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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ɹɸ ï ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ 

ɺʏʉ ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ 

ɺʕɾʍ ï ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ɻɸʄʂ ï ʛʘʤʤʘ-ʘʤʠʥʦʤʘʩʣʷʥʘʷ ʢʠʩʣʦʪʘ  

ɻʕɹ ï ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

ɼɺʇ ï ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʦʪʝʥʮʠʘʮʠʷ 

ɼʊʊ ï ʜʠʪʠʦʪʨʝʠʪʦʣ 

ɻɸʄʂ ï ʛʘʤʤʘ-ʘʤʠʥʦʤʘʩʣʷʥʘʷ ʢʠʩʣʦʪʘ 

ʂʇʃ ï ʢʨʝʩʪʦʦʙʨʘʟʥʳʡ ʧʨʠʧʦʜʥʷʪʳʡ ʣʘʙʠʨʠʥʪ 

ʄɼ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ 

ʤ.ʜ. ï ʤʠʣʣʠʦʥʥʘʷ ʜʦʣʷ 

ʤʈʅʂ ï ʤʘʪʨʠʯʥʘʷ ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʤʠʈʅʂ ï ʤʘʣʘʷ ʠʥʪʝʨʬʝʨʠʨʫʶʱʘʷ ʈʅʂ 

ʆʇ ï ʦʪʢʨʳʪʦʝ ʧʦʣʝ 

OCT ï ʪʨʘʥʩʧʦʨʪʝʨ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ 

ʇʎʈ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʩ.ʦ. ï ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ 

ʊɸʇ ï ʪʢʘʥʝʚʳʡ ʘʢʪʠʚʘʪʦʨ ʧʣʘʟʤʠʥʦʛʝʥʘ  

ʊʄ ï ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ  

ʬɺʇʉʇ ï ʬʦʢʘʣʴʥʳʡ ʚʦʟʙʫʞʜʘʶʱʠʡ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʎʅʉ ï ʮʝʥʪʨʘʣʴʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ 

Aɓ ï ɓ-ʘʤʠʣʦʠʜʥʳʡ ʧʝʧʪʠʜ 

ACh ï ʘʮʝʪʠʣʭʦʣʠʥ 

AChBP ï ʘʮʝʪʠʣʭʦʣʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ Lymnaea stagnalis 

AChE ï ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʘ 

ACSF ï ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʩʧʠʥʥʦʤʦʟʛʦʚʘʷ ʞʠʜʢʦʩʪʴ, artificial cerebrospinal fluid 

BChE ï ʙʫʪʠʨʠʣʭʦʣʠʥʵʩʪʝʨʘʟʘ 

Ŭ-Bgtx - Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥ 

CarAT - ʢʘʨʥʠʪʠʥ-ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ 

ʉhAT ï ʭʦʣʠʥ-ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ 

CHT-1 ï ʚʳʩʦʢʦʘʬʬʠʥʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ ʘʮʝʪʠʣʭʦʣʠʥʘ 1-ʛʦ ʪʠʧʘ 

Chol ï ʭʦʣʝʩʪʝʨʠʥ 

CSF ï ʩʧʠʥʦ-ʤʦʟʛʦʚʘʷ ʞʠʜʢʦʩʪʴ 

DOPC ï ʜʠʦʣʝʦʠʣ-ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥ; 

DOPG ï ʜʠʦʣʝʦʠʣ-ʬʦʩʬʘʪʠʜʠʣʛʣʠʮʝʨʦʣ; 

DOPS ï ʜʠʦʣʝʦʠʣ-ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥ; 

DhɓE ï ʜʠʛʠʜʨʦ-ɓ-ʵʨʠʪʨʦʠʜʠʥ 

ECL ï ʚʥʝʢʣʝʪʦʯʥʘʷ ʧʝʪʣʷ 
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EGFR ï ʨʝʮʝʧʪʦʨ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ 

ERK ï ʨʝʛʫʣʠʨʫʝʤʘʷ ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʢʠʥʘʟʘ 

GPCR ï ʨʝʮʝʧʪʦʨ, ʩʦʧʨʷʞʝʥʥʳʡ ʩ G-ʙʝʣʢʦʤ 

GPI-ʷʢʦʨʴ ï ʛʣʠʢʦʟʠʣʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣʴʥʳʡ ʷʢʦʨʴ 

GST-Lypd6 ï Lypd6, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʡ ʩʣʠʪʥʦ ʩ ʛʣʫʪʘʪʠʦʥ-S-ʪʨʘʥʩʬʝʨʘʟʦʡ ʥʘ N-ʢʦʥʮʝ  

IC50 ï ʢʦʥʩʪʘʥʪʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʙʣʦʢʠʨʦʚʘʥʘ ʧʦʣʦʚʠʥʘ ʨʝʮʝʧʪʦʨʘ  

IgG ï ʠʤʤʫʥʦʛʣʦʙʫʣʠʥ ʪʠʧʘ G 

Kd ï ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ 

Ly6 ï ʘʥʪʠʛʝʥ ʣʠʤʬʦʮʠʪʦʚ 6 

nAChR ï ʥʠʢʦʪʠʥʦʚʳʡ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ 

NF-əB ï ʷʜʝʨʥʳʡ ʬʘʢʪʦʨ çʢʘʧʧʘ-ʙʠè 

NMDA ï N-ʤʝʪʠʣ-D-ʘʩʧʘʨʪʘʪ 

NTII  ï ʥʝʡʨʦʪʦʢʩʠʥ II  

mAChR ï ʤʫʩʢʘʨʠʥʦʚʳʡ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ 

OCT ï ʪʨʘʥʩʧʦʨʪʝʨ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ 

PC ï ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥ; 

PDAC ï ʨʘʢ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ 

PE ï ʬʦʩʬʘʪʠʜʠʣʵʪʘʥʦʣʘʤʠʥ; 

PG ï ʬʦʩʬʘʪʠʜʠʣʛʣʠʮʝʨʦʣ;  

PKC ï ʧʨʦʪʝʠʥʢʠʥʘʟʘ C 

PLC ï  ʬʦʩʬʦʣʠʧʘʟʘ ʉ  

POPC ï ʧʘʣʴʤʠʪʦʠʣʦʣʝʦʠʣ-ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥ; 

PPF ï ʦʪʥʦʰʝʥʠʝ ʧʘʨʥʦʡ ʬʘʩʠʣʠʪʘʮʠʠ 

PS ï ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥ; 

RMSF ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʬʣʫʢʪʫʘʮʠʷ 

STP ï ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʧʦʪʝʥʮʠʘʮʠʷ 

VAChT ï ʚʝʟʠʢʫʣʷʨʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ ʘʮʝʪʠʣʭʦʣʠʥʘ 

VEGFR ï ʨʝʮʝʧʪʦʨ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʩʦʩʫʜʦʚ 

VGCC ï ʧʦʪʝʥʮʠʘʣʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢʘʣʴʮʠʝʚʳʡ ʢʘʥʘʣ 

uPAR ï ʨʝʮʝʧʪʦʨ ʘʢʪʠʚʘʪʦʨʘ ʧʣʘʟʤʠʥʦʛʝʥʘ ʫʨʦʢʠʥʘʟʥʦʛʦ ʪʠʧʘ 

WTX ï ʥʝʦʙʳʯʥʳʡ ʪʦʢʩʠʥ ʠʟ Naja kaouthia 



 

 

8 

ɺɺɽɼɽʅʀɽ 

ʇʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʥʘʫʢʠ ʦ ʞʠʚʦʤ. ʕʪʠ ʙʝʣʢʠ ʚʦʚʣʝʯʝʥʳ ʚ ʨʘʙʦʪʫ ʥʝʨʚʥʦʡ, ʠʤʤʫʥʥʦʡ ʠ 

ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ, ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʨʝʮʝʧʪʦʨʦʚ, ʧʝʨʝʜʘʶʱʠʭ ʩʠʛʥʘʣʳ ʯʝʨʝʟ 

ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʠʤʧʫʣʴʩʦʚ ʚʜʦʣʴ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ. ɼʠʩʬʫʥʢʮʠʠ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ 

ʨʘʟʚʠʪʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʠ ʠʤʝʥʥʦ ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ ʩʣʫʞʘʪ 

ʤʠʰʝʥʷʤʠ ʜʣʷ ʦʢʦʣʦ 50% ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʤʝʞʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʦʚ, ʷʚʣʷʶʪʩʷ ʣʠʛʘʥʜʦʟʘʚʠʩʠʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚʦ 

ʤʥʦʛʠʭ ʢʣʝʪʢʘʭ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʣʠʛʘʥʜʦʟʘʚʠʩʠʤʭr ʢʘʥʘʣʦʚ 

(ʛʣʠʮʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, GABAɸ ʨʝʮʝʧʪʦʨʳ, ʥʠʢʦʪʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʠ ʥʝʢʦʪʦʨʳʝ 

ʩʝʨʦʪʦʥʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ) ʠʤʝʪʁ ʩʭʦʞʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ. ɺʩʝ ʦʥʠ 

ʩʦʩʪʦʷʪ ʠʟ ʧʷʪʠ ʛʦʤʦʣʦʛʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ, ʛʠʜʨʦʬʦʙʥʳʝ ʯʘʩʪʠ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ 

ʠʦʥʦʧʨʦʚʦʜʷʱʫʶ ʪʨʘʥʩʤʝʤʙʨʘʥʥʫʶ ʧʦʨʫ, ʘ ʚʥʝʢʣʝʪʦʯʥʳʝ N-ʢʦʥʮʝʚʳʝ ʜʦʤʝʥʳ 

ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʣʠʛʘʥʜʘʤʠ ʠ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ, ʦʪʢʨʳʚʘʶʱʠʭ ʠ 

ʟʘʢʨʳʚʘʶʱʠʭ ʧʦʨʫ ʢʘʥʘʣʘ. ʕʪʠ ʢʘʥʘʣʳ ʦʙʲʝʜʠʥʷʶʪ ʚ ʙʦʣʴʰʦʝ ʩʫʧʝʨ-ʩʝʤʝʡʩʪʚʦ, 

ʥʘʟʚʘʥʥʦʝ Cys-ʧʝʪʝʣʴʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ.  

ʆʜʥʠʤ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʩʫʧʝʨ-ʩʝʤʝʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʠʢʦʪʠʥʦʚʳʡ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ (nAChR), ʠʛʨʘʶʱʠʡ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʝʞʢʣʝʪʦʯʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ. ʕʪʦʪ ʨʝʮʝʧʪʦʨ ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʘʮʝʪʠʣʭʦʣʠʥʦʤ, ʥʦ ʠ 

ʥʠʢʦʪʠʥʦʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʠʢʦʪʠʥʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ 

ʪʘʙʘʢʦʢʫʨʝʥʠʠ. ʄʥʦʛʦʦʙʨʘʟʠʝ ʨʝʮʝʧʪʦʨʦʚ ʩʝʤʝʡʩʪʚʘ nAChR ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʛʦʤʦʣʦʛʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ, ʦʙʨʘʟʫʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ 

ʨʘʟʥʳʝ ʧʦʜʪʠʧʳ ʨʝʮʝʧʪʦʨʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʜʘʥʥʳʝ ʦ ʣʦʢʘʣʠʟʘʮʠʠ nAChR 

ʥʝ ʪʦʣʴʢʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʥʦ ʠ ʚ ʢʣʝʪʢʘʭ ʵʧʠʪʝʣʠʷ ʠ ʜʨʫʛʠʭ ʪʢʘʥʝʡ. ʕʪʠ 

ʨʝʮʝʧʪʦʨʳ ʚʦʚʣʝʯʝʥʠʠ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʤʤʫʥʥʦʡ ʠ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ. 

ʉ ʜʠʩʬʫʥʢʮʠʷʤʠ nAChR ʨʘʟʥʳʭ ʧʦʜʪʠʧʦʚ ʩʚʷʟʘʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʤʥʦʞʝʩʪʚʘ 

ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʨʚʥʦʡ ʠ ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ, ʧʘʨʢʠʥʩʦʥʠʟʤ, 

ʤʳʰʝʯʥʘʷ ʜʠʩʪʨʦʬʠʷ, ʵʧʠʣʝʧʩʠʷ, ʜʝʧʨʝʩʩʠʷ, ʥʠʢʦʪʠʥʦʚʘʷ ʠ ʘʣʢʦʛʦʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʠ, ʘ 

ʪʘʢʞʝ, ʚʠʜʠʤʦ, ʨʘʟʚʠʪʠʝ ʨʷʜʘ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʟʘʙʦʣʝʚʘʥʠʡ ʠʤʤʫʥʥʦʡ ʠ 

ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʚ ʣʝʯʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʜʠʩʬʫʥʢʮʠʝʡ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʥʝʡʨʦʨʝʮʝʧʪʦʨʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʦ ʩʦʟʜʘʥʠʝ 
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ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. ɺ ʩʣʫʯʘʝ nAChR ʯʝʣʦʚʝʢʘ 

ʧʨʦʦʙʨʘʟʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʧʨʠʨʦʜʥʳʝ 

ʪʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ Ly-6/uPAR, ʤʦʜʫʣʠʨʫʶʱʠʝ ʨʘʙʦʪʫ ʵʪʦʛʦ ʨʝʮʝʧʪʦʨʘ. 

ʆʜʥʘʢʦ, ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʝʦʙʭʦʜʠʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʘ ʠʤʝʥʥʦ: ʜʘʥʥʳʝ ʦ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ 

ʵʪʠʭ ʙʝʣʢʦʚ ʚ ʤʦʟʛʝ ʠ ʜʨʫʛʠʭ ʪʢʘʥʷʭ ʯʝʣʦʚʝʢʘ, ʜʝʪʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʠʛʘʥʜ-ʨʝʮʝʧʪʦʨ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʫʥʢʮʠʝʡ ʵʪʠʭ ʤʦʣʝʢʫʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ, ʬʫʥʢʮʠʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ. 
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ʏɸʉʊʔ I. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ɻʃɸɺɸ 1. ʉʊʈʋʂʊʋʈɸ ʀ ʌʋʅʂʎʀʗ ɸʎɽʊʀʃʍʆʃʀʅʆɺʓʍ 

ʈɽʎɽʇʊʆʈʆɺ 

1.1. ʅʠʢʦʪʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (nAChR) 

ʅʠʢʦʪʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (nAChR) ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʩʝʤʝʡʩʪʚʘ Cys-ʧʝʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʟʘʚʠʩʠʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʚʢʣʶʯʘʶʱʝʛʦ ʪʘʢʞʝ 

ʩʝʨʦʪʦʥʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, GABAɸ-ʨʝʮʝʧʪʦʨʳ ʠ ʛʣʠʮʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ [1]. ɸʮʝʪʠʣʭʦʣʠʥ 

(ACh) ʠʣʠ ʥʠʢʦʪʠʥ ʘʢʪʠʚʠʨʫʶʪ ʨʝʮʝʧʪʦʨ nAChR, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʪʢʨʳʚʘʝʪʩʷ ʠʦʥʥʳʡ 

ʢʘʥʘʣ, ʧʨʦʥʠʮʘʝʤʳʡ ʜʣʷ ʢʘʪʠʦʥʦʚ K+, Na+ ʠ Ca2+. ʋ ʯʝʣʦʚʝʢʘ ʨʝʮʝʧʪʦʨʳ nAChR 

ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʘʭ ʥʘ ʧʨʝ- ʠ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʥʝʡʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʚ ʥʝʡʨʦʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ. ʢʨʦʤʝ ʪʦʛʦ, 

nAChR ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʥʝ-ʥʝʡʨʦʥʘʣʴʥʳʭ ʪʢʘʥʷʭ: ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ, ʢʣʝʪʢʘʭ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʤʠʪʦʭʦʥʜʨʠʷʭ [2ï5]. 

nAChR ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʘʤʷʪʠ [2]. ɸʢʪʠʚʘʮʠʷ ʨʝʮʝʧʪʦʨʘ nAChR Ŭ7 ʪʠʧʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʢʦʛʥʠʪʠʚʥʳʝ 

ʧʨʦʮʝʩʩʳ: ʤʳʰʣʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥʠʤʘʥʠʷ; ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʬʦʥ, 

ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʪʨʝʩʩʦʚʳʤ ʬʘʢʪʦʨʘʤ. ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʘʷ ʬʘʨʤʘʢʦʣʦʛʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ nAChR ʢʘʢ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʤʠʰʝʥʝʡ ʧʨʠ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʠ ʫʣʫʯʰʝʥʠʝ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ [6ï9]. 

ʈʝʮʝʧʪʦʨʳ nAChR ʢʦʥʪʨʦʣʠʨʫʶʪ ʨʷʜ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʠ: ʩʦʢʨʘʱʝʥʠʝ ʤʳʰʝʯʥʳʭ 

ʚʦʣʦʢʦʥ [10], ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ [11,12], ʛʦʤʝʦʩʪʘʟ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ [13]. 

ʏʝʨʝʟ ʢʘʩʢʘʜ ʩʠʛʥʘʣʴʥʳʭ ʢʠʥʘʟ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʦʡ nAChR, 

ʨʝʛʫʣʠʨʫʶʪ ʥʘʯʘʣʴʥʳʝ ʩʦʙʳʪʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʧʫʪʠ ʘʧʦʧʪʦʟʘ [5]. ʋ ʯʝʣʦʚʝʢʘ 

ʜʠʩʬʫʥʢʮʠʠ nAChR ʚʳʟʳʚʘʶʪ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʡ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʥʘʨʫʰʝʥʠʝʤ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ [14,15], ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ 

ʚʠʜʳ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ [16], ʠ ʧʨʠʚʦʜʷʪ ʢ  ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʫʭʦʣʝʡ ʵʧʠʪʝʣʠʘʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ [17]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʠʢʦʪʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ï ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ 

ʨʝʮʝʧʪʦʨʥʳʭ ʙʝʣʢʦʚ, ʯʝʤʫ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʘʣʠʯʠʝ 

ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ, ï ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʟʤʝʡ [18]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʢʘʢ ʩʦ ʩʪʨʦʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ nAChR, ʪʘʢ ʠ ʩ 



 

 

11 

ʤʝʭʘʥʠʟʤʘʤʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʚʥʫʪʨʴ ʢʣʝʪʢʠ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʵʪʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, 

ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ. 

1.1.1. ʉʫʙʲʝʜʠʥʠʯʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ nAChR 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ nAChR 

ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʜʝʪʘʣʴʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

nAChR ʜʦʣʛʦʝ ʚʨʝʤʷ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʚʝʩʪʥʦʡ. ɻʣʘʚʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʮʝʧʪʦʨʦʚ nAChR ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʢʦʣʠʯʝʩʪʚ ʙʝʣʢʘ ʠ ʠʭ ʥʠʟʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʤʝʤʙʨʘʥʦʤʦʜʝʣʠʨʫʶʱʠʭ ʩʨʝʜʘʭ. ʈʝʮʝʧʪʦʨʳ nAChR ʙʝʟʫʩʧʝʰʥʦ ʧʳʪʘʣʠʩʴ ʧʦʣʫʯʠʪʴ ʧʨʠ 

ʧʦʤʦʱʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʜʨʦʞʞʝʚʳʭ ʩʠʩʪʝʤ ʵʢʩʧʨʝʩʩʠʠ, ʘ ʪʘʢʞʝ ʚ ʢʣʝʪʢʘʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ [19ï24]. ʅʝʜʘʚʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʣʷ ʵʢʩʧʨʝʩʩʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʮʝʧʪʦʨʘ, ʥʘʧʨʠʤʝʨ, ʛʦʤʦʧʝʥʪʘʤʝʨʥʦʛʦ ʥʝʡʨʦʥʘʣʴʥʦʛʦ nAChR Ŭ7 ʪʠʧʘ, 

ʥʝʦʙʭʦʜʠʤ ʫʥʠʢʘʣʴʥʳʡ ʢʦʬʘʢʪʦʨ (NACHO, novsauel nAChR regulator), ʦʪʚʝʯʘʶʱʠʡ, ʢʘʢ ʟʘ 

ʩʙʦʨʢʫ nAChR ʚ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ, ʪʘʢ ʠ ʟʘ ʝʛʦ ʙʠʦʛʝʥʝʟ ʠ ʪʨʘʥʩʬʝʨ ʚ 

ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ. ʅʦʢʘʫʪ ʛʝʥʘ NACho ʫ ʤʳʰʝʡ ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʡ ʠ 

ʧʦʣʥʦʡ ʵʣʠʤʠʥʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ Ŭ7-nAChR [25]. 

 

 

ʉʝʤʝʡʩʪʚʦ ʨʝʮʝʧʪʦʨʦʚ nAChR ʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʤʳʰʝʯʥʳʝ ʠ 

ʥʝʡʨʦʥʘʣʴʥʳʝ. nAChR ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʝʡʨʦʤʳʰʝʯʥʳʭ ʦʢʦʥʯʘʥʠʷʭ ʚ 

ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ ʠ ʦʪʚʝʯʘʶʪ ʟʘ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʫʶ ʧʝʨʝʜʘʯʫ. nAChR ʥʝʡʨʦʥʘʣʴʥʦʛʦ 

ʪʠʧʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ  ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʛʜʝ ʦʥʠ ʦʪʚʝʯʘʶʪ 

ʟʘ ʙʳʩʪʨʫʶ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ [26]. ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʨʝʮʝʧʪʦʨʦʚ nAChR ʦʙʨʘʟʫʶʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʩʫʙʲʝʜʠʥʠʮ. ʉʦʙʠʨʘʷʩʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʙʠʥʘʮʠʷʭ ʛʦʤʦʣʦʛʠʯʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ nAChR, ʦʙʨʘʟʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʦʤʦ ʠ 
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ʛʝʪʝʨʦ-ʧʝʥʪʘʤʝʨʳ (ʈʠʩ. 1.1). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ 12 ʛʦʤʦʣʦʛʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ 

(Ŭ2-Ŭ10, ɓ2-ɓ4) ʦʙʨʘʟʫʶʱʠʭ ʥʝʡʨʦʥʘʣʴʥʳʝ nAChR, ʠ 5 ʛʦʤʦʣʦʛʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ (Ŭ1, ɓ1, 

g, d, e) ʦʙʨʘʟʫʶʱʠʭ ʤʳʰʝʯʥʳʝ nAChR. ʉʫʙʲʝʜʠʥʠʮʳ ʢʘʞʜʦʛʦ ʠʟ ʧʷʪʠ ʪʠʧʦʚ nAChR 

ʦʙʣʘʜʘʶʪ 20-30% ʛʦʤʦʣʦʛʠʝʡ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɺʥʫʪʨʠ ʪʠʧʘ 

ʛʦʤʦʣʦʛʠʷ ʚʳʰʝ, ʦʢʦʣʦ 70%. 

ʂʘʞʜʘʷ ʩʫʙʲʝʜʠʥʠʮʘ nAChR ʩʦʩʪʦʠʪ ʠʟ ʚʥʝʢʣʝʪʦʯʥʦʛʦ, ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʦʚ. ɹʦʣʴʰʦʡ ʚʥʝʢʣʝʪʦʯʥʳʡ N-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ, ʩʦʜʝʨʞʠʪ ʩʘʡʪʳ 

ʜʣʷ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ ʠ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʡ ʫʯʘʩʪʦʢ. ʊʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʜʦʤʝʥ 

ʦʙʨʘʟʦʚʘʥ ʯʝʪʳʨʴʤʷ a-ʩʧʠʨʘʣʷʤʠ (ʄ1-ʄ4), ʩʦʝʜʠʥʝʥʥʳʭ ʪʨʝʤʷ ʧʝʪʣʷʤʠ. 

ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ ʦʙʨʘʟʦʚʘʥ ʧʝʪʣʝʡ ʤʝʞʜʫ ʩʧʠʨʘʣʷʤʠ ʄ3- ʠ ʄ4- ʠ ʩʦʜʝʨʞʠʪ ʩʘʡʪʳ 

ʜʣʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ʉ-ʂʦʥʮʝʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʡ ʩʫʙʲʝʜʠʥʠʮʳ 

ʵʢʩʧʦʥʠʨʦʚʘʥʘ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʈʠʩ. 1.2ɸ).  

 

Cys-ʧʝʪʣʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʜʦʤʝʥʝ nAChR ʠ ʦʙʨʘʟʦʚʘʥʘ 13 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʜʠʩʫʣʴʬʠʜʥʦʡ 

ʩʚʷʟʴʶ. ʅʘʣʠʯʠʝ Cys-ʧʝʪʣʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʛʦ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ ʧʝʥʪʘʤʝʨʥʳʭ ʣʠʛʘʥʜ-

ʟʘʚʠʩʠʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ʂʨʦʤʝ Cys-ʧʝʪʣʠ ʥʘ ʚʥʝʢʣʝʪʦʯʥʦʤ ʜʦʤʝʥʝ ʠʤʝʝʪʩʷ 

ʧʦʜʚʠʞʥʘʷ ʉ-ʧʝʪʣʷ, çʧʨʠʢʨʳʚʘʶʱʘʷè ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʡ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ 

ʨʝʮʝʧʪʦʨʘ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʠʥʪʝʨʬʝʡʩʝ çʦʩʥʦʚʥʦʡè ʠ çʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡè 

ʩʫʙʲʝʜʠʥʠʮ (ʈʠʩ. 1.2ɹ).  

 

ʈʠʩ. 1.2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʫʙʲʝʜʠʥʠʮ nAChR. (ɸ). ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ 

ʩʫʙʲʝʜʠʥʠʮʳ nAChR, ʩʠʤʚʦʣʦʤ ñYò ʧʦʢʘʟʘʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʘʡʪʦʚ 

ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ, ʩʚʝʪʣʳʤ ʪʦʥʦʤ ʦʪʤʝʯʝʥʘ ʩʧʠʨʘʣʴ ʄ2, ʫʯʘʩʪʚʫʶʱʘʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʨʳ 

ʠʦʥʥʦʛʦ ʢʘʥʘʣʘ. ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ ʨʘʙʦʪʳ [1]. (ɹ). ʉʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ nAChR ʩʬʦʨʤʠʨʦʚʘʥ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʜʚʫʭ ʩʫʙʲʝʜʠʥʠʮ, ʙʫʢʚʘʤʠ ñAòïñFò ʦʙʦʟʥʘʯʝʥʳ 

ʧʝʪʣʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʜʦʤʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʝ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʣʠʛʘʥʜʦʤ. ʃʘʪʠʥʩʢʠʤʠ ʙʫʢʚʘʤʠ 

ʚ ʢʨʫʞʦʯʢʘʭ ʦʙʦʟʥʘʯʝʥʳ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʩʘʡʪʘ (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ ʨʘʙʦʪʳ [27]). 
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ʋ nAChR ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʨʛʘʥʘ ʩʢʘʪʘ Torpedo 

californica, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʚʘ ʩʘʡʪʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʘʛʦʥʠʩʪʦʚ. ʕʪʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʝ ʩʘʡʪʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʩʫʙʲʝʜʠʥʠʮ a1L-d ʠ a1H-g. ɺ 

ʦʙʨʘʟʦʚʘʥʠʠ ʩʘʡʪʘ ʫʯʘʩʪʚʫʶʪ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ 192-200 Ŭ1-ʩʫʙʲʝʜʠʥʠʮʳ [28]. 

ʉʭʝʤʘʪʠʯʥʦ, ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʡ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʘʛʦʥʠʩʪʦʚ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 

1.1ɸ. ʆʨʪʦʩʪʝʨʠʯʝʩʢʠʝ ʩʘʡʪʳ ʚ ʥʝʡʨʦʥʘʣʴʥʳʭ ʛʝʪʝʨʦʧʝʥʪʘʤʝʨʥʳʭ ʨʝʮʝʧʪʦʨʘʭ 

ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʨʝʮʝʧʪʦʨʘʭ ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ (ʈʠʩ. 1.1ɹ). ɺ ʩʣʫʯʘʝ 

ʛʦʤʦʧʝʥʪʘʤʝʨʥʳʭ ʥʝʡʨʦʥʘʣʴʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, Ŭ7 ʪʠʧʘ (Ŭ7-nAChR), ʣʠʛʘʥʜʳ 

ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʣʶʙʳʤ ʠʟ ʧʷʪʠ ʠʜʝʥʪʠʯʥʳʭ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʭ ʩʘʡʪʦʚ (ʈʠʩ. 1.1ɺ). 

ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ,  ʩʚʷʟʳʚʘʥʠʝ ʣʠʛʘʥʜʘ ʜʘʞʝ ʚ ʦʜʥʦʤ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʤ ʩʘʡʪʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʙʣʦʢʠʨʦʚʢʠ ʢʘʥʘʣʘ 

ʨʝʮʝʧʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ çʧʦʩʘʜʢʠè ʣʠʛʘʥʜʦʚ ʚ ʩʦʩʝʜʥʠʝ ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʠʝ ʫʯʘʩʪʢʠ [29].  

 

 

ʆʪʢʨʳʪʠʝ ʠ ʟʘʢʨʳʪʠʝ ʠʦʥʥʦʛʦ ʢʘʥʘʣʘ nAChR ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʱʝʥʠʷ 

ʩʧʠʨʘʣʝʡ ʄ2, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʢʠ ʢʘʥʘʣʘ [30]. ʉʦʯʝʪʘʥʠʝ ʟʘʨʷʞʝʥʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʫʩʪʴʝ ʢʘʥʘʣʘ ʠ ʛʠʜʨʦʬʦʙʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʧʦʣʦʩʪʠ ʢʘʥʘʣʘ 

ʦʧʨʝʜʝʣʷʶʪ ʩʝʣʝʢʪʠʚʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ nAChR ʜʣʷ ʠʦʥʦʚ (ʈʠʩ. 1.3). 

ʈʝʮʝʧʪʦʨʳ ʨʘʟʣʠʯʥʦʛʦ ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

ʜʣʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʥʘʪʨʠʷ. ɼʣʷ ʤʳʰʝʯʥʳʭ nAChR ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʠʦʥʦʚ 

Ca2+/Na+ ʩʦʩʪʘʚʣʷʝʪ ~0.1, ʜʣʷ ʛʝʪʝʨʦʤʝʨʥʳʭ ʥʝʡʨʦʥʘʣʴʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ~2.0, ʜʣʷ 
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ʛʦʤʦʧʝʥʪʘʤʝʨʥʳʭ ʥʝʡʨʦʥʘʣʴʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ~10.0 [31]. ɺ ʨʝʮʝʧʪʦʨʝ Ŭ7-nAChR ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʩʧʠʨʘʣʷʤʠ ʄ1 ʠ ʄ3 ʨʘʩʧʦʣʦʞʝʥ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʦʚ. ʉʚʷʟʳʚʘʥʠʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʦʚ ʥʝ ʧʨʠʚʦʜʠʪ ʢ  

ʦʪʢʨʳʪʠʶ ʢʘʥʘʣʘ, ʥʦ ʠʟʤʝʥʷʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʪʚʝʪʘ ʠ ʢʠʥʝʪʠʢʫ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʚ ʧʦʧʫʣʷʮʠʠ ʢʘʥʘʣʦʚ [32]. 

ʇʝʪʣʠ ʩʦʝʜʠʥʷʶʱʠʝ ʩʧʠʨʘʣʠ ʄ3 ʠ ʄ4 ʬʦʨʤʠʨʫʶʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ nAChR. 

ɼʘʥʥʳʝ ʧʝʪʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴʶ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʩʫʙʲʝʜʠʥʠʮ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʫʙʲʝʜʠʥʠʮ nAChR [33]. 

ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʨʠ ʩʙʦʨʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʮʝʧʪʦʨʘ 

ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʫʙʲʝʜʠʥʠʮ [34] ʠ ʦʧʨʝʜʝʣʷʝʪ ʪʨʘʥʩʧʦʨʪ ʥʝʢʦʪʦʨʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚ  ʩʠʥʘʧʩʳ 

[35]. ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ ʦʧʨʝʜʝʣʷʝʪ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʤʳʰʝʯʥʳʭ nAChR ʚ 

ʥʝʡʨʦʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ [36]. ɺʦʟʤʦʞʥʦ, ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤ ʜʦʤʝʥʝ nAChR 

ʨʘʩʧʦʣʦʞʝʥ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ G-ʙʝʣʢʦʚ (ʩʤ. ʥʠʞʝ) [33,37]. 

 

 

1.1.2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ nAChR 

ʉʪʨʫʢʪʫʨʘ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ nAChR ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʦʩʦʙʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʟʜʝʩʴ ʨʘʩʧʦʣʦʞʝʥʳ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ 

ʵʥʜʦʛʝʥʥʳʭ ʠ ʵʢʟʦʛʝʥʥʳʭ ʣʠʛʘʥʜʦʚ, ʥʘʧʨʠʤʝʨ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʠʟ ʷʜʘ ʟʤʝʡ [38]. ʇʝʨʚʳʝ 

ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 2001 ʛ. ʢʦʛʜʘ 

ʧʦʷʚʠʣʘʩʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʦʤʦʣʦʛʘ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ nAChR - 

ʘʮʝʪʠʣʭʦʣʠʥ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ (AChBP), ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʤʦʣʣʶʩʢʘ Lymnae astagnalis 
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(ʈʠʩ. 1.4) [39]. ɻʦʤʦʣʦʛʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ AChBP ʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʜʦʤʝʥʘ Ŭ7-nAChR ʩʦʩʪʘʚʣʷʝʪ 24%, ʠ ʜʦʤʝʥʦʚ ʜʨʫʛʠʭ nAChR ï 20-24%.. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ AChBP ʩ ʘʛʦʥʠʩʪʘʤʠ ʠ ʘʥʪʘʛʦʥʠʩʪʘʤʠ [40]. ɺ 

2011 ʛ. ʫʜʘʣʦʩʴ ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴ ʚ ʢʣʝʪʢʘʭ ʜʨʦʞʞʝʡ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʭʠʤʝʨʥʳʡ 

ʚʥʝʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ ʨʝʮʝʧʪʦʨʘ, ʩʦʜʝʨʞʘʱʠʡ ʫʯʘʩʪʢʠ ʢʘʢ Ŭ7-nAChR ʪʘʢ ʠ AChBP. 

ɻʦʤʦʣʦʛʠʷ ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ ʜʦʤʝʥʦʤ Ŭ7-nAChR ʩʦʩʪʘʚʠʣʘ 71%. ʇʦʣʫʯʝʥʥʳʡ ʭʠʤʝʨʥʳʡ 

ʜʦʤʝʥ ʦʙʣʘʜʘʣ ʩʭʦʞʝʡ ʩ Ŭ7-nAChR ʘʢʪʠʚʥʦʩʪʴʶ [41]. ʈʝʟʫʣʴʪʘʪʘʤʠ ʵʪʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʚ 

ʯʘʩʪʥʦʩʪʠ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʤʦʜʫʣʷʪʦʨʦʚ ʩ Ŭ7-

nAChR (ʈʠʩ. 1.5) [42]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʜʦʤʝʥʦʚ nAChR ʧʫʪʝʤ ʟʘʤʝʥʳ ʯʘʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʥʘ 

ʛʦʤʦʣʦʛʠʯʥʳʝ ʦʩʪʘʪʢʠ ʠʟ AChBP ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʜʣʷ ʜʨʫʛʠʭ ʛʦʤʦʧʝʥʪʘʤʝʨʥʳʭ Cys-

ʨʝʮʝʧʪʦʨʦʚ [43].  

 

 

ʆʪʜʝʣʴʥʦʛʦ ʫʧʦʤʠʥʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʤʝʪʦʜʦʤ ʩʣʫʯʘʡʥʦʛʦ 

ʤʫʪʘʛʝʥʝʟʘ ʚ ʢʣʝʪʢʘʭ ʜʨʦʞʞʝʡ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚʥʝʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ Ŭ1-nAChR ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʜʦʤʝʥʘ ʩ Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ [44].  

ʉʪʨʫʢʪʫʨʘ ʧʝʨʚʦʛʦ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʥʠʢʦʪʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ 

2005 ʛʦʜʫ. ʄʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ nAChR 

ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ ʠʟ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʨʛʘʥʘ ʩʢʘʪʘ T. californica ʩ ʨʘʟʨʝʰʝʥʠʝʤ 4 ¡ [32]. 

ʇʝʨʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʘ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʥʝʡʨʦʥʘʣʴʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʚ 2016 ʛ. ɽ  ʁʩʪʘʣʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Ŭ4ɓ2-nAChR (ʨʘʟʨʝʰʝʥʠʝ 3.9 ¡), 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʦʛʦ ʚ ʢʣʝʪʢʘʭ HEK293 (ʈʠʩ. 1.6) [45]. ɺ 2018 ʛ. ʤʝʪʦʜʘʤʠ 

ʢʨʠʦʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʘʟʨʝʰʝʥʠʝ 3.5 ¡) ʵʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʪʨʫʢʪʫʨʳ Ŭ4ɓ2-nAChR ʜʚʫʭ ʨʘʟʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʡ [46]. 
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1.1.3. ʄʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʯʝʨʝʟ nAChR 

ʆʪʢʨʳʪʠʝ ʢʘʥʘʣʘ nAChR ʠ ʧʨʦʪʝʢʘʥʠʝ ʠʦʥʥʦʛʦ ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ 

ʩʚʷʟʳʚʘʥʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʘʛʦʥʠʩʪʘ, ʥʘʧʨʠʤʝʨ, ACh ʠʣʠ ʥʠʢʦʪʠʥʘ. ʇʦʤʠʤʦ ʦʪʢʨʳʪʦʛʦ ʠ 

ʟʘʢʨʳʪʦʛʦ, nAChR ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʦʤ (ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʦʤ) 

ʩʦʩʪʦʷʥʠʡ. ɺ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʨʝʮʝʧʪʦʨ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴ ʘʛʦʥʠʩʪ, ʥʦ ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʢʨʳʪʠʶ ʢʘʥʘʣʘ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʚʷʟʳʚʘʥʠʝ ʣʠʛʘʥʜʘ ʩ ʨʝʮʝʧʪʦʨʦʤ ʠ ʦʪʢʨʳʪʠʝ ʢʘʥʘʣʘ 

ʨʝʮʝʧʪʦʨʘ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʩʦʙʳʪʠʷ, Monod, Wyman ʠ Changeaux ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʝʣʴ, 

ʦʧʠʩʳʚʘʶʱʫʶ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ nAChR ʢʘʢ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʧʨʦʮʝʩʩʳ (ʤʦʜʝʣʴ MWC). ɺ ʜʘʣʴʥʝʡʰʝʤ, ʠʟʫʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʦʜʠʥʦʯʥʳʭ 

ʢʘʥʘʣʦʚ, ʧʨʠʚʝʣʦ ʢ ʫʩʣʦʞʥʝʥʠʶ ʵʪʦʡ ʤʦʜʝʣʠ. ʇʦʤʠʤʦ ʦʪʢʨʳʪʦʛʦ, ʟʘʢʨʳʪʦʛʦ ʠ 

ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʦʛʦ, ʧʦʷʚʠʣʦʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ: çprimingè [47,48]. ʕʪʦ 

ʩʦʩʪʦʷʥʠʠ ʚʦʟʥʠʢʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʯʘʩʪʠʯʥʦʛʦ ʘʛʦʥʠʩʪʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚ ʩʨʝʜʥʝʤ ʪʦʣʴʢʦ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʝʮʝʧʪʦʨʦʤ, ʯʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʢʨʳʪʠʶ ʢʘʥʘʣʘ, ʥʦ ʚʳʟʳʚʘʝʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʮʝʧʪʦʨʝ, ʢʦʪʦʨʳʝ 

ʧʦʚʳʰʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʮʝʧʪʦʨʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʙʘʚʣʝʥʠʠ ʢ ʥʠʤ ʧʦʣʥʦʛʦ 

ʘʛʦʥʠʩʪʘ (ʈʠʩ. 1.7ɸ). 
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ʉʦ ʚʨʝʤʝʥʝʤ ʤʦʜʝʣʴ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ nAChR ʝʱʝ ʙʦʣʝʝ ʫʩʣʦʞʥʠʣʘʩʴ. 

ʆʙʥʘʨʫʞʠʣʦʩʴ, ʯʪʦ ʨʝʮʝʧʪʦʨ ʩʧʦʩʦʙʝʥ ʥʘʭʦʜʠʪʴʩʷ ʥʝ ʚ ʦʜʥʦʤ, ʘ ʚ ʜʚʫʭ 

ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ɸʬʬʠʥʥʦʩʪʴ ʘʛʦʥʠʩʪʦʚ ʢ ʵʪʠʤ ʜʚʫʤ 

ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʷʤ (D1 ʠ D2) ʨʘʟʣʠʯʥʘ. ʊʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ACh c 

ʤʳʰʝʯʥʳʤ nAChR, Kd ʟʘʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 10 ʤʢʄ, ʜʣʷ ʩʦʩʪʦʷʥʠʷ D1 ï 1 

ʤʢʄ, ʜʣʷ ʩʦʩʪʦʷʥʠʷ D2 ï 3-10 ʥʄ [49]. ʋ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ nAChR ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʩʢʦʨʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʅʘʧʨʠʤʝʨ, nAChR ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʛʦʥʠʩʪʘ ʤʥʦʞʝʩʪʚʦ ʨʘʟ 

ʩʦʚʝʨʰʘʝʪ ʧʝʨʝʭʦʜ ʠʟ ʟʘʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʪʢʨʳʪʦʝ ʠ ʦʙʨʘʪʥʦ ʧʝʨʝʜ ʧʝʨʝʭʦʜʦʤ ʚ 

ʜʝʩʝʥʩʠʪʠʟʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɸ ʨʝʮʝʧʪʦʨ Ŭ7-nAChR ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ 

ʚ ʩʦʩʪʦʷʥʠʠ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ [50], ʠ ʣʠʰʴ ʠʥʦʛʜʘ ʧʝʨʝʭʦʜʠʪ ʚ ʦʪʢʨʳʪʦʝ ʩʦʩʪʦʷʥʠʝ (ʈʠʩ. 

1.7ɹ). 
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ɺʝʨʦʷʪʥʦ, Ŭ7-nAChR ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʮʝʧʪʦʨʥʫʶ ʬʫʥʢʮʠʶ ʧʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʤʫ ʤʝʪʘʙʦʪʨʦʧʥʦʤʫ ʧʫʪʠ, ʙʝʟ ʦʪʢʨʳʪʠʷ ʠʦʥʥʦʛʦ ʢʘʥʘʣʘ ʨʝʮʝʧʪʦʨʘ. ɺʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤ ʜʦʤʝʥʝ ʥʝʡʨʦʥʘʣʴʥʦʛʦ ʨʝʮʝʧʪʦʨʘ Ŭ7-nAChR (ʧʝʪʣʷ ʄ3-ʄ4), ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (345-348), ʛʦʤʦʣʦʛʠʯʥʘʷ ʢʣʘʩʪʝʨʘʤ ʩʚʷʟʳʚʘʥʠʷ G-ʙʝʣʢʦʚ 

ʚ ʨʝʮʝʧʪʦʨʝ GlyR1 ʠ ʨʝʮʝʧʪʦʨʘʭ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ G-ʙʝʣʢʦʤ (GPCR) [51]. ʅʘ ʢʣʝʪʢʘʭ ʈʉ12 

ʚ ʢʦʥʫʩʘʭ ʨʦʩʪʘ ʥʝʡʨʠʪʦʚ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ Ŭ7-nAChR ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ 

ʬʦʩʬʦʣʠʧʘʟʳ ʉ, ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʚʪʦʨʠʯʥʦʛʦ ʤʝʩʩʝʥʜʞʝʨʘ ʠʥʦʟʠʪʦʣʪʨʠʬʦʩʬʘʪʘ IP3 

ʘʢʪʠʚʘʮʠʠ IP3-ʨʝʮʝʧʪʦʨʦʚ ʠ ʚʳʭʦʜʫ ʢʘʣʴʮʠʷ ʠʟ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʜʝʧʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ  

ʠʥʛʠʙʠʨʦʚʘʥʠʝ GŬq ʠʣʠ ʤʫʪʘʮʠʷ ʬʨʘʛʤʝʥʪʘ 345-348 ʚ Ŭ7-nAChR ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ 

ʘʢʪʠʚʘʮʠʠ ʬʦʩʬʦʣʠʧʘʟʳ C ʠ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʢʘʣʴʮʠʷ ʠʟ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʜʝʧʦ ʧʨʠ 

ʩʪʠʤʫʣʷʮʠʠ ʨʝʮʝʧʪʦʨʘ (ʈʠʩ. 1.8, [51]). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Ŭ7-nAChR ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣ 

ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʙʝʟ ʦʪʢʨʳʪʠʷ ʠʦʥʥʦʛʦ ʢʘʥʘʣʘ, ʧʦ 
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ʤʝʪʘʙʦʪʨʦʧʥʦʤʫ ʧʫʪʠ, ʯʪʦ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ. 

1.1.4. ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʚ ʥʝʡʨʦʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʳʰʝʯʥʳʝ ʥʠʢʦʪʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ʠ ʧʝʨʝʜʘʯʘ ʠʤʠ 

ʩʠʛʥʘʣʘ ʚ ʥʝʡʨʦʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ. ʇʨʦʭʦʞʜʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʧʦ ʤʦʪʦʨʥʦʤʫ 

ʥʝʡʨʦʥʫ ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʨʦʩʫ ʚ ʱʝʣʴ ʥʝʡʨʦʤʳʰʝʯʥʦʛʦ ʩʠʥʘʧʩʘ ACh, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʷ 

nAChR ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʚʳʟʳʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ (ʈʠʩ. 

1.9). ɹʳʩʪʨʘʷ ʧʝʨʝʜʘʯʘ ʦʪʜʝʣʴʥʳʭ ʤʦʪʦʨʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʥʝʡʨʦʤʳʰʝʯʥʦʤ ʩʠʥʘʧʩʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ Aʉh. ɿʘ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Aʉh ʦʪʚʝʯʘʝʪ ʤʝʭʘʥʠʟʤ ʵʢʟʦʮʠʪʦʟʘ ʚʝʟʠʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʡʨʦʤʝʜʠʘʪʦʨ ʠʟ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʩʠʥʘʧʩʘ. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʧʘʜʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ACh, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʦʚ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ (AChE) ʠʣʠ 

ʙʫʪʠʨʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ (BChE), ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʦʣʥʳʡ ʛʠʜʨʦʣʠʟ ACh ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʱʝʣʠ ʧʨʠʤʝʨʥʦ ʟʘ 1 ʤʩ. ʇʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʪʦʣʴʢʦ 50% ʤʦʣʝʢʫʣ ACh ʫʩʧʝʶʪ ʩʚʷʟʘʪʴʩʷ ʩ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʜʦ ʪʦʛʦ, ʢʘʢ ʙʫʜʫʪ ʛʠʜʨʦʣʠʟʦʚʘʥʳ [10]. ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ AChE ʠ BChE ʷʚʣʷʶʪʩʷ ʤʠʰʝʥʷʤʠ ʜʣʷ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʨʘʚʣʷʶʱʠʭ 

ʚʝʱʝʩʪʚ (ʟʘʨʠʥ, ʟʦʤʘʥ) ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʬʠʟʦʩʪʠʛʤʠʥʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʣʝʯʝʥʠʠ ʛʣʘʫʢʦʤʳ ʠʣʠ ʪʝʪʨʦʛʠʜʨʦʘʤʠʥʦʘʢʨʠʜʠʥʘ ʠ 

ʜʦʥʝʟʝʧʠʣʘ, ʧʨʝʧʘʨʘʪʦʚ ʦʜʦʙʨʝʥʥʳʭ ʋʧʨʘʚʣʝʥʠʝʤ ʧʦ ʩʘʥʠʪʘʨʥʦʤʫ ʥʘʜʟʦʨʫ ʟʘ ʢʘʯʝʩʪʚʦʤ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʝʜʠʢʘʤʝʥʪʦʚ (FDA) ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʥʘʨʫʰʝʥʠʷ ʢʦʛʥʠʪʠʚʥʳʭ 

ʬʫʥʢʮʠʡ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʩʤ. ʥʠʞʝ). 

ʅʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʥʝʡʨʦʤʳʰʝʯʥʦʛʦ ʩʠʥʘʧʩʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʮʝʧʪʦʨʳ (Ŭ1)2ɓ1ɔŭ ʠ Ŭ7-nAChR, ʘ ʚ ʟʨʝʣʦʤ 

ʚʦʟʨʘʩʪʝ ʦʥʠ ʟʘʤʝʥʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʨʝʮʝʧʪʦʨʳ (Ŭ1)2ɓ1ɔŮ. ʅʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʝ ʥʝʡʨʦʤʳʰʝʯʥʦʛʦ ʩʠʥʘʧʩʘ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ Ŭ3ɓ2-nAChR. 

ʕʤʙʨʠʦʥʘʣʴʥʳʝ ʨʝʮʝʧʪʦʨʳ ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ (ʩʦʜʝʨʞʘʱʠʝ ɔ-ʩʫʙʲʝʜʠʥʠʮʫ) ʠʣʠ ʟʨʝʣʳʝ 

ʨʝʮʝʧʪʦʨʳ (ʩʦʜʝʨʞʘʱʠʝ Ů-ʩʫʙʲʝʜʠʥʠʮʫ) ʨʘʟʣʠʯʘʶʪʩʷ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʦʜʠʥʦʯʥʳʭ ʢʘʥʘʣʦʚ. ʇʨʦʚʦʜʠʤʦʩʪʴ ʦʜʠʥʦʯʥʦʛʦ ʢʘʥʘʣʘ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʝʮʝʧʪʦʨʘ 

ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʟʨʝʣʦʛʦ ʨʝʮʝʧʪʦʨʘ, ʘ ʚʨʝʤʷ ʞʠʟʥʠ ʚ 2-10 ʨʘʟ ʙʦʣʴʰʝ [10]. 

ɼʣʷ ʟʨʝʣʦʛʦ ʥʝʡʨʦʤʳʰʝʯʥʦʛʦ ʩʠʥʘʧʩʘ ʭʘʨʘʢʪʝʨʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ - ʥʝʦʜʥʦʨʦʜʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʠʢʦʪʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʠ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ. nAChR ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʞʝ ʢ ʧʨʝʩʠʥʘʧʩʫ, ʛʜʝ 

ʦʥʠ ʩʦʟʜʘʶʪ ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʢʦʪʦʨʦʝ ʫʩʠʣʠʚʘʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʤʠ ʥʘʪʨʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ. ʅʝʡʨʝʛʫʣʠʥʳ NR-1 ʠ NR-2 ʢʦʥʪʨʦʣʠʨʫʶʪ 
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ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʟʨʝʣʳʭ nAChR ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʥʝʡʨʦʤʳʰʝʯʥʦʛʦ ʩʠʥʘʧʩʘ. 

ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʵʤʙʨʠʦʥʘʣʴʥʳʝ nAChR ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʪʝʯʢʝ ʢʘʣʠʷ ʯʝʨʝʟ ʢʘʥʘʣʳ nAChR, ʠ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʛʠʧʝʨʢʘʣʠʝʤʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʥʘʨʫʰʝʥʠʷʤʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ 

[10]. 

 

 

ʊʘʢ ʥʘʟʳʚʘʝʤʳʝ çʤʠʥʠʘʪʶʨʥʳʝè ʪʦʢʠ ʚ ʥʝʡʨʦʤʳʰʝʯʥʳʭ ʩʠʥʘʧʩʘʭ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʩʪʠʤʫʣʷʮʠʠ ʤʦʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ ʠ ʧʨʠ ʙʣʦʢʠʨʦʚʘʥʠʠ ʧʝʨʝʜʘʯʠ ʩʧʦʥʪʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ ʤʦʪʦʨʥʦʤ ʥʝʡʨʦʥʝ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʪʝʪʨʦʜʦʪʦʢʩʠʥʘ. ʕʪʠ 

ʪʦʢʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʩʧʦʥʪʘʥʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ACh ʠʟ ʝʜʠʥʠʯʥʳʭ ʚʝʟʠʢʫʣ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʠʥʠʘʪʶʨʥʦʛʦ ʪʦʢʘ ʩʦʩʪʘʚʣʷʝʪ ~ 100 ʤʢʩ, ʘ ʘʤʧʣʠʪʫʜʘ - 4 ʥɸ ʧʨʠ 

ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ -80 ʤɺ. ʊʦʢ ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ, ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʩʫʤʤʫ ʤʠʥʠʘʪʶʨʥʳʭ ʪʦʢʦʚ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʤʦʪʦʨʥʦʛʦ ʥʝʡʨʦʥʘ ʚ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʦʢʘ ʢʦʥʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ï 300 ʤʢʩ, 

ʘʤʧʣʠʪʫʜʘ ï 400 ʥɸ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʪʦʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ ʠ ʩʦʢʨʘʱʝʥʠʶ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ. 

ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʳʰʝʯʥʳʭ nAChR ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʤʠʘʩʪʝʥʠʠ - 

Myasthenia Gravis. ʕʪʦ ʘʫʪʦʠʤʤʫʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ,  ʩʚʷʟʘʥʥʦʝ ʩ ʧʦʷʚʣʝʥʠʝʤ ʘʫʪʦʘʥʪʠʪʝʣ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ Ŭ1-ʩʫʙʲʝʜʠʥʠʮʝ ʨʝʮʝʧʪʦʨʘ [16]. 

1.1.5. ʅʠʢʦʪʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ʚ ʎʅʉ 

ʅʠʢʦʪʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʙʳʪʴ ʣʦʢʘʣʠʟʦʚʘʥʳ 

ʢʘʢ ʥʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʛʜʝ ʦʥʠ ʨʝʛʫʣʠʨʫʶʪ ʙʳʩʪʨʫʶ ʩʠʥʘʧʪʠʯʝʩʢʫʶ 
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ʧʝʨʝʜʘʯʫ ʠ ʤʦʜʫʣʠʨʫʶʪ ʚʳʙʨʦʩ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʪʘʢ ʠ ʥʘ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, 

ʛʜʝ ʦʥʠ ʚʣʠʷʶʪ ʥʘ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʥʝʡʨʦʥʘ [2]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʠʧʘʤʠ 

nAChR ʚ ʎʅʉ ʷʚʣʷʶʪʩʷ Ŭ4ɓ2- ʠ Ŭ7- ʨʝʮʝʧʪʦʨʳ (ʈʠʩ. 1.10, [14]). ʅʝʡʨʦʥʳ ʩʝʢʨʝʪʠʨʫʶʱʠʝ 

ʘʮʝʪʠʣʭʦʣʠʥ, ʠʤʝʶʪ ʧʨʦʪʷʞʝʥʥʳʝ ʧʨʦʝʢʮʠʠ, ʠʜʫʱʠʝ ʠʟ ʩʪʚʦʣʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ 

ʙʘʟʘʣʴʥʦʛʦ ʧʝʨʝʜʥʝʛʦ ʤʦʟʛʘ ʚ ʜʨʫʛʠʝ ʟʦʥʳ (ʈʠʩ. 1.11). ʄʥʦʛʠʝ ʥʝʡʨʦʥʳ ʚʳʙʨʘʩʳʚʘʶʪ ACh 

ʩʦʚʤʝʩʪʥʦ ʩ ʛʣʫʪʘʤʘʪʦʤ ʠʣʠ GABA. ʅʘʧʨʠʤʝʨ ʚ ʠʥʪʝʨʥʝʡʨʦʥʘʭ ʧʦʣʦʩʘʪʦʛʦ ʪʝʣʘ ʠ 

ʛʠʧʧʦʢʘʤʧʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚʝʟʠʢʫʣʷʨʥʳʝ ʪʨʘʥʩʧʦʨʪʝʨʳ ʘʮʝʪʠʣʭʦʣʠʥʘ 

VChAT ʠ ʛʣʫʪʘʤʘʪʘ VGLUT3 [52]. ʉʦʚʤʝʩʪʥʘʷ ʩʝʢʨʝʮʠʷ ACh ʠ GABA ʧʦʢʘʟʘʥʘ ʚ 

ʥʝʡʨʦʥʘʭ ʙʘʟʘʣʴʥʦʛʦ ʧʝʨʝʜʥʝʛʦ ʤʦʟʛʘ [53].  

ʍʦʣʠʥʝʨʛʠʯʝʩʢʘʷ ʩʠʛʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʦʟʛʘ ʦʪʚʝʯʘʝʪ ʟʘ ʪʘʢʠʝ ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢʮʠʠ, 

ʢʘʢ ʚʥʠʤʘʥʠʝ, ʧʘʤʷʪʴ ʠ ʦʙʫʯʝʥʠʝ [15]. ʍʦʣʠʥʝʨʛʠʯʝʩʢʠʝ ʩʠʛʥʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʨʝʛʫʣʠʨʫʶʪ ʥʘʧʨʠʤʝʨ ʥʝʡʨʦʥʘʣʴʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚ ʛʠʧʧʦʢʘʤʧʝ, ʧʨʦʮʝʩʩ ʣʝʞʘʱʠʡ ʚ 

ʦʩʥʦʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʤʷʪʠ ʠ ʦʙʫʯʝʥʠʷ. ʇʨʠ ʩʪʠʤʫʣʷʮʠʷ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʭ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ nAChR ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴʩʷ ʚʳʙʨʦʩ ʛʣʫʪʘʤʘʪʘ, GABA ʠ ʥʦʨʘʜʨʝʥʘʣʠʥʘ 

[54]. ɻʣʫʪʘʤʘʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʤ ʩʣʫʞʘʱʠʤ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʚʦʟʙʫʞʜʘʶʱʠʭ ʩʠʛʥʘʣʦʚ ʚ ʎʅʉ. ʀʤʝʥʥʦ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠʛʨʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ 

ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʜʣʠʪʝʣʴʥʦʡ ʧʦʪʝʥʮʠʘʮʠʠ ʠ ʜʣʠʪʝʣʴʥʦʡ ʜʝʧʨʝʩʩʠʠ, ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʚ 

ʦʩʥʦʚʝ ʥʝʡʨʦʥʘʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ [55]. ɻʣʫʪʘʤʘʪ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʠʟ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ 

ʦʢʦʥʯʘʥʠʷ ʚ ʦʪʚʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢʘʣʴʮʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ (VGCC). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʤ ʦʢʦʥʯʘʥʠʠ ʧʦʚʳʰʘʝʪʩʷ 

ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ Ŭ7-nAChR. ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷʭ 

ʚʳʙʨʦʩ ʛʣʫʪʘʤʘʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʪʠʤʫʣʠʨʦʚʘʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ Ŭ7-nAChR ʙʝʟ 

ʫʯʘʩʪʠʷ VGCC [2].  

ʇʦʤʠʤʦ ʧʨʷʤʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚʳʙʨʦʩʘ ʛʣʫʪʘʤʘʪʘ ʠʟ ʧʨʝʩʠʥʘʧʩʘ, ʥʠʢʦʪʠʥʦʚʳʝ 

ʨʝʮʝʧʪʦʨʳ ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʩʝʢʨʝʮʠʶ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʢʦʩʚʝʥʥʦ ï ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʦʛʦ ʚʳʭʦʜʘ ʢʘʣʴʮʠʷ ʠʟ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʢʘʣʴʮʠʝʚʳʭ ʜʝʧʦ [56]. ʂʨʦʤʝ 

ʛʠʧʧʦʢʘʤʧʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ Ŭ7-nAChR ʩʪʠʤʫʣʠʨʫʶʪ ʚʳʙʨʦʩ ʛʣʫʪʘʤʘʪʘ ʠ ʚ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ ʤʦʟʛʘ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʧʘʤʷʪʴ ʠ ʦʙʫʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚ ʢʦʨʝ, ʤʦʟʞʝʯʢʝ, 

ʤʠʥʜʘʣʠʥʝ, ʧʦʣʦʩʘʪʦʤ ʪʝʣʝ ʠ ʪʘʣʘʤʫʩʝ [2]. ʅʦʢʘʫʪ ʛʝʥʘ Ŭ7 ʩʫʙʲʝʜʠʥʠʮʳ ʠʣʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ Ŭ7-nAChR ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʤʝʪʠʣʢʘʢʦʥʠʪʠʥʘ 

(MLA) ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʧʘʤʷʪʠ ʠ ʚʥʠʤʘʥʠʷ ʫ ʞʠʚʦʪʥʳʭ [57,58]. 
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ʇʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʥʠʢʦʪʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʢʘʢ ʥʘ ʚʦʟʙʫʞʜʘʶʱʠʭ 

(ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʭ), ʪʘʢ ʠ ʥʘ ʪʦʨʤʦʟʥʳʭ (GABA-ʝʨʛʠʯʝʩʢʠʭ) ʥʝʡʨʦʥʘʭ [2]. 

ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʵʪʠʭ ʥʝʡʨʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʠʣʠ ʩʥʷʪʠʶ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʢʣʝʪʦʢ ʛʠʧʧʦʢʘʤʧʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʚʩʝʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ [59]. 

ʂʨʦʤʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʥʠʢʦʪʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʤʦʟʛʝ 

ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʚ 
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ʨʝʛʫʣʷʮʠʠ ʩʝʢʨʝʮʠʠ GABA, ʥʦ ʜʦ ʢʦʥʮʘ ʨʦʣʴ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʭ nAChR ʚ ʨʘʙʦʪʝ ʎʅʉ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʠʩʩʣʝʜʦʚʘʥʘ [2]. 

 

 

ʈʠʩ. 1.11. ʆʩʥʦʚʥʳʝ 

ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ ʚ ʎʅʉ. 

MS ï ʷʜʨʦ ʤʝʜʠʘʣʴʥʦʛʦ ʩʝʧʪʫʤʘ, 

DB ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʧʦʣʦʩʢʘ ɹʨʦʢʘ, 

nBM ï ʙʘʟʘʣʴʥʦʝ ʷʜʨʦ ʄʝʡʥʝʨʪʘ, 

PPT ï ʧʝʥʜʫʢʫʣʦʧʦʥʪʠʥʥʦʝ ʷʜʨʦ 

ʧʦʢʨʳʰʢʠ, LDT ï 

ʣʘʪʝʨʦʜʦʨʟʘʣʴʥʦʝ ʷʜʨʦ ʧʦʢʨʳʰʢʠ, 

VTA ï ʧʦʢʨʳʰʢʘ ʩʨʝʜʥʝʛʦ ʤʦʟʛʘ 

(ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ ʨʘʙʦʪʳ [60]). 

1.1.6. nAChR ʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʷ 

ʇʨʠ ʨʷʜʝ ʧʩʠʭʠʯʝʩʢʠʭ ʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʩʪʘʨʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʭʫʜʰʝʥʠʝ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ. ʅʠʢʦʪʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ 

ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʘʤʷʪʠ ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʉ 

ʜʠʩʬʫʥʢʮʠʷʤʠ nAChR ʩʚʷʟʳʚʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʥʘʨʫʰʝʥʠʝʤ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʙʦʣʝʟʥʴ 

ɸʣʴʮʛʝʡʤʝʨʘ (ɹɸ), ʰʠʟʦʬʨʝʥʠʷ, ʵʧʠʣʝʧʩʠʷ, ʧʘʨʢʠʥʩʦʥʠʟʤ, ʜʝʧʨʝʩʩʠʷ, ʘʫʪʠʟʤ [2,61ï63].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ɸɓ1-42 - ʩʘʤʘʷ ʪʦʢʩʠʯʥʘʷ ʬʦʨʤʘ ʦʣʠʛʦʤʝʨʥʦʛʦ ɓ-ʘʤʠʣʦʠʜʥʦʛʦ ʧʝʧʪʠʜʘ 

(ɸɓ), ʠʥʛʠʙʠʨʫʝʪ Ŭ7-nAChR. ʇʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɸɓ ʩ Ŭ7-nAChR 

ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ ʨʝʮʝʧʪʦʨʘ [64]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɸɓ1-42 ʩ Ŭ7-

nAChR ʘʢʪʠʚʠʨʫʝʪ c-Jun N-ʢʦʥʮʝʚʫʶ ʢʠʥʘʟʫ JNK, ʢʦʪʦʨʘʷ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʮʝʩʩʠʥʛ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ɸɓ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʡʨʦʬʠʙʨʠʣʣʷʨʥʳʭ ʢʣʫʙʢʦʚ ʧʨʠ ɹɸ [65]. ʉʥʠʞʝʥʠʝ 

ʥʝʡʨʦʥʘʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ɹɸ ʩʚʷʟʘʥʦ ʪʘʢʞʝ ʩ ʜʠʩʬʫʥʢʮʠʝʡ ʚ ʨʘʙʦʪʝ 

ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʦʡ ʩʠʛʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʄʝʭʘʥʠʟʤ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ 

ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ɸɓ1-42 ʩ Ŭ7-

nAChR, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʘʢʪʠʚʠʨʫʝʪʩʷ ʙʝʣʢʦʚʘʷ ʬʦʩʬʘʪʘʟʘ ʈʈ2ɺ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʠ ʘʢʪʠʚʘʮʠʶ ʬʦʩʬʘʪʘʟʳ STEP46. ɼʘʣʝʝ 

ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʬʦʩʬʘʪʘʟʘ STEP46 ʜʝʬʦʩʬʦʨʠʣʠʨʫʝʪ ʩʫʙʲʝʜʠʥʠʮʫ NR2B-ʛʣʫʪʘʤʘʪʥʦʛʦ 

ʨʝʮʝʧʪʦʨʘ NMDA-ʪʠʧʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʵʥʜʦʮʠʪʦʟ ʨʝʮʝʧʪʦʨʘ ʠ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ [66]. 

ʋ ʙʦʣʴʥʳʭ ʰʠʟʦʬʨʝʥʠʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʢʫʨʝʥʠʷ. ʕʪʠ 
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ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʚʝʣʠ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ ʠ 

ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʦʡ ʩʠʛʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ 

ʰʠʟʦʬʨʝʥʠʠ. ʆʜʥʦʡ ʠʟ ʞʠʚʦʪʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʟʦʬʨʝʥʠʠ ʩʣʫʞʠʪ ʤʦʜʝʣʴ 

ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʯʝʡ ʧʘʤʷʪʠ ʫ ʛʨʳʟʫʥʦʚ. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʳʟʳʚʘʶʪ ʠʟʙʳʪʦʯʥʦʡ 

ʩʪʠʤʫʣʷʮʠʝʡ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ NMDA-ʪʠʧʘ. ʉʭʦʞʝʝ ʥʘʨʫʰʝʥʠʝ ʧʘʤʷʪʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʞʠʚʦʪʥʳʤ ʥʠʢʦʪʠʥʘ ʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʛʦʥʠʩʪʦʚ Ŭ7-nAChR. 

ʅʘʧʨʦʪʠʚ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʵʢʩʧʨʝʩʩʠʠ Ŭ7-nAChR ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

NMDA-ʟʘʚʠʩʠʤʳʭ ʨʝʮʝʧʪʦʨʦʚ ʠ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʠʭ ʩʠʥʘʧʩʦʚ ʚ ʤʦʟʛʝ ʢʨʳʩ [67]. 

ɸʫʪʦʩʦʤʥʘʷ ʜʦʤʠʥʘʥʪʥʘʷ ʥʦʯʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʵʧʠʣʝʧʩʠʷ (ADNFLE) ʘʩʩʦʮʠʠʨʦʚʘʥʘ 

ʩ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʘʭ, ʢʦʜʠʨʫʶʱʠʭ Ŭ4- ʠ ɓ2-ʩʫʙʲʝʜʠʥʠʮʳ nAChR [59]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʤʫʪʘʮʠʠ ʧʨʠʚʦʜʷʪ ʣʠʙʦ ʢ ʧʦʚʳʰʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ nAChR ʢ ʘʮʝʪʠʣʭʦʣʠʥʫ, ʣʠʙʦ 

ʚʣʠʷʶʪ ʥʘ ʩʪʝʭʠʦʤʝʪʨʠʶ Ŭ4ɓ2-nAChR ((Ŭ4)2(ɓ2)3 ï ʨʝʮʝʧʪʦʨ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʢ ʘʮʝʪʠʣʭʦʣʠʥʫ ʠ (Ŭ4)3(ɓ2)2, ʩ ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ). ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʮʝʧʪʦʨʦʚ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʠʩʙʘʣʘʥʩʫ ʪʦʨʤʦʞʝʥʠʷ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʚ 

ʪʘʣʘʤʦ-ʢʦʨʪʠʢʘʣʴʥʳʭ ʩʚʷʟʷʭ ʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʧʠʣʝʧʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʈʦʣʴ ʥʠʢʦʪʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʨʘʟʚʠʪʠʠ ʜʝʧʨʝʩʩʠʠ ʠ ʪʨʝʚʦʛʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦ 

ʢʦʥʮʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ [68], ʦʜʥʘʢʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʘʥʦʤʘʣʴʥʘʷ ʘʢʪʠʚʘʮʠʷ nAChR ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʢʦʪʠʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʝʧʨʝʩʩʠʠ [69]. ʋ ʤʳʰʝʡ ʧʨʠ 

ʥʦʢʘʫʪʝ ʛʝʥʘ Ŭ7-nAChR ʠʟʤʝʥʝʥʠʡ ʚ ʫʨʦʚʥʝ ʪʨʝʚʦʛʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ [70], ʥʦ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʘʢʪʠʚʘʮʠʷ Ŭ7- ʠ Ŭ4ɓ2- nAChR ʥʠʢʦʪʠʥʦʤ ʦʢʘʟʳʚʘʝʪ ʘʥʢʩʠʦʣʠʪʠʯʝʩʢʦʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʨʳʙʦʢ Danio rerio [68].  

1.1.7. ʅʝ-ʥʝʡʨʦʥʘʣʴʥʘ  ̫ʭʦʣʠʥʝʨʛʠʯʝʩʢʘ  ̫ʩʠʛʥʘʣʴʥʘ  ̫ʩʠʩʪʝʤʘ 

ɸʮʝʪʠʣʭʦʣʠʥ ʥʝ ʪʦʣʴʢʦ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʚ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʳʭ 

ʦʢʦʥʯʘʥʠʷʭ ʠ ʩʠʥʘʧʩʘʭ ʎʅʉ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʥʦ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʩʠʛʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚ 

ʥʝ-ʥʝʡʨʦʥʘʣʴʥʳʭ ʪʢʘʥʷʭ, ʘ ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʫ ʙʘʢʪʝʨʠʡ, ʚʦʜʦʨʦʩʣʝʡ ʠ 

ʧʨʦʩʪʝʡʰʠʭ [11]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʮʝʧʪʦʨʳ ACh ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. ʇʦʤʠʤʦ ʨʝʮʝʧʪʦʨʦʚ, ʚ ʩʦʩʪʘʚ ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʛʥʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʚʭʦʜʷʪ ʢʦʤʧʦʥʝʥʪʳ, ʦʩʫʱʝʩʪʚʣ̫ ʶʱʠʝ ʩʠʥʪʝʟ, ʪʨʘʥʩʧʦʨʪ ʠ ʜʝʛʨʘʜʘʮʠʶ ACh (ʈʠʩ. 

1.12, [71] [72]). 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʢʣʝʪʦʢ ʦʨʛʘʥʠʟʤʘ, ʩʠʥʪʝʟ ACh ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʝʨʝʥʦʩʘ ʥʘ 

ʤʦʣʝʢʫʣʫ ʭʦʣʠʥʘ ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʤʦʣʝʢʫʣʳ ʘʮʝʪʠʣ-ʢʦʬʝʨʤʝʥʪʘ ɸ. ʕʪʘ ʨʝʘʢʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʝʨʤʝʥʪʦʤ ʭʦʣʠʥ-ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʦʡ (ChAT). ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ, 

ʚ ʢʣʝʪʢʘʭ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ, ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʨʥʠʪʠʥ-

ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʳ (CarAT). ʇʦʩʪʫʧʣʝʥʠʝ ʭʦʣʠʥʘ ʚ ʢʣʝʪʢʠ ʨʝʛʫʣʠʨʫʝʪ ʩʢʦʨʦʩʪʴ ʩʠʥʪʝʟʘ 

Aʉh. ɺ ʢʣʝʪʢʘʭ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʭʦʣʠʥ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚʳʩʦʢʦʘʬʬʠʥʥʳʤ 

ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʭʦʣʠʥʘ 1 (CHT-1) ʠ ʟʘʧʘʩʘʝʪʩʷ ʚ ʚʝʟʠʢʫʣʘʭ ʥʝʡʨʦʥʦʚ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʝ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ACh (VAChT). ɿʘ ʧʨʝʜʝʣʘʤʠ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦʩʪʫʧʣʝʥʠʝ Aʉh ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ (OCT) 

ʠ ʛʦʤʦʣʦʛʦʤ ʭʦʣʠʥʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ CTL1-5. ʉʝʢʨʝʮʠʷ ACh ʠʟ ʮʠʪʦʧʣʘʟʤʳ ʚ ʥʝ-

ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ OCT ʠ, ʚʦʟʤʦʞʥʦ, ʤʝʜʠʘʪʦʬʦʨʦʤ [71]. 

ʄʠʰʝʥʴʶ ʜʝʡʩʪʚʠʷ ACh, ʩʝʢʨʝʪʠʨʦʚʘʥʥʦʛʦ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʷʚʣʷʶʪʩʷ 

nAChR ʠ mAChR. ʀʟʙʳʪʦʢ ACh ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʠʜʨʦʣʠʟʫ ʩ ʧʦʤʦʱʴʶ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ 

(AChE) ʠ ʙʫʪʠʨʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ (BChE). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ACh ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ-ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʨʳʪʠʶ ʢʘʥʘʣʘ nAChR, ʚʭʦʜʫ 

ʢʘʪʠʦʥʦʚ ʚ ʢʣʝʪʢʫ ʠ ʘʢʪʠʚʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ ʟʘ ʩʯʝʪ ʨʦʩʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʦʚ. 
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1.1.8. ʍʦʣʠʥʝʨʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʚ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʝ 

ʂʣʝʪʢʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʨʘʩʧʦʣʘʛʘʶʪ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʝʟʠʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ 

ʪʨʘʥʩʧʦʨʪʘ ACh, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ. ʆʜʥʘʢʦ ʵʪʠ ʜʚʝ 

ʨʝʛʫʣʷʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʩʚʷʟʘʥʳ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʨʝʛʫʣʷʮʠʷ 

ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ACh ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ. 

[73]. ʅʝʨʚʥʳʝ ʦʢʦʥʯʘʥʠʷ, ʠʜʫʱʠʝ ʠʟ ʩʪʚʦʣʘ ʤʦʟʛʘ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʥʝʨʚʥʳʭ ʫʟʣʦʚ, 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʚʦʟʣʝ ʤʝʩʪ ʩʢʦʧʣʝʥʠʷ ɺ-ʣʠʤʬʦʮʠʪʦʚ, ʊ-ʣʠʤʬʦʮʠʪʦʚ ʠ ʤʘʢʨʦʬʘʛʦʚ ʚ 

ʦʨʛʘʥʘʭ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʦʡ [73].  

ɺ ʤʦʥʦʮʠʪʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʦʙʥʘʨʫʞʠʚʘʶʪ ʤʈʅʂ ʨʘʟʣʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ 

nAChR (Ŭ4, Ŭ5, Ŭ7, Ŭ9, Ŭ10, ɓ1, ɓ2 ʠ ɓ4) [12,74]. ʍʦʣʠʥʝʨʛʠʯʝʩʢʘʷ ʨʝʛʫʣʷʮʠʷ ʠʤʤʫʥʥʳʭ 

ʢʣʝʪʦʢ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʥʘ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʨʝʬʣʝʢʩʘ (ʈʠʩ. 1.13). ɺ 

ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʨʝʬʣʝʢʩʘ ʘʢʪʠʚʘʮʠʷ ʘʬʬʝʨʝʥʪʥʳʭ ʥʝʡʨʦʥʦʚ ʵʢʟʦʛʝʥʥʳʤʠ 

ʠ ʵʥʜʦʛʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚʦʩʧʘʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʥʥʝʨʚʘʮʠʠ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʠ 

ʩʝʢʨʝʮʠʠ ACh ʚ ʩʝʣʝʟʝʥʢʝ. ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ Ŭ7-nAChR ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʢʨʦʬʘʛʦʚ 

ʚʳʩʚʦʙʦʜʠʚʰʠʤʩʷ ACh, ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʷʜʝʨʥʦʛʦ ʬʘʢʪʦʨʘ NF-əB ʠ 

ʧʦʜʘʚʣʝʥʠʶ ʩʠʥʪʝʟʘ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʮʠʪʦʢʠʥʘ HMGB1, ʯʪʦ ʟʥʘʤʝʥʫʝʪ ʩʦʙʦʡ 

ʟʘʚʝʨʰʝʥʠʝ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʨʝʬʣʝʢʩʘ [75]. ʉʝʢʨʝʮʠʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ 

(TNFŬ, IL-1, IL-18) ʠʥʛʠʙʠʨʫʝʪʩʷ ʪʘʢʞʝ ʠ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ nAChR ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊ-

ʣʠʤʬʦʮʠʪʦʚ [76]. ʅʘʨʫʰʝʥʠʝ ʦʧʠʩʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʭʨʦʥʠʯʝʩʢʠʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ [4]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʢʘʫʪʥʳʝ ʧʦ ʛʝʥʫ ʢʦʜʠʨʫʶʱʝʤʫ 

Ŭ7-nAChR ʤʳʰʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ 

TNFŬ, IL-6, IL-1ɓ ʚ ʦʪʚʝʪ ʥʘ ʚʚʝʜʝʥʠʝ ʵʥʜʦʪʦʢʩʠʥʦʚ, ʘ ʩʪʠʤʫʣʷʮʠʷ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʥʝ 

ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʮʠʪʦʢʠʥʦʚ [77]. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʊ-ʣʠʤʬʦʮʠʪʦʚ 

ʥʠʢʦʪʠʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ Ŭ3, Ŭ5, Ŭ6 ʠ Ŭ7 ʩʫʙʲʝʜʠʥʠʮ 

nAChR. [78].  

ACh ʠʥʛʠʙʠʨʫʝʪ ʘʢʪʠʚʘʮʠʶ ʤʘʢʨʦʬʘʛʦʚ ʩʝʣʝʟʝʥʢʠ ʠʩʧʦʣʴʟʫʷ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ JAK2-

STAT3 [79]. ɹʦʣʝʝ ʪʦʛʦ, ʩʪʠʤʫʣʷʮʠʷ ʩʝʣʝʟʝʥʦʯʥʳʭ ʚʝʪʚʝʡ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʤʠʛʨʘʮʠʶ ɺ-ʣʠʤʬʦʮʠʪʦʚ ʠ ʧʦʜʘʚʣʷʝʪ ʧʨʦʜʫʢʮʠʶ ʠʤʠ ʘʥʪʠʪʝʣ  [80]. 

ʍʦʣʠʥʝʨʛʠʯʝʩʢʘʷ ʨʝʛʫʣʷʮʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʠʤʫʣʷʮʠʝʡ 

ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ NF-əB ʠ ʩʥʠʞʝʥʠʷ ʚʦʩʧʘʣʝʥʠʷ ʧʨʠ 

ʦʚʘʨʠʵʢʪʦʤʠʠ ʫ ʢʨʳʩ [81]. 
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ʈʝʛʫʣʷʮʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ CD4+-ʊ-ʢʣʝʪʦʢ - ʝʱʝ ʦʜʠʥ ʧʨʦʮʝʩʩ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ 

ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. ɺ ʩʣʫʯʘʝ ʩʥʠʞʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ mAChR ʄ3-ʪʠʧʘ ʠ ɓ2- ʠ ɓ4-

ʩʫʙʲʝʜʠʥʠʮ nAChR,  CD4+-T-ʣʠʤʬʦʮʠʪʳ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʚ ʊ-ʭʝʣʧʝʨʥʳʝ ʢʣʝʪʢʠ I ʪʠʧʘ 

[75]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʢʪʠʚʘʮʠʷ ɺ-ʣʠʤʬʦʮʠʪʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ CD40, 

ʟʘʚʠʩʠʤʳʤ ʦʪ nAChR [82]. 

ɺʦʟʤʦʞʥʦ, ʯʪʦ nAChR-ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʤʝʪʘʙʦʪʨʦʧʥʳʝ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ 

ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ. ɺ ʊ-ʣʠʤʬʦʮʠʪʘʭ ʩʪʠʤʫʣʷʮʠʷ ʥʠʢʦʪʠʥʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ ʠʦʥʦʚ Ca2+ ʠʟ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʜʝʧʦ, ʥʦ ʘʥʪʘʛʦʥʠʩʪʳ Ŭ7-nAChR ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ [83]. ʀʤʝʥʥʦ ʤʝʪʘʙʦʪʨʦʧʥʳʡ ʧʫʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ 

ʯʝʨʝʟ Ŭ7-nAChR, ʚʦʟʤʦʞʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ ʚ ʠʤʤʫʥʥʳʭ ʢʣʝʪʢʘʭ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ 

JAK2/STAT3, ʠʥʛʠʙʠʨʦʚʘʥʠʶ NF-əB ʠ ʧʨʦʜʫʢʮʠʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ [84,85]. 

1.1.9. ʍʦʣʠʥʝʨʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʣʝʛʢʠʭ 

ʅʘʨʷʜʫ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʝʡʨʦʥʘʣʴʥʦʡ ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 

ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʘʭ, ʚ ʪʢʘʥʷʭ ʣʝʛʢʦʛʦ ʨʘʟʚʠʪʘ ʠ ʥʝ-ʥʝʡʨʦʥʘʣʴʥʘʷ ʭʦʣʠʥʝʨʛʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ. ʅʘʧʨʠʤʝʨ, ʢʫʣʴʪʫʨʳ ʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʠ ʥʝ-ʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʣʝʛʢʦʛʦ 

ʩʠʥʪʝʟʠʨʫʶʪ ʠ ʩʝʢʨʝʪʠʨʫʶʪ Aʉh. ʉʝʢʨʝʪʠʨʦʚʘʥʥʳʡ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ 

ʥʝʡʨʦʤʦʜʫʣʷʪʦʨ ʨʝʛʫʣʠʨʫʝʪ ʨʦʩʪ ʢʣʝʪʦʢ ʧʫʪʝʤ ʘʢʪʠʚʘʮʠʠ nAChR ʠ mAChR ʧʦ 
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ʘʫʪʦʢʨʠʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ [13]. ɸʥʘʣʦʛʠʯʥʦ ʢʣʝʪʢʘʤ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʵʧʠʪʝʣʠʘʣʴʥʳʝ 

ʢʣʝʪʢʠ ʣʝʛʢʦʛʦ ʩʝʢʨʝʪʠʨʫʶʪ ACh, ʚ ʦʩʥʦʚʥʦʤ, ʯʝʨʝʟ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʩʝʣʝʢʪʠʚʥʳʝ ʠ 

ʤʝʜʣʝʥʥʳʝ ʪʨʘʥʩʧʦʨʪʝʨʳ OCT. OCT ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʜʘʯʫ ʜʣʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʤʘʣʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ACh ʯʝʨʝʟ ʆʉʊ ʟʘʚʠʩʠʪ ʦʪ 

ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ Ŭ7-nAChR ʚʣʠʷʝʪ ʥʘ ʩʝʢʨʝʮʠʶ ʤʫʮʠʥʘ. 

ʈʝʛʫʣʷʮʠʷ Ŭ7-nAChR, ʩ ʧʦʤʦʱʴʶ ʵʥʜʦʛʝʥʥʦʛʦ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ ʯʝʣʦʚʝʢʘ Lynx1 (ʦ ʥʝʤ 

ʨʝʯʴ ʧʦʡʜʝʪ ʚ ɻʣʘʚʝ 2), ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʢʠʥʘʟʳ Src, 

ʫʤʝʥʴʰʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʤʈʅʂ GABAɸ ʠ ʙʝʣʢʘ MUC5A, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʣʠʷʝʪ ʥʘ 

ʩʝʢʨʝʮʠʶ ʤʫʮʠʥʘ [86]. ʇʦʵʪʦʤʫ Ŭ7-nAChR ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʤʠʰʝʥʠ ʧʨʠ ʣʝʯʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʠʧʝʨʩʝʢʨʝʮʠʠ ʤʫʮʠʥʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʪʘʙʘʢʦʢʫʨʝʥʠʠ. 

1.1.10. ʍʦʣʠʥʵʨʛʠʯʝʩʢʘʷ ʨʝʛʫʣʷʮʠʷ ʚ ʢʣʝʪʢʘʭ ʵʧʠʪʝʣʠʷ 

ʍʦʣʠʥʝʨʛʠʯʝʩʢʘʷ ʠ ʘʜʨʝʥʝʨʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʛʦʤʝʦʩʪʘʟʘ ʢʣʝʪʦʢ ʵʧʠʪʝʣʠʷ ʠ ʚʳʧʦʣʥʝʥʠʠ ʝʛʦ ʙʘʨʴʝʨʥʦʡ ʬʫʥʢʮʠʠ. ACh ʧʨʠʥʠʤʘʝʪ 

ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ: ʧʨʦʣʠʬʝʨʘʮʠʷ, ʤʠʛʨʘʮʠʷ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʠ 

ʘʧʦʧʪʦʟ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ [3]. ɺ ʭʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʵʧʠʜʝʨʤʠʩʘ 

ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʢʝʨʘʪʠʥʦʮʠʪʦʚ. ʂʣʝʪʢʠ ʢʘʞʜʦʛʦ ʩʣʦʷ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʥʘʙʦʨ ʩʫʙʲʝʜʠʥʠʮ nAChR. 

ɼʣʷ ʙʘʟʘʣʴʥʦʛʦ ʩʣʦʷ ʭʘʨʘʢʪʝʨʥʘ ʵʢʩʧʨʝʩʩʠʷ ʩʫʙʲʝʜʠʥʠʮ Ŭ3, Ŭ5, Ŭ7, Ŭ9, Ŭ10, ɓ2 ʠ ɓ4 

nAChR. ɺ ʥʠʞʥʠʭ ʠ ʚʝʨʭʥʠʭ ʢʣʝʪʢʘʭ ʰʠʧʠʢʦʚʦʛʦ ʩʣʦʷ ʵʧʠʜʝʨʤʠʩʘ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ Ŭ9-

ʩʫʙʲʝʜʠʥʠʮʘ nAChR, ʠ Ŭ7- Ŭ9-, Ŭ10- ʠ ɓ1-ʩʫʙʲʝʜʠʥʠʮʳ nAChR ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʟʝʨʥʠʩʪʦʤ ʩʣʦʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ Ŭ7-, Ŭ10- ʠ ɓ1- ʩʫʙʲʝʜʠʥʠʮʳ nAChR [87,88].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʝ ʦ ʣʦʢʘʣʠʟʘʮʠʠ nAChR ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʦʷʭ ʵʧʠʜʝʨʤʠʩʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʫ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘ 

ʵʢʩʧʨʝʩʩʠʶ nAChR ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ ʚʦʟʨʘʩʪ, ʢʫʨʝʥʠʝ, ʢʦʞʥʳʝ 

ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ nAChR ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʦʤʦ- ʠ 

ʛʝʪʝʨʦʨʝʮʝʧʪʦʨʘʤʠ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʨʘʟʥʳʤʠ ʩʫʙʲʝʜʠʥʠʮʘʤʠ. ɺ ʙʘʟʘʣʴʥʦʤ ʩʣʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ Ŭ3ɓ2-, Ŭ3ɓ4- ʠ Ŭ9-nAChR, ʚ ʰʠʧʠʢʦʚʦʤ ʩʣʦʝ ʩʦʜʝʨʞʘʪʩʷ ʛʝʪʝʨʦʨʝʮʝʧʪʦʨʳ 

ʩʦʜʝʨʞʘʱʠʝ Ŭ5-nAChR, ʘ ʪʘʢʞʝ Ŭ9-nAChR ʠ Ŭ3(ɓ2/ɓ4)Ŭ5-nAChR. ʈʝʮʝʧʪʦʨ Ŭ7-nAChR 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʟʝʨʥʠʩʪʦʤ ʩʣʦʝ (ʈʠʩ. 1.14ɸ, [3]). 

ʀʥʛʠʙʠʨʦʚʘʥʠʝ Ŭ7-nAChR ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʤʠʛʨʘʮʠʶ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ [89]. 

ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʵʢʩʧʨʝʩʩʠʠ Ŭ3- ʠ Ŭ9-nAChR ʠ ʄ3-mAChR, ʚʣʠʝ̫ʪ ʥʘ ʘʜʛʝʟʠʶ 

ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʞʢʣʝʪʦʯʥʳʭ ʢʦʥʪʘʢʪʦʚ. (ʈʠʩ. 1.14ɹ, [90]). ʉʨʝʜʠ ʚʩʝʭ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʥʥʦ Ŭ7-nAChR ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 
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ʨʝʛʫʣʷʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʢʣʝʪʦʢ ʵʧʠʜʝʨʤʠʩʘ (ʈʠʩ. 1.14ɹ). ʀʥʛʠʙʠʨʦʚʘʥʠʝ Ŭ7-nAChR ʥʝ 

ʪʦʣʴʢʦ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʢʝʨʘʪʠʥʦʮʠʪʦʚ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʝʣʝʥʠʶ ʢʣʝʪʦʢ [91]. ʅʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʘʢʪʠʚʘʮʠʷ Ŭ7-nAChR, ʘ 

ʪʘʢʞʝ Ŭ9-nAChR ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ mAChR ʚʳʟʳʚʘʝʪ ʘʧʦʧʪʦʟ, ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʡ ʩʝʢʨʝʮʠʝʡ ACh [92]. ʍʦʣʠʥʝʨʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʯʘʩʪʚʫʝʪ ʪʘʢʞʝ ʚ ʦʪʚʝʪʝ 

ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʥʘ ʩʪʨʝʩʩ, ʚʳʟʚʘʥʥʳʡ ʠʥʬʝʢʮʠʝʡ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ Ŭ7-nAChR ʫʚʝʣʠʯʠʚʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʠʥʬʝʢʮʠʠ ʠʟ-ʟʘ ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʧʝʧʪʠʜʦʚ ʢʝʨʘʪʠʥʦʮʠʪʘʤʠ [93].  

 

 

nAChR ʨʝʛʫʣʠʨʫʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʬʠʙʨʦʙʣʘʩʪʘʭ ʜʝʨʤʳ. ʇʨʠ 

ʘʢʪʠʚʘʮʠʠ Ŭ3-nAChR ʚ ʬʠʙʨʦʙʣʘʩʪʘʭ ʧʦʚʳʰʘʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʙʝʣʢʘ ʨ21 ʠ ʘʢʪʠʚʠʨʫʶʪʩʷ 

ʢʘʩʧʘʟʳ-3 ʠ bcl-2, ʟʘ ʩʯʝʪ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʫʣʷʮʠʷ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʘʧʦʧʪʦʟʘ [94]. 

ʂʨʦʤʝ ʪʦʛʦ, Ŭ3-ʩʦʜʝʨʞʘʱʠʝ nAChR ʧʦ-ʚʠʜʠʤʦʤʫ ʚʦʚʣʝʯʝʥʳ ʚ ʧʨʦʮʝʩʩʳ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʘʢʪʠʚʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ 

ʢʦʣʣʘʛʝʥʘ Ŭ1, ʵʣʘʩʪʠʥʘ ʠ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ ʄʄʈ-1 [94].  

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʣʝʪʦʢ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʣʝʛʢʦʛʦ, ʚ ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʫʯʘʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ. nAChR-ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ 

ʤʝʪʘʙʦʪʨʦʧʥʘʷ ʘʢʪʠʚʘʮʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ, ʚʦʟʤʦʞʥʦ, 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʢʘʣʴʮʠʷ ʠʟ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʜʝʧʦ. ɺʪʦʨʠʯʥʳʤʠ 

ʤʝʩʩʝʥʜʞʝʨʘʤʠ ʤʝʪʘʙʦʪʨʦʧʥʦʛʦ ʧʫʪʠ ʷʚʣʷʶʪʩʷ ʢʠʥʘʟʳ Ras/Raf-1/MEK1/ERK, ʪʦʛʜʘ ʢʘʢ 

ʚʪʦʨʠʯʥʳʤʠ ʤʝʩʝʥʜʞʝʨʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠʦʥʦʪʨʦʧʥʦʛʦ ʧʫʪʠ ʷʚʣʷʶʪʩʷ ʢʘʣʴʤʦʜʫʣʠʥ-

ʟʘʚʠʩʠʤʘʷ ʢʠʥʘʟʘ CaMKII, ʧʨʦʪʝʠʥʢʠʥʘʟʘ ʉ ʠ PI3K/AKT-ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ. [88,[95].  
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1.1.11. ʈʦʣʴ nAChR ʚ ʨʘʟʚʠʪʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ 

ʊʘʙʘʢʦʢʫʨʝʥʠʝ ʚʳʟʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʢ ʣʝʛʢʦʛʦ, ʥʦ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʝʡ ʰʝʠ, ʞʝʣʫʜʢʘ, ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʞʝʣʯʥʦʛʦ ʧʫʟʳʨʷ, ʧʝʯʝʥʠ, 

ʪʦʣʩʪʦʡ ʢʠʰʢʠ, ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʰʝʡʢʠ ʤʘʪʢʠ, ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʠ ʨʘʢʘ ʧʦʯʝʢ [17]. ɹʳʣ 

ʧʨʝʜʣʦʞʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʘʢʘ ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʧʦʪʨʝʙʣʝʥʠʝʤ ʪʘʙʘʢʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʣʝʪʦʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʟʳʚʘʝʪʩʷ ʘʢʪʠʚʘʮʠʝʡ Ŭ7-nAChR ʥʠʢʦʪʠʥʦʤ ʠ 

ʝʛʦ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ [96]. ʀʤʝʥʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʥʢʦʛʝʥʥʫʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʚʳʟʳʚʘʶʪ ʥʠʪʨʦʟʘʤʠʥʳ (NNK ʠ NNN) [97]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʪʠʤʫʣʷʮʠʠ Ŭ7-nAChR ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʘʢʪʠʚʠʨʫʶʪʩʷ ʤʠʪʦʛʝʥʥʳʝ ʠ 

ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ. ɺʦʟʜʝʡʩʪʚʠʝ ʥʠʢʦʪʠʥʘ ʥʘ Ŭ7-nAChR ʩʪʠʤʫʣʠʨʫʝʪ 

ʩʝʢʨʝʮʠʶ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ (EGF) ʠ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʘʢʪʠʚʠʨʫʶʪ EGFR ʠ ɓ-ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʳ [97]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʠʢʦʪʠʥʘ ʥʘ 

ʢʝʨʘʪʠʥʦʮʠʪʳ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ Ŭ5-nAChR ʠ Ŭ7-nAChR, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʦʪʚʝʪ ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʠʢʦʪʠʥʦʤ [98]. 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʜʝʣʘʝʪ nAChR ʚʘʞʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʩʠʛʥʘʣʴʥʳʭ 

ʧʫʪʝʡ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ ʤʦʜʫʣʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʤʥʦʛʠʭ ʢʠʥʘʟ (ERK, Src, PKC, JAK2), ɓ-ʘʨʨʝʩʪʠʥʘ ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (NF-əB, 

GATA3, STAT1 ʠ STAT3), ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʭʦʞʜʝʥʠʶ ʢʣʝʪʦʢ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʘ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʟʘʧʫʩʢʘʝʪ ʩʠʥʪʝʟ ʨʷʜʘ ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ, ʥʘʧʨʠʤʝʨ, ʠʥʛʠʙʠʪʦʨʘ ʢʘʩʧʘʟ 

XIAP [99ï104]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʠʢʦʪʠʥʘ ʠ 

ʥʠʪʨʦʟʘʤʠʥʦʚ ʥʘ nAChR ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʬʦʨʤʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʘʧʦʧʪʦʟʫ (ʈʠʩ. 1.15). 

ʇʦʤʠʤʦ ʫʯʘʩʪʠʷ ʚ ʨʘʟʚʠʪʠʠ ʠ ʧʨʦʛʨʝʩʩʠʠ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ nAChR ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʣʝʡʢʝʤʠʠ. ɸʮʝʪʠʣʭʦʣʠʥ ʷʚʣʷʝʪʩʷ ʘʫʪʦʢʨʠʥʥʳʤ ʬʘʢʪʦʨʦʤ ʨʦʩʪʘ ʢʣʝʪʦʢ ʣʝʡʢʝʤʠʠ ʠ 

ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʊ-ʣʠʤʬʦʮʠʪʘʤʠ. ʈʝʛʫʣʷʮʠʷ 

ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʢʘʣʴʮʠʝʚʦʡ ʜʠʥʘʤʠʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ACh, ʧʨʦʜʫʮʠʨʫʝʤʳʡ T-ʣʠʤʬʦʮʠʪʘʤʠ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʛʠʜʨʦʣʠʟʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʘʢʪʠʚʥʦʩʪʴ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ (AChE) ʚ ʵʪʠʭ ʢʣʝʪʢʘʭ 

ʩʥʠʞʝʥʘ. ʂʨʦʤʝ nAChR ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʣʝʡʢʝʤʠʡ ʠʛʨʘʶʪ ʤʫʩʢʘʨʠʥʦʚʳʝ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ [105].  
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ʂʨʦʤʝ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ, nAChR ʚʝʨʦʷʪʥʦ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ 

ʤʠʛʨʘʮʠʠ (ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʠ) ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʥʚʘʟʠʚʥʳʡ ʵʬʬʝʢʪ 

ʥʠʢʦʪʠʥʘ ʩʚʷʟʘʥ ʩ ʘʢʪʠʚʘʮʠʝʡ Ŭ7-nAChR ʠ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʧʠʪʝʣʠʘʣʴʥʦ-ʤʝʟʝʥʭʠʤʘʣʴʥʳʡ ʧʝʨʝʭʦʜ ʨʘʟʣʠʯʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

[106].  

ʅʦʢʘʫʪ ʛʝʥʦʚ Ŭ5-nAChR ʠ Ŭ3-nAChR ʫʩʠʣʠʚʘʝʪ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ ʨʘʢʘ ʣʝʛʢʦʛʦ ʠ 

ʧʠʱʝʚʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [107]. ʅʦʢʘʫʪ ʛʝʥʘ Ŭ7-nAChR ʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʦʧʫʭʦʣʴʶ 

ʤʘʢʨʦʬʘʛʘʭ ʠʥʛʠʙʠʨʫʝʪ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʯʝʨʝʟ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ 

JAK2/STAT3 [108]. ɸʢʪʠʚʘʮʠʷ ʤʠʛʨʘʮʠʠ ʥʠʢʦʪʠʥʦʤ ʤʦʞʝʪ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʩɹʷ ʄɸʈ 

ʢʠʥʘʟʦʡ ʨ38 ʢʘʢ ʚ ʩʣʫʯʘʝ ʨʘʢʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ [109]. 

ʅʠʢʦʪʠʥ ʠ ʥʠʪʨʦʟʘʤʠʥʳ ʘʢʪʠʚʠʨʫʶʪ ʪʘʢʞʝ ʘʥʛʠʦʛʝʥʝʟ ʠʣʠ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʦʚʳʭ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʚ ʦʧʫʭʦʣʝʚʦʡ ʤʘʩʩʝ. ʇʨʦʨʘʩʪʘʥʠʝ ʥʦʚʳʭ ʩʦʩʫʜʦʚ ʚ ʦʧʫʭʦʣʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʜʝʣʷʱʠʝʩʷ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ ʢʠʩʣʦʨʦʜʦʤ ʠ ʨʦʩʪʦʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʘʩʪʘʥʠʶ ʦʧʫʭʦʣʝʚʦʡ ʤʘʩʩʳ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ ʨʘʢʘ. 
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ɹʳʣʦ ʧʦʢʘʟʘʥʦ in vivo, ʯʪʦ ʥʠʢʦʪʠʥ ʫʩʠʣʠʚʘʝʪ ʘʥʛʠʦʛʝʥʝʟ ʨʘʢʘ ʞʝʣʫʜʢʘ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ 

ERK1/2, ʉʆʍ-2) [110]; [109] ʠ ʧʨʦʩʪʘʛʣʘʥʜʠʥʘ ɽ [111]. 

ʕʥʜʦʛʝʥʥʳʡ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨ ʯʝʣʦʚʝʢʘ Lynx1 (ʩʤ. ɻʣʘʚʫ 2) ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʪʦʨʦʤ 

ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ Ŭ7-nAChR ʚ ʢʣʝʪʢʘʭ ʢʘʨʮʠʥʦʤʳ 

ʣʝʛʢʦʛʦ [86,112]. ʋʤʝʥʴʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ ʨʘʢʘ 

ʣʝʛʢʦʛʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ Lynx1 (ʩ ʧʦʤʦʱʴʶ ʣʝʥʪʠʚʠʨʫʩʥʦʡ 

ʪʨʘʥʩʜʫʢʮʠʠ) ʫʤʝʥʴʰʘʝʪ ʨʦʩʪ ʢʣʝʪʦʢ [112].  

1.2. ʄʫʩʢʘʨʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (mAChR) 

ʄʫʩʢʘʨʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (mAChR) ʯʝʣʦʚʝʢʘ ʄ1 - ʄ5 ʪʠʧʦʚ 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ GPCR [113] ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʨʝʮʝʧʪʦʨʳ, 

ʧʨʠʥʠʤʘʶʱʠʝ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʢʘʣʠʝʚʳʭ ʢʘʥʘʣʦʚ ʠ ʚ ʧʦʜʘʚʣʝʥʠʠ 

ʤʝʜʣʝʥʥʳʭ, ʧʦʪʝʥʮʠʘʣ-ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʣʴʮʠʝʚʳʭ ʪʦʢʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ [114] 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʩʠʥʪʝʟ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ mAChR ʩʚʷʟʘʥ ʩ 

ʨʘʟʚʠʪʠʝʤ ʥʝʢʦʪʦʨʳʭ ʬʦʨʤ ʰʠʟʦʬʨʝʥʠʠ, ʠ ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʘ 

ʨʝʮʝʧʪʦʨʳ ʄ1  ʪʠʧʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʙʦʣʴʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʘʢʪʠʚʘʮʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʠʛʘʥʜʘʤʠ mAChR ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʥʦ ʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ.  

1.2.1. ʊʨʘʥʩʜʫʢʮʠʷ ʩʠʛʥʘʣʘ ʚ ʨʝʮʝʧʪʦʨʘʭ GPCR 

ɺʩʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ GPCR ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʚʥʫʪʨʴ ʢʣʝʪʢʠ 

ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʝʪʝʨʦʪʨʠʤʝʨʥʳʤʠ G-ʙʝʣʢʘʤʠ ʠ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ 

ʵʬʬʝʢʪʦʨʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩ ɓ-ʘʨʨʝʩʪʠʥʦʤ [115]. ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʢʦʥʬʦʨʤʘʮʠʷʤʠ [116], 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʣʠʛʘʥʜʘʤʠ ʠ ʵʬʬʝʢʪʦʨʘʤʠ (ʈʠʩ. 1.16). 

ʇʨʠ ʘʢʪʠʚʘʮʠʠ GPCR ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. ɺ ʵʪʦʤ ʨʝʛʠʦʥʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʥʝʢʣʝʪʦʯʥʫʶ EC ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʦʙʣʘʩʪʴ IC (ʈʠʩ. 1.17), ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʪʝʧʝʥʠ ʛʦʤʦʣʦʛʠʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʧʦ ʤʘʩʰʪʘʙʫ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʘ [117]. ɺ EC ʧʨʦʠʩʭʦʜʠʪ ʩʚʷʟʳʚʘʥʠʝ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ (ʪʘʢʠʝ ʣʠʛʘʥʜʳ ʩʧʦʩʦʙʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴ ʨʝʮʝʧʪʦʨ), ʜʣʷ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʨʝʜʠ 

GPCR ʢʣʘʩʩʘ ɸ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʤʘʩʰʪʘʙ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʘʢʪʠʚʘʮʠʠ, ʜʣʷ IC ʨʝʛʠʦʥʘ ï ʥʠʟʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʩʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ 

ʢ ʘʢʪʠʚʘʮʠʠ G-ʙʝʣʢʘ ʠ ʜʨʫʛʠʭ ʵʬʬʝʢʪʦʨʦʚ. 

ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʘ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʢʦʥʮʦʚ ʩʧʠʨʘʣʝʡ V ʠ VI ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʨʝʛʠʦʥʘ, ʩʧʠʨʘʣʴ VII  ʩʤʝʱʘʝʪʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ, ʘ ʩʧʠʨʘʣʴ III  

ʩʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʩʚʦʝʡ ʦʩʠ ʢ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʪʦʨʦʥʝ ʤʝʤʙʨʘʥʳ. ɼʚʠʞʝʥʠʝ ʩʧʠʨʘʣʝʡ V ʠ VI 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʳʚʘʥʠʝ ʠ ʘʢʪʠʚʘʮʠʶ G-ʙʝʣʢʘ, ʘ ʜʚʠʞʝʥʠʝ ʩʧʠʨʘʣʝʡ III  ʠ VII , 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʠʛʥʘʣʴʥʳʤ ʧʫʪʷʤ [116]. 

 

ʈʠʩ. 1.16. ʂʦʥʬʦʨʤʘʮʠʠ GPCR, ʩʪʘʙʠʣʠʟʠʨʫʝʤʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʣʠʛʘʥʜʘʤʠ ʠ ʵʬʬʝʢʪʦʨʘʤʠ. 

R ï ʥʝʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʠʥʚʝʨʩʥʳʤʠ ʘʛʦʥʠʩʪʘʤʠ ʠ ʘʥʪʘʛʦʥʠʩʪʘʤʠ; R' ï 

ʥʝʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʩʪʘʙʠʣʠʟʠʨʫʝʤʦʝ ʥʠʟʢʦʘʬʬʠʥʥʳʤʠ ʘʛʦʥʠʩʪʘʤʠ; R'' ï ʘʢʪʠʚʠʨʦʚʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʨʝʛʠʦʥʘ; R* ï 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ C-ʢʦʥʮʝʚʦʡ Ŭ-ʩʧʠʨʘʣʠ GŬ-ʩʫʙʲʝʜʠʥʠʮʳ (ʠʣʠ ʝʝ ʙʝʣʢʦʚʦʛʦ 

ʘʥʘʣʦʛʘ, ʦʙʦʟʥʘʯʝʥʥʦʛʦ g ʥʘ ʨʠʩʫʥʢʝ); R*G ï ʩʦʩʪʦʷʥʠʝ ʩʚʷʟʳʚʘʥʠʷ ʠ ʘʢʪʠʚʘʮʠʠ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ 

ʛʝʪʝʨʦʪʨʠʤʝʨʥʦʛʦ GŬɓɔ-ʢʦʤʧʣʝʢʩʘ; R*GRK ʠ R*A  ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʢʦʥʬʦʨʤʘʮʠʠ, 

ʩʪʘʙʠʣʠʟʠʨʫʝʤʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʵʬʬʝʢʪʦʨʘʤʠ GPCR. ʂʦʥʬʦʨʤʘʮʠʠ ʚʳʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ GPCR, ʦʧʠʩʘʥʥʦʛʦ ʚ [116]. 

 

ʂʨʦʤʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʩʧʠʨʘʣʝʡ, ʧʨʠ ʘʢʪʠʚʘʮʠʠ 

ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʩʨʝʜʠ GPCR ʤʦʪʠʚʘʤ WxP, NPxxY, D(E)RY [118]. 

ʄʦʪʠʚ D(E)RY ʚ ʩʧʠʨʘʣʠ III  ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʩʧʠʨʘʣʴʶ VI ʢʘʢ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʞʩʧʠʨʘʣʴʥʦʛʦ ʩʦʣʝʚʦʛʦ ʤʦʩʪʠʢʘ Arg3.50 ï Asp6.30 (ʚ ʙʳʯʴʝʤ ʨʦʜʦʧʩʠʥʝ), ʪʘʢ ʠ ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ Thr6.34 (ʚ ə- ʠ ɛ-ʦʧʠʦʠʜʥʳʭ ʨʝʮʝʧʪʦʨʘʭ). ʄʦʪʠʚ NPxxY 

ʨʘʩʧʦʣʦʞʝʥ ʫ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʦʥʮʘ ʩʧʠʨʘʣʠ VII, ʦʩʪʘʪʦʢ Tyr7.53 ʠʟʤʝʥʷʝʪ ʦʨʠʝʥʪʘʮʠʶ 
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ʙʦʢʦʚʦʡ ʮʝʧʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʬʦʨʤʠʨʫʝʪ ʯʝʨʝʟ ʤʦʣʝʢʫʣʫ ʚʦʜʳ 

ʢʦʥʪʘʢʪ ʩ Tyr5.58, ʩʪʘʙʠʣʠʟʠʨʫʷ ʧʦʣʦʞʝʥʠʝ ʩʧʠʨʘʣʠ VII  ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʠʨʘʣʠ V. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʝʪʝʨʦʪʨʠʤʝʨʥʳʤ G-ʙʝʣʢʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʯʝʨʝʟ 

ʢʦʥʪʘʢʪ IC ʨʝʛʠʦʥʘ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ ʯʘʩʪʠ GPCR ʠ Ŭ5-ʩʧʠʨʘʣʠ GŬ-ʩʫʙʲʝʜʠʥʠʮʳ. 

ɸʢʪʠʚʘʮʠʷ ʨʝʮʝʧʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʦʨʦʪʫ ɓ6-Ŭ5 ʬʨʘʛʤʝʥʪʘ, ʩʦʧʨʷʞʝʥʥʦʤʫ ʩ ʚʳʭʦʜʦʤ 

ʤʦʣʝʢʫʣʳ GDP ʠʟ GŬ. ʂʨʦʤʝ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʩ GŬ ʢʦʥʪʘʢʪʠʨʫʝʪ ʪʘʢʞʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʧʝʪʣʷ ICL2. ʀʥʬʦʨʤʘʮʠʷ ʦ ʚʣʠʷʥʠʠ ʢʦʥʬʦʨʤʘʮʠʠ GPCR ʥʘ ʧʝʨʝʜʘʯʫ 

ʩʠʛʥʘʣʘ ʚ G-ʙʝʣʦʢ ʥʫʞʜʘʝʪʩʷ ʚ ʫʪʦʯʥʝʥʠʠ, ʪ.ʢ. ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 

GPCR-G-ʙʝʣʦʢ ʩ ʘʪʦʤʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠʟʚʝʩʪʥʘ ʪʦʣʴʢʦ ʜʣʷ ɓ2-ʘʜʨʝʥʝʨʛʠʯʝʩʢʦʛʦ 

ʨʝʮʝʧʪʦʨʘ [119]. 

 

 

ʈʠʩ 1.17. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ GPCR ʥʘ ʧʨʠʤʝʨʝ D3 ʜʦʧʘʤʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ. 

ʎʠʬʨʘʤʠ I-VII ʦʙʦʟʥʘʯʝʥʳ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʩʧʠʨʘʣʠ, ECL1-ECL3 ï ʚʥʝʢʣʝʪʦʯʥʳʝ ʧʝʪʣʠ, ICL1-

ICL3 ï ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʧʝʪʣʠ. ʆʪʤʝʯʝʥʥʳʝ ʩʠʥʠʤ ʮʚʝʪʦʤ ʬʨʘʛʤʝʥʪʳ ï ʚʘʞʥʳʝ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʪʠʚʳ, ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʜʣʷ GPCR ʢʣʘʩʩʘ ɸ. ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ 

ʠʟ [117]. 
 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʨʝʛʠʦʥ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʧʝʪʣʠ, ʥʦ ʠ ʚʥʝʢʣʝʪʦʯʥʳʝ ʧʝʪʣʠ. ʊʘʢ, ʚ 

ʨʝʮʝʧʪʦʨʝ ʩʬʠʥʛʦʟʠʥʘ S1P1 ʧʝʪʣʷ ECL2 ʧʝʨʝʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʚʥʫʪʨʝʥʥʦʩʪʠ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʨʝʛʠʦʥʘ [120]. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʡ ʩʘʡʪ 

ʩʚʷʟʳʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʤʝʞʫ ʩʧʠʨʘʣʷʤʠ I ʠ VII  ʚʙʣʠʟʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ. 
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1.2.2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ mAChR 

ɺ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʢʦʣʦ 800 ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ 

ʩʝʤʝʡʩʪʚʘ GPCR [14]. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʦʙʣʘʜʘʶʪ ʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ ʯʘʩʪʠ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ: 7 Ŭ-ʩʧʠʨʘʣʝʡ, N-ʢʦʥʮʝʚʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʩʥʘʨʫʞʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʉ-ʢʦʥʮʝʚʘʷ ï 

ʚʥʫʪʨʠ. ʇʦ ʩʪʝʧʝʥʠ ʛʦʤʦʣʦʛʠʠ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ 

ʯʘʩʪʠ ʚ ʩʝʤʝʡʩʪʚʝ GPCR ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ: ʢʣʘʩʩ ɸ (ʨʦʜʦʧʩʠʥʦ-ʧʦʜʦʙʥʳʝ - 

701 ʧʨʝʜʩʪʘʚʠʪʝʣʴ), ʢʣʘʩʩ B (ʩʝʢʨʝʪʠʥʦʚʳʝ ʠ ʘʜʛʝʟʠʦʥʥʳʝ ʨʝʮʝʧʪʦʨʳ ð 15 ʠ 24 

ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʢʣʘʩʩ ʉ (ʩʝʤʝʡʩʪʚʦ ʤʝʪʘʙʦʪʨʦʧʥʳʭ ʛʣʫʪʘʤʘʪʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ ï 15 ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ) ʠ ʢʣʘʩʩ Frizzled/TAS2 ʨʝʮʝʧʪʦʨʦʚ (24 ʧʨʝʜʩʪʘʚʠʪʝʣʷ). 

ʉʪʝʧʝʥʴ ʛʦʤʦʣʦʛʠʠ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ ʯʘʩʪʠ (SI) 

ʤʝʞʜʫ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 20%, ʚ ʢʣʘʩʩʝ ɸ ʪʘʢʞʝ 

ʚʳʜʝʣʷʶʪʩʷ 4 ʧʦʜʢʣʘʩʩʘ Ŭ-ŭ (SIÓ25%). 

ʇʝʨʚʘʷ ʧʦʧʳʪʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʫʩʢʘʨʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ ʦʧʠʨʘʣʘʩʴ ʥʘ 

ʠʟʚʝʩʪʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʨʫʛʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ GPCR ð ʙʳʯʴʝʛʦ 

ʨʦʜʦʧʩʠʥʘ [121]. ɻʦʤʦʣʦʛʠʯʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘʣʦʞʝʥʠʝʤ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʄ1-mAChR (ʩ ʧʨʦʧʫʩʢʦʤ 20 ʘʤʠʥʦʢʠʩʣʦʪ ʥʘ N-ʢʦʥʮʝ ʠ ʜʝʣʝʮʠʝʡ 129 

ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʪʨʝʪʴʝʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʧʝʪʣʝ) ʥʘ 3D ʩʪʨʫʢʪʫʨʫ ʨʦʜʦʧʩʠʥʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʦ ʵʥʝʨʛʠʠ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʫʪʘʛʝʥʝʟʘ. ɺ ɻʪʦʡ ʤʦʜʝʣʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʩʧʠʨʘʣʠ ʊʄ1-ʊʄ3, ʊʄ5-

ʊʄ7 ʦʙʨʘʟʦʚʳʚʘʝʪ ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʢʘʥʘʣ, ʩʪʝʥʢʘ ʢʦʪʦʨʦʛʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʊʄ4, 

ʧʝʨʝʩʝʢʘʶʱʝʡ ʚʥʝʰʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʊʄ2 ʠ ʊʄ3. ʇʦʣʦʩʪʴ ʵʪʦʛʦ ʢʘʥʘʣʘ ʩʦʜʝʨʞʠʪ ʩʘʡʪ 

ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʦʚ. ʉʧʠʨʘʣʴ H8 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʜʦʣʴ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ, 

ʛʜʝ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʶʪ ʘʚʪʦʨʳ, ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʤʝʤʙʨʘʥʝ ʩ ʧʦʤʦʱʴʶ 

ʧʘʣʴʤʠʪʦʠʣʠʨʦʚʘʥʥʦʛʦ ʦʩʪʘʪʢʘ ʮʠʩʪʝʠʥʘ. ʉʢʘʥʠʨʫʶʱʠʡ ʤʫʪʘʛʝʥʝʟ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, 

ʯʪʦ ʦʩʪʘʪʢʠ Asp122, Tyr124 ʠ  Trp150 ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤʠ ʩʧʠʨʘʣʷʤʠ, ʪ. ʢ. ʠʭ ʟʘʤʝʱʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʡ 

ʫʪʨʘʪʝ ʘʢʪʠʚʥʦʩʪʠ ʨʝʮʝʧʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʦʩʪʘʪʢʠ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʧʦʣʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʚʷʟʳʚʘʥʠʝ ʘʮʝʪʠʣʭʦʣʠʥʘ: Asp105, Tyr106, 

Tyr381, Asn382, Tyr404, Cys407 ʠ Tyr408. ʕʪʘ ʧʦʣʦʩʪʴ ʠ ̫ʚʣʷʝʪʩʷ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ 

ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʘ (ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʢʪʠʚʘʮʠʶ ʨʝʮʝʧʪʦʨʘ), ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʛʦ, 

ʥʘʣʠʯʠʝ ʣʠʛʘʥʜʘ ʚ ʢʦʪʦʨʦʤ ʥʝ ʘʢʪʠʚʠʨʫʝʪ ʨʝʮʝʧʪʦʨ, ʥʦ ʠʟʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ ʩʚʷʟʳʚʘʥʠʷ ʚ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʤ ʩʘʡʪʝ. 

ɺ 2012 ʛ. ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʚʫʭ ʤʫʩʢʘʨʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʄ2 ʠ ʄ3 ʪʠʧʘ [122,123]. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʛʦʤʦʣʦʛʠʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʩʘʡʪʝ ʩʚʷʟʳʚʘʥʠʷ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʩʘʡʪʘ (ʈʠʩ. 

1.18), ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʩʝʣʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʤʫʩʢʘʨʠʥʦʚʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤʠ ʨʘʟʣʠʯʥʳʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [124]. 

 

 

 

ʈʠʩ. 1.18. (ɸ). ʉʪʨʫʢʪʫʨʘ ʄ3-mAChR. ʎʚʝʪʦʤ ʧʦʢʘʟʘʥʘ ʩʪʝʧʝʥʴ ʛʦʤʦʣʦʛʠʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ c M2-mAChR (ʩʠʥʠʤ ʮʚʝʪʦʤ ïʛʦʤʦʣʦʛʠʯʥʳʝ ʦʩʪʘʪʢʠ, ʢʨʘʩʥʳʤ ïʥʝʛʦʤʦʣʦʛʠʯʥʳʝ. (ɹ). 

ʆʨʪʦʩʪʝʨʠʯʝʩʢʠʡ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʘ. ʂʨʘʩʥʳʡ ʢʦʥʪʫʨ ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʦʩʪʴ, ʠʤʝʶʱʫʶʩʷ ʚ 

ʄ3 (ʟʝʣʝʥʳʡ) ʠ ʦʪʩʫʪʩʪʚʫʶʱʫʶ ʚ ʄ2 ʨʝʮʝʧʪʦʨʝ (ʦʨʘʥʞʝʚʳʡ) [123]. 

 

1.2.3. ʃʠʛʘʥʜʳ ʤʫʩʢʘʨʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ 

ʇʨʠʨʦʜʥʳʝ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʨʘʟʜʝʣʷʶʪ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʘʛʦʥʠʩʪʳ, 

ʩʤʝʱʘʶʪ ʵʪʦ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʨʦʥʫ ʘʢʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; ʠʥʚʝʨʩʥʳʝ ʘʛʦʥʠʩʪʳ (ʠʣʠ 

ʘʥʪʘʛʦʥʠʩʪʳ), ʩʤʝʱʘʶʪ ʵʪʦ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʨʦʥʫ ʥʝʘʢʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; ʠ ʥʝʡʪʨʘʣʴʥʳʝ 

ʘʥʪʘʛʦʥʠʩʪʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʘʚʥʦʚʝʩʠʝ, ʥʦ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʩʚʷʟʳʚʘʥʠʶ ʣʠʛʘʥʜʘ ʩ 

ʨʝʮʝʧʪʦʨʦʤ (ʈʠʩ. 1.19). ɸʛʦʥʠʩʪʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʟʜʝʣʷʶʪ ʥʘ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ. 

ʇʦʩʣʝʜʥʠʝ ʥʝ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʘʢʪʠʚʠʨʦʚʘʪʴ ʙʝʣʦʢ ʜʘʞʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʘʩʳʱʝʥʠʷ. 

ɹʠʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʯʠʱʝʥʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʦʛʦ ɓ2AR ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʣʘʙʳʝ ʠ ʩʠʣʴʥʳʝ ʘʛʦʥʠʩʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʪʘʙʠʣʠʟʠʨʫʶʪ 

ʨʘʟʥʳʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʨʝʮʝʧʪʦʨʘ [125].  
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ʈʠʩ. 1.19. ɸʢʪʠʚʥʦʩʪʴ GPCR ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʠʛʘʥʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [126]. 

 

ɼʣʷ ʣʠʛʘʥʜʦʚ mAChR ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʚʘ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʦʚ: 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʡ ʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ [123]. ɸʛʦʥʠʩʪʳ ʠ ʢʦʥʢʫʨʝʥʪʥʳʝ ʘʥʪʘʛʦʥʠʩʪʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʥʫʪʨʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ 

ʜʦʤʝʥʘ. ɸʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʩʘʡʪ ʨʘʩʧʦʣʦʞʝʥ ʙʣʠʞʝ ʢ ʚʥʝʢʣʝʪʦʯʥʦʡ ʯʘʩʪʠ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʜʦʤʝʥʘ, ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʠʤ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʢʠʥʝʪʠʢʘ 

ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʦʚ ʩ ʦʩʥʦʚʥʳʤ (ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ) ʩʘʡʪʦʤ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʣʠʛʘʥʜʘ ʤʦʞʝʪ ʙʳʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʧʦ ʚʣʠʷʥʠʶ ʥʘ 

ʜʠʩʩʦʮʠʘʮʠʶ ʢʦʤʧʣʝʢʩʘ ʨʝʮʝʧʪʦʨʘ ʠ ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ. ʅʝʢʦʪʦʨʳʝ ʣʠʛʘʥʜʳ 

ʤʫʩʢʘʨʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1.1. 

 

ʊʘʙʣʠʮʘ 1.1. ʃʠʛʘʥʜʳ ʤʫʩʢʘʨʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ ʄ1 ʪʠʧʘ [127]. 

 

ʄʫʩʢʘʨʠʥʦʚʳʝ ʪʦʢʩʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ, ʩʦʜʝʨʞʘʱʠʝ 65-

66 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ (ʦ ʥʠʭ ʨʝʯʴ ʧʦʡʜʝʪ ʥʠʞʝ, ʚ ɻʣʘʚʝ 2). ʍʘʨʘʢʪʝʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʫʩʢʘʨʠʥʦʚʳʭ ʪʦʢʩʠʥʦʚ ʩ mAChR ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʢʘʢ ʩ ʨʘʚʥʦʚʝʩʥʦʡ, ʪʘʢ 

ʠ ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ([127], http://www.iuphar-db.org/) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ 3H-NMS, 3H-QNB, 3H-ʧʠʨʝʥʟʝʧʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʊʘʙʣʠʮʝ 1.2 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ K i, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʩʚʷʟʳʚʘʥʠʶ 3H-NMS ʩ mAChR ʯʝʣʦʚʝʢʘ.  

ʅʘʟʚʘʥʠʝ ɼʝʡʩʪʚʠʝ ʥʘ ʨʝʮʝʧʪʦʨ ɸʬʬʠʥʥʦʩʪʴ ʇʨʦʠʩʭʦʞʜʝʥʠʝ 

ɸʮʝʪʠʣʭʦʣʠʥ ʇʦʣʥʳʡ ʘʛʦʥʠʩʪ pKi = 5,0 ʕʥʜʦʛʝʥʥʳʡ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨ 

ɸʪʨʦʧʠʥ ɸʥʪʘʛʦʥʠʩʪ pKi = 8,5-9,7 ʈʘʩʪʠʪʝʣʴʥʳʡ ʘʣʢʘʣʦʠʜ 

ʇʠʨʝʥʟʝʧʠʥ ɸʥʪʘʛʦʥʠʩʪ pKi =7,8-7,9 ʉʠʥʪʝʪʠʯʝʩʢʠʡ 

NMS ɸʥʪʘʛʦʥʠʩʪ pKi =9,9 ʉʠʥʪʝʪʠʯʝʩʢʠʡ 

ʄʊ7 ɸʥʪʘʛʦʥʠʩʪ pKi = 11,1 ɹʝʣʢʦʚʳʡ ʪʦʢʩʠʥ ʠʟ ʷʜʘ 

ʟʤʝʡ ʨʦʜʘ Dendroaspis 

ʉʪʨʠʭʥʠʥ ʅʝʛʘʪʠʚʥʳʡ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʤʦʜʫʣʷʪʦʨ pKi = 4,9-5,0 ʈʘʩʪʠʪʝʣʴʥʳʡ ʘʣʢʘʣʦʠʜ 

http://www.iuphar-db.org/
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ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʫʩʢʘʨʠʥʦʚʳʡ ʪʦʢʩʠʥ ʄʊ7 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤ 

ʩʘʡʪʦʤ ʄ1-mAChR, ʦʙʨʘʟʫʷ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʠ ʙʣʦʢʠʨʫʷ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʩʚʷʟʳʚʘʥʠʝ 3H-NMS ʠʣʠ 3H-ʧʠʨʝʥʟʝʧʠʥʘ ʩ ʨʝʮʝʧʪʦʨʦʤ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ [127]. 

ɺ ʩʠʣʫ ʩʪʘʙʠʣʴʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʨʝʮʝʧʪʦʨʦʤ, ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʙʝʣʢʦʚʦʡ 

ʧʨʠʨʦʜʳ (ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʚʚʝʜʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ) 

ʤʫʩʢʘʨʠʥʦʚʳʝ ʪʦʢʩʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʠʟʫʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʤʫʩʢʘʨʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ. 

 

ʊʘʙʣʠʮʘ 1.2. ʂʦʥʩʪʘʥʪʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʤʫʩʢʘʨʠʥʦʚʳʭ ʪʦʢʩʠʥʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʨʝʮʝʧʪʦʨʦʚ. ʉʪʦʣʙʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʪʦʢʩʠʥʘʤ, ʩʪʨʦʢʠ ð ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ 

ʨʝʮʝʧʪʦʨʦʚ. 

