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ʀ̧̉͂͜Ύ̮͋ͮͬͬ͟ MEKK1 ̯ MAPKKK ̮�̧̤̉́̆ǟ�-ǎɧŤ̪̩̎̀̆

MAPKK ̧̉͂ MKK1{̱ MKK2 ͆�Ɯ�Ą̨̛̀͂ȳ̦̌̀̓̊͂̇MKK1̏AË̽ǘ

Ë̫ͪ̿́͞͞ƛćl̨̛͂̆̕MKK2 ̏(ƨ̽ˬ®̫ͪ̿́͞͞ƛćl̨̛͂̎̀̆̕

̮͖̓̀ͬ̕͜Ό̏ MEKK1 ͆�̙̦̆MKK1 z̯ MKK2 ̴ʭĝǚ̫#ʩ̨̗̓͂ȳ̌̀

̦̞̟̮͖̓̊͂̏̆̓̓ͬ͜Ό̏MEKK1̫ȿ̸̧̮͂�Ɯ#ʩȝʍ̽MEKK1̮ƛć

]ÿ̱̍̿ªʇʭĝ̮̫͑ͭ͟˃̛͂ǣɣ̶̸̨̯͇̩̪̠̊̇̆(ƨ̪̩̮ǋ¯ͪ͞

͞�̫̉͂űǁ+Ļ̮ MEKK1ƛć̮ŲT̶̨̼͇̩̪̗̦̪̓̊̊̇ 

˳ ̧̞̕ŜǨǻ̧̯̆MEKK1̮ƛć]ÿžŷ̽MEKK1͆�̙̠(ƨ͖ͬ͜Ό#ʩȝʍ̆

̗̫̀(ƨď�̮͑ͭ͟ɧŊ͆ɱ̹̦̊͂̇Ȃ 1 ǿ̧̯̆¶ȼɈǙǈȎ̫̿́Ÿ̪͙̈

ΐͪ͞Ί͕̮ͪ MEKK1 ͤΐͳ͕ʇ͆ɺɟ̙̞̮̆ΐʴlʳȖƛ͆ƩĘ̧̛̀͂̕ƛć]ÿ

̽ªʇʭĝ̮͑ͭ͆͟ɺ̵̦̊͂̇Ȃ 2ǿ̧̯̆MEKK1̮˃�̏ǭ�̗̦̓̊͂(ƨ

˨l̫ǡǝ̙̆(ƨSǊ͜Ύ̫͋ͮͬͬ̍̓͂͟ MEKK1 ̮ƛć]ÿ͖̽ͬ͜Ό#ʩȝʍ

̫̤̦̊Ųɫ͆ɕ̣̦̊͂̇ǂ̫Ca2+͖ͬ͜ΐ͖̽MEKK1̮ΐʴl̫ǡǝ̙�Ɯ͖͜

ͬΌ#ʩȝʍ̮ǂÈ͆ɱ̹̦̊͂̇Ȃ 3 ǿ̧̯șȸȽƜkć³l̫̿͂(ƨďǣ̮�Ȝ

̹̫̤̦̊ɺŪ̙̦̗̫̊͂̇̀Ȃ 4 ǿ̧̯ MEKK1 ͆ʧ`Ǚǈ̛͂͜Ύ͋ͮͬͬ͆͟-ɟ

̙̆ͪ͞͞ȴćűǁ̨̙̦̮Ŗǎć͆Ųɰ̛͂ǝǚ̧̆MEKK1 ʧ`Ǚǈűǁ̮ǂā̽Q

Ȟȴć͆ɺŪ̙̦̊͂̇ 

�ǿ̮LÍ̮ɲș̫̤̦̊ɭʒ̛͂̇ 

 

˳ Ȃ 1ǿ̧̯̆¶ȼɈǙǈȎ̫̿́ MEKK1 ͤΐͳ͕ʇ͆ɺɟ̙̞̮̆ʳȖžȹ̫̤̦̊ɻ

ʝ̛͂̇MEKK1 ̯̞̮ C śȀ>̫ɨ¿˟¨̧͓̉͂ͬΒͫ͋͡ΐ͆ģ̣̦̊͂̏̆N ś
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Ȁ>˟¨̫̤̦̯̊ǂāǚ̪ͫ͋ΐŷʢ͆ģ̠̜̞̮̆žȹ̯Śǣ̧̉͂̇¶ȼɈǙǈ

Ȏ̫̿́ɺɟ̙̠MEKK1̮͓ͬΒͫ͋͡ΐ̯A-group̮MAPKĶ̉͂MKK1̆MKK2̆

MKK6͆ΐʴl̙̠̙̙̇̎̆Iʿ̮MEKK1̯MKK1̮̹͆ô̑ΐʴl̙̆NśȀ˟¨

̯ΐʴlʳȖƛć͆ę]̛͂ùa͆ģ̨̤̣̠̗̫̏̎̇̀̕ͅ N śȀ˟¨̫̿͂ƛć

ę]̮Ƕï̏ªʇMAPKK̫̿́ų̪̣̦̠̈̄̊̎̀̆̕NśȀ˟¨̏ƛć]ÿ̡̧̪̓̑

ªʇ̮ʭĝ̫̼˃�̨̛͂̏̕ǭ�̸̗̠̠̓̇̆Ǩǻ̮ʧǶ̧̆MEKK1 ̯͠ΐ/͐͞

ͭΐ͓ͬΒ̧̫̼̉͂͡˃̜̀̆ͅ¶ȼɈǙǈȎ̫̿́ɺɟ̙̠ MEKK1 ͤΐͳ͕ʇ̯͠

ΐ̆͐ͭ͞ΐƄª̮Ⱦæΐʴl̡̧̪̓̑̆ͦΎ͜ΐƄª̮Ⱦæΐʴl7˥ȹ͆ģ̤

̨̣̠̮̏̎̇̕̕ͅΐʴlͦΎ͜ΐƄª̯ N śȀ˟¨̫Ã¤̙̆204 Ǖǝ̮ͦΎ͜ΐƄ

ª̏�̪ΐʴļ̸͚̣̠̠̮͋ͪ̉̇̆̕ 204 Ǖǝ̮ͦΎ͜ΐƄª͆ͷ͍ͭΌ͉ΊͭΐƄ

ª̫ȭĮ̙̠MEKK1̯MKK1̫Ờ͂ΐʴlʳȖƛć̏(�̙̮̆̕ΐʴlͦΎ͜ΐ

Ƅª̏ƛć]ÿ̫ø˛̨̛͂̏̕ǭ�̨̗̠̮̓̇̎̀̆̕̕MEKK1 ̮ƛć]ÿ̽ªʇʭ

ĝ̫̦̍̊ NśȀ˟¨̏ʷɡ̪ùa͆ģ̨̤̏̕Ĥĳ̗̓͂̇ 

 

˳ Ȃ2ǿ̧̯(ƨ˨lʧǶ̫̍̓͂MEKK1ȝʍ̫̤̦̊ɲʝ̛͂̇(ƨSǊ̙̠͜Ύ͋ͮͬ

ͬ͟Éǌ̎̀ěMEKK1ě+͆ǎ̦̊GǗƑˆ̙̠L¤ćMEKK1̏(ƨSǊ2Ãǚ̫ƛ

ćl̙̆MKK2͆ʭĝǚ̫ΐʴl̨̛͂͆̕ǭ̸̙̠̠̇̆(ƨSǊ̙̠͜Ύ͋ͮͬͬ͟Éǌ

̿́þ̠șȸğTơ̫̿́MEKK1̏ΐʴl̨̗̓͂̆̕{̱̮̕ΐʴl̏Ca2+͓Βͤ

Β̧̉͂EGTA^SǊ̫̿́ę]̨̗̓͂͆̕Ŋ̫̙̠̀̎̇ʛì̆calcium/calmodulin ΔCa 
2+/CaMΕ̫̣̦̿ƛć]ÿ̗̓͂ȽȞ�§ͤ͠Β͓ͬΒ̧̉͂͡CRLK1ΔCa2+/CaM 

-regulating receptor-like kinaseΕ̏QȞȴć̮ǆþ̫˃�̙̗̫̆̀CRLK1̏MEKK1̨ǟ

�-ą̛̌͂̏̕«�̧̗̠̞̓̇̆̕¶ȼɈǙǈȎ̫̿́CRLK1͆ɺɟ̙̞̮̆ΐʴlʳ

Ȗƛć͆ƩĘ̙̠̀̈́̆̕MEKK1̫Ờ͂ΐʴlʳȖƛć̏ŲŢ̗̠̞̓̇̆̕(ƨS

Ǌ̫̿́CRLK1̏ƛćl̙̆̓̏̕MEKK1̮�Ɯ�À̧̉͂�ȹć̏Ĥĳ̗̠̓̇ 

 

˳ Ȃ3ǿ̧̯Ȃ2ǿ̮Ȟŧ͆ʎ̸̦̌̆șȸȽƜkć³l(ƨďǣ̮�Ȝ̹̫̤̦̊ɺŪ̙

̠̇͜Ύ͋ͮͬͬ͟Éǌ͆șȸȽǫl_DMSO̧SǊ̨̙̠̈́̕(ƨSǊ̨�Ÿ̫MEKK1

̫Ờ͂ΐʴlƛć̏ŲT̸̗̠̓̆�Ɯ�À̧̉͂MPK4̮ƛćl̼ɣ̠̀̓̇}Ò̫̆

(ƨSǊ̫̦̍̊ɣ̀̓͂MEKK1̴̮ΐʴlƛć̽MPK4̮ƛćl̏șȸȽƜkl_

̧̉͂Benzyl Alcohol̫̿͂^SǊ̧ę]̗̠̗̫̓̇̀̆͜Ύ͋ͮͬͬ͆͟DMSOSǊ̛͂

̨̧̆̕Ξ˽̫̿͂(ƨ˨l̙̠¬�̨�Ÿ̮QȞȴć͆ǭ̙̠̏̆Benzyl AlcoholÃ¤�̧

(ƨ˨lSǊ͆ɕ̣̠͜Ύ̯͋ͮͬͬ͟QȞȴć͆ǭ̗̪̣̠̮̎̇̓̀̕Ȟŧ̿́̆(ƨ̫

̿͂șȸȽƜkć̮(�͆�̙̦̆Ca2+/CaM-CRLK1-MEKK1-MKK2-MPK4/6̮ȝʍ̏ƛ
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ćl̗̓̆QȞȴć̮��̫Î�̨̛͂̏̕ǭ�̗̠̓̇ 

 

˳ Ȃ 4 ǿ̯̆MEKK1 ̮ʧ`Ǚǈűǁ̮-ē̫̤̦̊Ųɫ̙̠̇ÆIʿ̮ MEKK1 ̮ʱW

͆ÕH̙̠ MEKK1 Fullʧ`Ǚǈűǁ̨͉̆ͰʴȭĮ̫̿́�ƛl̙̠ MEKK1 KNʧ`

Ǚǈűǁ͆-ɟ̙̠̇MEKK1 Fullʧ`Ǚǈűǁ̨ MEKK1 KNʧ`Ǚǈűǁ̮̜̫̊̓

̦̼̍̊ÕHʮ#À̏ʧ`Ǚǈ̙̦̠̫̼̊˃̜̀̆ͅMEKK1 Full ʧ`Ǚǈűǁ̧̯Õ

Hʮ#Àǐš̮MEKK1ͤΐͳ͕ʇ̏ŲT̗̪̣̠̓̎̇�Ń̆MEKK1 KNʧ`Ǚǈűǁ

̧̯ MEKK1 KN ͤΐͳ͕ʇ̏ŲŢ̗̠̞̓̇̕ƛć͆ģ̤ MEKK1 Full ͤΐͳ͕ʇ̯U

ɧ̗̦̓̊͂�ȹć̏ȳ̌̀̓̆űǁșȸĻ̆MEKK1 ̮ΐʴlʳȖƛć͆ɾZ̙̆

MEKK1 ͤΐͳ͕ʇ̮ʹ͆ʁ̫ɺȈ̛͂žŷ̮Ã¤̏ǭ�̗̠̓̇MEKK1 Full ʧ`Ǚǈ

űǁ{̱ MEKK1 KNʧ`Ǚǈűǁ̯̆ʠé̮ǌȶǋ¯̫̦̍̊̆ʸć§̨Ɗʑ̙̦÷Đ

̽ǌȶʡï̆¶̶̨̗̫̦͇̩̐̍̊ʪ̊̏ŲT̸̗̜̠̓̆̆QȞȴć̼ʸć§̨�Ÿ̧

̣̠̉̇MEKK1 Fullʧ`Ǚǈűǁ̮÷ʇ̫åǖ̏ɳ̻̪̣̠̮̯̀̓̎̆MEKK1 Full ͤ

ΐͳ͕ʇ̏ŲT̨̨̗̪̣̠̮̓̎̕˃ʣć̏ȳÐ̗̓͂̇ 

 

˳ ŜǨǻ̫̿́̆MEKK1̮ NśȀ˟¨̞̮̏ƛć]ÿ̽ªʇ̮ʭĝ̫̦̍̊ʷɡ̪ùa

͆ģ̨̤̏̕ǭ̗̠̗̫̓̇̀(ƨ͖ͬ͜ΐ͖̫̦̍̊ MEKK1 ̏ΐʴl̸̨̗̓͂̆̕

̠̞̮�Ɯȝʍ̫șȸȽƜkć̮(�̆Ca2+͖ͬ͜ΐ͖̏Ã¤̙̆CRLKΛ̏ MEKK1

̮�ƜΐʴlʳȖ̮:ɞ̧̨̉͂͆̕ǭ�̙̠̇ʧ`Ǚǈ+͆ǎ̠̊Ǩǻ̫̿́ MEKK1

ͤΐͳ͕ʇ̏ʹǚ]ÿ͆�̨̞̮̓͂̆̕]ÿ̫ΐʴlʳȖƛć̏ø˛̨̛̣͂̏̎̕ͅ

̠̇ 
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ǔɵɷŊ  

 

APS              ammonium peroxodisulfate 

ATP  adenosine 5'-triphosphate 

BCIP  5-bromo-4-chloro-3-indolylphosphatase p-toluidine salt 

BPB  bromophenol blue 

CBB          coomassie brilliant blue 

cDNA         complementary DNA 

CIAP        calf intestine alkaline phosphatase 
DTT         dithiothreitol 

DMSO   dimethyl sulfoxide 

EDTA         ethylenediaminetetraaceticid 

EtBr          ethidium bromide 

GST         glutathione S-transferase 

IPTG          isopropyl-b-D-thio-galactopyranoside 

LiAc           lithium acetate 
MBP      myelin basic protein 

MOPS   3-(N-morpholino)propanesulfonic acid 

OD           optical density 

PAGE          polyacrylamide gel electrophoresis 

PBS          phosphate-buffered saline 

PCR          polymerase chain reaction 

PEG          polyethylene glycol 

PMSF     phenylmethanesulfonyl fluoride 

rpm           revolution per minite 

SDS          sodium dodecyl sulfate 

TEMED       N,N,N',N'-tetramethylethylenediamine 

Tris           tris (hydroxymethyl) aminomethane 
2-Me   2-mercaptoethanol 
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ȥ�ȧɻ  

 

˳ ʛì̆ƨŐl̆ǧưl̆͐ͣΐÜ̮Ǫ±Ȅ̫̿͂¥ǉɤź̮ǋ¯Ċl̆�ǒ�¥̧ʊ̣̕

̦̊͂ǖéƌʀȄ̆¥ǉǋ¯�ˠ̯ʗŴ̫µ¶̪ɚË͆{̷̙̦̊͂̇ʛ̊Ôš̆ˣȍ̮

ÅÈǚ̪1ȟ̫�̦̓ǌǍć̮ˬ̊-ǁ̽�ƾ¥è̆®ˢːǹ¥Ȅ̮fĊ̪ǋ¯̧̼ǌ

ȶ�ȹ̪ȴćűǁ̮ˁǙ̯ʷɡ̪ɹˠ̧̉͂̇͘ͰΎ͍͕̫ͪ̿́͝űǁ͘Ͱ̮I®

ªʱW̏ɧɸ̗̦̦̓̐̊͂ǈ¤̆͋ͯ̽͜Ύ̨̣̠͋ͮͬͬ̊͟΄ͩΌűǁ͆ǎ̦̊̓̀̕

ǋ¯̫ͪ͞͞Ờ͂ȴćžŷ̮ɧŊ̯UÀͻΌ̧µĻɕ̦̮̪̓̍́̆̿̋̕ͅǨǻ̎

̀þ̠̀̓ǣɣ̯̆Ŗǎ̪űǁ̮-ɟ̫ʂǅ̛͂�ȹć͆ģ̣̦̊͂̇ 

˳ űǁ̯̆ƨï̆ƪï̆F̆¢²ēU̪̩̮ǋ¯³l̫Ō̗̦̓ǌȶ̙̦̍́̆ǂǖǚ̪͠

ΐ͚Β̧ď�̙̠ċ«̫̿́ͪ͞͞Ąȅʮ#À̮ʏNɺȈ̽űǁͽΌ΄ΐȄ̮ǌǊƛć

ǁʇ̮ǌēɴÕ̪̩̮șȸ}Ą͆ɕ̨̧̪̋̕ǋ¯̴̮ʬĄ͆ɱ̹̞̮͂̇ˏ̫̆ʷɡ̪

ùa͆Ġ̣̦̮͖̊͂̏̆ͬ͜Ό̮�Í̎̀șȸžȹ̮³l̫ȿ̸̧͂͆Ȫ̒șȸL͖͜

ͬΌ#ʩ̧̉͂̇űǁ̯ǋ¯̫Ą̠͖ͬ̚͜Ό#ʩ͆ɕ̨̧̪̋̆̕ǋ¯Ąȅ͆]ÿ̙̦̊

͖͂̇ͬ͜Ό#ʩȝʍ̯ Ca2+̽ƛćʴȖǷ̆ͤΐͳ͕ʇΐʴlʳȖ̆ʏN�À̪̩Ÿ̈

̪ŷēɡȖ̫̿́÷ē̗̦̓̍́ (Xiong et al. 2002; Torres 2010; Harper & Harmon 

2005)̆Mitogen-Activated protein kinase (MAPK) ͑͗͞Β̨ͫ�̰͖̓͂ͬ͜Ό#ʩȝ

ʍ̼ǋ¯Ąȅ̫̦̍̊ʷɡ̪ùa͆Ġ̨̣̦̊͂̏̕ǣ̦̀̓̊͂ (Nakagami et al. 

2005; Colcombet & Hirt 2008) (Fig. 1)̇ 

˳ MAPK͑͗͞Β̯ͫ̆MAPK̆MAPK kinase (MAPKK)̆MAPKK kinase (MAPKKK) ̨̊

̋�Ƿˢ̮Ύͨ͋ΐ͓ͬΒ̫̣̦̿͡ŷē̗̓͂Ǡŭǌǁ̧5Ã̗̠͖̓ͬ͜Ό#ʩȎ

̧̉͂ (Fig. 2) (Avruch 2007; Chen et al. 2007)̇MAPK ͑͗͞Β̫̦ͫ̍̊̆ŕ�Ɯ̫'

ỡ̄͂ MAPKKK̮ƛćl̯̆�Ɂǚ̫ MAPKKK kinase (MAPKKKK) Ȅ̫̿͂ΐʴl

̽(UÀ G ͤΐͳ͕ʇ͓̆͞΅ͽΒΌͫͤΐͳ͕ʇ̪̩̮ͤΐͳ͕ʇǟ�-ǎ̸̠̯̞̆̓

̀͆ɠ�ǚ̫�̨̫̣̦̓͂̿̕ʊ̨͂̕ȳ̦̌̀̓̊͂ (Cuevas et al. 2007)̇MAPKKK

̯̞̮�Ɯ̫'ỡ̄͂ MAPKK ̮ƛćlΌΒ̫̉͂͠ΐ{̱ͪ͐ͭΐƄª͆ΐʴ

l̨̛̫͂̿́̕ MAPKK ͆ƛćl̛͂̇ƛćl̗̠̓ MAPKK̯ MAPK̮ƛćlΌΒ

L̫Ã¤̛͂͐ͭ͞ΐ{̱ͦΎ͜ΐƄª̮ΐʴl͆ɕ̨̧̋̕ MAPK ͆ƛćl̙͖ͬ͜

Ό͆#ʩ̛̮̫͂̇̿̋̕Źǚͤ͠Β̎̀ MAPK ͑͗͞Β̫ͫ#ʩ̗̠͖̓ͬ͜Ό̯Œ

̫̞̮�Ɯ�À̫#ʩ̗̓̆șȸ̮žȹ͆]ÿ̨̛͂ȳ̦̌̀̓̊͂̇ 

˳ MAPK͑͗͞Β̮ͫǨǻ̸̧̯̆̓̆̕kǁ̽ʳƉ̪̩µ̮̑ǌǁǷ̧ʥ̻̦̀̓̍́̆ͽ

Ό΄ΐ̆Uɛ4ʥ�À̆°ƅ�À̆ǋ¯̪̩ͪ͞͞êî͖̊ͬ͜Ό#ʩ̫˃�̨̛͂̏̕
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«�̗̦̓̊͂ (Strniskva et al. 2002; Chen et al. 2007)̇űǁ̧̯̆ǘxɈ̽AËȄ̮

ǌǁǚͪ̆͞͞®ƶï̆�ƾ̆ƨï̆ʷʺÛȄ̮˘ǌǁǚͪ̆͞͞űǁͽΌ΄ΐ̪̩µ

Þ̫̠͂ͅșȸL͖ͬ͜Ό#ʩ̫ MAPK ͑͗͞Βͫ̏˃3̨̛͂̏̕ǭ�̗̦̓̊͂ 

(Nakagami et al. 2005)̇΄ͩΌűǁ̧̉͂͜Ύ͋ͮͬͬ͘͟Ͱ̫̦̍̊̆MAPKKK̯ 80

Ƿ̆MAPKK̯ 10Ƿ̆MAPK̯ 20Ƿ̮ǟ�ʮ#À̏ǣ̦̀̓̍́ (Ichimura et al. 2002; 

Jonak et al. 2002; Colcombet & Hirt 2008)̆Ÿ̪͖̈ͬ͜Ό#ʩȎ̫̦̍̊̆!č̮Ȝ̹

�̧̝ͅ MAPK ͑͗͞Βͫ͆ŷȉ̙͖̆ͪͬ͜͞͞Ό̫Ą̠̚Ąȅ}Ą͆ɴǪ̛̃͂ȳ̌

̦̀̓̊͂ (Lee et al. 2008; Andreasson & Ellis 2010)̙̙̪̇̎̏̀̆�͖ͪͬ͜͞͞

Ό̏MAPK͑͗͞Β̫ͫ#ʩ̗̓͂ȝʍ̽̆�͖ͬ͜Ό#ʩȝʍ̫̍̓͂MAPK͑͗͞Β

̮ͫŷēȄ̫˃̙̦̆ʰUǚ̪«�̯ɕ̦̓̊͂̏ͅ (Nakagami et al. 2005)̆Ś̡̫Ǩ

ǻ̮,¥̏µ̑Ƅ̗̦̓̊͂̇ 

˳ ǂ̫ä¶̪ʮ#Àͷ͈Β͆÷ē̛͂ MAPKKK ̫̤̦̯̞̮̊̆ƛć]ÿžŷ̼�̻̆

žȹ̸̡̏ɧŊ̗̦̪̼̮̓̊̊̏µ̊̇͜Ύ̫̦͓͋ͮͬͬ̍̊̆ͬ͟Βͫ͋͡ΐ̮͉

ͰʴʱW̮ǟ�ć̫ª̥̠̊UŤ̫̿́̆60Ƿ̮ MAPKKK̏�È̢̗̦̞̮̮̓̍́̆̋

60Ƿ̯ 48Ƿˢ̮ Raf ͤ͋̆12Ƿˢ̮ MEKK ̮ͤ͋ 2 ̤̫¶̐̑Uˢ̨̧̛͂̏̐̕

̨͂̏̕ǣ̦̀̓̊͂ (Fig. 3) (Ichimura et al. 2002)̇Œ̪͂UŤ̮Ȟŧ̆MEKK ̫ͤ͋

9Ƿˢě̠ 21Ƿˢ̪̎̀͂MEKK͚ͷ͈Β̏ŷē̗̓̆ł̠̪͚ͷ͈Β̨̙̦

11Ƿˢ̮ ZIK͚ͷ͈Β̏�È̗̠̮̓̇̓̀̕ɧŤ̿́ MAPKKK̯ɪ 80Ƿˢ�È

̗̓̆Ξ8Ƿˢ̮ Raf͚ͷ͈Β̆11Ƿˢ̮ ZIK͚ͷ͈Β̆21Ƿˢ̮ MEKK͚

ͷ͈Β̮Ν̤̮͚ͷ͈Β̫Uˢ̗̠̓̇ǈ¤̮̕ 3̤̮͚ͷ͈Β̴̮Uˢ̏�

Ɂǚ̫ǎ̦̊̀̓̊͂ (Jonak et al. 2002; Champion et al. 2004; Colcombet & Hirt 

2008; Menges et al. 2008)̇ 

˳ Raf ͚ͷ͈Β̮ MAPKKK ̧̉͂ CTRΛ̯͎̆ͦΐ̮͖ͬ͜Ό#ʩȎ̫̦͎̍̊̆

ͦΐ�Í+ ETR1 ̨ɠ�+͆÷ē̙B̨̑̏̕ǣ̦̀̓̍́ (Kinber et al. 1993; Gao et 

al. 2003)̆MKK9-MPK3/6̮ȝʍ͆ʁ̫]ÿ̨̙̦̊͂ȳ̦̌̀̓̊͂ (Yoo et al. 2008)̇

̸̠̆ǘxɈ͎̆ͦΐȄ̮͖ͬ͜Ό#ʩ̫ EDR1̏˃3̨̙̦̊͂̕ (Tang et al. 2005)̆

ˬ®̮ͪ͞͞ȴć̫ At1g73660̏˃3̨̙̦̊͂̕ (Gao & Xiang 2008) ̏«�̗̦̓

̊͂̇öǨǻÊ̫̦̼̍̊̆MAP3Kδ4 ̏ǌȶ̽ɃɅ̮ŨU̫̎̓˃�̨̛͂̽̕ 

(Sasayama et al. 2011)̆MAP3Kδ4̏ ABA̫̿́ǙǈɴÕ̗̞̮̓̆ʧ`Ǚǈűǁ̨̏

ˬ®ȴć͆ǭ̨̛͆̕«�̙̦̠̐ (Shitamichi et al. 2013)̙̙̪̇̎̏̀̆Raf͚ͷ͈

Β̫̯ MEKK ͚ͷ͈Β̽ ZIK ͚ͷ͈Β̨Ɗʑ̙̦µ̮̑ MAPKKK ̏Û̙̦̊

̫̼͂˃̜̞̮̀ͅµ̮̑ MAPKKK̮žȹ̯Śǣ̧̼̮̉͂̏µ̊̇ 

˳ ZIK͚ͷ͈Β̯̆with no lysine kinase ͷ͈Β̨̼�̰̦̓̊͂ (Menges et al. 
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2008)̇WNK1 (ZIK4) ̯Ŷņ̫͟˃͂ͤͅΐͳ͕ʇ APR3 ͆ΐʴl̨̛͂̕ 

(Murakami-Kojima et al. 2002)̸̠̆̆WNK8 (ZIK6) ̏ G ͤΐͳ͕ʇ̨ǟ�-ǎ̙̆7 �

Ƚʃʠͤΐͳ͕ʇ RGS1͆ΐʴl̨̛͂̏̕«�̗̦̓̍́ (Urano et al. 2012)̆�Ɂǚ

̪ MAPKKK ̨ǖ̪̣̠žȹ͆ģ̨̣̦̊͂̏̕ǭ�̗̓͂̇ 

˳ MEKK͚ͷ͈Β̮ ANP1̯ʴlͪ͞͞ŋ̫ ANP1-MPK3/MPK6̮ MAPK ͑͗͞

Β̨̙̦ͫB̨̑̏̕ǭ�̗̦̓̊͂ (Kovtun et al. 2000)̸̠̇̆ANP1̆ANP2{̱ ANP3

̯ ANP1/ANP3-MKK6-MPK4 ̮ȝʍ̧șȸʇUɛ͆]ÿ̨̙̦̊͂̽̕ (Takahashi et 

al. 2010)̆Ǚǌ̽Ul͆]ÿ̨̛͂̏̕«�̗̦̓̊͂ (Krysan et al. 2002)̞̮̇�̆

MAP3Kε1̯șȸ�ŘɺȈ̫˃́ͅșȸUɛ͆Ƃ̫]ÿ̨̛͂̕ (Jouannic et al. 2001)̆

YODA̯ȷ̽ƌÁ̮÷ē̪̩̮ēʿʧǶ̧B̨̑̽̕ (Lukowitz et al. 2004; Bergmann 

et al. 2004)̆ƌÁ̮Ǚǌ]ÿ̫̦̍̊̆YODA-MKK4/MKK5-MPK3/MPK6̮ȝʍ͆ŷē

̨̛͂̏̕«�̗̦̓̊͂ ΔWang et al. 2007Ε̇ 

˳ MEKK1̯̆MEKK͚ͷ͈Β̮�əǚ̪ MAPKKĶ̸̧̉́̆̓̕Ÿ̪̈Ǩǻ̏ɕ

̸̦̦̜̓̐̊͂̇̆ͅMEKK1 ̯̆AË̆ˬ®̆(ƨ̨̧̣̠̊ͪ͞͞ʏNʹ̏°e̛͂

MAPKKK ̨̙̦�È̗̮͖̓̆̓̀ͪͬ̕͜͞͞Ό#ʩ̫˃3̨̛͂̏̕ǭ�̗̠̓ 

(Mizoguchi et al. 1996)̸̠̇̆MEKK1̯ʳƉ Two-hybridƔ̫̦̍̊ MAPKK̮ MKK1

{̱ MKK2 ̨ǟ�-ą̛̌͂̏̕«�̗̦̓̊͂ (Ichimura et al. 1998; Mizoguchi et al. 

1998)̇MEKK1 ʮ#Àſıűǁ̯Ɋ̙̊ǥÖ̮÷ʇ͆ǭ̙̆șȸ̫ H2O2͆ɋǹ̙̠ǃĐ

̨̪̞̙̦͂̇ǥÖ̮əǈ÷̯ˬƨŠ �̧̮ǌȶ̫̿́�Ā̛͂ (Ichimura et al. 2006; 

Nakagami et al. 2006)̸̠̇ǘxɈďũŋ̫ɣ̀̓͂ MPK4̮ƛćl̏ MEKK1ʮ#À

ſıűǁ̧̯ɣ̨̪̀̓̊̕ (Suarez et al. 2007)̽̆MEKK1 ʮ#Àſıűǁ̨ MPK4

ʮ#Àſıűǁ̨̮÷Đǚǂʿ̮ˢ& (Su et al. 2007)̎̀̆MEKK1 ̨ MPK4̮˃3̏

«�̗̠̗̫̓̇̀̆MKK1̆MKK2 ̮�ʷʮ#Àſıűǁ̼ MEKK1 {̱ MPK4 ̮ʮ#

Àſıűǁ̨ˢ&̙̠ǥÖ̮əǈ§͆ǭ̨̛̎̀̕  (Qui et al. 2008) (Fig. 4)̆

MEKK1-MKK1/MKK2-MPK4̮�ʣ̮͑͗͞Βͫ̏ŷę̗̦̄̓̊͂ȳ̦̮̌̀̓̊͂̇̕

͑͗͞Β̫̦ͫ̍̊̆MKK1̆MKK2 ̮̞̟̓̓s�̮ʮ#Àſıűǁ̧̯əǈ§̫³l

̏ɣ̨̪̀̓̊̎̀̆̕MKK1{̱ MKK2̯žȹʷɠ̙̦B̨̦̊̊͂̏̕ȳ̦̌̀̓̊͂̇

̙̙̪͖̎̏̀̆ͪͬ͜͞͞Ό#ʩ̫̦̍̊̆AË{̱ǘËͪ͞͞SǊ̫̿́MKK1̏ƛ

ćl̗̓͂�Ń (Matsuoka et al. 2002; Teige et al. 2004)̆MKK2̯(ƨ{̱ˬ®ͪ͞

̧͞ƛćl̗̓ MPK4̮ΐʴl̨̛͆͂̏̕«�̗̦̓̍́ (Teige et al. 2004) (Fig. 5)̆

AË̫ͪ̍̓͂̆͞͞MEKK1-MKK1-MPK4ȝʍ (Matsuoka et al. 2002; Hadiarto et al. 

2006)̆ǘË̫ͪ̿͂͞͞ MEKK1-MEK1-MPK4 (Meszaros et al. 2006) ̮ȝʍ̸̠̆̆

(ƨ̆®̧ͪ̆͞͞MEKK1-MKK2-MPK4/MPK6 (Teige et al. 2004) ̮ȝʍ̏ǭ�̗̓



 8 

̨̦̮̞̟̮̊͂̇̎̀̆̓̓ͪ̕̕͞͞�̫̦̍̊MEKK1̯MKK1{̱MKK2̫ʭĝ

ǚ̫͖ͬ͜Ό͆#ʩ̙̆MAPK ͑͗͞Βͫ͆]ÿ̨̙̦̊͂ȳ̦̌̀̓̊͂̇ 

˳ MEKK1 ̫͖ͪͬ͜͞͞Ό͆#ʩ̛͂�Ɯȝʍ̨̙̦̯̆ǘxɈ̮ͷΊ͍͝ΐǐš̮ͼ

̧ͦͫ̉͂ flg22̮ͤ͠Β̨̙̦ FLS2̏ǭ�̗̦̓̊͂ (Asai et al. 2002)̙̙̪̇̎

̏̀̆FLS2 ̎̀ MEKK1 ̴̮͖ͬ͜Ό#ʩžŷ̫˃̛͂«�̸̯̪̠̞̮̊̇̆�̮ͪ͞

͞#ʩ̫̍̓͂ MEKK1�Ɯȝʍ̮«�̯Ś̡̫̪̊̇MEKK1�´̮ MAPKKK ̮�

Ɯȝʍ̫˃̙̦̼«�̯ˇ̸̧̦̮̀̓̊͂̇̓̕Ǩǻ̿́̆șȸʇUɛ̮]ÿ̫̦̍̊

B̑ ANP1/ANP3-MKK6-MPK4 ȝʍ̮�Ɯ�Ą̙̦͓̀ͯ͜ΐŸͤΐͳ͕ʇ HINKEL ̏

ANP1/ANP3̫ǟ�-ǎ̙̞̮̆͑͗͞Βͫ͆ƛćl̨̛͂̕ (Takahashi et al. 2010)̆ƌ

Á̮Ǚǌ{̱Ul̫˃͂ͅ YODA-MKK4/MKK5-MPK3/MPK6 ȝʍ̮�Ɯ̨̙̦̆͠

ͤΒTMM {̱ͤ͠Β͓ͬΒ͡ ER-family ̏˃3̨̙̦̊͂̏̕ǭ�̗̦̓̊͂  

(Wang et al. 2007)̇ 

˳ ̸̧̮̓̕Ǩǻ«�̸̨̻͆̆MEKK1 ͆�̺͑͗͞Β̫ͫ̍̓͂ͪ͞͞�̧̮ȝʍ�͆

Fig. 6̫ǭ̙̠̮̇̓̀̕Ǩǻ̎̀MEKK1̯AË̆ǘË̆(ƨ̆ˬ®Ȅ̮͖ͪͬ͜͞͞Ό

ȝʍ̫˃̣̦̞̮̫̍́̆̓̀ͪ͞͞ͅĄ̦̚ΐʴlʳȖƛć͆ɺĮ̧̛̏͂̆̕AË̆

ǘËͪ͞͞ŋ̫̯�ƜMAPKĶ̉͂MKK1͆̆(ƨ̆ˬ®̧̯ͪ͞͞MKK2͆ʭĝǚ

̫ƛćl̙͖̆ͬ͜Ό͆#ʩ̨̙̦̊͂ȳ̙̙̪̌̀̓͂̇̎̏̀̆MEKK1 ̫͖ͪͬ͜͞͞

Ό͆#ʩ̛͂�Ɯȝʍ{̱�À̽̆MEKK1 ̮ΐʴlʳȖƛć̮]ÿžŷ{̱�Ɯ

MAPKK̮ʭĝžŷ̫˃̛͂ǣɣ̶̨̯͇̩̪̊̇ 

˳ ̧̞̕ŜǨǻ̧̯̆MEKK1̮ƛć]ÿ͑ͭ̽͟ MEKK1 ͆�̙̠͖ͬ͜Ό#ʩȝʍ

̮ɧŊ͆ɱ̹̮̆̓̀̕ǣɣ̨̼̫͆ MEKK1 ̮žȹ͆[ǎ̙̠ͪ͞͞ȴćűǁ̮-T͆

ǝĤ̙̠̇Ȃ 1ǿ̧̯̆¶ȼɈǙǈȎ̫̿́Ÿ̪͙̈ΐͪ͞Ί͕̮ͪ MEKK1 ͤΐͳ͕ʇ͆ɺ

ɟ̙̞̮̆ΐʴlʳȖƛ͆ƩĘ̧̛̀͂̕ƛć]ÿ̽ªʇʭĝ̮͑ͭ͆͟ɺ̵̠̇Ȃ

2 ǿ̧̯̆MEKK1 ̮˃�̏ǭ�̗̦̓̊͂(ƨ˨l̫ǡǝ̙̆(ƨSǊ͜Ύ̫͋ͮͬͬ͟

̍̓͂ MEKK1̮ƛć]ÿ͖̽ͬ͜Ό#ʩȝʍ̫̤̦̊Ųɫ͆ɕ̣̠̇ǂ̫ Ca2+͖ͬ͜

ΐ͖̫ǡǝ̙�Ɯ͖ͬ͜Ό#ʩȝʍ̮ǂÈ͆ɱ̹̠̞̮̇Ȟŧ̸̲͆̌̆Ȃ 3 ǿ̧̯̆ș

ȸȽƜkć³l̫̿͂(ƨď�̮�Ȝ̹̫̤̦̊ɺŪ̙̠̗̫̇̀Ȃ 4 ǿ̧̯ MEKK1 ͆

ʧ`Ǚǈ̛͂͜Ύ͋ͮͬͬ͆͟-ɟ̙̠̇ͪ͞͞ȴćűǁ̨̙̦̮Ŗǎć͆Ųɰ̛̠̻͂̆

MEKK1ʧ`Ǚǈűǁ̮ǂā̽QȞȴć͆ɺ̵̠ (Fig. 7)̇   
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Fig. 1 ����jv�  
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Mitogen-Activated protein kinase (MAPK)-41J;��#&��%�   
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Fig. 2 MAPK ͑͗͞Βͫ  

MAPK ͑͗͞Β̯ͫ�Ɯ̎̀ MAPKKK, MAPKK, MAPK̮ 3Ƿ̮ΐʴlʳȖ̧ŷē̗̓̆șȸ̮°

ƅ̽ͪ͞͞Ąȅ̫̦̍̊ʷɡ̪ùa͆ŧ̨̛̠̏̕ǣ̦̀̓̊͂̇�Ɂǚ̪ MAPK ͑͗͞Β̮ͫƛć

lžŷ͆ǭ̙̠͖̇ͬ͜Ό̫$̊ MAPK͑͗͞Β̮ͫŕ�Ɯ̫'ỡ̄͂ MAPKKK̏ƛćl̙̞̮̆ª

ʇ̧̉͂�Ɯ̮ MAPKK ͆ΐʴl̙ƛćl̛̗̫͂̇̀ƛćl̙̠ MAPKK ̏�Ÿ̫̞̮�Ɯ̮

MAPK ͆ΐʴl̙ƛćl̛͂̇ΐʴl͆�̠̓ MAPK ̯ƛćl̙̞̮̆6�̯ʏN�À̪̩̮Ą

ȅȎ̴#̌̀̓͂̇   
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Fig. 3 űǁ̮ MAPKKK̮Uˢ  

͜Ύ̨̯̻̙̠͋ͮͬͬ͆̚͟Ÿ̪̈űǁ̧�È̗̦̓̊͂ MAPKKK ̞̮͉͆ͰʴʱW̫̿́ȎȠǚ

̫Uˢ̙̠�͆ Ichimura et al. 2002 ̿́óǎ̙̠͓̇ͬΒͫ͋͡ΐ̪̩̞̟̮̓̓ MAPKKK̏ģ̤

ǂāǚ̪ͤΐͳ͕ʇ΄ͦΒͷ̫̤̦̊Ț�̙̦̊͂̇A ͖ΌΒ  (A1-A4) ̏ MEKK ͤ͋̆B (B1-B4) 

{̱ C͖ΌΒ  (C1-C4) ̫Ư̼̮̂͂̏ Raf̮ͤ͋ MAPKKĶ̉͂̇ŜǨǻ̮Òʀ̧̉͂ MEKK1

̯ A1͚͖ΌΒ̫Û̙̦̊͂̇   
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Fig. 4 MEKK1̆MKK1/MKK2̆MPK4ʮ#Àſıűǁ̮əǈ÷  

MEKK1 {̱̞̮�Ɯ�Ą̙̦̀«�̏̉͂ MKK1/MKKΜ̆MPKΞ̮ʮ#Àſıűǁ̮NǠ͆ Qui et 

al. 2008 ̿́óǎ̙̠̇NǠ̮ã̿́ Ler : Ίΐ͟ͲΒ͖Ƿʸǌ§̆mpk4 : MPK4 ʮ#Àſıűǁ̆

mkk1/mkk2 : MKK1/MKK2ʮ#Àſıűǁ̆mekk1 : MEKK1ʮ#Àſıűǁ̮͜Ύ͋ͮͬͬ͟íű

ǁ+̮əǈ÷͆ǭ̙̦̊͂̇   
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Fig. 5 MEKK1�Ɯ MAPKK̆MKK1{̱ MKK2̮̫ͪ̿͂͞͞ƛćl  

(A) ͜Ύ̮͋ͮͬͬ͟Ʉǌ̌͆AËSǊ̙̆0̆5̆10̆30̆60̆120̆300 Uü̮șȸğTơ̎̀ MEK1 

(MKK1) ǂǖě+̫̿́GǗƑˆ̙̆�ƛć§̮ GST-MPK4 ͆ªʇ̨̙̦ΐʴlʳȖƛćƩÈ͆ɕ

̪̣̠Ȟŧ͆ Mastuoka et al. 2002 ̿́óǎ̙̠̇ªʇ̫Ờ͂ΐʴʧʳȖƛć̏ Autoradiograph

̫̆GǗƑˆ̗̠̓ MKK1 ͤΐͳ͕ʇ̏ IB : AtMEK1 CT ̧ǭ̗̦̓̊͂̇L¤ć̮ MKK1̏AËͪ͞

̫̿́͞�ʧǚ̫ƛćl̨̛͂͆̏̕ǭ̗̠̓̇  

(B) HA ͖ͤɓ� MKK1 {̱ MKK2 ͆͜Ύ͋ͮͬͬ͟ΎͪΊ̫̦ͪ̍̊͞Ǚǈ̗̝̆10 U˂̆Salt 

(200 mM NaCl)̆heat (37˽)̆cold (0˽)̆H2O2 (2 mM)̆flg (10 nM flagellin)̆ lam (10 g/ml lamlnarin) 

̮�̫ͪ͞͞Ō̙̠̇ͪ͞͞SǊü̆HA ͖ͤě+̧GǗƑˆ̙̆�ƛć§̮ GST-MPK4 ͆ªʇ̨̙

̦ɕ̪̣̠ΐʴlʳȖƛćƩÈ̮Ȟŧ͆ Teige et al. 2004 ̿́óǎ̙̠̇ªʇ̫Ờ͂ΐʴʧʳȖ

ƛć̏ GST-MPK4̫̆GǗƑˆ̗̠̓ MKK1{̱ MKK2ͤΐͳ͕ʇ̏ anti-HA̫ǭ̗̦̓̊͂̇MKK1

̯ H2O2 ̆flg ̫̿́ƛćl̗̓͂̇�Ń̆MKK2 ̯ Salt̆cold ̫̿́ƛćl̙̆MPK4 ͆ΐʴl̛͂̕

̨̏ǭ̗̠̓̇  
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Fig. 6 ̸̧̫̓̕«�̗̦̓̊͂ MEKK1 ͖ͬ͜Ό#ʩȝʍ  

AË  (ʉɂ )̆(ƨ{̱ˬ®  (˖ɂ )̆ǘxɈ˃ʣ  (Ȧɂ ) ̮ͪ͞͞ċ«#ʩ͆ǭ̙̦̞̟̊͂̇̓̓

̮ͤΐͳ͕ʇ˂̧Ǟīǚ̪˃3̏«�̗̦̼̮̓̊͂͆ÉḜ̧ɠĻ̮�À̏�¤̛͂�ȹć̏̉͂

̼̮͆ǪȨ̧ǭ̙̠̇   
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Fig. 7 ŜǨǻ̮Ŷǔ�  

Ȃ 1 ǿ̧̯ MEKK1 ̮ƛć]ÿ̽ªʇʭĝ̮͑ͭ͆ͤ͟ΐͳ͕ʇ̨̙̦̮žȹ̫ǡǝ̙ɧŤ̙̠  

(˰ɂ) ̇Ȃ 2ǿ̧̯(ƨ̫̍̓͂MEKK1̮�Ɯ͖ͬ͜Ό#ʩȝʍ̽ƛć]ÿ̆ªʇʭĝ̮žŷ̫̤

̦̊Ųɫ̙̠  (˖ɂ) ̇Ȃ 3ǿ̧̯MEKK1͆�̙̠(ƨ͖ͬ͜Ό#ʩ̫̍̓͂șȸȽƜkć³l̮(

ƨď�̴̮˃�̫̤̦̊Ųɰ̙̠  (Žɂ) ̇Ȃ 4 ǿ̧̯ MEKK1 ʧ`Ǚǈűǁ̮-ɟ͆ɕ̞̮̊̆ē

ʿ̽QȞȴć̫̤̦̊Ųɰ̙̠  (Ȧɂ) ̇   
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Ȃ 1ǿ  

 
 
 

MEKK1 ͤΐͳ͕ʇ̮žȹɧŤ  
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1A. ȧɻ  

 

˳ ͜Ύ͋ͮͬͬ͟MAPKKK̮�̤MEKK1̸̧̯̆̓̆̕ʳƉ Two-hybridƔ̫̿͂ǟ�-

ǎ̮ɧŤ̫̿́̆͜Ύ̮͋ͮͬͬ͟ MAPKĶ̉͂ MKK1{̱ MKK2 ͖͆ͬ͜Ό#ʩ̮�

Ɯ�Ą̙̦̀ģ̨̤̕ (Ichimura et al. 1998; Mizoguchi et al. 1998)̸̠̆̆ʮ#ÀſıǼ

ƺ³ǖ+͆ǎ̠̊ɧŤȄ̫̿́̆ǘËĄȅȄ̮ͪ͞͞Ąȅ͖ͬ͜Ό#ʩ̫˃�̨̛͂̕

̏«�̗̦̓̊͂ (Ichimura et al. 2006; Nakagami et al. 2006; Suarez et al. 2007; Qui 

et al. 2008)̗̫̇̀�ƜMAPKĶ̉͂MKK1̏AË̽ǘË̫ͪ̿́͞͞ƛćl̨̛͂̕ 

(Matsuoka et al. 2002; Teige et al. 2004)̆�Ÿ̫̆MKK2̏(ƨ̽ˬ®̫ͪ̿́͞͞ƛ

ćl̨̛͂̎̀̕ (Teige et al. 2004)̆Fig. 6 ̫ǭ̙̠̫̿̋̆AË̫̦ͪ̍̊͞͞

MEKK1-MKK1-MPK4ȝʍ (Matsuoka et al. 2002; Hadiarto et al. 2006 )̆ǘËͪ͞͞

̫̿́̆MEKK1-MEK1-MPK4 (Meszaros et al. 2006) ̮ȝʍ̸̠̆̆(ƨ̆ˬ®ͪ͞͞

̧̆MEKK1-MKK2-MPK4/MPK6 (Teige et al. 2004) ̮ȝʍ͆ŷę̛̄͂̏̕ǭ�̗̦̓

̮̊͂̇̓̀̕«�̎̀̆Ÿ̪͖̈ͪͬ͜͞͞Ό̏ MEKK1 ͆�̙̦̆MKK1 z̯ MKK2

̴ʭĝǚ̫#ʩ̨̗̓͂ȳ̦̞̮̌̀̓̊͂̏̆�Ɯ͖ͬ͜Ό̮ MEKK1 ̴̮#ʩȝʍ{

̱ΐʴlʳȖƛć̮]ÿ̽ªʇ̨̗̓͂MAPKK̮ʭĝ̮žŷ̫˃̛͂ǣɣ̶̨̯͇̩

̪̊̇ 

˳ MEKK1ͤΐͳ͕ʇ̯ 608͉ͰʴƄª̿́ŷē̗̦̞̮̓̍́̆CśȀ>̫'ỡ̄͂ 333

Ǖǝ̎̀ 587 Ǖǝ̮͉ͰʴƄª̮˟¨̫ɨ¿˟¨̧͓̉͂ͬΒͫ͋͡ΐ͆Ŗ̨̛͂̎̕

̀̆͠ΐ/͐ͭ͞ΐͤΐͳ͕ʇΐʴlʳŲ̙̦̑žȹ̨̛͂ȳ̦̌̀̓̊͂̇�Ń͓̆ͬ

Βͫ͋͡ΐ�´̮ N śȀ>˟¨̸̧̫̤̦̯̫̊̓̕«�̗̦̪̓̊͂̿̋ǂāǚ̪ͫ

͋ΐŷʢ̯ģ̠̜̞̮̆žȹ̯Śǣ̧̉͂ (Fig. 8)̇ 

˳ ̸̠̆MEKK1 ̮ΐʴlʳȖƛć͆ƩÈ̙̠«�̯×̪̑̆MEKK1̆MKK2 ̨ MPK4 ̼

̙̯̑ MPK6͆�ŋǚ̫Ǚǈ̗̝̠ΎͪΊͪ̎̀͞ MPK4̆MPK6͆GǗƑˆ̙̆΄ͩΌ

ªʇ MBP ̫Ờ͂ΐʴlʳȖƛć͆ƩĘ̙̠̀̈́̆̕MEKK1 Ã¤�̧ MPK4̆MPK6

̮̜̼̊̓ΐʴlʳȖƛć̏�ŉ̨̛͂̕ (Teige et al. 2004)̆ʧʴlƍȖSǊ̙̠

MEKK1ǙǈΎͪΊͪ̎̀͞GǗƑˆ̙̠MEKK1̏MBP̫Ờ͂ΐʴlʳȖƛć͆

Ŗ̨̛͂̕ (Nakagami et al. 2006) ̪̩̮Ǩǻ̎̀̆MEKK1̏ MAPK ͑͗͞Βͫ͆ƛć

l̨̛͂̽̕ΐʴlʳŲ̙̦̮̑žȹ͆ģ̨̤̏̕ǭ�̗̦̙̙̪̓̊͂̇̎̏̀̆

MEKK1 ̎̀ MAPKK ̴̮Ǟīǚ̪ΐʴl̯̆öǨǻÊ̮ Hadiarto ̀̏AËͪ͞͞�

̧ MEKK1 ̎̀ MKK1 ̴̮ΐʴl͆ƩÈ̙̠«�̫ˇ̦̀̓̊͂ (Hadiarto et al. 

