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ȺɡɢŬɟɘůŰɑŮɠ 

 ȾŬŰŬɟɢɐɜ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ əŬɗɖɔɖŰɐ ə. ȾɩůŰŬ ɇɞəŬŰɚɑŭɖ ɔɘŬ Űɖɜ  

ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɛɞɡ ɏŭŮɘɝŮ ɜŬ ŬˊɞŰŮɚɩ ɛɏɚɞɠ Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ŮɟɔŬůŰɖɟɑɞɡ Űɞɡ ůŰɞ IMBB-

FORTH. ŪŬ ɐɗŮɚŬ ɜŬ Űɞɜ ŮɡɢŬɟɘůŰɐůɤ ɘŭɘŬɑŰŮɟŬ ɔɘŬ Űɖ ɣɨɢɟŬɘɛɖ əŬɘ ůɡɜŮɢɐ ɡˊɞůŰɐɟɘɝɐ Űɞɡ, Űɖɜ 

ɏɜɗŮɟɛɖ əŬɗɞŭɐɔɖůɐ Űɞɡ ůŮ ɏɜŬ Űɧůɞ ŮɜŭɘŬűɏɟɞɜ əɞɛɛɎŰɘ Űɖɠ ȸɘɞɚɞɔɑŬɠ, Űɖɜ əŬŰŬɜɧɖůɖ ůŰɘɠ 

ŭɡůəɞɚɑŮɠ ˊɞɡ ŬɜŰɘɛŮŰɩˊɘůŬ ůŰɞ ɏɟɔɞ ɛɞɡ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɘɛɧŰɖŰɎ Űɞɡ.  

ȺɡɢŬɟɘůŰɩ Ůˊɑůɖɠ Űɖɜ əŬɗɖɔɐŰɟɘŬ əŬ ȹɏůˊɞɘɜŬ ȷɚŮɝŬɜŭɟɎəɖ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ, Űɘɠ ŮˊɘůŰɖɛɞɜɘəɏɠ 

Űɖɠ ůɡɛɓɞɡɚɏɠ əŬɘ Űɞ ɏɜŰɞɜɞ ŮɜŭɘŬűɏɟɞɜ ůŰɖ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ ůŰɞ ɄŬɜŮˊɘůŰɐɛɘɞ ȾɟɐŰɖɠ, 

ɘŭɘŬɑŰŮɟŬ ŭŮ ɧŰŬɜ ɏəŬɜŬ Űɖɜ ŰɟɘɛɖɜɘŬɑŬ ŮɟɔŬůŰɖɟɘŬəɐ Ɏůəɖůɖ ůŰɞ ŮɟɔŬůŰɐɟɘɧ Űɖɠ. ȺɡɢŬɟɘůŰɩ 

Ůˊɑůɖɠ Űɞɜ əŬɗɖɔɖŰɐ ə. ɁŮəŰɎɟɘɞ ɇŬɓŮɟɜŬɟɎəɖ ɞ ɞˊɞɑɞɠ ŭɏɢŰɖəŮ ɜŬ ŮɑɜŬɘ ɛɏɚɞɠ Űɖɠ ŰɟɘɛŮɚɞɨɠ 

ŮˊɘŰɟɞˊɐɠ, əŬɗɩɠ əŬɘ ɧɚɞɡɠ ɔŮɜɘəɎ ɧůɞɡɠ ɛɞɡ ˊɟɞůɏűŮɟŬɜ ŬˊɚɧɢŮɟŬ Űɘɠ ɔɜɩůŮɘɠ ůŰŬ ˊɚŬɑůɘŬ Űɤɜ 

ɛŬɗɖɛɎŰɤɜ Űɞɡ ɀŮŰŬˊŰɡɢɘŬəɞɨ ɄɟɞɔɟɎɛɛŬŰɞɠ çɄɟɤŰŮɥɜɘəɐ ȸɘɞŰŮɢɜɞɚɞɔɑŬè. 

 ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ŰŮɢɜɘəɧ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ əŬ ɁɑŰůŬ ȾŬŰɟŬəɑɚɖ ɔɘŬ Űɘɠ 

ŬɜŮəŰɑɛɖŰŮɠ ůɡɛɓɞɡɚɏɠ Űɖɠ ůŮ ŮˊɘůŰɖɛɞɜɘəɧ əŬɘ űɘɚɘəɧ ŮˊɑˊŮŭɞ, ɖ ɞˊɞɑŬ  ŮəŰɧɠ Űɤɜ Ɏɚɚɤɜ  ɏɢŮɘ əŬɘ 

ɟɧɚɞ ŭŮɨŰŮɟɖɠ ɛŬɛɎɠ ɔɘŬ ɧɚŮɠ Űɘɠ əɞˊɏɚŮɠ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ. ȺɡɢŬɟɘůŰɩ ŬəɧɛŬ  ɔɘŬ Űɘɠ ůɡɛɓɞɡɚɏɠ, 

Űɖɜ ŬɛɏɟɘůŰɖ ɡˊɞůŰɐɟɘɝɖ əŬɘ Űɖɜ ŬɘůɘɞŭɞɝɑŬ ˊɞɡ ŭɘŬɢɏɞɡɜ ůŰɞɡɠ ůɡɜŮɟɔɎŰŮɠ Űɞɡɠ Űɖɜ ȺɛɛŬɜɞɡɏɚɚŬ 

ȾŬɚɚɏɟɔɖ əŬɘ Űɖɜ ȷűɟɞŭɑŰɖ ɉŬŰɕɐ. ȺɡɢŬɟɘůŰɩ Ůˊɑůɖɠ ɔɘŬ Űɘɠ ɢŬɟɞɨɛŮɜŮɠ ůŰɘɔɛɏɠ ɛŬɠ ŰŬ ˊŬɚɘɎ əŬɘ 

ɜɏŬ ɛɏɚɖ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɀŬɟɑŬ ȷɜŭɟŮŬŭɎəɖ, ũŮɤɟɔɑŬ ɉŬɟŬɚɎɛˊɞɡɠ, Ȱɟůɖ ȺɛɛŬɜɞɡɖɚɑŭɞɡ, 

ɄŬɟŬůəŮɡɐ ɀɎɟŬ, ūŬɜɐ ɀŬɔəŬɜɎ, ȾŬŰŮɟɑɜŬ ȾŬɟŬɔəɞɨɜɖ-ȹŬɚŬəɞɨɟŬ, Bruna Giraldi əŬɗɩɠ əŬɘ ŰŬ 

ˊŬɘŭɘɎ Ŭˊɧ ŰŬ ŬŭŮɚűɎ ɔŮɘŰɞɜɘəɎ ŮɟɔŬůŰɐɟɘŬ ɉŬɟɎ ȾɞɜŰɎəɖ, ȽɤɎɜɜŬ ȾɞɚŰůɎəɖ, ɄɏŰɟɞ ɇɕɏˊɟɞ, 

ȷɗɖɜɎ ɄɞɟŰɎɚɘɞɡ, ũɘɩɟɔɞ ũɞɡɟɑŭɖ əŬɘ ɉɟɐůŰɞ ȷɜŭɟŮɎŭɖ ɔɘŬ Űɘɠ ŮˊɘůŰɖɛɞɜɘəɏɠ Űɞɡɠ ůɡɛɓɞɡɚɏɠ əŬɘ 

Űɖ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ˊɟɞůɏűŮɟŬɜ. 

 ȰɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ Ůˊɑůɖɠ ůŰɖ űɑɚɖ ũŮɤɟɔɑŬ ȾŬɟŬŰɕɘɎ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɐ Űɖɠ ůŮ ɧɚŬ ŰŬ 

ŮˊɑˊŮŭŬ Űɖɠ ɕɤɐɠ ɛɞɡ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ əŬɚɚɘŰŮɢɜɘəɐ Űɖɠ ůɡɛɛŮŰɞɢɐ ůŰɖɜ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɛŮ Űɖɜ űɤŰɞɔɟŬűɑŬ ˊɞɡ ůɢŮŭɑŬůŮ ůŰɞ Ůɝɩűɡɚɚɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ.  

 ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ ɔɞɜŮɑɠ əŬɘ Űɖ ɔɘŬɔɘɎ ɛɞɡ, ˊɞɡ ɞ əŬɗɏɜŬɠ Űɞɡɠ ɛŮ Űɞɜ 

ŭɘəɧ Űɞɡ ɛɞɜŬŭɘəɧ Űɟɧˊɞ ɛŮ ɓɞɐɗɖůŮ ˊɞɚɨ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ əŬɘ ɔɘŬ ŬɡŰɧ Űɞɡɠ ŬűɘŮɟɩɜɤ Űɖɜ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ.  
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ɄȺɅȽȿȼɊȼ 

 Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ ɛɘŰɞɢɞɜŭɟɘŬəɏɠ ˊɟɤŰŮȶɜŮɠ əɤŭɘəɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ˊɡɟɖɜɘəɎ ɔɞɜɑŭɘŬ, 

ɛŮŰŬűɟɎɕɞɜŰŬɘ ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ Űɞɡ əɡŰŰɎɟɞɡ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮɘůɏɟɢɞɜŰŬɘ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ. 

ɃɟɘůɛɏɜŮɠ Ŭˊɧ Űɘɠ ˊɟɤŰŮȶɜŮɠ Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ  ŮɘůɏɟɢɞɜŰŬɘ ɛɏůɤ Űɞɡ 

ɛɞɜɞˊŬŰɘɞɨ MIA (intermembrane space import and assembly machinery). Ƀɘ ˊɟɤŰŮȶɜŮɠ-

ɡˊɞůŰɟɩɛŬŰŬ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ MIA Ŭűɞɨ ˊŮɟɎůɞɡɜ Űɖɜ ŮɝɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ, ɞɝŮɘŭɩɜɞɜŰŬɘ Ŭˊɧ 

Űɖɜ ˊɟɤŰŮȶɜɖ Mia40 əŬɘ ˊŬɔɘŭŮɨɞɜŰŬɘ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ ůɞɡɚűɡŭɟɘɚɘəɐ 

ɞɝŮɘŭɎůɖ Erv1/ALR ŮˊŬɜɞɝŮɘŭɩɜŮɘ Űɖ Mia40 ɛŮ ŰŮɚɘəɧ ŬˊɞŭɏəŰɖ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ Űɞ Ƀ2 ɐ Űɞ 

əɡŰɧɢɟɤɛŬ-c.  

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ:  

1. ɄɟɞəŬɚɏůŬɛŮ ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ ůŮ əɨŰŰŬɟŬ əŬɘ ŬˊɞɛɞɜɤɛɏɜŬ ɛɘŰɞɢɧɜŭɟɘŬ Űɞɡ 

ůŬəɢŬɟɞɛɨəɖŰŬ S. cerevisiae əŬɘ ɛŮɚŮŰɐůŬɛŮ Űɘɠ ˊɞůɞŰɘəɏɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ 

Mia40, Erv1 əŬɘ cyt-c ůŰŬ Ůɜ ɚɧɔɤ əɨŰŰŬɟŬ əŬɘ ŬɜŬɚɨůŬɛŮ Űɖ ɓɘɤůɘɛɧŰɖŰɎ Űɞɡɠ. ȸɟɏɗɖəŮ 

ɛŮɔŬɚɨŰŮɟɖ ŮɡŬɘůɗɖůɑŬ Űɤɜ əɡŰŰɎɟɤɜ əŬɘ Űɤɜ ɛɘŰɞɢɞɜŭɟɘŬəɩɜ ˊɟɤŰŮɥɜɩɜ Űɞɡɠ ůŰɞ 

ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ ůŰŬ əɨŰŰŬɟŬ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŮ ɗɟŮˊŰɘəɧ ɛɏůɞ ˊɞɡ ɛŮŰŬɓɞɚɑɕŮŰŬɘ ůŰɞ 

əɡŰŰŬɟɧˊɚŬůɛŬ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɐɜ Űɤɜ əɡŰŰɎɟɤɜ ůŮ ɛɏůɞ ˊɞɡ ɛŮŰŬɓɞɚɑɕŮŰŬɘ ůŰŬ 

ɛɘŰɞɢɧɜŭɟɘŬ. 

2. ɀŮ ŬɜŬɕɐŰɖůɖ ůŰɖɜ ɡˊɎɟɢɞɡůŬ ɓɘɓɚɘɞɔɟŬűɑŬ ŮɜŰɞˊɑůŬɛŮ ůŰɘɠ ˊɟɤŰŮȶɜŮɠ Erv1/ALR əŬɘ 

Mia40 Űɖɜ ɨˊŬɟɝɖ ŮɝŮɚɘəŰɘəɎ ůɡɜŰɖɟɖɛɏɜɤɜ ɛɞŰɑɓɤɜ əɞɜŰɎ ůŰŬ əŬŰŬɚɡŰɘəɎ Űɞɡɠ 

ŭɘůɞɡɚűɑŭɘŬ əŬɘ ŮɜŰɞˊɑůŬɛŮ ɛɞɟűɏɠ ɛɘəɟɞɨ əŬɘ ˊɚɐɟɞɡɠ ɛɐəɞɡɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ 

ŮɜŬɚɚŬəŰɘəɧ ɛɎŰɘůɛŬ ɛɧɜɞ ůŰɘɠ ˊɟɤŰŮȶɜŮɠ ALR Űɤɜ ɗɖɚŬůŰɘəɩɜ.  

3. ɀŮŰŬɚɚɎɝŬɛŮ Űɞ ˊɚɞɨůɘɞ ůŮ ŬɟɔɘɜɑɜŮɠ ɛɞŰɑɓɞ Rx4Rx4Rx6Rx4R Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ALR ůŮ 

ŬɚŬɜɑɜŮɠ ɔɘŬ ɜŬ ɛŮɚŮŰɖɗŮɑ ůŮ ɛŮɚɚɞɜŰɘəɎ ˊŮɘɟɎɛŬŰŬ Ŭɜ ŬɡŰɧ Űɞ ɛɞŰɑɓɞ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɔɘŬ Űɖ 

ŭɘŬɛŮɟɘůɛŬŰɞˊɞɑɖůɖ Űɤɜ ŭɨɞ ɛɞɟűɩɜ Űɖɠ ALR ůŰŬ ŬɜɗɟɩˊɘɜŬ əɨŰŰŬɟŬ. 

4. ɀŮɚŮŰɐůŬɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɤɜ ˊɟɩŰɤɜ 72 Ŭɛɘɜɞɝɏɤɜ Űɖɠ ˊɟɤŰŮȶɜɖɠ Erv1 Űɞɡ S. cerevisiae 

ɧůɞɜ ŬűɞɟɎ Űɖɜ ɘəŬɜɧŰɖŰɎ Űɞɡɠ ɜŬ ŮɘůɎɔɞɡɜ ɛɖ ɛɘŰɞɢɞɜŭɟɘŬəɏɠ ˊɟɤŰŮȶɜŮɠ (DHFR, NHP6A) 

ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ əŬɘ ɓɟɏɗɖəŮ ŮɚɎɢɘůŰɞ ɏɤɠ əŬɗɧɚɞɡ ůɐɛŬ Ůɘůɧŭɞɡ ɔɘŬ Űɘɠ ůɡɜɗɐəŮɠ əɎŰɤ 

Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɏɔɘɜŬɜ ŰŬ ˊŮɘɟɎɛŬŰŬ. 

5. ȰɔɘɜŬɜ ˊŮɟŮŰŬɑɟɤ ɛŮŰŬɚɚŬɔɏɠ ůŰɖɜ Erv1 Űɞɡ S. cerevisiae əŬɘ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ALR ɛŮ 

ůŰɧɢɞ ɜŬ ɛŮɚŮŰɖɗŮɑ ůŮ ɛŮɔŬɚɨŰŮɟɖ ɚŮˊŰɞɛɏɟŮɘŬ ɖ ŭɘŬŭɘəŬůɑŬ ůŰɧɢŮɡůɖɠ ŬɡŰɩɜ Űɤɜ 

ˊɟɤŰŮɥɜɩɜ ůŰŬ əɨŰŰŬɟŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ɛŮŰŬɚɚɎɝŬɛŮ Űɖɜ ɘůɞɚŮɡəɑɜɖ ůŰɖ ɗɏůɖ 22 ůŮ ɚɡůɑɜɖ 

əŬɘ ŬůˊŬŰɟɘəɧ ɞɝɨ Űɖɠ ˊɟɤŰŮȶɜɖɠ Erv1 Űɞɡ S. cerevisiae əŬɘ ɓɟɏɗɖəŮ ɧŰɘ ɧŰŬɜ ɏɢɞɡɜ Űɘɠ Ůɜ 

ɚɧɔɤ ɛŮŰŬɚɚɎɝŮɘɠ, ŰŬ ˊɟɩŰŬ 72 ŬɛɘɜɞɝɏŬ Űɖɠ Erv1 ɛˊɞɟɞɨɜ ɜŬ ŮɘůɎɔɞɡɜ əŬɚɨŰŮɟŬ Űɞ ɛɖ 

ɛɘŰɞɢɞɜŭɟɘŬəɧ DHFR ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ. Ⱥˊɑůɖɠ ɛŮŰŬɚɚɎɝŬɛŮ Űɞ ˊɚɞɨůɘɞ ůŮ ŬɟɔɘɜɑɜŮɠ ɛɞŰɑɓɞ 

Rx4Rx4Rx6Rx4R Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ALR ůŮ ŬɚŬɜɑɜŮɠ ɔɘŬ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ůɖɛŬůɑŬ Űɞɡ ůŮ 
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ɛŮɚɚɞɜŰɘəɎ ˊŮɘɟɎɛŬŰŬ. ɇɏɚɞɠ, ŭɖɛɘɞɡɟɔɐůŬɛŮ Űɘɠ ˊɚŬůɛɘŭɘəɏɠ əŬŰŬůəŮɡɏɠ pEGFP-N1-

N72(Erv1), pEGFP-N1-cytb2(Ɂ85), pEGFP-N1-Erv1, pEGFP-N1-N80(ALR) ɔɘŬ ɜŬ  

ɔɘŬ ɜŬ ɛŮɚŮŰɖɗŮɑ ůŮ ɛŮɚɚɞɜŰɘəɎ ˊŮɘɟɎɛŬŰŬ ɖ ɘəŬɜɧŰɖŰŬ ŭɘŬɛŮɟɘůɛŬŰɞˊɞɑɖůɖɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ ALR 

Űɞɡ Ŭɜɗɟɩˊɞɡ (lf-ALR, sf-ALR) əŬɗɩɠ əŬɘ Űɖɠ ɞɛɧɚɞɔɐɠ Űɖɠ Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ S. cerevisiae 

Erv1 ůŮ ŬɜɗɟɩˊɘɜŮɠ əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ. 
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ABSTRACT 

 
Most mitochondrial proteins are encoded by nuclear genes and translated in the cytoplasm 

before entering in mitochondria. Some proteins of the intermembrane space (IMS) of mitochondria 

use the intermembrane space import and assembly machinery (MIA) pathway to be inserted into 

mitochondria. The protein substrates for this pathway are oxidized by the protein Mia40 after 

crossing the outer membrane and are trapped into the IMS. Subsequently, the sulfhydryl oxidase 

Erv1/ALR reoxidizes Mia40 with electrons finally transferred to either O2 or cytochrome-c. 

In this study: 

1. Quantitative changes in the proteins Mia40, Erv1 and cyt-c and cell viability were 

studied in yeast S. cerevisiae and isolated mitochondria upon oxidative stress. Higher 

sensitivity to oxidative stress was observed in cells and their mitochondrial proteins 

grown in a medium metabolized in the cytoplasm than that in those grown in a medium 

metabolized in mitochondria. 

2. We attempted to identify in Mia40 and Erv1/ALR the existence of evolutionary 

conserved motif near the catalytic disulfides. Short-forms and long-forms due to 

alternative splicing were found only in the ALR proteins of mammals. 

3. The R-rich motif (Rx4Rx4Rx6Rx4R) of human ALR, a conserved motif of unknown 

function, was mutated to alanines for future studies on the importance of the 

compartmentalization of the two forms of the ALR in human cells.  

4. The ability of the first 72 amino acids of the protein of the yeast protein Erv1 (N72) 

regarding to introduce non mitochondrial proteins (DHFR, NHP6A) in mitochondria was 

studied. Little or no input signal was found under the employed experimental conditions.  

5. Yeast Erv1 and human ALR were mutated to study in detail the intracellular targeting 

process of these proteins. Specifically, we mutated yeast Erv1 isoleucine at position 22 

(I22) to lysine and aspartic acid. It was found under such conditions, the import of non 

mitochondrial DHFR in the mitochondria via the first 72 amino acids of Erv1 is 

facilitated. Also we mutated the R-rich motif of the human ALR to alanines to investigate 

the importance of this motif in future studies. Similarly, the plasmid constructs pEGFP-

N1-N72 (Erv1), pEGFP-N1-cyt-b2 (N85), pEGFP-N1-Erv1, pEGFP-N1-N80 (ALR), 

pEGFP-N1-sf-ALR were created to be used in future studies on the ability of the 

proteins to compartmentalize ALR human (lf-ALR, sf-ALR) and S. cerevisiae Erv1 in 

human cell lines. 
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ɀȺɅɃɆ 1
ɞ
: ȺȽɆȷũɋũȼ

1. ȹɘůɞɡɚűɘŭɘəɞɑ ŭŮůɛɞɑ 

 Ƀɘ əɡůŰŮȶɜŮɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ ɡűɑůŰŬɜŰŬɘ ůɡɢɜɎ ɛŮŰŬ-ɛŮŰŬűɟŬůŰɘəɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ, ɚɧɔɤ 

Űɖɠ ůɞɡɚűɡŭɟɘɚɘəɐɠ ɐ Ŭɚɚɘɩɠ ɗŮɘɞɚɘəɐɠ (-SH) ɞɛɎŭŬɠ Űɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

ŭɘůɞɡɚűɘŭɘəɩɜ ŭŮůɛɩɜ. Ƀɘ Ůɜ ɚɧɔɤ ŭŮůɛɞɑ ŮɑɜŬɘ ɞɛɞɘɞˊɞɚɘəɞɑ əŬɘ ůɢɖɛŬŰɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ɞɝŮɑŭɤůɖ 

ŭɨɞ əŬŰŬɚɞɑˊɤɜ əɡůŰŮȶɜɖɠ ɛŮ Ŭəɧɚɞɡɗɖ ŬˊŮɚŮɡɗɏɟɤůɖ ŭɡɞ ɖɚŮəŰɟɞɜɑɤɜ-: 

2 RSH Ÿ RS-SR + 2 H+ + 2 e-   (1) 

 ȼ ŬɜŰɑŭɟŬůɖ (1) ɛˊɞɟŮɑ ɜŬ ůɡɛɓŮɑ ŬɡɗɧɟɛɖŰŬ ůŮ in vitro ůɡɜɗɐəŮɠ ɛŮ ŰŮɚɘəɧ ŬˊɞŭɏəŰɖ Űɞ 

Ƀ2. ȷəɧɛŬ ŬˊŬɘŰŮɑ ˊɞɚɨ ɢɟɧɜɞ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɧɠ ɞ ɛɖɢŬɜɘůɛɧɠ ɜŬ ɛɖɜ ŮɑɜŬɘ ŮˊŬɟəɐɠ ɔɘŬ ŰŬ 

əɨŰŰŬɟŬ (Narayan et al., 2000; Weissman & Kim, 1993). ȹɘůɞɡɚűɘŭɘəɞɑ ŭŮůɛɞɑ ɛˊɞɟɞɨɜ ɜŬ 

ůɢɖɛŬŰɘůŰɞɨɜ əŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɞɝŮɘɞŭɞŬɜŬɔɤɔɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, ɞɘ ɞˊɞɑɞɘ ŭɖɛɘɞɡɟɔɞɨɜ ɏɜŬ 

ˊŬɟɞŭɘəɧ ɛɘəŰɧ ŭɘůɞɡɚűɑŭɘɞ ɛŮ Űɖɜ ˊɟɤŰŮȶɜɖ (ȺɘəɧɜŬ 1). 

 

ȺɘəɧɜŬ 1. ȹɖɛɘɞɡɟɔɑŬ ŭɘůɞɡɚűɘŭɘəɞɨ ŭŮůɛɞɨ ůŮ ɛɘŬ ˊɟɤŰŮȶɜɖ  (ɛˊɚŮ) Ŭˊɧ ɏɜŬɜ ɞɝŮɘŭɞŬɜŬɔɤɔɘəɧ     
ˊŬɟɎɔɞɜŰŬ, ˊɞɡ ŬɟɢɘəɎ ɓɟɑůəŮŰŬɘ ůŮ ɞɝŮɘŭɤɛɏɜɖ ɛɞɟűɐ (əɧəəɘɜɞ) (Sevier & Kaiser, 2002) 

 
  Ƀɘ ůɞɡɚűɡŭɟɘɚɘəɏɠ ɞɝŮɘŭɎůŮɠ ŮɑɜŬɘ ɏɜɕɡɛŬ, ŰŬ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ɨˊŬɟɝɖ  

ůɘŭɐɟɞɡ (Janolino & Swaisgood, 1975; Isaacs et al., 1984; Schmelzer et al.,1982; Clare et al, 

1988), ɢŬɚəɞɨ (Lash et al., 1984; Lash & Jones, 1986; Takamori et al., 1980) ɐ ɛɞɟɑɤɜ FAD 

(Coppock &Thorpe, 2006; Thorpe et al., 2002) əŬɘ əŬŰŬɚɨɞɡɜ Űɖɜ ŬɜŰɑŭɟŬůɖ:   

2 RSH + Ƀ2 Ÿ RS-SR + H2O2 (2) 

 ɇɞ 1961 ɞɘ Anfinsen əŬɘ ɞɘ ůɡɜŮɟɔɎŰŮɠ Űɞɡ ɏŭŮɘɝŬɜ in vitro ɧŰɘ ɖ ɟɘɓɞɜɞɡəɚŮɎůɖ ȷ ŮɑɜŬɘ 

ŮɜɕɡɛŬŰɘəɎ ŮɜŮɟɔɐ ɛɧɜɞ ůŰɖɜ ɞɝŮɘŭɤɛɏɜɖ Űɖɠ ɛɞɟűɐ (Anfinsen et al., 1961). 

 Ƀɘ ŭɘůɞɡɚűɘŭɘəɞɑ ŭŮůɛɞɑ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ, ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ɟɧɚɞ ůŰɖɜ ůɤůŰɐ ŬɜŬŭɑˊɚɤůɖ 

ɐ ůŰɖ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ˊɟɤŰŮȶɜɖɠ, ɜŬ ɏɢɞɡɜ əŬŰŬɚɡŰɘəɧ ɟɧɚɞ ɐ ɜŬ ɟɡɗɛɑɕɞɡɜ Űɖɜ ŮɜŮɟɔɧŰɖŰɎ Űɖɠ.  

ɆŰŬ ˊŮɟɘůůɧŰŮɟŬ ŭɘŬɛŮɟɑůɛŬŰŬ Űɞɡ əɡŰŰɎɟɞɡ ŬˊɞűŮɨɔŮŰŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ ŭɘůɞɡɚűɘŭɘəɩɜ ŭŮůɛɩɜ 

ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛŮɘɩɜŮŰŬɘ ɞ əɑɜŭɡɜɞɠ ŮˊɘɓɚŬɓɞɨɠ ɞɝŮɑŭɤůɖɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ ˊɞɡ ŮŭɟɎɕɞɜŰŬɘ 

ŮəŮɑ. ŪŮɘɞɟŮŭɞɝɑɜŮɠ (thioredoxins), ɔɚɞɡŰŬɟŮŭɞɝɑɜŮɠ (glutaredoxins) əŬɘ ŬɜɖɔɛɏɜŬ ɛɧɟɘŬ 

ɔɚɞɡŰŬɗŮɘɧɜɖɠ (glutathiones) ɡˊɎɟɢɞɡɜ ůŮ ɡɣɖɚɐ ůɡɔəɏɜŰɟɤůɖ ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ, ůŰɖɜ 

ɛɘŰɞɢɞɜŭɟɘŬəɐ ɛɐŰɟŬ əŬɗɩɠ əŬɘ ůŰɞɜ ˊɡɟɐɜŬ ɔɘŬ Űɖɜ ŮɝɞɡŭŮŰɏɟɤůɖ Űɤɜ ŭɘůɞɡɚűɘŭɘəɩɜ ŭŮůɛɩɜ. 
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ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ɛɧɜɞ ɚɑɔŮɠ ˊɟɤŰŮȶɜŮɠ ůɢɖɛŬŰɑɕɞɡɜ ŭɘůɞɡɚűɘŭɘəɞɨɠ ŭŮůɛɞɨɠ ɡˊɧ űɡůɘɞɚɞɔɘəɏɠ 

ůɡɜɗɐəŮɠ (Brandes et al., 2009; Paget & Buttner, 2003). ȷɜŰɑɗŮŰŬ, ůŮ ɎɚɚŬ əɡŰŰŬɟɘəɎ ŭɘŬɛŮɟɑůɛŬŰŬ 

ɡˊɎɟɢɞɡɜ ɞɝŮɘŭɤŰɘəɎ ɏɜɕɡɛŬ, ŰŬ ɞˊɞɑŬ Ůɜɘůɢɨɞɡɜ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŭɘůɞɡɚűɘŭɘəɩɜ ŭŮůɛɩɜ, ɧˊɤɠ ůŰɞ 

ˊŮɟɑˊɚŬůɛŬ Űɤɜ ɓŬəŰɖɟɑɤɜ, ůŰɞ ŮɜŭɞˊɚŬůɛŬŰɘəɧ ŭɑəŰɡɞ (ER) əŬɘ ůŰɞɜ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ Űɤɜ 

ɛɘŰɞɢɞɜŭɟɑɤɜ (Herrmann et al., 2009; Mamathambika & Bardwell, 2008; Sevier & Kaiser, 2008).  

 ɆŰɞɜ ɄɑɜŬəŬ 1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ ůɡůŰɐɛŬŰŬ ŭɖɛɘɞɡɟɔɑŬɠ ŭɘůɞɡɚűɘŭɘəɩɜ 

ŭŮůɛɩɜ ůŰɞ ˊŮɟɑˊɚŬůɛŬ Űɤɜ ɓŬəŰɖɟɑɤɜ, ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ əŬɘ ůŰɞ ŮɜŭɞˊɚŬůɛŬŰɘəɧ ŭɑəŰɡɞ (ER). 

