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щʴ  

� ĎоͼzØ½àǼӻŵ͔wt��Ëß£»×¤ à(Xenopus laevis)~ԋ13 ˚Cy�30 ˚Cx

uvȩȱu̴ȵ{xuv˻ȨzЅ͹͡�Ҟ��dx]w^�ԍd�~̴ȵ{�±vǚŹj�

·äÇ§Ѿ}έğ˰қ}Ʌӥ�ϥƫfl�Řǰ]ǲǄhvu�ƗЇɖ�Ζưfl�ԍndw

Ν~»×¤ àЅ�ȆѷxhvԋѢɂj�Řǰ}ƟǺz��{ђ˗{Ƒ�ϒ�dx{hpԍ 

� �kԋͯz�̴ȵwǋӹhpЅ{Ȇhv͹̆͝ҋ±§ßçÁä¨�л±pxd�ԋIRG1 

(immunoresponsive gene 1)]ӽ̴˔Ēíw͕ͯͼ{͹͝j�ĴхƼǰ{ʃ]±pԍd}ìʶ

~RT-PCRw�Εѥf�pԍndwԋIRG1�§âçÁä¨hԋ͹͝ђ˗z��{˷Їђ˗ͣ

Ï§·ç{ʅŉhpԍin situ hybridization{��ѣϏz͹͝ђ˗w�ӽ̴͕ͯɖ~ѥ���

pԍpqԋIRG1 mRNA�ӱɎ̛ŉhp]ԋ̴ȵ{Ȇj�Ѕ}͡ǲ}ɡƒɖ{Ǟ^zǚŹ~

Εѥw^zy±pԍӡͻudx{ԋǒǌɖ˔ĒŹw�IRG1}͹͝ìʶ]ѥ���pԍ 

� IRG1~Εy{ӽ̴˔Ē{ͺǐj�Řǰwt±p]ԋ˷Ї{tuv~ѵѱ}ġǅ]̀�ԍ

�pԋſН˾ͼ˔ĒÔç£çxhv}̡ͣ�ˋɇf��ԍ 

 

Keywords: ̴ȵǚŹ, Ŝˋ͹͡, ҪĘǰ͹͝, Ô�§â�á�, IRG1 

 

1. Єʿ  

� �Ëß£»×¤ à(Xenopus laevis){~ԋӠȨ{ȩȱu̴ȵλƿ{xuvЅ͹͡�˻Ȩ{

Ҟ��dx]ƗЇwt�xuv͕ɏ]t�ԍĝu̴ȵw~13 ˚CČҒy�ԋӽu̴ȵw~30 ˚C

ČҒ{М��wԋ˻ Ȩ{͹͡�лvdx]ƗЇwt�ԋ͹͡Қȵ�̴ȵ}ìʶx̆ĦhvҚ

`z�(Khokha et al., 2002; Tinsley et al., 2011)ԍhyhԋd}ȩȱu̴ȵλƿw˻Ȩ{͹͡]

Ҟ�xuv͋{ͰƳ]͡i�ԍzmz�ԋŜˋ͹͡{~˱pz·äÇ§Ѿ]Ӄ�±vx�ԋ

·äÇ§Ѿ}έğ˰қ~̪΄ԋpHԋnhv̴ȵxu±pщϋ{�±v˰қ]̒Ǻj�xu
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vЄʿ]ǲǄj�y�wt�ԍt��ԋ»×¤ àЅ~̴ȵǚŹ{Ȇɒhԋ˻ ȨzŜˋ͹͡

]Ϛʀf�ɋ�͕˿z˷˰]ǲǄj�ƗЇɖ]ӽuԍĦw�ԋ·äÇ§Ѿ}έğ˰қ}ǚŹ

�ɴw�ҪĘǰԋ�h`~ǚŹ{��Ʌӥ�ϥƫ�į˻j�˷˰]t�}y�h�zuԍΝ

~ԋd}˷˰{Ӄ��ҪĘǰ�Řәhԋn}˷Їђ˗{Ƒ�ϒ�dx{hpԍ 

� �kԋĝ̴xhv15 ˚CԋȨ̴xhv22 ˚Cԋnhvӽ̴xhv29 ˚C}3̂ӐwƊАЅˋ�

wǋӹhpn�o�}­äÍày�Total RNA�ɻŗhԋ͹̆͝�Ô�§â�á�æ±§ß

çÁä¨{�±v̆ҋhvu`ԍnhvԋ ӽ̴˔Ē{xuvIRG1 (immunoresponsive gene 1)

