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ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʦʯʠʩʪʢʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʪʦʢʩʠʯʥʳʭ 

ʠ ʫʩʪʦʡʯʠʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʇʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ (ʇʍɹ) ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʙʠʦʩʬʝʨʳ (Reddy 

et al., 2019; Devi et al., 2020). ʉʦʛʣʘʩʥʦ ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ çʆ ʩʪʦʡʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʷʭè (2001 ʛ), ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ 

ʟʘʧʨʝʱʝʥʳ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʧʨʠʤʝʥʝʥʠʶ ʢʘʢ ʦʩʦʙʦ ʦʧʘʩʥʳʝ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ 

ʯʝʣʦʚʝʢʘ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʠʭ ʟʘʧʘʩʳ ʜʦʣʞʥʳ ʙʳʪʴ ʫʥʠʯʪʦʞʝʥʳ 

(http://chm.pops.int). ʈʦʩʩʠʷ ʧʨʠʥʷʣʘ ʥʘ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ ʚʳʧʦʣʥʝʥʠʶ 

ʧʦʣʦʞʝʥʠʡ ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʚ 2011 ʛ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 27.06.2011 ˉ 164-ʌɿ çʆ ʨʘʪʠʬʠʢʘʮʠʠ ʉʪʦʢʛʦʣʴʤʩʢʦʡ 

ʢʦʥʚʝʥʮʠʠ ʦ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʷʭè. ɿʘ ʧʝʨʠʦʜ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʙʦʣʝʝ 1,5 ʤʣʥ. ʪ. ʇʍɹ, ʠʟ ʢʦʪʦʨʳʭ ʙʦʣʝʝ 

300 ʪʳʩ. ʪ. ʧʦʧʘʣʦ ʚ ʦʙʲʝʢʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ɻʦʨʙʫʥʦʚʘ ʠ ʩʦʘʚʪ., 2024). 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʙʦʣʝʝ 180 ʪʳʩ. ʪ. ʇʍɹ, ʚ ʩʦʩʪʘʚʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ 27ï30 ʪʳʩ. ʪ, ʦʩʪʘʣʴʥʦʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʩʪʘʭ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʠ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(https://www.unido-russia.ru/archive/num17/art17_7/ ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 27.06.2025; 

https://ipen.org/sites/default/files/documents/ru_final_ecospes_pcbs_report_2019.p

df, ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 27.06.2025).   

ʆʩʥʦʚʥʦʡ ʧʫʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʩʚʷʟʘʥ ʩ 

ʤʠʢʨʦʙʥʦʡ ʜʝʩʪʨʫʢʮʠʝʡ (Agull· et al., 2019; Negret-Bolagay et al., 2021). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʤʠʢʨʦʙʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʧʦʯʚ ʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʇʍɹ. ʆʮʝʥʢʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʟʣʘʛʘʪʴ ʇʍɹ, ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʰʘʛʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʦʯʠʩʪʢʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

https://www.unido-russia.ru/archive/num17/art17_7/
https://ipen.org/sites/default/files/documents/ru_final_ecospes_pcbs_report_2019.pdf,
https://ipen.org/sites/default/files/documents/ru_final_ecospes_pcbs_report_2019.pdf,


7 

 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʣʷ 

ʜʝʪʦʢʩʠʢʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (Francova et al., 2004; Mizukami-

Murata et al., 2016; Negret-Bolagay et al., 2021; Valizadeh et al., 2021; śr®dlov§, 

Cajthaml, 2022). 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʇʍɹ, ʧʦʧʘʜʘʷ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʶ, ʢʘʢ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʙʠʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʙʠʦʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ ʇʍɹ (ʅʆ-ʇʍɹ) 

(Pieper, Seeger, 2008; Tehrani, Van Aken, 2014; Luo et al., 2016; Goto et al., 2018; 

Sun et al., 2018; Li  et al., 2019). ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʅʆ-ʇʍɹ 

ʠʤʝʶʪ ʥʠʟʢʫʶ ʣʝʪʫʯʝʩʪʴ ʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʥʘ ʤʥʦʛʦ 

ʜʦʣʴʰʝ (Sun et al., 2016). ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ - ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ ʯʝʤ ʇʍɹ, ʩ ʜʨʫʛʦʡ - ʙʦʣʝʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʟʘ ʩʯʝʪ ʠʭ ʙʦʣʴʰʝʡ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ (Tehrani, Van Aken, 2014; 

Mizukami-Murata et al., 2016). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ 

ʭʣʦʨʙʠʬʝʥʠʣʳ ʧʨʠʟʥʘʥʳ ʚʪʦʨʠʯʥʳʤʠ ʧʦʣʣʶʪʘʥʪʘʤʠ. ɼʣʷ ʧʦʣʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʇʍɹ ʠ ʅʆ-ʇʍɹ ʪʨʝʙʫʶʪʩʷ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ ʩ ʚʳʩʦʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʨʘʟʨʫʰʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʤʠʢʨʦʙʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʇʍɹ ʠ ʅʆ-ʇʍɹ ʠʛʨʘʝʪ 

ʬʝʨʤʝʥʪ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ (BphA) (Elangovan et al., 2019; Zhu et al., 

2020; Wang et al., 2021). ʕʪʦʪ ʬʝʨʤʝʥʪ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʚʦʤ ʠ ʢʣʶʯʝʚʦʤ ʵʪʘʧʝ 

ʦʢʠʩʣʝʥʠʷ ʇʍɹ, ʢʘʪʘʣʠʟʠʨʫʷ ʠʭ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

(Su et al., 2019). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ BphA ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʘ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ (Baig, Manickam, 2010; Cao et al., 2011). 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ BphA ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʥʘ ʨʘʟʥʳʝ ʪʠʧʳ ʇʍɹ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʬʝʨʤʝʥʪʘ ʠ ʩʦʟʜʘʥʠʷ ʰʪʘʤʤʦʚ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩ ʚʳʩʦʢʠʤ ʙʠʦʨʝʤʝʜʠʘʮʠʦʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (Zhao et al., 

2018; Zhu et al., 2020).  
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʦʙʱʝʩʪʚ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʧʦʜ ʩʝʣʝʢʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʠʬʝʥʠʣʘ ʠ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ (ʇʍɹ), ʠ ʦʮʝʥʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʭʣʦʨ- ʠ 

ʛʠʜʨʦʢʩʠʟʘʤʝʱʝʥʥʳʭ ʙʠʬʝʥʠʣʦʚ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʆʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʯʚ (ʛ. ʇʝʨʤʴ ʠ ʛ. ʏʘʧʘʝʚʩʢ), ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʠʬʝʥʠʣʘ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ.  

2. ʀʩʩʣʝʜʦʚʘʪʴ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʮʠʠ, ʚ ʦʪʥʦʰʝʥʠʠ ʙʠʬʝʥʠʣʘ ʠ ʝʛʦ 

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

3. ʆʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʙʠʬʝʥʠʣʘ ʨʘʟʣʘʛʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʝ 

ʙʠʬʝʥʠʣʳ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʤʝʨʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʤʝʩʠ. 

4. ʇʨʦʚʝʩʪʠ ʧʦʣʥʦʛʝʥʦʤʥʳʡ ʘʥʘʣʠʟ ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ ʇʍɹ 

Rhodococcus opacus ʉʅ628 (ɺʂʄ ɸʩ-3029) ʩ ʮʝʣʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʛʝʥʦʚ/ʬʝʨʤʝʥʪʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʜʝʛʨʘʜʘʮʠʶ ʙʠʬʝʥʠʣʘ, ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-

ʟʘʤʝʱʝʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ï 

ʢʣʶʯʝʚʦʛʦ ʬʝʨʤʝʥʪʘ ʜʝʛʨʘʜʘʮʠʠ ʙʠʬʝʥʠʣʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʫʢʮʝʩʩʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʛ. ʇʝʨʤʠ ʠ ʛ. ʏʘʧʘʝʚʩʢʘ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ ʠ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʩʦʩʪʘʚʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʉʦʚʦʣʘ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʣʘʩʩʦʚ Alphaproteobacteria, Betaproteobacteria, 

Gammaproteobacteria ʠ Chitinophagia. ʉʤʝʥʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ 

ʙʠʬʝʥʠʣ ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 
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ʘʩʩʦʮʠʘʮʠʷʭ. ʐʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʙʠʬʝʥʠʣʘ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʩʪʘʙʠʣʴʥʳʭ 

ʙʠʬʝʥʠʣ-ʜʝʛʨʘʜʠʨʫʶʱʠʭ ʘʩʩʦʮʠʘʮʠʡ, ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʢʣʘʩʩʘʤ 

Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria ʠ Actinomycetia. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʟʣʦʞʝʥʠʶ ʙʠʬʝʥʠʣʘ ʜʣʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʦʚ Bosea (ʢʣʘʩʩ Alphaproteobacteria) ʠ Pseudoxanthomonas 

(ʢʣʘʩʩ Gammaproteobacteria) ʦʧʠʩʘʥʘ ʚʧʝʨʚʳʝ. 

ɸʥʘʣʠʟ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ (ʤʦʥʦ-ʪʝʪʨʘ)-ʟʘʤʝʱʝʥʥʳʭ 

ʭʣʦʨ/ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʤʝʩʝʡ, ʩʦʩʪʘʚʣʷʣʘ ʦʪ 7 ʜʦ 100 %. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʩʫʙʩʪʨʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤʫ ʧʫʪʠ ʦʢʠʩʣʝʥʠʷ ʙʠʬʝʥʠʣʘ, ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʭʣʦʨ-/ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʠʝ ʜʝʪʝʨʤʠʥʘʥʪʳ (ʛʝʥ bphA1), 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʧʝʨʚʠʯʥʫʶ ʘʪʘʢʫ ʥʘ ʤʦʣʝʢʫʣʫ ʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ ʫ 

ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʘʩʩʦʮʠʘʮʠʡ PN2-S ʠ PN2-B, ʬʦʨʤʠʨʫʶʪ ʦʪʜʝʣʴʥʫʶ 

ʚʝʪʚʴ ʥʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʜʝʨʝʚʝ, ʘ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʛʝʥʘʤʠ bphA1 

ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʙʣʠʟʢʠʭ 

ʵʢʦʥʠʰ, ʩʦʩʪʘʚʠʣ 82,32ï99,76 %. 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʧʦʣʥʦʛʝʥʦʤʥʳʡ ʘʥʘʣʠʟ ʰʪʘʤʤʘ Rhodococcus opacus 

CH628 (ɺʂʄ ɸʩ-3029) ï ʧʨʦʷʚʣʷʶʱʝʛʦ ʚʳʩʦʢʫʶ ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ 

ʭʣʦʨʠʨʦʚʘʥʥʳʤ ʠ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʤ ʙʠʬʝʥʠʣʘʤ, ʘ ʪʘʢʞʝ ʢ ʠʭ 

ʢʦʤʤʝʨʯʝʩʢʠʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʤʝʩʷʤ. ɺʳʷʚʣʝʥʳ ʛʝʥʳ/ʬʝʨʤʝʥʪʳ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʢʠʩʣʝʥʠʠ ʙʠʬʝʥʠʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ. ʈʘʟʨʘʙʦʪʘʥʳ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʠ ʤʦʜʝʣʠ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ 

(BphA1) ʰʪʘʤʤʘ R. opacus CH628. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʪʢʨʳʚʘʶʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ 

ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ R. opacus CH628. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʙʦʪʳ 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʰʠʨʷʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʠʢʨʦʙʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʭ 
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ʙʠʬʝʥʠʣʦʚ ʠ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʙʠʦʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʚʝʜʸʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʦʚʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠʟ ʜʣʠʪʝʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʘ ʜʝʛʨʘʜʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʰʪʘʤʤʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʭʣʦʨʠʨʦʚʘʥʥʳʤ ʠ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʤ ʙʠʬʝʥʠʣʘʤ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʰʪʘʤʤʳ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʙʠʦʨʝʤʝʜʠʘʮʠʠ. ʐʪʘʤʤʳ Achromobacter 

sp. PNB6, Brevibacterium sp. PNB5, Micrococcus sp. PNS1, Ochrobactrum sp. 

PNS5, Rhodococcus opacus CH628, Stenotrophomonas sp. PNS6 ʜʝʧʦʥʠʨʦʚʘʥʳ 

ʚʦ ɺʩʝʨʦʩʩʠʡʩʢʫʶ ʢʦʣʣʝʢʮʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʜ ʥʦʤʝʨʘʤʠ ɺ-3791, 

ɸʩ-3018, ɸʩ-3022, ɺ-3792, ɸʩ-3029 ʠ ɺ-3793 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʚʢʣʘʜʦʤ ʚ ʨʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʘʤʝʱʝʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʰʪʘʤʤʘ R. opacus CH628 (ɺʂʄ 

ɸʩ-3029), ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʨʘʞʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʜʝʩʪʨʫʢʮʠʠ 

ʭʣʦʨʙʠʬʝʥʠʣʦʚ, ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ ʤʘʨʦʢ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ ʠ ʉʦʚʦʣ, 

ʠʭ ʭʠʤʠʯʝʩʢʠ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʡ 

ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʘ, ʘʥʥʦʪʠʨʦʚʘʥʘ ʠ ʟʘʛʨʫʞʝʥʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ 

NCBI (National Center for Biotechnology Information, NCBI, 

www.ncbi.nlm.nuh.gov) ʧʦʣʥʘʷ ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʦʤʘ 

ʰʪʘʤʤʘ CH628 (ʥʦʤʝʨ JBLZMV000000000), ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʙʠʦʠʥʞʝʥʝʨʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʫʯʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʟʜʘʥʠʝ ʚ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʢʣʶʯʝʚʦʛʦ ʬʝʨʤʝʥʪʘ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ʟʘʤʝʱʝʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ï Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1) 

ʰʪʘʤʤʘ R. opacus Cʅ628 (ɺʂʄ ɸʩ-3029), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʛʣʫʙʣʸʥʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ BphA1 ʠ 

http://www.ncbi.nlm.nuh.gov/
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ʟʘʢʣʘʜʳʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ in silico-ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʤʦʜʠʬʠʢʘʮʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʣʝʢʮʠʦʥʥʦʤ ʢʫʨʩʝ 

çʕʢʦʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʠè ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʉʝʣʝʢʪʠʚʥʦʝ ʜʘʚʣʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ ʠ 

ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʢʮʝʩʩʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʯʚ ʛ. ʇʝʨʤʠ ʠ 

ʛ.  ʏʘʧʘʝʚʩʢʘ. ʐʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʙʠʬʝʥʠʣʘ ʨʦʜʦʚ Micrococcus, 

Ochrobactrum, Starkeya ʠ Stenotrophomonas ʚʳʜʝʣʝʥʳ ʠʟ ʉʦʚʦʣ-

ʩʝʣʝʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʦʚ Achromobacter, Bosea, 

Brevibacterium ʠ Microbacterium ï ʠʟ ʙʠʬʝʥʠʣ-ʩʝʣʝʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ, ʪʦʛʜʘ ʢʘʢ ʰʪʘʤʤʳ ʨʦʜʦʚ Pseudoxanthomonas ʠ Pseudomonas 

ʚʳʷʚʣʝʥʳ ʚ ʩʦʩʪʘʚʝ ʦʙʦʠʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ɹʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʙʠʬʝʥʠʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʫ ʚʳʜʝʣʝʥʥʳʭ ʰʪʘʤʤʦʚ ʛʝʥʘ bphA1. 

2. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʢʦʙʠʦʪʝʭʥʦʣʦʛʠʷʭ 

ʷʚʣʷʝʪʩʷ ʘʩʩʦʮʠʘʮʠʷ PN2-ɺ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʰʪʘʤʤʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʦʜʘʤ 

Achromobacter, Bosea, Brevibacterium, Microbacterium, Pseudomonas, 

Pseudoxanthomonas, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʥʘ 

ʙʠʬʝʥʠʣʝ (ɛ = 0,52 ʩʫʪ-1), ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʝʪ ʤʦʥʦ- ʠ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʙʠʬʝʥʠʣʳ (86,2ï100 % ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪ), ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ ʇʍɹ 

ʪʦʨʛʦʚʳʭ ʤʘʨʦʢ ʉʦʚʦʣ ʠ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ (50,9 % ʠ 38,4 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 

ʪʝʯʝʥʠʝ 3 ʩʫʪʦʢ). 

3. ʐʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʙʠʬʝʥʠʣʘ ʨʦʜʦʚ Achromobacter, 

Brevibacterium, Microbacterium, Ochrobactrum, Pseudomonas, 

Pseudoxanthomonas ʠ Rhodococcus ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʪ 

ʤʦʥʦ(ʭʣʦʨ/ʛʠʜʨʦʢʩʠ)- ʠ ʜʠʭʣʦʨʙʠʬʝʥʠʣʳ (> 90 %). ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʰʪʘʤʤ Rhodococcus opacus ʉʅ628 (ɺʂʄ ɸʩ-3029), ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ 

ʨʘʟʣʦʞʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ (ʤʦʥʦ-ʪʝʪʨʘ)-ʟʘʤʝʱʝʥʥʳʭ 
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ʭʣʦʨ/ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʤʝʩʝʡ (ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ 97,8ï100 % ʚ ʪʝʯʝʥʠʝ 2ï14 ʩʫʪ). 

4. ʐʪʘʤʤ Rhodococcus opacus ʉʅ628 (ɺʂʄ ɸʩ-3029) ʩʦʜʝʨʞʠʪ 

ʛʝʥʳ/ʬʝʨʤʝʥʪʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-

ʟʘʤʝʱʝʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʧʫʪʠ ʨʘʟʣʦʞʝʥʠʷ 

ʙʠʬʝʥʠʣʘ. ʉʦʟʜʘʥʥʳʝ 3D-ʤʦʜʝʣʠ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ï 

ʢʣʶʯʝʚʦʛʦ ʬʝʨʤʝʥʪʘ ʜʝʛʨʘʜʘʮʠʠ ʙʠʬʝʥʠʣʘ, ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʠ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ ʬʝʨʤʝʥʪʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ 

ʦʙʩʫʞʜʝʥʳ ʥʘ XI ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʢʦʥʛʨʝʩʩʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ-ʙʠʦʣʦʛʦʚ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʠʤʙʠʦʟ-ʈʦʩʩʠʷè, ʇʝʨʤʴ, 2019; VII  

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çGlobal science and 

innovations 2019: Central Asiaè, ʅʫʨ-ʉʫʣʪʘʥ, ʂʘʟʘʭʩʪʘʥ, 2019; 24-ʡ ʠ 28-ʡ 

ʇʫʱʠʥʩʢʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ çɹʠʦʣʦʛʠʷ ï ʥʘʫʢʘ XXI  ʚʝʢʘè, ʇʫʱʠʥʦ, 2020, 

2025; IX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ: ʚʠʨʫʩʦʣʦʛʦʚ, 

ʙʠʦʪʝʭʥʦʣʦʛʦʚ, ʙʠʦʬʠʟʠʢʦʚ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʣʦʛʦʚ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʦʚ 

çOpenBioè, ʅʦʚʦʩʠʙʠʨʩʢ, 2022; IX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʇʫʱʠʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɹʠʦʭʠʤʠʷ, ʬʠʟʠʦʣʦʛʠʷ ʠ ʙʠʦʩʬʝʨʥʘʷ ʨʦʣʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚè, ʇʫʱʠʥʦ, 2023. 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 15 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ 

9 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʘʪʝʡ ʠ 6 ʧʫʙʣʠʢʘʮʠʡ ʚ ʩʙʦʨʥʠʢʘʭ ʤʘʪʝʨʠʘʣʦʚ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʪʘʪʴʠ: 

7 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʮʠʪʠʨʦʚʘʥʠʷ Web of 

Science, Scopus, ɹʝʣʳʡ ʩʧʠʩʦʢ (ʋʨʦʚʥʠ 1ï3), 1 ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣʝ ʩʧʠʩʢʘ ɺɸʂ, 

1 ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣʝ ʈʀʅʎ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 200 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʩʦʜʝʨʞʠʪ 21 ʪʘʙʣʠʮʫ, 48 ʨʠʩʫʥʢʦʚ ʠ 2 ʩʭʝʤʳ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ, ʯʝʪʳʨʝʭ ʛʣʘʚ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ 

ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 317 ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ 15 ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 302 ʟʘʨʫʙʝʞʥʳʭ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʅʀʈ çʀʕɻʄ ʋʨʆ ʈɸʅè - 

ʬʠʣʠʘʣʘ ʇʌʀʎ ʋʨʆ ʈɸʅ ʚ ʨʘʤʢʘʭ ʪʝʤ çʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳè (ɻʈ ˉ ɸɸɸɸ-ɸ19-119112290009-1), 

çʇʦʠʩʢ ʠ ʩʝʣʝʢʮʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ 

ʩʦʟʜʘʥʠʝ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤè (ɻʈ  ̄ɸɸɸɸ-ɸ19-

119112290010-7), çɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʠʭ 

ʘʜʘʧʪʘʮʠʠ ʢ ʩʪʨʝʩʩʦʚʳʤ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè (ɻʈ 124020500028-4). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 18-29-05016ʤʢ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʘʟʝ ʃʘʙʦʨʘʪʦʨʠʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʵʢʦʩʠʩʪʝʤ çʀʕɻʄ ʋʨʆ ʈɸʅè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ 

çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʘʥʘʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè (ʎʂʇ çʉɸʆʉè), ʎʂʇ 

çʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʝʱʝʩʪʚʘè ʇʌʀʎ ʋʨʆ ʈɸʅ, ʘ ʪʘʢʞʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ʙʦʪʘʥʠʢʠ ʠ 

ʛʝʥʝʪʠʢʠ ʨʘʩʪʝʥʠʡ ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʣʠʙʦ ʧʨʠ 

ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʠʩʩʝʨʪʘʥʪ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʪʘʪʝʡ ʢ ʧʫʙʣʠʢʘʮʠʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʙʳʣʦ ʥʘʯʘʪʦ ʘʚʪʦʨʦʤ ʧʦ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʡ 

ʠʥʠʮʠʘʪʠʚʝ ʠ ʥʘʫʯʥʦʤʫ ʠʥʪʝʨʝʩʫ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʦʙʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ.  
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɺʳʨʘʞʘʶ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʠ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʚʦʝʤʫ 

ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʙ.ʥ., ʜʦʮʝʥʪʫ ɽʛʦʨʦʚʦʡ ɼ.ʆ.; ʟʘʚʝʜʫʶʱʝʡ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ çʀʕɻʄ ʋʨʆ ʈɸʅè 

ʜ.ʙ.ʥ., ʜʦʮʝʥʪʫ ʇʣʦʪʥʠʢʦʚʦʡ ɽ.ɻ., ʩʪʘʨʰʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ 

ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ çʀʕɻʄ ʋʨʆ ʈɸʅè 

ʢ.ʙ.ʥ., ʅʘʟʘʨʦʚʫ ɸ. ɺ., ʘ ʪʘʢʞʝ ʠʥʞʝʥʝʨʫ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ çʀʕɻʄ ʋʨʆ ʈɸʅè ʇʴʷʥʢʦʚʦʡ ɸ.ɸ. ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ 

ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʆʪʜʝʣʴʥʳʝ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʘʤ 

ʀʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ 

(ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ) ʟʘ ʦʢʘʟʘʥʥʫʶ ʧʦʤʦʱʴ ʚ ʩʦʟʜʘʥʠʠ ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠ ʠʭ 

ʭʠʤʠʯʝʩʢʠ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ. 
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ɻʣʘʚʘ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1 ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ  

ʇʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ (ʇʍɹ) ð ʵʪʦ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʙʠʬʝʥʠʣʦʚ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ ʘʪʦʤʘʤʠ ʭʣʦʨʘ. ʂʘʞʜʳʡ ʛʦʤʦʣʦʛ ʇʍɹ ʩʦʜʝʨʞʠʪ ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʦʤʝʨʦʚ: ʤʦʥʦʭʣʦʨ (3), ʜʠʭʣʦʨ (12), ʪʨʠʭʣʦʨ (24), ʪʝʪʨʘʭʣʦʨ (42), ʧʝʥʪʘʭʣʦʨ 

(46), ʛʝʢʩʘʭʣʦʨ (42), ʛʝʧʪʘʭʣʦʨ (24), ʦʢʪʘʢʣʦʨ (12), ʥʦʥʘʭʣʦʨ (3) ʠ 

ʜʝʢʘʭʣʦʨʙʠʬʝʥʠʣ (1). ʂʦʥʛʝʥʝʨʳ ʇʍɹ ʨʘʟʣʠʯʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʪʦʤʦʚ ʭʣʦʨʘ ʥʘ ʬʝʥʠʣʴʥʳʭ ʢʦʣʴʮʘʭ, ʚʩʝʛʦ ʩʫʱʝʩʪʚʫʝʪ 209 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ (ʈʠʩʫʥʦʢ 1).  

 

x + y = m, m = ʦʪ 1 ʜʦ 10 

ʈʠʩʫʥʦʢ 1 ï ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʤʦʣʝʢʫʣʳ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ: x, y ï 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʘʞʜʦʤ ʢʦʣʴʮʝ 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʠʟʦʣʷʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ 

ʥʝʛʦʨʶʯʝʩʪʠ, ʇʍɹ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʦʪʨʘʩʣʷʭ. ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʩʠʩʪʝʤʳ 

ʪʝʧʣʦʦʙʤʝʥʘ, ʨʝʟʠʥʦʚʳʝ ʠ ʧʣʘʩʪʠʢʦʚʳʝ ʠʟʜʝʣʠʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʤʘʰʠʥʳ, 

ʢʨʘʩʠʪʝʣʠ, ʧʠʛʤʝʥʪʳ ʠ ʙʫʤʘʛʘ ʜʣʷ ʙʝʟʫʛʣʝʨʦʜʥʳʭ ʢʦʧʠʡ (Zhu et al., 2011; Zhu 

et al., 2012). ʆʮʝʥʦʯʥʳʡ ʦʙʱʠʡ ʦʙʲʝʤ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʍɹ ʩʦʩʪʘʚʣʷʝʪ 

1,5 ʤʠʣʣʠʦʥʘ ʪʦʥʥ, ʥʝ ʤʝʥʝʝ 10 % ʠʟ ʢʦʪʦʨʳʭ ʧʦʧʘʣʦ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

(Wolska et al., 2012). ɿʘ ʧʝʨʠʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʇʍɹ, ʧʦʜ ʪʘʢʠʤʠ ʪʦʨʛʦʚʳʤʠ 
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ʥʘʟʚʘʥʠʷʤʠ, ʢʘʢ ɸʨʦʢʣʦʨ (ʉʐɸ), ʍʣʦʨʬʝʥ (ɻʝʨʤʘʥʠʷ), ʂʘʥʝʭʣʦʨ (ʗʧʦʥʠʷ) ʠ 

ʌʝʥʢʣʦʨ (ʀʪʘʣʠʷ) (Hu et al., 2011). ɺ ʢʦʥʮʝ 20 ʚʝʢʘ ʦʩʪʨʦ ʚʩʪʘʣ ʚʦʧʨʦʩ ʦ 

ʧʘʛʫʙʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʇʍɹ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʚʩʣʝʜʩʪʚʠʠ ʠʭ ʚʳʩʦʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʳʣʦ ʟʘʧʨʝʱʝʥʦ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʠʟʫʯʝʥʠʶ 

ʪʦʢʩʠʯʥʦʩʪʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʧʦʢʘʟʘʪʝʣʴ ʪʦʢʩʠʯʥʦʩʪʠ ʢʦʪʦʨʳʭ ʙʳʣ 

ʘʥʘʣʦʛʠʯʝʥ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʤ ʜʠʙʝʥʟʦʬʫʨʘʥʘʤ (ʇʍɼʌ) ʠ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʤ ʜʠʙʝʥʟʦ-ʨ-ʜʠʦʢʩʠʥʘʤ (ʇʍɼɼ). ʉʨʝʜʠ ʥʠʭ 12 ʢʦʥʛʝʥʝʨʦʚ 

ʇʍɹ, ʩʦʜʝʨʞʘʱʠʝ ʯʝʪʳʨʝ ʠʣʠ ʙʦʣʝʝ ʘʪʦʤʦʚ ʭʣʦʨʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ 

ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ, ʦʙʣʘʜʘʶʪ ʜʠʦʢʩʠʥʦʧʦʜʦʙʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ (DL) ʠ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çDLïʇʍɹè (Seegal et al., 2011; Zhang et al., 2015). ɺ ʪʦʞʝ 

ʚʨʝʤʷ, ʥʝʢʦʪʦʨʳʝ ʇʍɹ, ʚʢʣʶʯʘʷ ʇʍɹ 77, ʇʍɹ 126 ʠ ʇʍɹ 169 (ʥʦʤʝʨ 

ʢʦʥʛʝʥʝʨʘ ʧʦ ʀʖʇɸʂ), ʦʙʣʘʜʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ DL-ʪʦʢʩʠʯʥʦʩʪʴʶ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʭʣʦʨʥʳʭ ʟʘʤʝʱʝʥʠʡ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ (Carro et al., 2018). 

ʊʦʢʩʠʯʥʦʩʪʴ ʢʦʥʛʝʥʝʨʦʚ DLïʇʍɹ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʘʢʦʚʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ 2,3,7,8-ʪʝʪʨʘʭʣʦʨʜʠʙʝʥʟʦ-ʨ-ʜʠʦʢʩʠʥʘ (ʊʍɼɼ), ʩʘʤʦʛʦ ʪʦʢʩʠʯʥʦʛʦ 

ʠʟ ʛʨʫʧʧʳ ʊʍɼɼ. ʊʦʢʩʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ (ʊʂʕ) ʜʣʷ 

2,3,7,8-ʊʍɼɼ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 1,0, ʘ ʊʂʕ ʜʨʫʛʠʭ ʜʠʦʢʩʠʥʦʚ ʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɿʥʘʯʝʥʠʷ ʊʂʕ ʦʙʥʦʚʣʷʶʪʩʷ ʩ 

ʫʯʝʪʦʤ ʩʘʤʳʭ ʧʦʩʣʝʜʥʠʭ ʜʘʥʥʳʭ, ʜʦʩʪʫʧʥʳʭ ʠʟ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (Berg et al., 2006). ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʟʥʘʯʝʥʠʷ ʊʂʕ ʜʣʷ DLï

ʇʍɹ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,00003ï0,1, ʩʦʛʣʘʩʥʦ ʜʦʢʫʤʝʥʪʦʚ, ʧʨʠʥʷʪʳʭ 

ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (Reddy et al., 2019).  

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʧʨʠʤʝʥʝʥʠʷ, ʇʍɹ ʩʦʭʨʘʥʷʶʪʩʷ ʢʘʢ ʚ ʙʠʦʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʘʙʠʦʪʠʯʝʩʢʠʭ 

ʩʨʝʜʘʭ (Zeng et al., 2013). ʆʩʦʙʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʜʝʣʘʣʠ ʇʍɹ 

ʥʝʟʘʤʝʥʠʤʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʤʥʦʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʳʜʘʶʱʠʝʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʦʜʥʦ ʠʟ ʩʘʤʳʭ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʇʍɹ (Randoll et al., 2014). ʅʠʟʢʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 
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ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʜʝʣʘʣʠ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʭʣʘʜʠʪʝʣʝʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ʃʝʛʢʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʇʍɹ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ 

ʧʳʣʝʚʳʭ ʯʘʩʪʠʮʘʭ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʠʭ ʧʦʚʩʝʤʝʩʪʥʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʦ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʘʭ ʛʣʦʙʘʣʴʥʦʡ 

ʵʢʦʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʨʝʛʠʦʥʳ, ʛʜʝ ʦʥʠ ʥʠʢʦʛʜʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ (Reddy et 

al., 2019). 

ʆʩʥʦʚʥʘʷ ʜʦʣʷ ʇʍɹ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʫʪʝʯʝʢ ʠʟ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ ʇʍɹ, ʦʜʥʘʢʦ ʩʞʠʛʘʥʠʝ ʦʪʭʦʜʦʚ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʇʍɹ ʚ ʧʨʠʨʦʜʫ (Tang et al., 

2015). ʇʍɹ ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʠʟ-ʟʘ ʠʭ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʚʳʩʦʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʇʍɹ ʚ ʞʠʨʘʭ 

ʧʦʟʚʦʣʷʝʪ ʠʤ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʣʠʧʠʜʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ ʚ ʪʢʘʥʷʭ ʞʠʚʦʪʥʳʭ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʧʦʵʪʘʧʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ 

ʧʠʱʝʚʦʡ ʮʝʧʠ. 

ʋʯʠʪʳʚʘʷ ʠʭ ʚʨʝʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʩʶ ʵʢʦʩʠʩʪʝʤʫ, ʇʍɹ ʙʳʣʠ 

ʦʪʥʝʩʝʥʳ ʢ ʛʨʫʧʧʝ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʉʆɿ) ʠ ʚʢʣʶʯʝʥʳ ʚ 

ʉʪʦʢʛʦʣʴʤʩʢʫʶ ʢʦʥʚʝʥʮʠʶ (http://chm.pops.int). 

ʀʩʪʦʯʥʠʢʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʇʍɹ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʍɹ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʧʨʦʜʫʢʪʘʭ, ʘ ʪʘʢʞʝ ʠʭ ʥʝʧʨʘʚʠʣʴʥʘʷ ʫʪʠʣʠʟʘʮʠʷ 

ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʘʥʥʳʤʠ 

ʧʦʣʣʶʪʘʥʪʘʤʠ. ʇʨʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʠʣʠ ʨʘʟʨʫʰʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢʦʛʦ ʢʘʢ ʢʦʥʜʝʥʩʘʪʦʨʳ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ 

ʦʪʭʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʇʍɹ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʇʍɹ ʚ ʚʦʟʜʫʭ ʠ ʧʦʯʚʫ 

(Lavandier et al., 2013). ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʩʞʠʛʘʥʠʝ ʦʪʭʦʜʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ ʠ ʧʣʦʱʘʜʴ ʟʘʛʨʷʟʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʵʪʦʤ 

ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʠ ʦʙʲʝʤʘ ʢʠʩʣʦʨʦʜʘ, 
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ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʤʦʣʝʢʫʣʳ ʇʍɹ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʇʍɹ ʧʦʧʘʜʘʶʪ 

ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʯʝʨʝʟ ʠʩʧʘʨʝʥʠʝ ʢʨʘʩʦʢ, ʧʦʢʨʳʪʠʡ ʠ ʧʣʘʩʪʤʘʩʩ, ʧʨʷʤʳʭ 

ʫʪʝʯʝʢ ʚ ʢʘʥʘʣʠʟʘʮʠʶ ʠ ʨʫʯʴʠ, ʚʳʙʨʦʩʦʚ ʥʘ ʥʝʟʘʱʠʱʝʥʥʳʝ ʩʚʘʣʢʠ, ʩʙʨʦʩʘ ʚ 

ʦʢʝʘʥ. ɺʧʝʨʚʳʝ ʚ ʦʙʨʘʟʮʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʇʍɹ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 1966 

ʛʦʜʫ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ɼɼʊ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ (Huang et al., 

2011). ʉ ʪʝʭ ʧʦʨ ʇʍɹ ʚʦʰʣʠ ʚ ʢʘʪʝʛʦʨʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʆʥʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʚʦʟʜʫʭʝ, ʧʦʯʚʝ, ʦʩʘʜʢʘʭ, ʚʦʜʝ, 

ʤʦʣʦʢʝ, ʨʳʙʝ, ʨʘʩʪʝʥʠʷʭ, ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʠ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ 

(Zhang et al., 2021; Falahudin et al., 2023; Frossard et al., 2023; Simpson et al., 

2024; Ulanova et al., 2024; Zhang et al., 2024). ʋʜʠʚʠʪʝʣʴʥʦ, ʥʦ ʦʩʪʘʪʢʠ ʇʍɹ 

ʙʳʣʠ ʟʘʤʝʯʝʥʳ ʜʘʞʝ ʚ ʨʝʛʠʦʥʘʭ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʚʢʣʶʯʘʷ ʩʥʝʞʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ɸʥʪʘʨʢʪʠʜʝ (Eckhardt et al., 2007). 

ʅʘ ʧʨʠʤʝʨʝ ʛʦʨʦʜʦʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɹ ʚ ʚʦʟʜʫʭʝ ʛʦʨʦʜʦʚ ʚ 20 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʘʭ 

(Herrick et al., 2016). ɺ ʤʦʨʩʢʦʡ ʚʦʜʝ ʚ ʨʘʡʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɹ ʚ 100 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʜʘʣʝʥʥʳʭ ʦʪ ʙʝʨʝʛʘ ʟʦʥʘʭ (Windham et al., 2010). 

ʉʪʝʧʝʥʴ ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʘʜʩʦʨʙʮʠʶ ʇʍɹ ʥʘ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮʘʭ. ɺ ʚʦʜʝ ʇʍɹ ʤʦʛʫʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʩʘʜʢʦʚ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʥʘʢʦʧʣʝʥʠʶ ʚ ʦʩʘʜʢʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʇʦʣʣʶʪʘʥʪʳ ʦʩʪʘʶʪʩʷ 

ʩʢʨʳʪʳʤʠ ʚ ʦʩʘʜʢʘʭ ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʧʦʩʪʝʧʝʥʥʦ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʚ 

ʚʦʜʫ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʠʩʧʘʨʷʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ/ʚʦʟʜʫʭ. ʇʝʨʝʭʦʜ ʇʍɹ ʠʟ ʚʦʜʳ ʚ 

ʚʦʟʜʫʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʫʭʠʝ ʩʝʟʦʥʳ (Zhao et al., 2016). ʇʍɹ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʚʦʟʜʫʭʝ, ʤʦʛʫʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʚ ʧʦʯʚʝ ʚʦ ʚʨʝʤʷ ʜʦʞʜʷ 

ʠ ʩʥʝʛʦʧʘʜʘ. ʆʥʠ ʧʨʠʣʠʧʘʶʪ ʢ ʪʚʝʨʜʳʤ ʚʝʱʝʩʪʚʘʤ, ʪʘʢʠʤ ʢʘʢ ʧʳʣʴ/ʩʘʞʘ, 

ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʦʩʝʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. ʇʍɹ ʪʘʢʞʝ ʤʦʛʫʪ ʧʝʨʝʥʦʩʠʪʴʩʷ 

ʥʘʩʝʢʦʤʳʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʝʣʝʪʘ. ɼʚʘ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʇʍɹ ʚ ʧʦʯʚʫ ï ʵʪʦ ʤʝʩʪʘ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʠ 

ʘʪʤʦʩʬʝʨʥʳʡ ʪʨʘʥʩʧʦʨʪ. ʇʦʜʨʦʙʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʇʍɹ ʚ 
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ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʧʫʪʷʭ ʘʢʢʫʤʫʣʷʮʠʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2 

(https://myslide.ru). 

