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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ASIC(s) ï acid-sensing ion channel(s) ï ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʡ ʠʦʥʥʳʡ(ʝ) ʢʘʥʘʣ(ʳ) 

nASICs ï native ASICs ï ʥʘʪʠʚʥʳʝ ASICs 

cASICs ï chicken ASICs ï ʢʫʨʠʥʳʝ ASICs 

ʎʅʉ ï ʮʝʥʪʨʘʣʴʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ 

ʇʅʉ -  ʧʝʨʠʬʝʨʠʯʝʩʢʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ 

pH ï ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

PcTX ï  ʧʩʘʣʤʦʪʦʢʩʠʥ 1   

NMDA ï N-ʤʝʪʠʣ-D-ʘʩʧʘʨʪʘʪ 

9ɸɸ ï 9-ʘʤʠʥʦʘʢʨʠʜʠʥ 

ʀʕʄ ï ʠʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ 

CHO ʢʣʝʪʢʠ ï Chinese hamster ovary ï ʣʠʥʠʷ ʢʣʝʪʦʢ ʷʠʯʥʠʢʘ ʢʠʪʘʡʩʢʦʛʦ ʭʦʤʷʯʢʘ 

ɼʅʂ ï ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʈʅʂ ï ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

Deg/ENaC ï ʜʝʛʝʥʝʨʠʥ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʥʘʪʨʠʝʚʳʝ ʢʘʥʘʣʳ 

ʊʄ ï ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʜʦʤʝʥ 

ʕʂɼ ï ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ 

DRG ʥʝʡʨʦʥʳ - dorsal root ganglion neurons - ʥʝʡʨʦʥʳ ʟʘʜʥʠʭ ʨʦʛʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʨʅ50 ï pH ʨʘʩʪʚʦʨʘ, ʚʳʟʳʚʘʶʱʝʛʦ 50% ʘʢʪʠʚʘʮʠʶ  

IC50 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʠʛʘʥʜʘ, ʚʳʟʳʚʘʶʱʘʷ 50% ʠʥʛʠʙʠʨʦʚʘʥʠʷ  

EC50 - ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʠʛʘʥʜʘ, ʚʳʟʳʚʘʶʱʘʷ 50% ʧʦʪʝʥʮʠʨʦʚʘʥʠʷ 

PKA ï ʧʨʦʪʝʠʥʢʠʥʘʟʘ ɸ 

PICK1 ï ʩʚʷʟʳʚʘʶʱʠʡ ʧʨʦʪʝʠʥʢʠʥʘʟʫ ʉ-ʘʣʴʬʘ ʙʝʣʦʢ 

PSD95 ï ʙʝʣʦʢ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʫʧʣʦʪʥʝʥʠʷ-95 

AKAP150 ï ʧʨʦʪʝʠʥʢʠʥʘʟʘ ɸ ʟʘʷʢʦʨʝʚʘʶʱʠʡ ʙʝʣʦʢ 

pKa ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ 

ɸʊʌ ï ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ  
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GABA ï ʛʘʤʤʘ-ʘʤʠʥʦ ʤʘʩʣʷʥʘʷ ʢʠʩʣʦʪʘ 

ɺʇʉʊ ï ʚʦʟʙʫʞʜʘʶʱʠʡ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʡ ʪʦʢ 

ɺʇʉʇ ï ʚʦʟʙʫʞʜʘʶʱʠʡ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʤʠʈʅʂ ï ʤʘʣʘʷ ʠʥʪʝʨʬʝʨʠʨʫʶʱʘʷ ʈʅʂ 

CaMKII ï ʢʘʣʴʤʦʜʫʣʠʥ-ʟʘʚʠʩʠʤʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ II 

GMQ ï 2-ʛʫʘʥʠʜʠʥ-4-ʤʝʪʠʣʢʫʠʥʘʟʦʣʠʥ 

ʅʇɺʉ ï ʥʝʩʪʝʨʦʠʜʥʳʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ 

DAPI ï 4',6-ʜʠʘʤʠʜʠʥʦ-2-ʬʝʥʠʣʠʥʜʦʣ 

GFP ï ʟʝʣʸʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʙʝʣʦʢ 

Ű ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ  

ʮɸʄʌ ï ʮʠʢʣʠʯʝʩʢʠʡ ʘʜʝʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ʇʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ (ASICs) 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʫʧʝʨʩʝʤʝʡʩʪʚʫ ʣʠʛʘʥʜ-ʫʧʨʘʚʣʷʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʠ ʘʢʪʠʚʠʨʫʶʪʩʷ ʚ 

ʦʪʚʝʪ ʥʘ ʣʦʢʘʣʴʥʦʝ ʟʘʢʠʩʣʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ.  

ɺʧʝʨʚʳʝ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʠʦʥʥʳʝ ʪʦʢʠ ʙʳʣʠ ʦʧʠʩʘʥʳ ʂʨʳʰʪʘʣʝʤ ʠ 

ʇʠʜʦʧʣʠʯʢʦ ʚ 1980 ʛʦʜʫ (Krishtal & Pidoplichko, 1980). ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 

ʧʦʥʠʞʝʥʠʝ pH ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ ʘʢʪʠʚʠʨʫʝʪ ʧʦʧʫʣʷʮʠʶ ʫʧʨʘʚʣʷʝʤʳʭ ʧʨʦʪʦʥʘʤʠ 

ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʘʥʪʘʛʦʥʠʩʪʦʚ ʧʦʨʦʞʜʘʣʦ 

ʨʘʟʣʠʯʥʳʝ ʛʠʧʦʪʝʟʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʨʦʜʳ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʭ ʪʦʢʦʚ. ʀ ʪʦʣʴʢʦ 

ʢʣʦʥʠʨʦʚʘʥʠʝ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚ ʩʝʨʝʜʠʥʝ 90-ʭ ʛʦʜʦʚ ʦʧʨʝʜʝʣʠʣʦ 

ʠʭ ʚ ʥʦʚʦʝ ʩʝʤʝʡʩʪʚʦ ʣʠʛʘʥʜ-ʫʧʨʘʚʣʷʝʤʳʭ ʨʝʮʝʧʪʦʨʦʚ. ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʥʘʯʘʣʠʩʴ 

ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ, ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ASICs.  

ʇʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʢ ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ (ʇʅʉ), ʪʘʢ ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ (ʎʅʉ) ʧʦʟʚʦʥʦʯʥʳʭ 

ʞʠʚʦʪʥʳʭ. ʇʣʦʪʥʦʩʪʴ ʵʢʩʧʨʝʩʩʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʫʙʲʝʜʠʥʠʮ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ. ʊʘʢ, ʩʫʙʲʝʜʠʥʠʮʳ ASIC1a, ASIC2a ʠ ASIC2b ʯʘʱʝ ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʚ ʎʅʉ, ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ ʛʠʧʧʦʢʘʤʧ, ʤʠʥʜʘʣʝʚʠʜʥʦʝ ʪʝʣʦ, ʤʦʟʞʝʯʦʢ, 

ʧʦʣʦʩʘʪʦʝ ʪʝʣʦ, ʢʦʨʘ ʙʦʣʴʰʠʭ ʧʦʣʫʰʘʨʠʡ ʠ ʦʙʦʥʷʪʝʣʴʥʳʝ ʣʫʢʦʚʠʮʳ (Alvarez de la Rosa 

et al., 2002; Bolshakov et al., 2002; Wemmie et al., 2003). ɺ ʇʅʉ, ʥʘʧʨʦʪʠʚ, ʧʨʝʦʙʣʘʜʘʶʪ 

ASIC1b ʠ ASIC3 ʩʫʙʲʝʜʠʥʠʮʳ; ʠʭ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʝʡʨʦʥʘʭ ʟʘʜʥʠʭ 

ʢʦʨʝʰʢʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʪʨʦʡʥʠʯʥʦʛʦ ʠ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʦʚ. ɺʚʠʜʫ ʩʪʦʣʴ ʰʠʨʦʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʧʨʦʪʦʥ-

ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚʦ ʤʥʦʛʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʥʦʨʤʘʣʴʥʳʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ ʢʘʢ ʚʦʩʧʨʠʷʪʠʝ ʙʦʣʝʚʳʭ ʩʪʠʤʫʣʦʚ (Wemmie et al., 

2006), ʧʨʦʮʝʩʩʳ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʩʪʨʘʭ ʠ ʜʝʧʨʝʩʩʠʷ (Wemmie et al., 2004), 

ʥʘʨʢʦʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (Kreple et al., 2014). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʩʚʝʜʝʥʠʷ ʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʷʚʣʷʶʪʩʷ ʢʦʩʚʝʥʥʳʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʘʥʳ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʥʦʢʘʫʪʥʳʭ 

ʞʠʚʦʪʥʳʭ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʠʟʫʯʝʥʠʠ ʬʫʥʢʮʠʠ, ʩʪʨʦʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʚ ʨʘʙʦʪʳ ASIC-

ʢʘʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ 
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ʠʟʙʠʨʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʨʘʙʦʪʫ ʢʘʥʘʣʦʚ ʩ ʨʘʟʥʳʤ ʩʫʙʲʝʜʠʥʠʯʥʳʤ ʩʦʩʪʘʚʦʤ. ʊʘʢ, ʥʘ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʙʥʘʨʫʞʝʥʳ ʩʧʝʮʠʬʤʯʝʩʢʠʝ ʠʥʛʠʙʠʪʦʨʳ ʪʦʣʴʢʦ ʜʣʷ ʛʦʤʦʤʝʨʦʚ 

ASIC1a ʠ ASIC3 ʧʩʘʣʤʦʪʦʢʩʠʥ 1 (PcTX1) (Escoubas et al., 2000) ʠ ʪʦʢʩʠʥ APETx2 

(Diochot et al., 2004), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʡ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ASICs ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʘʩʪ ʮʝʥʥʳʡ ʥʘʙʦʨ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ 

ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚ ʎʅʉ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʈʘʥʝʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʬʠʟʠʢʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʀʕʌɹ ʈɸʅ ʙʳʣ ʧʨʦʚʝʜʸʥ ʩʢʨʠʥʠʥʛ ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦʘʤʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʯʠʩʣʘ 

ʙʣʦʢʘʪʦʨʦʚ ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʥʘ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʪʦʥ-

ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ʀʤʝʥʥʦ ʵʪʦʪ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʚʚʠʜʫ ʠʭ 

ʧʨʦʩʪʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʡ ʥʝʙʦʣʴʰʫʶ ʛʠʜʨʦʬʦʙʥʫʶ ʯʘʩʪʴ ʠ 

ʪʝʨʤʠʥʘʣʴʥʫʶ ʘʤʠʥʦʛʨʫʧʧʫ. ʊʘʢʦʝ ʩʪʨʦʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʣʦ ʨʝʰʝʥʠʝ ʩʨʘʟʫ ʜʚʫʭ ʟʘʜʘʯ: 

ʧʦʠʩʢ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʘʛʦʥʠʩʪʦʚ/ʘʥʪʘʛʦʥʠʩʪʦʚ ʩʨʝʜʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʜʚʠʞʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʚʳʷʚʣʝʥʠʷ ʵʥʜʦʛʝʥʥʳʭ ʤʦʜʫʣʷʪʦʨʦʚ ʠʟ ʯʠʩʣʘ ʩʦʝʜʠʥʝʥʠʡ ʩʭʦʞʠʭ 

ʧʦ ʩʪʨʫʢʪʫʨʝ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ ʤʦʥʦʘʤʠʥʘʤʠ (ʢʘʪʝʭʦʣʘʤʠʥʳ, ʩʝʨʦʪʦʥʠʥ, ʛʠʩʪʘʤʠʥ ʠ ʧʨ.). 

ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʠʥʪʝʨʥʝʡʨʦʥʘʭ ʛʠʧʧʦʢʘʤʧʘ ʢʨʳʩ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʯʝʪʳʨʝ ʙʣʦʢʘʪʦʨʘ NMDA ʨʝʮʝʧʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʪʘʢʞʝ ʤʦʜʫʣʠʨʦʚʘʪʴ 

ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ ʯʝʨʝʟ ʥʘʪʠʚʥʳʝ ASICs (nASICs). ʕʪʠ ʯʝʪʳʨʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʣʠ 

ʜʦʚʦʣʴʥʦ ʩʭʦʞʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʦʜʥʘʢʦ ʦʢʘʟʳʚʘʣʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝ 

ʥʘ ʥʘʪʠʚʥʳʝ ʨʝʮʝʧʪʦʨʳ. ɼʚʘ ʠʟ ʥʠʭ, ʀʕʄ-1921 ʠ ʀʕʄ-2117, ʫʚʝʣʠʯʠʚʘʣʠ ʘʤʧʣʠʪʫʜʫ 

ʪʦʢʘ ʯʝʨʝʟ nASICs ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʘʧʧʣʠʢʘʮʠʠ ʩ ʢʠʩʣʳʤ ʨʘʩʪʚʦʨʦʤ. ɼʨʫʛʠʝ ʜʚʘ 

ʩʦʝʜʠʥʝʥʠʷ, 9-ʘʤʠʥʦʘʢʨʠʜʠʥ ʠ ʤʝʤʘʥʪʠʥ, ʥʘʧʨʦʪʠʚ, ʠʥʛʠʙʠʨʦʚʘʣʠ ʪʦʢʠ ʯʝʨʝʟ nASICs. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʩʪʘʣʘ ʣʦʛʠʯʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʨʦʝʢʪʘ, ʥʘʯʘʪʦʛʦ ʚ 2012 

ʛʦʜʫ ʥʘ ʠʥʪʝʨʝʥʝʡʨʦʥʘʭ ʛʠʧʧʦʢʘʤʧʘ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʜʝʡʩʪʚʠʷ ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦʘʤʠʥʦʚ ʥʘ ʧʨʦʪʦʥ-

ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ (ASICs), ʘ ʪʘʢʞʝ ʧʦʠʩʢ ʵʥʜʦʛʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʵʪʠʭ 

ʢʘʥʘʣʦʚ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ, ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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1. ʀʟʫʯʠʪʴ ʜʝʡʩʪʚʠʝ ʯʝʪʳʨʸʭ ʥʘʡʜʝʥʥʳʭ ʨʘʥʝʝ ʩʦʝʜʠʥʝʥʠʡ (9-ʘʤʠʥʦʘʢʨʠʜʠʥ, 

ʤʝʤʘʥʪʠʥ, ʀʕʄ-1921 ʠ ʀʕʄ-2117) ʥʘ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʛʦʤʦʤʝʨʥʳʝ ASICs, 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʝ ʚ ʢʣʝʪʢʘʭ ʣʠʥʠʠ CHO; 

2. ɺʳʷʚʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦʘʤʠʥʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ 

ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʢʘʥʘʣʳ ʨʘʟʥʦʛʦ ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʠʩʧʦʣʴʟʫʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʦʜʭʦʜ; 

3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʤʦʥʦʘʤʠʥʦʚ: 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʩʪʴ, ʢʠʥʝʪʠʢʫ ʜʝʡʩʪʚʠʷ, ʢʦʥʢʫʨʝʥʮʠʶ ʩ ʘʛʦʥʠʩʪʦʤ; 

4. ʇʦʜʦʙʨʘʪʴ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʵʥʜʦʛʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ASICs.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 

ʜʝʡʩʪʚʠʝ ʥʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʣʠʛʘʥʜʦʚ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ï 

ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦʘʤʠʥʦʚ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʧʨʦʩʪʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʦʤʧʘʢʪʥʦʡ ʛʠʜʨʦʬʦʙʥʦʡ ʯʘʩʪʠ ʠ ʪʝʨʤʠʥʘʣʴʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦ ʤʦʜʫʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʢʪʠʚʥʳʭ ʛʦʤʦʤʝʨʦʚ 

ASICs, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʥʘʣʦʚ.  

ʊʘʢʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʪʝʨʤʠʥʘʥʪʳ ʜʝʡʩʪʚʠʷ 

ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦʘʤʠʥʦʚ ʥʘ ASICs. ʅʘʣʠʯʠʝ ʧʨʦʪʦʥʠʨʫʝʤʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʘʢ ʠʥʛʠʙʠʨʫʶʱʝʡ, ʪʘʢ ʠ ʧʦʪʝʥʮʠʨʫʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɻʠʜʨʦʬʦʙʥʘʷ ʯʘʩʪʴ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ, ʧʨʠ ʵʪʦʤ V-ʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʦʪʝʥʮʠʘʪʦʨʘʤʠ ASIC2a ʢʘʥʘʣʦʚ, ʯʝʤ ʧʣʦʩʢʠʝ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʠʜʨʦʬʦʙʥʦʡ ʛʨʫʧʧʦʡ ʠ ʘʤʠʥʦʛʨʫʧʧʦʡ ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʥʮʠʨʦʚʘʥʠʝ 

ASIC1a ʠ ASIC2ʘ ʢʘʥʘʣʦʚ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ʤʝʪʠʣʝʥʦʚʳʭ ʩʧʝʡʩʝʨʦʚ ʧʦʪʝʥʮʠʨʫʶʪʩʷ 

ASIC1a ʢʘʥʘʣʳ, ʘ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʧʨʠʤʳʢʘʥʠʠ - ASIC2a. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʥʘʯʘʪ 

ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʚʝʱʝʩʪʚ ʩ ASIC-ʢʘʥʘʣʘʤʠ, 

ʧʦʢʘʟʘʚʰʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ï 

ʟʘʚʠʩʷʱʠʡ ʠ ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʦʪʝʥʮʠʘʣʘ ʤʝʤʙʨʘʥʳ. 

ɺʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʵʥʜʦʛʝʥʥʳʡ ʤʦʜʫʣʷʪʦʨ ASICs ï ʛʠʩʪʘʤʠʥ, ʩʧʦʩʦʙʥʳʡ 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʦʪʝʥʮʠʨʦʚʘʪʴ ASIC1a ʢʘʥʘʣʳ. ɼʝʡʩʪʚʠʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʘʚʠʩʝʣʦ ʦʪ pH 

ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʪʝʥʮʠʨʦʚʘʥʠʝ ʜʦʩʪʠʛʘʣʦʩʴ ʧʨʠ ʩʣʘʙʦʤ 

ʟʘʢʠʩʣʝʥʠʠ. ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 
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ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ASIC1a ʢʘʥʘʣʳ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʟʘʢʠʩʣʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʦʪʢʨʳʪʠʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʣʠʛʘʥʜʦʚ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʦ ʥʘʙʦʨ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʢʘʥʘʣʳ ʨʘʟʥʦʛʦ ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʘʤʝʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʥʘʧʨʘʚʣʝʥʠʷ (ʚʳʷʚʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ, ʦʪʢʨʳʪʠʝ ʵʥʜʦʛʝʥʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ) ʩʘʤʠ ʧʦ ʩʝʙʝ 

ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʸʤʢʠʤʠ, ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʭ ʠʟʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ. ʆʪʢʨʳʪʠʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʛʠʩʪʘʤʠʥʘ ʥʘ ASICs ʧʦʟʚʦʣʷʝʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ 

ʬʠʟʠʦʣʦʛʠʶ ʛʠʩʪʘʤʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʥʘ ʝʸ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ 

ʨʝʮʝʧʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʢʨʳʪʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ASICs ʠ ʛʠʩʪʘʤʠʥʘ, ʜʝʣʘʝʪ ʧʦʠʩʢ 

ʥʦʚʳʭ ʤʦʜʫʣʷʪʦʨʦʚ/ʘʢʪʠʚʘʪʦʨʦʚ ASICs ʩʨʝʜʠ ʵʥʜʦʛʝʥʥʳʭ ʤʦʥʦʘʤʠʥʦʚ ʠ ʠʭ ʤʝʪʘʙʦʣʠʪʦʚ 

ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʧʨʠʙʣʠʞʘʷ, ʪʝʤ ʩʘʤʳʤ, ʢ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʢʘʥʘʣʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʯʪʝʥʠʷ ʣʝʢʮʠʡ ʧʦ ʬʠʟʠʦʣʦʛʠʠ, 

ʙʠʦʣʦʛʠʠ ʢʣʝʪʢʠ ʠ ʙʠʦʬʠʟʠʢʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ.  

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1.  ɻʠʜʨʦʬʦʙʥʳʝ ʤʦʥʦʘʤʠʥʳ ï ʥʦʚʳʡ ʭʠʤʠʯʝʩʢʠʡ ʢʣʘʩʩ ʣʠʛʘʥʜʦʚ ʧʨʦʪʦʥ-

ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦ ʤʦʜʫʣʠʨʦʚʘʪʴ ʠʭ ʨʘʙʦʪʫ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʥʘʣʦʚ. 

2. ɻʠʩʪʘʤʠʥ ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʳʤ ʵʥʜʦʛʝʥʥʳʤ ʧʦʪʝʥʮʠʘʪʦʨʦʤ ASIC1a, ʜʝʡʩʪʚʠʝ 

ʢʦʪʦʨʦʛʦ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʦ ʧʨʠ ʩʣʘʙʦʤ ʟʘʢʠʩʣʝʥʠʠ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 10 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, 2 ʠʟ 

ʢʦʪʦʨʳʭ ï ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ 1 ʩʪʘʪʴʷ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʞʫʨʥʘʣʝ), ʠ 8 ʪʝʟʠʩʦʚ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʫʩʪʥʳʭ ʠ 

ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ FENS Featured Regional Meeting 

(ʏʝʭʠʷ, ʇʨʘʛʘ, 2013); ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ-ʰʢʦʣʝ 

çʅʝʡʨʦʙʠʦʣʦʛʠʷ ʠʥʪʝʛʨʘʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʤʦʟʛʘè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2013); ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ çɻʦʨʠʟʦʥʪʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʡʨʦʥʘʫʢʠè (ʅʠʞʥʠʡ 

ʅʦʚʛʦʨʦʜ, 2014); ʥʘ ʜʝʚʷʪʦʤ ʬʦʨʫʤʝ ʝʚʨʦʧʝʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʥʝʡʨʦʙʠʦʣʦʛʦʚ 9th FENS 

Forum of Neuroscience (ʄʠʣʘʥ, ʀʪʘʣʠʷ, 2014); ʥʘ IV ʩʲʝʟʜʝ ʬʠʟʠʦʣʦʛʦʚ ʉʅɻ 

çʌʠʟʠʦʣʦʛʠʷ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘè (ʉʦʯʠ, ʈʦʩʩʠʷ, 2014); ʥʘ ʟʠʤʥʝʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦʡ ʰʢʦʣʝ çʉʦʚʨʝʤʝʥʥʘʷ ʙʠʦʣʦʛʠʷ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʱʝʛʦè (ɿʚʝʥʠʛʦʨʦʜ, 

ʄʦʩʢʚʘ, 2015); ʥʘ 11-ʤ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʢʦʥʛʨʝʩʩʝ çʅʝʡʨʦʥʘʫʢʘ 

ʜʣʷ ʤʝʜʠʮʠʥʳ ʠ ʧʩʠʭʦʣʦʛʠʠè (ʉʫʜʘʢ, 2015); ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ FENS 

Featured Regional Meeting (ʉʘʣʦʥʠʢʠ, ɻʨʝʮʠʷ, 2015). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 124 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ ʦʙʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʧʦ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʤʝ ï ʛʣʘʚʘ 1, ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʠʢʠ ï ʛʣʘʚʘ 2, ʦʧʠʩʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ ï ʛʣʘʚʘ 3, ʟʘʢʣʶʯʝʥʠʷ ï ʛʣʘʚʘ 4, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ 193 ʠʩʪʦʯʥʠʢʘ (ʠʟ ʥʠʭ 190 ʠʥʦʩʪʨʘʥʥʳʭ). ʈʘʙʦʪʘ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 25 ʨʠʩʫʥʢʘʤʠ ʠ 7 ʪʘʙʣʠʮʘʤʠ.  
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ɻʣʘʚʘ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1. ʀʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ASICs ʠ ʬʠʣʦʛʝʥʠʷ 

ʇʦʩʪʦʷʥʩʪʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʛʦʤʝʦʩʪʘʟʘ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. ɽʸ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʚ 

ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʨʘʤʢʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʨʛʘʥʠʟʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ, ʷʚʣʷʝʪʩʷ ʚʥʝʢʣʝʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʪʦʥʦʚ. ʋ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʦʟʚʦʥʦʯʥʳʭ ʚ ʥʦʨʤʝ ʵʪʦʪ ʧʘʨʘʤʝʪʨ, ʠʣʠ ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (pH), ʨʘʚʥʷʝʪʩʷ 7.4, ʥʦ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʦʨʤʘʣʴʥʳʭ ʠʣʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʥʘʯʝʥʠʝ ʝʛʦ ʤʦʞʝʪ ʟʘʤʝʪʥʦ 

ʚʘʨʴʠʨʦʚʘʪʴ. ʃʦʛʠʯʥʦ ʙʳʣʦ ʙʳ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʤʝ ʥʘ ʵʪʦʪ ʩʣʫʯʘʡ ʠʤʝʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʝ pH-ʩʝʥʩʦʨʳ, ʙʳʩʪʨʦ ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ.  

ʇʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ ʦ ʪʦʢʘʭ, ʚʳʟʚʘʥʥʳʭ ʙʳʩʪʨʳʤ ʟʘʢʠʩʣʝʥʠʝʤ ʚʥʝʢʣʝʪʦʯʥʦʡ 

ʩʨʝʜʳ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ 1980-ʤ ʛʦʜʫ ʂʨʳʰʪʘʣʝʤ ʠ ʇʠʜʦʧʣʠʯʢʦ (Krishtal & Pidoplichko, 

1980). ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʝʡʨʦʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʩʧʠʥʥʦʛʦ ʠ 

ʪʨʦʡʥʠʯʥʦʛʦ ʛʘʥʛʣʠʝʚ ʢʨʳʩʳ, ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʅ ʦʤʳʚʘʶʱʝʛʦ 

ʨʘʩʪʚʦʨʘ ʩ 7.4 ʜʦ 6.9. ʇʨʠ ʵʪʦʤ, ʚʭʦʜʷʱʠʝ ʪʦʢʠ ʙʳʣʠ ʩʣʝʜʩʪʚʠʝʤ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥʳ ʜʣʷ ʠʦʥʦʚ Na
+
 ʠ ʂ

+ 
(Na

+
>> ʂ

+
), ʠʭ ʘʤʧʣʠʪʫʜʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ ʠ ʜʦʩʪʠʛʘʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚ ʪʦʯʢʝ pH=5.4. ʇʦʟʞʝ 

ʵʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʩʦʚʝʪʩʢʠʭ ʫʯʸʥʳʭ ʧʦʜʦʙʥʳʝ ʪʦʢʠ ʙʳʣʠ ʦʧʠʩʘʥʳ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʟʦʥʘʭ 

ʤʦʟʛʘ ʢʨʳʩʳ (ɺʨʫʙʣʸʚʩʢʠʡ ʠ ʜʨ., 1985). ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʠʟʙʠʨʘʪʝʣʴʥʳʭ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʢʦʥʢʨʝʪʠʟʠʨʫʶʱʠʭ ʤʝʪʦʜʦʚ ʥʝ ʧʦʟʚʦʣʷʣʦ ʩʜʝʣʘʪʴ 

ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʥʦʚʦʛʦ ʪʠʧʘ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʨʘʩʮʚʝʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʚ ʩʝʨʝʜʠʥʝ 90-ʭ ʛʦʜʦʚ. ʃʘʟʜʫʥʩʢʠ ʩ 

ʩʦʘʚʪʦʨʘʤʠ ʚʳʜʝʣʠʣʠ ʠʟ ʤʦʟʛʘ ʢʨʳʩʳ ʫʯʘʩʪʦʢ ɼʅʂ, ʢʦʜʠʨʫʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʜʣʠʥʦʡ ʚ 526 ʘʤʠʥʦʢʠʩʣʦʪ r ʠ ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʫʶ ʈʅʂ ʚ ʦʦʮʠʪʘʭ 

ʣʷʛʫʰʢʠ Xenopus laevis (Waldmann et al., 1997ʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʤʘʥʠʧʫʣʷʮʠʠ ʦʦʮʠʪʳ 

ʩʪʘʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʶ pH ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ: ʘʧʧʣʠʢʘʮʠʷ ʨʘʩʪʚʦʨʘ ʩ pH 

ʥʠʞʝ 6.9 ʚʳʟʳʚʘʣʘ ʙʳʩʪʨʦ ʥʘʨʘʩʪʘʶʱʠʡ ʠ ʩʧʘʜʘʶʱʠʡ ʚʩʣʝʜʩʪʚʠʝ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʪʦʢ, 

ʧʦʜʦʙʥʳʡ ʪʦʤʫ, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʥʝʝ ʦʧʠʩʘʥ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʝʡʨʦʥʘʭ (Krishtal & 

Pidoplichko, 1981; Konnerth et al., 1987). ʊʦʛʜʘ ʞʝ ʠ ʙʳʣʦ ʜʘʥʦ ʥʘʟʚʘʥʠʝ ʵʪʠʤ 

ʨʝʮʝʧʪʦʨʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʠʭ ʢʘʢ ʠʦʥʥʳʝ ʢʘʥʘʣʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʟʘʢʠʩʣʝʥʠʶ 

ʩʨʝʜʳ (Acid Sensing Ion Channels ʠʣʠ ʩʦʢʨʘʱʸʥʥʦ ASICs). ʕʪʦ ʥʘʟʚʘʥʠʝ ʧʨʦʯʥʦ 
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ʟʘʢʨʝʧʠʣʦʩʴ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʦʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʜʨʫʛʠʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʪʘʢʞʝ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ pH 

ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ. ʄʥʦʛʠʝ ʢʘʥʘʣʳ TRP ʩʝʤʝʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʧʦʣʠʤʦʜʘʣʴʥʦʩʪʴʶ ʘʢʪʠʚʠʨʫʶʱʠʭ ʩʪʠʤʫʣʦʚ, ʠʟʤʝʥʷʶʪ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ (Numata et al., 2011). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʪʦʥʳ 

ʠʥʛʠʙʠʨʫʶʪ ʥʘʪʠʚʥʳʝ NMDA ʨʝʮʝʧʪʦʨʳ ʩ IC50 ʚ ʨʘʡʦʥʝ pH = 7.2, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʢʦʣʦ 

40% ʢʘʥʘʣʦʚ ʥʝʘʢʪʠʚʥʳ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ (Tang et al., 1990; Traynelis 

& Cull-Candy, 1990). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʥʘʟʚʘʥʠʝ ASICs - ñʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳò (proton-gated 

ion channels), ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ 

ʦʧʠʩʳʚʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʪʠʧ ʨʝʮʝʧʪʦʨʦʚ.  

ʇʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ - ʵʪʦ ʢʘʪʠʦʥʥʳʝ ʧʦʪʝʥʮʠʘʣ-ʥʝʟʘʚʠʩʠʤʳʝ, 

ʘʤʠʣʦʨʠʜ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ, ʘʢʪʠʚʠʨʫʶʱʠʝʩʷ ʚ ʦʪʚʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʚʥʝʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʠʢʚʝʥʩʘ 

ʠ ʩʭʦʜʩʪʚʝ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ, ASICs ʦʪʥʦʩʷʪ ʢ ʩʫʧʝʨʩʝʤʝʡʩʪʚʫ ʜʝʛʝʥʝʨʠʥ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ (DEG/ENaC), ʢ ʢʦʪʦʨʦʤʫ ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʘʪ 

ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʥʘʪʨʠʝʚʳʝ ʢʘʥʘʣʳ (ENaC), FMRF-ʘʤʠʜ ʘʢʪʠʚʠʨʫʝʤʳʝ ʢʘʥʘʣʳ (FaNaC) 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, PPK (pickpocket) ʢʘʥʘʣʳ Drosophila melanogaster, ʜʝʛʝʥʠʨʠʥʳ (DEG) 

Caenorhabitis elegans, ʘ ʪʘʢʞʝ hiNaC (human intestine Na
+ 

channels - ʯʝʣʦʚʝʯʝʩʢʠʝ Na
+ 

ʢʘʥʘʣʳ ʢʠʰʝʯʥʠʢʘ) ʠ BLINaC (brain- liver-intestine amiloride-sensitive Na
+ 

channel - 

ʤʦʟʛʦʚʳʝ - ʧʝʯʸʥʦʯʥʳʝ - ʢʠʰʝʯʥʳʝ ʘʤʠʣʦʨʠʜ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ Na
+ 
ʢʘʥʘʣʳ) 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Kellenberger & Shild, 2002). ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʪʠʧʘ ʨʝʮʝʧʪʦʨʦʚ ʥʝ ʪʘʢ 

ʜʘʚʥʦ ʙʳʣʠ ʧʝʨʝʠʤʝʥʦʚʘʥʳ ʚ BASIC (bile acid-sensetive ion channels), ʧʦʩʢʦʣʴʢʫ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʥʠ ʘʢʪʠʚʠʨʫʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ (Lefevre et al., 2014). 