2006)̇ 

˳ ̮̫̿̋̆̕MEKK1 ̮ΐʴlʳȖƛć̫ǡǝ̙̠Ǩǻ̯×̪͖̑̆ͪͬ͜͞͞Ό#ʩ



 18 

̫̦̍̊ΐʴlʳȖƛć̩̮̫̏̿̋]ÿ̗̓�Ɯ̫#ʩ̸̗̦̮̠̓̊͂̎̆ΐʴl

̮Òʀ̧̨̉͂ȳ̌̀̓͂�Ɯ MAPKK ̮ʭĝ̯̩̮̪̿̋žŷ̫̣̦̿ɕ̪̦̓̊͂ͅ

̮̯̣̦̪̎̎̊̊̇ͅ 

˳ kǁ̽ʳƉ̪̩͆ǎ̠̊Ǩǻ̿́̆MAPKKK ̮ΐʴlʳȖƛć̯̆ΐʴl̪̩̮Ȳ

ɯü7˥̽ͤΐͳ͕ʇ˂ǟ�-ǎ̪̩̫̣̦̿]ÿ̗̓͂͑ͭ̏͟�Ɂǚ̫ǣ̦̀̓

̞̮̍́̆ˏ̫͓ͬΒͫ͋͡ΐ�´̮˟¨̏ƛć]ÿ̫̦̍̊ʷɡ̪ùa͆Ġ̋0̼«�

̗̦̓̊͂ (Chen et al. 2007; Cuevas et al. 2007)̇ 

˳ Ŝǿ̧̯̆MEKK1 ̮ƛć]ÿ̽ªʇʭĝ̮žŷ̮ɧŊ͆ǝų̙̦̈̌̆¶ȼɈǙǈȎ̫

̿́̆GSTɓ�ͤΐͳ͕ʇ̨̙̦MEKK1ͤΐͳ͕ʇ͆ɺɟ̙̞̮̆ΐʴlʳȖƛć͆ƩÈ

̙̠̇ǂ̸̧̫̆̓̕žȹ̮Śǣ̪ N śȀ˟¨̫ǡǝ̙̆MEKK1 ̮ƛć]ÿ̽ªʇ̮ʭ

ĝ̫̍̓͂ùå̫̤̦Ųɰ̸̙̠̠̇̆ǟ�-ǎ̮ɦƸ̎̀ MEKK1 ̮ªʇ̮ʭĝžŷ

͆ɺ̵̠̻͂̆ʳƉ Two-hybridƔ͆ǎ̦̊̆MEKK1̨MAPKK̨̮ǟ�-ǎ͆ɧŤ̙̠̇

̸̠ǨǻʧǶ̧ŲT̗̠̓ MEKK1̮ͦΎ͜ΐΐʴl̫̤̦̼̊«�̛͂̇ 
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Fig. 8 MEKK1�;D*I�¹�)C?À¾[  

MEKK1�;D*I�¹  (A) _�)C?À¾[  (B) (����MEKK1�WÁ 608)C?À�g�

�y�&�
$�C ~�Åf�R¥�%Ç¬���� 333 ���# 587 ���)C?À�g�Å

f�6EI /4G,=IEIÀ^¿��w({�°mÅf��&%.<J7;D*I  (kinase 

domain) ��%�.<J7;D*IPl� 1���# 332���)C?À�g( N~�Åf��

��PlantP (http://plantsp.genomics.purdue.edu) :J8AJ4L�¡O�&��%�©Åf(�

&�& Protein kinase ATP-binding region signature(Ão��Serine/Threonine protein kinases 

active-site signature(�o�����MEKK1� C~�¾[  (µ�¤) (g�U®��byB@9

;(+2/�V���z MEKK1��zT(U®���   



 20 

1B. Şŀ̨ŃƔ  

 

1B.1. ¶ȼɈǙǈͻ͕ͤΒ̮ŷȉ  

 

GST-MEKK1ͤΐͳ͕ʇ͆ɺɟ̛̠̻̮͂¶ȼɈǙǈǎͻ͕ͤΒ͆-ɟ̙̠̇-ɟ̙̠ͻ͕

ͤ Β ̫ ̤̊ ̦��̫ɭ ̙ ̠ ̇ pGEX-MEKK1 Full̮-ɟ ͆ 1B.1.1.~1B.1.10.̫ ̆

pGEX-MEKK1 Δ83̆Δ166̆KD̆1-166̆1-332̮-ɟ͆1B.1.11.̫̆pGEX-MEKK1 KN̆

KDKN̮-ɟ͆1B.1.12.̫̆pGEX-MEKK1 Y38F̆Y84F̆Y204F̆Y323F̮-ɟ͆1B.1.13

̫̞̟̓̓ɭ̙̠̇ 

 

�^ MEKK1̮˟¨ ͉ͰʴȭĮ 

pGEX-MEKK1 Full 1-608 ̪̙ 

pGEX-MEKK1 Δ83 84-608 ̪̙ 

pGEX-MEKK1 ∆166 167-608 ̪̙ 

pGEX-MEKK1 KD 333-608 ̪̙ 

pGEX-MEKK1 1-166 1-166 ̪̙ 

pGEX-MEKK1 1-332 1-332 ̪̙ 

pGEX-MEKK1 KN 1-608 361Ǖǝ̮͝ΐƄª͉͆Ό͔ͭΐ̫ȭĮ 

pGEX-MEKK1 KDKN 333-608 361Ǖǝ̮͝ΐƄª͉͆Ό͔ͭΐ̫ȭĮ 

pGEX-MEKK1 Y38F 1-608 
38Ǖǝ̮ͦΎ͜ΐƄª͆ 

ͷ͍ͭΌ͉Ίͭΐ̫ȭĮ 

pGEX-MEKK1 Y84F 1-608 
84Ǖǝ̮ͦΎ͜ΐƄª͆ 

ͷ͍ͭΌ͉Ίͭΐ̫ȭĮ 

pGEX-MEKK1 Y204F 1-608 
204Ǖǝ̮ͦΎ͜ΐƄª͆ 

ͷ͍ͭΌ͉Ίͭΐ̫ȭĮ 

pGEX-MEKK1 Y323F 1-608 
323Ǖǝ̮ͦΎ͜ΐƄª͆ 

ͷ͍ͭΌ͉Ίͭΐ̫ȭĮ 
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1B.1.1. ͋ΐ͚ΒͪŁǀ̮-ɟ  

 

˹˶˸˸˵ ͙͆Β̛ͫ͂ʮ#À͆�̺͋ΐ͚ΒͪŁǀ̮-ɟ͆ɕ̣̠̇ 

 

•͋ΐ͚ΒͪŁǀ̯̆2ʤ˂ǌȶ̙̠͜Ύ̮͋ͮͬͬ͟Éǌ̿́þ̠ cDNA (ŜǨǻÊ̫5Ã

̗̦̠̼̮̓̊) ͆ʼ§̨̙̠ PCR ̫̿́°ê̙̠̇PCR }Ą̯ʮ#À°êɜȭ PC-700

§ (͉͕ͨͧ͞ǯ) ͆ǎ̦̊ɕ̣̠̇PCR̫ǎ̠̊Ί͋Β̮�ē̯TAKARAǯ̆̉͂̊

̯ Invitrogenǯ̆ņƦȗŬò"ǯ̫¾ɬ̙ʈḢ̙̠ 

 

•Ί͋Β̮ʱW͆��̫ǭ̙̠̇ 

 

˳  Primer name sequence (5' → 3´Ε 

MEKK1 Full MEKK1-EcoR I Forward gaaagaattcatggacaggattctagct 

MEKK1-Xho I Reverse gtttctcgagtcatctacggagaaggggagatg 

 

•Ǝ�̧��̮}Ąơ͆ɺɟ̙̠̇ 

 

}Ąơ 10 x Pfu Ultra HF Reaction buffer 5 µl 

2 mM dNTP mixture 4 µl 

ʼ§ cDNA 0.5 µl 

ͷ͏ΏΒͫΊ͋Β 1 µl 

ͲΒ͞Ί͋Β 1 µl 

Pfu Ultra DNA polymerase 1 µl 

͋͐ΐ�ĮƯɈƍ up to  50 µl 

 

•��̮Š ̧PCR͆ɕ̣̠̇ 

 

Step 1 94˽ 30Ǵ 

Step 2 60˽ 30Ǵ 

Step 3 72˽  2U 
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Step 4 72˽ 10U 

Step 5  4˽ Ι 

 

•Step 1Τ3͆30͚͕͋Όɕ̣̠̇ 

 

1B.1.2. ͉͒ΎΒ͘͞Ό˔ƌƘk  

 

•PCR Ǎǁ̮Ǭɳ̮̠̻̫͉͒ΎΒ͘͞Ό˔ƌƘk͆ɕ̣̠̇PCR }Ąơ 5 µl͆ 1.5% 

͉͒ΎΒ͘͞Ό̧˔ƌƘk̙̆�Č̗͚̫̓͂͋͟Ͳΐͫ̏ɣ̨̀̓͂͆̕Ǭɳ̙̠̇ 

 

•Seakem GTG agarose (Cambrex Bio Science Rocklandǯ) ̼̙̯̑Agarose S (ͭͧͿΐ

͝Βΐǯ) ͆țƶï1Τ2Γ̫̪͂̿̋1 x TAE buffer̫ě̦Ʈɧ̗̝̆͘Ό-ɟ�̫Ɯ̙

ʚ̹Êƨ̧ l̗̝̠̇͘Ό̎̀DNAŁǀ͆�~̛͂¬�̫Seakem GTG agarose̞͆̆

̓�´̮¬�̫Agarose S͆/ǎ̙̠̇ 

 

1 x TAE buffer 40 mM Tris-acetate (pH 7.8) 

 1 mM EDTA (pH 8.0) 

 

•U˒̛͂ɱŀ̫̻̉̀̎̚1/109ʹ̮10 x Loading buffer͆ě̦̎̀Ƙk͆ɕ̣̠̇ 

 

10 x Loading buffer 1% SDS 

50% Glycerol 

0.05% Bromophenol blue 

 

•Ƙkț�ü̆͘Ό͆Ethidium BromideƮơ (țƶï 2 µg/ml) ̫10U˂Ɵ̙̆Ș´F�̧

DNA̮ƘkͳͤΒΐ͆Ǭɳ̙̠̇ 

 

1B.1.3. ͋ΐ͚ΒͪŁǀ̮]ˇʳȖSǊ  

 

•1B.1.1.̮ PCR Ǎǁ͆ͷ͍ͰΒΌ/͕ΎΎͽΌSǊ͎̆ͤͰΒΌƑƈ͆ɕ̪̊̆͋͐ΐ�Į

ƯɈƍ̫Ʈɧ̙̠̇ 

•��̮}Ąơ͆ɺɟ̙̠̇]ˇʳȖ̯̆1B.1.1.̫ǭ̙̠Ί͋ΒʱW̫�̸̓͂]ˇʳ

Ȗ͚̫͋ͪÒĄ̛̼̮͂͆ǎ̠̊̇ 
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1B.1.1.̮ PCRǍǁ 30 µl 

10 x digestion buffer 10 µl 

]ˇʳȖ A 2 µl 

]ˇʳȖ B 2 µl 

͋͐ΐ�ĮƯɈƍ up to 100 µl 

 

•�ɭ̮}Ąơ͆ 37˽̧�ō͋ΐ͓·ͻΒ̙̠ͪ̇ 

 

1B.1.4. ͉͒ΎΒ͘͞Ό̮̎̀ DNAŁǀ̮�~  

 

1B.1.3.]ˇʳȖSǊü̮͋ΐ͚Βͪ DNA ͉͆͒ΎΒ͘͞Ό˔ƌƘķ�~̛͉͂̇͒Ύ

Β͘͞Ό̮̎̀ DNAŁǀ̮�~̫̯ Freeze ‘N SqueezeTM DNA Gel Extraction Spin 

Columns (Bio Radǯ) ͆ǎ̠̊̇ 

 

•1B.1.2.̨�Ÿ̫͉͒ΎΒ͞˔ƌƘkü̆Ș´F̫̣̦̿ǙF̙̠Ͳΐͫ͆V́T̙̆͞Ͷΐ

͑Ί̫ǵ̙̠̇ 

•-20˽̧͘Ό͆QȞ̗̝̆Êƨ̧ɓɧ̗̝̠̇ 

•13,000 ğ3U˂̮ʫĂU˒̫̿́̈́ʧ̛͂̇̈́ơ͆�~̙̠̇ 

•̈́ơ͆ 100 µl̫͉̙ͧ̆͞ͷ͍ͰΒΌ/͕ΎΎͽΌSǊ͎̆ͤͰΒΌƑƈ͆ɕ̣̠̇ 

•70%͎ͤͰΒΌ̧ƚƝ̙̆̿̑�ƾ̗̝̦̎̀ 30 µl̮͋͐ΐ�ĮƯɈƍ̫Ʈ̙̠̎̇ 

 

1B.1.5. ͻ͕ͤΒ̮ɺɟ  

 

ɺɟ̙̠DNA͆ħH̛͂ǙǈǎΊͫ͞ͻ͕ͤΒ̨̙ pGEX-6P-1 Vector (GEͺΌ͉͗͞

ǯ) ͆/ǎ̙̠(Fig. 9)̇ 

 

•]ˇʳȖSǊ 

��̮}Ąơ͆ɺɟ̙̠̇]ˇʳȖ̯̆1B.1.1.̫ǭ̙̠�Ƿ͋ΐ͚Βͪ-ēǎΊ͋Β

ʱW̫�̸̓͂]ˇʳȖ͚̫͋ͪÒĄ̛̼̮͂͆ǎ̸̠̠̊̇̆digestion Buffer ̯�]ˇ

ʳȖ̫�̝̦̆ͅƥ�̮̼̮͆ǎ̠̊̇ 
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Ίͫ͞ 10 µl 

10 x digestion buffer 10 or 15 µl 

]ˇʳȖ A 2 µl 

]ˇʳȖ B 2 µl 

͋͐ΐ�ĮƯɈƍ up to 100µl 

 

•37˽̧�ō͋ΐ͓·ͻΒ̙̠ͪ̇ 

 

•ͷ͍ͰΒΌ/͕ΎΎͽΌSǊ͎̆ͤͰΒΌƑƈ͆ɕ̊̆89 µl ̮͋͐ΐ�ĮƯɈƍ̫Ʈɧ̗

̝̠̇ 

•CIAP1 µl (TAKARAǯ) ̆10 x CIAP buffer 10 µl͆ě̠ü̆56˽̧ 30U˂}Ą̗̝Ȼ

ΐʴl̙̠̇ 

 

10 x CIAP buffer : 500 mM Tris-HCl (pH 9.0) 

 

10 mM MgCl2 

 

•ͷ͍ͰΒΌ/͕ΎΎͽΌğT͆ 2�͎̆ͤͰΒΌƑƈ͆ɕ̣̠ü̆25 µl̮͋͐ΐ�ĮƯɈƍ

̫Ʈɧ̗̝̆Ȼΐʴlͻ͕ͤΒ̨̙̦��̮ķ-̫ǎ̠̊̇ 
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Fig. 9 GSTɓ�ͤΐͳ͕ʇǙǈǎͻ͕ͤΒpGEX̮ͻ͕ͤΒͧ  

pGEX ͻ͕ͤΒ  (pGEX-6P-1 {̱ pGEX-4T-1) ̮Ό͕ͦΎΒͭΐ͖͚͋ͪ͆[ǎ̙̦ MEKK1 ̽ªʇ

̨̙̦ǎ̠̊ MAPKK̮ʮ#À͆ÕH̙̆¶ȼɈĻ GSTɓ�ͤΐͳ͕ʇ̨̙̦Ǚǈ̗̝̠̞̟̇̓̓

̮ GSTɓ�ͤΐͳ͕ʇ̮Ǚǈ̯ IPTG ̫̿́ɴÕ̗̓͂̇    
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1B.1.6. Ί͋͘Β͜Ήΐ  

 

Ί͋͘Β͜Ήΐ}Ą̫̯̆DNA Ligation Kit Ver.2.1 (TAKARAǯ) ͆ǎ̠̊̇1B.1.4.̧-

ɟ̙̠͋ΐ͚Βͪ DNA Łǀ 1 µl̆1B.1.5.̧-ɟ̙̠Ȼΐʴlͻ͕ͤΒ 1 µl̆Ligation 

Solution˾ 2 µl ͆Ƥ�̙̆16˽̧ 2ŋ˂͋ΐ͓·ͻΒ̙̠ͪ̇ 

 

1B.1.7. ¶ȼɈ̴̮÷ʇʏĮ  

 

÷ʇʏĮ̫ǎ̠̊¶ȼɈŬ̮ʮ#À§͆��̫ɭ̙̠̇ 

 

Strain Genotype 

DH5a F-, φ80dlacZΔM15, Δ(lacZYA-argF)U169, deoR, recA1, 

endA1, hsdR17(rK
-, mK

+), phoA, supE44, λ-, thi-1, 

gyrA96, relA1 

 

•1B.1.6.̮Ί͋͘Β͜Ήΐ}Ąơ 4 µl̫̆¶ȼɈ (DH5a) ͙ΐͶͨΐͪ͠Ό͆ 50 µlě̆Ǝ

�̧ 30U͋ΐ͓·ͻΒ̙̠ͪ̇ 

•42˽̧ 90Ǵ˂ȭ̐̆M̱Ǝ�̧ 5U˂͋ΐ͓·ͻΒ̙̠ͪ̇ 

•LB (Amp+) ̫Ĵ̐̆37˽̧�ō˗¥©˦̙̠̇ 

 

LB©¥ Bacto-tryptone (DIFCOǯɟ) 10 g 

 Bacto-yeast extract (DIFCOǯɟ) 5 g 

 NaCl 6 g 

 

Agar 15 g 

 

͋͐ΐ�Įƍ 1 l 

 

͉ΐͶ͜ΐ (țƶï 100 µg/ml) ͆ě̠̼̮͆ LB (Amp+) ̨̙̦/ǎ̡̙̠̠̙̇ěǌ

ǁʇ̯͐Β͕ͪΒüě̠̇ơ+©¥̨̙̦/ǎ̛͂ˏ̯̆Agar ͆ˉ̦̊-ɟ̙̠̇ 

 

1B.1.8. ͙ΐͶͨΐͪ͠Ό̮ɺɟ  

 

͙ΐͶͨΐͪ͠Ό̮ɺɟ̯®lΌ͵͌͝Ɣ̧ɕ̪̣̠̇ 
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•¶ȼɈ (DH5α) ͆LB©¥3 ml̫űɈ̙̆37˽̧�ō˕ǜ©˦̙̠̇ 

•LB©¥50 ml̫^©˦ơ500 µl͆ě̆37˽̧Ȑ2ŋ˂˕ǜ©˦̙̆Ǝ�̧Ov̙̠̇ 

•3,600 rpm̆4˽̧5U˂ʫĂU˒̙̆ːɈ̙̠̇ 

•Ɉ+̫ƎO̙̠ Tfb I 20 ml ͆ěƎ�̧ĒƵ̙̠̇ 

 

Tfb I KOAc 0.59 g 

 

RbCl 2.42 g 

 

CaCl2  0.294 g 

 

MnCl2 1.98 g 

 

Glycerol 30 ml 

 

͋͐ΐ�Įƍ 150 ml 

 

ʲʴ̧pHΟ.8̫ɺļ̙͋͐ΐ�Įƍ̧200 ml̫͉̙̠̞̮ͧ̇͞ü̆ͷ͊ΌͤΒƷʧ͆ɕ

̣̠̇ 

 

•Ǝ�̧5U˂͋ΐ͓·ͻΒ̙̠ͪ̇ 

•3,600 rpm̆4˽̧5U˂ʫĂU˒̙̆ːɈ̙̠̇ 

•Ɉ+̫ƎO̙̠ Tfb II 2 ml ͆ěƎ�̧ĒƵ̙̠̇ 

 

Tfb II MOPS 0.209 g 

 

CaCl2  1.103 g 

 

RbCl 0.121 g 

 

Glycerol 15 ml 

 

͋͐ΐ�Įƍ 90 ml 

 

KOḨpH6.5̫ɺļ̙͋͐ΐ�Įƍ̧100 ml̫͉̙̠̞̮ͧ̇͞ü̆ͷ͊ΌͤΒƷʧ͆ɕ

̣̠̇ 

 

•Ǝ�̧15U˂͋ΐ͓·ͻΒ̙̠ͪ̇ 

•100 µl̜̤UƖ̙̆ơ+ǽȖ̧QȞü̆-80˽̧5Ã̙̠̇ 
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1B.1.9. Ίͫ͞ğT  

 

÷ʇʏĮ͆Ǭɳ̛̠̻̫͂̆þ̠͙̀̓ΎͭΒ͆©˦̙̦Ίͫ͞ğT͆ɕ̣̠̇ 

 

•1B.1.7.̫̦̍̊ǌȶ̙̠͙ΎͭΒ͆̆3 ml̮ LB (Amp+) ơ+©¥̫�́̆37˽̧�ō˕

ǜ©˦̙̠̇ 

•ʫĂU˒̫̿́Ƒƈ͆þ̞̫̆̕ 150 µl̮ Solution ˷ ͆ě̦ͤͧͶΐ͖̫̿́ÆI̫ĒƵ

̙̠̇ 

 

Solution ˷ 100 mM Tris-HCl (pH8.0) 

10 mM EDTA (pH8.0) 

 

•150 µl̮ Solution ˷˷ ͆ę̣̌̆̾̑́Ƥ�̙̠̇ 

 

Solution ˷˷ ΛM NaOH 

5.3% (w/v) SDS 

 

•150 µl̮ Solution ̀͆ę̣̌̆̾̑́Ƥ�̙̠̇ 

 

Solution ̀ 3 M Potassium 

5 M Acetate solution 

 

•ͷ͍ͰΒΌ/͕ΎΎͽΌSǊ͆ń̙͎̆ͤͰΒΌƑƈ̫̿́Ƒƈ͆þ̠̇ 

•100 µl̮͋͐ΐ�ĮƯɈƍ̫Ƒƈ͆Ʈ̙̎̆1 mg/ml̮ RNase A ͆ 2 µlě̦̆37˽̧

30U˂͋ΐ͓·ͻΒ̙̠ͪ̇ 

•M̱ͷ͍ͰΒΌ/͕ΎΎͽΌSǊ̨͎ͤͰΒΌƑƈ͆ɕ̊̆100 µl ̮͋͐ΐ�ĮƯɈƍ̫

Ʈɧü̆120 µl̮ 20% PEGΑ2.5 M NaCl ͆ě̦Ƥ�̙̆Ǝ�̧ 1ŋ˂͋ΐ͓·ͻΒ̙ͪ

̠̇ 

•15,000 rpm̆4˽̧ 30U˂ʫĂU˒̙̆Ƒƈ͆þ̠̇ 

•Ƒƈ͆ 70%͎ͤͰΒΌ̧ 2�ƚƝ̙̆̿̑�ƾ̗̝̦̎̀ 20 µl̮͋͐ΐ�ĮƯɈƍ̫Ʈ̎

̙̠̇ 

•̞̮üΊͫ͆͞]ˇʳȖSǊ̙͉̆͒ΎΒ͘͞Ό˔ƌƘk͆ɕ̊̆ͻ͕ͤΒ̫͋ΐ͚Β

ͪ̏ħH̗̦̓̊͂̎͆Ǭɳ̙̠̇ 
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1B.1.10. ͜Β͕͎ΐ͞  

 

͋ΐ͚Β̮ͪħH͆Ǭɳü̞̮̆®ªʱW̮Ǭɳ͆ɕ̣̠̇ 

ɺɟ̙̠Ί̮ͫ͞ƶï{̱ȑï͆UFFïɪ̫̿́ƩÈ̙̞̮̆ƶï̫ª̥̦̊}Ąơ

͆ɺɟ̙̆��̮͜Β͕͎ΐ͞ǎ PCR}Ą͆ɕ̣̠̇ 

 

}Ąơ 5 x dilution buffer 1.75 µl 

ʼ§ DNA 0.5Τ1 µg 

Ί͋Β (1.6 pmol/µl) 1 µl 

premix 0.5 µl 

͋͐ΐ�ĮƯɈƍ up to  10 µl 

 

Step 1 96˽ 30Ǵ 

Step 2 50˽ 15Ǵ 

Step 3 60˽  4U 

   Step 4 4˽ Ι 

 

•Step 1Τ3 ͆ 35͚͕͋Όɕ̣̠̇ 

 

•}Ąț�ü̆PCRǍǁ͎͆ͧͼΐ̫ǵ̙͎̆ͤͰΒΌƑƈ̫̿́Ƒƈ͆þ̠̇ 

•̗̫̀ 250 µl̮ 70Γ͎ͤͰΒΌ̧ƚƝ̙̆̿̑�ƾ̗̝̦̎̀ 15 µl̮ formamide̫Ʈɧ̙

̠̞̮̇ü̆95˽̧ 3U˂͋ΐ͓·ͻΒ̙ͪ̆uð̫Ǝ�̴ǵ̙̠̇ 

•AnalyzerABI3100 DNA sequence analyzer (Applied Biosystemǯ) ̫̣̦̿®ªʱW͆

Ǭɳ̙̠̇ 

 

1B.1.11. ʰUſı³ǖ+  (∆83̆∆166̆KD̆1-166̆1-332) ̮-ɟ  

˳

˹˶˸˸˵ ̮ ˺ śȀ˟¨͆ſı̙̠ MEKK1 ∆83̆MEKK1∆166̆MEKK1 KD ͙͆Β̛ͫ͂ʮ

#À͆�̺�Ί̱ͫ̍̿͞ MEKK1 ̮ N śȀ˟¨͙͆Β̛ͫ͂ʮ#À͆�̺Ίͫ͞

̮-ɟ͆ɕ̣̠̇ 

 

•�͋ΐ͚Βͪɺɟ̮̠̻̮PCR̮ template̯pGEX-MEKK1 Full̮Ίͫ͆͞ǎ̊̆
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1B.1.1.̨�Ÿ̮ŃƔ̧ɕ̣̠̇ 

 

•��̫Ί͋Β̮ʱW͆ǭ̛̇ 

 

˳  Primer name sequence (5' → 3´) 

MEKK1 ∆83 MEKK1 ∆83-BamH I Forward gaaaggatccatcggtctcttggtgtttctgg 

MEKK1-Sal I Reverse gtttgtcgactcatctacggagaaggggagatg 

MEKK1 ∆166 MEKK1 ∆166-BamH I Forward gaaaggatccttgagtgagattgggaatttaatc 

MEKK1-Sal I Reverse gtttgtcgactcatctacggagaaggggagatg 

MEKK1 KD MEKK1 KD-EcoR I Forward gaaagaattcatgtggcaaaagggtcaactttg 

MEKK1-Sal I Reverse gtttgtcgactcatctacggagaaggggagatg 

MEKK1 

1-166 
MEKK1-EcoR I Forward gaaagaattcatggacaggattctagct 

MEKK1 1-166-Xho I Reverse gtttctcgagttactcagtaacaattccacc 

MEKK1 

1-332 
MEKK1-EcoR I Forward gaaagaattcatggacaggattctagct 

MEKK1 1-332-Sal I Reverse gtttgtcgacttaagacgttatgatagctcc 

 

•�͋ΐ͚ΒͪŁǀ̯̆PCRǍǁ̞̟͆̓̓]ˇʳȖSǊ̫̣̦̿ɺɟ̙̠̇ 

•]ˇʳȖ̯̆Ί͋ΒʱW̫�̸̓͂]ˇʳȖ͚̫͋ͪÒĄ̛̼̮͂͆ǎ̠̊̇ 

•ɺɟ̙̠͋ΐ͚ΒͪŁǀ͆ħH̛͂ǙǈǎΊͫ͞ͻ͕ͤΒ̨̙ pGEX-4T-1 Vector  (GE

ͺΌ͉͗͞ǯ) ͆/ǎ̙̠(Fig. 9)̇ 

•ͻ͕ͤΒ̮-ē̯̆1B.1.1.�1B.1.10.̨�Ÿ̮ŃƔ̧ɕ̪̣̠̇ 

 

1B.1.12. �ƛć§³ǖ+  (KN̆KDKN) ̮-ɟ   

 

MEKK1̮ 361Ǖǝ̮ LysƄª͆ ArgƄª̫ȭĮ̙̠ MEKK1 KN{̱ MEKK1 KDKN

͙͆Β̛ͫ͂ʮ#À͆�̺�Ί̮ͫ͞-ɟ͆ɕ̣̠̇ 

 

•��̫Ί͋Β̮ʱW͆ǭ̛̇ 
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˳  Primer name sequence (5' → 3´Ε 

MEKK1 KN, 

KDKN 
MEKK1–K361R Forward ttctttgctgtcagggaagtttcactt 

MEKK1–K362R Forward aagtgaaacttccctgacagcaaagaa 

 

•̸̠̆PCR̮template̯pGEX-MEKK1 Full (pGEX-MEKK1 KNǎ)̆pGEX-MEKK1 KD 

(pGEX-MEKK1 KDKNǎ) ̮Ί̞̟ͫ͆̓̓͞ǎ̠̊̇ 

 

}Ąơ 10 X Pfu Ultra HF Reaction buffer 5 µl 

2 mM dNTP mixture 4 µl 

ʼ§ DNA 0.5 µl 

ͷ͏ΏΒͫΊ͋Β (100 pmol/µl) 1 µl 

ͲΒ͞Ί͋Β (100 pmol/µl) 1 µl 

Pfu Ultra DNA polymerase 1 µl 

͋͐ΐ�ĮƯɈƍ up to  50 µl 

 

•��̮Š ̧PCR͆ɕ̣̠̇ 

 

Step 1 94˽  1U 

Step 2 50˽  1U 

Step 3 72˽ 10U 

   Step 4 72˽ 10U 

Step 5  4˽ Ι 

 

Step 1Τ3͆30͚͕͋Όɕ̣̠̇ 

 

•}Ąț�ü̆}Ąơ50 µl̫Dpn I͆1 µlƥė̙̠ 

•ͷ͍ͰΒΌ/͕ΎΎͽΌSǊ͆ń̙͎̆ͤͰΒΌƑƈ̫̿́Ƒƈ͆þ̠̇ 

•7.5 µl̮͋͐ΐ�ĮƯɈƍ̫Ƒƈ͆Ʈ̙̎̆¶ȼɈ (DH5α) ͙ΐͶͨΐͪ͠Ό͆50 µlě̆

Ǝ�̧30U͋ΐ͓·ͻΒ̙̠ͪ̇ 
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•42˽̧90Ǵ˂ȭ̐̆M̱Ǝ�̧5U˂͋ΐ͓·ͻΒ̙̠ͪ̇ 

•LB (Amp+) ̫Ĵ̐̆37˽̧˗¥©˦̙̠̇ 

 

•1B.1.9.̨�Ÿ̫Ίͫ͞ğT͆ɕ̣̠̇ 

 

•̞̮ü̆͜Β͕͎ΐ͆͞ɕ̊̆³ǖ̏ħH̗̦̓̊͂̎͆Ǭɳ̙̠̇ 

 

1B.1.13. ͦΎ͜ΐ³ǖ§  (Y38F̆Y84F̆Y204F̆Y323F) ̮-ɟ   

 

MEKK1̮̞̟̓̓ 38̆84̆204̆323Ǖǝ̮TyrƄª͆PheƄª̫ȭĮ̙̠Y38F̆Y84F̆

Y204F̆Y323F ͙͆Β̛ͫ͂ʮ#À͆�̺�Ί̮ͫ͞-ɟ͆ɕ̣̠̇ 

 

��̫Ί͋Β̮ʱW͆ǭ̛̇ 

 

 

 

•PCR̮template̯pGEX-MEKK1 Full̮Ίͫ͆͞ǎ̠̊̇ 

•-ē̯̆1B.1.12.̨�Ÿ̮ŃƔ̧ɕ̪̣̠̇ 

 

˳  Primer name sequence (5' → 3´) 

MEKK1  

Y38F 
MEKK1 Y38F Forward aggaatatcaatttcgacgcagcttca 

MEKK1 Y38F Reverse tgaagctgcgtcgaaattgatattcct 

MEKK1 

Y84F 
MEKK1 Y84F Forward atggatcggatttttcggtctcttggt 

MEKK1 Y84F Reverse aaccaagagaccgaaaaatccgatccat 

MEKK1 

Y204F 
MEKK1 Y204F Forward aagtcgaaagggtttcttgtaccaaat 

MEKK1 Y204F Reverse aatttggtacaagaaaccctttcgactt 

MEKK1 

Y323F 
MEKK1 Y323F Forward acttcgcctatctttccagatggagga 

MEKK1 Y323F Reverse atcctccatctggaaagataggcgaagt 
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1B.2. GSTɓ�ͤΐͳ͕ʇ̮Ǚǈ̆ȋɟ{̱̆Èʹ  

 

ΐʴlʳȖƛćƩÈȄ̮É˪̫ǎ̊͂GSTɓ�ͤΐͳ͕ʇ͆̆¶ȼɈĻǙǈ̆ȋɟ̙̠ 

(Fig. 10)̇GSTɓ�ͤΐͳ͕ʇ̨̙̦̆GST-MEKK1 Full̆∆83̆∆166̆KD̆KN̆KDKN̆

1-166̆1-332̆Y38F̆Y84F̆Y204F̆Y323F̸̠̆̆ΐʴlʳȖƛćƩÈ̮ªʇ̨̙̦ǎ

̠̊GST-MKK1 KN̆GST-MKK2 KN̆GST-MKK6 KN̆GST-MKK4 KN̆GST-MKK5 KN̆

GST-MKK3̆GST-MKK7̆GST-MKK8̆GST-MKK9 KN̆GST-MKK10͆ɺɟ̙̠̇ 

�ǷGST-MEKK1ͤΐͳ͕ʇ̮ɺɟ̫̯̆1B.1.̧-ē̙̠�ǷpGEX-MEKK1Ίͫ͆͞

ǎ̠̊̇GST-MAPKKͤΐͳ͕ʇ̮ɺɟ̫̯öǨǻÊ̫̦̍̊5Ã̗̦̠̓̊�Ƿ

pGEX-MAPKKΊͫ͆͞ǎ̠̊̇ 

 

1B.2.1. ¶ȼɈ̧̮Ǚǈ  

 

GSTɓ�ͤΐͳ͕ʇ̮Ǚǈ̫/ǎ̙̠¶ȼɈŬ JM109 Strain (TAKARAǯ) ̮ʮ#À§

̯��̨̧̮̍́̉͂̇ 

 

Strain Genotype 

JM109 recA1, endA1, gyrA96, thi, hsdR17, supE44, relA1, 

Δ(lac-proAB)/F’[traD36,proABΗ,laclq,lacZÄM15] 

 

•Ǚǈͻ͕ͤΒ͆¶ȼɈ (JM109) ̫÷ʇʏĮ̙̠̇÷ʇʏĮ̯1B.1.8.̨�Ÿ̮ŃƔ̧ɕ̪

̣̠̇ 

•÷ʇʏĮ̙̠¶ȼɈ (JM109) ͆0.5% Glucose͆�̺LB (Amp+) ©¥3 ml̫űɈ̙̆

37˽̧�ō˕ǜ©˦̙̠ (^©˦)̇ 

•0.5% Glucose͆�̺LB (Amp+) ©¥300 ml̫^©˦ơ3 ml͆ě̆37˽̧Ȑ2ŋ˂˕ǜ

©˦̙̆OD600=0.3̨̧̫̪̣̠̈́̕Ȑ1ŋ˂̎̓20˽̫ƨï͆�̠̔̇ 

•ŕțƶï0.1 mM̫̪̫͂̿̋IPTG͆ě̆20˽̧Ȑ18ŋ˂˕ǜ©˦̙̠̇ 

•6,000 rpm̆4˽̧3U˂ʫĂU˒̙̆ːɈ̙̠̇ 

•�Ʀ͆ˉ̐̆Ɉ+͆ƎO̙̠PBŞĒƵ̙̆6,000 rpm̆4˽̧3U˂ʫĂU˒̙̆ːɈ̙̠̇ 
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PBS NaCl 8.0 g 

 KCl 0.2 g 

 Na2HPO4Α12H2O 2.9 g 

 KH2HPO4 0.2 g 

 ͋͐ΐ�Įƍ up to  1 l 

 

•�Ʀ͆ˉ̐̆Ɉ+͆-80˽̧5Ã̙̠̇ 

 

1B.2.2. GSTɓ�ͤΐͳ͕ʇ̮ȋɟ  

 

Ǚǈͤΐͳ͕ʇ̯͖Όͤͦ͐ΐ̨̮͉ͷ͊ͭͨ͊Β͆[ǎ̙̦ȋɟ̙̠ (Fig. 10)̇ 

 

•1B.2.1.̮Ɉ+̫5 ml̮ƎO̙̠PBS̨̆10 mg/ml̮PMSF͆ŕțƶï1 mM̫̪̫͂̿̋

ě̠̇ 

•Ǝ�̧Ov̙̪̏̀̆ʋ˚ƕSǊ͆30Ǵ˂ˍ̧3�ɕ̊șȸ͆Ǫǩ̙̠̇ 

•20% Triton X-100͆ŕțƶï0.5%̫̪̫͂̿̋ě͎̆ͧͼΐͫΌͷͦ·Β̫UƖ̙̆

15,000 rpm̆4˽̧30U˂ʫĂU˒̙̠̇ 

•�Ʀ͆15 ml̮͙ͭ͑Όͦ·Β̸̨̫̻̻̆̉̀̎̚PBŞëɗl̙̠600 µl̮

Glutathione Sepharose 4B (50%͞ΊΒ) ͆ě̆4˽̧1ŋ˂��̆ΎΒͨΒͤΒ͆ǎ̊

̦Ķġ̙̠̇ 

•3,300 rpm̆4˽̧1U˂ʫĂU˒̙̆�Ʀ͆ˉ̠̊̇ 

•�~̙̠͝ΐ͆0.5% Triton X-100͆�̺PBS (PBS-T) ̧ĒƵ̙͎̆ͧͼΐͫΌͷͦ·Β

̫ǵ̙̠̇ 

•10,000 rpm̆4˽̧1U˂ʫĂU˒̙̆�Ʀ͆ˉ̠̊̇ 

•͝ΐ̗̫͆̀PBS-Ţ1�̆PBŞ2�̆ƮT^buffeŗ1�ƚƝ̙̠̇ 

•500 µl̮ƮTbuffer͆ě̆4˽̧2ŋ˂��̆ΎΒͨΒͤΒ͆ǎ̦̊Ķġ̆ƮṪ̙̠ 

 

ƮT^ buffer 100 mM NaCl  

50 mM Tris-HCl (pH7.5) 
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ƮT buffer 100 mM NaCl  

50 mM Tris-HCl (pH9.5) 

16 mM Glutathione (reduced form) 

 

pH̏
ḉ̨̉͂͆̕Ǭɳ̙̠̇ 

 

•10,000 rpm̆4˽̧1U˂ʫĂU˒̙̆�Ʀ͆þ̠̇ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 GSTɓ�ͤΐͳ͕ʇ̮Ǚǈ{̱ȋɟ  

GSTɓ�ͤΐͳ͕ʇ̨̙̦ɺɟ̙̠̊ͤΐͳ͕ʇ͙͆Β̛ͫ͂ʮ#ÀʱW͆ pGEXͻ͕ͤΒ̫ħH̙̆¶

ȼɈŬ JM109̫÷ʇʏĮ̛͂̇÷ʇʏĮ̙̠¶ȼɈ͆�̮̫̿̋©˦̙̆ IPTG̫̿́ GSTɓ�ͤΐͳ

͕ʇ̮Ǚǈ͆ɴÕ̙̠̇¶ȼɈ̮șȸğTơ̮̎̀ GST ɓ�ͤΐͳ͕ʇ̮ȋɟ̯̆GST ̨͖Όͤͦ͐

ΐ̮ɥ�ć͆[ǎ̙̠͉ͷ͊ͭͨ͊Β͕Ύ͖ͪΊͷ͊Β̫̣̦̿ɕ̪̣̠̇   
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1B.2.3. ͤΐͳ͕ʇ̮Èʹ  

 

ͤΐͳ͕ʇƶï̯BradfordƔ̫ª̥̑̆Protein Assay (Bio-Radǯ) ͆ǎ̦̊ɕ̣̠̇ 

 

•͋͐ΐ�ĮƯɈƍ̧59çʵ̙̠Dye Reagent Concentrate͆̆ɱŀ20 µl̫Ò̙̦̆1 mle

̦̌̿̑Ƥ�̙̆Êƨ̧5U��}Ą̗̝̆595nm̮�Fï͆ƩÈ̙̠̇ 

•BSA͆ªƬ̨̙̠ŲʹȨ̫̿́̆ƶï͆ƐÈ̙̠̇ 

 

1B.2.4. SDSͿ͉͕Ό͉ͫ͘Ό˔ƌƘk  (SDS-PAGE) 

 

SDS-PAGE ̯ΊͶͥ͞Αͭ͞Ί˔ƌƘkÜ (͉ͪΒŬò"ǯ) {̱͕Ύ͞ͳΏΒ3500 

(͉ͪΒŬò"ǯ) ͆/ǎ̙̠̇ 

 

SDS-PAGĔ̯80 X 1 X 90 mm̮͘Ό͆ǎ̦̊Laemmli et al.̮ŃƔ̫ỵ̦́ɕ̣̠̇�

�̫Ȝē͆ǭ̙̠̇ 

 

0.5 M Tris-HCl (pH6.8) Tris 6.05g 

 

conc. HCļpH6.8̫ɺļ̙͋͐ΐ�Įƍ̧100 ml̫͉̙̠̞̮ͧ̇͞ü̆ͷ͊ΌͤΒƷʧ

͆ɕ̣̠̇ 

 

1.5 M Tris-HCl (pH8.8) Tris 9.075g 

 

conc. HCļpH8.8̫ɺļ̙͋͐ΐ�Įƍ̧100 ml̫͉̙̠̞̮ͧ̇͞ü̆ͷ͊ΌͤΒƷʧ

͆ɕ̣̠̇ 

 

30% acrylamide: 29.20% acrylamide 

0.80% bisacrylamide 

 

͋͐ΐ�Įƍ̧͉̙̠̞̮ͧ̇͞ü̆ͷ͊ΌͤΒƷʧ͆ɕ̣̠̇ 
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10% SDS  SDS 10 g  

 

͋͐ΐ�Įƍ̧100 ml̫͉̙ͧ̆͞ͷ͊ΌͤΒƷʧ͆ɕ̣̠̇ 

 

10% APS APS 0.1 g    

 
͋͐ΐ�Įƍ up to 1 ml 

 

Separating gel 30% acrylamide 4 ml 

(2ŦU) 1.5 M Tris-HCl (pH8.8) 3 ml 

 
10% SDS 120 ml 

 
10% APS 92 ml 

 
TEMED 6.6 ml 

 
͋͐ΐ�Įƍ 4.88 ml 

   Stacking gel 30% acrylamide 0.8 ml 

(2ŦU) 0.5M Tris-HCl (pH6.8) 1.33 ml 

 
10% SDS   53.3 ml 

 
10% APS 32 ml 

 
TEMED 8.6 ml 

 
͋͐ΐ�Įƍ 3.2 ml 

 

3 x SDS  188 mM Tris-HCl (pH6.8) 

sample buffer  6% SDS 

 
30% Glycerol 

 
0.01% BPB 

 
15% 2-Me 

 

 

10 x running buffer 

 

Tris 15.15 g  

Glycine 72 g  

 
SDS  5 g  

 
͋͐ΐ�Įƍ up to 500 ml 
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•ɱŀ̫1/2ʹ̮3 x SDS sample buffer͆ě̆100˽̧3U˂͋ΐ͓·ͻΒ̙ͪ̆͘Ό1Ŧ̫

̤̐20 ΣA̮È˔Ɯ̧Ƙk̙̠̇ 

 

1B.2.5. CBBũɂ  

 

•1B.2.4.̧SDS-PAGE̫̣̦̿Úˁ̙̠ͤΐͳ͕ʇ͆CBBũɂ̫̣̦̿ũɂ̙̠̇ 

•CBBũɂơ̫SDS-PAGEü̮͘Ό͆Ɵ̙̦Êƨ̧10U˂Ħǜ̙̠̞̮̇ü̆CBBȻɂơ

̫͘Ό͆Ɵ̙̦Êƨ̧2ŋ˂Ħǜ̙̠̇ CBBũɂü̮͘Ό̯͘ΌͫΊ͋ΆΒ (͉ͪΒǯ) ̫

̿́�ƾ̗̝̠̇ 

 

CBBũɂơ 

 

CBB R-250 0.5 g  

Methanol 50 ml 

 
Acetic acid 15 ml 

 
͋͐ΐ�Įƍ up to  250 ml 

 

CBBȻɂơ 

 

Methanol 500 ml 

Acetic acid 150 ml 

 
͋͐ΐ�Įƍ up to  2 l 

 

1B.3. ͋ͰΎͧͪ  

 

�Ƿ GST-MEKK1 ͤΐͳ͕ʇ̮Ǭɳ{̱ΐʴl7˥͆ŲT̛̠̻͂�Ƿǂǖě+͆ǎ

̠̊͋ͰΎͧͪ͆ɕ̪̣̠̇ 

 

̞̟̮̓̓͋ͰΎ̫ͧͪǎ̠̊�Ƿǂǖě+͆��̫ǭ̛̇ 

 

•MEKK1 

 

MEKK1ǂǖě+̯ǰĔ¶Äʮ#ÀÉ˪͠ΐͤΒ ƣɣ Ɨ¹ Eǌ̪̱̫̀ǰĔ¶Äʮ#

ÀÉ˪͠ΐͤΒ *ɑ ʆ� Eǌ̫-ɟ̙̦˜̠̼̮̊͆/ǎ̙̠̇ěx̫ǎ̠̊�ēͼ

̮͉ͦͫͰʴʱW͆��̫ǭ̛̇ 

 

