
ʌʘʢʫʣʴʪʝʪ ʙʠʦʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

 

ʋʯʝʙʥʦ-ʥʘʫʯʥʳʡ ʮʝʥʪʨ çɹʠʦʠʥʬʦʨʤʘʪʠʢʘè  

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ  

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠʠʤ. ɸ.ɸ. ʍʘʨʢʝʚʠʯʘ  

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

ʎʦʡ  ʆʣʴʛʘ ɺʣʘʜʠʩʣʘʚʦʚʥʘ 

 

ʕɺʆʃʖʎʀʗ ʉʀʉʊɽʄ ʈɽɻʋʃʗʎʀʀ ʊʈɸʅʉʂʈʀʇʎʀʀ  

ɺ ɻɽʅʆʄɸʍ ɹɸʂʊɽʈʀʁ 

03.01.09 - ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʙʠʦʣʦʛʠʷ, ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʄʠʭʘʠʣ ʉʝʨʛʝʝʚʠʯ ɻʝʣʴʬʘʥʜ 

 

 

ʄʦʩʢʚʘ, 2014 



2 

 

 

 

ʉʦʜʝʨʞʘʥʠʝ 

ɺʚʝʜʝʥʠʝ 3 

ɻʣʘʚʘ 1 - ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 8 

1.1 ʉʝʪʴ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʝʝ ʫʨʦʚʥʠ ................................................. 8 

1.2 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ......... 9 

1.3 ʇʫʪʴ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ................................................................... 12 

1.4 ʈʝʛʫʣʷʪʦʨʥʳʝ ʙʣʦʢʠ ʚ ʩʝʪʷʭ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ........................... 17 

ɻʣʘʚʘ 2 - ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 23 

2.1 ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʛʝʥʦʤʳ ............................................................................... 23 

2.2 ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ................................................ 29 

ɻʣʘʚʘ 3 - ʇʨʝʜʩʢʘʟʘʥʠʝ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ ʥʘ ʧʨʠʤʝʨʝ 

ʧʫʪʠ ʜʝʛʨʘʜʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ 31 

3.1 ʇʦʠʩʢ ʦʨʪʦʣʦʛʦʚ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ .................................... 31 

3.2 ʕʚʦʣʶʮʠʷ ʩʠʩʪʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ........................................... 40 

3.3 ʈʝʛʫʣʷʮʠʷ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ .......................................................... 48 

ɻʣʘʚʘ 4 - ʕʚʦʣʶʮʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʣʦʢʦʚ ʥʘ ʧʨʠʤʝʨʝ ʙʣʦʢʘ ʪʨʝʫʛʦʣʴʥʠʢ 58 

4.1 ʆʧʨʝʜʝʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ .. 58 

4.2 ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ............................................. 61 

4.3 ʕʚʦʣʶʮʠʷ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʣʦʢʘ ʪʠʧʘ ʪʨʝʫʛʦʣʴʥʠʢ ʚ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʤʘʭ ʥʘ ʧʨʠʤʝʨʝ ʰʪʘʤʤʦʚ Escherichia coli .......................................... 61 

4.4 ʕʚʦʣʶʮʠʷ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʣʦʢʘ ʪʠʧʘ ʪʨʝʫʛʦʣʴʥʠʢ ʚ Enterobacteriales .. 67 

ʆʙʩʫʞʜʝʥʠʝ 76 

ɺʳʚʦʜʳ 79 

ʉʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 81 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ               82 

  

  



3 

 

 

 

ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʥʦʛʠʝ ʩʠʩʪʝʤʳ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʦʙʨʘʟʫʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʝʪʠ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʠ ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʉʘʤʳʡ ʥʠʞʥʠʡ 

ʫʨʦʚʝʥʴ ʵʪʦʡ ʩʝʪʠ ʩʦʩʪʘʚʣʷʶʪ ʥʘʙʦʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʫʯʘʩʪʢʘ ɼʅʂ, ʩ ʢʦʪʦʨʳʤ ʦʥ ʩʚʷʟʳʚʘʝʪʩʷ, 

ʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʛʝʥʘ. ʆʙʲʝʜʠʥʷʷʩʴ, ʥʘ ʩʣʝʜʫʶʱʝʤ ʫʨʦʚʥʝ ʵʪʠ ʥʘʙʦʨʳ ʦʙʨʘʟʫʶʪ 

ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʣʦʢʠ. ʆʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʣʦʢʦʚ ʦʙʨʘʟʫʶʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʤʦʜʫʣʴ, ʘ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʩʦʩʪʘʚʣʷʶʪ ʚʩʶ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʩʝʪʴ. ʈʘʩʪʫʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʝʪʦʜʠʢ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʦʨʛʘʥʠʟʤʳ ʚ ʢʦʥʪʝʢʩʪʝ ʮʝʣʳʭ ʩʝʪʝʡ, ʤʦʜʫʣʝʡ ʠ ʙʣʦʢʦʚ, ʘ 

ʥʝ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʵʪʫ 

ʩʠʩʪʝʤʫ ʥʘ ʫʨʦʚʥʝ ʙʣʦʢʦʚ ʠ ʥʘʙʦʨʦʚ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʘʤʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʛʝʥʦʤʠʢʠ. 

ʄʝʪʦʜʳ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʥʦʤʠʢʠ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʩʝʪʴ ʚ ʥʘʙʦʨʝ ʨʦʜʩʪʚʝʥʥʳʭ ʛʝʥʦʤʦʚ. ʇʦʠʩʢ ʥʦʚʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʛʝʥʦʤʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʵʪʘʧʦʚ ʝʝ 

ʠʟʫʯʝʥʠʷ. ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʭʦʪʷ ʙʳ 

ʜʣʷ ʦʜʥʦʛʦ ʛʝʥʦʤʘ, ʦʧʠʨʘʷʩʴ ʥʘ ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟʫʯʝʥʠʝ ʜʨʫʛʠʭ, 

ʨʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʦ ʙʦʣʝʝ ʯʘʩʪʳʤʠ ʙʳʚʘʶʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʥʠ 

ʣʦʢʘʣʠʟʘʮʠʷ, ʥʠ ʩʪʨʫʢʪʫʨʘ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʠʟʚʝʩʪʥʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʴʶ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʛʝʥʦʚ, ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʜʝʪʘʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʚ; 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ï ʥʝ ʪʦʣʴʢʦ ʫʥʠʚʝʨʩʘʣʴʥʳʭ, ʥʦ, ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʪʘʢʩʦʥ-ʩʧʝʮʠʬʠʯʥʳʭ; ʠʟʫʯʝʥʠʷ ʨʦʣʠ ʵʪʠʭ ʧʫʪʝʡ ʚ ʦʨʛʘʥʠʟʤʝ; ʘ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ ʠ ʦʨʛʘʥʠʟʤʦʚ ʚ ʮʝʣʦʤ. ʀʟʫʯʝʥʠʝ 

ʧʨʠʥʮʠʧʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʝʪʝʡ ï ʥʝʦʪʲʝʤʣʝʤʘʷ 
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ʯʘʩʪʴ ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ, ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʰʪʘʤʤʦʚ, ʦʨʛʘʥʠʟʤʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʩʠʩʪʝʤʘʭ ʙʠʦʦʯʠʩʪʢʠ ʠ.ʪ.ʧ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʫʯʝʥʠʶ ʩʠʩʪʝʤ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʦʩʚʷʱʝʥʦ 

ʤʥʦʛʦ ʨʘʙʦʪ, ʥʦ ʦʥʠ ʦʛʨʘʥʠʯʝʥʳ ʠʟʫʯʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 

(ʥʘʧʨʠʤʝʨ, Escherichia coli [1] ʠ Bacillus subtilis [2]) ʠʣʠ ʧʨʦʚʝʜʝʥʳ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ 

ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ Genbank [3] 

ʩʦʜʝʨʞʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʧʦʣʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʛʝʥʦʤʦʚ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʨʦʜʩʪʚʘ, ʠ ʝʱʝ ʙʦʣʴʰʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʣʠ ʘʥʥʦʪʘʮʠʠ [3]. ʈʦʩʪ ʯʠʩʣʘ ʛʝʥʦʤʦʚ ʜʝʣʘʝʪ ʠʟʫʯʝʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʝʥʦʤʦʚ ʩʣʠʰʢʦʤ ʪʨʫʜʦʝʤʢʠʤ, ʥʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʘʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʚ ʪʦʤ 

ʯʠʩʣʝ, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʩʝʪʠ) ʚ ʥʝʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʠ ʠʭ ʠʟʫʯʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʫʞʝ ʥʝ ʧʨʦʩʪʦ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ ʚ ʨʷʜʫ 

ʙʣʠʟʢʦ ʨʦʜʩʪʚʝʥʥʳʭ ʛʝʥʦʤʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ 

ʵʚʦʣʶʮʠʠ. ɼʣʷ ʧʦʜʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ, ʘ ʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʤʝʪʦʜʦʚ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʘʥʘʣʠʟ ʩʝʪʝʡ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʛʝʥʦʤʘʭ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʙʠʦʣʦʛʠʠ ʜʣʷ ʥʝʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʨʘʤʢʘʭ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʦʙʱʠʝ ʠ ʯʘʩʪʥʳʝ ʟʘʜʘʯʠ: 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ de novo ʥʘ 

ʧʨʠʤʝʨʝ ʧʫʪʠ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ.  

ʀʟʫʯʝʥʠʝ ʵʚʦʣʶʮʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʣʦʢʦʚ ʥʘ ʧʨʠʤʝʨʝ ʙʣʦʢʘ ʪʨʝʫʛʦʣʴʥʠʢ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʦʙʦʙʱʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʵʚʦʣʶʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ 

ʤʘʪʝʨʠʘʣʝ ʦʙʰʠʨʥʦʡ ʛʨʫʧʧʳ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʛʝʥʦʤʦʚ. ʄʳ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʤʝʥʷʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ: ʢʘʢ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ, ʪʘʢ ʠ ʦʪ ʩʚʦʡʩʪʚ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ. 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʥʦʤʠʢʠ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʧʫʪʠ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ, ʘ ʠʤʝʥʥʦ 

ʤʦʪʠʚ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ AraC-ʩʝʤʝʡʩʪʚʘ EutR. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ ʨʝʛʫʣʷʪʦʨʥʫʶ ʩʚʷʟʴ ʵʪʦʛʦ ʧʫʪʠ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ 

ʢʦʙʘʣʘʤʠʥʘ ï ʢʦʬʘʢʪʦʨʘ ʦʩʥʦʚʥʦʛʦ ʬʝʨʤʝʥʪʘ ʧʫʪʠ (ʵʪʘʥʦʣʘʤʠʥ ʣʠʘʟʳ), ʘ ʪʘʢʞʝ 

ʦʧʠʩʘʪʴ ʵʚʦʣʶʮʠʶ ʛʝʥʦʚ ʵʪʦʛʦ ʧʫʪʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʩʪʫʧʥʦ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʧʦʣʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʛʝʥʦʤʦʚ, ʚʢʣʶʯʘʷ ʰʪʘʤʤʳ, ʠ ʝʱʝ ʙʦʣʴʰʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʥʥʦʪʘʮʠʠ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʫʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʤʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʝʪʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʪʨʫʜʦʝʤʢʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ 

ʤʦʜʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʣʠʙʦ ʦʪʜʝʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʣʝʜʩʪʚʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʠʭ ʘʥʘʣʠʟʘ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʠʩʳʚʘʪʴ ʩʚʦʡʩʪʚʘ ʥʝʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʦʜʩʪʚʝʥʥʳʤ ʤʦʜʝʣʴʥʳʤ ʦʨʛʘʥʠʟʤʘʤ. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ-ʛʝʥʦʤʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ 

ʨʝʛʫʣʷʪʦʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧʘʭ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʥʳʭ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʥʳʝ ʤʝʪʦʜʳ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʥʦʤʠʢʠ. ʇʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʛʦʤʦʣʦʛʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʪʝʨʠʷ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʣʫʯʰʝʛʦ ʩʭʦʜʩʪʚʘ, ʧʦʜʜʝʨʞʘʥʥʦʛʦ ʘʥʘʣʠʟʦʤ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʨʝʚʴʝʚ ʠ ʘʥʘʣʠʟʦʤ ʩʪʨʫʢʪʫʨʳ ʦʧʝʨʦʥʘ, ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ, ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʷ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʚʳʨʘʚʥʠʚʘʥʠʡ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʨʝʚʴʝʚ ʤʝʪʦʜʦʤ ʥʘʠʣʫʯʰʠʭ 

ʩʦʩʝʜʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʚʳʙʦʨʢʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʪʝʨʠʡ ɢ
2
 ʠ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʪʝʩʪ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɸʥʘʣʠʟ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʧʫʪʠ ʢʘʪʘʙʦʣʠʟʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʪʘʥʦʣʘʤʠʥʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʠʧʦʤ ʦʧʝʨʦʥʘ. ʇʝʨʚʳʡ, ʢʦʨʦʪʢʠʡ, ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʘʥʦʣʘʤʠʥ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʟʦʪʘ. ɺʪʦʨʦʡ, ʜʣʠʥʥʳʡ, 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ, ʠ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʫʛʣʝʨʦʜʘ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʢʦʨʦʪʢʠʡ ʦʧʝʨʦʥ ʷʚʣʷʝʪʩʷ ʧʨʝʜʢʦʚʳʤ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ 

ʛʝʥʦʚ ʦʙʨʘʟʦʚʘʣʩʷ ʜʣʠʥʥʳʡ ʪʠʧ. ɺ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ 

ʵʪʘʥʦʣʘʤʠʥʘ ʧʨʦʠʟʦʰʣʦ ʤʠʥʠʤʫʤ ʪʨʠ ʩʦʙʳʪʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ. 

3. ɺ Enterobacteriales ʠ Burkholderiales ʧʨʝʜʩʢʘʟʘʥ ʤʦʪʠʚ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ EutR. ɺ Enterobacteriales ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ EutR 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʩʝʤʠ ʦʧʝʨʦʥʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʝʩʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʛʝʥʳ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ, ʘ ʪʘʢʞʝ ʛʝʥʳ ʩʠʥʪʝʟʘ 

ʢʦʬʘʢʪʦʨʘ ʦʩʥʦʚʥʦʛʦ ʬʝʨʤʝʥʪʘ ʧʫʪʠ ʵʪʘʥʦʣʘʤʠʥʣʠʘʟʳ ï ʢʦʙʘʣʘʤʠʥʘ. ʕʪʦ 

ʥʘʙʣʶʜʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʧʫʪʷʤʠ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʠ 

ʩʠʥʪʝʟʦʤ ʢʦʙʘʣʘʤʠʥʘ ʟʘ ʩʯʝʪ EutR-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ. ɺ Burkholderiales 
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ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ EutR ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʤʦʪʦʨʥʦʡ 

ʦʙʣʘʩʪʠ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ. 

4. ʃʦʢʘʣʴʥʘʷ ʨʝʛʫʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʵʚʦʣʶʮʠʦʥʥʦ ʧʦʜʚʠʞʥʦʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʳʩʪʨʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ 

ʰʪʘʤʤʘʭ Escherichia coli  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ ʃ ʛʝʥ (ʣʦʢʘʣʴʥʳʡ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʛʝʥ) ʯʘʱʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʣʦʢʘʭ, 

ʯʝʤ ʚʥʝ ʠʭ. ʅʘ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ Enterobacteriales ʵʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʝʝ ʚ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʛʫʣʷʪʦʨʥʳʤʠ 

ʙʣʦʢʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ. 

5. ʈʘʟʥʳʝ ʪʠʧʳ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ Enterobacteriales 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʧʦ-ʨʘʟʥʦʤʫ. ʈʝʛʫʣʷʮʠʷ ʢʘʢ ʛʣʦʙʘʣʴʥʳʤʠ, ʪʘʢ ʠ ʣʦʢʘʣʴʥʳʤʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʝʝ, ʯʝʤ ʚ ʩʦʛʣʘʩʦʚʘʥʥʦʤ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 2 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ MCCMBô09, ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʀʊʀʉô08, 

ʀʊʀʉô10, ʘ ʪʘʢʞʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʤʠʥʘʨʘʭ RECESSô10, RECESSô11 ʠ 

Chemical, Synthetic And Systems Biology: New Directions Of Biochemistry In The 21st 

Centuryô11. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 100 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʜʝʨʞʠʪ 

ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣʳ: ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ, ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʚʫʭ 

ʛʣʘʚʘʭ, ʦʙʩʫʞʜʝʥʠʝ ʠ ʚʳʚʦʜʳ. ɺ ʢʦʥʮʝ ʧʨʠʚʝʜʝʥ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ. ʄʘʪʝʨʠʘʣ 

ʚʢʣʶʯʘʝʪ 21 ʨʠʩʫʥʦʢ, 14 ʪʘʙʣʠʮ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʡ 166 ʩʩʳʣʦʢ. 
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ɻʣʘʚʘ 1 - ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

1.1 ʉʝʪɹ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʝʝ ʫʨʦʚʥʠ 

ʄʥʦʛʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʠʣʠ ʩʦʦʙʱʝʩʪʚʘʭ 

ʦʙʨʘʟʫʶʪ ʩʝʪʠ: ʧʠʱʝʚʘʷ ʮʝʧʴ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʩʠʛʥʘʣʴʥʳʝ ʢʘʩʢʘʜʳ. ʆʩʥʦʚʥʘʷ 

ʬʫʥʢʮʠʷ ʵʪʠʭ ʠ ʧʦʜʦʙʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʦʩʪʦʠʪ ʚ ʘʜʘʧʪʘʮʠʠ ʢʣʝʪʦʢ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ: ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʘʜʘʧʪʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʨʝʛʫʣʷʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠ ̫ ï 

ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʈʅʂ ʧʦ ʤʘʪʨʠʮʝ ɼʅʂ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʩʧʝʮʠʘʣʴʥʳʤ ʬʝʨʤʝʥʪʦʤ, 

ɼʅʂ-ʟʘʚʠʩʠʤʦʡ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ. ʇʨʦʮʝʩʩ ʪʨʘʥʩʢʨʠʧʮʠʠ ʨʝʛʫʣʠʨʫʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʧʝʮʠʘʣʴʥʳʝ ʙʝʣʢʠ: ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨ,r ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʦʩʦʙʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ɼʅʂ ʧʝʨʝʜ ʨʝʛʫʣʠʨʫʝʤʳʤ ʛʝʥʦʤ. ɺʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʠʤʠ ʛʝʥʦʚ ʦʙʨʘʟʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʩʝʪʴ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʨʝʛʫʣʷʮʠʠ ï ʧʦʟʠʪʠʚʥʘʷ ʠ ʥʝʛʘʪʠʚʥʘʷ. ɽʩʣʠ 

ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʩ ʫʟʥʘʚʘʝʤʳʤ ʠʤ ʫʯʘʩʪʢʦʤ ɼʅʂ 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʧʦʚʳʰʘʝʪʩʷ, ʪʦ ʵʪʘ ʨʝʛʫʣʷʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʧʦʟʠʪʠʚʥʦʡ. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʥʘʟʳʚʘʝʪʩʷ ʘʢʪʠʚʘʪʦʨʦʤ. ɽʩʣʠ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ ʨʝʛʫʣʷʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʥʝʛʘʪʠʚʥʦʡ, ʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ï 

ʨʝʧʨʝʩʩʦʨʦʤ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʩʚʷʟʘʣʩʷ ʩ 

ʫʯʘʩʪʢʦʤ ɼʅʂ, ʥʝʦʙʭʦʜʠʤ ʩʠʛʥʘʣ ï ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

(ʪʝʤʧʝʨʘʪʫʨʳ, pH), ʤʘʣʘʷ ʤʦʣʝʢʫʣʘ, ʧʝʧʪʠʜ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʡ ʙʝʣʦʢ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʠʥʜʫʢʪʦʨʦʤ. ʈʝʛʫʣʠʨʫʝʤʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʝʥ ʥʘʟʳʚʘʝʪʩʷ ʠʥʜʫʮʠʙʝʣʴʥʳʤ, ʪ.ʝ. ʝʛʦ 

ʵʢʩʧʨʝʩʩʠʷ ʠʟʤʝʥʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʜʫʢʪʦʨʘ. ɻʝʥʳ, ʢʦʪʦʨʳʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ, ʥʘʟʳʚʘʶʪʩʷ ʢʦʥʩʪʠʪʫʪʠʚʥʳʤʠ. 

ʂʘʢ ʣʶʙʫʶ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʩʝʪʴ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʥʘ 

ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ. ʉʘʤʳʡ ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ ʵʪʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʪʁ ʦʪʜʝʣʴʥʳʝ ʙʘʟʦʚʳʝ 
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ʨʝʛʫʣʷʪʦʨʥʳʝ ʵʣʝʤʝʥʪʳ (ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʚ ɼʅʂ ʠ 

ʨʝʛʫʣʠʨʫʝʤʳʝ ʛʝʥʳ). ʅʘ ʩʣʝʜʫʶʱʝʤ ʫʨʦʚʥʝ ʵʪʠ ʵʣʝʤʝʥʪʳ, ʦʙʲʝʜʠʥʷʷʩʴ, ʦʙʨʘʟʫʶʪ 

ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʣʦʢʠ. ɼʘʣʝʝ ʙʣʦʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ 

ʚʩʝ ʚʤʝʩʪʝ ʠ ʩʦʩʪʘʚʣʷʪʁ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʩʝʪʴ. ʀʟʫʯʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ 

ʠʥʪʝʨʝʩʥʦ ʥʘ ʚʩʝʭ ʵʪʠʭ ʫʨʦʚʥʷʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʝʨʚʳʡ ʠ 

ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʳ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʤʝʪʦʜʘʤʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʛʝʥʦʤʠʢʠ. 

1.2 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʴʥʳʭ ʚʠʜʦʚ ʥʘ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʤʘ 

(ʥʘʧʨʠʤʝʨ, Escherichia coli [1] ʠ Bacillus subtilis [2]) ʠʣʠ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ Genbank [3] ʩʦʜʝʨʞʠʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʧʦʣʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʛʝʥʦʤʦʚ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʨʦʜʩʪʚʘ, ʠ ʝʱʝ ʙʦʣʴʰʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʣʠ ʘʥʥʦʪʘʮʠʠ [3]. ʊʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʚ ʪʦʤ ʯʠʩʣʝ, ʩʠʩʪʝʤʳ ʨʝʛʫʣʷʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ) ʚ ʥʝʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʳʭ, ʘ ʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʤʝʪʦʜʦʚ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʩʝʪʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʦʥʘ ʠʟʫʯʝʥʘ [4, 5]. ʈʷʜ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʘʭ ʠ ʠʭ 

ʫʯʘʩʪʢʘʭ ʩʚʷʟʳʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚ ʠʟʫʯʘʝʤʦʤ ʦʨʛʘʥʠʟʤʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪʩʷ 

ʥʦʚʳʝ ʨʝʛʫʣʠʨʫʝʤʳʝ ʛʝʥʳ [6, 7, 8, 9, 10, 11]. ɼʨʫʛʠʝ ʧʦʜʭʦʜʳ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʛʝʥʦʚ de novo [12,13,14,15,16,17,18]. ʇʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʘʢ 

ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ [5] ʠ ʠʭ ʩʝʤʝʡʩʪʚ [19, 20, 21], ʪʘʢ ʠ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʜʘʞʝ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ [22, 23, 24]. 
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ʄʝʪʦʜʳ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʥʦʤʠʢʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ 

ʛʨʫʧʧʳ ʩʦʚʤʝʩʪʥʦ ʨʝʛʫʣʠʨʫʝʤʳʭ ʛʝʥʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʨʝʛʫʣʦʥʳ, ʩʦʭʨʘʥʷʶʪ ʚ ʭʦʜʝ 

ʵʚʦʣʶʮʠʠ ʩʚʦʡ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚ. ɽʩʣʠ ʛʝʥ ʠʤʝʝʪ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʦʜʥʦʤ ʛʝʥʦʤʝ, ʝʛʦ ʦʨʪʦʣʦʛʠ ʚ ʛʝʥʦʤʘʭ ʨʦʜʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʫʜʫʪ ʠʤʝʪʴ ʩʭʦʞʠʝ ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʦʨʪʦʣʦʛʘ ʵʪʦʛʦ 

ʬʘʢʪʦʨʘ [25]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ 

ʩʝʪʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [26]. ʅʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʘ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦʠʩʢ ʦʨʪʦʣʦʛʦʚ ʠʟʫʯʘʝʤʦʛʦ ʛʝʥʘ ʚ ʦʨʛʘʥʠʟʤʘʭ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʨʦʜʩʪʚʘ. 

ɼʘʣʝʝ ʚ 5ô-ʦʙʣʘʩʪʭ̫ ʚʩʝʭ ʥʘʡʜʝʥʥʳʭ ʦʨʪʦʣʦʛʦʚ ʧʨʦʚʦʜʠʪʩʷ ʧʦʠʩʢ ʫʯʘʩʪʢʦʚ 

ʩʚʷʟʳʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ. ʕʪʘ ʟʘʜʘʯʘ ʩʠʣʴʥʦ 

ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʩʪʨʫʢʪʫʨʝ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ. ɽʩʣʠ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʥʝʪ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʩʢʘʟʘʥʠʷ (ʩʤ. ʥʠʞʝ). ʅʘ ʦʩʥʦʚʝ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʣʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪʩʷ ʨʘʩʧʦʟʥʘʶʱʝʝ ʧʨʘʚʠʣʦ. 

ɺʠʜ ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʧʨʘʚʠʣʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʳʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ʧʦʟʠʮʠʦʥʥʳʭ ʚʝʩʦʚ. ʏʠʩʣʘ ʚ ʷʯʝʡʢʘʭ ʪʘʢʦʡ ʤʘʪʨʠʮʳ 

ï ʵʪʦ ʧʦʟʠʮʠʦʥʥʳʝ ʚʝʩʘ (ʚʝʩ ʢʘʞʜʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʚ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʫʯʘʩʪʢʘ 

ʩʚʷʟʳʚʘʥʠʷ), ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [25]: 

W (b,k) = log (N (b, k) + 0,5) ï 0,25 Ɇi=A,C,G,T log (N (i, k) + 0,5), 

ʛʜʝ N (b, k) ï ʢʦʣʠʯʝʩʪʚʦ ʥʫʢʣʝʦʪʠʜʦʚ b ʚ ʧʦʟʠʮʠʠ k ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ. ʇʝʨʚʳʡ 

ʯʣʝʥ ʚ ʬʦʨʤʫʣʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʩʢʦʣʴʢʦ ʨʘʟ ʜʘʥʥʳʡ ʥʫʢʣʝʦʪʠʜ ʚʩʪʨʝʪʠʣʩʷ ʚ ʜʘʥʥʦʡ 

ʧʦʟʠʮʠʠ, ʚʪʦʨʦʡ ï ʦʪ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʩʘʤʦʡ ʧʦʟʠʮʠʠ. ɺʝʩ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʟʠʮʠʦʥʥʳʭ ʚʝʩʦʚ, ʠ ʠʟʤʝʨʷʝʪʩʷ ʚ 

ʝʜʠʥʠʮʘʭ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʩʦʚ ʥʘ ʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ. ɼʣʷ ʧʦʠʩʢʘ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ 
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ʧʦʟʠʮʠʦʥʥʳʭ ʚʝʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ:  ʧʦʨʦʛʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʚʝʩʦʚ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʠ ʦʙʣʘʩʪʴ ʧʦʠʩʢʘ.  

ɼʘʣʝʝ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʨʝʛʫʣʦʥʘ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʨʝʛʫʣʠʨʫʝʤʳʭ ʛʝʥʦʚ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ: ʛʝʥ ʩʯʠʪʘʝʪʩʷ 

ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʨʝʛʫʣʦʥʫ, ʝʩʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 

ʝʛʦ 5ô-ʦʙʣʘʩʪʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʤʘʭ [25]. 

ʏʘʩʪʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʯʘʩʪʢʘ 

ʩʚʷʟʳʚʘʥʠʷ ʥʝʠʟʚʝʩʪʥʘ, ʥʦ ʝʝ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʥʦʤʠʢʠ. ɺʳʙʦʨ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʚʝʣʠʯʠʥʳ ʚʳʙʦʨʢʠ, ʩʪʝʧʝʥʠ ʨʦʜʩʪʚʘ ʛʝʥʦʤʦʚ). ʆʜʥʠʤ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʫʪʧʨʠʥʪʠʥʛʘ. ʆʥ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 5ô-

ʦʙʣʘʩʪʷʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʦʚ ʚ ʨʦʜʩʪʚʝʥʥʳʭ ʛʝʥʦʤʘʭ. ʉʥʘʯʘʣʘ ʩʪʨʦʠʪʩʷ ʜʝʨʝʚʦ ʧʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʙʝʣʢʦʚ, ʢʦʜʠʨʫʝʤʳʭ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ 

ʛʝʥʘʤʠ. ɿʘʪʝʤ ʥʘ ʝʛʦ ʦʩʥʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʚʳʨʘʚʥʠʚʘʥʠʷ 5ô-

ʦʙʣʘʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʥʫʪʨʝʥʥʠʤ ʫʟʣʘʤ ʜʝʨʝʚʘ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʠʤʝʝʪ ʩʤʳʩʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʦʢʘʣʠʟʘʮʠʷ ʨʦʜʩʪʚʝʥʥʳʭ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʪʦ, ʥʘʩʢʦʣʴʢʦ ʦʥʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʨʷʜʫ ʛʝʥʦʤʦʚ. ʕʪʠ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʠ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʩʚʷʟʳʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʧʨʘʚʠʣʘ [27]. ʕʪʦʪ 

ʧʦʜʭʦʜ ʦʧʪʠʤʘʣʝʥ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʡ ʚʳʙʦʨʢʠ ʛʝʥʦʤʦʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʨʦʜʩʪʚʘ, 

ʥʦ ʥʝʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʦʯʝʥʴ ʙʣʠʟʢʠʭ ʛʝʥʦʤʦʚ, ʪʘʢ ʢʘʢ ʠʭ 5ô-ʦʙʣʘʩʪʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳ 

ʥʘ ʚʩʝʤ ʩʚʦʝʤ ʧʨʦʪʷʞʝʥʠʠ, ʠ ʦʪʜʝʣʴʥʳʝ ʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʚʳʜʝʣʠʪʴ 

ʥʝʚʦʟʤʦʞʥʦ. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʬʫʪʧʨʠʥʪʠʥʛ ʪʘʢʞʝ ʥʝ ʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʦʯʝʥʴ ʜʘʣʝʢʠʭ ʛʝʥʦʤʦʚ, 5ô-ʦʙʣʘʩʪʠ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʚʥʝʥ.r ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʩʢʘʟʘʥʠʷ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ. 
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ʋʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʯʘʩʪʦ ʠʤʝʶʪ ʥʝʪʨʠʚʠʘʣʴʥʫʶ 

ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʧʘʣʠʥʜʨʦʤʳ ʠʣʠ ʧʨʷʤʳʝ ʧʦʚʪʦʨʳ. ɺ 

ʢʘʞʜʦʡ 5ô-ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʠʩʢ ʚʩʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʠʤʝʶʱʠʭ 

ʧʦʜʦʙʥʫʶ, ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʜʘʣʝʝ ʦʥʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʀʟ 

ʚr ʙʦʨʢʠ ʥʘʠʙʦʣʝʝ ʧʦʭʦʞʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʪʨʦʠʪʩʷ ʤʘʪʨʠʮʘ ʧʦʟʠʮʠʦʥʥʳʭ 

ʚʝʩʦʚ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʦʚʴ ʜʣʷ ʧʦʠʩʢʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʇʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʩʭʦʞʜʝʥʠʷ [26]. 

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʧʦʜʭʦʜʳ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, 

ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʚʳʙʦʨʢʘ ʛʝʥʦʤʦʚ; ʚʦ-ʚʪʦʨʳʭ, ʧʦʩʢʦʣʴʢʫ 

ʨʘʩʧʦʟʥʘʶʱʝʝ ʧʨʘʚʠʣʦ ʠ ʤʝʪʦʜ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʧʠʨʘʶʪʩʷ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʛʝʥʦʤʦʚ ʥʝʩʢʦʣʴʢʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʥʠ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʡ ʨʝʛʫʣʷʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ï ʧʫʪʴ ʫʪʠʣʠʟʘʮʠʠ 

ʵʪʘʥʦʣʘʤʠʥʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʝʪ ʥʠʢʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʊʦʣʴʢʦ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʛʝʥʦʤʦʚ ʝʩʪʴ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʢʦʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ ʨʝʛʫʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʵʪʦʛʦ ʧʫʪʠ. ʅʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ, 

ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʥʦʤʠʢʠ, ʫʩʪʘʥʦʚʠʪʴ ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʫʯʘʩʪʢʠ 

ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʨʝʛʫʣʷʪʦʨʥʳʝ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʛʝʥʘʤʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

1.3 ʇʫʪʴ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ 

ʆʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʜʣʷ ʙʘʢʪʝʨʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʵʪʘʥʦʣʘʤʠʥ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʱʝʧʣʝʥʠʷ ʵʪʘʥʦʣʘʤʠʥʘ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ 

ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ɸʊʌ ʟʘ ʩʯʝʪ ʩʫʙʩʪʨʘʪʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠʣʠ ʧʦʣʫʯʝʥʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʠʢʣʝ ʂʨʝʙʩʘ. ʇʫʪʴ 

ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʨʝʘʢʮʠʡ ʜʝʛʨʘʜʘʮʠʠ ʜʠʦʣʦʚ ʩ 
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ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʴʜʝʛʠʜʦʚ (ʈʠʩʫʥʦʢ 1). ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʧʦʜʦʙʥʳʝ ʧʫʪʠ ʪʨʝʙʫʶʪ 

ʥʘʣʠʯʠ ̫ʬʝʨʤʝʥʪʘ ʣʠʘʟʳ ʠ ʝʛʦ ʢʦʬʘʢʪʦʨʘ ï ʢʦʙʘʣʘʤʠʥʘ (ʚʠʪʘʤʠʥʘ B12).  

ʇʫʪʴ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥ ʫ Salmonella 

typhimurium LT2. ɸʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʦʚ S. typhimurium, ʤʫʪʘʥʪʥʳʭ ʧʦ ʨʘʟʥʳʤ 

ʨʝʛʠʦʥʘʤ eut-ʦʧʝʨʦʥʘ, ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʦʧʝʨʦʥʘ ʠ ʨʦʣʴ ʧʨʦʜʫʢʪʦʚ 

ʦʪʜʝʣʴʥʳʭ ʛʝʥʦʚ ʚ ʧʫʪʠ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ S. typhimurium [28, 29]. 

ʆʩʥʦʚʥʳʤ ʬʝʨʤʝʥʪʦʤ ʧʫʪʠ ʷʚʣʷʝʪʩʷ ʵʪʘʥʦʣʘʤʠʥ ʣʠʘʟʘ (EC 4.3.1.7) ï ʙʝʣʢʦʚʳʡ 

ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʩʫʙʲʝʜʠʥʠʮ: ʙʦʣʴʰʦʡ EutB ʠ ʤʘʣʦʡ EutC. ʕʪʘʥʦʣʘʤʠʥ 

ʣʠʘʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʛʣʘʚʥʫʶ ʨʝʘʢʮʠʶ ʜʝʛʨʘʜʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ï ʨʘʩʱʝʧʣʝʥʠʝ ʜʦ 

ʘʮʝʪʘʣʴʜʝʛʠʜʘ ʠ ʘʤʤʠʘʢʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʧʨʝʚʨʘʱʝʥʠʝ ʘʮʝʪʘʣʴʜʝʛʠʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʦʡ 

EutE ʜʦ ʘʮʝʪʠʣ-ʂʦɸ ʠʣʠ ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʦʡ EutG ʜʦ ʵʪʘʥʦʣʘ. ɸʮʝʪʠʣ-ʂʦɸ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥ ʚ ʘʮʝʪʘʪ ʩ ʧʦʣʫʯʝʥʠʝʤ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ɸʊʌ ʩ 

ʧʦʤʦʱʴʶ ʬʝʨʤʝʥʪʦʚ ʘʮʝʪʘʪ ʢʠʥʘʟʳ Ack ʠ ʬʦʩʬʦʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʳ EutD ʣʠʙʦ 

ʦʪʧʨʘʚʣʝʥ ʚ ʮʠʢʣ ʂʨʝʙʩʘ [30](ʈʠʩʫʥʦʢ 1). 

ʕʪʘʥʦʣʘʤʠʥ

ɸʮʝʪʘʣʴʜʝʛʠʜ + NH3

ʕʪʘʥʦʣɸʮʝʪʠʣ-ʂʦɸ ʎʠʢʣ ʂʨʝʙʩʘ

ɸʮʝʪʠʣʬʦʩʬʘʪ

ɸʮʝʪʘʪ

ʂʦɸ-SH

ʌʦʩʬʘʪ

ʂʦɸ-SH

ɸʊʌ

ɸɼʌ

EutBC

EutG EutE

Ack

EutD

ʇʨʦʧʘʥʜʠʦʣ

ʇʨʦʧʠʦʥʘʣʴʜʝʛʠʜ + H2O

ʇʨʦʧʘʥʦʣʇʨʦʧʠʦʥʠʣ-ʂʦɸʎʠʢʣ ʂʨʝʙʩʘ

ʇʨʦʧʠʦʥʠʣʬʦʩʬʘʪ

ʇʨʦʧʠʦʥʘʪ

ʂʦɸ-SH

ʌʦʩʬʘʪ

ʂʦɸ-SH

ɸʊʌ

ɸɼʌ

PduCDE

PduQ PduP

PduW

?

  

(ʘ)       (ʙ) 

 

ʆʜʠʥʘʢʦʚʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʭʠʤʠʯʝʩʢʠ ʩʭʦʜʥʳʝ ʨʝʘʢʮʠʠ. 

ʈʠʩʫʥʦʢ 1 - (ʘ) ʇʫʪʴ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ; (ʙ) ʇʫʪʴ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʧʘʥʜʠʦʣʘ. 
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ʂʦʬʘʢʪʦʨʦʤ ɻʪʘʥʦʣʘʤʠʥ ʣʠʘʟʳ ʷʚʣʷʝʪʩʷ ʘʜʝʥʦʟʠʣʢʦʙʘʣʘʤʠʥ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟʚʥʝ ʠʣʠ ʠʟ ʮʠʘʥʦʢʦʙʘʣʘʤʠʥʘ ʠʣʠ ʛʠʜʨʦʢʩʠʢʦʙʘʣʘʤʠʥʘ, 

ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʚ ʢʣʝʪʢʝ. ʇʨʝʚʨʘʱʝʥʠʝ ʚ ʘʜʝʥʦʟʠʣʢʦʙʘʣʘʤʠʥ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ 

ʘʜʝʥʦʟʠʣʢʦʙʘʣʘʤʠʥʪʨʘʥʩʬʝʨʘʟʳ EutT [31]. ʕʪʦʪ ʬʝʨʤʝʥʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʱʝʡ 

ʘʜʝʥʦʟʠʣʢʦʙʘʣʘʤʠʥʪʨʘʥʩʬʝʨʘʟʳ CobA, ʩʚʷʟʘʥʥʦʡ ʩ ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʢʦʙʘʣʘʤʠʥʘ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʦʨʛʘʥʠʟʤʘʭ, ʠʤʝʶʱʠʭ ʬʝʨʤʝʥʪʳ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ. 

ʎʠʘʥʦʢʦʙʘʣʘʤʠʥ ʠ ʛʠʜʨʦʢʩʠʢʦʙʘʣʘʤʠʥ ʷʚʣʷʶʪʩʷ ʠʥʛʠʙʠʪʦʨʘʤʠ ʵʪʘʥʦʣʘʤʠʥ ʣʠʘʟʳ. 

EutA, ʢʦʤʧʦʥʝʥʪ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʦʙʥʘʨʫʞʝʥ ʫ ʤʥʦʛʠʭ 

ʙʘʢʪʝʨʠʡ, ʨʘʩʪʫʱʠʭ ʥʘ ʵʪʘʥʦʣʘʤʠʥʝ, ʟʘʱʠʱʘʝʪ ʵʪʘʥʦʣʘʤʠʥ ʣʠʘʟʫ ʦʪ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʋ ʥʝʢʦʪʦʨʳʭ ʙʘʢʪʝʨʠʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʜʝʛʨʘʜʘʮʠʠ ʜʠʦʣʦʚ, ʦʙʥʘʨʫʞʝʥ ʦʩʦʙʳʡ 

ʢʦʤʧʘʨʪʤʝʥʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʤʝʪʘʙʦʣʦʩʦʤʘ [30, 32] (ʈʠʩʫʥʦʢ 2). ʋ ʪʘʢʠʭ ʦʨʛʘʥʠʟʤʦʚ 

ʧʨʝʚʨʘʱʝʥʠʝ ʵʪʘʥʦʣʘʤʠʥʘ ʜʦ ʘʮʝʪʠʣ-ʢʦɸ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ ʵʪʦʛʦ ʢʦʤʧʘʨʪʤʝʥʪʘ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ ʤʝʪʘʙʦʣʦʩʦʤʳ ï EutS, EutM, EutN, EutL, EutK ï ʷʚʣʷʶʪʩʷ 

ʛʦʤʦʣʦʛʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ ʢʘʨʙʦʢʩʠʩʦʤʳ ï ʦʨʛʘʥʝʣʣʳ ʮʠʘʥʦʙʘʢʪʝʨʠʡ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʥʘʢʦʧʣʝʥʠʝ CO2 ʜʣʷ ʬʠʢʩʘʮʠʠ ʬʝʨʤʝʥʪʦʤ 

ʨʠʙʫʣʦʟʦʙʠʩʬʦʩʬʘʪʢʘʨʙʦʢʩʠʣʘʟʦʡ [33]. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʘʷ ʨʦʣʴ ʤʝʪʘʙʦʣʦʩʦʤ ʚ 

ʢʣʝʪʢʘʭ ʙʘʢʪʝʨʠʡ ï ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʘʣʴʜʝʛʠʜʦʚ ʚʦ ʚʨʝʤʷ ʫʪʠʣʠʟʘʮʠʠ ʜʠʦʣʦʚ 

[34]. 
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ʈʠʩʫʥʦʢ 2 - ʄʝʪʘʙʦʣʦʩʦʤʘ ʚ ʢʣʝʪʢʝ S. typhimurium (ʠʟ [32]). 

 

ʋ S. typhimurium ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʤʥʦʛʠʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʬʝʨʤʝʥʪʳ, 

ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʦʧʝʨʦʥ ï eutSPQTDMNEJGHABCLKR. EutH ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʪʨʘʥʩʧʦʨʪ ʵʪʘʥʦʣʘʤʠʥʘ ʚ ʢʣʝʪʢʫ, ʘ ʨʦʣʴ EutP, EutQ, EutJ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʫʯʝʥʥʦʡ. 

ʈʘʥʝʝ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʝʛʫʣʷʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ eut-ʦʧʝʨʦʥʘ [35]. ɼʣʷ S. thyphimurium ʙʳʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʢʘʟʘʥʘ ʨʦʣʴ EutR, ʛʝʥ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ eut-ʦʧʝʨʦʥʘ, ʚ 

ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ. ʐʪʘʤʤʳ S. thyphimurium, 

ʤʫʪʘʥʪʥʳʝ ʧʦ ʛʝʥʫ eutR, ʫʪʨʘʯʠʚʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʠ ʥʘ ʵʪʘʥʦʣʘʤʠʥʝ. ʕʪʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʷʚʣʷʝʪʩʷ ʚʥʦʚʴ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʫʪʘʥʪʦʚ ʧʣʘʟʤʠʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ 

ʛʝʥ eutR. ʊʘʢʞʝ ʵʢʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ EutR ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʘʪʦʨʦʤ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ [35]. 

ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʣʷ ʘʢʪʠʚʘʮʠʠ eut-ʦʧʝʨʦʥʘ ʪʨʝʙʫʶʪʩʷ ʜʚʘ 

ʩʠʛʥʘʣʘ ï ʥʘʣʠʯʠʝ ʵʪʘʥʦʣʘʤʠʥʘ ʚ ʩʨʝʜʝ ʠ ʜʦʩʪʫʧ ʢ ʢʦʬʘʢʪʦʨʫ ï ʢʦʙʘʣʘʤʠʥʫ. ʇʨʠ 

ʵʪʦʤ ʚʥʫʪʨʠ eut-ʦʧʝʨʦʥʘ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʨʦʤʦʪʦʨʘ ï ʢʦʥʩʪʠʪʫʪʠʚʥʳʡ PII ʠ 
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ʠʥʜʫʮʠʙʝʣʴʥʳʡ PI. ɺ ʦʪʩʫʪʩʪʚʠʝ ʦʜʥʦʛʦ ʠʟ ʩʠʛʥʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʣʘʙʘʷ ʵʢʩʧʨʝʩʩʠʷ 

EutR ʟʘ ʩʯʝʪ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩ ʧʨʦʤʦʪʦʨʘ PII. ʂʘʢ ʪʦʣʴʢʦ ʚ ʩʨʝʜʝ ʧʦʷʚʣʷʶʪʩʷ ʦʙʘ 

ʩʠʛʥʘʣʘ ï ʠ ʵʪʘʥʦʣʘʤʠʥ, ʠ ʢʦʙʘʣʘʤʠʥ - EutR ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʦʤʦʪʦʨʦʤ PI ʠ ʚʳʟʳʚʘʝʪ 

ʵʢʩʧʨʝʩʩʠʶ ʚʩʝʭ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʘʤʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

eutR [35] (ʈʠʩʫʥʦʢ 3). ʋʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ EutR ʩ ɼʅʂ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ. 

 

eutS eutLeutB eutKeutAeutG eutReutCeutHeutJeutEeutNeutMeutDeutTeutQeutP

PI PII  

ʈʠʩʫʥʦʢ 3 - ʂʦʥʩʪʠʪʫʪʠʚʥʳʡ (PII) ʠ ʠʥʜʫʮʠʙʝʣʴʥʳʡ (PI) ʧʨʦʤʦʪʦʨʳ eut-ʦʧʝʨʦʥʘ. 

 

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ EutR ʦʙʥʘʨʫʞʝʥ ʜʘʣʝʢʦ ʥʝ ʫ ʚʩʝʭ ʙʘʢʪʝʨʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʝʨʤʝʥʪʳ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ. ɼʣʷ ʪʘʢʠʭ ʦʨʛʘʥʠʟʤʦʚ ʚʦʟʥʠʢʘʝʪ 

ʦʪʜʝʣʴʥʳʡ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʫʣʷʮʠʷ ʵʪʦʛʦ ʧʫʪʠ. ɼʣʷ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ Firmicutes ʨʘʥʝʝ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʨʷʜʦʤ ʩ ʛʝʥʘʤʠ ʫʪʠʣʠʟʘʮʠʠ 

ʵʪʘʥʦʣʘʤʠʥʘ ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʛʝʥʳ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʠʩʪʝʤʳ, 

ʥʘʧʨʠʤʝʨ, ʛʝʥʳ lin1136 ʠ lin1137 ʚ Listeria innocua (ɸ. ʄʫʰʝʛʷʥ, ʯʘʩʪʥʦʝ 

ʩʦʦʙʱʝʥʠʝ). 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʵʪʦʡ ʩʣʦʞʥʦʡ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʠʟʚʝʩʪʥʦ.  

ʇʫʪʴ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʠʥʪʝʨʝʩʝʥ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʝʛʦ 

ʩʚʷʟʴ ʩ ʧʠʱʝʚʳʤʠ ʦʪʨʘʚʣʝʥʠʤ̫ʠ [36]. ʊʘʢ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʙʘʢʪʝʨʠʡ, 

ʚʳʟʳʚʘʶʱʠʭ ʧʠʱʝʚʝr ʦʪʨʘʚʣʝʥʠ,̫ ʠʤʝʶʪ ʬʝʨʤʝʥʪʳ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ, ʘ 

ʤʥʦʛʠʝ ʪʘʢʞʝ ʠ ʧʨʦʧʘʥʜʠʦʣʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʫʪʴ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ 

ʙʠʦʭʠʤʠʯʝʩʢʠ ʧʦʭʦʞ ʥʘ ʧʫʪʴ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʧʘʥʜʠʦʣʘ (ʈʠʩʫʥʦʢ 1), ʨʝʛʫʣʷʮʠʷ 

ʢʦʪʦʨʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʚ ʪʦʡ ʞʝ S. typhimurium. ɻʝʥʳ ʫʪʠʣʠʟʘʮʠʠ 

ʧʨʦʧʘʥʜʠʦʣʘ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ, ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ 

ʦʧʝʨʦʥ ï pduABCDEGHJKLMNOPQSTUVWX. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʛʫʣʷʮʠʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʧʘʥʜʠʦʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ 
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ʬʘʢʪʦʨʦʤ PocR ʠʟ ʩʝʤʝʡʩʪʚʘ Arʘʉ, ʘ ʪʘʢʞʝ ʧʨʷʤʦ ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʛʣʦʙʘʣʴʥʳʤʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ Crp ʠ ArcA [37]. PocR ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʠʥʪʝʟ 

ʢʦʬʘʢʪʦʨʘ ʦʩʥʦʚʥʦʛʦ ʬʝʨʤʝʥʪʘ  ï ʢʦʙʘʣʘʤʠʥʘ [38]. ʋʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ PocR ʚ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʧʘʥʜʠʦʣʘ ʠ ʩʠʥʪʝʟʘ ʢʦʙʘʣʘʤʠʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ [39]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʫʪʠ ʫʪʠʣʠʟʘʮʠʠ 

ʧʨʦʧʘʥʜʠʦʣʘ ʧʦʢʘʟʘʥʘ ʝʛʦ ʩʚʷʟʴ ʩ ʩʠʥʪʝʟʦʤ ʢʦʬʘʢʪʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʩʭʦʜʩʪʚʘ ʜʚʫʭ ʧʫʪʝʡ ʧʨʝʜʧʦʣʦʞʠʪʴ ʪʘʢʫʶ ʞʝ ʩʚʷʟʴ ʠ ʜʣʷ ʩʠʩʪʝʤʳ ʫʪʠʣʠʟʘʮʠʠ 

ʵʪʘʥʦʣʘʤʠʥʘ. ʇʨʝʜʩʢʘʟʘʥʠʝ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ EutR ʩ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʴʶ eut-

ʦʧʝʨʦʥʘ ʠ ʧʦʠʩʢ ʥʦʚʳʭ ʨʝʛʫʣʷʨʫʝʤʳʭ ʠʤ ʛʝʥʦʚ, ʚʝʨʦʷʪʥʦ, ʧʦʟʚʦʣʠʪ ʥʘʡʪʠ ʩʚʷʟʴ 

ʤʝʞʜʫ ʧʫʪʷʤʠ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʠ ʩʠʥʪʝʟʘ ʢʦʙʘʣʘʤʠʥʘ. 

1.4 ʈʝʛʫʣʷʪʦʨʥʳʝ ʙʣʦʢʠ ʚ ʩʝʪʷʭ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ɽʩʣʠ ʥʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʥʘ ʩʣʝʜʫʶʱʝʤ ʫʨʦʚʥʝ ʝʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʛʨʘʬ, ʚ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʠ 

ʨʝʛʫʣʠʨʫʝʤʳʝ ʛʝʥʳ, ʘ ʨʝʙʨʘ ʦʪʦʙʨʘʞʘʶʪ ʩʚʷʟʴ ʬʘʢʪʦʨʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʛʝʥʘʤʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʛʨʘʬʘ ʥʘ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʯʘʱʝ, ʯʝʤ ʚ ʩʣʫʯʘʡʥʦʤ ʛʨʘʬʝ. ʊʘʢʠʝ ʧʦʜʛʨʘʬʳ, ʯʘʩʪʦʪʘ 

ʢʦʪʦʨʳʭ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʛʨʘʬʝ ʟʥʘʯʠʤʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʡʥʦʤ ʛʨʘʬʝ, ʧʦʣʫʯʠʣʠ 

ʥʘʟʚʘʥʠʝ çʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚè (çnetwork motifè) [40]. ɿʜʝʩʴ ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʪʘʢʠʝ ʧʦʜʛʨʘʬʳ çʨʝʛʫʣʷʪʦʨʥʳʝ ʙʣʦʢʠè, ʯʪʦʙʳ ʦʪʣʠʯʘʪʴ ʵʪʦʪ ʦʙʲʝʢʪ ʦʪ ʤʦʪʠʚʘ 

ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ.  

ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʝʪʝʡ ʭʘʨʘʢʪʝʨʥʳ ʨʘʟʥʳʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʣʦʢʠ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʩʝʪʷʭ ʩʘʤʳʤʠ ʯʘʩʪʳʤʠ ʨʝʛʫʣʷʪʦʨʥʳʤʠ 

ʙʣʦʢʘʤʠ ʷʚʣʷʶʪʩʷ çʪʨʝʫʛʦʣʴʥʠʢè (çfeed-forward loopè) ʠ çʚʝʝʨè (çbi-fanè) [40]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʨʝʛʫʣʷʪʦʨʥʳʡ ʙʣʦʢ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ ï 

çʪʨʝʫʛʦʣʴʥʠʢè [40, 41]. ʕʪʦ ʩʪʨʫʢʪʫʨʘ ʠʟ ʪʨʝʭ ʛʝʥʦʚ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʆʜʠʥ ʠʟ ʵʪʠʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (X, ʪʘʢ 
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ʥʘʟʳʚʘʝʤʳʡ ʦʙʱʠʡ) ʨʝʛʫʣʠʨʫʝʪ ʜʨʫʛʦʡ (Y, ʩʧʝʮʠʘʣʴʥʳʡ), ʘ ʚʤʝʩʪʝ ʦʥʠ ʨʝʛʫʣʠʨʫʶʪ 

ʛʝʥ (Z) (ʈʠʩʫʥʦʢ 4). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʩʝʛʦ ʩʫʱʝʩʪʚʫʝʪ 13 ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ 

ʩʚʷʟʘʪʴ ʪʨʠ ʚʝʨʰʠʥʳ ʚ ʥʘʧʨʘʚʣʝʥʥʦʤ ʛʨʘʬʝ (ʈʠʩʫʥʦʢ 5), ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʩʝʪʷʭ ʩʨʝʜʠ ʙʣʦʢʦʚ ʩ ʪʨʝʤʷ ʚʝʨʰʠʥʤʠ ʧʝʨʝʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ 

çʪʨʝʫʛʦʣʴʥʠʢè [40, 41]. 

 

ʈʠʩʫʥʦʢ 4 - ʆʙʱʘʷ ʩʭʝʤʘ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʣʦʢʘ ʪʠʧʘ çʪʨʝʫʛʦʣʴʥʠʢè. 

 

 

ʆʨʘʥʞʝʚʳʤ ʚʳʜʝʣʝʥ ʙʣʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ çʪʨʝʫʛʦʣʴʥʠʢʫè. 

ʈʠʩʫʥʦʢ 5 ï ɺʦʟʤʦʞʥʳʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʣʦʢʠ ʩ ʪʨʝʤʷ ʵʣʝʤʝʥʪʘʤʠ. 
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ʊʘʢ ʢʘʢ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʠʚʘʪʦʨʦʤ ʠʣʠ ʨʝʧʨʝʩʩʦʨʦʤ, 

ʩʫʱʝʩʪʚʫʝʪ ʚʦʩʝʤʴ ʨʘʟʣʠʯʥʳʭ ʧʦʜʪʠʧʦʚ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʣʦʢʘ ʪʨʝʫʛʦʣʴʥʠʢ [42]. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʰʠʥʘʭ 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʨʘʟʣʠʯʘʶʪ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ  (ʈʠʩʫʥʦʢ 

6). ʄʦʪʠʚ ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʳʤ, ʝʩʣʠ ʧʨʷʤʦʡ ʵʬʬʝʢʪ ʦʙʱʝʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ ʠʤʝʝʪ ʪʦʪ ʞʝ ʟʥʘʢ (ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ), ʯʪʦ ʠ ʥʝʧʨʷʤʦʡ 

ʵʬʬʝʢʪ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʩʧʝʮʠʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ. ɽʩʣʠ ʟʥʘʢʠ ʥʝ ʩʦʚʧʘʜʘʶʪ, 

ʪʨʝʫʛʦʣʴʥʠʢ ʥʘʟʳʚʘʝʪʩʷ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʤ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ X ʠ Y ʘʢʪʠʚʠʨʫʶʪ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ Z, ʠ X ʘʢʪʠʚʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ʬʘʢʪʦʨʘ Y, ʪʦ ʪʨʝʫʛʦʣʴʥʠʢ 

ʙʫʜʝʪ ʩʦʛʣʘʩʦʚʘʥʥʳʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʝʫʛʦʣʴʥʠʢʦʚ 

ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʪʠʧʘ ʉ1 (ʈʠʩʫʥʦʢ 6) [40]. 

 

ʈʠʩʫʥʦʢ 6 - ʊʠʧʳ ʩʦʛʣʘʩʦʚʘʥʥʳʭ (ʉ) ʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʭ (ʅ) ʪʨʝʫʛʦʣʴʥʠʢʦʚ. 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʧʨʠʨʦʜʝ 

ʦʙʨʘʟʫʶʱʝʛʦ ʝʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʥʷʪʦ 

ʨʘʟʜʝʣʷʪʴ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʣʦʢʘʣʴʥʳʝ ʠ ʛʣʦʙʘʣʴʥʳʝ, 

ʭʦʪʷ ʝʜʠʥʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʨʘʟʜʝʣʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʆʜʥʦ ʠʟ ʧʝʨʚʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ: ʛʣʦʙʘʣʴʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ï ʵʪʦ ʪʘʢʦʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ 

ʅ1 

ʉ1

 

   

ʉ2

 

   

ʉ3

 

   

ʉ4

 

   

ʅ2 ʅ3 ʅ4 
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ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ [43, 44]. ɼʨʫʛʦʡ ʧʦʜʭʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʢʦʣʠʯʝʩʪʚʝ ʨʝʛʫʣʠʨʫʝʤʳʭ ʛʝʥʦʚ ʠʣʠ ʦʧʝʨʦʥʦʚ: ʚ ʨʷʜʝ ʨʘʙʦʪ 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʧʦʨʦʛ ʨʘʚʥʳʡ 15 ʛʝʥʘʤ ʠʣʠ 10 ʦʧʝʨʦʥʘʤ [40, 45]. ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ 

ʬʘʢʪʦʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ ʠʣʠ ʦʧʝʨʘʥʦʚ, ʩʯʠʪʘʣʠʩʴ 

ʛʣʦʙʘʣʴʥʳʤʠ. ʅʝʜʘʚʥʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʪʨʫʢʪʫʨʥʳʡ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʨʝʛʫʣʷʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʩʝʪʴ, ʘ ʛʣʦʙʘʣʴʥʳʤ ʩʯʠʪʘʣʩʷ 

ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʦʜʫʣʝʡ ʚ ʵʪʦʡ ʩʝʪʠ [46]. ɺ E. coli ʪʦʣʴʢʦ 

ʩʝʤʴ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ï CRP, IHF, FNR, Fis, ArcA, Lrp, H-NS ï ʧʦʜʭʦʜʷʪ 

ʧʦʜ ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. ɺʩʝ ʛʣʦʙʘʣʴʥʳʝ ʬʘʢʪʦʨʳ 

ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ɻʣʦʙʘʣʴʥʳʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʚ E. coli 

ʇʦʜʭʦʜ ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ 

ʬʘʢʪʦʨʳ 

ʉʩʳʣʢʘ 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ 

ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʧʫʪʝʡ 

LexA, HtpR, GlnG, Crp, PhoB, 

NifA , IHF, FNR, Fis, ArcA, 

Lrp, H-NS 

 [44, 43] 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ 

ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʛʝʥʦʚ ʠʣʠ 

ʦʧʝʨʦʥʦʚ 

ArcA, Fnr, IHF, Crp, RpoS, 

Rob, Lrp, HNS, Fis, RpoE, 

Mlc, NarL, CspA 

 [40, 45, 43] 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ 

ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʤʦʜʫʣʝʡ 

IHF, CspA, Crp, Fnr, HNS, 

OmpR, RpoN, RpoS, ArcA, 

NarL 

 [46] 
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ʊʠʧ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʝʥ ʧʦʪʦʤʫ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʝ ʠ 

ʣʦʢʘʣʴʥʳʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʧʦ-ʨʘʟʥʦʤʫ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ. 

ɻʣʦʙʘʣʴʥʳʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ (ʪʘʢʠʝ, ʢʘʢ CRP) ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚʦ ʚʩʝʡ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʠ ʜʘʞʝ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʦʢʘʣʴʥʳʝ 

(ʥʘʧʨʠʤʝʨ, XylR) ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʤʘʭ [47]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʠʧ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʵʚʦʣʶʮʠʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʪʠʚʘ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʦʥ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʦʜʥʦʤʫ ʠʟ ʜʚʫʭ ʪʠʧʦʚ: ʣʠʙʦ ʦʙʘ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʘ ʛʣʦʙʘʣʴʥʳʝ, ʣʠʙʦ ʦʜʠʥ ʛʣʦʙʘʣʴʥʳʡ, ʘ ʜʨʫʛʦʡ ʣʦʢʘʣʴʥʳʡ 

[47], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʝʫʛʦʣʴʥʠʢʠ ʩ ʜʚʫʤʷ ʣʦʢʘʣʴʥʳʤʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ. 

ʊʘʢ ʢʘʢ ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʣʦʢʠ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʝʪʷʭ, 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦʙ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʣʦʢʦʚ ï ʉ1 ʠ 

ʅ1. ʉʦʛʣʘʩʦʚʘʥʥʳʡ ʙʣʦʢ ʪʠʧʘ ʉ1 ʜʝʡʩʪʚʫʝʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʩʠʛʥʘʣ, ʪ.ʝ. ʪʦʣʴʢʦ ʜʦʣʛʦʩʨʦʯʥʳʡ 

ʩʪʠʤʫʣ ʩʧʦʩʦʙʝʥ ʚʢʣʶʯʠʪʴ ʦʙʘ ʪʨʘʥʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʘ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʛʝʥʘ [48]. ʇʨʠʤʝʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʪʠʧʘ ʉ1 ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ʦʧʝʨʦʥʘ 

ara, ʢʦʜʠʨʫʶʱʝʛʦ ʛʝʥʳ ʤʝʪʘʙʦʣʠʟʤʘ ʘʨʘʙʠʥʦʟʳ,  ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

Crp ʠ AraC [48]. ʅʝʩʦʛʣʘʩʦʚʘʥʥʳʡ ʙʣʦʢ ʪʠʧʘ ʅ1, ʥʘʧʨʦʪʠʚ, ʚʳʟʳʚʘʝʪ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ʚ ʦʪʚʝʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʩʠʛʥʘʣ [48]. 

ɼʨʫʛʦʡ ʠʥʪʝʨʝʩʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ, ʷʚʣʷʝʪʩʷ 

ʵʚʦʣʶʮʠʷ ʵʪʦʛʦ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʣʦʢʘ ʚ ʮʝʣʦʤ ʠ ʵʚʦʣʶʮʠʷ ʝʛʦ ʯʘʩʪʝʡ. ʈʘʥʝʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʝʫʛʦʣʴʥʠʢʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʚ ʦʨʛʘʥʠʟʤʘʭ, ʦʙʠʪʘʶʱʠʭ ʚ ʧʦʭʦʞʠʭ 

ʫʩʣʦʚʠʷʭ ʠ ʚʝʜʫʱʠʭ ʩʭʦʞʠʡ ʦʙʨʘʟ ʞʠʟʥʠ [49]. ʊʘʢʞʝ, cʦʭʨʘʥʝʥʠʝ ʪʨʝʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʥʫʪʨʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʢʦʨʨʝʣʠʨʦʚʘʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʭʨʘʥʝʥʠʷ ʪʨʝʭ 
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ʩʣʫʯʘʡʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʦʜʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʦʩʪʘʣʴʥʳʭ [50]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʘ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʪʠʧ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ: ʘʢʪʠʚʘʪʦʨʳ ʚ ʭʦʜʝ 

ʵʚʦʣʶʮʠʠ ʪʝʨʷʶʪʩʷ ʯʘʱʝ, ʯʝʤ ʨʝʧʨʝʩʩʦʨʳ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʙʝʟʙʦʣʝʟʥʝʥʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʨʝʧʨʝʩʩʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʯʝʟʥʦʚʝʥʠʝ ʚʩʝʭ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʠʤ ʛʝʥʦʚ [51]. ʆʜʥʘʢʦ ʚʩʝ ʫʧʦʤʷʥʫʪʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʠʭ ʢʘʢ ʩʠʩʪʝʤʫ ʠʟ ʜʚʫʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʛʝʥʘ, ʥʦ ʥʝ ʧʨʠʥʠʤʘʣʠ ʚʦ ʚʥʠʤʘʥʠʝ ʵʚʦʣʶʮʠʶ ʜʨʫʛʠʭ ʚʘʞʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʠʟʫʯʠʣʠ ʵʚʦʣʶʮʠʶ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʚ 

ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʥʘ ʫʨʦʚʥʝ ʰʪʘʤʤʦʚ Escherichia coli 

K12 ʠ ʧʦʨʷʜʢʘ Enterobacteriales. ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʪʨʝʫʛʦʣʴʥʠʢʘ ʪʘʢʞʝ ʥʘʡʜʫʪ ʦʪʨʘʞʝʥʠʝ ʠ 

ʚ ʵʚʦʣʶʮʠʠ ʵʪʦʛʦ ʙʣʦʢʘ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ʙʫʜʫʪ ʢʦʥʩʝʨʚʘʪʠʚʥʝʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. ʆʪʜʝʣʴʥʦ ʤʳ ʠʟʫʯʠʣʠ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʪʨʘʥʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ ʠ ʤʝʩʪʘ ʚ ʩʝʪʠ ʪʨʘʥʩʢʨʠʧʮʠʠ. 
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ɻʣʘʚʘ 2 - ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

2.1 ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʛʝʥʦʤʳ 

ʇʦʣʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ GenBank [3]. 

ʉʧʠʩʦʢ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʦʤʦʚ ʦʪʩʦʨʪʠʨʦʚʘʥ ʧʦ ʩʪʝʧʝʥʠ ʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʠ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ (ʊʘʙʣʠʮʘ 2). ʉʦʢʨʘʱʝʥʠʷ ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ KEGG [52]. 

 

ʊʘʙʣʠʮʘ 2. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʛʝʥʦʤʳ 

ɻʝʥʦʤ ʉʩʳʣʢʘ ʉʦʢʨʘʱʝʥʠʝ 

Proteobacteria: Alphaproteobacteria 

Agrobacterium tumefaciens str. C58  [53] atu 

Bradyrhizobium japonicum USDA 110  [54] bja 

Bradyrhizobium sp. BTAi1  [55] bbt 

Bradyrhizobium sp. ORS278  [55] bra 

Brucella suis 1330  [56] bsu 

Mesorhizobium loti MAFF303099  [57] mlo 

Mesorhizobium sp. BNC1 

(Chelativorans sp. BNC1) 
(ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) mes 

Nitrobacter hamburgensis X14  [58] nha 

Nitrobacter winogradskyi Nb-255  [59] nwi 

Ochrobactrum anthropi ATCC 49188  [60] oan 

Rhizobium etli CFN 42  [61] ret 

Rhizobium leguminosarum bv. viciae 

3841 
 [62] rle 

Rhodopseudomonas palustris BisA53  [63] rpe 

Rhodopseudomonas palustris BisB5  [63] rpd 

Rhodopseudomonas palustris BisB18  [63] rpc 
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Rhodopseudomonas palustris CGA009  [64] rpa 

Rhodopseudomonas palustris HaA2  [63] rpb 

Sinorhizobium meliloti 1021  [65] sme 

Xanthobacter autotrophicus Py2 ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ xau 

Azorhizobium caulinodans ORS 571  [66] azc 

Jannaschia sp. CCS1  [67] jan 

Granulibacter bethesdensis CGDNIH1  [68] gbe 

Rhodospirillum rubrum ATCC 11170  [69] rru 

Proteobacteria: Betaproteobacteria 

Azoarcus sp. BH72  [70] azo 

Ralstonia eutropha H16  [71] reh 

Cupriavidus metallidurans CH34 ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ rme 

Ralstonia solanacearum GMI1000  [72] rso 

Acidovorax avenae subsp. citrulli 

AAC00-1 

ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ aav 

Burkholderia cenocepacia AU 1054 ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ bcn 

Burkholderia ambifaria AMMD   [73] bam 

Burkholderia mallei ATCC 23344  [74] bma 

Burkholderia pseudomallei K96243  [75] bps 

Burkholderia sp. 383 (ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) bur 

Burkholderia thailandensis E264  [76] bte 

Burkholderia vietnamiensis G4 ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ bvi 

Burkholderia xenovorans LB400 [76]  [77] bxe 

Chromobacterium violaceum ATCC 

12472 [77] 

 [78] cvi 

Methylibium petroleiphilum PM1 [78]  [79] mpe 
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Rhodoferax ferrireducens DSM 15236 ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ rfr 

Polaromonas naphthalenivorans CJ2  [80] pna 

Proteobacteria: Gammaproteobacteria 

Aeromonas salmonicida subsp. 

salmonicida A449 
 [81] asa 

Photorhabdus luminescens subsp. 

laumondii TTO1 
 [82] plu 

Serratia proteamaculans 568 (ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) spe 

Shigella dysenteriae Sd197  [83] sdy 

Sodalis glossinidius str. 'morsitans'  [84] sgl 

Xanthomonas oryzae pv. oryzae MAFF 

311018 
(ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) xoo 

Citrobacter koseri ATCC BAA-895 (ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) cko 

Escherichia coli str. K-12 substr. 

MG1655 
 [85] eco 

Escherichia coli 536  [86] ecp 

Escherichia coli 55989  [87] eck 

Escherichia coli APEC O1  [88] ecv 

Escherichia coli ATCC 8739 ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ ecl 

Escherichia coli B str. REL606  [89] ebr 

Escherichia coli BL21(DE3)  [89] ebd 

Escherichia coli BW2952  [90] ebw 

Escherichia coli CFT073  [91] ecc 

Escherichia coli E24377A  [92] ecw 

Escherichia coli ED1a  [87] ecq 

Escherichia coli HS  [92] ecx 

Escherichia coli IAI1   [87] ecr 
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Escherichia coli IAI39  [87] ect 

Escherichia coli O127:H6 str. E2348/69  [93] ecg 

Escherichia coli O157:H7 EDL933  [94] ece 

Escherichia coli O157:H7 str. EC4115  [95] ecf 

Escherichia coli O157:H7 str. Sakai  [96]  ecs 

Escherichia coli O157:H7 str. TW14359  [97] etw 

Escherichia coli S88  [87] ecz 

Escherichia coli SE11  [98] ecy 

Escherichia coli SMS-3-5  [99] ecm 

Escherichia coli UMN026  [87] eum 

Escherichia coli UTI89  [100] eci 

Escherichia coli str. K-12 substr. 

DH10B 

 [101] ecd 

Citrobacter rodentium ICC168  [102] cro 

Enterobacter 638 ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ ent 

Enterobacter cloacae subsp. cloacae 

ATCC 13047 

 [103] enc 

Cronobacter turicensis z3032  [104] ctu 

Cronobacter sakazakii ATCC BAA-894  [105] esa 

Klebsiella pneumoniae 342  [106] kpe 

Erwinia billingiae Eb661  [107] ebi 

Erwinia amylovora ATCC 49946  [108] eay 

Pectobacterium atrosepticum SCRI1043  [109] eca 

Erwinia tasmaniensis strain ET1/99  [110] eta 

Erwinia pyrifoliae DSM 12163  [111] epy 

Pectobacterium carotovorum subsp. 

carotovorum PC1 

ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ pct 
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Pectobacterium wasabiae WPP163 (ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) pwa 

Pantoea ananatis LMG 20103  [112] pam 

Pantoea vagans C9-1  [113] pva 

Dickeya dadantii Ech586 (ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) ddc 

Dickeya zeae Ech1591 (ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) dze 

Marinobacter aquaeolei VT8 (ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) maq 

Salmonella enterica subsp. enterica 

serovar Typhi str. CT18 
 [114] sty 

Salmonella enterica LT2  [115] stm 

Shigella boydii Sb227  [116] sbo 

Shigella sonnei Ss046  [116] ssn 

Acinetobacter baumannii ATCC 17978  [117] aba 

Marinomonas sp. MWYL1  ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ mmw 

Xanthomonas axonopodis pv. citri str. 