 

ɄɑɜŬəŬɠ 1. ɆɡůŰɐɛŬŰŬ ŭɖɛɘɞɡɟɔɑŬɠ ŭɘůɞɡɚűɘŭɘəɩɜ ŭŮůɛɩɜ ůŰŬ əɡŰŰŬɟɘəɎ ŭɘŬɛŮɟɑůɛŬŰŬ 

ɈˊɞəɡŰŰŬɟɘəɧ 
ŭɘŬɛɏɟɘůɛŬ 

ɃɝŮɘŭɎůɖ 
(1) 
Űɞɡ 

ɡˊɞůŰɟɩɛŬŰɞɠ  
ɃɝŮɘŭɎůɖ Űɖɠ 

(1) 
ȽůɞɛŮɟɑɤůɖ ɇŮɚɘəɧɠ ŬˊɞŭɏəŰɖɠ e

- 

ɄŮɟɑˊɚŬůɛŬ 
ɓŬəŰɖɟɑɤɜ 

DsbA  DsbB DsbC & DsbD O2 ɐ  quinone  

ɀɘŰɞɢɧɜŭɟɘŬ Mia40 Erv1 ɑůɤɠ GSH / CyC2  O2 ɐ cyt-c 

ER PDI  Ero1 / Erv2  GSH O2  

2. ɀɘŰɞɢɧɜŭɟɘŬ 

2.1. ɉŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ɚŮɘŰɞɡɟɔɑŬ 

 ɇŬ ɛɘŰɞɢɧɜŭɟɘŬ ŮɑɜŬɘ ɖɛɘŬɡŰɧɜɞɛŬ ɞɟɔŬɜɑŭɘŬ, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ŭɘəɧ Űɞɡɠ DNA. ȼ ɛɞɟűɐ əŬɘ Űɞ 

ɛɏɔŮɗɧɠ Űɞɡɠ ˊɞɘəɑɚɞɡɜ əŬɘ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ əŬɘ Űɖɜ ɛŮŰŬɓɞɚɘəɐ əŬŰɎůŰŬůɖ Űɞɡ əɡŰŰɎɟɞɡ  

(ɀŬɟɛɎɟŬɠ & ȿŬɛˊɟɞˊɞɨɚɞɡ, 2005). ɇŬ ŬŮɟɧɓɘŬ ŮɡəŬɟɡɤŰɘəɎ əɨŰŰŬɟŬ, ɛŮ ŮɝŬɑɟŮůɖ ɞɟɘůɛɏɜŬ 

ˊɞɚɨ ŭɘŬűɞɟɞˊɞɘɖɛɏɜŬ, ˊŮɟɘɏɢɞɡɜ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ɛɘŰɞɢɧɜŭɟɘŬ, ŰŬ ɞˊɞɑŬ əŬŰŬɚŬɛɓɎɜɞɡɜ 

ˊŮɟɑˊɞɡ Űɞ 20% Űɞɡ əɡŰŰŬɟɘəɞɨ ɧɔəɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ ɛɘŰɞɢɧɜŭɟɘŬ Űɤɜ ɗɖɚŬůŰɘəɩɜ əŬɘ Űɞɡ 

ůŬəɢŬɟɞɛɨəɖŰŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊŮɟɑˊɞɡ 1500 əŬɘ 700-800 ˊɟɤŰŮȶɜŮɠ ŬɜŰɑůŰɞɘɢŬ (Sickmann et 

al., 2003; Westermann & Neupert, 2003; Mootha et al., 2003). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ Ŭɜɗɟɩˊɘɜɞ 

ɛɘŰɞɢɞɜŭɟɘŬəɧ ɔɞɜɘŭɑɤɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 16.569 ɕŮɨɔɖ ɓɎůŮɤɜ (bp) əŬɘ əɤŭɘəɞˊɞɘŮɑ 13 ˊɟɤŰŮȶɜŮɠ 

Űɖɠ ŬɜŬˊɜŮɡůŰɘəɐɠ ŬɚɡůɑŭŬɠ, ŰŬ ɛɘəɟɎ əŬɘ ɛŮɔɎɚŬ rRNA əŬɘ ɞɟɘůɛɏɜŬ tRNA (ȷɚŮŰɟɎɠ ə.Ŭ., 2004). 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ŰŬ əɨŰŰŬɟŬ Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɛŮɔŬɚɩůɞɡɜ ɢɤɟɑɠ 

ɛɘŰɞɢɧɜŭɟɘŬ (Baker & Scatz, 1991), ŬɚɚɎ ɛˊɞɟɞɨɜ ɜŬ Ůˊɘɓɘɩůɞɡɜ ɛŮ ɛɖ ɚŮɘŰɞɡɟɔɘəɐ ɞɝŮɘŭɤŰɘəɐ 

ŬɚɡůɑŭŬ (Grivell, 1995).  

 ɇŬ ɛɘŰɞɢɧɜŭɟɘŬ ŮɑɜŬɘ ůɡɜɐɗɤɠ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɞ əɨŰŰŬɟɞ, əŬɗɩɠ ůŮ ŬɡŰɎ ɔɑɜŮŰŬɘ ɖ 

ɞɝŮɘŭɤŰɘəɐ űɤůűɞɟɡɚɑɤůɖ, ɖ ůɨɜɗŮůɖ Űɤɜ ˊɟɤŰŮɥɜɘəɩɜ ůɡɛˊɚɧəɤɜ Fe/S, ɖ ɓ-ɞɝŮɑŭɤůɖ Űɤɜ 

ɚɘˊŬɟɩɜ ɞɝɏɤɜ, ɞ əɨəɚɞɠ Űɞɡ əɘŰɟɘəɞɨ ɞɝɏɞɠ (ŮɜŬɚɚŬəŰɘəɎ ɞɜɞɛɎɕŮŰŬɘ əŬɘ əɨəɚɞɠ Űɞɡ Krebs) əŬɘ ɖ 

ɓɘɞůɨɜɗŮůɖ Űɖɠ Ŭɑɛɖɠ. Ⱥˊɑůɖɠ ŰŬ ɛɘŰɞɢɧɜŭɟɘŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬˊɞɗɐəŮɡůɖ əŬɘ Űɖɜ 

ŬˊŮɚŮɡɗɏɟɤůɖ Űɞɡ ŬůɓŮůŰɑɞɡ, Űɖ ɟɨɗɛɘůɖ Űɞɡ əɡŰŰŬɟɘəɞɨ əɨəɚɞɡ əŬɘ ɛŮ Űɖɜ ŬˊɧˊŰɤůɖ.  
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 ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɟɘůɛɏɜŮɠ ŬůɗɏɜŮɘŮɠ ůŰɞɜ Ɏɜɗɟɤˊɞ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŰŬ ɛɘŰɞɢɧɜŭɟɘŬ. ȼ 

ˊɟɩŰɖ ɜɧůɞɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŮ əŬɘ ůɢŮŰɑɕŮŰŬɘ ɛŮ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ mtDNA ŮɑɜŬɘ ɖ  əɚɖɟɞɜɞɛɘəɐ ɞˊŰɘəɐ 

ɜŮɡɟɞˊɎɗŮɘŬ Leber ˊɞɡ ŭɘŬɔɜɩůɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ 1871 əŬɘ ɞŭɖɔŮɑ ůŮ Űɨűɚɤůɖ (ȷɚŮŰɟɎɠ 

ə.Ŭ., 2004), ŮəŭɖɚɩɜŮŰŬɘ əɚɘɜɘəɎ ůɡɜɐɗɤɠ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŮ ɎɜŭɟŮɠ ɖɚɘəɑŬɠ 18ï35 ŮŰɩɜ əŬɘ 

ŮɛűŬɜɑɕŮŰŬɘ ɛŮ ůɡɢɜɧŰɖŰŬ Űɖɠ ŰɎɝɖɠ 1:50.000. ɆŰɖɜ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ůɢŮŰɑɕŮŰŬɘ ɛŮ 

ŮůŰɘŬəɏɠ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ ɛɘŰɞɢɞɜŭɟɘŬəɧ DNA ɛŮ ˊɘɞ ůɡɢɜɐ Űɖ ɛŮŰɎɚɚŬɝɖ G11778A. 

2.2. ȹɞɛɐ  

 ɇŬ ɛɘŰɞɢɧɜŭɟɘŬ (ȺɘəɧɜŬ 2)  ɏɢɞɡɜ ɛɘŬ ŮɝɤŰŮɟɘəɐ (OM) əŬɘ ɛɘŬ ŮůɤŰŮɟɘəɐ (IM) ɛŮɛɓɟɎɜɖ. Ƀ 

ɢɩɟɞɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ŬɡŰɩɜ ɛŮɛɓɟŬɜɩɜ ɞɜɞɛɎɕŮŰŬɘ ŭɘŬɛŮɛɓɟŬɜɘəɧɠ ɢɩɟɞɠ (IMS). ȼ ŮɝɤŰŮɟɘəɐ 

ɛŮɛɓɟɎɜɖ ŮɑɜŬɘ ŭɘŬˊŮɟŬŰɐ Ŭˊɧ ɛɘəɟɎ ɛɧɟɘŬ əŬɘ ɘɧɜŰŬ ɔɘŬŰɑ ˊŮɟɘɏɢŮɘ ˊɞɟɑɜŮɠ (porin), ɞɘ ɞˊɞɑŮɠ 

ŮɜŬɚɚŬəŰɘəɎ ɞɜɞɛɎɕɞɜŰŬɘ ŰŬůŮɞŮɝŬɟŰɩɛŮɜɞɘ ŭɑŬɡɚɞɘ ɘɧɜŰɤɜ (VDAC: voltage-dependent ion 

channel).  

 ɆŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ ɔɑɜŮŰŬɘ ɛŮŰŬűɞɟɎ ɛŮŰŬɓɞɚɘŰɩɜ, ˊɟɤŰŮɥɜɩɜ, ɘɧɜŰɤɜ əŬɘ ɚɘˊɘŭɑɤɜ 

Ŭˊɧ Űɖ ɛɑŬ ɛŮɛɓɟɎɜɖ ůŰɖɜ Ɏɚɚɖ əŬɘ ůɡɜŬɟɛɞɚɞɔŮɑŰŬɘ Űɞ ůɨɛˊɚŮɔɛŬ ɛŮŰŬűɞɟɎɠ Űɞɡ ɢŬɚəɞɨ. ɆŮ 

ŬɡŰɧ Űɞ ɢɩɟɞ ůŰŮɔɎɕɞɜŰŬɘ əŬɘ ˊɟɤŰŮȶɜŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬˊɧˊŰɤůɖ əŬɘ Űɖɜ ŬˊɞŰɞɝɑɜɤůɖ 

Ŭˊɧ ŮɜŮɟɔɏɠ ɟɑɕŮɠ ɞɝɡɔɧɜɞɡ (ROS: reactive oxygen species) (Bihlmaier et al., 2008). Ⱥˊɑůɖɠ 

ɡˊɎɟɢɞɡɜ ˊɟɤŰŮȶɜŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ATP əŬɘ ɛŮ Űɖɜ ɞɝŮɘŭɤŰɘəɐ 

űɤůűɞɟɡɚɑɤůɖ. ɃɟɘůɛɏɜŮɠ ˊɟɤŰŮȶɜŮɠ Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŬůɗɏɜŮɘŮɠ, ɧˊɤɠ 

ˊ.ɢ. ɖ ˊɟɤŰŮȶɜɖ Pink1 ɛŮ Űɖɜ ɜɧůɞ Űɞɡ Parkinson (Silvestri et al., 2005; McBride et al., 2006). Ƀɘ 

əɨɟɘŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2. 

 
ȺɘəɧɜŬ 2. ȿŮɘŰɞɡɟɔɑŮɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ ˊɞɡ űɏɟɞɡɜ ŭɘůɞɡɚűɘŭɘəɞɨɠ ŭŮůɛɞɨɠ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ 

Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ (Herrmann & Riemer, 2012) 
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 ȼ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɨˊŬɟɝɖ ˊɞɚɚɩɜ ˊɟɤŰŮɥɜɩɜ, Űɖɜ ˊŬɟɞɡůɑŬ 

Űɖɠ əŬɟŭɘɞɚɘˊɑɜɖɠ əŬɘ Űɖ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ ŬɜɎɛŮůŬ ůŰɘɠ ŭɨɞ ˊɚŮɡɟɏɠ Űɖɠ. ȺɑɜŬɘ ŬŭɘŬˊɏɟŬůŰɖ 

Ŭˊɧ ɛɘəɟɎ ɛɧɟɘŬ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊŮɟɘɞɢɏɠ ɛŮ ˊɞɚɚɏɠ ˊŰɡɢɩůŮɘɠ, ˊɞɡ ŭɘŮɘůŭɨɞɡɜ ůŰɖɜ ɛɐŰɟŬ 

əŬɘ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ůɨɜɗŮůɖ Űɞɡ ATP (Strauss et al., 2008). ɆŰɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ ɡˊɎɟɢɞɡɜ 

ˊŮɟɘɞɢɏɠ ɔŮɘŰɞɜɘəɏɠ ɛŮ Űɖɜ ŮɝɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ, ɞɘ ɞˊɞɑŮɠ ɞɜɞɛɎɕɞɜŰŬɘ ɔŮɘŰɞɜɘəɏɠ-ɞɟɘŬəɏɠ 

ɛŮɛɓɟɎɜŮɠ (boundary membranes), ŭɘŮɡəɞɚɨɜɞɡɜ Űɖɜ ɛŮŰŬűɞɟɎ Űɤɜ ɚɘˊɘŭɑɤɜ, Űɖɜ Ůɑůɞŭɞ 

ˊɟɤŰŮɥɜɩɜ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ əŬɘ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ůɡɜŬɟɛɞɚɧɔɖůɖ Űɞɡ ŬɜŬˊɜŮɡůŰɘəɞɨ ůɡɛˊɚɧəɞɡ 

(Reichert & Neupert, 2002). ȷɜɎɛŮůŬ ůŰɘɠ ŭɨɞ ˊŮɟɘɞɢɏɠ ɡˊɎɟɢɞɡɜ ůŰŮɜɏɠ ůɤɚɖɜɞŮɘŭŮɑɠ ŭɞɛɏɠ ɞɘ 

ɞˊɞɑŮɠ ɞɜɞɛɎɕɞɜŰŬɘ ŭɘŬůɡɜŭɏůŮɘɠ Űɤɜ Ŭəɟɞɚɞűɘɩɜ (cristae junctions) (Mannella et al., 1994; 

Perkins, et al., 1997) əŬɘ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬˊɧˊŰɤůɖ (Perkins et al., 2009; Frezza et al., 2006). 

 ɇɞ ŮůɤŰŮɟɘəɧ ɛɏɟɞɠ Űɞɡ ɛɘŰɞɢɞɜŭɟɑɞɡ ˊɞɡ ˊŮɟɘɓɎɚɚŮŰŬɘ Ŭˊɧ Űɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ Űɤɜ 

ɛɘŰɞɢɞɜŭɟɑɤɜ ŬˊɞŰŮɚŮɑ Űɖ ɛɐŰɟŬ (matrix), ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŬɜŰɘŭɟɎůŮɘɠ 

Űɞɡ əɨəɚɞɡ Űɞɡ əɘŰɟɘəɞɨ ɞɝɏɞɠ əŬɘ Űɖɠ ɞɝŮɑŭɤůɖɠ Űɤɜ ɚɘˊŬɟɩɜ ɞɝɏɤɜ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 3. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɛɘŰɞɢɞɜŭɟɑɞɡ  
(http://dj003.k12.sd.us/SCHOOL%20NOTES/chapter_01.htm) 

 

 2.3. ɄɟɞɏɚŮɡůɖ 

 ɀŮ ɓɎůɖ Űɖ ɗŮɤɟɑŬ Űɖɠ Ůɜŭɞůɡɛɓɑɤůɖɠ Űɞ ɛɘŰɞɢɧɜŭɟɘɞ ˊɟɞɐɚɗŮ ɛŮŰɎ Ŭˊɧ Ůɔəɧɚˊɤůɖ Ůɜɧɠ 

ŮɚŮɨɗŮɟɞɡ ɞɟɔŬɜɘůɛɞɨ ɘəŬɜɞɨ ɜŬ ŭɘŮɝɎɔŮɘ ɞɝŮɘŭɤŰɘəɐ űɤůűɞɟɡɚɑɤůɖ Ŭˊɧ ɏɜŬ Ɏɚɚɞ əɨŰŰŬɟɞ ˊɟɘɜ 

Ŭˊɧ 1,5x109 ɢɟɧɜɘŬ. ȳɚŬ ŰŬ ɛɘŰɞɢɧɜŭɟɘŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɏɜŬ əŬɘ ɛɧɜɞ ɔŮɔɞɜɧɠ Ůɜŭɞůɡɛɓɑɤůɖɠ 

(ȷɚŮŰɟɎɠ ə.Ŭ., 2004) əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɧŰɘ ŬˊɏɛŮɘɜŮ Ŭˊɧ Űɞ Ŭ-ˊɟɤŰŮɞɓŬəŰɐɟɘɞ, Űɞ ɞˊɞɑɞ 

ŮŭɟŬɘɩɗɖəŮ ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ Űɞɡ ˊɟɩŰɞɡ ŮɡəŬɟɡɤŰɘəɞɨ ɞɟɔŬɜɘůɛɞɨ (Gray et al., 1999). ȾŬŰɎ 

Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ůɜŭɞůɡɛɓɑɤůɖɠ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɔɞɜɑŭɘŬ Űɞɡ ɛɘŰɞɢɞɜŭɟɑɞɡ ɛŮŰŬəɘɜɐɗɖəŬɜ ůŰɞɜ 

ˊɡɟɐɜŬ əŬɘ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛɞɜɞˊɎŰɘŬ Ůɘůɧŭɞɡ ˊɟɤŰŮɥɜɩɜ ůŰŬ ŭɘɎűɞɟŬ ŭɘŬɛŮɟɑůɛŬŰŬ Űɤɜ 
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ɛɘŰɞɢɞɜŭɟɑɤɜ. ȰŰůɘ, ůɐɛŮɟŬ Űɞ 99% Űɤɜ ɛɘŰɞɢɞɜŭɟɘŬəɩɜ ˊɟɤŰŮɥɜɩɜ əɤŭɘəɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ 

ˊɡɟɖɜɘəɎ ɔɞɜɑŭɘŬ, ŰŬ ɞˊɞɑŬ ůɡɜŰɑɗŮɜŰŬɘ ɤɠ ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ (precursors) ůŰŬ ɟɘɓɞůɩɛŬŰŬ Űɞɡ 

əɡŰŰŬɟɞˊɚɎůɛŬŰɞɠ.  

3. ɆŰɧɢŮɡůɖ ˊɟɤŰŮɥɜɩɜ ůŰɞ ɛɘŰɞɢɧɜŭɟɘɞ 

 ɄŮɟɑˊɞɡ ɢɑɚɘŮɠ ŭɘŬűɞɟŮŰɘəɏɠ ˊɟɤŰŮȶɜŮɠ, ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ Űɞ ˊɡɟɖɜɘəɧ DNA,  

ŮɘůɏɟɢɞɜŰŬɘ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ əŬɘ ŭɘŬɛŮɟɘůɛŬŰɞˊɞɘɞɨɜŰŬɘ ŮɑŰŮ ůŰɘɠ əɡŰŰŬɟɘəɏɠ ɛŮɛɓɟɎɜŮɠ (OM & IM) 

ŮɑŰŮ ůŰŬ ŭɘŬɚɡŰɎ ŰɛɐɛŬŰŬ (matrix & IMs) Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ (Sickmann et al., 2003; Prokisch et al., 

2004). ũɘŬ ŬɡŰɐ Űɖ ŭɘŬŭɘəŬůɑŬ ɡˊɎɟɢɞɡɜ ŰɏůůŮɟŬ əɨɟɘŬ ɛɞɜɞˊɎŰɘŬ (Jensen & Johnson, 2001; Endo 

et al., 2003; Milenkovic, et al., 2007Ŭ). ɆɢŮŭɧɜ ɧɚŮɠ ɞɘ ˊɟɧŭɟɞɛŮɠ ˊɟɤŰŮȶɜŮɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ ůŰŬ 

ɛɘŰɞɢɧɜŭɟɘŬ ˊŮɟɜɞɨɜ ɛɏůŬ Ŭˊɧ Űɞ ůɨɛˊɚŮɔɛŬ TOM (Translocase of the Outer Membrane). 

ȺɝŬɑɟŮůɖ ŬˊɞŰŮɚɞɨɜ ɞɟɘůɛɏɜŮɠ ˊɟɤŰŮȶɜŮɠ Űɖɠ ŮɝɤəɡŰŰŬɟɘəɐɠ ɛŮɛɓɟɎɜɖɠ, ɞɘ ɞˊɞɑŮɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ 

Űɖɜ ŬˊɧˊŰɤůɖ ɐ ɛŮ Űɞ ɑŭɘɞ Űɞ ůɨɛˊɚŮɔɛŬ TOM (Rapaport, 2005). 

 ɇɞ 40% Űɤɜ ɛɘŰɞɢɞɜŭɟɘŬəɩɜ ˊɟɤŰŮɥɜɩɜ ɏɢɞɡɜ ɛɘŬ ŬɚɚɖɚɞɡɢɑŬ ůŰɧɢŮɡůɖɠ ůŰɞ ŬɛɘɜɞŰŮɚɘəɧ 

Ɏəɟɞ Űɞɡɠ. ȷɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ŬɛűɘˊŬɗɘəɐ Ŭ-ɏɚɘəŬ ˊɞɡ ůŰɖ ɛɑŬ ˊɚŮɡɟɎ Űɖɠ ŮɑɜŬɘ ɗŮŰɘəɎ 

űɞɟŰɘůɛɏɜɖ Ůɜɩ ɖ Ɏɚɚɖ Űɖɠ ˊɚŮɡɟɎ ŮɑɜŬɘ ɡŭɟɧűɞɓɖ (Sickmann et al., 2003). ȷɡŰɐ ɞŭɖɔŮɑ 

ŬˊŮɡɗŮɑŬɠ ůŰɖɜ Ůɑůɞŭɞ ɞɟɘůɛɏɜɤɜ ˊɟɤŰŮɥɜɩɜ ůŰɖɜ ɛɐŰɟŬ, ůŰɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ əŬɘ ůŰɞɜ 

ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ. ȳŰŬɜ ɞɘ ˊɟɤŰŮȶɜŮɠ Ůɘůɏɚɗɞɡɜ ůŰɞ ůɤůŰɧ ŮɜŭɞɛɘŰɞɢɞɜŭɟɘŬəɧ ŭɘŬɛɏɟɘůɛŬ, 

ůŰŬɗŮɟɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ˊŮˊŰɘŭɎůŮɠ, ɞɘ ɞˊɞɑŮɠ ɛŮŰŬŰɟɏˊɞɡɜ Űɞ ŬůɗŮɜɏɠ ŬɛɘɜɞŰŮɚɘəɧ Ɏəɟɞ Űɞɡɠ ůŮ 

ůŰŬɗŮɟɧ (Vºgtle, 2009).  

   

    

ȺɘəɧɜŬ 4.  ȷɚɚɖɚɞɡɢɑŮɠ ůŰɧɢŮɡůɖɠ ɛɘŰɞɢɞɜŭɟɘŬəɩɜ ˊɟɤŰŮɥɜɩɜ (Chacinska et al., 2009) 
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3.1 ɆŰɧɢŮɡůɖ ůŰɖɜ ŮɝɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ (OM) 

 Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ ˊɟɤŰŮȶɜŮɠ ˊɞɡ ŮŭɟɎɕɞɜŰŬɘ ůŰɖɜ ŮɝɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ, ɧˊɤɠ ɖ Tom40 əŬɘ ɖ 

ˊɞɟɑɜɖ (porin), ɏɢɞɡɜ ůɡɜɐɗɤɠ ŭɞɛɐ ɓ-ɓŬɟŮɚɘɞɨ əŬɘ ŭɘŬˊŮɟɜɞɨɜ ˊɞɚɚɏɠ űɞɟɏɠ Űɖɜ ɛŮɛɓɟɎɜɖ. 

ȺɘůɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ůɨɛˊɚŮɔɛŬ TOM əŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɛɘəɟɩɜ ˊɟɤŰŮɥɜɩɜ Tim (translocase of the 

inner membrane) əŬŰŬɚɐɔɞɡɜ ůŰɞ ůɨɛˊɚɞəɞ SAM (Sorting and Assembly Machinery), Űɞ ɞˊɞɑɞ 

ɓɟɑůəŮŰŬɘ ůŰɖɜ ŮɝɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ əŬɘ ŮɛˊŮŭɩɜɞɜŰŬɘ ŮəŮɑ.  

3.2 ɆŰɧɢŮɡůɖ ůŰɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ (IM) 

 Ƀɘ ˊɟɤŰŮȶɜŮɠ ˊɞɡ əŬŰŮɡɗɨɜɞɜŰŬɘ ůŰɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ, ɧˊɤɠ ɖ Tim22 əŬɘ ɖ Tim23, 

ɏɢɞɡɜ ɡŭɟɧűɞɓɖ ŮůɤŰŮɟɘəɐ ŬɚɚɖɚɞɡɢɑŬ ůŰɧɢŮɡůɖɠ (internal signal). ȷɡŰɏɠ ˊŮɟɜɞɨɜ Ŭˊɧ Űɞ 

ůɨɛˊɚŮɔɛŬ TOM ůŰɞ ůɨɛˊɚŮɔɛŬ Űɤɜ ɛɘəɟɩɜ ˊɟɤŰŮɥɜɩɜ Tim (Tim9-Tim10) Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ 

ɢɩɟɞɡ (ȺɘəɧɜŬ 2), ɧˊɞɡ ɞɘ ŰŮɚŮɡŰŬɑŮɠ ŭɟɞɡɜ ɤɠ ɛɞɟɘŬəɞɑ ůɡɜɞŭɞɑ (chaperons) ɔɘŬ Űɖɜ əŬɗɞŭɐɔɖůɖ  

ˊɟɧŭɟɞɛɤɜ ˊɟɤŰŮɥɜɘəɩɜ ɛɞɟɑɤɜ ůŰɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ Űɞɡ ɛɘŰɞɢɞɜŭɟɑɞɡ (de Marcos-Lousa et 

al., 2006). Ƀɘ ˊɟɤŰŮȶɜŮɠ ŬɡŰɏɠ ŮɛˊŮŭɩɜɞɜŰŬɘ ůŰɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ Ŭˊɧ Űɞ ůɨɛˊɚɞəɞ 

ɛŮŰŬűɞɟɎůɖɠ TIM22 (Translocase of the Inner Membrane 22), Űɞ ɞˊɞɑɞ ŮŭɟɎɕŮŰŬɘ ůŰɖɜ ŮůɤŰŮɟɘəɐ 

ɛŮɛɓɟɎɜɖ əŬɘ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ Űɖɠ.  

3.3 ɆŰɧɢŮɡůɖ ůŰɖ ɛɐŰɟŬ (matrix) 

 Ƀɘ ˊɟɤŰŮȶɜŮɠ ˊɞɡ ůŰɞɢŮɨɞɜŰŬɘ ůŰɖ ɛɐŰɟŬ ůɡɜŰɑɗŮɜŰŬɘ ɛŮ ŬɚɚɖɚɞɡɢɑŮɠ ůŰɧɢŮɡůɖɠ ůŰɞ 

ŬɛɘɜɞŰŮɚɘəɧ Űɞɡɠ Ɏəɟɞ (matrix-targeting signal) əŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŬɡŰɏɠ əɧɓɞɜŰŬɘ ɧŰŬɜ 

Ůɘůɏɚɗɞɡɜ ůŰɖɜ ɛɐŰɟŬ (Vºgtle et al., 2009). ɀŮŰɎ Űɖɜ Ůɑůɞŭɧ Űɞɡɠ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ Ŭˊɧ Űɞ əŬɜɎɚɘ 

TOM, ŭɘŬˊŮɟɜɞɨɜ Űɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ ŭɘŬɛɏůɞɡ Űɞɡ ůɡɛˊɚɧəɞɡ TIM23 (translocase of the 

inner membrane 23), Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ůŰɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ Űɞɡ ɛɘŰɞɢɞɜŭɟɑɞɡ. ũɘŬ ɜŬ 

ˊŮɟɎůɞɡɜ Űɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ ɢɟŮɘɎɕŮŰŬɘ ɖ ŭɟɎůɖ Űɞɡ ůɡɛˊɚɧəɞɡ PAM (Presequence 

translocaseïAssociate importïMotor), Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ˊɟɤŰŮȶɜɖ mtHsp70 

(mitochondrial heats shock protein 70). Ⱥˊɑůɖɠ, ŬˊŬɘŰŮɑŰŬɘ əŬŰŬɜɎɚɤůɖ ATP əŬɘ ɨˊŬɟɝɖ ŭɘŬűɞɟɎɠ 

ŭɡɜŬɛɘəɞɨ ůŰɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ. ɇɏɚɞɠ, ɖ ˊŮˊŰɘŭɎůɖ MPP (Mitochondrial processing 

peptidase) əɧɓŮɘ Űɖɜ ŬɚɚɖɚɞɡɢɑŬ ůŰɧɢŮɡůɖɠ. 

3.4 ɆŰɧɢŮɡůɖ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ (IMS) 

 ȳɚŮɠ ɞɘ ˊɟɤŰŮȶɜŮɠ Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ əɤŭɘəɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ 

ɔɞɜɑŭɘŬ Űɞɡ ˊɡɟɐɜŬ əŬɘ ŮɘůɏɟɢɞɜŰŬɘ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ ɛɏůŬ Ŭˊɧ Űɞ ůɨɛˊɚŮɔɛŬ TOM. ɆŰɖ ůɡɜɏɢŮɘŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘŬűɞɟŮŰɘəɎ ɛɞɜɞˊɎŰɘŬ ɔɘŬ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ. Ƀɘ 

ˊɟɤŰŮȶɜŮɠ ˊɞɡ ɏɢɞɡɜ ŬɛűɘɛŮɟɐ ŬɚɚɖɚɞɡɢɑŬ ůŰɧɢŮɡůɖɠ ůŰɞ ŬɛɘɜɞŰŮɚɘəɧ Űɞɡɠ Ɏəɟɞ (bipartite 

presequence), ˊ.ɢ. əɡŰɧɢɟɤɛŬ-b2 (cyt-b2) əŬɘ əɡŰɧɢɟɤɛŬ-c (cyt-c), ˊŮɟɜɞɨɜ Ŭˊɧ Űɞ Tim23 

ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɘ ɤɠ ŭɘŬɚɡŰɎ ɛɧɟɘŬ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ, ɛɏůɤ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ñŭɘŬəɞˊɐɠ -

ɛŮŰŬűɞɟɎɠò (stop-transfer) (Glick et al.,1992). ȼ ɛŮŰŬűɞɟɎ ŬɡŰɐ ŬˊŬɘŰŮɑ Űɖɜ əŬŰŬɜɎɚɤůɖ ATP əŬɘ 
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ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ŭɡɜŬɛɘəɧ Űɖɠ ŮůɤŰŮɟɘəɐɠ ɛŮɛɓɟɎɜɖɠ. ȼ ˊɟɤŰŮȶɜɖ ˊŬɑɟɜŮɘ Űɖɜ ɩɟɘɛɐ Űɖɠ ɛɞɟűɐ 

Ŭˊɧ ˊŮˊɘŭɎůŮɠ Űɖɠ ɛɐŰɟŬɠ əŬɘ Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ. 

 ɈˊɎɟɢɞɡɜ ɞɟɘůɛɏɜŮɠ ˊɟɤŰŮȶɜŮɠ ɞɘ ɞˊɞɑŮɠ ŭŮɜ ɏɢɞɡɜ ŬɚɚɖɚɞɡɢɑŬ ůŰɧɢŮɡůɖɠ ůŰɞ ŬɛɘɜɞŰŮɚɘəɧ 

Űɞɡɠ Ɏəɟɞ, ŬɚɚɎ ŮůɤŰŮɟɘəɎ ůɐɛŬŰŬ ůŰɧɢŮɡůɖɠ, ŰŬ ɞˊɞɑŬ ɞɜɞɛɎɕɞɜŰŬɘ ITS (IMS-targeting signal) ɐ 

MISS (mitochondria IMS-sorting signal /ŬɟɤɛŬŰɘəɎ-XX-ɡŭɟɧűɞɓŬ-ɡŭɟɧűɞɓŬ-XXC) əŬɘ ŮɑɜŬɘ 

ŬɜŬɔəŬɑŬ əŬɘ ɘəŬɜɎ ɔɘŬ Űɖɜ ɛŮŰŬűɞɟɎ Űɞɡɠ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ (Sideris et al., 2009; Milenkovic 

et al., 2009). Ƀɘ əɡůŰŮȶɜŮɠ ɛŮ Űɞ ŮůɤŰŮɟɘəɧ ůɐɛŬ ůŰɧɢŮɡůɖɠ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊɟɤŰŮȶɜɖ  

Mia40 (Mitochondrial intermembrane space Import and Assembly) əŬɘ ˊŬɔɘŭŮɨɞɜŰŬɘ ůŰɞ 

ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ ɛɏůŬ Ŭˊɧ Űɞ ɞɝŮɘŭɤŰɘəɧ ɛɞɜɞˊɎŰɘ MIA (intermembrane space import and 

assembly machinery).  