 

ʈʠʩʫʥʦʢ 2 ï ʇʫʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʇʍɹ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʘʢʢʫʤʫʣʷʮʠʠ ʠʭ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ (https://myslide.ru)  

ʅʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʇʍɹ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʙʠʦʪʫ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʇʍɹ ʚʳʟʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʦʢʩʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʫ 

ʯʝʣʦʚʝʢʘ, ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ. ʆʥʠ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ 

ʯʝʨʝʟ ʢʦʥʪʘʢʪ ʩ ʢʦʞʝʡ, ʧʨʠ ʚʜʳʭʘʥʠʠ ʧʘʨʦʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʇʍɹ, ʠ ʧʨʠ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʧʠʱʠ, ʟʘʛʨʷʟʥʝʥʥʦʡ ʦʩʪʘʪʢʘʤʠ ʇʍɹ (ʈʠʩʫʥʦʢ 2) (Carpenter, 

2006; Braouezec et al., 2016; Dean et al., 2024; Ling et al., 2024; Mahire et al., 

2023). ʇʦʩʪʫʧʣʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʇʍɹ ʚ ʦʨʛʘʥʠʟʤ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʣʝʛʢʠʭ, 

ʥʘʨʫʰʝʥʠʶ ʚʳʨʘʙʦʪʢʠ ʛʦʨʤʦʥʦʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ, ʪʦʨʤʦʞʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʚ ʥʘʜʧʦʯʝʯʥʠʢʘʭ, ʦʥʠ ʤʝʰʘʶʪ ʨʘʙʦʪʝ ʵʩʪʨʦʛʝʥʦʚʳʭ 

ʨʝʮʝʧʪʦʨʦʚ ʠ ʚʣʠʷʶʪ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ (Wu et al., 2018).  

https://myslide.ru/
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ʋʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʇʍɹ, ʦʩʦʙʝʥʥʦ ʨʳʙʳ, 

ʤʷʩʘ ʠ ʧʨʦʜʫʢʪʦʚ ʧʪʠʮʝʚʦʜʩʪʚʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʭʦʪʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɹ ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ ʩʥʠʟʠʣʘʩʴ ʩ ʢʦʥʮʘ 

70-ʭ ʛʦʜʦʚ (Ivanescu, 2015). 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʠ ʄʝʞʜʫʥʘʨʦʜʥʦʝ 

ʘʛʝʥʪʩʪʚʦ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʢʘ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʇʍɹ ʷʚʣʷʶʪʩʷ 

ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʊʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʍɹ ʫ 

ʣʶʜʝʡ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʩʣʫʯʘʝʚ ʤʝʣʘʥʦʤʳ, ʨʘʢʘ ʞʝʣʯʥʦʛʦ ʧʫʟʳʨʷ, 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʧʝʯʝʥʠ, ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ (Schulz et al., 2024; Wu 

et al., 2024; Zhang et al., 2024). ʋ ʣʶʜʝʡ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ 

ʚʦʟʜʝʡʩʪʚʠʷ ʇʍɹ ʯʝʨʝʟ ʢʦʥʪʘʢʪ ʩ ʢʦʞʝʡ ʠʣʠ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʩ ʧʠʱʝʡ, 

ʚʦʟʥʠʢʘʶʪ ʨʘʟʜʨʘʞʝʥʠʷ ʢʦʞʠ, ʪʘʢʠʝ ʢʘʢ ʪʷʞʝʣʘʷ ʫʛʨʝʚʘʷ ʩʳʧʴ ʠ ʚʳʩʳʧʘʥʠʷ, 

ʠʥʬʝʢʮʠʠ ʥʦʩʘ, ʣʝʛʢʠʭ ʠ ʛʣʘʟ (De Castro et al., 2006). 

ʂʨʦʤʝ ʪʦʛʦ, ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ ʇʍɹ ʤʦʛʫʪ ʠʤʠʪʠʨʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʛʦʨʤʦʥʳ ʦʨʛʘʥʠʟʤʘ, ʦʩʦʙʝʥʥʦ ʵʩʪʨʦʛʝʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ 

ʦʨʛʘʥʠʟʤ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘʨʫʰʝʥʠʝ ʤʦʪʦʨʠʢʠ ʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʫʢʦʨʦʯʝʥʠʝ 

ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʘ, ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʧʝʨʤʘʪʦʟʦʠʜʦʚ, ʘ ʫ ʜʝʪʝʡ ï 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʧʦʪʝʨʷ ʧʘʤʷʪʠ ʠ ʩʥʠʞʝʥʠʝ IQ (Leijs et al., 2014; Reddy et al., 

2019). ɺʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ ʇʍɹ ʧʨʦʷʚʣʷʶʪ DL-ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʠʟʤʝʥʷʶʪ 

ʤʝʪʘʙʦʣʠʟʤ ʧʦʣʦʚʳʭ ʩʪʝʨʦʠʜʦʚ ʚ ʦʨʛʘʥʠʟʤʝ, ʘ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʫʨʦʚʥʠ 

ʵʩʪʨʦʛʝʥʘ ʠ ʪʝʩʪʦʩʪʝʨʦʥʘ (Reddy et al., 2019). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʇʍɹ ʚ 

ʦʩʥʦʚʥʦʤ ʚʩʘʩʳʚʘʶʪʩʷ ʠʟ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʯʝʨʝʟ ʢʦʞʫ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʞʠʚʦʪʥʳʭ ʇʍɹ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʞʝʣʫʜʦʢ, ʣʝʛʢʠʝ ʠ ʧʦʜʞʝʣʫʜʦʯʥʫʶ ʞʝʣʝʟʫ (Korwel et al., 2017). 

ɺʚʝʜʝʥʠʝ ʇʍɹ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪ ʚ ʦʨʛʘʥʠʟʤ ʢʨʳʩ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʛʦʨʤʦʥʦʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʚ ʢʨʦʚʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ ʧʝʯʝʥʠ, ʤʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʚʳʟʳʚʘʶʱʘʷ 

ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʩʦʩʪʘʚʠʣʘ 2,5 ʤʛ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ ʚ ʜʝʥʴ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʭʨʦʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ (2 ʛʦʜʘ), ʤʠʥʠʤʘʣʴʥʳʝ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ, ʧʦʩʪʫʧʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚʳʟʚʘʣʦ ʨʘʟʚʠʪʠʝ ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ 

ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʧʝʯʝʥʠ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 1,4 ʜʦ 5,4 ʤʛ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ ʚ ʜʝʥʴ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʤʝʩʠ ʇʍɹ. ʂʨʦʤʝ ʪʦʛʦ, ʇʍɹ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ 

ʭʣʦʨʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʶ ʦʧʫʭʦʣʝʡ ʣʝʛʢʠʭ ʠ ʧʝʯʝʥʠ ʫ ʤʳʰʝʡ 

(Korwel et al., 2017). 

ʅʘʢʦʧʣʝʥʠʝ ʇʍɹ ʚ ʧʦʯʚʝ ʦʧʘʩʥʦ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ 

ʨʘʩʪʝʥʠʷ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ ʚʣʠʷʶʪ ʥʘ ʙʠʦʩʠʥʪʝʟ, ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʫ 

ʢʣʝʪʦʢ ʨʘʩʪʝʥʠʡ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥ ʠ ɼʅʂ. ɸʜʩʦʨʙʮʠʷ ʇʍɹ ʥʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚʘʭ ʧʦʯʚʳ ʩʥʠʞʘʝʪ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʜʣʷ ʨʘʩʪʝʥʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʇʍɹ ʫ 

ʨʘʩʪʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ, ʫʭʫʜʰʝʥʠʝ 

ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʳ/ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚʠʜʠʤʳʝ ʩʠʤʧʪʦʤʳ 

ʫʛʥʝʪʝʥʠʷ ʨʦʩʪʘ, ʧʦʪʝʤʥʝʥʠʷ ʢʦʨʥʝʚʳʭ ʢʦʥʯʠʢʦʚ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʛʠʙʝʣʴ 

(Aken et al., 2010; Chen et al., 2014).  

ɹʠʦʘʢʢʫʤʫʣʷʮʠʷ ʇʍɹ  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʇʍɹ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʩʘʞʜʝʥʠʷ ʠʟ ʚʦʟʜʫʭʘ 

ʠ ʚʦʜʳ ʥʘ ʥʘʟʝʤʥʳʭ ʨʘʩʪʝʥʠʷʭ, ʚʦʜʥʳʭ ʘʚʪʦʪʨʦʬʘʭ ʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, 

ʟʘʥʠʤʘʶʱʠʭ ʩʘʤʳʝ ʥʠʟʢʠʝ ʪʨʦʬʠʯʝʩʢʠʝ ʫʨʦʚʥʠ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʜʚʠʞʝʥʠʝ ʇʍɹ ʧʦ ʧʠʱʝʚʳʤ ʮʝʧʷʤ (Frossard et al., 2023). ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʇʍɹ ʫ ʚʠʜʦʚ, ʧʠʪʘʶʱʠʭʩʷ ʜʦʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʳʰʝ, ʯʝʤ ʩʦʜʝʨʞʘʥʠʝ ʇʍɹ 

ʚ ʦʩʘʜʢʘʭ. ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʮʝʧʠ 

ʟʦʦʧʣʘʥʢʪʦʥ ï ʤʦʣʣʶʩʢʠ ï ʨʳʙʳ ï ʤʣʝʢʦʧʠʪʘʶʱʠʝ (ʜʝʣʴʬʠʥʳ, ʪʶʣʝʥʠ ʠ 

ʢʠʪʳ) (Leigh et al., 2006; Javorska et al., 2011). ʅʘ ʩʫʰʝ ʙʠʦʤʘʛʥʠʬʠʢʘʮʠʷ 

ʧʨʦʛʨʝʩʩʠʨʫʝʪ ʟʘ ʩʯʝʪ ʥʘʢʦʧʣʝʥʠʷ ʇʍɹ ʚ ʯʝʨʚʷʭ ʠ ʥʘʩʝʢʦʤʳʭ ʠʟ 

ʧʦʯʚʳ/ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʜʦʩʪʠʛʘʶʪ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʧʪʠʮ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʇʍɹ ʚ ʞʠʨʦʚʳʭ ʪʢʘʥʷʭ ʯʝʣʦʚʝʢʘ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 100 ʨʘʟ ʚʳʰʝ, 

ʯʝʤ ʚ ʫʧʦʪʨʝʙʣʷʝʤʦʡ ʧʠʱʝ (Reddy et al., 2019).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʜʳʭʘʥʠʝ ʇʍɹ ʤʦʞʝʪ 

ʚʥʦʩʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʟʤʝ 
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ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ ʧʦʧʫʣʷʮʠʷʭ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɹ ʚ 

ʚʦʟʜʫʭʝ ʚʳʩʦʢʘ, ʘ ʧʦʪʨʝʙʣʝʥʠʝ ʨʳʙʳ ʥʠʟʢʦʝ (Emily, 2010; Braouezec et al., 

2016; Daen et al., 2024).  

ʉʢʦʨʦʩʪʴ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ ʚ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ, ʝʛʦ 

ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʠ ʢʦʥʛʝʥʝʨʘ ʇʍɹ (Szczybelski et al., 2016). 

ʈʘʩʪʝʥʠʷ ʧʦʛʣʦʱʘʶʪ ʇʍɹ ʢʘʢ ʠʟ ʧʦʯʚʳ, ʪʘʢ ʠ ʠʟ ʚʦʟʜʫʭʘ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʟʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʇʍɹ ʨʘʩʪʝʥʠʷʤʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʧʦʛʣʦʱʝʥʠʠ ʇʍɹ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ (Liu, 

Schnoor, 2008; Kacalkova, Tlustos, 2011). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʚ 

ʢʦʨʥʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʇʍɹ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʇʍɹ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʥʝʡ, ʘ ʟʘʪʝʤ ʧʨʦʥʠʢʘʶʪ ʚʥʫʪʨʴ ʯʝʨʝʟ ʩʚʦʙʦʜʥʳʝ ʦʪ 

ʢʫʪʠʢʫʣʳ ʥʝʦʧʨʦʙʢʦʚʝʚʰʠʝ ʢʣʝʪʦʯʥʳʝ ʩʪʝʥʢʠ ʤʦʣʦʜʳʭ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ. 

ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʇʍɹ ʢ ʪʨʘʥʩʧʦʨʪʥʳʤ ʪʢʘʥʷʤ ʢʩʠʣʝʤʳ ʚ 

ʢʦʨʥʷʭ ʧʦ ʩʚʦʙʦʜʥʳʤ ʤʝʞʢʣʝʪʦʯʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʘʤ. ʂʣʝʪʦʯʥʘʷ ʩʪʝʥʢʘ ʢʣʝʪʦʢ 

ʢʦʨʢʦʚʦʛʦ ʩʣʦʷ ʢʦʨʥʷ ʧʦʨʠʩʪʘʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʇʍɹ ʤʦʛʫʪ ʣʝʛʢʦ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʮʠʪʦʧʣʘʟʤʫ (Zhang et al., 2017). 

ʈʘʟʨʫʰʝʥʠʝ ʇʍɹ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʇʍɹ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ 

ʭʣʦʨʘ ʠ ʠʭ ʧʦʣʦʞʝʥʠʷ ʥʘ ʢʦʣʴʮʘʭ ʙʠʬʝʥʠʣʘ. ɼʚʘ ʬʝʥʠʣʴʥʳʭ ʢʦʣʴʮʘ ʇʍɹ 

ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʢʦʧʣʘʥʘʨʥʳʝ ʇʍɹ) ʠʣʠ ʚ ʨʘʟʥʳʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ (ʥʝʢʦʧʣʘʥʘʨʥʳʝ ʇʍɹ). ʈʘʟʨʫʰʝʥʠʝ ʇʍɹ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʧʨʠʯʝʤ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʨʫʰʝʥʠʠ 

ʇʍɹ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʦʜʝ, ʚʦʟʜʫʭʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʇʍɹ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʭʣʦʨʘ (ʊʘʙʣʠʮʘ 1) (Qin et al., 2018). ʉʚʝʪʦʨʘʟʣʦʞʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ ʫ ʢʦʧʣʘʥʘʨʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʥʝʢʦʧʣʘʥʘʨʥʳʤʠ. ɺ ʘʪʤʦʩʬʝʨʝ ʇʍɹ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʘʛʠʨʫʶʪ ʩ ʚʦʜʦʡ ʠ 
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ʦʟʦʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʇʍɹ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʪ 1 ʜʦ 5 ʘʪʦʤʦʚ ʭʣʦʨʘ, ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 3,5 ʜʦ 83 ʜʥʝʡ. ʇʍɹ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʚʦʜʝ, ʨʘʟʨʫʰʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ (ʬʦʪʦʣʠʟ). ɺ ʤʝʣʢʦʚʦʜʥʳʭ ʚʦʜʦʝʤʘʭ ʚʨʝʤʷ ʧʦʣʫʨʘʩʧʘʜʘ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 17 ʜʦ 210 ʜʥʝʡ ʜʣʷ ʇʍɹ, ʩʦʜʝʨʞʘʱʠʭ ʦʪ 1 ʜʦ 4 ʘʪʦʤʦʚ ʭʣʦʨʘ, ʚ 

ʩʫʭʠʝ ʩʝʟʦʥʳ (Niu et al., 2006). ɺ ʧʦʯʚʝ ʠ ʦʩʘʜʢʘʭ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʝʛʨʘʜʘʮʠʠ 

ʇʍɹ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʊʘʙʣʠʮʘ 1 ï ʇʝʨʠʦʜʳ ʧʦʣʫʨʘʩʧʘʜʘ ʜʠʦʢʩʠʥʦ-ʧʦʜʦʙʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ  

ˉ ʇʍɹ 

ʧʦ 

ʀʖʇɸʂ 

ʍʠʤʠʯʝʩʢʦʝ 

ʥʘʟʚʘʥʠʝ ʇʍɹ 

ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ (ʛʦʜ) 

ɺʦʟʜʫʭ ɺʦʜʘ ʇʦʯʚʘ 
ɼʦʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ 

ʇʍɹ 28 
2,4,4ǋ-

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ 
0,008 0,165 2,966 2,976 

ʇʍɹ 52 
2,5,2ǋ,5ǋ-

ʊʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣ 
0,171 3,422 9,99 9,993 

ʇʍɹ 77 
3,4,3ǋ,4ǋ-

ʊʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣ 
0,171 3,422 9,993 9,993 

ʇʍɹ 81 
3,4,5,4ǋ-

ʊʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣ 
0,171 3,422 9,993 9,993 

ʇʍɹ 101 
2,4,5,2`,5-̀

ʇʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ 
0,342 6,845 9,993 9,993 

ʇʍɹ 105 
2,3,4,3`,4-̀

ʇʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ 
0,342 6,845 9,993 9,993 

ʇʍɹ 114 
2,3,4,5,4`,-

ʇʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ 
0,342 6,845 9,993 9,993 

ʇʍɹ 118 
2,4,5,3`,4-̀

ʇʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ 
0,342 6,845 6,845 6,845 

ʇʍɹ 123 
3,4,5,2`,4-̀ 

ʇʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ 
0,342 6,845 9,993 9,993 

ʇʍɹ 126 
3,4,5,3`,4-̀

ʇʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ 
0,342 6,845 9,993 9,993 

ʇʍɹ 153 
2,4,5,2`,4`,5-̀

ɻʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣ 
0,684 13,689 18,823 18,823 

ʇʍɹ 169 
3,4,5,3`,4`,5-̀

ɻʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣ 
0,684 13,689 18,823 18,823 

ʇʍɹ 180 
2,3,4,5,2`,4`,5-̀

ɻʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣ 
1,369 27,379 37,645 37,988 

 



24 

 

1.2 ʄʝʪʦʜʳ ʫʜʘʣʝʥʠʷ ʇʍɹ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʯʠʩʪʢʠ 

ʟʘʛʨʷʟʥʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʭʠʤʠʯʝʩʢʠʭ, 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʘʥʘʮʠʠ ʜʣʷ ʚʦʜʳ, ʧʦʯʚʳ ʠ ʦʩʘʜʢʦʚ, 

ʟʘʛʨʷʟʥʸʥʥʳʭ ʇʍɹ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʩʘʥʘʮʠʠ, ʚʢʣʶʯʘʷ ʪʝʨʤʠʯʝʩʢʫʶ ʫʪʠʣʠʟʘʮʠʶ, ʬʠʪʦʨʝʤʝʜʠʘʮʠʶ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʜʝʩʪʨʫʢʮʠʶ, ʘ ʪʘʢʞʝ ʥʦʚʳʝ ʤʝʪʦʜʳ, ʧʦʷʚʠʚʰʠʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʜʘʚʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɻʦʨʙʫʥʦʚʘ ʠ ʜʨ., 2018; Lisa et al., 2010). 

1.2.1 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʊʨʘʜʠʮʠʦʥʥʦ ʪʝʨʤʠʯʝʩʢʘʷ ʫʪʠʣʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʤʝʪʦʜʦʤ ʫʥʠʯʪʦʞʝʥʠʷ ʇʍɹ, ʧʨʠ ʢʦʪʦʨʦʤ ʇʍɹ ʨʝʘʛʠʨʫʶʪ ʩ ʢʠʩʣʦʨʦʜʦʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ CO2, ʚʦʜʳ ʠ HCl. ʆʜʥʘʢʦ ʇʍɹ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʜʠʙʝʥʟʦ-ʨ-ʜʠʦʢʩʠʥʦʚ (ʇʍɼɼ) ʠ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʜʠʙʝʥʟʦʬʫʨʘʥʦʚ (ʇʍɼʌ) ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, 

ʪʘʢʦʡ ʢʘʢ ʧʦʞʘʨ ʠʣʠ ʩʞʠʛʘʥʠʝ (Weidemann et al., 2015). ʉʦʚʨʝʤʝʥʥʳʝ 

ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʩʧʦʩʦʙʥʳʝ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʘʣʝʥʠʝ ʜʠʦʢʩʠʥʦʚ, ʫʩʪʨʘʥʠʣʠ ʧʨʦʙʣʝʤʫ 

ʦʧʘʩʥʳʭ ʚʳʙʨʦʩʦʚ (Han et al., 2018). ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʇʍɼɼ/ʌ ʚ ʧʨʦʮʝʩʩʝ 

ʩʞʠʛʘʥʠʷ, ʘ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (> 700 ÁC), ʜʦʩʪʫʧʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, 

ʪʦʧʣʠʚʘ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʇʍɼɼ/ʌ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʜʦ 99 % ʨʘʟʨʫʰʝʥʠʷ 

ʇʍɹ (Yaghmaeian et al., 2015). 

ʌʦʪʦʣʠʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʨʘʟʨʫʰʝʥʠʷ ʇʍɹ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʦʪʦʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʳ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ TiO2 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʫʜʘʣʷʪʴ ʇʍɹ ʠʟ ʥʝʧʨʦʟʨʘʯʥʳʭ ʩʨʝʜ (Jyothi et al., 2012; Prakash et al., 2018).  

ʉʣʝʜʫʶʱʠʡ ʤʝʪʦʜ ς ɻ ʪʦ ʨʘʟʨʫʰʝʥʠʝ ʇʍɹ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ, 

ʷʚʣʷʶʱʝʡʩʷ ʧʨʦʮʝʩʩʦʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ (Advanced Oxidation 
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Processes - AOP). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʝʪʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʩʘʥʘʮʠʠ ʧʦʯʚʳ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʟʘʛʨʷʟʥʸʥʥʳʭ ʇʍɹ (Fang et al., 2012; Fang et 

al., 2017; Hong et al., 2018; Wang, Wang, 2018). 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʷʚʣʷʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʇʍɹ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʯʴ ʟʘ ʩʯʝʪ ʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʦ 

80 % ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠ ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʨʠ 40 ÁC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʠʜʨʘʟʠʥ 

ʛʠʜʨʦʭʣʦʨʠʜʘ/ʧʘʣʣʘʜʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʫʢʨʮʠʠ ʇʍɹ >90 % 

(Lu et al., 2009; Chen et al., 2013). 

SCWO (Supercritical water oxidation) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚʳʰʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʚʦʜʳ (373 Áʉ ʠ 22,064 MPa). ɺ ʩʫʧʝʨʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʚʦʜʘ ʪʝʨʷʝʪ ʩʚʦʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠ ʥʘʯʠʥʘʝʪ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʧʦʣʷʨʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʢ ʥʝʧʦʣʷʨʥʦʤʫ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʇʍɹ ʚ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇʍɹ ʨʘʟʣʘʛʘʶʪʩʷ, ʦʙʨʘʟʫʷ CO2, ʚʦʜʫ 

ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ (Marulanda, Bolanos, 

2010). ʇʨʠ ʪʠʧʠʯʥʳʭ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 550 ÁC ʜʦ 650 ÁC ʠ 

ʜʘʚʣʝʥʠʷ 250 ʙʘʨ ʤʝʪʦʜ SCWO ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 99 % ʜʝʛʨʘʜʘʮʠʠ ʇʍɹ 

(Fang, Xu, 2014). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʫʧʝʨʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʳ ʦʙʨʘʟʫʶʪʩʷ ʦʩʘʜʢʠ, ʥʘʢʦʧʣʝʥʠʝ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʛʨʷʟʥʝʥʠʶ, ʟʘʩʦʨʝʥʠʶ ʠ ʵʨʦʟʠʠ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ, ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʩʦʢʦʟʘʪʨʘʪʥʳʤʠ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʩʝʨʴʝʟʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
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1.2.2 ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʨʝʤʝʜʠʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

(ʙʘʢʪʝʨʠʠ, ʛʨʠʙʳ) ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʦʞʝʥʠʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠ 

ʫʩʪʨʘʥʝʥʠʠ ʇʍɹ (Negret-Bolagay et al., 2021). ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʇʍɹ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ: ʘʵʨʦʙʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠ ʘʥʘʵʨʦʙʥʦʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʜʝʭʣʦʨʠʨʦʚʘʥʠʝ (Elangovan et al., 2019). ʇʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ 

ʭʣʦʨʘ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʩʪʝʧʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ. 

ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʇʍɹ 

ʩ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʥʘ ʧʘʨʘ-ʧʦʟʠʮʠʷʭ. ɸʵʨʦʙʥʘʷ ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʚʢʣʶʯʘʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʇʍɹ ʯʝʨʝʟ ʩʝʨʠʶ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʨʘʟʣʦʞʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʘʵʨʦʙʥʦʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʜʝʭʣʦʨʠʨʦʚʘʥʠʝ 

ʇʍɹ ʚʢʣʶʯʘʝʪ ʚʳʪʝʩʥʝʥʠʝ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ (Kim et al., 

2010).  

ʅʝʢʦʪʦʨʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʪʘʢʠʝ ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʦʚ 

Arthrobacter, Pseudomonas, Rhodococcus ʠ Burkholderia, ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʣʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʙʠʬʝʥʠʣʘ ʠ ʥʝʢʦʪʦʨʳʭ ʇʍɹ (ɽʛʦʨʦʚʘ ʠ ʩʦʘʚʪ., 2013; 

Leigh et al., 2006; Kolar et al., 2007; Murinov§ et al., 2014; Kirǋyanova et al., 2023). 

ʆʜʥʘʢʦ ʇʍɹ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʴʰʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ, ʠ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʰʪʘʤʤʦʚ, ʪʘʢʠʭ ʢʘʢ 

Burkholderia xenovorans LB400 ʠ Alcaligenes eutrophus H850, ʩʦʜʝʨʞʘʱʠʝ 

ʙʠʬʝʥʠʣ 3,4-ʜʠʦʢʩʠʛʝʥʘʟʫ, ʩʧʦʩʦʙʥʳ ʨʘʟʣʘʛʘʪʴ ʜʚʦʡʥʳʝ ʢʦʣʴʮʝʚʳʝ ʦʨʪʦ-

ʟʘʤʝʱʸʥʥʳʝ ʢʦʥʛʝʥʝʨʳ. ɺʥʝʩʝʥʠʝ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʚ ʧʦʯʚʫ, ʟʘʛʨʷʟʥʝʥʥʫʶ 

ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʩʤʝʩʷʤʠ ʤʘʨʢʠ Aroclor ʦʙʝʩʧʝʯʠʚʘʣʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʟʘʛʰʨʷʟʥʝʥʥʦʩʪʠ ʥʘ 43ï85 % (ʧʘʪʝʥʪʳ ʉʐɸ ˉ4843007; ˉ4843009; 

ˉ4876201; ˉ5009999). ʍʦʪʷ ʰʪʘʤʤ LB400 ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ ʜʝʩʪʨʫʢʪʦʨʦʤ, 

ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʠʟʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Pandoraea pnomenusa B356 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʚʦʡʥʳʤ ʧʘʨʘ-ʟʘʤʝʱʸʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ (Murugan, Vasudevan, 

2018). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʘʢʪʝʨʠʷ Ensifer adhaerens, ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʠʟ ʧʦʯʚʳ, 

ʩʧʦʩʦʙʥʘ ʨʘʟʣʘʛʘʪʴ ʇʍɹ ʚ ʟʘʛʨʷʟʥʸʥʥʦʡ ʚʦʜʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʦʮʝʩʩʦʤ 
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ʙʠʦʩʦʨʙʮʠʠ (Xu et al., 2016). ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ ʙʠʦʨʝʤʝʜʠʘʮʠʠ 

ʘʩʩʦʮʠʘʮʠʡ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ ʚ 

ʧʦʯʚʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 80 % (Horv§tov§ et al., 2018; Steliga et al., 2020).  

ʌʠʪʦʨʝʤʝʜʠʘʮʠʷ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʵʢʦʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʤ, ʜʣʷ 

ʩʘʥʘʮʠʠ ʧʦʯʚʳ, ʚʦʜʳ ʠ ʦʩʘʜʢʦʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʇʍɹ ʠ ʜʨʫʛʠʤʠ 

ʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʨʦʮʝʩʩ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʵʪʘʧʘ: 

ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʚ ʧʦʯʚʝ ʠʣʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ 

ʠ ʠʭ ʧʦʛʣʦʱʝʥʠʝ ʨʘʩʪʝʥʠʷʤʠ ʯʝʨʝʟ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠʣʠ ʧʨʷʤʳʤ 

ʠʩʧʘʨʝʥʠʝʤ ʚ ʘʪʤʦʩʬʝʨʫ (Terzaghi et al., 2019; Vergani et al., 2017). ɺʳʩʦʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ Medicago sativa L. (ʣʶʮʝʨʥʘ 

ʧʦʩʝʚʥʘʷ), Lathyrus sylvestris L. (ʯʠʥʘ ʣʝʩʥʘʷ), Cucurbitaceae Juss (ʪʳʢʚʝʥʥʳʝ), 

Lespedeza cuneata Michx (ʢʣʝʚʝʨ ʢʠʪʘʡʩʢʠʡ ʢʫʩʪʘʨʥʠʢʦʚʳʡ), Phalaris 

arundinacea L. (ʢʘʥʘʨʝʝʯʥʠʢ ʪʨʦʩʥʠʢʦʚʠʜʥʳʡ), Salix alaxensis Andersson 

Coville (ʠʚʘ ʚʦʡʣʦʯʥʘʷ), Sparganium L. (ʝʞʝʛʦʣʦʚʢʘ) ʠ Picea glauca Moench 

Voss (ʝʣʴ ʩʠʟʘʷ) (Slater et al., 2011; Terzaghi et al., 2020). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ Medicago sativa ʦʙʝʩʧʝʯʠʣʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ ʚ ʧʦʯʚʝ 

ʥʘ 31,4 % ʠ 78,4 % ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʛʦʜʘ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Wyrwicka et al., 2014). Panicum virgatum L. (ʧʨʦʩʦ 

ʧʨʫʪʴʝʚʠʜʥʦʝ) ʠ Sparganium ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʝʛʨʘʜʘʮʠʶ ʩʤʝʩʝʡ ʢʦʥʛʝʥʝʨʦʚ 

ʇʍɹ ʩ ʚʳʩʦʢʠʤ ʠ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʘ (Gregorio et al., 2013). 

1.2.3 ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʝʤʝʜʠʘʮʠʠ ʩʪʘʣʦ 

ʧʦʧʫʣʷʨʥʳʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʵʢʦʥʦʤʠʯʥʦ, ʯʝʤ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʦʜʥʦʤ ʤʝʪʦʜʝ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʶʪ ʧʘʨʘʣʣʝʣʴʥʦʝ ʠʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ 

ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ 
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ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʵʥʝʨʛʠʠ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʜʝʩʦʨʙʠʨʦʚʘʥʠʷ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ (Liu, 

Yu, 2006; Aresta et al., 2008). ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʛʨʘʥʫʣ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʙʠʦʜʝʛʨʘʜʘʮʠʝʡ ʇʍɹ, 

ʠʟʚʣʝʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʬʘʟʥʦʛʦ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʙʠʦʨʝʘʢʪʦʨʘ çʪʚʝʨʜʦʝ 

ʪʝʣʦ-ʞʠʜʢʦʩʪʴè (Rehmann, Daugulis, 2008). ʀʟʫʯʘʣʠʩʴ ʤʝʪʦʜʳ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʬʣʶʠʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʩ ʧʦʣʠʤʝʨ-

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʘʣʣʘʜʠʷ, ʞʝʣʝʟʦʤ, ʧʦʢʨʳʪʳʤ 

ʧʘʣʣʘʜʠʝʤ, ʠ ʘʵʨʦʙʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ (Jiang et al., 2018). ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʜʝʭʣʦʨʠʨʦʚʘʥʠʝ ʩ ʧʘʣʣʘʜʠʡ-ʟʘʛʨʫʞʝʥʥʳʤʠ 

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʦʚ (Chen et al., 2010). ɼʨʫʛʠʝ 

ʧʦʜʭʦʜʳ ʚʢʣʶʯʘʶʪ ʙʠʦʘʢʪʠʚʘʪʦʨʳ ʠ ʙʠʦʨʝʤʝʜʠʘʮʠʶ (Viisimaa et al., 2013).  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ 

ʙʘʢʪʝʨʠʠ ʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʇʍɹ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʙʠʦʘʢʪʠʚʘʮʠʷ ð 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʫʙʩʪʨʘʪʘ (ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʟʦʥʘ, 

ʋʌ-ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ), ʢʦʪʦʨʘʷ ʦʙʣʝʛʯʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ 

ʇʍɹ ʜʣʷ ʤʠʢʨʦʙʥʳʭ ʬʝʨʤʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʢʦʤʙʠʥʘʮʠʷ ʦʟʦʥʠʨʦʚʘʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ Achromobacter xylosoxidans 

ʦʙʝʩʧʝʯʠʣʘ 94% ʫʪʠʣʠʟʘʮʠʠ ʩʤʝʩʠ ʠʟ 9 ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ (Dudasova et al., 2017). 

ʉʦʯʝʪʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ TiO  (ʚ ʪʦʤ ʯʠʩʣʝ TiO /g-

C N  ʠ ZnO/g-C N ) ʩ ʙʘʢʪʝʨʠʷʤʠ ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʠʪʴ ʥʘʯʘʣʴʥʳʡ 

ʵʪʘʧ ʜʝʩʪʨʫʢʮʠʠ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʦʙʱʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʩʨʝʜʳ, 

ʦʙʣʝʛʯʘʷ ʜʘʣʴʥʝʡʰʝʝ ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ (Jyothi et al., 2012; Zhu et al., 

2012; Prakash et al., 2018). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʥʦʩʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʘʜʩʦʨʙʮʠʠ ʇʍɹ, ʥʦ ʠ ʩʣʫʞʠʪ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʧʣʸʥʢʠ, ʧʦʚʳʰʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʟʘʛʨʷʟʥʸʥʥʦʡ ʩʨʝʜʝ (Das et al., 2017).  
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ʊʘʢ ʞʝ ʭʦʨʦʰʦ ʩʝʙʷ ʧʦʢʘʟʘʣʦ ʠ ʩʦʯʝʪʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ. ʅʘ ʧʝʨʚʦʡ, 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʜʠʠ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʩʤʝʩʴ ʇʍɹ (ʉʦʚʦʣ) ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʛʠʜʨʦʢʩʠʜʝʭʣʦʨʠʨʦʚʘʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʯʘʩʪʴ ʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʛʠʜʨʦʢʩʠʭʣʦʨʙʠʬʝʥʠʣʳ. ɼʘʣʝʝ ʧʨʦʚʝʜʝʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʜʝʭʣʦʨʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʠʚʰʝʝ ʧʦʣʫʯʠʪʴ ʩʤʝʩʴ 

ʬʝʥʠʣʬʝʥʦʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʦʯʥʳʭ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ. ʅʘ ʚʪʦʨʦʡ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʜʠʠ, ʦʩʪʘʪʦʯʥʳʝ 

ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ ʰʝʩʪʠ 

ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʤʦʣʝʢʫʣʝ) ʧʦʜʚʝʨʛʘʣʠʩʴ ʘʵʨʦʙʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʘ Rhodococcus ruber P25. ɿʘ 72 ʯʘʩʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʩʦʜʝʨʞʘʥʠʝ ʇʍɹ ʩʥʠʟʠʣʦʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ 78 % (ʩʦ 100 % ʜʦ 

21,5 %), ʚʢʣʶʯʘʷ ʧʦʣʥʫʶ ʜʝʩʪʨʫʢʮʠʶ ʚʩʝʭ ʪʨʠ- ʠ ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʝʥʪʘ- ʠ ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣʦʚ. ʇʨʠ ʵʪʦʤ ʚ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʥʝ ʚʳʷʚʣʝʥʦ ʥʘʢʦʧʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ 

(ɽʛʦʨʦʚʘ ʠ ʩʦʘʚʪ., 2011).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʇʍɹ ʟʘ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʥʝʦʞʠʜʘʥʥʳʭ ʦʪʢʨʳʪʠʡ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʙʦʣʴʰʝ ʥʝ 

ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ, ʥʘʦʙʦʨʦʪ, ʨʘʩʪʫʪ 

(McLachlan et al., 2018). ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʇʍɹ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʇʍɹ, ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ (Ampleman et al., 2015). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ ʨʝʤʝʜʠʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʪʦʠʤʦʩʪʠ, ʚʨʝʤʝʥʠ ʦʯʠʩʪʢʠ, ʧʨʦʜʫʢʪʘʤ ʨʘʟʣʦʞʝʥʠʷ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʘ, ʪʘʢ ʢʘʢ ʦʥʘ ʩʚʷʟʘʥʘ ʩ ʚʦʟʨʘʩʪʦʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʪʠʧʦʤ 

ʧʦʯʚʳ/ʦʩʘʜʢʦʚ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʘʩʧʝʢʪʦʚ (Halfadji, Touabet, 2018). ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʝʤʝʜʠʘʮʠʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʇʍɹ in-
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situ ʠ ex-situ, ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ ʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʥʝʜʨʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ. 

1.3 ɻʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʇʍɹ ï ʚʪʦʨʠʯʥʳʝ ʧʦʣʣʶʪʘʥʪʳ 

ɻʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʳ (ʅʆ-ʇʍɹ) ʷʚʣʷʶʪʩʷ 

ʚʪʦʨʠʯʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʫʪʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʢʘʢ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʘʙʠʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

(ʈʠʩʫʥʦʢ 3) (Tehrani, Van Aken, 2014). ɺʩʝʛʦ ʥʘʩʯʠʪʳʚʘʶʪ 839 ʧʨʦʠʟʚʦʜʥʳʭ 

ʇʍɹ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʫ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ. ʅʆ-ʇʍɹ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʧʦʩʦʙʥʳ ʧʦʧʘʜʘʪʴ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʘ ʟʘʪʝʤ ʧʨʦʥʠʢʘʪʴ ʚ ʧʠʱʝʚʳʝ ʮʝʧʠ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʯʝʨʝʟ ʪʘʢʠʝ 

ʤʝʭʘʥʠʟʤʳ, ʢʘʢ ʚʳʜʝʣʝʥʠʝ ʦʪʭʦʜʦʚ, ʭʠʱʥʠʯʝʩʢʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʠ 

ʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʠʨʦʜʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʦʩʪʦʤ ʠ ʦʙʥʦʚʣʝʥʠʝʤ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (Tehrani, Van Aken, 2014). ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ 

Saktrakulkla et al. (2022), ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʘʨʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥʘʭ, ʷʚʣʷʶʪʩʷ ʥʝ ʧʨʦʩʪʦ ʥʘʢʦʧʠʪʝʣʷʤʠ, ʥʦ ʠ ʘʢʪʠʚʥʳʤʠ 

ʧʣʦʱʘʜʢʘʤʠ in situ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʇʍɹ ʚ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ɹ ʧʨʝʜʩʪʘʚʣʝʥ ʧʫʪʴ ʘʙʠʦʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʇʍɹ ʜʦ 

ʤʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʦʛʦ ʢʦʥʛʝʥʝʨʘ (Tehrani, Van Aken, 2014). ʇʦʜʦʙʥʳʝ 

ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʚʦʜʥʦʡ ʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʦʚ (ÅOH), ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʣʝʪʫʯʠʝ ʇʍɹ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʢʠʩʣʝʥʠʶ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʅʆ-ʇʍɹ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʩʦʙʝʥʥʦ ʚʝʨʦʷʪʝʥ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜʘʭ ʠ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʨʷʜʦʤ ʩ ʪʘʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʢʘʢ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʙʨʦʩʳ ʠ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, Ueno et al. (2007) 

ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʅʆ-ʇʍɹ ʚ ʚʦʜʘʭ ʨʷʜʦʤ ʩ ʛʦʨʦʜʩʢʠʤʠ 

ʦʯʠʩʪʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʘʤʠ, ʫʜʘʣʸʥʥʳʤʠ ʦʪ ʙʝʨʝʛʘ. 

Saktrakulkla et al. (2022) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʆ-ʇʍɹ ʚ ʦʩʘʜʢʘʭ, 

ʩʦʙʨʘʥʥʳʭ ʨʷʜʦʤ ʩ ʪʘʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʜʦʩʪʠʛʘʣʠ 18 ʤʢʛ/ʛ ʩʫʭʦʛʦ ʚʝʩʘ (ʉɺ) ʚ 
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ʛʘʚʘʥʠ ʅʴʶ-ɹʝʜʬʦʨʜ, ʧʨʠ ʦʙʱʝʤ ʫʨʦʚʥʝ ʇʍɹ ʜʦ 3800 ʤʢʛ/ʛ ʉɺ, ʘ ʜʦʣʷ ʅʆ-

ʇʍɹ ʩʦʩʪʘʚʣʷʣʘ ʜʦ 4,8 % ʦʪ ʩʫʤʤʳ ʇʍɹ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʅʆ-ʇʍɹ ʚ 

ʩʘʤʠʭ ʠʩʭʦʜʥʳʭ ʩʤʝʩʷʭ Aroclor ʙʳʣʦ ʤʝʥʝʝ 0,0025 % ʦʪ ʇʍɹ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ, ʚʪʦʨʠʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʊʘʢʠʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʥʘʢʦʧʣʝʥʠʝ ʅʆ-ʇʍɹ, ʦʙʨʘʟʫʶʱʠʭʩʷ in situ ʟʘ ʩʯʸʪ ʦʢʠʩʣʝʥʠʷ ʫʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʇʍɹ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʯʝʨʝʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ. 

