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ʉʇʀʉʆʂ ʇʈʀʅʗʊʓʍ ʉʆʂʈɸʑɽʅʀʁ 

 

ʀʇʊɻ ï ʠʟʦʧʨʦʧʠʣ-ɓ-D-ʪʠʦʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ 

ʂʨʠʦ-ʕʄ ï ʢʨʠʦʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʤʈʅʂ ï ʤʘʪʨʠʯʥʘʷ ʈʅʂ 

ʤʷʈʅʂ ï ʤʘʣʘʷ ʷʜʝʨʥʘʷ ʈʅʂ 

ʤʷʈʅʇ ï ʤʘʣʳʡ ʷʜʝʨʥʳʡ ʨʠʙʦʥʫʢʣʝʦʧʨʦʪʝʠʥ 

ʅʊʆ ï ʥʝʪʨʘʥʩʣʠʨʫʝʤʘʷ ʦʙʣʘʩʪʴ 

ʆʊ-ʇʎʈ ï ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ (ʦʪ ʘʥʛʣ. reverse transcription 

polymerase chain reaction) 

ʇɸɸɻ ï ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʳʡ ʛʝʣʴ 

ʇʎʈ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʈʠʙʦ-ʩʝʢ ï ʨʠʙʦʩʦʤʥʳʡ ʧʨʦʬʘʡʣʠʥʛ 

ʨʈʅʂ ï ʨʠʙʦʩʦʤʥʘʷ ʈʅʂ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʊʨʠʩ ï 2-ʘʤʠʥʦ-2-ʛʠʜʨʦʢʩʠʤʝʪʠʣ-ʧʨʦʧʘʥ-1,3-ʜʠʦʣ 

ʪʈʅʂ ï ʪʨʘʥʩʧʦʨʪʥʘʷ ʈʅʂ 

ʋʌ ï ʫʣʴʪʨʘʬʠʦʣʝʪ 

ʎɻʀ ï ʮʠʢʣʦʛʝʢʩʠʤʠʜ 

ʕɼʊɸ ï ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʘʮʝʪʘʪ, 2-[2-[ʙʠʩ(ʢʘʨʙʦʢʩʠʤʝʪʠʣ)ʘʤʠʥʦ]ʵʪʠʣ-(ʢʘʨʙʦʢʩʠʤʝʪʠʣ)-

ʘʤʠʥʦ]ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

40S ʠ 60S ï ʤʘʣʘʷ ʠ ʙʦʣʴʰʘʷ ʩʫʙʯʘʩʪʠʮʳ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʡ ʨʠʙʦʩʦʤʳ 

80S ï ʵʫʢʘʨʠʦʪʠʯʝʩʢʘʷ ʨʠʙʦʩʦʤʘ 

ArgC ï ʵʥʜʦʧʨʦʪʝʠʥʘʟʘ, ʨʘʩʱʝʧʣʷʶʱʘʷ ʧʦʩʣʝ ʦʩʪʘʪʢʦʚ Arg 

BzCN ï ʙʝʥʟʦʠʣʮʠʘʥʠʜ 

CNBr ï ʙʨʦʤʮʠʘʥ 

ʉʄʉʊ ï 1-ʮʠʢʣʦʛʝʢʩʠʣ-3-(2-ʤʦʨʬʦʣʠʥʦʵʪʠʣ)-ʢʘʨʙʦʜʠʠʤʠʜ ʤʝʪʦ-ʨ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ 

CTD ï ʉ-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ (ʦʪ ʘʥʛʣ. C-terminal domain) 

DEGs ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʝ ʛʝʥʳ (ʦʪ ʘʥʛʣ. differentially expressed genes) 

DMEM ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʦ ʩʧʦʩʦʙʫ ɼʫʣʴʙʝʢʢʦ ʩʨʝʜʘ ʀʛʣʘ (ʦʪ ʘʥʛʣ. Dulbecco's Modified 

Eagle Medium) 

DOX ï ʜʦʢʩʠʮʠʢʣʠʥ 

FBS ï ʩʳʚʦʨʦʪʢʘ ʵʤʙʨʠʦʥʘʣʴʥʘʷ ʙʳʯʴʷ (ʦʪ ʘʥʛʣ. Fetal bovine serum) 

DTT ï ʜʠʪʠʦʪʨʝʠʪʦʣ 

EBV ï ʚʠʨʫʩ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ 
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EBER1 ï ʈʅʂ 1, ʢʦʜʠʨʫʝʤʘʷ EBV  

FLAG ï ʵʧʠʪʦʧ ʜʣʷ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ 

GAIT ï ʢʦʤʢʣʝʢʩ, ʠʥʛʠʙʠʨʫʶʱʠʡ ʪʨʘʥʩʣʮ̫ʠ ʁʤʈʅʂ ʮʝʨʫʣʦʧʣʘʟʤʠʥʘ, ʘʢʪʠʚʠʨʫʝʤʳʡ 

ʠʥʪʝʨʬʝʨʦʥʦʤ-ʛʘʤʤʘ, (ʦʪ ʘʥʛʣ. IFNɔ-activated inhibitor of translation) 

HEK293 ï ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʧʦʯʝʢ ʯʝʣʦʚʝʢʘ (ʦʪ ʘʥʛʣ. Human 

Embryonic Kidney 293) 

HEPES ï 4-(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)-1-ʧʠʧʝʨʘʟʠʥʵʪʘʥʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

IRES ï ʚʥʫʪʨʝʥʥʠʡ ʫʯʘʩʪʦʢ ʚʭʦʜʘ ʨʠʙʦʩʦʤʳ (ʦʪ ʘʥʛʣ. Internal Ribosome Entry Site) 

IOBz ï ʡʦʜʦʟʦʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 

miR ï ʤʠʢʨʦʈʅʂ 

NMD ï ʥʦʥʩʝʥʩ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʨʘʩʧʘʜ ʤʈʅʂ (ʦʪ ʘʥʛʣ. nonsense mediated decay) 

NTP ï ʨʠʙʦʥʫʢʣʝʦʟʠʜ-5ǋ-ʪʨʠʬʦʩʬʘʪ 

dNTP ï ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜ-5ǋ-ʪʨʠʬʦʩʬʘʪ 

ddNTP ï ʜʠʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜ-5ǋ-ʪʨʠʬʦʩʬʘʪ 

ORF ï ʦʪʢʨʳʪʘʷ ʨʘʤʢʘ ʩʯʠʪʳʚʘʥʠʷ (ʦʪ ʘʥʛʣ. open reading frame) 

PBS ï ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ (ʦʪ ʘʥʛʣ. phosphate buffered saline)  

siRNA (siʈʅʂ) ï ʤʘʣʳʝ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʝ ʈʅʂ 

SDS ï ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠ ̫

TP40 ï ʩʫʤʤʘʨʥʳʡ ʙʝʣʦʢ 40S ʨʠʙʦʩʦʤʥʳʭ ʩʫʙʯʘʩʪʠʮ 
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ɺɺɽɼɽʅʀɽ 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ï ʵʪʦ ʧʨʦʮʝʩʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʭʨʘʥʷʱʝʡʩʷ ʚ ʤʦʣʝʢʫʣʘʭ ɼʅʂ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʢʦʚ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʦʣʝʢʫʣ ʈʅʂ (ʨʈʅʂ, ʪʈʅʂ, ʤʠʢʨʦ ʈʅʂ ʠ ʪ.ʜ.). ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʙʠʦʩʠʥʪʝʟ 

ʙʝʣʢʦʚ ʠʣʠ ʪʨʘʥʩʣʷʮʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʨʠʙʦʩʦʤʘʭ ï ʦʜʥʠʭ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʰʠʥ. ʈʠʙʦʩʦʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʨʈʅʂ ʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʩʦʙʨʘʥʥʳʭ ʚ ʜʚʝ ʩʫʙʯʘʩʪʠʮʳ ï 

ʙʦʣʴʰʫʶ ʠ ʤʘʣʫʶ. ʄʦʣʝʢʫʣʳ ʨʈʅʂ ʩʣʫʞʘʪ ʢʘʨʢʘʩʦʤ ʨʠʙʦʩʦʤʥʳʭ ʩʫʙʯʘʩʪʠʮ, ʩ ʢʦʪʦʨʳʤ 

ʩʚʷʟʳʚʘʶʪʩʷ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ, ʟʘʨʷʞʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ. ɺ ʩʫʙʯʘʩʪʠʮʘʭ 

ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʨʈʅʂ ʠ, ʢʨʦʤʝ 

ʪʦʛʦ, ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʨʠʙʦʩʦʤ,r ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʩʚʷʟʳʚʘʥʠʝ ʝʸ ʣʠʛʘʥʜʦʚ ï ʤʈʅʂ, ʪʈʅʂ, ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʣʷʮʠʠ ʠ ʜʨʫʛʠʭ. ʉʫʙʯʘʩʪʠʮʳ ʨʠʙʦʩʦʤ 

ʵʫʢʘʨʠʦʪ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʙʝʣʢʘʤ, ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʫ ʚʩʝʭ ʜʦʤʝʥʦʚ ʞʠʟʥʠ, ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʡ 

ʥʘʙʦʨ ʵʫʢʘʨʠʦʪ/ʘʨʭʝʡ-ʩʧʝʮʠʬʠʯʥʳʭ ʙʝʣʢʦʚ, ʘ ʚ ʙʝʣʢʘʭ ʵʪʠʭ ʩʫʙʯʘʩʪʠʮ, ʛʦʤʦʣʦʛʠʯʥʳʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʨʠʙʦʩʦʤʥʳʤ ʙʝʣʢʘʤ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʪʷʞʸʥʥʳʝ ʨʘʡʦʥʳ, ʩʧʝʮʠʬʠʯʥʳʝ 

ʜʣʷ ʵʫʢʘʨʠʦʪ ʠ ʘʨʭʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ ʙʝʣʢʦʚ, ʚʦʚʣʝʢʘʝʤʳʝ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʨʠʙʦʩʦʤ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ (ʩʤ. [1-

3]), ʠʭ ʨʦʣʴ ʚ ʪʨʘʥʩʣʷʮʠʠ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʘ. ʉʨʝʜʠ ʥʠʭ 

ʦʢʘʟʘʣʩʷ ʢʦʤʧʦʥʝʥʪ ʜʝʢʦʜʠʨʫʶʱʝʛʦ ʮʝʥʪʨʘ 80S ʨʠʙʦʩʦʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʝʸ ʤʘʣʦʡ (40S) 

ʩʫʙʯʘʩʪʠʮʝ, ï ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʙʝʣʦʢ uS19 (ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ S15). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʘʣʦʛʠ 

ʤʈʅʂ, ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʤʈʅʂ-ʩʚʷʟʳʚʘʶʱʝʤ ʢʘʥʘʣʝ 80S ʨʠʙʦʩʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʪʈʅʂ ʚ ʠʭ ʧʝʧʪʠʜʠʣʴʥʦʤ (P) ʫʯʘʩʪʢʝ, ʩʰʠʚʘʶʪʩʷ ʩ ʵʪʠʤ ʙʝʣʢʦʤ, ʢʦʛʜʘ ʪʨʠʧʣʝʪ, ʥʝʩʫʱʠʡ 

ʦʩʪʘʪʦʢ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʘʤʠʥʦʘʮʠʣʴʥʦʤ (ɸ) 

ʫʯʘʩʪʢʝ (ʩʤ. [4-6]). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʝʨʬʪʦʨʘʨʠʣʘʟʠʜʦ-ʩʦʜʝʨʞʘʱʠʤʠ ʘʥʘʣʦʛʘʤʠ ʤʈʅʂ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʫʢʘʨʠʦʪ/ʘʨʭʝʡ-ʩʧʝʮʠʬʠʯʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʧʦʣʦʞʝʥʠʠ 131-145 ʨʠʙʦʩʦʤʥʦʛʦ 

ʙʝʣʢʘ uS19, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʝʛʦ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʉ-ʢʦʥʮʝʚʦʛʦ ʭʚʦʩʪʘ, ʫʯʘʩʪʚʫʝʪ ʚ ʵʪʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [7]. ʇʨʠʩʫʪʩʪʚʠʝ ʵʪʦʛʦ ʭʚʦʩʪʘ ʚ ʜʝʢʦʜʠʨʫʶʱʝʤ ʮʝʥʪʨʝ ʨʠʙʦʩʦʤ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʣʠʰʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʢʨʠʦ-ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʢʨʠʦ-ʕʄ) ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʈʅʂ ʠ 

ʪʈʅʂ [8]. ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ uS19 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʥʪʠʢʦʜʦʥʦʚʳʤʠ ʰʧʠʣʴʢʘʤʠ 

ʪʈʅʂ ʚ ɸ- ʠ P- ʫʯʘʩʪʢʘʭ ʨʠʙʦʩʦʤʳ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʪʝʤ ʩʘʤʳʤ ʩʚʷʟʳʚʘʥʠʝ ʪʈʅʂ ʚ ʵʪʠʭ ʫʯʘʩʪʢʘʭ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʧʨʦʩ ʦ ʨʦʣʠ ʉ-ʭʚʦʩʪʘ uS19 ʚ ʨʝʘʣʴʥʦʡ ʙʝʣʦʢʩʠʥʪʝʟʠʨʫʶʱʝʡ ʩʠʩʪʝʤʝ ʦʩʪʘʚʘʣʩʷ 

ʦʪʢʨʳʪʳʤ.  
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ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʦ ʪʦʤ, ʯʪʦ, ʧʦʤʠʤʦ 

ʫʯʘʩʪʠʷ ʚ ʨʘʙʦʪʝ ʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ 

ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝ, ʯʪʦ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ 

ʢʘʥʮʝʨʦʛʝʥʝʟʦʤ, ʛʜʝ ʦʥʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚʥʝ ʨʠʙʦʩʦʤʳ, ʚʳʧʦʣʥʷʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʚʥʝʨʠʙʦʩʦʤʥʳʝ ʬʫʥʢʮʠʠ [9-13]. ɹʫʜʫʯʠ ʩʧʦʩʦʙʥʳʤʠ ʢ ʩʚʷʟʳʚʘʥʠʶ ʩ ʈʅʂ, ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠʯʘʩʪʥʳʤʠ ʢ ʨʝʛʫʣʷʮʠʠ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʚʢʣʶʯʘʷ 

ʪʨʘʥʩʢʨʠʧʮʠʶ, ʧʨʦʮʝʩʩʠʥʛ ʧʨʝ-ʤʈʅʂ ʠ ʪʨʘʥʩʣʷʮʠʶ [14]. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʛʝʥʦʚ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʪʦʛʜʘ ʢʘʢ 

ʜʨʫʛʠʝ ï ʚ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʈʅʂ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʠʙʦʩʦʤʥʳʭ 

ʙʝʣʢʦʚ ʚ ʵʪʦʤ ʧʣʘʥʝ ʦʩʪʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʥrʤʠ. ʅʘʧʨʠʤʝʨ, ʵʫʢʘʨʠʦʪ-ʩʧʝʮʠʬʠʯʥʳʡ 

ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ eS1 (ʨʘʥʝʝ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʡ ʢʘʢ S3A) ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ IRES-ʵʣʝʤʝʥʪʘ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ C ʥʘ 40S ʩʫʙʯʘʩʪʠʮʝ [15-17] ʠ ʚ ʝʸ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʬʘʢʪʦʨʦʤ ʠʥʠʮʠʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ eIF3 [18]. ʂʨʦʤʝ ʵʪʦʛʦ, eS1 ʟʘʤʝʯʝʥ ʢʘʢ ʫʯʘʩʪʥʠʢ 

ʨʷʜʘ ʧʨʦʮʝʩʩʦʚ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʨʘʥʩʣʷʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚʥʝ ʨʠʙʦʩʦʤʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʙʝʣʦʢ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʩ PARP [19] ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ 

CHOP, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʢʣʝʪʦʢ ʵʨʠʪʨʦʠʜʥʦʛʦ ʨʷʜʘ [20]. ʉʚʷʟʳʚʘʥʠʝ eS1 c 

PARP ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʨʝʛʫʣʷʪʦʨ ʘʧʦʧʪʦʟʘ Bcl-2 ʠʥʛʠʙʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ PARP, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʘʧʦʧʪʦʟ [19], ʪʦʛʜʘ ʢʘʢ ʩʚʷʟʳʚʘʥʠʝ eS1 ʩ CHOP ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʧʷʪʩʪʚʫʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʢʣʝʪʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʨʠʪʨʦʧʦʵʪʠʥʘ [20]. ʈʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ eS1 ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʯʪʦ ʜʦʣʞʥʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʈʅʂ, ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʦ ʢʦʥʪʘʢʪʘʭ ʵʪʦʛʦ ʙʝʣʢʘ ʩ 

ʢʣʝʪʦʯʥʳʤʠ ʈʅʂ (ʧʦʤʠʤʦ ʨʈʅʂ) ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɽʱʸ 

ʦʜʥʠʤ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʵʫʢʘʨʠʦʪ-ʩʧʝʮʠʬʠʯʥʳʡ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ eL29, 

ʢʦʤʧʦʥʝʥʪ ʙʦʣʴʰʦʡ (60S) ʩʫʙʯʘʩʪʠʮʳ ʨʠʙʦʩʦʤʳ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʧʝʨʚʳʝ ʢʘʢ ʛʝʧʘʨʠʥ-

ʛʝʧʘʨʘʥ ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ 

ʢʣʝʪʦʢ, ʛʜʝ ʦʥ ʩ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʩʚʷʟʳʚʘʣʩʷ ʩ ʛʝʧʘʨʠʥ/ʛʝʧʘʨʘʥ-ʩʫʣʴʬʘʪ ʧʨʦʪʝʦʛʣʠʢʘʥʦʤ 

[21-25]. ʆʪʤʝʯʘʶʪ ʧʨʠʯʘʩʪʥʦʩʪʴ eL29 ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʝʪʦʯʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʪʘʢʠʤ ʢʘʢ 

ʤʝʞʢʣʝʪʦʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘʜʛʝʟʠʷ, ʧʨʦʣʠʬʝʨʘʮʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ [26-32]. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʳʰʠ, ʥʦʢʘʫʪʥʳʝ ʧʦ ʛʝʥʫ, ʢʦʜʠʨʫʶʱʝʤʫ eL29, ʭʦʪʷ ʠ ʦʩʪʘʚʘʣʠʩʴ ʞʠʟʥʝʩʧʦʩʦʙʥʳʤʠ, ʠʤʝʣʠ 

ʤʝʥʴʰʠʡ ʚʝʩ, ʧʦʚʳʰʝʥʥʫʶ ʣʦʤʢʦʩʪʴ ʢʦʩʪʝʡ ʠ ʨʷʜ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ [23, 33]. ʆʜʥʘʢʦ ʢʣʝʪʦʯʥʳʝ 

ʧʘʨʪʥʸʨʳ eL29 ʠ ʤʝʭʘʥʠʟʤʳ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʚʳʢʣʶʯʝʥʠʝ ʛʝʥʘ ʵʪʦʛʦ ʙʝʣʢʘ ʧʨʠʚʦʜʠʣʦ ʢ 

ʧʦʜʦʙʥʳʤ ʜʝʬʝʢʪʘʤ, ʦʩʪʘʣʠʩʴ ʥʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ. 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʈʅʂ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʭ 

ʫʜʝʰʝʚʣʝʥʠʝʤ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʨʷʜʘ ʤʦʱʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʫʯʘʪʴ ʈʅʂ-ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ ʥʘ ʧʦʣʥʦʛʝʥʦʤʥʦʤ ʫʨʦʚʥʝ. ʂ ʥʠʤ 
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ʦʪʥʦʩʷʪʩʷ HITS-CLIP (ʦʪ ʘʥʛʣ. High-throughput sequencing of RNA isolated by cross-linking 

immunoprecipitation) [34] ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ iCLIP (ʦʪ ʘʥʛʣ. Individual-nucleotide 

resolution UV cross-linking and immunoprecipitation) [35] ʠ PAR-CLIP [36] (ʦʪ ʘʥʛʣ. 

photoactivatable ribonucleoside-enhanced cross-linking and immunoprecipitation). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 

ʯʪʦ iCLIP ʠ PAR-CLIP ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ, ʧʦʤʠʤʦ ʥʘʙʦʨʘ ʈʅʂ, ʩʰʠʚʘʶʱʠʭʩʷ ʩ ʮʝʣʝʚʳʤ 

ʙʝʣʢʦʤ, ʫʯʘʩʪʢʠ ʩʰʠʚʢʠ ʚ ʈʅʂ ʩ ʥʫʢʣʝʦʪʠʜʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʕʪʠ ʤʝʪʦʜʳ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ 

ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʈʅʂ-ʤʠʰʝʥʝʡ ʨʷʜʘ ʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ: AGO, PUM2, QKI, hnRNP C 

ʠ ʜʨʫʛʠʭ [35, 36]. ʆʜʥʘʢʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʪʘʢʪʘʭ ʤʝʞʜʫ ʠʟʫʯʘʝʤʳʤ ʙʝʣʢʦʤ ʠ ʝʛʦ ʈʅʂ-

ʧʘʨʪʥʝʨʘʤʠ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʈʅʂ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʦʣʠ ʵʪʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʣʝʯʝʥʳ ʜʨʫʛʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ, ï ʤʝʪʦʜ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʈʅʂ 

(ʈʅʂ-ʩʝʢ) [37] ʠ ʨʠʙʦʩʦʤʥʳʡ ʧʨʦʬʘʡʣʠʥʛ (ʈʠʙʦ-ʩʝʢ) [38]. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʥʘ 

ʧʦʣʥʦʛʝʥʦʤʥʦʤ ʫʨʦʚʥʝ ʠʟʫʯʘʪʴ ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʠ ʪʨʘʥʩʣʷʪʦʤʘ ʢʣʝʪʦʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʠʟʫʯʘʝʤʦʛʦ ʙʝʣʢʘ ʠʣʠ ʢʘʢʦʤ-ʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʣʝʪʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚʥʝ 

ʙʝʣʦʢʩʠʥʪʝʟʠʨʫʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʢʣʝʪʢʠ ʠ ʚʳʷʚʣʝʥʠʝ ʨʦʣʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʣʷʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʥʘʥʠʷ ʙʫʜʫʪ ʠʤʝʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʘʩʧʝʢʪʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʢʣʝʪʢʘʭ ʩ ʫʯʘʩʪʠʝʤ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, 

ʚʢʣʶʯʘʷ ʪʨʘʥʩʣʷʮʠʶ, ʥʘʨʫʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʪʷʞʝʣʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʚʳʷʚʣʝʥʠʝ ʬʫʥʢʮʠʡ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ eS1 ʠ uS19 

ʯʝʣʦʚʝʢʘ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʩ ʈʅʂ ʚʥʝ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʘʰʠʥʳ ʠ ʚ 

ʢʘʯʝʩʪʚʝ ʝʸ ʢʦʤʧʦʥʝʥʪʘ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PAR-CLIP ʠ ʨʦʣʠ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eL29 ʯʝʣʦʚʝʢʘ 

ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʅʂ-ʩʝʢ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ. 

1. ʉʦʟʜʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ ʥʘ ʦʩʥʦʚʝ ʣʠʥʠʠ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʦʯʝʢ 

ʯʝʣʦʚʝʢʘ HEK293, ʧʨʦʜʫʮʠʨʫʶʱʠʝ FLAG-ʤʝʯʝʥʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ eS1 ʠ uS19 ʯʝʣʦʚʝʢʘ, ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʙʝʣʢʦʚ. 
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2. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʈʅʂ (ʧʦʤʠʤʦ ʨʈʅʂ), ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ eS1 ʚʥʝ ʨʠʙʦʩʦʤʳ, 

ʚʳʷʚʠʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʫʩʪʘʥʦʚʠʪʴ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʨʦʣʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʵʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʷʪ. 

3. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʫʯʘʩʪʢʠ ʢʣʝʪʦʯʥʳʭ ʤʈʅʂ, ʩ ʢʦʪʦʨʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʙʝʣʦʢ uS19 

ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʜʝʢʦʜʠʨʫʶʱʝʛʦ ʮʝʥʪʨʘ ʨʠʙʦʩʦʤʳ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʣʷʮʠʠ, ʦʧʨʝʜʝʣʠʪʴ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʚʳʷʚʠʪʴ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ. 

4. ʇʦʣʫʯʠʪʴ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʣʝʪʢʠ HEK293 ʩ ʥʦʢʜʘʫʥʦʤ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eL29 ʠ ʩ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʜʝʬʠʮʠʪʘ eL29 ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʥʘ ʫʨʦʚʥʝ 

ʪʨʘʥʩʢʨʠʧʪʦʤʘ; ʚʳʷʚʠʪʴ ʧʨʦʮʝʩʩʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʛʝʥʘʤʠ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ 

ʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ eL29. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʷʚʣʝʥʳ ʥʦʚʳʝ ʥʝʢʘʥʦʥʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ 

eS1 ʠ eL29 ʯʝʣʦʚʝʢʘ ʚ ʩʧʣʘʡʩʠʥʛʝ ʤʠʥʦʨʥʦʛʦ ʪʠʧʘ ʠ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʦʧʨʝʜʝʣʝʥʳ ʨʝʛʠʦʥʳ ʤʈʅʂ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ uS19 ï ʢʣʶʯʝʚʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʨʠʙʦʩʦʤʥʦʛʦ ʜʝʢʦʜʠʨʫʶʱʝʛʦ ʮʝʥʪʨʘ ʚ ʧʨʦʮʝʩʩʝ ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PAR-CLIP ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʈʅʂ, ʢʦʜʠʨʫʝʤʳʝ ʛʝʥʘʤʠ RNU11 

ʠ RNU5A-1 ʢʘʢ ʢʣʝʪʦʯʥʳʝ ʧʘʨʪʥʸʨʳ eS1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʣʝʪʢʘʭ eS1 ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ U11 

ʧʨʝ-ʤʷʈʅʂ ʚ ʷʜʨʝ ʠ ʮʠʪʦʧʣʘʟʤʝ ʠ ʩʦ ʟʨʝʣʦʡ U11 ʤʷʈʅʂ ʚ ʩʦʩʪʘʚʝ U11/U12 ʤʷʈʅʇ ʚ ʷʜʨʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʣʠʟʠʥ-ʙʦʛʘʪʳʡ N-ʢʦʥʮʝʚʦʡ ʫʯʘʩʪʦʢ 9ï29 eS1 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ Sm-ʩʘʡʪʦʤ U11 ʧʨʝ-ʤʷʈʅʂ ʠ ʩ ʘʧʠʢʘʣʴʥʦʡ ʧʝʪʣʝʡ I U5 ʤʷʈʅʂ. ʉ ʧʦʤʦʱʴʶ 

ʈʅʂ-ʩʝʢ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʜʝʬʠʮʠʪ eS1 ʚ ʢʣʝʪʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ 

ʥʝʟʨʝʣʦʡ U11 ʧʨʝ-ʤʷʈʅʂ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʨʝʟʘʥʠʷ ʤʠʥʦʨʥʳʭ ʠʥʪʨʦʥʦʚ ʠʟ ʧʨʝ-

ʤʈʅʂ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʚʣʝʯʝʥʠʝ ʵʪʦʛʦ ʙʝʣʢʘ ʚ ʙʠʦʛʝʥʝʟ U11 ʤʷʈʅʂ ʠ ʨʘʙʦʪʫ ʤʘʣʦʡ 

ʩʧʣʘʡʩʦʩʦʤʳ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ PAR-CLIP, ʚʢʣʶʯʘʶʱʝʛʦ ʨʷʜ 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʪʦʢʦʣʘ ʨʠʙʦʩʦʤʥʦʛʦ ʧʨʦʬʘʡʣʠʥʛʘ, ʦʧʨʝʜʝʣʝʥʳ ʨʝʛʠʦʥʳ ʤʈʅʂ, ʩ ʢʦʪʦʨʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ uS19, ʥʘʭʦʜʷʩʴ ʚ ʩʦʩʪʘʚʝ ʪʨʘʥʩʣʠʨʫʶʱʠʭ ʨʠʙʦʩʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ 

ʨʝʛʠʦʥʳ ʤʈʅʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʩ ʚʳʩʦʢʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʴʶ ʢʦʜʦʥʦʚ 

ʣʠʟʠʥʘ, ʛʣʫʪʘʤʠʥʘ ʠ ʘʨʛʠʥʠʥʘ, ʷʚʣʷʷʩʴ ʪʝʤʠ ʨʝʛʠʦʥʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʘʫʟʠʨʫʶʪ ʨʠʙʦʩʦʤʳ ʚ 

ʧʨʦʮʝʩʩʝ ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ. ʂʦʥʪʘʢʪʳ ʙʝʣʢʘ uS19, ʟʘʱʠʱʘʝʤʦʛʦ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʤʈʅʂ ʤʦʣʝʢʫʣʦʡ ʪʈʅʂ ʚ ɸ-ʫʯʘʩʪʢʝ, ʩ ʵʪʠʤʠ G/A-ʙʦʛʘʪʳʤʠ ʨʝʛʠʦʥʘʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʚ ʧʘʫʟʠʨʫʶʱʠʭ ʨʠʙʦʩʦʤʘʭ ɸ-ʫʯʘʩʪʦʢ ʥʝ ʦʢʢʫʧʠʨʦʚʘʥ ʤʦʣʝʢʫʣʦʡ ʪʈʅʂ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʜʦʥʘʤ ʤʈʅʂ, ʦʢʘʟʘʚʰʠʤʩʷ ʚ ɸ-ʫʯʘʩʪʢʝ ʪʘʢʠʭ ʨʠʙʦʩʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʉ-ʢʦʥʮʝʚʳʤ 
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ʭʚʦʩʪʦʤ uS19. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eL29 ʚ ʢʣʝʪʢʘʭ HEK293 ʚʩʝʛʦ 

ʚ 2.5 ʨʘʟʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʬʠʣʷ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʢʣʝʪʦʢ, ʯʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʵʢʩʧʨʝʩʩʠʠ ʙʦʣʝʝ 1000 ʛʝʥʦʚ. ʇʨʠ ʵʪʦʤ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʠ 

ʛʣʦʙʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʪʨʘʥʩʣʷʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ɺʳʷʚʣʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʝ ʛʝʥʳ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ ʨʝʛʫʣʷʮʠʶ 

ʙʠʦʛʝʥʝʟʘ ʨʠʙʦʩʦʤ, ʨʝʛʫʣʷʮʠʶ ʪʨʘʥʩʣʷʮʠʠ, ʢʣʝʪʦʯʥʳʝ ʧʫʪʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩʦ ʩʪʨʝʩʩʦʤ 

ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ ʘʧʦʧʪʦʟʦʤ, ʠ ʜʨʫʛʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʤ ʥʘʙʦʨʝ ʛʝʥʦʚ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʝʥʳ-ʤʠʰʝʥʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ p53 ʠ c-Myc, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʠʩʙʘʣʘʥʩ eL29 ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʧʨʦʮʝʩʩʦʤ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʢʣʝʪʦʢ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʰʠʨʠʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʩ ʫʯʘʩʪʠʝʤ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʠ ʚʥʝʩʣʠ ʚʝʩʦʤʳʡ ʚʢʣʘʜ ʚ 

ʨʘʩʢʨʳʪʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʩʧʝʢʪʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʵʣʦʥʛʘʮʠʶ ʪʨʘʥʩʣʷʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʈʅʂ, ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʥʝʢʘʥʦʥʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʨʝʛʠʦʥʳ ʤʈʅʂ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʘʫʟʠʨʦʚʘʥʠʝ 

ʨʠʙʦʩʦʤ ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʙʝʣʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ 

ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʠ 

ʠʭ ʢʦʥʢʨʝʪʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʦʪʠʚʦʚ ʚʦ ʤʥʦʛʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ 

ʪʨʘʥʩʣʷʮʠʶ. ʕʪʠ ʟʥʘʥʠʷ, ʥʝʩʦʤʥʝʥʥʦ, ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʚʘʞʥʳʤʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʤʥʦʛʠʭ ʧʘʪʦʣʦʛʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʠʩʬʫʥʢʮʠʝʡ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʫ ʯʝʣʦʚʝʢʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʨʠʙʦʩʦʤʦʧʘʪʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʡ ʚ ʤʝʭʘʥʠʟʤʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩ 

ʪʨʘʥʩʣʷʮʠʠ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

 

¶ ʉʦʟʜʘʥʥʳʝ ʩʪʘʙʠʣʴʥʳʝ ʣʠʥʠʠ ʢʣʝʪʦʢ ʥʘ ʦʩʥʦʚʝ HEK293, ʠʥʜʫʮʠʙʝʣʴʥʦ ʧʨʦʜʫʮʠʨʫʶʱʠʝ 

FLAG-ʤʝʯʝʥʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ eS1 ʠ uS19 ʯʝʣʦʚʝʢʘ, ʧʨʠʛʦʜʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʩ ʈʅʂ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PAR-CLIP.  

¶ ʇʘʨʪʥʸʨʘʤʠ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eS1 ʚ ʢʣʝʪʢʘʭ ʷʚʣʷʶʪʩʷ ʈʅʂ, ʢʦʜʠʨʫʝʤʳʝ ʛʝʥʘʤʠ RNU11 

ʠ RNU5A-1, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ eS1 ʯʝʨʝʟ U-ʙʦʛʘʪʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʘʡʦʥʫ Sm-ʩʘʡʪʘ ʚ U11 ʤʷʈʅʂ ʠ ʘʧʠʢʘʣʴʥʦʡ ʧʝʪʣʝ I ʚ U5 ʤʷʈʅʂ.  
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¶ ɺ ʢʣʝʪʢʘʭ ʙʝʣʦʢ eS1 ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ U11 ʧʨʝ-ʤʷʈʅʂ ʚ ʷʜʨʝ ʠ ʮʠʪʦʧʣʘʟʤʝ ʠ ʩʦ ʟʨʝʣʦʡ 

U11 ʤʷʈʅʂ ʚ ʩʦʩʪʘʚʝ U11/U12 ʤʷʈʅʇ ʚ ʷʜʨʝ. ɼʝʬʠʮʠʪ eS1 ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʧʨʦʮʝʩʩʠʥʛʘ 

U11 ʧʨʝ-ʤʷʈʅʂ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʝʸ ʫʨʦʚʥʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʟʨʝʣʦʡ U11 

ʤʷʈʅʂ ʠ ʚ ʩʥʠʞʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʧʣʘʡʩʠʥʛʘ ʧʨʝ-ʤʈʅʂ ʩ ʨʝʜʢʠʤʠ ʠʥʪʨʦʥʘʤʠ.  

¶ ʉʚʷʟʳʚʘʥʠʝ ʙʝʣʢʘ eS1 ʩ T7 ʪʨʘʥʩʢʨʠʧʪʦʤ U11 ʤʷʈʅʂ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʩʘʭʘʨʦʬʦʩʬʘʪʥʦʛʦ ʦʩʪʦʚʘ ʚ ʨʘʡʦʥʝ Sm-ʩʘʡʪʘ, ʚʳʟʚʘʥʥʳʤ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ N-ʢʦʥʮʝʚʳʤ ʫʯʘʩʪʢʦʤ eS1.  

¶ ɺ ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʝʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 80S ʨʠʙʦʩʦʤ ʙʝʣʦʢ uS19, 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʡ ʩ ʤʈʅʂ ʚ ɸ-ʫʯʘʩʪʢʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʥʝʤ ʣʠʛʘʥʜʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʨʝʛʠʦʥʘʤʠ ʤʈʅʂ, ʢʦʜʠʨʫʶʱʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ Lys/Glu ʠ Arg.  

¶ ɼʝʬʠʮʠʪ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eL29 ʚ ʢʣʝʪʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʠʭ 

ʪʨʘʥʩʢʨʠʧʪʦʤʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʵʢʩʧʨʝʩʩʠʠ ʤʥʦʞʝʩʪʚʘ ʛʝʥʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʝʥʳ-ʤʠʰʝʥʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ p53 ʠ c-Myc. 

 

ʇʫʙʣʠʢʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ Web of Science ʠ Scopus. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʚ ʚʠʜʝ ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʥʘ ʨʦʩʩʠʡʩʢʠʭ 

ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʢʦʥʛʨʝʩʩʘʭ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʍʀʄʀʏɽʉʂɸʗ 

ɹʀʆʃʆɻʀʗ-2016è, 24-29 ʠʶʣʷ 2016 ʛ., ʅʦʚʦʩʠʙʠʨʩʢ; 

II  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʚ ʛʝʥʦʤʠʢʝè, 18-23 ʠʶʥʷ 2017 ʛ., ʅʦʚʦʩʠʙʠʨʩʢ; EMBO Conference: Protein 

Synthesis and Translational Control, 6-10 ʩʝʥʪʷʙʨʷ 2017 ʛ., ɻʝʡʜʝʣʴʙʝʨʛ; ʆʙʲʝʜʠʥʝʥʥʳʡ ʥʘʫʯʥʳʡ 

ʬʦʨʫʤ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

çXII  ʯʪʝʥʠʷ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ ʖʨʠʷ ɸʥʘʪʦʣʴʝʚʠʯʘ ʆʚʯʠʥʥʠʢʦʚʘè VIII  ʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ 

çɹʝʣʢʠ ʠ ʧʝʧʪʠʜʳè, 18-22 ʩʝʥʪʷʙʨʷ 2017 ʛ., ʄʦʩʢʚʘ. R; V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʦʩʪʛʝʥʦʤ 2018è, 29 ʦʢʪʷʙʨʷ ï 2 ʥʦʷʙʨʷ, 2018 ʛ., ʂʘʟʘʥʴ. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ: 

 

ʈʝʟʫʣʴʪʘʪʳ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ʈʅʂ-ʙʝʣʢʦʚʦʝ ʩʰʠʚʘʥʠʝ ʚ ʢʣʝʪʢʘʭ, 

ʧʨʦʜʫʮʠʨʫʶʱʠʭ FLAG-ʤʝʯʝʥʳʡ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ uS19, ʚʳʧʦʣʥʝʥʦ ɽ.ʉ. ɹʘʙʘʡʣʦʚʦʡ c 

ʫʯʘʩʪʠʝʤ ɸ.ɸ. ʄʘʣʳʛʠʥʘ. ʂʦʥʪʨʦʣʴʥʳʝ ʦʧʳʪʳ ʧʦ ʘʬʬʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ uS19 ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʨʠʙʦʩʦʤ ʩ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʤʠ ʘʥʘʣʦʛʘʤʠ ʤʈʅʂ ʚʳʧʦʣʥʝʥʳ ʂ.ʅ. ɹʫʣʳʛʠʥʳʤ ʠ ɸ.ɸ. 



14 

ʄʘʣʳʛʠʥʳʤ. ɺʘʣʠʜʘʮʠʷ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ ʢʣʝʪʦʢ HEK293 ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eL29 ʩ ʧʦʤʦʱʴʶ ʆʊ-ʇʎʈ ʠ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʘ ʂʦʣʦʙʦʚʦʡ 

ɸ.ɺ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʦ ʚ ʎʂʇ çɻʝʥʦʤʠʢʘè ʉʆ ʈɸʅ ʥʘ 

ʙʘʟʝ ʀʍɹʌʄ ʉʆ ʈɸʅ (ɸ.ɽ. ʊʫʧʠʢʠʥ ʠ ʄ.ʈ. ʂʘʙʠʣʦʚ). ɹʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ʧʨʦʚʝʜʝʥ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ, 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ 

ʠʟʣʦʞʝʥʘ ʥʘ 178 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 44 ʨʠʩʫʥʢʘ, 4 ʪʘʙʣʠʮ r ʠ 2 ʧʨʠʣʦʞʝʥʠʷ. ʉʧʠʩʦʢ 

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ 341 ʠʩʪʦʯʥʠʢʘ.  
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ɻʃɸɺɸ 1. ʈʆʃʔ ʈʀɹʆʉʆʄʅʓʍ ɹɽʃʂʆɺ ʄʃɽʂʆʇʀʊɸʖʑʀʍ ɺ ʈɽɻʋʃʗʎʀʀ 

ʕʂʉʇʈɽʉʉʀʀ ɻɽʅʆɺ (ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ) 

 

ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʠʙʦʩʦʤ ï ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʦʠʜʦʚ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʙʠʦʩʠʥʪʝʟ ʙʝʣʢʦʚ. ʆʜʥʘʢʦ ʠʭ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʣʝʪʢʠ ʥʝ ʩʚʦʜʠʪʩʷ 

ʪʦʣʴʢʦ ʢ ʧʘʩʩʠʚʥʦʤʫ ʫʯʘʩʪʠʶ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʠʙʦʩʦʤ ʚ ʢʘʯʝʩʪʚʝ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʉʝʛʦʜʥʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʚʳʧʦʣʥʷʶʪ ʨʷʜ ʚʘʞʥʝʡʰʠʭ ʬʫʥʢʮʠʡ, ʢʘʢ ʚ 

ʩʦʩʪʘʚʝ ʘʧʧʘʨʘʪʘ ʪʨʘʥʩʣʷʮʠʠ, ʪʘʢ ʠ ʥʘʭʦʜʷʩʴ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʂʘʢ ʩʪʨʫʢʪʫʨʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʨʠʙʦʩʦʤ ʵʪʠ ʙʝʣʢʠ ʚʦʚʣʝʢʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝ ʵʪʘʧʳ ʪʨʘʥʩʣʷʮʠʠ ʯʝʨʝʟ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʫʯʘʩʪʥʠʢʘʤʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ: ʤʈʅʂ, ʪʈʅʂ, ʬʘʢʪʦʨʘʤʠ 

ʪʨʘʥʩʣʷʮʠʠ ʠ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ ʙʝʣʦʢʩʠʥʪʝʟʠʨʫʶʱʝʡ ʤʘʰʠʥʳ. ʆʥʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʡʢʘʭ ʨʠʙʦʩʦʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʪʨʘʥʩʣʷʮʠʶ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦʙ ʫʯʘʩʪʠʠ ʨʠʙʦʩʦʤʥʳʭ 

ʙʝʣʢʦʚ ʚ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʥʝ ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʪʨʘʥʩʣʷʮʠʝʡ, ʛʜʝ ʦʥʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ, 

ʙʫʜʫʯʠ ʚʥʝ ʨʠʙʦʩʦʤ. ʆʢʘʟʳʚʘʝʪʩʷ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʧʣʘʡʩʠʥʛ ʧʨʝ-ʤʈʅʂ, ʚʣʠʷʪʴ ʥʘ ʪʨʘʥʩʣʷʮʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʤʈʅʂ, ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʘʧʦʧʪʦʟʘ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʣʷʝʪʩʷ ʚʩʸ 

ʙʦʣʴʰʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ ʨʠʙʦʩʦʤʘ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʰʠʥʦʡ, 

ʢʦʥʩʪʠʪʫʪʠʚʥʦ ʪʨʘʥʩʣʠʨʫʶʱʝʡ ʚʩʝ ʤʈʅʂ, ʘ ʚʘʞʥʝʡʰʠʤ ʟʚʝʥʦʤ ʚ ʮʝʧʠ ʧʝʨʝʜʘʯʠ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʪʨʘʥʩʣʷʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ɺʦ ʤʥʦʛʦʤ ʪʘʢʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʠʙʦʩʦʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʸ ʩʦʩʪʘʚʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʙʝʣʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʥʠʭ ʧʦʩʪ-ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. 

ɺ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ, ʢʘʩʘʶʱʠʝʩʷ ʬʫʥʢʮʠʡ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʥʘ ʚʩʝʭ ʝʛʦ ʵʪʘʧʘʭ, ʩ ʢʨʘʪʢʠʤ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʪʝʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʠʭ ʫʯʘʩʪʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʣʷʮʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʣʦʢʩʠʥʪʝʟʠʨʫʶʱʝʡ ʤʘʰʠʥʳ. ɼʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʩʧʝʢʪʳ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʝʪʦʯʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʣʝʪʦʯʥʳʭ ʧʘʨʘʟʠʪʦʚ ï ʚʠʨʫʩʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʢ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʚʥʝʨʠʙʦʩʦʤʥʳʤ ʬʫʥʢʮʠʷʤ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʈʅʂ (ʧʦʤʠʤʦ ʨʈʅʂ), ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʨʦʣʠ ʚ ʨʝʛʫʣʷʮʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʛʝʥʦʚ ʥʘ ʫʨʦʚʥʝ ʩʧʣʘʡʩʠʥʛʘ ʠ ʪʨʘʥʩʣʷʮʠʠ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʧʨʝ-ʤʈʅʂ ʠ ʤʈʅʂ.  
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1.1 ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ 

 

1.1.1 ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ï ʢʦʥʩʪʠʪʫʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʘʧʧʘʨʘʪʘ ʪʨʘʥʩʣʷʮʠʠ 

 

ɺ ʩʦʩʪʘʚ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʨʠʙʦʩʦʤ ʵʫʢʘʨʠʦʪ ʚʭʦʜʠʪ ʦʢʦʣʦ 80-ʪʠ ʨʘʟʣʠʯʥʳʭ ʙʝʣʢʦʚ 

[39, 40]. ɻʝʥʳ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦ ʚ ʛʝʥʦʤʝ [41-43] ʠ 

ʪʨʘʥʩʢʨʠʙʠʨʫʶʪʩʷ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ II [44]. ʅʘ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ 

ʘʢʪʠʚʥʦ ʜʝʣʷʱʠʭʩʷ ʢʣʝʪʢʘʭ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 50% ʘʢʪʠʚʥʦʩʪʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ II, ʘ ʩʘʤʠ 

ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 5 ï 10% ʚʩʝʭ ʙʝʣʢʦʚ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʡ ʢʣʝʪʢʠ [41]. ʆʜʥʘʢʦ 

ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʤʦʞʝʪ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʣʝʪʦʢ, 

ʦʪ ʬʘʟʳ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʦʪ ʫʩʣʦʚʠʡ ʩʨʝʜʳ [45]. ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʚ ʩʦʩʪʘʚʝ ʨʠʙʦʩʦʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʦʡ ʢʦʧʠʝʡ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʝ ʙʝʣʢʠ P1 ʠ P2, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʨʠʙʦʩʦʤʳ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʘ ʈ0Ŀ(ʈ1)2Ŀ(ʈ2)2, ʛʦʤʦʣʦʛʦʤ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫ 

Escherichia coli ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ uL10Ŀ(bL12)4 [46]. ʗʚʣʷʷʩʴ ʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʙʝʣʢʘʤʠ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠ pI>10. ʀʩʢʣʶʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʢʠʩʣʳʝ ʬʦʩʬʦʧʨʦʪʝʠʥʳ bL12 ʫ ʧʨʦʢʘʨʠʦʪ, ʘ ʪʘʢʞʝ P0 ʠ P2 ʫ ʵʫʢʘʨʠʦʪ [46]. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʥʝ ʩʧʝʮʠʬʠʯʥʳ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʈʅʂ, ʘ ʫʟʥʘʶʪ ʚʪʦʨʠʯʥʫʶ ʠ ʪʨʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʳ. ɺʳʨʘʚʥʠʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʟʚʝʩʪʥʳʭ ɼʅʂ- ʠ ʈʅʂ-

ʩʚ̫ʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ, ʠʤʝʶʱʠʭ ʢʘʥʦʥʠʯʝʩʢʠʝ ʜʦʤʝʥʳ ʠ ʤʦʪʠʚʳ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ, ʥʝ ʚʳʷʚʠʣʦ ʥʠʢʘʢʦʛʦ ʩʭʦʜʩʪʚʘ [47, 48]. ʇʦʷʚʣʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʨʠʙʦʩʦʤʥʳʭ 

ʙʝʣʢʦʚ ʧʦʟʚʦʣʠʣʦ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʠʤʝʶʱʠʤʠʩʷ ʤʦʜʝʣʷʤʠ ɼʅʂ- ʠ ʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʠʟ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʥʘʡʜʝʥʳ ʢʘʥʦʥʠʯʝʩʢʠʝ ʈʅʂ-

ʩʚʷʟʳʚʘʶʱʠʝ ʜʦʤʝʥʳ: KH-ʜʦʤʝʥ, ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤ 

ʥʫʢʣʝʠʥʦʚʳʤ ʢʠʩʣʦʪʘʤ, ʚ uS3 [49]; ʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʤʝʥ, ʧʦʜʦʙʥʳʡ ʛʦʤʝʦʜʦʤʝʥʫ ɼʅʂ-

ʩʚʷʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ, ʚ uL11 [48, 50, 51]; RRM ʜʦʤʝʥ ʚ ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʦʤ  bS6 [48]; OB-fold ʚ 

ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʦʤ bS1 [52, 53] ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʜʣʷ ʚʩʝʭ ʜʦʤʝʥʦʚ ʞʠʟʥʠ uS17 [54, 55]. 

ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʦʯʝʥʴ ʢʦʥʩʝʨʚʘʪʠʚʥʳ, ʥʦ ʝʱʸ ʙʦʣʝʝ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʠʭ ʪʨʝʪʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ [46, 56], ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʛʦʤʦʣʦʛʠʠ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʣʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚʥʫʪʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʦʤʝʥʦʚ ʞʠʟʥʠ. ʅʘʧʨʠʤʝʨ, 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʝʞʜʫ ʨʠʙʦʩʦʤʥʳʤʠ ʙʝʣʢʘʤʠ ʜʨʦʞʞʝʡ ʠ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 60%, ʘ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʨʠʙʦʩʦʤʥʳʤʠ ʙʝʣʢʘʤʠ 

ʢʨʳʩʳ ʠ ʯʝʣʦʚʝʢʘ ʜʦʭʦʜʠʪ ʜʦ 90% ʠ ʙʦʣʝʝ [46, 56].  

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʥʘʯʘʣʘʩʴ ʚ 1960-ʝ ʛʦʜʳ, ʢʦʛʜʘ ʥʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʥʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʦʚ, ʥʠ ʠʭ ʪʨʝʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʉʦ ʚʨʝʤʝʥʝʤ ʙʳʣʠ 
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ʚʳʜʝʣʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʥʳʭ ʜʦʤʝʥʦʚ ʞʠʟʥʠ, ʠ, 

ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʣʘ ʟʘʜʘʯʘ ʠʭ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʨʠʙʦʩʦʤʥʳʭ 

ʙʝʣʢʦʚ ʦʧʠʩʘʥʘ ʚ [57]. ʕʪʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ (ʩ ʝʜʠʥʠʯʥʳʤʠ 

ʩʣʫʯʘʷʤʠ, ʛʜʝ ʚ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʥʘʟʚʘʥʠʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩʦʛʣʘʩʥʦ ʩʪʘʨʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʝ). ɹʝʣʢʠ ʤʘʣʦʡ ʩʫʙʯʘʩʪʠʮʳ ʠʤʝʶʪ ʠʥʜʝʢʩ çSè (ʦʪ ʘʥʛʣ. small), ʙʝʣʢʠ ʙʦʣʴʰʦʡ 

ʩʫʙʯʘʩʪʠʮʳ ʠʤʝʶʪ ʠʥʜʝʢʩ çLè (ʦʪ ʘʥʛʣ. large). ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ, ʠʤʝʶʱʠʝ ʛʦʤʦʣʦʛʦʚ ʚʦ ʚʩʝʭ 

ʪʨʸʭ ʜʦʤʝʥʘʭ ʞʠʟʥʠ (ʙʘʢʪʝʨʠʠ, ʘʨʭʝʠ, ʵʫʢʘʨʠʦʪʳ) ʠʤʝʶʪ ʧʨʝʬʠʢʩ çuè (ʦʪ ʘʥʛʣ. universal). 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʙʝʣʢʠ, ʥʝ ʠʤʝʶʱʠʝ ʛʦʤʦʣʦʛʦʚ ʩʨʝʜʠ ʵʫʢʘʨʠʦʪ ʠ ʘʨʭʝʡ, ʠʤʝʶʪ ʧʨʝʬʠʢʩ çbè (ʦʪ 

ʘʥʛʣ. bacterial). ɼʣʷ ʙʝʣʢʦʚ, ʩʧʝʮʠʬʠʯʥʳʭ ʪʦʣʴʢʦ ʜʣʷ ʘʨʭʝʡ, ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʬʠʢʩ 

çaè (ʦʪ ʘʥʛʣ. archaeal), ʭʦʪʷ ʪʘʢʦʚʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʥʘʡʜʝʥʳ. ʅʘʢʦʥʝʮ, ʨʠʙʦʩʦʤʥʳʝ 

ʙʝʣʢʠ, ʥʝ ʠʤʝʶʱʠʝ ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʠʭ ʛʦʤʦʣʦʛʦʚ, ʠʤʝʶʪ ʚ ʥʘʟʚʘʥʠʠ ʧʨʝʬʠʢʩ çeè (ʦʪ ʘʥʛʣ. 

eukaryotic). ʅʫʤʝʨʘʮʠʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʠ ʙʝʣʢʦʚʳʭ ʧʷʪʝʥ ʥʘ 

ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʝ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʙʝʣʢʘ ʨʠʙʦʩʦʤʥʳʭ ʩʫʙʯʘʩʪʠʮ ʜʚʫʤʝʨʥʳʤ 

ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ, ʛʜʝ ʧʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʜʝʣʝʥʠʶ ʙʝʣʢʦʚ ʚ 

ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʘ ʚʪʦʨʦʝ ï ʚ ʢʠʩʣʦʡ [46, 56]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʝ ʠ 

ʥʘʠʤʝʥʝʝ ʦʩʥʦʚʥʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʠʤʝʶʪ ʤʝʥʴʰʠʡ ʥʦʤʝʨ, ʘ ʥʘʠʙʦʣʝʝ ʣʝʛʢʠʝ ʠ ʥʘʠʙʦʣʝʝ 

ʦʩʥʦʚʥʳʝ ʙʝʣʢʠ ï ʙʦʣʴʰʠʡ. ʅʝʢʦʪʦʨʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʠʤʝʶʪ çʥʝʥʦʤʝʥʢʣʘʪʫʨʥʳʝè 

ʥʘʟʚʘʥʠʷ: ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʢʠʩʣʳʤ ʙʝʣʢʘʤ P0, P1, P2 60S ʩʫʙʯʘʩʪʠʮʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ 

ʦʪʢʨʳʪʦʤʫ ʙʝʣʢʫ RACK1 [58, 59], ʚʭʦʜʷʱʝʤʫ ʚ ʩʦʩʪʘʚ 40S ʩʫʙʯʘʩʪʠʮʳ. 

ɺ 1970-ʝ ʛʦʜʳ ʧʨʝʦʙʣʘʜʘʣʘ ʪʦʯʢʘ ʟʨʝʥʠʷ, ʯʪʦ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʩʦʩʪʘʚʣʷʶʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʫʶ ʯʘʩʪʴ ʨʠʙʦʩʦʤʳ, ʪʦʛʜʘ ʢʘʢ ʨʈʅʂ ʵʪʦ ʣʠʰʴ ʢʘʨʢʘʩ, ʫʜʝʨʞʠʚʘʶʱʠʡ 

ʙʝʣʢʠ ʚ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ [46]. ʇʦʟʞʝ, ʚ 1980-ʝ ʛʦʜʳ, 

ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʨʠʙʦʟʠʤʦʚ ï ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʈʅʂ [60] ʠ ʙʣʘʛʦʜʘʨʷ ʥʘʢʦʧʠʚʰʝʡʩʷ ʢ 

ʪʦʤʫ ʚʨʝʤʝʥʠ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʯʪʦ ʨʈʅʂ ʥʘʧʨʷʤʫʶ ʫʯʘʩʪʚʫʝʪ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʨʠʙʦʩʦʤʳ, ʥʘʧʨʠʤʝʨ, ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʐʘʡʥʘ-ɼʘʣʴʛʘʨʥʦ ʚ ʤʈʅʂ ʧʨʠ 

ʠʥʠʮʠʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʫ ʙʘʢʪʝʨʠʡ [61], ʩʪʘʣʦ ʧʨʝʚʘʣʠʨʦʚʘʪʴ ʤʥʝʥʠʝ, ʯʪʦ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ï 

ʵʪʦ çscaffoldè ʜʣʷ ʨʈʅʂ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʫʙʯʘʩʪʠʮ ʨʠʙʦʩʦʤ ʧʨʦʢʘʨʠʦʪ (ʘ ʧʦʟʞʝ, 

ʥʘʯʠʥʘʷ ʩ 2010-ʭ, ʠ ʵʫʢʘʨʠʦʪ) ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʠʙʦʩʦʤ ʩ ʣʠʛʘʥʜʘʤʠ, ʘ ʪʘʢʞʝ 

ʤʥʦʞʝʩʪʚʦ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʨʦʣʴ ʨʈʅʂ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʢʣʶʯʝʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʨʠʙʦʩʦʤʳ, ʪʘʢʠʭ ʢʘʢ ʜʝʢʦʜʠʨʫʶʱʠʡ ʠ 

ʧʝʧʪʠʜʠʣʪʨʘʥʩʬʝʨʘʟʥʳʡ. ʆʜʥʘʢʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʙʝʣʢʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ ʨʠʙʦʩʦʤ, ʠ, ʥʘʨʷʜʫ ʩ ʨʈʅʂ, ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚʦ ʚʩʝʭ 

ʵʪʘʧʘʭ ʪʨʘʥʩʣʷʮʠʠ [2, 3]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʢ ʨʈʅʂ, ʪʘʢ ʠ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʚʘʞʥʳ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʣʦʢʩʠʥʪʝʟʠʨʫʶʱʝʡ ʤʘʰʠʥʳ. 
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1.1.2 ʋʯʘʩʪʠʝ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʣʷʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʠʙʦʩʦʤʳ 

 

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʦʡ ʪʝʤʝ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʦʙʟʦʨʦʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, [2, 3]), ʚ ʵʪʦʤ 

ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʦ ʣʠʰʴ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʵʫʢʘʨʠʦʪ-ʩʧʝʮʠʬʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʠʙʦʩʦʤʥʳʭ 

ʙʝʣʢʦʚ, ʚ ʢʦʪʦʨʳʝ ʦʥʠ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʨʠʙʦʩʦʤʳ, ʬʦʨʤʠʨʫʶʱʠʭ ʝʸ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʮʝʥʪʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʈʅʂ- ʠ ʪʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʝ ʮʝʥʪʨʳ. ʋʯʘʩʪʠʝ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʵʪʠʭ ʮʝʥʪʨʦʚ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʘʡʪ-

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʰʠʚʘʥʠʷ ʨʠʙʦʩʦʤ ʩ ʘʥʘʣʦʛʘʤʠ ʤʈʅʂ ʠ ʪʈʅʂ, ʥʝʩʫʱʠʤʠ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ 

ʛʨʫʧʧʳ ʚ ʟʘʜʘʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʠ ʧʦʟʞʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʢʨʠʦ-ʕʄ) [1-3]. ʉʨʝʜʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʡ ʢʘʥʘʣ 

40S ʩʫʙʯʘʩʪʠʮʳ, ʦʙʥʘʨʫʞʝʥʳ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ eS28, eS26, uS19, uS7, uS5 ʠ uS3 (ʈʠʩʫʥʦʢ 1ɸ). 

ʕʪʠ ʙʝʣʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʫʯʘʩʪʢʘʤ ʵʪʦʛʦ ʢʘʥʘʣʘ, ʥʘʭʦʜʷʱʠʤʩ ̫ ʩ 5ô- ʠ 3ôʩʪʦʨʦʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʜʦʥʘ ʤʈʅʂ ʚ ʨʠʙʦʩʦʤʥʦʤ ʈ-ʫʯʘʩʪʢʝ. ʆʜʥʠʤ ʠʟ ʫʯʘʩʪʢʦʚ ʤʈʅʂ-ʩʚʷʟʳʚʘʶʱʝʛʦ 

ʮʝʥʪʨʘ ʷʚʣʷʝʪʩʷ ʜʝʢʦʜʠʨʫʶʱʠʡ ʩʘʡʪ, ʛʜʝ ʢʦʜʦʥʳ ʤʈʅʂ ʨʘʩʧʦʟʥʘʶʪʩʷ ʘʥʪʠʢʦʜʦʥʘʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʠʥʦʘʮʠʣ-ʪʈʅʂ ʚ ʨʠʙʦʩʦʤʥʦʤ ɸ-ʫʯʘʩʪʢʝ. ʉ-ʢʦʥʮʝʚʦʡ ʧʝʥʪʘʜʝʢʘʧʝʧʪʠʜʥʳʡ 

ʬʨʘʛʤʝʥʪ uS19, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʝʛʦ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤʫ ʭʚʦʩʪʫ, ʥʝ ʠʤʝʶʱʝʤʫ ʛʦʤʦʣʦʛʠʯʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʘʭ, ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʪʦʛʦ 

ʩʘʡʪʘ (ʈʠʩʫʥʦʢ 1ɹ) [7]. ʏʘʩʪʴ ʤʈʅʂ ʩ 5ô-ʩʪʦʨʦʥʳ ʦʪ ʢʦʜʦʥʘ ʚ P-ʫʯʘʩʪʢʝ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʝʛʠʦʥʦʤ 

40S ʩʫʙʯʘʩʪʠʮʳ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ eS28 ʠ eS26. ʕʫʢʘʨʠʦʪ-

ʩʧʝʮʠʬʠʯʥʳʡ ʤʦʪʠʚ 62-YxxPKxYxK-70 ʙʝʣʢʘ eS26 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʵʪʦ 

ʩʚʷʟʳʚʘʥʠʝ [62]. ʉ ʧʦʤʦʱʴʶ ʢʨʠʦ-ʕʄ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʥʘʨʷʜʫ ʩ ʉ-ʭʚʦʩʪʦʤ uS19, ʢ 

ʜʝʢʦʜʠʨʫʶʱʝʤʫ ʩʘʡʪʫ ʧʨʦʩʪʠʨʘʝʪʩʷ ʠ N-ʢʦʥʮʝʚʘʷ ʯʘʩʪʴ eS30 [63]. ʉʰʠʚʢʫ c ʵʪʦʡ ʯʘʩʪʴʶ eS30 

ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʘʬʬʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʨʠʙʦʩʦʤ ʯʝʣʦʚʝʢʘ ʘʥʘʣʦʛʦʤ ʤʈʅʂ ï ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʛʝʧʪʘʨʠʙʦʥʫʢʣʝʦʪʠʜʘ ʩ ʦʢʠʩʣʝʥʥʦʡ ʨʠʙʦʟʦʡ ʥʘ 3ô-ʢʦʥʮʝ, ʪʦʛʜʘ ʢʘʢ ʩʰʠʚʢʘ ʩ ʉ-ʢʦʥʮʝʚʦʡ ʯʘʩʪʴʶ 

ʥʘʧʦʤʠʥʘʣʘ ʩʰʠʚʢʠ ʩ ʙʝʣʢʦʤ uS3, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʠʣʠ ʚʥʝ ʤʈʅʂ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʢʘʥʘʣʘ (ʩʤ. 

ʚʳʰʝ) [64].  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʜʘʥʥʳʭ, ʢʘʩʘʶʱʠʭʩʷ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʨʠʙʦʩʦʤʥʳʤʠ ʙʝʣʢʘʤʠ ʠ ʪʈʅʂ ʚ 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʨʠʙʦʩʦʤʘʭ, ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʣʝʢʫʣʘʤ ʪʈʅʂ, ʩʚʷʟʘʥʥʳʤ ʚ P- ʠ E-ʫʯʘʩʪʢʘʭ. ɺ 40S 

ʩʫʙʯʘʩʪʠʮʝ ʪʦʣʴʢʦ uS9 ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʘʥʪʠʢʦʜʦʥʦʚʦʡ ʧʝʪʣʸʡ ʪʈʅʂ ʚ ʈ-ʫʯʘʩʪʢʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʚʦʝʛʦ C-ʢʦʥʮʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ [63, 65, 66]. ɺ 60S ʩʫʙʯʘʩʪʠʮʝ ʩ ʤʦʣʝʢʫʣʘʤʠ ʪʈʅʂ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʙʝʣʢʠ uL5, uL16 ʠ eL42 (L36A), [63, 65, 66]. 
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ʈʠʩʫʥʦʢ 1. ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʩʦʩʝʜʩʪʚʫʶʪ ʠʣʠ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʥʫʢʣʝʦʪʠʜʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ 

ʤʈʅʂ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʦ ʘʬʬʠʥʥʦʤʫ ʩʰʠʚʘʥʠʶ ʨʠʙʦʩʦʤ ʩ ʘʥʘʣʦʛʘʤʠ 

ʤʈʅʂ [5, 6, 62, 67-71]. (ɸ) ʈʝʧʨʝʟʝʥʪʘʮʠʷ ʜʘʥʥʳʭ, ʢʘʩʘʶʱʠʭʩʷ ʢʦʥʪʘʢʪʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩ ʤʈʅʂ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [3]. (ɹ) ʄʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʫʢʘʨʠʦʪ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʉ-ʢʦʥʮʝʚʦʛʦ ʫʯʘʩʪʢʘ uS19 ʩ 

ʤʈʅʂ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʣʷʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [7]. 

 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ eL42, ʢʦʥʪʘʢʪʠʨʫʶʱʠʡ ʩ 3ô-ʢʦʥʮʦʤ ʪʈʅʂ ʚ P-ʫʯʘʩʪʢʝ, ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʠʙʦʩʦʤʥʳʤ ʙʝʣʢʦʤ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʤʦʪʠʚ GGQ, ʠʜʝʥʪʠʯʥʳʡ ʤʦʪʠʚʫ 

ʬʘʢʪʦʨʦʚ ʪʝʨʤʠʥʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʢʣʘʩʩʘ 1, ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʟʘ ʛʠʜʨʦʣʠʟ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʩʚʷʟʠ ʚ 

ʧʝʧʪʠʜʠʣ-ʪʈʅʂ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʪʦʤ, ʯʪʦ ʘʥʘʣʦʛ ʪʈʅʂ ʩ ʦʢʠʩʣʝʥʥʦʡ 3ô-ʢʦʥʮʝʚʦʡ 

ʨʠʙʦʟʦʡ ʩʰʠʚʘʣʩʷ ʩ eL42 ʚʙʣʠʟʠ ʵʪʦʛʦ ʤʦʪʠʚʘ, ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʚʣʝʯʝʥʠʠ ʵʪʦʛʦ 

ʤʦʪʠʚʘ ʚ ʛʠʜʨʦʣʠʟ ʧʝʧʪʠʜʠʣ-ʪʈʅʂ ʧʨʠ ʪʨʘʥʩʧʝʧʪʠʜʘʮʠʠ [64]. ɼʘʥʥʳʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʵʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʥʝʜʘʚʥʦ ʧʦʣʫʯʝʥʳ ʚ ʜʨʦʞʞʝʚʦʡ ʩʠʩʪʝʤʝ [72]. 
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1.1.3 ɺʥʝʨʠʙʦʩʦʤʥʳʝ ʬʫʥʢʮʠʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ 

 

 ʇʦʤʠʤʦ ʬʫʥʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʙʦʪʦʡ ʩʠʩʪʝʤʳ ʪʨʘʥʩʣʷʮʠʠ, ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʤʦʛʫʪ 

ʙʳʪʴ ʫʯʘʩʪʥʠʢʘʤʠ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʢ ʵʪʦʡ ʩʠʩʪʝʤʝ. ʂʦʥʮʝʧʮʠʷ 

ʥʘʣʠʯʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʚʥʝʨʠʙʦʩʦʤʥʳʭè ʬʫʥʢʮʠʡ ʫ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʙʝʨʝʪ ʩʚʦʸ ʥʘʯʘʣʦ ʩ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚ 1974 ʛʦʜʫ ʪʦʛʦ, ʯʪʦ ʨʝʧʣʠʢʘʟʘ ʙʘʢʪʝʨʠʦʬʘʛʘ Q‍, ʧʘʨʘʟʠʪʠʨʫʶʱʝʛʦ ʥʘ ʢʣʝʪʢʘʭ E. 

Coli, ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʟʘ ʨʝʧʣʠʢʘʮʠʶ ʝʛʦ ʈʅʂ, ʩʦʩʪʦʠʪ, ʧʦʤʠʤʦ ʧʦʣʠʧʝʧʪʠʜʘ, ʟʘʢʦʜʠʨʦʚʘʥʥʦʛʦ ʚ 

ʝʛʦ ʛʝʥʦʤʝ, ʝʱʸ ʠʟ 3 ʧʦʣʠʧʝʧʪʠʜʦʚ: EF-Tu ʠ EF-Ts (ʬʘʢʪʦʨʳ ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ E.coli) ʠ bS1 

(ʙʝʣʦʢ 30S ʩʫʙʯʘʩʪʠʮʳ ʨʠʙʦʩʦʤʳ E.coli) [73]. ʉ ʪʝʭ ʧʦʨ ʥʘʢʦʧʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʜʘʥʥʳʭ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʫʯʘʩʪʠʝ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʥʝ ʩʦʧʨʷʞʝʥʥʳʭ ʩ 

ʪʨʘʥʩʣʷʮʠʝʡ. ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʦʙʦʙʱʝʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʟʦʨʘʭ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ (ʩʤ., ʥʘʧʨʠʤʝʨ, [74-81]). ɺ ʦʜʥʦʤ ʠʟ ʥʠʭ 

ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʦʪʣʠʯʠʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʥʝʨʠʙʦʩʦʤʥʳʝ 

ʬʫʥʢʮʠʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʦʪ ʠʭ ʢʘʥʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʩʦʩʪʘʚʝ ʨʠʙʦʩʦʤ [77]. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʫʥʢʮʠʠ ʢ ʚʥʝʨʠʙʦʩʦʤʥʦʡ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʢʘʟʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ ʩ ʢʣʝʪʦʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʦʩʦʙʝʥʥʦ ʩ ʈʅʂ ʠ ʙʝʣʢʘʤʠ, ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʢʣʝʪʢʠ ʠ ʨʘʟʣʠʯʥʳʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝ ʨʠʙʦʩʦʤʳ. 

 

1.2 ʈʦʣʴ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʨʝʧʣʠʢʘʮʠʠ ʠ ʨʝʧʘʨʘʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʛʝʥʦʤʘ 

 

1.2.1 ʆʧʦʩʨʝʜʦʚʘʥʥʘʷ ʨʦʣʴ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʨʝʧʣʠʢʘʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʛʝʥʦʤʘ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʝʜʠʥʠʯʥʳʝ ʧʨʠʤʝʨʳ ʚʦʚʣʝʯʝʥʠʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʧʨʦʮʝʩʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʧʣʠʢʘʮʠʝʡ ʢʣʝʪʦʯʥʦʛʦ ʛʝʥʦʤʘ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [82] ʚʳʷʚʣʝʥʘ ʢʦʩʚʝʥʥʘʷ ʨʦʣʴ uS3 ʚ 

ʨʝʧʣʠʢʘʮʠʠ ɼʅʂ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ uS3 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʝʣʠʢʘʟʦʡ RECQL4 

(ʦʪ ʘʥʛʣ. Human RecQ like helicase 4), ʷʚʣʷʶʱʝʡʩʷ ʢʣʶʯʝʚʳʤ ʫʯʘʩʪʥʠʢʦʤ ʧʨʦʮʝʩʩʘ ʠʥʠʮʠʘʮʠʠ 

ʨʝʧʣʠʢʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ N-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ RECQL4 (ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ 1-320) ʠ 

ʉ-ʢʦʥʮʝʚʘʷ ʯʘʩʪʴ uS3 (ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ 94-244), ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ AP-

ʵʥʜʦʥʫʢʣʝʘʟʥʳʡ ʜʦʤʝʥ, ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʵʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʷ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ɸʊʈʘʟʥʦʡ, ɼʅʂ-ʩʚʷʟʳʚʘʶʱʝʡ ʠ ʛʝʣʠʢʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʝʡ RECQL4. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ U2OS ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʩʠʜʘʪʠʚʥʳʡ ʩʪʨʝʩʩ ʠ ʦʙʣʫʯʝʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ 

ʫʩʠʣʠʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ uS3 ʠ RECQL4. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, uS3 ʯʝʨʝʟ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ RECQL4 ʤʦʛ ʙʳ ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʤʦʜʫʣʠʨʦʚʘʥʠʠ 

ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʧʨʠ ʦʢʩʠʜʘʪʠʚʥʦʤ ʩʪʨʝʩʩʝ ʠ ʦʙʣʫʯʝʥʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ. ɹʝʣʦʢ uS3 ʧʨʠʯʘʩʪʝʥ 
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ʪʘʢʞʝ ʢ ʧʨʦʮʝʩʩʫ ʤʠʪʦʪʠʯʝʩʢʦʛʦ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʤʠʪʦʟʘ, ʢʦʪʦʨʦʤʫ 

ʚʩʝʛʜʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʨʝʧʣʠʢʘʮʠʷ ɼʅʂ, uS3 ʩʧʝʮʠʬʠʯʝʩʢʠ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʚʝʨʝʪʝʥʝ ʜʝʣʝʥʠʷ 

(ʤʠʪʦʪʠʯʝʩʢʦʤ ʚʝʨʝʪʝʥʝ) [83]. ɼʝʧʣʝʮʠʷ uS3 ʧʨʠʚʦʜʠʣʘ ʢ ʤʠʪʦʪʠʯʝʩʢʦʤʫ ʘʨʝʩʪʫ ʚʦ ʚʨʝʤʷ 

ʤʝʪʘʬʘʟʳ, ʘ ʬʦʨʤʘ ʚʝʨʝʪʝʥʘ ʜʝʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʭʨʦʤʦʩʦʤ ʩʪʘʥʦʚʠʣʠʩʴ ʧʨʠ ʵʪʦʤ 

ʘʪʠʧʠʯʥʳʤʠ. ɸʚʪʦʨʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ uS3 ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʤʠʢʨʦʪʨʫʙʦʯʢʘʤʠ ʠ ʯʪʦ ʝʛʦ ʨʦʣʴ 

ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʚ ʨʝʛʫʣʷʮʠʠ ʜʠʥʘʤʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʨʝʪʝʥʘ ʜʝʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʤʠʪʦʟʘ. 

ʅʝ ʤʝʥʝʝ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ eL22 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ hRT (ʦʪ ʘʥʛʣ. Human telomerase RNA) ï ʈʅʂ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʪʝʣʦʤʝʨʘʟʳ [84], ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʪʝʣʦʤʝʨ, ʢʦʪʦʨʳʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʢʦʨʘʯʠʚʘʶʪʩʷ ʧʨʠ 

ʨʝʧʣʠʢʘʮʠʠ ʣʠʥʝʡʥʳʭ ʤʦʣʝʢʫʣ ɼʅʂ. ʊʝʣʦʤʝʨʘʟʘ ʠʩʧʦʣʴʟʫʝʪ hRT ʢʘʢ ʤʘʪʨʠʮʫ ʧʨʠ 

ʜʦʩʪʨʘʠʚʘʥʠʠ ʪʝʣʦʤʝʨ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʤʘʩʩʘ ʪʝʣʦʤʝʨʘʟʳ >1000 ʢɼʘ [85, 86], ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ [84] ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʪʝʣʦʤʝʨʘʟʘ, ʧʦʤʠʤʦ hRT, ʚʢʣʶʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪ.r ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʸʭʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʷʚʣʷʶʪʩʷ ʙʝʣʢʠ eL22 ʠ hStau, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʪʁ ʩ hRT [84]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ 

hRT ʢʦʧʨʝʮʠʧʠʪʠʨʫʝʪʩ ̫ʩ ʵʪʠʤʠ ʙʝʣʢʘʤʠ ʠ ʯʪʦ ʧʨʝʮʠʧʠʪʘʪ ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʠʩʫʱʫʶ 

ʪʝʣʦʤʝʨʘʟʝ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʙʘ ʙʝʣʢʘ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʪʘʢ ʠ ʚ ʷʜʨʝ, ʘʚʪʦʨʳ 

ʚʳʜʚʠʥʫʣʠ ʛʠʧʦʪʝʟʫ ʦ ʚʘʞʥʦʡ ʨʦʣʠ eL22 ʠ hStau ʚ ʧʨʦʮʝʩʩʠʥʛʝ hRT, ʩʙʦʨʢʝ ʪʝʣʦʤʝʨʘʟʳ ʠ ʝʸ 

ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʢʣʝʪʢʝ. ʆʜʥʘʢʦ ʵʪʘ ʛʠʧʦʪʝʟʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʜʢʨʝʧʣʝʥʘ ʢʘʢʠʤʠ-ʣʠʙʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

 

1.2.2 ʈʦʣʴ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʨʝʧʘʨʘʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʛʝʥʦʤʘ 

 

ʇʨʠʤʝʨʦʚ ʫʯʘʩʪʠʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʝʧʘʨʘʮʠʠ ʥʝ ʤʥʦʛʦ, ʥʦ ʣʫʯʰʝ ʚʩʝʛʦ ʚ 

ʵʪʦʤ ʧʣʘʥʝ ʠʟʫʯʝʥ uS3 (ʩʤ, ʥʘʧʨʠʤʝʨ, [49]). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦʙ ʫʯʘʩʪʠʠ ʵʪʦʛʦ ʙʝʣʢʘ ʚ ʟʘʱʠʪʝ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦ, ʧʦʞʘʣʫʡ, ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʝʥʥʳʭ 

ʬʫʥʢʮʠʡ ʜʘʥʥʦʛʦ ʙʝʣʢʘ, ʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʵʪʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘ ʥʝ ʚʳʷʩʥʝʥ, ʦʜʥʘʢʦ ʚʩʷ ʧʣʝʷʜʘ 

ʧʦʣʫʯʝʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʜʘʥʥʳʭ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʦʤ 

ʨʝʧʘʨʘʮʠʠ.  