ʊʠʧ ʄʊ1 ʄʊ2 ʄʊ3 ʄʊ4 ʄʊ7 ʄʊŬ ʄʊɓ 

M1 20-35 nM 
360 nM ï 

1,5 uM 

78-300 

nM 
62 nM 14 ʨM 23 nM > 1 uM 

M2 > 1 uM > 2 uM > 1 uM > 1 uM > 10 uM 44 nM > 2 uM 

M3 > 1 uM > 2 uM > 1 uM > 1 uM > 10 uM 3 nM 140 nM 

M4 30-70 nM 
760 nM ï 

1,9 uM 
2 nM 87 nM > 10 uM 5 nM 120 nM 

M5 > 1 uM > 2 uM > 1 uM >1 uM > 10 uM 8 nM 350 nM 
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ɻʃɸɺɸ 2. ʊʈɽʍʇɽʊɽʃʔʅʓɽ ɹɽʃʂʀ ʉɽʄɽʁʉʊɺɸ 

LY6/UPAR 

ɺ ʥʘʟʚʘʥʠʠ ʩʝʤʝʡʩʪʚʘ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ Ly6/uPAR ʦʙʲʝʜʠʥʝʥʳ ʠʤʝʥʘ ʜʚʫʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ: ʣʠʤʬʦʮʠʪʘʨʥʦʛʦ ʘʥʪʠʛʝʥʘ-6 (Ly6) ʠ ʨʝʮʝʧʪʦʨʘ ʘʢʪʠʚʘʪʦʨʘ ʧʣʘʟʤʠʥʦʛʝʥʘ 

ʫʨʦʢʠʥʘʟʥʦʛʦ ʪʠʧʘ (uPAR). ɼʣʷ ʙʝʣʢʦʚ Ly6/uPAR ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ LU ʜʦʤʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 60-90 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. LU ʜʦʤʝʥ ʩʦʩʪʦʠʪ 

ʠʟ ɓ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʷʜʨʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʟ ʜʚʫʭ ɓ-ʣʠʩʪʦʚ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʦʡ 

ʯʝʪʳʨʝʭ ʠʥʚʘʨʠʘʥʪʥʳʭ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ, ʠ ʚʳʩʪʫʧʘʶʱʠʭ ʠʟ ʷʜʨʘ ʪʨʝʭ ʧʨʦʪʷʞʝʥʥʳʭ 

ʧʝʪʝʣʴ (ʈʠʩ. 2.1). ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ, Ly6/uPAR ʙʝʣʢʠ ʝʱʝ ʥʘʟʳʚʘʶʪ 

ʪʨʝʭʧʝʪʝʣʴʥʳʤʠ ʙʝʣʢʘʤʠ. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ Ly6/uPAR ʙʝʣʢʦʚ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʧʝʪʣʝʚʳʭ ʫʯʘʩʪʢʦʚ. ɺ ʧʝʪʣʷʭ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʜʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ (ʈʠʩ. 2.1, 2.2).  

 

 

ʈʠʩ. 2.1. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʚ ʣʝʥʪʦʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. (ɸ). 

ʂʦʨʦʪʢʠʡ ʥʝʡʨʦʪʦʢʩʠʥ II ʠʟ ʷʜʘ Naja oxiana, (ɹ). ɼʣʠʥʥʳʡ Ŭ-ʢʦʙʨʘʪʦʢʩʠʥ ʠʟ ʷʜʘ Naja siamensis, 

(ɺ). ñʅʝʦʙʳʯʥʳʡò ʪʦʢʩʠʥ ʢʘʥʜʦʢʩʠʥ ʠʟ ʷʜʘ Bungarus candidus. ʇʝʪʣʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ɓ-ʣʠʩʪʘʤʠ, 

ʦʙʦʟʥʘʯʝʥʳ ʨʠʤʩʢʠʤʠ ʮʠʬʨʘʤʠ. ɾʝʣʪʦ-ʩʝʨʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ S-S ʩʚʷʟʠ, 

ʢʨʘʩʥʦ-ʩʝʨʳʤʠ ʣʠʥʠʷʤʠ ï ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʠʩʫʣʴʬʠʜʥʘʷ ʩʚʷʟʴ ʜʣʠʥʥʳʭ ʠ ñʥʝʦʙʳʯʥʳʭò 

ʥʝʡʨʦʪʦʢʩʠʥʦʚ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ Ly6/uPAR ʙʝʣʢʠ ʦʙʥʘʨʫʞʝʥʳ ʫ ʠʛʣʦʢʦʞʠʭ [128], ʥʘʩʝʢʦʤʳʭ 

[129] ʠ ʭʦʨʜʦʚʳʭ, ʚʢʣʶʯʘʷ ʨʳʙ [130], ʟʝʤʥʦʚʦʜʥʳʭ [131], ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ [132], ʧʪʠʮ 

[133] ʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [134] (ʈʠʩ. 2.2). ʆʜʥʘʢʦ, ʥʝʡʨʦʪʦʢʩʠʥʳ ʷʜʘ ʟʤʝʡ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ Ly6/uPAR ʙʝʣʢʦʚ [135]. ʊʨʝʭʧʝʪʝʣʴʥʳʝ ʪʦʢʩʠʥʳ 

ʷʜʘ ʟʤʝʡ ʜʝʡʩʪʚʫʶʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʠʰʝʥʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: ʥʠʢʦʪʠʥʦʚʳʝ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (nAChR), ʤʫʩʢʘʨʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ 

(mAChR), Ŭ/ɓ-ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ, ɻɸʄʂɸ-ʨʝʮʝʧʪʦʨʳ, Ca
2+ ʢʘʥʘʣʳ L-ʪʠʧʘ, 

ʢʠʩʣʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ (ASIC), ʢʣʝʪʦʯʥʘʷ ʤʝʤʙʨʘʥʘ ʠ 

ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʘ [135]. 

ɺʧʝʨʚʳʝ Ly6/uPAR ʙʝʣʢʠ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʙʳʣʠ ʥʘʡʜʝʥʳ 40 ʣʝʪ ʥʘʟʘʜ ʚ 

ʣʠʤʬʦʮʠʪʘʭ ʤʳʰʠ [136]. ʇʦʟʞʝ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʛʦʤʦʣʦʛʠʯʥʳʝ ʠʤ 

ʪʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ ʯʝʣʦʚʝʢʘ [137]. ʂʦʥʩʝʨʚʘʪʠʚʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʙʦʣʴʰʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʚʘʞʥʦʩʪʴ Ly6/uPAR ʙʝʣʢʦʚ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ɺ ʛʝʥʦʤʝ 

ʯʝʣʦʚʝʢʘ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 35 ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ Ly6/uPAR ʙʝʣʢʠ [138]. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʵʪʠʭ ʙʝʣʢʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʦʡ ʠʣʠ 

ʥʝʠʟʚʝʩʪʥʦʡ. Ly6/uPAR ʙʝʣʢʠ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʩʝʢʨʝʪʠʨʫʝʤʳʝ ʠ 

ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ ʩ ʧʦʤʦʱʴʶ ʛʣʠʢʦʟʠʣʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣʴʥʦʛʦ 

ʷʢʦʨʷ (GPI-ʷʢʦʨʷ).  

2.1. ʊʦʢʩʠʥʳ ʠʟ ʷʜʘ ʟʤʝʡ 

Ŭ-ʅʝʡʨʦʪʦʢʩʠʥʳ ʠ ʥʠʢʦʪʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ. ʆʩʥʦʚʥʳʤ 

ʙʝʣʢʦʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʜʦʚ ʟʤʝʡ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʥʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ 

ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʝ ʠʥʛʠʙʠʪʦʨʳ nAChR - Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʳ. ʕʪʠ ʪʦʢʩʠʥʳ ʚʩʝʛʜʘ 

ʧʨʠʚʣʝʢʘʣʠ ʦʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ nAChR ʠ ʙʳʪʴ ʧʨʦʦʙʨʘʟʘʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʣʝʯʝʥʠʝ ʨʷʜʘ ʙʦʣʝʟʥʝʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ [18]. Ŭ-ʅʝʡʨʦʪʦʢʩʠʥʳ ʠʟ ʷʜʘ 

ʟʤʝʡ ʩʦʜʝʨʞʘʪ 4ï5 ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʠ 60ï75 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. Ŭ-

ʅʝʡʨʦʪʦʢʩʠʥʳ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ï ʢʦʨʦʪʢʠʝ ʠ ʜʣʠʥʥʳʝ. ʂʦʨʦʪʢʠʝ Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʳ ʩʦʜʝʨʞʘʪ 60-62 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ, 4 ʜʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ, ʘ 

ʜʣʠʥʥʳʝ - 66-75 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ ʠ 5 ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ. ʇʨʠʯʝʤ 5-ʷ 

ʜʠʩʫʣʴʬʠʜʥʘʷ ʩʚʷʟʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʝ (ʈʠʩ. 2.1). ʂʦʨʦʪʢʠʝ ʠ ʜʣʠʥʥʳʝ 

Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʳ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ nAChR ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ, ʥʦ 

ʩ Ŭ7-nAChR ʥʝʡʨʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 
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ʜʣʠʥʥʳʝ ʥʝʡʨʦʪʦʢʩʠʥʳ, ʥʝʩʫʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʷʪʫʶ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʴ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʝ [139]. ɹʣʘʛʦʜʘʨʷ ʠʟʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ Ŭ-

ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ (Ŭ-Bgtx) ʠ Ŭ-ʢʦʙʨʘʪʦʢʩʠʥʘ ʩ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʜʦʤʝʥʘʤʠ nAChR, 

ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʳ ʙʣʦʢʠʨʫʶʪ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʡ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ 

ʣʠʛʘʥʜʦʚ ʥʘ ʨʝʮʝʧʪʦʨʝ ʠʤʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ (ʈʠʩ. 2.3) [140,141]. 

 

 

 

ʅʝʡʨʦʪʦʢʩʠʥʳ ʠ ʤʫʩʢʘʨʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ. ʄʫʩʢʘʨʠʥʦʚʳʝ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (mAChR), ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʨʝʮʝʧʪʦʨʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ G-ʙʝʣʢʘʤʠ (GPCR) ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʤʠʰʝʥʷʤʠ ʜʝʡʩʪʚʠʷ ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʠʟ 

ʷʜʘ ʟʤʝʡ [142]. ʄʫʩʢʘʨʠʥʦʚʳʝ ʥʝʡʨʦʪʦʢʩʠʥʳ ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʛʦʥʠʩʪʦʚ, 

ʘʥʪʘʛʦʥʠʩʪʦʚ ʠʣʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ mAChR [142]. ʀʟ ʷʜʘ 

ʤʘʤʙ ʚʳʜʝʣʠʣʠ ʥʝʩʢʦʣʴʢʦ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʤʫʩʢʘʨʠʥʦʚʳʭ ʪʦʢʩʠʥʦʚ (ʄʊ1-ʄʊ7, 4 

ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʠ). ʄʊ3 ʠ ʄʊ7 ʠʟ Dendroaspis angusticeps ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʤʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤʠ ʘʥʪʘʛʦʥʠʩʪʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄ1 ʠ ʄ4 

mAChR, ʊʘʙʣʠʮʘ 1.2), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʤʫʩʢʘʨʠʥʦʚʳʝ ʪʦʢʩʠʥʳ ʥʝ ʪʘʢ 

ʩʧʝʮʠʬʠʯʥʳ [142]. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʥʝʜʘʚʥʦ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʧʝʪʣʷ ʪʦʢʩʠʥʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʜʝʪʝʨʤʠʥʘʥʪʦʡ ʄʊ7, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʳʩʦʢʦʘʬʬʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʄ1-
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mAChR, [143] ʘ ʦʩʪʘʪʦʢ Arg34, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʝ ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤ ʜʣʷ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [143]. 

çʅʝʦʙʳʯʥʳʝè ʥʝʡʨʦʪʦʢʩʠʥʳ. ʅʝʡʨʦʪʦʢʩʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʷʪʫ  ʁ

ʜʦʧʦʣʥʠʪʝʣʴʥʫ  ʁ ʜʠʩʫʣʴʬʠʜʥʫʶ ʩʚʷʟʴ ʚ ʧʝʪʣʝ I, ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çʥʝʦʙʳʯʥʳʭè 

ʥʝʡʨʦʪʦʢʩʠʥʦʚ. ʅʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 30-ʪʠ çʥʝʦʙʳʯʥʳʭè ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʟʤʝʡ ʩʝʤʝʡʩʪʚʘ Elapidae, ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ Naja spp., Bungarus spp., 

Dendroaspis jamesoni (ʤʘʤʙʘ) ʠ Micrurus corallinus (ʢʦʨʘʣʣʦʚʘʷ ʟʤʝʷ) [144]. ɼʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʶʪʩʷ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ ʬʫʥʢʮʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʠʰʝʥʠ ʵʪʠʭ ʪʦʢʩʠʥʦʚ 

[144]. ʋ ʙʦʣʴʰʠʥʩʪʚʘ çʥʝʦʙʳʯʥʳʭè ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʘʷ 

ʪʦʢʩʠʯʥʦʩʪʴʶ (LD50 - 5-80 mg/kg), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʨʦʪʢʠʤʠ ʠ ʜʣʠʥʥʳʤʠ Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʘʤʠ (LD50 ï 0.04-0.30 ʤʛ/ʢʛ) [144]. ʆʜʥʘʢʦ, ʝʩʪʴ ʧʨʠʤʝʨʳ ʠ 

ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ çʥʝʦʙʳʯʥʳʭè ʪʦʢʩʠʥʦʚ: -ɔ-ʙʫʥʛʘʨʦʪʦʢʩʠʥ ʠʟ B. multicinctus (LD50 ~ 

0.15 ʤʛ/ʢʛ) ʠ ʢʘʥʜʦʢʩʠʥ ʠʟ B. candidus (LD50 ~ 0.83 ʤʛ/ʢʛ) [145] [146]. ʉʝʤʝʡʩʪʚʦ 

çʥʝʦʙʳʯʥʳʭè ʪʦʢʩʠʥʦʚ ʥʝ ʦʜʥʦʨʦʜʥʦ. ʉʦʛʣʘʩʥʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ, 

ʥʝʢʦʪʦʨʳʝ çʥʝʦʙʳʯʥʳʝè ʪʦʢʩʠʥʳ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʠʟ Naja spp) ʙʣʠʞʝ ʢ 

ʤʫʩʢʘʨʠʥʦʚʳʤ ʪʦʢʩʠʥʘʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʦʢʩʠʥʳ ʠʟ Bungarus spp ʙʣʠʞʝ ʢ ʜʣʠʥʥʳʤ Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʘʤ [132].  

ɺʳʜʝʣʝʥʥʳʡ ʠʟ Naja kaouthia çʥʝʦʙʳʯʥʳʡè (ʩʣʘʙʳʡ) ʪʦʢʩʠʥ WTX (LD50 > 2 ʤʛ/ʢʛ) 

ʩʦʯʝʪʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʠ ʤʫʩʢʘʨʠʥʦʚʳʭ ʪʦʢʩʠʥʦʚ. ʇʦʜʦʙʥʦ 

Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʘʤ WTX ʥʝʦʙʨʘʪʠʤʦ ʙʣʦʢʠʨʫʝʪ nAChR ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ ʠ Ŭ7-nAChR, 

ʭʦʪʷ ʠ ʩ ʥʠʟʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ (IC50 ~10 ʤʢʄ, [147]). ʇʦʜʦʙʥʦ ʤʫʩʢʘʨʠʥʦʚʳʤ ʪʦʢʩʠʥʘʤ 

WTX ʤʦʞʝʪ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ mAChR, ʠ 

ʤʦʜʫʣʠʨʦʚʘʪʴ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤ ʢʘʢ ACh ʠ N-

ʩʢʦʧʦʣʘʤʠʥ [147]. 

ʅʝʡʨʦʪʦʢʩʠʥʳ ʠ ɻɸʄʂɸ-ʨʝʮʝʧʪʦʨʳ. ɺ ̫ʜʝ ʢʦʨʘʣʣʦʚʦʡ ʟʤʝʠ Micrurus mipartitus 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʪʨʝʭʧʝʪʝʣʴʥʳʝ ʪʦʢʩʠʥʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʨʝʮʝʧʪʦʨʳ ʛʘʤʤʘ-

ʘʤʠʥʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ (ɻɸʄʂɸ-ʨʝʮʝʧʪʦʨʳ), ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʣʠʛʘʥʜ-ʫʧʨʘʚʣʷʝʤʳʤ 

ʠʦʥʥʳʤ ʢʘʥʘʣʘʤ [148]. ʊʦʢʩʠʥʳ MmTX1 ʠ MmTX2 ʫʚʝʣʠʯʠʚʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ɻɸʄʂɸ-ʨʝʮʝʧʪʦʨʦʚ ʢ ʘʛʦʥʠʩʪʘʤ ʠ ʜʝʡʩʪʚʫʶʪ ʚ ʥʘʥʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ [148]. ɺ 

ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʚʝʩʪʥʝʡʰʠʡ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʡ ʠʥʛʠʙʠʪʦʨ 

nAChR Ŭ-Bgtx ʩ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (100% ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʦʢʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʥʘ 5 ʤʢʄ) ʩʧʦʩʦʙʝʥ ʩʝʣʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ɻɸʄʂ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʦʢʠ ʯʝʨʝʟ ʢʘʥʘʣ ʨʝʮʝʧʪʦʨʘ Ŭ2ɓ2ɔ2 ʪʠʧʘ [149].  
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ʅʝʡʨʦʪʦʢʩʠʥʳ ʠ ʢʠʩʣʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ (ASIC). 

ʂʠʩʣʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ (ASIC) ʷʚʣʷʶʪʩʷ ʥʝʡʨʦʥʘʣʴʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, 

ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʙʦʣʝʚʳʭ ʠʤʧʫʣʴʩʦʚ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʚ ʪʦʤ ʯʠʩʣʝ 

ʯʝʣʦʚʝʢʘ [150]. ʅʝʜʘʚʥʦ ʠʟ ʷʜʘ ʯʝʨʥʦʡ ʤʘʤʙʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ ï 

ʤʘʤʙʘʣʛʠʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʘʥʘʣʴʛʝʟʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ, ʩʨʘʚʥʠʤʳʤ ʧʦ ʩʠʣʝ ʩ 

ʵʬʬʝʢʪʦʤ ʤʦʨʬʠʥʘ [151]. ʇʦʵʪʦʤʫ ʤʘʤʙʘʣʛʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʦʦʙʨʘʟʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʝʢʘʨʩʪʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʣʝʯʝʥʠʝ ʙʦʣʠ, ʠ ʚʦʟʤʦʞʥʦ, ʜʨʫʛʠʭ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʄʠʰʝʥʴʶ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʥʝʪʦʢʩʠʯʥʳʭ ʪʨʝʭʧʝʪʝʣʴʥʳʭ 

ʙʝʣʢʦʚ ʷʚʣʷʶʪʩʷ ʛʦʤʦ ʠ ʛʝʪʝʨʦ ʨʝʮʝʧʪʦʨʳ ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʫʙʲʝʜʠʥʠʮ: ASIC1a, ASIC1b, 

ASIC1a/ASIC2a, ASIC1a/ASIC2b ASIC2a/ASIC2b [151].  

 

 

 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʤʙʘʣʛʠʥʘ-1 ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ 2016 ʛʦʜʫ ʠ 

ʤʝʪʦʜʘʤʠ ʜʚʦʡʥʦʛʦ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ 

ʧʝʧʪʠʜʘ ʩ ʢʘʥʘʣʦʤ ASIC1a [152]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʤʘʤʙʘʣʛʠʥʘ-1 ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʧʝʪʣʷ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʥʝʡ ʦʩʪʘʪʢʠ Phe27, 

Leu32 ʠ Leu34 (ʈʠʩ. 2.4).  

ʎʠʪʦʪʦʢʩʠʥʳ. ʂʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ ʷʚʣʷʶʪʩʷ ʤʠʰʝʥʴʶ ʜʝʡʩʪʚʠʷ ʮʠʪʦʪʦʢʩʠʥʦʚ 

ʠʟ ʷʜʘ ʟʤʝʡ. ɺ ʦʢʦʥʯʘʥʠʷʭ ʧʝʪʝʣʴ ʮʠʪʦʪʦʢʩʠʥʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʛʠʜʨʦʬʦʙʥʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʤʝʤʙʨʘʥʦʩʚʷʟʳʚʘʶʱʠʡ ʤʦʪʠʚ [153]. ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʥʠʦʥʥʳʤʠ ʣʠʧʠʜʘʤʠ, ʮʠʪʦʪʦʢʩʠʥʳ ʚʳʟʳʚʘʶʪ ʜʝʟʠʥʪʝʛʨʘʮʠʶ 

ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʥʘʧʨʠʤʝʨ, ʤʝʤʙʨʘʥ ʤʠʦʮʠʪʦʚ [154]. ʇʦʩʢʦʣʴʢʫ ʤʝʤʙʨʘʥʳ 
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ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʙʦʛʘʪʳ ʘʥʠʦʥʥʳʤʠ ʬʦʩʬʦʣʠʧʠʜʘʤʠ, ʥʝʢʦʪʦʨʳʝ ʮʠʪʦʪʦʢʩʠʥʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʨʘʞʝʥʥʫʶ ʘʥʪʠʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [155]. ɹʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʠʟʙʠʨʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʮʠʪʦʪʦʢʩʠʥʦʚ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ [156]. ɸʢʪʠʚʥʦʩʪʴ ʮʠʪʦʪʦʢʩʠʥʦʚ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ 

ʪʠʧʘ ʪʦʢʩʠʥʘ ʪʘʢ ʠ ʦʪ ʪʠʧʘ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ɸʢʪʠʚʥʦʩʪʴ ʮʠʪʦʪʦʢʩʠʥʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ 

ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʣʠʟʦʩʦʤʘʭ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʢʣʝʪʢʘʭ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʦʛʦ 

A549 ʠ ʧʨʦʤʠʝʣʦʮʠʪʘʨʥʦʡ ʣʝʡʢʝʤʠʠ HL60 [157]. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʨʝʜʝʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʪʦʪʦʢʩʠʥʦʚ ʚ ʣʠʟʦʩʦʤʘʭ, ʣʠʟʦʩʦʤʘʣʴʥʘʷ ʤʝʤʙʨʘʥʘ ʜʝʟʠʥʪʝʛʨʠʨʫʝʪʩʷ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʧʦʧʪʦʟʫ ʠʣʠ ʥʝʢʨʦʟʫ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ [157]. 

 

 

 

ʀʥʛʠʙʠʪʦʨʳ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ. ʕʪʦʪ ʪʠʧ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ, 

ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʷʜʘ ʤʘʤʙ Dendroaspis sp, ʚʳʟʳʚʘʝʪ ʬʘʩʮʠʢʫʣʷʮʠʶ ʤʳʰʮ ʠʟ-ʟʘ 

ʥʘʢʦʧʣʝʥʠʷ ʚ ʩʠʥʘʧʩʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ Aʉh, ʚʩʣʝʜʩʪʚʠʝ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʪʦʢʩʠʥʦʤ ʬʝʨʤʝʥʪʘ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ. ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʬʘʩʮʠʢʫʣʠʥʳ 

ʥʘʧʦʤʠʥʘʶʪ ʢʦʨʦʪʢʠʝ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʳ (ʈʠʩ. 2.1). ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʘʩʮʠʢʫʣʠʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʦʡ 

ʦʩʪʘʪʢʘʤʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʝʪʝʣʴ (ʈʠʩ. 2.5). ʇʝʨʚʘʷ ʧʝʪʣʷ ʪʦʢʩʠʥʘ ʦʪʚʝʯʘʝʪ ʟʘ ʙʦʣʴʫhʶ 

ʧʣʦʱʘʜʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʢʩʠʥʘ ʩ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʘʷ ʧʝʪʣʷ, 

ʙʣʘʛʦʜʘʨʷ ʛʠʜʨʦʬʦʙʥʳʤ ʦʩʪʘʪʢʘʤ, ʙʣʦʢʠʨʫʝʪ ʜʦʩʪʫʧ ACh ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʘʡʪ 

ʬʝʨʤʝʥʪʘ [158]. 
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2.2. ʅʝʡʨʦʤʦʜʫʣʷʪʦʨʳ ʥʘʩʝʢʦʤʳʭ 

ʈʝʛʫʣʷʪʦʨ ʩʥʘ ʜʨʦʟʦʬʠʣ Sleepless. ɺ 2008 ʛ. ʫ ʜʨʦʟʦʬʠʣʳ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʛʝʥ 

sleepless, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʥʘ. ʂʦʜʠʨʫʝʤʳʡ ʠʤ ʪʨʝʭʧʝʪʝʣʴʥʳʡ ʙʝʣʦʢ SLEEPLESS 

ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʤʦʟʛʝ ʜʨʦʟʦʬʠʣʳ ʠ ʟʘʷʢʦʨʝʥ ʥʘ ʢʣʝʪʦʯʥʦʡ 

ʤʝʤʙʨʘʥʝ ʥʝʡʨʦʥʦʚ ʩ ʧʦʤʦʱʴʶ GPI-ʷʢʦʨʷ [129]. ʇʦʪʝʨʷ SLEEPLESS ʧʨʠʚʦʜʠʣʘ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʥʘ (> 80%), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʤʝʨʝʥʥʦʝ 

ʧʦʜʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ SLEEPLESS ʦʢʘʟʳʚʘʣʦ ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʥ, ʥʦ 

ʟʘʤʝʪʥʦ ʩʥʠʞʘʣʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʩʥʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʧʨʠʚʘʮʠʠ. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʘʷ ʤʫʪʘʮʠʷ quiver, 

ʚʣʠʷʶʱʘʷ ʥʘ ʪʦʢ ʯʝʨʝʟ ʂ+-ʢʘʥʘʣ Shaker, ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʛʝʥʝ sleepless. ɼʨʦʟʦʬʠʣʳ ʩ 

ʤʫʪʘʮʠʝʡ quiver, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ Shaker ʠ ʩʪʨʘʜʘʶʪ ʙʝʩʩʦʥʥʠʮʝʡ 

[129]. ɹʦʣʝʝ ʧʦʟʜʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʝʣʦʢ SLEEPLESS ʥʝ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ Shaker, ʥʦ ʠ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʦʥʥʳʤ 

ʢʘʥʘʣʦʤ, ʫʚʝʣʠʯʠʚʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʦʪʢʨʳʪʠʷ [129,159]. ʆʢʘʟʳʚʘʝʪʩʷ, SLEEPLESS 

ʷʚʣʷʝʪʩʷ ʘʥʪʘʛʦʥʠʩʪʦʤ nAChR [159]. ʕʪʠ ʬʘʢʪʦʨʳ ʧʨʠʚʦʜʷʪ ʢ ʧʦʥʠʞʝʥʥʦʡ 

ʚʦʟʙʫʜʠʤʦʩʪʠ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ ʠ ʢ ʦʩʣʘʙʣʝʥʠʶ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʚ ʩʦʩʪʦʷʥʠʝ ʩʥʘ [159]. ʉ 

ʧʦʤʦʱʴʶ ʤʫʪʘʛʝʥʝʟʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʜʘʣʷʣʠ ʧʝʪʣʝʚʳʝ ʫʯʘʩʪʢʠ 

ʤʦʣʝʢʫʣʳ SLEEPLESS (ʈʠʩ. 2.6), ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʢʣʶʯʝʚʘʷ ʨʦʣʴ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ 

ʙʝʣʢʘ ʚ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ Shaker ʠ nAChR [160]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, SLEEPLESS 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʠʛʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ, ʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʧʨʠʭʦʜ ʩʥʘ.  

Lynx1 ʠ Lynx2 ʙʫʨʦʡ ʨʠʩʦʚʦʡ ʮʠʢʘʜʢʠ Nilaparvata lugens. ɺ ʤʦʟʛʝ ʥʘʩʝʢʦʤʳʭ 

nAChR ʦʪʚʝʯʘʶʪ ʟʘ ʙʳʩʪʨʫʶ ʭʦʣʠʥʝʨʛʠʯʝʩʢʫʶ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʠ ʧʦʵʪʦʤʫ 

ʷʚʣʷʶʪʩʷ ʤʠʰʝʥʷʤʠ ʜʣʷ ʥʝʦʥʠʢʦʪʠʥʦʠʜʥʳʭ ʠʥʩʝʢʪʠʮʠʜʦʚ. ʋ ʙʫʨʦʡ ʨʠʩʦʚʦʡ ʮʠʢʘʜʢʠ 

Nilaparvata lugens ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʘ Nl-lynx1 ʠ Nl-lynx2, 

ʤʦʜʫʣʠʨʫʶʱʠʭ ʨʘʙʦʪʫ nAChR [161]. ʕʪʠ ʙʝʣʢʠ ʫʚʝʣʠʯʠʚʘʶʪ ʚʳʟʚʘʥʥʳʝ ʘʛʦʥʠʩʪʘʤʠ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʪʦʢʠ ʥʘ ʛʝʪʝʨʦʤʝʨʥʳʭ ʨʝʮʝʧʪʦʨʘʭ NlŬ1/ɓ2, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʚ 

ʦʦʮʠʪʘʭ Xenopus, ʥʦ ʥʝ ʚʣʠʷʶʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪ ɹ ʢ ʘʛʦʥʠʩʪʘʤ ʠ ʩʪʝʧʝʥ ɹ

ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʨʝʮʝʧʪʦʨʘ [162]. ʀʟʚʝʩʪʥʘ ʤʫʪʘʮʠʷ Y151S Ŭ1-ʩʫʙʲʝʜʠʥʠʮʳ ʨʝʮʝʧʪʦʨʘ, 

ʫʚʝʣʠʯʠʚʘʶʱʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʩʝʢʦʤʳʭ ʢ ʥʝʦʥʠʢʦʪʠʥʦʠʜʥʳʤ ʠʥʩʝʢʪʠʮʠʜʘʤ, ʪʘʢʠʤ 

ʢʘʢ ʠʤʠʜʘʢʣʦʧʨʠʜ. ʅʘ ʤʫʪʘʥʪʥʳʭ NlŬ1/ɓ2 ʨʝʮʝʧʪʦʨʘʭ nAChR ʦʙʘ ʙʝʣʢʘ Nl-lynx1 ʠ Nl-

lynx2 ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʠ ʘʤʧʣʠʪʫʜʫ ʪʦʢʘ, ʚʳʟʚʘʥʥʦʛʦ ʠʤʠʜʘʢʣʦʧʨʠʜʦʤ, ʧʨʠ 
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ʵʪʦʤ, ʥʝ ʚʣʠʷʣʠ ʥʘ ʪʦʢʠ, ʚʳʟʳʚʘʝʤʳʝ ʧʨʠʨʦʜʥʳʤ ʘʛʦʥʠʩʪʦʤ ʨʝʮʝʧʪʦʨʘ ACh [162]. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ Nl-lynx1 ʠ Nl-lynx2 ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘʩʝʢʦʤʳʭ ʢ ʥʝʦʥʠʢʦʪʠʥʦʠʜʥʳʤ 

ʠʥʩʝʢʪʠʮʠʜʘʤ [162]. 

 

 

ʈʠʩ. 2.6. ʉʪʨʫʢʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʫʪʘʥʪʦʚ SLEEPLESS ʩ ʫʜʘʣʝʥʥʳʤʠ ʧʝʪʣʝʚʳʤʠ 

ʫʯʘʩʪʢʘʤʠ. (A). ɸʤʠʥʦʢʠʩʣʦʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ SLEEPLESS. ʋʜʘʣʝʥʥʳʝ ʧʝʪʣʠ ʫʜʘʣʝʥʠʷ 

ʦʙʦʟʥʘʯʝʥʳ ʟʝʣʝʥʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ. ʇʨʝʜʩʢʘʟʘʥʥʳʡ ʩʘʡʪ N-ʩʚʷʟʘʥʥʦʛʦ 

ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ ʚʳʜʝʣʝʥ ʢʨʘʩʥʳʤ, ʘ ʧʨʝʜʩʢʘʟʘʥʥʳʡ ʩʘʡʪ ʧʨʠʢʨʝʧʣʝʥʠʷ GPI-ʷʢʦʨʷ ʛʦʣʫʙʳʤ. 

(ɹ). ɺʘʨʠʘʥʪʳ ʤʫʪʘʥʪʦʚ SLEEPLESS. ʂʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʜʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ. 

ʆʙʣʘʩʪʠ ʧʝʪʣʠ ʦʙʦʟʥʘʯʝʥʳ ʪʝʤʥʦ-ʩʠʥʠʤ (ʧʝʪʣʷ I), ʦʨʘʥʞʝʚʳʤ (ʧʝʪʣʷ II) ʠ ʟʝʣʝʥʳʤ (ʧʝʪʣʷ III). 

ɼʣʷ ʚʩʝʭ ʤʫʪʘʥʪʦʚ ʫʜʘʣʝʥʥʳʝ ʩʝʛʤʝʥʪʳ ʙʝʣʢʘ ʦʙʦʟʥʘʯʝʥʳ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ [160]. 
 

2.3. ʊʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ ʨʳʙ ʠ ʟʝʤʥʦʚʦʜʥʳʭ  

ɹʝʣʦʢ Li16 ʜʨʝʚʝʩʥʦʡ ʣʷʛʫʰʢʠ Rana sylvatica. ɼʨʝʚʝʩʥʘʷ ʣʷʛʫʰʢʘ Rana sylvatica 

ʩʧʦʩʦʙʥʘ ʧʝʨʝʞʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʫʶ ʟʠʤʥʶʶ ʩʧʷʯʢʫ ʩ ʟʘʤʝʨʟʘʥʠʝʤ ʪʝʣʘ ʜʦ 65%. ʇʨʠ 

ʟʘʤʝʨʟʘʥʠʠ ʚʢʣʶʯʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʣʴʜʘ, ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʠʰʝʤʠʶ, ʨʝʛʫʣʠʨʫʶʪ ʠʟʤʝʥʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ 

ʦʙʲʝʤʘ ʠ ʟʘʱʠʱʘʶʪ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʦʪ ʨʘʟʨʫʰʝʥʠʷ. ʋ ʜʨʝʚʝʩʥʦʡ ʣʷʛʫʰʢʠ ʙʳʣ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʛʝʥ li16, ʢʦʜʠʨʫʶʱʠʡ ʪʨʝʭʧʝʪʝʣʴʥʳʡ ʙʝʣʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ 89 

ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʩʦʜʝʨʞʘʱʠʡ ʧʷʪʴ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ (ʈʠʩ. 2.2, [163]). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 
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ʯʪʦ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʘ Li16 ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 24 ʯʘʩʦʚ. ʇʦʚʳʰʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ Li16 ʚʳʟʳʚʘʣʠ ʪʘʢʞʝ ʛʠʧʦʢʩʠʷ ʠ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ [163]. ʇʨʠ ʨʘʟʤʦʨʦʟʢʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʢʠʩʣʦʨʦʜʘ 

ʵʢʩʧʨʝʩʩʠʷ Li16 ʙʳʩʪʨʦ ʩʥʠʞʘʣʘʩʴ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʫʶ ʨʦʣʴ ʙʝʣʢʘ 

Li16 ʚ ʨʘʟʚʠʪʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʰʝʤʠʠ ʚʦ ʚʨʝʤʷ ʟʘʤʦʨʦʟʢʠ [163].  

ɹʝʣʦʢ Prod1, ï ʨʝʛʫʣʷʪʦʨ ʧʨʦʮʝʩʩʦʚ ʨʝʛʝʥʝʨʘʮʠʠ ʢʦʥʝʯʥʦʩʪʝʡ ʩʘʣʘʤʘʥʜʨʳ. 

Prod1 ï ʵʪʦ ʪʨʝʭʧʝʪʝʣʴʥʳʡ ʙʝʣʦʢ [164], ʢʦʥʪʨʦʣʠʨʫʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʨʦʩʪʘ 

ʢʦʥʝʯʥʦʩʪʝʡ ʧʨʠ ʨʝʛʝʥʝʨʘʮʠʠ ʫ ʩʘʣʘʤʘʥʜʨ [131]. ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʵʢʩʧʨʝʩʩʠʠ prod1 ʨʦʩʪ 

ʣʦʢʪʝʚʦʡ ʢʦʩʪʠ ʠ ʧʝʨʝʜʥʠʭ ʧʘʣʴʮʝʚ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ [165]. ʀʟʚʝʩʪʥʦ, ʯʪʦ Prod1 

ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ ʤʝʤʙʨʘʥʝ ʩ ʧʦʤʦʱʴʶ GPI-ʷʢʦʨʷ. ʅʝʜʘʚʥʦ ʛʨʫʧʧʦʡ ʷʧʦʥʩʢʠʭ ʫʯʝʥʳʭ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ Prod1 ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ [166]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʤʙʨʘʥʦʡ ʤʦʣʝʢʫʣʳ 

Prod1 ʘʛʨʝʛʠʨʫʶʪ ʚ ʧʣʦʩʢʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʦʣʝʢʫʣʘʤʠ 

Prod1 ʥʘ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ ʩʦʩʝʜʥʠʭ ʢʣʝʪʦʢ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʠʥʠʮʠʘʮʠʠ 

ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʝʥʝʨʘʮʠʠ ʢʦʥʝʯʥʦʩʪʝʡ.  

ɹʝʣʦʢ Lypd6, ï ʨʝʛʫʣʷʪʦʨ ʧʨʦʮʝʩʩʦʚ ʵʤʙʨʠʦʛʝʥʝʟʘ ʨʳʙ ʠ ʣʷʛʫʰʝʢ. ɺ ʭʦʜʝ 

ʵʤʙʨʠʦʛʝʥʝʟʘ ʨʳʙʢʠ Danio rerio ʥʘ ʩʪʘʜʠʷʭ ʙʣʘʩʪʫʣʳ, ʛʘʩʪʨʫʣʳ, ʩʝʛʤʝʥʪʘʮʠʠ ʠ 

ʦʨʛʘʥʦʛʝʥʝʟʘ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʪʨʝʭʧʝʪʝʣʴʥʳʡ ʙʝʣʦʢ Lypd6 

[130]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ Lypd6 ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ ʚ Wnt/ɓ-ʢʘʪʝʥʠʥ ʢʘʩʢʘʜʝ, ʨʝʛʫʣʠʨʫʶʱʝʤ ʵʤʙʨʠʦʛʝʥʝʟ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ 

ʢʣʝʪʦʢ [130]. ʉʫʧʝʨʵʢʩʧʨʝʩʩʠʷ ʠʥʛʠʙʠʪʦʨʦʚ Wnt/ɓ-ʢʘʪʝʥʠʥ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ Axin1 

ʠ Dkk1 ʚ ʪʨʘʥʩʛʝʥʥʳʭ ʵʤʙʨʠʦʥʘʭ ʧʦʜʘʚʣʷʣʘ ʵʢʩʧʨʝʩʩʠʶ lypd6 ʥʘ ʩʪʘʜʠʠ ʛʘʩʪʨʫʣʳ ʠ 

ʩʦʤʠʪʦʛʝʥʝʟʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʷ ʘʢʪʠʚʘʪʦʨʘ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ wnt8 ʚ 

ʪʨʘʥʩʛʝʥʥʳʭ ʵʤʙʨʠʦʥʘʭ ʧʨʠʚʦʜʠʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ lypd6 ʥʘ 

ʩʪʘʜʠʠ ʩʦʤʠʪʦʛʝʥʝʟʘ. ʇʦʜʘʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ lypd6 ʧʨʠʚʦʜʠʪ ʢ ʦʩʪʘʥʦʚʢʝ ʨʘʟʚʠʪʠʷ 

ʵʤʙʨʠʦʥʦʚ, ʧʨʠʯʝʤ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʲʝʢʮʠʠ ʤʈʅʂ, ʢʦʜʠʨʫʶʱʝʡ Lypd6, 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʦʨʤʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʵʤʙʨʠʦʥʘ [130]. ʊʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʟʘʢʨʝʧʣʝʥʠʝ Lypd6 ʩ ʧʦʤʦʱʴʶ GPI-ʷʢʦʨʷ ʚ ʤʝʤʙʨʘʥʥʳʭ ʨʘʬʪʘʭ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʫʩʣʦʚʠʝʤ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝʮʝʧʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Lrp6/Frizzled8, 

ʧʨʠ ʵʪʦʤ ʧʨʠʩʫʪʩʪʚʠʝ ʣʠʛʘʥʜʘ Wnt3a ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

Lypd6 ʠ Frizzled8. Lypd6 ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʘʢʪʠʚʘʮʠʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ Lrp6 ʚ 

ʤʝʤʙʨʘʥʥʳʭ ʨʘʬʪʘʭ [130]. ɻʦʤʦʣʦʛ ʙʝʣʢʘ Lypd6 (Xlypd6, ʩʪʝʧʝʥʴ ʛʦʤʦʣʦʛʠʠ ʩ ʙʝʣʢʦʤ 

ʨʳʙʦʢ ~ 85 %, ʈʠʩ. 2.2) ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʪʘʢʞʝ ʫ ʣʷʛʫʰʝʢ Xenopus. Xlypd6 
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ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʭʦʞʫʁ  ʩ Lypd6 Danio rerio ʵʢʩʧʨʝʩʩʠʶ ʚʦ ʚʨʝʤʷ ʵʤʙʨʠʦʛʝʥʝʟʘ. Xlypd6 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʘ ʩʪʘʜʠʠ ʙʣʘʩʪʫʣʳ, ʚʦ ʚʨʝʤʷ ʛʘʩʪʨʫʣʷʮʠʠ ʦʥ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ 

ʵʢʪʦʜʝʨʤʝ ʠ ʤʝʟʦʜʝʨʤʝ, ʘ ʚʦ ʚʨʝʤʷ ʥʝʡʨʫʣʷʮʠʠ ï ʚ ʥʝʨʚʥʦʡ ʧʣʘʩʪʠʥʢʝ [130]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʨʦʤʦʩʦʤʝ 2 Danio rerio ʦʙʥʘʨʫʞʠʣʠ ʢʣʘʩʪʝʨ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʡ 

ʪʨʠ ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʘ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʤ 

ʟʘʨʦʜʳʰʝʚʦʤ ʩʣʦʝ (ʵʥʪʦʜʝʨʤʝ) [167]. ʀ ʭʦʪʷ ʬʫʥʢʮʠʷ ʵʪʠʭ ʙʝʣʢʦʚ ʧʦʢʘ ʥʝʠʟʚʝʩʪʥʘ, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʚʠʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ [167]. 

2.4. ʊʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ɻʣʠʢʦʧʨʦʪʝʠʥ CD59, ʠʥʛʠʙʠʪʦʨ ʤʝʤʙʨʘʥʦʘʪʘʢʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ, ʠʣʠ 

ʧʨʦʪʝʢʪʠʥ. CD59 ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʪʦʨʥʳʤ ʙʝʣʢʦʤ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʤʝʥʪʘ, 

ʟʘʢʨʝʧʣʝʥʥʳʤ ʚ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ ʧʦʩʨʝʜʩʪʚʦʤ GPI-ʷʢʦʨʷ. ʕʪʦʪ ʙʝʣʦʢ ʦʙʥʘʨʫʞʝʥ ʚ 

ʢʣʝʪʢʘʭ ʢʨʦʚʠ, ʚʢʣʶʯʘʷ ʣʝʡʢʦʮʠʪʳ, ʵʨʠʪʨʦʮʠʪʳ, ʪʨʦʤʙʦʮʠʪʳ, ʘ ʪʘʢʞʝ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ, 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʠ ʧʣʘʮʝʥʪʘʨʥʳʭ ʢʣʝʪʢʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ CD59 ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʚ ʩʣʶʥʝ, ʘʤʥʠʦʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʠ ʤʦʯʝ [137]. ʄʫʪʘʮʠʠ ʛʝʥʘ ʩʘʤʦʛʦ ʙʝʣʢʘ 

CD59 ʠʣʠ ʛʝʥʦʚ ʬʝʨʤʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʠʥʪʝʟ ʛʣʠʢʦʟʠʣʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣʘ, 

ʥʘʧʨʠʤʝʨ, ʩʫʙʲʝʜʠʥʠʮʳ ɸ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-N-ʘʮʝʪʠʣʛʣʶʢʦʟʦʘʤʠʥʠʣʪʨʘʥʩʬʝʨʘʟʳ 

(PIG-A), ʧʨʠʚʦʜʷʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʠʣʠ ʧʦʣʥʦʤʫ ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ CD59. ʊʘʢʠʝ ʤʫʪʘʮʠʠ 

ʧʨʠʚʦʜʷʪ ʢ ʢʦʤʧʣʝʤʝʥʪ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʤʫ ʣʠʟʠʩʫ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʨʘʟʚʠʪʠʶ ʨʘʟʣʠʯʥʳʭ 

ʬʦʨʤ ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʥʝʤʠʠ [168]. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ CD59  ʯʝʣʦʚʝʢʘ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ 1994 ʛʦʜʫ ʠ ʩʪʘʣʘ ʧʝʨʚʦʡ ʩʪʨʫʢʪʫʨʦʡ  

ʪʨʝʭʧʝʪʝʣʴʥʦʛʦ ʙʝʣʢʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [137]. ɹʝʣʦʢ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʪʨʝʭʧʝʪʝʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʥʦʩʪʴʶ ɓ-ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʟʤʝʡ, ʚ 

ʫʜʣʠʥʝʥʥʦʡ ʪʨʝʪʴʝʡ ʧʝʪʣʝ CD59 ʩʦʜʝʨʞʠʪʩʷ Ŭ-ʩʧʠʨʘʣʴʥʳʡ ʫʯʘʩʪʦʢ. 

ʈʝʮʝʧʪʦʨ ʘʢʪʠʚʘʪʦʨʘ ʧʣʘʟʤʠʥʦʛʝʥʘ ʫʨʦʢʠʥʘʟʥʦʛʦ ʪʠʧʘ (uPAR). ʈʝʮʝʧʪʦʨ 

ʫʨʦʢʠʥʘʟʳ uPA, ʧʦ ʠʤʝʥʠ ʢʦʪʦʨʦʛʦ ʠ ʙʳʣʦ ʥʘʟʚʘʥʦ ʩʝʤʝʡʩʪʚʦ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʤʦʥʦʮʠʪʘʭ, ʬʠʙʨʦʙʣʘʩʪʘʭ, ʪʨʦʤʙʦʮʠʪʘʭ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, uPAR ʧʨʦʜʫʮʠʨʫʝʪʩʷ ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ. ʉʠʩʪʝʤʘ uPA/uPAR 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ, ʘʜʛʝʟʠʠ, ʤʠʛʨʘʮʠʠ, ʠʥʚʘʟʠʠ 

ʢʣʝʪʦʢ, ʚ ʘʢʪʠʚʘʮʠʠ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʠ ʧʣʘʟʤʠʥʦʛʝʥʘ, ʘ ʪʘʢʞʝ ʚ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ [169]. ʂʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʪʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ uPAR ʟʘʷʢʦʨʝʥ ʥʘ ʤʝʤʙʨʘʥʝ ʧʦʩʨʝʜʩʪʚʘʤ GPI-ʷʢʦʨʷ, ʦʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʝʪ ʠ suPAR - ʨʘʩʪʚʦʨʠʤʘʷ ʬʦʨʤʘ ʨʝʮʝʧʪʦʨʘ (ʈʠʩ. 2.7). ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0


 

 

50 

suPAR ʩʚʷʟʘʥʘ ʩ ʫʭʫʜʰʝʥʠʝʤ ʧʨʦʛʥʦʟʘ ʪʝʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʇʦʵʪʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʠʣʠ ʘʢʪʠʚʥʦʩʪʠ uPAR 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʣʝʯʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʘʢʘ [170].  

uPAR ʦʙʨʘʟʦʚʘʥ ʪʨʝʤʷ çʪʨʝʭʧʝʪʝʣʴʥʳʤʠè ʠʣʠ LU-ʜʦʤʝʥʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʙʦʟʥʘʯʘʶʪʩʷ D1, D2 ʠ D3 (ʈʠʩ. 2.7) [171]. ɸʢʪʠʚʘʮʠʷ ʧʣʘʟʤʠʥʦʛʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ N-ʢʦʥʮʝʚʦʛʦ ʫʯʘʩʪʢʘ uPA (ATF) ʩ LU ʜʦʤʝʥʘʤʠ ʨʝʮʝʧʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʪʱʝʧʣʝʥʠʝ ʜʦʤʝʥʦʚ D2 ʠ D3 ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʩ ʨʝʮʝʧʪʦʨʦʤ ʣʠʧʦʢʩʠʥʘ ɸ4 (LXA 4R), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ 

ʭʝʤʦʪʘʢʩʠʩʘ [169]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʮʝʧʪʦʨ ʫʨʦʢʠʥʘʟʳ ʪʘʢʞʝ ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʨʷʜʦʤ 

ʠʥʪʝʛʨʠʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʥʘ ʩʦʩʝʜʥʠʭ ʢʣʝʪʢʘʭ, ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʤ 

ʩʘʤʳʤ ʤʝʞʢʣʝʪʦʯʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʠ ʘʜʛʝʟʠʠ [169].  

 

 

 

Lynx1 ï ʬʘʢʪʦʨ ʥʝʡʨʦʥʘʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. Lynx1 ̫ ʚʣʷʝʪʩʷ 

ʧʝʨʚʳʤ ʙʝʣʢʦʤ Ly6-uPAR, ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ [134]. ʕʢʩʧʨʝʩʩʠʷ Lynx1 ʦʙʥʘʨʫʞʝʥʘ ʚ ʢʣʝʪʢʘʭ ʇʫʨʢʠʥʴʝ, ʚ ʷʜʨʘʭ 

ʤʦʟʞʝʯʢʘ, ʚ ʥʝʡʨʦʥʘʭ V ʠ VI ʩʣʦʷ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʘ ʪʘʢʞʝ ʚ ʛʠʧʧʦʢʘʤʧʝ ï ʚ 

ʧʦʣʷʭ CA2 ʠ CA3 [134]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ Lynx1 ʩʚʷʟʘʥ ʩ ʤʝʤʙʨʘʥʦʡ GPI-ʷʢʦʨʝʤ ʠ 

ʩʦʣʦʢʘʣʠʟʦʚʘʥ c nAChR ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʪʘʣʘʤʫʩʝ, ʯʝʨʥʦʡ ʩʫʙʩʪʘʥʮʠʠ, 

ʤʦʟʞʝʯʢʝ, ʛʠʧʧʦʢʘʤʧʝ ʠ ʚ ʘʤʠʛʜʘʣʝ [172]. ʊʘʢʞʝ ʵʢʩʧʨʝʩʩʠʷ Lynx1 ʦʙʥʘʨʫʞʝʥʘ, ʚ 

ɻɸʄʂ-ʝʨʛʠʯʝʩʢʠʭ ʧʘʨʚʘʣʴʙʫʤʠʥʦʚʳʭ ʠʥʪʝʨʥʝʡʨʦʥʘʭ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʤʳʰʠ [173]. 
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ʉʦʚʤʝʩʪʥʘʷ ʵʢʩʧʨʝʩʩʠʷ GPI-ʟʘʷʢʦʨʝʥʥʦʛʦ Lynx1 ʠ Ŭ4ɓ2-nAChR ʚ ʢʫʣʴʪʫʨʝ 

ʥʝʡʨʦʥʦʚ ʧʨʠʚʦʜʠʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʠ ʩʪʝʧʝʥʠ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʨʝʮʝʧʪʦʨʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʘʥʘʣʘ [172]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ Lynx1 ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʙʦʨʢʫ 

Ŭ4ɓ2-nAChR ʚ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ, ʚʣʠʷʷ ʥʘ ʢʦʥʝʯʥʫʶ ʩʪʝʭʠʦʤʝʪʨʠʶ 

ʨʝʮʝʧʪʦʨʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ Lynx1 ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ Ŭ4/Ŭ4, ʥʦ ʥʝ ɓ2/ɓ2 ʜʠʤʝʨʳ 

ʨʝʮʝʧʪʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʩʪʦʨʦʥʫ nAChR ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ACh, (Ŭ4)3(ɓ2)2-nAChR, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ (Ŭ4)2(ɓ2)3- 

nAChR [174].  

ʉʦʟʜʘʥʠʝ ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ, ʥʦʢʘʫʪʥʳʭ ʧʦ ʛʝʥʫ lynx1, ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʨʷʜ 

ʫʥʠʢʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʨʦʣʠ ʵʪʦʛʦ ʙʝʣʢʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʡʨʦʥʳ ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ 

ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʥʠʢʦʪʠʥʫ [175]. ʋ ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʢʦʪʠʥʘ, 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʨʝʘʢʮʠʷ ʥʘ ʩʠʛʥʘʣʴʥʳʡ ʩʪʠʤʫʣ ʚ ʪʝʩʪʝ ʫʩʣʦʚʥʦ-ʨʝʬʣʝʢʪʦʨʥʦʛʦ 

ʠʟʙʝʛʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʣʘʩʴ ʤʦʪʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʩʪʝ ʨʦʪʘ-ʨʦʜ [175]. ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʪʨʘʥʩʛʝʥʥʳʝ ʤʳʰʠ ʩ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʩʝʢʨʝʪʠʨʫʝʤʫʶ ʬʦʨʤʫ Lynx1 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʦʚʳʰʝʥʥʫʶ ʦʙʫʯʘʝʤʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʘʥʩʛʝʥʥʳʝ ʤʳʰʠ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ GPI-ʟʘʷʢʦʨʝʥʥʦʛʦ Lynx1 ʥʝ ʦʙʣʘʜʘʣʠ ʫʣʫʯʰʝʥʥʳʤʠ 

ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʢ ʦʙʫʯʝʥʠʶ [176]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʳʡ Lynx1 ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʝʛʫʣʷʮʠʠ ACh-ʟʘʚʠʩʠʤʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʦʟʛʘ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʦʙʫʯʝʥʠʷ [176].  

 

 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ ʚ 13-

ʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʨʘʟʨʫʰʝʥʠʝ ʧʫʯʢʦʚ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ, ʘ ʪʘʢʞʝ 

ʧʦʪʝʨʷ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ ʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʷʜʝʨ ʚ ʜʦʨʩʘʣʴʥʦʤ ʧʦʣʦʩʘʪʦʤ ʪʝʣʝ (ʈʠʩ. 2.8) 

[177]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʣʘʩʴ ʚʘʢʫʦʣʠʟʘʮʠʷ ʠ ʨʘʟʨʫʰʝʥʠʝ ʤʠʝʣʠʥʦʚʦʡ ʦʙʦʣʦʯʢʠ 

ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ ʧʨʠ ʩʪʘʨʝʥʠʠ. ʕʪʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ ʫ 

ʤʦʣʦʜʳʭ ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ ʠʣʠ ʫ ʛʝʪʝʨʦʟʠʛʦʪʥʳʭ ʤʳʰʝʡ ʣʶʙʦʛʦ ʚʦʟʨʘʩʪʘ, ʯʪʦ 
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ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ 

ʥʝʡʨʦʥʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Lynx1 [177].  

ʄʦʥʦʢʫʣʷʨʥʘʷ ʜʝʧʨʠʚʘʮʠʷ ʚ ʶʚʝʥʠʣʴʥʦʤ ʚʦʟʨʘʩʪʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʟʨʝʥʠʷ ʫ 

ʞʠʚʦʪʥʳʭ. ʋ ʤʳʰʝʡ ʩ ʥʦʢʘʫʪʦʤ ʧʦ ʛʝʥʫ lynx1 ʧʨʦʠʩʭʦʜʠʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʨʝʥʠ ̫

ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ [178]. ɺ ʪʝʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ ʚ 

ʧʝʨʚʠʯʥʦʡ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʝ ʧʦʚʳʰʝʥʘ ʘʢʪʠʚʥʦʩʪʴ ʪʢʘʥʝʚʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ʧʣʘʟʤʠʥʦʛʝʥʘ 

(ʊɸʇ), ʘ ʫ ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ ʘʢʪʠʚʥʦʩʪʴ ʊɸʇ ʥʝ ʠʟʤʝʥʷʝʪʩʷ [179]. ʇʨʠ ʵʪʦʤ ʫ 

ʚʟʨʦʩʣʳʭ ʥʦʢʘʫʪʥʳʭ ʧʦ lynx1 ʤʳʰʝʡ ʘʢʪʠʚʥʦʩʪʴ ʊɸʇ ʙʳʣʘ ʧʦʚʳʰʝʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʦʚ ʠ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʣʘʟʦʜʦʤʠʥʘʥʪʥʦʩʪʠ [179]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʘʜʘ Lynx1 ʚ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʜʝʥʜʨʠʪʥʳʭ 

ʰʠʧʠʢʦʚ ʜʦ ʠ ʧʦʩʣʝ ʤʦʥʦʢʫʣʷʨʥʦʡ ʜʝʧʨʠʚʘʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʝʣʝʮʠʷ lynx1 ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʢʦʨʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʦʚ ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʚʟʨʦʩʣʳʭ ʞʠʚʦʪʥʳʭ [180]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Lynx1 ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʟʘʚʝʨʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʦʟʛʘ ʤʦʣʦʜʳʭ 

ʞʠʚʦʪʥʳʭ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʙʝʣʢʠ Lynx1 ʥʘʩʝʢʦʤʳʭ ʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʤʝʶʪ ʦʯʝʥʴ 

ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʛʦʤʦʣʦʛʠʠ (~19%, ʧʨʠ ʵʪʦʤ 10% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ 

ʦʩʪʘʪʢʠ ʮʠʩʪʝʠʥʘ). ʅʘʧʨʦʪʠʚ, ʩʨʝʜʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʛʦʤʦʣʦʛʠʠ ʙʝʣʢʦʚ Lynx1 (~90%, ʈʠʩ. 2.2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʝʣʢʠ Lynx1 ʥʘʩʝʢʦʤʳʭ ʠ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʦʙʲʝʜʠʥʷʝʪ ʪʦʣʴʢʦ ʥʘʟʚʘʥʠʝ, ʠ, ʥʝʩʤʦʪʨʷ, ʥʘ ʩʭʦʞʠʝ ʤʠʰʝʥʠ ʜʝʡʩʪʚʠʷ, 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʬʫʥʢʮʠʠ ʵʪʠʭ ʙʝʣʢʦʚ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. 

Lynx1 ʤʦʜʫʣʠʨʫʝʪ ʭʦʣʠʥʝʨʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʥʦʨʤʘʣʴʥʳʭ ʠ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʢʘʭ ʙʨʦʥʭʠʘʣʴʥʦʛʦ ʵʧʠʪʝʣʠʷ. ʂʨʦʤʝ ʤʦʟʛʘ, Lynx1 ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥ ʚ ʪʢʘʥʠ 

ʣʝʛʢʦʛʦ ʠ ʧʦʯʢʘʭ [134,181]. ɺ ʥʦʨʤʘʣʴʥʦʡ ʠ ʦʧʫʭʦʣʝʚʦʡ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ Lynx1 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʥʝʛʘʪʠʚʥʳʡ ʤʦʜʫʣʷʪʦʨ nAChR [112]. ɺ ʟʜʦʨʦʚʦʡ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ Lynx1 

ʩʥʠʞʘʝʪ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʥʠʢʦʪʠʥʦʤ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ nAChR ʠ ɻɸʄʂɸ-

ʨʝʮʝʧʪʦʨʦʚ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʠʥʪʝʟʘ ʤʫʮʠʥʘ [112]. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʧʨʠ ʨʘʢʝ 

ʣʝʛʢʦʛʦ ʧʦʥʠʞʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʚ ʟʜʦʨʦʚʦʡ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ. ʇʨʠ 

ʵʪʦʤ ʥʦʢʘʫʪ ʛʝʥʘ lynx1 ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʘ ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʷ lynx1 

ʥʘʦʙʦʨʦʪ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʧʨʦʣʠʬʝʨʘʮʠʠ [112]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Lynx1 ʷʚʣʷʝʪʩʷ 

ʧʨʦʦʙʨʘʟʦʤ ʧʨʝʧʘʨʘʪʦʚ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʣʝʯʝʥʠʝ ʘʩʪʤʳ ʠ ʭʨʦʥʠʯʝʩʢʦʡ ʦʙʩʪʨʫʢʪʠʚʥʦʡ 

ʙʦʣʝʟʥʠ ʣʸʛʢʠʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʣʝʢʘʨʩʪʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʦʩʪ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 
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ʣʝʛʢʦʛʦ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ Lynx1, ɻ ʢʩʧʨʝʩʩʠʷ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ Lynx2 ʪʘʢʞʝ 

ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʪʢʘʥʷʭ ʣʝʛʢʦʛʦ [112]. 

ʅʝʡʨʦʤʦʜʫʣʷʪʦʨ Lynx2. ɺ ʢʣʝʪʢʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʵʤʙʨʠʦʥʦʚ ʤʳʰʝʡ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʵʢʩʧʨʝʩʩʠʷ Lynx2 [182]. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʘ Lynx2 ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʦʙʣʘʩʪʷʭ ʤʦʟʛʘ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʢʦʥʪʨʦʣʴ 

ʫʨʦʚʥʷ ʪʨʝʚʦʞʥʦʩʪʠ: ʧʨʝʬʨʦʥʪʘʣʴʥʦʡ ʢʦʨʝ, ʙʘʟʦʣʘʪʝʨʘʣʴʥʦʡ ʤʠʥʜʘʣʠʥʝ, ʛʠʧʧʦʢʘʤʧʝ ʠ 

ʤʝʜʠʘʜʦʨʩʘʣʴʥʦʤ ʷʜʨʝ ʪʘʣʘʤʫʩʘ [182]. ɺ ʩʧʠʥʥʦʤ ʤʦʟʛʝ lynx2 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ 

ʥʝʡʨʦʥʘʭ ʰʝʡʥʦʛʦ, ʛʨʫʜʥʦʛʦ ʠ ʧʦʷʩʥʠʯʥʦʛʦ ʦʪʜʝʣʦʚ [182]. ɺ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʝ 

ʵʢʩʧʨʝʩʩʠʷ ʤʈʅʂ lynx2 ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʢ ʤʦʤʝʥʪʫ ʨʦʞʜʝʥʠʷ [178]. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ Lynx2 ʫʚʝʣʠʯʠʚʘʝʪ ʜʝʩʝʥʩʠʪʠʟʘʮʠʶ ʠ ʠʥʛʠʙʠʨʫʝʪ ʪʦʢ ʯʝʨʝʟ 

Ŭ4ɓ2-nAChR, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʝ ʚ ʦʦʮʠʪʘʭ Xenopus [183]. ʊʘʢʞʝ Lynx2 ʦʙʨʘʟʫʝʪ 

ʢʦʤʧʣʝʢʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ Ŭ4 ʩʫʙʲʝʜʠʥʠʮʝʡ Ŭ4ɓ2-nAChR ʠ ʫʤʝʥʴʰʘʝʪ ʵʢʩʧʨʝʩʩʠʶ 

ʨʝʮʝʧʪʦʨʦʚ, ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʥʘ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ [184]. ɺʝʨʦʷʪʥʦ, Lynx2 ʤʦʞʝʪ 

ʚʣʠʷʪ ɹ ʥʘ ʩʪʝʭʠʦʤʝʪʨʠʶ Ŭ4ɓ2-nAChR, ʧʨʦʮʝʩʩʠʨʦʚʘʥʥʦʛʦ ʚ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ 

ʨʝʪʠʢʫʣʫʤʝ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʣʷ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ Lynx1 [174]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʢʠʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ lynx1 ʠ 

lynx2 ʚ ʤʦʟʛʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ, ʫʢʘʟʳʚʘʷ ʥʘ ʫʯʘʩʪʠʝ ʵʪʠʭ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʥʦʢʘʫʪʥʳʤʠ ʧʦ ʛʝʥʫ 

lynx2 ʤʳʰʘʤʠ [183]. ʄʳʰʠ, ʥʦʢʘʫʪʥʳʝ ʧʦ ʛʝʥʫ Lynx2, ʚ ʪʝʩʪʘʭ ʥʘ ʪʨʝʚʦʞʥʦʩʪʴ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʦʚʳʰʝʥʥʫʶ ʪʨʝʚʦʞʥʦʩʪʴ ʠ ʙʝʩʧʦʢʦʡʥʦʝ ʧʦʚʝʜʝʥʠʝ [183], ʧʨʠ ʵʪʦʤ 

ʦʙʣʘʜʘʷ ʥʦʨʤʘʣʴʥʦʡ ʤʦʪʦʨʥʦʡ ʠ ʩʝʥʩʦʤʦʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴ ʁʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʢʠʤ 

ʪʠʧʦʤ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʳʰʝʡ, ʥʦʢʘʫʪʥʳʭ ʧʦ ʛʝʥʫ lynx1, [175]). ʂʨʦʤʝ ʪʦʛʦ, ʧʘʮʠʝʥʪʳ, ʫ 

ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʦʜʠʥʦʯʥʳʡ ʥʫʢʣʝʦʪʠʜʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ ʚ ʛʝʥʝ LYNX2, ʧʦ 

ʨʷʜʫ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʤʧʪʦʤʳ ʧʦʚʳʰʝʥʥʦʡ 

ʪʨʝʚʦʞʥʦʩʪʠ (ʣʠʯʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʩ ʧʨʦʬ. ɼʞ. ʄʠʚʘ). ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ Lynx2 ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʟʘʜʝʡʩʪʚʦʚʘʥ ʚ ʢʦʥʪʨʦʣʝ ʫʨʦʚʥʷ 

ʪʨʝʚʦʞʥʦʩʪʠ. ʆʜʥʘʢʦ ʢʦʥʢʨʝʪʥʳʝ ʤʠʰʝʥʠ ʠ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ. 

ʅʝʡʨʦʤʦʜʫʣʷʪʦʨ Lypd6. ɻʝʥ lypd6 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʠ ʚ ʢʦʨʝ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʤʳʰʝʡ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ V ʠ VI ʩʣʦʷʭ) [185]. ʋ ʢʨʳʩ ʛʝʥ lypd6 

ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʤʦʟʛʝ, ʪʢʘʥʷʭ ʣʝʛʢʦʛʦ, ʧʦʯʝʢ, ʩʝʨʜʮʘ, ʧʝʯʝʥʠ ʠ ʧʨʦʩʪʘʪʳ [186]. ʋ 

ʯʝʣʦʚʝʢʘ ʵʢʩʧʨʝʩʩʠʷ lypd6 ʦʙʥʘʨʫʞʝʥʘ ʚʦ ʤʥʦʛʠʭ ʪʢʘʥʷʭ, ʙʦʣʝʝ ʚʩʝʛʦ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ 

ʠ ʩʝʨʜʮʝ [187]. ʊʘʢʞʝ ʢʘʢ ʠ lynx1, ʥʝʡʨʦʤʦʜʫʣʷʪʦʨ lypd6 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ɻɸʄʂ-
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ʝʨʛʠʯʝʩʢʠʭ ʠʥʪʝʨʥʝʡʨʦʥʘʭ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʤʳʰʝʡ [173]. ʇʨʠʯʝʤ, 

ʵʢʩʧʨʝʩʩʠʷ lynx1 ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʚ ʠʥʪʝʨʥʝʡʨʦʥʘʭ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ 

ʧʘʨʚʘʣʴʙʫʤʠʥ, ʘ ʵʢʩʧʨʝʩʩʠʷ lypd6 ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʪʦʣʴʢʦ ʚ ʠʥʪʝʨʥʝʡʨʦʥʘʭ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʩʦʤʘʪʦʩʪʘʪʠʥ [173]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʥʝʡʨʦʥʘʭ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʩʝʨʦʪʦʥʠʥ, ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʤʈʅʂ ʥʠ lynx1, ʥʠ lypd6 [173]. 

ʇʦʜʦʙʥʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʦʙʣʘʩʪʝʡ ʵʢʩʧʨʝʩʩʠʠ ʨʘʟʥʳʭ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʦʚ ʚ ʤʦʟʛʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʠ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʠʥʪʝʨʥʝʡʨʦʥʦʚ ʧʨʠ ʣʝʯʝʥʠʠ 

ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ [173]. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʪʠ ʞʝ 

ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʳ ʤʦʛʫʪ ʵʢʩʧʨʝʩʩʠʨʦʚʘʪʴʩʷ ʠ ʚ ʜʨʫʛʠʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʦʨʛʘʥʘʭ 

[186,187]. 

Lypd6 ʫʩʠʣʠʚʘʝʪ ʘʤʧʣʠʪʫʜʫ Ca2+-ʪʦʢʘ ʚ ʥʝʡʨʦʥʘʭ ʪʨʠʛʠʤʝʥʘʣʴʥʦʛʦ ʛʘʥʛʣʠʷ ʤʳʰʠ 

ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʥʠʢʦʪʠʥʦʤ [185]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ  ʪʨʘʥʩʛʝʥʥʳʝ ʤʳʰʠ ʩ 

ʩʫʧʝʨʧʨʦʜʫʢʮʠʝʡ Lypd6 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʩʠʣʝʥʥʳʤ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʤ ʪʦʥʫʩʦʤ, 

ʥʘʧʨʠʤʝʨ ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʧʦʚʳʰʝʥʥʘʷ ʣʦʢʦʤʦʪʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʠ ʚʠʩʮʝʨʘʣʴʥʘʷ 

ʛʠʧʝʨʘʣʛʝʟʠʷ [185]. ʇʨʠʤʝʥʝʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ Ŭ7-nAChR (Ŭ-Bgtx ʠ 

ʤʝʪʠʣʢʘʢʦʥʠʪʠʥʘ), ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʠʰʝʥʴʶ ʜʝʡʩʪʚʠʷ Lypd6 ʥʝ ʷʚʣʷʝʪʩʷ 

ʛʦʤʦʧʝʥʪʘʤʝʨʥʳʡ Ŭ7-nAChR [185]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʘʙʦʪʝ [186] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʚʘʨʠʘʥʪ Lypd6, ʩ N-ʢʦʥʮʝʚʦʡ ʛʣʫʪʘʪʠʦʥ-S-ʪʨʘʥʩʬʝʨʘʟʦʡ (GST), 

ʩʧʦʩʦʙʝʥ ʠʥʛʠʙʠʨʦʚʘʪʴ ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʪʦʢ ʥʘ ʩʨʝʟʘʭ ʉɸ1 ʩʣʦʷ ʛʠʧʧʦʢʘʤʧʘ. 

ɺʦʟʤʦʞʥʦ, ʦʪʣʠʯʠʝ ʚ ʘʢʪʠʚʥʦʩʪʠ ʵʥʜʦʛʝʥʥʦʛʦ ʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ Lypd6 ʩʚʷʟʘʥʦ, ʩ 

ʥʘʣʠʯʠʝʤ ʛʣʫʪʘʪʠʦʥ-S-ʪʨʘʥʩʬʝʨʘʟʳ.  

ɺʚʝʜʝʥʠʝ ʶʚʠʥʘʣʴʥʳʤ ʢʨʳʩʘʤ ʥʠʢʦʪʠʥʘ (ʥʘʯʠʥʘʷ ʩ 7-ʛʦ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʜʥʷ ʜʦ 

21-ʛʦ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʜʥʷ), ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ Lypd6 ʚ 

ʛʠʧʧʦʢʘʤʧʝ. ʋ ʚʟʨʦʩʣʳʭ ʢʨʳʩ ʪʘʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ 

ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ [186]. ʊʘʢʞʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʬʠʣʝ 

ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʠ ɓ2 ʩʫʙʲʝʜʠʥʠʮʳ nAChR [186]. ɺʩʝ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʤʳʰʝʡ 

ʥʦʢʘʫʪʥʳʭ ʧʦ ʛʝʥʫ lypd6 ʧʨʠʚʦʜʠʣʠ ʣʠʙʦ ʢ ʩʤʝʨʪʠ, ʣʠʙʦ ʢ ʧʦʷʚʣʝʥʠʶ ʞʠʚʦʪʥʳʭ, ʥʝ 

ʩʧʦʩʦʙʥʳʭ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʤʥʦʞʝʥʠʶ [185]. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ 

ʛʦʤʦʣʦʛʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Lypd6 ʤʳʰʠ ʠ Danio rerio (~ 87 %, 

ʈʠʩ. 2.2), ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʘʞʥʫʶ ʨʦʣʴ ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ Lypd6 ʚ 

ʵʤʙʨʠʦʥʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ. 
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ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, Lypd6 ʨʳʙʳ Danio rerio ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʨʝʮʝʧʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Wnt/ɓ-ʢʘʪʝʥʠʥʦʚʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ, ʢʦʪʦʨʳʡ 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʚʠʪʠʠ ʵʤʙʨʠʦʥʦʚ [130]. ʅʝʜʘʚʥʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ LU-

ʜʦʤʝʥʘ Lypd6 ʯʝʣʦʚʝʢʘ ʩ ʢʦ-ʨʝʮʝʧʪʦʨʦʤ Wnt ï ʙʝʣʢʦʤ LRP6 [188], ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ Lypd6 D. rerio. ɺʝʨʦʷʪʥʦ, Lypd6 ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʦʤʝʥʦʤ 

PE1 LPR6 ʩ ʧʦʤʦʱʴʶ ʤʦʪʠʚʘ Asn42-Ser-Ile44, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʢʦʥʮʝ ʧʝʪʣʠ II.   

ʅʝʡʨʦʤʦʜʫʣʷʪʦʨ Lypd6b. ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ lypd6b, ʢʦʜʠʨʫʶʱʝʛʦ ʙʝʣʦʢ Lypd6b, 

ʠʟʚʝʩʪʥʳʡ ʪʘʢʞʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Lypd7, ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʩʝʤʝʥʥʠʢʘʭ, ʣʝʛʢʠʭ, 

ʞʝʣʫʜʢʝ, ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʝ, ʤʦʟʛʝ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʘʭ ʯʝʣʦʚʝʢʘ [189]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

lypd6b ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʢʘʢ ʚ ʛʣʫʪʘʤʘʪ-ʝʨʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ɻɸʄʂ-ʝʨʛʠʯʝʩʢʠʭ 

ʠʥʪʝʨʥʝʡʨʦʥʘʭ ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʚʟʨʦʩʣʳʭ ʤʳʰʝʡ 

[173]. Lypd6 ʠ Lypd6b ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʛʦʤʦʣʦʛʠʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (~54%, ʈʠʩ.2.2). ʊʘʢʞʝ ʢʘʢ ʫ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ Lypd6, ʢ ʉ-

ʢʦʥʮʝʚʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Lypd6b ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ 

ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ GPI-ʷʢʦʨʴ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʣʠʯʠʝ GPI-ʷʢʦʨʷ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʦʣʴʢʦ ʜʣʷ Lypd6 [130]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ, Lypd6 ʠ Lypd6b ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʪʷʞʝʥʥʳʭ N- ʠ ʉ-ʢʦʥʮʝʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʚʳʩʪʫʧʘʶʱʠʭ ʟʘ ʧʨʝʜʝʣʳ LU-ʜʦʤʝʥʘ (ʈʠʩ. 2.2). ʈʦʣʴ ʵʪʠʭ ʵʢʩʪʨʘ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʠʟʚʝʩʪʥʘ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʤʝʩʪʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʚ ʦʦʮʠʪʘʭ Xenopus Lypd6b ʩ Ŭ3ɓ4-nAChR 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ACh ʨʝʮʝʧʪʦʨʦʚ ʩʦʩʪʘʚʘ 

(Ŭ3)3(ɓ4)2. ʂʨʦʤʝ ʪʦʛʦ, Lypd6b ʠʥʛʠʙʠʨʫʝʪ Ŭ3Ŭ5ɓ4-nAChR, ʥʦ ʥʝ ʤʫʪʘʥʪʥʳʡ ʨʝʮʝʧʪʦʨ, ʩ 

ʟʘʤʝʥʦʡ D/N ʚ 398 ʧʦʣʦʞʝʥʠʠ ʩʫʙʲʝʜʠʥʠʮʳ Ŭ5. ɼʘʥʥʫʶ ʤʫʪʘʮʠʶ ʩʚʷʟʳʚʘʶʪ ʩ 

ʨʘʟʚʠʪʠʝʤ ʥʠʢʦʪʠʥʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ [190].  

PSCA, ï ʘʥʪʠʛʝʥ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. PSCA ʦʙʥʘʨʫʞʝʥ 

ʢʘʢ ʚ ʚʠʜʝ GPI-ʟʘʷʢʦʨʝʥʥʦʡ ʬʦʨʤʳ [191], ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ [192]. ɻʝʥ psca 

ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʵʧʠʪʝʣʠʠ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ, ʧʦʯʝʢ, ʧʠʱʝʚʦʜʘ, ʞʝʣʫʜʢʘ, ʢʦʞʝ, 

ʙʘʟʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʠ ʪʢʘʥʷʭ ʧʣʘʮʝʥʪʳ [193,194]. PSCA ʷʚʣʷʝʪʩʷ 

ʤʘʨʢʝʨʦʤ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʨʘʢʘ, ʥʘʧʨʠʤʝʨ, ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ [195], ʞʝʣʫʜʢʘ 

[196,197] ʠ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ [198]. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ PSCA ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʨʘʟʥʳʭ ʪʠʧʘʭ ʦʧʫʭʦʣʝʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ PSCA ʦʙʣʘʜʘʝʪ ʦʥʢʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʧʨʠ ʨʘʢʝ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʠ ʛʣʠʦʤʝ, ʥʦ ʷʚʣʷʝʪʩʷ ʩʫʧʨʝʩʩʦʨʦʤ ʦʧʫʭʦʣʝʡ ʧʨʠ ʨʘʢʝ 

ʞʝʣʫʜʢʘ ʠ ʞʝʣʯʥʦʛʦ ʧʫʟʳʨʷ [194].  
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ɺ 2009 ʛʦʜʫ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ PSCA ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʪʘʢʞʝ ʠ ʚ ʢʣʝʪʢʘʭ 

ʎʅʉ: ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ psca ʦʙʥʘʨʫʞʠʣʠ ʚ ʮʠʣʠʘʨʥʳʭ ʛʘʥʛʣʠʷʭ ʢʫʨʠʮʳ ʥʘ 14 ʜʝʥʴ 

ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʨʠ ʵʪʦʤ ʚʧʣʦʪʴ ʜʦ 8 ʜʥʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ 

[133]. ʅʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʙʦʣʴʰʘʷ ʵʢʩʧʨʝʩʩʠʷ psca 

ʥʘʙʣʶʜʘʣʘʩʴ ʪʘʢʞʝ ʚ ʛʨʫʜʥʳʭ ʤʳʰʮʘʭ, ʧʝʯʝʥʠ, ʷʠʯʥʠʢʘʭ, ʷʠʯʢʘʭ, ʩʝʨʜʮʝ ʠ ʤʦʟʞʝʯʢʝ. 

ɿʘʤʝʪʥʦ ʙʦʣʴʰʘʷ ʵʢʩʧʨʝʩʩʠʷ psca ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʘʚʪʦʥʦʤʥʳʭ ʚʝʛʝʪʘʪʠʚʥʳʭ ʛʘʥʛʣʠʷʭ: ʚ 

ʮʠʣʠʘʨʥʳʭ ʛʘʥʛʣʠʷʭ, ʚ ʧʦʷʩʥʠʯʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʛʘʥʛʣʠʷʭ ʠ ʚ ʩʧʠʥʥʳʭ ʛʘʥʛʣʠʷʭ 

ʩʪʚʦʣʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ [133]. ʊʘʢʞʝ ʢʘʢ ʠ ʫ ʢʫʨʠʥʳʭ ʵʤʙʨʠʦʥʦʚ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ 

ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʚ ʥʝʡʨʦʥʘʣʴʥʳʭ ʪʢʘʥʷʭ ʚʟʨʦʩʣʳʭ ʤʳʰʝʡ ʩʦʜʝʨʞʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ psca, ʯʝʤ ʚ ʥʝ-ʥʝʡʨʦʥʘʣʴʥʳʭ ʪʢʘʥʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, psca 

ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʧʪʠʮ. 

ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ psca ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʵʢʩʧʨʝʩʩʠʝʡ Ŭ7-

nAChR [133]. 

 

 

ʈʠʩ. 2.9. ʋʨʦʚʝʥʴ PSCA ʧʦʚʳʰʝʥ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ɹɸ. (ɸ). ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʆʇ 

ʙʝʣʢʦʚ PSCA ʠ Lypd6, ʘ ʪʘʢʞʝ ʩʫʙʲʝʜʠʥʠʮʳ ɓ2 nAChR ʠʟ ʛʦʤʦʛʝʥʘʪʦʚ ʤʦʟʛʘ ʧʘʮʠʝʥʪʦʚ ʩ ɹɸ ʠ 

ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ (ʂʦʥʪʨʦʣʴ). (ɹ). ʀʟʦʙʨʘʞʝʥʠʝ ʚʝʩʪʝʨʥ-ʙʣʦʪʘ (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ ʨʘʙʦʪʳ [192]). 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʝʡʨʦʥʘʭ ʮʠʣʠʘʨʥʦʛʦ ʛʘʥʛʣʠʷ PSCA ʙʣʦʢʠʨʫʝʪ ʘʢʪʠʚʘʮʠʶ Ŭ7-

nAChR. ɻʠʙʝʣʴ ʥʝʡʨʦʥʦʚ ʭʦʨʠʦʠʜʥʦʛʦ ʩʧʣʝʪʝʥʠʷ, ʥʦ ʥʝ ʥʝʡʨʦʥʦʚ ʮʠʣʠʘʨʥʦʛʦ ʛʘʥʛʣʠʷ 

ʩʥʠʞʝʥʘ ʚ ʪʨʘʥʩʛʝʥʥʳʭ ʢʫʨʠʥʳʭ ʵʤʙʨʠʦʥʘʭ ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ psca [133]. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ PSCA ʠʥʛʠʙʠʨʫʝʪ ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ 

MAP ʢʠʥʘʟʳ ERK1/2 ʚ ʢʣʝʪʢʘʭ PC12 ʥʘ ~30% [192]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, PSCA, ʚʦʟʤʦʞʥʦ, 

ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʧʦ MAP/ERK-ʧʫʪʠ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺ ʣʦʙʥʦʡ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 
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ʣʶʜʝʡ ʩ ɹɸ, ʩʦʜʝʨʞʠʪʩʷ ʥʘ 70 % ʙʦʣʴʰʝ PSCA ʯʝʤ ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ (ʈʠʩ. 2.9) [192]. 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʝ ʚʦʚʣʝʯʝʥʠʝ PSCA ʚ ʧʘʪʦʛʝʥʝʟ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ.  

ʉʝʢʨʝʪʠʨʫʝʤʳʝ ʙʝʣʢʠ SLURP-1 ʠ SLURP-2. SLURP-1 ʠ SLURP-2 

ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʢʣʝʪʢʘʭ ʢʦʞʠ ʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʩʯʠʪʘʶʪʩʷ 

ʘʫʪʦ/ʧʘʨʘʢʨʠʥʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʛʦʤʝʦʩʪʘʟʘ ʢʣʝʪʦʢ ʵʧʠʪʝʣʠʷ [199]. ɹʝʣʢʠ SLURP 

ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʨʦʩʪ, ʤʠʛʨʘʮʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʘ ʢʨʦʤʝ ʪʦʛʦ ʚ ʨʘʟʚʠʪʠʠ ʚʦʩʧʘʣʝʥʠʡ ʠ ʦʧʫʭʦʣʝʡ [199]. SLURP-1 

ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʘʧʦʧʪʦʟʫ [200]. SLURP-2 ʥʘʧʨʦʪʠʚ, ʫʩʢʦʨʷʝʪ ʨʦʩʪ ʢʣʝʪʦʢ, ʪʦʨʤʦʟʷ ʠʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʠ ʩʥʠʞʘʷ ʦʪʚʝʪ ʥʘ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ [201]. ʆʙʘ ʙʝʣʢʘ 

SLURP ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ ʥʘ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʢʘʭ ʠ ʢʦʞʝ [202]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʣʢʠ SLURP ʚʦʚʣʝʯʝʥʳ ʚ ʧʘʪʦʛʝʥʝʟ ʥʝʢʦʪʦʨʳʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʢʦʞʠ: ʪʦʯʝʯʥʳʝ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ SLURP-1 ʩʚʷʟʘʥʳ ʩ ʨʘʟʚʠʪʠʝʤ ʢʝʨʘʪʦʜʝʨʤʳ Mal de 

Meleda [203], ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ SLURP-2 ʦʙʥʘʨʫʞʝʥʘ ʧʨʠ ʧʩʦʨʠʘʟʝ [204], ʘ ʥʦʢʘʫʪ ʛʝʥʘ 

SLURP-2 ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʣʘʜʦʥʥʦ-ʧʦʜʦʰʚʝʥʥʦʡ ʢʝʨʘʪʦʜʝʨʤʠʠ [205]. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʤʠʰʝʥʷʤʠ ʜʝʡʩʪʚʠʷ SLURP-1 ʠ SLURP-2 ʜʦ 2016 ʛ ʩʯʠʪʘʣʠʩʴ 

Ŭ7-nAChR ʠ Ŭ3ɓ2-nAChR, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [200], [201]. 

 

ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʢʝʨʘʪʦʜʝʨʤʦʡ Mal de Meleda ʟʘʯʘʩʪʫʶ ʨʘʟʚʠʚʘʶʪʩʷ ʪʘʢʞʝ 

ʧʣʦʩʢʦʢʣʝʪʦʯʥʘʷ ʢʘʨʮʠʥʦʤʘ ʢʦʞʠ ʠ ʤʝʣʘʥʦʤʘ [206]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ SLURP-1 ʩʥʠʞʝʥʘ, ʠ ʵʪʦ ʩʥʠʞʝʥʠʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ 

 

ʈʠʩ. 2.10. ʄʝʭʘʥʠʟʤ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ NF-

əB ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ ʧʦʩʨʝʜʩʪʚʦʤ SLURP-1. 

ɸʢʪʠʚʘʮʠʷ Ŭ7-nAChR ʩ ʧʦʤʦʱʴʶ SLURP-1 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ NF-əB ʟʘ 

ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ RAF-

1/MEK1/ERK, ʢʦʪʦʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʤʝʪʘʙʦʪʨʦʧʥʦʤʫ ʧʫʪʠ ʚʩʣʝʜʩʪʚʠʝ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ JAK2 ʠ ʧʦ Ca2+ -ʟʘʚʠʩʠʤʦʤʫ 

ʧʫʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʘʮʠʠ CaMKII/PKC. NF-əB 

ï ʷʜʝʨʥʳʡ ʬʘʢʪʦʨ ñʢʘʧʧʘ-ʙʠò, JAK ï ʗʥʫʩ-

ʢʠʥʘʟʘ, RAS ï ʤʘʣʘʷ GTP-ʘʟʘ, RAF-1 ï cʝʨʠʥ-

ʪʝʨʦʥʠʥʦʚʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ, MEK ï ʤʠʪʦʛʝʥ 

ʘʢʪʠʚʠʨʫʝʤʘʷ ʢʠʥʘʟʘ, ERK ï ʚʥʝʢʣʝʪʦʯʥʳʝ 

ʨʝʛʫʣʠʨʫʝʤʳʝ ʩʠʛʥʘʣʦʤ ʢʠʥʘʟʳ, CaMKII ï 

Ca/ʢʘʣʴʤʦʜʫʣʠʥ-ʟʘʚʠʩʠʤʘʷ ʢʠʥʘʟʘ, PKC ï 

ʧʨʦʪʝʠʥʢʠʥʘʟʘ. 
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ʩʪʘʜʠʝʡ ʪʝʯʝʥʠʷ ʦʧʫʭʦʣʝʚʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ [206]. ʉʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ SLURP-1 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʘʢʝ ʢʠʰʝʯʥʠʢʘ [207] ʠ ʣʝʛʢʦʛʦ [208], ʘ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ ʦʙʦʠʭ ʙʝʣʢʦʚ SLURP-1 ʠ SLURP-2 ʦʙʥʘʨʫʞʝʥʦ ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ ʧʨʠ ʦʥʢʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʥʠʪʨʦʟʘʤʠʥʘʤʠ NNK ʠ NNN [199]. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʢʫʙʘʮʠʷ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʩ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ SLURP-1 ʦʪʤʝʥʷʝʪ 

ʚʳʟʚʘʥʥʦʝ ʥʠʪʨʦʟʘʤʠʥʘʤʠ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʦʥʢʦʛʝʥʦʚ [209,210]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʝʣʢʠ SLURP ʷʚʣʷʶʪʩʷ ʧʨʦʪʝʢʪʦʨʘʤʠ ʦʪ ʥʠʪʨʦʟʘʤʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʦʥʢʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ. SLURP-1 ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʜʘʚʣʝʥʠʝ ʤʠʛʨʘʮʠʠ 

ʢʣʝʪʦʢ ʠ ʠʥʚʘʟʠʚʥʦʩʪʴ ʨʘʢʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ (PDAC). ʉʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ SLURP-1 ʚ ʢʨʦʚʠ ʧʘʮʠʝʥʪʦʚ ʩ PDAC ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʙʦʣʴʰʝʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ ʧʦʩʣʝ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʫʜʘʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʦʧʫʭʦʣʠ [211]. 

ɺ ʧʝʨʝʜʘʯʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ ʚʝʨʦʷʪʥʦ ʫʯʘʩʪʚʫʝʪ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʘʷ ʩ Ŭ7-nAChR ʪʠʨʦʟʠʥʢʠʥʘʟʘ Jak2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʧʨʝʧʘʨʘʪʦʤ SLURP-1 ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ 

Jak2/Ras/Raf-1/MEK/ERK, ʚʦʟʤʦʞʥʦ, ʧʦ ʥʝ-ʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ Ca2+ ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʘʢʪʠʚʘʮʠʷ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ CaMKII/PKC [212]. 

ʉʦʚʤʝʩʪʥʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʬʘʢʪʦʨʘ NF-əB, ʨʝʛʫʣʠʨʫʶʱʝʛʦ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʨʠʥʠʤʘʶʱʝʛʦ ʫʯʘʩʪʠʝ ʚ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʢʣʝʪʦʢ (ʈʠʩ. 2.10, [212]).  

ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʣʶʯʝʥʠʷ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʢʨʳʪʠʝ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʪʨʫʢʪʫʨʥʦʡ ʛʦʤʦʣʦʛʠʝʡ ʩ ʪʨʝʭʧʝʪʝʣʴʥʳʤʠ 

ʪʦʢʩʠʥʘʤʠ ʟʤʝʡ, ʠ ʩʭʦʞʠʤʠ ʤʠʰʝʥʷʤʠ ʜʝʡʩʪʚʠʷ (nAChR, mAChR) ʚʳʟʚʘʣʦ ʤʥʦʞʝʩʪʚʦ 

ʚʦʧʨʦʩʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʚʦʣʶʮʠʦʥʥʳʤ ʩʚʷʟʷʤ ʚʥʫʪʨʠ ʩʝʤʝʡʩʪʚʘ Ly6/uPAR. ɺ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʙʦʣʴʰʠʥʩʪʚʦ ʚʦʧʨʦʩʦʚ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ, ʦʜʥʘʢʦ ʥʘʣʠʯʠʝ 

ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʫ ʥʘʩʝʢʦʤʳʭ, ʨʳʙ ʠ ʘʤʬʠʙʠʡ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʩʝ 

ʞʝ ʟʤʝʠʥʳʝ ʪʦʢʩʠʥʳ ʠʤʝʶʪ ʙʦʣʝʝ ʧʦʟʜʥʝʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɺʦʟʤʦʞʥʦ, ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ 

ʪʨʝʭʧʝʪʝʣʴʥʳʝ ʪʦʢʩʠʥʳ ʧʨʠʦʙʨʝʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʠʰʝʥʷʤʠ 

ʵʥʜʦʛʝʥʥʳʭ ʙʝʣʢʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʨʘʙʦʪʫ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʧʨʠ ʵʪʦʤ 

ʧʦʣʫʯʠʚ ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʘʬʬʠʥʥʦʩʪʴ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʦʙʨʘʪʠʤʦ ʙʣʦʢʠʨʦʚʘʪʴ ʨʝʮʝʧʪʦʨʳ-ʤʠʰʝʥʠ.  

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʥʜʦʛʝʥʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ 

Ly6/uPAR ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ. ʅʘʨʫʰʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ ʦʜʥʠʭ ʠʟ ʥʠʭ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ 



 

 

59 

ʢʘʢ ʥʘʨʫʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʜʨʫʛʠʭ, ʥʘʧʨʠʤʝʨ, Lypd6, ʥʦʩʠʪ ʣʝʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʤʠʣʣʠʛʨʘʤʤʦʚʳʝ 

ʢʦʣʠʯʝʩʪʚʘ Ly6/uPAR ʙʝʣʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʟʜʘʥʠʶ ʪʘʢʠʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʨʷʜʘ ʙʝʣʢʦʚ 

ʩʝʤʝʡʩʪʚʘ Ly6/uPAR, ʚʢʣʶʯʘʷ ʵʥʜʦʛʝʥʥʳʝ ʧʝʧʪʠʜʳ ʯʝʣʦʚʝʢʘ, ʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ 

ʨʘʙʦʪʘ. 
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ʏɸʉʊʔ II. ʕʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ 

ʀʉʉʃɽɼʆɺɸʅʀʗ 

ɻʃɸɺɸ 3. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

3.1. ʄʘʪʝʨʠʘʣʳ 

3.1.1. ʈʝʘʢʪʠʚʳ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʪʠʚʳ: 

Tris, NaCl, KH2PO4, K2HPO4, Na2HPO4, NH4Cl, ʩʫʣʴʬʠʪ ʥʘʪʨʠʷ, ʜʠʪʠʦʪʨʝʠʪʦʣ 

(DTT), KOH, NaOH, ʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʕɼʊɸ), 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, ʘʮʝʪʦʥʠʪʨʠʣ, Triton X-100, ʤʦʯʝʚʠʥʘ, L-ʘʨʛʠʥʠʥ, ʛʣʠʮʝʨʠʥ ï 

Panreac, ʀʩʧʘʥʠʷ. 

CaCl2 ï Fluka, ɻʝʨʤʘʥʠʷ. 

HEPES, MgSO4, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʛʣʫʪʘʪʠʦʥ (GSH), ʦʢʠʩʣʝʥʥʳʡ ʛʣʫʪʘʪʠʦʥ 

(GSSG), ʪʝʪʨʘʪʠʦʥʘʪ ʥʘʪʨʠʷ, ʙʳʯʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ (BSA), ʬʠʙʨʦʥʝʢʪʠʥ, 

ʙʳʯʠʡ ʢʦʣʣʘʛʝʥ I-ʛʦ ʪʠʧʘ, EGTA, ʢʦʢʪʝʡʣʴ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ ʜʣʷ ʪʢʘʥʝʡ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʛʠʜʨʦʭʣʦʨʠʜ ʤʝʢʘʤʠʣʘʤʠʥʘ (Mec), ʥʠʢʦʪʠʥ, ʚʦʨʪʤʘʥʥʠʥ ʠ ʡʦʜʠʩʪʳʡ 

ʧʨʦʧʠʜʠʡ - Sigma-Aldrich, ʉʐɸ. 

15N-NH4Cl, 13C-ʛʣʶʢʦʟʘ ï Cambridge Isotope Laboratories, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ. 

ʈʝʘʢʪʠʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ExtractRNA, ʥʘʙʦʨ ʜʣʷ ʩʠʥʪʝʟʘ ʢɼʅʂ 

MMLV RT kit, ʩʤʝʩʴ ʜʣʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʢʨʘʩʠʪʝʣʷʤʠ ʠ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ 

qPCR mix-HS SYBRHigh ROX ï ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ. 

ʊʨʠʧʪʦʥ, ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ, ʙʘʢʪʦ-ʘʛʘʨ ï BD Biosciences, ʉʐɸ. 

ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʪʝʪʨʘʟʦʣʠʝʚʳʡ ʢʨʘʩʠʪʝʣʴ WST-1, 1-ʤʝʪʦʢʩʠ-5-ʤʝʪʠʣʬʝʥʘʟʠʥ 

ʤʝʪʠʣʩʫʣʴʬʘʪ (1-m-PMS), JSH-23  - Santa Cruz, ʉʐɸ. 

ɹʫʥʛʘʨʦʪʦʢʩʠʥ, ʛʝʬʠʪʠʥʠʙ, ʘʪʨʦʧʠʥ, ʙʠʢʫʢʫʣʠʥ, ʛʝʬʠʪʠʥʠʙ, AG-825, ʪʠʤʦʣʦʣ, 

ʤʝʪʠʣʣʠʢʘʢʦʥʠʪʠʥ (MLA), PD98059, SP600125, SB203580, Bay-11-7082 ʠ Go 6983 ï 

Tocris, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

S31-201, 285986-31-4, ʢʩʝʩʪʦʩʧʦʥʜʞʠʥ ɺ - Calbiochem (USA). 

ʉʦʣʷʥʘʷ ʢʠʩʣʦʪʘ, ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ï ʍʠʤʤʝʜ, ʈʦʩʩʠʷ.  
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ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʙʫʬʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʫʶ ʥʘ ʫʩʪʘʥʦʚʢʝ Milli-Q (Millipore, ʉʐɸ). 

3.1.2. ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʠ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʝ ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ 

Eschirichia Coli XL-1 Blue: endA1, HsdR17(rk
-mk

+), supE44, thi-1,l-, recA1, gyrA96, 

relA1, D(lac), [Fô, proAB, lacIq, ZDM15, Tn10tet] (Stratagene, ʉʐɸ). 

Eschirichia Coli BL21(DE3)pLysS: F-ompThsdSB((rB
-mB

+) gal dcm (DE3) pLysS Cmr 

(Novagene, ʉʐɸ). 

Eschirichia Coli BL21(DE3): F-ompThsdSB((rB
-mB

+) gal dcm (DE3) (Novagene, ʉʐɸ). 

Het-1A ï ʥʦʨʤʘʣʴʥʳʝ ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʳʝ ʢʝʨʘʪʠʥʦʮʠʪʳ ʧʠʱʝʚʦʜʘ ʯʝʣʦʚʝʢʘ, 

ʵʧʠʪʝʣʠʘʣʴʥʘʷ ʤʦʨʬʦʣʦʛʠʷ (ʧʦʣʫʯʝʥʘ ʠʟ ʢʦʣʣʝʢʮʠʠ ɸʊʉʉ). 

A431 ï ʵʧʠʜʝʨʤʦʠʜʥʘʷ ʢʘʨʮʠʥʦʤʘ ʯʝʣʦʚʝʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ EGFR (ʧʦʣʫʯʝʥʘ ʠʟ ʢʦʣʣʝʢʮʠʠ ɸʊʉʉ), 

A549 ï ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʙʘʟʘʣʴʥʦʛʦ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʵʧʠʪʝʣʠʷ ʯʝʣʦʚʝʢʘ, 

ʵʧʠʪʝʣʠʘʣʴʥʘʷ ʤʦʨʬʦʣʦʛʠʷ (ʧʦʣʫʯʝʥʘ ʠʟ ʢʦʣʣʝʢʮʠʠ ɸʊʉʉ), 

MCF-7 ï ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ, ʵʧʠʪʝʣʠʘʣʴʥʘʷ ʤʦʨʬʦʣʦʛʠʷ 

(ʧʦʣʫʯʝʥʘ ʠʟ ʢʦʣʣʝʢʮʠʠ ɸʊʉʉ), 

U251-MG ï ʛʣʠʦʙʣʘʩʪʦʤʘ ʯʝʣʦʚʝʢʘ, ʵʧʠʪʝʣʠʘʣʴʥʘʷ ʤʦʨʬʦʣʦʛʠʷ (ʧʦʣʫʯʝʥʘ ʠʟ 

ʢʦʣʣʝʢʮʠʠ ɸʊʉʉ), 

SKBR-3 ï ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ, ʵʧʠʪʝʣʠʘʣʴʥʘʷ ʤʦʨʬʦʣʦʛʠʷ 

(ʧʦʣʫʯʝʥʘ ʠʟ ʢʦʣʣʝʢʮʠʠ ɸʊʉʉ), 

HT-29 ï ʢʦʣʦʨʝʢʪʘʣʴʥʘʷ ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʯʝʣʦʚʝʢʘ, ʵʧʠʪʝʣʠʘʣʴʥʘʷ ʤʦʨʬʦʣʦʛʠʷ 

(ʧʦʣʫʯʝʥʘ ʠʟ ʢʦʣʣʝʢʮʠʠ ɸʊʉʉ). 

PC-12 ï ʬʝʦʭʨʦʤʘʮʠʪʦʤʘ ʢʨʳʩʳ (ʧʦʣʫʯʝʥʘ ʠʟ ʢʦʣʣʝʢʮʠʠ ɸʊʉʉ). 

HEK-293T ï ʵʤʙʨʠʦʥʘʣʴʥʳʝ ʢʣʝʪʢʠ ʥʘʜʧʦʯʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ, ʧʨʦʠʟʚʦʜʥʘʷ ʣʠʥʠʷ ʦʪ 

HEK-293 ʩ ʵʢʩʧʨʝʩʩʠʝʡ ʤʫʪʘʥʪʥʦʡ ʚʝʨʩʠʠ ʙʦʣʴʰʦʛʦ ʊ-ʘʥʪʠʛʝʥʘ ʚʠʨʫʩʘ SV40 (ʠʟ 

ʢʦʣʣʝʢʮʠʠ ʀʥʩʪʠʪʫʪ ʮʠʪʦʣʦʛʠʠ ʈɸʅ, ʈʦʩʩʠʷ) 

3.1.3. ʇʣʘʟʤʠʜʥʳʝ ʚʝʢʪʦʨʳ 

ɼʣʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ slurp-1, slurp-2, lynx1, lypd6 ʚ E. coli ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʣʘʟʤʠʜʥʳʝ ʚʝʢʪʦʨ rʨɽʊ22b(+) ʠ ʨɽʊ32ʘ(+) (Novagen, ʉʐɸ). 
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ɼʣʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ CHRNA7 (ʢʦʜʠʨʫʝʪ Ŭ7-nAChR ʯʝʣʦʚʝʢʘ) ʚ ʢʣʝʪʢʘʭ A549 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʢʪʦʨ pVAX1 (Thermo Fsiher Scientific, ʉʐɸ), ʩʦʜʝʨʞʘʱʠʡ ʛʝʥ Ŭ7-

nAChR ʯʝʣʦʚʝʢʘ (ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥ ʧʨʦʬ. ʁ.ʃʠʥʜʩʪʨʦʤʦʤ). 

3.1.4. ʇʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ ʜʣʷ ʨʦʩʪʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ 

ʂʣʝʪʢʠ E. coli ʚʳʨʘʱʠʚʘʣʠ ʚ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ LB, TB ʠ M9. ʉʦʩʪʘʚ ʩʨʝʜʳ LB: 

10 ʛ/ʣ ʪʨʠʧʪʦʥ, 5 ʛ/ʣ ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ, 10 ʛ/ʣ NaCl. ʉʦʩʪʘʚ ʩʨʝʜʳ TB: 12 ʛ/ʣ ʪʨʠʧʪʦʥ, 

24 ʛ/ʣ ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ, 4ʤʣ/ʣ ʛʣʠʮʝʨʠʥ, ʧʦʩʣʝ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʠʷ ʜʦʙʘʚʣʷʣʠ 

ʩʪʝʨʠʣʴʥʳʡ ʨʘʩʪʚʦʨ 0.17 ʄ KH2PO4, 0.72 ʄ K2HPO4 ʚ ʢʦʣʠʯʝʩʪʚʝ 100ʤʣ/ʣ. ʉʦʩʪʘʚ 

ʩʨʝʜʳ ʄ9: 6 ʛ/ʣ Na2HPO4, 3 ʛ/ʣ KH2PO4, 0.5 ʛ/ʣ NaCl, 2 ʛ/ʣ NH4Cl, 240 ʤʛ/ʣ MgSO4, 11 

ʤʛ/ʣ CaCl2, 3 ʛ/ʣ ʛʣʶʢʦʟʘ, 2 ʤʛ/ʣ ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ, 200 ʤʢʣ/ʣ 5 %-ʡ ʨ-ʨ ʪʠʘʤʠʥ 

ʭʣʦʨʠʜʘ, ʨʅ 7.4. 

ʊʚʝʨʜʫʶ ʩʨʝʜʫ LB ʧʦʣʫʯʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʩʨʝʜʝ LB ʙʘʢʪʦ-ʘʛʘʨʘ ʜʦ 1.5 % 

(ʚʝʩ/ʦʙʲʝʤ). ɼʣʷ ʩʝʣʝʢʮʠʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʚ ʩʨʝʜʳ ʜʦʙʘʚʣʷʣʠ ʘʥʪʠʙʠʦʪʠʢ 

ʘʤʧʠʮʠʣʣʠʥ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʛ/ʣ. 

3.1.5. ʇʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ ʜʣʷ ʨʦʩʪʘ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʩʨʝʜʳ: 

ɸ431, MCF-7, A549, U251 MG - DMEM (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ), 10% ʵʤʙʨʠʦʥʘʣʴʥʘʷ 

ʪʝʣʷʯʴʷ ʩʳʚʦʨʦʪʢʘ (FCS, Hyʉlone, Thermo Fisher Scientific), 2 mM L-ʛʣʫʪʘʤʠʥ (ʇʘʥʕʢʦ, 

ʈʦʩʩʠʷ).  

SKBR3 - McCoy's 5A (Gibco, Thermo Fisher Scientific), 10% ɻ ʤʙʨʠʦʥʘʣʴʥʘʷ ʪʝʣʷʯʴʷ 

ʩʳʚʦʨʦʪʢʘ (FCS, Hyʉlone, Thermo Fisher Scientific).  

ɸ172, HT-29 - RPMI 1640 (Gibco, Thermo Fisher Scientific), 10% ɻ ʤʙʨʠʦʥʘʣʴʥʘʷ 

ʪʝʣʷʯʴʷ ʩʳʚʦʨʦʪʢʘ (FCS, Hyʉlone, Thermo Fisher Scientific).  

Het-1A - BEGM (Lonza/Clonetics Corporation, ʐʚʝʡʮʘʨʠʷ). ɼʣʷ ʢʣʝʪʦʢ Het-1A 

ʢʫʣʴʪʫʨʘʣʴʥʳʡ ʧʣʘʩʪʠʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʢʨʳʚʘʣʠ ʩʤʝʩʴʶ 0.01 ʛ/ʣ ʬʠʙʨʦʥʝʢʪʠʥʘ 

(Sigma-Aldrich), 0.03ʛ/ʣ ʙʳʯʴʝʛʦ ʢʦʣʣʘʛʝʥʘ I-ʛʦ ʪʠʧʘ (Sigma-Aldrich), 0.01ʛ/ʣ ʙʳʯʴʝʛʦ 

ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (Sigma-Aldrich), ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ BEGM 

ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ 37 ÁC, 5% CO2. 
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PC-12 - DMEM (Gibco, Life Technologies, ʉʐɸ), 10 % ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʘʷ 

ʩʳʚʦʨʦʪʢʘ ʣʦʰʘʜʠ (Gibco, Life Technologies, ʉʐɸ), ʵʤʙʨʠʦʥʘʣʴʥʘʷ ʪʝʣʷʯʴʷ ʩʳʚʦʨʦʪʢʘ 

(FCS, Hyʉlone, Thermo Fisher Scientific), 25 ʝʜ/ʤʣ ʧʝʥʠʮʠʣʣʠʥ, 25 ʤʢʛ/ʤʣ ʩʪʨʝʧʪʦʤʠʮʠʥ, 

1 mM ʧʠʨʫʚʘʪ ʥʘʪʨʠʷ, 2 ʤʄ ʛʣʫʪʘʤʠʥ. ʂʫʣʴʪʫʨʘʣʴʥʳʡ ʧʣʘʩʪʠʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʢʨʳʚʘʣʠ ʨ-ʨʦʤ ʧʦʣʠ-L-ʣʠʟʠʥʘ 5ʤʢʛ/ʤʣ. 

3.1.6. ɸʥʪʠʪʝʣʘ 

ʇʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ: 

ɓ2-nAChR ï ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ IgG ʢʨʦʣʠʢʘ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ - 

1:1000 (ʧʨʝʜʦʩʪʘʚʣʝʥʳ Dr. Cecilia Gotti, Instituto di Neuroscienze, ʀʪʘʣʠʷ),  

Ŭ3-nAChR ï ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ IgG ʢʦʟʳ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ - 1:100 

(ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ sc-1771, Santa Cruz Biotechnology, ʉʐɸ), 

Ŭ4-nAChR ï ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ IgG ʢʨʦʣʠʢʘ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ - 

1:100 (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ sc-5591, Santa Cruz Biotechnology, ʉʐɸ), 

Ŭ5-nAChR ï ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ IgG ʢʨʦʣʠʢʘ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ - 

1:100 (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ sc-28795, Santa Cruz Biotechnology, ʉʐɸ), 

Ŭ6-nAChR ï ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ IgG ʢʦʟʳ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ - 1:100 

(ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ sc-27292, Santa Cruz Biotechnology, ʉʐɸ), 

5-HT3 (ʩʝʨʦʪʦʥʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ 3ɸ ʪʠʧʘ) - ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ IgG ʢʨʦʣʠʢʘ, 

ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ - 1:100 (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ sc-27292, Santa Cruz 

Biotechnology, ʉʐɸ), 

Ŭ7-nAChR ï ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ IgG ʢʨʦʣʠʢʘ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ - 

1:1000, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ï 1:500, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʧʨʦʪʦʯʥʦʡ 

ʮʠʪʦʤʝʪʨʠʠ ï 1:1000 (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ ab23832, Abcam, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), 

ɓ4-nAChR - ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ IgG ʢʨʦʣʠʢʘ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ - 

1:100, (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ ab156213, Abcam, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), 

pERK1/2 (ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʝ MAPK-ʢʠʥʘʟʳ ERK1 ʠ ERK2) - ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ 

IgG ʢʨʦʣʠʢʘ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ - 1:4000, (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ 9101, Cell 

Signalling Technology, ʅʠʜʝʨʣʘʥʜʳ), 

EGFR (ʨʝʮʝʧʪʦʨ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ) - ʤʦʥʦʢʣʦʥʘʣʴʥʳʡ IgG ʢʨʦʣʠʢʘ, 

ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 1:500, (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ 52894, Abcam, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), 
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SLURP-1 - ʤʦʥʦʢʣʦʥʘʣʴʥʳʡ IgG ʤʳʰʠ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʢʦʥʬʦʢʘʣʴʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ï 1:500, (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ 52894, Abcam, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), 

Lynx1 ï ʤʦʥʦʢʣʦʥʘʣʴʥʳʡ IgG ʢʨʦʣʠʢʘ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ï 1:1000 

(ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ 125035, Abcam, ɺʝʣʠʢʦʙʠʨʪʘʥʠʷ). 

ɸʥʪʠʪʝʣʘ ʜʣʷ ʠʟʦʪʠʧʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ: 

IgG ʤʳʰʠ - ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ 1:1000 (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ 

31903, Thermo Fisher Scientific, ʉʐɸ), 

IgG ʢʨʦʣʠʢʘ - ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ 1:1000 (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ 

31235, Thermo Fisher Scientific, ʉʐɸ), 

ɺʪʦʨʠʯʥʳʝ ʘʥʪʠʪʝʣʘ: 

ɸʥʪʠ-IgG ʢʨʦʣʠʢʘ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ ʩ ʧʝʨʦʢʩʠʜʘʟʦʡ ʭʨʝʥʘ (HRP) ï 

ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ IgG ʢʦʟʳ, ʨʘʟʚʝʜʝʥʠʝ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ï 1:2000 (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ 

P0448, Dako, ɼʘʥʠʷ), 

ɸʥʪʠ-IgG ʢʦʟʳ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ ʩ ʧʝʨʦʢʩʠʜʘʟʦʡ ʭʨʝʥʘ (HRP) ï ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ 

IgG ʢʨʦʣʠʢʘ, ʨʘʟʚʝʜʝʥʠʝ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ï 1:2000 (ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ P0449, Dako, 

ɼʘʥʠʷ), 

ɸʥʪʠ-IgG ʤʳʰʠ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʢʨʘʩʠʪʝʣʝʤ AlexaFluor 488 

ï ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ IgG ʢʦʟʳ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ ï 1:1000 

(ʢʘʪʘʣʦʞʥʳʡ ʥʦʤʝʨ A-11001, Invitrogen, ʉʐɸ), 

ɸʥʪʠ-IgG ʢʨʦʣʠʢʘ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʢʨʘʩʠʪʝʣʝʤ AlexaFluor 

488 ï ʧʦʣʠʢʣʦʥʘʣʴʥʳʡ IgG ʢʦʟʳ, ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ï 1:10000, 

ʨʘʟʚʝʜʝʥʠʝ ʜʣʷ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ ï ʫʪʦʯʥʠʪʴ (A-11008, Invitrogen, ʉʐɸ) 

3.1.7. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ 
 

ʊʘʙʣʠʮʘ 3.1. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ. ɺʩʝ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʝʩʣʠ ʥʝ ʦʙʦʟʥʘʯʝʥʦ ʠʥʘʯʝ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ɿɸʆ ɽʚʨʦʛʝʥ (ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ). 

ɻʝʥ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ 

ʇʨʘʡʤʝʨʳ ʜʣʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʧʨʷʤʦʡ b-actin [213] TCATGTTTGAGACCTTCAACAC 

ʦʙʨʘʪʥʳʡ b-actin [213] GTCTTTGCGGATGTCCACG 

ʧʨʷʤʦʡ GAPDH TGCACCACCAACTGCTTAGC 

ʦʙʨʘʪʥʳʡ GAPDH GGCATGGACTGTGGTCATGAG 

ʧʨʷʤʦʡ RPL13A CCTGGAGGAGAAGAGGAAAGAGA 

ʦʙʨʘʪʥʳʡ RPL13A TTGAGGACCTCTGTGTATTTGTCAA 

ʧʨʷʤʦʡ SLURP-1 GTGAGGCCCTCAAGTGCTAC 
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ʦʙʨʘʪʥʳʡ SLURP-1 GCTCTGGTTGAAGGGGTACTC 

ʧʨʷʤʦʡ SLURP-2 GAGGGACTCCACCCACTGTGT 

ʦʙʨʘʪʥʳʡ SLURP-2 GCAGCCTATGTGGCACATCTT 

ʧʨʷʤʦʡ Lynx-1 ACCACTCGAACTTACTTCACC 

ʦʙʨʘʪʥʳʡ Lynx-1 ATCGTACACGGTCTCAAAGC 

ʧʨʷʤʦʡ Ŭ3-nAChR CCTGTTCCAGTACCTGTTCG 

ʦʙʨʘʪʥʳʡ Ŭ3-nAChR AGACATGGACACCTCAAACTG 

ʧʨʷʤʦʡ Ŭ4-nAChR GTCAAAGACAACTGCCGGAGACTT 

ʦʙʨʘʪʥʳʡ Ŭ4-nAChR TGATGAGCATTGGAGCCCCACTGC 

ʧʨʷʤʦʡ Ŭ7-nAChR TGCACGTGTCCCTGCAAGGC 

ʦʙʨʘʪʥʳʡ Ŭ7-nAChR GTACACGGTGAGCGGCTGCG 

gʨʷʤʦʡ Ŭ9-nAChR ATCCTGAAGTACATGTCCAGGATC 

ʦʙʨʘʪʥʳʡ Ŭ9-nAChR TGGCCTTGTGGTCCTTGAGGCACT 

ʧʨʷʤʦʡ ɓ2-nAChR ACGGTGTTCCTGCTGCTCATC 

ʦʙʨʘʪʥʳʡ ɓ2-nAChR CACACTCTGGTCATCATCCTC 

ʉʧʠʩʦʢ ʤʘʣʳʭ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʈʅʂ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ (ʉʠʥʪʦʣ, 

ʈʦʩʩʠʷ) 

ʢʦʥʪʨʦʣʴ 
UUCUCCGAACGUGUCACGUTT 

ACGUGACACGUUCGGAGAATT 

JNK-1 
GGCAUGGGCUAUAAAGAAATT 

UUUCUUUGUAGCCCAUGCCTT 

JNK-2 
GCCAGAGACUUAUUAUCAATT 

UUGAUAAUAAGUCUCUGGCTT 

Ŭ7-nAChR 
GGAAGCUUUACAAGGAGCUGGUCAA 

UUGACCAGCUCCUUGUAAAGCUUCC 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʩʙʦʨʢʠ ʠ ʢʣʦʥʠʨʦʚʘʥʠʷ ʛʝʥʘ NTII  

(ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʅ.ʉ. ɹʳʩʪʨʦʚʳʤ ʠ ʉ.ʂ. ɺʦʣʢʦʚʳʤ ʚ ʋʅʎ ʀɹʍ ʈɸʅ). 

nno1 TCTAGAATGTCACAACCAGC 

nno2 AGTCTTCCCAGCCGCCAACTACCAAAACTTGCTCTGGCGAAA 

nno3 CCAACTGCTACAAAAAGTGGTGGTCCGACCACCGTGGTA 

nno4 CCATCATCGAGCGCGGTTGTGGCTGTCCGAAAGTTAAACCG 

nno5 GGTGTAAACCTGAACTGCTGTCGTACCGATCGTTGCAACAACTAAGAGCTC 

nno6 GGAAGACTGCTGGTTG 

nno7 GCAGTTGGTTTCGCCA 

nno8 GATGATGGTACCACGG 

nno9 TTTACACCCGGTTTAA 

nno10 GAGCTCTTAGTTGTTGCAAC 

nno11 GGATCCTTAGTTGTTGCAACGATCGGTACGACAGCAGTTCAGGTTTACACC 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʫʪʘʥʪʥʳʭ ʛʝʥʦʚ NTII /I  

mutI CTACAAAAAGTGGTGGTGCGACGCGTGGTGCGGTTCCCGTGGTACCATCATC 

mutII CTCGATGATGGTACCAACGGAACCGCACAGCGCGTCGCACCACCACTTTTTGTAG 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʩʙʦʨʢʠ ʠ ʢʣʦʥʠʨʦʚʘʥʠʷ ʛʝʥʘ rSLURP-1 
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S1, ʧʨʷʤʦʡ ʧʨʘʡʤʝʨ ʜʣʷ 

ʢʣʦʥʠʨʦʚʘʥʠʷ slurp-1 ʚ 

pET22b(+)  

GAGATATACATATGCTGAAGTGCTACACTTGCAAAGAACCGATGACTAGCGCTTCC 

S2 GCAAGCGGTGTCTTCCGGTTTGCAACGGGTGATGGTACGGCAGGAAGCGCTAGT 

S3 GACACCGCTTGCATGACCACCCTGGTTACCGTTGAAGCTGAGTACCCGTCCAAC 

S4 AACACAAGAGGAAGAACAGGAACGGGTTACAACCGGGGACTGGTTGAACGGGTA 

S5 TCCTCTTGTGTTGCTACTGACCCAGATTCCATCGGCGCAGCGCACCTCATCTTC 

S6, ʦʙʨʘʪʥʳʡ ʧʨʘʡʤʝʨ 

ʜʣʷ ʢʣʦʥʠʨʦʚʘʥʠʷ slurp-1 

ʚ pET22b(+), 

pET22b(+)/STII, ʠ 

pET32ʘ(+) 

GGCTCGGATCCCTATCACAGTTCAGAGTTGCACAGGTCGCGGAAACAGCAGAAGATG

AGGTG 

S7, ʧʨʷʤʦʡ ʧʨʘʡʤʝʨ ʜʣʷ 

ʢʣʦʥʠʨʦʚʘʥʠʷ slurp-1 ʚ 

pET32ʘ(+) 

GATCTGGGTACCGGTTCTGGTTCTGGTCTGGTGCCGCGTGGTTCTCTGAAGTGCTAC

ACTTGCAAAGAAC 

S8, ʧʨʷʤʦʡ ʧʨʘʡʤʝʨ ʜʣʷ 

ʢʣʦʥʠʨʦʚʘʥʠʷ slurp-1 ʚ 

pET22b(+)/STII 

ACAAATGCGTACGCACTGCTACACTTGCAAAGAAC 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜ,r ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʩʙʦʨʢʠ ʠ ʢʣʦʥʠʨʦʚʘʥʠʷ ʛʝʥʘ ws-Lynx1 

L1 GAGATATACATATGCTGGACTGCCACGTATGCGCATATAACGGCGATAACTGC 

L2 GCAGTATGCTACCATTGCCGGGCAACGCATCGGGTTGAAGCAGTTATCGCC 

L3 GTAGCATACTGCATGACTACTCGTACTTACTACACTCCGACTCGTATGAAA 

L4 TACAGTCTCGAAGCAACGCGGTACACACGACTTCGATACTTTCATACGAGT 

L5 TTCGAGACTGTATACGATGGCTACTCTAAGCACGCTTCCACCACCTCCTGC 

L6 GGCTCGGATCCCTATCAGCCGTTGCACAAATCGTACTGGCAGCAGGAGGTGGT 

ʇʨʷʤʦʡ ʧʨʘʡʤʝʨ ʜʣʷ 

ʢʣʦʥʠʨʦʚʘʥʠʷ ʛʝʥʘ ʚʜ-

Lynx1 ʚ ʚʝʢʪʦʨ pET-32a(+) 

GATCTGGGTACCGGTTCTGGTTCTGGTCTGGTGCCGCGTGGTTCTCTGGACTGCCAC

GTATGCGC  

ʇʨʷʤʦʡ ʧʨʘʡʤʝʨ ʜʣʷ 

ʢʣʦʥʠʨʦʚʘʥʠʷ ʛʝʥʘ ws-

Lynx1 ʚ ʚʝʢʪʦʨ pET-

22b(+)/STII 

ACAAATCGTACGCACTGGACTGCCACGTATGCGC 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʢʣʦʥʠʨʦʚʘʥʠʷ ʛʝʥʘ WTX  

ʇʨʷʤʦʡ ʧʨʘʡʤʝʨ ʜʣʷ 

ʟʘʤʝʥʳ ʨʝʜʢʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʢʦʜʦʥʦʚ 

ʘʨʛʠʥʠʥʘ 

GCTTTAAAAAGTTACACCAACGTCGCCCATTGTCGTGGCGCTACATACGCGG

ATGTGCTGATACTTGCCC 

ʆʙʨʘʪʥʳʡ ʧʨʘʡʤʝʨ ʜʣʷ 

ʟʘʤʝʥʳ ʨʝʜʢʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʢʦʜʦʥʦʚ 

ʘʨʛʠʥʠʥʘ 

GGGCAAGTATCAGCACATCCGCGTATGTAGCGCCACGACAATGGGCGACGTT

GGTGTAACTTTTTAAAGC 

ʇʨʷʤʦʡ ʧʨʘʡʤʝʨ ʜʣʷ 

ʢʣʦʥʠʨʦʚʘʥʠʷ ʛʝʥʘ WTX 

ʚ ʚʝʢʪʦʨ pET32ʘ(+) 

CTGGGTACCGACGACGACGACAAGTTGACATGTCTCAATTGCCC 

ʇʨʷʤʦʡ ʧʨʘʡʤʝʨ ʜʣʷ ACAAATGCATATGCATTGACATGTCTCAATTGCCC 
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ʢʣʦʥʠʨʦʚʘʥʠʷ ʛʝʥʘ WTX 

ʚ ʚʝʢʪʦʨ pET22b(+)/STII 

ʆʙʨʘʪʥʳʡ  ʧʨʘʡʤʝʨ ʜʣʷ 

ʢʣʦʥʠʨʦʚʘʥʠʷ ʛʝʥʘ WTX 

ʚ ʚʝʢʪʦʨʳ pET22b(+) ʠ 

pET32ʘ(+) 

GGʉCCGGATCCCCCGATCCTTACTAGCGGTTGCATTTGTCTG 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʩʙʦʨʢʠ ʠ ʢʣʦʥʠʨʦʚʘʥʠʷ ʛʝʥʘ rSLURP-2 

S2/1 
TAGCGTGAAGACGACAGAACCATATGATTTGGTGCCATCAGTGCACCGGCTT

TGGCGGCTGCTCCCATGGCTCCCGTTGCCTGCGTGAT 

S2/2 GTGGTCACGCAATGGGTGGAATCACGCAGG 

S2/3 
GGATTGCGTGACCACCGCGACCCGTGTGCTCTCCAATACCGAAGATCTGCCG

CTGGTGACCAAAATGTGCCATATTGGCTGCCCGGAT 

S2/4 GGCCCAGGCCCAGGGACGGAATATCCGGCC 

S2/5 
CCCTGGGCCTGGGCCCGTATGTGTCCATTGCGTGCTGCCAGACCTCCCTGTG

CAATCATGATTAGTAGAAGCTTGTTGTACTGAGTTC 

S2/6 GAACTCAGTACAACAAGCTTCTACTAATCA 

ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʛʝʥ rLypd6 ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ɿɸʆ ɽʚʨʦʛʝʥ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 
CATATGTTTAAATGCTTTACCTGCGAAAAAGCGGCGGATAATTATGAATGCAATCGTTGGGCGCCGGATATTTAT

TGCCCGCGTGAAACCCGTTATTGCTATACCCAGCATACCATGGAAGTGGGCTGCCGTGATTCCGAACATGAAGGC

CATAAAGTGTGCACCTCCTGCTGCGAAGGCAATATTTGCAATCTGCCGCTGCCGCGTAATGAAACCGATGCGACC

TTTGCGTAGTAGAAGCTT 
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3.2. ʄʝʪʦʜʳ 

3.2.1. ʇʨʝʧʘʨʘʪʳ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ 

ʂʣʦʥʠʨʦʚʘʥʠʝ ʛʝʥʦʚ slurp-1, slurp-2, ws-lynx1, rlypd6. ɻʝʥʳ slurp-1, slurp-2, lynx1, 

lypd6 ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ SLURP-1, SLURP-2, ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʬʨʘʛʤʝʥʪʳ ʙʝʣʢʦʚ 

Lynx1 (ws-Lynx1) ʠ Lypd6 (rLypd6) ʯʝʣʦʚʝʢʘ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʇʎʈ ʠʟ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ (ɽʚʨʦʛʝʥ, ʄʦʩʢʚʘ). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʦʚ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʵʢʩʧʨʝʩʩʠʠ ʚ E. coli, ʩʠʛʥʘʣʴʥʳʡ 

ʧʝʧʪʠʜ ʚʦ ʚʩʝʭ ʙʝʣʢʘʭ ʙʳʣ ʫʜʘʣʝʥ, ʥʘ 5ô-ʢʦʥʝʮ ʙʳʣ ʚʚʝʜʝʥ ʢʦʜʦʥ atg, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʠʥʠʮʠʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ. ɼʣʷ Lynx1 ʠ Lypd6 ʪʘʢʞʝ ʙʳʣʠ ʫʜʘʣʝʥʳ N- ʠ ʉ-ʢʦʥʮʝʚʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʣʝʞʘʱʠʝ ʚʥʝ ʪʨʝʭʧʝʪʝʣʴʥʦʛʦ ʜʦʤʝʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʛʝʥʳ 

ʢʣʦʥʠʨʦʚʘʥʳ ʚ ʚʝʢʪʦʨ ʨɽʊ22b (+) ʧʦ ʩʘʡʪʘʤ ʨʝʩʪʨʠʢʮʠʠ NdeI ʠ HindIII, ʢʦʨʨʝʢʪʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʩʪʘʚʢʠ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ (ʩʠʥʪʝʟ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʳ ɿɸʆ çɽʚʨʦʛʝʥè). 