 

ʈʠʩʫʥʦʢ 3 ï ʄʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ (ʅʆ-ʇʍɹ). ʇʫʪʴ ɸ: ʘʵʨʦʙʥʘʷ ʙʘʢʪʝʨʠʘʣʴʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ 4-ʭʣʦʨʙʠʬʝʥʠʣʘ (ʍɹ) ʯʝʨʝʟ ʚʝʨʭʥʠʡ ʙʠʬʝʥʠʣʴʥʳʡ ʧʫʪʴ. ʇʫʪʴ 

ɹ: ʦʢʠʩʣʝʥʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 2,2ǋ,4,5,5ǋ-ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʘ ʨʝʘʢʮʠʝʡ ʩ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ. ʇʫʪʴ ɺ: ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ 2,2ǋ,4,5,5ǋ-

ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʘ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʮʠʪʦʭʨʦʤ ʈ450 - 

ʤʦʥʦʦʢʩʠʛʝʥʘʟʦʡ. ʉʪʨʫʢʪʫʨʘ ʧʦʜ ʩʢʦʙʢʘʤʠ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʧʫʪʠ ɹ, 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʦʥʘʥʩʥʳʝ ʬʦʨʤʳ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʨʘʜʠʢʘʣʘ (Tehrani, Van Aken, 2014) 

ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ ʇʍɹ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (Francova et al., 2004; Mizukami-

Murata et al., 2016). ʇʨʠ ʵʪʦʤ ʚ ʦʢʠʩʣʝʥʠʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʬʝʨʤʝʥʪʳ 

ʢʣʘʩʩʦʚ ʤʦʥʦʦʢʩʠʛʝʥʘʟ ʠ ʜʠʦʢʩʠʛʝʥʘʟ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʤʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ ʇʍɹ, ʚʦ-

ʚʪʦʨʦʤ ï ʜʠʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ ʇʍɹ. ɼʘʣʴʥʝʡʰʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜʠʅʆ-ʇʍɹ ʧʨʦʪʝʢʘʝʪ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ çʚʝʨʭʥʝʤʫè ʧʫʪʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ (ʈʠʩʫʥʦʢ 3 ɸ), ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ɻʣʘʚʝ 1.4.3 (Fukuda, 2014; Goto et al., 2018; Sun 

et al., 2018). ʄʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʇʍɹ ʤʝʥʝʝ ʜʦʩʪʫʧʥʳ ʜʣʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʧʦʩʪʫʧʣʝʥʠʶ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʥʝʠʟʤʝʥʝʥʥʦʤ ʚʠʜʝ. 

ʋ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʧʪʠʮ ʧʨʦʮʝʩʩ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʇʍɹ ʧʨʦʭʦʜʠʪ ʚ 

ʧʝʯʝʥʠ ʣʠʙʦ ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʚʚʝʜʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ (-ʆʅ), ʣʠʙʦ 

ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʧʦʥʪʘʥʥʦ 

ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʚ ʆʅ-ʧʨʦʜʫʢʪ (ʈʠʩʫʥʦʢ 3 ɺ) (Tehrani, Van Aken, 2014). 

ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʅʆ-ʇʍɹ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʘʣʴʥʝʡʰʠʤ ʨʝʘʢʮʠʷʤ, ʥʦ 

ʥʝʢʦʪʦʨʳʝ ʠʟʦʤʝʨʳ ʩʧʦʩʦʙʥʳ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʢʨʦʚʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

(Kunisue, Tanabe, 2009) ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʢʨʦʚʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʧʪʠʮ 

ʧʨʠʩʫʪʩʚʫʶʪ 4ǋOH-ʇʍɹ79, 2ǋOH-ʇʍɹ 114, 3OH-ʇʍɹ 118, 4ǋOH-ʇʍɹ 97, 4ǋOH-

ʇʍɹ 101, 4ǋOH-ʇʍɹ 104, 4OH-ʇʍɹ 107, 4ǋOH-ʇʍɹ 108, 4ǋOH-ʇʍɹ 120, 4ǋOH-

ʇʍɹ 127, 3ǋOH-ʇʍɹ 138, 4ǋOH-ʇʍɹ 130, 4OH-ʇʍɹ 134, 4OH-ʇʍɹ 146, 4ǋOH-

ʇʍɹ 159, 4OH-ʇʍɹ 162, 4OH-ʇʍɹ 163, 3ǋOH-ʇʍɹ 180, 3ǋOH-ʇʍɹ 182, 3ǋOH-

ʇʍɹ 183, 3ǋOH-ʇʍɹ 184, 4ǋOH-ʇʍɹ 172, 4OH-ʇʍɹ 177, 4OH-ʇʍɹ 178, 4OH-

ʇʍɹ 187, 4OH-ʇʍɹ 193, 3ǋOH-ʇʍɹ 203, 4ǋOH-ʇʍɹ 198, 4ǋOH-ʇʍɹ 199, 4ǋOH-

ʇʍɹ 200, 4ǋOH-ʇʍɹ 201 ʠ 4OH-ʇʍɹ 202 ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 120ï4000 ʧʛ/ʛ ʚʝʩʘ. 

ɺ ʢʨʦʚʠ ʙʦʣʴʰʦʛʦ ʙʘʢʣʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʅʆ-ʇʍɹ ʧʨʝʚʳʰʘʣʘ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʇʍɹ ʚ 1,7ï2,1 ʨʘʟʘ (Shiki et al., 2009). ɺ ʧʣʘʟʤʝ ʙʝʣʦʛʦ ʤʝʜʚʝʜʷ ʚʳʷʚʣʝʥʦ ʙʦʣʝʝ 
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18 ʢʦʥʛʝʥʝʨʦʚ ʅʆ-ʇʍɹ (Letcher et al., 2005). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʘʙʦʣʠʟʤ ʇʍɹ 

ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʧʪʠʮ ʤʦʞʝʪ ʩʪʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʅʆ-ʇʍɹ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʈʘʩʪʝʥʠʷ ʧʨʝʚʨʘʱʘʶʪ ʇʍɹ ʙʣʘʛʦʜʘʨʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʡ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʭʦʜʩʪʚʦ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʂʘʢ ʠ ʚ ʜʨʫʛʠʭ 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ, ʠʩʭʦʜʥʘʷ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷ ʇʍɹ ʚ ʨʘʩʪʝʥʠʷʭ 

ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʮʠʪʦʭʨʦʤʘ ʈ-450 ʠʣʠ ʜʨʫʛʠʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ 

ʬʝʨʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʝʨʦʢʩʠʜʘʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʞʝʩʪʚʘ 

ʤʦʥʦ- ʠ ʜʠʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ (ʈʠʩʫʥʦʢ 3 ɺ) (Mackov§ et al., 

2007; Margesin, Schinner, 2001). ɻʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʶ ʚ ʨʘʩʪʝʥʠʷʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝ- ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ. 

ʀʭ ʩʧʝʢʪʨ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʤʝʥʝʝ ʯʝʤ ʧʷʪʴʶ 

ʘʪʦʤʘʤʠ ʭʣʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʫʧʣʝʥʠʷ 3,3ǋ,4,4ǋ-ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣʘ  ʠʟ 

ʛʠʜʨʦʧʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʩʘʞʝʥʮʳ ʪʦʧʦʣʷ (Populus deltoides Ĭ nigra, DN34) ʚ 

ʪʢʘʥʷʭ ʪʦʧʦʣʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 6-ʛʠʜʨʦʢʩʠ-3,3ǋ,4,4ǋ-ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣ 

(6ʅʆ-ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣ), 5-ʛʠʜʨʦʢʩʠ-3,3ǋ,4,4ǋ-ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣ (5ʅʆ-

ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣ) ʠ 4ǋ-ʛʠʜʨʦʢʩʠ-3,3ǋ,4,5ǋ-ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣ (4ǋʅʆ-

ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣ). ʆʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ, 6ʅʆ-ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣ, ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʚ ʢʦʨʥʷʭ, ʥʠʞʥʝʡ ʢʦʨʝ, ʥʠʞʥʝʡ ʜʨʝʚʝʩʠʥʝ, ʩʨʝʜʥʝʡ ʢʦʨʝ ʠ ʩʨʝʜʥʝʡ 

ʜʨʝʚʝʩʠʥʝ ʚʩʝʛʦ ʨʘʩʪʝʥʠʷ ʪʦʧʦʣʷ, ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ 6ʅʆ-

ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣʘ ʚ ʢʦʨʥʷʭ ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ ʚʳʰʝ, ʯʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 5ʅʆ-ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣʘ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʦʡ ʤʝʪʘʙʦʣʠʪ ʫ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, 4ǋʅʆ- ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣ, ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʠ ʚ ʦʜʥʦʤ ʠʟ 

ʦʙʨʘʟʮʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʡ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ 3,3ǋ,4,4ǋ-ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣ ʚ ʪʦʧʦʣʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʵʧʦʢʩʠʜʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ (Zhai et al., 2010). ʅʆ-ʇʍɹ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʪʢʘʥʷʭ 

ʨʘʩʪʝʥʠʡ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʫʜʫʪ ʚʳʩʚʦʙʦʞʜʘʪʴʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʸʤ (Tehrani, Van Aken, 2014).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʥʘʢʦʧʣʝʥʠʝ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ 

ʇʍɹ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚʳʟʳʚʘʝʪ ʩʝʨʴʸʟʥʫʶ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʩʘʥʠʪʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʘʨʫʰʘʪʴ ʛʦʨʤʦʥʘʣʴʥʫʶ ʨʝʛʫʣʷʮʠʶ, ʩʚʷʟʳʚʘʷʩʴ ʩ ʨʝʮʝʧʪʦʨʘʤʠ 

ʵʩʪʨʦʛʝʥʦʚ, ʘʥʜʨʦʛʝʥʦʚ ʠ ʛʦʨʤʦʥʦʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ, ʥʝʡʨʦʪʦʢʩʠʯʝʩʢʠʤ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ ʫ ʜʠʢʠʭ 

ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʦʜʠʪʝʣʴʩʢʠʭ ʇʍɹ, ʅʆ-ʇʍɹ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʳʤʠ 

ʜʣʷ ʚʦʜʥʳʭ ʠ ʧʨʠʙʨʝʞʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʝʨ ʧʦ ʢʦʥʪʨʦʣʶ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʅʆ-ʇʍɹ ʤʦʛʫʪ ʩʪʘʪʴ ʫʩʪʦʡʯʠʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʤʠ ʧʨʦʥʠʢʘʪʴ ʚ ʧʠʱʝʚʳʝ ʮʝʧʠ ʠ ʚʳʟʳʚʘʪʴ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ.  

1.4 ɸʵʨʦʙʥʳʝ ʙʘʢʪʝʨʠʠ ï ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʙʠʦʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ ʠ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʇʍɹ 

1.4.1 ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʠ ʰʪʘʤʤʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʇʍɹ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʨʘʟʥʦʦʙʨʘʟʠʠ ʙʘʢʪʝʨʠʡ, ʩʧʦʩʦʙʥʳʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʥʫʶ ʠʣʠ ʯʘʩʪʠʯʥʫʶ 

ʜʝʩʪʨʫʢʮʠʶ ʭʣʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʇʍɹ. ʆʧʠʩʘʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʨʘʟʣʠʯʥʳʤ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ. ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʫʪʠʣʠʟʘʮʠʠ ʠʣʠ 

ʯʘʩʪʠʯʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʥʘʨʫʞʝʥʘ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʨʦʜʦʚ Acinetobacter, Achromobacter, Alcaligenes, Arthrobacter, Bacillus, 

Burkcholderia, Cellulomonas, Clostridium, Comamonas, Corynebacterium, 

Cycloclasticus, Dehalococcoides, Desulfitobacterium, Flavobacterium, 

Mycobacterium, Nitrobacter, Nitrosomonas, Nitrosospira, Nocardia, Paenibacillus, 

Pseudomonas, Ralstonia, Rhodococcus, Rhodopseudomonas, Sphingomonas, 

Terrabacter (Chaudhry, Chapalamadugu, 1991; Arensdorf, Focht, 1994; 
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Dyksterhouse et al., 1995; Khan et al., 1996; Pellizari et al., 1996; Unterman, 1996; 

Gilbert, Crowley, 1997; Hernandez et al., 1997; Mondello et al., 1997; Moon et al., 

1997; Williams et al., 1997; Daane et al., 2001; Fedi et al., 2001). 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʘʭ ʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʜʝʩʪʨʫʢʮʠʶ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʠ ʠʭ ʩʤʝʩʝʡ (ɻʦʨʙʫʥʦʚʘ ʠ ʩʦʘʚʪ., 2024; Bopp et al., 1986; Kim, 

Picardal, 2000; Kim, Picardal, 2001; Adebusoye et al., 2008; Ilori  et al., 2008; 

Hatamian-Zarmi et al., 2009; Plotnikova et al., 2012; Mur²nov§ et al., 2014; Sharma 

et al., 2014; Jayanna, Gayathri, 2015; Mizukami-Murata et al., 2016; Qiu et al., 

2016; Teng et al., 2016; Wang et al., 2016; Bhattacharya et al., 2017; Cai et al., 

2018; Egorova et al., 2018; Horv§thov§ et al., 2019; Pathiraja et al., 2019; Su et al., 

2019; Xia et al., 2020; Ye et al., 2020; Bako et al., 2021; Guo et al., 2021; 

Gorbunova et al., 2022; Sandhu et al., 2022; Han et al., 2023; Shi et al., 2024; Wu 

et al., 2024). 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ 2, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʵʢʦʙʠʦʪʝʭʥʦʣʦʛʠʷʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʣʦʞʝʥʠʝ ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ, ʷʚʣʷʶʪʩʷ ʰʪʘʤʤʳ ʨʦʜʦʚ Achromobacter, Burkholderia, 

Pseudomonas, Rhodococcus ʠ Sphingomonas, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ 100 %-ʥʫʶ 

ʜʝʩʪʨʫʢʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʫʙʩʪʨʘʪʦʚ (Unterman 1996; Wiegel, Wu, 2000; 

Daane et al., 2001; Hiraoka, Kimbara, 2002; Stope et al., 2002). ɼʣʷ ʨʘʟʣʦʞʝʥʠʷ 

ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʰʪʘʤʤʳ Sinorhizobium meliloti NM ʠ Comamonas 

testosteroni QL, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʙʦʣʝʝ 90% ʜʝʛʨʘʜʘʮʠʠ ʜʘʥʥʳʭ ʇʍɹ. 

ʃʠʜʠʨʫʶʱʠʤʠ ʰʪʘʤʤʘʤʠ ʚ ʨʘʟʣʦʞʝʥʠʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ ʷʚʣʷʶʪʩʷ 

Rhodococcus wratislaviensis ʂʊ112-7 ʠ Rhodococcus ruber P25, ʚʳʜʝʣʝʥʥʳʝ ʠʟ 

ʧʦʯʚ, ʟʘʛʨʷʟʥʸʥʥʳʭ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ. 
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ʊʘʙʣʠʮʘ 2 ï ɹʠʦʜʝʩʪʨʫʢʮʠʷ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʠ ʠʭ ʩʤʝʩʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʙʥʳʭ ʰʪʘʤʤʦʚ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ 

ˉˉ 

ʧ./ʧ. 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ ʀʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʂʦʥʛʝʥʝʨʳ ʇʍɹ ʠ 

ʠʭ ʩʤʝʩʠ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɹʠʦʜʝʩʪʨʫʢʮʠʷ, 

% 

1 
Achromobacter xylosoxydans 

IR08 
ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ, ʅʠʛʝʨʠʷ 

2-ʍɹ 

3-ʍɹ 

4-ʍɹ 

0,27 ʤʤʦʣʴ/ʣ 100 

2 
Burkholderia xenovorans 

LB400 
ʇʍɹ-ʟʘʛʨʷʟʥʸʥʥʘʷ ʧʦʯʚʘ, ʉʐɸ 4-ʍɹ 50 ʤʛ/ʣ 98 

3 Pseudomonas sp. CB-3 ʇʦʯʚʘ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ, ʂʠʪʘʡ 4-ʍɹ 50 ʤʛ/ʣ 100 

4 Rhodococcus ruber P25 

ʇʦʯʚʳ, ʟʘʛʨʷʟʥʝʥʥʳʝ 

ʛʘʣʦʛʝʥʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʈʦʩʩʠʷ 

4-ʍɹ 94,25 ʤʛ/ʣ 100 

5 Ralstonia sp. SA-3 ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ, ʅʠʛʝʨʠʷ 

2-ʍɹ 

3-ʍɹ 

4-ʍɹ 

100 ppm 

(1Ĭ10-4M) 

99,0 

98,0 

88,0 

6 Ralstonia sp. SA-4 ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ, ʅʠʛʝʨʠʷ 

2-ʍɹ 

3-ʍɹ 

4-ʍɹ 

100 ppm 

(1Ĭ10-4M) 

99,0 

97,0 

97,0 

7 Burkholderia sp. SK-3 ʇʍɹ-ʟʘʛʨʷʟʥʸʥʥʳʡ ʠʣ, ʉʐɸ 

2-ʍɹ 

3-ʍɹ 

4-ʍɹ 

0,48 ʤʄ 

0,36 ʤʄ 

0,48 ʤʄ 

100 

83 

100 

8 
Rhodococcus wratislaviensis 

ʂʊ112-7 

ʊʝʭʥʦʛʝʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʈʦʩʩʠʷ 

2-ʍɹ 

4-ʍɹ 

2,4ǋ-ʜʠʍɹ 

94,25 ʤʛ/ʣ 

94,25 ʤʛ/ʣ 

22,30 ʤʛ/ʣ 

100 

9 
Pseudomonas aeruginosa 

TMU56 
ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ, ʀʨʘʥ 2,4-ʜʠʍɹ 

200 ppm 

(2Ĭ10-4M) 
89 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ˉˉ 

ʧ./ʧ. 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ ʀʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʂʦʥʛʝʥʝʨʳ ʇʍɹ ʠ ʠʭ 

ʩʤʝʩʠ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɹʠʦʜʝʩʪʨʫʢʮʠʷ, 

%  

10 
Pseudomonas sp.GSa 

Pseudomonas sp.GSb 
ʇʦʯʚʳ, ʀʥʜʠʷ 2,4-ʜʠʍɹ 1 ʛ/ʣ 90 

11 Alcaligenes sp. SK-4 ʇʍɹ-ʟʘʛʨʷʟʥʸʥʥʳʡ ʠʣ, ʉʐɸ 
2,2ǋ-ʜʠʍɹ 

2,4ǋ-ʜʠʍɹ 
0,27 ʤʤʦʣʴ/ʣ 

100 

100 

12 Sphingomonas sp. N-9 
ʇʦʯʚʘ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ 

4-ʛʠʜʨʦʢʩʠ-3-ʭʣʦʨʙʠʬʝʥʠʣʦʤ 

2,4ǋ-ʜʠʍɹ 

2,5,2ǋ-ʪʨʠʍɹ 

3,4,2ǋ-ʪʨʠʍɹ 

5 ʤʛ/ʣ 

61,6 

14,1 

100 

13 Bacillus sp. LS1 ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ, ʂʠʪʘʡ 

2,5,2ǋ-ʪʨʠʍɹ 

2,5,2ǋ,5ǋ-ʪʝʪʨʘʍɹ 

3,4,3ǋ,4ǋ-ʪʝʪʨʘʍɹ 

20 ʤʛ/ʣ 

62,8 

59,6 

39,8 

14 
Pseudomonas plecoglossicida 

MAPB-6 
ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ, ʀʥʜʠʷ 3,4,3ǋ,4ǋ-ʪʝʪʨʘʍɹ 50 ʤʛ/ʣ 59,89 

15 Brucella anthropi MBAP-9 ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ, ʀʥʜʠʷ 3,4,3ǋ,4ǋ-ʪʝʪʨʘʍɹ 50 ʤʛ/ʣ 30,49 

16 
Pseudomonas aeruginosa 

MBAP-2 
ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ, ʀʥʜʠʷ 3,4,3ǋ,4ǋ-ʪʝʪʨʘʍɹ 50 ʤʛ/ʣ 27,19 

17 Priestia megaterium MAPB-27 ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ, ʀʥʜʠʷ 3,4,3ǋ,4ǋ-ʪʝʪʨʘʍɹ 50 ʤʛ/ʣ 4,43 

18 Castellaniella sp. SPC4 ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ, ʂʠʪʘʡ 3,4,3ǋ,4ǋ-ʪʝʪʨʘʍɹ 
50 ʤʛ/ʣ 

150 ʤʛ/ʣ 

74,5 

20,2 

19 Mesorhizobium sp. ZY1 
ʂʦʨʥʝʚʳʝ ʢʣʫʙʝʥʴʢʠ ɺʠʢʠ 

ʢʠʪʘʡʩʢʦʡ (Astragalus sinicus L.) 
3,4,3ǋ,4ǋ-ʪʝʪʨʘʍɹ 15 ʤʛ/ʣ 62,7 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ˉˉ 

ʧ./ʧ. 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ ʀʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʂʦʥʛʝʥʝʨʳ ʇʍɹ ʠ ʠʭ 

ʩʤʝʩʠ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɹʠʦʜʝʩʪʨʫʢʮʠʷ, 

%  

20 Sinorhizobium meliloti NM 
ʂʦʣʣʝʢʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʂʠʪʘʡ 
3,4,3ǋ,4ǋ-ʪʝʪʨʘʍɹ 

0,25 ʤʛ/ʣ 

0,5 ʤʛ/ʣ 

1,0 ʤʛ/ʣ 

2,5 ʤʛ/ʣ 

5,0 ʤʛ/ʣ 

10,0 ʤʛ/ʣ 

15,0 ʤʛ/ʣ 

91,93 

74,50 

66,92 

48,18 

29,55 

21,49 

12,33 

21 Methylorubrum sp. ZY-1 

ʂʦʥʩʦʨʮʠʫʤ ʙʘʢʪʝʨʠʡ, ʚʳʜʝʣʝʥʥʳʡ 

ʠʟ ʧʦʯʚ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʜʝʤʦʥʪʘʞʫ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʪʭʦʜʦʚ, ʂʠʪʘʡ 

2,4,5,3ǋ,4ǋ-ʧʝʥʪʘʍɹ 0,5ī3,0 ʤʛ/ʣ 79,93ī46,47 

22 Bacillus foraminis AAJ6 ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ, ʀʥʜʠʷ 
2,3,2ǋ,3ǋ-ʪʝʪʨʘʍɹ 

2,3,4,5,2ǋ,4ǋ,5ǋ-ʛʝʧʪʘʍɹ 
100 ʤʛ/ʢʛ *  

82 

45 

23 Comamonas testosteroni QL ʆʪʣʦʞʝʥʠʷ ʨʝʢʠ, ʂʠʪʘʡ 
2,3,4,5,6,2ǋ,3ǋ,4ǋ,5ǋ,6ǋ-

ʜʝʢʘʍɹ 

400 ʤʢʛ/ʣ 

700 ʤʢʛ/ʣ 

94,5 

62,3 

24 Alcaligenes xylosoxidans ʇʍɹ-ʟʘʛʨʷʟʥʸʥʥʳʝ ʧʦʯʚʳ, ʏʝʭʠʷ ʩʤʝʩʴ Delor 103**  100 ʤʛ/ʣ 55 

25 Pseudomonas stutzeri ʇʍɹ-ʟʘʛʨʷʟʥʸʥʥʳʝ ʧʦʯʚʳ, ʏʝʭʠʷ ʩʤʝʩʴ Delor 103 100 ʤʛ/ʣ 27 

26 Ochrobactrum anthropi ʇʍɹ-ʟʘʛʨʷʟʥʸʥʥʳʝ ʧʦʯʚʳ, ʏʝʭʠʷ ʩʤʝʩʴ Delor 103 100 ʤʛ/ʣ 33 

27 Pseudomonas veronii ʇʍɹ-ʟʘʛʨʷʟʥʸʥʥʳʝ ʧʦʯʚʳ, ʏʝʭʠʷ ʩʤʝʩʴ Delor 103 100 ʤʛ/ʣ 40 

28 Rhodococcus ruber 
ʇʍɹ-ʩʦʜʝʨʞʘʱʠʡ ʠʣ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ɺʦʩʪʦʯʥʘʷ ʉʣʦʚʘʢʠʷ 
ʩʤʝʩʴ Delor 103 100 ʤʛ/ʣ 71 

29 Achromobacter xylosoxidans 
ʇʍɹ-ʩʦʜʝʨʞʘʱʠʡ ʠʣ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ɺʦʩʪʦʯʥʘʷ ʉʣʦʚʘʢʠʷ 
ʩʤʝʩʴ Delor 103 100 ʤʛ/ʣ 31 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ˉˉ 

ʧ./ʧ. 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ ʀʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʂʦʥʛʝʥʝʨʳ ʇʍɹ ʠ ʠʭ 

ʩʤʝʩʠ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɹʠʦʜʝʩʪʨʫʢʮʠʷ, 

%  

30 Stenotrophomonas maltophilia 
ʇʍɹ-ʩʦʜʝʨʞʘʱʠʡ ʠʣ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ɺʦʩʪʦʯʥʘʷ ʉʣʦʚʘʢʠʷ 
ʩʤʝʩʴ Delor 103 100 ʤʛ/ʣ 61 

31 Ochrobactrum anthropi 
ʇʍɹ-ʩʦʜʝʨʞʘʱʠʡ ʠʣ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ɺʦʩʪʦʯʥʘʷ ʉʣʦʚʘʢʠʷ 
ʩʤʝʩʴ Delor 103 100 ʤʛ/ʣ 68 

32 Achromobacter sp. HR2 ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ, ʂʠʪʘʡ ʩʤʝʩʴ Aroclor 1242 

1 ʤʛ/ʣ 

2 ʤʛ/ʣ 

5 ʤʛ/ʣ 

10 ʤʛ/ʣ 

89,1 

82,5 

79,2 

73,2 

33 Enterobacter sp. CGL-1 

ʊʢʘʥʠ ʢʦʨʥʝʡ, ʩʪʝʙʣʝʡ ʠ ʣʠʩʪʴʝʚ 

ʀʚʳ ʠʟʚʠʣʠʤʪʦʡ (S. matsudana f. 

pendula Schneid) 

ʩʤʝʩʴ Aroclor 1242 20 ʤʛ/ʤʣ 43,2 

34 Pseudomonas sp. HR1 ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ, ʂʠʪʘʡ ʩʤʝʩʴ Aroclor 1242 

1 ʤʛ/ʣ 

5 ʤʛ/ʣ 

10 ʤʛ/ʣ 

81,8 

70,9 

50 

35 
Rhodococcus biphenylivorans 

TG9 

ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʡ ʨʝʯʥʦʡ ʠʣ, 

ʂʠʪʘʡ 
ʩʤʝʩʴ Aroclor 1242 50 ʤʛ/ʣ 24,3 

36 

Paraburkholderia xenovorans 

LB400 (Burkholderia 

xenovorans LB400) 

ʇʍɹ-ʟʘʛʨʷʟʥʸʥʥʘʷ ʧʦʯʚʘ, ʉʐɸ ʩʤʝʩʴ Aroclor 1248***  25 ʥʛ/ʤʣ 76 

37 

ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ: 

Achromobacter sp. NP03 

Ochrobactrum sp. NP04 

Lysinibacillus sp. NP05 

ʀʩʢʫʩʩʪʚʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ ʇʍɹ 

ʧʦʯʚʘ ʠ ʜʦʥʥʳʝ ʨʝʯʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʩʤʝʩʴ Aroclor 

1260****  
50 ʤʛ/ʣ 49,2 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 2 

ˉˉ 

ʧ./ʧ. 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ ʀʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʂʦʥʛʝʥʝʨʳ ʇʍɹ ʠ ʠʭ 

ʩʤʝʩʠ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɹʠʦʜʝʩʪʨʫʢʮʠʷ, 

%  

38 
Rhodococcus wratislaviensis 

ʂʊ112-7 

ʊʝʭʥʦʛʝʥʥʦʤʠʥʝʨʘʣʴʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʈʦʩʩʠʷ 

ʩʤʝʩʴ 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ*****  
1 ʛ/ʣ 100 

ʩʤʝʩʴ ʉʦʚʦʣ ******  1 ʛ/ʣ 96,1 

39 Rhodococcus ruber P25 

ʇʦʯʚʳ, ʟʘʛʨʷʟʥʝʥʥʳʝ 

ʛʘʣʦʛʝʥʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʈʦʩʩʠʷ 

ʩʤʝʩʴ 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ 
1 ʛ/ʣ 100 

ʩʤʝʩʴ ʉʦʚʦʣ  1 ʛ/ʣ 95,8 
 

ʇʨʠʤʝʯʘʥʠʝ. * ʫʢʘʟʘʥʘ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʥʛʝʥʝʨʦʚ ʚ 1 ʢʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ; ** ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʜʫʢʪ Delor 103 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʤʦʥʦ- (0.3%), ʜʠ- (10.8%), ʪʨʠ- (52.3%), ʪʝʪʨʘ- (35.5%) ʠ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʦʚ (1.1%) ʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ 

ʘʤʝʨʠʢʘʥʩʢʦʡ ʩʤʝʩʠ Aroclor 1242; *** ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʜʫʢʪ Aroclor 1248 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʜʠ- (1%), ʪʨʠ- (21%), ʪʝʪʨʘ- 

(49%), ʧʝʥʪʘ ï (27%) ʠ ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣʦʚ (2%); **** ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʜʫʢʪ Aroclor 1260 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʧʝʥʪʘ- (12%), 

ʛʝʢʩʘ- (42%), ʛʝʧʪʘ- (38%), ʦʢʪʘ- (7%) ʠ ʥʦʥʘʭʣʦʨʙʠʬʝʥʠʣʦʚ (1%); *****  ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʤʝʩʴ ʜʠ- (15%), ʪʨʠ- (48%), ʪʝʪʨʘ- (29%) ʠ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʦʚ (4%); ****** ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʉʦʚʦʣ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʤʝʩʴ ʪʨʠ- (1%), ʪʝʪʨʘ- (22%), ʧʝʥʪʘ- (56%), ʛʝʢʩʘ- (20%) ʠ ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣʦʚ (1%) .
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ʅʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʇʍɹ 

ʥʝ ʩʧʝʮʠʬʠʯʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʠʰʠ. ʆʥʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʧʦʯʚʘʭ, ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ (ʊʘʙʣʠʮʘ 2) (Egorova et al., 2018; Xia et al., 2020; 

Ye et al., 2020; Bako et al., 2021; Guo et al., 2021; Gorbunova et al., 2022; Sandhu et 

al., 2022; Han et al., 2023; Shi et al., 2024; Wu et al., 2024). 

ʇʨʦʮʝʩʩʳ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʝʣʝʢʮʠʠ ʙʘʢʪʝʨʠʡ ʩ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʨʦʪʝʢʘʶʪ ʚ ʧʦʯʚʘʭ ʥʝʧʨʝʨʳʚʥʦ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʙʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʢʪʨʘ 

ʠ ʢʦʣʠʯʝʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʦʯʚʝ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʘʢʪʠʚʠʨʫʝʪ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʙʠʦʪʦʧʘʭ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʥʠʮʠʠʨʫʝʪ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʙʠʦʮʝʥʦʟʦʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ. ɼʣʠʪʝʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʜʘʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʨʘʟʨʫʰʝʥʠʶ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʧʦʯʚʳ (ʧʨʠ ʦʩʦʙʦ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʇʍɹ), ʪʘʢ ʠ ʢ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʙʠʦʤʘ 

ʧʦʯʚʳ ʚ ʧʨʦʮʝʩʩʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʨʘʟʨʫʰʘʪʴ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ, ʠʭ ʘʥʘʣʦʛʠ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʤʝʪʘʙʦʣʠʪʳ (Nogales et al., 2001; Sharma et al., 2018). 

ɺ ʨʘʙʦʪʝ Sandhu et al. (2022) ʧʨʦʚʝʜʸʥ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ 

ʤʝʪʘʛʝʥʦʤʥʳʡ ʘʥʘʣʠʟ ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʇʍɹ, ʇɸʋ ʠ ʤʝʪʘʣʣʘʤʠ, ʚ ʨʘʡʦʥʝ 

ʩʪʘʣʝʣʠʪʝʡʥʦʛʦ ʟʘʚʦʜʘ ʚ ɹʭʠʣʘʠ (ʀʥʜʠʷ). ʅʘ ʦʩʥʦʚʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʧʦʣʥʦʛʝʥʦʤʥʳʭ ɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ Oxford Nanopore ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʙʘʢʪʝʨʠʡ ʬʠʣʫʤʦʚ Proteobacteria (ʜʦ 50 %) ʠ 

Actinobacteria (ʜʦ 22 %). ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ ʤʝʪʘʛʝʥʦʤʘ ʧʦʟʚʦʣʠʣʘ 

ʚʳʷʚʠʪʴ ʥʘʣʠʯʠʝ ʢʣʶʯʝʚʳʭ ʛʝʥʦʚ, ʚʦʚʣʝʯʸʥʥʳʭ ʚ ʜʝʛʨʘʜʘʮʠʶ ʇɸʋ, ʇʍɹ ʠ 

ʜʠʦʢʩʠʥʦʚ, ʚʢʣʶʯʘʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʨʘʟʣʦʞʝʥʠʷ ʙʝʥʟʦʘʪʘ, ʢʘʪʝʭʦʣʘ, 

ʧʨʦʪʦʢʘʪʝʭʦʘʪʘ ʠ ʙʝʥʟʦʠʣ-CoA. ɺ ʯʠʩʣʝ ʦʩʥʦʚʥʳʭ ʨʦʜʦʚ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ Burkholderia, Bradyrhizobium, Mycobacterium, 

Rhodopseudomonas, ʘ ʪʘʢʞʝ Pseudomonas ʠ Anaeromyxobacter. ʉʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚ ʠ ʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʤʝʞʜʫ 
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ʦʙʨʘʟʮʘʤʠ ʦʩʘʜʦʯʥʦʡ (MGB-2) ʠ ʩʫʭʦʡ ʧʦʯʚʳ (MGB-3) ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʦʜʝʨʞʘʥʠʠ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (C, N, P, Mn, Fe ʠ ʜʨ.), ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʙʥʳʭ ʢʦʥʩʦʨʮʠʫʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʸʨʢʠʚʘʶʪ ʟʥʘʯʠʤʦʩʪʴ ʘʚʪʦʭʪʦʥʥʳʭ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʢʘʢ 

ʢʣʶʯʝʚʳʭ ʘʛʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʠʨʦʜʥʦʡ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʪʝʭʥʦʛʝʥʥʦ ʥʘʨʫʰʝʥʥʳʭ 

ʵʢʦʩʠʩʪʝʤ (Sandhu et al., 2022). 

1.4.2. ʐʪʘʤʤʳ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʭʣʦʨʙʠʬʝʥʠʣʦʚ 

ɼʣʷ ʨʷʜʘ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ ʦʧʠʩʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʘʛʘʪʴ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʭʣʦʨʙʠʬʝʥʠʣʦʚ. 

ʐʪʘʤʤ Burkholderia xenovorans LB400 ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣ ʪʨʠ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 2,5-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ (2,5-ʜʠʍɹ) ï 2ǋOH-, 3ǋOH- 

ʠ 4ǋOH-2,5-ʜʠʍɹ, ʢʘʢ ʢʦ-ʩʫʙʩʪʨʘʪ, ʧʨʠ ʥʘʣʠʯʠʠ ʙʠʬʝʥʠʣʘ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʫʛʣʝʨʦʜʘ. ʅʘʧʨʦʪʠʚ, ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 2,4,6-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʘ 

(2,4,6-ʪʨʠʍɹ) (2ǋOH-, 3ǋOH- ʠ 4ǋOH-2,4,6-ʪʨʠʍɹ) ʥʝ ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ B. xenovorans LB400, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʫʛʣʝʨʦʜʘ (Tehrani et al., 2014). 

ʐʪʘʤʤ Sphingomonas sp. N-9 ʟʘ 3 ʩʫʪʦʢ ʨʘʟʣʘʛʘʣ 100 % 4ʅʆ-3-ʭʣʦʨʙʠʬʝʥʠʣʘ 

ʠ 4ʅʆ-3,5-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ, 46,2 % 4ʅʆ-3,2ǋ,4ǋ,6ǋ-ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʘ, 32,8 % 4ʅʆ-

2-ʭʣʦʨʙʠʬʝʥʠʣʘ, 23 % 4ʅʆ-4ǋ-ʭʣʦʨʙʠʬʝʥʠʣʘ ʠ 11 % 4ʅʆ-3,5,2ǋ,4ǋ,6ǋ-

ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʘ (Mizukami-Murata et al., 2016). 

ɼʣʷ ʰʪʘʤʤʘ Comamonas testosterone B-356 ʦʧʠʩʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʢʠʩʣʷʪʴ 

ʥʝʟʘʤʝʱʝʥʥʦʝ ʢʦʣʴʮʦ ʚ ʤʦʣʝʢʫʣʘʭ 2ʅʆ-3-ʭʣʦʨʙʠʬʝʥʠʣʘ, 2ʅʆ-5-ʭʣʦʨʙʠʬʝʥʠʣʘ ʠ 

2ʅʆ-3,5-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ (Francova et al., 2004). 

ʆʩʥʦʚʥʘʷ ʜʦʣʷ ʚ ʟʘʛʨʷʟʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʇʍɹ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʝʝ 40 ʢʦʥʛʝʥʝʨʦʚ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʜʘʥʥʳʭ 

ʩʤʝʩʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʷʜʘ ʬʘʢʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʧʨʠʨʦʜʥʳʭ ʩʫʙʩʪʨʘʪʘʭ 

ʧʨʠʩʫʪʩʚʫʶʪ ʥʝ ʝʜʠʥʠʯʥʳʝ ʢʦʥʛʝʥʝʨʳ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʭʣʦʨʙʠʬʝʥʠʣʦʚ, ʘ ʠʭ 
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ʩʤʝʩʠ. ʆʜʥʘʢʦ ʩʚʝʜʝʥʠʷ ʦ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʝʡ ʅʆ-ʇʍɹ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʨʘʡʥʝ 

ʦʛʨʘʥʠʯʝʥʳ. ʊʘʢ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʪʘʤʤ Pseudomonas sp. P1B16 ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʨʘʟʣʦʞʝʥʠʝ ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ Delor 103 ʥʘ 10ï40 % 

(Suman et al., 2024). ʐʪʘʤʤʳ Rhodococcus wratislaviensis KT112-7 ʠ Rhodococcus 

ruber ʈ25 ʧʨʦʷʚʣʷʶʪ ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʩʤʝʩʷʤ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ 

ʭʣʦʨʙʠʬʝʥʠʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʦʪʜʝʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, ʩʦʜʝʨʞʘʱʠʭ 

2ï4 ʘʪʦʤʦʚ ʭʣʦʨʘ, ʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ ʤʘʨʦʢ ʉʦʚʦʣ ʠ 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ (ʘʥʘʣʦʛ ʩʤʝʩʠ Delor 103). ɿʘ ʧʝʨʠʦʜ 10ï14 ʩʫʪ ʜʘʥʥʳʝ ʰʪʘʤʤʳ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʩʤʝʩʝʡ ʅʆ-ʇʍɹ ʥʘ 95ï100 % (Egorova et al., 2020; 

Gorbunova et al., 2021; Kirǋyanova et al., 2023). 

1.4.3 ʄʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ, ʅʆ-ʇʍɹ ʠ ʠʭ ʦʩʥʦʚʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ 

ʆʢʠʩʣʝʥʠʝ ʇʍɹ ʘʵʨʦʙʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʦʙʫʩʣʦʚʣʝʥʦ ʘʢʪʠʚʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʘ 

ʬʝʨʤʝʥʪʦʚ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʇʍɹ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʬʝʨʤʝʥʪʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʣʘʩʩʘʤ ʤʦʥʦ- ʠʣʠ ʜʠʦʢʩʠʛʝʥʘʟ. 