ɺʦ-ʧʝʨʚʳʭ, uS3 ï ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʡ ɼʅʂ/ʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʡ KH-ʜʦʤʝʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʈʅʂ ʠ ɼʅʂ. ɺʦ-ʚʪʦʨʳʭ, uS3 ʯʝʣʦʚʝʢʘ ʦʙʣʘʜʘʝʪ 

ɸʇ-ʣʠʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʣʴʢʦ ɓ-ʵʣʠʤʠʥʘʮʠʶ) ʠ ʋʌ-ʵʥʜʦʥʫʢʣʝʘʟʥʦʡ 
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ʘʢʪʠʚʥʦʩʪʴʶ (ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʳʚ ʬʦʩʬʦʜʠʵʬʠʨʥʳʭ ʩʚʷʟʝʡ ʚʥʫʪʨʠ ʮʠʢʣʦʙʫʪʘʥʦʚʳʭ 

ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʜʠʤʝʨʦʚ) [87]. ʏʝʣʦʚʝʯʝʩʢʠʡ uS3 ʩʧʦʩʦʙʝʥ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ ɓ-

ʵʣʠʤʠʥʘʮʠʠ ʘʧʫʨʠʥʦʚʳʭ/ʘʧʠʨʠʤʠʜʠʥʦʚʳʭ (ɸʇ) ʩʘʡʪʦʚ, ʦʜʥʘʢʦ ʥʝ ʦʙʣʘʜʘʝʪ ɼʅʂ-

ʛʣʠʢʦʟʠʣʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʥʝ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ŭ-ʵʣʠʤʠʥʠʮʠʠ [88], ʢʦʪʦʨʘʷ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ uS3 ʜʨʦʟʦʬʠʣʳ. ʇʦʩʣʝʜʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ɼʅʂ, 

ʦʙʣʫʯʝʥʥʦʡ ʋʌ ʩʚʝʪʦʤ, ʠ ɼʅʂ, ʩʦʜʝʨʞʘʱʝʡ 8-ʦʢʩʦʛʫʘʥʠʥ ʠʣʠ ɸʇ-ʩʘʡʪʳ [88]. ʀʥʪʝʨʝʩʥʦ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ uS3 ʩʧʦʩʦʙʝʥ ʜʝʣʘʪʴ ʦʜʥʦʮʝʧʦʯʝʯʥʳʝ ʨʘʟʨʳʚʳ ʚ ʋʌ-ʦʙʣʫʯʝʥʥʦʡ 

ɼʅʂ, ʩʦʜʝʨʞʘʱʝʡ ʪʠʤʠʥ-ʛʣʠʢʦʣʴʥʳʝ ʦʩʪʘʪʢʠ ʠ ʮʠʢʣʦʙʫʪʘʥʦʚʳʝ ʧʠʨʠʤʠʜʠʥʦʚʳʝ ʜʠʤʝʨʳ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ (ʢʘʢ ʵʥʜʦʥʫʢʣʝʘʟʘ) [89]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʘʥʥʳʡ ʙʝʣʦʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ hOGG1 ʠ ɸʇ-ʵʥʜʦʥʫʢʣʝʘʟʦʡ APEX, ʢʦʥʢʫʨʠʨʫʷ ʩ ʥʠʤʠ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ 

ʩʫʙʩʪʨʘʪʦʤ [90, 91], ʠ ʩ ʯʝʣʦʚʝʯʝʩʢʦʡ ʫʨʘʮʠʣ-ɼʅʂ-ʛʣʠʢʦʟʠʣʘʟʦʡ (hUNG), ʘʢʪʠʚʠʨʫʷ ʝʸ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʜʠʩʩʦʮʠʘʮʠʠ hUNG ʩ ɸʇ-ʩʘʡʪʘ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ï 

ʫʜʘʣʝʥʠʶ ʦʩʪʘʪʢʘ ʫʨʘʮʠʣʘ [92].  

ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʫʯʘʩʪʠʝ uS3 ʚ ʧʨʦʮʝʩʩʝ ʨʝʧʘʨʘʮʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ in vivo. 

ʅʘʧʨʠʤʝʨ, ʵʢʪʦʧʠʯʝʩʢʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ uS3, ʚ ʢʣʝʪʢʘʭ HEK293 ʧʦʚʳʰʘʣʘ ʠʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʛʝʥʦʪʦʢʩʠʯʝʩʢʦʤʫ ʧʨʦʪʠʚʦʨʘʢʦʚʦʤʫ ʧʨʝʧʘʨʘʪʫ N,Nô,Nôô-

ʪʨʠʵʪʠʣʝʥʵʪʠʦʬʦʩʬʦʨʘʤʠʜʫ [93]. ʂʘʢ ʧʦʣʘʛʘʶʪ ʘʚʪʦʨʳ, ʵʪʦʪ ʵʬʬʝʢʪ ʤʦʛ ʙʳʪʴ ʚʳʟʚʘʥ ʧʨʦʯʥʳʤ 

ʩʚʷʟʳʚʘʥʠʝʤ uS3 ʩ ʧʦʚʨʝʞʜʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ɼʅʂ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ 

ʵʪʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʦʚʘʣʦ ʠʭ ʥʦʨʤʘʣʴʥʦʡ ʨʝʧʘʨʘʮʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʤʈʅʂ uS3 ʧʦʩʨʝʜʩʪʚʦʤ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʨʠʚʦʜʠʣʦ ʢ ʩʠʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʣʝʪʦʢ ʢ H2O2 ʠ ʤʝʪʠʣʤʝʪʘʥʩʫʣʴʬʦʥʘʪʫ [93]. ʄʳʰʠʥʳʝ ʵʤʙʨʠʦʥʘʣʴʥʳʝ 

ʬʠʙʨʦʙʣʘʩʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʪʨʘʥʩʛʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʥʝʩʫʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʧʠʠ ʛʝʥʘ 

RPS3, ʙʳʣʠ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʦʙʨʘʙʦʪʢʝ H2O2 [94]. ʊʨʘʥʩʜʫʢʮʠʷ ʦʯʠʱʝʥʥʦʛʦ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ uS3 ʚ ʢʫʣʴʪʫʨʫ ʯʝʣʦʚʝʯʝʩʢʠʭ ʬʠʙʨʦʙʣʘʩʪʦʚ ʠʣʠ ʢʦʞʫ ʤʳʰʝʡ ʧʦʚʳʰʘʣʘ ʠʭ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ [95]. ʆʜʥʘʢʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʜʘʥʥʳʡ 

ʵʬʬʝʢʪ ʤʦʛ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʡ ʋʌ-ʵʥʜʦʥʫʢʣʝʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʵʪʦʛʦ ʙʝʣʢʘ [89] ʠʣʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʪʨʘʥʩʜʫʢʮʠʠ 

[96]. ʀʥʪʝʨʝʩʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [97], ʛʜʝ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ uS3 ʯʝʣʦʚʝʢʘ ʩ ʦʜʥʦ- ʠ ʜʚʫʭʮʝʧʦʯʝʯʥʳʤʠ ɼʅʂ, ʥʝʩʫʱʠʤʠ 

ɸʇ-ʩʘʡʪʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ S3 ʧʨʦʷʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ɸʇ-ʣʠʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤ ɼʅʂ (ʦʮɼʅʂ). ʕʢʩʧʝʨʠʤʝʥʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ in vivo ʩ ʧʦʤʦʱʴʶ 

ChIP-Seq, ʧʦʢʘʟʘʣʠ, ʯʪʦ uS3 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʷʜʨʳʰʢʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ 

ʜʦʤʝʥʘʤʠ ʭʨʦʤʘʪʠʥʘ [97], ʫʢʘʟʳʚʘʷ ʥʘ ʪʦ, ʯʪʦ uS3 ʤʦʞʝʪ ʙʳʪʴ ʫʯʘʩʪʥʠʢʦʤ ʧʨʦʮʝʩʩʘ ʨʝʧʘʨʘʮʠʠ 

ʚ ʷʜʨʳʰʢʝ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʨʘʥʝʝ [98]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʴʥʳʭ ɼʅʂ-ʦʣʠʛʦʤʝʨʦʚ, 

ʥʝʩʫʱʠʭ ɸʇ-ʩʘʡʪ, ʥʝʜʘʚʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɸʇ-ʣʠʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ uS3 ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ, ʩʦʜʝʨʞʘʱʝʡ ɸʇ-ʩʘʡʪ, ʠ ʧʦʣʦʞʝʥʠʷ ɸʇ-ʩʘʡʪʘ ʚ ʥʝʡ [99]. ʕʪʠ ʜʘʥʥʳʝ, 

ʚ ʦʙʱʝʤ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ uS3 ʥʝ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʫʯʘʩʪʢʘʭ 

ʛʝʥʦʤʥʦʡ ɼʅʂ, ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʦʜʥʦʮʝʧʦʯʝʯʥʳʤʠ [97]. ɺʝʨʦʷʪʥʦ, ʙʣʘʛʦʜʘʨʷ ʧʦʚʳʰʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ɸʇ-ʩʘʡʪʦʚ ʚ ʪʘʢʠʭ 

ʫʯʘʩʪʢʘʭ, uS3 ʧʨʠʥʠʤʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʝʧʘʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ɼʅʂ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ in vitro uS3 ʩʧʦʩʦʙʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʦʮɼʅʂ, ʙʫʜʫʯʠ ʚ ʩʦʩʪʘʚʝ 40S ʩʫʙʯʘʩʪʠʮʳ ʨʠʙʦʩʦʤʳ [97]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʩʚʦʡʩʪʚʦ uS3 ʥʝ 

ʠʤʝʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʣʠʰʴ ʦʪʨʘʞʘʝʪ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ɸʇ-

ʩʘʡʪʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʤʈʅʂ, ʫʢʘʟʳʚʘʷ ʥʘ ʚʦʟʤʦʞʥʫʶ ʨʦʣʴ 40S ʩʫʙʯʘʩʪʠʮ ʚ 

ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʤʈʅʂ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʣʷʮʠʠ [99]. 

ʄʦʣʝʢʫʣʳ ɼʅʂ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʦʠʜʘʭ, ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ 

ʢʣʝʪʦʯʥʦʛʦ ʛʝʥʦʤʘ, ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʧʦʤʷʥʫʪʴ ʦʙ ʫʯʘʩʪʠʠ uS3 ʚ ʨʝʧʘʨʘʮʠʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ. ʇʦʚʳʰʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ï ROS (ʦʪ 

ʘʥʛʣ. Reactive oxygen species) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ɼʅʂ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʧʦʜʚʝʨʞʝʥʥʦʡ ʧʦʚʨʝʞʜʝʥʠʷʤ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ uS3 ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʵʪʦʛʦ ʙʝʣʢʘ ʚ ʢʣʝʪʢʘʭ [100]. ʇʦʧʘʜʘʥʠʝ uS3 ʚ ʤʠʪʦʭʦʥʜʨʠʠ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʩ ʙʝʣʢʘʤʠ-ʰʘʧʝʨʦʥʘʤʠ HSP90, HSP70 ʠ TOM70. 

ʆʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʘʥʪʠʙʠʦʪʠʢʦʤ ʛʝʣʴʜʘʥʘʤʠʮʠʥʦʤ, ʩʚʷʟʳʚʘʶʱʠʤʩʷ ʩ ɸʊP-ʢʘʨʤʘʥʦʤ HSP90, 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʰʘʧʝʨʦʥʘ ʩ uS3 ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʥʘʢʦʧʣʝʥʠʝ 

ʧʦʩʣʝʜʥʝʛʦ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ uS3 ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ 

ʫʨʦʚʥʷ ROS ʚ ʢʣʝʪʢʝ, ʘ ʪʘʢʞʝ ʥʠʚʝʣʠʨʫʝʪ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ. ʂʘʢ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʘʚʪʦʨʳ, ʢʦʛʜʘ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ROS ʚ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʦʚʨʝʞʜʝʥʠʷ, uS3 ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʛʜʝ 

ʦʥ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʥʦʡ ɼʅʂ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʙʝʣʢʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʣʘʙʣʝʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ uS3 ʩ HSP90 ʚ ʮʠʪʦʟʦʣʝ. 

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʥʘʡʜʝʥ ʝʱʝ ʦʜʠʥ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʠʤ ʦʢʘʟʘʣʩʷ eL6 (L6 ʧʦ ʩʪʘʨʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ) [101]. ʉ ʧʦʤʦʱʴʶ 

ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦʪ ʙʝʣʦʢ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʠʩʪʦʥʦʤ H2A. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ eL6 ʫʯʘʩʪʚʫʝʪ ʚ ʢʣʝʪʦʯʥʦʤ ʦʪʚʝʪʝ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ DDR 

(ʦʪ ʘʥʛʣ. DNA damage response), ʯʝʨʝʟ ʨʝʢʨʫʪʠʨʦʚʘʥʠʝ ʢ ʩʘʡʪʘʤ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

PARP-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ eL6 ʚ ʢʣʝʪʢʘʭ ʚʳʟʳʚʘʣʦ 

ʥʘʨʫʰʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ MDC1 (ʦʪ ʘʥʛʣ. Mediator of DNA damage checkpoint 1) ʠ 

ɔH2AX (ʦʪ ʘʥʛʣ. H2A histone family member X). ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʣʦ ʢ ʥʘʢʦʧʣʝʥʠʶ 

MDC1 ʚ ʩʘʡʪʘʭ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʠ ʧʨʠʚʣʝʯʝʥʠʶ ɽ3 ʫʙʠʢʚʠʪʠʥ ʣʠʛʘʟʳ RNF168 (ʦ ʯʝʤ ʩʫʜʠʣʠ 

ʧʦ ʫʨʦʚʥʶ ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʷ ʣʠʟʠʥʘ ʚ ʧʦʣʦʞʝʥʠʠ 15 ʛʠʩʪʦʥʘ H2A). ɺʩʝ ʵʪʠ ʩʦʙʳʪʠʷ 
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ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ ʧʨʠʚʣʝʯʝʥʠʶ ʜʨʫʛʠʭ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʧʘʨʘʮʠʠ, ï TP53BP ʠ BRCA1 

(ʈʠʩʫʥʦʢ 2).  

 

 

 

ʈʠʩʫʥʦʢ 2. ɺʦʟʤʦʞʥʘʷ ʤʦʜʝʣʴ ʚʦʚʣʝʯʝʥʠʷ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eL6 ʚ ʢʣʝʪʦʯʥʳʡ ʦʪʚʝʪ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ 

ɼʅʂ [101]. ʇʨʠ ʧʦʚʨʝʞʜʝʥʠʷʭ ɼʅʂ eL6 ʨʝʢʨʫʪʠʨʫʝʪʩʷ ʢ ʩʘʡʪʘʤ ʧʦʚʨʝʞʜʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʩʚʷʟʳʚʘʥʠʶ 

MDC1 ʩ ɔH2AX, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ MDC1 ʟʘʧʫʩʢʘʝʪ RNF8-RNF168-ʧʨʦʤʦʪʠʨʫʝʤʦʝ 

ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʝ ʠ ʫʩʠʣʠʚʘʝʪ ʪʝʤ ʩʘʤʳʤ ʧʨʠʚʣʝʯʝʥʠʝ ʙʝʣʢʦʚ ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ï 53BP1 ʠ 

BRCA1 ʢ ʵʪʠʤ ʩʘʡʪʘʤ. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ eL6 ʚ ʢʣʝʪʢʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ MDC1 ʚ 

ʩʘʡʪʘʭ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʩʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ.  

 

1.3 ʈʦʣʴ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʤʘʩʩʘ ʧʨʠʤʝʨʦʚ ʫʯʘʩʪʠʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʨʝʛʫʣʷʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ (ʩʤ. ʦʙʟʦʨʳ [74, 75, 77, 78, 81, 102]), ʥʦ ʚʩʝ ʵʪʠ ʧʨʠʤʝʨʳ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʩʚʦʡʩʪʚʝʥʥʳ ʨʠʙʦʩʦʤʥʳʤ ʙʝʣʢʘʤ ʧʨʦʢʘʨʠʦʪ, ʨʝʞʝ ʥʠʟʰʠʭ ʵʫʢʘʨʠʦʪ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʠʙʦʩʦʤʥʳʭ 

ʙʝʣʢʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʛʣʷʜʥʳʭ ʧʨʠʤʝʨʦʚ, ʢʦʛʜʘ ʦʥʠ 

ʚʦʚʣʝʯʝʥʳ ʚ ʨʝʛʫʣʷʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʙʝʣʢʘʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʬʘʢʪʦʨʘʤʠ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʥʘʧʨʠʤʝʨ, c-

Myc, NF-kB ʠ p53. ʀʤʝʥʥʦ ʦ ʥʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʡʜʸʪ ʨʝʯʴ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ.  
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1.3.1 ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʪʨʘʥʩʢʨʠʧʮʠ ̫ʢʦʪʦʨʳʭ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʦʥʢʦʧʨʦʪʝʠʥʦʤ c-Myc 

 

ʆʥʢʦʧʨʦʪʝʠʥ ʩ-Myc ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ ʵʢʩʧʨʝʩʩʠʶ 

ʤʥʦʞʝʩʪʚʘ ʛʝʥʦʚ [103] ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʷʟʳʚʘʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʫʯʘʩʪʢʘʤʠ 

ɼʅʂ ʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟ ʛʠʩʪʦʥʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ c-Myc 

ʩʪʠʤʫʣʠʨʫʝʪ ʢʣʝʪʦʯʥʳʡ ʨʦʩʪ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʥʪʨʦʣʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ 

ʘʧʦʧʪʦʟʘ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʨʝʛʫʣʠʨʫʝʪ ʙʠʦʛʝʥʝʟ ʨʠʙʦʩʦʤ, ʢʦʥʪʨʦʣʠʨʫʷ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ [104]. ɻʠʧʝʨʧʨʦʜʫʢʮʠʷ c-Myc ʠ ʧʝʨʪʫʨʙʘʮʠʠ ʚ ʙʠʦʛʝʥʝʟʝ ʨʠʙʦʩʦʤ ʧʨʠʚʦʜʷʪ 

ʢ ʥʘʨʫʰʝʥʠʷʤ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ ʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʧʦʵʪʦʤʫ ʫʨʦʚʝʥʴ ʠ 

ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʜʦʣʞʥʳ ʩʪʨʦʛʦ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ (ʈʠʩʫʥʦʢ 3).  

ʆʜʥʠʤʠ ʠʟ ʨʝʛʫʣʷʪʦʨʦʚ ʘʢʪʠʚʥʦʩʪʠ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ c-Myc ʦʢʘʟʘʣʠʩʴ ʥʝʢʦʪʦʨʳʝ 

ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ, ʛʝʥʳ ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʤʠʰʝʥʷʤʠ c-Myc. ʊʘʢ, ʚ 

ʨʘʙʦʪʘʭ [9, 105, 106] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ uL5 (ʧʦ ʩʪʘʨʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ L11) 

ʨʝʛʫʣʠʨʫʝʪ c-Myc-ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʊʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʘ uL5 ʠʥʜʫʮʠʨʫʝʪʩʷ c-Myc, ʪʦʛʜʘ ʢʘʢ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ uL5 ʚ ʢʣʝʪʢʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʘʢʪʠʚʥʦʩʪʠ c-Myc ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʢʣʝʪʦʯʥʫʶ ʧʨʦʣʠʬʝʨʘʮʠʶ. ʀ 

ʥʘʦʙʦʨʦʪ, ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ uL5 ʧʦʩʨʝʜʩʪʚʦʤ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚ ʢʣʝʪʢʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʩ-Myc. ʆʢʘʟʳʚʘʝʪʩʷ, uL5 ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʜʦʤʝʥʦʤ Myc box II  

(MB II) ʩ-Myc ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ ʵʪʠʭ ʙʝʣʢʦʚ ʥʘ ʧʨʦʤʦʪʦʨʘʭ ʛʝʥʦʚ, ʪʨʘʥʩʢʨʠʧʮʠʷ ʢʦʪʦʨʳʭ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ c-Myc, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʩʚʷʟʳʚʘʥʠʷ ʢʦ-ʘʢʪʠʚʘʪʦʨʘ TRRAP ʩ 

ʵʪʠʤʠ ʧʨʦʤʦʪʦʨʘʤʠ (ʦʪ ʘʥʛʣ. Transformation/transcription domain-associated protein) ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʛʠʩʪʦʥʘ H4, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʥʠʭ.  

ʂʨʦʤʝ ʪʦʛʦ, uL5 ʫʯʘʩʪʚʫʝʪ ʪʘʢʞʝ ʚ c-Myc-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʛʝʥʦʚ 5S ʨʈʅʂ ʠ ʪʈʅʂ [105], ʧʦ ʤʝʭʘʥʠʟʤʫ, ʩʭʦʜʥʦʤʫ ʩ ʪʘʢʦʚʳʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʜʣʷ ʛʝʥʦʚ, 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ II. ʇʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ c-Myc ʚ ʨʘʡʦʥʝ 

ʧʨʦʤʦʪʦʨʦʚ ʛʝʥʦʚ 5S ʨʈʅʂ ʠ ʪʈʅʂ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ uL5 ʩʫʱʝʩʪʚʝʥʥʦ ʠʥʛʠʙʠʨʫʝʪ 

ʨʝʢʨʫʪʠʨʦʚʘʥʠʝ TRRAP ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʤʦʪʦʨʘʤ. ʅʦʢʜʘʫʥ ʵʥʜʦʛʝʥʥʦʛʦ uL5 ʫʩʠʣʠʚʘʝʪ 

c-Myc-ʟʘʚʠʩʠʤʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ ʫʢʘʟʘʥʥʳʭ ʛʝʥʦʚ. ɺ ʦʪʚʝʪ ʥʘ ʨʠʙʦʩʦʤʥʳʡ ʩʪʨʝʩʩ, ʚʳʟʚʘʥʥʳʡ, 

ʥʘʧʨʠʤʝʨ, ʦʙʨʘʙʦʪʢʦʡ ʢʣʝʪʦʢ ʤʘʣʳʤʠ ʜʦʟʘʤʠ ʘʢʪʠʥʦʤʠʮʠʥʘ D, ʫʩʠʣʠʚʘʝʪʩʷ ʩʚʷʟʳʚʘʥʠʝ uL5 ʩ 

ʛʝʥʘʤʠ 5S ʨʈʅʂ ʠ ʪʈʅʂ, ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʩʚʷʟʳʚʘʥʠʷ TRRAP ʩ ʠʭ ʧʨʦʤʦʪʦʨʘʤʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʦʙʨʘʪʥʦ-ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʨʦʚʥʶ ʩʚʷʟʳʚʘʥʠʷ uL5 ʩ ʜʘʥʥʳʤʠ ʛʝʥʘʤʠ.  
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ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʫʯʘʩʪʠʷ c-Myc ʚ ʨʝʛʫʣʷʮʠʠ ʙʠʦʛʝʥʝʟʘ ʨʠʙʦʩʦʤ ʠ ʪʨʘʥʩʣʷʮʠʠ. ɿʝʣʝʥʳʝ ʣʠʥʠʠ 

ʦʙʦʟʥʘʯʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ, ʢʨʘʩʥʳʝ ï ʦʪʨʠʮʘʪʝʣʴʥʫʶ. ɿʝʣʝʥʳʝ ʩʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ 

ʘʢʪʠʚʘʮʠʶ, ʩʠʤʚʦʣ ()ï ʩʫʧʨʝʩʩʠʶ [9, 106]. 

 

ɺ ʨʘʙʦʪʝ [106] ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ uL5 ʚ ʢʣʝʪʢʘʭ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ c-Myc, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʨʦʤʦʪʦʨʘʤʠ ʛʝʥʦʚ, ʪʨʘʥʩʢʨʠʧʮʠʶ ʢʦʪʦʨʳʭ ʦʥ ʢʦʥʪʨʦʣʠʨʫʝʪ, 

ʭʦʪʷ ʫʨʦʚʝʥʴ ʩʚʦʙʦʜʥʦʛʦ c-Myc ʧʨʠ ʵʪʦʤ ʧʘʜʘʝʪ. ʇʦʩʣʝʜʥʝʝ, ʢʘʢ ʚʳʷʩʥʠʣʦʩʴ ʧʦʟʞʝ [107], 

ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ uL5 ʨʝʛʫʣʠʨʫʝʪ ʫʨʦʚʝʥʴ ʤʈʅʂ c-Myc ʯʝʨʝʟ ʩʚʷʟʳʚʘʥʠʝ ʩ 3ô-ʅʊʆ ʝʛʦ ʤʈʅʂ, ʚ 

ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʚʦʚʣʝʢʘʶʪʩʷ ʙʝʣʦʢ ʘʨʛʦʥʘʚʪ (Ago2) ï ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʣʝʢʩʘ miRISC 

(ʦʪ ʘʥʛʣ. miRNA-induced silencing) ʠ ʤʠʢʨʦʈʅʂ miR-24. ʅʘʧʨʘʚʣʷʷ ʧʦʩʣʝʜʥʠʝ ʢ 3ô-ʅʊʆ ʤʈʅʂ 

c-Myc, uL5 ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʤʈʅʂ c-Myc ʚ ʢʣʝʪʢʘʭ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʫʨʦʚʥʷ uL5 ʧʦʩʨʝʜʩʪʚʦʤ ʥʦʢʜʘʫʥʘ ʥʘʙʣʶʜʘʣʠ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʚʥʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʈʅʂ c-Myc [107]. ɼʝʧʣʝʮʠʷ Ago2 ʥʠʚʝʣʠʨʦʚʘʣʘ ʵʬʬʝʢʪ uL5-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʤʈʅʂ c-Myc. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ 

ʘʛʝʥʪʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʨʠʙʦʩʦʤʥʳʡ ʩʪʨʝʩʩ, ʘʢʪʠʥʦʤʠʮʠʥʦʤ D ʠʣʠ 5-ʬʣʶʦʨʦʫʨʘʮʠʣʦʤ, 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ uL5- ʠ Ago2-ʟʘʚʠʩʠʤʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʤʈʅʂ c-Myc. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ ʦʙʦʠʤʠ ʘʛʝʥʪʘʤʠ ʩʚʷʟʳʚʘʥʠʝ uL5 ʩ Ago2, miR-24 ʠ 

ʤʈʅʂ c-Myc ʫʩʠʣʠʚʘʝʪʩʷ. ʊʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ uL5 ʩ ʤʈʅʂ c-Myc 

ʦʢʘʟʳʚʘʣʘ ʦʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʘʢʪʠʥʦʤʠʮʠʥʦʤ D. ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʘʞʥʦʩʪʠ ʨʝʛʫʣʷʮʠʠ 

ʤʈʅʂ c-Myc ʩ ʫʯʘʩʪʠʝʤ uL5 ʜʣʷ ʢʣʝʪʦʢ ʚ ʩʦʩʪʦʷʥʠʠ ʨʠʙʦʩʦʤʥʦʛʦ ʩʪʨʝʩʩʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ c-Myc ʚ ʢʣʝʪʢʝ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʩʪʨʝʩʩʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ɼʅʂ ʚʩʣʝʜʩʪʚʠʝ ʋʌ ʦʙʣʫʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ [108] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ uL5 ʚ ʢʣʝʪʢʘʭ ʩʪʠʤʫʣʠʨʫʝʪ ʩʚʷʟʳʚʘʥʠʝ ʤʠʢʨʦʈʅʂ miR-130a ʩ 3ô-ʅʊʆ ʤʈʅʂ 

c-Myc, ʧʨʠʚʦʜʷ ʪʝʤ ʩʘʤʳʤ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ c-Myc. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ miR-
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130a ʫʩʠʣʠʚʘʝʪ ʩʚʷʟʳʚʘʥʠʝ ʙʝʣʢʘ Ago2 ʩ ʤʈʅʂ c-Myc, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʩʥʠʞʝʥʠʝʤ ʢʘʢ ʫʨʦʚʥʷ ʩʘʤʦʡ ʤʈʅʂ, ʪʘʢ ʠ ʫʨʦʚʥ ̫ʙʝʣʢʘ c-Myc ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʚʳʟʳʚʘʝʪ 

ʦʩʪʘʥʦʚʢʫ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ. ʆʙʣʫʯʝʥʠʝ ʢʣʝʪʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʋʌ ʩʪʠʤʫʣʠʨʫʝʪ ʩʚʷʟʳʚʘʥʠʝ 

uL5 ʩ miR-130a ʠ ʤʈʅʂ c-Myc, ʘ ʪʘʢʞʝ ʩ ʙʝʣʢʦʤ Ago2. ɸʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ, ʯʪʦ ʚ ʦʪʚʝʪ ʥʘ 

ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ ʚʩʣʝʜʩʪʚʠʝ ʦʙʣʫʯʝʥʠʷ ʋʌ uL5 ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ ʩʚʷʟʳʚʘʥʠʷ miR-130a 

ʩ ʢʦʤʧʣʝʢʩʦʤ miRISC, ʥʘʧʨʘʚʣʷʷ ʟʘʛʨʫʞʝʥʥʳʡ ʤʠʢʨʦʈʅʂ ʢʦʤʧʣʝʢʩ ʢ 3ô-ʅʊʆ ʤʈʅʂ c-Myc ʠ 

ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʜʝʛʨʘʜʘʮʠʶ ʧʦʩʣʝʜʥʝʡ (ʈʠʩʫʥʦʢ 4).  

 

 

ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ miRISC-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʨʝʛʫʣʷʮʠʠ ʫʨʦʚʥʷ ʤʈʅʂ c-Myc ʨʠʙʦʩʦʤʥʳʤ 

ʙʝʣʢʦʤ uL5 (L11) ʚ ʦʪʚʝʪ ʥʘ ʩʪʨʝʩʩ [106-108]. ʅʘ ʨʠʩʫʥʢʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʦʙʦʟʥʘʯʝʥʳ ʩʦʛʣʘʩʥʦ 

ʩʪʘʨʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ. ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ) ʨʠʙʦʩʦʤʥʳʝ ʩʫʙʯʘʩʪʠʮʳ ʩʦʙʠʨʘʶʪʩʷ ʚ 

ʷʜʨʝ, ʟʘʪʝʤ ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʚ ʮʠʪʦʧʣʘʟʤʫ, ʛʜʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʤʈʅʂ c-Myc. ɺ ʮʠʪʦʧʣʘʟʤʝ uL5 ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʢʨʫʪʠʨʦʚʘʥʠʝ miR-24 ʠ miR-130a-ʩʦʜʝʨʞʘʱʝʛʦ miRISC 
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ʢʦʤʧʣʝʢʩʘ ʢ 3ô-ʅʊʆ ʤʈʅʂ c-Myc, ʧʨʠʚʦʜʷ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʦʩʣʝʜʥʝʡ. ɺ ʫʩʣʦʚʠʷʭ ʨʠʙʦʩʦʤʥʦʛʦ ʩʪʨʝʩʩʘ 

(ʥʠʞʥʷʷ ʧʘʥʝʣʴ), ʚʳʟʚʘʥʥʦʛʦ, ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝʤ ʘʢʪʠʥʦʤʠʮʠʥʘ D, ʣʠʙʦ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ɼʅʂ 

ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʋʌ uL5, ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʡ ʚ ʷʜʨʦ, ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʚ ʥʫʢʣʝʦʧʣʘʟʤʫ, 

ʛʜʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʥʢʦʧʨʦʪʝʠʥʦʤ c-Myc, ʥʠʚʝʣʠʨʫʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʛʝʥʦʚ.  

 

ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʚ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʩ-Myc ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʠ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ 

uL18 (L5), ʜʝʡʩʪʚʫʶʱʠʡ ʢʦʦʧʝʨʘʪʠʚʥʦ ʩ uL5 [109]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ uL18 ʩʚʷʟʳʚʘʝʪʩʷ ʩ 3ô-ʅʊʆ ʤʈʅʂ ʩ-Myc, ʘ ʪʘʢʞʝ ʩ ʜʚʫʤʷ ʩʫʙʯʘʩʪʠʮʘʤʠ 

ʢʦʤʧʣʝʢʩʘ miRISC-TRBP (ʦʪ ʘʥʛʣ. HIV-1 TAR RNA-binding protein) ʠ Ago2. ʕʪʦ ʩʚʷʟʳʚʘʥʠʝ 

ʥʘʧʨʘʚʣʷʝʪ ʤʠʢʨʦʈʅʂ ʢ ʤʈʅʂ c-Myc ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʦʩʣʝʜʥʝʡ. ɽʱʝ 

ʦʜʥʠʤ ʨʠʙʦʩʦʤʥʳʤ ʙʝʣʢʦʤ, ʧʨʠʥʠʤʘʶʱʠʤ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ c-Myc, ʷʚʣʷʝʪʩʷ 

uS11 (S14) [110]. ʕʪʦʪ ʙʝʣʦʢ, ʢʘʢ ʠ uL5, ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʫʝʪ c c-Myc ʯʝʨʝʟ ʝʛʦ ʜʦʤʝʥʳ MBII  (ʦʪ 

ʘʥʛʣ. Myc homology box II) ʠ bHLH-LZ (ʦʪ ʘʥʛʣ. helix-loop-helix leucine zipper). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʚʷʟʳʚʘʷʩʴ ʩ c-Myc, uS11 ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ c-Myc ʚʤʝʩʪʝ ʩ ʢʦ-ʬʘʢʪʦʨʦʤ TRRAP ʩ 

ʧʨʦʤʦʪʦʨʘʤʠ ʛʝʥʦʚ, ʪʨʘʥʩʢʨʠʧʮʠʷ ʢʦʪʦʨʳʭ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ c-Myc, ʪʝʤ ʩʘʤʳʤ ʥʠʚʝʣʠʨʫʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʘʢʪʠʚʠʨʦʚʘʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ ʵʪʠʭ ʛʝʥʦʚ.  

ʈʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ uL14 (L23) ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʬʫʥʢʮʠʡ c-Myc, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʧʦʧʪʦʟʦʤ ʠ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʝʡ [111, 112]. ɺ ʨʘʙʦʪʝ [111] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

uL14 ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʥʝʛʘʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʘʧʦʧʪʦʟʘ, ʧʦʜʘʚʣʷʶʱʝʛʦ ʘʢʪʠʚʘʮʠʶ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ-ʠʥʛʠʙʠʪʦʨʦʚ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ c-Myc-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ 

ʙʝʣʢʦʤ Miz1, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ. ɸʚʪʦʨʳ 

ʚʳʷʩʥʠʣʠ, ʯʪʦ uL14 ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʥʫʢʣʝʦʬʦʟʤʠʥʦʤ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʢʦ-ʘʢʪʠʚʘʪʦʨʦʤ Miz1, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʟʘʧʫʩʢʘ ʘʨʝʩʪʘ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʦʧʦʩʨʝʜʫʝʤʦʛʦ Miz1, 

ʠʥʜʫʮʠʨʫʶʱʠʤ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ p15
(Ink4b)

 ʠ p21
(Cip1)

 ï ʠʥʛʠʙʠʪʦʨʳ 

ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʤʈʅʂ uL14 ʥʘʙʣʶʜʘʣʠ ʚ 

ʢʣʝʪʢʘʭ ʧʘʮʠʝʥʪʦʚ ʩ ʚʳʩʦʢʦʨʠʩʢʦʚʳʤ ʤʠʝʣʦʜʠʩʧʣʘʩʪʠʯʝʩʢʠʤ ʩʠʥʜʨʦʤʦʤ [113]. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʜʘʥʥʳʤ ʩʠʥʜʨʦʤʦʤ ʚʳʷʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʤʈʅʂ 

uL14 ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ CD34-ʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʢ ʘʧʦʧʪʦʟʫ [114]. 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ SKM-1/K562 [114] 

ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʝʧʣʝʮʠʷ uL14 ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʦʢ, ʘʢʪʠʚʘʮʠʠ 

ʘʧʦʧʪʦʟʘ ʠ ʘʨʝʩʪʫ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʚ ʬʘʟʝ G1-S. ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ 

ʢʣʝʪʢʘʭ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ uL14 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʚʳʷʚʠʣ ʘʧ-

ʨʝʛʫʣʷʮʠʶ ʛʝʥʘ ʙʝʣʢʘ Miz1 ʠ ʪʨʘʥʩʘʢʪʠʚʘʮʠʶ ʠʥʛʠʙʠʪʦʨʦʚ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ï p15
(Ink4b)

 ʠ 

p21
(Cip1)
, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ c-Myc ʙʳʣ ʩʥʠʞʝʥ.  
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ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʪʨʘʥʩʢʨʠʧʮʠʷ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ uL14, ʘʧ-

ʨʝʛʫʣʠʨʫʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ c-Myc, ʘ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʙʝʣʢʘ c-Myc 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ uL14 ʚ ʢʣʝʪʢʘʭ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ ʧʝʪʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʵʪʠʤʠ ʛʝʥʘʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʚʳʰʝʥʥʳʡ ʢʣʝʪʦʯʥʳʡ ʫʨʦʚʝʥʴ uL14, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ Miz1-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ï p15
(Ink4b)

 ʠ p21
(Cip1)

 ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʧʦʚʳʰʝʥʠʶ ʩʧʦʩʦʙʥʦʩʪʠ c-Myc ʧʨʦʤʦʪʠʨʦʚʘʪʴ ʧʨʦʛʨʝʩʩʠʶ ʢʣʝʪʦʯʥʦʛʦ 

ʮʠʢʣʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʧʝʪʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ. (ʈʠʩʫʥʦʢ 5). 

 

 

ʈʠʩʫʥʦʢ 5. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʡ ʨʦʣʠ uL14 ʚ ʨʝʛʫʣʷʮʠʠ Miz1/c-Myc-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ [112]. ʅʘ ʨʠʩʫʥʢʝ ʛʝʥ, ʢʦʜʠʨʫʶʱʠʡ uL14, ʦʙʦʟʥʘʯʝʥ ʢʘʢ RPL23, 

ʩʦʛʣʘʩʥʦ ʩʪʘʨʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ. ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ uL14 ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ Miz1-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ p15
(Ink4b)

 ʠ p21
(Cip1)

 ï ʠʥʛʠʙʠʪʦʨʳ ʮʠʢʣʠʥ-

ʟʘʚʠʩʠʤʳʭ ʢʠʥʘʟ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ c-Myc ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʦʣʞʝʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʢʪʠʚʘʮʠʷ c-Myc ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʙʝʣʢʘ uL14, ʯʪʦ. ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ c-Myc, ʪ.ʝ. ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʝʪʣʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

 

1.3.2 ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ NF-kB 

 

ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ NF-kB ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʡ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ NF-kB (ʦʪ ʘʥʛʣ. Nuclear factor kB). ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ 
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ʢʦʥʪʨʦʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʠʤʤʫʥʥʦʤ ʦʪʚʝʪʝ ʠ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ 

ʮʠʢʣʘ ʠ ʘʧʦʧʪʦʟʘ (ʜʣʷ ʦʙʟʦʨʘ ʩʤ. [115, 116]). ʉʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ NF-kB ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʚʥʝʰʥʠʝ ʩʪʠʤʫʣʳ, ʪʘʢʠʝ ʢʘʢ ʤʦʣʝʢʫʣʳ ʧʘʪʦʛʝʥʦʚ, ʨʘʟʣʠʯʥʳʝ ʮʠʪʦʢʠʥʳ ʠ ʬʘʢʪʦʨʳ 

ʩʪʨʝʩʩʘ. ʉʝʤʝʡʩʪʚʦ NF-kB ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʝʣʢʘʤʠ NF-kB1 (p50), NF-kB2 (p52), RelA (p65), RelB 

ʠ RelC, ʢʦʪʦʨʳʝ, ʬʦʨʤʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʜʠʤʝʨʦʚ, ʦʙʨʘʟʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʘʢʪʠʚʥʳʡ NF-kB (ʈʠʩʫʥʦʢ 6). 

ɺ 2007 ʛʦʜʫ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ NF-kB ʷʚʣʷʝʪʩʷ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ 

uS3 (S3) [117]. ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʘʬʬʠʥʥʦʡ ʦʯʠʩʪʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ uS3 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʦʤʦʜʠʤʝʨʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ p65 ʠ ʛʝʪʝʨʦʜʠʤʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ p65-p50. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ [117] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʚʣʝʢʘʶʪʩʷ N-ʢʦʥʮʝʚʦʡ ʫʯʘʩʪʦʢ (1-111) uS3, ʩʦʜʝʨʞʘʱʠʡ KH-ʜʦʤʝʥ, ʠ N-

ʢʦʥʮʝʚʦʡ ʫʯʘʩʪʦʢ (21-186) ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ Rel Homology ʜʦʤʝʥ p65, ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʫ 

ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ NF-kB. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʥʦʢʜʘʫʥʫ uS3 ʚʳʷʚʠʣʠ, ʯʪʦ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ uS3 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʷʤ NF-kB-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ p65, ʦʜʥʘʢʦ 

ʥʠʢʘʢ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʤʧʦʨʪʝ ʧʨʝ-40S-ʨʠʙʦʩʦʤʥʳʭ ʩʫʙʯʘʩʪʠʮ ʚ ʮʠʪʦʧʣʘʟʤʫ ʠ ʛʣʦʙʘʣʴʥʦʡ 

ʪʨʘʥʩʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʠʤʫʣʳ, ʚʳʟʳʚʘʶʱʠʝ ʘʢʪʠʚʘʮʠʶ ʣʠʤʬʦʮʠʪʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʪʨʘʥʩʣʦʢʘʮʠʠ uS3 ʚ ʷʜʨʦ ʧʘʨʘʣʣʝʣʴʥʦ ʩ p65, ʧʨʠʚʦʜʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʯʘʩʪʠ NF-

kB, ʩʚʷʟʳʚʘʶʱʝʡʩʷ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʭʨʦʤʘʪʠʥʘ [117]. 

ʂʘʢ ʠ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, NF-kB ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʧʘʪʦʛʝʥʦʚ ʧʨʠ ʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚ ʢʣʝʪʢʠ. ɺ ʨʘʙʦʪʝ [118] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ T3SS-

ʵʬʬʝʢʪʦʨʳ (ʦʪ ʘʥʛʣ. Type III secretion system), ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʧʘʪʦʛʝʥʥʳʤ 

ʵʥʪʝʨʦʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤ ʰʪʘʤʤʦʤ E.coli 0157:H7 (EHES), ʩʚʷʟʳʚʘʶʪʩʷ ʩ uS3 ʢʘʢ ʢʦʤʧʦʥʝʥʪʦʤ 

NF-kB [117]. ɼʘʥʥʳʡ ʰʪʘʤʤ ʙʘʢʪʝʨʠʡ ʚʳʟʳʚʘʝʪ ʪʷʞʸʣʫʶ ʬʦʨʤʫ ʜʠʘʨʝʠ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʩʤʝʨʪʝʣʴʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʧʦʯʝʢ ï ʛʝʤʦʣʠʪʠʢʦ-ʫʨʝʤʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ. ɼʣʷ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʨʘʧʠʷ ʠʣʠ ʤʝʪʦʜʳ ʧʨʦʬʠʣʘʢʪʠʢʠ. ʕʬʬʝʢʪʦʨʳ T3SS 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʩʝʢʨʝʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʙʝʣʢʦʚ ʚ ʵʫʢʘʨʠʦʪʠʯʝʩʢʫʶ ʢʣʝʪʢʫ, ʟʘʧʫʩʢʘʷ ʠʥʬʝʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ. ɺ ʩʣʫʯʘʝ 

ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʰʪʘʤʤʘ ʙʘʢʪʝʨʠʡ ʩʝʢʨʝʪʠʨʫʶʪʩʷ ʜʚʘ ʵʬʬʝʢʪʦʨʥʳʭ ʙʝʣʢʘ ï NleH1 ʠ NleH2, 

ʷʚʣʷʶʱʠʭʩʷ ʘʫʪʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʤʠ ʩʝʨʠʥ/ʪʨʝʦʥʠʥ ʧʨʦʪʝʠʥ-ʢʠʥʘʟʘʤʠ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ uS3 ʚ ʮʠʪʦʧʣʘʟʤʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʢʠʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɹʝʣʦʢ NleH1, ʥʦ ʥʝ 

NleH2, ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ uS3 ʚ ʷʜʨʝ, ʥʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʧʦʜʦʙʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʜʨʫʛʠʝ 

ʢʦʤʧʦʥʝʥʪʳ NF-kB ï p50 ʠ p65. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ NleH1 ʠʥʛʠʙʠʨʫʝʪ uS3/NF-kB-

ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ ʨʝʧʦʨʪʝʨʥʦʡ ʧʣʘʟʤʠʜʳ, ʪʦʛʜʘ ʢʘʢ NleH2 ʩʪʠʤʫʣʠʨʫʝʪ uS3-

ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʫʯʘʩʪʦʢ 40-45 
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ʙʝʣʢʘ NleH1 ʯʘʩʪʠʯʥʦ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʵʬʬʝʢʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ uS3-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ 

ʪʨʘʥʩʢʨʠʧʮʠʠ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʯʘʩʪʠʝ uS3 ʚ ʨʘʙʦʪʝ NF-kB ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ uS3 ʧʦ ʦʩʪʘʪʢʫ ʩʝʨʠʥʘ ʚ ʧʦʣʦʞʝʥʠʠ 

209 ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʨʘʥʩʣʦʢʘʮʠʠ uS3 ʚ ʷʜʨʦ ʚ ʦʪʚʝʪ ʥʘ ʚʥʝʰʥʠʝ ʩʪʠʤʫʣʳ [119]. ɹʦʣʝʝ ʪʦʛʦ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʫʧʦʤʷʥʫʪʳʡ ʚʳʰʝ ʵʬʬʝʢʪʦʨʥʳʡ ʙʝʣʦʢ NleH1 ʠʥʛʠʙʠʨʫʝʪ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ, ʥʘʨʫʰʘʷ NF-kB-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ 

uS3. ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʣʦʥʠʟʘʮʠʠ ʙʘʢʪʝʨʠʡ ʠ ʧʨʠʚʦʜʠʪ 

ʢ ʨʘʟʚʠʪʠʶ ʪʷʞʝʣʦʡ ʜʠʘʨʝʠ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [120] ʧʦʢʘʟʘʥʦ, ʯʪʦ N-ʢʦʥʮʝʚʦʡ ʬʨʘʛʤʝʥʪ p65 (21-

186) ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴʩʷ c ʧʦʣʥʦʨʘʟʤʝʨʥʳʤ p65, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʢʫʨʠʨʫʷ ʩ uS3. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʚ ʮʠʪʦʧʣʘʟʤʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʨʘʛʤʝʥʪʳ p65, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡʩʠʥʛʘ ʧʨʝ-ʤʈʅʂ p65 ʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʵʪʦʛʦ ʙʝʣʢʘ 

ʧʨʦʪʝʘʟʘʤʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ [121, 122]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʭʦʜʷʩʴ ʚ ʮʠʪʦʧʣʘʟʤʝ, 

ʬʨʘʛʤʝʥʪ 21-186 p65 ʤʦʞʝʪ ʤʝʰʘʪʴ ʩʚʷʟʳʚʘʥʠʶ uS3 ʩ p65 ʠ, ʪʝʤ ʩʘʤʳʤ, ʪʦʨʤʦʟʠʪʴ 

ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʚʥʝʰʥʠʤʠ ʩʪʠʤʫʣʘʤʠ ʪʨʘʥʩʣʦʢʘʮʠʶ uS3 ʚ ʷʜʨʦ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ NF-kB ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʙʝʣʢʘʤʠ 

ʩʝʤʝʡʩʪʚʘ IkB, ʷʚʣʷʶʱʠʤʠʩʷ ʝʛʦ ʥʝʛʘʪʠʚʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ NF-kB ʚ ʷʜʨʝ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʩʪʘʥʦʚʢʝ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ 

ʢʘʩʢʘʜʘ [123] (ʈʠʩʫʥʦʢ 6). ɺ ʧʦʢʦʷʱʠʭʩʷ ʢʣʝʪʢʘʭ HEK293, uS3 ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʦʜʥʠʤ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ IkB, ʘ ʠʤʝʥʥʦ ʩ IkBŬ (ʦʪ ʘʥʛʣ. nuclear factor of kappa light polypeptide 

gene enhancer in B-cells inhibitor, alpha), ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤ ʙʝʣʢʦʤ, ʢʦʪʦʨʳʡ ʤʘʩʢʠʨʫʝʪ 

ʩʠʛʥʘʣʳ ʷʜʝʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ NF-kB, ʧʨʝʧʷʪʩʪʚʫʷ ʠʭ ʧʦʧʘʜʘʥʠʶ ʚ ʷʜʨʦ ʠ 

ʚʳʧʦʣʥʝʥʠʶ ʩʚʦʡʩʪʚʝʥʥʳʭ ʠʤ ʬʫʥʢʮʠʡ [124]. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦ-ʧʨʝʮʠʧʠʪʘʮʠʷ 

p65 c uS3 ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ IkBŬ, ʯʪʦ ʜʘʣʦ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ IkBŬ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʥʝʢʠʤ ʤʦʩʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʘʥʥʳʭ ʙʝʣʢʦʚ [124]. ʕʢʩʧʝʨʠʤʝʥʪʳ 

in vitro ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ uS3, IkBŬ ʠ p65 ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ uS3 

ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ IkBŬ, ʪʦʛʜʘ ʢʘʢ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ ʩ p65 

ʦʢʘʟʘʣʠʩʴ ʩʣʘʙʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, IkBŬ ʩʪʠʤʫʣʠʨʦʚʘʣ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ p65 ʩ uS3 [124]. 

ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʜʝʣʘʶʪ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ IkBŬ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʝʧʦʥʠʨʦʚʘʥʠʶ ʚ 

ʮʠʪʦʧʣʘʟʤʝ ʢʘʢ p65, ʪʘʢ ʠ uS3. ɺ ʯʝʤ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʤʳʩʣ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ? ɹʝʣʦʢ uS3 ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʨʠʙʦʩʦʤʥʳʤ ʙʝʣʢʦʤ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʛʝʥʝʟʘ ʨʠʙʦʩʦʤ, ʠ 

ʜʣʷ ʵʪʦʛʦ ʦʥ ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʠʟ ʮʠʪʦʧʣʘʟʤʳ ʚ ʷʜʨʦ, ʛʜʝ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚ ʩʦʟʨʝʚʘʶʱʠʭ 40S 

ʩʫʙʯʘʩʪʠʮ. ʇʦʤʠʤʦ ʵʪʦʛʦ, uS3 ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʚʥʝʨʠʙʦʩʦʤʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʦʥ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʚ ʷʜʨʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʪʠ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʨʦʮʝʩʩʫ ʚʦʚʣʝʯʝʥʠʷ uS3 ʚ ʩʦʩʪʘʚ NF-kB. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, IkBŬ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʣʠʯʠʝ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʫʣʘ uS3 ʚ ʮʠʪʦʧʣʘʟʤʝ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʩʚʦʙʦʞʜʝʥ ʚ ʩʣʫʯʘʝ ʚʣʠʷʥʠʷ 

ʥʘ ʢʣʝʪʢʫ ʩʪʠʤʫʣʦʚ, ʘʢʪʠʚʠʨʫʶʱʠʭ NF-kB ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ (ʈʠʩʫʥʦʢ 6).  

 

 

ʈʠʩʫʥʦʢ 6. ʈʝʛʫʣʷʮʠʷ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ NF-kB [115]. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ NF-kB ʧʦʧʘʜʘʝʪ ʚ ʷʜʨʦ, ʝʛʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʜʯʠʥʝʥʘ ʩʪʨʦʛʦʡ ʨʝʛʫʣʷʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʟʘ ʩʯʸʪ uS3, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʢʦʤʧʣʝʢʩʝ NF-kB. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʧʫʪʠ 

ʜʝʘʢʪʠʚʘʮʠʠ NF-kB (ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤ): (I) IkB-ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʦʟʚʨʘʪ NF-kB ʚ ʮʠʪʦʧʣʘʟʤʫ ʠ (II) 

ʫʙʠʢʚʠʪʠʥ-ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʚ ʷʜʨʝ. 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ uS3 ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ, ʫʯʘʩʪʚʫʶʱʠʡ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ NF-kB. ʅʘʧʨʠʤʝʨ, ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ eS1 (S3a) ʚ ʢʣʝʪʢʘʭ ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ 

ʢʘʨʮʠʥʦʤʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʚʠʨʫʩʦʤ ʛʝʧʘʪʠʪʘ B, ʧʨʠʚʦʜʠʣʦ ʢ ʫʩʠʣʝʥʠʶ ʩʠʛʥʘʣʠʥʛʘ NF-kB, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʠʨʫʩʥʳʤ ʙʝʣʢʦʤ X (HBx), ʠʛʨʘʶʱʠʤ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʚʳʟʚʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ HBx ʩ eS1 

[125]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ eS1 ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʙʦʣʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʩʢʣʦʥʥʦʛʦ ʢ ʘʛʨʝʛʘʮʠʠ HBx. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ eS1 ʚʳʩʪʫʧʘʣ ʚ ʢʘʯʝʩʪʚʝ 

ʰʘʧʝʨʦʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ HBx. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʪʘʥʪʥʳʭ ʬʦʨʤ eS1 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘ ʵʪʦ ʩʚʦʡʩʪʚʦ ʦʪʚʝʪʩʪʚʝʥʝʥ N-ʢʦʥʮʝʚʦʡ ʫʯʘʩʪʦʢ 1-50. ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ 
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ʪʘʢʞʝ ʫʧʦʤʠʥʘʥʠʷ ʦ ʨʠʙʦʩʦʤʥʦʤ ʙʝʣʢʝ eS27 (S27) ʢʘʢ ʚʘʞʥʦʤ ʨʝʛʫʣʷʪʦʨʝ ʘʢʪʠʚʥʦʩʪʠ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ NF-kB [126]. ʉ ʧʦʤʦʱʴʶ ʤʠʢʨʦʵʨʨʝʡ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʢʜʘʫʥ eS27 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ NF-kB, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ p65 ʠ IkBŬ ʧʦ ʧʦʣʦʞʝʥʠʷʤ Ser536 ʠ Ser32 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʪʩʫʪʩʪʚʠʝ 

ʜʘʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʵʪʠ ʙʝʣʢʠ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʩʧʦʩʦʙʥʳʤʠ ʪʨʘʥʩʣʦʮʠʨʦʚʘʪʴʩʷ ʚ ʷʜʨʦ ʠ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ɼʅʂ. 

 

1.3.3 ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ MDM 2-p53 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʦʣʴ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ 

ʧʫʪʠ MDM2-p53 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʦʩʚʝʱʝʥʥʦʡ. ɼʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʧʦʩʚʷʱʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʷʜ ʢʨʫʧʥʳʭ ʦʙʟʦʨʦʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, [80, 127-132]), 

ʧʦʵʪʦʤʫ ʢʘʟʘʣʦʩʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʠʚʝʩʪʠ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʦʙʟʦʨʘ ʣʠʰʴ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ ʠ 

ʫʩʪʦʷʚʰʠʝʩʷ ʚʟʛʣʷʜʳ, ʢʘʩʘʶʱʠʝʩʷ ʨʦʣʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʨʝʛʫʣʷʮʠʠ ʜʘʥʥʦʛʦ ʢʘʩʢʘʜʘ. 

ɹʝʣʦʢ p53 ʷʚʣʷʝʪʩʷ ʦʥʢʦʩʫʧʨʝʩʩʦʨʦʤ. ɺ ʢʣʝʪʢʘʭ ʨʘʟʣʠʯʥʳʭ ʦʧʫʭʦʣʝʡ ʯʘʩʪʦʪʘ ʤʫʪʘʮʠʡ ʚ 

ʛʝʥʝ TP53, ʢʦʜʠʨʫʶʱʝʤ ʵʪʦʪ ʙʝʣʦʢ, ʜʦʩʪʠʛʘʝʪ 50% [133]. ʕʪʠ ʤʫʪʘʮʠʠ ʚʣʠʷʁʪ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ p53. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ p53 ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ ʤʦʞʝʪ 

ʙʳʪʴ ʠʥʘʢʪʠʚʠʨʦʚʘʥ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʷʜʘ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʳʡ 

ʫʨʦʚʝʥʴ MDM2 ï ʦʩʥʦʚʥʦʡ E3-ʫʙʠʢʚʠʪʠʥ ʣʠʛʘʟʳ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʷ 

p53 ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʨʘʜʘʮʠʠ 26S ʧʨʦʪʝʘʩʦʤʦʡ [134]. ɹʝʣʦʢ p53 ʷʚʣʷʝʪʩʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ. ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʦʜʝʨʞʘʥʠʝ p53 ʚ ʢʣʝʪʢʘʭ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʦʯʝʥʴ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʙʦʪʦʡ 

ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ E3 ʫʙʠʢʚʠʪʠʥ-ʣʠʛʘʟʳ MDM2 [135, 136]. ʇʦʩʣʝʜʥʷʷ ʤʦʞʝʪ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ p53 ʯʝʨʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʩ ʥʠʤ [137]. ʉʣʝʜʫʝʪ 

ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ MDM2 ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ p53 ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʘ ʥʝʛʘʪʠʚʥʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ [138]. ɸʢʪʠʚʘʮʠʷ ʞʝ p53 ʚ ʥʦʨʤʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʚʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʪʠʤʫʣʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ɼʅʂ ʚ ʢʣʝʪʢʘʭ ʠ ʜʝʣʘʪʴ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤʠ 

ʜʣʷ ʧʦʧʫʣʷʮʠʠ ʦʩʪʘʣʴʥʳʭ ʜʝʣʷʱʠʭʩʷ ʢʣʝʪʦʢ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ p53 ʷʚʣʷʝʪʩʷ 

ʵʣʠʤʠʥʘʮʠʷ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʩʪʘʪʴ ʦʥʢʦʛʝʥʥʳʤʠ ʚʚʠʜʫ, ʥʘʧʨʠʤʝʨ, 

ʥʝʨʝʧʘʨʘʙʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ. ɸʢʪʠʚʘʮʠʷ p53 ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʩʪʘʥʦʚʢʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʯʪʦʙʳ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʣʝʪʢʝ ʥʠʚʝʣʠʨʦʚʘʪʴ ʵʬʬʝʢʪ 

ʩʪʨʝʩʩʘ, ʣʠʙʦ ʞʝ ʢ ʟʘʧʫʩʢʫ ʘʧʦʧʪʦʟʘ, ʢʦʛʜʘ ʧʦʚʨʝʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʩʪʨʝʩʩʦʤ, ʥʝʚʦʟʤʦʞʥʦ 

ʠʩʧʨʘʚʠʪʴ. ʇʦʩʢʦʣʴʢʫ p53 ʦʪʚʦʜʠʪʩʷ ʩʪʦʣʴ ʩʝʨʴʝʟʥʘʷ ʨʦʣʴ ʚ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʤ ʮʠʢʣʝ ʢʣʝʪʢʠ, 

ʘʢʪʠʚʥʦʩʪʴ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ MDM2-p53 ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʩʪʨʦʛʠʤ ʢʦʥʪʨʦʣʝʤ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ 
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ʤʥʦʞʝʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ [139]. ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʨʘʟ ʠ ʷʚʣʷʶʪʩʷ 

ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʝʛʫʣʷʮʠʠ c-Myc ʠ NF-kB, ʛʜʝ ʟʘʤʝʯʝʥʳ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʨʠʙʦʩʦʤʥʳʝ 

ʙʝʣʢʠ, ʚ ʢʦʥʪʨʦʣʝ ʘʢʪʠʚʥʦʩʪʠ p53 ʫʯʘʩʪʚʫʝʪ ʮʝʣʘʷ ʧʣʝʷʜʘ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ (ʩʤ. ʦʙʟʦʨʳ, 

ʮʠʪʠʨʦʚʘʥʥʳʝ ʚʳʰʝ). ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ ʚ ʛʨʫʧʧʫ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʛʫʣʷʮʠʠ MDM2-p53, ʚʭʦʜʠʣʠ uS3 [140], eS7 [141], uS11 [142], uS19 [143], 

uS10 [143], eS25 [144], eS26 [145], eS31 [146], eS27L [147, 148], uL4 [149], uL18 [150-152], eL6 

[153], uL5 [154-156], uL14 [157, 158], uL24 [159] ʠ eL37 [143], ʠ ʩʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦʪ ʩʧʠʩʦʢ ʙʫʜʝʪ 

ʨʘʩʰʠʨʷʪʴʩʷ.  

ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʤʦʛʫʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ p53 ʥʝʩʢʦʣʴʢʠʤʠ ʦʩʥʦʚʥʳʤʠ ʧʫʪʷʤʠ 

(ʈʠʩʫʥʦʢ 7). ʆʜʠʥ ʠʟ ʥʠʭ ï ʵʪʦ ʩʫʧʨʝʩʩʠʷ ʫʙʠʢʚʠʪʠʥ-ʣʠʛʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ MDM2 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ p53, ʢʦʪʦʨʘʷ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʨʦʪʝʘʩʦʤʥʦ-ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ ʜʝʛʨʘʜʘʮʠʶ 

ʧʦʩʣʝʜʥʝʛʦ. ɺʪʦʨʦʡ ʧʫʪʴ ï ʫʩʠʣʝʥʠʝ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ p53 (ʜʘʥʥʳʡ ʧʨʠʤʝʨ ʙʫʜʝʪ ʜʝʪʘʣʴʥʦ 

ʨʘʩʩʤʦʪʨʝʥ ʚ ʛʣʘʚʝ 1.5.6, ʧʦʩʚʷʱʝʥʥʦʡ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʈʅʂ 

ʨʠʙʦʩʦʤʥʳʤʠ ʙʝʣʢʘʤʠ) [160]. ʅʘʢʦʥʝʮ, ʪʨʝʪʠʡ ʧʫʪʴ ï ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ p53 ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʘʨʝʩʪ ʢʣʝʪʦʯʥʦʛʦ 

ʮʠʢʣʘ ʠ ʟʘʧʫʩʢ ʘʧʦʧʪʦʟʘ [131].  

 

 

ʈʠʩʫʥʦʢ 7. ʇʫʪʠ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ p53 ʨʠʙʦʩʦʤʥʳʤʠ ʙʝʣʢʘʤʠ [131]. ʇʨʠ ʷʜʨʳʰʢʦʚʦʤ ʩʪʨʝʩʩʝ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, 

ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʚʦʟʜʝʡʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, ʘʢʪʠʚʘʮʠʠ ʦʥʢʦʛʝʥʝʟʘ, ʙʝʣʢʠ 60S ʠ 

40S ʨʠʙʦʩʦʤʥʳʭ ʩʫʙʯʘʩʪʠʮ (RPL ʠ RPS ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʤʦʛʫʪ ʚʳʩʚʦʙʦʞʜʘʪʴʩʷ ʠʟ ʷʜʨʳʰʢʘ ʠ 

ʘʢʪʠʚʠʨʦʚʘʪʴ p53 ʧʦʩʨʝʜʩʪʚʦʤ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. (I) ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʤʦʛʫʪ 
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ʩʚʷʟʳʚʘʪʴʩʷ ʩ MDM2, ʠʥʛʠʙʠʨʫʷ ʝʸ E3-ʫʙʠʢʚʠʪʠʥ-ʣʠʛʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ 

ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʢʣʝʪʢʘʭ p53. (II) ʈʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ uL24 ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 5ô-ʅʊʆ ʤʈʅʂ p53, 

ʩʪʠʤʫʣʠʨʫʷ ʝʸ ʪʨʘʥʩʣʷʮʠʶ. (III ) ʈʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ uL5 ʤʦʞʝʪ ʨʝʢʨʫʪʠʨʦʚʘʪʴ ʢʦ-ʘʢʪʠʚʘʪʦʨʳ p53 ï 

p300/CBP, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʢʪʠʚʠʨʦʚʘʥʠʶ p53 ʧʦʩʨʝʜʩʪʚʦʤ ʝʛʦ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʧʦ ʦʩʪʘʪʢʫ 

ʣʠʟʠʥʘ ʚ ʧʦʣʦʞʝʥʠʠ 382. ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ p53 ʫʯʘʩʪʚʫʝʪ ʚ ʪʨʘʥʩʘʢʪʠʚʘʮʠʠ 

ʧʦʜʢʦʥʪʨʦʣʴʥʳʭ ʝʤʫ ʛʝʥʦʚ, ʯʴʠ ʧʨʦʜʫʢʪʳ ʟʘʧʫʩʢʘʶʪ ʘʨʝʩʪ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʘʧʦʧʪʦʟ, ʧʨʝʧʷʪʩʪʚʫʷ ʪʝʤ 

ʩʘʤʳʤ ʦʥʢʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʣʝʪʦʢ. ʅʘʟʚʘʥʠʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʧʨʠʚʝʜʝʥʳ ʩʦʛʣʘʩʥʦ ʩʪʘʨʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʝ. 

 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ [131] ʧʨʝʜʣʦʞʝʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʨʠʙʦʩʦʤʥʳʝ 

ʙʝʣʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ p53, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ MDM2 ʠ p53 ʠ ʩʧʦʩʦʙʘ ʘʢʪʠʚʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ (ʩʤ. ʊʘʙʣʠʮʫ 1). 

 

ʊʘʙʣʠʮʘ 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʛʫʣʷʮʠʠ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ MDM2-

p53, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [131]. 

ʍʘʨʘʢʪʝʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩ 

MDM2 ʠ p53 

ʈʠʙʦʩʦʤʥʳʝ 

ʙʝʣʢʠ 
ʂʘʢ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

çʇʨʷʤʳʝ ʵʬʬʝʢʪʦʨʳè uL18, uL5 

ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

MDM2 ʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʘʢʪʠʚʘʮʠʠ p53; 

ʥʦʢʜʘʫʥ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʙʝʣʢʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ p53 ʥʝ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʨʠʙʦʩʦʤʥʦʛʦ ʩʪʨʝʩʩʘ 

çʅʝʧʨʷʤʳʝ ʘʢʪʠʚʘʪʦʨʳè 

eS6, uS4, eS19, 

uS12, eL8, eL24, 

eL29, eL30, eL37 

ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʥʝ ʩʚʷʟʳʚʘʶʪʩʷ ʥʘʧʨʷʤʫʶ 

ʩ MDM2 ʠ ʥʝ ʠʥʛʠʙʠʨʫʶʪ ʝʸ E3 ʫʙʠʢʚʠʪʠʥ-

ʣʠʛʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʚʷʟʳʚʘʥʠʶ MDM2 ʩ uL18 ʠ uL5 

çʇʨʷʤʳʝ ʩʫʙʩʪʨʘʪʳè 
eS7, eS31, eS27L, 

uL24 

ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

MDM2 ʠ ̫ʚʣʷʶʪʩʷ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ MDM2-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʨʘʜʘʮʠʠ.  

çʇʨʷʤʳʝ ʛʝʥʳ-ʤʠʰʝʥʠ 

p53è 

eS31, eS27L, eS27, 

eS25 

ɻʝʥʳ ʵʪʦʡ ʛʨʫʧʧʳ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ 

ʷʚʣʷʶʪʩʷ ʤʠʰʝʥʷʤʠ ʜʣʷ p53. ʕʢʩʧʨʝʩʩʠʷ 

ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ eS27 ʠ eS25, 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ ʩʫʧʨʝʩʩʠʨʫʝʪʩʷ p53, ʪʦʛʜʘ 

ʢʘʢ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ eS31 ʠ eS27L 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ ʘʢʪʠʚʠʨʫʝʪʩʷ. 

 

ɺʦʟʥʠʢʘʝʪ ʣʦʛʠʯʥʳʡ ʚʦʧʨʦʩ ï ʟʘʯʝʤ ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʩʠʩʪʝʤʳ MDM2-p53 ʪʨʝʙʫʝʪʩʷ 

ʫʯʘʩʪʠʝ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ? ʀʥʪʝʨʝʩʥʦ ʪʘʢʞʝ, ʥʘʩʢʦʣʴʢʦ 

ʢʨʠʪʠʯʥʘ ʠʭ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʜʘʥʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ? ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩ MDM2-p53. ɺ 
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ʨʘʙʦʪʝ [161] ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʯʝʪʳʨʝʭ ʙʝʣʢʦʚ: eS7, uL18, uL5 ʠ uL14 ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ p53. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʠ uL18, ʥʠ uL5 ʧʦʦʜʠʥʦʯʢʝ ʥʝ ʤʦʛʫʪ ʩʫʧʨʝʩʩʠʨʦʚʘʪʴ MDM2 ʠ 

ʘʢʪʠʚʠʨʦʚʘʪʴ p53, ʪ.ʝ. ʠʭ ʨʘʙʦʪʘ ʚʟʘʠʤʦʩʚʷʟʘʥʘ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ 

p53 ʚ ʦʪʚʝʪ ʥʘ ʜʝʧʣʝʮʠʶ eS7 ʠʣʠ uL14 ʦʙʫʩʣʦʚʣʝʥʘ uL18 ʠ uL5, ʧʦʩʢʦʣʴʢʫ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʧʨʠʚʦʜʠʣʦ ʢ ʥʠʚʝʣʠʨʦʚʘʥʠʶ ʵʬʬʝʢʪʘ ʘʢʪʠʚʘʮʠʷ p53. ʇʦʥʠʞʝʥʠʝ ʫʨʦʚʥʝʡ ʜʨʫʛʠʭ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʥʝ ʚʣʠʷʣʦ ʥʘ ʘʢʪʠʚʘʮʠ ʁ p53, ʚʳʟʚʘʥʥʫ  ʁʜʝʧʣʝʮʠʝʡ eS7 ʠʣʠ uL14, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ uL18 ʠ uL5. 

ʎʝʥʪʨʘʣʴʥʘʷ ʨʦʣʴ ʵʪʠʭ ʙʝʣʢʦʚ ʚ ʘʢʪʠʚʘʮʠʠ p53 ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ [162], ʛʜʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʪʘʢʞʝ, ʯʪʦ uL18 ʠ uL5 ʨʝʛʫʣʠʨʫʶʪ ʫʨʦʚʝʥʴ p53 ʩʦʚʤʝʩʪʥʦ ʩ 5S ʨʈʅʂ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʙʠʦʛʝʥʝʟʘ ʨʠʙʦʩʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʳʡ 

ʨʠʙʦʥʫʢʣʝʦʧʨʦʪʝʠʜʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ 5S ʨʈʅʂ, uL18 ʠ uL5. ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

uL18 ʠ 5S ʨʈʅʂ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʘ ʚ ʷʜʨʝ, ʪʦʛʜʘ ʢʘʢ uL5 ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʚ 

ʮʠʪʦʧʣʘʟʤʝ, ʠ ʚ ʷʜʨʝ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ ʘʢʪʠʥʦʤʠʮʠʥʦʤ D, 

ʧʨʠʚʦʜʷʱʠʤ ʢ ʦʩʪʘʥʦʚʢʝ ʩʠʥʪʝʟʘ ʨʠʙʦʩʦʤ, uL5 ʧʝʨʝʣʦʮʠʨʫʝʪʩʷ ʠʟ ʮʠʪʦʧʣʘʟʤʳ ʚ ʷʜʨʦ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʘʩʩʦʮʠʘʮʠʷ ʩ ʢʦʤʧʣʝʢʩʦʤ uL18Å5S ʨʈʅʂ. ʀʤʝʥʥʦ ʪʘʢʦʡ ʪʨʦʡʥʦʡ ʈʅʇ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʷ p53, ʩʚʷʟʳʚʘʷʩʴ ʩ MDM2. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [163], ʧʦʩʚʷʱʝʥʥʦʡ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʦʣʠ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʪʨʠʤʝʨʥʦʛʦ 5S ʈʅʇ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʢʦʤʧʣʝʢʩ 

ʫʯʘʩʪʚʫʝʪ ʪʘʢʞʝ ʚ ʠʥʜʫʢʮʠʠ ʘʢʪʠʚʥʦʩʪʠ p53 ʧʨʠ ʨʝʧʣʠʢʘʪʠʚʥʦʤ ʠ ʦʥʢʦʛʝʥʥʦʤ ʩʪʨʝʩʩʝ, ʧʨʠʚʦʜʷ 

ʢ ʢʣʝʪʦʯʥʦʤʫ ʩʪʘʨʝʥʠʶ. 

ɺ 2016 ʛʦʜʫ ʚʳʰʣʘ ʚ ʩʚʝʪ ʨʘʙʦʪʘ [129], ʛʜʝ ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʜʝʧʣʝʮʠʠ 

ʢʘʞʜʦʛʦ ʠʟ 80 ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʯʝʣʦʚʝʢʘ ʥʘ ʧʨʦʮʝʩʩʠʥʛ ʧʨʝ-ʨʈʅʂ, ʩʪʨʫʢʪʫʨʫ ʷʜʨʳʰʢʘ ʠ 

ʫʨʦʚʝʥʴ p53. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʪʦʡ ʨʘʙʦʪʳ ʜʝʧʣʝʮʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ (50 ʠʟ 

80) ʥʝ ʦʢʘʟʳʚʘʣʘ ʚʣʠʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʷʜʨʳʰʢʘ, ʥʦ ʧʨʠʚʦʜʠʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ p53. ɼʣʷ 8 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʥʠʞʝʥʠʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʣʝʪʢʘʭ ʚʣʠʷʝʪ ʣʠʙʦ ʥʘ 

ʫʨʦʚʝʥʴ p53, ʣʠʙʦ ʥʘ ʩʪʨʫʢʪʫʨʫ ʷʜʨʳʰʢʘ. ʉʨʝʜʠ ʚʩʝʭ ʵʪʠʭ ʙʝʣʢʦʚ ʚʳʜʝʣʝʥʳ ʜʚʘ ï uL5 ʠ uL18, 

ʧʦʩʢʦʣʴʢʫ ʠʭ ʜʝʧʣʝʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʨʫʰʘʣʘ ʩʪʨʫʢʪʫʨʫ ʷʜʨʳʰʢʘ ʠ ʥʝ ʧʨʠʚʦʜʠʣʘ ʢ 

ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ p53. ɹʦʣʝʝ ʪʦʛʦ, ʜʝʧʣʝʮʠʷ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ uL5 ʠʣʠ uL18 ʥʝ ʚʣʠʷʣʘ ʥʘ ʫʨʦʚʝʥʴ p53. ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʚʣʠʷʥʠʝ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʥʘ ʛʦʤʝʦʩʪʘʟ p53 ʧʨʦʠʩʭʦʜʠʪ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ uL5 ʠ uL18, 

ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [131]. ʆʜʥʘʢʦ ʥʠ ʚ ʦʜʥʦʡ ʠʟ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪ ʥʝ ʧʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ uL5 ʠ uL18 ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʪʴʩʷ ʩ p53. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ uL5 ʠ uL18 ʤʦʛʫʪ ʫʩʠʣʠʚʘʪʴ ʠ ʘʢʪʠʚʥʦʩʪʴ ʛʦʤʦʣʦʛʘ p53 ï ʙʝʣʢʘ 

TAp73, ʥʦ ʧʦ ʤʝʭʘʥʠʟʤʫ, ʦʪʣʠʯʥʦʤʫ ʦʪ ʪʦʛʦ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʦʥʠ ʨʝʛʫʣʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ 

p53 [152]. ʕʪʠ ʙʝʣʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʪʨʘʥʩʘʢʪʠʚʘʮʠʦʥʥʳʤ ʜʦʤʝʥʦʤ TAp73 ʥʝʟʘʚʠʩʠʤʦ ʦʪ MDM2 

ʚ ʦʪʚʝʪ ʥʘ ʨʠʙʦʩʦʤʥʳʡ ʩʪʨʝʩʩ. ʕʪʦ ʩʚʷʟʳʚʘʥʠʝ ʜʝʣʘʝʪ TAp73 ʥʝʩʧʦʩʦʙʥʳʤ ʢ ʘʩʩʦʮʠʘʮʠʠ ʩ 
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MDM2 ʥʘ ʧʨʦʤʦʪʦʨʘʭ ʛʝʥʦʚ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ TAp73. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ uL5 ʠ 

uL18 ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ TAp73 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʫʧʨʝʩʩʠʠ ʘʢʪʠʚʥʦʩʪʠ MDM2. 

ʅʝʢʦʪʦʨʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ, ʥʘʧʨʠʤʝʨ uL4, ʩʪʠʤʫʣʠʨʫʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 

MDM2 c uL5 ʠ uL18, ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ ʙʝʣʢʠ, ʥʘʧʨʠʤʝʨ eS7, eS27L, uL24 ʠ eS26, ʷʚʣʷʶʪʩʷ ʢʘʢ 

ʨʝʛʫʣʷʪʦʨʘʤʠ, ʪʘʢ ʠ ʩʫʙʩʪʨʘʪʘʤʠ MDM2 [149]. ʂʨʦʤʝ ʪʦʛʦ, ʨʷʜ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʫʯʘʩʪʚʫʝʪ ʚ 

ʨʝʛʫʣʷʮʠʠ p53-MDM2 ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ eS25, eS27 ʠ S27L, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ p53 ʥʘ ʵʪʘʧʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ï 

p53 ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʤʦʪʦʨʘʤʠ ʵʪʠʭ ʛʝʥʦʚ ʠ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ 

ʪʨʘʥʩʢʨʠʧʮʠʠ [144, 147, 148]. ɹʦʣʝʝ ʪʦʛʦ, ʜʝʛʨʘʜʘʮʠʷ eS27L ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ MDM2, ʪ.ʝ. 

ʬʘʢʪʠʯʝʩʢʠ eS27L ʢʦʥʢʫʨʠʨʫʝʪ ʩ p53 ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ RING-ʜʦʤʝʥʦʤ MDM2. 

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʛʫʣʷʮʠʶ ʢʘʩʢʘʜʘ p53-MDM2 ʚʦʚʣʝʢʘʝʪʩʷ ʪʘʢʞʝ eS26 

[145]. ʂʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ, eS26 ʩʪʘʙʠʣʠʟʠʨʫʝʪ p53 ʯʝʨʝʟ uL5-

ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ. ʂʨʦʤʝ ʪʦʛʦ, eS26 ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʩ MDM2 ʠ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ p53. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ eS26 ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʩʧʦʩʦʙʥʦʩʪʠ p53 ʘʢʪʠʚʠʨʦʚʘʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʛʝʥʦʚ ʚ ʦʪʚʝʪ ʥʘ 

ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ, ʥʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʥʝ ʩʚʷʟʘʥ ʩʦ ʩʥʠʞʝʥʠʝʤ ʩʪʘʙʠʣʴʥʦʩʪʠ p53. ɹʦʣʝʝ ʪʦʛʦ, ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʥʦʩʪʴ ʨʝʢʨʫʪʠʥʛʘ p53 ʢ ʧʨʦʤʦʪʦʨʘʤ ʝʛʦ ʪʘʨʛʝʥʪʥʳʭ ʛʝʥʦʚ 

ʚʤʝʩʪʝ ʩ ʫʨʦʚʥʝʤ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ p53. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ eS26 ʩʧʦʩʦʙʝʥ ʥʘʧʨʷʤʫʶ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ 

ʩ p53 ʥʝʟʘʚʠʩʠʤʦ ʦʪ MDM2 ʠ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʢʦʤʧʣʝʢʩʝ ʩ p53 ʠ p300 [145]. 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʵʢʟʦʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ uL5/uL18-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʨʝʛʫʣʷʮʠʠ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ MDM2-p53. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʯʪʦ PICT1 (ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ GLTSCR2) 

ʨʝʛʫʣʠʨʫʝʪ MDM2-p53 ʠ ʨʦʩʪ ʦʧʫʭʦʣʝʡ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ uL5 [164]. PICT1 ʷʚʣʷʝʪʩʷ 

ʷʜʝʨʥʳʤ ʙʝʣʢʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʵʤʙʨʠʦʛʝʥʝʟʘ ʠ ʚʳʞʠʚʘʥʠʷ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ. ɼʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʧʦʪʝʨʷ PICT1 ʧʨʠʚʦʜʠʪ ʢ p53-ʟʘʚʠʩʠʤʦʤʫ 

ʘʨʝʩʪʫ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʚ ʬʘʟʝ G1 ʠ ʘʧʦʧʪʦʟʫ. ɺ ʢʣʝʪʢʘʭ, ʜʝʬʠʮʠʪʥʳʭ ʧʦ PICT1, ʥʘʢʘʧʣʠʚʘʝʪʩʷ 

p53, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʨʘʙʦʪʝ MDM2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ PICT1 ʩʚʷʟʳʚʘʝʪʩʷ ʩ uL5, ʘ 

ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ PICT1 uL5 ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠʟ ʷʜʨʳʰʝʢ ʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ MDM2, ʥʘʨʫʰʘʷ ʝʛʦ 

ʫʙʠʢʚʠʪʠʥ-ʣʠʛʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ p53. ɽʱʸ ʦʜʠʥ 

ʠʥʪʝʨʝʩʥʳʡ ʧʨʠʤʝʨ ʩʚʷʟʘʥ ʩ ʦʥʢʦʧʨʦʪʝʠʥʦʤ SRSF1, ʷʚʣʷʶʱʠʤʩʷ ʬʘʢʪʦʨʦʤ ʩʧʣʘʡʩʠʥʛʘ, 

ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ p53 ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ c 

uL18 [151]. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʜʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʢʣʝʪʦʯʥʦʤʫ 

ʩʪʘʨʝʥʠʶ. 