ʊʘʢʦʝ ʥʘʟʚʘʥʠʝ ʠʤ ʙʳʣʦ ʜʘʥʦ ʧʦʪʦʤʫ, ʯʪʦ ʠʭ ʛʦʤʦʣʦʛʠʷ ʩ ASICs ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʫ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ, ʭʦʪʷ ʦʥʠ 

ʥʝ ʩʧʦʩʦʙʥʳ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʚ ʦʪʚʝʪ ʥʘ ʧʦʥʠʞʝʥʠʝ ʨʅ. ɼʣʷ ʚʩʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʩʝʤʝʡʩʪʚʘ Deg/ENaC ʢʘʥʘʣʦʚ ʭʘʨʘʢʪʝʨʥʘ ʦʙʱʘʷ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ: ʢʦʨʦʪʢʠʝ 

NH2 ʠ COOH ʪʝʨʤʠʥʘʣʴʥʳʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ ʢʦʥʮʳ, ʜʚʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʜʦʤʝʥʘ 

(ʊʄ1 ʠ ʊʄ2) ʠ ʙʦʣʴʰʦʡ ʚʥʝʢʣʝʪʦʯʥʳʡ ʮʠʩʪʝʠʥ-ʙʦʛʘʪʳʡ ʫʯʘʩʪʦʢ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʙʦʣʝʝ 

50% ʚʩʝʛʦ ʙʝʣʢʘ (Canessa et al., 1994a; Jasti et al., 2007).  
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ʅʝʜʘʚʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʛʝʥʦʚ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ DEG/ENaC, ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʵʪʠ ʛʝʥʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ ʚʩʝʭ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʛʝʥʦʤʘʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʮʘʨʩʪʚʘ 

ɾʠʚʦʪʥʳʭ (Metazoa). ʂʨʦʤʝ ʪʦʛʦ, DEG/ENaC ʛʝʥʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʝ Naeglaria gluberi (Studer et al., 2011). ʉʦʛʣʘʩʥʦ ʜʨʫʛʦʤʫ ʛʝʥʝʪʠʯʝʩʢʠ-

ʵʚʦʣʶʮʠʦʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʧʨʦʚʝʜʸʥʥʦʤʫ ʙʦʣʴʰʦʡ ʛʨʫʧʧʦʡ ʫʯʸʥʳʭ ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʤʫ ʚ ʞʫʨʥʘʣʝ Nature (Putnam et al., 2008), ʛʝʥʳ ASICs accn1-4 ʠ ʯʝʪʳʨʝ 

ʛʝʥʘ ENaC (Ŭ, ɓ, ɔ ʠ ŭ) ʢʘʥʘʣʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʜʚʫʭ-ʨʘʫʥʜʦʚʦʡ ʜʫʧʣʠʢʘʮʠʠ 

ʮʝʣʴʥʦʛʦ ʛʝʥʦʤʘ ʥʘ ʵʪʘʧʝ ʟʘʨʦʞʜʝʥʠʷ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ. ʅʘʧʨʦʪʠʚ, ʛʝʥ accn5, 

ʢʦʜʠʨʫʶʱʠʡ BASIC ʢʘʥʘʣʳ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʟʘʜʦʣʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʦʟʚʦʥʦʯʥʳʭ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʨʪʦʣʦʛʦʚ FaNaC ʛʝʥʦʚ ʫʣʠʪʢʠ Helix 

aspersa ʠʣʠ ʦʨʪʦʣʦʛʦʚ PPK ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ Drosophila, ʯʪʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʥʥʶʶ ʜʠʚʝʨʛʝʥʮʠʶ ʛʝʥʦʚ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ DEG/ENaC ʢʘʥʘʣʦʚ (ʈʠʩ.1.1).  
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ʈʠʩʫʥʦʢ 1.1. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ ʜʝʛʝʥʠʨʠʥ ʵʧʠʪʝʣʠʘʣʴʥʳʭ 

ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ. ʊʸʤʥʦ-ʩʝʨʳʤ ʧʦʢʘʟʘʥʳ DEG/ENaC ʛʝʥʳ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʩʝʨʳʤ - 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ Naeglaria gluberi (ʠʟ Studer et al., 2011) 
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1.2. ɻʝʥʳ ʠ ʩʫʙʲʝʜʠʥʠʯʥʳʡ ʩʦʩʪʘʚ ASICs 

ɻʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ASICs, ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʫ ʤʥʦʛʠʭ ʚʠʜʦʚ ʧʦʟʚʦʥʦʯʥʳʭ 

ʞʠʚʦʪʥʳʭ, ʥʘʯʠʥʘʷ ʩ ʢʨʫʛʣʦʨʦʪʳʭ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʟʚʝʩʪʥʦ 4 

ʛʝʥʘ accn1-4, ʢʦʜʠʨʫʶʱʠʭ ʢʘʢ ʤʠʥʠʤʫʤ 6 ʨʘʟʣʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ: ASIC1a, ASIC1b, 

ASIC2a, ASIC2b, ASIC3 ʠ ASIC4. ʇʝʨʚʳʝ ʜʚʝ ʥʘʟʚʘʥʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ ʷʚʣʷʶʪʩʷ 

ʘʣʪɹʝʨʥʘʪʠʚʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʩʧʣʘʡʩʠʥʛʘ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʛʝʥʘ accn2 ʠ ʦʪʣʠʯʘʶʪʩʷ 

ʪʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʘʤʠʥʦʢʠʩʣʦʪ, ʬʦʨʤʠʨʫʶʱʝʡ N-ʪʝʨʤʠʥʘʣʴʥʳʡ ʢʦʥʝʮ 

(Bªssler et al., 2001). ʇʨʠ ʵʪʦʤ, ʦʥʠ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʙʠʦʬʠʟʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʪʘʢ ʠ ʧʦ ʧʨʦʬʠʣʶ ʵʢʩʧʨʝʩʩʠʠ. ʅʘʧʨʠʤʝʨ, ʢʨʳʩʠʥʳʝ ASIC1a ʢʘʥʘʣʳ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʦʥʠʮʘʝʤʳ ʜʣʷ Na
+
, ʯʝʤ ʜʣʷ K

+
 (PNa/PK = 7.8), ʠ ʛʦʨʘʟʜʦ ʤʝʥʝʝ 

ʧʨʦʥʠʮʘʝʤʳ ʜʣʷ Ca
2+

 (PNa/PCa =18.5), ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʦʪʜʝʣʘʭ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʛʝʪʝʨʦʤʝʨʥʳʭ ʢʘʥʘʣʦʚ. ASIC1b ʚ ʦʩʥʦʚʥʦʤ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʝʥʩʦʨʥʳʭ ʥʝʡʨʦʥʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʛʘʥʛʣʠʝʚ, ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʠʟʙʠʨʘʪʝʣʴʥʳ ʢ ʠʦʥʘʤ Na
+
, ʯʝʤ K

+
 (PNa/PK = 14), ʠ ʥʝ ʧʨʦʧʫʩʢʘʶʪ ʠʦʥʳ Ca

2+
.  

ɻʝʥ accn1 ʚʩʣʝʜʩʪʚʠʝ ʧʦʩʪʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʸʪ ʜʚʘ ʧʨʦʜʫʢʪʘ - 

ʩʫʙʲʝʜʠʥʠʮʳ ASIC2a ʠ ASIC2b. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ASIC1 ʨʦʜʩʪʚʝʥʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ, ʠ ʩʘʤʳʤ ʚʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝʩʧʦʩʦʙʥʦʩʪʴ 

ASIC2b ʬʦʨʤʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʳʡ ʛʦʤʦʤʝʨʥʳʡ ʢʘʥʘʣ (Lingueglia et al., 

1997). ʆʜʥʘʢʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʚʦʥʦʯʥʳʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʛʝʪʝʨʦʤʝʨʳ ASIC1a/2b, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʣʠʯʥʳʝ ʦʪ ʢʘʥʘʣʦʚ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʪʦʣʴʢʦ ʩʫʙʲʝʜʠʥʠʮʘ ASIC1a. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ASIC2a ʠ ASIC2b ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʧʝʨʚʳʤ 185 ʘʤʠʥʦʢʠʩʣʦʪʘʤ ʩ N-ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʭʚʦʩʪʘ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʩʧʣʘʡʩ-ʚʘʨʠʘʥʪʦʚ ASIC1, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʦʪ ʫʯʘʩʪʦʢ ʙʝʣʢʘ ʦʪʚʝʯʘʝʪ ʟʘ ʠʦʥʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʠ ʘʢʪʠʚʘʮʠʶ ʢʘʥʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʭʦʞʠʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʩʧʣʘʡʩʠʥʛʘ ʜʣʷ ʜʚʫʭ ʨʘʟʥʳʭ ʛʝʥʦʚ ʦʜʥʦʛʦ ʩʝʤʝʡʩʪʚʘ, ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ 

ʵʚʦʣʶʮʠʦʥʥʦ ʙʦʣʝʝ ʨʘʥʥʝʤ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʤ ʜʫʧʣʠʢʘʮʠʠ 

ʧʝʨʚʠʯʥʦʛʦ ʛʝʥʘ. 

 ɻʝʥ accn3 ʚʧʝʨʚʳʝ ʙʳʣ ʢʣʦʥʠʨʚʘʥ ʚ 1997 ʛʦʜʫ ʃʘʟʜʫʥʩʢʠ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠʟ 

DRG-ʥʝʡʨʦʥʦʚ (Dorsal Root Ganglion neurons - ʥʝʡʨʦʥʳ ʟʘʜʥʠʭ ʨʦʛʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ) 

(Waldman et al., 1997). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʜʫʢʪ ʢʣʦʥʠʨʦʚʘʥʥʦʛʦ ʛʝʥʘ ʠʟʥʘʯʘʣʴʥʦ ʧʦʣʫʯʠʣ 

ʥʘʟʚʘʥʠʝ DRASIC ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʧʝʨʝʠʤʝʥʦʚʘʥ ʚ ASIC3. ɺ ʨʝʟʫʣʴʪʘʪʝ 
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ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʘ accn3 ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʢʨʦʤʝ ʯʝʣʦʚʝʢʘ, 

ʦʙʨʘʟʫʝʪʩʷ ʦʜʠʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʙʝʣʦʢ ʜʣʠʥʦʶ ʚ 533 ʘʤʠʥʦʢʠʩʣʦʪʳ, ʠʤʝʶʱʠʡ 53% 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʧʦ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʙʣʠʞʘʡʰʠʤ ʨʦʜʩʪʚʝʥʥʳʤ ʛʝʥʦʤ 

accn2. ʋʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʢʘʥʘʣʦʚ ASIC3 ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʨʘʚʥʦʚʝʩʥʦʡ 

ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʪʦʢ ʯʝʨʝʟ ʵʪʠ ʢʘʥʘʣʳ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ  

ʩʪʘʮʠʦʥʘʨʥʳʡ ʠ ʧʠʢʦʚʳʡ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ASIC3 ʚʥʦʩʠʪ 

ʚʢʣʘʜ ʚ ʙʦʣʝʚʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʚʦʩʧʘʣʝʥʠʝʤ, ʪʨʘʚʤʘʤʠ ʠ ʧʦʩʪʦʧʝʨʘʮʠʦʥʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ (Deval et al., 2008; Yen et 

al., 2009; Deval et al., 2011). ʋ ʯʝʣʦʚʝʢʘ ʦʙʥʘʨʫʞʝʥʦ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʙʝʣʢʦʚʳʭ ʧʨʦʜʫʢʪʘ 

ʛʝʥʘ accn3 (ASIC3a, -3b ʠ -3ʩ), ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʉ-ʢʦʥʮʝʚʦʤʫ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤʫ 

ʜʦʤʝʥʫ (Deval et al., 2010). ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʩʫʙʲʝʜʠʥʠʮʝʡ ʷʚʣʷʝʪʩʷ 

ASIC3a, ʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʨʳʩʠʥʳʭ ASIC3, ʫ ʯʝʣʦʚʝʢʘ ʵʪʘ ʩʫʙʲʝʜʠʥʠʮʘ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʝ ʪʦʣʴʢʦ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʝʥʩʦʨʥʳʭ ʥʝʡʨʦʥʘʭ, ʥʦ ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ (Delaunay et al., 2012).  

ʉʫʙʲʝʜʠʥʠʮʘ ASIC4 ʢʦʜʠʨʫʝʪʩʷ ʛʝʥʦʤ accn4, ʢʦʪʦʨʳʡ ʙʳʣ ʚʧʝʨʚʳʝ ʢʣʦʥʠʨʦʚʘʥ ʚ 

2000 ʛʦʜʫ (Gr¿nder et al., 2000). ʇʨʦʜʫʢʪ ʵʪʦʛʦ ʛʝʥʘ ʜʣʠʥʦʡ ʚ 539 ʘʤʠʥʦʢʠʩʣʦʪʳ ʠʤʝʝʪ 

ʚʩʝ ʧʨʠʟʥʘʢʠ ʩʪʨʦʝʥʠʷ ʩʝʤʝʡʩʪʚʘ DEG/ENaC ʢʘʥʘʣʦʚ: ʜʚʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʜʦʤʝʥʘ, 

ʢʦʨʦʪʢʠʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ N- ʠ C-ʢʦʥʮʳ ʠ ʙʦʣʴʰʫʶ ʚʥʝʢʣʝʪʦʯʥʫʶ ʮʠʩʪʝʠʥ-ʙʦʛʘʪʫʶ 

ʧʝʪʣʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ASIC4 ʣʠʰʴ ʥʘ 45% ʛʦʤʦʣʦʛʠʯʝʥ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʩʝʤ 

ʦʩʪʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʧʦʜʩʝʤʝʡʩʪʚʘ ASICs ʠ ʥʝ ʩʧʦʩʦʙʝʥ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʚ ʦʪʚʝʪ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ ʚ ʩʨʝʜʝ. ʅʝ ʠʟʚʝʩʪʥʦ ʪʘʢʞʝ ʚʭʦʜʠʪ ʣʠ ʦʥ ʚ ʩʦʩʪʘʚ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʛʝʪʝʨʦʤʝʨʥʳʭ ʢʘʥʘʣʦʚ, ʧʦʜʦʙʥʦ ASIC2b ʩʫʙʲʝʜʠʥʠʮʝ. ʊʨʘʥʩʢʨʠʧʪʳ 

ʛʝʥʘ accn4 ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚʦ ʤʥʦʛʠʭ ʦʪʜʝʣʘʭ ʎʅʉ ʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʧʦʟʚʦʥʦʯʥʳʭ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʠʭ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʚ DRG ʥʝʡʨʦʥʘʭ. ʋʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʵʪʦʛʦ ʙʝʣʢʘ ʜʦʚʦʣʴʥʦ ʥʠʟʦʢ ʚ ʦʪʜʝʣʘʭ ʎʅʉ, ʛʜʝ ʦʥ ʙʳʣ ʦʙʥʘʨʫʞʝʥ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʛʠʧʦʬʠʟʘ, ʵʥʜʦʢʨʠʥʥʫʶ ʬʫʥʢʮʠʶ ʢʦʪʦʨʦʛʦ ʦʥ, ʚʦʟʤʦʞʥʦ, ʩʧʦʩʦʙʝʥ 

ʤʦʜʫʣʠʨʦʚʘʪʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ASIC4 ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ASIC1a ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ CHO-ʢʣʝʪʦʢ ʚ ʩʣʫʯʘʝ ʢʦʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʩʫʙʲʝʜʠʥʠʮ (Donier et 

al., 2008). ʆʜʥʘʢʦ ʥʝʜʘʚʥʠʝ ʨʘʙʦʪʳ ʩ ʥʦʢʘʫʪʥʳʤʠ ʞʠʚʦʪʥʳʤʠ ʦʧʨʦʚʝʨʛʣʠ ʵʪʠ ʜʘʥʥʳʝ, 

ʧʦʢʘʟʘʚ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ASIC4 ʩʫʙʲʝʜʠʥʠʮʳ ʥʠʢʘʢ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʚʳʨʘʞʝʥʥʦʩʪʠ ʵʧʠʣʝʧʪʠʯʝʩʢʠʭ ʧʨʠʧʘʜʢʦʚ ʠ ʨʝʘʢʮʠʠ ʟʘʤʠʨʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʩʪʨʘʭʦʤ, - ASIC1a-ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ (Lin & Chen, 2015). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 
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ASIC4 ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʧʦʜʩʝʤʝʡʩʪʚʘ ʧʨʦʪʦʥ-

ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. 

ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʳʡ ʢʘʥʘʣ ʷʚʣʷʝʪʩʷ 

ʪʨʠʤʝʨʦʤ (Jasti et al., 2007; Baconguis & Gouaux, 2012; Bartoi et al., 2014) ʠ ʤʦʞʝʪ 

ʩʦʩʪʦʷʪʴ ʢʘʢ ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʩʫʙʲʝʜʠʥʠʮ (ʛʦʤʦʪʨʠʤʝʨ), ʪʘʢ ʠ ʠʟ ʨʘʟʥʳʭ (ʛʝʪʝʨʦʪʨʠʤʝʨ). 

ʊʦʣʴʢʦ ASIC1a, -1b, -2a ʠ -3 ʩʫʙʲʝʜʠʥʠʮʳ ʩʧʦʩʦʙʥʳ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʙʦʯʠʝ ʛʦʤʦʤʝʨʥʳʝ 

ʢʘʥʘʣʳ; ASIC2b ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʛʝʪʝʨʦʤʝʨʥʳʭ ʢʘʥʘʣʦʚ, ʥʦ ʥʝ 

ʩʧʦʩʦʙʝʥ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʧʨʦʪʦʥʘʤʠ ʚ ʛʦʤʦʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ. ASIC4 ʩʫʙʲʝʜʠʥʠʮʘ 

ʪʘʢʞʝ ʥʝʘʢʪʠʚʥʘ ʚ ʛʦʤʦʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʢʨʦʤʝ ʪʦʛʦ ʥʝ ʙʳʣʘ ʥʘʡʜʝʥʘ ʚ ʩʦʩʪʘʚʝ 

ʛʝʪʝʨʦʪʨʠʤʝʨʥʳʭ ʢʘʥʘʣʦʚ (Gr¿nder et al., 2000).  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʙʠʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʥʘʣʦʚ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʍʝʩʩʝʣʘʛʝʨ ʩ ʩʦʘʚʪʦʨʘʤʠ (Hesselager et al., 2004) 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʪʝʨʦ- ʠ ʛʦʤʦʪʨʠʤʝʨʥʳʭ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ASIC4) ʢʘʥʘʣʦʚ ASIC ʢʨʳʩʳ ʚ ʣʠʥʠʠ ʢʣʝʪʦʢ ʷʠʯʥʠʢʦʚ ʢʠʪʘʡʩʢʦʛʦ ʭʦʤʷʯʢʘ (CHO-K1), ʩ 

ʮʝʣʴʶ ʚʳʷʩʥʠʪʴ ʚʣʠʷʥʠʝ ʛʝʪʝʨʦʤʝʨʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ 

ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʠʤʝʣʠ ʜʝʣʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ 

ʢʨʳʩʠʥʳʤʠ ʛʦʤʦʤʝʨʥʳʤʠ ʢʘʥʘʣʘʤʠ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʚ CHO ʢʣʝʪʢʘʭ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʙʫʜʝʪ ʦʧʠʩʘʪʴ ʜʘʥʥʳʝ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʩʪʘʪʴʠ, ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʜʣʷ 

ʛʦʤʦʤʝʨʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʘʥʘʣʦʚ. ʉʘʤʳʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʟʘʢʠʩʣʝʥʠʶ ʩʨʝʜʳ ʠʟ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʢʪʠʚʥʳʭ ʛʦʤʦʤʝʨʦʚ ʦʢʘʟʘʣʠʩʴ ASIC3 - 50% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ-

ʚʦʟʤʦʞʥʦʡ ʘʤʧʣʠʪʫʜʳ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʨʅ=6.4 (ʨʅ50). ASIC2a, ʥʘʧʨʦʪʠʚ, ʥʝ 

ʘʢʪʠʚʠʨʦʚʘʣʠʩʴ, ʧʦʢʘ pH ʨʘʩʪʚʦʨʘ ʥʝ ʧʦʥʠʞʘʣʩʷ ʜʦ 5.2, ʧʨʠ ʵʪʦʤ ʨʅ50 ʙʳʣ ʨʘʚʝʥ 4.5. 

ɼʚʘ ʚʘʨʠʘʥʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡʩʠʥʛʘ ʛʝʥʘ accn2 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʨʝʜʥʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʨʅ ʨʘʩʪʚʦʨʘ ʠ ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʵʪʦʤʫ 

ʧʘʨʘʤʝʪʨʫ: ʨʅ50 ʜʣʷ ASIC1a ʩʦʩʪʘʚʠʣ 5.8, ʜʣʷ ASIC1b ʨʅ50 ʨʘʚʥʷʣʩʷ 6.1. ʆʜʥʘʢʦ ʜʚʝ 

ʨʦʜʩʪʚʝʥʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ ʩʠʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʠʣʣʘ (nH) - 

ʧʘʨʘʤʝʪʨʘ ʦʪʨʘʞʘʶʱʝʛʦ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ ʩ ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʠʤ ʩʘʡʪʦʤ ʨʝʮʝʧʪʦʨʘ (Hill, 1910). ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ, ʩʚʷʟʳʚʘʥʠʝ 

ʧʝʨʚʦʛʦ ʧʨʦʪʦʥʘ ʩ ʢʘʥʘʣʦʤ ASIC1ʘ ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʩʚʷʟʳʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ, ʧʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʍʠʣʣʘ ʜʣʷ ʵʪʦʛʦ ʢʘʥʘʣʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ ʝʜʠʥʠʮʳ (nH=0.75). ɼʣʷ ʢʘʥʘʣʘ ASIC1b, ʥʘʧʨʦʪʠʚ, ʭʘʨʘʢʪʝʨʥʦ 



18 
 

ʢʦʦʧʝʨʘʪʠʚʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ, ʪʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʍʠʣʣʘ ʙʦʣʴʰʝ 

ʝʜʠʥʠʮʳ ʠ ʨʘʚʥʷʝʪʩʷ 4.8.  

ʈʘʟʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʢʘʥʘʣʳ ASICs ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʢʠʥʝʪʠʢʝ ʩʧʘʜʘ ʦʪʚʝʪʘ (ʩʢʦʨʦʩʪʠ 

ʜʝʩʝʥʩʠʪʠʮʘʮʠʠ ʨʝʮʝʧʪʦʨʘ), ʦʜʥʘʢʦ ʚʩʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʙʳʩʪʨʦʘʢʪʠʚʠʨʫʶʱʠʤʠʩʷ 

ʢʘʥʘʣʘʤʠ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʦʪʚʝʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʜʝʩʷʪʳʝ ʜʦʣʠ ʩʝʢʫʥʜʳ. ʇʨʠ 

ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ pH ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ, 

ʫʚʝʣʠʯʠʚʘʷʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʦ ʚʩʝʤ 

ʠʟʫʯʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʯʝʪʳʨʸʭ ʨʘʟʣʠʯʥʳʭ ʛʦʤʦʤʝʨʦʚ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ (ʊʘʙʣ. 1). ʀʟ ʥʝʸ 

ʚʠʜʥʦ, ʯʪʦ ʩʘʤʳʤʠ ʤʝʜʣʝʥʥʳʤʠ ʧʦ ʢʠʥʝʪʠʢʝ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ASIC2a 

ʛʦʤʦʤʝʨʳ, ASIC1a ʠ ASIC1b ʩʣʘʙʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʘ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʡ 

ʜʝʩʝʥʩʠʪʠʟʘʮʠʝʡ ʦʙʣʘʜʘʶʪ ASIC3 ʢʘʥʘʣʳ, ʘ ʪʦʯʥʝʝ ʧʠʢʦʚʳʡ ʢʦʤʧʦʥʝʥʪ ʠʭ ʪʦʢʘ.  

 

ʉʫʙʲʝʜʠʥʠʮʘ pH ʚʳʟʳʚʘʶʱʠʡ 

50% ʘʢʪʠʚʘʮʠʠ 

ʨʝʮʝʧʪʦʨʘ (pH50) 

ʂʦʵʬʬʠʮʠʝʥʪ ʍʠʣʣʘ ʇʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ 

ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʧʨʠ 

pH50 (Űdesens) 

ASIC1a 5.8 0.75 0.64Ñ0.09, n=4 

ASIC1b 6.1 4.8 0.89Ñ0.11, n=4 

ASIC2a 4.5 2.2 1.4Ñ0.2, n=7 

ASIC3 6.4 1.60 0.29Ñ0.02, n=9 

 

ʊʘʙʣʠʮʘ 1.1. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʤʦʤʝʨʦʚ ASICs ʨʘʟʥʦʛʦ 

ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʚ ʢʣʝʪʢʘʭ ʣʠʥʠʠ CHO (ʠʟ Hesselager et. al., 2004) 

 

1.3. ʉʪʨʦʝʥʠʝ ʠ ʪʦʧʦʣʦʛʠʷ 

ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʩʝʤʝʡʩʪʚʦ ASICs ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ 

ʚʩʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʝʛʝʥʝʨʠʥ/ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ ʪʦʧʦʣʦʛʠʶ ʙʝʣʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʤʙʨʘʥʳ ʢʣʝʪʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʝʸ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ.  

 

1.3.1. ɼʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʵʨʘ 

ʇʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʩʦʩʪʦʷʪ ʠʟ 500-560 ʘʤʠʥʦʢʠʩʣʦʪ. 

ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʫʯʘʩʪʢʘ (ʊʄ1 ʠ ʊʄ2) 

ʚ ʩʨʝʜʥʝʤ ʧʦ 20 ʘʤʠʥʦʢʠʩʣʦʪ ʢʘʞʜʳʡ, ʢʦʪʦʨʳʭ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦʥʠʟʳʚʘʥʠʷ 

ʣʠʧʠʜʥʦʛʦ ʙʠʩʣʦʷ ʤʝʤʙʨʘʥʳ, ʜʚʘ ʢʦʨʦʪʢʠʭ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ N- ʠ ʉ-ʢʦʥʮʘ ʧʦ 35-90 
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ʘʤʠʥʦʢʠʩʣʦʪ ʢʘʞʜʳʡ ʠ ʙʦʣʴʰʦʡ (~370 ʘ.ʢ.) ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ, ʩʦʝʜʠʥʷʶʱʠʡ ʜʚʘ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʫʯʘʩʪʢʘ (ʈʠʩ.1.2) (Saugstad et al., 2004). ʇʝʨʚʳʡ ʵʢʟʦʥ, ʢʦʜʠʨʫʶʱʠʡ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ N-ʢʦʥʝʮ, ʊʄ1 ʠ ʥʘʯʘʣʦ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʧʝʪʣʠ (~1/3), ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʘʨʠʘʙʝʣʴʥʳʤ ʠ ʠʤʝʥʥʦ ʦʥ ʨʘʟʣʠʯʘʝʪʩʷ ʫ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʧʣʘʡʩ-ʚʘʨʠʘʥʪʦʚ 

ʛʝʥʦʚ accn1 ʠ accn2. ʕʢʟʦʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʧʦʩʣʝʜʫʶʱʠʝ 2/3 ʯʘʩʪʠ ʙʝʣʢʘ, ʜʦʚʦʣʴʥʦ 

ʩʭʦʞʠ ʫ ʚʩʝʭ ASICs ʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʙʝ̡ʜʠʥʷʶʱʝʡ ʜʘʥʥʫʶ 

ʛʨʫʧʧʫ ʢʘʥʘʣʦʚ ʚ ʦʜʥʦ ʩʝʤʝʡʩʪʚʦ. ʕʪʦʪ ʞʝ ʫʯʘʩʪʦʢ ʩʦʜʝʨʞʠʪ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ 

ʮʠʩʪʝʠʥʦʚʳʝ ʦʩʪʘʪʢʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʧʝʪʣʠ, ʢʦʪʦʨʳʝ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʝʸ ʩʪʨʫʢʪʫʨʫ ʟʘ ʩʯʸʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʫʣʴʬʠʜʥʳʭ ʤʦʩʪʠʢʦʚ (Firsov et 

al., 1999).  

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ ʩʦʜʝʨʞʘʪ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʠʥ N-ʛʣʠʢʘʥ ʚ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʤ ʜʦʤʝʥʝ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʬʦʣʜʠʥʛʘ ʙʝʣʢʦʚ, 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʭ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ (Helenius & 

Aebi, 2004). ɺʩʝ ASICs ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʭʦʪʷ ʙʳ ʦʜʠʥ ʩʘʡʪ N-ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ (ɸʩʥ-ʘʢ-

ʉʝʨ/ʊʨʝ, ʛʜʝ ʘʢ - ʵʪʦ ʣʶʙʘʷ ʘʤʠʥʦʢʠʩʣʦʪʘ ʢʨʦʤʝ ʧʨʦʣʠʥʘ).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ASIC2a ʠʤʝʝʪ ʜʚʘ ʩʘʡʪʘ N-ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ ʚ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʧʝʪʣʠ (Saugstad et al., 2004). ʇʨʠ ʤʫʪʘʮʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʧʦʪʝʨʝ ʦʙʦʠʭ 

N-ʛʣʠʢʘʥʦʚ, ʨʝʮʝʧʪʦʨ ʩʧʦʩʦʙʝʥ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʤʝʤʙʨʘʥʫ ʠ ʬʦʨʤʠʨʦʚʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʢʪʠʚʥʳʡ ʛʦʤʦʤʝʨʥʳʡ ʢʘʥʘʣ. ʇʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ ʩʥʠʞʘʝʪʩʷ ʚ ʪʨʠ 

ʨʘʟʘ, ʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ pH ʧʘʜʘʝʪ ʥʘ 0.6 ʝʜʠʥʠʮ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʜʠʨʫʶʱʠʝ 

ʪɻʠ ʩʘʡʪʳ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ, ʦʩʪʘʶʪʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʠ ʚ ʛʝʥʝ accn2. ɺ ʩʣʫʯʘʝ 

ʩʫʙʲʝʜʠʥʠʮʳ ASIC1a ʠʭ ʪʘʢʞʝ ʜʚʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʣʥʦʡ ʥʝʜʝʝʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ. ʋ ASIC1b ʧʦʤʠʤʦ ʜʚʫʭ ʜʠʩʪʘʣʴʥʳʭ N-ʛʣʠʢʘʥʦʚ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʝʱʸ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʘʡʪʘ N-ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʢʩʠʤʘʣʴʥʦʡ 

ʯʘʩʪʠ ʵʢʪʦʜʦʤʝʥʘ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʵʪʠʭ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʛʦʤʦʤʝʨʥʳʡ ASIC1b 

ʢʘʥʘʣ ʥʝ ʩʧʦʩʦʙʝʥ ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴʩʷ ʚ ʤʝʤʙʨʘʥʝ (Kadurin et al., 2008). ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʵʪʦ ʥʝ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʙʝʣʢʘ ʦʪ 

ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʶʤʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʣʫʯʘʝ ASIC1a ʠ ASIC2a ʵʪʠ ʩʘʡʪʳ 

ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʚʩʪʨʘʠʚʘʥʠʝ ʢʘʥʘʣʘ ʚʩʸ ʞʝ ʧʨʦʠʩʭʦʜʠʪ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʚʘ 

ʧʨʦʢʩʠʤʘʣʴʥʳʭ N-ʛʣʠʢʘʥʘ ASIC1b ʦʪʚʝʯʘʶʪ ʟʘ ʧʨʘʚʠʣʴʥʳʡ ʬʦʣʜʠʥʛ ʙʝʣʢʘ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʶ ʝʛʦ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚʦ ʚʪʦʨʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʜʚʫʭ ʩʧʣʘʡʩ-ʚʘʨʠʘʥʪʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʛʝʥʘ accn2.  
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ʈʠʩʫʥʦʢ 1.2. ʊʦʧʦʣʦʛʠʷ ʩʫʙʲʝʜʠʥʠʮʳ ASIC1a (ʠʟ Wemmie et al., 2006) 

 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʸʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ (Adams et al., 1999; Paukert et al., 2004), ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʢʘʥʘʣʘ ʫʯʘʩʪʚʫʝʪ ʚʥʝʢʣʝʪʦʯʥʘʷ ʯʘʩʪʴ ʚʪʦʨʦʛʦ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ (Kellenberger et al., 1999; Sheng et al., 2001). ʉʘʤʘʷ ʫʟʢʘʷ 

ʯʘʩʪʴ ʧʦʨʳ ʢʘʥʘʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʊʄ2 ʠ ʦʙʨʘʟʦʚʘʥʘ ʦʩʪʘʪʢʘʤʠ ʚʩʝʛʦ ʪʨʸʭ 

ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʢʦʨʦʪʢʠʤ ʙʦʢʦʚʳʤʠ ʮʝʧʷʤʠ, ʦʙʱʠʭ ʜʣʷ ʚʩʝʭ ASICs - ɻʣʠ-ɸʣʘ-ʉʝʨ (ʚ 

ʧʦʨʷʜʢʝ ʦʪ N- ʢ C-ʢʦʥʮʫ, ɻʣʠ
442

-ʉʝʨ
444

 ʫ ʢʨʳʩʳ). ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʣʥʫʶ 

ʛʦʤʦʣʦʛʠʶ ʵʪʦʛʦ ʫʯʘʩʪʢʘ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʥʳʭ ʩʫʙʲʝʜʠʥʠʮ ʚʩʸ ʞʝ ʦʪʣʠʯʘʝʪʩʷ. ʊʘʢ, 

ASIC1a ʩʧʦʩʦʙʥʳ ʧʨʦʧʫʩʢʘʪʴ ʠʦʥʳ Ca
2+
, ʘ ASIC1b ʥʝ ʩʧʦʩʦʙʥʳ. ɹʵʩʩʣʝʨ ʩ ʩʦʘʚʪʦʨʘʤʠ 

ʎʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ 

N- ʠ C-ʢʦʥʮʳ 

2 ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ 

ʜʦʤʝʥʘ 

ɹʦʣʴʰʦʡ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʫʯʘʩʪʦʢ 

ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʝ 

N- ʠ C-ʢʦʥʮʳ 
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ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ N-

ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ (Bªssler et al., 2001) ʜʚʫʭ ʨʦʜʩʪʚʝʥʥʳʭ ʩʫʙʲʝʜʠʥʠʮ. ʇʦʩʢʦʣʴʢʫ, 

ʵʪʦʪ ʫʯʘʩʪʦʢ ʦʧʨʝʜʝʣʷʝʪ ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʘ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥ ʪʘʢʞʝ 

ʩʧʦʩʦʙʝʥ ʠʟʤʝʥʷʪʴ ʬʦʨʤʫ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʟʘ ʩʯʸʪ ʜʘʣʴʥʠʭ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

  ɻʦʨʘʟʜʦ ʤʝʥʴʰʝ ʠʟʚʝʩʪʥʦ ʦ ʬʫʥʢʮʠʠ ʉ-ʢʦʥʮʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʜʠʥʦʯʥʦʡ 

ʩʫʙʲʝʜʠʥʠʮʳ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ʏʘʩʪʦ ʦʥ ʙʳʚʘʝʪ ʜʦʚʦʣʴʥʦ 

ʢʦʨʦʪʢʠʤ (~40 ʘʤʠʥʦʢʠʩʣʦʪ) ʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʨʝʮʝʧʪʦʨʘ. ʊʘʢ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʪʘʤ ʥʘʭʦʜʠʪʩʷ PDZ-

ʩʚʷʟʳʚʘʶʱʠʡ ʫʯʘʩʪʦʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʩʚʷʟʳʚʘʥʠʝ PDZ-ʩʦʜʝʨʞʘʱʠʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʝʣʢʦʚ (PICK1, PSD95, CIP ʠ ʪʜ.), ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʫʚʝʣʠʯʠʚʘʪʴ/ʫʤʝʥʴʰʘʪʴ ʪʦʢ ʯʝʨʝʟ ʢʘʥʘʣ,r ʥʝ ʠʟʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʠʭ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (Lingueglia E., 2007).  

  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ASIC ʢʘʥʘʣʘ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʝʛʦ ʤʝʤʙʨʘʥʥʘʷ ʪʦʧʦʣʦʛʠʷ, ʨʘʟʜʝʣʷʶʱʘʷ ʙʝʣʦʢ ʥʘ ʪʨʠ ʫʩʣʦʚʥʳʝ ʯʘʩʪʠ: 

N- ʠ C- ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʫʯʘʩʪʢʠ, 2 ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʜʦʤʝʥʘ ʠ ʙʦʣʴʰʫʶ 

ʵʢʩʪʨʘʢʣʝʪʦʯʥʫʶ ʧʝʪʣʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʳʣʦ ʥʝʷʩʥʦ, ʩʢʦʣʴʢʦ ʩʫʙʲʝʜʠʥʠʮ ʜʦʣʞʥʦ 

ʚʭʦʜʠʪʴ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʳʡ ʢʘʥʘʣ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʩʥʝʥʠʝ 

ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʥʘʣʦʚ ENaC ʠ FaNac (Coscoy et al., 

1998). ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ: ʦʜʥʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʣʠ ʥʘ ʪʦ, ʯʪʦ 

ʨʝʮʝʧʪʦʨʳ ʩʝʤʝʡʩʪʚʘ DEG/ENaC ʷʚʣʷʶʪʩ̫  ʪʝʪʨʘʤʝʨʘʤʠ (Coscoy et al., 1998; Firsov et al., 

1998; Anantharam & Palmer, 2007), ʜʨʫʛʠʝ ʞʝ ʧʨʝʜʧʦʣʘʛʘʣʠ ʥʦʥʘʤʝʨʥʳʡ ʩʦʩʪʘʚ (Snyder et 

al.,1998; Staruschenko et al., 2004). 