}͹͝]ӽudx�͹ыj�ԍ�pԋd}͹͝~RT-PCRxin situ hybridization{�±vIRG1

~ӽ̴˔Ēw͹͝hvu�dx�Εѥj�ԍ�pԋIRG1}˷Ї͚ɋǇǼӻ}ϔ˘�ϐĉj

�ԍIRG1ҪĘǰ~498�ÕÄҲy�z�(ǀ1A)ԋMmgE/PrpD·äÇ§Ѿx}Ӄ��]t�ԍ

d�~Õ¾«ä¿ß�w}ATPƝɪ�j�Ӕ}§ äҲy��µ§ äҲ�}Əɒ�ѓǮ

j�ұϋwt�(Horswill and Escalante-Semerena, 2001;ǀ1B)ԍ´ÌÞË�º¯ÚwϏІ{Ǿ

�ƍ�j˲ͼxhvÆ§¼ß��ͣuvԋIRG1ҪĘǰ}ңũ͹͝�Ĭhpxd�ԋIRG1Ҫ

Ęǰ~ЈЀҲ�ұϋxhvşͣhԋÕ¾«ä¿ß�Ŏw̡ɖҲϋ(mROS: 

mitochondoria-derived reactive oxygen species)�ңũ{͢͡fl�ԍmROS~ϏІ{ʕĽ�ïw

�p�ԋÆ§¼ß�~˾̼j�(Hall et al., 2013)ԍt��ԋIRG1~Ô§âË�ç°}Ŀ^�

̡ɖŹfl�qbwz`ԋÕ¾«ä¿ß�wmROS}͡ɪ�ĬjdxwԋϏІ}Ďѳ{Ӄ�

±vu�ԍd}�v{IRG1~Ňͱ{Ӄ�±vu�ҪĘǰwt�ԋƯûӳ�~i�xhpЊ

˪ŵ͔ŊП{xuvԋˉǾ͔Ѿ�Ƒ�ґ�qӔ{Ňͱ˷˰{Ҝŵhv͹͝j�(Lee et al., 

1995)ԍn}p�ԋˏΒΩw~ԋIRG1]ɛ˔Ēxєw�Ҳɖ�h`~ǒǌɖ˔Ēíw͹͝j

�yƣy�Εѥhvu`ԍ  

 
ǀ1 IRG1{Ƥ���¿×�äxIRG1]Ȋ`ĎѳƏɒ  
(A) IRG1(Xenopus laevis)�ÕÄҲҮśԍѕ498�ÕÄҲԍ(B) IRG1ŘǰŎ}¿×�ä˰қxѧȊf

l�Əɒԍ  
  

2. ʯ̘  

2.1. Ѕ}Ƒ�ɱuxǋӹ̪ (pH 5, 6, 8, 10)}Ģɪ  

� Ѕ~j�vĆȠʇρwɋpԍĆȠʇρ}ʯ̘~ԂͤΒ}ǌˏÍâ¾«à{Ɋ±pԍЅ}ǋ
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ӹ~j�v0.1x SS�ͣuvл±pԍ10x SS{ȆhvԋHCl�ͣuvpH 5x6}0.1x SS{Ѯʧ

hԋNaOH�ͣuvpH 8x10}0.1x SS{Ѯʧhpԍ 

ԂͤΒ}ǌˏÍâ¾«à}јҌf�p��ÌÐç°: http://kerolab.jp 

 