ʇʦʤʠʤʦ ʫʯʘʩʪʠʷ ʚ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʷʭ c-Myc, NF-kB ʠ MDM2-p53, ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ 

ʚʩʪʨʝʯʘʶʪʩʷ ʫʧʦʤʠʥʘʥʠʷ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ, 
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ʧʨʠʥʠʤʘʶʱʠʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʊʘʢ, ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ 

uL5, ʫʞʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʟʘʤʝʯʝʥʥʳʡ ʢʘʢ ʫʯʘʩʪʥʠʢ ʤʥʦʞʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʨʘʥʩʣʷʮʠʝʡ, ʦʢʘʟʘʣʩʷ ʩʧʦʩʦʙʥʳʤ ʩʚʷʟʳʚʘʪʴʩʷ ʩ PPARŬ (ʦʪ ʘʥʛʣ. Peroxisome proliferator-

activated receptor alpha-ʨʝʮʝʧʪʦʨ, ʘʢʪʠʚʠʨʫʝʤʳʡ ʧʝʨʦʢʩʠʩʦʤʥʳʤʠ ʧʨʦʣʠʬʝʨʘʪʦʨʘʤʠ, ʘʣʴʬʘ) 

[165]. PPARŬ ï ʵʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ ʷʜʝʨʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʆʥ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʢʣʝʪʦʢ, 

ʨʘʟʚʠʪʠʷ ʠ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. ʉʚʷʟʳʚʘʥʠʝ PPARŬ ʩ uL5 ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʜʚʫʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤʘʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʜʨʦʞʞʝʡ. ɺʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ uL5 ʚʦʚʣʝʢʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ D-ʜʦʤʝʥ 

PPARŬ, ʦʜʥʘʢʦ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʝ ʠʟʦʬʦʨʤʳ PPARŬ ï PPARÇ ʠ PPARɔ ʥʝ ʩʧʦʩʦʙʥʳ ʢ ʵʪʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ PPARŬ ʩ uL5. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʚʝʨʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʙʝʣʢʘ uL5 ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ PPARŬ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ uL5 c PPARŬ ʩʥʠʞʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʦʩʣʝʜʥʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ PPRE-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ (ʦʪ ʘʥʛʣ. PPAR-response element) 

ʚ ɼʅʂ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʠ ʵʣʝʤʝʥʪʳ. 

ɽʱʝ ʦʜʥʠʤ ʙʝʣʢʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʚʦʡʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʬʘʢʪʦʨʘʤʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʦʢʘʟʘʣʩʷ eS1. ɺ ʨʘʙʦʪʝ [20] ʧʨʠ ʧʦʠʩʢʝ ʢʣʝʪʦʯʥʳʭ ʧʘʨʪʥʝʨʦʚ ʬʘʢʪʦʨʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ CHOP (GADD153) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʘʚʪʦʨʳ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ eS1. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʚʷʟʳʚʘʥʠʶ in vitro ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ CHOP ʠ eS1. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ eS1 ʚ ʢʣʝʪʢʘʭ 

ʣʝʡʢʦʟʘ ʈʘʫʰʝʨʘ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʵʨʠʪʨʦʧʦʵʪʠʥʦʤ ʠʣʠ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ, ʠʥʛʠʙʠʨʦʚʘʣʦ ʠʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʥʦ ʵʪʦʪ ʵʬʬʝʢʪ ʯʘʩʪʠʯʥʦ ʥʠʚʝʣʠʨʦʚʘʣʩʷ, ʝʩʣʠ ʚ ʢʣʝʪʢʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʚʝʨʵʢʩʧʝʨʩʩʠʨʦʚʘʣʩʷ ʛʝʥ, ʢʦʜʠʨʫʶʱʠʡ CHOP. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʟʘʢʣʶʯʝʥʠʝ, 

ʯʪʦ eS1, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ CHOP, ʤʦʞʝʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʵʨʠʪʨʦʧʦʵʟʘ.  

 

1.4 ʈʦʣʴ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʧʨʦʮʝʩʩʠʥʛʝ ʈʅʂ 

 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʟʘʨʷʜ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʟʘʨʷʞʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ, ʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʷʜʨʝ ʠ ʮʠʪʦʧʣʘʟʤʝ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʢʣʝʪʢʘʭ ʦʥʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʨʘʟʥʳʤʠ ʈʅʂ, ʧʦʤʠʤʦ ʨʈʅʂ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʷʜ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʠʥʛʝ ʧʨʝ-ʤʈʅʂ, ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʳʚʘʷʩʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ [14, 75, 77]. ʄʥʦʛʠʝ ʠʟ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʨʝʛʫʣʠʨʫʶʪ ʩʧʣʘʡʩʠʥʛ 

ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʝ-ʤʈʅʂ, ʫʯʘʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ ʚ ʢʦʥʪʨʦʣʝ ʙʠʦʛʝʥʝʟʘ ʨʠʙʦʩʦʤ; ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʨʝ-ʤʈʅʂ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʵʢʩʧʨʝʩʩʠʝʡ ʮʝʣʦʡ 
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ʧʣʝʷʜʳ ʛʝʥʦʚ [166, 167]. ʄʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ ʠʟʚʝʩʪʥʦ ʜʣʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʙʘʢʪʝʨʠʡ 

ʠ ʥʠʟʰʠʭ ʵʫʢʘʨʠʦʪ [76, 81], ʠ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ï ʜʣʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

(ʚʦʟʤʦʞʥʦ, ʠʭ ʬʫʥʢʮʠʠ ʚ ʧʨʦʮʝʩʩʠʥʛʝ ʈʅʂ ʦʩʪʘʣʠʩʴ ʥʝ ʠʟʫʯʝʥʥʳʤʠ). ʀʤʝʥʥʦ ʦ ʥʠʭ ʧʦʡʜʸʪ 

ʨʝʯʴ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʦʙʟʦʨʘ. 

ʇʝʨʚʳʤ ʯʝʣʦʚʝʯʝʩʢʠʤ ʨʠʙʦʩʦʤʥʳʤ ʙʝʣʢʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʘʷ ʨʦʣʴ ʚ 

ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʛʝʥʘ ʥʘ ʫʨʦʚʥʝ ʩʧʣʘʡʩʠʥʛʘ, ʷʚʣʷʝʪʩʷ eS26 [168-171]. ɺ 

ʨʘʙʦʪʝ [168] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʈʅʂ-ʬʨʘʛʤʝʥʪʦʚ, ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʥʳʭ ʩ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʛʝʥʘ 

eS26, ʠ ʩʫʤʤʘʨʥʦʛʦ ʙʝʣʢʘ 40S ʩʫʙʯʘʩʪʠʮ ʨʠʙʦʩʦʤ ʯʝʣʦʚʝʢʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ eS26 ʠ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ uS12, ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʝʨʚʳʤ ʠʥʪʨʦʥʦʤ ʧʨʝ-ʤʈʅʂ eS26. ɺ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ [169] ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʬʠʣʴʪʨʦʚʘʥʠʷ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʭ ʬʠʣʴʪʨʘʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ 

ʢʘʞʫʱʠʭʩʷ ʢʦʥʩʪʘʥʪ ʘʩʩʦʮʠʘʮʠʠ (ʂʘ) eS26 ʩ ʬʨʘʛʤʝʥʪʦʤ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʝ-ʤʈʅʂ (~5.0Ĭ10
7
M

-1
), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʝʨʚʦʤʫ ʠʥʪʨʦʥʫ, ʠ ʬʨʘʛʤʝʥʪʦʤ ʤʈʅʂ (~2.0Ĭ10
7
M

-1
), ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ 

ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ. ʆ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʨʫʛʦʡ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʙʝʣʦʢ, eS19, ʩʚʷʟʳʚʘʣʩʷ ʩ ʧʝʨʚʳʤ ʠʥʪʨʦʥʦʤ ʧʨʝ-ʤʈʅʂ eS26 ʩ ʂʘ ʥʘ ʧʦʨʷʜʦʢ 

ʥʠʞʝ, ʯʝʤ ʫ eS26, ʘ ʩ ʤʈʅʂ eS26 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʚʷʟʳʚʘʣʩʷ. ʄʝʪʦʜʦʤ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ, ʩʧʝʮʠʬʠʯʥʳʭ ʢ eS26, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʵʥʜʦʛʝʥʥʳʡ eS26 ʚ 

ʩʦʩʪʘʚʝ ʷʜʝʨʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʢʣʝʪʦʢ HeLa ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʧʝʨʚʳʤ ʠʥʪʨʦʥʦʤ ʩʚʦʝʡ ʧʨʝ-

ʤʈʅʂ ʠ ʚ ʤʝʥʴʰʝ ʩʪʝʧʝʥʠ ʩ ʬʨʘʛʤʝʥʪʦʤ ʩʚʦʝʡ ʤʈʅʂ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ eS26 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʚʰʠʭʩʷ ʬʨʘʛʤʝʥʪʦʚ ʧʨʝ-ʤʈʅʂ ʠ ʤʈʅʂ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ. ʉʧʣʘʡʩʠʥʛ 

ʬʨʘʛʤʝʥʪʘ ʧʨʝ-ʤʈʅʂ eS26, ʩʦʜʝʨʞʘʱʝʛʦ ʧʝʨʚʳʡ ʵʢʟʦʥ, ʧʝʨʚʳʡ ʠʥʪʨʦʥ, ʚʪʦʨʦʡ ʵʢʟʦʥ ʠ ʯʘʩʪʴ 

ʚʪʦʨʦʛʦ ʠʥʪʨʦʥʘ, ʚ ʷʜʝʨʥʦʤ ʵʢʩʪʨʘʢʪʝ ʢʣʝʪʦʢ HeLa ʧʨʠʚʦʜʠʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ: 

ʦʜʠʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʬʨʘʛʤʝʥʪʫ ʟʨʝʣʦʡ ʤʈʅʂ eS26, ʘ ʜʨʫʛʦʡ ï 19-ʪʠ 3ô-ʢʦʥʮʝʚʳʤ ʥʫʢʣʝʦʪʠʜʘʤ 

ʧʝʨʚʦʛʦ ʠʥʪʨʦʥʘ [170, 171]. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʵʢʩʪʨʘʢʪ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ eS26 ʧʨʦʠʩʭʦʜʠʣʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʦʠʭ ʧʨʦʜʫʢʪʦʚ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ eS26, ʙʫʜʫʯʠ ʩʚʷʟʘʥʥʳʤ ʩ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʬʨʘʛʤʝʥʪʦʤ ʩʚʦʝʡ ʧʨʝ-ʤʈʅʂ, ʵʢʨʘʥʠʨʦʚʘʣ ʥʫʢʣʝʦʪʠʜʥʳʝ ʦʩʪʘʪʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʨʝʛʠʦʥʝ 3ô-ʩʘʡʪʦʚ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡʩʠʥʛʘ ʧʝʨʚʦʛʦ 

ʠʥʪʨʦʥʘ. ɺʩʸ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʵʪʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪ ʧʨʠʡʪʠ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ 

eS26 ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʩʦʙʩʪʚʝʥʥʦʛʦ ʛʝʥʘ ʥʘ ʫʨʦʚʥʝ ʩʧʣʘʡʩʠʥʛʘ ʧʨʝ-ʤʈʅʂ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʧʦʷʚʣʝʥʠʝ ʚ ʢʣʝʪʢʝ ʠʟʙʳʪʢʘ eS26 

ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʩʚʷʟʳʚʘʥʠʶ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʝ-ʤʈʅʂ, ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʝʸ ʩʧʣʘʡʩʠʥʛʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʟʨʝʣʦʡ ʤʈʅʂ eS26, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʙʘʣʘʥʩʘ eS26. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ 

ʚʦʟʤʦʞʥʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʛʫʣʷʮʠʠ ʫʨʦʚʥʷ eS26 ʚ ʢʣʝʪʢʝ [172]. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʢʦ-ʵʢʩʧʨʝʩʩʠʷ ʤʠʥʠʛʝʥʘ eS26, ʤʝʯʝʥʦʛʦ FLAG-ʵʧʠʪʦʧʦʤ ʧʦ ʉ-ʢʦʥʮʫ, ʚ ʢʣʝʪʢʘʭ 

HEK293 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʵʥʜʦʛʝʥʥʦʛʦ ʙʝʣʢʘ, ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʥʜʦʛʝʥʥʦʡ ʤʈʅʂ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʳʤ [172]. ʂʘʢ ʧʦʣʘʛʘʶʪ ʘʚʪʦʨʳ, ʵʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʩʧʦʩʦʙʥʦʩʪʴʶ eS26 ʠʥʛʠʙʠʨʦʚʘʪʴ ʪʨʘʥʩʣʷʮʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʤʈʅʂ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦʜʦʙʥʦʤʫ ʦʧʠʩʘʥʥʦʤʫ ʨʘʥʝʝ ʜʣʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ uL30 [173] ʠ 

uS3 [174] (ʧʦʜʨʦʙʥʦ ʩʤ. ʚ ʨʘʟʜʝʣʝ 1.5.5), ʫʯʠʪʳʚʘʷ ʨʘʥʝʝ ʚʳʷʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ 

eS26 ʩʦ ʩʚʦʝʡ ʤʈʅʂ [168] 

ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ in vitro ʩ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤʠ ʨʠʙʦʩʦʤʥʳʤʠ ʙʝʣʢʘʤʠ 

ʯʝʣʦʚʝʢʘ, uS9 (S16) ʠ uS15 (S13), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʥʦ ʩʚʷʟʳʚʘʣʠʩʴ ʩ ʬʨʘʛʤʝʥʪʘʤʠ 

ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʝ-ʤʈʅʂ, ʩʦʜʝʨʞʘʱʠʤʠ ʪʝ ʞʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʯʪʦ ʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʡ 

ʬʨʘʛʤʝʥʪ ʧʨʝ-ʤʈʅʂ ʝS26, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʚʳʨʝʟʘʥʠʷ ʧʝʨʚʦʛʦ ʠʥʪʨʦʥʘ ʠʟ ʵʪʠʭ 

ʬʨʘʛʤʝʥʪʦʚ [175-177]. ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʪʦʤ, ʯʪʦ uS9 ʠ uS15, ʢʘʢ ʠ ʝS26, ʤʦʛʫʪ 

ʚʦʚʣʝʢʘʪʴʩʷ ʚ ʩʧʣʘʡʩʠʥʛ ʢʦʜʠʨʫʶʱʠʭ ʠʭ ʧʨʝ-ʤʈʅʂ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ɼʣʷ ʦʙʦʠʭ 

ʙʝʣʢʦʚ ʦʧʨʝʜʝʣʝʥʳ ʥʫʢʣʝʦʪʠʜʥʳʝ ʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʣʠʩʴ ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʈʅʂʘʟ ʚ ʠʭ ʢʦʤʧʣʝʢʩʘʭ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʧʨʝ-ʤʈʅʂ. ɺ ʯʘʩʪʥʦʩʪʠ, 

uS9 ʵʢʨʘʥʠʨʦʚʘʣ ʦʩʪʘʪʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʪʦʯʢʠ ʚʝʪʚʣʝʥʠʷ ʠ 3'-ʩʘʡʪʘ ʩʧʣʘʡʩʠʥʛʘ 

ʧʝʨʚʦʛʦ ʠʥʪʨʦʥʘ [175], ʘ uS15 ï ʦʩʪʘʪʢʠ ʚʙʣʠʟʠ 5ô- ʠ 3ô-ʩʘʡʪʦʚ ʩʧʣʘʡʩʠʥʛʘ ʧʝʨʚʦʛʦ ʠʥʪʨʦʥʘ 

[176, 177]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʷʚʣʝʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ ʚʳʨʝʟʘʥʠʝ ʧʝʨʚʦʛʦ ʠʥʪʨʦʥʘ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʢʦʜʠʨʫʶʱʠʭ ʠʭ ʧʨʝ-

ʤʈʅʂ, ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 3'-ʩʘʡʪʘ ʩʧʣʘʡʩʠʥʛʘ ʧʝʨʚʦʛʦ 

ʠʥʪʨʦʥʘ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʭʦʜʥʳʝ ʯʝʨʪʳ ʚ ʤʝʭʘʥʠʟʤʘʭ ʨʝʛʫʣʷʮʠʠ ʩʧʣʘʡʩʠʥʛʘ ʜʘʥʥʳʭ ʧʨʝ-

ʤʈʅʂ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ.  

ɺʳʨʘʚʥʠʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʝʨʚʦʛʦ ʠʥʪʨʦʥʘ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ uS15 ʫ 

ʯʝʣʦʚʝʢʘ, ʤʳʰʠ ʠ ʢʨʳʩʳ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʝʨʚʳʡ ʠʥʪʨʦʥ ʷʚʣʷʝʪʩʷ ʵʚʦʣʶʮʠʦʥʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ 

ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [177], ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʘʞʥʦʩʪʠ ʵʪʦʛʦ ʠʥʪʨʦʥʘ ʚ 

ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ uS15 ʥʘ ʩʪʘʜʠʠ ʩʧʣʘʡʩʠʥʛʘ. ɼʘʥʥʳʡ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʝʥ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ in vivo, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʩʣʠ ʪʨʘʥʩʬʠʮʠʨʦʚʘʪʴ ʢʣʝʪʢʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʤʠ ʤʠʥʠ-ʛʝʥ uS15 ʩ ʧʝʨʚʳʤ ʠʥʪʨʦʥʦʤ ʠ ʙʝʟ ʥʝʛʦ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ ʫʨʦʚʥʷ ʤʈʅʂ ʚ ʢʣʝʪʢʘʭ, ʪʦ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʫʨʦʚʝʥʴ ʟʨʝʣʦʡ ʤʈʅʂ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚ 4 ʨʘʟʘ ʚʳʰʝ [176]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ 

ʚʦʟʤʦʞʥʳʡ ʧʫʪɹ ʘʚʪʦʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ uS15, ʥʘ ʩʪʘʜʠʠ ʩʧʣʘʡʩʠʥʛʘ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʠ ʠʟʙʳʪʢʝ ʚ ʢʣʝʪʢʝ uS15 ʦʥ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʚʦʝʡ ʧʨʝ-ʤʈʅʂ ʚ ʨʘʡʦʥʝ 

ʩʘʡʪʦʚ ʩʧʣʘʡʩʠʥʛʘ ʧʝʨʚʦʛʦ ʠʥʪʨʦʥʘ ʠ ʙʣʦʢʠʨʫʝʪ ʚʳʨʝʟʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʨʝ-ʤʈʅʂ (ʈʠʩʫʥʦʢ 8). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʜʫʤʘʪʴ, ʯʪʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʢʠʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʘʚʪʦʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʛʝʥʦʚ ʥʘ ʫʨʦʚʥʝ 

ʧʨʦʮʝʩʩʠʥʛʘ ʧʨʝ-ʤʈʅʂ. ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ 
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ʪʦʥʢʦʡ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʭ ʚ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʜʦ 80. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʦʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʫʣʷʮʠʶ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʢʦʥʢʨʝʪʥʳʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʪʘʢ ʢʘʢ ʚ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʘʪ ʩʧʝʮʠʬʠʯʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪ̫ʤʠ ʠʥʪʨʦʥʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʝ-ʤʈʅʂ, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʘʥʘʣʦʛʠʷ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʩ ʨʝʛʫʣʷʮʠʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʫ ʙʘʢʪʝʨʠʡ [178], ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʚ 

ʦʧʝʨʦʥʳ, ʪʨʘʥʩʢʨʠʧʮʠʷ ʩ ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʛʫʣʠʨʫʝʪʩʷ ʦʜʥʠʤ ʠʟ ʙʝʣʢʦʚ, ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ 

ʚ ʥʠʭ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʩʙʦʨʢʠ ʨʠʙʦʩʦʤʥʳʭ ʩʫʙʯʘʩʪʠʮ, ʪʨʝʙʫʶʱʝʡ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʩʙʦʨʢʠ. 

 

 

ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʘʚʪʦʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ uS15 ʥʘ 

ʩʪʘʜʠʠ ʩʧʣʘʡʩʠʥʛʘ [176, 177]. 

 

ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʫʯʘʩʪʚʫʶʪ ʚ ʩʧʣʘʡʩʠʥʛʝ ʥʝ ʪʦʣʴʢʦ ʩʚʦʠʭ ʧʨʝ-ʤʈʅʂ. ɺ 

ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ eL22 ʠ ʝʛʦ ʚʳʩʦʢʦʛʦʤʦʣʦʛʠʯʥʳʡ ʧʘʨʘʣʦʛ eL22-L1 ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʵʤʙʨʠʦʛʝʥʝʟʝ [167], ʫʯʘʩʪʚʫʷ ʚ ʨʝʛʫʣʷʮʠʠ ʩʧʣʘʡʩʠʥʛʘ ʧʨʝ-ʤʈʅʂ, ʢʦʜʠʨʫʶʱʝʡ smad2, 

ʚʘʞʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʵʬʬʝʢʪʦʨ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ Nodal/TGF. ʆʢʘʟʳʚʘʝʪʩʷ, ʦʙʘ ʙʝʣʢʘ 

ʨʘʙʦʪʘʶʪ ʢʘʢ ʘʥʪʘʛʦʥʠʩʪʳ ʚ ʦʜʥʦʡ ʠʟ ʬʘʟ ʵʤʙʨʠʦʛʝʥʝʟʘ, ʘ ʠʤʝʥʥʦ ʛʘʩʪʨʫʣʷʮʠʠ: eL22 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʠʥʪʨʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʨʝ-ʤʈʅʂ smad2 ʠ ʚʤʝʩʪʝ ʩ hnRNP-A1 

ʩʪʠʤʫʣʠʨʫʝʪ ʚʳʨʝʟʘʥʠʝ 9-ʛʦ ʵʢʟʦʥʘ, ʘ eL22-L1, ʥʘʦʙʦʨʦʪ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʵʪʦʛʦ 

ʵʢʟʦʥʘ ʚ ʩʦʩʪʘʚʝ ʟʨʝʣʦʡ ʤʈʅʂ smad2. 
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ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʢʣʝʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʪʚʝʪʘ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ ʦʯʝʥʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʯʸʪʢʦʡ ʨʝʛʫʣʷʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʘʞʥʳʤ 

ʢʦʦʨʜʠʥʘʪʦʨʦʤ ʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʩʪʨʝʩʩ ʷʚʣʷʝʪʩʷ ʙʝʣʦʢ p53, ʦ ʨʝʛʫʣʷʮʠʠ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʧʦʩʨʝʜʩʪʚʦʤ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ uL24 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ p53 ʥʘ ʫʨʦʚʥʝ ʩʧʣʘʡʩʠʥʛʘ ʝʛʦ ʧʨʝ-ʤʈʅʂ [166]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʦʥʠʟʠʨʫʶʱʝʤ ʦʙʣʫʯʝʥʠʠ (IR) ʢʣʝʪʦʢ ʩʥʠʞʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ hSMG1 ï ʙʝʣʢʘ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʩʝʤʝʡʩʪʚʘ PIKK (ʦʪ ʘʥʛʣ. Phosphoinositide-3-kinase-like kinase), 

ʯʪʦ ʚʳʨʘʞʘʣʦʩʴ ʚ ʩʥʠʞʝʥʠʠ ʩʧʦʩʦʙʥʦʩʪʠ hSMG1 ʩʚʷʟʳʚʘʪʴʩʷ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʫʯʘʩʪʢʦʤ ʧʨʝ-

ʤʈʅʂ p53 ʚʙʣʠʟʠ 9-ʦʛʦ ʵʢʟʦʥʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʧʦʤʦʱʴʶ IR ʩʪʠʤʫʣʠʨʦʚʘʣʦ 

ʩʚʷʟʳʚʘʥʠʝ ʧʨʝ-ʤʈʅʂ p53 ʩ uL24, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʝʢʨʫʪʠʥʛʘ 

ʩʝʨʠʥ/ʘʨʛʠʥʠʥ-ʙʦʛʘʪʦʛʦ ʬʘʢʪʦʨʘ ʩʧʣʘʡʩʠʥʛʘ, SRSF7, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʦʨʤʳ p53Ç ʤʈʅʂ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʳʡ ʥʦʢʘʫʪ p53Ç ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CRISPR/Cas9 ʠʣʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʫʯʘʩʪʥʠʢʦʚ ʜʘʥʥʦʛʦ ʢʘʩʢʘʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ IR-ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʤʘʨʢʸʨʦʚ ʢʣʝʪʦʯʥʦʛʦ ʩʪʘʨʝʥʠʷ, ʘ ʜʝʧʣʝʮʠʷ p53Ç ï ʢ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʨʝʧʨʝʩʩʠʠ ʥʝʛʘʪʠʚʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʢʣʝʪʦʯʥʦʛʦ ʩʪʘʨʝʥʠʷ. 

 

1.5 ʈʦʣʴ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ 

 

1.5.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʙʦʨʢʫ 60S ʠ 40S ʩʫʙʯʘʩʪʠʮ 

 

ɹʠʦʛʝʥʝʟ ʨʠʙʦʩʦʤ ï ʵʪʦ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʢʠ. ʋ 

ʵʫʢʘʨʠʦʪ ʚ ʥʝʤ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚʩʸ ʪʨʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ, ʙʦʣʝʝ 200 ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʜʝʩʷʪʢʠ ʤʘʣʳʭ ʷʜʨʳʰʢʦʚʳʭ ʈʅʂ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʢʦʣʦʩʩʘʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʠ 

ʚʳʩʦʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʚ ʨʘʙʦʪʝ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʸʤ. ɹʠʦʛʝʥʝʟ 

ʨʠʙʦʩʦʤ ʠʤʝʝʪ ʦʯʝʥʴ ʩʣʦʞʥʫʶ ʨʝʛʫʣʷʮʠʶ ʠ ʩʦʧʨʷʞʝʥ ʩ ʪʘʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʢʘʢ ʢʣʝʪʦʯʥʘʷ 

ʧʨʦʣʠʬʝʨʘʮʠʷ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʠ ʢʣʝʪʦʯʥʳʡ ʨʦʩʪ [179]. ʆʙʨʘʟʦʚʘʥʠʝ ʨʠʙʦʩʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʷʜʨʳʰʢʝ ï ʩʧʝʮʠʘʣʴʥʦʤ ʦʪʜʝʣʝ ʷʜʨʘ, ʛʜʝ ʣʦʢʫʩʳ ʨɼʅʂ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ 

ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ ʚ ʷʜʨʳʰʢʦʚʦʤ ʦʨʛʘʥʠʟʘʪʦʨʝ (ʈʠʩʫʥʦʢ 9). ʀʟʥʘʯʘʣʴʥʦ ʪʨʠ ʠʟ ʯʝʪʳʨʸʭ 

ʟʨʝʣʳʭ ʨʈʅʂ (18S, 5.8S ʠ 28S) ʪʨʘʥʩʢʨʠʙʠʨʫʶʪʩʷ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ I ʚ ʚʠʜʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

47S-ʧʨʝ-ʈʅʂ; ʯʝʪʚʸʨʪʘʷ (5S) ʨʈʅʂ ʪʨʘʥʩʢʨʠʙʠʨʫʝʪʩʷ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ III  ʦʪʜʝʣʴʥʦ [180]. 

ʇʨʦʮʝʩʩʠʥʛ ʧʨʝ-ʨʈʅʂ, ʚʢʣʶʯʘʶʱʠʡ ʝʸ ʨʘʟʨʝʟʘʥʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʟʠʮʠʷʭ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʢʦ-ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ [181]; C/D-box snoRNP 

ʠ H/ACA-box snoRNP ʦʪʚʝʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ 2ô-ʆ-ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʠ 

ʧʩʝʚʜʦʫʨʠʜʠʥʠʣʠʨʦʚʘʥʠʝ. ɺʦʚʣʝʯʝʥʠʝ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʩʦʙʠʨʘʶʱʠʝʩʷ ʩʫʙʯʘʩʪʠʮʳ 

ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʢʦ-ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ. ɼʣʷ ʫʯʘʩʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ, ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ, 
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ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʜʦʣʞʥʳ ʠʤʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʷʜʨʦ. ʀʭ ʪʨʘʥʩʧʦʨʪ ʚ ʷʜʨʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʙʝʣʢʘʤʠ ʠʤʧʦʨʪʠʥʘʤʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ɓ-ʢʘʨʠʦʬʝʨʠʥʘʤʠ), 

ʫʟʥʘʶʱʠʤʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʠʛʥʘʣʳ ʷʜʝʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ï NSL (ʦʪ ʘʥʛʣ. nuclear localization 

signals) ï ʩʧʝʮʠʘʣʴʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʝʩ ̫ ʚ ʨʠʙʦʩʦʤʥʳʭ 

ʙʝʣʢʘʭ. ʇʦʩʣʝ ʧʦʧʘʜʘʥʠʷ ʚ ʷʜʨʦ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʠʟ ʢʦʤʧʣʝʢʩʘ ʩ ɓ-

ʢʘʨʠʦʬʝʨʠʥʘʤʠ ʟʘ ʩʯʸʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Ran-GTP. 

 

 

ʈʠʩʫʥʦʢ 9. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʙʠʦʛʝʥʝʟʘ ʨʠʙʦʩʦʤ ʫ ʵʫʢʘʨʠʦʪ [79]. 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʝʪʘʣʠ ʧʨʦʮʝʩʩʘ ʫʟʥʘʚʘʥʠʷ ɓ-ʢʘʨʠʦʬʝʨʠʥʘʤʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʠ 

ʠʭ ʪʨʘʥʩʧʦʨʪʘ ʚ ʷʜʨʦ ʦʩʪʘʶʪʩʷ ʤʘʣʦ ʠʟʫʯʝʥʥʳʤʠ. ʊʘʢʞʝ ʦʧʠʩʘʥʳ ʦʩʦʙʳʝ ʧʨʠʤʝʨʳ ʪʨʘʥʩʧʦʨʪʘ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʷʜʨʦ: ʥʘʧʨʠʤʝʨ, ʫ ʜʨʦʞʞʝʡ, ʙʝʣʢʠ uL18 ʠ uL5 ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʚʤʝʩʪʝ ʩ 

ʩʠʤʧʦʨʪʠʥʦʤ Syo1, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ ɓ-ʢʘʨʠʦʬʝʨʠʥʦʤ Kap104 [182]. ɺ ʷʜʨʝ ʢʦʤʧʣʝʢʩ 

Syo1ÅuL18ÅuL5 ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʦʪ Kap104 ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Ran-GTP; ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʚʷʟʳʚʘʥʠʝʤ ʙʝʣʢʦʚ uL18Ŀʠ uL5 ʩ 5S ʨʈʅʂ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʠʙʦʥʫʢʣʝʦʧʨʦʪʝʠʜʘ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʬʘʢʪʦʨʘʤʠ ʩʙʦʨʢʠ Rpf2 ʠ 

Rps1, ʨʝʢʨʫʪʠʨʫʶʱʠʤʠ ʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʨʠʙʦʩʦʤʥʳʝ ʩʫʙʯʘʩʪʠʮʳ. ɽʱʸ ʦʜʥʠʤ 

ʧʨʠʤʝʨʦʤ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ ʚ ʷʜʨʦ ʷʚʣʷʝʪʩʷ ʙʝʣʦʢ uL3, ʢʦʪʦʨʳʡ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʙʝʣʢʦʤ Rrb1, ʩʦʜʝʨʞʘʱʠʤ WD-ʧʦʚʪʦʨʳ [183]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ Rrb1, 

ʩʚʷʟʳʚʘʷʩʴ ʩ uL3 ʚ ʮʠʪʦʧʣʘʟʤʝ, ʜʦʩʪʘʚʣʷʝʪ ʝʛʦ ʢ ʩʦʟʨʝʚʘʶʱʠʤ ʧʨʝ-60S ʩʫʙʯʘʩʪʠʮʘʤ, ʛʜʝ 

ʧʦʩʣʝʜʥʠʡ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʥʠʭ. ɽʱʸ ʦʜʥʠʤ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʠʤʧʦʨʪʝʨʦʤ ʷʚʣʷʝʪʩʷ Yar1, 
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ʩʦʜʝʨʞʘʱʠʡ ʘʥʢʠʨʠʥʦʚʳʝ ʧʦʚʪʦʨʳ. ʆʥ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʥʦʩʝ ʙʝʣʢʘ uS3 ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʰʘʧʝʨʦʥ, ʧʦʜʜʝʨʞʠʚʘʷ uS3 ʚ ʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ [184]. ʂʦʤʧʣʝʢʩ Yar1ÅuS3 

ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʚ ʷʜʨʦ ʟʘ ʩʯʸʪ NLS-ʩʠʛʥʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ N-ʢʦʥʮʝʚʦʤ ʜʦʤʝʥʝ uS3. ɺ ʷʜʨʝ 

Yar1 ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʩʪʨʘʠʚʘʥʠʶ uS3 ʚ ʧʨʝ-40S ʩʫʙʯʘʩʪʠʮʳ. 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʧʦʢʘʟʘʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʛʝʥʝʟʘ 

ʨʠʙʦʩʦʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫ ʜʨʦʞʞʝʡ ʧʨʠʩʫʪʩʪʚʠʝ uS5 ʚ ʧʨʝ-40S ʩʫʙʯʘʩʪʠʮʘʭ ʘʙʩʦʣʶʪʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʭ ʵʢʩʧʦʨʪʘ ʠʟ ʷʜʨʘ [185]. ɼʝʧʣʝʮʠʷ ʛʝʥʘ ʵʪʦʛʦ ʙʝʣʢʘ ʧʨʠʚʦʜʠʪ ʢ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʝ ʩʠʥʪʝʟʘ 40S ʩʫʙʯʘʩʪʠʮ. ʋʪʨʘʪʘ uS5 ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʨʝʟʘʥʠʷ ʧʨʝ-ʨʈʅʂ ʚ A2-ʩʘʡʪʝ: ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ 21S ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʨʈʅʂ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 27S ʧʨʝ-ʨʈʅʂ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝ-40S ʩʫʙʯʘʩʪʠʮ 

ʚʩʸ-ʪʘʢʠ ʦʙʨʘʟʫʝʪʩʷ, ʦʜʥʘʢʦ ʦʥʠ ʦʩʪʘʶʪʩʷ ʚ ʷʜʨʳʰʢʝ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ uS5 ʚ ʧʨʝ-40S ʩʫʙʯʘʩʪʠʮʘʭ ʷʚʣʷʝʪʩʷ ʤʘʨʢʝʨʦʤ ʠʭ ʧʨʠʛʦʜʥʦʩʪʠ ʢ ʵʢʩʧʦʨʪʫ ʚ 

ʮʠʪʦʧʣʘʟʤʫ ʠ ʚʦʚʣʝʯʝʥʠʶ ʚ ʧʫʣ ʘʢʪʠʚʥʳʭ ʨʠʙʦʩʦʤ. ɺ ʨʘʙʦʪʝ [186] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʳʭ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʈʅʂ ʧʨʦʪʠʚ ʤʈʅʂ uS19 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ uS19 ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʥʘʨʫʰʝʥʠʷʤ ʧʨʦʮʝʩʩʠʥʛʘ ʧʨʝ-ʨʈʅʂ, ʦʜʥʘʢʦ ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʮʝʩʩ ʵʢʩʧʦʨʪʘ ʧʨʝ-40S 

ʩʫʙʯʘʩʪʠʮ ʠʟ ʷʜʨʘ.  

 

1.5.2 ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʚ ʩʦʩʪʘʚʝ ʨʠʙʦʩʦʤʳ ʢʘʢ ʫʯʘʩʪʥʠʢʠ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʈʅʂ 

 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʧʦʜʚʝʨʞʝʥʘ ʩʣʦʞʥʦʤʫ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʤʫ ʢʦʥʪʨʦʣʶ. ʉʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʧʦʩʪ-ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʸ ʨʝʛʫʣʷʮʠʶ. 

ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʣʷʮʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʨʠʙʦʩʦʤʦʡ. 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʨʠʙʦʩʦʤʘ ʷʚʣʷʝʪʩʷ çʤʘʰʠʥʦʡè, ʢʦʪʦʨʘʷ ʢʦʥʩʪʠʪʫʪʠʚʥʦ 

ʪʨʘʥʩʣʠʨʫʝʪ ʤʈʅʂ, ʩʠʥʪʝʟʠʨʫʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʣʠʧʝʧʪʠʜʳ, ʠ ʩʘʤʘ ʧʦ ʩʝʙʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʥʪʨʦʣʷ ʥʘʜ ʪʝʤ, ʢʘʢʠʝ ʤʈʅʂ ʠ ʩ ʢʘʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦʣʞʥʳ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʪʨʘʥʩʣʠʨʦʚʘʪʴʩʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʜʝʩʷʪʢʦʚ ʣʝʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦ ʥʝ ʩʦʚʩʝʤ ʪʘʢ. 

ʆʢʘʟʳʚʘʝʪʩʷ, ʘʢʪʠʚʥʦʩʪʴ ʨʠʙʦʩʦʤ ʧʦʜʚʝʨʞʝʥʘ ʩʣʦʞʥʦʡ ʨʝʛʫʣʷʮʠʠ. ʈʘʟʥʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʢʣʝʪʢʝ, ʤʥʦʞʝʩʪʚʦ ʠʭ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪ-ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʠ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʨʈʅʂ ʚ ʨʘʟʥʳʭ ʪʢʘʥʷʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʨʛʘʥʠʟʤʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʠʥʪʝʟʘ çʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʠʙʦʩʦʤè, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʛʜʝ, ʢʦʛʜʘ ʠ ʢʘʢʠʤ ʤʈʅʂ 

ʪʨʘʥʩʣʠʨʦʚʘʪʴʩʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʝʣʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʠʪʫʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʨʠʙʦʩʦʤʳ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʝʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʤʈʅʂ. ʊʘʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʤʦʛʫʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʫʯʘʩʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʩʘʜʢʠ ʨʠʙʦʩʦʤʳ, IRES (ʦʪ ʘʥʛʣ. Internal Ribosomal 
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Entry Site), ʠʣʠ ʢʦʨʦʪʢʠʝ ʦʪʢʨʳʪʳʝ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ, uORF (ʦʪ ʘʥʛʣ. upstream open reading 

frame), ʥʘʭʦʜʷʱʠʝʩʷ ʚ 5ô-ʥʝʪʨʘʥʩʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ (ʅʊʆ) ʤʈʅʂ [79]. ɺ 2002 ʛʦʜʫ ʧʨʝʜʣʦʞʝʥʘ 

ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʛʠʧʦʪʝʟʘ çʨʠʙʦʩʦʤʥʦʛʦ ʬʠʣʴʪʨʘè [187], ʩʤʳʩʣ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʨʠʙʦʩʦʤʘ ʩʘʤʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʝʣʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʪʨʘʥʩʣʷʮʠʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʠʙʦʩʦʤʳ ʩ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʤʈʅʂ ʬʘʢʪʠʯʝʩʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʣʷʮʠʠ. ʆʩʥʦʚʥʳʝ ʚʝʭʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʡ ʦʪʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 10. 

 

 

ʈʠʩʫʥʦʢ 10. ʆʩʥʦʚʥʳʝ ʦʪʢʨʳʪʠʷ, ʜʦʢʘʟʳʚʘʶʱʠʝ ʨʦʣʴ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʨʠʙʦʩʦʤ ʚ ʪʨʘʥʩʣʷʮʠʦʥʥʦʤ 

ʢʦʥʪʨʦʣʝ, ʘ ʪʘʢʞʝ ʢʣʶʯʝʚʳʝ ʤʝʪʦʜʳ, ʧʨʠʚʝʜʰʠʝ ʢ ʵʪʠʤ ʦʪʢʨʳʪʠʷʤ [188]. ʎʚʝʪʘ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ 

ʦʪʨʘʞʘʶʪ ʩʣʝʜʫʶʱʝʝ ʨʘʟʜʝʣʝʥʠʝ: ʟʝʣʝʥʳʡ ï ʦʪʢʨʳʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʦʣʴʶ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ; 

ʦʨʘʥʞʝʚʳʡ ï ʦʪʢʨʳʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʦʣʴʶ ʤʦʜʠʬʠʢʘʮʠʡ ʚ ʨʈʅʂ; ʛʦʣʫʙʦʡ ï ʢʣʶʯʝʚʳʝ ʤʝʪʦʜʳ. 

 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʠʙʦʩʦʤ 

(ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʨʠʙʦʩʦʤ) ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʨʠʙʦʩʦʤʦʧʘʪʠʡ ï 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʛʘʧʣʦʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ 

ʙʠʦʛʝʥʝʟʘ ʨʠʙʦʩʦʤ ʠʣʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ [189, 190]. ʅʘʧʨʠʤʝʨ, ʘʥʝʤʠʷ ɼʘʡʤʦʥʜʘ-ɹʣʵʢʬʘʥʘ 

ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʛʝʪʝʨʦʟʠʛʦʪʥʳʤʠ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʘʭ ʨʷʜʘ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʪʘʢʠʭ ʢʘʢ eS19, 

uL18 ʠ uL5, ʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 5q-ʩʠʥʜʨʦʤ ʦʙʫʩʣʦʚʣʝʥ ʩʦʤʘʪʠʯʝʩʢʦʡ ʜʝʣʝʮʠʝʡ ʬʨʘʛʤʝʥʪʘ 5q 

ʭʨʦʤʦʩʦʤʳ 5, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʛʘʧʣʦʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ uS11. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʢʪ ʪʦʛʦ, 

ʯʪʦ ʤʫʪʘʮʠʠ ʚ ʛʝʥʘʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʜʘʥʥʳʭ 
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ʙʝʣʢʦʚ ʚ ʢʣʝʪʢʝ, ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʨʘʟʚʠʪʠʝ ʨʠʙʦʩʦʤʦʧʘʪʠʡ, ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʠʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʠʙʦʩʦʤ, ʘ ʣʠʰʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ.  

ɺ 2011 ʛʦʜʫ ʧʦʣʫʯʝʥʦ ʧʝʨʚʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʤʫʪʘʮʠʷ ʚ ʛʝʥʝ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʜʘʥʥʦʛʦ ʙʝʣʢʘ, ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʪʨʘʥʩʣʷʮʠʠ ʮʝʣʦʛʦ ʥʘʙʦʨʘ ʤʈʅʂ [191]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʫʪʘʮʠʠ ʚ 

ʛʝʥʝ ʙʝʣʢʘ eL38 ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʨʫʰʝʥʠʷʤʠ ʚ 

ʨʘʟʚʠʪʠʠ ʦʩʝʚʦʛʦ ʩʢʝʣʝʪʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʢʣʝʪʢʘʭ ʤʫʪʘʥʪʥʳʭ ʧʦ eL38 ʵʤʙʨʠʦʥʦʚ ʤʳʰʝʡ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʡ ʚ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ ʪʨʘʥʩʣʷʮʠʠ, ʥʦ ʥʘʨʫʰʘʝʪʩʷ ʪʨʘʥʩʣʷʮʠʷ ʤʈʅʂ 

ʛʨʫʧʧʳ Hox ʛʝʥʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ. ʕʪʠ ʛʝʥʳ ʢʦʜʠʨʫʶʪ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ 

ʵʤʙʨʠʦʥʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʝʛʦ ʨʘʟʚʠʪʠʷ ʠ, ʪʝʤ ʩʘʤʳʤ, ʦʧʨʝʜʝʣʷʶʪ 

ʧʨʦʛʨʘʤʤʫ ʨʘʟʚʠʪʠʷ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʦʨʛʘʥʠʟʤʘ [192, 193]. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ eL38 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ 80S ʢʦʤʧʣʝʢʩʘ ʥʘ ʵʪʠʭ ʤʈʅʂ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʚʠʜʝʪʝʣʴʩʪʚ 

ʚ ʧʦʣʴʟʫ ʪʨʘʥʩʢʨʠʧʪ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʨʘʥʩʣʷʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʩʘʤʦʡ ʨʠʙʦʩʦʤʦʡ. 

ɹʦʣʝʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ eL38 ʚ ʥʦʨʤʝ ʧʦʚʳʰʝʥʘ ʚ ʪʝʭ ʯʘʩʪʷʭ ʵʤʙʨʠʦʥʘ, ʚ 

ʨʘʟʚʠʪʠʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʠ ʘʥʦʤʘʣʠʠ, ʧʨʠ ʥʘʣʠʯʠʠ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ, ʢʦʜʠʨʫʶʱʝʤ ʜʘʥʥʳʡ 

ʙʝʣʦʢ. ʅʝ ʚʳʷʩʥʝʥʥʳʤʠ ʦʩʪʘʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: ʢʘʢʠʤ ʦʙʨʘʟʦʤ eL38 ʫʟʥʘʸʪ ʤʈʅʂ Hox 

ʛʝʥʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʣʠ ʦʥ ʩ ʥʠʤʠ ʥʘʧʨʷʤʫʶ ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʦ ʯʝʨʝʟ ʜʨʫʛʠʝ ʈʅʂ-

ʩʚʷʟʳʚʘʶʱʠʝ ʙʝʣʢʠ ʠ ʠʤʝʶʪʩʷ ʣʠ ʚ ʵʪʠʭ ʤʈʅʂ ʢʘʢʠʝ-ʣʠʙʦ ʩʧʝʮʠʬʠʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʠʣʠ ʩʪʨʫʢʪʫʨʳ? ʆʪʚʝʪʳ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ʧʦʷʚʠʣʠʩʴ ʚ ʨʘʙʦʪʝ [194], ʛʜʝ ʘʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʤʈʅʂ Hox ʛʝʥʦʚ ʚ 5ô-ʅʊʆ ʩʦʜʝʨʞʘʪ IRES-ʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʬɻʬʝʢʪʠʚʥʫʶ ʪʨʘʥʩʣʷʮʠʶ ʵʪʠʭ ʤʈʅʂ. ʂ ʪʦʤʫ ʞʝ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ eL38 ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʟʥʘʚʘʥʠʷ 

ʵʪʠʭ ʩʪʨʫʢʪʫʨ. ʆʩʪʘʣʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ, ʟʘʯʝʤ ʢʣʝʪʦʯʥʳʤ ʤʈʅʂ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʢʵʧʠʨʦʚʘʥʥʳʤʠ, ʥʫʞʥʳ IRES-ʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ 5ô-ʅʊʆ? ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ 

ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʫʩʠʣʠʚʘʪʴ ʪʨʘʥʩʣʷʮʠʶ ʩʦʜʝʨʞʘʱʠʭ ʠʭ ʤʈʅʂ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ, ʢʦʛʜʘ ʢʵʧ-

ʟʘʚʠʩʠʤʘʷ ʠʥʠʮʠʘʮʠʷ ʪʨʘʥʩʣʷʮʠʠ ʧʦʜʘʚʣʝʥʘ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʨʘʙʦʪʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʜʣʝʞʘʱʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʤʈʅʂ Hox ʛʝʥʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʩʦʜʝʨʞʘʪ ʠʤʝʥʥʦ IRES-ʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ.  

ʇʦʟʜʥʝʝ, ʚ ʨʷʜʝ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʝʧʣʝʮʠʷ ʥʝʢʦʪʦʨʳʭ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʪʨʘʥʩʣʷʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʤʈʅʂ. ʊʘʢ, ʚ 

ʨʘʙʦʪʝ [195] ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʬʨʘʢʮʠʡ ʤʈʅʂ ʚ ʧʦʣʠʩʦʤʘʭ ʥʦʨʤʘʣʴʥʳʭ ʠ eS19-

ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʭ ʵʨʠʪʨʦʙʣʘʩʪʦʚ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʜʝʧʣʝʮʠʠ eS19 ʠʟʤʝʥʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʣʠʩʦʤ ʥʘ 130 ʤʈʅʂ, ʧʨʠʯʝʤ, ʢʘʢ ʫʪʚʝʨʞʜʘʶʪ ʘʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʚ ʨʷʜʝ ʵʪʠʭ ʤʈʅʂ 

ʩʦʜʝʨʞʘʪʩʷ IRES-ʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [196] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 
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ʜʝʧʣʝʮʠʷ eL40 ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʦʜʝʨʞʘʥʠʷ ʤʈʅʂ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʩʦʤ ʪʝʭ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʢʣʝʪʦʯʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʩʪʨʝʩʩ. 

ʅʝʢʦʪʦʨʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʫʯʘʩʪʚʫʶʪ ʚ ʢʦʥʪʨʦʣʝ ʪʨʘʥʩʣʷʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʠʛʥʘʣʴʥʫʶ ʪʨʘʥʩʜʫʢʮʠʶ ʥʘʧʨʷʤʫʶ ʢ ʨʠʙʦʩʦʤʝ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʙʝʣʢʘ ʷʚʣʷʝʪʩʷ RACK1 (ʦʪ 

ʘʥʛʣ. Receptor of activated C-kinase), ʢʦʪʦʨʳʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ 40S 

ʩʫʙʯʘʩʪʠʮʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ [58, 59]. ʉʦʛʣʘʩʥʦ ʢʨʠʦ-ʕʄ ʜʘʥʥʳʤ [39, 40] RACK1 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʛʦʣʦʚʝ 40S ʩʫʙʯʘʩʪʠʮʳ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʚʭʦʜʘ ʚ ʤʈʅʂ-

ʩʚʷʟʳʚʘʶʱʠʡ ʢʘʥʘʣ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʥ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʦʪʝʠʥʢʠʥʘʟʘʤʠ ʠ ʨʝʮʝʧʪʦʨʘʤʠ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʤʝʤʙʨʘʥʦʡ. RACK1 ʨʝʢʨʫʪʠʨʫʝʪ ʧʨʦʪʝʠʥʢʠʥʘʟʫ C ʢ ʨʠʙʦʩʦʤʝ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʘ ʠʥʠʮʠʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ 6 (eIF6). 

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ eIF6 ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʜʠʩʩʦʮʠʘʮʠʠ ʦʪ 60S ʩʫʙʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʤʦʛʫʪ 

ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʢʪʠʚʥʳʭ ʨʠʙʦʩʦʤ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʱʝʡ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ [197]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ RACK1 ʷʚʣʷʝʪʩʷ 

ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʠʛʥʘʣʴʥʫʶ ʪʨʘʥʩʜʫʢʮʠʶ ʥʘʧʨʷʤʫʶ ʢ ʨʠʙʦʩʦʤʝ ʚ ʦʪʚʝʪ 

ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʪʠʤʫʣʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʣʝʪʢʫ. ɺ ʨʘʙʦʪʝ [198] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ 

RACK1 ʩ ʨʠʙʦʩʦʤʘʤʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʪʨʘʥʩʣʷʮʠʠ ʢʵʧʠʨʦʚʘʥʥʳʭ ʤʈʅʂ ʠ 

ʧʨʠʚʣʝʯʝʥʠʷ ʬʘʢʪʦʨʘ ʠʥʠʮʠʘʮʠʠ eIF4E. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ 

ʩʚʦʙʦʜʥʳʡ RACK1 ʚʣʠʷʝʪ ʥʘ ʢʣʝʪʦʯʥʳʡ ʬʝʥʦʪʠʧ, ʭʦʪʷ ʦʥ ʠ ʤʝʥʝʝ ʩʪʘʙʠʣʝʥ, ʯʝʤ ʢʦʛʜʘ 

ʥʘʭʦʜʠʪʩʷ ʚ 40S ʩʫʙʯʘʩʪʠʮʝ. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʥʘʢʦʧʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ RACK1 ʚ ʢʣʝʪʢʘʭ ʧʨʠʚʦʜʠʪ 

ʢ ʥʘʨʫʰʝʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʨʝʧʨʝʩʩʠʠ ʛʣʦʙʘʣʴʥʦʡ ʪʨʘʥʩʣʷʮʠʠ. ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʯʝʨʝʟ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʤʝʤʙʨʘʥʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ RACK1 ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʢʢʠʥʛ ʨʠʙʦʩʦʤ ʚ ʪʝʭ 

ʨʘʡʦʥʘʭ ʤʝʤʙʨʘʥʳ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʛʜʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʨʝʙʫʝʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʪʨʘʥʩʣʷʮʠʠ [199].  

 

1.5.3 ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʚ ʩʦʩʪʘʚʝ ʨʠʙʦʩʦʤʳ ʢʘʢ ʫʯʘʩʪʥʠʢʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʤʈʅʂ ʠ 

ʨʠʙʦʩʦʤ 

 

ʇʦʩʢʦʣʴʢʫ ʥʝʧʨʘʚʠʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ ʟʘʯʘʩʪʫʶ ʦʧʘʩʥʳ ʜʣʷ ʢʣʝʪʦʢ ʠ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʜʝʬʝʢʪʘʤ, ʚʩʝ ʙʝʣʢʠ ʠ ʢʦʜʠʨʫʶʱʠʝ ʠʭ ʤʈʅʂ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʤʫ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ. ʉʫʱʝʩʪʫʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʤʈʅʂ ʠ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʨʠʙʦʩʦʤʘʭ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʣʷʮʠʠ. 

ʉʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʤʈʅʂ ʚʢʣʶʯʘʶʪ ʪʘʢʠʝ ʤʝʭʘʥʠʟʤʳ ʢʘʢ NMD (ʦʪ ʘʥʛʣ. nonsense-

mediated decay), NGD (ʦʪ ʘʥʛʣ. No-go mediated decay) ʠ NSD (ʦʪ ʘʥʛʣ. Non-stop decay), ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʩʪʦʧ-ʢʦʜʦʥʦʚ, ʦʪʩʫʪʩʪʚʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʪʦʧ-

ʢʦʜʦʥʦʚ ʠ ʟʘʩʪʨʷʚʰʠʭ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʣʷʮʠʠ ʨʠʙʦʩʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʨʠʚʦʜʷʪ ʚ ʠʪʦʛʝ ʢ 
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ʜʝʛʨʘʜʘʮʠʠ ʤʈʅʂ, ʩʦʜʝʨʞʘʱʠʭ ʪʘʢʠʝ ʜʝʬʝʢʪʳ (ʩʤ, ʥʘʧʨʠʤʝʨ, [200, 201]). ʅʝʢʦʨʨʝʢʪʥʦ 

ʩʣʦʞʝʥʥʳʝ ʧʦʣʠʧʝʧʪʠʜʥʳʝ ʮʝʧʠ ʠʣʠ ʫʢʦʨʦʯʝʥʥʳʝ ʙʝʣʢʠ ʜʝʛʨʘʜʠʨʫʶʪ ʧʦʩʨʝʜʩʪʚʦʤ ʨʠʙʦʩʦʤʦ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ [200, 201].  

ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʪʘʢʞʝ ʟʘʤʝʯʝʥʳ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. ʊʘʢ, ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ 

ʦʪʢʨʳʪʘ ʬʫʥʢʮʠʷ RACK1, ʩʚʷʟʘʥʥʘʷ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ ʩʦʚʤʝʩʪʥʦ ʩ ʫʙʠʢʠʪʠʥ-ʣʠʛʘʟʦʡ ZNF598 ʚ 

ʨʠʙʦʩʦʤʦ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʤ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʤʈʅʂ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʤ ʩ 

ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʝʤ 40S ʩʫʙʯʘʩʪʠʮ [202]. ʆʢʘʟʳʚʘʝʪʩʷ, RACK1 ʠ ZNF598 ʧʦʤʦʛʘʶʪ 

ʨʠʙʦʩʦʤʘʤ, ʢʦʪʦʨʳʝ ʟʘʩʪʨʝʚʘʶʪ ʧʨʠ ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʥʘ ʧʦʣʠ-ɸ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ, 

ʢʦʜʠʨʫʶʱʠʭ ʧʦʣʠ-ʣʠʟʠʥʳ, ʨʘʟʨʝʰʠʪʴ ʜʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʩʩʦʮʠʘʮʠʠ 80S ʨʠʙʦʩʦʤ 

ʥʘ ʩʫʙʯʘʩʪʠʮ.r ʇʨʠ ʵʪʦʤ ZNF598 ʩʚʷʟʳʚʘʝʪʩʷ ʩ 40S ʩʫʙʯʘʩʪʠʮʝʡ ʚ ʨʘʡʦʥʝ ʝʸ ʛʦʣʦʚʳ, ʧʨʠʚʦʜʷ ʢ 

ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʶ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ eS10 (ʧʦʣʦʞʝʥʠʷ K138 ʠ K139) ʠ uS10 (ʧʦʣʦʞʝʥʠʷ 

K4 ʠ K8), ʪʦʛʜʘ ʢʘʢ RACK1, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʵʪʦʤ ʞʝ ʨʘʡʦʥʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ 

ʤʠʰʝʥʷʤ ZNF598, ʨʝʛʫʣʠʨʫʝʪ ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʝ uS5, uS3 ʠ uS10 [202].  

ɺ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʤʈʅʂ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʣʷʮʠʠ ʤʦʛ ʙʳ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥ ʪʘʢʞʝ ʠ 

ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ uS3 [99]. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʦʛʦ ʙʝʣʢʘ 

ʩʰʠʚʘʪʴʩʷ ʩ ɸʇ ʩʘʡʪʘʤʠ ʚ ʤʈʅʂ ʯʝʨʝʟ ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 40S ʩʫʙʯʘʩʪʠʮʳ 

ʧʝʧʪʠʜ 55-64 ʚ ʝʛʦ KH-ʜʦʤʝʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʝʜʘʣʝʢʦ ʦʪ ʚʭʦʜʘ ʚ ʤʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʡ ʢʘʥʘʣ 

[99]. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʜʘʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʧʨʠʯʘʩʪʥʦʩʪʠ uS3 ʢ ʣʠʢʚʠʜʘʮʠʠ 

ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʠʙʦʩʦʤ [203]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʉ-ʢʦʥʮʝʚʦʡ ʬʨʘʛʤʝʥʪ uS3 ʠʛʨʘʝʪ 

ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ ʧʨʦʮʝʩʩʝ NRD (ʦʪ ʘʥʛʣ. non-functional rRNA decay), 

ʩʚʷʟʘʥʥʦʤ ʩ ʵʣʠʤʠʥʘʮʠʝʡ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 18S ʨʈʅʂ ʩ ʤʫʪʘʮʠʷʤʠ ʚ ʫʯʘʩʪʢʘʭ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʜʝʢʦʜʠʨʫʶʱʠʡ ʮʝʥʪʨ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʜʠʩʩʦʮʠʘʮʠʷ 

ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 80S ʨʠʙʦʩʦʤ ʥʘ 40S ʠ 60S ʩʫʙʯʘʩʪʠʮʳ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ 

ʜʠʩʩʦʮʠʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʝ 80S ʨʠʙʦʩʦʤ ʧʦ ʦʩʪʘʪʢʫ ʣʠʟʠʥʘ 

ʚ ʧʦʣʦʞʝʥʠʠ 212 ʙʝʣʢʘ uS3. ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʠʤʝʥʥʦ 

ʧʦʣʠʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʝ uS3 ʟʘʧʫʩʢʘʝʪ ʜʠʩʩʦʮʠʘʮʠʶ ʩʫʙʯʘʩʪʠʮ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʨʘʜʘʮʠʝʡ 

ʘʙʝʨʨʘʥʪʥʦʡ 18S ʨʈʅʂ.  

 

1.5.4 ʈʦʣʴ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʪʨʘʥʩʣʷʮʠʦʥʥʦʤ ʢʦʥʪʨʦʣʝ 

 

ʋʧʦʤʷʥʫʪʘʷ ʚʳʰʝ çʛʠʧʦʪʝʟʘ ʨʠʙʦʩʦʤʥʦʛʦ ʬʠʣʴʪʨʘè, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʨʠʙʦʩʦʤʳ ʤʦʛʫʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʨʘʥʩʣʷʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʧʦʨʦʜʠʣʘ ʛʠʧʦʪʝʟʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʨʘʥʩʣʷʮʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʨʠʙʦʩʦʤ ʠʤʝʝʪ ʧʨʷʤʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʠʭ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʥʳʤ ʙʝʣʢʦʚʳʤ ʩʦʩʪʘʚʦʤ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʢʘʭ ʠ ʪʢʘʥʷʭ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʦʪʣʠʯʘʝʪʩ.̫ 
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ʐʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʦʤʠʢʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʠʭ 

ʜʦʩʪʫʧʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʢʨʠʧʪʦʤʠʢʠ ʠ ʧʨʦʪʝʦʤʠʢʠ, ʚʤʝʩʪʝ ʩ ʘʢʢʫʤʫʣʷʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʠʣʠ 

ʧʨʦʚʝʩʪʠ ʛʣʦʙʘʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ 

ʢʫʣʴʪʫʨʘʭ ʠ ʪʢʘʥʷʭ ʯʝʣʦʚʝʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [204], ʛʜʝ 

ʘʥʘʣʠʟʠʨʫʷ ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʥʘʙʦʨʘʭ 28 ʚʠʜʦʚ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʪʢʘʥʝʡ, 300 ʧʝʨʚʠʯʥʳʭ ʢʫʣʴʪʫʨ ʢʣʝʪʦʢ ʠ 16 ʪʠʧʘʭ ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ, ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦʨʷʜʢʘ ʯʝʪʚʝʨʪʠ ʛʝʥʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʳʡ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʡ ʭʘʨʘʢʪʝʨ 

ʵʢʩʧʨʝʩʩʠʠ. ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʦʢʘʟʘʣʩʷ ʫ 

ʢʣʝʪʦʢ ʛʝʤʦʧʦʵʪʠʯʝʩʢʦʛʦ ʨʷʜʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʢʘʢ ʠ ʚ ʨʷʜʝ ʜʨʫʛʠʭ [10, 11, 205], 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʝʜʠʥʠʯʥʳʭ ʛʝʥʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚʘʨʴʠʨʫʝʪ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ. ʀ ʵʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʷ ʚ ʢʣʝʪʦʯʥʳʭ 

ʫʨʦʚʥʷʭ ʨʷʜʘ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʠʩʨʝʛʫʣʷʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʩʢʘʜʦʚ, ʚʢʣʶʯʘʷ ʪʝ, ʯʪʦ ʤʦʛʫʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 

ʢʘʥʮʝʨʦʛʝʥʝʟʘ. ʆʜʥʘʢʦ ʦʩʪʘʸʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ, ʷʚʣʷʶʪʩʷ ʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʧʝʨʚʠʯʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʣʝʪʦʢ ʠʣʠ 

ʦʥʢʦʛʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʣʝʪʦʢ ʦʧʨʝʜʝʣʷʝʪ ʧʘʪʪʝʨʥ ʠʭ ʵʢʩʧʨʝʩʩʠʠ. 

ʇʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʬʘʢʪʳ ʷʚʣʷʶʪʩʷ ʢʦʩʚʝʥʥʳʤʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʤʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʠʙʦʩʦʤ ʩ ʨʘʟʥʳʤ ʙʝʣʢʦʚʳʤ ʩʦʩʪʘʚʦʤ. ʇʨʷʤʳʝ ʞʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʘʣʠʯʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʧʫʣʷʮʠʡ ʨʠʙʦʩʦʤ ʧʦʣʫʯʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʤʝʪʦʜʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ [206, 207]. ɸʥʘʣʠʟ ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʨʠʙʦʩʦʤ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʤʳʰʠʥʳʭ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ʜʘʣʝʝ mESC), ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ, ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ TMT ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (TMT, ʦʪ ʘʥʛʣ. Tandem 

mass tag) ʚʳʷʚʠʣ ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʪʣʠʯʠʷ ʚ ʩʪʝʭʠʦʤʝʪʨʠʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ [206]. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʩʪʝʭʠʦʤʝʪʨʠʷʤʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʠʟ ʬʨʘʢʮʠʡ 

ʣʸʛʢʠʭ ʠ ʪʷʞʸʣʳʭ ʧʦʣʠʩʦʤ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʠʟʤʝʨʠʪʴ ʘʙʩʦʣʶʪʥʫʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʙʝʣʢʦʚ ʚ ʩʦʩʪʘʚʝ ʨʠʙʦʩʦʤ. ʉ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ SRM (ʦʪ ʘʥʛʣ. Selected reaction monitoring), ʚ ʨʘʙʦʪʝ 

[207] ʧʨʦʚʝʜʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 15-ʪʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʩʦʤ, 

ʚʳʜʝʣʝʥʥʳʭ ʠʟ mESC, ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 4 ʠʭ ʥʠʭ ï uL1, eL38, eS7 ʠ eS25 ʥʘʭʦʜʷʪʩʷ ʚ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʉ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ TMT ʘʚʪʦʨʳ ʩʨʘʚʥʠʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʚʩʝʛʦ ʥʘʙʦʨʘ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʧʦʣʠʩʦʤʘʭ ʠ ʩʚʦʙʦʜʥʳʭ 40S ʠ 60S 

ʩʫʙʯʘʩʪʠʮʘʭ ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ eL40, eS26 ʠ uL16 ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ 

ʬʨʘʢʮʠʠ ʧʦʣʠʩʦʤ ʠʟ mESC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʙʝʣʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʠʙʦʩʦʤ ʩ 

ʨʘʟʥʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴʶ ʢʦʨʦʚʳʭ ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ ʨʠʙʦʩʦʤʥʦʛʦ ʧʨʦʬʘʡʣʠʥʛʘ ʚʳʷʚʣʝʥʳ 
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ʨʘʟʣʠʯʠʷ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʷʭ ʪʨʘʥʩʣʷʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʤʈʅʂ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʤʳʰʠʥʳʭ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴ FLAG-ʤʝʯʝʥʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ uL1 ʠ eS25 (FLAG-uL1 ʠ FLAG-eS25 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘʚʪʦʨʳ ʩʨʘʚʥʠʣʠ ʧʘʪʪʝʨʥʳ ʪʨʘʥʩʣʷʮʠʠ ʨʠʙʦʩʦʤ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʠ ʙʝʣʢʠ, ʩ 

ʦʙʱʠʤ ʧʘʪʪʝʨʥʦʤ ʪʨʘʥʩʣʷʮʠʠ ʢʣʝʪʦʢ mESC. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʨʠʙʦʩʦʤʳ, ʩʦʜʝʨʞʘʱʠʝ FLAG-uL1, 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʘ ʨʠʙʦʩʦʤʳ, 

ʩʦʜʝʨʞʘʱʠʝ FLAG-eS25, ʢʦʦʨʜʠʥʠʨʦʚʘʣʠ ʪʨʘʥʩʣʷʮʠʶ ʤʈʅʂ ʙʝʣʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʩʠʛʥʘʣʴʥʦʤ ʢʘʩʢʘʜʝ ʚʠʪʘʤʠʥʘ B12.  

ʇʦʩʪ-ʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʠ ʧʦʩʪ-ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʨʈʅʂ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ 

ʨʠʙʦʩʦʤ [208, 209]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʧʦʩʪ-ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʥʘʯʘʣʦʩʴ ʚ ʥʘʯʘʣʝ 2000-ʭ [210, 211], ʵʪʦʪ ʘʩʧʝʢʪ ʷʚʣʷʝʪʩʷ ʝʱʸ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʥʳʤ, ʠ ʧʦʵʪʦʤʫ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʦʣʴ ʤʥʦʛʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ 

[208]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʜʦ 2500 ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ [212]. ɼʣʷ ʤʥʦʛʠʭ ʠʟ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʠʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʢ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ, ʤʝʪʠʣʠʨʦʚʘʥʠʝ, ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʝ, ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ, 

O-GlcN-ʘʮʠʣʠʨʦʚʘʥʠʝ [212]. ʍʨʠʩʪʦʤʘʪʠʡʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ eS6, 

ʩʚʷʟʘʥʥʦʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʢʣʝʪʦʢ [213]. ɺ ʦʜʥʦʤ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ eS6 ʩʪʠʤʫʣʠʨʫʝʪ ʪʨʘʥʩʣʷʮʠʶ ʦʩʦʙʦʛʦ ʢʣʘʩʩʘ ʤʈʅʂ, ʩʦʜʝʨʞʘʱʠʭ 5ô-TOP 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʦʪʚʝʪ ʥʘ mTOR-ʩʠʛʥʘʣʠʥʛ [213]. 

ʉʨʝʜʠ ʤʦʜʠʬʠʢʘʮʠʡ ʚ ʨʈʅʂ ʨʠʙʦʩʦʤ ʯʝʣʦʚʝʢʘ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʠ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ, ʧʩʝʚʜʦʫʨʠʜʠʥʠʣʠʨʦʚʘʥʠʝ ʠ 2-ʆ-ʤʝʪʠʣʠʨʦʚʘʥʠʝ [214-216]. ɼʘʥʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʫʯʘʩʪʚʫʶʪ ʚ ʤʦʜʫʣʠʨʦʚʘʥʠʠ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʠʙʦʩʦʤ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʝʢʩʪʘʭ [214-216], ʦʜʥʘʢʦ ʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʩʪʘʚ ʨʠʙʦʩʦʤ ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ, ʥʦ ʠ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʢʣʝʪʢʠ ʠ ʯʪʦ 

ʠʤʝʥʥʦ ʵʪʠ ʦʪʣʠʯʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʝʣʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʪʨʘʥʩʣʷʮʠʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʦʙʰʠʨʥʫʶ ʜʦʢʘʟʘʪʝʣʴʥʫʶ ʙʘʟʫ, ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʚʩʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʝʭʘʥʠʟʤʦʚ, 

ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʤʦʛʫʪ ʩʳʛʨʘʪʴ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ. 
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1.5.5 ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʪʨʘʥʩʣʷʮʠʠ ʩʦʙʪʚʝʥʥʳʭ ʤʈʅʂ 

 

ʂʘʢ ʫʧʦʤʷʥʘʣʦʩʴ ʚʳʰʝ, ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ 

ʢʦʜʠʨʫʶʱʠʭ ʠʭ ʛʝʥʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩʦ ʩʚʦʠʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʧʨʝ-ʤʈʅʂ, ʢʦʥʪʨʦʣʠʨʫʷ ʪʘʢʠʤ 

ʩʧʦʩʦʙʦʤ ʠʭ ʩʧʣʘʡʩʠʥʛ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʘʨʠʘʥʪ ʨʝʛʫʣʷʮʠʠ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ï ʥʝʢʦʪʦʨʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ ʩʚʦʠʤʠ ʤʈʅʂ, ʠʥʛʠʙʠʨʫʷ 

ʠʭ ʪʨʘʥʩʣʷʮʠʶ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [173] ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ uL30 (L7 ʧʦ ʩʪʘʨʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʝ) ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʩʦ ʩʚʦʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʤʈʅʂ ʠ ʠʥʛʠʙʠʨʦʚʘʪʴ ʝʸ 

ʪʨʘʥʩʣʷʮʠʶ ʚ ʙʝʩʢʣʝʪʦʯʥʦʡ ʩʠʩʪʝʤʝ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ 

ʪʨʘʥʩʬʝʢʮʠʷ ʣʠʥʠʠ ʊ-ʢʣʝʪʦʯʥʦʡ ʣʠʤʬʦʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢɼʅʂ ʙʝʣʢʘ uL30 ʧʨʠʚʦʜʠʪ ʢ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʜʚʫʭ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʷʜʝʨʥʳʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʦʩʪʘʣʠʩʴ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [174] ʧʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʷʮʠʠ 

ʧʦʢʘʟʘʥ ʜʣʷ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ uS3. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʝʪʦʢ HEK293ʊ, ʪʨʘʥʟʠʝʥʪʥʦ 

ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʦʜʫʢʮʠʶ FLAG-ʤʝʯʝʥʦʛʦ uS3, ʘʚʪʦʨʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠ-FLAG ʘʥʪʠʪʝʣ ʚ 

ʧʨʝʮʠʧʠʪʠʨʦʚʘʥʥʦʡ ʬʨʘʢʮʠʠ ʩʦʜʝʨʞʠʪʩʷ ʤʈʅʂ uS3. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ 

ʩʚʷʟʳʚʘʥʠʝ uS3 ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʤʈʅʂ ʚ ʦʩʥʦʚʥʦʤ ʦʪʚʝʯʘʁʪ C-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ ʜʘʥʥʦʛʦ ʙʝʣʢʘ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ KH-ʜʦʤʝʥʘ ʚ ʝʛʦ N-ʢʦʥʮʝʚʦʤ ʜʦʤʝʥʝ ʠ 3ô-ʅʊʆ ʤʈʅʂ uS3 ʠ ʯʪʦ 

ʠʤʝʥʥʦ ʩʚʦʙʦʜʥʳʡ uS3 ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʵʪʦ ʩʚʷʟʳʚʘʥʠʝ. ɹʳʣʦ ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʵʢʩʧʨʝʩcʠʷ 

ʤʠʥʠʛʝʥʘ FLAG-ʤʝʯʝʥʦʛʦ uS3 ʚ ʢʣʝʪʢʘʭ HEK293T ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʵʥʜʦʛʝʥʥʦʛʦ 

uS3. ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʵʢʩʧʨʝʩʩʠʠ ʤʠʥʠʛʝʥʘ FLAG-ʤʝʯʝʥʦʛʦ eS26 ʚ ʢʣʝʪʢʘʭ 

HEK293 (ʩʤ. ʨʘʟʜʝʣ 1.4) ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʷʜ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʨʝʛʫʣʠʨʫʶʪ ʵʢʩʧʨʝʩʩʠʶ ʢʦʜʠʨʫʶʱʠʭ ʠʭ ʛʝʥʦʚ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʣʷʮʠʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʤʈʅʂ. 

 

1.5.6 ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʪʨʘʥʩʣʷʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʈʅʂ 

 

ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʙʝʣʢʦʚʳʡ ʩʦʩʪʘʚ ʨʠʙʦʩʦʤʳ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʘʪʪʝʨʥʘ ʪʨʘʥʩʣʠʨʫʝʤʳʭ ʤʈʅʂ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʦʩʪʴ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ 

ʪʨʘʥʩʣʷʮʠʦʥʥʦʤ ʢʦʥʪʨʦʣʝ. ʆʜʥʘʢʦ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʨʘʥʩʣʷʮʠʶ ʥʝ 

ʪʦʣʴʢʦ ʥʘʭʦʜʷʩʴ ʚ ʩʦʩʪʘʚʝ ʨʠʙʦʩʦʤʳ, ʥʦ ʠ ʙʫʜʫʯʠ ʚʥʝ ʝʸ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʧʨʠʨʦʜʦʡ: ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʠ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʢʣʝʪʦʯʥʳʤʠ ʈʅʂ. ɺ 

ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʫʯʘʩʪʠʷ ʩʚʦʙʦʜʥʳʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ 

ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʈʅʂ.  
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ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʚʦʚʣʝʯʝʥʠʝ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ uL24 ʚ ʨʝʛʫʣʷʮʠʶ 

ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʙʝʣʢʘ p53 (ʈʠʩʫʥʦʢ 11). ɺ ʨʘʙʦʪʝ [160] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʢʣʝʪʢʘʭ, ɼʅʂ ʢʦʪʦʨʳʭ ʧʦʚʨʝʞʜʝʥʘ ʚʩʣʝʜʩʪʚʠʝ ʋʌ ʦʙʣʫʯʝʥʠʷ, ʫʨʦʚʝʥʴ p53 ʧʦʚʳʰʘʝʪʩʷ ʠʟ-ʟʘ 

ʫʩʠʣʝʥʠʷ ʪʨʘʥʩʣʷʮʠʠ ʝʛʦ ʤʈʅʂ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʝʸ 5ô-ʅʊʆ ʩ uL24. 

ʂʦʣʠʯʝʩʪʚʦ p53 ʚ ʢʣʝʪʢʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ uL24, ʪʦʛʜʘ ʢʘʢ 

ʥʦʢʜʘʫʥ ʵʪʦʛʦ ʛʝʥʘ ʦʢʘʟʳʚʘʣ ʦʙʨʘʪʥʦʝ ʜʝʡʩʪʚʠʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ uL24 ʚ 

ʢʣʝʪʢʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʢʣʶʯʝʥʠʶ ʤʈʅʂ p53 ʚʦ ʬʨʘʢʮʠʶ ʪʷʞʝʣʳʭ ʧʦʣʠʩʦʤ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ p53 ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʘʨʝʩʪʫ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʥʘ ʩʪʘʜʠʠ G1 

ʠ ʫʩʠʣʝʥʠʶ ʘʧʦʧʪʦʟʘ ʋʌ-ʦʙʣʫʯʝʥʥʳʭ ʢʣʝʪʦʢ. ʉ 5ô-ʅʊʆ ʤʈʅʂ p53 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʘʢʞʝ 

ʥʫʢʣʝʦʣʠʥ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʝʸ ʪʨʘʥʩʣʷʮʠʠ [160]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 5ô-ʅʊʆ ʠ 3ô-ʅʊʆ 

ʤʈʅʂ p53 ʩʦʜʝʨʞʘʪ ʚʟʘʠʤʥʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʫʯʘʩʪʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʜʫʧʣʝʢʩ, ʢʦʪʦʨʳʡ 

ʘʙʩʦʣʶʪʥʦ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʩʠʣʝʥʠʷ ʪʨʘʥʩʣʷʮʠʠ ʵʪʦʡ ʤʈʅʂ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʚʷʟʘʥʥʦʡ ʚ 

ʜʫʧʣʝʢʩ 5ô-ʅʊʆ ʩ uL24 [217]. 

 

 

ʈʠʩʫʥʦʢ 11. ʆʩʥʦʚʥʳʝ ʫʯʘʩʪʥʠʢʠ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ p53 ʚ ʦʪʚʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʪʨʝʩʩʦʚʳʝ 

ʩʪʠʤʫʣʳ, ʢʦʪʦʨʳʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʣʝʪʢʘ [218].  