 

 

 

 

ȺɘəɧɜŬ 5. ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ɓŬůɘəɩɜ ɛɞɜɞˊŬŰɘɩɜ Ůɘůɧŭɞɡ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ. ɇŬ ˊɟɧŭɟɞɛŬ 
ˊɟɤŰŮɥɜɘəɎ ɛɧɟɘŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘŬűɞɟŮŰɘəɎ ɛɞɜɞˊɎŰɘŬ ŬɜŬɚɧɔɤɠ ɛŮ Űɖɜ ŰŮɚɘəɐ Űɞɡɠ ɗɏůɖ  

(Sideris & Tokatlidis, 2010) 
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4. ɇɞ ɛɞɜɞˊɎŰɘ MIA (intermembrane space import and assembly 
machinery) 

 ȺɝŬɘŰɑŬɠ Űɖɠ ɨˊŬɟɝɖɠ Űɤɜ ˊɞɟɘɜɩɜ ůŰɖɜ ŮɝɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ, ŮɑɜŬɘ 

ŮűɘəŰɧ  Űɞ ˊɏɟŬůɛŬ ɛɘəɟɩɜ ɛɞɟɑɤɜ 2-6kDa Ŭˊɧ Űɞ əɡŰŰŬɟɧˊɚŬůɛŬ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ. ȰŰůɘ, 

ɖ Ŭɜɖɔɛɏɜɖ  ɔɚɞɡŰŬɗŮɘɧɜɖ ɗŬ ɏˊɟŮˊŮ  ɜŬ ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ŭɘŬɢɡɗŮɑ Ŭˊɧ Űɞ əɡŰŰŬɟɧˊɚŬůɛŬ ůŰɞ 

ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ŬɜŬɔɤɔɘəɧ ˊŮɟɘɓɎɚɚɞɜ ˊŬɟɧɛɞɘɞ ɛŮ 

Űɞɡ əɡŰŰŬɟɞˊɚɎůɛŬŰɞɠ (Benz R., 1994). ȼ ɨˊŬɟɝɖ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ ˊɟɤŰŮɥɜɩɜ ɛŮ 

ŭɘůɞɡɚűɘŭɘəɞɨɠ ŭŮůɛɞɨɠ ɗŮɤɟŮɑŰŬɘ ɛɖ ŬɜŬɛŮɜɧɛŮɜɖ ɔɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ (Curran et al., 2002; Mesecke 

et al., 2005; Lu et al., 2004). ɉŬɟŬəŰɖɟɘůŰɘəɧ ŮɑɜŬɘ ɧŰɘ ɧɚŮɠ ɞɘ ˊɟɤŰŮȶɜŮɠ ˊɞɡ ŮɘůɏɟɢɞɜŰŬɘ ůŰɞ 

ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ɛɏůɤ Űɞɡ MIA ɛɞɜɞˊŬŰɘɞɨ, ɏɢɞɡɜ ŭɘůɞɡɚűɘŭɘəɞɨɠ ŭŮůɛɞɨɠ 

ůŰɖɜ ɩɟɘɛɖ ɛɞɟűɐ Űɞɡɠ.  

 ɄɟɤŰŬɔɤɜɘůŰɘəɧ ɟɧɚɞ ůŰɞ Ůɜ ɚɧɔɤ ɛɞɜɞˊɎŰɘ ɏɢɞɡɜ ɞɘ ůɞɡɚűɡŭɟɡɚɞɝŮɘŭɎůŮɠ Mia40 

(mitochondrial IMS import and assembly pathway) əŬɘ Erv1 (Essential for Respiration and 

Vegetative growth 1), ɛŮ ŮɝŬɑɟŮůɖ ɞɟɘůɛɏɜŬ ˊɟɤŰɧɕɤŬ (ˊ.ɢ. ŰɞɡɚɎɢɘůŰɞɜ ŮˊŰɎ  Űɖɠ ŰɎɝɖɠ 

Trypanosomatida), ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɡˊɞůŰɟɩɛŬŰŬ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ  MIA, ɧˊɤɠ ɛɘəɟɏɠ TIM (Gentle, 

et al., 2007), Cox17 əŬɘ Cox19 (Allen et al., 2004), ŬɚɚɎ ŬˊɞɡůɘɎɕŮɘ ůŮ ŬɡŰɎ ɖ ˊɟɤŰŮȶɜɖ Mia40. Ƀ 

Allen əŬɘ ůɡɜŮɟɔɎŰŮɠ Űɞɡ ɡˊɞɗɏŰɞɡɜ ɧŰɘ Űɞ Ŭɟɢɘəɧ ɛɞɜɞˊɎŰɘ  MIA ŬˊŬɘŰɞɨůŮ Űɖɜ ɨˊŬɟɝɖ Űɖɠ 

ˊɟɤŰŮȶɜɖɠ  Erv1 əŬɘ ɧɢɘ Űɖɠ  Mia40. ɆŮ ɞɟɘůɛɏɜŬ ˊŬɟɎůɘŰŬ Űɞ O2 ŮɑɜŬɘ Űɞ ˊɘɞ ŮˊɘɗɡɛɖŰɧ ɞɝŮɘŭɤŰɘəɧ 

ɛɏůɞ ɔɘŬ Űɖɜ Erv1 (Allen et al., 2008). 

 ɇŬ mRNAs ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ɛɘŰɞɢɞɜŭɟɘŬəɏɠ ˊɟɤŰŮȶɜŮɠ űɎɜɖəŬɜ ɜŬ ŮɑɜŬɘ ŮɛˊɚɞɡŰɘůɛɏɜŬ 

ůŮ ɛɘŰɞɢɞɜŭɟɘŬəɎ ŰɛɐɛŬŰŬ ŬˊɞɛɞɜɤɛɏɜŬ Ŭˊɧ ůŬəɢŬɟɞɛɨəɖŰŬ, ŰŬ ɞˊɞɑŬ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞɜ 

ɡˊɞŭɞɢɏŬ Tom20 (Marc et al., 2002; Eliyahu et al., 2010). ɇŬ ɛɘŰɞɢɧɜŭɟɘŬ Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ 

ɏɢɞɡɜ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ Űɖɜ ˊɟɤŰŮȶɜɖ Puf3 (PUmilio-homology domain Family-Quenault), ˊɞɡ 

ŭŮůɛŮɨŮɘ Űɞ mRNA (Saint-Georges et al., 2008; Garc²a-Rodr²guez et al., 2007). ɃɟɘůɛɏɜŮɠ 

ɛɘŰɞɢɞɜŭɟɘŬəɏɠ ˊɟɤŰŮȶɜŮɠ, ɛŮŰŬɝɨ ŬɡŰɩɜ əŬɘ Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ, ˊ.ɢ. ɖ Cox17, ɏɢɞɡɜ 

ůɖɛŮɑŬ ˊɟɧůŭŮůɖɠ ůŰɖɜ Puf3, Ůɜɩ ɞ ɟɧɚɞɠ ůŰɖɜ Ůɑůɞŭɞ Űɤɜ ɛɘŰɞɢɞɜŭɟɘŬəɩɜ ˊɟɤŰŮɥɜɩɜ ŭŮɜ ɏɢŮɘ 

ŭɘŮɡəɟɘɜɘůŰŮɑ ŮˊŬɟəɩɠ. Ⱥˊɑůɖɠ, ŭŮɜ ɏɢŮɘ ŭŮɘɢŰŮɑ ŬˊŮɡɗŮɑŬɠ ˊɟɧůŭŮůɖ Űɞɡ əŬɜŬɚɘɞɨ TOM ɛŮ ŰŬ 

ɡˊɞůŰɟɩɛŬŰŬ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ MIA, ŬɚɚɎ ɏɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ Ŭɜ ŬˊɞəɚŮɘůŰŮɑ Űɞ əŬɜɎɚɘ TOM ɛŮ ɛŮɔɎɚɖ 

ˊɞůɧŰɖŰŬ ˊɟɤŰŮɥɜɩɜ ˊɞɡ ŮɘůɏɟɢɞɜŰŬɘ ůŰɖɜ ɛɐŰɟŬ, ŮɛˊɞŭɑɕŮŰŬɘ ɖ Ůɑůɞŭɞɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ ůŰɞ 

ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ (Lutz et al., 2003).  

 ɆɡɜɞˊŰɘəɎ, ŰŬ ɡˊɞůŰɟɩɛŬŰŬ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ MIA (ůɡɜɐɗɤɠ ɏɢɞɡɜ ɛɞŰɑɓɞ ŭɘˊɚɧ Cx9C ɐ 

Cx3C ŮɘůɏɟɢɞɜŰŬɘ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ Ŭˊɧ Űɞ əŬɜɎɚɘ TOM ůŮ ŬˊɞŭɘŬŰŮŰŬɔɛɏɜɖ əŬɘ Ŭɜɖɔɛɏɜɖ ɛɞɟűɐ 

əŬɘ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊɟɤŰŮȶɜɖ Mia40. ȼ ɞɝŮɘŭɤɛɏɜɖ Mia40, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ɛɘəŰɧ 

ŭɘůɞɡɚűɘŭɘəɧ ŮɜŭɘɎɛŮůɞ, ɞɝŮɘŭɩɜŮɘ Űɖɜ ɜŮɞŮɘůŮɟɢɧɛŮɜɖ ˊɟɤŰŮȶɜɖ, Ůɜɩ ɖ ɑŭɘŬ ŬɜɎɔŮŰŬɘ. ȼ 

ɜŮɞŮɘůŮɟɢɧɛŮɜɖ ˊɟɤŰŮȶɜɖ ˊŬɑɟɜŮɘ ˊɚɏɞɜ Űɖɜ ɩɟɘɛɖ ŭɞɛɐ Űɖɠ əŬɘ ˊŬɔɘŭŮɨŮŰŬɘ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ 

ɢɩɟɞ. ȼ ɞɝŮɘŭɤɛɏɜɖ Erv1 ɞɝŮɘŭɩɜŮɘ ɝŬɜɎ Űɖ Mia40 əŬɘ ɖ ɑŭɘŬ ŬɜɎɔŮŰŬɘ. ɆŰɖ ůɡɜɏɢŮɘŬ ɖ Erv1 ŭɑɜŮɘ ŰŬ 
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e- ůŰɞ əɡŰɧɢɟɤɛŬ -c (cyt-c) ɐ ůŰɞ Ƀ2. ȼ ɟɞɐ Űɤɜ ŭɘŬűɧɟɤɜ ůŰŬŭɑɤɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŭɘŬɔɟŬɛɛŬŰɘəɎ 

ůŰɖɜ ȺɘəɧɜŬ 6. 

 

 

 
ȺɘəɧɜŬ 6. ȷˊŮɘəɧɜɘůɖ Űɖɠ ɟɞɐɠ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ ůŰɞ ɛɞɜɞˊɎŰɘ MIA ɡˊɧ ŬŮɟɧɓɘŮɠ ůɡɜɗɐəŮɠ  

(Sideris & Tokatlidis, 2010) 

 

4.1 ɈˊɞůŰɟɩɛŬŰŬ 

 ɇŬ ˊɘɞ ɔɜɤůŰɎ ɡˊɞůŰɟɩɛŬŰŬ (substrates) Űɞɡ ɛɞɜɞˊŬŰɘɞɨ MIA Ŭűɞɟɞɨɜ ˊɟɤŰŮȶɜŮɠ ɛɏɚɖ 

Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Űɤɜ ɛɘəɟɩɜ Tim (ɇranslocase of the Ƚnner ɀembrane) əŬɘ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Cox 

(Cytochrome c Oxidase). Ƀɘ ɛɘəɟɏɠ Tim (Tim8, Tim9, Tim10, Tim12, Tim13) ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ 

ɛɞɟɘŬəɞɑ ůɡɜɞŭɞɑ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ (ȺɘəɧɜŬ 2) ɓɞɖɗɩɜŰŬɠ Űɖɜ Ůɑůɞŭɞ Űɤɜ ˊɟɤŰŮɥɜɩɜ ˊɞɡ 

ůŰɞɢŮɨɞɜŰŬɘ ůŰɖɜ ŮůɤŰŮɟɘəɐ əŬɘ ůŰɖɜ ŮɝɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ (de Marcos-Lousa et al., 2006; 

Wiedemann et al., 2006; Koehler, 2004). Ƀɘ ɛɘəɟɏɠ Tim ɏɢɞɡɜ ŭɘˊɚɧ ɛɞŰɑɓɞ Cx3C, ɧˊɞɡ 

ůɢɖɛŬŰɑɕɞɜŰŬɘ ŭɘůɞɡɚűɘŭɘəɞɑ ŭŮůɛɞɑ ŮɜŭɞɛɞɟɘŬəɎ ŬɜɎɛŮůŬ ůŰɘɠ ŮůɤŰŮɟɘəɏɠ əŬɘ ŮɝɤŰŮɟɘəɏɠ əɡůŰŮȶɜŮɠ 

əŬŰŬɚɐɔɞɜŰŬɠ ůŮ ŭɞɛɐ űɞɡɟəɏŰŬɠ (Allen et al., 2003; Webb et al., 2006).  

 ɇŬ ɛɏɚɖ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ Cox (Cox12, Cox17, Cox19, Cox23) ɏɢɞɡɜ ŭɘˊɚɧ 

ɛɞŰɑɓɞ Cx9C, Űɞ ɞˊɞɑɞ ůŰŬɗŮɟɞˊɞɘŮɑ Űɘɠ ŬɜŰɘˊŬɟɎɚɚɖɚŮɠ Ŭ-ɏɚɘəŮɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ˊɟɤŰŮȶɜɖ 

Cox17 ŭŮůɛŮɨŮɘ ɢŬɚəɧ əŬɘ Űɞɜ ɛŮŰŬűɏɟŮɘ ůŰɖɜ ɞɝŮɘŭɎůɖ Űɞɡ cyt-c (Beers et al., 1997; Glerum et al., 

1996). Ⱥˊɘˊɚɏɞɜ, ɞɘ ˊɟɤŰŮȶɜŮɠ Cox19, Cox23, Cox17 ŮɛˊɚɏəɞɜŰŬɘ ůŰɖ ůɡɜŬɟɛɞɚɧɔɖůɖ Űɖɠ 

ɚŮɘŰɞɡɟɔɘəɐɠ cyt-c ɞɝŮɘŭɎůɖɠ (Barros et al., 2004; Nobrega et al., 2002). ȯɚɚŬ ɡˊɞůŰɟɩɛŬŰŬ Űɞɡ 

ɛɞɜɞˊŬŰɘɞɨ ɀȽȷ ɛŮ ŭɘˊɚɧ ɛɞŰɑɓɞ Cx9C ŮɑɜŬɘ ɞɘ ˊɟɤŰŮȶɜŮɠ Mdm35, Mic14, Mic17, Cmc, Som1, 

CMC2, CMC3, CMC4  (Gabriel et al., 2007; Carr et al., 2003; Horn et al., 2008; Longen et al., 

2009).  

 ɇɏɚɞɠ, ɞɘ ˊɟɤŰŮȶɜŮɠ  Erv1 əŬɘ Ccs, ɞɘ ɞˊɞɑŮɠ Ŭɜ əŬɘ ŭŮɜ ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɧ ŭɘˊɚɧ Cx3C ɐ 

Cx9C ɛɞŰɑɓɞ, ŮɘůɏɟɢɞɜŰŬɘ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ ɛɏůɤ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ MIA (Terziyska et al., 2007; 

Kawamata & Manfredi, 2008). 
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ɄɑɜŬəŬɠ 2.  ɃɝŮɘŭɤŰɘəɧ ŭɡɜŬɛɘəɧ (midpoint potential - Em)* ɛŮɚɩɜ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ MIA ( pH 7-7,4) 

ɄɟɤŰŮȶɜɖ ȹɘɎɛŮůɞ ɞɝŮɘŭɤŰɘəɧ ŭɡɜŬɛɘəɧ 

(mV) 

ȷɜŬűɞɟɎ 

Mia40 (ůŬəɢŬɟɞɛɨəɖŰŬ) (-200 Ƀɚɧəɚɖɟɖ) 

-290 CPC (active site) 

Tienson et al., 2009 

Sideris & Tokatlidis, 2010 

 

Erv1/ALR ɆŬəɢŬɟɞɛɨəɖŰŬ (-150 Ƀɚɧəɚɖɟɖ): 

-320 C30-33 (shuttle) 

 -150  C130-13 (active site) 

 -215  FAD 

ȷɜɗɟɩˊɞɡ: 

<-178  C142-145 (active site) 

-178    FAD 

 

Dabir et al., 2007 

Farrell & Thorpe, 2005 

Tim9 (ůŬəɢŬɟɞɛɨəɖŰŬ) -310 Morgan & Lu, 2008 

Tim10 -320 Lu & Woodburn, 2005 

Tim13 (ůŬəɢŬɟɞɛɨəɖŰŬ) -310 Tienson et al., 2009 

Cox17  (ɢɞɑɟɞɡ) -340 Voronova et al., 2007 

cyt-c (Ŭɚɧɔɞɡ & ůŬəɢŬɟɞɛɨəɖŰŬ) 250 Wallace, 1984 

O2 820 Tienson et al., 2009 

* ȹɘɎɛŮůɞ ɞɝŮɘŭɤŰɘəɧ ŭɡɜŬɛɘəɧ (midpoint potential) ɞɜɞɛɎɕŮŰŬɘ Űɞ ŭɡɜŬɛɘəɧ ůŰɞ ɞˊɞɑɞ Űɞ 50% Űɖɠ ɞɡůɑŬɠ ˊɞɡ 
ɛŮɚŮŰɎŰŬɘ ɓɟɑůəŮŰŬɘ ůŮ ɞɝŮɘŭɤɛɏɜɖ ɛɞɟűɐ ůŮ ɞɟɘůɛɏɜɞ pH. 

4.2 Mia40 

 ɇɞ 2004 ɖ Chacinska əŬɘ ůɡɜŮɟɔɎŰŮɠ Űɖɠ ŬɜŬɔɜɩɟɘůŬɜ Űɖɜ ˊɟɤŰŮȶɜɖ Mia40 (mitochondrial 

IMS import and assembly pathway) ůŮ əɨŰŰŬɟŬ ůŬəɢŬɟɞɛɨəɖŰŬ əŬɘ ɓɟɐəŬɜ ɧŰɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ 

ɔɘŬ Űɖɜ Ůɑůɞŭɞ ɞɟɘůɛɏɜɤɜ ˊɟɤŰŮɥɜɩɜ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ (Chacinska et al., 

2004). ɆɐɛŮɟŬ ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ɖ Ůɜ ɚɧɔɤ ˊɟɤŰŮȶɜɖ ɓɟɑůəŮŰŬɘ ůɢŮŭɧɜ ůŮ ɧɚɞɡɠ Űɞɡɠ 

ŮɡəŬɟɡɤŰɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ əŬɘ ɧŰɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖ ɓɘɤůɘɛɧŰɖŰɎ Űɞɡɠ (Chacinska et al., 

2004; Naoe et al., 2004; Terziyska et al., 2005).  

 ȼ Mia40 ŭŮɜ ŮɛűŬɜɑɕŮɘ ˊɟɞűŬɜɐ ɞɛɞɚɞɔɑŬ ɛŮ Űɘɠ ˊɟɤŰŮȶɜŮɠ DsbA (Disulfide Bond Formation 

Protein) əŬɘ PDI (Protein Disulfide Isomerase), ɞɘ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜ ˊɟɤŰŮȶɜŮɠïəɚŮɘŭɘɎ 

ɚŮɘŰɞɡɟɔɩɜŰŬɠ ɛŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ůŰɞ ˊŮɟɑˊɚŬůɛŬ Űɤɜ ɓŬəŰɖɟɑɤɜ əŬɘ ůŰɞ ER (Freedman et al., 

1998; Collet & Bardwell, 2002; Kadokura et al., 2003) ɐ ɛŮ əɎˊɞɘŬ Ɏɚɚɖ ˊɟɤŰŮȶɜɖ.  

 ȼ ˊɟɤŰŮȶɜɖ Mia40 ŮɛűŬɜɑɕŮŰŬɘ ůŰŬ ɕɩŬ əŬɘ ůŰŬ űɡŰɎ ɤɠ ɛɘŬ ɛɘəɟɐ ŭɘŬɚɡŰɐ ˊɟɤŰŮȶɜɖ 

(Hofmann et al., 2005). ȷɜŰɑɗŮŰŬ, ůŰɞɡɠ ɛɨəɖŰŮɠ ɖ Mia40 ɏɢŮɘ ɛɘŬ ɛŮɔɎɚɖ ɡŭɟɧűɞɓɖ ŮˊɘəɟɎŰŮɘŬ ůŰɞ 

ŬɛɘɜɞŰŮɚɘəɧ Űɖɠ Ɏəɟɞ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ Ŭɔəɡɟɞɓɞɚɖɛɏɜɖ ůŰɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ. ȰɜŬ Ɏɚɚɞ 
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ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ Mia40 ŮɑɜŬɘ ɧŰɘ ůŰɞɡɠ ɛɨəɖŰŮɠ ŮɛűŬɜɑɕŮɘ ŬɚɚɖɚɞɡɢɑŬ ůŰɧɢŮɡůɖɠ ůŰɖɜ ɛɐŰɟŬ, ɖ 

ɞˊɞɑŬ ŬˊɞɡůɘɎɕŮɘ ůŰɞɡɠ ŬɜɩŰŮɟɞɡɠ ŮɡəŬɟɡɤŰɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ (Chacinska  et al., 2004; Naoe,  

et al., 2004; Terziyska  et al., 2005; Hofmann et al., 2005). 

 ɋɠ ˊɟɞɠ Űɞɜ Űɟɧˊɞ ůŰɧɢŮɡůɖɠ Űɖɠ ɑŭɘŬɠ Űɖɠ ˊɟɤŰŮȶɜɖɠ Mia40 ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ ɡˊɎɟɢɞɡɜ 

ŭɨɞ əɨɟɘŮɠ ŬˊɧɣŮɘɠ. ȼ ɛɑŬ ɡˊɞůŰɖɟɑɕŮɘ ɧŰɘ ŮˊŮɘŭɐ ɖ Mia40 ůŰɞ ůŬəɢŬɟɞɛɨəɖŰŬ ɏɢŮɘ ŬɛűɘˊŬɗɏɠ 

ůɐɛŬ ůŰɧɢŮɡůɖɠ, ŮɘůɏɟɢŮŰŬɘ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ ɛɏůŬ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ ñŭɘŬəɞˊɐɠ-

ɛŮŰŬűɞɟɎɠò (Chacinska et al., 2004; Naoe et al., 2004; Terziyska, et al., 2005). ȳɛɤɠ ŬɡŰɧ Űɞ 

ŬɛűɘˊŬɗɏɠ ůɐɛŬ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ˊɟɤŰŮȶɜɖɠ əŬɘ ɖ ŬˊŬɚɞɘűɐ Űɞɡ ŭŮɜ 

ŮɑɜŬɘ ɗɜɖůɘɔɧɜŬ ɔɘŬ Űɖ ɓɘɤůɘɛɧŰɖŰŬ Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ (Chacinska et al., 2008). ȺɝŬɘŰɑŬɠ Űɖɠ 

ɨˊŬɟɝɖɠ ůŰɖɜ Mia40 Ůɜɧɠ ˊɞɚɨ ůɡɜŰɖɟɖɛɏɜɞɡ ŭɘˊɚɞɨ ɛɞŰɑɓɞɡ ůŮ ɧɚɞɡɠ Űɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ, ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ŬˊɞŰŮɚŮɑ ɖ ɑŭɘŬ ɖ Mia40 ɡˊɧůŰɟɤɛŬ Űɞɡ ŮŬɡŰɞɨ Űɖɠ (Terziyska et al, 2007). Ⱥˊɑůɖɠ, 

Űɞ ɛɞŰɑɓɞ ɏɚɘəŬ-ůŰɟɞűɐ-ɏɚɘəŬ ŮɛűŬɜɑɕŮŰŬɘ ŮəŰɧɠ Ŭˊɧ Űɖɜ ɑŭɘŬ Űɖ Mia40, əŬɘ ůŮ ˊɞɚɚɎ ɡˊɞůŰɟɩɛŬŰɎ 

Űɖɠ, ˊ.ɢ. Cox23, Cox19, Cox17, Mic14p, Mic17, Mdm35 (Beers et al, 1997; Nobrega et al., 2002; 

Westerman, 2004; Barros, 2004; Gabriel et al., 2007; Dimmer, et al., 2002). 

 ȳɚŬ ŰŬ ɞɛɧɚɞɔŬ Űɖɠ Mia40 ɏɢɞɡɜ ɛɘŬ ˊɞɚɨ ůɡɜŰɖɟɖɛɏɜɖ ŮˊɘəɟɎŰŮɘŬ Ŭˊɧ 66 ŬɛɘɜɞɝɘəɎ 

əŬŰɎɚɞɘˊŬ ůŰɞ əŬɟɓɞɝɡŰŮɚɘəɧ Űɖɠ ŰɛɐɛŬ. ȷɡŰɐ ɖ ŮˊɘəɟɎŰŮɘŬ ˊŮɟɘɏɢŮɘ ɏɝɘ əɡůŰŮɥɜɘəɎ əŬŰɎɚɞɘˊŬ ɛŮ 

ŭɘɎŰŬɝɖ CPC CX9C-CX9C. ȼ Mia40 əŬɗɞɟɑɕŮɘ Űɖɜ ŮɘŭɘəɧŰɖŰŬ Űɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ ˊɞɡ ŮɘůɏɟɢɞɜŰŬɘ 

ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ, ɚŮɘŰɞɡɟɔɩɜŰŬɠ ɤɠ ɡˊɞŭɞɢɏŬɠ Űɞɡɠ (Milenkovic et al., 2007ɓ Sideris & 

Tokatlidis, 2007). ɆŰɖɜ ɞɝŮɘŭɤɛɏɜɖ ɛɞɟűɐ Űɞɡɠ ŰŬ əɡůŰŮɥɜɘəɎ Űɞɡɠ əŬŰɎɚɞɘˊŬ ůɢɖɛŬŰɑɕɞɡɜ 

ŭɘůɞɡɚűɘŭɘəɞɨɠ ŭŮůɛɞɨɠ. ɀŮŰɎɚɚŬɝɖ Űɤɜ əɡůŰŮɥɜɘəɩɜ ɕŮɡɔɩɜ ůŮ əŬŰɎɚɞɘˊŬ ůŮɟɑɜɖɠ ŮɑɜŬɘ  

ɗɜɖůɘɔɧɜŬ ɔɘŬ ŰŬ əɨŰŰŬɟŬ Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ (Naoe et al., 2004).  

 ȼ ŭŮɨŰŮɟɖ əɡůŰŮȶɜɖ Űɞɡ ɛɞŰɑɓɞɡ CPC ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖ ɓɘɤůɘɛɧŰɖŰŬ Űɤɜ əɡŰŰɎɟɤɜ 

Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ əŬɘ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɖɠ Mia40 ɛŮ Űɖɜ Erv1. ȼ ŭŮɨŰŮɟɖ 

əɡůŰŮȶɜɖ Űɞɡ ɛɞŰɑɓɞɡ CPC ůɢɖɛŬŰɑɕŮɘ ɏɜŬ ŬɜŬɔɤɔɘəɎ ŮɡŬɑůɗɖŰɞ ŭɘůɞɡɚűɘŭɘəɧ ŭŮůɛɧ ɛŮ Űɞ ˊɟɩŰɞ 

əɡůŰŮɥɜɘəɧ əŬŰɎɚɞɘˊɞ Űɞɡ ŭɘˊɚɞɨ CX9C ɛɞŰɑɓɞɡ Űɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ Űɖɠ (Terziyska et al., 2009).  

ɇɞ CPC ŬˊɞŰŮɚŮɑ ŰɛɐɛŬ ɛɘŬɠ ɛɘəɟɐɠ ɏɚɘəŬɠ, ɖ ɞˊɞɑŬ ůɡɜŭɏŮŰŬɘ ŭɘŬɛɏůɞɡ ɛɘŬɠ ŮɨəŬɛˊŰɖɠ ˊŮɟɘɞɢɐɠ 

ɛŮ ŭɞɛɐ ɏɚɘəŬ-ůŰɟɞűɐ-ɏɚɘəŬ (Herrmann et al., 2012). ȷɡŰɐ ɖ ŭɞɛɐ ůŰŬɗŮɟɞˊɞɘŮɑ Űɖɜ ˊɟɤŰŮȶɜɖ əŬɘ 

ŬɡŰɐ ɖ ŭɞɛɐ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ Űɞɡɠ ŭɘůɞɡɚűɘŭɘəɞɨɠ ŭŮůɛɞɨɠ ŬɜɎɛŮůŬ ůŰɞ ŰɟɑŰɞ əŬɘ ůŰɞ ɏəŰɞ 

əɡůŰŮɥɜɘəɧ əŬŰɎɚɞɘˊɞ Űɖɠ ˊɟɤŰŮȶɜɖɠ (Terziyska et al., 2009). Ƀɘ ŭɨɞ ɏɚɘəŮɠ ůɢɖɛŬŰɑɕɞɡɜ ɏɜŬ 

ɡŭɟɧűɞɓɞ ŬɡɚɎəɘ ŭɏůɛŮɡůɖɠ ɔɘŬ ŰŬ ɡˊɞůŰɟɩɛŬŰŬ ŰŬ ɞˊɞɑŬ ˊɘɗŬɜɩɠ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ Ŭˊɧ ŰŬ 

ŰɛɐɛŬŰŬ ITS ɐ MISS Űɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ (Milenkovic et al., 2009, Sideris et al., 2009).  

 ɄɟɧůűŬŰŬ ŬɜŬɚɨɗɖəŬɜ ɛŮ əɟɡůŰŬɚɚɞɔɟŬűɑŬ əŬɘ ɛŮ NMR (Nuclear magnetic resonance) ɞɘ 

ŭɞɛɏɠ Űɖɠ ˊɟɤŰŮȶɜɖɠ Mia40 Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ əŬɘ Űɖɠ ɞɛɧɚɞɔɐɠ Űɖɠ ůŰɞɜ Ɏɜɗɟɤˊɞ (Banci et al., 

2009; Kawano et al., 2009). ȳɛɤɠ, ɖ əŬŰɎůŰŬůɖ ɞɚɘɔɞɛŮɟɘůɛɞɨ Űɖɠ Mia40 ŭŮɜ ŮɑɜŬɘ ŬəɧɛŬ ɔɜɤůŰɐ. 