2.2. RNAɻŗxÔ�§â�á�ђ˗y�}RT-PCRђ˗z��{ in vitro҈ő{��Í

âçÌĢɪx in situ hybridization 

� ­äÍà~15 ˚C (1­äÍà)ԋ22 ˚C (2­äÍà)ԋnhv29 ˚C (1­äÍà)}3˔Ē{xu

vԋstage 10 (ƊАЅˋ)�wǋӹhpԍƜ3ıŘ}Ѕ�1.5 mL¹ÚçÌ{ŉ�ԋЅ}ŉ±p¹

ÚçÌ{1 mL}RNAiso�ŉ�pԍ̻ђhpƜ­äÍày�Ë�Äçàæ§ââÑàÖˠҲ

ɻŗ̘{�±vRNA�ɻŗhԋ20 µL}ҁψ̋{̻yhpԍÔ�§â�á�ђ˗~͢ˬɲм

ϠƝΒΩɮ(t`�ȥ){ǬїhpԍRT-PCR}ʯ̘�in vitro҈őz��{in situ hybridization

~ԂͤΒ}ǌˏÍâ¾«à{Ɋ±pԍͣupÍÞ�Ôç�ďí}ҙ�ԍ 

IRG1-fw primer: 5’-GCAGCTCCTCTCCATTCTCACTAAGCTTTG-3’ 

IRG1-rv primer: 5’-GGGAACTATGACTGTGTATTGGTGACTTTATGTTACTG-3’ 

 

2.3. mRNA}ƝɪxӱɎ̛ŉ  

� pCS2-IRG1�Asp718w΃ҽŹhpɉԋmMessage mMachine SP6 Kit (#AM1340, Ambion)�ͣ

uvmRNA�ƝɪhpԍƝɪ~kit}Íâ¾«à{Ɋ±pԍƝɪhpIRG1 mRNA�ҧřzͅ

ȵ{ȧҳhpɉԋ ӱɎҾíwӝŵÔ�§â�ä°�§·ç(#IM-300, Àß¯ª)ƍ�Ɏȋ¤

Þ±Ҹ�ͣuvЅŎ{mRNA�̛ŉhpԍ 

 

3. ϔ˘  

3.1. ͯz�̴ȵwǋӹhpЅ}Ô�§â�á�ђ˗xIRG1ҪĘǰ  

� ǋӹ̴ȵxhvԋ15 ˚C (1­äÍà)ԋ«ä¾âçàЅxhv22 ˚C (2­äÍà)ԋnhv29 ˚C 

(1­äÍà)}3̂ӐwƊАЅˋ�wǋӹhpԍn��}­äÍày�Total RNA�ɻŗhԋ

Ô�§â�á�æ±§ßçÁä¨{�±v̆ҋhpϔ˘ԋ ӽ̴˔Ē{xuvIRG1}͹͝]

ӽudx]ŝʷhpԍIRG1�§âçÁä¨hԋ͹͝ђ˗ͣz��{˷Їђ˗ͣÏ§·ç{

ʅŉhp(ǀ2)ԍ 
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ǀ2 Total RNA�ɻŗhԋIRG1ҪĘǰђ˗�л±pΒΩ}̢�  
ƊАЅˋ�wǋӹhp15 ˚Cԋ22 ˚Cԋnhv29˚C}Ѕ�RNAɻŗhԋÔ�§â�á�ђ˗�л±

pԍIRG1}ŊӀ§âçÁä¨�hԋ͹͝ђ˗ͣxhvpTAC2}ÍÞ±Õ¿{ʅŉhpԍ˷Їђ

˗ͣw~IRG1�pCS2ÍÞ±Õ¿{ʅŉhpԍ 
 

3.2. IRG1~RT-PCRx in situ hybridization̘{��ӽ̴˔Ēíw͹͝�Εѥ  

� RT-PCRђ˗�ͣuvԋ͹͡ŘŹÔç£çwt�ChordinxNogginx}͹̆͝ҋ�л±pԍ

IRG1~ӽ̴wӱа{͹͝hvu�}{ȆhԋChordinxNoggin~y}̴ȵ˔Ēw�ƟΥȵ{

͹͝hvup(ǀ3)ԍin situ hybridizationw~ԋstage 10ԋ14ԋnhv20}Ѕ�ͣuvԋ͹͝Ε

ѥ�л±pԍn}ϔ˘ԋstage 14wƜ̴ȵ}̆ҋΕѥ�л±pxd�ԋ΂έ±p¯¨Àà~

ɋ��zy±p(ǀ4E-G)ԍhyhԋstage 10x20{xuv~ԋ15 ˚Cx22 ˚C}Ѕ(ǀ4C, D, I, J)