ʆʢʠʩʣʝʥʠʝ ʤʦʥʦʦʢʩʠʛʝʥʘʟʘʤʠ 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʧʠʩʘʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ ʠ ʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ ʫ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ 

ʤʦʥʦʦʢʩʠʛʝʥʘʟ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ ï ʮʠʪʦʭʨʦʤ ʈ450-ʤʦʥʦʦʢʩʠʛʝʥʘʟʘʤʠ (ʂʌ 1.14.14.1) 

(Luo et al., 2016; Goto et al., 2018; Sun et al., 2018; Paul et al., 2021). ʅʘ ʧʨʠʤʝʨʝ 

ʰʪʘʤʤʦʚ Pseudomonas sp. SBUG 2067, Mycobacterium sp. PYR-1 ʠ Rhodococcus sp. 

P14 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ ʩ ʬʝʨʤʝʥʪʦʤ 

ʮʠʪʦʭʨʦʤ ʈ450-ʤʦʥʦʦʢʩʠʛʝʥʘʟʦʡ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʥʘ 

ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʦʜʥʦʤ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ (Moody et al., 2002; 

Mikolasch et al., 2019). ɼʘʣʴʥʝʡʰʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʥʦ-ʟʘʤʝʱʝʥʥʳʭ 

ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ ʤʦʥʦʦʢʩʠʛʝʥʘʟ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʳ. ʅʘʠʙʦʣʝʝ ʦʧʠʩʘʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʬʝʨʤʝʥʪ 2-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 3-ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ (Suske et al., 1999; Schmid et al., 

2001; Kanteev et al., 2015; Perruchon et al., 2017; Suman et al., 2024). ɺ ʨʝʟʫʣʴʪʘʪʝ 
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ʦʢʠʩʣʝʥʠʷ 3 ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ ʚ ʢʦʣʴʮʝ 2-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ ʦʙʨʘʟʫʝʪʩʷ 

2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʬʝʨʤʝʥʪʘʤʠ ʢʣʘʩʩʘ 

ʜʠʦʢʩʠʛʝʥʘʟ. 

ʄʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʇʍɹ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʮʠʪʦʭʨʦʤ 

ʈ450-ʤʦʥʦʦʢʩʠʛʝʥʘʟʘʤʠ ʦʧʠʩʘʥ ʥʘ ʧʨʠʤʝʨʝ ʨʷʜʘ ʢʦʥʛʝʥʝʨʦʚ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ 

2,3,4,5-ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʘ ʫ ʰʪʘʤʤʘ Bacillus subtilis NCIB-3610 ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ʚʳʷʚʣʝʥ 4ʅʆ-2ǋ,3ǋ,4ǋ,5ǋ-ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʜʘʥʥʦʛʦ ʢʦʥʛʝʥʝʨʘ ʅʆ-ʇʍɹ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʥʝʟʘʤʝʱʝʥʥʦʛʦ 

ʢʦʣʴʮʘ ʧʦ 4 ʫʛʣʝʨʦʜʥʦʤʫ ʘʪʦʤʫ ʮʠʪʦʭʨʦʤ ʈ450-ʤʦʥʦʦʢʩʠʛʝʥʘʟʦʡ (ʈʠʩʫʥʦʢ 4 ɸ) 

(Sun et al., 2018).  

ɸ 

 

ɹ

 
 

ʈʠʩʫʥʦʢ 4 ï ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʥʦʦʢʩʠʛʝʥʘʟ: ɸ ï ʦʢʠʩʣʝʥʠʝ 

2,3,4,5-ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʘ; ɹ ï ʦʢʠʩʣʝʥʠʝ 2,4,5,3ǋ,4ǋ-ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʘ 

(ɻʦʨʙʫʥʦʚʘ ʠ ʩʦʘʚʪ., 2024; Sun et al., 2018).  

ʉʣʦʞʥʝʝ ʩʠʪʫʘʮʠʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʢʦʥʛʝʥʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤʳ ʭʣʦʨʘ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʙʦʠʭ ʢʦʣʴʮʘʭ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ. ʅʘ ʧʨʠʤʝʨʝ ʰʪʘʤʤʘ 

Bacillus megaterium BM3 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʮʠʪʦʭʨʦʤ ʈ450-ʤʦʥʦʦʢʩʠʛʝʥʘʟʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʥʝʜʨʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ 

4 ʫʛʣʝʨʦʜʥʦʤʫ ʘʪʦʤʫ ʤʝʥʝʝ ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ ʤʦʣʝʢʫʣʳ 
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3,4,2ǋ,4ǋ,5ǋ-ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʘ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʦʢʠʩʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ 3 ʠʣʠ 6 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ ʙʦʣʝʝ ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ 

(ʈʠʩʫʥʦʢ  4 ɹ) (ɻʦʨʙʫʥʦʚʘ ʠ ʩʦʘʚʪ., 2024; Goto et al., 2018). 

ɺ ʨʘʙʦʪʝ (Gorbunova et al., 2022) ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʝʩʪʨʫʢʮʠʠ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ ʠ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ 

2,4,5,2ǋ,4ǋ,5-ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣʘ ʠ 2,3,4,5,2ǋ,4ǋ,5-ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣʘ ʫ ʰʪʘʤʤʘ 

Rhodococcus wratislaviensis ʂʊ112-7 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ 

ʮʠʪʦʭʨʦʤ ʈ450-ʤʦʥʦʦʢʩʠʛʝʥʘʟʳ. 

ɼʘʣʴʥʝʡʰʘʷ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʫʯʝʥʘ ʥʝ ʜʦʩʪʘʪʦʯʥʦ. 

ʆʢʠʩʣʝʥʠʝ ʜʠʦʢʩʠʛʝʥʘʟʘʤʠ ʠ çʚʝʨʭʥʠʡè ʧʫʪʴ 

ɼʝʭʣʦʨʠʨʦʚʘʥʠʝ ʇʍɹ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʤʦʣʝʢʫʣʝ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʘ ʠ ʦʪ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ. ʆʪʱʝʧʣʝʥʠʝ ʠʦʥʘ ʭʣʦʨʘ ʦʪ ʤʦʣʝʢʫʣʳ ʇʍɹ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʠʦʢʩʠʛʝʥʘʟʥʦʡ ʘʪʘʢʠ ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʇʍɹ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʦʡ (Haddock et al., 1995; Mondello et al., 1997; 

Seeger et al., 1999). ʇʦʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ 

ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ 

ʠʭ ʠʥʞʝʥʝʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʢʘʪʘʙʦʣʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʦʯʠʩʪʢʫ ʵʢʦʩʠʩʪʝʤ ʦʪ ʇʍɹ. 

ʇʝʨʚʳʤ ʤʝʪʘʙʦʣʠʪʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʦʡʥʦʛʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʩʦʩʝʜʥʠʭ 

ʦʨʪʦ-ʤʝʪʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʦʜʥʦʛʦ ʠʟ ʢʦʣʝʮ ʙʠʬʝʥʠʣʘ, ʷʚʣʷʝʪʩʷ ʙʠʬʝʥʠʣ-2,3-

ʜʠʛʠʜʨʦʜʠʦʣ. ɼʘʥʥʫʶ ʨʝʘʢʮʠʶ ʢʘʪʘʣʠʟʠʨʫʝʪ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʘʷ ʙʠʬʝʥʠʣ 2,3-

ʜʠʦʢʩʠʛʝʥʘʟʘ (BphA) (ʈʠʩʫʥʦʢ 5) (Fortin et al., 2006). ɹʠʬʝʥʠʣ-2,3-ʜʠʛʠʜʨʦʜʠʦʣ 

ʦʢʠʩʣʷʝʪʩʷ ʙʠʬʝʥʠʣ-2,3-ʜʠʛʠʜʨʦʜʠʦʣ 2,3-ʜʝʛʠʜʨʦʛʝʥʘʟʦʡ (BphB) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅɸɼ+, ʢʘʢ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ. ʅʘ 

ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ 2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʢʣʶʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʦ 1 ʠ 2 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ 

ʦʢʠʩʣʝʥʥʦʛʦ ʢʦʣʴʮʘ ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ɺ 
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ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ 2-ʛʠʜʨʦʢʩʠ-6-ʦʢʩʦ-6-ʬʝʥʠʣʛʝʢʩʘ-2,4-

ʜʠʝʥʦʚʘʷ ʢʠʩʣʦʪʘ (ɻʆʌɼʂ). ʌʝʨʤʝʥʪ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʜʘʥʥʫʶ ʨʝʘʢʮʠʶ, 

ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʪʠʧʫ ʵʢʩʪʨʘʜʠʦʣʴʥʳʭ ʜʠʦʢʩʠʛʝʥʘʟ (BphC). ʂʦʥʚʝʨʩʠʶ ɻʆʌɼʂ ʜʦ 

ʧʝʥʪʘʜʠʝʥʦʚʦʡ ʠ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪ ʢʘʪʘʣʠʟʠʨʫʝʪ 2-ʛʠʜʨʦʢʩʠ-6-ʦʢʩʦ-6-ʬʝʥʠʣʛʝʢʩʘ-

2,4-ʜʠʝʥʦʘʪ ʛʠʜʨʦʣʘʟʘ (BphD), ʦʩʫʱʝʩʪʚʣʷʷ ʨʘʟʨʳʚ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ 6 ʠ 7 ʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ ʤʦʣʝʢʫʣʳ. ɼʘʥʥʳʡ ʬʝʨʤʝʥʪ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ 

Ŭ/ɓ ʛʠʜʨʦʣʘʟ. 

 

 

 

ʈʠʩʫʥʦʢ 5 ï ʆʙʱʘʷ ʩʭʝʤʘ çʚʝʨʭʥʝʛʦè ʠ çʥʠʞʥʝʛʦè ʧʫʪʠ ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ (ɻʦʨʙʫʥʦʚʘ ʠ ʩʦʘʚʪ., 2024). 
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ʌʝʨʤʝʥʪʘʪʠʚʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʇʍɹ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʧʨʠ ʫʯʘʩʪʠʠ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʢʠʩʣʝʥʠʷ 

ʤʦʣʝʢʫʣʳ. ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʦʣʴʢʦ çʚʝʨʭʥʠʤè 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʧʫʪʝʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʰʪʘʤʤʦʚ 

B. xenovorans LB400 ʠ Comamonas testosteroni B-356 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʚʦʟʤʦʞʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʧʨʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʤʦʥʦʛʠʜʨʦʢʩʠʭʣʦʨʙʠʬʝʥʠʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʜʥʦʤ ʠʟ ʢʦʣʝʮ ʤʦʣʝʢʫʣʳ (ʈʠʩʫʥʦʢ 6) (Francova et al., 

2004).  

 

ʈʠʩʫʥʦʢ 6 ï ɻʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʤʝʪʘʙʦʣʠʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ 2-ʛʠʜʨʦʢʩʠ-ʭʣʦʨʙʠʬʝʥʠʣʘ: 1 ï ʮʠʩ-2,3-ʜʠʛʠʜʨʦ-2,3-

ʜʠʛʠʜʨʦʢʩʠ-2ǋ-ʛʠʜʨʦʢʩʠ-ʭʣʦʨʦʙʠʬʝʥʠʣ; 2 ï 2-ʛʠʜʨʦʢʩʠ-ʭʣʦʨ-2ǋ,3ǋ-

ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ; 3 ï 5-(ʭʣʦʨʦ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-6-ʛʠʜʨʦʢʩʠ-3-ʮʠʢʣʦʛʝʢʩʝʥ-1-

ʢʝʪʦʥ; 4 ï 2,2ǋ-ʜʠʛʠʜʨʦʢʩʠ-ʭʣʦʨʦʙʠʬʝʥʠʣ ʠʣʠ 2,3ǋ-ʜʠʛʠʜʨʦʢʩʠ-ʭʣʦʨʦʙʠʬʝʥʠʣ 

(Francova et al., 2004) 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2-ʛʠʜʨʦʢʩʠ-5-ʭʣʦʨʙʠʬʝʥʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ, 

ʦʩʥʦʚʥʳʤ ʤʝʪʘʙʦʣʠʪʦʤ ʙʳʣ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 5-(5-ʭʣʦʨ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-6-

ʛʠʜʨʦʢʩʠ-3-ʮʠʢʣʦʛʝʢʩʝʥ-1-ʦʥ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ cis-2,3-

ʜʠʛʠʜʨʦ-2,3-ʜʠʛʠʜʨʦʢʩʠ-2ǋ-ʛʠʜʨʦʢʩʠ-5ǋ-ʭʣʦʨʙʠʬʝʥʠʣʘ. ʊʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʨʫʛʠʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʪʘʢʠʭ ʢʘʢ 2,2ǋ-ʜʠʛʠʜʨʦʢʩʠ-5-

ʭʣʦʨʙʠʬʝʥʠʣ ʠ 2,3ǋ-ʜʠʛʠʜʨʦʢʩʠ-5-ʭʣʦʨʙʠʬʝʥʠʣ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʪʱʝʧʣʝʥʠʷ OH-ʛʨʫʧʧʳ. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʜʠʛʠʜʨʦʜʠʦʣ-ʤʝʪʘʙʦʣʠʪʘ ʚ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɹʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʇʍɹ ʠ ʅʆ-ʇʍɹ 

ʆʩʥʦʚʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ ʠ ʅʆ-

ʇʍɹ ʷʚʣʷʶʪʩʷ (ʭʣʦʨ/ʛʠʜʨʦʢʩʠ)-2-ʛʠʜʨʦʢʩʠʧʝʥʪʘ-2,4-ʜʠʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ 

(ʭʣʦʨ/ʛʠʜʨʦʢʩʠ)ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (ʈʠʩʫʥʦʢ 5). 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ (ʭʣʦʨ/ʛʠʜʨʦʢʩʠ)-2-ʛʠʜʨʦʢʩʠʧʝʥʪʘ-2,4-ʜʠʝʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ çʥʠʞʥʝʛʦè ʙʠʬʝʥʠʣʴʥʦʛʦ ʧʫʪʠ: 2-ʢʝʪʦ-4-

ʧʝʥʪʝʥʦʘʪ-ʛʠʜʨʘʪʘʟʳ, ʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ 4-ʛʠʜʨʦʢʩʠ-2-

ʦʢʩʦʚʘʣʝʨʘʪʘʣʴʜʦʣʘʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʘʮʝʪʠʣ-ʢʦʬʝʨʤʝʥʪɸ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʦʩʥʦʚʥʦʡ ʦʙʤʝʥ ʢʣʝʪʢʠ (ʈʠʩʫʥʦʢ 5). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʫ ʚʳʜʝʣʝʥʥʳʭ 

ʘʵʨʦʙʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʳ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʝʨʤʝʥʪʥʳʭ ʩʠʩʪʝʤ 

(ʈʠʩʫʥʦʢ 7). ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʨʘʟʣʦʞʝʥʠʷ ʍɹʂ ʩʣʫʞʠʪ ʫʜʘʣʝʥʠʝ ʘʪʦʤʘ ʭʣʦʨʘ ʠʟ 

ʤʦʣʝʢʫʣʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʝʸ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ. ʇʨʦʮʝʩʩ 

ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, 

ʪʘʢ ʠ ʧʦʩʣʝ ʥʝʛʦ. 

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʟʣʦʞʝʥʠʝ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ, ʢʦʜʠʨʫʝʤʳʭ ʛʝʥʘʤʠ benA, clcA ʠ fcbAB, ʦʪʱʝʧʣʝʥʠʝ ʘʪʦʤʘ 

ʭʣʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʪʝʭʦʣʘ ʠʣʠ 

ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʈʠʩʫʥʦʢ 7). ɼʘʣʴʥʝʡʰʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʬʝʨʤʝʥʪʥʳʭ 
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ʢʦʤʧʣʝʢʩʦʚ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʢʣʝʪʢʠ. ʅʘ ʧʨʠʤʝʨʝ ʰʪʘʤʤʦʚ ʨʦʜʦʚ 

Acinetobacter, Arthrobacter, Hydrogenophaga ʠ Pseudomonas ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʟʣʦʞʝʥʠʝ ʢʘʪʝʭʦʣʘ ʧʨʦʠʩʭʦʜʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ 

ʜʠʦʢʩʠʛʝʥʘʟ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʧʦ ʦʨʪʦ-ʧʫʪʠ (Francisco JR et al., 

2001; van Duuren et al., 2011, Xu et al., 2017).  

 

ʈʠʩʫʥʦʢ 7 ï ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʭʣʦʨ)ʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ ï ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ 

ɽʩʣʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʣʦʨ ʥʝ ʦʪʱʝʧʣʷʝʪʩʷ, ʧʝʨʚʠʯʥʳʤʠ 

ʤʝʪʘʙʦʣʠʪʘʤʠ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʫ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʩʪʘʥʦʚʷʪʩʷ 

ʭʣʦʨʢʘʪʝʭʦʣʳ ʠʣʠ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ (ʈʠʩʫʥʦʢ 7). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʝʨʚʳʡ ʵʪʘʧ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʢʘʪʘʣʠʟʠʨʫʶʪ 

ʬʝʨʤʝʥʪʳ, ʢʦʜʠʨʫʝʤʳʝ ʛʝʥʘʤʠ cbaAB, cbdA ʠ benA (Kitagawa et al., 2001; Baggi et 

al., 2008; Solyanikova et al., 2015; Xu et al., 2017; Gorbunova et al., 2021). 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʙʝʥʟʦʘʪ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʦʡ (ʛʝʥ benA) ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʢʘʪʝʭʦʣʘ, 

ʪʘʢ ʠ ʭʣʦʨʟʘʤʝʱʝʥʥʦʛʦ. ʇʦʩʣʝʜʥʝʝ ʷʚʣʝʥʠʝ ʦʧʠʩʘʥʦ ʜʣʷ ʰʪʘʤʤʦʚ ʨʦʜʦʚ 
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Cupriavidus, Pseudomonas, Rhodococcus ʠ Stenotrophomonas (Kitagawa et al., 2001; 

Baggi et al., 2008; Xu et al., 2017). ɹʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ (ɹɼʆ; ʂʌ 1.14.12.10) 

ʠʟʫʯʝʥʘ ʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʨʘʟʣʘʛʘʶʱʠʭ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (Field, Sierra-Alvarez, 2008; Zhan et al., 2008; 

Solyanikova et al., 2015; Kahlon, 2016). ɹʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʫʶ ʩʠʩʪʝʤʫ, ʚʢʣʶʯʘʶʱʫʶ ʨʝʜʫʢʪʘʟʫ ʠ ʪʝʨʤʠʥʘʣʴʥʫʶ 

ʜʠʦʢʩʠʛʝʥʘʟʫ, ʧʦʩʣʝʜʥʷʷ ʩʦʩʪʦʠʪ ʠʟ Ŭ- ʠ ɓ-ʩʫʙʲʝʜʠʥʠʮ (Field, Sierra-Alvarez, 2008). 

ɸʥʘʣʠʟ ʛʝʥʦʚ benA, ʜʝʪʝʨʤʠʥʠʨʫʶʱʠʭ Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ɹɼʆ, ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ 

ʬʦʨʤʠʨʫʶʪ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʪʝʨ (ʧʦʜʩʝʤʝʡʩʪʚʦ) ʥʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʜʝʨʝʚʝ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʜʠʦʢʩʠʛʝʥʘʟ, ʦʢʠʩʣʷʶʱʠʭ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ (Parales, Resnick, 

2006). ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘ Ŭ-ʩʫʙʲʝʜʠʥʠʮʝ ʪʝʨʤʠʥʘʣʴʥʦʡ 

ʜʠʦʢʩʠʛʝʥʘʟʳ. ɺ ʭʦʜʝ ʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʙʝʥʟʦʘʪʘ ʦʙʨʘʟʫʝʪʩʷ ʢʘʪʝʭʦʣ. ɺ ʧʨʦʮʝʩʩʝ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʦʢʠʩʣʝʥʥʘʷ ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ ʨʘʟʣʘʛʘʝʪʩʷ ʜʦ 

ʩʦʝʜʠʥʝʥʠʡ ʮʠʢʣʘ ʂʨʝʙʩʘ (Parales, Resnick, 2006; Field, Sierra-Alvarez, 2008). 

1.4.4 ʈʦʣʴ ʬʝʨʤʝʥʪʘ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA) ʚ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨ- 

ʠ ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ, ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʧʝʮʠʬʠʢʘ 

ʌʝʨʤʝʥʪ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ (BphA) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʶʯʝʚʦʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʘʵʨʦʙʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʇʍɹ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʥʝʜʨʝʥʠʝ ʜʚʫʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʦʜʥʦ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʤʦʣʝʢʫʣʳ ʇʍɹ, 

ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʠʩ-ʜʠʛʠʜʨʦʜʠʦʣʦʚ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʤʝʪʘʙʦʣʠʟʠʨʫʶʪʩʷ ʚ 

ʨʘʤʢʘʭ ʙʠʬʝʥʠʣʴʥʦʛʦ ʧʫʪʠ. BphA ʩʦʩʪʦʠʪ ʠʟ ʪʝʨʤʠʥʘʣʴʥʦʡ ʦʢʩʠʛʝʥʘʟʳ, ʨʝʜʫʢʪʘʟʳ 

ʠ ʬʝʨʨʝʜʦʢʩʠʥʘ, ʠ ʦʙʨʘʟʫʝʪ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʡ ʬʝʨʤʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ (ʈʠʩʫʥʦʢ 

8). ʆʢʩʠʛʝʥʘʟʥʳʡ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʘʝʪ Ŭ- (BphA1) ʠ ɓ-ʩʫʙʲʝʜʠʥʠʮʳ 

(BphA2). ʂʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ, ʩʦʜʝʨʞʘʱʘʷ [2Fe-2S] 

ʢʣʘʩʪʝʨ ʠ ʤʦʥʦʥʫʢʣʝʘʨʥʦʝ ʞʝʣʝʟʦ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʘʢʪʠʚʘʮʠʶ ʢʠʩʣʦʨʦʜʘ ʠ ʝʛʦ 

ʚʥʝʜʨʝʥʠʝ ʚ ʩʫʙʩʪʨʘʪ. ɓ-ʩʫʙʲʝʜʠʥʠʮʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ ʬʝʨʤʝʥʪʘ. 

ʕʣʝʢʪʨʦʥʳ ʧʦʩʪʫʧʘʶʪ ʦʪ ʨʝʜʫʢʪʘʟʳ (BphA4), ʩʦʜʝʨʞʘʱʝʡ FAD, ʯʝʨʝʟ ʬʝʨʨʝʜʦʢʩʠʥ 

(BphA3) ʢ ʦʢʩʠʛʝʥʘʟʝ (Master, Mohn, 2001). 
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ʈʠʩʫʥʦʢ 8 ï ʉʪʨʫʢʪʫʨʘ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1A2) ʰʪʘʤʤʘ Rhodococcus 

jostii RHA1 (Furusawa et al., 2004; https://www.rcsb.org/structure/1ULI) 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʫʙʩʪʨʘʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ BphA1 ʟʘʚʠʩʷʪ ʦʪ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʦʙʣʘʩʪʠ III 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ. ʄʫʪʘʮʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʶʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʬʝʨʤʝʥʪ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʤ ʠ 

ʩʪʨʫʢʪʫʨʥʦ ʩʣʦʞʥʳʤ ʇʍɹ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ Dhindwal et al. (2016) ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʬʝʨʤʝʥʪʘ (ʚʘʨʠʘʥʪ BphAE_II9), ʢʦʪʦʨʘʷ ʟʘ ʩʯʸʪ ʩʝʤʠ ʟʘʤʝʥ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʣʘ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʨʘʩʰʠʨʝʥʥʦʤʫ 

ʩʧʝʢʪʨʫ ʩʫʙʩʪʨʘʪʦʚ, ʚʢʣʶʯʘʷ ʪʝʪʨʘʭʣʦʨ- ʠ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʳ (Dhindwal et al., 

2016). 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʧʝʮʠʬʠʢʘ BphA1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʦʡ 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, ʥʦ ʠ ʨʝʛʫʣʷʮʠʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ bphA1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʜʫʢʮʠʷ 

bphA1 ʚʦʟʤʦʞʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʚʢʣʶʯʘʷ 

ʙʠʬʝʥʠʣ, ʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ ʠ ʥʝʢʦʪʦʨʳʝ ʇʍɹ. ʅʘʧʨʠʤʝʨ, ʫ ʰʪʘʤʤʦʚ ʨʦʜʦʚ 

Pseudomonas ʠ Rhodococcus ʵʢʩʧʨʝʩʩʠʷ bphA1 ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʢʘʢ 

ʩʘʤʠʭ ʇʍɹ, ʪʘʢ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʘʩʧʘʜʘ (Master, Mohn, 2001; 

https://www.rcsb.org/structure/1ULI
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Barriault et al., 2002). ɹʦʣʝʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʘ bphA1, 

ʢʦʜʠʨʫʶʱʝʛʦ Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʫ ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʚʳʷʚʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʣʣʝʣʝʡ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʘʜʘʧʪʘʮʠʶ ʬʝʨʤʝʥʪʘ ʢ 

ʨʘʟʣʠʯʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʩʫʙʩʪʨʘʪʘʤ (Shumkova et al., 2015). ʕʪʠ 

ʨʘʟʣʠʯʠʷ ʦʙʲʷʩʥʷʶʪ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʝʤʳʭ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ. 

ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ BphA, 

ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʧʦʯʚ, ʟʘʛʨʷʟʥʸʥʥʳʭ ʇʍɹ. ɺ ʨʘʙʦʪʝ Suman et al. (2021) ʦʧʠʩʘʥ 

ʬʝʨʤʝʥʪ, ʢʦʪʦʨʳʡ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʇʍɹ, ʥʦ ʠ ʧʦʚʳʰʝʥʥʫʶ ʘʬʬʠʥʥʦʩʪʴ ʢ ʧʨʠʨʦʜʥʳʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ, 

ʪʘʢʠʤ ʢʘʢ ʬʣʘʚʦʥʦʠʜʳ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʟʤʦʞʥʦʤ ʵʚʦʣʶʮʠʦʥʥʦʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟ ʢʘʢ ʬʝʨʤʝʥʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʢ ʢʩʝʥʦʙʠʦʪʠʢʘʤ (Suman et al., 2021). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʝʨʤʝʥʪ BphA ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʪʨʘʣʴʥʦʝ ʟʚʝʥʦ ʚ 

ʘʵʨʦʙʥʦʡ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʇʍɹ. ɽʛʦ ʘʢʪʠʚʥʦʩʪʴ, ʨʝʛʫʣʠʨʫʝʤʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʝʣʘʶʪ ʝʛʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʤʠʰʝʥʴʶ ʢʘʢ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʤʠʢʨʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʛʨʷʟʥʸʥʥʦʡ ʩʨʝʜʝ, ʪʘʢ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʥʥʦ-ʠʥʞʝʥʝʨʥʳʭ 

ʰʪʘʤʤʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʜʝʩʪʨʫʢʪʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

1.4.5 ɻʝʥʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʠ 

ʅʆ-ʇʍɹ 

ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʠʢʨʦʬʣʦʨʳ ʧʦʯʚʳ (Seeger, 

Pieper, 2010). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ 

ʘʵʨʦʙʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ, ʚ ʛʝʥʦʤʝ ʧʨʠʩʫʪʩʚʫʝʪ bph-ʦʧʝʨʦʥ, ʢʦʜʠʨʫʶʱʠʡ 

ʢʦʤʧʣʝʢʩ ʬʝʨʤʝʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʢʠʩʣʝʥʠʝ ʤʦʣʝʢʫʣʳ 

ʙʠʬʝʥʠʣʘ/ʭʣʦʨʙʠʬʝʥʠʣʦʚ/ʛʠʜʨʦʢʩʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʜʦ ʩʪʘʜʠʠ ʨʘʩʱʝʧʣʝʥʠʷ 

ʤʦʣʝʢʫʣʳ ʥʘ ʙʝʥʟʦʡʥʫʶ, (ʭʣʦʨ-/ʛʠʜʨʦʢʩʠ-)ʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ ʠ ʧʝʥʪʘʜʠʝʥʦʚʫʶ 

ʢʠʩʣʦʪʫ (ʈʠʩʫʥʦʢ 9) (Nogales et al., 2001; Seeger, Pieper, 2010; Sharma et al., 2018). 
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ʈʠʩʫʥʦʢ 9 ï ʆʨʛʘʥʠʟʘʮʠʷ bph-ʦʧʝʨʦʥʘ ʫ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ (Egorova et al., 2024) 
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ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ bph-ʛʝʥʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʭʨʦʤʦʩʦʤʝ, ʫ ʰʪʘʤʤʦʚ B. xenovorans LB400, 

Pseudomonas pseudoalcaligenes KF707, P. putida KF715 ʠ Pseudomonas sp. KKS102 

(ʈʠʩʫʥʦʢ 9) (Fukuda et al., 1994; Reineke, 1998; Nishi et al., 2000; Watanabe et al., 

2000; Fortin et al., 2006). 

ɻʝʥʳ, ʜʝʪʝʨʤʠʥʠʨʫʶʱʠʝ ʦʢʠʩʣʝʥʠʝ ʙʠʬʝʥʠʣʘ ʠ ʇʍɹ (bph-ʛʝʥʳ), ʚʧʝʨʚʳʝ 

ʙʳʣʠ ʢʣʦʥʠʨʦʚʘʥʳ ʫ ʰʪʘʤʤʘ P. pseudoalcaligenes KF707. ʇʦʢʘʟʘʥʦ, ʯʪʦ bph-ʛʝʥʳ 

ʰʪʘʤʤʘ KF707 ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ 

(orf0)bʨhA1A2(orf3)bphA3A4BCX0X1X2X3D. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʨʷʜʦʢ bph-ʛʝʥʦʚ 

ʦʙʥʘʨʫʞʝʥ ʫ ʰʪʘʤʤʘ B. xenovorans LB400. ʂʣʘʩʪʝʨ ʛʝʥʦʚ, bʨhX0-bʨhX1-bʨhX2-

bʨhX3 (bʨhK-bʨhH-bʨhJ-bʨhI), ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʢʦʥʚʝʨʩʠʶ ʛʠʜʨʦʢʩʠ-

ʧʝʥʪʘʜʠʝʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ɻʆʌɼʂ-ʛʠʜʨʦʣʘʟʳ, 

(ʛʝʥ bʨhD), ʜʦ ʩʦʝʜʠʥʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʨʘʩʧʦʣʦʞʝʥ 

ʤʝʞʜʫ bʨhʉ ʠ bʨhD (Reineke, 1998; Watanabe et al., 2000). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʥʳ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʇʍɹ (bph-ʛʝʥʳ) ʤʦʛʫʪ ʠʤʝʪʴ ʢʘʢ 

ʭʨʦʤʦʩʦʤʘʣʴʥʫʶ, ʪʘʢ ʠ ʧʣʘʟʤʠʜʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ (ʈʠʩʫʥʦʢ 10) (Reineke, 1998; 

Shimizu et al., 2001; Shuttleworth et al., 2000; Tan, 1999; Fortin et al., 2006; Watanabe 

et al., 2000; Francova et al., 2004; Bhatt et al., 2021). 

ʇʣʘʟʤʠʜʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ bph-ʛʝʥʦʚ ʦʧʠʩʘʥʘ ʜʣʷ ʨʷʜʘ ʰʪʘʤʤʦʚ ʨʦʜʦʚ 

Pseudomonas ʠ Rhodococcus (Fukuda et al., 1998; Hauschild et al., 1996; Reineke, 1998; 

Shimizu et al., 2001). ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʧʣʘʟʤʠʜ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʠʣʠ D-ʧʣʘʟʤʠʜ, 

ʷʚʣʷʝʪʩʷ ʠʭ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ (50 ï 1100 ʪʧʥ) (Springael et al., 1993; Tan, 1999; 

Shimizu et al., 2001).  
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ʈʠʩʫʥʦʢ 10 ï ʃʦʢʘʣʠʟʘʮʠʷ bph-ʛʝʥʦʚ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ ʙʘʢʪʝʨʠʡ-

ʜʝʩʪʨʫʢʪʦʨʦʚ (Bhatt et al., 2021) 

 

ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʣʘʟʤʠʜʥʳʝ bph-ʛʝʥʳ ʠʟʫʯʝʥʳ ʫ ʰʪʘʤʤʘ Rhodococcus 

jostii RHA1 (Fukuda et al., 1998; Reineke, 1998). ɺ ʰʪʘʤʤʝ Rhodococcus jostii RHA1 

ʦʙʥʘʨʫʞʝʥʳ ʪʨʠ ʣʠʥʝʡʥʳʝ D-ʧʣʘʟʤʠʜʳ pRHL1 (1100 ʪ.ʧ.ʥ.), pRHL2 (450 ʪ.ʧ.ʥ.) ʠ 

pRHL3 (330 ʪ.ʧ.ʥ.), ʥʝʩʫʱʠʝ ʛʝʥʳ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ. 

ʆʩʥʦʚʥʦʡ bph-ʦʧʝʨʦʥ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʧʣʘʟʤʠʜʝ pRHL1 ʠ ʚʢʣʶʯʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʦʚ bphA1A2A3A4CB, ʢʦʜʠʨʫʶʱʠʭ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʡ 

ʬʝʨʤʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʠ ʬʝʨʤʝʥʪʳ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʠʩ-ʜʠʛʠʜʨʦʜʠʦʣʦʚ. ɻʝʥʳ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ ʜʝʩʪʨʫʢʮʠʠ, 

ʚʢʣʶʯʘʷ ʬʝʨʤʝʥʪʳ ʥʠʞʥʝʛʦ ʧʫʪʠ (ʬʝʨʤʝʥʪʳ ɓ-ʢʝʪʘʜʝʛʨʘʜʘʮʠʠ), ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ 

pRHL2 ʚ ʩʦʩʪʘʚʝ ʦʪʜʝʣʴʥʦʛʦ ʦʧʝʨʦʥʘ bphDEF. ʇʣʘʟʤʠʜʘ pRHL3 ʩʦʜʝʨʞʠʪ 

ʜʫʙʣʠʢʘʪʳ bph-ʧʦʜʦʙʥʳʭ ʛʝʥʦʚ, ʚʢʣʶʯʘʷ ʘʥʘʣʦʛʠ bphA1A2A3, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʦʟʥʠʢʰʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ. ʊʘʢʞʝ ʚ ʭʨʦʤʦʩʦʤʥʦʡ ɼʅʂ 
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ʰʪʘʤʤʘ RHA1 ʦʙʥʘʨʫʞʝʥʳ bphC3C5C6, ʢʦʜʠʨʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʪʝʭʦʣ-

ʜʠʦʢʩʠʛʝʥʘʟʳ, ʦʙʣʘʜʘʶʱʠʝ ʯʘʩʪʠʯʥʦʡ ʠʟʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ 

ʰʪʘʤʤʘ RHA1 ʜʝʛʨʘʜʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʤʫʣʴʪʠʢʦʧʠʡʥʦ ʠ ʤʦʜʫʣʴʥʦ, 

ʯʪʦ ʦʪʣʠʯʘʝʪ ʝʸ ʦʪ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʭ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ bph-ʦʧʝʨʦʥʦʚ ʫ ʜʨʫʛʠʭ 

ʙʘʢʪʝʨʠʡ (Fukuda et al., 1998; Hauschild et al., 1996; Shimizu et al., 2001). 

ʇʦʭʦʞʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ bph-ʛʝʥʦʚ ʚʳʷʚʣʝʥʦ ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʘ Rhodococcus 

opacus KT112-7 (Egorova et al., 2024). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʥʳ ʙʠʬʝʥʠʣʴʥʦʛʦ ʧʫʪʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʪʨʝʭ ʦʧʝʨʦʥʘʭ ʥʘ ʭʨʦʤʦʩʦʤʝ (bphEGFC, bphCDFAD-

monooxygenase, bphA1BA2), ʦʧʝʨʦʥ bphA1ɸ2ɸ3ɸ4ʉɺ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʣʘʟʤʠʜʝ 

pRHWK1, ʘ ʛʝʥʳ bphA1A2 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʣʘʟʤʠʜʝ pRHWK2. ɸʥʘʣʠʟ bph-ʛʝʥʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʧʝʨʦʥʝ bphA1ɸ2ɸ3ɸ4ʉɺ (ʧʣʘʟʤʠʜʘ pRHWK1) ʛʝʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚ ʪʦʤ ʞʝ ʧʦʨʷʜʢʝ ʠ ʠʤʝʶʪ ʪʦʪ ʞʝ ʨʘʟʤʝʨ, ʯʪʦ ʠ ʚ bph-ʦʧʝʨʦʥʝ ʰʪʘʤʤʘ R. jostii RHA1 

(ʧʣʘʟʤʠʜʘ pRHL1), ʧʨʠ ʵʪʦʤ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʥʦʚ bph-ʦʧʝʨʦʥʦʚ 

ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʨʦʜʦʚ Rhodococcus, Janibacrter, Diella, Cupriavidus ʠ 

Paraburkholderia (ʈʠʩʫʥʦʢ 11). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʥ bphD ʚʳʷʚʣʝʥ ʪʦʣʴʢʦ 

ʥʘ ʭʨʦʤʦʩʦʤʝ, ʥʦ ʥʝ ʥʘ ʧʣʘʟʤʠʜʝ ʰʪʘʤʤʘ ʂʊ112-7. ʈʘʥʝʝ ʧʦʜʦʙʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

bphD ʛʝʥʘ ʦʧʠʩʘʥʦ ʜʣʷ ʰʪʘʤʤʘ R. jostii RHA1 (Masai et al., 1995). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʛʝʥʳ çʥʠʞʥʝʛʦè ʙʠʬʝʥʠʣʴʥʦʛʦ ʧʫʪʠ ʰʪʘʤʤʘ ʂʊ112-7, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʘ 

ʭʨʦʤʦʩʦʤʝ, ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʠ ʫ ʰʪʘʤʤʘ-

ʜʝʩʪʨʫʢʪʦʨʘ Acidovorax sp. KKS102 ʠ ʦʙʦʩʦʙʣʝʥʳ ʦʪ ʦʩʪʘʣʴʥʳʭ ʛʝʥʦʚ bph-ʧʫʪʠ 

(Kikuchi et al., 1994; Ohtsubo et al., 2001, 2012; Pieper, 2005). 

 

 

ʈʠʩʫʥʦʢ 11 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʝʥʦʚ çʥʠʞʥʝʛʦè ʠ çʚʝʨʭʥʝʛʦè ʙʠʬʝʥʠʣʴʥʦʛʦ ʧʫʪʠ ʫ 

ʰʪʘʤʤʦʚ (ɸ) R. opacus KT112-7 (ʭʨʦʤʦʩʦʤʘ GenBank CP072193.1) ʠ (ɹ) 

Acidovorax sp. KKS102 (ʭʨʦʤʦʩʦʤʘ GenBank CP003872.1) (Egorova et al., 2024) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʵʨʦʙʥʳʝ ʙʘʢʪʝʨʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʝʡʰʠʭ ʘʛʝʥʪʦʚ 

ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʠʨʦʜʥʦʡ ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ (ʇʍɹ) ʠ ʠʭ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʄʥʦʛʦʦʙʨʘʟʠʝ 

ʰʪʘʤʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ, 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʪʘʢ ʠ ʤʝʪʘʛʝʥʦʤʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʟʘʛʨʷʟʥʸʥʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʪʠʭ 

ʧʨʦʮʝʩʩʘʭ ʠʛʨʘʶʪ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʠʬʝʥʠʣ-2,3-

ʜʠʦʢʩʠʛʝʥʘʟʘ ʠ ʮʠʪʦʭʨʦʤ ʈ450-ʤʦʥʦʦʢʩʠʛʝʥʘʟʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ 

ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɻʝʥʝʪʠʯʝʩʢʘʷ 

ʜʝʪʝʨʤʠʥʘʮʠʷ ʵʪʠʭ ʧʫʪʝʡ, ʚʢʣʶʯʘʷ ʥʘʣʠʯʠʝ bph-ʦʧʝʨʦʥʦʚ ʚ ʭʨʦʤʦʩʦʤʘʭ ʠ 

ʧʣʘʟʤʠʜʘʭ, ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʜʝʛʨʘʜʘʪʠʚʥʳʭ 

ʬʫʥʢʮʠʡ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʛʝʥʥʦ-ʠʥʞʝʥʝʨʥʳʭ ʰʪʘʤʤʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ 

ʵʢʦʙʠʦʪʝʭʥʦʣʦʛʠʷʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʛʨʷʟʥʸʥʥʳʭ ʇʍɹ 

ʪʝʨʨʠʪʦʨʠʡ. 