 

1.3.2. ʇʦʩʪ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʵʨʘ 

ʆʪʚʝʪ ʥʘ ʛʣʘʚʥʳʡ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʚʦʧʨʦʩ ʩʪʘʣ ʦʯʝʚʠʜʝʥ, ʢʦʛʜʘ ʚ 2007 ʛʦʜʫ 

ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʨʝʥʪʛʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʥʘʣʘ ASIC1a ʢʫʨʠʮʳ (Jasti 

et al., 2007). ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴ ʢʘʥʘʣ ʠ ʧʦʣʫʯʠʪʴ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ ʚ 1.9 ¡, ʫʯʸʥʳʤ ʧʨʠʰʣʦʩʴ ʩʜʝʣʘʪʴ ʜʝʣʝʮʠʦʥʥʦʛʦ ʤʫʪʘʥʪʘ, ʫ ʢʦʪʦʨʦʛʦ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ N- ʠ C-ʢʦʥʮʦʚ ʦʪʩʫʪʩʪʚʦʚʘʣʘ. ʊʦ ʝʩʪʴ ʵʪʦ ʙʳʣ ʥʝ ʚʧʦʣʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʢʘʥʘʣ, ʥʝ ʩʧʦʩʦʙʥʳʡ ʧʨʦʚʦʜʠʪʴ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʟʞʝ ʙʳʣ 

ʧʦʣʫʯʝʥ ʢʨʠʩʪʘʣʣ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʤʫʪʘʥʪʘ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ (3 ¡), ʙʝʟ 
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C-ʢʦʥʮʘ, ʥʦ ʩʦʭʨʘʥʠʚʰʝʛʦ N-ʢʦʥʝʮ ʠ ʚʭʦʜʷʱʠʡ ʚ ʥʝʛʦ ʫʯʘʩʪʦʢ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʦʪʢʨʳʪʠʷ ʢʘʥʘʣʘ (Gonzales et al., 2009). ɻʣʘʚʥʦʝ ʨʘʟʣʠʯʠʝ ʵʪʠʭ ʜʚʫʭ ʤʫʪʘʥʪʦʚ 

ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʜʦʤʝʥʦʚ ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʦʤ ʢʘʥʘʣʝ. ʕʪʠ ʜʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʧʦʣʥʠʣʠ ʜʨʫʛ ʜʨʫʛʘ: 

ʩʪʨʫʢʪʫʨʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʘʣʘ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʯʥʦʤ ʩʪʨʦʝʥʠʠ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʛʦ 

ʜʦʤʝʥʘ, ʘ ʩʪʨʦʝʥʠʝ ʪʨʘʩʤʝʤʙʨʘʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʠ ʠʦʥʥʦʡ ʧʦʨʳ ʩʪʘʣʦ ʧʦʥʷʪʥʳʤ 

ʙʣʘʛʦʜʘʨʷ ʢʨʠʩʪʘʣʣʫ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʢʘʥʘʣʘ. ʆʙʘ ʙʝʣʢʘ ʙʳʣʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ ʧʨʠ 

ʥʠʟʢʠʭ pH (5-6 ʠ 6.5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʢʫʨʠʥʳʡ ASIC1a ʢʘʥʘʣ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʘ ʢʨʠʩʪʘʣʣʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʝʩʝʥʩʝʪʠʟʠʨʦʚʘʥʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ ʨʝʮʝʧʪʦʨʘ.  

ɻʣʘʚʥʳʤ ʥʝʦʞʠʜʘʥʥʳʤ ʦʪʢʨʳʪʠʝʤ ʩʪʘʣʦ ʪʦ, ʯʪʦ ASIC1a ʚ ʦʙʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʩʦʩʪʦʷʣ ʠʟ ʪʨʸʭ ʦʜʠʥʘʢʦʚʳʭ ʩʫʙʲʝʜʠʥʠʮ, ʪʦ ʝʩʪʴ ʷʚʣʷʣʩʷ ʛʦʤʦʪʨʠʤʝʨʦʤ. ʇʦʟʜʥʝʝ ʵʪʦ 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ (Carnally et al., 2008).  

 

ʕʢʩʪʨʘʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ 

ʕʢʩʪʨʘʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ (ʕʂɼ) ʢʘʞʜʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʥʘʧʦʤʠʥʘʝʪ ʩʞʘʪʫʶ 

ʯʝʣʦʚʝʯʝʩʢʫʶ ʨʫʢʫ, ʢʦʪʦʨʘʷ ʢʨʝʧʠʪʩʷ ʢ ʤʝʤʙʨʘʥʥʳʤ ʩʝʛʤʝʥʪʘʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʦʜʚʠʞʥʦʛʦ ñʟʘʧʷʩʪʴʷò. ɺʠʜʠʤʦ, ʫʯʠʪʳʚʘʷ ʪʘʢʦʝ ʩʭʦʜʩʪʚʦ, ʘʚʪʦʨʳ ʩʪʘʪʴʠ ʦ ʧʝʨʚʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʧʠʩʘʣʠ ʕʂɼ ʚ ʪʝʨʤʠʥʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʠʩʪʠ, ʜʝʨʞʘʱʝʡ 

ʤʷʯ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʘ ʪʝʨʤʠʥʦʣʦʛʠʷ ʩʪʘʣʘ ʦʙʱʝʧʨʠʥʷʪʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʢʘʟʘʣʘʩʴ 

ʜʦʚʦʣʴʥʦ ʫʜʦʙʥʦʡ. ʕʂɼ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ ʩʫʙʜʦʤʝʥʦʚ: ñʣʘʜʦʥʴò - palm ʜʦʤʝʥ, 

ñʧʘʣʝʮò - finger ʜʦʤʝʥ, ñʙʦʣʴʰʦʡ ʧʘʣʝʮò - thumb ʜʦʤʝʥ, ñʩʫʩʪʘʚò - knuckle ʜʦʤʝʥ ʠ 

ʜʦʤʝʥ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ñʙʠ-ʙʦʣʣò (ɓ-ball) (ʈʠʩ.1.3).  

ʂʘʞʜʘʷ ʩʫʙʲʝʜʠʥʠʮʘ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʩʦʩʝʜʥʝʡ ʟʘ ʩʯʸʪ palm ʜʦʤʝʥʘ, ʢʦʪʦʨʳʡ 

ʦʙʨʘʟʫʝʪ ʢʦʥʪʘʢʪ c thumb ʜʦʤʝʥʦʤ ʩʦʩʝʜʥʝʡ ʩʫʙʲʝʜʠʥʠʮʳ. ʀʟʚʝʩʪʥʳ ʢʦʥʢʨʝʪʥʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʫʙʲʝʜʠʥʠʮʘʤʠ: 1) ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ɸʩʧ
79

 ʦʜʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʠ ɻʠʩ
74

 ʠ ɻʣʠ
421

 ʧʨʠʣʝʛʘʶʱʝʡ ʩʫʙʲʝʜʠʥʠʮʳ; 2) 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʝʪʣʷʤʠ ɓ-ʮʝʧʝʡ palm ʜʦʤʝʥʘ ʦʜʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʠ ʉ-ʢʦʥʮʦʤ Ŭ5 

ʩʧʠʨʘʣʠ thumb ʜʦʤʝʥʘ ʜʨʫʛʦʡ; 3) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ Ŭ6 ʩʧʠʨʘʣʴʶ knuckle ʜʦʤʝʥʘ, 

ʢʦʪʦʨʘʷ ʢʘʢ ʙʳ ʦʢʫʪʘʥʘ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ finger ʜʦʤʝʥʘ ʩʦʩʝʜʥʝʡ ʩʫʙʲʝʜʠʥʠʮʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʦʙʣʘʩʪʠ thumb ʜʦʤʝʥʘ, ʜʝʣʘʷ ʝʛʦ  
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ʈʠʩʫʥʦʢ 1.3. ɸ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʘʩʪʝʡ ʦʜʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʚ ʪʝʨʤʠʥʘʭ 

çʨʫʢʠè. ɹ, ʠʟʦʙʨʘʞʝʥʠʝ ʩʫʙʲʝʜʠʥʠʮʳ ASIC1a ʢʘʥʘʣʘ ʢʫʨʠʮʳ ʚ ʚʠʜʝ Ŭ-ʩʧʠʨʘʣʝʡ ʠ ɓ-ʣʠʩʪʦʚ, ʩ 

ʫʢʘʟʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʪʝʢʩʪʝ (ʠʟ Jasti et al., 2007). 

 

ʥʘʠʤʝʥʝʝ ʛʠʙʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʩʢʦʣʴʢʫ thumb ʜʦʤʝʥ ʪʘʢʞʝ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʦʜʚʠʞʥʳʤ 

ñʟʘʧʷʩʪʴʝʤò (wrist) ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʊʨʧ
288
, ʪʦ ʟʘ ʩʯʸʪ ʩʚʦʝʡ ʞʸʩʪʢʦʩʪʠ ʦʥ 

ʤʦʞʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʕʂɼ, ʠ ʠʟʤʝʥʷʪʴ ʪʝʤ ʩʘʤʳʤ, ʩʦʩʪʦʷʥʠʝ ʠʦʥʥʦʡ ʧʦʨʳ.  

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ñʢʠʩʣʦʪʥʦʛʦ ʢʘʨʤʘʥʘò (acidic pocket) - ʩʢʦʧʣʝʥʠʝ ʢʠʩʣʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ 

ʦʜʥʦʤ ʥʝʙʦʣʴʰʦʤ ʫʯʘʩʪʢʝ. ʆʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 45 ¡ ʦʪ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʠ ʦʙʨʘʟʦʚʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ thumb, ɓ-ball ʠ finger ʜʦʤʝʥʘʤʠ ʦʜʥʦʡ 

ʩʫʙʲʝʜʠʥʠʮʳ ʠ ʯʘʩʪʴʶ palm ʜʦʤʝʥʘ ʩʦʩʝʜʥʝʡ ʩʫʙʲʝʜʠʥʠʮʳ. ɺʥʫʪʨʠ ʵʪʦʛʦ ñʢʘʨʤʘʥʘò ʪʨʠ 

ʧʘʨʳ ʢʠʩʣʳʭ ʘʤʠʥʦʢʠʩʣʦʪ (ɸʩʧ
238

-ɸʩʧ
350
, ɻʣʫ

239
-ɸʩʧ

346
 ʠ ɻʣʫ

220
-ɸʩʧ

408
 ʥʘ palm ʜʦʤʝʥʝ 

ʧʨʠʣʝʛʘʶʱʝʡ ʩʫʙʲʝʜʠʥʠʮʳ) ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʯʝʥʴ ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ (2.8 ¡), ʘ ʠʭ 

ʙʦʢʦʚʳʝ ʮʝʧʠ ʦʙʨʘʟʫʶʪ ʢʘʨʙʦʢʩʠʣ-ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʩʚʷʟʠ (ʈʠʩ. 3ɹ). ʅʘ ʪʘʢʦʤ ʥʝʙʦʣʴʰʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʙʫʜʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʠʣʴʥʳʡ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ʕʪʦ ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ, ʯʪʦ ʠʤʝʥʥʦ ʪʘʤ ʠ 

ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʧʨʦʪʦʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ, ʧʦʩʢʦʣʴʢʫ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʵʪʦʛʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʩʚʷʟʘʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʧʨʦʪʦʥ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ 

ʧʘʨʳ ʘʤʠʥʦʢʠʩʣʦʪ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢ, ʯʪʦ ʩʧʦʩʦʙʥʳ ʧʨʠ ʤʘʣʝʡʰʝʤ ʠʟʤʝʥʝʥʠʠ ʩʚʦʝʛʦ 

ɹ ɸ 
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ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʟʚʘʪʴ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ thumb ʜʦʤʝʥʝ, 

ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʦʚʝʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ñʟʘʧʷʩʪʴʝò ʠ ʜʘʣʝʝ ʚ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʤ ʜʦʤʝʥʝ.  

ʀʟʥʘʯʘʣʴʥʦ ʪʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʢʘʥʘʣ 

ʟʘʢʨʳʪ, ʢʠʩʣʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ñʢʠʩʣʦʪʥʦʤ ʢʘʨʤʘʥʝò ʥʘʭʦʜʷʪʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʫʜʘʣʸʥʥʦʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦʣʦʞʝʥʠʠ ʚ ʩʠʣʫ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʤʦʤʝʥʪ 

ʧʦʥʠʞʝʥʠʷ pH ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ, ʥʝʢʦʪʦʨʳʝ ʠʭ ʵʪʠʭ ʦʩʪʘʪʢʦʚ ʧʨʦʪʦʥʠʨʫʶʪʩʷ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʵʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʪʢʨʳʪʠʶ ʧʦʨʳ. ʆʜʥʘʢʦ ʧʦʟʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʤʠʤʦ 

ñʢʘʨʤʘʥʥʳʭò ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʦʙʣʘʩʪʠ ʥʠʞʥʝʡ ʯʘʩʪʠ palm ʜʦʤʝʥʘ ʝʩʪʴ ʝʱʸ ʥʝʩʢʦʣʴʢʦ 

ʘʩʧʘʨʘʛʠʥʦʚʳʭ, ʛʣʫʪʘʤʠʥʦʚʳʭ ʠ ʛʠʩʪʠʜʠʥʦʚʳʭ ʦʩʪʘʪʢʦʚ, pKa ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʪʘʢʞʝ 

ʚ ʧʨʝʜʝʣʘʭ pH, ʘʢʪʠʚʠʨʫʶʱʠʭ ASIC1 ʢʘʥʘʣʳ (Liechti et al., 2010). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʥʦʝ 

ʫʜʘʣʝʥʠʝ ʚʩʝʭ ʪʨʸʭ ʧʘʨ ñʢʘʨʤʘʥʥʳʭò ʘʤʠʥʦʢʠʩʣʦʪ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʨʝʮʝʧʪʦʨʘ ʢ ʧʨʦʪʦʥʘʤ, ʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʚ ʦʪʚʝʪ ʥʘ 

ʩʠʣʴʥʦʝ ʟʘʢʠʩʣʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ (Li et al., 2009). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʦʥ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʘʛʦʥʠʩʪʘ ʠ ʜʘʣʴʥʝʡʰʫʶ 

ʘʢʪʠʚʘʮʠʶ ʢʘʥʘʣʘ (ʈʠʩ.1.3.ɹ).  

 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʜʦʤʝʥ ʠ ʠʦʥʥʘʷ ʧʦʨʘ 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʩʝʛʤʝʥʪ ʦʙʨʘʟʦʚʘʥ ʰʝʩʪʴʶ Ŭ-ʩʧʠʨʘʣʷʤʠ - ʧʦ ʜʚʝ (ʊʄ1 ʠ ʊʄ2) 

ʦʪ ʢʘʞʜʦʡ ʠʟ ʪʨʸʭ ʩʫʙʲʝʜʠʥʠʮ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ASIC ʢʘʥʘʣʘ. 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʜʦʤʝʥʳ ʢʘʞʜʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʨʳ 

ʢʘʥʘʣʘ. ʊʄ2 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʩʪʠʣʘʝʪ ʧʨʦʩʚʝʪ ʠʦʥʥʦʡ ʧʦʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʊʄ1 

ʚʳʧʦʣʥʷʝʪ ʦʧʦʨʥʫʶ ʨʦʣʴ, ʢʦʥʪʘʢʪʠʨʫʷ ʩ ʣʠʧʠʜʥʳʤ ʙʠʩʣʦʝʤ ʠ ʦʙʨʘʟʫʷ ʤʥʦʞʝʩʪʚʦ ʩʚʷʟʝʡ 

ʩ ʊʄ2 ʪʦʡ ʞʝ ʤʦʣʝʢʫʣʳ ʠ ʊʄ2 ʠ ʊʄ1 ʩʝʛʤʝʥʪʘʤʠ ʩʦʩʝʜʥʝʡ ʩʫʙʲʝʜʠʥʠʮʳ. ʊʦʣʴʢʦ 

ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʉ-ʢʦʥʮʝʚʦʛʦ ʫʯʘʩʪʢʘ ʊʄ1 ʜʦʤʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʩʪʠʣʘʝʪ ʧʦʨʫ 

ʢʘʥʘʣʘ (Li et al., 2011).  

ʇʨʦʩʚʝʪ ʢʘʥʘʣʘ, ʩʧʦʩʦʙʥʳʡ ʧʨʦʧʫʩʢʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ, 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʵʢʩʪʨʘʢʣʝʪʦʯʥʳʡ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 12 ¡ ʚ ʚʳʩʦʪʫ ʠ 8 ¡ ʚ ʰʠʨʠʥʫ) ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ (~10ʭ15 ¡) ʚʝʩʪʠʙʶʣʠ ʧʦʩʨʝʜʩʪʚʦʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, ñʚʦʨʦʪ 

ʜʝʩʝʥʩʠʪʠʟʘʮʠʠò (Gonzales et al., 2009). ʕʪʦ ʩʫʞʝʥʠʝ ʠʦʥʥʦʡ ʧʦʨʳ ʦʙʨʘʟʦʚʘʥʦ ӎ ʯʘʩʪʴʶ 

  
Wrist 
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ʊʄ2 ʩʝʛʤʝʥʪʦʚ ʚʩʝʭ ʪʨʸʭ ʩʫʙʲʝʜʠʥʠʮ, ʘ ʠʤʝʥʥʦ ʦʩʪʘʪʢʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ɸʩʧ
433

 ʧʦ 

ɻʣʠ
436
. ʕʪʦʪ ʫʯʘʩʪʦʢ, ʢʘʢ ʠ ʚʝʩʴ ʊʄ2 ʜʦʤʝʥ, ʚʳʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʝʥ ʜʣʷ ʚʩʝʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ASICs ʠ DEG/ENaK ʢʘʥʘʣʦʚ ʚ ʮʝʣʦʤ (Kellenberger & Schild, 2002). 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʪʘʪʦʢ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ñʚʦʨʦʪʘʤ 

ʜʝʩʝʥʩʠʪʠʟʘʮʠʠò - ɻʣʠ
432

 (ʜʣʷ ʢʫʨʠʥʦʛʦ ASIC1) - ʢʨʠʪʠʯʝʥ ʜʣʷ ʦʪʢʨʳʪʠʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ. ɺʧʝʨʚʳʝ ʵʪʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʢʦʛʜʘ ʤʫʪʘʮʠʠ, 

ʟʘʤʝʥʷʶʱʠʝ ʵʪʫ ʘʤʠʥʦʢʠʩʣʦʪʫ ʚ ʢʘʥʘʣʝ DEG-1 ʥʝʤʘʪʦʜʳ Caenorhabditis elegans, ʜʘʚʘʣʠ 

ʢʦʥʩʪʠʪʫʪʠʚʥʦ-ʦʪʢʨʳʪʳʡ ʢʘʥʘʣ ʠ ʧʨʠʚʦʜʠʣʠ ʢ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ (ʦʪʩʶʜʘ ʠ ʥʘʟʚʘʥʠʝ 

ñDegò) (Chalfie & Wolinsky., 1990). ʄʫʪʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʯʘʩʪʢʝ ʥʝʢʦʪʦʨʳʭ 

ʩʫʙʲʝʜʠʥʠʮ ASICs ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʢ ʢʦʥʩʪʠʪʫʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʟʘʤʝʜʣʝʥʥʦʡ 

ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʠʣʠ ʠʟʤʝʥʝʥʠʷʤ ʚ pH-ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (Waldmann et al., 1996; 

Champigny et al., 1998; Adams et al., 1999). ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

Deg ʦʩʪʘʪʢʘ ʢ ʫʟʢʦʤʫ ʫʯʘʩʪʢʫ ʠʦʥʥʦʡ ʧʦʨʳ, ʵʪʠ ʤʫʪʘʮʠʠ ʥʠʢʘʢ ʥʝ ʦʪʨʘʞʘʶʪʩʷ ʥʘ 

ʠʦʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ASICs (Li et al., 2011a). ɺʩʸ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʘʤʳʡ ʫʟʢʠʡ 

ʫʯʘʩʪʦʢ ʚʝʩʪʠʙʶʣʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʘʥʘʣʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʠʦʥʥʫʶ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ, 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʨʫʛʦʡ ʯʘʩʪʠ ʙʝʣʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʝʨʠʷ ʠʟʷʱʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʜ 

ʢʘʥʘʣʘʤʠ ASIC1 ʤʠʥʦʛʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʸʥʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʊʄ2 

ʫʯʘʩʪʢʘ ʧʨʠ ʧʦʤʦʱʠ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʧʦʦʯʝʨʝʜʥʦ ʟʘʤʝʥʷʣʠʩʴ ʥʘ ʮʠʩʪʝʠʥ 

(ʮʠʩʪʝʠʥʦʚʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ), ʚʳʷʚʠʣʘ, ʯʪʦ ʩʘʤʘʷ ʫʟʢʘʷ ʯʘʩʪʴ ʠʦʥʥʦʡ ʧʦʨʳ ʫ ʦʪʢʨʳʪʦʛʦ 

ʢʘʥʘʣʘ ʠ ʟʘʢʨʳʪʦʛʦ ʦʙʨʘʟʦʚʘʥʘ ʨʘʟʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ (Li et al., 2011a). 

ɽʩʣʠ ʚ ʟʘʢʨʳʪʦʤ ʠ ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʘʥʘʣʘ ʩʘʤʘʷ ʫʟʢʘʷ ʝʛʦ ʯʘʩʪʴ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ɸʩʧ
433
, ʪʦ ʫ ʦʪʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʠʤʝʥʝʝ ʧʨʦʭʦʜʠʤʳʡ ʫʯʘʩʪʦʢ 

ʨʘʩʧʦʣʦʞʝʥ ʥʝʩʢʦʣʴʢʦ ʛʣʫʙʞʝ ʚ ʧʦʨʝ ʠ ʦʙʨʘʟʦʚʘʥ ʦʩʪʘʪʢʘʤʠ ɻʣʠ
443

-ɸʣʘ
444

-ʉʝʨ
445

. 

ɸʚʪʦʨʳ ʵʪʦʡ ʨʘʙʦʪʳ ʪʘʢʞʝ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʳʡ ʬʠʣʴʪʨ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ: ʦʥ ʩʦʙʠʨʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʘʢʪʠʚʘʮʠʠ ʢʘʥʘʣʘ ʟʘ ʩʯʸʪ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʊʄ2 ʜʦʤʝʥʝ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʝʛʦ ʚʳʧʨʷʤʣʝʥʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʤʝʤʙʨʘʥʳ (ʈʠʩ. 1.4), ʠ ʧʨʦʧʘʜʘʝʪ ʚ ʤʦʤʝʥʪ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ 

ʨʝʮʝʧʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 1.4. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʚ 

ʦʪʢʨʳʪʦʤ ʠ ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʘʥʘʣʘ. ɺ ʥʝʧʨʦʚʦʜʷʱʝʤ ʢʘʥʘʣʝ ʚʪʦʨʦʡ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʩʝʛʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʜʣʦʤʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʫʩʣʦʚʥʳʭ 

ʯʘʩʪʝʡ (ʥʘ ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʝʥʦ TM2a ʠ TM2b). ɺ ʤʦʤʝʥʪ ʘʢʪʠʚʘʮʠʠ, ʊʄ2 ʫʯʘʩʪʦʢ 

ʨʘʩʧʨʷʤʣʷʝʪʩʷ, ʧʦʨʘ ʢʘʥʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʰʠʨʝ, ʘ ʦʩʪʘʪʢʠ ʉʝʨ
445

-ɸʣʘ
444

- ɻʣʠ
443

 (SAG) 

ʧʦʚʦʨʘʯʠʚʘʶʪʩʷ ʚʥʫʪʨʴ ʢʘʥʘʣʘ, ʬʦʨʤʠʨʫʷ ʩʝʣʝʢʪʠʚʥʳʡ ʬʠʣʴʪʨ (ʠʟ Kellenberger & Grutter, 2015). 

 

ʄʝʭʘʥʠʟʤ ʘʢʪʠʚʘʮʠʠ ʢʘʥʘʣʘ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʣʫʯʝʥʳ ʯʝʪʳʨʝ ʨʘʟʣʠʯʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʢʫʨʠʥʦʛʦ ASIC1 ʢʘʥʘʣʘ (cASIC1) ʜʣʷ ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʦʪʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʡ, 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʦʪʜʝʣʴʥʦ (Jasti et al., 2007; Gonzales et al., 2009) ʠʣʠ ʚ ʤʦʤʝʥʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʪʦʢʩʠʥʦʚ - PcTx1 ʠ MitTx (Baconguis & Gouaux, 2012; 

Baconguis et al., 2014). ʕʪʠ ʠ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʳʡ 

ʤʫʪʘʛʝʥʝʟ ʠ ʟʘʧʠʩʴ ʠʦʥʥʳʭ ʪʦʢʦʚ ʯʝʨʝʟ ʧʦʣʫʯʝʥʥʳʝ ʤʫʪʘʥʪʥʳʝ ʢʘʥʘʣʳ, ʧʦʟʚʦʣʠʣʠ 

ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ ʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʘ. ɺʦ ʚʨʝʤʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʦʪʦʥʦʚ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ, ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʜʦʤʝʥʘʭ: ʚ finger 

ʜʦʤʝʥʝ, ñʢʠʩʣʦʪʥʦʤ ʢʘʨʤʘʥʝò, ʥʠʞʥʝʡ ʯʘʩʪʠ palm ʜʦʤʝʥʘ ʠ ʚ ʦʙʣʘʩʪʠ ñʟʘʧʷʩʪʴʷò. 

ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʚʳʟʳʚʘʝʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʩʸʤ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʤ ʜʦʤʝʥʝ. ʇʨʠ ʵʪʦʤ ʚʝʨʭʥʷʷ ʯʘʩʪʴ palm ʜʦʤʝʥʘ ʠ 

knuckle ʜʦʤʝʥ ʦʩʪʘʶʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤʠ (ʠ ʧʦʪʦʤʫ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ñscaffoldò ʠʣʠ 

ñʦʧʦʨʘò), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʠʞʥʠʡ palm ʜʦʤʝʥ, finger, thumb ʠ wrist ʜʦʤʝʥʳ ʩʪʘʥʦʚʷʪʩʷ 
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ʧʦʜʚʠʞʥʳʤʠ ʠ ʠʟʤʝʥʷʶʪ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ (ʈʠʩ. 1.5.ɸ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʠʟʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʧʦʣʦʞʝʥʠʝ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ ʯʘʩʪʠ 

ʢʘʥʘʣʘ ʠ ʩʚʦʡʩʪʚʘ ʠʦʥʥʦʡ ʧʦʨʳ: TM2 ʜʦʤʝʥ ʚʳʧʨʷʤʣʷʝʪʩʷ, ʠ ʚ ʧʨʦʩʚʝʪ ʧʦʨʳ ʚʳʩʪʫʧʘʝʪ 

ʘʪʦʤ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ɻʣʠ
443
, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʡ 

ʠʦʥʥʳʡ ʬʠʣʴʪʨ. ʌʠʣʴʪʨ ʠʤʝʝʪ ʨʘʜʠʫʩ ~3.6 ¡, ʯʪʦ ʦʯʝʥʴ ʪʦʯʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʜʠʫʩʦʤ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ Na
+
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʘʨʴʝʨʥʳʡ ʤʝʭʘʥʠʟʤ ʬʠʣʴʪʨʘʮʠʠ ʜʦʚʦʣʴʥʦ 

ʧʨʦʩʪ ʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʟʤʝʨʝ ʛʠʜʨʘʪʥʦʡ ʦʙʦʣʦʯʢʠ (Bacongius et al., 2014). ʀʦʥʳ 

ʚʭʦʜʷʪ ʚʦ ʚʥʝʰʥʠʡ ʚʝʩʪʠʙʶʣʴ ʯʝʨʝʟ ʪʨʠ ʦʚʘʣʴʥʳʭ ʦʪʚʝʨʩʪʠʷ (~4x10 ¡ ʢʘʞʜʳʡ), 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ñʟʘʧʷʩʪʴʷò ʥʘ ʛʨʘʥʠʮʳ ʕʂɼ ʠ 

ʧʣʦʩʢʦʩʪʠ ʤʝʤʙʨʘʥʳ (ʈʠʩ. 1.5.ɹ), ʠ ʜʘʣʝʝ, ʧʨʦʭʦʜʷʪ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʯʝʨʝʟ ʩʝʣʝʢʪʠʚʥʳʡ 

ʬʠʣʴʪʨ. 

    

 

ʈʠʩʫʥʦʢ 1.5. ɸ, ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ çʦʧʦʨʥʳʭè ʠ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʢʘʥʘʣʘ ʚʦ ʚʨʝʤʷ 

ʝʛʦ ʘʢʪʠʚʘʮʠʠ (ʠʟ Baconguis & Gouaux, 2012). ɹ, ʣʘʪʝʨʘʣʴʥʳʡ ʚʠʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ASIC1 ʢʘʥʘʣʘ ʚ ʦʪʢʨʳʪʦʤ (PDB ID: 4NTW) ʠ ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʦʤ (PDB ID: 4NYK) ʩʦʩʪʦʷʥʠʠ 

(ʠʟ Kellenberger & Grutter, 2015). ʏʸʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʧʨʦʚʦʜʠʤʳʭ 

ʠʦʥʦʚ ʚ ʢʘʥʘʣ. ʂʨʘʩʥʳʤ ʚʳʜʝʣʝʥʳ ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʪʦʥʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ 

ʩʫʙʲʝʜʠʥʠʮʳ.     
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1.3. ʃʦʢʘʣʠʟʘʮʠʷ ʠ ʫʯʘʩʪʠʝ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʇʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʢ ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʨʘʟʥʳʭ 

ʩʫʙʲʝʜʠʥʠʮ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ. ʊʘʢ, ʩʫʙʲʝʜʠʥʠʮʳ 

ASIC1a, -2a ʠ -2b ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʤʦʟʛʝ (Wemmie et al., 2003; 

Coryell et al., 2009; Price et al., 2014), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʫʙʲʝʜʠʥʠʮʳ ASIC1b ʠ ASIC3 ʯʘʱʝ 

ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʩʝʥʩʦʨʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʥʘ ʪʝʣʘʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʥʝʡʨʦʥʦʚ (Delaunay et al., 2012). ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʥʝʡʨʦʥʦʚ ʤʦʞʥʦ 

ʦʙʥʘʨʫʞʠʪʴ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ (Bolshakov et al., 2002). ʂʨʦʤʝ ʪʦʛʦ, NG2-

ʩʦʜʝʨʞʘʱʠʝ ʛʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ (Lin et al., 2010), ʚʢʫʩʦʚʳʝ, ʩʣʫʭʦʚʳʝ ʠ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʨʝʮʝʧʪʦʨʥʳʝ ʢʣʝʪʢʠ (Lin et al., 2002; Ettaiche et al., 2004; Ugawa et 

al., 2006), ʢʣʝʪʢʠ ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ, ʚʳʩʪʠʣʘʶʱʠʝ ʩʪʝʥʢʠ ʩʦʩʫʜʦʚ (Grifoni et al., 

2008), ʪʘʢʞʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ASICs, ʭʦʪʷ ʠ ʚ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ.  

 

1.4.1. ASICs ʚ ʤʦʟʛʝ 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʸʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʦʙʣʘʩʪʠ ʤʦʟʛʘ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʫʶ 

ʧʣʦʪʥʦʩʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ 

ASIC1a ʩʫʙʲʝʜʠʥʠʮʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʠʤʝʥʥʦ ʵʪʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʢʨʠʪʠʯʥʦ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʭ ʪʦʢʦʚ ʚ ʥʝʡʨʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʊʘʢ, ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ASIC1a ʩʫʙʲʝʜʠʥʠʮʫ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʝ, 

ʢʦʨʪʠʢʘʣʴʥʳʝ ʠ ʘʤʠʛʜʘʣʷʨʥʳʝ ʥʝʡʨʦʥʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʥʠʞʝʥʠʶ pH 

ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ ʜʦ pH 5.0. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʫʜʘʣʝʥʠʝ ASIC2a ʩʫʙʲʝʜʠʥʠʮʳ ʚʳʟʳʚʘʝʪ 

ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ (Wemmie et al., 2002; Wemmie et al., 2003; 

Xiong et al., 2004). ʂʨʦʤʝ ʪʦʛʦ, ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠʥʛʠʙʠʪʦʨ ASIC1a ʛʦʤʦʤʝʨʦʚ PcTx1 

ʫʙʠʨʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʭ ʪʦʢʦʚ ʚ ʢʫʣʴʪʫʨʘʭ ʛʠʧʧʦʢʘʤʧʘ ʠ ʢʦʨʳ (Baron 

et al., 2002; Coryell et al., 2007). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʭ ʪʦʢʦʚ ʚ 

ʤʦʟʛʝ ʦʧʦʩʨʝʜʫʶʪʩʷ ASIC1a ʛʦʤʦʤʝʨʘʤʠ ʠʣʠ ASIC1a-ʩʦʜʝʨʞʘʱʠʤʠ ʛʝʪʝʨʦʤʝʨʘʤʠ.  

ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ASIC1a ʩʫʙʲʝʜʠʥʠʮʳ ʚʘʨʴʠʨʫʝʪ ʚ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʟʛʘ. 

ɸʤʠʛʜʘʣʘ, ʧʦʷʩʥʘʷ ʠʟʚʠʣʠʥʘ, ʮʝʥʪʨʘʣʴʥʦʝ ʩʝʨʦʝ ʚʝʱʝʩʪʚʦ ʩʨʝʜʥʝʛʦ ʤʦʟʛʘ, III ʩʣʦʡ 

ʩʦʤʘʪʦʩʝʥʩʦʨʥʦʡ ʢʦʨʳ ʠ ʩʪʨʠʘʪʫʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦʤ ASIC1a ʩʫʙʝʜʠʥʠʮʳ (Alvarez de la Rosa et al., 2003; Wemmie et al., 
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2003; Coryell et al., 2007). ɺ ʛʠʧʧʦʢʘʤʧʝ, ʩʦʛʣʘʩʥʦ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʢʦʣʠʯʝʩʪʚʦ ASIC1a ʢʘʥʘʣʦʚ ʛʦʨʘʟʜʦ ʚʳʰʝ ʚ ʟʫʙʯʘʪʦʡ ʠʟʚʠʣʠʥʝ, ʯʝʤ ʚ 

CA1 ʠ CA3 ʧʦʣʷʭ ʛʠʧʧʦʢʘʤʧʘ. ɼʝʪʘʣʴʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʵʥʜʦʛʝʥʥʦʛʦ ASIC2a ʙʝʣʢʘ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʫʯʝʥʘ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ, ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʘʥʪʠʪʝʣ ʠ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʙʣʦʢʘʪʦʨʦʚ (Zha et al., 2009). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʪʦʢʦʚ ʥʝʡʨʦʥʦʚ ʎʅʉ ʥʦʩʷʪ ʩʤʝʰʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʘ: ʪʦʢ ʯʝʨʝʟ ʛʦʤʦʤʝʨʥʳʝ ASIC1a ʠ 

ʛʝʪʝʨʦʤʝʨʥʳe ASIC1a/2a, ASIC1a/2b ʢʘʥʘʣʳ (Askwith et al., 2004; Jiang et al., 2009; 

Sherwood et al., 2011). ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʪʦʢʦʚ ʪʘʢʞʝ 

ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʤʦʟʛʘ. ʊʘʢ, ʩʨʝʜʥʠʝ ʰʠʧʠʢʦʚʳʝ ʥʝʡʨʦʥʳ 

ʩʪʨʠʘʪʫʤʘ ʚ ʦʩʥʦʚʥʦʤ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ASIC1a ʚʳʟʚʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ; ʚ ʢʣʝʪʢʘʭ 

ʇʫʨʢʠʥʴʝ ʤʦʟʞʝʯʢʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ASIC1a ʛʦʤʦʤʝʨʥʳʡ ʠ ASIC1a/2b ʛʝʪʝʨʦʤʝʨʥʳʡ 

ʢʦʤʧʦʥʝʥʪʳ (Allen & Attwell., 2002); ʚ ʛʠʧʧʦʢʘʤʧʝ ʢʦʨʟʠʥʯʘʪʳʝ ʢʣʝʪʢʠ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ASIC1a ʛʦʤʦʤʝʨʥʳʝ ʢʘʥʘʣʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʥʝʡʨʦʥʳ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ASIC1a ʠ ASIC2 ʩʫʙʲʝʜʠʥʠʮʳ (Weng et al., 2010).  