306 
 [118] xac 

Xanthomonas campestris pv. campestris 

str. 8004 
 [119] xcc 

Klebsiella pneumoniae subsp. 

pneumoniae MGH 78578 
ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ kpn 

Pseudoalteromonas atlantica T6c ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ pat 

Pseudomonas mendocina ymp (ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) pmy 

Pseudomonas aeruginosa PAO1  [120] pae 

Pseudomonas fluorescens Pf-5  [121] pfl 

Pseudomonas fluorescens PfO-1  [122] pfo 

Pseudomonas stutzeri A1501  [123] psa 

Pseudomonas putida KT2440  [124] ppu 

Pseudomonas syringae pv. tomato str.  [125] pst 
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DC3000 

Psychromonas ingrahamii 37 ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ pin 

Proteobacteria: Deltaproteobacteria 

Myxococcus xanthus DK 1622  [126] mxa 

Pelobacter carbinolicus DSM 2380 ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ pca 

Pelobacter propionicus DSM 2379 ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ ppd 

Firmicutes 

Listeria welshimeri serovar 6b str. 

SLCC5334 
 [127] lwe 

Listeria innocua Clip11262  [128] lin 

Listeria monocytogenes EGD-e  [128] lmo 

Alkaliphilus metalliredigens QYMF ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ amt 

Alkaliphilus oremlandii OhILAs ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ aoe 

Clostridium difficile 630  [129] cde 

Clostridium perfringens ATCC 13124  [130] cpe 

Clostridium phytofermentans ISDg ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ cph 

Clostridium tetani E88  [131] ctc 

Clostridium acetobutylicum ATCC 824  [132] cac 

Desulfitobacterium hafniense Y51  [133] dsy 

Desulfotomaculum reducens MI-1 (ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) drm 

Symbiobacterium thermophilum IAM 

14863 
 [134] sth 

Enterococcus faecalis V583  [135] efa 

Streptococcus sanguinis SK36  [136] ssa 

Actinobacteria 

Frankia alni ACN14a  [137] fal 
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Streptomyces avermitilis MA-4680  [138] sma 

Mycobacterium ulcerans Agy99  [139] mul 

Mycobacterium smegmatis str. MC2 

155 

 [140] msm 

Mycobacterium vanbaalenii PYR-1 ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ mva 

Nocardia farcinica IFM 10152  [141] nfa 

Rhodococcus sp. RHA1 (Rhodococcus 

jostii RHA1) 
 [142] rha 

Nocardioides sp. JS614  [143] nca 

Acidobacteria 

Solibacter usitatus Ellin6076 (ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) sus 

Bacteriodetes 

Cytophaga hutchinsonii ATCC 33406  [144] chu 

Fusobacteria 

Fusobacterium nucleatum subsp. 

nucleatum ATCC 25586 
 [145] fnu 

Chlorophlexi 

Herpetosiphon aurantiacus ATCC 

23779 
(ʅʝʪ ʧʫʙʣʠʢʘʮʠʠ) hau 

2.2 ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʙʘʟʳ ʜʘʥʥʳʭ 

ʉʧʠʩʦʢ ʛʦʤʦʣʦʛʠʯʥʳʭ ʙʝʣʢʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ PSI-BLAST 

[146], ʦʨʪʦʣʦʛʠʯʥʳʝ ʙʝʣʢʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ çʣʫʯʰʝʛʦ 

ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʧʦʠʩʢʘè (bidirectional best hit, BBH). ɼʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʳ 

Clustalʍ [147], Muscle [148] ʠ MACAW [149]. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʜʝʨʝʚʴʝʚ ʠ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʭ ʪʦʧʦʣʦʛʠʠ (çʙʫʪʩʪʨʝʧ-ʘʥʘʣʠʟè) ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ PHYLIP [150]. ɺʠʟʫʘʣʠʟʘʮʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʨʝʚʴʝʚ 
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ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ GeneMaster (ɸ. ɸ. ʄʠʨʦʥʦʚ, ʥʝʦʧʫʙʣʠʢ.) ʠ ITOL 

[151]. ɼʣʷ ʧʦʠʩʢʘ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠ ̫ʠ ʘʥʘʣʠʟʘ ʦʨʪʦʣʦʛʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ 

ʧʨʦʛʨʘʤʤ Genome Explorer [152]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʯʘʩʪʢʠ 

ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳ ʬʘʢʪʦʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʙʘʟʳ ʜʘʥʳʭ RegulonDB 

[1]. ʊʨʝʫʛʦʣʴʥʠʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʩʢʨʠʧʪʦʚ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Perl. ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮ ʧʦʟʠʮʠʦʥʥʳʭ ʚʝʩʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Signal X [152] ʠʣʠ ʦʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʙʘʟ 

ʜʘʥʥʳʭ RegPrecise [153] ʠ RegTransBase [154]. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ ʃʦʛʦ, 

ʦʪʦʙʨʘʞʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ Weblogo (http://weblogo.berkeley.edu/). ʈʝʢʦʥʩʪʨʫʢʮʠ ̫

ʧʨʝʜʢʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʦʥʦʚ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ r MESQUITE 

(mesquiteproject.org). ʈʘʟʙʠʝʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʘʪʝʛʦʨʠʠ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʙʘʟʳ ʜʘʥʥʳʭ NCBI COG [155]. ɼʣʷ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʪʝʨʠʡ ɢ
2
 ʠ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʪʝʩʪ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ GNU R. 

http://weblogo.berkeley.edu/
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ɻʣʘʚʘ 3 - ʇʨʝʜʩʢʘʟʘʥʠʝ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ ʥʘ 

ʧʨʠʤʝʨʝ ʧʫʪʠ ʜʝʛʨʘʜʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ 

3.1 ʇʦʠʩʢ ʦʨʪʦʣʦʛʦʚ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ 

ɻʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʦʪʜʝʣʴʥʳʝ ʬʝʨʤʝʥʪʳ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ, 

ʪʨʘʥʩʧʦʨʪʝʨʳ, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ ʤʝʪʘʙʦʣʦʩʦʤ,r 

ʦʙʥʘʨʫʞʝʥʳ ʚʦ ʤʥʦʛʠʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʥʦ ʙʝʟ ʦʩʥʦʚʥʦʛʦ ʬʝʨʤʝʥʪʘ ï 

ʵʪʘʥʦʣʘʤʠʥ ʣʠʘʟʳ ï ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʫʪʠ ʚ ʮʝʣʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜ ʚʦʧʨʦʩʦʤ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʨʝʛʫʣʷʮʠʠ ʦʪʦʙʨʘʥʳ ʪʦʣʴʢʦ ʪʘʢʠʝ 

ʦʨʛʘʥʠʟʤʳ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʦʨʪʦʣʦʛʠ ʜʚʫʭ ʩʫʙʲʝʜʠʥʠʮ ʵʪʘʥʦʣʘʤʠʥ ʣʠʘʟʳ EutB ʠ 

EutC, ʠ ʢʦʪʦʨʳʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʛʫʪ ʢʘʪʘʙʦʣʠʟʠʨʦʚʘʪʴ ʵʪʘʥʦʣʘʤʠʥ. 

ʆʨʪʦʣʦʛʠ EutB ʠ EutC ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʙʦʣʝʝ ʯʝʤ 100 ʚʠʜʘʭ ʙʘʢʪʝʨʠʡ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ: Proteobacteria, Firmicutes, Actinobacteria, 

Acidobacteria, Bacteroidetes, Chloroflexi, Flavobacteria, Lentisphaerae, Planctomycetacia 

ʠ Fusobacteria. 

ʉʪʨʫʢʪʫʨʘ eut-ʦʧʝʨʦʥʘ ʦʢʘʟʘʣʘʩʴ ʨʘʟʣʠʯʥʦʡ ʚ ʨʘʟʥʳʭ ʛʨʫʧʧʘʭ ʙʘʢʪʝʨʠʡ. ʄʳ 

ʚʳʜʝʣʠʣʠ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʧʦʜʦʙʥʳʭ ʦʧʝʨʦʥʦʚ ï ʢʦʨʦʪʢʠʡ, ʩʦʜʝʨʞʘʱʠʡ 

ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ, ʠ ʜʣʠʥʥʳʡ (ʊʘʙʣʠʮʘ 3) (ʈʠʩʫʥʦʢ 

7). 

 

ʊʘʙʣʠʮʘ 3. ʊʠʧʳ ʦʧʝʨʦʥʦʚ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʦʤʘʭ 

ʆʧʝʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ɻʝʥʦʤʳ 

eutBC (ʭʠʤʝʨʥʳʡ ʙʝʣʦʢ) 

Myxococcus xanthus DK 1622 

Pelobacter carbinolicus DSM 2380 

Pelobacter propionicus DSM 2379 

eutBC 
Bradyrhizobium japonicum USDA 110 

Bradyrhizobium sp. BTAi1 
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Bradyrhizobium sp. ORS278 

Xanthobacter autotrophicus Py2 

Frankia alni ACN14a 

Cytophaga hutchinsonii ATCC 33406 

Herpetosiphon aurantiacus 

Azorhizobium caulinodans ORS 571 

Jannaschia sp. CCS1 

Granulibacter bethesdensis CGDNIH1 

Azoarcus sp. BH72 

Ralstonia eutropha H16 

Ralstonia metallidurans CH34 

Ralstonia solanacearum GMI1000 

Acidovorax avenae subsp. citrulli 

AAC00-1 

Aeromonas salmonicida subsp. 

salmonicida A449 

Marinomonas sp. MWYL1  

Pseudoalteromonas atlantica T6c 

Pseudomonas aeruginosa PAO1 

Pseudomonas fluorescens Pf-5 

Pseudomonas mendocina ymp 

Pseudomonas syringae pv. tomato str. 

DC3000 

eutABC 
Symbiobacterium thermophilum IAM  

14863 

eat-eutBC 
Rhizobium leguminosarum bv. viciae 

3841 
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Solibacter usitatus Ellin6076 

Streptomyces avermitilis MA-4680 

Mycobacterium ulcerans Agy99 

Mycobacterium smegmatis str. MC2 

155 

Mycobacterium vanbaalenii PYR-1 

Rhodococcus sp. RHA1 

Clostridium acetobutylicum ATCC 824 

Chromobacterium ATCC 12472 

Sodalis glossinidius str. 'morsitans' 

Xanthomonas oryzae pv. oryzae MAFF 

311018 

Marinobacter aquaeolei VT8 

Acinetobacter baumannii ATCC 17978 

Xanthomonas axonopodis pv. citri str. 

306 

Xanthomonas campestris pv. campestris 

str. 8004 

Klebsiella pneumoniae subsp. 

pneumoniae MGH 78578 

Pseudomonas fluorescens PfO-1 

Pseudomonas stutzeri A1501 

Pseudomonas putida KT2440 

Psychromonas ingrahamii 37 

eutR+eat-eutBC 

Burkholderia cenocepacia AU 1054 

Burkholderia cepacia AMMD  

Burkholderia mallei ATCC 23344 
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Burkholderia pseudomallei K96243 

Burkholderia sp. 383 

Burkholderia thailandensis E264 

Burkholderia vietnamiensis G4 

Burkholderia xenovorans LB400 

Methylibium petroleiphilum PM1 

Rhodoferax ferrireducens DSM 15236 

Polaromonas naphthalenivorans CJ2 

eutSPQTMNEJGHABCLK 

Serratia proteamaculans 568 

Shigella dysenteriae Sd197 

Citrobacter koseri ATCC BAA-895 

Escherichia coli str. K-12 substr. 

MG1655 

Marinobacter aquaeolei VT8 

Salmonella enterica subsp. enterica 

serovar Typhi str. CT18 

Salmonella enterica LT2 

Shigella boydii Sb227 

Shigella sonnei Ss046 

Klebsiella pneumoniae subsp. 

pneumoniae MGH 78578 

Pseudomonas fluorescens Pf-5  

Photorhabdus luminescens subsp. 

laumondii TTO1 

eutSP-response regulator-histidine 

kinase-eutABCLK(K)EKT(pduAA)pduL-

unknown-(eutN)pduN(pduS)pduT-

Nocardia farcinica IFM 10152 

Listeria welshimeri serovar 6b str. 

SLCC5334 



35 

 

 

 

eutHQ* Listeria innocua Clip11262 

Listeria monocytogenes EGD-e 

Alkaliphilus metalliredigens QYMF 

Alkaliphilus oremlandii OhILAs 

Clostridium difficile 630 

Clostridium perfringens ATCC 13124 

Clostridium phytofermentans ISDg 

Clostridium tetani E88 

Desulfitobacterium hafniense Y5 

Desulfotomaculum reducens MI-1 

Enterococcus faecalis V583 

Streptococcus sanguinis SK36 

Fusobacterium nucleatum subsp. 

nucleatum ATCC 25586 
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ʂʦʨʦʪʢʠʝ ʦʧʝʨʦʥʳ: ɸ, Deltaproteobacteria; ɹ, Proteobacteria, Chlorophlexi ʠ 

Bacteroidetes; ɺ, ʥʝʢʦʪʦʨʳʝ Proteobacteria ʠ Acidobacteria; ɻ, Betaproteobacteria (eutR 

ʦʙʥʘʨʫʞʝʥ ʦʪʜʝʣʴʥʦ ʦʪ eutBC ʠ eat). ɼʣʠʥʥʳʝ ʦʧʝʨʦʥʳ: ɼ, Nocardioides sp.; ɽ, 

Enterobacteriaceae; ɾ, M. aquaeolei; ɿ, S. boydii Sb227; ʀ, S. sonnei Ss046; ʂ, S. 

dysenteriae Sd197; ʃ, Symbiobacterium thermophilum and P. luminescens; ʄ, P. 

fluorescens Pf-5; ʅ, Clostridiaceae ʠ F. nucleatum; ʆ, Listeriaceae ʠ Enterococcaceae; ʇ, 

C.acetobutylicum. 

ɹʝʣʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥ ʧʩʝʚʜʦʛʝʥ eutB. ʇʨʝʜʩʢʘʟʘʥʥʳʝ ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ EutR 

ʦʙʦʟʥʘʯʝʥʳ ʬʠʦʣʝʪʦʚʳʤʠ ʦʚʘʣʘʤʠ (ʩʤ. çʈʝʛʫʣʷʮʠʷ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘè). 

ʈʠʩʫʥʦʢ 7 ï ʈʘʟʥʦʦʙʨʘʟʠʝ ʦʧʝʨʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʛʝʥʳ eutBC. 

 

ɸ 

ɹ 

ɺ 

ɻ 

ɼ 

ɽ 

ɾ 

ɿ 

ʀ 

ʂ 

ʃ 

ʄ 

ʅ 

ʆ 

ʇ 
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ʆʧʝʨʦʥʳ ʢʦʨʦʪʢʦʛʦ ʪʠʧʘ ʩʦʩʪʦʷʪ ʠʟ ʛʝʥʦʚ ʦʩʥʦʚʥʦʛʦ ʬʝʨʤʝʥʪʘ ï eutBC, ʘ 

ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʛʝʥʳ ʪʨʘʥʩʧʦʨʪʝʨʘ ʵʪʘʥʦʣʘʤʠʥʘ eat ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ eutR. ʇʦʜʦʙʥʘʷ ʦʧʝʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʯʪʠ ʚʦ ʚʩʝʭ 

Proteobacteria ʠ Actinobacteria. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʠʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ, 

ʚʝʨʦʷʪʥʦ, ʤʦʛʫʪ ʨʘʩʱʝʧʣʷʪʴ ʵʪʘʥʦʣʘʤʠʥ ʜʦ ʘʮʝʪʘʣʴʜʝʛʠʜʘ ʠ ʘʤʤʠʘʢʘ, ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʩʣʝʜʥʠʡ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʘʟʦʪʘ. 

ɼʣʷ Enterobacteriales ʠ Firmicutes ʭʘʨʘʢʪʝʨʝʥ ʜʣʠʥʥʳʡ ʪʠʧ ʦʧʝʨʦʥʘ, 

ʩʦʜʝʨʞʘʱʠʡ ʦʪ 5 ʜʦ 22 ʛʝʥʦʚ (ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʛʝʥʦʚ ʤʦʛʫʪ ʠ ʥʝ ʦʪʥʦʩʠʪʴʩʷ ʢ 

ʤʝʪʘʙʦʣʠʟʤʫ ʵʪʘʥʦʣʘʤʠʥʘ). ʇʦʜʦʙʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʚʝʨʦʷʪʥʦ, ʧʨʠʦʙʨʝʪʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʘʥʦʣʘʤʠʥ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ ʢʘʢ 

ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ. 

ɺʥʫʪʨʠ ʧʦʨʷʜʢʘ Enterobacteriales ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʩʦʩʪʘʚʘ ʦʧʝʨʦʥʘ (ʈʠʩʫʥʦʢ 8). ʊʘʢ, ʝʩʣʠ S.enterica, C.koseri, K.pneumoniae ʠ E.coli 

ʩʦʜʝʨʞʘʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʛʝʥʦʚ, ʪʦ ʦʧʝʨʦʥ ʫ S.sonnei ʠʤʝʝʪ ʚʠʜ  eutMNEJGHABCLKR, 

ʘ ʫ S.boydii ï eutPQTMNEBCLKR. ɺ S.dysenteriae ʩʦʭʨʘʥʠʣʠʩʴ ʪʦʣʴʢʦ ʛʝʥʳ eutSCLKR, 

ʘ ʚ P.luminescens ï eutBC. ʆʧʝʨʦʥ P.luminescens ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ 

ʜʣʠʥʥʦʛʦ ʪʠʧʘ ʦʧʝʨʦʥʘ, ʘ ʥʝ ʢʦʨʦʪʢʦʛʦ ʪʠʧʘ, ʯʪʦ ʷʚʥʦ ʩʣʝʜʫʪ ʠʟ ʘʥʘʣʠʟʘ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʨʝʚʴʝʚ, ʦ ʢʦʪʦʨʦʤ ʧʦʜʨʦʙʥʝʝ ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʥʠʞʝ.  
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eutB eutC

eutS eutLeutB eutKeutAeutG eutReutCeutHeutJeutEeutNeutMeutDeutTeutQeutP

S. typhimurium, C. Koseri, K. pneumoniae, E. coli

eutLeutB eutKeutAeutG eutReutCeutHeutJeutEeutNeutM

S. sonnei

eutLeutB eutKeutG eutReutCeutHeutJeutEeutNeutMeutTeutQeutP

S. boydii

eutS eutL eutK eutReutC

S. dysenteriae 

P. luminescence 

 

 

ɼʣʷ ʢʘʞʜʦʛʦ ʦʨʛʘʥʠʟʤʘ ʧʦʢʘʟʘʥ ʦʜʠʥ ʦʧʝʨʦʥ. ʆʨʪʦʣʦʛʠʯʥʳʝ ʛʝʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʜʨʫʛ 

ʥʘʜ ʜʨʫʛʦʤ. 

ʈʠʩʫʥʦʢ 8 - ʇʦʣʠʤʦʨʬʠʟʤ ʦʧʝʨʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʦʨʷʜʢʘ 

Enterobacteriales. 

 

ʄʳ ʦʙʥʘʨʫʞʠʣʠ ʠʥʪʝʨʝʩʥʳʝ ʩʣʫʯʘʠ ʩʦʭʨʘʥʝʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʦʧʝʨʦʥʘ 

ʥʝʟʘʚʠʩʠʤʦ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʛʝʥʦʤʘ ʚ K.pnemoniae, M.aquaeolei, P.fluorescens. 

ʅʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ Fusobacteria, Chlorobi, Acidobacteria ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ 

ʦʨʪʦʣʦʛʠ ʦʪʜʝʣʴʥʳʭ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ. Fusobacteria ʦʙʣʘʜʘʝʪ ʜʣʠʥʥʳʤ 

ʪʠʧʦʤ ʦʧʝʨʦʥʘ, ʘ Chlorobi ʠ Acidobacteria ï ʢʦʨʦʪʢʠʤ. 

ʉʘʤʘʷ ʩʣʦʞʥʘʷ ʠ ʨʘʟʥʦʨʦʜʥʘʷ ʦʧʝʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Firmicutes. ɺ ʦʧʝʨʦʥʝ ʩʦʜʝʨʞʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʣʥʳʡ ʥʘʙʦʨ ʛʝʥʦʚ 

ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʩ ʟʘʤʝʱʝʥʠʝʤ eutR ʥʘ ʛʝʥʳ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ 

S.enterica, C.koseri, K.pneumoniae, E.coli 

S.sonnei 

S. dysenteriaea 

S.dysenteriae 

P.luminescens 

S.boydii 
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ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʝʥʳ ʧʫʪʠ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʧʘʥʜʠʦʣʘ 

(ʊʘʙʣʠʮʘ 4). 

 

ʊʘʙʣʠʮʘ 4. ʇʨʠʤʝʨʳ ʦʧʝʨʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʫ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Firmicutes. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɻʂ ï ʛʠʩʪʠʜʠʥʢʠʥʘʟʘ, ʈʆ ï 

ʨʝʛʫʣʷʪʦʨ ʦʪʚʝʪʘ, ʌʅ ï ʬʫʥʢʮʠʷ ʥʝʠʟʚʝʩʪʥʘ. 

ɻʝʥʦʤ ʆʧʝʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

Alkaliphilus metalliredigens 
eutSP-ɻʂ-ʈʆ- eutABCLKEKT-pduL-

eutJ-ʌʅ-pduNST-eutHG 

Alkaliphilus oremlandii 
eutSP-pduO-eutGHABCLKEKT-pduL-

ʌʅ-pduN-eutHQ 

Clostridium difficile 
eutSP-ɻʂ-ʈʆ-eutABCLKEKT-pduL- 

ʌʅ-pduNT-eutHQ 

Clostridium perfringens 
eutSP-ɻʂ-ʈʆ-eutABCLKEKT-pduL- 

ʌʅ-eutNT-eutHQ 

Clostridium phytofermentans 
eutGSP- eutABCLKEKT-pduL- ʌʅ-

pduNT-eutHQ 

Clostridium tetani 
eutSP-ɻʂ-ʈʆ-eutABCLKEKT-pduL-

eutJ-ʌʅ-pduN-eutHQ 

Desulfotomaculum reducens 
eutSP-ɻʂ-ʈʆ-eutABCLKT-pduNST-

eutQE-pduL 

Desulfitobacterium hafniense eutPABCLT-pduN 

Listeria innocua 
ɻʂ-ʈʆ- eutABCLKEKT-pduL-ʌʅ-

pduNT-eutHQ 

Listeria monocytogenes 
ɻʂ-ʈʆ- eutABCLKEKT-pduL-ʌʅ-

pduNT-eutHQ 

Listeria welshimeri  ɻʂ-ʈʆ- eutABCLKEKT-pduL-ʌʅ-
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pduNT-eutHQ 

Symbiobacterium thermophilum eutGBC 

Enterococcus faecalis eutS-ɻʂ-ʈʆ-eutBCLKE 

Streptococcus sanguinis eutS- ɻʂ-ʈʆ- eutABCLKEKKHQ  

3.2 ʕʚʦʣʶʮʠʷ ʩʠʩʪʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ 

ʇʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʦʧʝʨʦʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʘʢʩʦʥʘʭ ʙʘʢʪʝʨʠʡ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦʩʪʘʚʠʣʦ ʚʦʧʨʦʩ ʦʙ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ ʫʪʠʣʠʟʘʮʠʠ 

ʵʪʘʥʦʣʘʤʠʥʘ. ʅʘ ʦʩʥʦʚʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ EutB ʠ 

EutC ʠʟ ʧʦʣʥʳʭ ʛʝʥʦʤʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʜʝʨʝʚʴʷ ʤʝʪʦʜʦʤ 

ʦʙʲʝʜʠʥʝʥʠʷ ʩʦʩʝʜʥʠʭ ʧʘʨ (çneighbour-joiningè, ʩʤ. ʄʘʪʝʨʠʘʣʳ ʠ ʄʝʪʦʜʳ). 