�̆ҋj�xԋ28 ˚CwǋӹhpЅ}¯¨Àà]ͅ`͹͝hvu�dx]Εѥw^p(ǀ4B, 

H)ԍ 

 
ǀ3 IRG1x͹͡ŘŹÔç£çwt�ChordinxNoggin}͹͝Εѥ  
IRG1~ӽ̴˔Ēí}�wÆä¿]Εѥw^�ԍ͹͡ŘŹÔç£çw̴ȵ˔Ē{͹͝�ȡƚf�

zuChordinxNoggin}Æä¿�Ɵ˱}ͅfwt�dx]�y�ԍuk��Ó°�¼�Ì«ä¾

âçàxhvEF1α�ͣupԍ+~Ҙ҈őұϋ�Ƥ�ǐƝԋ-~Ƥ�zuǐƝ�Ζjԍ 
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ǀ4 IRG1}ӽ̴w}͹͝ìʶ�Ζj in situ hybridization̘}ϔ˘  
(A) Ó°¼�Ì«ä¾âçàԍ22 ˚Cwstage 20{xb�Sox2}͹͝ԍþǺΚϓӫǉ}�]˛Сf
�vu�ԍ(B-J) IRG1{Ȇhvin situ hybridization�л±pЅԍ(B-D) stage 10ԋ(E-G) stage 14ԋ(H-J) 
stage 20}Ѕ{Ȇhvin situ hybridization�л±pϔ˘ԍ(B) stage 10�w28 ˚CwǋӹhpЅԍCԋD
x̆ҋj�xͅ`˛Сf�vu�ԍ(C) 22 ˚Cwstage 10�wǋӹhpЅԍ(D) 15 ˚Cwstage 10�w
ǋӹhpЅԍ(E-G) 28 ˚Cԋ22 ˚Cԋnhv15 ˚Cw~̴ȵ{��Ʌӥ]ы��zypԍ(H) stage 20
�w28 ˚CwǋӹhpЅԍIԋJx̆ҋj�xͅ`˛Сf�vu�ԍ(I) 22 ˚Cwstage 20�wǋӹhp
Ѕԍ(J) 15 ˚Cwstage 20�wǋӹhpЅԍ±©çàÆç~0.5 mmԍ 
 

3.3. IRG1}ЅŊğ�}ӱɎ̛ŉ  

� IRG1~ϏІĎѳ{Ʌӥhvu�ҪĘǰwt�xuvǏƦ]f�vu�(Michelucci et al., 

2013)ԍ�pԋin situ}ϔ˘y�ӽ̴͕ͯͼ{͹͝hvu�ҪĘǰwt�dx]ɋ��p(ǀ

4)ԍn�ʡԋӽ̴˔Ēí{f�f�pdxw͡ip͉ͶƏɒ{�±v˾̼j�~k}ϏІ]ԋ

IRG1}͹͝{�±vϏІĎѳ�̡ɖŹhvϏІ˾�ƻҫj�Ŀ^�ʀ±vu�dx]Ζư

f��ԍĈƻԋIRG1 mRNA�Ѕ{ӱɎ̛ŉ�лuƜ̴ȵ(28ԋ22ԋnhv16˚C)w48ʼӂǋӹ

hо͝Ǉ}̆ҋђ˗�л±p(ǀ5)ԍn}ϔ˘ԋn�o�}̴ȵwǋӹhp«ä¾âçàЅ

x̆ҋhv�ԋӽ̴(ǀ5E)ԋȨ̴(ǀ5F)ԋnhvĝ̴(ǀ5G){xuvӱаzо͝Ǉ�Ζfz

y±pԍt��ԋȨ̴xĝ̴wо͝Ǉ]Ζf�zudxy�ԋIRG1ҪĘǰ~ӽ̴{}�{

͹͝j�ҪĘǰwt�dx]ʷ�y{z±pԍ 
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ǀ5 IRG1�ңũ͹͝hv�̴ȵǚŹ{Ȇj�ɡƒɖ~ǚ��zu  
(A) 2ϏІˋ{xb�IRG1 mRNA}ЅŊğ�}ӱɎ̛ŉԍ(B-G) 48ʼӂ�wǋӹflpЅԍ(B-D) 
E-F{Ȇj�«ä¾âçàЅԍ(E-F) IRG1 mRNA 15 pg�ӱɎ̛ŉhpЅԍ΂έ±pо͝Ǉ~ѐΜ

f�zuԍ±©çàÆç~1 mm. 
 