ʇʨʦʜʫʢʮʠʷ ʥʝʡʨʦʪʦʢʩʠʥʘ II, rSLURP-1, ws-Lynx1 ʠ WTX  ʚ ʚʠʜʝ ʩʣʠʪʥʦʡ 

ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ʩ ʪʠʦʨʝʜʦʢʩʠʥʦʤ. ʂʣʝʪʢʠ ʰʪʘʤʤʘ E. coli BL21(DE3)(pLysS) 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ ʚʝʢʪʦʨʦʤ ʠ ʨʘʩʩʝʚʘʣʠ ʥʘ ʯʘʰʢʠ ʩ ʘʥʪʠʙʠʦʪʠʢʘʤʠ: 

ʘʤʧʠʮʠʣʣʠʥʦʤ ʠ ʭʣʦʨʘʤʬʝʥʠʢʦʣʦʤ. ɼʣʷ ʥʘʨʘʱʠʚʘʥʠʷ ʢʣʝʪʦʯʥʦʡ ʤʘʩʩʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʰʝʢ ʩʦʙʠʨʘʣʠ ʧʨʠʤʝʨʥʦ 0.5-2.0 ʢʦʣʦʥʠʠ/ʤʣ ʠ ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʠʭ ʚ ʩʨʝʜʝ TB, 

ʩʦʜʝʨʞʘʱʝʡ ʘʤʧʠʮʠʣʣʠʥ (100 ʤʢʛ/ʤʣ). ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 12Áʉ ʠ 

ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢʫʣʴʪʫʨʳ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 600 ʥʤ ʚʝʣʠʯʠʥʳ 1 ʦ.ʝ. (ʧʨʠʤʝʨʥʦ 24 ʯ). ʇʦʩʣʝ ʵʪʦʛʦ ʜʦʙʘʚʣʷʣʠ IPTG ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0.025 ʤʄ, ʠ ʚʳʨʘʱʠʚʘʥʠʝ ʧʨʦʜʦʣʞʘʣʠ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ.  

ɸʥʘʣʠʟ ʣʦʢʘʣʠʟʘʮʠʠ ʛʠʙʨʠʜʥʳʭ ʙʝʣʢʦʚ ʩ ʪʠʦʨʝʜʦʢʩʠʥʦʤ ʚ ʢʣʝʪʢʘʭ E. coli. 

ʂʣʝʪʢʠ ɽ.coli, ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʣʘʟʤʠʜʘʤʠ, ʚʳʨʘʱʠʚʘʣʠ ʚ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʊɺ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʘʥʪʠʙʠʦʪʠʢʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 12Áʉ ʠ 

ʭʦʨʦʰʝʡ ʘʵʨʘʮʠʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ A600=1.0 ʦ.ʝ. ʕʢʩʧʨʝʩʩʠʶ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʛʝʥʦʚ ʠʥʜʫʮʠʨʦʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʀʇʊɻ, ʧʦʩʣʝ ʯʝʛʦ ʢʣʝʪʢʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 12Áʉ ʠ ʭʦʨʦʰʝʡ ʘʵʨʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ SDS-ʇɸɸɻ 

ʩʫʤʤʘʨʥʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʙʝʣʢʘ. ʆʙʨʘʟʝʮ ʧʦʣʫʯʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 12 000 g ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ. ʆʩʘʜʦʢ ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʨʘʚʥʦʤ 
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ʦʙʲʝʤʝ ʙʫʬʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 50 ʤʄ ʊʨʠʩ-ʅCl, ʨʅ 6.8, 1 ʤʄ ʕɼʊɸ ʠ 1 % SDS, ʠ 

ʧʨʦʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ 95Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ɺʦʜʦʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʘʜʦʢ 

ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 12 000 g ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ; ʩʫʧʝʨʥʘʪʘʥʪ ʩʤʝʰʠʚʘʣʠ ʩ 

ʨʘʚʥʳʤ ʦʙʲʝʤʦʤ ʙʫʬʝʨʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʥʘ ʛʝʣʴ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 50 ʤʄ ʊʨʠʩ-ʅʉl, 

ʨʅ 6.8, 8 % SDS, 40 % ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 20 % ʛʣʠʮʝʨʠʥ, 0.01 % ʢʫʤʘʩʩʠ R-250, ʠ 

ʧʨʦʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ 95Áʉ.  

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʬʨʘʢʮʠʠ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ. ʆʙʨʘʟʝʮ ʧʦʣʫʯʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 12 000 g ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ, ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 

1/8 ʦʪ ʠʩʭʦʜʥʦʛʦ ʦʙʲʝʤʘ ʙʫʬʝʨʘ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 50 ʤʄ ʊʨʠʩ-ʅCl, ʨʅ 8.0, 5 ʤʄ 

ʕɼʊɸ, 100 ʤʄ NaCl, 0.1 ʤʄ PMSF, ʣʠʟʦʮʠʤ 1 ʤʛ/ʤʣ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚʦ ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʜʦ ʠʩʭʦʜʥʦʛʦ ʦʙʲʝʤʘ ʙʫʬʝʨ 20 

ʤʄ ʊʨʠʩ-ʅʉl, ʨʅ 7.0, 1 ʤʄ ʕɼʊɸ, 0.1 % Triton X-100. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚʦ ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʟʘʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 12000g ʚ ʪʝʯʝʥʠʝ 

10 ʤʠʥ. ɸʣʠʢʚʦʪʫ ʧʦʣʫʯʝʥʥʦʛʦ ʩʫʧʝʨʥʘʪʘʥʪʘ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʚʥʳʤ ʦʙʲʝʤʦʤ ʙʫʬʝʨʘ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʥʘ ʛʝʣʴ ʠ ʧʨʦʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ 95Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. 

ɺʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ. ʂʣʝʪʢʠ ʩʦʙʠʨʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ 

(2500 g, 45 ʤʠʥ., 4Áʉ) ʠ ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʬʦʩʬʘʪʥʦʤ ʣʠʟʠʩʥʦʤ ʙʫʬʝʨʝ (20 ʤʄ 

Na2HPO4, 0.1 M NaCl, pH 8.0). ʉʫʩʧʝʥʟʠʶ ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʪʝʢʣʷʥʥʳʡ ʩʪʘʢʘʥ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚ ʙʘʥʶ ʩʦ ʣʴʜʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ PMSF ʜʦ 

ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʄ. ʂʣʝʪʢʠ ʨʘʟʨʫʰʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʥʘ ʧʨʠʙʦʨʝ ʋɿɼʅ-2ʊ 

(10 ʠʤʧʫʣʴʩʘʤʠ ʧʦ 20-30 ʩ ʩ ʧʝʨʝʨʳʚʘʤʠ ʧʦ 3 ʤʠʥ). ʂʣʝʪʦʯʥʳʡ ʜʝʙʨʠʩ ʦʪʜʝʣʷʣʠ  

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (4000 g, 90 ʤʠʥ, 4ʉ). ʆʩʚʝʪʣʝʥʥʳʡ ʢʣʝʪʦʯʥʳʡ ʣʠʟʘʪ ʥʘʥʦʩʠʣʠ ʥʘ 

Ni-NTA-SF-ʢʦʣʦʥʢʫ, ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ 50 ʤʄ Na2HPO4, 0.1 ʄ NaCl, 1ʤʄ ʠʤʠʜʘʟʦʣʘ, 

ʨʅ 7.6. ɹʝʣʢʠ ʵʣʶʠʨʦʚʘʣʠ ʚʦʟʨʘʩʪʘʶʱʠʤ ʛʨʘʜʠʝʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʠʜʘʟʦʣʘ (ʦʪ 

0.001 ʜʦ 0.1 ʄ). ɻʠʙʨʠʜʥʳʡ ʙʝʣʦʢ ʚʳʭʦʜʠʣ ʩ ʢʦʣʦʥʢʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʠʜʘʟʦʣʘ 

ʧʨʠʤʝʨʥʦ 0.012 ʄ. ʋʜʘʣʠʚ ʠʟʙʳʪʦʢ ʩʦʣʠ ʧʨʠ ʧʦʤʦʱʠ ʜʠʘʣʠʟʘ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʚ ʙʝʣʦʢ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʝʡ, ʝʛʦ ʜʦʯʠʱʘʣʠ ʥʘ ʘʥʠʦʥʦʦʙʤʝʥʥʦʡ ʢʦʣʦʥʢʝ Mono-Q HR 10/10 

(FPLC, Pharmacia, ʐʚʝʮʠʷ), ʫʨʘʚʥʦʚʝʰʝʥʥʦʡ 20 ʤʄ Tʨʠʩ-HCl, pH 7.6, ʚ ʚʦʟʨʘʩʪʘʶʱʝʤ 

ʛʨʘʜʠʝʥʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl (ʦʪ 0 ʜʦ 1 ʄ). ɻʠʙʨʠʜʥʳʡ ʙʝʣʦʢ TRX/SpH1/SpH2/Leu-

Met/NT II ʵʣʶʠʨʦʚʘʣʩʷ ʩ ʢʦʣʦʥʢʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl 0.12 ʄ. ɺʳʜʝʣʝʥʥʳʡ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʙʝʣʦʢ ʜʠʘʣʠʟʦʚʘʣʠ ʧʨʦʪʠʚ ʚʦʜʳ Milli-Q ʠ ʣʠʦʬʠʣʠʟʦʚʘʣʠ.  
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ʈʘʩʱʝʧʣʝʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ ʙʨʦʤʮʠʘʥʦʤ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʦʛʦ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ NTII ʧʨʦʚʦʜʠʣʠ ʚ 70% ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩ 300-ʢʨʘʪʥʳʤ 

ʤʦʣʴʥʳʤ ʠʟʙʳʪʢʦʤ BrCN ʚ ʨʘʩʯʝʪʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʢʦʚ ʤʝʪʠʦʥʠʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ 0.5-1.0 ʤʛ/ʤʣ. ʀʥʢʫʙʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʪʝʤʥʦʪʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 16 ʯ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʨʘʟʙʘʚʣʷʣʠ ʚʦʜʦʡ ʚ 10-20 ʨʘʟ ʠ 

ʣʠʦʬʠʣʴʥʦ ʚʳʩʫʰʠʚʘʣʠ. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ ʙʨʦʤʮʠʘʥʦʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ ʥʘ ʢʘʪʠʦʥʦʦʙʤʝʥʥʦʡ ʢʦʣʦʥʢʝ Mono-S HR 10/10 (FPLC, Pharmacia, 

ʐʚʝʮʠʷ), ʫʨʘʚʥʦʚʝʰʝʥʥʦʡ 50 ʤʄ NaOAc, 0.01 M NaCl, pH 5.0. ɹʝʣʢʠ ʵʣʶʠʨʦʚʘʣʠ ʚ 

ʛʨʘʜʠʝʥʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl (ʦʪ 0.01 ʜʦ 1 ʄ). ʅʝʡʨʦʪʦʢʩʠʥ II ʵʣʶʠʨʦʚʘʣʩʷ ʩ ʢʦʣʦʥʢʠ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ ʧʨʠʤʝʨʥʦ 0.14 ʄ. 2.11.  

ɺʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ rSLURP-1, ws-Lynx1 ʠ rWTX  ʚ 

ʩʣʠʪʥʦʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ʩ ʪʠʦʨʝʜʦʢʩʠʥʦʤ. ʂʣʝʪʢʠ E. coli ʰʪʘʤʤʘ BL21(DE3) 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ ʚʝʢʪʦʨʦʤ pET-32a/ʙʝʣʦʢ ʠ ʨʘʩʩʝʚʘʣʠ ʥʘ ʯʘʰʢʠ ʩ 

ʩʝʣʝʢʪʠʚʥʦʡ ʩʨʝʜʦʡ LB-ʘʛʘʨ. ɼʣʷ ʥʘʨʘʱʠʚʘʥʠʷ ʢʣʝʪʦʯʥʦʡ ʤʘʩʩʳ ʢʦʣʦʥʠʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʰʝʢ ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʝʣʝʢʪʠʚʥʫʶ ʩʨʝʜʫ LB, ʩʦʜʝʨʞʘʱʫʶ ʘʤʧʠʮʠʣʣʠʥ (100 

ʤʢʛ/ʤʣ). ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 37Áʉ ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢʫʣʴʪʫʨʳ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 600 ʥʤ ʚʝʣʠʯʠʥʳ 0.6 

ʦ.ʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʦʙʘʚʣʷʣʠ ʀʇʊɻ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.05 ʤʄ ʠ ʧʨʦʜʦʣʞʘʣʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʩʨʝʜʝ LB ʧʨʠ 20Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʩʫʪʦʢ. 

ʂʣʝʪʦʯʥʫʶ ʢʫʣʴʪʫʨʫ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 8000 ʦʙ/ʤʠʥ 20 ʤʠʥ ʧʨʠ 4Áʉ. ʆʩʘʜʦʢ, 

ʧʦʣʫʯʝʥʥʳʡ ʩ 1 ʣ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 30 ʤʣ ʙʫʬʝʨʘ ɸ (20 ʤʄ 

Tris-HCl, 250 ʤʄ NaCl, 1 ʤʄ NaN3, pH 8.0). ʂʣʝʪʢʠ ʨʘʟʨʫʰʘʣʠ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʘ 

ʥʘ ʣʴʜʫ ʩ ʧʦʤʦʱʴʶ ʜʝʟʠʥʪʝʛʨʘʪʦʨʘ Branson Digital Sonifier (Branson, ʉʐɸ) 1 ʤʠʥʫʪʫ 40 

ʩʝʢʫʥʜ (ʧʦ 10 ʩʝʢʫʥʜ ʩ ʧʝʨʝʨʳʚʘʤʠ ʚ 1 ʤʠʥʫʪʫ), ʣʠʟʘʪ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 36000 g ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 4Áʉ. ɿʘʪʝʤ ʩʫʧʝʨʥʘʪʘʥʪ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ 

ʢʦʣʦʥʢʫ ʩ 6 ʤʣ Ni-ʩʝʬʘʨʦʟʳ (GE Healthcare, ʐʚʝʮʠʷ) ʠ ʧʨʦʚʦʜʠʣʠ ʵʣʶʮʠʶ ʙʝʣʢʦʚʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʩʪʫʧʝʥʯʘʪʦ ʙʫʬʝʨʦʤ ɸ, ʩʦʜʝʨʞʘʱʠʤ ʚʦʟʨʘʩʪʘʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʠʜʘʟʦʣʘ, 

ʘ ʠʤʝʥʥʦ 20 ʤʄ, 200 ʤʄ, 500 ʤʄ (ʧʦ 25 ʤʣ). ɹʝʣʢʦʚʳʡ ʧʨʝʧʘʨʘʪ, ʩʦʜʝʨʞʘʱʠʡ ʮʝʣʝʚʦʡ 

ʙʝʣʦʢ ʚ ʩʣʠʪʥʦʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ʩ ʪʠʦʨʝʜʦʢʩʠʥʦʤ, ʵʣʶʠʨʦʚʘʣʠ ʧʨʠ 200 ʤʄ 

ʠʤʠʜʘʟʦʣʘ. ʌʨʘʢʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. 

ʈʝʘʢʮʠʶ ʛʠʜʨʦʣʠʟʘ ʪʨʦʤʙʠʥʦʤ ʧʨʦʚʦʜʠʣʠ ʠʟ ʨʘʩʯʝʪʘ 5 ʝʜ. ʬʝʨʤʝʥʪʘ ʥʘ 1 ʤʛ 

ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɹʫʬʝʨ ʥʝ ʟʘʤʝʥʷʣʠ. 

ʇʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʤʠʜʘʟʦʣʘ ʠʟ ʦʙʨʘʟʮʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʮʝʣʝʚʦʡ ʙʝʣʦʢ, 
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ʩʪʘʚʠʣʠ ʜʠʘʣʠʟ 2 ʨʘʟʘ ʧʦ 1 ʯʘʩʫ ʚ ʙʫʬʝʨʝ ɸ ʚ ʦʙʲʝʤʝ 4 ʣʠʪʨʘ. ʈʘʟʤʝʨ ʧʦʨ ʜʠʘʣʠʟʥʦʛʦ 

ʤʝʰʢʘ ï 1ʢɼʘ (Millipore, ʉʐɸ). 

ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʦʪ ʪʠʦʨʝʜʦʢʩʠʥʘ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʜʠʘʣʠʟʦʚʘʥʥʳʡ 

ʧʨʝʧʘʨʘʪ ʧʦʚʪʦʨʥʦ ʥʘʥʦʩʠʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʣʦʥʢʫ ʩ 6 ʤʣ Ni-ʩʝʬʘʨʦʟʳ (GE 

Healthcare, ʐʚʝʮʠʷ). ɹʝʣʢʦʚʳʡ ʧʨʝʧʘʨʘʪ, ʩʦʜʝʨʞʘʱʠʡ ʮʝʣʝʚʦʡ ʙʝʣʦʢ, ʩʭʦʜʠʣ ʩ ʢʦʣʦʥʢʠ 

ʚ ʧʨʦʩʢʦʢʝ. ʊʠʦʨʝʜʦʢʩʠʥ ʵʣʶʠʨʦʚʘʣʠ ʙʫʬʝʨʦʤ ɸ, ʩʦʜʝʨʞʘʱʠʤ 200 ʤʄ ʠʤʠʜʘʟʦʣʘ. 

ɼʘʣʴʥʝʡʰʫʶ ʦʯʠʩʪʢʫ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʠʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʦʪʠʚ  20 

ʤʄ Tris-HCl, 1 ʤʄ NaN3, pH 8.0 ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ 4Üʉ, ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ ʩ Q-ʩʝʬʘʨʦʟʦʡ (Pharmacia Biotech, ʉʐɸ). ʕʣʶʮʠʶ ʙʝʣʢʘ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʛʨʘʜʠʝʥʪʝ NaCl. ʌʨʘʢʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 

ʇɸɸɻ. 

ʇʨʦʜʫʢʮʠʷ rSLURP-1, ws-Lynx1 ʠ rWTX  ʚ ʩʝʢʨʝʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʣʠʜʝʨʥʳʤ ʧʝʧʪʠʜʦʤ STII. ʂʣʝʪʢʠ E. coli ʰʪʘʤʤʘ BL21(DE3) ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ ʚʝʢʪʦʨʦʤ pET-22b/STII/SLURP-1 ʠ ʨʘʩʩʝʚʘʣʠ ʥʘ ʯʘʰʢʠ ʩ ʩʝʣʝʢʪʠʚʥʦʡ 

ʩʨʝʜʦʡ LB-ʘʛʘʨ. ʂʦʣʦʥʠʠ ʩ ʯʘʰʝʢ ʠʥʥʦʢʫʣʠʨʦʚʘʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʝ ʄ9, 

ʩʦʜʝʨʞʘʱʝʡ ʘʤʧʠʮʠʣʣʠʥ (100 ʤʢʛ/ʤʣ). ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 37ʉ ʩ 

ʫʤʝʨʝʥʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢʫʣʴʪʫʨʳ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 600 ʥʤ ʚʝʣʠʯʠʥʳ 0.6 ʦ.ʝ. ʀʥʜʫʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʀʇʊɻ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0.05 ʤʄ, ʧʦʩʣʝ ʯʝʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʧʨʦʜʦʣʞʘʣʠ ʚ 

ʩʨʝʜʝ ʄ9 ʧʨʠ 37Áʉ 24 ʯʘʩʘ. 

ʇʨʦʜʫʢʮʠʷ ʥʝʡʨʦʪʦʢʩʠʥʘ II ʚ ʩʝʢʨʝʪʠʨʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʂʣʝʪʢʠ E. coli 

ʰʪʘʤʤʘ BL21 ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ ʚʝʢʪʦʨʦʤ pGEMEX-1/pR/NT ʠ 

ʨʘʩʩʝʚʘʣʠ ʥʘ ʯʘʰʢʠ ʇʝʪʨʠ ʩ LB-ʘʛʘʨʦʤ ʠ ʘʤʧʠʮʠʣʠʥʦʤ. ʂʦʣʦʥʠʠ ʩ ʯʘʰʢʠ 

ʠʥʦʢʫʣʠʨʦʚʘʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʝ ʄ9, ʩʦʜʝʨʞʘʱʝʡ ʘʤʧʠʮʠʣʣʠʥ (100 ʤʢʛ/ʤʣ). 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 28Áʉ ʩ ʫʤʝʨʝʥʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ. 

ɿʘʪʝʤ ʢʣʝʪʦʯʥʫʶ ʢʫʣʴʪʫʨʫ ʦʩʘʞʜʘʣʠ, ʢʣʝʪʦʯʥʳʡ ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʩʚʝʞʝʡ 

ʩʨʝʜʝ ʄ9, ʨʘʟʚʦʜʠʣʠ ʜʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʤʝʨʥʦ 0.5 ʠ ʠʥʜʫʮʠʨʦʚʘʣʠ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʘ NT ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʦ 37Áʉ, ʠ 

ʧʨʦʜʦʣʞʘʣʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʩʨʝʜʝ ʄ9 ʧʨʠ 37Áʉ ʚ ʪʝʯʝʥʠʝ 48 

ʯʘʩʦʚ.   

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ SDS-ʇɸɸɻ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʆʙʨʘʟʝʮ ʧʦʣʫʯʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 12 000 g ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ. ʉʫʧʝʨʥʘʪʘʥʪ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʚʥʳʤ 



 

 

72 

ʦʙʲʝʤʦʤ ʙʫʬʝʨʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʥʘ ʛʝʣʴ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 50 ʤʄ ʊʨʠʩ-ʅʉl, ʨʅ 6.8, 8 

% SDS, 40 % ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 20 % ʛʣʠʮʝʨʠʥ, 0.01 % ʢʫʤʘʩʩʠ R-250, ʠ ʧʨʦʛʨʝʚʘʣʠ ʥʘ 

ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ 95Áʉ.  

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʬʨʘʢʮʠʠ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ. ʆʙʨʘʟʝʮ ʧʦʣʫʯʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 4Áʉ ʠ 6000 g ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ɿʘʪʝʤ ʢʣʝʪʦʯʥʳʡ 

ʦʩʘʜʦʢ ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 100 ʤʢʣ ʭʦʣʦʜʥʦʛʦ 1 ʄ ʊʨʠʩ-ʅʉl, pH 9.0, 2 ʤʄ ʕɼʊɸ. 

ʀʥʢʫʙʠʨʦʚʘʣʠ ʢʣʝʪʦʯʥʫʶ ʩʫʩʧʝʥʟʠʶ ʚʦ ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ, ʟʘʪʝʤ ʦʩʘʞʜʘʣʠ ʢʣʝʪʢʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʨʘʥʝʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ɸʣʠʢʚʦʪʫ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʫʧʝʨʥʘʪʘʥʪʘ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʚʥʳʤ ʦʙʲʝʤʦʤ ʙʫʬʝʨʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʥʘ ʛʝʣʴ 

ʠ ʧʨʦʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ 95Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ.  

ɺʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʥʝʡʨʦʪʦʢʩʠʥʦʚ. ʂʣʝʪʦʯʥʫʶ ʢʫʣʴʪʫʨʫ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 45 ʤʠʥʫʪ ʧʨʠ 4250 ʦʙ/ʤʠʥ ʠ 4ÁC. ʇʦʜʚʦʜʠʣʠ pH ʢʫʣʴʪʫʨʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ ʜʦ 4.5, ʧʨʦʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ 70Áʉ ʚ ʪʝʯʝʥʠʝ 20-25 ʤʠʥʫʪ ʠ ʩʥʦʚʘ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 45 ʤʠʥʫʪ ʧʨʠ 4250 ʦʙ/ʤʠʥ ʠ 4ÁC. ɼʘʣʝʝ ʩʫʧʝʨʥʘʪʘʥʪ ʦʪʙʠʨʘʣʠ, 

ʨʘʟʙʘʚʣʷʣʠ ʚ 2-3 ʨʘʟʘ ʚʦʜʦʡ Milli-Q, ʧʦʜʚʦʜʠʣʠ pH ʜʦ 5.0 ʠ ʥʘʥʦʩʠʣʠ ʥʘ ʠʦʥʦʦʙʤʝʥʥʫʶ 

ʩʤʦʣʫ SP-Sepharose (Amersham Pharmacia, ʐʚʝʮʠʷ), ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ 10ʤʄ 

CH3COONa pH 5.0. ʕʣʶʮʠʶ ʧʨʦʚʦʜʠʣʠ ʣʠʥʝʡʥʳʤ ʛʨʘʜʠʝʥʪʦʤ 0.0-1.0 ʄ NaCl. ɼʘʣʝʝ 

ʙʝʣʢʦʚʳʡ ʧʨʝʧʘʨʘʪ, ʩʦʜʝʨʞʘʱʠʡ ʥʝʡʨʦʪʦʢʩʠʥ, ʜʦʯʠʱʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩʦ ʩʤʦʣʦʡ MonoS 

(Amerscham Pharmacia, ʉʐɸ), ʫʨʘʚʥʦʚʝʰʝʥʥʦʡ 10ʤʄ CH3COONa pH 5.0. ʕʣʶʠʨʦʚʘʣʠ 

ʥʝʡʨʦʪʦʢʩʠʥ ʚʦʟʨʘʩʪʘʶʱʠʤ ʣʠʥʝʡʥʳʤ ʛʨʘʜʠʝʥʪʦʤ 0.0-1.0ʄ NaCl. ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʦʯʠʩʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʭʨʦʤʘʪʦʛʨʘʬ ñBio-Logicòʫʤʝʨʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʬʠʨʤʳ BIO-RAD 

(ʉʐɸ). ɺʩʝ ʬʨʘʢʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ SDS-ʇɸɸɻ. 

ʇʨʦʜʫʢʮʠʷ rSLURP-1, rSLURP-2, ws-Lynx1, rLypd 6 ʚ ʚʠʜʝ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʪʝʣʝʮ E. coli. ʂʣʝʪʢʠ E. coli ʰʪʘʤʤʘ BL21(DE3) (Novagen, ʉʐɸ) 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʝʢʪʦʨʦʤ ʠ ʨʘʩʩʝʚʘʣʠ ʥʘ ʯʘʰʢʠ ʇʝʪʨʠ ʩ LB-

ʘʛʘʨʦʤ ʠ ʘʤʧʠʮʠʣʣʠʥʦʤ 100 ʤʢʛ/ʤʣ. ʂʦʣʦʥʠʠ ʩ ʯʘʰʢʠ ʠʥʦʢʫʣʠʨʦʚʘʣʠ ʚ 30 ʤʣ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ TB, ʩʦʜʝʨʞʘʱʝʡ ʘʤʧʠʮʠʣʣʠʥ (100 ʤʢʛ/ʤʣ). ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ 37ÁC ʩ ʫʤʝʨʝʥʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (250 ʦʙ. /ʤʠʥ.) ʥʘ ʦʨʙʠʪʘʣʴʥʦʤ 

ʰʝʡʢʝʨʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʢʣʝʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʢʫʣʴʪʫʨʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʣʠʯʠʥʝ 

ʧʦʛʣʦʱʝʥʠʷ 0.6 ʧʨʠ 600 ʥʤ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʫʶ ʢʫʣʴʪʫʨʫ ʠʥʦʢʫʣʠʨʦʚʘʣʠ ʚ 2 ʣ ʩʨʝʜʳ ʊɺ 

ʚ ʬʝʨʤʝʥʪʝʨʝ (Bioflow 3000, New Brunswick Scientific, ʉʐɸ). ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ 37ÁC ʚ ʫʩʣʦʚʠʷʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 
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ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʥʝ ʤʝʥʝʝ 30% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʛʦ. 

ʈʝʛʫʣʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʠ ʦʙʦʨʦʪʳ ʤʝʰʘʣʢʠ ʠ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ. 

ʕʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ slurp-1 ʠ slurp-2 ʠʥʜʫʮʠʨʦʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʦʧʨʦʧʠʣ-ɓ-d-1-

ʪʠʦʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜʘ (IPTG) ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.05 ʤʄ ʧʨʠ ʢʣʝʪʦʯʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚ ʢʫʣʴʪʫʨʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʣʠʯʠʥʝ ʧʦʛʣʦʱʝʥʠʷ 0.8 ʧʨʠ 600 ʥʤ. ʇʦʩʣʝ 

ʠʥʜʫʢʮʠʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʪʝʯʝʥʠʝ 16 ʯ. 

ɼʣʷ ʧʨʦʜʫʢʮʠʠ 13ʉ-15N-ʤʝʯʝʥʳʭ ʘʥʘʣʦʛʦʚ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ 1 ʣ ʢʣʝʪʦʯʥʦʡ 

ʢʫʣʴʪʫʨʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʨʘʱʝʥʥʦʡ ʥʘ ʩʨʝʜʝ ʊɺ ʚ ʢʦʣʙʘʭ ʜʦ ʢʣʝʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʣʠʯʠʥʝ ʧʦʛʣʦʱʝʥʠʷ 0.8 ʧʨʠ 600 ʥʤ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥ ʧʨʠ 2500 g. ʂʣʝʪʦʯʥʳʡ ʦʩʘʜʦʢ ʩʪʝʨʠʣʴʥʦ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 1 ʣ ʤʠʥʠʤʘʣʴʥʦʡ 

ʩʨʝʜʳ ʄ9, ʩʦʜʝʨʞʘʱʝʡ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ 13ʉ -ʛʣʶʢʦʟʫ ʠ 15N -

NH4Cl (Cambridge Isotope Laboratories, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʀʥʜʫʢʮʠʶ ʠ ʜʘʣʴʥʝʡʰʝʝ 

ʚʳʨʘʱʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʪʘʢ ʞʝ, ʢʘʢ ʥʘ ʩʨʝʜʝ ʊɺ. 

ʆʪʤʳʚʢʘ ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ. ʂʣʝʪʢʠ ʩʦʙʠʨʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (10000 g, 20 

ʤʠʥ, 4ÁC) ʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʭʦʣʦʜʥʦʤ ʙʫʬʝʨʝ 20 ʤʄ ʊʨʠʩ-HCl, 100 ʤʄ NaCl, 1ʤʄ 

EDTA, pH 8.0 (ʙʫʬʝʨ W) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 10 ʤʣ ʙʫʬʝʨʘ ʥʘ 1 ʛ ʦʩʘʜʢʘ. ɼʘʣʝʝ ʩʫʩʧʝʥʟʠʶ 

ʢʣʝʪʦʢ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ (Branson Digital Sonifier, ʉʐɸ) ʧʨʠ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ 50 ɺʪ ʠ 4Üʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʇʦʣʫʯʝʥʥʫʶ ʚʟʚʝʩʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 

36000 g ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʙʫʬʝʨʝ W, 

ʩʦʜʝʨʞʘʱʝʤ 2 ʄ ʤʦʯʝʚʠʥʫ. ʉʫʩʧʝʥʟʠʶ ʧʝʨʝʥʦʩʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʝʥʥʳʡ 

ʩʪʘʢʘʥ, ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʣʠ 2 ʤʠʥ. ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʨʘʥʝʝ. 

ʇʦʩʣʝ ʦʪʤʳʚʘʥʠʷ 2 ʄ ʤʦʯʝʚʠʥʦʡ ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʙʫʬʝʨʦʤ W, ʩʦʜʝʨʞʘʱʠʤ 1 % 

Triton ʍ-100, ʠ ʟʘʪʝʤ - ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ (MilliQ, Millipore, ʉʐɸ). ʆʪʤʳʪʳʝ ʪʝʣʴʮʘ 

ʚʢʣʶʯʝʥʠʷ ʭʨʘʥʠʣʠ ʧʨʠ ï 20Áʉ.  

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʠ ʦʯʠʩʪʢʘ ʠʟ ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ. ʆʪʤʳʪʳʝ 

ʪʝʣʴʮʘ ʚʢʣʶʯʝʥʠʷ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʙʫʬʝʨʝ 30 ʤʄ Tʨʠʩ-HCl pH 8.7, 8 ʄ ʤʦʯʝʚʠʥʘ, 

0.4 ʄ ʩʫʣʴʬʠʪ ʥʘʪʨʠʷ, 0.15 ʄ ʪʝʪʨʘʪʠʦʥʘʪ ʥʘʪʨʠʷ ʠʟ ʨʘʩʯʝʪʘ 10 ʤʣ ʙʫʬʝʨʘ ʥʘ 1 ʛ ʪʝʣʝʮ 

ʚʢʣʶʯʝʥʠʷ. ʉʫʩʧʝʥʟʠʶ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ (Branson Digital Sonifier) ʧʨʠ 

ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 50 ɺʪ ʠ 4ÁC ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 12 ʯ ʧʨʠ ʩʣʘʙʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɿʘʪʝʤ ʩʫʩʧʝʥʟʠʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 36000 g ʠ 4ÁC ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥ, ʩʫʧʝʨʥʘʪʘʥʪ ʨʘʟʚʦʜʠʣʠ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ ʚ 10 ʨʘʟ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʫʭʦʡ 

ʤʦʯʝʚʠʥʳ ʪʘʢ, ʯʪʦʙʳ ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʯʝʚʠʥʳ ʙʳʣʘ ʥʝ ʥʠʞʝ 2 ʄ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʧʨʝʧʘʨʘʪ ʩʫʣʴʬʠʪʠʨʦʚʘʥʥʦʛʦ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʥʘʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ ʩ DEAP-ʩʬʝʨʦʥʠʪ-
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ʆʅ (ʩʦʚʤʝʩʪʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ɻʅʀʀ ʆʏɹ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʠ ʀɹʍ ʈɸʅ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʫʨʘʚʥʦʚʝʰʝʥʥʫʶ ʙʫʬʝʨʦʤ W (30 ʤʄ Tʨʠʩ-Hʉl, pH 8.0). ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʙʝʣʢʘ 

ʢʦʣʦʥʢʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʙʫʬʝʨʦʤ W, ʙʫʬʝʨʦʤ W, ʩʦʜʝʨʞʘʱʠʤ 1 ʄ NaCl, 

ʙʫʬʝʨʦʤ W (ʜʣʷ ʫʜʘʣʝʥʠʷ NaCl) ʠ ʙʫʬʝʨʦʤ W, ʩʦʜʝʨʞʘʱʠʤ 8 ʄ ʤʦʯʝʚʠʥʫ. 

ʉʫʣʴʬʠʪʠʨʦʚʘʥʥʳʡ ʮʝʣʝʚʦʡ ʙʝʣʦʢ ʵʣʶʠʨʦʚʘʣʠ ʙʫʬʝʨʦʤ, ʠʤʝʶʱʠʤ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ 

30 ʤʄ Tʨʠʩ-Hʉl, 8 ʄ ʤʦʯʝʚʠʥʘ, 0.5 ʄ NaCl, pH 8.0. ɺʦ ʬʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʮʝʣʝʚʦʡ 

ʙʝʣʦʢ, ʜʦʙʘʚʣʷʣʠ 1000-ʢʨʘʪʥʳʡ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʝʣʢʫ) ʤʦʣʷʨʥʳʡ ʠʟʙʳʪʦʢ ɼʊʊ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʮʝʣʝʚʦʡ ʙʝʣʦʢ ʦʯʠʱʘʣʠ ʩ ʧʦʤʦʱʴʶ ɺʕɾʍ ʥʘ ʧʨʠʙʦʨʝ ñSmartlineò 

(Knauer, ɻʝʨʤʘʥʠʷ) (ʢʦʣʦʥʢʘ ʩ ʦʙʨʘʱʝʥʥʦʡ ʬʘʟʦʡ Jupiter ʉ4, A300, 10 Ĭ 250 ʤʤ, 

Phenomenex, ʉʐɸ). ʎʝʣʝʚʦʡ ʙʝʣʦʢ ʵʣʶʠʨʦʚʘʣʠ ʛʨʘʜʠʝʥʪʦʤ ʘʮʝʪʦʥʠʪʨʠʣʘ (20ï45 %) ʚ 

ʪʝʯʝʥʠʝ 40 ʤʠʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0.1 % ʊʌʋ.  

ʈʝʥʘʪʫʨʘʮʠʷ. ʇʨʝʧʘʨʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʣʠʦʬʠʣʠʟʦʚʘʣʠ ʠ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʙʫʬʝʨʝ ʜʣʷ ʨʝʥʘʪʫʨʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʤ 50 ʤʄ Tʨʠʩ-HCl ʨʅ 10.5, 2 ʄ 

ʤʦʯʝʚʠʥʫ, 0.5 M L-ʘʨʛʠʥʠʥʘ, 4 ʤʄ GSH ʠ 1 ʤʄ GSSG ʜʣʷ rSLURP-1, 2 ʤʄ GSH ʠ 2 ʤʄ 

GSSG ʜʣʷ rSLURP-2, 3 ʤʄ GSH ʠ 0.3 ʤʄ GSSG ʜʣʷ ws-Lynx1 ʠ rLypd6 ʜʦ ʢʦʥʝʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ 0.05 ʤʛ/ʤʣ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʪʠʪʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ HCl ʜʦ ʨʅ 

7.0 ʜʣʷ rSLURP-1, pH 9.0 ʜʣʷ rSLURP-2, pH 9.5 ʜʣʷ ws-Lynx1 ʠ pH 7.5 ʜʣʷ rLypd6 . 

ʈʝʥʘʪʫʨʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 4ÁC ʚ ʪʝʯʝʥʠʝ 3 ʩʫʪʦʢ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʝʥʘʪʫʨʘʮʠʠ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʨʝʥʘʪʫʨʠʨʦʚʘʥʥʳʡ ʙʝʣʦʢ, ʜʠʘʣʠʟʦʚʘʣʠ ʧʨʦʪʠʚ 

ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ (MilliQ, Millipore, ʉʐɸ) ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʦʙʲʝʤʦʚ 1:500, 

ʪʠʪʨʦʚʘʣʠ ʊʌʋ ʜʦ pH 4.0 ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 10 ʨʘʟ ʩ ʧʦʤʦʱʴʶ ʷʯʝʡʢʠ ʜʣʷ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ ʤʝʤʙʨʘʥʳ 1 ʢɼʘ (Millipore, ʉʐɸ).  

ʆʯʠʩʪʢʘ ʨʝʥʘʪʫʨʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ. ɸʥʘʣʠʟ ʠ ʦʯʠʩʪʢʫ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʧʦʩʣʝ 

ʨʝʥʘʪʫʨʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ɺʕɾʍ (ʢʦʣʦʥʢʘ ʩ ʦʙʨʘʱʝʥʥʦʡ ʬʘʟʦʡ Jupiter ʉ4, 

ɸ300, 4.6 Ĭ 250 ʤʤ, Phenomenex, ʉʐɸ). ʕʣʶʮʠʶ ʙʝʣʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʛʨʘʜʠʝʥʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʪ 10 % ʜʦ 45 % ʟʘ 50 ʤʠʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0.1 % TFA. 

ʂʦʣʠʯʝʩʪʚʦ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʦʮʝʥʠʚʘʣʠ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʧʨʠ 280 ʥʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ. ʇʨʝʧʘʨʘʪʳ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʥʘʪʫʨʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʣʠʦʬʠʣʠʟʦʚʘʣʠ.  

ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʯʠʩʪʦʪʳ ʠ 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʧʦʣʫʯʘʣʠ ʥʘ ʚʨʝʤʷʧʨʦʣʝʪʥʦʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ UltraFlex TOF/TOF ʬʠʨʤʳ çBrucker Daltonicsè (ɻʝʨʤʘʥʠʷ), ʦʩʥʘʱʝʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠʦʥʠʟʘʮʠʠ MALDI. ɺ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦ 
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ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ. ʊʘʢʞʝ ʯʠʩʪʦʪʫ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʧʦʜʪʚʝʨʞʜʘʣʠ ʜʝʥʘʪʫʨʠʨʫʶʱʠʤ 

ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ. ʉʪʝʧʝʥʴ ʟʘʤʳʢʘʥʠʷ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʪʠʚʘ ʕʣʣʤʘʥʘ. ʅʘʣʠʯʠʝ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʘʭ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʂɼ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨʳ ʂɼ 

ʧʦʣʫʯʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ J-810 (Jasco, ʗʧʦʥʠʷ). 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʮʝʥʠʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ CONTINLL. 

ʇʨʘʚʠʣʴʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ 

ʧʦʜʪʚʝʨʞʜʘʣʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. 

ʂʦʥʲʶʛʠʨʦʚʘʥʠʝ rSLURP-1 ʠ ws-Lynx1 ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʤʝʪʢʘʤʠ. 

ʂʦʥʲʶʛʠʨʦʚʘʥʠʝ rSLURP-1 ʠ ws-Lynx1 ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʩ ʧʦʤʦʱʴʶ ʢʘʨʙʦʜʠʠʤʠʜʥʦʡ ʩʰʠʚʢʠ, ʠʩʧʦʣʴʟʫʷ ʥʘʙʦʨ Alexa Fluor 647 Protein Labeling 

Kit (Life Technologies, ʉʐɸ) ʜʣʷ rSLURP-1 ʠ ʩʫʢʮʠʥʠʥʠʜʥʳʡ ʵʬʠʨ ʢʨʘʩʠʪʝʣʷ CF647 

(Sigma-Aldrich, ʉʐɸ). ɼʣʷ ʵʪʦʛʦ 50 ʤʢʣ 7.7 ʤʄ ʨ-ʨʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʩʫʢʮʠʥʠʤʠʜʥʦʛʦ 

ʵʬʠʨʘ AlexaFluor 647 ʚ DMSO ʜʦʙʘʚʣʷʣʠ ʢ 0.5ʤʣ 0.22 ʤʄ ʨ-ʨʘ rSLURP-1 ʚ ʙʫʬʝʨʝ 0.1 

ʄ ʙʠʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ ʨʅ 8.3 ʠ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ (ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʨʘʩʠʪʝʣʴ: 

ʙʝʣʦʢ 7:2) ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 12 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʤʥʦʪʝ 

(ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʧʘʜʘ ʢʨʘʩʠʪʝʣʷ). ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʨʘʟʜʝʣʷʣʠ ʥʘ ɺʕɾʍ 

(ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ ʧʨʦʚʦʜʠʣʠ ʦʯʠʩʪʢʫ ʨʝʥʘʪʫʨʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʬʨʘʢʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʢʦʥʲʶʛʘʪ ʙʝʣʢʘ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ 

ʢʨʘʩʠʪʝʣʷ (ʧʦ ʜʘʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ) ʠ ʦʙʣʘʜʘʶʱʘʷ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ Het-1A, ʩʭʦʜʥʦʡ ʩ ʘʢʪʠʚʥʦʩʪʴʶ rSLURP-1 ʙʝʟ ʢʨʘʩʠʪʝʣʷ. 

ɺʳʜʝʣʝʥʠʝ ʛʦʤʦʛʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʢʦʥʲʶʛʘʮʠʠ ws-Lynx1 ʩ ʢʨʘʩʠʪʝʣʝʤ CF647 

ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ. 

3.2.2. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʤʦʜʝʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ 

3.2.2.1. ʄʦʜʝʣʴʥʳʝ ʞʠʚʦʪʥʳʝ 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ Lynx1 84 ʤʳʰʠ ʣʠʥʠʠ C57BL/6 (ʩʘʤʮʳ, 7-8 ʤʝʩʷʮʝʚ, 26ï30 ʛ 

ʚ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ) ʠ 12 ʢʨʳʩ ʣʠʥʠʠ Wistar (8 ʩʘʤʮʦʚ ʠ 4 ʩʘʤʢʠ) ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ 

ʚ ʅʇʇ çʇʠʪʦʤʥʠʢ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭè (ʇʫʱʠʥʦ, ʈʦʩʩʠʷ). ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

rLypd6 18 ʤʳʰʝʡ ʣʠʥʠʠ C57BL/6 (ʩʘʤʮʳ, 4-6 ʤʝʩʷʮʝʚ) ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʅʇʇ 

çʇʠʪʦʤʥʠʢ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭè (ʇʫʱʠʥʦ, ʈʦʩʩʠʷ).  ɼʣʷ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ c ws-Lynx1 ʠ rLypd6 ʢʨʳʩ ʧʦʨʦʜʳ Wistar ʨʘʟʚʦʜʠʣʠ ʚ ʚʠʚʘʨʠʠ ʀɹʍ ʈɸʅ 
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ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʩʦʙʝʡ ʦʙʦʠʭ ʧʦʣʦʚ ʚ ʚʦʟʨʘʩʪʝ 17-25 ʜʥʝʡ. 17 ʚʟʨʦʩʣʳʭ ʤʳʰʝʡ B6C3-Tg 

(APP695) 85Dbo Tg (PSEN1) 85Dbo, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʭʠʤʝʨʥʳʡ ʙʝʣʦʢ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʘʤʠʣʦʠʜʘ ʠ ʤʫʪʘʥʪ ʧʨʝʩʝʥʠʣʠʥʘ-1 ʯʝʣʦʚʝʢʘ (2xTg-AD), ʘ ʪʘʢʞʝ 13 

ʥʝʪʨʘʥʩʛʝʥʥʳʭ ʦʜʥʦʧʦʤʝʪʥʳʭ ʤʳʰʝʡ B6C3 (Tg-) (8 ʤʝʩʷʮʝʚ, ʦʙʦʠʭ ʧʦʣʦʚ, 30ï35 ʛ ʥʘ 

ʢʦʥʝʮ ʵʢʩʧʝʨʠʤʝʥʪʦʚ) ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʚ Jackson Laboratory (ʉʐɸ) ʠ ʩʦʜʝʨʞʘʣʠʩʴ ʚ 

ʅʇʇ çʇʠʪʦʤʥʠʢ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭè. ʆʙʝ ʤʫʪʘʮʠʠ APP/PS1 ʩʚʷʟʘʥʳ ʩ ʨʘʥʥʠʤ 

ʥʘʯʘʣʦʤ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʘʢʢʣʠʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʪʝʯʝʥʠʝ 

ʤʠʥʠʤʫʤ 7 ʜʥʝʡ ʧʦʩʣʝ ʧʨʠʙʳʪʠʷ. ʄʳʰʝʡ ʠ ʢʨʳʩ ʩʦʜʝʨʞʘʣʠ ʚ ʛʨʫʧʧʘʭ ʧʦ 3-4 ʦʩʦʙʠ ʩ 

12-ʯʘʩʦʚʳʤ ʩʚʝʪʦʚʳʤ ʮʠʢʣʦʤ, ʧʦʣʫʯʘʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʢʦʨʤ ʜʣʷ ʛʨʳʟʫʥʦʚ (ɸʩʩʦʨʪʠʤʝʥʪ-

ɸʛʨʦ, ʈʦʩʩʠʷ) ʠ ʧʠʪʴʝʚʫʶ ʚʦʜʫ ad libitum. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʫʢʦʚʦʜʷʱʠʤʠ ʧʨʠʥʮʠʧʘʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ ɼʠʨʝʢʪʠʚʝ ʉʦʚʝʪʘ 

ɽʚʨʦʧʝʡʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʦʪ 24 ʥʦʷʙʨʷ 1986 ʛ. (86/609 / EEC), ʠ ʙʳʣʠ ʦʜʦʙʨʝʥʳ 

ʵʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʀɹʍ ʈɸʅ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ (ʧʨʦʪʦʢʦʣ #222 ʦʪ 13 ʬʝʚʨʘʣʷ 2018).  

3.2.2.2. ɼʦʩʪʘʚʢʘ ws-Lynx1 ʚ ʤʦʟʛ 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠ ʛʨʫʧʧʳ ʤʳʰʝʡ, ʧʦ ʯʝʪʳʨʝ ʦʩʦʙʠ ʚ ʢʘʞʜʦʡ (n = 4). ʇʝʨʚʘʷ 

ʛʨʫʧʧʘ ʧʦʣʫʯʘʣʘ 3 ʤʢʣ ʜʝʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠʥʪʨʘʥʘʟʘʣʴʥʦ (ʢʦʥʪʨʦʣʴ), ʚʪʦʨʘʷ ʛʨʫʧʧʘ 

ʧʦʣʫʯʘʣʘ 50 ʤʢʛ CF647-Lynx1, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 3 ʤʢʣ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʯʝʨʝʟ 

ʚʥʫʪʨʠʞʝʣʫʜʦʯʢʦʚʫʶ ʢʘʥʶʣʶ, ʘ ʪʨʝʪʴʷ ʛʨʫʧʧʘ ʧʦʣʫʯʘʣʘ 50 ʤʢʛ CF647-Lynx1, 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 3 ʤʢʣ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʘ ʠʥʪʨʘʥʘʟʘʣʴʥʦ. ʂʘʥʶʣʠ (ʥʝʨʞʘʚʝʶʱʘʷ 

ʩʪʘʣʴ G30) ʜʣʷ ʚʥʫʪʨʠʞʝʣʫʜʦʯʢʦʚʳʭ ʠʥʲʝʢʮʠʡ ʠʤʧʣʘʥʪʠʨʦʚʘʣʠ ʩʪʝʨʝʦʪʘʢʩʠʯʝʩʢʠ ʟʘ 2 

ʜʥʷ ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜ ʠʟʦʬʣʫʨʘʥʦʚʦʡ ʘʥʝʩʪʝʟʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʦʨʜʠʥʘʪ AP = 

-0,2, ML = Ñ 1,0, DV = -2,0 ʤʤ. ʏʝʨʝʟ 40-60 ʤʠʥʫʪ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʧʘʨʘʪʘ ʞʠʚʦʪʥʳʭ 

ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ ʠʟʦʬʣʫʨʘʥʦʤ ʠ ʧʝʨʬʫʟʠʨʦʚʘʣʠ ʪʨʘʥʩʢʘʨʜʠʘʣʴʥʦ PBS, ʘ ʟʘʪʝʤ 4% PFA 

(ʧʦ 15 ʤʠʥʫʪ ʢʘʞʜʳʡ). ʄʦʟʛ ʚʳʜʝʣʷʣʠ, ʬʠʢʩʠʨʦʚʘʣʠ ʚ 4% PFA ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʠ 

ʧʦʤʝʱʘʣʠ ʚ 30% ʩʘʭʘʨʦʟʫ ʥʘ 3 ʜʥʷ. ʂʦʨʦʥʘʣʴʥʳʝ ʩʨʝʟʳ ʮʝʣʴʥʦʛʦ ʤʦʟʛʘ ʛʦʪʦʚʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʤʠʢʨʦʪʦʤʘ Microm HM-360 ʠ ʭʨʘʥʠʣʠ ʚ PBS ʧʨʠ + 4ÁC ʜʦ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʥʘ ʢʦʥʬʦʢʘʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Nikon Eclipse T2000E (ʩʫʭʦʡ 

ʦʙʲʝʢʪʠʚ ʭ10). 

ɼʣʷ ʘʥʘʣʠʟʘ ʜʦʩʪʘʚʢʠ ws-Lynx1 ʚ ʢʦʨʪʝʢʩ c ʧʦʤʦʱʴʶ ʚʝʩʪʝʨʥ-ʙʣʦʪʘ ʪʨʠ ʛʨʫʧʧʳ ʧʦ 

ʪʨʠ ʤʳʰʠ ʚ ʢʘʞʜʦʡ (n = 3) ʧʦʣʫʯʘʣʠ ʜʝʦʥʠʟʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠʥʪʨʘʥʘʟʘʣʴʥʦ (ʢʦʥʪʨʦʣʴ) 

ʠ ws-Lynx1 (ʚʥʫʪʨʠʞʝʣʫʜʦʯʢʦʚʦ ʠʣʠ ʠʥʪʨʘʥʘʟʘʣʴʥʦ), ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. ʏʝʨʝʟ 40-60 



 

 

77 

ʤʠʥʫʪ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʧʘʨʘʪʘ ʞʠʚʦʪʥʳʭ ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ ʠʟʦʬʣʫʨʘʥʦʤ ʠ 

ʜʝʢʘʧʠʪʠʨʦʚʘʣʠ. ʄʦʟʛ ʙʳʣʠ ʚʳʜʝʣʝʥ; ʛʦʤʦʛʝʥʘʪʳ ʢʦʨʳ ʤʦʟʛʘ ʧʦʣʫʯʘʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ 

ʨʘʥʝʝ [214], ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʚʝʩʪʝʨʥ-ʙʣʦʪʘ (ʩʤ. ʥʠʞʝ). 

3.2.2.3. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʪʝʩʪʳ 

ʂʦʤʧʣʝʢʩ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʪʝʩʪʦʚ ʜʣʷ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ ʤʳʰʠʥʦʡ ʤʦʜʝʣʠ 

ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ (2xTg-AD) ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʥʝʡ 

(ʈʠʩ. 2ɸ). ɺʩʝ ʪʝʩʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠʤʝʨʥʦ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

ʜʥʷ (ʩ 13:00 ʜʦ 20:00). ɺ ʪʝʯʝʥʠʝ ʵʪʠʭ ʜʥʝʡ ʞʠʚʦʪʥʳʤ ʜʘʚʘʣʠ ʧʨʠʚʳʢʘʪʴ ʢ ʤʝʩʪʫ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʪʝʩʪʦʚ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʟʘ 1 ʯʘʩ ʜʦ ʥʘʯʘʣʘ ʪʝʩʪʦʚ, 

ʨʘʟʣʠʯʥʳʝ ʪʝʩʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 1 ʯʘʩ. ʇʦʤʠʤʦ ʝʞʝʜʥʝʚʥʳʭ ʤʘʥʠʧʫʣʷʮʠʡ, 

ʤʳʰʝʡ ʧʨʠʫʯʘʣʠ ʢ ʢʦʥʪʘʢʪʫ ʩ ʨʫʢʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ ʧʝʨʝʜ 

ʪʝʩʪʘʤʠ. 

ʇʷʪʴʜʝʩʷʪ ʤʳʰʝʡ C57BL / 6 ʙʳʣʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʦʜʥʫ ʠʟ 

ʯʝʪʳʨʝʭ ʛʨʫʧʧ, ʧʦ 12-13 ʦʩʦʙʝʡ ʚ ʢʘʞʜʦʡ (ʨʠʩ. 2ɸ). ʇʝʨʚʳʝ ʜʚʝ ʛʨʫʧʧʳ ʧʦʣʫʯʘʣʠ 1,5 

ʤʛ/ʢʛ ws-Lynx1 (ʧʨʠʤʝʨʥʦ 50 ʤʢʛ ʥʘ ʞʠʚʦʪʥʦʝ), ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ 

ʚʦʜʝ; ʜʚʝ ʜʨʫʛʠʝ ʛʨʫʧʧʳ ʧʦʣʫʯʘʣʠ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ. Ws-

Lynx1 ʠ ʜʝʠʦʥʠʟʦʚʘʥʥʫʶ ʚʦʜʫ ʚʚʦʜʠʣʠ ʠʥʪʨʘʥʘʟʘʣʴʥʦ ʚ ʦʙʲʝʤʝ 3 ʤʢʣ / ʤʳʰʴ ʦʜʠʥ ʨʘʟ 

ʚ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ 14-15 ʜʥʝʡ. ɿʘ ʦʜʠʥ ʜʝʥʴ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʦʚʝʜʝʥʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (9-ʡ ʜʝʥʴ ʚʚʝʜʝʥʠʷ ws-Lynx1) ʦʜʥʦʡ ʠʟ ʛʨʫʧʧ, ʧʦʣʫʯʘʚʰʠʭ ws-Lynx1, ʠ 

ʦʜʥʦʡ ʛʨʫʧʧʝ ʠʟ ʛʨʫʧʧ, ʧʦʣʫʯʘʚʰʠʭ ʚʦʜʫ, ʦʜʠʥ ʨʘʟ ʚ ʜʝʥʴ ʚʚʦʜʠʣʠ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ 3 

ʤʛ / ʢʛ MLA (0,9% NaCl, 300 ʤʢʣ/ʤʳʰʴ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʚʝ ʜʨʫʛʠʝ ʛʨʫʧʧʳ ʧʦʣʫʯʘʣʠ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʬʠʟʨʘʩʪʚʦʨ (0,9% NaCl, 300 ʤʢʣ/ʤʳʰʴ). ʀʥʪʨʘʥʘʟʘʣʴʥʥʦʝ ʚʚʝʜʝʥʠʝ ʠ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʳʝ ʠʥʲʝʢʮʠʠ ʚʳʧʦʣʥʷʣʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʜʥʝʡ ʟʘ 45 ʤʠʥ ʜʦ 

ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʪʝʩʪʦʚ. ʊʝʩʪʳ ʚ ʦʪʢʨʳʪʦʤ ʧʦʣʝ OF, EPM, Rotarod ʠ ʦʙʦʥʷʪʝʣʴʥʦʡ ʧʘʤʷʪʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 10-13 ʜʥʝʡ (ʨʠʩ. 2ɸ). ɺ ʪʝʩʪʘʭ OF, EPM ʠ Rotarod ʥʝʩʢʦʣʴʢʦ 

ʤʳʰʝʡ ʚʳʧʨʳʛʥʫʣʠ ʠʟ ʣʘʙʠʨʠʥʪʘ/ʫʩʪʘʥʦʚʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʥʝ ʤʦʛʣʠ ʙʳʪʴ 

ʩʦʙʨʘʥʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʪʝʩʪʘ ʠ ʥʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʘʥʘʣʠʟ. ɺ ʪʝʩʪʝ 

ʦʙʦʥʷʪʝʣʴʥʦʡ ʧʘʤʷʪʠ ʦʜʥʦ ʠʟ ʞʠʚʦʪʥʳʭ ʚʝʣʦ ʩʝʙʷ ʥʝʥʦʨʤʘʣʴʥʦ ʠ ʧʦʣʥʦʩʪʴʶ 

ʠʛʥʦʨʠʨʦʚʘʣʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʟʘʧʘʭ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʠʩʢʣʶʯʝʥʦ. ʅʘ 14-15 ʜʝʥʴ 

ʧʷʪʴ ʦʩʦʙʝʡ ʠʟ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʟʘʧʠʩʠ ɼɺʇ (n = 5). 
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ʊʝʩʪ ʚ ʦʪʢʨʳʪʦʤ ʧʦʣʝ (ʆʇ) ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʝʨʚʳʡ ʜʝʥʴ ʢʦʤʧʣʝʢʩʘ ʪʝʩʪʦʚ. ʄʳʰʝʡ 

ʧʦʤʝʱʘʣʠ ʚ ʮʝʥʪʨ 60-ʩʘʥʪʠʤʝʪʨʦʚʦʡ ʢʨʫʛʣʦʡ ʘʨʝʥʳ (Open Science, ʈʦʩʩʠʷ), ʦʩʚʝʱʝʥʥʦʡ 

ʙʝʣʳʤ ʩʚʝʪʦʤ 300 ʣʢ.  

ʊʝʩʪ ʚ ʧʨʠʧʦʜʥʷʪʦʤ ʢʨʝʩʪʦʦʦʙʨʘʟʥʦʤ ʣʘʙʠʨʠʥʪʝ (ʂʇʃ) ʧʨʦʚʦʜʠʣʠ ʚʦ ʚʪʦʨʦʡ ʜʝʥʴ 

ʢʦʤʧʣʝʢʩʘ ʪʝʩʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʩʝʨʳʡ ʧʣʘʩʪʠʢʦʚʳʡ ʣʘʙʠʨʠʥʪ (Open Science, ʈʦʩʩʠʷ) ʩ 

ʨʫʢʘʚʘʤʠ ʜʣʠʥʦʡ 30 ʩʤ ʠ ʰʠʨʠʥʦʡ 5 ʩʤ. ʆʪʢʨʳʪʳʝ ʨʫʢʘʚʘ ʙʳʣʠ ʦʩʚʝʱʝʥʳ ʙʝʣʳʤ 

ʩʚʝʪʦʤ 300 ʣʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʢʨʳʪʳʝ ʨʫʢʘʚʘ ʙʳʣʠ ʦʩʚʝʱʝʥʳ ʙʦʣʝʝ ʪʫʩʢʣʦ (40 ʣʢ). 

ʊʝʩʪ ʦʙʦʥʷʪʝʣʴʥʦʡ ʧʘʤʷʪʠ ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ ʠʩʧʳʪʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʠʥʪʝʨʚʘʣʦʤ 

ʚ 24 ʯʘʩʘ ʚ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʜʥʠ ʢʦʤʧʣʝʢʩʘ ʪʝʩʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦ ʚʨʝʤʷ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʤʳʰʝʡ ʧʦʤʝʱʘʣʠ ʚ ʧʣʝʢʩʠʛʣʘʩʦʚʫʶ ʢʘʤʝʨʫ ʨʘʟʤʝʨʦʤ 

20x15x15 ʩʤ (ʰʠʨʠʥʘ x ʜʣʠʥʘ x ʚʳʩʦʪʘ) ʠ ʧʦʩʣʝ 15-ʤʠʥʫʪʥʦʛʦ ʧʨʠʚʳʢʘʥʠʷ ʥʘ ʙʦʢʦʚʫʶ 

ʩʪʝʥʢʫ ʢʘʤʝʨʳ ʧʨʠʢʨʝʧʣʷʣʠ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ, ʧʨʦʧʠʪʘʥʥʫʶ 5 ʤʢʣ ʤʦʯʠ ʤʳʰʠ. 

ʄʦʯʘ ʙʳʣʘ ʩʦʙʨʘʥʘ ʦʪ ʥʝʟʥʘʢʦʤʦʡ ʦʩʦʙʠ ʪʦʛʦ ʞʝ ʧʦʣʘ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʠʩʧʳʪʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʘʥʘʣʦʛʠʯʥʦ ʢʦʥʪʨʦʣʴʥʦʤʫ ʠʩʧʳʪʘʥʠʶ; ʤʳʰʠ ʧʨʝʜʲʷʚʣʷʣʠ ʪʦʪ ʞʝ ʟʘʧʘʭ, 

ʯʪʦ ʠ ʚ ʧʝʨʚʳʡ ʜʝʥʴ. 

ʇʦʚʝʜʝʥʠʝ ʤʳʰʝʡ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʚʠʜʝʦ ʩʦ ʩʢʦʨʦʩʪʴʶ 20 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺʠʜʝʦʟʘʧʠʩʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ EthoVision v. 

8.5 (Noldus, ʅʠʜʝʨʣʘʥʜʳ) ʦʧʝʨʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʥʝ ʠʤʝʣ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʤʳʰʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ. 

ʊʝʩʪ Rotarod (Neurobotics, ʈʦʩʩʠʷ) ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʜʥʝʡ ʧʦʜʨʷʜ. 

ʂʘʞʜʳʡ ʩʝʘʥʩ ʩʦʩʪʦʷʣ ʠʟ 5 ʠʩʧʳʪʘʥʠʡ. ɺ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ ʠʩʧʳʪʘʥʠʷ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ 

ʮʠʣʠʥʜʨʘ ʫʚʝʣʠʯʠʚʘʣʠ ʩ 5 ʜʦ 30 ʦʙ / ʤʠʥ ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʤʳʰʴ ʤʦʛʣʘ ʫʜʝʨʞʘʪʴʩʷ ʥʘ ʮʠʣʠʥʜʨʝ. ʈʝʟʫʣʴʪʘʪʳ 5 ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʫʩʨʝʜʥʝʥʳ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʪʝʩʪʦʚ ʤʳʰʝʡ 2xTg-AD ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ ʧʦʜʚʝʨʛʘʣʠ 

ʤʦʥʠʪʦʨʠʥʛʫ ʧʦʚʝʜʝʥʠʷ ʠ ʦʧʝʨʘʥʪʥʦʤʫ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ PhenoMaster (TSE Instruments, ɻʝʨʤʘʥʠʷ). 

ɼʦʤʘʰʥʷʷ ʢʣʝʪʢʘ (ʧʣʦʱʘʜʴ ʧʦʣʘ 1500 ʩʤ2) ʙʳʣʘ ʦʩʥʘʱʝʥʘ ʩʝʪʢʦʡ ʠʥʬʨʘʢʨʘʩʥʳʭ ʣʫʯʝʡ 

ʩ ʜʝʪʝʢʪʦʨʘʤʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʦʤʘʰʥʝʡ ʢʣʝʪʢʝ, ʚʨʘʱʘʶʱʠʤʩʷ ʢʦʣʝʩʦʤ 

ʩʦ ʩʯʝʪʯʠʢʦʤ ʦʙʦʨʦʪʦʚ ʠ ʤʦʜʫʣʝʤ ʜʣʷ ʦʧʝʨʘʥʪʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. ʉʝʘʥʩʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʜʠʥ ʨʘʟ ʚ ʜʝʥʴ ʠ ʥʘʯʠʥʘʣʠʩʴ ʚ 22:30 ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ IntelliMaze. ʇʝʨʚʳʝ ʪʨʠ ʜʥʷ ʧʨʝʜʲʷʚʣʷʣʠʩʴ ʩʪʠʤʫʣʳ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʧʨʦʩʪʦʤʫ ʚʳʙʦʨʫ ʩʪʦʨʦʥ ʤʦʜʫʣʷ ʦʧʝʨʘʥʪʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ ʩʪʦʨʦʥʳ ʙʳʣʠ 
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ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ ʧʦ ʛʨʫʧʧʘʤ) ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʜʢʨʝʧʣʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʤʳʰʘʤ 

ʧʨʠʚʳʢʥʫʪʴ ʢ ʥʦʚʦʡ ʩʨʝʜʝ ʠ ʥʘʫʯʠʪʴʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʩʠʩʪʝʤʦʡ. ʂʦʣʠʯʝʩʪʚʦ 

ʚʦʟʥʘʛʨʘʞʜʝʥʠʡ ʟʘ ʦʪʚʝʪʳ ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʦ ʜʦ 50; ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ 

ʧʦʜʩʣʘʱʝʥʥʫʶ ʛʨʘʥʫʣʫ ʩʫʭʦʛʦ ʤʦʣʦʢʘ ʚʝʩʦʤ 14 ʤʛ (Dustless Precision Pellets, TSE 

Systems). ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʜʥʠ (ʜʥʠ 4-8 ʤʦʥʠʪʦʨʠʥʛʘ) ʤʳʰʝʡ ʦʙʫʯʘʣʠ ʜʝʣʘʪʴ ʪʳʯʢʠ 

ʥʦʩʦʤ ʧʦʧʝʨʝʤʝʥʥʦ ʚ ʨʘʟʣʠʯʥʳʝ ʩʪʦʨʦʥʳ ʤʦʜʫʣʷ ʦʧʝʨʘʥʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʢʘʞʜʦʤ 

ʠʩʧʳʪʘʥʠʠ. ʂʦʣʠʯʝʩʪʚʦ ʠʩʧʳʪʘʥʠʡ ʚ ʵʪʠʭ ʩʝʩʩʠʷʭ ʥʝ ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʦ ʠ ʟʘʚʠʩʝʣʦ ʦʪ 

ʘʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. ɼʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʦʙʫʯʝʥʠʷ ʤʳʰʝʡ ʧʦʜʜʝʨʞʠʚʘʣʠ 

ʥʘ ʫʨʦʚʥʝ 90% ʦʪ ʚʝʩʘ ʪʝʣʘ ʧʨʠ ʧʠʪʘʥʠʠ ad libitum (ʜʦʩʪʫʧ ʢ ʝʜʝ ʙʳʣ ʦʙʝʩʧʝʯʝʥ ʚ 

ʪʝʯʝʥʠʝ ʜʥʷ ʩ 07:30 ʜʦ 19:00 - 20:00). ɺʦʟʥʘʛʨʘʞʜʝʥʠʝ ʩʣʫʞʠʣʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʠʱʠ (3,60 ʢʢʘʣ / ʛ). 

3.2.2.4. ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʷ ʠ ʦʢʨʘʰʠʚʘʥʠʝ ʪʠʦʬʣʘʚʠʥʦʤ S 

ʄʳʰʝʡ ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ ʠʟʦʬʣʶʨʘʥʦʤ ʠ ʦʙʝʩʢʨʦʚʣʠʚʘʣʠ ʧʫʪʝʤ ʪʨʘʥʩʢʘʨʜʠʘʣʴʥʦʡ 

ʧʝʨʬʫʟʠʠ ʭʦʣʦʜʥʳʤ PBS (0,1 ʄ, ʨʅ 7,4), ʘ ʟʘʪʝʤ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʦʤ (PFA, 

Panreac, ʀʩʧʘʥʠʷ) ʚ 0,1 ʄ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (0,1 ʄ, ʨʅ 7,4). ɿʘʪʝʤ ʧʨʝʧʘʨʘʪʳ ʤʦʟʛʘ 

ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʚ 4% PFA ʠ ʭʨʘʥʠʣʠ ʧʨʠ 4 Áʉ ʚ 30% ʩʘʭʘʨʦʟʝ ʚ 0,1 ʄ 

ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (0,1 ʄ, ʨʅ 7,4) ʩ 0,01% ʘʟʠʜʘ ʥʘʪʨʠʷ. ʌʨʦʥʪʘʣʴʥʳʝ ʩʨʝʟʳ (ʪʦʣʱʠʥʦʡ 

20 ʤʢʤ) ʧʦʣʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʪʦʨʠʟʦʚʘʥʥʦʛʦ ʢʨʠʦʩʪʘʪʘ Microm HM525 

(Thermo Scientific, ʉʐɸ). ʉʨʝʟʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʙʣʦʢʠʨʫʶʱʝʤ 

ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ (0,01 ʄ, ʨʅ 7,4), ʩʦʜʝʨʞʘʱʝʤ 0,1% Triton X-100 (Sigma-

Aldrich, ʉʐɸ), 1% BSA (Sigma-Aldrich, ʉʐɸ) ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ, ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ 4 ÁC ʩ ʧʝʨʚʠʯʥʳʤ ʢʨʦʣʠʯʴʠʤ ʤʦʥʦʢʣʦʥʘʣʴʥʳʤ ʘʥʪʠʪʝʣʦʤ ʢ 

ʩʠʥʘʧʪʦʬʠʟʠʥʫ ʚ ʨʘʟʚʝʜʝʥʠʠ 1: 200 (Abcam, ʉʐɸ). ʇʦʩʣʝ ʧʨʦʤʳʚʘʥʠʷ PBS (0,1 ʄ, ʨʅ 

7,4) ʩʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩʦ ʚʪʦʨʠʯʥʳʤ ʘʥʪʠʪʝʣʦʤ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤ ʩ Alexa FluorÈ 

488a ʚ ʨʘʟʚʝʜʝʥʠʠ 1: 500 (Life Technologies, ʉʐɸ) ʚ ʪʝʯʝʥʠʝ 1,5 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʣʷ ʦʢʨʘʰʠʚʘʥʠʷ ʘʤʠʣʦʠʜʥʳʭ ʙʣʷʰʝʢ ʩʨʝʟʳ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

1% ʪʠʦʬʣʘʚʠʥʝ S (Sigma-Aldrich, ʉʐɸ) ʚ 50% ʵʪʘʥʦʣʝ. ɿʘʪʝʤ ʩʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 70 

% ʵʪʘʥʦʣʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʵʪʘʥʦʣʘ ʠ ʤʦʥʪʠʨʦʚʘʣʠ ʚ 

Immu-Mount (Sigma-Aldrich, ʉʐɸ). ʀʟʦʙʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʣʠ ʥʘ ʢʦʥʬʦʢʘʣʴʥʦʤ 

ʣʘʟʝʨʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ Leica DM 6000 CFS (Leica Microsystems, 

ɻʝʨʤʘʥʠʷ). ʉʪʝʧʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʤʠʣʦʠʜʥʳʭ ʙʣʷʰʝʢ, ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʘʧʪʦʬʠʟʠʥʘ ʚ 
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ʦʙʣʘʩʪʷʭ ʢʦʨʳ ʠ ʛʠʧʧʦʢʘʤʧʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ LAS AF Lite (Leica, 

ɻʝʨʤʘʥʠʷ) ʠ ImageJ (NIH, ʉʐɸ). 

3.2.2.5. ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʪʦʢʩʠʥʦʚ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ ʥʝʡʨʦʪʦʢʩʠʥʘ II ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʂ.ɸ. 

ʇʣʫʞʥʠʢʦʚʳʤ, ʩʦʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ ʥʝʡʨʦʨʝʮʝʧʪʦʨʦʚ ʠ ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ ʀɹʍ 

ʈɸʅ. ʊʦʢʩʠʯʥʦʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ II ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʫʪʝʤ 

ʠʥʲʝʢʮʠʠ ʤʳʰʘʤ ʣʠʥʠʠ BALB/C (ʚʝʩ ʞʠʚʦʪʥʳʭ ʩʦʩʪʘʚʣʷʣ 15-20 ʛʨ) 10-70 ʤʢʣ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʪʦʢʩʠʥʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,1 ʤʛ/ʤʣ. 

3.2.3. ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʷ 

3.2.3.1. ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʩʨʝʟʘʭ ʢʦʨʳ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ  

ʂʦʨʦʥʘʣʴʥʳʝ ʩʨʝʟʳ ʧʝʨʚʠʯʥʦʡ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ (ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ Lynx1) ʠ 

ʧʦʧʝʨʝʯʥʳʝ ʩʨʝʟʳ ʛʠʧʧʦʢʘʤʧʘ (ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ Lypd6) ʪʦʣʱʠʥʦʡ 300-350 ʤʢʤ 

ʧʦʣʫʯʘʣʠ ʦʪ ʤʦʣʦʜʳʭ ʢʨʳʩ ʣʠʥʠʠ Wistar (ʚʦʟʨʘʩʪ ʦʪ 17 ʜʦ 25 ʜʥʝʡ). ʇʝʨʝʜ ʟʘʧʠʩʴʶ 

ʩʨʝʟʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 22Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 1 ʯʘʩʘ ʚ ACSF, ʩʦʜʝʨʞʘʱʝʡ (ʚ ʤʄ) 

125 NaCl, 3 KCl, 1,2 CaCl2, 1 MgCl2, 26 NaHCO3, 1,2 NaH2PO4, 10 ʛʣʶʢʦʟʫ, pH 7,4 ʠ 

ʥʘʩʳʱʘʣʠ ʢʘʨʙʦʛʝʥʦʤ (95 % O2 ʠ 5% CO2). ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ Lynx1 ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ 10 ʢʦʨʦʥʘʣʴʥʳʭ ʩʨʝʟʦʚ, ʦʜʠʥ ʩʨʝʟ ʦʪ ʦʜʥʦʛʦ ʞʠʚʦʪʥʦʛʦ, ʩʨʝʟʳ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ (n = 5) ï ʩ ʦʙʨʘʙʦʪʢʦʡ 0,2 ʠ 2,0 ʤʢʄ ws-Lynx1. ʆʙʝ ʛʨʫʧʧʳ 

ʩʨʝʟʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟʤʝʨʷʣʠ ʚ ACSF (ʢʦʥʪʨʦʣʴ), ʧʷʪʴ ʦʪʚʝʪʦʚ ʥʘ 50 ʤʩ ʠʤʧʫʣʴʩʦʚ 1 

ʤʄ ACh ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʚ ʢʘʞʜʦʤ ʩʨʝʟʝ ʩ 5-ʤʠʥʫʪʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ. ɿʘʪʝʤ ʩʨʝʟʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠ 20 ʤʠʥ ʚ ACSF, ʩʦʜʝʨʞʘʱʝʡ ws-Lynx1 (0,2 ʠ 2,0 ʤʢʄ ʜʣʷ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʷʪʴ ʦʪʚʝʪʦʚ ʥʘ ACh. ʅʘʢʦʥʝʮ, ʩʨʝʟʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠ 20 ʤʠʥ ʚ ACSF ʙʝʟ ws-Lynx1 ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʷʪʴ ʦʪʚʝʪʦʚ ʥʘ ACh 

(ʦʪʤʳʚʢʘ). ɼʣʷ ʢʘʞʜʦʛʦ ʩʨʝʟʘ ʧʠʢʦʚʳʝ ʘʤʧʣʠʪʫʜʳ ʚʳʟʚʘʥʥʳʭ ACh ʪʦʢʦʚ, ʥʘʙʣʶʜʘʝʤʳʝ 

ʥʘ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʰʘʛʘʭ, ʙʳʣʠ ʫʩʨʝʜʥʝʥʳ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʢ ʩʨʝʜʥʝʡ ʙʘʟʦʚʦʡ 

ʘʤʧʣʠʪʫʜʝ. ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʧʠʢʦʚʳʝ ʘʤʧʣʠʪʫʜʳ ʩʨʘʚʥʠʚʘʣʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʫʨʦʚʥʝʤ 

(100%) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʜʚʫʩʪʦʨʦʥʥʝʛʦ t-ʢʨʠʪʝʨʠʷ. ʕʢʩʧʝʨʠʤʝʥʪ ʩ 

Lypd6 ʙʳʣ ʧʦʩʪʨʦʝʥ ʘʥʘʣʦʛʠʯʥʦ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʜʥʘ ʛʨʫʧʧʘ ʩʨʝʟʦʚ (n = 4 ʩʨʝʟʘ ʦʪ 

4 ʞʠʚʦʪʥʳʭ) ʩ ʦʙʨʘʙʦʪʢʦʡ 1 ʤʢʄ rLypd6. 
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ɿʘʧʠʩʴ ʪʦʢʦʚ ʚ ʨʝʞʠʤʝ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ whole-cell 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʠʥʪʝʨʥʝʡʨʦʥʘʭ I ʩʣʦʷ ʧʝʨʚʠʯʥʦʡ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (ʜʣʷ 

Lynx1) ʠʣʠ ʠʥʪʝʨʥʝʡʨʦʥʘʭ str. radiatum CA1 ʛʠʧʧʢʘʤʧʘ (ʜʣʷ rLypd6) , ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʦʜ ʚʠʟʫʘʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ Olympus, 

ʦʩʥʘʱʝʥʥʦʛʦ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʧʪʠʢʦʡ ʩ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʘʩʪʘ (Olympus BX51WI). ʉʪʝʢʣʷʥʥʳʝ ʵʣʝʢʪʨʦʜʳ ʜʣʷ ʟʘʧʠʩʠ 

(ʩʦʧʨʦʪʠʚʣʝʥʠʝ 5-7 Mȵ) ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ (ʚ 

ʤʄ) 115 K-ʛʣʶʢʦʥʘʪ, 20 KCl, 10 ʜʠʥʘʪʨʠʡʬʦʩʬʦʢʨʝʘʪʠʥ, 5 1,2-ʙʠʩ (2-

ʘʤʠʥʦʬʝʥʦʢʩʠ)ʵʪʘʥ-N, N,ʊʝʪʨʘʥʘʪʨʠʝʚʘʷ ʩʦʣʴ N',N'-ʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, 10 HEPES, 

4 MgATP ʠ 0,3 GTP, pH 7,3. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʩʪʝʧʝʥʴ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ Ŭ7-ʥɸʍʈ ʧʨʠ 

ʘʧʧʣʠʢʘʮʠʠ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʪʦʢʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ 22Áʉ. ɼʣʷ ʟʘʧʠʩʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʫʩʠʣʠʪʝʣʴ Axopatch 1D (Axon Instruments, ʉʐɸ). ʄʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʬʠʢʩʠʨʦʚʘʣʠ 

ʥʘ -60 ʤɺ. ɸʥʘʣʦʛʦʚʳʝ ʩʠʛʥʘʣʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ ʯʘʩʪʦʪʦʡ 

1ï2 ʢɻʮ, ʦʮʠʬʨʦʚʳʚʘʣʠʩʴ ʧʨʠ 50 ʢɻʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Clampex 9.2 ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ 

ʩ ʧʦʤʦʱʴʶ Clampfit 9.2 (Molecular Devices, ʉʘʥʥʠʚʝʡʣ, ʂʘʣʠʬʦʨʥʠʷ, ʉʐɸ). 

ɸʮʝʪʠʣʭʦʣʠʥ (1 ʤʄ) ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ACSF ʘʧʧʣʠʮʠʨʦʚʘʣʠ ʥʘ ʢʣʝʪʢʠ ʠʟ 

ʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʤʠʢʨʦʧʠʧʝʪʦʢ (2-3 ʄʆʤ) ʯʝʨʝʟ Picospritzer III (Parker Hannifin 

Corporation, ʉʐɸ) ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10-20 ʤʢʤ ʦʪ ʩʦʤʳ ʟʘʧʠʩʳʚʘʝʤʦʡ 

ʢʣʝʪʢʠ. ɼʘʚʣʝʥʠʝ ʚ ʧʠʧʝʪʢʝ ʩ ʘʮʝʪʠʣʭʦʣʠʥʦʤ ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʥʘ 

ʫʨʦʚʥʝ 15 ʬʫʥʪʦʚ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʜʶʡʤ ʚ ʪʝʯʝʥʠʝ 50 ʤʩ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʟʘʧʠʩʠ 

ʩʨʝʟʳ ʧʝʨʬʫʟʠʨʦʚʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ~5 ʤʣ / ʤʠʥ ʥʘʩʳʱʝʥʥʦʡ ʢʘʨʙʦʛʝʥʦʤ ACSF ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʘʪʨʦʧʠʥʘ (200 ʥʄ), ʪʝʪʨʦʜʦʪʦʢʩʠʥʘ (300 ʥʄ) ʠ ʢʠʥʫʨʝʥʦʚʦʡ ʢʠʩʣʦʪʳ (2 

ʤʄ).  

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ws-Lynx1 ʠʣʠ rLypd6 (ʨʘʩʪʚʦʨʳ ʚ ɼʄʉʆ), MLA ʠʣʠ DhɓE 

(ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ) ʜʦʙʘʚʣʷʣʠ ʚ ACSF ʟʘ 20 ʤʠʥʫʪ ʜʦ ʟʘʧʠʩʠ. ʂʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ɼʄʉʆ ʚ ACSF ʥʝ ʧʨʝʚʳʰʘʣʘ 0,1%. 

3.2.3.2. ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʦʪʝʥʮʠʘʮʠʷ ʚ CA1 ʩʨʝʟʦʚ ʛʠʧʧʦʢʘʤʧʘ 

ʄʳʰʝʡ ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ ʠʟʦʬʣʫʨʘʥʦʤ ʠ ʜʝʢʘʧʠʪʠʨʦʚʘʣʠ. ʇʦʧʝʨʝʯʥʳʝ ʩʨʝʟʳ 

ʛʠʧʧʦʢʘʤʧʘ ʪʦʣʱʠʥʦʡ 350 ʤʢʤ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 34Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʚ ACSF, 

ʩʦʜʝʨʞʘʱʝʡ (ʚ ʤʄ) 125 NaCl, 3 KCl, 2,5 CaCl2, 1,3 MgCl2, 26 NaHCO3, 1,2 NaH2PO4, 

10 ʛʣʶʢʦʟʫ, pH 7,4, ʘ ʟʘʪʝʤ ʭʨʘʥʠʣʠ ʧʨʠ 22 ÁC. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩʨʝʟʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʚ ACSF, ʩʦʜʝʨʞʘʱʝʡ 2 ʤʢʄ ws-Lynx1 ʠ ʟʘʪʝʤ 
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ʧʝʨʝʥʦʩʠʣʠ ʚ ʯʠʩʪʫʶ ACSF ʜʣʷ ʟʘʧʠʩʠ. ɼʣʷ rLypd6 ʠ Ŭ-Bgtx ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʨʝʟʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʚ ACSF, ʩʦʜʝʨʞʘʱʝʡ 1 ʤʢʄ rLypd6 ʠʣʠ 10 ʥʄ Ŭ-Bgtx, 

ʟʘʧʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ACSF ʩ ʪʘʢʠʤʠ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚʝʱʝʩʪʚ. 

ʌʦʢʘʣʴʥʳʝ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʚʦʟʙʫʞʜʝʥʠʷ (ʬɺʇʉʇ) 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ SliceMaster (Scientifica, UK) ʧʨʠ 32 ÁC. 

ɿʘʧʠʩʳʚʘʶʱʠʡ ʵʣʝʢʪʨʦʜ, ʟʘʧʦʣʥʝʥʥʳʡ ACSF (1-3 ʄʆʤ), ʙʳʣ ʨʘʩʧʦʣʦʞʝʥ ʚ stratum 

radiatum CA1 ʛʠʧʧʦʢʘʤʧʘ. ʉʠʥʘʧʪʠʯʝʩʢʠʝ ʦʪʚʝʪʳ ʚʳʟʳʚʘʣʠʩʴ ʧʘʨʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ 

ʢʦʣʣʘʪʝʨʘʣʝʡ ʐʘʬʬʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʧʦʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ 

stratum radiatum CA3. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʪʠʤʫʣʘ ʙʳʣʘ ʦʪʨʝʛʫʣʠʨʦʚʘʥʘ ʪʘʢ, ʯʪʦʙʳ 

ʚʳʟʳʚʘʪʴ ʬɺʇʉʇ ʩ ʥʘʢʣʦʥʦʤ ʚ 40% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʩʨʝʟʘ. 

ʀʥʪʝʨʚʘʣ ʤʝʞʜʫ ʜʚʫʤʷ ʠʤʧʫʣʴʩʘʤʠ ʚ ʩʪʠʤʫʣʝ ʩʦʩʪʘʚʣʷʣ 50 ʤʩ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ. 

ʉʪʠʤʫʣʳ ʧʦʚʪʦʨʷʣʠʩʴ ʩ ʠʥʪʝʨʚʘʣʦʤ 30 ʩ. ʀʩʭʦʜʥʳʝ ʦʪʚʝʪʳ ʬɺʇʉʇ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʚ 

ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʟʦʚʦʡ ʣʠʥʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣ ʧʨʠʤʝʥʝʥ ʧʨʦʪʦʢʦʣ 

ʧʘʨʥʦʡ ʬʘʩʠʣʠʪʘʮʠʠ (PPF), ʚ ʢʦʪʦʨʦʤ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʚ ʧʘʨʝ ʚʘʨʴʠʨʦʚʘʣʩʷ 

ʦʪ 30 ʜʦ 400 ʤʩ. ʂʦʵʬʬʠʮʠʝʥʪ PPF ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʘʢʣʦʥʦʤ 

ʬɺʇʉʇ, ʚʳʟʚʘʥʥʳʤ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʠʤʧʫʣʴʩʘʤʠ ʚ ʧʘʨʝ. ɼʦʣʛʦʚʨʝʤʝʥʥʫʶ 

ʧʦʪʝʥʮʠʘʮʠʶ (ɼɺʇ) ʠʥʜʫʮʠʨʦʚʘʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʧʨʦʪʦʢʦʣʫ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ (ɺʏʉ) (ʯʝʪʳʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦ 100 ʠʤʧʫʣʴʩʦʚ ʩ ʯʘʩʪʦʪʦʡ 100 ɻʮ ʩ 

ʠʥʪʝʨʚʘʣʦʤ 5 ʤʠʥʫʪ). ɿʘʪʝʤ ʬɺʇʉʇ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥʫʪ ʧʦʩʣʝ ɺʏʉ. 

ʅʘʢʣʦʥ ʧʦʩʪʪʝʪʘʥʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ ʙʳʣ ʥʦʨʤʘʣʠʟʦʚʘʥ ʢ ʫʩʨʝʜʥʝʥʥʦʤʫ ʥʘʢʣʦʥʫ ʠʩʭʦʜʥʳʭ 

ʦʪʚʝʪʦʚ (ʙʘʟʦʚʦʡ ʣʠʥʠʠ). ʉʠʛʥʘʣʳ ʟʘʧʠʩʳʚʘʣʠ, ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ Spike2 (Cambridge Electronic Design Limited, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ SigmaPlot 

11.0 (Systat Software Inc, ʉʐɸ). 

3.2.3.3. ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʦʦʮʠʪʘʭ X. 

laevis 

ʆʦʮʠʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʨʘʥʝʝ [215]: ʪʢʘʥʠ 

ʷʠʯʥʠʢʦʚ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʠʟ ʣʷʛʫʰʢʠ ʠ ʧʦʤʝʱʝʥʳ ʚ ʩʨʝʜʫ Barth  (88 ʤʄ NaCl, 1 ʤʄ 

KCl, 2.4 ʤʄ NaHCO3, 1 ʤʄ Hepes, 0.8 ʤʄ MgSO4, 0.33 ʤʄ Ca(NO3)2, 0.4 ʤʄ CaCl2, ʨʅ 

7.4) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʥʘʤʠʮʠʥʘ 2 ʤʛ/ʤʣ. ʇʝʨʝʜ ʠʥʲʝʢʮʠʝʡ ʤʈʅʂ ʦʦʮʠʪʳ ʚʳʜʝʣʷʣʠ ʠʟ 

ʬʦʣʣʠʢʫʣʷʨʥʦʡ ʪʢʘʥʠ, ʦʙʨʘʙʘʪʳʚʘʷ 0.2 % ʢʦʣʣʘʛʝʥʘʟʦʡ 1-ʛʦ ʪʠʧʘ (Sigma-Aldrich) ʚ ʨ-ʨʝ 

ʈʠʥʛʝʨʘ (82.5 ʤʄ NaCl, 2.5 ʤʄ KCl, 5 ʤʄ HEPES, 1 ʤʄ MgCl2, pH 7.4) ʧʨʠ ʤʝʜʣʝʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʠ 3-4 ʯ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʢʦʣʣʘʛʝʥʘʟʦʡ ʦʦʮʠʪʳ ʧʨʦʤʳʚʘʣʠ 
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ʠʟʙʳʪʢʦʤ ʨ-ʨʘ ʈʠʥʛʝʨʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʢʦʣʣʘʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʧʨʦʚʦʜʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʩʦʨʪʠʨʦʚʢʫ ʧʦ ʨʘʟʤʝʨʫ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʤʝʨʥʦʛʦ ʩʠʪʘ. 

ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠ ʧʠʥʮʝʪʘ ʚ ʯʘʰʢʝ ʇʝʪʨʠ ʚʨʫʯʥʫʶ 

ʦʪʜʝʣʷʣʠ ʦʦʮʠʪʳ V-VI ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦ ʨʘʟʤʝʨʫ ʠ ʦʢʨʘʩʢʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʦʮʠʪʳ ʧʝʨʝʥʦʩʠʣʠ ʚ ʥʦʚʳʝ 35ʤʤ ʯʘʰʢʠ ʇʝʪʨʠ ʩʦ ʩʨʝʜʦʡ Barth ʩ 

ʢʘʥʘʤʠʮʠʥʦʤ. 

ɺ ʦʦʮʠʪʳ ʠʥʲʝʮʠʨʦʚʘʣʠ 2 ʥʛ ʤʈʅʂ, ʢʦʜʠʨʫʶʱʝʡ Ŭ4ɓ2 (ʩʤʝʩʴ ʤʈʅʂ ʜʚʫʭ 

ʩʫʙʲʝʜʠʥʠʮ 1:1), Ŭ3ɓ2 (ʩʤʝʩʴ 1:1), ʠʣʠ Ŭ7 nAChR ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ Barth ʩ 

ʢʘʥʘʤʠʮʠʥʦʤ ʧʨʠ 18ÜC 2-5 ʩʫʪʦʢ ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʷʤʠ, ʫʜʘʣʷʷ ʢʘʞʜʳʡ ʜʝʥʴ 

ʥʝʞʠʟʥʝʩʧʦʩʦʙʥʳʝ ʦʦʮʠʪʳ. ʂʵʧʠʨʦʚʘʥʥʘʷ ʤʈʅʂ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ 

ʥʘʙʦʨʘ mMessage mMachine T7 (Thermo Scientific, ʉʐɸ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʦʩʣʝ ʠʥʲʝʢʮʠʠ ʤʈʅʂ ʦʦʮʠʪʳ ʭʨʘʥʠʣʠ ʚ ʪʝʯʝʥʠʝ 2ï3 ʜʥʝʡ ʧʨʠ 19 Á C, ʘ 

ʟʘʪʝʤ ʜʦ 7 ʜʥʝʡ ʧʨʠ 15ÁC ʚ ʩʨʝʜʝ ND-96, ʩ ʛʝʥʪʘʤʠʮʠʥʦʤ (50 ʤʢʛ/ʤʣ) ʠ ʩʦʜʝʨʞʘʱʝʡ (ʚ 

ʤʄ): 96 NaCl, 2 KCl, 1,8 CaCl2, 1 MgCl2, 10 HEPES, pH 7,4. 

ɼʣʷ rLypd6 ʠ ws-Lynx1 ʟʘʧʠʩʴ ʪʦʢʘ ʩ ʬʠʢʩʘʮʠʝʡ ʧʦʪʝʥʮʠʘʣʘ ʚ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʤ 

ʨʝʞʠʤʝ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʠʣʠʪʝʣʷ GeneClamp500 (Axon Instruments, 

Inverurie, UK) ʧʨʠ ʤʝʤʙʨʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ -50 ʤɺ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [216]. ɼʘʥʥʳʝ ʙʳʣʠ 

ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʩ ʯʘʩʪʦʪʦʡ 20 ɻʮ ʠ ʦʮʠʬʨʦʚʘʥʳ ʩ ʯʘʩʪʦʪʦʡ 100 ɻʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ L780 AD (L-Card, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ). ʄʠʢʨʦʵʣʝʢʪʨʦʜʳ ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ 

3 ʄ KCl. ɺʥʝʢʣʝʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ND-96 ʩ pH 7.4. ʊʦʢʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʘʧʧʣʠʢʘʮʠʝʡ 100 ʤʢʄ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ND-96 ʚ ʪʝʯʝʥʠʝ 100 ʤʩ. ɼʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ws-Lynx1, rLypd6 ʠ MLA ʨʘʩʪʚʦʨ ʚ ʢʘʤʝʨʝ ʜʣʷ ʟʘʧʠʩʠ ʟʘʤʝʥʷʣʠ ʟʘ 20 ʩ ʜʦ 

ʘʧʧʣʠʢʘʮʠʠ ʘʮʝʪʠʣʭʦʣʠʥʘ. ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʟʘʧʠʩʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ  ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ GraphPad Prism 7 (GraphPad Software Inc., ʉʐɸ). 

ʇʠʢʦʚʳʝ ʘʤʧʣʠʪʫʜʳ ʚʳʟʚʘʥʥʳʭ ʘʮʝʪʠʣʭʦʣʠʥʦʤ ʪʦʢʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʛʘʥʜʦʚ 

(ws-Lynx1, rLypd6, MLA) ʙʳʣʠ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʪʦʢʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʣʠʛʘʥʜʦʚ ʚ ʪʦʤ ʞʝ 

ʦʦʮʠʪʝ. ʂʨʠʚʳʝ ʜʦʟʘ-ʦʪʚʝʪ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʍʠʣʣʘ: F(x) 

= A-A/(1 + (x-x0)
nH), ʛʜʝ F(x) ï ʘʤʧʣʠʪʫʜʘ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʪʦʢʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʠʛʘʥʜʘ x, A ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ, x0 - ʚʝʣʠʯʠʥʘ IC50, nH ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʍʠʣʣʘ. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʦʪʚʝʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʣʠʛʘʥʜʦʚ ʩʨʘʚʥʠʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ.  
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ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ rSLURP-1 ʠ rSLURP-2 ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ 

ʩʠʩʪʝʤʫ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ HiClamp (Multi-Channel Systems, 

Germany). ʄʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʬʠʢʩʠʨʦʚʘʣʠ ʥʘ - 100 ʤɺ, ʦʦʮʠʪʳ ʦʤʳʚʘʣʠʩʴ ʨ-ʨʦʤ 

ʈʠʥʛʝʨʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʠʥʢʫʙʘʮʠʷ ʦʦʮʠʪʦʚ ʩ rSLURP-1 ʠʣʠ rSLURP-2 ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʪʝʯʝʥʠʠ 100 ʩ ʚ ʨ-ʨʝ ʈʠʥʛʝʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 20 ʤʢʛ/ʤʣ BSA. ʃʠʦʬʠʣʠʟʦʚʘʥʥʳʝ rSLURP-

1 ʠʣʠ rSLURP-2 ʨʘʟʚʦʜʠʣʠ ʚ 100 % DMSO ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʄ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʳ ʩ ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʣʫʯʘʣʠ ʨʘʟʚʝʜʝʥʠʝʤ ʚ ʨ-

ʨʝ ʈʠʥʛʝʨʘ. ʂʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼʄʉʆ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 1 %. 

ʉʪʠʤʫʣʷʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʦʦʮʠʪʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ ʚ ʢʘʤʝʨʫ, ʩʦʜʝʨʞʘʱʫʶ ʨ-ʨ ʈʠʥʛʝʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʮʝʪʠʣʭʦʣʠʥʘ. ɼʘʥʥʳʝ 

ʟʘʧʠʩʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʫʩʠʣʠʪʝʣʷ, ʬʠʣʴʪʨʘ ʠ ɸʎʇ, ʚʩʪʨʦʝʥʥʳʭ ʚ HiClamp ʠ ʟʘʪʝʤ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ MATHLAB (Mathworks, ʉʐɸ) ʩ ʧʘʢʝʪʦʤ 

ʨʘʩʰʠʨʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ HiClamp. 

3.2.4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʩ 
ʨʝʮʝʧʪʦʨʘʤʠ 

3.2.4.1. ɸʬʬʠʥʥʘʷ ʵʢʩʪʨʘʢʮʠʷ 

ʆʙʨʘʟʮʳ ʪʢʘʥʠ ʜʣʷ ʵʢʩʪʘʢʮʠʠ ʤʠʰʝʥʝʡ rSLURP-1 ʠ rSLURP-2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʣʦʙʵʢʪʦʤʠʠ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʚʠʩʦʯʥʦʡ ʜʦʣʠ ʫ ʜʚʫʭ ʧʘʮʠʝʥʪʦʚ (ʞʝʥʱʠʥʳ 30 ʠ 38 ʣʝʪ) ʩ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʦ ʥʝʠʟʣʝʯʠʤʦʡ ʬʦʨʤʦʡ ʵʧʠʣʝʧʩʠʠ ʩ ʠʥʠʮʠʘʮʠʝʡ ʚ ʛʠʧʧʦʢʘʤʧʝ. ɹʳʣʦ 

ʧʦʣʫʯʝʥʦ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ ʚ ʧʠʩʴʤʝʥʥʦʡ ʬʦʨʤʝ ʩʦ ʩʪʦʨʦʥʳ ʧʘʮʠʝʥʪʦʚ. 

ʆʙʨʘʟʮʳ ʪʢʘʥʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʋʥʠʚʝʨʩʠʪʝʪʩʢʦʤ ʛʦʩʧʠʪʘʣʝ ʂʦʧʝʥʛʘʛʝʥʘ ʠ ʧʝʨʝʜʘʥʳ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʆʪʜʝʣ ʜʠʟʘʡʥʘ ʣʝʢʘʨʩʪʚ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʋʥʠʚʝʨʩʠʪʝʪʘ 

ʂʦʧʝʥʛʘʛʝʥʘ. ɼʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʦʜʦʙʨʝʥ ʕʪʠʯʝʩʢʠʤ ʂʦʤʠʪʝʪʦʤ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʨʝʛʠʦʥʘ ɼʘʥʠʠ (H-2-2011-104) ʠ ʚʳʧʦʣʥʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʍʝʣʴʩʠʥʢʩʢʦʡ ʜʝʢʣʘʨʘʮʠʝʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʥʝʤʝʜʣʝʥʥʦ ʟʘʤʦʨʦʞʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʫʭʦʛʦ ʣʴʜʘ ʠ 

ʭʨʘʥʠʣʠʩʴ ʧʨʠ -80ÁC ʜʦ ʤʦʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʢʘʥʝʡ 

ʥʝ ʚʳʷʚʠʣʠ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ. ɼʣʷ ʵʢʩʪʨʘʢʮʠʠ ʤʠʰʝʥʠ ws-Lynx1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ ʥɸʍʈ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʪʘʣʴʥʳʡ ʛʦʤʦʛʝʥʘʪ ʤʦʟʛʘ ʚʟʨʦʩʣʳʭ ʩʘʤʮʦʚ 

ʢʨʳʩ ʣʠʥʠʠ Wistar. 

ɼʣʷ ʢʦʥʲʶʛʘʮʠʠ ʩ ʤʘʛʥʠʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ PureProteomeÊ NHS Flexibind 

(Millipore, Billerica, MA) rSLURP-1, rSLURP-2 ʠʣʠ ws-Lynx1 ʨʘʩʪʚʦʨʷʣʠ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 2ʤʛ/ʤʣ ʚ PBS pH 7.4 (ʜʣʷ rSLURP-1 ʠ rSLURP-2) ʠʣʠ pH 8.5 (ʜʣʷ ws-
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Lynx1) ʠ ʩʤʝʰʠʚʘʣʠ ʩ ʤʘʛʥʠʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ  ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 (ʧʦ ʦʙʲʝʤʫ), ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. rSLURP-2 ʨʘʩʪʚʦʨʷʣʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

1.63 ʤʛ/ʤʣ ʚ PBS pH 7.4. ʈʝʘʢʮʠʶ ʢʦʥʲʶʛʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ 4ÁC. 

ɼʘʣʝʝ ʨʘʩʪʚʦʨ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʫʜʘʣʷʣʠ ʠ ʩʚʦʙʦʜʥʳʝ ʨʝʘʢʪʠʚʥʳʝ ʛʨʫʧʧʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʙʣʦʢʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʠʢʫʙʘʮʠʠ ʚ 100 ʤʄ Tris-HCl pH 8.0 ʚ 

ʪʝʯʝʥʠʝ 1ʯ ʧʨʠ 4ÁC. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʲʶʛʠʨʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʙʝʣʢʘ (rSLURP-1 ʠʣʠ rSLURP-2) ʚ ʨʘʩʪʚʦʨʝ ʜʦ ʢʦʥʲʶʛʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʚ ʨ-ʨʝ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʪʠʚʘ Pierce 

660 nm Protein Assay (Thermo Fisher Scientific, ʉʐɸ), ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʲʶʛʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 90-95 %. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʧʦ ʪʦʤʫ ʞʝ ʧʨʦʪʦʢʦʣʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PBS ʚʤʝʩʪʦ 

ʨ-ʨʘ ʙʝʣʢʘ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 0.1 % ʨʘʩʪʚʦʨʝ ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (BSA) ʚ PBS pH 7.4 

ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʠ 1 ʯ ʧʨʠ 4ÁC.  

ʆʙʨʘʟʮʳ ʪʢʘʥʝʡ ʤʦʟʛʘ ʙʳʣʠ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʳ ʚ 1 ʤʣ ʙʫʬʝʨʘ ʜʣʷ ʣʠʟʠʩʘ (50 ʤʄ 

Tris, 50 ʤʄ NaCl, 5 ʤʄ ʕɼʊɸ, 5 ʤʄ ʕɻʊɸ, 10 ʤʢʣ/ʤʣ ʢʦʢʪʝʡʣʴ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ 

ʜʣʷ ʪʢʘʥʝʡ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, pH 7.5) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʤʦʛʝʥʠʟʘʪʦʨʘ PT1200C 

(Kinematica, Luzern, Switzerland) ʚ ʪʝʯʝʥʠʝ 20 ʩʝʢʫʥʜ. ɻʦʤʦʛʝʥʘʪ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 40 

ʤʠʥʫʪ ʧʨʠ 100,000Ĭg ʠ 4ÁC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠ Optima L90-K 

(Beckman), ʩʫʧʝʨʥʘʪʘʥʪ ʫʜʘʣʷʣʠ. ʆʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 1 ʤʣ ʙʫʬʝʨʘ ʜʣʷ ʣʠʟʠʩʘ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 2% Triton X-100 ʩ ʧʦʤʦʱʴʶ ʛʦʤʦʛʝʥʠʟʘʪʦʨʘ ʚ ʪʝʯʝʥʠʝ 20 ʩʝʢʫʥʜ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ 2 ʯʘʩʘ ʧʨʠ 4ÜC ʥʘ ʦʨʙʠʪʘʣʴʥʦʤ ʰʝʡʢʝʨʝ (15 rpm). ɿʘʪʝʤ ʦʙʨʘʟʝʮ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ ʠ ʧʦʣʫʯʠʚʰʠʡʩʷ ʩʫʧʝʨʥʘʪʘʥʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʘʬʬʠʥʥʦʡ ʵʢʩʪʨʘʮʠʠ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ ʦʙʨʘʟʮʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʨʝʘʢʪʠʚʘ ɹʨʵʜʬʦʨʜʘ. 

ɼʣʷ ʘʬʬʠʥʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʦʙʨʘʟʝʮ ʛʦʤʦʛʝʥʘʪʘ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

500-1000 ʤʢʛ ʪʦʪʘʣʴʥʦʛʦ ʙʝʣʢʘ, ʩʤʝʰʠʚʘʣʠ ʩ 50 ʤʢʣ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʦʙʲʝʤ 

ʩʫʩʧʝʥʟʠʠ ʜʦʚʦʜʠʣʠ ʜʦ 1500 ʤʢʣ ʙʫʬʝʨʦʤ ʜʣʷ ʣʠʟʠʩʘ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 18-22 ʯ 

ʧʨʠ 4ÜC ʥʘ ʦʨʙʠʪʘʣʴʥʦʤ ʰʝʡʢʝʨʝ (15 ʦʙ/ʤʠʥ). ɿʘʪʝʤ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ ʜʚʘʞʜʳ 

ʧʨʦʤʳʚʘʣʠ ʚ 1 M NaCl, 8 ʤʄ Na2HPO4, 2 ʤʄ NaH2PO4, 0.5 % Triton X-100, pH 7.5 ʠ ʪʨʠ 

ʨʘʟʘ ʚ 0.1 M NaCl, 8 ʤʄ Na2HPO4, 2 ʤʄ NaH2PO4, 0.5 % Triton X-100, pH 7.0.  

ɼʣʷ ʵʣʶʮʠʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 40ʤʢʣ 2X ʙʫʬʝʨʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ (120 ʤʄ ʊʨʠʩ, 20 % (v/v) 
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ʛʣʠʮʝʨʠʥ, 10 % (v/v) ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, 4 % (w/v) SDS, 0.05 % (w/v) ʙʨʦʤʬʝʥʦʣʦʚʳʡ 

ʩʠʥʠʡ, pH 6.8), ʠʥʢʫʙʠʨʦʚʘʣʠ 10 ʤʠʥ. ʧʨʠ 95ÜC ʚ ʪʚʝʨʜʦʪʝʣʴʥʦʤ ʪʝʨʤʦʩʪʘʪʝ, 

ʠʥʢʫʙʠʨʦʚʘʣʠ 10 ʤʠʥ. ʥʘ ʣʴʜʫ. ɼʘʣʝʝ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ ʦʩʘʞʜʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʘʛʥʠʪʥʦʛʦ ʰʪʘʪʠʚʘ, ʩʫʧʝʨʥʘʪʘʥʪ ʦʪʙʠʨʘʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʚʝʩʪʝʨ-ʙʣʦʪʪʠʥʛʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʘʬʬʠʥʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʤʠʰʝʥʠ ws-Lynx1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʣʠʛʘʥʜʦʚ ʥɸʍʈ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʪʨʝʭ ʧʦʚʪʦʨʘʭ (n = 3) ʩ ʛʦʤʦʛʝʥʘʪʘʤʠ ʠʟ ʤʦʟʛʘ ʪʨʝʭ 

ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ. ɼʘʥʥʳʝ ʘʬʬʠʥʥʦʡ ʵʢʩʪʨʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʛʘʥʜʦʚ Ŭ7-nAChR 

ʙʳʣʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʵʢʩʪʨʘʮʠʠ ʩ ʪʝʤ ʞʝ ʩʘʤʳʤ ʛʦʤʦʛʝʥʘʪʦʤ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʣʠʛʘʥʜʦʚ. 

3.2.4.2. ʉʚʷʟʳʚʘʥʠʝ ʩ mAChR 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ rSLURP-2 ʩ ʤʫʩʢʘʨʠʥʦʚʳʤʠ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʤʙʨʘʥʥʫʶ ʬʨʘʢʮʠʶ ʢʣʝʪʦʢ CHO, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʠʧʳ ʥʠʢʦʪʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ (ʧʨʝʜʦʩʪʘʚʣʝʥʳ 

ʧʨʦʬ. ʊ.ʀ. ɹʦʥʥʝʨʦʤ). ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʤʝʤʙʨʘʥ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʡ ʙʳʣʠ ʦʧʠʩʘʥʳ ʨʘʥʥʝʝ ʚ [217]. ʕʢʩʧʨʝʩʩʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ mAChR ʚ ʵʪʠʭ 

ʢʣʝʪʢʘʭ ʧʦʜʪʚʝʨʞʜʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʩ ʥʘʩʳʱʝʥʠʝʤ 3H-NMS. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ 

ʨʝʮʝʧʪʦʨʦʚ ʥʘʭʦʜʠʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1.5 ʜʦ 12.1 ʧʤʦʣʴ/ʤʛ ʪʦʪʘʣʴʥʦʛʦ ʙʝʣʢʘ. ʅʝ 

ʪʨʘʥʩʬʝʮʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʣʘʙʦʝ, ʚʝʨʦʷʪʥʦ ï ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʝ, 

ʩʚʷʟʳʚʘʥʠʝ 3H-NMS (~ 0.07 ʧʤʦʣʴ/ʤʛ ʪʦʪʘʣʴʥʦʛʦ ʙʝʣʢʘ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʚʷʟʳʚʘʥʠʶ 

ʨʘʜʠʦʘʢʪʠʚʥʦ-ʤʝʯʝʥʳʭ ʣʠʛʘʥʜʦʚ ʧʨʦʚʦʜʠʣʠ ʚ 96-ʣʫʥʦʯʥʳʭ ʧʣʘʰʢʘʭ ʧʨʠ 30ÁC ʚ ʙʫʬʝʨʝ 

20 ʤʄ HEPES, 100 ʤʄ NaCl, 10 ʤʄ MgCl2, pH 7.4. ʂʦʥʝʯʥʳʡ ʦʙʲʝʤ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʣ 

400 ʤʢʣ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʥʘʩʳʱʝʥʠʝʤ ʠ 200 ʤʢʣ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʈʝʘʢʮʠʶ ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ 1 ʯ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʥʘʩʳʱʝʥʠʝʤ ʠ 2 ʯ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʩʝʚʜʦʢʦʥʢʫʨʝʥʮʠʝʡ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʟʤʝʨʝʥʠʝʤ ʜʠʩʩʦʮʠʘʮʠʠ 

ʤʝʤʙʨʘʥʥʫʶ ʬʨʘʢʮʠʶ ʠʥʢʫʙʠʨʦʚʘʣʠ 2 ʯ ʩ 3.2 ʥʄ 3H-NMS ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʣʠ ʚ 

ʦʪʩʫʪʩʪʚʠʝ 4.2 ʤʢʄ rSLURP-2 ʠ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʜʠʩʩʦʮʠʘʮʠʶ ʜʦʙʘʚʣʝʥʠʝʤ 10 ʤʢʄ 

ʘʪʨʦʧʠʥʘ. rSLURP-2 ʨʘʩʪʚʦʨʷʣʠ ʚ DMSO, ʢʦʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʨʝʘʢʮʠʠ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ ʙʦʣʝʝ 1 %. ʋʨʦʚʝʥʴ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʢʄ ʘʪʨʦʧʠʥʘ. 

ʈʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʙʳʩʪʨʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʯʝʨʝʟ ʬʠʣʴʪʨʳ GF/B (Whatman) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʫʶʱʝʡ ʩʠʩʪʝʤʳ Brandel (Gaithersburg, MD). ʌʠʣʴʪʨʳ 

ʚʳʩʫʰʠʚʘʣʠ ʠ ʦʩʪʘʪʦʯʥʫʶ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 
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ʩʮʠʥʪʠʣʣʷʪʦʨʘ Meltilex A (Perkin Elmer) ʚ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʤ ʩʯʝʪʯʠʢʝ Microbeta 

(Perkin Elmer). 

3.2.4.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ ʩ nAChR ʠʟ Torpedo californica 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ ʩ ʥʠʢʦʪʠʥʦʚʳʤ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʤ ʨʝʮʝʧʪʦʨʦʤ ʠʟ 

Torpedo californica ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʩʦʚʤʝʩʪʥʦ ʩ ʜ.ʭ.ʥ. ʂʘʰʝʚʝʨʦʚʳʤ ʀ.ɽ., 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʣʘʙʦʨʘʪʦʨʠʠ ʣʠʛʘʥʜ-ʨʝʮʝʧʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʀɹʍ ʈɸʅ. 

ʉʫʩʧʝʥʟʠʶ ʦʙʦʛʘʱʝʥʥʳʭ ʥɸʍʈ ʤʝʤʙʨʘʥ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʢʘʢ ʦʧʠʩʘʥʦ ʚ [218] ʚ 50 ʤʄ 

ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ, ʨʅ 7.5, ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Ŭ-Bgtx-ʩʚʷʟʳʚʘʶʱʠʭ ʩʘʡʪʦʚ ~ 1 ʧʤʦʣʴ, 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ. ɿʘʪʝʤ 

ʢ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 3 ʧʤʦʣʴ 125I-ʤʝʯʝʥʦʛʦ Ŭ-Bgtx ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʝʱʝ 30 ʤʠʥʫʪ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʧʝʨʝʜ ʜʦʙʘʚʣʝʥʠʝʤ 125I-ʤʝʯʝʥʦʛʦ Ŭ-

Bgtx ʤʝʤʙʨʘʥʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 500-ʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ ʥʝʤʝʯʝʥʦʛʦ Ŭ-Bgtx. 

ʅʝʩʚʷʟʘʥʥʳʡ ʨʘʜʠʦʘʢʪʠʚʥʦ-ʤʝʯʝʥʳʡ ʧʝʧʪʠʜ ʫʜʘʣʷʣʠ ʙʳʩʪʨʦʡ ʧʨʦʤʳʚʢʦʡ ʥʘ 

ʩʪʝʢʣʷʥʥʳʭ ʬʠʣʴʪʨʘʭ GF/F (Whatman, ʉʐɸ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ ʍʠʣʣʘ, ʛʜʝ IC50 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʥʘ ʨʝʮʝʧʪʦʨʘʭ ʟʘʥʷʪʘ ʧʦʣʦʚʠʥʘ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ, ʘ nH ï ʢʦʵʬʬʠʮʠʝʥʪ ʍʠʣʣʘ, 

ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Origin 7.5 (MicroCal Software Inc). 

3.2.4.4. ʂʦʥʢʫʨʝʥʮʠʷ ʩ 125I-Ŭ-Bgtx ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ Ŭ7-nAChR  

ʀʩʩʣʝʜʫʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʦʚ (ʦʪ 1 ʜʦ 30 ʤʢʄ) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʩ ʢʣʝʪʢʘʤʠ GH4Cl, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʤʠ ʯʝʣʦʚʝʯʝʩʢʠʡ 

Ŭ7-nAChR (ʠʣʠ ʘʮʝʪʠʣʭʦʣʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ ʠʟ Lymnaea stagnalis, - Ls-AChBP); 

ʬʠʥʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʥ-ʩʚʷʟʳʚʘʶʱʠʭ ʩʘʡʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 0.4 ʠʣʠ 0.2 ʥʄ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʚʷʟʳʚʘʥʠʝ ʩ ʢʣʝʪʢʘʤʠ GH4Cl ʧʨʦʚʦʜʠʣʠ ʚ 50 ʤʢʣ 20 ʤʄ ʙʫʬʝʨʘ Tris-

HCl pH 8.0 c 1% BSA, ʩ Ls-AChBP - ʚ 50 ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ (PBS ʩ 0.7ʤʛ/ʤʣ 

BSA ʠ 0.05% Tween-20, pH 7.5 ʧʨʠ 25ÁC. ɿʘʪʝʤ, 125I-Ŭ-Bgtx (~ 2000 ʂʠ/ʤʤʦʣʴ)) ʙʳʣ 

ʜʦʙʘʚʣʝʥ ʜʦ ʬʠʥʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.15-0.35 ʥʄ, ʯʝʨʝʟ 5 ʤʠʥʫʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʬʠʣʴʪʨʦʚʘʣʠ ʥʘ GF/C ʬʠʣʴʪʨʘʭ (Whatman, Maidstone), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʦʯʝʥʥʳʭ ʚ 

0.25% ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʝ ʠʣʠ ʥʘ ʜʚʦʡʥʳʭ DE-81 ʬʠʣʴʪʨʘʭ (Whatman) ʩʤʦʯʝʥʥʳʭ ʚ 

ʙʫʬʝʨʝ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ (ʜʣʷ Ls-AChBP). ʅʝʩʚʷʟʘʥʥʫʶ ʨʘʜʠʦʘʢʪʠʚʥʫʶ ʤʝʪʢʫ ʫʜʘʣʷʣʠ ʩ 

ʬʠʣʴʪʨʦʚ ʧʨʦʤʳʚʢʦʡ 3ʭ3ʤʣ ʙʫʬʝʨʦʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʘʩʴ ʠʥʢʫʙʘʮʠʷ. 

ʅʝʩʧʝʮʠʬʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʢʄ Ŭ-ʢʦʙʨʘʪʦʢʩʠʥʘ 
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(ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʠʥʢʫʙʘʮʠʷ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ ʍʠʣʣʘ, ʛʜʝ IC50 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʥʘ ʨʝʮʝʧʪʦʨʘʭ ʟʘʥʷʪʘ ʧʦʣʦʚʠʥʘ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ, ʘ nH ï ʢʦʵʬʬʠʮʠʝʥʪ ʍʠʣʣʘ, 

ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Origin 7.5 (MicroCal Software Inc). 

3.2.5. ɺʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛ 

ɺ ʦʙʨʘʟʮʘʭ ʛʦʤʦʛʝʥʘʪʦʚ ʪʢʘʥʝʡ ʜʦ ʠ ʧʦʩʣʝ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʩ ʤʘʛʥʠʪʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ʠʟʤʝʨʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʪʦʪʘʣʴʥʦʛʦ ʙʝʣʢʘ ʩ ʧʦʤʦʱʴʶ 

ʥʘʙʦʨʘ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ DC Protein Assay Kit DC (Biorad, Hercules, CA, 

USA), ʦʙʨʘʟʮʳ ʚʳʨʘʚʥʠʚʘʣʠ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʪʘʣʴʥʦʛʦ ʙʝʣʢʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʚʝʜʝʥʠʷ. 

ɺ ʦʙʨʘʟʮʳ ʜʦʙʘʚʣʷʣʠ 4ʭ ʙʫʬʝʨ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ( ʩʦʩʪʘʚ 1ʭ ʙʫʬʝʨʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ: 120 ʤʄ 

ʊʨʠʩ, 20% ʛʣʠʮʝʨʠʥ (v/v), 10% ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ (v/v), 4% ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ 

(w/v) ʠ 0,05% ʙʨʦʤʬʝʥʦʣʦʚʳʡ ʩʠʥʠʡ (w/v), ʨʅ 6.8), ʠʥʢʫʙʠʨʦʚʘʣʠ 5 ʤʠʥʫʪ ʧʨʠ 95ÜC, 

ʧʦʜʚʝʨʛʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʣʝʡ Any-kD (Bio-Rad, ʉʐɸ) ʠ 

ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʤʝʤʙʨʘʥʫ PVDF (Bio-Rad, ʉʐɸ) ʚ ʙʫʬʝʨʝ Trans-Blot Turbo Transfer 

Buffer (Bio-Rad, ʉʐɸ) ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ ʜʣʷ ʧʝʨʝʥʦʩʘ Tran-Blot Turbo Transfer System 

(Bio-Rad, ʉʐɸ). ʇʝʨʝʥʦʩ ʧʨʦʠʟʚʦʜʠʣʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 15V, 2.5A, 15 

ʤʠʥʫʪ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦ ʩʠʣʝ ʪʦʢʘ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʨʝʥʦʩʘ ʥʘ ʤʝʤʙʨʘʥʫ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʢʨʘʰʝʥʥʳʡ ʙʝʣʢʦʚʳʡ ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʩʦʚ 

PageRuler Prestained Protein Ladder (Thermo-Fisher, ʉʐɸ). 

ʄʝʤʙʨʘʥʳ ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ ʧʦ 5 ʤʠʥʫʪ TBS (20 ʤʄ ʊʨʠʩ, 150 ʤʄ NaCl, pH 7.5) c 

0.1 % Tween-20, ʟʘʪʝʤ ʙʣʦʢʠʨʦʚʘʣʠ 1 ʯʘʩ ʚ TBS + 5 % ʩʫʭʦʝ ʤʦʣʦʢʦ (BioRad, ʉʐɸ), 

ʵʪʦʪ ʞʝ ʨʘʩʪʚʦʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʨʘʟʚʝʜʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ.  

ʀʥʢʫʙʘʮʠʶ ʚ ʨʘʩʪʚʦʨʝ ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ (ʩʧʠʩʦʢ ʘʥʪʠʪʝʣ ʠ ʨʘʙʦʯʠʝ ʨʘʟʚʝʜʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚʳʰʝ ʚ ʨʘʟʜʝʣʝ çʄʘʪʝʨʠʘʣʳè) ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʚ ʢʦʥʪʝʡʥʝʨʝ ʩ 

ʫʚʣʘʞʥʷʝʤʳʤ ʚʦʟʜʫʭʦʤ ʧʨʠ 4ÜC. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ ʫʜʘʣʷʣʠ, ʤʝʤʙʨʘʥʫ 

ʦʪʤʳʚʘʣʠ 3 ʨʘʟʘ ʧʦ 5 ʤʠʥʫʪ ʚ TBS-T ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 1ʯ ʚ ʨʘʩʪʚʦʨʝ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ, 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩ ʧʝʨʦʢʩʠʜʘʟʦʡ ʭʨʝʥʘ. ʇʦʩʣʝ 5-ʢʨʘʪʥʦʡ ʧʨʦʤʳʚʢʠ TBS-T ʤʝʤʙʨʘʥʫ 

ʠʥʢʫʙʠʨʦʚʘʣʠ 1 ʤʠʥ ʚ ʨʘʩʪʚʦʨʝ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ (Western LightningÈ 

ECL Pro, Perkin Elmer) ʠ ʩʠʛʥʘʣ ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ Chemidoc XR 

(Bio-Rad, ʉʐɸ). ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʜʨʫʛʠʭ ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ ʥʘ ʪʦʡ ʞʝ ʤʝʤʙʨʘʥʝ, ʤʝʤʙʨʘʥʫ ʦʪʤʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ Restore 
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Western Blot Stripping Buffer (Thermo Scientific) ʠ ʜʘʣʝʝ ʧʦʚʪʦʨʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 

ʨʘʩʪʚʦʨʦʤ ʥʦʚʳʭ ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ ʜʣʷ ʤʝʤʙʨʘʥʳ ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʚ ʦʙʨʘʟʮʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʨʝʜʥʶʶ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʭ ʧʦʣʦʩ ʚ ʦʞʠʜʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩ ʩ 

ʚʳʯʠʪʘʥʠʝʤ ʬʦʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʤʝʤʙʨʘʥʝ ʨʷʜʦʤ ʩ ʜʘʥʥʦʡ ʧʦʣʦʩʦʡ. 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʦʢʨʘʰʝʥʥʳʤ ʤʘʨʢʝʨʦʤ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʝʩʦʚ. 

3.2.6. ʇʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʉʙʦʨʢʫ ʛʝʥʦʚ ʠ ʚʚʝʜʝʥʠʝ ʤʫʪʘʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʥʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ (ʇʎʈ) ʠ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ, 

ʠʩʧʦʣʴʟʫʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʊʘʙʣʠʮʝ 3.1. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʚ ʦʙʲʝʤʝ 

50 ʤʢʣ ʩʦʜʝʨʞʘʣʘ 1 ʧʤʦʣʴ ʤʘʪʨʠʯʥʦʡ ɼʅʂ, ʧʦ 10 ʧʤʦʣʴ ʧʨʘʡʤʝʨʦʚ, ʧʦ 10 ʥʤʦʣʴ 

ʢʘʞʜʦʛʦ ʠʟ ʯʝʪʳʨʝʭ ʜʝʟʦʢʩʠʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʦʚ ʠ 1 ʝʜ. ʘʢʪ. Pfu ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʚ 

ʙʫʬʝʨʝ ʜʣʷ Pfu-ʧʦʣʠʤʝʨʘʟʳ: 20 ʤʄ ʊʨʠʩ-HCl, pH 8.75, 2 ʤʄ MgSO4, 10 ʤʄ KCl, 10 ʤʄ 

(NH4)2SO4, 0.1 % ʪʨʠʪʦʥ ʍ-100, 200 ʤʢʛ/ʤʣ ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ. ʎʠʢʣ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʜʝʥʘʪʫʨʘʮʠʶ ɼʅʂ ʧʨʠ 95Áʉ (1 ʤʠʥ), ʦʪʞʠʛ ʧʨʠ 56Áʉ (1 

ʤʠʥ), ʠ ʵʣʦʥʛʘʮʠʶ ʧʨʠ 70Áʉ (30 ʩʝʢ). ɺʩʝʛʦ ʧʨʦʚʦʜʠʣʠ 30 ʮʠʢʣʦʚ ʨʝʘʢʮʠʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʥʦʩʠʣʠ ʥʘ ʘʛʘʨʦʟʥʳʡ ʛʝʣʴ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʠ 

ʥʫʞʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚʳʜʝʣʷʣʠ ʠʟ ʛʝʣʷ ʩ ʧʦʤʦʱʴʶ QIAquick Gel Extraction Kit (Qiagen, 

ɻʝʨʤʘʥʠʷ). 