ʊʦʧʦʣʦʛʠʷ ʦʙʦʠʭ ʜʝʨʝʚʴʝʚ ʦʢʘʟʘʣʘʩʴ ʩʭʦʜʥʦʡ, ʠ ʧʦʪʦʤʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ 

ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʝ ʠʟ ʜʝʨʝʚʴʝʚ. ɹʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʝʨʝʚʦ EutB, 

ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʝʛʦ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʢʦʨʝʥʝʥʠʷ ï ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʥʝʰʥʶʶ ʛʨʫʧʧʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʦʣʴʰʦʡ 

ʩʫʙʲʝʜʠʥʠʮʳ ʧʨʦʧʘʥʜʠʦʣ ʜʝʛʠʜʨʘʪʘʟʳ PduC (ʈʠʩʫʥʦʢ 9). ɼʣʷ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʝʪʚʝʡ ʧʨʠʤʝʥʷʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʟʤʥʦʞʝʥʠʝ 

ʚʳʙʦʨʢʠ (ñʙʫʪʩʪʨʝʧ-ʘʥʘʣʠʟò, ʩʤ. ʄʘʪʝʨʠʘʣʳ ʠ ʄʝʪʦʜʳ). ʂʘʞʜʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ 

ʚʝʪʚʝʡ ʚʥʫʪʨʠ ʜʝʨʝʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ (ñʙʫʩʪʨʝʧ-ʟʥʘʯʝʥʠʝò), ʢʦʪʦʨʦʝ ʨʘʚʥʦ 

ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʙʣʶʜʘʪʴ ʪʘʢʦʝ ʞʝ ʨʘʩʱʝʧʣʝʥʠʝ ʚʝʪʚʝʡ ʚʥʫʪʨʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʜʝʨʝʚʴʝʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ  ʚʳʨʘʚʥʠʚʘʥʠʡ, ʤʥʦʛʦʢʨʘʪʥʦ ʩʦʟʜʘʥʥʳʭ 

ʩʣʫʯʘʡʥʳʤ ʚʳʙʦʨʦʤ ʧʦʟʠʮʠʡ ʠʩʭʦʜʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ. ɺʳʩʦʢʠʝ ʙʫʪʩʪʨʝʧ-ʟʥʘʯʝʥʠʷ 

ʚʝʪʚʝʡ ʜʝʨʝʚʘ ʛʦʚʦʨʷʪ ʦ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʝʛʦ ʪʦʧʦʣʦʛʠʠ. 

ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʛʝʥʳ eutB ʠʟ ʨʘʟʥʳʭ ʪʠʧʦʚ ʦʧʝʨʦʥʦʚ, ʢʦʨʦʪʢʦʛʦ ʠ 

ʜʣʠʥʥʦʛʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʜʝʣʴʥʳʝ ʚʝʪʚʠ. ʇʝʨʚʘʷ ʚʝʪʚʴ ʩʦʜʝʨʞʠʪ ʙʝʣʢʠ ʠʟ 

Proteobacteria ʠ Actinobacteria, ʚʪʦʨʘʷ ï ʠʟ Enterobacteriales, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

Proteobacteria, ʠ Firmicutes (ʈʠʩʫʥʦʢ 10). ɺ ʩʣʫʯʘʝ ʛʝʥʦʤʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ eut-
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ʦʧʝʨʦʥʘ (K. pnemoniae, M aquaeolei, P. fluorescens), eutB ʠʟ ʦʧʝʨʦʥʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ 

ʣʝʞʘʪ ʥʘ ʨʘʟʥʳʭ ʚʝʪʚʷʭ. 

ʉʣʫʯʘʠ, ʢʦʛʜʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʝʪʚʝʡ ʥʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʜʝʨʝʚʝ ʥʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʘʢʩʦʥʦʤʠʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ (ʈʠʩʫʥʢʠ 9, 10). ʊʘʢʘʷ 

ʪʦʧʦʣʦʛʠʷ ʜʝʨʝʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʤ ʩʦʙʳʪʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʛʝʥʦʚ. ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʛʝʥʦʚ ï ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʦʪ ʦʜʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʢ ʜʨʫʛʦʤʫ, ʥʝ ʷʚʣʷʶʱʝʛʦʩʷ ʝʛʦ ʧʦʪʦʤʢʦʤ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʝʨʝʥʦʩ ʛʝʥʦʚ ʥʘʟrʚʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤ. 

ʇʝʨʚʳʡ ʩʣʫʯʘʡ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʘʢʩʦʥʦʤʠʠ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʜʣʷ ʙʝʣʢʦʚ ʙʘʢʪʝʨʠʡ 

ʪʠʧʘ Actinobacteria. ɺʝʪʚʴ Actinobacteria ʦʢʘʟʳʚʘʝʪʩʷ ʚʥʫʪʨʠ ʚʝʪʚʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʙʝʣʢʘʤ ʠʟ ʪʠʧʘ Proteobacteria (ʙʫʪʩʪʨʝʧ-ʟʥʘʯʝʥʠʝeutB1 > 70%, ʈʠʩʫʥʢʠ 9, 10), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʥʘ ʜʝʨʝʚʝ ʚʠʜʦʚ (ʈʠʩʫʥʦʢ 11) ʚʝʪʚʠ Actinobacteria ʠ Proteobacteria 

ʷʚʣʷʶʪʩʷ ʨʘʚʥʦʟʥʘʯʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠ Actinobacteria, ʠ Proteobacteria ʠʤʝʶʪ 

ʢʦʨʦʪʢʠʡ ʪʠʧ ʦʧʝʨʦʥʘ. ʊʘʢʫʶ ʪʦʧʦʣʦʛʠʁ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʚʥʘʯʘʣʝ ʧʨʦʠʟʦʰʝʣ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʢʦʨʦʪʢʦʛʦ ʦʧʝʨʦʥʘ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ 

ʵʪʘʥʦʣʘʤʠʥʘ ʠʟ Proteobacteria ʢ ʦʙʱʝʤʫ ʧʨʝʜʢʫ Actinobacteria, ʘ ʜʘʣʝʝ ʦʥ 

ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤ ʥʘʩʣʝʜʦʚʘʥʠʝʤ ʧʦ ʥʝʢʦʪʦʨʳʤ ʦʨʛʘʥʠʟʤʘʤ ʵʪʦʛʦ 

ʪʘʢʩʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʳ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʠʟ Actinobacteria ʷʚʣʷʶʪʩʷ 

ʧʦʪʦʤʢʘʤʠ ʛʝʥʦʚ ʠʟ Proteobacteria. 
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ʇʦʤʝʯʝʥʳ ʙʝʣʢʠ, ʚʟʷʪʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʘʢʩʦʥʦʚ ʙʘʢʪʝʨʠʡ. ɼʣʠʥʳ ʚʝʪʚʝʡ ʥʝ 

ʦʪʨʘʞʘʶʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʠʜʘʤʠ. ʆʙʦʟʥʘʯʝʥʠʷ ʛʝʥʦʤʦʚ ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 

KEGG. ʆʙʦʟʥʘʯʝʥʠʷ ʛʝʥʦʤʦʚ: ʩʤ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʈʠʩʫʥʦʢ 9 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʜʣʷ ʙʝʣʢʘ EutB, ʧʦʩʪʨʦʝʥʥʦʝ ʤʝʪʦʜʦʤ 

ʦʙʲʝʜʠʥʝʥʠʷ ʩʦʩʝʜʥʠʭ ʧʘʨ. 
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ʎʚʝʪ ʚʝʪʚʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʫʪʩʪʨʝʧ-ʟʥʘʯʝʥʠʷʤ: ʟʝʣʝʥʳʡ - > 70%, ʩʠʥʠʡ ï ʦʪ 50 ʜʦ 

70%, ʢʨʘʩʥʳʡ ï <50%. ʎʚʝʪ ʚʥʝʰʥʝʛʦ ʢʨʫʛʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʦʧʝʨʦʥʘ: ʟʝʣʝʥʳʡ ï 

ʜʣʠʥʥʳʡ ʦʧʝʨʦʥ, ʢʨʘʩʥʳʡ ï ʢʦʨʦʪʢʠʡ ʦʧʝʨʦʥ. ʎʚʝʪ ʚʥʫʪʨʝʥʥʝʛʦ ʢʨʫʛʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: ʢʨʘʩʥʳʡ, Alphaproteobacteria; ʞʝʣʪʳʡ, 

Betaproteobacteria; ʟʝʣʝʥʳʡ, Gammaproteobacteria; ʩʠʥʠʡ, Deltaproteobacteria; 

ʬʠʦʣʝʪʦʚʳʡ, Firmicutes; ʨʦʟʦʚʳʡ, Actinobacteria; ʟʝʣʝʥʦ-ʞʝʣʪʳʡ, Acidobacteria; 

ʩʚʝʪʣʦ-ʬʠʦʣʝʪʦʚʳʡ, Fusobacteria; ʛʦʣʫʙʦʡ, Chlorophlexi. ʆʚʘʣʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʛʝʥʳ, 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘ ʜʝʨʝʚʝ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʘʢʩʦʥʦʤʠʝʡ, ʪ.ʝ. ʚʝʨʦʷʪʥʳʝ 

ʩʦʙʳʪʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʛʝʥʦʚ. ʉʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʚʝʪʚʠ, ʙʫʪʩʪʨʝʧ-

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʜʜʝʨʞʠʚʘʶʪ ʛʠʧʦʪʝʟʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʛʝʥʦʚ: 
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ʦʨʘʥʞʝʚʘʷ ʩʪʨʝʣʢʘ ï ʙʫʪʩʪʨʝʧ-ʟʥʘʯʝʥʠʝeutB1, ʛʦʣʫʙʘʷ ʩʪʨʝʣʢʘ ï ʙʫʪʩʪʨʝʧ-

ʟʥʘʯʝʥʠʝeutB2 (ʩʤ. ʪʝʢʩʪ). ʆʙʦʟʥʘʯʝʥʠʷ ʛʝʥʦʤʦʚ ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ KEGG [52]. 

ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʦʙʦʟʥʘʯʝʥʠʡ ʛʝʥʦʤʦʚ: ʩʤ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɼʣʠʥʳ ʚʝʪʚʝʡ 

ʥʝ ʦʪʨʘʞʘʶʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʠʜʘʤʠ. 

ʈʠʩʫʥʦʢ 10 ï ʉʚʦʜʥʦʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ EutB, ʧʦʩʪʨʦʝʥʥʦʝ ʤʝʪʦʜʦʤ 

ʦʙʲʝʜʠʥʝʥʠʷ ʩʦʩʝʜʥʠʭ ʧʘʨ ʩ ʙʫʪʩʪʨʝʧ-ʘʥʘʣʠʟʦʤ. 

 

ʎʚʝʪ ʢʨʫʛʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: ʢʨʘʩʥʳʡ, 

Alphaproteobacteria; ʞʝʣʪʳʡ, Betaproteobacteria; ʟʝʣʝʥʳʡ, Gammaproteobacteria; 
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ʩʠʥʠʡ, Deltaproteobacteria; ʬʠʦʣʝʪʦʚʳʡ, Firmicutes; ʨʦʟʦʚʳʡ, Actinobacteria; ʟʝʣʝʥʦ-

ʞʝʣʪʳʡ, Acidobacteria; ʩʚʝʪʣʦ-ʬʠʦʣʝʪʦʚʳʡ, Fusobacteria; ʛʦʣʫʙʦʡ, Chlorophlexi; ʠ 

ʩʚʝʪʣʦ-ʟʝʣʝʥʳʡ, Bacteroidetes. ʉʝʨʳʤ ʦʙʦʟʥʘʯʝʥʳ ʪʘʢʩʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʥʘʡʜʝʥʳ 

ʦʨʪʦʣʦʛʠ ʛʝʥʦʚ ʜʝʛʨʘʜʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ. ɼʣʠʥʳ ʚʝʪʚʝʡ ʥʝ ʦʪʨʘʞʘʶʪ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʚʠʜʘʤʠ. 

ʈʠʩʫʥʦʢ 11 ï ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʚʠʜʦʚ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ITOL [150]. 

 

ɺʪʦʨʦʡ ʩʣʫʯʘʡ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʘʢʩʦʥʦʤʠʠ ʦʙʥʘʨʫʞʝʥ ʚ Fusobacterium 

nucleatum. ɺʝʪʚʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘ ̫ ʙʝʣʢʘʤ ʠʟ F. nucleatum (ʪʠʧ Fusobacteria), 

ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʚʝʪʚʠ Firmicutes (ʙʫʩʪʨʝʧ-ʟʥʘʯʝʥʠʝeutB2>70%, ʈʠʩʫʥʢʠ 9, 10). 

Fusobacteria ʠ Firmicutes ʷʚʣʷʪʁʩʷ ʨʘʚʥʦʟʥʘʯʥʳʤʠ ʪʘʢʩʦʥʘʤʠ (ʈʠʩʫʥʦʢ 11), ʧʦʵʪʦʤʫ 

ʠ ʟʜʝʩʴ, ʚʝʨʦʷʪʥʦ, ʪʘʢʞʝ ʠʤʝʣ ʤʝʩʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ 

ʧʝʨʝʥʦʩ ʠʟ Firmicutes ʚ Fusobacteria. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʥʝʜʘʚʥʝʛʦ 

ʧʝʨʝʥʦʩʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʦʩʪʘʣʴʥʳʭ ʯʝʪʳʨʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʷʭ Fusobacteria, ʜʣʷ 

ʢʦʪʦʨʳʭ ʜʦʩʪʫʧʥʘ ʧʦʣʥʦʛʝʥʦʤʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (Ilyobacter polytropus, 

Leptotrichia buccalis, Sebaldella termitidis, Streptobacillus moniliformis), ʛʝʥʦʚ 

ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʥʝ ʥʘʡʜʝʥʦ. 

ʉʘʤʳʡ ʷʨʢʠʡ ʧʨʠʤʝʨ ʦʪʣʠʯʠʷ ʪʦʧʦʣʦʛʠʠ ʜʝʨʝʚʘ EutB ʦʪ ʜʝʨʝʚʘ ʪʘʢʩʦʥʦʚ ï 

ʨʘʩʱʝʧʣʝʥʠʝ ʚʝʪʚʠ Gammaproteobacteria, ʦʪʥʦʩʷʱʝʡʩʷ ʢ Proteobacteria, ʥʘ ʜʚʝ 

(ʈʠʩʫʥʦʢ 9, 10). ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʜʥʦʡ ʠʟ ʚʝʪʚʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʩʦʥʦʤʠʠ (ʈʠʩʫʥʦʢ 

9-11), ʘ ʜʨʫʛʘʷ ʚʝʪʚʴ (ʧʦʨʷʜʦʢ Enterobacteriales) ʩʪʘʥʦʚʠʪʩʷ ʩʝʩʪʨʠʥʩʢʦʡ ʢ Firmicutes. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ ʠʟ ʧʝʨʚʦʡ ʚʝʪʚʠ ʭʘʨʘʢʪʝʨʝʥ ʢʦʨʦʪʢʠʡ ʪʠʧ ʦʧʝʨʦʥʘ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʨʛʘʥʠʟʤʳ ʚʪʦʨʦʡ ʚʝʪʚʠ, ʢʘʢ ʠ Firmicutes, ʩʦʜʝʨʞʘʪ ʜʣʠʥʥʳʡ ʪʠʧ 

ʦʧʝʨʦʥʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʚʝ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʦʡ 

ʪʦʧʦʣʦʛʠʠ. ɺʦ-ʧʝʨʚʳʭ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʴʢʦ ʜʣʷ ʵʪʠʭ ʦʨʛʘʥʠʟʤʦʚ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʤʧʘʨʪʤʝʥʪʘ ʜʣʷ ʬʝʨʤʝʥʪʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ï 

ʤʝʪʘʙʦʣʦʩʦʤʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʬʝʨʤʝʥʪʦʚ ʚ 
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ʫʩʣʦʚʠʷʭ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʤʝʪʘʙʦʣʦʩʦʤʦʡ ʤʦʛʣʘ ʧʨʦʭʦʜʠʪʴ 

ʢʦʥʚʝʨʛʝʥʪʥʦ ʚ ʜʚʫʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠ ʜʘʣʝʢʠʭ ʚʝʪʚʷʭ. ʅʦ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʱʝ ʦʜʥʦʛʦ ʩʦʙʳʪʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩ ʛʝʥʦʚ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ, ʧʨʦʠʩʭʦʜʠʣ ʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʛʝʥʦʚ ʦʪ 

Proteobacteria ʢ Firmicutes, ʠʣʠ ʥʘʦʙʦʨʦʪ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʚʦʧʨʦʩʘ ʤʳ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʚʝʨʦʷʪʥʦʝ 

ʩʪʨʦʝʥʠʝ ʦʧʝʨʦʥʘ eut ʫ ʧʨʝʜʢʘ Firmicutes, ʧʨʝʜʢʘ Proteobacteria ʠ ʧʨʝʜʢʘ 

Enterobacteriales (ʊʘʙʣʠʮʘ 5), ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʢʦʥʦʤʠʠ (maximal 

parsimony). ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜ r ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʢʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠʟʥʘʢʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʥʘʙʣʶʜʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʘ ʚ 

ʦʨʛʘʥʠʟʤʘʭ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʩʦʩʪʘʚ ʦʧʝʨʦʥʘ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ) ʠ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʦʨʛʘʥʠʟʤʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʜʘʣʝʝ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʠ ʚ ʢʘʞʜʦʤ ʫʟʣʝ ʜʝʨʝʚʘ ʤʠʥʠʤʠʟʠʨʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʝʣʠ ʢ ʥʘʙʣʶʜʘʝʤʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʨʠʟʥʘʢʘ. 

 

ʊʘʙʣʠʮʘ 5. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʘʚʘ eut-ʦʧʝʨʦʥʦʚ ʫ ʧʨʝʜʢʦʚ ʧʦʨʷʜʢʘ Enterobacteriales ʠ 

ʪʠʧʦʚ Firmicutes ʠ Proteobacteria. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ï ç0è ï ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʪʩʫʪʩʪʚʠʷ ʦʨʪʦʣʦʛʘ ʛʝʥʘ ʚ ʧʨʝʜʢʦʚʦʤ ʦʧʝʨʦʥʝ; ç1è ï ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ 

ʦʨʪʦʣʦʛʘ ʛʝʥʘ ʚ ʧʨʝʜʢʦʚʦʤ ʦʧʝʨʦʥʝ; ç0,1è ï ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʛʝʥʘ ʜʦʩʪʦʚʝʨʥʦ 

ʥʝ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ. 

ɻʝʥ 

ʇʨʝʜʦʢ 

Enterobacteriales Firmicutes Proteobacteria 

eat 0 0 1 

eutP 1 0,1 0 

eutQ 1 0,1 0 
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eutT 1 0,1 0 

eutD 1 0 0 

eutJ 1 0 0 

eutG 1 0,1 0 

eutH 1 0,1 0 

eutA 1 1 0 

eutB 1 1 1 

eutC 1 1 1 

eutR 0 0 0,1 

Two-component 

system 
0 1 0 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʩʪʘʚʦʚ ʧʨʝʜʢʦʚʳʭ ʦʧʝʨʦʥʦʚ ʤʦʞʥʦ ʚʳʜʚʠʥʫʪʴ 

ʩʣʝʜʫʶʱʫʶ ʛʠʧʦʪʝʟʫ ʦʙ ʵʚʦʣʶʮʠʠ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ. ʀʟ ʚʩʝʭ ʛʝʥʦʚ 

ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʪʦʣʴʢʦ eutBC ʙʳʣʠ ʫ ʧʨʝʜʢʦʚ ʚʩʝʭ ʪʨʝʭ ʠʩʩʣʝʜʫʤʳʭ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʢʦʚʳʡ ʦʧʝʨʦʥ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʩʦʩʪʦʷʣ ʪʦʣʴʢʦ ʠʟ ʛʝʥʦʚ eutBC. ʆʧʠʨʘʷʩʴ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʭʦʞʠʡ ʪʠʧ ʦʧʝʨʦʥʘ ʫ 

ʥʳʥʝ ʞʠʚʫʱʠʭ ʙʘʢʪʝʨʠʡ ʤʘʩʰʪʘʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʫ Proteobacteria, ʤʳ 

ʚʳʜʚʠʥʫʣʠ ʧʝʨʚʫʶ ʛʠʧʦʪʝʟʫ. ʆʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʛʝʥʳ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ 

eutBC ʙʳʣʠ ʫ ʦʙʱʝʛʦ ʧʨʝʜʢʘ ʚʩʝʭ Proteobacteria. ʇʦʟʜʥʝʝ ʢ ʥʠʤ ʜʦʙʘʚʠʣʩʷ 

ʪʨʘʥʩʧʦʨʪʝʨ eat. ɼʘʣʝʝ ʵʪʦʪ ʦʩʥʦʚʥʦʡ ʥʘʙʦʨ ʛʝʥʦʚ ʙʳʣ ʜʦʧʦʣʥʝʥ ʛʝʥʦʤ, 

ʢʦʜʠʨʫʶʱʠʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ EutR. ɺ ʪʘʢʦʤ ʚʠʜʝ ï eat-eutBC ʠ ʩʤʝʞʥʳʡ 

ʛʝʥ eutR ï ʩʦʩʪʘʚ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʩʦʭʨʘʥʠʣʩʷ ʫ ʥʳʥʝ ʞʠʚʫʱʠʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Proteobacteria. 

ɺ ʚʝʪʚʠ Enterobacteriales ʧʨʝʜʢʦʚʳʡ ʦʧʝʨʦʥ ʙʳʣ ʜʦʧʦʣʥʝʥ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʛʝʥʘʤʠ ʤʝʪʘʙʦʣʦʩʦʤʳ, ʛʝʥʦʤ ʩʠʥʪʝʟʘ ʘʜʝʥʦʟʠʣʢʦʙʘʣʘʤʠʥʘ eutT ʠ ʛʝʥʘʤʠ 

ʨʘʩʱʝʧʣʝʥʠʷ ʵʪʘʥʦʣʘʤʠʥʘ ʜʦ ʵʪʘʥʦʣʘ ʠ ʘʮʝʪʘʪʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ɸʊʌ (ʈʠʩʫʥʦʢ 1). 
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ʏʪʦ ʢʘʩʘʝʪʩʷ Firmicutes, ʪʦ ʠʭ eut-ʦʧʝʨʦʥʳ ʤʦʛʣʠ ʚʦʟʥʠʢʥʫʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʥʦʩʦʚ ʦʪ Enterobacteriales ʩ ʟʘʤʝʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ EutR ʥʘ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʫʶ ʨʝʛʫʣʷʪʦʨʥʫʶ ʩʠʩʪʝʤʫ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʛʝʥʳ 

lin1136 ʠ lin1137 ʚ Listeria innocua). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʥʦʩʦʚ ʦʪ Enterobacteriales ʢ ʜʨʫʛʠʤ 

Proteobacteria ʚ ʛʝʥʦʤʘʭ M. aquaeolei VT8, K. pneumoniae subsp. pneumoniae MGH 

78578, P. fluorescens Pf-5 ʚʦʟʥʠʢʣʦ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ eut-ʦʧʝʨʦʥʘ. 

ɺʪʦʨʘʷ ʛʠʧʦʪʝʟʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʫʪʴ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʙʳʣ ʝʱʝ 

ʨʘʥʴʰʝ ï ʫ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʦʙʱʝʛʦ ʧʨʝʜʢʘ Firmicutes ʠ Proteobacteria. ɼʘʣʴʥʝʡʘhʷ 

ʵʚʦʣʶʮʠʷ eut-ʦʧʝʨʦʥʦʚ ʚ ʵʪʠʭ ʚʝʪʚʷʭ ʧʨʠʚʝʣʘ ʢ ʥʝʟʘʚʠʩʠʤʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʨʦʪʢʦʛʦ ʠ ʜʣʠʥʥʦʛʦ ʪʠʧʦʚ. ʂʦʨʦʪʢʠʡ ʪʠʧ ʨʘʟʚʠʣʩʷ ʚ Proteobacteria, ʘ ʜʣʠʥʥʳʡ ï ʚ 

Firmicutes. ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʛʝʥʦʚ ʦʪ Firmicutes ʢ ʜʨʝʚʥʝʡ ʙʘʢʪʝʨʠʠ, ʧʨʝʜʢʫ 

ʧʦʨʷʜʢʘ Entrobacteriales, ʧʨʠʚʝʣ ʢ ʪʦʤʫ, ʯʪʦ ʫ ʙʦʣʴʰʠʥʩʪʚʘ Enterobacteriales ʚʦʟʥʠʢ 

ʜʣʠʥʥʳʡ eut-ʦʧʝʨʦʥ. ɻʝʥʦʤʳ Proteobacteria ʩ ʜʚʫʤʷ eut-ʦʧʝʨʦʥʘʤʠ (M. aquaeolei 

VT8, K. pneumoniae subsp. pneumoniae MGH 78578, P. fluorescens Pf-5) ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʥʦʩʦʚ ʣʠʙʦ ʦʪ Firmicutes, ʣʠʙʦ ʦʪ 

Enterobacteriales, ʧʨʠ ʢʦʪʦʨʳʭ ʩʦʙʩʪʚʝʥʥʳʡ ʦʧʝʨʦʥ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʝʱʝ ʥʝ 

ʫʩʧʝʣ ʜʝʛʨʘʜʠʨʦʚʘʪʴ. 