 

ɿʘʤʝʥʳ ʚʩʝʛʦ ʣʠʰʴ ʪʨʸʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʦʜʥʦʤ ʠʟ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʫʯʘʩʪʢʦʚ 

ʧʦʣʥʦʩʪʴʶ ʥʠʚʝʣʠʨʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ uL24 ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʤʈʅʂ p53. ʆʜʥʦʮʝʧʦʯʝʯʥʳʝ 
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ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʫʯʘʩʪʢʘʤ ʚ 5ô-ʅʊʆ ʠ 3ô-ʅʊʆ ʤʈʅʂ p53, ʪʘʢʞʝ ʩʥʠʞʘʣʠ 

ʩʧʦʩʦʙʥʦʩʪʴ uL24 ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʵʪʦʡ ʤʈʅʂ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩ ʪʝʤ ʞʝ ʩʘʤʳʤ ʜʫʧʣʝʢʩʦʤ 

ʩʚʷʟʳʚʘʝʪʩʷ ʠ ʥʫʢʣʝʦʣʠʥ [219]. ɼʦʤʝʥ ʥʫʢʣʝʦʣʠʥʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʵʪʦ ʩʚʷʟʳʚʘʥʠʝ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʢ ʝʛʦ ʜʠʤʝʨʠʟʘʮʠʶ, ʪʘʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ uL24. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʟʙʳʪʦʢ uL24 ʥʠʚʝʣʠʨʫʝʪ ʦʣʠʛʦʤʝʨʠʟʘʮʠʶ ʥʫʢʣʝʦʣʠʥʘ, ʘ ʪʦʯʝʯʥʳʝ ʤʫʪʘʮʠʠ ʚ ʜʦʤʝʥʝ uL24, 

ʫʯʘʩʪʚʫʶʱʝʤ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʫʣʝʦʣʠʥʦʤ, ʧʨʠʚʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʢ ʥʘʨʫʰʝʥʠʶ ʵʪʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʣʠʰʘʶʪ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʤʈʅʂ p53. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʣʴ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ p53, ʛʜʝ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 5ô-ʅʊʆ ʠ 3ô-ʅʊʆ ʵʪʦʡ ʤʈʅʂ ʚʦʚʣʝʯʝʥʳ ʢʘʢ ʚ ʨʝʧʨʝʩʩʠʶ, ʪʘʢ ʠ ʚ 

ʠʥʜʫʢʮʠʶ ʝʸ ʪʨʘʥʩʣʷʮʠʠ ʙʣʘʛʦʜʘʨʷ ʩʚʷʟʳʚʘʥʠʶ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʜʫʧʣʝʢʩʘ ʣʠʙʦ ʩ ʥʫʢʣʝʦʣʠʥʦʤ, 

ʣʠʙʦ ʩ uL24 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 12). ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʥʘʨʫʰʝʥʠʝ ʜʠʤʝʨʠʟʘʮʠʠ 

ʥʫʢʣʝʦʣʠʥʘ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ uL24 ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʝʨʝʢʣʶʯʘʪʝʣʝʤ ʤʝʞʜʫ 

ʨʝʧʨʝʩʩʠʝʡ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ p53 ʠ ʝʸ ʘʢʪʠʚʘʮʠʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ.  

 

 

ʈʠʩʫʥʦʢ 12. ʄʦʜʝʣʴ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ p53 ʩ ʫʯʘʩʪʠʝʤ uL24 (L26 ʧʦ ʩʪʘʨʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ) ʠ 

ʥʫʢʣʝʦʣʠʥʘ [219]. ɺ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʝʩʩʘ ʪʨʘʥʩʣʷʮʠʷ ʤʈʅʂ p53 ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʚʩʣʝʜʩʪʚʠʝ 

ʩʚʷʟʳʚʘʥʠʷ ʛʦʤʦʜʠʤʝʨʦʚ ʥʫʢʣʝʦʣʠʥʘ ʩ ʜʫʧʣʝʢʩʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʚʟʘʠʤʥʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ʚ ʝʸ 5ô-ʅʊʆ ʠ 3ô-ʅʊʆ. ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ ʫʨʦʚʝʥʴ ʩʚʦʙʦʜʥʦʛʦ uL24 ʧʦʚʳʰʘʝʪʩʷ, ʠ ʦʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʫʢʣʝʦʣʠʥʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʤʈʅʂ p53, ʧʨʠʚʦʜʷ ʢ ʨʘʟʨʫʰʝʥʠʶ ʝʛʦ ʛʦʤʦʜʠʤʝʨʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ p53.  
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ʄʝʭʘʥʠʟʤ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ p53 ʩ ʫʯʘʩʪʠʝʤ uL24 ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʝʥ ʚ 

ʨʘʙʦʪʝ [220], ʛʜʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʙʝʣʦʢ Six1 ʩʧʦʩʦʙʝʥ ʧʦʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʤʠʢʨʦʈʅʂ-27ʘ ʠ 

ʧʦʥʠʞʘʪʴ ʫʨʦʚʝʥʴ ʙʝʣʢʘ uL24. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, uL24 ʠʥʛʠʙʠʨʫʝʪ ʩʚʷʟʳʚʘʥʠʝ ʵʪʦʡ ʤʠʢʨʦʈʅʂ ʩ 3ô-

ʅʊʆ ʤʈʅʂ p53, ʪʝʤ ʩʘʤʳʤ ʧʨʝʧʷʪʩʪʚʫʷ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ p53. ʉʘʡʪ ʧʦʩʘʜʢʠ ʤʠʢʨʦʈʅʂ-27ʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ 3ô-ʅʊʆ ʤʈʅʂ p53, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʫʧʣʝʢʩʘ ʩ ʝʸ 5ô-ʅʊʆ, ʩ ʢʦʪʦʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ uL24. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʠʢʨʦʈʅʂ-27ʘ ʠ uL24 ʢʦʥʢʫʨʠʨʫʶʪ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʜʘʥʥʳʤ 

ʜʫʧʣʝʢʩʦʤ (ʈʠʩʫʥʦʢ 13). ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʚ ʨʘʟʣʠʯʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ 

ʫʨʦʚʝʥʴ ʙʝʣʢʘ uL24 ʧʦʥʠʞʝʥ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʫʶ ʦʥʢʦʩʫʧʨʝʩʩʦʨʥʫʶ ʬʫʥʢʮʠʶ ʵʪʦʛʦ 

ʙʝʣʢʘ [220]. 

 

ʈʠʩʫʥʦʢ 13. ʄʦʜʝʣʴ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ p53 ʩ ʫʯʘʩʪʠʝ uL24 ʠ miR-27a [220]. ɺ ʦʪʩʫʪʩʪʚʠʠ Six1 

(ʧʘʥʝʣʴ A) uL24 ʩʚʷʟʳʚʘʝʪʩʷ ʩ 5ô-ʅʊʆ ʤʈʅʂ p53 ʚ ʩʦʩʪʘʚʝ ʜʫʧʣʝʢʩʘ ʩ ʝʸ 3ô-ʅʊʆ, ʧʨʠʚʦʜʷ ʪʝʤ ʩʘʤʳʤ ʢ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʣʷʮʠʠ ʜʘʥʥʦʡ ʤʈʅʂ. ɺʥʦʚʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʧʦʨʮʠʷ p53 ʟʘʧʫʩʢʘʝʪ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʦʥʢʦʩʫʧʨʝʩʩʠʶ. MDM2 ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʝ p53, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʧʨʦʪʝʘʩʦʤʦ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʠʥʛʠʙʠʨʦʚʘʥʠ ʁ ʝʛʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. Nutlin-3a ʠʥʛʠʙʠʨʫʝʪ ʦʙʝ ʘʢʪʠʚʥʦʩʪʠ MDM2 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ p53. ɺ 
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ʧʨʠʩʫʪʩʪʚʠʠ Six1 (ʧʘʥʝʣʴ ɹ) ʢʦʣʠʯʝʩʪʚʦ uL24, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʜʫʧʣʝʢʩʦʤ, ʩʥʠʞʘʝʪʩʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ miR-27a, ʯʝʡ ʫʨʦʚʝʥʴ ʚ ʢʣʝʪʢʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ Six1, ʩʚʷʟʳʚʘʪʴʩʷ ʩ 3ô-ʅʊʆ ʤʈʅʂ p53, 

ʧʨʠʚʦʜʷ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʸ ʪʨʘʥʩʣʷʮʠʠ.  

 

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ uL24 ʨʝʛʫʣʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʪʨʘʥʩʣʷʮʠʶ ʤʈʅʂ p53, ʥʦ ʠ 

ʤʈʅʂ p73 [221, 222]. ɹʝʣʦʢ p73, ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʝʤʝʡʩʪʚʘ p53, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʦʥʢʦʩʫʧʨʝʩʩʦʨʦʤ, ʠ ʵʢʩʧʨʝʩʩʠʷ ʝʛʦ ʛʝʥʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘ 

ʫʨʦʚʥʷʭ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʧʨʦʮʝʩʩʠʥʛʘ ʧʨʝ-ʤʈʅʂ, ʪʨʘʥʩʣʷʮʠʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʘʤʦʛʦ ʙʝʣʢʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ uL24 ʩʚʷʟʳʚʘʷʩʴ ʩ MDM2, ʠʥʛʠʙʠʨʫ ʝʁʪ ʝʛʦ ʫʙʠʢʚʠʪʠʥ-ʣʠʛʘʟʥʫ  ʁʘʢʪʠʚʥʦʩʪ ɹʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ p73, ʧʦʚʳʰʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ, ʘʥʘʣʦʛʠʯʥʦ ʤʝʭʘʥʠʟʤʫ ʨʝʛʫʣʷʮʠʠ, 

ʩʚʦʡʩʪʚʝʥʥʦʤʫ p53 [159], [221]. ʆʜʥʘʢʦ ʚ ʢʣʝʪʢʘʭ, ʥʦʢʘʫʪʥʳʭ ʧʦ MDM2, ʛʜʝ ʚʨʝʤʷ ʧʦʣʫʞʠʟʥʠ 

p73 ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ, uL24 ʪʘʢʞʝ 

ʩʧʦʩʦʙʝʥ, ʭʦʪʴ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ p73, ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ uL24 ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʠʩʦʤ ʥʘ ʤʈʅʂ p73 [221]. ɹʦʣʝʝ ʪʦʛʦ, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ uL24 ʥʘʧʨʷʤʫʶ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ 3ô-ʅʊʆ ʵʪʦʡ ʤʈʅʂ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ eGFP-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʨʝʧʦʨʪʝʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʩʫʱʝʡ 3ô-ʅʊʆ ʤʈʅʂ p73, ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ uL24 ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ p73. ʇʦʢʘʟʘʥʦ, ʯʪʦ uL24 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʘʢʞʝ ʩ ʢʵʧ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʬʘʢʪʦʨʦʤ ʠʥʠʮʠʘʮʠʠ eIF4E, ʫʩʠʣʠʚʘʷ ʝʛʦ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʤʈʅʂ p73 [221], ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʣʷʮʠʠ 

ʜʘʥʥʦʡ ʤʈʅʂ (ʈʠʩʫʥʦʢ 14). ʂʨʦʤʝ ʪʦʛʦ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ uL24 ʚ ʢʣʝʪʢʘʭ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʠʭ ʨʦʩʪʘ, ʘ ʧʦʚʳʰʝʥʠʝ ï ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʩʨʝʜʩʪʚʦʤ TAp73-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ.  

 

ʈʠʩʫʥʦʢ 14. ɻʠʧʦʪʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ p73. ʈʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ uL24 (RPL26) 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ p73 ʟʘ ʩʯʸʪ ʫʩʠʣʝʥʠʷ ʪʨʘʥʩʣʷʮʠʠ ʝʛʦ ʤʈʅʂ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʸʪ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ MDM2-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʷ [221, 222].  
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ɺʦʟʤʦʞʥʦ, ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʥʪʝʨʝʩʥʳʭ ʧʨʠʤʝʨʦʚ ʚʥʝʨʠʙʦʩʦʤʥʳʭ ʬʫʥʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʦʥʪʨʦʣʝʤ ʪʨʘʥʩʣʷʮʠʠ, ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ uL13, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ 

ʨʝʛʫʣʷʮʠʝʡ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ ʮʝʨʫʣʦʧʣʘʟʤʠʥʘ ï ʙʝʣʢʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʦʩʪʨʦʡ ʬʘʟʳ 

ʚʦʩʧʘʣʝʥʠʷ, ʚ ʩʦʩʪʘʚʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ GAIT-ʢʦʤʧʣʝʢʩʘ (ʦʪ ʘʥʛʣ. IFNɔ-activated inhibitor of 

translation) [223] (ʈʠʩʫʥʦʢ 15). ʊʘʢ, ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ɔ-ʠʥʪʝʨʬʝʨʦʥʦʤ ʚ ʤʦʥʦʮʠʪʘʭ 

ʧʦʚʳʰʘʝʪʩʷ ʫʨʦʚʝʥʴ ʤʈʅʂ ʮʝʨʫʣʦʧʣʘʟʤʠʥʘ, ʭʦʪʷ ʩʠʥʪʝʟ ʩʘʤʦʛʦ ʙʝʣʢʘ ʯʝʨʝʟ 16 ʯ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ [224]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ GAIT ʩʚʷʟʳʚʘʝʪʩʷ ʩ 3ô-

ʅʊʆ ʤʈʅʂ ʮʝʨʫʣʦʧʣʘʟʤʠʥʘ, ʛʜʝ ʩʦʜʝʨʞʠʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ GAIT-ʵʣʝʤʝʥʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʰʧʠʣʴʢʫ ʜʣʠʥʦʡ ʧʦʨʷʜʢʘ 29 ʥʫʢʣʝʦʪʠʜʦʚ [225]. ʋ ʯʝʣʦʚʝʢʘ GAIT-ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ 

ʛʝʪʝʨʦʪʝʪʨʘʤʝʨʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʛʣʠʮʝʨʘʣʴʜʝʛʠʜ-3-ʬʦʩʬʘʪ ʜʝʛʠʜʨʦʛʝʥʘʟʳ (GAPDH), ʛʣʶʪʘʤʠʣ-

ʧʨʦʣʠʣ-ʪʈʅʂ-ʩʠʥʪʝʪʘʟʳ (EPRS), NS1-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ 1 (NSAP1) ʠ uL13 [226, 227]; 

ʤʳʰʠʥʳʡ GAIT-ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʪʨʠʤʝʨʦʤ, ʚ ʥʸʤ ʦʪʩʫʪʩʪʚʫʝʪ NSAP1 [228].  

 
 

ʈʠʩʫʥʦʢ 15. ʉʭʝʤʘ ʧʦʜʘʚʣʝʥʠʷ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ ʮʝʨʫʣʦʧʣʘʟʤʠʥʘ ʩ ʫʯʘʩʪʠʝʤ GAIT-ʢʦʤʧʣʝʢʩʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ uL13 [79]. GAIT-ʢʦʤʧʣʝʢʩ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ 3ô-ʅʊʆ ʤʈʅʂ 

ʮʝʨʫʣʦʧʣʘʟʤʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʪʨʘʥʩʣʷʮʠʠ ʜʘʥʥʦʡ ʤʈʅʂ. M7G, ʤʝʪʠʣʛʫʘʥʦʟʠʥ; Met, 

ʠʥʠʮʠʘʪʦʨʥʘʷ ʪʈʅʂ; ORF, ʦʪʢʨʳʪʘʷ ʨʘʤʢʘ ʩʯʠʪʳʚʘʥʠʷ; PABP, ʧʦʣʠ(ɸ)-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ. 

 

ʉʙʦʨʢʘ GAIT-ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʘ ʵʪʘʧʘ; ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ 

ʠʛʨʘʝʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ, ʢʦʪʦʨʘʷ ʜʣʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 

2 ʯ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʝʪʢʠ ɔ-ʠʥʪʝʨʬʝʨʦʥʘ, EPRS ʬʦʩʬʦʨʠʣʠʨʫʝʪʩʷ ʧʦ ʜʚʫʤ ʧʦʣʦʞʝʥʠʷʤ: 

ʩʥʘʯʘʣʘ Cdk5 (ʦʪ ʘʥʛʣ. cyclin-dependent kinase 5) ʧʨʠʩʦʝʜʠʥʷʝʪ ʬʦʩʬʘʪ ʢ Ser
886
, ʘ ʟʘʪʝʤ ʢ Ser

999
 

[229, 230]. ɺ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ EPRS ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠʟ ʪʈʅʂ-ʤʫʣʴʪʠʩʠʥʪʝʪʘʟʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʦʙʲʝʜʠʥʷʝʪʩʷ ʩ NSAP1, ʬʦʨʤʠʨʫʷ ʥʝʘʢʪʠʚʥʳʡ ʧʨʝ-GAIT-ʢʦʤʧʣʝʢʩ, ʥʝ ʩʧʦʩʦʙʥʳʡ ʢ ʩʚʷʟʳʚʘʥʠʶ 

ʤʈʅʂ-ʤʠʰʝʥʝʡ ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʪʨʘʥʩʣʷʮʠʠ [227]. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʩʧʫʩʪʷ 12ï16 ʯ, ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ɔ-ʠʥʪʝʨʬʝʨʦʥʘ ʘʢʪʠʚʠʨʫʝʪʩʷ ʪʘʢʞʝ ʢʠʥʘʟʥʳʡ ʢʘʩʢʘʜ, ʛʜʝ ʧʨʦʪʝʠʥʢʠʥʘʟʘ DAPK (ʦʪ 

ʘʥʛʣ. death-associated protein kinase 1) ʘʢʪʠʚʠʨʫʝʪ ʧʨʦʪʝʠʥʢʠʥʘʟʫ ZIPK (ʦʪ ʘʥʛʣ. zipper-
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interacting protein kinase), ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʬʦʩʬʦʨʠʣʠʨʫʝʪ uL13 ʧʦ ʧʦʣʦʞʝʥʠʶ Ser
77

. 

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ uL13 ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠʟ 60S ʨʠʙʦʩʦʤʥʳʭ ʩʫʙʯʘʩʪʠʮ ʠ ʩʦʝʜʠʥʷʝʪʩʷ 

ʩʥʘʯʘʣʘ ʩ GAPDH, ʘ ʟʘʪʝʤ ʠ ʩ ʧʨʝ-GAIT-ʢʦʤʧʣʝʢʩʦʤ, ʬʦʨʤʠʨʫʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ GAIT-

ʢʦʤʧʣʝʢʩ. ʇʨʠ ʩʚʷʟʳʚʘʥʠʠ GAIT-ʢʦʤʧʣʝʢʩʘ ʩ 3ô-ʅʊʆ ʤʈʅʂ ʮʝʨʫʣʦʧʣʘʟʤʠʥʘ EPRS ʫʟʥʘʝʪ 

GAIT-ʵʣʝʤʝʥʪ, ʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ uL13 ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʵʧ-ʩʚʷʟʳʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʠʥʠʮʠʘʮʠʠ eIF4G ʠ ʙʣʦʢʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 48S ʠʥʠʮʠʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [231].  

ʇʦʟʞʝ ʩ ʧʦʤʦʱʴʶ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʧʦʣʠʩʦʤʥʦʛʦ ʧʨʦʬʘʡʣʠʥʛʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʡ uL13 ʚ ʩʦʩʪʘʚʝ GAIT-ʩʠʩʪʝʤʳ ʠʥʛʠʙʠʨʫʝʪ ʪʘʢʞʝ ʪʨʘʥʩʣʷʮʠʶ ʤʈʅʂ ʨʷʜʘ 

ʜʨʫʛʠʭ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʢʣʝʪʦʯʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʚʦʩʧʘʣʝʥʠʝ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʦʪʠʚʳ, 

ʧʦʜʦʙʥʳʝ GAIT-ʵʣʝʤʝʥʪʫ ʚ 3ô-ʅʊʆ ʤʈʅʂ ʮʝʨʫʣʦʧʣʘʟʤʠʥʘ [232]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʳʰʘʭ ʩ 

ʤʘʢʨʦʬʘʛ-ʩʧʝʮʠʬʠʯʥʳʤ ʥʦʢʘʫʪʦʤ ʛʝʥʘ uL13 ʚʳʷʚʠʣʠ, ʯʪʦ ʫ ʪʘʢʠʭ ʤʳʰʝʡ ʚ ʤʘʢʨʦʬʘʛʘʭ 

ʥʘʨʫʰʝʥ ʢʦʥʪʨʦʣʴ ʪʨʘʥʩʣʷʮʠʠ ʥʝʢʦʪʦʨʳʭ ʭʝʤʦʢʠʥʦʚ [233]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʵʪʠʭ ʢʣʝʪʢʘʭ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ GAIT-ʢʦʤʧʣʝʢʩʘ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʦʩʧʘʣʝʥʠʷ.  

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʧʦʥʠʤʘʥʠʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ GAIT-ʩʠʩʪʝʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ GAIT-ʢʦʤʧʣʝʢʩʘ ʠ 

ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʧʫʪʠ ʘʢʪʠʚʘʮʠʠ GAIT-ʢʦʤʧʣʝʢʩʘ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʠʤ 

ʤʈʅʂ-ʤʠʰʝʥʠ. ʆʜʥʘʢʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʥʝ ʨʝʰʝʥʥʳʤʠ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʦʤʝʥʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʙʝʣʦʢ-

ʙʝʣʢʦʚʳʝ ʠ ʈʅʂ-ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʠ GAPDH, ʚʳʷʩʥʝʥʠʷ 

ʚʦʟʤʦʞʥʦʡ ʨʦʣʠ ʬʦʩʬʘʪʘʟ ʚ ʠʥʘʢʪʠʚʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʠ ʪ.ʜ. ʇʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʧʦʤʦʱʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʣʝʯʝʥʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʛʝʥʝʪʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ, ʥʘʨʫʰʘʶʱʠʝ ʨʘʙʦʪʫ GAIT-ʢʦʤʧʣʝʢʩʘ. 

 

1.6 ɺʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʠʨʫʩʦʚ 

 

ʕʢʩʪʨʘʨʠʙʦʩʦʤʥʳʝ ʬʫʥʢʮʠʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʣʠʰʴ ʫʯʘʩʪʠʝʤ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʡ ʤʘʰʠʥʳ ʢʘʢ ʪʘʢʦʚʦʡ. ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʤʦʛʫʪ 

ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʢʣʝʪʦʯʥʳʭ ʧʘʨʘʟʠʪʦʚ ï ʨʘʟʣʠʯʥʳʭ ʚʠʨʫʩʦʚ. 

ɺ ʜʘʥʥʦʡ ʯʘʩʪʠ ʦʙʟʦʨʘ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʢʦʪʦʨʳʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ c 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʠʨʫʩʦʚ, ʧʨʠʯʸʤ ʘʢʮʝʥʪ ʙʫʜʝʪ ʩʜʝʣʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʠʨʫʩʥʳʤʠ ʈʅʂ. 

ɺ ʵʪʦʤ ʧʣʘʥʝ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ eL22 ʩ ʤʘʣʦʡ ʈʅʂ ʚʠʨʫʩʘ 

ʕʧʰʪʝʡʥʘ-ɹʘʨʨ, ʥʘʟʳʚʘʝʤʦʡ EBER1 (ʦʪ ʘʥʛʣ. EpsteinïBarr virus-encoded small RNA). ɺʠʨʫʩ 

ʕʧʰʪʝʡʥʘ-ɹʘʨʨ ï ʵʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʝʤʝʡʩʪʚʘ ʛʝʨʧʝʩʚʠʨʫʩʦʚ. ɻʝʥʦʤ ʜʘʥʥʦʛʦ ʚʠʨʫʩʘ 
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ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ, ʦʥ ʭʦʨʦʰʦ ʨʘʟʤʥʦʞʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʢʣʝʪʦʢ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʩʧʦʩʦʙʝʥ ʨʝʧʣʠʮʠʨʦʚʘʪʴ ʚ B-ʣʠʤʬʦʮʠʪʘʭ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʛʝʨʧʝʩʚʠʨʫʩʦʚ, ʦʥ ʥʝ ʫʙʠʚʘʝʪ ʢʣʝʪʢʠ, ʘ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʠʭ ʧʨʦʣʠʬʝʨʘʮʠʠ [234, 235]. ɺ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ ʚʠʨʫʩ ʧʨʦʜʫʮʠʨʫʝʪ ʚʳʩʦʢʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʣʳʝ ʥʝʢʦʜʠʨʫʶʱʠʝ 

ʈʅʂ, ʚ ʪʦʤ ʯʠʩʣʝ EBER1 ʠ EBER2 [236, 237]. ʕʪʠ ʈʅʂ ʥʝ ʧʦʣʠʘʜʝʥʠʣʠʨʫʶʪʩʷ; ʦʥʠ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʣʝʪʦʯʥʦʡ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ III, ʠʭ ʜʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 170 

ʥʫʢʣʝʦʪʠʜʦʚ (ʈʠʩʫʥʦʢ 16).  

ʄʦʣʝʢʫʣʳ EBER ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʷʜʨʝ ʚ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʤʝʨʥʦ 1 ʤʠʣʣʠʦʥ ʢʦʧʠʡ ʥʘ 

ʢʣʝʪʢʫ, ʛʜʝ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʨʠʙʦʥʫʢʣʝʦʧʨʦʪʝʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ EBER ʥʘ ʩʝʛʦʜʥʷʰʥʝʡ ʜʝʥʴ ʦʩʪʘʶʪʩʷ ʜʦ ʢʦʥʮʘ ʥʝʚʳʷʩʥʝʥʥʳʤʠ. ɺ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ EBER1/2-ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʝ ʰʪʘʤʤʳ EBV ʩʧʦʩʦʙʥʳ ʠʥʬʠʮʠʨʦʚʘʪʴ 

ʣʠʤʬʦʮʠʪʳ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ [238, 239]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʷʜʝ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʜʝʧʣʝʮʠʷ ʵʪʠʭ ʈʅʂ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʠʨʫʩʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʣʠʤʬʦʮʠʪʳ [240]. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʧʦʣʴʟʫ ʵʪʦʛʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ [241, 242], ʛʜʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʵʢʩʧʨʝʩʩʠʷ EBER1 ʚ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ EBER1 ʚʳʩʦʢʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʩʨʝʜʠ ʰʪʘʤʤʦʚ EBV, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʈʅʂ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʜʚʫʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʣʠʤʬʦʢʨʠʧʪʦʚʠʨʫʩʦʚ ï ʣʠʤʬʦʢʨʠʧʪʦʚʠʨʫʩʝ ʤʘʢʘʢʠ-ʨʝʟʫʩ (MHV4) ʠ 

ʛʝʨʧʝʩʚʠʨʫʩʝ ʙʘʙʫʠʥʦʚ (CeHV12). ʀʜʝʥʪʠʯʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ EBER1 ʫ ʜʘʥʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩ ʪʘʢʦʚʦʡ ʫ EBV ʩʦʩʪʘʚʣʷʝʪ 57.3% ʠ 68.9%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʌʘʢʪ ʥʘʣʠʯʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ eL22 ʠ EBER1 ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ʚ 1991 ʛʦʜʫ 

[243], ʦʜʥʘʢʦ ʠʟʥʘʯʘʣʴʥʦ eL22 ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ EAP (ʦʪ ʘʥʛʣ. EBER associated protein 

ï ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ EBER1 ʙʝʣʦʢ). ɺ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ [244] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʝʣʦʢ ʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 15 ʢɼʘ, ʥʘʟʚʘʥʥʳʡ ʨʘʥʝʝ EAP ʠ ʩʚʷʟʳʚʘʶʱʠʡʩʷ ʩ EBER1, ʷʚʣʷʝʪʩʷ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʨʠʙʦʩʦʤʥʳʤ ʙʝʣʢʦʤ eL22. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʣʝʪʢʘʭ, ʧʦʨʘʞʝʥʥʳʭ EBV, ʧʨʠʤʝʨʥʦ 

ʧʦʣʦʚʠʥʘ ʚʩʝʛʦ ʧʫʣʘ eL22 ʦʢʘʟʳʚʘʝʪʩʷ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʚ ʈʅʇ-ʢʦʤʧʣʝʢʩʝ ʩ EBER1, ʪʦʛʜʘ ʢʘʢ 

ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʥʦʩʦʤʘʭ ʠ ʧʦʣʠʩʦʤʘʭ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ eL22 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʥʝʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʣʝʪʢʘʭ eL22 ʣʦʢʘʣʠʟʦʚʘʥ ʠ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʠ ʚ 

ʷʜʨʝ, ʪʦʛʜʘ ʢʘʢ ʚ EBV-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʣʝʪʢʘʭ ʦʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ 

ʥʫʢʣʝʦʧʣʘʟʤʝ. ʕʪʠ ʜʘʥʥʳʝ ʪʘʢʞʝ ʥʘʰʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ in situ 

ʛʠʙʨʠʜʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʣʦʢʘʣʠʟʘʮʠʷ eL22 ʚ ʥʫʢʣʝʦʧʣʘʟʤʫ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ 

ʩʚʷʟʳʚʘʥʠʝʤ ʵʪʦʛʦ ʙʝʣʢʘ ʩ EBER1. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ EBER1 ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʩʩʦʮʠʘʮʠʠ 

eL22 ʠʟ ʨʠʙʦʩʦʤ, ʦʜʥʘʢʦ ʝʸ ʩʚʷʟʳʚʘʥʠʝ ʩʦ ʩʚʦʙʦʜʥʳʤ eL22 ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʷʤ ʚ 

ʙʠʦʛʝʥʝʟʝ ʨʠʙʦʩʦʤ. ʉ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ in vitro ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ 
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eL22 ʠ ʦʯʠʱʝʥʥʦʡ EBER1 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʘ ʈʅʂ ʠʤʝʝʪ 3 ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ eL22 

(ʈʠʩʫʥʦʢ 16) [245], ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʋʌ ʩʰʠʚʦʢ, ʛʝʥʝʨʠʨʫʝʤʳʭ in vivo.  

 

ʈʠʩʫʥʦʢ 16. ɺʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʣʦʡ ʥʝʢʦʜʠʨʫʶʱʝʡ ʈʅʂ EBER1 [236]. ʇʝʪʣʠ SLI, SLIII  ʠ SLIV 

ʷʚʣʷʶʪʩʷ ʩʘʡʪʘʤʠ ʩʚʷʟʳʚʘʥʠʷ eL22 ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [245].  

 

ɺ ʨʘʙʦʪʝ [246] ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ EBER1 ʚ EBV-ʥʝʛʘʪʠʚʥʳʭ B-

ʢʣʝʪʢʘʭ ʟʘʧʫʩʢʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʬʝʥʦʪʠʧʘ ʠ ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʧʨʦʘʧʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʪʝʠʥʢʠʥʘʟʳ PKR (ʦʪ ʘʥʛʣ. protein 

kinase R). ʀʟʚʝʩʪʥʦ, ʯʪʦ EBER1 ʩʚʷʟʳʚʘʝʪʩʷ ʩ PKR, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤ, ʠʥʛʠʙʠʨʫʶʱʠʤ ʨʦʩʪ ʦʧʫʭʦʣʝʡ, ʠ ʙʣʦʢʠʨʫʝʪ ʘʢʪʠʚʘʮʠʶ ʧʦʩʣʝʜʥʝʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʮʈʅʂ. ɸʚʪʦʨʳ [246] ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ eL22, ʢʦʥʢʫʨʠʨʫʷ ʩ PKR ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʦʜʥʠʤ ʠʟ ʩʘʡʪʦʚ 

ʥʘ EBER1, ʦʩʣʘʙʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʣʝʜʥʝʡ ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʢʪʠʚʘʮʠʶ PKR. ʊʨʘʥʟʠʝʥʪʥʘʷ 

ʪʨʘʥʩʬʝʢʮʠʷ EBER1 ʚ ʬʠʙʨʦʙʣʘʩʪʳ ʤʳʰʠ ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʵʢʩʧʨʝʩʩʠʶ ʨʝʧʦʨʪʝʨʥʦʛʦ ʛʝʥʘ ʠ 

ʯʘʩʪʠʯʥʦ ʦʙʨʘʱʘʣʘ ʠʥʛʠʙʠʪʦʨʥʳʡ ʵʬʬʝʢʪ EBER1. ʆʜʥʘʢʦ EBER1 ʦʢʘʟʳʚʘʣʘ ʩʪʠʤʫʣʠʨʫʶʱʠʡ 

ʵʬʬʝʢʪ ʠ ʧʨʠ ʪʨʘʥʩʬʝʢʮʠʠ ʚ ʥʦʢʘʫʪʥʳʝ ʧʦ PKR ʢʣʝʪʢʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ PKR-

ʥʝʟʘʚʠʩʠʤʦʛʦ ʜʝʡʩʪʚʠʷ ʵʪʦʡ ʈʅʂ. ʊʨʘʥʟʠʝʥʪʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ eL22 ʧʨʝʜʦʪʚʨʘʱʘʣʘ ʢʘʢ PKR-

ʟʘʚʠʩʠʤʳʡ, ʪʘʢ ʠ PKR-ʥʝʟʘʚʠʩʠʤʳʡ ʵʬʬʝʢʪʳ EBER1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʘʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʘʩʩʦʮʠʘʮʠʷ eL22 ʩ EBER1 ʚ EBV-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ 

ʤʦʞʝʪ ʦʩʣʘʙʣʷʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚʠʨʫʩʥʦʡ ʈʅʂ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ EBER1 

ʘʢʪʠʚʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ eL22, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʚʷʟʳʚʘʥʠʠ ʩ EBER1 ʚ 

ʨʘʙʦʪʝ [242] ʩʦʟʜʘʣʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʤʫʪʘʥʪʥʳʝ ʬʦʨʤʳ eL22, ʠ 
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ʠʩʩʣʝʜʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ ʤʫʪʘʥʪʥʳʭ ʬʦʨʤ ʙʝʣʢʘ ʩʚʷʟʳʚʘʪʴʩʷ ʩ EBER1. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʯʘʩʪʦʢ 80-93 eL22, ʩʦʜʝʨʞʘʱʠʡ ʢʣʘʩʪʝʨ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ 28S ʨʈʅʂ, 

ʚʦʚʣʝʢʘʝʪʩʷ ʪʘʢʞʝ ʠ ʚ ʩʚʷʟʳʚʘʥʠʝ ʩ EBER1. ɹʦʣʝʝ ʪʦʛʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʤʝʨʥʳʭ ʤʫʪʘʥʪʥʳʭ 

ʬʦʨʤ eL22, ʩʮʝʧʣʝʥʥʳʭ ʩ GFP-ʙʝʣʢʦʤ, ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʵʪʦʪ ʞʝ ʫʯʘʩʪʦʢ ʠʤʝʝʪ 

ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ ʷʜʝʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ eL22, ʪʘʢ ʠ ʜʣʷ ʝʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʨʠʙʦʩʦʤʳ. 

ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ eL22 ʚ ʷʜʨʝ ʥʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʝʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ ʷʜʝʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, ʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʝʛʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʪʘʢʠʤ ʷʜʝʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʘʢ 28S ʨʈʅʂ. 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ EBER1-ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʨʝʣʦʢʘʣʠʟʘʮʠʷ eL22 ʚ 

ʥʫʢʣʝʦʧʣʘʟʤʫ ʚ EBV-ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ ʢʨʠʪʠʯʥʘ ʜʣʷ EBER-ʩʧʝʮʠʬʠʯʥʳʭ ʬʫʥʢʮʠʡ ʚ 

ʨʘʙʦʪʝ [242] ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʷʚʣʷʝʪʩʷ ʣʠ ʩʚʷʟʳʚʘʥʠʝ ʩ EBER1 

ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʫʜʝʨʞʘʥʠʷ eL22 ʚ ʥʫʢʣʝʦʧʣʘʟʤʝ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʬʣʶʦʨʝʩʮʝʥʪʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʫʪʘʮʠʠ ʚ ʩʘʡʪʘʭ ʩʚʷʟʳʚʘʥʠʷ eL22 

ʥʘ EBER1 ʥʠʚʝʣʠʨʫʶʪ ʝʸ ʩʚʷʟʳʚʘʥʠʝ ʩ eL22 ʠ ʠʥʛʠʙʠʨʫʶʪ EBER1-ʦʧʦʩʨʝʜʦʚʘʥʥʫʶ 

ʨʝʣʦʢʘʣʠʟʘʮʠʶ eL22 ʚ ʥʫʢʣʝʦʧʣʘʟʤʫ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ BL-ʢʣʝʪʢʠ (ʦʪ 

ʘʥʛʣ. Burkittôs lymphoma), ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʛʝʥ ʤʫʪʘʥʪʥʦʡ EBER1, ʢʦʪʦʨʘʷ ʥʝʩʧʦʩʦʙʥʘ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ eL22, ʠʤʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʡ ʧʦʪʝʥʮʠʘʣ ʢ ʨʦʩʪʫ, ʯʝʤ ʢʣʝʪʢʠ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʛʝʥ EBER1 ʜʠʢʦʛʦ ʪʠʧʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʠʨʫʩʘ ʕʧʰʪʝʡʥʘ-ɹʘʨʨ ʩʚʦʡʩʪʚʝʥʥʦ ʥʝ ʪʦʣʴʢʦ eL22. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [247] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ eS1 ʷʚʣʷʝʪʩʷ ʢʣʝʪʦʯʥʳʤ ʧʘʨʪʥʸʨʦʤ EBNA-

5 (ʦʪ ʘʥʛʣ. Epstein-Barr virus nuclear antigen 5), ʦʜʥʦʛʦ ʠʟ ʨʘʥʥʠʭ ʚʠʨʫʩʥʳʭ ʙʝʣʢʦʚ, 

ʧʨʦʜʫʮʠʨʫʝʤʳʭ ʚ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ B-ʢʣʝʪʢʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, 

ʯʪʦ EBV-ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ B-ʢʣʝʪʦʢ ʚ ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʳʝ ʠʤʤʫʥʦʙʣʘʩʪʳ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʧ-ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ eS1. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʩʚʷʟʳʚʘʥʠʝ EBNA-5 ʩ eS1 ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʬʫʥʢʮʠʠ ʧʦʩʣʝʜʥʝʛʦ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʠʣʝʥʠʝʤ 

ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ, ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʮʠʝʡ ʘʧʦʧʪʦʟʘ. ɺ 

ʜʨʫʛʦʡ ʨʘʙʦʪʝ [248] ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʝʱʝ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ EBV, ʘ ʠʤʝʥʥʦ EBNA-1 (ʦʪ ʘʥʛʣ. 

Epstein-Barr virus nuclear antigen 1) ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʠʙʦʩʦʤʥʳʤ ʙʝʣʢʦʤ uL4. ʕʪʦʪ ʚʠʨʫʩʥʳʡ 

ʙʝʣʦʢ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ EBV ʚ ʢʣʝʪʢʘʭ ʯʝʣʦʚʝʢʘ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ EBV-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʣʝʪʦʢ. ʀʟʚʝʩʪʥʦ, ʯʪʦ EBNA-1, ʩʚʷʟʳʚʘʷʩʴ ʩ 

oriP-ʫʯʘʩʪʢʦʤ (ʦʪ ʘʥʛʣ. ʦrigin of viral replication), ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʨʝʛʠʦʥ ʛʝʥʦʤʘ ʚʠʨʫʩʘ, 

ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʨʝʧʣʠʢʘʮʠʷ ʚʠʨʫʩʥʦʡ ʵʧʠʩʦʤʳ, ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʛʝʥʦʤʘ EBV ʚ 

ʢʣʝʪʢʝ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʚʠʨʫʩʥʳʭ ʛʝʥʦʚ ʩ ʵʧʠʩʦʤʳ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʣʝʪʦʢ ʣʠʤʬʦʙʣʘʩʪʦʤʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʬʠʮʠʪ uL4, ʜʦʩʪʠʛʥʫʪʳʡ ʩ ʧʦʤʦʱʴʶ ʈʅʂ-
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ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ EBNA-1-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʘʢʪʠʚʘʮʠʠ oriP-ʫʯʘʩʪʢʘ ʚ 

ʩʦʩʪʘʚʝ ʣʶʮʝʬʝʨʘʟʥʦʛʦ ʨʝʧʦʨʪʝʨʘ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʢʘʢ ʫʨʦʚʥ ̫ʩʚʷʟʳʚʘʥʠʷ EBNA-1 

ʩ ɼʅʂ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʘ ʢʦʧʠʡ ʛʝʥʦʤʘ EBV ʚ ʢʣʝʪʢʘʭ. ʀʥʬʝʢʮʠʷ EBV ʫʩʠʣʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ 

ʛʝʥʘ uL4 ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʜʠʩʣʦʢʘʮʠʠ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʚ ʷʜʨʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ uL4, ʘ ʪʘʢʞʝ 

ʝʱʸ ʦʜʠʥ ʷʜʝʨʥʳʡ ʙʝʣʦʢ ï ʥʫʢʣʝʦʣʠʥ, ʬʦʨʤʠʨʫʷ ʢʦʤʧʣʝʢʩʳ ʩ EBNA-1, ʩʪʘʙʠʣʠʟʠʨʫʶʪ 

ʩʚʷʟʳʚʘʥʠʝ ʧʦʩʣʝʜʥʝʡ ʩ oriP-ʨʝʛʠʦʥʦʤ ʚ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ N-ʢʦʥʮʝʚʦʛʦ ʫʯʘʩʪʢʘ uL4 ʩ ʦʩʪʘʪʢʦʤ ʣʠʟʠʥʘ ʚ ʧʦʣʦʞʝʥʠʠ 429 ʥʫʢʣʝʦʣʠʥʘ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ EBNA-1 ʩ ʨʝʛʠʦʥʦʤ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʵʧʠʩʦʤʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʉ-

ʢʦʥʮʝʚʳʝ ʦʩʪʘʪʢʠ ʣʠʟʠʥʘ ʚ ʧʦʣʦʞʝʥʠʷʭ 380 ʠ 393 ʥʫʢʣʝʦʣʠʥʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʤʝʪʠʣʠʨʦʚʘʥʠʝ 

ʛʠʩʪʦʥʘ H3K4me2 ʚ ʨʘʡʦʥʝ oriP-ʫʯʘʩʪʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ EBNA-1-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ 

ʪʨʘʥʩʘʢʪʠʚʘʮʠʠ ʵʪʦʛʦ ʫʯʘʩʪʢʘ. 

ɽʱʸ ʦʜʥʠʤ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eL18 ʩ 

ʙʝʣʢʦʤ NS1 ʚʠʨʫʩʘ ɼʝʥʛʝ, ʠʛʨʘʶʱʠʤ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʧʣʠʢʘʮʠʠ ʠ ʧʘʪʦʛʝʥʝʟʝ ʵʪʦʛʦ ʚʠʨʫʩʘ. 

ʈʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ eL18 ʦʙʥʘʨʫʞʝʥ ʩʨʝʜʠ 64 ʙʝʣʢʦʚ, ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʠʨʦʚʘʥʥʳʭ ʚʤʝʩʪʝ ʩ NS1 

ʠʟ ʢʣʝʪʦʢ ʣʠʥʠʠ Huh-7 (ʦʪ ʘʥʛʣ. human hepatic cells), ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʤ ʚʠʨʫʩʦʤ [249]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ eL18 ʧʝʨʝʜʠʩʣʦʮʠʨʫʝʪʩʷ ʚ ʧʝʨʠʥʫʢʣʝʘʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʧʫʩʪʷ 48 ʯ ʧʦʩʣʝ 

ʠʥʬʝʢʮʠʠ. ʇʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ eL18 ʚ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ ʥʝ ʚʣʠʷʣʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʣʝʪʦʯʥʦʡ ʪʨʘʥʩʣʷʮʠʠ ʠ ʢʣʝʪʦʯʥʫʶ ʚʳʞʠʚʘʝʤʦʩʪʴ, ʦʜʥʘʢʦ ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʝʡ ʚʠʨʫʩʥʦʡ ʨʝʧʣʠʢʘʮʠʠ ʠ ʪʨʘʥʩʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʢ ʧʦʥʠʞʝʥʠʶ ʧʨʦʜʫʢʮʠʠ 

ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ, ʫʢʘʟʳʚʘʷ ʥʘ ʚʘʞʥʦʩʪʴ eL18 ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʚʠʨʫʩʘ ɼʝʥʛʝ [249]. 

 

ɿɸʂʃʖʏɽʅʀɽ 

 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʙʟʦʨʝ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ 

ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʙʝʣʦʢʩʠʥʪʝʟʠʨʫʶʱʝʡ ʤʘʰʠʥʳ ʠʛʨʘʶʪ 

ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʣʷʮʠʠ. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʠʤʝʥʫʝʤʳʤʠ ʨʠʙʦʩʦʤʦʧʘʪʠʷʤʠ, ʠ ʥʘʨʫʰʝʥʠʷʤʠ 

ʪʨʘʥʩʣʷʮʠʠ, ʚʳʟʚʘʥʥʳʤʠ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʘʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʮʝʥʪʨʳ ʨʠʙʦʩʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʷʜʘ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ 

ʤʦʛʫʪ ʚʦʚʣʝʢʘʪʴʩʷ ʚ ʨʝʛʫʣʷʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʙʫʜʫʯʠ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ 

ʵʪʠʭ ʙʝʣʢʦʚ ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʫʣʷʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʛʝʥʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʘ ʫʨʦʚʥʷʭ ʩʧʣʘʡʩʠʥʛʘ ʠ ʪʨʘʥʩʣʷʮʠʠ. 

ʆʪʜʝʣʴʥʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʬʘʢʪʦʨʘʤʠ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʤʦʛʫʪ ʤʦʜʫʣʠʨʦʚʘʪʴ 

ʠʭ ʘʢʪʠʚʥʦʩʪʴ, ʦʢʘʟʳʚʘʷ ʪʝʤ ʩʘʤʳʤ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʤʥʦʛʠʭ ʛʝʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʭ, 

ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶ ʚ ʙʠʦʛʝʥʝʟʝ ʨʠʙʦʩʦʤ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʩʧʦʩʦʙʥʳ 
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ʤʦʜʫʣʠʨʦʚʘʪʴ ʪʨʘʥʩʣʷʮʠʶ ʤʈʅʂ ʯʝʨʝʟ ʩʚʷʟʳʚʘʥʠʝ ʩ ʠʭ ʥʝʪʨʘʥʩʣʠʨʫʝʤʳʤʠ ʦʙʣʘʩʪʷʤʠ, ʧʨʠʚʦʜʷ 

ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʠʥʪʝʟʘ ʙʝʣʢʘ, ʢʦʜʠʨʫʝʤʦʛʦ ʜʘʥʥʦʡ ʤʈʅʂ. ɼʘʥʥʳʝ ʦ ʨʦʣʠ ʨʠʙʦʩʦʤʥʳʭ 

ʙʝʣʢʦʚ ʠ ʠʭ ʧʦʩʪ-ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʨʘʥʩʣʷʮʠʠ, 

ʥʘʢʦʧʣʝʥʥʳʝ ʟʘ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʨʠʙʦʩʦʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʪʨʘʥʩʣʷʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ʅʘʢʦʥʝʮ, ʰʠʨʦʢʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʚ ʢʣʝʪʢʝ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʭʦʜʠʪʩɹʷ ʢʘʢ ʚ ʮʠʪʦʧʣʘʟʤʝ, ʪʘʢ ʠ ʚ ʷʜʨʝ, ʠ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʟʘʨʷʜʘ ʩʦʟʜʘʣʠ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʤʦʛʣʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʟʘʯʘʩʪʫʶ ʥʝ ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʷ ʢ ʪʨʘʥʩʣʷʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʣʝʪʦʢ. ɺʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʘʞʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʪʨʘʨʠʙʦʩʦʤʥʳʭ ʠ ʢʘʥʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʚʦʚʣʝʢʘʶʱʠʭ ʩʚʦʙʦʜʥʳʝ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ, ʠ ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʨʠʙʦʩʦʤʦʧʘʪʠʡ, ʚʳʟʚʘʥʥʳʭ ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʨʘʙʦʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʨʠʙʦʩʦʤ.  
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

 

2.1 ʄʘʪʝʨʠʘʣʳ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ.  

ʈʝʘʢʪʠʚʳ: ʘʛʘʨʦʟʘ (AppliChem), ʘʤʧʠʮʠʣʣʠʥ (AppliChem), ʙʝʥʟʦʠʣʮʠʘʥʠʜ (BzCN) 

(AppliChem), ʙʨʦʤʠʩʪʳʡ ʵʪʠʜʠʡ (AppliChem), ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜ-5ǋ-ʪʨʠʬʦʩʬʘʪʳ (dNTP) 

(AppliChem), ʪʨʠʧʪʦʥ (AppliChem), ʜʠʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜ-5ǋ-ʪʨʠʬʦʩʬʘʪʳ (ddNTP) 

(AppliChem), ʜʠʪʠʦʪʨʝʠʪʦʣ (DTT) (AppliChem), ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ (AppliChem), ʠʟʦʧʨʦʧʠʣ-ɓ-

D-ʪʠʦʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ (ʀʇʊɻ) (AppliChem), 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ (AppliChem), ʨʠʙʦʥʫʢʣʝʦʟʠʜ-

5ǋ-ʪʨʠʬʦʩʬʘʪʳ (NTP) (AppliChem), 1-ʮʠʢʣʦʛʝʢʩʠʣ-3-(2-ʤʦʨʬʦʣʠʥʦʵʪʠʣ)-ʢʘʨʙʦʜʠʠʤʠʜ ʤʝʪʘ-ʧ-

ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ (ʉʄʉʊ) (AppliChem), ʮʠʢʣʦʛʝʢʩʠʤʠʜ (AppliChem), ʘʢʨʠʣʘʤʠʜ (AppliChem), 

N,Nô-ʤʝʪʠʣʝʥʙʠʩʘʢʨʠʣʘʤʠʜ (ʙʠʩʘʢʨʠʣʘʤʠʜ) (AppliChem), ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʨʠʷ (SDS) 

(AppliChem), 4-(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)-1-ʧʠʧʝʨʘʟʠʥʵʪʘʥʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (HEPES) (AppliChem), 

2-ʘʤʠʥʦ-2-ʛʠʜʨʦʢʩʠʤʝʪʠʣ-ʧʨʦʧʘʥ-1,3-ʜʠʦʣ (ʊʨʠʩ) (AppliChem), TRIzol reagent (Invitrogen), 

Tween-20 (Ferak), Triton-X100 (Sigma Aldrich), ʈʅʂ poly(U) (Reanal), ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʢʨʘʩʠʪʝʣʴ SYTO 9 (5 ʤʄ) (Thermo Fischer Scientific), GlycoBlue (15ʤʛ/ʤʣ0) (Thermo Fischer 

Scientific), ʪʘʙʣʝʪʢʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ PBS (Amresco). ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʨʝʘʢʪʠʚʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʙʳʣʠ ʤʘʨʢʠ ʍʏ ʠʣʠ ʆʉʏ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʥʘʙʦʨʳ: ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʘʷ ʤʝʤʙʨʘʥʘ Amersham Protran Premium 0,45 ʤʢʤ NC ʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʘʷ ʙʫʤʘʛʘ Whatman Grade 3mm CHR (GE Healthcare Life Sciences), ʥʘʙʦʨ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʧʣʘʟʤʠʜ Plasmid Midi  (QIAGEN), ʤʠʢʨʦʢʦʣʦʥʢʠ Illustra MicroSpin G-25 (GE 

Healthcare), ʢʦʥʮʝʥʪʨʘʪʦʨʳ Centricon-3 (Amicon), Western Blotting Substrate kit (Thermo Fisher 

Scientific). 

ɸʬʬʠʥʥʳʝ ʩʦʨʙʝʥʪʳ: StrataClean Resin (Agilent Technologies), Dynabeads Protein G (Thermo 

Fisher Scientific). 

ʂʨʘʩʠʪʝʣʠ: ʧʠʨʦʥʠʥ G ʠ ʂʫʤʘʩʩʠ ʙʨʠʣʣʠʘʥʪʦʚʳʡ ʩʠʥʠʡ R250 ʠ G250 (Serva), ʙʨʦʤʬʝʥʦʣʦʚʳʡ 

ʩʠʥʠʡ (Reanal), ʇʦʥʩʦ S, Stains all ʠ ʢʩʠʣʝʥʮʠʘʥʦʣ (Fluka). 

ʌʝʨʤʝʥʪʳ: Taq ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ, ʦʙʨʘʪʥʳʝ ʪʨʘʥʩʢʨʠʧʪʘʟʳ AMV ʠ MMLV, ʱʝʣʦʯʥʘʷ 

ʬʦʩʬʘʪʘʟʘ ʠʟ ʢʠʰʝʯʥʠʢʘ ʪʝʣʝʥʢʘ 10000 ʝʜ.ʘʢʪ./ʤʣ (NEB), ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʘ (ʇʅʂ) T4 10000 

ʝʜ.ʘʢʪ./ʤʣ (NEB), ʵʥʜʦʥʫʢʣʝʘʟʳ ʨʝʩʪʨʠʢʮʠʠ Sal I, Xho I, EcoRI, NdeI ʠ BamHI ʠ ʊ4 ɼʅʂ-ʣʠʛʘʟʘ 

(Thermo Fisher Scientific), ʠʥʛʠʙʠʪʦʨ ʨʠʙʦʥʫʢʣʝʘʟ RiboLock (Thermo Fisher Scientific), 

ʠʥʛʠʙʠʪʦʨ ʈʅʂʘʟ SUPERaseIn (Ambion), ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʪʘʟʘ SuperScript IV (Thermo Fisher 

Scientific), ʧʠʨʦʬʦʩʬʘʪʘʟʘ, ʣʠʟʦʮʠʤ, ʧʨʦʪʝʠʥʘʟʘ ʂ (Sigma Aldrich), ʈʅʂʘʟʘ I (Ambion), ʈʅʂʘʟʘ 
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ʊ1 (Thermo Fisher Scientific), ɼʅʂʘʟʘ I (Ambion), ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ ʬʘʛʘ ʊ7 ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʧʨʦʬ. ʀ. ʕʧʝʨʦʥʦʤ (ʃʝʩʪʝʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ).  

ɸʥʪʠʪʝʣʘ ʠ ʘʥʪʠʩʳʚʦʨʦʪʢʠ: ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠ-FLAG ʘʥʪʠʪʝʣʘ (M2 ʠ M5, Sigma Aldrich), 

ʧʦʣʠʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ ʢʨʦʣʠʢʘ ʧʨʦʪʠʚ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eL29 ʯʝʣʦʚʝʢʘ 

(Thermo Fisher Scientific), ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʩ ʧʝʨʝʢʩʠʜʘʟʦʡ ʭʨʝʥʘ ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ ʘʥʪʠʪʝʣ 

ʤʳʰʠ ʠ ʢʨʦʣʠʢʘ (Sigma); ʘʥʪʠʩʳʚʦʨʦʪʢʠ ʧʨʦʪʠʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʯʝʣʦʚʝʢʘ ʧʦʣʫʯʝʥʳ ʚ 

ʃʘʙʦʨʘʪʦʨʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʨʠʙʦʩʦʤ (ʀʍɹʌʄ ʉʆ ʈɸʅ), ʘ ʘʥʪʠʩʳʚʦʨʦʪʢʠ ʧʨʦʪʠʚ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʢʨʳʩʳ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʜʨ. ʀ. ʐʪʘʣʝʤ; ʘʥʪʠʪʝʣʘ ʤʳʰʠʥʳʝ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʧʨʦʪʠʚ GAPDH ʠ ʘʥʪʠʪʝʣʘ ʢʨʦʣʠʯʴʠ ʧʦʣʠʢʣʦʥʘʣʴʥʳʝ ʧʨʦʪʠʚ ʨʠʙʦʩʦʤʥʦʛʦ 

ʙʝʣʢʘ uL5 (RPL11) (Proteintech). 

ʄʝʯʝʥʳʝ ʨʠʙʦʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʳ: [Ŭ-
32

P]-GTP (1000 ʂʠ/ʤʤʦʣʴ) ʠ [g-
32

P]-ATP (3000 

ʂʠ/ʤʤʦʣʴ) ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʀʍɹʌʄ ʉʆ ʈɸʅ. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ: pET-15b (Novagen), pCI-neo (Promega), FUdeltaGW-rtTA 

(Addgene), TetO-FUW-OSKM (Addgene), pSUPER (OligoEngine). 

ʉʦʩʪʘʚʳ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʙʫʬʝʨʦʚ: ʙʫʬʝʨ ʵʣʝʢʪʨʦʜʥʳʡ TAE (40 ʤʄ ʊʨʠʩ, 20 ʤʄ 

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʠ 1 ʤʄ ʕɼʊɸ, pH 7.6), ʙʫʬʝʨ ʵʣʝʢʪʨʦʜʥʳʡ TBE (89 ʤʄ ʊʨʠʩ, 89 ʤʄ ʙʦʨʥʘʷ 

ʢʠʩʣʦʪʘ ʠ 2 ʤʄ ʕɼʊɸ, pH 8.3), ʙʫʬʝʨ ʊBS (50 ʤʄ ʊʨʠʩ-HCl, ʨʅ 7.5, 150 ʤʄ NaCl ʠ 0.05% 

Tween-20). 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʣʠʥʠʡ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ: ʢʫʣʴʪʫʨʘʣʴʥʘʷ ʩʨʝʜʘ DMEM (Thermo Fisher 

Scientific), FBS (Gibco), ʘʥʪʠʙʠʦʪʠʢ ʧʝʥʠʮʠʣʣʠʥ-ʩʪʨʝʧʪʦʤʠʮʠʥ (10000 U/ml) (Gibco), 

ʪʨʘʥʩʬʝʢʪʘʥʪʳ TurboFect ʠ Lipofectamine 3000 (Thermo Fisher Scientific), Lipofectamine LTX 

(Invitrogen), ʘʥʪʠʙʠʦʪʠʢ G418 (Thermo Fisher Scientific), ʘʥʪʠʙʠʦʪʠʢ ʜʦʢʩʠʮʠʢʣʠʥ (DOX) (Sigma 

Aldrich), 4-ʪʠʦʫʨʠʜʠʥ (s
4
U) (Sigma Aldrich), 6-ʪʠʦʛʫʘʥʦʟʠʥ (s

6
G) (Sigma Aldrich), ʪʨʠʧʩʠʥ 

(0.25%) (Gibco), ʢʫʣʴʫʪʘʨʣʴʥʳʡ ʧʣʘʩʪʠʢ (TPP). 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ E.coli: Cʨʝʜʘ LB (ʪʨʠʧʪʦʥ 10 ʛ/ʣ, ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ 5 ʛ/ʣ ʠ NaCl 

10 ʛ/ʣ), ʘʤʧʠʮʠʣʣʠʥ (Applichem), IPTG (Sigma Aldrich). 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ: Vector NTI 10 (Invitrogen), QuantityOne 

(BioRad), Prism 5 (GraphPad Software), PyMOL 0.99 (DeLano Scientific LLC), GW CLC 12 

(Qiagen), ʨʘʟʣʠʯʥʳʝ ʧʘʢʝʪʳ R (ggplot2, xlsx, Stat), ʚ ʪʦʤ ʯʠʩʣʝ ʧʘʢʝʪʳ ʧʣʘʪʬʦʨʤʳ Bioconductor 

(Rsubread, DESeq2, bioMart, GenomicFeatures, GenomicAlignments).  

ʇʦʜʛʦʪʦʚʢʘ ʙʠʙʣʠʦʪʝʢ ʢɼʅʂ ʠ ʠʭ ʚʳʩʦʢʦʧʨʦʟʠʚʦʜʠʪʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ 

ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çɻʝʥʦʤʠʢʘè ʉʆ ʈɸʅ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʥʘ ʙʘʟʝ 

ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʮʝʥʪʨʘ ʛʝʥʦʤʥʳʭ, ʧʨʦʪʝʦʤʥʳʭ ʠ ʤʝʪʘʙʦʣʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʍɹʌʄ ʉʆ 

ʈɸʅ. 
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ʆʣʠʛʦʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ɻʨʫʧʧʝ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʠʥʪʝʟʘ ʃʘʙʦʨʘʪʦʨʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʀʍɹʌʄ ʉʆ ʈɸʅ (ʊʘʙʣʠʮʘ 2), 

siʈʅʂ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ʈʅʂ ʀʍɹʌʄ ʉʆ ʈɸʅ (ʊʘʙʣʠʮʘ 3).  

ʊʘʙʣʠʮʘ 2. ʉʧʠʩʦʢ ʦʣʠʛʦʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʅʘʟʚʘʥʠʝ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (5ô-3ǋ) 

1F 

1R 

5ô-acgtgtcgacatgtctagactggacaagagc-3ô 

5ô-acgtctcgagttacccggggagcatgtc-3ô  

2F 

2R 

5ô-acgtggatccgatccagtttggttatcgag -3ô 

5ô-ctcgagatctgagtccggacttgtaaggctggatcggtccc-3ô  

3F 

3R 

5ô-gtaccgtcgactgcagaattcgaagcttgagctcgagatctgagtccggacttgtaaggctggatcggtccc-3ô 

5ô-gggaccgatccagccttacaagtccggactcagatctcgagctcaagcttcgaattctgcagtcgacggtac-3ô 

4F 

4R 

5ô-ctgcagtcgacggtacccagacatgataagatacattgatgag-3ô  

5ô-acgtggatcctaccacatttgtagaggttttac-3ô  

5F 

5R 

5ô-acgtctcgagatggtggactacaaagacgatgacgacaaggcggttggcaagaacaag-3ô  

5ô-acgtgaattcttaaacagattcttggactgg-3ô  

6F 

6R 

5ô-acgtcatatggactacaaagacgatgacgacaaggcggttggcaagaacaag-3ô  

5ô-ccggaattcggatccttaaacagattcttggactggt-3ô  

9F 

9R 

5ô-agataggtaatacgactcactatagggatactctggtttctcttcagatcg-3ô  

5ô-ttaaccctcactaaagggaagtagccttgccaaagcaaggcct-3ô  

11F 

11R 

5ô-agataggtaatacgactcactatagggaaaaagggcttctgtcgtgagtg-3ô  

5ô-ttaaccctcactaaagggaagaaagggcgccgggacc-3ô  

T3 5ô-ttaaccctcactaaagggaag-3ô  

12F  

12R  

5ô-agataggtaatacgactcactatagggtgccttaaacttatgagtaaggaa-3ô  

5ô-ttaaccctcactaaagggaagcgggcagatcgcaactc-3ô  

19F  

19R  

5ô-gatccccgcacctgctatgttcaatattcaagagatattgaacatagcaggtgcttttta-3ô  

5ô-agcttaaaaagcacctgctatgttcaatatctcttgaatattgaacatagcaggtgcggg-3ô  

20F  

20R  

5ô-gatccccgccaaatccggaagaagatttcaagagaatcttcttccggatttggcttttta-3ô 

5ô-agcttaaaaagccaaatccggaagaagattctcttgaaatcttcttccggatttggcggg-3ô  

21F  

21R  

5ô-gatccccgcagacaaatgacttgaaattcaagagatttcaagtcatttgtctgcttttta-3ô  

5ô-agcttaaaaagcagacaaatgacttgaaatctcttgaatttcaagtcatttgtctgcggg-3ô  

22F  

22R  

5ô-gatccccccaagtttgaattgggaaattcaagagatttcccaattcaaacttggttttta-3ô  

5ô-agcttaaaaaccaagtttgaattgggaaatctcttgaatttcccaattcaaacttggggg-3ô  

RNU11_Frt  

preRNU11_Rrt  

5ô-gggcttctgtcgtgagt-3ô  

5ô-gctaattaggtcacctgcg-3ô  

U11SmMinusRev 5ô-ttatgcttccgaaatctcttg-3ô 

uS19-F 5ô-acgtgaattcatggtggactacaaagacgatgacgacaaggcagaagtagagcagaag-3ô 

uS19-R 5ô-acgtgaattcttacttgagagggatgaagc-3ô 

F-Ass 5ô-aaattaatacgactcactatagggaagaaagaagataaagaaaaagaa-3ô 

R-Asp 5ô-ttctttttctttatcttctttcttccctatagtgagtcgtattaattt-3ô 

F-PheAsp 5ô-aaattaatacgactcactatagggaagaaagaattcgataaagaaaaa-3ô 

R-PheAsp 5ô-tttttctttatcgaattctttcttccctatagtgagtcgtattaattt-3ô 

F-PheVal 5ô-aaattaatacgactcactatagggaagaaagaattcgtaaaagaaaaa-3ô 

R-PheVal 5ô-tttttcttttacgaattctttcttccctatagtgagtcgtattaattt-3ô 

F-PheVal(C-rich) 5ô-cgattaatacgactcactatagggaagccaccattcgtacaccaccac-3ô 

R-PheVal(C-rich) 5ô-gtggtggtgtacgaatggtggcttccctatagtgagtcgtattaatcg-3ô 

RAD23A-F 5ô-gtgaaggtgctaaaggagaag-3ô  

RAD23-R 5ô-gggaaggatgtagaggact-3ô  

TFAM-F 5ô-cgctcccccttcagttttgt-3ô  

TFAM-R 5ô-acgagtttcgtcctctttagca-3ô  

CHCHD3-F 5ô-ccaaagagctggaccgagag-3ô 

CHCHD3-R 5ô-agcatttgagggtctggtgg-3ô 
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G3BP1-F  5ô-caccacaaagacctcagcgg-3ô  

G3BP1-R 5ô-cccccttcccactccaaatc-3ô 

CLIC4-F 5ô-aatgaagcactggagagggg-3ô  

CLIC4-R 5ô-tcactgggacaggtattggt-3ô  

RPL29-F 5ô-cgacttgcctacattgcc-3ô 

RPL29-R 5ô-cctgagctggaactgaag-3ô  

GAPDH-F 5ô-gtgaaccatgagaagtatgacaac-3 

GAPDH-R 5ô-catgagtccttccacgatacc-3ô  

 

ʊʘʙʣʠʮʘ 3. ʉʧʠʩʦʢ ʦʣʠʛʦʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʫʧʣʝʢʩʦʚ 

siʈʅʂ. 

ʅʦʤʝʨ ʜʫʧʣʝʢʩʘ ʠ 

ʥʘʟʚʘʥʠʝ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʀʩʪʦʯʥʠʢ 

I.Ŭ-rpl29-F 5ô-gcgugcucgugcccguauudTdT -3ô [32, 250] 

I.Ŭ-rpl29-R 5ô-phosphate-aauacgggcacgagcacgcdTdT -3ô [32, 250] 

II.Ŭ-rpl29-F 5ô-ggccaaggccaaggaucaadTdT -3ô [32] 

II.Ŭ-rpl29-R 5ô- phosphate-uugauccuuggccuuggccdTdT -3ô [32] 

III. ʢʦʥʪʨʦʣʴ-F 5ô-uucuccgaacgugucacgudTdT -3ô [32, 251] 

III. ʢʦʥʪʨʦʣʴ-R 5ô- phosphate-acgugacacguucggagaadTdT -3ô [32, 251] 

 

2.2 ʄʝʪʦʜʳ 

 

2.2.1 ɼʠʟʘʡʥ ʠ ʩʦʟʜʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

 

2.2.1.1 ʉʦʟʜʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ 

 

ʇʣʘʟʤʠʜʥʳʡ ʚʝʢʪʦʨ pCI-neo (Promega) ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʘʩʩʝʪʥʦʡ ʧʣʘʟʤʠʜʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʠʥʜʫʮʠʙʠʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʮʝʣʝʚʦʛʦ 

ʛʝʥʘ ʚ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ rtTA (ʦʪ ʘʥʛʣ. Reverse tetracycline 

trans-activator) ʧʦʣʫʯʝʥʘ ʚ ʭʦʜʝ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʚʝʢʪʦʨʘ FUdeltaGW-

rtTA (Addgene) ʠ ʩʧʝʮʠʬʠʯʥʦʡ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ 1F ʠ 1R (ʊʘʙʣʠʮʘ 2). ʇʦʣʫʯʝʥʥʳʡ ʇʎʈ-ʧʨʦʜʫʢʪ 

ʢʣʦʥʠʨʦʚʘʥ ʚ ʧʣʘʟʤʠʜʫ pCI-neo ʧʦ ʩʘʡʪʘʤ SalI ʠ XhoI, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʝʥʘ ʧʣʘʟʤʠʜʘ 

pCI-neo-rtTA. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ TRE-CMVmin ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʘ ʚ ʭʦʜʝ ʇʎʈ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʢʪʦʨʘ TetO-FUW-OSKM (Addgene) ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠ ʧʘʨʳ ʩʧʝʮʠʬʠʯʥʳʭ 

ʧʨʘʡʤʝʨʦʚ 2F ʠ 2R (ʊʘʙʣʠʮʘ 2); ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʠ(ɸ)-ʩʠʛʥʘʣʘ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pCI-neo ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠ ʧʘʨʳ ʩʧʝʮʠʬʠʯʥʳʭ ʧʨʘʡʤʝʨʦʚ 4F ʠ 4R (ʊʘʙʣʠʮʘ 

2); ʥʦʚʳʡ ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʩʘʡʪ ʢʣʦʥʠʨʦʚʘʥʠʷ (MCS, ʦʪ ʘʥʛʣ. Multicloning site) ʩʦʟʜʘʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʜʝʟʦʢʩʠʦʣʠʛʦʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ 3F ʠ 3R (ʊʘʙʣʠʮʘ 2). ɼʅʂ-

ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ  TRE-CMVmin, 
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MCS ʠ ʧʦʣʠ(ɸ)-ʩʠʛʥʘʣʘ, ʩʦʟʜʘʥʘ ʚ ʭʦʜʝ ʧʝʨʝʢʨʳʚʘʶʱʝʡʩʷ ʇʎʈ ʩ ʜʘʣʴʥʝʡʰʠʤ ʜʦʙʘʚʣʝʥʠʝʤ 

ʧʨʘʡʤʝʨʦʚ 2F ʠ 4R (ʊʘʙʣʠʮʘ 2). ʇʦʣʫʯʠʚʰʠʡʩʷ ʇʎʈ-ʧʨʦʜʫʢʪ ʛʠʜʨʦʣʠʟʦʚʘʥ ʵʥʜʦʥʫʢʣʝʘʟʦʡ 

ʨʝʩʪʨʠʢʮʠʠ BamHI ʠ ʢʣʦʥʠʨʦʚʘʥ ʚ ʧʣʘʟʤʠʜʫ pCI-neo-rtTA ʧʦ ʩʘʡʪʫ ʨʝʩʪʨʠʢʮʠʠ BglII (BglII  ʠ 

BamHI ʷʚʣʷʶʪʩʷ ʠʟʦʤʝʨʘʤʠ, ʢʦʪʦʨʳʝ ʫʟʥʘʶʪ ʨʘʟʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʦ ʦʩʪʘʚʣʷʶʪ 

ʦʜʠʥʘʢʦʚʳʝ ʣʠʧʢʠʝ ʢʦʥʮʳ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥ ʧʣʘʟʤʠʜʥʳʡ ʚʝʢʪʦʨ pAG-1. 

 

2.2.1.2 ʉʦʟʜʘʥʠʝ ʚʝʢʪʦʨʘ pAG-1 ʩʦ ʚʩʪʘʚʢʦʡ ʤʠʥʠʛʝʥʘ 
FLAG

eS1 

 

ʄʠʥʠʛʝʥ FLAG-ʤʝʯʝʥʦʛʦ eS1 (
FLAG

eS1) ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʇʎʈ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢɼʅʂ ʠʟ ʢʣʝʪʦʢ HEK293 ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠ ʧʘʨʳ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ 

5F ʠ 5R (ʊʘʙʣʠʮʘ 2). ʇʦʣʫʯʝʥʥʳʡ ʚ ʭʦʜʝ ʇʎʈ ɼʅʂ-ʧʨʦʜʫʢʪ ʢʣʦʥʠʨʦʚʘʣʠ ʚ ʧʣʘʟʤʠʜʫ pAG-1 ʧʦ 

ʩʘʡʪʫ EcoRI. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʧʣʘʟʤʠʜʥʳʡ ʚʝʢʪʦʨ pAG-1-FLAG-eS1, 

ʥʘʣʠʯʠʝ ʚʩʪʘʚʢʠ ʤʠʥʠ-ʛʝʥʘ 
FLAG

eS1 ʚ ʢʦʪʦʨʦʤ ʚʝʨʠʬʠʮʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ.  

 

2.2.1.3 ʉʦʟʜʘʥʠʝ ʚʝʢʪʦʨʘ pAG-1 ʩʦ ʚʩʪʘʚʢʦʡ ʤʠʥʠʛʝʥʘ 
FLAG

uS19 

 

ɺʝʢʪʦʨ pAG-1-FLAGuS19 ʧʦʣʫʯʝʥ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥ ʥʘ ʥʘʣʠʯʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʚʩʪʘʚʢʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧʫʥʢʪʝ 2.2.1.2. ʄʠʥʠʛʝʥ FLAG-ʤʝʯʝʥʦʛʦ uS19 (
FLAG

uS19) ʧʦʣʫʯʘʣʠ ʚ 

ʭʦʜʝ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʥʳʭ ʧʨʘʡʤʝʨʦʚ uS19-F ʠ uS19-R (ʊʘʙʣʠʮʘ 2). 

 

2.2.1.4 ʉʦʟʜʘʥʠʝ ʚʝʢʪʦʨʘ pET15b ʩʦ ʚʩʪʘʚʢʦʡ ʤʠʥʠʛʝʥʘ 
His6-FLAG

eS1 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʢʦʜʠʨʫʶʱʘʷ eS1, ʩʦʜʝʨʞʘʱʠʡ ʦʩʪʘʪʦʢ His6 ʠ FLAG-ʵʧʠʪʦʧ ʥʘ N-

ʢʦʥʮʝ (
His6-FLAG

eS1), ʧʦʣʫʯʝʥʘ ʚ ʭʦʜʝ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢɼʅʂ ʢʣʝʪʦʢ HEK293 ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʨʠʮʳ ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ 6F ʠ 6R (ʊʘʙʣʠʮʘ 2). ʇʦʣʫʯʝʥʥʳʡ ʇʎʈ-ʧʨʦʜʫʢʪ 

ʢʣʦʥʠʨʦʚʘʣʠ ʚ ʧʣʘʟʤʠʜʫ pET15b ʧʦ ʩʘʡʪʘʤ NdeI ʠ BamHI. ʅʘʣʠʯʠʝ ʚʩʪʘʚʢʠ, ʢʦʜʠʨʫʶʱʝʡ 
His6-

FLAG
eS1, ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʚʝʢʪʦʨʝ pET15b-FLAG-rpeS1 ʚʝʨʠʬʠʮʠʨʦʚʘʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. 

 

2.2.1.5 ʇʦʣʫʯʝʥʠʝ ʧʣʘʟʤʠʜ ʩʦ ʚʩʪʘʚʢʘʤʠ, ʢʦʜʠʨʫʶʱʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ siʈʅʂ ʧʨʦʪʠʚ 

ʤʈʅʂ eS1 

 

ɼʠʟʘʡʥ siʈʅʂ ʧʨʦʪʠʚ ʤʈʅʂ eS1 ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Block-iTÊ RNAi 

Designer tool (Thermo Fisher Scientific). ʏʝʪʳʨʝ ʜʫʧʣʝʢʩʘ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʠ ʧʦʣʫʯʝʥʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʞʠʛʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʦʣʠʛʦʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ (19-22F/R) (ʊʘʙʣʠʮʘ 2) ʩ 
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ʧʦʩʣʝʜʫʶʱʠʤ ʢʣʦʥʠʨʦʚʘʥʠʝʤ ʚ ʧʣʘʟʤʠʜʥʳʡ ʚʝʢʪʦʨ pSUPER [252]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʧʣʘʟʤʠʜʳ pSUPER eS1 (#1-4). 

 

2.2.1.6 ʉʠʥʪʝʟ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ siʈʅʂ ʧʨʦʪʠʚ ʤʈʅʂ eL29 

 

ʉʧʠʩʦʢ siʈʅʂ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʝ 3. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʣʠʛʦʨʠʙʦʥʫʢʣʝʦʪʠʜʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʩʬʦʨʘʤʠʜʦʚ (Glen Research, Sterling, 

VA, USA) ʠ ʧʨʦʪʦʢʦʣʘ ʩʠʥʪʝʟʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘʪʦʨʘ ɼʅʂ/ʈʅʂ ASM-800 (Bioset, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ). ʇʦʩʣʝ ʦʯʠʩʪʢʠ ʚ 20%-ʥʦʤ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ (ʇɸɸɻ) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 8ʄ ʤʦʯʝʚʠʥʳ ʦʥʠ ʙʳʣʠ ʦʙʝʩʩʦʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Step-Pac C18 ʢʘʨʪʨʠʜʞʝʡ 

(Millipore, Temecula, CA, USA) ʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʩʦʣʝʡ ʣʠʪʠʷ. 

 

2.2.2 ʄʝʪʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʣʝʪʦʯʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ 

 

2.2.2.1 ʇʦʣʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʣʝʪʦʢ HEK 293 

 

ʇʣʘʟʤʠʜʫ pAG-FLAG-eS1 ʣʠʥʝʘʨʠʟʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʥʜʦʥʫʢʣʝʘʟʳ ʨʝʩʪʨʠʢʮʠʠ BamHI 

ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʪʨʘʥʩʬʝʢʮʠʠ ʦʜʥʦʡ ʣʫʥʢʠ 12-ʣʫʥʦʯʥʦʛʦ 

ʧʣʘʥʰʝʪʘ ʘʜʛʝʟʠʦʥʥʳʭ ʢʣʝʪʦʢ HEK293 (ATCC CRL-1573). ʊʨʘʥʩʬʝʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʧʦʬʝʢʪʘʤʠʥʘ LTX (Invitrogen) ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʏʝʨʝʟ 48 

ʯ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ ʢʣʝʪʢʠ ʩʥʠʤʘʣʠ ʩ ʧʣʘʥʰʝʪʘ, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ PBS ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʪʨʠʧʩʠʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʩʘʞʠʚʘʣʠ ʥʘ ʯʘʰʢʫ ʇʝʪʨʠ ʜʠʘʤʝʪʨʦʤ 15 ʩʤ. ʂʣʝʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ 

ʩʨʝʜʝ DMEM (Invitrogen) ʩ 10% FBS (Gibco) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʪʠʙʠʦʪʠʢʘ ʧʝʮʠʮʠʣʣʠʥ-

ʩʪʨʝʧʪʦʤʠʮʠʥ (100 ʝʜ./ʤʣ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʝʣʝʢʪʠʨʫʶʱʝʛʦ ʘʥʪʠʙʠʦʪʠʢʘ G-418 (1000 ʤʢʛ/ʤʢʣ). 

ʉʝʣʝʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 4-6 ʥʝʜʝʣʴ, ʧʦʢʘ ʝʜʠʥʠʯʥʳʝ ʢʣʝʪʢʠ ʥʝ ʬʦʨʤʠʨʦʚʘʣʠ ʢʦʣʦʥʠʠ. 