3.2.7. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʤʦʜʝʣʴʥʳʤʠ ʢʣʝʪʦʯʥʳʤʠ ʣʠʥʠʷʤʠ 

3.2.7.1. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ  

ʂʣʝʪʢʠ ʵʧʠʜʝʨʤʦʠʜʥʦʡ ʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ A431 (ATCC, ʉʐɸ), ʢʣʝʪʢʠ 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ MCF-7 (ATCC, ʉʐɸ), ʢʣʝʪʢʠ ʢʘʨʮʠʥʦʤʳ 

ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ A549 (ATCC, ʉʐɸ) ʠ ʢʣʝʪʢʠ HEK-293T (ʀʥʩʪʠʪʫʪ ʮʠʪʦʣʦʛʠʠ ʈɸʅ, 

ʈʦʩʩʠʷ) ʚʳʨʘʱʠʚʘʣʠ ʧʨʠ 37ÁC, 5% CO2 ʚ ʩʨʝʜʝ DMEM ʩ ʬʝʥʦʣʦʚʳʤ ʢʨʘʩʥʳʤ (ʇʘʥ-ʕʢʦ, 

ʈʦʩʩʠʷ) ʩ 10% ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʪʝʣʷʯʴʝʡ ʩʳʚʦʨʦʪʢʠ (Thermo Fisher Scientific, ʉʐɸ) ʠ 2 

ʤʄ L-ʛʣʶʪʘʤʠʥʦʤ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ), ʜʘʣʝʝ ʦʙʦʟʥʘʯʝʥʥʦʡ, ʢʘʢ ʧʦʣʥʘʷ ʩʨʝʜʘ. ʂʣʝʪʢʠ 

HT-29 ʨʘʢʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ ʯʝʣʦʚʝʢʘ (ATCC) ʚʳʨʘʱʠʚʘʣʠ ʚ ʩʨʝʜʝ RPMI-1640 ʩ 10% 

ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʪʝʣʷʯʴʝʡ ʩʳʚʦʨʦʪʢʠ ʠ 2 ʤʄ L-ʛʣʶʪʘʤʠʥʦʤ. ʀʤʤʦʨʪʘʣʠʟʦʚʘʥʥʳʝ 
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ʦʨʘʣʴʥʳʝ ʢʝʨʘʪʠʥʦʮʠʪʳ Het-1A ʯʝʣʦʚʝʢʘ (ATCC) ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ BEBM 

(Lonza, ʐʚʝʡʮʘʨʠʷ). ʇʝʨʝʜ ʩʫʙʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝʤ ʢʣʝʪʦʢ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʢʫʣʴʪʫʨʘʣʴʥʳʡ ʧʣʘʩʪʠʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʢʨʳʚʘʣʠ ʩʤʝʩʴʶ 0,01 ʛ/ʣ ʬʠʙʨʦʥʝʢʪʠʥʘ 

(Sigma-Aldrich, ʉʐɸ), 0,03 ʛ/ʣ ʙʳʯʴʝʛʦ ʢʦʣʣʘʛʝʥʘ ʪʠʧʘ I (Sigma-Aldrich, ʉʐɸ) ʠ 0,01 

ʛ/ʣ ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (Sigma-Aldrich, ʉʐɸ), ʨʘʩʚʦʨʝʥʥʳʭ ʚ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ BEBM. ɺʩʝ ʪʠʧʳ ʢʣʝʪʦʢ ʧʝʨʝʩʝʚʘʣʠ ʜʚʘʞʜʳ ʚ ʥʝʜʝʣʶ. ʇʝʨʚʠʯʥʘʷ 

ʢʫʣʴʪʫʨʘ ʥʝʡʨʦʥʦʚ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ, ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ [219]. 

ʅʝʡʨʦʥʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ Neurobasal-A (Gibco, ʉʐɸ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ Glutamax 

(Life Technologies, ʉʐɸ) ʠ B27 (Gibco) (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʦʣʥʘʷ ʩʨʝʜʘ) ʥʘ ʧʦʢʨʳʪʳʭ 

ʧʦʣʠʣʠʟʠʥʦʤ ʧʦʢʨʦʚʥʳʭ ʩʪʝʢʣʘʭ ʚ 24-ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪʘʭ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʜʥʝʡ, ʟʘʪʝʤ 

ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʜʦʙʘʚʣʷʣʠ ʮʠʪʘʨʘʙʠʥ (20 ʤʢʄ) (Sigma-

Aldrich) ʠ ʢʫʣʴʪʫʨʫ ʚʳʨʘʱʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 12 ʜʥʝʡ ʩʦ ʩʤʝʥʦʡ ʩʨʝʜʳ ʢʘʞʜʳʝ 4 ʜʥʷ, ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ rSLURP-1 ʠ rSLURP-2 ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʚ 

96-ʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ (0.5*104 ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʜʣʷ A549, A172 ʠ U251 MG, 0.75*104 

ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʜʣʷ A431, 1*104 ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ ʜʣʷ Het-1A ʠ 1.5*104 ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ 

ʜʣʷ MCF-7 ʠ SKBR3) ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ rSLURP-1 ʠʣʠ 

rSLURP-2 (ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʄ ʚ 100 % DMSO ʠ ʨʘʟʚʝʜʝʥʥʳʝ ʜʦ 

ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʦʡ ʪʘʢ, ʯʪʦʙʳ 

ʬʠʥʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ DMSO ʥʝ ʧʨʝʚʳʰʘʣʘ 1 %), ʛʝʬʠʪʠʥʠʙ ʠʣʠ Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥ 

(ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪ 1 ʤʄ ʜʦ 100 ʥʄ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʧʦʣʥʦʡ ʩʨʝʜʝ 

ʚ ʪʝʯʝʥʠʝ 24 ʯ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʪʠʧʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ: ʢʣʝʪʢʠ ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʝʧʘʨʘʪʦʚ ʠ ʢʣʝʪʢʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ rSLURP-1 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

0.001 ʥʄ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ rSLURP-1 ʠʣʠ rSLURP-2 c ʨʘʟʣʠʯʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ 

(ʛʝʬʠʪʠʥʠʙ, ʘʪʨʦʧʠʥ, ʤʝʢʘʤʠʣʘʤʠʥ, ʪʠʤʦʣʦʣ) ʢʣʝʪʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 

ʵʪʠʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ (10 ʥʤ ʥʘ 10 ʤʠʥ) ʠ ʧʨʦʤʳʚʘʣʠ ʜʚʘ ʨʘʟʘ ʧʦʣʥʦʡ ʩʨʝʜʦʡ. ɿʘʪʝʤ ʢ 

ʢʣʝʪʢʘʤ ʜʦʙʘʚʣʷʣʠ rSLURP-1 ʠʣʠ rSLURP-2 (1 ʥʄ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʛʠʙʠʪʦʨ (10 

ʥʄ), ʧʦʩʣʝ ʯʝʛʦ ʢʣʝʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʵʬʬʝʢʪʘ rSLURP-1 ʠʣʠ rSLURP-2 ʥʘ 

ʧʨʦʣʠʬʝʨʘʮʠʶ (ʙʦʣʝʝ 24 ʯ) ʢ ʢʣʝʪʢʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʘʚʣʷʣʠ rSLURP-1 ʠʣʠ 

rSLURP-2 ʢʘʞʜʳʝ 24 ʯʘʩʘ. 



 

 

91 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ws-Lynx1 ʥʘ ʨʦʩʪ ʢʣʝʪʦʢ A549 ʢʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʚ 96-

ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʚ ʧʦʣʥʦʡ ʩʨʝʜʝ (0,5³104 ʢʣʝʪʦʢ ʥʘ 

ʣʫʥʢʫ) ʠ ʚʳʨʘʱʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ws-Lynx1 ʠʟ ʩʪʦʢʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

100% ɼʄʉʆ ʨʘʟʚʦʜʠʣʠ ʚ ʧʦʣʥʦʡ ʩʨʝʜʝ ʠ ʜʦʙʘʚʣʷʣʠ ʢ ʢʣʝʪʢʘʤ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 24, 48 ʠʣʠ 72 ʯʘʩʦʚ. ʂʘʞʜʳʝ 24 

ʯʘʩʘ ʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ ʘʩʧʠʨʠʨʦʚʘʣʠ ʠ ʟʘʤʝʥʷʣʠ ʩʚʝʞʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʨʘʩʪʚʦʨʝʥʥʳʡ ws-Lynx1 ʚ ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʠ ʚ ʠʩʭʦʜʥʦʡ ʩʨʝʜʝ. ʂʦʥʝʯʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ɼʄʉʆ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,1%. ɼʦʙʘʚʣʝʥʥʳʡ ɼʄʉʆ ʥʝ ʚʣʠʷʣ ʥʘ ʨʦʩʪ 

ʢʣʝʪʦʢ, ʢʘʢ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ɼʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ws-Lynx1 ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʢʣʝʪʢʠ A549 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 2 ʤʢʄ ʙʠʢʫʢʫʣʣʠʥʘ, 10 ʥʄ ʛʝʬʠʪʠʥʠʙʘ, 150 ʥʄ AG 

825, 2 ʥʄ ʪʠʤʦʣʦʣʘ, 1 ʤʢʄ Mec, 1 ʤʢʄ MLA, 10 ʥʄ ʥʠʢʦʪʠʥʘ, 1 ʤʢʄ PD98059, 100 ʥʄ 

SP600125, 1 ʤʢʄ SB203580, 3 ʥʄ ʚʦʨʪʤʘʥʥʠʥʘ, 10 ʤʢʄ Bay11-7082, 1 ʤʢʄ JSH-23, 100 

ʤʢʄ S31-201, 10 ʤʢʄ 285986 -31-4, 1 ʤʢʄ Go 6983 ʠʣʠ 10 ʤʢʄ ʢʩʝʩʪʦʩʧʦʥʜʞʠʥʘ B ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʩʚʝʞʝʡ ʧʦʣʥʦʡ ʩʨʝʜʦʡ, ʢ ʢʣʝʪʢʘʤ 

ʜʦʙʘʚʣʷʣʠ 1 ʤʢʄ ws-Lynx1 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʝʜʠʥʝʥʠʝ, ʠ ʢʣʝʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ʂʘʞʜʳʝ 24 ʯʘʩʘ ʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ ʘʩʧʠʨʠʨʦʚʘʣʠ ʠ 

ʟʘʤʝʥʷʣʠ ʩʚʝʞʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʝʥʥʳʡ ws-Lynx1 ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʠ ʚ ʠʩʭʦʜʥʦʡ ʩʨʝʜʝ. 

3.2.7.2. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʈʉ12 ʠ ʘʥʘʣʠʟ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ERK1/2 MAP-ʢʠʥʘʟʳ 

ʂʣʝʪʢʠ PC12 ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ 75-ʩʤ2 ʬʣʘʢʦʥʘʭ, ʧʦʢʨʳʪʳʭ 5ʤʢʛ/ʤʣ ʧʦʣʠ-L-

ʣʠʟʠʥʘ (Sigma-Aldrich)  ʚ ʩʨʝʜʝ DMEM (Gibco Life Technologies, NY) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10 

% ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʳʚʦʨʦʪʢʠ ʣʦʰʘʜʠ, 5 % ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʙʳʯʴʝʡ ʩʳʚʦʨʦʪʢʠ, 25 

ʝʜ/ʤʣ ʧʝʥʠʮʠʣʣʠʥʘ, 25 ʤʢʛ/ʤʣ ʩʪʨʝʧʪʦʤʠʮʠʥʘ, 1 ʤʄ ʧʠʨʫʚʘʪʘ ʥʘʪʨʠʷ, 2 ʤʄ ʛʣʫʪʘʤʠʥʘ 

ʧʨʠ 37ÁC ʚ ʫʚʣʘʞʥʷʝʤʦʤ ʠʥʢʫʙʘʪʦʨʝ ʩ 5 % CO2. ʂʣʝʪʢʠ ʧʝʨʝʩʘʞʠʚʘʣʠ ʢʘʞʜʳʝ 3-4 ʜʥʷ, 

ʦʪʜʝʣʷʷ ʠʭ ʦʪ ʧʦʜʣʦʞʢʠ ʩ ʧʦʤʦʱʴʶ 0.25 % ʨ-ʨʘ ʪʨʠʧʩʠʥʘ ʩ 0.5 ʤʄ ʕɼʊɸ ʚ PBS ʠ 

ʚʳʩʝʚʘʷ ʧʨʠ 15 % ʢʦʥʬʣʶʵʥʪʥʦʩʪʠ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ERK1/2 ʢʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʚ 24-ʣʫʥʦʯʥʳʝ ʧʣʘʰʢʠ 

ʧʨʠ ʧʣʦʪʥʦʩʪʠ 12x104 ʢʣʝʪʦʢ/ʩʤ2 ʟʘ 24 ʯ ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʥʘ ʩʨʝʜʫ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʳʚʦʨʦʪʢʠ (1 % 
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ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʩʳʚʦʨʦʪʢʘ ʣʦʰʘʜʠ, 0.5 % ʵʤʙʨʠʦʥʘʣʴʥʘʷ ʪʝʣʷʯʴʷ ʩʳʚʦʨʦʪʢʘ) ʥʘ 3 

ʯʘʩʘ, ʜʘʣʝʝ ʠʥʢʫʙʠʨʦʚʘʣʠ 10 ʤʠʥ ʩ ʜʦʙʘʚʣʝʥʠʝʤ rSLURP-1 ʠʣʠ rSLURP-2, ʨʘʟʚʝʜʝʥʥʳʭ 

ʚ DMSO/DMEM ʩ ʬʠʥʘʣʴʥʦʡ ʦʢʥʮʝʥʪʨʘʮʠʝʡ DMSO ʥʝ ʙʦʣʝʝ 1 % ʠ ʧʨʦʚʦʜʠʣʠ 

ʩʪʠʤʫʣʷʮʠʶ 25 ʤʢʄ ʥʠʢʦʪʠʥʦʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ʇʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ ʢʣʝʪʢʠ 

ʣʠʟʠʨʦʚʘʣʠ ʚ 100 ʤʢʣ ʦʭʣʘʞʜʝʥʥʦʛʦ ʥʘ ʣʴʜʫ ʙʫʬʝʨʘ ʜʣʷ ʣʠʟʠʩʘ (100 ʤʄ NaCl, 25 mM 

EDTA, 10 ʤʄ Tʨʠʩ, 4 ʤʄ Na3VO4, 1 ʤʄ NaF, 1 % (v/v) Triton X-100, 1 % (v/v) NP-40, 1 

ʤʢʣ/ʤʣ ʢʦʢʪʝʡʣʴ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ, pH 7.4). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʢʣʝʪʦʢ ʣʠʟʘʪ ʟʘʤʦʨʘʞʠʚʘʣʠ ʥʘ 15 ʤʠʥʫʪ ʧʨʠ -80ÁC, ʦʪʪʘʠʚʘʣʠ, ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʤ ʥʘ ʣʴʜʫ. ʃʠʟʘʪʳ ʭʨʘʥʠʣʠ ʧʨʠ -80Áʉ ʜʦ ʤʦʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʝʧʪʠʜ 

VD-220 (RYHHHDPDGG) ʠ rSLURP-1 ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10 ʤʢʄ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʥʝʛʘʪʠʚʥʳʭ ʢʦʥʪʨʦʣʝʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ERK1/2 ʚ ʣʠʟʘʪʘʭ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ. 

3.2.7.3. ɸʥʘʣʠʟ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʂʣʝʪʦʯʥʳʡ ʨʦʩʪ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʩʪʘ WST-1, 

ʷʚʣʷʶʱʝʛʦʩʷ ʘʥʘʣʦʛʦʤ ʄʊʊ-ʪʝʩʪʘ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʪʝʪʨʘʟʦʣʠʝʚʳʡ ʢʨʘʩʠʪʝʣʴ WST-1 (Santa Cruz) ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨ 1-m-PMS (Santa Cruz) ʜʦʙʘʚʣʷʣʠ ʢ ʢʣʝʪʢʘʤ ʚ ʢʦʥʝʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0.25 ʤʄ ʠ 5 ʤʢʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 1 ʯ ʠ 

ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʨʘʰʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʥʘ 440-460 ʥʤ ʩ 

ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʥʘ 655 ʥʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʧʣʘʥʰʝʪʥʦʛʦ ʩʢʘʥʝʨʘ 

(Uniplan, ɿɸʈ ʇʠʢʦʥ, ʈʦʩʩʠʷ).  

ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʩ ʦʢʨʘʩʢʦʡ Hoechst 33342/ʡʦʜʠʩʪʳʡ ʧʨʦʧʠʜʠʡ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʠʟʫʯʘʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʘʢ ʙʳʣʦ 

ʦʧʠʩʘʥʦ ʨʘʥʝʝ ʚ [220]. ʂʣʝʪʢʠ ʦʢʨʘʰʠʚʘʣʠ 1 ʤʢʄ Hoechst 33342 ʠ 0.5 ʤʢʄ ʡʦʜʠʩʪʦʛʦ 

ʧʨʦʧʠʜʠʷ ʚ 96-ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪʘʭ, ʟʘʪʝʤ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Nikon Eclipse TS100-f ʩ 40ʭ ʦʙʲʝʢʪʠʚʦʤ. ʌʣʫʦʨʝʩʮʝʥʮʠʶ 

ʡʦʜʠʩʪʦʛʦ ʧʨʦʧʠʜʠʷ ʚʦʟʙʫʞʜʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʨʴʝʨʥʦʛʦ ʬʠʣʴʪʨʘ ʥʘ 530ï585 ʥʤ ʠ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʨʴʝʨʥʦʛʦ ʬʠʣʴʪʨʘ ʥʘ 615 ʥʤ. ʌʣʫʦʨʝʩʮʝʥʮʠʶ 

Hoechst 33342 ʚʦʟʙʫʞʜʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʨʴʝʨʥʦʛʦ ʬʠʣʴʪʨʘ ʥʘ 359ï371 ʥʤ ʠ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʨʴʝʨʥʦʛʦ ʬʠʣʴʪʨʘ ʥʘ 410 ʥʤ. ɼʣʷ ʢʘʞʜʦʡ ʣʫʥʢʠ 96-
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ʣʫʥʦʯʥʦʛʦ ʧʣʘʥʰʝʪʘ 5 ʢʘʜʨʦʚ (320ʭ240 ʤʢʤ) ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

çAnalyze Particlesè ʚ ʧʨʦʛʨʘʤʤʝ ImageJ. 

3.2.7.4. ʆʩʪʘʥʦʚʢʘ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʚ ʢʣʝʪʢʘʭ A549 

ʂʣʝʪʢʠ ʚʳʩʘʞʠʚʘʣʠ ʚ 6-ʣʫʥʦʯʥʳʡ ʢʫʣʴʪʫʨʘʣʴʥʳʡ ʧʣʘʥʰʝʪ (12.5Ĭ103 ʢʣʝʪʦʢ ʥʘ 

ʣʫʥʢʫ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 1 ʤʢʄ ws-Lynx1 ʚ ʪʝʯʝʥʠʝ 24, 48, ʠʣʠ 72 ʯ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. 

ɿʘʪʝʤ ʢʣʝʪʢʠ ʦʪʢʨʝʧʣʷʣʠ ʪʨʠʧʩʠʥʦʤ, ʧʨʦʤʳʚʘʣʠ EBSS ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʣʝʜʷʥʦʤ 70% 

ʵʪʘʥʦʣʝ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ʇʦʩʣʝ ʬʠʢʩʘʮʠʠ ʢʣʝʪʢʠ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ EBSS ʠ ɼʅʂ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 5-ʤʠʥʫʪʥʦʡ ʠʥʢʫʙʘʮʠʠ ʚ ʙʫʬʝʨʝ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ɼʅʂ (200 ʤʄ 

Na2HPO4 ʩ 0.004% Triton X-100, pH 7.8). ɿʘʪʝʤ ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ EBSS, 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ ʦʢʨʘʩʢʠ ɼʅʂ (EBSS, 50 ʤʛ/ʤʣ ʡʦʜʠʩʪʳʡ ʧʨʦʧʠʜʠʡ, 

0.2 ʤʛ/ʤʣ ʈʅʂʘʟʘ ʙʝʟ ɼʅʂʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ), ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʧʨʦʪʦʯʥʦʤ ʮʠʪʦʤʝʪʨʝ 

FACSCalibur (Becton Dickinson, ʉʐɸ). ɼʘʥʥʳʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Flowing 2.5.1 (ʎʝʥʪʨ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʊʫʨʢʫ, ʌʠʥʣʷʥʜʠʷ). 

3.2.7.5. ʅʦʢʜʘʫʥ ʛʝʥʘ Ŭ7-nAChR 

ʏʪʦʙʳ ʙʣʦʢʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʥʘʪʠʚʥʳʭ ʨʝʮʝʧʪʦʨʦʚ Ŭ7, ʢʣʝʪʢʠ A549 

ʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ ʤʠRNA ʢ Ŭ7-nAChR (ʊʘʙʣʠʮʘ 3.1) [219]. ʂʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʚ 6-

ʣʫʥʦʯʥʳʡ ʢʫʣʴʪʫʨʘʣʴʥʳʡ ʧʣʘʥʰʝʪ (1 Ĭ 105 ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ) ʠ ʚʳʨʘʱʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 

ʯʘʩʦʚ. ɿʘʪʝʤ ʈʅʂ-ʜʫʧʣʝʢʩ (1 ʤʢʛ ʥʘ ʣʫʥʢʫ) ʨʘʟʚʦʜʠʣʠ ʚ 100 ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ 

ʪʨʘʥʩʬʝʢʮʠʠ (Pan-Biotech, ɻʝʨʤʘʥʠʷ), ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʠ ʩʤʝʰʠʚʘʣʠ ʩ 

15 ʤʢʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʚʝʜʝʥʥʦʛʦ ʨʝʘʛʝʥʪʘ ʜʣʷ ʪʨʘʥʩʬʝʢʮʠʠ PanFect A-plus (Pan-

Biotech, ɻʝʨʤʘʥʠʷ). ʂʦʥʝʯʥʫʶ ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʠ ʜʦʙʘʚʣʷʣʠ ʢ 

ʢʣʝʪʢʘʤ A549. ʂʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ CO2-ʠʥʢʫʙʘʪʦʨʝ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʠ ʩʨʝʜʫ 

ʟʘʤʝʥʷʣʠ ʩʚʝʞʝʡ. ʏʝʨʝʟ 48 ʯʘʩʦʚ ʢʣʝʪʢʠ ʦʪʜʝʣʷʣʠ ʨʘʩʪʚʦʨʦʤ ɺʝʨʩʝʥʘ ʠ ʨʘʟʜʝʣʷʣʠ ʥʘ 

ʜʚʝ ʯʘʩʪʠ. ʆʜʥʫ ʯʘʩʪʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ Ŭ-Bgtx, ʤʝʯʝʥʥʳʤ TRITC (Pan-Biotech, 

ɻʝʨʤʘʥʠʷ), ʠ ʵʢʩʧʨʝʩʩʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ Ŭ7-nAChR ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ. ɼʨʫʛʫʶ ʯʘʩʪʴ ʚʳʩʝʚʘʣʠ ʥʘ 96-ʣʫʥʦʯʥʳʝ ʢʫʣʴʪʫʨʘʣʴʥʳʝ 

ʧʣʘʥʰʝʪʳ (5 Ĭ 104 ʢʣʝʪʦʢ ʥʘ ʣʫʥʢʫ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ws-Lynx1 ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚʳʰʝ. ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ WST-1. ɼʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ Ŭ7-nAChR ʢʣʝʪʢʠ A549 ʩʦʚʤʝʩʪʥʦ ʪʨʘʥʩʬʝʮʠʨʦʚʘʣʠ 

ʜʫʧʣʝʢʩʦʤ ʤʠʈʅʂ ʠ ʧʣʘʟʤʠʜʦʡ, ʥʝʩʫʱʝʡ ʛʝʥ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ Ŭ7-nAChR ʯʝʣʦʚʝʢʘ 

(pVAX1/Ŭ7-nAChR) ʚ ʠʟʙʳʪʢʝ 10: 1 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʫʧʣʝʢʩʫ ʤʠʈʅʂ. 
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3.2.7.6. ɸʥʘʣʠʟ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʢʠʥʘʟ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

SLURP-1 ʠ ws-Lynx1 

ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ Lynx1 ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ ʚ ʢʣʝʪʢʘʭ 

A549, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʙʦʨ ʘʥʪʠʪʝʣ Proteome Profiler (ARY003B, R&D Systems, 

ʉʐɸ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʢʠʥʘʟ. ʂʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʳʝ ʤʘʪʨʘʩʳ ʊ25 ʠ ʧʦʩʣʝ ʧʨʠʢʨʝʧʣʝʥʠʷ 

ʦʙʨʘʙʘʪʳʚʘʣʠ 1 ʤʢʄ ws-Lynx1 (ʠʟ ʩʪʦʢʘ ʚ ɼʄʉʆ) ʠʣʠ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ɼʄʉʆ ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. ʂʣʝʪʢʠ ʚʳʨʘʱʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ʂʘʞʜʳʝ 24 ʯʘʩʘ 

ʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ ʘʩʧʠʨʠʨʦʚʘʣʠ ʠ ʟʘʤʝʥʷʣʠ ʩʚʝʞʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʨʘʩʪʚʦʨʝʥʥʳʡ ws-Lynx1 ʠʣʠ ɼʄʉʆ ʚ ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʠ ʚ ʠʩʭʦʜʥʦʡ ʩʨʝʜʝ. 

ʇʦʩʣʝ 72-ʯʘʩʦʚʦʡ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʢʠ ʦʪʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʢʨʝʙʢʘ ʠ ʣʠʟʠʨʦʚʘʣʠ ʚ 400 

ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ ʣʠʟʠʩʘ ʠʟ ʢʦʤʧʣʝʢʪʘ ʨʝʘʢʪʠʚʦʚ ʢ ʥʘʙʦʨʫ Proteome Profiler. ʇʦʩʣʝ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʣʠʟʘʪʘ ʩʫʧʝʨʥʘʪʘʥʪʳ ʩʦʙʠʨʘʣʠ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʦʪʦʢʦʣʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʂʨʘʪʢʦ, ʤʝʤʙʨʘʥʳ ʠʟ ʥʘʙʦʨʘ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ 

ʟʘʭʚʘʪʳʚʘʶʱʠʤʠ ʘʥʪʠʪʝʣʘʤʠ ʙʣʦʢʠʨʦʚʘʣʠ, ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʢʣʝʪʦʯʥʳʤʠ ʣʠʟʘʪʘʤʠ ʚ 

ʪʝʯʝʥʠʝ ʥʦʯʠ ʠ ʟʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʳʤʠ 

ʘʥʪʠʪʝʣʘʤʠ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʢʦʥʲʶʛʘʪʦʤ ʩʪʨʝʧʪʘʚʠʜʠʥ-HRP. ʉʠʛʥʘʣ HRP 

ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʫʙʩʪʨʘʪʘ ECL ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʝʨʘ Bio-Rad Versa-Doc 

4000 (Bio-Rad). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʷʪʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Image J (NIH). 

3.2.7.7. ʇʨʦʪʦʯʥʘʷ ʮʠʪʦʤʝʪʨʠʷ 

ʆʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ SLURP-1 ʠ Ŭ7-nAChR. ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʚ 

ʪʝʯʝʥʠʝ 24 ʯ 1 ʥʄ rSLURP-1 ʜʦʙʘʚʣʷʣʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʢ ʢʣʝʪʢʘʤ, ʚʳʩʝʷʥʥʳʤ ʚ 

12-ʣʫʥʦʯʥʦʤ ʧʣʘʥʰʝʪʝ. ɼʣʷ ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʠ 1 ʯ ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ ʜʚʘʞʜʳ 

ʨʘʩʪʚʦʨʦʤ ʩʦʣʝʡ ʍʵʥʢʩʘ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʍʵʥʢʩʘ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ rSLURP-1 ʠʣʠ ʚ ʨʘʩʪʚʦʨʝ ʍʥɻʢʩʘ ʙʝʟ rSLURP-1 (ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ).  

ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ SLURP-1 ʢʣʝʪʢʠ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ ʨ-ʨʦʤ ɺʝʨʩʝʥʘ (ʇʘʥʕʢʦ, 

ʈʦʩʩʠʷ) ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨ-ʨʦʤ ɺʝʨʩʝʥʘ ʩ ʪʨʠʧʩʠʥʦʤ (ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) 10 ʤʠʥ, ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 10 % ʨʘʩʪʚʦʨʝ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ PBS ʚ ʪʝʯʝʥʠʝ 

15 ʤʠʥ. ʌʠʢʩʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʧʝʨʤʝʘʙʠʣʠʟʠʨʦʚʘʣʠ ʚ PBS, ʩʦʜʝʨʞʘʱʝʤ 0.1 % Triton 

X-100, 1 % BSA ʠ 50 ʤʄ NH4Cl (ʜʣʷ ʧʨʝʢʨʘʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʬʠʢʩʘʮʠʠ). ʇʦʩʣʝ ʵʪʦʛʦ 
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ʩʫʩʧʝʥʟʠʶ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʠ ʧʝʨʤʝʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʨʘʟʜʝʣʷʣʠ ʥʘ 2 ʘʣʠʢʚʦʪʳ, 

ʧʨʦʤʳʚʘʣʠ PBS ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʨ-ʨʝ ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ ʠʣʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʠʟʦʪʠʧʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ IgG (ʢʦʥʪʨʦʣʴ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʛ/ʤʣ ʚ PBS ʩ 1 % BSA ʚ 

ʪʝʯʝʥʠʝ 45 ʤʠʥ ʧʨʠ 20ÁC. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ ʢ SLURP-1 ʠʣʠ ʢ Ŭ7-

nAChR, ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʪʠʧʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ï IgG ʤʳʰʠ ʠʣʠ IgG.  

ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ PBS ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʚʪʦʨʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ IgG ʤʳʰʠ ʠʣʠ ʢʨʦʣʠʢʘ, 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʦʡ AlexFluor-488 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʛ/ʤʣ 

ʚ PBS ʩ 1 % BSA ʚ ʪʝʯʝʥʠʠ 45 ʤʠʥ ʧʨʠ 20ÁC. ʆʙʨʘʙʦʪʘʥʥʳʝ ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ ʠ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ PBS, ʟʘʪʝʤ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʮʠʪʦʤʝʪʨʘ FC-500 (Beckman 

Coulter). ʌʣʫʦʨʝʩʮʝʥʮʠʶ ʚʦʟʙʫʞʜʘʣʠ ʥʘ ʜʣʠʥʥʝ ʚʦʣʥʳ 488 ʥʤ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʵʤʠʩʩʠʶ ʚ ʜʠʘʧʘʟʦʥʝ 505-545 ʥʤ. ɼʘʥʥʳʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ FlowJo 

X (Tree Star Inc., ʉʐɸ). ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʦʢʨʘʩʢʠ ʠʟ ʤʝʜʠʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʘʥʪʠʪʝʣʘʤʠ 

ʚʳʯʠʪʘʣʠ ʤʝʜʠʘʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʦʪʠʧʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʧʦʧʪʦʟʘ ʚ ʢʣʝʪʢʘʭ ɸ549. ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʨʘʥʥʝʛʦ ʘʧʦʧʪʦʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʢʩʪʝʨʥʘʣʠʟʘʮʠʶ ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥʘ, ʢʦʪʦʨʳʡ ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʘʥʥʝʢʩʠʥʘ V. ɼʣʷ ʵʪʦʛʦ ʢʣʝʪʢʠ A549 ʚʳʩʝʚʘʣʠ ʥʘ 35-ʤʤ ʯʘʰʢʫ ʇʝʪʨʠ (1 Ĭ 105 ʢʣʝʪʦʢ ʥʘ 

ʯʘʰʢʫ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 1 ʤʢʄ ws-Lynx1 ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. ʇʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʢʠ ʦʪʜʝʣʷʣʠ ʨʘʩʪʚʦʨʦʤ ɺʝʨʩʝʥʘ ʠ ʧʨʦʤʳʚʘʣʠ ʚ PBS. ɿʘʪʝʤ ʢʣʝʪʢʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʘʥʥʝʢʩʠʥʦʤ V, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤ ʩ ʬʠʢʦʵʨʠʪʨʠʥʦʤ (ʈɽ) (A35111, 

Thermo Fisher Scientific), ʠ ʧʨʦʤʳʚʘʣʠ PBS. ʅʘʢʦʥʝʮ, ʢʣʝʪʢʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ 

ʧʨʦʪʦʯʥʦʤ ʮʠʪʦʤʝʪʨʝ BD FACSCalibur (Becton Dickinson). ɼʘʥʥʳʝ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Flowing 2.5.1. 

3.2.8. ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ  

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʤʈʅʂ ʠʟ ʤʦʟʛʘ ʢʨʳʩʳ ʢ ʟʘʤʦʨʦʞʝʥʥʦʤʫ ʤʦʟʛʫ ʢʨʳʩʳ 

ʜʦʙʘʚʣʷʣʠ 1 ʤʣ ʨʝʘʛʝʥʪʘ ExtractRNA (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ), ʘ ʟʘʪʝʤ ʤʦʟʛ ʙʳʩʪʨʦ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʥʘ ʣʴʜʫ. ʉʫʤʤʘʨʥʘʷ ʤʈʅʂ ʠʟ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʝʪʦʢ ʪʘʢʞʝ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥʪʘ ExtractRNA ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʥʩʪʨʫʢʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɿʘʪʝʤ ʤʈʅʂ ʠʟ ʤʦʟʛʘ ʢʨʳʩʳ ʠʣʠ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʝʪʦʢ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ɼʅʂʘʟʦʡ I (Sigma-Aldrich, ʉʐɸ) ʠ ʦʯʠʱʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ CleanRNA (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ). ʆʙʱʘʷ ʢɼʅʂ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ MMLV RT (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʠ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʘʡʤʝʨʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 1 (ʧ. 2.1.7), ʠ ʛʦʪʦʚʦʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʤʝʩʠ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʇʎʈ ʩ SYBR Green I ʠ ʨʝʬʝʨʝʥʩʥʳʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʢʨʘʩʠʪʝʣʝʤ 

ROX (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ). ʂʨʘʪʢʦ, 12,5 ʤʢʣ ʨʘʟʚʝʜʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʢɼʅʂ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 1 

ʤʢʛ ʦʙʱʝʡ ʈʅʂ, ʜʦʙʘʚʣʷʣʠ ʢ 7,5 ʤʢʣ ʤʘʩʪʝʨ-ʩʤʝʩʠ ʜʣʷ ʇʎʈ ʠ 5 ʤʢʣ ʩʤʝʩʠ 5ĬqPCR-HS 

SYBRHigh ROX (ɽʚʨʦʛʝʥ, ʈʦʩʩʠʷ). ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʢʦʥʪʨʦʣʠ ʩʦʜʝʨʞʘʣʠ ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ ʇʎʈ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢɼʅʂ, ʠ ʥʝ ʜʘʚʘʣʠ ʩʠʛʥʘʣʘ. ɺʩʝ ʨʝʘʢʮʠʠ ʇʎʈ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʮʠʢʣʝʨʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

DT96 Prime (ɼʅʂ-ʪʝʭʥʦʣʦʛʠʷ, ʈʦʩʩʠʷ). ɼʘʥʥʳʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ æCt 

[219]. 

3.2.9. ʂʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ Lynx1 ʢʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʚ 8-ʣʫʥʦʯʥʫʶ ʢʘʤʝʨʫ ʥʘ 

ʧʨʝʜʤʝʪʥʦʤ ʩʪʝʢʣʝ ʚ ʧʦʣʥʦʡ ʩʨʝʜʝ ʟʘ ʦʜʠʥ ʜʝʥʴ ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɿʘʪʝʤ ʩʠʣʠʢʦʥʦʚʫʶ 

ʢʘʤʝʨʫ ʩʥʠʤʘʣʠ ʩ ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʝʢʣʘ, ʠ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ ʩ ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ 

ʢʣʝʪʢʘʤʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʚ CO2-ʠʥʢʫʙʘʪʦʨʝ ʩ ʘʥʪʠʪʝʣʘʤʠ ʢ Lynx1 

(ʢʨʦʣʠʯʴʠ ʧʨʦʪʠʚ Lynx1, Abcam, ʉʐɸ, ab125035, 1: 1000, 0,76 ʤʢʛ/ʤʣ) ʠ ʩ ʘʥʪʠʪʝʣʘʤʠ ʢ 

Ŭ7-nAChR (ʤʳʰʠʥʳʝ ʘʥʪʠ-Ŭ7-nAChR; Sigma, ʉʐɸ, M220, 1: 2500, 2 ʤʢʛ/ʤʣ). ʇʦʩʣʝ 

ʵʪʦʛʦ ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ ʚ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ ʕʨʣʘ (EBSS) ʠ 

ʬʠʢʩʠʨʦʚʘʣʠ 1% ʨʘʩʪʚʦʨʦʤ ʬʦʨʤʘʣʴʜʝʛʠʜʘ (20 ʤʠʥ, 4Áʉ). ɺʪʦʨʫʶ ʠʥʢʫʙʘʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʩ ʘʥʪʠ-ʢʨʦʣʠʯʴʠʤ ʘʥʪʠʪʝʣʦʤ, ʤʝʯʝʥʥʳʤ AlexaFluor-488, (711-545-152, 1: 

500, 2 ʤʢʛ / ʤʣ Jackson Immunoresearch, ʉʐɸ) ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ Lynx1 ʠ ʘʥʪʠ-

ʤʳʰʠʥʳʤ ʘʥʪʠʪʝʣʦʤ, ʤʝʯʝʥʥʳʤ AlexaFluor-594 IgG (Jackson Immunoresearch, 715-585-

150, 1: 500, 2 ʤʢʛ / ʤʣ) ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ Ŭ7-nAChR. ʅʝʡʨʦʥʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʥʘ 

ʧʦʢʨʦʚʥʳʭ ʩʪʝʢʣʘʭ ʠ ʦʢʨʘʰʠʚʘʣʠ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʢʣʝʪʢʠ. ʗʜʨʘ ʢʣʝʪʦʢ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ Hoechst 33342 (0,1 ʤʢʛ / ʤʣ, PanEco). ʇʦʩʣʝ ʪʨʝʭʢʨʘʪʥʦʡ ʧʨʦʤʳʚʢʠ ʚ EBSS 

ʢʣʝʪʢʠ ʧʦʛʨʫʞʘʣʠ ʚ ʛʣʠʮʝʨʠʥ ʩ ʧʦʤʦʱʴʶ ʧʦʢʨʦʚʥʦʛʦ ʩʪʝʢʣʘ ʨʘʟʤʝʨʦʤ 24 Ĭ 50 ʤʤ. 

ʇʦʢʨʦʚʥʦʝ ʩʪʝʢʣʦ ʠʤʤʦʙʠʣʠʟʦʚʘʣʠ ʣʘʢʦʤ ʜʣʷ ʥʦʛʪʝʡ ʠ ʥʘʙʣʶʜʘʣʠ ʧʦʜ ʤʘʩʣʷʥʳʤ 

ʠʤʤʝʨʩʠʦʥʥʳʤ ʦʙʲʝʢʪʠʚʦʤ Ĭ 60 ʩ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤ ʢʦʥʬʦʢʘʣʴʥʳʤ ʣʘʟʝʨʥʳʤ 

ʩʢʘʥʠʨʫʶʱʠʤ ʤʠʢʨʦʩʢʦʧʦʤ Nikon C1 + (TE2000E) (Nikon, ʗʧʦʥʠʷ). ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʜʝʪʝʢʪʦʨʘ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʝʘʥʩʦʚ.  
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ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ SLURP-1 ʢʣʝʪʢʠ ʚʳʩʝʚʘʣʠ ʥʘ ʧʦʢʨʦʚʥʳʝ ʩʪʝʢʣʘ ʚ 24-

ʣʫʥʦʯʥʦʤ ʧʣʘʥʰʝʪʝ ʚ ʧʦʣʥʦʡ ʩʨʝʜʝ ʟʘ ʜʝʥʴ ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʂʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 1 

ʤʢʄ rSLURP-1/AlexaFluor-647 ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʬʠʢʩʠʨʦʚʘʣʠ ʚ 10 % ʨʘʩʪʚʦʨʝ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ, ʧʝʨʤʝʘʙʠʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 0.1 % Triton X-100 (1 ʤʠʥ, 20ÜC), 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 1 % ʨ-ʨʝ ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ʚ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ 

ʩʦʣʝʚʦʤ ʨ-ʨʝ ʍʵʥʢʩʘ (HBSS, ʇʘʥʕʢʦ, ʈʦʩʩʠʷ) ʠ ʦʢʨʘʰʠʚʘʣʠ ʘʥʪʠʪʝʣʘʤʠ. ɼʣʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʪʤʳʚʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ HBSS. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʝʨʚʠʯʥʳʝ ʘʥʪʠʪʝʣʘ 

ʢ EGFR ʠ Ŭ7-nAChR, ʚʪʦʨʠʯʥʳʝ ʘʥʪʠʪʝʣʘ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʩ AlexaFluor 488. 

ʆʢʨʘʰʝʥʥʳʝ ʢʣʝʪʢʠ ʧʦʤʝʱʘʣʠ ʥʘ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ, ʩʤʘʯʠʚʘʣʠ 50 ʤʢʣ HBSS, 

ʥʘʢʨʳʚʘʣʠ ʧʦʢʨʦʚʥʳʤ ʩʪʝʢʣʦʤ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ 

ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ SP2 (Leica Microsystems GmbH, ɻʝʨʤʘʥʠʷ) ʩ 100Ĭ 

ʦʙʲʝʢʪʠʚʦʤ ʩ ʤʘʩʣʷʥʦʡ ʠʤʤʝʨʩʠʝʡ (NA=1.4). ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʘʣʠ ʩ ʣʘʪʝʨʘʣʴʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʧʨʠʤʝʨʥʦ 0.2 ʤʢʤ ʠ ʘʢʩʠʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʨʠʤʝʨʥʦ 1.2 ʤʢʤ. 

ʀʟʦʙʨʘʞʝʥʠʷ ʩ ʦʢʨʘʩʢʦʡ Alexa-488 ʠ Alexa-647 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. 

ʂʨʘʩʠʪʝʣʴ Alexa-488 (Alexa-647) ʚʦʟʙʫʞʜʘʣʠ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 488 ʥʤ (633 ʥʤ) ʠ 

ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 505-550 ʥʤ (650-720 ʥʤ).  

3.2.10. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʉʧʝʢʪʨʳ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ 

Bruker Avance 600 ʠ Avance 800, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʢʨʠʦʜʘʪʯʠʢʘʤʠ. ɼʣʷ ʦʪʥʝʩʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʝ ʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 0.3 

ʤʄ ʦʙʨʘʟʝʮ 13C,15N-ʤʝʯʝʥʦʛʦ rSLURP-1 (5 % D2O, pH 4.7, 37ÁC), 0.5 ʤʄ ʦʙʨʘʟʝʮ 

13C,15N-ʤʝʯʝʥʦʛʦ rSLURP-2 (5 % D2O, 5 % ʜʠʦʢʩʘʥ, pH 5.0, 37ÁC), 0.1 ʤʄ ʦʙʨʘʟʝʮ 

13C,15N-ʤʝʯʝʥʦʛʦ rLypd6 (5 % D2O, pH 7.0, 37ÁC), 0.5 ʤʄ ʦʙʨʘʟʝʮ ws-Lynx1 (5 % D2O, 

pH 5.3, 25ÁC). 

ʆʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʙʝʣʢʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʚʳʧʦʣʥʷʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ 3D 15N-TOCSY-HSQC, 15N-NOESY-HSQC, HCCH-TOCSY 

ʘ ʪʘʢʞʝ ʥʘʙʦʨʘ 3D ʩʧʝʢʪʨʦʚ ʪʨʦʡʥʦʛʦ (1H,13C,15N) ʨʝʟʦʥʘʥʩʘ: HNCO, CBCACONH, 

HNCACB [221]. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʠʮʠʥʘʣʴʥʳʭ ʂʉʉɺ (3JH
N

H
Ŭ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪ 

3D HNHA. ʂʦʥʩʪʘʥʪʳ 3JHɓN ʠ 
3JHɓHŬ ʦʮʝʥʠʚʘʣʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʢʨʦʩʩ-ʧʠʢʦʚ ʚ 3D 

ʩʧʝʢʪʨʝ HNHB ʠ ʘʥʘʣʠʟʫ ʬʦʨʤʳ ʣʠʥʠʡ ʚ 2D ʩʧʝʢʪʨʝ NOESY, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʤʠʜʥʳʭ ʧʨʦʪʦʥʦʚ (ȹŭ1HN/ȹT) ʠʟʤʝʨʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 20 
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- 40Ü C, ʠʩʧʦʣʴʟʫʷ 2D 15N-HSQC ʩʧʝʢʪʨʳ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʝʜʣʝʥʥʦ 

ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ ʘʤʠʜʥʳʭ ʧʨʦʪʦʥʦʚ ʦʙʨʘʟʮʳ 15N-ʤʝʯʝʥʥʳʭ ʙʝʣʢʦʚ ʙʳʣʠ 

ʣʠʦʬʠʣʠʟʦʚʘʥʳ, ʘ ʟʘʪʝʤ ʨʘʩʪʚʦʨʝʥʳ ʚ 100 % D2O. ʂʠʥʝʪʠʢʫ ʦʙʤʝʥʘ HN ʧʨʦʪʦʥʦʚ ʥʘ 

ʜʝʡʪʝʨʠʡ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʮʝʥʠʚʘʣʠ ʧʦ ʩʢʦʨʦʩʪʠ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ ʚ 2D 

1H,15N-HSQC ʩʧʝʢʪʨʘʭ ʧʨʠ 20Üʉ. ɼʣʷ ʨʘʩʯʝʪʘ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ TALOS-N [222]. ʈʝʣʘʢʩʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʜʝʨ 15N ʤʦʣʝʢʫʣ (ʩʢʦʨʦʩʪʠ R1 ʠ R2 ʨʝʣʘʢʩʘʮʠʠ ʠ ʷʜʝʨʥʳʡ ʵʬʬʝʢʪ 

ʆʚʝʨʭʘʫʟʝʨʘ ʤʝʞʜʫ ʷʜʨʘʤʠ 15N ʠ 1H ʘʤʠʜʥʳʭ ʛʨʫʧʧ ʦʩʥʦʚʥʦʡ ʮʝʧʠ - 15N-{ 1H} -NOE)) 

ʠʟʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 15N-ʤʝʯʝʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ AVANCE-600 ʩ 

ʯʘʩʪʦʪʦʡ ʨʝʟʦʥʘʥʩʘ ʷʜʝʨ 15N 60 ʄɻʮ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʩʝʚʜʦ 3D ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʘʨʘʤʝʪʨʳ ʨʝʣʘʢʩʘʮʠʠ rSLURP-2 ʠʟʤʝʨʷʣʠ 

ʜʣʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ - ʦʙʨʘʟʮʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʨʫʢʪʫʨʳ ʠ 0.08 ʤʄ ʦʙʨʘʟʮʘ 

13C,15N -ʤʝʯʝʥʦʛʦ rSLURP-2 ʚ ʚʦʜʝ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʜʠʦʢʩʘʥʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʢʨʦʩʩ-ʧʠʢʦʚ ʚ 3D 15N NOESY-HSQC ʠ 2D ʩʧʝʢʪʨʘʭ 

NOESY ʩ ʨʘʟʚʷʟʢʦʡ ʧʦ 15N (Űm = 80-120 ʤʩ). ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʜʚʫʛʨʘʥʥʳʝ ʫʛʣr ű ʠ ɢ1 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʢʦʥʩʪʘʥʪ J ʠ ʜʘʥʥʳʭ NOE. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ 

ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ CYANA [223].  

ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʜʣʷ ʩʪʨʫʢʪʫʨʳ rLypd6 ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ PDB ʧʦʜ ʢʦʜʦʤ 

ʜʦʩʪʫʧʘ 6IB6, ʜʣʷ rSLURP-2 ï ʧʦʜ ʥʦʤʝʨʦʤ 2N99, ʜʣʷ ws-Lynx1 ï 2L03, ʜʣʷ  rSLURP-1 

ï 2MUO (ʪʨʘʥʩ-ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʚʷʟʠ Tyr39-Pro40) ʠ 2MUP (ʮʠʩ-ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʚʷʟʠ 

Tyr39-Pro40). 

3.2.11. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ 

ʄʦʜʝʣʴ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʜʦʤʝʥʘ Ŭ7-nAChR ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʧʦ ʛʦʤʦʣʦʛʠʠ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʭʠʤʝʨʳ Ŭ7/AChBP (PDB ID 3SQ9; [41]) ʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ MODELLER 8.2 [224]. ʄʦʜʝʣʠ ʢʦʤʧʣʝʢʩʘ ʜʦʤʝʥʘ 

ʨʝʮʝʧʪʦʨʘ ʩ ʣʠʛʘʥʜʘʤʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʜʦʢʠʥʛʘ, ʨʘʟʜʝʣʝʥʥʦʡ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ:  

1. ʄʦʣʝʢʫʣʷʨʥʫʶ ʜʠʥʘʤʠʢʫ (ʄɼ) ʤʦʜʝʣʠ Ŭ7-nAChR ʚ ʷʯʝʡʢʝ ʩ ʚʦʜʦʡ 

ʨʘʩʩʯʠʪʳʚʘʣʠ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ GROMACS 5.1.2 [225] ʩ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ 

Gromos96 45a3 ʠ ʤʦʜʝʣʴʶ ʚʦʜʳ SPC. ɼʚʝ ʥʝʟʘʚʠʩʠʤʳʝ 200-ʥʩ ʪʨʘʝʢʪʦʨʠʠ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʠ ʦʙʲʝʜʠʥʝʥʳ. ʂʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʲʝʜʠʥʝʥʥʦʡ 400-ʥʩ ʄɼ-ʪʨʘʝʢʪʦʨʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

Gromos ʠ ʧʦʨʦʛʦʤ ʧʦ ʨʘʩʩʪʦʷʥʠʶ 0,25 ʥʤ. ʄʦʜʝʣʴ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ Ŭ3ɓ2-nAChR 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʦ ʨʘʩʩʯʠʪʘʥʥʳʭ 200 ʥʩ 

ʪʨʘʝʢʪʦʨʠʡ. ɼʣʷ Ŭ7-nAChR ʚ ʧʨʦʮʝʩʩʝ ʩʠʤʫʣʷʮʠʠ ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʬʦʨʤʘʮʠʠ ʉ-ʧʝʪʣʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʫʙʲʝʜʠʥʠʮʘʭ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʫʙʲʝʜʠʥʠʮʘʭ 

ʥʘʙʣʶʜʘʣʘʩʴ çʦʪʢʨʳʪʘʷè ʢʦʥʬʦʨʤʘʮʠʷ, ʚ ʥʝʢʦʪʦʨʳʭ ï çʟʘʢʨʳʪʘʷè. ʂʣʘʩʪʝʨʠʟʘʮʠʷ Ŭ3ɓ2, 

Ŭ7 (çʦʪʢʨʳʪʦʡè) ʠ Ŭ7 (çʟʘʢʨʳʪʦʡè) ʜʘʣʘ 9, 9, ʠ 11 ʩʪʨʫʢʪʫʨ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2. ʐʝʩʪʴ ʪʨʘʝʢʪʦʨʠʡ ʄɼ ʧʦ 200 ʥʩ ʢʘʞʜʘʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ rLypd6 ʚ ʚʦʜʝ, 

ʩʪʘʨʪʫʷ ʩ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ ʗʄʈ: ʪʨʠ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ rLypd6 ʠ ʪʨʠ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ ʙʝʣʢʘ 

ʩ ʫʜʘʣʝʥʥʳʤ ʉ-ʢʦʥʮʝʚʳʤ ʫʯʘʩʪʢʦʤ (Leu83-Ala95). ʂʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ 

ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʲʝʜʠʥʝʥʥʦʡ 600-ʥʩ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ ʙʝʣʢʘ ʙʝʟ ʉ-ʢʦʥʮʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʊʨʠ ʄɼ-ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 200 ʥʩ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʜʣʷ rSLURP-2 (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʗʄʈ ʤʦʜʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʡ 

ʪʦʯʢʠ). ʂʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʜʣʷ rSLURP-2 ʜʘʣʘ 11 ʩʪʨʫʢʪʫʨ. 

3. ɹʝʣʦʢ-ʙʝʣʢʦʚʳʡ ʜʦʢʠʥʛ ʙʳʣʘ ʚʳʧʦʣʥʝʥ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Ŭ7-nAChR/rLypd6, Ŭ7-

nAChR/rSLURP-2 (c çʦʪʢʨʳʪʦʡè ʠ çʟʘʢʨʳʪʦʡè ʉ-ʧʝʪʣʝʡ), Ŭ3ɓ2-nAChR/rSLURP-2 ʚ 

ʧʨʦʛʨʘʤʤʝ ZDOCK [226]. ɼʣʷ rLypd6 ʤʳ ʦʛʨʘʥʠʯʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ çʬʨʦʥʪʘʣʴʥʦʡè 

ʧʦʣʦʚʠʥʦʡ Lypd6 (ʩʦʜʝʨʞʘʱʝʡ ʪʨʠ ʧʝʪʣʠ) ʠ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ ʨʝʮʝʧʪʦʨʘ, 

ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʫʶ ʦʧʮʠʶ ZDOCK çblockè. ɼʣʷ ʢʘʞʜʦʛʦ ʟʘʧʫʩʢʘ ZDOCK 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʦʚʘʣ 2000 ʤʦʜʝʣʝʡ ʢʦʤʧʣʝʢʩʘ; 100 ʣʫʯʰʠʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ɸʥʘʣʦʛʠʯʥʦ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 9 Ĭ 11 = 99, 

9 Ĭ 11 = 99, ʠ 11 Ĭ 11 = 121 ʨʘʫʥʜʦʚ ʜʦʢʠʥʛʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Ŭ3ɓ2/rSLURP-2, 

Ŭ7(çʟʘʢʨʳʪʦʡè)/rSLURP-2 ʠ Ŭ7(çʦʪʢʨʳʪʦʡè)/rSLURP-2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʞʝ ʙʳʣʠ 

ʚʚʝʜʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ rSLURP-2 ʩ ʫʯʘʩʪʢʦʤ ʚʙʣʠʟʠ ʦʪ ʉ-ʧʝʪʣʠ 

ʨʝʮʝʧʪʦʨʘ.  

4. ʈʝʰʝʥʠʷ ʜʦʢʠʥʛʘ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ çʦʪʬʠʣʴʪʨʦʚʘʥʳè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʰʝʛʦ ʧʨʦʪʦʢʦʣʘ ʧʦʩʪ-ʦʮʝʥʢʠ, ʢʦʪʦʨʳʡ ʪʨʝʙʦʚʘʣ, ʯʪʦʙʳ: (a) rLypd6 ʠʣʠ rSLURP-2 

ʠʤʝʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʩ ʨʝʮʝʧʪʦʨʦʤ (> 400 ¡2); (ʙ) ʯʠʩʣʦ çʭʦʨʦʰʠʭè 

ʢʦʥʪʘʢʪʦʚ (h-ʩʚʷʟʠ, ʠʦʥʥʳʝ ʤʦʩʪʠʢʠ ʠ ʩʪʝʢʠʥʛ) ʙʳʣʦ ʚʳʰʝ 14, ʠ (ʚ) ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʴ 

ʛʠʜʨʦʬʦʙʥʳʭ / ʛʠʜʨʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚ ʢʦʤʧʣʝʢʩʝ ʙʳʣʘ> 0,65. ɸʥʘʣʠʟ ʵʪʠʭ ʩʚʦʡʩʪʚ ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ PLATINUM [227]. 
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3.2.12. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺʩʝ ʜʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ 

ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (ʩ.ʦ.). ʨ <0,05 ʩʯʠʪʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Prism v. 6.0 (GraphPad, ʉʐɸ).  

 

 



 

 

101 

ɻʃɸɺɸ 4. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

4.1. ʈʝʢʦʤʙʠʥʘʥʪʥʘʷ ʧʨʦʜʫʢʮʠʷ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ 

ʇʦʣʫʯʝʥʠʝ ʙʝʣʢʦʚ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʯʪʠ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦ ʜʦʩʪʠʞʠʤʦʡ 

ʟʘʜʘʯʝʡ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʘʥʘʣʦʛʠ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʚ 

ʤʠʣʣʠʛʨʘʤʤʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ (ʥʘʧʨʠʤʝʨ, 

ʠʟʦʪʦʧʥʳʝ) ʤʝʪʢʠ ʠ ʤʫʪʘʮʠʠ. ʊʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ Ly6/uPAR, ʦʙʲʝʢʪʳ 

ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʠʝ ʙʝʣʢʦʚʳʝ 

ʤʦʣʝʢʫʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 60-90 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ 4 ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʩʚʷʟʷʤʠ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʤʦʣʝʢʫʣʳ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ 

ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [228]. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʚ ʤʦʣʝʢʫʣʘʭ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ 

ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʧʦʣʫʯʝʥʠʝ in vitro. ʅʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ 

ʠ ʧʦʧʫʣʷʨʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ in vitro ʷʚʣʷʝʪʩʷ ʙʘʢʪʝʨʠʘʣʴʥʘʷ 

ʧʨʦʜʫʢʮʠʷ, ʥʦ ʪʘʢ ʢʘʢ ʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʠʪʦʧʣʘʟʤʝ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʜʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ, 

ʤʦʣʝʢʫʣʘ ʪʨʝʭʧʝʪʝʣʴʥʦʛʦ ʙʝʣʢʘ, ʥʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʩʚʷʟʷʤʠ, 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʠʣʠ ʚʳʧʘʜʘʝʪ ʚ ʪʝʣʴʮʘ ʚʢʣʶʯʝʥʠʷ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ, ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʚ ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʭʦʜʦʚ. 

4.1.1. ʇʨʦʜʫʢʮʠʷ ʥʝʡʨʦʪʦʢʩʠʥʘ II ʠʟ ʷʜʘ ʢʦʙʨʳ Naja oxiana ʚ 

ʩʦʩʪʘʚʝ ʩʣʠʪʥʦʛʦ ʙʝʣʢʘ ʩ ʪʠʦʨʝʜʦʢʩʠʥʦʤ 

ɼʣʷ ʧʨʦʜʫʢʮʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʘʥʘʣʦʛʘ ʥʝʡʨʦʪʦʢʩʠʥʘ II  ʠʟ ʷʜʘ ʢʦʙʨʳ Naja 

oxiana ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʝʛʦ ʠʟʦʪʦʧʥʦ-ʤʝʯʝʥʳʭ ʠ ʤʫʪʘʥʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʦ ʦʧʨʦʙʦʚʘʥʦ ʜʚʘ 

ʧʦʜʭʦʜʘ: ʧʨʦʜʫʢʮʠʷ ʚ ʚʠʜʝ ʩʣʠʪʥʦʛʦ ʙʝʣʢʘ ʩ ʪʠʦʨʝʜʦʢʩʠʥʦʤ (Trx/NTII) ʠ ʩʝʢʨʝʮʠʷ (ʈʠʩ. 

4.1 ɸ,ɹ). 

ʇʦʧʳʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʪʴ ʢʣʝʪʢʠ ʰʪʘʤʤʘ-ʧʨʦʜʫʮʝʥʪʘ E. coli BL21(DE3)/pLysS ʜʣʷ 

ʧʨʦʜʫʢʮʠʠ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ Trx/NTII  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37Áʉ ʧʨʠʚʦʜʠʣʠ ʢ ʧʦʣʥʦʡ 
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ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʧʨʝʮʠʧʠʪʘʮʠʠ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʨʘʩʪʚʦʨʠʤʦʛʦ ʙʝʣʢʘ ʷʚʣʷʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʇʨʠ 20Áʉ ʚʝʩʴ ʙʝʣʦʢ Trx/NTII  ʥʘʭʦʜʠʣʩʷ ʚ ʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ, ʥʦ 

ʦʙʨʘʟʦʚʳʚʘʣ ʢʨʫʧʥʳʝ ʘʩʩʦʮʠʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʤʦʣʝʢʫʣ ʛʠʙʨʠʜʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʦ 12Áʉ ʧʦʟʚʦʣʠʣʦ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʝʣʢʘ. ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʙʝʣʦʢ 

ʥʘʭʦʜʠʣʩʷ ʚ ʨʘʩʪʚʦʨʠʤʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʨʠʯʝʤ ʥʝ ʤʝʥʝʝ 60% ʚ ʤʦʥʦʤʝʨʥʦʡ ʬʦʨʤʝ. 

ʆʯʠʩʪʢʫ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ Trx/NTII  ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʘ ʵʪʘʧʘ, ʠʩʧʦʣʴʟʫʷ ʭʨʦʤʘʪʦʛʨʘʬʠʶ 

ʥʘ ʤʝʪʘʣʣʦʭʝʣʘʪ-ʘʬʬʠʥʥʦʡ ʠ ʘʥʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʘʭ.  

 

 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘ ̫ʩʪʨʫʢʪʫʨʘ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ Trx/NTII  ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ 

ʩ ʧʦʤʦʱʴʶ 1D 1ʅ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ1. ʗʄʈ-ʩʧʝʢʪʨ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ Trx/NTII  

ʦʙʣʘʜʘʣ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ NH-ʧʨʦʪʦʥʦʚ, ʫʟʢʠʤʠ ʣʠʥʠʷʤʠ ʠ ʙʦʣʴʰʠʤ ʩʜʚʠʛʦʤ ʩʠʛʥʘʣʦʚ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʜ.ʬ.-ʤ.ʥ.ɿ.ʆ. ʐʝʥʢʘʨʝʚʳʤ, ʛʨʫʧʧʘ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʀɹʍ ʈɸʅ 

 

ʈʠʩ. 4.1. ʂʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ Ly6/uPAR ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ: (ɸ) ʢʦʥʩʪʨʫʢʮʠʷ ʜʣʷ ʧʨʦʜʫʢʮʠʠ ʚ ʚʠʜʝ ʩʣʠʪʥʦʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ʩ 

ʪʠʦʨʝʜʦʢʩʠʥʦʤ; (ɹ) ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʣʠʜʝʨʥʳʡ ʧʝʧʪʠʜ STII ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʘ ̫

ʪʨʘʥʩʣʦʢʘʮʠʶ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʙʝʣʢʘ ʚ ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʣʝʪʢʠ; (ɺ) 

ʢʦʥʩʪʨʫʢʮʠʷ ʜʣʷ ʧʨʦʜʫʢʮʠʠ ʚ ʚʠʜʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ. ʇʦʢʘʟʘʥʦ 

ʧʦʣʦʞʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʩʪʘʪʢʘ Met, ʚʦʟʥʠʢʘʶʱʝʛʦ ʠʟ-ʟʘ ʪʨʘʥʩʣʷʮʠʠ ʩʪʘʨʪʦʚʦʛʦ ʢʦʜʦʥʘ 

atg. 
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ʥʝʢʦʪʦʨʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʚ ʦʙʣʘʩʪʴ ʩʠʣʴʥʦʛʦ ʧʦʣʷ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʩʠʛʥʘʣʦʚ NH-ʧʨʦʪʦʥʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ (ʈʠʩ. 4.2). ʋʟʢʠʝ ʣʠʥʠʠ ʩʠʛʥʘʣʦʚ ʗʄʈ-ʩʧʝʢʪʨʘ ʛʦʚʦʨʷʪ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʘ ʙʦʣʴʰʦʡ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʥʝʢʦʪʦʨʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʙʦʢʦʚʳʭ 

ʮʝʧʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʙʣʠʞʝʥʥʦʩʪʠ ʵʪʠʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ, ʯʪʦ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ b-ʩʪʨʫʢʪʫʨʝ. ʅʘ ʦʩʥʦʚʝ ʚʩʝʛʦ ʵʪʦʛʦ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʠʙʨʠʜʥʳʡ ʙʝʣʦʢ Trx/NTII ʦʙʣʘʜʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʠ, ʚʠʜʠʤʦ, ʥʝʡʨʦʪʦʢʩʠʥ II, ʧʨʠʩʦʝʜʠʥʝʥʥʳʡ ʢ ʪʠʦʨʝʜʦʢʩʠʥʫ, ʪʘʢʞʝ ʠʤʝʝʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

 

 

ʈʠʩ. 4.2. ʆʜʥʦʤʝʨʥʳʡ 1ʅ ʗʄʈ-ʩʧʝʢʪʨ 

ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ Trx-NT II  

 

 

 

 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʩʚʷʟʳʚʘʥʠʷ 125I-ʤʝʯʝʥʥʦʛʦ a-

ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ ʩ ʤʳʰʝʯʥʳʤ nAChR ʛʠʙʨʠʜʥʳʤ ʙʝʣʢʦʤ Trx/NTII 1. ʂʨʠʚʘʷ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʠʤʝʣʘ ʭʘʨʘʢʪʝʨʥʫʶ S-ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʠ ʢʦʥʩʪʘʥʪʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

(IC50) ʨʘʚʥʷʣʘʩʴ 2,46*10
-7 ʄ (ʈʠʩ. 4.3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʙʨʠʜʥʳʡ ʙʝʣʦʢ ʦʙʣʘʜʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ a-ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ ʟʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʘʡʪʳ 

ʩʚʷʟʳʚʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʘʮʝʪʠʣʭʦʣʠʥʦʚʦʤ ʨʝʮʝʧʪʦʨʝ, ʩʨʘʚʥʠʤʦʡ ʩʦ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠʨʦʜʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ II  ʠʥʛʠʙʠʨʦʚʘʪʴ nAChR ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ. 

 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ɺ.ʀ. ʎʝʪʣʠʥʳʤ ʠ ʜ.ʭ.ʥ. ʀ.ɽ. ʂʘʰʝʚʝʨʦʚʳʤ, ʆʪʜʝʣ ʤʦʣʝʢʫʣʷʨʥʦʡ ʥʝʡʨʦʠʤʤʫʥʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʀɹʍ ʈɸʅ 
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ʈʠʩ. 4.3. ʂʦʥʢʫʨʝʥʪʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʩʚʷʟʳʚʘʥʠʷ  
125I-a-ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ ʩ 

ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʤ ʨʝʮʝʧʪʦʨʦʤ 

ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ Trx/NTII. 

 

ɻʠʜʨʦʣʠʟ ʚʳʜʝʣʝʥʥʦʛʦ ʠ ʦʯʠʱʝʥʥʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ Trx/NTII, ʚʢʣʶʯʘʶʱʝʛʦ 

ʣʠʥʢʝʨ ((Gly-Ser)5-Gly-(Asp)4-Lys-Leu-Met), ʤʘʣʦʡ ʩʫʙʲʝʜʠʥʠʮʝʡ ʵʥʪʝʨʦʧʝʧʪʠʜʘʟʳ 

ʧʨʠʚʝʣ ʢ ʧʦʣʫʯʝʥʠ  ʁʙʝʣʢʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʘʩʩʘʤʠ ʦʢʦʣʦ 12 ʠ 7 ʢɼʘ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʳʤ ʤʘʩʩʘʤ ʤʦʣʝʢʫʣ ʪʠʦʨʝʜʦʢʩʠʥʘ ʠ ʥʝʡʨʦʪʦʢʩʠʥʘ II . ʆʜʥʘʢʦ, 

ʠʟ-ʟʘ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ II  ʩʪʘʣʘ ʦʙʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ 

ʙʨʦʤʮʠʘʥʦʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʪʘʪʦʢ ʤʝʪʠʦʥʠʥʘ ʚ ʤʦʣʝʢʫʣʝ ʪʠʦʨʝʜʦʢʩʠʥʘ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʢʘʪʘʣʠʟʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ [229]. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ 

ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʥʘ ʩʪʘʜʠʠ ʛʠʜʨʦʣʠʟʘ ʙʨʦʤʮʠʘʥʦʤ, ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ M37 

ʪʠʦʨʝʜʦʢʩʠʥʘ ʩ ʧʦʤʦʱʴʶ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʦʩʪʘʪʦʢ 

ʘʣʘʥʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʩ ʙʨʦʤʮʠʘʥʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʥʝʡʨʦʪʦʢʩʠʥ II  ʩ ʧʨʠʨʦʜʥʦʡ 

N-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʘʥʘʣʠʟʦʤ ʧʦ ʤʝʪʦʜʫ ʕʜʤʘʥʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʠʨʦʜʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ ʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʜʦʢʘʟʘʣ 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ 1ʅ-ʗʄʈ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʠ 

ʧʨʠʨʦʜʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ II  ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʝʣʢʠ ʦʙʣʘʜʘʶʪ ʠʜʝʥʪʠʯʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ NH-CŬH-ʦʙʣʘʩʪʠ ʚ 2D COSY ʩʧʝʢʪʨʘʭ ʩʦʚʧʘʜʘʶʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʨʝʩʩʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʥʝʡʨʦʪʦʢʩʠʥ II , ï ʙʝʣʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʯʝʪʳʨʝ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʠ, ʚ 

ʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ ʠ ʩ ʧʨʠʨʦʜʥʦʡ N-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. ɺʳʭʦʜ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʩʦʩʪʘʚʠʣ ʧʨʠʤʝʨʥʦ 6 ʤʛ ʩ ʣʠʪʨʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ. 
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4.1.2. ʕʢʩʧʨʝʩʩʠʨʫʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʣʷ ʩʝʢʨʝʮʠʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ II 

ɽʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʢʘʟʘʣʘʩʴ ʜʨʫʛʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʩʝʢʨʝʮʠʠ ʥʝʡʨʦʪʦʢʩʠʥʘ II ʚ ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʣʝʪʢʠ ʠ 

ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ (ʈʠʩ. 4.1ɹ). ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʧʦʣʠʧʝʧʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʥʝʡʨʦʪʦʢʩʠʥʘ II  ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚʤʝʩʪʝ ʩ ʣʠʜʝʨʥʳʤ ʧʝʧʪʠʜʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ N-

ʢʦʥʮʝ ʤʦʣʝʢʫʣʳ ʪʦʢʩʠʥʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʠ ʩʝʢʨʝʮʠʠ ʚ ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪʱʝʧʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʨʦʪʝʘʟʦʡ. ʇʦʩʣʝ ʠʥʜʫʢʮʠʠ ʥʝʡʨʦʪʦʢʩʠʥ II  

ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʚ ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠ ʟʘʪʝʤ, ʚʠʜʠʤʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʠʟʠʩʘ 

ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʣʝʪʢʠ, ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ.  

ʂʦʥʝʯʥʳʡ ʚʳʭʦʜ ʥʝʡʨʦʪʦʢʩʠʥʘ II  ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʜʦʩʪʠʛʘʣ ʦʢʦʣʦ 30 ʤʛ ʩ ʣʠʪʨʘ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʝ. ʕʪʘ ʩʠʩʪʝʤʘ ʢʨʦʤʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠʠ ʠʤʝʝʪ ʝʱʝ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʩʠʩʪʝʤʦʡ ʜʣʷ ʵʢʩʧʨʝʩʩʠʠ ʥʝʡʨʦʪʦʢʩʠʥʘ II  

ʚ ʩʦʩʪʘʚʝ ʩʣʠʪʥʦʛʦ ʙʝʣʢʘ ʩ ʪʠʦʨʝʜʦʢʩʠʥʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢ ʢʘʢ ʙʝʣʦʢ ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʚ 

ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʟʘʪʝʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, 

ʧʨʦʙʣʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣʴʥʦ ʟʘʤʢʥʫʪʳʭ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ɼʦʩʪʠʛʥʫʪʳʡ ʥʘʤʠ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʩʠʩʪʝʤʫ ʜʣʷ 

ʥʘʨʘʙʦʪʢʠ ʤʠʣʣʠʛʨʘʤʤʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʤʫʪʘʥʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʝʡʨʦʪʦʢʩʠʥʘ II  (ʜʘʞʝ ʚ 

ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʛʦ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʧʦʩʣʝ ʤʫʪʘʛʝʥʝʟʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ).  

N-ʢʦʥʮʝʚʦʡ ʘʥʘʣʠʟ ʧʦ ʤʝʪʦʜʫ ʕʜʤʘʥʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʥʘʤʠ ʥʝʡʨʦʪʦʢʩʠʥ 

II, ʦʙʣʘʜʘʝʪ N-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʠʜʝʥʪʠʯʥʦʡ ʧʨʠʨʦʜʥʦʡ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʡʨʦʪʦʢʩʠʥ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ 

ʞʠʜʢʦʩʪʴ ʠ ʣʠʜʝʨʥʳʡ ʧʝʧʪʠʜ ʦʪʱʝʧʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʠʨʦʜʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ ʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ, ʘ 

ʪʘʢʞʝ ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʧʦʢʘʟʘʣʠ ʠʜʝʥʪʠʯʥʦʩʪʴ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʘʩʩ. 

ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ II  ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 1ʅ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ1 (ʈʠʩ. 4.4). ʗʄʈ ʩʧʝʢʪʨ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʘʥʘʣʦʛʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʩʧʝʢʪʨʘ ʧʨʠʨʦʜʥʦʛʦ ʪʦʢʩʠʥʘ ʠ 

ʠʤʝʣ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ ʭʠʤʠʯʝʩʢʠʭ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʜ.ʬ.-ʤ.ʥ. ɿ.ʆ. ʐʝʥʢʘʨʝʚʳʤ, ʛʨʫʧʧʘ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʀɹʍ ʈɸʅ 
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ʩʜʚʠʛʦʚ NH-ʧʨʦʪʦʥʦʚ, ʫʟʢʠʝ ʣʠʥʠʠ ʠ ʙʦʣʴʰʦʡ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ ʥʝʢʦʪʦʨʳʭ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʚ ʦʙʣʘʩʪʴ ʩʠʣʴʥʦʛʦ ʧʦʣʷ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʩʜʚʠʛʦʚ ʩʠʛʥʘʣʦʚ NH-ʧʨʦʪʦʥʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʋʟʢʠʝ ʣʠʥʠʠ ʩʠʛʥʘʣʦʚ ʗʄʈ-ʩʧʝʢʪʨʘ ʛʦʚʦʨʷʪ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʙʦʣʴʰʦʡ 

ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʥʝʢʦʪʦʨʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʙʣʠʞʝʥʥʦʩʪʠ ʵʪʠʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ, ʯʪʦ 

ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ b-ʩʪʨʫʢʪʫʨʝ. ʅʘ ʦʩʥʦʚʝ ʚʩʝʛʦ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʥʝʡʨʦʪʦʢʩʠʥ II  ʦʙʣʘʜʘʝʪ ʢʦʨʨʝʢʪʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʊʦʢʩʠʯʥʦʩʪʴ ʥʝʡʨʦʪʦʢʩʠʥʘ II  ʧʨʦʚʝʨʷʣʠ ʥʘ ʤʳʰʘʭ ʣʠʥʠʠ BALB/ʉ. ʇʦʩʣʝ 

ʠʥʲʝʢʮʠʠ ʤʳʰʠ ʧʨʝʧʘʨʘʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʥʝʡʨʦʪʦʢʩʠʥ II, ʥʘʙʣʶʜʘʣʩʷ 

ʵʬʬʝʢʪ, ʩʭʦʞʠʡ ʩ ʵʬʬʝʢʪʦʤ ʦʪ ʠʥʲʝʢʮʠʠ ʧʨʠʨʦʜʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ II. ʀʥʲʝʢʮʠʷ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʪʦʢʩʠʥʘ ʚ ʜʦʟʝ 65 ʤʢʛ/ʢʛ ʚʝʩʘ ʤʳʰʠ ʧʨʠʚʦʜʠʣʘ ʢ ʩʤʝʨʪʠ ʞʠʚʦʪʥʦʛʦ 

ʧʦ ʠʩʪʝʯʝʥʠʠ 2,5 ʯʘʩʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʠʨʦʜʥʦʛʦ 

ʥʝʡʨʦʪʦʢʩʠʥʘ II .  

 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʵʢʩʧʨʝʩʩʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ 

ʧʝʨʝʜ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʵʢʩʧʨʝʩʩʠʠ ʪʦʢʩʠʥʦʚ, ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʦ ʥʝʤʘʣʦ. 

ɺ ʨʘʙʦʪʝ [230] ʛʝʥ ʵʨʘʙʫʪʦʢʩʠʥʘ ɸ ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ ʚ E. coli, ʩʰʠʚʘʷ ʝʛʦ ʩ ʛʝʥʦʤ 

ʬʨʘʛʤʝʥʪʘ ʙʝʣʢʘ ɸ. ʆʜʥʘʢʦ ʚʳʭʦʜ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʩʦʩʪʘʚʠʣ 

ʚʩʝʛʦ 2 ʤʛ ʩ 1 ʛ ʩʫʭʠʭ ʢʣʝʪʦʢ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2 ʤʛ ʙʝʣʢʘ ʩ 1 ʣ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ. ɺ ʝʱʝ ʦʜʥʦʡ ʨʘʙʦʪʝ ʵʪʠʭ ʞʝ ʘʚʪʦʨʦʚ [231] ʪʘʢʞʝ ʥʝ ʫʜʘʣʦʩʴ 

ʜʦʩʪʠʯʴ ʫʨʦʚʥʷ ʙʠʦʩʠʥʪʝʟʘ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ï Ŭ-ʢʦʙʨʦʪʦʢʩʠʥʘ ʠʟ ʷʜʘ N. kaouthia ʚʳʰʝ 

 

ʈʠʩ. 4.4. ʆʜʥʦʤʝʨʥʳʡ ʩʧʝʢʪʨ 1ʅ-ʗʄʈ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ II  
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1.2 ʤʛ/ʣ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ. ɻʨʫʧʧʦʡ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʯʝʥʳʭ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ 

ʨʘʙʦʪʘ [232], ʚ ʢʦʪʦʨʦʡ Ŭ-Bgtx ʥʘʨʘʙʘʪʳʚʘʣʠ ʚ ʢʣʝʪʢʘʭ Pichia pastoris ʚ ʚʠʜʝ 

ʩʝʢʨʝʪʠʨʫʶʱʝʛʦʩʷ ʙʝʣʢʘ, ʥʦ ʠ ʪʫʪ ʚʳʭʦʜ ʙʝʣʢʘ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 1 ʤʛ/ʣ. ʅʘʠʙʦʣʝʝ 

ʫʩʧʝʰʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʢʠʪʘʡʩʢʠʭ ʢʦʣʣʝʛ [233], ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʩʠʩʪʝʤʫ ʜʣʷ 

ʵʢʩʧʨʝʩʩʠʠ ʚ E. coli, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʨʦʪʢʠʡ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥ ʠʟ ʷʜʘ ʢʦʙʨʳ 

ʚ ʩʦʩʪʘʚʝ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ ʩ ʪʠʦʨʝʜʦʢʩʠʥʦʤ. ɻʠʙʨʠʜʥʳʡ ʙʝʣʦʢ ʩʝʢʨʝʪʠʨʦʚʘʣʩʷ ʚ 

ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʣʝʪʦʢ E. ʩoli. ɺʳʭʦʜ ʥʝʡʨʦʪʦʢʩʠʥʘ ʚ ʵʪʦʡ ʨʘʙʦʪʝ 

ʜʦʩʪʠʛʘʣ 12 ʤʛ/ʣ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, ʦʜʥʘʢʦ, ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʥʝʡʨʦʪʦʢʩʠʥ, 

ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ, ʠʤʝʣ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ ʧʨʦʣʠʥʘ ʥʘ N-ʢʦʥʮʝ ʤʦʣʝʢʫʣʳ.  

4.1.3. ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ ʠ ʨʝʥʘʪʫʨʘʮʠʷ ʠʟ ʪʝʣʝʮ 

ʚʢʣʶʯʝʥʠʷ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʯʝʣʦʚʝʢʘ ʠ ʪʦʢʩʠʥʘ WTX 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʦʙʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʥʝʡʨʦʪʦʢʩʠʥʘ II, ʙʳʣʠ 

ʦʧʨʦʙʦʚʘʥʳ ʜʣʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ çʩʣʘʙʦʛʦè ʪʦʢʩʠʥʘ WTX ʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ 

ʘʥʘʣʦʛʦʚ ʙʝʣʢʦʚ ʯʝʣʦʚʝʢʘ ws-Lynx1 ʠ rSLURP-1. ɼʣʷ ʚʩʝʭ ʵʪʠʭ ʙʝʣʢʦʚ ʥʘʙʣʶʜʘʣʘʩʴ 

ʩʭʦʞʘʷ ʢʘʨʪʠʥʘ: ʚ ʧʝʨʚʦʡ ʩʠʩʪʝʤʝ ʛʠʙʨʠʜʥʳʡ ʙʝʣʦʢ ʩ ʪʠʦʨʝʜʦʢʩʠʥʦʤ ʥʘʢʘʧʣʠʚʘʣʩʷ ʚ 

ʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ ʚ ʮʠʪʦʧʣʘʟʤʝ. ʆʜʥʘʢʦ, ʣʠʙʦ ʥʝ ʫʜʘʚʘʣʦʩʴ ʥʘʡʪʠ ʫʩʣʦʚʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩʣʠʪʥʦʛʦ ʙʝʣʢʘ (WTX, ws-Lynx1), ʣʠʙʦ ʮʝʣʝʚʦʡ ʙʝʣʦʢ ʥʝ 

ʦʙʣʘʜʘʣ ʢʦʨʨʝʢʪʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʩʦʩʪʘʚʝ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ 

(rSLURP-1). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʦʡ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʩʝʢʨʝʮʠʠ, ʦʢʘʟʘʣʦʩʴ ʝʱʝ ʤʝʥʝʝ ʫʜʘʯʥʳʤ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣ ʥʠʯʪʦʞʥʦ ʤʘʣ (< 50 ʤʢʛ ʩ 1 ʣ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ).  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʯʝʣʦʚʝʢʘ 

(ws-Lynx1, rLypd6, rSLURP-1, rSLURP-2) ʠ çʩʣʘʙʦʛʦè ʪʦʢʩʠʥʘ WTX ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ çʧʨʷʤʦʡè ʵʢʩʧʨʝʩʩʠʠ ʚ ʢʣʝʪʢʘʭ E. coli ʚ ʚʠʜʝ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ (ʈʠʩ. 4.1ɺ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʦʣʶʙʠʣʠʟʘʮʠʝʡ ʠ ʨʝʬʦʣʜʠʥʛʦʤ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ 

ʜʝʥʘʪʫʨʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, Cys ʦʩʪʘʪʢʠ ʚ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʘʭ ʙʳʣʠ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʚ S-ʩʫʣʴʬʦʥʘʪʳ (Cys-S-SO3
-

). ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʩʫʣʴʬʠʪʦʣʠʟ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʧʫʪʝʤ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʪʝʣʝʮ 

ʚʢʣʶʯʝʥʠʷ ʚ 8 ʄ ʤʦʯʝʚʠʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʠʪʘ ʥʘʪʨʠʷ ʠ ʪʝʪʨʘʪʠʦʥʘʪʘ ʥʘʪʨʠʷ. ɼʣʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʯʠʩʪʢʠ S-ʩʫʣʴʬʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʥʘ 



 

 

108 

ʘʥʠʦʥ-ʦʙʤʝʥʥʦʡ ʩʤʦʣʝ ɼɽɸʇ-Spheronit. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʣʘʙʦ ʟʘʨʷʞʝʥʥʳʭ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʥʝ ʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʵʪʦʡ ʩʤʦʣʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʩʚʷʟʳʚʘʥʠʝ S-ʩʫʣʴʬʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʢ ʩʤʦʣʝ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ; ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʪʜʝʣʠʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʙʝʣʦʢ ʠ ʥʝʙʝʣʢʦʚʳʝ ʧʨʠʤʝʩʠ (ʥʘʧʨʠʤʝʨ, 

ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ) ʧʫʪʝʤ ʧʨʦʤʳʚʘʥʠʷ ʢʦʣʦʥʢʠ 1 ʄ NaCl. ʇʨʠʤʝʩʠ, ʩʚʷʟʘʚʰʠʝʩʷ ʩʦ 

ʩʤʦʣʦʡ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʩʤʳʚʘʣʠ ʩ ʢʦʣʦʥʢʠ ʩ ʧʦʤʦʱʴʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʤʳʚʢʠ 8 ʄ ʤʦʯʝʚʠʥʦʡ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 8 ʄ ʤʦʯʝʚʠʥʳ 

ʠ 0,3 ʄ NaCl ʧʨʠʚʦʜʠʣʦ ʢ ʵʣʶʮʠʠ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʩ ʢʦʣʦʥʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʯʝʚʠʥʳ ʚ ʙʫʬʝʨʝ ʜʣʷ ʵʣʶʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʥʠʟʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ NaCl, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʦʙʝʩʩʦʣʠʚʘʥʠʷ. 

ʇʦʩʣʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʯʠʩʪʢʠ ʥʘ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, S-

ʩʫʣʴʬʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ DTT ʠ ʦʯʠʱʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʇʦʩʣʝʜʫʶʱʘʷ ʩʪʘʜʠʷ ʨʝʬʦʣʜʠʥʛʘ 

ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʯʠʩʪʦʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʙʝʣʢʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʦʥ-ʦʙʤʝʥʥʦʡ ʠ ʛʠʜʨʦʬʦʙʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʡ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʜʝʥʘʪʫʨʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʥʘʪʫʨʘʮʠʠ. 

ʈʝʥʘʪʫʨʘʮʠʶ ʙʝʣʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ L-ʘʨʛʠʥʠʥ ʠ ʤʦʯʝʚʠʥʫ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʠ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʳ ʛʣʫʪʘʪʠʦʥʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ 1,5 ʄ ʤʦʯʝʚʠʥʳ ʚ ʙʫʬʝʨ ʜʣʷ ʨʝʥʘʪʫʨʘʮʠʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʨʝʮʠʧʠʪʘʮʠʶ 

ʪʦʢʩʠʥʘ WTX ʠ rSLURP-1 ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʠʡ ʚʳʭʦʜ ʩʚʝʨʥʫʪʳʭ ʙʝʣʢʦʚ. ɼʨʫʛʦʡ 

ʜʦʙʘʚʢʦʡ, ʫʚʝʣʠʯʠʚʘʶʱʝʡ ʚʳʭʦʜ ʨʝʥʘʪʫʨʘʮʠʠ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ, ʷʚʣʷʝʪʩʷ L-

ʘʨʛʠʥʠʥ. ʉʧʦʩʦʙʥʦʩʪʴ L-ʘʨʛʠʥʠʥʘ ʠ L-ʛʣʫʪʘʤʘʪʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʙʝʣʢʠ ʚ 

ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ [234], ʥʦ ʥʘʰʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʪʦʣʴʢʦ L-ʘʨʛʠʥʠʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʘʚʠʣʴʥʦʤʫ ʩʚʦʨʘʯʠʚʘʥʠʶ ʪʨʝʭʧʝʪʝʣʴʥʳʭ 

ʙʝʣʢʦʚ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʨʝʥʘʪʫʨʘʮʠʠ, ʧʨʦʙʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʠ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʳ ʛʣʫʪʘʪʠʦʥʘ ʚ ʙʫʬʝʨʝ ʜʣʷ 

ʨʝʥʘʪʫʨʘʮʠʠ.  

4.1.4. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʥʘʪʫʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ 

ʆʧʠʩʘʥʥʳʡ ʚʳʰʝ ʤʝʪʦʜ ʧʨʦʜʫʢʮʠʠ ʚ ʚʠʜʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ 

ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ ʫʩʧʝʰʥʦ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʢʩʠʥʦʚ ʟʤʝʡ CTX1, WTX ʠ 
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ʤʘʤʙʘʣʛʠʥʘ-2 (Mblgn-2) ʠ ʯʝʪʳʨʝʭ ʘʥʘʣʦʛʦʚ ʙʝʣʢʦʚ ʯʝʣʦʚʝʢʘ Lynx1, Lypd6, SLURP-1 ʠ 

SLURP-2. ʕʪʠ ʙʝʣʢʠ ʠʤʝʶʪ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʠ ʨʘʟʥʫʶ ʜʣʠʥʫ 

ʧʝʪʝʣʴ (ʊʘʙʣʠʮʘ 4.1). ʇʨʦʪʦʢʦʣʳ ʨʝʬʦʣʜʠʥʛʘ ʜʣʷ ʢʘʞʜʦʛʦ ʙʝʣʢʘ ʙʳʣʠ ʪʱʘʪʝʣʴʥʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʠ ʦʪʣʠʯʘʣʠʩʴ ʪʦʣʴʢʦ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʨʤ ʛʣʫʪʘʪʠʦʥʘ ʠ ʟʥʘʯʝʥʠʝʤ ʨʅ 

ʙʫʬʝʨʘ ʜʣʷ ʨʝʥʘʪʫʨʘʮʠʠ. ʀʩʧʦʣʴʟʫʷ CTX1, WTX, Mblgn-2, Lynx1, SLURP-1 ʠ SLURP-2, 

ʤʳ ʩʨʘʚʥʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʥʘʪʫʨʘʮʠʠ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ. ɺʳʭʦʜ ʨʝʥʘʪʫʨʘʮʠʠ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘʤʠ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʥʘʪʫʨʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ ʢ ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʙʝʣʢʘ, 

ʦʯʠʱʝʥʥʦʛʦ ʠʟ ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ ʠ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 4,0% ʜʣʷ ws-Lynx1 ʠ rSLURP-1 ʜʦ 

19,5% ʜʣʷ rSLURP-2 (ʊʘʙʣʠʮʘ 4.1). ʕʪʠ ʚʝʣʠʯʠʥʳ ʩʨʘʚʥʠʚʘʣʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʜʣʠʥʘ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ), ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʟʘʨʷʜ, ʟʥʘʯʝʥʠʝ ʨI, 

ʛʠʜʨʦʬʦʙʥʦʩʪʴ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʣʦʱʘʜʴ ʟʘʛʣʫʙʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) ʙʝʣʢʘ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 4.1 ʚʤʝʩʪʝ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʚʘʜʨʘʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ (R2). 

ʋʜʠʚʠʪʝʣʴʥʦ, ʥʦ ʜʣʠʥʘ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ, ʝʛʦ ʦʙʱʠʡ ʟʘʨʷʜ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʦʯʢʦʡ ʚʤʝʩʪʝ ʩ ʯʠʩʣʦʤ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʠ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʪʢʦʚ ʧʨʦʣʠʥʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʚʳʭʦʜʘʤʠ 

ʨʝʥʘʪʫʨʘʮʠʠ (ʊʘʙʣʠʮʘ 4.1). ʅʘʧʨʠʤʝʨ, ʚʳʭʦʜ ʨʝʥʘʪʫʨʘʮʠʠ Mblgn-2 (4 ʜʠʩʫʣʴʬʠʜʥʳʭ 

ʩʚʷʟʠ) ʙʳʣ ʩʨʘʚʥʠʤ ʩ ʚʳʭʦʜʘʤʠ ws-Lynx1 ʠ rSLURP-1 (5 ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʠ). ʕʪʠ ʪʨʠ 

ʙʝʣʢʘ ʠʤʝʣʠ ʩʘʤʫʶ ʥʠʟʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʝʥʘʪʫʨʘʮʠʠ in vitro ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ (ʊʘʙʣʠʮʘ 4.1). ʉʦʜʝʨʞʘʥʠʝ ɓ-ʩʪʨʫʢʪʫʨʳ ʠ ʜʣʠʥʘ ʧʝʪʣʝʚʳʭ 

ʫʯʘʩʪʢʦʚ ʪʘʢʞʝ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʥʘʪʫʨʘʮʠʠ. ʊʘʢ, ws-Lynx1 ʠʤʝʝʪ 

ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ɓ-ʩʪʨʫʢʪʫʨʳ (~ 46%) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʘʤʳʝ ʢʦʨʦʪʢʠʝ 

ʧʝʪʣʝʚʳʝ ʫʯʘʩʪʢʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʝʪ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʠʟʢʠʭ ʚʳʭʦʜʦʚ ʨʝʥʘʪʫʨʘʮʠʠ 

(ʊʘʙʣʠʮʘ 4.1). ʅʘʧʨʦʪʠʚ, rSLURP-2 ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʨʝʥʘʪʫʨʘʮʠʠ 

(~ 19.5%), ʘ ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʢʦʨʦʪʢʠʭ ɓ-ʪʷʞʝʡ 

(ʩʦʜʝʨʞʘʥʠʝ ~ 30%) ʠ ʜʣʠʥʥʳʤʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʧʝʪʣʷʤʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʧʨʦʮʝʩʩ ʨʝʥʘʪʫʨʘʮʠʠ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ in vitro. ʈʘʥʝʝ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʣʠʥʘ ʚʪʦʨʦʡ ʧʝʪʣʠ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ 

ʩʚʦʨʘʯʠʚʘʥʠʷ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʪʦʢʩʠʥʦʚ ʟʤʝʡ [235]. ʆʜʥʘʢʦ, ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
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ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʥʝ ʦʙʥʘʨʫʞʠʣ ʪʘʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʥʘʪʫʨʘʮʠʠ (ʈʠʩ. 4.5). ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʚʦʨʘʯʠʚʘʥʠʝ ʪʦʢʩʠʥʘ CTXIII ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: ʩʥʘʯʘʣʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʡ ʪʨʦʡʥʦʡ ɓ-ʣʠʩʪ ʚ ʧʝʪʣʷʭ II ʠ III, ʘ ʟʘʪʝʤ ʠʜʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʦʡʥʦʛʦ ɓ-ʣʠʩʪʘ ʚ ʧʝʪʣʝ I [236]. ʇʦʵʪʦʤʫ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʪʣʠ III ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʘʭ. Ws-Lynx1 

ʩʦʜʝʨʞʠʪ ʩʘʤʫʶ ʜʣʠʥʥʫʶ ʧʝʪʣʶ III, ʠ ʤʝʪʦʜʘʤʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʚʳʩʦʢʘʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʵʪʦʡ ʦʙʣʘʩʪʠ (ʩʤ. ʧ. 4.3.1.2). ʇʨʠ ʵʪʦʤ, 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʦʩʪʘʪʦʢ Pro43 (ʥʫʤʝʨʘʮʠʷ ʜʘʥʘ ʜʣʷ CTX1, ʈʠʩ. 4.5) ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʪʦʣʴʢʦ ʚ ʙʝʣʢʘʭ, ʢʦʪʦʨʳʝ ʩʚʦʨʘʯʠʚʘʶʪʩʷ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (rSLURP-2, WTX ʠ 

rCTX1), ʥʦ ʥʝ ʚ ws-Lynx1, rSLURP- 1, ʠ Mblgn-2. ʅʘʣʠʯʠʝ ʦʩʪʘʪʢʦʚ ʧʨʦʣʠʥʘ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʠʢʩʘʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʦʚʦʡ ʮʝʧʠ ʠ ʚʣʠʷʪʴ ʥʘ 

ʩʚʦʨʘʯʠʚʘʥʠʝ ʙʝʣʢʘ [237].  

 

 

ʈʠʩ. 4.5. ʉʨʘʚʥʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʪʦʢʩʠʥʘ CTX1 ʠʟ N. oxiana (UniProt 

ʥʦʤʝʨ: P01451) ʩ ʜʨʫʛʠʤʠ ʪʦʢʩʠʥʘʤʠ ʠ ʪʨʝʭʧʝʪʝʣʴʥʳʤʠ ʙʝʣʢʘʤʠ ʯʝʣʦʚʝʢʘ: CTX-IIb ʠʟ N. 

mossambica (P01467), CTXIII ʠʟ N. atra (P60301), CT-1 ʠʟ N. pallida (P01468), Mblgn-2, - 

mambalgin-2 ʠʟ D. polylepis (P0DKS3), WTX ʠʟ N. kaouthia (P82935), ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʜʦʤʝʥ 

ʙʝʣʢʘ ʯʝʣʦʚʝʢʘ Lynx-1 (Q9BZG9-2), SLURP-1 (P55000), SLURP-2 (Q9BZG9-3). ʆʩʪʘʪʢʠ Cys ʠ 

Pro ʧʝʪʣʠ III  ʚʳʜʝʣʝʥʳ ʞʝʣʪʳʤ ʠ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. ʌʨʘʛʤʝʥʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ɓ-ʪʷʞʘʤ, ʧʦʜʯʝʨʢʥʫʪʳ. 
 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ rSLURP-2, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʚʳʭʦʜ 

ʨʝʥʘʪʫʨʘʮʠʠ, ʦʙʣʘʜʘʝʪ ʪʨʝʤʷ ʦʩʪʘʪʢʘʤʠ Pro ʚ ʧʝʪʣʝ III. ɺʝʨʦʷʪʥʦ, ʥʝʙʦʣʴʰʘʷ ʜʣʠʥʘ ʠ 

ʧʨʠʩʫʪʩʪʚʠʝ ʦʩʪʘʪʢʦʚ Pro ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʧʝʪʣʠ III ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʚʦʨʘʯʠʚʘʥʠʷ ʪʨʦʡʥʦʛʦ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʛʦ ɓ-ʣʠʩʪʘ ʚ 

ʧʝʪʣʷʭ II ʠ III, ʢʦʪʦʨʦʝ ʠʥʠʮʠʠʨʫʝʪ ʦʙʱʫʶ ʩʙʦʨʢʫ ʪʨʝʭʧʝʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʦʚʳʰʝʥʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʜʣʠʥʥʦʡ ʧʝʪʣʠ III ʤʦʞʝʪ ʤʝʰʘʪʴ ʨʝʥʘʪʫʨʘʮʠʠ 

ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ CTXIII [236] ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʦʩʪʘʪʦʢ Pro 

ʚ ʧʦʣʦʞʝʥʠʠ, ʛʦʤʦʣʦʛʠʯʥʦʤ Pro43 (ʈʠʩ. 4.5). ʃʠʥʝʡʥʳʡ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (R2 ~ 
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0,61, ʊʘʙʣʠʮʘ 4.1) ʪʘʢʞʝ ʫʢʘʟʘʣ ʥʘ ʥʘʣʠʯʠʝ ʚʝʨʦʷʪʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʪʘʪʢʦʚ Pro ʚ ʧʝʪʣʝ III ʠ ʚʳʭʦʜʦʤ ʨʝʥʘʪʫʨʘʮʠʠ. 

ɽʩʪʴ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʬʦʣʜʠʥʛ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ in 

vitro. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʩʦʜʝʨʞʠʪ ʷʜʨʦ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʙʦʢʦʚʳʤʠ ʮʝʧʷʤʠ ʥʝʧʦʣʷʨʥʳʭ ʦʩʪʘʪʢʦʚ, ʠ ʛʠʜʨʦʬʦʙʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ [238]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʤʳ ʥʘʙʣʶʜʘʣʠ ʩʣʘʙʫʶ ʢʦʨʨʝʣʷʮʠʶ (R2 ~ 0,35) 

ʤʝʞʜʫ ʚʳʭʦʜʦʤ ʨʝʥʘʪʫʨʘʮʠʠ ʠ ʦʙʱʠʤ ʠʥʜʝʢʩʦʤ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʙʝʣʢʘ (GRAVY), 

ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʢʘʣʳ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ Kyte ʠ 

Doolittle [239] (ʊʘʙʣʠʮʘ 4.1). ʂʦʨʨʝʣʷʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ (R2 ~ 0,63), ʝʩʣʠ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪ ɹ ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ (Al) [240] (ʈʠʩ. 4.6ɸ). ʕʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʦʪʨʘʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ (Ala, Ile, Leu, Val) ʚ ʤʦʣʝʢʫʣʝ 

ʙʝʣʢʘ, ʚʟʚʝʰʝʥʥʦʝ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʦʙʲʝʤʫ ʠʭ ʛʠʜʨʦʬʦʙʥʳʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ.  

ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʧʦʢʘʟʘʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʫʶ ʢʦʨʨʝʣʷʮʠʶ (R2 ~ 0,86, ʨ <0,05) ʤʝʞʜʫ ʚʳʭʦʜʦʤ ʨʝʥʘʪʫʨʘʮʠʠ ʠ ʜʦʣʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʘ, ʟʘʛʣʫʙʣʝʥʥʦʡ ʚʥʫʪʨʠ ʤʦʣʝʢʫʣʳ (ʈʠʩ 4.6B). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʨʠʨʦʩʪ ʚ ʟʘʛʣʫʙʣʝʥʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʪ ~ 41% ʜʦ 

46%) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʨʝʥʘʪʫʨʘʮʠʠ ʥʘ ~ 15%. ɸʥʘʣʠʟ ʟʘʛʣʫʙʣʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʪʠʧʫ ʦʩʪʘʪʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʥʘʪʫʨʘʮʠʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʥʝʧʦʣʷʨʥʳʤʠ ʠʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ 

(ʈʠʩ 4.6ɺ). ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʛʠʜʨʦʬʦʙʥʦʝ ʷʜʨʦ ʪʘʢʞʝ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʚʦʨʘʯʠʚʘʥʠʷ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ, ɓ-ʩʪʨʫʢʪʫʨʥʦʝ ̫ʜʨʦ ʢʦʪʦʨʳʭ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʩʚʷʟʷʤʠ.  

ʕʬʬʝʢʪʠʚʥʘʷ ʨʝʥʘʪʫʨʘʮʠʷ in vitro, ʟʘʚʠʩʷʱʘʷ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʥʝ 

ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʚʝʨʥʫʪʦʛʦ ʙʝʣʢʘ ʚ ʨʘʩʪʚʦʨʝ. ʅʘʧʨʠʤʝʨ, 

ʥʘʠʙʦʣʝʝ ʛʠʜʨʦʬʦʙʥʳʡ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ, ï SLURP-2 (GRAVY 

ʠʥʜʝʢʩ +0,12), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʨʝʥʘʪʫʨʘʮʠʠ, ʥʦ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʨʘʩʪʚʦʨʝ. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʨʅ ʠʟ ʚʳʰʝ 

ʠʣʠ ʥʠʞʝ ʟʥʘʯʝʥʠʡ 5-6 ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚʳʰʝ 0,2 ʤʄ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʚʦʨʘʯʠʚʘʥʠʶ ʠʣʠ ʘʛʨʝʛʘʮʠʠ ʵʪʦʛʦ ʙʝʣʢʘ (ʧ. 4.4.2.6). 
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ʊʘʙʣʠʮʘ 4.1. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʥʘʪʫʨʘʮʠʠ in vitro ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ, ʨʝʥʘʪʫʨʠʨʦʚʘʥʥʳʭ 

ʠʟ ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ E. coli.  
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WTX-P33A 

2MJO 
9.5 66 5 2 

15.

2 
4.5 50.0 30.3 +6 

8.

9 

-

0.39 

54.

7 
34.8 36.4 28.8 4072 43.5 19.9 23.7 

Mblgn-2 

2MFA 

[241] 

5.0 58 4 0 
13.

8 
1.7 60.3 24.1 +5 

8.

9 

-

0.58 

43.

6 
31.0 39.7 29.3 3394 42.9 20.2 22.7 

Ws-Lynx1 

2LO3 
4.0 74 5 0 

13.

5 
5.4 47.3 33.8 +2 

8.

0 

-

0.29 

35.

5 
45.9 24.3 29.7 4276 43.3 20.4 23.0 

SLURP1 

2MUO 

2MUP 

4.0 82 5 1 
12.

2 
6.1 48.8 32.9 -2 

5.

2 

+0.0

4 

63.

0 
29.3 32.9 37.8 4511 41.4 17.7 23.7 

R2 g  0.01 0.01 0.61 0.0 
0.1

1 
0.05 0.02 0.0 

0.

0 
0.35 

0.6

3 
0.02 0.13 0.03 0.02 0.86 0.03 0.68 

aʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ (http://www.rcsb.org). ɺʩʝ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺʩʝ ʩʪʨʫʢʪʫʨʳ 

ʢʨʦʤʝ CTX1 ʠ Mlgn-2 ʦʧʨʝʜʝʣʝʥʳ, ʠʩʧʦʣʴʟʫʷ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʘʥʘʣʦʛʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ N-ʢʦʥʮʝʚʳʤ Met ʦʩʪʘʪʢʦʤ. 
bɺʳʭʦʜ ʨʝʥʘʪʫʨʘʮʠʠ ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʥʘʪʫʨʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ ʢ ʢʦʣʠʯʝʩʪʚʫ ʙʝʣʢʘ, ʦʯʠʱʝʥʥʦʛʦ ʠʟ ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ. 
cʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʩʝʭ ʙʝʣʢʦʚ ʩʦʜʝʨʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ N-ʢʦʥʮʝʚʦʡ ʦʩʪʘʪʦʢ ʤʝʪʠʦʥʠʥʘ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʢʦʚ (Cys and Pro), çʟʘʨʷʞʝʥʥʳʭ ʧʣʶʩ 

ʧʦʣʷʨʥʳʭ ʦʩʪʘʪʢʦʚè (DEKR+GNQHST), çʥʝʧʦʣʷʨʥʳʭ ʧʣʶʩ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Cys ʠ Proè (AILVM +FWY). 
dʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ: ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ pI, ʠʥʜʝʢʩ ʛʠʜʨʦʬʦʙʥʦʩʪʠ (GRAVY, ʰʢʘʣʘ Kyte ʠ Doolittle [239]) ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ (AI) [240] 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ, ʠʩʧʦʣʴʟʫʷ ʠʥʩʪʨʫʤʝʥʪ ProtParam EXPASY web-ʨʝʩʫʨʩʘ (web.expasy.org/protparam/). 
eʕʣʝʤʝʥʪʳ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ STRIDE [242]. 
fʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʦʚ ʠ ʠʭ ʦʩʪʘʪʢʦʚ, ʜʦʩʪʫʧʥʦʡ ʨʘʩʪʚʦʨʠʪʝʣʶ, ʨʘʩʩʯʠʪʘʥʘ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ MOLMOL [243] ʠ ʟʦʥʜ ʨʘʜʠʫʩʦʤ 1.4 ¡. ʇʣʦʱʘʜʴ 

ʟʘʛʣʫʙʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʘ (Sbur) ʝʩʪʴ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʡ ʨʘʩʪʚʦʨʠʪʝʣʶ, ʚ ʧʦʣʥʦʩʪʴʶ ʨʘʟʚʝʨʥʫʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ (SASext), ʠ 

ʩʨʝʜʥʝʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʝʨʥʫʪʦʛʦ ʙʝʣʢʘ, ʜʦʩʪʫʧʥʦʡ ʨʘʩʪʚʦʨʠʪʝʣʶ, ʚ ʥʘʙʦʨʝ ʗʄʈ ʩʪʨʫʢʪʫʨ. ɼʦʣʷ ʟʘʛʣʫʙʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (Pbur) ʝʩʪʴ ʦʪʥʦʰʝʥʠʝ 

Sbur/SASext. çʟʘʨʷʞʝʥʥʳʝ ʧʣʶʩ ʧʦʣʷʨʥʳʝ ʦʩʪʘʪʢʠè ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ (DEKR+GNQHST) ʠ çʥʝʧʦʣʷʨʥʳʝ ʧʣʶʩ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠè ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʘʢ 

(CPAILVM+FWY). 
gɺʝʣʠʯʠʥʳ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʠʨʩʘ (R2) ʩʦ ʩʪʘʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʤʠ ʣʠʥʝʡʥʳʤʠ ʢʦʨʨʝʣʷʮʠʷʤʠ (p<0.05) ʧʦʢʘʟʘʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʥʘʣʠʟ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʰʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʰʘʛʘ ʚ ʧʦʥʠʤʘʥʠʠ ʨʝʥʘʪʫʨʘʮʠʠ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ in vitro. ʅʘʣʠʯʠʝ ʥʦʚʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʝʥʘʪʫʨʘʮʠʠ ʧʨʝʜʦʩʪʘʚʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʚʳʚʦʜʳ ʦ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʝʪʝʨʤʠʥʘʥʪʘʤʠ ʠ ʤʝʭʘʥʠʟʤʘʤʠ ʩʚʦʨʘʯʠʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʵʢʩʧʨʝʩʩʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʘʥʘʣʦʛʦʚ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ: ʪʦʢʩʠʥʦʚ ʟʤʝʡ ʠ 

ʙʝʣʢʦʚ ʯʝʣʦʚʝʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʘʥʘʣʦʛʘ ʥʝʡʨʦʪʦʢʩʠʥʘ II, ʩʦʜʝʨʞʘʱʝʛʦ 

ʯʝʪʳʨʝ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʠ ʚ çʷʜʨʝè ʤʦʣʝʢʫʣʳ, ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʤ ʚʘʨʠʘʥʪʦʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʳʭʦʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʝʣʢʘ ʷʚʣʷʝʪʩʷ ʩʝʢʨʝʮʠʦʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʩʝʢʨʝʮʠʠ ʙʝʣʢʘ ʚ ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʥʘʢʦʧʣʝʥʠʶ 

ʝʛʦ ʚ ʩʨʝʜʝ ʨʦʩʪʘ. ɼʣʷ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʜʠʩʫʣʴʬʠʜʥʫʶ ʩʚʷʟʴ ʚ ʧʝʨʚʦʡ ʧʝʪʣʝ, ʚʢʣʶʯʘʷ ʙʝʣʢʠ ʯʝʣʦʚʝʢʘ Lynx1, Lypd6, SLURP-1, 

SLURP-2 ʠ ʪʦʢʩʠʥ ʢʦʙʨʳ Naja kaouthia WTX, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʢʘʟʘʣʘʩʴ ʩʠʩʪʝʤʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʦʜʫʢʮʠʠ ʙʝʣʢʦʚ ʚ ʚʠʜʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʪʝʣʝʮ 

ʚʢʣʶʯʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʥʘʪʫʨʘʮʠʝʡ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʥʘʪʫʨʘʮʠʠ ʟʘʚʠʩʠʪ 

ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ: ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʪʢʦʚ ʧʨʦʣʠʥʘ ʚ 

ʪʨʝʪʴʝʡ ʧʝʪʣʝ ʠ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʣʫʙʣʝʥʥʳʭ ʛʠʜʨʦʬʦʙʥʳʭ ʦʩʪʘʪʢʦʚ. 

 

ʈʠʩ. 4.6. ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʥʘʪʫʨʘʮʠʠ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʦʪ 

ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ (AI) (A) ʠ ʜʦʣʠ ʙʝʣʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝʜʦʩʪʫʧʥʦʡ ʨʘʩʪʚʦʨʠʪʝʣʶ (ɹ). 

ʃʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʥʘ ʧʘʥʝʣʠ (A) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʦʡ R2 0.63 ʠ ʥʝ ʜʦʩʪʠʛʘʝʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʃʠʥʝʡʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʥʘ ʧʘʥʝʣʠ (B), ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʜʦʣʠ 

ʟʘʛʣʫʙʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ çʚʩʝʭ ʦʩʪʘʪʢʦʚè ʠ çʥʝʧʦʣʷʨʥʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚè 

(CPAILVM+FWY) ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳ (p < 0.05) ʩ ʚʝʣʠʯʠʥʘʤʠ R2 0.86 ʠ 0.68, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʭʦʜ ʨʝʥʘʪʫʨʘʮʠʠ ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʦʣʝʡ ʟʘʛʣʫʙʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʷʨʥʳʭ ʠ ʟʘʨʷʞʝʥʥʳʭ ʦʩʪʘʪʢʦʚ (DEKR+GNQHST) (R2 = 0.03). ʉʤ. ʧʦʜʧʠʩʴ ʢ ʊʘʙʣʠʮʝ 4.1 ʜʣʷ 

ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʚʳʯʠʩʣʝʥʠʡ.  
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4.2. ʉʪʨʫʢʪʫʨʥʳʝ ʜʝʪʝʨʤʠʥʘʥʪʳ, ʚʘʞʥʳʝ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʩ 

ʤʠʰʝʥʷʤʠ 

4.2.1. ʄʝʤʙʨʘʥʦʪʨʦʧʥʳʡ ʩʘʡʪ ʥʝʡʨʦʪʦʢʩʠʥʘ II ʠʟ ʷʜʘ Naja oxiana 

ɼʣʷ ʤʥʦʛʠʭ ʤʝʤʙʨʘʥʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʚʢʣʶʯʘʷ nAChR, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʝʤʙʨʘʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʤʝʩʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʜʠʬʬʫʟʠʶ, 

ʢʦʥʬʦʨʤʘʮʠʶ ʠ ʦʨʠʝʥʪʘʮʠʶ ʣʠʛʘʥʜʦʚ [244ï250]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʣʠʛʘʥʜʘ ʩ ʤʝʤʙʨʘʥʦʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʠʪʴ ʧʦʠʩʢ ʨʝʮʝʧʪʦʨʘ-ʤʠʰʝʥʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʠʤ, ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʜʚʫʤʝʨʥʦʡ ʜʠʬʬʫʟʠʠ ʠ çʧʨʝʜ-

ʦʨʠʝʥʪʘʮʠʠè ʣʠʛʘʥʜʘ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ ʙʳʪʴ ʫʩʣʦʚʥʦ ʥʘʟʚʘʥ çʤʝʭʘʥʠʟʤʦʤ 

ʤʝʤʙʨʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘ". ɺ ʩʣʫʯʘʝ nAChR, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

(ʪʝʢʫʯʝʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ, ʫʧʘʢʦʚʢʘ ʣʠʧʠʜʦʚ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʩʦʩʪʘʚ 

ʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʳ ʚʣʠʷʶʪ ʥʘ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʨʝʮʝʧʪʦʨʘ [251ï253], ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʘʤʠ [250]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ (~ 14 ¡) 

ʢʦʤʧʣʝʢʩʘ Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ ʩ nAChR ʠʟ Torpedo californica ʚʳʷʚʠʣʦ ʧʨʷʤʳʝ ʢʦʥʪʘʢʪʳ 

ʤʝʞʜʫ ʪʦʢʩʠʥʦʤ ʠ ʣʠʧʠʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ ʨʝʮʝʧʪʦʨʘ [251]. ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʣʠʧʠʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʨʝʮʝʧʪʦʨʘ ʤʦʞʝʪ ʠʛʨʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʩ nAChR.  

4.2.1.1. ʅʝʡʨʦʪʦʢʩʠʥ II ʠʟ Naja oxiana ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʣʠʧʦʩʦʤʘʤʠ, 

ʠʤʠʪʠʨʫʶʱʠʤʠ ʤʝʤʙʨʘʥʥʦʝ ʦʢʨʫʞʝʥʠʝ nAChR 

ʇʨʠʨʦʜʥʳʝ ʤʝʤʙʨʘʥʳ, ʩʦʜʝʨʞʘʱʠʝ nAChR ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ, ʩʦʩʪʦʷʪ ʠʟ 

ʬʦʩʬʦʣʠʧʠʜʦʚ (~ 70%) ʩ ʮʚʠʪʪʝʨ-ʠʦʥʥʳʤʠ (ʚ ʦʩʥʦʚʥʦʤ ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥ (PC) ʠ 

ʬʦʩʬʘʪʠʜʠʣʵʪʘʥʦʣʘʤʠʥ (PE)) ʠ ʘʥʠʦʥʥʳʤʠ (ʚ ʦʩʥʦʚʥʦʤ ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥ (PS), ʘ ʪʘʢʞʝ 

ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ, ʢʘʨʜʠʦʣʠʧʠʥ ʠ ʬʦʩʬʘʪʠʜʥʳʝ ʢʠʩʣʦʪ)r ʧʦʣʷʨʥʳʤʠ ʛʦʣʦʚʢʘʤʠ, ʘ 

ʪʘʢʞʝ ʭʦʣʝʩʪʝʨʠʥʘ (~ 20%, Chol). ɼʦʣʷ ʘʥʠʦʥʥʳʭ ʬʦʩʬʦʣʠʧʠʜʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ ~ 20% ʜʣʷ 

ʚʩʝʡ ʤʝʤʙʨʘʥʳ, ʩʦʜʝʨʞʘʱʝʡ nAChR, ʜʦ ~ 45% ʩʨʝʜʠ ʣʠʧʠʜʦʚ, ʥʘʧʨʷʤʫʶ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʨʝʮʝʧʪʦʨʦʤ [249,254]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ nAChR ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ ʚ 

ʤʦʜʝʣʴʥʳʭ ʣʠʧʠʜʥʳʭ ʤʝʤʙʨʘʥʘʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʙʦʪʘ ʨʝʮʝʧʪʦʨʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʩʦʩʪʘʚʫ 

ʤʝʤʙʨʘʥ,r ʘ ʠʤʝʥʥʦ ʢ ʩʦʜʝʨʞʘʥʠʶ Chol, PS, ʠ ʥʝʢʦʪʦʨʳʭ ʮʚʠʪʪʝʨ-ʠʦʥʥʳʭ ʬʦʩʬʦʣʠʧʠʜʦʚ, 

ʪʘʢʠʭ ʢʘʢ PC ʠ PE [245,246,255]. ɺ ʯʘʩʪʥʦʩʪʠ, nAChR ʩʦʭʨʘʥʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 
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ʘʢʪʠʚʥʦʩʪʴ ʚ ʤʦʜʝʣʴʥʦʤ ʣʠʧʠʜʥʦʤ ʙʠʩʣʦʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥʘ, 

ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥʘ ʠ ʭʦʣʝʩʪʝʨʠʥʘ ʩ ʤʦʣʷʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 3: 1: 1 [245,246]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʡ ʨʦʣʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ NTII ʩ 

nAChR ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ1 ʪʘʢʞʝ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʝʤʙʨʘʥʘ ʩʦʩʪʘʚʘ DOPC/DOPS/Chol = 3: 

1: 1. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ NTII ʩ ʤʝʤʙʨʘʥʦʡ, 

ʢʦʪʦʨʦʝ ʟʘʚʠʩʝʣʦ ʦʪ ʤʦʣʷʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʣʠʧʠʜ/ʙʝʣʦʢ (L/P) ʠ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ. 

ʇʨʠ 70 ʤʄ KCl ʠ L/P = 40:1 ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʚʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʳʤ 

ʠ ʩʚʦʙʦʜʥʳʤ ʩʦʩʪʦʷʥʠʷʤʠ ʪʦʢʩʠʥʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ L/P ʜʦ 130:1 (ʧʨʠ 

70 ʤʄ KCl) ʧʨʠʚʦʜʠʣʦ ʢ ʧʨʝʦʙʣʘʜʘʥʠʶ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ NTII. ɺ ʮʝʣʦʤ, 

ʫʚʝʣʠʯʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʤʦʜʝʣʴʥʦʡ ʤʝʤʙʨʘʥʳ, ʫʤʝʥʴʰʝʥʠʝ ʠʦʥʥʦʡ ʩʠʣr 

ʨʘʩʪʚʦʨʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʤʦʣʷʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠ ̫ʣʠʧʠʜ/NTII ʩʜʚʠʛʘʣʠ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ 

ʩʚʷʟʘʥʥʳʤ ʠ ʩʚʦʙʦʜʥʳʤ NTII ʚ ʩʪʦʨʦʥʫ ʩʚʷʟʳʚʘʥʠʷ ʩ ʣʠʧʠʜʥʳʤ ʙʠʩʣʦʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʳ ʤʦʞʝʤ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʠ ʠʦʥʥʦʡ ʩʠʣʳ, ʙʣʠʟʢʦʤ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤʫ 

ʟʥʘʯʝʥʠʶ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣ ʪʦʢʩʠʥʘ ʙʫʜʝʪ ʩʚʷʟʘʥʘ ʩ ʣʠʧʠʜʥʳʤ ʙʠʩʣʦʝʤ, 

ʦʢʨʫʞʘʶʱʠʤ nAChR, ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʟʥʘʯʝʥʠ ʁL/P ʚ ʧʨʠʨʦʜʥʦʡ ʤʝʤʙʨʘʥʝ.  

 

 

ʈʠʩ. 4.7. ʈʘʩʧʦʣʦʞʝʥʠʝ HN ʛʨʫʧʧ ʦʩʪʘʪʢʦʚ Glu2, 

Cys3, Gln6, Cys17, Asn22, Gly41 ʠ Arg58 

(ʦʙʦʟʥʘʯʝʥʳ ʰʘʨʠʢʘʤʠ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ NTII  (Protein Data Bank, ʢʦʜ 1NOR). 

ʇʝʪʣʠ ʪʦʢʩʠʥʘ ʦʙʦʟʥʘʯʝʥʳ ʨʠʤʩʢʠʤʠ ʮʠʬʨʘʤʠ. 

ʄʝʤʙʨʘʥʦʪʨʦʧʥʳʡ ʩʘʡʪ ʠ ʩʘʡʪ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ nAChR, ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʦʤ. 

 

4.2.1.2. ʉʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʩ ʤʝʤʙʨʘʥʦʡ ʨʘʩʧʦʣʦʞʝʥ ʚ çʛʦʣʦʚʝè 

ʥʝʡʨʦʪʦʢʩʠʥʘ II  

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ 1H-15N-ʤʝʯʝʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʝʤʙʨʘʥʦʡ ʚʳʷʚʠʣ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ NTII (Glu2, Cys3, 

Gln6, Cys17, Asn22, Gly41 ʠ Arg58, ʈʠʩ. 4.7). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ Glu2, Cys3, 

Gln6, Cys17, Asn22, Gly41 ʠ Arg58 ʦʩʪʘʪʢʦʚ ʚ "ʛʦʣʦʚʝ" ʤʦʣʝʢʫʣʳ NTII ʚʳʷʚʣʷʝʪ ʫʯʘʩʪʦʢ, 

ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʤʝʤʙʨʘʥʦʡ (ʈʠʩ. 4.7). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʩ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʢ.ʬ.-ʤ.ʥ. ɼ.ʄ. ʃʝʩʦʚʳʤ ʠ ʢ.ʭ.ʥ. ʕ.ɺ. ɹʦʯʘʨʦʚʳʤ, ʣʘʙʦʨʘʪʦʨʠʷ ʙʠʦʤʦʣʝʢʫʣʷʨʥʦʡ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʀɹʍ ʈɸʅ 
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ʤʝʤʙʨʘʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʫʜʘʣʝʥ ʦʪ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʩ ʨʝʮʝʧʪʦʨʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ 

ʢʦʥʮʝ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ II NTII [256]. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʘʡʪʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ~ 35 ¡, ʯʪʦ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʤʝʤʙʨʘʥʥʦʛʦ ʠ ʨʝʮʝʧʪʦʨʥʦʛʦ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ NTII. 

4.2.1.3. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʪʦʧʦʣʦʛʠʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NTII ʩ ʤʝʤʙʨʘʥʦʡ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NTII ʩ ʣʠʧʠʜʥʳʤ ʙʠʩʣʦʝʤ, 

ʩʦʩʪʦʷʱʠʤ ʠʟ ʤʦʣʝʢʫʣ DOPS, ʧʦʢʘʟʘʣʦ, ʯʪʦ NTII ʦʙʨʘʟʫʝʪ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢʦʥʪʘʢʪʳ 

ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʣʠʧʠʜʘ1. ʇʦʣʷʨʥʘʷ ʛʦʣʦʚʢʘ ʣʠʧʠʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʟʘʨʷʞʝʥʥʳʤʠ 

ʙʦʢʦʚʳʤʠ ʮʝʧʷʤʠ ʦʩʪʘʪʢʦʚ Glu2, Asp57 ʠ Arg58, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ 

ʤʝʤʙʨʘʥʦʩʚʷʟʳʚʘʶʱʝʤ ʫʯʘʩʪʢʝ NTII, ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ. ʇʦʚʝʨʭʥʦʩʪʴ ʫʯʘʩʪʢʘ ʦʙʣʘʜʘʝʪ 

ʦʩʦʙʳʤʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʈʠʩ. 4.8ɺ), ʪ.ʝ. ʩʫʱʝʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʛʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʨʷʜʦʤ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʬʦʩʬʘʪʥʘ ̫ ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʘ ̫ʛʨʫʧʧʳ ʤʦʣʝʢʫʣʳ DOPS ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ 

ʛʫʘʥʠʜʠʥʦʚʦʡ ʛʨʫʧʧʦʡ Arg58, ʦʙʨʘʟʫʷ 1-3 ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʘʷ ʘʤʠʥʦʛʨʫʧʧʘ DOPS ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ Glu2 ʠ 

Asp57, ʦʙʨʘʟʫ ̫ʜʚʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ (ʈʠʩ. 4.8ɹ). ʊʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʚʝ 

ʩʦʩʝʜʥʠʝ ʤʦʣʝʢʫʣʳ DOPS, ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʙʦʢʦʚʳʤʠ ʮʝʧʷʤʠ Glu2, Thr14, 

Thr16 ʠ Ser18. ʉʫʤʤʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʚʘʨʠʘʙʝʣʴʥʘʷ ʩʝʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘ ʠʥʪʝʨʬʝʡʩʝ 

ʢʦʤʧʣʝʢʩʘ ʤʝʤʙʨʘʥʘ/NTII, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʨʠʝʥʪʘʮʠʶ ʤʦʣʝʢʫʣʳ ʪʦʢʩʠʥʘ (30Á <Ŭ 

<60Á, ʢʘʢ ʦʙʦʟʥʘʯʝʥʦ ʥʘ ʈʠʩ. 4.8ɸ), ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʷ ʦʧʨʝʜʝʣʝʥʥʫʶ, ʥʦ ʧʦʜʚʠʞʥʫʶ 

ʪʦʧʦʣʦʛʠʶ ʪʦʢʩʠʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʪʦʢʩʠʥʦʤ ʠ ʤʝʤʙʨʘʥʦʡ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʯʥʳʤ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʥʘʙʣʶʜʘʝʤʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʠʦʥʥʦʡ ʩʠʣ rʨʘʩʪʚʦʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʘʷ ʪʦʧʦʣʦʛʠʷ NTII ʥʘ 

ʣʠʧʠʜʥʦʤ ʙʠʩʣʦʝ (ʈʠʩ. 4.8ɸ) ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʗʄʈ, 

ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ ʣʦʢʘʣʠʟʘʮʠʶ ʤʝʤʙʨʘʥʦʩʚʷʟʳʚʘʶʱʝʛʦ ʩʘʡʪʘ ʚ ʦʙʣʘʩʪʠ çʛʦʣʦʚʳè 

ʪʦʢʩʠʥʘ (ʈʠʩ. 4.7).  

 

                                                 
1 ʉʦʚʤʝʩʪʥʦ c ʖ.ɸ. ʂʦʩʠʥʩʢʠʤ, ʣʘʙʦʨʘʪʦʨʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʀɹʍ ʈɸʅ 
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ʈʠʩ. 4.8. ʊʦʧʦʣʦʛʠʷ NTII  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥ.r (A). ʄʦʜʝʣʴ ʘʩʩʦʮʠʘʮʠʠ NTII  ʩ ʙʠʩʣʦʝʤ 

DOPS. ʄʦʣʝʢʫʣʳ ʣʠʧʠʜʦʚ ʧʦʢʘʟʘʥʳ ʟʝʣʝʥʳʤʠ ʧʘʣʦʯʢʘʤʠ, ʘ ʘʪʦʤʳ ʬʦʩʬʦʨʘ ʧʦʢʘʟʘʥʳ 

ʧʫʨʧʫʨʥʳʤʠ ʰʘʨʠʢʘʤʠ. ʇʦʢʘʟʘʥ ʫʛʦʣ Ŭ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʝʡ NTII (ʚʝʢʪʦʨ Thr21 CŬ ï 

His31 CŬ) ʠ ʥʦʨʤʘʣʴʶ ʤʝʤʙʨʘʥʳ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʣʠʧʠʜʦʚ ʜʦ ʢʦʥʮʘ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʝʪʣʠ II  ʪʦʢʩʠʥʘ (ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʩ nAChR) ʦʙʦʟʥʘʯʝʥʦ ʩʠʥʝʡ ʩʪʨʝʣʢʦʡ. (ɹ). ñɿʘʭʚʘʪò ʧʦʣʷʨʥʦʡ 

ʛʦʣʦʚʢʠ ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥʘ ʙʦʢʦʚʳʤʠ ʮʝʧʷʤʠ ʦʩʪʘʪʢʦʚ Glu2, Asp57 ʠ Arg58 NTII. ɸʪʦʤʳ 

ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ, ʚʦʜʦʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʬʦʩʬʦʨʘ ʧʦʢʘʟʘʥʳ ʟʝʣʝʥʳʤ, ʩʠʥʠʤ, ʙʝʣʳʤ, ʢʨʘʩʥʳʤ ʠ 

ʧʫʨʧʫʨʥʳʤ ʮʚʝʪʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʧʦʢʘʟʘʥʳ 

ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. ʃʠʧʠʜʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʢʘʟʘʥ ʧʫʥʢʪʠʨʥʦʡ ʯʝʨʥʦʡ ʣʠʥʠʝʡ. (ɺ). 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʞʝʥʥʳʭ ʛʨʫʧʧ ʧʦʣʷʨʥʦʡ ʛʦʣʦʚʢʠ DOPS ʩ 

ʤʝʤʙʨʘʥʦʩʚʷʟʳʚʘʶʱʠʤ ʩʘʡʪʦʤ NTII. 