3.3 ʈʝʛʫʣʷʮʠʷ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ 

EutR ï ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʩʝʤʝʡʩʪʚʘ ArʘC. ʆʥ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʫ 

Enterobacteriales ʚ ʩʦʩʪʘʚʝ eut-ʦʧʝʨʦʥʘ ʠ ʫ Burkholderiales ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ eut-ʦʧʝʨʦʥʘ. ʋ Firmicutes ʠ F. nucleatum (Fusobacteria) ʚʥʫʪʨʠ eut-

ʦʧʝʨʦʥʘ ʥʘʭʦʜʷʪʩʷ ʛʝʥʳ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʫʪʠʣʠʟʘʮʠʶ ʵʪʘʥʦʣʘʤʠʥʘ ʚ ʵʪʠʭ ʦʨʛʘʥʠʟʤʘʭ. ɺ 

ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʙʘʢʪʝʨʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʥʠ ʦʨʪʦʣʦʛʦʚ EutR, ʥʠ ʦʨʪʦʣʦʛʦʚ ʛʝʥʦʚ 

ʙʝʣʢʦʚ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʵʪʠʭ ʦʨʛʘʥʠʟʤʘʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

ʝʱʝ ʥʝ ʦʧʠʩʘʥ (ʣʠʙʦ ʦʥ ʨʘʩʧʦʣʞʝʥ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʛʝʥʦʚ ʜʝʛʨʘʜʘʮʠʠ 
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ʵʪʘʥʦʣʘʤʠʥʘ, ʣʠʙʦ ʦʥʠ ʨʝʛʫʣʠʨʫʶʪʩʷ ʢʘʢʠʤ-ʣʠʙʦ ʠʟʚʝʩʪʥʳʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʛʝʥʳ ʜʨʫʛʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ). ɺʦʟʤʦʞʥʦ, ʭʦʪʷ 

ʤʝʥʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʫʪʠʣʠʟʘʮʠʷ ʵʪʘʥʦʣʘʤʠʥʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʝ ʥʘ ʫʨʦʚʥʝ 

ʪʨʘʥʩʢʨʠʧʮʠʠ. 

ʏʪʦʙʳ ʦʪʦʙʨʘʪʴ ʛʨʫʧʧʳ ʛʝʥʦʤʦʚ ʜʣʷ ʧʦʠʩʢʘ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʳ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ EutB. ɹʳʣʠ ʦʪʦʙʨʘʥʳ ʛʨʫʧʧʳ 

ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʛʝʥʦʤʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʪʦʣʦʛʠ EutR: ʧʝʨʚʘʷ ʛʨʫʧʧʘ ʩʦʜʝʨʞʘʣʘ 

ʙʘʢʪʝʨʠʠ ʧʦʨʷʜʢʘ Enterobacteriales (E.coli K12 MG1655, E.coli O157, C.koseri, 

K.pneumoniae, S.enterica, S.boydii, S.dysenteriae), ʚʪʦʨʘʷ ï Burkholderiales (B.cepacia, 

B.cenocepacia, B.mallei, B.pseudomallei, B.vietnamiensis, B.thailandensis, B.xenovorans, 

B.thailandensis, P.naphthalenivorans, A.avenae, M.petroleiphilum) (ʈʠʩʫʥʦʢ 12). 
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ɿʝʣʝʥʳʤ ʦʪʤʝʯʝʥʳ ʚʝʪʚʠ, ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥ ʦʨʪʦʣʦʛ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ EutR. ʆʙʦʟʥʘʯʝʥʠʷ ʛʝʥʦʤʦʚ ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 

KEGG [52]. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ: ʩʤ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʈʠʩʫʥʦʢ 12 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʜʣʷ ʙʝʣʢʘ EutB, ʧʦʩʪʨʦʝʥʥʦʝ ʤʝʪʦʜʦʤ 

ʦʙʲʝʜʠʥʝʥʠʷ ʩʦʩʝʜʥʠʭ ʧʘʨ. 

 

ʋ Enterobacteriales eut-ʦʧʝʨʦʥ ʩʦʜʝʨʞʠʪ 17 ʛʝʥʦʚ, ʧʝʨʚʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʛʝʥ eutS. ʄʝʪʦʜʦʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʫʪʧʨʠʥʪʠʥʛʘ ʚ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʘ 

eutS ʥʘʡʜʝʥʳ ʜʚʘ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʫʯʘʩʪʢʘ. ʆʜʠʥ ʠʟ ʥʠʭ ʧʨʠ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʦʙʥʘʨʫʞʠʣ ʩʭʦʜʩʪʚʦ ʩ ʫʯʘʩʪʢʦʤ ʩʚʷʟʳʚʘʥʠʷ CRP ï wwwTGTGAtyyrgwTCACTtWt 

(ʈʠʩʫʥʦʢ 13, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʈʠʩʫʥʦʢ 14 ʠ ʈʠʩʫʥʦʢ 15). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʡ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ Crp ʧʨʷʤʦ ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ 

ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʧʘʥʜʠʦʣʘ [37]. ʇʫʪʠ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʠ ʧʨʦʧʘʥʜʠʦʣʘ 

ʙʠʦʭʠʤʠʯʝʩʢʠ ʦʯʝʥʴ ʧʦʭʦʞʠ, ʙʦʣʝʝ ʪʦʛʦ ʵʪʘʥʦʣʘʤʠʥ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤ ʜʠʦʣʦʚ, 

ʚ ʢʦʪʦʨʦʤ ʚʪʦʨʘʷ OH-ʛʨʫʧʧʘ ʟʘʤʝʥʝʥʘ ʥʘ ʘʤʠʥʦʛʨʫʧʧʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʝʥʳ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʪʘʢʞʝ ʨʝʛʫʣʠʨʫʶʪʩʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ Crp. 

cko _eutS        tttcactttaattcattccggcgcggggttccccgcgcttttttatttcctcct -- TTCT    

sty _eutS        gcaccacgatatttatcgttaacaccttcgacagaagtcccttttattttcttt -- CTCT    

eco _eutS        tttatattcatgcgttgcatatgaaagtttatgcaccacag cgaatatctctcca - TTCT   

kpn _eutS        ggtgagtaaaaaacgctgagcctgcctttttaattccgccgcaatattattttctc TCCT   

sdy _eutS        tttatattcatgcgttgcatatgaaagtttatgcaccacagcgaatatctctcca - TTCT  

 

cko _eutS        TAGTGATCTACTTCACCTTTTAAAtctg CTTGCCGAATTTTGTTATTTACtctgacaaaa     

sty _eutS        TAGTGATCTACCTCACCTTTTACAtcac CTTGCCGAATTTTGTTATTTACtccgacaaaa    

eco _eutS        TAGTGATCTACCTCACCTTTTAAAcgcg CTTGCCGAATTTTGTTATTTACtctgacgaaa    

kpn _eutS        GAGTGATCCACTTCACCTTTTAACccca CTTGCCGAAATTTGTTATTTGCcgcgctgaaa    

sdy _eutS        TAGTGATCTACCTCACCTTTTAAAcgcg CTTGCCGAATTTTGTTATTTACtctgacgaaa     

 

 

 

ʈʠʩʫʥʦʢ 13 ï ʄʥʦʞʝʩʪʚʝʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʨʝʛʫʣʷʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ eut-ʦʧʝʨʦʥʘ 

ʛʝʥʦʤʦʚ ʙʘʢʪʝʨʠʡ ʧʦʨʷʜʢʘ Enterobacteriales. 

ʋʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ Crp 
 

ʋʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ EutR 
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ʆʙʦʟʥʘʯʝʥʠʷ ʛʝʥʦʤʦʚ ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ KEGG. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʫʩʣʦʚʥʳʭ 

ʦʙʦʟʥʘʯʝʥʠʡ: ʩʤ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

 

ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʫʢʘʟʘʥ ʥʦʤʝʨ ʧʦʟʠʮʠʠ ʥʫʢʣʝʦʪʠʜʘ, ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ï 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʟʠʮʠʠ ʚ ʙʠʪʘʭ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʢʘʞʜʦʡ ʙʫʢʚʳ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ ʥʫʢʣʝʦʪʠʜʘ ʚ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ. 

ʈʠʩʫʥʦʢ 14 ï ɼʠʘʛʨʘʤʤʘ logo ʜʣʷ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ Crp. 

 

ʋʩʣʦʚʥʳʝ ʦʙʟʥʘʯʝʥʠʷ ï ʩʤ. ʈʠʩʫʥʦʢ 14. 

ʈʠʩʫʥʦʢ 15 ï ɼʠʘʛʨʘʤʤʘ logo ʜʣʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ Crp ʚ 

ʨʝʛʫʣʷʪʦʨʥʦʡ ʦʙʣʘʩʪʠ eut-ʦʧʝʨʦʥʘ. 

 

ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʪʦʨʘʷ ʢʦʥʩʝʨʚʘʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʢʦʤ 

ʩʚʷʟʳʚʘʥʠʷ EutR (ʈʠʩʫʥʦʢ 13). ʂʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ EutR ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʥʘʣʠʯʠʝʤ ʥʘʡʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ ʚ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʦʧʝʨʦʥʘ eut (ʚ 

ʛʝʥʦʤʘʭ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʛʝʥʘ ʪʨʘʥʩʢʨʠʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ EutR, ʧʦʜʦʙʥʦʛʦ ʫʯʘʩʪʢʘ 

ʥʘʡʜʝʥʦ ʥʝ ʙʳʣʦ).  

ʋ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Burkholderiales ʦʧʝʨʦʥ ʩʦʜʝʨʞʠʪ ʛʝʥ ʪʨʘʥʩʧʦʨʪʝʨʘ 

ʵʪʘʥʦʣʘʤʠʥʘ eat ʠ ʛʝʥʳ ʵʪʘʥʦʣʘʤʠʥ ʣʠʘʟʳ eutBC. ɺ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʘ eat 



52 

 

 

 

ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʢʦʥʩʝʨʚʘʪʠʚʥʘʷ ʦʙʣʘʩʪʴ (ʈʠʩʫʥʦʢ 16). ʇʨʠ ʩʨʘʚʥʝʥʠʠ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ (ʈʠʩʫʥʦʢ 17) ʚʳʷʚʠʣʦʩʴ ʠʭ ʩʭʦʜʩʪʚʦ, ʯʪʦ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʰʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ ʠʤʝʥʥʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ EutR. 

mpe_eat  ttcaa ʉATTGCCGATTTCCGCTAACGCtccctctgcgct  

pna_eat  tgaaa CTTTGCCGAAATTCGATAACGCccaaaaaccagg  

rfe_eat  aaaaa CTTTGCCGAAATTCGATAACGCaaaaaagctgcc  

buc_eat  ctcat CTTTGCCGAATTTCGATAACACgtcctttaatga  

bur_eat  gcgat CTTTGCCGAATTTCGATAACACgtcgtttaatga  

bvi_eat  gccat CTTTGCCGAATTTCGATAACACgtcgttttatga  

bce_eat  gcgat CTTTGCCGAATTTCGATAACACgtcgtttaatga  

bup_eat  cggac GTTTGCCGATTTTCGATAACACgtcgattaatga  

Bum_eat  cggac GTTTGCCGATTTTCGATAACACgtcgattaatga  

bth_eat  cggac GTTTGCCGATTTTCGATAACACgtcgattaatga  

bxe_eat  ctgaa CTTTGCCGAATTTCGATAACACctcgaataatgg  

 

ʆʙʦʟʥʘʯʝʥʠʷ ʛʝʥʦʤʦʚ ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ KEGG [52]. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 

ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ: ʩʤ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʈʠʩʫʥʦʢ 16 ï ʄʥʦʞʝʩʪʚʝʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʨʝʛʫʣʷʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ eut-ʦʧʝʨʦʥʘ 

ʛʝʥʦʤʦʚ ʙʘʢʪʝʨʠʡ ʧʦʨʷʜʢʘ Burkholderiales. 
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ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ï ʩʤ. ʈʠʩʫʥʦʢ 14. 

ʈʠʩʫʥʦʢ 17 ï ʉʨʘʚʥʝʥʠʝ ʜʠʘʛʨʘʤʤ ʃʦʛʦ ʜʣʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ 

EutR ʚ ʨʝʛʫʣʷʪʦʨʥʳʭ ʦʙʣʘʩʪʷʭ eut- ʠ cob- ʦʧʝʨʦʥʦʚ: ɸ) ʋʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ EutR ʚ 

ʨʝʛʫʣʷʪʦʨʥʦʡ ʦʙʣʘʩʪʠ eut-ʦʧʝʨʦʥʘ ʫ Burkholderiales; ɹ) ʋʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ EutR ʚ 

ʨʝʛʫʣʷʪʦʨʥʦʡ ʦʙʣʘʩʪʠ eut-ʦʧʝʨʦʥʘ ʫ Enterobacteriales; ɺ) ʋʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ EutR ʚ 

ʨʝʛʫʣʷʪʦʨʥʦʡ ʦʙʣʘʩʪʠ cob-ʦʧʝʨʦʥʘ ʫ Enterobacteriales. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥr ʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ EutR 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʘʪʨʠʮʘ ʧʦʟʠʮʠʦʥʥʳʭ ʚʝʩʦʚ. ʕʪʫ ʤʘʪʨʠʮʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʠʩʢʘ 

ɸ 

ɹ 

ɺ 
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ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ EutR. ʇʦʠʩʢ ʦʭʚʘʪʳʚʘʣ ʦʙʣʘʩʪʴ -

400é+100 ʦʪ ʩʪʘʨʪʘ ʪʨʘʥʩʣʷʮʠʠ. 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʤʘʪʨʠʮʳ ʧʦʟʠʮʠʦʥʥʳʭ ʚʝʩʦʚ ʦʙʥʘʨʫʞʠʣʦ ʦʢʦʣʦ 60 

ʛʝʥʦʚ ʠʟ 7 ʨʝʛʫʣʦʥʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʧʫʪʷʤ (ʊʘʙʣʠʮʘ 6). 

ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ EutR ʢʦʥʩʝʨʚʘʪʠʚʝʥ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʛʝʥʦʤʘʭ 

Enterobacteriales ʚ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʘ stpA, ʢʦʜʠʨʫʶʱʝʛʦ ʨʝʧʨʝʩʩʦʨʥʳʡ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ [156]. ʉʚʷʟʴ ʵʪʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʩ 

ʫʪʠʣʠʟʘʮʠʝʡ ʵʪʘʥʦʣʘʤʠʥʘ ʥʝʷʩʥʘ, ʥʦ ʦʥ ʤʦʞʝʪ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ 

ʝʝ ʨʝʛʫʣʷʮʠʠ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʛʝʥʦʤʘʭ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ EutR ʦʙʥʘʨʫʞʝʥ 

ʧʝʨʝʜ ʛʝʥʘʤʠ ʩʠʥʪʝʟʘ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, ʤʝʪʘʙʦʣʠʟʤʘ ʢʩʠʣʦʟʳ ʠ ʤʝʤʙʨʘʥʥʦʛʦ ʙʝʣʢʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʧʨʦʜʫʢʪʦʚ ʵʪʠʭ ʛʝʥʦʚ ʩ ʩʠʩʪʝʤʦʡ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ 

ʪʘʢʞʝ ʥʝʠʟʚʝʩʪʥʘ.  

ʇʦʭʦʞʘʷ ʢʦʥʩʝʨʚʘʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʦʙʥʘʨʫʞʝʥʘ ʪʘʢʞʝ ʧʝʨʝʜ ʛʝʥʦʤ cbiA ï 

ʧʝʨʚʳʤ ʛʝʥʦʤ ʦʧʝʨʦʥʘ ʩʠʥʪʝʟʘ ʢʦʙʘʣʘʤʠʥʘ. ʂʦʙʘʣʘʤʠʥ ʷʚʣʷʝʪʩʷ ʢʦʬʘʢʪʦʨʦʤ 

ʦʩʥʦʚʥʦʛʦ ʬʝʨʤʝʥʪʘ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ [157], ʧʦʵʪʦʤʫ ʵʪʦʪ ʩʣʫʯʘʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ (ʊʘʙʣʠʮʘ 6). 

ʂʦʙʘʣʘʤʠʥ (ʚʠʪʘʤʠʥ B12) ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ 

ʠʟ ʢʦʨʨʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʠʦʥ ʢʦʙʘʣʴʪʘ. ʆʥ ʷʚʣʷʝʪʩʷ 

ʢʦʬʘʢʪʦʨʦʤ ʜʣʷ ʨʷʜʘ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʝʪ 

ʨʘʩʱʝʧʣʝʥʠʝ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʢʦʙʘʣʴʪ ʩʘʤʦʛʦ ʢʦʙʘʣʘʤʠʥʘ [157]. ɻʝʥʳ 

ʩʠʥʪʝʟʘ ʢʦʙʘʣʘʤʠʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʜʠʥʳʡ cob-ʦʧʝʨʦʥ ï 

cbiABCDETFGHJKLMNQOP-cobUST. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʨʷʜʝ ʛʝʥʦʤʦʚ cob-ʦʧʝʨʦʥ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʧʘʥʜʠʦʣʘ PocR [38]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʠʥʪʝʟ ʢʦʙʘʣʘʤʠʥʘ ʯʘʩʪʦ ʠʥʛʠʙʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ B12-

ʨʠʙʦʧʝʨʝʢʣʶʯʘʪʝʣʷ [158]. 
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ʊʘʙʣʠʮʘ 6. ʋʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ EutR ʧʝʨʝʜ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʯʣʝʥʘʤʠ ʨʝʛʫʣʦʥʘ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ç+è ï ʦʙʥʘʨʫʞʝʥ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʛʝʥʦʤ; ç*è ï ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ ʦʙʥʘʨʫʞʝʥ 

ʧʝʨʝʜ ʦʧʝʨʦʥʦʤ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʜʘʥʥʳʡ ʛʝʥ; çīè ï ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʯʘʩʪʦʢ 

ʩʚʷʟʳʚʘʥʠʷ ʧʝʨʝʜ ʦʧʝʨʦʥʦʤ ʥʝ ʥʘʡʜʝʥ; 

ç0è ï ʦʨʪʦʣʦʛʦʚ ʜʘʥʥʳʭ ʛʝʥʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʛʝʥʦʤʦʚ ʚʟʷʪʳ 

ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ KEGG [52]. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʦʙʦʟʥʘʯʝʥʠʡ ʛʝʥʦʤʦʚ ʩʤ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɻʝʥʳ ɻʝʥʦʤʳ ʌʫʥʢʮʠʷ 

 kpn  sty  cko  eco  sdy   

yabB + + ī + + ʅʝʠʟʚʝʩʪʥʳʡ ʙʝʣʦʢ 

mraZW-ftsLI-

murEF-mraY-

murD-ftsW-murGC-

ddlB-ftsQAZ-lpxC  

*  *  *  *  *  

ɼʝʣʝʥʠʝ 

ʢʣʝʪʢʠ/ʩʠʥʪʝʟ 

ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ 

cbiA + + + 0 0 

ʉʠʥʪʝʪʘʟʘ a,c-

ʜʠʘʤʠʜʘ 

ʢʦʙʠʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ 

cbiBCDETFGHJKL

MNQOP-cobUST 
*  *  *  0 0 ʉʠʥʪʝʟ ʢʦʙʘʣʘʤʠʥʘ 

yciW ī + + + + ʅʝʠʟʚʝʩʪʥʳʡ ʙʝʣʦʢ 

yhhM ī + + + + 
ɹʝʣʦʢ ʚʥʫʪʨʝʥʥʝʡ 

ʤʝʤʙʨʘʥʳ 

xylF + 0 + + ī 

ʉʚʷʟʳʚʘʶʱʠʡ 

ʢʦʤʧʦʥʝʥʪ 

ʧʝʨʠʧʣʘʟʤʳ 
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xulGHR *  0 *  *  *  
ABC ʪʨʘʥʩʧʦʨʪʝʨ 

ʢʩʠʣʦʟʳ 

eutS + + + + + ɹʝʣʦʢ ʢʘʨʙʦʢʩʠʩʦʤʳ 

eutPQTDMNEJGH

ABCKLR 
*  *  *  *  *  

ʋʪʠʣʠʟʘʮʠʷ 

ʵʪʘʥʦʣʘʤʠʥʘ  

stpA + + + + + 
ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʡ 

ʙʝʣʦʢ 

 

ʆʙʥʘʨʫʞʝʥʥʳʡ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ EutR ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʦʜʥʠʤ ʠʟ ʫʯʘʩʪʢʦʚ 

ʩʚʷʟʳʚʘʥʠʷ PocR. ɺʠʜʠʤʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʧʘʥʜʠʦʣʘ, 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ EutR ʪʘʢʞʝ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʫʪʠʣʠʟʘʮʠʶ ʵʪʘʥʦʣʘʤʠʥʘ ʠ ʩʠʥʪʝʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʵʪʦʛʦ ʢʦʬʘʢʪʦʨʘ ï ʢʦʙʘʣʘʤʠʥʘ 

(ʈʠʩʫʥʦʢ 18). 

cko  TGATAATTCGTCCGCCGAGTCCGCATAAATAGCAATATTTTGCTATTGCCGATTTTTGAT 

sty  ------------------------- TGAATAGCAATATTTTGCTATTGCCGATTTTTGAT 

kpn  -- CCGGATCACAAACTGAGTCTTTTTAAATGACAATATTTTGCTATTGCCGATTTTTGAT 

 

 

 

cko  ATCGTATTGTATGTCAGTCATTATAAAATGAAAAAAACTATAGCAGAGCAATAAATTGTC 

sty  AGTCTTTTGTATCTTAATCATTTCAGAAAGAAAATTTATCTGGTGTAACAATAAATTGTC 

kpn  ATCCCCGAGTATCTTCATCAATATAAAATGAAAAAAACGACAGTAGAGCAATAAATTGTC 

 

 

 

cko  ATAGCGCAACAAAATAATGTTATCTGAAGGATAAACTGAGCCAGTTTTTATTTTTGTGAT 

sty  ATAGCGCAACAAAATAATAAAATTTAGGGCATAAACTGCACCAGTTTTTATTTTTGTGAT 

kpn  ATAGCGCAACAAAATAGTGATATTCGAGGGGTAAACTACACCAGTTTTTATTTTTGTGAT 

 

 

 

cko  GAGATACAGTGTCATTATGAATAGGTTTCATTATTCTTTTGCGCAGTGTTTCAT-- TCAA 

sty  GAAGTACAGTGTCAGGAAAGATAAGTTTTATTACGCTTTGTCGATACGTTTTATCGTCAA 

kpn  GAGATAGAGTGTCCG------------ TTAATA-- ------ CGAGACAGCTGATTATCAC 

 

 

 

cko  AACA------ GGCGTCATTACACCATTG------------- CGTTGGCATAATGGCGC--  

ʋʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ PocR ʋʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ EutR 

ʋʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ PocR 

 

ʋʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ PocR (ʧʨʦʜʦʣʞʝʥʠʝ) 
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sty  TATACCGGTAAGGATGAGTAGATTAACGTCAGATGAGCAACCGCTCAGGCTATTGCTCAC 

kpn  AACACC----- GCTTTCCTTCACTGACGT------------ CATTGTGACGAGTGATGA-  

 

 

cko  ------ GTAACAGGTAATTAAAATTTAATTGTCGTTATGAGCGAGAAAGTGATGCTCATA 

sty  AGAAATGTAAAACGTAGCACATTATTAATTGTCGTTATGGGTGTGCCGT-- ACAGCCATA 

kpn  -- AACGGTAAAAGAAAACATAAAGT- AATACCCGTCG----- ATGCAGGGCGCATCGGCG 

 

 

 

cko  ACATCAGCCGACAGGTTTGGCACA--- TTTGTGTCAGGGAAGGGGGTGAGAATCCCCCGC 

sty  ACGTAAACCAACAGGTTTGCCACA--- TTTGTGGTAGGGAAGGGGGTGAAAATCCCCCGC 

kpn  AAACAAACCGACAGGTTCGACACCAGTTTGGTGTCAGGGAAGGGGGTGTAAATCCCCCGC 

 

 

 

cko  AGCCCCCGCTGCTGTGATGCTGACGACCCCGTAA- GACCACTGATCGCAAGATTGGGAAG 

sty  AGCCCCCGCTGCTGTGATGCTGACGACCCCGTAAAGACCACTGATCGCAAGATTGGGAAG 

kpn  AGCCCCCGCTGCTGTGATGCTGACGACCCCGCAAAAACCACTGATCGAAAGATTGGGAAG 

 

 

 

cko  GACGGGCGAGGAGGACGCTAAGCCAGAAGACCTGCCTGTCGGTAT- TTACCAACAACTTC 

sty  GACGGGCGAGGAGGACGCTAAGCCAGAAGACCTGCCTGTCGGTGA- TAACCAACAACTTC 

kpn  GGCGGGCGAGAACGAGGCTAAGCCAGAAGACCTGCCTGCCGGTAACTGACCAACAACTTC 

 
 

 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʛʝʥʦʤʦʚ: ʩʤ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʈʠʩʫʥʦʢ 18 ï ʄʥʦʞʝʩʪʚʝʥʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʨʝʛʫʣʷʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ cob-ʦʧʝʨʦʥʘ 

ʛʝʥʦʤʦʚ ʙʘʢʪʝʨʠʡ ʧʦʨʷʜʢʘ Enterobacteriales. 