ʇʦʩʣʝ ʩʝʣʝʢʮʠʠ ʢʣʝʪʢʠ ʠʟ ʨʘʟʥʳʭ ʢʦʣʦʥʠʡ ʚʳʨʘʱʠʚʘʣʠ ʚ 12-ʣʫʥʦʯʥʦʤ ʧʣʘʥʰʝʪʝ, ʠ ʟʘʪʝʤ 

ʪʝʩʪʠʨʦʚʘʣʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʮʠʨʦʚʘʪʴ 
FLAG

eS1 ʠʣʠ 
FLAG

uS19 ʚ ʦʪʚʝʪ ʥʘ ʜʦʙʘʚʣʝʥʠʝ DOX (2 

ʤʢʛ/ʤʣ). ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʘ ʣʠʟʘʪʦʚ ʢʣʝʪʦʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ FLAG-ʵʧʠʪʦʧʘ (M5) ʠʣʠ ʘʥʪʠʩʳʚʦʨʦʪʦʢ ʧʨʦʪʠʚ eS1 ʠ uS19 ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʳʭ ʘʥʪʠʪʝʣ, ʠ ʢʦʥʲʶʛʘʪʦʚ ʙʝʣʢʘ G-HRP ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ. ɼʣʷ 

ʜʝʪʝʢʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ Western Blotting Substrate kit (Thermo 

Fisher Scientific) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʵʢʩʧʦʥʠʨʦʚʘʥʠʝʤ ʤʝʤʙʨʘʥʳ ʥʘ ChemiDoc XRS system 

(BioRad). 
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2.2.2.2 ʇʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʣʝʪʦʢ HEK293, ʜʝʬʠʮʠʪʥʳʭ ʧʦ eL29 

 

ʂʣʝʪʢʠ HEK293 ʚʳʨʘʱʠʚʘʣʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ DMEM ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10% FBS ʚ 

ʉʆ2-ʠʥʢʫʙʘʪʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37Üʉ. ʂʦʛʜʘ ʢʣʝʪʢʠ ʜʦʩʪʠʛʘʣʠ ʧʨʠʤʝʨʥʦ 60% 

ʢʦʥʬʣʶʝʥʪʥʦʩʪʠ, ʠʭ ʪʨʘʥʩʬʠʮʠʨʦʚʘʣʠ siʈʅʂ ʧʨʦʪʠʚ ʤʈʅʂ eL29, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Lipofectamine 3000 ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʣʝʪʢʠ 

ʙʳʣʠ ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʳ ʥʝʩʤʳʩʣʦʚʦʡ siʈʅʂ. ʉʧʫʩʪʷ 2 ʜʥʷ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ ʢʫʣʴʪʫʨʘʣʴʥʫʶ 

ʩʨʝʜʫ ʫʜʘʣʷʣʠ, ʢʣʝʪʢʠ ʩʤʳʚʘʣʠ ʣʝʜʷʥʳʤ PBS ʠ ʩʦʙʠʨʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ 

ʧʨʠ 500 g ʠ 4Üʉ. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ eL29 ʧʦʜʪʚʝʨʞʜʘʣʠ ʩ ʧʦʤʦʱʴʶ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʘ ʣʠʟʘʪʦʚ 

ʢʣʝʪʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ eL29. ʂʣʝʪʦʯʥʳʡ ʦʩʘʜʦʢ (ʩʤ. ʚʳʰʝ) 

ʣʠʟʠʨʦʚʘʣʠ ʚ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 20 ʤʄ ʊʨʠʩ-HCl (pH 7.5), 150 ʤʄ NaCl, 1% NP-40 ʠ 5% 

ʛʣʠʮʝʨʠʥʘ, ʠʥʢʫʙʠʨʦʚʘʣʠ ʚʦ ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʠ ʟʘʪʝʤ ʦʩʚʝʪʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 

20000 g ʠ 4Üʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʉʫʧʝʨʥʘʪʘʥʪ ʩʤʝʰʠʚʘʣʠ ʩ ʙʫʬʝʨʦʤ ʥʘʥʝʩʝʥʠʷ ʃʝʤʤʣʠ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 80 Üʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɹʝʣʢʠ ʨʘʟʜʝʣʷʣʠ ʚ 12ï15%-ʥʦʤ ʇɸɸɻ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

SDS (SDS-ʇɸɸɻ) ʠ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʫʶ ʤʝʤʙʨʘʥʫ (0.45 ʤʢʤ), ʢʦʪʦʨʫʶ ʟʘʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ (ʩʤ. ʚʳʰʝ) ʠ ʚʪʦʨʠʯʥʳʤʠ 

ʘʥʪʠʪʝʣʘʤʠ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʩ ʧʝʨʦʢʩʠʜʘʟʦʡ ʭʨʝʥʘ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʨʝʘʛʝʥʪʘʤʠ 

ʠʟ ECL Western Blotting Substrate Kit  (Thermo Fisher Scientific). ɼʝʪʝʢʮʠʶ 

ʭʝʤʠʣʶʤʠʥʠʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ChemiDoc XRS system (Bio-Rad).  

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʦʢʜʘʫʥʘ eL29 ʥʘ ʧʘʪʪʝʨʥ ʨʈʅʂ ʢʣʝʪʢʠ HEK293 ʚʳʨʘʱʠʚʘʣʠ ʚ 12-

ʣʫʥʦʯʥʦʤ ʧʣʘʥʰʝʪʝ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ siʈʅʂ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. ʂʣʝʪʢʠ ʣʠʟʠʨʦʚʘʣʠ ʚ 200 ʤʢʣ 

ʨʝʘʛʝʥʪʘ TRIzol, ʠ ʚʳʜʝʣʷʣʠ ʬʨʘʢʮʠʠ ʈʅʂ ʠ ʙʝʣʢʦʚ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʆʙʨʘʟʮʳ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ 0.5%-ʥʦʤ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʢʨʘʩʢʦʡ 

ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ ʠ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ChemiDoc XRS system (Bio-Rad). 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʦʢʜʘʫʥʘ eL29 ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ HEK293 ʧʨʦʚʦʜʠʣʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʄʊʊ-ʪʝʩʪ (ʨʝʘʛʝʥʪʦʤ 3-(4,5-ʜʠʤʝʪʠʣʪʠʘʟʦʣ-2-ʠʣ)-2,5-ʜʠʬʝʥʠʣ ʪʝʪʨʘʟʦʣʠʫʤ 

ʙʨʦʤʠʜ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʩʚʝʪʫ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Cell proliferation assay (Biomedica) ʩʦʛʣʘʩʥʦ 

ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɼʣʷ ʜʝʪʝʢʮʠʠ ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ Polarstar Optima (BMG 

Labtech). ʂʣʝʪʢʠ HEK293 ʚʳʨʘʱʠʚʘʣʠ ʠ ʪʨʘʥʩʬʠʮʠʨʦʚʘʣʠ siʈʅʂ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʄʊʊ-ʪʝʩʪ 

ʧʨʦʚʦʜʠʣʠ ʩʨʘʟʫ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ ʠ ʯʝʨʝʟ 1 ʠ 2 ʜʥʷ. 
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2.2.2.3 ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʣʠʟʘʪʝ ʠ ʚʦ ʬʨʘʢʮʠʷʭ ʧʦʣʠʩʦʤʥʦʛʦ 

ʧʨʦʬʠʣʷ ʢʣʝʪʦʢ HEK293, ʜʝʬʠʮʠʪʥʳʭ ʧʦ eL29 

 

ɸʥʘʣʠʟ ʧʦʣʠʩʦʤʥʳʭ ʧʨʦʬʠʣʝʡ ʧʨʦʚʦʜʠʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [253], ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ. ɺ ʪʠʧʠʯʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʣʠʟʘʪ ʢʣʝʪʦʢ HEK293 (ʩʤ. ʚʳʰʝ 2.2.2.2), 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʛʨʘʜʠʝʥʪʝ ʧʣʦʪʥʦʩʪʠ ʩʘʭʘʨʦʟʳ 7%ï47% ʧʨʠ 100000 g ʚ ʪʝʯʝʥʠʝ 4 ʯ ʧʨʠ 4Üʉ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʦʪʦʨʘ Beckman SW40, ʠ ʟʘʪʝʤ ʛʨʘʜʠʝʥʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ, ʠʟʤʝʨʷʷ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʬʨʘʢʮʠʡ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 260 ʥʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʫʤʤʘʨʥʳʡ ʙʝʣʦʢ, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʬʨʘʢʮʠʡ ʛʨʘʜʠʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 80S ʨʠʙʦʩʦʤʘʤ ʠ 

ʧʦʣʠʩʦʤʘʤ, ʩ ʧʦʤʦʱʴʶ StrataClean (Stratagene), ʧʦʜʚʝʨʛʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʫ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ 

SDS-ʇɸɸɻ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʙʝʣʢʠ ʩ ʛʝʣʷ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʫʶ 

ʤʝʤʙʨʘʥʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʦʤ ʩʦʜʝʨʞʘʥʠʷ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʚ ʢʦʪʦʨʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ eL29 ʠ uS2 ʠ ʘʥʪʠʩʳʚʦʨʦʪʢʫ ʧʨʦʪʠʚ uL18. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ 

GAPDH ʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʣʠʟʘʪʝ ʧʨʦʚʝʜʝʥ ʪʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʳʰʠʥʳʭ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ GAPDH, ʧʦʣʠʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ uL5 ʠ 

ʧʦʣʠʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʩʳʚʦʨʦʪʦʢ ʧʨʦʪʠʚ uS15 ʠ eS10. ɼʝʪʝʢʮʠʶ ʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ VersaDoc Imaging System (Bio-Rad). ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Quantity One v. 4.6.3 (Bio-Rad). ʈʘʩʯʸʪ 

ʩʪʘʥʜʘʨʪʥʦʡ ʦʰʠʙʢʠ ʠ ʪʝʩʪ ʉʪʴʶʜʝʥʪʘ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ GraphPad Prism 8.3.0. 

 

2.2.2.4 ɸʥʘʣʠʟ ʧʦʣʠʩʦʤʥʳʭ ʧʨʦʬʠʣʝʡ ʢʣʝʪʦʢ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ 
FLAG

eS1 ʠ 
FLAG

uS19 

 

ʇʦʣʠʩʦʤʥʳʝ ʧʨʦʬʠʣʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ [254] ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʙʠʣʴʥʳʝ ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ, ʧʨʦʜʫʮʠʨʫʶʱʠʝ 

FLAG
eS1 ʠ 

FLAG
uS19. ɺ ʪʠʧʠʯʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʣʝʪʢʠ ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʦʜʥʦʡ ʯʘʰʢʝ ʇʝʪʨʠ 

ʜʠʘʤʝʪʨʦʤ 15 ʩʤ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ DMEM ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10% FBS ʠ ʘʥʪʠʙʠʦʪʠʢʘ 

ʧʝʥʠʮʠʣʣʠʥ-ʩʪʨʝʧʪʦʤʠʮʠʥ (100 ʝʜ./ʤʣ) ʚ ʉʆ2-ʠʥʢʫʙʘʪʦʨʝ (5% ʉʆ2) ʧʨʠ 37Áʉ. ʂʦʛʜʘ ʢʣʝʪʢʠ 

ʜʦʩʪʠʛʘʣʠ 40ï50% ʢʦʥʬʣʶʝʥʪʥʦʩʪʠ, ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʜʦʙʘʚʣʷʣʠ DOX ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

2 ʤʢʛ/ʤʣ. ʏʝʨʝʟ 48 ʯ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʜʦʙʘʚʣʷʣʠ ʮʠʢʣʦʛʝʢʩʠʤʠʜ (100 ʤʢʛ/ʤʣ), ʠ ʢʣʝʪʢʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ 15 ʤʠʥ ʧʨʠ 37Áʉ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʘʢʢʫʨʘʪʥʦ ʩʤʳʚʘʣʠ ʣʝʜʷʥʳʤ PBS ʠ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 1000 g ʠ 4Áʉ. ʂʣʝʪʦʯʥʳʡ ʦʩʘʜʦʢ ʣʠʟʠʨʦʚʘʣʠ ʚ ʙʫʬʝʨʝ 

ʣʠʟʠʟʘ, ʩʦʜʝʨʞʘʱʝʤ 20 ʤʄ HEPS-KOH, pH 7.5, 15 ʤʄ MgCl2, 200 ʤʄ KCl, 1% Triton-X100, 

2 ʤʄ DTT, 100 ʤʢʛ/ʤʣ ʮʠʢʣʦʛʝʢʩʠʤʠʜʘ ʠ 0.025 ʝʜ.ʘʢʪ./ʤʢʣ ʠʥʛʠʙʠʪʦʨʘ ʈʅʂʘʟʳ Ribolock 

(Thermo Fisher Scientific), ʧʨʦʧʫʩʢʘʣʠ ʧʨʠʤʝʨʥʦ 10 ʨʘʟ ʯʝʨʝʟ ʰʧʨʠʮ (1 ʤʣ) ʩ ʠʛʣʦʡ G29 ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚʦ ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʃʠʟʘʪ ʦʩʚʝʪʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 
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10 ʤʠʥ ʧʨʠ 20000 g ʠ 4Áʉ ʠ ʟʘʪʝʤ ʥʘʥʦʩʠʣʠ ʥʘ ʣʠʥʝʡʥʳʡ ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦʩʪʠ ʩʘʭʘʨʦʟʳ (7ï47%) 

ʚ ʙʫʬʝʨʝ 50 ʤʄ ʊʨʠʩ-HCl (pH 7.5), ʩʦʜʝʨʞʘʱʝʤ 50 ʤʄ NH4Cl, 12 ʤʄ MgCl2 ʠ 1 ʤʄ DTT, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 4.5 ʯ ʧʨʠ 100000 g ʠ 4Áʉ (ʨʦʪʦʨ SW40), ʧʦ 

ʦʢʦʥʯʘʥʠʠ ʢʦʪʦʨʦʛʦ ʛʨʘʜʠʝʥʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ, ʠʟʤʝʨʷʷ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʨʠ 260 ʥʤ. 

ʊʦʪʘʣʴʥʳʡ ʙʝʣʦʢ ʠʟ ʢʘʞʜʦʡ ʬʨʘʢʮʠʠ ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ Strata-Clean beads (Stratagene) ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ FLAG-ʵʧʠʪʦʧʘ 

(M5). ʕʢʩʧʝʨʠʤʝʥʪ ʚʦʩʧʨʦʠʟʚʦʜʠʣʠ ʪʨʠ ʨʘʟʘ. 

 

2.2.3 ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʈʅʂ 

 

2.2.3.1 ɺʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʩʰʠʚʘʥʠʝ ʈʅʂ ʩ eS1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ PAR-CLIP  

 

2.2.3.1.1 ʇʦʜʛʦʪʦʚʢʘ ʢʣʝʪʦʢ ʠ ʦʙʣʫʯʝʥʠʝ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [36], ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʪʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ. ɼʣʷ ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʜʛʝʟʠʦʥʥʳʝ ʢʣʝʪʢʠ 

ʩʪʘʙʠʣʴʥʦʡ ʣʠʥʠʠ ʥʘ ʦʩʥʦʚʝ HEK293, ʩʧʦʩʦʙʥʳʝ ʠʥʜʫʮʠʙʝʣʴʥʦ ʧʨʦʜʫʮʠʨʦʚʘʪʴ 
FLAG

eS1, 

ʚʳʨʘʱʠʚʘʣʠ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ DMEM ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10% FBS ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʪʠʙʠʦʪʠʢʘ 

ʧʝʥʠʮʠʣʣʠʥ-ʩʪʨʝʧʪʦʤʠʮʠʥ (100 ʝʜ./ʤʣ). ʂʦʛʜʘ ʢʣʝʪʢʠ ʜʦʩʪʠʛʘʣʠ 70ï80% ʢʦʥʬʣʶʝʥʪʥʦʩʪʠ, 

ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʤʝʥʷʣʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʥʝʝ DOX (2 ʤʢʛ/ʤʣ), ʘ ʪʘʢʞʝ s
4
U 

ʠʣʠ s
6
G (250 ʤʢʄ). ʇʦʩʣʝ 48 ʯ ʠʥʢʫʙʘʮʠʠ (37Áʉ, 5% ʉʆ2) ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʫʜʘʣʷʣʠ, ʢʣʝʪʢʠ 

ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʳʤ PBS. ɼʘʣʝʝ ʯʘʰʢʠ ʇʝʪʨʠ ʩ ʢʣʝʪʢʘʤʠ ʧʦʤʝʱʘʣʠ ʥʘ ʣʝʜ ʠ ʦʙʣʫʯʘʣʠ ʤʷʛʢʠʤ 

ʋʌ (ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚʳʰʝ 312 ʥʤ) ʩ ʧʦʤʦʱʴʶ Bio-Link (Vilber Lourmat), ʜʦʟʘ ʦʙʣʫʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 0.15ï0.5 J/ʩʤ
2
. ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʢʣʝʪʢʠ ʩʤʳʚʘʣʠ ʣʝʜʷʥʳʤ PBS ʠ ʦʩʘʞʜʘʣʠ ʟʘʪʝʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 1000 g ʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʂʣʝʪʦʯʥʳʡ ʦʩʘʜʦʢ ʣʠʟʠʨʦʚʘʣʠ 

ʧʨʠʤʝʨʥʦ ʚ 3-ʭ ʦʙʲʸʤʘʭ ʙʫʬʝʨʘ ʣʠʟʠʩʘ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʘʜʢʫ), ʩʦʜʝʨʞʘʱʝʛʦ 25 ʤʄ ʊʨʠʩ-HCl 

(pH 7.5), 150 ʤʄ NaCl, 1% NP-40, 0.5 ʤʄ DTT, 5% ʛʣʠʮʝʨʠʥʘ, 1 ʤʄ ʕɼʊɸ, ʠʥʛʠʙʠʪʦʨ ʧʨʦʪʝʘʟ 

Protease Inhibitor Cocktail (Sigma Aldrich) (1/100 ʦʪ ʦʙʲʝʤʘ ʣʠʟʘʪʘ) ʠ ɼʅʂʘʟʫ I (20 ʝʜ.ʘʢʪ./ʤʢʣ).  

 

2.2.3.1.2 ʆʙʨʘʙʦʪʢʘ ʣʠʟʘʪʘ ʢʣʝʪʦʢ ʈʅʂʘʟʦʡ ʊ1 ʠ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʷ ʩʰʠʪʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʈʅʂ 

 

ʂʣʝʪʦʯʥʳʡ ʣʠʟʘʪ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚʦ ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ, ʟʘʪʝʤ ʧʨʠʤʝʨʥʦ 10 ʨʘʟ 

ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʰʧʨʠʮ (1 ʤʣ) ʩ ʠʛʣʦʡ G29, ʧʦʩʣʝ ʯʝʛʦ ʦʩʚʝʪʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 20000 g ʠ 4Áʉ ʠ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ 0.22 ʤʢʤ ʬʠʣʴʪʨ (TPP). ʉʫʧʝʨʥʘʪʘʥʪ 
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ʜʘʣʝʝ ʧʝʨʝʥʦʩʠʣʠ ʚ ʧʨʦʙʠʨʢʫ (1.5 ʤʣ) ʩ non-stick ʧʦʢʨʳʪʠʝʤ (Ambion), ʧʦʩʣʝ ʯʝʛʦ ʢ ʥʝʤʫ 

ʜʦʙʘʚʣʷʣʠ ʈʅʂʘʟʫ T1 (1 ʝʜ.ʘʢ./ʤʢʣ) (Thermo Fisher Scientific) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʘʢʠʝ ʧʨʦʙʠʨʢʠ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʈʅʂʘʟʦʡ T1 ʣʠʟʘʪ ʦʩʚʝʪʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 

20000 g ʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʘʥʪʠ-FLAG ʘʥʪʠʪʝʣ 

(M2) ʥʘ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮʘʭ ʩ ʢʦʚʘʣʝʥʪʥʦ-ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʙʝʣʢʦʤ G (Dynabeads Proteing G 

Magnetic beads, ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ). ɼʣʷ ʵʪʦʛʦ 10 ʤʢʛ ʘʥʪʠʪʝʣ ʜʦʙʘʚʣʷʣʠ ʢ 40 

ʤʢʛ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʥʥʳʭ ʚ 200 ʤʢʣ ʨʘʩʪʚʦʨʘ PBS, ʩʦʜʝʨʞʘʱʝʛʦ 0.05% 

Tween-20 (PBS-0.05% Tween 20), ʠ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʇʦʣʫʯʝʥʥʳʝ 

ʢʦʥʲʶʛʘʪʳ ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ ʧʦ 1 ʤʣ ʣʝʜʷʥʳʤ PSB-0.05%-Tween-20 ʠ ʜʦʙʘʚʣʷʣʠ ʢ ʢʣʝʪʦʯʥʦʤʫ 

ʣʠʟʘʪʫ, ʦʙʨʘʙʦʪʘʥʥʦʤʫ ʈʅʂʘʟʦʡ ʊ1. ʉʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʧʨʠ 4Áʉ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɿʘʪʝʤ ʩʫʧʝʨʥʘʪʘʥʪ ʫʜʘʣʷʣʠ, ʠ ʢʦʥʲʶʛʘʪʳ 3 ʨʘʟʘ ʧʨʦʤʳʚʘʣʠ 1 ʤʣ ʣʝʜʷʥʦʛʦ 

ʙʫʬʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 50 ʤʄ ʊʨʠʩ-HCl (pH 7.5), 300 ʤʄ KCl, 0.05% NP-40 ʠ 0.5 ʤʄ DTT, ʧʦʩʣʝ 

ʯʝʛʦ ʠʭ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 50 ʤʢʣ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ ʙʫʬʝʨʘ.  

 

2.2.3.1.3 ʆʙʨʘʙʦʪʢʘ ʩʰʠʪʳʭ ʈʅʂ-ʬʨʘʛʤʝʥʪʦʚ ʈʅʂʘʟʦʡ ʊ1 ʥʘ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮʘʭ, ʠʭ 

ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʠ 
32
ʈ-ʤʝʯʝʥʠʝ 

 

ʂ ʩʫʩʧʝʥʟʠʠ ʢʦʥʲʶʛʘʪʦʚ ʜʦʙʘʚʣʷʣʠ ʈʅʂʘʟʫ T1 ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 20 ʝʜ.ʘʢʪ./ʤʢʣ, ʠ ʩʤʝʩʴ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʘʢʪʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ 

ʰʝʡʢʝʨ-ʠʥʢʫʙʘʪʦʨʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʢʦʥʲʶʛʘʪʳ ʧʨʦʤʳʚʘʣʠ ʪʨʠʞʜʳ ʧʦ 1 ʤʣ ʨʘʩʪʚʦʨʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ 50 ʤʄ ʊʨʠʩ-HCl (pH 7.5), 500 ʤʄ ʂCl, 0.05% NP-40 ʠ 0.5 ʤʄ DTT, ʠ ʜʚʘʞʜʳ ʧʦ 1 

ʤʣ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 50 ʤʄ ʊʨʠʩ-HCl (pH 7.5), 100 ʤʄ NaCl, 10 ʤʄ MgCl2 ʠ 1 ʤʄ DTT, 

ʘ ʟʘʪʝʤ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 50 ʤʢʣ ʵʪʦʛʦ ʞʝ ʙʫʬʝʨʘ, ʠ ʜʦʙʘʚʣʷʣʠ ʢ ʥʠʤ ʱʝʣʦʯʥʫʶ ʬʦʩʬʘʪʘʟʫ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0.5 ʝʜ.ʘʢʪ./ʤʢʣ. ʉʫʩʧʝʥʟʠʶ ʢʦʥʲʶʛʘʪʦʚ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 37Áʉ 

ʧʨʠ ʘʢʪʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʰʝʡʢʝʨ-ʠʥʢʫʙʘʪʦʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʩʫʧʝʨʥʘʪʘʥʪ ʫʜʘʣʷʣʠ. ɼʘʣʝʝ 

ʢʦʥʲʶʛʘʪʳ ʧʨʦʤʳʚʘʣʠ ʜʚʘʞʜʳ ʧʦ 1 ʤʣ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 50 ʤʄ ʊʨʠʩ-HCl (pH 7.5), 20 

ʤʄ ʕɼʊɸ ʠ 0.5% NP-40 ʠ ʜʚʘʞʜʳ ʧʦ 1 ʤʣ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 50 ʤʄ ʊʨʠʩ-HCl (pH 7.5), 50 

ʤʄ NaCl ʠ 10 ʤʄ MgCl2. ʇʦʩʣʝ ʧʨʦʤʳʚʘʥʠʷ ʢʦʥʲʶʛʘʪʳ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 50 ʤʢʣ ʙʫʬʝʨʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 50 ʤʄ ʊʨʠʩ-HCl (pH 7.5), 50 ʤʄ NaCl, 10 ʤʄ MgCl2, 5 ʤʄ DTT, 0.5 

ʤʢCi/ʤʢʣ ɔ-
32

P-ɸʊP ʠ 1 ʝʜ.ʘʢʪ./ʤʢʣ T4 ʇʅʂ, ʠ ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 37Áʉ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʰʝʡʢʝʨ-ʠʥʢʫʙʘʪʦʨʝ. ɿʘʪʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʜʦʙʘʚʣʷʣʠ ɸʊP ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʄ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʝʱʝ 5 ʤʠʥ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʩʫʧʝʨʥʘʪʘʥʪʘ. ʂʦʥʲʶʛʘʪʳ ʧʨʦʤʳʚʘʣʠ 5 ʨʘʟ ʧʦ 1 ʤʣ 50 ʤʄ ʊʨʠʩ-HCl 

(pH 7.5), ʩʦʜʝʨʞʘʱʠʤ 50 ʤʄ NaCl ʠ 10 ʤʄ MgCl2, ʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 50 ʤʢʣ ʙʫʬʝʨʘ 
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ʥʘʥʝʩʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦ ʃʵʤʤʣʠ (10% ʛʣʠʮʝʨʠʥʘ, 50 ʤʄ ʊʨʠʩ-HCl (pH 6.8), 2 ʤʄ 

ʕɼʊɸ, 2% SDS, 100 ʤʄ DTT ʠ 0.1% ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ).  

 

2.2.3.1.4 ʆʯʠʩʪʢʘ ʩʰʠʪʳʭ ʬʨʘʛʤʝʥʪʦʚ ʈʅʂ 

 

ʉʫʩʧʝʥʟʠʶ ʢʦʥʲʶʛʘʪʦʚ ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʘ ʰʝʡʢʝʨ-ʠʥʢʫʙʘʪʦʨʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 95Áʉ, 

ʧʦʩʣʝ ʯʝʛʦ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ ʫʜʘʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʘ, ʘ ʩʫʧʝʨʥʘʪʘʥʪ ʧʝʨʝʥʦʩʠʣʠ ʚ ʥʦʚʫʶ 

ʧʨʦʙʠʨʢʫ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʚʝʪʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. ʈʘʩʪʚʦʨ 

ʥʘʥʦʩʠʣʠ ʥʘ 15%-ʥʳʡ SDS-ʇɸɸɻ, ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʈʅʂ-ʙʝʣʢʦʚʳʝ ʩʰʠʚʢʠ ʧʝʨʝʥʦʩʠʣʠ ʥʘ 

ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʫʶ ʤʝʤʙʨʘʥʫ ʠ ʨʘʜʠʦʘʚʪʦʛʨʘʬʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ FX Pro Plus 

MultiImager (Bio-Rad). ʇʝʨʝʜ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʠʟ ʨʘʩʪʚʦʨʘ ʦʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʫ ʜʣʷ ʚʝʩʪʝʨʥ-ʙʣʦʪ 

ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ eS1. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʈʅʂ, ʩʰʠʪʳʭ ʩ eS1, 

ʢʫʩʦʯʢʠ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʦʡ ʤʝʤʙʨʘʥʳ, ʥʝʩʫʱʠʝ 
32

P-ʨʘʜʠʦʘʢʪʠʚʥʫʶ ʤʝʪʢʫ, ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

100 ʤʢʣ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 50 ʤʄ ʊʨʠʩ-HCl (pH 7.5), 75 ʤʄ NaCl, 6 ʤʄ ʕɼʊɸ, 

1% SDS ʠ 1 ʤʛ/ʤʣ ʧʨʦʪʝʠʥʘʟʳ ʂ, ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 37Áʉ. ʇʦʩʣʝ ʵʪʦʛʦ ʢ ʢʫʩʦʯʢʘʤ ʤʝʤʙʨʘʥʳ 

ʜʦʙʘʚʣʷʣʠ 400 ʤʢʣ ʙʫʬʝʨʘ ʧʨʦʪʝʠʥʘʟʳ K ʠ ʵʣʶʠʨʦʚʘʣʠ ʈʅʂ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ ʵʣʶʘʪ ʧʦʜʚʝʨʛʘʣʠ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʥʦʡ ʵʢʩʪʨʘʢʮʠʠ, ʢ ʚʦʜʥʦʡ ʬʘʟʝ 

ʜʦʙʘʚʣʷʣʠ 2 ʤʢʣ GlycoBLue ʠ NaOAc (pH 5.0) ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.3 ʄ, ʠ ʦʩʘʞʜʘʣʠ ʈʅʂ 

ʜʦʙʘʚʣʝʥʠʝʤ 500 ʤʢʣ ʠʟʦʧʨʦʧʘʥʦʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʤʦʨʘʞʠʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -80Áʉ ʚ 

ʪʝʯʝʥʠʝ 15 ʯ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 20000 g ʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ 

ʈʅʂ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 10 ʤʢʣ ʚʦʜʳ ʩʚʦʙʦʜʥʦʡ ʦʪ ʈʅʂʘʟ (RNAse free water, Ambion). 

 

 2.2.3.1.5 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʠ ʠʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ 

 

ɼʅʂ-ʙʠʙʣʠʦʪʝʢʠ ʥʘ ʦʩʥʦʚʝ ʬʨʘʛʤʝʥʪʦʚ ʈʅʂ, ʩʰʠʚʘʶʱʠʭʩʷ ʩ eS1, ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

NEBNext Small RNA Library Prep Set for Illumina (NEB) ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɼʣʷ 

ʚʳʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʧʦʜʭʦʜʷʱʝʡ ʜʣʠʥʳ ʙʠʙʣʠʦʪʝʢʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ BluePippin (2% Agarose Dye Free Gel Cassettes) (Sage Science). 

ʌʨʘʛʤʝʥʪʳ ʜʣʠʥʦʡ 125-180 ʧ.ʦ. ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ Blue Pippin DNA size selection system 

(Sage Science) ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʧʣʘʪʬʦʨʤʝ Illumina MiSeq ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Reagent Kit  v3 (150 ʮʠʢʣʦʚ, Illumina). ʉʳʨʳʝ 

ʜʘʥʥʳʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʜʝʧʦʥʠʨʦʚʘʥʳ ʥʘ ʧʣʘʪʬʦʨʤʝ GenBank 

(ʥʦʤʝʨ ʠʩʩʣʝʜʦʚʘʥʠʷ (study accession) PRJNA337889, ʥʦʤʝʨ ʦʙʨʘʟʮʘ (sample accession) 

SRP080974). 
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2.2.3.2 ɺʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʩʰʠʚʘʥʠʝ ʤʈʅʂ ʩ 
FLAG

uS19 ʚ ʨʠʙʦʩʦʤʘʭ ʩ ʦʩʪʘʥʦʚʣʝʥʥʦʡ 

ʪʨʘʥʩʣʷʮʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ PAR-CLIP  

  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [36], ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʪʨʸʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ. ɼʣʷ ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʯʝʪʳʨʝ ʯʘʰʢʠ 

ʇʝʪʨʠ (ʜʠʘʤʝʪʨʦʤ 15 ʩʤ) ʘʜʛʝʟʠʦʥʥʳʭ ʢʣʝʪʦʢ ʩʪʘʙʠʣʴʥʦʡ ʣʠʥʠʠ ʥʘ ʦʩʥʦʚʝ HEK293, 

ʧʨʦʜʫʮʠʨʫʶʱʠʭ 
FLAG

uS19, ʚʳʨʘʱʠʚʘʣʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ DOX ʠ s
4
U, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚʳʰʝ (ʩʤ. ʨʘʟʜʝʣ 2.2.3.1.1). ɿʘʪʝʤ ʢ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʜʦʙʘʚʣʷʣʠ ʮʠʢʣʦʛʝʢʩʠʤʠʜ 

(100 ʤʢʛ/ʤʣ), ʠ ʢʣʝʪʢʠ ʧʦʤʝʱʘʣʠ ʥʘ ʣʸʜ ʥʘ 10 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ ʫʜʘʣʷʣʠ, 

ʢʣʝʪʢʠ ʧʨʦʤʳʚʘʣʠ ʣʝʜʷʥʳʤ PBS ʠ ʦʙʣʫʯʘʣʠ ʠʭ ʤʷʛʢʠʤ ʋʌ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ (ʩʤ. ʨʘʟʜʝʣ 

2.2.3.1.1). ʂʣʝʪʦʯʥʳʡ ʦʩʘʜʦʢ ʣʠʟʠʨʦʚʘʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.2.3.1.1, ʚ ʪʨʸʭ ʦʙʲʸʤʘʭ 

ʙʫʬʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 20 ʤʄ ʊʨʠʩïHCl (pH 7.5), 150 ʤʄ NaCl, 5 ʤʄ MgCl2, 1 ʤʄ DTT, 1% 

Triton-X100, 0.02 ʝʜ.ʘʢʪ./ʤʢʣ Turbo DNase I (Ambion) ʠ 100 ʤʢʛ/ʤʣ ʮʠʢʣʦʛʝʢʩʠʤʠʜʘ. 

ʆʩʚʝʪʣʝʥʥʳʡ ʢʣʝʪʦʯʥʳʡ ʣʠʟʘʪ ʧʝʨʝʥʦʩʠʣʠ ʚ ʯʠʩʪʫʶ ʧʨʦʙʠʨʢʫ ʠ ʜʦʙʘʚʣʷʣʠ ʈʅʂʘʟʫ I (Ambion) 

ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 1.3 ʝʜ.ʘʢʪ./ʤʢʣ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ SUPERase In RNAse inhibitor (Thermo Fosher 

Scientific) ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.35 ʝʜ.ʘʢʪ./ʤʢʣ. ʆʙʨʘʙʦʪʘʥʥʳʡ ʣʠʟʘʪ (~750 ʤʢʣ) ʦʩʚʝʪʣʷʣʠ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.2.3.1.2, ʠ ʥʘʥʦʩʠʣʠ ʥʘ 1 ʤʣ 30%-ʥʦʡ ʩʘʭʘʨʦʟʥʦʡ ʧʦʜʫʰʢʠ, ʩʦʜʝʨʞʘʱʝʡ 

20 ʤʄ ʊʨʠʩïHCl (pH 7.5), 150 ʤʄ NaCl, 5 ʤʄ MgCl2, 1 ʤʄ DTT, 1% Triton-X100, 100 ʤʢʛ/ʤʣ 

ʮʠʢʣʦʛʝʢʩʠʤʠʜʘ ʠ 0.02 ʝʜ.ʘʢʪ./ʤʢʣ SUPERase In RNAse inhibitor. ʉʚʦʙʦʜʥʳʡ ʦʙʲʸʤ ʧʨʦʙʠʨʢʠ 

ʟʘʧʦʣʥʷʣʠ ʙʫʬʝʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 20 ʤʄ ʊʨʠʩïHCl (pH 7.5), 150 ʤʄ NaCl, 5 ʤʄ MgCl2 ʠ 1 ʤʄ 

DTT. ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 25000 ʦʙ./ʤʠʥ (~64200 g) ʚ ʪʝʯʝʥʠʝ 16 ʯ ʧʨʠ 4Áʉ 

(ʨʦʪʦʨ SW60 Ti). ʆʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʄ ʕɼʊɸ, ʩʦʜʝʨʞʘʱʝʡ 1% SDS, ʠ ʨʘʩʪʚʦʨ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 37Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʝʛʦ ʨʘʟʙʘʚʣʷʣʠ ʚ 20 ʨʘʟ IP ʙʫʬʝʨʦʤ (20 

ʤʄ ʊʨʠʩïHCl (pH 7.5), 150 ʤʄ NaCl, 0.1% Nonidet P40 ʠ ʢʦʢʪʝʡʣʴ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ 

(Sigma)). ʈʘʩʪʚʦʨ ʦʩʚʝʪʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ʂ ʩʫʧʝʨʥʘʪʘʥʪʫ ʜʦʙʘʚʣʷʣʠ 

ʢʦʥʲʶʛʘʪʳ ʘʥʪʠʪʝʣ ʘʥʪʠ-FLAG (10 ʤʢʛ), ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʛʥʠʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (40 ʤʢʣ) (ʩʤ. 

ʨʘʟʜʝʣ 2.2.3.1.3). ʀʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯ ʧʨʠ 4Áʉ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ɺʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʤʘʥʠʧʫʣʷʮʠʠ ʘʥʘʣʦʛʠʯʥʳ ʪʝʤ, ʯʪʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʘʭ 2.2.3.1.3 ʠ 2.2.3.1.4. 

ɼʅʂ-ʙʠʙʣʠʦʪʝʢʠ ʧʦʣʫʯʘʣʠ ʧʦ ʧʨʦʪʦʢʦʣʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ [255], ʠ ʩʝʢʚʝʥʠʨʦʚʘʣʠ ʥʘ ʧʣʘʪʬʦʨʤʝ 

MiSeq (Illumina) (2 Ĭ 75 bp paired-ends reagents). 
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2.2.3.3 ʈʠʙʦʩʦʤʥʳʡ ʧʨʦʬʘʡʣʠʥʛ ʢʣʝʪʦʢ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ 
FLAG

uS19 ʠ ʢʣʝʪʦʢ, ʚʳʨʘʱʝʥʥʳʭ 

ʥʘ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ s
4
U 

 

ɼʣʷ ʨʠʙʦʩʦʤʥʦʛʦ ʧʨʦʬʘʡʣʠʥʛʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʪʨʸʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ ʩʪʘʙʠʣʴʥʦʡ ʣʠʥʠʠ HEK293, ʧʨʦʜʫʮʠʨʫʶʱʠʝ 
FLAG

uS19 ʠ ʚʳʨʘʱʝʥʥʳʝ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.2.3.2, ʠ ʢʣʝʪʢʠ HEK293, ʚʳʨʘʱʝʥʥʳʝ ʪʘʢ ʞʝ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʣʠ ʚ ʦʪʩʫʪʩʪʚʠʝ s
4
U ʚ 10-ʩʤ ʯʘʰʢʘʭ. ʇʦʩʣʝʜʫʶʱʠʝ ʤʘʥʠʧʫʣʷʮʠʠ, ʚʢʣʶʯʘʷ 

ʢʣʝʪʦʯʥʳʡ ʣʠʟʠʩ, ʦʙʨʘʙʦʪʢʫ ʈʅʂʘʟʦʡ I ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʯʝʨʝʟ ʩʘʭʘʨʦʟʥʫʶ ʧʦʜʫʰʢʫ, 

ʧʨʦʚʦʜʠʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ (ʩʤ. ʨʘʟʜʝʣ 2.2.3.2). ʆʩʘʜʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʣʝʪʦʢ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ 
FLAG

uS19, ʨʘʩʪʚʦʨʷʣʠ ʚ 200 ʤʢʣ ʙʫʬʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 100 ʤM KCl, 

13 ʤM MgCl2 ʠ 0.5 ʤM ʕɼʊɸ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 15 ʤʢʣ Protein-G Dynabeads, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʪʠ-FLAG ʘʥʪʠʪʝʣʘʤʠ (M2) ʚ ʪʝʯʝʥʠʝ 3 ʯ ʧʨʠ 4Áʉ. ʀʟ ʩʫʧʝʨʥʘʪʘʥʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʬʨʘʢʮʠʶ ʨʠʙʦʩʦʤ ʩ ʵʥʜʦʛʝʥʥʳʤ uS19, ʠ ʠʟ ʬʨʘʢʮʠʠ 
FLAG

uS19-ʩʦʜʝʨʞʘʱʠʭ ʨʠʙʦʩʦʤ, 

ʩʚʷʟʘʚʰʠʭʩʷ ʩ ʘʥʪʠʪʝʣʘʤʠ, ʚʳʜʝʣʷʣʠ ʪʦʪʘʣʴʥʫʶ ʈʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TRIzol (Ambion) 

ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʊʦʪʘʣʴʥʫʶ ʈʅʂ ʠʟ ʨʠʙʦʩʦʤʥʳʭ ʦʩʘʜʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʢʣʝʪʦʢ HEK293, ʚʳʨʘʱʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ s
4
U ʠ ʙʝʟ ʥʝʛʦ, ʚʳʜʝʣʷʣʠ ʩʭʦʜʥʳʤ ʦʙʨʘʟʦʤ. 

ɼʘʣʴʥʝʡʰʠʝ ʩʪʘʜʠʠ ʧʨʦʪʦʢʦʣʘ, ʚʢʣʶʯʘʷ ʩʝʣʝʢʮʠʶ ʬʨʘʛʤʝʥʪʦʚ ʈʅʂ ʧʦʜʭʦʜʷʱʝʛʦ ʨʘʟʤʝʨʘ ʠ ʠʭ 

ʦʯʠʩʪʢʫ, ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ [38, 256]. ɼʅʂ-ʙʠʙʣʠʦʪʝʢʠ ʥʘ ʦʩʥʦʚʝ ʦʯʠʱʝʥʥʳʭ ʈʅʂ-

ʬʨʘʛʤʝʥʪʦʚ ʧʨʠʛʦʪʦʚʣʝʥʳ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. ʉʳʨʳʝ ʜʘʥʥʳʝ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʠʩʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ, 

ʜʝʧʦʥʠʨʦʚʘʥʳ ʥʘ ʧʣʘʪʬʦʨʤʝ GenBank (ʥʦʤʝʨ ʠʩʩʣʝʜʦʚʘʥʠʷ (study accession) PRJNA563539, 

ʥʦʤʝʨ ʦʙʨʘʟʮʘ (sample accession) SRP220276). 

 

2.2.3.4 ɸʥʘʣʠʟ ʢʣʝʪʦʢ HEK293, ʜʝʬʠʮʠʪʥʳʭ ʧʦ eS1, ʩ ʧʦʤʦʱʴʶ ʈʅʂ-ʩʝʢ 

 

ʂʣʝʪʢʠ HEK293 (ʧʦ ʦʜʥʦʡ ʯʘʰʢʝ ʇʝʪʨʠ ʜʠʘʤʝʪʨʦʤ 6 ʩʤ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪ) 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ DMEM ʩ 10% FBS ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʪʠʙʠʦʪʠʢʘ ʧʝʮʠʮʠʣʣʠʥ-

ʩʪʨʝʧʪʦʤʠʮʠʥ (100 ʝʜ./ʤʣ). ʂʦʛʜʘ ʢʣʝʪʢʠ ʜʦʩʪʠʛʘʣʠ 70ï80% ʢʦʥʬʣʶʝʥʪʥʦʩʪʠ, ʠʭ 

ʪʨʘʥʩʬʠʮʠʨʦʚʘʣʠ ʧʣʘʟʤʠʜʘʤʠ pSUPER eS1 (#1-4) ʠʣʠ ʧʫʩʪʳʤ ʚʝʢʪʦʨʦʤ pSUPER (ʢʦʥʪʨʦʣʴ) ʩ 

ʧʦʤʦʱʴʶ TurboFect transfection reagent (Thermo Fisher Scientific). ʉʧʫʩʪʷ 2 ʜʥʷ ʧʦʩʣʝ 

ʪʨʘʥʩʬʝʢʮʠʠ, ʢʣʝʪʢʠ ʩʤʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʣʝʜʷʥʦʛʦ PBS ʠ ʦʩʘʞʜʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 1000 g 

ʠ 4Áʉ. ʀʟ ʢʣʝʪʦʯʥʦʛʦ ʦʩʘʜʢʘ, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʥʥʦʛʦ ʚ 1 ʤʣ TRIzol (Thermo Fisher Scientific), 

ʚʳʜʝʣʷʣʠ ʪʦʪʘʣʴʥʫʶ ʈʅʂ ʠ ʪʦʪʘʣʴʥʳʡ ʙʝʣʦʢ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʊʦʪʘʣʴʥʫʶ 

ʈʅʂ ʦʙʨʘʙʘʪʳʚʘʣʠ ɼʅʂʘʟʦʡ I c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʧʘʨʘʪʘ On-Column DNAse I Digestion Set 

(Sigma) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʧʣʝʮʠʝʡ ʨʈʅʂ ʩ ʧʦʤʦʱʴʶ Globin-Zero Gold kit (Epicenter). ʂʘʯʝʩʪʚʦ 
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ʈʅʂ ʧʨʦʚʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ Agilent 2010 Bioanalyzer ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RNA 6000 Pico kit 

(Agilent Technologies). ɼʅʂ-ʙʠʙʣʠʦʪʝʢʠ ʧʦʣʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SOLiD Total ʈʅʂ-ʩʝʢ Kit  ʠ 

RNA Barcoding kit (Life Technologies) ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ 

ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʣʘʪʬʦʨʤʝ SOLiD 5500XL (Life Technologies). ɼʘʥʥʳʝ ʈʅʂ-ʩʝʢ 

ʚʳʣʦʞʝʥʳ ʥʘ ʧʣʘʪʬʦʨʤʫ GenBank (ʩʤ. ʨʘʟʜʝʣ 2.2.3.1.5). 

 

2.2.3.5 ɸʥʘʣʠʟ ʢʣʝʪʦʢ HEK293, ʜʝʬʠʮʠʪʥʳʭ ʧʦ eL29, ʩ ʧʦʤʦʱʴʶ ʈʅʂ-ʩʝʢ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ. ɼʣʷ ʵʪʦʛʦ ʢʣʝʪʢʠ HEK293, 

ʚʳʨʘʱʝʥʥʳʝ ʚ 10-ʩʤ ʯʘʰʢʘʭ ʇʝʪʨʠ, ʪʨʘʥʩʬʠʮʠʨʦʚʘʣʠ siʈʅʂ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ (ʩʤ. ʧʫʥʢʪ 

2.2.2.2). ʏʝʨʝʟ 2 ʜʥʷ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ ʧʦʣʫʯʘʣʠ ʢʣʝʪʦʯʥʳʝ ʦʩʘʜʢʠ (ʩʤ. ʚʳʰʝ) ʠ ʣʠʟʠʨʦʚʘʣʠ ʚ 

ʨʝʘʛʝʥʪʝ TRIzol (Invitrogen). ʊʦʪʘʣʴʥʫʶ ʈʅʂ ʚʳʜʝʣʷʣʠ ʠʟ ʣʠʟʘʪʦʚ ʩ ʧʦʤʦʱʴʶ Purelink RNA 

Micro Scale Kit  (Invitrogen) ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ɼʅʂʘʟʦʡ (DNASE70, Sigma). ʀʥʜʝʢʩ ʮʝʣʦʩʪʥʦʩʪʠ 

ʈʅʂ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ RNA 6000 Pico Kit  ʥʘ Bioanalyzer 21009 (Agilent). ʀʟʤʝʨʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʈʅʂ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ NanoDrop 1000 (Thermo Fisher Scientific) ʠ Qubit 

(Invitrogen). ʇʦ 1 ʤʢʛ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʠʟ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʣʠ-ɸ-ʦʙʦʛʘʱʝʥʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NEBNext Poly(A) mRNA magnetic isolation Module (NEB). ɼʅʂ-ʙʠʙʣʠʦʪʝʢʠ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʤʈʅʂ ʧʦʣʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ NEBNext Ultra II  

Directional RNA Library Prep Kit  for Illumina (NEB). ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʙʠʙʣʠʦʪʝʢ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ Bioanalyzer 2100 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ High Sensitivity DNA Kit  (Agilent). ʇʦʩʣʝ 

ʘʥʘʣʠʟʘ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʩ ʧʦʤʦʱʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ (CFX96 Touch, Bio-Rad), ʙʠʙʣʠʦʪʝʢʠ 

ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪʩʝʢʚʝʥʠʨʦʚʘʥʳ ʥʘ ʧʣʘʪʬʦʨʤʝ HiSeq 2500 (Illumina), ʚ ʬʦʨʤʘʪʝ 2 

x 100 bp. ʉʳʨʳʝ ʜʘʥʥʳʝ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʧʦʩʣʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʥʘ ʧʣʘʪʬʦʨʤʝ 

GenBank (ʥʦʤʝʨ ʠʩʩʣʝʜʦʚʘʥʠʷ (study accession) PRJNA611889). 

 

2.2.4 ɹʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

 

2.2.4.1 ɹʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ PAR-CLIP  ʥʘ ʢʣʝʪʢʘʭ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ 

FLAG
eS1, ʠ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ ʥʘ ʢʣʝʪʢʘʭ, ʜʝʬʠʮʠʪʥʳʭ ʧʦ eS1 

 

ʇʨʦʮʝʩʩʠʥʛ ʩʳʨʳʭ ʨʠʜʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ CLC 

GW 9.0 (Qiagen). ʈʠʜʳ ʬʠʣʴʪʨʦʚʘʣʠ ʧʦ ʢʘʯʝʩʪʚʫ (ambiguous limit , 2; quality limit, 0.031), ʫʜʘʣʷʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʜʘʧʪʝʨʦʚ, ʘ ʪʘʢʞʝ ʪʝ ʨʠʜʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʢʘʨʪʠʨʦʚʘʥʳ (length fraction, 0.8; 

similarity fraction, 0.8; other parameters by default) ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 45S ʧʨʝ-ʨʈʅʂ (NR 

046235) ʠ 5S ʨʈʅʂ (NR 0223363). ʈʠʜʳ, ʦʩʪʘʚʰʠʝʩʷ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ, ʙʳʣʠ ʢʘʨʪʠʨʦʚʘʥʳ ʥʘ 
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ʛʝʥʦʤ ʯʝʣʦʚʝʢʘ (hg38) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ensemble annotation GRCh38.88 ʩ ʧʦʤʦʱʴʶ RNASeq 

analysis tool ʠʟ ʧʘʢʝʪʘ CLC GW 9.0 (length fraction, 0.8; similarity fraction, 0.8; strand specific, 

forward, and other parameters by default). ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ PAR-CLIP ʧʠʢʠ ʨʠʜʦʚ ʥʘʡʜʝʥʳ 

ʩ ʧʦʤʦʱʴʶ ChIP-Seq analsyis tool (CLC GW 9.0) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ p-value = 0.1). ʉʘʡʪʳ ʩʰʠʚʘʥʠʷ 
FLAG

eS1 ʚ ʈʅʂ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʧʦ 

ʧʦʣʦʞʝʥʠʷʤ T/C (A/G ʜʣʷ ʤʠʥʫʩ ʮʝʧʝʡ)-ʪʨʘʥʟʠʮʠʡ. T/C (A/G)-ʪʨʘʥʟʠʮʠʠ ʚ ʧʠʢʘʭ ʥʘʭʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ basic variant detection tool ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ploidy, 2; ignore broken 

reads, no; ignore non-specific matches, no; minimum coverage, 10; minimum count, 2; frequency, 1ï

95%; relative read direction filter, no; other parameters by default). ʇʠʢʠ ʩ ʪʨʘʥʟʠʮʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʠʤʝʣʠ ʤʝʩʪʦ ʪʘʢʞʝ ʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ (ʙʝʟ ʦʙʣʫʯʝʥʠʷ), ʙʳʣʠ ʫʜʘʣʝʥʳ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʘ 

ʢʦʨʨʝʢʮʠʷ ʦʰʠʙʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SOLiD Accuracy Enhancement Tool v.2.4 (Life 

Technologies). ʇʦʩʣʝ ʢʦʨʨʝʢʮʠʠ ʜʘʥʥʳʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

CLC GW 9.0 (Qiagen) ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ (ʩʤ. ʚʳʰʝ). ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʨʠʜʳ 

ʢʘʨʪʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ RNASeq analysis tool ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʝʥʦʤ GRCh38.93 ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ Ensembl (ʩʤ. ʚʳʰʝ). ʂʦʦʨʜʠʥʘʪʳ ʤʠʥʦʨʥʳʭ ʠʥʪʨʦʥʦʚ ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ U12DB 

[257]. ʄʠʥʦʨʥʳʝ ʠʥʪʨʦʥʳ, ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʵʢʟʦʥʦʚ, ʠʩʢʣʶʯʝʥʳ ʠʟ ʘʥʘʣʠʟʘ.  

 

2.2.4.2 ɹʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ PAR-CLIP  ʥʘ ʢʣʝʪʢʘʭ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ 

FLAG
uS19 

 

ɼʝʤʫʣʴʪʠʧʣʠʢʘʮʠʶ ʨʠʜʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ CEL-Seq script [258]. ʋʜʘʣʝʥʠʝ 

ʘʜʘʧʪʝʨʦʚ ʠ ʨʠʜʦʚ ʩ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ TrimGalore v.0.5.0 

(http://www.bioinformatics.babraham.ac.uk/projects/trimgalore). ʂʘʨʪʠʨʦʚʘʥʠʝ ʨʠʜʦʚ ʚʳʧʦʣʥʷʣʠ ʩ 

ʧʦʤʦʱʴʶ STAR (v. 2.6.1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʝʥʦʤʘ GRCh38.93 (cʤ. ʨʘʟʜʝʣ 

2.2.4.1). ɼʝʜʫʧʣʝʢʘʮʠʶ ʨʠʜʦʚ ʧʦ ʫʥʠʢʘʣʴʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʠʥʜʝʢʩʘʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ dedup ʩʢʨʠʧʪʘ ʠʟ UMItools [259]. ʉʘʡʪʳ ʩʰʠʚʘʥʠʷ 
FLAG

uS19 ʚ ʈʅʂ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ 

ʧʦ ʧʦʣʦʞʝʥʠʷʤ T/C-ʪʨʘʥʟʠʮʠʡ ʚ ʧʣʶʩ ʮʝʧʷʭ (ʠʣʠ A/G -ʪʨʘʥʟʠʮʠʡ ʚ ʤʠʥʫʩ ʮʝʧʷʭ). ʇʦʠʩʢ 

ʧʦʣʦʞʝʥʠʡ T/C (A/G)-ʪʨʘʥʟʠʮʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ Basic Variant Detection tool ʠʟ CLC 

GW v.12.0 software (Qiagen), ʬʠʣʴʪʨʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʩʢʨʠʧʪʘʤʠ. ʉʳʨʳʝ 

ʜʘʥʥʳʝ ʩʝʢʚʝʥʠʨʚʦʘʥʠʷ ʜʝʧʦʥʠʨʦʚʘʥʳ ʥʘ ʧʣʘʪʬʦʨʤʝ GEO (GSE128265). ʇʦʣʦʞʝʥʠʷ T/C (A/G)-

ʪʨʘʥʟʠʮʠʡ ʫʯʠʪʳʚʘʣʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʦʪʨʝʥʠʠ, ʝʩʣʠ ʦʥʠ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʩʣʝʜʫʶʱʠʤ 

ʧʘʨʘʤʝʪʨʘʤ: ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ = 5, ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ = 1%, ʤʠʥʠʤʫʤ ʨʠʜʦʚ ʩ 

ʪʨʘʥʟʠʮʠʝʡ = 1. ʇʦʣʫʯʘʝʤʳʝ VCF-ʬʘʡʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʧʘʢʝʪʦʚ ʧʣʘʪʬʦʨʤʳ Bioconductor. ʅʘʟʚʘʥʠʷ ʛʝʥʦʚ ʠ ʪʨʘʥʩʢʨʠʧʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
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ʛʝʥʦʤʥʳʭ ʧʦʣʦʞʝʥʠʷʤ T/C (A/G)-ʪʨʘʥʟʠʮʠʡ, ʘʥʥʦʪʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ biomaRt ʠ 

ʘʥʥʦʪʘʮʠʠ ensembl GRCh38.93. ʂʦʦʨʜʠʥʘʪʳ T/C (A/G)-ʪʨʘʥʟʠʮʠʡ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʝʣʦʢ-

ʢʦʜʠʨʫʶʱʠʤ ʨʝʛʠʦʥʘʤ ʛʝʥʦʤʘ, ʘ ʪʘʢʞʝ ʪʝʭ, ʯʪʦ ʦʪʥʦʩʷʪʩʷ ʢ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤʫ ʛʝʥʦʤʫ, 

ʠʩʢʣʶʯʘʣʠ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ. ɻʝʥʦʤʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʨʘʥʟʠʮʠʡ ʧʝʨʝʚʦʜʠʣʠ ʚʦ ʚʥʫʪʨʝʥʥʠʝ 

ʢʦʦʨʜʠʥʘʪʳ ʢʦʜʠʨʫʶʱʠʭ ʯʘʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʥʦʚ ʩʦʛʣʘʩʥʦ ʘʥʥʦʪʘʮʠʠ ensembl 

GRCh38.93. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʧʠʢʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʦʚ chipseq ʠ coverageview. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʧʠʢʠ, ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʩ ʧʦʣʦʞʝʥʠʷʤʠ T/C (A/G)-

ʪʨʘʥʟʠʮʠʡ. ɺʥʫʪʨʠ ʧʠʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ T/C (A/G)-ʪʨʘʥʟʠʮʠʠ, ʧʦʣʦʞʝʥʠʝ ʪʨʘʥʟʠʮʠʡ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʧʦʢʨʳʪʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʢ ʧʦʣʦʞʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʩʥʦʚʥʦʤʫ ʤʝʩʪʫ 

ʩʰʠʚʢʠ 
FLAG

uS19 ʩ ʤʈʅʂ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʜʠʨʫʶʱʠʭ ʯʘʩʪʝʡ (CDS) ʤʈʅʂ ʚʟʷʪʳ ʩ FTP 

Downdload ï Ensembl (www.ensembl.org/info/data/ftp/). ʀʟ ʥʠʭ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʠʧʣʝʪʦʚ, ʬʣʘʥʢʠʨʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷ ʪʨʘʥʟʠʮʠʠ. ʉ ʫʯʸʪʦʤ ʨʘʤʢʠ 

ʩʯʠʪʳʚʘʥʠʷ ʵʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ LOGO c ʧʦʤʦʱʴʶ 

WebLogo tool (https://weblogo.berkeley.edu/). ʂʣʘʩʪʝʨʳ ʨʠʜʦʚ ʦʪʩʦʨʪʠʨʦʚʘʥʳ ʧʦ ʩʫʤʤʘʨʥʦʤʫ 

ʧʦʢʨʳʪʠʶ ʩʠʢʚʝʩʥʳʤʠ ʨʠʜʘʤʠ ʠ ʪʦʧ-100 ʢʣʘʩʪʝʨʦʚ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ LOGO. 

ɻʠʩʪʦʛʨʘʤʤʳ ʠ ʛʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʳ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʥʫʶ ʧʣʘʪʬʦʨʤʫ R 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʬʫʥʢʮʠʡ. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʦʚʪʦʨʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʮʝʥʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ cor, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ggplot2. ɼʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚʩʝʭ ʙʝʣʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʦʪʠʚ (E/K)12, ʠʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʚʟʷʪʳʝ ʠʟ FTP Downdload ï Ensembl (www.ensembl.org/info/data/ftp/), ʧʨʦʩʢʘʥʠʨʦʚʘʥʳ ʥʘ 

ʥʘʣʠʯʠʝ ʣʶʙʦʛʦ ʠʟ 2
12

 (E/K)12 ʤʦʪʠʚʘ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ Biostrings ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ 

vcount-Pattern (ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʤʠʩʤʘʪʯʝʡ = 4).  

 

2.2.4.3 ɹʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʢʣʝʪʢʘʭ, 

ʜʝʬʠʮʠʪʥʳʭ ʧʦ eL29 

 

ɼʝʤʫʣʴʪʠʧʣʠʢʩʠʨʦʚʘʥʥʳʝ fastq-ʬʘʡʣʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʧʨʝʜʤʝʪ ʢʘʯʝʩʪʚʘ ʩ 

ʧʦʤʦʱʴʶ FastQC tool (v.0.11.9), ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ MultiQC tool 

(v.1.8). ʉʠʢʚʝʥʩʥʳʝ ʨʠʜʳ ʚ fastq ʬʦʨʤʘʪʝ ʧʨʝ-ʧʨʦʮʝʩʩʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CLC GW 12.0 

software (Qiagen), ʪʦ ʝʩʪʴ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʬʠʣʴʪʨʘʮʠʷ ʨʠʜʦʚ ʧʦ ʢʘʯʝʩʪʚʫ (ʥʘʩʪʨʦʡʢʠ ʧʦ 

ʫʤʦʣʯʘʥʠʶ) ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʫʜʘʣʝʥʳ ʘʜʘʧʪʝʨʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʠʜʳ 

ʙʳʣʠ ʢʘʨʪʠʨʦʚʘʥʳ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʝʥʦʤ GRCh38.93 ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ RNA-seq 

analysis tool ʠʟ CLC GW (ʥʘʩʪʨʦʡʢʠ: Strand specific = Reverse, ʦʩʪʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ ï ʧʦ 

ʫʤʦʣʯʘʥʠʶ). ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ bam-ʬʘʡʣʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʘʥʘʣʠʟʘ. ʇʘʪʪʝʨʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʠʜʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ 

http://www.ensembl.org/info/data/ftp/
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ʛʝʥʦʤʘ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ systemPipeR (v.1.20.0). ʇʦʜʩʯʸʪ ʢʦʣʠʯʝʩʪʚʘ ʩʳʨʳʭ ʨʠʜʦʚ 

(read counting), ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʘʞʜʦʤʫ ʛʝʥʫ, ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ featureCounts 

(isGTFAnnotationFile = TRUE, isPairedEnd=TRUE, strandSpecific = 2 (reverse stranded)) ʠʟ ʧʘʢʝʪʘ 

Rsubread (v.1.22.2). ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʳ ʪʘʙʣʠʮʘ, ʩʦʜʝʨʞʘʱʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝ 

ʩʳʨʳʭ ʨʠʜʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ, ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ 

ʛʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ DESeq2 (v.1.26.0). ʇʘʨʘʤʝʪʨʳ ʟʘʧʫʩʢʘ DESeq2: design formula = ~batch 

+ condition, batch ï ʜʝʥʴ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, batch = I ʜʣʷ ʧʦʚʪʦʨʘ 1, batch = 2 ʜʣʷ 

ʧʦʚʪʦʨʦʚ 2 ʠ 3, condition ï çʥʦʨʤʘè ʠʣʠ çeL29 ʥʦʢʜʘʫʥè, ʛʜʝ çʥʦʨʤʘè ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʝʪʢʘʤ 

HEK293, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʤ ʢʦʥʪʨʦʣʴʥʦʡ ʥʝʩʧʝʮʠʬʠʯʥʦʡ siʈʅʂ, ʘ çeL29 ʥʦʢʜʘʫʥè ï ʢ 

ʢʣʝʪʢʘʤ HEK293, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʤ siʈʅʂ ʧʨʦʪʠʚ eL29 siʈʅʂ. ʇʘʨʘʤʝʪʨ çbatchè ʜʦʙʘʚʣʝʥ ʚ 

ʬʦʨʤʫʣʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʳʝ batch-ʵʬʬʝʢʪʳ [260], ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʚʦʟʥʠʢʥʫʪʴ ʠʟ-

ʟʘ ʪʦʛʦ, ʯʪʦ ʨʘʟʥʳʝ ʧʦʚʪʦʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʛʦʪʦʚʣʝʥʳ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ. ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ (PCA, ʦʪ ʘʥʛʣ. principle component analysis) ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ 

plotPCA (ntop = 500) ʠʟ ʧʘʢʝʪʘ DESeq2 ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ çbatch-ʵʬʬʝʢʪʦʚè ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

removebatchEffect ʠʟ ʧʘʢʝʪʘ Limma (v.3.42.0). ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʩ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʝʡ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʵʚʢʣʠʜʦʚʳʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ dist ʠʟ ʧʘʢʝʪʘ R 

Stats ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʩʪʨʦʝʥʘ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ pheatmap ʠʟ ʧʘʢʝʪʘ Pheatmap 

(v.1.0.12). ʈʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʨ-value (p.adj) ʧʨʦʚʝʜʝʥ ʩ ʧʦʤʦʱʴʶ 

DESeq2 (ʤʝʪʦʜ Benjamini ï Hochberg, ʧʦ ʫʤʦʣʯʘʥʠʶ). ʇʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ DESeq2-ʘʥʘʣʠʟʘ 

ʪʘʙʣʠʮʘ ʛʝʥʦʚ ʩʫʞʝʥʘ ʧʫʪʝʤ ʩʝʣʝʢʮʠʠ ʠʟ ʥʝʝ ʛʝʥʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ p.adj < 0.01 ʠ 

|Log2FoldChange| > 0.322, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʤ ʛʝʥʘʤ 

(DEGs, ʦʪ ʘʥʛʣ. differentially expressed genes). ɻʨʘʬʠʢ MA ʩʛʝʥʝʨʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

plotMA ʠʟ DESeq2. ɸʥʘʣʠʟ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʧ-ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʠ ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʭ DEGs ʚʳʧʦʣʥʝʥ ʥʘ ʧʣʘʪʬʦʨʤʝ Gene Ontology (GO) [261]; ʘʥʘʣʦʛʠʯʥʳʡ 

ʘʥʘʣʠʟ ʧʫʪʝʡ, ʚ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʥʘʡʜʝʥʥʳʝ DEGs, ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ enrichPathway (pvalueCutoff = 0.1) ʠʟ ʧʘʢʝʪʘ ReactomePA (v.1.30.0). GO ʘʥʘʣʠʟ 

ʚʳʧʦʣʥʝʥ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: the analysis type: PANTHER Overrepresentation Test 

(Released 20190711, Annotation Version and Release Date: GO Ontology database Released 2019-12-

09, Reference List: Homo sapiens (all genes in the database)), Test Type:FISHER, Correction: FDR. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʝʨʝʩʝʯʝʥʠʡ DEGs ʩ ʥʘʙʦʨʘʤʠ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ p53 ʠ c-Myc ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʙʦʨʳ 

ʠʟ 343 ʠ 1469 ʛʝʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʠʩʘʥʥʳʝ ʚ [262, 263]. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ 

ʜʘʥʥʳʤʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʢʨʠʧʪʦʚ.  
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2.2.5 ʄʝʪʦʜʳ, ʧʨʠʤʝʥʝʥʥʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʈʅʂ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ in vitro 

 

2.2.5.1 ʇʦʣʫʯʝʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ eS1 ʚ ʩʠʩʪʝʤʝ E.coli 

 

ʂʣʝʪʢʠ E. coli BL21(DE3) ʙʳʣʠ ʪʨʘʩʬʦʨʤʠʨʦʚʘʥʳ ʧʣʘʟʤʠʜʦʡ pET15b-FLAG-eS1 ʠ 

ʚʳʨʘʱʝʥʳ ʧʨʠ 37Áʉ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ LB. ʉʠʥʪʝʟ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ ʠʥʜʫʮʠʨʦʚʘʣʠ 

ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢ ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʤ ʢʣʝʪʢʘʤ IPTG (1 ʤʄ), ʧʦʩʣʝ ʯʝʛʦ ʠʭ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʧʨʠ 18Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯ. ʈʝʢʦʤʙʠʥʘʥʪʥʳʡ ʙʝʣʦʢ ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʘʬʬʠʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʥʘ Ni-NTA ʘʛʘʨʦʟʝ. ʇʦʣʫʯʝʥʥʳʡ ʵʣʶʘʪ ʟʘʪʝʤ ʜʠʘʣʠʟʦʚʘʣʠ ʧʨʦʪʠʚ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ 20 ʤʄ HEPES-KOH (pH 7.5), 100 ʤʄ KCl, 0.05% Tween-20 ʠ 1 ʤʄ 2-

ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʥʘ ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭ 

ʢʦʣʦʥʢʘʭ. ʂ ʧʨʝʧʘʨʘʪʫ ʙʝʣʢʘ ʜʦʙʘʚʣʷʣʠ ʛʣʠʮʝʨʠʥ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 50%. 

 

2.2.5.2 ʉʠʥʪʝʟ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʤ U11 ʤʷʈʅʂ, in 

vitro 

 

ɼʅʂ-ʤʘʪʨʠʮʳ ʜʣʷ ʩʠʥʪʝʟʘ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʦʚ in vitro ʧʦʣʫʯʘʣʠ ʚ ʭʦʜʝ ʇʎʈ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ ï 11F ʠ 11R ʜʣʷ ʩʠʥʪʝʟʘ ʤʘʪʨʠʮʳ ʜʣʷ U11 ʤʷʈʅʂ ʠ 

11F ʠ 11æSmR ʜʣʷ ʩʠʥʪʝʟʘ U11æSm ʤʷʈʅʂ (ʊʘʙʣʠʮʘ 2). ɼʅʂ-ʤʘʪʨʠʮʳ ʩʦʜʝʨʞʘʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ T7-ʧʨʦʤʦʪʦʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʇʎʈ-ʧʨʦʜʫʢʪʳ ʢʣʦʥʠʨʦʚʘʣʠ ʚ ʧʣʘʟʤʠʜʥʳʡ 

ʚʝʢʪʦʨ pUC19 ʧʦ ʩʘʡʪʫ SmaI ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 
32

P-ʤʝʯʝʥʳʝ ʈʅʂ-

ʪʨʘʥʩʢʨʠʧʪʳ ʧʦʣʫʯʘʣʠ T7-ʪʨʘʥʩʢʨʠʧʮʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ɼʅʂ-ʤʘʪʨʠʮ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚ [264], ʠ ʦʯʠʱʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ ʇɸɸɻ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʣʶʮʠʝʡ 

ʠʟ ʛʝʣʷ ʠ ʦʩʘʞʜʝʥʠʝʤ ʵʪʘʥʦʣʦʤ. ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʳ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʚʢʣʶʯʝʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 

s
4
U ʧʦʣʫʯʘʣʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ s

4
UTP ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 ʢ 5 ʢ ʥʦʨʤʘʣʴʥʦʤʫ 

UTP. 

 

2.2.5.3 ʆʮʝʥʢʘ ʩʚʷʟʳʚʘʥʠ ̫eS1 ʩ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʘʤʠ ʤʝʪʦʜʦʤ ʬʠʣʴʪʨʦʚʘʥʠʷ ʯʝʨʝʟ 

ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʝ ʬʠʣʴʪʨʳ 

 

ʉʚʷʟʳʚʘʥʠʝ 
32
ʈ-ʤʝʯʝʥʳʭ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʦʚ ʩ ʙʝʣʢʦʤ eS1 ʧʨʦʚʦʜʠʣʠ ʚ ʦʙʲʝʤʝ 20 ʤʢʣ ʚ 

ʙʫʬʝʨʝ ʩʚʷʟʳʚʘʥʠʷ, ʩʦʜʝʨʞʘʱʝʤ 20 ʤʄ HEPES-KOH (pH 7.5), 100 ʤʄ KCl, 2.5 ʤʄ MgCl2, 

0.05% Triton-X100 ʠ 1ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, ʧʨʠ 25Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʂʦʥʮʝʥʪʨʘʮʠʶ eS1 

ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ 0.1ï1 ʤʄ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʘ (<0.1 ʥʄ). 

ʉʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʦʚ ʩ eS1 ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʦʚʘʥʠʷ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʤʝʩʝʡ ʯʝʨʝʟ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʝ ʬʠʣʴʪʨʳ ʩ ʜʠʘʤʝʪʦʤ ʧʦʨ 0.45 ʤʢʄ (GE 

Healthcare). ʈʘʜʠʦʘʢʪʠʚʥʦʩʪʴ, ʦʩʪʘʚʰʫʶʩʷ ʥʘ ʬʠʣʴʪʨʘʭ, ʠʟʤʝʨʷʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [265]. 

 

2.2.5.4 ɸʥʘʣʠʟ ʩʚʷʟʳʚʘʥʠ ̫eS1 ʩ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʘʤʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʟʘʜʝʨʞʢʠ ʚ ʛʝʣʝ 

 

ʉʚʷʟʳʚʘʥʠʝ eS1 ʠ 
32
ʈ-ʤʝʯʝʥʳʭ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʦʚ ʧʨʦʚʦʜʠʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ (ʨʘʟʜʝʣ 

2.2.5.3), ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʝʤ, ʢʘʩʘʶʱʠʤʩʷ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʤʝʩʠ 5% ʛʣʠʮʝʨʠʥʘ. ʉʚʦʙʦʜʥʫʶ 

ʈʅʂ ʠ ʈʅʂ, ʩʚʷʟʘʥʥʫʶ ʚ ʢʦʤʧʣʝʢʩ ʩ eS1, ʨʘʟʜʝʣʷʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 6%-ʥʦʤ ʇɸɸɻ ʚ 

ʥʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ (25 ʤʄ ʊʨʠʩ-HCl (ʨʅ 7.5) ʠ 200 ʤʄ ʛʣʠʮʠʥ). ʕʣʝʢʪʨʦʬʦʨʝʟʥʫʶ ʢʘʤʝʨʫ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ 4Áʉ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦʤʝʱʘʣʠ ʚ ʣʸʜ. ʇʦʩʣʝ 

ʨʘʟʜʝʣʝʥʠʷ ʛʝʣʴ ʚʳʩʫʰʠʚʘʣʠ ʠ ʨʘʜʠʦʘʚʪʦʛʨʘʬʠʨʦʚʘʣʠ. 

 

2.2.5.5 ʍʠʤʠʯʝʩʢʠʡ ʧʨʦʙʠʥʛ U11 ʤʷʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʘ, ʩʚʷʟʘʥʥʦʛʦ ʚ ʢʦʤʧʣʝʢʩ ʩ eS1 

 

ʉʚʷʟʳʚʘʥʠʝ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʘ c eS1 ʧʨʦʚʦʜʠʣʠ ʚ ʦʙʲʝʤʝ 20 ʤʢʣ ʚ ʙʫʬʝʨʝ ʩʚʷʟʳʚʘʥʠʷ, 

ʩʦʜʝʨʞʘʱʝʤ 20 ʤʄ HEPES-KOH (pH 7.5), 100 ʤʄ KCl, 2.5 ʤʄ MgCl2, 0.05% Triton-X100, 5% 

ʛʣʠʮʝʨʠʥʘ ʠ 1ʤʄ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣ, ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 25Áʉ; ʢʦʥʮʝʥʪʨʘʮʠʷ ʈʅʂ ʙʳʣʘ 1 ʤʄ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ï 2 ʤʄ. ʇʨʦʙʠʥʛ ʈʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CMCT ʧʨʦʚʦʜʠʣʠ, ʜʦʙʘʚʣʷʷ ʢ 

ʨʘʩʪʚʦʨʫ ʈʅʂ ʦʜʥʫ ʪʨʝʪʴ ʦʙʲʝʤʘ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 200 ʤʄ ʉʄʉʊ 

ʠ 50 ʤʄ HEPES-KOH (pH 8.0), ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ 37Áʉ ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʈʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

100 ʤʄ, ʈʅʂ ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʩʘʞʜʝʥʠʝʤ ʵʪʘʥʦʣʦʤ. ʇʨʦʙʠʥʛ ʈʅʂ BzCN ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ BzCN ʢ ʨʘʩʪʚʦʨʫ ʈʅʂ 

ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 80 ʤʄ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʨʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʙʘʚʣʝʥʠʷ ʦʜʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʜʝʣʝʥʠʝʤ ʈʅʂ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ. ɻʠʜʨʦʢʩʠʣ-ʨʘʜʠʢʘʣʴʥʳʡ ʧʨʦʙʠʥʛ ʧʨʦʚʦʜʠʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ 

ʚ [266]. ʈʝʘʢʮʠʶ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʈʅʂ ʧʨʦʚʦʜʠʣʠ ʚ ʦʙʲʝʤʝ 10 

ʤʢʣ ʧʨʠ 42Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 1ï2 ʧʤʦʣʴ ʈʅʂ, 5 ʧʤʦʣʴ 5ô-
32

P-

ʤʝʯʝʥʦʛʦ T3-ʧʨʘʡʤʝʨʘ (ʊʘʙʣʠʮʘ 2), 0.5 ʤʄ dNTP ʠ 1 ʝʜ. ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ AMV  

(Invitrogene) ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ 50 ʤʄ ʊʨʠʩ-HCl (pH 8.3), 75 ʤʄ KOAc, 8 ʤʄ Mg(OAc)2 ʠ 

10 ʤʄ DTT. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʦʩʘʞʜʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʪʘʥʦʣʘ, ʨʘʩʪʚʦʨʷʣʠ ʚ ʬʦʨʤʘʤʠʜʝ, 

ʩʦʜʝʨʞʘʱʝʤ 0.1% ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ ʠ 0.1% ʢʩʠʣʝʥ-ʮʠʘʥʦʣʘ, ʠ ʨʘʟʜʝʣʷʣʠ ʚ 

ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ 8%-ʥʦʤ ʇɸɸɻ. ɻʝʣʴ ʚʳʩʫʰʠʚʘʣʠ ʠ ʨʘʜʠʦʘʚʪʦʛʨʘʬʠʨʦʚʘʣʠ.  
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2.2.5.6 ʀʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʷ eS1-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʷʜʝʨʥʦʛʦ ʠ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʵʢʩʪʨʘʢʪʦʚ HEK293 ʠ ʘʥʘʣʠʟ ʈʅʂ 

 

ɼʣʷ ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʨʘʱʠʚʘʣʠ 10
8
 ʘʜʛʝʟʠʦʥʥʳʭ ʢʣʝʪʦʢ HEK293. ʂʣʝʪʦʯʥʳʡ 

ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 3 ʤʣ ʙʫʬʝʨʘ ʣʠʟʠʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ 25 ʄʤ ʊʨʠʩ-HCl (pH 7.5), 150 ʤʄ 

NaCl, 1 ʤʄ ʕɼʊɸ, 0.5% NP-40 ʠ 30 ʤʢʣ ʠʥʛʠʙʠʪʦʨʘ ʧʨʦʪʝʘʟ (Sigma). ʗʜʨʘ ʢʣʝʪʦʢ ʦʩʘʞʜʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʨʠ 1800 g ʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ. ʎʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʵʢʩʪʨʘʢʪ 

ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʷʜʝʨ ʦʩʚʝʪʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 20000 g ʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. 

ʗʜʝʨʥʳʡ ʵʢʩʪʨʘʢʪ ʧʦʣʫʯʘʣʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʥʠʝʤ ʷʜʝʨ ʚ 3 ʤʣ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʙʫʬʝʨʘ ʣʠʟʠʩʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ 1% NP-40 ʠ 5% ʛʣʠʮʝʨʠʥʘ. ʉʫʩʧʝʥʟʠʶ 10 ʨʘʟ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʰʧʨʠʮ (1ʤʣ) ʩ 

ʠʛʣʦʡ 29G ʠ ʟʘʪʝʤ ʦʩʚʝʪʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 20000 g ʠ 

4Áʉ. ʂ 1 ʤʣ ʷʜʝʨʥʦʛʦ ʠʣʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʵʢʩʪʨʘʢʪʘ ʜʦʙʘʚʣʷʣʠ 30 ʤʢʣ ʢʦʥʲʶʛʘʪʦʚ 

Dynabeads Protein G, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʪʠʪʝʣʘʤʠ ʘʥʪʠ-eS1. ʀʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʶ 

ʨʠʙʦʥʫʢʣʝʦʧʨʦʪʝʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ eS1, ʧʨʦʚʦʜʠʣʠ ʧʨʠ 4Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʢʦʥʲʶʛʘʪʳ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ (ʧʦ 1 ʤʣ) ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ 20 ʤʄ ʊʨʠʩ-HCl (pH 7.5), 500 ʤʄ KCl ʠ 0.5% NP-40. ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʈʅʂ 

ʢʦʥʲʶʛʘʪʳ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 50 ʤʢʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 20 ʤʄ ʊʨʠʩ-HCl (pH 7.5) ʠ 1% 

SDS, ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 95Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʣʠʣʠ ʈʅʂ ʤʝʪʦʜʦʤ ʬʝʥʦʣ-

ʭʣʦʨʦʬʦʨʤʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʵʪʘʥʦʣʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʈʅʂ 

ʩʣʫʞʠʣʠ ʤʘʪʨʠʮʘʤʠ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʢɼʅʂ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ random-ʧʨʘʡʤʝʨʘ n(N)6 ʠ ʨʝʚʝʨʪʘʟʳ SuperScript IV reverse transcriptase (Thermo 

Fisher Scientific), ʢʦʪʦʨʫʶ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʅʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʧʨʝʧʘʨʘʪʘʭ ʢɼʅʂ ʧʨʦʚʦʜʠʣʠ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʘʡʤʝʨʦʚ RNU11 Frt ʠ 

preRNU11 Rrt, RNU11 Frt ʠ 11R, ʘ ʪʘʢʞʝ 12F ʠ 12R ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ U11 ʧʨʝ-ʤʷʈʅʂ, U11 

ʤʷʈʅʂ ʠ U12 ʤʷʈʅʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ 9F ʠ 9R ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ U5 ʤʷʈʅʂ (ʊʘʙʣʠʮʘ 

2). ʇʦʣʫʯʝʥʥʳʝ ʇʎʈ-ʧʨʦʜʫʢʪʳ ʨʘʟʜʝʣʷʣʠ ʚ 3%-ʥʦʤ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʢʨʘʰʠʚʘʥʠʝʤ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ ʠ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʩ ʧʦʤʦʱʴʶ Chemi-Doc XRS (BioRad). 

