⬊⭷㏱㐣ᛶ႙ኻࡸ᰾ DNA
᩿∦໬ࢆㄪࠋࡓ࡭ 
  
㸦2㸧OsNAC4  ᒁᅾ☜ㄆࡿࡅ࠾࡟⣽⬊ෆࡢ
 OsNAC4㑇ఏᏊ࡟ DsRedࢱࢡ࣋ࡓࡏࡉྜ⼥ࢆ
࡟ࢺࢫࣛࣉࢺࣟࣉࢿ࢖ࢆ࣮ PEGἲ࡚࠸⏝ࢆᑟ
ධࠊࡋඹ↔Ⅼ㢧ᚤ㙾࡛ほᐹࠊࡓࡲࠋࡓࡋ㐣ᩄ
ឤ⣽⬊Ṛㄏᑟ᫬ࡿࡅ࠾࡟ OsNAC4 ᒁᅾ☜ㄆࡢ
ࡓࡋసᡂࡣ OsNAC4 ᢠయࡓ࠸⏝ࢆච␿㟁㢧࡛
ࡿࡅ࠾࡟㐣ᩄឤ⣽⬊Ṛㄏᑟࠋࡓࡗ⾜ OsNAC4
 ࠊࡵࡓࡿࡍ࡟࠿ࡽ᫂ࢆ㔜せᛶࡢ⾜⛣ࡢ࡬᰾ࡢ
㸦NES㸸ࣝࢼࢢࢩ᰾እ㍺㏦࡚࠸࠾࡟ࢿ࢖
Nuclear Export Signal㸧ࡘࡶࢆ OsNAP1 ࡢ NES
㒊఩㸦Leu54ࠥGln69㸧ࢆ OsNAC4-DsRed ྜ⼥࡜
ࡘ࡟⣽⬊Ṛㄏᑟ࡜ᒁᅾࠊᑟධᚋ࡟⬊⣽ࠊࡏࡉ
 ࠋࡓ࡭ㄪ࡚࠸
  
㸦3㸧㐣ᩄឤ⣽⬊Ṛㄏᑟࢡࣃࣥࢱࡢ࡬㉁ࣜࣥ
㓟໬ࡢ㛵୚ 
 ༢㞳࡟ࢺࢫࣛࣉࢺࣟࣉࡓࡋ OsNAC4 ⌧Ⓨࢆ
ࡿ࠶㓟໬㜼ᐖ๣࡛ࣥࣜࠊࡏࡉ Staurosporine
ࣈࢫࣥࣂ࢚ࢆ㐣ᩄឤ⣽⬊Ṛㄏᑟ㜼ᐖࡿࡼ࡟
࣮ࣝᰁⰍ࡛☜ㄆࠋࡓࡋ㐣ᩄឤ⣽⬊Ṛࢆㄏᑟࡉ

࡜⣽⬊㉁⏬ศࡽ࠿ࢺࢫࣛࣉࢺࣟࣉࢿ࢖ࡓࡏ
᰾⏬ศࢀࡒࢀࡑࢆ༢㞳ࠊࡋOsNAC4 ᢠయ࠸⏝ࢆ
ᢠࣥࣜࢭᢠࣜࣥ㓟໬ࠊᚋࡓࡗ⾜ࢆච␿ỿ㝆ࡓ
యࢡࣃࣥࢱ࡚࠸⏝ࢆ㉁ࣜࣥ㓟໬࡚࠸ࡘ࡟ㄪ
࡭ ࡓ ࠋ ࡲ ࡓ ࠊ ࢭ ࣜ ࣥ ṧ ᇶ ࢆ ⨨ ᥮ ࡋ ࡓ
OsNAC4-DsRed ࠊࡋసᡂࢆ࣮ࢱࢡ࣋ࡿࡍ⌧Ⓨࢆ
⣽⬊ෆᒁᅾ࡟࠺ࡼࡢ࡝ࡀኚ໬ࢆ࠿ࡢࡿࡍඹ
↔Ⅼ㢧ᚤ㙾ࠋࡓࡋ࡟࠿ࡽ࡚᫂࠸⏝ࢆ 
 
㸦4㸧OsNAC4 ᥈ࡢ㑇ఏᏊࡿࢀࡉୗὶ࡛ไᚚࡢ
⣴ 
OsNAC4-RNAi ᰴ࣮ࣝࣟࢺࣥࢥࡧࡼ࠾ᰴࡑࠊ࡟
᫬⤒ࠊ࠸⾜ࢆ⌮ฎࡢ㐣ᩄឤ⣽⬊Ṛㄏᑟࢀࡒࢀ
ⓗ࡟⣽⬊ࡽ࠿ RNA ࡓࡋᢳฟࠋࡓࡋᢳฟࢆ RNA
ࡓࡋᡂྜ࡟࡜ࡶࢆ cRNA ࣁࢀࡒࢀࡑ࡚࠸⏝ࢆ
࡜Cy3ࠊᚋࡓࡗ⾜ࢆࣥࣙࢩ࣮ࢮ࢖ࢲࣜࣈ࢖ Cy5
ࡢ඲࡚ୖ࢖ࣞ࢔ࠋࡓᚓࢆග⏬ീ⺯ࡢ Cy3 ࢢࢩ
࡜ࣝࢼ Cy5࣮ࣀࣝࣂ࣮ࣟࢢ࡚࠸⏝ࢆࣝࢼࢢࢩ
ศᩓศᯒࠊᚋࡓࡗ⾜ࢆࣥࣙࢩ࣮ࢮ࢖࣐ࣛ
㸦ANOVA㸧ࡧࡼ࠾ Benjamini and Hochberg ἲ
㸦FDR 㸸 False Discovery Rate = 0.01㸧࡟
࡟㐣ᩄឤ⣽⬊Ṛㄏᑟ᫬ࠊࡾࡼ࡟ከ㔜᳨ᐃࡿࡼ
OsNAC4-RNAi ᰴ࣮ࣝࣟࢺࣥࢥࡧࡼ࠾ᰴ࠸࠾࡟
࡚Ⓨ⌧ࡿ࡞␗ࡀ࣮ࣥࢱࣃ㑇ఏᏊࡢᢳฟࢆ⾜
࡚࠸⏝ࢆ㑇ఏᏊࡓࢀࡉᢳฟࠊ࡟ࡽࡉࠋࡓࡗ t
᳨ᐃ㸦p<0.01㸧࣮ࣝࣟࢺࣥࢥࠊ࠸⾜ࢆᰴ࠾࡟
ࢀࡉㄏᑟ࡚࠸ OsNAC4-RNAi ᰴ࡚࡟ㄏᑟ࡞ࢀࡉ
 ࠋࡓࡋᢳฟࢆ㑇ఏᏊ࠸
 