 

ɺ12-ʨʠʙʦʧʝʨʝʢʣʶʯʘʪʝʣʴ 

 

ɺ12-ʨʠʙʦʧʝʨʝʢʣʶʯʘʪʝʣʴ (ʧʨʦʜʦʣʞʝʥʠʝ) 

 

ɺ12-ʨʠʙʦʧʝʨʝʢʣʶʯʘʪʝʣʴ (ʧʨʦʜʦʣʞʝʥʠʝ) 
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ɻʣʘʚʘ 4 - ʕʚʦʣʶʮʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʣʦʢʦʚ ʥʘ ʧʨʠʤʝʨʝ ʙʣʦʢʘ ʪʨʝʫʛʦʣʴʥʠʢ 

4.1 ʆʧʨʝʜʝʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʪʠʧ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʵʚʦʣʶʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ ʚ ʮʝʣʦʤ. 

ʄʳ ʦʙʲʝʜʠʥʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʩʯʠʪʘʣʩʷ ʛʣʦʙʘʣʴʥʳʤ, ʝʩʣʠ 

ʦʥ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʙʦʣʝʝ 20 ʦʧʝʨʦʥʦʚ, ʠ, ʚʦ-ʚʪʦʨʳʭ, ʵʪʠ 

ʦʧʝʨʦʥʳ ʧʨʠʥʘʜʣʝʞʘʪ ʨʘʟʥʳʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʧʫʪ̫ʤ. ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʷʭ ʚʟ̫ ʪʘ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ KEGG [52], ʜʘʥʥʳʝ ʦʙ ʦʧʝʨʦʥʘʭ ï ʠʟ 

ʙʘʟr ʜʘʥʥʳʭ RegulonDB [1]  (ʊʘʙʣʠʮʘ 7). ʂ ʩʧʠʩʢʫ ʩʝʤʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʛʣʦʙʘʣʴʥʳʭ 

ʬʘʢʪʦʨʦʚ (CRP, IHF, FNR, Fis, ArcA, Lrp, H-NS, ʊʘʙʣʠʮʘ 1) ʙʳʣ ʜʦʙʘʚʣʝʥ FUR. FUR 

ʨʝʛʫʣʠʨʫʝʪ ʙʦʣʝʝ 40 ʦʧʝʨʦʥʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ: ʦʪʚʝʪ ʥʘ ʩʪʨʝʩʩ, 

ʛʣʠʢʦʣʠʟ, ʛʣʶʢʦʥʝʦʛʝʥʝʟ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʦʥʘʤ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ, ʮʠʢʣ ʂʨʝʙʩʘ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʨʠʥʦʚ, ʜʳʭʘʥʠʝ, ʤʝʪʘʙʦʣʠʟʤ ʧʫʨʠʥʦʚ, ʭʝʤʦʪʘʢʩʠʩ, ʙʠʦʩʠʥʪʝʟ 

ʤʝʪʠʦʥʠʥʘ, ʙʠʦʩʠʥʪʝʟ 2,3-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪʘ [159, 160]. 

 

ʊʘʙʣʠʮʘ 7. ʂʦʣʠʯʝʩʪʚʦ ʦʧʝʨʦʥʦʚ, ʨʝʛʫʣʠʨʫʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ 

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʂʦʣʠʯʝʩʪʚʦ 

ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʦʧʝʨʦʥʦʚ 

CRP 200 

FNR 109 

Fis 98 

IHF 80 

ArcA 63 
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H-NS 59 

Fur 44 

Lrp 38 

NsrR 36 

LexA 35 

CpxR 33 

NarL 31 

FruR 24 

SoxS 22 

PhoP 21 

MarA, FlhDC 20 

PurR 19 

GadE 17 

PhoB, GadX, ArgR 16 

OxyR, NtrC 15 

OmpR 13 

Rob 12 

NarP, RcsAB 11 

Nac, MetJ 10 

CysB, GadW, FadR, CytR, TyrR, EvgA 9 

NagC, NagC, RutR, 8 

PdhR, DnaA, IscR 7 

MetR, ExuR, AraC, FhlA, FhlA, GntR 6 

TrpR, TorR, LeuO, GalS, GalR, HU, CsgD, 

MalT 

5 

ArgP, UxuR, BaeR, AsnC, AscG, CdaR, RstA, 4 
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GlpR, Zur 

Ada, GcvA, SgrR, MprA, RhaS, NanR, DsdC, 

PspF, DeoR, LrhA, NhaR, IdnR, NrdR, AgaR, 

NadR, SoxR, AcrR, CueR, DcuR, CynR, AllR, 

SdiA 

3 

EnvY, GlcC, HcaR, BetI, IlvY, CadC, BirA, 

BolA, PaaX, AlsR, PutA, PrpR, FabR, Cbl, 

NorR, DhaR, CspA, PepA, MngR, AppY, UidR, 

MalI, CusR, RcnR, FucR, StpA, UlaR, YdeO, 

IclR, QseB, ZraR, LysR, LsrR, CaiF, MelR, 

XylR 

2 

AlaS, GatR, MqsR-YgiT, KdpE, KdgR, ZntR, 

RbsR, MarR, GlrR, AlpA, RtcR, MhpR, HdfR, 

ArsR, AdiY, LacI, HyfR, GutR, TdcR, UhpA, 

BglJ, FeaR, EnvR, AtoC, MurR, CreB, DicA, 

EbgR, TdcA, CsiR, YeiL, TreR, NikR, RhaR, 

ChbR, RelEB, AllS, SlyA, MtlR, NemR, LldR, 

XapR, MntR, YoeB-YefM, YiaJ, GutM, HipB 

1 

ʈʷʜ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʛʣʦʙʘʣʴʥʳʝ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʧʝʨʦʥʦʚ. ʕʪʦ NsrR, 

LexA, CpxR, NarL. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʨʝʛʫʣʠʨʫʝʪ ʦʜʠʥ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ: NsrR ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ 

ʟʘʱʠʪʝ ʢʣʝʪʢʠ ʦʪ ʦʢʩʠʜʘ ʘʟʦʪʘ [161, 162], LexA ʩʚʷʟʘʥ ʩ SOS-ʨʝʧʘʨʘʮʠʝʡ [163], CpxR 

ï ʩ ʢʦʥʲʶʛʘʮʠʝʡ [164], ʘ NarL ʨʝʛʫʣʠʨʫʝʪ ʛʝʥʳ ʘʥʘʵʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ ʠ ʟʘʱʠʪʳ 

ʢʣʝʪʢʠ ʦʪ ʥʠʪʨʠʪʦʚ ʠ ʥʠʪʨʘʪʦʚ [165]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʧʦʜʭʦʜʷʪ ʪʦʣʴʢʦ ʧʦʜ ʦʜʠʥ 

ʠʟ ʜʚʫʭ ʢʨʠʪʝʨʠʝʚ ʛʣʦʙʘʣʴʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʧʨʠʥʷʪʳʭ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, 

ʠ ʜʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʣʦʢʘʣʴʥʳʝ. 
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4.2 ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ 

ʈʝʛʫʣʷʪʦʨʥʳʝ ʙʣʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ ʚʩʝʭ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʷʭ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ) ʠʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʪʦʣʴʢʦ ʚ 

ʥʝʢʦʪʦʨʳʭ. ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʝʛʦʨʠʡ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ COG [154] ʛʝʥʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʪʨʝʫʛʦʣʴʥʠʢʘʭ ʧʝʨʝʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʥʝʨʛʠʠ (p-ʟʥʘʯʝʥʠʝ 0), ʪʨʘʥʩʧʦʨʪʝ ʠ 

ʤʝʪʘʙʦʣʠʟʤʝ ʩʘʭʘʨʦʚ (p-ʟʥʘʯʝʥʠʝ 7,3x10
-7
). ɼʣʷ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʪʝʩʪ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʦʙʨʘʟʦʚʘʥʦ ʛʣʦʙʘʣʴʥʳʤʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʜʳʭʘʥʠʷ Fnr ʠ ArcA ʠʣʠ ʢʘʪʘʙʦʣʠʟʤʘ ʩʘʭʘʨʦʚ CRP [47]. 

4.3 ʕʚʦʣʶʮʠʷ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʣʦʢʘ ʪʠʧʘ ʪʨʝʫʛʦʣʴʥʠʢ ʚ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʤʘʭ ʥʘ ʧʨʠʤʝʨʝ ʰʪʘʤʤʦʚ Escherichia coli 

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʠʩʯʝʟʥʫʪʴ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ ï 

ʤʦʞʝʪ ʠʩʯʝʟʥʫʪʴ ʪʨʘʥʢʨʠʧʮʠʦʥʥʡ ʬʘʢʪʦʨ, ʨʝʛʫʣʠʨʫʝʤʳʡ ʛʝʥ  ʠʣʠ ʫʯʘʩʪʦʢ 

ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ 

ʠʣʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʛʝʥʘ, ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ ʥʝ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʧʦ ʧʨʠʥʮʠʧʫ çʚʩʝ 

ʠʣʠ ʥʠʯʝʛʦè, ʤʫʪʘʮʠʠ ʚ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʝʛʦ ʧʦʣʥʦʤʫ 

ʠʩʯʝʟʥʦʚʝʥʠʶ, ʪʘʢ ʠ ʢ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʠʣʝ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ. ɸʥʘʣʠʟ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʫʨʦʚʥʝ 

ʰʪʘʤʤʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

ʪʨʘʩʥʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʵʚʦʣʶʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ, ʪʘʢ ʢʘʢ ʥʘ ʵʪʦʤ 

ʫʨʦʚʥʝ ʨʦʜʩʪʚʘ ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʘʥʩʢʨʠʮʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʛʝʥʦʚ 

ʩʦʭʨʘʥʷʝʪʩʷ. 

ʕʚʦʣʶʮʠʷ ʤʦʪʠʚʘ ʪʨʝʫʛʦʣʴʥʠʢ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʤʘʭ 

ʥʘ ʧʨʠʤʝʨʝ 25 ʰʪʘʤʤʦʚ E. coli (ʊʘʙʣʠʮʘ 8). ɼʣʷ ʘʥʘʣʠʟʘ ʤʳ ʦʪʦʙʨʘʣʠ ʪʘʢʠʝ 

ʤʝʞʛʝʥʥʳʝ ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ 10 ʰʪʘʤʤʘʭ. ʄʳ 

ʩʯʠʪʘʣʠ, ʯʪʦ ʤʝʞʛʝʥʥʳʡ ʫʯʘʩʪʦʢ ʩʦʭʨʘʥʷʝʪʩʷ, ʝʩʣʠ, ʚʦ-ʧʝʨʚʳʭ, ʩʦʭʨʘʥʷʶʪʩʷ ʦʙʘ 
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ʛʝʥʘ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʥ ʨʘʩʧʦʣʦʞʝʥ, ʚʦ-ʚʪʦʨʳʭ, ʦʨʠʝʥʪʘʮʠʷ ʵʪʠʭ ʛʝʥʦʚ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ ʤʳ ʧʦʣʘʛʘʣʠ, ʯʪʦ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ ʠʩʯʝʟʘʝʪ, ʝʩʣʠ ʚ 

ʥʝʤ ʚʦʟʥʠʢʘʝʪ ʭʦʪʷ ʙʳ ʦʜʥʘ ʟʘʤʝʥʘ. ɼʣʷ ʦʯʝʥʴ ʙʣʠʟʢʠʭ ʦʨʛʘʥʠʟʤʦʚ ʩʦ ʩʪʝʧʝʥʴʶ 

ʩʭʦʞʝʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʦʣʝʝ 95% (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʰʪʘʤʤʳ E. coli), ʩʦʙʳʪʠʝ 

ʟʘʤʝʥʳ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʨʝʜʢʦ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʞʝʩʪʢʠʝ 

ʢʨʠʪʝʨʠʠ, ʯʪʦʙʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʠʢʩʠʨʦʚʘʪʴ ʨʝʜʢʠʝ ʩʦʙʳʪʠʷ ʠʟʤʝʥʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 8. ʉʧʠʩʦʢ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʦʤʦʚ ʰʪʘʤʤʦʚ E. coli 

ʅʘʟʚʘʥʠʝ ʦʨʛʘʥʠʟʤʘ ʉʦʢʨʘʱʝʥʠʝ 

Escherichia coli K12 MG1655 eco 

Escherichia coli 536 ecp 

Escherichia coli 55989 eck 

Escherichia coli APEC O1 ecv 

Escherichia coli ATCC 8739 ecl 

Escherichia coli B str. REL606 ebr 

Escherichia coli BL21(DE3) ebd 

Escherichia coli BW2952 ebw 

Escherichia coli CFT073 ecc 

Escherichia coli E24377A ecw 

Escherichia coli ED1a ecq 

Escherichia coli HS ecx 

Escherichia coli IAI1  ecr 

Escherichia coli IAI39 ect 
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Escherichia coli O127:H6 str. E2348/69 ecg 

Escherichia coli O157:H7 EDL933 ece 

Escherichia coli O157:H7 str. EC4115 ecf 

Escherichia coli O157:H7 str. Sakai ecs 

Escherichia coli O157:H7 str. TW14359 etw 

Escherichia coli S88 ecz 

Escherichia coli SE11 ecy 

Escherichia coli SMS-3-5 ecm 

Escherichia coli UMN026 eum 

Escherichia coli UTI89 eci 

Escherichia coli str. K-12 substr. DH10B ecd 

 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 

RegulonDB [1]. ɺ 25 ʰʪʘʤʤʘʭ E. coli ʦʙʥʘʨʫʞʝʥʦ 335 ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʠ 367 ʧʨʦʯʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʢʦʪʦʨʳʝ ʤʳ ʥʘʟʚʘʣʠ ʧʘʨʥʳʤʠ. ɺ 335 ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʫ 194 ʚ 

ʚʝʨʰʠʥʝ ʥʘʭʦʜʠʪʩʷ ʛʣʦʙʘʣʴʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, ʘ ʫ 161 ï ʣʦʢʘʣʴʥʳʡ. ɺ 

ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʚʝʨʰʠʥʘʭ 105 ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘʭʦʜʠʪʩʷ ʛʣʦʙʘʣʴʥʳʡ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, ʘ ʚ ʚʝʨʰʠʥʘʭ 262 ï ʣʦʢʘʣʴʥʳʡ (ʊʘʙʣʠʮʘ 9). 

ɸʥʘʣʠʟ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ 199 ʛʣʦʙʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʦʭʨʘʥʠʣʦʩʴ 165: 63 ʧʘʨʥʳʭ ʠ 102 ʠʟ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ʀʟ 421 ʣʦʢʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʭʨʘʥʠʣʦʩʴ 261 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ: 

152 ʧʘʨʥʳʭ ʠ 109 ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʣʦʢʘʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʣʝʝ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʚ ʪʨʝʫʛʦʣʴʥʠʢʘʭ, ʯʝʤ ʚ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ (ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ 0.047 ʩʦʛʣʘʩʥʦ ʪʝʩʪʫ ɢ
2
) (ʊʘʙʣʠʮʘ 9). 
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ʊʘʙʣʠʮʘ 9. ʂʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 25 

ʰʪʘʤʤʘʭ E.coli. 

 ʊʨʝʫʛʦʣʴʥʠʢʠ 

(ʚʩʝʛʦ) 

ʊʨʝʫʛʦʣʴʥʠʢʠ 

(ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ) 

ʇʘʨʥʳʝ 

(ʚʩʝʛʦ) 

ʇʘʨʥʳʝ 

(ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ) 

ɻʣʦʙʘʣʴʥʳʝ 194 102 105 63 

ʃʦʢʘʣʴʥʳʝ 161 109 262 152 

ɺʩʝʛʦ 335 211 367 215 

 

ɸʥʘʣʠʟ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʚʳʙʦʨʢʝ ʠʟ 25 ʰʪʘʤʤʘʭ E. coli. ʊʘʢ ʢʘʢ ʠʭ ʯʠʩʣʦ 

ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʥʘʩʢʦʣʴʢʦ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʧʦʣʫʯʝʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʝʩʣʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʦʨʛʘʥʠʟʤʦʚ. ʄʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ, 

ʢʘʢ ʤʝʥʷʝʪʩʷ ʜʦʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʠʩʣʘ ʰʪʘʤʤʦʚ ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʥʘʯʠʥʘʷ ʩ 15 Ñ 2 

ʰʪʘʤʤʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʈʠʩʫʥʢʠ 19-22). Global isolated links
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ʇʦ ʦʩʠ x ï ʢʦʣʠʯʝʩʪʚʦ ʰʪʘʤʤʦʚ, ʧʦ ʦʩʠ y ï ʜʦʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ 

ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʚ %). 

ʈʠʩʫʥʦʢ 19 ï ʀʟʤʝʥʝʥʠʝ ʜʦʣʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʛʣʦʙʘʣʴʥʳʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʰʪʘʤʤʦʚ 

(ʜʣʷ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ). Global FFLs
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ʆʩʠ ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 19. 

ʈʠʩʫʥʦʢ 20 ï ʀʟʤʝʥʝʥʠʝ ʜʦʣʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʛʣʦʙʘʣʴʥʳʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʰʪʘʤʤʦʚ 

(ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ). 
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Local isolated links
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ʆʩʠ ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 19. 

ʈʠʩʫʥʦʢ 21 ï ʀʟʤʝʥʝʥʠʝ ʜʦʣʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʰʪʘʤʤʦʚ 

(ʜʣʷ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ). Local FFLs
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ʆʩʠ ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 19. 
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ʈʠʩʫʥʦʢ 22 ï ʀʟʤʝʥʝʥʠʝ ʜʦʣʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʰʪʘʤʤʦʚ 

(ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʥʝ ʜʦʣʞʥʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʚʣʠʷʪʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ. 

4.4 ʕʚʦʣʶʮʠʷ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʣʦʢʘ ʪʠʧʘ ʪʨʝʫʛʦʣʴʥʠʢ ʚ Enterobacteriales 

ɺ Enterobacteriales ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʯʘʩʪʦʪʫ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʠʟʤʝʥʝʥʠʷ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 

¶ ʩʦʭʨʘʥʝʥʠʝ ʚʩʝʭ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ ï ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʛʝʥʘ ʠ ʫʯʘʩʪʢʘ 

ʩʚʷʟʳʚʘʥʠʷ (ʦʙʦʟʥʘʯʝʥʦ ʚ ʪʘʙʣʠʮʝ ʢʘʢ çʂʦʥʩʝʨʚʘʪʠʚʥʘʷ ʨʝʛʫʣʷʮʠʷè) 

¶ ʠʩʯʝʟʥʦʚʝʥʠʝ ʪʨʘʥʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ (çʅʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘè) 

¶ ʠʩʯʝʟʥʦʚʝʥʠʝ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʛʝʥʘ (çʅʝʪ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʛʝʥʘè) 

¶ ʠʩʯʝʟʥʦʚʝʥʠʝ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ: ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʣʠ ʚʩʝʭ ʚ ʩʣʫʯʘʝ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʷʮʠʠ (çʅʝʪ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷè); ʠʩʯʝʟʥʦʚʝʥʠʝ ʫʯʘʩʪʢʘ 

ʩʚʷʟʳʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʘʢ ʩʠʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʚʝʩʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ ʧʦʟʠʮʠʦʥʥʳʭ ʚʝʩʦʚ. 

ʀʥʬʦʨʤʘʮʠʷ ʧʦ ʨʝʛʫʣʷʪʦʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, ʢʘʢ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʰʪʘʤʤʦʚ 

E. coli, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ RegulonDB [1]. ɺ ʙʘʟʝ ʜʘʥʥʳʭ RegulonDB 

ʜʣʷ 175 ʪʨʘʥʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠʟʚʝʩʪʝʥ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʠʥ ʨʝʛʫʣʠʨʫʝʤʳʡ 

ʛʝʥ. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʤʫʪʘʮʠʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

ʧʨʠʚʦʜʪ̫ ʢ ʠʟʤʝʥʝʥʠʶ ʩʠʣʳ ʩʚʷʟʳʚʘʥʠʷ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʘ ʥʝ ʢ ʝʛʦ 

ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ. ʉʠʣʘ ʩʚʷʟʳʚʘʥʠʷ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʨʥʦ ʦʮʝʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʤʘʪʨʠʮʳ ʧʦʟʠʮʠʦʥʥʳʭ ʚʝʩʦʚ ï ʯʝʤ ʚʳʰʝ ʚʝʩ 

ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ, ʪʝʤ ʚʳʰʝ ʤʦʞʝʪ ʙʳʪʴ ʝʛʦ ʩʠʣʘ ʩʚʷʟʳʚʘʥʠʷ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ 

ʬʘʢʪʦʨʦʤ. ʏʪʦʙʳ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʣʝ ʩʚʷʟʳʚʘʥʠʷ (ʪ.ʝ. ʚʝʩʘ) 
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ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ, ʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʪʦʣʴʢʦ ʪʘʢʠʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʤʘʪʨʠʮʘ ʧʦʟʠʮʠʦʥʥʳʭ ʚʝʩʦʚ ʝʩʪʴ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ RegPrecise [153] ʠʣʠ ʝʝ 

ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʠʟ RegulonDB 

[1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 96 ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ 

(ʊʘʙʣʠʮʘ 10). 

ʋʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʠʩʢʘʣʠ ʧʝʨʝʜ ʦʨʪʦʣʦʛʘʤʠ ʠʟʚʝʩʪʥʳʭ ʨʝʛʫʣʠʨʫʝʤʳʭ ʛʝʥʦʚ 

E. coli. ɺʝʩʘ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʧʦʟʠʮʠʦʥʥʦʡ ʤʘʪʨʠʮʝ ʚʝʩʦʚ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3,02 (ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ CRP ʧʝʨʝʜ ʦʧʝʨʦʥʦʤ glpFKX) ʜʦ 9,73 (ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ ʣʦʢʘʣʴʥʦʛʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ CaiF ʧʝʨʝʜ ʦʧʝʨʦʥʦʤ caiTABCDE), ʩ ʤʝʜʠʘʥʦʡ ʦʢʦʣʦ 

4,6. ɺʝʩ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ ʧʝʨʝʜ ʦʜʥʠʤ ʛʝʥʦʤ (ʦʧʝʨʦʥʦʤ) ʚʥʫʪʨʠ ʧʦʨʷʜʢʘ 

Enterobacteriales ʚ ʩʨʝʜʥʝʤ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 0,9. ʋʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ ʩʯʠʪʘʣʩʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʚ ʜʘʥʥʦʤ ʦʨʛʘʥʠʟʤʝ, ʝʩʣʠ ʝʛʦ ʚʝʩ ʫʤʝʥʴʰʠʣʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ ʜʚʝ 

ʝʜʠʥʠʮʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʩʦʤ ʘʥʘʣʦʛʠʯʥʦʛʦ ʫʯʘʩʪʢʘ ʚ Escherichia coli K12. 