ȼ ˊɟɤŰŮȶɜɖ Mia40 Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ ůŮ ɞɡŭɏŰŮɟŬ ˊɖəŰɩɛŬŰŬ (blue native gels) ɛŮŰŬɜŬůŰŮɨŮɘ 

ůŰŬ 150ï180kDa (Chacinska et al., 2004). ɆŮ ŬˊɞŭɘŬŰŬəŰɘəɎ ˊɖəŰɩɛŬŰŬ (SDS polyacrylamide gel) 

ɛŮŰŬɜŬůŰŮɨŮɘ ůŰŬ  60ï70kDa, Ůɜɩ ɖ ˊɞɚɡˊŮˊŰɘŭɘəɐ Űɖɠ ŬɚɡůɑŭŬ ɛŮŰŬɜŬůŰŮɨŮɘ ůŰŬ 40 kDa 
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(Chacinska et al., 2004; Naoe et al., 2004). ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, ɖ ŬɜŬůɡɜŭɡŬůɛɏɜɖ ɏəűɟŬůɖ 

Űɖɠ ůɡɜŰɖɟɖɛɏɜɖɠ ŮˊɘəɟɎŰŮɘŬɠ Űɖɠ Mia40, ŭŮɜ ŬˊɞəɎɚɡɣŮ ŮɜŭŮɑɝŮɘɠ ɔɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ ŭɘɛŮɟɞɨɠ ɐ 

ɞɚɘɔɞɛŮɟɞɨɠ Űɖɠ ˊɟɤŰŮȶɜɖɠ (Herrmann et al., 2012).  

 ȼ ŬɜŬůɡɜŭɡŬůɛɏɜɖ Mia40 ŭŮůɛŮɨŮɘ ŭɘůɗŮɜɐ əŬŰɘɧɜŰŬ, ɛŮ ˊɟɞŰɑɛɖůɖ Zn ɐ Cu, ɛŮ ˊɘɗŬɜɧ 

ŬˊɞŰɏɚŮůɛŬ Űɖ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ŭɞɛɐɠ Űɖɠ (Terziyska et al., 2005). ɆɡɔəŮəɟɘɛɏɜŬ, ɖ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɖɠ Mia40 ɛŮ ŰŬ ɡˊɞůŰɟɩɛŬŰɎ Űɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŰŬ ŭɘůɗŮɜɐ əŬŰɘɧɜŰŬ (Chacinska 

et al., 2004). ɋůŰɧůɞ, ɖ Lu əŬɘ ůɡɜŮɟɔɎŰŮɠ Űɖɠ ɏŭŮɘɝŬɜ ɧŰɘ ɛɧɜɞ ŰŬ ɞɝŮɘŭɤɛɏɜŬ əŬɘ ɢɤɟɑɠ ɛɏŰŬɚɚŬ 

ɛɘəɟɎ Tim ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ ůŮ ŮŰŮɟɞŮɝŬɛŮɟɘəɎ ůɡɛˊɚɏɔɛŬŰŬ (Lu et al., 2004), ɖ ŭŮ Ŭɟɢɘəɐ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ ɛɘəɟɩɜ Tim ɛŮ Űɖɜ Mia40 ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɖ Ŭˊɧ ŰŬ ŭɘůɗŮɜɐ əŬŰɘɧɜŰŬ (Sideris & 

Tokatlidis, 2007) ȼ ˊɚɞɨůɘŬ ůŮ əɡůŰŮȶɜŮɠ ˊɟɤŰŮȶɜɖ Hot13 (Helper of Tim) ˊɞɡ ŮŭɟɎɕŮŰŬɘ ůŰɞ 

ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ, ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖ ɓɘɤůɘɛɧŰɖŰŬ Űɤɜ əɡŰŰɎɟɤɜ (Curran et al., 2004), 

ŬɚɚɎ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖ ɓɘɞɔɏɜŮůɖ Űɤɜ ɛɘəɟɩɜ Tim ˊɟɤŰŮɥɜɩɜ əŬɘ ɔɘŬ Űɖɜ ɞɝŮɘŭɤŰɘəɐ ɟɨɗɛɘůɖ 

ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ (Curran et al., 2004). Ƀ ɣŮɡŭɎɟɔɡɟɞɠ ŬˊɞŰŮɚŮɑ ŬɜŬůŰɞɚɏŬ Űɖɠ Erv1 ůŰɖ 

ŭɟɎůɖ Űɖɠ ɤɠ ůɞɡɚűɡŭɟɘɚɘəɐ ɞɝŮɘŭɎůɖ (Morgan et al., 2009). ȼ Hot13 ˊɘɗŬɜɩɠ ɜŬ ŭɘŬŰɖɟŮɑ Űɖ  

Mia40 ŮɚŮɨɗŮɟɖ Ŭˊɧ ɣŮɡŭɎɟɔɡɟɞ ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖɜ ŮˊŬɜɞɝŮɑŭɤůɐ Űɖɠ Ŭˊɧ Űɖɜ Erv1 (Mesecke 

et al., 2008).  

 Ƀ Űɟɧˊɞɠ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ŭŮɨŰŮɟɞɡ ŭɘůɞɡɚűɘŭɘəɞɨ ŭŮůɛɞɨ ůŰŬ ɡˊɞůŰɟɩɛŬŰŬ Űɞɡ 

ɛɞɜɞˊŬŰɘɞɨ MIA40 ŭŮɜ ɏɢŮɘ ŭɘŮɡəɟɘɜɘůŰŮɑ. ȰɜŬɠ ɛɖɢŬɜɘůɛɧɠ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ in vitro 

ŭɖɛɘɞɡɟɔɑŬɠ ŭŮɨŰŮɟɞɡ ŭɘůɞɡɚűɘŭɘəɞɨ ŭŮůɛɞɨ ɛŮ O2 ˊŬɟɞɡůɑŬ Mia40 (Banci et al., 2009). Ⱥˊɑůɖɠ 

ŮɑɜŬɘ ˊɘɗŬɜɧ ɖ Mia40 ɜŬ əŬŰŬɚɨŮɘ əŬɘ Űɞɡɠ ŭɨɞ ŭɘůɞɡɚűɘŭɘəɞɨɠ ŭŮůɛɞɨɠ ɛŮ ŭɨɞ ŭɘŬŭɞɢɘəɞɨɠ 

əɨəɚɞɡɠ ŮˊŬɜɞɝŮɑŭɤůɐɠ Űɖɠ. Ƀɘ ɛɘəɟɏɠ ŬɜɖɔɛɏɜŮɠ ˊɟɤŰŮȶɜŮɠ Tim ɛˊɞɟŮɑ ɜŬ ɞɝŮɘŭɩɜɞɜŰŬɘ Ŭˊɧ 

Ŭɜɖɔɛɏɜɖ ɔɚɞɡŰŬɗŮɘɧɜɖ (glutathione) ɐ Ŭˊɧ Űɖɜ ˊɟɤŰŮȶɜɖ Erv1 (Muller et al., 2008). Ⱥˊɘˊɚɏɞɜ ɖ 

Erv1 ŬɜɘɢɜŮɨɗɖəŮ ůŮ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ ɧɜŰŬɠ ůŮ ŰɟɘɛŮɟɏɠ ůɨɛˊɚŮɔɛŬ ɛŮ Űɞ 

ɡˊɧůŰɟɤɛŬ əŬɘ Űɖɜ Mia40 (Bourens et al., 2012; Bºttinger et al., 2012; Stojanovski et al., 2008) əŬɘ 

ɏɢŮɘ ˊɟɞŰŬɗŮɑ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞɤɗɐůŮɘ Űɖɜ ɞɝŮɑŭɤůɖ Űɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ, ɧŰŬɜ Űɧůɞ ɖ ɑŭɘŬ ɧůɞ  

əŬɘ Űɞ ɡˊɧůŰɟɤɛŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖɜ Mia40 (Stojanovski et al., 2008). 

 

ȺɘəɧɜŬ 7. ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɛɖɢŬɜɘůɛɞɨ ŭɖɛɘɞɡɟɔɑŬɠ ŭɘůɞɡɚűɘŭɘəɩɜ ŭŮůɛɩɜ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ ɀȽȷ 
(Sideris & Tokatlidis, 2007) 
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4.3 Erv1 

 Ƀ Lisowsky Űɞ 1992 ŬˊɞɛɧɜɤůŮ ɏɜŬ ɔɞɜɑŭɘɞ ůŰɞ ůŬəɢŬɟɞɛɨəɖŰŬ, Űɞ ɞˊɞɑɞ ɞɜɧɛŬůŮ Erv1 

(Essential for Respiration and Vegetative growth 1) əŬɘ əɤŭɘəɞˊɞɑɖůŮ ɛɘŬ ˊɟɤŰŮȶɜɖ 14kDa 

(Lisowsky, 1992). ɄŬɟŬŰɐɟɖůŮ ɧŰɘ Űɞ Ůɜ ɚɧɔɤ ɔɞɜɑŭɘɞ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖɜ ɓɘɤůɘɛɧŰɖŰŬ Űɤɜ 

əɡŰŰɎɟɤɜ əŬɘ ŮˊɖɟŮɎɕŮɘ Űɖɜ ɞɝŮɘŭɤŰɘəɐ űɤůűɞɟɡɚɑɤůɖ  əŬɘ Űɖɜ ŬəŮɟŬɘɧŰɖŰŬ Űɤɜ ɛŮŰŬɔɟɎűɤɜ ůŰŬ 

ɛɘŰɞɢɧɜŭɟɘŬ. ɇɞ 1994 ɞ ɑŭɘɞɠ əŬŰɏɚɖɝŮ ůŰɞ ɧŰɘ ɖ əŬŰŬůŰɞɚɐ Űɞɡ ɔɞɜɘŭɑɞɡ ˊɟɞəŬɚŮɑ ɞɚɞəɚɖɟɤŰɘəɐ 

ɏɚɚŮɘɣɖ Űɞɡ ɛɘŰɞɢɞɜŭɟɘŬəɞɨ ɔɞɜɘŭɘɩɛŬŰɞɠ (Lisowsky, 1994).  

 ɆŰɞ Ŭɜɗɟɩˊɘɜɞ ɢɟɤɛɧůɤɛŬ 6 ɡˊɎɟɢŮɘ ɏɜŬ ɔɞɜɑŭɘɞ ˊɞɡ əɤŭɘəɞˊɞɘŮɑ ɛɘŬ ˊɟɤŰŮȶɜɖ ɖ ɞˊɞɑŬ  

ɞɜɞɛɎɕŮŰŬɘ ALR (Augmenter of Lliver Regeneration). ȼ ALR ŮɛűŬɜɑɕŮɘ 42% ɞɛɞɚɞɔɑŬ ɛŮ Űɖɜ Erv1 

Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ (Lisowsky, 1996). ɇɞ ɔɞɜɑŭɘɞ Űɖɠ Erv1 ůŰɞ ůŬəɢŬɟɞɛɨəɖŰŬ əŬɘ Űɞ ɔɞɜɑŭɘɞ Űɖɠ 

Ŭɜɗɟɩˊɘɜɖɠ ALR  ɏɢɞɡɜ ˊŮɟɑˊɚɞəɖ ɞɟɔɎɜɤůɖ ůŰɞ 5ȭ Ɏəɟɞ Űɞɡɠ (Lisowsky, 1996) əŬɘ ɛɎɚɘůŰŬ  Űɞ 

ɔɞɜɑŭɘɞ Űɖɠ ALR ɏɢŮɘ ɏɜŬ ɘɜŰɟɧɜɘɞ ůŮ əɞɜŰɘɜɐ ɗɏůɖ ɛŮ ŬɡŰɐ ˊɞɡ ɡˊɎɟɢŮɘ ůŰɞ ŬɜŰɑůŰɞɘɢɞ Űɞɡ ɔɞɜɘŭɑɞɡ 

Űɖɠ Erv1 ůŰɞɜ ůŬəɢŬɟɞɛɨəɖŰŬ (Giorda et al., 1996; Lisowsky, 1996). ȼ Ŭɜɗɟɩˊɘɜɖ ALR Ŭˊɧ 

ŮɜŬɚɚŬəŰɘəɧ ɛɎŰɘůɛŬ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ŭɡɞ ɛɞɟűɏɠ, Űɖɜ sf-ALR (short form, 15kDa, 125Ŭ/Ŭ) əŬɘ Űɖɜ 

lf-ALR (long form, 23kDa, 205Ŭ/Ŭ). ȷˊɧ ŬɡŰɏɠ ɛɧɜɞ lf-ALR  ɓɟɑůəŮŰŬɘ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ əŬɘ ůɢŮŰɑɕŮŰŬɘ 

ɛŮ Űɞ ɛɞɜɞˊɎŰɘ MIA.  

 ȼ ɏɚɚŮɘɣɖ ɏəűɟŬůɖɠ Űɖɠ ˊɟɤŰŮȶɜɖɠ Erv1 ůŮ əɨŰŰŬɟŬ ůŬəɢŬɟɞɛɨəɖŰŬ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

ɛɞɟűɞɚɞɔɘəɏɠ ŬɚɚŬɔɏɠ, Űɖɜ ɏɚɚŮɘɣɖ Űɖɠ ŮůɤŰŮɟɘəɐɠ ɛŮɛɓɟɎɜɖɠ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ əŬɘ ŰŮɚɘəɎ Űɖɜ 

ˊŬɜŰŮɚɐ ɏɚɚŮɘɣɖ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ, Ůɜɩ ɞ ˊɡɟɐɜŬɠ űŬɑɜŮŰŬɘ ɜŬ ˊŬɟŬɛɏɜŮɘ űɡůɘɞɚɞɔɘəɧɠ. Ⱥˊɘˊɚɏɞɜ 

ɖ ɛŮŰɎɚɚŬɝɐ Űɖɠ Erv1 ůŰɖ ɗɏůɖ 123 Ŭˊɧ űŬɘɜɡɚŬɚŬɜɑɜɖ ůŮ ůŮɟɑɜɖ ŭɘŬŰŬɟɎůůŮɘ Űɖ űɡůɘɞɚɞɔɘəɐ 

ˊŮɟɘűŮɟŮɘŬəɐ əŬŰŬɜɞɛɐ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ůŰɞɜ ůŬəɢŬɟɞɛɨəɖŰŬ (Becher et al., 1999). ɀɘəɟɐ 

ɛŮɑɤůɖ Űɖɠ Erv1 ɞŭɖɔŮɑ ůŮ ɛŮɘɤɛɏɜŬ ŮˊɑˊŮŭŬ ɞɟɘůɛɏɜɤɜ ˊɟɤŰŮɥɜɩɜ Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ 

ˊ.ɢ.  Cox17, Tim13, Sod1, ɛɘəɟɏɠ Tim, ŬɚɚɎ ɧɢɘ Űɤɜ ˊɟɤŰŮɥɜɩɜ cyt-b, cyt-c (Mesecke et al., 2005; 

Rissler et al., 2005; Terziyska et al., 2005; Allen et al., 2005). ȼ ŬɜŬůɡɜŭɡŬůɛɏɜɖ ˊɟɤŰŮȶɜɖ Erv1 

ůɡɕŮɡɔɛɏɜɖ ɛŮ GFP ŮɜŰɞˊɑɕŮŰŬɘ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ əŬɘ ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ 

(Becher et al.,1999). 

 ȼ Erv1 ŬˊɞŰŮɚŮɑ Űɖɜ ˊɟɩŰɖ ůɞɡɚűɡŭɟɘɚɘəɐ ɞɝŮɘŭɎůɖ ˊɞɡ ŮɜŰɞˊɑůŰɖəŮ  ůŰɞɡɠ 

ůŬəɢŬɟɞɛɨəɖŰŮɠ. ɈˊɎɟɢɞɡɜ ɞɛɧɚɞɔŮɠ ˊɟɤŰŮȶɜŮɠ ůŮ ˊɞɚɚɞɨɠ ŮɡəŬɟɡɤŰɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ, ŬɚɚɎ ɖ 

Erv1 ŬˊɞɡůɘɎɕŮɘ ůŰŬ ɓŬəŰɐɟɘŬ. ȼ Erv1 ŮɘůɏɟɢŮŰŬɘ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ ɛɏůɤ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ Űɖɠ ɀȽȷ 

(Terziyska et al., 2007) əŬɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖ ɓɘɞɔɏɜŮůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ Űɞɡ ɑŭɘɞɡ ɛɞɜɞˊŬŰɘɞɨ 

(Mesecke et al., 2005). ȷɚɚɖɚŮˊɘŭɟɎ ɛŮ Űɖɜ Mia40 əŬɘ Űɖɜ ɞɝŮɘŭɩɜŮɘ, ɩůŰŮ ɖ Mia40 ɜŬ ŮˊŬɜɏɚɗŮɘ 

ůŰɖɜ ɞɝŮɘŭɤɛɏɜɖ Űɖɠ ɛɞɟűɐ Ŭűɞɨ ɏɢŮɘ ŬɜŬɢɗŮɑ əŬŰɎ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɐ Űɖɠ ɛŮ Űɞ ɡˊɧůŰɟɤɛŬ 

(Mesecke et al., 2005). ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ůŮ űɡůɘɞɚɞɔɘəɎ ɛɘŰɞɢɧɜŭɟɘŬ, Űɞ 80% Űɖɠ ŮɜŭɞɔŮɜɞɨɠ Mia40 

ɓɟɑůəŮŰŬɘ ůŰɖɜ ɞɝŮɘŭɤɛɏɜɖ ɛɞɟűɐ Űɖɠ (Bihlmaier et al., 2007). ȳɛɤɠ Ŭɜ ɛŮɘɤɗɞɨɜ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ 

Erv1, ɖ Mia40 ɛŮŰŬŰɞˊɑɕŮŰŬɘ ůŰɖɜ Ŭɜɖɔɛɏɜɖ Űɖɠ ɛɞɟűɐ (Bihlmaier et al., 2007). 
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 ȼ ŭɞɛɐ Űɖɠ Erv1/ALR ɏɢŮɘ ŬɜŬɚɡɗŮɑ ɛɏɢɟɘ ŰɩɟŬ ůŰɞ űɡŰɧ A. thaliana (Vitu et al., 2006), 

ůŰɞɜ ˊɞɜŰɘəɧ (Wu, 2003) əŬɘ ůŰɞɜ Ɏɜɗɟɤˊɞ (Banci et al., 2011; Vidydhar et al., 2011). Ⱥˊɑůɖɠ, ůŰɞ 

ůŬəɢŬɟɞɛɨəɖŰŬ S. cerevisiae ɏɢɞɡɜ ŬɜŬɚɡɗŮɑ ɞɘ ŭɞɛɏɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ Erv1 (Peng-Chao et al., 

2012) əŬɘ Erv2 (Gross et al., 2002). ȼ ˊɟɤŰŮȶɜɖ Erv1 ŮɛűŬɜɑɕŮŰŬɘ ɤɠ ɏɜŬ ɛɖ ɞɛɞɘɞˊɞɚɘəɎ 

ůɡɜŭŮŭŮɛɏɜɞ ŭɘɛŮɟɏɠ (Hofhaus et al., 2003; Lee et al., 2000), ůŰɞ ɞˊɞɑɞ ŰŬ ŭɨɞ ɛɏɟɖ 

ůɡɜŮɟɔɎɕɞɜŰŬɘ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ Űɤɜ e- (Grose et al., 2002; Vala et al., 2005; Bien et al., 2010). Ƀ 

Dabir əŬɘ ɞɘ ůɡɜŮɟɔɎŰŮɠ Űɞɡ ɗŮɤɟɞɨɜ ɧŰɘ ŰŬ ŭɨɞ Ɂ-ŰŮɚɘəɎ CX2C ɛɞŰɑɓŬ ůɢɖɛŬŰɑɕɞɡɜ ɏɜŬɜ 

ˊɟɞůɤɟɘɜɧ ŭɘůɞɡɚűɘŭɘəɧ ŭŮůɛɧ, ɞ ɞˊɞɑɞɠ ůŰŬɗŮɟɞˊɞɘŮɑ Űɞ ŭɘɛŮɟɏɠ Űɖɠ Erv1 (Dabir et al., 2007). 

ɈˊɎɟɢɞɡɜ ůɡɜŰɖɟɖɛɏɜŬ əɡůŰŮɥɜɘəɎ əŬŰɎɚɞɘˊŬ Űɖɠ ˊɟɤŰŮȶɜɖɠ, ŰŬ ɞˊɞɑŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ ŭɘɛŮɟɘůɛɧ 

Űɖɠ ˊɟɤŰŮȶɜɖɠ ɛɏůɤ ɡŭɟɧűɞɓɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ  (Bien et al., 2010; Gross et al., 2002; Vala et 

al., 2005; Vitu et al., 2006; Wu et al., 2003).  

 ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ɗŮɤɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɞɜ Űɟɧˊɞ ŭɟɎůɖɠ Űɖɠ Erv1. ȼ ŭɟɎůɖ Űɖɠ Erv1 

ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚŮŰŬɘ ůŮ ŬˊŮɡɗŮɑŬɠ ɛŮŰŬűɞɟɎ e- Ŭˊɧ Űɖɜ ˊɟɤŰŮȶɜɖ Mia40 ůŰɞ ɛɧɟɘɞ FAD ˊɞɡ űɏɟŮɘ 

ůŰɖ ŭɞɛɐ Űɖɠ (Dabir et al., 2007). ɆɨɛűɤɜŬ ɛŮ ɛɘŬ Ɏɚɚɖ ɗŮɩɟɖůɖ, ɖ ŭɟɎůɖ Űɖɠ ˊɟɤŰŮȶɜɖɠ ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ɞűŮɑɚŮŰŬɘ ůŮ ŭɘŬɛɞɟɘŬəɐ ɐ ŮɜŭɞɛɞɟɘŬəɐ ɛŮŰŬűɞɟɎ e- Ŭˊɧ Űɞ ŬɛɘɜɞŰŮɚɘəɧ Űɖɠ əɞɛɛɎŰɘ 

ůŰɞ FAD (Coppock & Thorpe, 2006; Hofhaus et al., 2003). ȼ ˊŮɟɑˊŰɤůɖ ŮɜŭɞɛɞɟɘŬəɐɠ ɛŮŰŬűɞɟɎɠ 

ůɡɛűɤɜŮɑ ɛŮ Űɞɜ ɛɖɢŬɜɘůɛɧ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ Erv2 (Vala et al., 2005; Gross et al., 2002; Wu et al., 

2003) əŬɘ ɗŮɤɟŮɑŰŬɘ ůɐɛŮɟŬ Ŭˊɧ ˊɞɚɚɞɨɠ ɤɠ ɖ ŮˊɘəɟŬŰɞɨůŬ ɗŮɤɟɑŬ (Bien et al., 2010).  

 ȼ ˊɟɤŰŮȶɜɖ Erv1 ɏɢŮɘ ɏɜŬ əŬŰŬɚɡŰɘəɧ ɕŮɡɔɎɟɘ əɡůŰŮɥɜɩɜ (active siteïFAD proximal) Cx2C, 

ɏɜŬ ɕŮɨɔɞɠ əɑɜɖůɖɠ (shuttle pair) Cx2C əŬɘ ɏɜŬ ŭɞɛɘəɧ ɕŮɡɔɎɟɘ (structural pair) Cx16C. ɇŬ e- 

ɛŮŰŬűɏɟɞɜŰŬɘ Ŭˊɧ Űɖɜ Mia40 ůŰɞ ɕŮɨɔɞɠ əɑɜɖůɖɠ əŬɘ Ŭˊɧ ŮəŮɑ ůŰɞ ŮɜŮɟɔɧ ŭɘůɞɡɚűɑŭɘɞ Űɖɠ Ɏɚɚɖɠ 

ˊɞɚɡˊŮˊŰɘŭɘəɐɠ ŬɚɡůɑŭŬɠ (Lionaki et al., 2011).  ȷˊɧ ŮəŮɑ ɛɏůɤ Űɞɡ FAD, ŰŬ e- ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɞ 

cyt-c ɐ ůŰɞ Ƀ2. ɇɞ ŬɛɘɜɞŰŮɚɘəɧ Ɏəɟɞ Űɖɠ Erv1 (N72) ůŰɞ ůŬəɢŬɟɞɛɨəɖŰŬ, Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ɛɧɜɞ Űɞ 

əɡůŰŮɥɜɘəɧ ɕŮɨɔɞɠ əɑɜɖůɖɠ ɧŰŬɜ ŮɑɜŬɘ ůŰɖɜ ɞɝŮɘŭɤɛɏɜɖ Űɞɡ ɛɞɟűɐ, ŮɑɜŬɘ ŬɜŬɔəŬɑɞ əŬɘ ɘəŬɜɧ ɜŬ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘ ɛŮ Űɖ Mia40 əŬɘ ɜŬ Űɖɜ ɞɝŮɘŭɩůŮɘ (Lionaki et al., 2011). To ŭɘˊɚɧ Cx16C ɛɞŰɑɓɞ 

ůŰŬɗŮɟɞˊɞɘŮɑ Űɖ ŭɞɛɐ Űɖɠ Erv1 (Ang & Lu, 2009) əŬɘ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ ˊɟɧůŭŮůɖɠ Űɞɡ 

FAD (Hofhaus et al., 2003). Ⱥˊɑůɖɠ, ɞɟɘůɛɏɜŮɠ ˊɟɤŰŮȶɜŮɠ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Erv1/ALR ŭɘŬɗɏŰɞɡɜ 

əɡůŰŮȶɜŮɠ ɡˊŮɨɗɡɜŮɠ ɔɘŬ ŭɘɛŮɟɘůɛɧ əŮűŬɚɐɠ - ɞɡɟɎɠ (head to tail dimerization) əŬɘ ɛɖ ŬˊŬɟŬɑŰɖŰŮɠ 

ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ˊɟɤŰŮȶɜɖɠ əɡůŰŮȶɜŮɠ.  

 ɈˊɎɟɢɞɡɜ ŬɜŰɘəɟɞɡɧɛŮɜŮɠ ŬˊɧɣŮɘɠ ɔɘŬ Űɞ Ŭɜ ɖ Erv1 ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ Űɤɜ 

ˊɟɧŭɟɞɛɤɜ ɛɞɟɑɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ Ŭˊɧ Űɖɜ Mia40 (Mesecke et al., 2005; Rissler et al., 2005). 

ɆŰɞ ˊŬɟŮɚɗɧɜ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ɧŰɘ ɡˊɎɟɢɞɡɜ ˊŬɟɞŭɘəɞɑ ŭɘŬɛɞɟɘŬəɞɑ ŭɘůɞɡɚűɘŭɘəɞɑ ŭŮůɛɞɑ ŬɜɎɛŮůŬ 

ůŰɘɠ ˊɟɤŰŮȶɜŮɠ Mia40 əŬɘ Erv1 əŬɘ ŬɜɎɛŮůŬ ůŰɖɜ Mia40 əŬɘ ŰŬ ɡˊɞůŰɟɩɛŬŰɎ Űɖɠ (Chacinska et al., 

2004; Mesecke et al., 2005; Rissler et al., 2005; Milenkovic et al., 2007Ŭ; Sideris & Tokatlidis, 

2007).  

 ȼ ˊɟɤŰŮȶɜɖ Erv1 ɛˊɞɟŮɑ ɜŬ ɞɝŮɘŭɩůŮɘ in vitro ɡˊɞůŰɟɩɛŬŰŬ, ɧˊɤɠ Űɞ DTT (Lee et al., 

2000; Levitan et al., 2004) əŬɘ ɜŬ ɛŮŰŬűɏɟŮɘ e- Ŭˊɧ Űɞ DTT ůŰɞ cyt-c (Bihlmaier et al., 2007). ȰɢŮɘ 
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ŭŮɘɢɗŮɑ ɧŰɘ Űɞ cyt-c ɛˊɞɟŮɑ ɜŬ ŭŮɢŰŮɑ e- in vitro Ŭˊɧ ŭɘɎűɞɟŮɠ ůɞɡɚűɡŭɟɘɚɘəɏɠ ɞɝŮɘŭɎůŮɠ 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ ɛɖ ɛɘŰɞɢɞɜŭɟɘŬəɩɜ ˊɟɤŰŮɥɜɩɜ (Bihlmaier et al., 2007). ɀŮŰɎ Űɖɜ 

ŬɚɚɖɚŮˊɑŭɟŬůɐ Űɖɠ ɛŮ Űɖɜ Mia40 ɖ Erv1 ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ e- ůŰɞ cyt-c (ůɡɛɛŮŰɏɢŮɘ ůŰɞ ůɨɛˊɚŮɔɛŬ 

IV Űɖɠ ŬɜŬˊɜŮɡůŰɘəɐɠ ŬɚɡůɑŭŬɠ) ůɢɖɛŬŰɑɕɞɜŰŬɠ ůɨɛˊɚɞəŬ 1:1 (Dabir et al., 2007) əŬɘ ɏˊŮɘŰŬ ŰŬ e- 

ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɖɜ cyt-c ɞɝŮɘŭɎůɖ (ůɡɛɛŮŰɏɢŮɘ ůŰɞ ůɨɛˊɚŮɔɛŬ III Űɖɠ ŬɜŬˊɜŮɡůŰɘəɐɠ ŬɚɡůɑŭŬɠ) 

(Bihlmaier et al, 2007). ȰɜŬ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Űɞɡ ɞɝŮɘŭɤɛɏɜɞɡ cyt-c ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ ɜŬ ŭŮɢŰŮɑ e- 

Ŭˊɧ Űɖɜ Erv1 ůŰɞ ɛɘŰɞɢɧɜŭɟɘɞ (Morgan & Wikstrom, 1991; Cortese et al., 1995). ɀŮ ŬɡŰɧ Űɞɜ 

Űɟɧˊɞ ůɡɜŭɏŮŰŬɘ Űɞ ɛɞɜɞˊɎŰɘ MIA ɛŮ Űɖɜ ŬɜŬˊɜŮɡůŰɘəɐ ŬɚɡůɑŭŬ əŬɘ ˊŬɟɎɔŮŰŬɘ ɜŮɟɧ ɏɜŬɜŰɘ Űɞɡ 

Űɞɝɘəɞɨ ɔɘŬ ŰŬ əɨŰŰŬɟŬ H2O2 (Bihlmaier et al., 2007). Ⱥˊɑůɖɠ, ŮɑɜŬɘ ˊɘɗŬɜɧ Űɞ ɛɞɜɞˊɎŰɘ MIA ɜŬ 

ůɡɜŮɘůűɏɟŮɘ ůŰɞ ůɢɖɛŬŰɘůɛɧ ŭɘŬűɞɟɎɠ ŭɡɜŬɛɘəɞɨ ůŰɖɜ ŮůɤŰŮɟɘəɐ ɛŮɛɓɟɎɜɖ əŬɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

Űɞɡ ATP (Herrmann et al., 2012). 

