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ȦɉɄɧɏɇɘɞ ɎɐɗɏɂɔɐɄɕɓɊɋ
(Chironomus plumosus Linneanus)
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ȳɍɊɏɏɧ ɉɂɍɐɉɊ ɍɊəɊɏɌɊ 
Chironomus plumosus

ȶɐɔɐ Ȥ.ȮɂɏɞɌɐ



ȳɍɊɏɏɧ ɉɂɍɐɉɊ ɍɊəɊɏɌɊ 
Chironomus plumosus
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ȳɍɊɏɏɧ ɉɂɍɐɉɊ ɍɊəɊɏɌɊ 
Chironomus plumosus

Ȼɇ ɐɆɏɊɎ ɑɂɒɂɆɐɌɓɐɎ, 
ɑɒɊɔɂɎɂɏɏɊɎ ɌɍɧɔɊɏɏɧɋ 
ɖɧɉɧɐɍɐɅɧɨ ɧ ɓɕəɂɓɏɧɋ ɃɧɐɍɐɅɧɨ 
ɉɂɅɂɍɐɎ, ɥ ɑɇɄɏɂ 
ɏɇɐɖɐɒɎɍɇɏɧɓɔɞ ɍɐɅɧəɏɊɗ 
ɧɏɓɔɒɕɎɇɏɔɂɍɞɏɊɗ ɑɧɆɗɐɆɧɄ, ɛɐ 
ɄɊɌɐɒɊɓɔɐɄɕɥɔɞɓɡ Ɇɍɡ 
ɔɇɐɒɇɔɊəɏɐɨ ɧɏɔɇɒɑɒɇɔɂɘɧɨ 
ɇɌɓɑɇɒɊɎɇɏɔɂɍɞɏɊɗ ɒɇɉɕɍɞɔɂɔɧɄ. 

ȸɇ ɥ ɏɂɓɍɧɆɌɐɎ é ɄɊɌɐɒɊɓɔɂɏɏɡɎ 
ɆɇɆɂɍɧ ɏɐɄɧɚɊɗ 
ɇɌɓɑɇɒɊɎɇɏɔɂɍɞɏɊɗ ɑɧɆɗɐɆɧɄ. 

ȤɐɏɊ ɥ ɏɂɓɔɧɍɞɌɊ ɇɖɇɌɔɊɄɏɊɎɊ Ʉ 
ɐɔɒɊɎɂɏɏɧ ɏɂɕɌɐɄɊɗ ɆɂɏɊɗ ɧ 
ɖɂɌɔɧɄ, ɛɐ ɒɐɉɆɕɎɕɄɂɔɊ ɏɂɆ 
ɑɐɎɊɍɌɂɎɊ ɧɏɔɇɒɑɒɇɔɂɘɧɨ ɔɊɗ, ɛɐ 
ɃɕɍɊ ɄɓɔɂɏɐɄɍɇɏɧ Ʉəɐɒɂ, ɥ, ɏɂ 
ɑɇɒɚɊɋ ɑɐɅɍɡɆ, ɂɃɓɐɍɠɔɏɐ 
ɏɇɆɐɘɧɍɞɏɐ. 



ȭɇɎɂ ș
Ȧɍɡ ɕɓɧɗ ɑɒɐɘɇɓɧɄ ɕ ɈɊɄɊɗ ɓɊɓɔɇɎɂɗ Ƀɧɍɞɚ 
ɑɒɊɔɂɎɂɏɏɊɎ ɥ ɐɓɘɊɍɡɒɏɧɓɔɞ, ɂ ɏɇ 
ɓɔɂɔɊəɏɧɓɔɞ



ȭɇɎɂ ș
Ȧɍɡ ɕɓɧɗ ɑɒɐɘɇɓɧɄ ɕ ɈɊɄɊɗ ɓɊɓɔɇɎɂɗ Ƀɧɍɞɚ 
ɑɒɊɔɂɎɂɏɏɊɎ ɥ ɐɓɘɊɍɡɒɏɧɓɔɞ, ɂ ɏɇ 
ɓɔɂɔɊəɏɧɓɔɞ

ȯɂɓɍɧɆɐɌ:
¸ ɓɔɂɔɊəɏɇ ɉɃɧɍɞɚɇɏɏɡ [Ca2+] iɏɇ ɓɔɊɎɕɍɠɥ, ɂ 
ɑɒɊɅɏɧəɕɥ ɖɕɏɌɘɧɐɏɂɍɞɏɕ ɂɌɔɊɄɏɧɓɔɞ ɌɍɧɔɊɏɊ