 

ʊʘʙʣʠʮʘ 10. ʉʧʠʩʦʢ ʠʟʫʯʝʥʥʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ 

ʊʘʢʩʦʥ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʩʦʟʜʘʥʘ ʤʘʪʨʠʮʘ 

ʀʩʪʦʯʥʠʢ ʤʘʪʨʠʮʳ 

ʧʦʟʠʮʠʦʥʥʳʭ ʚʝʩʦʚ 

AcrR Enterobacteriales RegPrecise 

Ada Enterobacteriales RegPrecise 

AgaR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

AllR Enterobacteriales RegPrecise 

AllS Enterobacteriales RegPrecise 

ArcA Enterobacteriales RegPrecise 

ArgR Enterobacteriales RegPrecise 

AscG Enterobacteriales RegPrecise 

AsnC Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 
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BetI Shewanella spp RegPrecise 

BirA Proteobacteria RegPrecise 

CaiF Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ChbR Enterobacteriales ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

CpxR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

CreB Enterobacteriales ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

CRP Enterobacteriales RegPrecise 

CsgD Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

CueR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

CusR Enterobacteriales ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

DcuR Enterobacteriales RegPrecise 

DeoR Enterobacteriales RegPrecise 

DgsA Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

DnaA Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

EbgR Enterobacteriales RegPrecise 

EvgA Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ExuR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

FabR Enterobacteriales ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

FadR Enterobacteriales RegPrecise 

FNR Enterobacteriales RegPrecise 

FruR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

FUR Enterobacteriales RegPrecise 

GadE Enterobacteriales RegPrecise 

GalR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

GalS Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

GlpR Enterobacteriales RegPrecise 
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GlrR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

GntR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

HipB Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

IclR Enterobacteriales RegPrecise 

IdnR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

IlvY  Gammaproteobacteria RegPrecise 

IscR Gammaproteobacteria RegPrecise 

KdgR Enterobacteriales RegPrecise 

KdpE Enterobacteriales ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

LacI Enterobacteriales RegPrecise 

LexA Enterobacteriales RegPrecise 

LldR Escherichia coli RegPrecise 

MalI Enterobacteriales RegPrecise 

MalT Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

MarA Enterobacteriales RegPrecise 

MarR Enterobacteriales RegPrecise 

MelR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

MetR Enterobacteriales RegPrecise 

MntR Enterobacteriales RegPrecise 

ModE Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

MurR Enterobacteriales ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

NadR Enterobacteriales RegPrecise 

NagC Gammaproteobacteria RegPrecise 

NanR Gammaproteobacteria RegPrecise 

NarP Enterobacteriales RegPrecise 

NemR Enterobacteriales ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 
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NhaR Gammaproteobacteria RegPrecise 

NikR Enterobacteriales RegPrecise 

NorR Gammaproteobacteria RegPrecise 

NrdR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

NsrR Enterobacteriales RegPrecise 

NtrC Gammaproteobacteria RegPrecise 

OmpR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

PdhR Enterobacteriales RegPrecise 

PhoB Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

PhoP Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

PrpR Enterobacteriales ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

PspF Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

PurR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

PutA Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

RbsR Enterobacteriales RegPrecise 

RcnR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

RcsAB Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

RhaR Enterobacteriales ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

RhaS Enterobacteriales RegPrecise 

RstA Enterobacteriales ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

RutR Gammaproteobacteria RegPrecise 

SlyA Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

SoxR Shewanella spp RegPrecise 

TdcA Enterobacteriales ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

TreR Enterobacteriales RegPrecise 

TrpR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 
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TyrR Enterobacteriales RegPrecise 

UlaR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

UxuR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

XylR Escherichia coli ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

YiaJ Enterobacteriales RegPrecise 

ZntR Shewanella spp RegPrecise 

Zur Gammaproteobacteria RegPrecise 

 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ RegulonDB ʜʣʷ Enterobacteriales ʤʳ ʧʦʣʫʯʠʣʠ 473 ʧʘʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 418 ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʙʨʘʟʫʶʱʠʭ ʪʨʝʫʛʦʣʴʥʠʢʠ. ʈʘʟʜʝʣʠʚ ʠʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʤʳ ʧʦʣʫʯʠʣʠ 6 ʚʠʜʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ɻ (ʛʣʦʙʘʣʴʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ) ʨʝʛʫʣʠʨʫʝʤʳʡ ʛʝʥ, ʃ 

(ʣʦʢʘʣʴʥʳʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ) ʨʝʛʫʣʠʨʫʝʤʳʡ ʛʝʥ, ɻɻ, ɻʃ, ʃʃ, 

ʃ ɻ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ ʃɻ ʚʩʪʨʝʯʘʶʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ, ʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ ɻɻ ʭʘʨʘʢʪʝʨʥʳ ʪʦʣʴʢʦ ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʧʘʨʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʠʟʫʯʠʣʠ ʦʩʪʘʚʰʠʝʩʷ ʯʝʪʳʨʝ ʪʠʧʘ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ɺ ʪʘʙʣʠʮʘʭ ʫʢʘʟʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʙʳʪʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʩ 

ʢʘʞʜʳʤ ʪʠʧʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫(ʊʘʙʣʠʮʳ 11-12). 

 

ʊʘʙʣʠʮʘ 11. ʂʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʩ ʧʘʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ 

ʧʦʨʷʜʢʝ Enterobacteriales 

 ɻ ʃ ʃ ʃ ɻ ʛʝʥ ʃ ʛʝʥ ʃ ʛʝʥ 

(ʚ 

S.enterica) 

ʅʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ 

0 73 0 240 45 
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ʅʝʪ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʛʝʥʘ 31 8 607 674 26 

ʅʝʪ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

(ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ) 

7 62 708 1201 14 

ʅʝʪ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

(ʚʩʝʭ) 

1 25 596 746 11 

ʂʦʥʩʝʨʚʘʪʠʚʥʘʷ 

ʨʝʛʫʣʷʮʠʷ 

51 321 840 2522 250 

ɺʩʝʛʦ 89 452 2155 4637 335 

 

ʊʘʙʣʠʮʘ 12. ʂʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʩ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʚ ʧʦʨʷʜʢʝ 

Enterobacteriales 

 ɻ ʃ ʃ ʃ ɻ ʛʝʥ ʃ ʛʝʥ ʃ ʛʝʥ 

(ʚ 

S.enterica) 

ʅʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ 

0 189 0 208 44 

ʅʝʪ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʛʝʥʘ 281 82 572 193 15 

ʅʝʪ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

(ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ) 

186 117 828 395 17 

ʅʝʪ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

(ʚʩʝʭ) 

105 44 536 186 8 

ʂʦʥʩʝʨʚʘʪʠʚʥʘʷ 

ʨʝʛʫʣʷʮʠʷ 

290 483 1310 596 110 

ɺʩʝʛʦ 757 871 2710 1371 186 

 

ɼʣʷ ʚʩʝʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʣʦʢʘʣʴʥʳʤ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ ʦʢʘʟʘʣʦʩʴ ʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʚ ʧʘʨʥʳʭ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʪʝʩʪʘ ɢ
2
 ʜʣʷ Salmonella enterica ʨʘʚʥʘ 

0.006. ɼʣʷ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʤʦʚ ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʥʘʯʠʤ, ʥʦ ʥʘʙʣʶʜʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʩʦʭʨʘʥʷʝʪʩʷ. ʂʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʛʣʦʙʘʣʴʥʳʤʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʥʝ ʨʘʟʣʠʯʘʣʘʩʴ ʤʝʞʜʫ 

ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʠ ʧʘʨʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʜʦʙʥʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘʣʠʯʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʪʠʚʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʭ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ. 

ɼʘʣʝʝ ʤʳ ʠʟʫʯʠʣʠ ʧʦʚʝʜʝʥʠʝ ʩʘʤʳʭ ʯʘʩʪʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 

(ʉ1) ʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʛʦ (ʅ1) ʪʠʧʘ. ʉʦʛʣʘʩʦʚʘʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʦʢʘʟʘʣʩʷ ʤʝʥʝʝ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ, ʯʝʤ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʡ: ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʚ ʪʘʢʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ 

ʠʩʯʝʟʘʶʪ ʙʳʩʪʨʝʝ (ʊʘʙʣʠʮʳ 13-14). ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʪʝʩʪʘ ɢ
2
 ʨʘʚʥʘ 0,021 

ʜʣʷ ʛʣʦʙʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʠ 6,7Ĭ10
-7 
ʜʣʷ ʣʦʢʘʣʴʥʳʭ. 

 

ʊʘʙʣʠʮʘ 13 ʂʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʩ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ 

ʪʠʧʘ ʉ1 

 ɻ ʃ ʃ ʃ ɻ ʛʝʥ ʃ ʛʝʥ 

ʅʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ 

0 72 0 138 

ʅʝʪ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʛʝʥʘ 157 15 131 32 

ʅʝʪ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

(ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ) 

50 40 282 184 

ʅʝʪ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

(ʚʩʝʭ) 

10 14 178 77 

ʂʦʥʩʝʨʚʘʪʠʚʥʘʷ 

ʨʝʛʫʣʷʮʠʷ 

87 107 483 147 

ɺʩʝʛʦ 294 234 896 501 
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ʊʘʙʣʠʮʘ 14. ʂʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʩ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʤʠ 

ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʪʠʧʘ ʅ1 

 ɻ ʃ ʃ ʃ ɻ ʛʝʥ ʃ ʛʝʥ 

ʅʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ 

ʬʘʢʪʦʨʘ 

0 193 0 100 

ʅʝʪ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʛʝʥʘ 135 50 245 92 

ʅʝʪ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

(ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ) 

154 58 367 131 

ʅʝʪ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

(ʚʩʝʭ) 

57 30 166 26 

ʂʦʥʩʝʨʚʘʪʠʚʥʘʷ 

ʨʝʛʫʣʷʮʠʷ 

271 258 712 276 

ɺʩʝʛʦ 560 559 1324 599 

 

ʅʘ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʛʣʦʙʘʣʴʥʘʷ ʨʝʛʫʣʷʮʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʟʠʮʠʠ ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ (ʥʘʭʦʜʠʪʩʷ ʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ 

ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʣʦʢʘ ʠʣʠ ʥʝʪ). ʂʨʦʤʝ ʪʦʛʦ, ʛʣʦʙʘʣʴʥʳʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚʦ ʚʩʝʭ ʦʨʛʘʥʠʟʤʘʭ. ʅʘʧʨʦʪʠʚ, ʵʣʝʤʝʥʪʳ ʣʦʢʘʣʴʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ 

ʨʝʛʫʣʷʮʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʚʠʩʠʤʳʤʠ ʦʪ ʤʝʩʪʘ ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ. ɺʥʝ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʣʦʢʦʚ ʚ ʩʨʝʜʥʝʤ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʩʪʘʶʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤʠ (ʊʘʙʣʠʮʘ 9), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʪʨʝʫʛʦʣʴʥʠʢʘʭ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʣʦʚʠʥʘ ʠʣʠ 

ʤʝʥʴʰʝ (ʊʘʙʣʠʮʘ 10). 

ʊʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʚʦʩʝʤʴ ʨʘʟʥʳʭ ʪʠʧʦʚ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʢʘʞʜʳʡ ʪʠʧ ʤʦʞʝʪ 

ʚʥʦʩʠʪʴ ʩʚʦʡ ʚʢʣʘʜ ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ/ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʙʣʦʢʘ ʚ ʮʝʣʦʤ. ɸʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʣʦʢʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʥʫʪʨʠ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚʥʦʩʷʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʉ1. 
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ʆʙʩʫʞʜʝʥʠʝ 

ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʵʚʦʣʶʮʠ ʁʨʝʛʫʣʷʪʦʨʥʳʭ ʙʣʦʢʦʚ ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ ʥʘ 

ʫʨʦʚʥʝ ʰʪʘʤʤʦʚ E. coli ʠ ʥʘ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ Enterobacteriales ʥʘ ʧʨʠʤʝʨʝ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ʆʪʜʝʣʴʥʦ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʧʨʝʜʩʢʘʟʘʥʠʠ ʵʣʝʤʝʥʪʦʚ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ ʥʘ ʧʨʠʤʝʨʝ ʧʫʪʠ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ. 

ɿʘʜʘʯʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʫʯʘʩʪʢʦʚ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʦʥʥʳʭ ʬʘʢʪʦʨʦʚ de novo, 

ʪʦ ʝʩʪʴ ʚ ʦʪʩʫʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʩʚʝʜʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʦʡ ʠ 

ʪʨʫʜʥʦʡ. ʇʫʪʴ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʪʦʛʦ, ʢʦʛʜʘ ʠʟʚʝʩʪʝʥ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, ʥʦ ʥʝ ʠʟʚʝʩʪʥʳ ʥʠ ʝʛʦ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ, ʥʠ ʧʦʣʥʳʡ 

ʥʘʙʦʨ ʨʝʛʫʣʠʨʫʝʤʳʭ ʠʤ ʛʝʥʦʚ. ʈʘʥʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ S. 

thyphimurium ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʧʫʪʠ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ EutR 

ʠʥʜʫʮʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʧʫʪʠ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭ ʵʬʬʝʢʪʦʨʦʚ ï 

ʢʦʙʘʣʘʤʠʥʘ ʠ ʵʪʘʥʦʣʘʤʠʥʘ [29]. ɺ ʜʚʫʭ ʪʘʢʩʦʥʘʭ Enterobacteriales ʠ 

Betaproteobacteria ʧʝʨʝʜ ʦʧʝʨʦʥʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʛʝʥ eutR, ʤʳ ʦʙʥʘʨʫʞʠʣʠ 

ʢʦʥʩʝʨʚʘʪʠʚʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʇʦʭʦʞʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʪʘʢʞʝ ʧʝʨʝʜ ʛʝʥʘʤʠ ʩʠʥʪʝʟʘ ʢʦʙʘʣʘʤʠʥʘ ʚ Enterobacteriales. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʤ 

ʪʘʢʩʦʥʝ EutR ʨʝʛʫʣʠʨʫʝʪ ʠ ʩʠʥʪʝʟ ʦʩʥʦʚʥʦʛʦ ʬʝʨʤʝʥʪʘ ʧʫʪʠ, ʠ ʩʠʥʪʝʟ ʠ ʪʨʘʥʩʧʦʨʪ 

ʢʦʬʘʢʪʦʨʘ ʢʦʙʘʣʘʤʠʥʘ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʵʚʦʣʶʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ ʚ ʮʝʣʦʤ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ 

ʛʠʧʦʪʝʟʘ, ʯʪʦ ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʣʦʢʠ, ʚ ʩʠʣʫ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ, ʙʫʜʫʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥ,r ʦʢʘʟʘʣʘʩʴ ʥʝ ʚʧʦʣʥʝ ʪʦʯʥʦʡ. ʈʘʥʝʝ ʵʚʦʣʶʮʠʷ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʣʦʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʛʝʥʘ [49, 51]. ʀʟʤʝʥʝʥʠʷ ʚ ʩʘʤʦʡ 

ʧʣʘʩʪʠʯʥʦʡ ʯʘʩʪʠ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ï ʫʯʘʩʪʢʘʭ ʩʚʷʟʳʚʘʥʠʷ ï ʥʝ ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ 

ʚʥʠʤʘʥʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʘʩʪʦ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʡ ʤʫʪʘʮʠʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ɼʅʂ, ʯʪʦʙʳ ʫʥʠʯʪʦʞʠʪʴ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʩʦʟʜʘʪʴ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ [166]. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʠʤʝʥʥʦ ʤʫʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʵʚʦʣʶʮʠʠ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ. ʏʘʩʪʴ ʩʝʪʠ, ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʣʦʢʘʣʴʥʦʡ 

ʨʝʛʫʣʷʮʠʝʡ, ʦʢʘʟʘʣʘʩʴ ʩʘʤʦʡ ʧʦʜʚʠʞʥʦʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʳʩʪʨʦʡ 

ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺ ʰʪʘʤʤʘʭ E. coli 

ʨʝʛʫʣʷʪʦʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʦʢʘʣʴʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʦʢʘʟʘʣʠʩʴ 

ʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʚ ʪʨʝʫʛʦʣʴʥʠʢʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ 

Enterobacteriales ʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʦʩʪʘʚʝ ʧʘʨ. 

ɺʦʟʤʦʞʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʵʪʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʚ ʪʦʤ, ʯʪʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʩʝʪʴ Enterobacteriales ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʥʝʧʦʣʥʦʩʪʴʶ. ɺʦ-ʧʝʨʚʳʭ, 

ʦʥʘ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʥʝʧʦʣʥʦʡ ï ʥʘʤ ʠʟʚʝʩʪʥʳ ʥʝ ʚʩʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ 

ʠ, ʪʝʤ ʙʦʣʝʝ, ʥʝ ʚʩʝ ʨʝʛʫʣʠʨʫʝʤʳʝ ʠʤʠ ʛʝʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʰʝ ʧʦʣʝ ʟʨʝʥʠ ̫ʥʝ 

ʧʦʧʘʜʘʝʪ ʯʘʩʪʴ ʩʦʙʳʪʠʡ ʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʠ, ʚʝʨʦʷʪʥʦ, ʚʥʦʩʠʪ ɹʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ/ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺʦ-ʚʪʦʨʳʭ, ʘʥʘʣʠʟ ʥʘ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ ʙʳʣ ʠʟʥʘʯʘʣʴʥʦ ʦʛʨʘʥʠʯʝʥ 

ʪʘʢʠʤʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʤʘʪʨʠʮʳ 

ʧʦʟʠʮʠʦʥʥʳʭ ʚʝʩʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʰʪʘʤʤʦʚ ʪʘʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ ʙʳʣʦ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʩʝʪʴ ʚ ʮʝʣʦʤ ʙʦʣʝʝ ʠʟʤʝʥʯʠʚ,r ʯʝʤ ʥʘ ʫʨʦʚʥʝ 

ʰʪʘʤʤʦʚ, ʛʜʝ ʠʟʤʝʥʯʠʚʦʩʪʴ ʥʝʚʝʣʠʢʘ, ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʩʝʪʴ ʟʜʝʩʴ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʘ ï ʜʦʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʧʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʰʪʘʤʤʦʚ ʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩ ʠʭ 

ʜʦʙʘʚʣʝʥʠʝʤ. ʅʝʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʵʪʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ. 

ɼʣʷ ʵʚʦʣʶʮʠʠ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʣʦʢʘ ʪʘʢʞʝ ʚʘʞʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ï ʝʩʣʠ 

ʙʣʦʢ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʤʫ ʧʦʣʝʟʥʳʤ, ʪʦ ʦʥ ʣʝʛʯʝ ʪʝʨʷʝʪʩʷ ʚ ʵʚʦʣʶʮʠʠ. 
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ʃʦʢʘʣʴʥʳʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʘʭ ʪʠʧʘ ʉ1 

ʤʝʥʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʪʠʧʘ ʅ1. ʅʘʰʝ ʦʙʲʷʩʥʝʥʠʝ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʚʫʤʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʜʠʥ ʠʟ ʥʠʭ ʤʦʞʝʪ ʩʪʘʪʴ 

ʠʟʙʳʪʦʯʥʳʤ, ʠ ʪʘʢʘʷ ʨʝʛʫʣʷʪʦʨʥʘʷ ʩʚʷʟʴ ʙʳʩʪʨʦ ʠʩʯʝʟʘʝʪ. ʅʘʧʨʦʪʠʚ, ʚ 

ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʜʚʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʘ ʨʝʛʫʣʠʨʫʶʪ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʵʢʩʧʨʝʩʩʠʠ. 

ʈʦʩʪ ʯʠʩʣʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʦʤʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ 

ʨʝʛʫʣʷʮʠʠ ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʝʝ ʧʦʣʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ, ʠ, 

ʟʥʘʯʠʪ, ʫʚʝʣʠʯʠʪ ʪʦʯʥʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʘʥʘʣʠʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʜʨʫʛʠʭ ʛʨʫʧʧʘʭ 

ʙʘʢʪʝʨʠʡ ʩʤʦʞʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʷʚʣʷʶʪʩʷ ʣʠ ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘʤʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠʣʠ ʪʘʢʩʦʥ-ʩʧʝʮʠʬʠʯʥʳʤʠ. 
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ɺʳʚʦʜʳ 

1. ɸʥʘʣʠʟ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʧʫʪʠ ʢʘʪʘʙʦʣʠʟʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʪʘʥʦʣʘʤʠʥʘ, ʩʚʷʟʘʥʥr ʭ ʩ ʪʠʧʦʤ ʦʧʝʨʦʥʘ. ʇʝʨʚʳʡ, ʢʦʨʦʪʢʠʡ, ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʘʥʦʣʘʤʠʥ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʟʦʪʘ. ɺʪʦʨʦʡ, ʜʣʠʥʥʳʡ, 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ, ʠ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʫʛʣʝʨʦʜʘ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʢʦʨʦʪʢʠʡ ʦʧʝʨʦʥ ʷʚʣʷʝʪʩʷ ʧʨʝʜʢʦʚʳʤ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ 

ʛʝʥʦʚ ʦʙʨʘʟʦʚʘʣʩʷ ʜʣʠʥʥʳʡ ʪʠʧ. ɺ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ 

ʵʪʘʥʦʣʘʤʠʥʘ ʧʨʦʠʟʦʰʣʦ ʤʠʥʠʤʫʤ ʪʨʠ ʩʦʙʳʪʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ. 

3. ɺ Enterobacteriales ʠ Burkholderiales ʧʨʝʜʩʢʘʟʘʥ ʤʦʪʠʚ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ EutR. ɺ Enterobacteriales ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ EutR 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʩʝʤʠ ʦʧʝʨʦʥʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʝʩʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʛʝʥʳ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ, ʘ ʪʘʢʞʝ ʛʝʥʳ ʩʠʥʪʝʟʘ 

ʢʦʬʘʢʪʦʨʘ ʦʩʥʦʚʥʦʛʦ ʬʝʨʤʝʥʪʘ ʧʫʪʠ ʵʪʘʥʦʣʘʤʠʥʣʠʘʟʳ ï ʢʦʙʘʣʘʤʠʥʘ. ʕʪʦ 

ʥʘʙʣʶʜʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʧʫʪʷʤʠ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ ʠ 

ʩʠʥʪʝʟʦʤ ʢʦʙʘʣʘʤʠʥʘ ʟʘ ʩʯʝʪ EutR-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ. ɺ Burkholderiales 

ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ EutR ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʤʦʪʦʨʥʦʡ 

ʦʙʣʘʩʪʠ ʛʝʥʦʚ ʫʪʠʣʠʟʘʮʠʠ ʵʪʘʥʦʣʘʤʠʥʘ. 

4. ʃʦʢʘʣʴʥʘʷ ʨʝʛʫʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʵʚʦʣʶʮʠʦʥʥʦ ʧʦʜʚʠʞʥʦʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʳʩʪʨʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ 

ʰʪʘʤʤʘʭ Escherichia coli  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ ʃ ʛʝʥ (ʣʦʢʘʣʴʥʳʡ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʛʝʥ) ʯʘʱʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʣʦʢʘʭ, 

ʯʝʤ ʚʥʝ ʠʭ. ʅʘ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ Enterobacteriales ʵʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʝʝ ʚ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʛʫʣʷʪʦʨʥʳʤʠ 

ʙʣʦʢʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʩʝʪʠ. 
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5. ʈʘʟʥʳʝ ʪʠʧʳ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ Enterobacteriales 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʧʦ-ʨʘʟʥʦʤʫ. ʈʝʛʫʣʷʮʠʷ ʢʘʢ ʛʣʦʙʘʣʴʥʳʤʠ, ʪʘʢ ʠ ʣʦʢʘʣʴʥʳʤʠ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʝʝ, ʯʝʤ ʚ ʩʦʛʣʘʩʦʚʘʥʥʦʤ. 
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