㸦5㸧OsHSP90 ࡧࡼ࠾ IREN ࡿࡼ࡟⌧㐣๫Ⓨࡢ
⣽⬊Ṛㄏᑟゎᯒ 
ࡓࡋᐃྠࡾࡼ࡟ゎᯒ࢖ࣞ࢔ࣟࢡ࢖࣐ 
OsHSP90 ࡧࡼ࠾ IREN 㐣ᩄឤ⣽⬊Ṛㄏᑟ᫬ࠊࡀ
⌧㐣๫Ⓨ࡟ⓗ␗≉࡟ᐇ㝿࡟⬊ᇵ㣴⣽ࢿ࢖ࠊ࡟
ࢆ࠿ࡿ࠸࡚ࡋ Real time RT-PCR ㄪ࡚ࡗࡼ࡟
ࡧࡼ࠾OsHSP90ࠊ࡟ḟࠋࡓ࡭ IRENࢆ⣽⬊ෆ࡛
୍㐣ⓗ࡟㐣๫Ⓨ⌧ࡀ࡜ࡇࡿࡏࡉฟ᮶ࢡ࣋ࡿ
PEGࠊࡋస〇ࢀࡒࢀࡑࢆ࣮ࢱ ἲ࡛ᑟධࡓࡋᚋࠊ
㐣ᩄឤ⣽⬊Ṛㄏᑟ࣮ࣝࣈࢫࣥࣂ࢚ࢆᰁⰍ࡜
TUNELἲ࡚ࡗࡼ࡟ㄪࠋࡓ࡭OsHSP90ࡧࡼ࠾IREN
㉁࡛ࢡࣃࣥࢱග⺯ࠊࡣ࡚࠸ࡘ࡟⣽⬊ෆᒁᅾࡢ
ࡿ࠶ Venus ᑟධ࡟⬊⣽ࠊࡏࡉྜ⼥ࢀࡒࢀࡑ࡜
ᚋࠊඹ↔Ⅼ㢧ᚤ㙾࡛ㄪࠋࡓ࡭ 
 
 

㸲㸬◊✲ᡂᯝ 
㸦1㸧㐣ᩄឤ⣽⬊Ṛࡿࡅ࠾࡟ OsNAC4  ᙺ๭ࡢ
①OsNAC4 ☜㐣ᩄឤ⣽⬊Ṛㄏᑟࡢࢿ࢖ࡿࡼ࡟
ㄆ 

⣽⬊ෆ࡛ࢿ࢖࡟ᐇ㝿ࠊࡎࡲ OsNAC4 㐣๫ࢆ
Ⓨ⌧ࠊ࡛࡜ࡇࡿࡍ㐣ᩄឤ⣽⬊Ṛࡀᘬࡁ㉳ࡉࡇ
ᇵࢿ࢖ࠊ࡟ࡵࡓࡿࡍ࡟࠿ࡽ᫂ࢆ࠿࠺࡝࠿ࡿࢀ
㣴⣽⬊ࡧࡼ࠾༢㞳࡟ࢺࢫࣛࣉࢺࣟࣉࡓࡋ
OsNAC4୍ࢆ㐣ⓗ࡟㐣๫Ⓨ⌧ࠋ᳜ࡓࡏࡉ ࡂ⥅࠼
ᚋ 4᪥┠ࢿ࢖ࡢᇵ㣴⣽⬊ࠊ࡬ᜏᖖⓗⓎ⌧ࢆ♧
࣮ࢱ࣮ࣔࣟࣉࣥࢳ࢟ࣅࣘࡢࢩࢥࣟࣔ࢘ࢺࡍ
࡟ୗὶࡢ OsNAC4 ࡓࡋ⤖㐃ࢆ pAHC17-OsNAC4



 

 

࡚ࡋ࡜࣮ࣝࣟࢺࣥࢥ࡜࣮ࢱࢡ࣋ pAHC17 ࣃࢆ
ࢿ࢖ࠎྛࠊࡋሬ࡟㔠⢏Ꮚࡢ⏝ࣥ࢞ࣝࢡ࢕ࢸ࣮
ᇵ 㣴 ⣽ ⬊ ෆ ࡟ ᑟ ධ ࡋ ࡓ ࠋ ࡇ ࡢ ᫬ ࠊ
pAHC17-DsRed ࡶ ྠ ᫬ ࡟ ᑟ ධ ࡋ ࠊ
pAHC17-OsNAC4 ࣮ࣝࣟࢺࣥࢥ࡜࣮ࢱࢡ࣋
pAHC17 DsRedࠊࡣ⬊⣽ࡓࢀࡉᑟධࡀ࣮ࢱࢡ࣋
⏤᮶ࡢ⺯ගࡀほᐹࡒࢀࡑࠋࡓࡋ࡟࠺ࡼࡿࢀࡉ
ࡽ࠿ᑟධ࣮ࢱࢡ࣋ࡢࢀ 12ࠊ10ࠊ8ࠊ6 ᫬㛫ᚋ
࡚ࡋᅇ཰ࢆ⬊ᇵ㣴⣽ࢿ࢖ࡢ TUNEL ཯ᛂࡗ⾜ࢆ
pAHC17-OsNAC4ࠊᯝ⤖ࡓ ࣉࢺࣟࣉࡓࡋᑟධࢆ
ࡽ࠿ᑟධࠊࡣࢺࢫࣛ 6 ᫬㛫ᚋࡢ⣽⬊࡛ DsRed
࡜ TUNEL ࡿࡼ࡟ FITC ほᐹ࡟ඹࡀගⓎⰍ⺯ࡢ
࡞࠺ࡼࡢࡇࠋࡓࢀࡉ DsRed ⏤᮶ࡢ⺯ගࡀㄆࡵ
ࡿࡅ࠾࡟⬊⣽ࡿࢀࡽ TUNEL⏤᮶ࡢ⺯ගࡢほᐹ
pAHC17-OsNAC4ࠊࡣ 12ࠊ10ࠊ8ࠊᑟධᚋࡢ ᫬
㛫ࡶ࡚࠸࠾࡟ㄆ࡟ࢀࡇࠋࡓࢀࡽࡵᑐࠊ࡚ࡋ
pAHC17 ࠊࡣ࡛ࢺࢫࣛࣉࢺࣟࣉࡓࡋᑟධࢆࡳࡢ
DsRed ⏤᮶ࡢ⺯ගࡣ☜ㄆฟ᮶ࠊࡀࡓTUNEL ࡟
ࡿࡼ FITC  ࠋࡓࡗ࠿࡞ࢀࡉㄆ☜ࡣග⺯ࡢ
ࡢグୖࠊ࡟ࢺࢫࣛࣉࢺࣟࣉࢿ࢖ࠊࡓࡲ 
pAHC17-OsNAC4࣋ࡧࡼ࠾࣮ࢱࢡ pAHC17࣋ࢱࢡ
Ṛ⣽ࡾࡼ࡟ᰁⰍ࣮ࣝࣈࢫࣥࣂ࢚ࠊࡋᑟධࢆ࣮
pAHC17-OsNAC4ࠊࢁࡇ࡜ࡓࡋᰁⰍࢆ⬊ ᑟධࢆ
ࡢ⬊⣽ࡓࢀࡉᑟධࠊࡣ࡛ࢺࢫࣛࣉࢺࣟࣉࡓࡋ
ࡰ࡯ ᰁࡾࡼ࡟࣮ࣝࣈࢫࣥࣂ࢚ࡀ⬊⣽ࡢ100%
Ⰽࡀ࡜ࡇࡓ࠸࡚ࢀࡉほᐹ࡟ࢀࡇࠋࡓࢀࡉᑐࡋ
ࡿ࠶࡛࣮ࢱࢡ࣮࣋ࣝࣟࢺࣥࢥࠊ࡚ pAHC17 ࡢ
ᑟධࢆࡳ
ࣟࣉࡓࡋ
ࢫࣛࣉࢺ
ࠊࡣ࡛ࢺ
㑇ఏᏊᑟ
ධ ᚋ 24
᫬㛫࠾࡟
ࣂ࢚ࡿࡅ
ࣝࣈࢫࣥ
ࡿࡼ࡟࣮
⣽⬊ࡢᰁ
Ⰽࡣ 10%
⛬ᗘ࠿ࡋ
ㄆࢀࡽࡵ
ࡓࡗ࠿࡞
㸦ᅗ 1㸧ࠋ   
        