 

2.2.5.7 ʋʩʪʘʥʦʚʣʝʥʠʝ ʫʯʘʩʪʢʘ ʙʝʣʢʘ eS1, ʩʰʠʚʘʶʱʝʛʦʩʷ ʩ U11 ʤʷʈʅʂ 

 

ʉʚʷʟʳʚʘʥʠʝ 
32

P-ʤʝʯʝʥʦʛʦ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ U11 ʤʷʈʅʂ ʠ 

ʩʦʜʝʨʞʘʱʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʚʢʣʶʯʝʥʥʳʝ ʦʩʪʘʪʢʠ s
4
U, ʩ 

(His)6-FLAG
eS1 ʧʨʦʚʦʜʠʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ 

ʚʳʰʝ ʚ ʨʘʟʜʝʣʝ 2.2.5.3. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʙʣʫʯʘʣʠ ʤʷʛʢʠʤ ʋʌ-ʩʚʝʪʦʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 

2.2.3.1.1, ʠ ʟʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʣʠ ʈʅʂʘʟʦʡ ʊ1 (50 ʝʜ./ʤʢʣ) ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 37Áʉ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʬʨʘʛʤʝʪʦʚ ʈʅʂ, ʩʰʠʪʳʭ ʩ 
(His)6-FLAG

eS1, ʚ 15%-ʥʦʤ SDS-ʇɸɸɻ. 
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ʂʫʩʦʯʢʠ ʛʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʜʜʫʢʪʘʤ, ʚʳʨʝʟʘʣʠ, ʚʳʩʫʰʠʚʘʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ CNBr ʢʫʩʦʯʝʢ ʛʝʣʷ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

100 ʤʢʣ 70%-ʥʦʡ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʝʡ 0.25 ʄ CNBr, ʚ ʪʝʯʝʥʠʝ 15 ʯ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʵʣʶʠʨʦʚʘʣʠ ʠʟ ʛʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʠʩʧʘʨʷʣʠ ʥʘ ʚʘʢʫʫʤʥʦʡ ʩʫʰʠʣʢʝ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ IOBz ʢʫʩʦʯʢʠ ʛʝʣʷ 

ʧʦʤʝʱʘʣʠ ʚ 100 ʤʢʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 60 ʤʛ/ʤʣ IOBz, 80% ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ 1.5 ʄ 

ʛʫʘʥʠʜʠʥ-HCl, ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʯ. ʇʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʦʩʘʞʜʘʣʠ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʜʦʙʘʚʣʷʷ 1 ʤʣ ʵʪʘʥʦʣʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 

30 ʤʠʥ ʧʨʠ 20000 g ʠ 4Áʉ. ʆʙʨʘʙʦʪʢʫ ʵʥʜʦʧʝʧʪʠʜʘʟʦʡ ArgC ʧʨʦʚʦʜʠʣʠ, ʠʥʢʫʙʠʨʫʷ ʢʫʩʦʯʝʢ ʛʝʣʷ 

ʚ 100 ʤʢʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 25 ʤʄ ʊʨʠʩ-HCl (pH 7.5), 5 ʤʄ CaCl2, 2 ʤʄ ʕɼʊɸ, 5 ʤʄ DTT 

ʠ 0.01 ʤʢʛ/ʤʢʣ Arg-C, ʚ ʪʝʯʝʥʠʝ 16 ʯ ʧʨʠ 37Áʉ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʥʢʫʙʘʮʠʠ ʵʪʦʪ ʨʘʩʪʚʦʨ ʠʩʧʘʨʷʣʠ 

ʥʘ ʚʘʢʫʫʤʥʦʡ ʩʫʰʠʣʢʝ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʨʝʘʢʮʠʡ ʧʝʧʪʠʜʥʳʝ 

ʬʨʘʛʤʝʥʪʳ, ʩʰʠʪʳʝ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʈʅʂ, ʨʘʟʜʝʣʷʣʠ ʚ 16.5%-ʥʦʤ ʪʨʠʩ-ʪʨʠʮʠʥʦʚʦʤ SDS-ʇɸɸɻ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʠʩʧʦʣʴʟʦʚʘʣʠ Ultra-low molecular weight marker (MW 

1.1-26.6 ʢɼʘ, Sigma Aldrich). ɻʝʣʴ ʚʳʩʫʰʠʚʘʣʠ ʠ ʨʘʜʠʦʘʚʪʦʛʨʘʬʠʨʦʚʘʣʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʨʘʩʱʝʧʣʝʥʠʷ ʢʫʩʦʯʢʠ ʠʟ ʛʝʣʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʨʘʫʥʜʘ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʦʜʚʝʨʛʘʣʠ ʦʙʨʘʙʦʪʢʝ ʨʝʘʛʝʥʪʦʚ ʚʪʦʨʦʛʦ ʨʘʫʥʜʘ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, 

ʠ ʜʘʣʝʝ ʪʘʢʞʝ ʨʘʟʜʝʣʷʣʠ ʚ 16.5%-ʥʦʤ ʪʨʠʩ-ʪʨʠʮʠʥʦʚʦʤ SDS-ʇɸɸɻ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʩʫʰʠʚʘʥʠʝʤ ʛʝʣʷ ʠ ʨʘʜʠʦʘʚʪʦʛʨʘʬʠʝʡ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʫʯʘʩʪʢʦʚ U11 ʤʷʈʅʂ, ʩʰʠʚʘʶʱʠʭʩʷ in vitro c eS1, ʧʨʦʚʦʜʠʣʠ ʩʚʷʟʳʚʘʥʠʝ 

32
P-ʤʝʯʝʥʦʛʦ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ U11 ʤʷʈʅʂ ʠ ʩʦʜʝʨʞʘʱʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʚʢʣʶʯʝʥʥʳʝ ʦʩʪʘʪʢʠ s
4
U, ʩ 

(His)6-FLAG
eS1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʣʫʯʝʥʠʝʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ ʧʨʦʪʝʠʥʘʟʫ ʂ (0.01 ʤʛ/ʤʣ), ʠ ʩʤʝʩʴ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 37Áʉ. ʈʅʂ ʚʳʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.2.5.5). ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʨʘʟʜʝʣʷʣʠ ʚ 8%-ʥʦʤ ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ ʇɸɸɻ 

ʧʦʩʣʝ ʯʝʛʦ ʛʝʣʴ ʚʳʩʫʰʠʚʘʣʠ ʠ ʨʘʜʠʦʘʚʪʦʛʨʘʬʠʨʦʚʘʣʠ. 

 

2.2.5.8 ʆʮʝʥʢʘ ʫʨʦʚʥʷ U11 ʧʨʝ-ʤʷʈʅʂ ʚ ʢʣʝʪʢʘʭ, ʜʝʬʠʮʠʪʥʳʭ ʧʦ eS1, ʩ ʧʦʤʦʱʴʶ ʇʎʈ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 1 ʤʢʛ ʪʦʪʘʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʈʅʂ ʠʟ ʢʣʝʪʦʢ HEK293, 

ʜʝʬʝʮʠʪʥʳʭ ʧʦ eS1 (ʩʤ. ʨʘʟʜʝʣ 2.2.3.4), 2.5 ʤʄ random-ʧʨʘʡʤʝʨ d(N)6 (Thermo Fisher Scientific) 

ʠ 200 ʝʜ. ʘʢʪ. ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ Superscript IV  (Thermo Fisher Scientific). ʈʝʘʢʮʠʶ 

ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʬʝʨʤʝʥʪʘ. ʈʝʘʢʮʠʠ ʇʎʈ 
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ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʣʠ ʥʘ CFX96 thermal cycler (Bio-Rad) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SYTO82 ʚ 

ʢʘʯʝʩʪʚʝ ʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʨʝʘʛʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʡʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʫ RNU11 Frt ʠ 

preRNU11 Rrt ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ U11 ʧʨʝ-ʤʷʈʅʂ ʠ ʧʘʨʫ GAPDH-F ʠ GAPDH-R (ʊʘʙʣʠʮʘ 2) ʜʣʷ 

ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʤʈʅʂ GAPDH, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʠ ʥʦʨʤʘʣʠʟʘʮʠʶ ʫʨʦʚʥʷ U11 

ʧʨʝ-ʤʷʈʅʂ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʚ ʯʝʪʳʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ, ʢʘʞʜʳʡ ʚ 

ʯʝʪʳʨʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ. 

 

2.2.5.9 ɺʘʣʠʜʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ ʜʣʷ ʢʣʝʪʦʢ, ʜʝʬʠʮʠʪʥʳʭ ʧʦ eL29, 

ʩ ʧʦʤʦʱʴʶ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ 5 ʤʢʛ ʪʦʪʘʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʈʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʢʣʝʪʦʢ 

HEK293, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʤʠ ʠ ʩʧʝʮʠʬʠʯʥʳʤʠ ʧʨʦʪʠʚ eL29 siʈʅʂ (ʩʤ. ʨʘʟʜʝʣ 

2.2.2.2), 100 ʧʤʦʣʴ random-ʧʨʘʡʤʝʨʘ d(N)6 (Thermo Fisher Scientific) ʠ 100 ʝʜ. ʘʢʪ. ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʪʘʟʳ Maxima H Minus reverse transcriptase (Thermo Fisher Scientific). ʈʝʘʢʮʠʶ 

ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʬʝʨʤʝʥʪʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʢɼʅʂ ʩʣʫʞʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮ ʜʣʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʫʶ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ 

LightCycler 96 (Roche) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ, ʫʧʦʤʠʥʘʚʰʝʛʦʩʷ ʚ 

ʨʘʟʜʝʣʝ 2.2.5.8, ʠ ʥʘʙʦʨʘ ʩʧʝʮʠʬʠʯʥʳʭ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʝʡ ʤʈʅʂ ʛʝʥʦʚ HYRRAD23, 

TFAM, CHCHD3, G3BP1, CLIC4, RPL29 ʠ GAPDH (ʊʘʙʣʠʮʘ 2). ʋʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʧʝʨʚʳʭ 

ʰʝʩʪʠ ʛʝʥʦʚ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ GAPDH. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʸʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ. ʂʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠʠ ʮʝʣʝʚʳʭ ʛʝʥʦʚ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʥʦʨʤʘʣʠʟʘʮʠʠ ʫʨʦʚʥʝʡ ʠʭ ʵʢʩʧʨʝʩʩʠʠ ʢ ʫʨʦʚʥʶ 

ʵʢʩʧʨʝʩʩʠʠ GAPDH ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ LightCyler 96 ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʸʥ ʩ ʧʦʤʦʱʴʶ GraphPad Prism (ʚʝʨʩʠʷ 8.3.0) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʪʝʩʪ ʇʠʨʩʦʥʘ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ Log2Fold change, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ ʠ 

ʦʮʝʥʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ, ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ cor.test ʠʟ ʧʘʢʝʪʘ 

R Stats. 

 

2.2.5.10 ɸʬʬʠʥʥʦʝ ʩʰʠʚʘʥʠʝ s
4
U-ʩʦʜʝʨʞʘʱʠʭ ʘʥʘʣʦʛʦʚ ʤʈʅʂ ʩ 80S ʨʠʙʦʩʦʤʘʤʠ 

 

ʈʠʙʦʩʦʤʥʳʝ 40S ʠ 60S ʩʫʙʯʘʩʪʠʮʳ ʚʳʜʝʣʷʣʠ ʠʟ ʧʣʘʮʝʥʪʳ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [267]. 

ʆʯʠʱʝʥʥʳʝ ʪʈʅʂ
Phe

 (~80%) ʠ ʪʈʅʂ
Val

 (~70%) ʠʟ E. coli ʙʳʣʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ 

ɺ.ʀ. ʂʘʪʫʥʠʥʳʤ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɻʘʪʯʠʥʘ, ʈʦʩʩʠʷ). 
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ɼʨʦʞʞʝʚʘʷ ʪʈʅʂ
Asp

 ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʊ7-ʪʨʘʥʩʢʨʠʧʮʠʠ in vitro, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [268]. ɼʅʂ-

ʤʘʪʨʠʮʳ ʜʣʷ ʩʠʥʪʝʟʘ in vitro ʤʈʅʂ-ʘʥʘʣʦʛʦʚ I-IV ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʚʩʪʨʦʝʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ s
4
U 

ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʛʠʙʨʠʜʠʟʘʮʠʠ ʦʣʠʛʦʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ F-Asp ʠ R-Asp, F-PheAsp ʠ 

R-PheAsp, F-PheVal ʠ R-PheVal, ʘ ʪʘʢʞʝ F-PheVal(C-rich) ʠ R-PheVal(C-rich) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʘʢʮʠʶ ʊ7-ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʦʚʦʜʠʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [266]. ʂʦʥʮʝʥʪʨʘʮʠʷ UTP ʠ s
4
UTP ʚ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʷʭ ʙʳʣʘ 0.5 ʤʄ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʳ 

ʦʯʠʱʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ 12%-ʥʦʤ ʇɸɸɻ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʘʣʦʛʦʚ ʤʈʅʂ. ʄʝʪʢʫ 
32

P ʧʦ 5ô-ʢʦʥʮʘʤ ʪʈʅʂ ʠʣʠ ʘʥʘʣʦʛʦʚ ʤʈʅʂ, ʝʩʣʠ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ, 

ʚʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [ɔ-
32

P]-ɸʊP ʠ ʊ4 ʇʅʂ ʧʦʩʣʝ ʠʭ ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

FastAP ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ (Thermo Fisher Scientific). ʂʦʤʧʣʝʢʩʳ 80S ʨʠʙʦʩʦʤ ʩ ʤʈʅʂ ʠ 

ʪʈʅʂ, ʩ ʢʦʜʦʥ-ʘʥʪʠʢʦʜʦʥʦʚʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʈ-ʫʯʘʩʪʢʝ ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ɸ- ʠ P-

ʫʯʘʩʪʢʘʭ ʧʦʣʫʯʝʥʳ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [70]. ʉʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʩ 80S ʨʠʙʦʩʦʤʘʤʠ 
32

P-ʤʝʯʝʥʳʭ 

ʪʈʅʂ
Asp

 ʠʣʠ ʪʈʅʂ
Phe
, ʘ ʪʘʢʞʝ 

32
P-ʤʝʯʝʥʳʭ ʤʈʅʂ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʯʝʨʝʟ ʥʠʪʨʦʮʝʣʣʶʣʦʭʥʳʡ ʬʠʣʴʪʨʳ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [70]. ɼʣʷ ʬʦʪʦʘʬʬʠʥʥʦʛʦ 

ʩʰʠʚʘʥʠʷ ʘʥʘʣʦʛʦʚ ʤʈʅʂ I-IV ʚ ʪʨʦʡʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩ ʢʦʜʦʥ-ʘʥʪʠʢʦʜʦʥʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʚ ʈ-ʫʯʘʩʪʢʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ 80S ʨʠʙʦʩʦʤʳ (0.83 ʤʢM), 
32

P-ʤʝʯʝʥʳʝ ʘʥʘʣʦʛʠ 

ʤʈʅʂ (2 ʤʢM) ʠ ʪʈʅʂ (7 ʤʢM) ʚ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 50 ʤM ʊʨʠʩ-HCl (pH 7.5), 100 ʤʄ KCl, 

13 ʤʄ MgCl2 ʠ 0.5 ʤʄ ʕɼʊɸ. ɼʣʷ ʩʰʠʚʘʥʠʷ ʘʥʘʣʦʛʦʚ ʤʈʅʂ II ʠ III  ʚ ʯʝʪʚʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩ 

ʢʦʜʦʥ-ʘʥʪʠʢʦʜʦʥʦʚʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ɸ- ʠ ʈ-ʫʯʘʩʪʢʘʭ ʚ ʨʝʘʢʮʠʦʥʫʶ ʩʤʝʩʴ 

ʜʦʙʘʚʣʷʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʈʅʂ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 13 ʤʢM. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʩʚʷʟʳʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ ʦʙʣʫʯʘʣʠ ʤʷʛʢʠʤ ʋʌ ʩʚʝʪʦʤ (ʩʤ. ʨʘʟʜʝʣ 2.2.3.1.1) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʩʰʠʚʦʢ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 12%-ʥʦʤ ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ 

SDS-ʇɸɸɻ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʩʰʠʪʳʭ ʩ ʘʥʘʣʦʛʘʤʠ ʤʈʅʂ, ʧʨʦʚʦʜʠʣʠ, 

ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʨʘʥʝʝ ʵʬʬʝʢʪʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʨʠʙʦʩʦʤʥʳʤʠ ʙʝʣʢʘʤʠ, ʥʘ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ 

ʧʦʩʣʝʜʥʠʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ [5, 64, 70, 

269]. 

 

2.2.6 ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ 40S ʨʠʙʦʩʦʤʥʳʭ ʩʫʙʯʘʩʪʠʮ ʠ ʤʦʜʝʣʝʡ U1 ʤʷʈʅʂ 

 

ɼʣʷ ʘʥʘʣʠʟʘ PDB-ʬʘʡʣʦʚ ʤʦʜʝʣʝʡ ʨʠʙʦʩʦʤʥʳʭ ʩʫʙʯʘʩʪʠʮ ʠʩʧʦʣʴʟʦʚʘʣʠ PyMol ʠ Chimera 

[270]. ɼʣʷ ʘʥʘʣʠʟʘ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ eS1 ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʫ 

BindN+ [271] ʩ ʧʘʨʘʤʝʪʨʦʤ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 90%. 
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ɻʃɸɺɸ 3. ʅʆɺʓɽ ʌʋʅʂʎʀʀ ʈʀɹʆʉʆʄʅʓʍ ɹɽʃʂʆɺ eS1, uS19 ʀ eL29 ʏɽʃʆɺɽʂɸ, 

ɺʓʗɺʃɽʅʅʓɽ ʉ ʇʆʄʆʑʔʖ ʄɽʊʆɼʆɺ, ʆʉʅʆɺɸʅʅʓʍ ʅɸ 

ɺʓʉʆʂʆʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʄ ʉɽʂɺɽʅʀʈʆɺɸʅʀʀ ʈʅʂ (ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ 

ʆɹʉʋɾɼɽʅʀɽ) 

 

3.1 ʈʝʟʫʣʴʪʘʪʳ 

 

ʅʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ ʦʙ ʫʯʘʩʪʠʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʩʦʩʪʘʚʝ ʨʠʙʦʩʦʤʳ ʠ ʚʥʝ ʝʸ ʚʦ 

ʤʥʦʞʝʩʪʚʝ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʠʥʪʝʨʝʩ ʢ ʚʳʷʚʣʝʥʠʶ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ 

ʬʫʥʢʮʠʡ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ 

ʚʥʝʨʠʙʦʩʦʤʥʳʭ ʬʫʥʢʮʠʡ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʢʣʝʪʦʯʥʳʤʠ ʈʅʂ (ʧʦʤʠʤʦ ʨʈʅʂ) [15, 171, 175, 219, 220]. ʈ̫ ʜ ʜʨʫʛʠʭ ʧʨʠʤʝʨʦʚ ʢʘʩʘʝʪʩʷ ʠʭ 

ʬʫʥʢʮʠʡ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ [125, 272]. ʆʜʥʘʢʦ ʚ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪ ʘʚʪʦʨʳ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʠʰʴ ʦʧʠʩʘʥʠʝʤ ʵʬʬʝʢʪʦʚ ʥʘ ʢʣʝʪʦʯʥʳʝ 

ʢʫʣʴʪʫʨʳ ʠʣʠ ʤʦʜʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʠʮʠʪʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ ʠʣʠ ʥʘʣʠʯʠʷ ʤʫʪʘʮʠʠ ʚ ʢʦʜʠʨʫʶʱʝʤ ʝʛʦ ʛʝʥʝ [23, 32]. ʀʤʝʶʪʩʷ ʣʠʰʴ 

ʝʜʠʥʠʯʥʳʝ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʧʨʦʷʩʥʷʶʪ ʢʦʥʢʨʝʪʥʫʶ ʨʦʣʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʪʠʚʦʚ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʦʪʜʝʣʴʥʳʤʠ ʨʠʙʦʩʦʤʥʳʤʠ ʙʝʣʢʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʨʠʙʦʩʦʤ [253, 273]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʈʅʂ, ʙʳʣʘ 

ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ eS1, uS19 ʠ eL29 ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʠʣʠ ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʠʭ ʫʯʘʩʪʠʝʤ. 

ʄʝʪʦʜ PAR-CLIP ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʢʣʝʪʦʯʥʳʭ ʈʅʂ ʩ ʙʝʣʢʘʤʠ eS1 ʠ uS19. ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʰʠʚʘʥʠʠ ʈʅʂ ʠ ʙʝʣʢʦʚ ʚ ʞʠʚʳʭ 

ʢʣʝʪʢʘʭ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʝ ʘʥʘʣʦʛʠ 

ʥʫʢʣʝʦʟʠʜʦʚ (s
4
U ʠʣʠ s

6
G) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʝʡ ʧʨʦʜʫʢʪʦʚ ʩʰʠʚʢʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʰʠʪʳʭ ʈʅʂ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ [36]. ɼʦʙʘʚʣʝʥʠʝ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ s
4
U ʠʣʠ s

6
G ʧʨʠʚʦʜʠʪ ʢ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʚʢʣʶʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʝ 

ʤʦʣʝʢʫʣʳ ʈʅʂ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʩʰʠʚʘʥʠʝ ʩ ʙʝʣʢʘʤʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʣʝʪʦʢ 

ʤʷʛʢʠʤ ʋʌ ʩʚʝʪʦʤ (365 ʥʤ). ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ PAR-CLIP ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ CLIP-

ʤʝʪʦʜʘʤʠ (HITS-CLIP [34] ʠʣʠ iCLIP [35]), ʛʜʝ ʈʅʂ-ʙʝʣʢʦʚʳʝ ʩʰʠʚʢʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʷʤʦʛʦ ʋʌ ʦʙʣʫʯʝʥʠʷ ʪʢʘʥʝʡ ʠʣʠ ʢʣʝʪʦʢ, ʦʪʥʦʩʠʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʩʪʘʪʢʠ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ 

ʘʥʘʣʦʛʦʚ ʥʫʢʣʝʦʪʠʜʦʚ, ʙʫʜʫʯʠ ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʈʅʂ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ 

ʩʰʠʚʘʥʠʷ ʩ ʙʝʣʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʈʅʂ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 
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ʩʘʡʪʳ ʩʰʠʚʢʠ ʚ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʧʦ ʧʦʷʚʣʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʨʘʥʟʠʮʠʡ T/C ʠʣʠ 

G/A ʚ ʩʠʢʚʝʥʩʥʳʭ ʨʠʜʘʭ ʦʪ ʦʙʨʘʟʮʦʚ ʢʣʝʪʦʢ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ s
4
U ʠʣʠ s

6
G 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (A/G ʠʣʠ C/T ʜʣʷ ʩʠʢʚʝʥʩʥʳʭ ʨʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʈʅʂ, ʢʦʜʠʨʫʝʤʳʭ 

ʤʠʥʫʩ ʮʝʧʷʤʠ ɼʅʂ). ʕʪʠ ʪʨʘʥʟʠʮʠʠ ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ɼʅʂ 

ʙʠʙʣʠʦʪʝʢ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʈʅʂ, ʩʰʠʪʳʭ ʩ ʦʩʪʘʪʢʘʤʠ ʧʝʧʪʠʜʦʚ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʩ ʧʦʤʦʱʴʶ 

ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʘʧʨʦʪʠʚ ʦʩʪʘʪʢʦʚ s
4
U ʠʣʠ s

6
G, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʰʠʚʢʘʭ, ʯʘʱʝ 

ʦʢʘʟʳʚʘʶʪʩʷ ʦʩʪʘʪʢʠ G ʠʣʠ T [36, 274], ʧʦʪʦʤʫ ʯʪʦ ʨʝʚʝʨʪʘʟʘ ʨʘʩʧʦʟʥʘʝʪ ʵʪʠ ʩʰʠʪʳʝ ʦʩʪʘʪʢʠ 

ʢʘʢ C ʠʣʠ ɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʄʝʪʦʜ ʈʅʂ-ʩʝʢ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʣʥʦʛʝʥʦʤʥʦʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ʈʅʂ, ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʜʝʬʠʮʠʪʘ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eL29 ʥʘ ʪʨʘʥʩʢʨʠʧʪʦʤ ʢʣʝʪʦʢ HEK293. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʢʣʝʪʦʯʥʳʭ ʈʅʂ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭ ʛʝʥʦʚ, ʯʴʷ ʵʢʩʧʨʝʩʩʠʷ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʪʦʤʘ 

ʚʩʣʝʜʩʪʚʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʝʪʢʠ [37]. ʇʦʜ ʠʟʤʝʥʝʥʠʷʤʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʩʦʩʪʘʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʪʩʫʪʩʪʚʠʝ 

ʢʠʩʣʦʨʦʜʘ ʠ ʪ.ʜ.), ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠ ʢʦʣʠʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʘʤʠʭ 

ʢʣʝʪʦʢ (ʥʘʧʨʠʤʝʨ, ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʙʝʣʢʘ ʚ ʢʣʝʪʢʝ, ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʠ ʚ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʠ ʪ.ʜ.). ʀʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʚʘʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ, ʥʘʧʨʠʤʝʨ, ʩʥʠʞʘʷ ʫʨʦʚʝʥʴ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ (ʠʟʫʯʘʝʤʦʛʦ) ʙʝʣʢʘ ʚ ʢʣʝʪʢʝ ʧʦʩʨʝʜʩʪʚʦʤ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʈʅʂ-

ʩʝʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʝʪʢʘ ʦʪʚʝʪʠʪ ʥʘ ʜʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠ ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʧʨʠ 

ʵʪʦʤ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʪʦʤʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʟʘʢʣʶʯʝʥʠʷ ʦ ʪʦʤ, ʵʢʩʧʨʝʩʩʠʷ ʢʘʢʠʭ ʛʝʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʙʘʣʘʥʩʘ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʚ ʢʣʝʪʢʝ ʠ ʚ ʢʘʢʠʝ 

ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʦʥ ʚʦʚʣʝʯʝʥ. 

 

3.1.1 ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʝʪʦʯʥʳʭ ʈʅʂ-ʧʘʨʪʥʝʨʦʚ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eS1 

 

ʈʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ eS1 (ʨʘʥʝʝ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʡ ʢʘʢ S3a) ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ 

ʙʝʣʢʦʚ 40S ʩʫʙʯʘʩʪʠʮʳ, ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ~31 ʢɼʘ, ʘ ʜʣʠʥʘ ï 243 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʘ. ʕʪʦʪ ʙʝʣʦʢ ʥʝ ʠʤʝʝʪ ʛʦʤʦʣʦʛʦʚ ʩʨʝʜʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʙʘʢʪʝʨʠʡ ï ʦʥ ʩʧʝʮʠʬʠʯʝʥ 

ʜʣʷ ʵʫʢʘʨʠʦʪ ʠ ʘʨʭʝʡ. ɺ ʩʦʩʪʘʚʝ 40S ʩʫʙʯʘʩʪʠʮʳ eS1 ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ 

ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʘʰʠʥʳ; ʚ ʯʘʩʪʥʦʩʪʠ, ʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʬʘʢʪʦʨʦʤ ʪʨʘʥʩʣʷʮʠʠ eIF3 ʠ 

ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ IRES-ʵʣʝʤʝʥʪʘ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ [15, 16, 266, 

275]. ʆʜʥʘʢʦ ʦ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚʥʝ ʨʠʙʦʩʦʤʳ ʠʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʨʷʜʝ ʨʘʙʦʪ ʚʩʪʨʝʯʘʝʪʩʷ ʫʧʦʤʠʥʘʥʠʝ ʦ ʪʦʤ, ʯʪʦ eS1 ʤʦʞʝʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʤʠʤʦ ʪʨʘʥʩʣʷʮʠʠ. ɺ ʨʘʙʦʪʘʭ ʥʘʯʘʣʘ 1990 ʛʦʜʦʚ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʛʝʥ, 

ʢʦʜʠʨʫʶʱʠʡ eS1, ʠʜʝʥʪʠʯʝʥ ʛʝʥʫ ʙʝʣʢʘ Fte-1 (ʵʬʬʝʢʪʦʨ ʪʨʘʥʩʬʦʨʤʘʮʠʠ v-fos) ʠ TNF-Ŭ-



88 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ ʤʳʰʠʥʦʤʫ ʛʝʥʫ TU-11 [276] ʠ ʯʪʦ ʝʛʦ ʵʢʩʧʨʝʩʩʠʷ ʥʘʨʫʰʘʝʪʩʷ ʚ v-fos-

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʢʨʳʩʳ [277, 278]. ʇʦʟʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ eS1 

ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʪʘʢʠʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʨʝʛʫʣʷʮʠʷ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ ʨʘʟʚʠʪʠʝ [278], 

ʢʣʝʪʦʯʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ [278, 279] ʠ ʘʧʦʧʪʦʟ [279]. ʅʘʧʨʠʤʝʨ, eS1 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ CHOP (ʦʪ ʘʥʛʣ. CCAAT-enhancer-binding protein homologous 

protein), ʠʥʛʠʙʠʨʫʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʢʦʨʷʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʢʣʝʪʦʢ ʵʨʠʪʨʦʠʜʥʦʛʦ ʨʷʜʘ [20]. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ eS1 ʯʝʨʝʟ ʩʚʷʟʳʚʘʥʠʝ ʩ ʘʥʪʠ-ʘʧʦʧʪʦʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ Bcl-2 (ʦʪ 

ʘʥʛʣ. B-cell lymphoma 2) ʧʦʜʘʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ PARP, ʧʨʠʚʦʜʷ ʢ ʦʩʪʘʥʦʚʢʝ ʘʧʦʧʪʦʟʘ [19, 280]. 

ʗʜʝʨʥʳʡ eS1 ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3,4,5-ʪʨʠʬʦʩʬʘʪʦʤ, ʚʘʞʥʳʤ 

ʚʪʦʨʠʯʥʳʤ ʧʦʩʨʝʜʥʠʢʦʤ ʚ ʧʝʨʝʜʘʯʝ ʢʣʝʪʦʯʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʦʪʚʝʪʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʪʠʤʫʣʳ, ʯʪʦ 

ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʦʚʣʝʯʝʥʠʠ PI-3-ʢʠʥʘʟʳ ʚ ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ, 

ʧʨʦʤʦʪʠʨʫʶʱʠʝ ʘʧʦʧʪʦʟ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ eS1 [281]. ʂʨʦʤʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʚ ʩʦʩʪʘʚʝ ʨʠʙʦʩʦʤʳ ʩ IRES-ʵʣʝʤʝʥʪʦʤ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ, eS1 ʧʨʦʷʚʣʷʝʪ 

ʩʨʦʜʩʪʚʦ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʘʤ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʚʠʨʫʩʦʚ ʚʥʝ ʘʧʧʘʨʘʪʘ 

ʪʨʘʥʩʣʷʮʠʠ. ʊʘʢ, ʚ ʯʝʣʦʚʝʯʝʩʢʠʭ B-ʢʣʝʪʢʘʭ, ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚʠʨʫʩʦʤ ʕʧʰʪʝʡʥ-ɹʘʨʨ, eS1 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ EBNA-5 ï ʙʝʣʢʦʤ, ʢʦʜʠʨʫʝʤʳʤ ʚʠʨʫʩʦʤ. ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ eS1 

ʚ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ B-ʣʠʤʬʦʮʠʪʘʭ [247] ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʚʥʷ eS1 ʚ ʢʣʝʪʢʘʭ ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʚʠʨʫʩʦʤ ʛʝʧʘʪʠʪʘ B, 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ HBx-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ NF-kB ʩʠʛʥʘʣʠʥʛʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ eS1 ʩ HBx ï ʙʝʣʢʦʤ X, ʢʦʜʠʨʫʝʤʳʤ ʛʝʥʦʤʦʤ ʵʪʦʛʦ ʚʠʨʫʩʘ ʠ ʠʟʚʝʩʪʥʳʤ ʢʘʢ 

ʚʘʞʥʳʡ ʫʯʘʩʪʥʠʢ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʚʠʜʘ ʨʘʢʘ [125]. ʀʥʪʝʨʝʩʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ eS1 ʚ ʢʣʝʪʢʘʭ ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʢʣʦʥʥʦʛʦ ʢ ʘʛʨʝʛʘʮʠʠ HBx, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʦʥ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʰʘʧʝʨʦʥ [125]. ɺ ʨʘʙʦʪʝ [272] ʩʭʦʞʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʳʷʚʣʝʥʘ ʫ ʜʨʦʞʞʝʚʦʛʦ 

eS1, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʘʛʨʝʛʘʮʠʠ Ŭ-ʩʠʥʫʢʣʝʠʥʘ. ʇʨʠ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʘʛʨʝʛʘʪʦʚ Ŭ-ʩʠʥʫʢʣʝʠʥʘ ʚ ʪʝʣʴʮʘʭ ʃʝʚʠ ʩʯʠʪʘʶʪ ʤʘʨʢʝʨʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʛʠʙʝʣʴʶ 

ʥʝʡʨʦʥʦʚ [282, 283]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʪʘʥʪʥʳʭ ʬʦʨʤ eS1 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘ 

ʰʘʧʝʨʦʥʦʧʦʜʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʪʚʝʪʩʪʚʝʥʝʥ ʝʛʦ N-ʢʦʥʮʝʚʦʡ ʫʯʘʩʪʦʢ 1-50 [125, 272]. 

ɺʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʝʥ ʵʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ eS1 ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ, ʚʳʟʚʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʬʠʮʠʪ 

eS1 ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʷʠʯʥʠʢʦʚ ʫ Drosophila melanogaster [284] ʠ ʤʦʞʝʪ 

ʚʥʦʩʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʢʣʘʜ ʚ ʘʨʝʩʪ ʮʠʢʣʘ ʨʘʟʚʠʪʠʷ ʷʠʯʥʠʢʦʚ ʫ ʤʦʩʢʠʪʦʚ Culex pipiens [285]. 
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3.1.1.1 ʇʨʝʜʩʢʘʟʘʥʠʝ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ ʚ eS1 ʜʣʷ ʢʣʝʪʦʯʥʳʭ ʈʅʂ 

 

ɸʥʘʣʠʟ ʢʨʠʦ-ʕʄ ʤʦʜʝʣʝʡ ʨʠʙʦʩʦʤ [40, 286], ʜʦʩʪʫʧʥʳʭ ʥʘ ʤʦʤʝʥʪ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ, ʧʦʢʘʟʘʣ, ʯʪʦ eS1 ʨʘʩʧʦʣʦʞʝʥ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʧʣʘʪʬʦʨʤʝè 40S ʩʫʙʯʘʩʪʠʮʳ ʥʝʜʘʣʝʢʦ 

ʦʪ ʫʯʘʩʪʢʘ ʚʳʭʦʜʘ ʤʈʅʂ. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʤʦʜʝʣʷʤ, ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ eS1, ʷʚʣʷʶʱʘʷʩʷ 

ʛʣʦʙʫʣʷʨʥʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʘʙʦ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ C- ʠ N-ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʜʦʤʝʥʘʤʠ (CTD ʠ 

NTD ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʦʛʜʘ ʢʘʢ ʝʛʦ ʜʣʠʥʥʳʝ N- ʠ ʉ-ʢʦʥʮʝʚʳʝ ʫʯʘʩʪʢʠ ʦʩʪʘʣʠʩʴ ʥʝ 

ʨʘʟʨʝʰʝʥʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʥʠ ʥʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʠ ʣʘʙʠʣʴʥʳ (ʈʠʩʫʥʦʢ 

17 ɸ). ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʩʣʝʜʦʚʘʣʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʥʪʘʢʪʦʚ ʵʪʦʛʦ ʙʝʣʢʘ ʩ 18S 

ʨʈʅʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʝʛʦ CTD. ɸʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ eS1 ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ BindN+ [271], ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʝʜʩʢʘʟʘʪʴ ʦʩʪʘʪʢʠ ʙʝʣʢʘ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʩʧʦʩʦʙʥʳʝ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʩʚʷʟʳʚʘʥʠʠ ʈʅʂ, ʚʳʷʚʠʣ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʦʩʪʘʪʢʘʤ, ʢʦʪʦʨʳʝ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʯʘʩʪʢʫ eS1, ʢʦʥʪʘʢʪʠʨʫʶʱʝʤʫ ʩ 18S ʈʅʂ ʚ 40S ʩʫʙʯʘʩʪʠʮʝ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʡ ʫʯʘʩʪʦʢ ʚ ʝʛʦ ʥʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤ N-ʢʦʥʮʝʚʦʤ ʭʚʦʩʪʝ 

(ʈʠʩʫʥʦʢ 17 ɹ). ʇʦʩʢʦʣʴʢʫ ʵʪʦʪ ʫʯʘʩʪʦʢ eS1 ʥʝ ʚʦʚʣʝʢʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʩʪʚʠʝ ʩ 18S ʨʈʅʂ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ 40S ʩʫʙʯʘʩʪʠʮʳ. ʆʙʥʘʨʫʞʝʥʠʝ 

ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʚ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ eS1 ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʙʝʣʦʢ ʤʦʞʝʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ ʢʣʝʪʦʯʥʳʤʠ ʈʅʂ, ʙʫʜʫʯʠ ʚʥʝ ʨʠʙʦʩʦʤʳ.  

 

 

ʈʠʩʫʥʦʢ 17. ʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʝ ʫʯʘʩʪʢʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eS1. (ɸ) ʉʣʝʚʘ ï 

ʨʘʩʧʦʣʦʞʝʥʠʝ eS1 (ʚʳʜʝʣʝʥ ʢʨʘʩʥʳʤ) ʚ 40S ʩʫʙʯʘʩʪʠʮʝ ʨʠʙʦʩʦʤʳ ʩʦʛʣʘʩʥʦ ʢʨʠʦ-ʕʄ ʤʦʜʝʣʠ ʝʸ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (PDB ID: 4V6X [40]), ʛʜʝ 18S ʨʈʅʂ ʧʦʢʘʟʘʥʘ ʩʝʨʳʤ ʮʚʝʪʦʤ, ʘ ʨʠʙʦʩʦʤʥʳʝ 

ʙʝʣʢʠ ï ʟʝʣʸʥʳʤ. ʉʧʨʘʚʘ ï ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ eS1, ʚʳʯʣʝʥʝʥʥʦʡ ʠʟ ʩʪʨʫʢʪʫʨʳ 40S 

ʩʫʙʯʘʩʪʠʮʳ. (ɹ) ɸʤʠʥʦʢʠʩʣʦʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ eS1 ʯʝʣʦʚʝʢʘ. ʂʨʘʩʥʳʤ ʚʳʜʝʣʝʥʳ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʩʧʦʩʦʙʥʳʝ ʢ ʫʯʘʩʪʠʶ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʈʅʂ, ʩʦʛʣʘʩʥʦ ʧʨʝʜʩʢʘʟʘʥʠʶ 

ʧʨʦʛʨʘʤʤʳ BindN+. ʉʚʝʪʣʦ-ʛʦʣʫʙʳʝ ʠ ʬʠʦʣʝʪʦʚʳʝ ʪʦʯʢʠ ʥʘʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʦʙʦʟʥʘʯʘʶʪ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ eS1, ʢʦʪʦʨʳʝ ʚʦʚʣʝʯʝʥʳ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 18S ʨʈʅʂ ʩʦʛʣʘʩʥʦ ʜʚʫʤ 

ʨʘʟʣʠʯʥʳʤ ʢʨʠʦ-ʕʄ ʤʦʜʝʣʷʤ 40S ʩʫʙʯʘʩʪʠʮʳ (PDB ID: 4V6X [40] ʠ PDB ID: 5AJ0 [286] 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʋʯʘʩʪʢʠ ʙʝʣʢʘ, ʥʝ ʨʘʟʨʝʰʝʥʥʳʝ ʥʘ ʵʪʠʭ ʤʦʜʝʣʷʭ, ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʝʡ ʧʫʥʢʪʠʨʥʦʡ 

ʣʠʥʠʝʡ.  

 

3.1.1.2 ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʪʘʙʠʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ, ʧʨʦʜʫʮʠʨʫʶʱʝʡ 
FLAG

eS1, ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʩʰʠʚʘʥʠʝ ʈʅʂ ʩ ʵʪʠʤ ʙʝʣʢʦʤ 

 

ɼʣʷ ʧʦʠʩʢʘ ʈʅʂ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ eS1, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PAR-CLIP ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʩʪʘʙʠʣʴʥʘʷ ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ ʥʘ ʦʩʥʦʚʝ HEK293, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʟʤʠʜʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʧʨʦʜʫʮʠʨʦʚʘʪʴ FLAG-ʤʝʯʝʥʳʡ eS1 

(
FLAG

eS1) ʯʝʣʦʚʝʢʘ ʚ ʦʪʚʝʪ ʥʘ ʜʦʙʘʚʣʝʥʠʝ DOX (ʈʠʩʫʥʦʢ 18 ɸ). ʉ ʧʦʤʦʱʴʶ ʚʝʩʪʝʨʥ-ʙʣʦʪ 

ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ eS1 ʧʦʢʘʟʘʥʦ, ʯʪʦ 
FLAG

eS1 ʥʘʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʢʣʝʪʢʘʭ 

ʵʪʦʡ ʣʠʥʠʠ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʥʜʦʛʝʥʥʦʛʦ ʙʝʣʢʘ, 

ʥʝ ʚʣʠʷʷ ʟʘʤʝʪʥʦ ʥʘ ʫʨʦʚʥʠ ʜʨʫʛʠʭ ʙʝʣʢʦʚ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ ʢʣʝʪʢʠ (ʈʠʩʫʥʦʢ 18 ɸ). 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 
FLAG

eS1 ʧʨʦʚʝʨʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʘ ʬʨʘʢʮʠʡ 

ʧʦʣʠʩʦʤʥʦʛʦ ʧʨʦʬʠʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʮʝʣʴʥʦʢʣʝʪʦʯʥʦʛʦ 

ʣʠʟʘʪʘ ʚ ʛʨʘʜʠʝʥʪʝ ʧʣʦʪʥʦʩʪʠ ʩʘʭʘʨʦʟʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ FLAG-ʵʧʠʪʦʧʘ. ʀʟ 

ʈʠʩʫʥʢʘ 18 ɹ ʚʠʜʥʦ, ʯʪʦ 
FLAG

eS1 ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʬʨʘʢʮʠʷʭ ʛʨʘʜʠʝʥʪʘ, ʚʢʣʶʯʘʷ ʪʝ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʢʪʠʚʥʳʤ ʚ ʪʨʘʥʩʣʷʮʠʠ 80S ʨʠʙʦʩʦʤʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩʨʘʚʥʝʥʠʝ ʧʦʣʠʩʦʤʥʳʭ 

ʧʨʦʬʠʣʝʡ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ HEK293 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʥʠʠ ʢʣʝʪʦʢ, ʩʪʘʙʠʣʴʥʦ 

ʧʨʦʜʫʮʠʨʫʶʱʠʭ 
FLAG

eS1, ʥʝ ʚʳʷʚʠʣʦ ʢʘʢʠʭ-ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʵʪʠʤʠ 

ʧʨʦʬʠʣʷʤʠ. ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ N-ʢʦʥʮʝʚʦʡ FLAG-ʵʧʠʪʦʧ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ eS1 ʠ ʥʘ ʪʨʘʥʩʣʷʮʠʶ ʚ ʮʝʣʦʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʫʨʦʚʝʥʴ 
FLAG

eS1 ʚʦ ʬʨʘʢʮʠʠ ʣʝʛʢʠʭ ʧʦʣʠʩʦʤ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚʦ ʬʨʘʢʮʠʠ ʪʷʞʝʣʳʭ 

ʧʦʣʠʩʦʤ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʨʠʙʦʩʦʤʳ, ʩʦʜʝʨʞʘʱʠʝ 
FLAG

eS1, ʤʝʥʝʝ ʘʢʪʠʚʥʳ ʚ 

ʪʨʘʥʩʣʷʮʠʠ, ʯʝʤ ʥʦʨʤʘʣʴʥʳʝ ʨʠʙʦʩʦʤʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʫʯʝʥʥʘʷ ʩʪʘʙʠʣʴʥʘʷ ʣʠʥʠʷ ʢʣʝʪʦʢ 

HEK293, ʧʨʦʜʫʮʠʨʫʶʱʘʷ 
FLAG

eS1, ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʈʅʂ-ʧʘʨʪʥʝʨʦʚ 

ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eS1 ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PAR-CLIP. 

ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PAR-CLIP ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂʣʝʪʢʠ,
 
ʧʨʦʜʫʮʠʨʫʶʱʠʝ

 FLAG
eS1 ʠ ʚʳʨʘʱʝʥʥʳʝ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ  
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ʈʠʩʫʥʦʢ 18. ʇʨʦʜʫʢʮʠʷ 
FLAG

eS1 ʩʪʘʙʠʣʴʥʦʡ ʣʠʥʠʝʡ ʢʣʝʪʦʢ ʥʘ ʦʩʥʦʚʝ HEK293 ʠ ʧʨʦʚʝʨʢʘ ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ 40S ʨʠʙʦʩʦʤʥʳʝ ʩʫʙʯʘʩʪʠʮʳ ʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʝʸ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʪʨʘʥʩʣʷʮʠʠ. (ɸ) ɺʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ ʣʠʟʘʪʦʚ ʢʣʝʪʦʢ ʜʦ ʠ ʯʝʨʝʟ 24, 48 ʠ 72 ʯ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ DOX ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʥʪʠʪʝʣ: ʘʥʪʠ-FLAG, ʘʥʪʠ-eS1, ʘʥʪʠ-uS2, ʘʥʪʠ-ʪʫʙʫʣʠʥ (ʫʢʘʟʘʥʳ ʩʣʝʚʘ). 

ʇʝʨʚʘʷ ʜʦʨʦʞʢʘ ʩʣʝʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʢʦʤʙʠʥʘʥʪʥʦʤʫ 
His6-GLAG

eS1, ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ. 

ʉʪʨʝʣʢʘʤʠ ʩʧʨʘʚʘ ʫʢʘʟʘʥʳ ʧʦʣʦʞʝʥʠʷ 
FLAG

eS1 ʠ eS1, ʘ ʪʘʢʞʝ uS2 ʠ ʪʫʙʫʣʠʥʘ, ʚʟʷʪʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʬʝʨʝʥʩʥʳʭ ʙʝʣʢʦʚ. (ɹ) ʇʦʣʠʩʦʤʥʳʝ ʧʨʦʬʠʣʠ ʢʣʝʪʦʢ ʜʦ (DOX-) ʠ ʧʦʩʣʝ (DOX+) ʦʙʨʘʙʦʪʢʠ DOX, 

ʧʦʣʫʯʝʥʥʳʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʣʴʥʦʢʣʝʪʦʯʥʳʭ ʣʠʟʘʪʦʚ ʚ ʛʨʘʜʠʝʥʪʝ ʧʣʦʪʥʦʩʪʠ 

ʩʘʭʘʨʦʟʳ, ʠ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ ʛʨʘʜʠʝʥʪʥʳʭ ʬʨʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ: ʘʥʪʠ-FLAG, ʘʥʪʠ-eS1 

ʠ ʘʥʪʠ-eS4 ʥʘ ʩʦʜʝʨʞʘʥʠʝ
 FLAG

eS1, eS1 ʠ eS4 (ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ). ɻʠʩʪʦʛʨʘʤʤʳ ʥʠʞʝ ʧʘʥʝʣʝʡ ʚʝʩʪʝʨʥ-

ʙʣʦʪʘ ʦʪʨʘʞʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʫʨʦʚʥʠ 
FLAG

eS1 ʠ eS4 (ʩʣʝʚʘ) ʠ eS1 ʠ eS4 (ʩʧʨʘʚʘ). ʅʝʦʢʨʘʰʝʥʥʳʝ 

ʩʪʦʣʙʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʫʨʦʚʥʶ eS1 (ʠʣʠ 
FLAG

eS1), ʯʸʨʥʳʝ ʩʪʦʣʙʠʢʠ ï ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ 

ʫʨʦʚʥʶ eS4. 

 

ʜʦʙʘʚʣʝʥʠʝʤ s
4
U ʠʣʠ s

6
G, ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʤʷʛʢʠʤ ʋʌ ʧʦʜʚʝʨʛʘʣʠ ʣʠʟʠʩʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ ʣʠʟʘʪʘ ʈʅʂʘʟʦʡ ʊ1. ʉʰʠʪʳʡ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʈʅʂ 
FLAG

eS1 ʚʤʝʩʪʝ ʩʦ ʩʚʦʙʦʜʥʳʤ 

FLAG
eS1 ʠʟʚʣʝʢʘʣʠ ʠʟ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʣʠʟʘʪʘ ʩ ʧʦʤʦʱʴʶ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʪʠ-FLAG ʘʥʪʠʪʝʣ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮʘʭ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
32

P-ʤʝʯʝʥʠʝʤ 

ʬʨʘʛʤʝʥʪʦʚ ʈʅʂ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʩ 
FLAG

eS1. ʌʨʘʛʤʝʥʪʳ ʈʅʂ, ʩʰʠʪʳʝ ʩ 
FLAG

eS1, ʦʯʠʱʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ SDS-ʇɸɸɻ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʦʩʦʤ ʥʘ 

ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʫ ʁʤʝʤʙʨʘʥʫ. ʕʪʦʪ ʧʝʨʝʥʦʩ ʧʨʦʚʦʜʠʣʠ ʚʦ ʠʟʙʝʞʘʥʠʝ ʢʦʥʪʘʤʠʥʘʮʠʠ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʩʰʠʚʢʠ ʬʨʘʛʤʝʥʪʘʤʠ ʈʅʂ, ʥʝ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʘʚʰʠʤʠʩʷ ʩ 
FLAG

eS1 ʠ ʠʤʝʶʱʠʤʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ, ʩʭʦʜʥʫʶ ʩ ʪʘʢʦʚʦʡ ʫ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʀʟ 

ʨʘʜʠʦʘʚʪʦʛʨʘʬʘ ʤʝʤʙʨʘʥʳ (ʈʠʩʫʥʦʢ 19) ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʩʰʠʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʣʝʪʢʘʭ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ s
4
U. ʇʦʵʪʦʤʫ ʵʪʦʪ ʘʥʘʣʦʛ ʥʫʢʣʝʦʟʠʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʚʳʧʦʣʥʝʥʥʦʤ ʚ ʪʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ. 
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ʌʨʘʛʤʝʥʪʳ ʈʅʂ, ʩʰʠʪʳʝ ʩ ʦʩʪʘʪʢʘʤʠ ʧʝʧʪʠʜʦʚ 
FLAG

eS1, ʵʣʶʠʨʦʚʘʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʨʘʛʤʝʥʪʦʚ ʤʝʤʙʨʘʥʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʩʣʝʜʥʠʭ ʧʨʦʪʝʠʥʘʟʦʡ ʂ, ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʬʨʘʛʤʝʥʪʦʚ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ɼʅʂ-ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 19. ɺʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʩʰʠʚʘʥʠʝ 
FLAG
eS1 ʩ ʈʅʂ, ʦʙʥʘʨʫʞʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ PAR-CLIP. 

ʈʘʜʠʦʘʚʪʦʛʨʘʬ ʤʝʤʙʨʘʥʳ, ʥʘ ʢʦʪʦʨʫʶ ʧʝʨʝʥʝʩʝʥʳ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʩʰʠʚʢʠ ʧʦʩʣʝ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ SDS-ʇɸɸɻ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ), ʠ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ ʪʦʡ ʞʝ ʤʝʤʙʨʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠ-eS1 ʘʥʪʠʪʝʣ (ʥʠʞʥʷʷ ʧʘʥʝʣʴ). ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʧʦʣʦʞʝʥʠʷ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ (
FLAG
eS1) ʠ ʩʰʠʪʦʛʦ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʈʅʂ (

FLAG
eS1*) ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ. ʇʝʨʚʳʝ ʜʚʝ 

ʜʦʨʦʞʢʠ ʩʣʝʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʣʫʯʝʥʥʳʤ ʢʣʝʪʢʘʤ, ʚʳʨʘʱʝʥʥʳʤ ʥʘ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ s
4
U ʠʣʠ s

6
G, ʘ ʦʩʪʘʣʴʥʳʝ ʜʚʝ ʜʦʨʦʞʢʠ, ʦʙʦʟʥʘʯʝʥʥʳʝ (ï), ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʝʪʢʘʤ, 

ʚʳʨʘʱʝʥʥʳʤ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ ʘʥʘʣʦʛʦʚ ʥʫʢʣʝʦʟʠʜʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʣʫʯʝʥʠʝʤ ʋʌ 

(+) ʠʣʠ ʙʝʟ ʦʙʣʫʯʝʥʠʷ (ï).  

 

3.1.1.3 ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʥʘ 

ʦʩʥʦʚʝ ʬʨʘʛʤʝʥʪʦʚ ʢʣʝʪʦʯʥʳʭ ʈʅʂ, ʩʰʠʚʘʶʱʠʭʩʷ ʩ 
FLAG

eS1 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʢʣʝʪʦʯʥʳʭ ʈʅʂ, 

ʩʰʠʚʘʶʱʠʭʩʷ c eS1, ʚʳʷʚʠʣ, ʥʘʨʷʜʫ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʠʢʚʝʥʩʥʳʭ ʨʠʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʨʈʅʂ (ʯʪʦ ʙʳʣʦ ʦʞʠʜʘʝʤʦ), ʪʘʢʞʝ ʨʠʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʨʫʛʠʤ ʢʣʝʪʦʯʥʳʤ ʈʅʂ. ʇʦʩʢʦʣʴʢʫ 

ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ eS1 ʠ 18S ʨʈʅʂ ʠʟʚʝʩʪʥʳ ʙʣʘʛʦʜʘʨʷ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʢʨʠʦ-ʕM ʤʦʜʝʣʷʤ 

ʨʠʙʦʩʦʤ, ʨʠʜʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʈʅʂ, ʠʩʢʣʶʯʝʥʳ ʠʟ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ʇʦʩʣʝ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʦʩʪʘʚʰʠʭʩʷ ʨʠʜʦʚ ʥʘ ʛʝʥʦʤ ʯʝʣʦʚʝʢʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʣʘʩʪʝʨʳ ʨʠʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʊ/C-ʪʨʘʥʟʠʮʠʠ, ʧʨʠ ʵʪʦʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʫʜʘʣʝʥʳ ʨʠʜʳ, 

ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʢʣʝʪʢʘʤʠ, ʚʳʨʘʱʝʥʥʳʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ s
4
U, ʥʦ ʥʝ 

ʦʙʣʫʯʝʥʥʳʤʠ ʋʌ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʤʠʰʝʥʠ eS1, 

ʢʦʪʦʨʳʤʠ ʦʢʘʟʘʣʠʩʴ ʈʅʂ, ʢʦʜʠʨʫʝʤʳʝ ʛʝʥʘʤʠ RNU11 ʠ RNU5A-1. ʇʨʦʜʫʢʪʳ ʵʪʠʭ ʛʝʥʦʚ, U11 

ʤʷʈʅʂ ʠ U5 ʤʷʈʅʂ, ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʧʣʘʡʩʦʩʦʤʳ, ʨʠʙʦʥʫʢʣʝʦʧʨʦʪʝʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 
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ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʩʧʣʘʡʩʠʥʛʝ ʠʥʪʨʦʥʦʚ, ʩʦʟʨʝʚʘʶʱʠʭ ʧʨʝ-ʤʈʅʂ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ 

ʩʧʣʘʡʩʦʩʦʤ ï ʤʘʞʦʨʥʘʷ (U2-ʟʘʚʠʩʠʤʘʷ) ʠ ʤʠʥʦʨʥʘʷ (U12-ʟʘʚʠʩʠʤʘʷ), ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʩʧʣʘʡʩʠʥʛ ʤʘʞʦʨʥʳʭ (GT-AG) ʠ ʤʠʥʦʨʥʳʭ (AT-AC) ʠʥʪʨʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [287-289]. U5 

ʤʷʈʅʂ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʘʢ ʤʘʞʦʨʥʦʡ, ʪʘʢ ʠ ʤʠʥʦʨʥʦʡ ʩʧʣʘʡʩʦʩʦʤ, ʪʦʛʜʘ ʢʘʢ U11 ʤʷʈʅʂ 

ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʪʦʣʴʢʦ ʤʠʥʦʨʥʦʡ ʩʧʣʘʡʩʦʩʦʤʳ, ʠ ʝʸ ʫʨʦʚʝʥʴ ʚ ʢʣʝʪʢʝ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ ʥʠʞʝ, ʯʝʤ ʫʨʦʚʝʥʴ U5 ʤʷʈʅʂ [289-291]. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ T/C-ʪʨʘʥʟʠʮʠʡ ʚ 

ʨʠʜʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʥʘʤ ʵʪʠʭ ʤʷʈʅʂ, ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ T-ʙʦʛʘʪʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʙʝʟ ʦʯʝʚʠʜʥʦʛʦ ʢʦʥʩʝʥʩʫʩʘ (ʈʠʩʫʥʦʢ 20 ɸ). ʂʘʨʪʠʨʦʚʘʥʠʝ ʧʦʣʦʞʝʥʠʡ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʪʨʘʥʟʠʮʠʡ ʥʘ ʚʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ U11 ʠ U5 ʤʈ̫ʅʂ ʧʦʟʚʦʣʠʣʦ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʩʰʠʚʢʠ ʩ FLAG
eS1 ʚʦʚʣʝʢʘʣʠʩʴ ʦʜʥʦʮʝʧʦʯʝʯʥʳʡ ʫʨʠʜʠʥ-ʙʦʛʘʪʳʡ ʫʯʘʩʪʦʢ U11 

ʤʷʈʅʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ Sm-ʩʘʡʪʫ, ʠ ʘʧʠʢʘʣʴʥʘʷ ʧʝʪʣʷ I U5 ʤʷʈʅʂ (ʈʠʩʫʥʦʢ 

20 ɹ).  

 

 

ʈʠʩʫʥʦʢ 20. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʦʩʥʦʚʥʳʭ ʤʠʰʝʥʝʡ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eS1. (ɸ) ʈʝʧʨʝʟʝʥʪʘʮʠʷ ʠʟ 

ʛʝʥʦʤʥʦʛʦ ʙʨʘʫʟʝʨʘ IGV ʨʝʛʠʦʥʦʚ ʛʝʥʦʤʘ ʩ ʩʠʢʚʝʥʩʥʳʤʠ ʨʠʜʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʝʥʘʤ RNU11 ʠ 

RNU5A-1, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʥʘ ʦʩʥʦʚʝ 

ʬʨʘʛʤʝʥʪʦʚ ʢʣʝʪʦʯʥʳʭ ʈʅʂ, ʩʰʠʚʘʶʱʠʭʩʷ ʩ 
FLAG

eS1. T/C ʪʨʘʥʟʠʮʠʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤʠ ʯʝʨʪʦʯʢʘʤʠ ʥʘʜ ʦʩʪʘʪʢʘʤʠ 

ʪʠʤʠʜʠʥʘ (ʊ), ʚʳʜʝʣʝʥʥʳʤʠ ʢʨʘʩʥʳʤ ʚ ʨʝʬʝʨʝʥʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. (ɹ) ɺʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ U11 
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ʤʷʈʅʂ ʠ U5 ʤʷʈʅʂ ʯʝʣʦʚʝʢʘ (ʩʦʛʣʘʩʥʦ [289]) ʩ ʫʢʘʟʘʥʠʝʤ ʦʩʪʘʪʢʦʚ ʫʨʠʜʠʥʘ (ʚʳʜʝʣʝʥʳ ʢʨʘʩʥʳʤ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ T/C-ʪʨʘʥʟʠʮʠʷʤ. ʇʦʣʦʞʝʥʠʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʯʘʩʪʦʪʦʡ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ T/C-ʪʨʘʥʟʠʮʠʡ (ʯʘʩʪʦʪʘ >5%) ʚʳʜʝʣʝʥʳ ʙʦʣʴʰʠʤʠ ʙʫʢʚʘʤʠ. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ Sm-ʩʘʡʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ U ʤʷʈʅʂ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʟʨʝʣʳʭ ʤʈ̫ʅʂ ʵʪʦʪ ʫʯʘʩʪʦʢ ʫʧʘʢʦʚʘʥ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʢʦʨʦʤ Sm-ʙʝʣʢʦʚ [292-

294], ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʨʝʚʘʥʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʤʷʈʅʂ ʚ ʪʝʯʝʥʠʝ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʬʘʟʳ. ʋʧʘʢʦʚʘʥʥʳʝ Sm-ʙʝʣʢʘʤʠ ʟʨʝʣʳʝ ʤʷʈʅʂ ʠʤʧʦʨʪʠʨʫʶʪʩʷ ʚ ʷʜʨʦ, ʛʜʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʧʦʩʪ-ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ. ɺ ʩʚʝʪʝ ʵʪʦʛʦ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ eS1 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ U11 ʤʷʈʅʂ ʚ ʷʜʨʝ ʜʦ ʤʦʤʝʥʪʘ 

ʚʳʭʦʜʘ ʧʦʩʣʝʜʥʝʛʦ ʚ ʮʠʪʦʧʣʘʟʤʫ. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʧʨʦʚʝʜʝʥʘ 

ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʈʅʂ ʩ eS1, ʠʟ ʷʜʝʨʥʦʛʦ ʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʵʢʩʪʨʘʢʪʦʚ 

ʢʣʝʪʦʢ HEK293 c ʧʦʤʦʱʴʶ ʘʥʪʠʪʝʣ ʢ eS1, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮʘʭ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʚʣʝʯʝʥʠʝʤ ʈʅʂ, ʦʙʨʘʟʮʳ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʆʊ-ʇʎʈ ʩ ʧʨʘʡʤʝʨʘʤʠ, 

ʩʧʝʮʠʬʠʯʥʳʤʠ ʢ U11 ʧʨʝ-ʤʷʈʅʂ. ʆʜʠʥ ʠʟ ʵʪʠʭ ʧʨʘʡʤʝʨʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʫʯʘʩʪʢʫ ʟʨʝʣʦʡ U11 

ʤʷʈʅʂ, ʘ ʜʨʫʛʦʡ ï ʫʯʘʩʪʢʫ 3ô-ʫʜʣʠʥʝʥʥʦʡ ʯʘʩʪʠ U11 ʧʨʝ-ʤʷʈʅʂ, ʢʦʪʦʨʘʷ ʫʜʘʣʷʝʪʩʷ ʧʨʠ ʝʸ 

ʧʨʦʮʝʩʩʠʥʛʝ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʈʠʩʫʥʦʢ 21 ɸ, ɹ), ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ eS1 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ U11 ʧʨʝ-ʤʷʈʅʂ ʚ ʷʜʨʝ ʠ ʟʘʪʝʤ ʚ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʵʢʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʮʠʪʦʧʣʘʟʤʫ. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʘʡʤʝʨʘ, ʩʧʝʮʠʬʠʯʥʦʛʦ ʢ U11 ʤʷʈʅʂ, ʥʝ ʧʦʟʚʦʣʠʣʦ 

ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʪʴ ʟʨʝʣʫʶ ʈʅʂ ʦʪ ʝʸ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, ʧʦʵʪʦʤʫ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʆʊ-ʇʎʈ ʩ ʵʪʠʤ 

ʧʨʘʡʤʝʨʦʤ (ʈʠʩʫʥʦʢ 21 ɹ) ʙʳʣʦ ʥʝ ʷʩʥʦ, ʦʩʪʘʝʪʩʷ ʣʠ eS1 ʩʚʷʟʘʥʥʳʤ ʩʦ ʟʨʝʣʦʡ U11 ʤʷʈʅʂ. 

ʏʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, ʆʊ-ʇʎʈ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʘʢʞʝ ʩ ʧʨʘʡʤʝʨʘʤʠ, ʩʧʝʮʠʬʠʯʥʳʤʠ ʢ 

U12 ʤʷʈʅʂ, ʢʦʪʦʨʘʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ [289, 295], ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʠʤʝʨʥʦʛʦ U11/U12 ʤʷʈʅʇ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʟʨʝʣʫʶ U11 ʤʷʈʅʂ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ U12 ʤʷʈʅʂ, ʢʘʢ ʠ U11 ʤʷʈʅʂ, ʢʦ-

ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʠʨʫʝʪʩ ̫ ʩ eS1 ʠʟ ʷʜʝʨʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʢʣʝʪʦʢ (ʈʠʩʫʥʦʢ 21 ɺ), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ eS1 ʦʩʪʘʝʪʩʷ ʩʚʷʟʘʥʥʳʤ ʩʦ ʟʨʝʣʦʡ U11 ʤʷʈʅʂ ʧʦʩʣʝ ʝʸ ʨʝ-ʠʤʧʦʨʪʘ ʚ 

ʷʜʨʦ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʆʊ-ʇʎʈ ʩ ʧʨʘʡʤʝʨʘʤʠ, ʩʧʝʮʠʬʠʯʥʳʤʠ ʢ U5 ʤʷʈʅʂ/U5 ʧʨʝ-ʤʷʈʅʂ, 

ʥʝ ʚʳʷʚʠʣʘ ʧʦʩʣʝʜʥʠʭ ʩʨʝʜʠ ʈʅʂ, ʢʦʪʦʨʳʝ ʢʦ-ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʠʨʫʶʪʩ ̫ʩ eS1 (ʈʠʩʫʥʦʢ 21 ɻ). 

ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚ ʢʣʝʪʢʝ, ʚʦʟʤʦʞʥʦ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʪʘʙʠʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ eS1ŁU5 ʤʷʈʅʂ, ʢʦʪʦʨʳʡ ʙʳ ʩʦʭʨʘʥʷʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʘʣʴʥʝʡʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʙʳʣʘ ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ ʠʟʫʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

eS1 ʩ U11 ʤʷʈʅʂ ʚ ʩʠʩʪʝʤʝ in vitro.  
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ʈʠʩʫʥʦʢ 21. ʀʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʷ ʨʘʟʥʳʭ ʤʷʈʅʂ ʠʟ ʢʣʝʪʦʯʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʢʣʝʪʦʢ HEK293 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠ-eS1 ʘʥʪʠʪʝʣ. ʆʊ-ʇʎʈ ʘʥʘʣʠʟ ʈʅʂ, ʢʦ-ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʠʨʦʚʘʥʥʳʭ (IP) ʩ eS1 ʠʟ 

ʷʜʝʨʥʦʛʦ (NE) ʠʣʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ (CE) ʵʢʩʪʨʘʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʩ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʘʥʪʠ-eS1 ʘʥʪʠʪʝʣʘʤʠ (+) ʠʣʠ ʙʝʟ ʥʠʭ (ï) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 

ʇʎʈ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. ʇʦʣʦʞʝʥʠʷ ʇʎʈ-ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʥʳʭ 

ʧʨʘʡʤʝʨʦʚ ʜʣʷ U11 ʧʨʝ-ʤʷʈʅʂ (ʧʘʥʝʣʴ ɸ), U11 ʤʷʈʅʂ (ʧʘʥʝʣʴ ɹ), U12 ʤʷʈʅʂ (ʧʘʥʝʣʴ ɺ) ʠ U5 ʤʷʈʅʂ 

(ʧʘʥʝʣʴ ɻ), ʦʙʦʟʥʘʯʝʥʳ ʩʪʨʝʣʢʘʤʠ. Input ï ʢɼʅʂ, ʧʨʠʛʦʪʦʚʣʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʧʘʨʘʪʦʚ ʈʅʂ, 

ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʷʜʝʨʥʦʛʦ ʠʣʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʵʢʩʪʨʘʢʪʦʚ. 

 

3.1.1.4 ʌʫʥʢʮʠʦʥʘʣʴʥʘ ̫ʨʦʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ eS1 ʩ U11 ʤʷʈʅʂ 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʝʪ ʜʘʥʥʳʭ ʦ ʪʦʤ, ʯʪʦ U11 ʤʷʈʅʂ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʘ ʩ 

eS1 ʠʣʠ, ʯʪʦ ʵʪʦʪ ʨʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʤʘʞʦʨʥʦʡ ʩʧʣʘʡʩʦʩʦʤʳ, ʢʦʪʦʨʳʝ 

ʤʦʛʣʠ ʙʳ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ eS1 ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʟʨʝʣʳʤʠ U11 ʠ U5 ʤʷʈʅʂ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

eS1 ʤʦʛ ʙʳʪʴ ʥʝ ʦʙʥʘʨʫʞʝʥ ʚ ʪʘʢʦʤ ʚʠʜʝ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʙʳʣ ʫʪʝʨʷʥ ʚ ʭʦʜʝ ʚʳʜʝʣʝʥʠʷ ʠʣʠ 

ʦʯʠʩʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ [296, 297]. ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʨʦʣʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ eS1 ʩ U11 ʤʷʈʅʂ, ʧʦʣʫʯʝʥʳ ʢʣʝʪʢʠ HEK293, ʚ ʢʦʪʦʨʳʭ ʫʨʦʚʝʥʴ eS1 ʙʳʣ 

ʧʦʥʠʞʝʥ ʚ 2ï3 ʨʘʟʘ ʩ ʧʦʤʦʱʴʶ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ɿʘʪʝʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʧʨʦʬʠʣʝʡ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʢʣʝʪʦʢ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ eS1 ʠ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ 

ʈʅʂ-ʩʝʢ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʢʣʝʪʦʢ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ eS1 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʨʠʜʦʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʫʯʘʩʪʦʢ ʛʝʥʦʤʘ, ʢʦʜʠʨʫʶʱʠʡ 

ʥʝʧʨʦʮʝʩʩʠʨʦʚʘʥʥʳʡ 3ô-ʢʦʥʝʮ U11 ʧʨʝ-ʤʷʈʅʂ, ʪʦʛʜʘ ʢʘʢ ʜʦʣʷ ʨʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʫ 

ʛʝʥʦʤʘ, ʢʦʜʠʨʫʶʱʝʤʫ ʟʨʝʣʫʶ U11 ʤʷʈʅʂ, ʩʥʠʞʘʝʪʩʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ 

(ʈʠʩʫʥʦʢ 22). ʂʘʢʠʭ-ʣʠʙʦ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʵʢʩʧʨʝʩʩʠʠ ʜʨʫʛʠʭ ʛʝʥʦʚ, ʚʢʣʶʯʘʷ ʪʝ, ʯʪʦ 

ʢʦʜʠʨʫʶʪ U5 ʤʷʈʅʂ, ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʢʣʝʪʢʘʭ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ eS1 ʫʨʦʚʝʥʴ U11 ʧʨʝ-ʤʷʈʅʂ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ 
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ʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ. ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ eS1 ʫʯʘʩʪʚʫʝʪ ʚ 

ʧʨʦʮʝʩʩʠʥʛʝ 3ô-ʢʦʥʮʘ U11 ʧʨʝ-ʤʷʈʅʂ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʢʣʝʪʢʘʭ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ eS1 ʧʦʚʳʰʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʮʝʩʩʠʨʦʚʘʥʦʡ U11-ʧʨʝ-ʤʷʈʅʂ ʠ ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʟʨʝʣʦʡ U11 ʤʷʈʅʂ, 

ʣʦʛʠʯʥʦ ʦʞʠʜʘʪʴ ʠʟʤʝʥʝʥʠʡ ʚ ʫʨʦʚʥʝ ʩʧʣʘʡʩʠʥʛʘ ʤʠʥʦʨʥʳʭ ʠʥʪʨʦʥʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʚʳʷʚʠʪʴ ʵʪʠ 

ʠʟʤʝʥʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ 9 ʛʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʦʨʥʳʝ ʠʥʪʨʦʥʳ, ʩ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ 

RPKM (ʢʦʣʠʯʝʩʪʚʦʤ ʩʠʢʚʝʥʩʥʳʭ ʨʠʜʦʚ ʥʘ ʪʳʩʷʯʫ ʧʘʨ ʦʩʥʦʚʘʥʠʡ). ɸʥʘʣʠʟ ʵʪʠʭ ʛʝʥʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʢʣʝʪʦʢ HEK293 ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ eS1 ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʠʜʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʤʠʥʦʨʥʦʤʫ ʠʥʪʨʦʥʫ, ʠ ʢʦʣʠʯʝʩʪʚʘ ʨʠʜʦʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʚʩʝ ʠʥʪʨʦʥʳ, ʜʣʷ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʛʝʥʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 38% ʚʳʰʝ, ʯʝʤ ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ. ʕʪʦ 

ʧʦʚʳʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʦ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʣʝʪʦʯʥʦʛʦ 

ʫʨʦʚʥʷ eS1 ʧʘʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʧʣʘʡʩʠʥʛʘ ʤʠʥʦʨʥʳʭ ʠʥʪʨʦʥʦʚ. 

 

ʈʠʩʫʥʦʢ 22. ʕʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ eS1 ʚ ʢʣʝʪʢʘʭ HEK293. (ɸ) ɺʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʢ eS1 ʠ eS26 (ʚʟʷʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ) ʣʠʟʘʪʦʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ HEK293 

(ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʦʤ pSuper ʙʝʟ ʚʩʪʘʚʢʠ) ʠ ʢʣʝʪʦʢ HEK293 ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ eS1 
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(ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʧʣʘʟʤʠʜʘʤʠ pSuper_ʘʥʪʠ_eS1 ʧʨʦʪʠʚ ʤʈʅʂ eS1). ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʘʥʪʠʪʝʣʘ 

ʫʢʘʟʘʥʳ ʩʣʝʚʘ. (ɹ) ʅʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʬʨʘʛʤʝʥʪ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʛʝʥʦʤʥʦʛʦ ʙʨʘʫʟʝʨʘ IGV, ʩʦʜʝʨʞʘʱʠʡ 

ʫʯʘʩʪʦʢ ʛʝʥʦʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ U11 ʧʨʝ-ʤʷʈʅʂ. ʇʦʢʘʟʘʥʳ ʩʠʢʚʝʥʩʥʳʝ ʨʠʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ ʩ ʦʙʨʘʟʮʘʤʠ ʩʫʤʤʘʨʥʦʡ ʈʅʂ ʠʟ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ HEK293 (ʥʠʞʥʷʷ ʯʘʩʪʴ) ʠ ʢʣʝʪʦʢ ʩ 

ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ eS1 (ʚʝʨʭʥʷʷ ʯʘʩʪʴ). ʅʘ ʥʠʞʥʝʡ ʧʘʥʝʣʠ ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ, ʦʪʨʘʞʘʶʱʠʡ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʨʠʜʘʤʠ ʫʯʘʩʪʢʘ ʛʝʥʦʤʘ (ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʚʫʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʚʪʦʨʦʚ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ U11 ʧʨʝ-ʤʷʈʅʂ. ʉʠʥʷʷ ʣʠʥʠʷ ï ʥʦʨʤʘʣʴʥʳʝ ʢʣʝʪʢʠ HEK293, ʢʨʘʩʥʘʷ 

ʣʠʥʠʷ ï ʢʣʝʪʢʠ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ eS1. ʉʠʥʠʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʧʦʜ ʦʩʴʶ X ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʦʨʜʠʥʘʪʳ 

ʟʨʝʣʦʡ U11 ʤʷʈʅʂ. (ɺ) ɸʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ ʫʨʦʚʥʷ U11 ʧʨʝ-ʤʷʈʅʂ ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʢʣʝʪʢʘʭ HEK293 ʠ ʢʣʝʪʢʘʭ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ eS1. ɺʝʣʠʯʠʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʦʰʠʙʢʠ ʫʢʘʟʘʥʘ ʩ ʫʯʝʪʦʤ 

4 ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʦʚ (** p < 0.005). (ɻ) ʆʪʥʦʰʝʥʠʝ ʧʦʢʨʳʪʠʷ ʤʠʥʦʨʥʳʭ ʠʥʪʨʦʥʦʚ ʢ ʦʙʱʝʤʫ 

ʧʦʢʨʳʪʠʶ ʚʩʝʭ ʠʥʪʨʦʥʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʛʝʥʘ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ ʩ 

ʦʙʨʘʟʮʘʤʠ ʩʫʤʤʘʨʥʦʡ ʈʅʂ ʠʟ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ HEK293 ʠ ʢʣʝʪʦʢ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ eS1. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 9 ʛʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʦʨʥʳʝ ʠʥʪʨʦʥʳ, ʩ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʧʦʢʨʳʪʠʝʤ 

(ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ RPKM). ɺʝʣʠʯʠʥʘ ʦʰʠʙʢʠ ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʦʚ (** p < 0.01). 