 

1.4.2. ʉʫʙʢʣʝʪʦʯʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ 

ɺ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ASIC1, 2 ʠ 3 ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʘʢʩʦʥʘʭ ʠ ʥʘ ʪʝʣʘʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ (Alvarez de la Rosa et 

al., 2002). ɺ ʤʦʟʛʝ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ASICs ʭʘʨʘʢʪʝʨʥʘ ʩʦʤʘʪʦʜʝʥʜʨʠʪʥʘʷ 

ʣʦʢʘʣʠʟʘʮʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʥʦʛʠʝ ʠʤʫʥʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʸʥʥʳʝ ʢʘʢ ʥʘ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʥʝʡʨʦʥʘʭ ʎʅʉ (Wemmie et al., 2002; Alvarez de la 

Rosa et al., 2003; Zha et al., 2006), ʪʘʢ ʠ ʚ ʦʨʛʘʥʦʪʠʧʠʯʝʩʢʠʭ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ (Zha et al., 

2006; 2009). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʩʫʙʲʝʜʠʥʠʮʳ ʚʦʚʣʝʯʝʥʳ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʥʘʧʪʦʩʦʤ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʩʪʦ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʘʭ (Wemmie et al., 2002; Jovov el al., 2003). ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, 

ʦʙʥʘʨʫʞʠʚʰʠʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʤʠ 

ʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʦʧʦʨʥʳʤʠ ʙʝʣʢʘʤʠ PSD-95, PICK1, AKAP150 

(Zha et al., 2009). ɹʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ ʚ ʩʨʝʜʝ 

ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʚʭʦʜʘ Ca
2+

 ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʯʝʨʝʟ ʜʝʥʜʨʠʪʥʳʝ ʰʠʧʠʢʠ, ʢʦʪʦʨʳʡ 

ʦʧʦʩʨʝʜʦʚʘʥ ʢʘʥʘʣʘʤʠ ASIC1a. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚʭʦʜ Ca
2+

 ʯʝʨʝʟ ʢʘʥʘʣʳ ASIC1a 
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ʥʝʦʙʭʦʜʠʤ ʠ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʞʥʝʡʨʦʥʘʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʳʢʣʶʯʝʥʠʝ ʛʝʥʘ accn2 ʚ ʛʠʧʧʦʢʘʤʧʝ ʤʳʰʠ ʧʨʠ ʧʦʤʦʱʠ ʤʠʈʅʂ, ʩʥʠʞʘʝʪ 

ʧʣʦʪʥʦʩʪʴ ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʦʚ (Zha et al., 2006). ɺ ʧʦʣʴʟʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʜʝʥʜʨʠʪʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʛʦʚʦʨʠʪ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʫ ʥʦʢʘʫʪʥʳʭ ʧʦ ASIC1a ʛʝʥʫ ʤʳʰʝʡ ʥʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʩʪʝ ʧʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʦʪʨʘʞʘʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʝʮʠʨʢʫʣʷʮʠʠ 

ʠʣʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʫʟʳʨʴʢʦʚ (Wemmie et al., 2002). ɺʩʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʳ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ASICs ʷʚʣʷʶʪʩʷ 

ʧʦʣʥʦʧʨʘʚʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʝʥʜʨʠʪʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʠ ʤʦʛʫʪ ʚʥʦʩʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʤʦʜʫʣʷʮʠʶ ʧʨʦʚʝʜʝʥʠʷ ʥʝʨʚʥʦʛʦ ʠʤʧʫʣʴʩʘ. 

 

1.4.3. ASICs ʠ ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ 

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ ʩʦʧʨʦʚʦʞʜʘʝʪ ʤʥʦʛʠʝ 

ʥʦʨʤʘʣʴʥʳʝ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ. ʊʘʢ, ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʦʜʝʨʞʠʤʦʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʝ ɸʊʌ-ʟʘʚʠʩʠʤʦʛʦ ʧʨʦʪʦʥʥʦʛʦ 

ʥʘʩʦʩʘ, ʠʤʝʝʪ pH ~5.2ï5.7 (Miesenbock et al., 1998). ʕʪʘ ʨʘʟʥʠʮʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʦʪʦʥʦʚ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʜʠʝʥʪʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʚʥʫʪʨʴ ʚʝʟʠʢʫʣʳ 

ʟʘʢʘʯʠʚʘʝʪʩʷ ʧʝʨʝʥʦʩʠʤʳʡ ʤʝʜʠʘʪʦʨ. ʇʦʤʠʤʦ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ H
+
, ʚʥʫʪʨʠ ʚʝʟʠʢʫʣʳ 

ʜʨʫʛʠʝ ʤʦʣʝʢʫʣʳ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʧʨʦʪʦʥʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʤʦʤʝʥʪ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʠ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʩʦʜʝʨʞʠʤʦʛʦ ʚʝʟʠʢʫʣ, pH ʨʘʩʪʚʦʨʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ 

ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʥʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʥʘ 0.2-0.6 ʝʜʠʥʠʮ (DeVries, 2001; 

Palmer et al., 2003; Vessey et al., 2005). ʕʪʠʭ ʥʝʙʦʣʴʰʠʭ ʬʣʫʢʪʫʘʮʠʡ ʚʥʝʢʣʝʪʦʯʥʦʛʦ pH 

ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʤʦʜʫʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʤʥʦʛʠʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ: 

ʯʘʩʪʠʯʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ NMDA-ʨʝʮʝʧʪʦʨʦʚ (Tung et al., 1990), 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ/ʧʦʪʝʥʮʠʨʦʚʘʥʠʝ GABAɸ ʨʝʮʝʧʪʦʨʦʚ (Pasternack et al., 1996; Huang et al., 

2004), ʘʢʪʠʚʘʮʠʷ ASIC1a ʠ ASIC3 ʩʫʙʲʝʜʠʥʠʮ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʜʝʥʜʨʠʪʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ASICs ʠ ʠʭ ʚʳʩʦʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʣʷ 

Na
+
 ʠ K

+
, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʝ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʠʭ ʘʢʪʠʚʘʮʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʪʦʥʦʚ ʚ ʤʦʤʝʥʪ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ, ʜʦʣʛʦʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ 

ʥʝ ʫʜʘʚʘʣʦʩʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʭ ʪʦʢʦʚ ʚ ʩʨʝʟʘʭ ʤʦʟʛʘ. ʊʦʣʴʢʦ ʩʦʚʩʝʤ 
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ʥʝʜʘʚʥʦ ʚ ʞʫʨʥʘʣʝ PNAS ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ, ʚ ʢʦʪʦʨʦʡ ʜʦʢʘʟʳʚʘʝʪʩʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʪʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʡʰʝʛʦ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʘ (Du et al., 2014). 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʪʦʥ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʠ ʧʨʠʥʷʪʳ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ 

(Cowan & Kandel, 2001).  

ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʪʦʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʤ ʦʢʦʥʯʘʥʠʠ ʠ ʚʥʫʪʨʠ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ.  

ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʪʦʥʳ ʚʳʜʝʣʷʶʪʩʷ ʠʟ ʢʣʝʪʢʠ ʚʦ ʚʨʝʤʷ ʝʸ ʩʪʠʤʫʣʷʮʠʠ. ʀʤʝʥʥʦ ʵʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠ ʫʜʘʣʦʩʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ Du ʩ ʩʦʘʚʪʦʨʘʤʠ. ɼʣʷ ʵʪʦʡ 

ʮʝʣʠ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʪʨʘʥʩʬʠʮʠʨʦʚʘʣʠ, ʙʠʦʣʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʧʠʨʘʤʠʜʥʳʝ ʥʝʡʨʦʥʳ 

ʚ ʦʨʛʘʥʦʪʠʧʠʯʝʩʢʠʭ ʩʨʝʟʘʭ ʘʤʠʛʜʘʣʳ ʤʳʰʠ ʤʫʪʘʥʪʥʳʤ ʢʦʥʩʪʨʫʢʪʦʤ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʙʝʣʢʘ ʩʠʥʜʝʢʘʥʘ-2, ʥʝʩʫʱʝʛʦ ʥʘ ʩʚʦʝʡ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʡ ʯʘʩʪʠ pH-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʝʥʩʦʨ - pH-ʬʣʶʨʠʥ (Miesenbock et al., 1998). 

ʉʪʠʤʫʣʷʮʠʷ ʢʦʨʪʠʢʘʣʴʥʳʭ ʚʭʦʜʦʚ ʚʳʟʳʚʘʣʘ ʩʥʠʞʝʥʠʝ pH ʚ ʦʙʣʘʩʪʠ ʰʠʧʠʢʦʚ ʠ 

ʩʦʩʝʜʥʠʭ ʜʝʥʜʨʠʪʦʚ, ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʩʤʝʥʷʚʰʝʝʩʷ ʟʘʱʝʣʘʯʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʱʝʣʠ. ʇʨʠ ʵʪʦʤ, ʩʪʝʧʝʥʴ ʟʘʢʠʩʣʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʦʚʳʰʝʥʠʷ pH ʟʘʚʠʩʝʣʘ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʪʠʤʫʣʷʮʠʠ. 

ɺ-ʪʨʝʪʴʠʭ, ʫ ʧʨʦʪʦʥʦʚ ʝʩʪʴ ʩʚʦʡ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʨʝʮʝʧʪʦʨ ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʝ - ASICs. Du ʩ ʩʦʘʚʪʦʨʘʤʠ ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ASIC1a-ʚʳʟʚʘʥʥʳʝ 

ʚʦʟʙʫʞʜʘʶʱʠʝ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʪʦʢʠ (ɺʇʉʊ). ɺ ʫʩʣʦʚʠʷʭ ʙʣʦʢʘʜʳ ʚʩʝʭ ʛʣʫʪʘʤʘʪʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ, ʚ ʩʨʝʟʘʭ ʘʤʠʛʜʘʣʳ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ ʦʩʪʘʚʘʣʩʷ ʥʝʙʦʣʴʰʦʡ ʢʦʤʧʦʥʝʥʪ 

ɺʇʉʊ, ʢʦʪʦʨʳʡ ʦʪʩʫʪʩʪʚʦʚʘʣ ʚ ʩʨʝʟʘʭ ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ ʧʦ ʛʝʥʫ ASIC1a. 

ɺ-ʯʝʪʚʸʨʪʳʭ, ʵʢʟʦʛʝʥʥʦʝ ʧʨʝʜʲʷʚʣʝʥʠʝ ʧʨʦʪʦʥʦʚ ʧʦʚʪʦʨʷʝʪ ʵʬʬʝʢʪ ʵʥʜʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʦʢʘʣʴʥʦʝ ʧʨʝʜʲʷʚʣʝʥʠʝ 

ʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ (pH 7.0-6.0) ʩʧʦʩʦʙʥʦ ʚʳʟʚʘʪʴ ʧʦʪʝʥʮʠʘʣʳ ʜʝʡʩʪʚʠʷ ʚ ʩʨʝʟʘʭ 

ʘʤʠʛʜʘʣʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʧʨʝʜʲʷʚʣʝʥʠʝ ʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ ʚʳʟʳʚʘʣʦ 

ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʦʪʝʥʮʠʘʮʠʶ ʚ ʩʨʝʟʘʭ ʘʤʠʛʜʘʣʳ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ, ʠ ʥʝ ʚʳʟʳʚʘʣʦ ʚ 

ʩʨʝʟʘʭ ʥʦʢʘʫʪʥʳʭ ʧʦ ASIC1a ʞʠʚʦʪʥʳʭ. 

ɺ-ʧʷʪʳʭ, ʩʫʱʝʩʪʚʫʶʪ ʤʝʭʘʥʠʟʤʳ ʫʜʘʣʝʥʠʷ ʧʨʦʪʦʥʦʚ ʠʟ ʩʠʥʘʧʩʘ (ʘʥʘʣʦʛʠʷ ʩ 

ʦʙʨʘʪʥʳʤ ʟʘʭʚʘʪʦʤ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ). ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, pH ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʱʝʣʠ ʚʦ ʚʨʝʤʷ ʥʝʡʨʦʪʨʘʥʩʤʠʩʩʠʠ ʥʝʥʘʜʦʣʛʦ ʧʦʥʠʞʘʝʪʩʷ, ʚʩʣʝʜ ʟʘ ʪʝʤ, ʧʨʦʠʩʭʦʜʠʪ 

ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʟʘʱʝʣʘʯʠʚʘʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 
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ʚʩʣʝʜʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʜʠʬʬʫʟʠʷ ʧʨʦʪʦʥʦʚ, ʙʫʬʝʨʠʟʘʮʠʷ pH, ʘʢʪʠʚʥʦʩʪʴ 

ʤʝʤʙʨʘʥʥʳʭ ʠʦʥʥʳʭ ʦʙʤʝʥʥʠʢʦʚ (Chesler M., 2003). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ 

ʯʘʩʪʠʯʥʘʷ ʘʣʢʘʣʠʟʘʮʠʷ, ʩʣʝʜʫʶʱʘʷ ʟʘ ʟʘʢʠʩʣʝʥʠʝʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʫʥʢʮʠʠ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʠ ʫʚʝʣʠʯʝʥʠʶ ʠʭ 

ʦʪʚʝʪʦʚ ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʝʜʲʷʚʣʝʥʠʝ ʘʛʦʥʠʩʪʘ. 

ɺ-ʰʝʩʪʳʭ, ʙʣʦʢʠʨʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ (ASICs) ʦʪʤʝʥʷʝʪ ʜʝʡʩʪʚʠʝ 

ʤʝʜʠʘʪʦʨʘ (ʧʨʦʪʦʥʘ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʘʤʠʣʦʨʠʜ ʠ ʧʩʘʣʤʦʪʦʢʩʠʥ-1 ʙʣʦʢʠʨʦʚʘʣʠ ASIC1a 

ʚʳʟʚʘʥʥʳʝ ɺʇʉʊ. ʊʘʢʞʝ ʘʧʧʣʠʢʘʮʠʷ ʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʩʨʝʟʳ ʠʟ ʥʦʢʘʫʪʥʳʭ ʧʦ ʛʝʥʫ 

ASIC1a ʞʠʚʦʪʥʳʭ ʥʝ ʚʳʟʳʚʘʣʘ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʭ ɺʇʉʊ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʦʪʝʥʮʠʘʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʪʦʥ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ ʧʦʣʥʦʮʝʥʥʳʡ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨ. ʆʜʥʘʢʦ ʦʩʪʘʸʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʝʛʦ ʧʦʣʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʚʩʝʛʜʘ ʨʝʯʴ ʠʜʸʪ ʦ ʩʦʚʤʝʩʪʥʦʤ ʚʳʜʝʣʝʥʠʠ ʧʨʦʪʦʥʦʚ ʩ ʢʘʢʠʤ ʣʠʙʦ ʜʨʫʛʠʤ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʤ.  

 

1.4.4. ʋʯʘʩʪʠʝ ASICs ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʢʘʥʘʣʳ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ɺʇʉʊ ʠ 

ʚʣʠʷʪʴ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʦʪʝʥʮʠʘʮʠʶ (ɼʇ). ʇʨʠ ʵʪʦʤ ASIC-ʚʳʟʚʘʥʥʳʝ ɺʇʉʊ ʚ 15-20 

ʨʘʟ ʤʝʥʴʰʝ ʛʣʫʪʘʤʘʪ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʪʦʢʦʚ (Du et al., 2014; 

Highstein et al., 2014; Kreple et al., 2014). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠʤʝʥʥʦ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʠ ʥʝ ʧʦʟʚʦʣʷʣʦ ʫʯʸʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ (Alvarez de la Rosa et al., 2003). ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʫʱʝʩʪʚʫʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʵʪʠ ʥʝʙʦʣʴʰʠʝ ʪʦʢʠ ʷʚʣʷʶʪʩʷ ʪʨʠʛʛʝʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ɼʇ. ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʥʦʢʘʫʪʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʛʝʥʘ ASIC1a ʥʘʨʫʰʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʦʪʝʥʮʠʘʮʠʠ ʚ 

ʛʠʧʧʦʢʘʤʧʝ (Wemmie et al., 2002). ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʩʧʦʩʦʙʥʘ ʚʳʟʚʘʪʴ ʫ 

ʥʦʢʘʫʪʦʚ ɼʇ, ʦʜʥʘʢʦ, ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ ʘʤʧʣʠʪʫʜʘ ʚʦʟʙʫʞʜʘʶʱʠʭ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ (ɺʇʉʇ) ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʢʦʥʪʨʦʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʕʪʦ ʷʚʣʝʥʠʝ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴʶ ASIC-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʫʙʠʨʘʪʴ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʳʡ Mg
2+

 ʙʣʦʢ NMDA ʨʝʮʝʧʪʦʨʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʫʩʠʣʠʚʘʪʴ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʥʝʡʨʦʥʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʠ ʦ ʩʦʙʩʪʚʝʥʥʦʡ Ca
2+ 
ʧʨʦʚʦʜʠʤʦʩʪʠ 

ASIC1a ʛʦʤʦʤʝʨʦʚ.  
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ʇʦʤʠʤʦ ʫʯʘʩʪʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʦʪʝʥʮʠʘʮʠʠ, ASICs ʩʧʦʩʦʙʥʳ 

ʚʣʠʷʪʴ ʥʘ ʧʣʦʪʥʦʩʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ. Zha ʩ ʢʦʣʣʝʛʘʤʠ ʚ ʩʚʦʸʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʧʦʩʚʷʱʸʥʥʦʤ ʩʫʙʢʣʝʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ASIC1a ʨʝʮʝʧʪʦʨʦʚ, ʦʚʝʨʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ ʵʪʫ 

ʩʫʙʲʝʜʠʥʠʮʫ ʚ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʩʨʝʟʘʭ ʤʳʰʠ (Zha et al., 2006) ʠ ʩʣʫʯʘʡʥʦ ʦʙʥʘʨʫʞʠʣʠ, 

ʯʪʦ ʵʪʘ ʤʘʥʠʧʫʣʷʮʠʷ ʫʚʝʣʠʯʠʚʘʣʘ ʧʣʦʪʥʦʩʪʴ ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʦʚ ʥʘ ḑ20%. 

ɺʳʢʣʶʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ASIC1a ʧʨʠ ʧʦʤʦʱʠ ʤʠʈʅʂ ʠʣʠ ʵʢʩʧʨʝʩʩʠʠ ʜʦʤʠʥʘʥʪʥʦ-

ʥʝʛʘʪʠʚʥʦʛʦ ASIC1a ʢʦʥʩʪʨʫʢʪʘ, ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʪʥʦʤʫ ʵʬʬʝʢʪʫ ʠ ʩʥʠʞʘʣʦ ʧʣʦʪʥʦʩʪʴ 

ʰʠʧʠʢʦʚ ʙʦʣʝʝ, ʯʝʤ ʥʘ 30%. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʦʢʘʫʪʳ ʧʦ ʛʝʥʫ ASIC1a ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʧʦ 

ʧʣʦʪʥʦʩʪʠ ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʦʚ ʦʪ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʧʨʦʮʝʩʩʝ ʦʥʪʦʛʝʥʝʟʘ. ɺ ʜʨʫʛʦʡ 

ʨʘʙʦʪʝ, Jing ʩ ʢʦʣʣʝʛʘʤʠ ʚʳʜʝʨʞʠʚʘʣʠ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʚ ʨʘʩʪʚʦʨʝ ʩ pH 6.0 ʠ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʰʠʧʠʢʦʚ ʠ ʠʭ ʜʣʠʥʳ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ ʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ (Jing et al., 2012). ʇʦʤʝʱʝʥʠʝ 

ʩʨʝʟʦʚ ʚ ʢʠʩʣʳʡ ʨʘʩʪʚʦʨ ʥʘ 30 ʤʠʥʫʪ ʥʠʢʘʢ ʥʝ ʚʣʠʷʣʦ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʰʠʧʠʢʦʚ, ʘ 

ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ ʜʦ 60 ʠ 90 ʤʠʥʫʪ, ʩʥʠʞʘʣʦ ʧʣʦʪʥʦʩʪʴ ʰʠʧʠʢʦʚ ʥʘ 21% 

ʠ 31%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʢʣʶʯʝʥʠʝ ʛʝʥʘ ASIC1a ʟʘʱʠʱʘʣʦ ʩʨʝʟʳ ʦʪ ʘʮʠʜʦʟ-ʚʳʟʚʘʥʥʦʡ 

ʧʦʪʝʨʠ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʢʘʥʘʣʳ ʩʧʦʩʦʙʥʳ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʝʨʝʩʪʨʦʡʢʝ ʩʠʥʘʧʩʦʚ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʚ ʥʦʨʤʝ ʠ ʧʘʪʦʣʦʛʠʠ. 

 

1.4.5. ʋʯʘʩʪʠʝ ASICs ʚ ʦʙʫʯʝʥʠʠ, ʧʘʤʷʪʠ ʠ ʪʨʝʚʦʞʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ɼʝʥʜʨʠʪʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ASICs, ʘ ʪʘʢʞʝ ʠʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚ ʩʝʨʦʤ ʚʝʱʝʩʪʚʝ 

ʠ ʦʙʣʘʩʪʷʭ ʤʦʟʛʘ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʵʪʠʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʳ ʦʙʫʯʝʥʠʷ. ʂ ʧʨʠʤʝʨʫ, ʦʜʥʠʤ ʠʟ ʨʝʛʠʦʥʦʚ, 

ʠʤʝʶʱʠʭ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ASIC1a, ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʩʣʦʡ ʤʦʟʞʝʯʢʘ 

(Wemmie et al., 2002; 2003), ʘ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʪʘʤ ʢʣʝʪʢʠ ʇʫʨʢʠʥʴʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʝ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ (Allen & Attwell, 2002). ɺʳʢʣʶʯʝʥʠʝ 

ASIC1a ʛʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʩʥʠʞʝʥʠʶ ʤʦʟʞʝʯʦʢ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʄʳʰʠ ʜʠʢʦʛʦ ʪʠʧʘ ʣʝʛʢʦ ʦʙʫʯʘʶʪʩʷ ʠʟʙʝʛʘʥʠʶ ʧʝʨʠʦʨʙʠʪʘʣʴʥʦʛʦ ʰʦʢʘ, ʩʣʝʜʫʶʱʝʛʦ ʟʘ 

ʟʚʫʢʦʚʳʤ ʩʠʛʥʘʣʦʤ, ʠ ʫʩʧʝʚʘʶʪ ʤʦʨʛʥʫʪʴ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʥʝʧʨʠʷʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʅʦʢʘʫʪʥʳʝ ʞʝ ʤʳʰʠ ʦʙʫʯʘʶʪʩʷ ʠʟʙʝʛʘʥʠʶ ʚ ʜʚʘ ʨʘʟʘ ʭʫʞʝ, ʧʨʠ ʵʪʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, 
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ʩʣʫʭ ʠʣʠ ʤʠʛʘʪʝʣʴʥʳʡ ʨʝʬʣʝʢʩ ʫ ʵʪʠʭ ʣʠʥʠʡ ʦʩʪʘʶʪʩʷ ʥʝʪʨʦʥʫʪʳʤʠ (Wemmie et al., 

2003). 

ʋʜʘʣʝʥʠʝ ʛʝʥʘ ASIC1a ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʳʤ ʥʘʨʫʰʝʥʠʷʤ ʠ ʚ ʧʨʦʮʝʩʩʘʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʪʝʩʪʳ ʥʘ ʤʫʪʘʥʪʥʳʭ ʤʳʰʘʭ ʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʪʝʩʪʝ ʚʦʜʥʦʛʦ ʣʘʙʠʨʠʥʪʘ ʄʦʨʨʠʩʘ (Morris, 1981) ʩʦ ʩʧʨʷʪʘʥʥʦʡ 

ʧʣʘʪʬʦʨʤʦʡ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʤʳʰʝʡ, ʦʙʫʯʝʥʠʝ 

ʧʨʦʭʦʜʠʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦ, ʦʜʥʘʢʦ, ʤʫʪʘʥʪʳ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ ʟʘʙʳʚʘʶʪ ʦ 

ʚʳʫʯʝʥʥʦʤ ʥʘʚʳʢʝ (Wemmie et al., 2002). ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʦʪʝʥʮʠʘʮʠʠ ʚ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ ʥʦʢʘʫʪʥʳʭ 

ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʪʝʥʮʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʚ ʪʝʯʝʥʠʝ 

ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ.  

ʇʦʤʠʤʦ ʛʠʧʧʦʢʘʤʧʘ ʠ ʤʦʟʞʝʯʢʘ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ASIC1a ʢʘʥʘʣʦʚ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʦʙʣʘʩʪʝʡ ʤʦʟʛʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʦʚʝʜʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʪʨʘʭʦʤ, ʠ 

ʪʨʝʚʦʞʥʳʝ ʩʦʩʪʦʷʥʠʷ. ʂ ʵʪʠʤ ʩʪʨʫʢʪʫʨʘʤ ʦʪʥʦʩʷʪʩʷ ʣʘʪʝʨʘʣʴʥʦʝ, ʮʝʥʪʨʘʣʴʥʦʝ ʠ 

ʤʝʜʠʘʣʴʥʦʝ ʷʜʨʘ ʘʤʠʛʜʘʣʳ (ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠʤʤʫʥʥʦʦʢʨʘʰʠʚʘʥʠʝ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʙʘʟʦʣʘʪʝʨʘʣʴʥʦʛʦ ʷʜʨʘ) (Olson et al., 1998; Coryell et al., 2007), ʦʧʦʨʥʦʝ ʷʜʨʦ ʢʨʘʝʚʦʡ 

ʧʦʣʦʩʢʠ, ʣʘʪʝʨʘʣʴʥʳʡ ʛʠʧʦʪʘʣʘʤʫʩ, ʭʘʙʝʥʫʣʘ, ʧʝʨʝʜʥʷʷ ʧʦʷʩʥʘʷ ʠʟʚʠʣʠʥʘ ʠ ʮʝʥʪʨʘʣʴʥʦʝ 

ʩʝʨʦʝ ʚʝʱʝʩʪʚʦ ʩʨʝʜʥʝʛʦ ʤʦʟʛʘ (Wemmie et al., 2008). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, Wemmie ʩ 

ʩʦʘʚʪʦʨʘʤʠ ʨʝʰʠʣʠ ʧʨʦʚʝʨʠʪʴ, ʧʦʚʣʠʷʝʪ ʣʠ ʫʜʘʣʝʥʠʝ ASIC1a ʩʫʙʲʝʜʠʥʠʮʳ ʥʘ 

ʥʝʡʨʦʥʘʣʴʥʳʝ ʧʫʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʙʦʪʢʦʡ ʫʛʨʦʞʘʶʱʠʭ ʩʪʠʤʫʣʦʚ (Wemmie et al., 

2003). ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʫ ʤʫʪʘʥʪʥʳʭ ʣʠʥʠʡ ʤʳʰʝʡ ʥʘʨʫʰʝʥʘ ʚʳʨʘʙʦʪʢʘ ʇʘʚʣʦʚʩʢʦʡ 

ʨʝʘʢʮʠʠ ʫʩʣʦʚʥʦ-ʨʝʬʣʝʢʪʦʨʥʦʛʦ ʟʘʤʠʨʘʥʠʷ. ʇʨʠ ʩʦʯʝʪʘʥʠʠ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ 

ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʜʘʨʘ ʪʦʢʦʤ ʧʦ ʟʘʜʥʠʤ ʢʦʥʝʯʥʦʩʪʷʤ ʦʙʝ ʣʠʥʠʠ 

ʤʳʰʝʡ ʟʘʤʠʨʘʣʠ ʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ. ʆʜʥʘʢʦ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ, ʧʨʠ 

ʧʨʝʜʲʷʚʣʝʥʠʠ ʪʦʣʴʢʦ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʜʘʨʘ ʪʦʢʦʤ, ʤʳʰʠ 

ʜʠʢʦʛʦ ʪʠʧʘ ʟʘʤʠʨʘʣʠ ʥʘ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʫʪʘʥʪʥʳʤʠ. ʄʝʥʴʰʫʶ ʪʨʝʚʦʞʥʦʩʪʴ ASIC1a-ʥʦʢʘʫʪʥʳʭ ʤʳʝhʡ ʜʦʢʘʟʳʚʘʝʪ ʠ ʜʨʫʛʘʷ 

ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʤʝʱʘʣʠ ʚ ʦʪʢʨʳʪʦʝ ʧʦʣʝ ʠ 

ʚʦʟʜʝʡʩʪʚʦʚʘʣʠ ʥʘ ʥʠʭ ʛʨʦʤʢʠʤʠ ʟʚʫʢʦʚʳʤʠ ʩʠʛʥʘʣʘʤʠ ʠʣʠ ʟʘʧʘʭʦʤ ʭʠʱʥʠʢʘ. 

ʄʫʪʘʥʪʥʳʝ ʤʳʰʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ, ʧʨʦʚʦʜʠʣʠ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʢʚʘʜʨʘʪʘʭ, ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʦʙʳʯʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʧʦʣʷ, ʪʘʢ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʫʛʨʦʞʘʶʱʠʭ ʩʪʠʤʫʣʦʚ (Coryell et al., 2007). ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʥʘ 
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ʤʳʰʘʭ ʜʠʢʦʛʦ ʪʠʧʘ, ʧʨʠ ʚʥʫʪʨʠʮʝʨʝʙʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʥʛʠʙʠʪʦʨʘ 

ASIC1a ʛʦʤʦʤʝʨʥʳʭ ʢʘʥʘʣʦʚ - ʧʩʘʣʤʦʪʦʢʩʠʥʘ-1. ʊʦ ʝʩʪʴ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ASICs 

ʚʦʚʣʝʯʝʥʳ ʚ ʧʨʦʮʝʩʩʳ ʢʘʢ ʫʩʣʦʚʥʳʭ, ʪʘʢ ʠ ʙʝʟʫʩʣʦʚʥʳʭ ʨʝʘʢʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʩʪʨʘʭʦʤ. 

ʀʥʪʝʨʝʩʥʦ, ʦʜʥʘʢʦ, ʯʪʦ ASIC1a-ʥʦʢʘʫʪʥʳʝ ʤʳʰʠ, ʥʘʨʘʚʥʝ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ, ʠʟʙʝʛʘʶʪ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʨʫʢʘʚʘʭ ʧʨʠʧʦʜʥʷʪʦʛʦ ʢʨʝʩʪʦʦʙʨʘʟʥʦʛʦ ʣʘʙʠʨʠʥʪʘ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʣʠʷʥʠʷ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʢʘʥʘʣʦʚ ʥʘ ʙʘʟʦʚʳʡ 

ʫʨʦʚʝʥʴ ʪʨʝʚʦʞʥʦʩʪʠ (Wemmie et al., 2003). 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʙʳʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʜʳʭʘʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʦʚʦʮʠʨʫʝʪ 

ʧʘʥʠʯʝʩʢʠʝ ʘʪʘʢʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʪʨʝʚʦʞʥʳʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʦ ʧʦʚʳʰʝʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʢ ʚʜʳʭʘʥʠʶ CO2 (Ziemann et al., 2009). ʂʨʦʤʝ ʪʦʛʦ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʘʮʠʝʥʪʳ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʜʳʭʘʥʠʷ ʠ ʛʠʧʝʨʢʘʧʥʠʝʡ, ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʝʚʦʞʥʦʩʪʠ. ʕʪʠ ʬʘʢʪʳ ʩʚʷʟʳʚʘʶʪ ʠʟʙʳʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʢʨʦʚʠ ʠ ʧʦʚʳʰʝʥʥʫʶ ʪʨʝʚʦʞʥʦʩʪʴ. Wemmie ʩ ʢʦʣʣʝʛʘʤʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʵʪʘ ʚʟʘʠʤʦʩʚʷʟʴ ʦʧʦʩʨʝʜʫʝʪʩʷ ASIC1a ʢʘʥʘʣʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ 

ʭʝʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʮʝʥʪʨʝ ʙʘʟʘʣʴʥʳʭ ʷʜʝʨ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ɺʜʳʭʘʥʠʝ CO2 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʦ ʧʦʥʠʞʘʝʪ pH ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʘʤʠʛʜʘʣʳ ʠ 

ʣʘʪʝʨʘʣʴʥʳʭ ʞʝʣʫʜʦʯʢʦʚ (20% CO2 ʧʦʥʠʞʘʝʪ pH ʥʘ 0.4 ʝʜʠʥʠʮʳ) ʠ ʚʳʟʳʚʘʝʪ 

ʧʘʥʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ. ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʩʯʝʟʘʝʪ ʧʨʠ ʙʣʦʢʠʨʦʚʘʥʠʠ ASIC1a 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʠʥʛʠʙʠʪʦʨʦʤ, ʠ ʪʘʢʞʝ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ. ʆʜʥʘʢʦ 

ʝʩʣʠ ASIC1a-ʥʦʢʘʫʪʥʳʤ ʞʠʚʦʪʥʳʤ ʚʚʝʩʪʠ ʚʠʨʫʩʥʳʡ ʢʦʥʩʪʨʫʢʪ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ 

ʵʢʩʧʨʝʩʩʠʶ ʵʪʠʭ ʢʘʥʘʣʦʚ ʣʦʢʘʣʴʥʦ ʚ ʤʠʥʜʘʣʝʚʠʜʥʦʤ ʪʝʣʝ, ʩʪʨʘʭ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ, ʧʨʠ ʚʜʳʭʘʥʠʠ CO2, ʚʦʟʚʨʘʱʘʝʪʩʷ. ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ 

ʦʧʦʨʥʦʛʦ ʷʜʨʘ ʢʨʘʝʚʦʡ ʧʦʣʦʩʢʠ (Taugher et al., 2014). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ 

ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʦʟʛʘ, 

ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʢʣʶʯʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ 

ʧʘʥʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʚʳʟʚʘʥʥʳʝ ʚʜʳʭʘʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

 

1.4.6. ʋʯʘʩʪʠʝ ASICs ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ 

ʉʥʠʞʝʥʠʝ pH ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ ʛʫʙʠʪʝʣʴʥʦ ʜʣʷ ʤʦʟʛʘ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪ ʪʘʢʠʝ 

ʩʝʨʴʸʟʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʘʢ ʠʰʝʤʠʷ, ʨʘʩʩʝʷʥʥʳʡ ʩʢʣʝʨʦʟ, ʪʨʘʚʤʘ ʛʦʣʦʚʥʦʛʦ ʠʣʠ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ (ʈʠʩ. 1.6).  
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ʈʠʩʫʥʦʢ 1.6. ʐʢʘʣʘ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ pH ʚ ʤʦʟʛʝ, ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ (ʠʟ Huang et al., 2015). 

