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い温度において正常な胚発生を進めることができる。これは温度によって変化するタンパク質の
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はRT-PCRでも確認された。そこで, IRG1をクローニングし,
発現解析ならびに機能解析用ベクターに挿入した。in situ
hybridizationによる詳細な発現解析でも高温特異性は認められた。ただ, IRG1
mRNAを顕微注入したが,
温度に対する胚の生存の感受性に大きな変化は確認できなかった。面白いことに,
塩基性条件化でもIRG1の発現上昇が認められた。
IRG1は確かに高温条件に登場する分子であったが, 機能については議論の余地が残る。また,
半致死的条件マーカーとしての活用も期待される。
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0.1x SS u ± 10x SS HCl u pH 5 6 0.1x SS

NaOH u pH 8 10 0.1x SS  

: http://kerolab.jp 

 

2.2. RNA y RT-PCR in vitro

in situ hybridization 

15 ˚C (1 ) 22 ˚C (2 ) 29 ˚C (1 ) 3 xu

stage 10 ( ) 3 1.5 mL ±

1 mL RNAiso y

± RNA 20 µL y

( ) RT-PCR �in vitro in situ hybridization

± u  

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

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

 

2.3. mRNA  
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4 IRG1 in situ hybridization  

(A) 22 ˚C stage 20 x Sox2
u (B-J) IRG1 in situ hybridization ± (B-D) stage 10 (E-G) stage 14 (H-J) 

stage 20 in situ hybridization ± (B) stage 10 28 ˚C C D
u (C) 22 ˚C stage 10 (D) 15 ˚C stage 10

(E-G) 28 ˚C 22 ˚C 15 ˚C y (H) stage 20
28 ˚C I J u (I) 22 ˚C stage 20
(J) 15 ˚C stage 20 0.5 mm  
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5 IRG1 u  
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E-F (E-F) IRG1 mRNA 15 pg ± Μ

u 1 mm. 
 

3.4. pH  

IRG1 t

t 0.1x SS pH w

u 0.1x SS pH 7.4 t pH 5-10 22 ˚C

±  

t pH 7.4 u u pH 5 pH 6 u

pH 8 pH 10 u IRG1 ( 6)  

 

 

6 IRG1  
22 ˚C stage 10 ± RT-PCR pH 7.4

w u pH 5, 6, 8, 10 IRG1
EF1α u + RNA w - RNA PCR

u  
 

4. Μ  

xu xu

IRG1 IRG1 ± u y

xy xu u y± 1) 



 

 113 

IRG1 2) IRG1 3) 

u u  

 

4.1. IRG1  

IRG1 xu ± t

LPS (lipopolysaccharide) u IRG1

u (Sanderson et al., 2015)

xu IRG1 ATP u x

(Degrandi et al., 2009)

± u (Michelucci et al., 2013)  

y± ( 5)

± w y

w   

 

4.2. IRG1  

IRG1 xu pH

y± 0.1x SS (pH 3)

y pH 5 IRG1 t

pH 5.6 u x pH 5

t y t

IRG1 u ( 6)

y t

IRG1 IRG1

u t pH v

u (Lee et al., 1995)

IRG1 LPS u y LPS

 

 

4.3.  

uv uv



 

 114 

u u xu

t IRG1

t Chordin Chordin t

x xu u t (Sasai et al., 

1994) x

 

 

5.  

t u

u x t

u w ±

 

 

6.  

Degrandi, D., Hoffmann, R., Beuter-Gunia, C., and Pfeffer, K. (2009). The proinflammatory 
cytokine-induced IRG1 protein associates with mitochondria. J. Interferon Cytokine Res. 29, 
55-67. [PMID: 19014335] 

 
Hall, C.J., Boyle, R.H., Astin, J.W., Flores, M.V., Oehlers, S.H., Sanderson, L.E., Ellett, F., 

Lieschke, G.J., Crosier, K.E., and Crosier, P.S. (2013). Immunoresponsive gene 1 augments 
bactericidal activity of macrophage-lineage cells by regulating β-oxidation-dependent 
mitochondrial ROS production. Cell Metab. 18, 265-278. [PMID: 23931757] 

 
Horswill, A.R., and Escalante-Semerena, J.C. (2001). In vitro conversion of propionate to pyruvate 

by Salmonella enterica enzymes: 2-methylcitrate dehydratase (PrpD) and aconitase Enzymes 
catalyze the conversion of 2-methylcitrate to 2-methylisocitrate. Biochemistry. 40, 4703-4713. 
[PMID: 11294638] 

 
Khokha, M.K., Chung, C., Bustamante, E.L., Gaw, L.W., Trott, K. A., Yeh, J., Lim, N., Lin, J.C., 

Taverner, N., Amaya, E., et al. (2002). Techniques and Probes for the Study of Xenopus 
tropicalis Development. Dev. Dyn. 225, 499-510. [PMID: 12454926] 

 
Lee, C.G., Jenkins, N.A., Gilbert, D.J., Copeland, N.G., and O'Brien, W.E. (1995). Cloning and 

analysis of gene regulation of a novel LPS-inducible cDNA. Immunogenetics. 41, 263-270. 
[PMID: 7721348] 

 
Michelucci, A., Cordes, T., Ghelfi, J., Pailot, A., Reiling, N., Goldmann, O., Binz, T., Wegner, A., 

Tallam, A., Rausell, A., et al. (2013). Immune-responsive gene 1 protein links metabolism to 
immunity by catalyzing itaconic acid production. Proc Natl Acad Sci USA. 110, 7820-7825. 
[PMID: 23610393] 

 



 

 115 

Sanderson, L.E., Chien, A.T., Astin, J.W., Crosier, K.E., Crosier, P.S., and Hall, C.J. (2015). An 
inducible transgene reports activation of macrophages in live zebrafish larvae. Dev Comp 
Immunol. 53, 63-69. [PMID 26123890] 

 
Sasai, Y., Lu, B., Steinbeisser, H., Geissert, D., Gont, L.K., and De Robertis E.M., (1994). Xenopus 

chordin: a novel dorsalizing factor activated by organizer-specific homeobox genes. Cell, 78, 
779-790. [PMID: 8001117] 

 
Tinsley, R.C., York, J.E., Everard, A.L., Stott, L.C., Chapple, S.J., and Tinsley, M.C. (2011). 

Environmental constraints influencing survival of an African parasite in a north temperate 
habitat: effects of temperature on egg development. S. B. S. 138, 1029-1038. [PMID: 
21524323] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