      ᅗ  ࡟ࢺࢫࣛࣉࢺࣟࣉࢿ࢖ 1
 㐣ᩄឤ⣽⬊Ṛࡿࡅ࠾         
 
②OsNAC4  ᒁᅾ☜ㄆࡿࡅ࠾࡟⣽⬊ෆࡢ

OsNAC4࡟DsRedࡓࡋྜ⼥ࢆ⺯ගࢡࣃࣥࢱ㉁
ࡓࡋᑟධ࡟⬊⣽ࢿ࢖ࢆ࣮ࢱࢡ࣋ࡿࡍ⌧Ⓨࢆ
ࣛࣉࢺࣟࣉࡓࡋᑟධࢆOsNAC4-DsRedࠊࢁࡇ࡜
ࡳࡢ࡚࠸࠾࡟᰾ࡢ⬊⣽ࡓࢀࡉᑟධࠊࡣ࡛ࢺࢫ
DsRed 㐣ᩄឤ⣽ࠊ࡟ḟࠋࡓࢀࡉほᐹࡀග⺯ࡢ
⬊Ṛㄏᑟ᫬࡟ OsNAC4 ࠿ࡢࡿࡍᏑᅾ࡟ࡇ࡝ࡀ
ࠊᯝ⤖ࡢࡑࠋࡓ࡭ච␿㟁Ꮚ㢧ᚤ㙾ほᐹ࡛ㄪࢆ
ࡢ࡝ࢇ࡜࡯ OsNAC4 ࡟㐣ᩄឤ⣽⬊Ṛㄏᑟ᫬ࡣ
᰾࡟Ꮡᅾࡀ࡜ࡇࡿࡍㄆ୍ࠋࡓࢀࡽࡵ᪉ࠊ㐣ᩄ

ឤ⣽⬊Ṛࢆㄏᑟ࠸࡞࠸࡚ࡋ⣽⬊࡛ࠊࡣ⣽⬊㉁
 ࡓ࠸࡚ࡋᏑᅾ࡟ᆒ୍࡟᰾࡜
 ḟࠊ࡟OsNAC4 OsNAC4ࠊࡀᒁᅾࡢ࡬᰾ࡢ ࡀ
㐣ᩄឤ⣽⬊Ṛࢆᘬࡁ㉳࡛ୖࡍࡇᚲ㡲࠺࡝࠿
ࠊࡵࡓࡿ࡭ㄪࢆ࠿ NES㸦 Nuclear Export 
Signal㸧ࢆ OsNAC4 ࡢ N ᮎ➃ഃ࡟௜ຍࡓࡋ
pAHC17-NES-OsNAC4-DsRed ࡋస〇ࢆ࣮ࢱࢡ࣋
࢖ ࢿ ⣽ ⬊ ࡟ ᑟ ධ ࡋ ࡓ ࠋ ࡑ ࡢ ⤖ ᯝ ࠊ
pAHC17-OsNAC4-DsRed ࣛࣉࢺࣟࣉࡓࡋᑟධࢆ
࡚࠸࠾࡟ࢺࢫ DsRed ⏤᮶ࡢ⺯ගࡀ᰾࡛ࡳࡢㄆ
OsNAC4ࠊࡋᑐ࡟ࡢࡓࢀࡽࡵ ࡟ NES ࡓࡋ௜ຍࢆ
pAHC17-NES-OsNAC4-DsRed ࡋᑟධࢆ࣮ࢱࢡ࣋
ࡃ࡞࡛ࡅࡔ᰾ࠊࡣ࡚࠸࠾࡟ࢺࢫࣛࣉࢺࣟࣉࡓ
⣽⬊㉁ࡶ࡚࠸࠾࡟ DsRedࡢ⺯ගࡀ☜ㄆࠋࡓࢀࡉ
ᰁ࣮ࣝࣈࢫࣥࣂ࢚࡚࠸⏝ࢆ⬊⣽ྠࠊࡁ࡜ࡢࡇ
Ⰽࠊࢁࡇ࡜ࡓࡗ⾜ࢆpAHC17-OsNAC4-DsRed ࢆ
ᑟධࡰ࡯ࡀࢺࢫࣛࣉࢺࣟࣉࡓࡋ 100%ᰁⰍࡉ
pAHC17-NES-OsNAC4-DsRedࠊࡋᑐ࡟ࡢࡓࢀ ࢆ
ᑟධ60%ࠊࡣ࡛ࢺࢫࣛࣉࢺࣟࣉࡓࡋ⛬ᗘࡢ⣽
ᰁⰍࡿࡼ࡟࣮ࣝࣈࢫࣥࣂ࢚ࡳࡢ࡚࠸࠾࡟⬊
OsNAC4ࠊࡽ࠿࡜ࡇࡢ௨ୖࠋࡓࢀࡽࡵㄆࡀ ࡼ࡟
ᚲ㡲ࡀ⾜⛣ࡢ࡬᰾ࡣ࡟㐣ᩄឤ⣽⬊Ṛㄏᑟࡿ
 ࠋࡓࢀࡉ♧ࡀ࡜ࡇࡿ࠶࡛
ࡓࢀࡉሗ࿌࡛ࡲࢀࡇ  NAC㌿෗ᅉᏊࡿࡅ࠾࡟
᰾⛣⾜ࣝࢼࢢࢩ NLS㸦Nuclear Localization 
Signal㸧ࡢ᝟ሗ࡟ᇶ࡙࡚࠸ OsNAC4 㓄ิࢆゎ
ᯒࠊࢁࡇ࡜ࡓࡋOsNAC4 ࡣ࡛ Thr83ࠥArg95 ࡜
Ile122ࠥLys138 ࡢ 2 ࢝ᡤ࡚࠸࠾࡟ሗ࿌ࡓࢀࡉ
NLS ࡢࡇࠊ࡛ࡇࡑࠋࡓ࠸࡚ࢀࡉಖᏑ࡟㧗ᗘࡀ
1 ࡢࡵࡘ NLS 㡿ᇦ㸦Thr83ࠥArg95㸧ࡢḞᦆ2ࠊ
ࡢࡵࡘ NLS 㡿ᇦ㸦Ile122ࠥLys138㸧ࡢḞᦆ2ࠊ
࢝ᡤࡢ NLS ୧᪉ࢆḞᦆࡓࡏࡉ 3✀㢮ࢱࢡ࣋ࡢ
NLSࠊᯝ⤖ࡢࡑࠋࡓࡋస〇ࢆ࣮ ࢆ 1 Ḟࡘࡎࡘ
ᦆ࡜࣮ࢱࢡ࣋ࡓࡋ 2࢝ᡤࡢ NLS 㡿ᇦࢆ୧᪉Ḟ
ᦆ࡚࠸࠾࡟࡚࡭ࡍ࣮ࢱࢡ࣋ࡓࡋ᰾࡛ DsRedࡢ
⺯ගࡀㄆࠊࡽ࠿࡜ࡇࡓࢀࡽࡵOsNAC4 ࡢࡇࡣ࡛
2 ࢝ᡤࡀ NLS ࠸࡞ࡣ࡛ࡢࡿ࠸࡚ࡋ⬟ᶵ࡚ࡋ࡜
࡟ᐇ㝿ࠊ࡛ࡇࡑࠋࡓࢀࡉ♧ࡀ࡜ࡇ OsNAC4 ࡢ
ࢆ࠿ࡿ࠸࡚ࡋ㛵୚࡟⾜⛣ࡢ࡬᰾ࡀ㒊఩ࡢ࡝
ヲ⣽࡟ㄪࠊࡵࡓࡿ࡭OsNAC4 ࡋḞᦆ࡟㒊ศⓗࢆ
ࡓ OsNAC4 deletion mutant స〇ࢆ࣮ࢱࢡ࣋
OsNAC4ࠊᯝ⤖ࡢࡑࠋࡓࡋ ࡢ NLS 㡿ᇦࡣ N ᮎ➃
㒊ศࡢ NACࣥ࢖࣓ࢻෆ࡟Ꮡᅾࡽ᫂ࡀ࡜ࡇࡿࡍ
 ࠋࡓࡗ࡞࡟࠿
 