 

ʀʰʝʤʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʅʘʠʙʦʣʝʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ pH ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ (6.0) ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʪʘʢʦʛʦ ʪʷʞʸʣʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʘʢ ʠʥʩʫʣʴʪ (Xiong et al., 2007). ʆʪʩʫʪʩʪʚʠʝ ʧʦʩʪʫʧʣʝʥʠʷ 

ʢ ʢʣʝʪʢʘʤ ʤʦʟʛʘ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʧʫʩʢʫ ʘʥʘʵʨʦʙʥʦʛʦ 

ʛʣʠʢʦʣʠʟʘ, ʠ ʥʘʢʦʧʣʝʥʠʶ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ (Chu & Xiong., 2013). ɸʢʢʫʤʫʣʷʮʠʷ 

ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʧʨʦʪʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ɸʊʌ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʦʥʠʞʝʥʠʶ pH ʚ ʪʢʘʥʷʭ ʤʦʟʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʮʠʜʦʟʘ ʛʠʙʥʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʡʨʦʥʦʚ, ʥʝ ʧʦʩʣʝʜʥʶʶ ʨʦʣʴ ʚ ʵʪʠʭ ʧʦʚʨʝʞʜʘʶʱʠʭ ʧʨʦʮʝʩʩʘʭ ʠʛʨʘʝʪ ʠʟʙʳʪʦʯʥʘʷ 

ʘʢʢʫʤʫʣʷʮʠʷ Ca
2+

 ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʠ ʟʘʧʫʩʢ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʢʘʩʢʘʜʦʚ (Xiong et al., 2004). 

ɻʣʫʪʘʤʘʪʥʳʝ Ca
2+

-ʧʨʦʥʠʮʘʝʤʳʝ ʨʝʮʝʧʪʦʨʳ ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʠʩʴ ʦʩʥʦʚʥʳʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ ʥʝʡʨʦʪʦʢʩʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʳʟʚʘʥʥʳʭ ʠʰʝʤʠʝʡ (Choi D.W., 1988). 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʙʣʦʢʘʪʦʨʦʚ ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʧʦʧʳʪʢʝ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʶ ʧʦʩʣʝ ʧʨʠʩʪʫʧʦʚ ʠʰʝʤʠʠ ʠʣʠ ʠʥʩʫʣʴʪʘ ʥʝ ʜʘʣʦ ʦʞʠʜʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ (Wahlgren & Ahmed, 2004). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʩʸ 

ʙʦʣʴʰʝ ʜʘʥʥʳʭ ʛʦʚʦʨʷʪ ʦʙ ʫʯʘʩʪʠʠ Ca
2+

 ʧʨʦʥʠʮʘʝʤʳʭ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ 

ʢʘʥʘʣʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʰʝʤʠʝʡ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʝʡ 

ʘʮʠʜʦʟʦʤ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʤʳʰʠʥʳʭ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʦʨʪʠʢʘʣʴʥʳʭ 

ʥʝʡʨʦʥʘʭ, ʠʥʢʫʙʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨ ʚ ʢʠʩʣʦʤ ʨʘʩʪʚʦʨʝ, ʧʨʠʚʦʜʠʣʦ ʢ ʘʢʪʠʚʘʮʠʠ ASICs ʠ 

ʛʣʫʪʘʤʘʪ-ʥʝʟʘʚʠʩʠʤʦʡ ʛʠʙʝʣʠ ʥʝʡʨʦʥʦʚ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳʪʴ ʙʣʦʢʠʨʦʚʘʥʘ ʘʤʠʣʦʨʠʜʦʤ ʠ 

ʧʩʘʣʤʦʪʦʢʩʠʥʦʤ-1 ʠ ʥʝ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ASIC1a-ʥʦʢʘʫʪʥʳʭ ʢʫʣʴʪʫʨ (Xiong et al., 
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2004; Li et al., 2010). ɺʚʝʜʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ASICs ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʮʝʨʝʙʨʦʩʧʠʥʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ ʪʘʢʞʝ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ ʥʘ 

ʤʳʰʠʥʦʡ ʤʦʜʝʣʠ ʠʰʝʤʠʠ, ʚʳʟʚʘʥʥʦʡ ʚʨʝʤʝʥʥʦʡ ʦʢʢʣʶʟʠʝʡ ʮʝʥʪʨʘʣʴʥʦʡ ʤʦʟʛʦʚʦʡ 

ʘʨʪʝʨʠʠ (middle cerebral artery occlusion - MCAO - ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʘʙʙʨʝʚʠʘʪʫʨʘ). 

ʇʨʠ ʵʪʦʤ, ʚʨʝʤʝʥʥʦʝ ʦʢʥʦ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʜʘʥ ʧʨʝʧʘʨʘʪ, ʨʘʚʥʦ 5 ʯʘʩʘʤ, 

ʧʦʩʣʝ ʯʝʛʦ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʩʧʦʩʦʙʥʦ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 7 ʜʥʝʡ (Pignataro et al., 

2007). 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ NMDA ʢʘʥʘʣʦʚ ʧʦʪʝʥʮʠʨʫʝʪ 

ASIC1a-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ ʯʝʨʝʟ CaMKII ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ, ʠ ʫʩʠʣʠʚʘʝʪ 

ʛʠʙʝʣʴ ʥʝʡʨʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʰʝʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (Gao et al., 2005). 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʙʣʦʢʘʜʘ NMDA ʠ ASIC1a ʢʘʥʘʣʦʚ ʠʤʝʝʪ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ ʥʝʡʨʦʧʨʦʪʝʢʦʪʦʨʥʳʡ ʵʬʬʝʢʪ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ASIC1a 

ʢʘʥʘʣʦʚ ʧʨʦʣʦʥʛʠʨʫʝʪ ʜʝʡʩʪʚʠʝ ʙʣʦʢʘʪʦʨʦʚ NMDA ʨʝʮʝʧʪʦʨʦʚ (Pignataro et al., 2007).  

ʇʦʤʠʤʦ ASIC1a ʛʦʤʦʤʝʨʥʳʭ ʢʘʥʘʣʦʚ, ASIC1a/2b ʛʝʪʝʨʦʤʝʨʳ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ 

ʧʨʦʧʫʩʢʘʪʴ ʠʦʥʳ Ca
2+

 ʠ ʚʳʟʳʚʘʪʴ ʢʣʝʪʦʯʥʫʶ ʛʠʙʝʣʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʢʘʥʝʚʦʛʦ 

ʘʮʠʜʦʟʘ (Sherwood et al., 2011). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʘ ʦʧʠʩʘʥʥʳʭ ʪʠʧʘ ʧʨʦʪʦʥ-

ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʥʦʚʳʤʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʤʠʰʝʥʷʤʠ 

ʜʣ̫ ʦʩʣʘʙʣʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʠʰʝʤʠʠ ʠ ʠʥʩʫʣʴʪʘ. 

 

ʈʘʩʩʝʷʥʥʳʡ ʩʢʣʝʨʦʟ 

ʈʘʩʩʝʷʥʥʳʡ ʩʢʣʝʨʦʟ - ʵʪʦ ʥʝʡʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ, ʘʫʪʦʠʤʤʫʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʦʨʘʞʘʝʪʩʷ ʤʠʝʣʠʥʦʚʘʷ ʦʙʦʣʦʯʢʘ ʘʢʩʦʥʦʚ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ ʛʦʣʦʚʥʦʛʦ ʠ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʜʝʛʝʥʝʨʘʮʠʠ ʘʢʩʦʥʦʚ ʷʚʣʷʝʪʩʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʠʩʙʘʣʘʥʩ ʠ ʥʘʨʫʰʝʥʠʷ ʚ ʠʦʥʥʦʤ ʦʙʤʝʥʝ ʢʣʝʪʢʠ (Waxman S.G., 2006). 

ʇʦʩʢʦʣʴʢʫ, ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʜʝʛʝʥʝʨʠʨʫʶʱʠʭ ʘʢʩʦʥʘʭ ʷʚʣʷʝʪʩʷ ʠʟʣʠʰʥʝʝ 

ʥʘʢʦʧʣʝʥʠʝ Na
+
 ʠ Ca

2+
, ʠʦʥʦʚ ʩʧʦʩʦʙʥʳʭ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ASIC1a ʢʘʥʘʣʳ, Friese c 

ʢʦʣʣʝʛʘʤʠ ʨʝʰʠʣʠ ʧʨʦʚʝʨʠʪʴ ʫʯʘʩʪʠʝ ʵʪʠʭ ʢʘʥʘʣʦʚ ʚ ʥʝʡʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʷʭ ʎʅʉ (Friese et al., 2007). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ 

ʤʳʰʝʡ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʘʫʪʦʠʤʤʫʥʥʦʛʦ ʵʥʮʝʬʘʣʦʤʠʝʣʠʪʘ (ʕɸʕ), pH 

ʩʥʠʞʝʥ ʜʦ 6.5 - 6.6 (ʈʠʩ.1.6). ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ASIC1ʘ ʩʧʦʩʦʙʥʳ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʠ 

ʧʨʦʧʫʩʢʘʪʴ ʠʦʥʳ ʚʥʫʪʨʴ ʢʣʝʪʢʠ. ʅʦʢʘʫʪʥʳʝ ʧʦ ʛʝʥʫ ASIC1a ʤʳʰʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 
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ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʥʠʟʢʠʡ ʧʨʦʮʝʥʪ ʕɸʕ-ʚʳʟʚʘʥʥʦʡ ʜʝʛʝʥʝʨʘʮʠʠ ʘʢʩʦʥʦʚ, ʪʘʢʦʡ ʞʝ ʵʬʬʝʢʪ 

ʚʳʟʳʚʘʣʦ ʚʚʝʜʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ASIC1a ʤʳʰʘʤ ʜʠʢʦʛʦ ʪʠʧʘ ʩ ʕɸʕ.  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʟʜʦʨʦʚʳʭ ʘʢʩʦʥʘʭ ʙʝʣʦʢ ASIC1a ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʦʜʥʘʢʦ ʢʘʢ ʚ ʩʣʫʯʘʝ ʕɸʕ ʥʘ ʤʳʰʘʭ, ʪʘʢ ʠ ʚ ʥʝʡʨʦʥʘʭ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʩʩʝʷʥʥʳʤ 

ʩʢʣʝʨʦʟʦʤ, ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ASIC1a ʚ ʮʝʣʦʤ ʠ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʚ ʘʢʩʦʥʳ ʩʠʣʥɹʦ 

ʫʚʝʣʠʯʝʥʳ (Vergo et al., 2011; Arun et al., 2013). ɺʚʝʜʝʥʠʝ ʘʤʠʣʦʨʠʜʘ ʩʤʷʛʯʘʣʦ ʪʷʞʝʩʪʴ 

ʪʝʯʝʥʠʷ ʙʦʣʝʟʥʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʞʠʚʦʪʥʳʭ ʚ ʦʩʪʨʦʡ ʠ ʭʨʦʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʨʘʩʩʝʷʥʥʦʛʦ ʩʢʣʝʨʦʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʜʘʚʥʝʝ ʪʨʸʭʣʝʪʥʝʝ ʢʣʠʥʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʘʤʠʣʦʨʠʜʘ ʥʘ ʧʘʮʠʝʥʪʘʭ c ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ ʨʘʩʩʝʷʥʥʳʤ ʩʢʣʝʨʦʟʦʤ, ʪʘʢʞʝ ʧʦʢʘʟʘʣʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ (Arun et al., 2013). ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʙʦʣʴʥʳʭ 

ʧʨʠ ʧʦʤʦʱʠ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʛʦ ʪʦʤʦʛʨʘʬʘ ʧʨʦʚʦʜʠʣʘʩʴ ʜʦ, ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ 

ʦʨʘʣʴʥʦʛʦ ʧʨʠʸʤʘ ʙʦʣʴʥʳʤʠ ʪʘʙʣʝʪʦʢ ʘʤʠʣʦʨʠʜʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʜʞʠʥʛʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʧʘʨʘʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʘʪʨʦʬʠʶ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʫʣʫʯʰʘʝʪ 

ʧʦʢʘʟʘʪʝʣʠ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʧʦʪʝʨʶ ʤʠʝʣʠʥʠʟʘʮʠʠ ʘʢʩʦʥʘʤʠ ʠ ʠʭ 

ʜʝʛʝʥʝʨʘʮʠʶ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʦ ʩʫʪʠ, ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʢʣʠʥʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʠ 

ʜʝʣʘʝʪ ʧʦʠʩʢ ʥʦʚʳʭ ʢʣʠʥʠʯʝʩʢʠ-ʪʦʣʝʨʘʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʨʘʡʥʝ ʚʘʞʥʳʤ.  

 

ʕʧʠʣʝʧʩʠʷ 

ɺʦ ʚʨʝʤʷ ʵʧʠʣʝʧʪʠʯʝʩʢʦʛʦ ʧʨʠʧʘʜʢʘ pH ʚ ʤʦʟʛʫ ʤʦʞʝʪ ʧʦʥʠʞʘʪʴʩʷ ʜʦ 6.8 

(ʈʠʩ.1.6) (Somjen G.G., 1984), ʚʚʠʜʫ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʦʚ, ʥʘʢʦʧʣʝʥʠʷ 

ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʠ CO2 (McKhan G., 2008). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʘʮʠʜʦʟ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʢʨʘʱʝʥʠʶ ʧʨʠʧʘʜʢʦʚ. ɽʱʸ ʚ 1929 ʛʦʜʫ Lennox ʟʘʤʝʪʠʣ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʢʨʦʚʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʢʨʘʱʝʥʠʶ ʵʧʠʣʝʧʪʠʯʝʩʢʠʭ 

ʧʨʠʧʘʜʢʦʚ ʫ ʧʘʮʠʝʥʪʦʚ (Lennox W.G., 1929), ʧʦʟʞʝ ʵʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠ ʜʨʫʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (Mitchell & Grubbs, 1956; Woodbury et al., 1956). ʊʘʢʞʝ ʚ ʩʨʝʟʘʭ ʤʦʟʛʘ 

ʘʮʠʜʦʟ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪ ʵʧʠʣʝʧʪʦʬʦʨʤʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚʳʟʚʘʥʥʫʶ ʘʧʧʣʠʢʘʮʠʝʡ 

ʨʘʩʪʚʦʨʘ ʩ ʧʦʥʠʞʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʘʛʥʠʷ (Velisek et al., 1994). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʘʥʪʠʢʦʥʚʫʣʴʩʘʥʪʳ, ʥʘʧʨʠʤʝʨ ʘʮʝʪʘʟʦʣʘʤʠʜ, ʧʦʥʠʞʘʶʪ ʚʥʝʢʣʝʪʦʯʥʳʡ pH ʚ 

ʤʦʟʛʝ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʫʩʠʣʠʚʘʝʪ ʠʭ ʘʥʪʠʵʧʠʣʝʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ.  

ʆʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʧʨʠʧʘʜʢʦʚ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʧʦʥʠʞʝʥʠʝʤ pH ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ ʚ 
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ʭʦʜʝ ʩʘʤʦʛʦ ʵʧʠʣʝʧʪʠʯʝʩʢʦʛʦ ʧʨʠʩʪʫʧʘ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥ ʩ 

ʘʢʪʠʚʘʮʠʝʡ ASIC1a ʢʘʥʘʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʫʜʘʣʝʥʠʝ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʵʪʦʪ ʙʝʣʦʢ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʥʪʠʣʝʥʪʝʪʨʘʟʦʣ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʠʧʘʜʢʦʚ, ʥʦ ʥʝ 

ʠʟʤʝʥʷʝʪ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʠ (Ziemann et al., 2008). 

ʅʘʧʨʦʪʠʚ, ʠʟʙʳʪʦʯʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʵʪʦʛʦ ʙʝʣʢʘ ʚ ʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʳʰʝʡ ʠʤʝʣʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʵʬʬʝʢʪ ʠ ʧʨʦʷʚʣʷʣʘʩ ɹʚ ʩʤʷʛʯʝʥʠʠ ʪʷʞʝʩʪʠ ʢʦʥʚʫʣʴʩʠʡ ʜʘʞʝ ʦʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʜʦʟ ʢʦʥʚʫʣʴʩʘʥʪʘ. ɸʧʧʣʠʢʘʮʠʷ ʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʩʨʝʟʳ ʛʠʧʧʦʢʘʤʧʘ ʠʟ 

ASIC1a-ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʷʚʣʷʣʘ ʪʝʨʤʠʥʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ 

ʵʧʠʣʝʧʪʦʬʦʨʤʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɺʜʳʭʘʥʠʝ CO2-ʦʙʦʛʘʱʸʥʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʪʘʢʞʝ ʙʳʣʦ 

ʥʝʵʬʬʝʢʪʠʚʥʦ ʚ ʩʣʫʯʘʝ ʤʫʪʘʥʪʥʳʭ ʣʠʥʠʡ ʤʳʰʝʡ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʧʦʨʦʛʦʚʳʭ ʣʝʪʘʣʴʥʳʭ 

ʜʦʟ ʧʝʥʪʠʣʝʥʪʝʪʨʘʟʦʣʘ, ʤʳʰʠ ʜʠʢʦʛʦ ʪʠʧʘ ʚʳʞʠʚʘʣʠ, ʝʩʣʠ ʜʳʰʘʣʠ 10% CO2, ʦʜʥʘʢʦ ʜʣʷ 

ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʙʳʣʘ ʥʝʵʬʬʝʢʪʠʚʥʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ASICs ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʥʦʚʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʵʧʠʣʝʧʪʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʡʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʙʫʜʝʪ ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʘʛʦʥʠʩʪʦʚ ʠ ʧʦʪʝʥʮʠʘʪʦʨʦʚ ʧʨʦʪʦʥ-

ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. 

 

1.4.7. ASICs ʠ ʙʦʣʴ 

ʄʥʦʛʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ ʢʘʢ ʚʦʩʧʘʣʝʥʠʝ, ʧʦʨʝʟʳ, ʪʨʘʚʤʳ, 

ʚʳʟʳʚʘʶʪ ʙʦʣʝʚʳʝ ʦʱʫʱʝʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʨʝʟʢʠʤ ʧʦʥʠʞʝʥʠʝʤ pH 

ʧʦʚʨʝʞʜʸʥʥʦʡ ʪʢʘʥʠ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʚʳʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʘʬʬʝʨʝʥʪʳ ʟʘʜʥʠʭ ʨʦʛʦʚ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʩʫʙʩʪʘʥʮʠʶ P ʠ/ʠʣʠ ʢʘʣʴʮʠʪʦʥʠʥ-ʧʦʜʦʙʥʳʡ ʧʝʧʪʠʜ, 

ʪʘʢʞʝ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʝʩʫʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ASIC3 ʠ ASIC1a ʨʝʮʝʧʪʦʨʳ (Olson et 

al., 1998; Price et al., 2001; Molliver et al., 2005). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ASICs ʷʚʣʷʶʪʩʷ 

ʭʦʨʦʰʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʙʦʣʝʚʳʭ ʩʪʠʤʫʣʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʝ (ʜʣʷ ʦʙʟʦʨʘ Sluka et al., 2009). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʥʘ 

ʜʦʙʨʦʚʦʣʴʮʘʭ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʠʩʧʳʪʫʝʤʳʤ ʚʢʘʣʳʚʘʣʠ ʢʠʩʣʳʡ ʨʘʩʪʚʦʨ ʚ ʢʦʞʫ, ʠ ʵʪʘ 

ʧʨʦʮʝʜʫʨʘ ʚʳʟʳʚʘʣʘ ʙʦʣʝʚʳʝ ʦʱʫʱʝʥʠʷ. ʈʝʘʢʮʠʷ ʥʘ ʢʠʩʣʳʡ ʨʘʩʪʚʦʨ ʤʦʛʣʘ ʙʳʪʴ 

ʙʣʦʢʠʨʦʚʘʥʘ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʚʝʜʝʥʠʝʤ ʘʤʠʣʦʨʠʜʘ, ʘ pH ʨʘʩʪʚʦʨʘ, ʚʳʟʳʚʘʶʱʝʛʦ 

ʧʦʣʦʚʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʩʦʩʪʘʚʠʣ Ḑ6.5, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩ 

pH50 ASIC1a ʠ ASIC3 ʢʘʥʘʣʦʚ (Ugawa et al., 2002; Jones et al., 2004).  
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ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʥʦʨʤʘʣʴʥʳʭ ʠ ʤʫʪʘʥʪʥʳʭ ʞʠʚʦʪʥʳʭ, ʪʘʢʞʝ 

ʜʦʢʘʟʳʚʘʶʪ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ASIC3 ʠ ASIC1a ʩʫʙʲʝʜʠʥʠʮ ʚ ʧʨʦʮʝʩʩʳ ʚʦʩʧʨʠʷʪʠʷ ʙʦʣʠ. 

ʉʧʝʮʠʬʠʯʝʩʢʦʝ ʚʳʢʣʶʯʝʥʠʝ ASIC3 ʧʫʪʸʤ ʠʥʪʨʘʪʝʢʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʤʠʈʅʂ ʢʨʳʩʘʤ, 

ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʨʘʟʚʠʪʠʝ ʪʝʧʣʦʚʦʡ ʛʠʧʝʨʘʣʴʛʝʟʠʠ, ʚʳʟʚʘʥʥʦʡ ʚʦʩʧʘʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʫʙʠʨʘʣʦ ʨʝʘʢʮʠʶ ʦʪʜʸʨʛʠʚʘʥʠʷ ʫ ʞʠʚʦʪʥʳʭ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʨʘʟʜʨʘʞʘʶʱʠʭ 

ʚʝʱʝʩʪʚ (Deval et al., 2008). ʉʠʥʪʝʪʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 2-ʛʫʘʥʠʜʠʥ-4-ʤʝʪʠʣʢʫʠʥʦʟʦʣʠʥ 

(GMQ) ʘʢʪʠʚʠʨʫʝʪ ASIC3 ʛʦʤʦʤʝʨʳ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ pH, ʠ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʠʥʛʠʙʠʨʫʝʪ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ASICs (Yu et al., 2010; Alijevic & Kellenberger, 2012). 

ʃʦʢʘʣʴʥʘʷ ʠʥʲʝʢʮʠʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʘʜʥʶʶ ʢʦʥʝʯʥʦʩʪʴ ʤʳʰʠ ʚʳʟʳʚʘʣʦ ʙʦʣʝʚʦʝ 

ʧʦʚʝʜʝʥʠʝ ʞʠʚʦʪʥʦʛʦ. ʇʨʠ ʵʪʦʤ ʧʦʜʦʙʥʘʷ ʨʝʘʢʮʠʷ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʫ ʥʦʢʘʫʪʥʳʭ ʧʦ ASIC3 

ʛʝʥʫ ʞʠʚʦʪʥʳʭ (Yu et al., 2010). ɼʨʫʛʦʡ, ʥʝʜʘʚʥʦ ʦʪʢʨʳʪʳʡ ʘʢʪʠʚʘʪʦʨ ASICs - ʄʠʪ-

ʪʦʢʩʠʥ (MitTx) ʠʟ ʷʜʘ ʪʝʭʘʩʩʢʦʛʦ ʢʦʨʘʣʣʦʚʦʛʦ ʘʩʧʠʜʘ, ʪʘʢʞʝ ʚʳʟʳʚʘʣ ʙʦʣʝʚʦʝ ʧʦʚʝʜʝʥʠʝ 

ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʟʘʜʥʶʶ ʢʦʥʝʯʥʦʩʪʴ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʥʠʞʝʥʠʝ ʨʝʘʢʮʠʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʚʳʢʣʶʯʝʥʠʠ ʛʝʥʘ ASIC1a (Bohlen et al., 2011).  

ʇʦʤʠʤʦ ʫʯʘʩʪʠʷ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʤ ʚʦʩʧʨʠʷʪʠʠ ʙʦʣʠ, ASICs ʚʦʚʣʝʯʝʥʳ ʠ ʚ 

ʮʝʥʪʨʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʙʦʪʢʠ ʙʦʣʝʚʳʭ ʩʪʠʤʫʣʦʚ. ʊʘʢ, ʠʥʪʨʘʪʝʢʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ 

ʧʩʘʣʤʦʪʦʢʩʠʥʘ-1 ʫʤʝʥʴʰʘʝʪ ʦʱʫʱʝʥʠʝ ʪʝʨʤʘʣʴʥʦʡ, ʤʝʭʘʥʠʯʝʩʢʦʡ, ʭʠʤʠʯʝʩʢʦʡ, 

ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʠ ʥʝʡʨʦʧʘʪʠʯʝʩʢʦʡ ʙʦʣʠ (Mazzuca et al., 2007; Duan et al., 2007). 

ɸʥʘʣʴʛʝʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʧʦ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʭʦʞʝ ʩ ʜʝʡʩʪʚʠʝʤ ʤʦʨʬʠʥʘ, ʦʜʥʘʢʦ 

ʥʝ ʠʤʝʝʪ ʝʛʦ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ʄʘʮʮʫʢʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʙʦʣʝʫʪʦʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʩʘʣʤʦʪʦʢʩʠʥʘ-1 in vivo ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʦ ʙʣʦʢʘʪʦʨʘʤʠ ɛ- 

ʠ ŭ-ʦʧʠʦʜʥʳʭ ʨʝʮʝʧʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʠʣʠ ʚʳʢʣʶʯʝʥʠʝ ASIC1a ʢʘʥʘʣʦʚ 

ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʤʝʪ-ʵʥʢʝʬʘʣʠʥʦʚ ʚ ʣʠʢʚʦʨʝ ʢʨʳʩ, ʘ ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ PcTx1 

ʦʪʩʫʪʩʪʚʫʝʪ ʫ ʞʠʚʦʪʥʳʭ ʥʦʢʘʫʪʥʳʭ ʧʦ ʛʝʥʫ ʙʝʣʢʘ - ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʵʥʢʝʬʘʣʠʥʘ. ʆ 

ʚʟʘʠʤʦʩʚʷʟʠ ʦʧʠʦʠʜʥʦʡ ʩʠʩʪʝʤʳ ʠ ASICs ʢʘʥʘʣʦʚ ʛʦʚʦʨʠʪ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʦʨʬʠʥ 

ʩʧʦʩʦʙʝʥ ʠʥʛʠʙʠʨʦʚʘʪʴ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʢʘʥʘʣʳ ʧʦ ʮɸʄʌ-ʟʘʚʠʩʠʤʦʤʫ ʤʝʭʘʥʠʟʤʫ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ɛ-ʦʧʠʦʜʥʳʝ ʨʝʮʝʧʪʦʨʳ (Cai et al., 2014). ʆʙʘ ʵʪʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ASICs ʚ ʮʝʥʪʨʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʣʝʚʳʭ ʩʪʠʤʫʣʦʚ, ʘ ʪʘʢʞʝ ʦʙ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʩʥʦʚʥʦʡ 

ʙʦʣʝʫʪʦʣʷʶʱʝʡ ʩʠʩʪʝʤʦʡ ʤʦʟʛʘ.  

ɺʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ 

ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʠʰʝʥʷʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʦʙʝʟʙʦʣʠʚʘʶʱʠʭ 
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ʩʨʝʜʩʪʚ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠʥʛʠʙʠʪʦʨ ASICs - ʘʤʠʣʦʨʠʜ, ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʢʣʠʥʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʢʘʟʘʣ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʤʷʛʯʝʥʠʶ ʢʦʞʥʳʭ 

ʙʦʣʝʚʳʭ ʦʱʫʱʝʥʠʡ ʠ ʤʠʛʨʝʥʠ (Ugawa et al., 2002; Holland et al., 2012). 

ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ 

ʢʘʥʘʣʦʚ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ. ʉʣʝʜʩʪʚʠʝʤ ʪʘʢʦʡ 

ʰʠʨʦʢʦʡ ʠ ʚʘʞʥʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʷʚʣʷʝʪʩʷ ʠʭ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ 

ʩʫʙʢʣʝʪʦʯʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʜʘʥʥʳʝ, ʧʨʦʣʠʚʘʶʱʠʝ ʩʚʝʪ 

ʥʘ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʵʪʠʭ ʢʘʥʘʣʦʚ ʚ ʥʝʡʨʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʣʫʯʝʥʳ ʚ ʦʧʳʪʘʭ ʥʘ ʥʦʢʘʫʪʥʳʭ 

ʞʠʚʦʪʥʳʭ ʠ ʷʚʣʷʶʪʩʷ ʢʦʩʚʝʥʥʳʤʠ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʠʥʛʠʙʠʪʦʨʳ/ʘʢʪʠʚʘʪʦʨʳ ʤʦʛʣʠ ʙʳ 

ʧʦʤʦʯʴ ʜʦʢʘʟʘʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʠ ʣʫʯʰʝ ʧʦʥʷʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ 

ʨʦʣʴ ASICs.  
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1.5. ʌʘʨʤʘʢʦʣʦʛʠʷ ASICs 

ʋʯʠʪʳʚʘʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʚʩʸ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʚʝʜʝʥʠʡ ʦ ʚʘʞʥʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʚ 

ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʬʘʨʤʘʢʦʣʦʛʠʷ ʵʪʠʭ ʢʘʥʘʣʦʚ ʥʝʩʢʦʣʴʢʦ ʨʘʩʰʠʨʠʣʘʩʴ. ʉʨʝʜʠ ʠʭ 

ʤʦʜʫʣʷʪʦʨʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʵʥʜʦʛʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ ʠ ʢʘʪʠʦʥʳ, ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʧʝʧʪʠʜʥʳʭ ʤʦʜʫʣʷʪʦʨʦʚ ʠʟ ʯʠʩʣʘ ʜʝʡʩʪʚʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʳʭ ʷʜʦʚ. 

 

1.5.1. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 

ɸʤʠʣʦʨʠʜ 

ɸʤʠʣʦʨʠʜ - K+-ʩʙʝʨʝʛʘʶʱʝʝ ʜʠʫʨʝʪʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ, ʥʘʟʥʘʯʘʝʤʦʝ ʧʨʠ 

ʛʠʧʝʨʪʦʥʠʠ ʠ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʙʳʣʦ ʧʝʨʚʳʤ ʦʧʠʩʘʥʥʳʤ ʙʣʦʢʘʪʦʨʦʤ ʧʨʦʪʦʥ-

ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ (Waldmann et al., 1997a, 1997b, 1996). ɸʤʠʣʦʨʠʜ 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʥʝʩʝʣʝʢʪʠʚʥʳʡ ʙʣʦʢʘʪʦʨ ʠʦʥʥʳʡ ʧʦʨʳ ASICs ʩ ʥʠʟʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ 

ʩʚʷʟʳʚʘʶʱʝʤʫ ʩʘʡʪʫ (IC50= 5-100 ɛM), ʧʨʠ ʵʪʦʤ ʦʥ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʙʣʦʢʠʨʦʚʘʪʴ ʜʨʫʛʠʝ 

ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʠ ʠʦʥʦʦʙʤʝʥʥʠʢʠ (Kleyman & Cragoe, 1988). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ASICs ʢ ʘʤʠʣʦʨʠʜʫ ʚʘʨʴʠʨʫʝʪ (IC50 ~ 10-70 

ÕM), ʧʨʠ ʵʪʦʤ ʩʪʘʮʠʦʥʘʨʥʳʡ ʢʦʤʧʦʥʝʥʪ ʦʪʚʝʪʘ ʯʝʨʝʟ ASIC3 ʢʘʥʘʣ ʠ ʚʦʚʩʝ 

ʥʝʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʵʪʠʤ ʜʠʫʨʝʪʠʢʦʤ. ɸʤʠʥʦʢʠʩʣʦʪʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ 

ʙʣʦʢ ʢʘʥʘʣʘ ʘʤʠʣʦʨʠʜʦʤ, ʨʘʩʧʦʣʦʞʝʥʳ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʚʦ ʚʪʦʨʦʤ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʤ 

ʜʦʤʝʥʝ (TM2) ʙʣʠʞʝ ʢ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʤʫ ʫʯʘʩʪʢʫ (ʈʠʩ. 1.7) (Kellenberger et al., 2003; 

Sʩhild et al., 1997). ʉʦʚʤʝʩʪʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʘʤʠʣʦʨʠʜʘ ʩ ʢʫʨʠʥʳʤ ASIC1a ʢʘʥʘʣʦʤ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʚʝʱʝʩʪʚʘ ʩʧʦʩʦʙʥʘ ʯʘʩʪʠʯʥʦ ʧʨʝʛʨʘʞʜʘʪʴ ʚʭʦʜ ʚ ʢʘʥʘʣ ʚ ʦʙʣʘʩʪʠ 

ʚʥʝʰʥʝʛʦ ʚʝʩʪʠʙʶʣʷ ʟʘ ʩʯʸʪ ʧʦʛʨʫʞʝʥʠʷ ʩʚʦʝʡ ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʧʦʨʫ ʢʘʥʘʣʘ (Baconguis et 

al., 2014).  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʘʤʠʣʦʨʠʜʘ ʩʤʝʥʷʝʪʩʷ ʧʦʪʝʥʮʠʨʫʶʱʠʤ ʠʣʠ ʜʘʞʝ ʘʢʪʠʚʠʨʫʶʱʠʤ. ɸʧʧʣʠʢʘʮʠʷ 

ʘʤʠʣʦʨʠʜʘ (EC50 = 560 ɛM) ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ 

(pH=7.4) ʘʢʪʠʚʠʨʫʝʪ ʛʦʤʦʤʝʨʥʳʝ ASIC3 ʠ ʛʝʪʝʨʦʤʝʨʥʳʝ ASIC3/ASIC1b ʢʘʥʘʣʳ, ʘ ʪʘʢʞʝ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠ ʫʩʠʣʠʚʘʝʪ ʪʦʢʠ ʯʝʨʝʟ ʵʪʠ ʢʘʥʘʣʳ ʚ ʦʪʚʝʪ ʥʘ ʫʤʝʨʝʥʥʦʝ ʟʘʢʠʩʣʝʥʠʝ 

ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ (Li et al., 2011). ʉʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʳʡ ʤʫʪʘʛʝʥʝʟ ʚʳʷʚʠʣ, ʯʪʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ, ʘʢʪʠʚʘʮʠʷ ASIC3-ʩʦʜʝʨʞʘʱʠʭ ʢʘʥʘʣʦʚ 
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ʘʤʠʣʦʨʠʜʦʤ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʩʪʥʦʩʪʠ ʧʨʦʪʦʥ-ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ 

ʣʠʛʘʥʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʦʙʣʘʩʪʠ palm-ʜʦʤʝʥʘ (ʈʠʩ.1.7). ɺ ʩʣʫʯʘʝ ASIC1a-ʢʘʥʘʣʦʚ, 

ʜʘʥʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʦʙʥʘʨʫʞʠʚʘʶʪ 2 ʤʦʣʝʢʫʣʳ ʘʤʠʣʦʨʠʜʘ ʚ ʦʙʣʘʩʪʠ ñʢʠʩʣʦʪʥʦʛʦ 

ʢʘʨʤʘʥʘò. ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦʪ ʫʯʘʩʪʦʢ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʦʪʚʝʯʘʪʴ ʟʘ 

ʘʤʠʣʦʨʠʜ-ʚʳʟʚʘʥʥʫʶ ʘʢʪʠʚʘʮʠʶ. ʆʜʥʘʢʦ ʧʦʪʝʥʮʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʘʤʠʣʦʨʠʜʘ ʥʘ 

ASIC1a-ʢʘʥʘʣʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʘʤʠʣʦʨʠʜʘ ʥʘ ASIC1a ʢʘʥʘʣʳ ʚʳʨʘʞʝʥʦ ʩʠʣʴʥʝʝ ʠ ʩʧʦʩʦʙʥʦ 

ʤʘʩʢʠʨʦʚʘʪʴ ʝʛʦ ʧʦʪʝʥʮʠʨʫʶʱʠʡ ʵʬʬʝʢʪ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʦʡʥʦʝ 

- ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʘʤʠʣʦʨʠʜʘ ʥʘ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ. ʇʨʠ 

ʵʪʦʤ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ ʵʪʦʛʦ ʣʠʛʘʥʜʘ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ASIC1a ʠ ASIC3 ʩʫʙʲʝʜʠʥʠʮ. 