4.2.1.4. ʄʫʪʘʮʠʠ ʚ ʦʙʣʘʩʪʠ çʛʦʣʦʚʳè ʥʝʡʨʦʪʦʢʩʠʥʘ II ʧʨʠʚʦʜʷʪ ʢ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʢʩʠʥ/ʤʝʤʙʨʘʥʘ  

ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʫʯʘʩʪʠʝ çʛʦʣʦʚʳè ʪʦʢʩʠʥʘ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʝʤʙʨʘʥʦʡ, ʙʳʣ 

ʧʦʣʫʯʝʥ ʨʷʜ ʤʫʪʘʥʪʥʳʭ ʬʦʨʤ NTII, ʩ ʟʘʤʝʥʘʤʠ ʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʜʘʥʥʳʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʫʯʘʩʪʚʫʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʣʝʢʫʣʦʡ DOPS. ɹʳʣʦ 

ʧʦʣʫʯʝʥʦ ʪʨʠ ʤʫʪʘʥʪʥʳʭ ʚʘʨʠʘʥʪʘ NTII: Glu2Gln/Asp57Asn, Asp57Asn/Arg58Ala, 

Glu2Gln/Asp57Asn/Arg58Ala. ɼʘʥʥʳʝ ʂɼ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʣʴʢʦ 

ʤʫʪʘʥʪʥʘʷ ʬʦʨʤʘ NTIIE2Q/D57N ʩʦʭʨʘʥʷʣʘ ʥʘʪʠʚʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NTIIE2Q/D57N ʩ ʣʠʧʦʩʦʤʘʤʠ ʫʢʘʟʘʣʦ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʢʩʠʥʘ ʩ ʤʝʤʙʨʘʥʦʡ.  
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ʈʠʩ. 4.9. ʄʦʜʝʣʴ ʫʯʘʩʪʠʷ ʣʠʧʠʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʨʝʮʝʧʪʦʨʘ ʚ ʪʦʢʩʠʥ-ʨʝʮʝʧʪʦʨʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʊʦʢʩʠʥ, ʧʨʠʩʦʝʜʠʥʷʷʩʴ ʢ ʤʝʤʙʨʘʥʝ ʢʣʝʪʢʠ-ʤʠʰʝʥʠ, ʠʟʤʝʥʷʝʪ ʪʨʝʭʤʝʨʥʫʶ 

ʜʠʬʬʫʟʠʶ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʜʚʫʤʝʨʥʫʶ ʜʠʬʬʫʟʠʶ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʷʝʪ ʧʦʠʩʢ ʨʝʮʝʧʪʦʨʘ. 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʛʝʪʝʨʦʷʜʝʨʥʦʡ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʝʥʥʦʛʦ ʜʘʥʥʳʤʠ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ, ʧʦʢʘʟʘʥʦ, ʯʪʦ 

Ŭ-ʥʝʡʨʦʪʦʢʩʠʥ NTII ʠʤʝʝʪ ʤʝʤʙʨʘʥʦʪʨʦʧʥʳʡ ʩʘʡʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʣʠʧʠʜʥʦʛʦ ʙʠʩʣʦʷ, ʠʤʠʪʠʨʫʶʱʝʛʦ ʦʢʨʫʞʝʥʠʝ nAChR, ʚ ʦʨʠʝʥʪʘʮʠʠ, ʥʝ ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʪʦʢʩʠʥʦʤ ʨʝʮʝʧʪʦʨʘ. ɺ ʮʝʣʦʤ, ʵʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ 

"ʤʝʤʙʨʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘ" ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ NTII ʩ nAChR. 

ɺʦʟʤʦʞʥʦ, ʥʝʡʨʦʪʦʢʩʠʥ ʠʟ ʨʘʩʪʚʦʨʘ ʩʥʘʯʘʣʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʝʤʙʨʘʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ 

ʨʝʮʝʧʪʦʨʘ-ʤʠʰʝʥʠ, ʠʟʤʝʥʷʷ ʪʠʧ ʜʠʬʬʫʟʠʠ ʩ ʪʨʝʭʤʝʨʥʦʡ ʥʘ ʙʦʣʝʝ ʙʳʩʪʨʫʶ ʣʘʪʝʨʘʣʴʥʫʶ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʦʠʩʢ ʨʝʮʝʧʪʦʨʘ [257] (ʈʠʩ. 4.9). ɿʘʪʝʤ ʠʟ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ NTII ʩ ʨʝʮʝʧʪʦʨʦʤ ʩ ʫʯʘʩʪʠʝʤ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ ʪʦʢʩʠʥʘ (ʈʠʩ. 4.9).  

4.2.2. ʈʦʣʴ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʝʮʝʧʪʦʨʘʤʠ-ʤʠʰʝʥʷʤʠ 

4.2.2.1. ʈʦʣʴ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ ʜʣʠʥʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʝʡʨʦʥʘʣʴʥʳʤʠ nAChR 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ [258,259], ʭʠʤʠʯʝʩʢʠʭ 

ʤʦʜʠʬʠʢʘʮʠʡ [139,260,261], ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʭʠʤʝʨʥʦʛʦ 

ʢʦʨʦʪʢʦʛʦ/ʜʣʠʥʥʦʛʦ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʘ [262] ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ 

ʧʝʪʣʷ ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʩʦʜʝʨʞʘʱʘʷ ʬʨʘʛʤʝʥʪ ʩ ʧʷʪʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʠʩʫʣʴʬʠʜʥʦʡ 

ʩʚʷʟʴʶ (ʈʠʩ. 2.1ɹ), ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Ŭ- ʠ ə-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʩ 

ʥʝʡʨʦʥʘʣʴʥʳʤʠ Ŭ7 ʠ Ŭ3ɓ2 nAChR, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʜʣʠʥʥʦʛʦ Ŭ-ʢʦʙʨʘʪʦʢʩʠʥʘ ʠʟ Naja kaouthia ʩ 
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ʘʮʝʪʠʣʭʦʣʠʥ-ʩʚʷʟʳʚʘʶʱʠʤ ʙʝʣʢʦʤ ʠʟ ʧʨʫʜʦʚʠʢʘ Lymnaea stagnalis (AChBP) [140]. AChBP 

ï ʧʨʠʨʦʜʥʳʡ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʙʝʣʦʢ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʛʦʤʦʣʦʛʦʤ ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʝʛʦ ʜʦʤʝʥʘ nAChR [39]. ɺ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʷʤʳʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʧʷʪʳʤ ʜʠʩʫʣʴʬʠʜʦʤ ʥʝʡʨʦʪʦʢʩʠʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʝʪʣʝ ʠ ʦʩʪʘʪʢʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ AChBP. ʉʪʨʫʢʪʫʨʘ 

ʢʦʤʧʣʝʢʩʘ Ŭ-ʢʦʙʨʘʪʦʢʩʠʥ/AChBP ʦʙʲʷʩʥʷʝʪ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʠ nAChR. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʜʪʠʧʘʤ nAChR, 

ʦʩʪʘʚʘʣʠʩʴ ʥʝ ʠʟʫʯʝʥʥʳʤʠ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʠʥʥʳʝ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʳ ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʶʪ ʥʝʡʨʦʥʘʣʴʥʳʝ 

nAChR Ŭ7 ʪʠʧʘ, ʠ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩʧʦʩʦʙʥʳ ʠʥʛʠʙʠʨʦʚʘʪʴ ʥʝʡʨʦʥʘʣʴʥʳʝ nAChR 

ʜʨʫʛʠʭ ʪʠʧʦʚ. ʂ ʪʘʢʠʤ ʪʦʢʩʠʥʘʤ ʦʪʥʦʩʠʪʩʷ ə-ʙʫʥʛʘʨʦʪʦʢʩʠʥ ʠʟ ʷʜʘ Bungarus multicinctus, 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʠʥʛʠʙʠʪʦʨ nAChR Ŭ3ɓ2 ʪʠʧʘ, ʪʘʢʞʝ ʷʚʣʷʶʱʠʡʩʷ ʜʣʠʥʥʳʤ Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʦʤ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʝʪʣʠ ʜʣʠʥʥʦʛʦ Ŭ-ʢʦʙʨʘʪʦʢʩʠʥʘ ʠʟ ʷʜʘ Naja siamensis (Ŭ-Cbtx) ʠ ə-ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʮʝʚʳʝ ʬʨʘʛʤʝʥʪʳ ʮʝʥʪʨʘʣʴʥʳʭ ʧʝʪʣʝʡ ʵʪʠʭ ʜʚʫʭ ʪʦʢʩʠʥʦʚ ʦʪʣʠʯʘʶʪʩʷ 

ʣʠʰʴ ʦʜʥʠʤ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʦʤ ʚ 29 ʧʦʣʦʞʝʥʠʠ (ʈʠʩ. 4.10). ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʵʪʦ ʨʘʟʣʠʯʠʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ə-ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʢʘʢ nAChR Ŭ7 ʪʠʧʘ, ʪʘʢ ʠ nAChR Ŭ3ɓ2 ʪʠʧʘ [140]. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʥʘ ʦʩʥʦʚʝ ʢʦʨʦʪʢʦʛʦ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʘ NTII ʙʳʣʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʜʚʘ ʭʠʤʝʨʥʳʭ ʜʣʠʥʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʘ NTII /I ʠ NTII/I[A29K]. 

ʍʠʤʝʨʥʳʡ ʪʦʢʩʠʥ NTII/I ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʟʘʤʝʥʳ ʬʨʘʛʤʝʥʪʘ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ 

ʢʦʨʦʪʢʦʛʦ ʪʦʢʩʠʥʘ NTII ʥʘ ʘʥʘʣʦʛʠʯʥʳʡ ʬʨʘʛʤʝʥʪ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ ʜʣʠʥʥʦʛʦ Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʘ I ʠʟ ʷʜʘ Naja oxiana. ɺ ʭʠʤʝʨʥʳʡ ʪʦʢʩʠʥ NTII /I[A29K] ʙʳʣʘ ʚʚʝʜʝʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʤʝʥʘ ʦʩʪʘʪʢʘ ʘʣʘʥʠʥʘ ʚ ʧʦʣʦʞʝʥʠʠ 29 ʥʘ ʦʩʪʘʪʦʢ ʣʠʟʠʥʘ (ʈʠʩ. 4.10). 

ɻʝʥʳ ʦʙʦʠʭ ʭʠʤʝʨʥʳʭ ʙʝʣʢʦʚ ʙʳʣʠ ʢʣʦʥʠʨʦʚʘʥʳ ʚ ʚʝʢʪʦʨ pET22b(+)/STII, ʩʦʟʜʘʥʥʳʡ ʜʣʷ 

ʩʝʢʨʝʮʠʠ ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʚ ʢʣʝʪʢʘʭ E. coli. ɹʠʦʩʠʥʪʝʟ, ʚʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʫ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʜʝʣʘʣʠ ʚ ʩʣʫʯʘʝ ʩ ʥʝʡʨʦʪʦʢʩʠʥʦʤ II . ʌʨʘʛʤʝʥʪ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʝʪʣʠ, ʧʝʨʝʩʘʞʝʥʥʳʡ ʚ ʤʦʣʝʢʫʣʫ ʥʝʡʨʦʪʦʢʩʠʥʘ II ʠʟ ʤʦʣʝʢʫʣʳ ʥʝʡʨʦʪʦʢʩʠʥʘ I, ʩʦʩʪʦʷʣ ʠʟ 

7 ʦʩʪʘʪʢʦʚ ʠ ʩʦʜʝʨʞʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʜʠʩʫʣʴʬʠʜʥʫʶ ʩʚʷʟʴ (ʈʠʩ. 4.10).  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʭʠʤʝʨʥʳʭ Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʚʳʟʚʘʥʥʳʭ ʚʚʝʜʝʥʠʝʤ ʵʪʦʡ ʟʘʤʝʥʳ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʭʠʤʝʨʥʳʭ ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ1. ɸʥʘʣʠʟ 1D 1ʅ ʗʄʈ ʩʧʝʢʪʨʦʚ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ NTII/I ʠ NTII/I[ɸ29K] ʚʳʷʚʠʣ ʫʟʢʠʝ ʣʠʥʠʠ ʩʠʛʥʘʣʦʚ ʠ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʜ.ʬ.-ʤ.ʥ. ɿ.ʆ. ʐʝʥʢʘʨʝʚʳʤ, ʛʨʫʧʧʘ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʀɹʍ ʈɸʅ 
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ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʠʩʧʝʨʩʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ NH-ʧʨʦʪʦʥʦʚ. ɹʦʣʴʰʦʡ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ 

ʧʨʦʪʦʥʦʚ ʥʝʢʦʪʦʨʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʚ ʩʠʣʴʥʦʝ ʧʦʣʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʙʣʠʞʝʥʥʦʩʪʠ ʵʪʠʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ, ʯʪʦ 

ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ɓ-ʩʪʨʫʢʪʫʨʝ. ʉʨʘʚʥʝʥʠʝ 2D 1ʅ-15N ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʗʄʈ ʩʧʝʢʪʨʦʚ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ 15N-ʤʝʯʝʥʥʦʛʦ NTII ʠ ʭʠʤʝʨʥʦʛʦ ʪʦʢʩʠʥʘ NTII/I ʚʳʷʚʠʣʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ 1ʅ ʠ 15N ʜʣʷ ʘʤʠʜʥʳʭ ʛʨʫʧʧ ʦʙʱʠʭ ʦʩʪʘʪʢʦʚ 

ʪʦʢʩʠʥʦʚ. ʉʨʘʚʥʝʥʠʝ ʦʜʥʦʤʝʨʥʦʛʦ 1ʅ ʗʄʈ ʩʧʝʢʪʨʘ ʭʠʤʝʨʥʦʛʦ ʪʦʢʩʠʥʘ NTII/I[ɸ29K] ʩ 

HSQC ʩʧʝʢʪʨʦʤ ʪʦʢʩʠʥʘ NTII/I ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʦʯʝʯʥʘʷ ʤʫʪʘʮʠʷ A29K ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʭʠʤʝʨʥʦʛʦ ʪʦʢʩʠʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʙʝʣʢʠ ʦʙʣʘʜʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʩʭʦʞʝʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʥʝʡʨʦʪʦʢʩʠʥʘ II, ʠ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ ʚʣʠʷʣʦ ʥʘ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʪʦʢʩʠʥʘ. 

 

 

ʈʠʩ. 4.10. (ɸ). ʉʨʘʚʥʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʷʜʘ ʟʤʝʡ ʠ 

ʭʠʤʝʨʥʳʭ ʪʦʢʩʠʥʦʚ. ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʢʦʥʮʝ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ, 

ʟʘʢʣʶʯʝʥʳ ʚ ʢʨʘʩʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ. ʆʩʪʘʪʢʠ Cys ʚʳʜʝʣʝʥʳ ʞʝʣʪʳʤ ʮʚʝʪʦʤ. ʆʩʪʘʪʢʠ Ala/Lys ʚ 

ʧʦʣʦʞʝʥʠʠ 29 ʚʳʜʝʣʝʥʳ ʟʝʣʝʥʳʤ/ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. (ɹ). ʉʨʘʚʥʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʮʝʥʪʨʘʣʴʥʳʭ 

ʧʝʪʝʣʴ ʥʝʡʨʦʪʦʢʩʠʥʘ II, ʥʝʡʨʦʪʦʢʩʠʥʘ I ʠ ə-ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʠʤʝʨʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ NTII/I ʠ 

NTII/I[ɸ29K] ʧʨʦʚʦʜʠʣʠ in vitro ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʠ, ʠʟʤʝʨʷʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʙʝʣʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠʥʛʠʙʠʨʦʚʘʪʴ ʪʦʢʠ ʯʝʨʝʟ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʥʝʡʨʦʥʘʣʴʥʳʭ nAChR Ŭ7 ʠ 

Ŭ3ɓ2 ʪʠʧʦʚ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʦʮʠʪʦʚ Xenopus laevis1. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʦʙʘ ʭʠʤʝʨʥʳʭ ʥʝʡʨʦʪʦʢʩʠʥʘ ʧʨʠʦʙʨʝʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ nAChR Ŭ7 ʪʠʧʘ. 

ʇʨʠʯʝʤ ʭʠʤʝʨʥʳʡ ʪʦʢʩʠʥ NTII /I ʦʢʘʟʘʣʩʷ ʥʝʩʢʦʣʴʢʦ ʘʢʪʠʚʥʝʝ ʧʨʠʨʦʜʥʦʛʦ NTI ʧʦ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ɼ.ɹʝʨʪʨʘʥʦʤ, HiQScreen S¨rl, ɾʝʥʝʚʘ, ʐʚʝʡʮʘʨʠʷ 
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ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡʨʦʥʘʣʴʥʦʤʫ nAChR Ŭ7 ʪʠʧʘ (IC50 6.1 ʥʄ ʠ 34 ʥʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʈʠʩ. 

4.11ɸ,ɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʭʦʜʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʪʦʢʩʠʥʘ NTII, ʭʠʤʝʨʥʳʡ 

ʪʦʢʩʠʥ NTII/I ʧʨʠʦʙʨʝʣ ʩʧʦʩʦʙʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ nAChR Ŭ7 ʪʠʧʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʜʠʣʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ ʜʣʠʥʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʚ ʩʝʣʝʢʪʠʚʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʝʡʨʦʥʘʣʴʥʳʤ nAChR Ŭ7 ʪʠʧʘ. 

 

 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʫʜʣʠʥʝʥʥʳʡ ʉ-ʢʦʥʮʝʚʦʡ 

ʬʨʘʛʤʝʥʪ ʜʣʠʥʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

nAChR Ŭ7 ʪʠʧʘ. ʀʩʩʣʝʜʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʭʠʤʝʨʥʳʝ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʢʦʨʦʪʢʦʛʦ ʪʦʢʩʠʥʘ NTII, ʥʝ ʦʙʣʘʜʘʶʱʝʛʦ ʧʦʜʦʙʥʳʤ ʬʨʘʛʤʝʥʪʦʤ. 

ʆʜʥʘʢʦ, ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʠʤʝʨʥʦʛʦ ʪʦʢʩʠʥʘ NTII/I ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʝʡʨʦʥʘʣʴʥʦʤʫ ʨʝʮʝʧʪʦʨʫ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NTI ʩ 

nAChR Ŭ7 ʪʠʧʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʷ ʫʜʣʠʥʝʥʥʦʡ ʉ-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʭʠʤʝʨʥʳʡ ʪʦʢʩʠʥ NTII/I[ɸ29K] ʩ ʟʘʤʝʥʦʡ Ala/Lys ʧʨʠʦʙʨʝʪʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ nAChR Ŭ3ɓ2 ʪʠʧʘ. ʆʜʥʘʢʦ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʤʫʪʘʮʠʠ ʚ ʤʦʣʝʢʫʣʫ NTII/I ʥʝ 

ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ nAChR Ŭ3ɓ2 ʪʠʧʘ. ʂʨʦʤʝ ʪʦʛʦ, 

 

ʈʠʩ. 4.11. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʠʦʥʥʳʭ ʪʦʢʦʚ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʜʦʙʘʚʣʝʥʠʝʤ ʘʮʝʪʠʣʭʦʣʠʥʘ, ʚ ʦʦʮʠʪʘʭ 

Xenopus laevis, ɻ ʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʥʝʡʨʦʥʘʣʴʥʳʡ nAChR Ŭ7 ʪʠʧʘ ʧʨʝʧʘʨʘʪʘʤʠ NTI, NTII ʠ 

ʭʠʤʝʨʥʳʤʠ ʪʦʢʩʠʥʘʤʠ. (ɸ). NTI ʠʥʛʠʙʠʨʫʝʪ ʪʦʢʠ ʩ ʢʦʥʩʪʘʥʪʦʡ IC50 34 ʥʄ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ NTII ʥʝ 

ʚʳʟʳʚʘʝʪ ʧʦʜʦʙʥʦʛʦ ʵʬʬʝʢʪʘ. (ɹ). ʍʠʤʝʨʥʳʡ ʪʦʢʩʠʥ NTII/I ʠʥʛʠʙʠʨʫʝʪ ʪʦʢʠ ʩ ʢʦʥʩʪʘʥʪʦʡ IC50 6 

ʥʄ. (ɺ). ʍʠʤʝʨʥʳʡ ʪʦʢʩʠʥ NTII/I[ɸ29K] ʠʥʛʠʙʠʨʫʝʪ ʪʦʢʠ ʩ ʢʦʥʩʪʘʥʪʦʡ IC50 126 ʥʄ. 
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ʚʚʝʜʝʥʠʝ ʤʫʪʘʮʠʠ Ala/Lys ʚ ʤʦʣʝʢʫʣʫ NTII/I ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ 

NTII/I[A29K] ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡʨʦʥʘʣʴʥʦʤʫ nAChR Ŭ7 ʪʠʧʘ (IC50 126 ʥʄ, ʈʠʩ. 4.11ɺ). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ə-ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ ʩ 

Ŭ3ɓ2-nAChR ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʜʨʫʛʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʪʝʨʤʠʥʘʥʪʳ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ 

ʥʝ ʥʘ ʢʦʥʮʝ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ. ɺʦʟʤʦʞʥʦ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ə-ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ ʥʘ 

nAChR Ŭ3ɓ2 ʪʠʧʘ ʩʚʷʟʘʥʘ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʪʦʛʦ ʪʦʢʩʠʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝʢʦʚʘʣʝʥʪʥʳʝ 

ʜʠʤʝʨʳ ʚ ʨʘʩʪʚʦʨʝ [263]. 

ʄʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʭʠʤʝʨʥʳʭ ʪʦʢʩʠʥʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʝʪʦʜʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʛʦʤʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʜʣʠʥʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ 

NTI ʠ Ŭ-Cbtx ʠ ʢʦʨʦʪʢʦʛʦ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʘ NTII  (PDB ʢʦʜʳ 1NTN, 1CTX, 1NOR, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ)1. ʄʦʜʝʣʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʜʦʤʝʥʦʚ nAChR Ŭ7 ʠ Ŭ3ɓ2 ʪʠʧʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʤʝʪʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʛʦʤʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʮʝʪʠʣʭʦʣʠʥ-

ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ (ɸʍʉɹ) ʠʟ ʤʦʣʣʶʩʢʘ Lymnaea stagnalis (PDB ʢʦʜ 1I9B). ɺ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ çʵʢʩʧʝʨʠʤʝʥʪʘʭè ʧʦ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʤʫ ʜʦʢʠʥʛʫ (NTII  ʠ NTI ʩ Ŭ7- ʠ Ŭ3ɓ2-

nAChR) ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ (ʄɼ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʩʪʘʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NTI ʩ Ŭ7-nAChR. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʠʤʝʨʥʦʛʦ ʪʦʢʩʠʥʘ NTII/I ʙʳʣʦ, ʚʦʟʤʦʞʥʦ, ʢʘʢ ʩ Ŭ7-nAChR, ʪʘʢ ʠ ʩ Ŭ3ɓ2-

nAChR, ʥʦ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩ Ŭ7-nAChR/NTII/I ʙʳʣ ʩʪʘʙʠʣʝʥ ʚ ʄɼ ʩ ʜʣʠʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 10 

ʥʩ. ʆʩʥʦʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʤʝʞʜʫ C-ʧʝʪʣʝʡ ʨʝʮʝʧʪʦʨʘ ʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʝʪʣʝʡ NTII/I, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ɸʍʉɹ/Ŭ-Cbtx [140]. ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ 

ʦʩʪʘʪʢʦʤ Ala ʚ ʧʦʣʦʞʝʥʠʠ 29 ʠ ʦʩʪʘʪʢʘʤʠ ʉ-ʧʝʪʣʠ nAChR ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʩʣʘʙʳʝ 

ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʷʟʳʚʘʥʠʷ NTII/I[ɸ29K] ʩ Ŭ7-nAChR 

ʚʳʷʚʠʣʦ, ʯʪʦ ʦʩʪʘʪʦʢ Lys ʚ ʧʦʣʦʞʝʥʠʠ 29 ʥʝ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ ʦʩʪʘʪʢʘʤʠ ʉ-ʧʝʪʣʠ ʨʝʮʝʧʪʦʨʘ ʠ ʦʪʪʘʣʢʠʚʘʝʪʩʷ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʦʛʦ Lys192 Ŭ7-nAChR (ʈʠʩ. 4.12). ɺʦʟʤʦʞʥʦ, ʵʪʦʪ ʬʘʢʪ ʠ ʦʙʲʷʩʥʷʝʪ ʫʤʝʥʴʰʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʭʠʤʝʨʥʦʛʦ ʪʦʢʩʠʥʘ NTII/I[ɸ29K] ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Ŭ7-nAChR. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ Lys29 

ʩʧʦʩʦʙʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʙʦʢʦʚʦʡ ʮʝʧʴʶ ʦʩʪʘʪʢʘ Glu190 ʠʟ 

Ŭ3 ʩʫʙʲʝʜʠʥʠʮʳ Ŭ3ɓ2-nAChR. ʆʜʥʘʢʦ ʢʦʤʧʣʝʢʩ Ŭ3ɓ2-nAChR /NTII/I[ɸ29K] ʙʳʣ 

ʥʝʩʪʘʙʠʣʝʥ ʚ ʪʝʯʝʥʠʝ ʄɼ ʪʨʘʝʢʪʦʨʠʠ (10 ʥʩ). ʆʧʨʝʜʝʣʝʥʥʳʝ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʭʠʤʝʨʥʦʛʦ ʪʦʢʩʠʥʘ NTII/I[ɸ29K] ʩ nAChR Ŭ7 ʠ Ŭ3ɓ2 ʪʠʧʦʚ ʩʦʩʪʘʚʠʣʠ 1400 ʠ 340 

ʢɼʞ/ʤʦʣʴ/ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ɺ.ʀ. ʎʝʪʣʠʥʳʤ ʠ ʢ.ʭ.ʥ. ɼ.ʖ. ʄʦʨʜʚʠʥʮʝʚʳʤ, ʆʪʜʝʣ ʤʦʣʝʢʫʣʷʨʥʦʡ ʥʝʡʨʦʠʤʤʫʥʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʀɹʍ ʈɸʅ 
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ʈʠʩ. 4.12. ʄʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʭʠʤʝʨʥʳʭ ʪʦʢʩʠʥʦʚ ʩ Ŭ7-nAChR. ʏʘʩʪʴ, 

ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʤʦʣʝʢʫʣʝ NTII ʧʦʢʘʟʘʥʘ 

ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ. ʏʘʩʪʴ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ 

ʤʦʣʝʢʫʣʝ NTI, ʧʦʢʘʟʘʥʘ ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ. 

ʆʩʥʦʚʥʘʷ ʩʫʙʲʝʜʠʥʠʮʘ nAChR ʧʦʢʘʟʘʥʘ 

ʙʝʣʳʤ ʮʚʝʪʦʤ. ʂʦʤʧʣʝʤʝʥʪʘʨʥʘʷ 

ʩʫʙʲʝʜʠʥʠʮʘ nAChR ʧʦʢʘʟʘʥʘ ʙʝʞʝʚʳʤ 

ʮʚʝʪʦʤ. ʇʦʢʘʟʘʥʳ ʙʦʢʦʚʳʝ ʮʝʧʠ ʦʩʪʘʪʢʦʚ 

NTII/I, NTII/I[ɸ29K] ʠ ʉ-ʧʝʪʣʠ ʦʩʥʦʚʥʦʡ 

ʩʫʙʲʝʜʠʥʠʮ rnAChR.  

 

4.2.2.2. ʎʝʥʪʨʘʣʴʥʘʷ ʧʝʪʣʷ ʜʣʠʥʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʚʘʞʥʘ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɻɸʄʂA-ʨʝʮʝʧʪʦʨʘʤʠ 

ɺ 2015 ʛ. ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʜʚʝ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʪʨʝʭʧʝʪʝʣʴʥʳʝ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʳ ʷʜʘ ʟʤʝʡ, ʝʜʠʥʩʪʚʝʥʥʦʡ ʤʠʰʝʥʴʶ ʢʦʪʦʨʳʭ ʜʦ ʧʦʩʣʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʠ nAChR, ʜʝʡʩʪʚʫʶʪ ʪʘʢʞʝ ʥʘ ɻɸʄʂA-ʨʝʮʝʧʪʦʨʳ [148,149]. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ Ŭ-Bgtx, ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʡ ʠʥʛʠʙʠʪʦʨ Ŭ7-nAChR, ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ 

ʘʥʪʘʛʦʥʠʩʪʦʤ ʚʩʝʭ axb2g2 ɻɸʄʂA-ʨʝʮʝʧʪʦʨʦʚ [149]. ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ ʚ ʚʠʜʝ ʧʩʝʚʜʦʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʢʦʥʮʝ ʚʪʦʨʦʡ ʧʝʪʣʠ 

ʜʣʠʥʥʳʭ ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʥʝʡʨʦʥʘʣʴʥʳʤʠ nAChR, ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʝʥ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʠʥʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʩ ɻɸʄʂɸ-ʨʝʮʝʧʪʦʨʘʤʠ.  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʡ ʛʠʧʦʪʝʟʳ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʝʡʩʪʚʠʷ ʥʘ Ŭ1ɓ3ɔ2 

ʨʝʮʝʧʪʦʨʳ ʢʦʨʦʪʢʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ II, ʜʣʠʥʥʦʛʦ ʥʝʡʨʦʪʦʢʩʠʥʘ I ʠ ʭʠʤʝʨʥʦʛʦ ʚʘʨʠʘʥʪʘ 

NTII/I ʩ ʧʝʨʝʩʘʞʝʥʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ ʠʟ ʤʦʣʝʢʫʣʳ NTI ʚ ʤʦʣʝʢʫʣʫ 

NTII1. ʂʦʨʦʪʢʠʡ ʥʝʡʨʦʪʦʢʩʠʥ NTII  ʥʝ ʠʥʛʠʙʠʨʦʚʘʣ ʨʝʮʝʧʪʦʨ ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 

ʤʢʄ, ʦʜʥʘʢʦ ʭʠʤʝʨʥʳʡ ʪʦʢʩʠʥ ʧʨʠ ʵʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʘʢʪʠʚʥʦʩʪʴ, 

ʙʣʠʟʢʫʶ ʢ ʘʢʪʠʚʥʦʩʪʠ ʜʣʠʥʥʦʛʦ ʪʦʢʩʠʥʘ NTI (16 Ñ 3% ʠ 19 Ñ 3% ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʦʢʘ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ɻɸʄʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʈʠʩ. 4.13ɸ). ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ NTII ʠ NTII/I ʩ ɻɸʄʂɸ-ʨʝʮʝʧʪʦʨʦʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʦʨʦʪʢʦʛʦ 

ʥʝʡʨʦʪʦʢʩʠʥʘ ʢʦʤʧʣʝʢʩ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʭʠʤʝʨʥʳʡ ʪʦʢʩʠʥ ʬʦʨʤʠʨʫʝʪ 

ʩʪʘʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʨʝʮʝʧʪʦʨʦʤ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʤ ʩʘʡʪʝ ʨʝʮʝʧʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ 

ʤʝʞʜʫ ʚʪʦʨʦʡ (ʫʜʣʠʥʝʥʥʦʡ) ʧʝʪʣʝʡ ʪʦʢʩʠʥʘ ʠ ʉ-ʧʝʪʣʝʡ ɓ3 ʩʫʙʲʝʜʠʥʠʮʳ ʨʝʮʝʧʪʦʨʘ (ʈʠʩ. 

4.13ɺ).  

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ɺ.ʀ. ʎʝʪʣʠʥʳʤ ʠ ʢ.ʙ.ʥ. ɼ.ʉ. ʂʫʜʨʷʚʮʝʚʳʤ, ʆʪʜʝʣ ʤʦʣʝʢʫʣʷʨʥʦʡ ʥʝʡʨʦʠʤʤʫʥʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʀɹʍ ʈɸʅ 
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4.2.2.3. ʇʦʜʚʠʞʥʘʷ ʮʝʥʪʨʘʣʴʥʘʷ ʧʝʪʣʷ ï ʚʘʞʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ 

ʜʝʪʝʨʤʠʥʘʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çʩʣʘʙʦʛʦè ʪʦʢʩʠʥʘ WTX ʩ nAChR ʠ 

mAChR 

ʄʠʰʝʥʷʤʠ ʜʝʡʩʪʚʠʷ çʥʝʦʙʳʯʥʳʭè ʪʦʢʩʠʥʦʚ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʤʳʰʝʯʥʳʝ nAChR, ʪʘʢ ʠ 

ʥʝʡʨʦʥʘʣʴʥʳʝ nAChR Ŭ7 ʪʠʧʘ [144]. çʉʣʘʙʳʡè ʪʦʢʩʠʥ (WTX, weak toxin) ʠʟ ʷʜʘ ʢʦʙʨʳ 

Naja kaouthia, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʩʝʤʝʡʩʪʚʫ çʥʝʦʙʳʯʥʳʭè ʪʦʢʩʠʥʦʚ, ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ [264,265]. ʀʤʝʷ ʥʠʟʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ (ʥʝ ʣʝʪʘʣʝʥ ʜʣʷ ʤʳʰʝʡ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 20 ʤʛ/ʢʛ) ʠ ʥʠʟʢʫʶ ʘʬʬʠʥʥʦʩʪʴ ʢ nAChR (ʚ ʤʢʄ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʥʳʤʠ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʘʤʠ [264], WTX, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʥʝʦʙʨʘʪʠʤʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ nAChR ʤʳʰʝʯʥʦʛʦ ʠ ʥʝʡʨʦʥʘʣʴʥʦʛʦ Ŭ7 ʪʠʧʦʚ, ʙʣʦʢʠʨʫʷ ʠʭ 

[264]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʨʦʪʢʠʭ ʠ ʜʣʠʥʥʳʭ ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʧʦʩʦʙʝ ʠ ʭʘʨʘʢʪʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

çʥʝʦʙʳʯʥʳʭè ʪʦʢʩʠʥʦʚ ʩ nAChR.  

ʂʨʦʤʝ nAChR, WTX ʠʤʝʝʪ ʠ ʠʥʳʝ ʤʠʰʝʥʠ ʜʝʡʩʪʚʠʷ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʠʤʝʥʥʦ 

ʤʫʩʢʘʨʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (mAChR) [147]. ʇʦʢʘʟʘʥʦ, ʯʪʦ çʩʣʘʙʳʡè 

ʪʦʢʩʠʥ ʤʦʞʝʪ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʪʠʧʘʤʠ mAChR, 

ʤʦʜʫʣʠʨʫʷ ʩʚʷʟʳʚʘʥʠʝ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʮʝʪʠʣʭʦʣʠʥ ʠ N-

ʤʝʪʠʣʩʢʦʧʦʣʘʤʠʥ (NMS) [147]. ʆʜʥʘʢʦ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ WTX ʩ 

mAChR ʪʘʢʞʝ ʥʝ ʙʳʣ ʨʘʥʝʝ ʦʧʠʩʘʥ.  

ʄʫʩʢʘʨʠʥʦʚʳʝ ʪʦʢʩʠʥʳ (ʄʊ, ʪʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ ʩ ʯʝʪʳʨʴʤʷ ʜʠʩʫʣʴʬʠʜʥʳʤʠ 

ʩʚʷʟʷʤʠ) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʪʠʧʘʤʠ mAChR ʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ 

 

ʈʠʩ. 4.13. (ɸ). ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ɻɸʄʂ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʦʢʠ (10 ʤʢM ɻɸʄʂ, Ŭ1ɓ3ɔ2 ɻɸʄʂɸ-

ʨʝʮʝʧʪʦʨ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʠʨʦʜʥʳʭ NT I, NT II  ʠ ʭʠʤʝʨʥʦʛʦ ʪʦʢʩʠʥʘ NTII /I (ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʩʝʭ 

ʪʦʢʩʠʥʦʚ 10 ʤʢM). ʇʦʢʘʟʘʥʦ, ʯʪʦ NTII ʥʝ ʠʥʛʠʙʠʨʫʝʪ ʨʝʮʝʧʪʦʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʘ ʪʦʢʩʠʥʘ NTI ʠ 

NTII/I ʧʦʢʘʟʳʚʘʶʪ ʩʭʦʞʫʶ ʘʢʪʠʚʥʦʩʪʴ (19 Ñ 3% ʠ 16 Ñ 3% ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʨʝʜʥʝʝ Ñ ʩ.ʦ., n = 6). ɿʚʝʟʜʦʯʢʠ ʦʟʥʘʯʘʶʪ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ ʪʦʢʘ (100%) 

(p < 0.01, ʜʚʫʭʩʪʦʨʦʥʥʠʡ t-ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ). (ɹ). ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NTII  ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ ʜʦʤʝʥʦʤ ɻɸʄʂɸ-ʨʝʮʝʧʪʦʨʘ, ʧʦʢʘʟʘʥ ʠʥʪʝʨʬʝʡʩ ɓ3/Ŭ1 

ʩʫʙʲʝʜʠʥʠʮ. NTII ʥʝ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩʘ ʩ ʨʝʮʝʧʪʦʨʦʤ. (ɺ). ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʝʣʴ ʭʠʤʝʨʥʦʛʦ 

ʪʦʢʩʠʥʘ NTII/I ʩ ʠʥʪʝʨʬʝʡʩʦʤ ɓ3/Ŭ1 ʩʫʙʲʝʜʠʥʠʮ ɻɸʄʂɸ-ʨʝʮʝʧʪʦʨʘ.  
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ʢʘʯʝʩʪʚʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʘʛʦʥʠʩʪʦʚ, ʘʥʪʘʛʦʥʠʩʪʦʚ ʠʣʠ ʤʦʜʫʣʷʪʦʨʦʚ [142]. ʄʫʩʢʘʨʠʥʦʚʳʝ 

ʪʦʢʩʠʥʳ MT3 ʠ MT7 ʠʟ Dendroaspis angusticeps ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ M4 ʠ M1 mAChR, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʄʊ ʤʝʥʝʝ 

ʩʝʣʝʢʪʠʚʥʳ [142]. ɼʘʥʥʳʝ ʤʫʪʘʛʝʥʝʟʘ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʦʩʪʘʪʦʢ Arg34, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʝ MT7, 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʪʦʢʩʠʥʘ ʢ M1 

mAChR ʯʝʣʦʚʝʢʘ [143]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʭʦʜʩʪʚʘ WTX ʩ ʪʦʢʩʠʥʦʤ MT7 (ʠʜʝʥʪʠʯʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ~ 

59%, ʈʠʩ. 4.14), ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʪʦʨʘʷ ʧʝʪʣʷ WTX ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʘ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ mAChR. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ ʠ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʨʦʣʴ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ WTX, ʙʳʣ ʧʦʣʫʯʝʥ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʘʥʘʣʦʛ 

WTX (rWTX), ʠʤʝʶʱʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ N-ʢʦʥʮʝʚʦʡ ʦʩʪʘʪʦʢ Met (ʚʦʟʥʠʢʘʶʱʠʡ ʠʟ-ʟʘ 

ʪʨʘʥʩʣʷʮʠʠ ʩʪʘʨʪʦʚʦʛʦ ʢʦʜʦʥʘ atg) ʠ ʩʝʤʴ ʝʛʦ ʤʫʪʘʥʪʥʳʭ ʚʘʨʠʘʥʪʦʚ.  

 

 

4.2.2.3.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʘʥʘʣʦʛʘ çʩʣʘʙʦʛʦè 

ʪʦʢʩʠʥʘ WTX ʩ ʤʫʩʢʘʨʠʥʦʚʳʤʠ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʦʣʝʢʫʣʝ ʧʨʠʨʦʜʥʦʛʦ WTX ʚ ʨʘʩʪʚʦʨʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʮʠʩ-ʪʨʘʥʩ-ʠʟʦʤʝʨʠʝʡ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ 

Arg32-Pro33, ʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʦʟʤʦʞʥʘʷ ʠʟʦʤʝʨʠʷ ʩʚʷʟʠ Cys6-Pro7 ʥʝ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʝʥʘ [266]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʪʝʨʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʩʪʘʪʢʦʚ Pro ʤʦʞʝʪ 

 

ʈʠʩ. 4.14. ʉʨʘʚʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ rWTX, çʥʝʦʙʳʯʥʳʭè ʪʦʢʩʠʥʦʚ ʠʟ ʷʜʘ ʢʦʙʨ, Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʤʫʩʢʘʨʠʥʦʚʳʭ ʪʦʢʩʠʥʦʚ, ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʜʦʤʝʥʘ ʙʝʣʢʘ ʯʝʣʦʚʝʢʘ Lynx1 (ws-

Lynx1). ʇʦʣʦʞʝʥʠʝ ʧʝʪʝʣʴ rWTX ʧʦʢʘʟʘʥʦ ʩʝʨʳʤ ʬʦʥʦʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ N-ʢʦʥʮʝʚʦʡ ʦʩʪʘʪʦʢ 

Met, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʣʷʮʠʠ ʩʪʘʨʪʦʚʦʛʦ ʢʦʜʦʥʘ atg, ʧʦʜʯʝʨʢʥʫʪ. ɻʦʤʦʣʦʛʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ rWTX ʠ ʜʨʫʛʠʭ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

EMBOSS Stretcher (EMBL-EBI). ʅʫʤʝʨʘʮʠʷ ʦʩʪʘʪʢʦʚ ʜʘʥʘ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ WTX. 
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ʬʠʢʩʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʥʬʦʨʤʘʮʠʠ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʙʝʣʢʘ [237]. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ 

ʨʦʣʴ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ rWTX, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʚʘ ʤʫʪʘʥʪʥʳʭ 

ʚʘʨʠʘʥʪʘ ʩ ʟʘʤʝʥʘʤʠ P7A ʠ P33A. ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʚʘʞʥʦʩʪʴ ʟʘʨʷʞʝʥʥʳʭ ʦʩʪʘʪʢʦʚ 

ʧʝʪʣʠ II ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ mAChR ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʯʝʪʳʨʝ ʤʫʪʘʥʪʥʳʝ ʬʦʨʤʳ ʪʦʢʩʠʥʘ ʩ 

ʪʦʯʝʯʥʳʤʠ ʟʘʤʝʥʘʤʠ R31A, R32A, R37A ʠ ʜʚʦʡʥʦʡ ʟʘʤʝʥʦʡ R31A/R32A. ʋʥʠʢʘʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ WTX ʩʨʝʜʠ ʜʨʫʛʠʭ çʥʝʦʙʳʯʥʳʭè ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʷʜʘ ʢʦʙʨ, 

ʷʚʣʷʝʪʩʷ ʦʩʪʘʪʦʢ ʪʨʠʧʪʦʬʘʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʝ [267]. ɼʣʷ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʨʦʣʠ ʵʪʦʛʦ ʦʩʪʘʪʢʘ ʙʳʣ ʧʦʣʫʯʝʥ ʤʫʪʘʥʪ ʩ ʟʘʤʝʥʦʡ W36A.  

 

 

ʉʧʦʩʦʙʥʦʩʪʴ rWTX ʠ ʝʛʦ ʤʫʪʘʥʪʦʚ ʩʧʝʮʠʬʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʦʜʪʠʧʘʤʠ mAChR ʠʩʩʣʝʜʦʚʘʣʠ ʧʦ ʚʣʠʷʥʠ ʁ ʪʦʢʩʠʥʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʘʥʪʘʛʦʥʠʩʪʘ 3H-N-ʤʝʪʠʣʩʢʦʧʦʣʘʤʠʥʘ (3H-NMS) ʩ 

 

ʈʠʩ. 4.15. ɺʣʠʷʥʠʝ rWTX ʠ ʝʛʦ ʤʫʪʘʥʪʦʚ ʥʘ ʩʚʷʟʳʚʘʥʠʝ [3H]-NMS ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʪʠʧʘʤʠ 

mAChR. ɼʘʥʥʳʝ (ʩʨʝʜʥʝʝ Ñ ʩ.ʦ.) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ ʩʚʷʟʳʚʘʥʠ ̫

[3H]-NMS (100%), ʥʘʙʣʶʜʘʝʤʦʛʦ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʪʦʢʩʠʥʘ. ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʦʟʥʘʯʘʶʪ 95% 

ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ (ʧʤʦʣʴ/ʤʛ ʙʝʣʢʘ), ʢʦʪʦʨʳʡ ʜʣʷ M1 ʨʝʮʝʧʪʦʨʘ 

ʨʘʚʝʥ 1.81 Ñ 0.06, n=12; ʜʣʷ M2 0.28 Ñ 0.01, n=9; ʜʣʷ M3 1.46 Ñ 0.05, n=9; ʜʣʷ M4 0.49 Ñ 0.01, n=9; 

ʠ ʜʣʷ M5 0.32 Ñ 0.01, n=9. ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʥʦʚ ʙʳʣʘ 10 ʤʢʄ. (A). 

ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʦʚ ʧʨʠʨʦʜʥʦʛʦ WTX ʠ rWTX ʥʘ ʩʚʷʟʳʚʘʥʠʝ 3H-NMS ʩ mAChR. ʅʠʢʘʢʠʭ 

ʵʬʬʝʢʪʦʚ ʧʨʠʨʦʜʥʦʛʦ WTX ʥʘ ʩʚʷʟʳʚʘʥʠʝ 3H-NMS ʩ M2, M4 ʠ M5 mAChR ʨʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

[147]. ɼʘʥʥʳʝ, ʦʙʦʟʥʘʯʝʥʥʳʝ # (p<0.05), ## (p<0.01) ʠ ### (p<0.001), ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ (ʜʚʫʭʩʪʦʨʦʥʥʠʡ t-ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ, ʠʣʠ ANOVA ʘʥʘʣʠʟ ʠ ʪʝʩʪ ʊʴʶʢʠ ʜʣʷ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ). (ɹ-ɻ). ʋʨʦʚʥʠ ʩʚʷʟʳʚʘʥʠ ̫ [3H]-NMS ʜʣʷ ʤʫʪʘʥʪʥʳʭ ʪʦʢʩʠʥʦʚ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʫʨʦʚʥʷʤʠ ʜʣʷ rWTX ʠ ʢʦʥʪʨʦʣʴʥʳʤ ʫʨʦʚʥʝʤ ʩ ʧʦʤʦʱʴʶ ANOVA ʘʥʘʣʠʟʘ ʠ ʪʝʩʪʘ 

ɼʘʥʥʝʪʘ ʜʣʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ. ɼʘʥʥʳʝ, ʦʙʦʟʥʘʯʝʥʥʳʝ * ʠ Á (p<0.05), ** ʠ ÁÁ (p<0.01), 

*** ʠ ÁÁÁ (p<0.001) ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ rWTX ʠ ʢʦʥʪʨʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʨʝʮʝʧʪʦʨʘʤʠ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʚ ʉʅʆ ʢʣʝʪʢʘʭ1 (ʈʠʩ. 4.15). ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠʨʦʜʥʳʡ WTX ʧʨʠ ʵʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʚʷʟʳʚʘʥʠʝ 3H-NMS ʩ M1- ʠ M3-

mAChR, ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʚʷʟʳʚʘʥʠʝ 

ʘʥʪʘʛʦʥʠʩʪʘ ʩ M2, M4 ʠ M5 ʨʝʮʝʧʪʦʨʘʤʠ [147].  

ʊʘʢ ʢʘʢ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʪʦʢʩʠʥ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ, ʪʦ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʢʩʠʥʦʤ ʜʠʢʦʛʦ ʪʠʧʘ, rWTX ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ N-ʢʦʥʮʝʚʦʡ ʦʩʪʘʪʦʢ 

Met. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʥʝʙʦʣʴʰʘʷ N-ʢʦʥʮʝʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʪʦʢʩʠʥʘ. ʇʦʜʦʙʥʦ ʧʨʠʨʦʜʥʦʤʫ ʪʦʢʩʠʥʫ, rWTX ʫʩʠʣʠʚʘʣ 

ʩʚʷʟʳʚʘʥʠʝ NMS, ʥʦ ʪʦʣʴʢʦ ʩ ʨʝʮʝʧʪʦʨʦʤ ʄ3 ʪʠʧʘ. ʅʘ ʄ1-mAChR ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʢʩʠʥ/NMS ʩ çʧʦʣʦʞʠʪʝʣʴʥʦʛʦè ʥʘ 

çʦʪʨʠʮʘʪʝʣʴʥʳʡè, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʚʷʟʳʚʘʥʠʷ 3H-NMS ʚ ʧʨʠʩʫʪʩʪʚʠʠ rWTX 

ʥʘ 20% (ʈʠʩ. 4.15ɸ). ɹʦʣʝʝ ʪʦʛʦ, çʦʪʨʠʮʘʪʝʣʴʥʘʷè ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴ ʤʝʞʜʫ rWTX ʠ NMS 

ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ M2-mAChR, ʛʜʝ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʪʦʢʩʠʥʘ ʥʠʢʘʢʠʭ ʵʬʬʝʢʪʦʚ ʥʝ ʥʘʙʣʶʜʘʣʠ 

[147].  

ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʘʥʪʘʛʦʥʠʩʪʦʤ ʠ rWTX, ʠʩʩʣʝʜʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ 

3H-NMS ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʩ M1, M2 ʠ M3 ʨʝʮʝʧʪʦʨʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ rWTX (ʈʠʩ. 4.16, ɸ-ɺ). 

ʉʢʦʨʦʩʪʴ ʜʠʩʩʦʮʠʘʮʠʠ 3H-NMS ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʢʤ rWTX ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʧʳʪʘʤʠ (ʈʠʩ. 4.16ɻ). ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ 

(ʤʠʥ-1) ʫʤʝʥʴʰʘʣʘʩʴ ʩ 0,118 Ñ 0,005 ʜʦ 0,076 Ñ 0,003 (n = 3, ʨ < 0,01), ʩ 0,81 Ñ 0,04 ʜʦ 0,63, 

Ñ 0,03 (n = 3, ʨ < 0,05) ʠ ʦʪ 0,074 Ñ 0,002 ʜʦ 0,065 Ñ 0,002 (n = 3, ʨ < 0,05) ʥʘ ʄ1, ʄ2 ʠ ʄ3 

ʨʝʮʝʧʪʦʨʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 4.16). ʉʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ 3H-NMS ʥʘ ʄ1, 

ʄ2 ʠ ʄ3-ʨʝʮʝʧʪʦʨʘʭ, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ rWTX (ʈʠʩ. 4.16ɻ), ʧʦʜʪʚʝʨʜʠʣ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ rWTX ʩ mAChR. ʋʯʠʪʳʚʘʷ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [268], ʦʪʣʠʯʠʝ ʚ ʜʝʡʩʪʚʠʠ rWTX ʠ ʧʨʠʨʦʜʥʦʛʦ ʪʦʢʩʠʥʘ, 

ʦʧʠʩʘʥʥʦʝ ʚʳʰʝ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʞʠʜʘʥʥʳʤ. ɺʦ-ʧʝʨʚʳʭ, ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ WTX ʠ ʜʨʫʛʠʤ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ, - 

ʘʮʝʪʠʣʭʦʣʠʥʦʤ, ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ M1, M2, M4 ʠ M5 mAChR [147]. ɺʦ-ʚʪʦʨʳʭ, 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ 

ʤʦʜʫʣʷʪʦʨʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʪʠʧʘ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʠ [268]. ʅʘʧʨʠʤʝʨ, 

ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʞʠʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʮʝʪʠʣʭʦʣʠʥʦʤ ʠʣʠ NMS ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʪʠʧʘʤʠ mAChR ʙʳʣʠ ʦʧʠʩʘʥʳ ʜʣʷ ʩʝʨʠʠ ʘʥʘʣʦʛʦʚ ʩʪʨʠʭʥʠʥʘ ʠ ʙʨʫʮʠʥʘ 

[269]. 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ɺ. ɼʦʣʝʞʘʣʝʤ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʠ ʏʝʰʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 
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ʅʘʙʦʨ ʤʫʪʘʥʪʦʚ rWTX ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ mAChR ʄ1, ʄ2 ʠ ʄ3 ʪʠʧʦʚ. ɼʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ M1 ʠ ʄ3 ʨʝʮʝʧʪʦʨʦʚ (ʈʠʩ. 4.15ɹ,ɻ), ʧʦʢʘʟʘʣʠ, ʯʪʦ P7A ʠ P33A ʤʫʪʘʮʠʠ ʥʝ 

ʚʣʠʷʶʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʢʩʠʥʘ ʩ ʦʙʦʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ. ɽʜʠʥʠʯʥʳʝ ʟʘʤʝʥʳ ʚʦ ʚʪʦʨʦʡ 

ʧʝʪʣʝ ʪʦʢʩʠʥʘ ʪʘʢʞʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ rWTX ʠ 3H-NMS ʥʘ M1- ʠ ʄ3-

mAChR, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʫʪʘʮʠʠ R37A. ɿʘʤʝʥʳ R37A ʠʣʠ R31A ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ R32A 

ʧʨʠʚʦʜʷʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʚʣʠʷʥʠʷ ʪʦʢʩʠʥʘ ʥʘ ʩʚʷʟʳʚʘʥʠʝ 3H-NMS ʩ ʨʝʮʝʧʪʦʨʘʤʠ. ɺ 

ʩʣʫʯʘʝ M2-mAChR, ʚʩʝ ʤʫʪʘʥʪʳ rWTX, ʢʨʦʤʝ P33A, ʫʤʝʥʴʰʘʣʠ ʚʣʠʷʥʠʝ ʪʦʢʩʠʥʘ ʥʘ 

ʩʚʷʟʳʚʘʥʠʝ 3H-NMS (ʈʠʩ. 4.15ɺ), ʫʢʘʟʳʚʘʷ ʥʘ ʚʘʞʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʪʘʪʢʦʚ ʜʣʷ 

 
ʈʠʩ. 4.16. ɺʣʠʷʥʠʝ rWTX ʥʘ ʩʢʦʨʦʩʪʴ ʜʠʩʩʦʮʠʘʮʠʠ ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʘʥʪʘʛʦʥʠʩʪʘ  3H-NMS ʥʘ 

M1, M2 ʠ M3 mAChR. (A-ɺ). ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʩʩʦʮʠʘʮʠʠ 3H-NMS ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ 

ʦʪʩʫʪʩʪʚʠʝ 10 ʤʢʄ rWTX. ʉʧʝʮʠʬʠʯʥʦʝ ʩʚʷʟʳʚʘʥʠʝ 3H-NMS ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 

ʦʙɦʠʤ ʩʚʷʟʳʚʘʥʠʝʤ ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʤ, ʠʟʤʝʨʝʥʥʳʤ ʚ ʪʘʢʦʤ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʝ. ɼʘʥʥʳʝ (ʩʨʝʜʥʝʝ 

Ñ ʩ.ʦ., n=3) ʚʳʨʘʞʝʥʳ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ. (ɻ). 10 ʤʢM rWTX ʫʤʝʥʴʰʘʝʪ 

ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ  3H-NMS (Koff, min-1) ʥʘ M1, M2 ʠ M3 mAChR. ɼʘʥʥʳʝ, 

ʦʙʦʟʥʘʯʝʥʥʳʝ * (p<0.05) ʠ ** (p<0.01) ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

(ʜʚʫʭʩʪʦʨʦʥʥʠʡ t-ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ). 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ʤʫʪʘʮʠʷ P33A ʥʝ ʚʣʠʷʣʘ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʪʦʢʩʠʥʘ ʥʘ ʚʩʝʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʨʝʮʝʧʪʦʨʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʳʡ ʤʫʪʘʛʝʥʝʟ ʫʢʘʟʘʣ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ 

ʦʩʪʘʪʢʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʝ rWTX ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ M1, M2 

ʠ M3 mAChR. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʪʦʨʘʷ ʧʝʪʣʷ ʪʦʢʩʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʘʞʥʳʡ ʫʯʘʩʪʦʢ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ WTX ʩ mAChR. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʨʫʛʠʭ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʪʦʢʩʠʥʦʚ ʟʤʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʢʦʥʝʮ ʧʝʪʣʠ II ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ 

ʵʣʝʤʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʢʩʠʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʠʰʝʥʷʤʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ nAChR (ʧ.4.2.2.1) ʠ mAChR [143].  

4.2.2.3.2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ çʩʣʘʙʦʛʦè ʪʦʢʩʠʥʘ  

ʊʘʢʞʝ ʢʘʢ ʠ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ WTX [266], ʚ ʗʄʈ-ʩʧʝʢʪʨʘʭ rWTX ʥʘʙʣʶʜʘʣʦʩʴ ʜʚʘ 

ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʫʤ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʩʪʦʷʥʠʷʤ ʪʦʢʩʠʥʘ1. ʇʦ ʜʘʥʥʳʤ 

ʗʄʈ, ʜʚʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʳ rWTX ʠʤʝʣʠ ʨʘʚʥʫ  ʁ ʟʘʩʝʣʝʥʥʦʩʪʴ ʚ ʨʘʩʪʚʦʨʝ, ʠ 

ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʦʙʤʝʥʘ ʤʝʞʜʫ ʥʠʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣʦ 100 ʤʩ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

"ʤʝʜʣʝʥʥʳʡ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ"). ʅʘʠʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʘʭ 

ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʪʦʷʥʠʷʤʠ ʪʦʢʩʠʥʘ ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ ʦʩʪʘʪʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ 

Pro7 ʠ Pro33. ɸʥʘʣʠʟ 1D 1H-ʗʄʈ-ʩʧʝʢʪʨʦʚ ʤʫʪʘʥʪʦʚ rWTX ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ rWTX ʩʚʷʟʘʥʘ ʩ ʮʠʩ-ʪʨʘʥʩ-ʠʟʦʤʝʨʠʝʡ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ Arg32-Pro33, ʠ 

rWTX[P33A] ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʨʘʩʪʚʦʨʝ. ʕʪʦ (ʚʤʝʩʪʝ ʩ ʜʘʥʥʳʤʠ 

ʦ ʩʭʦʞʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ rWTX ʠ rWTX[P33A]) ʙʳʣʦ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʧʨʠ ʚʳʙʦʨʝ ʤʫʪʘʥʪʘ rWTX[P33A] ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘʤʠ 

ʗʄʈ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʄʫʪʘʮʠʷ P7A ʧʨʠʚʦʜʠʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʟʘʩʝʣʸʥʥʦʩʪʠ ʢʦʥʬʦʨʤʝʨʘ ʩ ʪʨʘʥʩ-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ Arg32-Pro33, ʯʪʦ 

ʫʢʘʟʘʣʦ ʥʘ ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʝʪʣʷʤʠ ʪʦʢʩʠʥʘ.  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ rWTX[P33A] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʧʝʪʝʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʭ ɓ-ʣʠʩʪʦʚ (ʈʠʩ. 4.17). ʇʝʨʚʳʡ ʠʟ ʥʠʭ 

ʦʙʨʘʟʦʚʘʥ ʜʚʫʤʷ ɓ-ʪʷʞʘʤʠ ʠ ʚʢʣʶʯʘʝʪ ʦʩʪʘʪʢʠ ʧʝʪʣʠ I (ɓ1: Leu1-Leu4 ʠ ɓ2: Phe14-Cys17). 

ɺʪʦʨʦʡ ɓ-ʣʠʩʪ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ɓ-ʪʷʞʝʡ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʨʘʛʤʝʥʪʳ ʧʝʪʣʠ II (ɓ3: Ile23-

Leu28, ɓ4: Tyr38-Ala43) ʠ ʧʝʪʣʠ III (ɓ5: Glu56-Cys58). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʙʦʣʝʝ 

ʨʘʥʥʠʤʠ ʜʘʥʥʳʤʠ ʦ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʜʠʢʦʛʦ ʪʠʧʘ WTX [266]. ʇʦʤʠʤʦ ʩʠʩʪʝʤʳ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʜ.ʬ.-ʤ.ʥ. ɿ.ʆ. ʐʝʥʢʘʨʝʚʳʤ ʠ ʢ.ʙ.ʥ. ɸ.ʉ. ʇʘʨʘʤʦʥʦʚʳʤ, ʛʨʫʧʧʘ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ 

ʀɹʍ ʈɸʅ 
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ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

çʛʦʣʦʚʘè ʠ ʧʝʪʣʠ ʪʦʢʩʠʥʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʅʘʧʨʠʤʝʨ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ HN(Lys62)-CO(ʊhr2), HN(Leu4)-Oŭ1(Asn64) ʠ HNŮ(Arg40)-

CO(Asn64) ʢʦʥʪʨʦʣʠʨʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʉ-ʢʦʥʮʝʚʦʡ ʦʙʣʘʩʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʪʷʞʘʤ ɓ1 ʠ ɓ4. 

 

 

ʇʦʯʪʠ ʚʩʷ ʩʪʨʫʢʪʫʨʘ rWTX[P33A] ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʜʘʥʥʳʭ ʗʄʈ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʝʪʣʠ II (His29-Arg37) (ʈʠʩ. 4.17ɹ). ʆʩʪʘʪʢʠ ʠʟ ʵʪʦʛʦ 

ʨʝʛʠʦʥʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʳʩʪʨʳʡ ʦʙʤʝʥ HN ʧʨʦʪʦʥʦʚ ʩ ʚʦʜʦʡ ʠ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʩʪʘʥʪ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3JH
N

H
Ŭ (6-8 ɻʮ). ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

1H,15N-HSQC ʢʨʦʩʩ-ʧʠʢʦʚ ʜʣʷ ʵʪʠʭ ʦʩʪʘʪʢʦʚ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʠʛʥʘʣʘʤʠ ʦʪ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ʤʦʣʝʢʫʣʳ ʪʦʢʩʠʥʘ. ɺʤʝʩʪʝ ʩ ʜʘʥʥʳʤʠ ʦ 15N-ʨʝʣʘʢʩʘʮʠʠ (ʈʠʩ. 

4.17ɺ), ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʥʫʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʚ 

ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʙʳʩʪʨʳʡ ʠʣʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ 

 

ʈʠʩ. 4.17. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʦʩʥʦʚʥʦʡ ʮʝʧʠ rWTX[P33A] ʚ ʨʘʩʪʚʦʨʝ ʧʦ 

ʜʘʥʥʳʤ ʗʄʈ. (A). ʇʦʢʘʟʘʥʳ ʵʣʝʤʝʥʪʳ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, ɓ-ʪʷʞʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʨʝʣʢʘʤʠ, ɓ- ʠ ɔ-

ʧʦʚʦʨʦʪʳ ï ʚʦʣʥʠʩʪʳʤʠ ʣʠʥʠʷʤʠ. (ɹ). 20 ʣʫʯʰʠʭ ʩʪʨʫʢʪʫʨ rWTX[P33A], ʩʦʚʤʝʱʝʥʥʳʭ ʧʦ ʫʯʘʩʪʢʘʤ 

ʩ ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʜʧʠʩʘʥʳ ʪʨʠ ʧʝʪʣʠ ʠ çʛʦʣʦʚʘè ʪʦʢʩʠʥʘ. (ɺ). ʃʝʥʪʦʯʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ rWTX[P33A]. ɼʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ ʧʦʢʘʟʘʥʳ ʦʨʘʥʞʝʚʳʤ ʮʚʝʪʦʤ. 

ʇʦʢʘʟʘʥʳ ʙʦʢʦʚʳʝ ʮʝʧʠ ʤʫʪʠʨʦʚʘʥʥʳʭ ʦʩʪʘʪʢʦʚ. ʄʦʣʝʢʫʣʘ rWTX[P33A] ʨʘʩʢʨʘʰʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʩ ʜʘʥʥʳʤʠ ʦ ʜʠʥʘʤʠʢʝ ʦʩʥʦʚʥʦʡ ʮʝʧʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʩʢʦʨʦʩʪʝʡ ʨʝʣʘʢʩʘʮʠʠ ʷʜʝʨ 15N. ʆʩʪʘʪʢʠ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʧʩ-ʥʩ (ʠʤʝʶʱʠʝ ʟʥʘʯʝʥʠʝ ʛʝʪʝʨʦʷʜʝʨʥʦʛʦ NOE 

<0.7 ʠʣʠ ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ S2 <0.8) ʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʤʢʩ-ʤʩ (ʠʤʝʶʱʠʝ REX >2 Hz) ʧʦʢʘʟʘʥʳ 

ʧʫʨʧʫʨʥʳʤ ʠ ʞʝʣʪʳʤ ʮʚʝʪʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʪʘʪʢʠ, ʧʦʜʚʠʞʥʳʝ ʚ ʦʙʦʠʭ ʚʨʝʤʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, 

ʧʦʢʘʟʘʥʳ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ. (ɻ). ʂʘʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʤʦʣʝʢʫʣʝ WTX ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ N-ʢʦʥʮʝʚʦʛʦ ʦʩʪʘʪʢʘ Met, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʩʪʨʫʢʪʫʨʫ rWTX[P33A]. 

ʇʦʢʘʟʘʥʳ ʦʩʪʘʪʢʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ 

(1HN, 1HŬ) ʠ ʢʦʥʩʪʘʥʪ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3JH
N

H
Ŭ. ɹʦʢʦʚʳʝ ʮʝʧʠ Met0 ʠ Ala33 ʧʦʢʘʟʘʥʳ 

ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. 
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ʦʙʤʝʥ). ɺʳʩʦʢʦʘʤʧʣʠʪʫʜʥʘʷ ʜʠʥʘʤʠʢʘ ʚ ʵʪʦʤ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ 

ʦʩʪʘʪʢʦʚ Lys27-Ile39 ʧʝʪʣʠ II ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʙʣʠʞʝʥʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʧʝʪʝʣʴ I (Glu8) 

ʠ III (Tyr52-Glu56) (ʈʠʩ. 4.17ɺ). ɺʦʟʤʦʞʥʦ, ʵʪʠ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʧʝʪʣʷʤʠ I ʠ II ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʗʄʈ 

ʩʪʨʫʢʪʫʨ,r ʥʘʙʣʶʜʘʝʤʦʡ ʥʘ ʢʦʥʮʝ ʧʝʪʣʠ I (Pro7-Cys11, ʈʠʩ. 4.17ɹ). ɸʥʘʣʠʟ 1H,15N-HSQC-

ʩʧʝʢʪʨʦʚ rWTX ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʧʦʥʠʞʝʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʟʦʥʘʥʩʦʚ ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʘ 

ʧʝʪʣʠ II. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʘ ʦʙʣʘʩʪʴ ʚ ʤʦʣʝʢʫʣʝ rWTX ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʜʚʫʭ 

ʪʠʧʘʭ ʤʢʩ-ʤʩ ʜʚʠʞʝʥʠʡ (ʤʝʜʣʝʥʥʳʝ ʜʚʠʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʠʩ-ʪʨʘʥʩ ʠʟʦʤʝʨʠʝʡ 

ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ Arg32-Pro33, ʠ ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʜʚʠʞʝʥʠʷ). ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʝ 

ʬʨʘʛʤʝʥʪʳ ʧʝʪʝʣʴ II ʠ III ʫʯʘʩʪʚʫʶʪ ʚ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʭ ʜʚʠʞʝʥʠʷʭ ʚ ʧʩ-ʥʩ ʚʨʝʤʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ (ʈʠʩ. 4.17ɹ). çɻʦʣʦʚʘè ʪʦʢʩʠʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʝʥʴʰʫʶ ʜʠʥʘʤʠʢʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ çʧʝʪʣʷʤʠè, ʦʜʥʘʢʦ ʧʦʚʳʰʝʥʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʦʙʦʠʭ ʧʩ-ʥʩ ʠ ʤʢʩ-ʤʩ 

ʜʠʘʧʘʟʦʥʘʭ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʧʝʪʣʝ Arg18-Lys22, ʚʳʩʪʫʧʘʶʱʝʡ ʠʟ çʛʦʣʦʚʳè (ʈʠʩ. 

4.17ɺ). ɸʥʘʣʠʟ ʜʘʥʥʳʭ 15N ʨʝʣʘʢʩʘʮʠʠ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

rWTX[P33A] ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʤʦʥʦʤʝʨʘ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʨʦʜʥʳʤ ʪʦʢʩʠʥʦʤ, rWTX ʠ ʝʛʦ ʤʫʪʘʥʪʥʳʝ ʚʘʨʠʘʥʪʳ ʠʤʝʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʩʪʘʪʦʢ ʤʝʪʠʦʥʠʥʘ ʥʘ N-ʢʦʥʮʝ. ʉʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ 1HN ʠ 1HŬ 

ʷʜʝʨ ʠ ʢʦʥʩʪʘʥʪ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3JH
N

H
Ŭ ʜʣʷ WTX [266], rWTX ʠ 

rWTX[P33A] ʧʦʢʘʟʘʣʦ ʦʙʱʫʶ ʩʭʦʞʝʩʪʴ ʩʪʨʫʢʪʫʨʳ ʪʦʢʩʠʥʦʚ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʬʦʨʤʘʮʠʠ ʦʩʥʦʚʥʦʡ ʮʝʧʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʳʟʚʘʥʥʳʝ ʚʚʝʜʝʥʠʝʤ N-ʢʦʥʮʝʚʦʛʦ Met 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʪʨʝʭ ʦʙʣʘʩʪʷʭ rWTX ʠ rWTX[P33A]: Lys13-Glu21, Cys42-Cys46 ʠ Cys63-

Arg65. ʕʪʠ ʬʨʘʛʤʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʚ çʛʦʣʦʚʝè ʠ ʉ-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʦʢʩʠʥʦʚ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʙʣʠʞʝʥʳ ʩ ʪʷʞʦʤ ɓ1 (ʈʠʩ. 4.17ɻ). 

4.2.2.3.3. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

rWTX[P33A] ʩ M1 ʠ M3 mAChR 

ʏʪʦʙʳ ʧʦʥʷʪʴ, ʯʪʦ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ/ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ rWTX ʥʘ M1- ʠ M3-mAChR, ʤʳ ʧʨʦʚʝʣʠ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ 

ʜʦʢʠʥʛʘ ʠ ʨʘʩʯʝʪʳ ʄɼ1. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʦʣʫʯʝʥʥʘʷ ʗʄʈ-

ʩʪʨʫʢʪʫʨʘ rWTX[P33A] ʠ ʠʤʝʶɦʝʡʩʷ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʩʪʨʫʢʪʫʨʘ M3-mAChR [123], ʘ ʪʘʢʞʝ 

ʤʦʜʝʣʴ M1-mAChR, ʧʦʩʪʨʦʝʥʥʘ ̫ ʧʦ ʛʦʤʦʣʦʛʠʠ ʩ ʄ3 ʨʝʮʝʧʪʦʨʦʤ. ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ 

çʪʦʥʢʠʭè ʤʦʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʜʦʢʠʥʛʘ ʢ ʤʝʤʙʨʘʥʥʳʤ ʨʝʮʝʧʪʦʨʘʤ, 

ʣʠʛʘʥʜʘʤʠ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʙʝʣʢʠ. (1) ʆʙʳʯʥʳʝ ʧʨʦʪʦʢʦʣʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʢ.ʙ.ʥ. ʏʫʛʫʥʦʚʳʤ ɸ.ʆ., ʛʨʫʧʧʘ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ in silico ʀɹʍ ʈɸʅ. 
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ʜʦʢʠʥʛʘ ʥʝ ʫʯʠʪʳʚʘʶʪ ʜʠʥʘʤʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ. ʕʪʦ ʤʦʞʝʪ ʠʩʢʣʶʯʠʪʴ 

ʥʘʭʦʞʜʝʥʠʝ çʧʨʘʚʠʣʴʥʦʛʦè ʨʝʰʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʘ. (2) ɼʦʢʠʥʛ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ, ʠ ʚʳʙʦʨ çʧʨʘʚʠʣʴʥʦʛʦè ʨʝʰʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. (3) ʄʝʤʙʨʘʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʨʝʮʝʧʪʦʨʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʩʚʷʟʳʚʘʥʠʝ ʣʠʛʘʥʜʘ, ʠ ʵʪʦ ʪʦʞʝ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ. ʏʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʵʪʠ 

ʧʨʝʧʷʪʩʪʚʠʷ, ʤʳ ʧʨʠʤʝʥʠʣʠ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʦʪʦʢʦʣ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʜʦʢʠʥʛʘ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʵʪʠ çʪʦʥʢʦʩʪʠè: (1) ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʙʦʨʢʠ ʧʦ ʩʪʨʫʢʪʫʨʘʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ ʪʦʢʩʠʥʘ ʠ ʨʝʮʝʧʪʦʨʘ ʜʣʷ ʜʦʢʠʥʛʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝ ʦʜʥʫ 

ʢʦʥʢʨʝʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʨʝʮʝʧʪʦʨʘ ʠ ʪʦʢʩʠʥʘ, ʘ ʥʘʙʦʨ ʨʘʟʥʳʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʄɼ ʨʘʩʯʝʪʦʚ ʜʣʷ ʦʙʝʠʭ ʤʦʣʝʢʫʣ ʦʪʜʝʣʴʥʦ; (2) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʪʬʠʣʴʪʨʦʚʘʪʴ çʥʝʧʨʘʚʠʣʴʥʳʝè ʠʣʠ ʥʝʨʝʘʣʠʩʪʠʯʥʳʝ ʨʝʰʝʥʠʷ ʜʦʢʠʥʛʘ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʤʫʪʘʛʝʥʝʟʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʴ 

'ʛʠʜʨʦʬʦʙʥʳʭ/ʛʠʜʨʦʬʠʣʴʥʳʭ' ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ ʪʦʢʩʠʥʘ ʠ ʨʝʮʝʧʪʦʨʘ ʚ ʢʦʤʧʣʝʢʩʝ 

[268,269]; (3) ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʝ ʚ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʤ ʣʠʧʠʜʥʦʤ ʙʠʩʣʦʝ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʥʘ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʤʦʣʝʢʫʣ ʨʝʮʝʧʪʦʨʦʚ ʠ ʪʦʢʩʠʥʘ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʄɼ ʨʘʩʯʝʪʳ, ʜʣʷ ʪʦʢʩʠʥʘ ʚ ʚʦʜʝ (100 ʥʩ) ʠ ʨʝʮʝʧʪʦʨʦʚ ʚ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ 

ʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʝ (POPC/POPE/Chol 2:1:1, 50 ʥʩ). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʤ ʫʯʘʩʪʢʦʤ ʤʦʣʝʢʫʣ ʨʝʮʝʧʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʚʥʝʢʣʝʪʦʯʥʘʷ 

ʧʝʪʣʷ 2 (ECL2), ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʤʝʞʜʫ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤʠ ʩʧʠʨʘʣʷʤʠ 4 ʠ 5; ʚ ʩʣʫʯʘʝ 

ʪʦʢʩʠʥʘ ʥʘʠʙʦʣʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʦʙʣʘʜʘʣ ʢʦʥʝʮ ʚʪʦʨʦʡ ʧʝʪʣʠ (ʈʠʩ. 4.18, ʯʝʨʥʳʝ ʠ 

ʧʫʨʧʫʨʥʳʝ ʢʨʠʚʳʝ). ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʢʦʥʬʦʨʤʘʮʠʡ ʠʟ ʄɼ ʪʨʘʝʢʪʦʨʠʡ ʧʨʠʚʝʣʘ ʢ ʧʷʪʠ 

ʦʪʣʠʯʘʶʱʠʤʩʷ ʩʪʨʫʢʪʫʨʘʤ ʜʣʷ ʄ1-mAChR, ʰʝʩʪʠ - ʜʣʷ M3-mAChR ʠ ʧʷʪʠ - ʜʣʷ 

rWTX[P33A]. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʝʨʠʠ ʟʘʧʫʩʢʦʚ ʧʨʦʮʝʜʫʨʳ ʙʝʣʦʢ-

ʙʝʣʢʦʚʦʛʦ ʜʦʢʠʥʛʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʯʘʩʪʠʯʥʦ ʫʯʝʩʪʴ ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ 

ʪʦʢʩʠʥʘ ʠ ʨʝʮʝʧʪʦʨʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʘʥʩʘʤʙʣʠ ʢʦʤʧʣʝʢʩʦʚ 

çʬʠʣʴʪʨʦʚʘʣʠʩʴè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʢʨʠʪʝʨʠʝʚ: (1) ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʤʫʪʘʛʝʥʝʟʘ, ʘ ʠʤʝʥʥʦ ʪʨʝʙʦʚʘʥʠʷ, ʯʪʦ ʪʦʢʩʠʥ ʦʙʨʘʟʫʝʪ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʜʚʘ ʠʦʥʥʳʭ 

ʤʦʩʪʠʢʘ ʠʣʠ ˊ-ʢʘʪʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʝʮʝʧʪʦʨʦʤ ʯʝʨʝʟ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ 

ʦʩʪʘʪʢʠ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ Arg37 ʠ Arg31 ʠ/ʠʣʠ Arg32; (2) ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ çʛʠʜʨʦʬʦʙʥʳʭ/ʛʠʜʨʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚè ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʪʦʢʩʠʥʘ ʠ 

ʨʝʮʝʧʪʦʨʘ ʚ ʢʦʤʧʣʝʢʩʝ [270,271] ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʦʛ (> 0,65); (3) 

ʦʙʱʝʝ ʯʠʩʣʦ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʝʝ 

12. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ ʩʥʠʟʠʣʦ ʯʠʩʣʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 
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ʜʦʢʠʥʛʘ ʩ 2500 ʠ 60000 ʩʪʨʫʢʪʫʨ ʜʦ 24 ʠ 42 ʤʦʜʝʣʝʡ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ rWTX[P33A]/M1-

mAChR ʠ rWTX[P33A]/ʄ3-mAChR, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʈʠʩ. 4.18. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘ ̫ʬʣʫʢʪʫʘʮʠ ̫(RMSF) ʚ ʄɼ ʪʨʘʝʢʪʦʨʠʷʭ rWTX[P33A] (A) ʠ mAChR 

(ɹ). ʉʚʦʙʦʜʥʳʡ ʠ ʩʚʷʟʘʥʥʳʡ rWTX[P33A] ʠ M1-mAChR ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤʠ ʠ ʟʝʣʝʥʳʤʠ ʣʠʥʠʷʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʚʦʙʦʜʥʳʡ M3-mAChR ʧʦʢʘʟʘʥ ʧʫʨʧʫʨʥʦʡ ʣʠʥʠʝʡ. ʇʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʧʝʪʝʣʴ 

IïIII  ʠ TM Ŭ-ʩʧʠʨʘʣʝʡ ʜʣʷ rWTX[P33A] ʠ mAChR, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʧʝʪʣʷ 3 

ʨʝʮʝʧʪʦʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʤʝʞʜʫ ʊʄ-ʩʧʠʨʘʣʷʤʠ 5 ʠ 6 ʫʜʘʣʝʥʘ ʢʘʢ ʚ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʄ3 

ʨʝʮʝʧʪʦʨʘ. ʅʦʤʝʨʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʧʨʠʚʝʜʝʥʳ ʜʣʷ rWTX[P33A] ʠ M1 ʨʝʮʝʧʪʦʨʘ. 
 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ rWTX[P33A]/ʄ3-mAChR ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʪʨʠ ʢʣʘʩʪʝʨʘ ʨʝʰʝʥʠʡ 

ʜʦʢʠʥʛʘ, ʩʦʜʝʨʞʘʱʠʭ 23, 8 ʠ 11 ʩʪʨʫʢʪʫʨ. ɺ ʵʪʠʭ ʢʣʘʩʪʝʨʘʭ ʤʦʣʝʢʫʣʘ ʪʦʢʩʠʥʘ 

ʨʘʩʧʦʣʘʛʘʣʘʩʴ (#1) ʥʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʠʥʪʝʨʬʝʡʩʝ ʨʝʮʝʧʪʦʨʘ (ʨʝʰʝʥʠʝ ʙʳʣʦ 

ʧʨʠʟʥʘʥʦ ʥʝʢʦʨʨʝʢʪʥʳʤ, ʘʨʪʝʬʘʢʪʦʤ); (#2) ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʝʛʦ ʚʝʩʪʠʙʶʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ ʊʄ-ʩʧʠʨʘʣʷʤʠ ʥʘ ʚʥʝʰʥʝʡ ʧʦʣʦʚʠʥʝ 

M3-mAChR (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ [123] (ʈʠʩ. 

4.19ɸ); ʠ (#3) ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʨʝʮʝʧʪʦʨ/ʤʝʤʙʨʘʥʘ (ʈʠʩ. 4.19ɹ). ɹʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʰʝʥʠʷ ʢʣʘʩʪʝʨʘ #2. ɺ ʵʪʠʭ ʤʦʜʝʣʷʭ ʪʦʢʩʠʥ ʥʝ ʤʦʞʝʪ ʛʣʫʙʦʢʦ 

ʧʨʦʥʠʢʥʫʪʴ ʩʚʦʠʤʠ ʧʝʪʣʷʤʠ ʚ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ ʠ ʦʙʨʘʟʦʚʘʪʴ 

ʧʨʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʨʝʮʝʧʪʦʨʦʤ (ʈʠʩ. 4.19ɸ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʪʣʷ II ʪʦʢʩʠʥʘ ʥʝ 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʚʭʦʜʦʤ ʚ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʡ ʩʘʡʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʠʞʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʛʦ 

ʩʘʡʪʘ [123]. ʂʦʤʧʣʝʢʩ rWTX[P33A]/M3-mAChR ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʚ ʦʩʥʦʚʥʦʤ ʠʦʥʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʧʝʪʣʠ II (Arg37 ʠ Arg31 

ʠ/ʠʣʠ Arg32) ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ECL2 (Glu220) ʠ ECL3 (Asp518) 

ʨʝʮʝʧʪʦʨʘ (ʊʘʙʣʠʮʘ 4.2). ʇʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʝ ʚ ʣʠʧʠʜʥʦʤ 

ʙʠʩʣʦʝ ʚ ʪʝʯʝʥʠʝ 200 ʥʩ ʢʦʤʧʣʝʢʩ ʨʘʩʧʘʜʘʣʩʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʣʘʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʦʣʝʢʫʣ ʚ ʥʝʤ. ɺ ʢʣʘʩʪʝʨʝ ʨʝʰʝʥʠʡ #3 ʪʦʢʩʠʥ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʦʡ ʚʪʦʨʦʡ ʧʝʪʣʝʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ECL2 ʠ ECL3 
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ʨʝʮʝʧʪʦʨʘ (Glu228 ʠ Asp518, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʜʥʘʢʦ ʤʦʣʝʢʫʣʘ ʪʦʢʩʠʥʘ ʧʦʜʭʦʜʠʪ ʢ 

ʨʝʮʝʧʪʦʨʫ ʩʦ ʩʪʦʨʦʥʳ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʤʝʤʙʨʘʥ r(ʈʠʩ. 4.19ɹ). 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ rWTX[P33A] ʩ M1-mAChR, ʚʩʝ "ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ" ʨʝʰʝʥʠʷ 

ʜʦʢʠʥʛʘ ʙʳʣʠ ʦʯʝʥʴ ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʨʝʰʝʥʠʡ, 

ʦʧʠʩʘʥʥʳʭ ʜʣʷ ʨʝʮʝʧʪʦʨʘ ʄ3. ɺʦ-ʧʝʨʚʳʭ, ʤʦʣʝʢʫʣʘ ʪʦʢʩʠʥʘ ʨʘʟʚʝʨʥʫʪʘ ʥʘ ~180Á ʚʦʢʨʫʛ 

ʩʚʦʝʡ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ (ʈʠʩ. 4.19ɺ). ɺʦ-ʚʪʦʨʳʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʣʫʯʘʷ ʩ M3-mAChR, ʪʦʢʩʠʥ 

ʧʨʦʥʠʢʘʝʪ ʩʚʦʝʡ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʦʡ ʚʪʦʨʦʡ ʧʝʪʣʝʡ ʛʣʫʙʦʢʦ ʚ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʠʡ ʚʝʩʪʠʙʶʣʴ ʨʝʮʝʧʪʦʨʘ M1, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʤ ʩʘʡʪʦʤ, ʧʨʝʧʷʪʩʪʚʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʩ ʨʝʮʝʧʪʦʨʦʤ. ɼʚʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ 

ʦʩʪʘʪʢʘ ʚʪʦʨʦʡ ʧʝʪʣʠ ʪʦʢʩʠʥʘ (Arg32 ʠ Arg37) ʦʙʨʘʟʫʶʪ ʠʦʥʥʳʝ ʤʦʩʪʠʢʠ ʩ ʪʨʝʤʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ (Asp393, Glu397 ʠ Glu401), ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ 

ECL3 ʠ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʩʧʠʨʘʣʠ TM7 ʨʝʮʝʧʪʦʨʘ (ʈʠʩ. 4.19ɺ, ʊʘʙʣʠʮʘ 4.2). ʂʨʦʤʝ ʪʦʛʦ, ʜʚʘ 

ʉ-ʢʦʥʮʝʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʦʩʪʘʪʢʘ ʪʦʢʩʠʥʘ (Lys62 ʠ Arg65) ʦʙʨʘʟʫʶʪ ʠʦʥʥʳʝ 

ʤʦʩʪʠʢʠ ʩ Glu170 ʠʟ ECL2 ʨʝʮʝʧʪʦʨʘ. Gly12 ʧʝʨʚʦʡ ʧʝʪʣʠ ʪʦʢʩʠʥʘ ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜʥʫʶ 

ʩʚʷʟʴ ʩ Val168 ʠʟ ECL2 ʄ1-mAChR (ʊʘʙʣʠʮʘ 4.2). ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʚ ʣʠʧʠʜʥʦʤ 

ʙʠʩʣʦʝ (200 ʥʩ) ʚʳʷʚʠʣʘ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʧʝʪʣʠ ECL2 ʨʝʮʝʧʪʦʨʘ ʠ ʧʝʪʝʣʴ 

I, II ʪʦʢʩʠʥʘ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ (ʈʠʩ. 4.18, ʟʝʣʝʥʳʝ ʢʨʠʚʳʝ), ʫʢʘʟʳʚʘʷ ʥʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʵʪʠʭ 

ʨʝʛʠʦʥʦʚ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ.  

ʉʣʘʙʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʪʦʢʩʠʥ/M3-mAChR ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʝʪʝʣʴ ʪʦʢʩʠʥʘ ʩ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ ʨʝʮʝʧʪʦʨʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʵʪʦʛʦ ʩʘʡʪʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʥʝʢʣʝʪʦʯʥʳʭ ʧʝʪʝʣʴ 

(ECL) mAChR (ʈʠʩ. 4.19ɼ) ʧʦʢʘʟʘʣ, ʯʪʦ ʚʥʝʢʣʝʪʦʯʥʘʷ ʯʘʩʪʴ ʨʝʮʝʧʪʦʨʘ M1 ʠʤʝʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ (ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʪʨʝʭ ECL ʩʦʩʪʘʚʣʷʝʪ -3), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʣʘʩʪʴ ʨʝʮʝʧʪʦʨʘ ʄ3 ʥʝ ʟʘʨʷʞʝʥʘ.  
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ʈʠʩ. 4.19. ʂʦʤʧʣʝʢʩʳ rWTX[P33A] ʩ M1- ʠ M3-mAChR. (A). ʂʦʤʧʣʝʢʩ rWTX[P33A]/M3-mAChR ʠʟ 

ʢʣʘʩʪʝʨʘ ʨʝʰʝʥʠʡ #2. ʄʦʣʝʢʫʣʳ ʪʦʢʩʠʥʘ ʠ ʨʝʮʝʧʪʦʨʘ ʧʦʢʘʟʘʥʳ ʟʝʣʝʥʳʤ ʠ ʧʫʨʧʫʨʥʳʤ ʮʚʝʪʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʥʳ ʦʩʪʘʪʢʠ ʧʝʪʝʣʴ ECL2 ʠ ECL3 M3-mAChR. (ɹ). ʂʦʤʧʣʝʢʩ rWTX[P33A]/M3-

mAChR ʠʟ ʢʣʘʩʪʝʨʘ ʨʝʰʝʥʠʡ #3. ʄʦʣʝʢʫʣʳ ʪʦʢʩʠʥʘ ʠ ʨʝʮʝʧʪʦʨʘ ʧʦʢʘʟʘʥʳ ʧʰʝʥʠʯʥʳʤ ʠ ʧʫʨʧʫʨʥʳʤ 

ʮʚʝʪʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʦʞʝʥʠʝ ʪʦʢʩʠʥʘ ʠʟ ʢʣʘʩʪʝʨʘ #2 ʧʦʢʘʟʘʥʦ ʪʝʥʴʶ. (ɺ). 

rWTX[P33A] (ʟʝʣʝʥʳʡ) ʧʦʛʨʫʞʘʝʪʩʷ ʧʝʪʣʝʡ II  ʚ ʚʝʩʪʠʙʶʣʴ M1-mAChR (ʢʦʨʠʯʥʝʚʳʡ), ʦʙʨʘʟʦʚʘʥʥʳʡ 

ʩʚʷʟʢʦʡ TM-ʩʧʠʨʘʣʝʡ; ECL2 ʨʝʮʝʧʪʦʨʘ (ʪʝʤʥʦ-ʩʝʨʳʡ) ʦʩʪʘʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʝʩʪʘ ʜʣʷ ʵʪʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʢʘʟʘʥʳ ʦʩʪʘʪʢʠ M1-mAChR, ʚʘʞʥʳʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʪʨʠʮʘʪʝʣʴʥʦ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ, ʧʦʣʷʨʥʳʝ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤ, ʩʠʥʠʤ, ʟʝʣʝʥʳʤ ʠ 

ʞʝʣʪʳʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʪʘʪʢʠ ʪʦʢʩʠʥʘ ʧʦʢʘʟʘʥʳ ʥʘ ʯʝʨʥʦʤ ʬʦʥʝ. ɼʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ ʧʦʢʘʟʘʥʳ 

ʦʨʘʥʞʝʚʳʤ. (ɻ). ʂʦʤʧʣʝʢʩ rWTX[P33A]/M1-mAChR ʚ ʣʠʧʠʜʥʦʤ ʙʠʩʣʦʝ POPC/POPE/ʭʦʣʝʩʪʝʨʠʥ (2:1:1) 

ʧʦʩʣʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ɻʠʜʨʦʬʦʙʥʳʝ ʘʪʦʤʳ ʣʠʧʠʜʦʚ ʠ ʭʦʣʝʩʪʝʨʠʥʘ ʧʦʢʘʟʘʥʳ ʞʝʣʪʳʤ ʠ 

ʦʨʘʥʞʝʚʳʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ ʬʦʩʬʦʣʠʧʠʜʦʚ ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤ ʠ ʩʠʥʠʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (ɼ). ʉʨʘʚʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ECL ʚ M1-M5 ʨʝʮʝʧʪʦʨʘʭ. 
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ʕʪʦ ʤʦʞʝʪ ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʢʘʪʠʦʥʥʦʡ 

ʤʦʣʝʢʫʣʳ ʪʦʢʩʠʥʘ (ʦʙʱʠʡ ʟʘʨʷʜ +6) ʩ ʨʝʮʝʧʪʦʨʦʤ M1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄ3. ʆʩʪʘʪʢʠ ʄ1-

mAChR Glu170 ʠ Glu397 ʚ ECL2 ʠ ECL3-TM7, ʩ ʢʦʪʦʨʳʤʠ ʪʦʢʩʠʥ ʦʙʨʘʟʫʝʪ ʠʦʥʥʳʝ ʩʚʷʟʠ 

ʩ ʫʯʘʩʪʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʦʩʪʘʪʢʦʚ ʧʝʪʣʠ II ʠ ʉ-ʢʦʥʮʝʚʳʭ ʦʩʪʘʪʢʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ Lys213 ʠ Lys523 ʚ ECL2 ʠ ECL3-TM7 ʚ ʄ3-mAChR, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 

4.19ɼ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʢʦʤʧʣʝʢʩ ʩ M1-mAChR, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʩʣʫʯʘʝ ʄ3-

mAChR. ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʦʩʪʘʪʢʘ Lys523 ʚ ʄ3 ʨʝʮʝʧʪʦʨʝ ʥʘ ʘʬʬʠʥʥʦʩʪʴ ʢʘʪʠʦʥʥʳʭ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʥʝʜʘʚʥʦ ʦʙʩʫʞʜʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [272]. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʨʫʛʠʭ ʧʦʜʪʠʧʦʚ mAChR (ʈʠʩ. 4.19ɼ) ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʥʘʙʣʶʜʘʝʤʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

rWTX. ʈʝʮʝʧʪʦʨ ʄ2, ʜʣʷ ʢʦʪʦʨʦʛʦ ʘʥʘʣʦʛʠʯʥʦ ʄ1, ʥʘʙʣʶʜʘʣʘʩʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʢʦʦʧʝʨʘʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʚʷʟʳʚʘʥʠʠ rWTX ʩ NMS, ʪʘʢʞʝ 

ʠʤʝʝʪ ʘʥʠʦʥʥʳʡ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʚʝʩʪʠʙʶʣʴ (ʦʙʱʠʡ ʟʘʨʷʜ ECL -2). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, M4 ʠ 

M5 ʨʝʮʝʧʪʦʨʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ rWTX ʥʘ ʩʚʷʟʳʚʘʥʠʝ NMS, 

ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʳʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʝ ʩʘʡʪʳ (ʦʙʱʠʝ ʟʘʨʷʜʳ 0 ʠ -1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɸʥʘʣʠʟ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ rWTX[P33A] ʩ ʄ1- ʠ ʄ3-mAChR ʤʦʞʝʪ ʜʘʪʴ 

ʩʪʨʫʢʪʫʨʥʫʶ ʦʩʥʦʚʫ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʤʠʰʝʥʴ-ʩʧʝʮʠʬʠʯʥʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ/ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʤʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʩʚʷʟʳʚʘʥʠʷ NMS ʩ M1-mAChR ʠ ʄ2-mAChR ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

rWTX ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʷʤʦʡ ʙʣʦʢʠʨʦʚʢʠ ʚʭʦʜʘ ʚ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʡ ʩʘʡʪ ʨʝʮʝʧʪʦʨʘ 

ʤʦʣʝʢʫʣʦʡ ʪʦʢʩʠʥʘ. ʅʘʧʨʦʪʠʚ, ʤʦʣʝʢʫʣʘ rWTX ʥʝ ʙʣʦʢʠʨʫʝʪ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʡ 

ʚʝʩʪʠʙʶʣʴ ʨʝʮʝʧʪʦʨʘ ʄ3, ʥʦ ʤʦʞʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʝʪʣʠ ECL ʚ ʢʦʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʦʙʣʝʛʯʘʝʪ ʜʦʩʪʫʧ ʣʠʛʘʥʜʘ ʚ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʡ ʩʘʡʪ. ʕʪʘ ʛʠʧʦʪʝʟʘ ʦʙʲʷʩʥʷʝʪ ʥʘʙʣʶʜʘʝʤʫʶ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴ ʤʝʞʜʫ rWTX ʠ NMS ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʄ3-mAChR. 

ʇʦʣʦʞʝʥʠʝ ʪʦʢʩʠʥʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʄ3-ʨʝʮʝʧʪʦʨʦʤ ʚ ʢʣʘʩʪʝʨʝ ʨʝʰʝʥʠʡ #3 (ʈʠʩ. 4.19ɹ) 

ʯʘʩʪʠʯʥʦ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʦʜʥʠʤ ʠʟ ʠʥʪʝʨʬʝʡʩʦʚ ʜʠʤʝʨʠʟʘʮʠʠ ʨʝʮʝʧʪʦʨʘ (ʊʄ4/TM5) [273], 

ʫʢʘʟʳʚʘʷ ʥʘ ʚʦʟʤʦʞʥʦʝ ʫʯʘʩʪʠʝ ʛʦʤʦʜʠʤʝʨʘ M3-mAChR ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ rWTX. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʣʴ ʛʦʤʦʜʠʤʝʨʠʟʘʮʠʠ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ mAChR ʠ ʜʨʫʛʠʭ G-ʙʝʣʦʢ 

ʩʦʧʨʷʞʝʥʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʰʠʨʦʢʦʛʦ ʦʙʩʫʞʜʝʥʠʷ [274], ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʤʳ ʥʝ ʤʦʞʝʤ ʠʩʢʣʶʯʠʪʴ ʵʪʫ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʩʣʫʯʘʝ WTX. ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʘʷ ʨʦʣʴ 

ʛʦʤʦʜʠʤʝʨʠʟʘʮʠʠ mAChR ʦʙʩʫʞʜʘʣʘʩʴ ʥʝʜʘʚʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʤʫʩʢʘʨʠʥʦʚʳʤ ʪʦʢʩʠʥʦʤ MT7 ʠ ʄ1-mAChR [143]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʣʝʢʫʣʘ 

rWTX[P33A] ʚ ʢʣʘʩʪʝʨʝ #3 (ʘʥʘʣʦʛʠʯʥʦ ʩʠʪʫʘʮʠʠ ʩ ʢʣʘʩʪʝʨʦʤ #2) ʥʝ ʧʦʛʨʫʞʘʝʪʩʷ ʚ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ, ʥʦ ʤʦʞʝʪ çʬʠʢʩʠʨʦʚʘʪʴè ʧʝʪʣʠ ECL ʨʝʮʝʧʪʦʨʘ. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ ʢʣʘʩʪʝʨ ʨʝʰʝʥʠʡ #3 ʪʘʢʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʴʶ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ ʤʫʪʘʛʝʥʝʟʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ, ʢʣʘʩʪʝʨ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʄ2-mAChR ʦʙʨʘʟʫʝʪ ʦʩʥʦʚʥʦʡ ʩʘʡʪ 

ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ ʜʠ-ʢʘʪʠʦʥʥʳʭ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʦʚ [272]. ɻʦʤʦʣʦʛʠʯʥʳʡ ʢʣʘʩʪʝʨ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ M1-mAChR (Trp91 ʚ ECL1, Trp164 ʚ TM4, Tyr179 ʚ ECL2 ʠ 

Trp400 ʠ Tyr404 ʚ TM7) ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʧʦʣʦʞʝʥʠʷ rWTX[P33A] ʚ ʢʦʤʧʣʝʢʩʝ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ -́ʢʘʪʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʦʩʪʘʪʢʘʤʠ Arg ʚʪʦʨʦʡ ʧʝʪʣʠ ʪʦʢʩʠʥʘ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ ʨʝʮʝʧʪʦʨʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʷʭ ʢʦʤʧʣʝʢʩʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, 

ʦʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʧʨʠ ʨʝʘʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

rWTX[P33A] ʩ M1-mAChR ʥʘʧʦʤʠʥʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷʪʦʨʘ LY2119620 ʩ ʄ2-mAChR [275]. ʇʦʜʦʙʥʦ rWTX ʠ ʤʫʪʘʥʪʫ 

P33A, ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʤʝʨʝʥʥʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴ ʩ NMS 

ʥʘ ʨʝʮʝʧʪʦʨʝ ʄ2-mAChR. ɸʥʘʣʦʛʠʯʥʦ ʧʝʪʣʝ II ʪʦʢʩʠʥʘ, ʘʨʦʤʘʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʩʦʝʜʠʥʝʥʠʷ 

LY2119620 ʟʘʥʠʤʘʝʪ ʧʦʣʦʩʪʴ ʚʥʫʪʨʠ ʨʝʮʝʧʪʦʨʘ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʩʚʷʟʢʦʡ TM ʘʣʴʬʘ-

ʩʧʠʨʘʣʝʡ ʠ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʦʩʪʘʪʢʘʤʠ Trp422 ʠ Tyr426 ʩʧʠʨʘʣʠ TM7 (ʦʩʪʘʪʢʠ Trp400 ʠ 

Tyr404 ʚ ʩʣʫʯʘʝ ʄ1-mAChR). ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʦʛʠʯʥʦ ʉ-ʢʦʥʮʝʚʳʤ ʦʩʪʘʪʢʘʤ ʪʦʢʩʠʥʘ, 

ʧʠʧʝʨʠʜʠʥʦʚʘʷ ʛʨʫʧʧʘ LY2119620 ʫʯʘʩʪʚʫʝʪ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

Glu172 ʠʟ ECL2 (Glu170 ʚ ʩʣʫʯʘʝ M1-mAChR). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ 

rWTX[P33A] ʥʘ M1-mAChR ʩʦʚʧʘʜʘʝʪ ʩ ʫʯʘʩʪʢʦʤ ʩʚʷʟʳʚʘʥʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ʉʭʦʞʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʪʦʢʩʠʥʘ WTX ʠ rWTX, 

ʥʘʙʣʶʜʘʝʤʘʷ ʥʘ M3-mAChR (ʈʠʩ. 4.15ɸ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʨʦʜʥʳʡ ʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʪʦʢʩʠʥʳ ʦʜʠʥʘʢʦʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʵʪʠʤ ʪʠʧʦʤ ʨʝʮʝʧʪʦʨʘ (ʈʠʩ. 

4.19A,B). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʦʛʦ WTX ʩ ʨʝʮʝʧʪʦʨʦʤ M1 ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

rWTX[P33A]/ʄ1-mAChR (ʈʠʩ. 4.19ɺ). ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ 

ʧʨʠʨʦʜʥʦʛʦ WTX ʠ NMS, ʥʘʙʣʶʜʘʝʤʘʷ ʥʘ ʄ1 ʠ ʄ3 ʨʝʮʝʧʪʦʨʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʪʠʧ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ ʜʦʣʞʥʳ ʙʳʪʴ ʦʯʝʥʴ ʧʦʭʦʞʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. ɺʚʝʜʝʥʠʝ 

N-ʢʦʥʮʝʚʦʛʦ ʦʩʪʘʪʢʘ Met ʚ ʤʦʣʝʢʫʣʫ ʪʦʢʩʠʥʘ ʚʳʟʳʚʘʝʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

çʛʦʣʦʚʝè ʠ ʉ-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ rWTX, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʤʝʪʦʜʦʤ ʗʄʈ (ʈʠʩ. 

4.17ɻ). ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ 

ʧʝʪʣʠ I ʠ ʉ-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʦʢʩʠʥʘ ʩ ECL2 ʨʝʮʝʧʪʦʨʘ M1 (ʊʘʙʣʠʮʘ 4.2, 

ʈʠʩ. 4.19ɺ). ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʪʦʢʩʠʥʘ ʠ ʧʝʪʝʣʴ ʨʝʮʝʧʪʦʨʘ ECL ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʪʦʢʩʠʥ ʚ ʧʦʣʦʞʝʥʠʠ, ʧʦʛʨʫʞʝʥʥʦʤ ʚ 

ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʡ ʚʝʩʪʠʙʶʣʴ, ʠʟʤʝʥʠʚ ʧʨʠ ʵʪʦʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ rWTX. 
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ʊʘʙʣʠʮʘ 4.2. ʂʦʥʪʘʢʪʳ ʤʝʞʜʫ ʪʦʢʩʠʥʦʤ ʠ ʨʝʮʝʧʪʦʨʘʤʠ ʚ ʢʦʤʧʣʝʢʩʘʭ rWTX[P33A]/M1-mAChR ʠ 

rWTX[P33A]/M3-mAChR. 

ʦʩʪʘʪʢʠ  

M1-mAChR  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʦʩʪʘʪʢʘʤʠ 

rWTX[P33A]a 

ʦʩʪʘʪʢʠ  

M3-mAChR  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʦʩʪʘʪʢʘʤʠ 

rWTX[P33A]a 

ECL1 

  Asn132 Arg32 (H) 

His90, Trp91 Arg31 (H)   

His90 Arg31 (T)   

ECL2 

Val168 Gly12 (H)   

Glu170 Lys62, Arg65 (I)   

Glu170 Arg65 (H) Lys213 Glu53 (I) 

  Thr215 His29 (H) 

Gln177 Arg32 (H) Glu220 Gln30 (H) 

  Glu220 Arg32, Arg37 (I) 

Gln181 Arg32, Ser35 (H) Gln224 Tyr52 (H) 

  Ser227 Tyr52 (H) 

ECL3 ʠ ʚʝʨʭʥʷʷ ʯʘʩʪʴ TM 7 

  Asp518 Arg31 (I) 

Asp393 Arg37 (I)   

Glu397 Arg32, Arg37 (I)   

Glu397 Arg37 (H)   

Trp400 Arg32 (T)   

Glu401 Arg32 (I)   

Tyr404 Ala33 (H)   

ʘ, ʪʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: H ð ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ; T ð T-ʩʪʵʢʠʥʛ; I ð ʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 
 

4.2.2.3.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ çʩʣʘʙʦʛʦè ʪʦʢʩʠʥʘ ʩ nAChR 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ WTX ʩ mAChR 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʮʝʥʪʨʘʣʴʥʘʷ ʧʝʪʣʷ ʪʦʢʩʠʥʘ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ, ʯʪʦ (1) 

ʮʝʥʪʨʘʣʴʥʘʷ ʧʝʪʣʷ ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʩʦʜʝʨʞʘʱʘʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʦʩʪʘʪʢʠ Arg, 

ʟʘʯʘʩʪʫʶ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʤʠʰʝʥʷʤʠ (ʧ.4.2.2.1), (2) ʙʦʣʴʰʘʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ 

WTX (ʩʤ. ʚʳʰʝ), ʜʝʣʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʢʩʠʥʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʨʘʟʣʠʯʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, ʤʳ ʩʜʝʣʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʧʝʪʣʷ 

WTX ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ nAChR.  

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ ʠ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʦʢʩʠʥʘ ʥʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ nAChR, ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʘʢʪʠʚʥʦʩʪʴ ʜʝʩʷʪʠ ʤʫʪʘʥʪʥʳʭ ʚʘʨʠʘʥʪʦʚ rWTX1 (ʈʠʩ. 4.20). ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʝʤʠ 

ʤʫʪʘʥʪʘʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʝʱʝ ʪʨʠ ʤʫʪʘʥʪʥʳʭ ʚʘʨʠʘʥʪʘ. ɻʣʘʚʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ çʥʝʦʙʳʯʥʳʭè ʪʦʢʩʠʥʦʚ ʷʚʣʷʝʪʩʷ ʧʷʪʘʷ ʜʠʩʫʣʴʬʠʜʥʘʷ ʩʚʷʟʴ ʚ ʧʝʪʣʝ I (ʈʠʩ. 

4.14). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʵʪʦʡ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʠ ʙʳʣ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ɺ.ʀ. ʎʝʪʣʠʥʳʤ ʠ ʜ.ʭ.ʥ. ʂʘʰʝʚʝʨʦʚʳʤ ʀ.ɽ., ʆʪʜʝʣ ʤʦʣʝʢʫʣʷʨʥʦʡ ʥʝʡʨʦʠʤʤʫʥʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʀɹʍ ʈɸʅ 
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ʧʦʣʫʯʝʥ ʤʫʪʘʥʪʥʳʡ ʚʘʨʠʘʥʪ ʩ ʟʘʤʝʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʪʘʪʢʦʚ Cys6 ʠ Cys11 ʥʘ Ser. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʦʣʴ ʟʘʨʷʞʝʥʥʳʭ ʦʩʪʘʪʢʦʚ ʧʝʪʣʠ II, ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ 2 ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʫʪʘʥʪʥʳʭ ʚʘʨʠʘʥʪʘ ʩ ʟʘʤʝʥʘʤʠ R31E/R32A ʠ R31A/R32E, 

ʛʜʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʦʩʪʘʪʢʦʚ ʘʨʛʠʥʠʥʘ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ 

ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ.  

 

 

ʈʠʩ. 4.20. ʂʦʥʢʫʨʝʥʮʠʷ ʧʨʠʨʦʜʥʦʛʦ (wtWTX) ʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ (rWTX) ʪʦʢʩʠʥʦʚ ʠ ʝʛʦ 

ʤʫʪʘʥʪʦʚ ʩ 125I-Ŭ-Bgtx ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʤʳʰʝʯʥʳʤ nAChR ʠʟ Torpedo californica (A) ʠ ʩ Ŭ7-

nAChR, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʚ ʢʣʝʪʢʘʭ ʣʠʥʠʠ GH4C1 (ɹ). ʂʘʞʜʘʷ ʪʦʯʢʘ ʝʩʪʴ ʩʨʝʜʥʝʝ Ñ ʩ.ʦ. ʧʦ 

ʪʨʝʤ ʥʝʟʘʚʠʩʠʤʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ. ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʜʘʥʥʳʝ (% ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ) 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʫʨʘʚʥʝʥʠʝʤ ʍʠʣʣʘ (y = 100% / (1 + ([Toxin]/IC50)nH)). (ɺ). ʈʘʩʩʯʠʪʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ IC50 (ʩʨʝʜʥʝʝ Ñ ʩ.ʦ.). ɿʥʘʯʝʥʠʷ IC50, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚ 2 ʠ ʙʦʣʝʝ ʨʘʟ ʦʪ ʟʥʘʯʝʥʠʡ 

ʜʣʷ rWTX, ʧʦʢʘʟʘʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. 
 

ʉʧʦʩʦʙʥʦʩʪʴ rWTX ʠ ʝʛʦ ʤʫʪʘʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ nAChR ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤ 125I-ʤʝʯʝʥʳʤ Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ (Ŭ-

Bgtx) ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʤʝʤʙʨʘʥʘʤʠ ʠʟ ʩʢʘʪʘ Torpedo californica, ʩʦʜʝʨʞʘʱʠʤʠ nAChR 

ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ, ʠ GH4C1 ʢʣʝʪʢʘʤʠ, ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʱʠʤʠ Ŭ7 ʥʝʡʨʦʥʘʣʴʥʳʝ 

ʨʝʮʝʧʪʦʨʳ ʯʝʣʦʚʝʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ IC50 ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 4.20ɺ. 

ʈʝʢʦʤʙʠʥʘʥʪʥʳʡ ʘʥʘʣʦʛ WTX ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 2-3ʭ-ʢʨʘʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʨʦʜʩʪʚʘ ʧʦ 
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ʦʪʥʦʰʝʥʠʶ ʢ ʤʳʰʝʯʥʳʤ ʠ Ŭ7 ʨʝʮʝʧʪʦʨʘʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʨʦʜʥʳʤ ʪʦʢʩʠʥʦʤ, 

ʚʳʜʝʣʝʥʥʳʤ ʠʟ ʷʜʘ ʢʦʙʨʳ. ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʦʙʲʷʩʥʠʪʴ 

ʥʘʙʣʶʜʘʝʤʦʝ ʨʘʟʣʠʯʠʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʤʳ ʥʝ ʤʦʞʝʤ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʨʘʟʣʠʯʠʝ ʚ 

ʯʠʩʪʦʪʝ ʧʨʝʧʘʨʘʪʦʚ ʪʦʢʩʠʥʦʚ. ʅʘʧʨʠʤʝʨ, ʦʙʨʘʟʝʮ ʧʨʠʨʦʜʥʦʛʦ ʪʦʢʩʠʥʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ 

ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʥʘʨʘʚʥʝ ʩʦ 

çʩʣʘʙʳʤè ʪʦʢʩʠʥʦʤ ʠʟ ʷʜʘ ʢʦʙʨʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʝʧʘʨʘʪ rWTX ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʥʝʧʨʘʚʠʣʴʥʦ ʩʚʝʨʥʫʪʦʛʦ ʙʝʣʢʘ. ʆʜʥʘʢʦ, ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ɺʕɾʍ, 

MALDI -MS ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʜʪʚʝʨʜʠʣ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʦʛʦ ʨʘʟʣʠʯʠʷ ʚ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʥʦʛʦ ʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʪʦʢʩʠʥʦʚ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʝ ʦʪʣʠʯʠʝ, ʘ 

ʠʤʝʥʥʦ, ʥʘʣʠʯʠʝ N-ʢʦʥʮʝʚʦʛʦ ʦʩʪʘʪʢʘ Met ʚ ʤʦʣʝʢʫʣʝ rWTX.  

ʉ ʧʦʤʦʱʴʶ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ çʥʝʟʥʘʯʠʪʝʣʴʥʘʷè 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʙʣʠʞʝʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʪʦʢʩʠʥʘ: çʛʦʣʦʚʝè, ʧʝʪʣʝ I, ʠ ʉ-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʧ.4.2.2.3.2). ʕʪʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʘ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ rWTX ʥʘ ʄ1-mAChR, 

ʧʝʨʝʢʣʶʯʠʚ ʨʝʞʠʤ ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ N-ʤʝʪʠʣʩʢʦʧʦʣʘʤʠʥʦʤ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ (ʧ.4.2.2.3.1). ɺʦʟʤʦʞʥʦ, ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʤʦʣʝʢʫʣʝ ʪʦʢʩʠʥʘ ʠʟ-ʟʘ N-ʢʦʥʮʝʚʦʛʦ Met, ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʢʩʠʥʘ ʩ nAChR. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ, çʛʦʣʦʚʘè, 

ʧʝʪʣʷ I ʠʣʠ ʉ-ʢʦʥʮʝʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʘ ʩ nAChR.  

ʈʘʟʨʫʰʝʥʠʝ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʠ Cys6-Cys11 ʚ ʧʝʪʣʝ I ʧʨʠʚʝʣʦ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ rWTX ʧʨʠʤʝʨʥʦ ʜʦ ʫʨʦʚʥʷ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʪʦʢʩʠʥʘ ʥʘ ʦʙʦʠʭ 

ʨʝʮʝʧʪʦʨʘʭ (ʈʠʩ. 4.20). ɺʝʨʦʷʪʥʦ, ʵʪʘ ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪ ʜʝʩʪʘʙʠʣʠʟʘʮʠʶ 

ʢʦʥʬʦʨʤʘʮʠʠ WTX, ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ N-ʢʦʥʮʝʚʳʤ ʦʩʪʘʪʢʦʤ ʤʝʪʠʦʥʠʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʠʩʫʣʴʬʠʜʥʘʷ ʩʚʷʟʴ Cys6-Cys11 ʩʘʤʘ ʧʦ ʩʝʙʝ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ 

ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ. ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ ʤʦʜʝʣʷʤ ʢʦʤʧʣʝʢʩʦʚ WTX/nAChR, 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʨʫʢʪʫʨʥʫ  ʁ ʤʦʜʝʣʴ WTX, ʧʦʩʪʨʦʝʥʥʫ  ʁ ʧʦ 

ʛʦʤʦʣʦʛʠʠ ʩ ʜʨʫʛʠʤʠ ʥʝʡʨʦʪʦʢʩʠʥʘʤʠ [276]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʝʪʣʠ I ʩ ʧʦʤʦʱʴʶ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʠ Cys6-

Cys11 ʚʘʞʥʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ WTX ʩ ʤʳʰʝʯʥʳʤʠ ʠ Ŭ7 ʥʝʡʨʦʥʘʣʴʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ 

[276]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʛʦʤʦʣʦʛʠʯʥʦʡ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ 

ʪʨʝʭʧʝʪʝʣʴʥʦʛʦ ʙʝʣʢʘ ʯʝʣʦʚʝʢʘ Lynx1, ʢʦʪʦʨʳʡ ʧʦʜʦʙʥʦ WTX ʩʧʦʩʦʙʝʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʠ ʩ nAChR ʠ ʩ mAChR (ʩʤ. ʧ.4.3.1.3), ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ Lynx1 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ nAChR [172]. 
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ʅʝʡʪʨʘʣʠʟʘʮʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʦʩʪʘʪʢʦʚ Arg31 ʠ Arg32, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ 

ʢʦʥʮʝ ʧʝʪʣʠ II, ʧʫʪʝʤ ʟʘʤʝʥʳ ʥʘ ʦʩʪʘʪʢʠ Ala ʧʨʠʚʝʣʘ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʦʜʩʪʚʘ rWTX ʢ 

ʤʳʰʝʯʥʦʤʫ ʠ ʥʝʡʨʦʥʘʣʴʥʦʤʫ Ŭ7 nAChR (ʚ ~3 ʠ 4-5 ʨʘʟ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʈʠʩ. 4.20). 

ʆʜʥʦʚʨʝʤʝʥʥʘʷ ʟʘʤʝʥʘ ʦʙʦʠʭ ʦʩʪʘʪʢʦʚ Arg ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʣʘ ʘʢʪʠʚʥʦʩʪʴ ʪʦʢʩʠʥʘ ʥʘ 

ʨʝʮʝʧʪʦʨʝ Torpedo (ʜʦ ~ 4 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ rWTX) ʠ ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʣʥʦʤʫ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʩʨʦʜʩʪʚʘ rWTX ʢ Ŭ7 nAChR. ʅʝʘʜʜʠʪʠʚʥʦʩʪʴ ʵʬʬʝʢʪʦʚ, ʚʳʟʚʘʥʥʳʭ 

ʚʚʝʜʝʥʠʝʤ ʜʚʦʡʥʦʡ ʤʫʪʘʮʠʠ R31A/R32A, ʧʦʜʪʦʣʢʥʫʣʘ ʥʘʩ ʧʨʦʜʦʣʞʠʪʴ ʠʟʫʯʝʥʠʝ ʨʦʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʥʘ ʧʝʪʣʝ II ʪʦʢʩʠʥʘ. ɺʚʝʜʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚ ʵʪʫ 

ʦʙʣʘʩʪ ɹ ʤʦʣʝʢʫʣʳ (ʤʫʪʘʥʪʳ R31E/R32A ʠ R31A/R32E) ʥʝ ʧʨʠʚʝʣʦ ʢ ʜʘʣʴʥʝʡʰʝʤʫ 

ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʪʦʢʩʠʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʦʠʤ ʧʦʜʪʠʧʘʤ ʨʝʮʝʧʪʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʚʦʡʥʦʡ ʟʘʤʝʥʦʡ R31A/R32A (ʈʠʩ. 4.20ɺ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʪʨʘʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʧʝʪʣʠ 

II , ʚʢʣʶʯʘʶʱʠʡ ʜʚʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʦʩʪʘʪʢʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ 

ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʦʚʣʝʯʝʥʥʳʭ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ WTX ʩ nAChR, ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʷ 

ʣʶʙʦʛʦ ʠʟ ʵʪʠʭ ʟʘʨʷʜʦʚ ʧʨʠʚʦʜʠʪ ʢ çʚʳʢʣʶʯʝʥʠʶè ʵʣʝʤʝʥʪʘ. ʆʩʪʘʪʦʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʪʦʢʩʠʥʘ, ʥʘʙʣʶʜʘʝʤʘʷ ʜʣʷ ʜʚʦʡʥʳʭ ʤʫʪʘʥʪʦʚ ʥʘ ʤʳʰʝʯʥʦʤ ʨʝʮʝʧʪʦʨʝ, ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʪʝʨʤʠʥʘʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʤʫʪʘʥʪ R31A/R32A ʪʘʢʞʝ ʧʦʣʥʦʩʪʴʶ ʫʪʨʘʯʠʚʘʣ ʩʚʦʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄ1, ʄ2 ʠ ʄ3 mAChR (ʧ.4.2.2.3.1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʨʷʜʘ ʥʘ ʚʪʦʨʦʡ ʧʝʪʣʝ WTX ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʪʦʢʩʠʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʪʠʧʘʤʠ nAChR ʠ mAChR. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʫʪʘʮʠʷ 

ʜʨʫʛʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʦʩʪʘʪʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʧʝʪʣʝ II (Arg37), 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʣʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ rWTX ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ nAChR (ʈʠʩ. 4.20). ʇʨʠ ʵʪʦʤ 

ʵʪʘ ʟʘʤʝʥʘ ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʘʢʪʠʚʥʦʩʪʠ ʪʦʢʩʠʥʘ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʠʧʘʭ 

mAChR (ʧ.4.2.2.3.1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʩʪʘʪʦʢ Arg37 ʷʚʣʷʝʪʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʜʝʪʝʨʤʠʥʘʥʪʦʤ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ WTX ʩ mAChR, ʥʦ ʥʝ ʩ nAChR. 

ʄʫʪʘʮʠʷ W36A ʚ ʧʝʪʣʝ II rWTX ʧʨʠʚʝʣʘ ʢ ~ 2-ʢʨʘʪʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʨʦʜʩʪʚʘ ʪʦʢʩʠʥʘ 

ʢ ʨʝʮʝʧʪʦʨʫ ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ ʠʟ T. californica, ʠ ʥʝ ʦʢʘʟʳʚʘʣʘ ʥʠʢʘʢʦʛʦ ʵʬʬʝʢʪʘ ʥʘ 

ʩʚʷʟʳʚʘʥʠʝ ʩ Ŭ7-nAChR, ʫʢʘʟʳʚʘʷ ʥʘ ʚʦʟʤʦʞʥʦʝ ʫʯʘʩʪʠʝ Trp36 ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʤʳʰʝʯʥʳʤ nAChR, ʥʦ ʥʝ ʩ Ŭ7 ʨʝʮʝʧʪʦʨʦʤ. ʈʘʥʝʝ ʧʦʜʦʙʥʦʝ ʩʝʣʝʢʪʠʚʥʦʝ ʩʥʠʞʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ W36A ʤʫʪʘʥʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʄ2 mAChR, ʥʦ ʥʝ ʥʘ ʄ1 ʠ ʄ3-ʨʝʮʝʧʪʦʨʘʭ 

(ʧ.4.2.2.3.1). 

ɿʘʤʝʥʘ ʦʩʪʘʪʢʦʚ Pro7 ʠ Pro33 ʥʝ ʧʨʠʚʦʜʠʣʘ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʘʢʪʠʚʥʦʩʪʠ 

rWTX ʥʘ ʦʙʦʠʭ ʪʠʧʘʭ nAChR (ʈʠʩ. 4.20). ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʪʝʨʠʯʝʩʢʠ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʩʪʘʪʢʘ Pro ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʠʢʩʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ 

ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʙʝʣʢʘ [237]. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʤʫʪʘʥʪʦʚ ʩ ʟʘʤʝʥʘʤʠ P7A ʠ P33A, 
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ʚʤʝʩʪʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʠ Cys6-Cys11 (ʩʤ. ʚʳʰʝ), 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʢʦʥʬʦʨʤʘʮʠʷ ʧʝʪʝʣʴ I ʠ II ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ WTX 

ʚ ʨʘʩʪʚʦʨʝ (ʩʚʷʟʘʥʥʘʷ ʩ ʮʠʩ-ʪʨʘʥʩ-ʠʟʦʤʝʨʠʝʡ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ Arg32-Pro33) ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʢʩʠʥʘ ʩ nAChR. ʈʘʥʝʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʫʪʘʮʠʠ P7A ʠ P33A ʪʘʢʞʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ WTX ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

mAChR (ʧ.4.2.2.3.1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ WTX ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʝʛʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ɼʘʥʥʳʝ ʦ ʩʚʷʟʳʚʘʥʠʠ ʩ nAChR (ʈʠʩ. 4.20) ʚʤʝʩʪʝ ʩ ʜʘʥʥʳʤʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(ʧ.4.2.2.3.2) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʫʪʘʥʪ ʩ ʟʘʤʝʥʦʡ P33A ʩʦʭʨʘʥʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʘʥʘʣʦʛʠʯʥʫʶ ʧʨʠʨʦʜʥʦʤʫ ʪʦʢʩʠʥʫ ʠ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʮʠʩ-ʪʨʘʥʩ-ʠʟʦʤʝʨʠʝʡ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ Arg32-Pro33. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʵʪʦʪ ʤʫʪʘʥʪ ʩʦʭʨʘʥʷʝʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʝʪʝʣʴ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ 

ʤʦʣʝʢʫʣʳ WTX (ʧ.4.2.2.3.2). ʇʦʵʪʦʤʫ ʩʪʨʫʢʪʫʨʘ rWTX[P33A] ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Ŭ7-nAChR1. ʀʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ WTX 

ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʘʥʪʘʛʦʥʠʩʪʦʤ Ŭ-Bgtx ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ nAChR (ʈʠʩ. 4.20), ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, 

ʯʪʦ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ WTX ʥʘ ʨʝʮʝʧʪʦʨʝ ʢʘʢ ʤʠʥʠʤʫʤ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ çʢʣʘʩʩʠʯʝʩʢʠʤè 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ ʨʝʮʝʧʪʦʨʘ. ʕʪʦʪ ʩʘʡʪ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʥʝʢʣʝʪʦʯʥʦʡ 

ʯʘʩʪʠ ʨʝʮʝʧʪʦʨʘ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʩʫʙʲʝʜʠʥʠʮ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʝʪʣʶ ʉ ʦʩʥʦʚʥʦʡ 

ʩʫʙʲʝʜʠʥʠʮʳ [141]. ʇʦʵʪʦʤʫ ʢʦʤʧʴʶʪʝʨʥʳʡ ʜʦʢʠʥʛ ʤʦʣʝʢʫʣʳ rWTX[P33A] ʢ 

ʚʥʝʢʣʝʪʦʯʥʦʤʫ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʝʤʫ ʜʦʤʝʥʫ Ŭ7-nAChR ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʪʦʢʩʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʝʪʣʝʡ ʉ ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ. ʄʦʜʝʣʴ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʜʦʤʝʥʘ Ŭ7 nAChR ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʰʘʙʣʦʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫ  ʁ

ʩʪʨʫʢʪʫʨʫ ʭʠʤʝʨʳ ʘʮʝʪʠʣʭʦʣʠʥ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ (AChBP) ʠ Ŭ7-nAChR (PDB ʢʦʜ 

3SQ9; [41]). 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʤʦʣʝʢʫʣ, ʜʣʷ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ nAChR Ŭ7 ʪʠʧʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʚʝ ʄɼ ʪʨʘʝʢʪʦʨʠʠ 

ʚ ʷʯʝʡʢʝ ʩ ʷʚʥʦ ʟʘʜʘʥʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ (2Ĭ200 ʥʩ). ɼʣʷ rWTX[P33A] ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʨʘʥʝʝ (ʧ.4.2.2.3.3). ʇʦʩʣʝʜʫʶʱʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʜʘʣʘ 11 ʠ 5 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʥʬʦʨʤʘʮʠʡ ʜʣʷ ʨʝʮʝʧʪʦʨʘ ʠ ʪʦʢʩʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʤ ʜʦʢʠʥʛʝ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʘʥʩʘʤʙʣʷʭ ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʟʥʳʝ ʢʦʥʬʦʨʤʘʮʠʠ ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʜʦʤʝʥʘ Ŭ7-nAChR: ʩ 

çʟʘʢʨʳʪʳʤè ʠ çʦʪʢʨʳʪʳʤè ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʤ ʢʘʨʤʘʥʦʤ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦʣʦʞʝʥʠʝʤ 

ʧʝʪʣʠ ʉ. çʆʪʢʨʳʪʘʷè ʢʦʥʬʦʨʤʘʮʠʷ ʧʝʪʣʠ ʉ ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʪʨʫʢʪʫʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 

AChBP ʠ ʭʠʤʝʨʳ Ŭ7/AChBP ʩ ʘʥʪʘʛʦʥʠʩʪʘʤʠ [141,277]. ʇʦʵʪʦʤʫ ʜʣʷ ʜʦʢʠʥʛʘ ʩ ʪʦʢʩʠʥʦʤ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʢ.ʙ.ʥ. ʏʫʛʫʥʦʚʳʤ ɸ.ʆ., ʛʨʫʧʧʘ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ in silico ʀɹʍ ʈɸʅ. 
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ʤʳ ʚʳʙʨʘʣʠ ʩʪʨʫʢʪʫʨʳ ʜʦʤʝʥʘ Ŭ7-nAChR ʩ çʦʪʢʨʳʪʳʤè ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ 

ʩʚʷʟʳʚʘʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʢʠʥʛ, ʩʜʝʣʘʥʥʳʡ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʤʦʞʝʪ 

ʥʝ ʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʧʨʠʨʦʜʝ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ, ʝʩʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʠʥ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʘʨʪʥʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʤʫʣʴʪʠʜʦʤʝʥʥʳʤ ʙʝʣʢʦʤ (nAChR), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʭ 

ʜʚʠʞʝʥʠʷʭ [278]. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʫʩʣʦʚʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʫʪʘʥʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʧʦʩʪ-

ʬʠʣʴʪʨʘʮʠʠ ʨʝʰʝʥʠʡ ʜʦʢʠʥʛʘ. ʆʜʥʠʤ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʙʳʣʦ ʪʦ, ʯʪʦʙʳ ʦʙʘ ʦʩʪʘʪʢʘ Arg31 ʠ 

Arg32 ʦʙʨʘʟʦʚʳʚʘʣʠ ʩʦʣʝʚʳʝ ʤʦʩʪʠʢʠ ʩ ʨʝʮʝʧʪʦʨʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʤʳ ʧʦʣʫʯʠʣʠ ʥʘʙʦʨ ʠʟ 

14-ʪʠ ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʘ ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʯʝʪʳʨʝ ʢʣʘʩʪʝʨʘ (#1 - #4). 