Cys-Val-Gly-Ser-Gly-Gly-Ser-Gly-Ser-Ala-Ser-Pro-Leu-Leu-Arg-Arg 
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  �ƀě+ : MEKK1ǂǖě+ 

  �ƀě+ : Alkaline phosphatase conjugated GOAT anti rabbit IgG (CHEMICONǯ) 

 

•GST 

 

  �ƀě+ : Anti-GST Antibody (amersham pharmacia biotechǯ) 

  �ƀě+ : Alkaline Phosphatase AffiniPure Rabbit Anti-Goat IgG  

            (H+L) (min X Hu Sr Prot) (jackson immuno researchǯ) 

 

•ΐʴl͠ΐ 

 

  �ƀě+ : Phoshoserine,pAb (EnzoLifeScienceǯ) 

  �ƀě+ : Alkaline phosphatase conjugated GOAT anti rabbit IgG (CHEMICONǯ) 

 

•ΐʴl͐ͭ͞ΐ 

 

  �ƀě+ : Phospho-Threonine Antibody (P-Thr-Polyclonal) 

            (Cell Signaling Technologyǯ) 

  �ƀě+ : Alkaline phosphatase conjugated GOAT anti rabbit IgG (CHEMICONǯ) 

 

•ΐʴlͦΎ͜ΐ 

 

  �ƀě+ : Anti-Phosphotyrosine, clone 4G10® (Milliporeǯ) 

  �ƀě+ : Goat anti-Mouse IgG, Alkaline Phosphatase conjugate (Milliporeǯ) 

 

•1B.2.4.̨�Ÿ̮ŃƔ̧ SDS-PAGE̫̣̦̿̆ͤΐͳ͕ʇƮơ̮Úˁ͆ɕ̪̣̠̇ 

•PVDFȽ ΔImmobilon-P̆Ϳ͉ǯΕ ͆͘Ό̮¶̗̫̐V́̆100Γ Methanol̫30ǴƟ

̙̠ü̆Blotting buffer B
̧ 15UĦǜ̗̝̠̇ 

•SDS-PAGEü̆͘Ό̎̀ PVDFȽ̴̮ʏN͆ɕ̣̠̇ˊŵ>̎̀ Blotting buffer A̫Ɵ

̙̠ƷȔ͆2Ŧ̆Blotting buffer B̫Ɵ̙̠ƷȔ1Ŧ̆͘Ό̆PVDFȽ̗̫̆̀Blotting buffer 

C̫Ɵ̙̠ƷȔ͆ 3Ŧ̮˝̫ʷ̭̆˔£̮ͧͪ͆ 25V̫ɮÈ̙̆͘Ό�Ŧ̠̉́ 144 mA

̮È˔Ɯ̧ 30U˂ blotting ͆ɕ̣̠̇ 
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•PVDFȽ͆ blocking Solution
̧Êƨ̆1ŋ˂Ħǜ̙̠̇ 

 

Blotting buffer A 0.3 M 

 

Tris 

 5% 

 

Methanol 

 

   Blotting buffer B 25 mM 

 

Tris 

 5% 

 

Methanol 

    Blotting buffer C 25 mM 

 

Tris 

 5% 

 

Methanol 

 

40 mM 

 

6-Aminocaproic acid 

 

T-TBS buffer 20 mM Tris-HCl ΔpH 7.5Ε 

150 mM NaCl   

0.05% Tween 20 

 

Blocking Solution ˳  ˳ ˳ ˳ BSA   0.5 g  

˳  ˳ ˳ ˳ T-TBS buffer 50 ml 

 

•ͱ͋Ͳ͕̫ͧ PVDFȽ̨ Blocking Solitioņ 1,0009çʵ̙̠�ƀě+ơΛml͆H̓̆

Êƨ̧ 1ŋ˂Ħǜ̙̠̇ 

•T-TBS buffeŗƚ̊Ɯ̙̠ü̗̫̆̀ T-TBS buffer
Êƨ̧ΟUĦǜ͆Μ�ɕ̋̇ 

•ͱ͋Ͳ͕̫ͧ PVDFȽ̨Blocking Solitioņ 10,0009çʵ̙̠�ƀě+͆ΛmlH̓̆

Êƨ̧ 1ŋ˂Ħǜ̙̠̇ 

•T-TBS buffeŗƚ̊Ɯ̙̠ü̗̫̆̀ T-TBS buffer
̧Êƨ 5UĦǜ͆Μ�ɕ̪̣̠̇ 

•͋͐ΐ�Įƍ̧ƚƝ̙̠̇ 

•Substrate Solution 10 ml̫̆BCIP 20 µl ̨ NBT 30 µl ͆ě̆Ǚɂ̗̝̠̇ 

•Ǚɂü̆͋͐ΐ�Įƍ̧ƚƝ̙̆}Ą͆=Ɓ̙̠̇ 

 

Substrate Solution   100 mM 

 

Tris-HCl ΔpH 9.5Ε 

    5 mM 

 

MgCl2  

   100 mM 

 

NaCl 
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1B.4. ͤΐͳ͕ʇȻΐʴlSǊ  

 

•��̮}Ąơ͆ɺɟ̙̆30˽̧20U˂}Ą̗̝̠̇Lamda Protein Phosphatase̯New 

England BioLabǯ̮̼̮͆ǎ̠̊̇ 

 

}Ąơ ͤΐͳ͕ʇƮơ 

 

 

protein phosphatase buffer 1 µl 

 

10 mM MnCl2 1 µl 

 

Lamda Protein Phosphatase  0.25 µl 

 

͋͐ΐ�ĮƯɈƍ up to 10 µl 

 

•3 x SDS sample buffer ͆}Ąơ̮pʹěĶġ̙̆}Ą͆=Ɓ̗̝̠̇ 

•ɱŀ͆ 100˽̧ 3U˂͋ΐ͓·ͻΒ̙ͪ̆1B.2.4.̨�Ÿ̫ SDS-PAGȨÚˁ̆ě GSTě

+̆ěΐʴl͠ΐě+̆ěΐʴl͐ͭ͞ΐě+̆ěͦΎ͜ΐě+͆ǎ̠̊͋ͰΎ

̫ͧͪ̿́ͤΐͳ͕ʇ̮Ǭɳ{̱Ȼΐʴl̮Ǭɳ͆ɕ̪̣̠̇ 

 

1B.5. ΐʴlʳȖƛćƩÈ  

 

1B.2.̧ɺɟ̙̠ GST ɓ�ͤΐͳ͕ʇ͆ʳȖͤΐͳ͕ʇ{̱ªʇͤΐͳ͕ʇ̨̙̦ǎ̦̊Ʃ

È̸̙̠̠̇̆ªʇͤΐͳ͕ʇ̫̯΄ͩΌªʇ̧̉͂ MBP ̼ǎ̠̊̇ 

ΐʴlʳȖƛć̮ƩÈ̯̆ [γ-32P] ATP ̎̀ªʇ̴̮ĹÓƛć̮ʏǵ}Ą̫̿́ɕ̣

̠̇  

 

•��̮}Ąơ͆ɺɟ̙̆30˽̧20U˂}Ą̗̝̠̇ 

 

}Ąơ 30 mM Tris-HCl (pH7.5) 

100 mM NaCl 

20 mM MgCl2 

50 mM ATP 

1 x 106 cpm [γ-32P]ATP (#35020) ΔŢ�ͩ͊͑Ό CROǯΕ 

0.1 mgʳȖͤΐͳ͕ʇ 

1 mgªʇͤΐͳ͕ʇ 
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•3 x SDS sample buffer ͆}Ąơ̮pʹěĶġ̙̆}Ą͆=Ɓ̗̝̠̇ 

•ɱŀ͆ 100˽̧ 3U˂͋ΐ͓·ͻΒ̙ͪ̆1B.2.4.̨�Ÿ̫ SDS-PAGȨÚˁ̙̠̇ 

•͘Ό͆ũɂ̆Ȼɂü̆�ƾ̗̝̆Ͳ͋͐͋Β͝ΐ͖͉ͬΊ͋͛ΒBAS2500 ͆/ǎ̙̦ɧ

Ť͆ɕ̣̠̇ 

 

1B.6. Two-hybridǎͻ͕ͤΒ̮ŷȉ  

 

MEKK1̮ªʇʭĝć͆ǟ�-ǎ̮ɦƸ̎̀Ųɫ̛̠̻͂̆ʳƉTwo-hybridƔ͆ǎ̦̊

MEKK1̨MAPKK̨̮ǟ�-ǎɧŤ͆ɕ̪̣̠̇ 

Two-hybridƔ͆ǎ̠̊MEKK1̮ǟ�-ǎͤΐͳ͕ʇ̮ɧŤ̫ǎ̊͂ʳƉǙǈǎͻ͕ͤΒ͆

-ē̙̠̇-ē̙̠ͻ͕ͤΒ͆��̫ɭ̙̠̇ 

 

�^ MEKK1̮˟¨ ͉ͰʴȭĮ 

pBD-MEKK1 Full 1-608 
 

pBD-MEKK1 KD 333-608 
 

pBD-MEKK1 KN 1-608 361Ǖǝ̮͝ΐƄª͉͆Ό͔ͭΐ̫ȭĮ 

pBD-MEKK1 KDKN 333-608 361Ǖǝ̮͝ΐƄª͉͆Ό͔ͭΐ̫ȭĮ 

pBD-MEKK1 Y38F 1-608 
38Ǖǝ̮ͦΎ͜ΐƄª͆ 

ͷ͍ͭΌ͉Ίͭΐ̫ȭĮ 

pBDMEKK1 Y84F 1-608 
84Ǖǝ̮ͦΎ͜ΐƄª͆ 

ͷ͍ͭΌ͉Ίͭΐ̫ȭĮ 

pBD-MEKK1 Y204F 1-608 
204Ǖǝ̮ͦΎ͜ΐƄª͆ 

ͷ͍ͭΌ͉Ίͭΐ̫ȭĮ 

pBD-MEKK1 Y323F 1-608 
323Ǖǝ̮ͦΎ͜ΐƄª͆ 

ͷ͍ͭΌ͉Ίͭΐ̫ȭĮ 

pAD-MEKK1 Full 1-608 
 

pAD-MEKK1 KN 333-608 361Ǖǝ̮͝ΐƄª͉͆Ό͔ͭΐ̫ȭĮ 

 

̞̮�̆pAD{̱pBD-MAPKK̮ͻ͕ͤΒ̯ǨǻÊ̫5Ã̗̦̠̼̮̓̊͆ǎ̠̊̇ 
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•�͋ΐ͚ΒͪŁǀ̯̆1B.1.̫̦̍̊-ē̙̠ pGEX-MEKK1 Full̆pGEX-MEKK1 KN̆

pGEX-MEKK1 KD̆pGEX-MEKK1 KDKN̆pGEX-MEKK1 Y38F̆pGEX-MEKK1 Y84F̆

pGEX-MEKK1 Y204F̆pGEX-MEKK1 Y323F̞̟̎̀̓̓]ˇʳȖSǊ̫̣̦̿ɺɟ̙

̠̇ 

•]ˇʳȖ̯̆1B.1.1.̫ɭ̙̠Ί͋ΒʱW̫�̸̓͂]ˇʳȖ͚̫͋ͪÒĄ̛̼̮͂͆

ǎ̠̊̇ 

•ɺɟ̙̠͋ΐ͚ΒͪŁǀ͆ħH̛͂ǙǈǎΊͫ͞ͻ͕ͤΒ̨̙̦ pAD-GAL4-2.1 Vector 

(Fig. 11) {̱ pBD-GAL4 Cam Vector (Fig. 12) (STRATEGENEǯ) ͆/ǎ̙̠̇ 

•pBD-MEKK1 Full̆KN͆-ē̛͂ˏ̆pBD-GAL4 Cam Vector̫̯ Xho I ͚̪̠͋ͪ̏̊

̻ Sal I ̧ɺɟ̙̠ͻ͕ͤΒ̫ Xho I ̧ɺɟ̙̠͋ΐ͚ΒͪŁǀ͆Ί͋͘Β͜Ήΐ̙̠̇ 

•ͻ͕ͤΒ̮-ē̯̆1B.1.3.~ 1B.1.11.̨�Ÿ̫ɕ̪̣̠̇ 
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Fig. 11 ʳƉ Two-hybridǎͻ͕ͤΒpAD̮ͻ͕ͤΒͧ  

pAD-GAL4-2.1̨̮ͧΌ͕ͦΎΒͭΐ͖͚̮͋ͪ]ˇʳȖ͚͋ͪ͆ǭ̙̠̇MEKK1̱̍̿ MAPKK

ʮ#À͆ÕH̙̆�ʳƉ Two-hybridǎͻ͕ͤΒ͆-ɟ̙̠̇ʳƉ̫÷ʇʏĮ̙̆GAL4ʏNƛćlͫ

͋ΐɓ�ͤΐͳ͕ʇ̮Ǚǈ̫ǎ̠̊̇   
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Fig. 12 ʳƉ Two-hybridǎͻ͕ͤΒpBD̮ͻ͕ͤΒͧ  

pBD-GAL4 Cam ̨̮ͧΌ͕ͦΎΒͭΐ͖͚̮͋ͪ]ˇʳȖ͚͋ͪ͆ǭ̙̠̇MEKK1 ̱̍̿

MAPKK ʮ#À͆ÕH̙̆�ʳƉ Two-hybrid ǎͻ͕ͤΒ͆-ɟ̙̠̇ʳƉ̫÷ʇʏĮ̙̆GAL4 DNA

Ȟ�ͫ͋ΐɓ�ͤΐͳ͕ʇ̮Ǚǈ̫ǎ̠̊̇   
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1B.7. ʳƉ̮÷ʇʏĮ̱̍̿ HisΙʭĝ©¥̫̿͂ǟ�-ǎ̮Ǭɳ  

 

/ǎ̙̠̆ʳƉŬ YRG-2 (STRATAGENǯ) ̮ʮ#À§̯��̨̧̮̍́̉͂̇ 

 

Strain Genotype 

YRG-2 MATa ura3-52 his3-200 ade2-101 lys2-801 

trp1-901 leu2-3 112gal4-542 gal80-538 

LYS2::UASGAL1-TATA GAL1-HIS3 

URA3::UASGAL417mers(×3)-TATACYC1- lacZ 

 

•YRG-2Ŭ͆ YPAD©¥̫̦̍̊̆30˽̆24ŋ˂©˦̙̠̇ 

 

YPAD©¥ Difco-peptone 20 g 

Bacto-yeast extract 10 g 

Adenine sulfate 40 mg 

 ͋͐ΐ�Įƍ 900 ml 

 

1.2N HCļ pH5.8̫ɺļ̙͋͐ΐ�Įƍ̧ 960 ml̫͉̙̠ͧ̇͐͞Β͕ͪΒƯɈü̆

60˽��̫O̻̦̎̀ 40 ml̮ 50% Glucose ͆ě͂̇ 

 

•One-step buffer ͆ 100 µl̫ YRG-2 ͆ 10Τ20 µlě̠̇ 

 

One-step buffer 50% PEG 800 µl 

1 M LiAc 200 µl 

4 M DTT  25 µl 

 

•ǝų̛̈̌͂ʮ#À̮Ḥ̠ pADͻ͕ͤΒ̮Ίͫ͆͞ 2 µl̆pBDͻ͕ͤΒ̮Ίͫ͆͞ 2 

µlě̆ĒƵ̙̠̇ 

•45˽̧ 45U͋ΐ͓·ͻΒ̙ͪ̆SD©¥ (TrpΙ, LeuΙ)̆SD©¥ (TrpΙ, LeuΙ, HisΙ) ̫Ĵ

̠̊̇ 

•30˽̧͋ΐ͓·ͻΒ̙̠ͪ̇÷ʇʏĮ̏Æ�̙̦̰̊̓ SD©¥ (TrpΙ, LeuΙ) ̧͙ΎͭΒ

̧̏̐͂ (3Τ4ņ) ̗̫̇̀ pBD ͻ͕ͤΒǍǁ̨ pAD ͻ͕ͤΒǍǁ̏ǟ�-ǎ̙̦̰̊̓
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SD©¥ (TrpΙ, LeuΙ, HisΙ) ̧̼͙ΎͭΒ̏ǌȶ̛͂̇ 

 

SD©¥ Difco yeast nitrogen base without amino acid 6.7 g 

 D-sorbitol 182.2 g 

 ͋͐ΐ�Įƍ 500 ml 

 

10N NaOḨ pH5.8̫ɺļ̙͋͐ΐ�Įƍ̧ 860 ml̫͉̙̠ͧ̇͐͞Β͕ͪΒƯɈ

ü̆60˽��̫O̸̙̠ü̆��̮ɱɏ͆ě͂̇ 

 

10 x Dropout solution  100 ml 

50% Glucose  40 ml 

 

10 x Dropout solution̮Ȝē͆��̫ǭ̛̇ 

 

Component Weight (mg/ l) 

L-Isoleucine 300  

L-Valine 1500  

L-Adenine hemisulfate salt 200  

L-Arginine HCl 200  

L-Histidine HCL monohydrate 200  

L-Leucine 1000  

L-Lysine 300  

L-Methionine 200  

L-Phenylalanine 500  

L-Threonine 2000  

L-Tryptophan 200  

L-Tyrosine 300  
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L-Uracil 200  

L-Glutamic acid 1000  

L-Aspartic acid 1000  

L-Serine 4000  

 

��̮Ȝē̮ÆI©¥̎̀̆ăɡ̫Ą̦̚ L-Leucine ͆ˉ̠̼̮̊ SD (LeuΙ )̆

L-Tryptophan ͆ˉ̠̼̮̊ SD (TrpΙ)̆L-Tryptophaṉ̍̿ L-Leucine ͆ˉ̠̼̮̊ SD 

(TrpΙ, LeuΙ)̆L-Tryptophan̆ L-Leucine̱̍̿ L-Histidine HCl monohydrate͆ˉ̠̼̊

̮ SD (TrpΙ, LeuΙ, HisΙ)͆-ɟ̙̠̇ 
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Fig. 13 ʳƉ Two-hybridƔ̫̤̦̊  

(A) ŜǨǻ̧ǎ̠̊ʳƉ Two-hybrid Ɣ̮É˪̮Ɯ̓̇ǟ�-ǎ͆Ųɫ̙̠̊ͤΐͳ͕ʇ͙͆Β̛ͫ͂

ʮ#À͆ pBD {̱ pAD ͻ͕ͤΒ̫ħH̙̆ʳƉ YRG-2 Ŭ̫÷ʇʏĮ̛͂̇÷ʇʏĮ̯�ͻ͕ͤΒ̮

ģ̤ Trp̱̍̿ Leu�ēʳȖ͆[ǎ̙̦ɕ̪̣̠̇�ͻ͕ͤΒ̮ʳƉ̴̮÷ʇʏĮ̯ SD (Trp-, Leu-) 

©¥̧̮͙ΎͭΒ̮ǌȶ͆ĤŹ̫Ǭɳ̙̠̇ǟ�-ǎ̮Ǭɳ̯ SD (Trp-, Leu-, His-) ©¥̫͙̍̓͂Ύ

ͭΒ̮ǌȶ͆ĤŹ̫Ǭɳ̙̠̇  (B) SD (Trp-, Leu-, His-)©¥̫͙̍̓͂ΎͭΒ̮ǌȶxǊ̇pBD{̱

pADͻ͕ͤΒ̫ʮ#À͆ħH̙̠ͤΐͳ͕ʇ̏ǟ�-ǎ̛͂¬�̞̟̮̆̓̓ͤΐͳ͕ʇ̫ɓ�̗̠̓

GAL4ʏN�À̏Mŷē̗̓̆His�ēʳȖ̏ʏNɴÕ̗̓͂̇  
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1C. Ȟŧ  

 

1C.1. ¶ȼɈǙǈ GST-MEKK1 ͤΐͳ͕ʇ̮ǂā  

 

 MEKK1 ̮ͤΐͳ͕ʇ̨̙̦̮žȹ͆ɧŊ̛̠̻͂̆pGEX ͻ͕ͤΒ (Fig. 9) ͆ǎ̠̊¶

ȼɈǙǈȎ̫̣̦̿̆GST ɓ�ͤΐͳ͕ʇ̨̙̦ MEKK1 ̮ɺɟ͆ɕ̪̣̠̇ɺɟ̙̠͆

GSTɓ�ͤΐͳ͕ʇ̯̆Iʿ̮MEKK1 ͤΐͳ͕ʇ͆�̺ GST-MEKK1 Full (͉ͰʴǕ�

1 ̎̀ 608 ̸̧͆�̺̆1-608)̆N śȀ˟¨͆Ɔˌǚ̫ſı̗̝̠ GST-MEKK1 ∆83 

(84-608)̆Δ166 (167-608)̆KD (333-608)̆{̱ ATPȞ�˟¨̮ 361Ǖǝ͉Ͱʴ̮͝

ΐƄª͉͆Ό͔ͭΐƄª̫ȭĮ̙̠³ǖ (K361R) ͆Ŗ̛͂ΐʴlʳȖƛć̏�ƛl̙

̠³ǖ+ GST-MEKK1 KN (1-608̆K361R)̆KDKN (333-608̆K361R)̧̉͂̇̓̀̕

GSTɓ�ͤΐͳ͕ʇ̮źò�͆ Fig. 14̫ǭ̙̠̇� GST-MEKK1 ͤΐͳ͕ʇ͆¶ȼɈ̧

Ǚǈ̆ȋɟü (Fig. 10)̆Ίͧͫͷ͏ΒͫƔ̫̿́ͤΐͳ͕ʇ̮Èʹ̱̍̿ SDS-PAGE̫̿

́ͤΐͳ͕ʇ̮Ǭɳ͆ɕ̣̠̇SDS-PAGE ü̮ͤΐͳ͕ʇ̮ŲT̯̆CBB ũɂ̨ě

MEKK1ǂǖě+̫̿͂͋ͰΎ̧ͧͪɕ̪̣̠̇ě MEKK1ǂǖě+̯̆Fig. 8̫ǭ̙̠

MEKK1 ̮ C śȀ̮ 15 ͉ͰʴƄª͆ěxͼ̨̙̦͚͔̫ͦͫ͌GǗ̙̦þ̠ɔƦ͆ǎ

̠̊̇Ȟŧ͆ Fig. 15̫ǭ̙̠̇ 

˳ Iʿ̮ MEKK1̯͉ͰʴʱW̿́�Ʃ̗̓͂UÀʹ̯Ȑ 66 kDă̧GSTɓ�ͤΐͳ͕

ʇ̨̙̦Ǚǈ̗̝̠¬�Ȑ 92 kDa ̨̪̙̙̪͂̇̎̏̀̆GST-MEKK1 Full̯Ȑ 135 kDa

̨Ȑ 130 kDa ̮'ȭ̫ CBB ũɂ̫̿́Ͳΐͫ̏ŲT̗̠̓̇�Ÿ̫̆∆83 ̯�ƩUÀʹ

83 kDa̫Ò̙Ȑ 125 kDa ̨Ȑ 110 kDă∆166̯̆�ƩUÀʹ 74 kDa̫Ò̙Ȑ 100 kDa

̨Ȑ 85 kDăKD̯�ƩUÀʹ 57 kDa̫Ò̙̆Ȑ 70 kDa ̨Ȑ 65 kDa̮'ȭ̫Ͳΐͫ̏

ŲT̗̜̮̓̆̊̓Ǚǈͤΐͳ͕ʇ̼�ƩUÀʹ̿́ˬUÀ	>̫ΜŜ̮Ͳΐͫ̏ŲT̗̓

̨̣̠͂̏̎̇̕ͅ�Ń̆�ƛć§̮GST-MEKK1 KN̯̆�ƩUÀʹ̮ 92 kDa̫ʛ̊Ȑ

105 kDa̮'ȭ̫Ͳΐͫ̏ŲT̗̓̆KDKŅ̯̆�ƩUÀʹ̮ 57 kDa ̶̷̨�'ȭ̧

̉͂Ȑ 60 kDa̫Ͳΐͫ̏Ǭɳ̸̗̠̠̓̇̆MEKK1ǂǖě+̫̿͂͋ͰΎ̫ͧͪ̿́̆

GST-MEKK1 Full̆∆83̆∆166̆KD̆KN̆KDKN ̮̜̫̦̼̊̓̍̊Eʝ̮ CBB ũɂ̧

ɣ̠̀̓Ͳΐͫ̏Ǭɳ̗̠̓̇ěMEKK1ǂǖě+̯MEKK1̮ CśȀ 15͉ͰʴƄª͆

ɳɾʱW̨̙̦-ę̗̦̄̓̊͂̆̕GSTɓ� MEKK1 ͤΐͳ͕ʇ̯ NśȀ˟¨̫ GST ͤ

͖͆ɓ�̙̦̞̮̍́̆ɥ�ć̫̿́ȋɟ̨̙̦̊͂̎̀̕ GST-MEKK1 Full̆∆83̆∆166̆

KD ̫̦̍̊Ǭɳ̗̠̓ˬUÀʹ>̫'ỡ̄͂ΜŜ̮Ͳΐ̯̜̼ͫ̊̓Uɧǁ̧̯̪̞̑̓

̟̮̓ÆIʿ͆Ŗ̨̙̦̊͂̏̕ǭ̗̠̓̇ 

˳ ͤΐͳ͕ʇ̮Ͳΐͫ͜ͷ̯ͪ̆ΐʴlȄ̮Ȳɯü7˥̨̫̣̦̿̍͂̏̉͂̇̕̕�ƛć
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§̮ GST-MEKK1 KN̆KDKN ̧̯¶̪̐Ͳΐͫ͜ͷͪ̏ŲT̨̗̪̣̠̓̎̎̀̆̕

GST-MEKK1 Full̆∆83̆∆166̆KD ̧̹̠̀̓Ͳΐͫ͜ͷ̯ͪ̆Ⱦæΐʴl̫̿͂ø˛̧

̨̉͂̏̕�Č̗̠̓̇GST-MEKK1 ͤΐͳ͕ʇ̮Ͳΐͫ͜ͷ̫ͪΐʴl7˥̏˃�̛͂

̮̎͆Ŋ̛̫̠̻̫̀̎͂̆ͤΐͳ͕ʇȻΐʴlʳȖ̫̣̦̿ GST-MEKK1 Full̆KD̆

KN ̆KDKN ̮ȻΐʴlSǊ͆ɕ̊̆ě GST ě+͆ǎ̠̊͋ͰΎ̫ͧͪ̿́Ǭɳ̙̠ 

(Fig. 16)̇ 

˳ ̞̮Ȟŧ̆GST-MEKK1 Full ̫̦̍̊ΜŜǬɳ̗̦̠̓̊Ͳΐ̯ͫȻΐʴlSǊ̫̿́

ΛŜ̫̪́̆GST-MEKK1 KN ̨�Ÿ̮'ȭ̫Ͳΐͫ̏Ǭɳ̸̗̠̠̓̇̆GST-MEKK1 KN

̯̆ȻΐʴlSǊ̫̿͂ø˛̯ɣ̪̣̠̀̓̎̇GST-MEKK1 KD ̫̦̼̍̊̆

GST-MEKK1 KDKN̨�Ÿ̮'ȭ̫Ͳΐͫ̏Ǭɳ̗̠̓̇GST-MEKK1 KDKN̮Ȼΐʴ

lSǊ̫̿͂³l̯ɣ̪̣̠̮̀̓̎̇̓̀̕Ȟŧ̯̆GST-MEKK1 ͤΐͳ͕ʇ̮ˬUÀ

ʹ>̴̮Ͳΐͫ͜ͷ̫̞ͪ̓̀Ⱦæΐʴl̫̿͂ΐʴl7˥̏ø˛̨̙̦̊͂̕ǭ�̙̦

̊͂̇ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14 ¶ȼɈǙǈȎ̧ɺɟ̙̠ GSTɓ� MEKK1 ͤΐͳ͕ʇ̮źò�  

ŜǨǻ̫̦̍̊ǎ̠̊�Ƿ MEKK1̮ͤΐͳ͕ʇźò�̇Iʿ MEKK1 Full (1-608) {̱�Ƿ NśȀ

˟¨ſı MEKK1 Δ83 (84-608)̆Δ166 (167-608)̆KD (333-608){̱ 361Ǖǝ̮ LysƄª͆ ArgƄª

̫ȭĮ̙̠ΐʴlʳȖƛćſı MEKK1 KN (1-608̆K361R)̆KDKN (333-608̆K361R) ̮ͤΐͳ͕

ʇźò�͆ǭ̙̠͙̇̓̀͆̕Β̛ͫ͂ʮ#À͆ pGEX ͻ͕ͤΒ̫ħH̙̠Ίͫ͆͞-ɟ̙̆GST ɓ

�ͤΐͳ͕ʇ̨̙̦¶ȼɈǙǈȎ̫̿́ɺɟ̙̠̇   
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Fig. 15 ¶ȼɈǙǈȎ̧ɺɟ̙̠ GST-MEKK1 ͤΐͳ͕ʇ  

¶ȼɈǙǈȎ̫̦̍̊ GST ɓ�ͤΐͳ͕ʇ̨̙̦ɺɟ̙̠ GST-MEKK1 Full̆Δ83̆Δ166̆KD̆KN̆

KDKN ͆ SDS-PAGE̫̿́Úˁ̙̆CBBũɂ  (CBB Staining) {̱ PVDFȽ̫ʏNü̆ě MEKK1ǂ

ǖě+̫̿͂͋ͰΎͧͪ  (anti-MEKK1) ͆ɕ̣̠̇�̮ã̫̯UÀʹ̫ǭ̙̠̇Ζ̯� GST ɓ�

MEKK1 ͤΐͳ͕ʇ̮ÆIʿ̮Ͳΐͫ͆ǭ̙̠̇   
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Fig. 16 GST-MEKK1̮ȻΐʴlSǊ  

¶ȼɈǙǈȎ̫̦̍̊ GST ɓ�ͤΐͳ͕ʇ̨̙̦ɺɟ̙̠ GST-MEKK1 Full̆KN̆KD̆KDKN ͆ͤΐ

ͳ͕ʇȻΐʴlʳȖ  (Lamda Protein phosphatase) ̫̿́ȻΐʴlSǊ  (30˽̆30 min) ̙̠̇

ȻΐʴlSǊ͆ɕ̪̣̠͚ΐΌ͆ PPtreat +̆Ɗʑ̨̙̦ȻΐʴlSǊ͆ɕ̪̪̣̠͚̎ͅΐΌ

͆ PPtreat –̧ə̙̠̇ȻΐʴlSǊü̆SDS-PAGE̫̿́Úˁ̙̆ě GSTě+  (anti-GST) ͆ǎ̦̊

͋ͰΎ̙̠ͧͪ̇   
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1C.Μ . GST-MEKK1̮ MAPKK ̫Ờ͂ΐʴlʳȖƛć  

 

˳ MEKK1 ̮ MAPKK ̫Ờ͂ΐʴlȹ͆ɺ̵̠̻̫͂̆¶ȼɈ̧Ǚǈ̗̝̠̆

GST-MEKK1 KD ͆ǎ̦̊̆͜Ύ̫͋ͮͬͬ̍̓͂͟I 10Ƿˢ̮ MAPKK (Fig. 17) ̫Ò

̛͂ΐʴlʳȖƛćƩÈ͆ɕ̣̠̇ΐʴlʳȖƛćƩÈ̯ [γ-32P]ATP ̎̀ªʇ̴̮

ĹÓƛć̮ʏǵ}Ą͆ƩÈ̙̠̇ªʇ̫̯̆MAPKK̮ ATPȞ�˟¨̮͝ΐƄª͉͆Ό

͔ͭΐƄª̫͉ͰʴȭĮ͆ɕ̊�ƛćl̙̠ GST-MKK1 KN̆GST-MKK2 KN̆

GST-MKK6 KN̆GST-MKK4 KN̆GST-MKK5 KN̆GST-MKK9 KN{̱̆Ⱦæΐʴl

ʳȖƛć͆ģ̠̪̊ GST-MKK3̆GST-MKK7̆GST-MKKΡ̆GST-MKK10 ͆ǎ̠̊̇�

Ƿ GST ɓ�ͤΐͳ͕ʇ̯¶ȼɈ̧Ǚǈ̆ȋɟü̆ͤΐͳ͕ʇ̮Èʹ̱̍̿ SDS-PAGE ̫

̿́̆ͤΐͳ͕ʇ̮ʹ͆Ǭɳ̙ΐʴlʳȖƛćƩÈ̫ǎ̠̊ (Fig. 18)̇ 

˳ GST-MEKK1 KD ̯ A ͖ΌΒ̮ MAPKK ̧̉͂ GST-MKK1 KN̆GST-MKK2 KN̆

GST-MKK6 KN ͆ΐʴl̙̠̞̮̏̆�̮͖ΌΒ̫Ư̂͂ GST-MKK4 KN̆

GST-MKK5 KN̆GST-MKK3̆GST-MKK7̆GST-MKKΡ̆GST-MKK9 KN̆GST-MKK10

̯ΐʴl̸̙̪̣̠̠̎̇̆ªʇ̨̙̦ǎ̠̮̊̓̀̕ MAPKK ͤΐͳ͕ʇ̮Ⱦæΐʴl

ʳȖƛć̯ŲT̗̪̣̠̓̎̇MEKK1 ̮͓ͬΒͫ͋͡ΐ̯̆͜Ύ̮͋ͮͬͬ͟ 10 Ƿ̮

MAPKK̢̮̋ A͖ΌΒ̮MAPKĶ̉͂MKK1̆MKK2̆MKK6̫Ờ͂ªʇʭĝć͆

ģ̨̤̣̠̏̎̇̕ͅ 

˳ MEKK1 ̮ N śȀ˟¨̮ΐʴlʳȖƛć̫Ờ͂ùa͆ɺ̵̠̻̫͂̆¶ȼɈ̧Ǚǈ

̗̝̠Iʿ GST-MEKK1 Fulḻ̍̿̆NśȀ˟¨ſı̮ GST-MEKK1 ∆83̆∆166̆KD͆

ǎ̦̊̆ΐʴlʳȖƛćƩÈ͆ɕ̣̠̇ªʇ̫̯̆GST-MKK1 KN̆GST-MKK2 KN̆

GST-MKK6 KN̆GST-MKK4 KN̆GST-MKK5 KN ͆ǎ̠̊ (Fig. 19)̇ 

˳ GST-MEKK1 Full ̯ GST-MKK1 KN ͆ΐʴl̙̠̏̆GST-MKK2 KN̆GST-MKK6 

KN̆GST-MKK4 KN̆GST-MKK5 KN ̯ΐʴl̙̪̣̠̎̇N śȀ˟¨ſı̮

GST-MEKK1 ∆83̆∆166̆KD̯̆GST-MKK1 KN̫Ờ͂ƛć̏ſı˟¨̮°e̫$̣

̦�ŉ̸̙̠̠̇̆GST-MEKK1 Full̆D83̆D166̫̿͂ GST-MKK2 KN̆GST-MKK6 KN̆

GST-MKK4 KN̆GST-MKK5 KN ̫Ờ͂ΐʴlʳȖƛć̶̨̯͇̩̆ŲŢ̪̣̐̎

̠̙̙̪̇̎̏̀ Fig.̧̼ɣ̠̫̀̓̿̋ GST-MEKK1 KD̯̆GST-MKK1 KN͆õ̑ΐʴ

l̡̧̛̪͂̓̑̆GST-MKK2 KN̽ GST-MKK6 KN ̼�Ÿ̫ΐʴl̙̠̇ 

˳ ̓̀̕Ȟŧ̯̆MEKK1 ̮ N śȀ˟¨̯͓ͬΒͫ͋͡ΐ̮ģ̤ͤΐͳ͕ʇΐʴlʳȖ

ƛć͆ę]̛͂žȹ͆ģ̨̣̦̊͂͆̕ǭ̸̙̦̠̊͂̇̆GST-MEKK1 Full̆∆83̆∆166̏

GST-MKK1 KN ̫Ò̙̦̮̹ΐʴl͆ɕ̪̣̠�Ń̆GST-MEKK1 KD ̯ GST-MKK2 

KN̽ GST-MKK6 KN ̼ΐʴl̨̙̠̮̪̎̀̆̿̋̕̕ªʇ̮ʭĝ̫ NśȀ˟¨̆ǂ̫
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167Ǖǝ̎̀ 332Ǖǝ̮͉ͰʴƄª̮˟¨̏ø˛̨̙̦̣̠̊͂̏̎̇̕ͅ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17 űǁ MAPKK̮Uˢ  

͜Ύ̨̯̻̙̠͋ͮͬͬ͆̚͟Ÿ̪̈űǁ̧�È̗̦̓̊͂ MAPKK ̮ͫ͋ΐŷʢ{̱̞̮͉Ͱʴʱ

W̫̿́ȎȠǚ̫Uˢ̙̠�͆ Ichimura et al. 2002 ̿́óǎ̙̠̇űǁ̮ MAPKK̯ 4̤̮͖ΌΒ

̫Uˢ̗̦̓̊͂̇   
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Fig. 18 ¶ȼɈǙǈȎ̫̿́ɺɟ̙̠ GST-MEKK1 KD̫̿͂ MAPKK̴̮ΐʴl

ʳȖƛćƩÈ  

¶ȼɈǙǈȎ̫̿́ɺɟ̙̠ GST-MEKK1 KD ̨� MAPKK (GST-MKK1 KN̆  GST-MKK2 KN̆  

GST-MKK6 KN̆  GST-MKK4 KN̆  GST-MKK5 KN̆  GST-MKK7̆  GST-MKK8̆  GST-MKK9 KN̆  

GST-MKK10) ͆  [γ-32P] ATPÃ¤�̧ 37˽̆20U˂}Ą̗̝̠̇}Ą͆ SDS͚ΐΌͲͧͷ͈Β̧=

Ɓ̙̆SDS-PAGE ̧Úˁ̙̠̇SDS-PAGEü̮͘Ό͆ CBBũɂ̙  (CBB Staining)̆BAS2500 ͆ǎ̊

̦ĹÓƛć͆ŲT̙̠  (Autoradiograph)͙̇ΐͪΎΒΌ̨̙̦̆GST-MEKK1 KD ˘Ã¤�̧�Ÿ̮}

Ą͆ɕ̪̣̠Ȟŧ͆ Substrate only̫ǭ̙̠̇   
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Fig. 19 ¶ȼɈǙǈȎ̫̿́ɺɟ̙̠ GST-MEKK1̮ΐʴlʳȖƛćƩÈ  

¶ȼɈǙǈȎ̫̿́ GSTɓ�ͤΐͳ͕ʇ̨̙̦ɺɟ̙̠ GST-MEKK1 Full̆Δ83̆Δ166̆KDG̮ΐʴ

lʳȖƛć͆ GST-MKK1 KN̆  GST-MKK2 KN̆  GST-MKK6 KN̆  GST-MKK4 KN̆  GST-MKK5 KN

͆ªʇ̫  [γ-32P] ATP͆ǎ̦̊ƩÈ̙̠̇ªʇ̮ΐʴl̮Ͳΐͫ͆ Autoradiograph{̱ªʇͤΐͳ͕

ʇ̮Ͳΐͫ͆ CBB Staining̫ǭ̙̠̇   
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1C.3. MEKK1 ̨ MAPKK̮ǟ�-ǎ  

 

˳ MEKK1̮ªʇʭĝžŷ͆̆ͤΐͳ͕ʇ˂̮ǟ�-ǎŸò̆ǂ̫MEKK1ΐʴlʳȖƛ

ć̨ǟ�-ǎ̮˃3͆Ųɫ̛̠̻̫͂̆ʳƉ Two-hybridƔ̫̿͂ǟ�-ǎɧŤ͆ɕ̣̠̇

MEKK1 Full̆KN̆KD̆KDKN ͙͆Β̛ͫ͂ʮ#À͆ pBD ͻ͕ͤΒ̫ÕH̙̆͜Ύ͋ͮͬ͟

̮ͬ MAPKKI 10Ƿˢ͙͆Β̛ͫ͂ʮ#À͆ pADͻ͕ͤΒ̫ÕḢ̙̠	ͻ͕ͤΒ͆ʳƉ

YRG-2Ŭ̫÷ʇʏĮ̙̆ʹͦ͞͝ΐɡƏć̫̣̦̿ǟ�-ǎ̮ŲT͆ɕ̣̠ (Fig. 20)̇ 

˳ MEKK1 Full{̱ KD̯ MKK2 ̨̮ǟ�-ǎ̏Ǭɳ̗̠̓̇MEKK1 KN{̱ KDKN ͆

ǎ̠̊ˏ̫̯̆MKK1̆MKK2̫Ờ͂ǟ�-ǎ̏ɣ̸̠̠̜̮̀̓̇̆̊̓ MEKK1 ͆ǎ

̠̊ˏ̫̼̆MKK1 {̱ MKK2 �´̮ MAPKK ̨̮ǟ�-ǎ̯ɣ̨̪̣̠̮̀̓̎̇̕̕

̎̀MEKK1̯̆×̨̪̼͓̑ͬΒͫ͋͡ΐ̫̦̍̊MKK1̆MKK2̨ǟ�-ą̙̦̌̊͂̆̕

MKKΛ̏ΐʴl̗̠̓ǃĐ̧̨̉͂ǟ�-ǎ̏ŲŢ̨̪̪̐̑͂̏̕ǭ�̗̠̓̇ 

˳ ̧̞̆̕MKK1 ̫Ờ͂ΐʴl̏ǟ�-ǎ̫ø˛̙̦̮͆̊͂̎͆Ųɫ̛̠̻͂̆

MKK1 ̨ MKK2 ̮ΐʴlʰ'̮͠ΐ̆͐ͭ͞ΐƄª͆ʴć͉Ͱʴ̮͉͞ͳΊ͔ΐʴ

̼̙̯͖̑Όͤΐʴ̫͉ͰʴȭĮ̙̆ΐʴlǃĐ͆ź;̙̠ƛć§̮ AC ͆ǎ̦̊ʳƉ

Two-hybridƔ͆ɕ̣̠ (Fig. 21A)̇MEKK1 Full̆MEKK1 KN̮ʮ#À̯ pADͻ͕ͤΒ̫̆

MKK1̆MKK 2̮WT{̱ AC̮ʮ#À̯ pBDͻ͕ͤΒ̫ÕḢ̙̠Ȟŧ͆ Fig. 21B̫

ǭ̙̠̇ 

˳ MEKK1̨MKK1̮ǟ�-ǎ̯̆MEKK1 KN ̨MKK1 WT̨̮̮̹̐ǟ�-ǎ̏ŲT̗

̓̆MEKK1̏ Full̼̙̯̑MKK1 AC̨̮̯̐ǟ�-ǎ̏ɣ̪̣̠̀̓̎̇�Ń̆MKK2̨

̮ǟ�-ǎ̵̛̯̦̮͙̆ΐͪ͞Ί̧͕ͪǟ�-ǎ̏Ǭɳ̗̠̮̓̇̕Ȟŧ̎̀̆MEKK1 ̨

MKK1 ̨̮ǟ�-ǎ̯̆MKK1 ̮ΐʴlǃĐ̫ø˛̗̓̆ΐʴl͆�̠̓ƛć§̮

MKK1̯ MEKK1 ̨̮ǟ�-ǎ̏ǫ̪̣̠̂̑͂̏̎̇̕ͅ�Ń̆MKK2̮ΐʴlǃĐ̯

MEKK1 ̨̮ǟ�-ǎ̫ø˛̙̪̣̠̎̇ 
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Fig. 20 MEKK1 ̨ MAPKK̮ʳƉ Two-hybrid Ɣ̫̿͂ǟ�-ǎ̮ɧŤ  

MEKK1 ̮ʮ#À͆ pBD ͻ͕ͤΒ̫ħH̙̠ pBD-MEKK1 {̱ MAPKK ̮ʮ#À̞̟͆̓̓ pAD ͻ

͕ͤΒ̫ħH̙̠ pAD-MAPKK ͆ʳƉ YRG-2Ŭ̫ Trp ̨ Leu̮ū˦ɡƏć͆[ǎ̙̦÷ʇʏĮ̙̠̇  

SD (TrpΙ, LeuΙ){̱ SD (TrpΙ, LeuΙ, HisΙ) ©¥̧̮ǌȶ͆ǭ̙̠̇SD (TrpΙ, LeuΙ, HisΙ) ©¥̫

̍̓͂ǌȶ͆ĤŹ̫ǟ�-ǎɧŤ͆ɕ̣̠̇   
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Fig. 21 MEKK1 ̨̮ǟ�-ǎ̫̍̓͂ MKK1{̱ MKK2̮ΐʴlǃĐ̮ø˛  

(A) ʸǌ§  (WT) ̮ MKK1 {̱ MKK2 ̨ƛć§  (AC) ̮ MKK1 AC (T218E/S224E), MKK2 AC 

(T220D/S226E)̮ΐʴl͚͋ͪ�ʘ̮͉ͰʴʱW͆ǭ̙̠̇¸Â̯ΐʴl͚͋ͪ  (˱Â ) {̱ȭĮ

̙̠͉Ͱʴ  (ʉÂ) ̞̟͆̓̓ǭ̙̠̇  

(B)MEKK1̮ Full{̱ KN̮ cDNA ͆ pADͻ͕ͤΒ̫ħH̙̠ pAD-MEKK1 Full{̱  KN ̨ MKK1̆  

MKK 2̮ʸǌ§  (WT) {̱ƛć§  (AC) ̮ cDNA ͆ pBD ͻ͕ͤΒ̫ħH̙̠ pBD-MKK1 WT, AC, 

MKK2 WT, AC ͆ʳƉ YRG-2Ŭ̫ Trp ̨ Leu̮ū˦ɡƏć͆[ǎ̙̦÷ʇʏĮ̙̠̇  SD (TrpΙ, Leu

Ι)©¥̧̮ǌȶ̆SD (TrpΙ, LeuΙ, HisΙ) ©¥̧̮ǌȶ͆ǭ̙̠̇   
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1C.4. MEKK1̮ NśȀ˟¨̫̿͂ΐʴlʳȖƛć̮˅Ë  

 

˳ 1C.2.̧ɣ̠̀̓ MEKK1̮ NśȀ˟¨̨ΐʴlʳȖƛć̮˃3̗̫͆̀Ųɫ̛̠̻͂

̫̆GSTɓ�ͤΐͳ͕ʇ̨̙̦ NśȀ˟¨̮ GST-MEKK1 1-166̆1-332 ͆¶ȼɈǙǈȎ

̫̿́Ǚǈ̆ȋɟ̙̠̇̓̀̕ NśȀ˟¨ͤΐͳ͕ʇÃ¤�̫̦̍̊ GST-MEKK1 KD̮

ΐʴlʳȖƛć͆ƩĘ̧̛̀͂̆̕NśȀ˟¨̮ΐʴlʳȖƛć̴̮ø˛͆ɺ̵̠̇ΐ

ʴlʳȖƛćƩÈ̮ªʇ̫̯̆͠ΐ/͐ͭ͞ΐ͓ͬΒ̮͡΄ͩΌªʇ̧̉͂ MBP ͆ǎ

̠̊ (Fig. 22)̇ 

˳ GST-MEKK1 KD̯̆NśȀ˟¨˘Ã¤�̫̦̍̊ MBP ͆ΐʴl̙̠̇GST-MEKK1 

1-166Ã¤�̫̦̍̊̆GST-MEKK1 KD̮ MBP ΐʴlƛć̶̨̯͇̩³l̙̪̣̠̎

̏̆GST-MEKK1 1-332 ̮Ã¤�̧̯̞̮̆ΐʴlʳȖƛć̮(�̸̹̠̠̏̀̓̇̆

GST-MEKK1 1-166 ̨ GST-MEKK1 1-332̯̆GST-MEKK1 KD̫̿́ΐʴl̗̠̓̇ 

˳ N śȀ˟¨̮Ã¤̫̿͂ΐʴlʳȖƛć̴̮ø˛̗̫͆̀ɲș̫Ųɫ̛̠̻͂̆� N

śȀ˟¨ͤΐͳ͕ʇʹ͆Λ9ʹ̆Μ9ʹ̆Ξ9ʹ̨³l̗̝̦̆Fig. 22 ̨�Ÿ̮É˪͆ɕ̪

̣̠ (Fig. 23)̇GST-MEKK1 1-166̯̞̮ͤΐͳ͕ʇʹ͆³l̗̝̦̼̆GST-MEKK1 KD

̮ MBP ΐʴlƛć̫Ờ͂ø˛̯ɣ̪̣̠̀̓̎̇�Ń̆GST-MEKK1 1-332̮ͤΐͳ

͕ʇʹ̮°e̫$̣̦̆GST-MEKK1 KD ̮ MBP ΐʴlƛć̯(�̨̛̣͂̏̎̕ͅ

̠̇ 

˳ ̨̮̓̀̎̀̆̕̕MEKK1 ̮ N śȀ˟¨͓̏ͬΒͫ͋͡ΐ̮ƛć͆Ǟīę]̛͂žȹ

͆ģ̨̤̣̠̗̫̏̎̇̀̆̕ͅGST-MEKK1 1-166 ̧̯ø˛̏ɣ̜̀̓̆GST-MEKK1 

1-332̧ΐʴlʳȖƛć̮ę]iŧ̏ɣ̨̠̀̓̎̀̆̕167Ǖǝ̎̀ 332Ǖǝ̮͉Ͱ

ʴƄª̏ǂ̫͓ͬΒͫ͋͡ΐ̮ģ̤ΐʴlʳȖƛć͆ę]̛͂žȹ͆Ŗ̨̙̦̊͂̏̕

ǭ�̗̠̓̇ 

  