3.4. pH{��Ѕ�}Ʌӥ  

� ˷Ї͚ɋǇǼӻ}ϔ˘{��ԋIRG1ҪĘǰ~ɛ˔Ē{Əɒj�ҪĘǰwt�dx]Ζư

f�pԍĈƻ}Ǽӻw~ԋǋӹ̪wt�0.1x SS}pH�ǚwvԋŹǴͼɛ˔Ē�Ģ�ŗhpԍ

ҙȨ}ǋӹ{ͣu�0.1x SS}pH~7.4wt�ԍЅ]ǋӹƗЇzpH 5-10�w}ӂwԋ22 ˚C}

̴ȵwǋӹ�л±pԍ 

� n}ϔ˘ԋ«ä¾âçàwt�pH 7.4~͹͝�hvuzu}{ȆhԋpH 5xpH 6w~дu

Æä¿ԋpH 8xpH 10w~ͅuÆä¿}IRG1}͹͝]ы��p(ǀ6)ԍ 

 

 

ǀ6 ŹǴͼɛ˔Ē~IRG1}͹͝ìʶ�Ȋ`  
22 ˚Cwǋӹhԋstage 10w­äÍßä¨�л±pЅ{Ȇj�RT-PCR}ϔ˘ԍpH 7.4w~Æä¿]

ыwzu}{ȆhԋpH 5, 6, 8, 10w~IRG1}͹͝]ы��pԍÓ°�¼�Ì«ä¾âçàxhv

EF1α�ͣupԍ+~RNAɻŗ̪{ȆhvҘ҈őұϋ�ŮwpƏɒ̪ԋ-~RNAɻŗ̪�PCR̘}

¼äÍáç¾{ͣupdx�Ζjԍ 
 

4. ϷΜ  

� ˏΒΩ{xuvΝ~ԋЊ˪ŵ͔}Ŝˋ͹͡{xuvӽ̴͕ͯͼ{͹͝ìʶ�ΖjҪĘǰx

hvIRG1�ƟǺhpԍIRG1ҪĘǰ~̴ȵǚŹ{�±vŜˋ͹͡{Ʌӥhvu�dx]�y

�ԋzxytɛ˔Ē{xuvɁ`͹͝hvu�dx]�y±pԍddw~ԋ1) ɛ˔Ēw}
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IRG1}Ŀ^}ͥ͟ԋ2) IRG1ҪĘǰ}Ôç£ç{�bv}˫іԋnhv3) ̴ȵx͹͡}ђʷ

{tuvѵѱhvu`ԍ 

 

4.1. ɛ˔Ēw}IRG1}Ŀ^}ͥ͟  

� IRG1~Ô§âË�ç°{xuvԋӔέ±pĿ^�ΖjԍˇҒ}ǏƦw~ԋӾӳwt�´

ÌÞË�º¯Ú{LPS (lipopolysaccharide)�Ƥ�Æ§¼ß��ͣupӱɎ̛ŉǼӻwԋIRG1

ҪĘǰ}ңũ͹͝�Ĭjdx]ǏƦf�vu�(Sanderson et al., 2015)ԍӾӳďǜw�Ưûӳ

{xuv�ԋIRG1~Õ¾«ä¿ß�Ŏ}ATPƝɪ{Ӄïhvu�dx]Ώ��vx�ԋn

}ɆŪxhv×¹áä«Å§Ҳ}ʟŗ�Ĭj(Degrandi et al., 2009)ԍd}×¹áä«Å§Ҳ

}ǖŮ~Ô§âË�ç°}ɶЪ̡ɖŹ�ĬjɖѾ�ʀ±vu�(Michelucci et al., 2013)ԍ 

� ӱɎ̛ŉǼӻw~ԋy}̴ȵw�Ѕ�}о͝Ǉ{Ʌӥ]zy±p(ǀ5)ԍЅ~ӽ̴˔Ē{

f���dxw¸×ç°�ƒbԋ˾ ̼j�ϏІ�͡i�]ԋ˾ ̼hpϏІ~Ňͱ¯±¼Ö{

�±vӋƋf��dxwԋƧ�}ϏІ�}ϏІ˾}Ʌӥ]ɴw���ԍytԋϏІĎѳ{�

�ϏІ}ǖ́]Ĭf��dxwԋ̲ ȌhpϏІ]хǓf�ԋϔ˘ͼ{˻Ȩz͹͡]л���

xϷw���ԍ  

 