 

2-ʛʫʘʥʠʜʠʥ-4-ʤʝʪʠʣʢʫʠʥʘʟʦʣʠʥ (GMQ) 

ʆʪʢʨʳʪʠʝ ʥʝʦʙʳʯʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʤʠʣʦʨʠʜʘ ʥʘ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ 

ʢʘʥʘʣʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʩʭʦʞʠʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʛʫʘʥʠʜʠʥʦʚʫʶ ʛʨʫʧʧʫ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʝ ʢʦʣʴʮʦ (Chen et al., 2010; Kuduk et al., 2009). 

ʉʨʝʜʠ ʚʩʝʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʚʦʝʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ʚʳʜʝʣʷʝʪʩʷ 2-ʛʫʘʥʠʜʠʥ-4-ʤʝʪʠʣʢʫʠʥʘʟʦʣʠʥ (GMQ). GMQ ʙʳʣ ʧʝʨʚʳʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ 

ʘʢʪʠʚʘʪʦʨʦʤ ASIC3, ʦʪʣʠʯʥʳʤ ʦʪ ʧʨʦʪʦʥʦʚ, ʠ ʩʜʝʣʘʣ ʚʦʟʤʦʞʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʨʫʛʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ/ʵʥʜʦʛʝʥʥʳʭ ʘʢʪʠʚʘʪʦʨʦʚ ASICs. ɺ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ (EC50 = 1mM) ʦʥ ʩʧʦʩʦʙʝʥ ʚʳʟʳʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʥʝʜʝʩʝʥʩʠʪʠʟʠʨʫʶʱʠʡ ʪʦʢ ʯʝʨʝʟ ASIC3 ʢʘʥʘʣʳ, ʢʦʪʦʨʳʡ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʘʤʧʣʠʪʫʜʝ ʝʩʪʝʩʪʚʝʥʥʳʡ ʥʝʜʝʩʝʥʩʝʪʠʟʠʨʫʶʱʠʡ ʪʦʢ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʘʩʳʱʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʘʛʦʥʠʩʪʘ ï ʧʨʦʪʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʝʛʦ ʜʝʡʩʪʚʠʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Ca
2+

 ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦ ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʵʪʦʛʦ ʠʦʥʘ ʚ ʩʨʝʜʝ. ʉʘʡʪ ʩʚʷʟʳʚʘʥʠʷ GMQ ʦʪʣʠʯʝʥ ʦʪ H
+
- ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʘʡʪʘ ʠ, 

ʚʦʟʤʦʞʥʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʩ ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ ʘʤʠʣʦʨʠʜʘ (Yu et al., 2010; 

2011). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʥʪʝʨʝʩʝʥ ʩʘʤ ʤʝʭʘʥʠʟʤ, ʟʘ ʩʯʸʪ ʢʦʪʦʨʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ 

ʘʢʪʠʚʘʮʠʷ ʢʘʥʘʣʘ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ. ʕʪʦ ʚʝʱʝʩʪʚʦ ʩʜʚʠʛʘʝʪ ʢʨʠʚʫʶ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ 

ASIC3 ʢʘʥʘʣʦʚ ʚ ʙʦʣʝʝ ʢʠʩʣʳʝ ʟʥʘʯʝʥʠʷ pH, ʘ ʢʨʠʚʫʶ ʘʢʪʠʚʘʮʠʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ 

ʩʪʦʨʦʥʫ, ʢ ʙʦʣʝʝ ʱʝʣʦʯʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʊʦ ʝʩʪʴ ʧʨʠ ʜʝʡʩʪʚʠʠ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʢʘʥʘʣʳ 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʧʨʠ ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ ʚ ʩʨʝʜʝ, ʯʝʤ ʦʙʳʯʥʦ, ʠ 

ʠʥʘʢʪʠʚʠʨʫʶʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ pH. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʪʦʯʢʝ ʟʥʘʯʝʥʠʷ pH 7.4 
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ʢʨʠʚʳʝ ʘʢʪʠʚʘʮʠʠ ʠ ʠʥʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʘ ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʠ ʚʦʟʥʠʢʘʝʪ ʪʦʢ ʯʝʨʝʟ 

ʢʘʥʘʣ. ʕʪʦ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ, ʦʢʥʦ ʘʢʪʠʚʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ GMQ, 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʫ ASIC3 ʛʦʤʦʤʝʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʣʫʯʘʝ ʦʩʪʘʣʴʥʳʭ ʧʦʜʪʠʧʦʚ ASICs, 

ʵʪʦ ʚʝʱʝʩʪʚʦ ʩʜʚʠʛʘʝʪ ʢʨʠʚʫʶ ʘʢʪʠʚʘʮʠʶ ʚ ʙʦʣʝʝ ʢʠʩʣʳʝ ʟʥʘʯʝʥʠʷ (Alijevic & 

Kellenberger, 2012). 

 

ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ASIC ʢʘʥʘʣʘ, ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ çʤʷʯ ʚ 

ʨʫʢʝè. ʈʦʟʦʚʳʤ ʧʦʢʘʟʘʥʳ ʩʘʡʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʠʛʘʥʜʦʚ ʩ ʢʘʥʘʣʦʤ. ñ+ò ʠ ñ-ò ʦʙʦʟʥʘʯʝʥʘ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ: ʧʦʪʝʥʮʠʘʮʠʷ/ʘʢʪʠʚʘʮʠʷ ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

A-317567 

ɽʱʸ ʦʜʠʥ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʠʥʛʠʙʠʪʦʨ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, 

ʦʪʣʠʯʥʳʡ ʦʪ ʧʨʦʠʟʚʦʜʥʳʭ ʘʤʠʣʦʨʠʜʘ ʠ ʩʦʜʝʨʞʘʱʠʡ ʥʝ ʛʫʘʥʠʜʠʥʦʚʫʶ, ʘ ʘʤʠʜʠʥʦʚʫʶ 

ʛʨʫʧʧʫ. A-317567 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ASICs (IC50 = 2-30 ɛM), 

ʥʦ ʪʘʢʞʝ ʥʝ ʩʝʣʝʢʪʠʚʝʥ (Dube et al., 2005; Coryell et al., 2009). ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʤʠʣʦʨʠʜʘ, 

ʵʪʦ ʘʤʠʜʠʥʦʚʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʙʣʦʢʠʨʫʝʪ ʪʨʘʥʟʠʝʥʪʥʳʡ ʠ ʩʪʘʮʠʦʥʘʨʥʳʡ ʢʦʤʧʦʥʝʥʪʳ 

ʦʪʚʝʪʘ ASIC3 ʢʘʥʘʣʦʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʤʠʤʦ ASICs, A-317567 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ 
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ʤʥʦʞʝʩʪʚʦʤ ʜʨʫʛʠʭ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʥʝʝ 10 ɛM (Kuduk et 

al., 2010), ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ.  

 

ʅʝʩʪʝʨʦʠʜʥʳʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ 

ʀʟʚʝʩʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ ʥʝʩʪʝʨʦʠʜʥʳʭ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʮʠʢʣʦʦʢʩʠʛʝʥʘʟ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʥʠ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʥʘʧʨʷʤʫʶ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ASIC1a ʠ ASIC3 (Voilley et al., 

2004), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ASICs ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʌʣʫʙʠʧʨʦʬʝʥ ʠ ʠʙʫʧʨʦʬʝʥ ʙʣʦʢʠʨʫʶʪ ASIC1a ʢʘʥʘʣʳ ʩ IC50 ~ 350 ɛM, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʩʪʘʮʠʦʥʘʨʥʳʡ ʢʦʤʧʦʥʝʥʪ ASIC3 ʢʘʥʘʣʦʚ ʠʥʛʠʙʠʨʫʝʪʩʷ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ, 

ʘʩʧʠʨʠʥʦʤ ʠ ʜʠʢʣʦʬʝʥʘʢʦʤ (IC50 ~ 90-260 ɛM). ɻʦʤʦʤʝʨʥʳʝ ASIC2a ʠ ʛʝʪʝʨʦʤʝʨʥʳʝ 

ASIC1a/2a ʢʘʥʘʣʳ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦ ʙʣʦʢʠʨʫʶʪʩʷ 500 ɛM ʜʠʢʣʦʬʝʥʘʢʘ. ʄʝʭʘʥʠʟʤ 

ʜʝʡʩʪʚʠʷ ʅʇɺʉ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʸʪ ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ 

ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʥʘʣʘ ʧʦʩʣʝ ʠʥʘʢʪʠʚʘʮʠʠ. ʉʘʡʪ ʩʚʷʟʳʚʘʥʠʷ 

ʦʪʣʠʯʝʥ ʦʪ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʘʤʠʣʦʨʠʜʘ, ʧʦʩʢʦʣʴʢʫ ʥʠʢʘʢʦʡ ʧʨʷʤʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ 

ʘʤʠʣʦʨʠʜʦʤ ʠ ʜʠʢʣʦʬʝʥʘʢʦʤ ʥʘʡʜʝʥʦ ʥʝ ʙʳʣʦ (Dorofeeva et al., 2008), ʠ ʧʦ ʧʦʩʣʝʜʥʠʤ 

ʜʘʥʥʳʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʅʇɺʉ ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʙʣʘʩʪʠ ʜʦʤʝʥʘ ɓ-ball (ʈʠʩ.7) (Mango et al., 2014).  

 

ʊʝʪʨʘʵʪʠʣʘʤʤʦʥʠʡ (ʊEA) ʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥ (4AP) 

ʊʝʪʨʘʵʪʠʣʘʤʤʦʥʠʡ, ʢʣʘʩʩʠʯʝʩʢʠʡ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠʥʛʠʙʠʪʦʨ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʳʭ K
+
-ʢʘʥʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, 

ʩʧʦʩʦʙʥʳʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʛʝʪʝʨʦʤʝʨʥʳʝ ASIC1a/2a(b) ʢʘʥʘʣʳ ʦʪ ʛʦʤʦʤʝʨʥʳʭ 

ASIC1a, ʤʘʣʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (Sherwood 

et al., 2011). ʆʜʥʘʢʦ ʪʨʫʜʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ in vitro ʠ ʪʝʤ ʙʦʣʝʝ in vivo 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʠʭ ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (IC50 ~ 10 mM) ʠ ʚʳʨʘʞʝʥʥʦʡ 

ʪʦʢʩʠʯʥʦʩʪʠ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

ɽʱʸ ʦʜʥʦʡ ʥʝʙʦʣʴʰʦʡ ʘʟʦʪʩʦʜʝʨʞʘʱʝʡ ʤʦʣʝʢʫʣʦʡ, ʩʧʦʩʦʙʥʦʡ ʙʣʦʢʠʨʦʚʘʪʴ 

ASIC1a ʛʦʤʦʤʝʨʥʳʝ ʢʘʥʘʣʳ (IC50 ~ 760 ɛM) ʠ ʛʝʪʝʨʦʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ASIC1a, ASIC1b 

ʠ ASIC2a ʩʫʙʲʝʜʠʥʠʮʳ, ʷʚʣʷʝʪʩʷ ʜʨʫʛʦʡ ʙʣʦʢʘʪʦʨ Kv ʢʘʥʘʣʦʚ - 4-ʘʤʠʥʦʧʠʨʠʜʠʥ. ʄʝʩʪʦ 

ʩʚʷʟʳʚʘʥʠʷ 4AP ʚ ASICs ʠ ʜʨʫʛʠʭ ʜʝʛʝʥʝʨʠʥ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʘʥʘʣʘʭ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 
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ʢʘʣʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ, ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʦʨʳ (ʈʠʩ.7), ʧʦʩʢʦʣʴʢʫ ʜʝʡʩʪʚʠʝ ʵʪʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʚʳʨʘʞʝʥʥʦʡ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʩʪʴʶ (Boiko et al., 2013). 

 

ʄʝʩʪʥʳʝ ʘʥʝʩʪʝʪʠʢʠ ʠ ʜʨʫʛʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʅʝʢʦʪʦʨʳʝ ʤʝʩʪʥʳʝ ʘʥʝʩʪʝʪʠʢʠ ʦʧʦʩʨʝʜʫʶʪ ʩʚʦʡ ʘʥʘʣʴʛʝʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, ʯʝʨʝʟ 

ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʪʨʘʢʘʠʥ ʠʥʛʠʙʠʨʫʝʪ 

ʧʠʢʦʚʳʡ ʢʦʤʧʦʥʝʥʪ ʪʦʢʘ ʯʝʨʝʟ ASIC3 ʢʘʥʘʣʳ, ʠ ʯʘʩʪʠʯʥʦ ʩʪʘʮʠʦʥʘʨʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʩ 

IC50 ʚ ʨʘʡʦʥʝ 10 ʤM. ʀʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʥʘ ASIC1b 

ʛʦʤʦʤʝʨʳ, ʥʦ ʥʝ ʥʘ ASIC2a. ɺ ʢʫʣʴʪʫʨʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʤʳʰʠ ʪʝʪʨʘʢʘʠʥ 

ʙʣʦʢʠʨʦʚʘʣ ʦʙʘ ʢʦʤʧʦʥʝʥʪʘ (ʧʠʢʦʚʳʡ ʠ ʩʪʘʮʠʦʥʘʨʥʳʡ) ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʭ ʦʪʚʝʪʦʚ 

(Leng et al., 2013). ʃʠʜʦʢʘʠʥ ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (IC50 ~ 12 ʤM) ʠʥʛʠʙʠʨʦʚʘʣ 

ASIC-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ ʚ ʢʫʣʴʪʫʨʝ ʥʝʡʨʦʥʦʚ ʢʦʨʳ, ʘ ʪʘʢʞʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ASIC1a, ʥʦ 

ʥʝ ASIC2a ʢʘʥʘʣʳ (Lin et al., 2011). ʇʨʦʧʘʬʦʣ ʯʘʩʪʠʯʥʦ ʠʥʛʠʙʠʨʦʚʘʣ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ 

ASIC1a ʠ ASIC3 ʢʘʥʘʣʳ, ʘ ʪʘʢʞʝ ʥʘʪʠʚʥʳʝ ASICs ʚ DRG ʥʝʡʨʦʥʘʭ, ʩʥʠʞʘʷ ʪʝʤ ʩʘʤʳʤ 

ʚʦʟʙʫʜʠʤʦʩʪʴ ʥʝʡʨʦʥʦʚ, ʚʳʟʚʘʥʥʫʶ ʟʘʢʠʩʣʝʥʠʝʤ ʩʨʝʜʳ (Lei et al., 2014).  

ʅʝʢʦʪʦʨʳʝ ʘʥʪʠʙʠʦʪʠʢʠ ʠʟ ʛʨʫʧʧʳ ʘʤʠʥʦʛʣʠʢʦʟʠʜʦʚ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 

ʥʝʩʢʦʣʴʢʦ ʘʤʠʥʦʩʘʭʘʨʠʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʩʧʦʩʦʙʥʳ ʜʦʚʦʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʦʚʘʪʴ ASIC-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ. ʊʘʢ, ʩʪʨʝʧʪʦʤʠʮʠʥ, ʥʝʦʤʠʮʠʥ ʠ 

ʛʝʥʪʘʤʠʮʠʥ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʠ ʘʤʧʣʠʪʫʜʫ ʦʪʚʝʪʦʚ ʥʘ pH 6.1 ʚ ʢʫʣʴʪʫʨʝ DRG 

ʥʝʡʨʦʥʦʚ ʢʨʳʩʳ (IC50 ~ 35 ɛM) (Garza et al., 2010). ʀʥʛʠʙʠʪʦʨ ʩʝʨʠʥʦʚʦʡ ʧʨʦʪʝʘʟʳ 

ʥʘʬʘʤʦʩʪʘʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʣʠʥʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʢʦʘʛʫʣʷʥʪʘ ʠ ʣʝʢʘʨʩʪʚʘ ʦʪ 

ʧʘʥʢʨʝʘʪʠʪʘ, ʦʙʨʘʪʠʤʦ ʙʣʦʢʠʨʫʝʪ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ASIC1a, ASIC2a ʠ ASIC3 ʢʘʥʘʣʳ 

ʯʝʣʦʚʝʢʘ (IC50 ~ 2-70 ɛM) (Ugawa et al., 2007). ʅʘʢʦʥʝʮ, ʘʥʪʠʧʘʨʘʟʠʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ 

(DAPI, ʜʠʤʠʥʘʟʝʥ ʠ ʧʝʥʪʘʤʠʜʠʥ), ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʣʝʯʝʥʠʠ 

ʪʨʠʧʘʥʦʩʦʤʦʟʘ ʠ ʣʝʡʰʤʘʥʠʦʟʘ, ʙʣʦʢʠʨʦʚʘʣʠ ASIC-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ ʚ ʢʫʣʴʪʫʨʝ 

ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʤʳʰʠ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (IC50 ~ 300 ʥʄ - 38 ɛM). 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʚʝʱʝʩʪʚʘ ʙʣʦʢʠʨʫʶʪ ʚʩʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʢʪʠʚʥʳʝ ʛʦʤʦʤʝʨʥʳʝ ASIC 

ʢʘʥʘʣʳ ʚ ʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (Chen et al., 2010). ʂʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ ʥʘʬʘʤʦʩʪʘʪʘ ʠ ʜʠʘʨʠʣaʤʠʜʠʥʦʚ c ASIC1a 

ʢʘʥʘʣʦʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʪʠ ʜʠʢʘʪʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʤʠʣʦʨʠʜʘ, ʥʝ ʷʚʣʷʶʪʩʷ 

ʙʣʦʢʘʪʦʨʘʤʠ ʧʦʨʳ ʢʘʥʘʣʘ, ʘ ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʫʛʣʫʙʣʝʥʠʷ ʤʝʞʜʫ ɓ-

ball ʠ palm ʜʦʤʝʥʘʤʠ (ʈʠʩ.7). 
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1.5.2. ʕʥʜʦʛʝʥʥʳʝ ʤʦʜʫʣʷʪʦʨʳ 

ʕʢʩʪʨʘʢʣʝʪʦʯʥʳʝ ʢʘʪʠʦʥʳ 

ASICs ʠʥʛʠʙʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʪʷʞʸʣʳʤʠ ʤʝʪʘʣʣʘʤʠ (Pb
2+

,Ni
2+

,Cd
2+

,Cu
2+

) 

(Allen & Attwell, 2002; Sherwood et al., 2011; Staruschenko et al., 2007), ʘ ʪʘʢʞʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʥʝʢʦʪʦʨʳʤ ʙʠʚʘʣʝʥʪʥʳʤ ʢʘʪʠʦʥʘʤ (Ca
2+

, Mg
2+

 ʠ Zn
2+

), 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ (Baron et al., 2001; De Weille & Bassilana., 2001; 

Chu et al., 2004).  

ʇʦʩʢʦʣʴʢʫ ʧʨʦʪʦʥʳ ʚ ʥʝʢʦʪʦʨʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ 

ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ pH, ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʪ ʤʝʭʘʥʠʟʤʳ, ʩʥʠʞʘʶʱʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ASICs ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ 

ʘʛʦʥʠʩʪʫ. ʉʘʤʳʡ ʠʟʚʝʩʪʥʳʡ ʧʨʠʤʝʨ ʧʦʜʦʙʥʦʡ ʤʦʜʫʣʷʮʠʠ - ʤʘʛʥʠʝʚʳʡ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʳʡ ʙʣʦʢ NMDA ʨʝʮʝʧʪʦʨʦʚ. ɺ ʩʣʫʯʘʝ ASICs ʩʭʦʞʫʶ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʨʦʣʴ 

ʚʳʧʦʣʥʷʶʪ ʢʘʪʠʦʥʳ Ca
2+
. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʦʜʩʪʚʦ ʧʨʦʪʦʥʦʚ H

+
 ʢ ʢʘʥʘʣʫ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ ʚ ʩʨʝʜʝ (Babini et al., 2002; Immke & McCleskey., 

2003), ʯʝʤ ʤʝʥʴʰʝ Ca
2+
, ʪʝʤ ʙʦʣʴʰʝ ʩʨʦʜʩʪʚʦ ʧʨʦʪʦʥʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʝ 

ʦʪʚʝʪʳ. ʕʪʦ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʦʩʪʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ ʤʝʞʜʫ ʜʚʫʤʷ ʠʦʥʘʤʠ: ʚ 

ʟʘʢʨʳʪʦʤ ʢʘʥʘʣʝ Ca
2+

 ʩʠʜʠʪ ʚ ñʢʠʩʣʦʪʥʦʤ ʢʘʨʤʘʥʝò ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʪʦʥʫ ʟʘʥʷʪʴ ʩʚʦʸ 

ʤʝʩʪʦ ʧʨʠ pH 7.4. ʂʘʢ ʪʦʣʴʢʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʪʦʥʦʚ ʧʦʚʳʰʘʝʪʩʷ, ʦʥʠ ʚʳʪʝʩʥʷʶʪ Ca
2+

 ʠ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʘʥʘʣʦʤ, ʘʢʪʠʚʠʨʫʷ ʝʛʦ (Paukert et al., 2008). ɺ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʘʣʴʮʠʡ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʩʥʠʞʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ 

ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʥʦ ʫʞʝ ʧʦ ʜʨʫʛʦʤʫ ʤʝʭʘʥʠʟʤʫ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ Ca
2+

 ʤʦʞʝʪ 

ʩʚʷʟʳʚʘʪʴʩʷ ʚ ʦʙʣʘʩʪʠ ʧʦʨʳ ASIC3 ʢʘʥʘʣʘ ʠ ʙʣʦʢʠʨʦʚʘʪʴ ʝʛʦ ʧʨʦʚʦʜʠʤʦʩʪʴ (Immke & 

McCleskey., 2001; 2003). ʊʦʪ ʞʝ ʩʘʡʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʠ ʚ ASIC1a ʢʘʥʘʣʘʭ ʚ ʥʘʯʘʣʝ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʊʄ2 ʩʝʛʤʝʥʪʘ. ʉʚʷʟʳʚʘʷʩʴ ʩ ʵʪʠʤ ʩʘʡʪʦʤ, Ca
2+

 ʩʧʦʩʦʙʝʥ 

ʙʣʦʢʠʨʦʚʘʪʴ ASIC1a ʢʘʥʘʣ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ (IC50= 3.9 ʤʄ ʧʨʠ pH 5.5) , ʘ ʪʘʢʞʝ 

ASIC1b ʢʘʥʘʣʳ, ʥʦ ʩ ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (IC50= 10 ʤʄ ʧʨʠ pH 4.7) (Paukert et al., 

2004).  

ʊʨʝʪʠʡ ʧʦ ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ ʩʣʝʜʦʚʦʡ ʵʣʝʤʝʥʪ 

Cu
2+

 ʙʣʦʢʠʨʫʝʪ ASICs ʚ ʢʫʣʴʪʫʨʝ ʛʠʧʦʪʘʣʘʤʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚ ʤʠʢʨʦʤʦʣʷʨʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ (IC50 ~ 50 ÕM) (Wang et al., 2007), ʘ ʥʝʡʨʦʪʦʢʩʠʯʥʳʡ ʪʷʞʸʣʳʡ ʤʝʪʘʣʣ 

Pb
2+

 ʩʠʣʴʥʦ, ʥʦ ʦʙʨʘʪʠʤʦ ʙʣʦʢʠʨʫʝʪ ASIC1a-ʩʦʜʝʨʞʘʱʠʝ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʪʨʠʤʝʨʳ (IC50 ~ 

5 ÕM) (Wang et al., 2006).  
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Zn
2+
, ʚ ʩʣʝʜʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʦʨʛʘʥʠʟʤʝ, ʠʤʝʝʪ ʜʚʦʡʥʦʡ 

ʵʬʬʝʢʪ ʥʘ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ. ʄʘʣʳʝ - ʥʘʥʦʤʦʣʷʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʝʣʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʶʪ ʛʦʤʦʤʝʨʥʳʝ ASIC1a ʠ ʛʝʪʝʨʦʤʝʨʥʳʝ ASIC1a/2a ʢʘʥʘʣʳ (Chu et 

al., 2004), ʧʨʠ ʵʪʦʤ ʛʦʤʦʤʝʨʳ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ. ʇʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʵʪʠ ʢʦʤʙʠʥʘʮʠʠ 

ʩʫʙʲʝʜʠʥʠʮ ʩʦʜʝʨʞʘʪʩʷ ʚ ʥʝʡʨʦʥʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʜʦʙʘʚʣʝʥʠʝ ʢ 

ʢʫʣʴʪʫʨʝ ʢʦʨʪʠʢʘʣʴʥʳʭ ʥʝʡʨʦʥʦʚ ʤʳʰʠ Zn
2+

/Fe
2+

 ʭʝʣʘʪʦʨʘ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʪʝʥʮʠʘʮʠʠ 

ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʭ ʪʦʢʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʜʚʘ ʨʘʟʘ. ɺ ʙʦʣʝʝ ʚʳʩʦʢʠʭ (ʤʠʢʨʦʤʦʣʷʨʥʳʭ) 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʦʥʳ ʮʠʥʢʘ, ʥʘʧʨʦʪʠʚ, ʧʦʪʝʥʮʠʨʫʶʪ ʛʦʤʦʤʝʨʥʳʝ ASIC2a ʠ 

ʛʝʪʝʨʦʤʝʨʥʳʝ ASIC1a/2a ʢʘʥʘʣʳ (EC50 ~ 100 ÕM) (Baron et al., 2001). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʦʥʳ 

ʮʠʥʢʘ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʤ ʜʦʤʝʥʝ ʨʝʮʝʧʪʦʨʘ: ʃʠʟ
133

 (ASIC1a) ʢʨʠʪʠʯʝʥ ʜʣʷ 

ʙʣʦʢʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʪʝʥʮʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʟʘʚʠʩʠʪ ʦʪ ɻʠʩ
162

 ʠ 

ɻʠʩ
339

 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ ASIC2a.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ ʤʦʛʫʪ ʩʠʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ASICs. 

ʅʘʧʨʠʤʝʨ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ, ʚʳʨʘʙʘʪʳʚʘʶʱʘʷʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʘʥʘʵʨʦʙʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʚʦ ʚʨʝʤʷ ʠʰʝʤʠʠ ʠʣʠ ʤʳʰʝʯʥʳʭ ʫʧʨʘʞʥʝʥʠʡ, ʧʦʤʠʤʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʥʠʞʝʥʠʷ pH ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʫʚʝʣʠʯʠʚʘʣʘ ʦʪʚʝʪʳ ʯʝʨʝʟ 

ASICs ʟʘ ʩʯʸʪ ʭʝʣʘʪʠʨʦʚʘʥʠʷ ʙʠʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ (Immke & McCleskey, 2001). 

 

ʇʦʣʠʘʤʠʥʳ 

ɸʛʤʘʪʠʥ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʳ ʘʨʛʠʥʠʥʘ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʙʠʦʩʠʥʪʝʟʘ ʧʦʣʠʘʤʠʥʦʚ. ʂʘʢ ʠ ʘʛʤʘʪʠʥ, ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʦʛ ʘʨʢʘʠʥ, ʘ ʪʘʢʞʝ ʤʝʪʘʙʦʣʠʪʳ ʩʧʝʨʤʠʥ ʠ ʩʧʝʨʤʠʜʠʥ ʷʚʣʷʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʤʠ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ ʤʦʣʝʢʫʣʘʤʠ ʠ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠ ʙʝʣʢʘʤʠ, ʚʢʣʶʯʘʷ ʨʝʮʝʧʪʦʨʳ ʠ ʠʦʥʥʳʝ 

ʢʘʥʘʣʳ. ʇʦ ʩʪʨʫʢʪʫʨʝ ʘʛʤʘʪʠʥ ʩʭʦʞ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʘʢʪʠʚʘʪʦʨʦʤ ASIC3 ʢʘʥʘʣʦʚ - 

GMQ. ʂʘʢ ʠ GMQ, ʵʪʦʪ ʵʥʜʦʛʝʥʥʳʡ ʧʦʣʠʘʤʠʥ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʘʢʪʠʚʠʨʦʚʘʪʴ ASIC3 ʠ 

ASIC3/1b ʢʘʥʘʣʳ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ (EC50 ~ 10 ʤM ʠ 1.2 ʤʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʝ-ʧʨʦʪʦʥ-ʩʚʷʟʳʚʘʶʱʠʤ ʩʘʡʪʦʤ (ʈʠʩ.7) (Li 

W.G. et al., 2010). ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʛʤʘʪʠʥʘ ʠ ʧʦʣʠʘʤʠʥʦʚ ʚ ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʘ ʩʠʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʪʨʘʚʤ, ʠʥʬʝʢʮʠʡ ʠ ʨʘʢʘ (Zhang et al., 2000), ʥʦ ʚʨʷʜ ʣʠ ʜʦʩʪʠʛʘʝʪ 

ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʤʦʜʫʣʷʮʠʠ ASICs ʢʦʥʮʝʥʪʨʘʮʠʡ. ʆʜʥʘʢʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʛʦ 

http://lifebio.ru/%D0%B0%D0%BC%D0%B8%D0%BD%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B
http://lifebio.ru/%D0%B0%D1%80%D0%B3%D0%B8%D0%BD%D0%B8%D0%BD
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ʜʝʡʩʪʚʠʝ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʘʧʧʣʠʢʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʫʤʝʨʝʥʥʦʝ ʟʘʢʠʩʣʝʥʠʝ ʩʨʝʜʳ, ʛʠʧʝʨʦʩʤʦʪʠʯʥʦʩʪʴ, ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ Ca
2+
, ʧʨʠʩʫʪʩʪʚʠʝ ʘʨʘʭʠʜʦʥʦʚʦʡ ʠ/ʠʣʠ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ 

(Li W.G. et al., 2010). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʞʠʚʦʪʥʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʘʛʤʘʪʠʥ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʟʳʚʘʝʪ ʙʦʣʝʚʦʝ 

ʧʦʚʝʜʝʥʠʝ ʪʦʣʴʢʦ ʫ ʢʨʳʩ, ʠʤʝʶʱʠʭ ʛʝʥ accn3. 

ʉʧʝʨʤʠʥ - ʜʨʫʛʦʡ ʵʥʜʦʛʝʥʥʳʡ ʧʦʣʠʘʤʠʥ, ʘʛʦʥʠʩʪ NMDA ʨʝʮʝʧʪʦʨʦʚ, ʪʘʢʞʝ 

ʫʩʠʣʠʚʘʝʪ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ ʯʝʨʝʟ ASIC1a ʠ ASIC1a/2a ʢʘʥʘʣʳ (Duan et al., 2011). 

ʄʝʭʘʥʠʟʤ ʧʦʪʝʥʮʠʘʮʠʠ ASIC1a ʢʘʥʘʣʦʚ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʟʘʤʝʜʣʝʥʠʝ ʠʥʘʢʪʠʚʘʮʠʠ, ʪʦ ʝʩʪʴ ʢʘʥʘʣ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʦʩʪʘʸʪʩʷ ʦʪʢʨʳʪʳʤ ʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ; ʩʥʠʞʝʥʠʝ ʩʨʦʜʩʪʚʘ ʧʨʦʪʦʥʦʚ ʢ ʨʝʮʝʧʪʦʨʫ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʦʪʚʝʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʛʦ ʬʦʥʦʚʦʛʦ pH; ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʥʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʩʪʠʤʫʣʷʮʠʠ. ɺʩʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ 

ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʭʦʜʘ Ca
2+

 ʚʥʫʪʨʴ ʥʝʡʨʦʥʘ ʯʝʨʝʟ ASIC1a ʚ ʫʩʣʦʚʠʷʭ 

ʠʰʝʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʛʠʙʝʣʠ ʢʣʝʪʢʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ 

ʙʣʦʢʘʜʘ ʩʠʥʪʝʟʘ ʩʧʝʨʤʠʥʘ, ʪʘʢ ʠ ʚʳʢʣʶʯʝʥʠʝ ASIC1a ʢʘʥʘʣʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʠ 

ʧʨʦʮʝʥʪ ʚʳʞʠʚʰʠʭ ʥʝʡʨʦʥʦʚ ʚ in vivo ʠ in vitro ʤʦʜʝʣʷʭ ʠʰʝʤʠʠ ʥʘ ʤʳʰʘʭ.  

 

ʅʝʡʨʦʧʝʧʪʠʜʳ 

FMRFʘʤʠʜʳ (ʌʝʥ-ʄʝʪ-ɸʨʛ-ʌʝʥ-NH2), ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʠʤ ʙʝʣʢʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʘʪʦʨʘʤʠ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ 

ʜʝʛʝʥʝʨʠʥ ʵʧʠʪʝʣʠʘʣʴʥʳʭ Na
+
 ʢʘʥʘʣʦʚ (Lingueglia et al., 2006). ʆʥʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʘʢʪʠʚʘʪʦʨʘʤʠ ASICs, ʦʜʥʘʢʦ ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʨʦʚʘʪʴ ʦʪʚʝʪʳ ʯʝʨʝʟ ASIC1a 

ʠ ASIC3 ʢʘʥʘʣʳ (Askwith et al., 2000; Sherwood & Askwith, 2008). ʕʪʠ ʧʝʧʪʠʜʳ 

ʜʝʡʩʪʚʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʘʥʘʣ ʚ ʦʙʣʘʩʪʠ palm ʜʦʤʝʥʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʮʝʥʪʨʘʣʴʥʳʡ 

ʚʝʩʪʠʙʶʣʴ ʢʘʥʘʣʘ, ʠ ʟʘʤʝʜʣʷʶʪ ʜʝʩʝʥʩʠʪʠʟʘʮʠʶ ʨʝʮʝʧʪʦʨʘ, ʫʚʝʣʠʯʠʚʘʷ ʚʨʝʤʷ 

ʧʨʝʙʳʚʘʥʠʷ ʢʘʥʘʣʘ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ (Deval et al., 2003; Frey et al., 2013).  