 

1.5 ʅʦʚʳʝ ʧʦʜʭʦʜʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʇʍɹ: ʢʠʥʝʪʠʢʘ, 

ʤʝʪʘʙʦʣʠʟʤ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʦʙʣʘʩʪʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 

(ʇʍɹ) ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʪʝʛʨʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʩʦʨʮʠʫʤʘ ʙʘʢʪʝʨʠʡ 

Bacillus sp. ʠ Stutzerimonas sp., ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʠʣʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʧʦʢʘʟʘʚʰʠʭ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʇʍɹ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

(Thathola, Haldar, 2025). 

ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʦʪʢʣʠʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ (Response Surface Methodology, 

RSM) ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (Artificial Neural Networks, ANN) ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʨʘʟʨʫʰʝʥʠʷ ʇʍɹ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʟʘʡʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ Box-Behnken ʧʦʟʚʦʣʠʣʦ 

ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʩʨʝʜʳ: pH, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʙʲʸʤ ʠʥʦʢʫʣʷʪʘ, 
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ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɹ. ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 2,4,4ǋ-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ, 2,2ǋ,5,5ǋ-ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣ, 

2,2ǋ,4,5,5ǋ-ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ, 2,2ǋ,3,4,4ǋ,5ǋ-, 2,2ǋ,4,4ǋ,5,5ǋ-ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣ ʠ 

2,2ǋ,3,4,4ǋ,5,5ǋ-ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ ʦʢʘʟʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʇʍɹ. ʆʧʪʠʤʘʣʴʥʳʝ ʚʳʷʚʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 ï ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʙʠʦʜʝʛʨʘʜʘʮʠʶ 

ʇʘʨʘʤʝʪʨ 
ʆʧʪʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 
ʍʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ 

pH 7,0 

ʇʦʚʳʰʝʥʠʝ ʜʦ ʦʧʪʠʤʫʤʘ 

ʫʩʠʣʠʚʘʝʪ ʜʝʛʨʘʜʘʮʠʶ, ʟʘʪʝʤ ð 

ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʊʝʤʧʝʨʘʪʫʨʘ (ÁC) 35 

ʈʦʩʪ ʜʦ 35 ÁC ʫʩʠʣʠʚʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ, ʚʳʰʝ ð ʫʛʥʝʪʝʥʠʝ 

ʬʝʨʤʝʥʪʦʚ 

ʆʙʲʸʤ ʠʥʦʢʫʣʷʪʘ 

(%) 
4 

ɼʦ 4 % ï ʨʦʩʪ ʘʢʪʠʚʥʦʩʪʠ, ʜʘʣʝʝ ï 

ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʩʫʙʩʪʨʘʪ 

ʂʦʣʠʯʝʩʪʚʦ 

ʦʙʦʨʦʪʦʚ (ʦʙ/ʤʠʥ) 
95 

ʆʧʪʠʤʘʣʴʥʦʝ ʥʘʩʳʱʝʥʠʝ 

ʢʠʩʣʦʨʦʜʦʤ, ʚʳʰʝ ï ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʩʪʨʝʩʩ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʇʍɹ (ʤʛ/ʣ) 
20 

ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʚʦʟʤʦʞʝʥ 

ʩʫʙʩʪʨʘʪʥʳʡ ʩʪʨʝʩʩ 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 2,4,4ǋ-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ, 2,2ǋ,5,5ǋ-

ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣ ʠ 2,2ǋ,4,5,5ǋ-ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ ʩʣʝʜʫʶʪ ʢʠʥʝʪʠʢʝ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ; 2,2ǋ,3,4,4ǋ,5ǋ-ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣ, 2,2ǋ,4,4ǋ,5,5ǋ-ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣ ʠ 

2,2ǋ,3,4,4ǋ,5,5ǋ-ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣ ï ʢʠʥʝʪʠʢʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 
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ʄʝʪʘʙʦʣʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɻʍ-ʄʉ) ʧʦʟʚʦʣʠʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʜʝʛʨʘʜʘʮʠʠ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʧʫʪʠ ʤʝʪʘʙʦʣʠʟʤʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʝʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʨʘʩʧʘʜʘ ʙʦʣʴʰʠʥʩʪʚʘ ʇʍɹ ʷʚʣʷʶʪʩʷ ʘʮʝʪʠʣ-ʂʦɸ ʠ ʧʠʨʦʚʠʥʦʛʨʘʜʥʘʷ 

ʢʠʩʣʦʪʘ. 

ʍʦʪʷ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʧʨʦʚʦʜʠʣʩʷ ʛʝʥʦʤʥʳʡ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ, 

ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʇʍɹ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ 

ʘʢʪʠʚʥʳʭ bph-ʦʧʝʨʦʥʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʦʧʠʩʘʥʥʳʤ ʫ B. xenovorans LB400 ʠ 

Pseudomonas sp. KKS102 (Fortin et al., 2006; Fukuda et al., 1994; Reineke, 1998). ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʝʪʘʙʦʣʠʟʠʨʦʚʘʪʴ ʇʍɹ ʜʦ ʘʮʝʪʠʣ-ʂʦɸ ʠ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ð ʭʘʨʘʢʪʝʨʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʧʫʪʝʡ 

ʜʝʩʪʨʫʢʮʠʠ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚʳʩʦʢʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʸ ʢʘʢ ʦʩʥʦʚʫ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʣʫʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʙʠʦʨʝʘʢʪʦʨʦʚ. ʇʨʝʜʩʢʘʟʘʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ANN ʤʦʞʝʪ ʙʳʪʴ 

ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʯʠʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʤʝʜʠʘʮʠʠ, ʧʦʜʜʝʨʞʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʫʜʘʣʝʥʠʶ ʇʍɹ ʠʟ ʟʘʛʨʷʟʥʸʥʥʳʭ ʩʨʝʜ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ 

ʠ ʧʦʯʚ, ʟʘʛʨʷʟʥʸʥʥʳʭ ʩʪʦʡʢʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ. 

1.6 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʦʩʪʘʝʪʩʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʘʤʠʥʦʢʠʩʣʦʪ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʘʩʴ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʚ ʟʘʜʘʥʥʫʶ 

ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ï ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʫʪʴ 

ʢ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʠ ʙʝʣʢʦʚ ʩ ʬʫʥʢʮʠʷʤʠ, ʧʦʣʝʟʥʳʤʠ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ 
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ʤʝʜʠʮʠʥʝ. ʄʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʙʝʣʢʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʚʠʥʫʣʠʩʴ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ʋʚʝʣʠʯʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʠ ʙʳʩʪʨʳʡ ʨʦʩʪ ʙʘʟ ʜʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʩʪʨʫʢʪʫʨ ʙʝʣʢʦʚ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʪʨʝʙʫʶʱʠʭ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ 

ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ 

(Kuhlman, Bradley, 2019). 

ʇʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʧʦʥʠʤʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʩʪʨʫʢʪʫʨʦʡ ʙʝʣʢʘ ʤʦʛʣʦ ʙʳ ʦʪʢʨʳʪʴ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʢʘʢ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ 

ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʠ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʙʝʣʢʦʚ ʯʝʨʝʟ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɹʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʘʥʘʣʠʟʠʨʫʶʪ 

ʧʘʪʪʝʨʥʳ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʤʫʪʘʮʠʡ ʚ ʩʝʤʝʡʩʪʚʘʭ ʙʝʣʢʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʦʩʪʘʪʢʦʚ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

(Jones et al., 2015; Wang et al., 2017). 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʙʝʣʢʘ (ʮʝʣʠ): ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʦʜʩʪʚʝʥʥʦʛʦ ʙʝʣʢʘ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʣʠ, ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʝʟ ʰʘʙʣʦʥʘ, 

ʢʦʪʦʨʦʝ ʥʝ ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʣʦʙʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʚ PDB ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʙʝʣʢʘʤ ʩ ʥʦʚʳʤʠ ʬʦʨʤʘʤʠ. ʀʩʪʦʨʠʯʝʩʢʠ 

ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʵʪʠʭ ʜʚʫʭ ʧʦʜʭʦʜʘʭ, ʙʳʣʠ ʜʦʚʦʣʴʥʦ ʨʘʟʣʠʯʥʳ: 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʦʙʥʘʨʫʞʝʥʠʠ ʠ ʚʳʨʘʚʥʠʚʘʥʠʠ 

ʩ ʨʦʜʩʪʚʝʥʥʳʤ ʙʝʣʢʦʤ ʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʝʟ 

ʰʘʙʣʦʥʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʙʦʨʢʝ ʢʦʥʬʦʨʤʘʮʠʡ ʙʦʣʴʰʦʛʦ ʤʘʩʰʪʘʙʘ ʠ 

ʧʨʠʤʝʥʝʥʠʠ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʬʠʟʠʢʝ ʬʫʥʢʮʠʡ ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʜʭʦʜʘʤʠ ʩʪʘʣʘ ʨʘʟʤʳʚʘʪʴʩʷ, ʧʦʩʢʦʣʴʢʫ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ 

ʰʘʙʣʦʥʘ ʥʘʯʘʣʠ ʚʢʣʶʯʘʪʴ ʫʪʦʯʥʝʥʠʝ ʤʦʜʝʣʝʡ, ʥʘʧʨʘʚʣʷʝʤʦʝ ʵʥʝʨʛʠʝʡ, ʘ ʤʝʪʦʜʳ 
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ʙʝʟ ʰʘʙʣʦʥʘ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʬʨʘʛʤʝʥʪʥʳʝ ʤʝʪʦʜʳ 

ʚʳʙʦʨʢʠ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ (ʭʦʪʷ ʤʝʪʦʜʳ 

ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʘ ʚʩʝ ʝʱʝ ʩʦʭʨʘʥʷʶʪ ʧʦʚʳʰʝʥʥʫʶ ʪʦʯʥʦʩʪʴ ʜʣʷ ʮʝʣʝʡ ʩ 

ʜʝʪʝʢʪʠʨʫʝʤʳʤ ʩʭʦʜʩʪʚʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʟʘʧʠʩʷʤʠ ʚ PDB) (Kuhlman, 

Bradley, 2019). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʘ 

ʕʪʘʧʳ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʘ ʚʢʣʶʯʘʶʪ ʚʳʙʦʨ 

ʧʦʜʭʦʜʷʱʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʘ; ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʮʝʣʠ ʩ 

ʰʘʙʣʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ; ʠ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʫʯʝʪʘ ʤʫʪʘʮʠʡ, 

ʚʩʪʘʚʦʢ ʠ ʜʝʣʝʮʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʳʨʘʚʥʠʚʘʥʠʠ ʮʝʣʠ ʠ ʰʘʙʣʦʥʘ. ʊʝʩʥʦ 

ʨʦʜʩʪʚʝʥʥʳʝ ʰʘʙʣʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ 

ʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ BLAST (Altschul et al., 1997), ʜʣʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ PDB. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʙʦʣʝʝ ʦʪʜʘʣʝʥʥʦ 

ʨʦʜʩʪʚʝʥʥʳʭ ʰʘʙʣʦʥʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʬʠʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʮʝʣʠ 

(Eddy, 1998; Remmert et al., 2011), ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʦʬʠʣʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʙʝʣʢʦʚ ʩ ʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʧʦʤʦʱʴʶ ʩʨʘʚʥʝʥʠʷ 

ʧʨʦʬʠʣʝʡ (Sadreyev, Grishin, 2003; Sºding, 2005) ʠʣʠ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʝʛʦ ʩ 

ʙʠʙʣʠʦʪʝʢʦʡ ʩʪʨʫʢʪʫʨʥʳʭ ʰʘʙʣʦʥʦʚ ʜʣʷ ʦʮʝʥʢʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ (Bowie et al., 1991; Jones et al., 1992). ʄʝʪʦʜʳ 

ʚʳʙʦʨʘ ʰʘʙʣʦʥʦʚ ʚʦʟʚʨʘʱʘʶʪ ʥʘʯʘʣʴʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʮʝʣʠ ʠ ʰʘʙʣʦʥʘ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʨʫʯʥʫʶ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʦ, ʯʘʩʪʦ ʚ ʠʪʝʨʘʪʠʚʥʦʤ ʧʦʨʷʜʢʝ ʧʦʩʣʝ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ. ʀʤʝʷ ʚʳʨʘʚʥʠʚʘʥʠʝ ʩ ʰʘʙʣʦʥʦʤ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ (Krivov et al., 2009; Webb, Sali, 2017; Waterhouse et al., 

2018) ʜʣʷ ʙʳʩʪʨʦʡ ʧʦʩʪʨʦʡʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʮʝʣʠ, 

ʚʳʧʦʣʥʷʷ ʦʧʪʠʤʠʟʘʮʠʶ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʪʦʣʴʢʦ ʥʘ ʤʫʪʘʮʠʦʥʥʳʭ ʧʦʟʠʮʠʷʭ ʠ 

ʧʝʨʝʩʪʨʘʠʚʘʷ ʩʢʝʣʝʪ ʚʦʢʨʫʛ ʚʩʪʘʚʦʢ ʠ ʜʝʣʝʮʠʡ. ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʣʢʦʚ 

ʮʝʣʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʦʣʴʢʦ ʫʜʘʣʝʥʥʦʝ ʨʦʜʩʪʚʦ ʩ ʙʝʣʢʘʤʠ ʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 
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ʰʘʙʣʦʥʦʚ ʠ ʧʨʦʚʦʜʷʪ ʘʛʨʝʩʩʠʚʥʫʶ ʚʳʙʦʨʢʫ ʢʦʥʬʦʨʤʘʮʠʡ ʩʢʝʣʝʪʘ (Song et al., 2013; 

Yang et al., 2015; Webb, Sali, 2017). ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʜʦʩʪʫʧʥʳʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʧʦʜʭʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʘ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʩʪʨʫʢʪʫʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠʤʝʨʥʦ ʜʣʷ ʜʚʫʭ ʪʨʝʪʝʡ ʠʟʚʝʩʪʥʳʭ ʩʝʤʝʡʩʪʚ ʙʝʣʢʦʚ 

(Ovchinnikov et al., 2017). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʝʟ ʰʘʙʣʦʥʘ 

ʇʦʜʭʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʝʟ ʰʘʙʣʦʥʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʙʝʣʢʘʤ, ʥʝ 

ʠʤʝʶʱʠʤ ʛʣʦʙʘʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʭʦʜʩʪʚʘ ʩ ʙʝʣʢʦʤ ʚ PDB. ʆʪʩʫʪʩʪʚʠʝ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʘ ʪʨʝʙʫʝʪ ʩʪʨʘʪʝʛʠʠ ʚʳʙʦʨʢʠ ʢʦʥʬʦʨʤʘʮʠʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʢʘʥʜʠʜʘʪʥʳʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʢʨʠʪʝʨʠʷ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʥʘʪʠʚʥʳʝ ʢʦʥʬʦʨʤʘʮʠʠ. ʇʨʦʮʝʩʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʟ 

ʰʘʙʣʦʥʘ ʦʙʳʯʥʦ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʩʪʨʦʝʥʠʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʣʢʘ ʮʝʣʠ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʮʝʣʠ ʠ ʝʸ ʛʦʤʦʣʦʛʦʚ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʫʛʣʳ 

ʩʢʨʫʯʠʚʘʥʠʷ ʩʢʝʣʝʪʘ, ʠ ʥʝʣʦʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʪʘʢʪʳ ʦʩʪʘʪʢʦʚ 

ʠʣʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʩʪʘʪʢʘʤʠ ʧʦ ʚʩʝʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ. ʕʪʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʷʶʪ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʝʡ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʮʝʣʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʫʪʦʯʥʷʶʪʩʷ, ʨʘʥʞʠʨʫʶʪʩʷ ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʣʷ ʚʳʙʦʨʘ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʧʨʦʛʥʦʟʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʜʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʝʩʪʫʨʢʮʠʠ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ 

ɺ ʨʘʙʦʪʝ (Cao et al., 2011) ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ 

Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1) ʠʟ Enterobacter sp. LY402 ʢ 

ʨʘʟʣʦʞʝʥʠʶ ʇʍɹ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʭ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ʩʚʷʟʳʚʘʥʠʷ ʇʍɹ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ (k) ʜʣʷ 

ʇʍɹ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʢʘʟʘʪʝʣʴ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʳʚʘʥʠʷ ʇʍɹ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ k. 
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Wu ʠ ʜʨ. (Wu et al., 2009) ʧʨʦʚʝʣʠ ʩʨʘʚʥʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʵʥʝʨʛʠʡ ʩʚʷʟʳʚʘʥʠʷ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʨʝʮʝʧʪʦʨʦʚ ʠ ʩʜʝʣʘʣʠ ʠʥʪʝʨʝʩʥʳʡ ʚʳʚʦʜ: ʯʝʤ ʥʠʞʝ ʩʚʦʙʦʜʥʘʷ 

ʵʥʝʨʛʠʷ ʩʚʷʟʳʚʘʥʠʷ, ʪʝʤ ʚʳʰʝ ʘʬʬʠʥʥʦʩʪʴ. ɼʘʥʥʦʝ ʦʪʢʨʳʪʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ 

ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʳʚʘʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʮʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ 

ʧʦʪʝʥʮʠʘʣʘ ʙʘʢʪʝʨʠʡ ʚ ʨʘʟʣʦʞʝʥʠʠ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʇʍɹ.  

Liu ʠ ʜʨ. (Liu et al., 2012) ʠʟʫʯʠʣʠ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʢʦʨʦʩʪʷʤʠ ʜʝʛʨʘʜʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʣʘʛʘʝʪ 

Enterobacter sp. LY402. ʆʥʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʩʫʙʩʪʨʘʪʘ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʨʦʩʪʦʤ ʝʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. ʅʘʧʨʦʪʠʚ, ʯʝʤ ʚʳʰʝ ʙʳʣʘ 

ʵʥʝʨʛʠʷ ʨʘʩʪʷʞʝʥʠʷ-ʩʢʨʫʯʠʚʘʥʠʷ, ʪʝʤ ʤʝʜʣʝʥʥʝʝ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʣʦʞʝʥʠʝ. ʆʜʥʘʢʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʇʍɹ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠ ʟʘʤʝʱʝʥʥʳʭ ʇʍɹ ʦʛʨʘʥʠʯʝʥʘ (Pieper, 2005). 

ʀʥʪʝʨʝʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʩʘʣʦʩʴ ʩʚʷʟʠ ʤʝʞʜʫ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʝʡ 

ʩʚʷʟʳʚʘʥʠʷ ʠ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʘʢ ʤʠʛʨʘʮʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʪʦʢʩʠʯʥʦʩʪʴ 

ʠ ʙʠʦʘʢʢʫʤʫʣʷʮʠʷ ʇʍɹ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʚʷʪʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ 

BphA1. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʷʟʳʚʘʥʠʷ ʇʍɹ ʩ BphA1 ʟʥʘʯʠʤʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʪʘʢʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʢʪʘʥʦʣïʚʦʟʜʫʭ (KOA), ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʢʦʥʮʝʥʪʨʘʮʠʠ (BCF) ʠ 

ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ (t1/2). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʇʍɹ ʢ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʥʝʨʛʠʶ ʩʚʷʟʳʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ (Zhao et al., 2018). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʚʷʪʠ ʪʠʧʦʚ BphA (ID PDB: 1ULJ (Furusawa et 

al., 2004), 1WQL (Dong et al., 2005, 2YFJ (Mohammadi et al., 2011), 2YFL (Kumar et 

al., 2012), 2GBX (Ferraro et al., 2007), 2XSH (Kumar et al., 2011), 2E4P (Senda et al., 

2007), 3GZX (Christopher et al., 2013) ʠ 3GZY (Christopher et al., 2013)) ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʩʚʦʙʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʧʦ ʫʨʘʚʥʝʥʠʶ  
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, ʛʜʝ RT = 0,59 kcal/mol., 

 ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʩʨʦʜʩʪʚʦ ʤʝʞʜʫ ʣʠʛʘʥʜʦʤ ʠ ʨʝʮʝʧʪʦʨʦʤ. ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʠ ʩʚʦʙʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʠʣʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ (Wu et al., 2009). 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʇʍɹ ʩʥʠʞʘʣʠʩʴ ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʦʙʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ, ʯʪʦ ʦʟʥʘʯʘʣʦ ʫʤʝʥʴʰʝʥʠʝ 

ʩʨʦʜʩʪʚʘ ʤʝʞʜʫ ʣʠʛʘʥʜʦʤ ʠ ʨʝʮʝʧʪʦʨʦʤ (Cao et al., 2011). ʇʦʩʢʦʣʴʢʫ ʨʘʟʥʳʝ ʪʠʧʳ 

BphA ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʙʨʘʣʠ ʛʨʫʧʧʫ 

ʜʣʷ ʢʘʞʜʦʛʦ BphA ʩ ʥʘʠʚʳʩʰʝʡ ʩʫʤʤʘʨʥʦʡ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʝʡ (ʈʠʩʫʥʦʢ 12). 

 

ʈʠʩʫʥʦʢ 12 ς ʕʥʝʨʛʠʠ ʩʚʦʙʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʤʦʜʝʣʷʤʠ BphA (Zhao et al., 2018) 

ʕʥʝʨʛʠʠ ʩʚʦʙʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʇʍɹ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʦʨʦʰʝʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʥʩʪʘʥʪʘʤ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ (k) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʢʘʢ 1ULJ, ʪʘʢ ʠ 1WQL ʙʳʣʠ ʩʧʦʩʦʙʥʳ ʨʘʟʣʘʛʘʪʴ ʠʟʦʤʝʨʳ 

ʦʪ ʭʣʦʨʙʠʬʝʥʠʣʘ ʜʦ ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʘ, ʧʨʠ ʵʪʦʤ 1ULJ ʧʦʢʘʟʘʣ ʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʚʩʝʭ ʠʟʦʤʝʨʦʚ, ʢʨʦʤʝ ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʘ, ʢʦʪʦʨʳʡ ʨʘʟʣʘʛʘʣʩʷ 

ʙʳʩʪʨʝʝ ʩ ʧʦʤʦʱʴʶ 1WQL. ɺ ʩʣʫʯʘʝ 3GZX ʠ 2YFL, ʦʙʘ ʤʦʛʣʠ ʨʘʟʣʘʛʘʪʴ ʠʟʦʤʝʨʳ 
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ʦʪ ʭʣʦʨʙʠʬʝʥʠʣʘ ʜʦ ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣʘ, ʥʦ 3GZX ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, 2GBX, 2XSH ʠ 2YFJ ʨʘʟʣʘʛʘʣʠ ʠʟʦʤʝʨʳ ʦʪ 

ʭʣʦʨʙʠʬʝʥʠʣʘ ʜʦ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʘ, ʧʨʠ ʵʪʦʤ 2GBX ʙʳʣ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʪʠʧʳ BphA ʤʦʛʣʠ ʨʘʟʣʘʛʘʪʴ ʥʠʟʢʦ ʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʇʍɹ (ʩʦʜʝʨʞʘʪ ʦʪ ʦʜʥʦʛʦ ʜʦ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʭʣʦʨʘ), ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ 

ʨʘʟʣʠʯʘʣʠʩʴ. ɼʣʷ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʘ ʠ ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣʘ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 2GBX > 2XSH > 2YFJ > 2YFL > 3GZX > 

3GZY > 2E4P. 3GZY ʧʨʦʷʚʠʣ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʘʛʘʪʴ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ ʇʍɹ, 

ʥʦ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʙʳʣʠ ʥʝ ʚʳʩʦʢʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ 

ʦʢʪʦʭʣʦʨʙʠʬʝʥʠʣʘ ʦʢʘʟʘʣʩʷ 3GZY. 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʇʠʨʩʦʥʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʟʥʘʯʠʤʫʶ ʢʦʨʨʝʣʷʮʠʶ 

ʵʥʝʨʛʠʡ ʩʚʦʙʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, KOA, BCF ʠ t1/2 (P < 0,01), 

ʥʦ ʥʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 50 % ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

(IC50) (P < 0,05). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʦʙʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʍɹ ʪʝʩʥʦ ʩʚʷʟʘʥʳ. 

ʕʥʝʨʛʠʷ ʩʚʦʙʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʤʝʞʜʫ ʇʍɹ ʠ BphA ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʘʪʦʤʦʚ ʭʣʦʨʘ (ʈʠʩʫʥʦʢ 12), ʪʦ ʝʩʪʴ 

ʵʥʝʨʛʠʷ ʩʚʦʙʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʚʦʟʨʘʩʪʘʣʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ.  

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʘʥʘʣʠʟʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʷ (CoMFA) ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʩʭʦʜʩʪʚʘ (CoMSIA) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʳʚʘʥʠʷ, KOA, t1/2 ʠ 

ʟʥʘʯʝʥʠʷ BCF ʩʥʠʞʘʣʠʩʴ ʧʨʠ ʚʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʛʨʫʧʧ ʚ 3-ʤ 

ʧʦʣʦʞʝʥʠʠ ʠʣʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʛʨʫʧʧ ʚ 3ǋ-ʤ ʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʢʦʨʨʝʣʷʮʠʶ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʳʚʘʥʠʷ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʇʍɹ. ʅʠʟʢʠʝ 

ʩʚʦʙʦʜʥʳʝ ʵʥʝʨʛʠʠ ʩʚʷʟʳʚʘʥʠʷ ʫʣʫʯʰʘʣʠ ʨʘʟʣʦʞʝʥʠʝ ʇʍɹ ʠ ʩʥʠʞʘʣʠ ʟʥʘʯʝʥʠʷ 

KOA, t1/2 ʠ BCF, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʇʍɹ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ 

ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ 

ʇʍɹ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
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ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 1. 

ʇʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ (ʇʍɹ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʭ ʛʨʫʧʧ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʣʠʧʦʬʠʣʴʥʦʩʪʠ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʜʣʠʪʝʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ ʙʠʦʩʬʝʨʝ, ʇʍɹ ʚʭʦʜʷʪ ʚ ʧʝʨʝʯʝʥʴ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʧʦʜʣʝʞʘʱʠʭ ʛʣʦʙʘʣʴʥʦʤʫ 

ʢʦʥʪʨʦʣʶ ʩʦʛʣʘʩʥʦ ʧʦʣʦʞʝʥʠʷʤ ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʠ 

ʦʢʘʟʳʚʘʪʴ ʤʥʦʛʦʧʨʦʬʠʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ 

ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤ. 

ɺ ʦʙʟʦʨʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʇʍɹ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚʦ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʘʭ ʵʢʦʩʠʩʪʝʤ 

ï ʦʪ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ ʜʦ ʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ. ʆʩʦʙʫʶ ʪʨʝʚʦʛʫ ʚʳʟʳʚʘʝʪ 

ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (ʅʆ-

ʇʍɹ), ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʛʦʨʤʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʕʪʠ 

ʤʝʪʘʙʦʣʠʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʘʢ ʚ ʙʠʦʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʘʙʠʦʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʩʧʦʩʦʙʥʳ ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʵʥʜʦʢʨʠʥʥʫʶ ʨʝʛʫʣʷʮʠʶ ʠ ʚʳʟʳʚʘʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʜʘʞʝ ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʅʘʨʷʜʫ ʩ ʭʠʤʠʢʦ-ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ, ʚʩʸ ʙʦʣʴʰʝʝ 

ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɸʵʨʦʙʥʳʝ ʠ ʘʥʘʵʨʦʙʥʳʝ ʙʘʢʪʝʨʠʠ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʨʦʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʢ ʠʩʭʦʜʥʳʭ ʇʍɹ, ʪʘʢ ʠ ʠʭ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʰʪʘʤʤʳ, 

ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʪʴ ʢʘʢ ʥʠʟʢʦ-, ʪʘʢ ʠ ʚʳʩʦʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʢʦʥʛʝʥʝʨʳ, ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ ʇʍɹ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 95ï100 %, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʩʘʥʘʮʠʠ ʟʘʛʨʷʟʥʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʤʝʪʘʛʝʥʦʤʠʢʠ ʠ ʬʝʨʤʝʥʪʥʦʡ ʠʥʞʝʥʝʨʠʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʪʦʯʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʢʣʶʯʝʚʳʭ ʬʝʨʤʝʥʪʦʚ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

(ʥʘʧʨʠʤʝʨ, ʙʠʬʝʥʠʣ-2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ), ʥʦ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʚ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʩʫʙʩʪʨʘʪʘ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʧʘʨʘʤʝʪʨʳ ʩʨʦʜʩʪʚʘ ʣʠʛʘʥʜïʬʝʨʤʝʥʪ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʝ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʠʷ ʪʨʝʙʫʝʪ 

ʠʥʪʝʛʨʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʘʥʥʳʭ. ɺʳʙʦʨ 

ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʠʟʫʯʝʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʧʫʪʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʠ ʅʆ-ʇʍɹ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦʨʝʤʝʜʠʘʮʠʠ. 
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ɻʣʘʚʘ 2. ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

2.1 ʉʨʝʜʳ, ʨʝʘʢʪʠʚʳ, ʩʫʙʩʪʨʘʪʳ 

2.1.1 ʉʨʝʜʳ ʠ ʫʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʂ1 (ɿʘʡʮʝʚ, ʂʘʨʘʩʝʚʠʯ, 1981), ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ (ʤʛ/ʣ): 

K2HPO4 x 3H2O ï 4000, NaH2PO4 x 2H2O ï 400, (NH4)2SO4 ï 500, Ca(NO3)2 ï 10, 

MgSO4 ʭ 7H2O ï 150. ʨʅ ʩʨʝʜʳ 7,3. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ 

ʧʨʦʠʟʚʦʜʩʪʚ ɿɸʆ çʅʇʆ ʕʢʨʦʩè ʠ ɿɸʆ çʅʇʂ ʂʨʠʦʭʨʦʤè, ʈʦʩʩʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʥʦʮʝʥʥʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʫ Luria-Bertany (LB) 

ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ (ʛ/ʣ): ʪʨʠʧʪʦʥ (çSigma-Aldrichè, ʉʐɸ, ɻʝʨʤʘʥʠʷ) ï 10, 

ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ (çSigma-Aldrichè, ʉʐɸ, ɻʝʨʤʘʥʠʷ) ï 5, NaCl ï 10, (ʄʘʥʠʘʪʠʩ 

ʠ ʜʨ., 1984). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʦʡ ʩʨʝʜʳ ʚʥʦʩʠʣʠ 1,5 % ʘʛʘʨʘ (Difco). 

ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʩʫʙʩʪʨʘʪ 

(ʙʠʬʝʥʠʣ) ʜʦʙʘʚʣʷʣʠ ʥʘ ʢʨʳʰʢʫ ʧʝʨʝʚʝʨʥʫʪʦʡ ʯʘʰʢʠ ʇʝʪʨʠ.  

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʰʪʘʤʤʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʂ1 ʩ ʙʠʬʝʥʠʣʦʤ (1 ʛ/ʣ) ʢʘʢ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʳʭ ʩʨʝʜʘʭ (ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʚ ʧʘʨʘʭ ʙʠʬʝʥʠʣʘ), ʪʘʢ ʠ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʂ1 ʚ ʫʩʣʦʚʠʷʭ ʘʵʨʠʨʦʚʘʥʠʷ ʥʘ 

ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʡ ʢʨʫʛʦʚʦʡ ʢʘʯʘʣʢʝ Environmental Shaker-Incubator ES 20/60 

(çBioSanè, ʃʘʪʚʠʷ) ʧʨʠ 120 ʦʙ/ʤʠʥ ʠ +28Áʉ. ʂʘʞʜʳʝ 24 ʯʘʩʘ ʧʨʦʠʟʚʦʜʠʣʠ 

ʠʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ BioSpec-mini 

(çShimadzuè, ʗʧʦʥʠʷ), ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 600 ʥʤ.  

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʰʪʘʤʤʦʚ ʥʘ ʇʍɹ ʠ ʅʆ-ʍɹ ʧʨʦʚʦʜʠʣʠ ʪʦʣʴʢʦ ʚ ʞʠʜʢʦʡ 

ʩʨʝʜʝ ʂ1, ʩʫʙʩʪʨʘʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʝ. ʉʭʝʤʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ 2.7. ʂʦʥʮʝʥʪʨʘʮʠʠ ʇʍɹ ʠ ʅʆ-ʍɹ ʦʧʠʩʘʥʳ ʚ ɻʣʘʚʝ 5. 

2.1.2 ʂʦʤʤʝʨʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʯʠʩʪʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʪʠʚʳ, ʙʠʬʝʥʠʣ 

(>98 %), 3-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ (>98 %), 4-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ (>98 %), 

3-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ (>98 %), 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ (>98 %), 

3,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ (>98 %), ʢʘʪʝʭʦʣ (>98 %), ʤʦʥʦʭʣʦʨʙʝʥʟʦʡʥʳʝ 
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ʢʠʩʣʦʪʳ, ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʳ ʠ 2,4ᾳ-ʜʠʭʣʦʨʙʠʬʝʥʠʣ ʧʨʦʠʟʚʦʜʩʪʚʘ çSigma-Aldrichè 

(Steinheim, Germany), ʥʝʟʘʤʝʱʝʥʥʳʡ ʙʠʬʝʥʠʣ (>99 %) ï çACROS-organicsè (New 

Jersey, USA), ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ (ʆʉʊ 6-01-24-85) ʠ ʉʦʚʦʣ (ʆʉʊ 06-01-24-75). ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʘʮʝʪʦʥ, ʢʚʘʣʠʬʠʢʘʮʠʠ ʍʏ (ʭʠʤʠʯʝʩʢʠ 

ʯʠʩʪʳʝ) ɿɸʆ çʅʇʆ ʕʢʨʦʩè (ʈʦʩcʠʷ). 

2.1.3 ʉʦʝʜʠʥʝʥʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʜʣʷ ʮʝʣʝʡ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʉʠʥʪʝʟ ʧʨʦʠʟʚʝʜʝʥ ʚ ʀʥʩʪʠʪʫʪʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ 

ʋʨʆ ʈɸʅ ʜ.ʭ.ʥ. ɻʦʨʙʫʥʦʚʦʡ ʊ.ʀ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʦʥʛʝʥʝʨʳ 3,4-ʜʠʭʣʦʨʙʠʬʝʥʠʣ, 2,4,5-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ, 

2,4,6-ʪʨʠʭʣʦʨʶʠʬʝʥʠʣ, 2,5,3ᾳ,4ᾳ-ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʛʣʘʩʥʦ 

(Mullin et al., 1984). ʈʝʘʛʝʥʪʳ ʠ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʦʧʠʩʘʥʳ ʚ (ɻʦʨʙʫʥʦʚʘ, 2015; 

Gorbunova et al., 2020; Gorbunova et al., 2021; Gorbunova et al., 2022; Kirᾳyanova et 

al., 2023). 

ʉʤʝʩʠ ʭʠʤʠʯʝʩʢʠ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇʍɹ: 

ʉʤʝʩʴ ʈ ï ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ 3,4-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʠʟʦʤʝʨʦʚ 

ʤʦʥʦʛʠʜʨʦʢʩʠʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʦʚ (98,42 %), ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʦʚ (1,68 %) 

(ɻʦʨʙʫʥʦʚʘ ʠ ʩʦʘʚʪ., 2019). 

ʉʤʝʩʴ ʄ1 ï ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ 2,4,5-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʘ ʠ ʩʦʩʪʦʠʪ ʠʟ 

3-ʛʠʜʨʦʢʩʠ-4,6-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ, 2-ʛʠʜʨʦʢʩʠ-4,5-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ ʠ 4-ʛʠʜʨʦʢʩʠ-

2,5-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ (Gorbunova et al., 2021). 

ʉʤʝʩʴ ʄ2 ï ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ 2,4,6-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʘ ʠ ʩʦʩʪʦʠʪ ʠʟ 

2-ʛʠʜʨʦʢʩʠ-4,6-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ ʠ 4-ʛʠʜʨʦʢʩʠ-2,6-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ (Gorbunova et 

al., 2021). 

ʉʤʝʩʴ ʊ ï ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ 2,5,3ᾳ,4ᾳ -ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʘ, ʩʦʩʪʦʠʪ ʠʟ 

ʛʠʜʨʦʢʩʠʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ (64,44 %), ʜʠʛʠʜʨʦʢʩʠʜʠʭʣʦʨʙʠʬʝʥʠʣʦʚ (32,51 %) ʠ 

ʛʠʜʨʦʢʩʠʜʠʭʣʦʨʙʠʬʝʥʠʣʦʚ (3,05 %) (Kirᾳyanova et al., 2023). 

ʉʤʝʩʴ ʄ3 ï ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ, ʩʦʜʝʨʞʠʪ 25 ʩʦʝʜʠʥʝʥʠʡ. ʉʦʩʪʘʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 4 

(Gorbunova et al., 2021).  
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ʊʘʙʣʠʮʘ 4 ï ʉʦʜʝʨʞʘʥʠʝ (%) ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠ ʄ3  

ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʌʦʨʤʫʣʘ ʧʨʦʜʫʢʪʘ ʂʦʥʮʝʥʪʨʘʮʠʷ, % 

ɼʠʭʣʦʨʙʠʬʝʥʠʣʳ (C12H8Cl2) 12,8 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣʳ (C12H7Cl3) 7,7 

ɻʠʜʨʦʢʩʠʜʠʭʣʦʨʙʠʬʝʥʠʣʳ (C12H7Cl2OH) 48,6 

ɻʠʜʨʦʢʩʠʪʨʠʭʣʦʨʙʠʬʝʥʠʣʳ (C12H6Cl3OH 30,9 

ʉʤʝʩʠ G1, G2, G3 ï ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ 

ʉʦʚʦʣ, ʩʦʜʝʨʞʘʪ ʙʦʣʝʝ 70 ʩʦʝʜʠʥʝʥʠʡ. ʉʦʩʪʘʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 5 (Egorova et 

al., 2020).  

ʊʘʙʣʠʮʘ 5 ï ʉʦʜʝʨʞʘʥʠʝ (%) ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʝʡ G1, G2 ʠ G3 

ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ, 

ʬʦʨʤʫʣʘ ʧʨʦʜʫʢʪʘ 

ʉʤʝʩʠ 

G1 G2 G3 

ʄʦʥʦʛʠʜʨʦʢʩʠʪʨʠʭʣʦʨʙʠʬʝʥʠʣʳ 

C12H6Cl3OH 
17 5 7 

ʄʦʥʦʛʠʜʨʦʢʩʠʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʳ 

ʉ12H5Cl4OH 
46 57 60 

ʄʦʥʦʛʠʜʨʦʢʩʠʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʳ 

C12H4Cl5OH 
1 12 11 

ʄʦʥʦʛʠʜʨʦʢʩʠʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʳ 

C12H3Cl6OH 
- 1 - 

ɼʠʛʠʜʨʦʢʩʠʪʨʠʭʣʦʨʙʠʬʝʥʠʣʳ 

C12H5Cl3(OH)2 
14 1 2 

ɼʠʛʠʜʨʦʢʩʠʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʳ 

C12H 4 Cl4(OH)2 
15 9 7 

ʊʨʠʛʠʜʨʦʢʩʠʪʨʠʭʣʦʨʙʠʬʝʥʠʣʳ 

C12H4Cl3(OH)3 
3 - - 

ɺʩʝʛʦ ʅʆ-ʇʍɹ 96 85 87 
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2.2 ʉʝʣʝʢʮʠʷ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʧʦʣʫʯʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʯʚ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʪʝʨʨʠʪʦʨʠʠ ʆɸʆ çʉʨʝʜʥʝ-

ʚʦʣʞʩʢʠʡ ʟʘʚʦʜ ʭʠʤʠʢʘʪʦʚè (ʆɸʆ çʉɺɿʍè) (ʛ. ʏʘʧʘʝʚʩʢ, ʉʘʤʘʨʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ,) 

ʠ ʆɸʆ çɿʘʚʦʜ ʩʤʘʟʦʢ ʠ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡè (çɿʘʚʦʜ ʩʤʘʟʦʢ ʠ 

ʉʆɾè) (ʛ. ʇʝʨʤʴ, ʇʝʨʤʩʢʠʡ ʢʨʘʡ, ʈʦʩʩʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʉʦʚʦʣ ʠ ʙʠʬʝʥʠʣ (ʉʭʝʤʘ 1). 