 62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 22 NśȀ˟¨Ã¤�̫̍̓͂ MEKK1 KD̮ΐʴlʳȖƛćƩÈ  

(A) ŜÉ˪̧ǎ̠̊ NśȀ˟¨ MEKK1 1-166̆1-332̮źò�͆ǭ̙̠̇  

(B) GST-MEKK1 1-166̆1-332 ̮Ã¤�̫̍̓͂ GST-MEKK1 KD̮΄ͩΌªʇ MBP̴̮ΐʴlʳ

Ȗƛć͆  [γ-32P] ATP ͆ǎ̦̊ƩÈ̙̠̇Autoradiograph{̱ CBB Staining̮Ȟŧ͆ǭ̙̠̇    
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Fig. 23 NśȀ˟¨Ã¤ʹ̨ MEKK1 KD̮ΐʴlʳȖƛć  

GST-MEKK1 1-166 (A)̆GST-MEKK1 1-332 (B) ̮Ã¤�̫̍̓͂ GST-MEKK1 KD̮ΐʴlʳȖƛ

ć͆ MBP͆ªʇ̫  [γ-32P] ATP͆ǎ̦̊ƩÈ̙̠̇GST-MEKK1 1-166̆1-332̮ͤΐͳ͕ʇƥeʹ͆ 1

9  (X 1)̆Μ9  (X 2)̆Ξ9  (X 4)̨³l̗̝̦Ųɫ̙̠Ȟŧ͆ Autoradiograph{̱ CBB Staining̫ǭ

̙̠̇    
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1C.5. GST-MEKK1̮ΐʴl͉ͰʴƄª  

 

˳ 1C.1.̮Ųɫ̎̀̆GST ɓ�ͤΐͳ͕ʇ̨̙̦¶ȼɈ̧Ǚǈ̗̝̠ MEKK1 ͤΐͳ͕ʇ

GST-MEKK1 Full̆Δ83̆Δ166̆KD̯Ⱦæΐʴl̫̿́Ͳΐͫ͜ͷ̨̛̣̠ͪ͂̏̎̇̕ͅ

̧̞̞̮̆̕ΐʴl͉ͰʴƄª͆ǂÈ̛̠̻͂�ΐʴl͉ͰʴƄª͆ɳɾ̛͂ě+ 

(ěΐʴl͠ΐě+̆ěΐʴl͐ͭ͞ΐě+̆ěΐʴlͦΎ͜ΐě+) ͆ǎ̦̊̆

GST-MEKK1 Full̆∆83̆∆166̆KD̆KN ̆KDKN ͤΐͳ͕ʇ͆͋ͰΎ̸̙̠̠ͧͪ̇̆�

GSTɓ�ͤΐͳ͕ʇ̮Ƙkʹ̮Ǭɳ̯ě GSTě+͆ǎ̦̊ɕ̪̣̠ (Fig. 24)̇ 

˳ ěΐʴl͠ΐě+̫̿͂͋ͰΎ̮ͧͪȞŧ̆GST-MEKK1 Full̆∆83̆∆166̆KD̫

̦̍̊ě GST ě+̧̹̠̀̓ΜŜ̮Ͳΐ̮̜̼ͫ̊̓ŲT̸̗̠̠̓̇̆GST-MEKK1 

KN ̆KDKN ̧̯̆Ͳΐ̯ͫŲT̗̪̣̠̓̎̇ěΐʴl͐ͭ͞ΐě+̫̿͂͋ͰΎ

̧̯ͧͪ̆ěΐʴl͠ΐě+̨�Ÿ̫̆GST-MEKK1 Full̆∆83̆∆166̆KD̮ΜŜ̮Ͳΐ

̮̜̼ͫ̊̓ŲT̗̠̙̙̓̇̎̆ěΐʴl͐ͭ͞ΐě+̧̯ GST-MEKK1 KN ̫̍̊

̦Ͳΐͫ̏ô̑ŲT̗̠̓̇GST-MEKK1 KDKN ̮Ͳΐ̯ͫŲT̗̪̣̠̓̎̇ěΐʴl

ͦΎ͜ΐě+͆ǎ̠̊¬�̞̮̆�̮ΐʴl͉Ͱʴě+̨ǖ̪́̆N śȀ˟¨͆�̧͇

̊͂ GST-MEKK1 Full̆∆83̆∆166̫̦̍̊ΜŜ̮Ͳΐͫ̏ŲT̗̓̆GST-MEKK1 KD̆ 

KN ̆KDKN ̧̯̆Ͳΐ̯ͫŲT̗̪̣̠̮̓̎̇̕Ȟŧ̿́̆¶ȼɈĻǙǈ̙̠ GST ɓ

� MEKK1 ̯̆͠ΐ̆͐ͭ͞ΐƄª̡̧̪̓̑ͦΎ͜ΐƄª̼Ⱦæΐʴl̫̿́7˥̗

̸̨̦̠̓̊͂̆̕ΐʴlͦΎ͜ΐƄª̯ NśȀ˟¨̫Ã¤̨̛͂̏̕ǭ�̗̠̓̇ 
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Fig. 24 GST-MEKK1̮ΐʴl7˥  

¶ȼɈǙǈȎ̫̦̍̊ GST ɓ�ͤΐͳ͕ʇ̨̙̦ɺɟ̙̠ GST-MEKK1 Full̆Δ83̆Δ166̆KD̆KN̆

KDKN ͆ SDS-PAGE ̫ ̿ ́ Ú ˁ ̙ ̆ ě GST ě +  (anti-GST) ̆ ě  ΐ ʴ l ͠  ΐ ě +  

(anti-Phospho-Serine)̆ěΐʴl͐ͭ͞ΐě+  (anti-Phospho-Threonine)̆ěΐʴlͦΎ͜ΐ

ě+  (anti-Phospho-Tyrosine) ͆ǎ̦̊͋ͰΎ̙̠ͧͪ̇�̮ã̫UÀʹ͆ǭ̙̠̇   
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1C.6. GST-MEKK1̮ͦΎ͜ΐΐʴl  

 

˳ 1C.5.̫̦̍̊̆ěΐʴlͦΎ͜ΐě+̫̿͂͋ͰΎ̧ͧͪ GST-MEKK1 Full̆∆83̆

∆166 ̨Ɗʑ̙̦ GST-MEKK1 KD ̮ŲT̶̨͇̩̏ɣ̨̪̣̠̀̓̎̎̀̆̕

GST-MEKK1 ̮ͦΎ͜ΐΐʴl7˥̯̆�̫ N śȀ˟¨̫Ã¤̨̙̦̊͂̏̕ǭ�̗̓

̠̇MEKK1̯ NśȀ˟¨̫̦̍̊̆NśȀ>̎̀ 38Ǖǝ̆84Ǖǝ̆204Ǖǝ̆323Ǖǝ

̮'ȭ̫ɪ 4̤̮ͦΎ͜ΐƄª͆ģ̤ (Fig. 25A)̧̞̇̆̕GST-MEKK1̮ͦΎ͜ΐΐʴ

l7˥͚͋ͪ͆�È̛̠̻͂̆̓̀̕ 4 ȆĖ̮ͦΎ͜ΐƄª̞̟͆̓̓ΐʴl̮7˥͆�

̪̓̊ͷ͍ͭΌ͉ΊͭΐƄª̫ȭĮ̙̠̆GST-MEKK1 Y38F̆Y84F̆Y204F̆Y323F ̮ͤ

ΐͳ͕ʇ͆¶ȼɈǙǈȎ̫̿́ɺɟ̙̠̇ɺɟ̙̠ͤΐͳ͕ʇ̮źò�͆ Fig. 25B̫ǭ̛̇

̓̀ͦ̕Ύ͜ΐ³ǖ§ MEKK1 ͤΐͳ͕ʇ͆ GST-MEKK1 Full{̱ KN͆ƊʑÒʀ̨̙̦̆

ě GST ě+̆ěΐʴl͠ΐě+̆ěΐʴl͐ͭ͞ΐě+̆ěΐʴlͦΎ͜ΐě+

͆ǎ̠̊͋ͰΎ̨̛̫ͧͪ͆͂̿́̆̕MEKK1 ͤΐͳ͕ʇ̫̍̓͂ͦΎ͜ΐΐʴl7˥

̮ø˛͆ɺ̵̠ (Fig. 26)̇ 

˳ GST-MEKK1 Y38F̆Y84F̆Y204F̆Y323F ̮̜̮̊̓ͦΎ͜ΐ³ǖͤΐͳ͕ʇ̼̆ě

GST ě+̆ěΐʴl͠ΐě+̆ěΐʴl͐ͭ͞ΐě+̫̿͂͋ͰΎ̮ͧͪȞŧ̆

GST-MEKK1 Full ̨Ɗʑ̙̦³l̯ɣ̜̀̓̆Ȑ 135 kDa ̨Ȑ 130 kDa̮'ȭ̫ 2Ŝ̮

Ͳΐͫ̏ŲT̗̠̙̙̓̇̎̆ěΐʴlͦΎ͜ΐě+̫̿͂͋ͰΎ̫̦ͧͪ̍̊̆

GST-MEKK1 Y323F̮ͦΎ͜ΐ³ǖ+̧̯ GST-MEKK1 Full ̨̮åų̶̯͇̩̈̄ɣ̀̓

̪̮̫̊Ò̙̆GST-MEKK1 Y204F̫̦̍̊Ȑ 130 kDa̮(UÀʹ>̮Ͳΐ̮ͫŲT̏

ǫ̪̂̑͂̆̕GST-MEKK1 Y38F̆Y84F ̧̯ˬUÀʹ>̮Ͳΐ̮ͫŲT̏×̙ô̪̑͂̕

̨̣̠̮̏̎̇̕ͅȞŧ̎̀̆MEKK1 ̮ N śȀ˟¨̴̮ΐʴl͚̯͋ͪɠĻÃ¤̨̛͂

ȳ̌̀̓͂̏̆ŕ̼ø˛̮̣̠̉ 204Ǖǝ̮ͦΎ͜ΐƄª̏ΐʴl7˥̮�̧̪͚͋ͪ̉

̨͂̏̕ǭ�̗̠̓̇ 

˳ ̗̫̀̆ͦΎ͜ΐ³ǖ+ GST-MEKK1 Y38F̆Y84F̆Y204F̆Y323F ͤΐͳ͕ʇ̮ªʇ

ΐʴlʳȖƛć͆ƩÈ̙̠ (Fig. 27)̇ΐʴlʳȖƛć̯ GST-MEKK1 Full ͆ƊʑÒʀ

̨̙̦̆1C.2.̫̦̍̊GST-MEKK1 Fulļƛć̏ɣ̠̀̓GST-MKK1 KN͆ªʇ̨̙̦ɕ

̪̣̠̇ 

˳ GST-MEKK1 Full̆Y38F̆Y84F̆Y323F ̫̦̍̊ GST-MKK1 KN̮ΐʴl̏Ǭɳ̗

̨̞̓̆̓̀Ɗʑ̙̦GST-MEKK1 Y204F̮ΐʴlʳȖƛć̮(�̏ɣ̠̀̓̇Fig. 26

̧ͦΎ͜ΐΐʴl̏ŕ̼(�̙̦̠̊ 204 Ǖǝ̮ͦΎ͜ΐ³ǖ§ MEKK1 ̧̉͂

GST-MEKK1 Y204F ̮ΐʴlʳȖƛć̏(�̨̙̦̠̊̎̀̆̕204 Ǖǝ̮ͦΎ͜ΐƄ

ª̮ΐʴl̏ΐʴlʳȖƛć̫ø˛̛͂�ȹć̏ǭ�̗̠̓̇ 
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Fig. 25 ͦΎ͜ΐ³ǖ§ MEKK1 ͤΐͳ͕ʇ̮źò�  

(A) MEKK1 ̮ N śȀ˟¨̫Ã¤̛͂ͦΎ͜ΐƄª͆Ȧɂ̧ǭ̙̠̇˰ɂ̮˟¨̯͓ͬΒͫ͋͡ΐ͆

ǭ̙̦̊͂̇ΔBΕ  ¶ȼɈǙǈȎ̫̦̍̊ GST ɓ�ͤΐͳ͕ʇ̨̙̦ɺɟ̙̠ͦΎ͜ΐ³ǖ§ MEKK1

̮ͤΐͳ͕ʇźò�͆ǭ̙̠̇38̆84̆204Θ323Ǖǝ̮ TyrƄª͆ΐʴl̗̪̓̊ PheƄª̫ȭĮ̙

̠ͦΎ͜ΐ³ǖ§ MEKK1 Y38F̆Y84F̆Y204F̆Y323F ͆-ɟ̙̠̇ȭĮ̙̠ͦΎ͜ΐƄª̮'ȭ͆Ȧ

Ȩ̧ǭ̙̠̇   
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Fig. 26 ͦΎ͜ΐ³ǖ§ GST-MEKK1̮ΐʴl7˥  

¶ȼɈǙǈȎ̫̿́ɺɟ̙̠ GST-MEKK1 Full̆Y38F̆Y84F̆Y204F̆Y323F͆ SDS-PAGE̫̿́Úˁ

̙̆ě GST ě+  (anti-GST)̆ěΐʴl͠ΐě+  (anti-Phospho-Serine)̆ěΐʴl͐ͭ͞ΐě

+  (anti-Phospho-Threonine)̆ěΐʴlͦΎ͜ΐě+  (anti-Phospho-Tyrosine) ͆ǎ̦̊͋Ͱ

Ύ̙̠ͧͪ̇  

 
 
 
 
 
 
 
 
 

 

 

 

Fig. 27 ͦΎ͜ΐ³ǖ§ GST-MEKK1̮ΐʴlʳȖƛćƩÈ  

¶ȼɈǙǈȎ̫̿́ɺɟ̙̠ GST-MEKK1 Full̆Y38F̆Y84F̆Y204F̆Y323F ͆ǎ̦̊ GST-MKK1 KN

͆ªʇ̨̙̦ΐʴlʳȖƛćƩÈ͆ɕ̪̣̠̇ªʇ̮ΐʴl̮Ͳΐͫ͆ Autoradiograph {̱ªʇ

ͤΐͳ͕ʇ̮Ͳΐͫ͆ CBB Staining̫ǭ̙̠̇   



 69 

1C.7. ͦΎ͜ΐ³ǖ§ MEKK1 ̨ MAPKK ̨̮ǟ�-ǎ  

 

˳ 1C.3.̫̦̍̊MEKK1̮ΐʴlʳȖƛć̏ʳƉ Two-hybridƔ͆ǎ̠̊MKK1̨̮ǟ

�-ǎ̫ø˛̨̛͂͆̕ǭ̙̠̇GST-MEKK1 Y204F̮ GST-MKK1 KN̴̮ΐʴlʳ

Ȗƛć̮(�̏ɣ̨̠̀̓̎̀̆ͦ̕Ύ͜ΐ³ǖ+̨MKK1̆MKK2̨̮ǟ�-ǎ̴̮ø˛

͆Ųɰ̙̠̇ǟ�-ǎ̮ɧŤ̯ʳƉ Two-hybridƔ͆ǎ̠̊̇MEKK1 Full̆Y38F̆Y84F̆

Y204F̆Y323F̆KN̮ʮ#À͆ pAD ͻ͕ͤΒ̫̆MKK1̆MKK 2̮ WT{̱ AC̮ʮ#

À͆pBDͻ͕ͤΒ̫ÕḢ̙̠	ͻ͕ͤΒ͆ʳƉYRG-2Ŭ̫÷ʇʏĮ̙̆ʹͦ͞͝ΐɡƏć

̫̣̦̿ǟ�-ǎ̮ɧŤ͆ɕ̣̠ (Fig. 28)̇ 

˳ �ͦΎ͜ΐ³ǖ§ MEKK1̯̜̼̊̓ MEKK1 Full ̨�Ÿ̫ MKK2 ̨̮ǟ�-ǎ̯ŲT

̗̠̓̇�Ņ́̆MKK1 ̨̮ǟ�-ǎ̯ŲT̗̪̣̠̮̓̎̇̕Ȟŧ̯̓̀ͦ̕Ύ͜ΐƄª

̮ΐʴl̯ MAPKK ̨̮ǟ�-ǎ̫ø˛̨̙̪̊͆̕ǭ�̙̦̊͂̇ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 28 ͦΎ͜ΐ³ǖ§ MEKK1 ̨ MKK1{̱ MKK2 ̨̮ǟ�-ǎɧŤ  

MEKK1̮ Full̆Y38F̆Y84F̆Y204F̆Y323F̆KN̮ cDNA ͆ pBD ͻ͕ͤΒ̫ħH̙̠ pBD-MEKK1 

Full̆Y38F̆Y84F̆Y204F̆Y323F̆KN ̨ MKK1̆  MKK 2̮ cDNA ͆ pAD ͻ͕ͤΒ̫ħH̙̠

pAD-MKK1̆MKK 2͆ʳƉ YRG-2Ŭ̫ Trp ̨ Leu̮ū˦ɡƏć͆[ǎ̙̦÷ʇʏĮ̙̠̇  SD (TrpΙ, 

LeuΙ)©¥̧̮ǌȶ̆SD (TrpΙ, LeuΙ, HisΙ) ©¥̧̮ǌȶ͆ǭ̙̠̇
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1D. ȳÐ  

 

1D.1. ¶ȼɈǙǈ GST-MEKK1 ͤΐͳ͕ʇ̮ΐʴl7˥  

 

˳ ¶ȼɈǙǈȎ̫̿́ GSTɓ�ͤΐͳ͕ʇ̨̙̦ɺɟ̙̠Iʿ̮ MEKK1 Full{̱ NśȀ

ſı̮MEKK1 ∆83̆∆166̆KDͤΐͳ͕ʇ̯SDS-PAGE�̧�ƩUÀʹ̿́ˬUÀʹ>

̫ 2Ŝ̮Ͳΐͫ̏ŲT̗̞̮̜̼̓̆̊̓ÆIʿ̮GST-MEKK1ͤΐͳ͕ʇ̧̨̉͂̏̕C

śȀ˟¨͆ɳɾ̛͂ě MEKK1ǂǖě+̧͋ͰΎ̨̧̛ͧͪ͂̕Ǭɳ̗̠̓ (Fig. 15)̇

̮̕ 2 Ŝ̮Ͳΐ̯ͫȻΐʴl̫̿́�ƩUÀʹ̮'ȭ̫ 1 Ŝ̮Ͳΐ̨̙̦ͫŲT̗̓͂̕

̨ (Fig. 16)̸̠̆ěΐʴl͉Ͱʴě+̫̿́͠ΐ̆͐ͭ͞ΐ̆ͦΎ͜ΐƄª̮ΐʴ

l̏ŲT̨̗̠̓̎̀̕ (Fig. 24)̆¶ȼɈǙǈ GST-MEKK1 ͤΐͳ͕ʇ̯ΐʴl̫̿́

SDS-PAGE �̧Ͳΐͫ͜ͷ̨̛̣̠̮ͪ͂̏̎̇̕̕ͅͲΐͫ͜ͷ̯ͪ�ƛć§̮

GST-MEKK1 KN̆KDKN ̧̯ɣ̨̪̣̠̀̓̎̎̀̕¶ȼɈĻ GST-MEKK1 ̏Ⱦæ

ΐʴlʳȖƛć̫̿́ΐʴl7˥̨̗̓͂ȳ̌̀̓͂ (Fig. 15)̸̠̮̇̕Ͳΐͫ͜ͷ̯ͪ

GST-MEKK1 KD ̫̦̼̍̊ɣ̨̠͓̀̓̎̀ͬ̕Βͫ͋͡ΐ̮ΐʴl7˥̏�̫˃�

̨̙̦̊͂̏̕ȳ̌̀̓͂ (Fig. 15)̸̠̇ěΐʴl͉Ͱʴě+̫̿͂͋ͰΎ̮ͧͪȞ

ŧ͓̎̀ͬΒͫ͋͡ΐ̫͠ΐ{̱͐ͭ͞ΐ̮ΐʴl̏ŲT̗̠̓�Ń̆ͦΎ͜ΐƄª

̮ΐʴl̯ŲT̨̗̪̣̠̓̎̕  (Fig. 24)̸̠̆̆ͦΎ͜ΐƄª͆³ǖ̗̝̠

GST-MEKK1 Y38F̆Y84F̆Y204F̆Y323F ̧̼ GST-MEKK1 Full ̨�Ÿ̮Ͳΐͫ͜ͷͪ

̏ŲT̨̗̠̓̎̀̕ (Fig. 26)͓̆ͬΒͫ͋͡ΐ̫̍̓͂͠ΐ{̱͐ͭ͞ΐ̮ΐʴl

̏Ͳΐͫ͜ͷ̫ͪø˛̨̙̦̊͂̏̕ǭ�̗̓͂̇ 

 

1D.2. MEKK1̮ªʇʭĝć  

 

˳ MEKK1 ̸̧̯̮̓̕Ǩǻ̿́ʳƉ Two-hybrid Ɣ͆ǎ̠̊ǟ�-ǎ̽ʳƉ̮žȹǟɞ

É˪̫̿́ MKK1̆MKK2 ͆�Ɯ�Ą̙̦̀ģ̨̤̏̕«�̗̦̓̊͂ (Ichimura et al. 

1998; Mizoguchi et al. 1998)̙̙̪̇̎̏̀̆MEKK1̮ MAPKK̫Ờ͂ΐʴlʳȖƛ

ć̮ƩĘ̶̯͇̩̪̗̦̪̣̠̀̓̊̎̇ŜǨǻ̫̦̍̊¶ȼɈǙǈȎ̫̿́ɺɟ̙̠

MEKK1̮͓ͬΒͫ͋͡ΐ̯͜Ύ̮͋ͮͬͬ͟I 10Ƿˢ̮ MAPKK̢̮̋ A ͖ΌΒ̮

MAPKK ̧̉͂ MKK1̆MKK2̆MKK6 ͆ʭĝǚ̫ΐʴl̙̠ (Fig. 18)̮̇̕Ȟŧ̿́̆

MKK1 ̨MKK2̯ MEKK1 ̨ǟ�-ǎ̡̧̛̪͂̓̑̆MEKK1̫̣̦̿ΐʴl̨̗̓͂̕

̏Ŋ̫̪̣̠̗̫̀̎̇̀ MEKK1̯ MKK6 ̼ΐʴl̨̙̠̎̀̆̕MKK6 ̼�Ɯ�Ą̙̀

̦žȹ̛͂�ȹć̏ȳ̌̀̓͂̇ 
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˳ ̸̧̮̓̕ʳƉ Two-hybridƔ̫̿͂MEKK1 ̨MAPKK ̨̮ǟ�-ǎ̫˃̛͂«�̎̀

MKK1{̱MKK2̨ǟ�-ą̛̯̌͂̕«�̗̦̓̊͂̏̆Òʀ̨̙̠MAPKK̯MKK1̆

MKK2̆MKK3̆MKK4̮ΞUÀǷ̫ˇ̦̀̓̊͂ (Ichimura et al. 1998; Mizoguchi et al. 

1998)̇ MEKK1̮͓ͬΒͫ͋͡ΐ̯ MKK1̆MKK2 ̡̧̪̓̑ MKK6 ̼ΐʴl̨̙̠̕

̎̀ (Fig. 18)̆MEKK1̨͜Ύ̫͋ͮͬͬ͟Ã¤̙̦̊͂I 10Ƿˢ̮MAPKK ̨̮ǟ�-

ǎ̮Ųɫ͆ɕ̣̠ (Fig. 20)̇MEKK1 Full{̱ KD̯ MKK2̨̮̹ǟ�-ǎ̏ɣ̀̓̆

ΐʴlʳȖƛć͆Ơº̗̝̠ MEKK1 KN̆KDKN̯ MKK1̆MKK2 ̨ǟ�-ǎ̙̠̜̇̊

̮͙̓ΐͪ͞Ί͕̫̦̼ͪ̍̊ MKK1̆MKK2 �´̮ MAPKK ̨̯ǟ�-ǎ̏ɣ̪̣̀̓̎

̠̇MEKK1̯ MKK6 ̫Ờ͂ΐʴlʳȖƛć͆Ŗ̙̦̊͂̏̆ʳƉ Two-hybridƔ̫̿

͂ǟ�-ǎɧŢ̯̌ǟ�-ǎ̯ŲT̗̪̣̠̓̎̇MKK6 ̸̧̯̓̕șȸʇUɛ̮]ÿ

̫˃͖͂ͬ͜ͅΌ#ʩȝʍ̫̦̍̊ ANP1 ̱̍̿ ANP3 ̮�Ɯ̧B̨̑̏̕«�̗̦̓̍

́ (Takahashi et al. 2010)̸̠̆ BiFCƔ̫̿́̆MKK6 ̨ ANP3̮ǟ�-ǎ̏ŲT̗̓͂

̏̆MKK6 ̨ MEKK1 ̨̮ǟ�-ǎ̯ŲT̨̗̪̼̓̊̕«�̗̦̓̊͂ (Zeng et al. 

2011)̮̇̓̀̕«�͆ʎ̸̨̌͂̆MKK6 ̮�Ɯ̧žȹ̛͂ MAPKKK ̯ MEKK1 ̼̿́

ANP3 ̼̙̯̑ ANP1̆ANP2̧̨̉͂ȳ̌̀̓͂̇ 

˳ ̸̧̓̆̕MKK1̯AË̽ǘxɈďũ̫̦̍̊ƛćl̨̛͂̆̕�Ń̆MKK2̯(ƨ̽ˬ

®̫̣̦̿ƛćl̨̛͂̏̕«�̗̦̓̍́  (Teige et al. 2004)̞̮̆�Ɯ̨̗̓͂

MEKK1̯�͖ͬ͜Ό̫Ą̦̚MKK1 ̨MKK2͆ʭĝ̙̦͖ͬ͜Ό͆#ʩ̨̙̦̊͂ȳ̌̀

̦͓̓̊͂̇ͬΒͫ͋͡ΐ̮̹̮ GST-MEKK1 KD ̧̯ A ͖ΌΒ̮ MAPKK ̧̉͂

MKK1̆MKK2̆MKK6̴̮ΐʴlʳȖƛć̫ʪ̯̊ɣ̪̣̠̀̓̎̏̆Iʿ{̱Nś˟

¨͆ʰUǚ̫ſı̗̝̠ GST-MEKK1 Full̆∆83̆∆166̯ MKK1 ͆ΐʴl̛̼̮̮͂̆

MKK2̆MKK6̴̮ΐʴl̯ŲT̨̗̪̓̊̊̋ªʇ̫̿͂ΐʴlʳȖƛć̮ʪ̊̏ɣ

̠̀̓ (Fig. 19)̨̮̯̇̕̕ MEKK1̮ NśȀ˟¨̆ǂ̫ 167Ǖǝ̎̀ 332Ǖǝ̮˟¨

̯͓̆ͬΒͫ͋͡ΐ̮ģ̣̦̊͂ A ͖ΌΒ̮ MAPKK ̫Ờ͂ʭĝć̗̫͆̀ɺȈ̙̆

MKK1̆MKK2̆MKK6̮˂̮ʭĝ̫˃3̨̙̦̊͂ȳ̌̀̓͂̇ 

˳ ̗̫̀̆ʳƉ Two-hybridƔ̫̿͂ǟ�-ǎɧŤ̫̦̍̊MEKK1 ̨MKK1 ̨̮ǟ�-ǎ

̯�ƛć§̮ MEKK1 KN̆KDKŅ̮̹ŲT̗̓̆MKK2 ̨̮ǟ�-ǎ̯ MEKK1̮ƛ

ć̫˃3̪̑ŲT̗̠̓ (Fig. 20)̇MKK1 ̱̍̿ MKK2 ̫ΐʴl̗̠̓ǃĐ͆ź;̛͂

͉ͰʴȭĮ͆ÕH̙̆MEKK1 ̨̮ǟ�-ǎ͆Ųɰ̨̙̠̈́̆̕MKK1 AC (ΐʴl§

MKK1) ̯ MEKK1 KN ̨̮ǟ�-ǎ̏ɣ̪̣̠̀̓̎̇�Ń̆MKK2̫Ờ͂ΐʴl̯

ǟ�-ǎ̫ø˛̨̙̪̣̠̊̏̎̕ͅ  (Fig. 21)̮̪̇̿̋̕ǟ�-ǎŸò̮ʪ̨̊

MEKK1 ̮ªʇ̮ʭĝ̮˃ʣ̯�ǜ̗̫Ųɫ̙̦̊̑ăɡ̮̫̏̉͂̇̿̋ͤ̕ΐͳ͕ʇ

˂ǟ�-ǎ̏̆ΐʴl̮ø˛͆�̨̯̓͂̆̕�̮ΐʴlʳȖ̫̦̼̍̊«�̗̦̓̍
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́��̫0͆ǭ̛̇ǘxɈĄę̮̫̏̐ͷΊ͍͝ΐ̮ͤ͠Β̱̞̮͙̍̿ͤ͠Β̨

̙̦B̑ Leucine-rich repeat receptor-like kinase FLS2 ̨ BAK1 ̯̆ receptor-like 

cytoplasmic kinase BIK1 ̨ǟ�-ǎ̙̆ΐʴl̨̛͂̏̕«�̗̦̓̊͂ (Lu et al. 

2010)̇JGǗƑˆÉ˪̮Ȟŧ̆ͷΊ͍͝ΐSǊ̫̞̮̿́̓̀ǟ�-ǎ̏(�̨̛͂̕

̎̀̆ͷΊ͍͝ΐ̫̿́ƛćl̗̠̓ FLS2 ̨ BAK1 ̏ BIK1 ͆ΐʴl̨̛̫͂̿́̆̕

BIK1̏ͤ͠Βɠ�+̎̀ɧ˒̨̛͂̏̕ĬƩ̗̦̓̊͂̇ 

˳ kǁ̮ MAPKKK ̨ MAPKK ̨̮ǟ�-ǎ̫̦̍̊ DVD ̨͚͋ͪ�̰̓͂Ȟ�͚͋ͪ̏

ʷɡ̪ùa͆ģ̨̤̏̕«�̗̦̓̊͂ ΔTakekawa et al. 2005Ε̮̇̕ DVD ͚̯͋ͪ

MAPKK ̮ C śȀ˟¨̫Ã¤̙̞̮͚̫̦̆͋ͪ̍̊ MAPKKK ̮͓ͬΒͫ͋͡ΐ̨ǟ�

-ą̸̛̠̌͂̆̕ MAPKK ̮ƛćl̫ʷɡ̸̧̨̗̦̠̉͂̓̊͂̇̆DVD ͚̯͋ͪ

MAPKKK ̨ MAPKK ̮ªʇʭĝ̫̼˃3̨̙̦̗̦̊͂̓̊͂̇kǁ̮ MKK4 ̯ N śȀ

˟¨͆ſı̗̝̠ MEKK1 (MEKK1 ∆N) ̨ NśȀ˟¨͆ſı̗̝̠ MTK1 (MTKΛ ∆N)

̮̜̼̊̓̎̀ΐʴl̗̓͂̏̆MKK7̯ MEKK1 ∆N̫̮̹ΐʴl̨̗̮̯̓͂̇̕̕

MKK4 ̏ MEKK1 ∆N ̨ MTKΛ ∆N ̨̮̜̼̊̓ǟ�-ǎ̛͂̇�Ń̆MKK7 ̯ MEKK1 

∆N̮̹ǟ�-ą̨̛̌͂̕˃ʣ̨̙̦̊͂ȳ̦̌̀̓̊͂ ΔTakekawa et al. 2005Ε̸̤̇

́ǟ�-ǎ̮ʪ̊̏ªʇʭĝ̫˃3̙̦̍́̆MEKK1̨MKK1̆MKK2̮˂̧ɣ̠̀̓ǟ

�-ǎ̮Ÿò̫ʪ̊̏ªʇ̮ʭĝć͆ɕ̪̠̻̮̋žŷ̨̙̦-ą̙̦̌̊͂̏̕ȳ̌̀

̓͂̇űǁ̮ MAPKK ̫̦̯̍̊kǁ MAPKK ̧5Ã̗̦̪̓̊͂̿̋ DVD͚̯͋ͪɣ̀

̪̓̊̏̆ʱW̯ǖ̪̼̮̮͂̆�Ÿ̧̮͑ͭ͟MAPKKK̨MAPKK̮ǟ�-ǎ̏]

ÿ̗̦̼̙̪̓̊͂̎̓̊̇ 

 

1D.3. MEKK1̮ΐʴlʳȖƛć]ÿ̫̍̓͂ NśȀ˟¨̮ùa  

 

˳ ʳƉ̮ˬ®ͪ͞͞ȴć̫˃�̛͂ MAPK ͑͗͞Β̮ͫ MAPKK ̧̉͂ PBSΜſıŬ̫

MEKK1 ̨ MKK1 ̼̙̯̑ MKK2 ͆JǙǈ̨̗̝͂̆ˬ®ͪ͞͞�̧ʳƉ̏ǌȶ�ȹ̧̉

̮́̆̕žȹǟɞ̯ N śȀ˟¨͆ʰUǚ̫ſı̙̠ MEKK1 ∆NΔ288-608Ε͆ą̗̌̊͂̀

̫°ǫ̗̃̓͂̏̕«�̗̦̓̊͂(Ichimura et al. 1998; Mizoguchi et al. 1998)̸̤̇́̆

MEKK1 ̮ N śȀ˟¨̯ΐʴlʳȖƛć͆ę]̙̦̍́̆N śȀ͆ſı̗̝̠ MEKK1

̯Iʿ̮ MEKK1 ̨Ɗʑ̙̦̆MKK1/MKK2 ̫Ờ͂ΐʴlʳȖƛć̏�ŉ̛̞͂̆̓

̫̿́ΐʴl̗̠̓ƛć§ MKK1/MKK2 ̏°ĕ̙ˬ®ͪ͞͞ȴćǆþ̮̠̻ʮ#À

Ǚǈ̏õl̗̓̆̿́õ̊®ƶï̧̼ǌȶ̏�ȹ̧̨̫̪̣̠̮̯̪̊̎ȳ̌̀̓͂̇ŜǨ

ǻ̫̦̍̊¶ȼɈɺɟ MEKK1 ̮ΐʴlʳȖƛć͆Éˏ̫ƩÈ̙̠Ȟŧ̆Iʿ̮

MEKK1̯MKK1͆ô̑ΐʴl̙̆NśȀ˟¨͆ſı̨̗̝̫͂̿́̕Ɔˌǚ̫ΐʴl̏
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ọ̸̠̃ (Fig. 19)̸̠̇̆MKK2̆MKK6 ̫Ờ͂ΐʴl̯͓̆ͬΒͫ͋͡ΐ̮͙ΐͪ͞

Ί̧͕ͪ MKK1 ̨�Ÿ̫ŲT̗̓͂̏̆N śȀ˟¨̮Ã¤̶̨̫͇̩̿́ɣ̪̪̣̠̀̓̑ 

(Fig. 19)̨̮̯̇̆̕̕ªʇ̮Ƿˢ̫̣̦̿å̯̼̮̮̉͂NśȀ˟¨̯ΐʴlʳȖƛć

͆ę]̛͂žȹ͆ģ̨̣̦̊͂͆̕ə̸̙̦̤̊͂̇́̆NśȀ˟¨̏ΐʴlʳȖƛć͆ʁ

̫]ÿ̨̙̦̊͂͆̕Ŋ̫̙̠̮̀̎̇̕Ȟŧ̯̆^ʝ̮ Ichimura ̀̽̆Nakagami ̮̀«

�͆ɝ�̦̓̊͂ (Ichimura et al. 1998; Mizoguchi et al. 1998)͓̇ͬΒͫ͋͡ΐ�´̮

˟¨̏̆ΐʴlʳȖƛć̮ę]̫B̨̯̑̕͜Ύ̮͋ͮͬͬ͟ MAPKKK ̧̉͂ ANP1 ̫

̦̼̍̊«�̗̦̓̊͂ (Kovtun et al. 2000)̇ANP1̯ MEKK1 ̨̯ǖ̪́̆NśȀ>̫

͓ͬΒͫ͋͡ΐ͆̆C śȀ̫̞̓�´̮ñʿ̗̠̓˟¨͆Ŗ̙̦̮̊͂̇̕ C śȀ˟¨͆

ſı̗̝̠ ANP DC ͆ΎͪΊ̧ͪ͞Ǚǈ̗̝̠¬�̆Iʿ̮ ANP1̫Ɗ̵̦ MAPK̮

ΐʴl̏4ʥ̨̗̓͂̏̕«�̗̦̓̊͂̇�Ń̆͜Ύ͋ͮͬͬ͟Raf̮ͤ͋CTR1̯̞

̮ NśȀ˟¨͆ſı̨̗̝͂̆Iʿ̮ CTR1 ̨Ɗʑ̙̦̆ΐʴlʳȖƛć̏ô̪̑͂«�

̗̦̏̓̊͂ΔHuang et al. 2003Ε̮̫̤̮̇̿̋̆̊̑̎̕ MAPKKK̯̞̮ùa̞̕ǖ̪

̼̮̮͓͂̆ͬΒͫ͋͡ΐ�´̮˟¨̏̆ΐʴlʳȖƛć̮]ÿ̫˃�̨̛͂ȳ̌̀̓

͂̇ 

˳ N śȀ˟¨̫̿͂ΐʴlʳȖƛć̮ę]iŧ͆̿́Ǟīǚ̫Ųɰ̛̠̻͂̆

GST-MEKK1 1-166̆1-332Ã¤�̫̦̍̊ GST-MEKK1 KD̮΄ͩΌªʇ MBP ΐʴ

lʳȖƛć͆ƩÈ̙̠Ȟŧ̆GST-MEKK1 1-166 ̮Ã¤̧ø˛̙̪̣̠̎̏̆

GST-MEKK1 1-332Ã¤�̧ GST-MEKK1 KD̮MBP ΐʴlʳȖƛć̏(�̨̛͂̕

̣̠̏̎ͅ (Fig. 22̆Fig. 23)̨̮̯̇̓̀̆̕̕MEKK1̮ NśȀ˟¨͓̏̆ͬΒͫ͋͡

ΐ̮ģ̤ΐʴlʳȖƛć͆ę]̛͂ùa͆ģ̨̣̦̊͂͆̕ĸģ̙̦̗̫̍́̆̀̆ǂ̫

167Ǖǝ̎̀ 332Ǖǝ̮˟¨̞̮̏ę]̫ʷɡ̪ùa͆ģ̨̣̦̊͂͆̕ǭ�̙̦̊͂̇̕

̮˟¨̢̮̋̆ǂ̫̆227Ǖǝ̎̀ 329Ǖǝ̮˟¨̯MEKK1̨�̚ A1͚͖ΌΒ̫Û

̛͂ MEKK2̆MEKK3̆MEKK4 ̼�Ÿ̮ʱW̏5Ą̗̦̮̯̮̃̓̊͂̇̆̕̕̕˟¨̏

žȹǚ̫ʷɡ̪ùa͆ģ̨̤͆̕ĸģ̨̙̦̊͂ȳ̌̀̓͂̇N śȀ˟¨̸̧̯̫̓̕«�

̗̦̪̓̊͂̿̋K§ǚ̪΄ͦΒͷŷʢ͆ģ̠̜̆ʱWċ«̎̀žȹ͆ĬÐ̨̛̯͂̕˓̙

̞̮͉̊̏̆ͰʴʱW̫͠ΐƄª̏µ̨̊̏̕ǂā̮�̧̨̤̉͂̊̌͂ (Fig. 8)̇Nś

Ȁ˟¨̡̧̓ 40͑Ė̮͠ΐƄª̏Ã¤̙̞̮̆�̮͉ͰʴƄª̮Ã¤Ǉ̏Ȑ 5% ̪̮

̫Ɗ̵̦͠ΐƄª̮Ã¤Ǉ̯ 12% ̧̗̫̉͂̇̀͠ΐƄª̮ȆĖ̯Eʝ̮ 167 Ǖǝ

̎̀ 332 Ǖǝ̮˟¨̫ǂ̫µ̑Ã¤̙̞̆̓̀͠ΐƄª̏žȹ̫˃3̨̙̦̼̊͂̕ȳ̌

̸̠̀̓͂̇̆ͦΎ͜ΐΐʴl̮�̧̨̪͚͋ͪ̉͂ȳ̌̀̓͂ 204 Ǖǝ̮ͦΎ͜ΐƄª̼

167Ǖǝ̎̀ 332Ǖǝ̮˟¨̫Ã¤̙̦̍́ (Fig. 25A)̮̆ͦ̕Ύ͜ΐ³ǖ§ MEKK1̮

MKK1 ̫Ờ͂ΐʴlʳȖƛć̏ʸć§ MEKK1 ̨Ɗʑ̙̦(�̨̙̦̠̊̎̀̕ (Fig. 
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27)̆167Ǖǝ̎̀ 332Ǖǝ̮˟¨̫̍̓͂ͦΎ͜ΐΐʴl̼ΐʴlʳȖƛć̮]ÿ̫

˃3̙̦̼̙̪̊͂̎̓̊̇ 

 

1D.Ξ . MEKK1̮ͦΎ͜ΐΐʴl̮ùa  

 

˳ ¶ȼɈ̧Ǚǈ̗̝̠ MEKK1 ͤΐͳ͕ʇ̯͠ΐ/͐ͭ͞ΐΐʴlʳȖ̧̫̼̉͂̎̎

̜̀ͦͅΎ͜ΐƄª̮ΐʴl7˥̏ŲT̗̠̓  (Fig. 24)̮̇ͦ̕Ύ͜ΐΐʴl̯

GST-MEKK1 Full̆∆83̆∆166̧ŲT̗̠̓̏̆GST-MEKK1 KḐ̶̨̯͇̩ŲT̗̪̓

̨̣̠̎̎̀̆ͦ̕Ύ͜ΐΐʴl͚̯͋ͪ N śȀ˟¨̫Ã¤̨̙̦̊͂̏̕ȳ̠̌̀̓̇N

śȀ˟¨̫Ã¤̛͂ 4 ̵̛̤̦̮ͦΎ͜ΐƄª̞̟͆̓̓ͷ͍ͭΌ͉ΊͭΐƄª̫ȭĮ̙

̠ͦΎ͜ΐ³ǖ§ MEKK1 ͤΐͳ͕ʇ̢̮̋̆204Ǖǝ̮ͦΎͦΐƄª̮³ǖ+̫̦̍̊ŕ

̼ͦΎ͜ΐΐʴl̏(�̨̙̠̮̎̀ͦ̕̕Ύ͜ΐƄª̏�̪ΐʴļ̨͚͋ͪ̉͂̏̕

ǭ�̗̠̓ (Fig. 26)̙̙̪̜̮̇̎̏̀̆̊̓ͦΎ͜ΐƄª̮³ǖ+̦̼̍̊ÆI̪ͦΎ͜

ΐΐʴl̮Ơº̯ɣ̜̀̓̆ɠĻ̮ͦΎ͜ΐΐʴl͚͋ͪ̏Ã¤̨̛͂ȳ̌̀̓͂̇̓̕

̀ͦΎ͜ΐΐʴl͚͋ͪ͆ƐÈ̛̠̻̫̯͂̆ɠĻ̮ͦΎ͜ΐƄª͆ȭĮ̙̠ͦΎ͜ΐ³

ǖ§ MEKK1 ͆-ɟ̙Ųɫ̛͂ăɡ̨̏̉͂ą̓͂̇ͅ 

˳ ̸̠̆204 Ǖǝ̮ͦΎ͜ΐƄª̮³ǖ+̮ MKK1 ̫Ờ͂ΐʴlʳȖƛć̏̆ʸć§

̽�̮ͦΎ͜ΐ³ǖ+̨Ɗʑ̙̦(�̨̙̦̠̮̊̎̀̆ͦ̕̕Ύ͜ΐΐʴl̏ΐʴlʳ

Ȗƛć̫ø˛̨̛͂̏̕ǭ�̗̠̓ (Fig. 27)̇ͦΎ͜ΐƄª̮ΐʴl̫̣̦̿ƛć]ÿ

̗̓͂ MAPKKK ̨̙̦̆kǁ̮ MAPKKK ̧̉͂ c-Raf ̏«�̗̦̓̊͂ (Chong et al. 