ɼʚʘ ʵʥʜʦʛʝʥʥʳʭ ʦʧʠʘʪʥʳʭ ʥʝʡʨʦʧʝʧʪʠʜʘ, ʜʠʥʦʨʬʠʥ ɸ ʠ ʙʦʣʴʰʦʡ ʜʠʥʦʨʬʠʥ, 

ʪʘʢʞʝ ʫʩʠʣʠʚʘʶʪ ASIC1a-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʮʝʧʪʦʨʘ 

ʢ ʧʨʦʪʦʥʘʤ ʠʣʠ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʫʤʝʥʴʰʝʥʠʷ ʙʘʟʦʚʦʡ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʨʝʮʝʧʪʦʨʘ (EC50 ~ 

33 ÕM ʠ 25 nM, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (Sherwood & Askwith., 2009). ʇʦʪʝʥʮʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ 
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ʜʠʥʦʨʬʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʙʣʦʢʠʨʦʚʘʥʦ ʧʩʘʣʤʦʪʦʢʩʠʥʦʤ-1, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 

ʦʙ ʦʙʱʝʤ ʩʘʡʪʝ ʩʚʷʟʳʚʘʥʠʷ ʵʪʠʭ ʜʚʫʭ ʤʦʜʫʣʷʪʦʨʦʚ.  

 

ɸʨʘʭʠʜʦʥʦʚʘʷ ʢʠʩʣʦʪʘ  

ɸʨʘʭʠʜʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (ɸɸ) - ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʤʝʪʘʙʦʣʠʟʤʘ ʤʝʤʙʨʘʥʥʳʭ 

ʣʠʧʠʜʦʚ ʠ ʦʜʠʥ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ñʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʙʫʣʴʦʥʘò 

(inflammatory soup). ʋʨʦʚʝʥʴ ʵʪʦʛʦ ʣʠʧʠʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚʦ ʚʨʝʤʷ 

ʚʦʩʧʘʣʝʥʠʷ (Brash A.R., 2001), ʜʦʩʪʠʛʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ÕM, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ 

ʧʩʦʨʠʘʟʘ (Hammarstorm et al., 1975). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ɸɸ ʢ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʤ DRG ʠ ʮʝʥʪʨʘʣʴʥʳʤ ʥʝʡʨʦʥʘʤ ʧʦʪʝʥʮʠʨʫʝʪ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʦʪʚʝʪʳ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ÕM. ʈʝʢʦʤʙʠʥʘʥʪʥʳʝ ASIC1a, ASIC2 ʠ ASIC3 ʢʘʥʘʣʳ ʪʘʢʞʝ 

ʧʦʪʝʥʮʠʨʦʚʘʣʠʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (1-10 ÕM). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʵʪʦʪ ʣʠʧʠʜ, ʩʧʦʩʦʙʝʥ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʤʠ ʠʦʥʥʳʤʠ 

ʢʘʥʘʣʘʤʠ (Allen & Attwell, 2002; Deval et al., 2008), ʧʦʩʢʦʣʴʢʫ ʘʢʪʠʚʥʦʩʪʴ ASICs ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʛʠʙʢʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʷʤʦʝ ʜʝʡʩʪʚʠʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʦʜʠʥʦʯʥʳʤʠ ʢʘʥʘʣʘʤʠ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʫʯʘʩʪʢʝ ʤʝʤʙʨʘʥʳ (Smith et 

al., 2007). 

 

1.5.3. ʊʦʢʩʠʥʳ ʠʟ ʞʠʚʦʪʥʳʭ ʷʜʦʚ 

ɺʳʨʘʙʦʪʢʘ ʷʜʦʚʠʪʳʭ ʚʝʱʝʩʪʚ ʙʳʩʪʨʦʛʦ ʜʝʡʩʪʚʠʷ - ʵʪʦ ʠʜʝʘʣʴʥʦʝ ʵʚʦʣʶʮʠʦʥʥʦʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʩʦʯʝʪʘʶʱʝʝ ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ 

ʟʘʱʠʪʳ ʠ ʥʘʧʘʜʝʥʠʷ. ʅʝʤʝʜʣʝʥʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʳʭ ʧʝʨʝʥʦʩʯʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ, ʘ ʠʤʝʥʥʦ - ʠʦʥʥʳʝ 

ʢʘʥʘʣʳ. ʇʦʪʦʤʫ ʥʝ ʩʪʨʘʥʥʦ, ʯʪʦ ʩʫʝɦʩʪʚʫʶʪ ʢʦʤʧʦʥʝʥʪʳ ʞʠʚʦʪʥʳʭ ʷʜʦʚ, ʩʧʝʮʠʬʠʯʥʳʝ 

ʢ ʙʦʣʴʰʠʥʩʪʚʫ ʪʠʧʦʚ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ASICs ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʠʟ ʷʜʦʚ ʨʘʟʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚʘ, ʤʠʰʝʥʴʶ ʜʣʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ.  

1) ʇʩʘʣʤʦʪʦʢʩʠʥ-1 (PcTx1) - ʵʪʦ ʧʦʣʠʧʝʧʪʠʜʥʳʡ ʪʦʢʩʠʥ, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʷʜʘ 

ʶʞʥʦ-ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʪʘʨʘʥʪʫʣʘ Psalmopoeus cambridgei, ʠ ʷʚʣʷʶʱʠʡʩʷ ʧʝʨʚʳʤ 

ʦʧʠʩʘʥʥʳʤ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʠʥʛʠʙʠʪʦʨʦʤ ASIC1a ʢʘʥʘʣʦʚ (IC50 ~ 1 ʥM) (Escoubas et al., 

2000). PcTx1 ʩʦʩʪʦʠʪ ʠʟ 40 ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʦʙʨʘʟʦʚʘʥ ʪʨʝʤʷ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʤʠ ɓ-

ʣʠʩʪʘʤʠ, ʩʢʨʫʯʝʥʥʳʤʠ ʚ ʪʨʠ ʧʝʪʣʠ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʢʦʤʧʘʢʪʥʦʝ ʷʜʨʦ ʠʟ ʪʨʸʭ 
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ʜʠʩʫʣʴʬʠʜʥʳʭ ʤʦʩʪʠʢʦʚ (ʈʠʩ.8) (Escoubas et al., 2003). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʮʝʣʦʛʦ ʢʣʘʩʩʘ ʪʦʢʩʠʥʦʚ - ʤʦʜʫʣʷʪʦʨʦʚ ʚʦʨʦʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʩʠʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʍʘʥʘʪʦʢʩʠʥ-1. ʕʪʠ ʪʦʢʩʠʥʳ ʩʜʚʠʛʘʶʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʤʝʤʙʨʘʥʳ ʠʣʠ ʟʘʤʝʜʣʷʶʪ ʢʠʥʝʪʠʢʫ 

ʠʥʘʢʪʠʚʘʮʠʠ ʧʦʪʝʥʮʠʘʣ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ (Swartz & MacKinnon., 1997; 

Nicholson et al., 1996). ʇʩʘʣʤʦʪʦʢʩʠʥ-1 ʠʥʛʠʙʠʨʫʝʪ ASIC1a ʢʘʥʘʣʳ ʧʦ ʩʭʦʞʝʤʫ 

ʧʨʠʥʮʠʧʫ, ʫʚʝʣʠʯʠʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʮʝʧʪʦʨʘ ʢ ʘʛʦʥʠʩʪʫ ʠ ʩʜʚʠʛʘʷ ʢʨʠʚʫʶ 

ʠʥʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʘ ʢ ʤʝʥʝʝ ʢʠʩʣʳʤ ʟʥʘʯʝʥʠʷʤ pH (Chen et al., 2005). ʇʦʩʢʦʣʴʢʫ 

ASIC1a ʘʢʪʠʚʠʨʫʶʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦ ʠʤʝʶʱʝʡʩʷ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ, ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʨʦʜʩʪʚʘ H
+
 ʢ ʧʨʦʪʦʥ-ʩʚʷʟʳʚʘʶʱʠʤ ʩʘʡʪʘʤ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ, ʜʣʷ ʧʝʨʝʚʦʜʘ 

ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʮʝʧʪʦʨʦʚ ʚ ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

PcTx1, ʧʨʠ pH 7.4 ʙʦʣʴʰʠʥʩʪʚʦ ASIC1a ʢʘʥʘʣʦʚ ʷʚʣʷʶʪʩʷ ʥʝʘʢʪʠʚʥʳʤʠ ʚʩʣʝʜʩʪʚʠʝ 

ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ.  

ɺ ʩʣʫʯʘʝ ASIC1b ʧʩʘʣʤʦʪʦʢʩʠʥ-1, ʥʘʧʨʦʪʠʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʪʢʨʳʪʠʶ ʢʘʥʘʣʘ (EC50 

= 100 ʥʄ), ʟʘ ʩʯʸʪ ʩʜʚʠʛʘ ʢʨʠʚʦʡ ʘʢʪʠʚʘʮʠʠ ʚ ʩʪʦʨʦʥʫ ʤʝʥʝʝ ʢʠʩʣʳʭ ʟʥʘʯʝʥʠʡ pH, ʠ ʧʨʠ 

ʵʪʦʤ, ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʨʠʚʫʶ ʠʥʘʢʪʠʚʘʮʠʠ (Chen et al., 2006). ʊʘʢʫʶ ʨʘʟʥʠʮʫ ʚ ʜʝʡʩʪʚʠʠ ʥʘ 

ʜʚʘ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʛʦʤʦʤʝʨʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣʳ PcTx1 ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʨʝʮʝʧʪʦʨʘ. ʊʦ ʝʩʪʴ, ʚ 

ʩʣʫʯʘʝ ASIC1a, ʪʦʢʩʠʥ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʳʤ 

ʢʘʥʘʣʦʤ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʝʛʦ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʨʦʜʩʪʚʦ ASIC1b ʢʘʥʘʣʘ ʢ 

ʧʩʘʣʤʦʪʦʢʩʠʥʫ-1 ʧʦʚʳʰʘʝʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦʢʩʠʥ ʩʚʷʟʳʚʘʝʪʩʷ ʠ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʠʤʝʥʥʦ ʵʪʫ ʢʦʥʬʦʨʤʘʮʠʶ ʙʝʣʢʘ (Chen et al., 2006). 

ʅʝʜʘʚʥʦ ʧʦʣʫʯʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʢʫʨʠʥʦʛʦ ASIC1 ʢʘʥʘʣʘ ʚ ʩʚʷʟʘʥʥʦʤ c PcTx1 

ʩʦʩʪʦʷʥʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʠ ʤʦʣʝʢʫʣʳ ʪʦʢʩʠʥʘ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʨʝʮʝʧʪʦʨʦʤ ʚ ʠʥʪʝʨʬʝʡʩʝ 

ʤʝʞʜʫ ʪʨʝʤʷ ʩʫʙʲʝʜʠʥʠʮʘʤʠ ʚ ʦʙʣʘʩʪʠ ñʢʠʩʣʦʪʥʦʛʦ ʢʘʨʤʘʥʘò (ʈʠʩ.7) (Baconguis & 

Gouaux, 2012). ʂʨʠʪʠʯʝʩʢʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʪʦʢʩʠʥʘ ʷʚʣʷʶʪʩʷ ɸʩʧ
351

 

ʠ ʌʝʥ
352

 (ɸʩʧ
349

 ʠ ʌʝʥ
350

 ʜʣʷ ʢʨʳʩʠʥʦʛʦ ʙʝʣʢʘ ʠ ɸʩʧ
351

 ʠ ʌʝʥ
352

 ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ), 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ thumb ʜʦʤʝʥʘ (Salinas et al., 2006; Sherwood et ai., 2009). 

ɻʠʜʨʦʬʦʙʥʳʡ ʫʯʘʩʪʦʢ PcTx1 (ʊʨʧ
7
 ʠ ʊʨʧ

24
) ʩʘʜʠʪʩʷ ʥʘ thumb ʜʦʤʝʥ ʢʘʥʘʣʘ ʠ 

ʧʨʦʩʦʚʳʚʘʝʪ ʩʚʦʡ ʱʝʣʦʯʥʦʡ ʢʣʘʩʪʝʨ (ɸʨʛ
26

-ɸʨʛ
28
) ʚ ñʢʠʩʣʦʪʥʳʡ ʢʘʨʤʘʥò, ʦʙʨʘʟʫʷ ʩ ʝʛʦ 

ʦʩʪʘʪʢʘʤʠ ʧʨʦʯʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ (Baconguis & Gouaux, 2012).  
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ PcTx1 ʢʦʥʢʫʨʠʨʫʝʪ ʟʘ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ Ca2+ 

(Chen et al., 2005). ʏʝʤ ʤʝʥʴʰʝ Ca2+ ʚ ʩʨʝʜʝ, ʪʝʤ ʩʠʣʴʥʝʝ PcTx1 ʩʜʚʠʛʘʝʪ ʢʨʠʚʫʶ 

ʠʥʘʢʪʠʚʘʮʠʠ ASIC1a ʢʘʥʘʣʘ. ʋʯʠʪʳʚʘʷ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʘ ʪʘʢʞʝ ʩʠʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʤʝʯʝʥʦʛʦ PcTx1 ʦʪ ʨʅ ʨʘʩʪʚʦʨʘ (Salinas et al., 2006), ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʨʛʠʥʠʥʦʚʳʝ ʦʩʪʘʪʢʠ ʪʦʢʩʠʥʘ ʩʧʦʩʦʙʥʳ ʠʤʠʪʠʨʦʚʘʪʴ ʵʬʬʝʢʪ 

ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʪʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʨʝʮʝʧʪʦʨʘ, ʣʠʙʦ ʝʛʦ ʘʢʪʠʚʘʮʠʠ 

(Saez et al., 2011). 

 

 

ʈʠʩʫʥʦʢ 8. ʊʨʸʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʪʦʢʩʠʥʦʚ: PcTx1 (PDB ʢʦʜ 2KNI), APETx2 (PDB ʢʦʜ 

1WXN). ɺʩʝ ʙʝʣʢʠ ʠʟʦʙʨʘʞʝʥʳ ʚ ʦʜʠʥʘʢʦʚʦʤ ʫʚʝʣʠʯʝʥʠʠ, ʦʨʘʥʞʝʚʳʤ ʧʦʢʘʟʘʥʳ ʜʠʩʫʣʴʬʠʜʥʳʝ 

ʤʦʩʪʠʢʠ (ʠʟ Baron et al., 2013).  

 

2) APETx2 - ʚʪʦʨʦʡ ʧʨʠʨʦʜʥʳʡ ʪʦʢʩʠʥ, ʩʧʦʩʦʙʥʳʡ ʩʧʝʮʠʬʠʯʝʩʢʠ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ, ʥʘ ʵʪʦʪ ʨʘʟ ʯʝʨʝʟ ASIC3 ʢʘʥʘʣʳ (IC50 ~ 50 ʥM ʜʣʷ ʢʨʳʩʠʥʳʭ ʠ ~ 

175 ʥʄ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ASICs) . ʊʦʢʩʠʥ, ʜʣʠʥʦʡ ʚ 42 ʘʤʠʥʦʢʠʩʣʦʪʳ, ʙʳʣ ʚʳʜʝʣʝʥ ʢʘʢ 

ʤʠʥʦʨʥʳʡ ʢʦʤʧʦʥʝʥʪ (2%) ʷʜʘ ʤʦʨʩʢʦʛʦ ʘʥʝʤʦʥʘ Anthopleura elegantissima (Diochot et 

al., 2004) ʠ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ɓ-ʣʠʩʪʦʚ ʠ ʙʦʛʘʪʦʛʦ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʩʚʷʟʷʤʠ ʷʜʨʘ (ʈʠʩ.8) 

(Chagot et al., 2005). ʉ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ APETx2 ʠʥʛʠʙʠʨʫʝʪ ʪʘʢʞʝ ʠ 

ASIC3-ʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʤʝʨʳ: ASIC3/2b (IC50 ~ 117 ʥM), ASIC3/1b (IC50 ~ 0.9 ɛM) ʠ 

ASIC3/1a (IC50 ~ 2 ɛM) (Diochot et al., 2004). ɼʝʡʩʪʚʠʝ ʪʦʢʩʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʦʥ ʙʳʩʪʨʦ ʠ ʦʙʨʘʪʠʤʦ ʠʥʛʠʙʠʨʫʝʪ ʧʠʢʦʚʳʡ ʢʦʤʧʦʥʝʥʪ ʦʪʚʝʪʘ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʳʡ 

ʢʦʤʧʦʥʝʥʪ, ʚʳʟʚʘʥʥʳʡ ʥʝʙʦʣʴʰʠʤ ʟʘʢʠʩʣʝʥʠʝʤ ʩʨʝʜʳ ʜʦ pH = 7.0. ʆʜʥʘʢʦ ʪʦʢʩʠʥ ʥʝ 

ʩʧʦʩʦʙʝʥ ʠʥʛʠʙʠʨʦʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʧʠʢʦʚʳʤ 

ʧʨʠ ʩʠʣʴʥʦʤ ʟʘʢʠʩʣʝʥʠʠ ʩʨʝʜʳ ʜʦ pH = 5.0 (Deval et al., 2011). ʇʨʝʜʧʨʠʥʷʪʦʝ ʥʝʜʘʚʥʦ 
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ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʤʝʩʪʘ ʩʚʷʟʳʚʘʥʠʷ APETx2 

ʥʘ ASIC3 ʨʝʮʝʧʪʦʨʝ: ʘ) ʚ ʦʙʣʘʩʪʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ thumb ʜʦʤʝʥʘ (ʢʨʠʪʠʯʝʩʢʠʡ ʜʣʷ 

ʩʚʷʟʳʚʘʥʠʷ ʦʩʪʘʪʦʢ ʌʝʥ
293
) ʠ ʙ) ʤʝʞʜʫ ʧʦʜʚʠʞʥʳʤ ʟʘʧʷʩʪʴʝʤ ʠ palm ʜʦʤʝʥʦʤ ʥʘ 

ʛʨʘʥʠʮʝ ʜʚʫʭ ʧʨʠʣʝʛʘʶʱʠʭ ʩʫʙʲʝʜʠʥʠʮ, ʯʫʪʴ ʚʳʰʝ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ ʯʘʩʪʠ ʙʝʣʢʘ 

(ʢʨʠʪʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʉʝʨ
82

 ʠ ɻʣʫ
423

) (Rahman & Smith., 2014). 

3) MitTx  ʙʳʣ ʚʳʜʝʣʝʥ ʚ 2011 ʛʦʜʫ ʠʟ ʷʜʘ ʪʝʭʘʩʩʢʦʛʦ ʘʩʧʠʜʘ Micrurus tener tener 

(Bohlen et al., 2011). ʊʦʢʩʠʥ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʥʘʧʦʤʠʥʘʝʪ ɓ-ʙʫʥʛʘʨʦʪʦʢʩʠʥ ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʥʝʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʩʫʙʲʝʜʠʥʠʮ (ʈʠʩ. 8): MitTx-Ŭ ʩʫʙʲʝʜʠʥʠʮʘ ʜʣʠʥʦʡ ʚ 60 

ʘʤʠʥʦʢʠʩʣʦʪ, ʩʭʦʞʘʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩ ʜʦʤʝʥʦʤ ʂʫʥʠʮʘ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ, ʠ MitTx-ɓ 

ʩʫʙʲʝʜʠʥʠʮʘ ʜʣʠʥʦʡ ʚ 120 ʘʤʠʥʦʢʠʩʣʦʪ ʥʘʧʦʤʠʥʘʶʱʘʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʬʦʩʬʦʣʠʧʘʟʫ ɸ2. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʪʦʢʩʠʥʦʚ, MitTx ʥʝ ʠʥʛʠʙʠʨʫʝʪ ASICs, ʘ ʘʢʪʠʚʠʨʫʝʪ ʢʘʢ 

ʛʦʤʦ-, ʪʘʢ ʠ ʛʝʪʝʨʦʪʨʠʤʝʨʥʳʝ ʢʘʥʘʣʳ (Bohlen et al., 2011; Bohlen & Julius., 2012). 

ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʝʛʦ ʜʝʡʩʪʚʠʶ ʛʦʤʦʤʝʨʳ ASIC1a ʠ ASIC1b (EC50~ 9 ʠ 23 ʥM, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ASIC3 ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ (EC50 ~ 830 ʥʄ). ʇʨʠ ʩʦʚʤʝʩʪʥʦʡ 

ʘʧʧʣʠʢʘʮʠʠ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ MitTx ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʜʝʡʩʪʚʠʷ ʥʘ 

ASIC2a ʢʘʥʘʣʳ, ʦʜʥʘʢʦ ʩʠʣʴʥʦ ʧʦʪʝʥʮʠʨʫʝʪ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ ʯʝʨʝʟ ʵʪʠ ʢʘʥʘʣʳ, 

ʟʘ ʩʯʸʪ ʩʜʚʠʛʘ ʢʨʠʚʦʡ ʘʢʪʠʚʘʮʠʠ ʚ ʩʪʦʨʦʥʫ ʤʝʥʝʝ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ. ɸʢʪʠʚʠʨʫʶʱʠʡ 

ʵʬʬʝʢʪ ʪʦʢʩʠʥʘ ʥʘ ʥʘʪʠʚʥʳʝ ʥʝʡʨʦʥʳ ʠʟ ʛʘʥʛʣʠʷ ʪʨʦʡʥʠʯʥʦʛʦ ʥʝʨʚʘ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, 

ʦʧʦʩʨʝʜʦʚʘʥ ʜʝʡʩʪʚʠʝʤ ʥʘ ASIC1a ʩʫʙʲʝʜʠʥʠʮʫ, ʧʦʩʢʦʣʴʢʫ ʚ ʢʫʣʴʪʫʨʘʭ ʥʝʡʨʦʥʦʚ ʠʟ 

ʥʦʢʘʫʪʥʳʭ ʧʦ ASIC1a ʛʝʥʫ ʤʳʰʝʡ ʘʢʪʠʚʘʮʠʷ ʚʭʦʜʷʱʠʭ ʪʦʢʦʚ ʧʨʠ ʧʦʤʦʱʠ MitTx ʥʝ 

ʥʘʙʣʶʜʘʣʘʩʴ (Bohlen et al., 2011). 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʥʝ ʪʘʢ ʜʘʚʥʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʦʚʤʝʩʪʥʘʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʫʨʠʥʦʛʦ ASIC1a ʢʘʥʘʣʘ ʠ MitTx. ʊʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʪʦʢʩʠʥʫ, ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʘʥʘʣʘ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʜʝʪʘʣʴʥʦʝ 

ʦʧʠʩʘʥʠʝ ʩʪʨʦʝʥʠʷ ʝʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ (Baconguis et al., 2014). ʂʘʞʜʳʡ 

ʛʝʪʝʨʦʜʠʤʝʨ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʚʦʝʡ ʩʫʙʲʝʜʠʥʠʮʝʡ, ʪʦ ʝʩʪʴ ʚʩʝʛʦ ʩʚʷʟʳʚʘʝʪʩʷ 3 ʤʦʣʝʢʫʣʳ 

ʪʦʢʩʠʥʘ, ʬʦʨʤʠʨʫʶ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʢʦʥʪʘʢʪʳ ʧʦ ʚʩʝʡ ʜʣʠʥʝ thumb ʜʦʤʝʥʘ ʦʪ ʟʘʧʷʩʪʴʷ 

ʜʦ knuckle ʜʦʤʝʥʘ (ʈʠʩ. 7). ʇʝʨʝʢʨʳʚʘʥʠʝ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʧʩʘʣʤʦʪʦʢʩʠʥʘ-1 ʠ MitTx-ɓ 

ʩʫʙʲʝʜʠʥʠʮʳ ʦʙʲʷʩʥʷʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʙʣʦʢʠʨʦʚʘʥʥʳʡ ʧʩʘʣʤʦʪʦʢʩʠʥʦʤ-1 ASIC1a ʢʘʥʘʣ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʠʚʠʨʦʚʘʥ MitTx, ʠ ʥʘʦʙʦʨʦʪ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ MitTx ʢʘʥʘʣ 

ʥʝʚʦʟʤʦʞʥʦ ʟʘʙʣʦʢʠʨʦʚʘʪʴ ʘʧʧʣʠʢʘʮʠʝʡ ʧʩʘʣʤʦʪʦʢʩʠʥʘ (Bohlen et al., 2011). 
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4) ʄʘʤʙʘʣʛʠʥʳ - ʵʪʦ ʛʨʫʧʧʘ ʠʟ ʪʨʸʭ ʪʦʢʩʠʥʦʚ ʜʣʠʥʦʡ ʚ 57 ʘʤʠʥʦʢʠʩʣʦʪ. ɼʚʘ ʠʟ 

ʥʠʭ, ʤʘʤʙʘʣʛʠʥ-1 ʠ -2, ʦʪʣʠʯʘʶʱʠʝʩʷ ʪʦʣʴʢʦ ʦʜʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʦʡ ʚ ʧʦʣʦʞʝʥʠʠ 4, 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ 2012 ʛʦʜʫ ʠʟ ʷʜʘ ʘʬʨʠʢʘʥʩʢʦʡ ʯʸʨʥʦʡ ʤʘʤʙʳ Dendroaspis polylepis 

polylepis (Diochot et al., 2012). ʄʘʤʙʘʣʛʠʥ-3 ʙʳʣ ʚʳʜʝʣʝʥ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ ʠʟ ʷʜʘ ʟʝʣʸʥʦʡ 

ʤʘʤʙʳ Dendroaspis angusticeps ʠ ʥʘʟʚʘʥ ʪʘʢ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʝʛʦ 

ʦʪʣʠʯʘʝʪ ʪʘʢʞʝ ʚʩʝʛʦ ʦʜʥʘ ʘʤʠʥʦʢʠʩʣʦʪʘ ʚ ʧʦʣʦʞʝʥʠʠ 23 (Baron et al., 2013). ɺʩʝ ʪʨʠ 

ʙʝʣʢʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʪʥʦʩʷʪ ʢ ʩʝʤʝʡʩʪʚʫ ʪʨʸʭ-ʧʘʣʴʮʝʚʳʭ ʪʦʢʩʠʥʦʚ. ʅʘ 3D-ʤʦʜʝʣʠ ʚʠʜʥʳ 

ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʧʝʪʣʠ, ʚʳʭʦʜʷʱʠʝ ʠʟ ʷʜʨʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʯʝʪʳʨʴʤʷ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʩʚʷʟʷʤʠ (ʈʠʩ. 8).  

ɺʩʝ ʪʨʠ ʤʘʤʙʘʣʛʠʥʘ ʠʤʝʶʪ ʩʭʦʞʠʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʠʥʛʠʙʠʨʫʶʪ ASIC1a ʛʦʤʦʤʝʨʥʳʝ ʤʳʰʠʥʳʝ ʠ ʯʝʣʦʚʝʯʝʩʢʠʝ ʢʘʥʘʣʳ, ʛʦʤʦʤʝʨʥʳʝ ASIC1b 

ʢʘʥʘʣʳ ʛʨʳʟʫʥʦʚ, ʘ ʪʘʢʞʝ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ASIC1a- ʠ ASIC1b-ʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʤʝʨʳ ʩ 

IC50 ʦʪ 11 ʜʦ 252 ʥʄ (Baron et al., 2013). ʇʦʩʢʦʣʴʢʫ ʤʘʤʙʘʣʛʠʥʳ ʩʧʦʩʦʙʥʳ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʙʦʣʴʰʠʥʩʪʚʦ ʪʠʧʦʚ ʤʦʟʛʦʚʳʭ ASICs (ASIC1a, ASIC1a/2a ʠ ASIC1a/2b), ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʥʠ ʩʠʣʴʥʦ ʩʥʠʞʘʶʪ ʧʨʦʮʝʥʪ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʭ ʪʦʢʦʚ ʚ ʢʫʣʴʪʫʨʝ 

ʥʝʡʨʦʥʦʚ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʛʠʧʧʦʢʘʤʧʘ , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʩʘʣʤʦʪʦʢʩʠʥ-1 ʵʬʬʝʢʪʠʚʝʥ 

ʣʠʰʴ ʥʘ 30% (Baron et al., 2002; 2008; Diochot et al., 2012).  

ʄʘʤʘʙʘʣʛʠʥ-1 ʠʥʛʠʙʠʨʫʝʪ ASIC1a ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʤʝʭʘʥʠʟʤʫ: ʦʥ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʟʘʢʨʳʪʳʤ ʢʘʥʘʣʦʤ ʠ ʩʠʣʴʥʦ ʩʜʚʠʛʘʝʪ ʢʨʠʚʫʶ pH-

ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʪʠʚʘʮʠʠ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʢʠʩʣʳʭ pH. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʪʦʢʩʠʥ ʫʤʝʨʝʥʥʦ 

ʩʜʚʠʛʘʝʪ ʢʨʠʚʫʶ ʠʥʘʢʪʠʚʘʮʠʠ ʚ ʱʝʣʦʯʥʫʶ ʩʪʦʨʦʥʫ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʪʝʤ ʩʘʤʳʤ 

ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʥʘʣʘ ʠ ʫʩʠʣʠʚʘʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ (Diochot et al., 2012).  

3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʦʢʩʠʥʘ ʧʦʢʘʟʘʣʦ ʝʛʦ ʚʳʩʦʢʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʢʦʪʦʨʳʡ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ PcTx1, ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ASIC 

ʙʝʣʢʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʩʚʷʟʳʚʘʥʠʷ ʤʘʤʙʘʣʛʠʥʘ-2 

ʩ ASIC1a ʢʘʥʘʣʦʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʪʦʢʩʠʥ ʠʤʝʝʪ ʜʚʦʡʥʦʝ ʜʝʡʩʪʚʠʝ 

ʥʘ ʢʘʥʘʣ - ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʠ ʠʥʛʠʙʠʨʫʶʱʝʝ (Salinas et al., 2014). ɺ ʵʪʦʡ ʤʦʜʝʣʠ 

ʤʘʤʙʘʣʛʠʥ-2 ʩʚʷʟʳʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ thumb ʜʦʤʝʥʘ, ʯʘʩʪʠʯʥʦ 

ʧʦʧʘʜʘʷ ʠ ʚ ʦʙʣʘʩʪʴ ʢʠʩʣʦʪʥʦʛʦ ʢʘʨʤʘʥʘ (ʦʩʪʘʪʢʠ ɸʩʧ
349

 ʠ ʌʝʥ
350
), ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʨʳʪʠʷ ʢʘʥʘʣʘ. ʆʜʥʘʢʦ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʜʨʫʛʘʷ 
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ʯʘʩʪʴ ʙʝʣʢʘ ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ palm ʠ ɓ-ball ʜʦʤʝʥʦʚ ʧʨʠʣʝʛʘʶʱʝʡ ʩʫʙʲʝʜʠʥʠʮʳ, 

ʜʝʣʘʷ ʠʭ ʥʝʧʦʜʚʠʞʥʳʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʷ ʢʘʥʘʣʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʦʪʢʨʳʪʠʶ. 

 

ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʜʫʣʷʪʦʨʦʚ ASICs, ʠʟʚʝʩʪʥʳʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʢʣʘʩʩʦʚ, ʠʤʝʶʪ ʨʘʟʥʳʝ ʨʘʟʤʝʨʳ ʤʦʣʝʢʫʣ ʠ ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʣʠʛʘʥʜʦʚ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʸ 

ʝʱʸ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʊʘʢ, 

ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʪʦʣʴʢʦ ʛʦʤʦʤʝʨʳ ASIC1a ʠ ASIC3 ʤʦʛʫʪ ʙʳʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʠʥʛʠʙʠʨʦʚʘʥʳ ʧʩʘʣʤʦʪʦʢʩʠʥʦʤ 1 (PcTX1) ʠ ʪʦʢʩʠʥʦʤ ʠʟ ʷʜʘ ʤʦʨʩʢʦʛʦ ʘʥʝʤʦʥʘ APETx2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʩʘʣʤʦʪʦʢʩʠʥʘ 1 ʪʝʨʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ʉʘʤʳʡ ʠʟʚʝʩʪʥʳʡ ʙʣʦʢʘʪʦʨ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʢʘʥʘʣʦʚ ʘʤʠʣʦʨʠʜ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʚʩʝ ʪʠʧʳ ASICs, ʘ ʪʘʢʞʝ ʠ ʥʘ ʜʨʫʛʠʝ ʥʘʪʨʠʝʚʳʝ ʢʘʥʘʣʳ ʠʟ ʩʝʤʝʡʩʪʚʘ 

ʜʝʛʝʥʠʨʠʥ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʘʥʘʣʦʚ. ɺʩʝ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʘʤʠʣʦʨʠʜʘ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʫ ʠʣʠ ʜʚʝ ʘʤʠʜʠʥʦʚʳʝ ʛʨʫʧʧʳ, ʥʝ ʜʘʣʠ 

ʞʝʣʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (Chen et al., 2010; Yu et al., 2010). ɻʦʚʦʨʷ ʦ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, 

ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʛʫʘʥʠʜʠʥ-ʩʦʜʝʨʞʘʱʝʝ ʩʠʥʪʝʪʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 2-ʛʫʘʥʠʜʠʥ-4-

ʤʝʪʠʣʢʫʠʥʘʟʦʣʠʥ (GMQ), ʩʧʦʩʦʙʥʦʝ ʠʟʙʠʨʘʪʝʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴ ʛʦʤʦʤʝʨʳ ASIC3 ʯʝʨʝʟ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʣʠʛʘʥʜʩʚʷʟʳʚʘʶʱʠʤ ʜʦʤʝʥʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʩʪʨʘʪʝʛʠʡ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ASICs ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ 

ʟʘʜʘʯʝʡ.  
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1.6. ʆʙʦʩʥʦʚʘʥʠʝ ʨʘʙʦʪʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʧʦ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ 

ʥʘʙʦʨ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʦʚ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, 

ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʙʣʦʢʘʪʦʨʦʚ/ʘʢʪʠʚʘʪʦʨʦʚ - ʦʩʥʦʚʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ - ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʥʝʨʝʰʸʥʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ 

ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ASICs ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ. ʀʭ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʜʝʣʘʭ ʤʦʟʛʘ ʧʦʟʚʦʥʦʯʥʳʭ, ʩʠʥʘʧʪʠʯʝʩʢʘʷ 

ʣʦʢʘʣʠʟʘʮʠʷ ʠ ʫʯʘʩʪʠʝ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝ ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ, ʯʪʦ ʧʨʦʪʦʥʳ ʤʦʛʫʪ 

ʙʳʪʴ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʘʢʪʠʚʘʪʦʨʘʤʠ ʵʪʠʭ ʢʘʥʘʣʦʚ. ɺ ʧʦʧʳʪʢʝ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʠ 

ʚʦʧʨʦʩʳ, ʨʘʥʝʝ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʙʳʣ ʧʨʦʚʝʜʸʥ ʩʢʨʠʥʠʥʛ ʛʠʜʨʦʬʦʙʥʳʭ 

ʤʦʥʦʘʤʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʯʠʩʣʘ ʙʣʦʢʘʪʦʨʦʚ ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʥʘ ʥʘʣʠʯʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ.  