 

ɺʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʪʦʢʩʠʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʥʪʘʛʦʥʠʩʪ-ʧʦʜʦʙʥʳʡ ʩʧʦʩʦʙ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʝʮʝʧʪʦʨʦʤ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʧʝʪʣʝʡ II ʠ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʤ ʩʘʡʪʦʤ. ʇʨʠ ʵʪʦʤ ʧʝʪʣ ̫II  ʧʨʦʥʠʢʘʝʪ ʧʦʜ ʉ-ʧʝʪʣʶ 

ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʨʝʮʝʧʪʦʨʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʞʜʳʡ ʢʣʘʩʪʝʨ ʨʝʰʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʪʦʧʦʣʦʛʠʷʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ. ɺ ʩʪʨʫʢʪʫʨʘʭ 

ʠʟ ʢʣʘʩʪʝʨʘ #1 (ʈʠʩ. 4.21) ʪʦʢʩʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʮʝʧʪʦʨʦʤ ʟʘ ʩʯʝʪ ʧʝʪʝʣʴ I ʠ II, ʘ 

ʪʘʢʞʝ ʦʩʪʘʪʢʘ Arg65 ʉ-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʧʦʣʥʳʡ ʩʧʠʩʦʢ ʢʦʥʪʘʢʪʦʚ ʧʨʠʚʝʜʝʥ 

 

 

ʈʠʩ. 4.21. ɺʠʜ ʩʚʝʨʭʫ ʠ ʚʠʜ ʩʙʦʢʫ ʢʦʤʧʣʝʢʩʘ rWTX[P33A] ʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ Ŭ7-nAChR ʩ 

çʦʪʢʨʳʪʳʤè ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ (ʨʝʰʝʥʠʝ ʠʟ ʢʣʘʩʪʝʨʘ #1) (ɸ,ɹ). ʄʦʣʝʢʫʣʘ 

ʪʦʢʩʠʥʘ ʧʦʢʘʟʘʥʘ ʩʠʥʠʤ ʮʚʝʪʦʤ, ʜʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ ʦʨʘʥʞʝʚʳʤ. ʇʝʪʣʠ ʪʦʢʩʠʥʘ ʧʨʦʥʫʤʝʨʦʚʘʥʳ. 

ʆʩʥʦʚʥʘʷ ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ ʩʫʙʲʝʜʠʥʠʮʳ ʛʦʤʦʧʝʥʪʘʤʝʨʥʦʛʦ Ŭ7 ʨʝʮʝʧʪʦʨʘ ʧʦʢʘʟʘʥʳ ʧʰʝʥʠʯʥʳʤ 

ʠ ʩʚʝʪʣʦ-ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʪʣʷ C ʢʘʞʜʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʧʦʢʘʟʘʥʘ ʢʨʘʩʥʳʤ. 
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ʚ ʊʘʙʣʠʮʝ 4.3). ʕʪʦʪ ʩʧʦʩʦʙ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʜʘʥʥʳʤʠ 

ʤʫʪʘʛʝʥʝʟʘ ʠ ʠʤʝʝʪ ʩʘʤʫʶ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʟʘʛʣʫʙʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (~ 600 Ñ 2 ¡2), ʘ 

ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪ ʧʦʥʠʞʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʪʦʢʩʠʥʘ, ʠʤʝʶʱʝʛʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ N-ʢʦʥʮʝʚʦʡ ʦʩʪʘʪʦʢ Met. ʅʘʧʨʦʪʠʚ, ʢʦʥʪʘʢʪʳ ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ ʚ ʢʣʘʩʪʝʨʝ 

ʨʝʰʝʥʠʡ #2 ʦʙʨʘʟʦʚʘʥʳ ʩ ʫʯʘʩʪʠʝʤ ʧʝʪʝʣʴ II ʠ III  ʪʦʢʩʠʥʘ (ʧʣʦʱʘʜʴ ʟʘʛʣʫʙʣʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ~ 480 Ñ 2 ¡2). 

 

 
ʈʠʩ. 4.22. (ɸ). ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʘ ̫ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ WTX[P33A]/Ŭ7-nAChR ʩ çʦʪʢʨʳʪʳʤè 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ ʠʟ ʢʣʘʩʪʝʨʘ ʨʝʰʝʥʠʡ #3 ʄʦʣʝʢʫʣʘ ʪʦʢʩʠʥʘ ʧʦʢʘʟʘʥʘ ʩʠʥʠʤ ʮʚʝʪʦʤ, 

ʜʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ ʦʨʘʥʞʝʚʳʤ. ʇʝʪʣʠ ʪʦʢʩʠʥʘ ʧʦʜʧʠʩʘʥʳ. ʆʩʥʦʚʥʘʷ (+) ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ (-) 

ʩʫʙʲʝʜʠʥʠʮʳ ʛʦʤʦʧʝʥʪʘʤʝʨʥʦʛʦ Ŭ7 ʨʝʮʝʧʪʦʨʘ ʧʦʢʘʟʘʥʳ ʧʰʝʥʠʯʥʳʤ ʠ ʩʚʝʪʣʦ-ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʪʣʷ C ʢʘʞʜʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʨʝʮʝʧʪʦʨʘ ʧʦʢʘʟʘʥʘ ʢʨʘʩʥʳʤ. ʇʨʠʤʝʨʥʘʷ ʛʨʘʥʠʮʘ 

ʣʠʧʠʜʥʦʛʦ ʙʠʩʣʦʷ ʧʦʢʘʟʘʥʘ ʩʚʝʪʣʦ-ʛʦʣʫʙʳʤʠ ʩʬʝʨʘʤʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʛʦʣʦʚʢʠ 

ʣʠʧʠʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʩʬʝʨʳ ʥʘ ʨʠʩʫʥʢʝ. (ɹ, ɺ) ʀʟʦʪʝʨʤʘ ʩʚʷʟʳʚʘʥʠʷ rWTX[P33A] c 

ʤʘʣʝʥʴʢʠʤʠ ʤʦʥʦʣʘʤʝʣʣʷʨʥʳʤʠ ʣʠʧʠʜʥʳʤʠ ʚʝʟʠʢʫʣʘʤʠ POPC. ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ 

ʧʨʝʜʧʦʣʦʛʘʣʦʩʴ, ʯʪʦ ʗʄʈ-ʩʠʛʥʘʣʳ ʤʦʣʝʢʫʣ ʪʦʢʩʠʥʘ ʩʚʷʟʘʚʰʠʭʩʷ ʩ ʣʠʧʦʩʦʤʘʤʠ ʥʝ ʥʘʙʣʶʜʘʶʰʪʩʷ 

ʚ ʩʧʝʢʪʨʘʭ, ʠʟ-ʟʘ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʤʘʩʩʳ ʢʦʤʧʣʝʢʩʘ. ɼʘʥʥʳʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʫʨʘʚʥʝʥʠʝʤ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ([Toxin]bound = (KP Ĭ [Toxin] free Ĭ [ʃʠʧʠʜ]), ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʚʥʝʰʥʠʡ ʤʦʥʦʩʣʦʡ ʚʝʟʠʢʫʣʳ ʩʦʜʝʨʞʠʪ 60% ʣʠʧʠʜʥʳʭ ʤʦʣʝʢʫʣ. ʂʨʠʚʘʷ ʨʘʟʚʝʜʝʥʠʷ ʧʦʢʘʟʘʥʘ 

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. 
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ʊʘʙʣʠʮʘ 4.3. ʂʦʥʪʘʢʪʳ ʤʝʞʜʫ rWTX[P33A] ʠ Ŭ7-nAChR ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ɺʳʜʝʣʝʥʥʳʝ 

ʩʝʨʳʤ ʬʦʥʦʤ ʦʩʪʘʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʪʘʪʢʘʤ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʫʯʘʩʪʢʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʦʤʧʣʝʢʩʘ Ŭ-Bgtx ʠ ʭʠʤʝʨʥʦʛʦ ʙʝʣʢʘ AChBP/Ŭ7-nAChR [141]. 
 

WTX  Ŭ7-nAChRa, cluster #1 Ŭ7-nAChR, cluster #2 Ŭ7-nAChR, cluster #3 Ŭ7-nAChR, cluster #4 

ʇɽʊʃʗ I  

GLU 8 (ī) LYS 98 (I)  (+) LYS 167 (I, H) 

(ī) GLU 189 (H) 

 

PHE 10 (+) TRP 176 (T) 

(ī) LYS 98 (H) 

(ī) ASN 133 (H) 

(ī) HIS 137 (H) 

 (+) TYR 115 (T) 

(+) LYS 167 (H) 

(+) ARG 208 (T) 

 

GLY 12 (ī) SER 135 (H) 

(ī) GLY 136 (H) 

 (+) THR 221 (H)  

LYS 13 (ī) GLU 93 (I)  (ī) TRP 196 (H) 

(ī) ASP 197 (I, H) 

 

ʇɽʊʃʗ II  

LYS 26 (ī) GLU 184 (I) (+) GLU 211 (I, H) (+) GLU 211 (I, H)  

LYS 27  (ī) GLU 184 (I, H) 

(ī) ASP 186 (I) 

  

LEU 28  (+) ARG 208 (H)   

HIS 29  (+) ARG 208 (H, T) 

(ī) SER 188 (H) 

(ī) GLY 189 (H) 

 (+) GLU 211 (H) 

 

GLN 30  (+) PRO 218 (H)  (+) ARG 208 (H) 

(ī) SER 188 (H) 

(ī) GLY 189 (H) 

ARG 31 (ī) SER 56 (H) 

(ī) GLU 184 (I, H) 

(ī) ALA 185 (H) 

(ī) ASP 186 (I, H) 

(ī) SER 188 (H) 

(+) PHE 209 (H) 

(+) GLU 211 (I) 

(+) GLU 211 (I, H) 

(+) CYS 212 (H) 

(+) GLU 215 (I) 

(ī) SER 58 (H) 

(ī) GLU 184 (I) 

(ī) ASP 186 (I, H) 

(ī) ILE 187 (H) 

 

ARG 32 (+) ARG 208 (T) 

(+) TYR 210 (T) 

(+) GLU 215 (I, H) 

(+) TYR 217 (H) 

(+) PRO 218 (H) 

(+) ASP 219 (I, H) 

(ī) SER 188 (H) 

(+) ASP 219 (I, H) 

(ī) ASP 186 (I) 

(ī) ILE 187 (H) 

(ī) SER 188 (H) 

(ī) GLU 93 (I) 

(ī) ASN 133 (H) 

(ī) GLU 184 (I) 

(ī) ASP 186 (I) 

(+) GLU 211 (I) 

(ī) TRP 77 (T) 

(ī) SER 188 (H) 

ALA 33 (+) TYR 115 (H) 

(ī) SER 188 (H) 

  (+) TYR 210 (H) 

 

LEU 34 (ī) SER 188 (H)  (+) ARG 208 (H) 

(+) GLU 215 (H) 

 

SER 35 (+) GLU 215 (H)  (ī) ASP 186 (I)  

TRP 36 (ī) SER 188 (H)    

ARG 37 (+) TYR 210 (H, T) 

(+) GLU 211 (I) 

(+) CYS 212 (H) 

(+) CYS 213 (H) 

(+) LYS 214 (H) 

(+) GLU 215 (I, H) 

(ī) ASP 197 (I) (ī) GLU 184 (I) 

(ī) ASP 186 (I) 

(+) GLU 211 (H) 

 

TYR 38 (ī) GLU 184 (H) (+) GLU 211 ( H) (+) PHE 209 (H)  

ARG 40 (ī) HIS 137 (H) 

(ī) GLU 184 (I) 

(+) GLU 211 (I) (+) GLU 211 (I, H) 

(+) ASP 219 (I) 

 

ʇɽʊʃʗ III  

GLY 49  (ī) GLN 139 (H)   

LYS 50  (ī) SER 56 (H) 

(ī) GLN 79 (H) 

(ī) GLN 83 (H) 

(ī) ASP 186 (I) 

  

TYR 52  (+) ARG 208 (H) 

(ī) SER 58 (H) 

(ī) TRP 77 (T) 

(ī) GLN 79 (H) 

(ī) ASP 186 (H) 

 (+) ARG 208 (H) 

(ī) GLY 189 (H) 

(ī) TYR 190 (H) 

 

 

GLU 53  (ī) SER 188 (H)   

GLU 56  (+) CYS 213 (H)  (ī) ARG 227 (I) 

C-ʂʆʅʎɽɺɸʗ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊʔ 

ARG 65 (ī) THR 52 (H) 

(ī) TYR 54 (H, T) 

(ī) GLN 181 (H) 

(ī) GLN 183 (H) 

 (+) GLU 207 (I)  

a
(+) ʦʟʥʘʯʘʝʪ ʦʩʪʘʪʢʠ ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ; (ī) ʦʟʥʘʯʘʝʪ ʦʩʪʘʪʢʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ 

ʩʫʙʲʝʜʠʥʠʮʳ. H, T, ʠ I ʦʟʥʘʯʘʶʪ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ, T-ʩʪʵʢʠʥʛ, ʠ ʠʦʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʂʣʘʩʪʝʨʳ ʨʝʰʝʥʠʡ #3 ʠ #4 ʩʦʜʝʨʞʘʪ ʨʝʰʝʥʠʷ, ʛʜʝ ʪʦʢʩʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ ʩʦ ʩʪʦʨʦʥʳ ʣʠʧʠʜʥʦʛʦ ʙʠʩʣʦʷ, ʦʢʨʫʞʘʶʱʝʛʦ ʨʝʮʝʧʪʦʨ (ʈʠʩ. 

4.22ɸ). ʕʪʠ ʤʦʜʝʣʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʧʦʣʦʛʠʝʡ ʪʦʢʩʠʥʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

Ŭ7-nAChR (ʧʝʪʣʠ I/II ʠʣʠ II/III, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʊʘʙʣʠʮʘ 4.3). ʊʘʢʦʡ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ, ʚʧʦʣʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʝʨʦʷʪʥʳʡ, ʪʘʢ ʢʘʢ ʣʠʧʠʜʥʘʷ 

ʤʝʤʙʨʘʥʘ ʚʦʢʨʫʛ ʨʝʮʝʧʪʦʨʘ ʤʦʞʝʪ ʠʛʨʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʟʤʝʡ ʩ nAChR (ʧ.4.2.1). ɸʥʘʣʦʛʠʯʥʦ ʵʪʦʤʫ, ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʦʚ 

ʪʦʢʩʠʥ/ʨʝʮʝʧʪʦʨ ʠʟ ʢʣʘʩʪʝʨʦʚ ʨʝʰʝʥʠʡ #3 ʠ #4 ʧʦʢʘʟʘʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʙʣʠʞʝʥʥʦʩʪʴ 

ʟʘʨʷʞʝʥʥʳʭ ʦʩʪʘʪʢʦʚ çʛʦʣʦʚʳè ʪʦʢʩʠʥʘ (Arg18, Glu21, Lys22, Asp44) ʠ ʛʦʣʦʚʦʢ ʣʠʧʠʜʦʚ 

ʤʝʤʙʨʘʥʳ (ʈʠʩ. 4.22ɸ).  

ʉʧʦʩʦʙʥʦʩʪʴ WTX ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʮʚʠʪʪʝʨ-ʠʦʥʥʳʤʠ ʤʦʜʝʣʴʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʣʠʧʠʜʳ POPC (ʚ ʚʠʜʝ ʤʘʣʝʥʴʢʠʭ ʤʦʥʦʣʘʤʝʣʣʷʨʥʳʭ ʚʝʟʠʢʫʣ ʠʣʠ ʣʠʧʠʜ-

ʙʝʣʢʦʚʳʭ ʥʘʥʦʜʠʩʢʦʚ [279]) ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ1 (ʈʠʩ. 

4.22ɹ). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʘʬʬʠʥʥʦʩʪʴ ʪʦʢʩʠʥʘ ʢ ʥʝʟʘʨʷʞʝʥʥʳʭ ʤʝʤʙʨʘʥʘʤ 

ʙʳʣʘ ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʦʡ (ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Kp ~ 105 M-1), ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʪʦʢʩʠʥ/ʤʝʤʙʨʘʥʘ ʚʩʝ ʞʝ ʤʦʞʝʪ ʠʛʨʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʩʚʷʟʳʚʘʥʠʠ WTX ʩ nAChR. 

 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʜ.ʬ.-ʤ.ʥ. ɿ.ʆ. ʐʝʥʢʘʨʝʚʳʤ, ʛʨʫʧʧʘ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʀɹʍ ʈɸʅ 



 

 

147 

4.3. ʊʨʝʭʧʝʪʝʣʴʥʳʝ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʳ Lynx1 ʠ Lypd6 

4.3.1. ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ Lynx1 

ʕʥʜʦʛʝʥʥʳʝ ʪʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ Ly6/uPAR ʧʨʠʚʣʝʢʘʶʪ ʢ ʩʝʙʝ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʤʦʜʫʣʠʨʦʚʘʪʴ ʬʫʥʢʮʠʶ 

ʥʝʡʨʦʥʘʣʴʥʳʭ nAChR, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʨʷʜʘ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ, ʧʘʨʢʠʥʩʦʥʠʟʤ, 

ʜʝʧʨʝʩʩʠʶ ʠ ʜʨ. [64]. ʆʜʥʠʤ ʠʟ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʣʩʷ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨ Lynx1, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʡʩʷ ʚ ʤʦʟʛʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. 

4.3.1.1. ʕʢʩʧʨʝʩʩʠʷ Lynx1 ʚ ʤʦʟʛʝ ʢʨʳʩ 

ɺ ʭʦʜʝ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ Lynx1 ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩ 

ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʳʤ ʙʝʣʢʦʤ1 (ʈʠʩ. 4.23ɸ). ʅʘ ʫʨʦʚʥʝ ʦʨʛʘʥʦʚ, 

Lynx1 ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʚ ʤʦʟʞʝʯʢʝ, ʘ 

ʪʘʢʞʝ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ (ʈʠʩ. 4.23ɹ). Lynx1 ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 

ʩʝʨʜʮʝ, ʧʝʯʝʥʠ, ʧʦʯʢʘʭ ʠʣʠ ʚ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʝ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʳʜʫʱʝʡ 

ʨʘʙʦʪʦʡ [134], ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʫʨʦʚʥʝ ʤʈʅʂ, ʯʪʦ Lynx1 ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ 

ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʤʳʰʝʡ, ʥʦ ʥʝ ʚ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʝ, ʧʝʯʝʥʠ ʠʣʠ ʧʦʯʢʘʭ. 

 

ʈʠʩ. 4.23. ʕʢʩʧʨʝʩʩʠʷ Lynx1 ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʢʘʭ ʠ ʦʨʛʘʥʘʭ ʢʨʳʩ. (ɸ). ɸʥʘʣʠʟ ʨʘʩʪʚʦʨʠʤʦʡ ʠ 

ʤʝʤʙʨʘʥʥʦʡ ʬʨʘʢʮʠʡ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ɺʝʩʪʝʨʥ-

ʙʣʦʪʪʠʥʛʘ (n=4). (ɹ). ʕʢʩʧʨʝʩʩʠʷ Lynx1 ʚ ʨʘʟʥʳʭ ʦʨʛʘʥʘʭ ʚʟʨʦʩʣʦʛʦ ʩʘʤʮʘ ʢʨʳʩʳ (n = 2). (ɺ). 

ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʚ ʢʦʨʝ ʚʟʨʦʩʣʦʛʦ ʩʘʤʮʘ ʢʨʳʩʳ (CTX), ʚ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʝ ʥʝʡʨʦʥʦʚ 

ʢʦʨʳ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ 7 ʠ 14 ʜʥʝʡ in vitro (Neuron DIV 7 ʠ 14, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʚ ʧʝʨʚʠʯʥʦʡ 

ʢʫʣʴʪʫʨʝ ʤʠʢʨʦʛʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ 15 ʜʥʝʡ in vitro, ʠ ʚ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʝ 

ʘʩʪʨʦʛʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ 18 ʜʥʝʡ in vitro (n = 3). 
 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʝ ʠʤʝʥʥʦ ʪʠʧʳ ʢʣʝʪʦʢ ʚ ʤʦʟʛʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪ 

Lynx1, ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʵʢʩʧʨʝʩʩʠʶ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ ʚ ʢʦʨʝ ʚʟʨʦʩʣʳʭ ʢʨʳʩ, ʚ 

ʧʝʨʚʠʯʥʳʭ ʥʝʡʨʦʥʘʭ ʢʦʨʳ ʢʨʳʩʳ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ 7 ʠʣʠ 14 ʜʥʝʡ, ʚ ʧʝʨʚʠʯʥʳʭ ʢʣʝʪʢʘʭ 

ʤʠʢʨʦʛʣʠʠ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ 15 ʜʥʝʡ, ʠ ʚ ʧʝʨʚʠʯʥʳʭ ʘʩʪʨʦʛʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ, 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʄ.ʊʦʤʩʝʥʦʤ, ʋʥʠʚʝʨʩʠʪʝʪ ʂʦʧʝʥʛʘʛʝʥʘ, ɼʘʥʠʷ 
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ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ 18 ʜʥʝʡ (ʈʠʩ. 4.23ɺ). Lynx1 ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʢʦʨʝ ʠ ʚ ʧʝʨʚʠʯʥʳʭ 

ʥʝʡʨʦʥʘʭ ʥʘ 14 ʜʝʥʴ, ʥʦ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʥʝʡʨʦʥʘʭ ʥʘ 7ʡ ʜʝʥʴ, ʘ ʪʘʢʞʝ ʚ 

ʤʠʢʨʦʛʣʠʘʣʴʥʳʭ ʠ ʘʩʪʨʦʛʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ. 

ʅʝʢʦʪʦʨʳʝ Ly6/uPAR ʙʝʣʢʠ ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʠʤʳʭ ʙʝʣʢʦʚ, ʪʘʢ ʠ ʚ 

ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʦʡ ʬʦʨʤʝ [137]. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʙʝʣʢʘ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʤʝʩʪʦ ʜʝʡʩʪʚʠʷ ʠ ʬʫʥʢʮʠʶ ʵʪʦʛʦ ʙʝʣʢʘ. ʊʘʢ, ʨʘʩʪʚʦʨʠʤʳʡ ʙʝʣʦʢ ʤʦʞʝʪ 

ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʯʝʨʝʟ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʚʷʟʘʥʥʳʡ ʩ ʤʝʤʙʨʘʥʦʡ ʙʝʣʦʢ 

ʙʦʣʝʝ ʦʛʨʘʥʠʯʝʥ ʚ ʩʚʦʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ nAChR [176]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ (ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʦʛʦ) ʠʣʠ ʨʘʩʪʚʦʨʠʤʦʛʦ Lynx1 ʫ 

ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʣʘ ʥʘ ʤʦʪʦʨʥʫʶ ʧʘʤʷʪʴ [176].  

 

 

ʈʠʩ. 4.24. ʂʦʥʮʝʥʪʨʘʮʠʷ Lynx1 ʚ ʢʦʨʝ 

(CTX) ʠ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ 

(CSF). ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ Lynx1 

ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ (ʧʦ 

20 ʤʢʛ) ʤʝʤʙʨʘʥʥʦʡ ʬʨʘʢʮʠʠ ʢʦʨʳ ʠ 

ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ ʚʟʨʦʩʣʦʛʦ 

ʩʘʤʮʘ ʢʨʳʩʳ ʩ ʧʦʤʦʱʴʶ ɺʝʩʪʝʨʥ-

ʙʣʦʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ws-Lynx1. n = 2. 
 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝ ʩʢʘʟʘʥʥʳʤ, ʚ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ (CSF) ʙʳʣʘ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ Lynx1 (ʈʠʩ. 4.23ɸ, ʈʠʩ. 4.24). ʂʦʥʮʝʥʪʨʘʮʠʷ 

Lynx1 ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩ ʠ ʚ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ ʙʳʣʘ ʦʮʝʥʝʥʘ ʥʘʤʠ ʩ 

ʧʦʤʦʱʴʶ ɺʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʧʨʝʧʘʨʘʪʦʤ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʘʥʘʣʦʛʘ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʙʝʣʢʘ ʯʝʣʦʚʝʢʘ Lynx1, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ GPI-ʷʢʦʨʴ (ws-Lynx1, ʩʤ. ʥʠʞʝ) 

ʩ ʠʟʚʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (ʈʠʩ. 4.24). ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʚ ʪʢʘʥʠ ʢʦʨʳ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩʦʜʝʨʞʠʪʩʷ ~ 8,6 ʥʛ Lynx1/ʤʢʛ ʦʙʱʝʛʦ ʙʝʣʢʘ. ʋʯʠʪʳʚʘʷ ʤʦʣʝʢʫʣʷʨʥʫʶ 

ʤʘʩʩʫ ws-Lynx1 8399,6 ʛ/ʤʦʣʴ, ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ~ 1,0 ʧʤʦʣʴ/ʤʢʛ ʦʙʱʝʛʦ ʙʝʣʢʘ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ ʦʮʝʥʠʚʘʣʘʩʴ ʚ ~ 1,1 ʥʛ 

Lynx1/ʤʢʛ ʦʙʱʝʛʦ ʙʝʣʢʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ~ 0,13 ʧʤʦʣʴ/ʤʢʛ ʦʙʱʝʛʦ ʙʝʣʢʘ. ɹʝʨʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʦʙʲʝʤ CSF, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʛʝʣʴ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ Lynx1 ʚ 

ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ ʫ ʢʨʳʩ ʩʦʩʪʘʚʣʷʝʪ ~0,5 ʤʢʄ, ʘ ʚ ʢʦʨʝ ~ 1 ʤʢʄ (ʠʟ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ 1 ʢʛ ʤʦʟʛʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʲʝʤʫ 1 ʣ). ʋʯʠʪʳʚʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ 

ʣʦʢʘʣʠʟʘʮʠʶ Lynx1 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʤʦʟʛʘ, ʨʝʘʣʴʥʘʷ ʣʦʢʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

Lynx1 ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ws-Lynx1 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

1 ʤʢʄ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ACh-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʪʦʢ ʥʘ Ŭ7-nAChR, ʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 

ʤʢʄ ʠʥʛʠʙʠʨʦʚʘʪʴ ʝʛʦ (ʧ.4.3.1.4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Lynx1 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʛʦʣʦʚʥʦʤ ʠ 

ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʤʦʜʫʣʷʮʠʠ 
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ʬʫʥʢʮʠʠ nAChR. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʥʝʝ ʘʙʩʦʣʶʪʥʳʝ ʢʦʣʠʯʝʩʪʚʘ Ly6/uPAR ʙʝʣʢʦʚ ʚ 

ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʥʝ ʦʧʨʝʜʝʣʷʣʠʩʴ. 

 

 

ʈʠʩ. 4.25. ʕʢʩʧʨʝʩʩʠʷ Lynx1 ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ. ʉʘʤʮʳ ʢʨʳʩ ʙʳʣʠ ʦʙʝʟʛʣʘʚʣʝʥʳ ʥʘ 1, 7, 14, 26, 42, 

ʠʣʠ 60 ʧʦʩʪʥʘʪʘʣʴʥʳʡ ʜʝʥʴ, ʠ ʣʦʙʥʘʷ ʢʦʨʘ ʠʣʠ ʛʠʧʧʦʢʘʤʧ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ. 

ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʠ ɓ2 ʩʫʙʲʝʜʠʥʠʮʳ nAChR ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ɺʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ. ʇʦʢʘʟʘʥʳ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʙʣʦʪʳ. n = 5. 
 

ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʠ nAChR ʚ ʭʦʜʝ 

ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʣʦʙʥʦʡ ʢʦʨʝ ʠ ʛʠʧʧʦʢʘʤʧʝ ʢʨʳʩʳ ʧʨʠ ʨʦʞʜʝʥʠʠ 

ʵʢʩʧʨʝʩʩʠʷ ʤʈʅʂ Lynx1 ʦʪʩʫʪʩʪʚʫʝʪ, ʦʜʥʘʢʦ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʩ 7ʛʦ ʧʦ 14ʡ ʜʝʥʴ, ʜʦʩʪʠʛʘʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʚ ʢʦʨʝ ʢʘʢ ʫ 

ʚʟʨʦʩʣʦʡ ʦʩʦʙʠ, ʘ ʚ ʛʠʧʧʦʢʘʤʧʝ ʜʘʞʝ ʚʳʰʝ, ʯʝʤ ʫ ʚʟʨʦʩʣʦʛʦ ʞʠʚʦʪʥʦʛʦ (ʈʠʩ. 4.25ɸ,ɹ). 

ʇʦʭʦʞʘʷ ʜʠʥʘʤʠʢʘ ʵʢʩʧʨʝʩʩʠʠ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ Lynx1 ʥʘ ʙʝʣʢʦʚʦʤ ʫʨʦʚʥʝ (ʈʠʩ. 4.25ɺ,ɻ). 

ʕʪʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ ʤʈʅʂ Lynx1 ʚ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʝ ʤʳʰʝʡ ʩ 18 ʜʦ 60 ʜʥʷ [178]. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʨʘʙʦʪʝ [182] ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ Lynx1, ʚ ʦʪʣʠʯʠʝ ʦʪ 
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Ly6H ʠ Lynx2, ʯʪʦ ʪʘʢʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʰʠʤʠ ʜʘʥʥʳʤʠ ʧʦ ʦʪʩʫʪʩʪʚʠʶ ʵʢʩʧʨʝʩʩʠʠ Lynx1 

ʥʘ ʧʝʨʚʳʡ ʧʦʩʪʥʘʪʘʣʴʥʳʡ ʜʝʥʴ. ʅʘʧʨʦʪʠʚ, ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ɓ2 ʩʫʙʲʝʜʠʥʠʮʳ nAChR ʥʘ 

ʙʝʣʢʦʚʦʤ ʫʨʦʚʥʝ ʫʚʝʣʠʯʠʚʘʣʩʷ ʣʠʰʴ ʚʪʨʦʝ ʚ ʢʦʨʝ ʠ ʩ ʩʘʤʦʛʦ ʨʦʞʜʝʥʠʷ ʜʝʨʞʘʣʩʷ 

ʧʨʠʤʝʨʥʦ ʥʘ ʫʨʦʚʥʝ ʵʢʩʧʨʝʩʩʠʠ ʚʟʨʦʩʣʦʛʦ ʞʠʚʦʪʥʦʛʦ ʚ ʛʠʧʧʦʢʘʤʧʝ (ʈʠʩ. 4.25ɺ,ɻ). ʕʪʠ 

ʜʘʥʥʳʝ ʚʧʝʨʚʳʝ ʦʧʠʩʳʚʘʶʪ ʩʪʝʧʝʥʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʝʞʜʫ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ ʩʝʤʝʡʩʪʚʘ 

Ly6/uPAR ʠ ʩʫʙʲʝʜʠʥʠʮ nAChR. ʈʘʟʣʠʯʠʝ ʚ ʧʨʦʬʠʣʝ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʠ nAChR ʚ ʣʦʙʥʦʡ 

ʢʦʨʝ ʠ ʛʠʧʧʦʢʘʤʧʝ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʘʷ ʚʟʘʠʤʥʘʷ ʨʝʛʫʣʷʮʠʷ ʵʪʠʭ 

ʙʝʣʢʦʚ ʦʪʣʠʯʘʝʪʩʷ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʤʦʟʛʘ, ʯʪʦ ʥʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʫʯʠʪʳʚʘʷ, ʦʪʣʠʯʘʶʱʝʝʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ nAChR ʚ ʣʦʙʥʦʡ ʢʦʨʝ ʠ ʛʠʧʧʦʢʘʤʧʝ [1]. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʚʤʝʩʪʝ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʚ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʝ ʥʝʡʨʦʥʦʚ 

(ʈʠʩ. 4.23), ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʬʠʣʠ ʵʢʩʧʨʝʩʩʠʠ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ in vivo ʠ 

in vitro ʩʦʚʧʘʜʘʶʪ. 

4.3.1.2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʜʦʤʝʥʘ 

ʙʝʣʢʘ ʯʝʣʦʚʝʢʘ Lynx1 

ʄʝʤʙʨʘʥʦʩʚʷʟʘʥʥʳʡ ʙʝʣʦʢ ʤʣʝʢʦʧʠʪʘʶʱʠʭ Lynx1 ʩʦʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʤʦʟʛʝ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʧʦʜʪʠʧʘʤʠ nAChR ʠ ʤʦʜʫʣʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʨʝʮʝʧʪʦʨʦʚ [172]. 

ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ GPI-ʟʘʷʢʦʨʝʥʥʦʛʦ Lynx1 ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʳ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʠʟʫʯʝʥʠʶ Lynx1, ʤʳ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʚʳʙʨʘʣʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʨʘʩʪʚʦʨʠʤʳʡ ʘʥʘʣʦʛ Lynx1 (ws-Lynx1), ʘʤʠʥʦʢʠʩʣʦʪʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʜʝʥʪʠʯʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Lynx1 ʯʝʣʦʚʝʢʘ ʜʦ ʩʘʡʪʘ 

ʧʨʠʢʨʝʧʣʝʥʠʷ GPI-ʷʢʦʨʷ (ʈʠʩ. 4.26). ʀʟ-ʟʘ ʦʞʠʜʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʭʦʜʩʪʚʘ Lynx1 

ʩ ʩʝʢʨʝʪʠʨʫʝʤʳʤʠ ʪʨʝʭʧʝʪʝʣʴʥʳʤʠ ʥʝʡʨʦʪʦʢʩʠʥʘʤʠ, ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʠʭ ʜʝʡʩʪʚʠʝ 

ʥʘ nAChR ʜʦʣʞʥʦ ʠʤʝʪʴ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʯʝʨʪʳ ʠ ʥʝ ʩʠʣʴʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʥʘʣʠʯʠʷ GPI-

ʷʢʦʨ.̫ 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʧʨʦʜʫʢʮʠʠ (ʧ.4.1.4) ʠ ʧʦʣʫʯʝʥʠʝ 

ʤʠʣʣʠʛʨʘʤʤʦʚʳʭ ʢʦʣʠʯʝʩʪʚ 15N-ʤʝʯʝʥʦʛʦ ws-Lynx1 ʧʦʟʚʦʣʠʣʠ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʦʙ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʵʪʦʛʦ ʙʝʣʢʘ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ws-

Lynx1 ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʘʤʠ 1H-15N-ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ1 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʨʅ 5.3. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʙʝʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʜʣʠʥʥʳʭ ʧʝʪʝʣʴ (I, II ʠ III), ʚʳʩʪʫʧʘʶʱʠʭ ʠʟ 

ɓ-ʩʪʨʫʢʪʫʨʥʦʛʦ çʷʜʨʘè. ɺʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ws-Lynx1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ 

ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʭ ɓ-ʣʠʩʪʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʪʷʞʝʡ: ɸsp3-His5 ʠ Pro17-

Arg19 (ʧʝʪʣʷ I), ʘ ʜʨʫʛʦʡ - ʠʟ ʯʝʪʳʨʝʭ ʪʷʞʝʡ: Cys7-Tyr9 (ʧʝʪʣʷ I), Tyr26-Thr35 (ʧʝʪʣʷ II), 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʜ.ʬ.-ʤ.ʥ. ɿ.ʆ. ʐʝʥʢʘʨʝʚʳʤ ʠ ʢ.ʬ.-ʤ.ʥ. ʂ.ʉ. ʄʠʥʝʝʚʳʤ, ʆʪʜʝʣ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ 

ʀɹʍ ʈɸʅ 
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Arg38-Val46 (ʧʝʪʣʷ II) ʠ Ser62-Cys67 (ʧʝʪʣʷ III). ʇʦʯʪʠ ʚʩʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʭʦʨʦʰʦ 

ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʜʘʥʥʳʤ ʗʄʈ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʯʘʩʪʠ ʪʨʝʪʴʝʡ ʧʝʪʣʠ (ʦʩʪʘʪʢʠ Thr52-Ala61) 

(ʈʠʩ. 4.26). ʆʩʪʘʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʝʣʢʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʝʥʠʷ 1ʅ ʭʠʤʠʯʝʩʢʠʭ 

ʩʜʚʠʛʦʚ, ʙʣʠʟʢʠʝ ʢ ʟʥʘʯʝʥʠʷʤ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʠ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʩʪʘʥʪ 3JH
N

H
Ŭ ~7 ɻʮ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʵʪʠʭ ʦʩʪʘʪʢʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʠ ʜʘʣʴʥʠʭ ʥʠ 

ʩʨʝʜʥʠʭ NOE ʢʦʥʪʘʢʪʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʵʪʦʛʦ 

ʬʨʘʛʤʝʥʪʘ. 

 

 

ʈʠʩ. 4.26. ʉʨʘʚʥʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ws-Lynx1 ʠ ʜʨʫʛʠʭ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ 

Ly6/uPAR (ʧʦʢʘʟʘʥʳ ʙʝʟ ʢʦʥʩʝʥʩʫʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ GPI-ʷʢʦʨʷ ʥʘ ʉ-ʢʦʥʮʝ), CD59 ʠ 

ʪʨʝʭʧʝʪʝʣʴʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʟʤʝʡ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ); ʩʨʘʚʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ws-

Lynx1, CD59, ʢʘʥʜʦʢʩʠʥʘ, ʵʨʘʙʫʪʦʢʩʠʥʘ-a ʠ Ŭ-ʢʦʙʨʘʪʦʢʩʠʥʘ (ʥʠʞʥʷʷ ʧʘʥʝʣʴ). ɼʘʥʥʳʝ ʚʟʷʪʳ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ Swiss-Prot. ʕʨʘʙʫʪʦʢʩʠʥ-a, Ŭ-ʢʦʙʨʘʪʦʢʩʠʥ, Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥ ʠ çʩʣʘʙʳʡè ʪʦʢʩʠʥ ʦʙʦʟʥʘʯʝʥʳ 

ʢʘʢ Erb-a, Ŭ-Cbtx, Ŭ-Bgtx and WTX, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʩʪʘʪʦʢ Met1 ws-Lynx1 ʚʳʜʝʣʝʥ 

ʩʝʨʳʤ ʮʚʝʪʦʤ. ʆʩʪʘʪʢʠ Cys ʦʢʨʘʰʝʥʳ ʚ ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ, ʠ ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʜʠʩʫʣʴʬʠʜʥʳʭ 

ʩʚʷʟʝʡ. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʜʣʷ Ŭ-Cbtx, Erb-a, ʢʘʥʜʦʢʩʠʥʘ ʠ CD59 ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ Protein Data 

Bank (PDB ʢʦʜʳ 2CTX, 1QKD, 1JGK, 2J8B, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦʢʘʟʘʥʳ ʦʩʪʘʪʢʠ Ŭ-Cbtx ʠ Erb-a, 

ʚʘʞʥʳʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ nAChR [258,280], ʘ ʪʘʢʞʝ ʛʦʤʦʣʦʛʠʯʥʳʝ ʦʩʪʘʪʢʠ ʚ ʢʘʥʜʦʢʩʠʥʝ [145] ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʪʘʪʢʠ ʚ ʧʝʪʣʝ II  ws-Lynx1. ɸʨʦʤʘʪʠʯʝʩʢʠʝ, ʛʠʜʨʦʬʦʙʥʳʝ, ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠ ʧʦʣʷʨʥʳʝ ʦʩʪʘʪʢʠ ʧʦʢʘʟʘʥʳ ʟʝʣʝʥʳʤ, ʞʝʣʪʳʤ, ʩʠʥʠʤ, 

ʢʨʘʩʥʳʤ ʠ ʧʫʨʧʫʨʥʳʤ ʮʚʝʪʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
 

ʉʪʨʫʢʪʫʨʘ ws-Lynx1 ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ ʯʝʪʳʨʴʤʷ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʩʚʷʟʷʤʠ ʚ "ʛʦʣʦʚʝ" 

ʤʦʣʝʢʫʣʳ (Cys4-Cys27, Cys20-Cys45, Cys49-Cys66 ʠ Cys67-Cys72), ʠ ʦʜʥʦʡ ʜʠʩʫʣʴʬʠʜʥʦʡ 

ʩʚʷʟʴʶ ʚ ʧʝʨʚʦʡ ʧʝʪʣʝ (Cys7-Cys14). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ, ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʦʝ ʜʣʷ Lynx1 [172]. ʇʦʤʠʤʦ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, "ʛʦʣʦʚʘ" ʠ ʧʝʪʣʠ ʙʝʣʢʘ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʅ-ʩʚʷʟʷʤʠ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. 
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ʅʘʧʨʠʤʝʨ, ʜʚʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ (HN(Leu71)-CO(ɸsp3) ʠ HN(ɸsp3)-Oŭ1(Asp70) 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ N- ʠ ʉ-ʢʦʥʮʝʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʣʢʘ. N-H ĀĀĀ N ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ HN Asn16 ʠ Nŭ1 His5 ʠ 

ʚʦʟʤʦʞʥʳʡ ʩʦʣʝʚʦʡ ʤʦʩʪʠʢ (ɸsp3-Arg19) ʬʠʢʩʠʨʫʶʪ ʧʝʨʚʫʶ ʧʝʪʣʶ. ɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ 

HN(Cys66)-OŮ1(Glu51) ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʪʨʝʪʴʶ ʧʝʪʣʶ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʩʢʦʣʴʢʦ ɓ- ʠ ɔ-

ʧʦʚʦʨʦʪʦʚ ʧʨʠʩʫʪʩʪʚʫʪʁ ʢʘʢ ʥʘ ʢʦʥʮʝ ʧʝʪʝʣʴ I ʠ II, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ çʛʦʣʦʚʳè ʤʦʣʝʢʫʣʳ. 

ʉʨʘʚʥʝʥʠʝ 15N-HSQC ʩʧʝʢʪʨʦʚ ws-Lynx1, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʨʅ (5.3 ʠ 7.0), ʫʢʘʟʘʣʦ 

ʥʘ ʪʦ, ʯʪʦ ʙʝʣʦʢ ʠʤʝʝʪ ʩʭʦʞʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʩʣʘʙʦ 

ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ.  

ʊʘʢ ʢʘʢ ʤʠʰʝʥʴʶ ʜʝʡʩʪʚʠʷ Lynx1 ʷʚʣʷʶʪʩʷ nAChR, ʠʥʪʝʨʝʩʥʦ ʙʳʣʦ ʩʨʘʚʥʠʪʴ ʝʛʦ 

ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʟʤʝʡ, ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘ ʵʪʠ ʞʝ ʨʝʮʝʧʪʦʨʳ (ʈʠʩ. 4.26). CD59, ʨʝʛʫʣʷʪʦʨʥʳʡ ʙʝʣʦʢ ʩʝʤʝʡʩʪʚʘ Ly6/uPAR, ʙʳʣ 

ʪʘʢʞʝ ʚʢʣʶʯʝʥ ʚ ʩʨʘʚʥʝʥʠʝ, ʪʘʢ ʢʘʢ ʠʟʚʝʩʪʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʝʛʦ ʬʦʨʤʳ ʙʝʟ 

GPI-ʷʢʦʨʷ [137]. ʅʘ ʨʠʩʫʥʢʝ 4.26 ʧʦʢʘʟʘʥʦ ʦʙʱʝʝ ʩʪʨʫʢʪʫʨʥʦʝ ʩʭʦʜʩʪʚʦ ʵʪʠʭ ʙʝʣʢʦʚ. 

ʇʷʪʘʷ ʜʠʩʫʣʴʬʠʜʥʘʷ ʩʚʷʟʴ ʚ ʧʝʪʣʝ I ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʯʝʨʪʦʡ ʜʣʷ ws-Lynx1, çʥʝʦʙʳʯʥʳʭè 

ʪʦʢʩʠʥʦʚ ʠ CD59. ʆʜʥʘʢʦ, ʜʣʠʥʥʘʷ ʠ ʚ ʦʩʥʦʚʥʦʤ ʥʝʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʝʪʣʷ III ʷʚʣʷʝʪʩʷ 

ʫʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ws-Lynx1. CD59 ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʜʦʚʦʣʴʥʦ ʜʣʠʥʥʳʝ ʚʩʪʘʚʢʠ ʚ 

ʧʝʪʣʝ III, ʥʦ ʵʪʦʪ ʵʣʝʤʝʥʪ ʭʦʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʠ ʧʨʠʥʠʤʘʝʪ Ŭ-ʩʧʠʨʘʣʴʥʫʶ 

ʢʦʥʬʦʨʤʘʮʠʶ ʚ ʢʨʠʩʪʘʣʣʝ ʠ ʨʘʩʪʚʦʨʝ [137]. 

4.3.1.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ws-Lynx1 ʩ ʘʮʝʪʠʣʭʦʣʠʥʩʚʷʟʳʚʘʶʱʠʤʠ 

ʙʝʣʢʘʤʠ, nAChR ʠ mAChR 

ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ Lynx1 ʚʣʠʷʝʪ ʥʘ ʘʮʝʪʠʣʭʦʣʠʥ-

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʦʢʠ ʚ ʦʦʮʠʪʘʭ Xenopus ʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ Ŭ4ɓ2 

nAChR [134,172,175]. ʆʜʥʘʢʦ, ʜʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʘʢʪʠʚʥʦʩʪʠ GPI-ʟʘʷʢʦʨʝʥʥʦʛʦ 

Lynx1 ʠ ʠʟʤʝʨʠʪʴ ʚʝʣʠʯʠʥʫ Kd ʠʣʠ ɽʉ50 ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ. ɺ 

ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʠʟʤʝʨʠʣʠ ʧʘʨʘʤʝʪʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ws-Lynx1 ʩ nAChR, ʘ ʪʘʢʞʝ ʩ 

ʘʮʝʪʠʣʭʦʣʠʥ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʙʝʣʢʘʤʠ Ac-AChBP ʠ Ls-AChBP1, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʭ ʜʦʤʝʥʦʚ nAChR[39]. 

ʊʘʢ ʢʘʢ ʛʦʤʦʧʝʥʪʘʤʝʨʥʳʝ AChBP ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʛʦʤʦʧʝʥʪʘʤʝʨʥʳʤ a7-nAChR, ʠ 

ʧʦʩʢʦʣʴʢʫ Ls-AChBP ʩʚʷʟʳʚʘʝʪ a-Bgtx ʩ ʥʘʥʦʤʦʣʷʨʥʦʡ ʘʬʬʠʥʥʦʩʪʴʶ, ʢʦʥʢʫʨʝʥʮʠʷ ʩ 125I-

a-Bgtx ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʙʥʘʨʫʞʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʠ ʩ a7-nAChR [281,282]. ʉʦʝʜʠʥʝʥʠʷ, ʤʠʰʝʥʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ɺ.ʀ. ʎʝʪʣʠʥʳʤ ʠ ʜ.ʭ.ʥ. ʂʘʰʝʚʝʨʦʚʳʤ ʀ.ɽ., ʆʪʜʝʣ ʤʦʣʝʢʫʣʷʨʥʦʡ ʥʝʡʨʦʠʤʤʫʥʥʦʡ 
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ʜʨʫʛʠʝ ʧʦʜʪʠʧʳ nAChR, ʪʘʢʞʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ AChBP, ʭʦʪʷ ʠ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʘʬʬʠʥʥʦʩʪʴʶ [283]. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʦʥʢʫʨʝʥʮʠʠ ʩ 125I-a-Bgtx ʦʧʨʝʜʝʣʠʣʠ IC50 ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ws-

Lynx1 ʩ AChBP 10 ʤʢʄ (ʈʠʩ. 4.27ɸ). ʉʚʷʟʳʚʘʥʠʝ ws-Lynx1 ʩ AChBP ʧʦʟʚʦʣʠʣʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʙʝʣʦʢ ʤʦʞʝʪ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʠ ʩ nAChR. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Lynx1 c a7- ʠʣʠ Ŭ4ɓ2-nAChR ʨʘʥʝʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ [134,172,175]. ʆʜʥʘʢʦ, ʢʦʥʢʫʨʝʥʮʠʠ ws-Lynx1 

ʩ 125I-a-Bgtx ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ a7-nAChR, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʚ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 

GH4C1, ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ 30 ʤʢʄ 

(ʈʠʩ. 4.27ɺ). ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ Ŭ4ɓ2-

nAChR, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʚ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ SH-EP1, ʪʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʢʦʥʢʫʨʝʥʮʠʠ ʩ 3H-ʵʧʠʙʘʪʠʜʠʥʦʤ ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ws-Lynx1 30 ʤʢʄ (ʈʠʩ. 4.27ɻ).  

ʊʘʢ ʢʘʢ ʨʘʥʝʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʦʚʤʝʩʪʥʘʷ ʠʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʷ Lynx2 ʩ ʤʳʰʝʯʥʳʤ nAChR 

[183], ʤʳ ʪʘʢʞʝ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ws-Lynx1 ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʳʰʝʯʥʳʤ 

nAChR, ʚʳʜʝʣʝʥʥʳʤ ʠʟ ʩʢʘʪʘ Torpedo californica, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʢʦʥʢʫʨʝʥʮʠʠ ʩ 125I-

a-Bgtx. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ws-Lynx1 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʳʰʝʯʥʳʤ nAChR ʩ IC50 ~ 30 

ʤʢʄ (ʈʠʩ. 4.27ɹ). ʅʘʙʣʶʜʘʝʤʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʩ 125I-a-Bgtx ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʨʝʮʝʧʪʦʨʦʤ ʠ ʘʮʝʪʠʣʭʦʣʠʥ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʙʝʣʢʘʤʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʝ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʯʘʩʪʠʯʥʦʝ, ʧʝʨʝʢʨʳʪʠʝ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ws-Lynx1 ʠ a-Bgtx ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

AChBP ʠ ʤʳʰʝʯʥʦʛʦ nAChR. ʈʘʟʣʠʯʠʝ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ nAChR ʨʘʟʣʠʯʥʳʭ ʧʦʜʪʠʧʦʚ, 

ʥʘʙʣʶʜʘʝʤʦʝ ʜʣʷ ws-Lynx1, ʨʘʥʝʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʣʷ ʪʨʝʭʧʝʪʝʣʴʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʠ Ŭ-

ʢʦʥʦʪʦʢʩʠʥʦʚ. a-Bgtx, ʜʣʠʥʥʳʡ ʥʝʡʨʦʪʦʢʩʠʥ ʩ ʫʜʣʠʥʝʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʝʡ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʴʶ, ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ Ŭ7 ʠ ʤʳʰʝʯʥʳʤ 

nAChR, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʡʨʦʪʦʢʩʠʥʳ ʩ ʢʦʨʦʪʢʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʝʡ, ʠ ʥʝ ʠʤʝʶʱʠʝ ʚ ʥʝʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʠ, ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʶʪ ʪʦʣʴʢʦ nAChR ʤʳʰʝʯʥʦʛʦ 

ʪʠʧʘ (ʧ.4.2.2). ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ Ŭ-ʢʦʥʦʪʦʢʩʠʥ ImII: ʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʪʘʢʫʶ ʞʝ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ a7-nAChR, ʢʘʢ ʠ Ŭ-ʢʦʥʦʪʦʢʩʠʥ ImI, ʥʦ ʧʨʠ ʵʪʦʤ 

ʚʳʪʝʩʥʷʝʪ 125I-Ŭ-Bgtx ʥʘʤʥʦʛʦ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ [284]. ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʚʷʟʳʚʘʥʠʝ Ŭ-ʢʦʥʦʪʦʢʩʠʥʘ ImII ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʤ ʩʘʡʪʝ ʚ 

ʩʣʫʯʘʝ AChBP ʠ a7-nAChR, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʣʫʯʘʝ ʤʳʰʝʯʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ʠʟ Torpedo 

californica ʵʪʦʪ ʢʦʥʦʪʦʢʩʠʥ ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ ʩʘʡʪʘ [285]. 
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ʈʠʩ. 4.27. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ws-Lynx1 ʩ AChBP, nAChR ʠ mAChR. ʂʦʥʢʫʨʝʥʮʠʷ ws-Lynx1 ʩ 125I-Bgtx ʟʘ 

ʩʚʷʟʳʚʘʥʠʝ ʩ Ls-AChBP ʠ Ac-AChBP (A), ʤʳʰʝʯʥʳʤ nAChR ʠʟ T. californica (ɹ), ʠ ʩ Ŭ7-nAChR, 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʚ GH4C1 ʢʣʝʪʢʘʭ (ɺ). ʂʦʥʢʫʨʝʥʮʠʷ ws-Lynx1 ʩ 3H-ʵʧʠʙʘʪʠʜʠʥʦʤ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ 

Ŭ4ɓ2-nAChR, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʚ SH-EP1 ʢʣʝʪʢʘʭ ʧʦʢʘʟʘʥʘ ʥʘ ʧʘʥʝʣʠ (ɻ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʘʢʞʝ 

ʧʦʢʘʟʘʥʦ ʚʳʪʝʩʥʝʥʠʝ 125I-Bgtx ʠ 3H-ʵʧʠʙʘʪʠʜʠʥʘ ʥʝʤʝʯʝʥʳʤʠ Bgtx ʠ ʵʧʠʙʘʪʠʜʠʥʦʤ. ʂʘʞʜʘʷ ʪʦʯʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ Ñ S.E. ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʜʘʥʥʳʝ (% ʦʪ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ) ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʫʨʘʚʥʝʥʠʝʤ ʍʠʣʣʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ IC50 ʠ nH 

ʨʘʚʥʳ 10.7 ɛM ʠ 1.5 ʜʣʷ Ls-AChBP, 9.4 ɛM ʠ 1.2 ʜʣʷ Ac-AChBP, 24 ɛM ʠ 2.3 ʜʣʷ ʤʳʰʝʯʥʦʛʦ nAChR. 

(ɼ). ɺʣʠʷʥʠʝ 10 ɛM ws-Lynx1 ʥʘ ʩʚʷʟʳʚʘʥʠʝ 3H-NMS ʩ M1ïM5 mAChR ʯʝʣʦʚʝʢʘ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ 

ʚ CHO ʢʣʝʪʢʘʭ. * ï ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʫʶ ʨʘʟʥʠʮʫ ʩʚʷʟʳʚʘʥʠʷ 3H-NMS ʩ M3 

ʨʝʮʝʧʪʦʨʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ws-Lynx1 ʩ ʢʦʥʪʨʦʣʝʤ ʙʝʟ ws-Lynx1 (p<0.05, ʜʚʫʭʩʪʦʨʦʥʥʠʡ t-ʢʨʠʪʝʨʠʡ 

ʉʪʴʶʜʝʥʪʘ, n=4). (ɽ). ɺʣʠʷʥʠʝ ws-Lynx1 ʥʘ ʩʚʷʟʳʚʘʥʠʝ 3H-NMS ʩ M3 mAChR. ʄʝʤʙʨʘʥʳ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ M3 ʤʫʩʢʘʨʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ws-Lynx1 ʠ 108 pM 3H-NMS. ʉʚʷʟʳʚʘʥʠʝ 3H-NMS ʚʳʨʘʞʝʥʦ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʢʦʥʪʨʦʣʷ (ʩʚʷʟʳʚʘʥʠʝ 3H-

NMS ʚ ʦʪʩʫʪʩʪʚʠʝ ws-Lynx1, n=4). Kd 3H-NMS ʥʘ M3 ʨʝʮʝʧʪʦʨʝ (207 pM) ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʥʘʩʳʱʝʥʠʶ ʩʚʷʟʳʚʘʥʠʷ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʫʨʘʚʥʝʥʠʝʤ (y = 100% Ĭ ([NMS]+Kd)/([NMS]+KdĬ(Ka+10[ws-Lynx1])/(Ka+10[ws-Lynx1]/Ŭ)) ʧʦʟʚʦʣʠʣʘ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʚʥʦʚʝʩʥʫʶ ʢʦʥʩʪʘʥʪʫ ʜʠʩʩʦʮʠʘʮʠʠ ws-Lynx1 (Ka = 3.0 ɛM) ʠ ʬʘʢʪʦʨ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʠ (Ŭ 

= 0.8). 
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ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʠʩʫʣʴʬʠʜʥʘʷ ʩʚʷʟʴ ʚ ʧʝʪʣʝ I ʠ ʤʠʢʨʦʤʦʣʷʨʥʦʝ ʩʨʦʜʩʪʚʦ ʢ nAChR 

ʤʳʰʝʯʥʦʛʦ ʠ a7 ʪʠʧʦʚ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ çʩʣʘʙʦʛʦè ʪʦʢʩʠʥʘ WTX ʠʟ ʷʜʘ Naja kaouthia 

(ʧ.4.2.2.3). ɼʣʷ WTX ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʪʦʢʩʠʥ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʠ ʩ mAChR 

([147], ʧ.4.2.2.3.1). ʄʳ ʪʘʢʞʝ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ws-Lynx1 ʩ ʤʫʩʢʘʨʠʥʦʚʳʤʠ 

ʨʝʮʝʧʪʦʨʘʤʠ M1-M5 ʪʠʧʦʚ1. ʅʘ ʈʠʩʫʥʢʝ 4.27E ʚʠʜʥʦ, ʯʪʦ 10 ʤʢʄ ws-Lynx1 ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʩʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʧʦʜʪʠʧʳ ʨʝʮʝʧʪʦʨʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʨʝʮʝʧʪʦʨʘ ʄ3 ʪʠʧʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʚʷʟʳʚʘʥʠʷ 3H-N-ʤʝʪʠʣʩʢʦʧʦʣʘʤʠʥʘ (NMS) ʥʘ 15% ʚ ʧʨʠʩʫʪʩʪʚʠʠ ws-Lynx1. ʉʣʘʙʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʠ Ŭ ~ 0,8) 

ʤʝʞʜʫ ws-Lynx1 ʠ 3H-NMS ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʧʩʝʚʜʦʢʦʥʢʫʨʝʥʮʠʠ ʥʘ 

ʄ3-ʨʝʮʝʧʪʦʨʝ (ʈʠʩ. 4.27ɽ). ʉʨʦʜʩʪʚʦ ws-Lynx1 ʢ ʨʝʮʝʧʪʦʨʫ ʙʳʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ 

(ʂʘ ~ 3 ʤʢʄ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ WTX (ʂʘ ~ 0,3 ʤʢʄ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʪʣʠʯʥʳʭ ʦʪ nAChR ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʠʰʝʥʝʡ 

ʜʝʡʩʪʚʠʷ Lynx1.  

ʈʘʟʣʠʯʠʝ ʚ ʜʝʡʩʪʚʠʠ ws-Lynx1 ʠ ʟʤʝʠʥʳʭ ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʭʘʨʘʢʪʝʨʝ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʅʘ ʨʠʩʫʥʢʝ 4.26 

ʧʦʢʘʟʘʥʳ ʙʦʢʦʚʳʝ ʮʝʧʠ ʦʩʪʘʪʢʦʚ çʜʣʠʥʥʦʛʦè ʥʝʡʨʦʪʦʢʩʠʥʘ Ŭ-Cbtx, ʚʘʞʥʳʭ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʝʡʨʦʥʘʣʴʥʳʤ Ŭ7-nAChR [258]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʩʪʘʪʢʠ, ʚʘʞʥʳʝ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çʢʦʨʦʪʢʠʭè Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʩ ʤʳʰʝʯʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ [280], ʧʦʢʘʟʘʥʳ 

ʥʘ ʧʨʠʤʝʨʝ ʵʨʘʙʫʪʦʢʩʠʥʘ-ʘ. ʎʝʥʪʨʘʣʴʥʘʷ ʧʝʪʣʷ ʦʙʦʠʭ ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʘ ʪʘʢʞʝ 

çʥʝʦʙʳʯʥʳʭè ʪʦʢʩʠʥʦʚ, ʵʬʬʝʢʪʠʚʥʦ ʙʣʦʢʠʨʫʶʱʠʭ nAChR (ʥʘʧʨʠʤʝʨ, candoxin [145]) 

ʩʦʜʝʨʞʠʪ ʢʦʤʙʠʥʘʮʠʶ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ 

ʦʩʪʘʪʢʦʚ (ʈʠʩ. 4.26), ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, ʠ ʦʧʨʝʜʝʣʷʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʪʦʢʩʠʥʦʚ ʩ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʮʝʧʪʦʨʘ [44,140]. ʇʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʡ ʦʩʪʘʪʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʢʦʥʮʝ ʧʝʪʣʠ II (Arg33 ʚ Ŭ-Cbtx ʠ ʵʨʘʙʫʪʦʢʩʠʥʝ-ʘ 

ʠʣʠ Arg35 ʚ ʢʘʥʜʦʢʩʠʥʝ) ʠʤʠʪʠʨʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ACh, ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʱʘʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʥʝʡʨʦʪʦʢʩʠʥʘ ʠ ʘʛʦʥʠʩʪʘ. Ws-Lynx1 ʥʝ ʠʤʝʝʪ ʪʘʢʦʛʦ ʥʘʙʦʨʘ 

ʦʩʪʘʪʢʦʚ ʠ, ʚ ʧʨʠʥʮʠʧʝ, ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʜʨʫʛʠʤ ʩʘʡʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ nAChR, ʧʨʠ 

ʵʪʦʤ ʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʮʝʧʪʦʨʘ ʩ ACh.  

4.3.1.4. ɺʣʠʷʥʠʝ ws-Lynx1 ʥʘ ACh-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʦʢʠ ʯʝʨʝʟ 

nAChR ʯʝʣʦʚʝʢʘ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʝ ʚ ʦʦʮʠʪʘʭ Xenopus laevis 

ɺʣʠʷʥʠʝ ws-Lynx1 ʥʘ ʘʤʧʣʠʪʫʜʫ ACh-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʢʦʚ ʯʝʨʝʟ ʢʘʥʘʣʳ a4ɓ2, 

a3ɓ2 ʠ a7 nAChR ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʘ ʦʦʮʠʪʘʭ Xenopus laevis, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ɺ. ɼʦʣʝʞʘʣʝʤ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʠ ʏʝʰʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʮʝʧʪʦʨʳ, ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʢʄ ʠʣʠ 10 ʤʢʄ 

ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ1. ʀʟʤʝʨʷʣʠ ʘʤʧʣʠʪʫʜʫ ʪʦʢʦʚ ʯʝʨʝʟ ʢʘʥʘʣ ʨʝʮʝʧʪʦʨʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ACh ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10 ʥʄ ʜʦ 1 ʤʄ. ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʘʤ 

ʧʦ ʩʝʙʝ ws-Lynx1 ʚ ʦʪʩʫʪʩʪʚʠʝ ACh ʥʝ ʦʢʘʟʳʚʘʣʘ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʪʦʢ ʯʝʨʝʟ ʨʝʮʝʧʪʦʨ. 

ʉʦʚʤʝʩʪʥʘʷ ʘʧʧʣʠʢʘʮʠʷ 1 ʤʢʄ ws-Lynx1 ʩ ACh ʪʘʢʞʝ ʥʝ ʦʢʘʟʳʚʘʣʘ ʥʠʢʘʢʦʛʦ ʵʬʬʝʢʪʘ ʥʘ 

a4ɓ2ʠ a3ɓ2 nAChR, ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ACh- 

 

ʈʠʩ. 4.28. ɼʝʡʩʪʚʠʝ ws-Lynx1 ʥʘ nAChR ʯʝʣʦʚʝʢʘ, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʝ ʚ ʦʦʮʠʪʘʭ Xenopus. (ɸ-ɺ), 

ACh-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʦʪʚʝʪʳ ʥʘ ʨʝʮʝʧʪʦʨʘʭ Ŭ7 (A), Ŭ4ɓ2 (ɹ) ʠ Ŭ3ɓ2 (ɺ) ʪʠʧʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʢʄ ws-Lynx1. (ɻ-ɽ0, ACh-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʦʪʚʝʪʳ ʥʘ ʨʝʮʝʧʪʦʨʘʭ Ŭ7 (ɻ), Ŭ4ɓ2 (ɼ) ʠ 

Ŭ3ɓ2 (ɽ) ʪʠʧʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʢʄ ws-Lynx1. (ɾ-ʀ), ɺʝʣʠʯʠʥʳ ACh-

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʨʝʮʝʧʪʦʨʘʭ Ŭ7 (ɾ), Ŭ4ɓ2 (ɿ) ʠ Ŭ3ɓ2 (ʀ) ʪʠʧʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ 

ʧʨʠʩʫʪʩʪʚʠʠ 1 ʠ 10 ʤʢʄ ws-Lynx1, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ (n = 3ï11). 1 ʤʢʄ 

ws-Lynx1 ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʚʝʪ ʥʘ 1 ʤʄ ACh ʪʦʣʴʢʦ ʥʘ Ŭ7-nAChR. 
 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʢʦʚ ʜʣʷ a7 nAChR (ʈʠʩ. 4.28A-ɺ). ʕʪʦʪ ʵʬʬʝʢʪ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʚ 

ʜʨʫʛʦʡ ʧʘʨʪʠʠ ʦʦʮʠʪʦʚ ʩ 1 ʤʄ ACh ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʣʠ ʚ ʦʪʩʫʪʩʪʚʠʝ 1 ʤʢʄ ws-Lynx1 (n = 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ɼ.ɹʝʨʪʨʘʥʦʤ, HiQScreen S¨rl, ɾʝʥʝʚʘ, ʐʚʝʡʮʘʨʠʷ 
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6). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʘʧʧʣʠʢʘʮʠʷ 10 ʤʢʄ ws-Lynx1 ʧʨʠʚʦʜʠʣʘ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ACh-

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʢʦʚ ʥʘ ʚʩʝʭ ʪʨʝʭ ʪʠʧʘʭ ʨʝʮʝʧʪʦʨʦʚ, ʥʦ ʵʬʬʝʢʪ ʙʳʣ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ 

ʥʘ a4ɓ2-nAChR (ʈʠʩ. 4.28ɻ-ɽ). ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʘ ws-Lynx1 

ʥʘ Ŭ7-nAChR ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʧʦʪʝʥʮʠʨʦʚʘʥʠʠ ʠʣʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʨʝʮʝʧʪʦʨʘ.  

ʊʘʢ ʢʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʩʚʷʟʳʚʘʥʠʶ ʤʳ ʥʝ ʚʠʜʝʣʠ ʧʨʠ 30 ʤʢʄ ws-Lynx1 ʥʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʚʷʟʳʚʘʥʠʷ 3H-ʵʧʠʙʘʪʠʜʠʥʘ ʩ a4ɓ2-nAChR, ʥʠ ʩʚʷʟʳʚʘʥʠʷ 125I-Ŭ-Bgtx ʩ Ŭ7-

nAChR (ʈʠʩ. 4.27ɻ), ʵʬʬʝʢʪʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʯʘʩʪʠʯʥʦ, ʘʢʪʠʚʥʦʩʪʴ ws-Lynx1 ʦʙʫʩʣʦʚʣʝʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ. ʕʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ws-Lynx1 

ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ, ʦʩʦʙʝʥʥʦ, ʥʘ a4ɓ2-nAChR, ʧʨʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ACh (ʈʠʩ. 4.28ɿ), ʢʘʢ ʙʳʣʦ ʨʘʥʝʝ ʧʦʢʘʟʘʥʦ ʜʣʷ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʦʛʦ Lynx1 

[172]. ʊʘʢ, ʧʨʠ 10 ʤʢʄ ACh ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʢʘʢʠʭ-ʣʠʙʦ ʵʬʬʝʢʪʦʚ ws-Lynx1 ʥʘ a7-nAChR, 

ʥʦ ʷʚʥʦʝ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠ 100 ʠ 1000 ʤʢʄ ACh. ɼʣʷ 

ʧʨʠʨʦʜʥʦʛʦ Lynx1 (ʭʦʪʷ ʧʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ) ʨʘʥʝʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʜʝʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʜʣʷ Ŭ4ɓ2-nAChR [172], ʥʦ ʥʘʰʠ ʜʘʥʥʳʝ ʥʝ ʚʳʷʚʠʣʠ ʢʘʢʦʡ-

ʣʠʙʦ ʟʘʤʝʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʢʄ ʠʣʠ 10 ʤʢʄ ws-Lynx1 

ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʮʝʧʪʦʨʦʚ.  

4.3.1.5. ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʘʡʪʘ ʚ ʤʦʣʝʢʫʣʝ ws-Lynx1 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ws-Lynx1 ʧʦʟʚʦʣʠʣʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʙʝʣʢʘ ʩʦ ʩʚʦʠʤʠ ʤʠʰʝʥʷʤʠ. ʇʦʩʢʦʣʴʢʫ ʥʘʠʙʦʣʴʰʝʝ ʩʨʦʜʩʪʚʦ ʫ ws-

Lynx1 ʥʘʙʣʶʜʘʣʦʩʴ ʢ AChBP, ʠ ʜʣʷ ʵʪʠʭ ʙʝʣʢʦʚ ʠʟʚʝʩʪʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʛʦʥʠʩʪʘʤʠ ʠ ʘʥʪʘʛʦʥʠʩʪʘʤʠ [140,277], ʤʳ ʨʝʰʠʣʠ 

ʦʩʫʱʝʩʪʚʠʪʴ ʜʦʢʠʥʛ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ ʩ Ls-AChBP ʠ ʩʨʘʚʥʠʪʴ 

ʧʦʣʫʯʝʥʥʫʶ ʤʦʜʝʣʴ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʣʝʢʩʘ AChBP ʩ ʜʣʠʥʥʳʤ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʤ Ŭ-

Cbtx1. ɼʣʷ ʜʦʢʠʥʛʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʪʠʧʘ ʩʪʨʫʢʪʫʨ Ls-AChBP: ʩʦ ʩʤʝʱʝʥʥʦʡ ʢ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʉ-ʧʝʪʣʝʡ (ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʘʛʦʥʠʩʪʘʤʠ ʢʘʨʙʘʤʦʠʣʭʦʣʠʥʦʤ ʠ 

ʥʠʢʦʪʠʥʦʤ) ʠ ʩ çʦʪʦʜʚʠʥʫʪʦʡè C-ʧʝʪʣʝʡ (ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʢʦʥʢʫʨʝʥʪʥʳʤ ʘʥʪʘʛʦʥʠʩʪʦʤ 

Ŭ-Cbtx). ɼʦʢʠʥʛ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʘʬʬʠʥʥʦʩʪʴ ws-Lynx1 ʢ Ls-AChBP ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ (ʦʮʝʥʝʥʥʳʝ 

ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʠ -342 ʠ -239 ʢɼʞ/ʤʦʣʴ/ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ɺ.ʀ. ʎʝʪʣʠʥʳʤ ʠ ʉ.ʖ. ʌʠʣʴʢʠʥʳʤ, ʆʪʜʝʣ ʤʦʣʝʢʫʣʷʨʥʦʡ ʥʝʡʨʦʠʤʤʫʥʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʀɹʍ ʈɸʅ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩ ʧʦʣʦʞʝʥʠʝʤ ʉ-ʧʝʪʣʠ, 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Ls-AChBP ʩ ʘʛʦʥʠʩʪʘʤʠ. 

 

 

ʈʠʩ. 4.29. (A). ʄʦʜʝʣʴ ʢʦʤʧʣʝʢʩʘ ws-Lynx1/Ls-AChBP ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʢʦʤʧʣʝʢʩʘ a-Cbtx/Ls-AChBP (Protein Data Bank, ʢʦʜ 1YI5) (B). ʆʩʥʦʚʥʘʷ ʩʫʙʲʝʜʠʥʠʮʘ AChBP 

ʧʦʢʘʟʘʥʘ ʩʠʥʠʤ ʮʚʝʪʦʤ; ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ ʩʫʙʲʝʜʠʥʠʮʘ ï ʟʝʣʝʥʳʤ. ɺʠʮʠʥʘʣʴʥʘʷ ʜʠʩʫʣʴʬʠʜʥʘʷ 

ʩʚʷʟʴ ʚ ʉ-ʧʝʪʣʝ ʧʦʢʘʟʘʥʘ ʞʝʣʪʳʤ ʮʚʝʪʦʤ. Ws-Lynx1 ʠ a-Cbtx ʧʦʢʘʟʘʥʳ ʦʨʘʥʞʝʚʳʤ ʠ ʧʰʝʥʠʯʥʳʤ 

ʮʚʝʪʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʧʘʥʝʣʠ ɸ ʧʦʢʘʟʘʥʘ ʤʦʣʝʢʫʣʘ ACh. 
 

ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʘ ws-Lynx1/Ls-AChBP ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.29A, ʠ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ a-Cbtx/Ls-AChBP (ʈʠʩ. 4.29ɺ). ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ws-Lynx1 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʉ-ʧʝʪʣʝʡ AChBP ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʪʣʠ II ʧʦʜʦʙʥʦ Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʫ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʤʝʶʪʩʷ ʦʪʣʠʯʠʷ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-ʧʝʪʣʠ ʠ ʦʨʠʝʥʪʘʮʠʠ 

ʤʦʣʝʢʫʣ ʦʪʥʦʩʠʪʝʣʴʥʦ AChBP: ʚ ʩʣʫʯʘʝ ws-Lynx1 ʧʝʪʣʷ I ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʧʝʪʣʠ II, ʘ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ a-Cbtx ï ʚʳʰʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ws-Lynx1 ʣʠʰʴ ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ Ŭ-Cbtx, ws-Lynx1, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʉ-ʧʝʪʣʶ AChBP ʚ ʧʦʣʦʞʝʥʠʠ, ʧʨʠʞʘʪʦʤ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʚ 

ʢʦʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʢʦʤʧʣʝʢʩʘʭ AChBP ʩ ʘʛʦʥʠʩʪʘʤʠ [286], ʥʝ 

ʤʝʰʘʷ ʧʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʘʮʝʪʠʣʭʦʣʠʥ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ ʩ ʘʮʝʪʠʣʭʦʣʠʥʦʤ 

(ʈʠʩ. 4.29).  

ʏʪʦʙʳ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʙʣʠʟʢʘ ʵʪʘ ʤʦʜʝʣʴ ʢ ʨʝʘʣʴʥʦʩʪʠ ʠ ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʦʥʘ 

ʦʪʨʘʞʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ws-Lynx1 ʩ nAChR ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʤʫʪʘʥʪʦʚ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ 

ʩ ʟʘʤʝʥʘʤʠ ʚ II  ʠ III  ʧʝʪʣʷʭ (ʈʠʩ. 4.30ɸ) ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʤʫʪʘʥʪʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʭʠʤʝʨʥʦʤʫ ʨʝʮʝʧʪʦʨʫ Ŭ7/GlyR, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ ʩʦʙʦʡ ʛʠʙʨʠʜ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ Ŭ7-nAChR ʮʳʧʣʝʥʢʘ ʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ ʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ʛʣʠʮʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ1 [287]. ʄʫʪʘʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʩʘ ws-Lynx1/Ls-AChBP (ʈʠʩ. 4.29), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʚʦʟʤʦʞʥʦʝ ʫʯʘʩʪʠʝ ʬʨʘʛʤʝʥʪʘ 35ï40 ʧʝʪʣʠ II ʠ ʦʙʣʘʩʪʠ 54ï59 ʧʝʪʣʠ III ws-Lynx1 ʚʦ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʇ.ɼ. ɹʨʝʞʝʩʪʦʚʩʢʠʤ, Brain Dynamics Institute, Aix-Marseille University, ʌʨʘʥʮʠʷ. 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʝʮʝʧʪʦʨʦʤ. ʇʨʘʚʠʣʴʥʦʩʪʴ ʧʝʨʚʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʤʫʪʘʥʪʦʚ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ MALDI ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ, ʧʦʢʘʟʘʚʰʝʡ ʙʣʠʟʢʦʝ ʩʦʚʧʘʜʝʥʠʝ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ. ʅʠ ʦʜʥʘ ʠʟ 

ʤʫʪʘʮʠʡ ʥʝ ʧʨʠʚʦʜʠʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʥʘʨʫʰʝʥʠʶ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ Lynx1, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʜʘʥʥʳʝ ʂɼ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 

 

ʈʠʩ. 4.30. (ɸ). ʈʘʩʧʦʣʦʞʝʥʠʝ ʤʫʪʘʮʠʡ ʚ ʤʦʣʝʢʫʣʝ ws-Lynx1. (ɹ). ɺʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ 

ʢʣʝʪʦʢ ʩ ʉʅʆ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ Ŭ7/GlyR, ʩ 10 ʤʢʄ ws-Lynx1 ʥʘ ʘʤʧʣʠʪʫʜʫ ʥʠʢʦʪʠʥ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ. (ɺ). ɺʣʠʷʥʠʝ 10 ʤʢʄ ws-Lynx1 ʥʘ ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʦʢʠ ʚ 

ʭʠʤʝʨʝ Ŭ7/GlyR. (ɻ-ɾ). ɺʣʠʷʥʠʝ ʤʫʪʘʥʪʦʚ ws-Lynx1 ʩ ʟʘʤʝʥʘʤʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʝ ʥʘ 

ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʦʢʠ ʚ ʭʠʤʝʨʝ Ŭ7/GlyR. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʪʦʢʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʥʠʢʦʪʠʥʦʤ, ʚ ʢʦʥʪʨʦʣʝ (ʜʦ ʘʧʧʣʠʢʘʮʠʠ ʤʫʪʘʥʪʘ), ʯʝʨʝʟ 90 ʩʝʢ ʠʥʢʫʙʘʮʠʠ 

ʩ ʤʫʪʘʥʪʦʤ (10 ʤʢʄ) (ʚ ʮʝʥʪʨʝ) ʠ ʧʦʩʣʝ 5 ʤʠʥʫʪ ʦʪʤʳʚʢʠ (ʩʧʨʘʚʘ). * ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʷ (ʨ < 0.05, ʩʦʛʣʘʩʥʦ ANOVA ʘʥʘʣʠʟʫ).  
 

ʕʬʬʝʢʪ ws-Lynx1 ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʣʦʢʘʣʴʥʦʡ ʬʠʢʩʘʮʠʠ 

ʧʦʪʝʥʮʠʘʣʘ (patch-clamp) ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ çʮʝʣʘʷ ʢʣʝʪʢʘè (whole-cell) ʥʘ 22 ʢʣʝʪʢʘʭ CHO-

K1, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ Ŭ7/GlyR. ɽʛʦ ʘʧʧʣʠʢʘʮʠʷ ʥʝ ʤʝʥʷʣʘ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʣʝʪʦʢ 

ʧʦ ʦʮʝʥʢʝ ʪʦʢʦʚ ʫʪʝʯʢʠ (29Ñ8 ʧɸ ʠ 26Ñ7 ʧɸ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʦ ʠ ʧʦʩʣʝ 90ï240 ʩʝʢ 

ʘʧʧʣʠʢʘʮʠʠ 10 ʤʢʤ ws-Lynx1). ʅʘ 16 ʢʣʝʪʢʘʭ ʘʧʧʣʠʢʘʮʠʷ ws-Lynx1 ʚ ʪʝʯʝʥʠʝ 90 ʩʝʢ 

ʚʳʟrʚʘʣʘ ʯʘʩʪʠʯʥʦ ʦʙʨʘʪʠʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʦʚ, ʚʳʟʚʘʥʥʳʭ ʘʧʧʣʠʢʘʮʠʝʡ 30 

ʤʢʄ ʥʠʢʦʪʠʥʘ (ʈʠʩ. 4.30ɹ). ʉʨʝʜʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʜ ʜʦʙʘʚʣʝʥʠʝʤ ws-Lynx1 (ʢʦʥʪʨʦʣʴ) 

ʠ ʧʦʩʣʝ 90 ʠʣʠ 180 ʩ ʦʙʨʘʙʦʪʢʠ 10 ʤʢʄ ws-Lynx1 ʙʳʣʠ 674Ñ149 ʧɸ ʠ 478Ñ 102 ʧɸ (ʨ < 

0,05) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪ.ʝ. ʩʨʝʜʥʝʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ (n=16) ʙʳʣʦ 23,9Ñ 3,2 % (ʈʠʩ. 4.30ɹ) 

ʥʘʙʣʶʜʘʣʘʩʴ ʚʘʨʠʘʮʠʷ ʘʤʧʣʠʪʫʜʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʦʪ 10 ʜʦ 50 %. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ 

ʘʧʧʣʠʢʘʮʠʠ 10 ʤʢʄ ws-Lynx1 ʧʨʠʚʦʜʠʣʦ ʢ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʥʠʢʦʪʠʥ-

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʢʦʚ (ʈʠʩ. 4.30ɹ).  
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ʇʝʨʝʜ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʤʫʪʘʥʪʦʚ ws-Lynx1 ʥʘ Ŭ7-GlyR, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ ʩ çʜʠʢʠʤ ʪʠʧʦʤè Ŭ1-GlyR. Ws-Lynx1 ʥʝ ʦʢʘʟʳʚʘʣ 

ʚʣʠʷʥʠʷ ʥʘ ʪʦʢʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʚ ʵʪʦʤ ʨʝʮʝʧʪʦʨʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ Ŭ7-GlyR 

ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ws-Lynx1 ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʚʥʝʢʣʝʪʦʯʥʦʛʦ Ŭ7 ʜʦʤʝʥʘ. ʈʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʤʫʪʘʥʪʦʚ ws-Lynx1, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 4.30ɻ-ɾ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʤʫʪʘʮʠʡ ʧʨʠʚʦʜʠʣʦ ʢ ʩʠʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ, ʚʳʟʚʘʥʥʦʛʦ 

ʥʠʢʦʪʠʥʦʤ. ʅʘʧʨʠʤʝʨ, ʤʫʪʘʮʠʷ T35A ʧʦʣʥʦʩʪʴʶ ʦʪʤʝʥʣ̫ʘ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ws-Lynx1 (ʈʠʩ. 4.30ɻ). ʄʫʪʘʮʠʠ ʩʦʩʝʜʥʠʭ ʦʩʪʘʪʢʦʚ T37A ʠ R38A ʚ ʧʝʪʣʝ II ʪʘʢʞʝ 

ʦʪʤʝʥʷʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʦʢʘ (ʈʠʩ. 4.30ɽ,ɾ). ʅʘʧʨʦʪʠʚ, ʤʫʪʘʥʪ P36A ʧʨʦʷʚʣʷʣ ʝʱʝ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ws-Lynx1 ʩʦ ʩʨʝʜʥʠʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ 32% ʧʨʠ 

ʘʧʧʣʠʢʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 90 ʩʝʢ (ʈʠʩ. 4.30ɼ). ʋʩʠʣʝʥʠʝ ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʙʳʣʦ 

ʪʘʢʞʝ ʚʳʟʚʘʥʦ ʤʫʪʘʮʠʝʡ Y57A ʚ ʧʝʪʣʝ III , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʤʫʪʘʮʠʷʭ ʦʩʪʘʪʢʦʚ Tyr54 ʠ 

Lys59 ʩʦʭʨʘʥʷʣʘʩʴ ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʣʘʙʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʩʘʡʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ws-Lynx1 ʩ 

ʨʝʮʝʧʪʦʨʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʧʝʪʣʷ II .  

 

Ws-Lynx1 

 
MLDCHVCAYNGDNCFNPMRCPAMVAYCMTTRTYYTPTRMKVSKSCVPRCFETVYDGYSKHASTTSCCQYDLCN 

 
ʇʝʪʣʷ II    GCRTYYTPTRXKVCG 
 

ɸ 

ɹ  

ʈʠʩ. 4.31. ɺʣʠʷʥʠʝ ws-Lynx1 ʠ ʧʝʧʪʠʜʘ ʥʘ ʦʩʥʦʚʝ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ ʥʘ Ŭ7-

nAChR, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʝ ʚ ʦʦʮʠʪʘʭ X. laevis. 

ʂʨʠʚʳʝ ʜʦʟʘ-ʦʪʚʝʪ ʜʣʷ ʚʳʟʚʘʥʥʳʭ ACh ʪʦʢʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʧʪʠʜʦʚ. ʂʘʞʜʘʷ ʪʦʯʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩ.ʦ. ʠʟ 

ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʈʘʩʩʯʠʪʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ IC50 ʠ nH ʩʦʩʪʘʚʣʷʣʠ 6.3Ñ1.0 ʤʢʄ, nH 

= 1.8Ñ0.2 ʠ 12.5Ñ4.5 ʤʢʄ, nH = 0.9Ñ0.1 ʜʣʷ ws-

Lynx1 ʠ ʧʝʧʪʠʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʙʳʣ ʧʦʣʫʯʝʥ ʧʝʧʪʠʜʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʥʘ 

ʦʩʥʦʚʝ ʬʨʘʛʤʝʥʪʘ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʪʣʠ Lynx1, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʴʶ, 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʜʚʫʤʷ ʦʩʪʘʪʢʘʤʠ ʮʠʩʪʝʠʥʘ, ʚʚʝʜʝʥʥʳʤʠ ʚ N- ʠ C-ʢʦʥʮʝʚʳʝ ʯʘʩʪʠ ʧʝʧʪʠʜʘ1 

(ʈʠʩ. 4.31ɸ). ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʧʝʧʪʠʜʘ ʥʘ ʦʦʮʠʪʘʭ X. laevis, 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ɺ.ʅ. ɸʟʝʚʳʤ, ʛʨʫʧʧʘ ʭʠʤʠʠ ʧʝʧʪʠʜʦʚ ʀɹʍ ʈɸʅ 
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ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ Ŭ7-nAChR ʚ ʩʨʘʚʥʝʥʠʠ ʩ ws-Lynx11 (ʈʠʩ. 4.31ɹ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʝʧʪʠʜ ʠʥʛʠʙʠʨʫʝʪ Ŭ7-nAChR ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ > 10 ʤʢʄ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʦ, ʢʘʢ ʠ ʧʦʣʥʦʨʘʟʤʝʨʥʳʡ ws-Lynx1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʤʦʣʝʢʫʣʳ Lynx1, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ Ŭ7-nAChR. 

4.3.1.6. Ws-Lynx1 ʫʤʝʥʴʰʘʝʪ ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ERK1/2 ʄɸʈ ʢʠʥʘʟ ʚ ʢʣʝʪʢʘʭ ʣʠʥʠʠ ʈʉ12 ʠ 

ʩʨʝʟʘʭ ʧʦʣʦʩʘʪʦʛʦ ʪʝʣʘ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ws-Lynx1 ʥʘ nAChR-ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʩʠʛʥʘʣʠʟʘʮʠʶ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ERK1/2 ʄɸʈ ʢʠʥʘʟ ʚ PC12 ʢʣʝʪʢʘʭ, ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʧʦʜʪʠʧʳ nAChR2. ʇʨʝʠʥʢʫʙʘʮʠʷ PC12 ʢʣʝʪʦʢ ʩ 0.1-10 ʤʢʄ ws-Lynx1 ʩʥʠʞʘʣʘ ʥʠʢʦʪʠʥ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ERK ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ 10 ʤʢʄ (ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʭ ERK 

ʢʠʥʘʟ ʥʘ 53 %, ʨ<0,001, ʨʠʩ. 4.32ɸ,ɹ). ʕʬʬʝʢʪ ʥʠʢʦʪʠʥʘ ʦʪʤʝʥʷʣʩʷ ʧʨʝʠʥʢʫʙʘʮʠʝʡ ʩ 1 ʠ 10 

ʤʢʄ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʙʣʦʢʘʪʦʨʘ nAChR ʤʝʢʘʤʠʣʘʤʠʥʘ (ʨ<0,01 ʠ ʨ<0,001, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʩʥʠʞʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʩ Ŭ-ʢʦʥʦʪʦʢʩʠʥʦʤ AuIB, 

ʢʦʪʦʨʳʡ ʩʝʣʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʝʪ Ŭ3ɓ4-nAChR [288]. ʆʜʥʘʢʦ, ʥʠʢʘʢʦʛʦ ʵʬʬʝʢʪʘ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʧʨʝʜʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʥʠ ʩ 10 ʤʢʄ DhbE, ʥʠ ʩ 100 ʥʄ MLA, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ Ŭ4ɓ2- ʠ Ŭ7-nAChR, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠ ʩ Ŭ-

ʢʦʥʦʪʦʢʩʠʥʘʤʠ PIA ʠ MII, ʢʦʪʦʨʳʝ ʩʝʣʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʶʪ Ŭ6- ʠ Ŭ3ɓ2-ʩʦʜʝʨʞʘʱʠʝ 

nAChR, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [289,290] (ʈʠʩ. 4.32ɺ). ʇʨʠ ʵʪʦʤ ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʥʘ ʵʢʩʪʨʘʢʪʘʭ ʠʟ ʢʣʝʪʦʢ ʈʉ12 ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ Ŭ2-7, Ŭ9 ʠ ɓ2-4 ʩʫʙʲʝʜʠʥʠʮ 

nAChR, ʭʦʪʷ ʩʪʝʧʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʨʘʟʥʳʭ ʩʫʙʲʝʜʠʥʠʮ ʦʪʣʠʯʘʣʘʩʴ ʜʦ 43 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʢʩʧʨʝʩʩʠʝʡ Ŭ3 ʩʫʙʲʝʜʠʥʠʮʳ (ʈʠʩ. 4.32ɻ).  

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʜ.ʭ.ʥ. ʉ.ɸ. ʂʦʟʣʦʚʳʤ ʠ ʢ.ʙ.ʥ. ʉ.ɻ .ʂʦʰʝʣʝʚʳʤ, ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʨʦʨʝʮʝʧʪʦʨʦʚ ʠ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ ʀɹʍ ʈɸʅ 
2 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʄ. ʊʦʤʩʝʥʦʤ, ʋʥʠʚʝʨʩʠʪʝʪ ʂʦʧʝʥʛʘʛʝʥʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ERK ʢʠʥʘʟ, ʚʠʜʠʤʦ, ʥʝ 

ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʘʮʠʝʡ Ŭ7- ʠʣʠ Ŭ4ɓ2-nAChR, - ʨʝʮʝʧʪʦʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ws-Lynx1 (ʧ.4.3.1.4). ɿʥʘʯʠʪʝʣʴʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ERK Ŭ-ʢʦʥʦʪʦʢʩʠʥʦʤ AuIB 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʵʬʬʝʢʪ ʥʠʢʦʪʠʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʳʟʚʘʥ ʘʢʪʠʚʘʮʠʝʡ Ŭ3ɓ4-nAChR, 

 

ʈʠʩ. 4.32. Ws-Lynx1 ʠʥʛʠʙʠʨʫʝʪ ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣʣʠʥʛ ʩ ʫʯʘʩʪʠʝʤ nAChR ʚ ʈʉ12 

ʢʣʝʪʢʘʭ. (A). ʅʠʢʦʪʠʥ ʫʚʝʣʠʯʠʚʘʝʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʄɸʈ ERK1/2 ʢʠʥʘʟ 

(ERK) ʚ ʈʉ12 ʢʣʝʪʢʘʭ, ʠ ʵʪʦʪ ʦʪʚʝʪ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʨʝʜʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʩ 10 ʤʢʄ ws-Lynx1. 

ɸʥʘʣʠʟʠʨʦʚʘʣʠ ʦʪʥʦʰʝʥʠʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʭ ERK1/2 ʢʠʥʘʟ (pERK) ʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ERK1/2 ʢʠʥʘʟ (totERK), ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʢ ʟʥʘʯʝʥʠʶ, ʜʦʩʪʠʛʘʝʤʦʤʫ ʧʨʠ ʘʢʪʠʚʘʮʠʠ 25 ʤʢʄ 

ʥʠʢʦʪʠʥʦʤ (n= -6). (ɹ). ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʙʣʦʪ, ʜʘʥʥʳʝ ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʧʘʥʝʣʠ (ɸ). 

(ɺ). ʇʨʝʜʠʥʢʫʙʘʮʠʷ ʩ ʤʝʢʘʤʠʣʘʤʠʥʦʤ (n=4) ʠ ʩ Ŭ-ʢʦʥʦʪʦʢʩʠʥʦʤ AuIB (n=4), ʥʦ ʥʝ ʩ DhbE (n=7-8), 

ʤʝʪʠʣʣʠʢʘʢʦʥʠʪʠʥʦʤ (ʄethyllycaconitine (MLA ), n=20) ʠʣʠ ʩ Ŭ-ʢʦʥʦʪʦʢʩʠʥʘʤʠ PIA ʠʣʠ MII  (n = 4) 

ʠʥʛʠʙʠʨʦʚʘʣʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ERK ʚ ʦʪʚʝʪ ʥʘ ʘʧʧʣʠʢʘʮʠʶ 25 ʤʢM ʥʠʢʦʪʠʥʘ. (ɻ). ʋʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʤʈʅʂ ʨʘʟʥʳʭ ʩʫʙʲʝʜʠʥʠʮ nAChR ʚ ʈʉ12 ʢʣʝʪʢʘʭ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ GAPDH (n=3-6). ʅʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ERK1/2 ʥʝ 

ʦʪʤʝʥʷʝʪʩʷ/ʦʪʤʝʥʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʠʥʢʫʙʘʮʠʠ ʩʨʝʟʦʚ ʢʦʨʳ (ɼ) ʠ ʧʦʣʦʩʘʪʦʛʦ ʪʝʣʘ (ɽ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ 10 ʤʢʄ ws-Lynx1 (n=8). * (p < 0.05), ** (p < 0.01) ʠ *** (p < 0.001) ʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʜʘʥʥʳʭ ʦʪ ʛʨʫʧʧʳ ʩ 25 ʤʢʄ ʥʠʢʦʪʠʥʦʤ (ANOVA ʠ ʪʝʩʪ ɼʘʥʥʝʪʘ 

ʜʣʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ).  
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ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʦʡ [291]. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʝʱʝ ʦʜʥʦʡ ʤʠʰʝʥʴʶ ʜʝʡʩʪʚʠʷ ws-Lynx1 ʷʚʣʷʝʪʩʷ Ŭ3ɓ4-nAChR. 

ʄʠʢʨʦʤʦʣʷʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ws-

Lynx1 ʥʘ ʈʉ12 ʢʣʝʪʢʘʭ, ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʝʣʢʘ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʪʦʢʘ ʯʝʨʝʟ Ŭ7- ʠ Ŭ4ɓ2-nAChR, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʚ 

ʦʦʮʠʪʘʭ Xenopus (ʧ.3.1.4). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ 

MAP ʢʠʥʘʟʦʡ, ʚʘʞʥʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʦʪʝʥʮʠʘʮʠʠ (ɼɺʇ) ʠ ʧʘʤʷʪʠ 

[292]. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʠʢʦʪʠʥ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʜʫʮʠʨʦʚʘʣ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ERK ʚ ʩʨʝʟʘʭ 

ʣʦʙʥʦʡ ʢʦʨʳ ʠ ʧʦʣʦʩʘʪʦʛʦ ʪʝʣʘ ʢʨʳʩʳ (22%, ʨ <0,05 ʠ 13%, ʨ <0,05 ʫʚʝʣʠʯʝʥʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ). Ws-Lynx1 ʧʨʠ 0,1-10 ʤʢʄ ʥʝ ʚʣʠʷʣ ʥʘ ʥʠʢʦʪʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ERK-ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʟʘʭ ʣʦʙʥʦʡ ʢʦʨʳ, ʥʦ ʜʦʟʦʟʘʚʠʩʠʤʦ ʩʥʠʞʘʣ ERK-

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʚ ʩʨʝʟʘʭ ʧʦʣʦʩʘʪʦʛʦ ʪʝʣʘ, ʜʦʩʪʠʛʘʷ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ 10 ʤʢʄ (ʩʥʠʞʝʥʠʝ 

ʥʘ 98%, ʨ <0,01, ʨʠʩ. 4.31ɽ). ʇʦʩʢʦʣʴʢʫ ʚ ʣʦʙʥʦʡ ʢʦʨʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ 

nAChR Ŭ7 ʠ Ŭ4ɓ2 ʧʦʜʪʠʧʦʚ, ʘ ʚ ʧʦʣʦʩʘʪʦʤ ʪʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ nAChR 

[293], ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʤʠʰʝʥʴʶ ʜʝʡʩʪʚʠʷ ws-Lynx1 ʚ ʧʦʣʦʩʘʪʦʤ ʪʝʣʝ ʤʦʛʫʪ ʙʳʪʴ 

nAChR ʜʨʫʛʠʭ ʧʦʜʪʠʧʦʚ, ʥʝ Ŭ7 ʠ Ŭ4ɓ2.  

4.3.1.7. Lynx1 ʵʢʩʪʨʘʛʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ nAChR ʠʟ 

ʤʦʟʛʘ ʢʨʳʩʳ ʠ ʯʝʣʦʚʝʢʘ ʠ ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʘʤʠʣʦʠʜʥʳʤ ʧʝʧʪʠʜʦʤ 

Aɓ(1-42) ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ nAChR 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʤʦʞʝʪ ʣʠ ws-Lynx1 ʩʚʷʟʳʚʘʪʴ ʧʨʠʨʦʜʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ 

nAChR, ʤʳ ʧʨʠʛʦʪʦʚʠʣʠ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ ʩ ʢʦʚʘʣʝʥʪʥʦ-ʧʨʠʰʠʪʳʤʠ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʦʣʝʢʫʣʘʤʠ ws-Lynx1, ʠ ʧʨʦʠʥʢʫʙʠʨʦʚʘʣʠ ʵʪʠ ʯʘʩʪʠʮʳ ʩ ʛʦʤʦʛʝʥʘʪʦʤ ʚʠʩʦʯʥʦʡ ʜʦʣʠ 

ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʩ ʛʦʤʦʛʝʥʘʪʘʤʠ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʩʨʝʜʥʝʛʦ 

ʤʦʟʛʘ ʠ ʦʙʦʥʷʪʝʣʴʥʳʭ ʣʫʢʦʚʠʮ ʢʨʳʩʳ1. ɸʥʘʣʠʟ ʵʢʩʪʨʘʢʪʦʚ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ws-Lynx1, ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨ ʩʚʷʟʳʚʘʝʪʩʷ ʩ Ŭ3, Ŭ4, Ŭ5, Ŭ6, Ŭ7, ɓ2, ɓ4 

ʩʫʙʲʝʜʠʥʠʮʘʤʠ nAChR (ʈʠʩ. 4.33ɸ). ʇʨʠ ʵʪʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ws-Lynx1 ʩ ʛʦʤʦʣʦʛʠʯʥʳʤ 

ʩʝʨʦʪʦʥʠʥʦʚʳʤ ʨʝʮʝʧʪʦʨʦʤ 5-ʅʊ3 ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

çʧʫʩʪʳʝè ʯʘʩʪʠʮʳ ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ çʧʫʩʪʳʝè ʯʘʩʪʠʮʳ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʩʫʙʲʝʜʠʥʠʮʘʤʠ nAChR, ʫʢʘʟʳʚʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ws-

Lynx1/nAChR. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ, ʧʦʜʪʚʝʨʜʠʚʰʠʤ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʘʥʪʠʪʝʣ, ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʥʘʙʣʶʜʘʣʠ ʵʢʩʪʨʘʢʮʠʠ ʠ 

ʧʨʦʢʨʘʰʠʚʘʥʠʷ Ŭ7, ɓ2 ʠ ɓ4 ʩʫʙʲʝʜʠʥʠʮ ʠʟ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʤʳʰʝʡ ʥʦʢʘʫʪʥʳʭ ʧʦ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʄ. ʊʦʤʩʝʥʦʤ, ʋʥʠʚʝʨʩʠʪʝʪ ʂʦʧʝʥʛʘʛʝʥʘ, ɼʘʥʠʷ. 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʝʥʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʘʬʬʠʥʥʦʡ ʦʯʠʩʪʢʠ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ws-Lynx1 ʚ ʤʦʟʛʝ ʯʝʣʦʚʝʢʘ ʠ ʢʨʳʩʳ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ nAChR, 

ʩʦʜʝʨʞʘʱʠʤʠ Ŭ3, Ŭ4, Ŭ5, Ŭ6, Ŭ7, ɓ2 ʠ ɓ4 ʩʫʙʲʝʜʠʥʠʮʳ. ɺʦʟʤʦʞʥʦ, Lynx1 ʤʦʞʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ nAChR-ʟʘʚʠʩʠʤʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʚ ʤʦʟʛʝ.  

ʇʘʪʦʣʦʛʠʷ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ (ɹɸ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʣʷʰʝʢ ʠ 

ʥʝʡʨʦʬʠʙʨʠʣʣʷʨʥʳʭ ʢʣʫʙʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʛʨʝʛʠʨʦʚʘʥʥʳʡ ɓ-ʘʤʠʣʦʠʜʥʳʡ ʧʝʧʪʠʜ (Aɓ) ʠ 

ʛʠʧʝʨʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ Tau-ʙʝʣʦʢ [294]. ʈʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ Aɓ, ʦʩʦʙʝʥʥʦ 

ʦʣʠʛʦʤʝʨʥʳʡ ʧʝʧʪʠʜ Aɓ1-42, ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤʠ ʬʦʨʤʘʤʠ Aɓ ʠ ʩʚʷʟʘʥʳ ʩ 

ʢʦʛʥʠʪʠʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʧʨʠ ɹɸ [295,296]. ɸɓ1-42 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 200 

ʥʄ ʠʥʛʠʙʠʨʫʝʪ ʨʘʙʦʪʫ Ŭ7-nAChR ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ 

ʥʠʢʦʪʠʥʦʚʦʛʦ ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʘ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɸɓ ʩ ʵʪʠʤ ʨʝʮʝʧʪʦʨʦʤ ʧʨʠ ɹɸ ʧʨʠʚʦʜʠʪ 

ʢ ʝʛʦ ʠʥʪʝʨʥʘʣʠʟʘʮʠʠ [297]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʝʱʝ ʜʦ ʢʦʥʮʘ ʥʝ ʷʩʥʦ, ʢʘʢ 

ʠʤʝʥʥʦ Aɓ1-42 ʠ nAChR ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [297,298], ʫʞʝ ʩʝʡʯʘʩ ʫʙʝʜʠʪʝʣʴʥʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ nAChR ʙʣʦʢʠʨʫʝʪ Aɓ-ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʥʝʡʨʦʪʦʢʩʠʯʥʦʩʪʴ in vitro 

[299ï301]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ Aɓ1-42 ʠ Ŭ7-

nAChR ʫʤʝʥʴʰʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʘʤʠʣʦʠʜʥʳʭ ʙʣʷʰʝʢ ʫ ʤʳʰʝʡ ʧʦʩʣʝ 

ʠʥʪʨʘʮʝʨʝʙʨʦʚʝʥʪʨʠʢʫʣʷʨʥʦʛʦ ʚʚʝʜʝʥʠʷ ʘʤʠʣʦʠʜʥʦʛʦ ʧʝʧʪʠʜʘ [302]. ʉʢʨʝʱʠʚʘʥʠʝ Ŭ7-

nAChR ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ ʩ ʤʳʰʘʤʠ ʩ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʝʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʘʤʠʣʦʠʜʥʦʛʦ 

ʙʝʣʢʘ (APP) ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ Aɓ ʠ ʢ ʜʝʬʠʮʠʪʫ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ ʢ 

ʨʘʟʚʠʪʠʶ ʥʝʚʨʦʧʘʪʦʣʦʛʠʠ ʫ APP-Ŭ7 ʥʦʢʘʫʪʥʳʭ ʤʳʰʝʡ [303,304]. ɺ ʩʦʯʝʪʘʥʠʠ ʩ 

ʥʘʙʣʶʜʝʥʠʝʤ, ʯʪʦ ʧʨʠ ɹɸ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʛʝʥʝʨʘʮʠʷ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ nAChR [305ï307], ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ nAChR ʠ Aɓ1-42 ʚʣʠʷʝʪ ʥʘ ʢʦʛʥʠʪʠʚʥʳʝ 

ʬʫʥʢʮʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʦ ʚ ʧʘʪʦʬʠʟʠʦʣʦʛʠʶ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. 

ʊʘʢ ʢʘʢ ws-Lynx1 ʤʦʜʫʣʠʨʫʝʪ ʨʘʙʦʪʫ ʯʝʣʦʚʝʢʘ Ŭ7- ʠ Ŭ4ɓ2-nAChR (ʧ.4.3.1.4), ʤʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ Aɓ1-42 ʠ ws-Lynx1 ʤʦʛʫʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ nAChR. 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ 200 ʥʄ Aɓ1-42 ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ws-Lynx1 ʩ nAChR ʠʟ ʛʦʤʦʛʝʥʘʪʘ ʣʦʙʥʦʡ ʢʦʨʳ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʛʠʧʦʪʝʟʦʡ, ʧʦʩʣʝ ʧʨʝʜʠʥʢʫʙʘʮʠʠ ʩ 200 ʥʄ 

Aɓ1-42 ʧʨʠ ʘʬʬʠʥʥʦʡ ʦʯʠʩʪʢʝ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ws-

Lynx1 ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ Ŭ3 (23%, ʨ < 0,05), Ŭ4 

(20%, ʨ < 0,05), Ŭ5 (25%, ʨ < 0,05) ʠ Ŭ7 (15%, ʨ < 0,05) ʩʫʙʲʝʜʠʥʠʮ nAChR ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ, ʦʯʠʱʝʥʥʳʤʠ ʚ ʦʪʩʫʪʩʪʚʠʝ Aɓ1-42 (ʈʠʩ. 4.33ɸ,ɺ). ʇʨʠ ʵʪʦʤ 

ʢʦʣʠʯʝʩʪʚʦ ʦʯʠʱʝʥʥʳʭ Ŭ6, ɓ2 ʠ ɓ4 ʩʫʙʲʝʜʠʥʠʮ nAChR ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʣʦʩʴ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʣʠ ʚ ʦʪʩʫʪʩʪʚʠʝ Aɓ1-42. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ws-Lynx1 ʠ Aɓ1-42 ʤʦʛʫʪ 
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ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ nAChR, ʩʦʜʝʨʞʘʱʠʭ ʩʫʙʲʝʜʠʥʠʮʳ Ŭ3, Ŭ4, Ŭ5 ʠ Ŭ7, ʠ ʠʭ 

ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ ʥʘ ʵʪʠʭ ʨʝʮʝʧʪʦʨʘʭ, ʚʦʟʤʦʞʥʦ, ʧʝʨʝʢʨʳʚʘʶʪʩʷ (ʧʨʠ ʵʪʦʤ ʧʨʷʤʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ws-Lynx1 ʠ Aɓ1-42 ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʝʜʠʥʢʫʙʘʮʠʷ ʩ 200 ʥʄ ʦʙʨʘʪʥʦʛʦ ʧʝʧʪʠʜʘ Aɓ42-1 ʥʝ ʚʣʠʷʣʘ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʦʯʠʱʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ws-Lynx1 ʩʫʙʲʝʜʠʥʠʮ nAChR (ʈʠʩ. 4.33ɻ). 

 

 

ʈʠʩ. 4.33. ʆʣʠʛʦʤʝʨʥʳʡ Aɓ1-42 ʠ ws-Lynx1 ʢʦʥʢʫʨʠʨʫʶʪ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ nAChR ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʢʨʳʩʳ. (A). ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʙʣʦʪ ʩ ʘʥʘʣʠʟʦʤ ʩʫʙʲʝʜʠʥʠʮ nAChR, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʠʟ ʢʦʨʳ ʩ 

ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ws-Lynx1, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 200 ʥʄ Aɓ1-42 ʠʣʠ ʚ ʝʛʦ 

ʦʪʩʫʪʩʪʚʠʝ (Ctrl). (ɹ). (A). ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʙʣʦʪ ʩ ʘʥʘʣʠʟʦʤ ʩʫʙʲʝʜʠʥʠʮ nAChR, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʠʟ 

ʢʦʨʳ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ Aɓ1-42, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʢʄ ws-Lynx1 ʠʣʠ ʚ 

ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ (Ctrl). (ɺ). ʈʝʟʫʣʴʪʘʪʳ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʦʩ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʧʘʥʝʣʠ 

(ɸ), ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (OD) (n = 5 ʞʠʚʦʪʥʳʭ). (ɻ). ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʩʫʙʲʝʜʠʥʠʮ nAChR, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʠʟ ʢʦʨʳ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ 

ws-Lynx1, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ 200 ʥʄ ʦʙʨʘʪʥʦʛʦ ʧʝʧʪʠʜʘ Aɓ42-1 ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (OD) ʧʦʣʦʩ ʙʣʦʪʘ (n = 3 ʞʠʚʦʪʥʳʭ). (ɼ). ʈʝʟʫʣʴʪʘʪʳ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʣʦʩ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʧʘʥʝʣʠ (ɹ), ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (OD) (n = 4 

ʞʠʚʦʪʥʳʭ). ɺʝʣʠʯʠʥʳ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʥʘ ʢʦʥʪʨʦʣʴ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ. *p < 0.05 ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʘʬʬʠʥʥʦʡ ʦʯʠʩʪʢʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ Aɓ1-42 (ɺ) ʠʣʠ 

ws-Lynx1 (ɼ) ʩʦʛʣʘʩʥʦ ʜʚʫʭʩʪʦʨʦʥʥʝʤʫ t-ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ.  
 

ʏʘʩʪʠʮʳ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʘʤʠʣʦʠʜʥʳʤ ʧʝʧʪʠʜʦʤ Aɓ1-42 ʠʟʦʣʠʨʦʚʘʣʠ ʠʟ 

ʛʦʤʦʛʝʥʘʪʘ ʣʦʙʥʦʡ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩʳ Ŭ3, Ŭ4, Ŭ5, Ŭ6, Ŭ7, ɓ2 ʠ ɓ4 ʩʫʙʲʝʜʠʥʠʮʳ 

nAChR (ʈʠʩ. 4.32ɹ). ʕʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤʠ, ʯʪʦ Aɓ1-42 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ Ŭ7-, Ŭ4ɓ2- ʠ Ŭ4Ŭ5ɓ2- ʪʠʧʘʤʠ nAChR 

[308ï312]. ʆʜʥʘʢʦ, ʧʨʝʜʠʥʢʫʙʘʮʠʷ ʛʦʤʦʛʝʥʘʪʘ ʤʦʟʛʘ ʩ 10 ʤʢM ws-Lynx1 ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʣʘ ʢʦʣʠʯʝʩʪʚʦ Ŭ4 (23%, ʨ < 0,05), Ŭ7 (30%, ʨ < 0,05) ʠ ɓ2 (32%, ʨ < 0,05) ʩʫʙʲʝʜʠʥʠʮ 
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nAChR, ʚʳʜʝʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʦʣʠʛʦʤʝʨʥʦʛʦ Aɓ1-42 (ʈʠʩ. 4.33ɹ,ɼ). ʈʘʟʥʠʮʘ ʤʝʞʜʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ ws-Lynx1 ʠ Aɓ1-42 (ʈʠʩ. 4.33ɺ,ɼ), ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʝʪ 

ʨʘʟʥʠʮʫ ʚ ʘʬʬʠʥʥʦʩʪʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʜʪʠʧʘʤ nAChR. 

4.3.1.8. Ws-Lynx1 ʧʨʝʜʦʪʚʨʘʱʘʝʪ Aɓ1-42-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ in vitro 

ʈʘʥʝʝ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ Aɓ1-42 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʯʝʨʝʟ nAChR, ʥʦ ʵʪʦʪ ʩʠʛʥʘʣ ʙʣʦʢʠʨʫʝʪʩʷ ʠʣʠ ʜʝʡʩʪʚʠʝ 

Aɓ1-42 ʩʪʘʥʦʚʠʪʩʷ ʪʦʢʩʠʯʥʳʤ ʧʨʠ ʠʟʙʳʪʢʝ ʵʢʩʧʨʝʩʩʠʠ ʘʤʠʣʦʠʜʥʦʛʦ ʧʝʧʪʠʜʘ, ʥʘʙʣʶʜʘʝʤʦʤ 

ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ [298]. ʇʦʩʢʦʣʴʢʫ ws-Lynx1 ʠ Aɓ1-42 ʢʦʥʢʫʨʠʨʫʶʪ ʟʘ ʩʚʷʟʳʚʘʥʠʝ 

ʩ nAChR (ʧ.4.3.1.8), ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʝ ʥʝʡʨʦʥʦʚ ʢʦʨʳ ʤʳʰʠ, 

ʚʣʠʷʥʠʝ ws-Lynx1 ʥʘ Aɓ1-42-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ
1. ʀʥʢʫʙʘʮʠʷ ʥʝʡʨʦʥʦʚ ʩ 20 

ʤʢʄ ʦʣʠʛʦʤʝʨʥʦʛʦ Aɓ1-42 ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʘ ʢʦʣʠʯʝʩʪʚʦ ʣʘʢʪʘʪ-

ʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʝʡʨʦʥʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʥʘʨʫʰʝʥʠʠ 

ʮʝʣʦʩʪʥʦʩʪʠ ʥʝʡʨʦʥʦʚ (ʈʠʩ. 4.34). ʕʪʦʪ ʵʬʬʝʢʪ Aɓ1-42 ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʩʷ ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʥʝʡʨʦʥʦʚ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʩ ws-Lynx1 (ʈʠʩ. 4.34). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ, ʵʥʜʦʛʝʥʥʳʡ Lynx1 ʩʧʦʩʦʙʝʥ ʫʤʝʥʴʰʘʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʟʙʳʪʢʘ 

Aɓ1-42, ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʠ ɹɸ, ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ nAChR ʢ ʘʤʠʣʦʠʜʥʦʤʫ 

ʧʝʧʪʠʜʫ. 

 

4.3.1.9. Aɓ1-42 ʩʥʠʞʘʝʪ ʵʢʩʧʨʝʩʩʠ ʁLynx1 ʚ ʥʝʡʨʦʥʘʭ ʢʦʨʳ 

ɺ ʣʦʙʥʦʡ ʢʦʨʝ ʪʨʘʥʩʛʝʥʥʳʭ 3ʭTg-AD ʤʳʰʝʡ, ʫ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ 

ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ Aɓ, ʪʘʢ ʠ Tau ʛʠʧʝʨʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ [313], ʤʳ 

ʦʙʥʘʨʫʞʠʣʠ ʧʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʤʫʪʘʥʪʥʳʤʠ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʄ. ʊʦʤʩʝʥʦʤ, ʋʥʠʚʝʨʩʠʪʝʪ ʂʦʧʝʥʛʘʛʝʥʘ, ɼʘʥʠʷ. 

 

ʈʠʩ. 4.34. Ws-Lynx1 ʧʨʝʜʦʪʚʨʘʱʘʝʪ Aɓ1-42-

ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʮʠʪʦʢʩʠʯʥʦʩʪʴ in vitro. ʅʝʡʨʦʥʳ 

ʢʦʨʳ ʤʳʰʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ws-Lynx1 (0.01-10 ʤʢM) ʚ 

ʪʝʯʝʥʠʝ 2ʭ ʯʘʩʦʚ. ɿʘʪʝʤ ʢ ʢʫʣʴʪʫʨʝ ʥʝʡʨʦʥʦʚ 

ʜʦʙʘʚʣʷʣʠ 20 ʤʢM ʦʣʠʛʦʤʝʨʥʦʛʦ Aɓ1-42 ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʝʱʝ 24 ʯʘʩʘ. ɺʳʩʚʦʙʦʞʜʝʥʠʝ ʣʘʢʪʘʪ-ʜʝʛʠʜʨʦʛʝʥʘʟʳ 

(LDH) ʚ ʩʨʝʜʫ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʝʡʨʦʥʦʚ ʙʳʣʦ 

ʠʥʜʠʢʘʪʦʨʦʤ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. ʇʨʠʚʝʜʝʥʥʳʝ 

ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʘʢ ʜʦʣʷ ʦʙʱʝʛʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ LDH, n = 6-12. * (p 

<0.05) ʠ ** (p < 0.01) ʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 

ʦʪʣʠʯʠʝ ʦʪ ʛʨʫʧʧʳ ʩ 20 ʤʢM Aɓ1-42 ʠ 0 ʤʢʄ ws-Lynx1 

(ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ ʠ ʪʝʩʪʫ ɼʘʥʥʘ 

ʜʣʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ). 
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ʤʳʰʘʤʠ ʪʘʢʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ1 (ʈʠʩ. 4.35). ʇʨʠ ʵʪʦʤ ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʜʨʫʛʦʛʦ Ly6/uPAR ʙʝʣʢʘ, PSCA (ʘʥʪʠʛʝʥ ʧʨʦʩʪʘʪʳ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ), ʥʘʦʙʦʨʦʪ ʧʦʚʳʰʝʥ 

ʚ ʣʦʙʥʦʡ ʢʦʨʝ ʧʘʮʠʝʥʪʦʚ ʩ ʙʦʣʝʟʥʴʶ ɸʣʴʮʛʝʡʤʝʨʘ [192]. ɺʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ 

ʧʦʥʠʞʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Lynx1 ʚ ʤʦʟʛʝ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ Aɓ1-42 ʩ nAChR. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʤʳʰʝʡ, ʥʦʢʘʫʪʥʳʭ ʧʦ ʛʝʥʫ 

Lynx1, ʥʘʙʣʶʜʘʣʘʩʴ nAChR-ʟʘʚʠʩʠʤʘʷ ʚʦʟʨʘʩʪʥʘʷ ʜʝʛʝʥʝʨʘʮʠʷ ʥʝʡʨʦʥʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʯʝʛʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʭ ʩʚʦʡʩʪʚʘʭ Lynx1 ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʠʟʙʳʪʦʯʥʦʡ ʘʢʪʠʚʘʮʠʠ nAChR [175,177]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʦʯʝʪʘʥʠʝ ʠʟʙʳʪʢʘ Aɓ1-42 ʠ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ Lynx1 

ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ Aɓ1-42-ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʚ ʥʝʡʨʦʥʘʭ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Aɓ1-42 ʩ nAChR, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ Lynx1, ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʢʦʛʥʠʪʠʚʥʦʛʦ ʜʝʬʠʮʠʪʘ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʠ ʙʦʣʝʟʥʠ 

ɸʣʴʮʛʝʡʤʝʨʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʥʦ, ʠʤʝʥʥʦ ʥʘʢʦʧʣʝʥʠʝ ɸɓ1-42 ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʵʪʦʛʦ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ ʚ ʤʦʟʛʝ ʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʘʨʫʰʝʥʠʝ ʙʘʣʘʥʩʘ 

ɸɓ1-42/Lynx1, ʚr ʟʳʚʘʷ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ Ŭ7-nAChR.  

 

 

ʈʠʩ. 4.35. 3ʭTg-AD ʪʨʘʥʩʛʝʥʥʳʝ ʤʳʰʠ, ʠʤʝʶʱʠʝ ɓ-ʘʤʠʣʦʠʜʦʟ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ 

ʛʠʧʝʨʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ ʙʝʣʢʘ ʊau, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʚ 

ʣʦʙʥʦʡ ʢʦʨʝ. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ʣʦʙʥʦʡ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʄʳʰʠ 

ʙʳʣʠ ʜʝʢʘʧʠʪʠʨʦʚʘʥʳ ʚ ʚʦʟʨʘʩʪʝ 6 ʠ 19/21 ʤʝʩʷʮʝʚ. (A). ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ɺʝʩʪʝʨʥ-ʙʣʦʪ. (ɹ). 

ʈʘʩʯʝʪ ʫʨʦʚʥʷ Lynx1, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʫʨʦʚʝʥʴ ʘʢʪʠʥʘ. # ʠ * (p < 0.05) ʦʟʥʘʯʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʚ ʛʨʫʧʧʘʭ ʧʦ ʛʝʥʦʪʠʧʫ ʠ ʚʦʟʨʘʩʪʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʛʣʘʩʥʦ 

ʜʚʫʭʬʘʢʪʦʨʥʦʤʫ ANOVA ʘʥʘʣʠʟʫ (n = 7-8 ʞʠʚʦʪʥʳʭ).  
 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʛʠʧʦʪʝʟʫ ʦ ʚʣʠʷʥʠʠ ɸɓ1-42 ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʵʥʜʦʛʝʥʥʦʛʦ Lynx1, 

ʧʝʨʚʠʯʥʫʶ ʢʫʣʴʪʫʨʫ ʥʝʡʨʦʥʦʚ ʢʦʨʳ ʠ ʛʠʧʧʦʢʘʤʧʘ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 1 ɛʄ ʦʣʠʛʦʤʝʨʥʦʛʦ 

ɸɓ1-42 ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʫʨʦʚʝʥʴ ʤʈʅʂ Lynx1. ɺ ʥʝʡʨʦʥʘʭ ʢʦʨʳ ʙʳʣʦ ʟʘʤʝʯʝʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʤʈʅʂ Lynx1 (ʜʦ 78,4 Ñ 4,4 % ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ). ʕʪʦ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʄ. ʊʦʤʩʝʥʦʤ, ʋʥʠʚʝʨʩʠʪʝʪ ʂʦʧʝʥʛʘʛʝʥʘ, ɼʘʥʠʷ. 
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ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʈʠʩ. 4.35. .ʀʥʢʫʙʘʮʠʷ ʩ 5 ɛʄ ɸɓ1-42 

ʧʨʠʚʦʜʠʣʘ ʢ ʝʱʝ ʙʦʣʴʰʝʤʫ ʩʥʠʞʝʥʠ ʁʵʢʩʧʨʝʩʩʠʠ Lynx1 ʚ ʥʝʡʨʦʥʘʭ ʢʦʨʳ (ʜʦ 65,8 Ñ 4,9 % 

ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ).  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ɸɓ1-42 ʩ Ŭ7-nAChR ʘʢʪʠʚʠʨʫʝʪ c-Jun N-

ʢʦʥʮʝʚʫʶ ʢʠʥʘʟʫ JNK [65], ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ 

ʠ ʜʨʫʛʠʭ ʞʠʟʥʝʥʥʦ-ʚʘʞʥʳʭ ʧʨʦʮʝʩʩʦʚ [314]. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʥʝ ʷʚʣʷʝʪʩʷ ʣʠ 

ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʚ ʥʝʡʨʦʥʘʭ ʢʦʨʳ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʦʣʠʛʦʤʝʨʥʳʤ ɸɓ1-42, 

ʨʝʟʫʣʴʪʘʪʦʤ ʘʢʪʠʚʘʮʠʠ JNK, ʥʝʡʨʦʥʳ ʢʦʨʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ɸɓ1-42 ʠ SP600125, ï 

ʩʝʣʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ JNK-1, -2 ʠ -3. ʆʜʥʦʚʨʝʤʝʥʥʘʷ ʠʥʢʫʙʘʮʠʷ ʥʝʡʨʦʥʦʚ ʩ 

ʘʤʠʣʦʠʜʥʳʤ ʧʝʧʪʠʜʦʤ ʠ SP600125 ʧʨʠʚʦʜʠʣʘ ʢ ʦʪʤʝʥʝ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ɸɓ1-42, 

ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʩʚʷʟʴ ʩʥʠʞʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʩ JNK. ʆʜʥʦʚʨʝʤʝʥʥʘʷ ʠʥʢʫʙʘʮʠʷ 

ʥʝʡʨʦʥʦʚ ʩ ws-Lynx1 ʠ ɸɓ1-42 ʪʘʢʞʝ ʧʨʠʚʦʜʠʣʘ ʢ ʦʩʩʪʘʥʦʚʣʝʥʠʶ ʫʨʦʚʥʷ Lynx1.  

ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʚʷʟʠ JNK ʩ ʨʝʛʫʣʷʮʠʝʡ ʵʢʩʧʨʝʩʩʠʠ Lynx1 

ʵʢʩʧʨʝʩʩʠʷ JNK-1 ʠ JNK-2 ʚ ʥʝʡʨʦʥʘʭ ʙʳʣʘ ʟʘʙʣʦʢʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʤʘʣʳʭ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʈʅʂ (siRNA). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʜʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ Lynx1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ɸɓ1-42 ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʅʦʢʜʘʫʥ JNK-1 ʠ JNK-2 ʚ ʦʪʩʫʪʩʪʚʠʝ ɸɓ1-42 ʪʘʢʞʝ ʥʝ ʚʣʠʷʣ ʥʘ 

ʵʢʩʧʨʝʩʩʠʶ Lynx1, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʚʷʟʴ ʘʤʠʣʦʠʜʥʦʛʦ ʧʝʧʪʠʜʘ, ʘʢʪʠʚʘʮʠʠ JNK ʠ 

ʩʥʠʞʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʵʥʜʦʛʝʥʥʦʛʦ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ.  