③OsNAC4  㛵୚ࡢ㓟໬ࣥࣜࡢ࡬᰾ᒁᅾࡢ
ࡀ㓟໬ࣥࣜࡢ㉁ࢡࣃࣥࢱ  OsNAC4 ࡍㄏᑟࡢ
ࣥࢽ࢜ࣞࢫ/ࣥࣜࢭࢆ࠿ࡿࡍ㛵୚࡟⣽⬊Ṛࡿ
ᆺ࢟ࡢࢮ࣮ࢼ㜼ᐖ๣࡛ࡿ࠶ Staurosporine ࢆ
Staurosporineࠊᯝ⤖ࡢࡑࠋࡓ࡭ㄪ࡚࠸⏝ ࠊࡣ
OsNAC4 ᢚไ࡟᏶඲ࡰ࡯ࢆ⣽⬊Ṛㄏᑟࡿࡼ࡟
࡟ḟࠊ࡛ࡇࡑࠋࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿࡍ
OsNAC4 㛵ࡀ㉁ࣜࣥ㓟໬ࢡࣃࣥࢱ࡟⾜⛣᰾ࡢ
୚ࢆ࠿࠺࡝࠿ࡿ࠸࡚ࡋㄪࡢࡑࠋࡓ࡭⤖ᯝࠊ
Staurosporine 㐣ࡣ࡚࠸࠾࡟⬊⣽ࡓࡋῧຍࢆ
ᩄឤ⣽⬊Ṛㄏᑟࢆ่⃭ࡢ୚ࡶ࡚࠼ OsNAC4 ࡀ
ࡇࡿࡍ✚⵳࡟⣽⬊㉁ࡎࡏ⾜⛣࡟᰾࡝ࢇ࡜࡯



 

 

OsNAC4ࠊࡓࡲࠋࡓࢀࡉ♧ࡀ࡜ ࡅ࠾࡟⾜⛣᰾ࡢ
OsNAC4ࠊࡀ㛵୚ࡢ㓟໬ࣥࣜࡿ ㉁⮬㌟ࢡࣃࣥࢱ
⣽ࠊࡵࡓࡿ࡭ㄪࢆ࠿ࡢࡿࡍ᮶⏤࡟㓟໬ࣥࣜࡢ
⬊㉁⏬ศ࡜᰾⏬ศࡿࡅ࠾࡟ OsNAC4 ᢠࣜࣥࡢ
㓟໬ࣥࣜࢭᢠయࢵࣟࣈࣥࢱࢫ࢚࢘ࡓ࠸⏝ࢆ
ࡍᏑᅾ࡟᰾⏬ศࠊᯝ⤖ࡢࡑࠋࡓࡳヨࢆゎᯒࢺ
ࡿ OsNAC4 ࡀ࡜ࡇࡿ࠸࡚ࢀࡉ㓟໬ࣥࣜࡀࡳࡢ
OsNAC4ࠊࡾ࡞࡜࠿ࡽ᫂ 㓟໬ࣥࣜࡣ㉁ࢡࣃࣥࢱ
ࡉ♧ࡀ࡜ࡇࡿࡍ⾜⛣࡟᰾ࠊࡾࡼ࡟࡜ࡇࡿࢀࡉ
OsNAC4ࠊ࡟ࡽࡉࠋࡓࢀ 㓟ࣀ࣑࢔ࡢ࡝ࡿࡅ࠾࡟
㒊఩ࣥࣜࡀ㓟໬ࢆ࠿ࡿࢀࡉㄪࠊࡵࡓࡿ࡭ᵝࠎ
㓟⨨᥮ࣀ࣑࢔࡞ OsNAC4 ⛣ࡢ࡬᰾ࠊࡋసᡂࢆ
NLSࠊࢁࡇ࡜ࡓ࡭ㄪࢆ⾜ ᛮ࡜ࡿ࠸࡚ࡋᏑᅾࡀ
ࡿࢀࢃ NAC ࡿࢀࡲྵ࡟ෆࣥ࢖࣓ࢻ 4࢝ᡤࢭࡢ
࠸࡞ࡋ㛵୚࡟⾜⛣ࡢ࡬᰾࡜㓟໬ࣥࣜࡣࣥࣜ
 ࠋࡓࡗ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇ
 
㸦2㸧OsNAC4 ᐃྠࡢ㑇ఏᏊࡿࡍ⬟ୗὶ࡛ᶵࡢ
 ᶵᵓゎᯒࡢࡑ࡜
①OsNAC4 ࡢ㑇ఏᏊࡿࢀࡉୗὶ࡛Ⓨ⌧ไᚚࡢ
ྠᐃ 
 OsNAC4 ࡢ RNAi ᢚไᙧ㉁㌿᥮య࣐࡚࠸⏝ࢆ
㐣ᩄឤ⣽ࠊᯝ⤖ࡢࡑࠋࡓࡗ⾜ࢆ࢖ࣞ࢔ࣟࢡ࢖
⬊Ṛㄏᑟ᫬࡟Ⓨ⌧ࡀ࣮ࣥࢱࣃ᭷ព࡟ኚ໬ࡋ
3,288ࠊ࡚ࡋ࡜㑇ఏᏊࡿ࠸࡚ 㑇ఏᏊྠࢆᐃࡋ
ࡽ࠿୰ࡢ㑇ఏᏊࡓࢀࡽᚓ࡚ࡋ࠺ࡇࠋࡓ
OsNAC4-RNAi ᰴ࣮ࣝࣟࢺࣥࢥ࡜ᰴࡢ㛫࠸࠾࡟
᥈⣴ࢆ㑇ఏᏊࡍ♧ࢆ࣮ࣥࢱࣃ⌧Ⓨࡿ࡞␗࡚
139ࠊࢁࡇ࡜ࡓࡋ ಶྠࢆᐃࠋࡓࡋ 
 