 

ʉʭʝʤʘ 1 ï ʉʝʣʝʢʮʠʷ ʠ ʘʥʘʣʠʟ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ 

10 ʛ ʧʦʯʚʝʥʥʦʛʦ ʦʙʨʘʟʮʘ (6 ʦʙʨʘʟʮʦʚ) ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʕʨʣʝʥʤʝʡʝʨʘ 

ʦʙʲʝʤʦʤ 250 ʤʣ, ʩʦʜʝʨʞʘʱʫʶ 100 ʤʣ ʩʨʝʜʳ ʂ1 ʠ 0,1 ʛ/ʣ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ 

ʤʘʨʢʠ ʉʦʚʦʣ. ʂʦʣʙʳ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ (ʊʉ-1/80 ʉʇʋ, ʈʦʩʩʠʷ) ʧʨʠ +28Áʉ 

30 ʜʥʝʡ. 

10 ʤʣ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʥʘʢʦʧʠʪʝʣʴʥʦʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʩ ʉʦʚʦʣʦʤ, ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʕʨʣʝʥʤʝʡʝʨʘ ʦʙʲʝʤʦʤ 250 ʤʣ, 

ʩʦʜʝʨʞʘʱʠʭ 90 ʤʣ ʩʨʝʜʳ ʂ1 ʠ 100 ʤʛ ʙʠʬʝʥʠʣʘ. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʡ ʢʨʫʛʦʚʦʡ ʢʘʯʘʣʢʝ (Environmental Shaker-Incubator ES 20/60, 
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çBioSanè, ʃʘʪʚʠʷ) ʧʨʠ 120 ʦʙ/ʤʠʥ ʠ +28Áʉ ʚ ʪʝʯʝʥʠʝ 14 ʜʥʝʡ. ʇʦʩʣʝʜʫʶʱʠʝ 

ʧʝʨʝʩʝʚʳ  ʧʨʦʠʟʚʦʜʠʣʠ ʯʝʨʝʟ ʢʘʞʜʳʝ 7 ʜʥʝʡ, ʦʙʲʝʤ ʧʝʨʝʥʦʩʠʤʦʡ ʢʫʣʴʪʫʨʳ 10 ʤʣ, 

ʩʨʝʜʘ ʂ1 (90 ʤʣ), ʙʠʬʝʥʠʣ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʛ/ʣ. ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ 

ʩʯʠʪʘʣʠ ʩʪʘʙʠʣʴʥʳʤ, ʝʩʣʠ ʧʨʠ 10 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʝʨʝʩʝʚʘʭ ʝʛʦ ʩʦʩʪʘʚ ʥʝ 

ʠʟʤʝʥʷʣʩʷ.  

ʇʦʩʣʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩ ʚʥʝʩʝʥʠʝʤ ʉʦʚʦʣʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʢʘʞʜʦʤ ʧʝʨʝʩʝʚʝ 

ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʙʠʬʝʥʠʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʫʛʣʝʨʦʜʘ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʚʳʩʝʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʥʘ ʧʣʦʪʥʫʶ ʩʨʝʜʫ LB ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩʝʨʠʡʥʳʭ ʨʘʟʚʝʜʝʥʠʡ, ʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʜʩʯʝʪ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʠʮ ʠ ʦʧʠʩʘʥʠʝ ʤʦʨʬʦʪʠʧʦʚ ʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʘʩʩʦʮʠʘʮʠʷʭ. 

2.3 ɺʳʜʝʣʝʥʠʝ ʠ ʦʧʠʩʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʰʪʘʤʤʦʚ 

ʀʟ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʥʘʢʦʧʠʪʝʣʴʥʦʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʩ ʉʦʚʦʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ (ʘʩʩʦʮʠʘʮʠʷ PN2-S), 

ʠ ʩʪʘʙʠʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ (ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʘʩʩʦʮʠʘʮʠʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 

10 ʧʘʩʩʘʞʝʡ), ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʩʝʣʝʢʮʠʠ ʥʘ ʙʠʬʝʥʠʣʝ (ʘʩʩʦʮʠʘʮʠʷ PN2-ɺ), ʧʫʪʝʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʩʨʝʜʝ ʂ1 ʚ ʧʘʨʘʭ ʙʠʬʝʥʠʣʘ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʰʪʘʤʤʳ ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ. ʏʠʩʪʦʪʫ ʢʫʣʴʪʫʨ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʦʣʦʥʠʡ ʧʨʠ ʚʳʩʝʚʝ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʫʶ ʩʨʝʜʫ LB. 

ʄʦʨʬʦʣʦʛʠʯʝʢʦʝ ʦʧʠʩʘʥʠʝ ʢʦʣʦʥʠʡ ʠ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ (ʅʝʪʨʫʩʦʚ 

ʠ ʜʨ., 2005). ɺ ʦʜʠʥ ʤʦʨʬʦʪʠʧ ʦʙʲʝʜʠʥʷʣʠ ʢʦʣʦʥʠʠ, ʠʜʝʥʪʠʯʥʳʝ ʧʦ ʚʩʝʤ 

ʦʧʠʩʳʚʘʝʤʳʤ ʢʨʠʪʝʨʠʷʤ. 

2.4 ʂʦʣʣʝʢʮʠʦʥʥʳʡ ʰʪʘʤʤ-ʜʝʩʪʨʫʢʪʦʨ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʰʪʘʤʤ Rhodococcus opacus CH628, ʚʳʜʝʣʝʥʥʳʡ ʨʘʥʝʝ 

ʠʟ ʧʦʯʚʳ, ʜʣʠʪʝʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ɽʛʦʨʦʚʘ ʠ 

ʩʦʘʚʪ., 2017; Egorova et al., 2017). ʐʪʘʤʤ R. opacus CH628 ʧʨʦʷʚʣʷʝʪ 

ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʜʠʭʣʦʨʜʠʬʝʥʠʣʪʨʠʭʣʦʨʵʪʘʥʘ (ɼɼʊ) ʠ 

ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʛʝʢʩʘʥʘ (ɻʍʎɻ) (ɽʛʦʨʦʚʘ ʠ ʩʦʘʚʪ., 2017; Egorova et al., 2017). 
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ɼʝʧʦʥʠʨʦʚʘʥ ʚʦ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʜ ʥʦʤʝʨʦʤ ɺʂʄ 

ɸʩ-3029.  

2.5 ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

2.5.1 ɼʝʥʘʪʫʨʠʨʫʶʱʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʛʝʣʴ-ɻ ʣʝʢʪʨʦʬʦʨʝʟ (ɼɻɻʕ) 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ɼɻɻʕ. 

ɸʤʧʣʠʬʠʢʘʮʠʶ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ 16S ʨʈʅʂ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʦʢʦʣʦ 566 ʧ.ʥ. ʧʦ 

ʥʫʤʝʨʘʮʠʠ E. coli, ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʘʡʤʝʨʦʚ: 27F, ʚʢʣʶʯʘʶʱʠʡ 40 ʧ.ʥ. 

GC-ʭʚʦʩʪ (5`-CGCCCGCCGCGCCCCGCGCCCGTCCCGCCGCCCCCGCCCG-3`) 

ʥʘ 5`-ʢʦʥʮʝ, ʠ 518R (5`-ATTACCGCGGCTGCTGG-3`) (Tiirola et al., 2005) ʚ 50 ʤʢʣ 

ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ 0,25 ʤM ʜʅʊʌ, 0,3 ʤʢM ʧʨʘʡʤʝʨʘ (ʢʘʞʜʦʛʦ), 1,5 ʤʄ MgCl2, 1ʭ 

Green ʙʫʬʝʨ ʜʣʷ Dream Taq-ʧʦʣʠʤʝʨʘʟʳ (çThermo Fisher Scientificè, ʉʐɸ) ʠ 2 ʝʜ. 

ʘʢʪ. Dream Taq-ʧʦʣʠʤʝʨʘʟʳ (çThermo Fisher Scientificè, ʉʐɸ) ʚ ʪʝʨʤʦʮʠʢʣʝʨʝ My 

Cycler (çBio-Radè, ʉʐɸ). ʇʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʨʘʟʜʝʣʷʣʠ ɻ ʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 

1,5 % ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʚ 0,5ʭ ʊɺɽ-ʙʫʬʝʨʝ ʚ ʥʘʧʨʷʞʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 5,0 

V/ʩʤ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ. ɼʅʂ ʙʳʣʘ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʘ ʧʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ 

ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ (0,5 ʤʛʢ/ʤʣ) ʚ ʧʨʦʭʦʜʷʱʝʤ ʋʌ-ʩʚʝʪʝ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʘ 

ʩʠʩʪʝʤʦʡ Gel Doc XR (çBio-Radè, ʉʐɸ). 

ɼʝʥʘʪʫʨʠʨʫʶʱʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʛʝʣʴ-ɻ ʣʝʢʪʨʦʬʦʨʝʟ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ 16S 

ʨʈʅʂ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ 6 % (ʚ/ʦʙ) ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ, ʩʦʜʝʨʞʘʱʝʤ ʣʠʥʝʡʥʳʡ 

ʜʝʥʘʪʫʨʠʨʫʶʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ ʦʪ 30 ʜʦ 60 %, ʛʜʝ 100 % ʩʦʩʪʘʚʣʷʝʪ 7ʄ 

ʤʦʯʝʚʠʥʘ ʠ 40 % ʬʦʨʤʘʤʠʜ. ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 16 ʯʘʩʦʚ ʧʨʠ 45 V ʠ 

60Áʉ ʥʘ DcodeTM Universal Mutation System (çBio-Radè, ʉʐɸ). ɻʝʣʠ ʢʨʘʩʠʣʠ 15 ʤʠʥ 

ʚ ʨʘʩʪʚʦʨʝ ʙʨʦʤʠʩʪʦʛʦ ʵʪʠʜʠʷ (0,5 ʤʢʛ/ʤʣ), ʜʘʣʝʝ ʧʨʦʤʳʚʘʣʠ ʚ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ 

ʚʦʜʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 10 ʤʠʥ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚ ʧʨʦʭʦʜʷʱʝʤ ʋʌ-ʩʚʝʪʝ ʠ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʣʠ ʩʠʩʪʝʤʦʡ Gel Doc XR (çBio-Radè, ʉʐɸ). 

ɸʥʘʣʠʟ ɼɻɻʕ-ʧʨʦʬʠʣʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ ʜʝʪʝʢʮʠʠ ʧʦʣʦʩ ʚ ʛʝʣʝ, 

ʠʩʧʦʣʴʟʫʷ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʧʦʣʦʩ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Quantity One ʚʝʨʩʠʷ 4.6 (çBio-

Radè, ʉʐɸ). ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʝʧʝʥʝʡ ʩʭʦʜʩʪʚʘ ɼɻɻʕ-ʧʨʦʬʠʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ɼʘʡʩʘ, ʧʦʩʪʨʦʝʥʠʝ ʜʝʥʜʨʦʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 
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UPGMA ʠʟ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Quantity One ʚʝʨʩʠʷ 4.6 (çBio-Radè, ʉʐɸ). ʇʨʠ 

ʦʧʝʨʘʮʠʷʭ ʫʯʠʪʳʚʘʣʠ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʚ ʛʝʣʝ.  

ʇʦʣʫʯʝʥʥʳʝ ɼɻɻʕ-ʧʨʦʬʠʣʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʠʥʜʝʢʩʘ 

ʐʝʥʥʦʥʘ-ʋʠʚʝʨʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʨʘʚʥʝʥʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʩ ʚ ʛʝʣʝ (ʦʧʝʨʘʮʠʦʥʘʣʴʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮ (ʆʊɽ)) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʙʘʢʪʝʨʠʡ ʚ ʥʘʢʦʧʠʪʝʣʴʥʦʡ 

ʢʫʣʴʪʫʨʝ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʪʘʢʩʦʥʘ. 

2.5.2 ɻʝʥʝʪʠʯʝʩʢʦʝ ʪʠʧʠʨʦʚʘʥʠʝ ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ɼʅʂ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ ʙʘʢʪʝʨʠʡ ʚʳʜʝʣʷʣʠ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʦʤ (Short 

protocols in microbiolodgy, 1995). ɻʝʥʝʪʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ/ʨʘʟʣʠʯʠʝ ʚʳʜʝʣʝʥʥʳʭ 

ʰʪʘʤʤʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɺʆʍ-ʇʎʈ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ (Versalovic et 

al., 1994). 

2.5.3 ɸʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ 16S ʨʈʅʂ 

ɸʤʧʣʠʬʠʢʘʮʠʶ ʛʝʥʦʚ 16S ʨʈʅʂ ʥʘ ʤʘʪʨʠʮʝ ɼʅʂ ʙʘʢʪʝʨʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ 

ʧʨʠʙʦʨʝ ʉ1000 Touch (çBio-Rad Laboratoriesè, ʉʐɸ) ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ 

ʧʨʘʡʤʝʨʘʤʠ (Egorova et al., 2013). ʆʧʨʝʜʝʣʝʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ 16S ʨʈʅʂ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʧʨʠʙʦʨʝ Genetic Analyzer 

3500xl (çApplied Biosystemsè, ʉʐɸ), ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʢʪʠʚʦʚ Big Dye Terminator 

Ready Reaction Kit v 3.1 (çApplied Biosystemsè, ʉʐɸ). ʇʦʣʫʯʝʥʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

CLUSTAL X 1.83. ʇʦʠʩʢ ʛʦʤʦʣʦʛʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʝʥ ʧʦ ʙʘʟʘʤ 

ʜʘʥʥʳʭ GenBank (http://www.ncbi.nlm.nih.gov) ʠ EzTaxon 

(https://www.ezbiocloud.net/).  

2.5.4 ɸʥʘʣʠʟ ʛʝʥʦʚ benA ʠ bphA1 

ɻʝʥ benA ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʘʡʤʝʨʦʚ: ʧʨʷʤʦʛʦ 

benA-F [5ᾳ-GCCCACGAGAGCCAGATTCCC-3ᾳ] ʠ ʦʙʨʘʪʥʦʛʦ benA-R [5ᾳ-

GGTGGCGGCGTAGTTCCAGTG-3ᾳ] (Baggi et al., 2008). ʇʨʘʡʤʝʨʳ ʧʦʜʦʙʨʘʥʳ ʢ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʤʫ ʫʯʘʩʪʢʫ ʛʝʥʘ benA ʰʪʘʤʤʘ Acinetobacter baylyi ADP1, 

ʘʤʧʣʠʬʠʮʠʨʫʝʤʘʷ ʦʙʣʘʩʪʴ ð ʩ ʥʫʢʣʝʦʪʠʜʘ 175 ʜʦ ʥʫʢʣʝʦʪʠʜʘ 712 (ʨʘʟʤʝʨ 
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ʬʨʘʛʤʝʥʪʘ ð 521 ʧʥ) (Zhan et al., 2008). ɸʤʧʣʠʬʠʢʘʮʠʶ ʛʝʥʘ bphA1, ʢʦʜʠʨʫʶʱʝʛʦ 

Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ, ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ: F: 

[5ᾳ-AAGGCCGGCGACTTCATGAC-3ǋ]; R: [5ᾳ-TGCTCCGCTGCGAACTTCC-3ᾳ] 

(Baldwin et al., 2003). 

ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ 25 ʤʢʣ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ ʭ1 ʙʫʬʝʨ ʜʣʷ Taq-ʧʦʣʠʤʝʨʘʟʳ ʩ 

MgCl2 (çʉʠʥʪʦʣè, ʈʦʩʩʠʷ), 0,25 ʤʄ ʜʅʊʌ, 0,5 ʤʢʄ ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, 2 ʝʜ. ʘʢʪ. 

Taq-ʧʦʣʠʤʝʨʘʟʳ (çʉʠʥʪʦʣè, ʈʦʩʩʠʷ) ʠ 2 ʤʢʣ ɼʅʂ-ʤʘʪʨʠʮʳ. ɺ ʢʘʯʝʩʪʚʝ ɼʅʂ-

ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʪʘʣʴʥʫʶ ɼʅʂ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ. ɸʤʧʣʠʬʠʢʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʧʨʠʙʦʨʝ MyCycler (çBio-Rad 

Laboratoriesè, ʉʐɸ) ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʥʘʯʘʣʴʥʳʡ ʜʝʥʘʪʫʨʠʨʫʶʱʠʡ ʰʘʛ 

ʧʨʠ 95 ÁC ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ, ʜʘʣʝʝ 30 ʮʠʢʣʦʚ: 40 ʩ ʧʨʠ 94 ÁC, 50 ʩ ʧʨʠ 60 ÁC ʩ ʧʦ-

ʥʠʞʝʥʠʝʤ ʧʨʠ ʢʘʞʜʦʤ ʰʘʛʝ ʥʘ 0,4 ÁC, 1 ʤʠʥ ʧʨʠ 72 ÁC, ʟʘʚʝʨʰʘʶʱʠʡ ʰʘʛ ð 7 ʤʠʥ 

ʧʨʠ 72 ÁC. 

2.5.5 ʋʩʣʦʚʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʠ 

ʧʣʘʟʤʠʜʥʳʭ ɼʅʂ 

ʇʨʦʜʫʢʪʳ ʇʎʈ ʨʘʟʜʝʣʷʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 1 % ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʚ 1ʭ ʊʨʠʩ-

ʙʦʨʘʪʥʦʤ ʙʫʬʝʨʝ (çThermo scientificè, ʃʠʪʚʘ) ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 10V/ʩʤ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚ ʧʨʦʭʦʜʷʱʝʤ ʋʌ-ʩʚʝʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ Gel Doc XRtm 

(çBio-Rad Laboratoriesè, ʉʐɸ) ʧʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʙʨʦʤʠʩʪʦʛʦ ʵʪʠʜʠʷ. 

ɸʥʘʣʠʟ ʰʪʘʤʤʦʚ ʥʘ ʥʘʣʠʯʠʝ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʚʳʧʦʣʥʷʣʠ ʤʝʪʦʜʦʤ ʧʫʣʴʩ-

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ CHEF DR II  (çBio-Rad Laboratoriesè, 

ʉʐɸ). ʐʪʘʤʤʳ ʚʳʨʘʱʠʚʘʣʠ ʚ 10 ʤʣ ʩʨʝʜʳ LB ʜʦ ʆʇ600=1,0. ʂʣʝʪʢʠ ʦʩʘʞʜʘʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (9660 g, 3 ʤʠʥ) ʠ ʦʪʤʳʚʘʣʠ ʜʚʘʞʜʳ ʚ ʊʕ-ʙʫʬʝʨʝ (10ʤʄ 

ʪʨʠʩ/HCl, pH 7,6; 1 ʤM ʕɼʊɸ, ʨʅ 8,0). ɸʛʘʨʦʟʥʳʝ ʙʣʦʢʠ ʛʦʪʦʚʠʣʠ ʩʦʛʣʘʩʥʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ (çBio-Rad Laboratoriesè, ʉʐɸ). ɹʣʦʢʠ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʣʠʟʦʮʠʤʦʤ (1 ʤʛ/ʤʣ) ʧʨʠ 37 Áʉ ʚ ʪʝʯʝʥʠʝ 5-16 ʯ, ʧʨʦʪʝʠʥʘʟʦʡ ʂ (1 

ʤʛ/ʤʣ) ï ʧʨʠ 50 Áʉ ʚ ʪʝʯʝʥʠʝ 12-18 ʯ, ʥʫʢʣʝʘʟʦʡ S1 (5 ʝʜ ʥʘ ʘʛʘʨʦʟʥʳʡ ʙʣʦʢ) ï ʧʨʠ 

37 Áʉ, 3,5 ʯ. ʕʣʝʢʪʨʦʬʦʨʝʟ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ 1 %-ʥʦʤ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ 

(Pulsed Field Certified Agarose, çBio-Rad Laboratoriesè, ʉʐɸ) ʚ 0,5 ʊɹʕ-ʙʫʬʝʨʝ (108 
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ʛ ʪʨʠʩ, 55 ʛ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ, 40 ʤʣ 0,5ʄ ʕɼʊɸ, ʜʦ 1 ʣ H2O) ʧʨʠ 14 Áʉ, 6 ɺ/ʩʤ, ʚ 

ʪʝʯʝʥʠʝ 24 ʯ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʨʝʞʠʤʘ ʧʫʣʴʩʘʮʠʠ: ʘ) ʚʨʝʤʷ ʧʫʣʴʩʘʮʠʠ ʦʪ 60 ʩ ʜʦ 

120 ʩ; ʙ) ʚʨʝʤʷ ʧʫʣʴʩʘʮʠʠ ʦʪ 60 ʩ ʜʦ 90 ʩ. ɻʝʣʴ ʦʢʨʘʰʠʚʘʣʠ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ (0,5 

ʤʛ/ʣ, 10 ʤʠʥ) ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʛʝʣʴ-

ʜʦʢʫʤʝʥʪʘʮʠʠ (çBio-Rad Laboratoriesè, ʉʐɸ). ʈʘʟʤʝʨ ʚʥʝʭʨʦʤʦʩʦʤʘʣʴʥʦʡ ɼʅʂ 

ʦʮʝʥʠʚʘʣʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʤʘʨʢʝʨʘ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ çDNA Size Markers ï Yeast Chromosomalè (çBio-Rad 

Laboratoriesè, ʉʐɸ). 

2.5.6 ʇʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ɼʅʂ ʢʫʣʴʪʫʨʫ ʰʪʘʤʤʘ ʉʅ628 ʚ ʩʝʨʝʜʠʥʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʬʘʟʳ ʨʦʩʪʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʥʘ ʮʝʥʪʨʠʬʫʛʝ 3K30 (çSartoriusè, Germany) ʧʨʠ 

11000g. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʤʳʚʘʣʠ ʦʪ ʙʠʬʝʥʠʣʘ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʂ1 ʠ 

ʧʦʚʪʦʨʥʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ. ɼʅʂ ʚʳʜʝʣʷʣʠ ʠʟ ʙʠʦʤʘʩʩʳ ʰʪʘʤʤʘ ʩʦʛʣʘʩʥʦ SDSï

CTAB ʤʝʪʦʜʫ (Wilson, 1995). 

ʇʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʰʪʘʤʤʘ R. opacus CH628 ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʧʨʠʙʦʨʝ Illumina HiSeq 1500 (ʉʐɸ) ʥʘ ʙʘʟʝ ɿɸʆ "ɻʝʥʦʘʥʘʣʠʪʠʢʘ" (ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ). ɸʥʘʣʠʟ ʛʝʥʦʤʘ ʰʪʘʤʤʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤ/ʩʝʨʚʠʩʦʚ 

SPAdes (http://cab.spbu.ru/software/spades), PATRIC 3.6.6. (https://patricbrc.org), 

RAST (https://rast.nmpdr.org), NCBI (http://www.ncbi.nlm.nih.gov). ʇʦʣʥʳʡ ʛʝʥʦʤ 

ʰʪʘʤʤʘ ʉʅ628 ʚʥʝʩʝʥ ʚ ʙʘʟʫ ʜʘʥʥʳʭ NCBI ʧʦʜ ʥʦʤʝʨʦʤ JBLZMV000000000 

(http://www.ncbi.nlm.nih.gov/nuccore/JBLZMV000000000). ʇʦʠʩʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʙʠʬʝʥʠʣʘ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʥʦʪʠʨʦʚʘʥʠʷ ʧʦʣʥʦʛʦ ʛʝʥʦʤʘ ʰʪʘʤʤʘ ʉʅ628 ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

NCBI (http://www.ncbi.nlm.nih.gov), ʘ ʪʘʢʞʝ ʩʝʨʚʠʩʘ RAST (https://rast.nmpdr.org). 

ɼʝʜʫʢʪʠʚʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʙʠʦʜʝʛʨʘʜʘʮʠʠ 

ʧʦʣʫʯʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʷʚʣʝʥʥʳʭ ʛʝʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MEGA X (https://www.megasoftware.net). ʇʦʠʩʢ ʛʦʤʦʣʦʛʠʯʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʠʟʚʝʜʝʥ ʧʦ ʙʘʟʘʤ ʜʘʥʥʳʭ GenBank 

(http://www.ncbi.nlm.nih.gov). ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʥʘ ʦʩʥʦʚʘʥʠʠ 

https://patricbrc.org/workspace/Laska@patricbrc.org/home/CH628%20genom/.Rh_wrat_CH628/Rh_wrat_CH628_assembly_report.html
http://rast.nmpdr.org/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/nuccore/JBLZMV000000000
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
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ʚʳʷʚʣʝʥʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ KEGG (http://www.genome.jp) ʠ ʩʝʨʚʠʩʘ RAST. 

2.6 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 

2.6.1 ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1) 

ɸʤʠʥʦʢʠʩʣʦʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ BphA1 ʰʪʘʤʤʘ R. opacus CH628 

ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ bphA1 (GenBank 

MW070532), ʚʳʷʚʣʝʥʥʦʛʦ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʰʪʘʤʤʘ ʩ ʧʦʤʦʱʴʶ RAST (https://rast.nmpdr.org/). ʅʫʢʣʝʦʪʠʜʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ bphA1 ʙʳʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ MEGA ʚʝʨʩʠʠ 10.0. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʙʝʣʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʳ MODELLER ʚʝʨʩʠʠ 10.4 

(https://salilab.org/modeller), AlphaFold (https://alphafold.ebi.ac.uk/) ʠ trRosetta 

(https://yanglab.qd.sdu.edu.cn/trRosetta).  

ʇʦʠʩʢ ʰʘʙʣʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ NCBI Protein BLAST 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) ʦʛʨʘʥʠʯʠʚʘʷ ʟʦʥʫ ʧʦʠʩʢʘ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 

Protein Data Bank (PDB) (https://www.rcsb.org) ʠ UniProt (https://www.uniprot.org/), 

ʧʨʠʤʝʥʷʷ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ SWISSMODEL. ɼʣʷ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʙʝʣʢʦʚʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʴʶ. 

2.6.2 ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʙʝʣʢʦʚʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ PyMOL ʚʝʨʩʠʠ 2.5.4 (https://pymol.org/). ʉ ʧʦʤʦʱʴʶ 

PyMOL ʦʮʝʥʠʚʘʣʠ ʦʙʱʝʝ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʝʡ ʠ ʧʨʦʚʝʨʷʣʠ ʢʣʶʯʝʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʵʣʝʤʝʥʪʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠʤʝʥʷʣʠ ʧʨʦʛʨʘʤʤʳ ERRAT 

(Colovos, Yeates, 1993), VERIFY 3D (L¿thy et al., 1992), PROCHECK 

(https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/), WHATCHECK 

(https://swift.cmbi.umcn.nl/gv/whatcheck/index.html), ENDscript 

(https://endscript.ibcp.fr/ESPript/ENDscript/). 

http://www.genome.jp/
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2.6.3 ʇʦʠʩʢ ʠ ʘʥʘʣʠʟ ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ 

ɼʣʷ ʘʥʘʣʠʟʘ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ 

Computed Atlas of Surface Topography of proteins (CASTp) (Tian et al., 2018). CASTp 

ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʣʦʩʪʠ ʙʝʣʢʦʚ, ʚʢʣʶʯʘʷ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ. ʉ ʧʦʤʦʱʴʶ CASTp 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʠ ʛʝʦʤʝʪʨʠʷ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ BphA1, ʘ ʪʘʢʞʝ ʢʣʶʯʝʚʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. 

2.7 ʕʢʩʧʝʨʠʤʝʥʪ rʧʦ ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʠ 

ʠʭ ʩʤʝʩʝʡ 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʭʝʤʝ 2. 

 

ʉʭʝʤʘ 2 ï ʕʪʘʧʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʘʥʘʣʠʟʫ ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ ʠ 

ʘʩʩʦʮʠʘʮʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʠ ʠʭ 

ʘʩʩʦʮʠʘʮʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚʢʣʶʯʘʶʱʠʭ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 
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1. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʰʪʘʤʤʘ/ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʪʨʸʭ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʙʘʭ 

ʦʙʲʸʤʦʤ 250 ʤʣ, ʩʦʜʝʨʞʘʱʝʡ 80 ʤʣ ʩʨʝʜʳ ʂ1, 1 ʤʣ ʢʫʣʴʪʫʨʳ ʰʪʘʤʤʘ/ʘʩʩʦʮʠʘʮʠʠ, 

ʙʠʬʝʥʠʣ (1 ʛ/ʣ).  

2. ʂʫʣʴʪʫʨʫ ʚʳʨʘʱʠʚʘʣʠ ʜʦ ʩʝʨʝʜʠʥʳ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʠ +28 Áʉ ʩ 

ʘʵʨʘʮʠʝʡ ʥʘ ʢʨʫʛʦʚʦʤ ʰʝʡʢʝʨʝ (Environmental Shaker-Incubator ES 20/60, çBioSanè, 

ʃʘʪʚʠʷ), ʨʝʞʠʤ ï 120 ʦʙ/ʤʠʥ. 

3. ɹʘʢʪʝʨʠʘʣʴʥʫʶ ʢʫʣʴʪʫʨʫ ʧʦʤʝʱʘʣʠ ʚ ʮʝʥʪʨʠʬʫʞʥʳʝ ʧʨʦʙʠʨʢʠ. 

4. ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʮʝʥʪʨʠʬʫʛʝ ʂ3 (çSartoriusè, 

ɻʝʨʤʘʥʠʷ) ʚ ʨʝʞʠʤʝ ï 10000 ʦʙ/ʤʠʥ, ʚʨʝʤʷ ï 10 ʤʠʥʫʪ, ʪʝʤʧʝʨʘʪʫʨʘ ï 20 Áʉ. 

5. ʋʜʘʣʷʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʧʨʦʤʳʚʘʣʠ ʢʫʣʴʪʫʨʫ ʩʪʝʨʠʣʴʥʦʡ ʩʨʝʜʦʡ ʂ1. 

6. ʇʨʦʚʦʜʠʣʠ ʧʦʚʪʦʨʥʦʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ, ʚ ʪʦʤ ʞʝ ʨʝʞʠʤʝ. ʕʪʘʧʳ 3 ï 6 

ʧʦʚʪʦʨʷʣʠ ʪʨʠʞʜʳ. 

7, 8. ɹʘʢʪʝʨʠʘʣʴʥʫʶ ʢʫʣʴʪʫʨʫ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʂ1 ʜʦ 

ʆʇ = 2,0 ʦ.ʝ. (ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ BioSpec-mini, çShimadzuè, ʗʧʦʥʠʷ) ʧʨʠ ʜʣʠʥʝ 

ʚʦʣʥʳ 600 ʥʤ (ɽʛʦʨʦʚʘ ʠ ʩʦʘʚʪ., 2013). 

9. ɹʘʢʪʝʨʠʘʣʴʥʫʶ ʢʫʣʴʪʫʨʫ (990 ʤʢʣ) ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʨʠʣʴʥʳʝ ʬʣʘʢʦʥʳ ʩ 

ʪʝʬʣʦʥʦʚʳʤʠ ʢʨʳʰʢʘʤʠ ʠ ʚʥʦʩʠʣʠ ʩʫʙʩʪʨʘʪ ʚ ʚʠʜʝ ʘʮʝʪʦʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 

(ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʢʘʟʘʥʘ ʚ ɻʣʘʚʝ 5). 

10. ʌʣʘʢʦʥʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʘ ʰʝʡʢʝʨʝ (Environmental Shaker-Incubator ES 

20/60, çBioSanè, ʃʘʪʚʠʷ) 200 ʦʙ/ʤʠʥ ʧʨʠ 28 Áʉ. ɼʣʷ ʘʥʘʣʠʟʘ ʤʝʪʘʙʦʣʠʪʦʚ ʧʨʦʙʳ 

ʦʪʙʠʨʘʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ 0, 1, 3, 5, 7, 10 ʠ 14 ʩʫʪʢʠ. 

11. ʆʪʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʦʪʜʝʣʷʣʠ ʦʪ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʤʘʩʩʳ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (ʮʝʥʪʨʠʬʫʛʘ miniSpin, çEppendorfè, ɻʝʨʤʘʥʠʷ) ʧʨʠ 

10000ʦʙ/ʤʠʥ. ʅʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɺʕɾʍ ʠ ɻʍ-ʄʉ. 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʥʪʨʦʣʴ ʙʝʟ ʙʠʦʤʘʩʩʳ, ʪ.ʢ. ʧʨʠʤʝʥʷʝʤʘʷ ʤʝʪʦʜʠʢʘ ʵʢʩʪʨʘʢʮʠʠ ʥʝ 

ʜʦʧʫʩʢʘʝʪ ʧʦʪʝʨʠ ʩʫʙʩʪʨʘʪʘ ʧʫʪʸʤ ʠʩʧʘʨʝʥʠʷ ʠʣʠ ʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ. 
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2.8 ʈʘʩʯʝʪ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʦʩʪʘ ʰʪʘʤʤʘ ʠ ʫʪʠʣʠʟʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ 

ʋʜʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ/ʘʩʩʦʮʠʘʮʠʡ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʝ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ  

ɛ = (LnCx-LnC0)/ (tx-t0) 

ʛʜʝ Cx ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʫʣʴʪʫʨʳ ʚ ʚʳʩʰʝʡ ʪʦʯʢʝ ʨʦʩʪʘ, C0 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʫʣʴʪʫʨʳ 

ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʨʦʩʪʘ, t0 ʠ tx ï ʚʨʝʤʷ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʘʟʳ 

ʨʦʩʪʘ ʢʫʣʴʪʫʨʳ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨ-, ʛʠʜʨʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʠ ʠʭ 

ʩʤʝʩʝʡ ʦʮʝʥʠʚʘʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ: 

ɼ (%)=100 ï ((ʉt Ĭ 100)/C0), 

ʛʜʝ ɼ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ (%); ʉt ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʙʩʪʨʘʪʘ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (2 ʠʣʠ 24 ʯ); C0 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʙʩʪʨʘʪʘ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʉʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ 2,5,3ǋ,4ǋ-ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʘ ʠ ʩʤʝʩʠ ʊ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʬʦʨʤʫʣʝ 

V=(ʉ0 ï Ci)/((ti ï t0)ĿCʢʣʝʪ), 

ʛʜʝ C0 ï ʢʦʥʮʝʥʪʨʘʮʠʷ 2,5,3ǋ,4ǋ-ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʘ/ʩʤʝʩʠ ʊ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ, ʤʛ/ʣ, ʉi - ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ʇ2,5,3ǋ,4ǋ-ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʘ/ʩʤʝʩʠ ʊ ʚ 

ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʤʛ/ʣ, ti ï ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʩʫʪ, t0 ï ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʩʫʪ,ĿCʢʣʝʪ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʣʝʪʦʢ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʛ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʢʣʝʪʦʢ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ 0,432 ʤʛ ʩʫʭʠʭ ʢʣʝʪʦʢ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʤʣ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʩʫʩʧʝʥʟʠʠ ʩ ʆʇ600 = 1,0 ʦ.ʝ. 

ʋʜʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ  

Vʫʜ = (LnC0-LnCt) / t  

ʛʜʝ ʉ0 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʙʩʪʨʘʪʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, Ct ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʫʙʩʪʨʘʪʘ ʚ ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, t ï ʚʨʝʤʷ ʜʝʩʪʨʫʢʮʠʠ (ʩʫʪ). 

ʋʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʜʝʩʪʨʫʢʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ʠ ʢʨʠʚʳʝ ʨʦʩʪʘ 

ʧʣʘʥʢʪʦʥʥʦʡ ʢʫʣʴʪʫʨʳ, ʧʦʣʫʯʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Microsoft Excel.  
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2.9 ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

2.9.1 ɻʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʤʘʩʩ-ʩʝʣʝʢʪʠʚʥʳʤ ʜʝʪʝʢʪʦʨʦʤ (ɻʍ-ʄʉ) 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʇʍɹ ʠ ʅʆ-ʍɹ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ 

çAgilent GC 7890A MSD 5975C inert XL EI/CIè (çAgilent Technologyè, ʉʐɸ) 

ʩʦʛʣʘʩʥʦ (Plotnikova et al., 2012; Egorova et al., 2020; Gorbunova et al., 2021). 

ʂʫʣʴʪʫʨʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʩʤʝʩʴʶ ʢʦʥʮ. 

ʅ2SO4ī12,5 %-ʥʳʡ ɼɼʉ-Na-ʛʝʢʩʘʥ (1:10:25) ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ ʧʨʠ 30ʦʉ, ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 200 ʦʙ/ʤʠʥ, ʠ ʦʙʝʟʚʦʞʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Na2SO4 (Plotnikova et 

al., 2012). 

2.9.2 ɺʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ (ɺʕɾʍ) 

ʅʘʣʠʯʠʝ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʭʣʦʨ-, ʛʠʜʨʦʢʩʠ- ʠ ʭʣʦʨʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ LC-20A (çShimadzuè, ʗʧʦʥʠʷ) ʩ ʢʦʣʦʥʢʦʡ 

Discovery C18 (150 x 4,6 ʤʤ ʠʣʠ 250 ʭ 4,6 ʤʤ) (çSupelcoè, çSigma-Aldrichè, ʉʐɸ) 

ʠ ʋʌ-ʜʝʪʝʢʪʦʨʦʤ ʧʨʠ 205 ʥʤ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ ʩʠʩʪʝʤʝ ʘʮʝʪʦʥʠʪʨʠʣ-0,1 %-

ʳʡ ʅ3ʈʆ4 (70:30). ʀʜʝʥʪʠʬʠʢʘʮʠʷ - ʩ ʧʦʤʦʱʴʶ ʩʨʘʚʥʝʥʠʷ ʚʨʝʤʝʥʠ ʫʜʝʨʞʘʥʠʷ ʥʘ 

ʢʦʣʦʥʢʝ ʠʩʩʣʝʜʫʝʤʳʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʧʨʦʜʫʢʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʚʝʣʠʯʠʥʝ ʧʣʦʱʘʜʠ ʠ ʚʳʩʦʪʳ ʧʠʢʦʚ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʳʭ ʚʝʣʠʯʠʥ ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (Egorova et al., 2010). 

2.9.3 ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘ-ʨʘʩʱʝʧʣʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʭʣʦʨ-

(ʛʠʜʨʦʢʩʠ-)ʙʠʬʝʥʠʣʦʚ ï 2-ʛʠʜʨʦʢʩʦ-6-ʦʢʩʦ-(ʭʣʦʨʬʝʥʠʣ)ʛʝʢʩʘ-2,4-ʜʠʝʥʦʚʳʝ 

ʢʠʩʣʦʪʳ (ɻʆʌɼʂ) ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

UV-Visible BioSpec-mini (çShimadzuè, ʗʧʦʥʠʷ) ʧʨʠ lʤʘʢʩ ʦʪ 390 ʥʤ ʜʦ 440 ʥʤ.  

ɼʠʥʘʤʠʢʫ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʇʍɹ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʠʟʤʝʨʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʩʝʨʝʙʨʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʯʝʨʝʟ 5 ʤʠʥʫʪ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 

ʚ ʩʫʧʝʨʥʘʪʘʥʪ 5 %-ʥʦʛʦ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ, ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ UV-Visible 

BioSpec-mini (çShimadzuè, ʗʧʦʥʠʷ) ʧʨʠ lʤʘʢʩ ʦʪ 460 ʥʤ ʜʦ 540 ʥʤ. ʂʦʥʮʝʥʪʨʘʮʠʶ 

ʠʦʥʦʚ ʭʣʦʨʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʳʤ ʛʨʘʬʠʢʘʤ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 
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ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʙʨʘʣʠ ʨʘʩʪʚʦʨʳ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 

0,001 ʜʦ 0,4 ʛ/ʣ. 