4.2. IRG1ҪĘǰ}Ôç£ç{�bv}˫і  

� ˏΒΩw~IRG1]ӽ̴˔Ē{xuv͹͝ìʶj�qbwz`ԋpH{�ɡƒɖ�Ζjdx

�Ζhpԍ½ç·xhvΖfzy±p]ԋɁҲɖxhvŻŘw^�0.1x SS (pH 3)wǋӹh

pЅ~˾̼hpԍhyhԋpH 5w~IRG1}͹͝]Εѥw^ԋȿҲɖw}ǋӹ]ƗЇwt�

dx]Ζf�pԍĀҲŹ͊ϋ�Ƥ�Л͎}ӛ~pH 5.6xu��vx�ԋpH 5ďí}ӛ~Ҳɖ

ӛwt�dxy�ԋɛ˔Ē}͠Ǖíw��Ëß£»×¤ àЅ~͡Ёj�dx]ƗЇwt�

ÿ]Ζưf�p]ԋ̝ ĒíwǋӹhpǐƝx̆ҋhvIRG1}͹͝]ȿuÿ]Ζf�p(ǀ6)ԍ

�à£ßɖ̻̪~;Дzy}·äÇ§ѾxϖƝhv̻yjɖѾ]t�p�ԋd}ŹǴͼ˔Ē

ǚŹ{ɒivIRG1]Ɂ`͹͝hpdx]Ζưf��ԍn�ʡԋIRG1�ɛ˔Ē͕ͯͼÔç£

çxhv}Əɒ�Ѯ�vu`ĩķ]t�ԍpH}ҥvǋӹ̪}�wѮ�p]ԋd�ďǜ{�

Æ§¼ß�}̛ŉ�ǒͅȵzy}ɛ˔Ē�Ѯ�vu`dx]w^�(Lee et al., 1995)ԍ͕{ԋ

IRG1~LPS{Əɒhvңũ{͹͝j�dx]ǏƦf�vu�dxy�ԋLPS]Ƥ��p·ä

Ç§Ѿ�ӱɎ̛ŉj�xңũ{͹͝j�dx]þ̵f��ԍ 

 

4.3. ̴ȵx͹͡}ђʷ  

� ˏΒΩ~ԋ̴ ȵx͹͡xuvӃīɖwԋŜ�vn}ҪĘǰ�ǏƦj�ԍ͕ {̴ȵxuv�
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Íâç¹{tuv~ԋΏы]zup�ԋ͹͔͡͡Ǵ}Řҵ{xuv˭�v̛΂f��ΒΩɪ

˘{z�ɋ��}wt�ԍf�{ԋIRG1ҪĘǰ~Ôç£çҪĘǰ}ɆŪ�˘pjƗЇɖ]

t�ԍĎоͼzÔç£ç}ĦxhvԋChordin]ʃc���ԍChordin~ΚϓѧȊƼǰwt�

dx]Ώ��vx�ԋΒΩ{xuv̆ҋȆѷxhvͣu�ҪĘǰ}ètwt�(Sasai et al., 

1994)ԍˏΒΩ~ԋ͕Ǻ}ҪĘǰ}Ŝˋ͹͡{xb�ɆŪ�Ѯ��ìw}ʮpzҪĘǰÔç

£çxhv̡ͣw^�dx]ˋɇf��ԍ 

 

5. ѳҏ  

� ˏΒΩ�Ҟ��{tp�ԋɌʁȊxҧřz�¿Æ�±�hv`qfu�hpԂͤф˵Ŕʤ

ʇ{ɐ��ɡѳͧhìc�jԍ�pԋƀˬ͡}Ǟͫģøf�ԋӊ͡}ƖȞΏñf�ԋ©âÞ

Ò×äÆçŊƮ{~ΒΩ�}ůєzyůbvӦ^�hpԍnhvÔ�§â�á�ђ˗{ƁŬ

hv`qfu�hp͢ˬɲмϠƝΒΩɮ}ĕжȺȾŅ͡xȋ̜̔ǰŅ͡{̬`xΗͧht

c�jԍ̌ ɉ{ԋj��huΒΩ͠Ǖ�˷ė�ïwv`qf±pŒͤŶʤʇ{̬`ɡѳͧh

ìc�jԍ 
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