②OsHSP90 ࡜ IREN  ᐃྠࡢ
 ୖグࡢ 139 ಶࡢ㑇ఏᏊࡢ୰ࠊࡽ࠿ศᏊࣕࢩ
ࡿ࠸࡚ࢀࡽ▱࡚ࡋ࡜ࣥࣟ࣌ OsHSP90㸦Oryza 
sativa heat shock protein 90㸧ࡍࢻ࣮ࢥࢆ
ࡿ 㑇 ఏ Ꮚ ࡜ IREN 㸦 Immune-related 
endonuclease㸧ྡ࡜௜ࡓࡅ EF ࣮ࢳࣔࢻࣥࣁ
ࡘᣢࢆࣇ Ca2+౫Ꮡᆺ࢚ࣥࢮ࣮࢔ࣞࢡࢾࢻᵝศ
Ꮚࡿࡍࢻ࣮ࢥࢆ㑇ఏᏊࢆ㐣ᩄឤ⣽⬊Ṛㄏᑟ
㸦ᅗࠋࡓࡋ㑅ᢤ࡚ࡋ࡜⿵㑇ఏᏊೃࡿࡍ㛵୚࡟
2㸧ࠊࡎࡲࠋOsHSP90 ࡧࡼ࠾ IREN ⬊㐣ᩄឤ⣽ࡢ
Ṛㄏᑟ᫬ࡿࡅ࠾࡟Ⓨ⌧ࢆ࣮ࣥࢱࣃ Real time 
RT-PCR OsHSP90ࠊᯝ⤖ࡢࡑࠋࡓ࡭ㄪ࡚࠸⏝ࢆ
㐣ᩄឤ⣽⬊Ṛㄏᑟࠊࡣ 3᫬㛫ᚋ࡟Ⓨ⌧ㄏᑟࡀ
ㄆࡢࡑࢀࡽࡵᚋపୗ୍࠺࠸࡜ࡿࡍ㐣ⓗ࡞ቑ
ຍⓎ⌧ࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡍ♧ࢆ࣮ࣥࢱࣃ
ࡣIRENࠊ᪉୍ࠋࡓ 6 ᫬㛫ᚋ࡛Ⓨ⌧ㄏᑟࡿࢀࡉ
 ࠋࡓࢀࡽࡵㄆࡀ࡜ࡇ
 
③OsHSP90 ࡧࡼ࠾ IREN  ㄆ☜ࡢ⣽⬊ෆᒁᅾࡢ
 OsHSP90ࡧࡼ࠾IRENࡢ⣽⬊ෆᒁᅾࢆ⺯ගࢱ
ࡿ࠶㉁࡛ࢡࣃࣥ Venus ࡑࠋࡓࡋゎᯒ࡚࠸⏝ࢆ
OsHSP90-Vnuseࠊᯝ⤖ࡢ ࣉࢺࣟࣉࡓࡋᑟධࢆ
ࠊࢀࡽࡵᑠ⬊య࡛ㄆࡀග⺯ࠊࡣ࡛ࢺࢫࣛ
IREN-Vnuse ࠊࡣ࡛ࢺࢫࣛࣉࢺࣟࣉࡓࡋᑟධࢆ
᰾࡛⺯ගࡀㄆࠋࡓࢀࡽࡵ௨ୖࠊࡽ࠿࡜ࡇࡢ
OsHSP90 IRENࠊ࡟ᑠ⬊య࡟୺ࡣ ࡍᒁᅾ࡟᰾ࡣ
 ࠋࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿ

 
  ᅗ 2 IREN ࡜ OsHSP90  ᶍᘧᅗࡢ
 
 
④OsHSP90࡜IRENࡢ㐣ᩄឤ⣽⬊Ṛㄏᑟࡢ࡬㛵
୚ 
 OsHSP90ࡧࡼ࠾ IREN ⬊㐣ᩄឤ⣽࡟ᐇ㝿ࠊࡀ
Ṛㄏᑟ࡟㛵୚ࠊࢆ࠿࠺࡝࠿ࡿࡍTUNEL ἲࡼ࠾
⤖ࡢࡑࠋࡓ࡭ㄪࡾࡼ࡟ᰁⰍ࣮ࣝࣈࢫࣥࣂ࢚ࡧ
ᯝࠊOsHSP90 ㏱ࡢ⭷⬊⣽ࡣ࡛⬊⣽ࡓࡋᑟධࢆ
㐣ᛶ႙ኻࡀㄆࠊࡀࡓࢀࡽࡵ᰾ DNA ࡣ໬∦᩿ࡢ
ㄏᑟ୍ࠋࡓࡗ࠿࡞࠸࡚ࢀࡉ᪉ࠊIREN ࡋᑟධࢆ
᰾ࡣ࡛⬊⣽ࡓ DNA᩿ࡢ∦໬ࡀㄏᑟࡓ࠸࡚ࢀࡉ
ࠋࡓࡗ࠿࡞ࢀࡉㄏᑟࡣ㏱㐣ᛶ႙ኻࡢ⭷⬊⣽ࠊࡀ
OsHSP90ࠊ࡟ࡽࡉ ႙ኻࡢ⣽⬊⭷㏱㐣ᛶࡿࡼ࡟
ࡣ HSP90ࡢᶵ⬟ࢆ㜼ᐖࣥࢩ࢖࣐ࢼࢲࣝࢤࡿࡍ
⭷⬊⣽ࠊࡽ࠿࡜ࡇࡓࢀࡉ㜼ᐖ࡚ࡗࡼ࡟ῧຍࡢ
ࡣ࡟㏱㐣ᛶ႙ኻࡢ OsHSP90ࡢศᏊࣥࣟ࣌ࣕࢩ
࡟࠿ࡽ᫂ࡀ࡜ࡇࡿ࠶ᚲ㡲࡛ࡀ⬟ᶵࡢ࡚ࡋ࡜
OsNAC4ࠊࡽ࠿࡜ࡇࡢ௨ୖࠋࡓࡗ࡞ Ⓨ࡚ࡗࡼ࡟
⌧ㄏᑟࡓࢀࡉ OsHSP90ࡢࡑࡣศᏊࣥࣟ࣌ࣕࢩ
㏱㐣ᛶ႙ኻࡢ⭷⬊⣽࡚ࡋ௓ࢆ⬟ᶵࡢ࡚ࡋ࡜
IRENࠊ࡟᫬ྠ࡜ࡍࡇ㉳ࡁᘬࢆ ࡣ Ca2+౫Ꮡⓗ࡟
DNA ࡽ᫂ࡀ࡜ࡇࡿ࠸࡚ࡋࡇ㉳ࡁᘬࢆ໬∦᩿ࡢ
 ࠋࡓࡗ࡞࡟࠿
 
㸦3㸧⪃ᐹࡧࡼ࠾௒ᚋࡢᒎᮃ 
 ᮏ◊✲࡛ࡢ≀᳜ࡣච␿཯ᛂࡿ࠶࡛ࡘ୍ࡢ
㐣ᩄឤ⣽⬊Ṛࡀ OsNAC4 ࡼ࡟㌿෗ᅉᏊ࠺࠸࡜
ࡢࡇࡣ࡟⾜ᐇࡢ⣽⬊Ṛࠊࡾ࠾࡚ࢀࡉไᚚ࡚ࡗ
ୗὶ࡛Ⓨ⌧ไᚚࡿࢀࡉ OsHSP90 ࡜ IREN 㛵ࡀ
୚ࡀ࡜ࡇࡿࡍ࡟࠿ࡽ࡚᫂ࡵึࢆ࡜ࡇࡿࡍฟ
᮶ࠋࡓ 
①㐣ᩄឤ⣽⬊Ṛㄏᑟࡿࡅ࠾࡟ศᏊࢳࢵ࢖ࢫ
ࡢ࡚ࡋ࡜ OsNAC4 
 OsNAC4 ࡋᏑᅾ࡟➼ᆒ࡟᰾࡜⣽⬊㉁ࠊ㏻ᖖࡣ
⛣࡬᰾ࡾࡼ࡟ࣝࢼࢢࢩ㐣ᩄឤ⣽⬊Ṛࠊࡾ࠾࡚
㌿෗ᅉࡢ≀᳜ࠋࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿࡍ⾜
Ꮚࡀ᰾ࡣ࡟ࡵࡓࡿࡍ⾜⛣࡜࡬᰾⛣⾜ࢼࢢࢩ
ࣝ㸦NLS㸧ࡀᚲせ࡛ࠋࡿ࠶௒ᅇࠊOsNAC4 Ꮡ࡟
ᅾࡿࡍ NLS ࡟࡛ࡲࢀࡇࠊࢁࡇ࡜ࡓ࡭ㄪࢆ
AtNAC1 ࡸ OsNAC6 ࡚࠸࠾࡟ NLS ࡚ࢀࡉሗ࿌࡜
ࡿ࠸ NLS 㡿ᇦࡀ OsNAC4 ࡿࡍᏑᅾࡶ࡚࠸࠾࡟
NLSࠊࡋ࠿ࡋࠋࡓࢀࡉ♧ࡀ࡜ࡇ 㡿ᇦࢆḞᦆࡉ
ࡓࡏ OsNAC4 ࡓࢀࡉ♧ࡀ࡜ࡇࡿࡍ⾜⛣࡟᰾ࡶ
ࡿ࠸࡚ࢀࡉሗ࿌࡛ࡲࢀࡇࠊࡽ࠿࡜ࡇ NLS 㡿ᇦ