2003; Roskoski 2010)̇c-Raf̯sʹ+ G ͤΐͳ͕ʇ̧̉͂ Ras̮Ȟ�̫̿́ƛćl̛͂

̏̆Ras ̨̮Ȟ�̯ͦΎ͜ΐΐʴlʳȖ Src ̫̿͂ c-Raf̮͓ͬΒͫ͋͡ΐʛ?̮ 341

Ǖǝ̮ͦΎ͜ΐƄª̮ΐʴl͆ɴÕ̙̞̮̆ͦΎ͜ΐΐʴl̯ c-Raf̮ƛćl̫ø˛̛

̨͂̏̕ǣ̦̀̓̊͂ (Chong et al. 2001)̇ 

˳ űǁ̯̆kǁ̧ɣ̪̀̓͂̿̋K§ǚ̪ͦΎ͜ΐͤΐͳ͕ʇΐʴlʳȖ͆ģ̠̪̊̏̆͜

Ύ̮͋ͮͬͬ͟ΐʴlͤΐͳ͕ʇ͆ȤȮǚ̫ɧŤ̨̙̠̈́̆̕94 ȆĖ̮ͦΎ͜ΐƄª̮

ΐʴl7˥̏ŲT̗̯̓̓̆̕ŲT̗̠̓ΐʴl͚̮͋ͪ 4.3% ̧̨̉͂̏̕«�̗̦̓

̊͂ΔSugiyama et al. 2008Ε̮̇̕ƊǇ̯kǁșȸ̫̍̓͂ͦΎ͜ΐΐʴl̮ƊǇ̨¶̐

̪ʪ̨̪̊̏̊̏̕«�̗̠̙̙̓̇̎̆«�̗̠̓ͦΎ͜ΐΐʴlͤΐͳ͕ʇ̫̯

MEKK1̯�̸̦̪̣̠̓̊̎̇ʛì̆Ί͜Ͱͨ͞Ύ̮͋ͫͤ͠Β̞̮͙̽ͤ͠Β̧

̉͂ Leucine-rich repeat receptor-like kinase (LRR-RLK)̆BRI1̽ BAK1̏ͦΎ͜ΐƄª

̮Ⱦæΐʴlƛć͆ģ̸̨̣̦̠̊͂̆̕Éˏ̫űǁĻͦΎ͜ΐƄª̮ΐʴl̏ǌ̚

̨̦̊͂̏̕«�̗̦̠̓̐(Oh et al. 2009; Oh et al. 2010)̇BRI1̯ɠĻ̮ͦΎ͜ΐΐ
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ʴl͚͋ͪ͆ģ̢͓̆ͬΒͫ͋͡ΐL̮ 956 Ǖǝ̮ͦΎ͜ΐƄª̮ΐʴl̏ΐʴlʳ

Ȗƛć̫ăɡ̧̨̉͂̽̆̕Ƚʛ?ͫ͋ΐ̫̉͂ 831 Ǖǝ̮ͦΎ͜ΐƄª̮ΐʴl̯

ΐʴlʳȖƛć̫ă˞̧̯̪̊̏̆űǁĻ̮Ί͜Ͱͨ͞Ύ͖͋ͫͬ͜ΐ͖̫̦̍̊ʷ

ɡ̪ùa͆ģ̨̤̏̕«�̗̦̓̊͂ (Oh et al. 2009)̸̠̇̆23Ƿ̮ LRR-RLK̮șȸʇ

ͫ͋ΐ͆¶ȼɈ̧ɺɟ̨̢̙̠̞̮̈́̆̋̕ 11Ƿ̏Ⱦæΐʴlƛć͆ģ̢̆9Ƿ̧͐͞

ͭΐƄª̮ΐʴl̆6 Ƿ̧ͦΎ͜ΐƄª̮ΐʴl̏Ǭɳ̗̓̆ͦΎ͜ΐƄª̮ΐʴl

̏űǁ̮ͤ͠Β͓ͬΒ̫͡êî̑Ã¤̨̙̦̊͂̏̕ǭ�̗̠̓ (Oh et al. 2009)̇Ŝ

Ǩǻ̫̦̍̊̆¶ȼɈǙǈȎ̫̿́ɺɟ̙̠MEKK1̯ͦΎ͜ΐΐʴl7˥͆�̦̠̓̊

̏ (Fig. 24)̆Éˏ̫̆űǁL̫̦̍̊̓̀ͦ̕Ύ͜ΐƄª̮ΐʴl͆Ǭɳ̨̛͂̏̕

MEKK1̮ͦΎ͜ΐΐʴl7˥̮žȹ̗̫͆̀Ųɰ̛͂�̧�üʷɡ̧̨̉͂ą̓͂̇ͅ 
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ȂΜǿ  

 
 
 

MEKK1 ͆�̙̠(ƨ͖ͬ͜Ό#ʩȝʍ  
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2A. ȧɻ  

 

 ˳ űǁ̯Ÿ̪̈ǋ¯̫ͪ͞͞é̫Ō̗̦̓̊͂̇QȞƨï̢̛̪ͅ 0˽��̮ŵȀ̪(

ƨǃĐ̮ȡȢ̯űǁ̮ǌȶ̆Ǚǌ̆ǌǍć̫ø˛̛͂ɡ�̮Λ̧̤̉͂̇�Ɂǚ̫̆ƨè

�m͆ʊƫ̨̛͂͜Ύ͋ͮͬͬ̽͟ͽ͌ΐ̮̪͌̿̋͢űǁ̯ 0˽�12˽Ƕï̮QȞ̙̪

̊(ƨ̫Ō̗̦̓̊͂Ř˂̫QḪ̴̌ȴć͆°ỡ͂͑ͭ͆͟ʥl̗̝̦̠̮̐̇̕ǈ

ʀ̯(ƨ˨l̨�̰̦̓̊͂̇�Ņ́̆ƽè̽�ƽè̮űǁ̯(ƨ̫ͪ͞͞ď�ḉ̆

(ƨ˨l̮͑ͭ͆͟ģ̠̪̊̇͜Ύ̯͋ͮͬͬ͟ƊʑǚǤŋ˂̧(ƨ˨l̏ʊ̨͂̕̕ 

(Gilmour et al. 1988)̸̠̆̆΄ͩΌűǁ̨̙̦µ̮̑ǣɣ̨̏̉͂̎̀̆̕(ƨ˨l̮Ǩǻ

̫µ̑ǎ̸̧̦̠̮̊̀̓̐̇̓̕Ǩǻ̎̀(ƨ˨l̙̠űǁ̫̦̍̊̆șȸȽ̮ȺʇȜē

̮³l (Uemura & Steponkus 1994; Uemura et al. 1995)̆ȌȄ̮șȸLʬ�Ʈʇ̮ɋ

ǹ (Koster & Lynch 1992; Wanner & Junttila 1999; Kamata & Uemura 2004)Ȅ̮Ÿ̈

̪șȸĻ̮³l̏ʊ̨͂̏̕̕«�̗̦̓̊͂̇ 

 ̸̠̆(ƨĄȅʮ#À̮ǙǈɧŤ̎̀̆(ƨ˨l̮ʮ#ÀͻΌ̧̮]ÿžŷ̏Ŋ̀̎

̫̪̣̦̠͕̐̇͋Ύ͉̮͋Ȟŧ̎̀̆µ̮̑ʮ#À̮Ǚǈ̏(ƨ̫̿́³k̨̛͂̏̕

«�̗̠̓ ΔSeki et al. 2001Ε̞̇̓̀(ƨɴÕćʮ#À̮µ̑̏ c-repeat binbing factor̆

CBF1̆CBF2̆CBF3 (CBF1/DREB1b̆CBF2/DREB1c̆CBF3/DREB1a) ̨�̰̓͂ʏ

N�À̫̣̦̿ʏN]ÿ̨̗̦̣̦̓̊͂̏̎̊͂̇̕ͅCBF/DREB1 §̮ʏN�À̯

CRT/DRE ʱ W  (c-repeat/dehydration-responsive) ̽ ABA ˘ 2 Ã ʱ W 

(ABA-independent sequence element) ̨�̰̓͂Ύ΄ΒͤΒʱW̫Ȟ�̛͂̇

cold-responsive (COR) ʮ#ÀȰ̯CRT/DREʱW͆Ύ΄ΒͤΒ˟¨̫ģ̢̆CBF̞̏

̮Ύ΄ΒͤΒ˟¨̫Ȟ�̨̧̛͂̕ʮ#ÀǙǈ̏]ÿ̗̓͂ (Murayama et al. 2004)̇

͜Ύ͋ͮͬͬ͟ COR ʮ#À̧̉͂ COR78/RD29ĂCOR47̆COR15ĂCOR6.6 ̯(ƨ

̫̿́ɴÕ̗̓̆group 2 LEA ͤΐͳ͕ʇ̨̙̦ǣ̀̓͂ dehydrine ͙͆Β̙̦ͫ̊͂ 

(Thomashow et al. 1998)̇LEA ͤΐͳ͕ʇ̯șȸȽ̮ÅÈl̽̆ͤΐͳ͕ʇ̏Rː̛͂̕

̨͆˄̠̻̫̒ʷɡ̧̨̉͂ȳ̦̌̀̓̊͂ (Hundertmark & Hincha 2008)̇ ̸̠CBF̮

Ǚǈ̼(ƨ̫̿́ɴǪ̸̗̠̞̮̃̓͂̆̕ɴÕ̯ induce of CBF expression 1 (ICE1)͆

�̙̦]ÿ̨̗̦̓̊͂̏̕«�̗̦̓̊͂(Chinnusamy et al. 2003̆Lee et al. 2005)̗̇

̫̀ ICE1̯Ĉéǚ̫Ǚǈ̏ɣ̀̓͂ʮ#À̧̉͂̏̆CBF̮ǙǈɴÕ̯(ƨĄȅ̫̍̊

̦̮̹ǌ̨͂̎̀̆̚̕ICE1 ̏�Ɯʮ#À̮ʏN͆ƛćl̛̠̻̫̯͂(ƨ̫̿́ɴÕ̗

̓͂Ȳɯü7˥̏ʷɡ̧̨̉͂ȳ̦̌̀̓̊͂̇Éˏ̫̆ICE1̏ͿΈ͵͓ͦΐl̫̿́ʁ

̫]ÿ̨̗̓͂̕ΔDang et al. 2006Ε̆SUMOl̨̗̫̓͂̿́̕Ƃ̫]ÿ̨̗̓͂̏̕«�

̗̦̓̊͂ΔMiura et al. 2007Ε̸̠̇̆ ICE1 ̯ΐʴl̨̗̼̓͂̕ǭ�̗̦̓̊͂ 
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(Chinnusamy et al. 2007)̙̙̪̇̎̏̀̆(ƨ̮ď�̎̀Ɔˌǚ̪ʏN�À̮ƛćl̽

(ƨĄȅʮ#À̮Ǚǈ̫ȿ̸̧̮͖ͬ͜Ό#ʩȝʍ̸̯̣̦̪̉́̎̊̊̇ͅ 

˳ (ƨ̫Ō̗̠̓űǁșȸ̫̦̍̊̆ĻǴ�L̫șȸL Ca2+ͻΌ̮�ʧǚ̪�ŉ̏Ǭ

ɳ̗̓(Knight et al. 1991)̮̆̕ǈʀ̼(ƨ̮ď�̫̦̍̊ʷɡ̪ùa͆ŧ̨̠̙̦̊͂ȳ

̦̌̀̓̊͂̇űǁ̯ CaM (calmodulin)̆CMLs (CaM-like)̆ CDPKs (Ca2+-dependent 

protein kinases)̆ CCaMK (Ca2+-and Ca2+/CaM-dependent protein kinase)̆ CAMTA 

(CaM-binding transcription activator)̆  CBLs (calcineurin B-like proteins)̆  CIPKs 

(CBL-interacting protein kinases)͆�̺µ̮̑ Ca2+̮Ȟ�ͤΐͳ͕ʇ͆ģ̣̦̊͂ 

(Defalco et al. 2010)̇CIPK7̏ CBL1̨ǟ�-ą̸̛̠̌͂̆̕(ƨ̫̿͂ CIPK7̮ʏN

ɴÕ̫ CBL1̏˃�̨̛͂̏̕«�̗̦̓̊͂ (Huang et al. 2011)̇CAMTA3̯ CBF2

̮Ύ΄ΒͤΒ̫Ȟ�̙̞̮̆Ǚǈ͆Ƃ̫]ÿ̨̛̗̫͂̆̀̕ CAMTA1 CAMTA3 ̮�ʷ

ʮ#Àſıűǁ̯QȞȴć̏(�̛̼͂«�̗̦̓̊͂ (Doherty et al. 2009)̇ 

˳ (ƨ˨l̫̦̍̊MAPK͑͗͞Β̼ͫžȹ̨̛͂̏̕«�̗̦̓̊͂̇͜Ύ̮͋ͮͬͬ͟

MPK4̨MPK6̏(ƨ̫̿́ƛćl̨̛͂̕ (Ichimura et al. 2000)̆MPK4̨MPK6̯(ƨ

2Ãǚ̫MKK2̫̣̦̿ΐʴl̨̗̓͂̏̕«�̗̦̓̊͂ (Teige et al. 2004)̸̠̇ƛć

§MKK2ʧ`Ǚǈűǁ̏(ƨ˨l̪̙̫QȞȴć͆ǭ̛�Ņ́̆MKK2ʮ#Àſıűǁ̯

(ƨ˨ļ̨̪̐̊̎̀̆̕(ƨ̫̦̍̊MKK2-MPK4/MPK6̮ȝʍ̏žȹ̨̛͂̏̕ǭ�

̗̦̓̊͂(Teige et al. 2004)̸̠̇̆MKK2ʧ`Ǚǈűǁ̫̦̍̊CBF2̆CBF3̮ʮ#À

Ǚǈ̏Ƃ̫]ÿ̨̗̦̼̓̊͂̕«�̸̧̗̦̮̓̊͂̇̓̕Ÿ̪̈«�̿́MEKK1̏

MKK2̮�Ɯ:ɞ̧̨̉͂̏̕ȳ̦̠̌̀̓̐ (Ichimura et al. 1998; Mizoguchi et al. 

1998)̇1ǿ̫̦̍̊̆MEKK1̮͓ͬΒͫ͋͡ΐ̏MKK2͆�̺A-group̮MAPKK̫Ờ

͂ΐʴlʳȖƛć͆Ŗ̨̙̦̊͂͆̕ǭ̸̧̙̠̙̙̪̆̎̏̀̆̓̕űǁL¤ćMEKK1̮

ƛć͆ƩÈ̙̠«�̯×̪̑̆(ƨǃĐ̫̦̍̊Éˏ̫MEKK1̏ƛćl̛̮̯̣͂̎̎ͅ

̸̦̪̠̊̊̇̆(ƨ̽ˬ®̫̦ͪ̍̊͞͞MKK2̏ƛćl̛͂�Ń̆MKK1̯̞̮̓̀͞

̫ͪ̿́͞ƛćl̝̜̆AË̽ǘxɈ̮ďũ̫̿́ƛćl̨̛̫͂̊̋̿̋̆�̫ͪ͞͞

Ą̦̚MAPKK̏ʭĝǚ̫ƛćl̨̛͂̏̕«�̗̦̓̊͂ (Teige et al. 2004)̇ 

˳ Ŝǿ̧̯̆(ƨSǊ̙̠͜Ύ͋ͮͬͬ̿́͟MEKK1ǂǖě+͆ǎ̦̊GǗƑˆ̙̠

MEKK1̮ΐʴlʳȖƛć͆ƩĘ̧̛̀͂̆̕(ƨ̫̍̓͂MEKK1̮ƛć]ÿ̽ªʇ̮

ʭĝ̫̤̦Ųɰ̙̠̗̫̇̀(ƨĄȅ̫̍̓͂MEKK1̮�Ɯ͖ͬ͜Ό#ʩȝʍ͆Ŋ̫̀̎

̛̠̻͂MEKK1̫Ờ͂ΐʴl̫ǡǝ̙̆Ca2+͖ͬ͜ΐ͖̏MEKK1̮�Ɯȝʍ̨̙̦

˃�̛̮͂̎͆Ųɰ̙̠̇ŕʛ̆calcium/calmodulin (Ca2+/CaM) -regulated receptor-like 

kinasĕCRLK1̏(ƨ͖ͬ͜ΐ͖̫̎̎͂ͅΐʴlʳȖ̧̉́(Yang et al. 2009)̆ 
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MEKK1̨ǟ�-ą̛̌͂̏̕«�̗̠̓ (Yang et al. 2010)̮̇̕CRLK1̏MEKK1̫Ờ

͂ΐʴlʳȖƛć͆Ŗ̙̦̮̫̤̦̼̊͂̎̊Ųɫ͆ɕ̣̠̇  
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2B. Şŀ̨ŃƔ  

 

2B.1. ͜Ύ̮͋ͮͬͬ͟ů©  

 

É˪̫ǎ̠̊ Arabidopsis thaliana ColumbiaȎȠǷÀ̯̆ŜǨǻȨ̂Oɍ5Ã̙̦̣̉

̠̼̮͆ǎ̠̊̇űǁ̮ƹɈ©˦̫̯ Gamborg’s B5©¥͆ǎ̠̊̇ 

 

/ǎ̙̠©¥̮Ȝē (1 l ̠̉́) ̨̞̮ɺļƔ͆��̫ǭ̛̇Gamborg’s B5 Medium 

Salt Mixture̯ņŜɟɏǯ̮̼̮͆ǎ̊̆Gamborg’s Vitamin Solution ̯ Sigmaǯ̼̮

͆ǎ̠̊̇ 

 

Gamborg’s B5©¥: Gamborg’s B5 Medium Salt Mixture 3.3 g 

 

Sucrose 20 g 

 

Gamborg’s Vitamin Solution 1 ml 

 

͋͐ΐ�Įƍ 1 l 

 

1 N KOḨ pH5.7̫ɺļ̙̆Agar ͆ 8 gě̠ü̆͐Β͕ͪΒƯɈ͆ɕ̣̠̇ 

 

•ĵǷ^̮ƇɈSǊ̸̨̙̦̜̆ 70%͎ͤͰΒΌ͆ 1 mlě̦̆;Ό͕̙ͨͧ̆͞3U˂˗ȭ

̙̠̞̮̇ü͎̆ͤͰΒΌ͆Ĩ̦̆ƀ�®Ȗʴ/TritonƮơ͆ 1 mlě̆7U˂Ƥ�̙̦ƇɈ

̙̠ü̆ǷÀ͆ƯɈƍ̧ 5�ƚƝ̙̠̇0.2%Ï·ơ̫ĒƵü̆Gamborg’s B5©¥̫ĵǷ

̙̠̇ 

 

ƀ�®Ȗʴ/TrironƮơ: 20% Triron X-100 5 µl 

 

ƀ�®Ȗʴͬͪ͌ 200 µl 

 

͋͐ΐ�Įƍ up to 1 ml 

 

•ǷÀ͆ű̠̌©¥͆ 4˽̧ 1-2ņ5Ã̙̠ü̆22˽ΑʣȢF�̫ǵ̙̦ǌȶ̗̝̠̇ 

 

2B. 2. ͜Ύ͋ͮͬͬ͟(ƨSǊ  
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2B.1.̫ǭ̙̠ŃƔ̧̆ʸǌ§űǁ͆ǌȶ̗̝̆(ƨSǊ͆ɕ̣̠̇ǙɄü 2 ʤ˂̮Éǌ͆

͋͐ΐ�ĮƯɈƍ 20 ml̮Ḥ̠�͜΅Β̫ 1͚ΐΌö̠́Ȑ 158+ƞ̵̎̆22˽̮

ʣȢF̮Š ̧�ōȭ̠̊̇(ƨSǊ̯̆űǁ͆ȭ̦̊̊͂͜΅Β͆Ǝ�̫ǵ̙̆͜΅Β

L̮ƍ̨űǁ͆Ǫ̧̛̽̕ɕ̣̠̇ĤÈŋ˂ȝʧ̙̠ü̆űǁ+͆uð̫ơ+ǽȖ̧

Q̝̠̀̇EGTA̫̿͂^SǊ̨̙̦̆țƶï 10 mM̮ EGTA̫̪̫͂̿̋̆(ƨSǊ̮ 1

ŋ˂^̫͜΅Β̫Ʈơ͆ƥė̙̠ 

 

2B.3. űǁșȸğTơ̮ɺɟ  

 

ΑűǁȜȫȐ 0.2g ͆ơ+ǽȖ
̧Ǫǩü̆ͤΐͳ͕ʇğTͲͧͷ͈Β 1 ml ͆ě̛̗̫̀

̤̳̙̠́̇ 

 

ͤΐͳ͕ʇğTͲͧͷ͈Β: 100 mM 

 

Tris-HCl (pH8.5) 

 

1 mM 

 

EDTA 

 

150 mM 

 

NaCl 

 

1% 

 

Triton X-100 

 

2 mM 

 

DTT 

 

1 mM 

 

PMSF 

 

1 mg/ml 

 

Leupeptin 

 

1 mM 

 

Na3VO4 

 

25 mM 

 

NaF 

 

50 mM 

 

˼-glycerophosphate 

 

Α͎ͧͼΐ̫ǵ̙̦̆15000 rpm̆4˽̧ 30U˂ʫĂ̙̆�Ʀ͆�~̙̠̇ 

ΑğT̙̠ͤΐͳ͕ʇ̯ 1B.2.3.̨�Ÿ̫Ίͧͫͷ͏ΒͫƔ̧Èʹ̙̠̇Èʹ̫̯Bio-Radǯ

̮ Proein Assay ͆/ǎ̙̠̇ 

 

2B.4. GǗƑˆ  

 

Α2B.3.̧ɺɟ̙̠ͤΐͳ͕ʇğTơ Δͤΐͳ͕ʇ 2 mgΕ ̫MEKK1ǂǖě+͆ 1/Μ009ʹ

̸̠̯ MPK4ě+ (Anti-AtMPK4 antibody̆ Sigmaǯ) ͆ 1/10009ʹě̆4˽̧ 1ŋ

˂˗ȭ̙̠̇ 

Αͤΐͳ͕ʇğTͲͧͷ͈Β̧ 3�ƚƝ̙̆1/29̫çʵ̙̠ protein A sepharose ͆ 20 µl
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ě̗̫̆̀ 4˽̧ 3ŋ˂̆Ķġ̆�~̗̝̠̇ 

ΑʫĂU˒̫̿́�~̙̠͝ΐ͆̆ͤΐͳ͕ʇğTͲͧͷ͈Β̧ 3�ƚƝ̙̠̇ 

 

2B.5. ͋ͰΎͧͪ  

 

2B.4.̧GǗƑˆ̙̠͚ΐΌ̮͋ͰΎͧͪ͆GǗƑˆ̫ǎ̠̊ě+͆�ƀě+̨̙̦

ɕ̣̠̇2B.4.̮GǗƑˆǁ̫ 3˻SDS sample buffer ͆ 7.5 µlě̆100˽̧ 5U˂eƽ

ü̆1B.3.̨�Ÿ̮ŃƔ̧͋ͰΎͧͪ͆ɕ̣̠̇ 

 

̞̟̮̓̓͋ͰΎ̫ͧͪǎ̠̊�Ƿǂǖě+͆��̫ǭ̛̇ 

 

•MEKK1  

 

  �ƀě+ : MEKK1ǂǖě+ 

  �ƀě+ : Alkaline phosphatase conjugated GOAT anti rabbit IgG (CHEMICONǯ) 

 

•MPKΞ 

 

  �ƀě+ : Anti-AtMPK4 antibody (Sigmaǯ) 

  �ƀě+ : Alkaline phosphatase conjugated GOAT anti rabbit IgG (CHEMICONǯ) 

 

2B.6. ¶ȼɈǙǈͻ͕ͤΒ̮ŷȉ  

 

GST-MEKKΜ  KN ̆GST-MEKK2 KDKN ̆GST-MEKK3 KN ̆GST-MEKK3 KDKN ̆

GST-CRLK1ͤΐͳ͕ʇɺɟ̛̠̻̮͂¶ȼɈǙǈǎͻ͕ͤΒ͆-ɟ̙̠̇-ɟ̙̠ͻ͕ͤΒ

̫̤̦̊��̫ɭ̙̠̇ 

 

�^ ͉Ͱʴ˟¨ ͉ͰʴȭĮ 

pGEX-MEKK2 1-773 
 

pGEX-MEKK2 KD 501-773 
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MEKK2̆MEKK3̆CRLKΛ̮͋ΐ͚ΒͪŁǀ̯̆1B.1.1.̨�Ÿ̫2ʤ˂ǌȶ̙̠͜Ύ͋ͮͬ

̮ͬ͟Éǌ̿́þ̠ cDNA (ŜǨǻÊ̫5Ã̗̦̠̼̮̓̊) ͆ʼ§̨̙̠PCR̫̿́°ê

̙̠̇ 

 

Ί͋Β̮ʱW͆��̫ǭ̙̠̇ 

 

˳  Primer name sequence (5' → 3´Ε 

MEKK2 MEKK2-EcoR I Forward gaaagaattcatgaagaagtcgtcggataag 

MEKK2-Sal I Reverse gtttgtcgactcatctacggattagcggagatgt 

MEKK3 MEKK3-EcoR I Forward gaaagaattcatggacgtaactgctatcttc 

MEKK3-Xho I Reverse gtttctcgagtcaaagatttataacaaatgg 

CRLK1 CRLK1 M28 BamH I Forward gaaaggatccttctgctttaggtatcatag 

CRLK1-Sal I Reverse gtttgtcgacttacaaaatcacgtcttcag 

 

•]ˇʳȖ̯̆Ί͋ΒʱW̫�̸̓͂]ˇʳȖ͚̫͋ͪÒĄ̛̼̮͂͆ǎ̠̊̇ 

•ɺɟ̙̠͋ΐ͚ΒͪŁǀ͆ħH̛͂ǙǈǎΊͫ͞ͻ͕ͤΒ̨̙̦ pGEX4T-1͆/ǎ̙̠̇ 

•ͻ͕ͤΒ̮-ē̯̆1B.1.3.~ 1B.1.10.̨�Ÿ̫ɕ̪̣̠̇ 

 

MEKK2 ̮ N śȀ˟¨͆ſı̙̠ MEKK2 KD ͙͆Β̛ͫ͂ʮ#À͆�̺Ί̱ͫ̍̿͞

pGEX-MEKK2 KN 1-773 529Ǖǝ̮͝ΐƄª͉͆Ό͔ͭΐ̫ȭĮ 

pGEX-MEKK2 KDKN 501-773 529Ǖǝ̮͝ΐƄª͉͆Ό͔ͭΐ̫ȭĮ 

pGEX-MEKK3 1-560 
 

pGEX-MEKK3 KD 303-560 
 

pGEX-MEKK3 KN 1-560 331Ǖǝ̮͝ΐƄª͉͆Ό͔ͭΐ̫ȭĮ 

pGEX-MEKK3 KDKN 303-560 331Ǖǝ̮͝ΐƄª͉͆Ό͔ͭΐ̫ȭĮ 

pGEX-CRLK1 29-440 
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MEKK3̮ NśȀ˟¨͆ſı̙̠ MEKK3 KD ͙͆Β̛ͫ͂ʮ#À͆�̺�Ί̮ͫ͞-

ɟ͆ɕ̣̠̇ 

PCR̮template̯pGEX-MEKK2̆pGEX-MEKK3̮Ί̞̟ͫ͆̓̓͞ǎ̠̊̇-ɟ̯̆

1B.1.11.̨�Ÿ̮ŃƔ̧ɕ̪̣̠̇ 

 

��̫Ί͋Β̮ʱW͆ǭ̛̇ 

 

˳  Primer name sequence (5' → 3´Ε 

MEKK2 KD MEKK2 KD-EcoR I Forward gaaagaattcatgtggcaaaagggtcaacttct 

MEKK2-Sal I Reverse gtttgtcgactcatctacggattagcggagatgt 

MEKK3 KD MEKK3 KD-EcoR I Forward gaaagaattcatgtggctgaagggtcaacttct 

MEKK3-Xho I Reverse gtttctcgagtcaaagatttataacaaatgg 

 

 

MEKK2̮ 529Ǖǝ̮ LysƄª͆ ArgƄª̫ȭĮ̙̠ MEKK2 KN{̱ MEKK2 KDKN

͙͆Β̛ͫ͂ʮ#À͆�̺�Ί̱ͫ̍̿͞ MEKK3 ̮ 331 Ǖǝ̮ Lys Ƅª͆ Arg Ƅª

̫ȭĮ̙̠ MEKK3 KN{̱ MEKK3 KDKN ͙͆Β̛ͫ͂ʮ#À͆�̺�Ί̮ͫ͞-ɟ

͆ɕ̣̠̇ 

PCR̮ template̯pGEX-MEKK2̆pGEX-MEKK2 KD̆pGEX-MEKK3̆pGEX-MEKK3 

KD̮Ί̞̟ͫ͆̓̓͞ǎ̠̊̇-ɟ̯̆1B.1.12.̨�Ÿ̮ŃƔ̧ɕ̪̣̠̇ 

 

��̫Ί͋Β̮ʱW͆ǭ̛̇ 

 

˳  Primer name sequence (5' → 3´Ε 

MEKK2 KN, 

KDKN 
MEKK2 K529R Forward ttctttgctgtcagggaagtttcactt 

MEKK2 K529R Reverse aagtgaaacttccctgacagcaaagaa 

MEKK3 KN, 

KDKN 
MEKK3 K331R Forward ttctttgctgtcagggaagtttcactt 

MEKK3 K331R Reverse aagtgaaacttccctgacagcaaagaa 
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2B.7. GSTɓ�ͤΐͳ͕ʇ̮Ǚǈ̆ȋɟ{̱̆Èʹ  

 

GSTɓ�ͤΐͳ͕ʇ̨̙̦̆GST-MEKKΜ KN̆GST-MEKK2 KDKN̆GST-MEKK3 KN̆

GST-MEKK3 KDKN̆GST-CRLK1͆ɺɟ̙̠̇�Ƿͤΐͳ͕ʇ̮ɺɟ̫̯̆2B.7.̧-ē̙

̠pGEX-MEKK2 KN̆pGEX-MEKK2 KDKN̆pGEX-MEKK3 KN̆pGEX-MEKK3 KDKN̆

pGEX-CRLK1Ίͫ͆͞ǎ̠̊̇1B.2.̨�Ÿ̫GSTɓ�ͤΐͳ͕ʇ͆̆¶ȼɈĻǙǈ̆

ȋɟ̙̠̇ 

 

2B.8. ΐʴlʳȖƛćƩÈ  

 

2B.8.1. GǗƑˆ̙̠MEKK1{̱MPK4̮ΐʴlʳȖƛćƩÈ  

 

2B.4.̧GǗƑˆ̙̠͚ΐΌ̮ΐʴlʳȖƛć͆ƩÈ̙̠̇GǗƑˆ̙̠ MEKK1 ̮

ΐʴlʳȖƛć̯ 1B.2.̧ɺɟ̙̠ GST-MKK1 KN̆GST-MKK2 KN̆GST-MKK6 KN ͆

ªʇͤΐͳ͕ʇ̨̙̦ǎ̦̊ƩÈ̸̙̠̠̇̆GǗƑˆ̙̠ MPK4 ̮ΐʴlʳȖƛćƩÈ

̫̯΄ͩΌªʇ̧̉͂ MBP ͆ªʇͤΐͳ͕ʇ̨̙̦ǎ̠̊̇ 

1B.5.̨�Ÿ̫̆ΐʴlʳȖƛć̮ƩÈ̯̆[γ-32P] ATP̎̀ªʇ̴̮ĹÓƛć̮ʏǵ}

Ą̫̿́ɕ̣̠̇ 

 

2B.8.2. űǁșȸğTơ̮ΐʴlʳȖƛćƩÈ  

 

2B.3.̧ɺɟ̙̠͜Ύ͋ͮͬͬ͟șȸğTơ̮ΐʴlʳȖƛć͆ƩÈ̙̠̇1B.2.{̱

2B.7.̧ɺɟ̙̠ GST-MEKK1 KN̆GST-MEKK2 KN̆GST-MEKK3 KN̆GST-MKK1 KN̆

GST-MKK2 KN̆GST-MKK6 KN ͆ªʇͤΐͳ͕ʇ̨̙̦ǎ̦̊ƩÈ̙̠̇ΐʴlʳȖƛ

ć̮ƩÈ̯̆1B.5.̨�Ÿ̫[γ-32P] ATP̎̀ªʇ̴̮ĹÓƛć̮ʏǵ}Ą̫̿́ɕ̣̠̇  

 

2B.8.3. GST-CRLK1̮ΐʴlʳȖƛćƩÈ  

 

2B.7.̧ɺɟ̙̠GST-CRLK1̮ΐʴlʳȖƛć͆ƩÈ̙̠̇1B.2.{̱2B.7.̧ɺɟ̙̠

GST-MEKK1 KN̆GST-MEKK2 KN̆GST-MEKK3 KN̆GST-MEKK1 KDKN̆

GST-MEKK2 KDKN̆GST-MEKK3 KDKN͆ªʇͤΐͳ͕ʇ̨̙̦ǎ̦̊ƩÈ̙̠̇ΐʴ

lʳȖƛć̮ƩÈ̯̆1B.5.̨�Ÿ̫[γ-32P] ATP̎̀ªʇ̴̮ĹÓƛć̮ʏǵ}Ą̫̿́



 86 

ɕ̣̠̇ ̸̠̆țƶï0.5 mM̮CaCl2{̱0.2 µM̸̠̯2 µM̮͑Ό΄͝·ΐ (Sigmaǯ) 

͆}Ąơ̫ƥĕ̙�Ÿ̫ΐʴlʳȖƛć̮ƩÈ͆ɕ̣̠̇ 

 ̧ǌȶ̗̝̠űǁ̼ɦÐ̙̠̇ 
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2C. Ȟŧ  

 

2C.1 (ƨ͖ͬ͜ΐ͖̫̍̓͂ MEKK1̮ƛćl  

 

˳ ͜Ύ̮͋ͮͬͬ͟Éǌ͆Ξ˽̫ǵk̙̆0̆10̆30̆60̆180 U˂(ƨSǊ͆ɕ̣̠̇(ƨ

SǊ̙̠Éǌ̿́șȸğTơ͆ɺɟ̙̆ě MEKK1 ǂǖě+̫̿́L¤ć MEKK1 ͆GǗ

Ƒˆ̙̠̇GǗƑˆǁ͆ě MEKK1 ǂǖě+͆ǎ̦̊͋ͰΎ̨̙̠ͧͪ̈́̆̕MEKK1 ̮

�ƩUÀʹȐ 66 kDa̮'ȭ̫ΛŜ̮Ͳΐͫ̏ŲT̗̠̮̓̇̕L¤ćMEKK1̮ͤΐͳ͕

ʇʹ̯(ƨSǊ͆ʠ̙̦³l̏ɣ̪̣̠̀̓̎ (Fig. 29A)̇ƀ̫̆GǗƑˆ̙̠ MEKK1

̮ΐʴlʳȖƛć͆ªʇ̫ GST-MKK1 KN̆GST-MKK2 KN̆GST-MKK6 KN ͆ǎ̦̊

ƩÈ̙̠ΔFig. 29BΕ̇(ƨSǊ 10U�ˆ̧ GST-MKK2 KN̫Ờ͂ΐʴl̏ŲT̗̓

̠̏̆GST-MKK1 KN̆GST-MKK6 KN ̫Ờ͂ΐʴl̮°e̯ŲT̗̪̣̠̓̎̇�

ªʇ̫Ờ͂ MEKK1̮ΐʴlʳȖƛć͆Èʹ̙̠Ȟŧ͆ Fig. 29C̫ǭ̙̠̇Èʹ̯Ν

�̮ǄǾ̙̠Ȟŧ̫̿́ɕ̊̆ΚUSǊ̮MKK2̮ΐʴl͆ 100̨̙̦̞̟̮̆̓̓ªʇ

̮ΐʴlʹ͆ȇṪ̙̠ΚUSǊ̫̦̍̊ GST-MKK1 KN̆GST-MKK6 KN ̮ΐʴl

̯ GST-MKK2 KN ̫Ờ͂ΐʴl̮ȐpUʹ̧̆(ƨSǊ͆ʠ̦̚³l̙̪̣̠̎̇�

Ń̆GST-MKK2 KN̫Ờ͂ΐʴl̯ 10Uü̫Ȑ 150̫\ʩ̙̆180U̸̧̞̮ͻΌ

̯ȣģ̗̠̮̓̇̓̀̕Ȟŧ̯ MEKK1 ̏(ƨͪ͞͞�̧ƛćl̙̆MKK2 ͆ʭĝǚ̫

ΐʴl̨̛͂͆̕ǭ�̙̦̊͂̇(ƨ̫̦̍̊̆MPK4̏ƛćl̸̨̧̛̫͂̏̓̕̕«�̗

̦̓̊͂ (Ichimura et al. 2000)̧̞̇̕(ƨSǊ̮Ǭɳ̨̙̦̆�̚șȸğTơ̎̀

MPK4 ͆GǗƑˆ̙̆΄ͩΌªʇ MBP ͆ªʇ̫ǎ̦̊ΐʴlʳȖƛć͆ƩÈ̙̠ (Fig. 

30)̇GǗƑˆǁ͆ěMPK4ě+̧͋ͰΎ̙̠ͧͪȞŧ̿́̆MPK4̮GǗƑˆ̏Ǭɳ̗

̸̠̠̓̇̆(ƨSǊ͆ʠ̙̦ͤΐͳ͕ʇʹ̮³l̯ɣ̪̣̠̀̓̎̇MPK4 ̮ΐʴlʳ

Ȗƛć̯ 10Uü̿́ŲT̗̓̆30U̎̀ 60U̫̦̎̓ŕ¶ƛć̫\ʩ̙̠̇  
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Fig. 29 (ƨSǊ͜Ύ͋ͮͬͬ͟Ʉǌ̌̎̀GǗƑˆ̙̠ MEKK1 ̮ΐʴlʳȖ

ƛćƩÈ  

(A)͜Ύ̮͋ͮͬͬ͟Ʉǌ̌͆ 0̆10̆30̆60̆180 U˂(ƨSǊ̙̆șȸğTơ͆ɺɟ̙̠̇șȸğT

ơ̎̀ě MEKK1 ě+  (anti-MEKK1) ̫̿́ MEKK1 ͆GǗƑˆ̙̠̇GǗƑˆǁ͆ SDS-PAGE ̫̿

́Úˁ̙̆PVDF Ƚ̫ʏNü̆ě MEKK1 ě+  (anti-MEKK1) ͆ǎ̦̊͋ͰΎ̙̠ͧͪ̇�̮ã̫̯

UÀʹ͆ǭ̙̠̇Ǣt̯ MEKK1̮'ȭ̆◁̯ IgG̮ʷʾ̮'ȭ̞̟͆̓̓ǭ̙̠̇(B)GǗƑˆǁ̨�

MAPKK (GST-MKK1 KN̆  GST-MKK2 KN̆  GST-MKK6 KN) ͆  [γ-32P] ATPÃ¤�̧ 37˽̆20U˂

}Ą̗̝̠̇}Ąü̆SDS-PAGȨÚˁ̙̆͘Ό͆ CBBũɂ̙  (CBB Staining)̆BAS2500͆ǎ̦̊Ĺ

Óƛć͆ŲT̙̠  (Autoradiograph)̇◀ ︎̯ªʇ̮'ȭ͆̆◁̯ IgG ̮ʷʾ̮'ȭ̞̟͆̓̓ǭ̙̠̇  

(C)� MKK ̮ΐʴl͆Èʹ̙̠̇�ΐʴl̮ǟÒʹ͆(ƨSǊ 0 U̫̍̓͂ MKK2 ̮ΐʴl͆

100 ̨̙̦ɪȇ̙̆ë¦<̧ə̙̠̇�͎ΊΒͲΒ̯Ν�̮ǄǾ̙̠Ȟŧ̫ª̥̑ŹƬɶå͆ǭ̙̠̇ ˳  



 89 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 30 (ƨSǊ͜Ύ͋ͮͬͬ͟Ʉǌ̌̎̀GǗƑˆ̙̠ MPK4 ̮ΐʴlʳȖƛ

ćƩÈ  

(A) Fig. ̨�̚șȸğTơ̎̀ě MPK4ě+  (anti-MPK4) ̫̿́ MPK4 ͆GǗƑˆ̙̠̇GǗƑˆǁ

͆ SDS-PAGE ̫̿́Úˁ̙̆PVDFȽ̫ʏNü̆ě MPK4ě+  (anti-MPK4) ͆ǎ̦̊͋ͰΎ̙ͧͪ

̠̇�̮ã̫̯UÀʹ̫ǭ̙̠̇Ǣt̯ MPK4̮'ȭ̆◁̯ IgG̮ʷʾ̮'ȭ̞̟͆̓̓ǭ̙̠̇  (B) 

GǗƑˆ̙̠ MPK4̮ΐʴlʳȖƛć͆΄ͩΌªʇ MBP̫Ờ͂ΐʴl̫̿́ƩÈ̙̠̇MBP̮

ΐʴl̮Ͳΐͫ͆ Autoradiograph{̱ MBP ͤΐͳ͕ʇ̮Ͳΐͫ͆ CBB Staining̫ǭ̙̠̇    
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2C.2. (ƨ̫̍̓͂ Ca2+͖ͬ͜ΐ͖͆�̙̠ MEKK1̮ΐʴl  

 

˳ (ƨ�̧̮ MEKK1 ̮ƛć]ÿ͑ͭ͆͟Ŋ̛̫̠̻̀̎͂̆MEKK1 ̮ΐʴl̫ǡ

ǝ̙É˪͆ɕ̣̠̇(ƨSǊ̙̠͜Ύ̮͋ͮͬͬ͟Ʉǌ̌̿́șȸğTơ͆ɺɟ̙̆

GST-MEKK1 KN ͆ªʇ̫ΐʴlʳȖƛć͆ƩÈ̸̙̠̠̇̆MEKK1 ̨�͖̚ΌΒ̫

Û̙̦̊͂ MEKK2 {̱ MEKK3 ̮�ƛć§ͤΐͳ͕ʇ GST-MEKK2 KN̆GST-MEKK3 

KN ̼ªʇ̨̙̦ǎ̠̊̇șȸğTơ̫̿͂ GST-MEKK1 KN ̴̮ΐʴlƛć̯(ƨS

Ǌ̫̿́°ȅ̙̠̆GST-MEKK2 KN̆GST-MEKK3 KN̴̮ΐʴl̯ŲT̗̪̣̓̎

̠ (Fig. 31)̇͜Ύ̮͋ͮͬͬ͟șȸ̫̦̍̊(ƨSǊ̫̿́șȸL Ca2Η̮ƶï̏Ćʡ̫

°ę̛͂̏̕�^̿́«�̗̦̓̊͂ (Knight et al. 1996) ̧̞̇̕(ƨ2Ãǚ̫°e̛

͂MEKK1̴̮ΐʴl̫șȸLCa2+ƶï̮°ȅø˛̛̮͂̎͆Ųɰ̛̠̻͂̆Éǌ͆

Ca2Η͓ΒͤΒ̧̉͂ EGTA ̧ 1ŋ˂^SǊ̙̞̮̆ü̫(ƨSǊ͆ɕ̣̠̇EGTAÃ¤

�̧(ƨSǊ̙̠Éǌ̿́șȸğTơ͆ɺɟ̙̆�Ÿ̫ΐʴlʳȖƛć̮ƩÈ͆ɕ̣̠

̨̈́̆̕GST-MEKK1 KN̴̮ΐʴl̯ EGTA^SǊ̫̣̦̿ę]̗̠̓ (Fig. 31)̗̇̀

̫̆MEKK1̮�Ɯ:ɞ MKK̏̆EGTAÃ¤�/˘Ã¤�̧(ƨSǊ̙̠Éǌ̎̀þ̠�

̚șȸğTơ̧ΐʴl̗̓͂̎͆Ųɰ̙̠̇ªʇ̫̯ GST-MKK1 KN̆GST-MKK2 KN̆

GST-MKK6 KN ͆ǎ̠̊̇ GST-MKK2 KN̯(ƨSǊüŋ˂2Ãǚ̫ΐʴl̗̞̓̆

̮ΐʴl̯ EGTA ^SǊ̫̣̦̿ę]̗̠̓ (Fig. 32)̇Òƻǚ̫̆GST-MKK1 KN ̨

GST-MKK6 KN̴̮ΐʴl̯ EGTAÃ¤�/˘Ã¤̫˃̜̀ͅŲT̗̪̣̠̓̎̇ 
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Fig. 31 (ƨSǊ͜Ύ͋ͮͬͬ͟Ʉǌ̌ǐšșȸğTơ̫̿͂ MEKK̴̮ΐʴl  

͜Ύ̮͋ͮͬͬ͟Ʉǌ̌͆ 0̆10̆30̆60̆180 U˂(ƨSǊ̙̆șȸğTơ͆ɺɟ̸̙̠̠̇(ƨSǊ

̯ EGTA Ã¤�  (+) ̸̠̯˘Ã¤�  (-) ̧ɕ̣̠̇șȸğTơ  (0.1 mg) ̨� MEKK ͤΐͳ͕ʇ  

(GST-MEKK1 KN̆GST-MEKK2 KN̆GST-MEKK3 KN) ͆[γ-32P] ATPÃ¤�̧ 37˽̆20U˂}Ą̗̝̆

MEKK ͤΐͳ͕ʇ̴̮ΐʴlʳȖƛć͆ƩÈ̙̠̇ªʇ̮ΐʴl̮Ͳΐͫ͆ Autoradiograph {̱

ªʇͤΐͳ͕ʇ̮Ͳΐͫ͆ CBB Staining̫ǭ̙̠̇   
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Fig. 32 (ƨSǊ͜Ύ͋ͮͬͬ͟Ʉǌ̌ǐšșȸğTơ̫̿͂ MKK̴̮ΐʴl  

Fig. ̧ǎ̠̊ͤΐͳ͕ʇğTơ͆ǎ̦̊�Ÿ̫̆� MKK ͤΐͳ͕ʇ  (GST-MKK1 KN̆GST-MKK2 KN̆

GST-MKK6 KN) ̴̮ΐʴl͆ɧŤ̙̠̇ªʇ̮ΐʴl̮Ͳΐͫ͆ Autoradiograph{̱ªʇͤΐͳ

͕ʇ̮Ͳΐͫ͆ CBB Staining̫ǭ̙̠̇    
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2C.3. CRLK1 ̫̿͂ MEKK1̮ΐʴl  

 

ŕʛ̆Ca2+/CaM-regulated receptor-like kinasĕCRLK1̏(ƨ͖ͬ͜ΐ͖̫̎̎͂ͅ

ΐʴlʳȖ̧̞̮̉́̆ΐʴlʳȖƛć̏ Ca2+/͑Ό΄͝·ΐ̫̣̦̿]ÿ̨̗̓͂̕

̏«�̗̠̓ (Yang et al. 2009)̗̫̇̀̆GST Όͥ͌ΐƔ̽ BiFCƔ̫̿́ CRLK1 ̨

MEKK1 ̏ǟ�-ą̛̌͂̏̕«�̗̠̓ (Yang et al. 2010)̙̙̪̇̎̏̀ CRLK1 ̏

MEKK1 ̫Ờ͂ΐʴlʳȖƛć͆Ŗ̙̦̮̊͂̎Ųɰ̧̗̦̪̞̓̊̊̇̕ CRLK1 ͆

¶ȼɈǙǈȎ̫̿́ GST ɓ�ͤΐͳ͕ʇ̨̙̦ɺɟ̙̆GST-CRLK1 ̮ΐʴlʳȖƛć

͆ GST-MEKK1 KN̆GST-MEKK2 KN̆GST-MEKK3 KN̆GST-MEKK1 KDKN̆

GST-MEKK2 KDKN ̆ GST-MEKK3 KDKN ͆ªʇ̨ ̙̦ƩÈ̙̠ ̞̮̇Ȟŧ ̆

GST-CRLK1 ̯õ̊ȾæΐʴlʳȖƛć͆ǭ̙̠  (Fig. 34A)̇GST-CRLK1 ̯

GST-MEKK1 KN͆ΐʴl̙̆GST-MEKK2 KN͆ô̑ΐʴl̙̆GST-MEKK3 KN̫Ò

̛͂ΐʴl̶̨̯͇̩ɣ̪̣̠̀̓̎ (Fig. 34A)̇GST-CRLK1̯ GST-MEKK1 KDKN

̼ GST-MEKK1 KN ̨Ɗʑ̨̛͂ô̪̼̊̏̀ΐʴl̙̠̮̇̕Ȟŧ̯̆CRLK1 ̫̿͂

MEKK1 ̮�̪ΐʴl͚͋ͪ̏ MEKK1 ̮ N śȀ˟¨̨̫̉͂͆̕ǭ�̛͂̇^ʝ̮̿̋

̫̆CRLK1 ̯ Ca2+/͑Ό΄͝·ΐ̮Ã¤̫̿́ΐʴlʳȖƛć̏°ę̛͂̏̕«�̗

̦̓̊͂ (Yang et al. 2009)̧̞̇̕ Ca2+/͑Ό΄͝·ΐÃ¤�̧̮ GST-MEKK1 KN̴

̮ΐʴlʳȖƛć͆ƩĘ̙̠̀̈́̆̕GST-CRLK1̫̿͂ GST-MEKK1 KN̴̮ΐʴl

̯ Ca2+̨͑Ό΄͝·ΐ̮Ã¤̫̿́°e̙̠ (Fig. 34B)̇ 
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Fig. 33 CRLK1̮ͫ͋ΐŷʢ  

CRLK1̮ͫ͋ΐŷʢ͆ǭ̙̠̇CRLK1̯Iʿ 440͉ͰʴƄª̧ŷē̗̦̓̍́̆C˰ɂ̧ǭ̙̠ 112

Ǖǝ̎̀ 369 Ǖǝ̮͉ͰʴƄª̮˟¨̏͠ΐ /͐ͭ͞ΐΐʴlʳȖƛć͆ģ̤ɨ¿˟¨̨̗̓

͓͂ͬΒͫ͋͡ΐ  (kinase domain) ̧̉͂̇7 Ǖǝ̎̀ 28 Ǖǝ̮͉ͰʴƄª̯Ƚʃʠ˟¨͆̆28

Ǖǝ̎̀ 49Ǖǝ{̱ 369Ǖǝ̎̀ 390Ǖǝ̮͉ͰʴƄª̯ 2̤̮ CaM-binging domain ͙͆Β̙ͫ

̦̊͂̇Ƚʃʠ˟¨̧̉͂ 28Ǖǝ̮͉Ͱʴ̸̧͆ſı̗̝̠ʱW͆ pGEX ͻ͕ͤΒ̫ħH̙̠Ί͞

ͫ͆-ɟ̙̆GSTɓ�ͤΐͳ͕ʇ̨̙̦¶ȼɈǙǈȎ̫̿́ɺɟ̙̠̇   
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Fig. 34 ¶ȼɈǙǈȎ̫̿́ɺɟ̙̠ CRLK1 ̫̿͂ MEKK̴̮ΐʴl  

(A) CRLK1 ͤΐͳ͕ʇ̯¶ȼɈǙǈȎ̧ GSTɓ�ͤΐͳ͕ʇ̨̙̦Ǚǈ̗̝͉̆ͷ͊ͭͨ͊Β͕Ύ͖ͪ

Ίͷ͊Β̫̿́ȋɟ̙̠̇GST-CRLK1 ̮ΐʴlʳȖƛć͆ GST-MEKK1 KN̆GST-MEKK2 KN̆

GST-MEKK3 KN̆GST-MEKK1 KDKN̆GST-MEKK2 KDKN̆GST-MEKK3 KDKN ͆ªʇ̫  [γ-32P] 

ATP ͆ǎ̦̊ƩÈ̙̠̇Autoradiograph{̱ CBB Staining̮Ȟŧ͆ǭ̙̠͉͕̯̇ͤ͞͞ªʇ̮Ͳ

ΐͫ̆Ǣt̯ GST-CRLK1̮Ͳΐͫ͆ǭ̛̇(B) GST-CRLK1̫̿͂ GST-MEKK1 KN̴̮ΐʴlʳȖ

ƛć͆ 0.5 mM CaCl2̨�ƶï  (0̆0.2̆2.0 µM) ̮͑Ό΄͝·ΐ  (CaM) Ã¤�̧[γ-32P] ATP ͆ǎ̊

̦ƩÈ̙̆Autoradiograph{̱ CBB Staining̮Ȟŧ͆ǭ̙̠͉͕̯̇ͤ͞͞ GST-MEKK1 KN̮Ͳ

ΐͫ̆Ǣt̯ GST-CRLK1̮Ͳΐ̮ͫ'ȭ͆ǭ̙̠̇   
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2D. ȳÐ  