 ȼ ˊɟɤŰŮȶɜɖ Erv1 in vitro ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ŰŬ e- ůŰɞ O2 ɛŮ ůɢɖɛŬŰɘůɛɧ H2O2 (Lee et al., 

2000), ɖ ŭŮ ůɡɔəɏɜŰɟɤůɐ Űɞɡ O2  ŮˊɖɟŮɎɕŮɘ Űɖɜ ɞɝŮɘŭɤŰɘəɐ əŬŰɎůŰŬůɖ Űɖɠ Mia40 (Bihlmaier et al., 

2007). ɇɞ H2O2 ůŰɖ ůɡɜɏɢŮɘŬ ŬɜɎɔŮŰŬɘ ůŮ H2O Ŭˊɧ Űɖɜ Ccp1 (cyt-c peroxidase). ȼ ˊɟɤŰŮȶɜɖ Erv1 

Űɞɡ űɡŰɞɨ A. thaliana ˊŮɟɘɏɢŮɘ ɏɜŬ ɛɘəɟɧ ɡŭɟɧűɞɓɞ ŬɡɚɎəɘ Ŭˊɧ Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ˊŮɟɎůŮɘ Űɞ O2  

əɞɜŰɎ ůŰɞ FAD Űɞ ɞˊɞɑɞ ɞŭɖɔŮɑ ůŮ ˊŬɟŬɔɤɔɐ H2O2 (Fass, 2008; Vitu et al., 2006). ȷɜŰɑɗŮŰŬ, Űɞ 

ŬɡɚɎəɘ ŬɡŰɧ ŬˊɞɡůɘɎɕŮɘ Ŭˊɧ Űɘɠ ˊɟɤŰŮȶɜŮɠ  ALR ůŰŬ ɗɖɚŬůŰɘəɎ (Herrmann et al., 2012). Ƀ ŰŮɚɘəɧɠ 

ŬˊɞŭɏəŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ůɡɜɗɐəŮɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ əɡŰŰɎɟɤɜ (Dabir et al., 2007). ɇŬ 

əɨŰŰŬɟŬ ůŬəɢŬɟɞɛɨəɖŰŬ ɛˊɞɟɞɨɜ ɜŬ ɛŮɔŬɚɩůɞɡɜ ŬɜŬŮɟɧɓɘŬ əŬɘ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ɧŰɘ Űɞ cyt-c ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ ŰŬ əɨŰŰŬɟŬ ůŮ ůɡɜɗɐəŮɠ ŮɝɎɜŰɚɖůɖɠ O2 (Allena et al., 2006). ɇɞ cyt-c ɗŮɤɟŮɑŰŬɘ 100 

űɞɟɏɠ əŬɚɨŰŮɟɞɠ ŬˊɞŭɏəŰɖɠ e- ůŮ ůɢɏůɖ ɛŮ Űɞ O2 ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ALR (Farrell & Thorpe, 2005). 

ȰŰůɘ, ɖ Erv1 ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ əŬɚɨŰŮɟŬ ɤɠ ůɞɡɚűɡŭɟɘɚɘəɐ ɛŮŰŬűɞɟɎůɖ, ˊŬɟɎ ɤɠ 

ůɞɡɚűɡŭɟɘɚɘəɐ ɞɝŮɘŭɎůɖ (Massey, 1994; Hemmerichv & Massey, 1977).  

ȺəŰɧɠ Ŭˊɧ Űɞ űɡůɘəɧ Űɖɠ ɡˊɧůŰɟɤɛŬ, Űɖɜ Mia40, ɖ ˊɟɤŰŮȶɜɖ Erv1 ɛˊɞɟŮɑ ɜŬ ɞɝŮɘŭɩůŮɘ in 

vitro ɛɧɟɘŬ ɚɡůɞɕɨɛɖɠ (lysozyme), ɗŮɘɞɟŮŭɞɝɑɜɖɠ (thioredoxin) TCEP əŬɘ ŭɘɗŮɘɞɗɟŮɘŰɧɚɖ (DTT) (Vitu 

et al., 2006; Hofhaus et al., 2003; Levitan et al., 2004; Lee et al., 2000, Ang & Lu, 2009). 
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ȺɘəɧɜŬ 8. ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ MIA Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ (Hell, 2008) 

 

5. ɃɘəɞɔɏɜŮɘŬ ˊɟɤŰŮɥɜɩɜ Erv/ALR 

 ȼ ɞɘəɞɔɏɜŮɘŬ ˊɟɤŰŮɥɜɩɜ Erv/ALR ɏɢŮɘ ɛɏɚɖ ůŮ ˊɚɖɗɩɟŬ ɞɟɔŬɜɘůɛɩɜ. ɀˊɞɟŮɑ ɜŬ 

ɓɟɑůəɞɜŰŬɘ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ, ůŰɞ ˊɡɟɐɜŬ, ůŰɞɜ ŮɝɤəɡŰŰɎɟɘɞ ɢɩɟɞ ɐ ůŰɞ ŮɜŭɞˊɚŬůɛŬŰɘəɧ ŭɑəŰɡɞ 

(ER). ɄɟɧůűŬŰŬ ŬɜŬɔɜɤɟɑůŰɖəŮ ɛɑŬ ˊɟɤŰŮȶɜɖ ůŰɞɡɠ ɢɚɤɟɞˊɚɎůŰŮɠ, ɖ ɞˊɞɑŬ ŮɛűŬɜɑɕŮɘ ɞɛɧɚɞɔɖ 

ŮˊɘəɟɎŰŮɘŬ ɛŮ Űɖɜ ˊɟɤŰŮȶɜɖ Erv1 (Bartsch et al., 2008). ɃɛɧɚɞɔŬ Űɖɠ Erv1 ɏɢɞɡɜ, Ůˊɑůɖɠ ŬɜŬűŮɟɗŮɑ 

ůŮ ɘɞɨɠ Űɤɜ ɞɘəɞɔŮɜŮɘɩɜ Poxviridae əŬɘ Iridoviridae ɛŮ Űɘɠ ɞɜɞɛŬůɑŮɠ E10R əŬɘ 88R, ŬɜŰɑůŰɞɘɢŬ 

(Yanez et al., 1995; Senkevich et al., 2000Ŭ; Senkevich et al., 2000ɓ, Ke et al., 2009) əŬɗɩɠ əŬɘ ůŮ 

űɡŰɎ, ɧˊɤɠ ůŰɖɜ A. thaliana (Levitan et al., 2003).  

 ȼ ˊɟɞɏɚŮɡůɖ Űɖɠ Erv1 ŭŮɜ ŮɑɜŬɘ ŬˊɧɚɡŰŬ ɔɜɤůŰɐ, ɧɛɤɠ ɓɟɏɗɖəŮ ˊɟɤŰŮȶɜɖ ɞɛɧɚɞɔɖ ŬɡŰɐɠ 

ůŰɞ  ŬɟɜɖŰɘəɧ əŬŰɎ Gram ˊɚŬɔəŰɞɜɘəɧ ɓŬəŰɐɟɘɞ Psychroflexus torquis, Űɞ ɞˊɞɑɞ ŬˊɞɛɞɜɩɗɖəŮ Ŭˊɧ 

ŭŮɑɔɛŬŰŬ ˊɎɔɞɡ Űɖɠ ȷɜŰŬɟəŰɘəɐɠ (Bowman et al., 1998). Ⱥˊɑůɖɠ, ɓɟɏɗɖəŬɜ ɎɚɚŮɠ 309 ˊɟɤŰŮȶɜŮɠ 

ɞɛɧɚɞɔŮɠ  Űɖɠ Erv1 ůŮ ŭŮɑɔɛŬŰŬ ɓŬəŰɖɟɑɤɜ Ŭˊɧ ɤəŮŬɜɞɨɠ (Yooseph et al., 2007), Ůɜɩ ŬˊɞɡůɘɎɕŮɘ 

ůŰŬ Ŭ-ˊɟɤŰɞɓŬəŰɐɟɘŬ, ŰŬ ɞˊɞɑŬ ɗŮɤɟɞɨɜŰŬɘ ɞɘ ˊɘɞ əɞɜŰɘɜɞɑ ˊɟɧɔɞɜɞɘ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ. 

Ⱥˊɞɛɏɜɤɠ, ɖ Erv1 ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɏɢŮɘ ɓŬəŰɖɟɘŬəɐ ˊɟɞɏɚŮɡůɖ Ŭɜ əŬɘ ůŰɞɡɠ ˊŮɟɘůůɧŰŮɟɞɡɠ 

ˊɟɞəŬɟɡɤŰɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ ŬˊɞɡůɘɎɕɞɡɜ ɞɛɧɚɞɔɎ Űɖɠ (Herrmann et al., 2009). ȷɡŰɧ ŭŮɜ ɏɢŮɘ 

ˊɟɞɠ Űɞ ˊŬɟɧɜ əŬŰŬɜɞɖɗŮɑ ˊɚɐɟɤɠ.  

 ȼ Erv1 ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ, ŮəŰɧɠ Ŭˊɧ Űɖ ŭɟɎůɖ Űɖɠ ůŰɞ ɛɞɜɞˊɎŰɘ MIA, ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖ 

ɓɘɞɔɏɜŮůɖ Űɤɜ əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɩɜ Fe/S ˊɟɤŰŮɥɜɩɜ (ISC, Iron Sulfur Custer assembly 
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machinery) ůŰɞɜ ůŬəɢŬɟɞɛɨəɖŰŬ əŬɘ ůŰɞɜ Ɏɜɗɟɤˊɞ (Lange et al., 2001). ɆŰɞ ůŬəɢŬɟɞɛɨəɖŰŬ 

ɡˊɎɟɢŮɘ Ůˊɑůɖɠ əŬɘ ɖ ˊɟɤŰŮȶɜɖ Erv2. ȼ Erv2 ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖ ɓɘɤůɘɛɧŰɖŰŬ Űɤɜ 

əɡŰŰɎɟɤɜ, ŬɚɚɎ ɚŮɘŰɞɡɟɔŮɑ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ Ero1 ůŰɞ ŮɜŭɞˊɚŬůɛŬŰɘəɧ ŭɑəŰɡɞ (Stein & Lisowski, 

1998; Gerber, 2001). Ƀɘ ˊɟɤŰŮȶɜŮɠ Erv1 əŬɘ Erv2 ŮɛűŬɜɑɕɞɡɜ 20% ɞɛɞɚɞɔɑŬ əŬɘ ŮɑɜŬɘ ˊɞɚɨ 

ůɡɜŰɖɟɖɛɏɜŮɠ ůŰɞ ŬɛɘɜɞŰŮɚɘəɧ Űɞɡɠ əɞɛɛɎŰɘ (Stein & Lisowski, 1998). 

 Ƀɘ ˊɟɤŰŮȶɜŮɠ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ QSOX (Quiescin-Qulfhydryl Oxidase) ɗŮɤɟŮɑŰŬɘ ɧŰɘ ˊɟɞɐɚɗŬɜ 

Ŭˊɧ ůɡɜŮɝɏɚɘɝɖ Űɖɠ ɓŬəŰɖɟɘŬəɐɠ ŮˊɘəɟɎŰŮɘŬɠ ɗŮɘɞɟŮŭɞɝɑɜɖɠ ɛŮ Űɖɜ ŮˊɘəɟɎŰŮɘŬ Erv. ȸɟɑůəɞɜŰŬɘ 

ůŰɞɡɠ ˊɞɚɡəɨŰŰŬɟɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ, ŬɚɚɎ ŬˊɞɡůɘɎɕɞɡɜ ůŰɞɡɠ ɛɨəɖŰŮɠ. Ȱɢɞɡɜ ɛɑŬ ŬɚɚɖɚɞɡɢɑŬ 

ůŰɧɢŮɡůɖɠ (ss, signal sequence), ɛɑŬ ɐ ŭɨɞ ŮˊɘəɟɎŰŮɘŮɠ ɗŮɘɞɟŮŭɞɝɑɜɖɠ (Trx) ɛŮ ůɡɜɞɚɘəɎ ɏɜŬ ɕŮɨɔɞɠ 

Cx2C, ɛɑŬ ˊŮɟɘɞɢɐ ˊɚɞɨůɘŬ ůŮ ɏɚɘəŮɠ (Helix Rich Region, HRR), ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɛɞɜŬŭɘəɐ ɔɘŬ ŬɡŰɏɠ 

Űɘɠ ˊɟɤŰŮȶɜŮɠ əŬɘ ɛɑŬ ŮˊɘəɟɎŰŮɘŬ Erv ɛŮ ŭɨɞ Cx2C ɛɞŰɑɓŬ (Coppock et al., 1998; Coppock & 

Thorpe, 2006; Kodali & Thorpe, 2010). ɆŮ ɞɟɘůɛɏɜŮɠ ˊɟɤŰŮȶɜŮɠ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ QSOX ɡˊɎɟɢŮɘ Űɞ 

ɛɞŰɑɓɞ QHZ10 ůŰɞ əŬɟɓɞɝɡŰŮɚɘəɧ Ɏəɟɞ. Ƀɘ ˊɟɤŰŮȶɜŮɠ Űɖɠ Ůɜ ɚɧɔɤ ɞɘəɞɔɏɜŮɘŬɠ ŭŮɜ ɓɟɑůəɞɜŰŬɘ ůŰŬ 

ɛɘŰɞɢɧɜŭɟɘŬ, ŬɚɚɎ ůŮ ɎɚɚŬ əɡŰŰŬɟɘəɎ ŭɘŬɛŮɟɑůɛŬŰŬ əŬɗɩɠ əŬɘ ůŰɞɜ ŮɝɤəɡŰŰɎɟɘɞ ɢɩɟɞ (Thorpe et 

al., 2002). Ȱɢɞɡɜ ŭɘɎűɞɟŮɠ ɚŮɘŰɞɡɟɔɑŮɠ, ɧˊɤɠ Űɞɜ ůɢɖɛŬŰɘůɛɧ Űɞɡ ŮɝɤəɡŰŰɎɟɘɞɡ ɢɩɟɞɡ əŬɘ Űɖɜ 

ɞɝŮɘŭɤŰɘəɐ ɟɨɗɛɘůɖ Űɖɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ɞɟɘůɛɏɜɤɜ Ůɜɕɨɛɤɜ (Hoober et al., 1999; Coppock et al., 

1998).  

 
 

ȺɘəɧɜŬ 9. ȷ) ȹɞɛɐ Űɤɜ ˊɟɤŰŮɥɜɩɜ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ QSOX  
ȸ) Ⱥɝɏɚɘɝɖ Űɤɜ ŮˊɘəɟŬŰŮɘɩɜ Trx əŬɘ Erv1 Űɤɜ ˊɟɤŰŮɥɜɩɜ  QSOX 

 
 ɆŰŬ ɗɖɚŬůŰɘəɎ ɖ ɞɛɧɚɞɔɖ ˊɟɤŰŮȶɜɖ Űɖɠ Erv1 ɞɜɞɛɎɕŮŰŬɘ ALR (Augmenter of Liver 

Regeneration), ɐ ŮɜŬɚɚŬəŰɘəɎ HSS (hepatic stimulator substance), GFER (Growth Factor Erv1- 

Like), HPO (ȼepatopoietin). ȷɜŬɔɜɤɟɑůŰɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ 1975 ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ 

əɡŰŰɎɟɤɜ ɐˊŬŰɞɠ ŬɟɞɡɟŬɑɤɜ (LaBrecque et al., 1975). ɆŰŬ ɗɖɚŬůŰɘəɎ ɓɟɑůəŮŰŬɘ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ, 

ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ, ůŰɞ ŮɜŭɞˊɚŬůɛŬŰɘəɧ ŭɑəŰɡɞ, ůŰɞɜ ˊɡɟɐɜŬ əŬɘ ůŰɞɜ ŮɝɤəɡŰŰɎɟɘɞ ɢɩɟɞ 

(Gandhi, 2012). ɆŰɞɜ Ɏɜɗɟɤˊɞ ɖ lf-ALR ɓɟɑůəŮŰŬɘ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ, ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɛɞɜɞˊɎŰɘ MIA 
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əŬɘ ISC əŬɘ ˊŮɟɘɏɢŮɘ ɏɜŬ ŬɛɘɜɞŰŮɚɘəɧ ŰɛɐɛŬ 80 Ŭɛɘɜɞɝɏɤɜ Űɞ ɞˊɞɑɞ ŬˊɞɡůɘɎɕŮɘ Ŭˊɧ Űɖ sf-ALR (Li et 

al., 2002). ȷɜŰɑɗŮŰŬ, ɖ sf-ALR ŬˊɞɡůɘɎɕŮɘ Ŭˊɧ ŰŬ ɛɘŰɞɢɧɜŭɟɘŬ, ŮɛűŬɜɑɕŮŰŬɘ ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ, ůŰɞ 

ŮɜŭɞˊɚŬůɛŬŰɘəɧ ŭɑəŰɡɞ, ůŰɞɜ ˊɡɟɐɜŬ əŬɘ ůŰɞɜ ŮɝɤəɡŰŰɎɟɘɞ ɢɩɟɞ əŬɘ ɏɢŮɘ ŭɘŬűɞɟŮŰɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ 

Ŭˊɧ Űɖɜ lf-ALR. 

 

ȺɘəɧɜŬ 10. ȹɞɛɐ Űɤɜ Erv1/ ALR ˊɟɤŰŮɥɜɩɜ A) ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ Erv1 (S. cerevisiae), lf-
ALR əŬɘ sf-ALR (H. sapiens). ɄŬɟɞɡůɘɎɕɞɜŰŬɘ Űɞ ŮɜŮɟɔɧ əɡůŰŮɥɜɘəɧ ɕŮɨɔɞɠ (əɧəəɘɜɞ), Űɞ ɕŮɨɔɞɠ əɑɜɖůɖɠ 

(ˊɟɎůɘɜɞ), Űɞ ŭɞɛɘəɧ ɕŮɨɔɞɠ (ɛˊɚŮ), ɞɘ əɡůŰŮȶɜŮɠ ŭɘɛŮɟɘůɛɞɨ (ˊɞɟŰɞəŬɚɑ), ɞɘ ɛɖ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɑŬ 
Űɖɠ ˊɟɤŰŮȶɜɖɠ əɡůŰŮȶɜŮɠ (ɛŬɨɟɞ) əŬɘ ɖ ˊŮɟɘɞɢɐ ˊɟɧůŭŮůɖɠ Űɞɡ FAD (əɑŰɟɘɜɞ)  

B) 3D ŭɞɛɐ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ sf-ALR (Daithankar et al., 2010) 

 
 ɇɞ mRNA Űɖɠ ˊɟɤŰŮȶɜɖɠ ALR ŮəűɟɎɕŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ əŬɟŭɘɎ, ůŰɞɜ ŮɔəɏűŬɚɞ, ůŰɞ ůˊɚɐɜŬ, 

ůŰɞɡɠ ˊɜŮɨɛɞɜŮɠ, ůŰɞɡɠ ůəŮɚŮŰɘəɞɨɠ ɛɨŮɠ, ůŰɞ ɜŮűɟɧ, ůŰɞ ɐˊŬɟ (əɡɟɑɤɠ ůŰŬ ɖˊŬŰɞəɨŰŰŬɟŬ), ůŮ 

ŮɛɓɟɡɥəɎ ɓɚŬůŰɞəɨŰŰŬɟŬ əŬɘ ůŰɞɡɠ ɧɟɢŮɘɠ Űɤɜ ŬɟɞɡɟŬɑɤɜ əŬɘ Űɤɜ ˊɞɜŰɘəɩɜ (Hagiya et al., 1994; 

Giorda et al., 1996; Gandhi et al., 1999; Todd et al., 2010). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŮəűɟɎɕŮŰŬɘ ɏɜŰɞɜŬ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ůˊŮɟɛŬŰɞɔɏɜŮůɖɠ (Hagiya et al., 1994; Giorda et al.,1996). ȼ ˊɟɤŰŮȶɜɖ ŮɑɜŬɘ 

Ŭɡɝɖɛɏɜɖ ůŮ ŮɛɓɟɡɘəɎ, ɜŮɡɟɘəɎ əŬɘ ŬɘɛɞˊɞɘɖŰɘəɎ ɓɚŬůŰɞəɨŰŰŬɟŬ. ɋɠ ŮəəɟɘɜɧɛŮɜɖ ˊɟɤŰŮȶɜɖ, ŮɑɜŬɘ 

ˊŬɟɞɨůŬ Űɧůɞ ůŰɞɜ ɞɟɧ ɧůɞ əŬɘ ůŰŬ ɖˊŬŰɞəɨŰŰŬɟŬ (Gandhi et al., 1999). ɆŰɞɜ ŮɔəɏűŬɚɞ ɓɟɑůəŮŰŬɘ 
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əɡɟɑɤɠ əɞɜŰɎ ůŰɞɡɠ ɜŮɡɟɩɜŮɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞɜ ˊɡɟɐɜŬ əŬɘ ŮɝɤŰŮɟɘəɎ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ. Ƀɘ 

ˊɞůɞŰɘəɏɠ ŬɚɚŬɔɏɠ ůŰɖɜ ˊɞůɧŰɖŰŬ Űɖɠ sf-ALR ůŰɞɜ ɞɟɧ ˊɘɗŬɜɩɠ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ɛŮɚɚɞɜŰɘəɎ ɤɠ 

ŭɘŬɔɜɤůŰɘəɞɑ ɛɎɟŰɡɟŮɠ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ŰɟŬɡɛŬŰɘůɛɞɨ ɐ ŬůɗŮɜŮɘɩɜ Űɞɡ ɐˊŬŰɞɠ (Gandhi, 2012).  

 H ˊɟɤŰŮȶɜɖ ALR ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ɐˊŬŰɞɠ ůŰɘɠ ɔɎŰŮɠ (LaBrecque et al., 

1975; Francavilla et al., 1987; Webber et al., 1994), ůŰɞ ůəɨɚɞ (Terblanche et al., 1980), ůŰɞ 

ˊɞɜŰɑəɘ (Giorda et al, 1996), ůŰɞɜ ŬɟɞɡɟŬɑɞ (Hagiya et al., 1994; Giorda et al., 1996) əŬɘ ůŰɞɜ 

Ɏɜɗɟɤˊɞ (Lisowsky et al., 1995; Giorda et al., 1996). ȼ ŮəəɟɘɜɧɛŮɜɖ Ŭˊɧ ŰŬ ɖˊŬŰɞəɨŰŰŬɟŬ ALR 

ŭɘŮɔŮɑɟŮɘ Űɖ ůɨɜɗŮůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ TNF-Ŭ (Tumor necrosis factor a) əŬɘ IL-6 (Interleukin 6) ɛŮ Űɖ 

ɓɞɐɗŮɘŬ Űɖɠ ɨˊŬɟɝɖɠ Ůɜɧɠ Ůɘŭɘəɞɨ ɡˊɞŭɞɢɏŬ ɔɘŬ Űɖɜ ˊɟɤŰŮȶɜɖ (Wang et al., 1999; Gandhi, 2012). 

Ⱥˊɑůɖɠ, ɖ sf-LR ɛˊɞɟŮɑ ɜŬ ŭɟɎůŮɘ ɤɠ ŬɜɞůɞəŬŰŬůŰɞɚɏŬɠ ůŰɞ ɐˊŬɟ (Francavilla et al., 1997). ȼ 

ALR ůɢŮŰɑɕŮŰŬɘ ɛŮ ŬůɗɏɜŮɘŮɠ, ɧˊɤɠ Űɖɜ ɢɟɧɜɘŬ ɖˊŬŰɑŰɘŭŬ (chronic hepatitis), Űɞ ɖˊŬŰɞəɡŰŰŬɟɘəɧ 

əŬɟəɑɜɤɛŬ (hepatocellular carcinoma), Űɞ ɢɞɚŬɔɔŮɘɞəŬɟəɑɜɤɛŬ (cholangiocellular carcinoma) əŬɘ 

ɓɞɖɗɎ ůŰɖɜ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ůɡəɤŰɘɞɨ ɛŮŰɎ Ŭˊɧ ɖˊŬŰŮəŰɞɛɐ ůŮ ɔɎŰŮɠ (Yu et al., 2010; Yang et al., 

1997; Polimeno et al., 2011). Ⱥˊɘˊɚɏɞɜ, ɖ ˊɟɤŰŮȶɜɖ ALR ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɡˊŮɟŮəűɟɎɕŮŰŬɘ ůŮ ɧɚŮɠ Űɘɠ 

əŬŰɖɔɞɟɑŮɠ ɜŮɞˊɚŬůɑŬɠ ˊɞɡ ɏɢɞɡɜ ɛɏɢɟɘ ŰɩɟŬ ɛŮɚŮŰɖɗŮɑ (Yu et al., 2010; Todd et al., 2010), ŬɚɚɎ ɞ 

ɟɧɚɞɠ Űɖɠ ŭŮɜ ɏɢŮɘ ŮˊŬɟəɩɠ ŭɘŮɡəɟɘɜɘůŰŮɑ. 

 ȼ ˊɟɤŰŮȶɜɖ ALR ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɟɡɗɛɑɕŮɘ Űɖɜ ɛɘŰɞɢɞɜŭɟɘŬəɐ ɏəűɟŬůɖ ɔɞɜɘŭɑɤɜ ŮˊɎɔɞɜŰŬɠ Űɖɜ 

ɛŮŰŬɔɟŬűɐ əŬɘ Űɖɜ ɛŮŰɎűɟŬůɖ Űɞɡ ˊɡɟɖɜɘəɞɨ ɛŮŰŬɔɟŬűɘəɞɨ ˊŬɟɎɔɞɜŰŬ mtTFA (Polimeno et al., 

2000) əŬɘ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ˊŬɔəɟɏŬŰɞɠ. ȼ ALR ˊɟɞůŰŬŰŮɨŮɘ ŰŬ əɨŰŰŬɟŬ Ŭˊɧ Űɞ 

ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ (ˊ.ɢ. Ŭˊɧ H2O2) əŬɗɩɠ ŬˊɞŰɟɏˊŮɘ Űɖɜ ŬˊɧˊŰɤůɖ Űɤɜ əɡŰŰɎɟɤɜ ŮɛˊɞŭɑɕɞɜŰŬɠ 

Űɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ Űɞɡ cyt-c Ŭˊɧ ŰŬ ɛɘŰɞɢɧɜŭɟɘŬ (Polimeno et al., 2012).  

 ɆŰɞɜ ůŬəɢŬɟɞɛɨəɖŰŬ əŬɘ ůŰɞɜ Ɏɜɗɟɤˊɞ ɖ ůɡɔəŮəɟɘɛɏɜɖ ɛŮŰɎɚɚŬɝɖ ˊɟɞəŬɚŮɑ Ůˊɑůɖɠ, ɛɖ 

űɡůɘɞɚɞɔɘəɐ ɛɘŰɞɢɞɜŭɟɘŬəɐ ŭɞɛɐ əŬɘ ɛŮɑɤůɖ Űɖɠ ůŰŬɗŮɟɧŰɖŰŬɠ Űɞɡ ɛɘŰɞɢɞɜŭɟɘŬəɞɨ DNA (Fronzo et 

al., 2009). ɆŮ ŰɟɑŬ ˊŬɘŭɘɎ ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɖ ɛŮŰɎɚɚŬɝɖ R194H ůŰɖɜ ALR ˊɟɞəŬɚŮɑ ɡˊɞŰɞɜɑŬ Űɤɜ 

ɛɡɩɜ, ŰɟɞˊɞˊɞɘɐůŮɘɠ ůŰɖɜ ŬɜŬˊɜŮɡůŰɘəɐ ŬɚɡůɑŭŬ, ɛŮɘɤɛɏɜɖ ɘəŬɜɧŰɖŰŬ Ŭəɞɐɠ əŬɘ əŬɗɡůŰɏɟɖůɖ 

ůŰɖɜ ŬɜɎˊŰɡɝɖ əŬɗɩɠ ɖ ɛŮŰɎɚɚŬɝɖ ŮˊɖɟŮɎɕŮɘ Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ˊɟɤŰŮȶɜɖɠ (Fronzo et al., 2009; 

Daithankar et al., 2010). 

6. ɃɝŮɘŭɤŰɘəɧ ůŰɟŮɠ (oxidative stress) 

 Ƀɘ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ (free radicals) ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŬ ɛɞɜɐɟŮɠ e- ůŰɖɜ ŮɝɤŰŮɟɘəɐ Űɞɡɠ 

ůŰɘɓɎŭŬ. ȺɑɜŬɘ ˊɞɚɨ ŬůŰŬɗɐ ɛɧɟɘŬ ɛŮ ůɨɜŰɞɛɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ, Ŭűɞɨ ŬɜŰɘŭɟɞɨɜ ɎɛŮůŬ ɛŮ 

ˊŬɟŬəŮɑɛŮɜŬ ɛɧɟɘŬ, ŬűŬɘɟɩɜŰŬɠ Ŭˊɧ ŬɡŰɎ ɏɜŬ e- ɔɘŬ ɜŬ ɕŮɡɔŬɟɩůɞɡɜ Űɞ ŭɘəɧ Űɞɡɠ. ɀŮ Űɞɜ ɧɟɞ  

ñȹɟŬůŰɘəɏɠ ɀɞɟűɏɠ Ƀɝɡɔɧɜɞɡò (ROS, Reactive Oxygen Species) ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɞɟɘůɛɏɜŮɠ  

ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ (ˊ.ɢ. ɞɘ ɟɑɕŮɠ ɡŭɟɞɝɡɚɑɞɡ), ɞɟɘůɛɏɜŬ ɘɧɜŰŬ (ˊ.ɢ. Űɞ ɡˊɞɢɚɤɟɘɩŭŮɠ Ŭɜɘɧɜ, ClO-), ɞ 

ůɡɜŭɡŬůɛɧɠ ŮɚŮɡɗɏɟɤɜ ɟɘɕɩɜ əŬɘ ɘɧɜŰɤɜ (ˊ.ɢ. Űɞ Ŭɜɘɧɜ ůɞɡˊŮɟɞɝŮɘŭɑɞɡ, O2
-) əŬɘ ɞɟɘůɛɏɜŬ ɛɧɟɘŬ 

(ˊ.ɢ. Űɞ ɡˊŮɟɞɝŮɑŭɘɞ Űɞɡ ɡŭɟɞɔɧɜɞɡ, H2O2). ɇŬ ɛɘŰɞɢɧɜŭɟɘŬ ŬˊɞŰŮɚɞɨɜ Űɖɜ əɨɟɘŬ ˊɖɔɐ ŮɚŮɡɗɏɟɤɜ 
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ɟɘɕɩɜ ɔɘŬ Űɞ əɨŰŰŬɟɞ əŬɗɩɠ ŮəŮɑ ŮŭɟɎɕŮŰŬɘ ɖ ŬɜŬˊɜŮɡůŰɘəɐ ŬɚɡůɑŭŬ. Ⱥˊɑůɖɠ ŰŬ ɛɘŰɞɢɧɜŭɟɘŬ ɛŬɕɑ ɛŮ 

ŰŬ ɡˊŮɟɞɝŮɘŭɘɞůɩɛŬŰŬ, ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ɓ-ɞɝŮɑŭɤůɖ Űɤɜ ɚɘˊŬɟɩɜ ɞɝɏɤɜ. 

 Ƀɘ ɞɟɔŬɜɘůɛɞɑ ɏɢɞɡɜ ŭɘɎűɞɟɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ɞɝŮɘŭɤŰɘəɐɠ ɎɛɡɜŬɠ, ɞɘ ɞˊɞɑɞɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŬˊɞɛŬəɟɨɜɞɡɜ Űɘɠ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ ɞɝɡɔɧɜɞɡ, ɧˊɤɠ ɞɘ ˊɟɤŰŮȶɜŮɠ Sod 

(Superoxide Dismutase), ɞɘ ɞˊɞɑŮɠ ɛŮŰŬŰɟɏˊɞɡɜ Űɞ O2
- ůŮ H2O2, ˊɞɡ ŬˊɞɛŬəɟɨɜŮŰŬɘ Ŭˊɧ Űɖɜ 

əŬŰŬɚɎůɖ (Catalase) ůŰŬ ɡˊŮɟɞɝŮɘŭɘɞůɩɛŬŰŬ ˊŬɟɎɔɞɜŰŬɠ ɜŮɟɧ əŬɘ O2. ɆŰɞɜ Ɏɜɗɟɤˊɞ ɡˊɎɟɢɞɡɜ 

ŭɨɞ ˊɟɤŰŮȶɜŮɠ Sod, (Sod1 & Sod2), Ůɜɩ ůŰɞɜ ůŬəɢŬɟɞɛɨəɖŰŬ ɛɑŬ. ȼ Sod1 ŮŭɟɎɕŮŰŬɘ əɡɟɑɤɠ ůŰɞ 

əɡŰŰŬɟɧˊɚŬůɛŬ əŬɘ ɛɧɜɞ ɏɜŬ ɛɘəɟɧ ˊɞůɞůŰɧ Űɖɠ (1-5%) ɓɟɑůəŮŰŬɘ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ Űɤɜ 

ɛɘŰɞɢɞɜŭɟɑɤɜ (Sturtz et al., 2001). 