 

 

OsNAC4ࠊࡣ ࢀࢃᛮ࡜࠸࡞ࡋ㛵୚࡟⾜⛣᰾ࡣ࡛
NLSࠊ࡟ⓗ⯡୍ࠋࡿ ࢇ࡜࡟㓟ࣀ࣑࢔ሷᇶᛶࡣ
ࡣ࡛≀᳜ࠋࡿ࠶ᚩ࡛≉ࡀ࡜ࡇࡿ࠶㓄ิ࡛ࡔ
NLS 㓄ิࡣ 3 ࡚ࢀࡽ࠼⪄࡜ࡿࡍᏑᅾ࣮ࣥࢱࣃ
ࡓࡏࡉḞᦆࢆ㒊ศ࡞ࠎᵝࠊࡣࠎᡃࠋࡿ࠸
OsNAC4 ࠊ࡭ㄪࢆᒁᅾࡢࢀࡒࢀࡑࠊࡋసᡂࢆ
OsNAC4ࡢ Leu21ࠥIle52ࡧࡼ࠾ Thr139ࠥLys175࡜
HYLCRKVAR㸦His37ࠥࠊࡿࢀࡲྵ࡟㡿ᇦ࠺࠸
Arg45㸧ࡸ RAPGGKKGSQK㸦Arg153ࠥLys163㸧࠸࡜
ࣝࢼࢢࢩ⾜⛣᰾ࠊࡀ㓟ࣀ࣑࢔ሷᇶᛶࡓࡗ
㸦NLS㸧࡚ࡋ࡜స⏝ྍࡿ࠸࡚ࡋ⬟ᛶࢆᥦ♧ࡋ
ࡢࡇࠋࡓ NLS 㡿ᇦࢡࣃࣥࢱ࡜㉁ࣜࣥ㓟໬ࡼ࡟
ࠊ࡚ࡗࡼ࡟࡜ࡇࡿࡍ✲◊ࢆ᰾⛣⾜ไᚚ᪉ἲࡿ
ศᏊࡢ㉁ࢡࣃࣥࢱ࠸࡞࠸࡚ࢀࡽ▱࡛ࡲࢀࡇ
㍺㏦ไᚚ᪉ἲࡀ࡜ࡇࡿࡍ࡟࠿ࡽ᫂ࢆฟ᮶ࡿ
OsNAC4ࠋࡿ࠼⪄࡜ࡢࡶ ᥋ࢆ㠀⑓ཎᛶ⳦ᰴࠊࡣ
OsNAC4ࠊࡃ࡞࡛ࡅࡔ⬊⣽ࡓࡋ✀ ࡉ⌧㐣๫Ⓨࢆ
ᒁ࡟᰾ࡶ࡚࠸࠾࡟ࢺࢫࣛࣉࢺࣟࣉࢿ࢖ࡓࡏ
ᅾࠋࡓࢀࡉ♧ࡀ࡜ࡇࡿࡍ㏻ᖖ᫬࡟ OsNAC4 ࡀ
⣽⬊ෆ࡚࠸࠾࡟⣽⬊㉁࡜᰾࡟ᆒ➼࡟ศᕸࡋ
OsNAC4ࠊ࡜ࡿ࠼⪄ࢆ࡜ࡇࡿ࠸࡚ ⾜⛣ࡢ࡬᰾ࡢ
ࡿࡅ࠾࡟⣽⬊ෆࡣ OsNAC4 ࡚ࡗࡼ࡟⵳✚㔞ࡢ
ไᚚྍࡿ࠸࡚ࢀࡉ⬟ᛶࠋࡿ࠼⪄࡜ࡿ࠶ࡀ௒ᚋࠊ
ᚲࡀ࡜ࡇࡿࡍ࡟࠿ࡽ᫂ࡶ࡚࠸ࡘ࡟ᶵᵓࡢࡇ
せࠋ࠺ࢁ࠶࡛ࡿ࡞࡜ 
 
②OsNAC4  㑇ఏᏊࡿࢀࡉⓎ⌧ไᚚ࡚ࡗࡼ࡟
 OsNAC4 ࡢ RNAi ᢚไᙧ㉁㌿᥮య࣐ࡓ࠸⏝ࢆ
OsNAC4ࠊᯝ⤖ࡓࡗ⾜ࢆゎᯒ࢖ࣞ࢔ࣟࢡ࢖ ࡼ࡟
ࡿࢀࡉⓎ⌧ไᚚ࡚ࡗ 139ಶࡢ㑇ఏᏊྠࢆᐃࡍ
ࡓࢀࡽᚓ࡚ࡋ࠺ࡇࠋࡓฟ᮶ࡀ࡜ࡇࡿ 139 ಶࡢ
㑇ఏᏊࠊࢆᶵ⬟ู࡟ศ㢮ࠊࢁࡇ࡜ࡓࡋ㌿෗ᅉ
Ꮚࡣ඲యࡢ⣙ 12㸣࡛ࠊࡾ࠶ከࡢࡃ㌿෗ᅉᏊࡀ
OsNAC4 ࡀ࡜ࡇࡿ࠸࡚ࢀࡉⓎ⌧ไᚚ࡚ࡗࡼ࡟
ࢢࢩ࡞ࠎᵝࠊࡣ࡛≀᳜࡟࡛ࡲࢀࡇࠋࡓࢀࡉ♧
┦ࡀ㌿෗ᅉᏊࡢ࠿ࡘࡃ࠸࡚࠸࠾࡟⟆ᛂࣝࢼ
஫࡟Ⓨ⌧ㄏᑟㄪ⠇ࡀ࡜ࡇࡿ࠸࡚ࡗ⾜ࢆሗ࿌
ࡓࡋ௓ࢆ㓟ࣝࢳࣜࢧࠊࡤ࠼౛ࠋࡿ࠸࡚ࢀࡉ
HSP70 ࠊhsfA1ࠊࡣ࡟✚⵳ࡧࡼ࠾Ⓨ⌧ㄏᑟࡢ
hsfA2ࠊhsfB1 ࠺࠸࡜ 3 ࡢࡘ Hsf㸦Heat shock 
factor㸸⇕ࢡࢵࣙࢩ㌿෗ᅉᏊ㸧ࡀᚲ㡲࡛ࡿ࠶
஫㌿෗┦ࠊࡣࡽࢀࡇࠋࡿ࠸࡚ࢀࡉሗ࿌ࡀ࡜ࡇ
ㄪ⠇ࡢࢀࡒࢀࡑ࡚ࡗࡼ࡟ᅉᏊ࢚ࣥࢡ࣮ࢩࡀ
ࡑࡾࡼ࡟㌿෗ไᚚࡿ࡞ࡽࡉࠊࡋ⌧Ⓨ࡟ࣝࣕࢩ
࡚ࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋㄏᑟࢆ㇟⌧ࡢࢀࡒࢀ
OsNAC4ࠋࡿ࠸ ㌿෗ᅉࡢࡃከࡅࡔࢀࡇ࡟ୗὶࡢ
ᏊࡢⓎ⌧ࡀไᚚ᳜ࠊ࡜ࡿ࠼⪄ࢆ࡜ࡇࡓࢀࡉ≀
㌿෗ࡽࢀࡇࡶ࡚࠸࠾࡟㐣ᩄឤ⣽⬊Ṛㄏᑟࡢ
ᅉᏊࡢ᫬㛫ⓗࠊ✵㛫ⓗ࡟⤫ไࡓࢀࡉⓎ⌧ㄏᑟ
㌿෗ᅉᏊྠࡽࢀࡇࠋ࠸࡞ࢀࡋࡶ࠿ࡢ࡞ᚲせࡀ
ኈ࡟ࢡ࣮ࢺࢫࣟࢡࡢ㛵࡝ࢇ࡜࡯ࡣ࡚ࡋ▱ぢ
⟆ච␿ᛂࡢ≀᳜ࠊ௒ᚋࠊࡀ࠸࡞࠸࡚ࢀࡽᚓࡀ
ࡃ࡚ࡗ࡞࡜ᚲせࡀゎᯒ࡛ୖࡃ࠸࡚ࡋゎ᫂ࢆ
 ࠋ࠺ࢁ࠶࡛ࡿ
 