ɸʥʘʣʠʟ ʧʨʦʤʦʪʦʨʘ ʛʝʥʘ ʯʝʣʦʚʝʢʘ LYNX1 (chr8:143841246 - chr8:143879640) ʠ 

ʧʨʦʤʦʪʦʨʘ ʛʝʥʘ ʤʳʰʠ Lynx1 (chr15:74573409 - chr15:74603409) ʦʙʥʘʨʫʞʠʣ ʜʚʘ ʚʦʟʤʦʞʥʳʭ 

ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ c-Jun ʠ c-Fos, ʬʦʨʤʠʨʫʶʱʠʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ɸʈ-1. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠ ̫ JNK ʩ ʧʦʤʦʱʴʶ Aɓ1-42 

ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʚʨʝʤʝʥʥʤr ʘʢʪʠʚʘʮʠʠ c-Jun [65] ʠ ʩʥʠʞʝʥʠ ʁʵʢʩʧʨʝʩʩʠʠ c-Fos [314]. 

ɺʝʨʦʷʪʥʦ, ʜʠʩʙʘʣʘʥʩ ʤʝʞʜʫ ɻʢʩʧʨʝʩʩʠʝʡ c-Jun ʠ c-Fos, ʚʦʟʥʠʢʘʶʱʠʡ ʧʦʜ ʚʣʠʷʥʠʝʤ Aɓ1-42, 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɸʈ-1, ʠ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ Lynx1. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʨʦʚʥʷ Lynx1, 

ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʠʥʢʫʙʘʮʠʠ ʥʝʡʨʦʥʦʚ ʩ ws-Lynx1 ʠ ɸɓ1-42, ʧʦʣʥʦʩʪʴʶ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʪʦʡ ʛʠʧʦʪʝʟʦʡ. ɺʦʟʤʦʞʥʦ, ws-Lynx1, ʢʦʥʢʫʨʠʨʫʝʪ ʩ ɸɓ1-42 ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ 

Ŭ7-nAChR (ʧ.4.3.1.8), ʘʢʪʠʚʠʨʫʝʪ Ŭ7-nAChR, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ ʩ-Fos ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ Lynx1.  

4.3.1.10. Ws-Lynx1 ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʥʘʨʫʰʝʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʧʦʪʝʥʮʠʘʮʠʠ, ʚʳʟʚʘʥʥʦʝ Aɓ1-42  

ʀʟʚʝʩʪʥʦ, ʯʪʦ Aɓ ʠʥʛʠʙʠʨʫʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʦʪʝʥʮʠʘʮʠʶ (ɼɺʇ) [315], 

ʣʝʞʘʱʫʶ ʚ ʦʩʥʦʚʝ ʧʘʤʷʪʠ ʠ ʦʙʫʯʝʥʠʷ [55]. ʈʘʥʝʝ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ɼɺʇ, 
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ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʩʨʝʟʦʚ ʛʠʧʧʦʢʘʤʧʘ ʢʨʳʩʳ ʩ ʦʣʠʛʦʤʝʨʥʳʤ ɸɓ1-42, ʩʚʷʟʘʥʦ ʩ 

ʘʢʪʠʚʘʮʠʝʡ JNK [316]. ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ 200 ʥʄ ɸɓ1-42 ʥʘ ɼɺʇ ʥʘ ʧʝʨʝʞʠʚʘʶʱʠʭ 

ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ ʤʳʰʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ 10 ʤʢʄ ws-Lynx11. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʥʢʫʙʘʮʠʠ ʩʨʝʟʦʚ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʚ ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʝʤ ɸɓ1-42, ʫʞʝ ʥʘ ʧʝʨʚʳʭ ʤʠʥʫʪʘʭ 

ʧʦʩʣʝ ʠʥʜʫʢʮʠʠ ɼɺʇ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʩʪʪʝʪʘʥʠʯʝʩʢʦʛʦ ʬʦʢʘʣʴʥʦʛʦ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʬɺʇʉʇ). ɿʥʘʯʝʥʠʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʟʘ 

ʧʝʨʚʳʝ 10 ʤʠʥʫʪ ʟʘʧʠʩʠ ʥʘʢʣʦʥʘ ʬɺʇʉʇ ʩʥʠʞʘʣʦʩʴ ʧʦʯʪʠ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʫʩʨʝʜʥʝʥʥʦʛʦ ʥʘʢʣʦʥʘ ʬɺʇʉʇ (ʈʠʩ. 4.36ɹ). ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʝ 

ʥʘʢʣʦʥʘ ʬɺʇʉʇ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ɸɓ1-42, ʠʤʝʶʱʝʝ ʤʝʩʪʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ 

ʠʥʜʫʢʮʠʠ ɼɺʇ, ʧʨʠʙʣʠʞʘʣʦʩʴ ʢ ʟʥʘʯʝʥʠʷʤ ʥʝʧʦʪʝʥʮʠʠʨʦʚʘʥʥʳʭ ʬɺʇʉʇ (ʈʠʩ. 4.36ɹ). 

 

 

ʈʠʩ. 4.36. Ws-Lynx1 ʦʪʤʝʥʷʝʪ ʥʘʨʫʰʝʥʠʝ ɼɺʇ, ʚʳʟʚʘʥʥʦʝ ɸɓ1-42 ʥʘ ʚ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ ʤʳʰʠ. 

(ɸ). ʀʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʘ ʬɺʇʉʇ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʥʘ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

ʠ ʧʝʨʬʫʟʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʤ ʙʝʟ ɸɓ1-42 (n=8), ʧʝʨʬʫʟʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʤ ʩ 200 ʥʄ ɸɓ1-42 (n = 

6) ʠ ʧʝʨʬʫʟʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʤ ʩ 200 ʥʄ ɸɓ1-42 + 2 ʤʢʄ ws-Lynx1 (n=5). (ɹ). ʋʩʨʝʜʥʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʥʘʢʣʦʥʘ ʬɺʇʉʇ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʧʝʨʚʳʝ ʠ ʧʦʩʣʝʜʥʠʝ 10 ʤʠʥ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʩʣʝ 

ɺʏʉ. * (ʨ < 0.05) ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʛʨʫʧʧ (ANOVA ʠ ʪʝʩʪ ʊʴʶʢʠ ʜʣʷ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ).  
 

ʀʥʢʫʙʘʮʠʷ ʩʨʝʟʦʚ ʛʠʧʧʦʢʘʤʧʘ ʚ ʩʨʝʜʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʜʝʨʞʘʱʝʡ Aɓ1-42 ʠ ws-Lynx1, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘ ʫʨʦʚʝʥʴ ɼɺʇ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ (ʈʠʩ. 4.36). ɿʥʘʯʝʥʠʝ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʥʘʢʣʦʥʘ ʬɺʇʉʇ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʟʥʘʯʝʥʠʷ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʥʘʢʣʦʥʘ ʬɺʇʉʇ ʚ ʢʦʥʪʨʦʣʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʩʣʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠ (ɺʏʉ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ws-Lynx1 ʧʦʣʥʦʩʪʴʶ ʥʠʚʝʣʠʨʦʚʘʣ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ Aɓ1-42 ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣ ɼɺʇ (ʈʠʩ. 4.36ɹ). 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ʇ.ʄ. ɹʘʣʘʙʘʥʦʤ ʠ ʢ.ʙ.ʥ. ʅ.ɸ.ɺʘʩʠʣʴʝʚʦʡ, ʀɺʅɼ ʈɸʅ. 
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4.3.2. ɺʣʠʷʥʠʝ ws-Lynx1 ʥʘ ʢʦʛʥʠʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ in vivo 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ws-Lynx1: (1) 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʜʫʣʠʨʫʝʪ Ŭ7-nAʉhR, ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʝ ʚ ʦʦʮʠʪʘʭ Xenopus laevis, ʚ 

ʜʠʘʧʘʟʦʥʝ ʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʧ.4.3.1.4); (2) ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʦʣʠʛʦʤʝʨʥʳʤ Aɓ1-

42 ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʫʙʲʝʜʠʥʠʮʘʤʠ nAChR (ʧ.4.ʞ3.1.8); (3) ʫʩʪʨʘʥʷʝʪ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ Aɓ1-42 ʚ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʝ ʥʝʡʨʦʥʦʚ ʢʦʨʳ (ʧ.4.3.1.9); (4) 

ʦʪʤʝʥʷʝʪ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʵʥʜʦʛʝʥʥʦʛʦ Lynx1 ʚ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʝ ʥʝʡʨʦʥʦʚ ʢʦʨʳ, 

ʚʳʟʚʘʥʥʦʝ Aɓ1-42 (ʧ.4.3.1.11); (5) ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ɼɺʇ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ 

ʠʥʢʫʙʘʮʠʠ ʧʝʨʝʞʠʚʘʶʱʠʭ ʩʨʝʟʦʚ ʛʠʧʧʦʢʘʤʧʘ ʩ Aɓ1-42 (ʧ.4.3.1.12). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʜʘʥʥʳʭ ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ws-Lynx1 ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʥʘʨʫʰʝʥʠʡ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʡʨʦʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ Aɓ 

in vivo.  

4.3.2.1. Ws-Lynx1 ʩʧʦʩʦʙʝʥ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ 

ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

ʇʨʝʞʜʝ ʯʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ws-Lynx1 ʥʘ ʢʦʛʥʠʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ in vivo, ʙʳʣʦ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʜʦʩʪʘʚʢʝ ʧʝʧʪʠʜʘ ʚ ʤʦʟʛ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦ 

ʤʝʯʝʥʥʦʛʦ CF647/ws-Lynx1: ʚʥʫʪʨʠʞʝʣʫʜʦʯʢʦʚʘʷ ʠʥʲʝʢʮʠʷ ʯʝʨʝʟ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʫʶ 

ʢʘʥʶʣʶ ʠ ʠʥʪʨʘʥʘʟʘʣʴʥʘʷ ʘʧʧʣʠʢʘʮʠʷ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ 

ʤʦʟʛʝ ʙʳʣʦ ʥʝʨʘʚʥʦʤʝʨʥʳʤ. ʅʘʢʦʧʣʝʥʠʝ CF647/ws-Lynx1 ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʢʦʨʝ, 

ʛʠʧʧʦʢʘʤʧʝ ʠ ʤʦʟʞʝʯʢʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ ʤʠʥʜʘʣʠʥʝ ʠ ʩʪʨʠʘʪʫʤʝ ʙʳʣʘ 

ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʠ ʩʭʦʜʥʦʡ ʩ ʬʦʥʦʚʳʤʠ ʫʨʦʚʥʷʤʠ (ʈʠʩ. 4.37). CF647/ws-Lynx1 

ʥʘʢʘʧʣʠʚʘʣʩʷ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ʢʦʨʳ ʠ ʙʳʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦ ʚʩʝʤʫ ʛʠʧʧʦʢʘʤʧʫ, ʚʢʣʶʯʘʷ 

ʟʫʙʯʘʪʫʶ ʬʘʩʮʠʶ (DG). ʆʥ ʪʘʢʞʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʣʦʝ, ʚ ʛʨʘʥʫʣʷʨʥʳʭ 

ʢʣʝʪʢʘʭ ʠ ʢʣʝʪʢʘʭ ʇʫʨʢʠʥʴʝ ʤʦʟʞʝʯʢʘ; ʧʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʘʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʙʝʣʦʤ ʚʝʱʝʩʪʚʝ ʤʦʟʞʝʯʢʘ (ʈʠʩ. 4.37). ɺʝʩʪʝʨʥ-ʙʣʦʪ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʜʠʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Lynx1 ʚ ʵʢʩʪʨʘʢʪʘʭ ʢʦʨʳ ʧʦʩʣʝ 

ʠʥʪʨʘʥʘʟʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ws-Lynx1 ʩʧʦʩʦʙʝʥ ʧʨʝʦʜʦʣʝʚʘʪʴ 

ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ (ɻʕɹ) ʧʨʠ ʠʥʪʨʘʥʘʟʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ, ʠ ʵʪʦʪ ʥʝʠʥʚʘʟʠʚʥʳʡ 

ʩʧʦʩʦʙ ʜʦʩʪʘʚʢʠ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʥʘʠʤʝʥʝʝ ʪʨʘʚʤʘʪʠʯʥʳʡ. 
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ʈʠʩ. 4.37. Ws-Lynx1 ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ɻʕɹ ʧʨʠ ʠʥʪʨʘʥʘʟʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ. ʀʟʦʙʨʘʞʝʥʠʷ ʩʨʝʟʦʚ ʤʦʟʛʘ 

ʤʳʰʠ ʧʦʩʣʝ ʠʥʪʨʘʥʘʟʘʣʴʥʦʛʦ ʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯʢʦʚʦʛʦ ʚʚʝʜʝʥʠʷ CF647-Lynx1 ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʌʣʫʦʨʝʩʮʝʥʮʠʷ CF647-Lynx1 ʧʦʢʘʟʘʥʘ ʢʨʘʩʥʳʤ, ʢʣʝʪʦʯʥʳʝ ʷʜʨʘ 

ʦʢʨʘʰʝʥʳ ʩʠʥʠʤ ʩ ʧʦʤʦʱʴʶ Hoeschst 33342. ʐʢʘʣʘ 125 ʤʢʤ.  
 

4.3.2.2. Ws-Lynx1 ʢʦʤʧʝʥʩʠʨʫʝʪ ʥʘʨʫʰʝʥʠʝ ʤʦʪʦʨʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʚʳʟʚʘʥʥʦʝ MLA 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʫʪʨʘʪʦʡ ʬʫʥʢʮʠʠ 

nAChR, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʧʦʜʭʦʜʘ1: (1) ʨʝʛʫʣʷʨʥʦʝ ʚʚʝʜʝʥʠʝ ʤʦʜʝʣʴʥʳʤ ʞʠʚʦʪʥʳʤ 

ʜʠʢʦʛʦ ʪʠʧʘ ʤʝʪʠʣʣʠʢʘʢʦʥʠʪʠʥʘ (MLA) - ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ Ŭ7-nAChR, ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʦʛʦ ʩʚʦʠʤʠ ʘʤʥʝʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [58]; ʠ (2) ʠʩʩʣʝʜʦʚʘʥʠʝ 2xTg-AD 

ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʭʠʤʝʨʥʳʡ ʙʝʣʦʢ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʘʤʠʣʦʠʜʘ 

ʤʳʰʠ/ʯʝʣʦʚʝʢʘ (ɸʈʈ) ʠ ʤʫʪʘʥʪʥʳʡ ʧʨʝʩʝʥʠʣʠʥ-1 ʯʝʣʦʚʝʢʘ, ʠ ʷʚʣʷʶʱʠʭʩʷ 

ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ ʤʦʜʝʣʴʶ ɹɸ (ʩʤ. ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ). 

ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳʰʝʡ C57BL/6 ʨʘʟʜʝʣʠʣʠ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: 

çʢʦʥʪʨʦʣʴè, ʧʦʣʫʯʘʚʰʫʶ ʠʥʪʨʘʥʘʟʘʣʴʥʦ ʬʠʟ.ʨʘʩʪʚʦʨ; çws-Lynx1è, ʧʦʣʫʯʘʚʰʫʶ 

ʠʥʪʨʘʥʘʟʘʣʴʥʦ ws-Lynx1; çMLAè, ʧʦʣʫʯʘʚʰʫʶ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ MLA ; ʠ çws-

Lynx1+MLAè, ʧʦʣʫʯʘʚʰʫʶ ws-Lynx1 ʠ MLA  (ʈʠʩ. 4.38A). ʆʙʨʘʙʦʪʢʫ ʤʳʰʝʡ ws-Lynx1 ʠ 

MLA ʥʘʯʠʥʘʣʠ ʟʘ ʜʝʚʷʪʴ ʠ ʦʜʠʥ ʜʝʥʴ ʜʦ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʪʝʩʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʧʨʦʜʦʣʞʘʣʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʜʚʠʛʘʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʪʨʝʚʦʞʥʦʩʪʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʩʪʳ 

çʧʨʠʧʦʜʥʷʪʳʡ ʢʨʝʩʪʦʦʙʨʘʟʥʳʡ ʣʘʙʠʨʠʥʪè (ʂʇʃ) ʠ çʦʪʢʨʳʪʦʝ ʧʦʣʝè (ʆʇ). ʕʪʠ ʪʝʩʪʳ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʢ.ʙ.ʥ. ɸ.ɸ. ɸʥʜʨʠʝʚʩʢʠʤ, ʢ.ʙ.ʥ. ɸ.ʉ. ʇʦʧʦʚʦʡ, ɽ.ɸ. ʃʘʛʝʨʝʚʦʡ, ʀʄɹʇ ʈɸʅ. 
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ʚʳʷʚʠʣʠ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʚ ʧʘʨʘʤʝʪʨʘʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʢ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ, ʚʥʠʤʘʥʠʶ ʠ/ʠʣʠ ʪʨʝʚʦʛʝ, 

ʚʳʟʚʘʥʥʦʡ ʥʦʚʠʟʥʦʡ (ʦʙʱʝʝ ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʯʘʩʪʦʪʘ ʚʩʪʘʚʘʥʠʷ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʯʠʩʪʢʠ). 

 

 

ʈʠʩ. 4.38. ʉʭʝʤʳ ʚʚʝʜʝʥʠʷ ʧʨʝʧʘʨʘʪʘ, ʙʘʪʘʨʝʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. (ɸ). ʄʳʰʠ C57BL/6 ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʠ ʧʦʣʫʯʘʣʠ 

ʠʥʪʨʘʥʘʟʘʣʴʥʦ ʬʠʟ.ʨʘʩʪʚʦʨ ʠʣʠ ws-Lynx1 ʩ 1 ʧʦ 14-15 ʜʝʥʴ ʠ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʬʠʟ.ʨʘʩʪʚʦʨ ʠʣʠ 

MLA ʩ 9 ʧʦ 14-15 ʜʝʥʴ (ʤʳʰʠ WT). ʄʳʰʠ 2xTg-AD ʧʦʣʫʯʘʣʠ ʠʥʪʨʘʥʘʟʘʣʴʥʦ ʬʠʟ.ʨʘʩʪʚʦʨ ʠʣʠ 

ws-Lynx1 ʩ 1 ʧʦ 24-25 ʜʝʥʴ, ʘ ʥʝ-ʪʨʘʥʩʛʝʥʥʳʝ ʦʜʥʦʧʦʤʝʪʥʳʝ ʤʳʰʠ B6C3(Tg-) ʧʦʣʫʯʘʣʠ 

ʠʥʪʨʘʥʘʟʘʣʴʥʦ ʬʠʟ.ʨʘʩʪʚʦʨ ʩ 1 ʧʦ 24-25 ʜʝʥʴ (ʤʦʜʝʣʴ ɹɸ). ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥ ʧʦʨʷʜʦʢ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʦʙʝʠʭ ʣʠʥʠʡ ʤʳʰʝʡ. (ɹ). ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ 

ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʟʘʧʠʩʠ ɼɺʇ: ʙʠʧʦʣʷʨʥʳʡ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʜ ʧʦʤʝʱʘʣʠ ʚ ʦʙʣʘʩʪʴ str. 

radiatum ʉɸ3 ʛʠʧʧʦʢʘʤʧʘ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʜ ʨʘʩʧʦʣʘʛʘʣʠ ʚ str. radiatum ʉɸ1 

ʛʠʧʧʦʢʘʤʧʘ. SC ï ʢʦʣʣʘʪʝʨʘʣʠ ʐʘʬʬʝʨʘ. DG ï ʟʫʙʯʘʪʘʷ ʬʘʩʮʠʷ, ʂʇʃ ï ʢʨʝʩʪʦʦʙʨʘʟʥʳʡ 

ʧʨʠʧʦʜʥʷʪʳʡ ʣʘʙʠʨʠʥʪ, ʆʇ ï ʦʪʢʨʳʪʦʝ ʧʦʣʝ. 
 

ʈʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ nAChR ʥʠʢʦʪʠʥʦʤ ʫʣʫʯʰʘʝʪ ʤʦʪʦʨʥʦʝ ʦʙʫʯʝʥʠʝ 

ʤʳʰʝʡ, ʠʟʤʝʨʝʥʥʦʝ ʚ ʪʝʩʪʝ ʨʦʪʘʨʦʜ [175]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʚʦʧʨʦʩ, ʤʦʞʝʪ 

ʣʠ ws-Lynx1 ʚʣʠʷʪʴ ʥʘ ɻʪʦʪ ʧʨʦʮʝʩʩ (ʈʠʩ. 4.39ɸ,ɹ). ʄʳʰʠ, ʧʦʣʫʯʘʚʰʠʝ ʬʠʟ.ʨʘʩʪʚʦʨ 

(ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ) ʠʣʠ ws-Lynx1, ʧʦʢʘʟʳʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʪʝʩʪʝ ʈʦʪʘʨʦʜ ʥʘ ʚʪʦʨʦʡ ʜʝʥʴ (ʈʠʩ. 4.39ɸ). ʈʝʟʫʣʴʪʘʪʳ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʘʚʰʠʭ MLA, 

ʪʘʢʞʝ ʫʣʫʯʰʘʣʠʩʴ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʧʨʦʚʝʜʝʥʠʠ ʪʝʩʪʘ, ʥʦ ʩʢʦʨʦʩʪʴ ʤʦʪʦʨʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʙʳʣʘ ʥʘʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ (ʈʠʩ. 4.39ɸ). ɺ ʮʝʣʦʤ, ʤʳʰʠ, ʧʦʣʫʯʘʚʰʠʝ MLA, ʧʦʢʘʟʳʚʘʣʠ ʚ 

ʜʘʥʥʦʤ ʪʝʩʪʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʪʥʦ ʭʫʞʝ, ʯʝʤ ʤʳʰʠ, ʧʦʣʫʯʘʚʰʠʝ ʬʠʟ.ʨʘʩʪʚʦʨ ʠʣʠ ws-Lynx1 

(ʈʠʩ. 4.39ɸ,ɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ MLA  ʥʘʨʫʰʘʣʦ ʧʨʦʮʝʩʩ ʤʦʪʦʨʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫ 

ʤʳʰʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʚʤʝʩʪʥʦʝ ʚʚʝʜʝʥʠʝ ws-Lynx1 ʠ MLA ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʣʫʯʰʝʥʠʶ ʧʨʦʮʝʩʩʘ ʤʦʪʦʨʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʪʝʩʪʘ 
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ʙʳʣʠ ʩʭʦʞʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʫ ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʬʠʟ.ʨʘʩʪʚʦʨ ʠʣʠ ws-

Lynx1 (ʈʠʩ. 4.39ɸ,ɹ). 

 

 

 

ʈʠʩ. 4.39. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʪʝʩʪʳ ʧʦʢʘʟʳʚʘʶʪ  ʩʧʦʩʦʙʥʦʩʪʴ ws-Lynx1 ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʢʦʛʥʠʪʠʚʥʳʝ 

ʥʘʨʫʰʝʥʠʷ. (ɸ). ɼʠʥʘʤʠʢʘ ʦʙʫʯʝʥʠʷ ʤʳʰʠ ʚ ʪʝʩʪʝ ʈʦʪʘʨʦʜ ʚ ʪʝʯʝʥʠʝ 4 ʜʥʝʡ ʧʦʜʨʷʜ ʚ ʧʨʦʮʝʥʪʘʭ 

ʦʪ ʙʘʟʦʚʳʭ ʟʥʘʯʝʥʠʡ ʚ ʧʝʨʚʳʡ ʜʝʥʴ. (ɹ). ʀʟʤʝʥʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʪʝʩʪʘ ʈʦʪʘʨʦʜ ʥʘ ʯʝʪʚʝʨʪʳʡ 

ʜʝʥʴ. (ɺ,ɻ). ʊʝʩʪ ʥʘ ʦʙʦʥʷʪʝʣʴʥʫʶ ʧʘʤʷʪʴ. (ɺ). ʆʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʥʶʭʠʚʘʥʠʷ ʙʫʤʘʛʠ, 

ʧʨʦʧʠʪʘʥʥʦʡ ʤʦʯʦʡ ʥʝʟʥʘʢʦʤʦʛʦ ʦʜʥʦʧʦʣʦʛʦ ʞʠʚʦʪʥʦʛʦ ʚ ʢʦʥʪʨʦʣʴʥʦʤ (ʜʝʥʴ 1) ʠ ʪʝʩʪʦʚʦʤ (ʜʝʥʴ 

2) ʵʢʩʧʝʨʠʤʝʥʪʝ. (ɻ). ɺʨʝʤʷ ʦʙʥʶʭʠʚʘʥʠʷ ʚ ʪʝʩʪʦʚʦʤ ʠʩʧʳʪʘʥʠʠ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʝʛʦ Ñ ʩ.ʦ. */& (p <0,05), ** (p <0,01), 

***/### (p <0,001) ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʛʨʫʧʧ ʩʦʛʣʘʩʥʦ ʦʜʥʦ- ʠʣʠ 

ʜʚʫʭʬʘʢʪʦʨʥʦʤʫ ANOVA ʘʥʘʣʠʟʫ ʠ ʪʝʩʪʫ ʊʴʶʢʠ ʜʣʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʠʣʠ 

ʜʚʫʩʪʦʨʦʥʥʝʤʫ t-ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʩʚʷʟʘʥʥʳʭ ʚʳʙʦʨʦʢ (ʧʘʥʝʣʴ ɺ). 
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4.3.2.3. Ws-Lynx1 ʢʦʤʧʝʥʩʠʨʫʝʪ ʚʳʟʚʘʥʥʦʝ MLA ʥʘʨʫʰʝʥʠʝ 

ʦʙʦʥʷʪʝʣʴʥʦʡ ʧʘʤʷʪʠ 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʤʦʜʫʣʷʮʠʷ ʘʢʪʠʚʥʦʩʪʠ Ŭ7-nAChR ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʦʙʦʥʷʪʝʣʴʥʫʶ ʨʘʙʦʯʫʶ ʧʘʤʷʪʴ [317]. ʏʪʦʙʳ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ws-Lynx1 ʠ MLA ʥʘ 

ʦʙʦʥʷʪʝʣʴʥʫʶ ʨʘʙʦʯʫʶ ʧʘʤʷʪʴ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʩʪ, ʚ ʢʦʪʦʨʦʤ ʤʳʰʘʤ ʧʨʝʜʲʷʚʣʷʣʠ 

ʥʝʟʥʘʢʦʤʳʡ ʟʘʧʘʭ ʚʦ ʚʨʝʤʷ ʦʙʫʯʘʶʱʝʡ ʩʝʩʩʠʠ, ʠ ʧʘʤʷʪʴ ʦʙ ʵʪʦʤ ʟʘʧʘʭʝ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ 

ʩʧʫʩʪʷ 24 ʯʘʩʘ ʚʦ ʚʨʝʤʷ ʪʝʩʪʦʚʦʡ ʩʝʩʩʠʠ. ɺ ʭʦʜʝ ʦʙʫʯʝʥʠʷ ʤʳʰʠ ʠʟ ʚʩʝʭ ʛʨʫʧʧ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ, ʥʶʭʘʷ ʧʨʦʧʠʪʘʥʥʫʶ ʟʘʧʘʭʦʤ ʙʫʤʘʛʫ (ʈʠʩ. 4.38ɼ). ʄʳʰʠ, 

ʧʦʣʫʯʘʚʰʠʝ ʬʠʟ.ʨʘʩʪʚʦʨ ʠ ws-Lynx1, ʪʨʘʪʠʣʠ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʦʙʥʶʭʠʚʘʥʠʝ ʟʘʧʘʭʘ ʚʦ 

ʚʨʝʤʷ ʪʝʩʪʦʚʦʡ ʩʝʩʩʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʫʯʘʶʱʝʡ ʩʝʩʩʠʝʡ. ʏʪʦʙʳ ʫʯʝʩʪʴ ʚʳʨʘʞʝʥʥʫʶ 

ʤʝʞʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʚʨʝʤʷ ʦʙʥʶʭʠʚʘʥʠʷ ʚʦ ʚʪʦʨʦʡ ʜʝʥʴ ʚʳʨʘʞʘʣʦʩʴ ʚ 

ʧʨʦʮʝʥʪʘʭ ʦʪ ʚʨʝʤʝʥʠ ʦʙʥʶʭʠʚʘʥʠʷ ʚ ʧʝʨʚʳʡ ʜʝʥʴ (ʈʠʩ. 4.39ɻ). ʉʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ 

ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ ʤʳʰʘʤʠ, ʧʦʣʫʯʘʚʰʠʤʠ ws-Lynx1, ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

(ʠʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʥʶʭʠʚʘʥʠʷ ʥʘ 40-45%, ʈʠʩ. 4.39ɻ). ʅʘʧʨʦʪʠʚ, ʞʠʚʦʪʥʳʝ, 

ʧʦʣʫʯʘʚʰʠʝ MLA, ʪʨʘʪʠʣʠ ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʥʶʭʘʷ ʟʥʘʢʦʤʳʡ ʟʘʧʘʭ (~ 

74%), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʭʫʜʰʝʥʠʠ ʦʙʦʥʷʪʝʣʴʥʦʡ ʧʘʤʷʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ (ʈʠʩ. 4.39ɻ). ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ MLA ʩ ws-Lynx1 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦ ʚʨʝʤʷ ʦʙʥʶʭʠʚʘʥʠʷ ʥʘ ʚʪʦʨʦʡ ʜʝʥʴ ʜʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʤʧʝʥʩʘʮʠʶ ʦʙʦʥʷʪʝʣʴʥʦʡ ʧʘʤʷʪʠ (ʈʠʩ. 4.39ɺ,ɻ). 

4.3.2.4. Ws-Lynx1 ʫʩʠʣʠʚʘʝʪ ACh-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʦʢʠ ʚ Ŭ7-

nAChR ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩʳ 

ɸʢʪʠʚʥʦʩʪʴ Lynx1 ʚ ʦʪʥʦʰʝʥʠʠ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʨʘʥʝʝ ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʪʦʣʴʢʦ ʚ ʛʝʪʝʨʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [134,172]. ʈʘʥʝʝ ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ 1 ʤʢʄ 

ws-Lynx1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ACh ʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʜʫʣʠʨʫʝʪ Ŭ7-nAChR, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʝ ʚ 

ʦʦʮʠʪʘʭ X. laevis, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (10 ʤʢʄ) ws-Lynx1 

ʠʥʛʠʙʠʨʫʝʪ ʨʝʮʝʧʪʦʨʳ Ŭ7, Ŭ3ɓ2 ʠ Ŭ4ɓ2 (ʧ.4.3.1.4). ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʧʨʦʢʦʛʥʠʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ws-Lynx1, ʘʢʪʠʚʥʦʩʪʴ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʧʨʠʨʦʜʥʳʭ nAChR ʚ ʩʨʝʟʘʭ 

ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩʳ1. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʵʥʜʦʛʝʥʥʦʛʦ Lynx1, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʤʘʩʢʠʨʦʚʘʪʴ ʵʬʬʝʢʪʳ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ws-Lynx1, ʤʳ ʚʳʙʨʘʣʠ ʠʥʪʝʨʥʝʡʨʦʥʳ 1-ʛʦ 

ʩʣʦʷ ʧʝʨʚʠʯʥʦʡ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ, ʛʜʝ Lynx1 ʥʝ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ʇ.ʄ. ɹʘʣʘʙʘʥʦʤ ʠ ʢ.ʙ.ʥ. ʅ.ɸ. ɺʘʩʠʣʴʝʚʦʡ, ʀɺʅɼ ʈɸʅ. 
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ʜʘʥʥʳʤ [173]. ʇʨʠ ʵʪʦʤ, ʵʪʠ ʠʥʪʝʨʥʝʡʨʦʥʳ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʢʘʢ Ŭ7-, ʪʘʢ ʠ Ŭ4ɓ2-nAChR 

[318]. 

 

 

ʈʠʩ. 4.40. Ws-Lynx1 ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʟʚʘʥʥʳʡ ACh ʪʦʢ ʚ Ŭ7-nAChR ʚ ʩʨʝʟʘʭ ʢʦʨʳ ʢʨʳʩʳ. (ɸ). 

ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʦʪʚʝʪʳ ʥʘ 50 ʤʩ ʠʤʧʫʣʴʩʳ 1 ʤʄ ACh (ʧʦʢʘʟʘʥʳ ʯʝʨʪʦʯʢʘʤʠ ʥʘʜ ʢʨʠʚʳʤʠ), 

ʟʘʧʠʩʘʥʥʳʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ws-Lynx1 ʚ ʦʜʥʦʤ ʩʨʝʟʝ ʢʦʨʳ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʠʚʝʜʝʥʘ ʚʳʰʝ. ʉʨʝʜʥʷʷ ʧʠʢʦʚʘʷ ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʥʘ 

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. (ɹ). ɸʤʧʣʠʪʫʜʘ ʪʦʢʘ, ʚʳʟʚʘʥʥʦʛʦ ACh, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2 ʤʢʄ ws-Lynx1 

ʫʩʨʝʜʥʷʣʘʩʴ ʧʦ 5 ʨʘʟʣʠʯʥʳʤ ʩʨʝʟʘʤ, ʚʟʷʪʳʤ ʫ 5 ʢʨʳʩ. ɼʘʥʥʳʝ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʢ ʩʨʝʜʥʝʡ ʧʠʢʦʚʦʡ 

ʘʤʧʣʠʪʫʜʝ ʪʦʢʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʙʝʟ ws-Lynx1 (100%, ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩ.ʦ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʪʤʳʚʢʝ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʳ, ʥʝ 

ʩʦʜʝʨʞʘʱʝʡ ws-Lynx-1, ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. ɼʘʥʥʳʝ, ʦʙʦʟʥʘʯʝʥʥʳʝ * (p = 0,016), 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʥʪʨʦʣʷ (100%) ʩʦʛʣʘʩʥʦ ʜʚʫʭʩʪʦʨʦʥʥʝʤʫ t-ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ 

ʜʣʷ ʦʜʥʦʡ ʚʳʙʦʨʢʠ. (ɺ). ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʦʪʚʝʪʳ ʥʘ ʠʤʧʫʣʴʩʳ 1 ʤʄ ACh (ʧʦʢʘʟʘʥʥʳ 

ʯʝʨʪʦʯʢʘʤʠ ʥʘʜ ʢʨʠʚʳʤʠ), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʙʝʟ ʠʥʛʠʙʠʪʦʨʦʚ (ʢʦʥʪʨʦʣʴ) ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 8 

ʤʢʄ DhɓE ʠʣʠ 4 ʥʄ MLA.  
 

ɸʧʧʣʠʢʘʮʠʷ 1 ʤʄ ACh ʚʳʟʳʚʘʣʘ ʪʦʢʠ ʚ ʠʥʪʝʨʥʝʡʨʦʥʘʭ ʩʨʝʟʦʚ ʧʝʨʚʠʯʥʦʡ 

ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ (ʈʠʩ. 4.40). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ 8 ʤʢʄ DhɓE 

(IC50 ~ 0,4 ʤʢʄ ʜʣʷ Ŭ4ɓ2-nAChR) ʠ 4 ʥʄ MLA (IC50 ~ 1 ʥʄ ʜʣʷ Ŭ7-nAChR) ʚʳʷʚʠʣʦ, ʯʪʦ 

ʵʪʠ ʪʦʢʠ ʩʚʷʟʘʥʳ ʩ Ŭ7-nAChR, ʥʦ ʥʝ ʩ Ŭ4ɓ2-nAChR (ʈʠʩ. 4.40ɺ). ʂʦʨʦʪʢʘʷ (20 ʤʠʥ) 

ʠʥʢʫʙʘʮʠʷ ʩʨʝʟʦʚ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 0,2 ʤʢʄ ws-Lynx1, ʥʝ ʚʣʠʷʣʘ ʥʘ ʘʤʧʣʠʪʫʜʫ ʦʪʚʝʪʘ 

Ŭ7-nAChR ʥʘ ACh, ʪʦʛʜʘ ʢʘʢ 2 ʤʢʄ ws-Lynx1 ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʦ ʘʤʧʣʠʪʫʜʫ ʜʦ 

124% ʦʪ ʢʦʥʪʨʦʣʷ (ʈʠʩ. 4.40Aɹ). ʆʪʤʳʚʢʘ ʩʨʝʟʦʚ ʩʨʝʜʦʡ ʙʝʟ ws-Lynx1 ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ 

ʚʦʟʚʨʘʱʘʣʘ ʘʤʧʣʠʪʫʜʫ ʪʦʢʦʚ, ʚʳʟʚʘʥʥʳʭ ACh, ʢ ʢʦʥʪʨʦʣʴʥʦʤʫ ʫʨʦʚʥʶ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʪʠʤʦʤ ʩʚʷʟʳʚʘʥʠʠ ws-Lynx1 ʩ Ŭ7-nAChR. 
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4.3.2.5. Ws-Lynx1 ʫʩʠʣʠʚʘʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʦʪʝʥʮʠʘʮʠʶ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʙʣʦʢʘʜʫ ɼɺʇ, ʚʳʟʚʘʥʥʫʶ MLA 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ws-Lynx1 ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ in 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʦʪʝʥʮʠʘʮʠʠ (ɼɺʇ) ʚ 

ʧʝʨʝʞʠʚʘʶʱʠʭ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ ʤʳʰʝʡ C57BL/61 (ʈʠʩ. 4.41ɸ). ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩʨʝʟʦʚ 

ʛʠʧʦʢʘʤʧʘ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 2 ʤʢʄ ws-Lynx1 ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʩʨʝʟʳ ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʯʠʩʪʫʶ ʩʨʝʜʫ ʜʣʷ ʠʟʤʝʨʝʥʠʡ. ʀʥʢʫʙʘʮʠʷ ʩ ws-Lynx1 ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʣʘ ɼɺʇ 

(ʫʚʝʣʠʯʝʥʠʝ ʥʘʢʣʦʥʘ ʬɺʇʉʇ) ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 10 ʤʠʥ ʧʦʩʣʝ ɺʏʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ (ʨʠʩ. 4.41ɸ,ɹ). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʧʘʨʥʦʡ ʬʘʩʠʣʠʪʘʮʠʠ 

(PPF) - ʧʘʨʘʤʝʪʨ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ, ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʩʨʝʟʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ws-Lynx1 ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥ ʧʨʠ ʠʥʪʝʨʚʘʣʝ 

ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 30 ʤʩ (ʈʠʩ. 4.41ɺ). 

ɿʘʧʠʩʠ ʧʦʣʝʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ ʤʳʰʝʡ C57BL/6, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʘʣʠ ws-Lynx1 ʚ ʪʝʯʝʥʠʝ 14-15 ʜʥʝʡ, ʪʘʢʞʝ ʚʳʷʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ɼɺʇ ʚ 

ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 10 ʤʠʥʫʪ ʧʦʩʣʝ ɺʏʉ (ʈʠʩ. 4.41ɻ,ɽ). ʈʝʛʫʣʷʨʥʦʝ ʚʚʝʜʝʥʠʝ MLA ʚ ʪʝʯʝʥʠʝ 6 

ʜʥʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʛʠʙʠʨʦʚʘʣʦ ɼɺʇ ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ 90 ʤʠʥʫʪ ʟʘʧʠʩʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʳʰʘʤʠ ʠʟ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʧʦʣʫʯʘʚʰʠʤʠ ʬʠʟ.ʨʘʩʪʚʦʨ (ʈʠʩ. 4.40ɼ.ɽ). ʉʪʝʧʝʥʴ 

ʙʣʦʢʘʜʳ ɼɺʇ ʩ ʧʦʤʦʱʴʶ MLA ʙʳʣʘ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʦʚʥʝʤ, 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ws-Lynx1. ʉʦʚʤʝʩʪʥʦʝ ʚʚʝʜʝʥʠʝ MLA ʩ ws-Lynx1 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦ ɼɺʇ ʠ ʫʚʝʣʠʯʠʚʘʣʦ ʥʘʢʣʦʥ ʬɺʇʉʇ ʥʝʤʥʦʛʦ ʚʳʰʝ ʫʨʦʚʥʷ, 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʣʷ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (ʈʠʩ. 4.41ɼ.ɽ). 

PPF ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʦ ʫ ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ws-Lynx1, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ (ʧʦʣʫʯʘʚʰʝʡ ʬʠʟ.ʨʘʩʪʚʦʨ) ʚ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ 

ʠʤʧʫʣʴʩʘʤʠ 30-100 ʤʩ (ʈʠʩ. 4.41ɾ). ɺʚʝʜʝʥʠʝ MLA ʩʥʠʞʘʣʦ PPF ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ 

ʠʤʧʫʣʴʩʘʤʠ 75-150 ʤʩ, ʥʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʥʝ ʙʳʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʉʦʚʤʝʩʪʥʦʝ ʚʚʝʜʝʥʠʝ MLA ʩ ws-Lynx1 ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦ 

ʩʦʦʪʥʦʰʝʥʠʝ PPF ʠ ʫʚʝʣʠʯʠʚʘʣʦ ʝʛʦ ʥʝʤʥʦʛʦ ʚʳʰʝ ʫʨʦʚʥʷ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʣʷ 

ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (ʈʠʩ. 4.41ɾ). 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ʇ.ʄ. ɹʘʣʘʙʘʥʦʤ ʠ ʢ.ʙ.ʥ. ʅ.ɸ. ɺʘʩʠʣʴʝʚʦʡ, ʀɺʅɼ ʈɸʅ. 
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ʈʠʩ. 4.41. Ws-Lynx1 ʫʩʠʣʠʚʘʝʪ ɼɺʇ ʚ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʳʟʚʘʥʥʫʶ MLA 

ʙʣʦʢʘʜʫ. (ɸ). ʋʩʨʝʜʥʝʥʥʳʝ ʟʘʧʠʩʠ ɼɺʇ ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʩʨʝʟʦʚ ʛʠʧʧʦʢʘʤʧʘ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 

2 ʤʢʄ ws-Lynx1 ʚ ʪʝʯʝʥʠʝ 1 ʯ (n = 5 ʩʨʝʟʦʚ, 5 ʤʳʰʝʡ) ʠ ʙʝʟ ws-Lynx1 (n = 8 ʩʨʝʟʦʚ, 8 ʤʳʰʝʡ). 

ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʟʘʧʠʩʠ ʦʪʜʝʣʴʥʳʭ ʬɺʇʉʇ ʧʦʢʘʟʘʥʳ ʚʳʰʝ: ʩʝʨʳʡ - ʙʘʟʦʚʘʷ ʣʠʥʠʷ, ʯʝʨʥʳʡ ï 

ʧʦʩʣʝ ɺʏʉ. (ɹ). ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʥʘʢʣʦʥʳ ʬɺʇʉʇ, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʧʝʨʠʦʜʘʤ 0-10 ʠ 80-90 

ʤʠʥʫʪ ʧʦʩʣʝ ɺʏʉ ʜʣʷ ʩʨʝʟʦʚ ʛʠʧʧʦʢʘʤʧʘ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ ʠ ʙʝʟ ws-Lynx1. (ɺ). PPF ʧʨʠ 

ʠʥʢʫʙʘʮʠʠ ʩʨʝʟʦʚ ʛʠʧʧʦʢʘʤʧʘ ʩ ʠ ʙʝʟ ws-Lynx1. (ɻ,ɼ). ʋʩʨʝʜʥʝʥʥʳʝ ʟʘʧʠʩʠ ɼɺʇ ʚ ʩʨʝʟʘʭ 

ʛʠʧʧʦʢʘʤʧʘ ʦʪ ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʬʠʟ.ʨʘʩʪʚʦʨ, ws-Lynx1, MLA ʠ MLA + ws-Lynx1 (ʚ ʢʘʞʜʦʤ 

ʩʣʫʯʘʝ n = 5 ʩʨʝʟʦʚ, 5 ʤʳʰʝʡ). ʂʦʥʪʨʦʣʴʥʳʡ ʦʪʚʝʪ ɼɺʇ (ʚʚʝʜʝʥʠʝ ʬʠʟ.ʨʘʩʪʚʦʨʘ) ʧʦʢʘʟʘʥ ʥʘ 

ʦʙʝʠʭ ʧʘʥʝʣʷʭ ʜʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ. (ɽ). ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʥʘʢʣʦʥʳ ʬɺʇʉʇ, ʫʩʨʝʜʥʝʥʥʳʝ 

ʧʦ ʧʝʨʠʦʜʘʤ 0-10 ʠ 80-90 ʤʠʥʫʪ ʧʦʩʣʝ ɺʏʉ ʫ ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʬʠʟ.ʨʘʩʪʚʦʨ, ws-Lynx1, MLA 

ʠ MLA + ws-Lynx1. (ɾ). ʉʦʦʪʥʦʰʝʥʠʝ PPF ʚ ʪʝʭ ʞʝ ʛʨʫʧʧʘʭ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʩʨʝʜʥʝʛʦ Ñ ʩ.ʦ. * (p <0,05), **/$$ (p <0,01), ***/###/$$$ (p <0,001) ʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʛʨʫʧʧ ʩʦʛʣʘʩʥʦ ANOVA ʘʥʘʣʠʟʫ ʪʝʩʪʫ ʉʠʜʘʢʘ (ɹ,ɺ) ʠʣʠ ʊʴʶʢʠ (ɽ.ɾ) ʜʣʷ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ. 
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4.3.2.6. Ws-Lynx1 ʢʦʥʢʫʨʠʨʫʝʪ ʩ MLA ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ Ŭ7-nAChR 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʲʷʩʥʷʶʱʠʭ, ʧʦʯʝʤʫ ws-Lynx1 ʤʦʞʝʪ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʳʟʚʘʥʥʫʶ MLA ʙʣʦʢʘʜʫ ɼɺʇ, ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʮʠʷ ws-Lynx1 ʩ MLA ʟʘ 

ʩʚʷʟʳʚʘʥʠʝ Ŭ7-nAChR. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ, ʤʳ ʧʨʦʚʝʣʠ ʘʬʬʠʥʥʫʶ ʵʢʩʪʨʘʢʮʠʶ 

Ŭ7-ʩʫʙʲʝʜʠʥʠʮʳ nAChR ʠʟ ʛʦʤʦʛʝʥʘʪʘ ʤʦʟʛʘ ʢʨʳʩʳ ʩ ʧʦʤʦʱʴʶ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʥʘ 

ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮʘʭ ws-Lynx1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ nAChR 

(ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʘʛʦʥʠʩʪ nAChR - ʥʠʢʦʪʠʥ, ʠʥʛʠʙʠʪʦʨ Ŭ4ɓ2-nAChR - DhɓE, ʠʥʛʠʙʠʪʦʨ 

Ŭ3ɓ2 - ʢʦʥʦʪʦʢʩʠʥ MII ʠ ʠʥʛʠʙʠʪʦʨ Ŭ7-nAChRs - MLA) (ʈʠʩ. 4.42ɸ). Ws-Lynx1 

ʵʢʩʪʨʘʛʠʨʦʚʘʣ ʩʫʙʲʝʜʠʥʠʮʳ Ŭ7-nAChR ʠʟ ʛʦʤʦʛʝʥʘʪʘ ʤʦʟʛʘ, ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʩʫʙʲʝʜʠʥʠʮ Ŭ7 ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʦʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ MLA (~ 52%), ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ ʣʠʛʘʥʜʦʚ ʥʘ ʵʢʩʪʨʘʢʮʠʶ Ŭ7-nAChR ʥʝ ʙʳʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʤ (ʈʠʩ. 4.42ɹ). 

 

 

ʈʠʩ. 4.42. Ws-Lynx1 ʢʦʥʢʫʨʠʨʫʝʪ ʩ MLA ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ Ŭ7-nAChR. (ɸ). ʈʝʧʝʨʟʝʥʪʘʪʠʚʥʳʡ ʙʣʦʪ 

ʘʬʬʠʥʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʩʫʙʲʝʜʠʥʠʮʳ Ŭ7-nAChR ʠʟ ʤʝʤʙʨʘʥʥʦʡ ʬʨʘʢʮʠʠ ʛʦʤʦʛʝʥʘʪʘ ʢʦʨʳ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʢʨʳʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ws-Lynx1, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ (+) ʠʣʠ ʚ ʦʪʩʫʪʩʪʚʠʝ (-) ʥʠʢʦʪʠʥʘ (Nic), MII, DhbE ʠ MLA. (ɹ). ʆʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ (OD) ʧʦʣʦʩ ʥʘ ʚʝʩʪʝʨʥ-ʙʣʦʪʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʜʣʷ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ Ŭ7-nAChR, 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ. ɿʥʘʯʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

Ŭ7 nAChR, ʦʯʠʱʝʥʥʦʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʣʠʛʘʥʜʦʚ. ʂʘʞʜʳʡ ʩʪʦʣʙʝʮ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʩʨʝʜʥʝʝ Ñ ʩ.ʦ. (n 

= 3 ʢʨʳʩʳ). (ɺ). ʂʨʠʚʳʝ ʠʥʛʠʙʠʨʦʚʘʥʠʷ MLA ʜʣʷ Ŭ7-nAChR, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʦʛʦ ʚ ʦʦʮʠʪʘʭ X. 

laevis, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ 1 ʤʢʄ ws-Lynx1. ʂʨʠʚʳʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʫʨʘʚʥʝʥʠʝʤ ʍʠʣʣʘ, 

ʢʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʨʝʜʥʝʝ Ñ ʩ.ʦ. (n = 4 ʠ 3 ʦʦʮʠʪʘ ʜʣʷ MLA ʠ MLA + ws-Lynx1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦʢʘʟʘʥʳ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʦʪʚʝʪʳ ʜʣʷ 100 ʤʩ ʠʤʧʫʣʴʩʦʚ 100 ʤʢʄ ACh, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʥʄ MLA ʠ/ʠʣʠ 1 ʤʢʄ ws-Lynx1, ʚ ʦʜʥʦʤ 

ʦʦʮʠʪʝ. * ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʛʨʫʧʧ (ʜʚʫʭʩʪʦʨʦʥʥʠʡ t-ʢʨʠʪʝʨʠʡ 

ʉʪʴʶʜʝʥʪʘ). 
 

ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʵʪʫ ʢʦʥʢʫʨʝʥʮʠʶ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʤʳ ʠʟʤʝʨʠʣʠ 

ʟʥʘʯʝʥʠʝ IC50 MLA ʜʣʷ Ŭ7-nAChR, ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʚ ʦʦʮʠʪʘʭ X. laevis, ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʢʄ ws-Lynx11. ʊʦʢʠ ʯʝʨʝʟ ʨʝʮʝʧʪʦʨ ʙʳʣʠ ʚʳʟʚʘʥʳ ʘʧʧʣʠʢʘʮʠʝʡ 100 ʤʢʄ 

ʘʮʝʪʠʣʭʦʣʠʥʘ. ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ws-Lynx1 ʠ MLA  ʦʩʣʘʙʣʷʣʦ ʠʥʛʠʙʠʨʫʶʱʫʶ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʜ.ʭ.ʥ. ʉ.ɸ. ʂʦʟʣʦʚʳʤ ʠ ʢ.ʙ.ʥ. ʉ.ɻ. ʂʦʰʝʣʝʚʳʤ, ʣʘʙʦʨʘʪʦʨʠʷ ʥʝʡʨʦʨʝʮʝʧʪʦʨʦʚ ʠ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ, ʀɹʍ ʈɸʅ. 



 

 

179 

ʘʢʪʠʚʥʦʩʪʴ MLA ʠ ʫʚʝʣʠʯʠʚʘʣʦ IC50 ʩ 1,08 Ñ 0,07 ʜʦ 1,53 Ñ 0,1 ʥʄ (ʈʠʩ. 4.42ɺ). ʈʘʟʥʠʮʘ ʚ 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʦʢʘ ʩʪʘʥʦʚʠʣʘʩʴ ʟʥʘʯʠʤʦʡ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ MLA 1 ʥʄ. 

4.3.2.7. Ws-Lynx1 ʢʦʤʧʝʥʩʠʨʫʝʪ ʥʘʨʫʰʝʥʠʷ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ 

ʠ ʫʩʠʣʠʚʘʝʪ ɼɺʇ ʫ 2xTg-AD ʤʳʰʝʡ  

ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ws-Lynx1 ʩʧʦʩʦʙʝʥ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʢʦʛʥʠʪʠʚʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʠ ʙʣʦʢʘʜʫ ɼɺʇ, ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ Ŭ7-nAChR. ʇʦʵʪʦʤʫ ʤʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ws-Lynx1 ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ çʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡè ʵʬʬʝʢʪ ʠ ʚʣʠʷʪʴ ʥʘ 

ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ɹɸ ʠʩʧʦʣʴʟʦʚʘʣʠ 8-

ʤʝʩʷʯʥʳʭ ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ 2xTg-AD, ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ ʭʠʤʝʨʥʳʡ 

ʙʝʣʦʢ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʘʤʠʣʦʠʜʘ ʤʳʰʠ/ʯʝʣʦʚʝʢʘ (Mo/HuAPP695swe) ʠ ʤʫʪʘʥʪʥʳʡ 

ʧʨʝcʝʥʠʣʠʥ 1 ʯʝʣʦʚʝʢʘ (PS1-dE9). ʊʨʠ ʛʨʫʧʧʳ ʞʠʚʦʪʥʳʭ: ʪʨʘʥʩʛʝʥʥʳʝ ʤʳʰʠ (2xTg-AD), 

ʢʦʪʦʨʳʝ ʨʝʛʫʣʷʨʥʦ ʧʦʣʫʯʘʣʠ ʬʠʟ.ʨʘʩʪʚʦʨ ʠʣʠ ws-Lynx1 (ʚ ʪʝʯʝʥʠʝ ʜʝʚʷʪʠ ʜʥʝʡ ʜʦ ʥʘʯʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ), ʠ ʥʝʪʨʘʥʩʛʝʥʥʳʭ ʦʜʥʦʧʦʤʝʪʥʠʢʦʚ (Tg-), ʧʦʣʫʯʘʚʰʠʭ ʬʠʟ.ʨʘʩʪʚʦʨ, 

ʧʦʜʚʝʨʛʘʣʠ ʩʝʨʠʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʪʝʩʪʦʚ1 (ʈʠʩ. 4.38ɸ). 

 

 

             ɸ                                                 ɹ                                           ɺ 

ʈʠʩ. 4.43. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʪʝʩʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ws-Lynx1 ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘʨʫʰʝʥʠʷ 

ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʫ ʤʳʰʝʡ 2xTg-AD. (ɸ). ʏʠʩʣʦ ʚʩʪʘʚʘʥʠʡ ʥʘ ʟʘʜʥʠʝ ʣʘʧ rʚ 5-ʤʠʥʫʪʥʦʤ 

ʠʩʧʳʪʘʥʠʠ ʂʇʃ. (ɹ). ʏʠʩʣʦ ʚʩʪʘʚʘʥʠʡ ʥʘ ʟʘʜʥʠʝ ʣʘʧ rʟʘ 10 ʤʠʥ ʪʝʩʪʘ ʆʇ. (ɺ). ʊʝʩʪ ʥʘ 

ʦʙʦʥʷʪʝʣʴʥʫʶ ʧʘʤʷʪʴ. ɺʨʝʤʷ ʦʙʥʶʭʠʚʘʥʠʷ ʚ ʪʝʩʪʦʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʜʝʥʴ 2) ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʧʨʦʮʝʥʪʘʭ ʦʪ ʟʥʘʯʝʥʠʷ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʜʝʥʴ 1). ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ Ñ ʩ.ʦ. (n = 8-13 ʤʳʰʝʡ). * (p <0,05) ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ 

ʛʨʫʧʧ (ANOVA ʠ ʪʝʩʪ ʊʴʶʢʠ).  
 

ɼʣʷ ʤʳʰʝʡ 2xTg-AD ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʩʪʘʭ ʂʇʃ ʠ ʆʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʧʦʤʝʪʥʳʤʠ Tg- ʤʳʰʘʤʠ (ʈʠʩ. 

4.43A,ɹ). ɺʚʝʜʝʥʠʝ ws-Lynx1 ʚʦʟʚʨʘʱʘʣʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʳʰʝʡ 2xTg-AD 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʢ.ʙ.ʥ. ɸ.ɸ. ɸʥʜʨʠʝʚʩʢʠʤ, ʢ.ʙ.ʥ. ɸ.ʉ. ʇʦʧʦʚʦʡ, ɽ.ɸ. ʃʘʛʝʨʝʚʦʡ, ʀʄɹʇ ʈɸʅ. 
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(ʯʠʩʣʦ ʚʩʪʘʚʘʥʠʡ ʥʘ ʟʘʜʥʠʝ ʣʘʧʳ) ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ ʫʨʦʚʥʝʡ, ʥʘʙʣʶʜʘʝʤʳʭ ʜʣʷ Tg ï 

ʦʜʥʦʧʦʤʝʪʥʠʢʦʚ. ɸʥʘʣʦʛʠʯʥʦ ʤʳʰʘʤ C57BL/6, ʚʚʝʜʝʥʠʝ ws-Lynx1 ʥʝ ʚʣʠʷʣʦ ʥʘ 

ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʳʰʝʡ 2xTg-AD ʚ ʪʝʩʪʘʭ ʂʇʃ ʠ ʆʇ. 

ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʩʪʨʝʩʩʘ, ʚʳʟʚʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʤʘʥʠʧʫʣʷʮʠʷʤʠ, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʚʝʜʝʥʠʝ ʤʳʰʝʡ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

PhenoMaster, ʛʜʝ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʙʦʣʝʝ çʢʦʤʬʦʨʪʥʳʭè ʫʩʣʦʚʠʷʭ ʜʦʤʘʰʥʝʡ 

ʢʣʝʪʢʠ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʦʯʝʥʴ 

ʥʠʟʢʫʶ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʫ ʚʩʝʭ ʪʨʝʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ. ʄʳʰʠ 2xTg-AD 

ʧʨʦʚʦʜʠʣʠ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʚ ʜʚʠʞʝʥʠʠ ʢʦʣʝʩʘ ʠ ʧʨʦʙʝʛʘʣʠ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ (ʜʦ 200 ʤ 

ʚ ʜʝʥʴ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ Tg- (ʜʦ 100 ʤ, ʈʠʩ. 4.44ɹ). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ws-Lynx1 ʩʥʠʞʘʣʦ ʘʢʪʠʚʥʦʩʪʴ ʤʳʰʝʡ 2xTg-AD ʜʦ ʫʨʦʚʥʷ, ʙʣʠʟʢʦʛʦ ʢ ʢʦʥʪʨʦʣʴʥʳʤ 

ʞʠʚʦʪʥʳʤ Tg- (ʈʠʩ. 4.44ɹ). ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʛʦ ʧʨʦʙʝʛʘ ʚ ʪʝʯʝʥʠʝ 7 ʜʥʝʡ 

ʤʦʥʠʪʦʨʠʥʛʘ (ʈʠʩ. 4.44ɹ) ʧʨʠ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ) 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʥʠʟʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʤʦʪʦʨʥʦʤʫ ʦʙʫʯʝʥʠʶ ʫ ʤʳʰʝʡ Tg- ʠ 2xTg-AD. 

ʕʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʘ Rotarod, ʛʜʝ ʤʳʰʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʦʯʝʥʴ ʥʠʟʢʦʝ ʫʣʫʯʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚʣʠʷʥʠʷ ws-

Lynx1 ʥʘ ʤʦʪʦʨʥʦʝ ʦʙʫʯʝʥʠʝ (ʈʠʩ. 4.44ɸ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫ ʤʳʰʝʡ 2xTg-AD, ʧʦʣʫʯʘʚʰʠʭ 

ws-Lynx1, ʚ ʜʦʤʘʰʥʝʡ ʢʣʝʪʢʝ ʥʘʙʣʶʜʘʣʘʩʴ ʘʥʦʤʘʣʴʥʘʷ ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʞʠʚʦʪʥʳʤʠ Tg-, ʯʪʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʦʥʠʪʦʨʠʥʛʘ ʯʘʩʪʦʪʳ ʧʝʨʝʩʝʯʝʥʠʷ 

ʣʫʯʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʝʪʢʠ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʘʢʪʠʚʥʦʡ (ʥʦʯʥʦʡ) ʬʘʟʳ ʮʠʨʢʘʜʥʦʛʦ ʮʠʢʣʘ (ʈʠʩ. 4.44ɺ). 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʙʦʯʝʡ ʧʘʤʷʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʧʝʨʘʥʪʥʳʡ ʤʦʜʫʣʴ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʧʦʜʢʨʝʧʣʝʥʠʝʤ, ʚʩʪʨʦʝʥʥʳʡ ʚ ʜʦʤʘʰʥʶʶ ʢʣʝʪʢʫ ʩʠʩʪʝʤʳ PhenoMaster. ɺʦ ʚʨʝʤʷ ʧʝʨʚʳʭ 

ʪʨʝʭ ʥʦʯʥʳʭ ʩʝʩʩʠʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʟʘʜʘʯʘ ʧʨʦʩʪʦʛʦ ʚʳʙʦʨʘ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʧʦʜʢʨʝʧʣʝʥʠʝʤ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʤʳʰʠ ʥʘʫʯʠʣʠʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʧʝʨʘʥʪʥʳʤ 

ʤʦʜʫʣʝʤ, ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʜʥʝʡ ʧʦʜʨʷʜ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʩ 

ʯʝʨʝʜʫʶʱʠʤʩʷ ʧʨʝʜʲʷʚʣʝʥʠʝʤ ʩʪʠʤʫʣʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʩʝ ʪʨʠ ʛʨʫʧʧʳ ʧʦʢʘʟʳʚʘʣʠ ʧʣʦʭʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʵʪʦʤ ʟʘʜʘʥʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʫʩʧʝʰʥʦʛʦ ʚʳʙʦʨʘ (ʈʠʩ. 4.44ɻ). ʅʝʦʞʠʜʘʥʥʦ, 2xTg-AD ʠ 2xTg-AD+ws-Lynx1 ʛʨʫʧʧʳ 

ʨʝʰʘʣʠ ʟʘʜʘʯʫ ʙʦʣʝʝ ʫʩʧʝʰʥʦ, ʯʝʤ Tg-. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʫʩʧʝʰʥʦʩʪʠ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʫʣʫʯʰʝʥʠʝʤ ʦʙʫʯʝʥʠʷ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʦʣʴʢʦ ʫ 2xTg-AD+ws-Lynx1 ʠ Tg- ʞʠʚʦʪʥʳʭ. ʄʳʰʠ 2xTg-AD 

ʜʦʩʪʠʛʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʫʩʧʝʭʘ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʧʦʧʳʪʦʢ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʛʦ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ (ʈʠʩ. 4.44ɼ,ɽ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ws-Lynx1 ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ çʙʝʩʧʦʢʦʡʥʦʛʦè ʧʦʚʝʜʝʥʠʷ ʤʳʰʝʡ 2xTg-
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AD ʥʘ ʙʦʣʝʝ çʫʨʘʚʥʦʚʝʰʝʥʥʦʝè ʧʦʚʝʜʝʥʠʝ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʥʝʪʨʘʥʩʛʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʫʯʝʥʠʶ. 

 

 

ʈʠʩ. 4.44. ʄʦʥʠʪʦʨʠʥʛ ʚ ʩʠʩʪʝʤʝ çʜʦʤʘʰʥʷʷ ʢʣʝʪʢʘè (PhenoMaster) ʚʳʷʚʠʣ ʠʟʤʝʥʝʥʠʷ ʚ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʘʙʦʯʝʡ ʧʘʤʷʪʠ ʫ ʤʳʰʝʡ 2xTg-AD ʧʨʠ ʚʚʝʜʝʥʠʠ ws-Lynx1. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʚʠʜʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ Ñ ʩ.ʦ. (n = 8-13 ʤʳʰʝʡ). * (ʨ <0,05), ** (ʨ <0,01), *** (ʨ <0,001) 

ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʛʨʫʧʧ Tg- ʠ 2xTg-AD, # (ʨ <0,05) ʦʟʥʘʯʘʝʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʛʨʫʧʧ Tg- ʠ 2xTg-AD+ws-Lynx1 ʠ & (p <0,05), && (p <0,01) 

ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʛʨʫʧʧ 2xTg-AD ʠ 2xTg-AD+ws-Lynx1 (ANOVA, ʪʝʩʪ 

ʊʴʶʢʠ). 
 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ws-Lynx1 ʥʘʙʣʶʜʘʣʩʷ ʚ ʪʝʩʪʝ ʦʙʦʥʷʪʝʣʴʥʦʡ ʧʘʤʷʪʠ (ʈʠʩ. 

4.43ɺ). ʄʳʰʠ Tg- ʪʨʘʪʠʣʠ ʥʘ 30% ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʦʙʥʶʭʠʚʘʥʠʝ ʟʥʘʢʦʤʦʛʦ ʟʘʧʘʭʘ ʥʘ 

ʚʪʦʨʦʡ ʜʝʥʴ ʪʝʩʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʳʰʠ 2xTg-AD ʪʨʘʪʠʣʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 30% ʙʦʣʴʰʝ 

ʚʨʝʤʝʥʠ. ɺʚʝʜʝʥʠʝ ws-Lynx1 ʫʤʝʥʴʰʠʣʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʥʶʭʠʚʘʥʠʷ ʥʘ ʚʪʦʨʦʡ ʜʝʥʴ 

ʜʦ ʫʨʦʚʥʷ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʣʷ ʤʳʰʝʡ Tg- (ʈʠʩ. 4.43ɺ).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʦʙʦʥʷʪʝʣʴʥʦʡ ʧʘʤʷʪʠ ʫ ʣʶʜʝʡ ʩ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ɹɸ ʠ ʜʨʫʛʠʝ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʘʪʴ 
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ʟʘʧʘʭʠ [319]. ʄʳʰʠ, ʥʦʢʘʫʪʥʳʝ ʧʦ ʛʝʥʫ Ŭ7-nAChR ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʭʫʜʰʝʥʠʝ ʚ ʪʝʩʪʘʭ ʥʘ ʦʙʦʥʷʪʝʣʴʥʫʶ ʧʘʤʷʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʳʰʘʤʠ WT [57]. ɸʛʦʥʠʩʪʳ 

Ŭ7-nAChR ʤʦʛʫʪ ʫʩʠʣʠʚʘʪʴ ʦʙʦʥʷʪʝʣʴʥʫʶ ʨʘʙʦʯʫʶ ʧʘʤʷʪʴ ʫ ʢʨʳʩ, ʪʦʛʜʘ ʢʘʢ ʘʥʪʘʛʦʥʠʩʪʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʛʠʙʠʨʫʶʪ ʝʝ [317]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʫ ʤʳʰʝʡ C57BL/6, ʧʦʣʫʯʘʚʰʠʭ 

MLA, ʠ ʤʳʰʝʡ 2xTg-AD ʥʘʙʣʶʜʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʝʬʠʮʠʪ ʦʙʦʥʷʪʝʣʴʥʦʡ ʧʘʤʷʪʠ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥ ʚʚʝʜʝʥʠʝʤ ws-Lynx1 (ʈʠʩ. 4.39ɺ,ɻ ʠ 4.43ɺ).  

 

 

ʈʠʩ. 4.45. Ws-Lynx1 ʧʨʝʜʦʪʚʨʘʱʘʝʪ Aɓ-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʙʣʦʢʘʜʫ ɼɺʇ ʫ ʤʳʰʝʡ 2xTg-AD. (ɸ). 

ʋʩʨʝʜʥʝʥʥʳʝ ʦʪʚʝʪʳ ɼɺʇ ʜʣʷ ʤʳʰʝʡ Tg- ʠ 2xTg-AD, ʧʦʣʫʯʘʚʰʠʭ ʬʠʟ.ʨʘʩʪʚʦʨ ʠʣʠ ws-Lynx1 (n = 5 

ʩʨʝʟʦʚ, 4 ʤʳʰʠ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ, ʦʜʠʥ ʠʣʠ ʜʚʘ ʩʨʝʟʘ ʦʪ ʦʜʥʦʛʦ ʞʠʚʦʪʥʦʛʦ). (ɹ). ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ 

ʥʘʢʣʦʥʳ ʬɺʇʉʇ ʚ ʩʨʝʜʥʝʤ ʯʝʨʝʟ 0-10 ʠ 80-90 ʤʠʥʫʪ ʧʦʩʣʝ ɺʏʉ ʫ ʤʳʰʝʡ Tg- ʠ 2xTg-AD, 

ʧʦʣʫʯʘʚʰʠʭ ʬʠʟ.ʨʘʩʪʚʦʨ ʠʣʠ ws-Lynx1 (ʩʨʝʜʥʝʝ Ñ ʩ.ʦ., n = 5 ʩʨʝʟʦʚ, 4 ʤʳʰʠ). ** (ʨ <0,01) ʦʟʥʘʯʘʝʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʛʨʫʧʧ (ANOVA, ʪʝʩʪ ʊʴʶʢʠ). 
 

ɸʥʘʣʦʛʠʯʥʦ ʤʳʰʘʤ, ʧʦʣʫʯʘʚʰʠʤ MLA, ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ɼɺʇ ʥʘʙʣʶʜʘʣʦʩʴ 

ʚ ʩʨʝʟʘʭ ʤʦʟʛʘ ʫ ʤʳʰʝʡ 2xTg/AD ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ 90 ʤʠʥʫʪ ʟʘʧʠʩʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʈʝʛʫʣʷʨʥʦʝ (ʚ ʪʝʯʝʥʠʝ 24-25 ʜʥʝʡ ʜʦ ʟʘʧʠʩʠ ʵʢʩʧʝʨʠʤʝʥʪʘ) ʚʚʝʜʝʥʠʝ ws-Lynx1 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦ ɼɺʇ ʜʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʫ ʤʳʰʝʡ Tg- (ʈʠʩ. 4.45). 

ʇʦʚʳʰʝʥʠʝ ɼɺʇ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʜʝʩʷʪʠ ʤʠʥʫʪ ʧʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ ʚʤʝʩʪʝ ʩ ʠʟʤʝʥʝʥʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ PPF, ʥʘʙʣʶʜʘʝʤʳʤ ʫ ʤʳʰʝʡ, ʧʨʠʥʠʤʘʚʰʠʭ ws-Lynx1 (ʈʠʩ. 4.41ɻ,ɽ,ɾ), 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʚʝʣʠʯʝʥʠʷ ɼɺʇ [320]. ʋʯʘʩʪʠʝ 

ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ Ŭ7-nAChR ʚ ʤʦʜʫʣʷʮʠʠ ɼɺʇ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʙʳʣʦ ʦʧʠʩʘʥʦ ʨʘʥʝʝ [2]. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ, ʯʪʦ ws-Lynx1 

ʘʢʪʠʚʠʨʫʝʪ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ Ŭ7-nAChR ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʥʜʦʛʝʥʥʦʛʦ ACh, ʩʧʦʩʦʙʩʪʚʫʷ 

ʪʝʤ ʩʘʤʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʛʣʫʪʘʤʘʪʘ ʚ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʩʠʣʝʥʥʦʝ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʛʣʫʪʘʤʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʦʧʦʩʨʝʜʫʶʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʛʦ Ca2+-ʪʦʢʘ ʠ ʠʥʜʫʢʮʠʠ ɼɺʇ. 
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4.3.2.8. Ws-Lynx1 ʫʚʝʣʠʯʠʚʘʝʪ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʚ 

ʛʠʧʧʦʢʘʤʧʝ ʤʳʰʝʡ 2xTg-AD 

ʅʘʨʫʰʝʥʠʝ ʢʦʛʥʠʪʠʚʥʦʡ ʬʫʥʢʮʠʠ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ɹɸ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʦʪʝʨʝʡ 

ʩʠʥʘʧʩʦʚ ʚ ʛʠʧʧʦʢʘʤʧʝ ʠ ʢʦʨʝ [321]. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʦʪʝʨʝʡ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʛʦ 

ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʙʝʣʢʘ ʩʠʥʘʧʪʦʬʠʟʠʥʘ ʠ ʫʨʦʚʥʝʤ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʜʝʛʝʥʝʨʘʮʠʠ ʨʘʥʝʝ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ɹɸ [321,322]. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣ ʠʟʤʝʨʝʥ ʫʨʦʚʝʥʴ ʠʤʤʫʥʦʨʝʘʢʪʠʚʥʦʩʪʠ ʩʠʥʘʧʪʦʬʠʟʠʥʘ ʚ ʩʨʝʟʘʭ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʵʥʪʦʨʠʥʘʣʴʥʦʡ ʢʦʨʳ ʠ ʧʦʣʝʡ CA1, CA3 ʠ DG ʛʠʧʧʦʢʘʤʧʘ ʤʳʰʝʡ Tg- ʠ 2xTg-AD, ʚ 

ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʚʰʠʭ ʬʠʟ.ʨʘʩʪʚʦʨ ʠʣʠ ws-Lynx11 (ʈʠʩ. 4.46ɸ). ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫ ʪʨʘʥʩʛʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʫʨʦʚʝʥʴ ʩʠʥʘʧʪʦʬʠʟʠʥʘ ʙʳʣ ʩʥʠʞʝʥ ʥʘ ~ 30-

40% ʢʘʢ ʚ ʛʠʧʧʦʢʘʤʧʝ, ʪʘʢ ʠ ʚ ʢʦʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʳʰʘʤʠ Tg- (ʈʠʩ. 4.46ɹ). ɺʚʝʜʝʥʠʝ 

ws-Lynx1 ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʦ ʧʦʪʝʨʶ ʩʠʥʘʧʪʦʬʠʟʠʥʘ ʚ ʦʙʣʘʩʪʠ CA3 ʫ ʤʳʰʝʡ 2xTg-

AD (ʈʠʩ. 4.46ɹ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʤʠʣʦʠʜʥʳʭ ʙʣʷʰʝʢ ʚ ʢʦʨʝ ʠ 

ʛʠʧʧʦʢʘʤʧʝ ʥʝ ʠʟʤʝʥʷʣʦʩʴ ʧʨʠ ʚʚʝʜʝʥʠʠ ws-Lynx1 (ʈʠʩ. 4.47). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʠʥʘʧʩʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ 

ʥʘʙʣʶʜʘʝʤʦʝ ʫʩʠʣʝʥʠʝ ɼɺʇ. 

 

 

ʈʠʩ. 4.46. Ws-Lynx1 ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʩʠʥʘʧʪʦʬʠʟʠʥʘ ʫ ʤʳʰʝʡ 2xTg-AD. (ɸ). 

ʀʟʦʙʨʘʞʝʥʠʷ ʩʨʝʟʦʚ ʤʦʟʛʘ ʤʳʰʠ, ʦʢʨʘʰʝʥʥʳʭ ʘʥʪʠʪʝʣʦʤ ʢ ʩʠʥʘʧʪʦʬʠʟʠʥʫ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʐʢʘʣʘ 250 ʤʢʤ. (ɹ). ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʦʪʝʨʠ ʩʠʥʘʧʪʦʬʠʟʠʥʘ ʚ 

ʟʫʙʯʘʪʦʡ ʬʘʩʮʠʠ (DG), CA3 ʠ CA1 ʦʙʣʘʩʪʷʭ ʛʠʧʧʦʢʘʤʧʘ ʠ ʵʥʪʦʨʠʥʘʣʴʥʦʡ ʢʦʨʝ ʤʳʰʝʡ Tg- ʠ ʤʳʰʝʡ 

2xTg-AD, ʧʦʣʫʯʘʚʰʠʭ ʬʠʟ.ʨʘʩʪʚʦʨ ʠʣʠ ws-Lynx1 (n = 32, 4 ʤʳʰʠ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ, 8 ʩʨʝʟʦʚ ʦʪ 

ʢʘʞʜʦʛʦ ʞʠʚʦʪʥʦʛʦ). ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩ.ʦ. * (ʨ <0,05), ** (ʨ <0,01), *** 

(ʨ <0,001), ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʛʨʫʧʧ ʩʦʛʣʘʩʥʦ ANOVA ʘʥʘʣʠʟʫ ʠ ʪʝʩʪʫ 

ɼʘʥʥʝʪʘ ʜʣʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ. 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʢ.ʙ.ʥ. ʂ.ɸ. ʇʝʪʨʦʚʳʤ ʠ ʢ.ʙ.ʥ. ʀ.ɺ. ɿʫʝʚʦʡ, ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ. 
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ʈʠʩ. 4.47. Ws-Lynx1 ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʙʣʷʰʝʢ Aɓ ʫ ʤʳʰʝʡ 2xTg-AD. (ɸ). ʀʟʦʙʨʘʞʝʥʠʷ 

ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩʨʝʟʦʚ ʤʦʟʛʘ, ʦʢʨʘʰʝʥʥʳʭ ʪʠʦʬʣʘʚʠʥʦʤ S. ʐʢʘʣʘ 250 ʤʢʤ. (ɹ). 

ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʙʣʷʰʝʢ Aɓ (Ñ ʩ.ʦ.) ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʨʝʟʦʚ ʟʫʙʯʘʪʦʡ ʬʘʩʮʠʠ (DG), ʦʙʣʘʩʪʝʡ 

ʛʠʧʧʦʢʘʤʧʘ CA3 ʠ CA1 ʠ ʵʥʪʦʨʠʥʘʣʴʥʦʡ ʢʦʨʳ (n = 32, 4 ʤʳʰʠ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ, 8 ʧʦʧʝʨʝʯʥʳʭ 

ʩʨʝʟʦʚ ʦʪ ʢʘʞʜʦʛʦ ʞʠʚʦʪʥʦʛʦ). 
 

ʇʦʣʫʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ws-Lynx1 ʥʘ 

ʢʦʛʥʠʪʠʚʥʫʶ ʬʫʥʢʮʠʶ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʛʦ ʫʩʠʣʝʥʠʷ 

ɼɺʇ (ʦʜʥʦʯʘʩʦʚʘʷ ʠʥʢʫʙʘʮʠʷ ʩʨʝʟʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ws-Lynx1), ʪʘʢ ʠ ʤʝʜʣʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʩʠʥʘʧʩʦʚ (ʭʨʦʥʠʯʝʩʢʠʡ ʧʨʠʝʤ ws-Lynx1 ʚ ʪʝʯʝʥʠʝ 25 ʜʥʝʡ). 

ʇʦʩʣʝʜʥʠʡ ʵʬʬʝʢʪ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥ ʧʨʦʩʪʦʡ ʘʢʪʠʚʘʮʠʝʡ Ŭ7-nAChR, ʘ ʩʢʦʨʝʝ ʚʩʝʛʦ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʩʪʨʦʡʢʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʠ ʤʝʞʢʣʝʪʦʯʥʦʡ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ Ŭ7-nAChR ʥʠʢʦʪʠʥʦʤ ʚʣʠʷʝʪ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ CREB ʠ c-Fos [323]. ɸʢʪʠʚʘʮʠʷ CREB, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ɼɺʇ [324]. ʅʘʧʨʦʪʠʚ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ Ŭ7-nAChR ʦʣʠʛʦʤʝʨʥʳʤ Aɓ1-42 

ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʵʢʩʧʨʝʩʩʠʠ CREB ʠ c-Fos [314] ʠ ʧʦʜʘʚʣʷʝʪ ɼɺʇ (ʈʠʩ. 4.36). 

ɺʝʨʦʷʪʥʦ, ʵʬʬʝʢʪʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ ʭʨʦʥʠʯʝʩʢʦʤ ʧʨʠʝʤʝ ws-Lynx1, ʪʘʢʞʝ ʩʚʷʟʘʥʳ ʩ 

ʘʢʪʠʚʘʮʠʝʡ Ŭ7-nAChR ʠ ʨʝʛʫʣʷʮʠʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʠ ʧʘʪʦʛʝʥʝʟʝ ɹɸ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʚʧʝʨʚʳʝ ʦʧʠʩʘʣʠ ʜʝʡʩʪʚʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʜʦʤʝʥʘ ʙʝʣʢʘ 

ʯʝʣʦʚʝʢʘ Lynx1 in vivo. ʄʳ ʦʞʠʜʘʝʤ, ʯʪʦ ʩʚʷʟʘʥʥʳʡ ʩ ʤʝʤʙʨʘʥʦʡ Lynx1 ʠʤʝʝʪ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʭʦʜʥʳʝ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʛʦ ʜʦʤʝʥʘ, 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʚ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ (ʈʠʩ. 4.23). ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʵʬʬʝʢʪʳ ws-Lynx1 in vivo ʭʦʨʦʰʦ ʟʘʤʝʪʥʳ ʫʞʝ ʧʦʩʣʝ 2-3 ʥʝʜʝʣʴ ʧʨʠʝʤʘ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ws-Lynx1 ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ 

ʪʝʨʘʧʠʠ ɹɸ. 



 

 

185 

4.3.3. ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʜʦʤʝʥʘ ʙʝʣʢʘ ʯʝʣʦʚʝʢʘ Lypd6  

Lypd6 - ʙʝʣʦʢ ʩʝʤʝʡʩʪʚʘ Ly6/uPAR ʩ GPI-ʷʢʦʨʝʤ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʡʩʷ ʚ ʤʦʟʛʝ [185]. 

Lypd6 ʩʧʦʩʦʙʝʥ ʫʩʠʣʠʚʘʪʴ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʢʘʥʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ Wnt, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʢʦʤʧʣʝʢʩʦʤ LRP6/Frizzled [188]. ʅʝʜʘʚʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, 

ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʪʦ, ʯʪʦ, Lypd6 ʚ ʩʦʩʪʘʚʝ ʛʠʙʨʠʜʥʦʛʦ ʙʝʣʢʘ ʩ GST ʤʦʞʝʪ ʵʢʩʪʨʘʛʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ nAChR ʠʟ ʛʦʤʦʛʝʥʘʪʘ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ [186], ʯʪʦ ʢʦʩʚʝʥʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, nAChR ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʤʠʰʝʥʴʶ Lypd6.  

4.3.3.1. rLypd6 ʠʥʛʠʙʠʨʫʝʪ ACh-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʦʢʠ ʚ Ŭ7-nAChR, 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʚ ʦʦʮʠʪʘʭ X. laevis 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ 

ʘʥʘʣʦʛʘ Lypd6 ʯʝʣʦʚʝʢʘ ʙʝʟ GPI-ʷʢʦʨʷ (rLypd6) ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ nAChR, 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʚ ʦʦʮʠʪʘʭ X. laevis1 (ʊʘʙʣʠʮʘ 4.4). ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ACh-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʢʘʥʘʣ ʨʝʮʝʧʪʦʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ Ŭ3ɓ4- 

ʠ Ŭ7-nAChR. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʫʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ Ŭ3ɓ4-nAChR ʥʝʜʘʚʥʦ 

ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʜʣʷ ʪʨʝʭʧʝʪʝʣʴʥʦʛʦ ʙʝʣʢʘ Lypd6b [190], ʙʣʠʟʢʦʛʦ ʛʦʤʦʣʦʛʘ Lypd6 (ʩʪʝʧʝʥʴ 

ʛʦʤʦʣʦʛʠʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ~ 54%). 

 

ʊʘʙʣʠʮʘ 4.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ rLypd6 ʩ ʨʘʟʣʠʯʥʳʤʠ nAChR, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʤʠ ʚ ʦʦʮʠʪʘʭ X. 

laevis. 

 

ʪʠʧ nAChR Ŭɓ1ŭŮ Ŭɓ1ŭɔ Ŭ4ɓ2 Ŭ3ɓ4 Ŭ3ɓ2 Ŭ7 

ʘʢʪʠʚʥʦʩʪʴ 

10 ʤʢʄ rLypd6 
- - - + - + 

 

ʊʘʢ ʢʘʢ ʨʘʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Lypd6 c Ŭ7-nAChR ʥʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʤʳ 

ʧʨʦʚʝʣʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘ ʥʘ ʵʪʦʤ ʨʝʮʝʧʪʦʨʝ2. 

ɿʘʧʠʩʴ ʪʦʢʘ ʚ ʨʝʞʠʤʝ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʚʳʧʦʣʥʷʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ rLypd6 ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,33 ʤʢʄ ʜʦ 100 ʤʢʄ. ɸʧʧʣʠʢʘʮʠʷ 

rLypd6 ʙʝʟ ACh ʥʝ ʚʳʟʳʚʘʣʘ ʪʦʢʘ ʯʝʨʝʟ Ŭ7-nAChR. ʅʘʧʨʦʪʠʚ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 100 ʤʢʄ ACh 

rLypd6 ʚʳʟʳʚʘʣ ʟʘʚʠʩʠʤʦʝ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʦʢʘ ʯʝʨʝʟ ʢʘʥʘʣ ʨʝʮʝʧʪʦʨʘ ʩ 

IC50 ~ 11 ʤʢʄ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ACh-ʚʳʟʚʘʥʥʦʛʦ ʪʦʢʘ ʩʦʩʪʘʚʣʷʣʦ ~ 

54% ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʈʠʩ. 4.48ɹ). ʅʘʙʣʶʜʘʝʤʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʦʣʥʦʩʪʴʶ 

ʦʙʨʘʪʠʤʦ (ʈʠʩ. 4.48A). ʅʝʧʦʣʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʦʢʘ ʯʝʨʝʟ Ŭ7-nAChR ʠ ʦʪʩʫʪʩʪʚʠʝ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʗ.ʊʠʪʛʘʪ ʠ ʉ. ʇʝʥʴyʨ, ʫʥʠʚʝʨʩʠʪʝʪ KU Leuven, ɹʝʣʴʛʠʷ. 
2 ʉʦʚʤʝʩʪʥʦ ʩ ʜ.ʭ.ʥ. ʉ.ɸ. ʂʦʟʣʦʚʳʤ ʠ ʢ.ʙ.ʥ. ʉ.ɻ. ʂʦʰʝʣʝʚʳʤ, ʣʘʙʦʨʘʪʦʨʠʷ ʥʝʡʨʦʨʝʮʝʧʪʦʨʦʚ ʠ 

ʥʝʡʨʦʨʝʛʫʣʷʪʦʨʦʚ, ʀɹʍ ʈɸʅ. 
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ʵʬʬʝʢʪʘ rLypd6 ʙʝʟ ʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʘ ʘʛʦʥʠʩʪʦʤ (ʧʦʜʦʙʥʦ ws-Lynx1, ʧ. 4.3.1.4) 

ʫʢʘʟʳʚʘʣʠ ʥʘ ʤʦʜʫʣʠʨʫʶʱʝʝ (ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʝ) ʜʝʡʩʪʚʠʝ rLypd6. 

 

 

ʈʠʩ. 4.48. (ɸ). ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʦʪʚʝʪʳ ʥʘ 100 ʤʩ ʠʤʧʫʣʴʩʦʚ 100 ʤʢʄ ACh, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʦʦʮʠʪʘʭ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ Ŭ7-nAChR ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 30 

ʤʢʄ rLypd6. (ɹ). ʂʨʠʚʘʷ ʜʦʟʘ-ʦʪʚʝʪ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ rLypd6 ʚʳʟʚʘʥʥʳʭ ACh ʪʦʢʦʚ ʚ Ŭ7-

nAChR. ɼʘʥʥʳʝ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʧʠʢʦʚʫʶ ʘʤʧʣʠʪʫʜʫ ʪʦʢʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʙʝʟ rLypd6 

(100%), ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩ.ʦ. (n = 8 ʦʦʮʠʪʦʚ). ɼʘʥʥʳʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ 

ʫʨʘʚʥʝʥʠʝʤ ʍʠʣʣʘ ʩ IC50 10,9 Ñ 1,8 ʤʢʄ, nʅ 1,6 Ñ 0,4, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 54 Ñ 

4%. 
 

4.3.3.2. ʉʦ-ʣʦʢʘʣʠʟʘʮʠʷ Lypd6 ʩ Ŭ7-nAChR ʚ ʥʝʡʨʦʥʘʭ ʢʦʨʳ ʠ 

ʛʠʧʧʦʢʘʤʧʘ 

 

 

ʈʠʩ. 4.49. ʉʦʚʤʝʩʪʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʵʥʜʦʛʝʥʥʦʛʦ Lypd6 ʠ Ŭ7-nAChR ʚ ʧʝʨʚʠʯʥʦʡ ʢʫʣʴʪʫʨʝ 

ʥʝʡʨʦʥʦʚ ʢʦʨʳ ʠ ʛʠʧʧʦʢʘʤʧʘ. ʂʣʝʪʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʤʳʰʠʥʳʤʠ ʘʥʪʠ-Lypd6 

ʠ ʢʨʦʣʠʯʴʠʤʠ ʘʥʪʠ-Ŭ7-nAChR-ʘʥʪʠʪʝʣʘʤʠ, ʟʘʪʝʤ ʩ ʚʪʦʨʠʯʥʳʤʠ IgG: ʘʥʪʠ-ʤʳʰʠʥʳʤʠ ʩ ʤʝʪʢʦʡ 

Alexa-594 (ʢʨʘʩʥʳʡ) ʠ ʘʥʪʠ-ʢʨʦʣʠʯʴʠʤʠ ʩ ʤʝʪʢʦʡ Alexa-488 (ʟʝʣʝʥʳʝ). ʐʢʘʣʘ 10 ʤʢʤ. 
 

ʅʝʡʨʦʥʘʣʴʥʳʝ ʨʝʮʝʧʪʦʨʳ Ŭ7 ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

nAChR ʚ ʤʦʟʛʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [325]. ʤʈʅʂ Lypd6 ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ 
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ʤʦʟʛʘ ʠ ʛʠʧʧʦʢʘʤʧʝ ʤʳʰʠ [185], ʦʜʥʘʢʦ ʵʢʩʧʨʝʩʩʠʷ Lypd6 ʚ ʥʝʡʨʦʥʘʭ ʥʘ ʫʨʦʚʥʝ ʙʝʣʢʘ ʥʝ 

ʙʳʣʘ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʏʪʦʙʳ 

ʠʩʩʣʝʜʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ Lypd6 ʚ ʥʝʡʨʦʥʘʭ ʠ ʝʛʦ ʚʦʟʤʦʞʥʫʶ ʩʦ-ʣʦʢʘʣʠʟʘʮʠʶ ʩ Ŭ7-nAChR, 

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʢʨʘʰʠʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ ʧʝʨʚʠʯʥʳʭ ʢʫʣʴʪʫʨ ʥʝʡʨʦʥʦʚ 

ʠʟ ʢʦʨʳ ʠ ʛʠʧʧʦʢʘʤʧʘ ʢʨʳʩ. ʕʢʩʧʨʝʩʩʠʷ ʙʝʣʢʘ Lypd6 ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʦʤʝ ʠ ʜʝʥʜʨʠʪʘʭ 

ʥʝʡʨʦʥʦʚ, ʢʘʢ ʢʦʨʳ, ʪʘʢ ʠ ʛʠʧʧʦʢʘʤʧʘ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʘʩʴ ʦʯʝʚʠʜʥʘʷ ʩʦ-ʣʦʢʘʣʠʟʘʮʠʷ ʩ 

Ŭ7-nAChR (ʈʠʩ. 4.49). 

4.3.3.3. rLypd6 ʠʥʛʠʙʠʨʫʝʪ ʪʦʢʠ ʯʝʨʝʟ Ŭ7-nAChR, ʚʳʟʚʘʥʥʳʝ 

ʭʦʣʠʥʦʤ, ʥʘ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ ʤʳʰʠ 

 

 

ʈʠʩ. 4.50. rLypd6 ʠʥʛʠʙʠʨʫʝʪ ʚʳʟʚʘʥʥʳʡ ʭʦʣʠʥʦʤ ʪʦʢ ʯʝʨʝʟ nAChR ʥʘ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ ʢʨʳʩʳ. 

(ɸ). ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʦʪʚʝʪʳ ʥʘ 25 ʤʩ ʘʧʧʣʠʢʘʮʠʶ 1 ʤʄ ʭʦʣʠʥʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʦʜʥʦʡ 

ʢʣʝʪʢʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʢʄ rLypd6. (ɹ). ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʦʪʚʝʪʳ ʥʘ ʘʧʧʣʠʢʘʮʠʶ 

1 ʤʄ ʭʦʣʠʥʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 8 ʤʢʄ DhɓE ʠʣʠ 10 ʥʄ Ŭ-Bgtx. (ɺ). ɸʤʧʣʠʪʫʜʳ 

ʚʳʟʚʘʥʥʦʛʦ ʭʦʣʠʥʦʤ ʪʦʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʢʄ rLypd6 ʠ ʧʦʩʣʝ ʦʪʤʳʚʢʠ (n = 4 ʩʨʝʟʘ, 4 ʢʨʳʩʳ). 

ʏʝʪʳʨʝ ʦʪʚʝʪʘ ʙʳʣʠ ʫʩʨʝʜʥʝʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʨʝʟʘ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʥʘ ʩʨʝʜʥʶʶ ʘʤʧʣʠʪʫʜʫ 

ʦʪʚʝʪʘ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ (100%, ʧʦʢʘʟʘʥʦ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ). ɼʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ Ñ ʩ.ʦ. * (ʨ <0,05) ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 

ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʷ (ʜʚʫʭʩʪʦʨʦʥʥʠʡ t-ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʧʘʥʝʣʷʭ ɸ ʠ ɺ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 8 ʤʢʄ DhɓE. 
 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ Lypd6 ʚ ʎʅʉ, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ 

ʘʢʪʠʚʥʦʩʪʴ rLypd6 ʥʘ ʧʨʠʨʦʜʥʳʭ nAChR ʚ ʧʝʨʝʞʠʚʘʶʱʠʭ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ ʢʨʳʩ1. 

ɸʧʧʣʠʢʘʮʠʷ ʭʦʣʠʥʘ ʧʨʠʚʦʜʠʣʘ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʦʢʦʚ ʚ ʠʥʪʝʨʥʝʡʨʦʥʘʭ 

CA1 str. radiatum (ʈʠʩ. 4.50ɹ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 8 ʤʢʄ DhɓE ʠʣʠ 10 ʥʄ Ŭ-Bgtx 

(ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ Ŭ4ɓ2-nAChR ʠ Ŭ7-nAChR, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚʳʷʚʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʦʢʦʚ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ŭ-Bgtx (ʈʠʩ. 4.50ɹ). ʊʘʢʠʤ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ɺ.ɻ. ʉʢʨʝʙʠʮʢʠʤ, ʧʨʦʬ. ʀ.ʅ. ʐʘʨʦʥʦʚʦʡ ʠ ʀ.ʉ. ʇʦʚʘʨʦʚʳʤ, ʅʘʫʯʥʳʡ ʮʝʥʪʨ 

ʥʝʚʨʦʣʦʛʠʠ ʈɸʅ. 



 

 

188 

ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʳʝ ʪʦʢʠ ʙʳʣʠ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʘʢʪʠʚʘʮʠʝʡ Ŭ7-nAChR. ʏʪʦʙʳ 

ʧʦʜʘʚʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʪʦʢʦʚ ʯʝʨʝʟ Ŭ4ɓ2-nAChR, ʚʦ ʚʩʝʭ 

ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʩʨʝʜʫ, ʦʤʳʚʘʶʱʫʶ ʩʨʝʟʳ, ʜʦʙʘʚʣʷʣʠ 8 ʤʢʄ DhɓE. 

ɼʦʙʘʚʣʝʥʠʝ 1 ʤʢʄ rLypd6 ʚ ʦʤʳʚʘʶʱʫʶ ʩʨʝʜʫ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʦ ʘʤʧʣʠʪʫʜʫ ʪʦʢʘ 

ʜʦ ~ 72% ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʈʠʩ. 4.50ɸ,ɺ). ʇʨʦʤʳʚʢʘ ʩʨʝʟʦʚ ʩʨʝʜʦʡ ʙʝʟ rLypd6 

ʚʦʟʚʨʘʱʘʣʘ ʘʤʧʣʠʪʫʜʫ ʚʳʟʚʘʥʥʳʭ ʭʦʣʠʥʦʤ ʪʦʢʦʚ ʜʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʪʠʤʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ rLypd6 ʩ Ŭ7-nAChR (ʈʠʩ. 4.50A,ɺ). ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʪʁʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʪʦʤ, ʯʪʦ ʛʠʙʨʠʜʥʳʡ ʙʝʣʦʢ GST-

Lypd6 ʠʥʛʠʙʠʨʫʝʪ ʚʳʟʚʘʥʥʳʝ ʥʠʢʦʪʠʥʦʤ ʪʦʢʠ ʚ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ [186].  

4.3.3.4. rLypd6 ʧʦʜʘʚʣʷʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʦʪʝʥʮʠʘʮʠʶ ʚ 

ʛʠʧʧʦʢʘʤʧʝ 

 

 

ʈʠʩ. 4.51. rLypd6 ʧʦʜʘʚʣʷʝʪ ɼɺʇ ʚ ʧʝʨʝʞʠʚʘʶʱʠʭ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ ʤʳʰʝʡ. (ɸ). ʋʩʨʝʜʥʝʥʥʳʝ 

ʟʘʧʠʩʠ ɼɺʇ ʚ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʥʢʫʙʠʨʦʚʘʥʳ 1 ʯ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 1 ʤʢʄ 

rLypd6 ʠʣʠ 10 ʥʄ Ŭ-Bgtx (ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ n = 6 ʩʨʝʟʦʚ, ʰʝʩʪʴ ʤʳʰʝʡ). ʋʢʘʟʘʥʥʳʝ ʚʝʱʝʩʪʚʘ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ ʩʨʝʜʝ, ʦʤʳʚʘʶʱʝʡ ʩʨʝʟʳ, ʪʘʢʞʝ ʚʦ ʚʨʝʤʷ ʟʘʧʠʩʠ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʬɺʇʉʇ ʧʦʢʘʟʘʥʳ ʚʳʰʝ: ʩʝʨʳʡ - ʙʘʟʦʚʘʷ ʣʠʥʠʷ, ʯʝʨʥʳʡ ï ʟʘʧʠʩʴ ʧʦʩʣʝ 

ʠʥʜʫʢʮʠʠ ɼɺʇ. (ɹ). ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʥʘʢʣʦʥʳ ʬɺʇʉʇ, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʧʨʦʤʝʞʫʪʢʘʤ 0-10 ʠ 

50-60 ʤʠʥʫʪ ʧʦʩʣʝ ɺʏʉ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ Ñ ʩ.ʦ. * (ʨ <0,05), ** (ʨ 

<0,01), *** (ʨ <0,001) ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ (ANOVA ʘʥʘʣʠʟ ʜʣʷ ʧʦʚʪʦʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʪʝʩʪ ʊʴʶʢʠ).  
 

ʇʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ nAChR, ʩʦʜʝʨʞʘʱʠʝ Ŭ7 ʩʫʙʲʝʜʠʥʠʮʳ, ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠ ̫ ʛʣʫʪʘʤʘʪʘ ʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ [2]. ɸʢʪʠʚʘʮʠʷ Ŭ7-nAChR 

ʘʛʦʥʠʩʪʘʤʠ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤʠ ʤʦʜʫʣʷʪʦʨʘʤʠ ʫʩʠʣʠʚʘʝʪ ɼɺʇ, ʢʦʪʦʨʘʷ 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʦʚ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ [326], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʛʠʙʠʨʦʚʘʥʠʝ Ŭ7-

nAChR ʩ ʧʦʤʦʱʴʶ Ŭ-Bgtx ʧʦʜʘʚʣʷʝʪ ɼɺʇ [327]. ʏʪʦʙʳ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ 

rLypd6 ʥʘ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʤʳ ʧʨʦʚʝʣʠ ʟʘʧʠʩʴ ɼɺʇ ʚ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ 
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ʤʳʰʝʡ C57BL/61. ʀʥʢʫʙʘʮʠʷ ʧʝʨʝʞʠʚʘʶʱʠʭ ʩʨʝʟʦʚ ʛʠʧʧʦʢʘʤʧʘ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 1 

ʤʢʄ Lypd6, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʘʚʣʷʣʘ ɼɺʇ ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ 60 ʤʠʥʫʪ ʟʘʧʠʩʠ ʧʦʩʣʝ ɺʏʉ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʫʨʦʚʥʝʤ (Fig. 4.51A,ɹ). ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ 

ʠʥʢʫʙʘʮʠʠ ʩʨʝʟʦʚ ʩ 10 ʥʄ Ŭ-Bgtx Fig. 4.51A,ɹ). ʇʦʭʦʞʠʝ ʵʬʬʝʢʪʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʨʝʟʦʚ Ŭ-Bgtx ʠ rLypd6 (ʈʠʩ. 4.51), ʚʤʝʩʪʝ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʭʦʣʠʥʦʤ ʪʦʢʦʚ ʚ ʩʨʝʟʘʭ ʛʠʧʧʦʢʘʤʧʘ (ʈʠʩ. 4.50) ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʦʜʘʚʣʝʥʠʝ ɼɺʇ ʩ ʧʦʤʦʱʴʶ rLypd6 ʩʚʷʟʘʥʦ ʩ ʥʝʛʘʪʠʚʥʦʡ ʤʦʜʫʣʷʮʠʝʡ Ŭ7-nAChR. 

4.3.3.5. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ rLypd6 ʚ 

ʨʘʩʪʚʦʨʝ 

ʇʦʣʫʯʝʥʠʝ ʠʟʦʪʦʧʥʦ-ʤʝʯʝʥʳʭ 15N ʠ 13C, 15N ʚʘʨʠʘʥʪʦʚ rLypd6 ʧʦʟʚʦʣʠʣʦ ʥʘʤ 

ʠʟʫʯʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʜʠʥʘʤʠʢʫ ʙʝʣʢʘ ʤʝʪʦʜʦʤ 

ʛʝʪʝʨʦʷʜʝʨʥʦʡ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ2. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣʘ ʚʳʷʚʣʝʥʘ  

ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʉ-ʢʦʥʮʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ rLypd6 (Pro86-Ala95), ʩʚʷʟʘʥʥʘ ̫

ʩ ʮʠʩ-ʪʨʘʥʩ-ʠʟʦʤʝʨʠʟʘʮʠʝʡ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ Leu85-Pro86. ɿʘʩʝʣʝʥʥʦʩʪʴ ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʙʝʣʢʘ ʚ ʨʘʩʪʚʦʨʝ ʙʳʣʘ ʦʜʠʥʘʢʦʚʘ, ʠ ʦʙʤʝʥ ʤʝʞʜʫ ʥʠʤʠ ʙʳʣ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʳʤ - ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʝʤ > 0,2 ʩ. ɼʘʥʥʳʝ 15N-ʨʝʣʘʢʩʘʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ C-

ʢʦʥʮʝʚʦʡ ʬʨʘʛʤʝʥʪ (Pro86 ʠ ʜʘʣʝʝ) ʚ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤʘʭ ʙʝʣʢʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ʧʩ-ʥʩ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʟʥʘʯʝʥʠʷ 15N-{ 1H} -NOE <0,7). 

ɺ ʵʪʦʤ ʬʨʘʛʤʝʥʪʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʢʦʥʪʘʢʪʦʚ NOE ʩ ʙʦʣʴʰʦʡ ʠ ʩʨʝʜʥʝʡ ʜʘʣʴʥʦʩʪʴʶ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʉ-ʢʦʥʝʮ ʤʦʣʝʢʫʣʳ ʥʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʚ ʨʘʩʪʚʦʨʝ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ 

ʥʝʜʘʚʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ LU-ʜʦʤʝʥʘ Lypd6 [188], ʧʦ ʜʘʥʥʳʤ 

ʗʄʈ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ rLypd6 (ʈʠʩ. 4.5.2.). 

ɺ ʨʘʩʩʯʠʪʘʥʥʦʤ ʥʘʙʦʨʝ ʩʪʨʫʢʪʫʨ ʥʝ ʚʩʝ ʦʙʣʘʩʪʠ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʙʝʣʢʘ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʢ ʝʜʠʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ (ʈʠʩ. 4.52ɸ,ɺ). 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʥʘʙʦʨʝ ʩʪʨʫʢʪʫʨ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʉ-ʢʦʥʮʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

(Leu85-Ala95) ʠ ʫ ʩʦʩʝʜʥʠʭ ʩ ʥʠʤ ʫʯʘʩʪʢʦʚ: ʢʦʥʮʘ ʧʝʪʣʠ II (Val39-Gly41) ʠ ʚʥʝʰʥʝʛʦ ʢʨʘʷ 

ʠ ʢʦʥʮʘ ʧʝʪʣʠ III (Leu57-Gly68). ʉʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ ʧʝʪʣʠ III ʚʢʣʶʯʘʝʪ C-

ʢʦʥʮʝʚʦʡ ʬʨʘʛʤʝʥʪ ʩʧʠʨʘʣʠ Ŭ2 ʠ ʪʷʞʘ ɓ4. ɼʨʫʛʠʤʠ ʦʙʣʘʩʪʷʤʠ ʩ ʥʠʟʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʢʦʥʚʝʨʛʝʥʮʠʝʡ ʷʚʣʷʶʪʩʷ ʪʨʠ N-ʢʦʥʮʝʚʳʭ ʦʩʪʘʪʢʘ (Met0-Lys2) ʠ ʩʦʩʝʜʥʠʡ ʬʨʘʛʤʝʥʪ ʧʝʪʣʠ 

I (Ala19-Pro25) (ʈʠʩ. 4.52A,ɺ). ɼʘʥʥʳʝ ʨʝʣʘʢʩʘʮʠʠ ʷʜʝʨ 15N (ʈʠʩ. 4.52ɹ) ʚʳʷʚʠʣʠ ʥʘʣʠʯʠʝ 

ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʭ ʜʚʠʞʝʥʠʡ ʚ ʧʩ-ʥʩ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʷʭ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ɸ.ɺ. ʉʝʤʴʷʥʦʚʳʤ ʠ ʢ.ʙ.ʥ. ɸ.ɺ. ʇʦʧʦʚʳʤ, ʣʘʙʦʨʘʪʦʨʠ ̫ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ 

ʀɹʍ ʈɸʅ. 
2 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʜ.ʬ.-ʤ.ʥ. ɿ.ʆ. ʐʝʥʢʘʨʝʚʳʤ, ʢ.ʙ.ʥ. ɸ.ʉ. ʇʘʨʘʤʦʥʦʚʳʤ ʠ ɸ.ɺ. ʎʘʨʝʚʳʤ, ʛʨʫʧʧʘ 

ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ ʀɹʍ ʈɸʅ. 
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ʦʩʥʦʚʥʦʡ ʮʝʧʠ rLypd6 (ʟʥʘʯʝʥʠʷ 15N-{ 1H} -NOE <0,7). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʩʫʪʩʪʚʠʝ 

ʩʪʨʫʢʪʫʨʥʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʤʦʣʝʢʫʣʳ rLypd6. 

ʈʝʣʘʢʩʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʪʘʢʞʝ ʚʳʷʚʠʣʠ çʤʝʜʣʝʥʥʳʝè ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʬʣʫʢʪʫʘʮʠʠ (ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʦʪ ʤʢʩ ʜʦ ʩʝʢʫʥʜʳ) ʚ ʪʷʞʘʭ ɓ2 ʠ ɓ3 (ʧʝʪʣʷ II, ʈʠʩ. 

4.52ɹ). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʷʜʨʘ 15N ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʣʠʙʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʨʝʣʘʢʩʘʮʠʠ R1ĬR2 (> 18 ʩ-1), ʣʠʙʦ ʦʯʝʥʴ ʩʣʘʙʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʩʧʝʢʪʨʘʭ 

HSQC. ʕʪʠ ʬʣʫʢʪʫʘʮʠʠ, ʚʝʨʦʷʪʥʦ, ʪʘʢʞʝ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤ ʦʙʤʝʥʦʤ 

ʤʝʞʜʫ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʘʤʠ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ Leu85-Pro86. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʦ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʘʭ ʠ ʦ ʩʢʦʨʦʩʪʷʭ ʨʝʣʘʢʩʘʮʠʠ, ʠʟʦʤʝʨʠʟʘʮʠʷ ʵʪʦʡ ʩʚʷʟʠ ʨʝʟʢʦ ʤʝʥʷʝʪ 

ʢʦʥʬʦʨʤʘʮʠʶ ʠ ʜʠʥʘʤʠʢʫ ʉ-ʢʦʥʮʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʩʦʩʝʜʥʠʝ ɓ-ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʣʘʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʪʣʠ LU-ʜʦʤʝʥʘ Lypd6 ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʚ ʨʘʩʪʚʦʨʝ. ʅʘʠʙʦʣʴʰʘʷ ʧʦʜʚʠʞʥʦʩʪʴ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʜʚʠʞʝʥʠʷʤʠ ʚ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ (ʦʪ ʧʠʢʦʩʝʢʫʥʜ ʜʦ ʩʝʢʫʥʜ), 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʢʦʥʯʠʢʘʭ ʧʝʪʝʣʴ II ʠ III (ʈʠʩ. 4.52ɸ-ɺ).  

ʈʝʣʘʢʩʘʮʠʷ ʷʜʝʨ 15N ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʨʘʱʘʪʝʣʴʥʫʶ ʜʠʬʬʫʟʠʶ 

ʙʝʣʢʦʚ ʚ ʨʘʩʪʚʦʨʝ. ʆʙʱʝʝ ʚʨʝʤʷ ʚʨʘʱʘʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ R2/R1 ʚ çʩʪʘʙʠʣʴʥʳʭè ʦʙʣʘʩʪʷʭ ʙʝʣʢʘ (ŰR = 5,6 Ñ 0,3 ʥʩ), ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ 

rLypd6 ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʤʦʥʦʤʝʨʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ rLypd6 ʠʤʝʝʪ 

ʩʪʨʫʢʪʫʨʫ, ʥʘʧʦʤʠʥʘʶʱʫʶ LU-ʜʦʤʝʥʳ ʜʨʫʛʠʭ Ly-6/uPAR ʙʝʣʢʦʚ. ʂʦʥʩʝʨʚʘʪʠʚʥʳʡ 

ʧʘʪʪʝʨʥ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ ʨʝʛʫʣʷʪʦʨʥʳʭ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʘʭ ʩ 

GPI-ʷʢʦʨʝʤ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʚʢʣʶʯʘʝʪ ʧʷʪʴ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ: ʯʝʪʳʨʝ ʚ çʛʦʣʦʚʝè ʠ 

ʦʜʥʫ ʚ ʧʝʪʣʝ I. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʚ ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʙʝʣʢʘʭ 

(ʥʘʧʨʠʤʝʨ, SLURP) ʠ ʚ ʥʝʦʙʳʯʥʳʭ ʪʦʢʩʠʥʘʭ ʷʜʦʚ ʟʤʝʡ (ʥʘʧʨʠʤʝʨ, ʩʣʘʙʳʡ ʪʦʢʩʠʥ WTX, 

ʈʠʩ. 4.17). ʋʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʝʣʢʘ Lypd6 ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʠ ʚ ʧʝʪʣʝ III (Cys61-Cys72 ʜʣʷ rLypd6). ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʥʠʢʘʣʴʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʤʦʣʝʢʫʣʳ Lypd6 ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ Ŭ-ʩʧʠʨʘʣʝʡ ʚ I ʠ III  ʧʝʪʣʷʭ. ʈʘʥʝʝ 

ʩʧʠʨʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ Ly-6/uPAR ʙʝʣʢʘʭ ʪʦʣʴʢʦ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʣʠʙʦ ʚ I, ʣʠʙʦ ʚ III  ʧʝʪʣʝ. 

ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ LU-ʜʦʤʝʥʘ rLypd6 (ʈʠʩ. 4.52ɻ) ʚʳʷʚʠʣ ʧʨʘʢʪʠʯʝʩʢʠ 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʠ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʝʛʨʝʛʘʮʠʷ ʛʠʜʨʦʬʦʙʥʳʭ/ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, 

ʥʘʧʦʤʠʥʘʶʱʠʝ ʧʦʷʩʘ. ʇʝʨʚʳʡ çʧʦʷʩè ʩʬʦʨʤʠʨʦʚʘʥ ʚ çʛʦʣʦʚʝè ʤʦʣʝʢʫʣʳ ʠ ʚʢʣʶʯʘʝʪ 

ʙʦʢʦʚʳʝ ʮʝʧʠ Met0, Phe1, Pro25, Tyr30, Tyr32, Val51, Leu53 ʠ Leu57. ɺʪʦʨʦʡ çʧʦʷʩè 
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ʩʦʩʪʦʠʪ ʠʟ ʛʨʫʧʧ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʧʝʪʣʠ I ʠ ʉ-ʢʦʥʮʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (Phe4, Ala10, Tyr13, 

Trp18, Ala19, Pro20, Ile22, Tyr23, Ile80, Leu83 ʠ Pro84). ʆʙʘ çʧʦʷʩʘè ʦʢʨʫʞʘʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʛʨʫʧʧʳ ʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʩʘʡʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʝʮʝʧʪʦʨʘʤʠ-ʤʠʰʝʥʷʤʠ. 

 

 

ʈʠʩ. 4.52. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ rLypd6 ʚ ʨʘʩʪʚʦʨʝ. (ɸ). ʅʘʣʦʞʝʥʠʝ 20 ʣʫʯʰʠʭ 

ʩʪʨʫʢʪʫʨ rLypd6 ʧʦ ʘʪʦʤʘʤ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʚ ʦʙʣʘʩʪʷʭ ʩ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ɼʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ, ɓ-ʩʣʦʠ, Ŭ-ʩʧʠʨʘʣʠ ʠ ʛʠʙʢʠʡ C-ʢʦʥʮʝʚʦʡ ʬʨʘʛʤʝʥʪ ʧʦʢʘʟʘʥʳ ʦʨʘʥʞʝʚʳʤ, 

ʩʠʥʠʤ, ʟʝʣʝʥʳʤ ʠ ʩʝʨʳʤ ʮʚʝʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (ɹ). ʉʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ rLypd6 ʚ ʨʘʩʪʚʦʨʝ ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʥʘ ʬʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ ʚ ʣʝʥʪʦʯʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ. ʋʩʨʝʜʥʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʗʄʈ ʧʦʢʘʟʘʥʘ ʢʘʢ çʢʦʣʙʘʩʘè ʩ ʧʝʨʝʤʝʥʥʳʤ ʨʘʜʠʫʩʦʤ, 

ʨʘʚʥʳʤ RSMD ʚ ʥʘʙʦʨʝ ʩʪʨʫʢʪʫʨ. ɓ-ʩʣʦʠ, Ŭ-ʩʧʠʨʘʣʠ ʠ ʦʙʣʘʩʪʠ ʧʦʚʦʨʦʪʦʚ, ʚʠʪʢʦʚ ʠ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʥʳ ʩʠʥʠʤ, ʟʝʣʝʥʳʤ ʠ ʩʝʨʳʤ ʮʚʝʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (ɺ). 

ʃʝʥʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ rLypd6 ʩ ʦʪʦʙʨʘʞʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʦ 

ʜʠʥʘʤʠʢʝ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʙʝʣʢʘ. ʊʨʠ ʧʝʪʣʠ ʠ çʛʦʣʦʚʘè ʙʝʣʢʘ ʧʦʤʝʯʝʥʳ. * - ʫʢʘʟʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ 

ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ Leu85-Pro86. (ɻ). ʇʦʚʝʨʭʥʦʩʪʴ ʤʦʣʝʢʫʣʳ rLypd6, ʚʠʜ ʩ ʜʚʫʭ ʩʪʦʨʦʥ. ʉ-ʢʦʥʮʝʚʳʝ 

ʦʩʪʘʪʢʠ Leu85-Ala95 ʫʜʘʣʝʥʳ. ɻʠʜʨʦʬʦʙʥʳʝ/ʘʨʦʤʘʪʠʯʝʩʢʠʝ (Ala, Met, Ile, Leu, Val, Phe, Trp, Tyr 

ʠ Pro), ʧʦʣʷʨʥʳʝ (Asn, Gln, Gly, His, Ser ʠ Thr), ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ (Arg ʠ Lys), ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʦʩʪʘʪʢʠ (Asp ʠ Glu) ʦʢʨʘʰʝʥʳ ʚ ʟʝʣʝʥʳʡ, ʧʫʨʧʫʨʥʳʡ, ʩʠʥʠʡ ʠ ʢʨʘʩʥʳʡ 

ʮʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʪʘʪʢʠ Cys ʚʳʜʝʣʝʥʳ ʞʝʣʪʳʤ ʮʚʝʪʦʤ. 
 

ʅʝʜʘʚʥʦ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ LU-ʜʦʤʝʥʘ Lypd6 [188]. ɺ 

ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʪ ʞʝ ʬʨʘʛʤʝʥʪ Lypd6 (Phe1 (47) -Ala95 (141)), ʯʪʦ ʠ ʚ 

ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʥʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʪʘʛʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʩʘʡʪʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʨʦʪʝʘʟʦʡ, 

ʧʦʣʫʯʝʥʥʳʡ ʙʝʣʦʢ ʩʦʜʝʨʞʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ N- ʠ C-ʢʦʥʮʝʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʉʨʘʚʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨ rLU-ʜʦʤʝʥʘ Lypd6 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʚ ʨʘʩʪʚʦʨʝ (ʈʠʩ. 

4.52ɹ) ʧʦʢʘʟʘʣʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʙʝʣʢʘ. ɺ ʪʦ 
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ʞʝ ʚʨʝʤʷ ʦʙʣʘʩʪʠ, ʠʩʧʳʪʳʚʘʶʱʠʝ ʜʚʠʞʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʦʞʠʜʘʝʤʳʤ, ʪ.ʢ. ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʩʠʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʘ ʠ ʯʘʩʪʦ ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʯʝʥʴ 

ʧʦʜʚʠʞʥʳʡ ʉ-ʢʦʥʮʝʚʦʡ ʫʯʘʩʪʦʢ Lypd6 ʠʟʛʠʙʘʝʪʩʷ ʢ ɓ-ʩʪʨʫʢʪʫʨʥʦʤʫ ʷʜʨʫ ʙʝʣʢʘ ʠ ʦʙʨʘʟʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ɓ-ʪʷʞ (ɓ6). ʅʘʧʨʦʪʠʚ, ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʗʄʈ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʩʪʘʪʢʠ Pro84(130)-Ala95(141) ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ LU-

ʜʦʤʝʥʫ, ʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʘʩʪʴ ʜʣʠʥʥʦʛʦ ʛʠʙʢʦʛʦ ʣʠʥʢʝʨʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ LU-ʜʦʤʝʥʘ ʩ GPI-ʷʢʦʨʝʤ. 

4.3.3.6. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ rLyp6 c Ŭ7-

nAChR 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ rLypd6 ʩ ʝʛʦ ʤʠʰʝʥʴʶ ʤʳ 

ʩʤʦʜʝʣʠʨʦʚʘʣʠ ʢʦʤʧʣʝʢʩʳ rLypd6 ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ ʜʦʤʝʥʦʤ Ŭ7-nAChR1. ʈʘʥʝʝ 

ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʥʢʫʨʝʥʮʠʷ GST-Lypd6 ʩ Ŭ-Bgtx ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʩʫʙʲʝʜʠʥʠʮʝʡ Ŭ7-nAChR 

[186] ʫʢʘʟʘʣʘ ʥʘ ʚʝʨʦʷʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ Lypd6 ʚ ʦʙʣʘʩʪʠ ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʩʘʡʪʘ ʨʝʮʝʧʪʦʨʘ. 

ʇʦʵʪʦʤʫ ʤʳ ʧʨʦʚʝʣʠ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʡ ʜʦʢʠʥʛ rLypd6 ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ ʜʦʤʝʥʦʤ Ŭ7-nAChR, 

ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ rLypd6 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʦʩʥʦʚʥʦʡ ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ Ŭ7-

ʩʫʙʲʝʜʠʥʠʮ ʚ ʦʢʨʝʩʪʥʦʩʪʠ C-ʧʝʪʣʠ ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ [141]. ʀʥʪʝʨʬʝʡʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʤʦʣʝʢʫʣʝ rLypd6 ʙʳʣ ʦʛʨʘʥʠʯʝʥ ʧʝʪʣʝʚʳʤʠ ʫʯʘʩʪʢʘʤʠ.  

ʏʪʦʙʳ ʫʯʝʩʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʦʙʦʠʭ ʧʘʨʪʥʝʨʦʚ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, 

ʚʥʘʯʘʣʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ rLypd6 ʠ ʜʦʤʝʥʘ 

ʨʝʮʝʧʪʦʨʘ ʚ ʷʯʝʡʢʘʭ ʩ ʷʚʥʦ ʟʘʜʘʥʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ 

ʬʣʫʢʪʫʘʮʠʠ (RMSF), ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʪʨʝʭ 200 ʥʩ (ʩʫʤʤʘʨʥʦ 600 ʥʩ) ʪʨʘʝʢʪʦʨʠʡ rLypd6, 

ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʩ ʜʘʥʥʳʤʠ ʗʄʈ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʜʚʠʞʝʥʠʷ ʚ ʧʩ-ʥʩ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

(ʈʠʩ. 4.53). ɺʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʝʪʣʝʚʳʭ ʫʯʘʩʪʢʘʭ ʠ ʉ-

ʢʦʥʮʝʚʦʤ ʬʨʘʛʤʝʥʪʝ. ɺ ʧʦʧʳʪʢʝ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ C-

ʢʦʥʮʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʩʪʨʫʢʪʫʨʫ LU-ʜʦʤʝʥʘ, ʤʳ ʧʦʚʪʦʨʠʣʠ ʚʳʯʠʩʣʝʥʠʷ ʄɼ ʜʣʷ 

ʫʢʦʨʦʯʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ rLypd6 ʩ ʫʜʘʣʝʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ Leu83-Ala95. ʆʜʥʘʢʦ ʘʤʧʣʠʪʫʜʘ 

ʬʣʫʢʪʫʘʮʠʡ ʚ ʵʪʠʭ ʪʨʘʝʢʪʦʨʠʷʭ (600 ʥʩ) ʙʳʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʥʘʙʣʶʜʘʝʤʘʷ ʚ 

ʧʦʣʥʦʨʘʟʤʝʨʥʦʤ ʙʝʣʢʝ rLypd6 (ʈʠʩ. 4.53). ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʫʶ 

ʚʳʙʦʨʢʫ ʢʦʥʬʦʨʤʘʮʠʠ ʧʝʪʝʣʴ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʝʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʫʢʦʨʦʯʝʥʥʘʷ 

ʤʦʣʝʢʫʣʘ rLypd6. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʄɼ ʪʨʘʝʢʪʦʨʠʡ ʧʨʠʚʝʣʘ ʢ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʘʥʩʘʤʙʣ ʁʩʦʜʝʨʞʘʱʝʤʫ 23 ʩʪʨʫʢʪʫʨʳ rLypd6. 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʢ.ʙ.ʥ. ʏʫʛʫʥʦʚʳʤ ɸ.ʆ., ʛʨʫʧʧʘ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ in silico ʀɹʍ ʈɸʅ. 
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ʈʠʩ. 4.53. ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (RMSF) ʚ ʪʨʘʝʢʪʦʨʠʷʭ ʄɼ rLypd6 ʩ 

ʟʥʘʯʝʥʠʷʤʠ 15N-{ 1H} -NOE ʜʣʷ ʘʤʠʜʥʳʭ ʛʨʫʧʧ ʦʩʥʦʚʥʦʡ ʮʝʧʠ. ɿʥʘʯʝʥʠʷ RMSF ʧʦʢʘʟʘʥʳ ʜʣʷ 

ʰʝʩʪʠ 200 ʥʩ ʪʨʘʝʢʪʦʨʠʡ: ʪʨʠ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ rLypd6 ʠ ʪʨʠ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ rLypd6 ʩ ʫʜʘʣʝʥʥʳʤ 

C-ʢʦʥʮʝʚʳʤ ʫʯʘʩʪʢʦʤ (Leu83-Ala95). ʇʦʨʦʛ NOE < 0.7 ʦʙʦʟʥʘʯʘʝʪ ʦʩʪʘʪʢʠ ʩ 

ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ʧʩ-ʥʩ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʛʠʦʥʳ ʚ 

ʧʝʪʣʷʭ ʠ ʥʘ C-ʢʦʥʮʝ ʙʝʣʢʘ ʦʙʦʟʥʘʯʝʥʳ ʩʝʨʳʤ ʬʦʥʦʤ. 
 

ɺ ʄɼ ʪʨʘʝʢʪʦʨʠʷʭ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʜʦʤʝʥʘ Ŭ7-nAChR ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʬʦʨʤʘʮʠʠ C-ʧʝʪʣʠ ʚ ʨʘʟʥʳʭ ʩʫʙʲʝʜʠʥʠʮʘʭ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʤʝʞʩʫʙʲʝʜʠʥʠʯʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ ʥʘʭʦʜʠʣʠʩʴ ʚ çʦʪʢʨʳʪʦʤè, ʘ ʥʝʢʦʪʦʨʳʝ ʚ çʟʘʢʨʳʪʦʤè ʩʦʩʪʦʷʥʠʠ. 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ çʟʘʢʨʳʪʳʭè ʠ çʦʪʢʨʳʪʳʭè ʠʥʪʝʨʬʝʡʩʦʚ ʜʘʣʘ 9 ʠ 11 ʩʪʨʫʢʪʫʨ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʩʪʨʫʢʪʫʨ ʙʳʣ ʧʨʦʚʝʜʝʥ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʡ ʜʦʢʠʥʛ (9 Ĭ 23 = 207 ʠ 11 Ĭ 

23 = 253 ʦʪʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ), ʠ ʙʳʣʦ ʚʳʙʨʘʥʦ 100 ʣʫʯʰʠʭ ʤʦʜʝʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ 

ʢʦʤʧʣʝʢʩʘ Ŭ7-nAChR/Lypd6 (20700 ʠ 25300, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʙʳʣʠ çʦʪʬʠʣʴʪʨʦʚʘʥʳè, 

ʯʪʦʙʳ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʩʤ. ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʜʫʨʳ çʬʠʣʴʪʨʘʮʠʠè ʚ 

ʨʘʟʜʝʣʝ ʄʝʪʦʜʳ). ʌʠʣʴʪʨʘʮʠʶ ʧʨʦʰʣʠ 4 ʠ 20 ʨʝʰʝʥʠʡ ʩ çʟʘʢʨʳʪʳʤè ʠ çʦʪʢʨʳʪʳʤè 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʫʯʘʩʪʢʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʚʝ ʠ ʯʝʪʳʨʝ ʤʦʜʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ 

ʥʝʨʝʘʣʠʩʪʠʯʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʉ-ʢʦʥʮʘ ʤʦʣʝʢʫʣʳ rLypd6 ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʞʠʜʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʙʳʣʠ ʫʜʘʣʝʥʳ (ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʥʘʪʠʚʥʳʡ Lypd6 ʧʨʠʚʷʟʘʥ ʢ 

ʤʝʤʙʨʘʥʝ ʩ ʧʦʤʦʱʴʶ C-ʢʦʥʮʝʚʦʛʦ GPI-ʷʢʦʨʷ). ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʤʦʜʝʣʠ (ʦʜʥʘ ʩ 

çʟʘʢʨʳʪʳʤè ʠ ʪʨʠ ʩ çʦʪʢʨʳʪʳʤè ʩʘʡʪʦʤ) ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 4.54. ʇʦʜʨʦʙʥʘʷ çʢʘʨʪʘè 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ Ŭ7-nAChR/Lypd6 ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʠʚʝʜʝʥʘ ʚ ʊʘʙʣʠʮʝ 4.5. ɺ ʤʦʜʝʣʷʭ 

rLypd6 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʨʘʟʣʠʯʥʳʤʠ ʧʝʪʣʷʤʠ ʩ ʚʝʩʪʠʙʶʣʝʤ ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʘʡʪʘ ʨʝʮʝʧʪʦʨʘ ʠ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʚʥʝʰʥʝʡ (çʟʘʢʨʳʪʳʡè ʩʘʡʪ) ʠʣʠ 

ʚʥʫʪʨʝʥʥʝʡ (çʦʪʢʨʳʪʳʡè ʩʘʡʪ) ʩʪʦʨʦʥʘʤʠ ʧʝʪʣʠ ʉ ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʨʝʮʝʧʪʦʨʘ (ʈʠʩ. 