 

2D.1. (ƨ͖ͬ͜ΐ͖̫̍̓͂ MEKK1 ͆�̙̠ MAPK ͑͗͞Β̮ͫùa  

 

˳ (ƨ͖ͬ͜ΐ͖̫̦̍̊̆MPKΞ{̱MPK6̏ƛćl̨̛͂̕ (Ichimura et al. 2000)̆ 

̗̫̀MKK2̏ƛćl̙̆MPK4̽MPK6̮ΐʴl̨̛͆͂̏̕«�̗̦̓̊͂ (Teigi et 

al. 2004)̇ʳƉ Two-hybridƔ̫̿͂ǟ�-ǎɧŤ̽ʳƉǟɞÉ˪̮Ȟŧ̎̀MEKK1̏

MKK2 ̮�Ɯ̧̨̉͂ȳ̦̌̀̓̍́̆(ƨ̫̍̓͂ MEKK1-MKK2-MPK4/MPK6 ̮

MAPK ͑͗͞Βͫ̏ŷę̗̄̓͂̏̕ǭ�̗̦̠̓̊ 1ǿ̫̦̍̊̆¶ȼɈǙǈȎ̫̿́ɺ

ɟ̙̠ MEKK1 ̮͓ͬΒͫ͋͡ΐ̏ MKK2 ̫Ờ͂ΐʴlʳȖƛć͆Ŗ̨̙̦̊͂͆̕

Ŋ̫̙̠̀̎ (Fig. 18̆Fig. 19)̙̙̪̇̎̏̀̆űǁL¤ć̮MEKK1̮ΐʴlʳȖƛć

̏ƩÈ̗̠̓«�̶̨̯͇̩̪̑̆(ƨ̫̦̍̊MEKK1̏Éˏ̫MKK2͆ΐʴl̛̮͂

̯̣̦̪̣̠̎̎̊̎̇ͅŜǿ̫̦̍̊̆(ƨSǊ̙̠͜Ύ͋ͮͬͬ͟Éǌ̿́ě MEKK1

ě+͆ǎ̦̊GǗƑˆ̙̠L¤ć MEKK1 ̏̆(ƨSǊ2Ãǚ̫ƛćl̙̆A-group ̮

MAPKK̢̮̋ MKK2 ͆ʭĝǚ̫ΐʴl̨̛͂͆̕Ŋ̫̙̠̀̎ (Fig. 29)̨̮̯̇̕̕(

ƨ̫̿́ MKK2 ̏ƛćl̛͂�Ń̆MKK1 ̮ƛćl̯ɣ̨̨̪̀̓̊̕�ɀ̙̦̊͂ 

(Teige et al. 2004)̇Λǿ̫̦̍̊ MEKK1 ̮͓ͬΒͫ͋͡ΐ̯ MKK2 ̡̧̪̓̑�̚

A-group̮MAPKĶ̉͂MKK1̆MKK6̫Ờ͂ΐʴlʳȖƛć͆ģ̨̤͆̕«�̙̠

̏ (Fig. 18̆Fig. 19)̆(ƨ̫̦̍̊L¤ć MEKK1̏ MKK2 ͆ʭĝǚ̫ΐʴl̨̙̠̕

̎̀ (Fig. 29)̆MEKK1 ̫̏ͪ͞͞Ą̦̚ªʇ͆ʭĝ̨̛͂̏̕ȳ̮̌̀̓͂̇̕ªʇ̮

ʭĝ̫̯Λǿ̧ǭ�̙̠̫̿̋̆NśȀ˟¨̽MAPKK̨̮ǟ�-ǎŸò̏˃�̨̙̦̊͂

ą̓͂̇ͅ 

˳ ̸̧̓̆̕MKK2 ʮ#Àſıűǁ̏(ƨ˨lTš̜̆QȞȴć͆ǭ̨̗̪̊̆̕�Ń̆ƛ

ć§ MKK2 ʧ`Ǚǈűǁ̏(ƨ˨lSǊ̪̙̫QȞȴć͆ǭ̨̛̏̕«�̗̦̓̊͂ 

(Teige et al. 2004 )̸̠̇̆ƛć§ MKK2ʧ`Ǚǈűǁ̫̦̍̊QȞȴć̮ǆþ̫ʷɡ̪

(ƨĄȅʮ#À̧̉͂ CBF2{̱ CBF3̏WT ̨Ɗʑ̙̦µ̑Ǚǈ̨̙̦̼̊͂̕ǭ̗̠̓̇

(ƨ̫̦̍̊MEKK1̏ƛćl̙MKK2͆ʭĝǚ̫ΐʴl̨̙̠̎̀̆̕(ƨ˨l̫̍̊

̦̆MEKK1̏ MKK2̮�Ɯ̨̙̦B̐̆MEKK1-MKK2-MPK4̮ȝʍ̏ CBF2̽ CBF3

̮ʮ#ÀǙǈ͆Ƃ̫]ÿ̨̛͂̏̕ȳ̸̠̌̀̓͂̇̆CBF̮ʮ#ÀʏN̯ ICE1̫̿́]

ÿ̗̦̓̊͂ (Chinnusamy et al. 2003)̇ICE1̯(ƨ̫̿͂ʏNɴÕ̏ɣ̨̪̀̓̊̎̕

̀̆Ȳɯü7˥̫̿́ʏNƛć̏]ÿ̨̗̦̓̊͂ȳ̦̞̮̌̀̓̊͂̏̆]ÿ͑ͭ͟

̯Ś̡̫̣̦̪̙̙̪̎̊̊̇̎̏̀̆ͅICE1 ̯ΐʴl7˥͆�̨̓͂̏̕ǭ�̗̦̓̍

́ (Chinnusamy et al. 2007)̆ΐʴl̏ʏNƛć]ÿ̫ø˛̨̛͂̏̕ȳ̌̀̓͂̇
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MPKΞ̯Ǟīǚ̸̠̯˂īǚ̫ ICE1 ͆ΐʴl̨̧̛̞̮͂̕ʏNƛć͆Ƃ̫]ÿ̙̆

CBF ͆�̙̠(ƨĄȅʮ#À͆ɴǪ̧̛̃͂̕QȞȴć̮ǆþ̫˃̣̦̮̼̙̊͂̎̓ͅ

̪̊̇ 

 

2D.2. (ƨ͖ͬ͜ΐ͖̫̍̓͂ MEKK1̮ƛć]ÿžŷ  

 

˳ (ƨ̫̿́ MEKK1̏ƛćl̙̆MKK2 ͆ΐʴl̨̛͂͆̕ǭ̙̠̏ (Fig. 29)̆MEKK1

̮ƛć]ÿ̩̮̫̏̿̋ɕ̦̮̣̦̪̓̊͂̎̎̊̊̇ͅͅ�Ɂǚ̫̆ΐʴlʳȖ̮ƛ

ć]ÿ̮Ÿǫ̙̦̀̆ΐʴl7˥Ȅ̮Ȳɯü7˥̽ƛćɺȈͤΐͳ͕ʇ̮ǟ�-ǎȄ̏

ǣ̦̀̓̊͂̇(ƨSǊ̙̠͜Ύ͋ͮͬͬ̎̀͟þ̠șȸğTơ̏ MEKK1 ̫Ờ͂ΐʴ

lʳȖƛć͆ǭ̨̙̠̎̀̆̕(ƨ̫̿́ MEKK1 ̮ΐʴl̏ǌ̨͂͆̚̕ǭ�̙̠ (Fig. 

31)̇MEKK1̨�͖̚ΌΒ̫Û̙̦̊͂MEKK2{̱MEKK3̯�Ÿ̮Ųɫ̧ΐʴl̗

̨̪̣̠̮̓̎̎̀̕̕ΐʴl̯ MEKK1̫Ò̙̦ǂǖǚ̫ǌ̨̦̊͂̏̚̕ǭ�̗̓͂̇

̗̫̀̆MEKK1̮ΐʴl̨ƛćl̯�͙ͤ͋̚Β̧͞ǌ̨̦̮̯̍́̆̚̕̕MEKK1̮

ΐʴl̞̮̏ΐʴlʳȖƛć̫ø˛̨̛͂͆̕ĬƩ̗̝͂ (Fig. 29̆Fig. 31)̇ 

˳ ʳƉ̮ MAPKKK ̧̉͂ Ste11̯̆MAPKKKK ̧̉͂ Ste20 ̫̣̦̿ΐʴl̨̗̓͂̕

̏«�̗̦̓̊͂ ΔDrogen et al. 2000Ε̇Ste20̯ Ste11̮ NśȀ˟¨̮͠ΐ/͐ͭ͞

ΐƄª͆Ν͑Ėΐʴl̙̮̆̕ΐʴl̫̣̦̿ Ste11 ̯ƛćl̸̗̠̓͂̇ʛì̆űǁ

MAPKKK̮]ÿ̫ΐʴl7˥̏˃͂ͅ0̏«�̗̦̠̓̐̇͜Ύ͋ͮͬͬ͟MAPKKK̆

YDĂ̯YDA-MKK4/5/7/9-MPK3/6̮MAPK͑͗͞Βͫ͆�̙̦ƌÁ̮Ǚǌ͆ę]̛͂̕

̨̏ǣ̦̀̓̊͂̇űǁͽΌ΄ΐ̮Ί͜Ͱͨ͞Ύ̮͋ͫ�Ɯ̧žȹ̛͂ GSK3-like kinasĕ 

BIN2 ̯ YDA ̮ N śȀ˟¨͆ΐʴl̨̧̛̞̮͓͂̆ͬ̕Β͡ƛć͆ʁ̫]ÿ̨̛͂̕

̏ǭ̗̠̓ (Kim et al. 2012) ̇ͤͲ͙ NPK1̯șȸʇUɛ̫˃͂ͅ MAPKKĶ̉́̆M

Ř̫ NPK1-activating kineshi-like protein1, NACK1 ̨̮ǟ�-ǎ̫̣̦̿ƛćl̛͂̇M

Ř�^̧̯̮̆̕ǟ�-ǎ̯̆cyclin-dependent kinase (CDKs)̫̣̦̿ NPK1̆NACK1

̏J̫ΐʴl̨̗̫̓͂̿́̕˅Ë̗̓̆NPK1̯�ƛćl̗̓͂ (Sasabe et al. 2011)̇

̮̫̿̋̕MAPKKK̮NśȀ˟¨̫̍̓͂ΐʴl̯̞̮͓̆ͬΒ͡ƛć͆Ǟīǚ̫Ƃ̼

̙̯̑ʁ̫]ÿ̨̛͂̽̆̕ƛćlͤΐͳ͕ʇ̨̮ǟ�-ǎ̫ø˛̨̧̛͂̕ MAPKKK ̮

ƛć͆]ÿ̛͂̇(ƨ̫̦̍̊ɣ̀̓͂MEKK1̮ΐʴl̼̞̮ƛć]ÿ̫˃̨͂̏̕ͅ

ȳ̞̮̌̀̓͂̏̆ùå̫̤̦̯�üŒ̪͂Ųɰ̏ăɡ̧̉͂̇ 
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2D.3. (ƨ͖ͬ͜ΐ͖̫̍̓͂ MEKK1�Ɯȝʍ  

 

˳ (ƨSǊ̫̣̦̿̆űǁșȸL̮ Ca2+̮ƶï̯°ę̸̧̛̯̫͂̓̕̕«�̗̦̓̊

͂ (Knight et al. 1996)̇ŜǨǻ̫̦̍̊̆(ƨSǊ̙̠͜Ύ͋ͮͬͬ͟Éǌ̎̀þ̠șȸ

ğTơ̫̿͂MEKK1̴̮ΐʴl̏̆(ƨSǊ^̫ Ca2+̮͓ΒͤΒ̧̉͂ EGTA̧^

SǊ̨̛̫͂̿́̕ę]̨̗̓͂͆̕Ŋ̫̙̠̀̎ (Fig. 31)̨̮̯̇̕̕ MEKK1 ΐʴl̮

�Ɯȝʍ̫ Ca2+̮ƜH̏˃�̨̛͂͆̕ǭ�̙̦̊͂̇ʛì̆Pull-down assay{̱ BiFC

Ɣ͆ǎ̠̊ŃƔ̫̣̦̿ MEKK1 ̨ǟ�-ǎ̛͂ΐʴlʳŲ̙̦̑ CRLK1̏«�̗̠̓ 

(Yang et al. 2010)̇CRLK1̯ Ca2+/͑Ό΄͝·ΐ̫̣̦̿ƛć]ÿ̗͓̓͂ͬΒ̧̉́͡

(ƨ͖ͬ͜Ό#ʩ̫̦̍̊žȹ̨̛̼͂̕ǭ̗̦̓̊͂ (Yang et al. 2009)̇¶ȼɈǙǈ

Ȏ̫̿́ɺɟ̙̠ CRLKΛ̏ MEKK1 ͆ΐʴl̨̛͂͆̕Ŋ̫̙̠̀̎ (Fig. 34)̸̠̇

MEKK1 ̨�͖ΌΒ̫Ư̂͂ MEKK2̆MEKK3 ̫Ờ͂ CRLK1 ̮̎̀ΐʴl̯̆

MEKK2 ̫̦̍̊ô̑ŲT̗̠̓̏̆MEKK3 ̶̧̨̯͇̩ŲT̗̜̓̆CRLK1 ̏ MEKK1

̫Ờ͂ªʇǂǖć͆ģ̨̣̦̊͂͆̕ǭ̙̠ (Fig. 34A)̸̠̇̆MEKK1 ̮Iʿͤΐͳ͕

ʇ̫Ờ͂ΐʴl̨Ɗʑ̙̦͓̆ͬΒͫ͋͡ΐ̮̹̮ͤΐͳ͕ʇ͆ªʇ̨̙̠¬�̮

CRLK1̮̎̀ΐʴl̯ǫ̪̣̠̮̯̂̑̇̕̕CRLK1̫̿͂MEKK1̮ΐʴl͚̯͋ͪ

�̫ NśȀ˟¨̫Ã¤̨̛͂͆̕ǭ�̛͂ (Fig. 34A)̇Λǿ̫̦̍̊ MEKK1̮ NśȀ˟

¨̏ΐʴlʳȖƛć̽ªʇʭĝć̫˃̙̦ʷɡ̪ùa͆ģ̨̤͆̕ǭ̙̦̠̐̇CRLK1

̫̿́ MEKK1̮ NśȀ˟¨̏ΐʴl̨̗̓͂̏̆̕MEKK1̮ƛć]ÿ̫̦̩̮̍̊̿

̪̋žȹ͆ģ̤̮̫̤̦̎̊Œ̪͂Ųɫ̏ăɡ̧̉͂̇CRLK1̯ Ca2+/͑Ό΄͝·ΐ̫̿

́Ⱦæΐʴlƛć{̱΄ͩΌªʇ Casein ̫Ờ͂ΐʴlʳȖƛć̏�ŉ̨̛͂̏̕

«�̗̦̓̊͂ (Yang et al. 2009)̇CRLK1̮MEKK1̫Ờ͂ΐʴlʳȖƛć̼Ca2+/

͑Ό΄͝·ΐ̮JÃ̫̿́ƛćl̨̗̣̠̓͂̏̎̕ͅ (Fig. 34B)̮̇̓̀̕Ȟŧ̿́̆(

ƨ̫̿́ Ca2+̮șȸʇLƶï̮�ŉ̏ʊ́̆̕Ca2+/͑Ό΄͝·ΐ̫̣̦̿ CRLK1 ̏ƛ

ćl̗̓ MEKK1̮ΐʴl̨̛͆͂̏̕ǭ�̗̠̓̇ 
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3A. ȧɻ  

 

˳ ͜Ύ̪̩̮͋ͮͬͬ͟ƨèʊƫ̮µ̮̑űǁ̏QȞȴć͆ǆþ̛̠̻̫̯͂(ƨ˨l̏

ʷɡ̧̉͂̇(ƨ˨l̨̯̆űǁ̏ 0˽�12˽Ƕï̮QȞ̙̪̊(ƨ̫Ō̗̦̓̊͂Ř˂

̫QȞȴć͆°ỡ̧̙̙̪͂͑ͭ̉͂̇̎̏̀̆͟űǁ̏(ƨ͆ď�̛̮͂͑ͭ͟

̫˃̙̦̯Ś̡̫Śǣ̮ʰȔµ̑̆ǂ̫(ƨ̮͠ΐ͚Β̯�È̸̗̦̪̠̓̊̊̇(

ƨ̮ď�̫̯ɠĻ̮͠ΐ͚Β̏˃̨̣̦̊͂ͅȳ̦̞̟̮̌̀̓̍́̆̓̓͠ΐ͚Β̏ǖ

̪̣̠ȝʍ̫#ʩ̨̙̦̼̊͂̕ȳ̌̀̓͂̇�Ɂǚ̫̆(ƨ̯șȸȽ̮Ɯkć͆(�̗̝

̨͂̏̕«�̗̦̓̍́ (Los et al. 2013)̆șȸȽ̮Ɯkć(�̏̆(ƨ͠ΐ͚Β̮Λ̨̤

̙̦B̨̑̏̕ǭ�̗̦̓̊͂ (Vigh et al. 1993; Murata & Los 1997)̇șȸȽ̯ʠé̮ƨ

ïŠ ̫̦̍̊�ˤ�Ⱥȵʴ̮a�͆ɺļ̙̆ʬï̪șȸȽƜkć͆5̣̦̊͂̏ 

(Szalontai et al. 2000)̆(ƨǋ¯̨̫̪͂ʬï̪Ɯkć͆ģ̤ơŎǃĐ̎̀Ɯkć̮(

�̙̠͘ΌǃĐ̴ǁćǵɕ̏ǌ̨͂̚ȳ̦̌̀̓̊͂ (Los et al. 2013)̮̪̇̿̋̕șȸȽ

̮ǁǊǚ̪ćʇ̮³l̏(ƨď�̫ʷɡ̧̨̉͂̏̕ĬƩ̗̦̓̊͂ (Murata & Los 

1997)̇űǁ̫̦̼̍̊Éˏ̫̆șȸȽ̮Ɯkć͆ƩÈ̛̠̻͂ɒFɱɏ̧̉͂

1,6-diphenyl-1,3,5-hexatriene (DPH) ͆ǎ̦͉̊̆Όͷ͈Όͷ͈̮ΎͪΊ̮ͪ͞șȸȽ

Ɯkć̫Ờ͂ƨï³l̮ø˛͆ƩÈ̙̠«�̿́̆éƨ (25˽) ̨Ɗʑ̙̦(ƨ (4˽) 

̫̦̍̊șȸȽ̮Ɯkć̏(�̨̛͂̏̕ǭ̗̠̓(Oriver et al. 2000) (Fig. 35)̸̠̇̆

DMSOSǊ̫̣̦̼̿(ƨ̨�Ÿ̫șȸȽ̮Ɯkć̏(�̨̛͂̆̕Benzyl AlcoholSǊ

̫̿́(ƨ̫̿͂șȸȽƜkć̮(�̏ȩ�̨̗̼̓͂̕«�̗̠̓ (Oriver et al. 2000) 

(Fig. 35)͉̇Όͷ͈Όͷ͈©˦șȸ̫̦̍̊șȸȽƜkć̮(�̯ Ca2+͖ͬ͜ΐ͖̆ș

ȸ˫Ů̮Mŷē̆MAPK̮ƛćl̆CORʮ#À̮Ǚǈ̪̩͆ɴǪ̛̃͂̏̕ǣ̦̀̓̍́̆

(ƨ͖ͬ͜Ό#ʩ̴̮˃�̙̦̊͂ (Oriver et al. 2000; Sangwan et al, 2002)̇ȂΜǿ̫

̦̍̊̆(ƨSǊ̫̿́ MEKK1 ̽ MPK4 ̏ƛćl̸̨̛̠͂̆̕(ƨ2Ãǚ̪ MEKK1

̴̮ΐʴl̏ǌ̨̞̮͂̆̚̕�Ɯ̫ Ca2+͖ͬ͜ΐ͖̏Ã¤̨̛͂͆̕ǭ̙̦̠̞̐̇̕

̧̆(ƨ̫̿͂șȸȽƜkć̮(�͖̏̓̀ͬ̕͜Ό#ʩȝʍ̮�Ɯ̧žȹ̛̮͂̎͆

Ųɰ̸̨̨̛̙̠̠͂̇̆̕͜Ύ͋ͮͬͬ̏͟QȞȴć̮ǆþ̛͂(ƨ˨l̫̦̍̊̆șȸ

Ƚ̮Ɯkć̏˃�̛̮̫̤̦̼͂̎̊ɺ̵̠̇ 

˳ ̧̞̕Ŝǿ̧̯̆șȸȽǫl_̧̉͂ DMSO̽șȸȽƜkl_̧̉͂ Benzeyl Alcohol

̫̿́͜Ύ͋ͮͬͬ͆͟SǊ̨̧̛͂̕șȸȽƜkć͆³l̗̝̆(ƨ̫̍̓͂ MEKK1̮

ΐʴl̽ MPK4̮ƛćl̫șȸȽƜkć̮(�̏˃�̙̦̮̊͂̎͆Ųɰ̸̙̠̠̇̆

͜Ύ̮͋ͮͬͬ͟QȞȴć̮ǆþ̫̍̓͂șȸȽ̮Ɯkć³l̮ʷɡć̫̤̦̼̊«�

̛͂̇  
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Fig. 35 ͉Όͷ͈Όͷ͈ΎͪΊͪ͆͞ǎ̠̊șȸȽƜkć̮ƩÈ  

͉Όͷ͈Όͷ͈̮ΎͪΊͪ͆͞ɺɟ̙̆�SǊü̮șȸȽƜkć͆ɒFɱɏ 1 6-diphenyl-1 3 

5-hexatrieneƩÈ̙̠Ȟŧ͆ Orvar et al. 2000 ̿́óǎ̙̠̇ΎͪΊͪ͞ɺɟü 25˽̧ 30Ù̗̫

6µM 1 6-diphenyl-1 3 5-hexatrienęJ̫ 30U͋ΐ͓·ͻΒ̙̞̮ͪ̆ü�SǊ͆ 20U˂ɕ̣̠̇ɒF

õï͆ƩÈü̆șȸȽ̮Ɯkć̮ĤŹ̨̪͂ Polarization index (p) ͆ȇṪ̙̠̮̕<̏ˬ̶̩̊ș

ȸȽƜkć̏(�̨̙̦̊͂͆̕ǭ̛̇   
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3B. Şŀ̨ŃƔ  

 

3B. 1. ͜Ύ͋ͮͬͬ͟Éǌ̮ DMSO ̱̍̿ Benzyl AlcholSǊ  

 

˳ 2B.1.̫ǭ̙̠ŃƔ̧̆ʸǌ§űǁ͆ǌȶ̗̝̆�SǊ͆ɕ̣̠̇ǙɄü 2 ʤ˂̮Éǌ͆

͋͐ΐ�ĮƯɈƍ 20 ml̮Ḥ̠�͜΅Β̫ 1͚ΐΌö̠́Ȑ 158+ƞ̵̎̆22˽̮

ʣȢF̮Š ̧�ōȭ̠̊̇(ƨSǊ̯̆űǁ͆ȭ̦̊̊͂͜΅Β͆Ǝ�̫ǵ̙̆͜΅Β

L̮ƍ̨űǁ͆Ǫ̧̛̽̕ɕ̣̠̇ĤÈŋ˂ȝʧ̙̠ü̆űǁ+͆uð̫ơ+ǽȖ̧

Q̝̠̀̇DMSOSǊ̯̆űǁ͆ȭ̦̊̊͂͜΅Β̫țƶï 3%̆6%̫̪̫͂̿̋Ʈơ͆

ƥĕ̙ĤÈŋ˂ȝʧ̙̠ü̆űǁ+͆uð̫ơ+ǽȖ̧Q̝̠̀̇EGTA {̱ Benzyl 

Alcohol̫̿͂^SǊ̨̙̦̆țƶï 10 mM̮ EGTĂțƶï 20 mM ̸̠̯ 40 mM̮

Benzyl Alcohol̫̪̫͂̿̋̆ͪ͞͞SǊ̮ 1ŋ˂^̫͜΅Β̫Ʈơ͆ƥė̙̠ 

 

3B.2. ΐʴlʳȖƛćƩÈ  

 

ΝB.2.1. űǁșȸğTơ̮ΐʴlʳȖƛćƩÈ  

 

ΝB.1.̫̦̍̊SǊ̙̠͜Ύ͋ͮͬͬ͆͟ǎ̦̊̆2B.3.̨�Ÿ̮ŃƔ̧ɺɟ̙̠͜Ύ͋ͮͬ͟

ͬșȸğTơ̮ΐʴlʳȖƛć͆ƩÈ̙̠̇1B.2.{̱2B.7.̧ɺɟ̙̠GST-MEKK1 KN̆

GST-MKK1 KN̆GST-MKK2 KN̆͆ªʇͤΐͳ͕ʇ̨̙̦ǎ̦̊ƩÈ̙̠̇ΐʴlʳȖƛ

ć̮ƩÈ̯̆1B.5.̨�Ÿ̫[γ-32P] ATP̎̀ªʇ̴̮ĹÓƛć̮ʏǵ}Ą̫̿́ɕ̣̠̇ 

 

3B.2.2. GǗƑˆ̙̠MPK4̮ΐʴlʳȖƛćƩÈ  

 

ΝB.1.̫̦̍̊SǊ̙̠͜Ύ͋ͮͬͬ̎̀͟ 2B.4.̨�Ÿ̫ě MPK4ě+͆ǎ̦̊GǗƑˆ

̙̆MPK4̮ΐʴlʳȖƛć͆ƩÈ̙̠̇΄ͩΌªʇ̧̉͂ MBP ͆ªʇͤΐͳ͕ʇ̨̙̦

ǎ̊̆2B.8.1.̨�Ÿ̫ɕ̣̠̇ 

 

3B.3. ͋ͰΎͧͪ  

 

˳ 3B.2.1.̫̦̍̊ɺɟ̙̠̆͜Ύ͋ͮͬͬ͟șȸğTơ̫ 3xSDS sample buffer ͆ě̆

100˽̧ 5 U˂eƽü̆1B.3.̨�Ÿ̮ŃƔ̧ě MPK4 ě+͆ǎ̦̊͋ͰΎͧͪ͆ɕ̣
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̠̇ 

 

3B.4. QȞȴćƩÈ  

 

2B.1.̫ǭ̙̠ŃƔ̧̆ʸǌ§űǁ͆ǌȶ̗̝̠̇ǙɄü 2ʤ˂̮Éǌ͆͋͐ΐ�ĮƯɈƍ

20 ml̮Ḥ̠�͜΅Β̫ƞ̵̎̆�^SǊ͆ɕ̣̠̇�^SǊ̮ŃƔ͆��̫ɭ̙̠̇ 

 

Α22˽ 

űǁ͆ƞ̵̠̎͜΅Β͆̆22˽̮ʣȢF̮Š ̧ 24ŋ˂˗ȭ̙̠̇ 

 

Α4˽ 

űǁ͆ƞ̵̠̎͜΅Β͆̆4˽̮ʣȢF̮Š ̧ 24ŋ˂˗ȭ̙̠̇ 

 

ΑDMSO 

űǁ͆ƞ̵̠̎͜΅Β̫țƶï 6%̫̪̫͂̿̋Ʈơ͆ƥĕ̙22˽̮ʣȢF̮Š ̧

24ŋ˂˗ȭ̙̠̇ 

 

ΑBenzyl Alcohol + 22˽ 

űǁ͆ƞ̵̠̎͜΅Β̫țƶïΞ0 mM̫̪̫͂̿̋Ʈơ͆ƥĕ̙22˽̮ʣȢF̮Š 

̧ 25ŋ˂˗ȭ̙̠̇ 

 

ΑBenzyl Alcohol + 4˽ 

űǁ͆ƞ̵̠̎͜΅Β̫țƶïΞ0 mM̫̪̫͂̿̋Ʈơ͆ƥĕ̙22˽̮ʣȢF̮Š 

̧ 1ŋ˂˗ȭ̙̠̞̮̇ü̆4˽̮ʣȢF̮Š ̫ǵ̙̆24ŋ˂˗ȭ̙̠̇ 

 

ĤÈŋ˂ȝʧ̙̠ü̆űǁ+͆Ϳ̫ͧͪǵű̙̠̇QȞSǊ̯Ϳͧͪ͆-4˽̮ő˱�̮Š 

̫ǵ̙̆30 ŋ˂˗ǫ̧̛̃̄͂̕ɕ̣̠̇QȞSǊü̆22˽̮ʣȢF̮Š ̫ǵ̙̞̮̆ü

̮ǌȶ͆ɦÐ̸̙̠̠͙̇̆ΐͪΎΒΌ̨̙̦�^SǊü̆Ϳ̫ͧͪǵű̙̆22˽̮ʣȢF̮

Š ̧ǌȶ̗̝̠űǁ̼ɦÐ̙̠̇ 
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3C. Ȟŧ  

 

3C.1. (ƨ̫̍̓͂șȸȽƜkć̮(�͆�̙̠ MEKK1̮ΐʴl  

 

˳ șȸȽƜkć͆(�̗̝͂ɱɏ̨̙̦ DMSO SǊ͆ǙɄüΜʤ˂̮͜Ύ͋ͮͬͬ͟Éǌ

̫ɕ̣̠̇DMSO ̯Ν%̨ 6%̮țƶï̫̪̫͂̿̋ƥe̙ 0̆30̆180 U˂SǊ͆ɕ̣̠̇

̸̠̆Ɗʑ̨̙̦(ƨSǊ̼�Ÿ̫ 30̆180 U˂ɕ̣̠̇(ƨ{̱ DMSO SǊ̙̠Éǌ̿

́șȸğTơ͆ɺɟ̙̆GST-MEKK1 KN ͆ªʇ̨̙̦ΐʴlʳȖƛć͆ƩÈ̙̠ (Fig. 

36A)̇2C.2 ̨�Ÿ̫(ƨSǊ̙̠Éǌǐš̮șȸğTơ̫̿́ GST-MEKK1 KN ̴̮

ΐʴl̏ɣ̠̗̫̀̓̇̀̆(ƨSǊ̨�Ÿ̫̜̮̊̓ƶï̮ DMSO SǊ̫̦̼̍̊

GST-MEKK1 KN ̴̮ΐʴlʳȖƛć̏ŲT̸̗̠̠̓̇̆�Ÿ̮Ųɫ͆ GST-MKK1 

KN̆GST-MKK2 KN ͆ªʇ̫ɕ̨̣̠̈́̆̕(ƨSǊ̨�Ÿ̫̆DMSOSǊ̮̎̀șȸğ

Tơ̫̿͂GST-MKK2 KN̴̮ΐʴl̏ŲT̗̠̓�Ń̆GST-MKK1 KN̴̮ΐʴl

̯ɣ̪̣̠̀̓̎ (Fig. 36B)̇ 

̗̫̀̆(ƨSǊ̫̿͂șȸȽƜkć̮(�͆ȩ�̗̝͂iŧ͆Ŗ̙̦̊͂ Benzyl 

Alcohol͆ǎ̠̊̇(ƨSǊ̮Λŋ˂^̫ 20 mM{̱ 40 mM̮ Benzyl AlcohoļǙɄü

Μʤ˂̮͜Ύ̮͋ͮͬͬ͟Éǌ̫^SǊ̙̞̮̆ü̆4˽̫ǵɕ̨̧̛͂̕(ƨSǊ͆ˁ½

̙̆30U{̱ 180U˂̮(ƨSǊ͆ɕ̣̠̇Ɗʑ̨̙̦ Benzyl Alcohoļ^SǊ̪̙̮(

ƨSǊ̼ɕ̣̠̇�SǊ͆ɕ̣̠șȸğTơ͆ǎ̦̊ GST-MEKK1 KN {̱ GST-MKK1 

KN̆GST-MKK2 KN̫Ờ͂ΐʴlʳȖƛć͆ƩÈ̙̠ (Fig. 27)̇Benzyl Alcohoļ

^SǊ̧̪̙(ƨSǊ̙̠șȸğTơ̫̿͂ GST-MEKK1 KN{̱ GST-MKK2 KN̴̮

ΐʴlƛć̨Ɗʑ̙̦ Benzyl Alcohol ^SǊ̫̿́ΐʴl̮Ƨ×̏ɣ̀̓̆ǂ̫ 40 

mM Benzyl Alcohol^SǊ̫̦̍̊ˡɊ̪Ƨ×̏ɣ̠̀̓̇GST-MKK1 KN̫Ờ͂ΐ

ʴl̯̜̮̊̓SǊ̫̦̼̍̊ŲT̗̪̣̠̓̎̇ 

  



 105 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 36 șȸȽǫl_ DMSO SǊ͜Ύ͋ͮͬͬ͟Ʉǌ̌ǐšșȸğTơ̫̿͂

MEKK1{̱ MKK̮ΐʴl  

(A) Fig. ̧ǎ̠̊șȸğTơ  (0.1 mg) ̨ GST-MEKK1 KN͆[γ-32P] ATPÃ¤�̧ 37˽̆20U˂}Ą

̗̝̆GST-MEKK1 KN̴̮ΐʴlʳȖƛć͆ƩÈ̙̠̇ªʇ̮ΐʴl̮Ͳΐͫ͆ Autoradiograph

{̱ªʇͤΐͳ͕ʇ̮Ͳΐͫ͆ CBB Staining ̫ǭ̙̠̇  (B) (A) ̨�Ÿ̫  � MKK ͤΐͳ͕ʇ  

(GST-MKK1 KN̆ GST-MKK2 KN) ̴̮ΐʴl͆ɧŤ̙̠ ̇� MKK ͤ ΐͳ͕ʇ̮ΐʴl  

(Autoradiograph){̱ CBBũɂ  (CBB Staining) ͆ǭ̙̠̇   
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Fig. 37 șȸȽƜkl_ Benzyl AlcoholSǊ͜Ύ͋ͮͬͬ͟Ʉǌ̌ǐšͤΐͳ͕ʇ

ğTơ̫̿͂ MEKK1{̱ MKK̮ΐʴl  

(A) Fig. ̧ǎ̠̊șȸğTơ  (0.1 mg) ̨ GST-MEKK1 KN͆[γ-32P] ATPÃ¤�̧ 37˽̆20U˂}Ą

̗̝̆GST-MEKK1 KN̴̮ΐʴlʳȖƛć͆ƩÈ̙̠̇ªʇ̮ΐʴl̮Ͳΐͫ͆ Autoradiograph

{̱ªʇͤΐͳ͕ʇ̮Ͳΐͫ͆ CBB Staining ̫ǭ̙̠̇  (B) (A)̨�Ÿ̫  � MKK ͤΐͳ͕ʇ  

(GST-MKK1 KN̆ GST-MKK2 KN) ̴̮ΐʴl͆ɧŤ̙̠ ̇� MKK ͤ ΐͳ͕ʇ̮ΐʴl  

(Autoradiograph){̱ CBBũɂ  (CBB Staining) ͆ǭ̙̠̇   
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3C.2. (ƨ̫̍̓͂șȸȽƜkć̮(�͆�̙̠ MPK4̮ƛćl  

 

˳ ΝC.1.̫̦̍̊ɺɟ̙̠ DMSO {̱(ƨSǊ̙̠͜Ύ͋ͮͬͬ͟Éǌǐš̮șȸğTơ

̿́̆ě MPK4ě+͆ǎ̦̊GǗƑˆ̙̠ MPK4̮ΐʴlʳȖƛć͆΄ͩΌªʇ̧̉͂

MBP ͆ªʇ̨̙̦ƩÈ̙̠ (Fig. 38A)̇ 

˳ (ƨSǊ 30 U{̱ 180 U̧ MPK4 ̮ MBP ̫Ờ͂ΐʴl̏ŲT̗̓̆�Ÿ̫Ν% 

DMSO{̱ 6% DMSO̮̜̮̊̓SǊ̫̦̼̍̊ MPK4̮ƛćl̏ŲT̗̠̓̇(ƨ̆

DMSǪ̼̫ 180USǊ̨Ɗʑ̙̦̆30USǊ̫̦̍̊õ̊MPK4ƛć̏ɣ̸̠̠̀̓̇̆

�șȸğTơ͆ě MPK4 ě+̧͋ͰΎ̨̙̠ͧͪ̈́̆̕MPK4 ̮ͤΐͳ͕ʇʹ̫³l̯

ɣ̪̣̠̀̓̎ (Fig. 38B)̇ 

˳ (ƨ̫̍̓͂șȸȽƜkć̮(�̏MPK4̮ΐʴlʳȖƛć̫ø˛̛̮̗̫͂̎͆̀

Ųɰ̛̠̻͂̆3C.1.̫̦̍̊ǎ̠̊ Benzyl AlcoholÃ¤{̱˘Ã¤�̧(ƨSǊ͆ɕ̣

̠Éǌ̿́þ̠șȸğTơ̎̀GǗƑˆ̙̠ MPK4 ̮ΐʴlʳȖƛć͆ MBP ͆ƩÈ̙

̠ (Fig. 39A)̇ 

˳ Benzyl Alcohoļ^SǊ̨̛͂ 20mM̆40 mM̮̜̮̊̓ƶï̮ Benzyl Alcohol̮¬

�̫̦̼̍̊ Benzyl Alcohoļ^SǊ̧̪̙(ƨSǊ͆ɕ̣̠�ŋ˂̮MPK4̮ΐʴl

ʳȖƛć̨Ɗ̵(�̸̙̠̠̇͋ͰΎ̮ͧͪȞŧ̿́�SǊ̫̦̍̊ MPK4 ͤΐͳ͕ʇ

̮ʹ̯³l̙̪̣̠̎ (Fig. 39B)̇ 
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Fig. 38 șȸȽǫl_ DMSOSǊ͜Ύ͋ͮͬͬ͟Ʉǌ̌̎̀GǗƑˆ̙̠ MPK4̮

ΐʴlʳȖƛćƩÈ  

(A)͜Ύ̮͋ͮͬͬ͟Ʉǌ̌͆�ƶï  (3%̆6%) ̮ DMSO {̱(ƨ̧ 0̆30̆180 U˂SǊ̙̆șȸğ

Tơ͆ɺɟ̙̠̇ɺɟ̙̠șȸğTơ̿́ě MPKΞě+  (anti-MPK4) ̫̿́ MPK4 ͆GǗƑˆ̙̠̇

GǗƑˆ̙̠ MPK4̮ΐʴlʳȖƛć͆΄ͩΌªʇ MBP͆ªʇ̫ƩÈ̙̠̇ªʇ̮ΐʴl̮Ͳΐ

ͫ͆ Autoradiograph{̱ªʇͤΐͳ͕ʇ̮Ͳΐͫ͆ CBB Staining̫ǭ̙̠̇(B) (A) ̮șȸğTơ͆

SDS-PAGE ̫̿́Úˁ̙̆ě MPK4ě+͆ǎ̦̊͋ͰΎ̙̠ͧͪ̇MPK4̮Ͳΐͫ͆ IB : anti-MPK4

̫ǭ̙̠͙̇ΐͪΎΒΌ̨̙̦ CBBũɂ̙̠͘Ό̮ Rubisco̮ Large Subunit̮Ͳΐͫ͆ CBB Staining 

(Rubisco LSU) ̫ǭ̙̠̇   
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Fig. 39 șȸȽƜkl_ Benzyl AlcoholSǊ͜Ύ͋ͮͬͬ͟Ʉǌ̌̎̀GǗƑˆ̙

̠ MPK4̮ΐʴlʳȖƛćƩÈ  

(A)͜Ύ̮͋ͮͬͬ͟Ʉǌ̌͆�ƶï  (20 mM̆40 mM) ̮ Benzyl Alcohol ̧ 60U˂^SǊ͆ɕ̣̠

ü̆(ƨ̧ 0̆30̆180 U˂SǊ̙̠̇șȸğTơ͆ɺɟ̙̆ě MPKΞǂǖě+̫̿́ MPK4 ͆GǗƑ

ˆ̙̠̇GǗƑˆ̙̠ MPK4 ̮ΐʴlʳȖƛć͆΄ͩΌªʇ MBP ͆ªʇ̫ƩÈ̙̠̇ªʇ̮ΐʴ

l̮Ͳΐͫ͆ Autoradiograph{̱ªʇͤΐͳ͕ʇ̮Ͳΐͫ͆ CBB Staining̫ǭ̙̠̇(B) (A) ̮șȸ

ğTơ͆ SDS-PAGE ̫̿́Úˁ̙̆ě MPK4 ě+͆ǎ̦̊͋ͰΎ̙̠ͧͪ̇MPK4 ̮Ͳΐͫ͆ IB : 

anti-MPK4 ̫ǭ̙̠͙̇ΐͪΎΒΌ̨̙̦ CBB ũɂ̙̠͘Ό̮ Rubisco ̮ Large Subunit ̮Ͳΐͫ͆

CBB Staining (Rubisco LSU) ̫ǭ̙̠̇   
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3C.3. șȸȽƜkć̮(�̫̿͂QȞȴć̮ǆþ  

 

˳ B5 ©¥̫̦Μʤ˂ǌȶ̗̝̠͜Ύ̮͋ͮͬͬ͟Éǌ͆ 22˽̧ 24 ŋ˂ (22˽)̆6% 

DMSOƥeü 22˽̧ 24ŋ˂ (DMSO + 22˽)̆40 mM Benzyl Alcoholƥeü 22˽̧

25ŋ˂ ΔBA +22˽Ε̆40 mM Benzyl Alcoholƥeü 22˽̧ 1ŋ˂̗̫̀Ξ˽̫ǵɕ̙ 24

ŋ˂ (BA + 4˽)̆4˽̧ 24ŋ˂ Δ4˽Ε ̮�^SǊ͆ɕ̣̠̞̮̇ü̆Ϳ̫ͧͪűŔ̞̌̆

̸̸̮ 22˽̧ů©̼̙̯̑-Ξ˽̧ 30ŋ˂QȞSǊ͆ɕ̞̮̊ü 22˽̧ů©̙̠̇ 

˳ QȞSǊ͆ɕ̸̸̜̞̮̆ͅů©̙̠Ϳ̫̦ͧͪ̍̊̆BA +22˽^SǊ̮űǁ+̮̹ǌ

ȶ̙̪̣̠̎ (Fig. 40A)̇�Ņ́ BA + 4˽^SǊ̮��T��22�!É��Z����

��c����T��§������DMSO + 22˽^SǊ̮��T� 22�! 4��Z

�����T��·��2*5�qe^�� (Fig. 40A)� 

� aZ�t�-4����%��Y£Z�(��aZ��Y£¦w��sÄ(�

±���&������hd�c���22�\Z��Æ^('����ibY£

Z��"��«�������É��\Z��%��Æ^�����Y£Z�t�

�§��³�&� (Fig. 40B)�DMSO + 22˽\Z�(	� 4��"%Æ^Z��c

��Y£¦w�¯#&��K}�BA + 4˽̮^SǊ̙̠űǁ̯Y£¦w(�����

��&#�£�� ¨ª�]w�SM�S��x`�Â'��
$�3H*><5

<�Æ^(¸��Y£¦w(�u�%��pN�%�(����%� 
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Fig. 40 șȸȽǫl_{̱șȸȽƜkl_̫̿͂QȞȴć̴̮ø˛  

ǙɄü 2ʤ˂ü̮͜Ύ̮͋ͮͬͬ͟Ʉǌ̌͆͜΅Β̫ƞ̵̎(ƨ  (4˽)̆6% DMSO (22˽)̆40 mM 

Benzyl Alcohol (22˽)̆40 mM Benzyl Alcohol (22˽) ̧ 1ŋ˂^SǊü(ƨ  (4˽) ̧ 24ŋ˂SǊ

̙̆Ϳ̫ͧͪǵŔ̌ 22˽˳(A) {̱-4˽˳(B) ̧ 30ŋ˂SǊ̙̠̞̮̇ü̆22˽̧ǌȶ̗̝̠̇SǊ̎̀

12ņü̮ǌȶǃƓ͆ǭ̙̠̇   
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3D. ȳÐ  

 

3D.1. (ƨ̫̍̓͂șȸȽƜkć̮(�͆�̙̠ MEKK1-MKK2-MPK4 ͑͗͞Βͫ

̮ƛćl  

 

˳ (ƨ̮ď�̫̦̍̊̆șȸȽƜkć̮(�̯ʷɡ̪ɡ�̧̨̉͂ȳ̦̌̀̓̊͂̇͜Ύ͋

ͮͬͬ͟Éǌ͆șȸȽǫl_̧̉͂ DMSOSǊ̨̙̠̈́̕(ƨSǊ̨�Ÿ̫ MEKK1̍̿

̱MKK2̫Ờ͂ΐʴlƛć̏ŲT̸̗̠̓̆MPK4̮ƛćl̼ɣ̠̀̓ (Fig. 36̆Fig. 

38)̇�Ń̆(ƨSǊ̫̦̍̊ɣ̀̓͂MEKK1̆MKK2̴̮ΐʴlƛć̽MPK4̮ƛć

l̏șȸȽƜkl_ Benzyl Alcohol ^SǊ̫̿́˅Ę̗̈̓͂͆̕ǭ̙̠ (Fig. 37̆Fig. 

39)̇̓̀̕Ȟŧ̯̆(ƨ̫̍̓͂șȸȽƜkć̮(�̏ MEKK1 ̮ΐʴl̽

MEKK1-MKK2-MPK4 ͑͗͞Β̮ͫƛćl̫ăɡ̧̨̉͂͆̕ǭ�̙̦̊͂̇Ȃ 2 ǿ̧̆(

ƨ̯ Ca2+͖ͬ͜ΐ͖͆�̙̦ MEKK1 ̮ΐʴl͆ɴǪ̛̃͂̆̕Ca2+/͑Ό΄͝·ΐ̫

̣̦̿ƛćl̗̓͂CRLK1̏MEKK1̮�ƜΐʴlʳȖ̮:ɞ̧̨̉͂͆̕ǭ̙̦̍́̆

̓̀̕�Ɯȝʍ̏șȸȽƜkć̨˃ʣ̨̙̦̊͂ȳ̌̀̓͂̇șȸȽƜkć̨ CaΜΗ͖ͬ͜

ΐ͖̮˃ʣć̫̤̦͉̊̆Όͷ͈Όͷ͈̽ Brassica napus ͆ǎ̠̊É˪̿́șȸȽƜk

ć̮(�̯ Ca2+ƶï̮�ŉ̿́E̫ǌ̨̗̦͂̓̊͂̚ (Orvar et al. 2000; Sangwan et 

al. 2001)̇ 

˳ ̸̧̮̓̕Ȟŧ̽«�̸̨̨̻͆͂̆(ƨ̫̿́șȸȽ̮Ɯkć̏(�̨̛̞̮͂̆ü̆

Ca2+/͑Ό΄͝·ΐ-CRLK1-MEKK1-MKK2-MPK4/6 ̮ȝʍ̏ƛćl̗̓(ƨĄȅʮ#

À̮Ǚǈ]ÿ͆ɕ̨̧̋̆̕(ƨ˨l̏ʊ́̆̕͜Ύ͋ͮͬͬ̏͟QȞȴć͆ǆþ̛͂�ʣ

̮͖ͬ͜Ό#ʩȝʍ̮Ã¤̏ǭ�̗̓͂ (Fig. 41)̇ 

 

3D.2. ͜Ύ̮͋ͮͬͬ͟(ƨ˨l̫̍̓͂șȸȽƜkć(�̮ùa  

 

˳ ŜǨǻ̫̦̍̊̆͜Ύ͋ͮͬͬ͆͟ DMSO SǊ̨̧̛͂̆̕Ξ˽̫̿͂(ƨ˨l̨�Ÿ̮

QȞȴć̏ǆþTš̨͂͆̕ǭ̙̠ (Fig. 40)̯̇̓̕ DMSO SǊ̫̿͂șȸȽƜkć(

�̏(ƨǃĐ͆ź;̧̨̐͂͆̕ǭ�̙̦̊͂̇�Ń̆Benzyl Alcohol Ã¤�̧Ξ˽̫̿͂

(ƨ˨l͆ɕ̣̠͜Ύ̯͋ͮͬͬ͟QȞȴć͆ǭ̗̪̣̠̎ ΔFig. 40Ε̨̮̯̇̕̕Ξ˽̫̿

͂șȸȽƜkć͆(�̗̝͂-ǎ͆ Benzyl Alcohol ̏ȩ�̨̧̛͂̕șȸȽƜkć̏(

�̝̜̆(ƨ˨l̫˃͖͂ͬ͜ͅΌ̏B̪̣̠̠̻̎̎̆QȞȴć̏ǭ̨̗̪̣̠̓̎ȳ

̮̌̀̓͂̇̓̀̕Ȟŧ̿́̆͜Ύ̮͋ͮͬͬ͟(ƨ˨l̫̦̍̊șȸȽƜkć̏ăɡ̧̉

̨͂̏̕ǭ�̗̓͂̇(ƨSǊ̽ DMSO SǊ̏ MEKK1 ̮ΐʴl{̱ MPK4 ̮ƛćl
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͆ɴỠ͂�Ń̆Benzyl Alcohol̞̏̓̀͆ę]̨̛͂͆̕ǭ̙̠ (Fig. 36̆Fig. 37̆Fig. 