③㐣ᩄឤ⣽⬊ṚㄏᑟࡢศᏊࣔࣝࢹ 
 ᮏ◊✲᳜ࡓࡗ࡞࡟࠿ࡽ࡚᫂ࡵึ࡚ࡗࡼ࡟

࡚࠸ࡘ࡟ศᏊᶵᵓࡢ㐣ᩄឤ⣽⬊Ṛㄏᑟࡢ≀
౵ࡢ࡝࡞⳦㠀⑓ཎᛶ⣽ࡀ≀᳜ࠋ࠸ࡓࡳ࡚࠼⪄
ධࢆ㛵▱ࡢࡇࠊ࡜ࡿࡍ᝟ሗࡣ⣽⬊ෆ࡟ఏ㐩ࡉ
᰾࡛࡚ࡗࡼ࡟᝟ሗࡓࡁ࡚ࢀࡉఏ㐩ࡢࡇࠋࡿࢀ
OsNAC4 ⣽⬊㉁࡛ࠊ࡟᫬ྠ࡜ࡿࢀࡉⓎ⌧ㄏᑟࡀ
OsNAC4 ࡟⣽⬊㉁ࠋࡿࡌ⏕ࡀ✚⵳ࡢ㉁ࢡࣃࣥࢱ
ࡿࡅ࠾ OsNAC4 ㉁ࣜࣥ㓟໬ࢡࣃࣥࢱࡣ✚⵳ࡢ
㓝⣲ࡢάᛶ໬ࢆᘬࡁ㉳ࠊࡋࡇOsNAC4 ࣥࣜࢭࡢ
ṧᇶࣥࣜࡀ㓟໬ࠋࡿࢀࡉOsNAC4 ㉁ࢡࣃࣥࢱࡢ
ࣜࣥ㓟໬ࡣ᰾ࢆ⾜⛣ࡢ࡬ᘬࡁ㉳ྠ࡜ࡍࡇ᫬
ࡶ࡜ࡃ࡞ᑡ࡚࠸࠾࡟᰾ෆࠊ࡟ 139 ಶࡢ㑇ఏᏊ
Ⓨ⌧ࢆไᚚࠋࡿࡍOsNAC4 ࡉⓎ⌧ㄏᑟ࡚ࡗࡼ࡟
OsHSP90ࠊࡓࢀ ࠊࡋ⾜⛣࡟ᑠ⬊యࡽ࠿⣽⬊㉁ࡣ
⣽⬊⭷ࡢ⭷㏱㐣ᛶࡢ႙ኻࢆᘬࡁ㉳ࠊࡋࡇIREN
DNAࠊࡋ⾜⛣࡟෌ᗘ᰾ࡽ࠿⣽⬊㉁ࡣ ໬∦᩿ࡢ
㸦ᅗࡿࡍㄏᑟࢆ 3㸧ࠋ 

 ᅗ 3 㐣ᩄឤ⣽⬊ṚㄏᑟࡢศᏊᶵᵓ 
 
④௒ᚋࡢᒎᮃ 
 ᮏ◊✲ࡢ≀᳜࡚ࡗࡼ࡟㐣ᩄឤ⣽⬊Ṛㄏᑟ
ฟࡀ࡜ࡇࡿࡍ࡟࠿ࡽ࡚᫂ࡵึࢆศᏊᶵᵓࡢ
᮶ࠋࡓ௒ᅇࡢ◊✲࡛ᚓࡓࢀࡽ⤖ᯝࡣ≀᳜ࠊࡣ
⬊⣽࣒ࣛࢢࣟࣉ࡛࣒ࢸࢫࢩࡿ࡞␗ࡣ࡜≀ື
Ṛࢆㄏᑟࡢ࡚ࡵึ࠺࠸࡜ࡿ࠸࡚ࡋሗ࿌࡛࠶
ࣕࢩศᏊࡢᑠ⬊య࡟㏱㐣ᛶ႙ኻࡢ⭷⬊⣽ࠊࡾ
ࡢ᰾ࠊࡃ࡞࡛ࡅࡔࡿࡍ㛵୚ࡀࣥࣟ࣌ DNA ᩿ࡢ
∦໬ࡿ࡞␗ࡣ࡜⤒㊰࡚ࡗࡼ࡟ไᚚ࠸࡚ࢀࡉ
࡞࠺ࡼࡢࡇࠋࡓ࠼୚ࢆぢ▱࠸῝࿡⯆࠺࠸࡜ࡿ
㧗࡟㠀ᖖࡶ࡟ᅜ㝿ⓗࡣᮏ◊✲⤖ᯝࠊࡽ࠿࡜ࡇ
 ࠋࡓࢀࡉホ౯ࡃ
 ୍᪉ࠊᮏ◊✲࡛ࡿࡼ࡟≀᳜ࠊࡣ㐣ᩄឤ⣽⬊
Ṛࡢࣝࢼࢢࢩㄆ㆑ᶵᵓࡢࡑࡸ⣽⬊ෆ᝟ሗఏ
㐩࡟࣒ࢸࢫࢩ㛵࡚ࡋ▱ぢࢆᚓࡀ࡜ࡇࡿฟ᮶
࡟ࡓᮏ◊✲㐙⾜㐣⛬࡛᪂ࠊ࡟ࡽࡉࠋࡓࡗ࠿࡞
OsNAC4 ࡟ࢀࡇࡸ㉁ࣜࣥ㓟໬㒊఩ࢡࣃࣥࢱࡢ
㛵ࣥࣜࡿࢃ㓟໬㓝⣲ࠊOsNAC4 ␗≉ࡿࡍྜ⤖ࡀ
ⓗ࡞ DNA 㓄ิྠࡢᐃࠊOsHSP90 ⭷⬊⣽ࡿࡼ࡟
႙ኻࡸ IREN ࡿࡼ࡟ DNA ษ᩿ᵝᘧࡢᶵᵓ࡝࡞
ࡍ࡟࠿ࡽ᫂ࢆࡽࢀࡇࠋࡓࡌ⏕ࡶ␲ၥ࡞ࡓ᪂ࡢ
ศᏊࣞ࣋ࡢ㐣ᩄឤ⣽⬊Ṛㄏᑟᶵᵓࡀ࡜ࡇࡿ
࠸㧗ࡶࡽ࠿ࢀࡇࠊࡾ࠶ᚲ㡲࡛ࡣ࡟ゎ⌮ࡢ࡛ࣝ
ࡢࡇࠋࡿ࠶ࡀᚲせࡿࡍ⥆⥅ࢆ✲◊ࡢ࡛ࣝ࣋ࣞ
≀᳜࡟ேⅭⓗࠊ࡚ࡗࡼ࡟✲◊࡞ⓗ⥆⥅࡞࠺ࡼ
࡞࡟⬟ྍࡀ࡜ࡇࡿࡍ࣮ࣝࣟࢺࣥࢥࢆṚ⏕ࡢ
㛤ࡢ㝖ⲡ๣ࡿࡏࡉ⁛Ṛࢆࡅࡔ≀᳜ࡢᐃ≉ࠊࡾ
Ⓨ࡟⒆⭘ࡢ≀᳜ࡸ⣽⬊Ṛࢆㄏᑟࡢ≀᳜ࡋ⑓
Ẽࢆ἞⒪ࡶࡃ࠸࡚ࡗࡀ࡞ࡘ࡟࡝࡞࡜ࡇࡿࡍ
 ࠋࡿ࠼⪄࡜ࡢ
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ࠝᏛ఍Ⓨ⾲ 㸦ࠞィ㸯㸵௳㸧 
 