 ɇɞ ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ (oxidative stress) ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɛɘŬ ŭɘŬŰŬɟŬɢɐ Űɖɠ ɘůɞɟɟɞˊɑŬɠ 

ɛŮŰŬɝɨ Űɖɠ ˊŬɟŬɔɤɔɐɠ ŭɟŬůŰɘəɩɜ ɛɞɟűɩɜ ɞɝɡɔɧɜɞɡ əŬɘ Űɖɠ ɘəŬɜɧŰɖŰŬɠ Ůɜɧɠ ɓɘɞɚɞɔɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ ɜŬ ŬŭɟŬɜɞˊɞɘŮɑ ŰŬ ŰoɝɘəɎ ɛɧɟɘŬ əŬɘ ɜŬ ŮˊɘůəŮɡɎɕŮɘ Űɘɠ ɓɚɎɓŮɠ ˊɞɡ Űɞɡ ˊɟɞəŬɚɞɨɜ. ɇɞ 

ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ ˊɟɞəŬɚŮɑ Ůɔəɞˊɏɠ əŬɘ ɢɖɛɘəɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ ůŰɞ DNA Ⱥˊɑůɖɠ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəŬɚɏůŮɘ ůɢɖɛŬŰɘůɛɧ ɞɛɞɘɞˊɞɚɘəɩɜ ŮɜɩůŮɤɜ DNA-ˊɟɤŰŮɥɜɩɜ əŬɘ əŬŰŬůŰɟɞűɐ Űɤɜ ɚɘˊɘŭɑɤɜ 

ɧˊɤɠ Űɖɜ ɡˊŮɟɞɝŮɑŭɤůɖ Űɤɜ ɚɘˊɘŭɑɤɜ. Ƀɘ ˊɟɤŰŮȶɜŮɠ ɚɧɔɤ Űɞɡ ůŰɟŮɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰɞɨɜ 

ŭɘɎűɞɟŮɠ ɞɝŮɘŭɤŰɘəɏɠ ɓɚɎɓŮɠ, ɧˊɤɠ Űɖɜ ɞɝŮɑŭɤůɖ Űɤɜ ɗŮɘɞɚɘəɩɜ  ɞɛɎŭɤɜ Űɞɡɠ əŬɘ ŰɟɞˊɞˊɞɘɐůŮɘɠ 

Űɖɠ ŰɟɡˊŰɞűɎɜɖɠ. ɀˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŬɚɚŬɔɏɠ Űɖɠ ůŰŬɗŮɟɧŰɖŰŬɠ Űɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ, ůŮ 

ɔŮɜŮŰɘəɏɠ ɛŮŰŬɚɚɎɝŮɘɠ əŬɘ ůŮ ŬɚɚŬɔɏɠ ůŰɖɜ əɡŰŰŬɟɘəɐ ŬɜɎˊŰɡɝɖ, ɖ ɞˊɞɑŬ ɛŮ Űɖ ůŮɘɟɎ Űɖɠ ɛˊɞɟŮɑ ɜŬ 

ɞŭɖɔɐůŮɘ ůŮ əŬɟəɑɜɞ, ŬɟɗɟɑŰɘŭŬ, əŬɟŭɘɞˊɎɗŮɘŮɠ, ˊɟɧɤɟɖ ɔɐɟŬɜůɖ, ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɞ əɡŰŰŬɟɘəɧ 

ɗɎɜŬŰɞ əŬɘ Űɞɝɘəɐ ŭɟɎůɖ ɞɟɘůɛɏɜɤɜ űŬɟɛɎəɤɜ (Klaunig et al., 2010; Cerutti, 1985; Halliwrell & 

Gutteridge, 1990; Levin et al., 1982; Munkres, 1985; Pierce et al., 1991). 

 ȿɧɔɤ Űɖɠ ůɖɛŬůɑŬɠ Űɞɡ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ ɏɢɞɡɜ ɔɑɜŮɘ ŭɘɎűɞɟŬ ˊŮɘɟɎɛŬŰŬ Ůɚɏɔɢɞɡ Űɖɠ 

ɓɘɤůɘɛɧŰɖŰŬɠ əɡŰŰɎɟɤɜ S. cerevisiae ɡˊɧ ůɡɜɗɐəŮɠ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ Ŭˊɧ H2O2, ɞɟɘůɛɏɜŬ Ŭˊɧ 

ŰŬ ɞˊɞɑŬ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 3. 

 

ɄɑɜŬəŬɠ 3. ȸɘɤůɘɛɧŰɖŰŬ əɡŰŰɎɟɤɜ S. cerevisiae ůŮ ůɡɜɗɐəŮɠ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ ɛŮ  H2O2 

ɆɡɜɗɐəŮɠ ŮˊɩŬůɖɠ ɛŮ  

H2O2 

ŪɟŮˊŰɘəɧ ɛɏůɞ ɄɞůɞůŰɧ Ůˊɘɓɑɤůɖɠ əɡŰŰɎɟɤɜ 

(ˊɟɞůŮɔɔɘůŰɘəɎ) 

ȹɖɛɞůɑŮɡůɖ 

0,5/1/2mM ɔɘŬ 1h YPD ɐ YPG 

(ɡɔɟɐ əŬɚɚɘɏɟɔŮɘŬ) 

YPD: 0,5mM 92%, 1mM 75%, 2mM 

17% 

YPG: 0,5mM 98%, 1mM 98%, 2mM 

83% 

Jamieson, 1992 

0,5 ɐ 1mM ɔɘŬ 50h YPD (ˊɘɎŰŬ)  0,5mM 100%, 1mM <100% Kuge et al., 1997 

3mM ɔɘŬ 3h YPD  (ɡɔɟɐ əŬɚɚɘɏɟɔŮɘŬ) 10% Magherini et al., 2007 

2mM ɔɘŬ 1ɐ 2h YPD ɐ YPGal  

(ɡɔɟɐ əŬɚɚɘɏɟɔŮɘŬ) 

YPD: 1h 15%, 2h 0,1% 

YPGal: 1h 90%, 2h 55% 

Vernis et al., 2009  
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ɀȺɅɃɆ 2
ɞ
: ɆȾɃɄɃɆ & ȸȷɆȽȾȼ ɀȺŪɃȹɃȿɃũȽȷ

 ȼ ˊŬɟɞɨůŬ ɛŮŰŬˊŰɡɢɘŬəɐ ŭɘŬŰɟɘɓɐ ŬˊɞŰŮɚŮɑ ŰɛɐɛŬ ɛɘŬɠ ŮɡɟɨŰŮɟɖɠ ɛŮɚɏŰɖɠ ůɢŮŰɘəɎ ɛŮ  Űɖɜ  

ˊɟɤŰŮȶɜɖ Erv1/ALR ůŰɞɜ S. cerevisiae əŬɘ ůŰɞɜ Ɏɜɗɟɤˊɞ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɡˊɧ Űɖ 

ŭɘŮɨɗɡɜůɖ Űɞɡ əŬɗɖɔɖŰɐ ə. ȾɩůŰŬ ɇɞəŬŰɚɑŭɖ ůŰɞ ȽɜůŰɘŰɞɨŰɞ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ əŬɘ 

ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ˊɞɡ ŬɜɐəŮɘ ůŰɞ óȲŭɟɡɛŬ ȰɟŮɡɜŬɠ əŬɘ ɇŮɢɜɞɚɞɔɑŬɠ (ȽɇȺ). 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŰɏɗɖəŬɜ ˊɟɞɠ ŬˊɎɜŰɖůɖ ɞɘ Ůɝɐɠ ŰɏůůŮɟɘɠ ɞɛɎŭŮɠ ŮɟɤŰɖɛɎŰɤɜ: 

1. ɇɞ ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ ŮˊɖɟŮɎɕŮɘ Űɘɠ ˊɟɤŰŮȶɜŮɠ Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ əŬɘ Ŭɜ ɜŬɘ, ˊɞɘɞɠ ŮɑɜŬɘ ɞ 

ɟɧɚɞɠ Űɞɡ ɗɟŮˊŰɘəɞɨ ɛɏůɞɡ Űɤɜ əɡŰŰɎɟɤɜ ůŰɖɜ ŬɜɗŮəŰɘəɧŰɖŰɎ Űɞɡɠ ůŰɞ ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ; ȼ 

ŮˊɑŭɟŬůɖ Űɞɡ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɗɟŮˊŰɘəɧ ɛɏůɞ əŬɚɚɘɏɟɔŮɘŬɠ;  

2. ɈˊɎɟɢɞɡɜ ůɡɜŰɖɟɖɛɏɜŮɠ ŬɚɚɖɚɞɡɢɑŮɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ Erv1/ALR əŬɘ Mia40 ůŰɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ 

əɞɜŰɎ ůŰŬ əɡůŰŮɥɜɘəɎ ɛɞŰɑɓŬ Cx2C əŬɘ CPC ŬɜŰɑůŰɞɘɢŬ; 

3. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ALR ŮɛűŬɜɑɕŮɘ ůŰŬ ɗɖɚŬůŰɘəɎ ɏɜŬ ˊɞɚɨ ůɡɜŰɖɟɖɛɏɜɞ ɛɞŰɑɓɞ ˊɚɞɨůɘɞ ůŮ 

Ŭɟɔɘɜɑɜɖ, Űɞ ɞˊɞɑɞ űŬɑɜŮŰŬɘ ɜŬ ŬˊɞɡůɘɎɕŮɘ ůŮ Ɏɚɚɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ, ŮɑɜŬɘ  Űɞ ɛɞŰɑɓɞ ŬɡŰɧ ůɖɛŬɜŰɘəɧ 

ɔɘŬ Űɖ ŭɘŬɛŮɟɘůɛŬŰɞˊɞɑɖůɖ Űɖɠ ˊɟɤŰŮȶɜɖɠ ůŰŬ əɨŰŰŬɟŬ; 

4. Ʉɤɠ ŮɘůɏɟɢɞɜŰŬɘ ɞɘ ˊɟɤŰŮȶɜŮɠ Erv1 əŬɘ ALR ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ Űɞɡ S. cerevisiae əŬɘ Űɞɡ             

Ŭɜɗɟɩˊɞɡ;  ɆɡɔəŮəɟɘɛɏɜŬ: 

4.1 ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ŬɚɚɖɚɞɡɢɑŬ N72 Űɖɠ Erv1 Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ N80 Űɖɠ 

lf-ALR Űɞɡ Ŭɜɗɟɩˊɞɡ əŬɘ ˊɘůŰŮɨŮŰŬɘ ɧŰɘ Űɞ N72 ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖɜ Ůɑůɞŭɞ Űɖɠ Erv1 ůŰŬ 

ɛɘŰɞɢɧɜŭɟɘŬ, ŮɑɜŬɘ Űɞ N72 ɘəŬɜɧ ɜŬ ůŰɞɢŮɨůŮɘ ɛɖ ɛɘŰɞɢɞɜŭɟɘŬəɏɠ ˊɟɤŰŮȶɜŮɠ ůŰɞ ŭɘŬɛŮɛɓɟŬɜɘəɧ 

ɢɩɟɞ Ɏɔɟɘɞɡ Űɨˊɞɡ ɛɘŰɞɢɞɜŭɟɑɤɜ; 

4.2 ȺɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ŰŬ ɡŭɟɧűɞɓŬ ŬɛɘɜɞɝɏŬ Űɞɡ N72 ůŰɖ ůŰɧɢŮɡůɖ Űɖɠ ˊɟɤŰŮȶɜɖɠ ůŰŬ 

ɛɘŰɞɢɧɜŭɟɘŬ; 

4.3 Ʉɞɨ ŭɘŬɛŮɟɘůɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ALR ůŰŬ əɨŰŰŬɟŬ Űɞɡ Ŭɜɗɟɩˊɞɡ; ɀˊɞɟŮɑ ɖ Erv1 Űɞɡ 

ůŬəɢŬɟɞɛɨəɖŰŬ ɜŬ ůŰɞɢŮɡɗŮɑ ůŰŬ ŬɜɗɟɩˊɘɜŬ ɛɘŰɞɢɧɜŭɟɘŬ; 

 

ɀŮɗɞŭɞɚɞɔɑŬ ŭɘŮɟŮɨɜɖůɖɠ Űɤɜ ŮɟɤŰɖɛɎŰɤɜ: 

1. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊɞůɞŰɘəɧɠ ɏɚŮɔɢɞɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ Mia40, Erv1, 

əŬɘ cyt-c ɡˊɧ ůɡɜɗɐəŮɠ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ ˊɟɞəŬɚɞɨɛŮɜɞ Ŭˊɧ H2O2 ůŮ əɨŰŰŬɟŬ əŬɘ ŬˊɞɛɞɜɤɛɏɜŬ 

ɛɘŰɞɢɧɜŭɟɘŬ S. cerevisiae ɡˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜɗɐəŮɠ. 

2. ɄŬɟŬŰɖɟɐɗɖəŬɜ ɞɟɘůɛɏɜŮɠ ŬɚɚɖɚɞɡɢɑŮɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ Erv1/ALR əŬɘ Mia40 ˊɞɡ ɓɟɑůəɞɜŰŬɘ 

ůŰɖɜ ɡˊɎɟɢɞɡůŬ ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ ɞɛɞɘɧŰɖŰŮɠ ůŰŬ ŬɛɘɜɞɝɏŬ əɞɜŰɎ ůŰŬ ɚŮɘŰɞɡɟɔɘəɎ əɡůŰŮɥɜɘəɎ 

ɛɞŰɑɓŬ. ȷəɧɛŬ, ŰŬ ůɡɜŰɖɟɖɛɏɜŬ ŬɛɘɜɞɝɏŬ ɞɛŬŭɞˊɞɘɐɗɖəŬɜ ɛŮ ɓɎůɖ Űɘɠ űɡɚɞɔŮɜŮŰɘəɏɠ ůɢɏůŮɘɠ Űɤɜ 

ɞɟɔŬɜɘůɛɩɜ. 

3. ɀŮŰŬɚɚɎɢɗɖəŬɜ ɞɘ ŬɟɔɘɜɑɜŮɠ Űɞɡ ɛɞŰɑɓɞɡ Rx4Rx4Rx6Rx4R ůŮ ŬɚŬɜɑɜŮɠ ɛŮ ůŰɧɢɞ ůŰɞ ɛɏɚɚɞɜ Űɖɜ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ˊŮɘɟŬɛɎŰɤɜ Ůɘůɧŭɞɡ ůŮ ŬˊɞɛɞɜɤɛɏɜŬ ɛɘŰɞɢɧɜŭɟɘŬ Ŭɜɗɟɩˊɞɡ əŬɘ 
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ůŬəɢŬɟɞɛɨəɖŰŬ, Űɞɜ ɏɚŮɔɢɞ ŭɘŬɛŮɟɘůɛŬŰɞˊɞɑɖůɐɠ Űɞɡ ůŰŬ əɨŰŰŬɟŬ ŬɡŰɎ, əŬɘ ɘəŬɜɧŰɖŰɎɠ Űɖɠ 

ɛŮŰŬɚɚŬɔɛɏɜɖɠ ˊɟɤŰŮȶɜɖɠ ɜŬ ůɡɛˊɚɖɟɩɜŮɘ Űɖɜ Ɏɔɟɘɞɡ Űɨˊɞɡ ˊɟɤŰŮȶɜɖ. 

4.1 ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ˊŮɘɟɎɛŬŰŬ Ůɘůɧŭɞɡ ɟŬŭɘŮɜŮɟɔɎ ůŮůɖɛŬůɛɏɜɤɜ ɡɓɟɘŭɘəɩɜ ˊɟɤŰŮɥɜɩɜ ɛŮ 

Űɞ N72 əŬɘ Űɖɠ ɛɘŰɞɢɞɜŭɟɘŬəɏɠ ˊɟɤŰŮȶɜŮɠ DHFR, NHP6A ůŮ ŬˊɞɛɞɜɤɛɏɜŬ ɛɘŰɞɢɧɜŭɟɘŬ 

ůŬəɢŬɟɞɛɨəɖŰŬ. 

4.2 ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰŬɚɚŬɔɏɠ ůŰɞ ŬɛɘɜɞŰŮɚɘəɧ ŰɛɐɛŬ Űɖɠ Erv1, ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɞ Ŭɛɘɜɞɝɨ 

ɘůɞɚŮɡəɑɜɖ ůŰɖ ɗɏůɖ 22 ɛŮŰŬɚɚɎɢɗɖəŮ ůŮ ɚɡůɑɜɖ əŬɘ ŬůˊŬɟŰɘəɧ ɞɝɨ (N72-Ƚ22Ⱦ əŬɘ N72-Ƚ22D) ůŮ 

ɡɓɟɘŭɘəɏɠ ˊɟɤŰŮȶɜŮɠ ˊɞɡ ŮɑɢŬɜ ˊɟɘɜ ɐ ɛŮŰɎ Űɞ N72 Űɖɜ ˊɟɤŰŮȶɜɖ DHFR. ɆŰɖ ůɡɜɏɢŮɘŬ, ŮɚɏɔɢɗɖəŮ ɖ 

ɘəŬɜɧŰɖŰŬ Űɤɜ ɡɓɟɘŭɘəɩɜ ɛŮŰŬɚɚŬɔɛɎŰɤɜ ɜŬ ŮɘůɏɟɢɞɜŰŬɘ ůŮ ŬˊɞɛɞɜɤɛɏɜŬ ɛɘŰɞɢɧɜŭɟɘŬ. 

4.3 Ƀɘ ˊɟɤŰŮȶɜŮɠ ALR (lf-ALR, sf-ALR, Ɂ80), Erv1 (Erv1, N72) əŬɘ cyb2 (N85) ɤɠ ɡɓɟɘŭɘəɏɠ ɛŮ Űɞɜ 

ɔɞɜɑŭɘɞ GFP əɚɤɜɞˊɞɘɐɗɖəŬɜ ůŮ ˊɚŬůɛɘŭɘŬəɧ űɞɟɏŬ ɔɘŬ ŬɜɗɟɩˊɘɜŬ əɨŰŰŬɟŬ. ȼ 

ŭɘŬɛŮɟɘůɛŬŰɞˊɞɑɖůɖ ŬɡŰɩɜ Űɤɜ ˊɟɤŰŮɥɜɩɜ ůŰŬ əɨŰŰŬɟŬ ŬɜŬɛɏɜŮŰŬɘ ůŰɞ ɛɏɚɚɞɜ ɜŬ ŮɚŮɔɢɗŮɑ ɛŮ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧ Ŭɜɗɟɩˊɘɜɤɜ əɡŰŰɎɟɤɜ əŬɘ ɏɚŮɔɢɞ Űɖɠ ŭɘŬɛŮɟɘůɛŬŰɞˊɞɑɖůɐɠ Űɞɡɠ ůŰŬ əɨŰŰŬɟŬ ɛŮ 

ɛɘəɟɞůəɞˊɑŬ űɗɞɟɘůɛɞɨ.  
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ɀȺɅɃɆ 3
ɞ
: ɈȿȽȾȷ & ɀȺŪɃȹɃȽ 

1. ɇŮɢɜɘəɏɠ ɛɞɟɘŬəɐɠ ɓɘɞɚɞɔɑŬɠ 

1.1 ɇŮɢɜɘəɏɠ ŬɜŬůɡɜŭɡŬůɛɏɜɞɡ DNA 

  ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ŮűŬɟɛɧůɗɖəŬɜ ɞɟɘůɛɏɜŮɠ ɛɞɟɘŬəɏɠ ŰŮɢɜɘəɏɠ ůɨɛűɤɜŬ ɛŮ Űɞ  

ŮɔɢŮɘɟɑŭɘɞ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ñMolecular Cloningò (Sambrook et al., 1989) əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ 

ˊɚŬůɛɘŭɘŬəɞɑ űɞɟŮɑɠ ˊɞɡ  ŬɜŬűɏɟɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 4 

ɄɑɜŬəŬɠ 4. ɄɚŬůɛɘŭɘŬəɞɑ űɞɟŮɑɠ 

ɄɚŬůɛɑŭɘɞ ɄɟɞɏɚŮɡůɖ ȷɜŰɘɓɘɞŰɘəɧ Ůˊɘɚɞɔɐɠ 

pSP64 Promega ȷɛˊɘəɘɚɑɜɖ (50ɛg/ml) 

pSP65 Promega ȷɛˊɘəɘɚɑɜɖ (50ɛg/ml) 

pEGFP-N1 ŭɤɟŮɎ Ŭˊɧ Dr Lisowsky ȾŬɜŬɛɡəɑɜɖ (30ɛg/ml) 

pRS316up40-cyt-b2(Ɂ85)-Dre2-3HA ȾŬŰŬůəŮɡɎůŰɖəŮ Ŭˊɧ ɎɚɚŬ 
ɛɏɚɖ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ 

ȷɛˊɘəɘɚɑɜɖ (50ɛg/ml) 

 *ɆŮ ɧɚŬ ŰŬ ɔɞɜɑŭɘŬ ALR ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɞɘ ɛɖ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ˊɟɤŰŮȶɜɖɠ əɡůŰŮȶɜŮɠ ŮɑɜŬɘ ɛŮŰŬɚɚŬɔɛɏɜŮɠ ůŮ ŬɚŬɜɑɜŮɠ (lf-ALR C154/165A, sf-ALR C74/85A). 

 
 ũɘŬ Űɘɠ ˊɚŬůɛɘŭɘŬəɏɠ əŬŰŬůəŮɡɏɠ ŰŬ ŮɜɗɏɛŬŰŬ ˊɞɚɚŬˊɚŬůɘɎůŰɖəŬɜ ɛŮ ŬɚɡůɘŭɤŰɐ ŬɜŰɑŭɟŬůɖ 

ˊɞɚɡɛŮɟɎůɖɠ. ɇŬ ˊɚŬůɛɑŭɘŬïűɞɟŮɑɠ əŬɘ ŰŬ ŮɜɗɏɛŬŰŬ əɧˊɖəŬɜ ɛŮ ŰŬ əŬŰɎɚɚɖɚŬ ɏɜɕɡɛŬ 

ˊŮɟɘɞɟɘůɛɞɨ (MINOTECH Biotechnology & New England Biolabs) əŬɘ ŮɜɩɗɖəŬɜ ɛŮ  T4 DNA 

Ligase (MINOTECH Biotechnology). ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ əɡŰŰɎɟɤɜ 

Űɞɡ ɓŬəŰɖɟɘŬəɞɨ ůŰŮɚɏɢɞɡɠ DH5A. ȳɚŮɠ ɞɘ ɔɞɜɘŭɘŬəɏɠ əŬŰŬůəŮɡɏɠ ŮɚɏɔɢɗɖəŬɜ ɛŮ ŬɚɡůɘŭɤŰɐ 

ŬɜŰɑŭɟŬůɖ Ŭˊɞɘəɘɩɜ (colony PCR), ɛŮ ˊŮɟɘɞɟɘůŰɘəɐ ŬɜɎɚɡůɖ Űɤɜ ˊɚŬůɛɘŭɑɤɜ (digestion test) əŬɘ  

ɛŮ Ŭɚɚɖɚɞɨɢɘůɖ Űɤɜ ŮɜŰŮɗŮɘɛɏɜɤɜ ɔɞɜɘŭɑɤɜ. 

1.2 ȾɚɤɜɞˊɞɘɐůŮɘɠ ůŮ ˊɚŬůɛɘŭɘŬəɞɨɠ űɞɟŮɑɠ (clonings) 

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ əɚɤɜɞˊɞɘɐůŮɘɠ ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.  

ɄɑɜŬəŬɠ 5: ȾɚɤɜɞˊɞɘɐůŮɘɠ   
ȾŬŰŬůəŮɡɐ ɄɚŬůɛɑŭɘɞ 

(vector) 

ȰɜɗŮɛŬ Ŭˊɧ Űɞ 

ˊɚŬůɛɑŭɘɞ (insert) 

ȰɜɕɡɛŬ 

ˊŮɟɘɞɟɘůɛɞɨ  

ɆŰɧɢɞɠ 

pEGFP-N1-

N72(Erv1) 

pEGFP-N1 pSP64Erv1 EcoRI/BamHI ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ůŮ 

ŬɜɗɟɩˊɘɜŬ əɨŰŰŬɟŬ 

pEGFP-N1-cyt-b2 

(Ɂ85) 

pEGFP-N1 pRS316up40-cyt-b2 

(Ɂ85)-Dre2-3HA 

EcoRI/BamHI ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ůŮ 

ŬɜɗɟɩˊɘɜŬ əɨŰŰŬɟŬ 

pEGFP-N1-Erv1 pEGFP-N1 pSP64Erv1 EcoRI/BamHI ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ůŮ 

ŬɜɗɟɩˊɘɜŬ əɨŰŰŬɟŬ 

pEGFP-N1-

N80(ALR) 

pEGFP-N1 pSP64lf-ALR EcoRI/BamHI ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ůŮ 

ŬɜɗɟɩˊɘɜŬ əɨŰŰŬɟŬ 
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1.3 ɀŮŰŬɚɚŬɝɘɔŮɜɏůŮɘɠ ɔɞɜɘŭɑɤɜ (mutagenesis) 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ˊɟɤŰɧəɞɚɚɞ QuikChange site-directed mutagenesis ůɨɛűɤɜŬ ɛŮ Űɘɠ 

ɞŭɖɔɑŮɠ Űɞɡ əŬŰŬůəŮɡŬůŰɐ (Stratagene) ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůɖɛŮɘŬəɩɜ ɛŮŰŬɚɚɎɝŮɤɜ ɧˊɤɠ űŬɑɜɞɜŰŬɘ 

ůŰɞɜ ɄɑɜŬəŬ 6. ȳɚŮɠ ɞɘ ɔɞɜɘŭɘŬəɏɠ əŬŰŬůəŮɡɏɠ ŮɚɏɔɢɗɖəŬɜ ɛŮ Ŭɚɚɖɚɞɨɢɘůɖ.  

ɄɑɜŬəŬɠ 6. ɀŮŰŬɚɚɎɝŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ 

ɀŮŰŬɚɚŬɔɛɏɜɞ 

ɔɞɜɑŭɘɞ 

ɄɚŬůɛɘŭɘŬəɐ 

əŬŰŬůəŮɡɐ 

ȺəəɘɜɖŰɏɠ 

PSP65 

N72I22K-DHFR 

PSP65 

N72-DHFR 

5ȭ-GCTTAAGTGGGAGGAAAATAAAATATGACGAAGATGGCAAACC-3ȭ 

5ȭ-GGTTTGCCATCTTCGTCATATTTTATTTTCCTCCCACTTAAGCC-3ȭ 

PSP65 

N72I22D-DHFR 

PSP65 

N72-DHFR 

5ȭ-GGCTTAAGTGGGAGGAAAATAGACTATGACGAAGATGGCAAACC-3ȭ 

5ȭ-GGTTTGCCATCTTCGTCATAGTCTATTTTCCTCCCACTTAAGCC-3ȭ 

PSP64 

DHFR-N72I22K 

PSP64 

DHFR- N72 

5ȭ-GCTTAAGTGGGAGGAAAATAAAATATGACGAAGATGGCAAACC-3ȭ 

5ȭ-GGTTTGCCATCTTCGTCATATTTTATTTTCCTCCCACTTAAGCC-3ȭ 

PSP64 

DHFR- N72I22D 

PSP64 

DHFR- N72 

5ȭ-GGCTTAAGTGGGAGGAAAATAGACTATGACGAAGATGGCAAACC-3ȭ 

5ȭ-GGTTTGCCATCTTCGTCATAGTCTATTTTCCTCCCACTTAAGCC-3ȭ 

PSP64 

lf-ALR5R/A 

(pSP64lf--ALR-

R82/87/92/99/104A) 

PSP64 

lf-ALR 

 

R82A 

5ȭ-CTTCAAGACGTGGATGGCGACGCAGCAGAAGCGGGAC-3ȭ 

5ȭ-GTCCCGCTTCTGCTGCGTCGCCATCCACGTCTTGAAG-3ȭ 

R87A 

5ȭ-GGCGACGCAGCAGAAGGCGGACACCAAGTTTAGGG-3ȭ 

5ȭ-CCCTAAACTTGGTGTCCGCCTTCTGCTGCGTCGCC-3ȭ 

R92A 

5ȭ-GGCGGACACCAAGTTTGCGGAGGACTGCCCGCCGG-3ȭ 

5ȭ-CCGGCGGGCAGTCCTCCGCAAACTTGGTGTCCGCC -3ȭ 

R99A 

5ȭ-GGACTGCCCGCCGGATGCCGAGGAACTGGGCCGCC-3ȭ 

5ȭ-GGCGGCCCAGTTCCTCGGCATCCGGCGGGCAGTCC-3ȭ 

R104A 

5ȭ-GGATGCCGAGGAACTGGGCGCCCACAGCTGGGCTGTCCTCC-3ȭ 

5ȭ- GGAGGACAGCCCAGCTGTGGGCGCCCAGTTCCTCGGCATCC-3ȭ 

 

ȳɚŮɠ ɞɘ ɡˊɧɚɞɘˊŮɠ əŬŰŬůəŮɡɏɠ ˊɚŬůɛɘŭɑɤɜ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɑɢŬɜ 

əŬŰŬůəŮɡŬůɗŮɑ Ŭˊɧ ɎɚɚŬ ɛɏɚɖ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ əŬɘ ɏɢɞɡɜ ŮɚŮɔɢɗŮɑ ɛŮ Ŭɚɚɖɚɞɨɢɘůɖ. 
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 2. ŪɟŮˊŰɘəɎ ŭɘŬɚɨɛŬŰŬ, ůɡɜɗɐəŮɠ  ŬɜɎˊŰɡɝɖɠ əŬɘ ůŰŮɚɏɢɖ  
ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ 

2.2. E. coli 

 ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ Ɏɔɟɘɞɡ Űɨˊɞɡ ɓŬəŰɖɟɘŬəɧ ůŰɏɚŮɢɞɠ DH5a(+), Űɞ ɞˊɞɑɞ ŬɜŬˊŰɨɢɗɖəŮ 

ůŰɞɡɠ 37ɞ C ůŮ ɗɟŮˊŰɘəɧ ɛɏůɞ LB.  

2.3 S. cerevisiae (yeast) 

 ũɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɛɘŰɞɢɞɜŭɟɑɤɜ Ŭɔɟɑɞɡ Űɨˊɞɡ Űɞɡ S. cerevisiae (ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŮ 

ˊŮɘɟɎɛŬŰŬ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ůŰɏɚŮɢɞɠ D273-10B (MATŬ) ɔɘŬ Űɖɜ ɛŬɕɘəɐ 

ˊŬɟŬɔɤɔɐ əŬɗŬɟɩɜ Ŭˊɧ ɎɚɚŮɠ ɛŮɛɓɟɎɜŮɠ ɛɘŰɞɢɞɜŭɟɑɤɜ ɡˊɧ űɡůɘɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ ŬɜɎˊŰɡɝɖɠ.  