¸ ɔɒɊɄɂɍɇ (ɏɂɆɎɧɒɏɇ) ɓɔɂɔɊəɏɇ ɉɃɧɍɞɚɇɏɏɡ [Ca2+] i
ɓɑɒɊəɊɏɡɥ ɓɎɇɒɔɞ ɌɍɧɔɊɏɊ (ɧ ɏɂɄɑɂɌɊ)

¸ Ʉ ɐɓɏɐɄɧ ȳɂ2+-ɓɊɅɏɂɍɧɉɂɘɧɨ ɍɇɈɊɔɞ ɔɒɂɏɉɧɥɏɔɏɂ ȳɂ2+-ɗɄɊɍɡ

¸ ɓɔɂɔɊəɏɊɋ ɓɔɂɏ ɓɍɧɆ ɒɐɉɅɍɡɆɂɔɊ ɡɌ ɑɇɒɇɗɧɆɏɊɋ, 
ɔɒɂɏɉɧɥɏɔɏɊɋ, ɋɐɅɐ ɎɐɈɏɂ ɉɂɒɇɥɓɔɒɕɄɂɔɊ ɍɊɚɇ Ʉ ɕɎɐɄɂɗ 
ɌɐɒɐɔɌɐəɂɓɏɐɅɐ ɇɌɓɑɇɒɊɎɇɏɔɕ



ȱɐɔɇɏɘɧɂɍɌɇɒɐɄɂɏɧ ȳɂ2+- ɌɂɏɂɍɊ

ɺɸ ɹ

ȬɍɇɄɇɘɞ, ȮɂɏɞɌɐ, 1992b
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Na+- Ca2+- ɐɃɎɧɏɏɊɌ ȱȮ

ɉɂ ɆɂɏɊɎɊ ȬɍɇɄɇɘɞ, ȮɂɏɞɌɐ, ȶɇɆɧɒɌɐ, 
1996; 
ȮɂɏɞɌɐ ɔɂ ɧɏ., 2000a; 
ɆɊɄ. ȮɂɏɞɌɐ, 2006
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ȩɂɍɇɈɏɧɓɔɞ ɄɧɆ [Ca2+]e
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ȭɇɎɂ ș
Ȧɍɡ ɕɓɧɗ ɑɒɐɘɇɓɧɄ ɕ ɈɊɄɊɗ ɓɊɓɔɇɎɂɗ Ƀɧɍɞɚ 
ɑɒɊɔɂɎɂɏɏɊɎ ɥ ɐɓɘɊɍɡɒɏɧɓɔɞ, ɂ ɏɇ 
ɓɔɂɔɊəɏɧɓɔɞ

ȯɂɓɍɧɆɐɌ:
¸ ɓɔɂɔɊəɏɇ ɉɃɧɍɞɚɇɏɏɡ [Ca2+] iɏɇ ɓɔɊɎɕɍɠɥ, ɂ 
ɑɒɊɅɏɧəɕɥ ɖɕɏɌɘɧɐɏɂɍɞɏɕ ɂɌɔɊɄɏɧɓɔɞ ɌɍɧɔɊɏɊ

¸ ɔɒɊɄɂɍɇ (ɏɂɆɎɧɒɏɇ) ɓɔɂɔɊəɏɇ ɉɃɧɍɞɚɇɏɏɡ [Ca2+] i
ɓɑɒɊəɊɏɡɥ ɓɎɇɒɔɞ ɌɍɧɔɊɏɊ (ɧ ɏɂɄɑɂɌɊ)

¸ Ʉ ɐɓɏɐɄɧ ȳɂ2+-ɓɊɅɏɂɍɧɉɂɘɧɨ ɍɇɈɊɔɞ ɔɒɂɏɉɧɥɏɔɏɂ ȳɂ2+-ɗɄɊɍɡ

¸ ɓɔɂɔɊəɏɊɋ ɓɔɂɏ ɓɍɧɆ ɒɐɉɅɍɡɆɂɔɊ ɡɌ ɑɇɒɇɗɧɆɏɊɋ, 
ɔɒɂɏɉɧɥɏɔɏɊɋ, ɋɐɅɐ ɎɐɈɏɂ ɉɂɒɇɥɓɔɒɕɄɂɔɊ ɍɊɚɇ Ʉ ɕɎɐɄɂɗ 
ɌɐɒɐɔɌɐəɂɓɏɐɅɐ ɇɌɓɑɇɒɊɎɇɏɔɕ



Ȣɑɐɑɔɐɉ



ȭɇɎɂ ș
Ȧɍɡ ɕɓɧɗ ɑɒɐɘɇɓɧɄ ɕ ɈɊɄɊɗ ɓɊɓɔɇɎɂɗ Ƀɧɍɞɚ 
ɑɒɊɔɂɎɂɏɏɊɎ ɥ ɐɓɘɊɍɡɒɏɧɓɔɞ, ɂ ɏɇ 
ɓɔɂɔɊəɏɧɓɔɞ