 

3.1.1.5 ʉʚʷʟʳʚʘʥʠʝ eS1 ʩ U11 ʤʷʈʅʂ in vitro 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʳʚʘʥʠʷ eS1 ʩ U11 ʤʷʈʅʂ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ 
His6-

FLAG
eS1, ʧʦʣʫʯʝʥʥʳʡ ʚ ʩʠʩʪʝʤʝ E.coli, ʠ 

32
P-ʤʝʯʝʥʳʡ U11 ʤʷʈʅʂ-ʪʨʘʥʩʢʨʠʧʪ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ 

ʥʘʟʳʚʘʝʤʳʡ U11 ʤʷʈʅʂ), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʊ7 ʈʅʂ ʧʦʣʠʤʝʨʘʟʳ, ʘ ʪʘʢʞʝ 40S 

ʩʫʙʯʘʩʪʠʮʳ ʨʠʙʦʩʦʤ ʯʝʣʦʚʝʢʘ. ʂʘʞʫʱʘʷʩʷ ʢʦʥʩʪʘʥʪʘ ʘʩʩʦʮʠʘʮʠʠ (ʂʘ) U11 ʤʷʈʅʂ ʩ eS1, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʟʦʪʝʨʤʳ ʩʚʷʟʳʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʤʝʪʦʜʘ ʬʠʣʴʪʨʦʚʘʥʠʷ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʭ ʬʠʣʴʪʨʘʭ (ʈʠʩʫʥʦʢ 23 ɸ), ʩʦʩʪʘʚʣʷʝʪ 3.8Ñ1.2 ʭ 10
7
 

ʄ
-1
, ʪʦʛʜʘ ʢʘʢ ʩʚʷʟʳʚʘʥʠʷ U11 ʤʷʈʅʂ ʩ 40S ʩʫʙʯʘʩʪʠʮʘʤʠ ʥʝ ʥʘʙʣʶʜʘʣʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ ʩʢʣʦʥʥʳ ʢ ʘʛʨʝʛʘʮʠʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ ʠʭ ʧʝʨʚʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ [298, 299], ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʩʧʝʮʠʬʠʯʥʳʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ U11 ʤʷʈʅʂ ʩ 
His6-FLAG

eS1, ʚʝʣʠʯʠʥʘ ʂʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʟʦʪʝʨʤʳ 

ʩʚʷʟʳʚʘʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥʥʦʡ. ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʚʷʟʳʚʘʥʠʷ 

U11 ʤʷʈʅʂ ʩ eS1 ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʟʘʜʝʨʞʢʠ ʚ ʛʝʣʝ (ʛʝʣʴ-ʨʝʪʘʨʜʘʮʠ)̫. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʪʷʞʝʣʳʝ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʘʛʨʝʛʘʪʳ ʦʩʪʘʶʪʩʷ ʚ ʢʘʨʤʘʥʘʭ ʛʝʣʷ, ʠ 

ʪʦʣʴʢʦ ʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʩʧʦʩʦʙʥʳ ʤʠʛʨʠʨʦʚʘʪʴ ʩʢʚʦʟʴ ʝʛʦ ʧʦʨʳ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʟʘʜʝʨʞʢʠ ʚ ʛʝʣʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ eS1, ʩʚʷʟʳʚʘʷʩʴ ʩ U11 ʤʷʈʅʂ, ʩʧʦʩʦʙʝʥ ʫʤʝʥʴʰʘʪʴ ʝʸ 
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ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʥʦʡ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ, ʦ 

ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʝ ʥʘ ʨʘʜʠʦʘʚʪʦʛʨʘʬʝ ʜʚʫʭ ʦʪʯʝʪʣʠʚʳʭ ʭʦʨʦʰʦ ʨʘʟʨʝʰʝʥʥʳʭ 

ʧʦʣʦʩ (ʈʠʩʫʥʦʢ 23 ɹ).  

 

 

ʈʠʩʫʥʦʢ 23. ʉʚʷʟʳʚʘʥʠʝ 
32

P-ʤʝʯʝʥʳʭ ʤʷʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʦʚ ʩ 
His6-FLAG

eS1 ʠ 40S ʨʠʙʦʩʦʤʥʳʤʠ 

ʩʫʙʯʘʩʪʠʮʘʤʠ. (ɸ) ʀʟʦʪʝʨʤʳ ʩʚʷʟʳʚʘʥʠʷ U11 ʤʷʈʅʂ ʩ 
His6-FLAG

eS1 (1) ʠ 40S ʨʠʙʦʩʦʤʥʳʤʠ ʩʫʙʯʘʩʪʠʮʘʤʠ 

(3), ʘ ʪʘʢʞʝ U11 (æSm) ʤʷʈʅʂ ʩ 
His6-FLAG

eS1 (2), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʬʠʣʴʪʨʦʚʘʥʠʷ ʯʝʨʝʟ 

ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʝ ʬʠʣʴʪʨʳ. (ɹ ʠ ɺ) ɸʥʘʣʠʟ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 
His6-FLAG

eS1 (ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ) ʩ U11 ʤʷʈʅʂ ʠ U11 (æSm) ʤʷʈʅʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʪʦʜʦʤ ʟʘʜʝʨʞʢʠ ʚ ʛʝʣʝ. ʉʧʨʘʚʘ ʦʪ 

ʧʘʥʝʣʝʡ ʙʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʦʣʦʞʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʈʅʂ (R), ʝʸ ʢʦʤʧʣʝʢʩʘ ʩ 
His6-FLAG

eS1 (ʉ) ʠ ʘʛʨʝʛʘʪʦʚ 

(ɸ). (ɻ) ʀʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ (pU)8  ʥʘ ʩʚʷʟʳʚʘʥʠʝ 
32

P-ʤʝʯʝʥʦʡ U11 ʤʷʈʅʂ ʩ 
His6-FLAG

eS1 (0.15 ʄ), 

ʦʮʝʥʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʬʠʣʴʪʨʦʚʘʥʠʷ ʯʝʨʝʟ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʝ ʬʠʣʴʪʨʳ. (ɼ ʠ ɽ) ɸʥʘʣʠʟ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 
His6-FLAG

eS1 (0.15 ʄ) ʩ U11 ʤʷʈʅʂ ʠ U11 (æSm) ʤʷʈʅʂ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ (pU)8 ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʟʘʜʝʨʞʢʠ ʚ ʛʝʣʝ. ɹʫʢʚʳ ʩʧʨʘʚʘ ʦʪ ʧʘʥʝʣʝʡ ʦʙʦʟʥʘʯʘʶʪ ʪʦ ʞʝ 

ʩʘʤʦʝ, ʯʪʦ ʚ ʧʘʥʝʣʷʭ ɹ ʠ ɺ. 

 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʢʣʘʜʘ Sm-ʩʘʡʪʘ ʚ ʩʚʷʟʳʚʘʥʠʝ U11 ʤʷʈʅʂ ʩ eS1 ʧʦʣʫʯʝʥ 
32

P-ʤʝʯʝʥʳʡ 

ʊ7 ʪʨʘʥʩʢʨʠʧʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʸ ʫʩʝʯʝʥʥʦʡ ʩ 3ô-ʢʦʥʮʘ ʬʦʨʤʝ ʙʝʟ Sm-ʩʘʡʪʘ (U11(æSm) 

ʤʷʈʅʂ), ʠ ʩ ʥʠʤ ʧʨʦʚʝʜʝʥʳ ʪʝ ʞʝ ʩʘʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʯʪʦ ʩ U11 ʤʷʈʅʂ. ɺʝʣʠʯʠʥʘ ʂʘ, 
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ʨʘʩʩʯʠʪʘʥʥʘʷ ʠʟ ʠʟʦʪʝʨʤʳ ʩʚʷʟʳʚʘʥʠʷ U11(æSm) ʤʷʈʅʂ ʩ eS1, ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ 

ʬʠʣʴʪʨʦʚʘʥʠʷ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʭ ʬʠʣʴʪʨʘʭ (ʈʠʩʫʥʦʢ 23 ɸ), ʩʦʩʪʘʚʣʷʝʪ 1.3Ñ0.4 ʭ 10
7
 ʄ

-1
, ʯʪʦ 

ʚ ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʝʣʠʯʠʥʘ ʜʣʷ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ U11 ʤʷʈʅʂ. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʥʘʣʠʟ ʵʪʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʟʘʜʝʨʞʢʠ ʚ ʛʝʣʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʘʩʩʦʮʠʘʮʠʠ 

U11(æSm) ʤʷʈʅʂ ʩ ʙʝʣʢʦʤ eS1 ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ, ʤʠʛʨʠʨʫʶʱʠʝ ʚ ʛʝʣʝ ʦʜʥʦʡ ʧʦʣʦʩʦʡ 

(ʈʠʩʫʥʦʢ 23 ɺ), ʚʤʝʩʪʦ ʜʚʫʭ, ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʵʪʦʛʦ ʙʝʣʢʘ ʩ U11 ʤʷʈʅʂ (ʈʠʩʫʥʦʢ 

23 ɹ). ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ U11(æSm) ʤʷʈʅʂ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ U11 ʤʷʈʅʂ 

ʩʫʱʝʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ eS1, ʦʪʣʠʯʥʳʡ ʦʪ U-ʙʦʛʘʪʦʛʦ Sm-ʩʘʡʪʘ, ʠ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʫʯʘʩʪʢʦʤ ʩʚʷʟʳʚʘʥʠʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʩʚʷʟʳʚʘʥʠʷ U11 ʤʷʈʅʂ ʩ 
His6-FLAG

eS1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ (pU)8. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ (ʈʠʩʫʥʦʢ 23 ɻ), (pU)8 ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʝʪ ʵʪʦʪ 

ʙʝʣʦʢ ʚ ʩʚʷʟʳʚʘʥʠʠ ʩ U11 ʤʷʈʅʂ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʘʜʠʦʘʚʪʦʛʨʘʬʝ ʛʝʣʷ (ʈʠʩʫʥʦʢ 23 ɼ) ʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ U11 ʤʷʈʅʂ ʩ 
His6-FLAG

eS1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ (pU)8 ʜʦʣʷ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʨʭʥʝʡ ʧʦʣʦʩʝ, ʪ.ʝ. ʩ ʤʝʥʴʰʝʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʟʘʤʝʪʥʦ 

ʩʦʢʨʘʱʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʦʡ ʚ ʦʪʩʫʪʩʪʚʠʝ (pU)8, ʪʦʛʜʘ ʢʘʢ ʜʦʣʷ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, (pU)8 ʥʝ ʦʢʘʟʳʚʘʣ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʚʷʟʳʚʘʥʠʝ 

U11(æSm) ʤʷʈʅʂ ʩ 
His6-FLAG

eS1 (ʈʠʩʫʥʦʢ 23 ɺ, ɽ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ ʚʝʨʭʥʷʷ 

ʧʦʣʦʩʘ ʥʘ ʨʘʜʠʦʘʚʪʦʛʨʘʬʝ (ʈʠʩʫʥʦʢ 23 ɹ, ɼ) ʦʪʥʝʩʝʥʘ ʢ ʢʦʤʧʣʝʢʩʘʤ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʤʝʩʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ eS1 ʩ U-ʙʦʛʘʪʳʤ Sm-ʩʘʡʪʦʤ, ʪʦʛʜʘ ʢʘʢ ʥʠʞʥʷʷ ʧʦʣʦʩʘ (ʠʟ ʛʨʫʧʧʳ ʧʦʣʦʩ ʉ) ï ʢ 

ʢʦʤʧʣʝʢʩʘʤ, ʛʜʝ Sm-ʩʘʡʪ ʥʝ ʚʦʚʣʝʯʝʥ ʚ ʩʚʷʟʳʚʘʥʠʝ ʩ eS1. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʨʠʚʝʣʘ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ U-ʙʦʛʘʪʳʡ Sm-ʩʘʡʪ ʥʝ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ eS1 

ʥʘ U11 ʤʷʈʅʂ, ʭʦʪʷ ʠ ʚʘʞʝʥ ʜʣʷ ʵʪʦʛʦ ʩʚʷʟʳʚʘʥʠʷ. (ʈʠʩʫʥʦʢ 23 ɸ). ʆʪʩʫʪʩʪʚʠʝ ʫ 40S ʩʫʙʯʘʩʪʠʮ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʪʴʩʷ ʩ U11 ʤʷʈʅʂ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʪʝʤ, ʯʪʦ ʫʯʘʩʪʦʢ eS1, 

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʵʪʦ ʩʚʷʟʳʚʘʥʠʝ, ʣʠʙʦ ʩʢʨʳʪ ʚʥʫʪʨʠ ʩʫʙʯʘʩʪʠʮʳ, ʣʠʙʦ ʠʤʝʝʪ ʥʝʧʦʜʭʦʜʷʱʫʶ 

ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʢʦʥʬʦʨʤʘʮʠʶ. 

 

3.1.1.6 ʍʠʤʠʯʝʩʢʠʡ ʧʨʦʙʠʥʛ ʩʪʨʫʢʪʫʨʳ U11 ʤʷʈʅʂ, ʩʚʷʟʘʥʥʦʡ ʩ eS1 

 

ɼʣ̫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ U11 ʤʷʈʅʂ, ʩʚʷʟʘʥʥʦʡ ʩ eS1, ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʙʦʨ 

ʭʠʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʨʘʟʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ. ʕʪʦʪ ʥʘʙʦʨ ʚʢʣʶʯʘʣ CMCT, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ 

N3-ʘʪʦʤʦʤ ʫʨʠʜʠʥʘ, ʢʦʛʜʘ ʦʥ ʥʝ ʩʧʘʨʝʥ, ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩ N1-ʛʫʘʥʦʟʠʥʘ [300], ʛʠʜʨʦʢʩʠʣ-

ʨʘʜʠʢʘʣʳ (OHÅ), ʢʦʪʦʨʳʝ ʘʪʘʢʫʶʪ ʉ4`-ʘʪʦʤʳ ʨʠʙʦʟʳ [301], ʘ ʪʘʢʞʝ BzCN, ʩʝʣʝʢʪʠʚʥʦ 

ʨʝʘʛʠʨʫʶʱʠʡ ʩ 2`-OH ʛʨʫʧʧʘʤʠ ʨʠʙʦʟʳ [302]. ʇʦʣʦʞʝʥʠʷ ʥʫʢʣʝʦʪʠʜʦʚ U11 ʤʷʈʅʂ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ CMCT ʠ BzCN, ʘ ʪʘʢʞʝ ʧʦʣʦʞʝʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʣ ʨʘʟʨʳʚ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʢʩʠʣ-ʨʘʜʠʢʘʣʦʚ, ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʧʨʠʩʫʪʩʪʚʠʠ 
His6-FLAG

eS1, ʦʧʨʝʜʝʣʷʣʠ ʩ 
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P-ʤʝʯʝʥʦʛʦ ʧʨʘʡʤʝʨʘ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ U11 ʤʷʈʅʂ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ 
His6-FLAG

eS1 ʩ U11 ʤʷʈʅʂ ʧʨʠʚʦʜʠʪ 

ʢ ʟʘʱʠʪʘʤ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ ʰʧʠʣʴʢʠ SLI (G14, U15, U18), ʰʧʠʣʴʢʠ SLIII  (C62, C65, U67, 

C68), ʦʜʥʦʮʝʧʦʯʝʯʥʦʛʦ ʫʯʘʩʪʢʘ ʩ Sm-ʩʘʡʪʦʤ (U18, G96, U97, A98) ʠ ʧʝʪʣʠ H (C94) ʦʪ ʘʪʘʢʠ 

ʛʠʜʨʦʢʩʠʣ-ʨʘʜʠʢʘʣʦʚ (ʈʠʩʫʥʦʢ 24 ɸ). ʅʫʢʣʝʦʪʠʜʥʳʝ ʦʩʪʘʪʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʰʧʠʣʴʢʝ SLI (U18 

ʠ U22) ʠ ʢ ʧʝʪʣʝ H (G83, C84 ʠ U86), ʦʢʘʟʘʣʠʩʴ ʟʘʱʠʱʝʥʳ ʦʪ ʤʦʜʠʬʠʢʘʮʠʠ CMCT (U18, U22 ʠ 

U86) ʠ ʦʪ ʘʪʘʢʠ ʙʝʥʟʦʠʣʮʠʘʥʠʜʦʤ (U18, G83 ʠ C84) (ʈʠʩʫʥʦʢ 24 ɹ). ɿʘʱʠʪʥʳʡ ʵʬʬʝʢʪ eS1 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʪʘʪʢʘʤ U11 ʤʷʈʅʂ, ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʚʳʰʝ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʛʠʦʥʳ U11 ʤʷʈʅʂ ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦʚʣʝʯʝʥʳ ʚ ʩʚʷʟʳʚʘʥʠʝ ʩ eS1, 

ʣʠʙʦ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʫʯʘʩʪʢʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʵʪʦ ʩʚʷʟʳʚʘʥʠʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʚʷʟʳʚʘʥʠʝ 

His6-FLAG
eS1 ʩ U11 ʤʷʈʅʂ ʧʨʠʚʦʜʠʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʝʸ U-ʙʦʛʘʪʦʛʦ 

ʫʯʘʩʪʢʘ ʚ ʧʦʣʦʞʝʥʠʠ 87-100 ʜʣʷ ʘʪʘʢʠ ʙʝʥʟʦʠʣʮʠʘʥʠʜʘ (ʈʠʩʫʥʦʢ 24 ɹ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʡʢʘʭ ʚ U11 ʤʷʈʅʂ, ʠʥʜʫʮʠʨʫʝʤʳʭ ʵʪʠʤ ʩʚʷʟʳʚʘʥʠʝʤ.  

 

ʈʠʩʫʥʦʢ 24. ʍʠʤʠʯʝʩʢʠʡ ʧʨʦʙʠʥʛ ʩʪʨʫʢʪʫʨʳ U11 ʤʷʈʅʂ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 
His6-FLAG

eS1. ʈʘʜʠʦʘʚʪʦʛʨʘʬ ʛʝʣʷ 

ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮ ʩʚʦʙʦʜʥʦʡ 
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U11 ʤʷʈʅʂ (ï) ʠ 
His6-FLAG

eS1-ʩʚʷʟʘʥʥʦʡ U11 ʤʷʈʅʂ (+), ʦʙʨʘʙʦʪʘʥʥʳʭ ʛʠʜʨʦʢʩʠʣ-ʨʘʜʠʢʘʣʘʤʠ (ɸ) ʠʣʠ 

BzCN ʠ CMCT (ɹ). U, G, C, C ï ʩʠʢʚʝʥʩʥʳʝ ʜʦʨʦʞʢʠ; K ï ʩʚʦʙʦʜʥʘʷ ʥʝʦʙʨʘʙʦʪʘʥʥʘʷ ʈʅʂ. ʉʧʨʘʚʘ ʦʪ 

ʧʘʥʝʣʝʡ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ (+eS1), ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ (ï

eS1). ʉʧʨʘʚʘ ʦʪ ʨʘʜʠʦʘʚʪʦʛʨʘʬʦʚ ʦʙʦʟʥʘʯʝʥʳ ʧʦʣʦʞʝʥʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ U11 ʤʷʈʅʂ, ʥʘ 

ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʠ ʦʩʣʘʙʣʝʥʠʝ (ʟʘʢʨʘʰʝʥʥʳʝ ʩʠʤʚʦʣʳ) ʠʣʠ ʫʩʠʣʝʥʠʝ (ʧʫʩʪʳʝ ʩʠʤʚʦʣʳ) 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
His6-FLAG

eS1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʦʡ U11 ʤʷʈʅʂ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʤʦʜʠʬʠʢʘʮʠʝʡ ʥʫʢʣʝʦʪʠʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 5ô-ʧʦʣʦʞʝʥʠʠ. ɼʣʷ ʚʩʝʭ ʨʝʘʛʝʥʪʦʚ 

ʚʳʰʝʦʙʦʟʥʘʯʝʥʥʳʝ ʩʠʤʚʦʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʫʢʣʝʦʪʠʜʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ 3ô-ʧʦʣʦʞʝʥʠʠ ʦʪ ʪʦʛʦ, 

ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʣʩʷ ʤʦʜʠʬʠʢʘʮʠʠ. ʋʢʘʟʘʥʳ ʪʦʣʴʢʦ ʪʝ ʧʦʣʦʞʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʩʠʛʥʘʣ 

ʠʟʤʝʥʠʣʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 1.5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʚ ʩʚʦʙʦʜʥʦʡ U11 ʤʷʈʅʂ: ʨʦʤʙʠʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʨʘʙʦʪʢʝ U11 ʤʷʈʅʂ ʛʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣʘʤʠ, ʢʚʘʜʨʘʪʠʢʠ ï CMCT, ʢʨʫʞʢʠ ï BzCN; 

ʧʦʣʦʞʝʥʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ Sm-ʩʘʡʪʫ, ʧʦʜʯʝʨʢʥʫʪʳ. (ɺ) ʂʘʨʪʠʨʦʚʘʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʙʠʥʛʘ ʥʘ ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ U11 ʤʷʈʅʂ. ʉʠʤʚʦʣʳ ʠʜʝʥʪʠʯʥʳ ʪʘʢʦʚʳʤ 

ʥʘ ʧʘʥʝʣʷʭ ɸ ʠ ɹ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʥʫʢʣʝʦʪʠʜʘʤ (ʜʣʷ ʚʩʝʭ ʨʝʘʛʝʥʪʦʚ), ʥʘʭʦʜʷʱʠʤʩʷ 

ʚ 5ô-ʧʦʣʦʞʝʥʠʠ ʦʪ ʪʝʭ, ʯʪʦ ʦʙʦʟʥʘʯʝʥʳ ʥʘ ʧʘʥʝʣʷʭ ɸ ʠ ɹ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ U11 ʤʷʈʅʂ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

His6-FLAG
eS1 ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʩʨʘʚʥʠʪʴ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ eS1 ʥʘ U11 ʤʷʈʅʂ ʩ ʝʛʦ 

ʩʘʡʪʦʤ ʥʘ 18S ʨʈʅʂ ʚ 40S ʩʫʙʯʘʩʪʠʮʝ, ʛʜʝ ʵʪʦʪ ʙʝʣʦʢ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʫʛʣʫʙʣʝʥʠʠ ʤʝʞʜʫ 

ʩʧʠʨʘʣʷʤʠ (h) 22 ʠ 26, ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ ʩ ʥʠʤ [40, 286] (ʈʠʩʫʥʦʢ 25). ʇʦʩʢʦʣʴʢʫ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ U11 ʤʷʈʅʂ ʥʝʠʟʚʝʩʪʥʘ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʝʝ ʛʦʤʦʣʦʛʘ ï U1 ʤʷʈʅʂ ʚ ʩʦʩʪʘʚʝ U1 ʤʷʈʅʇ [303]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ U1 ʤʷʈʅʂ ʪʘʢʞʝ ʠʤʝʝʪ ʫʛʣʫʙʣʝʥʠʝ ʤʝʞʜʫ ʰʧʠʣʴʢʘʤʠ SLI ʠ SLIII , 

ʭʦʪʷ SLI ʫ U1 ʤʷʈʅʂ ʟʥʘʯʠʪʝʣʴʥʦ ʜʣʠʥʥʝʝ, ʯʝʤ SLI ʫ U11 ʤʷʈʅʂ. ʆʜʥʘʢʦ, ʚ ʮʝʣʦʤ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʰʧʠʣʝʢ SLI ʠ SLIII  U1 (U11) ʤʷʈʅʂ ʩʭʦʞʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ h22 ʠ 

h26 18S ʨʈʅʂ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʦʪʷ Sm-ʩʘʡʪ, ʩʦʜʝʨʞʘʱʠʡ ʦʜʥʦʮʝʧʦʯʝʯʥʳʡ ʫʯʘʩʪʦʢ, ʥʘ 

ʤʦʜʝʣʠ U1 ʤʷʈʅʇ ʥʝʩʢʦʣʴʢʦ ʫʜʘʣʝʥ ʦʪ SLI ʠ SLIII, ʚ ʩʚʦʙʦʜʥʦʡ U1 ʤʷʈʅʂ, ʦʥ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʜʚʠʞʝʥ ʠ, ʧʦʪʝʥʮʠʘʣʴʥʦ, ʤʦʞʝʪ ʩʙʣʠʞʘʪʴʩʷ ʩ SLI ʠ SLIII . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʙʠʥʛʘ ʩʪʨʫʢʪʫʨʳ 
His6-FLAG

eS1-

ʩʚʷʟʘʥʥʦʡ U11 ʤʷʈʅʂ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʝʸ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʛʦʤʦʣʦʛʘ 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ eS1 ʥʘ U11 ʤʷʈʅʂ ʨʘʩʧʦʣʦʞʝʥ ʚ ʫʛʣʫʙʣʝʥʠʠ 

ʤʝʞʜʫ SLI ʠ SLIII. ʕʪʦʪ ʫʯʘʩʪʦʢ ʤʠʤʠʢʨʠʨʫʝʪ ʧʦʜ ʨʝʛʠʦʥ 18S ʨʈʅʂ ʚ 40S ʩʫʙʯʘʩʪʠʮʝ, 

ʬʦʨʤʠʨʫʶʱʠʡ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ eS1 (h22 ʠ h26) ʠ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ 

ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ eS1. 
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ʈʠʩʫʥʦʢ 25. ʉʨʘʚʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ eS1 ʥʘ 18S ʨʈʅʂ ʠ ʥʘ U1 ʤʷʈʅʂ, 

ʛʦʤʦʣʦʛʝ U11 ʤʷʈʅʂ. ʉʣʝʚʘ, ʬʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ 40S ʩʫʙʯʘʩʪʠʮʳ ʨʠʙʦʩʦʤʳ ʯʝʣʦʚʝʢʘ, ʩʦʜʝʨʞʘʱʠʡ 

ʩʧʠʨʘʣʠ (h) 22 ʠ 26 ʠ eS1 (ʚʳʜʝʣʝʥ ʬʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ) (PDB ID: 4UG0) [39]. ʉʧʨʘʚʘ, ʬʨʘʛʤʝʥʪ 

ʩʪʨʫʢʪʫʨʳ U1 ʤʷʈʅʂ ʚ ʩʦʩʪʘʚʝ U1 ʤʷʈʅʇ (PDB ID: 3CW1) [303]. ʌʨʘʛʤʝʥʪ eS1, ʫʯʘʩʪʚʫʶʱʠʡ ʚ 

ʩʚʷʟʳʚʘʥʠʠ ʩ U11 ʤʷʈʅʂ ʧʦʢʘʟʘʥ ʙʣʝʜʥʦ-ʬʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ. ʋʯʘʩʪʦʢ SLI, ʥʝ ʠʤʝʶʱʠʡ ʛʦʤʦʣʦʛʠʯʥʦʛʦ 

ʨʝʛʠʦʥʘ ʚ U11 ʤʷʈʅʂ, ʙʝʩʮʚʝʪʥʳʡ. ʉʦʚʧʘʜʘʶʱʠʝ ʩʧʠʨʘʣʠ ʧʦʢʘʟʘʥʳ ʟʝʣʝʥʳʤ ʠ ʩʚʝʪʣʦ-ʛʦʣʫʙʳʤ 

ʮʚʝʪʘʤʠ. ʋʯʘʩʪʦʢ Sm-ʩʘʡʪʘ ʠ ʩʧʠʨʘʣʠ H ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤ ʠ ʩʠʥʠʤ ʮʚʝʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

3.1.1.7 ʆʧʨʝʜʝʣʝʥʠʝ ʫʯʘʩʪʢʘ eS1, ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩ U11 ʤʷʈʅʂ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʯʘʩʪʢʘ eS1, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ U11 ʤʷʈʅʂ, ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʦʚʘʣʝʥʪʥʳʡ ʘʜʜʫʢʪ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʰʠʚʢʠ 
His6-FLAG

eS1 ʩ 
32

P-ʤʝʯʝʥʦʡ U11 ʤʷʈʅʂ, 

ʩʦʜʝʨʞʘʱʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʚʩʪʨʦʝʥʥʳʝ ʦʩʪʘʪʢʠ s
4
U. ʕʪʦʪ ʘʜʜʫʢʪ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʈʅʂʘʟʦʡ T1, 

ʯʪʦʙʳ ʬʨʘʛʤʝʥʪʳ ʈʅʂ, ʩʰʠʪʳʝ ʩ ʙʝʣʢʦʤ, ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʠ ʥʝ ʚʥʦʩʠʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ ʚ ʝʛʦ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ, ʠ ʦʯʠʱʝʥ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ SDS-ʇɸɸɻ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʦʩʦʤ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʫʶ ʤʝʤʙʨʘʥʫ. 

ʌʨʘʛʤʝʥʪ ʤʝʤʙʨʘʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʣʦʞʝʥʠʶ ʜʘʥʥʦʛʦ ʘʜʜʫʢʪʘ, ʚʳʨʝʟʘʣʠ ʠ ʜʝʣʠʣʠ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʝʡ, ʠ ʟʘʪʝʤ ʢʘʞʜʫʶ ʯʘʩʪʴ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʤʠ 

ʘʛʝʥʪʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʣʶʮʠʝʡ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʠ ʨʘʟʜʝʣʝʥʠʝʤ ʠʭ ʚ SDS-ʇɸɸɻ. ɺ 

ʦʪʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʧʦʤʦʱʴʶ ʫʜʣʠʥʝʥʠʷ 
32

P-ʤʝʯʝʥʦʛʦ ʧʨʘʡʤʝʨʘ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʤʷʛʢʠʤ ʋʌ ʩʚʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ in vitro ʢʦʤʧʣʝʢʩʘ 

s
4
U-ʩʦʜʝʨʞʘʱʝʡ U11 ʤʷʈʅʂ ʩ 

His6-FLAG
eS1 ʩʰʠʚʢʠ ʙʝʣʢʘ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʩ ʪʝʤʠ 

ʞʝ ʫʯʘʩʪʢʘʤʠ U11 ʤʷʈʅʂ, ʯʪʦ ʠ in vivo (ʈʠʩʫʥʦʢ 26 ɸ, ɹ). ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ 

ʢʦʚʘʣʝʥʪʥʳʡ ʘʜʜʫʢʪ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ in vitro, ʷʚʣʷʝʪʩʷ 
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ʨʝʣʝʚʘʥʪʥʳʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʯʘʩʪʢʘ ʙʝʣʢʘ eS1, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʩʰʠʚʘʥʠʠ ʩ U11 ʤʷʈʅʂ in 

vivo. 

 

 

ʈʠʩʫʥʦʢ 26. ʉʰʠʚʘʥʠʝ 
His6-FLAG

eS1 ʩ s
4
U-ʩʦʜʝʨʞʘʱʝʡ U11 ʤʷʈʅʂ ʚ ʩʦʩʪʘʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʠʥʘʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. (ɸ) ʈʘʜʠʦʘʚʪʦʛʨʘʬʳ ʛʝʣʷ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮ ʦʙʨʘʟʮʦʚ ʈʅʂ ʠʟ ʦʙʣʫʯʝʥʥʦʛʦ (+) ʠ ʥʝʦʙʣʫʯʝʥʥʦʛʦ (ï) ʢʦʤʧʣʝʢʩʘ. U, 

G, C, A ï ʩʠʢʚʝʥʩʥʳʝ ʣʠʥʠʠ; ʥʫʤʝʨʘʮʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʣʦʞʝʥʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ U11 ʤʷʈʅʂ ʜʘʥʘ 

ʩʣʝʚʘ. ʇʦʣʦʞʝʥʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʦʩʪʘʥʦʚʢʠ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ, 

ʥʘʭʦʜʷʪʩʷ ʚ 3ô-ʧʦʣʦʞʝʥʠʠ ʦʪ ʦʩʪʘʪʢʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʩʰʠʚʘʝʪʩʷ 
His6-FLAG

eS1, ʠ ʦʙʦʟʥʘʯʝʥʳ ʟʝʣʸʥʳʤʠ 

ʪʦʯʢʘʤʠ. (ɹ) ʂʘʨʪʠʨʦʚʘʥʠʝ ʧʦʣʦʞʝʥʠʡ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʰʠʚʘʶʱʠʭʩʷ ʩ 
His6-FLAG

eS1 (ʦʙʦʟʥʘʯʝʥʳ 

ʟʝʣʝʥʳʤʠ ʪʦʯʢʘʤʠ) ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʥʘ ʧʘʥʝʣʠ ɸ (ʩʦ ʩʜʚʠʛʦʤ ʥʘ ʦʜʠʥ ʦʩʪʘʪʦʢ ʚ 5ô-ʩʪʦʨʦʥʫ), ʥʘ 

ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ U11 ʤʷʈʅʂ. ʇʦʣʦʞʝʥʠʷ ʦʩʪʘʪʢʦʚ ʫʨʠʜʠʥʘ U11 ʤʷʈʅʂ, ʩ ʢʦʪʦʨʳʤʠ eS1 ʩʰʠʚʘʝʪʩʷ 

in vivo ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ PAR-CLIP, ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʨʦʤʮʠʘʥ (CNBr), ʡʦʜʦʟʦʙʝʥʟʦʡʥʘʷ 

ʢʠʩʣʦʪʘ (IOBz), ʠ ʵʥʜʦʧʨʦʪʝʘʟʘ ArgC, ʢʦʪʦʨʳʝ ʩʧʝʮʠʬʠʯʥʦ ʨʘʩʱʝʧʣʷʶʪ ʙʝʣʦʢ ʧʦʩʣʝ ʦʩʪʘʪʢʦʚ 

ʤʝʪʠʦʥʠʥʘ, ʪʨʠʧʪʦʬʘʥʘ ʠ ʘʨʛʠʥʠʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʨʪʘ ʨʘʩʱʝʧʣʝʥʠʷ 
His6-FLAG

eS1 (ʩ ʫʯʸʪʦʤ 

ʤʘʩʩʳ N-ʢʦʥʮʝʚʳʭ His-taq ʠ FLAG-ʧʝʧʪʠʜʘ) ʵʪʠʤʠ ʘʛʝʥʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 27 ɼ. 

ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʘ ʩʰʠʚʢʠ 
His6-FLAG

eS1 ʩ s
4
U-ʩʦʜʝʨʞʘʱʝʡ U11 ʤʷʈʅʂ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʈʅʂʘʟʦʡ T1 ʧʦʢʘʟʘʣ, ʯʪʦ ʝʛʦ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ (ʈʠʩʫʥʦʢ 27 ɸ) 

ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʘʢʦʚʦʡ ʫ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ s
4
U-ʟʘʚʠʩʠʤʦʤ ʩʰʠʚʘʥʠʠ ʈʅʂ ʩ 

FLAG
eS1 

in vivo (ʩʤ. ʈʠʩʫʥʦʢ 19, ʩʪʨ. 92). ʇʝʧʪʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 
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U11 ʤʷʈʅʂ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʩʰʠʪʦʛʦ 
His6-FLAG

eS1, ʜʚʠʞʫʪʩʷ ʚ ʛʝʣʝ ʰʠʨʦʢʠʤʠ 

ʧʦʣʦʩʘʤʠ ʩ ʢʘʞʫʱʝʡʩʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʧʨʠʤʝʨʥʦ 10, 8 ʠ 6 ʢɼʘ ʜʣʷ IOBz, 

CNBr ʠ ArgC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 27 ɹ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʥʝʧʦʣʥʳʤ ʛʠʜʨʦʣʠʟʦʤ 

ʈʅʂʘʟʦʡ T1 ʦʩʪʘʪʢʘ U11 ʤʷʈʅʂ, ʩʰʠʪʦʛʦ ʩ 
His6-FLAG

eS1, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 
His6-FLAG

eS1 

ʦʢʘʟʳʚʘʝʪʩʷ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʜʣʠʥʝ ʬʨʘʛʤʝʥʪʘʤʠ ʈʅʂ, ʢʦʪʦʨʳʝ 

ʦʩʪʘʶʪʩʷ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʢ ʧʝʧʪʠʜʥʳʤ ʬʨʘʛʤʝʥʪʘʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʙʝʣʢʘ, 

ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʷ ʥʘ ʠʭ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʛʝʣʝ.  

 

ʈʠʩʫʥʦʢ 27. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʬʨʘʛʤʝʥʪʘ 
His6-FLAG

eS1, ʩʰʠʚʘʶʱʝʛʦʩʷ ʩ 
32

P-ʤʝʯʝʥʦʡ s
4
U-ʩʦʜʝʨʞʘʱʝʡ U11 

ʤʷʈʅʂ ʚ ʩʦʩʪʘʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʠʥʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʤʷʛʢʠʤ ʋʌ ʩʚʝʪʦʤ. (ɸ) 

ʆʯʠʩʪʢʘ ʧʨʦʜʫʢʪʘ ʩʰʠʚʢʠ (ʦʙʦʟʥʘʯʝʥ ʢʘʢ 
His6-FLAG

eS1*) ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʈʅʂʘʟʦʡ ʊ1 ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 

SDS-ʇɸɸɻ. (ɹ) ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ 
His6-FLAG

eS1*, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʝʛʦ ʦʙʨʘʙʦʪʢʝ IOBz, CNBr 

ʠ ʧʨʦʪʝʘʟʦʡ ArgC ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ SDS-ʇɸɸɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʩ-ʪʨʠʮʠʥʦʚʦʛʦ ʙʫʬʝʨʘ. (ɺ, ɻ) 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 
His6-FLAG

eS1* ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ (ʩʤ. ʧʦʜʧʠʩʴ ʢ ʧʘʥʝʣʠ ɹ). ʉʧʨʘʚʘ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʥʝʣʝʡ 

ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 
His6-FLAG

eS1* ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʰʠʪʳʭ ʧʝʧʪʠʜʦʚ. ɼʣʷ ʚʩʝʭ 
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ʧʘʥʝʣʝʡ ʧʦʣʦʞʝʥʠʷ ʤʘʨʢʝʨʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʙʝʣʢʦʚ ʫʢʘʟʘʥʳ ʩʣʝʚʘ. (ɼ) ʂʘʨʪʳ ʨʘʩʱʝʧʣʝʥʠʷ 
His6-

FLAG
eS1 (ʩʦʜʝʨʞʘʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ His6 and FLAG-ʵʧʠʪʦʧ ʥʘ N-ʢʦʥʮʝ) ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ ʩ ʫʢʘʟʘʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʛʠʜʨʦʣʠʟʘ. ʋʯʘʩʪʢʠ ʢʘʨʪ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʪʠʚʥʦʛʦ eS1, ʟʘʢʨʘʰʝʥʳ ʛʦʣʫʙʳʤ 

ʮʚʝʪʦʤ, ʘ ʢ His6 and FLAG-ʵʧʠʪʦʧʫ, ï ʞʸʣʪʳʤ; ʫʯʘʩʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʰʠʪʳʤ ʧʝʧʪʠʜʥʳʤ 

ʬʨʘʛʤʝʥʪʘʤ
 His6-FLAG

eS1*, ʧʦʜʯʸʨʢʥʫʪʳ ʢʨʘʩʥʦʡ ʣʠʥʠʝʡ. ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʚʳʜʝʣʝʥ ʫʯʘʩʪʦʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʰʠʪʦʛʦ ʬʨʘʛʤʝʥʪʘ
 His6-FLAG

eS1, ʫʢʘʟʘʥʥʦʡ 

ʚʥʠʟʫ. 

 

ɹʝʣʦʢ eS1 ʩʦʜʝʨʞʠʪ ʜʚʘ ʦʩʪʘʪʢʘ ʪʨʠʧʪʦʬʘʥʘ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʙʦʪʢʘ ʩʰʠʪʦʛʦ 
His6-

FLAG
eS1 IOBz ʜʦʣʞʥʘ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʤʘʩʩʘʤʠ ï 6489 ɼʘ, 9884 ɼʘ ʠ 

16765 ɼʘ (ʈʠʩʫʥʦʢ 27 ɼ). ʇʦʩʢʦʣʴʢʫ ʩʨʝʜʥʷʷ ʢʘʞʫʱʘʷʩʷ ʤʘʩʩʘ ʩʰʠʪʦʛʦ ʧʝʧʪʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 10 ʢɼʘ (ʈʠʩʫʥʦʢ 27 ɹ), ʪʦ ʝʤʫ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ 6489 ɼʘ ʠʣʠ 

9884 ɼʘ. ʉ ʵʪʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʤʦʛʫʪ ʧʝʨʝʢʨʳʚʘʪʴʩʷ ʜʚʘ ʢʨʫʧʥʳʭ ʧʨʦʜʫʢʪʘ ʛʠʜʨʦʣʠʟʘ 

His6-FLAG
eS1 CNBr ʩ ʤʘʩʩʘʤʠ 5071 ɼʘ ʠ 7285 ɼʘ (ʈʠʩʫʥʦʢ 27 ɼ). ʏʪʦʙʳ ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʪʴ ʤʝʞʜʫ 

ʧʨʦʜʫʢʪʘʤʠ ʛʠʜʨʦʣʠʟʘ CNBr, ʬʨʘʛʤʝʥʪ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʩʰʠʪʦʛʦ 
His6-FLAG

eS1 ʵʪʠʤ 

ʘʛʝʥʪʦʤ, ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥ IOBz, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʧʝʧʪʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʯʝʤ ʫ ʠʩʭʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʈʠʩʫʥʦʢ 27 

ɺ). ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʣʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʜʫʢʪ ʛʠʜʨʦʣʠʟʘ 

His6-FLAG
eS1 CNBr ʩ ʤʘʩʩʦʡ 7285 ɼʘ (ʈʠʩʫʥʦʢ 27 ɼ), ʢʦʪʦʨʳʡ ʥʝ ʠʤʝʝʪ ʚʥʫʪʨʠ ʩʘʡʪʦʚ ʛʠʜʨʦʣʠʟʘ 

IOBz ʠ ʧʦʵʪʦʤʫ ʝʛʦ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʥʝ ʜʦʣʞʥʘ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʜʘʥʥʳʤ ʘʛʝʥʪʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʰʠʪʳʡ ʧʝʧʪʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ 

ʚʳʰʝʫʢʘʟʘʥʥʦʤʫ ʬʨʘʛʤʝʥʪʫ 5071 ɼʘ, ʧʦʣʫʯʝʥʥʦʤʫ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ 
His6-FLAG

eS1 ʩ ʧʦʤʦʱʴʶ 

CNBr. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ ʧʨʦʜʫʢʪʦʤ ʛʠʜʨʦʣʠʟʘ 
His6-FLAG

eS1 ArgC ʷʚʣʷʝʪʩʷ 

ʬʨʘʛʤʝʥʪ 3853 ɼʘ (ʈʠʩʫʥʦʢ 27 ɹ, ɻ ʠ ɼ), ʧʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʦʥ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʬʨʘʛʤʝʥʪʦʤ 5071 

ɼʘ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʉNBr. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʰʠʪʳʡ ʬʨʘʛʤʝʥʪ 

eS1 ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 8-42 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ (ʈʠʩʫʥʦʢ 27 ɼ). ʏʪʦʙʳ ʩʫʟʠʪʴ ʨʝʛʠʦʥ 

His6-FLAG
eS1, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʩʰʠʚʢʝ, ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʛʠʜʨʦʣʠʟʫ 

ʧʨʦʜʫʢʪʘ ʨʘʩʱʝʧʣʝʥʠʷ ʩʰʠʪʦʛʦ 
His6-FLAG

eS1, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʝʛʦ ʦʙʨʘʙʦʪʢʝ ArgC, ʩ ʧʦʤʦʱʴʶ 

ʣʠʙʦ CNBr, ʣʠʙʦ IOBz (ʈʠʩʫʥʦʢ 27 ɻ). ʇʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʧʦʤʦʱʴʶ CNBr 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʨʦʜʫʢʪ, ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʝʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʠʩʭʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʈʠʩʫʥʦʢ 27 ɻ), ʪʦʛʜʘ ʢʘʢ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʩ ʧʦʤʦʱʴʶ IOBz ʧʦʷʚʣʷʣʩʷ ʧʨʦʜʫʢʪ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʥʦʡ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ (ʈʠʩʫʥʦʢ 27 ɻ). ʈʘʟʣʠʯʠʝ ʚ ʧʦʜʚʠʞʥʦʩʪʷʭ ʧʝʧʪʠʜʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ ʛʠʜʨʦʣʠʟʘ 
His6-FLAG

eS1 ArgC 

ʜʘʥʥʳʤʠ ʘʛʝʥʪʘʤʠ, ʦʪʨʘʞʘʝʪ ʨʘʟʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʦʪʱʝʧʣʷʝʤʳʭ ʠʤʠ 
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ʦʪ ʠʩʭʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ: 12 ʠ 4 ʧʨʠ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʝ IOBz ʠ CNBr ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʧʝʧʪʠʜ 
His6-FLAG

eS1, ʩʰʠʚʘʶʱʠʡʩʷ ʩ s
4
U-ʩʦʜʝʨʞʘʱʝʡ U11 ʤʷʈʅʂ in vitro, ʤʦʞʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ 

ʫʯʘʩʪʢʫ ʤʝʞʜʫ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 8ï30 (ʈʠʩʫʥʦʢ 27 ɼ). ɽʩʣʠ ʙʳ ʦʥ ʦʪʥʦʩʠʣʩʷ ʢ 

ʫʯʘʩʪʢʫ 30ï38, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʜʫʢʪʘ ʩʰʠʚʢʠ ʩ ʧʦʤʦʱʴʶ CNBr ʠ IOBz, ʧʨʠʚʝʣʘ 

ʙʳ ʢ ʝʱʸ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʧʨʦʜʫʢʪʘ (ʈʠʩʫʥʦʢ 27 ɺ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʈʠʩʫʥʦʢ 27 

ɹ-ɻ) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʘʨʪʘʤʠ ʨʘʩʱʝʧʣʝʥʠʷ (ʈʠʩʫʥʦʢ 27 ɼ) ʧʨʠʚʝʣʦ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʚ    

His6-FLAG
eS1 ʤʠʰʝʥʴʶ ʜʣʷ s

4
U-ʩʦʜʝʨʞʘʱʝʡ U11 ʤʷʈʅʂ ʷʚʣʷʣʩʷ ʧʝʧʪʠʜʥʳʡ ʬʨʘʛʤʝʥʪ 9-

LTKGGKKGAKKKVVDPFSKKD -29, ʦʙʦʛʘʱʝʥʥʳʡ ʣʠʟʠʥʦʤ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤ N-ʢʦʥʮʝʚʦʤ ʭʚʦʩʪʝ ʙʝʣʢʘ (ʩʤ. ʈʠʩʫʥʦʢ 17 ɸ, ʩʪʨ. 89). 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʨʝʛʠʦʥʦʤ 5ï20 eS1, 

ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʫʢʣʝʦʪʠʜʥʳʝ ʦʩʪʘʪʢʠ, ʚʳʷʚʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ BindN+ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳʝ ʢ ʫʯʘʩʪʠʶ ʚ ʩʚʷʟʳʚʘʥʠʠ ʈʅʂ (ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʪʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʚʷʟʳʚʘʥʠʝ eS1 ʩ 18S ʨʈʅʂ ʚ 40S ʩʫʙʯʘʩʪʠʮʝ) (ʩʤ. ʈʠʩʫʥʦʢ 17 ɹ, ʩʪʨ. 89). ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʧʦʣʦʞʝʥʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʦʚ ʚ U11 ʤʷʈʅʂ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʝʸ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 
His6-

FLAG
eS1 in vitro, ʠ ʩ 

FLAG
eS1 in vivo, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ (ʈʠʩʫʥʦʢ 27 ɹ), ʤʦʞʥʦ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʩʰʠʚʢʠ 
FLAG

eS1 ʩ ʈʅʂ, ʢʦʜʠʨʫʝʤʳʤʠ ʛʝʥʘʤʠ RNU11 ʠ RNU5A-

1, ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʣʠ ʩ ʫʯʘʩʪʠʝʤ ʬʨʘʛʤʝʥʪʘ 9ï29.  

ɺ ʦʪʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 40S ʨʠʙʦʩʦʤʥʳʝ ʩʫʙʯʘʩʪʠʮʳ ʥʝ ʦʙʨʘʟʫʶʪ 

ʩʰʠʚʦʢ ʩ s
4
U-ʩʦʜʝʨʞʘʱʝʡ U11 ʤʷʈʅʂ (ʈʠʩʫʥʦʢ 28), ʯʪʦ ʙʳʣʦ ʦʞʠʜʘʝʤʦ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ 

ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʨʘʟʜʝʣʝ 3.1.1.5, ʦʢʘʟʳʚʘʷʩʴ ʚ ʩʦʩʪʘʚʝ 40S ʩʫʙʯʘʩʪʠʮʳ, eS1 ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʜʦʩʪʫʧʥʳʤ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ U11 ʤʷʈʅʂ (ʩʤ. ʈʠʩʫʥʦʢ 23 ɸ, ʩʪʨ. 98). ɺʩʸ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʘʢ ʩ U11 ʤʷʈʅʂ, ʪʘʢ ʠ ʩ U5 ʤʷʈʅʂ ʚʦʚʣʝʢʘʝʪʩʷ ʩʚʦʙʦʜʥʳʡ eS1. 

 

ʈʠʩʫʥʦʢ 28. ʉʰʠʚʘʥʠʝ 
32

P-ʤʝʯʝʥʦʡ s
4
U-ʩʦʜʝʨʞʘʱʝʡ U11 ʤʷʈʅʂ ʩ 

His6-FLAG
eS1 ʠ 40S ʩʫʙʯʘʩʪʠʮʘʤʠ 

ʨʠʙʦʩʦʤʳ ʯʝʣʦʚʝʢʘ. (ɸ) ʈʘʜʠʦʘʚʪʦʛʨʘʬ ʛʝʣʷ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʧʨʦʜʫʢʪʦʚ ʩʰʠʚʢʠ ʧʨʦʠʟʚʦʜʥʦʛʦ U11 ʤʷʈʅʂ 
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ʩ 
His6-FLAG

eS1 ʠʣʠ 40S ʩʫʙʯʘʩʪʠʮʘʤʠ. (ɹ) ɺʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʦʡ ʤʝʤʙʨʘʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʘʥʥʦʤʫ ʛʝʣʶ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠ-eS1 ʘʥʪʠʪʝʣ. ʉʧʨʘʚʘ ʫʢʘʟʘʥʳ ʧʦʣʦʞʝʥʠʷ 

ʥʘʪʠʚʥʦʛʦ eS1 ʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ 
His6-FLAG

eS1, ʚʠʟʫʘʣʠʟʠʨʫʝʤʦʛʦ ʥʘ ʤʝʤʙʨʘʥʝ ʚʤʝʩʪʝ ʩ ʙʝʣʢʘʤʠ 40S 

ʩʫʙʯʘʩʪʠʮʳ, ʧʦʣʦʞʝʥʠʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ [304], ʧʦʩʣʝ ʝʸ ʦʢʨʘʰʠʚʘʥʠʷ Ponceau S. ʉʣʝʚʘ ʫʢʘʟʘʥʳ 

ʧʦʣʦʞʝʥʠʷ ʤʘʨʢʝʨʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʙʝʣʢʦʚ.  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ PAR-CLIP ʫʜʘʣʦʩʴ ʚʧʝʨʚʳʝ ʚʳʷʚʠʪʴ 

ʚʥʝʨʠʙʦʩʦʤʥʳʝ ʈʅʂ-ʧʘʨʪʥʸʨʳ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eS1 ï ʈʅʂ, ʢʦʜʠʨʫʝʤʳʝ ʛʝʥʘʤʠ RNU11 ʠ 

RNU5A-1, ʠ ʦʧʨʝʜʝʣʠʪʴ ʚ ʥʠʭ ʦʙʣʘʩʪʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ eS1, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ U-

ʙʦʛʘʪʦʤʫ ʫʯʘʩʪʢʫ, ʩʦʜʝʨʞʘʱʝʤʫ Sm-ʩʘʡʪ, ʚ U11 ʤʷʈʅʂ ʠ ʨʘʡʦʥʫ ʘʧʠʢʘʣʴʥʦʡ ʧʝʪʣʠ I ʚ U5 

ʤʷʈʅʂ. ɿʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʘʥʥʳʤʠ ʦʙʣʘʩʪʷʤ ʈʅʂ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ in vitro, 

ʦʪʚʝʪʩʪʚʝʥʝʥ N-ʢʦʥʮʝʚʦʡ ʣʠʟʠʥ-ʙʦʛʘʪʳʡ ʫʯʘʩʪʦʢ 9ï29 eS1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ eS1 ʷʚʣʷʝʪʩʷ 

ʩʚʷʟʘʥʥʳʤ ʩ U11 ʧʨʝ-ʤʷʈʅʂ ʢʘʢ ʚ ʷʜʨʝ, ʪʘʢ ʠ ʮʠʪʦʧʣʘʟʤʝ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʝʸ ʧʨʦʮʝʩʩʠʥʛ, ʘ ʩʦ 

ʟʨʝʣʦʡ U11 ʤʷʈʅʂ ʚ ʩʦʩʪʘʚʝ U11/U12 ʈʅʇ ʚ ʷʜʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ eS1 ʚ 

ʢʣʝʪʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʥʝʟʨʝʣʦʡ U11 ʧʨʝ-ʤʷʈʅʂ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʧʣʘʡʩʠʥʛʘ ʤʠʥʦʨʥʳʭ ʠʥʪʨʦʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʫ eS1 

ʥʝʢʘʥʦʥʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʙʠʦʛʝʥʝʟʦʤ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʤʘʣʦʡ ʩʧʣʘʡʩʦʩʦʤʳ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʧʦʥʠʤʘʥʠʝ ʨʦʣʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ ʢʣʝʪʢʘʭ. 

 

3.1.2 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ uS19 ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ ʜʝʢʦʜʠʨʫʶʱʝʛʦ ʮʝʥʪʨʘ 

ʨʠʙʦʩʦʤʳ ʩ ʢʣʝʪʦʯʥʳʤʠ ʤʈʅʂ 

 

ʈʠʙʦʩʦʤʥʳʡ ʙʝʣʦʢ uS19 (S15 ʧʦ ʩʪʘʨʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [57]) ʧʨʠʥʘʜʣʝʞʠʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʩʝʤʝʡʩʪʚʫ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʙʝʣʢʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʨʠʙʦʩʦʤʘʭ ʚʩʝʭ 

ʮʘʨʩʪʚ. ʕʫʢʘʨʠʦʪʠʯʝʩʢʠʡ uS19 ʠʤʝʝʪ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʉ-ʢʦʥʮʝʚʦʡ ʭʚʦʩʪ, ʥʝ ʠʤʝʶʱʠʡ 

ʛʦʤʦʣʦʛʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʘʭ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ, 

ʢʦʪʦʨʳʡ ʧʨʦʩʪʠʨʘʝʪʩʷ ʢ ʜʝʢʦʜʠʨʫʶʱʝʤʫ ʨʠʙʦʩʦʤʥʦʤʫ ʮʝʥʪʨʫ [8]. ʈʘʥʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ ʘʥʘʣʦʛʦʚ ʤʈʅʂ, ʥʝʩʫʱʠʭ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʦʩʪʘʪʦʢ s
4
U ʠʣʠ 

ʧʝʨʬʪʦʨʘʨʠʣʘʟʠʜʦ-ʧʨʦʠʟʚʦʜʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ uS19 ʩʧʦʩʦʙʝʥ ʩʰʠʚʘʪʴʩʷ ʩ 

ʢʦʜʦʥʦʤ ʤʈʅʂ ʚ ɸ-ʫʯʘʩʪʢʝ, ʝʩʣʠ ʦʥ ʥʝ ʟʘʥʷʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʠʙʦʩʦʤʥʳʤ ʣʠʛʘʥʜʦʤ [5, 6, 67-

69]. ʉ ʧʦʤʦʱʴʶ ʘʥʘʣʦʛʦʚ ʤʈʅʂ ï ʧʝʨʬʪʦʨʘʨʠʣʘʟʠʜʦ-ʧʨʦʠʟʚʦʜʥʳʭ ʦʣʠʛʦʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʨʝʛʠʦʥ uS19, ʚʦʚʣʝʢʘʶʱʠʡʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʜʦʥʦʤ ʚ ɸ-ʫʯʘʩʪʢʝ, 

ʢʦʪʦʨʳʤ ʦʢʘʟʘʣʩʷ ʝʛʦ ʉ-ʢʦʥʮʝʚʦʡ ʧʝʥʪʘʜʝʢʘʧʝʧʪʠʜʥʳʡ ʬʨʘʛʤʝʥʪ [7]. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ uS19 ʩ ʜʝʣʝʪʠʨʦʚʘʥʥʳʤ ʉ-ʢʦʥʮʝʚʳʤ ʬʨʘʛʤʝʥʪʦʤ 

(ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ 131-145) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ 
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ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ. ɼʝʣʝʮʠʷ ʫʢʘʟʘʥʥʳʭ ʦʩʪʘʪʢʦʚ uS19 ʧʦʣʥʦʩʪʴʶ ʣʠʰʘʣʘ 

ʨʠʙʦʩʦʤʳ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʪʨʘʥʩʣʷʮʠʠ, ʥʝ ʚʣʠʷʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʘ ʩʙʦʨʢʫ ʠ ʩʦʟʨʝʚʘʥʠʝ 40S 

ʩʫʙʯʘʩʪʠʮ ʠ ʠʥʠʮʠʘʮʠʶ ʪʨʘʥʩʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʜʝʣʝʮʠʷ ʥʝ ʥʘʨʫʰʘʣʘ ʩʧʦʩʦʙʥʦʩʪʠ 

ʨʠʙʦʩʦʤ ʩʚʷʟʳʚʘʪʴ ʘʤʠʥʦʘʮʠʣ-ʪʈʅʂ ʚ ɸ-ʫʯʘʩʪʢʝ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʦʚʣʝʯʝʥʠʠ ʧʝʧʪʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 131-145 ʙʝʣʢʘ uS19 ʚ ʘʢʢʦʤʦʜʘʮʠʶ 

ʘʤʠʥʦʘʮʠ-ʪʈʅʂ ʚ ʵʪʦʤ ʫʯʘʩʪʢʝ [273].  

 

3.1.2.1 ʇʨʦʚʝʨʢʘ ʩʧʦʩʦʙʥʦʩʪʠ uS19 ʩʰʠʚʘʪʴʩʷ ʩ ʘʥʘʣʦʛʘʤʠ ʤʈʅʂ, ʥʝʩʫʱʠʤʠ ʦʩʪʘʪʢʠ s
4
U, ʚ 

ʢʦʜʦʥʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ɸ- ʠʣʠ P-ʫʯʘʩʪʢʘʭ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ uS19 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʩ ʢʦʜʦʥʦʤ 

ʤʈʅʂ ʚ ɸ-ʫʯʘʩʪʢʝ, ʠ ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʣʠ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʢʦʛʜʘ ʚ ɸ-ʫʯʘʩʪʢʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʤʦʣʝʢʫʣʘ ʪʈʅʂ, ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʘʬʬʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʨʠʙʦʩʦʤ ʯʝʣʦʚʝʢʘ ʚ 

ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʘʣʦʛʘʤʠ ʤʈʅʂ I-IV, ʥʝʩʫʱʠʤʠ ʦʩʪʘʪʢʠ s
4
U ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ 

(ʈʠʩʫʥʦʢ 29). ɺ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʦʩʪʘʪʦʢ s
4
U ʥʘʭʦʜʠʣʩʷ ʚ ʧʦʣʦʞʝʥʠʷʭ +2 ʠʣʠ +3 (ʢʦʤʧʣʝʢʩ 1), 

ʣʠʙʦ ʚ ʧʦʣʦʞʝʥʠʷʭ +5 ʠʣʠ +6 (ʢʦʤʧʣʝʢʩʳ 2ï6) ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʢʦʜʦʥʘ ʚ P-

ʫʯʘʩʪʢʝ. ɺ ʢʦʤʧʣʝʢʩʘʭ 1ï3 ʠ 6 ɸ-ʫʯʘʩʪʦʢ ʙʳʣ ʩʚʦʙʦʜʝʥ, ʘ ʚ ʢʦʤʧʣʝʢʩʘʭ 4 ʠ 5 ʦʥ ʙʳʣ ʟʘʥʷʪ 

ʤʦʣʝʢʫʣʦʡ ʪʈʅʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʥʝʤ ʢʦʜʦʥʫ. ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʥʘʣʦʛʠ 

ʤʈʅʂ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʨʠʙʦʩʦʤʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʈʅʂ
Asp

 ʠʣʠ ʪʈʅʂ
Phe

, 

ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʷʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʜʦʥ ʚ P-ʫʯʘʩʪʦʢ. ɸʥʘʣʠʟ ʙʝʣʢʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʦʙʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 1, ʧʦʢʘʟʘʣ, ʯʪʦ ʧʘʪʪʝʨʥʳ ʩʰʠʚʢʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʘʥʘʣʦʛʦʤ ʤʈʅʂ I, ʥʝ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʘʢʦʚʳʭ, ʥʘʙʣʶʜʘʝʤʳʭ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʠʥʘʨʥʦʡ ʩʤʝʩʠ, ʛʜʝ ʜʘʥʥʳʡ 

ʘʥʘʣʦʛ ʤʈʅʂ ʥʝ ʬʠʢʩʠʨʦʚʘʥ ʥʘ ʨʠʙʦʩʦʤʘʭ ʢʦʜʦʥ-ʘʥʪʠʢʦʜʦʥʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚ ʤʈʅʂ-

ʩʚʷʟʳʚʘʶʱʝʤ ʢʘʥʘʣʝ (ʈʠʩʫʥʦʢ 29 ɸ). ʕʪʠ ʧʘʪʪʝʨʥʳ ʦʪʥʝʩʝʥʳ ʢ ʩʰʠʚʢʘʤ ʘʥʘʣʦʛʘ ʤʈʅʂ I ʩ 

ʨʠʙʦʩʦʤʥʳʤʠ ʙʝʣʢʘʤʠ uS3 ʠ eS30, ʢʦʪʦʨʳʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ [64, 70], ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʚʦʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʝʨʝʜ ʚʭʦʜʦʤ ʚ ʢʘʥʘʣ, ʢʘʢ ʤʠʰʝʥʠ ʜʣʷ 

ʩʰʠʚʦʢ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʥʘʣʦʛʦʚ ʤʈʅʂ ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʪʈʅʂ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʘʭ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʩʪʘʪʦʢ s
4
U ʚ ʢʦʜʦʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 

ʈ-ʫʯʘʩʪʢʝ ʥʝ ʦʙʨʘʟʫʝʪ ʩʰʠʚʢʠ ʩ uS19. ʇʦʩʢʦʣʴʢʫ ʣʘʙʠʣʴʥʳʝ ʙʠʥʘʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʷʪ ʩʰʠʚʢʠ ʘʥʘʣʦʛʦʚ ʤʈʅʂ ʩ ʙʝʣʢʘʤʠ uS3 ʠ eS30, ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʷʭ, ʥʘʨʷʜʫ ʩ ʢʦʤʧʣʝʢʩʘʤʠ, ʛʜʝ ʘʥʘʣʦʛʠ ʤʈʅʂ ʬʠʢʩʠʨʦʚʘʥ r

ʚ ʨʠʙʦʩʦʤʥʦʤ ʢʘʥʘʣʝ [64, 70], ʧʘʪʪʝʨʥʳ, ʦʪʥʦʩʷʰʠʝʩʷ ʢ ʵʪʠʤ ʩʰʠʚʢʘʤ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠ ʜʣʷ 

ʦʙʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 2ï5 ʩ ʘʥʘʣʦʛʘʤʠ ʤʈʅʂ II ʠ III (ʈʠʩʫʥʦʢ 29 ɹ). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʢ ʠ 

ʦʞʠʜʘʣʦʩʴ, ʚ ʢʦʤʧʣʝʢʩʘʭ 2, 3 ʠ 6 uS19 ʩʰʠʚʘʣʩʷ ʩ ʦʩʪʘʪʢʦʤ s
4
U ʚ ʧʦʣʦʞʝʥʠʠ +5 ʠʣʠ +6.  
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ʋʨʦʚʝʥʴ ʩʰʠʚʢʠ ʘʥʘʣʦʛʦʚ ʤʈʅʂ II ʠ III  ʩ uS19 ʚ ʢʦʤʧʣʝʢʩʘʭ 4 ʠ 5 ʙʳʣ ʧʨʠʤʝʨʥʦ ʥʘ 40% 

ʥʠʞʝ, ʯʝʤ ʚ ʢʦʤʧʣʝʢʩʘʭ 2 ʠ 3, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʟʘʱʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʪʈʅʂ, ʩʚʷʟʘʥʥʦʡ ʚ 

ɸ-ʫʯʘʩʪʢʝ. ʈʘʥʝʝ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʦʙʥʘʨʫʞʝʥ ʫ ʬʘʢʪʦʨʘ ʪʝʨʤʠʥʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ eRF-1 [64], 

ʢʦʪʦʨʳʡ, ʩʚʷʟʳʚʘʷʩʴ ʩ ʨʠʙʦʩʦʤʦʡ ʚ ɸ-ʫʯʘʩʪʢʝ, ʟʘʧʫʩʢʘʝʪ ʛʠʜʨʦʣʠʟ ʧʝʧʪʠʜʠʣ-ʪʈʅʂ ʚ ʈ-ʫʯʘʩʪʢʝ 

ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʩʠʥʪʝʟʘ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ʙʝʣʢʘ.  

 

 

ʈʠʩʫʥʦʢ 29. ɸʬʬʠʥʥʦʝ ʩʰʠʚʘʥʠʝ in vitro ʘʥʘʣʦʛʦʚ ʤʈʅʂ IïIV, ʥʝʩʫʱʠʭ ʦʩʪʘʪʢʠ s
4
U, ʩ 80S ʨʠʙʦʩʦʤʘʤʠ 

ʯʝʣʦʚʝʢʘ. (ɸ) ʉʚʝʨʭʫ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʥʘʣʦʛʘ ʤʈʅʂ I, ʛʜʝ ʚʳʜʝʣʝʥ ʪʨʠʧʣʝʪ GAU, ʢʦʜʠʨʫʶʱʠʡ 
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Asp ʠ ʥʘʧʨʘʚʣʷʝʤʳʡ ʚ P-ʫʯʘʩʪʦʢ. ʉʥʠʟʫ ʩʣʝʚʘ ï ʠʟʦʪʝʨʤʳ ʩʚʷʟʳʚʘʥʠʷ 80S ʨʠʙʦʩʦʤ ʩ 5ô-P
32

-ʤʝʯʝʥʳʤʠ 

ʪʈʅʂ
Asp

 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʈʅʂ I (ʢʦʤʧʣʝʢʩ 1) (1) ʠ ʙʝʟ ʤʈʅʂ (2), ʘ ʪʘʢʞʝ ʩ 5ô-P
32

-ʤʝʯʝʥʦʡ ʤʈʅʂ I ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʈʅʂ
Asp 
(ʢʦʤʧʣʝʢʩ 1) (3) ʠ ʙʝʟ ʪʈʅʂ (4). ʉʠʤʚʦʣ ɜ ʦʙʦʟʥʘʯʘʝʪ ʫʨʦʚʝʥʴ ʩʚʷʟʳʚʘʥʠʷ 5ô-P

32
-

ʤʝʯʝʥʦʛʦ ʣʠʛʘʥʜʘ (ʤʦʣʴ ʣʠʛʘʥʜʘ ʥʘ 1 ʤʦʣʴ 80S ʨʠʙʦʩʦʤ), ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʬʨʘʢʮʠʶ ʘʢʪʠʚʥʳʭ 

ʨʠʙʦʩʦʤ (ʜʦʣʷ ʘʢʪʠʚʥʳʭ ʨʠʙʦʩʦʤ ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 75%). ʉʥʠʟʫ ʩʧʨʘʚʘ ï ʨʘʜʠʦʘʚʪʦʛʨʘʬ. ɸʥʘʣʠʟ ʚ 

ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ SDS-ʇɸɸɻ ʧʨʦʜʫʢʪʦʚ ʩʰʠʚʦʢ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩ 5ô-P
32

-ʤʝʯʝʥʦʡ ʤʈʅʂ I ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʩ 80S ʨʠʙʦʩʦʤʘʤʠ ʙʝʟ ʪʈʅʂ (ʜʦʨʦʞʢʘ 1) ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʈʅʂ
Asp 
(ʢʦʤʧʣʝʢʩ 1) (ʜʦʨʦʞʢʘ 2). 

(ɹ) ʉʚʝʨʭʫ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʥʘʣʦʛʦʚ ʤʈʅʂ II ʠ III, ʚ ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʳ ʪʨʠʧʣʝʪʳ, ʢʦʜʠʨʫʶʱʠʝ Phe 

(UUC), Val (GUA) ʠ Asp (GAU). ɺʩʝ ʦʩʪʘʪʢʠ U ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʘʤʝʱʝʥʳ ʥʘ s
4
U. ʆʩʪʘʪʢʠ U, ʥʘʭʦʜʷʱʠʝʩʷ 

ʚʥʫʪʨʠ ʪʨʠʧʣʝʪʦʚ, ʢʦʜʠʨʫʶʱʠʭ Val ʠ Asp, ʟʘʤʝʱʝʥʥʳʝ ʥʘ s
4
U, ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ s

4
U. ʉʥʠʟʫ ʩʣʝʚʘ ï 

ʠʟʦʪʝʨʤʘ ʩʚʷʟʳʚʘʥʠʷ 5ô-P
32

-ʤʝʯʝʥʦʡ ʪʈʅʂ
Val

 ʩ ʪʨʦʡʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 80S ʨʠʙʦʩʦʤ ʩ ʤʈʅʂ II ʠ ʪʈʅʂ
Phe 
ʚ 

P-ʫʯʘʩʪʢʝ (ʢʦʤʧʣʝʢʩ 2), ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 4. ʀʟʦʪʝʨʤʘ ʩʚʷʟʳʚʘʥʠʷ ʪʈʅʂ
Asp

 ʚ ɸ-

ʫʯʘʩʪʢʝ ʘʥʘʣʦʛʠʯʥʘ ʠʟʦʪʝʨʤʝ ʩʚʷʟʳʚʘʥʠʷ ʪʈʅʂ
Val
. ʀʟʦʪʝʨʤʳ ʩʚʷʟʳʚʘʥʠʷ ʤʈʅʂ II ʠ III  ʩ 80S ʨʠʙʦʩʦʤʘʤʠ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʈʅʂ
Phe 
ʠ ʙʝʟ ʪʈʅʂ ʘʥʘʣʦʛʠʯʥʳ ʪʘʢʦʚʳʤ ʜʣʷ ʤʈʅʂ I. ʀʟʦʪʝʨʤʳ ʩʚʷʟʳʚʘʥʠʷ ʪʈʅʂ

Phe 
ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʈʅʂ II ʠ ʤʈʅʂ III  ʠʣʠ ʙʝʟ ʤʈʅʂ ʘʥʘʣʦʛʠʯʥʳ ʠʟʦʪʝʨʤʘʤ ʜʣʷ ʤʈʅʂ I (ʧʘʥʝʣʴ ɸ). ʉʥʠʟʫ 

ʩʧʨʘʚʘ ï ʨʘʜʠʦʘʚʪʦʛʨʘʬ. ɸʥʘʣʠʟ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ SDS-ʇɸɸɻ ʧʨʦʜʫʢʪʦʚ ʩʰʠʚʦʢ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩ 

5ô-P
32

-ʤʝʯʝʥʳʤʠ ʤʈʅʂ II ʠ ʤʈʅʂ III  ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 80S ʨʠʙʦʩʦʤ. ʂʦʤʧʣʝʢʩʳ ʩ ʘʥʘʣʦʛʦʤ 

ʤʈʅʂ II: ʙʝʟ ʪʈʅʂ (ʜʦʨʦʞʢʘ 4) ʠ c ʪʈʅʂ
Phe

 ʚ P-ʫʯʘʩʪʢʝ (ʢʦʤʧʣʝʢʩ 2) (ʜʦʨʦʞʢʘ 5), ʠʣʠ ʩ ʪʈʅʂ
Phe

 ʚ P-

ʫʯʘʩʪʢʝ ʠ ʪʈʅʂ
Val

 ʚ ɸ-ʫʯʘʩʪʢʝ (ʢʦʤʧʣʝʢʩ 4) (ʜʦʨʦʞʢʘ 6). ʂʦʤʧʣʝʢʩʳ ʩ ʘʥʘʣʦʛʦʤ ʤʈʅʂ III: ʙʝʟ ʪʈʅʂ 

(ʜʦʨʦʞʢʘ 1) ʠ c ʪʈʅʂ
Phe

 ʚ P-ʫʯʘʩʪʢʝ (ʢʦʤʧʣʝʢʩ 3) (ʜʦʨʦʞʢʘ 2) ʠʣʠ ʪʈʅʂ
Phe

 ʚ P-ʫʯʘʩʪʢʝ ʠ ʪʈʅʂ
Asp

 ʚ ɸ-

ʫʯʘʩʪʢʝ (ʢʦʤʧʣʝʢʩ 5) (ʜʦʨʦʞʢʘ 3). ʈʝʟʫʣʴʪʘʪʳ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʜʫʢʪʫ ʩʰʠʚʢʠ ʘʥʘʣʦʛʦʚ ʤʈʅʂ II ʠ III  ʩ uS19, ʥʘ ʜʦʨʦʞʢʘʭ 2, 3, 5 ʠ 6 ʧʨʠʚʝʜʝʥʳ 

ʚʥʠʟʫ ʦʪ ʨʘʜʠʦʘʚʪʦʛʨʘʬʘ. ɿʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʜʣʷ ʜʦʨʦʞʝʢ 3 ʠ 6 ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʜʦʨʦʞʝʢ 2 ʠ 5. ʈʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ, ʩʰʠʚʘʶʱʠʝʩʷ ʩ ʘʥʘʣʦʛʘʤʠ ʤʈʅʂ, 

ʦʙʦʟʥʘʯʝʥʳ ʟʚʸʟʜʦʯʢʘʤʠ ʩʧʨʘʚʘ ʦʪ ʨʘʜʠʦʘʚʪʦʛʨʘʬʘ. ʉʣʝʚʘ ʦʪ ʨʘʜʠʦʘʚʪʦʛʨʘʬʘ ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ 

ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʦʢʨʘʰʝʥʥʦʛʦ ʛʝʣʷ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʪʦʪʘʣʴʥʦʛʦ ʙʝʣʢʘ 40S ʩʫʙʯʘʩʪʠʮ. ʇʦʣʦʩʳ ʥʘ 

ʨʘʜʠʦʘʚʪʦʛʨʘʬʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷʤ ʩʰʠʪʳʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ, ʦʙʦʟʥʘʯʝʥʳ ʩʪʨʝʣʢʘʤʠ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʩʰʠʪʳʭ ʙʝʣʢʦʚ ʧʨʦʚʝʜʝʥʘ ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʢ ʥʠʤ ʦʣʠʛʦʤʝʨʳ, 

ʩʥʠʞʘʶʪ ʠʭ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ SDS-ʇɸɸɻ. ɺʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʜʚʠʛʦʚ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ ʦʧʠʩʘʥʳ ʚ ʨʷʜʝ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ [5, 64, 67, 68, 70]. (ɺ) ʉʚʝʨʭʫ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʉ-ʙʦʛʘʪʦʛʦ ʘʥʘʣʦʛʘ ʤʈʅʂ IV, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʝʥʳ ʢʦʜʦʥʳ, ʢʦʜʠʨʫʶʱʠʝ Phe (UUC) ʠ Val (GUA). 

ʀʟʦʪʝʨʤʳ ʩʚʷʟʳʚʘʥʠʷ ʩ 80S ʨʠʙʦʩʦʤʘʤʠ ʘʥʘʣʦʛʘ ʤʈʅʂ IV ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʪʈʅʂ
Phe

 ʩʭʦʜʥʳ ʩ 

ʪʘʢʦʚʳʤ ʜʣʷ ʘʥʘʣʦʛʘ ʤʈʅʂ I, ʘ ʠʟʦʪʝʨʤʳ ʩʚʷʟʳʚʘʥʠʷ ʪʈʅʂ
Phe 

 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʘʥʘʣʦʛʘ ʤʈʅʂ 

IV ï ʩ ʪʘʢʦʚʳʤ ʜʣʷ ʪʈʅʂ
Asp

 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʘʥʘʣʦʛʘ ʤʈʅʂ I (ʧʘʥʝʣʴ ɸ). ʉʥʠʟʫ ï 

ʨʘʜʠʦʘʚʪʦʛʨʘʬ. ɸʥʘʣʠʟ ʚ SDS-ʇɸɸɻ ʧʨʦʜʫʢʪʦʚ ʩʰʠʚʦʢ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʩ 5ô-P
32

-ʤʝʯʝʥʦʡ ʤʈʅʂ IV ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ 80S ʨʠʙʦʩʦʤʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʈʅʂ
Phe

 (ʢʦʤʧʣʝʢʩ 6), ʧʦʜʦʙʥʦʤ ʢʦʤʧʣʝʢʩʘʤ 2 ʠ 3, ʘ ʪʘʢʞʝ 

ʙʝʟ ʪʈʅʂ. ʆʧʠʩʘʥʠʝ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʜʣʷ ʧʘʥʝʣʠ ɹ. 
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ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʚʝʣʠʯʠʥʘ ʟʘʱʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʫ ʪʈʅʂ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫʢʘʟʘʥʦ, 

ʝʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʘʭ 4 ʠ 5 ʜʦ ʪʨʝʪʠ 80S ʨʠʙʦʩʦʤ ʠʤʝʣʠ 

ʩʚʦʙʦʜʥʳʡ ɸ-ʫʯʘʩʪʦʢ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʩʨʘʚʥʝʥʠʷ ʠʟʦʪʝʨʤ ʩʚʷʟʳʚʘʥʠʷ ʪʈʅʂ ʚ ɸ- ʠ P-ʫʯʘʩʪʢʘʭ 

(ʈʠʩʫʥʦʢ 29 ɸ, ɹ). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʘʪʪʝʨʥʳ ʩʰʠʚʦʢ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 2 ʠ 3 ʩ 

ʧʫʨʠʥ-ʙʦʛʘʪʳʤʠ ʘʥʘʣʦʛʘʤʠ ʤʈʅʂ II ʠ III  (ʈʠʩʫʥʦʢ 29 ɹ), ʠʜʝʥʪʠʯʥʳ ʧʘʪʪʝʨʥʘʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 6 

ʩ ʧʠʨʠʤʠʜʠʥ-ʙʦʛʘʪʳʤ ʘʥʘʣʦʛʦʤ ʤʈʅʂ IV (ʈʠʩʫʥʦʢ 29 ɺ), ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʫʢʣʝʦʪʠʜʥʳʡ 

ʢʦʥʪʝʢʩʪ ʚʦʢʨʫʛ ʢʦʜʦʥʘ ʚ ɸ-ʫʯʘʩʪʢʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʢʦʥʪʘʢʪ ʩ uS19. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ uS19 ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʰʠʚʘʝʪʩʷ ʩ ʦʩʪʘʪʢʦʤ s
4
U ʚ ʪʨʠʧʣʝʪʝ ʘʥʘʣʦʛʘ ʤʈʅʂ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ɸ-ʫʯʘʩʪʢʝ ʨʠʙʦʩʦʤʳ, ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʵʪʦʪ ʫʯʘʩʪʦʢ ʩʚʦʙʦʜʝʥ, ʠ ʯʪʦ 

ʤʦʣʝʢʫʣʘ ʪʈʅʂ ʚ ɸ-ʫʯʘʩʪʢʝ ʟʘʱʠʱʘʝʪ uS19 ʦʪ ʵʪʦʛʦ ʩʰʠʚʘʥʠʷ.  