4.54). 
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ʈʠʩ. 4.54. ʄʦʜʝʣʠ ʢʦʤʧʣʝʢʩʦʚ Ŭ7-nAChR/rLypd6. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʁʪ ʩʧʝʢʪʨ 

ʨʝʰʝʥʠʡ, ʛʜʝ rLypd6 ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʚʝʩʪʠʙʶʣʝʤ ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʩʘʡʪʘ Ŭ7-nAChR ʣʠʙʦ ʩ 

ʧʦʤʦʱʴʶ ʧʝʪʣʠ I (A, D; ʢʦʤʧʣʝʢʩʳ #1, 4), ʣʠʙʦ ʧʝʪʣʷʤʠ I/II (B; ʢʦʤʧʣʝʢʩ #2), ʣʠʙʦ ʧʝʪʣʷʤʠ II/III ( 

ʉ; ʢʦʤʧʣʝʢʩ #3). ɺ ʢʦʤʧʣʝʢʩʘʭ #1-3 ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʨʝʮʝʧʪʦʨʘ ʤʦʜʝʣʠʨʦʚʘʣʠ ʩ çʦʪʢʨʳʪʦʡè 

ʢʦʥʬʦʨʤʘʮʠʝʡ ʉ-ʧʝʪʣʠ, ʘ ʢʦʤʧʣʝʢʩ #4 ʤʦʜʝʣʠʨʦʚʘʣʠ ʩ çʟʘʢʨʳʪʦʡè ʉ-ʧʝʪʣʝʡ. ʆʩʥʦʚʥʘʷ (+) 

ʩʫʙʲʝʜʠʥʠʮʘ ʨʝʮʝʧʪʦʨʘ ʧʦʢʘʟʘʥʘ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ ʩʫʙʲʝʜʠʥʠʮʘ (-) ï 

ʬʠʦʣʝʪʦʚʳʤ, ʦʩʪʘʣʴʥʳʝ ʪʨʠ ʩʫʙʲʝʜʠʥʠʮʳ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ. ʉ-ʧʝʪʣʷ ʦʩʥʦʚʥʦʡ Ŭ7-ʩʫʙʲʝʜʠʥʠʮʳ 

ʧʦʢʘʟʘʥʘ ʢʨʘʩʥʳʤ. Lypd6 ʩʠʥʝʛʦ ʮʚʝʪʘ, ʜʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. ʆʩʪʘʪʢʠ ʨʝʮʝʧʪʦʨʘ ʠ 

Lypd6, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ çʙʣʘʛʦʧʨʠʷʪʥʳʝè ʢʦʥʪʘʢʪʳ (ʪʘʙʣʠʮʘ 4.6), ʧʦʢʘʟʘʥʳ ʢʫʨʩʠʚʦʤ ʠ ʞʠʨʥʳʤ 

ʰʨʠʬʪʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʦʞʝʥʠʝ ʉ-ʢʦʥʮʘ LU-ʜʦʤʝʥʘ Lypd6 (Asn82) ʧʦʢʘʟʘʥʦ ʦʨʘʥʞʝʚʦʡ 

ʩʬʝʨʦʡ. 

 



 

 

195 

ʊʘʙʣʠʮʘ 4.5. ʂʦʥʪʘʢʪʳ ʤʝʞʜʫ rLypd6 ʠ ʚʥʝʢʣʝʪʦʯʥʳʤ ʜʦʤʝʥʦʤ Ŭ7-nAChR ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ 

ʦʪʢʨʳʪʳʤ (##1, 2, ʠ 3) ʠ ʟʘʢʨʳʪʳʤ (#4) ʧʦʣʦʞʝʥʠʝʤ ʧʝʪʣʠ ʉ ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʨʝʮʝʧʪʦʨʘ.   

rLypd6 Ŭ7-nAChR #1  Ŭ7-nAChR #2  Ŭ7-nAChR #3  Ŭ7-nAChR #4  

ʃʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ  
ʦʪʢʨʳʪ ʦʪʢʨʳʪ ʦʪʢʨʳʪ ʟʘʢʨʳʪ 

ɺʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ 

ʧʝʪʣʠ rLypd6 
I  I, II  II, III  IïIII  

ʇʝʪʣʷ I  

Lys 2 (ī) Glu 184 (I)    

Lys 8 (+) Glu 211 (I, H) 

(+) Glu 215 (I) 

(+) Tyr 217 (H) 

(ī) Asp 186 (I) 

(ī) Ser 188 (H) 

  

Ala 9 (+) Glu 211 (H)    

Ala 10  (+) Tyr 210 (H)   

Asp 11 (+) Arg 208 (I, H) 

(+) Phe 209 (H) 

(+) Lys 167 (I, H) 

 

  

Asn 12 (+) Tyr 210 (H)   (+) Phe 209 (H) 

Tyr 13  (+) Arg 208 (S)  (ī) Ser 188 (H) 

Glu 14 (+) Lys 167 (I, H)   (ī) Arg 227 (I) (+) Arg 208 (I, H) 

Asn 16 (ī) Ser 58 (H)    

Arg 17  (ī) Ser 188 (H) 

(ī) Tyr 190 (H) 

(+) Lys 165 (H)  (+) Glu 211 (I) 

(ī) Ser 56 (H) 

(ī) Leu 57 (H) 

(ī) Ser 58 (H) 

(ī) Glu 184 (I, H) 

(ī) Asp 186 (I) 

Trp 18 (+) Tyr 115 (S) (+) Lys 165 (H) 

(+) Asp 219 (H) 

 (+) Phe 209 (S) 

Ala 19 (ī) Gln 79 (H)    

Asp 21 (ī) Ser 56 (H) 

(ī) Gln 183 (H) 

(ī) Pro 192 (H) 

(ī) Gly 194 (H) 

(ī) Arg 229 (I, H) 

  

ʇʝʪʣʷ II  

His 35  (+) Tyr 210 (S)   

Glu 38    (+) Lys 165 (I, H) 

Val 39   (ī) Gln 79 (H) (ī) Arg 229 (H) 

Thr 40  (ī) Gln 139 (H) (ī) Gln 183 (H)  

Gly 41   (ī) Asp 186 (H)  

Asn 42   (ī) Ile 187 (H)  

Ser 43  (+) Tyr 210 (H) 

(+) Tyr 217 (H) 

  

Ile 44 (+) Arg 208 (H)    

ʇʝʪʣʷ III  

Arg 62   (+) Tyr 210 (H) 

(+) Glu 215 (I) 

(+) Tyr 217 (H) 

(+) Asp 219 (I) 

 

Asp 63   (+) Tyr 217 (H) 

(+) Asp 219 (H) 

 

Ser 64   (+) Lys 167 (H) 

(ī) Gly 189 (H) 

 

Glu 65    (+) Lys 165 (I) 

His 66   (+) Tyr 115 (H, S) 

(ī) Trp 77 (S) 

(+) His 163 (H) 

Glu 67    (+) Lys 165 (I) 

His 69    (+) Lys 165 (I) 

Lys 70   (+) Glu 215 (I)  

   

ɺʩʝʛʦ ʢʦʥʪ.: I: 5, H: 20, S: 1 I: 3, H: 13, S: 2 I: 4, H: 14, S: 2 I: 7, H: 13, S: 1 
a (+) ʦʟʥʘʯʘʝʪ ʦʩʪʘʪʢʠ ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ; (ī) ʦʟʥʘʯʘʝʪ ʦʩʪʘʪʢʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ 

ʩʫʙʲʝʜʠʥʠʮʳ. H, T, ʠ I ʦʟʥʘʯʘʶʪ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, T-

ʩʪʵʢʠʥʛ, ʠ ʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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4.4. ʅʝ-ʥʝʡʨʦʥʘʣʴʥʳʝ ʵʥʜʦʛʝʥʥʳʝ ʪʨʝʭʧʝʪʝʣʴʥʳʝ ʙʝʣʢʠ 

SLURP-1, SLURP-2 ʠ Lynx1 

4.4.1. ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ rSLURP-1 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʩʝʢʨʝʪʠʨʫʝʤʳʡ ʪʨʝʭʧʝʪʝʣʴʥʳʡ ʙʝʣʦʢ ʯʝʣʦʚʝʢʘ SLURP-1 ʙʳʣ 

ʚr ʜʝʣʝʥ ʠʟ ʢʨʦʚʠ ʠ ʤʦʯʠ [328]. ʉ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʝ SLURP-1 ʩʚʷʟʘʥʦ ʨʝʜʢʦʝ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʝ ʘʫʪʦʩʦʤʥʦ-ʨʝʮʝʩʩʠʚʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ 

ʧʘʣʴʤʦʧʣʘʥʪʘʨʥʦʡ ʢʝʨʘʪʦʜʝʨʤʦʡ, ï Mal de Meleda (MDM). ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

SLURP-1 ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʢʝʨʘʪʠʥʦʮʠʪʦʚ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Ŭ7-nAChR, ʠ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ 

ʢʘʢ ʘʫʪʦʢʨʠʥʥʳʡ/ʧʘʨʘʢʨʠʥʥʳʡ ʛʦʨʤʦʥ ʚ ʵʧʠʪʝʣʠʠ [199,200]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʜʘʥʥʳʭ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʤʦʜʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ SLURP-1 

ʥʘ nAChR, ʟʥʘʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ SLURP-1/nAChR ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ 

ʙʳʣʠ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʳ. ʇʨʦʛʨʝʩʩ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʜʝʨʞʠʚʘʣʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ SLURP-1 ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʪʨʫʜʥʦʩʪʷʤʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ ʩ ʧʨʠʨʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠ ʩʪʨʫʢʪʫʨʦʡ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ ʧʦ SLURP-1 ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʠʪʥr ʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ, ʧʦʤʠʤʦ SLURP-1, ʥʝʢʦʪʦʨʳʝ ʧʦʣʠʧʝʧʪʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ, 

ʥʘʧʨʠʤʝʨ, N-ʢʦʥʮʝʚʦʡ ʙʝʣʦʢ SUMO, ʙʝʣʦʢ MPB, ʙʝʣʦʢ GST ʠʣʠ C-ʢʦʥʮʝʚʦʡ Myc-tag 

[199,200,212,329]. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʨʦʜʥʳʡ SLURP-1, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʢʨʦʚʠ 

(ʄW 8,842 ɼʘ, 81 ʘ.ʦ.), ʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʘʥʘʣʦʛ SLURP-1, ʧʨʦʜʫʮʠʨʫʝʤʳʡ ʚ ʢʣʝʪʢʘʭ 

HEK-293 (ʚʳʭʦʜ ~ 0,1 ʤʛ/ʣ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ), ʥʝ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥ  r [328,329]. ʕʪʦʪ 

ʬʘʢʪ ʧʦʟʚʦʣʠʣ ʠʩʧʦʣʴʟʦʚʘʪ ɹ ʙʘʢʪʝʨʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʧʨʦʜʫʢʮʠʠ 

SLURP-1. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʙʝʣʢʘ ʯʝʣʦʚʝʢʘ SLURP-1 

ʥʘ ʧʨʠʤʝʨʝ ʝʛʦ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʘʥʘʣʦʛʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʢʣʝʪʢʘʭ E. coli (rSLURP-1 ʧ.4.1.4, 

4.1.5). rSLURP-1 ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʠʨʦʜʥʦʛʦ ʙʝʣʢʘ ʥʘʣʠʯʠʝʤ ʦʜʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʘʤʠʥʦʢʠʩʣʦʪʳ Met ʥʘ N-ʢʦʥʮʝ.  

4.4.1.1. rSLURP-1 ʩʥʠʞʘʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʝʨʘʪʠʥʦʮʠʪʦʚ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ Ŭ7-nAChR 

ʀʥʢʫʙʘʮʠʷ ʢʣʝʪʦʢ Het-1A (ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʘ ̫ ʣʠʥʠ ̫ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʨʦʪʦʚʦʡ 

ʧʦʣʦʩʪʠ ʯʝʣʦʚʝʢʘ) ʩ rSLURP-1 ʚ ʪʝʯʝʥʠʝ 48 ʯ ʧʨʠʚʦʜʠʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʜʦ 60Ñ 2% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ (ʈʠʩ. 4.55ɹ). 

ʏʪʦʙʳ ʨʘʟʣʠʯʠʪʴ ʚʦʟʤʦʞʥʳʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʩʥʠʞʝʥʥʫ  ʁʧʨʦʣʠʬʝʨʘʮʠ,ʁ ʤʳ 
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ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʣʝʪʦʢ. ʆʢʨʘʰʠʚʘʥʠʝ ʢʣʝʪʦʢ ʧʦ 

Hoechst33342/ʡʦʜʠʩʪʳʤ ʧʨʦʧʠʜʠʝʤ ʧʦʟʚʦʣʠʣʦ ʥʘʙʣʶʜʘʪʴ ʷʚʥʦʝ ʩʥʠʞʝʥʠʝ ʠʭ ʧʣʦʪʥʦʩʪʠ, 

ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʤʦʨʬʦʣʦʛʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʣʝʪʦʢ ʙʳʣʘ ʥʝʠʟʤʝʥʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. ʆʢʨʘh ʠʚʘʥʠʝ ʥʝ ʚʳʷʚʠʣʦ ʫʚʝʣʠʯʝʥʠ ̫ ʜʦʣʠ ʤʝʨʪʚʳʭ ʢʣʝʪʦʢ ʜʘʞʝ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ rSLURP-1 (10 ʤʢʄ): 4 Ñ 1 % ʤʝʨʪʚʳʭ ʢʣʝʪʦʢ ʢʘʢ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ rSLURP-1, ʪʘʢ ʠ ʚ ʢʦʥʪʨʦʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʜʝʡʩʪʚʠʝ rSLURP-1 ʥʘ ʢʣʝʪʢʠ 

Het-1A ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʣʠʬʝʨʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪʴ 

rSLURP-1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʘʩʧʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ z-VAD-

fmk, ʙʣʦʢʠʨʫʶʱʝʛʦ ʨʘʥʥʠʝ ʩʪʘʜʠʠ ʘʧʦʧʪʦʟʘ [330]. ʆʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ z-VAD-fmk ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ rSLURP-1 ʫʢʘʟʘʣʦ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʠ ʧʨʦʮʝʩʩʘʤʠ ʘʧʦʧʪʦʟʘ. 

ɸʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ rSLURP-1 ʥʘ ʢʣʝʪʢʠ Het-1A ʙʳʣʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-

ʟʘʚʠʩʠʤʦ ʩ EC50 ʨʘʚʥʳʤ 4 Ñ 0.5 ʥʄ (ʈʠʩ. 4.55ɹ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʨʦʩʪ 

ʢʣʝʪʦʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ws-Lynx1, ʪʘʢʞʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ nAChR (ʧ. 4.3.1.4). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʥʠʞʝʥʠ ̫ʯʠʩʣʘ ʢʣʝʪʦʢ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

 

 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʢʣʘʩʩʘ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʚ ʵʧʠʪʝʣʠʠ: ʥʠʢʦʪʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʣʠʛʘʥʜ-ʫʧʨʘʚʣʷʝʤʳʤʠ ʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ, ʠ ʤʫʩʢʘʨʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, ʢʦʪʦʨʳʝ 
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ʷʚʣʷʶʪʩʷ ʨʝʮʝʧʪʦʨʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ G-ʙʝʣʢʦʤ (GPCR, ɻʣʘʚʘ 1). ʂʝʨʘʪʠʥʦʮʠʪʳ 

ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʦʙʘ ʪʠʧʘ ʨʝʮʝʧʪʦʨʦʚ [331]. ʅʝʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʛʦʤʦʣʦʛʠ SLURP-1, 

ʥʘʧʨʠʤʝʨ, ʥʝʦʙʳʯʥʳʡ ʪʦʢʩʠʥ WTX (ʧ. 4.2.2.3.1 ʠ 4.2.2.3.2) ʠ ws-Lynx1 (ʧ. 4.3.1.3) 

ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʙʦʠʤʠ ʢʣʘʩʩʘʤʠ ʨʝʮʝʧʪʦʨʦʚ, nAChR ʠ mAChR. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ SLURP-1 ʩ ʨʘʟʥʳʤʠ ʢʣʘʩʩʘʤʠ 

ʭʦʣʠʥʦʨʝʮʝʧʪʦʨʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ rSLURP-1 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʢʘʤʠʣʘʤʠʥʘ (Mec) ʠ ʘʪʨʦʧʠʥʘ (atropine), ï ʥʝʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

nAChR ʠ mAChR, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʳ (ʈʠʩ. 4.55ɺ) ʧʦʢʘʟʘʣʠ, ʯʪʦ Mec ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʨʦʩʪ ʢʣʝʪʦʢ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʫʝʪ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ rSLURP-1. 

ɸʪʨʦʧʠʥ ʥʝ ʚʣʠʷʣ ʥʠ ʥʘ ʨʦʩʪ ʢʣʝʪʦʢ, ʥʠ ʥʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ rSLURP-1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʢʦʪʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ʷʚʣʷʶʪʩʷ ʤʠʰʝʥʴ  ʁ SLURP-1 ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ. 

ɸʢʪʠʚʥʦʩʪʴ ʙʝʣʢʘ ʙʳʣʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʜʦʤʝʥʘ Ŭ7-nAChR. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʠ-Ŭ7-ʘʥʪʠʪʝʣ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ 

ʢʣʝʪʦʢ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʛʠʙʠʨʫʝʪ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ rSLURP-1 

(ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʫʚʝʣʠʯʠʣʦʩʴ ʩ ~ 60% ʜʦ ~ 85%, ʈʠʩ. 

4.55ɺ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʥʥʦ Ŭ7-nAChR ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʤʠʰʝʥʴʶ rSLURP-1 ʚ 

ʢʣʝʪʢʘʭ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʨʝʠʥʢʫʙʘʮʠʷ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʩ Ŭ-Bgtx (ʢʦʥʢʫʨʝʥʪʥʳʡ ʘʥʪʘʛʦʥʠʩʪ 

ʤʳʰʝʯʥʦʛʦ, ʘ ʪʘʢʞʝ Ŭ7- ʠ Ŭ9-nAChR) ʥʝ ʚʣʠʷʣʘ ʥʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ 

rSLURP-1 (ʈʠʩ 4.55ɺ). ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʘʣʠ ʥʘ ʚʦʟʤʦʞʥʳʡ ʥʝʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ SLURP-1/Ŭ7-nAChR, ʥʝ ʧʦʭʦʞʠʡ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʮʝʧʪʦʨʘ ʩ 

ʘʛʦʥʠʩʪʘʤʠ ʠ ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʘʥʪʘʛʦʥʠʩʪʘʤʠ. 

4.4.1.2. rSLURP-1 ʩʝʣʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ Ŭ7 ʩʫʙʲʝʜʠʥʠʮʘʤʠ 

nAChR, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʤʠ ʠʟ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ 

ʏʪʦʙʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʤʠʰʝʥʠ rSLURP-1, ʤʳ 

ʧʨʦʚʝʣʠ ʘʬʬʠʥʥʫʶ ʦʯʠʩʪʢʫ ʨʘʟʣʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ nAChR ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʳʭ 

ʯʘʩʪʠʮ ʩ ʢʦʚʘʣʝʥʪʥʦ-ʧʨʠʰʠʪʳʤ rSLURP-1, ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʜʣʷ ws-

Lynx11 (ʧ.4.3.1.7). ʀʟ-ʟʘ ʥʠʟʢʦʡ ʵʢʩʧʨʝʩʩʠʠ ʥʠʢʦʪʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ 

[331] ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʨʫʛʫʶ ʪʢʘʥʴ: ʵʢʩʪʨʘʢʪʳ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ. 

ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʧʦʜʭʦʜ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ rSLURP-1 ʩʚʷʟʳʚʘʝʪ Ŭ7 ʩʫʙʲʝʜʠʥʠʮʫ nAChR, 

ʥʦ ʥʝ Ŭ3, Ŭ4, Ŭ5, Ŭ6, ɓ2, ʠʣʠ ɓ4 ʩʫʙʲʝʜʠʥʠʮʳ (ʈʠʩ. 4.56). ɹʦʣʝʝ ʪʦʛʦ, rSLURP-1 ʥʝ ʩʚʷʟʳʚʘʣ 

ʩʫʙʲʝʜʠʥʠʮʳ ʛʦʤʦʣʦʛʠʯʥʦʛʦ nAChR ʩʝʨʦʪʦʥʠʥʦʚʦʛʦ (5-HT3) ʨʝʮʝʧʪʦʨʘ. ʅʠ ʦʜʥʘ ʠʟ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʫʙʲʝʜʠʥʠʮ ʥʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʨʠ ʘʬʬʠʥʥʦʡ ʦʯʠʩʪʢʝ ʩ ʤʘʛʥʠʪʥʳʤʠ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʄ. ʊʦʤʩʝʥʦʤ, ʋʥʠʚʝʨʩʠʪʝʪ ʂʦʧʝʥʛʘʛʝʥʘ. 
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ʯʘʩʪʠʮʘʤʠ ʙʝʟ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʙʝʣʢʘ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ SLURP-1/Ŭ7-nAChR. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, 

ʯʪʦ rSLURP-1 ʩʚʷʟʳʚʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ Ŭ7 ʩʫʙʲʝʜʠʥʠʮʝʡ nAChR (ʈʠʩ. 4.56). ʕʪʦ 

ʧʦʨʘʟʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ws-Lynx1, ʢʦʪʦʨʳʡ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ Ŭ3, Ŭ4, Ŭ5, Ŭ6, Ŭ7, ɓ2 ʠ ɓ4 

ʩʫʙʲʝʜʠʥʠʮʘʤʠ nAChR (ʧ. 4.3.1.7). 

 
 

4.4.1.3. rSLURP-1 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ Ŭ7-nAChR ʚʥʝ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ 

ʏʪʦʙʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʝʡʩʪʚʠʝ rSLURP-1 ʥʘ Ŭ7-nAChR, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʦʦʮʠʪʘʭ X. laevis, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʵʪʦʪ 

ʨʝʮʝʧʪʦʨ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 200 ʧʄ - 40 ʤʢʄ rSLURP-11 (ʈʠʩ. 4.57). ɺ ʤʠʢʨʦʤʦʣʷʨʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ rSLURP-1 ʚʳʟʳʚʘʣ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʦʪʚʝʪʘ ʥʘ ACh ʥʘ 32 % ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʥʪʨʦʣʶ (IC50 940 Ñ 80 ʥM, ʈʠʩ. 4.57A,ɹ), ʧʨʠ ʵʪʦʤ ʩʘʤ ʧʦ ʩʝʙʝ rSLURP-1 ʥʝ ʚʣʠʷʣ ʥʘ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʘʥʘʣʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ACh. ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ 5 ʤʢʄ rSLURP-1 ʙʳʣʘ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ACh (1 ʤʢʄ ï 1 ʤʄ, ʈʠʩ. 4.57ɺ). ʇʨʠ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ACh ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʦʩʴ ʵʬʬʝʢʪʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʦʥ ʩʪʘʥʦʚʠʣʩʷ 

ʜʦʩʪʦʚʝʨʥʳʤ (p<0.05, t-ʢʨʠʪʝʨʠʡ), ʥʘʯʠʥʘʷ ʩ 100 ʤʢʄ ACh. ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʧʦʤʠʥʘʝʪ 

ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʡ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ws-Lynx-1. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ 

ʵʬʬʝʢʪʦʚ 5 ʤʢʄ ws-Lynx1 ʠ rSLURP-1 ʥʘ ʪʦʢʠ, ʚʳʟʚʘʥʥʳʝ 1 ʤʄ ACh, ʧʦʢʘʟʘʣʦ 

ʩʦʧʦʩʪʘʚʠʤʳʡ ʫʨʦʚʝʥʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (~50%, ʈʠʩ. 4.57ɺ). ɹʦʣʝʝ ʪʦʛʦ, ʘʧʧʣʠʢʘʮʠʷ 

rSLURP-1 (1 ʤʄ) ʥʝ ʚʣʠʷʣʘ ʥʘ ʜʦʟʦʟʘʚʠʩʠʤʫʶ ʢʨʠʚʫʶ ACh, ʯʪʦ ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ (ʈʠʩ. 4.57ɻ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ rSLURP-1 ʜʝʡʩʪʚʫʝʪ ʥʝ ʢʘʢ ʠʥʛʠʙʠʪʦʨ, ʘ ʨʝʛʫʣʠʨʫʝʪ ʬʫʥʢʮʠʶ ʨʝʮʝʧʪʦʨʘ ʚ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ɺ.ʀ. ʎʝʪʣʠʥʳʤ ʠ ʢ.ʙ.ʥ. ɼ.ʉ. ʂʫʜʨʷʚʮʝʚʳʤ, ʆʪʜʝʣ ʤʦʣʝʢʫʣʷʨʥʦʡ ʥʝʡʨʦʠʤʤʫʥʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʀɹʍ ʈɸʅ 
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ʧʨʠʩʫʪʩʪʚʠʠ ʝʛʦ ʘʛʦʥʠʩʪʦʚ, ʪʦ ʝʩʪʴ ʜʝʡʩʪʚʫʝʪ ʥʘʧʦʜʦʙʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ. 

 
 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʥʝʝ ʜʣʷ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʘʥʘʣʦʛʘ SLURP-1 ʩ C-ʢʦʥʮʝʚʳʤ 

Myc-ʪʘʛʦʤ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʦʚ ʯʝʨʝʟ Ŭ7-nAChR ʚ ʥʘʥʦʤʦʣʷʨʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ [329]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʦʚ ʧʨʠ ʘʧʧʣʠʢʘʮʠʠ 

rSLURP-1 ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʈʠʩ. 4.57ɹ). 

ɺʦʟʤʦʞʥʦ, ʵʪʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ SLURP-1. Myc-ʪʘʛ ʩʦʜʝʨʞʠʪ 10 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ (EQKLISEEDL), ʧʷʪʴ ʠʟ ʢʦʪʦʨʳʭ ʟʘʨʷʞʝʥʳ. ɼʦʙʘʚʣʝʥʠʝ ʪʘʢʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʉ-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʛʣʦ 

ʧʦʚʣʠʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣʳ SLURP-1 ʠ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʝʮʝʧʪʦʨʦʤ. ʋʯʘʩʪʠʝ 
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ʜʣʠʥʥʦʡ ʉ-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʝʭʧʝʪʝʣʴʥʳʭ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʠʟ ʷʜʘ ʟʤʝʡ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ Ŭ7-nAChR ʙʳʣʦ ʦʧʠʩʘʥʦ ʨʘʥʝʝ [258]. 

ʄʝʞʜʫ rSLURP-1 ʠ Ŭ-Bgtx ʥʘʙʣʶʜʘʣʘʩʴ ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ nAChR 

ʤʳʰʝʯʥʦʛʦ ʪʠʧʘ ʠ AChBP1 (Fig. 4.58A). ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʘʡʪ 

ʩʚʷʟʳʚʘʥʠʷ rSLURP-1, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʩʘʡʪʘʤʠ ʩʚʷʟʳʚʘʥʠʷ Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʦʚ ʥʘ ʵʪʠʭ ʤʠʰʝʥʷʭ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʚ ʢʣʝʪʢʘʭ GH4C1, 

ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ Ŭ7-nAChR, ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ rSLURP-1 ʠ Ŭ-Bgtx ʥʝ 

ʥʘʙʣʶʜʘʣʘʩʴ (ʈʠʩ. 4.58ɹ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʬʬʠʥʥʘʷ ʦʯʠʩʪʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ rSLURP-1 

ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʩ Ŭ7 ʩʫʙʲʝʜʠʥʠʮʝʡ nAChR ʚ ʵʪʠʭ ʢʣʝʪʢʘʭ, ʭʦʪʷ ʠ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʘʬʬʠʥʥʦʩʪʴʶ, ʯʝʤ Ŭ-Bgtx (ʈʠʩ. 4.58ɺ).  

 

 

ɺʤʝʩʪʝ ʩ ʜʘʥʥʳʤʠ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ rSLURP-1 ʠ ACh ʥʘ ʦʦʮʠʪʘʭ 

Xenopus, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ Ŭ7-nAChR (ʈʠʩ. 4.57ɻ), ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʟʥʘʯʘʶʪ, ʯʪʦ rSLURP-

1 ʩʚʷʟʳʚʘʝʪʩʷ ʩ Ŭ7-nAChR ʚʥʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʩʘʡʪʘ (ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ 

ʘʛʦʥʠʩʪʦʚ ʠ ʢʦʥʢʫʨʝʥʪʥʳʭ ʘʥʪʘʛʦʥʠʩʪʦʚ). ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ws-

Lynx1, ʢʦʪʦʨʳʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ ʠʥʛʠʙʠʨʦʚʘʣ ʪʦʢʠ ʯʝʨʝʟ Ŭ7, Ŭ4ɓ2, ʠ Ŭ3ɓ2 

ʨʝʮʝʧʪʦʨʳ, ʥʦ ʥʝ ʢʦʥʢʫʨʠʨʦʚʘʣ ʩ 125I-Ŭ-Bgtx ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ Ŭ7-nAChR ʚ ʢʣʝʪʢʘʭ GH4Cl 

(ʧ. 4.3.1.3 ʠ 4.3.1.4). 

ʅʘʙʣʶʜʘʝʤʫʶ ʨʘʟʥʠʮʫ ʚ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

rSLURP-1 ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ (~ 4 ʥʄ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʨʦʣʠʬʝʨʘʮʠʠ 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʯʣ.-ʢʦʨ. ɺ.ʀ. ʎʝʪʣʠʥʳʤ ʠ ʜ.ʭ.ʥ. ʀ.ɽ. ʂʘʰʝʚʝʨʦʚʳʤ, ʆʪʜʝʣ ʤʦʣʝʢʫʣʷʨʥʦʡ ʥʝʡʨʦʠʤʤʫʥʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʀɹʍ ʈɸʅ 
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ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʠ ~1 ʤʢʄ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʪʦʢʦʚ ʯʝʨʝʟ Ŭ7-nAChRs ʚ ʦʦʮʠʪʘʭ) ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʦ-ʧʝʨʚʳʭ, ʤʳ ʥʝ ʤʦʞʝʤ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ Ŭ7 ʨʝʮʝʧʪʦʨʳ ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʝʮʝʧʪʦʨʦʚ, 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʚ ʦʦʮʠʪʘʭ Xenopus. ʆʜʥʘʢʦ, ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʣʠʬʝʨʘʮʠʠ ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ ʧʨʝʧʘʨʘʪʦʤ 

rSLURP-1 ʥʝ ʩʚʷʟʘʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʤʦʜʫʣʷʮʠʝʡ ʪʦʢʦʚ ʯʝʨʝʟ Ca2+-ʧʨʦʚʦʜʷʱʠʝ Ŭ7-

nAChR. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʫ ws-Lynx1, ʢʦʪʦʨʳʡ ʥʘ Ŭ7-nAChR ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʦʜʫʣʷʪʦʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʩʨʘʚʥʠʤʫʶ 

ʩ rSLURP-1 (ʈʠʩ. 4.55ɸ ʠ 4.57ɺ). ʊʦʪ ʬʘʢʪ, ʯʪʦ Ŭ-Bgtx, ʥʝʦʙʨʘʪʠʤʳʡ ʠʥʛʠʙʠʪʦʨ Ŭ7-nAChR 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ rSLURP-1 ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ, ʪʘʢʞʝ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ ʫʯʘʩʪʠʷ ñʥʝ-

ʢʣʘʩʩʠʯʝʩʢʦʛʦò ʤʝʪʘʙʦʪʨʦʧʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʯʝʨʝʟ Ŭ7-nAChR, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ ʙʝʟ ʦʪʢʨʳʪʠʷ ʢʘʥʘʣʘ ʨʝʮʝʧʪʦʨʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ rSLURP-1 ʩ ʚʳʩʦʢʦʘʬʬʠʥʥʳʤ ʩʘʡʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Ŭ7-nAChR 

ʤʦʞʝʪ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʘʢʪʠʚʘʮʠʶ ʤʝʪʘʙʦʪʨʦʧʥʦʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, ʘ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʥʠʟʢʦʘʬʬʠʥʥʳʤ ʩʘʡʪʦʤ ï ʟʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʠʦʥʥʳʭ ʪʦʢʦʚ ʯʝʨʝʟ ʢʘʥʘʣ 

ʨʝʮʝʧʪʦʨʘ. ʕʪʘ ʛʠʧʦʪʝʟʘ ʦʙʲʷʩʥʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʢʦ-ʘʧʧʣʠʢʘʮʠʠ SLURP-1 ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʠʥʛʠʙʠʪʦʨʘʤʠ Ŭ7-nAChR ʥʘ ʢʝʨʘʪʠʥʦʮʠʪʘʭ: ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʙʣʦʢʘʪʦʨ 

Mec ʠʥʛʠʙʠʨʫʝʪ ʠ ʤʝʪʘʙʦʪʨʦʧʥʳʡ ʠ ʠʦʥʦʪʨʦʧʥʳʡ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʘ ʢʦʥʢʫʨʝʥʪʥʳʡ 

ʘʥʪʘʛʦʥʠʩʪ Ŭ-Bgtx - ʪʦʣʴʢʦ ʠʦʥʦʪʨʦʧʥʳʡ. 

ɻʠʧʦʪʝʟʘ ʦʙ ʫʯʘʩʪʠʠ SLURP-1 ʚ ʤʝʪʘʙʦʪʨʦʧʥʦʤ ʩʠʛʥʘʣʣʠʥʛʝ ʯʝʨʝʟ Ŭ7-nAChR ʙʳʣʘ 

ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʬ. ʉ. ɻʨʘʥʜʦ ʠ ʢʦʣʣʝʛʘʤʠ [212], ʢʦʛʜʘ ʦʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʦʢʘ Ca2+ ʯʝʨʝʟ Ŭ7-nAChR ʚ ʙʝʟʢʘʣʴʮʠʝʚʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʜʦʙʘʚʣʝʥʠʝ Cd2+ 

ʠʣʠ Zn2+ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʧʦʜʘʚʣʷʶʪ ʵʬʬʝʢʪ r SLURP-1 ʥʘ ʢʝʨʘʪʠʥʦʮʠʪʘʭ. ʉʦʛʣʘʩʥʦ 

ʥʝʜʘʚʥʠʤ ʧʫʙʣʠʢʘʮʠʷʤ, ʤʝʪʘʙʦʪʨʦʧʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ ʯʝʨʝʟ Ŭ7-nAChR ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʵʬʬʝʢʪʦʨʥʳʝ ʤʦʣʝʢʫʣʳ, ʪʘʢʠʝ ʢʘʢ Jak2 ʢʠʥʘʟʘ [212], ʨʝʮʝʧʪʦʨʥʳʝ 

ʪʠʨʦʟʠʥʢʠʥʘʟʳ EGF ʠ VEGF [332,333] ʠ G-ʙʝʣʢʠ [51].   

4.4.1.4. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ rSLURP-1 

ɺ ʗʄʈ-ʩʧʝʢʪʨʘʭ 13C,15N-ʤʝʯʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ rSLURP-1 ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 

ʜʚʘ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʫʤ ʩʪʨʫʢʪʫʨʥʳʤ ʬʦʨʤʘʤ ʙʝʣʢʘ1. ʕʪʘ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʙʳʣʘ ʚʳʟʚʘʥʘ ʮʠʩ-ʪʨʘʥʩ ʠʟʦʤʝʨʠʝʡ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ 

Tyr39-Pro40 (ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʧʝʨʝʭʦʜʦʚ ~ 4 ʤʩ). ɼʚʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʳ rSLURP-1 

ʦʙʣʘʜʘʣʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʚ ʨʘʩʪʚʦʨʝ. ʀʩʧʦʣʴʟʫʷ 13C,15N-ʤʝʯʝʥʥʳʡ ʙʝʣʦʢ, 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʜ.ʬ.-ʤ.ʥ. ɿ.ʆ. ʐʝʥʢʘʨʝʚʳʤ, ʢ.ʙ.ʥ. ɸ.ʉ. ʇʘʨʘʤʦʥʦʚʳʤ, ʛʨʫʧʧʘ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ 

ʀɹʍ ʈɸʅ. 
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ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘ ̫ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤ rSLURP-1 ʠ 

ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʜʠʥʘʤʠʢʘ ʚ ʨʘʩʪʚʦʨʝ (ʈʠʩ. 4.59). ʆʙʝ ʬʦʨʤʳ ʙʝʣʢʘ ʠʤʝʶʪ ʪʠʧʠʯʥʫʶ 

ʪʨʝʭʧʝʪʝʣʴʥʳʡ ʬʦʣʜ ʩ ʜʚʫʤʷ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʤʠ ɓ-ʣʠʩʪʘʤʠ. ʇʝʨʚʳʡ ɓ-ʣʠʩʪ ʩʬʦʨʤʠʨʦʚʘʥ 

ʜʚʫʤʷ ɓ-ʪʷʞʘʤʠ ʠ ʚʢʣʶʯʘʝʪ ʦʩʪʘʪʢʠ ʧʝʪʣʠ I (Leu1-Thr5 ʠ Thr17-Cys21). ɺʪʦʨʦʡ ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭ ʪʷʞʝʡ ʠ ʚʢʣʶʯʘʝʪ ʬʨʘʛʤʝʥʪʳ ʧʝʪʣʠ II (Ala26-Leu32, Thr48-Ser52) ʠ ʧʝʪʣʠ III (Leu68-

Cys72). ɸʥʘʣʦʛʠʯʥʦ ʜʨʫʛʠʤ ʪʨʝʭʧʝʪʝʣʴʥʳʤ ʙʝʣʢʘʤ, ʚ ʩʪʨʫʢʪʫʨʝ rSLURP-1 ʥʘʙʣʶʜʘʶʪʩʷ 

ʜʚʘ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ɓ-ʧʦʚʦʨʦʪʘ ʚ ʦʙʣʘʩʪʠ ñʛʦʣʦʚʳò ʠ C-ʢʦʥʮʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

(ʈʠʩ. 4.59ɺ). C-ʢʦʥʮʝʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ N-

ʢʦʥʮʝʚʦʛʦ ɓ-ʪʷʞʘ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ HN(Lys2)ïOŭ1(Asn75) ʠ HN(Leu76)ïCO(Lys2). 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʦʠʭ ʢʦʥʬʦʨʤʝʨʦʚ rSLURP-1 ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʜʘʥʥʳʤ ʗʄʈ ʪʦʣʴʢʦ ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤ ɓ-ʩʪʨʫʢʪʫʨʥʦʤ ʷʜʨʝ ʤʦʣʝʢʫʣʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʠ 

ʧʝʪʣʠ ʠ C-ʢʦʥʮʝʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʝʣʢʘ ʧʨʠʥʠʤʘʣʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʥʬʦʨʤʘʮʠʠ 

(ʈʠʩ. 4.59A). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 15N ʨʝʣʘʢʩʘʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʦʡ 

ʢʦʥʚʝʨʛʝʥʮʠʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦʜʚʠʞʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʙʝʣʢʘ ʥʘ 

ʜʚʫʭ ʚʨʝʤʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ï (ʧʩ-ʥʩ ʠ ʤʢʩ-ʤʩ, ʩʤ. ʈʠʩ. 4.59ɹ,ɺ). 

ʆʩʥʦʚʥʳʝ ʜʝʪʝʨʤʠʥʘʥʪʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʩ 

nAChR, ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʠʭ ʧʝʪʣʷʭ. ʅʘʧʨʠʤʝʨ, ʧʝʪʣʷ II Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ (ʧ. 4.2.2), ʧʝʪʣʠ II 

ʠ III ws-Lynx1 (ʧ. 4.3.1.5) ʠ ʧʝʪʣʷ I rLypd6 (ʧ. 4.3.4.6) ʚʝʨʦʷʪʥʦ ʚʘʞʥʳ ʜʣʷ 

ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʙʝʣʢʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ (ʈʠʩ. 4.59A,ɹ) 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚʩʝʭ ʪʨʝʭ ʧʝʪʝʣʴ rSLURP-1, 

ʨʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʚʰʫʶʩʷ ʜʣʷ ʜʨʫʛʠʭ ʪʨʝʭʧʝʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ nAChR. ʉʨʘʚʥʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʩ SLURP-1 (ʈʠʩ. 4.60) ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ 

ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʘʨʷʜʦʚ ʚ ʦʙʣʘʩʪʷʭ ʧʝʪʝʣʴ. ɺ ʦʪʣʠʯʠʝ ʦʪ Lynx1 ʠ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ, 

ʢʦʪʦʨʳʝ ʟʘʨʷʞʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʤʦʣʝʢʫʣʘ SLURP-1 ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʩʫʤʤʘʨʥʳʡ 

ʟʘʨʷʜ. ɼʨʫʛʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʠ ʦʪʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ SLURP-1 ʚʦʟʤʦʞʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʘʡʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Ŭ7-nAChR. 

ɺʳʩʦʢʦʘʤʧʣʠʪʫʜʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʙʦʣʴʰʠʭ ʬʨʘʛʤʝʥʪʦʚ rSLURP-1 (~60% ʦʩʪʘʪʢʦʚ 

rSLURP-1 ʫʯʘʩʪʚʫʶʪ ʚ ʠʥʪʝʥʩʠʚʥʳʭ ʜʚʠʞʝʥʠʷʭ ʚ ʧʩ-ʥʩ ʠ/ʠʣʠ ʤʢʩ-ʤʩ ʜʠʘʧʘʟʦʥʘʭ) 

ʥʘʧʦʤʠʥʘʝʪ ʩʠʪʫʘʮʠʶ ʩ ʥʘʪʠʚʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʙʝʣʢʘʤʠ (intrinsically disordered 

proteins ʠʣʠ IDP), ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ 

ʨʝʛʫʣʷʮʠʠ ʚ ʢʣʝʪʢʘʭ [334]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ 

SLURP-1 ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʙʨʘʪʠʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʙʝʣʢʘʤʠ-

ʤʠʰʝʥʷʤʠ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʩʘʡʪʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʛʦ ʨʝʮʝʧʪʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʘʢʪʠʚʘʮʠʷ ʠʦʥʦʪʨʦʧʥʦʛʦ ʠ ʤʝʪʘʙʦʪʨʦʧʥʦʛʦ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʩ ʧʦʤʦʱʴʶ 
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SLURP-1 (ʧ. 4.1.4.3) ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʘʡʪʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ Ŭ7-nAChR. 
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4.4.2. ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ rSLURP-2 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ SLURP-2 (ʚʪʦʨʦʡ ʩʝʢʨʝʪʠʨʫʝʤʳʡ ʙʝʣʦʢ ʯʝʣʦʚʝʢʘ 

ʩʝʤʝʡʩʪʚʘ Ly-6/uPAR) ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʢʝʨʘʪʠʥʦʮʠʪʦʚ [201]. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʯʪʦ 

ʘʫʪʦ/ʧʘʨʘʢʨʠʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ SLURP-2 ʦʧʦʩʨʝʜʦʚʘʥʘ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ Ŭ3ɓ2-nAChR, 

ʥʦ ʥʝ ʩ Ŭ7-nAChR [201]. ʂʝʨʘʪʠʥʦʮʠʪʳ ʧʦʣʦʩʪʠ ʨʪʘ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʩʫʙʲʝʜʠʥʠʮʳ 

nAChR ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ (Ŭ3, Ŭ5, Ŭ7, Ŭ9, Ŭ10, ɓ2, ɓ4) ʠ M2-M5-ʪʠʧʳ mAChR [3]. 

ʍʦʣʠʥʝʨʛʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ ʨʝʛʫʣʠʨʫʶʪ ʢʣʝʪʦʯʥʫʶ ʘʜʛʝʟʠʶ, ʤʠʛʨʘʮʠʶ, ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ, 

ʘʧʦʧʪʦʟ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʠ ʠʭ ʨʝʧʝʨʪʫʘʨ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʢʣʝʪʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ [3]. 

ɿʜʝʩʴ ʤʳ ʚʧʝʨʚʳʝ ʦʧʠʩʳʚʘʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʘʥʘʣʦʛʘ SLURP-2 ʯʝʣʦʚʝʢʘ (rSLURP-2), ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʧʨʠʨʦʜʥʦʛʦ 

ʙʝʣʢʘ ʪʦʣʴʢʦ ʦʜʥʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʦʤ (N-ʢʦʥʮʝʚʦʡ Met, 

ʢʦʪʦʨʳʡ ʧʦʷʚʣʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʪʨʘʥʩʣʷʮʠʠ ʩʪʘʨʪʦʚʦʛʦ ʢʦʜʦʥʘ atg). 

4.4.2.1. rSLURP-2 ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʦʜʪʠʧʘʤʠ nAChR  

ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ nAChR ʷʚʣʷʝʪʩʷ ʤʠʰʝʥʴʶ ʜʣʷ SLURP-2, ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʚʦʟʤʦʞʥʳʡ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ, ʤʳ ʚʳʙʨʘʣʠ ʤʦʜʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩ 

ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ ʨʝʮʝʧʪʦʨʦʚ, ʘ ʠʤʝʥʥʦ ʵʢʩʪʨʘʢʪʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ɸʬʬʠʥʥʫʶ 

ʦʯʠʩʪʢʫ ʩʫʙʲʝʜʠʥʠʮ nAChR ʠʟ ʵʢʩʪʨʘʢʪʦʚ ʚʠʩʦʯʥʦʡ ʢʦʨʳ ʯʝʣʦʚʝʢʘ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ rSLURP-2 ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʦʤ1. ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ ʩʫʙʲʝʜʠʥʠʮ 

nAChR ʩ rSLURP-2 ʧʦʜʪʚʝʨʞʜʘʣʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ çʧʫʩʪʳʤʠè ʯʘʩʪʠʮʘʤʠ 

(ʈʠʩ. 4.61). ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʦʛʦ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ, 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʣʷ çʧʫʩʪʳʭè ʯʘʩʪʠʮ, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ rSLURP-2 ʤʦʞʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʩʫʙʲʝʜʠʥʠʮʘʤʠ Ŭ3, Ŭ4, Ŭ5, Ŭ6, Ŭ7, ɓ2 ʠ ɓ4 (ʈʠʩ. 4.61). ɼʣʷ 

ʩʫʙʲʝʜʠʥʠʮʳ Ŭ6 ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʣʠʰʴ ʥʝʙʦʣʴʰʘ ̫ʨʘʟʥʠʮʘ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʧʦʣʦʩ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ rSLURP-2, ʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (n=2); ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʳ ʥʝ ʤʦʞʝʤ ʙʳʪʴ ʫʚʝʨʝʥʳ ʚ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʩ ʵʪʦʡ ʩʫʙʲʝʜʠʥʠʮʝʡ. 

ʇʦʭʦʞʠʡ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʙʳʣ ʦʧʠʩʘʥ ʨʘʥʝʝ ʜʣʷ ws-Lynx1, ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʩʧʦʩʦʙʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʥʦʞʝʩʪʚʦʤ Ŭ ʠ ɓ ʩʫʙʲʝʜʠʥʠʮ nAChR (ʧ. 4.3.1.7). 

ʅʘʧʨʦʪʠʚ, rSLURP-1 ʧʨʦʷʚʣʷʣ ʩʨʦʜʩʪʚʦ ʪʦʣʴʢʦ ʢ Ŭ7 ʩʫʙʲʝʜʠʥʠʮʝ (ʧ. 4.4.1.2). 

 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʄ. ʊʦʤʩʝʥʦʤ, ʋʥʠʚʝʨʩʠʪʝʪ ʂʦʧʝʥʛʘʛʝʥʘ. 
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4.4.2.3. ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

rSLURP-2 ʩ nAChR ʯʝʣʦʚʝʢʘ  

ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫rSLURP-2 ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʢʪʠʚʥʳʤʠ 

nAChR, ʵʬʬʝʢʪʳ rSLURP-2 ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʚʘʞʥʳʭ ʧʦʜʪʠʧʘʭ ʨʝʮʝʧʪʦʨʘ (Ŭ4ɓ2, Ŭ3ɓ2 ʠ Ŭ7), ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʚ 

ʦʦʮʠʪʘʭ Xenopus1. ɸʤʧʣʠʪʫʜʫ ʚʳʟʚʘʥʥʳʭ ACh ʪʦʢʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʦʪʩʫʪʩʪʚʠʝ 

rSLURP-2, ʩʨʘʚʥʠʚʘʣʠ ʩ ʪʦʢʘʤʠ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 30 ʥʄ - 3 ʤʢʄ ʙʝʣʢʘ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʧʧʣʠʢʘʮʠʷ rSLURP-2 ʩʘʤʦʛʦ ʧʦ ʩʝʙʝ ʥʝ ʚʳʟʳʚʘʣʦ ʪʦʢʦʚ ʥʠ ʥʘ ʦʜʥʦʤ ʠʟ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʨʝʮʝʧʪʦʨʦʚ. ɺʦʟʜʝʡʩʪʚʠʝ rSLURP-2 ʚʳʟʳʚʘʣʦ ʫʤʝʨʝʥʥʦʝ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʢʠ, ʚʳʟʚʘʥʥʳʝ ACh, ʥʘ Ŭ3ɓ2-nAChR (IC50 > 3 ʤʢʄ), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʥʘʙʣʶʜʘʣʦʩʴ ʯʝʪʢʦʝ ʟʘʚʠʩʠʤʦʝ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ Ŭ4ɓ2 ʨʝʮʝʧʪʦʨʘ 

(IC50 ~ 1,7 ʤʢʄ) (ʈʠʩ. 4.62A-ɻ). ɸʥʘʣʦʛʠʯʥʦ, rSLURP-2 ʠʥʛʠʙʠʨʦʚʘʣ Ŭ7 ʨʝʮʝʧʪʦʨ ʩ IC50 ~ 3 

ʤʢʄ. ʆʜʥʘʢʦ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (<1 ʤʢʄ) ʦʪʚʝʪ, ʚʳʟʚʘʥʥʳʡ ACh ʥʘ Ŭ7 ʨʝʮʝʧʪʦʨʝ, 

ʫʩʠʣʠʚʘʣʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ rSLURP-2. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʫʩʠʣʝʥʠʷ ʦʪʚʝʪʘ ʥʘ ACh ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ rSLURP-2, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʢʦʣ ʩ ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ 

ʨʝʮʝʧʪʦʨʘ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.62ɾ (n = 9), ʘʧʧʣʠʢʘʮʠʷ 30 ʥʄ rSLURP-2 

ʧʨʠʚʦʜʠʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʠʣʝʥʠʶ ʪʦʢʘ, ʚʳʟʚʘʥʥʦʛʦ ACh, ʯʝʨʝʟ Ŭ7-nAChR. 

ʇʦʪʝʥʮʠʨʦʚʘʥʠʝ ʪʦʢʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʫʩʠʣʝʥʠʶ ʦʪʚʝʪʘ ACh ʥʘ ʢʨʠʚʦʡ ʜʦʟʘ-ʦʪʚʝʪ (Fig. 4.62ɽ), 

ʦʜʥʘʢʦ ʘʤʧʣʠʪʫʜʘ ʵʬʬʝʢʪʘ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ.  

 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ɼ.ɹʝʨʪʨʘʥʦʤ, HiQScreen S¨rl, ɾʝʥʝʚʘ, ʐʚʝʡʮʘʨʠʷ 
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ʋʩʠʣʝʥʠʝ ʚʳʟʚʘʥʥʦʛʦ ACh ʪʦʢʘ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʥʘ ʢʨʠʚʦʡ ʜʦʟʘ-ʦʪʚʝʪ ʜʣʷ rSLURP-2 

(ʈʠʩ. 4.62ɽ, ʧʫʥʢʪʠʨʥʳʝ ʢʨʫʞʢʠ), ʥʘʧʦʤʠʥʘʝʪ ʨʘʥʝʝ ʥʘʙʣʶʜʘʝʤʳʡ ʥʘʤʠ ʵʬʬʝʢʪ ʫʩʠʣʝʥʠʷ 

ʪʦʢʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ws-Lynx1. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʭʦʞʠʝ ʵʬʬʝʢʪʳ ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʨʘʥʝʝ ʜʣʷ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʪʫʙʦʢʫʨʘʨʠʥʘ ʥʘ Ŭ3ɓ4-nAChR [335]. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʫʙʦʢʫʨʘʨʠʥ ʩʚʷʟʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ (ʠʟ 

ʜʚʫʭ) ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʭ ʩʘʡʪʘʭ ʨʝʮʝʧʪʦʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʪʢʨʳʪʠʶ ʢʘʥʘʣʘ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Ach ʩ ʜʨʫʛʠʤ ʩʘʡʪʦʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʚʳʚʦʜʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝʩʢʦʣʴʢʠʭ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ (ʘʪʨʦʧʠʥ, 

ʩʢʦʧʦʣʘʤʠʥ ʠ ʬʠʟʦʩʪʠʛʤʠʥ), ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʢʦʥʢʫʨʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʥʘ 

ʨʝʮʝʧʪʦʨʝ Ŭ4ɓ2 ʪʠʧʘ [336]. ʋʩʠʣʝʥʠʝ ACh-ʚʳʟʚʘʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʣʠʛʘʥʜʘ ʪʘʢʞʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʣʷ ʯʘʩʪʠʯʥʳʭ ʘʛʦʥʠʩʪʦʚ Ŭ7-nAChR: RG348739 ʠ 

ʵʥʮʠʥʠʢʣʠʥʘ EVP-612440. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʘʮʠʠ Ŭ7-nAChR (ʵʬʬʝʢʪ ʧʨʘʡʤʠʥʛʘ, priming effect) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ rSLURP-2 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʈʠʩ. 4.62ɿ. ʕʪʠ 

ʨʝʮʝʧʪʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʧʷʪʠ ʠʜʝʥʪʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ ʠ ʘʢʪʠʚʠʨʫʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦ 

ʤʝʥʴʰʝʡ ʤʝʨʝ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ACh. ʅʘʧʨʦʪʠʚ, ʩʚʷʟʳʚʘʥʠʝ Ŭ7-nAChR ʩ SLURP-2 ʥʝ 

ʚʳʟʳʚʘʝʪ ʪʦʢ ʯʝʨʝʟ ʢʘʥʘʣ. ɽʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ SLURP-2 ʥʠʟʢʘʷ, ʪʦ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ 

ʨʝʮʝʧʪʦʨ rʩʚʷʟʘʥʳ ʩ ʦʜʥʦʡ ʠʣʠ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ SLURP-2, ʠ ʦʥʠ ʦʩʪʘʶʪʩʷ ʟʘʢʨʳʪʳʤʠ. 

ɼʦʙʘʚʣʝʥʠʝ ACh ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʘʢʦʡ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ rSLURP-2 ʧʨʠʚʦʜʠʪ ʢ 

ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʥʝʢʦʪʦʨʘʷ ʜʦʣʷ ʨʝʮʝʧʪʦʨʦʚ ʟʘʥʷʪʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ACh ʠ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʦʡ SLURP-2. ʕʪʠ ʨʝʮʝʧʪʦʨʳ ʘʢʪʠʚʠʨʫʶʪʩʷ (ʦʙʦʟʥʘʯʝʥʳ ʦʨʘʥʞʝʚʳʤ ʬʦʥʦʤ, ʨʠʩ. 

4.62ɿ) ʚʜʦʙʘʚʦʢ ʢ ʪʝʤ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪʩʷ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ACh, ʠ ʚ ʩʨʝʜʥʝʤ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʫ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʙʦʣʴʰʠʡ ʪʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʮʝʧʪʦʨʦʚ: ʪʦʣʴʢʦ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ACh ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʣʝʢʫʣʘʤʠ ACh ʠ rSLURP-2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, rSLURP-2 ʧʨʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʪʠʤʫʣʠʨʫʝʪ ʦʪʚʝʪ ʥʘ ACh. ʀʥʛʠʙʠʨʦʚʘʥʠʝ Ŭ7-nAChR, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ rSLURP-2, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʣʠʙʦ ʢʦʥʢʫʨʝʥʮʠʝʡ ʤʝʞʜʫ ACh ʠ 

rSLURP-2 ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʨʝʮʝʧʪʦʨʦʤ, ʣʠʙʦ ʜʝʩʝʥʩʠʙʠʣʠʟʘʮʠʝʡ Ŭ7-nAChR ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ rSLURP-2. 
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4.4.2.4. rSLURP-2 ʠʥʛʠʙʠʨʫʝʪ ʥʠʢʦʪʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ERK1/2 MAP ʢʠʥʘʟ 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʘʢʪʠʚʥʦʩʪʠ rSLURP-2 ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ 

ʚʦʟʤʦʞʥʳʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʝʪʢʠ ʈʉ121. ʕʪʘ ʢʣʝʪʦʯʥʘʷ 

ʣʠʥʠʷ ʥʘʨʷʜʫ ʩ ʵʢʩʧʨʝʩʩʠʝʡ ʘʜʝʥʦʟʠʥʦʚʳʭ, ʜʦʬʘʤʠʥʦʚʳʭ ʠ ʤʫʩʢʘʨʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ 

ʪʘʢʞʝ ʵʢʩʧʨʝʩʩʠʨʫʝʪ ʩʫʙʲʝʜʠʥʠʮʳ Ŭ3, Ŭ5, Ŭ7, ɓ2 ʠ ɓ4 nAChR. ʂʣʝʪʢʠ PC12 ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʧʦʜʦʙʥʳʭ ʢʣʝʪʦʢ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ nAChR-ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ. 

ʅʘʧʨʠʤʝʨ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʠʢʦʪʠʥʘ ʥʘ ʢʣʝʪʢʠ ʈʉ12 ʠʥʜʫʮʠʨʫʝʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʠʥʘʟ 

ERK1/2, ʠ ʵʪʦʪ ʵʬʬʝʢʪ ʦʧʦʩʨʝʜʫʝʪʩʷ ʘʢʪʠʚʘʮʠʝʡ Ŭ3ɓ4-nAChR [291]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʠʥʢʫʙʘʮʠʷ ʢʣʝʪʦʢ ʈʉ12 ʩ 10 ʤʢʄ rSLURP-2 ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʛʠʙʠʨʦʚʘʣʘ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ERK1/2, ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝʤ 25 ʤʢʄ ʥʠʢʦʪʠʥʘ (ʜʦ 60%, 

ʈʠʩ. 4.63ɸ,ɹ). ʇʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ rSLURP-2 (0,1 ʠ 1 ʤʢʄ) ʥʝ 

ʚʳʟʳʚʘʣʦ ʫʤʝʥʴʰʝʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʥʠʢʦʪʠʥʦʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠ ̫ MAP-ʢʠʥʘʟʳ 

(ʈʠʩ. 4.63), ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʯʝʥʴ ʥʠʟʢʦʝ (ʚ ʜʠʘʧʘʟʦʥʝ 10 ʤʢʄ) ʩʨʦʜʩʪʚʦ 

rSLURP-2 ʢ ʨʝʮʝʧʪʦʨʫ Ŭ3ɓ4 ʪʠʧʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʥʠʢʦʪʠʥ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ MAP-ʢʠʥʘʟʳ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʣʷ ws-Lynx1 (ʧ. 

4.3.1.6), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʩʭʦʞʠʤʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʧʝʢʪʨʘʤʠ ʵʪʠʭ ʙʝʣʢʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʘʬʬʠʥʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʩʫʙʲʝʜʠʥʠʮ nAChR ʠʟ ʛʦʤʦʛʝʥʘʪʦʚ 

ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ (ʧ.4.3.1.7 ʠ ʧ.4.4.2.2). 

 

 

 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʄ. ʊʦʤʩʝʥʦʤ, ʋʥʠʚʝʨʩʠʪʝʪ ʂʦʧʝʥʛʘʛʝʥʘ. 
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ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʵʬʬʝʢʪʦʚ rSLURP-2 ʥʘ Ŭ3ɓ4-nAChR-ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ MAP-ʢʠʥʘʟʳ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʜʚʫʤʷ ʧʝʧʪʠʜʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʜʝʡʩʪʚʫʶʪ ʥʘ ʵʪʦʪ ʧʦʜʪʠʧ ʨʝʮʝʧʪʦʨʘ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, 10 

ʤʢʄ ʧʝʧʪʠʜʘ VD-220 (RYHHHDPDGG) ʠʣʠ 10 ʤʢʄ rSLURP-1 ʥʝ ʦʢʘʟʳʚʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʥʠʢʦʪʠʥʦʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ERK1/2. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ rSLURP-2 (ʘ ʪʘʢʞʝ rSLURP-1) ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʚʣʠʷʣʦ ʥʘ 

ʙʘʟʘʣʴʥʳʝ ʫʨʦʚʥʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ERK1/2 (ʈʠʩ. 4.63A,ɹ).  

4.4.2.5. rSLURP-2 ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʢʝʨʘʪʠʥʦʮʠʪʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ [201], rSLURP-2 ʩʣʝʛʢʘ 

ʩʪʠʤʫʣʠʨʦʚʘʣ ʨʦʩʪ ʢʝʨʘʪʠʥʦʮʠʪʦʚ (ʈʠʩ. 4.64A). ʀʥʢʫʙʘʮʠʷ ʢʝʨʘʪʠʥʦʮʠʪʦʚ Het-1A ʩ 

rSLURP-2 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʚʳʰʘʶʱʝʡ 10 ʥʄ ʧʨʠʚʦʜʠʣʘ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʢʣʝʪʦʢ ʜʦ ~ 116% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʨ <0,01, n = 12, ʈʠʩ. 

4.64ɸ). ɸʥʘʣʠʟ ʢʨʠʚʦʡ ʜʦʟʘ-ʦʪʚʝʪ ʚʳʷʚʠʣ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʫ  ʁ ʘʢʪʠʚʥʦʩʪ ɹ

rSLURP-2 ʩ ɽʉ50 ~ 8 ʥʄ (ʈʠʩ. 4.64ɸ). ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʦʣʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʪʠʧʦʚ nAChR ʚ 

ʨʝʛʫʣʷʮʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ rSLURP-2 ʤr ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʝʣʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʨʝʮʝʧʪʦʨʦʚ Ŭ7 ʠ Ŭ3ɓ2 ʪʠʧʘ, Ŭ-Bgtx ʠ Ŭ-ʢʦʥʦʪʦʢʩʠʥ MII, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠʥʛʠʙʠʪʦʨ nAChR (Mec). Ŭ-Bgtx ʠ Mec ʥʝ ʦʢʘʟʳʚʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʦʩʪ ʢʣʝʪʦʢ ʢʘʢ ʪʘʢʦʚʦʡ, ʥʦ Ŭ-ʢʦʥʦʪʦʢʩʠʥ MII ʫʤʝʥʴʰʘʣ 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʜʦ ~ 87% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʈʠʩ. 4.64ɹ). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʠʥʢʫʙʘʮʠʷ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʩ Ŭ-Bgtx ʧʨʠʚʦʜʠʣʘ ʢ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʜʚʫʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ rSLURP-2 (ʈʠʩ. 

4.64ɹ). ʅʘʧʨʦʪʠʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʠʥʢʫʙʘʮʠʷ ʩ Ŭ-ʢʦʥʦʪʦʢʩʠʥʦʤ MII ʠ Mec ʧʨʠʚʦʜʠʣʘ ʢ 

ʚʳʨʘʞʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ rSLURP-2 (ʜʦ 

34 Ñ 4% ʠ 54 Ñ 3% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʈʠʩ. 4.64ɹ). ʅʘʙʣʶʜʘʝʤʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ rSLURP-2 ʧʨʠ ʙʣʦʢʠʨʦʚʘʥʠʠ Ŭ7-nAChR ʩ 

ʧʦʤʦʱʴʶ Ŭ-Bgtx ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ SLURP-2 ʩ Ŭ7-nAChR ʤʦʞʝʪ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ Ŭ-ʢʦʥʦʪʦʢʩʠʥʦʤ MII 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ SLURP-2 ʩ Ŭ3ɓ2-nAChR ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ 

(ʈʠʩ. 4.64ɹ). 

ʏʪʦʙʳ ʦʪʣʠʯʠʪʴ ʩʥʠʞʝʥʠʝ ʧʨʦʣʠʬʝʨʘʮʠʠ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, 

ʤʳ ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʣʝʪʦʢ ʠ ʠʟʫʯʠʣʠ ʠʭ 

ʤʦʨʬʦʣʦʛʠʶ ʧʨʠ ʦʢʨʘʰʠʚʘʥʠʷ Hoechst/ʧʨʦʧʠʜʠʡ ʡʦʜʠʜ (ʩʤ. çʄʝʪʦʜʳè). ʅʘʙʣʶʜʘʣʦʩʴ 

ʯʝʪʢʦʝ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʢʣʝʪʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʨʬʦʣʦʛʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʣʝʪʦʢ ʠ ʠʭ 
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ʷʜʝʨ ʥʝ ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 4.64ɺ). ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝ ʚʳʷʚʠʣ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʤʝʨʪʚʳʭ ʢʣʝʪʦʢ (4 

Ñ 1% ʤʝʨʪʚʳʭ ʢʣʝʪʦʢ ʢʘʢ ʜʣʷ ʦʙʨʘʙʦʪʘʥʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʢʦʥʪʨʦʣʴʥʳʭ ʢʣʝʪʦʢ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ MII ʠʣʠ Mec ʩ rSLURP-2 ʧʝʨʝʢʣʶʯʘʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʙʝʣʢʘ ʩ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʥʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ. 

 

 

ɸʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ, ʥʘʙʣʶʜʘʝʤʳʡ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ Mec 

(ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʥʛʠʙʠʪʦʨʘ nAChR) ʠ rSLURP-2, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʜʨʫʛʠʭ 

ʤʠʰʝʥʝʡ rSLURP-2 ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ. ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

rSLURP-2 ʩ mAChR, ʢʦʪʦʨʳʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ ʥʘʨʷʜʫ ʩ nAChRs [3], ʤʳ 

ʠʟʫʯʠʣʠ ʘʢʪʠʚʥʦʩʪʴ rSLURP-2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʪʨʦʧʠʥʘ, ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 
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ʘʥʪʘʛʦʥʠʩʪʘ mAChR (ʈʠʩ. 4.64ɹ). ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʠ 1 ʤʢʄ ʘʪʨʦʧʠʥʘ ʧʨʠʚʝʣʦ ʢ 

ʥʝʙʦʣʴʰʦʤʫ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʜʦ 

~ 91% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʈʠʩ. 4.64ɹ). ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʘʪʨʦʧʠʥʘ 

ʠ rSLURP-2 ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪʳ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ ʜʨʫʛ ʜʨʫʛʘ (ʢʦʣʠʯʝʩʪʚʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ~ 102%, ʯʪʦ ʟʥʘʯʠʤʦ 

ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʫʨʦʚʥʝʡ ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠ ʦʜʠʥʦʯʥʦʡ ʘʧʧʣʠʢʘʮʠʠ rSLURP-2 ʠ ʘʪʨʦʧʠʥʘ, p 

<0,05, n = 4, ʈʠʩ. 4.64ɹ). ʅʝʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʦʚ ʚʳʟʳʚʘʝʤʳʭ rSLURP-2 ʠ 

ʘʪʨʦʧʠʥʦʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʢʣʘʜʘ ʤʫʩʢʘʨʠʥʦʚʳʭ 

ʨʝʮʝʧʪʦʨʦʚ ʚ ʜʝʡʩʪʚʠʝ rSLURP-2 ʥʘ ʬʦʥʝ ʙʦʣʴʰʠʭ ʵʬʬʝʢʪʦʚ ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ nAChR. 

ɺ ʮʝʣʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ SLURP-2 ʥʘ ʨʦʩʪ 

ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʠʭ ʩʦʟʨʝʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʨʝʮʝʧʪʦʨʦʚ ʘʮʝʪʠʣʭʦʣʠʥʘ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ SLURP-2 ʢʝʨʘʪʠʥʦʮʠʪʳ 

ʪʘʢʞʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪ SLURP-1 ʠ Lynx1 (ʜʝʪʝʢʪʠʨʫʝʤʳʝ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ ʫʨʦʚʥʝ ʤʈʅʂ 

[337]). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʩʨʘʚʥʠʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ Ly-6/uPAR ʙʝʣʢʦʚ ʥʘ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʝʨʘʪʠʥʦʮʠʪʦʚ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ rSLURP-2 ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ 

ʢʣʝʪʦʢ Het-1A, rSLURP-1 ʠʥʛʠʙʠʨʫʝʪ ʝʝ, ʘ ws-Lynx1 ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʠʢʘʢʦʛʦ ʵʬʬʝʢʪʘ (ʈʠʩ. 

4.64A). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ SLURP-1 ʠ SLURP-2 

ʢʝʨʘʪʠʥʦʮʠʪʘʤʠ ʤʦʛʫʪ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʝ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ. 

4.4.2.6. rSLURP-2 ʷʚʣʷʝʪʩʷ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤ ʤʦʜʫʣʷʪʦʨʦʤ ʄ1 ʠ 

ʄ3 mAChR 

ʇʨʷʤʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ rSLURP-2 ʩ mAChR ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʬʬʠʥʥʦʡ ʦʯʠʩʪʢʠ ʠ ʚʝʩʪʝʨʥ-ʙʣʦʪ-ʘʥʘʣʠʟʘ ʦʢʘʟʘʣʦʩʴ ʙʝʟʫʩʧʝʰʥʳʤ, 

ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʝʮʝʧʪʦʨʦʚ ʚ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʝʪʢʘʭ [3]. ʇʦʵʪʦʤʫ, ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ rSLURP-2 ʩʧʝʮʠʬʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʦʜʪʠʧʘʤʠ mAChR ʯʝʣʦʚʝʢʘ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʤʙʨʘʥʳ ʢʣʝʪʦʢ ʉʅʆ, 

ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʧʦʜʪʠʧʳ ʨʝʮʝʧʪʦʨʘ1. ʉʣʘʙʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

rSLURP-2 ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʘʛʦʥʠʩʪʘ mAChR 3H-N-ʤʝʪʠʣ-ʩʢʦʧʦʣʘʤʠʥʘ (NMS) ʥʘʙʣʶʜʘʣʦʩʴ 

ʚ ʧʩʝʚʜʦʢʦʥʢʫʨʝʥʪʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʨʝʮʝʧʪʦʨʘʭ M1 ʠ M3 ʪʠʧʦʚ (ʨʘʚʥʦʚʝʩʥʘʷ 

ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ Ka ~ 230 ʠ 140 ʥʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʠʩ. 4.65A,ɹ). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʵʪʦʛʦ, ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʮʝʧʪʦʨʦʚ M2, M4 ʠ M5 ʪʠʧʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʠʢʘʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ 

ʩ NMS ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ rSLURP-2 (1,4 ʤʢʄ) (ʈʠʩ. 4.65ɺ). 

 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ɺ. ɼʦʣʝʞʘʣʝʤ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʠ ʏʝʰʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 
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ʏʪʦʙʳ ʨʘʟʣʠʯʠʪʴ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʡ ʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

rSLURP-2 ʩ mAChR, ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʜʠʩʩʦʮʠʘʮʠʠ [3H]-NMS ʜʣʷ 

ʨʝʮʝʧʪʦʨʦʚ M1 ʠ M3 (ʈʠʩ. 4.65ɻ). ʉʢʦʨʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʘʛʦʥʠʩʪʘ [3H]-

NMS ʚ ʧʨʠʩʫʪʩʪʚʠʠ rSLURP-2 ʤʝʥʷʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ 
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(n = 4, p <0,05, ʈʠʩ. 4.65ɻ, ʚʩʪʘʚʢʘ). ʉʢʦʨʦʩʪʴ ʜʠʩʩʦʮʠʘʮʠʠ (ʤʠʥ-1) ʫʚʝʣʠʯʠʣʘʩʴ ʩ 0,082 Ñ 

0,002 ʜʦ 0,093 Ñ 0,002 (n = 4, ʨ <0,05) ʥʘ ʨʝʮʝʧʪʦʨʝ ʄ1 ʠ ʩʥʠʟʠʣʘʩʴ ʩ 0,066 Ñ 0,001 ʜʦ 0,059 

Ñ 0,002 (n = 4, ʨ <0,05) ʥʘ ʨʝʮʝʧʪʦʨʝ M3 (ʈʠʩ. 4.65ɻ). ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫rSLURP-2/mAChR. 

ʅʘʙʣʶʜʘʝʤʦʝ ʚʣʠʷʥʠʝ rSLURP-2 ʥʘ ʩʢʦʨʦʩʪ ɹʜʠʩʩʦʮʠʘʮʠʠ NMS ʥʘ M1 ʠ M3 mAChR 

(ʈʠʩ. 4.65ɻ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ rSLURP-2 ʷʚʣʷʝʪʩʷ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ 

ʤʫʩʢʘʨʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ. ʇʦʩʢʦʣʴʢʫ ʢʝʨʘʪʠʥʦʮʠʪʳ ʧʦʣʦʩʪʠ ʨʪʘ ʥʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪ M1 

mAChR [3], rSLURP-2, ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʝʡʩʪʚʫʝʪ ʚ ʵʪʠʭ ʢʣʝʪʢʘʭ ʥʘ M3 ʨʝʮʝʧʪʦʨʳ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠ ʜʨʫʛʠʝ ʙʝʣʢʠ Ly-6/uPAR ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʩ nAChR, ʪʘʢ ʠ ʩ 

mAChR. ʅʘʧʨʠʤʝʨ, ʩʣʘʙʳʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ mAChR ʙʳʣʠ ʦʧʠʩʘʥʳ ʜʣʷ 

ws-Lynx (ʧ. 4.3.1.3) ʠ ʥʝʦʙʳʯʥʦʛʦ ʟʤʝʠʥʦʛʦ ʪʦʢʩʠʥʘ WTX (ʧ. 4.2.2.3.1). 

4.4.2.6. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ rSLURP-2 

ʈʘʟʨʘʙʦʪʢʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʵʢʩʧʨʝʩʩʠʠ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʧʦʣʫʯʠʪʴ 13C-15N-

ʤʝʯʝʥʥʳʡ ʧʨʝʧʘʨʘʪ rSLURP-2 ʠ ʠʟʫʯʠʪʴ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʦʤʦʱʴʶ 

ʛʝʪʝʨʦʷʜʝʨʥʦʡ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ1. ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʢʨʠʥʠʥʛ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʗʄʈ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ rSLURP-2 (ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ pI ~ 6,5) ʧʨʠ 

ʩʫʙʤʠʣʣʠʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʪʘʙʠʣʝʥ ʚ ʨʘʩʪʚʦʨʝ ʪʦʣʴʢʦ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ pH (4.5-

6.0). ʇʦʥʠʞʝʥʠʝ pH ʥʠʞʝ 4,5 ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʪʠʤʦʤʫ ʨʘʟʚʦʨʘʯʠʚʘʥʠʶ ɓ-ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʷʜʨʘ ʙʝʣʢʘ. ʋʚʝʣʠʯʝʥʠʝ ʨʅ ʚʳʰʝ 6,0 (ʢʦʥʮʝʥʪʨʘʮʠʷ 0,1 ʤʄ) ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ rSLURP-2 ʚʳʰʝ 0,2 ʤʄ ʧʨʠ ʨʅ ~ 5,0 ʧʨʠʚʦʜʠʣʦ ʢ ʧʨʝʮʠʧʠʪʘʮʠʠ ʙʝʣʢʘ ʠʣʠ 

ʦʙʨʘʪʠʤʦʡ ʘʛʨʝʛʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʩʢʣʦʥʥʦʩʪʴ ʙʝʣʢʘ ʢ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʧʨʠ ʨʅ ~ 5,0, ʢ ʦʙʨʘʟʮʫ ʜʦʙʘʚʠʣʠ 5% ʜʠʦʢʩʘʥ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʦ 

ʢʘʯʝʩʪʚʦ ʩʧʝʢʪʨʦʚ ʗʄʈ ʠ ʧʦʟʚʦʣʠʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʘ ʚ 

ʨʘʩʪʚʦʨʝ, ʠʩʧʦʣʴʟʫʷ ʦʙʨʘʟʝʮ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5 ʤʄ (ʈʠʩ. 4.66ɹ). ʉʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʩʜʚʠʛʦʚ ʷʜʝʨ 1H ʠ 15N ʚ ʩʤʝʩʠ ʜʠʦʢʩʘʥ/ʚʦʜʘ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʙʝʣʢʘ (ʢʦʥʮʝʥʪʨʘʮʠʷ 

0,08 ʤʄ) ʚ ʯʠʩʪʦ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʜʠʦʢʩʘʥʘ ʥʝ ʥʘʨʫʰʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ rSLURP-2. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʗʄʈ rSLURP-2 ʠʤʝʝʪ ʪʠʧʠʯʥʳʡ ʪʨʝʭʧʝʪʝʣʴʥʳʡ ʬʦʣʜ, 

ʚʢʣʶʯʘʶʱʠʡ ʜʚʘ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʭ ɓ-ʣʠʩʪʘ (ʈʠʩ. 4.66ɺ-ɼ). ʇʝʨʚʳʡ ɓ-ʣʠʩʪ ʦʙʨʘʟʦʚʘʥ 

ʜʚʫʤʷ ɓ-ʪʷʞʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʚ ʧʝʪʣʝ I (Ile1-His4, Gly15-Cys18). ɺʪʦʨʦʡ ɓ-ʣʠʩʪ 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʪʷʞʝʡ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʥʳ ʦʩʪʘʪʢʘʤʠ ʠʟ ʧʝʪʣʠ II (His24-Thr30, Leu41-

His47) ʠ ʧʝʪʣʠ III (Ile64-Cys67). ʇʦʜʦʙʥʦ ʜʨʫʛʠʤ ʪʨʝʭʧʝʪʝʣʴʥʳʤ ʙʝʣʢʘʤ, rSLURP-2 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ʜ.ʬ.-ʤ.ʥ. ɿ.ʆ. ʐʝʥʢʘʨʝʚʳʤ ʠ ʢ.ʙ.ʥ. ɸ.ʉ. ʇʘʨʘʤʦʥʦʚʳʤ, ʛʨʫʧʧʘ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ 

ʀɹʍ ʈɸʅ. 
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ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ɓ-ʧʦʚʦʨʦʪʦʚ ʚ ʦʙʣʘʩʪʠ çʛʦʣʦʚʳè ʠ ʚ C-

ʢʦʥʮʝʚʦʤ ʬʨʘʛʤʝʥʪʝ. ʄʦʣʝʢʫʣʘ rSLURP-2 ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ ʯʝʪʳʨʴʤʷ ʜʠʩʫʣʴʬʠʜʥʳʤʠ 

ʩʚʷʟʷʤʠ ʚ çʛʦʣʦʚʝè (Cys3-Cys25, Cys18-Cys46, Cys50-Cys66 ʠ Cys67-Cys72) ʠ ʦʜʥʦʡ ʚ 

ʧʝʨʚʦʡ ʧʝʪʣʝ (Cys6-Cys12). ʇʦʜʦʙʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʨʫʛʠʭ ʙʝʣʢʘʭ Ly-6/uPAR ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʚ çʥʝʦʙʳʯʥʳʭè 

ʥʝʡʨʦʪʦʢʩʠʥʘʭ ʟʤʝʡ, ʥʘʧʨʠʤʝʨ, ʚ çʩʣʘʙʦʤè ʪʦʢʩʠʥʝ WTX ʠʟ Naja kaouthia (ʈʠʩ. 4.66A,ɼ). 

ʇʦʤʠʤʦ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʦʩʥʦʚʥʦʡ ʮʝʧʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʢʘʥʦʥʠʯʝʩʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, çʛʦʣʦʚʘè ʠ ʧʝʪʣʠ ʙʝʣʢʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʅ-ʩʚʷʟʷʤʠ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʈʠʩ. 4.66ɻ). 

ʅʘʧʨʠʤʝʨ, ʜʚʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ (HN Leu71 - CO Trp2 ʠ HN Lys44 - CO Cys6) 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʝʪʣʠ I ʦʪʥʦʩʠʪʝʣʴʥʦ C-ʢʦʥʮʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʧʝʪʣʠ II ʙʝʣʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʩʦʣʝʚʦʡ ʤʦʩʪʠʢ 

(Arg31 - Glu37) ʠ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ (HN His14 ï Nŭ1 His4) ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ ʧʝʪʝʣʴ 

II ʠ I, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ HN ï Nŭ1 ʨʘʥʝʝ 

ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʪʨʫʢʪʫʨʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʜʦʤʝʥʘ Lynx-1 ʯʝʣʦʚʝʢʘ (ws-Lynx, ʈʠʩ. 

4.66ɼ). ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʙʦʢʦʚʦʡ ʮʝʧʴʶ ʠ ʦʩʥʦʚʥʦʡ ʮʝʧʴ ʁ

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʜʚʠʛʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʠʛʥʘʣʘ 1HN ʛʨʫʧʧʳ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʚ 

ʩʣʘʙʦʝ ʧʦʣʝ (~ 11,6 ʤ.ʜ., ʈʠʩ. 4.66ɹ). 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ rSLURP-2 ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʜʘʥʥʳʤ ʗʄʈ 

ʪʦʣʴʢʦ ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤ ɓ-ʩʪʨʫʢʪʫʨʥʦʤ ʷʜʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʮ  rʚʩʝʭ ʪʨʝʭ ʧʝʪʝʣʴ 

ʙʝʣʢʘ ʙʳʣʠ ʩʣʘʙʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ (ʈʠʩ. 4.66ɺ). ɼʘʥʥʳʝ ʦ ʨʝʣʘʢʩʘʮʠʠ ʷʜʝʨ 15N (ʈʠʩ. 

4.66ɻ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʙʝʣʢʘ ʚ ʜʚʫʭ ʚʨʝʤʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 

(ʦʪ ʧʠʢʦʩʝʢʫʥʜ ʜʦ ʥʘʥʦʩʝʢʫʥʜ ʠ ʦʪ ʤʠʢʨʦʩʝʢʫʥʜ ʜʦ ʤʠʣʣʠʩʝʢʫʥʜ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʣʷ ʩʚʝʜʝʥʠʷ ʢ ʤʠʥʠʤʫʤʫ ʚʣʠʷʥʠʷ ʘʛʨʝʛʘʮʠʠ ʙʝʣʢʘ ʠ ʜʦʙʘʚʣʝʥʠʷ ʜʠʦʢʩʘʥʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ rSLURP-2, ʩʢʦʨʦʩʪʠ 15N ʨʝʣʘʢʩʘʮʠʠ ʠʟʤʝʨʷʣʠ, ʠʩʧʦʣʴʟʫʷ ʦʙʨʘʟʝʮ ʙʝʣʢʘ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,08 ʤʄ ʚ ʚʦʜʝ ʙʝʟ ʜʠʦʢʩʘʥʘ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ rSLURP-2 ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʥʦʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʦʜʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʥʠʞʝ 0,1 ʤʄ. 
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ɼʘʥʥʳʝ ʗʄʈ ʚʳʷʚʠʣʠ ʩʪʨʫʢʪʫʨʥʦʝ ʩʭʦʜʩʪʚʦ rSLURP-2 ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ Ly-

6/uPAR (ʈʠʩ. 4.66ɼ). ʄʦʣʝʢʫʣʘ rSLURP-2 ʩʦʜʝʨʞʠʪ ʢʦʥʩʝʨʚʘʪʠʚʥʦʝ ɓ-ʩʪʨʫʢʪʫʨʥʦʝ ʷʜʨʦ ʩ 

ʪʨʝʤʷ ʚʳʩʪʫʧʘʶʱʠʤʠ ʧʝʪʣʷʤʠ. ʇʝʪʣʠ rSLURP-2 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ (ʈʠʩ. 4.66ɺ,ɻ). ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʚʳʩʦʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʧʝʪʝʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ws-Lynx1 ʠ WTX ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʩ nAChR, ʪʘʢ ʠ ʩ mAChR, ʭʦʪʷ ʠ ʩ ʜʦʚʦʣʴʥʦ 

ʥʠʟʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ (ʜʠʘʧʘʟʦʥ ʤʢʄ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ, Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʳ ʟʤʝʡ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʝʪʣʠ, ʠʥʛʠʙʠʨʫʶʪ nAChR ʩ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʧʨʠ 

ʥʘʥʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʉʨʘʚʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ SLURP-2 ʩ ʜʨʫʛʠʤʠ 

ʪʨʝʭʧʝʪʝʣʴʥʳʤʠ ʙʝʣʢʘʤʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ nAChR, ʚʳʷʚʠʣʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʘʨʷʜʦʚ ʚ ʦʙʣʘʩʪʷʭ ʧʝʪʝʣʴ (ʈʠʩ. 4.66A). ɺ ʦʪʣʠʯʠʝ ʦʪ Lynx1 ʠ Ŭ-

ʥʝʡʨʦʪʦʢʩʠʥʦʚ, ʢʦʪʦʨʳʝ ʟʘʨʷʞʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʤʦʣʝʢʫʣʘ SLURP-2 ʠʤʝʝʪ ʦʙʱʠʡ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʆʪʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʝʪʝʣʴ SLURP-2 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʘʤʠ, ʠ ʙʝʣʢʘʤʠ Lynx1 ʠ SLURP-1 ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʦʪʣʠʯʠʷ ʚ ʩʧʦʩʦʙʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ nAChR. 

4.4.2.7. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ rSLURP-2 

ʩ Ŭ7- and Ŭ3ɓ2-nAChR 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ rSLURP-2 ʧʦʟʚʦʣʠʣʦ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʠ 

ʢʦʤʧʣʝʢʩʦʚ rSLURP-2 ʩ ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʜʦʤʝʥʘʤʠ Ŭ7- ʠ Ŭ3ɓ2-

nAChR (ʈʠʩ. 4.67). ʅʘʰʠ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʳ rSLURP-2 ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʝʣʝʢʪʠʚʥʳʭ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʭ ʘʥʪʘʛʦʥʠʩʪʦʚ nAChR (ʨʠʩ. 4.64ɹ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʚʝʨʦʷʪʥʦʤ ʧʝʨʝʢʨʳʪʠʠ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ rSLURP-2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʮʝʧʪʦʨʘ ʩ 

ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʤ ʩʘʡʪʦʤ. ʕʪʦʪ çʢʣʘʩʩʠʯʝʩʢʠʡè ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʯʘʩʪʠ ʨʝʮʝʧʪʦʨʘ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʤʝʞʜʫ ʦʩʥʦʚʥʦʡ (+) ʠ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ (-) ʩʫʙʲʝʜʠʥʠʮʘʤʠ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ C-ʧʝʪʣʶ ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ 

[141]. ʇʦʵʪʦʤʫ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʡ ʜʦʢʠʥʛ rSLURP-2 ʩ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʚʥʝʢʣʝʪʦʯʥʳʤʠ 

ʜʦʤʝʥʘʤʠ Ŭ7- ʠ Ŭ3ɓ2-nAChR ʦʩʫʱʝʩʪʚʠʣʠ ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʝ 

ʤʦʣʝʢʫʣʘ rSLURP-2 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ C-ʧʝʪʣʝʡ ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ nAChR. 

ʏʪʦʙʳ ʫʯʝʩʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʛʠʙʢʦʩʪʴ ʦʙʦʠʭ ʧʘʨʪʥʝʨʦʚ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥ r ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ (ʄɼ) ʨʘʩʯʝʪʳ ʚ ʷʯʝʡʢʝ ʩ ʷʚʥʦ ʟʘʜʘʥʥʳʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʦʪʜʝʣʴʥʦ ʜʣʷ rSLURP-2 ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʜʦʤʝʥʦʚ ʨʝʮʝʧʪʦʨʦʚ. 

ʇʦʩʣʝʜʫʶʱʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʬʦʨʤʘʮʠʡ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʘʥʩʘʤʙʣʠ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʘʩʯʝʪʘʭ ʙʝʣʦʢ-

ʙʝʣʢʦʚʦʛʦ ʜʦʢʠʥʛʘ. ɼʣʷ Ŭ7-nAChR ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʥʬʦʨʤʘʮʠʠ ʩ çʟʘʢʨʳʪʳʤè ʠ 
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çʦʪʢʨʳʪʳʤè ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʤ ʩʘʡʪʦʤ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠʩʴ ʧʦʣʦʞʝʥʠʝʤ ʉ-ʧʝʪʣʠ 

ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ. ʅʘʧʨʦʪʠʚ, ʚ ʄɼ ʪʨʘʝʢʪʦʨʠʠ ʨʝʮʝʧʪʦʨʘ Ŭ3ɓ2 ʦʙʘ ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʠʭ ʩʘʡʪʘ ʠʤʝʣʠ çʟʘʢʨʪrʫʶè ʢʦʥʬʠʛʫʨʘʮʠʶ. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨ 

ʠʥʪʝʨʬʝʡʩʦʚ ʤʝʞʜʫ ʦʩʥʦʚʥʦʡ ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʩʫʙʲʝʜʠʥʠʮʘʤʠ ʜʦʤʝʥʦʚ Ŭ3ɓ2 

ʨʝʮʝʧʪʦʨʘ ʩ çʟʘʢʨʳʪʳʤè ʩʘʡʪʦʤ ʠ Ŭ7 ʨʝʮʝʧʪʦʨʘ ʩ çʟʘʢʨʳʪʳʤè ʠ çʦʪʢʨʳʪʳʤè ʩʘʡʪʘʤʠ ʜʘʣʘ 

9, 9 ʠ 11 ʩʪʨʫʢʪʫʨ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʩʪʨʫʢʪʫʨ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʦʙʣʘʩʪʠ ʉ-ʧʝʪʣʠ ʠ ʩʦʩʝʜʥʠʭ ʧʝʪʝʣʴ. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʄɼ 

ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ rSLURP-2 ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ 11 ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʙʝʣʢʘ. 

ɿʘʪʝʤ ʤʳ ʚʳʧʦʣʥʠʣʠ ʪʨʠ ʩʝʨʠʠ ʜʦʢʠʥʛʘ rSLURP-2/nAChR: ʜʣʷ ʨʝʮʝʧʪʦʨʘ Ŭ3ɓ2 ʩ 

çʟʘʢʨʳʪʳʤè ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʤ ʢʘʨʤʘʥʦʤ, ʜʣʷ ʨʝʮʝʧʪʦʨʘ Ŭ7 ʩ çʟʘʢʨʳʪʳʤè ʠ 

çʦʪʢʨʳʪʳʤè ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʤ ʢʘʨʤʘʥʦʤ. ʈʝʰʝʥʠʷ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʜʦʢʠʥʛʘ ʙʳʣʠ 

çʦʪʬʠʣʴʪʨʦʚʘʥʳè ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ (ʩʤ. ʄʝʪʦʜʳ). ʇʦʩʣʝ 

ʬʠʣʴʪʨʘʮʠʠ ʙʳʣʦ ʚʳʙʨʘʥʦ 2, 5 ʠ 20 ʨʝʰʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʩʝʨʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

çʆʢʦʥʯʘʪʝʣʴʥʦʝè ʨʝʰʝʥʠʝ ʜʣʷ ʜʦʢʠʥʛʘ ʢʘʞʜʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʫʪʝʤ 

ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 4.67. 

ɺ ʢʦʤʧʣʝʢʩʝ ʩ ʜʦʤʝʥʦʤ Ŭ3ɓ2-nAChR rSLURP-2 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ çʚʝʩʪʠʙʶʣʝʤè 

çʢʣʘʩʩʠʯʝʩʢʦʛʦè ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʪʝʣʴ I ʠ II, ʧʨʠʯʝʤ ʢʦʥʝʮ ʧʝʪʣʠ II 

ʧʦʤʝʱʝʥ ʧʦʜ C-ʧʝʪʣ ʁʩʫʙʲʝʜʠʥʠʮʳ Ŭ3 (ʩʤ. ʈʠʩ. 4.67A, ʩʤ. ʊʘʙʣʠʮʫ 4.6 ʜʣʷ ʧʦʣʥʦʛʦ 

ʩʧʠʩʢʘ ʥʘʙʣʶʜʘʝʤʳʭ ʢʦʥʪʘʢʪʦʚ). ɺ ʩʣʫʯʘʝ ʜʦʤʝʥʘ Ŭ7-nAChR ʩ çʟʘʢʨʳʪʳʤè ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʠʤ ʢʘʨʤʘʥʦʤ rSLURP-2 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʮʝʧʪʦʨʦʤ ʩ ʧʦʤʦʱʴʶ ʧʝʪʝʣɹ II ʠ 

III (ʈʠʩ. 4.67ɹ), ʠ ʝʛʦ ʫʜʣʠʥʝʥʥʘʷ ʧʝʪʣʷ III ʧʨʦʥʠʢʘʝʪ ʚ çʢʣʘʩʩʠʯʝʩʢʠʡè ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ rSLURP-2 ʩ çʦʪʢʨʳʪʳʤè ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʤ ʢʘʨʤʘʥʦʤ Ŭ7-nAChR ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʚʝ ʛʨʫʧʧʳ ʨʝʰʝʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʣʠʛʘʥʜʘ (ʈʠʩ. 4.67ɺ,ɻ). ɺ ʵʪʠʭ 

ʛʨʫʧʧʘʭ rSLURP-2 ʪʘʢʞʝ ʟʘʥʠʤʘʝʪ çʚʝʩʪʠʙʶʣʴè ʦʨʪʦʩʪʝʨʠʯʝʩʢʦʛʦ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʦʡ C-ʧʝʪʣʠ ʧʝʪʣʷʤʠ I ʠ II ʠʣʠ ʧʝʪʣʷʤʠ II ʠ III, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ C-ʧʝʪʣʠ ʠ ʨʘʟʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʤʦʣʝʢʫʣʳ 

rSLURP-2 ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ rSLURP-2 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʚʦʠʤʠ ʧʝʪʣʝʚʳʤʠ ʫʯʘʩʪʢʘʤʠ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʦʡ C-ʧʝʪʣʠ ʨʝʮʝʧʪʦʨʘ 

(ʊʘʙʣʠʮʘ 4.6, ʈʠʩ. 4.67). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʧʝʪʣʷ rSLURP-2 ʧʨʠʥʠʤʘʝʪ 

ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʩʝʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

çʟʘʢʨʳʪʦʝè ʧʦʣʦʞʝʥʠʝ C-ʧʝʪʣʠ ʚ ʜʦʤʝʥʘʭ Ŭ3ɓ2- ʠ Ŭ7-nAChR ʥʘʧʦʤʠʥʘʝʪ ʢʦʥʬʦʨʤʘʮʠʶ 

ʨʝʮʝʧʪʦʨʘ ʚ ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʩʘ ws-Lynx1 ʩ ʘʮʝʪʠʣʭʦʣʠʥ-ʩʚʷʟʳʚʘʶʱʠʤ ʙʝʣʢʦʤ (AChBP) (ʧ. 

4.3.1.5) ʠ ʚ ʩʪʨʫʢʪʫʨʝ ʭʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ŭ7/AChBP ʩ ʘʛʦʥʠʩʪʦʤ ʵʧʠʙʘʪʠʜʠʥʦʤ [41]. 

ʆʜʥʘʢʦ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʤʦʜʝʣʠ ws-Lynx1 ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʦʡ 
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ʊʘʙʣʠʮʘ 4.6. ʂʦʥʪʘʢʪʳ ʤʝʞʜʫ rSLURP-2 ʠ Ŭ3ɓ2- ʠ Ŭ7-nAChR ʚ ʤʦʜʝʣʷʭ ʢʦʤʧʣʝʢʩʦʚ. 

rSLURP-2a 

Ŭ3ɓ2, ʟʘʢʨʳʪʳʡ 

ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ 

Ŭ7, ʟʘʢʨʳʪʳʡ 

ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ 

Ŭ7, ʦʪʢʨʳʪʳʡ 

ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ 

#1 

Ŭ7, ʦʪʢʨʳʪʳʡ 

ʣʠʛʘʥʜ-

ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ 

#2 

ʇʝʪʣʷ I  

THR 7 
(+) CYS 224 (H) 

(+) GLU 225 (H) 
   

PHE 9 
(ī) LYS 188 (H) 

(ī) PHE 144 (T) 
  (ī) TYR 190 (T) 

GLY 10    
(ī) GLY 189 (H) 

(+) TYR 115 (H) 

 

GLY 11 (ī) LYS 188 (H)    

ʇʝʪʣʷ II  

ARG 31 
(ī) ASP 195 (I) 

(ī) ASP 196 (I) 
 

(+) TYR 217 (H) 

(+) GLU 215 (I) 

(+) ASP 219 (I) 

 

SER 34  
(ī) TYR 54 (H) 

(ī) GLN 181 (H) 
(+) SER 206 (H)  

ASN 35   
(+) ASP 219 (H) 

(+) THR 221 (H) 
(ī) ASN 133 (H) 

THR 36 

(+) ASN 125 (H) 

(+) TYR 124 (H)
b
 

(ī) SER 63 (H) 

   

GLU 37 
(+) ASN 222 (H) 

(ī) SER 63 (H) 
   

ASP 38 (ī) THR 84 (H)  (+) ARG 208 (I) (+) GLY 175 (H) 

LEU 39 

 

(+) ASN 222 (H) 

 

  
(ī) SER 188 (H) 

(+) TYR 115 (H) 

LEU 41    (ī) SER 188 (H) 

LYS 44    
(+) GLU 215 (I) 

(+) ASP 219 (I) 

ʇʝʪʣʷ III  

ASP 52  

 

(+) ARG 208 (I)
b 

 

(ī) GLN 183 (H) 

(ī) GLU 184 (H) 
 

ILE 53  (+) ARG 208 (H)   

SER 55  
(ī) SER 58 (H) 

(ī) GLN 79 (H) 

(ī) ASP 186 (H) 

  

LEU 56  (+) TYR 115 (H)   

GLY 57  (ī) GLN 79 (H) (ī) SER 188 (H)  

LEU 58  
(ī) SER 56 (H) 

(ī) GLN 79 (H) 

 

(ī) GLY 189 (H)  

GLY 59  
(+) GLU 211 (H) 

(ī) SER 56 (H) 

 

(ī) SER 58 (H) 

 

 

TYR 61  
 

(ī) GLU 184 (H) 

 

(+) TYR 115 (H) 

(+) TRP 171 (H)
b
 

(+) SER 172 (H) 

(+) TRP 176 (H) 

 

C-ʢʦʥʝʮ 
ASN 73    (+) ARG 208 (H) 

ASP 75   (+) LYS 98 (I) 

(+) LYS 204 (I) 

(+) SER 206 (I) 

(+) ARG 208 (I)
b 

 

a
(+) ʦʙʦʟʥʘʯʘʝʪ ʦʩʪʘʪʢʠ ʦʩʥʦʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ; (ī) ʦʟʥʘʯʘʝʪ ʦʩʪʘʪʢʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ 

ʩʫʙʲʝʜʠʥʠʮʳ. H, T, ʠ I ʦʟʥʘʯʘʶʪ ʪʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ, ʩʪʵʢʠʥʛ ʠ ʠʦʥʥʘʷ ʩʚʷʟʴ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʜʝʣʝʥʥʳʝ ʩʝʨʳʤ ʦʩʪʘʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʪʘʪʢʘʤ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʘʡʪʘ 

ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ Ŭ-Bgtx ʩ ʭʠʤʝʨʥʳʤ ʙʝʣʢʦʤ AChBP/Ŭ7-nAChR [141]. 
b
ʕʪʠ ʢʦʥʪʘʢʪʳ ʚʦʟʤʦʞʥʳ, ʥʦ ʥʝ ʨʘʩʩʯʠʪʘʥʳ ʧʨʦʛʨʘʤʤʦʡ. 
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C-ʧʝʪʣʠ AChBP (ʧ. 4.3.1.5). ʅʘʙʣʶʜʘʝʤʘʷ ʟʜʝʩʴ çʦʪʢʨʳʪʘʷè ʢʦʥʬʦʨʤʘʮʠʷ C-ʧʝʪʣʠ ʜʣʷ 

ʜʦʤʝʥʘ Ŭ7-nAChR ʥʘʧʦʤʠʥʘʝʪ ʧʦʣʦʞʝʥʠʝ C-ʧʝʪʣʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʭʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ AChBP ʠ Ŭ7/AChBP ʩ ʘʥʪʘʛʦʥʠʩʪʘʤʠ [141,277]. 

ɺʦ ʚʩʝʭ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠʥʪʝʨʬʝʡʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Ŭ3ɓ2- ʠ Ŭ7-

nAChR ʩ rSLURP-2 ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʤ 

ʩʘʡʪʦʤ, ʚʳʷʚʣʝʥʥʳʤ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ ʭʠʤʝʨ rŬ7/AChBP ʩ Ŭ-Bgtx ([141], ʊʘʙʣʠʮʘ 

4.6). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ SLURP-2 ʩ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ nAChR. ʉʨʘʚʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

rSLURP-2 ʩ Ŭ3ɓ2- ʠ Ŭ7-nAChR ʚ çʟʘʢʨʳʪʦʡè ʢʦʥʬʦʨʤʘʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʨʪʦʩʪʝʨʠʯʝʩʢʠʡ 

ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʨʝʮʝʧʪʦʨʦʚ ʟʘʥʷʪ ʫʜʣʠʥʝʥʥʳʤʠ ʧʝʪʣʷʤʠ II ʠ III ʣʠʛʘʥʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʈʠʩ. 4.67A,ɹ). ʄʳ ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʨʘʟʣʠʯʠʝ ʚ ʩʧʦʩʦʙʝ ʩʚʷʟʳʚʘʥʠʷ ʪʘʢ ʠʣʠ 

ʠʥʘʯʝ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʝʤ ʚ ʘʢʪʠʚʥʦʩʪʠ rSLURP-2, ʥʘʙʣʶʜʘʝʤʳʤ ʥʘ ʵʪʠʭ ʨʝʮʝʧʪʦʨʘʭ 

(ʈʠʩ. 4.62). ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʵʬʬʝʢʪʳ ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʝʨʘʪʠʥʦʮʠʪʦʚ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ rSLURP-2 ʩ Ŭ3ɓ2- ʠ Ŭ7-nAChR, ʤʦʛʫʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʘʢ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʮʝʧʪʦʨ/ʣʠʛʘʥʜ, ʪʘʢ ʠ ʨʘʟʥʳʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʵʪʠʤʠ ʧʦʜʪʠʧʘʤʠ ʨʝʮʝʧʪʦʨʘ. 

4.4.3. rSLURP-1 ʠ rSLURP-2 ʢʦʥʪʨʦʣʠʨʫʶʪ ʨʦʩʪ ʵʧʠʪʝʣʠʘʣʴʥʳʭ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʫ  ̫ʩ nAChR 

ʅʠʢʦʪʠʥʦʚʳʝ ʘʮʝʪʠʣʭʦʣʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (nAChR) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʛʘʥʜ-

ʟʘʚʠʩʠʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʠ ʚ ʥʝʡʨʦ-ʤʳʰʝʯʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. nAChR ʙʳʣʠ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʥʝʚʦʟʙʫʜʠʤʳʭ ʢʣʝʪʢʘʭ, ʪʘʢʠʭ ʢʘʢ ʠʤʤʫʥʥʳʝ ʠ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ [338]. 

ʕʪʠ ʥʝ-ʥʝʡʨʦʥʘʣʴʥʳʝ ʨʝʮʝʧʪʦʨʳ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ, ʤʠʛʨʘʮʠʠ 

ʠ ʘʧʦʧʪʦʟʝ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʚ ʢʦʥʪʨʦʣʝ ʚʦʩʧʘʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʨʝʛʫʣʷʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ [3,4,323]. ʕʢʩʧʨʝʩʩʠʷ ʨʘʟʣʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ nAChR ʙʳʣʘ ʦʧʠʩʘʥʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʨʘʢʘ ʵʧʠʪʝʣʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʫ ʯʝʣʦʚʝʢʘ, ʥʘʧʨʠʤʝʨ ʧʨʠ 

ʨʘʢʝ ʣʝʛʢʦʛʦ, ʤʝʟʦʪʝʣʠʦʤʝ ʠ ʨʘʢʝ ʪʦʣʩʪʦʡ ʢʠʰʢʠ [339]. ʊʘʢ ʢʘʢ rSLURP-1 ʠ rSLURP-2 

ʩʧʦʩʦʙʥʳ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʦʩʪ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʪʦ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʵʪʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʙʝʣʢʠ ʪʘʢʞʝ ʩʤʦʛʫʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʦʩʪ ʠ ʦʧʫʭʦʣʝʚʳʭ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʵʬʬʝʢʪʳ rSLURP-1 ʠ rSLURP-2 ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʢʘʨʮʠʥʦʤ ʯʝʣʦʚʝʢʘ. 
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4.4.3.1. rSLURP-1 ʠ rSLURP-2 SLURP-1 ʠ SLURP-2 ʪʦʨʤʦʟʷʪ ʨʦʩʪ 

ʢʣʝʪʦʢ ʨʘʢʦʚʳʭ ʣʠʥʠʡ ʵʧʠʪʝʣʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʕʬʬʝʢʪʳ rSLURP-1 ʠ rSLURP-2 ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʷʭ ʢʘʨʮʠʥʦʤ ʯʝʣʦʚʝʢʘ1 (ʈʠʩ. 4.68). ʉ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʟʘʤʝʪʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʦʩʣʝ ʠʭ ʦʙʨʘʙʦʪʢʠ ʥʘʥʦʤʦʣʷʨʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ SLURP-1 ʠʣʠ SLURP-2 ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʟʤʝʥʝʥʠʡ ʚ ʤʦʨʬʦʣʦʛʠʠ ʢʣʝʪʦʢ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʀʟʫʯʝʥʠʝ 

ʤʦʨʬʦʣʦʛʠʠ ʢʣʝʪʦʯʥʳʭ ʷʜʝʨ ʩ ʧʦʤʦʱʴʶ ʠʭ ʦʢʨʘʰʠʚʘʥʠʷ ʢʨʘʩʠʪʝʣʷʤʠ Hoechst33342 ʠ 

ʠʦʜʠʜʦʤ ʧʨʦʧʠʜʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ SLURP-1 ʠʣʠ SLURP-2 ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʘʧʦʧʪʦʪʠʯʝʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʷʜʝʨ ʠ ʥʝ ʚʳʟʳʚʘʝʪ ʥʝʢʨʦʟ ʚ ʢʣʝʪʢʘʭ (4 Ñ 1% ʤʝʨʪʚʳʭ ʢʣʝʪʦʢ 

ʢʘʢ ʜʣʷ ʢʦʥʪʨʦʣʴʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʦʙʨʘʙʦʪʘʥʥʳʭ rSLURP-1 ʠʣʠ rSLURP-2 ʢʣʝʪʢʠ).  

 

 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʝʧʘʨʘʪʦʚ rSLURP-1 ʠ 

rSLURP-2 ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʩʪʘ WST-1 ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʥʢʫʙʘʮʠʷ ʢʣʝʪʦʢ 

ʢʘʨʮʠʥʦʤʳ ʢʦʞʠ A431, ʢʘʨʮʠʥʦʤʳ ʪʦʣʩʪʦʡ ʢʠʰʢʠ HT-29, ʢʘʨʮʠʥʦʤ ʛʨʫʜʠ MCF-7 ʠ 

SKBR3 ʩ ʙʝʣʢʘʤʠ SLURP ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ 1 ʥʄ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠʚʦʜʠʪ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʜʦ 40ï70% ʦʪ ʢʦʥʪʨʦʣʷ (ʈʠʩ. 4.68). 

ʇʦʩʢʦʣʴʢʫ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝ ʚʳʷʚʠʣ ʥʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʌʝʦʬʘʥʦʚʳʤ ʠ ɸ.ɽʬʨʝʤʝʥʢʦ, ʣʘʙʦʨʘʪʦʨʠʷ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʠʦʤʦʣʝʢʫʣ ʀɹʍ ʈɸʅ. 
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ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ 

ʙʝʣʢʦʚ SLURP. 

ɹʳʣ ʦʙʥʘʨʫʞʝʥ ʜʦʟʦ-ʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʝʣʢʦʚ 

SLURP ʥʘ ʣʠʥʠʷʭ A431, HT-29, MCF7 ʠ SKBR-3, ʟʥʘʯʝʥʠʷ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (EC50) ʧʨʝʧʘʨʘʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,02 ʜʦ 3,1 ʥʄ 

(ʈʠʩ. 4.68, ʊʘʙʣʠʮʘ 4.7). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ rSLURP-1 ʠ rSLURP-2 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʠ ʢʘʨʮʠʥʦʤʳ ʣʝʛʢʦʛʦ A549. rSLURP-1 

ʠʥʛʠʙʠʨʦʚʘʣ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ A549 ʜʦ ~ 70% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (EC50 ~ 1,8 

ʥʄ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ rSLURP-2, ʥʘʦʙʦʨʦʪ, ʩʪʠʤʫʣʠʨʦʚʘʣ ʨʦʩʪ ʢʣʝʪʦʢ ʜʦ ~ 125% (ʈʠʩ. 4.68). 

ʊʘʢ ʢʘʢ ʨʘʥʝʝ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʧʦʢʘʟʘʥ ʜʣʷ Ŭ-ʥʝʡʨʦʪʦʢʩʠʥʦʚ 

ʟʤʝʡ [340,341], ʥʘ ʢʣʝʪʢʘʭ A431, A549, HT-29, MCF-7 ʠ SKBR3 ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ SLURP c ʪʘʢʦʚʳʤ ʫ Ŭ-Bgtx (ʈʠʩ. 4.68). Ŭ-Bgtx 

ʪʦʨʤʦʟʠʣ ʨʦʩʪ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʣʝʪʦʢ ʩʦ ʟʥʘʯʝʥʠʷʤʠ EC50 ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,01 ʜʦ 1,4 ʥʄ 

(ʊʘʙʣʠʮʘ 4.7).  

 

ʊʘʙʣʠʮʘ 4.7. ɺʨʝʤʷ ʫʜʚʦʝʥʠʷ ʢʣʝʪʦʢ (ɺʋʂ) ʠ ʧʘʨʘʤʝʪʨʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ rSLURP-1, 

rSLURP-2 ʠ Ŭ-Bgtx ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʨʘʢʦʚʳʭ ʣʠʥʠʡ ʧʨʠ 24-ʯʘʩʦʚʦʡ ʠʥʢʫʙʘʮʠʠ. 

ʃʠʥʠʷ 

ʢʣʝʪʦʢ 

ɺʋʂ, 

ʯʘʩʳ 

rSLURP-1 rSLURP-2 Ŭ-Bgtx 

EC50, ʥM A0, % EC50, ʥM A0, % EC50, ʥM A0, % 

A431 25.7Ñ2.5 0.05Ñ0.01 68.3Ñ1.7 0.14Ñ0.06 64.1Ñ3.0 1.4Ñ0.7 69.4Ñ2.3 

MCF-7 24.1Ñ1.3 0.02Ñ0.01 43.5Ñ1.7 0.03Ñ0.01 52.6Ñ2.0 0.3Ñ0.1 57.4Ñ2.6 

SKBR3 26.8Ñ1.4 0.09Ñ0.04 56.6Ñ2.2 0.05Ñ0.01 53.7Ñ1.6 0.03Ñ0.01 68.9Ñ1.5 

A549 15.3Ñ1.2 1.8Ñ0.7 70.49Ñ1.8 -- -- 0.006Ñ0.003 69.2Ñ1.8 

HT29 20.4Ñ1.1 0.9Ñ0.4 56.9Ñ3.3 3.1Ñ1.9 66.9Ñ2.0 0.3Ñ0.2 71.9Ñ2.7 

 

ʊʘʙʣʠʮʘ 4.8. ʇʘʨʘʤʝʪʨʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʛʝʬʠʪʠʥʠʙʘ, ʤʝʢʘʤʠʣʘʤʠʥʘ, ʘʪʨʦʧʠʥʘ ʠ 

ʪʠʤʦʣʦʣʘ ʥʘ ʨʦʩʪ ʢʣʝʪʦʢ ɸ431 ʧʨʠ 24-ʯʘʩʦʚʦʡ ʠʥʢʫʙʘʮʠʠ.   

ɻʝʬʠʪʠʥʠʙ ʄʝʢʘʤʠʣʘʤʠʥ ɸʪʨʦʧʠʥ ʊʠʤʦʣʦʣ 

EC50, ʥM A0, % EC50, ʥM A0, % EC50, ʥM A0, % EC50, ʥM A0, % 

2.4Ñ0.9 65.1Ñ2.3 0.9Ñ0.5 82.2Ñ1.4 0.01Ñ 

0.005 

81.24Ñ 

1.6 

0.006Ñ 

0.003 

79.6Ñ1.4 

 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ rSLURP-1 ʥʘ ʨʦʩʪ ʨʘʟʣʠʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ: ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ Het-1A, ʢʣʝʪʦʢ ʣʝʛʢʦʛʦ WI-38, ʬʠʙʨʦʙʣʘʩʪʦʚ 

ʢʨʘʡʥʝʡ ʧʣʦʪʠ, ʠ ʛʝʧʘʪʦʮʠʪʦʚ Chang ʧʨʠ 24 ʯʘʩʦʚʦʡ ʠʥʢʫʙʘʮʠʠ ʩ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ 

ʙʝʣʢʦʤ. WST-1 ʪʝʩʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʧʨʝʧʘʨʘʪ rSLURP-1 ʚ ʥʘʥʦʤʦʣʷʨʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʢʘʟʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʅɸʉɸʊ ʠ Het-1A, 

ʛʝʧʘʪʦʮʠʪʦʚ Chang, ʢʣʝʪʦʢ ʣʝʛʦʯʥʦʛʦ ʵʧʠʪʝʣʠʷ WI38 ʠ ʬʠʙʨʦʙʣʘʩʪʦʚ ʢʨʘʡʥʝʡ ʧʣʦʪʠ (ʈʠʩ. 

4.69).  
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ʈʠʩ. 4.69. ɼʦʟʦʟʘʚʠʩʠʤʳʝ ʢʨʠʚʳʝ ʚʣʠʷʥʠʷ rSLURP-1 ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʛʝʧʘʪʦʮʠʪʦʚ, ʢʝʨʘʪʠʥʦʮʠʪʦʚ HACAT ʠ Het-1A, ʣʝʛʦʯʥʦʛʦ ʵʧʠʪʝʣʠʷ WI38 ʠ ʬʠʙʨʦʙʣʘʩʪʦʚ ʢʨʘʡʥʝʡ 

ʧʣʦʪʠ. ʂʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ rSLURP-1 ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʠ ʦʧʨʝʜʝʣʷʣʠ ʯʠʩʣʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ 

ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ WST-1. ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʢʘʢ % ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ Ñʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ (n =3).  
 

ʊʘʢ ʢʘʢ 1 ʥʄ rSLURP-1 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʥʦʨʤʘʣʴʥʳʭ ʢʝʨʘʪʠʥʦʮʠʪʦʚ 

Het-1A ʥʠ ʧʨʠ 24 ʯʘʩʦʚʦʡ, ʥʠ ʧʨʠ 48 ʯʘʩʦʚʦʡ ʠʥʢʫʙʘʮʠʠ (ʈʠʩ. 4.55ɹ), ʥʦ ʩʥʠʞʘʝʪ ʨʦʩʪ 

ʢʣʝʪʦʢ ʢʘʨʮʠʥʦʤʳ ʢʦʞʠ A431 ʜʦ 60% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚʦʡ 

ʠʥʢʫʙʘʮʠʠ (ʈʠʩ. 4.68), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 

çʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʢʥʘè, ʪ.ʝ. ʜʠʘʧʘʟʦʥʘ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ rSLURP-1 

ʩʝʣʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʢʘʨʮʠʥʦʤ, ʥʦ ʥʝ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ. 

4.4.3.2. Ŭ7-nAChR ï ʤʠʰʝʥʴ ʜʝʡʩʪʚʠʷ rSLURP-1 ʚ ʢʣʝʪʢʘʭ 

ʢʘʨʮʠʥʦʤ 

ʈʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ rSLURP-1, rSLURP-2 ʠ Ŭ-Bgtx ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ Ŭ7-nAChR (ʧ. 

4.4.1.3 ʠ 4.4.2.3, [342]). ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ Ŭ7-nAChR ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥ,r ʢʣʝʪʢʠ ʨʘʟʣʠʯʥʳʭ ʨʘʢʦʚʳʭ ʣʠʥʠʡ ʙʳʣʠ 

ʧʨʦʠʥʢʫʙʠʨʦʚʘʥ  r ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʳʤ Ŭ-Bgtx (Ŭ-Bgtx/A555), ʠ ʵʢʩʧʨʝʩʩʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ Ŭ7 ʨʝʮʝʧʪʦʨʦʚ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ. 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ Ŭ7-nAChR ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʨʝʮʝʧʪʦʨʘ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʣʠʥʠʠ ʢ ʣʠʥʠʠ. ʅʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ Ŭ-Bgtx/A555 ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ A431 

ʠ MCF-7, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʦʨʤʘʣʴʥʳʝ ʢʝʨʘʪʠʥʦʮʠʪʳ Het-1A, A549, SKBR3 ʠ HT-29 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ Ŭ7-nAChR. ʅʘʙʣʶʜʘʝʤʳʝ 

ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ Ŭ7-nAChR ʥʘ ʤʝʤʙʨʘʥʘʭ ʢʣʝʪʦʢ ʨʘʟʣʠʯʥʳʭ ʣʠʥʠʡ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ Ŭ-Bgtx ʠ rSLURP-1 ʥʘ ʠʟʫʯʘʝʤʳʭ ʢʣʝʪʢʘʭ (ʈʠʩ. 4.68). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʷʮʠʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ rSLURP ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ Ŭ7-nAChR ʥʘ ʤʝʤʙʨʘʥʝ ʢʣʝʪʦʢ. 
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ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʠʰʝʥʴ rSLURP-1 ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ, ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʣʦʢʘʣʠʟʘʮʠʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʦʛʦ rSLURP-1 (SL-1/A647) ʠ Ŭ7-nAChR ʚ ʢʣʝʪʢʘʭ 

A431, A549, MCF-7, SKBR3, ʠ HT-29 ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ1. ʉʦ-

ʣʦʢʘʣʠʟʘʮʠʷ SL-1/A647 ʠ Ŭ7-nAChR ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ 

ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ (ʈʠʩ. 4.70). ʉʦ-ʣʦʢʘʣʠʟʘʮʠʷ 

rSLURP-1 ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ Ŭ7-nAChR ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʢʣʝʪʢʘʭ 

ɸ431 ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʦʢʨʘʰʠʚʘʥʠʠ Ŭ-Bgtx/A555 ʠ SL-1/CF488A.  

ɼʣʷ ʢʣʝʪʦʢ ɸ431 ʭʘʨʘʢʪʝʨʥʘ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ EGFR [343]. ʅʝʜʘʚʥʦ, ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʩʦ-ʣʦʢʘʣʠʟʘʮʠʷ Ŭ7-nAChR ʠ EGFR ʥʘ ʤʝʤʙʨʘʥʝ ʢʣʝʪʦʢ ʵʧʠʪʝʣʠʷ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʠ 

ʢʣʝʪʦʢ ʨʘʢʘ ʣʝʛʢʦʛʦ [332]. ʊʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʠ ʥʘʣʠʯʠʝ ʦʙʱʠʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, 

ʟʘʧʫʩʢʘʝʤʳʭ ʘʢʪʠʚʘʮʠʝʡ ʵʪʠʭ ʨʝʮʝʧʪʦʨʦʚ. ʇʦʵʪʦʤʫ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʮʝʧʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʤʦʛ ʙʳ ʦʧʦʩʨʝʜʦʚʘʪʴ ʵʬʬʝʢʪ SLURP-1 ʥʘ ʢʣʝʪʢʘʭ A431, ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ 

ʣʦʢʘʣʠʟʘʮʠʷ SL-1/A647 ʠ EGFR. EGFR ʙʳʣ ʜʦʚʦʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʥʘ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʢʣʝʪʦʢ ɸ431 (ʈʠʩ. 4.70). ɺʩʣʝʜʩʪʚʠʝ ʪʘʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʣ ʙʁʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʩʚʷʟʘʥʥʳʡ SL-1/A647 ʙʳʣ ʩʦ-ʣʦʢʘʣʠʟʦʚʘʥ ʩ EGFR ʠ ʥʘʦʙʦʨʦʪ, ʥʦ ʠʭ 

ʧʘʪʪʝʨʥʳ ʦʢʨʘʰʠʚʘʥʠʷ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʠ, ʥʘʧʨʠʤʝʨ, SL-1/ɸ647 ʚʦʦʙʱʝ ʥʝ ʩʚʷʟʳʚʘʣʩʷ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʫʯʘʩʪʢʘʤʠ ʤʝʤʙʨʘʥʳ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ EGFR. ʍʦʪʷ ʵʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʤʦʛʫʪ ʠʩʢʣʶʯʘʪʴ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ SLURP-1 ʠ EGFR, ʦʥʠ 

ʯʝʪʢʦ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ EGFR ʥʝ ̫ʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʤʠʰʝʥʴʶ ʜʝʡʩʪʚʠʷ SLURP-1 ʚ ʢʣʝʪʢʘʭ 

ɸ431. 

ɼʣʷ ʧʨʷʤʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʚʷʟʠ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ rSLURP-1 ʩ 

Ŭ7-nAChR ʥʘ ʢʣʝʪʢʘʭ ɸ431 ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʦʢʜʘʫʥ ʵʢʩʧʨʝʩʩʠʠ ʵʥʜʦʛʝʥʥʦʛʦ Ŭ7-nAChR ʚ 

ʢʣʝʪʢʘʭ ɸ431 ʧʨʠ ʧʦʤʦʱʠ ʤʘʣʦʡ ʠʥʪʝʨʬʝʨʠʨʫʶʱʝʡ ʈʅʂ. ʅʦʢʜʘʫʥ ʵʢʩʧʨʝʩʩʠʠ Ŭ7-nAChR 

ʚ ʢʣʝʪʢʘʭ ɸ431 ʧʨʠʚʦʜʠʣ ʢ ʜʦʩʪʦʚʝʨʥʦʤʫ ʧʘʜʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ Ŭ7-nAChR ʥʘ ʤʝʤʙʨʘʥʝ 

ʢʣʝʪʦʢ ɸ431 (ʈʠʩ. 4.71ɸɹ). ɸʥʘʣʠʟ ʯʠʩʣʘ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ɸ431 ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʦʢʜʘʫʥ ʵʢʩʧʨʝʩʩʠʠ Ŭ7-nAChR ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʤʝʥʷʝʪ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ 

ʵʬʬʝʢʪ rSLURP-1 (ʈʠʩ. 4.71ɺ). ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ Ŭ-

Bgtx, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʠʥʛʠʙʠʨʦʚʘʣ ʨʦʩʪ ʢʣʝʪʦʢ ɸ431, ʠ ʧʦʯʪʠ ʥʝ ʚʣʠʷʣ ʥʘ ʨʦʩʪ ʢʣʝʪʦʢ 

ʧʦʩʣʝ ʥʦʢʜʘʫʥʘ Ŭ7-nAChR (ʈʠʩ. 4.71). 

 

                                                 
1 ʉʦʚʤʝʩʪʥʦ ʩ ʜ.ʙ.ʥ. ɸ.ɺ. ʌʝʦʬʘʥʦʚʳʤ ʠ ʢ.ʙ.ʥ. ɻ.ʐʘʨʦʥʦʚʳʤ, ʣʘʙʦʨʘʪʦʨʠʷ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʠʦʤʦʣʝʢʫʣ ʀɹʍ ʈɸʅ. 
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ʈʠʩ. 4.71. ɺʣʠʷʥʠʝ ʥʦʢʜʘʫʥʘ Ŭ7-nAChR ʥʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ rSLURP-1 ʠ 

-hBgtx ʚ ʢʣʝʪʢʘʭ ɸ431. (ɸ). ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʛʠʩʪʦʛʨʘʤʤʳ ʢʣʝʪʦʢ A431, ʦʢʨʘʰʝʥʥʳʭ TRITC-

ʤʝʯʝʥʳʤ Ŭ-ʙʫʥʛʘʨʦʪʦʢʩʠʥʦʤ. (ɹ). ʄʝʜʠʘʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ TRITC-ʤʝʯʝʥʦʛʦ Ŭ-

ʙʫʥʛʘʨʦʪʦʢʩʠʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʘʢ ʤʝʜʠʘʥʘ Ñ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ, n = 4-6. * (p <0.05) 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʜʘʥʥʳʭ (ANOVA, ʪʝʩʪ ʊʴʶʢʠ). 

(ɺ). ɺʣʠʷʥʠʝ rSLURP-1 ʠ ʘ-Bgtx ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ɸ431 ʧʦʩʣʝ ʥʦʢʜʘʫʥʘ ʵʢʩʧʨʝʩʩʠʠ 

Ŭ7-nAChR ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʨʝʮʝʧʪʦʨʘ Ŭ7-nAChR ʜʠʢʦʛʦ ʪʠʧʘ ʣʠʙʦ ʤʫʪʘʥʪʥʦʛʦ 

ʨʝʮʝʧʪʦʨʘ Ŭ7-nAChR (345-348A) ʩ ʫʜʘʣʝʥʥʳʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ ʜʦʤʝʥʦʤ. ʂʣʝʪʢʠ (7500 

ʰʪ/ʣʫʥʢʘ ʧʣʘʥʰʝʪʘ) ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʚʝʱʝʩʪʚʘʤʠ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ, ʠ ʟʘʪʝʤ ʯʠʩʣʦ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ WST-1 ʪʝʩʪʘ. *(p<0.05), **** (p<0.0001) 

ʦʟʥʘʯʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʳʤʠ ʠ ʦʙʨʘʙʦʪʘʥʥʳʤʠ SLURP-1 

ʢʣʝʪʢʘʤʠ (ANOVA, ʪʝʩʪ ɼʘʥʥʝʪʘ). 

4.4.3.3. ɹʝʣʢʠ SLURP ʠʥʛʠʙʠʨʫʶʪ ʨʦʩʪ ʢʣʝʪʦʢ A431 ʠ ɸ549 

ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʠʰʝʥʝʡ rSLURP ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ, ʤʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʵʪʠʭ ʙʝʣʢʦʚ ʥʘ ʢʣʝʪʢʘʭ ɸ431 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʥʛʠʙʠʪʦʨʘ Ŭ7-nAChR Ŭ-Bgtx ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʘʥʪʘʛʦʥʠʩʪʘ nAChR 

ʤʝʢʘʤʠʣʘʤʠʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʨʦʣʴ mAChR, EGFR ʠ ɓ-ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʦʚ 

ʚ ʧʝʨʝʜʘʯʝ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ ʙʝʣʢʦʚ rSLURP, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʛʠʙʠʪʦʨʳ 












































