ȯɂɓɍɧɆɐɌ:
¸ ɓɔɂɔɊəɏɇ ɉɃɧɍɞɚɇɏɏɡ [Ca2+] iɏɇ ɓɔɊɎɕɍɠɥ, ɂ 
ɑɒɊɅɏɧəɕɥ ɖɕɏɌɘɧɐɏɂɍɞɏɕ ɂɌɔɊɄɏɧɓɔɞ ɌɍɧɔɊɏɊ

¸ ɔɒɊɄɂɍɇ (ɏɂɆɎɧɒɏɇ) ɓɔɂɔɊəɏɇ ɉɃɧɍɞɚɇɏɏɡ [Ca2+] i
ɓɑɒɊəɊɏɡɥ ɓɎɇɒɔɞ ɌɍɧɔɊɏɊ (ɧ ɏɂɄɑɂɌɊ)

¸ Ʉ ɐɓɏɐɄɧ ȳɂ2+-ɓɊɅɏɂɍɧɉɂɘɧɨ ɍɇɈɊɔɞ ɔɒɂɏɉɧɥɏɔɏɂ ȳɂ2+-ɗɄɊɍɡ

¸ ɓɔɂɔɊəɏɊɋ ɓɔɂɏ ɓɍɧɆ ɒɐɉɅɍɡɆɂɔɊ ɡɌ ɑɇɒɇɗɧɆɏɊɋ, 
ɔɒɂɏɉɧɥɏɔɏɊɋ, ɋɐɅɐ ɎɐɈɏɂ ɉɂɒɇɥɓɔɒɕɄɂɔɊ ɍɊɚɇ Ʉ ɕɎɐɄɂɗ 
ɌɐɒɐɔɌɐəɂɓɏɐɅɐ ɇɌɓɑɇɒɊɎɇɏɔɕ



ȦɇɑɐɌɇɒɐɄɂɏɊɋ ɄɗɧɆ ȳɂ2+ ɕ ɓɇɌɒɇɔɐɒɏɧ 
ɌɍɧɔɊɏɊ Drosophila melanogaster
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ȭɇɎɂ ș
Ȧɍɡ ɕɓɧɗ ɑɒɐɘɇɓɧɄ ɕ ɈɊɄɊɗ ɓɊɓɔɇɎɂɗ Ƀɧɍɞɚ 
ɑɒɊɔɂɎɂɏɏɊɎ ɥ ɐɓɘɊɍɡɒɏɧɓɔɞ, ɂ ɏɇ 
ɓɔɂɔɊəɏɧɓɔɞ

ȯɂɓɍɧɆɐɌ:
¸ ɓɔɂɔɊəɏɇ ɉɃɧɍɞɚɇɏɏɡ [Ca2+] iɏɇ ɓɔɊɎɕɍɠɥ, ɂ 
ɑɒɊɅɏɧəɕɥ ɖɕɏɌɘɧɐɏɂɍɞɏɕ ɂɌɔɊɄɏɧɓɔɞ ɌɍɧɔɊɏɊ

¸ ɔɒɊɄɂɍɇ (ɏɂɆɎɧɒɏɇ) ɓɔɂɔɊəɏɇ ɉɃɧɍɞɚɇɏɏɡ [Ca2+] i
ɓɑɒɊəɊɏɡɥ ɓɎɇɒɔɞ ɌɍɧɔɊɏɊ (ɧ ɏɂɄɑɂɌɊ)

¸ Ʉ ɐɓɏɐɄɧ ȳɂ2+-ɓɊɅɏɂɍɧɉɂɘɧɨ ɍɇɈɊɔɞ ɔɒɂɏɉɧɥɏɔɏɂ ȳɂ2+-ɗɄɊɍɡ

¸ ɓɔɂɔɊəɏɊɋ ɓɔɂɏ ɓɍɧɆ ɒɐɉɅɍɡɆɂɔɊ ɡɌ ɑɇɒɇɗɧɆɏɊɋ, 
ɔɒɂɏɉɧɥɏɔɏɊɋ, ɋɐɅɐ ɎɐɈɏɂ ɉɂɒɇɥɓɔɒɕɄɂɔɊ ɍɊɚɇ Ʉ ɕɎɐɄɂɗ 
ɌɐɒɐɔɌɐəɂɓɏɐɅɐ ɇɌɓɑɇɒɊɎɇɏɔɕ