2.10 ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʢʝʪʦʚ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ Microsoft Excel ʠ STATISTICA 6.0. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʳʯʠʩʣʷʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, ʩʨʝʜʥʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ, ʢʦʨʨʝʣʷʮʠʶ ʇʠʨʩʦʥʘ. 
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ɻʣʘʚʘ 3. ɸʉʉʆʎʀɸʎʀʀ ɸʕʈʆɹʅʓʍ ɹɸʂʊɽʈʀʁ, ʇʆʃʋʏɽʅʅʓɽ ɺ 

ʈɽɿʋʃʔʊɸʊɽ ʂʋʃʔʊʀɺʀʈʆɺɸʅʀʗ ʅɸ (ʍʃʆʈ)ɸʈʆʄɸʊʀʏɽʉʂʀʍ 

ʉʆɽɼʀʅɽʅʀʗʍ, ʀ ʀʍ ɹʀʆɼɽɻʈɸɼɸʊʀɺʅʓʁ ʇʆʊɽʅʎʀɸʃ 

3.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʉʦʚʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʰʝʩʪʴ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨ: ʠʟ ʧʦʯʚ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʪʝʨʨʠʪʦʨʠʠ ʆɸʆ çɿʘʚʦʜ 

ʩʤʘʟʦʢ ʠ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡè (ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ) ï ʩʤʝʰʘʥʥʳʝ 

ʢʫʣʴʪʫʨʳ PN1 ʠ PN2-S; ʠʟ ʧʦʯʚ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆɸʆ çʉʨʝʜʥʝ-ʚʦʣʞʩʢʠʡ 

ʟʘʚʦʜ ʭʠʤʠʢʘʪʦʚè (ʛ. ʏʘʧʘʝʚʩʢ, ʈʦʩʩʠʷ) ï ʩʤʝʰʘʥʥʳʝ ʢʫʣʴʪʫʨʳ CHN1, CHN2, CHN3 

ʠ CHN4 (ʊʘʙʣʠʮʘ 6).  

ʊʘʙʣʠʮʘ 6 ï ʇʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ ʧʦʩʣʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʉʦʚʦʣʝ 

ʉʤʝʰʘʥʥʘʷ 

ʢʫʣʴʪʫʨʘ 

ʇʣʦʪʥʦʩʪʴ 

ʧʦʧʫʣʷʮʠʠ, 

ʂʆɽ/ʤʣ 

ʂʦʣʠʯʝʩʪʚʦ 

ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʤʦʨʬʦʪʠʧʦʚ, ʰʪ. 

ʀʥʜʝʢʩ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, 

ʦʮʝʥʝʥʥʳʡ ʧʦ ɼɻɻʕ-ʧʨʦʬʠʣʷʤ 

ʀʥʜʝʢʩ 

ʐʝʥʥʦʥʘ-

ʋʠʚʝʨʘ (H) 

ɺʠʜʦʚʦʝ 

ʙʦʛʘʪʩʪʚʦ 

(S) 

ʆʜʥʦʨʦʜ-

ʥʦʩʪʴ (Eh) 

PN1 4,5 Ĭ 106 8 2,27 15 0,84 

PN2-S 2,9 Ĭ 105 7 1,80 10 0,78 

CHN1 6,2 Ĭ 106 7 2,73 19 0,93 

CHN2 1,6 Ĭ 105 5 2,01 10 0,87 

CHN3 5,0 Ĭ 104 5 1,91 12 0,77 

CHN4 2,3 Ĭ 104 3 1,26 8 0,61 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʠʮ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʜʦʤʠʥʠʨʫʶʱʠʭ ʤʦʨʬʦʪʠʧʦʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʦʣʦʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʤʝʰʘʥʥʳʝ ʢʫʣʴʪʫʨʳ PN1 ʠ CHN1 (ʊʘʙʣʠʮʘ 6). ʂʘʞʜʘʷ 

ʩʤʝʰʘʥʥʘʷ ʢʫʣʴʪʫʨʘ ʦʙʣʘʜʘʣʘ ʫʥʠʢʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ɼɻɻʕ-
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ʧʨʦʬʠʣʠ ʛʝʥʦʚ 16S ʨʈʅʂ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʭ ʪʦʪʘʣʴʥʦʡ ɼʅʂ 

(ʈʠʩʫʥʦʢ 13). ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʩ ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʚʝʯʝʥʠʷ 

ʚʳʷʚʣʝʥʦ ʚ ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨʘʭ PN1 ʠ CHN1. ʂ ʪʦʤʫ ʞʝ, ʫ ʜʘʥʥʳʭ ʢʫʣʴʪʫʨ ʠʥʜʝʢʩ 

ʐʝʥʥʦʥʘ-ʋʠʚʝʨʘ ʠʤʝʣ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʦʩʪʘʣʴʥʳʭ ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨ (ʅ) ï 2,27 ʠ 2,73, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʜʝʢʩ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʠʣ 0,84 ʠ 0,93, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 6). 

 

ʈʠʩʫʥʦʢ 13 ï ɼɻɻʕ-ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

16S ʨʈʅʂ ʠʩʩʣʝʜʫʝʤʳʭ ʘʩʩʦʮʠʘʮʠʡ (ʧʦʩʣʝ ʩʝʣʝʢʮʠʠ ʥʘ ʉʦʚʦʣʝ). ʎʠʬʨʳ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ɼʅʂ-ʬʨʘʛʤʝʥʪʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʛʝʣʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ 

ɿʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨ PN1 ʠ CHN1 

ʧʨʝʚʳʰʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʘʩʩʦʮʠʘʮʠʡ ɽʉʉ ʠ ɽʉʊ, ʚʳʜʝʣʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʠʟ ʇʍɹ-

ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʛʦʨʦʜʘ ʊʘʡʯʞʦʫ (ʂʠʪʘʡ) (ʢʦʥʮʝʥʪʨʘʮʠʷ ʇʍɹ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʘ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 0,35 ï 2610 ʥʛ/ʛ ʧʦʯʚʳ) (Su et al., 2013; Liu et al., 2020). 
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ʅʘʠʤʝʥʴʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ 

ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʩʤʝʰʘʥʥʘʷ ʢʫʣʴʪʫʨʘ CHN4, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʠʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʆʊɽ ʠ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ɽ = 0,61 ʠ 0,74, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʘʢ ʢʘʢ ʚ ʦʙʨʘʟʮʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʆʊɽ, ʩʦʩʪʘʚʣʷʶʱʘʷ 50,3 % ʦʪ 

ʩʫʤʤʳ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʚʝʯʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ (ʈʠʩʫʥʦʢ 13). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʠ (r) ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʘʥʘʣʠʟʝ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʤʦʨʬʦʪʠʧʦʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʯʝʪʝ ʂʆɽ/ʤʣ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʘʩʩʦʮʠʘʮʠʷʭ ʙʘʢʪʝʨʠʡ, ʠ ʠʥʜʝʢʩʘʤʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ɼɻɻʕ-ʘʥʘʣʠʟʘ ɼʅʂ ʠʩʩʣʝʜʫʝʤʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʦʯʝʥʴ ʚʳʩʦʢʠʡ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 0,63ï0,94.  

ʅʘ ʨʠʩʫʥʢʝ 14 ʧʦʢʘʟʘʥʘ ʜʝʥʜʨʦʛʨʘʤʤʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ 

ʩʭʦʜʩʪʚʝ ɼɻɻʕ-ʧʨʦʬʠʣʝʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʩʭʦʜʩʪʚʦ ʠ ʨʘʟʣʠʯʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨ ʙʘʢʪʝʨʠʡ. 

 

ʈʠʩʫʥʦʢ 14 ï ɼʝʥʜʨʦʛʨʘʤʤʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʤʝʪʦʜʦʤ UPGMA, ʦʪʦʙʨʘʞʘʶʱʘʷ 

ʩʭʦʜʩʪʚʦ ɼɻɻʕ-ʧʨʦʬʠʣʝʡ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 16S ʨɼʅʂ 

ʠʩʩʣʝʜʫʝʤʳʭ ʘʩʩʦʮʠʘʮʠʡ. ɺ ʫʟʣʘʭ ʢʣʘʩʪʝʨʦʚ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʩʭʦʜʩʪʚʘ 

(%). 
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ʋʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨ PN1 ʠ PN2-S, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʯʚ 

ʛ. ʇʝʨʤʠ, ʩ ʘʩʩʦʮʠʘʮʠʷʤʠ CHN1ïCHN4, ʚʳʜʝʣʝʥʥʳʤʠ ʠʟ ʧʦʯʚ ʛ. ʏʘʧʘʝʚʩʢ, 

ʩʦʩʪʘʚʠʣ 20 %. ʉʤʝʰʘʥʥʳʝ ʢʫʣʴʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʦʯʚ ʛ. ʇʝʨʤʠ ʠ ʛ. ʏʘʧʘʝʚʩʢʘ, 

ʬʦʨʤʠʨʫʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʚʝʪʚʠ ʥʘ ʜʝʥʜʨʦʛʨʘʤʤʝ. ʋʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ PN1 ʠ PN2-S ʩʦʩʪʘʚʠʣ 56 %, ʪʦʛʜʘ ʢʘʢ ʚʥʫʪʨʠ ʚʝʪʚʠ 

ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨ ʠʟ ʧʦʯʚ ʛ. ʏʘʧʘʝʚʩʢʘ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʚʘʨʴʠʨʦʚʘʣ 25ï53 %. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʩʦʩʪʘʚ ʚʝʱʝʩʪʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʦʯʚʝ ʠ/ʠʣʠ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (Su 

et al., 2013; Wu et al., 2013). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʠʟ ʧʦʯʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʧʝʢʪʨʦʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʳʝ ʚ 

ʛ. ʇʝʨʤʴ ʠ ʛ. ʏʘʧʘʝʚʩʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ (ɺʦʨʦʥʠʥʘ, 

2020; Nazarov et al., 2016)) ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʨʝʜʝ (ʂ1) ʩ ʦʜʥʠʤ ʩʝʣʝʢʪʠʚʥʳʤ 

ʬʘʢʪʦʨʦʤ (ʉʦʚʦʣ) ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʬʦʨʤʠʨʫʶʱʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʚʝʪʚʠ ʥʘ 

ʜʝʥʜʨʦʛʨʘʤʤʝ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʙʨʘʟʮʳ ʧʦʯʚ ʨʘʟʣʠʯʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʨʘʟʣʠʯʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʇʍɹ 

ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʧʦʯʚ ʠʟ ʛ. ʏʘʧʘʝʚʩʢ ʩʦʩʪʘʚʣʷʝʪ 1,6ï5,1 ʨʘʟʘ (Nazarov et al., 2016)), 

ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʚʳʜʝʣʷʶʪʩʷ ʙʘʢʪʝʨʠʘʣʴʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʩ ʥʝʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʬʦʨʤʠʨʫʶʱʠʝ ʝʜʠʥʳʡ 

ʢʣʘʩʪʝʨ ʥʘ ʜʝʥʜʨʦʛʨʘʤʤʝ. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʤʝʰʘʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʧʦʯʚʝ, ʘ ʩʝʣʝʢʪʠʚʥʳʡ ʬʘʢʪʦʨ (ʉʦʚʦʣ), ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ 

ʥʘʢʦʧʠʪʝʣʴʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ, ʦʢʘʟʳʚʘʝʪ ʚʪʦʨʠʯʥʦʝ ʜʝʡʩʪʚʠʝ. 

ʌʨʘʛʤʝʥʪʳ 16S ʨɼʅʂ (33 ʬʨʘʛʤʝʥʪʘ ʠʟ 6 ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨ), 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ɼɻɻʕ, ʙʳʣʠ 

ʨʝʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ ʧʦʩʣʝ ʵʣʶʠʨʦʚʘʥʠʷ ʠʟ ʛʝʣʷ (ʈʠʩʫʥʦʢ 13). ʋ ʙʦʣʴʰʠʥʩʪʚʘ 

ʬʨʘʛʤʝʥʪʦʚ 16S ʨɼʅʂ (23 ʬʨʘʛʤʝʥʪʦʚ) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʈʠʩʫʥʦʢ 13, ʊʘʙʣʠʮʘ 7). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʘʢʪʝʨʠʠ ʢʣʘʩʩʦʚ 

Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria ʠ Chitinophagia. 
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ʊʘʙʣʠʮʘ 7 ï ʈʝʟʫʣʴʪʘʪʳ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ 16S 

ʨʈʅʂ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʦ ʜʘʥʥʳʤ ɼɻɻʕ-ʘʥʘʣʠʟʘ 

ɹʘʢʪʝʨʠ-

ʘʣʴʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ 

ʅʦʤʝʨ 

ʧʦʣʦʩʳ 

ʥʘ 

ɼɻɻʕ-

ʭʨʦʤʘʪʦ-

ʛʨʘʤʤʝ 

ʅʦʤʝʨ 

ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʚ 

ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank 

ɹʣʠʞʘʡʰʠʡ 

ʨʦʜʩʪʚʝʥʥʳʡ 

ʰʪʘʤʤ 

(ʥʦʤʝʨ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ GenBank) 

ʉʭʦʜʩʪʚʦ 

ʬʨʘʛʤʝʥʪʘ 

ʛʝʥʘ 16S 

ʨʈʅʂ, % 

ʈʘʟʤʝʨ 

ʬʨʘʛʤʝʥʪʘ,  

ʧ.ʥ. 

PN1 

5 MN368515 

Uncultured 

Albidiferax sp. 

TH121 

(NOXW01000010) 

93,57 499 

6 MN368516 

Pseudoxanthomonas 

japonensis 12-3T 

(AB008507) 

99,60 500 

PN2-S 

7 

10 

MN368517 

MN368520 

Pseudoxanthomonas 

japonensis 12-3T 

(AB008507) 

99,20 

99,38 

498 

489 

8 MN368518 

Pseudoxanthomonas 

mexicana AMX 26BT 

(AF273082) 

97,37 458 

9 MN368519 
Acidovorax defluvii 

BSB411T (Y18616) 
99,18 489 

CHN1 

11 

13 

16 

17 

18 

21 

MN368521 

MN368523 

MN368526 

MN368527 

MN368528 

MN368531 

Uncultured 

Pseudomonas sp. 

MRY13-0052 

(BATO0100155) 

99,36 

98,94 

99,14 

98,92 

99,14 

98,75 

472 

473 

475 

474 

467 

480 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 7 

ɹʘʢʪʝʨʠ-

ʘʣʴʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ 

ʅʦʤʝʨ 

ʧʦʣʦʩʳ ʥʘ 

ɼɻɻʕ-

ʭʨʦʤʘʪʦ-

ʛʨʘʤʤʝ 

ʅʦʤʝʨ 

ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʚ 

ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank 

ɹʣʠʞʘʡʰʠʡ 

ʨʦʜʩʪʚʝʥʥʳʡ 

ʰʪʘʤʤ  

(ʥʦʤʝʨ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ GenBank) 

ʉʭʦʜʩʪʚʦ 

ʬʨʘʛʤʝʥʪ

ʘ ʛʝʥʘ 16S 

ʨʈʅʂ, % 

ʈʘʟʤʝʨ 

ʬʨʘʛʤʝʥʪʘ,  

ʧ.ʥ. 

CHN1 

12 

14 

MN368522 

MN368524 

Pseudomonas 

hunanensis LVT 

(JX545210) 

98,71 

98,73 

495 

482 

15 

19 

MN368525 

MN368529 

Uncultured 

Pseudomonas sp. 

KOS6 (KK020676) 

98,91 

98,93 

459 

474 

20 MN368530 Pseudomonas 

laurentina GSL-010T 

(KY471137) 

98,92 474 

CHN2 

26 MN368532 Brevundimonas alba 

DSM4736T 

(AJ227785) 

98,17 441 

27 MN368533 Azohydromonas 

australica 

IAM12664T 

(AB188124) 

98,17 496 

CHN3 

29 

33 

MN368534 

MN368536 

Uncultured 

Steroidobacter sp. 

JW-3 (ML142848) 

98,95 

98,95 

477 

474 

30 MN368535 Steroidobacter 

agariperforans KA5-

BT (AB174844) 

98,11 477 

CHN4 

37 MN368537 Uncultured fam. 

Chitinophagaceae 

clone SEV1DA051 

(JQ407937) 

99,37 480 
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ɺ ʘʩʩʦʮʠʘʮʠʷʭ PN1 ʠ PN2-S ʚʳʷʚʣʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʣʘʩʩʦʚ 

Betaproteobacteria ʠ Gammaproteobacteria. ʇʨʠ ʵʪʦʤ ʚ ʦʙʝʠʭ ʘʩʩʦʮʠʘʮʠʷʭ ʢʣʘʩʩ 

Gammaproteobacteria ʧʨʝʜʩʪʘʚʣʝʥ ʨʦʜʦʤ Pseudoxanthomonas. ʌʨʘʛʤʝʥʪ 5 

(ʘʩʩʦʮʠʘʮʠʷ PN1) (ʈʠʩʫʥʦʢ 13) ʧʦʢʘʟʘʣ ʥʘʠʙʦʣʴʰʝʝ ʩʭʦʜʩʪʚʦ ʩ ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʳʤ 

ʰʪʘʤʤʦʤ ʨʦʜʘ Albidiferax (ʢʣʘʩʩ Betaproteobacteria), ʪʦʛʜʘ ʢʘʢ ʚ ʩʦʩʪʘʚʝ 

ʘʩʩʦʮʠʘʮʠʠ PN2-S ʚʳʷʚʣʝʥ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʨʦʜʘ Acidovorax (ʢʣʘʩʩ 

Betaproteobacteria).  

ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ 16S ʨɼʅʂ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʘʩʩʦʮʠʘʮʠʠ CHN1 ʧʨʝʦʙʣʘʜʘʣʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ ʨʦʜʘ 

Pseudomonas (ʢʣʘʩʩ Gammaproteobacteria), ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʝ ʰʪʘʤʤʘʤ 

P. hunanensis LV T (JX545210) ʠ P. laurentina GSL-010T (KY471137) (ʊʘʙʣʠʮʘ 7). 

ʉʨʝʜʠ 11 ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 8 ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʩ ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʳʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʢʣʦʥʘʤʠ ʜʘʥʥʦʛʦ ʨʦʜʘ 

(98,75ï99,14 %). ɺ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ CHN2 ʦʙʥʘʨʫʞʝʥʳ ʙʘʢʪʝʨʠʠ ʨʦʜʦʚ 

Brevundimonas (ʢʣʘʩʩ Alphaproteobacteria) ʠ Azohydromonas (ʢʣʘʩʩ 

Betaproteobacteria). ʂʘʢ ʧʦʢʘʟʘʣʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ 16S ʨɼʅʂ, ʚ 

ʘʩʩʦʮʠʘʮʠʠ CHN3 ʜʦʤʠʥʠʨʦʚʘʣʠ ʙʘʢʪʝʨʠʠ ʨʦʜʘ Steroidobacter (ʢʣʘʩʩ 

Gammaproteobacteria). ʌʨʘʛʤʝʥʪ 37 ʘʩʩʦʮʠʘʮʠʠ CHN4 ʧʦʢʘʟʘʣ ʥʘʠʙʦʣʴʰʝʝ 

ʩʭʦʜʩʪʚʦ ʩ ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʳʤ ʢʣʦʥʦʤ ʩʝʤʝʡʩʪʚʘ Chitinophagaceae ʬʠʣʫʤ 

Bacteroidetes (99,37 %) (ʊʘʙʣʠʮʘ 7). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ 16S ʨɼʅʂ ʯʝʪʳʨʝʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʧʦʯʚ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ.  ʏʘʧʘʝʚʩʢ, 

ʠʜʝʥʪʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʟ ʨʘʟʥʳʭ ʢʫʣʴʪʫʨ ʥʝ ʦʙʥʘʨʫʞʝʥʦ.  

ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʙʘʢʪʝʨʠʡ ʢʣʘʩʩʘ Gammaproteobacteria ʨʘʥʝʝ ʙʳʣʦ ʦʧʠʩʘʥʦ 

ʜʣʷ ʩʦʦʙʱʝʩʪʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʝʯʥʳʭ ʦʩʘʜʢʦʚ ʠ ʧʦʯʚ, ʘ ʪʘʢʞʝ 

ʠʟ ʢʨʝʦʟʦʪ-ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ, ʧʦʜʚʝʨʛʥʫʪʦʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʥʘʬʪʘʣʠʥʘ ʠ ʬʝʥʘʥʪʨʝʥʘ) (Providenti, Wyndham, 

2001; Petriĺ et al., 2011). ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʘʢʪʝʨʠʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʦʦʙʱʝʩʪʚ PN1, PN2-S, CHN1 and CHN3, 
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ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʨʷʜ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʦʙʠʪʘʶʱʠʭ ʚ 

ʭʠʤʠʯʝʩʢʠ-ʟʘʛʨʷʟʥʝʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ, ʦʩʥʦʚʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʙʘʢʪʝʨʠʠ ʢʣʘʩʩʘ Betaproteobacteria (Cervantes-

Gonz§lez et al., 2019; Voronina et al., 2019). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʙʥʘʨʫʞʝʥʠʝ ʜʘʥʥʦʛʦ 

ʪʘʢʩʦʥʘ ʚ ʥʘʰʠʭ ʩʦʦʙʱʝʩʪʚʘʭ ʙʳʣʦ ʦʞʠʜʘʝʤʳʤ.  

Hoostal ʠ Bouzat (2016) ʧʦʢʘʟʘʣʠ, ʯʪʦ 18ï32 % ʦʪ ʚʩʝʛʦ ʩʦʩʪʘʚʘ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʡʦʥʦʚ, ʩʦʩʪʘʚʣʷʶʪ 

ʙʘʢʪʝʨʠʠ ʬʠʣʫʤʘ Bacteroidota. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʧʠʩʘʥʦ ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ 

ʠʟ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʬʠʣʫʤʘ Bacteroidota 

ʚʭʦʜʷʪ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʦʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (Cervantes-Gonz§lez et al., 2019). ɺ 

ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʬʠʣʫʤʘ Bacteroidota ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʤʝʪʦʜʦʤ ɼɻɻʕ ʪʦʣʴʢʦ ʚ ʩʦʩʪʘʚʝ ʩʤʝʰʘʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ CHN4, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤʠ ʜʘʥʥʳʤʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʚʳʜʝʣʝʥʥʳʭ 

ʠʟ ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʡʦʥʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʙʘʢʪʝʨʠʠ 

ʢʣʘʩʩʘ Actinobacteria (Kolar et al., 2007; Gioia et al., 2014; Su et al., 2015), ʚ 

ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ɼɻɻʕ-ʘʥʘʣʠʟʘ ʙʘʢʪʝʨʠʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʚ 

ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʮʠʡ ʥʝ ʚʳʷʚʣʝʥʳ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʜʘʥʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʤʠʥʦʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɼʘʥʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʠʟ 

ʦʜʥʦʛʦ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʦʙʱʝʩʪʚ (ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ɻʣʘʚʝ 4).  

3.2. ɸʩʩʦʮʠʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ 

ʚʥʝʩʝʥʠʝʤ ʙʠʬʝʥʠʣʘ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ 

ʉʦʩʪʘʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʧʦʯʚʳ/ʩʨʝʜʳ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʦʩʪʘ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʫʛʣʝʨʦʜʘ) (Wu et 

al., 2013; Su et al., 2015). ʇʨʠ ʥʘʢʦʧʠʪʝʣʴʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ, ʠʩʪʦʯʥʠʢʦʤ 
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ʫʛʣʝʨʦʜʘ ʷʚʣʷʣʠʩʴ ʚʝʱʝʩʪʚʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʧʦʯʚʝ, ʘ ʩʝʣʝʢʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ 

ʷʚʣʷʣʘʩʴ ʩʤʝʩʴ ʇʍɹ ʉʦʚʦʣ. ʉʤʝʥʘ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ 

ʙʠʬʝʥʠʣ ʧʨʠʚʝʣʘ ʢ ʩʫʢʮʝʩʩʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʤʝʰʘʥʥʳʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ (ʊʘʙʣʠʮʘ 8). ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʘʩʩʦʮʠʘʮʠʡ ʧʨʠ ʢʘʞʜʦʤ 

ʧʝʨʝʩʝʚʝ ʩ ʠʥʪʝʨʚʘʣʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 7 ʩʫʪ ʧʦʢʘʟʘʣ, ʯʪʦ  ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʜʦʤʠʥʠʨʫʶʱʠʭ ʤʦʨʬʦʪʠʧʦʚ. ɺ ʩʪʘʙʠʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʮʠʠ ʥʘ ʙʠʬʝʥʠʣʝ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʪ 2 ʜʦ 6 ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʤʦʨʬʦʪʠʧʦʚ, ʪʦʛʜʘ ʢʘʢ ʚ ʠʩʭʦʜʥʳʭ ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨʘʭ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʚʘʨʴʠʨʦʚʘʣ ʦʪ 3 ʜʦ 8 (ʊʘʙʣʠʮʳ 6, 8). ʇʦʤʠʤʦ ʩʥʠʞʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʩʦʩʪʘʚʝ 

ʘʩʩʦʮʠʘʮʠʡ, ʩʥʠʞʘʣʘʩʴ ʠ ʧʣʦʪʥʦʩʪʴ, ʯʪʦ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠ ʦʮʝʥʢʝ ʂʆɽ/ʤʣ 

(ʊʘʙʣʠʮʘ 8). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʤʝʥʘ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ 

ʧʨʠʚʝʣʘ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ.  

ʊʘʙʣʠʮʘ 8 ï ʀʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʣʦʪʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʧʦʧʫʣʷʮʠʡ ʚʦ ʚʨʝʤʷ ʩʝʣʝʢʮʠʠ 

ʉʤʝʰʘʥ-

ʥʘʷ 

ʢʫʣʴʪʫʨʘ, 

ʧʦʣʫʯʝʥʥʘʷ 

ʧʦʩʣʝ 

ʢʫʣʴʪʠʚʠ-

ʨʦʚʦʘʥʠʷ 

ʥʘ ʉʦʚʦʣʝ 

ɹʘʢʪʝʨʠʘʣʴ-

ʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ 

(ʢʫʣʴʪʠʚʠʨʦ-

ʚʘʥʠʝ ʥʘ 

ʙʠʬʝʥʠʣʝ) 

ɹʘʢʪʝʨʠʘʣʴʥʳʝ 

ʘʩʩʦʮʠʘʮʠʠ, ʧʦʩʣʝ ʧʝʨʚʦʛʦ 

ʮʠʢʣʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ 

ʙʠʬʝʥʠʣʝ 

ʉʪʘʙʠʣʴʥʳʝ 

ʙʘʢʪʝʨʠʘʣʴʥʳʝ 

ʘʩʩʦʮʠʘʮʠʠ, 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʥʘ 

ʙʠʬʝʥʠʣʝ 

ɼʦʤʠʥʠʨʫʶ-

ʱʠʝ 

ʤʦʨʬʦʪʠʧʳ, 

ʰʪ. 

ʇʣʦʪʥʦʩʪʴ 

ʧʦʧʫʣʷʮʠʠ, 

ʂʆɽ/ʤʣ 

ɼʦʤʠʥʠʨʫʶ-

ʱʠʝ 

ʤʦʨʬʦʪʠʧʳ, 

ʰʪ. 

ʇʣʦʪʥʦʩʪʴ 

ʧʦʧʫʣʷʮʠʠ, 

ʂʆɽ/ʤʣ 

PN1 PN1-B 8 5,2 Ĭ 105 2 4,2 Ĭ 104 

PN2-S PN2-B 7 8,5 Ĭ 104 6 1,5 Ĭ 104 

CHN1 CHN1-B 4 5,1 Ĭ 105 2 5,0 Ĭ 104 

CHN2 CHN2-B 3 6,1 Ĭ 103 2 3,2 Ĭ 103 

CHN3 CHN3-B 2 2,1 Ĭ 104 2 6,0 Ĭ 103 

CHN4 CHN4-B 3 4,5 Ĭ 103 3 4,5 Ĭ 103 

ʇʦʣʫʯʝʥʥʳʝ ʩʪʘʙʠʣʴʥʳʝ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʙʳʣʠ ʩʧʦʩʦʙʥʳ ʢ ʨʦʩʪʫ 

ʚ ʞʠʜʢʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʙʠʬʝʥʠʣ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʩʪʦʯʥʠʢ 

ʫʛʣʝʨʦʜʘ (ʈʠʩʫʥʦʢ 15). ʅʘʠʙʦʣʴʰʝʡ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʠ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʢʫʣʴʪʫʨʳ ʦʙʣʘʜʘʣʘ ʘʩʩʦʮʠʘʮʠ ̫PN2-B. ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʦʩʪʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʫ ʘʩʩʦʮʠʘʮʠʠ, ʦʧʠʩʘʥʥʦʡ Liz et al., 2009, ʘ 
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ʪʘʢʞʝ ʨʷʜʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ, ʦʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʢʫʣʴʪʫʨʳ ʫʩʪʫʧʘʣʘ ʘʥʘʣʦʛʠʯʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʰʪʘʤʤʦʚ, ʪʘʢ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʥʝʟʘʤʝʱʝʥʥʦʤ 

ʙʠʬʝʥʠʣʝ (Ilori et al., 2008; Hatamian-Zarmi et al., 2009; Liz et al., 2009; Su et al., 

2013; Chang et al., 2013). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʈN1-ɺ, ʈN2-ɺ, CHN1-ɺ, CHN2-ɺ, CHN3-ɺ, CHN4-ɺ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʙʠʬʝʥʠʣʘ.  

 

ʈʠʩʫʥʦʢ 15 ï ʇʦʢʘʟʘʪʝʣʴ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʙʠʬʝʥʠʣʦʤ (1 ʛ/ʣ), ʚ ʢʘʯʝʩʪʚʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ 

ʀʟʫʯʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʘʙʠʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ PN2-B ʨʘʟʣʘʛʘʪʴ 

ʤʦʥʦʭʣʦʨʠʨʦʚʘʥʥʳʝ ʠ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʡ (ʩʦʜʝʨʞʘʱʠʡ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʙʦʠʭ 

ʢʦʣʴʮʘʭ ʤʦʣʝʢʫʣʳ) ʙʠʬʝʥʠʣʳ, ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʤʝʩʠ ʇʍɹ (ʊʘʙʣʠʮʘ 9, 

ʈʠʩʫʥʦʢ 16). ʅʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʩʪʘʚʣʷʣʠ 94,5 ʤʛ/ʣ ʜʣʷ ʤʦʥʦʍɹ, 22,3 ʤʛ/ʣ 

ʜʣʷ ʜʠʍɹ, 13,8 ʤʛ/ʣ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ (Delor 103 ʠ ʉʦʚʦʣ). 

ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʨʦʷʚʣʷʣʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ 2-ʭʣʦʨʙʠʬʝʥʠʣʫ, ʦʩʫʱʝʩʪʚʣʷʷ 100 %-ʶ ʜʝʩʪʨʫʢʮʠʶ ʟʘ 1 ʩʫʪʢʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʩʨʝʜʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʝʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ  
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8Cl-ɻʆʌɼʂ (3,3ï4,8 ʤʛ/ʣ), ʘ ʢʦʣʠʯʝʩʪʚʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʡ 2-ʍɹʂ ʯʝʨʝʟ ʜʚʦʝ ʩʫʪʦʢ 

ʩʦʩʪʘʚʠʣʦ 94,9 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ. 

ʊʘʙʣʠʮʘ 9 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ PN2-B 

ʍʣʦʨʙʠʬʝʥʠʣ ɺʨʝʤʷ, ʯ ɼʝʩʪʨʫʢʮʠʷ, % ɻʆʌɼʂ, ʦ.ʝ. ʍɹʂ, ʤʛ/ʣ 

2-ʍɹ 
18 100 0,480 73,4Ñ0,2 

48 100 0,334 74,5Ñ0,1 

3-ʍɹ 
18 77,4Ñ0,1 0,335 19,7Ñ0,2 

48 100 0,682 6,4Ñ0,1 

4-ʍɹ 
18 93,4Ñ0,1 0,083 7,1Ñ0,3 

48 100 0,211 4,6Ñ0,1 

2,4ᾳ-ʜʠʍɹ 
18 61,9Ñ0,1 1,187 0,24Ñ0,1 (2-ʍɹʂ) 

48 86,2Ñ0,2 1,411 0,24Ñ0,2 (2-ʍɹʂ) 

ʈʘʟʣʦʞʝʥʠʝ 3-ʭʣʦʨʙʠʬʝʥʠʣʘ ʠ 4-ʭʣʦʨʙʠʬʝʥʠʣʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝʩʢʦʣʴʢʦ 

ʤʝʜʣʝʥʥʝʝ, ʦʜʥʘʢʦ ʟʘ ʜʚʦʝ ʩʫʪʦʢ PN2-B ʨʘʟʣʘʛʘʝʪ ʜʘʥʥʳʝ ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʳ ʥʘ 

100 %, ʧʨʠ ʵʪʦʤ ʚ ʩʨʝʜʝ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ɻʆʌɼʂ 

(ʆʇ9Cl-ɻʆʌɼʂ = 0,682, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 10,9 ʤʛ/ʣ; ʆʇ10Cl-ɻʆʌɼʂ = 0,211) ʠ ʥʠʟʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʜʠʥʘʤʠʢʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʩʪʨʫʢʮʠʠ ʭʣʦʨʙʠʬʝʥʠʣʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʘʩʩʦʮʠʘʮʠʷ PN2-B, ʩʧʦʩʦʙʥʘ ʨʘʟʣʘʛʘʪʴ 3-ʭʣʦʨʙʝʥʟʦʡʥʫʶ ʠ 4-ʭʣʦʨʙʝʥʟʦʡʥʫʶ 

ʢʠʩʣʦʪʳ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ʧʨʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ 3-ʍɹ ʠ 4-ʍɹ (ʊʘʙʣʠʮʘ 9). ɸʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ ʚʳʜʝʣʝʥʥʦʛʦ ʭʣʦʨʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ 4-ʍɹʂ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʩʪʘʜʠʶ 

ʦʪʱʝʧʣʝʥʠʷ ʠʦʥʘ ʭʣʦʨʘ ʦʪ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʪʳ, ʪʦʛʜʘ ʢʘʢ ʨʘʟʣʦʞʝʥʠʝ 3-ʍɹʂ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʩʪʘʜʠʠ ʜʝʭʣʦʨʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʣʝʜʫʶʱʝʛʦ 

ʤʝʪʘʙʦʣʠʪʘ ʭʣʦʨʢʘʪʝʭʦʣʘ (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʩʩʦʮʠʘʮʠʷ PN2-B ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʟʣʦʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʙʠʬʝʥʠʣʘ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ (ʈʠʩʫʥʦʢ 15, ʊʘʙʣʠʮʘ 9), ʥʦ ʠ 
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ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʪʦʨʛʦʚʳʭ ʤʘʨʦʢ Delor 103 ʠ 

ʉʦʚʦʣ (ʈʠʩʫʥʦʢ 16). 

Kolar ʩ ʢʦʣʣʝʛʘʤʠ ʦʧʠʩʘʣ ʰʝʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩ ʙʠʬʝʥʠʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʜʝʩʪʨʫʢʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʩʤʝʩʠ ʇʍɹ, 

ʩʦʜʝʨʞʘʱʝʡ ʜʠ-ʛʝʧʪʘʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ (Kolar et al., 2007). ɹʘʢʪʝʨʠʘʣʴʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʜʦʤʠʥʘʥʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʬʠʣʫʤʦʚ 

Actinobacteria ʠ Firmicutes, ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ - ʬʠʣʫʤʘ Proteobacteria, 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʟʣʦʞʝʥʠʝ ʩʤʝʩʠ ʠʟ 6 ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ 

ʟʘ 4 ʥʝʜʝʣʠ ʥʘ 54 % (Cervantes-Gonz§lez et al., 2019). 

 

ʈʠʩʫʥʦʢ 16 ï ɼʝʛʨʘʜʘʮʠʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ 

PN2-B: Delor 103 ( ), ʉʦʚʦʣ (), ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʭʣʦʨʘ ʧʨʠ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ Delorʘ 103 () ʠ ʉʦʚʦʣʘ () 

ɺʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʤʤʝʨʯʝʩʢʠʤ ʩʤʝʩʷʤ ʇʍɹ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

Proteobacteria ʠ Firmicutes, Proteobacteria ʠ Actinobacteria (Kolar et al., 2007; Liz et 
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al., 2009; Petriĺ et al., 2011; Pathiraja et al., 2019ʘ, 2019ʙ). ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ 

PN2-B, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʦʩʥʦʚʥʦʤ ʰʪʘʤʤʘʤʠ Proteobacteria, ʨʘʟʣʘʛʘʝʪ ʟʘ ʪʨʦʝ 

ʩʫʪʦʢ 38,4 % (5,3 ʤʛ/ʣ) ʩʤʝʩʠ Delor 103 ʠ 50,9 % (7,02 ʤʛ/ʣ) ʩʤʝʩʠ ʉʦʚʦʣ 

(ʈʠʩʫʥʦʢ 16). ʈʘʟʣʦʞʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʩʨʝʜʝ ʠʦʥʦʚ ʭʣʦʨʘ, ʠ 

ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ (ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʥʝ ʧʨʦʚʦʜʠʣʩʷ), ʥʦ ʥʝ ɻʆʌɼʂ 

(ʈʠʩʫʥʦʢ 16). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʩʩʦʮʠʘʮʠʷ PN2-ɺ ʵʬʬʝʢʪʠʚʥʝʝ ʨʘʟʣʘʛʘʝʪ 

ʢʦʤʤʝʨʯʝʩʢʫʶ ʩʤʝʩʴ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʤʝʩʠ 

ʧʨʝʦʙʣʘʜʘʶʪ ʢʦʥʛʝʥʝʨʳ ʇʍɹ ʩ 5 ʠ 6 ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʤʦʣʝʢʫʣʝ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʤʝʩʠ 

Delor 103 ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʥʝʝ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ ʇʍɹ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʘʩʩʦʮʠʘʮʠʷ 

PN2-B ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢʘʢ 

ʘʩʩʦʮʠʘʮʠʷ-ʜʝʩʪʨʫʢʪʦʨ ʇʍɹ, ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʩʝʣʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ: ʜʣʠʪʝʣʴʥʦʛʦ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʩʤʝʩʠ 

ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʪʦʨʛʦʚʦʡ ʤʘʨʢʠ ʉʦʚʦʣ, ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ. 
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ɻʣʘʚʘ 4. ʐʊɸʄʄʓ-ɼɽʉʊʈʋʂʊʆʈʓ ɹʀʌɽʅʀʃɸ, ʀɿʆʃʀʈʆɺɸʅʅʓɽ ʀɿ 

ɸʉʉʆʎʀɸʎʀʁ 

4.1 ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʰʪʘʤʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʙʠʬʝʥʠʣ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʫʛʣʝʨʦʜʘ 

ʀʟ ʘʩʩʦʮʠʘʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʝʣʝʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʣʠʤʠʪʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʉʦʚʦʣʘ ʠ ʙʠʬʝʥʠʣʘ (ɻʣʘʚʘ 3), 

ʚʳʜʝʣʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʰʪʘʤʤʳ ʙʘʢʪʝʨʠʡ, ʩʧʦʩʦʙʥʳʝ ʨʘʩʪʠ ʥʘ ʙʠʬʝʥʠʣʝ, ʢʘʢ 

ʝʜʠʥʩʪʚʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ (ʊʘʙʣʠʮʘ 10).  

ʊʘʙʣʠʮʘ 10 ï ʈʦʩʪʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʰʪʘʤʤʦʚ, ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʙʠʬʝʥʠʣʝ (1 ʛ/ʣ) 

ʐʪʘʤʤ ʆʇʤʘʢʩ, 

o.e. 

ɛ, h-1 ʐʪʘʤʤ ʆʇʤʘʢʩ, 

o.e. 