ʉʪʦʠʪ ʩʢʘʟʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʣʦʚ ʦ ʪʦʤ, ʧʦʯʝʤʫ ʠʤʝʥʥʦ ʛʠʜʨʦʬʦʙʥʳʝ ʤʦʥʦʘʤʠʥʳ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʦʚ ʚ ʤʦʜʫʣʷʪʦʨʳ ASICs. ʀʜʝʷ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʠʤʝʥʥʦ 

ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʰʣʘ ʢ ʥʘʤ ʥʝ ʩʣʫʯʘʡʥʦ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʤʦʜʫʣʷʪʦʨʳ ASICs, ʦʧʠʩʘʥʥʳʝ ʚ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʜʝʣʝ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, 

ʦʙʲʝʜʠʥʷʝʪ ʥʘʣʠʯʠʝ ʛʠʨʦʬʦʙʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʦʢʦʚʳʝ ʛʨʫʧʧʳ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ: ʘʤʠʜʠʥʦʚʳʝ (ʘʤʠʣʦʨʠʜ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ), ʛʫʘʥʠʜʠʥʦʚʳʝ (GMQ), 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ (ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʘʛʝʥʪʳ) ʠ ʜʨʫʛʠʝ. ʉʨʝʜʠ ʵʥʜʦʛʝʥʥʳʭ ʣʠʛʘʥʜʦʚ 

ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʣʠʘʤʠʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʨʦʯʠʝ ʘʤʠʥ-ʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʳ. ʊʘʢ, 

ʘʛʤʘʪʠʥ (ʧʨʦʠʟʚʦʜʥʦʝ ʘʨʛʠʥʠʥʘ) ʠ ʝʛʦ ʘʥʘʣʦʛ ʘʨʢʘʠʥ ʩʧʦʩʦʙʥʳ ʥʘʧʨʷʤʫʶ ʘʢʪʠʚʠʨʦʚʘʪʴ 

ASIC3 ʠ ASIC3/ASIC1b ʢʘʥʘʣʳ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʷʟʳʚʘʥʠʷ ʩ ʥʝʧʨʦʪʦʥʥʳʤ ʩʘʡʪʦʤ (Yu et 

al., 2010). ɺʥʝʢʣʝʪʦʯʥʳʡ ʩʧʝʨʤʠʥ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (EC50 = 495 ʤʢM) 

ʩʧʦʩʦʙʝʥ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʨʦʚʘʪʴ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ ʥʝʡʨʦʥʦʚ ʛʠʧʧʦʢʘʤʧʘ 

ʢʨʳʩ, ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʩʪʝʧʝʥʠ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ASIC1a-ʩʦʜʝʨʞʘʱʠʭ ʢʘʥʘʣʦʚ (Duan 

et al., 2011). ʌʘʢʪ, ʯʪʦ ʘʨʢʘʠʥ ʠ ʩʧʝʨʤʠʥ ʩʧʦʩʦʙʥʳ ʪʘʢʞʝ ʤʦʜʫʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ NMDA-

ʨʝʮʝʧʪʦʨʦʚ (ʧʦʪʝʥʮʠʠʨʦʚʘʪʴ/ʠʥʛʠʙʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʛʦʥʠʩʪʘ ʠ 

ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʩʦʩʪʘʚʘ) (Araneda et al., 1999), ʥʘʚʸʣ ʥʘʩ ʥʘ ʤʳʩʣʴ, ʯʪʦ ʠʥʛʠʙʠʪʦʨʳ 

NMDA-ʨʝʮʝʧʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʘʢʪʠʚʥʳ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ASICs. ʇʦʩʢʦʣʴʢʫ 

ʠʟʫʯʝʥʠʝ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʜʦʣʛʦʝ ʚʨʝʤʷ ʙʳʣʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʙʳʣʦ ʥʝʪʨʫʜʥʦ ʧʦʜʦʙʨʘʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʠʣʘ ʙʳ ʛʠʜʨʦʬʦʙʥʘʷ ʯʘʩʪʴ ʠ ʘʤʠʥʦʛʨʫʧʧʘ.  
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ʄʦʥʦʘʤʠʥʳ ʩ ʥʝʙʦʣʴʰʦʡ ʛʠʜʨʦʬʦʙʥʦʡ ʯʘʩʪʴʶ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚʩʣʝʜʩʪʚʠʝ ʜʨʫʛʦʡ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʮʝʣʠ - ʧʦʠʩʢʘ ʵʥʜʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʦʪʜʝʣʘʭ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʩʧʦʩʦʙʥʳʭ ʤʦʜʫʣʠʨʦʚʘʪʴ 

ʨʘʙʦʪʫ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʤʝʜʠʘʪʦʨʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ 

ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʤʦʥʦʘʤʠʥʝʨʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʤʝʜʠʘʪʦʨʘʤʠ ʚ 

ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ ʢʘʪʝʭʦʣʘʤʠʥʳ - ʥʦʨʘʜʨʝʥʘʣʠʥ, ʜʦʬʘʤʠʥ, ʘʜʨʝʥʘʣʠʥ, ʘ ʪʘʢʞʝ 

ʩʝʨʦʪʦʥʠʥ ʠ ʛʠʩʪʘʤʠʥ (ɽʱʝʥʢʦ ʅ.ɼ., 2004). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʥʦʘʤʠʥʦʚ ʠ ʠʭ ʤʝʪʘʙʦʣʠʪʦʚ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʦʟʛʝ ʞʠʚʦʪʥʳʭ. ʆʜʥʘʢʦ 

ʪʝʩʪʠʨʦʚʘʪʴ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʥʝʡʨʦʥʘʭ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ 

ʪʨʫʜʦʸʤʢʦʡ ʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʟʘʜʘʯʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʳʣʦ ʨʝʰʝʥʦ ʥʘʯʘʪʴ ʩʢʨʠʥʠʥʛ 

ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʭʦʞʠʭ ʧʦ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩ ʵʥʜʦʛʝʥʥʳʤʠ 

ʤʦʥʦʘʤʠʥʘʤʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘʤ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʯʝʪʳʨʝ ʙʣʦʢʘʪʦʨʘ NMDA ʨʝʮʝʧʪʦʨʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʪʘʢʞʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦ ʤʦʜʫʣʠʨʦʚʘʪʴ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʝ ʪʦʢʠ ʥʘʪʠʚʥʳʭ 

ASICs (nASICs) ʠʥʪʝʨʥʝʡʨʦʥʦʚ ʛʠʧʧʦʢʘʤʧʘ. ʕʪʠ ʯʝʪʳʨʝ ʩʦʝʜʠʥʝʥʠʷ - 9-ʘʤʠʥʦʘʢʨʠʜʠʥ 

(9AA), ʀʕʄ-1921, ʀʕʄ-2117 ʠ ʤʝʤʘʥʪʠʥ ʠʤʝʶʪ ʧʨʦʩʪʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʩʦʩʪʦʷʱʫʶ ʣʠʰʴ ʠʟ ʛʠʜʨʦʬʦʙʥʦʡ ʯʘʩʪʠ (ʫ ʚʩʝʭ ʯʝʪʳʨʸʭ ʦʥʘ ʨʘʟʣʠʯʥʘ) ʠ ʟʘʨʷʞʝʥʥʦʡ 

ʘʤʠʥʦʛʨʫʧʧʳ (ʊʘʙʣ. 1.2). ɼʚʘ ʠʟ ʥʠʭ, ʘ ʠʤʝʥʥʦ ʧʨʦʠʟʚʦʜʥʦʝ ʬʝʥʠʣʮʠʢʣʦʛʝʢʩʠʣʘ, ʀʕʄ-

1921, ʠ ʀʕʄ-2117 ʫʚʝʣʠʯʠʚʘʣʠ ʘʤʧʣʠʪʫʜʫ ʪʦʢʘ ʯʝʨʝʟ nASICs ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ 

ʘʧʧʣʠʢʘʮʠʠ ʩ ʢʠʩʣʳʤ ʨʘʩʪʚʦʨʦʤ. ɼʨʫʛʠʝ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ, 9-ʘʤʠʥʦʘʢʨʠʜʠʥ ʠ ʤʝʤʘʥʪʠʥ, 

ʥʘʧʨʦʪʠʚ, ʠʥʛʠʙʠʨʦʚʘʣʠ ʪʦʢʠ ʯʝʨʝʟ nASICs. ʇʨʠ ʵʪʦʤ ʜʝʡʩʪʚʠʝ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʪʘʢʞʝ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʢʠʥʝʪʠʢʝ ʦʪʚʝʪʘ ʠ ʨʘʟʣʠʯʥʦʡ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʩʪʴʶ. 

9ɸɸ ʥʝ ʠʟʤʝʥʷʣ ʬʦʨʤʫ ʦʪʚʝʪʘ ʠ ʚʳʟʳʚʘʣ ʦʜʠʥʘʢʦʚʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʨʠ 

ʨʘʟʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ ʤʝʤʙʨʘʥʳ. ʄʝʤʘʥʪʠʥ ʨʝʟʢʦ ʫʩʢʦʨʷʣ ʩʧʘʜ ʦʪʚʝʪʘ, ʘ ʝʛʦ 

ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʣʩʷ ʧʨʠ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ ʤʝʤʙʨʘʥʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʠʥʪʝʨʝʩʥʳʤʠ, ʦʜʥʘʢʦ ʦʩʪʘʚʘʣʦʩʴ ʥʝʷʩʥʳʤ, ʧʦʯʝʤʫ 

ʩʪʦʣʴ ʩʭʦʞʠʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʚʳʟʳʚʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʵʬʬʝʢʪʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʧʫʣʷʮʠʷ ʠʥʪʝʨʥʝʡʨʦʥʦʚ ʛʠʧʧʦʢʘʤʧʘ ʛʝʪʝʨʦʛʝʥʥʘ ʧʦ ʩʦʩʪʘʚʫ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʩʫʙʲʝʜʠʥʠʮ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ (Weng et al., 2010). 

ɹʦʣʴʰʝ ʚʩʝʛʦ ʠʭ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʦ ʚ ɻɸʄʂ-ʵʨʛʠʯʝʩʢʠʭ ʠʥʪʝʨʥʝʡʨʦʥʘʭ ʟʦʥʳ ʉɸ1, ʧʨʠ 

ʵʪʦʤ ʙʳʩʪʨʦ-ʨʘʟʨʷʞʘʶʱʠʝʩʷ ʢʦʨʟʠʥʯʘʪʳʝ ʢʣʝʪʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ  
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9-ʘʤʠʥʦʢʨʠʜʠʥ 
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ʄʝʤʘʥʪʠʥ 

 

 

 

ʀʕʄ-1921 

 

ʊʘʙʣʠʮʘ 1.2. ʉʪʨʫʢʪʫʨʳ ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦʘʤʠʥʦʚ, ʧʨʦʷʚʠʚʰʠʭ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʭ ʪʦʢʦʚ ʯʝʨʝʟ ʥʘʪʠʚʥʳʝ ASICs ʠʥʪʝʨʥʝʡʨʦʥʦʚ ʛʠʧʧʦʢʘʤʧʘ ʢʨʳʩ ʠ 

ʚʟʷʪʳʭ ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

 

ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʛʦʤʦʤʝʨʥʳʝ ASIC1a ʢʘʥʘʣʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʪʣʠʯʥʳʝ ʦʪ ʥʠʭ O-LM 

(oriens lacunosum-moleculare) ʠʥʪʝʨʥʝʡʨʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʵʢʩʧʨʝʩʩʠʝʡ ASIC1a ʠ 

ASIC2a ʩʫʙʲʝʜʠʥʠʮ ʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʧʨʦʪʦʥ-ʚʳʟʚʘʥʥʳʤʠ ʪʦʢʘʤʠ. ʋʯʠʪʳʚʘʷ ʵʪʠ 

ʜʚʘ ʬʘʢʪʘ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʩʪʘʣʘ ʣʦʛʠʯʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʨʦʝʢʪʘ, ʥʘʯʘʪʦʛʦ ʚ 2012 ʛʦʜʫ 

ʥʘ ʥʘʪʠʚʥʳʭ ʠʥʪʝʨʝʥʝʡʨʦʥʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʜʝʡʩʪʚʠʷ ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦʘʤʠʥʦʚ ʥʘ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ (ASICs), ʘ 

ʪʘʢʞʝ ʧʦʠʩʢ ʵʥʜʦʛʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʵʪʠʭ ʢʘʥʘʣʦʚ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ, ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 

1. ʀʟʫʯʠʪʴ ʜʝʡʩʪʚʠʝ ʯʝʪʳʨʸʭ ʥʘʡʜʝʥʥʳʭ ʨʘʥʝʝ ʩʦʝʜʠʥʝʥʠʡ (9-ʘʤʠʥʦʘʢʨʠʜʠʥ, 

ʤʝʤʘʥʪʠʥ, ʀʕʄ-1921 ʠ ʀʕʄ-2117) ʥʘ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʛʦʤʦʤʝʨʥʳʝ ASICs, 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʝ ʚ ʢʣʝʪʢʘʭ ʣʠʥʠʠ CHO; 

2. ɺʳʷʚʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦʘʤʠʥʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ 

ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʝ ʢʘʥʘʣʳ ʨʘʟʥʦʛʦ ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʠʩʧʦʣʴʟʫʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʦʜʭʦʜ; 

3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʤʦʥʦʘʤʠʥʦʚ: 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʩʪʴ, ʢʠʥʝʪʠʢʫ ʜʝʡʩʪʚʠʷ, ʢʦʥʢʫʨʝʥʮʠʶ ʩ ʘʛʦʥʠʩʪʦʤ; 

4. ʇʦʜʦʙʨʘʪʴ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʵʥʜʦʛʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʥʘʣʠʯʠʝ ʤʦʜʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ASICs.  
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ɻʣʘʚʘ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

ʕʢʩʧʨʝʩʩʠʷ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʢʘʥʘʣʦʚ ʩ ʠʟʚʝʩʪʥʳʤ ʩʫʙʲʝʜʠʥʠʯʥʳʤ ʩʦʩʪʘʚʦʤ 

ʂʣʝʪʢʠ ʣʠʥʠʠ CHO (ʢʫʣʴʪʫʨʘ ʢʣʝʪʦʢ ʷʠʯʥʠʢʘ ʂʠʪʘʡʩʢʦʛʦ ʭʦʤʷʯʢʘ) 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠʩʴ ʚ CO2 ʠʥʢʫʙʘʪʦʨʝ ʧʨʠ 37Áʉ ʠ 5% ʩʦʜʝʨʞʘʥʠʝʤ CO2. ʉʨʝʜʘ ʜʣʷ ʨʦʩʪʘ 

ʢʣʝʪʦʢ ʩʦʩʪʦʷʣʘ ʠʟ ʨʘʩʪʚʦʨʘ DMEM/F12 (Dulbeccoôs Modified Eagleôs Medium) ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 10% ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʢʦʨʦʚʴʝʡ ʩʳʚʦʨʦʪʢʠ ʠ 1% 

ʩʪʨʝʧʪʦʤʠʮʠʥ/ʧʝʥʠʮʠʣʣʠʥʘ. ʊʨʘʥʩʬʝʢʮʠʷ ʢʣʝʪʦʢ ʧʣʘʟʤʠʜʘʤʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʨʝʘʛʝʥʪʘ çʃʠʧʦʬʝʢʪʘʤʠʥ 2000è (Invitrogen, USA), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʂʣʝʪʢʠ ʣʠʥʠʠ CHO ʚʳʩʝʚʘʣʠʩʴ ʥʘ ʩʪʸʢʣʘ ʧʣʦʱʘʜʴʶ ʥʝ ʙʦʣʝʝ 25 ʤʤ
2
, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʜʥʫ ʯʘʰʢʠ ʇʝʪʨʠ ʜʠʘʤʝʪʨʦʤ 35 ʤʤ. ɼʣʷ ʵʢʩʧʨʝʩʩʠʠ 

ʛʦʤʦʤʝʨʥʳʭ ʢʘʥʘʣʦʚ ASICs, ʢʣʝʪʢʠ ʧʦʜʚʝʨʛʘʣʠ ʪʨʘʥʩʬʝʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 0.5 ʤʢɻ 

ʧʣʘʟʤʠʜʳ, ʥʝʩʫʱʝʡ ʛʝʥ, ʢʦʜʠʨʫʶʱʠʡ ʥʫʞʥʫʶ ʩʫʙʲʝʜʠʥʠʮʫ (ASIC1a, ASIC1b, ASIC2a 

ʠʣʠ ASIC3), ʩʦʚʤʝʩʪʥʦ ʩ 0.5 ʤʢɻ ʧʣʘʟʤʠʜʳ, ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʙʝʣʢʘ GFP - ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʇʣʘʟʤʠʜʳ, ʢʦʜʠʨʫʶʱʠʝ 

ASICs ʙʳʣʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʦʢʪʦʨʦʤ ɸ. ʉʪʘʨʫʱʝʥʢʦ. 

ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʯʝʨʝʟ 36-72 ʯʘʩʘ ʧʦʩʣʝ 

ʪʨʘʥʩʬʝʢʮʠʠ. ʊʨʘʥʩʬʝʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʜʝʪʝʢʪʠʨʦʚʘʣʠʩʴ ʧʦ ʟʝʣʸʥʦʤʫ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʤʫ ʩʚʝʯʝʥʠʶ, ʧʨʠ ʧʦʤʦʱʠ ʤʠʢʨʦʩʢʦʧʘ Leica DM IL (Leica Microsystems, 

Germany). 

ʈʝʛʠʩʪʨʘʮʠʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʠʦʥʥʳʭ ʪʦʢʦʚ 

ʊʦʢʠ, ʚʳʟʚʘʥʥʳʝ ʙʳʩʪʨʳʤ ʟʘʢʠʩʣʝʥʠʝʤ ʩʨʝʜʳ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʪʦʜʘ ʣʦʢʘʣʴʥʦʡ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ (patch-clamp) ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ çʮʝʣʘʷ ʢʣʝʪʢʘè, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʟʤʝʨʠʪʴ ʠʥʪʝʛʨʘʣʴʥʳʡ ʤʝʤʙʨʘʥʥʳʡ ʪʦʢ ʯʝʨʝʟ ʠʥʪʝʨʝʩʫʶʱʠʡ ʪʠʧ 

ʢʘʥʘʣʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʫʩʠʣʠʪʝʣʴ EPC-8 (HEKA Electronics, Germany); 

ʩʠʛʥʘʣ ʬʠʣʴʪʨʦʚʘʣʩʷ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 0-5 ʂɻʮ ʠ ʦʮʠʬʨʦʚʳʚʘʣʩʷ ʩ ʯʘʩʪʦʪʦʡ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 1 ʢɻʮ, ʧʨʠ ʧʦʤʦʱʠ ʎɸʇ-ɸʎʇ LIH 8+8 (HEKA Electronics, Germany), ʠ, 

ʜʘʣʝʝ ʟʘʧʠʩʳʚʘʣʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Patchmaster ʪʦʛʦ ʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʷ (HEKA Electronics, Germany). ɺʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (23-25Áʉ).  
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ʇʨʦʪʦʢʦʣʳ ʘʧʧʣʠʢʘʮʠʠ ʨʘʩʪʚʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʝʩʪʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʢʘʥʘʣʦʚ, ʦʧʠʩʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʫʥʢʪʘʭ ʨʘʟʜʝʣʘ çʈʝʟʫʣʴʪʘʪʳè.  

 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʨʘʩʪʚʦʨʳ 

ʄʠʢʨʦʧʠʧʝʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʩʦʜʝʨʞʘʣ (ʚ ʤʄ): CsF 100, CsCl 40, NaCl 5, CaCl2 0.5, 

EGTA 5, HEPES 10 (pH ʜʦʚʦʜʠʣʩʷ ʜʦ 7.2 ʜʦʙʘʚʣʝʥʠʝʤ CsOH). ɺʥʝʢʣʝʪʦʯʥʳʡ ʨʘʩʪʚʦʨ 

ʩʦʜʝʨʞʘʣ (ʚ ʤʄ): NaCl 143, KCl 5, CaCl2 2.5, D-ʛʣʶʢʦʟʘ 10, HEPES 10, MES 10, (pH 

ʜʦʚʦʜʠʣʩʷ ʜʦ 7.35 ʜʦʙʘʚʣʝʥʠʝʤ NaOH). ɺʩʝ ʨʘʩʪʚʦʨʳ ʬʠʣʴʪʨʦʚʘʣʠʩʴ ʯʝʨʝʟ 

ʤʝʣʢʦʧʦʨʦʚʳʝ ʮʝʣʣʶʣʦʟʥʳʝ ʤʝʤʙʨʘʥʳ, ʧʨʠ ʧʦʤʦʱʠ ʚʘʢʫʫʤʥʦʛʦ ʩʪʝʢʣʷʥʥʦʛʦ ʬʠʣʴʪʨʘ 

(Sartorius AG, Germany).  

ʈʘʩʪʚʦʨʳ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ pH, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʘʢʪʠʚʘʮʠʠ 

ʢʘʥʘʣʦʚ, ʧʨʠʛʦʪʦʚʣʷʣʠʩʴ ʠʟ ʙʘʟʦʚʦʛʦ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ HCl. 

ʊʝʩʪʠʨʫʝʤʳʝ ʤʦʥʦʘʤʠʥʳ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʥʝʝ ʧʦ ʥʘʰʝʤʫ ʟʘʢʘʟʫ ɺ.ɽ. ɻʤʠʨʦ ʚ 

ʅʀʀ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʄʝʜʠʮʠʥʳ ʛʦʨʦʜʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʙʳʣʠ 

ʧʨʠʦʙʨʝʪʝʥʳ ʚ ʬʠʨʤʝ Sigma (Sigma-Aldrich, USA). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʦʢʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5ʭ10
-2 
ʄ, ʥʘʚʝʩʢʘ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʨʘʩʪʚʦʨʷʣʘʩʴ ʚ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ɼʘʣʝʝ, ʥʫʞʥʳʡ ʦʙʲʸʤ ʩʪʦʢʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʦʙʘʚʣʷʣʩʷ ʢ ʨʘʙʦʯʠʤ ʨʘʩʪʚʦʨʘʤ ʩ ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʅ. ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ 

ʨʘʩʪʚʦʨʦʚ ʪʝʩʪʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʧʨʦʚʝʨʷʣʩʷ pH 

ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʠ, ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʩʜʚʠʛʘ, ʜʦʚʦʜʠʣʩʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʠ ʧʦʤʦʱʠ 

0.1 ʥ ʨʘʩʪʚʦʨʘ HCl ʠʣʠ 0.2 ʥ ʨʘʩʪʚʦʨʘ NaOH. ɼʣʷ ʧʦʜʘʯʠ ʪʝʩʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʙʳʩʪʨʦʡ ʘʧʧʣʠʢʘʮʠʠ ʚʝʱʝʩʪʚ ALA-VM8 (ALA 

Scientific Instruments, USA) ʩ ʤʠʢʨʦʤʘʥʠʬʦʣʜʦʤ ʥʘ ʢʦʥʮʝ. ʀʥʪʝʨʚʘʣ ʤʝʞʜʫ ʪʝʩʪʦʚʳʤʠ 

ʘʧʧʣʠʢʘʮʠʷʤʠ ʩʦʩʪʘʚʠʣ 60 ʩ.  

 

ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ pClamp 10 (Molecular Devices, USA). ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʨʦʛʨʘʤʤʝ Microcal Origin 6.0 (OriginLab, USA).  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ IC50 ʠ EC50 ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ ʍʠʣʣʘ. ɺʩʝ 

ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ çʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝè ʥʘ ʦʩʥʦʚʝ, ʢʘʢ 

ʤʠʥʠʤʫʤ, 5 ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʵʬʬʝʢʪʦʚ ʙʳʣʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʧʨʠ ʧʦʤʦʱʠ ʧʘʨʥʦʛʦ t-ʪʝʩʪʘ ʩ p=0.05 (ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʪʚʝʪʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʝʩʪʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ). ɸʥʘʣʠʟ ʬʦʨʤʳ ʦʪʚʝʪʘ 

ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʸʤ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘʨʘʩʪʘʥʠʷ ʪʦʢʘ ʩ 10% ʜʦ 90% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʘʤʧʣʠʪʫʜʳ, ʠ ʨʘʩʯʸʪʦʤ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʩʧʘʜʘ ʦʪʚʝʪʘ, ʧʨʠ ʧʦʤʦʱʠ 

ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ.  

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʪʠʢʠ ʦʪʚʝʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʫʯʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʦʢʦʚ ʧʦ ʘʤʧʣʠʪʫʜʝ (ʈʠʩ. 3.12). ɼʣʷ ʵʪʦʛʦ 

ʚʳʯʠʩʣʷʣʦʩʴ ʦʪʥʦʰʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʦʢʘ ʚ ʦʪʚʝʪ ʥʘ pH, ʢ ʪʦʢʫ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʄʝʥʴʰʠʡ ʧʦ ʘʤʧʣʠʪʫʜʝ ʪʦʢ ʧʝʨʝʤʥʦʞʘʣʩʷ ʥʘ ʧʦʣʫʯʝʥʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʤʳ ʧʦʣʫʯʘʣʠ ʦʪʚʝʪʳ ʨʘʚʥʳʝ ʧʦ ʘʤʧʣʠʪʫʜʝ.  
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ɻʣʘʚʘ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

3.1. ɼʝʡʩʪʚʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦʘʤʠʥʦʚ ʥʘ ʛʦʤʦʤʝʨʥʳʝ ASIC ʢʘʥʘʣʳ 

ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʨʘʟʥʳʭ ʩʫʙʲʝʜʠʥʠʮ ʧʨʦʪʦʥ-

ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ. ʊʘʢ ʚ 

ʎʅʉ ʧʦʟʚʦʥʦʯʥʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʩʫʙʲʝʜʠʥʠʮʳ ASIC1a ʠ ASIC2a, ʘ ʜʣʷ ʇʅʉ ʠ DRG-

ʥʝʡʨʦʥʦʚ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʫʙʲʝʜʠʥʠʮ ASIC3 ʠ ASIC1b. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʫʜʦʙʥʳʤ ʠʟʣʦʞʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤʠ 

ʨʘʟʣʠʯʠʷʤʠ. 

 

3.1.1. ɼʝʡʩʪʚʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦʘʤʠʥʦʚ ʥʘ ʛʦʤʦʤʝʨʥʳʝ ASIC1a ʢʘʥʘʣʳ 

ʇʦʥʠʞʝʥʠʝ pH ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ 7.4 ʧʨʠʚʦʜʠʣʦ ʢ 

ʧʦʷʚʣʝʥʠʶ ʪʨʘʥʟʠʝʥʪʥʳʭ ʪʦʢʦʚ ʯʝʨʝʟ ʢʣʝʪʢʠ, ʥʝʩʫʱʠʝ ʧʣʘʟʤʠʜʫ ASIC1a. 

ʅʝʪʨʘʥʩʬʝʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ, ʥʝ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ASICs, ʥʝ ʦʪʚʝʯʘʣʠ ʥʘ 

ʧʨʝʜʲʷʚʣʝʥʠʝ ʟʘʢʠʩʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʂʠʥʝʪʠʢʘ ʦʪʚʝʪʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʙʳʩʪʨʳʤ (Ű 

=0.05Ñ0.01 ʩ, n=9) ʥʘʨʘʩʪʘʥʠʝʤ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʠ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ ʩʧʘʜʦʤ 

(Ű =1.6Ñ0.5 ʩ, n=9) ʜʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʦʢʘ, ʪʨʫʜʥʦ ʦʪʣʠʯʠʤʦʛʦ 

ʦʪ ʬʦʥʦʚʦʛʦ ʰʫʤʘ. ɸʤʧʣʠʪʫʜʘ ʦʪʚʝʪʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʦʪʦʥʦʚ ʚ ʧʨʝʜʲʷʚʣʷʝʤʦʤ ʨʘʩʪʚʦʨʝ. ɿʥʘʯʝʥʠʝ pH50 ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʪʦʯʢʝ 6.1Ñ0.3 

(n=5) (ʈʠʩ. 3.1. ɸ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʍʝʩʩʝʣʘʛʝʨʘ ʠ 

ʩʦʘʚʪʦʨʦʚ (Hesselager et al., 2004). ʆʪʚʝʪʳ ʩʥʠʞʘʣʠʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʠʥʛʠʙʠʪʦʨʘ ʧʨʦʪʦʥ-ʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ - ʘʤʠʣʦʨʠʜʘ (10 ʤʢʄ), ʥʘ 54Ñ4% 

(n=5) ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʘʧʧʣʠʢʘʮʠʠ ʩ ʨʘʩʪʚʦʨʦʤ, ʠʤʝʶʱʠʤ pH 6.5 (ʈʠʩ. 3.1. ɹ). ɺʩʝ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʚʳʟʳʚʘʣʠ ʪʦʢʦʚ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʘʧʧʣʠʢʘʮʠʠ ʩ 

ʥʝʡʪʨʘʣʴʥʳʤ (pH 7.4) ʨʘʩʪʚʦʨʦʤ. ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʝʱʝʩʪʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʤʝʩʪʥʦʡ ʘʧʧʣʠʢʘʮʠʠ ʩ ʘʢʪʠʚʠʨʫʶʱʠʤ ʨʘʩʪʚʦʨʦʤ, ʠʤʝʶʱʠʤ pH 6.5. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʩʪʠʨʫʝʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʣʷ ʚʩʝʭ ʚʝʱʝʩʪʚ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʢʦʤʙʠʥʘʮʠʷʭ ʢʘʥʘʣʦʚ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʘ, ʨʘʚʥʷʣʘʩʴ 1000 ʤʢʄ. 

ʀʟ ʯʝʪʳʨʸʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʥʝʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʥʘ ʥʘʪʠʚʥʳʭ ʢʘʥʘʣʘʭ, ʪʦʣʴʢʦ 

ʀʕʄ-1921 ʥʝ ʧʨʦʷʚʠʣ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʦʤʦʤʝʨʥʳʭ ASIC1a ʢʘʥʘʣʦʚ, ʜʘʞʝ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1000 ʤʢʄ. ʊʨʠ ʜʨʫʛʠʭ ï 9ɸɸ, ʀʕʄ-2117 ʠ ʤʝʤʘʥʪʠʥ ʚʳʟʳʚʘʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʡ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʦʢʘʟʘʣʩʷ 9-ʘʤʠʥʦʘʢʨʠʜʠʥ. ɺ ʢʦʥʮʝʥʪʨʘʮʠʠ 1000 ʤʢʄ  
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ʈʠʩʫʥʦʢ 3.1. ɸ, ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʦʪʚʝʪʘ ʯʝʨʝʟ ASIC1a ʢʘʥʘʣʳ ʦʪ ʨʅ 

ʧʨʝʜʲʷʚʣʷʝʤʦʛʦ ʨʘʩʪʚʦʨʘ. ɹ, ʧʨʠʤʝʨ ʪʦʢʦʚ ʚ ʦʪʚʝʪ ʥʘ ʨʘʩʪʚʦʨ ʩ ʨʅ 6.5 ʚ ʦʪʩʫʪʩʪʚʠʠ ʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʢʄ ʘʤʠʣʦʨʠʜʘ. 

9ɸɸ ʚʳʟʳʚʘʣ 67Ñ8% (n=6) ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʘʧʧʣʠʢʘʮʠʠ ʩ 

ʘʢʪʠʚʠʨʫʶʱʠʤ ʨʘʩʪʚʦʨʦʤ (ʈʠʩ.3.2. ɹ). ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʦʜʘʚʣʝʥʠʝ ʦʪʚʝʪʘ ʙʳʣʦ 

ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʤ, ʜʣʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʫʜʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (ʈʠʩ. 3.2. ɸ), ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨ IC50 

= 400Ñ100 ʤʢʄ (n=5).  

 ɺʪʦʨʳʤ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ ʠ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʢʣʠʥʠʢʝ 

ʙʣʦʢʘʪʦʨ NMDA-ʨʝʮʝʧʪʦʨʦʚ ï ʤʝʤʘʥʪʠʥ (Chen et al., 1992). 100 ʤʢʄ ʩʦʝʜʠʥʝʥʠʷ 

ʚʳʟʳʚʘʣʠ ʥʝʙʦʣʴʰʦʡ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, 17Ñ9% (n=5), ʩʭʦʞʠʡ ʧʦ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩ 

ʵʬʬʝʢʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 9ɸɸ. ʆʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʦ ʪʝʩʪʠʨʫʝʤʘʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 9ɸɸ, ʩʥʠʞʘʣʘ ʘʤʧʣʠʪʫʜʫ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʦʪʚʝʪʘ ʣʠʰʴ ʥʘʧʦʣʦʚʠʥʫ (50Ñ10%, n=6). ʇʨʠ ʵʪʦʤ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʥʘʪʠʚʥʳʭ ASICs, 

ʦʙʨʘʱʘʣʦ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʚʣʠʷʥʠʝ ʚʝʱʝʩʪʚʘ ʥʘ ʬʦʨʤʫ ʦʪʚʝʪʘ: ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʨʝʟʢʠʤ ʫʩʢʦʨʝʥʠʝʤ ʩʧʘʜʘ, ʯʪʦ ʚʠʟʫʘʣʴʥʦ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʩʠʣʴʥʦʤ 

ʩʫʞʝʥʠʠ ʦʪʚʝʪʘ (ʈʠʩ. 3.2. ɺ). ʕʪʦʪ ʵʬʬʝʢʪ ʙʫʜʝʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ ʨʘʟʜʝʣʝ 

çʄʝʭʘʥʠʟʤʳè. ʇʦʩʢʦʣʴʢʫ ʥʘʩʳʱʘʶʱʠʡ ʵʬʬʝʢʪ ʜʝʡʩʪʚʠʷ ʤʝʤʘʥʪʠʥʘ ʥʝ ʙʳʣ ʜʦʩʪʠʛʥʫʪ, 

ʧʦʩʪʨʦʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ ʢʨʠʚʫʶ ʧʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ 

ʚʦʟʤʦʞʥʳʤ.  

 ɸʥʘʣʦʛ 9-ʘʤʠʥʦʘʢʨʠʜʠʥʘ ʩ ʧʷʪʠʯʣʝʥʥʳʤ ʮʝʥʪʨʘʣʴʥʳʤ ʮʠʢʣʦʤ - ʀʕʄ-2117, 

ʦʢʘʟʘʣʩʷ ʥʘʠʤʝʥʝʝ ʘʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ASIC1a ʢʘʥʘʣʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʩʪʠʨʫʝʤʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ 1000 ʤʢʄ ʠʥʛʠʙʠʨʦʚʘʣʘ ʣʠʰʴ 31Ñ6% (n=5) ʦʪʚʝʪʘ ʥʘ pH 6.5 (ʈʠʩ. 3.2. 

ɻ).  
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ʈʠʩʫʥʦʢ 3.2. ɼʝʡʩʪʚʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦʘʤʠʥʦʚ ʥʘ ASIC1a. ɸ, ʢʨʠʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ASIC1a ʢʘʥʘʣʦʚ 9-ʘʤʠʥʦʘʢʨʠʜʠʥʦʤ. ɹ, 

ʧʨʠʤʝʨʳ ʪʦʢʦʚ ʯʝʨʝʟ ASIC1a ʢʘʥʘʣʳ ʚ ʦʪʩʫʪʩʪʚʠʠ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʄ 9ɸɸ. ɺ, ʧʨʠʤʝʨ 

ʥʘʣʦʞʝʥʠʷ ʪʦʢʦʚ ʚ ʢʦʥʪʨʦʣʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʄ ʤʝʤʘʥʪʠʥʘ. ɻ, ʧʨʠʤʝʨ ʥʘʣʦʞʝʥʠʷ ʪʦʢʦʚ ʚ 

ʢʦʥʪʨʦʣʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʄ ʀʕʄ-2117. ɿʜʝʩʴ ʠ ʜʘʣʝʝ: ʥʘ ʨʠʩʫʥʢʘʭ ɺ ʠ ɻ ʯʸʨʥʳʤ ʧʦʢʘʟʘʥ 

ʢʦʥʪʨʦʣʴʥʳʡ ʦʪʚʝʪ ʥʘ pH, ʢʨʘʩʥʳʤ - ʦʪʚʝʪ ʥʘ pH ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʝʩʪʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  
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