ȰɓɘɊɍɡɘɧɨ [ȳɂ2+]ɧɓɇɌɒɇɔɐɒɏɊɗ ɌɍɧɔɊɏ 
ɓɍɊɏɏɊɗ ɉɂɍɐɉ Calliphora erythrocephala

Zimmermann, 2000 



ȭɇɎɂ șș
ȥɇɏɇɒɕɄɂɏɏɡ ɐɓɘɊɍɡɘɧɋ ɒɇɂɍɧɉɕɥɔɞɓɡ ɉɂɄɆɡɌɊ 
ɄɉɂɥɎɐɉɂɍɇɈɏɐɓɔɧ ɂɏɔɂɅɐɏɧɓɔɊəɏɐ 
ɓɑɒɡɎɐɄɂɏɊɗ ɓɌɍɂɆɐɄɊɗ ɘɧɥɨ ɓɊɓɔɇɎɊ



ȭɇɎɂ șș
ȥɇɏɇɒɕɄɂɏɏɡ ɐɓɘɊɍɡɘɧɋ ɒɇɂɍɧɉɕɥɔɞɓɡ ɉɂɄɆɡɌɊ 
ɄɉɂɥɎɐɉɂɍɇɈɏɐɓɔɧ ɂɏɔɂɅɐɏɧɓɔɊəɏɐ 
ɓɑɒɡɎɐɄɂɏɊɗ ɓɌɍɂɆɐɄɊɗ ɘɧɥɨ ɓɊɓɔɇɎɊ

ȯɂɓɍɧɆɐɌ:
¸ ɅɇɏɇɒɕɄɂɏɏɡ ȳɂ2+-ɗɄɊɍɞ ɥ ɏɇɎɐɈɍɊɄɊɎ Ƀɇɉ ɕɉɅɐɆɈɇɏɐɓɔɧ 
ɖɕɏɌɘɧɐɏɕɄɂɏɏɡ ɒɧɉɏɐɓɑɒɡɎɐɄɂɏɊɗ ȳɂ2+-
ɔɒɂɏɓɑɐɒɔɕɄɂɍɞɏɊɗ ɓɊɓɔɇɎ, ɡɌɧ ɄɗɐɆɡɔɞ Ɇɐ ɓɌɍɂɆɕ ȳɂ2+-
ɖɕɏɌɘɧɐɏɂɍɞɏɊɗ ɓɕɃɐɆɊɏɊɘɞ

¸ ȳɂ2+-ɔɒɂɏɓɑɐɒɔɕɄɂɍɞɏɧ ɓɊɓɔɇɎɊ ɏɇ ɆɕɃɍɠɠɔɞ ɐɆɏɧ 
ɐɆɏɊɗ, ɨɗɏɥ ɖɕɏɌɘɧɐɏɕɄɂɏɏɡ ɥ ɄɉɂɥɎɐɆɐɑɐɄɏɠɠəɊɎ
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ȩɂɍɇɈɏɧɓɔɞ ɄɗɧɆɏɐɅɐ I Ca ɄɧɆ 
Na+- Ca2+- ɐɃɎɧɏɕ əɇɒɇɉ ȱȮ

ȮɂɏɞɌɐ, 1995; ɆɊɄ. ȮɂɏɞɌɐ, 2006



ȩɂɍɇɈɏɧɓɔɞ ɄɗɧɆɏɐɅɐ I Na(Ca) ɄɧɆ 
ɖɕɏɌɘɧɐɏɕɄɂɏɏɡ Ca2+- ɑɐɎɑɊ ȱȮ
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ȮɂɏɞɌɐ, ȬɍɇɄɇɘɞ, ȭɂɒɧɏɂ, 1999



ȧɏɆɐɑɍɂɉɎɂɔɊəɏɐ- ɎɧɔɐɗɐɏɆɒɧɂɍɞɏɂ 
ȳɂ2+- ɖɕɏɌɘɧɐɏɂɍɞɏɂ ɐɆɊɏɊɘɡ

ȧɏɆɐɑɍɂɉɎɂɔɊəɏɂ ȳɂ2+-
ɖɕɏɌɘɧɐɏɂɍɞɏɂ ɐɆɊɏɊɘɡ

ȳɂ2+- ɖɕɏɌɘɧɐɏɂɍɞɏɂ ɐɆɊɏɊɘɡ 
ɑɍɂɉɎɂɔɊəɏɐɨ ɎɇɎɃɒɂɏɊ



ȧɏɆɐɑɍɂɉɎɂɔɊəɏɂ ȳɂ2+-
ɖɕɏɌɘɧɐɏɂɍɞɏɂ ɓɕɃɐɆɊɏɊɘɡ

ȮɂɏɞɌɐ, 2007; 2008
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