 ɇŬ əɨŰŰŬɟŬ ɛŮɔɎɚɤůŬɜ  ůŮ ɗŮɟɛɞəɟŬůɑŬ 30ɞC ůŮ ɗɟŮˊŰɘəɧ ɛɏůɞ ɛŮ ˊɖɔɐ ɎɜɗɟŬəŬ  ɔɚɡəɧɕɖ 

ɐ ɚŬəŰɧɕɖ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ŬəɧɚɞɡɗŬ 

ɗɟŮˊŰɘəɎ ɛɏůŬ: 

YPD: 2% (w/v) ɔɚɡəɧɕɖ , 1% (w/v) yeast extract, 2% (w/v) ˊŮˊŰɧɜɖ (peptone) 

YPLactate: 2% (w/v) ɚŬəŰɧɕɖ , 1% (w/v) yeast extract, 2% (w/v) ˊŮˊŰɧɜɖ (pH 5,5 ɛŮ KOH) 

3. ɉŮɘɟɘůɛɧɠ ɛɘŰɞɢɞɜŭɟɑɤɜ (in organello) 

3.1 ȷˊɞɛɧɜɤůɖ ɛɘŰɞɢɞɜŭɟɑɤɜ Ŭˊɧ Űɞ Ɏɔɟɘɞɡ Űɨˊɞɡ ůŰɏɚŮɢɞɠ S. cerevisiae 

 ũɘŬ ŰŬ ˊŮɘɟɎɛŬŰŬ Ůɘůɧŭɞɡ ɟŬŭɘŮɜŮɟɔɐɠ ˊɟɧŭɟɞɛɖɠ ˊɟɤŰŮȶɜɖɠ ůŮ əŬɗŬɟɎ ŬˊɞɛɞɜɤɛɏɜŬ 

ɛɘŰɞɢɧɜŭɟɘŬ əŬɘ ŮˊɩŬůɖ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ɛŮ H2O2, ŬˊɞɛɞɜɩɗɖəŬɜ ɛɘŰɞɢɧɜŭɟɘŬ Ŭˊɧ Űɞ Ŭɔɟɑɞɡ 

Űɨˊɞɡ ůŰɏɚŮɢɞɠ Űɞɡ S. cerevisiae, D273-10B. ɇɞ ůŰɏɚŮɢɞɠ ŬɡŰɧ ŬɜŬˊŰɨɢɗɖəŮ ůŮ əŬɚɚɘɏɟɔŮɘŬ 30L 

ůŮ ɗŮɟɛɞəɟŬůɑŬ 30ęC əŬɘ ɗɟŮˊŰɘəɧ ɛɏůɞ ˊɞɡ ˊŮɟɘɏɢŮɘ ŮəŰɧɠ Űɤɜ Ɏɚɚɤɜ ɔŬɚŬəŰɘəɧ ɞɝɨ (YPLactate),  

ŭŮŭɞɛɏɜɞɡ Űɞɡ ɧŰɘ Űɞ ɔŬɚŬəŰɘəɧ ɞɝɨ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ˊŬɟŬɔɤɔɐ ŮɜɏɟɔŮɘŬɠ ɛɏůɤ 

ɔɚɡəɧɚɡůɖɠ ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ, ŬɚɚɎ ɛɧɜɞ Ŭˊɧ ŰŬ ɛɘŰɞɢɧɜŭɟɘŬ. ȷɡŰɧ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ Ůˊɘɓɘɩɜɞɡɜ ɛɧɜɞ ŰŬ əɨŰŰŬɟŬ ˊɞɡ ŭɘŬɗɏŰɞɡɜ ɚŮɘŰɞɡɟɔɘəɎ ɛɘŰɞɢɧɜŭɟɘŬ ŰŬ ɞˊɞɑŬ 

ŬɡɝɎɜɞɜŰŬɘ ůŮ Ŭɟɘɗɛɧ əŬɘ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞɛɞɜɤɗɞɨɜ ůŮ ɛŮɔɎɚɖ ˊɞůɧŰɖŰŬ. ȼ 

ŭɘŬŭɘəŬůɑŬ Ŭˊɞɛɧɜɤůɖɠ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ɏɔɘɜŮ ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ Űɤɜ Daum et al., 

1982) Űɞ ɞˊɞɑɞ ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊŬɟŬɔɤɔɐ ɛɘŰɞɢɞɜŭɟɑɤɜ əŬɗŬɟɩɜ Ŭˊɧ ɎɚɚŬ ɛŮɛɓɟŬɜɩŭɖ ɞɟɔŬɜɑŭɘŬ  

ŮɝŬɘŰɑŬɠ Űɖɠ ɢɟɐůɖɠ Űɞɡ Nycodenz  (Glick, 1991). ɇŬ ɛɘŰɞɢɧɜŭɟɘŬ ŬɡŰɎ ŬˊɞɗɖəŮɨɞɜŰŬɘ əŬɘ 

ŭɘŬŰɖɟɞɨɜŰŬɘ ɚŮɘŰɞɡɟɔɘəɎ ůŰɞɡɠ -80ęC.  

 ȺɜŬɚɚŬəŰɘəɎ ɔɘŬ ŰŬ ˊŮɘɟɎɛŬŰŬ ŮˊɩŬůɖɠ əɡŰŰɎɟɤɜ ůŬəɢŬɟɞɛɨəɖŰŬ ɛŮ H2O2  əŬɘ Űɖɜ 

ˊɞůɞŰɘəɐ ɛŮɚɏŰɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ɛŮŰɎ Ŭˊɧ Űɞ ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɞɛɧɜɤůɖ ɛɘŰɞɢɞɜŭɟɑɤɜ ůŮ ɛɘəɟɧŰŮɟɖ əɚɑɛŬəŬ əŬɘ əŬɗŬɟɧŰɖŰŬ ɢɤɟɑɠ ɧɛɤɠ 

Űɖ ɢɟɐůɖ Űɞɡ ɢɖɛɘəɞɨ ůəŮɡɎůɛŬŰɞɠ Nycodenz. ɇŬ əɨŰŰŬɟŬ ŬɡŰɎ ŬɜŬˊŰɨɢɗɖəŬɜ ůŮ ɗɟŮˊŰɘəɧ ɛɏůɞ 

YPLactate ɐ ůŮ ˊɚɞɨůɘɞ ɗɟŮˊŰɘəɧ ɛɏůɞ, ˊɞɡ ˊŮɟɘɏɢŮɘ ɔɚɡəɧɕɖ (YPD). ɇŬ ɛɘŰɞɢɧɜŭɟɘŬ 
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ŬˊɞɗɖəŮɨŰɖəŬɜ ůŰɞɡɠ -80ɞC əŬɘ ŬˊɞɛɞɜɩɗɖəŮ Űɞ əɚɎůɛŬ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ Űɤɜ 

əɡŰŰɎɟɤɜ  Űɞ ɞˊɞɑɞ Ůˊɑůɖɠ ŬˊɞɗɖəŮɨŰɖəŮ ůŮ ɗŮɟɛɞəɟŬůɑŬ -20ɞC.  

3.2 ȰɚŮɔɢɞɠ ɘəŬɜɧŰɖŰŬɠ Ůɘůɧŭɞɡ ɟŬŭɘɞůɖɛŬůɛɏɜɤɜ ˊɟɤŰŮɥɜɩɜ ůŮ ɛɘŰɞɢɧɜŭɟɘŬ Űɞɡ 
S. cerevisiae  

3.2.1 ɄŬɟŬɔɤɔɐ ɟŬŭɘɞůɖɛŬůɛɏɜɤɜ ˊɟɤŰŮɥɜɩɜ ɛŮ Űɞ in vitro ůɨůŰɖɛŬ ůɨɕŮɡɝɖɠ 
ɛŮŰŬɔɟŬűɐɠ- ɛŮŰɎűɟŬůɖɠ (Coupled Transcription / Translation, TNT)    

 ũɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ɟŬŭɘŮɜŮɟɔɐɠ ˊɟɤŰŮȶɜɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊɚŬůɛɑŭɘŬ ɡɣɖɚɐɠ 

əŬɗŬɟɧŰɖŰŬɠ əŬɘ ůɡɔəɏɜŰɟɤůɖɠ ŰŬ ɞˊɞɑŬ ŬˊɞɛɞɜɩɗɖəŬɜ Ŭˊɧ əɞɚɩɜŬ (Qiagen). ȼ ůɨɜɗŮůɖ 

ɟŬŭɘɞůɖɛŬůɛɏɜɤɜ ˊɟɤŰŮɥɜɩɜ ɛŮ Űɞɜ Ůəˊɞɛˊɧ ŬəŰɘɜɞɓɞɚɑŬɠ-ɓ 35S ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ ɓɎůɖ Űɞ 

ˊɟɤŰɧəɞɚɚɞ Űɞɡ əŬŰŬůəŮɡŬůŰɐ Űɞɡ TNT SP6-coupled transcription/translation kit (Promega TNT). 

ȰŰůɘ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ˊɚŬůɛɘŭɑɞ ˊɞɡ űɏɟŮɘ Űɞ ŮˊɘɗɡɛɖŰɧ əɎɗŮ űɞɟɎ ɔɞɜɑŭɘɞ ɡˊɧ Űɞɜ ɡˊɞəɘɜɖŰɐ 

SP6. ȼ ůɐɛŬɜůɖ ɏɔɘɜŮ ɛŮ 35S-ɛŮɗŮɘɞɜɑɜɖ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ SP6 ˊɞɚɡɛŮɟɎůɖ ɔɘŬ Űɖɜ ɛŮŰŬɔɟŬűɐ 

Űɞɡ ŮəɎůŰɞŰŮ ɔɞɜɘŭɑɞɡ, 35S-ɛŮɗŮɘɞɜɑɜɖ əŬɘ ɧɚŬ ŰŬ ɡˊɧɚɞɘˊŬ ŬɛɘɜɞɝɏŬ ŮɑɜŬɘ  ůŮ ɛɖ ɟŬŭɘŮɜŮɟɔɐ ɛɞɟűɐ 

ɛŮ Űɞ in vitro ůɨůŰɖɛŬ ůɨɕŮɡɝɖɠ ɛŮŰŬɔɟŬűɐɠ-ɛŮŰɎűɟŬůɖɠ ůŮ əɡŰŰŬɟɘəɧ ŮəɢɨɚɘůɛŬ ˊɟɧŭɟɞɛɤɜ 

Ůɟɡɗɟɩɜ ŬɘɛɞůűŬɘɟɑɤɜ Ŭˊɧ əɞɡɜɏɚɘ RRL (Rabbit Reticulocyte Lysate). ȼ ŬɜŰɑŭɟŬůɖ ˊŬɟŬɔɤɔɐɠ 

Űɖɠ ɟŬŭɘŮɜŮɟɔɐɠ ˊɟɤŰŮȶɜɖɠ ɏɔɘɜŮ ɔɘŬ 90min ůŮ ɗŮɟɛɞəɟŬůɑŬ 30ɞC. H ˊɟɤŰŮȶɜɖ ŬˊɞɛŬəɟɨɜɗɖəŮ 

Ŭˊɧ ŰŬ ɟɘɓɞůɩɛŬŰŬ ɛŮ űɡɔɞəɏɜŰɟɖůɖ ůŰŬ 25000g ɔɘŬ 30min əŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ 4ɞC.  

3.2.2 Ⱥɑůɞŭɞɠ ŬˊɞŭɘŬŰŮŰŬɔɛɏɜɤɜ əŬɘ Ŭɜɖɔɛɏɜɤɜ ˊɟɤŰŮɥɜɩɜ ůŮ ŬˊɞɛɞɜɤɛɏɜŬ 
ɛɘŰɞɢɧɜŭɟɘŬ Űɞɡ ůŬəɢŬɟɞɛɨəɖŰŬ 

 ȷɜɎɚɞɔŬ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ ɖ ˊŬɟŬɔɧɛŮɜɖ ˊɟɤŰŮȶɜɖ ɛˊɞɟŮɑ ɜŬ əŬŰŮɟɔŬůŰŮɑ 

ɛŮ Ůɘŭɘəɧ ŭɘɎɚɡɛŬ ɞɡɟɑŬɠ ɔɘŬ ɜŬ ŬˊɞŭɘŬŰŬɢɗŮɑ əŬɘ ɛŮ DTT ɔɘŬ ɜŬ ůˊɎůɞɡɜ ɞɘ ŭɘůɞɡɚűɘŭɘəɞɑ  Űɖɠ 

ŭŮůɛɞɑ ˊɟɘɜ Űɖɜ Ůɑůɞŭɧ Űɖɠ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ ˊɟɞůɞɛɞɘɎɕɞɜŰŬɠ Űɘɠ ůɡɜɗɐəŮɠ ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ 

ɧˊɞɡ ɞɘ ůŬˊŮɟɧɜŮɠ əɟŬŰɞɨɜ ŬˊɞŭɘŬŰŮŰŬɔɛɏɜŮɠ Űɘɠ ˊɟɤŰŮȶɜŮɠ ˊɟɘɜ Űɖɜ Ůɑůɞŭɧ Űɞɡɠ ůŰŬ 

ɛɘŰɞɢɧɜŭɟɘŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ɛŮŰɎ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ˊɟɤŰŮȶɜɖɠ əŬɘ Űɖɜ Ŭˊɞɛɧɜɤůɖ Űɖɠ Ŭˊɧ ŰŬ 

ɟɘɓɞůɩɛŬŰŬ, ɖ ˊɟɤŰŮȶɜɖ əŬŰŬəɟɖɛɜɑɕŮŰŬɘ ɛŮ ɗŮɥəɧ Ŭɛɛɩɜɘɞ əŬɘ ŮˊŬɜŬŭɘŬɚɨŮŰŬɘ ůŮ ŭɘɎɚɡɛŬ 

ŬˊɞŭɘɎŰŬɝɖɠ (Denaturating Buffer: 50mM Tris pH 7,4, 150mM NaCl, 8M Urea, 100mM DTT). 

ȷəɞɚɞɡɗŮɑ ŮˊɩŬůɖ ɔɘŬ 90min  ůŮ ɗŮɟɛɞəɟŬůɑŬ 37ɞC.  

3.2.3 Ⱥɑůɞŭɞɠ ɟŬŭɘɞůɖɛŬůɛɏɜɤɜ ˊɟɤŰŮɥɜɩɜ ůŮ ŬˊɞɛɞɜɤɛɏɜŬ ɛɘŰɞɢɧɜŭɟɘŬ S. 
cerevisiae əŬɘ ŬɡŰɞɟŬŭɘɞɔɟŬűɑŬ 

 Ʉɟɘɜ Űɖɜ Ůɑůɞŭɞ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ˊɟɤŰŮȶɜɖɠ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ əɟŬŰŮɑŰŬɘ ŭŮɑɔɛŬ ˊɞɡ 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 5-10% Űɖɠ ˊɟɤŰŮȶɜɖɠ ˊɞɡ ŮɘůɎɔŮŰŬɘ ůŮ ŬɡŰɎ (ŬˊɞŭɘŬŰŮŰŬɔɛɏɜɖɠ ɐ ɛɖ) əŬɘ 

űɞɟŰɩɜŮŰŬɘ ŭɑˊɚŬ ůŰŬ ɡˊɧɚɞɘˊŬ ŭŮɑɔɛŬŰŬ ɔɘŬ ɖɚŮəŰɟɞűɧɟɖůɖ, ɛŮ ůŰɧɢɞ Űɖ ůɡůɢɏŰɘůɖ Űɖɠ 

ˊŬɟŬɔɧɛŮɜɖɠ Ŭˊɧ Űɞ TNT ůɨůŰɖɛŬ əŬɘ Űɖɠ ˊɟɤŰŮȶɜɖɠ ˊɞɡ ŰŮɚɘəɎ ŮɘůɎɔŮŰŬɘ.  

 ũɘŬ Űɖɜ Ůɑůɞŭɞ ɟŬŭɘɞůɖɛŬůɛɏɜɤɜ ɛŮ 35S ˊɟɧŭɟɞɛɤɜ ˊɟɤŰŮɥɜɩɜ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ, ŰŬ 

ɛɘŰɞɢɧɜŭɟɘŬ ŮˊŬɜŬŭɘŬɚɨɞɜŰŬɘ ůŮ import buffer ůŮ ŰŮɚɘəɐ ůɡɔəɏɜŰɟɤůɖ 0,5 mg/ml, ˊŬɟɞɡůɑŬ 2mM 
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ATP əŬɘ 2,5mM NADH. ɆŮ ŬɡŰɎ ˊɟɞůŰɑɗŮŰŬɘ ɖ ɟŬŭɘŮɜŮɟɔɐ ˊɟɤŰŮȶɜɖ əŬɘ ŬəɞɚɞɡɗŮɑ ŮˊɩŬůɖ ůŮ 30ęC 

ɔɘŬ 5-30min, ŬɜɎɚɞɔŬ ɛŮ Űɞɡɠ ůŰɧɢɞɡɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ. ɇŬ ŭŮɑɔɛŬŰŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ Ŭɛɏůɤɠ ɛŮŰɎ ůŮ 

ˊɎɔɞ. ȷəɞɚɞɡɗŮɑ ɖ Ŭˊɞɛɧɜɤůɖ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ɛŮ űɡɔɞəɏɜŰɟɖůɖ ɔɘŬ 5min ůŰɘɠ 16100g ůŮ 

ɗŮɟɛɞəɟŬůɑŬ 4ęC ɛŮ ůŰɧɢɞ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɖɠ ɟŬŭɘŮɜŮɟɔɐɠ ˊɟɤŰŮȶɜɖɠ ˊɞɡ ŭŮɜ ŮɘůɐɢɗɖůŬɜ ůŰŬ 

ɛɘŰɞɢɧɜŭɟɘŬ.  

 ɇɞ ɑɕɖɛŬ ŮˊŬɜŬŭɘŬɚɨŮŰŬɘ ůŮ ɘůɞŰɞɜɘəɧ ŭɘɎɚɡɛŬ, ˊŬɟɞɡůɑŬ əŬŰɎɚɚɖɚɖɠ ůɡɔəɏɜŰɟɤůɖɠ 

ˊɟɤŰŮɥɜɎůɖɠ Ⱦ (0,1mg/ml ɐ 0,05mg/ml) ɐ Űɟɡɣɑɜɖɠ (0,1mg/ml) ɛŮ ɐ ɢɤɟɑɠ Űɖɜ ˊɟɞůɗɐəɖ Triton 

(1%) əŬɘ ŮˊɤɎɕŮŰŬɘ ɔɘŬ 30min ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɟŬŭɘŮɜŮɟɔɩɜ ɛɞɟɑɤɜ ˊɞɡ ɏɢɞɡɜ əɞɚɚɐůŮɘ 

ůŰŬ ŰɞɘɢɩɛŬŰŬ ŮɝɤŰŮɟɘəɎ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ˊɟɤŰŮɥɜɎůɖ K ŮɑɜŬɘ ɛɑŬ ɔŮɜɘəɐ 

ˊɟɤŰŮɎůɖ ɖ ɞˊɞɑŬ ŬˊŮɜŮɟɔɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞɜ ŬɜŬůŰɞɚɏŬ PMSF (Phenylmethanesulfonylfluoride ɐ 

Phenylmethylsulfonyl Fluoride), Ůɜɩ ɖ Űɟɡɣɑɜɖ əɧɓŮɘ ůŰɞ əŬɟɓɞɝɡŰŮɚɘəɧ ɛɏɟɞɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ ɛŮŰɎ 

Ŭˊɧ ɚɡůɑɜɖ ɐ Ŭɟɔɘɜɑɜɖ, ŮəŰɧɠ Ŭɜ ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ ˊɟɞɚɑɜɖ əŬɘ ŬˊŮɜŮɟɔɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞ SBTI 

(Soybean Trypsin Inhibitor). ɇɞ ŬˊɞɟɟɡˊŬɜŰɘəɧ Triton (ŮɜŬɚɚŬəŰɘəɎ ɞɜɞɛɎɕŮŰŬɘ TX-100) 

ŭɘŬɚɡŰɞˊɞɘŮɑ Űɘɠ ɛŮɛɓɟɎɜŮɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞɘəɞŭɞɛɖɗɞɨɜ ɞɘ ɛɘŰɞɢɞɜŭɟɘŬəɏɠ 

ˊɟɤŰŮȶɜŮɠ ɛɏůŬ ůŰŬ ɛɘŰɞɢɧɜŭɟɘŬ Ŭˊɧ Űɘɠ ˊɟɤŰŮɎůŮɠ əŬɘ Űɞ Triton ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɛɎɟŰɡɟŬɠ 

Ůɚɏɔɢɞɡ Űɖɠ ŭɟɎůɖɠ Űɤɜ ˊɟɤŰŮŬůɩɜ. ȼ ŬɜŰɑŭɟŬůɖ ůŰŬɛŬŰɎŮɘ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ PMSF (1mM) ɐ 

SBTI (1mg/ml) ɔɘŬ 10min ůŮ ɗŮɟɛɞəɟŬůɑŬ 4ęC əŬɘ ŰŬ ɛɘŰɞɢɧɜŭɟɘŬ ŬˊɞɛɞɜɩɜɞɜŰŬɘ ɝŬɜɎ ɛŮ Űɘɠ 

ˊŬɟŬˊɎɜɤ ɑŭɘŮɠ ůɡɜɗɐəŮɠ űɡɔɞəɏɜŰɟɖůɖɠ.  

 ɀɧɜɞ ůŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ əŬŰŮɟɔŬůɑŬ ɛŮ ˊɟɤŰŮɥɜɎůɖ K ɔɘŬ ɓɏɚŰɘůŰɖ 

ŬˊŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ˊɟɤŰŮɥɜɎůɖɠ K ˊɟɞůŰɑɗŮŰŬɘ 10% TCA (10%) əŬɘ ɗŮɟɛŬɑɜɞɜŰŬɘ ůŰɞɡɠ 65ɞC ɔɘŬ 

5min. ɆŰɖ ůɡɜɏɢŮɘŬ ŮˊɤɎɕɞɜŰŬɘ ůŮ 4ɞC ɔɘŬ 15min əŬɘ űɡɔɞəŮɜŰɟɞɨɜŰŬɘ ůŰɘɠ 16100g ɔɘŬ 15min 

ůŰɞɡɠ 4ɞC. ȰˊŮɘŰŬ, Űɞ ɡˊŮɟəŮɑɛŮɜɞ ŬˊɞɛŬəɟɨɜŮŰŬɘ  əŬɘ Űɞ ɑɕɖɛŬ ŮˊŬɜŬŭɘŬɚɨŮŰŬɘ ůŮ 10-15 ɛl 2x 

Laemmli sample buffer ɛŮ ɓ-ɛŮɟəŬˊŰɞŬɘɗŬɜɧɚɖ (ŭɘŬůˊɎ Űɞɡɠ ŭɘůɞɡɚűɘŭɘəɞɨɠ ŭŮůɛɞɨɠ ŬɜɎɛŮůŬ 

ůŰɘɠ ˊɟɤŰŮȶɜŮɠ).  

 ɇŬ ŭŮɑɔɛŬŰŬ ɓɟɎɕɞɜŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ 95ęC ɔɘŬ 5min əŬɘ ŬɜŬɚɨɞɜŰŬɘ ɛŮ ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ 

ˊɖəŰɩɛŬŰŬ ŬəɟɡɚŬɛɑŭɖɠ 12% ɇris-Tricine (50mA ůŰŬɗŮɟɎ ɔɘŬ 1h) ɐ 12% SDS (35mA ůŰŬɗŮɟɎ ɔɘŬ 

45min). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ ˊɐəŰɤɛŬ ɓɎűŮŰŬɘ ɛŮ ŭɘɎɚɡɛŬ ɢɟɩůɖɠ Coomassie blue (Coomassie 

brilliant blue R-250), ɖ ɞˊɞɑŬ ɓɎűŮɘ ɛˊɚŮ Űɘɠ ˊɟɤŰŮɥɜɘəɏɠ ɕɩɜŮɠ əŬɘ ɏɢŮɘ ŮɡŬɘůɗɖůɑŬ ɛɏɢɟɘ 0,1ɛg 

ˊɞůɧŰɖŰŬ ˊɟɤŰŮȶɜɖɠ. ɇɏɚɞɠ, ɖ ˊŮɟɑůůŮɘŬ Coomassie ŬˊɞɛŬəɟɨɜŮŰŬɘ ŮˊɤɎɕɞɜŰŬɠ Űɞ ˊɐəŰɤɛŬ ůŮ 

ŭɘɎɚɡɛŬ ŬˊɞɢɟɤɛŬŰɘůɛɞɨ Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ əŬɘ ɞɝɘəɧ ɞɝɨ ɔɘŬ Űɖɜ ɛɞɜɘɛɞˊɞɑɖůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ 

ˊɎɜɤ ůŰɞ ˊɐəŰɤɛŬ əŬɘ Űɞ ˊɐəŰɤɛŬ ůŰŮɔɜɩɜŮŰŬɘ ůŮ ůɡůəŮɡɐ Biorad Gel Dryer ɔɘŬ 30min. 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ: 

Coomassie:   30% methanol, 10% acetic acid & 0,2% R-250 

Destaining buffer: 15% methanol, 10% acetic acid 

 ȺɜŬɚɚŬəŰɘəɎ ůŮ ɞɟɘůɛɏɜŬ ˊŮɘɟɎɛŬŰŬ, Űɞ əɞɛɛɎŰɘ Űɞɡ ˊɖəŰɩɛŬŰɞɠ ɛŮ Űɘɠ ˊɟɤŰŮȶɜŮɠ 

ɛɎɟŰɡɟŮɠ ɓɎűŮŰŬɘ ɛŮ Coomassie blue əŬɘ Űɞ ɡˊɧɚɞɘˊɞ ɓɟɎɕŮŰŬɘ ůŰɖɜ ŬˊŬɔɤɔɧ ŮůŰɑŬ (hood) ůŮ 5% 

TCA ɔɘŬ 5min ůŰɖɜ ŬˊŬɔɤɔɧ ŮůŰɑŬ (hood) əŬɘ ɝŮˊɚɏɜŮŰŬɘ ɛŮ ɜŮɟɧ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟɞůŰɑɗŮŰŬɘ 1M 
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Tris base pH 8 ɔɘŬ ɜŬ ŮɝɘůɞɟɟɞˊɖɗŮɑ Űɞ pH, ɝŮˊɚɏɜŮŰŬɘ ɛŮ ɜŮɟɧ əŬɘ ŮˊɤɎɕŮŰŬɘ ɛŮ 1M Sodium 

Salicilate ɔɘŬ 20min. ɇɏɚɞɠ ŰŬ ŭɨɞ əɞɛɛɎŰɘŬ (ˊɟɤŰŮȶɜŮɠ ɛɎɟŰɡɟŮɠ əŬɘ Űɞ ɡˊɧɚɞɘˊɞ ˊɐəŰɤɛŬ) 

ůŰŮɔɜɩɜɞɜŰŬɘ ɛŬɕɑ əŬɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ əŬůɏŰŬ ɔɘŬ ɏəɗŮůɖ 24 ɐ ˊŮɟɘůůɧŰŮɟɤɜ ɤɟɩɜ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ɐ ůŰɞɡɠ -80ɞC. 

 ɇɏɚɞɠ, Űɞ ˊɐəŰɤɛŬ ŮɛűŬɜɑɕŮŰŬɘ ůŮ ɣɖűɘŬəɐ ŮɘəɧɜŬ ůŮ ŭɘɎŰŬɝɖ Űɨˊɞɡ Phosphorimager 

(STORM 840 Phosphorimager) ɐ ŮəŰɑɗŮŰŬɘ ůŮ ŬəŰɘɜɞɔɟŬűɘəɎ űɘɚɛ ɧˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ůəɞŰŮɘɜɧ 

ɗɎɚŬɛɞ.  

4. ȸɘɞɢɖɛɘəɐ ŬɜɎɚɡůɖ ˊɟɤŰŮɥɜɩɜ 

4.1 ȼɚŮəŰɟɞűɧɟɖůɖ ˊɟɤŰŮɥɜɩɜ ůŮ ŬˊɞŭɘŬŰŬəŰɘəɧ ˊɐəŰɤɛŬ ŬəɟɡɚŬɛɑŭɖɠ (SDS-
PAGE) 

 ȼ ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ ŬˊɞŭɘŬŰŬəŰɘəɧ ˊɐəŰɤɛŬ ŬəɟɡɚŬɛɑŭɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞ 

ŭɘŬɢɤɟɘůɛɧ ˊɟɤŰŮɥɜɘəɩɜ ŭŮɘɔɛɎŰɤɜ ɛŮ ɓɎůɖ Űɞ ɛɏɔŮɗɧɠ Űɞɡɠ. ɇɞ ˊɐəŰɤɛŬ ŬɡŰɧ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

Űɞ ˊɐəŰɤɛŬ ŭɘŬɢɤɟɘůɛɞɨ (Separating) əŬɘ Űɞ ˊɐəŰɤɛŬ Ů́ ɘůŰɞɑɓŬɝɖɠ (Stacking). ɇɞ ˊɐəŰɤɛŬ 

Ů́ ɘůŰɞɑɓŬɝɖɠ ŮɜŬˊɞŰɑɗŮŰŬɘ ɛɧɜɞ Ŭűɞɨ Űɞ ˊɟɩŰɞ ɏɢŮɘ ˊɐɝŮɘ ɛŮ 100% ɘůɞˊɟɞˊŬɜɧɚɖ Ŭˊɧ ˊɎɜɤ Űɞɡ, 

ɏŰůɘ ɩůŰŮ ŰŬ ˊɟɤŰŮɥɜɘəɎ ŭŮɑɔɛŬŰŬ ɜŬ ŮɡɗɡɔɟŬɛɛɑɕɞɜŰŬɘ ŰŮɚɘəɎ əŬɘ ɜŬ ŬˊɞəŰɞɨɜ əɞɘɜɐ ŬűŮŰɖɟɑŬ ůŰɞ 

ˊɐəŰɤɛŬ ŭɘŬɢɤɟɘůɛɞɨ. ũɘŬ Űɞɜ ˊɞɚɡɛŮɟɘůɛɧ Űɤɜ ˊɖəŰɤɛɎŰɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 0,01% TEMED əŬɘ 

0,1% APS (Ammonium Persulfate). ɇŬ ŭŮɑɔɛŬŰŬ Űɤɜ ˊɟɤŰŮɥɜɩɜ ˊɟɘɜ űɞɟŰɤɗɞɨɜ ɓɟɎɕɞɜŰŬɘ əŬɘ 

ŮɛˊɚɞɡŰɑɕɞɜŰŬɘ ɛŮ ŭɘɎɚɡɛŬ ˊɞɡ ˊŮɟɘɏɢŮɘ SDS Űɞ ɞˊɞɑɞ ˊɟɞůŭɑŭŮɘ ůŮ ŬɡŰɏɠ ɏɜŬ ŬɟɜɖŰɘəɧ űɞɟŰɑɞ ŬɜɎ 

ŭɨɞ ŬɛɘɜɞɝɘəɎ əŬŰɎɚɞɘˊŬ əɟŬŰɩɜŰŬ ˊŬɟɎɚɚɖɚŬ Űɘɠ ˊɟɤŰŮȶɜŮɠ ůŮ ŬˊɞŭɘŬŰŮŰŬɔɛɏɜɖ ɛɞɟűɐ.  