38̆Fig. 39)̸̠̇̆MKK2̮ʮ#Àſıűǁ̏(ƨ˨lTš̪̊̏̆ƛć§ MKK2̮ʧ

`Ǚǈűǁ̏(ƨSǊ̪̙̫QȞȴć͆ǆþ̧̨̐͂̏̕«�̗̦̓̊͂ (Teige et al. 

2004)̇̓̀̿́̆̕DMSO SǊ͜Ύ̫̦̼͋ͮͬͬ̍̊̆͟șȸȽƜkć̮(�͆�̙̠

MEKK1 ̮ΐʴl̽ MEKK1-MKK2-MPK4 ȝʍ̮ƛćl̏(ƨ˨l̫̿͂QȞȴć̮

ǆþ̫Î�̨̙̦̊͂ą̙̙̪̓͂̇̎̏̀̆ͅDMSO ̯kǁ©˦șȸȄ͆QȞ5Ã̛͂

ˏ̫QȞ5ɿ_̨̙̦�Ɂǚ̫ą̌̊̀̓͂̏̕ǣ̦̯̀̓̊͂̇̓̕©¥̫ 10%Ƕï̮

DMSO ͆ƥę̧̛͂̆̕DMSO ̏șȸL̫Ɵʟ̙̆șȸLƍU̮ȞŎl͆˄̨̫̒̿̕

̨̗̦͂̓̊͂̇ŜǨǻ̫̦̼̍̊̆DMSO ̏�Ÿ̮̫͑ͭ̿́͟űǁ+̫QȞȴć͆

��̙̦̊͂�ȹć̼ȳđ̛͂ăɡ̏̉͂̇ 

˳ DMSO SǊ͆ɕ̣̠ü̆QȞSǊ͆ɕ̜ͅ 22˽̸̸̧̞̮ǌȶ̗̝̠͜Ύ̯͋ͮͬͬ͟

I8+ǌȶ̙̠̼̮̮̆22˽̮͙ΐͪΎΒΌűǁ̨Ɗʑ̙̦űǁ+̮͚̮͋͟Ö§l̏ɣ

̠̀̓ (Fig. 40A)̇DMSOSǊü̫Ȼ͋͐ΐƍ̧ƚƝ̨̙̦̊͂̎̀̆̕űǁL̫�́ʚ̸

̠̓ DMSO ̞̮̏ü̮ǌȶ͆˅Ę̛̈͂̏̕ȳ̸̠̌̀̓͂̇̆Benzyl Alcohol SǊ͆

22˽̧ɕ̣̠űǁ̯̆QȞSǊ͆ɕ̪̊ͅ¬�̫̦̼̞̮̍̊̆üǌȶ̧̪̣̠̐̎ (Fig. 

40A)̇�Ņ́̆Benzyl AlcoholÃ¤�̧ 4˽SǊ̙̠űǁ+̯QȞSǊ͆ɕ̪̊ͅ¬�̆

Benzyl Alcohol ˘Ã¤�̧̮ 22˽{̱ 4˽̧SǊ̙̠űǁ̨�Ÿ̮ǌȶ̏ɦÐ̗̠̓ 

(Fig. 40B)̨̮̇̎̀̆̕̕Benzyl Alcohol SǊ͆ 22˽̧ɕ̣̠űǁ̯șȸȽ̮Ɯkć̏

22˽̮ǃĐ̿́°ĕ̙ˬƨǃĐ̨�̪̿̋̚șȸȽ̮ǃĐ̫̪́ǌȶTš̨̪̣̠̎̏̕

ȳ̌̀̓͂̇Benzyl AlcoholÃ¤�̧4˽SǊ̙̠űǁ+̯̆Benzyl Alcohol̫̿͂șȸȽ

Ɯkć̮°ę(ƨ̫̿͂șȸȽƜkć̮(�̏�ŋ̫ǌ̨̧͂̚̕ʬV̪șȸȽƜk

ć̏ȣģ̗̓ǌȶ̏�ȹ̨̪̣̠̏̆(ƨǃĐ̮̪̿̋Ɯkć(�̼ǌ̜̆̚(ƨ˨l͆

�̙̠QȞȴć̮ǆþ̯Tš̨̪̣̠̎ȳ̌̀̓͂̇Éˏ̫͉Όͷ͈Όͷ͈ΎͪΊͪ͆͞

ǌȶƨï̧̉͂ 25˽̫̦̍̊ Benzyl AlcoholSǊ̨̛͂̆șȸȽ̮Ɯkć̏�ŉ̙ˬƨ

̨ͪ͞͞�Ÿ̪B̨̛̐͆͂̏̕«�̗̦̓̊͂ (Sangwan et al. 2002)̇ 

˳ űǁ̮(ƨ˨l̫̦̍̊̆MAPK ͑͗͞Β̡̧̪ͫ̓̑Ÿ̪̈�À͖̏ͬ͜Ό#ʩ̫˃

�̨̙̦̊͂̏̕«�̗̦̓̊͂ (Ruelland et al. 2009; Miura & Furumoto 2013)̇(ƨ̫

̿͂șȸȽƜkć̮(�̯̆űǁ̏(ƨǃĐ͆ď�̨̛̫̦͂̍̊̕ʷɡ̪͠ΐ͚Β̫̪

̨̣̦̊͂̏̕ĬƩ̗̩̮̪͖̓͂̏̆̿̋ͬ͜Ό#ʩȝʍ̏șȸȽƜkć(�̮�Ɯ̧

B̶̸̨̦̮̯͇̩̣̦̪̠̊̊͂̎̎̊̊̇̆ͅșȸȽ̮Ɯkć̮(�̩̮̪̏̿̋͑

̧ͭ͟�Ɯ͖ͬ͜Ό#ʩȝʍ̫͖ͬ͜Ό͆#̮̼̣̦̪̌͂̎̎̊̊̇ͅ�ü̆șȸȽ

̮Ɯkć³l̩̮̫̏̿̋ɳɾ̆#ʩ̗̮̓͂̎̏ɧŊ̨̧̗̓͂̆̕(ƨ̮ď�̮�Ȝ

̹̏Ŋ̡̫̪̣̦̀̎̊̑̈́̋̇  
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Fig. 41 (ƨ̫̍̓͂ MEKK1 ͆�̙̠͖ͬ͜Ό#ʩȝʍ̮΄ͩΌ�  

Ŝǿ̮Ȟŧ̸̨̻͆΄ͩΌ�͆ǭ̛̇(ƨǋ¯̫̦̍̊șȸȽƜkć̮(�̆șȸʇL Ca2+
ƶï̮

�ŉ̏ʊ͂̇̕Ca2+
̯͑Ό΄͝·ΐ̨Ȟ�̙̆CRLK1 ͆ƛćl̛͂̇ƛćl̙̠ CRLKΛ̯ MEKK1 ͆

ΐʴl̙̆MEKK1-MKK2-MPK4/MPK6̮ MAPK ͑͗͞Βͫ͆ƛćl̛̮͂̇̕ȝʍ̮�Ɯ̧̯ CBF

ʮ#ÀȰ̮Ǚǈ̏ɴÕ̗̓̆(ƨĄȅʮ#ÀȰ̮Ǚǈ̏]ÿ̨̧̗̓͂̕QȞȴć̏��̨̛͂ȳ

̌̀̓͂̇  
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Ȃ4ǿ  

 
 
 

3xFLAG-MEKK1ʧ`Ǚǈűǁ̮-ɟ  
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4A. ȧɻ  

 

˳ űǁ̯kǁ̨̯ǖ̪́̆ǵķ̪̠̻̐̊ǋ¯̫ʬĄ̙̦ǌÃ̙̦̪̰̪̜̊̎̓̓̀̆

ǋ¯̮³l̫Ąȅ̸̸̙̗̘̪ǌǊǚ³l͆ʊ̙̞̮̆̕ǋ¯³l̴̮ʬĄ͆ǭ̛̇fĊ̪

ǋ¯Š ̨̪͂ˬ®̆�ƾ̆(ƨ̪̩̮ǋ¯̫ͪ͞͞Ō̗̠̓űǁ̯8+ͻΌ̆Ȝȫ

ͻΌ̆șȸͻΌ̯̉͂̊ʮ#ÀͻΌ̧Ąȅ̛̮͂̇̓̀̕ǋ¯̯͖ͪͬ͜͞͞Ό̨̙̦

șȸL̫#̌̀̓̆ͪ͞͞Ąȅćʮ#À̮ʏN͆ɴỠ̪̩͂8̮̈șȸ̫̍̓͂ʮ#

À̮ǙǈŸò͆³l̗̝͂ ΔHuang et al. 2012Ε̮̪̇̿̋̕űǁ̏Ŝšģ̣̦̊͂ǋ¯ʬ

Ą̫˃͂ͅʮ#À͆űǁĻʧ`̫Ǚǈ̨̧̛͂̆ͪ̕͞͞ȴćűǁ̮-T̏�ȹ̨̪͂

̨ȳ̦̌̀̓̍́̆űǁ̮ͪ͞͞ȴć̫̤̦͑ͭ̊͟Ÿ̪̈Ǩǻ̏ɕ̓̆ͅǣɣ̏þ̀

̦̦̓̐̊͂̇öǨǻÊ̫̦̍̊̆Raf̮ͤ͋MAPKKĶ̉͂MAP3Kδ4ʧ`Ǚǈűǁ͆

-ɟ̙̆ˬ®ȴć̏�ŉ̨̙̠͆̕«�̙̦̊͂ (Shitamichi et al. 2013)̇ŜǨǻ̮Òʀ̧

̉͂MEKK1̮�Ɯ̧B̑MAPKK̽MAPK̫˃̙̦̼̞̮̆̓̀ʧ`Ǚǈűǁ̫˃̛͂«�

̪̗̦̦̏̓̐̊͂̇ƛć§MKK2ʧ`Ǚǈűǁ̯(ƨ˨l̪̙̫QȞȴć͆ǭ̨̛̕ 

(Teige et al. 2004)̸̠̆̆ƛć§MPK4ʧ`Ǚǈűǁ̯ǘxɈ̫Ờ͂Ğěć̏(�̛͂

̨̏̕ǭ�̗̦̓̊͂ (Berriri et al. 2012)̙̙̪̇̎̏̀̆MEKK1̮ʧ`Ǚǈűǁ̫˃̛͂

«�̸̧̯̪̗̦̪̓̓̊̊̇̕MEKK1̯Ÿ̪̈ǋ¯̫ͪ͞͞˃̨͂̏̕ͅ«�̗̦̓̊

̨͂̎̀̆̕MEKK1ʧ`Ǚǈűǁ̯̆ɠ�ǚ̪ͪ͞͞ȴćűǁ̮-ɟ̫Ǫ̈̄̏͂̏̕Řû

̗̓͂̇ 

˳ ̧̞̆̕Ŝǿ̧̯MEKK1ʧ`Ǚǈűǁ̮-T͆ɕ̸̣̠̠̇�ƛć§MEKK1 KNʧ`Ǚ

ǈűǁ̼-ɟ̙ƊʑɧŤ̨̧̛͂̆̕űǁ+̫̍̓͂MEKK1̮ΐʴlʳȖƛć̮ùa͆

Ųɰ̙̠̇-ɟ̙̠MEKK1 Full̆KNʧ`Ǚǈűǁ̮ǌȶ̴̮ø˛̱̍̿QȞȴć͆ɧŤ

̙̠̇  
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4B. Şŀ̨ŃƔ  

 

4B.1. 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮-ɟ  

 

4B.1.1. 3xFLAG-MEKK1Ǚǈͻ͕ͤΒ̮-ɟ  

 

MEKK1 ͆ʧ`Ǚǈ̛͂ͪΊΐ͍͕ͭͧ͞͝űǁ-ɟ̫ǎ̊͂ͻ͕ͤΒ̮ŷȉ͆ɕ̣̠̇

MEKK1 Full (MEKK1̮Iʿʮ#À) {̱MEKK1 KN ΔMEKK1̮ 361Ǖǝ̮͉Ͱʴ̧

̉͂ LysƄª͆ArgƄª̫ȭĮ̙̠ͤΐͳ͕ʇ͙͆Β̛ͫ͂Ε ̫ 3xFLAG͖̮ͤʱW͆�e

̛̠̻͂̆ p3xFLAG-CMV-10 (Sigma ǯ ) ̫ÕHü̆ 3xFLAG-MEKK1 Full {̱

3xFLAG-MEKK1 KN ̮ ʱ W ͆ Ͳ ͋ ͬ  Β ͻ ͕ ͤ Β pBI121 ̫ Õ H ̙ ̆

pBI121-3xFLAG-MEKK1 Full{̱ pBI121-3xFLAG-MEKK1 KN ͆ŷȉ̙̠ (Fig. 42)̇ 

 

p3xFLAG-CMV-10ͻ͕ͤΒ̫MEKK1 Full{̱MEKK1 KN͆ÕH̙̠p3xFLAG-MEKK1 

Full{̱ p3xFLAG-MEKK1 Full ͆-ɟ̛̠̻̮͂͋ΐ͚Βͪ͆ 1B.1.̨�Ÿ̮ŃƔ̧ɺɟ

̙̠̇ʼ§̫̯ 1B.1.̧ɺɟ̙̠ pGEX-MEKK1 Full{̱ pGEX-MEKK1 KN̞̟͆̓̓ǎ

̠̊̇ 

 

p3xFLAG-CMV-10ͻ͕ͤΒ̫ħH̛̠̻̮͂]ˇʳȖEcoR ĮBamH IɳɾʱW͆ÕH̙

̠Ί͋Β͆ɮɪ̙̠̇Ί͋Β̮ʱW͆��̫ǭ̙̠̇ 

 

Primer name sequence (5' → 3´Ε 

MEKK1-EcoR I g atg Forward gaaagaattcgatggacaggattctagct 

MEKK1-BamH I Reverse gtttggatcctcatctacggagaaggggagatgc 

 

•]ˇʳȖ̯̆Ί͋ΒʱW̫�̸̓͂]ˇʳȖ͚̫͋ͪÒĄ̛̼̮͂͆ǎ̠̊̇ 

•ͻ͕ͤΒ̮-ē̯̆1B.1.3.~ 1B.1.10.̨�Ÿ̫ɕ̪̣̠̇ 

 

pBI121 ͻ͕ͤΒ̫ 3xFLAG-MEKK1 Full {̱ 3xFLAG-MEKK1 KN ͆ÕH̙̠

pBI121-3xFLAG-MEKK1 Full{̱ pBI121-3xFLAG-MEKK1 KN͆-ɟ̛̠̻̮͂͋ΐ͚

Βͪ͆ 1B.1.̨�Ÿ̮ŃƔ̧ɺɟ̙̠̇ 
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Ͳ͋ͬΒͻ͕ͤΒpBI121 ̯ŜǨǻÊ̫5Ã̗̦̠̓̊ Clonteck ǯ̮̼̮͆/ǎ̙̠̇

pBI121̫ħH̛̠̻̮͂]ˇʳȖ Bam HI ̨ Sac IɳɾʱW͆ÕH̙̠Ί͋Β͆ɮɪ

̙ ̠ ̇ ��̫  Ί ͋ ΒʱW ͆ɭ̛ ̇ʼ§̫̯ p3xFLAG-MEKK1 Full {̱

p3xFLAG-MEKK1 KN ̞̟͆̓̓ǎ̠̊̇ 

 

Primer name sequence (5' → 3´˴ 

3xFLAG- BamH I Forward gaaaggattcatggactacaaagaccatgac 

MEKK1-Sac I Reverse gtttgagctctcatctacggagaaggggagatgc 

 

•]ˇʳȖ̯̆Ί͋ΒʱW̫�̸̓͂]ˇʳȖ͚̫͋ͪÒĄ̛̼̮͂͆ǎ̠̊̇ 

•ͻ͕ͤΒ̮-ē̯̆1B.1.3.~ 1B.1.10.̨�Ÿ̫ɕ̪̣̠̇ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 42 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮-ɟ̫ǎ̠̊Ǚǈͻ͕ͤΒ  

MEKK1 ͆ʧ`Ǚǈ̛͂ͪΊΐ͍͕ͭͧ͞͝űǁ͆-ɟ̛̠̻͂̆Ͳ͋ͬΒͻ͕ͤΒpBI121 ̫ 3xFLAG 

tag̮ʱW͆ɓ�̙̠Iʿ MEKK1 (3xFLAG-MEKK1 Full) ̱̍̿ 361Ǖǝ̮ LysƄª͆ ArgƄª̫

ȭĮ̙̠ΐʴlʳȖƛćſı MEKK1 (3xFLAG-MEKK1 KN) ͙͆Β̛ͫ͂ʱW͆ħH̙̠Ǚǈͻ͕ͤ

Β͆ŷȉ̙̠̇   
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4B.1.2. Three-way matingƔ̫̿͂÷ʇʏĮ͉͖ΎͲ͕̮ͨ͌-ɟ  

 

ͺΌͳΒΊͫ͞pRK2013̆{̱͉͖ΎͲ͕ͨ͌C58Ŭ̯̆ŜǨǻÊ̫5Ã̗̦̓̊

̠̼̮͆/ǎ̙̠̇ 

 

ΑͺΌͳΒΊͫ͆͞ģ̤¶ȼɈ͆ LB ΔKm⁺Ε Β̫ͪî̔̆37˽̧�ō©˦̙̠͉̇

͖ΎͲ͕̯ͨ͌ LB ΔRf⁺Ε Β̫ͪî̔̆28˽̧ 2ņ˂©˦̙̠̇ 

ΑǙǈͻ͕ͤΒ͆ͪΊΐ͞ͷ͏ΒΒ͜Ήΐ̙̠¶ȼɈ̨̆�ɭ̧þ̠̀̓ͺΌͳΒΊͫ͆͞

ģ̤¶ȼɈ̮s�͙ΎͭΒ̞̟͆̓̓3 ml̮LB ΔKm⁺Ε ơ+©¥̫űɈ̙̆37˽̧�ō

Ħǜ©˦̙̠̇ 

Α͉͖ΎͲ͕̯ͨ͌3 ml̮LB ΔRf⁺Ε ơ+©¥̫űɈ̙̆28˽̧2ņ˂Ħǜ©˦̙̠̇ 

Ἀ̞̟̮̓©˦ơ͎͆ͧͼΐ̫ǵ̙̆10000 rpm̆Êƨ̧ 1 UʫĂ̙̦ːɈ̙̆ƯɈ̙̠

10 mM MgSO₄ 50 ml ͆ě̦ĒƵ̙̠̇ 

Α1̤̮͎ͧͼΐ̫̞̟̮̓̓ĒƵơ 30 µl̜̤ě̦Ƥ�̙̆LBΒ̫ͪ 10 µl̜̤͞Ϳ

̙ͧͪ̆10U˂�ƾ̗̝̠ü̆28˽̧�ō©˦̙̠̇ 

Α͙ΎͭΒ͆ɏ̧̨̗̎̐́̆̚10 mM MgSO₄ 200 µl̮Ḥ̠͎ͧͼΐ̫H̦̓ĒƵ̙̆LB 

ΔKm⁺̆Rf⁺Ε Β̸̫̦ͪ̊̆28˽̧ 2ņ˂©˦̙̠̇ 

Αs�͙ΎͭΒ͆ LB ΔKm⁺̆Rf⁺Ε ơ+©¥ 3ml̫űɈ̙̆28˽̧ 2ņ˂Ħǜ©˦̙̠̇ 

Α©˦ơ 500 ml ̨ 50%͖͠ΎΒΌ 500 ml ͆Ƥ�̙̆-80˽̧5Ã̙̠̇ 

 

1B.1.6.̧ɭ̙̠ LB©¥̫͑ͬ͋͜ΐ (țƶï 20 mg/ml) ͆ě̠̼̮͆ LB (Km+)̆ͷ

͈ΐͶ͜ΐ (țƶï 100 mg/ml) ͆ě̠̼̮͆ LB (Rf+)̆͑ͬ͋͜ΐ̨ͷ͈ΐͶ͜ΐ͆e

̠̼̮̌͆ LB ΔKm⁺̆Rf⁺Ε ̨̙̦/ǎ̙̠̇ěǌǁʇ̯͐Β͕ͪΒüě̠̇ 

 

4B.1.3. ÷ʇʏĮǎ̮űǁ̮ů©ŃƔ  

 

ΑǞú 8 cm̮ʻ̫ͲΒ͓·Ί͋ͪ͆H̓̆ə˙͆ͧ͜·̧ɢ̣̠̞̮̇ˏ̆ͲΒ͓·Ί͋

ͪə˙̨ͧ͜·̮˂̫ˎ˂̧̪̫̏̐̊̿̋Ǔč̙̠̇ 

ΑȄ˂ˍ̧ 5ȆĖ̆2Ȋ̜̤͆̆EȀ͆ƍ̧̬̙̠̀ƿųŨ͆ǎ̦̊ĵǷ̙̠̇ 

ΑĵǷü̆22˽̮ʣȢF�̧ȶ̦̠̇ƍ̯̽́ƍ̏Ƣ̪̓̊Ƕï̫ÈŘǚ̫ɕ̣̠̇ 

Αűǁ+̏¶̪̣̦̠̐̑̐̀̆ēʿ̮¼̨̪̔͂ͯͧͪʰU̧̯̗̹͆V̮́̆ͯͧͪ�̫ɉ

͆Ṫ̙̠Ȑ 3ʤ˂ü̆ɃɅ̮ʿ̗̏Ļ cm̨̧̫̪̣̦̠̐̈́̕ĳĂ͆ɕ̣̠̇ 

ΑĳĂü̆űǁ͆Ļņ̎̀ 10ņ˂ȭ̐̆>Ũ̏%ʿ̙̦̆>Ũ�̮ŕX̮ˁɃ̽ȞÉ̏½
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̸͂Ǟ^̮ǃĐ̸̧ȶ̦̠̇ 

 

4B.1.4. ͉͖ΎͲ͕ͨ͌ĒƵơ̮Ƭ@  

 

ΞB.1.2.̧÷ʇʏĮ̙̠͉͖ΎͲ͕ͨ͌͆ LB ΔKm⁺̆Rf⁺Ε Β̫ͪî̔̆28˽̧ 2

ņ˂©˦̙̠̇s�͙ΎͭΒ͆ LB ΔKm⁺̆Rf⁺Ε 3 ml̫űɈ̙̆28˽̧ 2ņ˂Ħǜ©˦̙

̠ Δ^©˦Ε̇^©˦ơ͆ LB ΔKm⁺̆Rf⁺Ε 200 ml̫ǵ̙̆28˽̆130 rpm̧ 24ŋ˂Ħǜ

©˦̙̠ ΔŜ©˦Ε̞̙̦̇ƟƱǎĒƵơ͆ɺɟ̙̠̇Ȝē̯��̮ʠ̧́̉͂̇ 

 

ƟƱǎĒƵơ: Murashige and Skoog Plant Salt Mixture 2.3 g 

 

Sucrose 50 g 

 

MES 0.5 g 

 

͋͐ΐ�Įƍ 800 ml 

 

1 N KOḨ pH5.7̫ɺļ̙̆͋͐ΐ�Įƍ̧ 1 l̫͉̙̠ͧ̇͞/ǎǞ^̫��̮ɱɏ

͆ě̠̇ 

 

 

Gamborg’s vitamin solution 0.5 ml 

 

1 mg/ml ͻΐ͝Ό͉Ͱΐ 10 µl 

 

Silwet L-77 0.2 ml 

 

Ŝ©˦ơ͆ 3600 rpm̆Êƨ̧ 10U˂ʫĂ̙̦͉͖ΎͲ͕ͨ͌͆ːɈ̙̆300 ml̮Ɵ

ƱǎĒƵơ̫ĒƵ̙̠̇ 

 

4B.1.5. Ƨ£ƪƱƔ̫̿͂ďũ  

 

Α͜Ύ̧̛̫͋ͮͬͬ̎̀̆͟ˁɃ̙̦̊͂Ƀ̽ɇ͆�́ˉ̠̊̇ 

Α͉͖ΎͲ͕̮ͨ͌ĒƵơ̏ǎ¢̫�~̗̮̓͂͆ʐƧ̛̠̻̫͂̆ʻ̮ǎ¢̫oU

̫�ƍ̗̝̠̇ 

Α200 ml Í͵Β͑Β̫͉͖ΎͲ͕ͨ͌ĒƵơ͆H̓̆ʻ͆ʞ̗̫̙̦űǁ͆ĒƵơ̫Ɵ

̙̠̞̮̇ˏ̆űǁ̮EȀ̪̩͆A̤̪̓̊̿̋Ɩč̙̠̇ 

Αʻ͆H̠̓͵Β͑Β͆ 400 mm Hģ 15U˂Ƨ£SǊ̙̠̇ 

Αűǁ͉͖͆ΎͲ͕ͨ͌ĒƵơ̎̀�́T̙̆ʐ̑Ị̛̦̇űǁ�̨ǎ¢
̮,U̪Ē
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Ƶơ͆ˉ̠̊̇ 

Α̫ͪ͋ʻ͆Ż̫̙̦ȭ̐̆Ί̧ͧɢ̮̊̆̕ǃĐ̧ 1ņ̠̍̊̇ 

ΑΛņü̮̆ͪ͋ɢ̊͆´̙̦ʻ͆ʊ̙̆̕űǁ̮EȀ̙̦̪̏̍̓̊̊̎Ǭɳ̙̠ü̆

22˽̧ǌȶ̗̝̠̇Ȑ 2-4ʤ˂ü̆ŕX̮ɇ̏Ƽ̙½̻̠ŋƸ̧̆ǷÀ͆�~̙̠̇ 

 

4B.1.6. ÷ʇʏĮ+̮ʭĜ  

 

2B.1.̨�Ÿ̫ǷÀ̮ƇɈSǊ͆ɕ̊̆1/2MS ΔKm⁺Ε ©¥̫ĵǷ̙̠̇ǷÀ͆ű̠̌©

¥͆ 4˽̧ 2-3 ņ5Ã̙̠ü̆22˽̫ǵ̙̦ǙɄ̗̝̆ǙɄüȐ 10 ņ˂ǌȶ̗̝̠ü̆͑

ͬ͋͜ΐȴćűǁ͆�È̙̠̇ȴćűǁ͆͜Ύ͋ͮͬͬ͟ǎÙLȶēΑǷÀ�~͓̮ͧͪ

͉Ίͨ͜͞ ΔͲ͋͐ͩ͊͑Ό͚͎͋ΐ͞ǯΕ ̧ů©̙̆Ȑ 2-4 ʤ˂ü̆ŕX̮ɇ̏Ƽ̙

½̻̠ŋƸ̧̆ǷÀ͆�~̙̠̮̇̕ʭĜ̮ķ-͆ 2-3 ��Ȭ́ʜ̙ɕ̊̆ͽ΄8+͆÷ʇ

ʏĮ+̨̙̦ǆþ̙̆Œ̪͂É˪̫/ǎ̙̠̇ 

 

1/2 MS (Km+) ©¥ Murashige and Skoog Plant Salt Mixture 2.3 g 

 

Sucrose 10 g 

 

MES 0.5 g 

 

Gamborg’s Vitamin Solution 1 ml 

 

͋͐ΐ�Įƍ 1 l 

 

 

1 N KOḨ pH5.7̫ɺļ̆Agar ͆ 8 gě̠̇ 

͐Β͕ͪΒƯɈü̆60˽��̫O̸̙̦̎̀��̮ɱɏ͆ě̠̇ 

 

 

20 mg/ml Kanamycin Salfate 1 ml 

 

100 mg/ml Carbenicillin Sodium Salt 1.5 ml 

 

10 mg/ml Benomyl 1 ml 

 

4B.2. ͘Ͱ DNAȋɟ̱̍̿͘Ͱ PCR 

 

3xFLAG-MEKK1ʧ`Ǚǈűǁ̮ʮ#ÀÕH͆Ǭɳ̛̠̻͂͘ͰDNA͆ȋɟ̙̆͘Ͱ

PCR ͆ɕ̣̠̇ 
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ΑBΟ©¥̧ 2ʤ˂ů©̙̠ʸć§{̱ 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮Ʉǌ̌ 38+͆

(ŕ¶ 100 mg) ͎͆ͧͼΐ̫H̓̆nippi Ͳ͋͐ͧ͜΅Β˿ΔͭͧͶǯΈ̧̛̤̳̙̠̇ 

ΑDNAğTơ 100 ml̫ĒƵ̙̠ü̆ͷ͍ͰΒΌ/͕ΎΎͽΌ͆ 100 mlě̆10000 rpm̧

5UʫĂ̙̆200 ml̮͎ͤͰΒΌ̫̞̮�Ʀ͆ě̦Ƥ�̙̠̇ 

Α15000 rpm̆4˽̧ 10UʫĂ̙�Ʀ͆�́ˉ̐̆50˽̧ dry up ̙̠̇ 

ΑƑƈ͆͋͐ΐ�ĮƯɈƍ 30 ml ̫Ʈɧ̙̠̇ 

 

DNAğTơ 200 mM 

 

Tris-HClΔpH7.5Ε 

 

250 mM 

 

NaCl 

 

25 mM 

 

EDTA 

 

0.50% 

 

SDS 

 

Α͘Ͱ PCR̯ Hot start Taq DNA polymerase ΔNew England BiolabsǯΕ ͆ǎ̠̊̇

2B.9.4.̨�Ÿ̮}Ąơ{̱ PCR}ĄŠ ̧ɕ̣̠̇ 

 

ΑΊ͋Β̮ʱW̯̆͘Ͱǐš̮ PCRǍǁ (1130 bp) ̨ÕHʮ#Àǐš̮ PCRǍǁ 

(958 bp) ̏nZ̧̫̐͂̿̋1Ǖǝ̮͋ΐͪΎΐ͆ĥ̺'ȭ̧ɮɪ̙̠ (Fig. 43)̇/ǎ̙̠

Ί͋ΒʱW͆��̫ǭ̛̇ 

 

Primer name sequence (5' → 3´Ε 

MEKK1- 125-144 Forward ́ catgttctagttcgtcagct 

MEKK1-K361R Reverse ̂ aagtgaaacttccctgacagcaaagaa 

 

̞̮ü̆͘Ͱ PCRǍǁ͚͆ΐΌ̨̙̦͉͒ΎΒ͘͞Ό˔ƌƘk͆ɕ̣̠̇  
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Fig. 43 ͘Ͱ PCR{̱ RT-PCR ̫ǎ̠̊Ί͋Β  

MEKK1̮͘Ͱ DNA ̨ÕHʮ#À  (3xFLAG-MEKK1) ̮źò�̨ʮ#À̮ÕHǬɳ{̱ mRNAǙ

ǈǬɳ̫ǎ̠̊Ί͋Β̮'ȭ͆ǭ̙̠̇3xFLAG-MEKK1 ʧ`Ǚǈ+̮ȎȠǬɳ̮̠̻̆Ί͋

Β�̨�͆͘Ͱ PCR̫ǎ̠̊̇WT͘Ͱǐš̮ MEKK1 ͆ͨΐΒ̨̙̠ͪ PCR ̧̯ 1130 bp̮

Ǎǁ̏ǌ̆̚ÕHʮ#Àǐš̮ 3xFLAG-MEKK1 ͆ͨΐΒ̨̙̠ͪ PCR ̧̯ 958 bp̮Ǎǁ̏ǌ̚

̨͂�Č̗̓͂̇3xFLAG-MEKK1ʧ`Ǚǈ+̫̍̓͂mRNA̮ǙǈɧŤ̫ǎ̠̊Ί͋Β̮'ȭ͆

ǭ̙̠̇WT͘Ͱǐš̮L¤ć MEKK1 (endogenous) ̮ǙǈɧŤ̫̯Ί͋Β�̨�̆ÕHʮ#

Àǐš̮ 3xFLAG-MEKK1̮ǙǈɧŤ̫̯Ί͋Β�̨�͆ǎ̸̠̠̊̇ÕHʮ#Ą̀ WT͘Ͱǐ

š̮ MEKK1̮ȥ mRNA̮ɧŤ̫Ί͋Β�̨�̮Ȝ̹�̝͆ͅǎ̠̊̇   
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4B.3. RT-PCR ̫̿͂ʮ#ÀǙǈɧŤ  

 

3xFLAG-MEKK1ʧ`Ǚǈűǁ̫̍̓͂WT͘Ͱǐš̮L¤ćʮ#ÀMEKK1�ÕHʮ

#À 3xFLAG-MEKK1̮ mRNA̮ǙǈɧŤ͆ RT-PCR ͆ǎ̦̊ɕ̣̠̇ 

 

ΑBΟ©¥̧ 2ʤ˂ů©̙̠ʸć§{̱ 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮Ʉǌ̌̎̀ total 

RNA ͆ğT̆1st Strand cDNA ͆�ē̙̆RT-PCRɧŤ͆ɕ̣̠̇ 

 

4B.3.1. total RNAğT  

 

RNAȋɟ̯ QIAGENǯ̮ RNeasy Plant Mini Kit ͆/ǎ̙̠̇ 

 

ΑűǁȜȫ 50 mg ͆ơ+ǽȖ̧Ǫǩ̛͂̇ 

ΑRLT Buffer 450 µl ̨ 2-Mercaptoethanol 4.5 µl ͆Ƥ�̙̆ƴ̙̑;Ό̛͕ͨͧ͂̇͞ 

Α̮̕Ƥ�ǫ̛Ǫǩ̙̠űǁȜȫ͆Ƥ�̙̆ƴ̙̑;Ό̛͕ͨͧ͂̇͞ 

Α2 ml ̮͙͕͜Ήΐͦ·Β̫̙̠ͧͪ͠ QIAshredder ͞Ͷΐ͑Ί̫Ί͋͠Βͪ͆ƥĕ̙

15,000 rpm̧ 2U˂ʫĂ̛͂̇ 

ΑQIAshredder ̮̎̀̈́ơ̮�Ʀ͙͕͆̆͜Ήΐͦ·Β
̮șȸǪǀͼͧͪ͆�̗̪̊

̫̿̋ł̙͎̊ͧͼΐ̫ǵ̛̇ 

ΑƦƲl̙̠Ί͋͠Β̫ͪ 100%͎ͤͰΒΌ 225 µl ͆ƥĕ̛̙̫̒Ͷͼͧͨ͊ΐ͖̫̿́Ƥ�

̛͂̇ 

Α÷ē̙̠Ƒƈ̼�̺͚ΐΌ͆̆2 ml ͙͕͜Ήΐͦ·Β̫ͧͨ͊͠ΐ͖̙̠ RNeasy͞Ͷ

ΐ͑Ί̫͉Ί̙͋̆Ɍ͆˗̫̎ˀ̻̦ 15,000 rpm̧ 15ǴʫĂü̆̈́ơ͆Ĩ̦͂̇ 

ΑRW1 Buffer 500 µl͆ RNeasy͞Ͷΐ͑Ί̫ƥĕ̙15,000 rpm̧ 15ǴʫĂ̙̆̈́ơ͆

Ĩ̦͂̇ 

ΑDNase 10 µl̨RDD Buffer 70 µl̮Ƥ�ơ͆-ɟ̙̆RNeasy͞Ͷΐ͑Ί̫ƥe̙̠ü̆

30˽̧ 30U͋ΐ͓·ͻΒ̛ͪ͂̇ 

ΑRW1 Buffer 350 µl͆ RNeasy͞Ͷΐ͑Ί̫ƥĕ̙15,000 rpm̧ 15ǴʫĂ̙̆̈́ơ͆

Ĩ̦͂̇ 

ΑRPE Buffer 500 µl ͆ RNeasy͞Ͷΐ͑Ί̫ƥĕ̙15,000 rpm̧ 15ǴʫĂ̙̆̈́ơ͆

Ĩ̦͂̇ 

ΑRPE Buffer 500 µl ͆ RNeasy͞Ͷΐ͑Ί̫ƥĕ̙15,000 rpm̧ 2U˂ʫĂ̛͂̇ 

ΑRNeasy͞Ͷΐ͑Ί͆ł̙̊ 2 ml ͙͕͜Ήΐͦ·Β̫ǵ̙̆̈́ơ̮Ḥ̠�͙͕̊͜
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Ήΐͦ·Β͆Ĩ̦͂̇15,000 rpm̧ 1U˂ʫĂ̛͂̇ 

ΑRNeasy ͞Ͷΐ͑Ί͆ł̙̊ 1.5 ml ͙͕͜Ήΐͦ·Β̛̫ͧͪ͂̇͠RNase ͷΒƍ

30~50 µl ͆Ǟī͞Ͷΐ͑ΊΑΐΐ̮
Ă̫ƥĕ̙15,000 rpm̧ 1U˂ʫĂ̙̦̆

RNA ͆ƮT̛͂̇ 

ΑƮTơ̼͆̋�ï̆͞Ͷΐ͑ΊΑΐΐ̮
Ă̫ƥĕ̙15,000 rpm̧ 1U˂ʫĂ̛

͂̇ 

 

4B.3.2. RNA̮ƶïÈʹ{̱ȑïŲÈ  

 

3B.3.1.̧űǁȜȫ̎̀ğT{̱ȋɟ̙̠RNAƮTơ̮�Fï͆Ʃ́̆ƶïÈʹ{̱ȑï

ŲÈ͆ɕ̣̠̇ƩÈ̯UFFïɪ NanoDrop 1000 (Thermo Fisher Scientificǯ) ͆ǎ̊

̦ɕ̣̠̇�FïƊΔA260/A280Ε̏ 1.9-2.1̮�ȑǁ̮×̪̊ RNA͆�ˆ̮É˪̫1̙̠̇ 

 

4B.3.3. 1st strand cDNA̮�ē  

 

1st strand cDNA̮�ē̫̯̆Prime ScriptTM 1st Strand cDNA synthesis Kit (Takaraǯ) 

͆/ǎ̙̠̇ 

 

ΑΞB.3.1.̧űǁȜȫ̎̀ğT{̱ȋɟ̗̠̓ RNA ͆ 4 µg/8 µl̫̪̫͂̿̋ RNase ͷΒ

ƍ̫Ʈɧ̙̠̇ 

Α͎ͧͼΐͦ·Β̫��̮}Ąơ͆Ƭ@̙̠̇ 

 

Oligo dT Primer     0.5 µl 

Random 6 mers  0.5 µl 

dNTP mixture 1 µl 

total RNA 8 µl 

 

Α65˽̧ 5U͋ΐ͓·ͻΒͪü̆Ǝ�̧ 5U̇ 

Α��̮}Ąơ͆Ƭ@̙̠̇ 
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�ɭ̮}Ąơ 10 µl 

5 X Primer Script Buffer  4 µl 

RNase inhibitor 0.5 µl 

Primer Script Rtase 1 µl 

RNase ͷΒƍ 4.5 µl 

 

ΑǺ̫̽̎Ķġü̆��̮ƨïŠ ̧ cDNA ͆�ē̙̠̇ 

 

Step 1 30˽ 10U 

Step 2 42˽ 60U 

Step 3 95˽  5U 

Step 4  4˽  5U�� 

 

Α�ēț�ü̆cDNA͆�̺}Ąơ̯͋͐ΐ�ĮƯɈƍ͆ǎ̦̊ 89çʵ̙̦ƀ̮ PCR̫

[ǎ̙̠̇ 

 

4B.3.4. PCR ̫̿͂ʮ#ÀǙǈɧŤ  

 

PCR }Ą̯͉͕ͨͧ͞ǯ̮ PC-707 ͆ǎ̦̊ɕ̣̠̇PCR ̫ǎ̠̊Ί͋Β̮ɺɟ̯

greiner ǯ̫¾ɬ̙̠̇ 

 

PCR̫ǎ̠̊Ί͋Β̮ʱW͆��̫ǭ̛̞̟̮̇̓̓Ί͋Β̮'ȭ͆Fig. 43̫ǭ

̸̙̠̠͙̇̆ΐͪΎΒΌ̨̙̦ Actin8̮ RT-PCR ̼ɕ̣̠̇ 

 

MEKK1 (endogenous) 

 

Primer name sequence (5' → 3´Ε 

MEKK1 5'UTR -20 - -1 Forward ̃ cgtatggatttgagctggtt 

MEKK1-540-521 Reverse ̄ taacctatccacaggagtga 
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3xFLAG-MEKK1 

 

Primer name sequence (5' → 3´˴ 

3xFLAG- BamH I Forward ̅ gaaaggattcatggactacaaagaccatgac 

MEKK1-540-521 Reverse ̄ taacctatccacaggagtga 

 

3xFLAG-MEKK1 + MEKK1 (endogenous) 

 

Primer name sequence (5' → 3´Ε 

MEKK1- 125-144 Forward ́ catgttctagttcgtcagct 

MEKK1-540-521 Reverse ̄ taacctatccacaggagtga 

 

Actin8 

 

Primer name sequence (5' → 3´˴ 

Actin8 Forward gaaggacctttacggtaaca 

Actin8 Reverse ccaatccagacactgtactt 

 

Ί͋Β̯ 10 µM ̫çʵ̙̦ǎ̠̊̇ 

 

PCRʳȖ̯ Hot start Taq DNA polymeraseΔNew England BiolabsǯΕ͆ǎ̠̊̇}Ąơ̆

{̱ PCR}ĄŠ ͆��̫ɭ̛̇ 

 

}Ąơ 10×Standerd Taq buffer 1 µl 

2 mM dNTP mixture 0.8 µl 

template 0.5 µl 

Forward Primer 0.2 µl 

Reverse Primer 0.2 µl 
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Hot start Taq polymerase 0.05 µl 

͋͐ΐ�ĮƯɈƍ up to  10 µl 

 

•��̮Š ̧PCR͆ɕ̣̠̇ 

 

Step 1 95˽ 30Ǵ 

   

Step 2 95˽ 30Ǵ 

Step 3 45˽ 30Ǵ 

  Step 4 68˽ 60Ǵ 

   

Step 5 95˽ 30Ǵ 

Step 6 45˽ 30Ǵ 

Step 7 68˽ 5U 

Step 8 4˽ - 

 

Step2-4 ͆ 28͚͕͋Όɕ̣̠̇ 

 

Actin8̮ PCR}ĄŠ ̯ Step 3̮͉ͭΒΐ͖ƨï͆ 55˽̆Step 4̮%ʿŋ˂͆ 10

Ǵ̨̙̆25͚͕͋Όɕ̣̠̇ 

 

RT-PCRǍǁ̮Ǭɳ̮̠̻̫͉͒ΎΒ͘͞Ό˔ƌƘk͆ɕ̣̠̇ 

 

4B.4. ͋ͰΎ̫ͧͪ̿͂ͤΐͳ͕ʇ̮ǙǈɧŤ  

 

3xFLAG-MEKK1 ʧ`Ǚǈűǁ̫̍̓͂ 3xFLAG-MEKK1 ͤΐͳ͕ʇ̮ǙǈɧŤ͆ě

FLAGě+͆ǎ̠̊͋ͰΎ̫ͧͪ̿́ɕ̣̠̇ 

 

ΑBΟ©¥̧ 2ʤ˂ů©̙̠ʸć§{̱ 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮Ʉǌ̌ 38+͆

͆ơ+ǽȖ
̧Ǫǩü̆ͤΐͳ͕ʇğTͲͧͷ͈Β 1 ml ͆ě̛̗̫̤̳̙̠̀́̇ 

Α͎ͧͼΐ̫ǵ̙̦̆15000 rpm̆4˽̧ 30U˂ʫĂ̙̆�Ʀ͆�~̙̠̇ 

ΑğT̙̠ͤΐͳ͕ʇ̯ 1B.2.3.̨�Ÿ̫Ίͧͫͷ͏ΒͫƔ̧Èʹ̙̠̇Èʹ̫̯Bio-Radǯ

̮ Proein Assay ͆/ǎ̙̠̇ 
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Αͤΐͳ͕ʇƶï͆1.5 mg/ml̫ɺɟ̙̆1/2ʹ̮3 x SDS sample buffer͆ě̆100˽̧3U

˂͋ΐ͓·ͻΒ̙̠ͪ̇ 

Α1B.2.4.̨�Ÿ̫SDS-PAGE͆ɕ̣̠̇�͚ΐΌ͆1Βΐ̠̉́30 µl͉Ί̙͋̆͘Ό1

Ŧ̫̤̐20 ΣA̮È˔Ɯ̧Ƙk̙̠̇ 

 

Α1B.2.5̆1B.3.̨�Ÿ̮ŃƔ̧ CBBũɂ{̱͋ͰΎͧͪ͆ɕ̣̠̇ 

 

͋ͰΎ̫ͧͪǎ̠̊�Ƿǂǖě+͆��̫ǭ̛̇ 

 

FLAG 

 

  �ƀě+ : Anti DYKDDDDK tag, Monoclonal Antibody (Wakoǯ) 

  �ƀě+ : Goat anti-Mouse IgG, Alkaline Phosphatase conjugate (Milliporeǯ) 

 

4B.5. ͪΊΐ͍͕ͭͧ͞͝űǁ̮ēʿͳͤΒΐɧŤ  

 

˳ ʸǌ§űǁ̆3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ̆3xFLAG-MEKK1 KNʧ`Ǚǈűǁ̆

͆B5©¥̫̦ů©̙̆ĵǷ2̫ʤ˂ü̫Ύͷ͍ͧ͜ΉͬΌǎ©¢ (ͥ͋Ώlēǯ) ̴ǵű

̙̆Ͳ͋͐ͩ͊͑Ό͚͎͋ΐ͞ǯ̮͉Ίͨ͆͜͞/ǎ̙̦ů©̙̠̞̮̇ü̆ǌȶ̗̝̆ͪ

Ίΐ͍͕ͭͧ͞͝űǁ̨ʸǌ§űǁ̨̧ēʿͳͤΒΐ͆ɦÐΑƊʑ̙̠̇ 

˳ ğɐņĻ̯̆�űǁ̮ɃɅ̏ 0.5 cm̫\ʩ̙̠ĵǷü̮ņĻ͆Λņ̨̖̫ƩÈ̙̠̇ 

˳ ł˭ʷ̯METTLERǯ̮ PJ 300͆ǎ̦̊ƩÈ̙̠̇ĵǷü 40ņǝ̮űǁ̮¥�ʰ͆̆

58+͆ɪƩ̙̠̇ 

 

4B.6. QȞȴćƩÈ  

 

˳ 2B.1.̫ǭ̙̠ŃƔ̧̆ʸǌ§űǁ̱̍̿ 3xFLAG-MEKK1 Full ʧ`Ǚǈűǁ̆

3xFLAG-MEKK1 KNʧ`Ǚǈűǁ͆ B5©¥̧ǌȶ̗̝̠̇ǙɄ 3ʤ˂ü̮űǁ+͆Ϳ

̫ͧͪǵű̙̆22˽̮ʣȢF̮Š ̧ 1 ʤ˂ů©̙̠̇�Ϳͧͪ͆Μ2˽̱̍̿ 4˽̧ 24 ŋ

˂˗ȭ̙̆^SǊ͆ɕ̣̠̞̮̇ü̆-4˽̮ő˱�̮Š ̫ǵ̙̆30ŋ˂˗ǫ̧̛̃̄͂̕Q

ȞSǊ͆ɕ̣̠̇QȞSǊü̆22˽̮ʣȢF̮Š ̫ǵ̙̞̮̆ü̮ǌȶ͆ɦÐ̸̙̠̇

̠͙̆ΐͪΎΒΌ̨̙̦ 22˽̮ʣȢF̧^SǊü̆QȞSǊ͆ɕ̜̫ͅȡȢ̙̦ 22˽̮ʣ

ȢF̮Š ̧ǌȶ̗̝̠űǁ̼ɦÐ̙̠̇  
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4C. Ȟŧ  

 

4C.1. 3xFLAG-MEKK1ʧ`Ǚǈ͜Ύ̮͋ͮͬͬ͟-ɟ  

 

˳ MEKK1̱̍̿�ƛć§MEKK1 KN͆ΝxFLAG͖ͤɓ�ͤΐͳ͕ʇ̨̙̦ʧ`Ǚǈ̛͂ͪ

Ίΐ͍͕ͭͧ͞͝űǁ (3xFLAG-MEKK1 Full̆3xFLAG-MEKK1 KN) ̮-ɟ͆ɕ̣̠̇ͪΊ

ΐ͍͕ͭͧ͞͝űǁ̯͉͖ΎͲ͕ͨ͌Ɣ͆ǎ̦̊-ɟ̙̆MS ΔKm+Ε ©¥̧ʭĜ̙̠̇

3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ̯̆T1��̫̦̍̊̆12ȎȠ(Full1~Full12)͆þ̠̗̇

̫̀͑ͬ͋͜ΐ̧ʭĜ̙̠ T2 ��̯ Full4̆Full12 �´̮ȎȠ̧ 10 ȎȠ̜̤ 

ΔFull1-1~10̆Full2-1~10̆Full3-1~10̆Full5-1~10̆Full6-1~10̆Full7-1~10̆Full8-1~10̆

Full9-1~10̆Full9-1~10̆Full9-1~10̆Full10-1~10̆Full11-1~10Ε̆Full12 ̧ 5 ȎȠ 

(Full12-1~5) þ̠̗̫̇̓͆̀̕ MS ΔKm+Ε ©¥̫ĵǷ̙̠ F3 ��̫̦̍̊̆ǙɄǷÀ

Ȉ̦͑ͬ͋͜ΐȴć͆ǭ̙̠ Full1-2̆Full1-4̆Full1-8̆Full1-9̆Full1-10̆Full2-2̆

Full2-4̆Full2-6̆Full3-9̆Full5-8̆Full7-2̆Full7-3̆Full7-4̆Full7-5̆Full7-8̆Full9-6̆

Full10-1̆Full10-3̆Full10-6̆Full11-3̆Full11-4̆Full11-5̆Full11-7̆Full11-8̆Full11-9̆

Full11-10̆Full12-2̆Full12-7̮ȎȠ͆÷ʇʏĮͽ΄8+̨YŁ̙̠̇ 

˳ �Ń̆3xFLAG-MEKK1 KN ʧ`Ǚǈűǁ̯̆T1��̫̦̍̊̆9 ȎȠ (KN1~KN9) ͆

þ̠̇T2 ��̯ KN4̆KN5 �´̮ȎȠ̧ 10 ȎȠ̜̤  ΔKN1-1~10̆KN2-1~10̆

KN3-1~10̆KN6-1~10̆KN7-1~10̆KN8-1~10̆KN9-1~10Ε̆KN4̧ 4ȎȠ (KN4-1~4)̆

KN5̧ 3ȎȠ (KN5-1~3) þ̠̗̫̇̀ T3��̫̦̍̊ǙɄǷÀȈ̦͑ͬ͋͜ΐȴć

͆ǭ̙̠ȎȠ̨̙̦ KN1-2̆KN1-4̆KN1-5̆KN1-6̆KN1-8̆KN1-9̆KN2-3̆KN2-4̆

KN2-10̆KN3-4̆KN3-5̆KN3-7̆KN5-1̆KN5-2̆KN5-3̆KN6-3̆KN6-4̆KN6-5̆

KN6-7̆KN6-8̆KN7-3̆KN7-10̆KN8-3̆KN8-8̆KN8-9̆KN8-10̆KN9-1̆KN9-5 ͆þ

̠̇ 

 þ̠̀̓ 3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ{̱ 3xFLAG-MEKK1 KNʧ`Ǚǈűǁ̎

̀ĻȎȠ̜̤ʭ̱̆͘ͰDNA͆ğT̙̞̆̓̀͆ͨΐΒ̫ͪ PCR̨̧̛͂̕ʮ#ÀÕ

ḪǬɳ͆ɕ̣̠̇PCR̯ Fig. 43̫ǭ̙̠̫̿̋ÕHʮ#À{̱͘Ͱ̫ǐš̛͂ PCR

Ǎǁ̞̟̏̓̓Ǭɳ̧̫̐͂̿̋ɮɪ̙̠Ί͋Β͆ǎ̦̊ɕ̣̠̞̮̇Ȟŧ̆

3xFLAG-MEKK1 Full ʧ`Ǚǈűǁ̮ Full1-2̆Full2-2̆Full7-2̆Full9-6̆Full10-1̆

Full11-3̆Full12-2 ̮ΠȎȠ{̱ 3xFLAG-MEKK1 KN ʧ`Ǚǈűǁ̮ KN1-2̆KN2-3̆

KN3-4̆KN5-1̆KN6-3̆KN7-3̆KN8-3̆KN9-1 ̮ 8 ȎȠ̫̦̍̊ÕHʮ#Àǐš̮

PCRǍǁ̏Ǭɳ̗̠̓ (Fig. 44)̧̞̮̇̓̀̕̕ȎȠ͆��̮Ųɫ̫ǎ̠̊̇ 
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Fig. 44 ͘Ͱ PCR ̫̿͂ 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮ʮ#ÀÕḪǬɳ  

ʸǌ§űǁ  (WT) ̱̍̿ 3xFLAG-MEKK1 Full ʧ`Ǚǈűǁ  (Full1-2̆Full2-2̆Full7-2̆Full9-6̆

Full10-1̆Full11-3̆Full12-2)̆3xFLAG-MEKK1KN ʧ`Ǚǈűǁ  (KN1-2̆KN2-3̆KN3-4̆KN5-1̆

KN6-3̆KN7-3̆KN8-3̆KN9-1) ̎̀ğT̙̠͘Ͱ DNA ͆ͨΐΒ̨̙̦ͪ͘Ͱ PCR ͆ɕ͉̊̆͒

ΎΒ͘͞Ό˔ƌƘk͆ɕ̣̠̇  

 

4C.2. 3xFLAG-MEKK1ʧ`Ǚǈűǁ̫̍̓͂ MEKK1ʮ#ÀǙǈɧŤ  

 

˳ �xFLAG-MEKK1 Fullʧ`Ǚǈűǁ̱̍̿�xFLAG-MEKK1 KNʧ`Ǚǈűǁ̫̦̍̊

ÕHʮ#À̮ǙǈͻΌ{̱͘Ͱǐš̮L¤ć MEKK1 ʮ#À̮ǙǈͻΌ͆Ųɰ̙

̠̇3C.1.̫̦̍̊ʮ#À̮ÕH͆Ǭɳ̙̠�ȎȠ̮űǁ͆ B5©¥̧ 2ʤ˂ǌȶü̆total 

RNA ͆ğT̙ cDNA ͆ɺɟ̙̠̇ÕHʮ#Àǐš̮ 3xFLAG-MEKK1 ̮ǙǈͻΌ{̱

͘Ͱǐš̮MEKK1̮ǙǈͻΌ̗̫̞̆̀̓̀͆ʌ̙�̝̠ͅȥMEKK1ʮ#À̮Ǚǈ

ͻΌ͆Fig. 43̫ǭ̙̠̞̟̮̓̓Ί͋Β͆ǎ̠̊PCR̫̿́Ųɰ̙̠ (Fig. 45̆Fig. 