 

3.1.2.2 ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʪʘʙʠʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ, ʧʨʦʜʫʮʠʨʫʶʱʝʡ 
FLAG

uS19, ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʩʰʠʚʘʥʠʝ ʈʅʂ ʩ ʵʪʠʤ ʙʝʣʢʦʤ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PAR-CLIP ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʨʘʥʩʣʠʨʫʝʤʳʭ ʤʈʅʂ ʩ 

uS19 ʢʘʢ ʢʦʤʧʦʥʝʥʪʦʤ ʨʠʙʦʩʦʤʥʦʛʦ ʜʝʢʦʜʠʨʫʶʱʝʛʦ ʮʝʥʪʨʘ ʩʦʟʜʘʥʘ ʩʪʘʙʠʣʴʥʘʷ ʢʣʝʪʦʯʥʘʷ 

ʣʠʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʣʝʪʦʢ HEK293 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʟʤʠʜʥʦʛʦ ʚʝʢʪʦʨʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʟʜʝʣʝ 

3.1.1.2, ʢʦʪʦʨʘʷ ʠʥʜʫʮʠʙʝʣʴʥʦ ʧʨʦʜʫʮʠʨʦʚʘʣʘ uS19, ʤʝʯʝʥʳʡ FLAG ʧʦ N-ʢʦʥʮʫ (
FLAG

uS19). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ N-ʢʦʥʮʝʚʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ FLAG-ʵʧʠʪʦʧʘ ʚʳʙʨʘʥʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ, ʢʘʢ 

ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʠʤʝʥʥʦ ʉ-ʢʦʥʮʝʚʦʡ ʬʨʘʛʤʝʥʪ uS19 ʚʦʚʣʝʯʝʥ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʝʢʦʜʠʨʫʶʱʝʛʦ ʮʝʥʪʨʘ ʨʠʙʦʩʦʤʳ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 
FLAG

uS19 ʧʨʦʚʝʨʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʘ ʬʨʘʢʮʠʡ ʧʦʣʠʩʦʤʥʦʛʦ ʧʨʦʬʠʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ 

ʛʨʘʜʠʝʥʪʝ ʧʣʦʪʥʦʩʪʠ ʩʘʭʘʨʦʟʳ ʣʠʟʘʪʘ ʢʣʝʪʦʢ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ 
FLAG

uS19, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʪʠʪʝʣ, ʩʧʝʮʠʬʠʯʥʳʭ ʢ FLAG-ʧʝʧʪʠʜʫ (ʈʠʩʫʥʦʢ 30). ʕʪʦʪ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʧʨʠʩʫʪʩʪʚʠʝ 

FLAG
uS19 ʚʦ ʚʩʝʭ ʛʨʘʜʠʝʥʪʥʳʭ ʬʨʘʢʮʠʷʭ, ʚʢʣʶʯʘʷ ʪʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʠʩʦʤʘʤ, ʯʪʦ ʜʘʸʪ 

ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ N-ʢʦʥʮʝʚʦʡ FLAG-ʵʧʠʪʦʧ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ uS19 ʚ ʩʙʦʨʢʝ 40S ʩʫʙʯʘʩʪʠʮʳ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ 

ʪʨʘʥʩʣʷʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʝʸ ʢʦʤʧʦʥʝʥʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʷʚʣʝʥʠʶ ʩʰʠʚʦʢ ʪʨʘʥʩʣʠʨʫʝʤʳʭ ʤʈʅʂ ʩ 
FLAG

uS19, ʥʘʭʦʜʷʱʠʤʩʷ ʚ 

ʩʦʩʪʘʚʝ ʨʠʙʦʩʦʤ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PAR-CLIP ʧʨʦʚʝʜʝʥʳ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ 

[36] ʩ ʚʢʣʶʯʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʘʜʠʡ ʠʟ ʧʨʦʪʦʢʦʣʘ ʨʠʙʦʩʦʤʥʦʛʦ ʧʨʦʬʘʡʣʠʥʛʘ [38] ʚ ʪʨʝʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 
FLAG

uS19-ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʢʣʝʪʢʘʭ, ʚʳʨʘʱʝʥʥʳʭ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ s
4
U, ʧʝʨʝʜ ʠʭ ʦʙʣʫʯʝʥʠʝʤ ʤʷʛʢʠʤ ʋʌ ʩʚʝʪʦʤ (365 ʥʤ), ʠʥʜʫʮʠʨʫʶʱʠʤ 

ʦʙʨʘʟʦʚʘʥʠʝ ʈʅʂ-ʙʝʣʢʦʚʳʭ ʩʰʠʚʦʢ, ʪʨʘʥʩʣʷʮʠʷ ʦʩʪʘʥʦʚʣʝʥʘ ʮʠʢʣʦʛʝʢʩʠʤʠʜʦʤ. 
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ʈʠʩʫʥʦʢ 30. ʇʨʦʜʫʢʮʠʷ 
FLAG

uS19 ʢʣʝʪʢʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʘʙʠʣʴʥʦʡ ʣʠʥʠʠ ʥʘ ʦʩʥʦʚʝ HEK293 ʠ 

ʧʨʦʚʝʨʢʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʳʝ ʨʠʙʦʩʦʤʳ. (ɸ) ɺʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ 

ʣʠʟʘʪʘ ʢʣʝʪʦʢ ʩʪʘʙʠʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ 
FLAG

uS19 ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʧʨʠʩʫʪʩʪʚʠʠ DOX. 

(ɹ) ʇʦʣʠʩʦʤʥʳʡ ʧʨʦʬʠʣʴ ʢʣʝʪʦʢ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ 
FLAG

uS19, ʧʦʣʫʯʝʥʥʳʡ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʠʟʘʪʘ ʚ ʛʨʘʜʠʝʥʪʝ ʧʣʦʪʥʦʩʪʠ ʩʘʭʘʨʦʟʳ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ), ʠ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ 

ʛʨʘʜʠʝʥʪʥʳʭ ʬʨʘʢʮʠʡ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 
FLAG

uS19 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ FLAG-ʵʧʠʪʦʧʘ (ʥʠʞʥʷʷ 

ʧʘʥʝʣʴ). ʌʨʘʢʮʠʠ ʛʨʘʜʠʝʥʪʘ ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʩʥʠʟʫ-ʚʚʝʨʭ.  

 

ʕʪʦʪ ʘʥʪʠʙʠʦʪʠʢ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʠʙʦʩʦʤʦʡ ʚ ʢʘʨʤʘʥʝ E-ʫʯʘʩʪʢʘ ʥʘ ʝʸ 60S ʩʫʙʯʘʩʪʠʮʝ ʠ 

ʪʝʤ ʩʘʤʳʤ ʙʣʦʢʠʨʫʝʪ ʪʨʘʥʩʣʦʢʘʮʠʶ ʪʈʅʂ ʠʟ P-ʫʯʘʩʪʢʘ ʚ E-ʫʯʘʩʪʦʢ [7, 8, 305]. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ ʮʠʢʣʦʛʝʢʩʠʤʠʜʦʤ ʙʳʣʘ ʚʳʟʚʘʥʘ ʪʝʤ, ʯʪʦ ʠʭ ʦʙʣʫʯʝʥʠʝ ʧʨʠ ʥʝ 

ʦʩʪʘʥʦʚʣʝʥʥʦʡ ʪʨʘʥʩʣʷʮʠʠ ʧʨʠʚʝʣʦ ʙʳ ʢ ʪʦʤʫ, ʯʪʦ ʚʩʝ ʤʈʅʂ, ʯʝʡ s
4
U-ʩʦʜʝʨʞʘʱʠʡ ʢʦʜʦʥ 

ʦʢʘʟʘʣʩʷ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚ ɸ-ʫʯʘʩʪʢʝ, ʩʰʠʣʠʩʴ ʙʳ ʩ uS19 ʚ ʧʦʩʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʨʠʙʦʩʦʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʢʣʝʪʢʘʭ ʥʘʨʷʜʫ ʩʦ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʪʘʢʠʭ ʩʰʠʚʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʠʣʦ ʙʳ ʠʣʠ ʜʘʞʝ ʩʜʝʣʘʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʳʤ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ɼʅʂ-ʙʠʙʣʠʦʪʝʢʠ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʚ ʨʠʙʦʩʦʤʘʭ, ʘʨʝʩʪʦʚʘʥʥʳʭ ʮʠʢʣʦʛʝʢʩʠʤʠʜʦʤ, A-ʫʯʘʩʪʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʥʷʪ 

ʤʦʣʝʢʫʣʦʡ ʧʝʧʪʠʜʠʣ-ʪʈʅʂ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʟʘʱʠʱʘʪʴ uS19 ʦʪ ʩʰʠʚʘʥʠʷ ʩ s4U-ʩʦʜʝʨʞʘʱʠʤ 

ʢʦʜʦʥʦʤ ʤʈʅʂ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʧʦ ʵʢʨʘʥʠʨʦʚʘʥʠʶ ʵʪʦʛʦ ʙʝʣʢʘ ʤʦʣʝʢʫʣʦʡ ʪʈʅʂ ʚ A-

ʫʯʘʩʪʢʝ (ʩʤ. ʨʘʟʜʝʣ 3.1.2.1). ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʝ ʧʘʫʟʠʨʦʚʘʥʠʝ ʨʠʙʦʩʦʤ ʚʦ ʚʨʝʤʷ 

ʵʣʦʥʛʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ [306, 307], ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʮʠʢʣʦʛʝʢʩʠʤʠʜʦʤ 

ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʧʝʧʪʠʜʠʣ-ʪʈʅʂ, ʚʢʣʶʯʘʷ ʪʝ, ʚ 

ʢʦʪʦʨʳʭ ʢʦʜʦʥ ʤʈʅʂ, ʦʢʘʟʘʚʰʠʡʩʷ ʚ ɸ-ʫʯʘʩʪʢʝ, ʥʝ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʤʈʅʂ-ʪʈʅʂ 

ʜʫʧʣʝʢʩʘ ʠ ʩʧʦʩʦʙʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 
FLAG

uS19. 
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ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʢʣʝʪʦʯʥʳʡ ʣʠʟʘʪ ʦʙʨʘʙʘʪʳʚʘʣʠ ʈʅʂʘʟʦʡ I, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʫʯʘʩʪʢʠ ʤʈʅʂ, ʥʝ ʟʘʱʠʱʝʥʥʳʝ ʨʠʙʦʩʦʤʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʥʦʩʦʤʳ, ʚʢʣʶʯʘʷ ʪʝ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʠ ʩʰʠʚʢʠ 
FLAG

uS19 ʩ ʤʈʅʂ, ʦʯʠʱʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʩʘʭʘʨʦʟʥʫʶ ʧʦʜʫʰʢʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʚʣʝʯʝʥʠʝʤ ʬʨʘʛʤʝʥʪʦʚ 

ʤʈʅʂ, ʩʰʠʪʳʭ ʩ 
FLAG

uS19, ʩ ʧʦʤʦʱʴʶ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠ-FLAG 

ʘʥʪʠʪʝʣ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ 
32

P-ʤʝʪʢʠ ʬʨʘʛʤʝʥʪʳ ʤʈʅʂ, ʩʰʠʪʳʝ ʩ 
FLAG

uS19, ʦʯʠʱʘʣʠ 

ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ SDS-ʇɸɸɻ ʠ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʫʶ ʤʝʤʙʨʘʥʫ. ɼʚʝ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ ʈʅʂ-ʙʝʣʢʦʚʳʭ ʩʰʠʚʦʢ, ʯʴʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʥʠʞʝ, ʯʝʤ ʫ 
FLAG

uS19 

(ʈʠʩʫʥʦʢ 31), ʵʣʶʠʨʦʚʘʥʳ ʠʟ ʤʝʤʙʨʘʥʳ ʧʦʩʣʝ ʝʸ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʠʥʘʟʦʡ ʂ. ʇʦʣʫʯʝʥʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʤʈʅʂ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʜʣʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

 

 
 
 

ʈʠʩʫʥʦʢ 31. ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʩʰʠʚʢʠ 
FLAG

uS19 ʚ ʩʦʩʪʘʚʝ ʨʠʙʦʩʦʤʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

PAR-CLIP. ʈʘʜʠʦʘʚʪʦʛʨʘʬ ʤʝʤʙʨʘʥʳ, ʥʘ ʢʦʪʦʨʫʶ ʧʝʨʝʥʝʩʝʥʳ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʚ SDS-ʇɸɸɻ 

ʬʨʘʛʤʝʥʪʳ ʤʈʅʂ, ʩʰʠʪʳʝ ʩ 
FLAG

uS19, ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʨʠʙʦʩʦʤ ʢʣʝʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʘʙʠʣʴʥʦʡ 

ʣʠʥʠʠ ʥʘ ʦʩʥʦʚʝ HEK293, ʚʳʨʘʱʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ s
4
U ʠʣʠ ʙʝʟ ʥʝʛʦ (ï), ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʋʌ 

ʦʙʣʫʯʝʥʠʝʤ (+) ʠʣʠ ʙʝʟ ʦʙʣʫʯʝʥʠʷ (ï) (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ). ɺʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ ʪʦʡ ʞʝ ʤʝʤʙʨʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠ-FLAG ʘʥʪʠʪʝʣ (ʥʠʞʥʷʷ ʧʘʥʝʣʴ). ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʣʦʞʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 
FLAG

uS19. ʉʢʦʙʢʘʤʠ ʩʧʨʘʚʘ ʦʪʤʝʯʝʥʳ ʫʯʘʩʪʢʠ ʤʝʤʙʨʘʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ 

ʵʣʶʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʈʅʂ, ʩʰʠʪʳʭ
 FLAG

uS19. 
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3.1.2.3 ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʥʘ 

ʦʩʥʦʚʝ ʬʨʘʛʤʝʥʪʦʚ ʤʈʅʂ, ʩʰʠʚʘʶʱʠʭʩʷ ʩ 
FLAG

uS19 

 

ʐʝʩʪʴ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʤʈʅʂ, ʚʭʦʜʷʱʠʭ ʚ ʚʝʨʭʥʶʶ ʠ 

ʥʠʞʥʶʶ ʛʨʫʧʧʳ ʩʦʛʣʘʩʥʦ ʠʭ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ (ʈʠʩʫʥʦʢ 31), ʪ.ʝ. ʧʦ ʜʚʝ ɼʅʂ-

ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʚʪʦʨʘ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ, ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʦʚʪʦʨʘʤʠ 

(0.727ÒrÒ0.795 ʠ 0.694ÒrÒ0.821 ʜʣʷ ʙʠʙʣʠʦʪʝʢ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʤʈʅʂ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʛʨʫʧʧʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʈʠʩʫʥʦʢ 32 ɸ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʲʝʜʠʥʠʪʴ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʧʦʚʪʦʨʦʚ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ʂʘʨʪʠʨʦʚʘʥʠʝ ʩʠʢʚʝʥʩʥʳʭ 

ʨʠʜʦʚ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʝʥʦʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʚ ʦʩʥʦʚʥʦʤ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʢʣʘʩʪʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ T/C-ʪʨʘʥʟʠʮʠʠ.  

 

ʈʠʩʫʥʦʢ 32. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ, 

ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʬʨʘʛʤʝʥʪʦʚ ʈʅʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʜʫʢʪʘʤ ʩʰʠʚʢʠ uS19 ʩ ʤʈʅʂ, ʠʟ ʚʝʨʭʥʝʡ ʠ 
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ʥʠʞʥʝʡ ʛʨʫʧʧ (ʩʤ. ʈʠʩʫʥʦʢ 31). (ɸ) ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʘʤʠ ʩʳʨʳʭ ʨʠʜʦʚ (log2), ʧʦʣʫʯʝʥʥʳʭ 

ʜʣʷ ʦʙʨʘʟʮʦʚ ʦʪ ʪʨʝʭ ʧʦʚʪʦʨʦʚ. (ɹ) ɸʥʘʣʠʟ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʊ/C-ʪʨʘʥʟʠʮʠʡ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚʝʨʭʥʝʡ 

ʠ ʥʠʞʥʝʡ ʛʨʫʧʧ ʬʨʘʛʤʝʥʪʦʚ. ʎʠʬʨʘʤʠ ʧʦʢʘʟʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ T/C-

ʪʨʘʥʟʠʮʠʡ, ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʠ ʷʚʣʷʶʱʠʭʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ. (ɺ) 

ʂʦʨʨʝʣʷʮʠʷ ʦʙʱʝʛʦ ʧʦʢʨʳʪʠʷ (log2) ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʢʣʘʩʪʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʊ/C-ʪʨʘʥʟʠʮʠʠ, ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʠʟ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʫʧʧ ʬʨʘʛʤʝʥʪʦʚ. 

 

ʂʣʘʩʪʝʨ ʨʠʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʩʧʝʮʠʬʠʯʥʳʡ ʫʯʘʩʪʦʢ ʛʝʥʦʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʨʝʛʠʦʥʫ ʩʰʠʚʘʥʠʷ 
FLAG

uS19 ʩ ʤʈʅʂ, ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥ ʫʜʦʚʣʝʪʚʦʨʷʣ ʨʷʜʫ ʢʨʠʪʝʨʠʝʚ: 

1) ʢʣʘʩʪʝʨ ʨʠʜʦʚ ʧʝʨʝʩʝʢʘʝʪʩʷ ʭʦʪʷ ʙʳ ʩ ʦʜʥʦʡ ʧʦʟʠʮʠʝʡ T/C-ʪʨʘʥʟʠʮʠʡ; 2) ʦʜʥʘ ʠʟ ʧʦʟʠʮʠʡ 

T/C-ʪʨʘʥʟʠʮʠʡ ʠʤʝʝʪ ʢʘʢ ʤʠʥʠʤʫʤ 2 ʨʠʜʘ, ʩʦʜʝʨʞʘʱʠʭ T/C ʪʨʘʥʟʠʮʠʠ; 3) ʧʦʢʨʳʪʠʝ ʧʦʣʦʞʝʥʠʷ 

ʩ ʪʨʘʥʟʠʮʠʝʡ Ó 5; 4) ʦʙʱʘʷ ʯʘʩʪʦʪʘ T/C-ʪʨʘʥʟʠʮʠʡ ʙʦʣʴʰʝ 1%. ɼʘʥʥʦʤʫ ʥʘʙʦʨʫ ʢʨʠʪʝʨʠʝʚ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 2256 ʠ 565 ʧʦʣʦʞʝʥʠʡ T/C-ʪʨʘʥʟʠʮʠʡ ʜʣʷ ʦʙʨʘʟʮʦʚ ʦʪ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʫʧʧ 

ʬʨʘʛʤʝʥʪʦʚ (Supplementary, Table S1, Babaylova, Gopanenko et al., Nucleic Acids Res. 2020; 

10.1093/nar/gkz1145). ʉʨʝʜʠ ʥʠʭ, 440 ʧʦʟʠʮʠʡ ʩʦʚʧʘʜʘʣʠ, ʘ ʟʥʘʯʝʥʠʝ ʢʦʨʨʝʣʷʮʠʷ ʚ ʩʫʤʤʘʨʥʦʤ 

ʧʦʢʨʳʪʠʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʢʣʘʩʪʝʨʦʚ ʨʠʜʦʚ ʩʦʩʪʘʚʠʣʦ 0.859 (ʈʠʩʫʥʦʢ 32 ɹ, ɺ). ɼʘʣʴʥʝʡʰʠʡ 

ʘʥʘʣʠʟ, ʚ ʢʦʪʦʨʦʤ ʵʪʠ ʜʚʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ, ʧʦʢʘʟʘʣ, ʯʪʦ ʦʪʦʙʨʘʥʥʳʝ ʢʣʘʩʪʝʨʳ 

ʨʠʜʦʚ ʩ T/C-ʪʨʘʥʟʠʮʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 580 ʫʥʠʢʘʣʴʥʳʤ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʤ ʛʝʥʘʤ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʵʪʠ ʢʣʘʩʪʝʨʳ ʨʠʜʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʩʝʢʘʣʠʩʴ ʩ ʨʝʛʠʦʥʘʤʠ 

ʛʝʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʜʠʨʫʶʱʠʤ ʫʯʘʩʪʢʘʤ ʤʈʅʂ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʩʰʠʪʴʩʷ ʩ 
FLAG

uS19 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʤʈʅʂ-ʩʚʷʟʳʚʘʶʱʝʤ ʢʘʥʘʣʝ ʨʠʙʦʩʦʤʳ. 

ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʠʙʦʩʦʤʥʦʛʦ ʧʨʦʬʘʡʣʠʥʛʘ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʠʙʦʩʦʤʘʭ FLAG-ʵʧʠʪʦʧʘ ʥʘ ʙʝʣʢʝ uS19, ʢʘʢ ʠ ʜʦʙʘʚʣʝʥʠʝ ʢ 

ʢʣʝʪʢʘʤ s
4
U, ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʨʠʜʦʚ 

ʚ ʨʝʛʠʦʥʘʭ ʛʝʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʈʅʂ (ʇʨʠʣʦʞʝʥʠʝ 1, ʈʠʩʫʥʦʢ ʇ1). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, T/C-

ʪʨʘʥʟʠʮʠʠ ʚ ʦʪʦʙʨʘʥʥʳʭ ʢʣʘʩʪʝʨʘʭ ʨʠʜʦʚ ʧʦʷʚʠʣʠʩʴ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʩʰʠʚʢʠ 

FLAG
uS19 ʩ ʦʩʪʘʪʢʘʤʠ s

4
U ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷʭ ʤʈʅʂ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʢʣʘʩʪʝʨʳ 

ʨʠʜʦʚ ʧʦʢʨʳʚʘʣʠ ʣʠʰʴ ʥʝʙʦʣʴʰʠʝ ʫʯʘʩʪʢʠ ʛʝʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʜʠʨʫʶʱʠʤ ʯʘʩʪʷʤ ʤʈʅʂ 

(ʈʠʩʫʥʦʢ 33), ʠ ʜʣʠʥʘ ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʙʳʣʘ ʨʘʟʣʠʯʥʦʡ ʫ ʨʘʟʥʳʭ ʛʝʥʦʚ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ 

ʠʤʝʣʠ ʰʠʨʠʥʫ ʚ ʧʨʝʜʝʣʘʭ 30ï100 ʥʫʢʣʝʦʪʠʜʦʚ (ʇʨʠʣʦʞʝʥʠʝ 1, ʈʠʩʫʥʦʢ ʇ2).  
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ʈʠʩʫʥʦʢ 33. ʃʦʢʘʣʠʟʘʮʠʷ ʫʯʘʩʪʢʦʚ ʩʰʠʚʢʠ 
FLAG

uS19 ʚ ʤʈʅʂ. ʈʝʧʨʝʟʝʥʪʘʮʠʷ ʠʟ ʛʝʥʦʤʥʦʛʦ ʙʨʘʫʟʝʨʘ IGV 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʛʠʦʥʦʚ ʛʝʥʦʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʥʘʤ PTMS, HSP90AB1, SREK1 ʠ NCL ʩ 

ʩʠʢʚʝʥʩʥʳʤʠ ʨʠʜʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ-

ʙʠʙʣʠʦʪʝʢ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʈʅʂ-ʬʨʘʛʤʝʥʪʦʚ, ʩʰʠʚʘʶʱʠʭʩʷ ʩ 
FLAG

uS19. ʕʢʟʦʥ-ʠʥʪʨʦʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʛʝʥʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ʪʨʘʥʩʢʨʠʧʪʘ ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʝ ensembl (ensemble transcript 

id) ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʧʘʥʝʣʝʡ ʙʨʘʫʟʝʨʘ. ʉʝʨʳʝ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʢʨʳʪʠʷ ʩʚʝʨʭʫ ʢʘʞʜʦʡ ʧʘʥʝʣʠ ʦʪʨʘʞʘʶʪ 

ʧʣʦʪʥʦʩʪʴ ʩʠʢʚʝʥʩʥʳʭ ʨʠʜʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʘʭ ʵʢʟʦʥʦʚ. 

 

3.1.2.4 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʦʚ ʤʈʅʂ, ʩʰʠʚʘʶʱʠʭʩʷ ʩ 
FLAG

uS19 

 

ʇʦʩʢʦʣʴʢʫ ʵʢʩʧʝʨʠʤʝʥʪʳ in vitro ʧʦʢʘʟʘʣʠ (ʩʤ 3.1.2.1), ʯʪʦ uS19 ʩʰʠʚʘʝʪʩʷ ʩ ʘʥʘʣʦʛʘʤʠ 

ʤʈʅʂ, ʪʦʣʴʢʦ ʢʦʛʜʘ ʦʩʪʘʪʦʢ s
4
U ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʠʧʣʝʪʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ɸ-ʫʯʘʩʪʢʝ ʨʠʙʦʩʦʤʳ, 

ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ T/C-ʪʨʘʥʟʠʮʠʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ PAR-CLIP, 
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ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʪʘʪʢʘʤ s
4
U, ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ ʢʦʜʦʥʦʚ ʤʈʅʂ, ʦʢʘʟʘʚʰʠʤʩʷ ʚ ɸ-ʫʯʘʩʪʢʝ ʧʨʠ 

ʦʩʪʘʥʦʚʢʝ ʪʨʘʥʩʣʷʮʠʠ ʚ ʢʣʝʪʢʘʭ ʮʠʢʣʦʛʝʢʩʠʤʠʜʦʤ. ɸʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʬʣʘʥʢʠʨʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷ T/C-ʪʨʘʥʟʠʮʠʡ, ʚʳʷʚʠʣ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʦʩʪʘʪʢʦʚ G ʠ ɸ 

(ʈʠʩʫʥʦʢ 34 ɸ), ʯʪʦ ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʚʳʨʘʞʝʥʦ ʜʣʷ ʪʦʧ-100 ʢʣʘʩʪʝʨʦʚ ʨʠʜʦʚ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʧʦʢʨʳʪʠʝʤ (ʈʠʩʫʥʦʢ 34 ɹ), ʠʟ ʯʝʛʦ ʩʣʝʜʦʚʘʣʦ, ʯʪʦ 
FLAG

uS19 ʩʰʠʚʘʣʩʷ ʩ G/A-ʙʦʛʘʪʳʤʠ 

ʨʝʛʠʦʥʘʤʠ ʚ ʢʦʜʠʨʫʶʱʠʭ ʯʘʩʪʷʭ ʤʈʅʂ.  

 

 

 

ʈʠʩʫʥʦʢ 34. LOGO ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷʤ ʢʣʘʩʪʝʨʦʚ 

ʨʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ T/C-ʪʨʘʥʟʠʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʜʦʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ T/C-

ʪʨʘʥʟʠʮʠʶ (ʫʢʘʟʘʥʳ ʢʨʘʩʥʦʡ ʩʪʨʝʣʢʦʡ), ʘ ʪʘʢʞʝ 19-ʪʠ ʢʦʜʦʥʦʚ ʩ 5ô-ʠ 3ô-ʩʪʦʨʦʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʦʤʫ 

ʢʦʜʦʥʫ (ɸ) LOGO, ʨʘʩʩʯʠʪʘʥʥʦʝ ʜʣʷ ʚʩʝʛʦ ʥʘʙʦʨʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ. (ɹ) LOGO, 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʜʣʷ ʪʦʧ-100 ʢʣʘʩʪʝʨʦʚ ʩ ʥʘʠʙʦʣʴʰʠʤ ʧʦʢʨʳʪʠʝʤ. 

 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʢʣʘʩʪʝʨʳ ʨʠʜʦʚ ʩʬʦʨʤʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʥʘ ʪʝʭ ʫʯʘʩʪʢʘʭ 

ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʦʩʪʘʪʢʠ ʪʠʤʠʥʘ, ʯʴʠ ʧʦʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʷʤ T/C-

ʪʨʘʥʟʠʮʠʡ, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚ ʫʯʘʩʪʢʘʭ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʪʘʢʠʭ ʦʩʪʘʪʢʦʚ (ʈʠʩʫʥʦʢ 

35). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʰʠʚʢʠ 
FLAG

uS19 ʩ ʤʈʅʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ T/C-ʪʨʘʥʟʠʮʠʷʤ, 

ʷʚʣʷʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ s
4
U-ʟʘʚʠʩʠʤʳʤʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʪʨʘʥʟʠʮʠʡ ʚʥʫʪʨʠ 

ʢʦʦʨʜʠʥʘʪ ʢʣʘʩʪʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʳʤ. (ʇʨʠʣʦʞʝʥʠʝ 1, ʈʠʩʫʥʦʢ ʇ3). 

ʇʦʩʢʦʣʴʢʫ ʜʣʠʥʘ ʬʨʘʛʤʝʥʪʘ ʤʈʅʂ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʤʈʅʂ-ʩʚʷʟʳʚʘʶʱʝʤ ʢʘʥʘʣʝ ʨʠʙʦʩʦʤʳ, 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 28ï34 ʥʫʢʣʝʦʪʠʜʦʚ [38], ʥʘ ʫʯʘʩʪʢʘʭ ʤʈʅʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʪʝʨʘʤ 

ʨʠʜʦʚ, ʧʦʢʨʳʚʘʶʱʠʤ ʫʯʘʩʪʢʠ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ (ʩʤ. ʚʳʰʝ), ʤʦʛʣʠ ʥʘʭʦʜʠʪʴʩʷ ʥʝʩʢʦʣʴʢʦ 

ʪʨʘʥʩʣʠʨʫʶʱʠʭ ʨʠʙʦʩʦʤ. ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʦʜʦʥʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʩʪʘʪʦʢ s
4
U 

ʩʰʠʚʘʣʩʷ ʩ 
FLAG

uS19, ʧʦʢʘʟʘʣ, ʯʪʦ ʩʰʠʚʢʘ ʤʦʛʣʘ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟ ʣʶʙʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʨʠʧʣʝʪʘ ʚ 

ɸ-ʫʯʘʩʪʢʝ, ʧʨʠ ʵʪʦʤ ʪʨʝʪʴʝ ʧʦʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ (ʇʨʠʣʦʞʝʥʠʝ 1, 
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ʈʠʩʫʥʦʢ ʇ4). ʆʜʥʘʢʦ ʥʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ 

ʦʩʪʘʪʦʢ T ʯʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ ʠʤʝʥʥʦ ʚ ʪʨʝʪʴʝʤ ʧʦʣʦʞʝʥʠʠ ʪʨʠʧʣʝʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʊ/C-

ʪʨʘʥʟʠʮʠʠ, ʚ ʫʯʘʩʪʢʘʭ ʛʝʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʜʠʨʫʶʱʠʤ ʯʘʩʪʷʤ ʤʈʅʂ, ʩʰʠʚʘʶʱʠʤʩʷ ʩ 

FLAG
uS19. 

 

 

ʈʠʩʫʥʦʢ 35. ʈʝʧʨʝʟʝʥʪʘʮʠʷ ʠʟ ʛʝʥʦʤʥʦʛʦ ʙʨʘʫʟʝʨʘ IGV ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʛʠʦʥʘ ʛʝʥʦʤʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ G/A-ʙʦʛʘʪʳʤ ʫʯʘʩʪʢʘʤ ʛʝʥʘ UPF3A ʩ ʩʠʢʚʝʥʩʥʳʤʠ ʨʠʜʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ-ʙʠʙʣʠʦʪʝʢ ʥʘ ʦʩʥʦʚʝ ʬʨʘʛʤʝʥʪʦʚ ʈʅʂ, 

ʩʰʠʚʘʶʱʠʭʩʷ ʩ 
FLAG

uS19. T/C-ʪʨʘʥʟʠʮʠʠ ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤʠ ʯʝʨʪʦʯʢʘʤʠ ʥʘʜ ʦʩʪʘʪʢʘʤʠ ʪʠʤʠʥʘ (ʊ), 

ʚʳʜʝʣʝʥʥrʤʠ ʢʨʘʩʥʳʤ, ʚ ʨʝʬʝʨʝʥʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɸʤʠʥʦʢʠʩʣʦʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʘʥʥʦʤʫ ʫʯʘʩʪʢʫ, ʧʨʠʚʝʜʝʥʘ ʧʦʜ ʨʝʬʝʨʝʥʩʥʦʡ ʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. G/A-

ʙʦʛʘʪʳʝ ʫʯʘʩʪʢʠ ʛʝʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʦʩʪʘʪʢʠ ʪʠʤʠʥʘ ʠ ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʠʭ, ʦʙʚʝʜʝʥʳ ʢʨʘʩʥʳʤʠ ʦʚʘʣʘʤʠ ʠ 

ʚʳʜʝʣʝʥʳ ʢʨʘʩʥʳʤʠ ʩʢʦʙʢʘʤʠ. 

 

ʂʦʜʦʥʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʩʪʘʪʢʦʚ G ʠ A, ʤʦʛʫʪ ʢʦʜʠʨʦʚʘʪʴ Lys (AA
A
/G), Arg (AG

A
/G), Glu 

(GA
A
/G) ʠʣʠ Gly (GG

A
/G). ʆʜʥʘʢʦ, ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʬʣʘʥʢʠʨʫʶʱʠʭ ʩʘʡʪʳ ʩʰʠʚʢʠ 

ʤʈʅʂ ʚ ɸ-ʫʯʘʩʪʢʝ, ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʢʦʜʠʨʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Lys ʠ Glu, ʦʩʪʘʪʢʠ Arg 

ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʞʝ, ʘ ʦʩʪʘʪʢʠ Gly ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ (ʈʠʩʫʥʦʢ 36). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʦʩʪʘʪʢʠ Lys ʠ Glu ʚ ʦʩʥʦʚʥʦʤ ʯʝʨʝʜʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʝ 

ʬʦʨʤʠʨʫʷ ʢʘʢʠʭ-ʣʠʙʦ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʨʝʛʫʣʷʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʝʛʠʦʥʳ ʤʈʅʂ, ʩʦʜʝʨʞʘʱʠʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʯʝʨʝʜʫʶʱʠʝʩʷ 

ʢʦʜʦʥʳ Lys (ʨʝʞʝ Arg) ʠ Glu, ʵʬʬʝʢʪʠʚʥʦ ʩʰʠʚʘʣʠʩʴ ʩ 
FLAG

uS19 ʯʝʨʝʟ s
4
U-ʩʦʜʝʨʞʘʱʠʡ ʪʨʠʧʣʝʪ 

ʚ ɸ-ʫʯʘʩʪʢʝ ʨʠʙʦʩʦʤʳ. 
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ʈʠʩʫʥʦʢ 36. LOGO ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʢʦʜʠʨʫʝʤʳʭ ʥʫʢʣʝʦʪʠʜʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʈʠʩʫʥʢʝ 34. ʅʫʤʝʨʘʮʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

ʧʨʠʚʝʜʝʥʘ ʩʦʛʣʘʩʥʦ [308], ʛʜʝ ʧʦʟʠʮʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʜʦʥʫ ʚ P-ʫʯʘʩʪʢʝ 

ʨʠʙʦʩʦʤʳ ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ 0, ʘ ʚ ɸ-ʫʯʘʩʪʢʝ ʢʘʢ +1. (ɸ) ʠ (ɹ) ï ʪʦ ʞʝ, ʯʪʦ ʥʘ ʈʠʩʫʥʢʝ 34. 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʥʷʪʴ, ʤʦʛʣʘ ʣʠ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ Glu- ʠ Lys/Arg-

ʢʦʜʠʨʫʶʱʠʭ ʪʨʠʧʣʝʪʦʚ ʚ ʤʈʅʂ ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʸ ʩʰʠʚʢʫ ʩ 
FLAG

uS19 ʚ ʨʠʙʦʩʦʤʘʭ, ʘʨʝʩʪʦʚʘʥʥʳʭ 

ʮʠʢʣʦʛʝʢʩʠʤʠʜʦʤ, ʙʳʣʘ ʦʮʝʥʝʥʘ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʤʈʅʂ, ʩʰʠʚʘʶʱʠʭʩʷ ʩ 
FLAG

uS19 ʧʦ ʜʘʥʥʳʤ 

PAR-CLIP, ʩʨʝʜʠ ʤʈʅʂ, ʢʦʜʠʨʫʶʱʠʭ ʥʝʨʝʛʫʣʷʨʥʳʝ ʧʦʚʪʦʨʳ Glu/Lys (E/K). ɼʣʷ ʵʪʦʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʪʠʚʘ (E/K)12 ʚ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʦʡ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 

Ensembl ʠʟʚʣʝʯʝʥʳ ʚʩʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʦʚ ʯʝʣʦʚʝʢʘ, ʚ ʢʦʪʦʨʳʭ 

ʚʩʪʨʝʯʘʝʪʩʷ ʵʪʦʪ ʤʦʪʠʚ. ɺ ʘʥʘʣʠʟʝ ʜʦʧʫʩʢʘʣʠ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦ 

4 ʟʘʤʝʥ, ʯʪʦʙʳ ʚʥʫʪʨʠ ʥʝʸ ʤʦʛʣʠ ʚʩʪʨʝʪʠʪʴʩʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʢʦʜʠʨʫʝʤʳʝ 

ʪʨʠʧʣʝʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʩʪʘʪʢʠ U. ʇʦʣʫʯʝʥʥʳʡ ʥʘʙʦʨ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ 

ʚʳʰʝʦʙʦʟʥʘʯʝʥʥʳʝ ʙʝʣʢʠ, ʩʦʢʨʘʱʝʥ ʬʠʣʴʪʨʘʮʠʝʡ ʧʦ ʫʨʦʚʥʶ ʠʭ ʵʢʩʧʨʝʩʩʠʠ ʚ ʢʣʝʪʢʘʭ HEK293 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʠʙʦʩʦʤʥʦʛʦ ʧʨʦʬʘʡʣʠʥʛʘ [309] ʜʦ ʪʦʧ-1000 ʛʝʥʦʚ. ʉʨʝʜʠ ʥʠʭ ʦʙʥʘʨʫʞʝʥʳ 

118 ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʤʦʪʠʚ (E/K)12, ʠ 51 ʠʟ ʥʠʭ ʦʢʘʟʘʣʩʷ ʩʨʝʜʠ ʪʝʭ, ʯʴʠ ʤʈʅʂ ʩʰʠʚʘʣʠʩʴ ʩ 

FLAG
uS19 ʧʦ ʜʘʥʥʳʤ PAR-CLIP (Supplementary, Table S4, Babaylova, Gopanenko et al., Nucleic 

Acids Res. 2020; 10.1093/nar/gkz1145). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʦʚʠʥʘ ʤʈʅʂ, 

ʢʦʜʠʨʫʶʱʠʭ ʥʝʨʝʛʫʣʷʨʥʳʝ ʧʦʚʪʦʨʳ Glu/Lys, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʘʙʦʨʝ ʤʈʅʂ, ʩʰʠʚʘʶʱʠʭʩʷ ʩ 

FLAG
uS19. ɹʦʣʝʝ ʪʦʛʦ, ʚʠʟʫʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʩ ʧʦʤʦʱʴʶ ʛʝʥʦʤʥʦʛʦ ʙʨʘʫʟʝʨʘ IGV ʦʩʪʘʚʰʠʭʩʷ 67 

ʛʝʥʦʚ, ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʢʣʘʩʪʝʨʳ ʨʠʜʦʚ ʩ T/C-ʪʨʘʥʟʠʮʠʷʤʠ. ʆʜʥʘʢʦ 

ʵʪʠ ʢʣʘʩʪʝʨʳ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʢʨʠʪʝʨʠʷʤ ʦʪʙʦʨʘ ʢʣʘʩʪʝʨʦʚ ʨʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 
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ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʛʠʦʥʘʤ ʤʈʅʂ, ʩʰʠʚʘʶʱʠʤʩʷ ʩ
 FLAG

uS19 

(ʣʠʙʦ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʧʦʢʨʳʪʠʷ ʨʠʜʘʤʠ, ʣʠʙʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʊ/C-ʪʨʘʥʟʠʮʠʡ ʠʣʠ ʦʩʪʘʪʢʦʚ ʊ ʚ 

ʨʠʜʘʭ), ʠ ʧʦʵʪʦʤʫ ʦʥʠ ʥʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʘʥʘʣʠʟʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʥʘʙʦʨʦʚ ʛʝʥʦʚ ʩʚʷʟʘʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʩ ʞʸʩʪʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʪʙʦʨʘ ʢʣʘʩʪʝʨʦʚ ʩ 

T/C-ʪʨʘʥʟʠʮʠʷʤʠ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʩ ʜʦʩʪʘʪʦʯʥʦ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʴʶ ʦʮʝʥʢʠ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

Glu/Lys-ʧʦʚʪʦʨʦʚ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʙʝʣʢʦʚ ʯʝʣʦʚʝʢʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ 
FLAG

uS19 ʩʰʠʚʘʪʴʩʷ ʩ s
4
U-ʩʦʜʝʨʞʘʱʠʤʠ ʪʨʠʧʣʝʪʘʤʠ ʚ 

ʨʝʛʠʦʥʘʭ ʤʈʅʂ, ʢʦʜʠʨʫʶʱʠʭ Glu/Lys(Arg)-ʙʦʛʘʪʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʦʚ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʘʤʦʡ ʤʈʅʂ, ʘ ʩʚʷʟʘʥʘ ʩ ʧʨʠʨʦʜʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʢʦʜʠʨʫʝʤʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʝʛʠʦʥʘʤʠ ʤʈʅʂ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʢʣʝʪʢʘʭ, ʛʜʝ ʪʨʘʥʩʣʷʮʠʷ ʦʩʪʘʥʦʚʣʝʥʘ 

ʮʠʢʣʦʛʝʢʩʠʤʠʜʦʤ, ʙʣʦʢʠʨʫʶʱʠʤ ʪʨʘʥʩʣʦʢʘʮʠʶ ʧʝʧʪʠʜʠʣ-ʪʈʅʂ ʠʟ ɸ-ʫʯʘʩʪʢʘ ʚ ʈ-ʫʯʘʩʪʦʢ, uS19 

ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʦʜʦʥʦʤ ʚ ʨʠʙʦʩʦʤʥʦʤ ɸ-ʫʯʘʩʪʢʝ ʚ G/A-ʙʦʛʘʪʳʭ ʨʝʛʠʦʥʘʭ ʤʈʅʂ, 

ʢʦʜʠʨʫʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʪʘʪʢʠ Lys/Glu ʠ ʨʝʞʝ Arg. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ 

ʨʠʙʦʩʦʤ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʚ 

ʧʨʝʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʛʜʝ uS19 ʟʘʱʠʱʝʥ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʢʦʜʦʥʦʤ ʤʈʅʂ ʚ ɸ-ʫʯʘʩʪʢʝ 

ʤʦʣʝʢʫʣʦʡ ʧʝʧʪʠʜʠʣ-ʪʈʅʂ. 

 

3.1.3 ɺʣʠʷʥʠʝ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eL29 ʚ ʢʣʝʪʢʘʭ HEK 293 ʥʘ ʧʨʦʬʠʣʴ ʠʭ 

ʪʨʘʥʩʢʨʠʧʪʦʤʘ 

 

ɹʝʣʦʢ eL29 ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ 60S ʩʫʙʯʘʩʪʠʮʳ ʨʠʙʦʩʦʤʳ. ʆʥ ʠʟʚʝʩʪʝʥ ʪʘʢʞʝ ʢʘʢ 

ʛʝʧʘʨʠʥ/ʛʝʧʘʨʘʥ-ʩʫʣʴʬʘʪ ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ [21-25], ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ [21], ʘ ʧʦʟʞʝ ʠ ʨʷʜʘ ʜʨʫʛʠʭ [310]. ɹʫʜʫʯʠ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ ʛʝʧʘʨʠʥ/ʛʝʧʘʨʘʥ-ʩʫʣʴʬʘʪʦʤ, ʵʪʦʪ ʙʝʣʦʢ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʷʜʝ 

ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʞʢʣʝʪʦʯʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ, ʘʜʛʝʟʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ, 

ʧʨʦʣʠʬʝʨʘʮʠʷ ʠ ʜʨ [11-17]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ, ʜʝʬʠʮʠʪʥʳʭ ʧʦ 

Ŭvɓ ʠʥʪʝʛʨʠʥʫ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ eL29 ʧʨʦʠʩʭʦʜʠʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʚʘʩʢʫʣʷʨʠʟʘʮʠʠ [311]. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʚʦʪʥʳʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʬʠʮʠʪ eL29 ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʬʝʥʦʪʠʧʘ 

ʩ ʨʷʜʦʤ ʘʥʦʤʘʣʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʳʰʠ, ʥʦʢʘʫʪʠʨʦʚʘʥʥʳʝ ʧʦ ʛʝʥʫ RPL29, ʭʦʪʷ ʠ ʦʩʪʘʚʘʣʠʩʴ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʤʠ, ʠʤʝʣʠ ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ ʪʝʣʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʝʥʥʳʝ ʨʘʟʤʝʨʳ 

ʦʨʛʘʥʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʫʶ ʭʨʫʧʢʦʩʪʴ ʢʦʩʪʝʡ ʠ ʟʫʙʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʳʰʘʤʠ ʪʦʛʦ ʞʝ 

ʚʦʟʨʘʩʪʘ ʩ ʥʦʨʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ eL29 [23, 33, 312]. ɸʚʪʦʨʳ ʜʘʥʥʳʭ ʨʘʙʦʪ ʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʤʳʝ ʘʥʦʤʘʣʠʠ ʫ ʤʳʰʝʡ ʦʙʫʩʣʦʚʣʝʥʳ ʜʝʬʠʮʠʪʦʤ ʨʠʙʦʩʦʤ ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ 

eL29. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʷʚʣʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʬʝʥʦʪʠʧʘ ʤʦʛʣʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 
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ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʚʳʟʚʘʥʥʳʤʠ ʦʪʩʫʪʩʪʚʠʝʤ eL29, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʢʦʤʧʦʥʝʥʪʦʤ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʘʰʠʥʳ, ʥʦ ʠ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʥʝʨʠʙʦʩʦʤʥʳʝ 

ʬʫʥʢʮʠʠ. ʇʦʜʭʦʜʷʱʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʥʘ ʧʦʣʥʦʛʝʥʦʤʥʦʤ 

ʫʨʦʚʥʝ, ʢʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʈʅʂ-ʩʝʢ [313-315].  

 

3.1.3.1 ʅʦʢʜʘʫʥ eL29 ʚ ʢʣʝʪʢʘʭ HEK 293 

 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʫʨʦʚʥʷ eL29 ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʈʅʂ-ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ɼʣʷ 

ʵʪʦʛʦ ʢʣʝʪʢʠ HEK293, ʚʳʨʘʱʝʥʥʳʝ ʜʦ 60% ʢʦʥʬʣʶʝʥʪʥʦʩʪʠ, ʪʨʘʥʩʬʠʮʠʨʦʚʘʣʠ ʤʘʣʳʤʠ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʤʠ ʈʅʂ (ʜʘʣʝʝ siʈʅʂ), ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʧʨʦʪʠʚ ʤʈʅʂ eL29, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝʩʧʝʮʠʬʠʯʥʦʡ siʈʅʂ. ʏʝʨʝʟ ʦʜʠʥ ʠ ʜʚʘ ʜʥʷ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ 

ʫʨʦʚʝʥʴ ʩʥʠʞʝʥʠʷ eL29 ʚ ʢʣʝʪʢʘʭ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʪʝʣ, ʩʧʝʮʠʬʠʯʥʳʭ ʢ eL29, ʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ï ʩ ʧʦʤʦʱʴʶ ʄʊʊ 

ʪʝʩʪʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʥʘ ʈʠʩʫʥʢʝ 37 ɸ, ʚ ʢʣʝʪʢʘʭ, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ siʈʅʂ 

ʧʨʦʪʠʚ ʤʈʅʂ eL29, ʫʨʦʚʝʥʴ eL29 ʩʥʠʞʘʣʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʤʝʨʥʦ ʚ 1.5 ʠ 2.5 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʫʨʦʚʥʝʤ ʚ ʢʣʝʪʢʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ siʈʅʂ, ʪʦʛʜʘ ʢʘʢ ʫʨʦʚʝʥʴ uS2 

(ʦʮʝʥʝʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ) 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʩʷ. ʊʝʩʪ ʄʊʊ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʘʥʩʬʝʢʮʠʷ ʢʣʝʪʦʢ ʜʘʥʥʳʤʠ siʈʅʂ ʥʝ 

ʚʣʠʷʣʘ ʟʘʤʝʪʥʦ ʥʘ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ (ʈʠʩʫʥʦʢ 37 ɹ). ʂʨʦʤʝ ʪʦʛʦ, ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʠʟ ʢʣʝʪʦʢ, ʦʙʨʘʙʦʪʘʥʥʳʭ siʈʅʂ ʧʨʦʪʠʚ 

ʤʈʅʂ eL29 ʠ ʢʦʥʪʨʦʣʴʥʦʡ siʈʅʂ, ʥʝ ʚʳʷʚʠʣʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʧʘʪʪʝʨʥʝ ʨʈʅʂ ʤʝʞʜʫ 

ʵʪʠʤʠ ʦʙʨʘʟʮʘʤʠ (ʈʠʩʫʥʦʢ 37 ɺ). ɸʥʘʣʠʟ ʧʦʣʠʩʦʤʥʳʭ ʧʨʦʬʠʣʝʡ ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠʭ ʣʠʟʘʪʦʚ ʚ ʛʨʘʜʠʝʥʪʝ ʧʣʦʪʥʦʩʪʠ ʩʘʭʘʨʦʟʳ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʦʤ ʬʨʘʢʮʠʡ ʛʨʘʜʠʝʥʪʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ eL29, ʧʦʢʘʟʘʣ, ʯʪʦ ʥʦʢʜʘʫʥ eL29 ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʛʣʦʙʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʪʨʘʥʩʣʷʮʠʠ ʚ ʢʣʝʪʢʘʭ HEK293 

(ʈʠʩʫʥʦʢ 37 ɻ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʠʙʦʩʦʤʳ, ʣʠʰʝʥʥʳʝ eL29, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʥʘʨʷʜʫ ʩ 

ʥʦʨʤʘʣʴʥʳʤʠ ʨʠʙʦʩʦʤʘʤʠ ʚ ʢʣʝʪʢʘʭ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ ʵʪʦʛʦ ʙʝʣʢʘ, ʘʢʪʠʚʥʳ ʚ 

ʪʨʘʥʩʣʷʮʠʠ. 

ɺʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʣʝʪʢʠ HEK293, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ siʈʅʂ ʧʨʦʪʠʚ ʤʈʅʂ eL29, ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʴʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 

ʪʨʘʥʩʢʨʠʧʪʦʤʝ, ʚʳʟʚʘʥʥʳʭ ʜʝʬʠʮʠʪʦʤ ʜʘʥʥʦʛʦ ʙʝʣʢʘ. 
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ʈʠʩʫʥʦʢ 37. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʣʝʪʦʢ HEK293 ʩ ʥʦʢʜʘʫʥʦʤ ʧʦ ʨʠʙʦʩʦʤʥʦʤʫ ʙʝʣʢʫ eL29. (A) ɺʝʩʪʝʨʥ-

ʙʣʦʪ ʘʥʘʣʠʟ ʫʨʦʚʥʝʡ ʙʝʣʢʦʚ eL29 ʠ uS2 (ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ) ʚ ʢʣʝʪʢʘʭ HEK293 ʯʝʨʝʟ ʦʜʠʥ ʠ ʜʚʘ ʜʥʷ 

ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ siʈʅʂ ʧʨʦʪʠʚ ʤʈʅʂ eL29 ʠ ʢʦʥʪʨʦʣʴʥʦʡ siʈʅʂ. 

ɼʠʘʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ʚ ʪʨʝʭ ʧʦʚʪʦʨʘʭ ʚ ʚʠʜʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʝʜʠʥʠʮ (ʘ.u.) Ñ SEM (** ʨ <0,01, ʨʘʩʩʯʠʪʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ).  

(ɹ). ɼʘʥʥʳʝ ʄʊʊ-ʪʝʩʪʘ ʜʣʷ ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. (ɺ) ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʧʘʨʘʪʦʚ 

ʪʦʪʘʣʴʥʦʡ ʈʅʂ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. ʆʢʨʘʩʢʘ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ. (ɻ) 

ʇʦʣʠʩʦʤʥʳʝ ʧʨʦʬʠʣʠ ʢʣʝʪʦʢ, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ siʈʅʂ ʧʨʦʪʠʚ ʤʈʅʂ eL29 (ʧʫʥʢʪʠʨʥʘʷ 

ʣʠʥʠʷ) ʠ ʢʦʥʪʨʦʣʴʥʦʡ siʈʅʂ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ), ʧʦʣʫʯʝʥʥʳʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠʭ ʣʠʟʘʪʦʚ ʚ 

ʛʨʘʜʠʝʥʪʝ ʧʣʦʪʥʦʩʪʠ ʩʘʭʘʨʦʟʳ. ʆʪʤʝʯʝʥʳ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 60S ʩʫʙʯʘʩʪʠʮʘʤ, 80S ʨʠʙʦʩʦʤʘʤ ʠ 

ʧʦʣʠʩʦʤʘʤ. ʇʘʥʝʣʠ ʩʥʠʟʫ ï ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ ʬʨʘʢʮʠʡ ʛʨʘʜʠʝʥʪʘ ʥʘ ʥʘʣʠʯʠʝ eL29 ʠ uL18 (ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʬʝʨʝʥʩʥʦʛʦ ʙʝʣʢʘ). ɼʦʨʦʞʢʠ 1, 2 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʨʘʢʮʠʷʤ ʩʘʭʘʨʦʟʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʩʦʜʝʨʞʘʱʠʤ 

çʪʷʞʝʣʳʝè ʧʦʣʠʩʦʤʳ (>5 ʨʠʙʦʩʦʤ ʥʘ ʤʈʅʂ), çʣʸʛʢʠʝè ʧʦʣʠʩʦʤʳ (<5 ʨʠʙʦʩʦʤ ʥʘ ʤʈʅʂ) ʠ 80S ʨʠʙʦʩʦʤʳ 

(ʩ ʥʝʙʦʣʴʰʦʡ ʜʦʣʝʡ 60S ʩʫʙʯʘʩʪʠʮ). 
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3.1.3.2 ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ ʜʣʷ ʢʣʝʪʦʢ HEK293 ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ eL29 

 

ʏʪʦʙʳ ʚʳʷʩʥʠʪʴ ʚʣʠʷʥʠʝ ʜʝʬʠʮʠʪʘ eL29 ʥʘ ʧʨʦʬʠʣʴ ʪʨʘʥʩʢʨʠʧʪʦʤʘ, ʠʟ ʢʣʝʪʦʢ HEK293 

ʯʝʨʝʟ 2 ʜʥʷ ʧʦʩʣʝ ʠʭ ʪʨʘʥʩʬʝʢʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ siʈʅʂ ʧʨʦʪʠʚ ʤʈʅʂ eL29 ʠ ʢʦʥʪʨʦʣʴʥʦʡ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ siʈʅʂ ʚʳʜʝʣʝʥʳ ʧʨʝʧʘʨʘʪʳ ʪʦʪʘʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʈʅʂ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ɼʅʂ-ʙʠʙʣʠʦʪʝʢʠ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʥʘ ʧʣʘʪʬʦʨʤʝ Illumina HiSeq 2500 (ʇʨʠʣʦʞʝʥʠʝ 2, ʊʘʙʣʠʮʘ ʇ1). ʕʢʩʧʝʨʠʤʝʥʪ 

ʚʳʧʦʣʥʝʥ ʚ ʪʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ.  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ 

ʘʥʘʣʠʟʘ ʤʘʪʨʠʮʳ ʨʘʩʩʪʦʷʥʠʡ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʝʞʜʫ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʦʚʪʦʨʘʤʠ (ʈʠʩʫʥʦʢ 38 A,ɹ). ʕʪʦ ʦʟʥʘʯʘʣʦ, ʯʪʦ ʜʘʥʥʳʝ ʈʅʂ-ʩʝʢ ʧʨʠʛʦʜʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʘʥʘʣʠʟʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʝʥ ʥʘ ʥʘʙʦʨʝ ʙʦʣʝʝ ʯʝʤ 12000 

ʛʝʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ DESeq2 (Supplementary, Table S4, Copanenko et al., Cells 2020; 

10.3390/cells9051228). ʀʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʢʣʝʪʢʘʭ, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ siʈʅʂ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʵʢʩʧʨʝʩʩʠʝʡ ʚ ʢʣʝʪʢʘʭ, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʦʥʪʨʦʣʴʥʦʡ siʈʅʂ, ʩʯʠʪʘʣʠ ʟʥʘʯʠʤʳʤʠ, ʝʩʣʠ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ DESeq2-ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨ 

ʠʭ |LFC| > 0.322, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʠʟʤʝʥʝʥʠʷʤ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʙʦʣʝʝ ʯʝʤ ʥʘ 25%, 

ʘ ʧʘʨʘʤʝʪʨ ʠʭ p.adj < 0.01. ʊʘʢʠʤ ʢʨʠʪʝʨʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʣʠ 1308 ʛʝʥʦʚ (ʥʘʟʚʘʥʥʳʭ DEGs, ʩʤ. 

ʨʘʟʜʝʣ 2.2.4.3) (Supplementary, Table S5, Copanenko et al., Cells 2020; 10.3390/cells9051228). 

ɻʨʘʬʠʢ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 38 ɺ. ɼʦʣʠ ʛʝʥʦʚ, ʯʴʠ ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʧʦʚʳʰʘʣʠʩʴ ʠʣʠ ʧʦʥʠʞʘʣʠʩʴ 

(ʘʧ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʠ ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʭ DEGs ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠ ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ eL29 

ʚ ʢʣʝʪʢʘʭ HEK293, ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 38 ɻ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ LFC ʛʝʥʦʚ ʚ ʥʘʙʦʨʝ, 

ʚʟʷʪʦʤ ʚ ʘʥʘʣʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ. ɼʘʥʥʳʝ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ eL29 ʠ uS2 (ʩʤ. ʈʠʩʫʥʦʢ 37 A), ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʈʠʩʫʥʢʝ 38 ɼ. ʕʪʠ ʜʘʥʥʳʝ ʚʤʝʩʪʝ ʩ ʪʝʤʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 37 ɸ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, 

ʯʪʦ ʚ ʢʣʝʪʢʘʭ HEK293 ʩ ʥʦʢʜʘʫʥʦʤ eL29 ʫʨʦʚʝʥʴ ʤʈʅʂ eL29 ʩʥʠʞʝʥ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʫʨʦʚʝʥʴ ʩʘʤʦʛʦ eL29. ʈʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ eL29 ʠ ʝʛʦ ʤʈʅʂ, ʥʘʙʣʶʜʘʝʤʦʝ ʯʝʨʝʟ ʜʚʘ 

ʜʥʷ ʧʦʩʣʝ ʪʨʘʥʩʬʝʢʮʠʠ ʢʣʝʪʦʢ, ʫʢʘʟʳʚʘʝʪ, ʚʝʨʦʷʪʥʦ, ʥʘ ʪʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʩʠʥʪʝʟʘ eL29 

ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʝʛʦ ʜʝʛʨʘʜʘʮʠʠ. ɼʣʷ ʥʝʩʢʦʣʴʢʠʭ DEGs, ʚ ʯʘʩʪʥʦʩʪʠ ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʭ 

CHCHD3, CLIC4, G3BP1,TFAM ʠ ʘʧ-ʨʝʛʫʣʠʨʫʝʤʦʛʦ RAD23, ʧʨʦʚʝʜʝʥʘ ʚʘʣʠʜʘʮʠʷ ʜʘʥʥʳʭ ʈʅʂ-

ʩʝʢ ʩ ʧʦʤʦʱʴʶ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʇʨʠʣʦʞʝʥʠʝ 1, ʈʠʩʫʥʦʢ ʇ5). ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʫʨʦʚʥʝʡ ʵʢʩʧʨʝʩʩʠʠ (ʟʥʘʯʝʥʠʡ LFC), ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʈʅʂ-ʩʝʢ ʠ ʇʎʈ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ ʵʪʦʛʦ ʥʘʙʦʨʘ ʛʝʥʦʚ, ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ (r =0.913, p = 

0.004) ʤʝʞʜʫ ʵʪʠʤʠ ʜʘʥʥʳʤʠ. 
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ʈʠʩʫʥʦʢ 38. ʆʙʦʙʱʸʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ ʢʣʝʪʦʢ HEK293, ʜʝʬʠʮʠʪʥʳʭ ʧʦ 

ʨʠʙʦʩʦʤʥʦʤʫ ʙʝʣʢʫ eL29. (ɸ) ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʙʨʘʟʮʦʚ ʈʅʂ-ʩʝʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʸʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʚʪʦʨʘʤ ʢʣʝʪʦʢ HEK293, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

siʈʅʂ ʧʨʦʪʠʚ ʤʈʅʂ eL29 (ʢʨʘʩʥʳʝ ʪʦʯʢʠ), ʠ ʢʣʝʪʦʢ HEK293, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ siʈʅʂ 

(ʩʠʥʠʝ ʪʦʯʢʠ). (ɹ) ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʵʚʢʣʠʜʦʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʚʳʰʝ ʦʧʠʩʘʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʈʅʂ-ʩʝʢ 

ʩ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʝʡ. ɺ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ï ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʨʘʟʮʦʚ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ ʵʚʢʣʠʜʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (ʧʦʢʘʟʘʥʦ ʮʚʝʪʦʤ). (ɺ) ɻʨʘʬʠʢ ʨʘʩʩʝʠʚʘʥʠʷ ʟʥʘʯʝʥʠʡ 

LFC (log2fold change) (ʦʩʴ Y) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʨʝʜʥʝʥʥʳʭ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʣʠʯʝʩʪʚʘ 
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ʨʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʤʫ ʛʝʥʫ (ʦʩʴ X), ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʈʅʂ-ʩʝʢ. ʇʦ ʦʩʠ 

ʘʙʩʮʠʩʩ ʧʨʠʚʝʜʝʥʦ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʠʭ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʣʠʯʝʩʪʚʘ ʨʠʜʦʚ, ʢʘʨʪʠʨʫʶʱʠʭʩʷ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʥʳ, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʭ LFC. ʉʠʥʠʤʠ ʧʫʥʢʪʠʨʥʳʤʠ 

ʣʠʥʠʷʤʠ ʦʪʤʝʯʝʥʳ ʟʥʘʯʝʥʠʷ LFC, ʨʘʚʥʳʝ ï1, ï0.585, ï0.322, 0.322, 0.585 ʠ 1, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʥʘ 25%, 50% ʠ 100%. DEGs ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ. ʊʦʧ-10 

ʛʝʥʦʚ, ʦʪʥʝʩʝʥʥʳʭ ʢ ʘʧ-ʨʝʛʫʣʠʨʫʝʤʳʤ ʠʣʠ ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʤ DEGs ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʠʭ 

LFC, ʧʦʢʘʟʘʥʳ ʩʠʥʠʤʠ ʪʦʯʢʘʤʠ ʩ ʧʦʜʧʠʩʷʤʠ. (ɻ) ʆʙʦʙʱʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ DESeq2. ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʧʦʢʘʟʘʥʘ ʜʦʣʷ ʘʧ-

ʨʝʛʫʣʠʨʫʝʤʳʭ (ʦʙʦʟʥʘʯʝʥʳ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ) ʠ ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʭ (ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ) DEGs 

ʚʤʝʩʪʝ ʩ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ, ʫʢʘʟʘʥʥʳʤ ʚ ʩʢʦʙʢʘʭ. (ɼ) ɹʦʢʩ-ʧʣʦʪ ʛʨʘʬʠʢʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʨʘʚʥʝʥʠʝ 

ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ RPL29 ʠ RPSA (ʢʦʜʠʨʫʶʱʠʭ ʨʠʙʦʩʦʤʥʳʝ ʙʝʣʢʠ eL29 ʠ uS2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢ. ʂʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ 

ʩ ʧʦʤʦʱʴʶ DESeq2 ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚ ʩʠʢʚʝʥʩʥʳʭ ʨʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ ʛʝʥʘʤ, ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʙʨʘʟʮʘ.  

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʙʦʨʝ DEGs, ʧʦʤʠʤʦ ʛʝʥʘ RPL29, ʦʙʥʘʨʫʞʝʥʳ ʛʝʥʳ ʝʱʸ 

ʥʝʩʢʦʣʴʢʠʭ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ (ʈʠʩʫʥʦʢ 39, ʇʨʠʣʦʞʝʥʠʝ 2, ʊʘʙʣʠʮʘ ʇ2).  

 

 

ʈʠʩʫʥʦʢ 39. ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʚ eL29-ʜʝʬʠʮʠʪʥʳʭ ʢʣʝʪʢʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ 

ʵʢʩʧʨʝʩʩʠʝʡ ʚ ʢʣʝʪʢʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ siʈʅʂ. (ɸ) ɻʠʩʪʦʛʨʘʤʤʳ ʟʥʘʯʝʥʠʡ RPKM ʜʣʷ 
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ʢʘʞʜʦʛʦ ʛʝʥʘ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ ʤʘʣʦʡ 40S ʩʫʙʯʘʩʪʠʮʳ (ʩʚʝʨʭʫ) ʠ ʙʦʣʴʰʦʡ 60S ʩʫʙʯʘʩʪʠʮʳ (ʩʥʠʟʫ) ʚ 

ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ (ʙʝʣʳʝ ʩʪʦʣʙʠʢʠ) ʠ eL29-ʜʝʬʠʮʠʪʥʳʭ ʢʣʝʪʢʘʭ (ʩʝʨʳʝ ʩʪʦʣʙʠʢʠ) ʜʣʷ ʪʨʸʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʦʚ. ʆʰʠʙʢʘ ï ʦʜʥʦ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. (ɹ) ɺʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ 

ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ eL29 ʠ uL5, ʘ ʪʘʢʞʝ uS15, eS10 ʠ ʙʝʣʢʘ GAPDH (ʚʟʷʪʳʭ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʝʡ) ʚ 

ʢʣʝʪʢʘʭ HEK293, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ siʈʅʂ ʧʨʦʪʠʚ eL29 ʠʣʠ ʢʦʥʪʨʦʣʴʥʦʡ siʈʅʂ. 

ɼʠʘʛʨʘʤʤʘ ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʜʝʥʩʠʪʦʤʝʪʨʠʠ uL5-ʩʧʝʮʠʬʠʯʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʚʝʩʪʝʨʥ-ʙʣʦʪʝ, 

ʧʦʣʫʯʝʥʥʦʤ ʚ ʪʨʸʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʘʭ (** p < 0.01, ʪʝʩʪ ʉʪʴʶʜʝʥʪʘ). 

 

ʀʤʠ ʦʢʘʟʘʣʠʩʴ ʘʧ-ʨʝʛʫʣʠʨʫʝʤʳʝ ʛʝʥʳ RPL23A, RPS5 ʠ RPS21, ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ uL23 

(L23A), uS7 (S5) ʠ eS21 (S21), ʠ ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʝ ʛʝʥʳ RPL34, RPL5, RPL11, RPL12 ʠ RPL22, 

ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ eL34 (L34), uL18 (L5), uL5 (L11), uL11 (L12) ʠ eL22 (L22) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʈʠʩʫʥʦʢ 39 ɸ). ɼʣʷ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʙʝʣʢʦʚ, ʘ ʠʤʝʥʥʦ uL5, ʩ ʧʦʤʦʱʴʶ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ uL5 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʛʦ ʫʨʦʚʝʥʴ ʚ ʢʣʝʪʢʝ 

ʩʥʠʞʘʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ eL29 (ʈʠʩʫʥʦʢ 39 ɹ). 

 

3.1.3.3 ʂʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʛʝʥʘʤʠ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ 

ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ eL29 

 

ɼʣʷ ʥʘʙʦʨʘ DEGs ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʘʪʝʛʦʨʠʟʘʮʠʠ GeneOntology (ʜʘʣʝʝ GO). ʂʨʦʤʝ ʪʦʛʦ, ʩʭʦʜʥʳʡ ʘʥʘʣʠʟ 

ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ReactomePA, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ 

ʧʫʪʠ, ʚ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ DEGs. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ReactomePA-ʘʥʘʣʠʟʘ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʘʧ-ʨʝʛʫʣʠʨʫʝʤʳʝ DEGs ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʢʣʝʪʦʯʥʳʭ ʧʫʪʝʡ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʧʝʨʝʜʘʯʝʡ ʩʠʛʥʘʣʘ, ʘʧʦʧʪʦʟʦʤ, ʩʧʣʘʡʩʠʥʛʦʤ, 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʣʣʘʛʝʥʘ ʠ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ (ʈʠʩʫʥʦʢ 40). GO-ʘʥʘʣʠʟ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ 

ʥʘʙʦʨʘ DEGs ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʢ ʪʘʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʢʘʢ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 

ʥʝʧʨʘʚʠʣʴʥʦ ʩʚʝʨʥʫʪʳʭ ʠʣʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ (UFD1, RNF5, HDAC6 ʠ 

ʜʨ.), ʦʪʚʝʪ ʥʘ ʩʪʨʝʩʩ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʶʤʘ (CUL7, NFE2L1, SRPRA ʠ ʜʨ.), 

ʦʨʛʘʥʠʟʘʮʠʷ ʤʠʪʦʭʦʥʜʨʠʡ (COX17, LETM1, UQCC3 ʠ ʜʨ.), ʨʝʛʫʣʷʮʠʷ ʘʢʪʠʚʥʦʩʪʝʡ ɻʊʌʘʟ 

(AKT2, GPSM1, GDI1 ʠ ʜʨ.) ʠ ʨʝʛʫʣʷʮʠʷ ʘʢʪʠʚʥʦʩʪʠ ʤʠʪʦʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ (CDK10, INCENP, 

DCTN1 ʠ ʜʨ.) (ʊʘʙʣʠʮʘ 4). 
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ʈʠʩʫʥʦʢ 40. ʊʦʯʝʯʥʳʡ ʛʨʘʬʠʢ, ʦʪʨʘʞʘʶʱʠʡ ʢʣʝʪʦʯʥʳʝ ʧʫʪʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʘʧ-ʨʝʛʫʣʠʨʫʝʤʳʤʠ 

DEGs. ʇʦʢʘʟʘʥʳ ʪʦʧ-20 ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʦʚʣʝʯʝʥʥʳʭ ʛʝʥʦʚ ʢʣʝʪʦʯʥʳʭ ʧʫʪʝʡ ʠʟ ʥʘʡʜʝʥʥʳʭ 38 ʩ 

ʧʘʨʘʤʝʪʨʦʤ p.adj < 0.1 (ʇʨʠʣʦʞʝʥʠʝ 2, ʊʘʙʣʠʮʘ ʇ3ɸ). ʎʚʝʪ ʠ ʨʘʟʤʝʨ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢʝ ʦʪʨʘʞʘʶʪ 

ʫʨʦʚʝʥʴ ʧʘʨʘʤʝʪʨʘ p.adj ʠ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʜʘʥʥʳʡ ʢʣʝʪʦʯʥʳʡ ʧʫʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

GO ʘʥʘʣʠʟ ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʭ DEGs ʚʳʷʚʠʣ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʨʦʮʝʩʩʦʚ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʵʪʠʤʠ ʛʝʥʘʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ c ʪʝʤ, ʯʪʦ ʥʘʡʜʝʥʦ ʜʣʷ ʘʧ-ʨʝʛʫʣʠʨʫʝʤʳʭ DEGs. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʝ DEGs ʧʨʠʯʘʩʪʥʳ ʢ ʧʨʦʮʝʩʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʨʦʮʝʩʩʠʥʛʦʤ 

ʈʅʂ (ʚ ʯʘʩʪʥʦʩʪʠ ʨʈʅʂ), ʙʠʦʛʝʥʝʟʦʤ ʨʠʙʦʥʫʢʣʝʦʧʨʦʪʝʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʨʠʙʦʩʦʤ) (WDR12, DDX21, NPM1 ʠ ʜʨ.) ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʙʝʣʦʢ-ʩʠʥʪʝʟʠʨʫʶʱʝʛʦ 

ʘʧʧʘʨʘʪʘ, ʘ ʠʤʝʥʥʦ: ʠʥʠʮʠʘʮʠʝʡ ʪʨʘʥʩʣʷʮʠʠ ʠ ʨʝʛʫʣʷʮʠʝʡ ʪʨʘʥʩʣʷʮʠʠ (EIF4EBP1, PTBP3, 

EIF2AK2 ʠ ʜʨ.) (ʊʘʙʣʠʮʘ 4). ʂʨʦʤʝ ʪʦʛʦ, ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʝ DEGs ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʢ 

ʧʨʦʮʝʩʩʘʤ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʥʫʢʣʝʠʥʦʚʦʝ 

ʦʩʥʦʚʘʥʠʝ (PPAT, NADK2NAMPT ʠ ʜʨ.), ʠ ʩ ʘʢʪʠʥʦʚʳʤʠ ʬʠʣʘʤʝʥʪʘʤʠ (PDLIM5, SHROOM3, 

MYO1D, ʠ ʜʨ), ʘ ʪʘʢʞʝ ʢ ʷʜʝʨʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ (NUP37, NUP58, XPOT ʠ ʜʨ.) ʠ ʙʠʦʩʠʥʪʝʟʫ 

ʦʨʛʘʥʦʬʦʩʬʘʪʦʚ ʠ ʬʦʩʬʦʣʠʧʠʜʦʚ (OCRL, PLS1, PIGX ʠ ʜʨ.) (ʊʘʙʣʠʮʘ 4). ʅʘʢʦʥʝʮ, ʜʘʫʥ-

ʨʝʛʫʣʠʨʫʝʤʳʝ DEGs ʩʚʷʟʘʥʳ ʪʘʢʞʝ ʩ ʪʘʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʘʢ ʧʦʟʠʪʠʚʥʘʷ ʨʝʛʫʣʷʮʠʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʢʣʝʪʦʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (MNS1, WASL, OCLN ʠ ʜʨ.), ʣʦʢʘʣʠʟʘʮʠʷ ʙʝʣʢʦʚ ʥʘ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ (LIN7C, VAMP7, CD24 ʠ ʜʨ.), ʨʝʛʫʣʷʮʠʷ ʢʣʝʪʦʯʥʦʛʦ ʢʘʪʘʙʦʣʠʟʤʘ (NAMPT, 

PGAM1, MET ʠ ʜʨ.), ʨʝʛʫʣʷʮʠʷ ʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʩʪʨʝʩʩ (CD44, HIF1A, UBE2N ʠ ʜʨ.), ʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ (MICB, AP1S2, CR2 ʠ ʜʨ.)  (ʊʘʙʣʠʮʘ 4). 

ɸʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ReactomePA ʚʳʷʚʠʣ ʧʨʠʯʘʩʪʥʦʩʪʴ ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʭ DEGs ʢ ʨʷʜʫ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʚʢʣʶʯʘʷ ʧʫʪʴ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʢʣʝʪʦʯʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʠʥʬʝʢʮʠʶ, Ca
2+

-
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ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ, ʚʥʝʷʜʝʨʥʳʡ ʵʩʪʨʦʛʝʥ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ ʠ 

ʜʨʫʛʠʝ, ʘ ʪʘʢʞʝ ʢ ʥʝʢʦʪʦʨʳʤ ʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ (ʈʠʩʫʥʦʢ 41). 

 

ʊʘʙʣʠʮʘ 4. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ DEGs, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ Gene Ontology
1
. 

 
1
ʇʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ GO-ʪʝʨʤʠʥʳ ʩ ʧʘʨʘʤʝʪʨʦʤ FoldEnrichment > 2, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʚʝʨʰʠʥʘʤʠ ʜʨʝʚʘ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. 

 

ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʜʝʬʠʮʠʪ ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ eL29 ʚ ʢʣʝʪʢʝ ʧʨʠʚʦʜʠʪ ʢ 

ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʢʣʝʪʦʯʥʘʷ 

ʨʝʛʫʣʷʪʦʨʥʘʷ ʤʘʰʠʥʘ ʧʳʪʘʝʪʩʷ ʧʨʝʦʜʦʣʝʪʴ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʚʳʟʚʘʥʥʳʝ ʜʠʩʙʘʣʘʥʩʦʤ 

ʜʘʥʥʦʛʦ ʙʝʣʢʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʫʨʦʚʥʷ eL29 ʩʥʠʞʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʦʚ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʠʥʪʝʟ ʨʠʙʦʩʦʤ ʠ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʣʷʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʙʠʦʩʠʥʪʝʟʘ ʙʝʣʢʘ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʘʢʪʠʚʘʮʠʷ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʣʝʪʦʯʥʳʤ ʩʠʛʥʘʣʠʥʛʦʤ, ʨʘʙʦʪʦʡ ʰʘʧʝʨʦʥʦʚ, 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʣʣʘʛʝʥʘ, ʧʨʦʠʩʭʦʜʷʱʘʷ ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ 
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eL29, ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʣʝʪʢʘ ʧʳʪʘʝʪʩʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʥʘʨʫʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʤʝʤʙʨʘʥ ʠ ʮʠʪʦʩʢʝʣʝʪʘ. 

 

ʈʠʩʫʥʦʢ 41. ʊʦʯʝʯʥʳʡ ʛʨʘʬʠʢ, ʦʪʨʘʞʘʶʱʠʡ ʢʣʝʪʦʯʥʳʝ ʧʫʪʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʤʠ 

DEGs. ʇʦʢʘʟʘʥʳ ʚʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ 19 ʢʣʝʪʦʯʥʳʭ ʧʫʪʝʡ ʩ ʧʘʨʘʤʝʪʨʦʤ p.adj < 0.1 (ʇʨʠʣʦʞʝʥʠʝ 2, 

ʊʘʙʣʠʮʘ ʇ3ɹ). ʎʚʝʪ ʠ ʨʘʟʤʝʨ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢʝ ʦʪʨʘʞʘʶʪ ʫʨʦʚʝʥʴ ʧʘʨʘʤʝʪʨʘ p.adj ʠ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ, 

ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʜʘʥʥʳʡ ʢʣʝʪʦʯʥʳʡ ʧʫʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

3.1.3.4 ɻʝʥʳ-ʤʠʰʝʥʠ p53 ʠ c-Myc, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ 

eL29 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ ʚ ʙʠʦʛʝʥʝʟʝ ʨʠʙʦʩʦʤ, ʚʳʟʚʘʥʥʳʝ ʜʠʩʙʘʣʘʥʩʦʤ ʨʠʙʦʩʦʤʥʳʭ 

ʙʝʣʢʦʚ, ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʷʪ ʢ ʘʢʪʠʚʘʮʠʠ ʩʫʧʨʝʩʩʦʨʘ ʦʧʫʭʦʣʝʡ ï p53, ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ʫʙʠʢʚʠʪʠʥ-ʣʠʛʘʟʳ MDM2 ʠʣʠ ʢʘʢʠʤʠ-ʪʦ ʜʨʫʛʠʤʠ ʧʫʪʷʤʠ [80, 128, 130]. ʃʦʛʠʯʥʦ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʦʪʚʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ eL29 ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ TP53 ʠ 

MDM2. ʆʜʥʘʢʦ ʵʪʠ ʛʝʥʳ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʚʳʷʚʣʝʥʥʦʤ ʥʘʙʦʨʝ DEGs, ʦʟʥʘʯʘʷ, ʯʪʦ ʫʨʦʚʝʥʴ ʠʭ 

ʤʈʅʂ ʥʝ ʠʟʤʝʥʠʣʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤ ̫ʚ ʵʪʦʤ ʥʘʙʦʨʝ ʦʢʘʟʘʣʠʩʴ ʛʝʥʳ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʛʝʥʳ-ʤʠʰʝʥʠ ʙʝʣʢʘ p53 [262]. ʉʨʝʜʠ ʥʠʭ 23 ʘʧ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʛʝʥʦʚ (BAX, CES2, XPC ʠ ʜʨ.) ʠ 6 

ʜʘʫʥ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʛʝʥʦʚ (NLRP1, GNAI1, CCNG1 ʠ ʜʨ.) (ʇʨʠʣʦʞʝʥʠʝ 2, ʊʘʙʣʠʮʘ ʇ4). ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʝʬʠʮʠʪ eL29 ʚ ʢʣʝʪʢʘʭ ʚʳʟʚʘʣ ʥʘʨʫʰʝʥʠ ̫ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ p53-MDM2, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʳʣʠ ʟʘʧʫʱʝʥʳ ʢʣʝʪʦʯʥʳʝ ʢʘʩʢʘʜʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʘʢʪʠʚʥʦʩʪʠ 

ʛʝʥʦʚ, ʨʝʛʫʣʠʨʫʝʤʳʭ p53.  
















































