ɄɑɜŬəŬɠ 7. 12% Tris-Tricine SDS 

 Separating (ml) Stacking (ml) 

49,5% Total + 1,5% crosslinker 1,250 0,250 

Gel Buffer (Tricine) 1,650 0,750 

87% Glycerol 0,650 - 

ddH2O 1,400 2,100 

10% APS 0,050 0,050 

TEMED 0,005 0,005 

Ɇɨɜɞɚɞ 5,005 3,155 

Cathode Buffer: 0,1M Tris pH 8,25, 0,1 M Tris-Tricine, 10% SDS 

Anode Buffer: 0,2M Tris pH 8,9 
ɄɑɜŬəŬɠ 8. 12% Tris-Glycine SDS 

 Separating (ml) Stacking (ml) 

ddH2O 1,600 3,400 

30% Acryylamide mix  2,000 0,830 

1,5M Tris  1,300 (pH 8,8) 0,630 (pH 6,8) 

10% SDS 0,050 0,050 

10% APS 0,050 0,050 

TEMED 0,005 0,005 

Ɇɨɜɞɚɞ 5,005 4,915 

SDS Running Buffer (5x, ŰŮɚɘəɧ 1L, pH 8,3): 15,1g Tris, 72g glycine, 5g SDS  
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ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊɖəŰɩɛŬŰŬ 12% Tris-Tricine ɐ 12% SDS ŬɜɎɚɞɔŬ 

ɛŮ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ. ɇŬ Tris-Tricine ˊɖəŰɩɛŬŰŬ ŭɘŬɢɤɟɑɕɞɡɜ əŬɚɨŰŮɟŬ Űɘɠ ɛɘəɟɞɨ 

ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ˊɟɤŰŮȶɜŮɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ Tris-Glycine. ɇŬ ɡɚɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɑɜɞɜŰŬɘ 

ůŰɞɡɠ ɄɑɜŬəŮɠ 7 əŬɘ 8. 

4.2 ȷɜɑɢɜŮɡůɖ ˊɟɤŰŮɥɜɩɜ ůŮ ɛŮɛɓɟɎɜɖ ɜɘŰɟɞəɡŰŰŬɟɑɜɖɠ ɛŮ ŬɜɞůɞŬˊɞŰɨˊɤůɖ 
(Western Blot) 

 ȼ ŬɜɞůɞŬˊɞŰɨˊɤůɖ (Western Blot) ŮɑɜŬɘ ɛɘŬ ŰŮɢɜɘəɐ ŬɜɑɢɜŮɡůɖɠ ɛɘŬɠ ɞɟɘůɛɏɜɖɠ ˊɟɤŰŮȶɜɖɠ 

ɛɏůŬ ůŮ ɏɜŬ ɛŮɑɔɛŬ ˊɟɤŰŮɥɜɩɜ. ȷɟɢɘəɎ ŬˊɞɛɞɜɩɜŮŰŬɘ Űɞ ˊɟɤŰŮɥɜɘəɧ ŭŮɑɔɛŬ əŬɘ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ 

ˊɐəŰɤɛŬ ŬəɟɡɚŬɛɑŭɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ɛŮŰŬűɏɟɞɜŰŬɘ ɛŮ ɖɚŮəŰɟɞŬˊɞŰɨˊɤůɖ ůŮ ɛŮɛɓɟɎɜɖ 

ɜɘŰɟɞəɡŰŰŬɟɑɜɖɠ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ůɨɛűɤɜŬ ɛŮ Űɘɠ ɞŭɖɔɑŮɠ Űɞɡ əŬŰŬůəŮɡŬůŰɐ ůɡůəŮɡɐ Trans-blot 

Semi-Dry Transfer Cell Biorad ɔɘŬ 25min ůŮ ůŰŬɗŮɟɐ ŰɎůɖ 20 V ɛŮ Űɞ ůɨůŰɖɛŬ semi-dry transfer. 

ȷəɞɚɞɡɗŮɑ  əɎɚɡɣɖ Űɤɜ ɛɖ Ůɘŭɘəɩɜ ɗɏůŮɤɜ ɛŮ 5% ɔɎɚŬ ŭɘŬɚɡɛɏɜɞ ůŮ 1x TBST ɔɘŬ 1h ůŮ 

ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ɐ Ƀ/Ɂ ůŮ ɗŮɟɛɞəɟŬůɑŬ 4ęC ɛŮ ŰŬɡŰɧɢɟɞɜɖ ŬɜɎŭŮɡůɖ. ȼ ɛŮɛɓɟɎɜɖ 

ŮˊɤɎɕŮŰŬɘ ɛŮ Űɞ ŮəɎůŰɞŰŮ Ůɘŭɘəɧ ɔɘŬ Űɖɜ ˊɟɤŰŮȶɜɖ ŬɜŰɑůɤɛŬ ůŮ 1% ɔɎɚŬ ŭɘŬɚɡɛɏɜɞ ůŮ 1x TBST ɔɘŬ 

1h ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ɐ Ƀ/Ɂ ůŮ ɗŮɟɛɞəɟŬůɑŬ 4ęC ɛŮ ŬɜɎŭŮɡůɖ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ 

Űɞɡ ŮəɎůŰɞŰŮ ˊŮɘɟɎɛŬŰɞɠ.  

 ȳɚŬ ŰŬ ŬɜŰɘůɩɛŬŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɐŰŬɜ ˊɞɚɡəɚɤɜɘəɎ 

ˊŬɟŬɔɛɏɜŬ ůŮ əɞɡɜɏɚɘŬ. ɇɞ ŭŮɨŰŮɟɞ ŬɜŰɑůɤɛŬ ɐŰŬɜ ŬɜŰɑ-rabbit (Sigma) ůɡɕŮɡɔɛɏɜɞ ɛŮ Űɞ ɏɜɕɡɛɞ 

HRP (horse raddish peroxidase), ɧˊɞɡ ˊŬɟɞɡůɑŬ ɡˊŮɟɞɝŮɘŭɑɞɡ (H2O2) əŬɘ ɚɞɡɛɘɜɧɚɖɠ (luminol) 

ŬɚɚɎɕŮɘ ɖ ɞɝŮɘŭɤŰɘəɐ Űɞɡ əŬŰɎůŰŬůɖ əŬɘ ŮəɚɨŮɘ űɤɠ (ɢɖɛŮɘɞűɤŰŬɨɔŮɘŬ). ɇɞ ɢɖɛŮɘɞűɤŬŰŬɡɔŮɘŬəɧ 

ůɐɛŬ ŮɛűŬɜɑɕŮŰŬɘ ůŮ ɣɖűɘŬəɐ ɛɞɟűɐ ɛŮ ɢɟɐůɖ LAS-3000 imaging system (FUJIFILM). 

 ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɖ ɑŭɘŬ ɛŮɛɓɟɎɜɖ ɜŬ ŮˊɤŬůŰŮɑ ɛŮŰɎ Űɖɜ ŮɛűɎɜɘůɐ Űɖɠ ɝŬɜɎ 

ɛŮ ɏɜŬ Ɏɚɚɞ ŬɜŰɑůɤɛŬ, ɔɑɜŮŰŬɘ ɏəŭɡůɖ (stripping) Űɖɠ ɛŮɛɓɟɎɜɖɠ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ  Űɞ 

ˊɟɞɖɔɞɨɛŮɜɞ ŬɜŰɑůɤɛŬ ɛŮ Űɖ ɓɞɐɗŮɘŬ ŭɘŬɚɨɛŬŰɞɠ ˊɞɡ ˊŮɟɘɏɢŮɘ: 2% SDS əŬɘ 62,5mɀ Tris pH 6,8 

əŬɘ 350ɛl ɓ- ɛŮɟəŬˊŰɞŬɘɗŬɜɧɚɖ (BME, 2BME 2-ME ɐ ɓ-met) ŬɜɎ 50ml ŭɘŬɚɨɛŬŰɞɠ. ȼ ŮəɎůŰɞŰŮ 

ɛŮɛɓɟɎɜɖ ŮˊɤɎɕŮŰŬɘ ůŮ ŬɡŰɧ Űɞ ŭɘɎɚɡɛŬ ɔɘŬ 30min ůŮ ɗŮɟɛɞəɟŬůɑŬ 50ęC ɛŮ ˊɚɡůɑɛŬŰŬ 10  

ɚŮˊŰɩɜ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ɏəŭɡůɖɠ əŬɘ 

ɛˊɚɞəɎɟɞɜŰŬɘ ɝŬɜɎ ɞɘ ɛɖ Ůɘŭɘəɏɠ ɗɏůŮɘɠ Űɖɠ ɛŮɛɓɟɎɜɖ ɛŮ 5% ɔɎɚŬ ɔɘŬ 1h, ɩůŰŮ ɖ ɛŮɛɓɟɎɜɖ ɜŬ 

ŮɑɜŬɘ ɏŰɞɘɛɖ ɜŬ ŮˊɤŬůŰŮɑ ɛŮ Űɞ ŮˊɧɛŮɜɞ ŬɜŰɑůɤɛŬ. 

4.4 ɇŮɢɜɘəɏɠ əŬŰŬəɟɐɛɜɘůɖɠ ˊɟɤŰŮɥɜɩɜ 

4.4.1 ɀŮ TCA əŬɘ ŬəŮŰɧɜɖ 

 To TCA (Trichloroacetic Acid) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ əŬŰŬəɟɐɛɜɘůɖ ɛŬəɟɞɛɞɟɑɤɜ ɧˊɤɠ 

Űɤɜ ˊɟɤŰŮɥɜɩɜ, Űɞɡ DNA əŬɘ Űɞɡ RNA. ɆŰɖ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬŰŬəɟɐɛɜɘůɖ ɛŮ 

TCA ɔɘŬ Űɖɜ ůɡɛˊɨəɜɤůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ ůŮ ŭŮɑɔɛŬŰŬ Ŭˊɧ əɡŰŰŬɟɧˊɚŬůɛŬ əɡŰŰɎɟɤɜ 

ůŬəɢŬɟɞɛɨəɖŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ ˊɟɞůŰɏɗɖəŮ TCA ůŰŬ ŭŮɑɔɛŬŰŬ, ɩůŰŮ ɖ ŰŮɚɘəɐ Űɞɡ ůɡɔəɏɜŰɟɤůɖ Űɞɡ 
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TCA  ɜŬ ŮɑɜŬɘ 10% Ŭˊɧ Ŭɟɢɘəɧ ŭɘɎɚɡɛŬ 99% (Sigma), ŮˊɤɎůŰɖəŬɜ ŰŬ ŭŮɑɔɛŬŰŬ ɔɘŬ 30min ůŮ 

ɗŮɟɛɞəɟŬůɑŬ 4ɞC əŬɘ  űɡɔɞəŮɜŰɟɐɗɖəŬɜ ůŰɘɠ 16100g ɔɘŬ 30min ůŮ ɗŮɟɛɞəɟŬůɑŬ 4ɞC. ɆŰɞ ɑɕɖɛŬ 

(ˊɟɤŰŮȶɜŮɠ) ˊɟɞůŰɏɗɖəŮ ˊŬɔɤɛɏɜɖ ŬəŮŰɧɜɖ (ɔɘŬ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ TCA) əŬɘ ŰŬ ŭŮɑɔɛŬŰŬ 

ŮˊɤɎůŰɖəŬɜ ɔɘŬ 20min ůŰɞɡɠ -20ɞC. ȷəɞɚɞɨɗɖůŮ űɡɔɞəɏɜŰɟɖůɖ ůŰɘɠ 16100g ɔɘŬ 20min ůŮ 

ɗŮɟɛɞəɟŬůɑŬ 4ɞC. ɇŬ ɘɕɐɛŬŰŬ ŮˊɤɎůŰɖəŬɜ ůŰɞɡɠ 37ɞC ɔɘŬ 1h əŬɘ ŮˊŬɜŬŭɘŬɚɨɗɖəŬɜ ůŮ 1M Tris pH 

8 əŬɘ ŬűɏɗɖəŬɜ O/N ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ, ɔɘŬ əŬɚɨŰŮɟɖ ŭɘŬɚɡŰɞˊɞɑɖůɖ ˊɟɘɜ Űɖɜ 

ɖɚŮəŰɟɞűɧɟɖůɐ Űɞɡɠ. 

4.4.2 ɀŮ ɗŮɘɘəɧ Ŭɛɛɩɜɘɞ 

 ȼ əŬŰŬəɟɐɛɜɘůɖ ɛŮ ɗŮɘɘəɧ Ŭɛɛɩɜɘɞ ŮɑɜŬɘ ɛɘŬ ˊɘɞ ɐˊɘŬ ɛɏɗɞŭɞɠ əŬŰŬəɟɐɛɜɘůɖɠ ˊɟɤŰŮɥɜɩɜ 

ůŮ ůɢɏůɖ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ TCA, ɔɘŬŰɑ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɞ pH Űɤɜ ˊɟɤŰŮɥɜɩɜ. ɇɞ ɗŮɘɘəɧ Ŭɛɛɩɜɘɞ ŮɑɜŬɘ 

ˊɞɚɨ ŮɡŭɘɎɚɡŰɞ ůŰɞ ɜŮɟɧ əŬɘ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŮɜŮɟɔɧŰɖŰŬ Űɤɜ Ůɜɕɨɛɤɜ. ȼ ŰŮɢɜɘəɐ ɓŬůɑɕŮŰŬɘ ůŰɖɜ 

ɛŮɑɤůɖ Űɖɠ ŭɘŬɚɡŰɧŰɖŰŬɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ ůŰɞ ŭɘɎɚɡɛŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŰŮɚŮɡŰŬɑŮɠ ɜŬ 

əŬŰŬəɟɖɛɜɑɕɞɜŰŬɘ. 

 ɆŰɖ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɗŮɘɘəɧ Ŭɛɛɩɜɘɞ ɔɘŬ Űɖɜ əŬŰŬəɟɐɛɜɘůɖ Űɤɜ 

ɟŬŭɘŮɜŮɟɔɎ ůŮůɖɛŬůɛɏɜɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ˊɟɤŰŮɥɜɩɜ ɛŮ ůŰɧɢɞ Űɖɜ ŬɚɚŬɔɐ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ůŰɞ 

ɞˊɞɑɞ ɓɟɑůəɞɜŰŬɘ. ȰŰůɘ, ˊɟɞůŰɏɗɖəŬɜ 3 ɧɔəɞɘ əɞɟŮůɛɏɜɞɡ ŭɘŬɚɨɛŬŰɞɠ ɗŮɘɘəɞɨ Ŭɛɛɤɜɑɞɡ ůŰɞ 

ɡˊŮɟəŮɑɛŮɜɞ ɛŮŰɎ Űɖ űɡɔɞəɏɜŰɟɖůɖ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ TNT, ŬəɞɚɞɨɗɖůŮ ɏɜŰɞɜɖ ŬɜɎŭŮɡůɖ (vortex) 

əŬɘ  ŰŬ ŭŮɑɔɛŬŰŬ  ŮˊɤɎůŰɖəŬɜ ɔɘŬ 30min ůŮ ɗŮɟɛɞəɟŬůɑŬ 4ɞC. ɆŰɖ ůɡɜɏɢŮɘŬ űɡɔɞəŮɜŰɟɐɗɖəŬɜ ɔɘŬ 

30min ůŰɘɠ 25000g ůŮ ɗŮɟɛɞəɟŬůɑŬ 4ɞC əŬɘ əɟŬŰɐɗɖəŮ Űɞ ɑɕɖɛŬ (ˊɟɤŰŮȶɜŮɠ). 
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ɀȺɅɃɆ 4
ɞ
: ȷɄɃɇȺȿȺɆɀȷɇȷ - ɆɈȻȼɇȼɆȼ

1. ȺˊɑŭɟŬůɖ Űɞɡ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ ůŰɘɠ ˊɟɤŰŮȶɜŮɠ Erv1, Mia40 əŬɘ cyt-c 
Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ  

1.1 In vivo 

 ũɘŬ ɜŬ ɛŮɚŮŰɐůɞɡɛŮ Ŭɜ ɡˊɎɟɢŮɘ ůɢɏůɖ ŬɜɎɛŮůŬ ůŰɞ ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ əŬɘ ůŰɞ ɛɞɜɞˊɎŰɘ 

MIA, ˊɟŬɔɛŬŰɞˊɞɘɐůŬɛŮ ˊɞůɞŰɘəɧ ɏɚŮɔɢɞ ɞɟɘůɛɏɜɤɜ ˊɟɤŰŮɥɜɩɜ Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ ůŮ 

əɨŰŰŬɟŬ S. cerevisiae Ŭɔɟɑɞɡ Űɨˊɞɡ (ůŰɏɚŮɢɞɠ D273-10B) əŬɘ ůŮ ŬˊɞɛɞɜɤɛɏɜŬ əŬɗŬɟɎ 

ɚŮɘŰɞɡɟɔɘəɎ ɛɘŰɞɢɧɜŭɟɘŬ ɛŮŰɎ Űɖɜ əŬŰŮɟɔŬůɑŬ Űɞɡɠ ɛŮ ŭɘɎűɞɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ H2O2. 

ɆɡɔəŮəɟɘɛɏɜŬ, ˊɟɞůŰɏɗɖəŮ H2O2 ɐ ɧɢɘ (ŭŮɑɔɛŬ Ůɚɏɔɢɞɡ) ůŮ əŬɚɚɘɏɟɔŮɘŮɠ əɡŰŰɎɟɤɜ ůŬəɢŬɟɞɛɨəɖŰŬ, 

ɞɘ ɞˊɞɑŮɠ ŬɟɢɘəɎ ŮɑɢŬɜ ɞˊŰɘəɐ ˊɡəɜɧŰɖŰŬ (OD) ~1,0 əŬɘ ɧɔəɞ 1L ůŮ ˊɚɞɨůɘɞ ɗɟŮˊŰɘəɧ ɛɏůɞ ɛŮ ˊɖɔɐ 

ɎɜɗɟŬəŬ Űɞ ɔŬɚŬəŰɘəɧ ɞɝɨ (YPLac) ɐ Űɖ ɔɚɡəɧɕɖ (YPD). ɇŬ əɨŰŰŬɟŬ ŮˊɤɎůŰɖəŬɜ ɔɘŬ 1h ɐ 2h ůŮ 

ɗŮɟɛɞəɟŬůɑŬ 30ɞC əŬɘ ɛŮŰɟɐɗɖəŮ ɖ ɞˊŰɘəɐ Űɞɡɠ ˊɡəɜɧŰɖŰŬ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

Ŭˊɞɛɧɜɤůɖ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ əŬɘ Űɞɡ əɡŰŰŬɟɞˊɚɎůɛŬŰɞɠ Űɤɜ ˊŬɟŬˊɎɜɤ əɡŰŰɎɟɤɜ əŬɘ 

ŬˊɞɗɖəŮɨŰɖəŬɜ ůŰɞɡɠ -80ɞC əŬɘ -20ɞC, ŬɜŰɑůŰɞɘɢŬ.  

             ɆŰɞɜ ɄɑɜŬəŬ 9 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ɞɘ ůɡɜɗɐəŮɠ ůŰɘɠ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŰŬ 

ůɡɔəŮəɟɘɛɏɜŬ ˊŮɘɟɎɛŬŰŬ əŬɗɩɠ əŬɘ ɞɘ ɚɧɔɞɘ Űɤɜ  ɞˊŰɘəɩɜ ˊɡəɜɞŰɐŰɤɜ Űɤɜ ŭɘŬɚɡɛɎŰɤɜ ɛŮŰɎ əŬɘ 

ˊɟɘɜ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ɞɝŮɘŭɤŰɘəɞɨ ˊŬɟɎɔɞɜŰŬ. 

 
ɄɑɜŬəŬɠ 9. ɆɡɜɗɐəŮɠ ˊŮɘɟŬɛɎŰɤɜ ɔɘŬ Űɖɜ Ŭˊɞɛɧɜɤůɖ ɛɘŰɞɢɞɜŭɟɑɤɜ Ŭˊɧ əɨŰŰŬɟŬ ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ ɞɝŮɘŭɤŰɘəɧ 
                  ůŰɟŮɠ əŬɘ ɞˊŰɘəɐ Ŭˊɞɟɟɧűɖůɖ (OD) Űɤɜ  əɡŰŰɎɟɤɜ 

ɄŮɑɟŬɛŬ Ʉɖɔɐ ɎɜɗɟŬəŬ ɆɡɔəɏɜŰɟɤůɖ 
H2O2 (mM) 

ɉɟɧɜɞɠ ŮˊɩŬůɖɠ 

 ɛŮ  H2O2 (h) 

OD əɡŰŰɎɟɤɜ ɛŮŰɎ / 

 OD əɡŰŰɎɟɤɜ ˊɟɘɜ Űɖɜ 
ˊɟɞůɗɐəɖ H2O2 

 

1 

 

ȿŬəŰɧɕɖ 

(YPLac) 

 

0 / 0,5 / 1 / 2 

1,0 0,0mɀ : 1,39 

0,5mM : 1,41 

1,0mM : 1,76 

2,0mM : 1,56 

 

2 

 

ȿŬəŰɧɕɖ 

(YPLac) 

 

0/ 0,5 / 1 / 2 

2,0 0,0mM :  2,00 

0,5mM : 1,88 

1,0mM :  2,11 

2,0mM :  2,01 

 

3* 

   ũɚɡəɧɕɖ 

(YPD) 

0 / 0,5  / 2 1,0 0,0mM :  2,99 

0,5mM : 2,96 

2,0mM : 1,20 

* ɆŰɞ ˊŮɑɟŬɛŬ 3 ŮɚɏɔɢɗɖəŮ ɖ ɓɘɤůɘɛɧŰɖŰɎ Űɤɜ əɡŰŰɎɟɤɜ ɛŮŰɎ Ŭˊɧ 1h əŬɘ 2h ŮˊɩŬůɖɠ ɛŮ Űɞ H2O2 (ȺɘəɧɜŬ 12) 

əŬɘ ŬˊɞɛɞɜɩɗɖəŬɜ ɛɘŰɞɢɧɜŭɟɘŬ ɛŮŰɎ Ŭˊɧ 1h ŮˊɩŬůɖ ɛŮ Űɞ H2O2.  
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ ɗɟŮˊŰɘəɞɨ ɡɚɘəɞɨ YPLac əŬɘ ɔɘŬ ɢɟɧɜɞɡɠ ɏəɗŮůɖɠ ůŮ H2O2 ɛŮ 

ůɡɔəŮɜŰɟɩůŮɘɠ 0,5mM ɐ 1mM ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɟɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ ůŰɖɜ ɛɎɕŬ Űɤɜ 

ɛɘŰɞɢɞɜŭɟɑɤɜ ŬɜɎ əɨŰŰŬɟɞ. ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ɗɟŮˊŰɘəɞɨ 

ɛɏůɞɡ YPLac ůŮ 2mM H2O2 ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɑɤůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ. 

       ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ ɗɟŮˊŰɘəɞɨ ɡɚɘəɞɨ ˊɚɞɨůɘɞɡ ůŮ ɔɚɡəɧɕɖ, YPD, ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɑɤůɖ 

ɛŮŰŬɓɞɚɏɠ ůŰɖɜ ɛɎɕŬ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ŬɜɎ əɨŰŰŬɟɞ ɧŰŬɜ ɖ ůɡɔəɏɜŰɟɤůɖ H2O2 ŮɑɜŬɘ 0,5mM əŬɘ 

Ŭɨɝɖůɖ (ˊŮɟɑˊɞɡ ŰɟɘˊɚŬůɘŬůɛɧɠ) ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ 2mM H2O2. ȼ ɏɜŰɞɜɖ Ŭɨɝɖůɖ Űɖɠ ɛɎɕŬɠ 

Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ŬɜɎ ɛɎɕŬ əɡŰŰɎɟɤɜ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ əɡŰŰɎɟɤɜ ˊɞɡ ɏɢɞɡɜ ɛŮɔŬɚɩůŮɘ ůŮ 

ɗɟŮˊŰɘəɧ YPD ˊŬɟɞɡůɑŬ ɡɣɖɚɐɠ ůɡɔəɏɜŰɟɤůɖɠ H2O2, ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚŮŰŬɘ ůŮ ɛŮɑɤůɖ Űɖɠ 

ɓɘɤůɘɛɧŰɖŰɎɠ Űɞɡɠ ůŮ ůɡɜɗɐəŮɠ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ əŬɘ ůŮ ˊŬɨůɖ Űɖɠ ɘəŬɜɧŰɖŰɎɠ Űɤɜ əɡŰŰɎɟɤɜ ɜŬ 

ŭɘˊɚŬůɘɎɕɞɜŰŬɘ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 12 ɐ ůŮ ˊɟŬɔɛŬŰɘəɐ ŬɚɚŬɔɐ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ 

ɛɘŰɞɢɞɜŭɟɑɤɜ ŬɜɎ əɨŰŰŬɟɞ.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 

ȺɘəɧɜŬ 11. ȷɜŬɚɞɔɑŬ ˊɞůɧŰɖŰŬɠ ɛɘŰɞɢɞɜŭɟɑɤɜ (mg) / əɨŰŰŬɟŬ (g) ůŮ əɨŰŰŬɟŬ ůŬəɢŬɟɞɛɨəɖŰŬ,  
ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ ɛŮ H2O2  

 

 
ȺɘəɧɜŬ 12. ȰɚŮɔɢɞɠ ɓɘɤůɘɛɧŰɖŰŬɠ əɡŰŰɎɟɤɜ ůŬəɢŬɟɞɛɨəɖŰŬ ɛŮŰɎ Ŭˊɧ ŮˊɩŬůɖ ůŮ YPD ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ 0, 

0,5mM əŬɘ 2mM, ˊŬɟɞɡůɑŬ H2O2  ɔɘŬ 1h əŬɘ 2h ůŰɞ ɄŮɑɟŬɛŬ 3 



 

45 

 

 ɇŬ ŭŮɑɔɛŬŰŬ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ŬɜŬɚɨɗɖəŬɜ ɛŮ ŬɜɞůɞŬˊɞŰɨˊɤůɖ Western Blot, ɔɘŬ ɜŬ 

ŮɜŰɞˊɘůŰŮɑ ɖ ˊɘɗŬɜɐ ɨˊŬɟɝɖ ˊɞůɞŰɘəɩɜ ŭɘŬűɞɟɩɜ ůŰɘɠ ˊɟɤŰŮȶɜŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ. ɆɡɜɞˊŰɘəɎ, ůŮ 

ˊɟɩŰɖ űɎůɖ ŰŬ ɛɘŰɞɢɧɜŭɟɘŬ űɞɟŰɩɗɖəŬɜ ůŮ ŬˊɞŭɘŬŰŬəŰɘəɎ ˊɖəŰɩɛŬŰŬ ŬəɟɡɚŬɛɑŭɖɠ ˊŬɟɞɡůɑŬ ɓ-

ɛŮɟəŬˊŰɞŬɘɗŬɜɧɚɖɠ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊɞɚɡəɚɤɜɘəɎ ŬɜŰɘůɩɛŬŰŬ ɔɘŬ Űɘɠ ˊɟɤŰŮȶɜŮɠ Erv1 əŬɘ 

Mia40 (əɡɟɑŬɟɢŬ ɛɏɚɖ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ MIA), ˊɞɟɑɜɖ (porin, ɛɎɟŰɡɟŬɠ ŬəŮɟŬɘɧŰɖŰŬɠ Űɖɠ ŮɝɤŰŮɟɘəɐɠ 

ɛŮɛɓɟɎɜɖɠ əŬɘ ɘůɞűɧɟŰɤůɖɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ) əŬɘ əɡŰɧɢɟɤɛŬ c (cyt-c, ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ Ŭˊɧ Űɞ 

ŭɘŬɛŮɛɓɟŬɜɘəɧ ɢɩɟɞ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ ůŮ ůɡɜɗɐəŮɠ ůŰɟŮɠ ɤɠ ˊɟɞ-

ŬˊɞˊŰɤŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ (Magherini et al., 2007).  

Ⱥˊɑůɖɠ, ŮɚɏɔɢɗɖəŮ ɛŮ Western Blot, Ŭɜ ɏɢŮɘ ŬˊŮɚŮɡɗŮɟɤɗŮɑ ɛɏɟɞɠ ŬɡŰɩɜ Űɤɜ ˊɟɤŰŮɥɜɩɜ 

ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɜŰɑůɤɛŬ ɏɜŬɜŰɘ Űɖɠ ŮɝɤəɘɜɎůɖɠ (exokinase) ɤɠ ˊɟɤŰŮȶɜɖ 

ɛɎɟŰɡɟŬ Űɞɡ əɡŰŰŬɟɞˊɚɎůɛŬŰɞɠ. ɃɟɘůɛɏɜŬ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊŬɟŬˊɎɜɤ ˊɟɞůɏɔɔɘůɖɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 13. 

 

ȺɘəɧɜŬ 13. ɄɞůɞŰɘəɐ ŬɜɎɚɡůɖ ɛɘŰɞɢɞɜŭɟɘŬəɩɜ ˊɟɤŰŮɥɜɩɜ ɛŮŰɎ Ŭˊɧ əŬŰŮɟɔŬůɑŬ əɡŰŰɎɟɤɜ ůŬəɢŬɟɞɛɨəɖŰŬ ɛŮ 
0,5mM, 1mM, 2mM ɐ ɢɤɟɑɠ (w/o) H2O2. 

 
ȷˊɧ ŰŬ ˊŮɘɟɎɛŬŰŬ ůŮ əɨŰŰŬɟŬ ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ůŮ ɗɟŮˊŰɘəɧ ɛɏůɞ ˊɚɞɨůɘɞ ůŮ ɚŬəŰɧɕɖ 

(YPLac) ŭŮɜ ɓɟɏɗɖəŮ ɜŬ ɡˊɎɟɢɞɡɜ ůŰɘɠ ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɗɐəŮɠ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ ɏɜŰɞɜŮɠ 

ˊɞůɞŰɘəɏɠ ŭɘŬűɞɟɏɠ ɔɘŬ Űɘɠ ˊɟɤŰŮȶɜŮɠ Mia40, Erv1, cyt-c əŬɘ porin ɐ ŮɜŭŮɑɝŮɘɠ ŬˊŮɚŮɡɗɏɟɤůɖɠ Űɤɜ 

ˊɟɤŰŮɥɜɩɜ Űɞɡ ŭɘŬɛŮɛɓɟŬɜɘəɞɨ ɢɩɟɞɡ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ ůŰɞ əɡŰŰŬɟɧˊɚŬůɛŬ. ȷɜŰɑɗŮŰŬ, ɓɟɏɗɖəŮ 

ɧŰɘ ŰŬ əɨŰŰŬɟŬ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŮ ɗɟŮˊŰɘəɧ ɛɏůɞ ˊɚɞɨůɘɞ ůŮ ɔɚɡəɧɕɖ (YPD) ŮɑɜŬɘ ˊɘɞ 

ŮɡŬɑůɗɖŰŬ ůŰɞ ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ, əŬɗɩɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɏɜŰɞɜɖ ɛŮɑɤůɖ ɏɤɠ əŬɘ ˊɚɐɟɖɠ ɏɚɚŮɘɣɖ 

ŬɜɑɢɜŮɡůɖɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ Mia40, Erv1 əŬɘ cyt-c, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ porin ˊɞɡ ˊŬɟŬɛɏɜŮɘ ůɢŮŭɧɜ 

ůŰŬɗŮɟɐ. 