46)̇RT-PCR ̮Ȟŧ̆�xFLAG-MEKK1 Full ʧ`Ǚǈűǁ̱̍̿�xFLAG-MEKK1 KN

ʧ`Ǚǈűǁ̮̜̮̊̓ȎȠ̫̦̼̍̊ÕHʮ#Àǐš̮ 3xFLAG-MEKK1̮Ǚǈ̏Ǭ

ɳ̸̗̠̠̓̇̆ȎȠ˂̫̍̓͂ǙǈͻΌ̸̯̉́å̏ɣ̪̣̠̀̓̎̇̓̀̕ʧ`Ǚǈ

űǁ̫̍̓͂͘Ͱǐš̮L¤ć MEKK1 ʮ#À̮ǙǈͻΌ̯̜̮̊̓ȎȠ̫̦̍̊

̼ WT ̨�Ÿ̮Ǚǈʹ͆ǭ̙̠̇ʧ`Ǚǈűǁ̫̍̓͂ȥ MEKK1ʮ#ÀǙǈͻΌ͆Ų

ɰ̨̙̠̈́̆̕WT ̨Ɗʑ̙̦̜̮̊̓ȎȠ̫̦̼̍̊ǙǈͻΌ̮°ȅɣ̠̀̓̇  
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Fig. 45 3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ̫̍̓͂ MEKK1ʮ#À̮ǙǈɧŤ  

ʸǌ§űǁ  (WT) ̱̍̿ 3xFLAG-MEKK1 Full ʧ`Ǚǈűǁ  (Full1-2̆Full2-2̆Full7-2̆Full9-6̆

Full10-1̆Full11-3̆Full12-2) ̎̀ total RNA ͆ğT̙̆ʞʏN̫̿́ cDNA ͆þ̠̞̇̓̀͆ͨΐ

Β̨̙̦ͪ PCR ͆ɕ̊̆�ȎȠ̮ MEKK1 ǙǈͻΌ͆ɺŪ̙̠͙̇ΐͪΎΒΌ̨̙̦ Actin8 ʮ#À͆

ǎ̠̊̇  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 46 3xFLAG-MEKK1 KNʧ`Ǚǈűǁ̫̍̓͂ MEKK1ʮ#À̮ǙǈɧŤ  

ʸǌ§űǁ  (WT) ̱̍̿ 3xFLAG-MEKK1 KNʧ`Ǚǈűǁ  (KN1-2̆KN2-3̆KN3-4̆KN5-1̆KN6-3̆

KN7-3̆KN8-3̆KN9-1) ̎̀ total RNA͆ğT̙̆ʞʏN̫̿́ cDNA͆þ̠̞̇̓̀͆ͨΐΒ̨̙ͪ

̦ PCR ͆ɕ̊̆�ȎȠ̮ MEKK1ǙǈͻΌ͆ɺŪ̙̠͙̇ΐͪΎΒΌ̨̙̦ Actin8ʮ#À͆ǎ̠̊̇   
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4C.Ν . 3xFLAG-MEKK1 ʧ`Ǚǈűǁ̫̍̓͂ 3xFLAG-MEKK1 ͤΐͳ͕ʇǙǈɧ

Ť  

 

˳ ʮ#À̮ÕH{̱ʮ#ÀǙǈ̏Ǭɳ̗̠̓��xFLAG-MEKK1 Full ʧ`Ǚǈűǁ̍̿

̱ � xFLAG-MEKK1 KN ʧ ` Ǚ ǈ ű ǁ ̫ ̍ ̓ ͂ ̆ 3xFLAG-MEKK1 Full { ̱

3xFLAG-MEKK1 KNͤΐͳ͕ʇ̮Ǚǈ͆Ųɰ̙̠̇�ȎȠ̮űǁ͆ B5©¥̧ 2ʤ˂ǌȶ

̙̆șȸğTơ͆ɺɟ̙̠̇șȸğTơ͆ SDS-PAGȨÚˁü̆ě FLAGě+͆ǎ̦̊͋

ͰΎ̙̠ͧͪ̇ 

�xFLAG-MEKK1 Fullʧ`Ǚǈűǁ̮̜̮̊̓ȎȠ̫̦̼̍̊ FLAG-MEKK1 Fullͤΐͳ

͕ʇ̨ą̓͂ͅͲΐ̯ͫŲT̗̪̣̠̓̎ (Fig. 47A)̇�Ń̆�xFLAG-MEKK1 KNʧ`Ǚ

ǈűǁ̧̯̆3xFLAG-MEKK1 KN ͤΐͳ͕ʇ̮�ƩUÀʹ̧̉͂Ȑ 69 kDa ̮'ȭ̫�

Ŝ̮Ͳΐͫ̏ŲT̗̠̓ (Fig. 47B)̇�ȎȠ˂̫̦̍̊ 3xFLAG-MEKK1 KN ͤΐͳ͕ʇ

̮ʹ̫å̏ɣ̀̓̆KN1-2̆KN6-3̆KN7-3̆KN8-3̆KN9-1 ̮ȎȠ̧̮ͤΐͳ͕ʇʹ̨Ɗ

ʑ̙̦ KN2-3̆KN3-4̆KN5-1̮ȎȠ̧̯ͤΐͳ͕ʇʹ̏×̪̣̠̎̇ 
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Fig. 47 3xFLAG-MEKK1ʧ`Ǚǈűǁ̫̍̓͂ 3xFLAG-MEKK1 ͤΐͳ͕ʇ̮Ǚǈ

ɧŤ  

ʸǌ§űǁ  (WT) ̱̍̿ 3xFLAG-MEKK1 Full ʧ`Ǚǈűǁ  (Full1-2̆Full2-2̆Full7-2̆Full9-6̆

Full10-1̆Full11-3̆Full12-2)̆3xFLAG-MEKK1 KN ʧ`Ǚǈűǁ  (KN1-2̆KN2-3̆KN3-4̆KN5-1̆

KN6-3̆KN7-3̆KN8-3̆KN9-1) ̮Éǌ̿́șȸğTơ͆ɺɟ̙̆SDS-PAGȨÚˁü̆ě FLAGě+  

(anti-FLAG) ̧͋ͰΎ̙̠͙ͧͪ̇ΐͪΎΒΌ̨̙̦ CBBũɂ̙̠͘Ό̮ Rubisco̮ Large Subunit

̮Ͳΐͫ͆ CBB Staining (Rubisco LSU) ̫ǭ̙̠̇   
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4C.4. 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮÷Đ  

 

� �xFLAG-MEKK1 Fullʧ`Ǚǈűǁ Full7-2̆Full9-6̱̍̿�xFLAG-MEKK1 KNʧ`

Ǚǈűǁ KN6-3̆KN7-3 ̮ȎȠ͆ WT ̨J̫ 22˽̆ʣȢF�̧ǌȶ̗̝̠̇B5 ©¥̧ 2

ʤ˂ǌȶ̙̠ü͉̆Ί̫ͨ͜͞ǵű̙ğɐņ{̱ł˭ʷ͆ƩÈ̙̠̇Fig. 48̫ 28ņǝ{

̱ 40 ņǝ̮űǁ+̮NǠ͆ǭ̙̠̇WT ̨Ɗʑ̙̦̜̮̊̓ȎȠ̮űǁ+̼ˡɊ̪ʪ̊

̯ɣ̪̣̠̀̓̎̇ɃɅ̮ʿ̗̏ 0.5 cm̫\ʩ̛̮͂͆ĤŹ̫ğɐ̮ņĻ͆ƩĘ̙̠̀̕

̈́̆WŢ25�0.43ņ̆�xFLAG-MEKK1 Fullʧ`ǙǈűǁFull7-2 25�0.72ņ̆Full9-6 

25�0.27ņ̆�xFLAG-MEKK1 KNʧ`Ǚǈűǁ KN6-3 24�0.63ņ̆KN7-3 26�0.75

ņ̧̞̟̮̉́̓̓ȎȠ˂̧̮å̯ɣ̪̣̠̀̓̎ (Fig. 49A)̸̠̇̆40ņǝ̮�űǁ+

̮¥�ʰ̮ł˭ʷ͆ƩÈ̙̠̇WŢ 241�8.5 mğ�xFLAG-MEKK1 Fullʧ`Ǚǈűǁ

Full7-2 248�20.1 mğFull9-6 249�14.9 mğ�xFLAG-MEKK1 KN ʧ`Ǚǈűǁ

KN6-3 255�15.1 mğKN7-3 235�24.7 mg̮<̞̟͆̓̓ǭ̙̆ȎȠ˂̧̮å̯ŲT

̗̪̣̠̓̎ (Fig. 49B)̇ 
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Fig. 48 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮÷Đ  

ʸǌ§űǁ  (WT) ̱̍̿ 3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ  (Full7-2̆Full9-6)̆3xFLAG-MEKK1 

KNʧ`Ǚǈűǁ  (KN6-3̆KN7-3) ̮�űǁ̮ 28ņ˲  (A) ̱̍̿ 40ņ˲  (B) ̮÷Đ͆ǭ̙̠̇   
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Fig. 49 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮ēʿɧŤ  

ʸǌ§űǁ  (WT) ̱̍̿ 3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ  (Full7-2̆Full9-6)̆3xFLAG-MEKK1 

KNʧ`Ǚǈűǁ  (KN6-3̆KN7-3) ̮�űǁ̮ğɐ͆ˁ½̛͂ņĻ  (A)̆{̱ 40ņ˲̮űǁ+̮ł

˭ʷ  (B) ͆ƩÈ̙̠̇ƩÈ̙̠ 108+  (A) {̱ 58+  (B) ̮ë¦̨ŹƬɶå͆ǭ̛̇   
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4C.5. 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮QȞȴć  

 

� �xFLAG-MEKK1 Fullʧ`Ǚǈűǁ Full1-2̆Full2-2̱̍̿�xFLAG-MEKK1 KNʧ`

Ǚǈűǁ KN6-3̆KN7-3̮ȎȠ̨WT̮űǁ͆ 22˽̆ʣȢF�̧ǌȶ̗̝̠̇B5©¥̧

2 ʤ˂ǌȶ̙̠ü̆Ϳ̫ͧͪǵű̙ 1 ʤ˂ü̫QȞȴć͆Ųɰ̙̠̇4˽̧ 24 ŋ˂(ƨ˨

lSǊ̙̠Ϳͧͪ (CA) {̱ 22˽̧ 24 ŋ˂˗ȭ̙̠Ϳͧͪ (NA) ͆-4˽̫ǵɕ̨̧̛͂̕

QȞSǊ͆ˁ½̙̆30ŋ˂ü̫ 22˽̫ĕ̙̠̞̮̇ü̮űǁ+̮ǌÃ͆ĤŹ̫Ųɰ̙̠̇

͙ΐͪΎΒΌ̨̙̦(ƨ˨lSǊ̆QȞSǊ̮̜̼̊̓ɕ̪̊ͅͿ̼ͧͪǎč̙̠̇Fig. 50

̫QȞSǊ 4ņü̮űǁ+̮NǠ͆ǭ̙̠̇(ƨ˨lSǊ̆QȞSǊ̙̦̪͙͆̊̊ΐͪΎ

ΒΌ̮Ϳ̧̯ͧͪ WT̆�xFLAG-MEKK1 Full ʧ`Ǚǈűǁ  (Full1-2̆Full2-2)̆�

xFLAG-MEKK1 KNʧ`Ǚǈűǁ (KN6-3̆KN7-3) ̮̜̼̊̓ǌÃ̏Ǭɳ̗̓ȎȠ˂̧

̮ʪ̯̊ɣ̪̣̠̀̓̎̇(ƨ˨lSǊ͆ɕ̜̫ͅQȞSǊ̙̠Ϳ̮ͧͪűǁ+̯̜̊̓

̮ȎȠ̧̼ǌÃ̙̠űǁ+̯Ǭɳ̧̪̣̠̐̎̇�Ń̆(ƨ˨lSǊü̫QȞSǊ̙̠͆

Ϳ̧̯̜̼ͧͪ̊̓ȎȠ̫̦̼̍̊Ļ8+̮ƃƯ̏ɣ̶̨̠͇̩̮̀̓̏8+̏ǌÃ̙̠̇

̨̮̯̕̕�xFLAG-MEKK1 Fullʧ`Ǚǈűǁ{̱�xFLAG-MEKK1 KNʧ`Ǚǈűǁ̮

QȞȴć{̱(ƨ˨lȹ̏WT ̨�Ȩ̨̏̉͂͆̕ǭ�̙̦̊͂̇ 

  



 139 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 50 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮QȞȴć  

ʸǌ§űǁ  (WT) ̱̍̿ 3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ  (Full1-2̆Full2-2)̆3xFLAG-MEKK1 

KNʧ`Ǚǈűǁ  (KN6-3̆KN7-3) ̮�űǁ  (4ʤ˲) ͆ǎ̠̊̇4˽̧ 24 ŋ˂(ƨ˨lSǊ̙̠Ϳ

ͧͪ  (CA) {̱ 22˽̧ 24 ŋ˂˗ȭ̙̠Ϳͧͪ  (NA) ͆-4˽̫ǵɕ̨̧̛͂̕QȞSǊ͆ɕ̣̠̞̮̆

ü̮ 22˽̧̮ǌÃ͆ɦÐ̸̙̠̠̇QȞSǊ͆ɕ̪̣̠̎ͅͿͧͪ  (Con.) ̼ɦÐ̙̠̇QȞSǊ 4ņ

ü̮űǁ+̮NǠ͆ǭ̛̇   
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4D. ȳÐ  

 

4D.1. 3xFLAG-MEKK1ʧ`Ǚǈűǁ̮ǂā  

 

˳ -ɟ̙̠3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ{̱3xFLAG-MEKK1 KNʧ`Ǚǈűǁ̯̆

ʠé̮ǌȶǋ¯̫̦̍̊̆ʸć§̨Ɗʑ̙̦÷Đ̽ǌȶʡï̆¶̶̨̗̫̦͇̩̐̍̊ʪ

̊̏ŲT̗̪̣̠̓̎ (Fig. 48̆Fig. 49)̇3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ̯ÕHʮ

#À̮Ǚǈ̏Ǭɳ̗̠̫̼̓˃̜̀ͅ (Fig. 45)̆ě FLAG ě+̫̿͂͋ͰΎ̮ͧͪȞ

ŧ̆3xFLAG-MEKK1 ͤΐͳ͕ʇ̜̮̏̊̓ȎȠ̫̦̼̍̊ŲT̗̪̣̠̓̎ (Fig. 47A)̇

3xFLAG-MEKK1 KNʧ`Ǚǈűǁ̧ 3xFLAG-MEKK1 KNͤΐͳ͕ʇ̯ŲT̨̗̠̓̎̕

̀ (Fig. 47B)̆űǁșȸĻ̆3xFLAG-MEKK1 Full ͤΐͳ͕ʇ̨ 3xFLAG-MEKK1 KN ͤ

ΐͳ͕ʇ͆ɾZ̙̆MEKK1 ̮ʹǚ]ÿ̏ɕ̨̦̓̊͂̏̕ͅǭ�̗̠̞̮̓̇Ȟŧ̆

3xFLAG-MEKK1 Full ʧ`Ǚǈűǁ̯ʸć§̨�Ÿ̮əǈ÷̨̨̪̣̠ȳ̌̀̓͂̇�Ń

̧̆MEKK1 ʮ#Àſıűǁ̯ǥÖ̮÷ʇ͆ǭ̨̛̏̕«�̗̦̓̊͂ (Ichimura et al. 

2006; Nakagami et al. 2006)̇�Ÿ̮÷ʇ̯MKK1 MKK2�ʷʮ#Àſıűǁ̽MPK4

ʮ#Àſıűǁ̫̦̼̍̊ɣ̀̓͂ (Su et al. 2007; Qui et al. 2008)̮̇̕ǥÖ̮÷ʇ̯

MEKK1 MEKK2�ʷʮ#Àſıűǁ̧�Ą̛̄͂̕ (Kong et al. 2012)̆MPK4ʮ#À

ſıűǁ̫̦̍̊ MEKK2 ̮ʮ#ÀǙǈ̨ͤΐͳ͕ʇʹ̏°ę̛̪̩͂̎̀̆̕MEKK1

͆�̺ MEKK1-MKK1/MKK2-MPK4 ȝʍ̮̜̮̊̓̎ŷēɡȖ̏ſı̙̠ˏ̫̆

MEKK2 ̏ʠé̿́ʧ`̫Ǚǈ̨̙̞̮̏̕ȾƺGǗĄę̏$̋ǥÖ̮÷Đ͆ɴǪ̛̃͂

ȳ̦̌̀̓̊͂ (Su et al. 2013)̨̮̯̇̕̕ MEKK1̆MKK1̆MKK2̆MPKΞ̮ͤΐͳ͕ʇ

ʹ͆ɳɾ̛͂ͨ̏͜͞Ã¤̨̛͂͆̕ǭ�̙̦̊͂̇3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ

̫̦̍̊ 3xFLAG-MEKK1 Full ͤΐͳ͕ʇ̯ŲT̗̪̣̠̓̎̏ǥÖ̮÷ʇ̯ǭ̗̪̣̎

̨̠̮̎̀̆̕̕űǁL̫̦̍̊̆ʠé̮ǌȶ̫ăɡ̪ MEKK1 ͤΐͳ͕ʇʹ̏ȣģ̗̦̓

̨̊͂̏̕ȳ̌̀̓͂̇3xFLAG-MEKK1 KN ʧ`Ǚǈűǁ̫̦̍̊̆ÕHʮ#À̮Ǚǈ 

(Fig. 46) {̱ 3xFLAG-MEKK1 KN ͤΐͳ͕ʇ (Fig. 47B) ̏ŲT̗̠̓̏ǌȶ̫ø˛̯

ɣ̪̣̠̀̓̎ (Fig. 48̆Fig. 49)̨̮̯̇̆̕̕3xFLAG-MEKK1 KN ͤΐͳ͕ʇ̮ʧ`Ǚ

ǈ̏̆ͫͬΐ̨̙̦ͪͯ͒ͨ͊žȹ̨̙̦̪̊̊͆̕ǭ�̨̙̦̊͂ȳ̼̙̯̌̀̓͂̇̑̆

MEKK1 ̮ΐʴlʳȖƛć̯̆űǁ̮ēʿ̫ø˛̙̦̪̮̼̙̪̊̊̎̓̊̇Éˏ̫̆

MEKK1ʮ#Àſıűǁ̫ 361Ǖǝ̮͝ΐƄª͆ͦ͐ͭΐƄª̫ȭĮ̨̛̫͂̿́̕-

ɟ̙̠�ƛć§̮MEKK1 K361M͆Ǚǈ̨̗̝͂̆MEKK1ʮ#Àſıűǁ̮ǥÖ̮÷ʇ

̏�Ā̙̆Ƃé̫ǌȶ̨̛͂̏̕«�̗̦̓̊͂ (Su et al. 2007)̇ 

˳ ̸̠̆3xFLAG-MEKK1 Full ʧ`Ǚǈűǁ̮QȞȴć̯ʸć§̨�Ÿ̧̆(ƨ˨l̙̠
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¬�̮̹ǌȶ̏Ǭɳ̗̠̓ (Fig. 50)̇3xFLAG-MEKK1 Full ʧ`Ǚǈűǁ̫̦̍̊

3xFLAG-MEKK1 Full ͤΐͳ͕ʇ̮Ǚǈ̏ŲT̨̗̪̣̠̓̎̎̀̕  (Fig. 47A)̆

3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ̫̍̓͂ MEKK1 ͤΐͳ͕ʇʹ̏ʸć§̨�Ȩ̏̉͂

̨̏̕ĬƩ̗̞̮̠̻̓̆�Ÿ̮÷ʇ̙̎ɣ̨̪̀̓̊ȳ̼̙̯̌̀̓͂̇̑̆2 ǿ̧ǭ̙̠

̫̿̋ MEKK1 ̏(ƨ2Ãǚ̫ƛćl̙ MKK2 ͆ΐʴl̨̛͂̎̀̆̕ʠéǋ¯̧̯

MEKK1 ̮ΐʴlʳȖƛć̏]ÿ̗̦̓̍́̆MEKK1 ͆�̙̠͖ͬ͜Ό#ʩȝʍ̏

MEKK1 ̮ʧ`Ǚǈ̡̧̯̓ƛćl̨̗̪̠̻̼̓̊ȳ̸̠̌̀̓͂̇̆3xFLAG-MEKK1 

KN ʧ`Ǚǈűǁ̮QȞȴć̼ʸć§̨�Ȩ̣̠̏̉  (Fig. 50)̨̮̯̇̕̕

3xFLAG-MEKK1 KN ʧ`Ǚǈűǁ̏ͫͬΐ̨̙̦ͪͯ͒ͨ͊B̨̪̗̫̎̊͆̀̕ĸģ

̛͂̇ 

˳ ̕ ̓ ̸ ̧ ̮ Ȟŧ ̿ ́ ̆ - ɟ ̙ ̠ 3xFLAG-MEKK1 Full ʧ`Ǚǈűǁ{ ̱

3xFLAG-MEKK1 KN ʧ`Ǚǈűǁ̮ʸć§űǁ̨ǖ̪͂÷ʇ̯ŲŢ̦̪̙̐̊̊̇̎

̙̪̏̀̆MEKK1 ̯ǌȶ̽(ƨĄȅ̡̧̪̓̑̆ˬ®̽AË̆ǘxɈȄ̮Ÿ̪̈ǋ¯ͪ͞

̫͞˃̨͂̏̕ͅ«�̨̗̦̓̊͂̎̀̆̕Œ̪͂ɲș̪Ųɰ̨̧̛͆͂̆̕MEKK1 ʧ`

Ǚǈűǁ̮ǂāǚ̪÷ʇ͆ɣ̡̨̛̊̏̕Tš̼̙̪̞̫͂̎̓̊̇̓̿́̆MEKK1 ̮ž

ȹ̗̫̏̀ɧŊ̨̗̓͂͆̕Řû̙̦̊͂̇ 

 

4D.2. MEKK1 ͤΐͳ͕ʇ̮ʹǚ]ÿ  

 

� 3xFLAG-MEKK1 Full ʧ`Ǚǈűǁ͆-ɟ̨̙̠̈́̆̕ÕHʮ#À̮Ǚǈ̯Ǭɳ̧̐͂

̏̆3xFLAG-MEKK1 Full ͤΐͳ͕ʇ̯ŲŢ̪̣̠̐̎ (Fig. 47A)̇űǁL̫̦̍̊ͤΐ

ͳ͕ʇ̮ʹ̯ʮ#ÀʏN̆Ȳɯ̆Ȳɯü̮�Ɔˌ̧]ÿ̨̗̦̓̊͂ȳ̌̀̓͂̇ÕHʮ

#À̮Ǚǈ̏ɣ̨̀̓͂̎̀̕ʮ#ÀʏN̯ɕ̦̓̍́̆ͅ�Ÿ̮ʮ#ÀǙǈʹ͆ǭ̛

3xFLAG-MEKK1 KNʧ`Ǚǈűǁ̫̦̍̊ 3xFLAG-MEKK1 KN ͤΐͳ͕ʇ̏ŲT̗̓

̨͂̎̀̕Ȳɯ̼ɕ̨̦̓̊͂ͅĬƩ̸̗̤̓͂̇́̆3xFLAG-MEKK1 Full ʧ`Ǚǈűǁ

̫̦̍̊3xFLAG-MEKK1 Fullͤΐͳ͕ʇʹ͆Ȳɯü̫]ÿ̛͂͑ͭ̏͟Ã¤̙̦̊͂

̨̏̕ǭ�̸̗̠̮̓͂̇̆ͤ̕ΐͳ͕ʇʹ̮]ÿ̯�ƛć§̮ MEKK1 KN ͤΐͳ͕ʇ̫

̯ʊ̨̪̀̊̎̀̆̕̕ΐʴlʳȖƛć̏ͤΐͳ͕ʇ̮ʹǚ]ÿ̫̦͑ͭ̍̊͟˃�

̨̛̣̠͂̏̎̇̕͜ͅΎ͋ͮͬͬ͟ΎͪΊ̧ͪ͞�ʧǚǙǈ̗̝̠MEKK1̏H2O2̫̿

̣̦ƛćl̸̨̛̠͂̆̕Ύ͉ͨ͢Β˅Ë_̫̿͂ MEKK1 ͤΐͳ͕ʇ̮°ę̛͂̆̕

̞̫̓$̣̦͓ͬΒ͡ƛć̏°ę̛͂͆̕«�̙̦̮̊͂̇̓̀̕Ȟŧ̿́̆MEKK1 ̮

ƛćl̫̯Ύ͉ͨ͢Β̮˃�̛͂ MEKK1 ͤΐͳ͕ʇ̮ʹǚ]ÿ̨Ȳɯü7˥̮	Ń

̏-ą̛̌͂̏̕ǭ�̗̦̓̊͂  (Nakagami et al. 2006)̸̠̇̆öǨǻÊ̫̦̍̊
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MEKK1͆ͻ̫̙̠͋ͪʳƉ Two-hybridƔ̫̿͂ǟ�-ǎͤΐͳ͕ʇ͕͞Βͭΐ͖̮Ȟŧ̆

Έ͵͓ͦΐ7˥ȎSCF͙ΐ͕̮ͧ͞ŷēɡȖ̧̉͂SKPͤΐͳ͕ʇ̮Λ̧̤̉͂ASK1

̨̮ǟ�-ǎ̏ŲT̗̠̮̓̇̕ǟ�-ǎ̯̆Iʿ̱̍̿ KD ̮̹̮ MEKK1 ̧ŲT̗̓

̠̠̻̆×̨̪̼͓̑̆ͬΒͫ͋͡ΐ̫̦̍̊ǟ�-ą̛̌͂ȳ̌̀̓͂ (Nomura 2007)̇ 

˳ ̮̓̀̕Ȟŧ̿́̆MEKK1 ̯űǁĻΈ͵͓ͦΐ7˥͆�̙̠Ύ͉ͨ͢Βͤΐͳ͕ʇ

UɧȎ̫̞̮̿́ͤΐͳ͕ʇʹ̮]ÿ̸̨̪̗̦̠̏̓̊͂̆̆̕MEKK1̮ΐʴlʳȖƛ

ć̞̮̏]ÿ̫ø˛̨̛͂̏̕ǭ�̗̠̓̇1 ǿ̫̦̍̊ MEKK1 ̏ȾæΐʴlʳȖƛ

ć͆ģ̨̤̏̕ǭ�̗̦̮̓̍́̆̕Ⱦæΐʴl̏Έ͵͓ͦΐ7˥Ȏ̮ɳɾ̫˃�̙̦̊

̮̼̙̪͂̎̓̊̇�ü̆MEKK1 ̮ͤΐͳ͕ʇʹ̩̮̫̏̿̋]ÿ̗̦̮̓̊͂̎͆Ųɰ

̨̛̯͂̆̕űǁL̫̍̓͂ MEKK1̮žȹ͆ɧŤ̛͂�̧ʷɡ̧̨̉͂ȳ̌̀̓͂̇ 
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ȥ�ȳÐ  

 

ǋ¯Ąȅ̍̓͂ MEKK1 ͆�̙̠͖ͬ͜Ό#ʩ  

 

˳ ŜǨǻ̸̧̱̮̍̿̓̕«�̎̀̆MEKK1 ̮ƛć]ÿ̫̯¶̐̑U̦̓Μ̤̮͑ͭ͟

̏˃�̨̙̦̊͂̏̕ĬƩ̗̓͂̇Λ̤̯ MEKK1 ͤΐͳ͕ʇ̮Ȳɯü]ÿ̫̿͂ƛć]

ÿ̧̉͂̇ŜǨǻ̧̯(ƨĄȅ̫ǡǝ̙̦Ǩǻ͆ɕ̊̆(ƨ̫̦̍̊MEKK1ͤΐͳ͕ʇ̮

ʹ̯³l̙̪̊̏ΐʴlʳȖƛć̮�ŉ̏ɣ̨̠̀̓̎̀̕ (Fig. 29)̆ͪ͞͞ǋ¯Ą

ȅ̫̦̍̊MEKK1̏Ȳɯü7˥̫̿́ƛćl̨̛͂̏̕ǭ�̗̠̗̫̓̇̀MEKK1̏(

ƨ2Ãǚ̫ΐʴl̨̗̓͂̕ (Fig. 31)̆CRLK1 ̏ MEKK1 ͆ΐʴl̨̛͂͆̕ǭ̙̠ 

(Fig. 34)̸̠̇̆CRLKΛ̫̿͂MEKK1̮ΐʴl͚͋ͪ̏ NśȀ˟¨̫Ã¤̨̛͂̏̕ǭ

�̗̦̓̊͂̇MEKK1̮ NśȀ˟¨̯ MEKK1̮ΐʴlʳȖƛć͆ę]̛͂ùa͆ģ

̨̤̏̕Ŋ̫̪̣̠̀̎ (Fig. 19̆Fig. Μ2̆Fig. 23)̨̮̇̎̀̆̕̕MEKK1̏ƛćl̛͂

̫̯̮̆̕ N śȀ˟¨̫̿͂ΐʴlʳȖƛć̮ę]̏ɧˉ̗̓͂ăɡ̨̏̉͂ȳ̌̀̓

̮͂̇̕ɧˉ̫ N śȀ˟¨̮ΐʴl̏˃�̙̦̮̼̙̪̼̊͂̎̓̊̇̋Λ̤̯ MEKK1

̮ͤΐͳ͕ʇ̮ʹǚ]ÿ̧̉͂̇3xFLAG-MEKK1 Fullʧ`Ǚǈűǁ̫̦̍̊ÕHʮ#À

̮Ǚǈ̏ɣ̫̼̜̀̓͂̎̎̀̆ͅ3xFLAG-MEKK1 ͤΐͳ͕ʇ̮Ǚǈ̏ŲŢ̪̣̐̎

̨̠̎̀ͤ̕ΐͳ͕ʇ̮ʹ͆]ÿ̛͂͑ͭ̏͟Ã¤̨̛͂̏̕ǭ�̗̮̓͂̇̕]ÿ̯

MEKK1 ̮ΐʴlʳȖƛć̫ø˛̨̗̓͂̏̕ȳ̸̠̌̀̓͂̇̆Nakagami ̮̀«�̫

̿́̆MEKK1 ̏Ύ͉ͨ͢Β̫̿͂ͤΐͳ͕ʇUɧȎ̫̿́]ÿ̨̗̦̓̊͂̏̕ǭ̗̓

̦̊͂ (Nakagami et al. 2006)̇�Ņ́̆MEKK1ʮ#Àſıűǁ̏ǥÖ̮÷Đ͆ǭ̛̕

̨̪̩̎̀̆MEKK1 ̯ʠéǋ¯̫̦̍̊ʬV̪ͤΐͳ͕ʇʹ̫ɺɟ̗̦̓̊͂ăɡ̏̉͂

̨ȳ̮̫̌̀̓͂̇̿̋̆̕MEKK1 ̏ɠ�ǚ̧̪͑ͭ͟ƛć]ÿ̨̗̦̓̊͂̏̕ȳ̌

̞̟̮̀̓͂̏̆̓̓UÀ̮͑ͭ͟ɧŊ̫̯Œ̪͂Ǩǻ̏ăɡ̧̉͂̇ 

˳ MEKK1 ̸̧̯̮̆̓̕Ǩǻ̿́̆AË̆ǘxɈ̆(ƨ̆ˬ®̮͖ͪͬ͜͞͞Ό#ʩȝʍ

̫˃ʣ̨̙̦̊͂̏̕ǭ̗̦̓̊͂̇ŜǨǻ̧̯(ƨ̫̍̓͂ MEKK1 ̮�Ɯȝʍ̫șȸ

ȽƜkć̮(�̆Ca2+͖ͬ͜ΐ͖̏Ã¤̨̛̗̫͂̆̀̕ CRLKΛ̫̿́ MEKK1̏ΐʴ

l̨̗̓͂͆̕ǭ�̙̠ (Fig. 41)̇MEKK1̯(ƨ�´̫̼Ÿ̪̮͖̈ͪͬ͜͞͞Ό#ʩ

̫˃̨͂ͅȳ̦̞̮̌̀̓̍́̆�Ɯȝʍ̯Ś̸̡̫̣̦̪̤̮̉́̎̊̊̏̆̊̑̎ͅ�Ɯ

�À̮:ɞ̏ǭ�̗̦̦̓̐̊͂̇ǘxɈ̫͖̿͂ͪͬ͜͞͞Ό#ʩȝʍ̫̍̓͂

MEKK1 ̮�Ɯ:ɞ̨̙̦ǘxɈ̮ͷΊ͍͝ΐǐš̮ͼͦͫ flg22 ̮ͤ͠Β̨̙̦

FLSΜ̏«�̗̦̓̊͂ ΔAsai et al. 2002Ε̇FLSΜ̯Ύ͋͜ΐͧͦͶΒͪͤ͠Β͓ͬ
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Β̧̉́̆͡Ύ͋͜ΐͧͦͶΒͪͤ͠ΒŸ͓ͬΒ͡ BAK1̨ɠ�+͆÷ē̙ flg22͆ɳ

ɾ̛͂ (Chinchilla et al. 2007)̞̮̇�Ɯ̨̙̦ŕʛ̆ͤ͠ΒŸșȸʇ͓ͬΒ͡ BIK1

̏�È̗̠̓̇flg22͆ɳɾ̙̠ FLS2/BAK1ɠ�+̯̆BAK1̮șȸL͓ͬΒͫ͋͡ΐ̫

̦̍̊ BIK1͆ΐʴl̸̙̠̆ΐʴl̗̠̓ BIK1̯ FLS2̆BAK1̮șȸL͓ͬΒͫ͡

͋ΐ͆ΐʴl̛͂ (Lu et al. 2009)̙̙̪̇̎̏̀̓̀̕ΐʴlʳŲ̑ MEKK1 ̨̮Ǟī

ǚ̪˃3͆ǭ̛«�̯Ś̸̡̪̠̊̇̆MEKK1 ̯ʧʴlƍȖSǊ̫̣̦̞̮̿ΐʴl

ʳȖƛć̏�ŉ̨̛͂̏̕«�̗̦̓̊͂ (Nakagami et al. 2006)̇ʧʴlƍȖ̯̆ǘx

Ɉďũ̽AËȄ̮Ÿ̪̈ͪ͞͞ŋ̫Ǚǌ̨̛̮͖͂̎̀̆̓̀ͪͬ̕̕͜͞͞Ό̮#ʩ

ȝʍ̫̦̍̊ MEKK1̮�Ɯ͖ͬ͜Ό̨̙̦B̨̑̏̕ȳ̸̠̌̀̓͂̇̆MEKK1 ̨̮˃ʣ

̯«�̗̦̪̼̮̮̓̊̊̆ˬ®ͪ͞͞ȴć̮͖ͬ͜Ό#ʩžŷ̨̙̦ ̆

Salt-Overly-Sensitive (SOS) ȝʍ̏«�̗̦̓̊͂ (Chinnusamy et al. 2003)̮̇̕ȝ

ʍ̯̆Ca2+Ȟ�ͤΐͳ͕ʇ SOS3̆͠ΐ/͐ͭ͞ΐΐʴlʳȖ SOS2̆Na+/H+͉ΐͦͿ

ΒͤΒSOS1̎̀ŷē̗̦̓̍́̆ˬ®̣̦ͪ̿͞͞ Ca2+ƶï̏�ŉ̨̛͂ SOS3̏ƛć

l̗̓̆SOS2 ̨Ȟ�̛͂ (Guo et al. 2001)̇SOS2 ̯̮̕Ȟ�̫̣̦̿ƛćl̗̓̆

SOS1͆ΐʴl̛̞̮͂̇Ȟŧ̆SOS1̫̿͂Na+̮ĪT̏ƛćl̗̓ˬ®ȴć͆ǆþ̛

̨̗̦̙̙̮͂̓̊͂̇̎̕ȝʍ̫̦̍̊̆®ͪ͆͞͞ɳɾ̙̆Ca2+ƶï̏�ŉ̗̝͂͠

ͤΒ̯�È̗̦̪̮̫̓̊̊̇̿̋̕Ÿ̪̫̈ͪ̍̓͂͞͞�Ɯ:ɞ̏ĬƩ̗̦̓̊͂

̏̆̓̀̏̕Éˏ̫ MEKK1̮�Ɯȝʍ̨̙̦B̮̑̎͆Ŋ̛̫̠̻̫̯̀̎͂Œ̪͂Ǩǻ

̏ăɡ̸̨̗̠̓͂̇̆�Ɯȝʍ̫Ą̦̚ MEKK1 ̮ƛć]ÿ̮͑ͭ̏͟ų̪̈̄͂̏̕

�Ʃ̗̠̻̓͂̆MEKK1 ̮�Ɯȝʍ̨ƛć]ÿ͑ͭ͆͟�ŋ̫Ųɫ̨̙̦̊̑̏̕ʷ

ɡ̧̨̉͂ą̓͂̇ͅ 

 

�ü̮Úŗ  

 

˳ ŜǨǻ̯̆Ÿ̪̈ǋ¯ͪ͞͞Ąȅ̫˃͂ͅMAPKKĶ̉͂MEKK1̮ƛć]ÿ̽ªʇ

ʭĝ̫̤̦̊¶ȼɈǙǈͤΐͳ͕ʇ̽ʳƉ Two-hybrid Ɣ͆ǎ̦̊Ųɰ̙̆N śȀ˟¨̏

MEKK1 ̮ƛć]ÿ̨ªʇʭĝ̮̜̫̦̼̊̓̍̊ʷɡ̪ùa͆ģ̨̤͆̕ǭ�̙̠̗̇̀

̫̆N śȀ˟¨̫ͦΎ͜ΐΐʴl͚͋ͪ̏Ã¤̸̙̠̆ΐʴlʳȖƛć̫ø˛̛͂�ȹ

ć͆ǭ̙̠̇Ȣ̦̊(ƨ̫̦̍̊Éˏ̫ MEKK1 ̏ƛćl̙ MKK2 ͆ʭĝǚ̫ΐʴl̛

̨͂͆̕Ŋ̫̙̠̗̫̀̎̇̀(ƨ̫̿́MEKK1̏ΐʴl̨̗̓͂̆̕MEKK1̮�Ɯȝʍ

̫șȸȽƜkć̮(�̆șȸL Ca2+ƶï̮�ŉ͆�̙̠ Ca2+/͑Ό΄͝·ΐ

-CRLK1-MEKK1ȝʍ̏Ã¤̙̆CRLK1̫̣̦̿ MEKK1̏ΐʴl̨̗̓͂͆̕ǭ�̙̠̇
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̮̕ǨǻȞŧ̯̆MEKK1 ̮ƛć]ÿ̽ªʇʭĝ̫ł̠̪ǣɣ̨̛̼̠͆̀J̫̆(ƨ̫

̍̓͂ MEKK1 ͆�̙̠�ʣ̮͖ͬ͜Ό#ʩȝʍ͆ĭ�̧̛̼̮͂̉͂̇ 

˳ �ü̆(ƨ̫̦̹̍̊̀̓͂MEKK1̮ΐʴl̏Éˏ̫ΐʴlʳȖƛć̫ø˛̙̦̊

̮͂̎͆Ŋ̨̛̫̯̀̎͂̕ă˞̧̨̉͂ȳ̦̮̌̊͂̇̕ΐʴl̮͚͋ͪ͆�Ę̛̀͂J

̫̞̮̆ùa͆Ųɰ̨̛̯͂̕ MEKK1̮ƛć]ÿ̮͑ͭ͟ɧŊ̫̦̍̊ʷɡ̧̉͂̇

̸̠̆(ƨ�´̮ MEKK1 ̏˃�̨̛͂ȳ̦̌̀̓̊͂Ÿ̪̫̦̼̈ͪ̍̊͞͞�Ÿ̮

ΐʴl̏ǌ̮͂̎̆̚�̮]ÿ͑ͭ̏͟Ã¤̛̮͂̎͆ɺ̵̨̧͂̆̕Ÿ̪̈ͪ͞͞

̫̦̍̊ MEKK1 ̩̮̫̏̿̋ʬV̪ªʇ͆ʭĝ̸̙̦̮̠̩̮̪̊͂̎̆̆̿̋�Ɯȝʍ

͆�̙̦#ʩ̨̨̗̮̫̤̦̮̓͂̎̊̋̊̕ǣɣ̏þ̨̀̓͂�Č̗̓͂̇ 

 

˳ ŜǨǻ̧̯̆MEKK1 ̮͖ͬ͜Ό#ʩ̫̍̓͂UÀ̫̤̦͑ͭ̊͟ł̙̊ǣɣ̏þ̀

̸̠̠̓̇(ƨ̫̍̓͂ MEKK1 ̮�Ɯȝʍ̫̤̦̊Ŋ̫̙̦̠̙̙̪̀̎̐̇̎̏̀̆ű

ǁ̮ͪ͞͞Ąȅ̯ɠˑ̧̉́̆�ǜ̗̪͂Ǩǻ̏ăɡ̨̗̦̓̊͂̇ͪ͞͞Ąȅ̮IÍ

ɧŊ̫̯�͖ͬ͜Ό#ʩȝʍ̞̮̽UÀ͑ͭ͆͟Ǩą̢̛̯̼͇͖̊́͂̈́̆ͬ̕͜Ό

#ʩȝʍ˂̮͕Ύͪ͞Β͕͆�̻̠ɧŤ̏Ə̸̻̦̠̀̓̊͂̇̆-ɟ̙̠ MEKK1 ʧ`Ǚ

ǈűǁ̯QȞȴć̮��̏ɣ̪̣̠̀̓̎̇�ü̆MEKK1 ̮ƛć̽ MEKK1 ͤΐͳ͕ʇ

̮Ã¤ʹ͆]ÿ̛͂͑ͭ͆͟ɧŊ̨̛͂̽ͪ̕͞͞Ąȅ̮͑ͭ͆͟Ęį̨̧̛͂̕

̿́iǇǚ̪ͪ͞͞ȴćűǁ̮-T̫�̠̓ǣɣ̏ɋǹ̨̗̦̓̊̑͆̕Řư̂͂̇  
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