①ከ㈡᭷㔛ࠊ㔠⏣㝯ᚿࠊᯇ஭ᘯၿࠊ⶧᫭᳜ࠊ

㌿෗ᅉᏊ OsNAC4 㐣ᩄឤ⣽⬊Ṛࡿࡍ㛵୚ࡀ
2007ࠋᶵᵓゎᯒࡢ ᖺឤᰁ⏕⌮ㄯヰ఍2007ࠊ
ᖺ 8 ᭶ 9 ᪥ࠊி㒔 

②ከ㈡᭷㔛ࠊᯇ஭ᘯၿࠊ㔠⏣㝯ᚿࠊ☾㈅ᙲࠊ
㧗ᒣㄔྖࠊ⶧᫭᳜ࠊOsNAC4 ࡉㄏᑟࡾࡼ࡟
➨ࠋᶵᵓゎᯒࡢ㐣ᩄឤ⣽⬊Ṛࡿࢀ 49 ᅇ᪥
ᮏ᳜≀⏕⌮Ꮫ఍2008ࠊ ᖺ 3 ᭶ 20 ᪥ࠊᮐᖠ 

③ᯇ஭ᘯၿࠊከ㈡᭷㔛ࠊᒾ㔝ᜨࠊ☾㈅ᙲࠊ⶧
᫭᳜ࠊ㐣ᩄឤ⣽⬊Ṛㄏᑟ᫬ࡿࡅ࠾࡟
OsNAC4 ᪥ᮏ㎰ⱁࠋไᚚᶵᵓࡢࡑ࡜ᒁᅾࡢ
໬Ꮫ఍ 2008 ᖺ኱఍2008ࠊ ᖺ 3 ᭶ 28 ᪥ࠊ
ྡྂᒇ 

④ከ㈡᭷㔛ࠊ㔠⏣㝯ᚿࠊᯇ஭ᘯၿࠊᒾ㔝ᜨࠊ
☾㈅ᙲࠊ㧗ᒣㄔྖࠊ⶧᫭᳜ࠊ㌿෗ᅉᏊ
OsNAC4 㐣ᩄឤ⣽ࢿ࢖ࡿࢀࡉㄏᑟ࡚ࡗࡼ࡟
⬊Ṛࡢᶵᵓゎᯒࠋ➨ 31 ᅇ᪥ᮏศᏊ⏕≀Ꮫ
఍ 2008 ᖺᗘᖺ఍2008ࠊ ᖺ 12 ᭶ 10 ᪥ࠊ⚄
ᡞ 

⑤ᯇ஭ᘯၿࠊከ㈡᭷㔛ࠊ᪥ẚ㔝Ꮥ⣖ࠊᒾ㔝ᜨࠊ

☾㈅ᙲࠊ⶧᫭᳜᳜ࠊ≀㌿෗ᅉᏊ OsNAC4 ࡟
㐣ࡓࡋ௓ࢆ⩌㑇ఏᏊࡿࢀࡉ㌿෗ไᚚࡾࡼ
ᩄឤ⣽⬊Ṛࡢㄏᑟࠋ➨ 50 ᅇ᪥ᮏ᳜≀⏕⌮
Ꮫ఍ᖺ఍2009ࠊ ᖺ 3 ᭶ 21 ᪥ྂྡࠊᒇ 

⑥⚄ᮧ㯞཭ࠊ⸨ཎἋ㒔ጲࠊ➲ᮌுᚿࠊ℈ᮏカ
චࡢࢿ࢖ࠊ⶧᫭᳜ࠊ㧗ᒣㄔྖࠊ㈅ᙲ☾ࠊ⾜
␿ᛂ⟅ࡿࡅ࠾࡟⣽⬊ෆCa2+ࡢᙺ๭࡜ OsCPK
2009ࠋ㛵୚ࡢ ᖺᗘ᪥ᮏ㎰ⱁ໬Ꮫ఍ᖺ఍ࠊ
2009 ᖺ 3 ᭶ 28 ᪥ࠊ⚟ᒸ 

 
ࠝᅗ᭩ 㸦ࠞィ㸮௳㸧 
 

 

ࠝ⏘ᴗ㈈⏘ᶒࠞ 
 ฟ㢪≧ἣ㸦ィ㸮௳㸧ۑ
 
 
 ᚓ≧ἣ㸦ィ㸮௳㸧ྲྀۑ
 
 
 ௚ࠞࡢࡑࠝ
 ࡋ࡞
 
 
㸴㸬◊✲⤌⧊ 
(1)◊✲௦⾲⪅ 

⶧ ᫭᳜㸦SAI KOUSHOKU㸧 

㛗὾࢜࢖ࣂ኱Ꮫ࣭ࢫ࢚ࣥ࢖ࢧ࢜࢖ࣂ◊✲⛉࣭

ᩍᤵ 

◊✲⪅␒ྕ㸸㸮㸮㸰㸴㸱㸲㸲㸰 

 

 

(2)◊✲ศᢸ⪅ 

௒ᮧ ⥤㸦IMAMURA AYA㸧 

㛗὾࢜࢖ࣂ኱Ꮫ࣭ࢫ࢚ࣥ࢖ࢧ࢜࢖ࣂᏛ㒊࣭ㅮ

ᖌ 

◊✲⪅␒ྕ㸸㸳㸮㸲㸯㸮㸷㸴㸳 

 

 (3)㐃ᦠ◊✲⪅ 

 ࡋ࡞

 
 
 
 
 