ɛ, h-1 

PNS1 1,064 0,035 PNB1 0,129 0,011 

PNS2 0,356 0,023 PNB2 0,522 0,022 

PNS3 0,362 0,023 PNB3 0,957 0,036 

PNS4 0,582 0,029 PNB4 0,309 0,023 

PNS5 1,378 0,046 PNB5 0,772 0,008 

PNS6 1,359 0,025 PNB6 1,076 0,020 

PNS7 0,227 0,019 PNB7 0,625 0,025 

 PNB8 0,132 0,009 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʂ1, 

ʩʦʜʝʨʞʘʱʝʡ ʙʠʬʝʥʠʣ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʰʪʘʤʤʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʝʚʳʩʦʢʫ  ʁ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ (0,008ï0,046 ʯ-1), ʥʦ 

ʜʦʩʪʠʛʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʫʣʴʪʫʨʳ (0,129ï1,378 o.e.). ʐʪʘʤʤ PNS5 ʧʦ 

ʨʦʩʪʦʚʳʤ ʧʘʨʘʤʝʪʨʘʤ ʙʣʠʟʦʢ ʢ ʰʪʘʤʤʘʤ R. wratislaviensis KT112-7, R. ruber ʠ 

S. maltophilia ï ʘʢʪʠʚʥʳʤ ʜʝʩʪʨʫʢʪʦʨʘʤ ʙʠʬʝʥʠʣʘ/ʇʍɹ (Egorova et al., 2013, 

Horvatova et al., 2018). ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ ʇʍɹ 

Achromobacter xylosoxidans IR08 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʙʠʬʝʥʠʣʝ ʙʳʣʘ ʥʠʞʝ, ʯʝʤ 
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ʫ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ, ʪʘʢʞʝ ʙʦʣʝʝ ʥʠʟʢʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʢʫʣʴʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʰʪʘʤʤ Sphingomonas sp. SS3 (ʊʘʙʣʠʮʘ 10) 

(Ilori  et al., 2008; Blanco-Moreno et al., 2017). 

4.2 ʀʜʝʥʪʠʬʠʢʘʮʠʷ hʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʳ PN2-S 

ɸʵʨʦʙʥʳʝ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ PNS, ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʠʟ ʩʤʝʰʘʥʥʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ PN2-S ʧʫʪʝʤ ʚʳʩʝʚʘ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʫʶ 

ʤʠʥʝʨʘʣʴʥʫʶ ʩʨʝʜʫ ʂ1 ʚ ʧʘʨʘʭ ʙʠʬʝʥʠʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ BOX-ʇʎʈ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ɼʅʂ-ʧʨʦʬʠʣʠ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ 6 ʛʝʥʦʤʦʛʨʫʧʧ, ʧʨʠ ʵʪʦʤ 

ʰʪʘʤʤʳ PNS2 ʠ PNS7, ʧʨʦʬʠʣʠ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ çʜʦʨʦʞʢʘʭè 2 ʠ 4 

ʬʦʨʤʠʨʫʶʪ ʝʜʠʥʫʶ ʛʝʥʦʤʦʛʨʫʧʧʫ (ʈʠʩʫʥʦʢ 17). 

 

ʈʠʩʫʥʦʢ 17 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ɼʅʂ-ʬʨʘʛʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ɺʆʍ-

ʇʎʈ: ʄ ð ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ OǋGeneRulerÊ 100bp DNA Ladder 

(Fermentas, ʃʠʪʚʘ), 1 ï ʰʪʘʤʤ PNS1, 2 ï ʰʪʘʤʤ PNS2, 3 ï ʰʪʘʤʤ PNS3, 4 ï ʰʪʘʤʤ 

PNS7, 5 ï ʰʪʘʤʤ PNS6, 6 ï ʰʪʘʤʤ PNS5, 7 ï ʰʪʘʤʤ PNS4 

ʋ ʰʪʘʤʤʦʚ PNS1, PNS2, PNS3, PNS4, PNS5 ʠ PNS6 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ 16S ʨʈʅʂ ʠ ʧʨʦʚʝʜʝʥʦ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ 
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ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ NCBI ʠ EzBioCloud 

(ʊʘʙʣʠʮʘ 11, ʈʠʩʫʥʦʢ 18). 

ʊʘʙʣʠʮʘ 11 ï ʉʨʘʚʥʝʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ 

16S ʨʈʅʂ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʪʠʧʦʚʳʭ ʰʪʘʤʤʦʚ 

ʐʪʘʤʤ 

ʅʦʤʝʨ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank 

ʊʠʧʦʚʦʡ ʰʪʘʤʤ 

ʙʣʠʞʘʡʰʝʛʦ ʨʦʜʩʪʚʝʥʥʦʛʦ 

ʚʠʜʘ 

(ʥʦʤʝʨ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank) 

ʉʭʦʜʩʪʚʦ 

ʬʨʘʛʤʝʥʪʘ 

ʛʝʥʘ 16S 

ʨʈʅʂ, % 

ʈʘʟʤʝʨ 

ʬʨʘʛʤʝʥʪʘ, 

ʧ.ʥ. 

PNS1 MN368544 
Micrococcus luteus NCTC 

2665T (CP001628) 
100 897 

PNS2 MN368545 
Pseudoxanthomonas mexicana 

AMX 26BT (AF273082) 
100 890 

PNS3 MN368546 
Starkeya novella DSM 506T 

(CP002026) 
98,74 955 

PNS4 MN368547 
Pseudomonas monteilii NBRC 

103158T (BBIS01000088) 
99,77 869 

PNS5 MN368548 
Ochrobactrum anthropi ATCC 

49188T (CP000758) 
100 837 

PNS6 MN368549 
Stenotrophomonas indicatrix 

WS40T (KJ452162) 
99,77 874 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʰʪʘʤʤʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ 16S ʨʈʅʂ ʧʦʢʘʟʘʣʘ, ʯʪʦ 5 h ʪʘʤʤʦʚ ʧʨʠʥʘʜʣʝʞʘʪ ʬʠʣʫʤʫ 

Proteobacteria: ʰʪʘʤʤ PNS3 ï ʢʣʘʩʩ Alphaproteobacteria, ʧʦʨʷʜʦʢ Rhizobiales, 

ʩʝʤʝʡʩʪʚʦ Xanthobacteraceae, ʨʦʜ Starkeya, ʰʪʘʤʤ PNS5 ï ʢʣʘʩʩ 

Alphaproteobacteria, ʧʦʨʷʜʦʢ Rhizobiales, ʩʝʤʝʡʩʪʚʦ Brucellaceae, ʨʦʜ 

Ochrobactrum; ʰʪʘʤʤ PNS2 ï ʢʣʘʩʩ Gammaproteobacteria, ʧʦʨʷʜʦʢ Lysobacterales, 

ʩʝʤʝʡʩʪʚʦ Lysobacteraceae, ʨʦʜ Pseudoxanthomonas,  
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ʈʠʩʫʥʦʢ 18 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʨʝʚʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ 16S ʨʈʅʂ ʤʝʪʦʜʦʤ neighbor-joining. 

ʄʘʩʰʪʘʙ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʝ ʥʘ 100 ʥʫʢʣʝʦʪʠʜʦʚ. ʎʠʬʨʘʤʠ 

ʧʦʢʘʟʘʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʨʷʜʢʘ ʚʝʪʚʣʝʥʠʷ (çbootstrapè-ʘʥʘʣʠʟ 

1000 ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʜʝʨʝʚʴʝʚ) 

 

ʰʪʘʤʤ PNS4 ï ʢʣʘʩʩ Gammaproteobacteria, ʧʦʨʷʜʦʢ Pseudomonadales, ʩʝʤʝʡʩʪʚʦ 

Pseudomonadaceae, ʨʦʜ Pseudomonas, ʰʪʘʤʤ PNS6 ï ʢʣʘʩʩ Gammaproteobacteria, 

ʧʦʨʷʜʦʢ Lysobacterales, ʩʝʤʝʡʩʪʚʦ Lysobacteraceae, ʨʦʜ Stenotrophomonas; ʠ ʦʜʠʥ 

ʰʪʘʤʤ PNS1 ï ʬʠʣʫʤʫ Actinobacteria ʢʣʘʩʩ Actinomycetia, ʧʦʨʷʜʦʢ Micrococcales, 

ʩʝʤʝʡʩʪʚʦ Micrococcaceae, ʨʦʜ Micrococcus (ʊʘʙʣʠʮʘ 11, ʈʠʩʫʥʦʢ 18).  
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʤʦʨʬʦʪʠʧʘʤ ʚ PN2-S (ʊʘʙʣʠʮʘ 6), ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦ ʩʦʚʧʘʜʘʶʪ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ 16S ʨʈʅʂ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ɼɻɻʕ (ʊʘʙʣʠʮʘ 7). ʊʘʢ, ʥʘʠʙʦʣʝʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ ʙʣʠʟʢʠʤ ʜʣʷ ʰʪʘʤʤʘ PNS2 ʠ 

ʬʨʘʛʤʝʥʪʘ ɼʅʂ (ʣʠʥʠʷ 8) (ʈʠʩʫʥʦʢ 13) ʷʚʣʷʝʪʩʷ ʰʪʘʤʤ Pseudoxanthomonas 

mexicana AMX  26BT (ʊʘʙʣʠʮʳ 7, 10).  

ʐʪʘʤʤʳ Micrococcus sp. PNS1, Ochrobactrum sp. PNS5 ʠ Stenotrophomonas 

sp. PNS6 ʜʝʧʦʥʠʨʦʚʘʥʳ ʚʦ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʜ 

ʥʦʤʝʨʘʤʠ ɺʂʄ ɸʩ-3022, ɺʂʄ ɺ-3792 ʠ ɺʂʄ ɺ-3793, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʚʳʜʝʣʝʥʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʙʠʬʝʥʠʣʘ ʥʝ ʚʳʷʚʣʝʥʳ ʙʘʢʪʝʨʠʠ ʨʦʜʘ Acidovorax, ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ ʚ ʩʦʩʪʘʚʝ 

ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʤʝʪʦʜʦʤ ɼɻɻʕ (ʊʘʙʣʠʮʘ 7). ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʘʢʪʝʨʠʠ ʨʦʜʘ Acidovorax ʥʝ ʩʧʦʩʦʙʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʬʝʥʠʣ ʚ 

ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ.  

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʳ 

PN2-S ʰʪʘʤʤʦʚ, ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʩʦʩʪʘʚʝ 

ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʳ PN2-S, ʯʝʤ ʘʥʘʣʠʟ ʬʨʘʛʤʝʥʪʦʚ 16S ʨɼʅʂ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ɼɻɻʕ. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʣʷ ʇɸʋ-ʜʝʛʨʘʜʠʨʫʶʱʠʭ 

ʙʘʢʪʝʨʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʥʝʬʪʝ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʦʩʘʜʢʦʚ (Isaac et al., 2013). 

4.3 ʀʜʝʥʪʠʬʠʢʘʮʠʷ hʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

PN2-ɺ 

ɺʦʩʝʤʴ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʢʘʢ PNB, ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʠʟ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ PN2-B ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʝʚʘ ʥʘ 

ʘʛʘʨʠʟʦʚʘʥʥʫʶ ʤʠʥʝʨʘʣʴʥʫʶ ʩʨʝʜʫ ʂ1 ʚ ʧʘʨʘʭ ʙʠʬʝʥʠʣʘ. ɸʥʘʣʠʟ ɼʅʂ-ʧʨʦʬʠʣʝʡ 

ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ 7 ʛʝʥʦʤʦʛʨʫʧʧ (ʈʠʩʫʥʦʢ 19). 
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ʈʠʩʫʥʦʢ 19 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ɼʅʂ-ʬʨʘʛʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ɺʆʍ-

ʇʎʈ: ʄ ð ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ OǋGeneRulerÊ 100bp DNA Ladder 

(Fermentas, ʃʠʪʚʘ), 1 ï h ʪʘʤʤ PNɺ1, 2 ï h ʪʘʤʤ PNɺ2, 3 ï h ʪʘʤʤ PNɺ3, 4 ï h ʪʘʤʤ 

PNɺ4, 5 ï ʰʪʘʤʤ PNɺ5, 6 ï ʰʪʘʤʤ PNɺ6, 7 ï ʰʪʘʤʤ PNɺ7, 8 ï ʰʪʘʤʤ PNɺ8 

 

ʐʪʘʤʤʳ PNɺ3 ʠ PNɺ8, ʧʨʦʬʠʣʠ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʦʨʦʞʢʘʭ 3 ʠ 8 

ʬʦʨʤʠʨʫʶʪ ʦʜʥʫ ʛʝʥʦʤʦʛʨʫʧʧʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɼʅʂ-ʧʨʦʬʠʣʠ ʰʪʘʤʤʦʚ 

PNS2, PNS7 ʠ PNɺ2, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʜʦʨʦʞʢʘʭ 2, 4 (ʈʠʩʫʥʦʢ 17) ʠ 2 (ʈʠʩʫʥʦʢ 

19), ʩʦʚʧʘʜʘʶʪ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʨʬʦʣʦʛʠʷ ʢʦʣʦʥʠʡ ʠ ʢʣʝʪʦʢ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʪʘʢʞʝ 

ʩʦʚʧʘʜʘʝʪ (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ). 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʰʪʘʤʤʳ, ʠʤʝʶʱʠʝ 

ʨʘʟʣʠʯʥʳʝ ɼʅʂ-ʧʨʦʬʠʣʠ (ʬʠʥʛʝʨʧʨʠʥʪʳ) ʧʨʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʨʘʟʛʦʥʢʝ 

(ʈʠʩʫʥʦʢ 19).  

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ 16S ʨʈʅʂ 

ʰʪʘʤʤʦʚ PNɺ1, PNɺ2, PNɺ3, PNɺ4, PNɺ5, PNɺ6 ʠ PNɺ7 ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ NCBI ʠ EzBioCloud (ʊʘʙʣʠʮʘ 12, 

ʈʠʩʫʥʦʢ 20). 

ʊʘʙʣʠʮʘ 12 ï ʉʨʘʚʥʝʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ 

16S ʨʈʅʂ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʪʠʧʦʚʳʭ ʰʪʘʤʤʦʚ PN2-B 

ʐʪʘʤʤ ʅʦʤʝʨ 

ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank 

ʊʠʧʦʚʦʡ ʰʪʘʤʤ 

ʙʣʠʞʘʡʰʝʛʦ ʨʦʜʩʪʚʝʥʥʦʛʦ 

ʚʠʜʘ 

(ʥʦʤʝʨ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

GenBank) 

ʉʭʦʜʩʪʚʦ 

ʬʨʘʛʤʝʥʪʘ 

ʛʝʥʘ 16S 

ʨʈʅʂ, % 

ʈʘʟʤʝʨ 

ʬʨʘʛʤʝʥʪʘ, 

ʧ.ʥ. 

PNB1 ɹʝʟ ʥʦʤʝʨʘ Brevibacterium sandarakinum 

DSM 22082T (LT629739) 

97,51 843 

PNɺ2 ɹʝʟ ʥʦʤʝʨʘ Pseudoxanthomonas mexicana 

AMX 26BT (AF273082) 

100 890 

PNB3 MN368539 Pseudomonas kunmingensis 

HL22-2T (JQ246444) 

99,3 863 

PNB4 MN368540 Microbacterium resistens 

NBRC 103078T 

(BCRA01000173) 

99,6 892 

PNB5 MN368541 Brevibacterium epidermidis 

NBRC 14811T 

(BCSJ01000023) 

98,73 866 

PNB6 MN368542 Achromobacter deleyi LMG 

3458T (HG324053) 

100 885 

PNB7 MN368543 Bosea eneae 34614T 

(AF288300) 

99,66 890 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 4 ʰʪʘʤʤʘ ʧʨʠʥʘʜʣʝʞʘʪ ʬʠʣʫʤʫ 

Proteobacteria: ʰʪʘʤʤ PNB7 ï ʢʣʘʩʩ Alphaproteobacteria, ʧʦʨʷʜʦʢ Rhizobiales, 

ʩʝʤʝʡʩʪʚʦ Boseaceae, ʨʦʜ Bosea, ʰʪʘʤʤ PNB6 ï ʢʣʘʩʩ Betaproteobacteria, ʧʦʨʷʜʦʢ 

Burkholderiales, ʩʝʤʝʡʩʪʚʦ Alcaligenaceae, ʨʦʜ Achromobacter, h ʪʘʤʤ PNB3 ï ʢʣʘʩʩ 

Gammaproteobacteria, ʧʦʨʷʜʦʢ Pseudomonasdales, ʩʝʤʝʡʩʪʚʦ  
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ʈʠʩʫʥʦʢ 20 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʨʝʚʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ 16S ʨʈʅʂ ʤʝʪʦʜʦʤ neighbor-joining. 

ʄʘʩʰʪʘʙ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʝ ʥʘ 100 ʥʫʢʣʝʦʪʠʜʦʚ. ʎʠʬʨʘʤʠ 

ʧʦʢʘʟʘʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʨʷʜʢʘ ʚʝʪʚʣʝʥʠʷ (çbootstrapè-ʘʥʘʣʠʟ 

1000 ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʜʝʨʝʚʴʝʚ) 

Pseudomonadaceae, ʨʦʜ Pseudomonas, ʰʪʘʤʤ PNɺ2 ï ʢʣʘʩʩ Gammaproteobacteria, 

ʧʦʨʷʜʦʢ Lysobacterales, ʩʝʤʝʡʩʪʚʦ Lysobacteraceae, ʨʦʜ Pseudoxanthomonas; ʪʨʠ 

ʰʪʘʤʤʘ ï ʬʠʣʫʤʫ Actinobacteria: ʰʪʘʤʤʳ PNB1 ʠ PNB5 ï ʢʣʘʩʩ Actinomycetia, 

ʧʦʨʷʜʦʢ Brevibacteriales, ʩʝʤʝʡʩʪʚʦ Brevibacteriaceae, ʨʦʜ Brevibacterium, ʰʪʘʤʤ 
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PNB4 ï ʢʣʘʩʩ Actinomycetia, ʧʦʨʷʜʦʢ Microbacteriales, ʩʝʤʝʡʩʪʚʦ Microbacteriaceae, 

ʨʦʜ Microbacterium (ʊʘʙʣʠʮʘ 12, ʈʠʩʫʥʦʢ 20). 

ʇʨʠ ʘʥʘʣʠʟʝ ʬʠʥʛʝʨʧʨʠʥʪʦʚ (ʈʠʩʫʥʢʠ 17, 19) ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ 

PNS2 ʠ PNɺ2 ʚʝʨʦʷʪʥʦ ʩʦʩʪʘʚʣʷʶʪ ʦʜʥʫ ʛʝʥʦʤʦʛʨʫʧʧʫ, ʚʳʷʚʣʝʥʥʫʶ ʚ ʩʦʩʪʘʚʝ 

ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʳ PN2-S ʠ ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʮʠʠ PN2-B. ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ 16S ʨʈʅʂ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʰʪʘʤʤʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʦʜʥʦʤʫ ʨʦʜʫ (ʊʘʙʣʠʮʳ 7, 11, 12, ʈʠʩʫʥʢʠ 18, 20).  

ʐʪʘʤʤʳ Brevibacterium sp. PNɺ5 ʠ Achromobacter sp. PNɺ6 ʜʝʧʦʥʠʨʦʚʘʥʳ 

ʚʦ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʜ ʥʦʤʝʨʘʤʠ ɺʂʄ ɸʩ-3018, 

ɺʂʄ ɺ-3791 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʚʳʜʝʣʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʘʵʨʦʙʥʳʝ ʰʪʘʤʤʳ, ʩʧʦʩʦʙʥʳʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʬʝʥʠʣ ʢʘʢ ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʬʠʣʫʤʘʤ Actinobacteria ʠ Proteobacteria. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʟʣʦʞʝʥʠʶ ʙʠʬʝʥʠʣʘ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʦʚ Bosea ʠ 

Pseudoxanthomonas ʦʧʠʩʘʥʘ ʚʧʝʨʚʳʝ. 
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ɻʣʘʚʘ 5. ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʇʆʉʆɹʅʆʉʊʀ ɹɸʂʊɽʈʀɸʃʔʅʓʍ 

ʐʊɸʄʄʆɺ ʊʈɸʅʉʌʆʈʄʀʈʆɺɸʊʔ ʍʃʆʈ- ʀ ɻʀɼʈʆʂʉʀ-

ɿɸʄɽʑɽʅʅʓɽ ɹʀʌɽʅʀʃʓ 

5.1 ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʥʦ-ʟʘʤʝʱʸʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʰʪʘʤʤʘ Rhodococcus opacus CH628 (ɺʂʄ ɸʩ-3029), ʚʳʜʝʣʝʥʥʦʛʦ ʨʘʥʝʝ ʠʟ 

ʇʍɹ-ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʤʦʥʦ-ʟʘʤʝʱʝʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ. 

ʋʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ 2-ʭʣʦʨʙʠʬʝʥʠʣʘ (2-ʍɹ) ʠʩʩʣʝʜʫʝʤʳʤʠ ʰʪʘʤʤʘʤʠ 

ʚʘʨʴʠʨʦʚʘʣ ʚ ʧʨʝʜʝʣʘʭ 17,7ï100 %, 8Cl-ɻʆʌɼʂ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʰʪʘʤʤʘ Pseudomonas sp. PNS4), ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 2-ʭʣʦʨʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ (2-ʍɹʂ) ʚ ʩʨʝʜʝ ʩʦʩʪʘʚʣʷʣʘ 0,3ï18,9 ʤʛ/ʣ (0,4ï24,1 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ) (ʊʘʙʣʠʮʘ 13).  

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʜʝʩʪʨʫʢʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ 2-ʍɹ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʰʪʘʤʤ Pseudomonas sp. PNS4. ʇʨʠ ʵʪʦʤ ʚ ʩʨʝʜʝ ʬʠʢʩʠʨʫʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ɻʆʌɼʂ (3,6 ʤʛ/ʣ), ʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʭʣʦʨʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʰʪʘʤʤ PNS4 ʩʧʦʩʦʙʝʥ 

ʨʘʟʣʘʛʘʪʴ 2-ʍɹʂ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ ʜʣʷ ʰʪʘʤʤʦʚ 

Bosea sp. PNB7, Micrococcus sp. PNS1 ʠ Starkeya sp. PNS3. ʋ ʰʪʘʤʤʘ PNB7 

ʚr ʷʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 2-ʍɹʂ ʚ ʩʨʝʜʝ ʚ 2,7 ʨʘʟʘ, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʣʦʞʝʥʥʦʛʦ 2-ʍɹ ʟʘ ʪʦʪ ʞʝ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 7 %. ʐʪʘʤʤʳ PNS1 

ʠ PNS3 ʨʘʟʣʘʛʘʶʪ 80 % 2-ʍɹ ʟʘ 2 ʩʫʪʦʢ, ʧʨʠ ʵʪʦʤ ʚ ʩʨʝʜʝ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʥʘʢʦʧʣʝʥʠʝ ɻʆʌɼʂ, ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 2-ʍɹʂ. ɺʳʩʦʢʫʶ 

ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ 2-ʍɹ ʧʨʦʷʚʣʷʣ ʪʘʢʞʝ ʰʪʘʤʤ Ochrobactrum sp. PNS5. 

ɿʘ ʜʚʦʝ ʩʫʪʦʢ ʜʘʥʥʳʡ ʰʪʘʤʤ ʨʘʟʣʘʛʘʣ 96,7 % 2-ʍɹ, ʧʨʠ ʵʪʦʤ ʚ ʩʨʝʜʝ ʦʪʤʝʯʝʥʦ 

ʥʘʢʦʧʣʝʥʠʝ 2-ʍɹʂ (5,6 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ). 

ʋʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ 3-ʭʣʦʨʙʠʬʝʥʠʣʘ (3-ʍɹ) ʚʘʨʴʠʨʦʚʘʣ ʚ ʧʨʝʜʝʣʘʭ 36,2ï

100 % ʠ ʚ ʩʨʝʜʥʝʤ ʙʳʣ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 2-ʍɹ, ʥʘ 20,2 %. ʅʠ ʫ ʦʜʥʦʛʦ ʠʟ 
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ʰʪʘʤʤʦʚ ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʢʦʧʣʝʥʠʝ ʚ ʩʨʝʜʝ 9Cl-ɻʆʌɼʂ, ʥʦ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ 3-ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (3-ʍɹʂ) (ʊʘʙʣʠʮʘ 13). 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʜʝʩʪʨʫʢʪʦʨʦʤ 3-ʍɹ ̫ʚʣʷʝʪʩʷ ʰʪʘʤʤ Achromobacter sp. 

PNB5. ɿʘ ʜʚʦʝ ʩʫʪʦʢ ʜʘʥʥʳʡ ʰʪʘʤʤ ʨʘʟʣʘʛʘʝʪ 100 % 3-ʍɹ ʠ ʙʦʣʝʝ 60 % 

ʦʙʨʘʟʫʶʱʝʡʩʷ 3-ʍɹʂ. ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʟʣʦʞʝʥʠʶ 3-ʍɹʂ ʦʪʤʝʯʝʥʘ ʪʘʢʞʝ ʜʣʷ 

ʰʪʘʤʤʦʚ Micrococcus sp. PNS1, Pseudoxanthomonas sp. PNS2, Starkeya sp. PNS3, 

Ochrobactrum sp. PNS5, Stenotrophomonas sp. PNS6, Bosea sp. PNB7. ʇʨʠ ʵʪʦʤ 

ʚʳʩʦʢʦʡ ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢ 3-ʍɹ ʦʙʣʘʜʘʶʪ ʰʪʘʤʤʳ Starkeya sp. PNS3, 

Microbacterium sp. PNB4 ʠ Achromobacter sp. PNB6. 

ʉʢʨʠʥʠʥʛ ʰʪʘʤʤʦʚ ʧʦ ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢ 4-ʭʣʦʨʙʠʬʝʥʠʣʫ (4-ʍɹ) 

ʧʦʢʘʟʘʣ, ʯʪʦ 100 %-ʥʫʶ ʜʝʩʪʨʫʢʮʠʶ ʩʫʙʩʪʨʘʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʰʪʘʤʤʳ 

Mirobacterium sp. PNB4 ʠ Brevibacterium sp. PNB5 (ʊʘʙʣʠʮʘ 13). ɺ ʢʫʣʴʪʫʨʘʣʴʥʦʡ 

ʩʨʝʜʝ ʦʙʦʠʭ ʰʪʘʤʤʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ: 10Cl-

ɻʆʌɼʂ (0,225ï0,303 ʦ.ʝ.) ʠ 4-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (4-ʍɹʂ). ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ 

4-ʍɹʂ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʦʩʴ. ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ 4-ʍɹ ʰʪʘʤʤʦʤ PNB4 

ʢʦʥʮʝʥʪʨʘʮʠʷ 4-ʍɹʂ ʢ ʢʦʥʮʫ ʚʪʦʨʳʭ ʩʫʪʦʢ ʜʦʩʪʠʛʘʝʪ 81,1 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʰʪʘʤʤʘ PNB5 ï 6,8 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ 

(ʥʘ 18 ʯʘʩʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 4-ʍɹʂ ʩʦʩʪʘʚʣʷʣʘ 8,5 % ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʰʪʘʤʤ Brevibacterium sp. PNB5 ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʢʠʩʣʝʥʠʝ 4-ʍɹ ʜʦ ʩʦʝʜʠʥʝʥʠʡ 

ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ. ɺʳʩʦʢʫʶ ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ 4-ʍɹ ʧʨʦʷʚʣʷʶʪ 

ʪʘʢʞʝ ʰʪʘʤʤʳ Starkeya sp. PNS3, R. opacus CH628, Pseudoxanthomonas sp. PNS2, 

Pseudomonas sp. PNB3 ʠ Achromobacter sp. PNB6 (ʫʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ 4-ʍɹ 

ʩʦʩʪʘʚʣʷʝʪ 97,8 %, 96,9 %, 96,7 %, 87,6 % ʠ 80,9 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɺ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʢʦʧʣʝʥʠʝ 4-ʍɹʂ (12,6ï

72,1 ʤʛ/ʣ) ʠ ɻʆʌɼʂ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʰʪʘʤʤʦʚ Starkeya sp. PNS3 ʠ R. opacus 

CH628) (0,221ï0,431 ʦ.ʝ.). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʟʣʦʞʝʥʠʶ 4-ʍɹʂ 

ʚʳʷʚʣʝʥʘ ʪʘʢʞʝ ʫ ʰʪʘʤʤʦʚ Micrococcus sp. PNS1, Pseudomonas sp. PNS4, 

Stenotrophomonas sp. PNS6 ʠ Brevibacterium sp. PNB1. 
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ʊʘʙʣʠʮʘ 13 ï ʈʘʟʣʦʞʝʥʠʝ ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ 

ʐʪʘʤʤ 
ɺʨʝʤʷ, 

ʯ 

2-ʍɹ 3-ʍɹ 4-ʍɹ 

ɼʝʩʪʨʫʢʮʠʷ, 

% 

ɻʆʌɼʂ, 

ʦ.ʝ. 

2-ʍɹʂ, 

ʤʛ/ʣ 

ɼʝʩʪʨʫʢʮʠʷ, 

% 

ɻʆʌɼʂ, 

ʦ.ʝ. 

3-ʍɹʂ, 

ʤʛ/ʣ 

ɼʝʩʪʨʫʢʮʠʷ, 

% 

ɻʆʌɼʂ, 

ʦ.ʝ. 

4-ʍɹʂ, 

ʤʛ/ʣ 

PNB1 
18 66,5Ñ0,1 0 18,9Ñ0,1 64,1Ñ0,2 0 56,6Ñ0,4 25,7Ñ0,2 0,261 49,1Ñ0,3 

48 76,7Ñ0,1 0 17,3Ñ0,1 74,3Ñ0,2 0 62,7Ñ0,2 58,6Ñ0,1 0,243 43,8Ñ0,4 

PNB3 
18 28,3Ñ0,2 0 9,5Ñ0,2 47,5Ñ0,3 0 25,7Ñ0,2 78,9Ñ0,2 0,236 45,9Ñ0,2 

48 57,3Ñ0,2 0 18,4Ñ0,3 67,8Ñ0,3 0 55,9Ñ0,1 87,6Ñ0,2 0,221 47,5Ñ0,5 

PNB4 
18 13,9Ñ0,1 0 5,5Ñ0,2 38,6Ñ0,2 0 66,1Ñ0,2 23,7Ñ0,1 0,225 34,8Ñ0,2 

48 32,3Ñ0,2 0 3,5Ñ0,2 85,6Ñ0,2 0 71,6Ñ0,2 100 0,225 63,7Ñ0,3 

PNB5 
18 10,7Ñ0,1 0 2,1Ñ0,1 81,5Ñ0,2 0 51,4Ñ0,1 33,9Ñ0,1 0,303 6,7Ñ0,1 

48 17,7Ñ0,1 0 3,2Ñ0,1 100 0 20,2Ñ0,1 100 0,226 5,3Ñ0,2 

PNB6 
18 21,6Ñ0,1 0 1,9Ñ0,1 68,7Ñ0,3 0 66,4Ñ0,1 21,4Ñ0,2 0,234 49,6Ñ0,1 

48 48,9Ñ0,3 0 2,9Ñ0,2 98,3Ñ0,3 0 68,9Ñ0,1 80,9Ñ0,3 0,237 58,0Ñ0,1 

PNB7 
18 11,5Ñ0,2 0 5,1Ñ0,2 31,5Ñ0,1 0 25,3Ñ0,2 31,8Ñ0,2 0 45,7Ñ0,3 

48 18,5Ñ0,2 0 1,9Ñ0,1 40,8Ñ0,2 0 33,4Ñ0,3 58,8Ñ0,2 0 48,1Ñ0,2 

PNS1 
18 68,9Ñ00,1 0 0,3Ñ0,1 26,4Ñ0,1 0 12,7Ñ0,1 49,9Ñ0,1 0 7,1Ñ0,2 

48 80,8Ñ0,1 0 0 51,1Ñ0,3 0 7,7Ñ0,1 60,8Ñ0,2 0 5,1Ñ0,1 

PNS2 
18 7,3Ñ0,2 0 0,9Ñ0,1 14,6Ñ0,4 0 24,9Ñ0,1 91,9Ñ0,2 0,399 10,5Ñ0,3 

48 22,6Ñ0,1 0 0,8Ñ0,1 36,2Ñ0,3 0 3,4Ñ0,2 96,7Ñ0,3 0,431 12,6Ñ0,2 

PNS3 
18 7,7Ñ0,1 0 0 57,6Ñ0,2 0 19,2Ñ0,1 90,1Ñ0,4 0 25,5Ñ0,2 

48 80,9Ñ0,2 0 0 82,6Ñ0,2 0 13,3Ñ0,6 97,8Ñ0,5 0 72,1Ñ0,2 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 13 

ʐʪʘʤʤ 
ɺʨʝʤʷ, 

ʯ 

2-ʍɹ 3-ʍɹ 4-ʍɹ 

ɼʝʩʪʨʫʢʮʠʷ, 

% 

ɻʆʌɼʂ, 

ʦ.ʝ. 

2-ʍɹʂ, 

ʤʛ/ʣ 

ɼʝʩʪʨʫʢʮʠʷ, 

% 

ɻʆʌɼʂ, 

ʦ.ʝ. 

3-ʍɹʂ, 

ʤʛ/ʣ 

ɼʝʩʪʨʫʢʮʠʷ, 

% 

ɻʆʌɼʂ, 

ʦ.ʝ. 

4-ʍɹʂ, 

ʤʛ/ʣ 

PNS4 
18 11,2Ñ0,2 0 0 55,6Ñ0,4 0 8,7Ñ0,1 45,8Ñ0,4 0,276 14,1Ñ0,3 

48 100 0,393 0 75,5Ñ0,3 0 59,1Ñ0,3 65,6Ñ0,2 0,263 12,2Ñ0,2 

PNS5 
18 58,2Ñ0,1 0 2,7Ñ0,1 27,8Ñ0,2 0 52,5Ñ0,2 16,4Ñ0,2 0,243 28,5Ñ0,2 

48 96,7Ñ0,1 0 4,4Ñ0,2 64,7Ñ0,2 0 17,7Ñ0,2 73,8Ñ0,2 0,231 48,1Ñ0,1 

PNS6 
18 18,7Ñ0,2 0 0 65,1Ñ0,1 0 55,6Ñ0,1 16,3Ñ0,3 0 6,1Ñ0,5 

48 49,2Ñ0,2 0 0 74,3Ñ0,1 0 51,5Ñ0,5 18,8Ñ0,2 0 1,3Ñ0,3 

ʉʅ628 
24 97,3Ñ0,2 0 0,5Ñ0,1 ʥ.ʦ. ʥ.ʦ. ʥ.ʦ. 95,0Ñ0,2 0 0,09Ñ0,02 

48 99,7Ñ0,2 0 0,5Ñ0,1 ʥ.ʦ. ʥ.ʦ. ʥ.ʦ. 96,9Ñ0,2 0 0,11Ñ0,03 

ʇʨʠʤʝʯʘʥʠʝ. ʥ.ʦ. ï ʥʝ ʦʧʨʝʜʝʣʷʣʠ 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʪʘʤʤ Brevibacterium sp. PNB5, ʦʩʫʱʝʩʪʚʣʷʝʪ ʟʘ ʜʚʦʝ 

ʩʫʪʦʢ 100 % ʨʘʟʣʦʞʝʥʠʝ 3-ʍɹ ʠ 4-ʍɹ, ʠ ʫʪʠʣʠʟʠʨʫʝʪ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʪʘʙʦʣʠʪʦʚ ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ (ʊʘʙʣʠʮʘ 13).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʰʪʘʤʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ 

ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʦʚ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʫʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʙʠʬʝʥʠʣʘ, ʘ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʦʢʠʩʣʷʝʪ ʥʝʟʘʤʝʱʝʥʥʦʝ 

ʢʦʣʴʮʦ ʤʦʣʝʢʫʣʳ ʤʦʥʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ (ʈʠʩʫʥʦʢ 5). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʜʘʥʥʳʝ ʰʪʘʤʤʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʰʪʘʤʤʘ 

Brevibacterium sp. PNB1, ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʪʘ- ʠ 

ʧʘʨʘ-ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʯʝʤ ʚ ʦʪʥʦʰʝʥʠʠ ʦʨʪʦ-ʭʣʦʨʙʠʬʝʥʠʣʘ. ɸ ʰʪʘʤʤʳ 

Micrococcus sp. PNS1 ʠ Stenotrophomonas sp. PNS6, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʥʠʢʘʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʟʣʘʛʘʪʴ ʦʨʪʦ-, ʤʝʪʘ- ʠ ʧʘʨʘ-ʤʦʥʦʟʘʤʝʱʝʥʥʳʝ ʭʣʦʨʙʝʥʟʦʡʥʳʝ 

ʢʠʩʣʦʪʳ. 

ʋ 7 ʰʪʘʤʤʦʚ ʠʟʫʯʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʦʞʝʥʠʝ 

ʤʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ (ʈʠʩʫʥʦʢ 18). ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʫʙʩʪʨʘʪʘ ʩʦʩʪʘʚʠʣʘ 0,5 ʛ/ʣ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʤʦʣʝʢʫʣʝ ʙʠʬʝʥʠʣʘ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʘ ʥʘʭʦʜʠʣʘʩʴ ʫ 

3 ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ, ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩ ʜʦʩʪʠʞʝʥʠʝʤ 

96ï98 % ʜʝʩʪʨʫʢʮʠʠ ʧʨʦʷʚʣʷʣʠ ʰʪʘʤʤʳ PNB5 ʠ PNS1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʨʦʚʝʥʴ 

ʜʝʩʪʨʫʢʮʠʠ 4-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ ʫ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩʦʩʪʘʚʣʷʣ 48ï58 %. ʆʙʨʘʪʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ ʰʪʘʤʤ PNB7 (ʈʠʩʫʥʦʢ 21). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ 

3-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ ʫ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ ʩʦʩʪʘʚʣʷʣʘ 7 % ʟʘ 14 ʩʫʪ., ʪʦʛʜʘ ʢʘʢ 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ 

4-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ ʜʦʩʪʠʛʘʣ 99 % ʫʞʝ ʥʘ 3 ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʅʝ ʧʨʦʷʚʣʷʣ 

ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ 3-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʫ ʰʪʘʤʤ PNS5, ʘ ʢ 

4-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʫ ʰʪʘʤʤ PNB6. 
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ʈʠʩʫʥʦʢ 21 ï ɼʠʥʘʤʠʢʘ ʜʝʩʪʨʫʢʮʠʠ 3-ʛʠʜʨʦʢʩʠ- (ɸ) ʠ 4-ʛʠʜʨʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʭ (ɹ) 

ʙʠʬʝʥʠʣʦʚ ʰʪʘʤʤʘʤʠ Achromobacter sp. PNB6 ( ), Bosea sp. PNB7 

( ), Brevibacterium sp. PNB5 ( ), Micrococcus sp. PNS1 ( ), Ochrobactrum 

sp. PNS5 ( ), Pseudomonas sp. PNB3 ( ), Stenotrophomonas sp. PNS6 ( ) 
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ɸʥʘʣʠʟ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʰʪʘʤʤʳ PNS1, PNS6, 

PNB3, PNB5 ʠ PNB7 ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʤʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ ʚ 1,8ï65,9 ʨʘʟʘ ʙʳʩʪʨʝʝ, ʯʝʤ ʤʦʥʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 

(ʊʘʙʣʠʮʘ 14). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʜʝʣʘʝʪ 

ʤʦʣʝʢʫʣʫ ʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʰʪʘʤʤʳ Ochrobactrum sp. PNS5 ʠ 

Achromobacter sp. PNB6. ʐʪʘʤʤ PNS5 ʦʩʫʱʝʩʪʚʣʷʣ ʨʘʟʣʦʞʝʥʠʝ 3-ʍɹ, ʥʦ ʥʝ 

3-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ, ʘ ʰʪʘʤʤ PNB6 ʥʝ ʧʨʦʷʚʣʷʣ ʘʢʪʠʚʥʦʩʪʠ ʢ 

4-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʫ, ʪʦʛʜʘ ʢʘʢ ʦʩʫʱʝʩʪʚʣʷʣ ʜʝʩʪʨʫʢʮʠʶ 4-ʍɹ. 

ʊʘʙʣʠʮʘ 14 ï ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ (ʩʫʪ-1) ʤʦʥʦ-ʟʘʤʝʱʝʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ 

ʉʫʙʩʪʨʘʪ PNS1 PNS5 PNS6 PNB3 PNB5 PNB6 PNB7 

3-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 6,88 0 2,05 2,32 7,01 1,52 0,51 

4-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 3,42 2,21 6,59 4,28 4,17 0 7,13 

3-ʭʣʦʨʙʠʬʝʥʠʣ 0,36 0,16 0,69 0,57 2,27 2,03 0,26 

4-ʭʣʦʨʙʠʬʝʥʠʣ 0,47 0,08 0,10 1,05 2,27 0,82 0,44 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʘ ʜʝʩʪʨʫʢʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʨʦʤʘʪʠʯʝʩʢʠʤ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤ ʫ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʦʪʚʝʯʘʶʪ ʬʝʨʤʝʥʪʳ ʢʣʘʩʩʦʚ ʜʠ- ʠ ʤʦʥʦ-

ʦʢʩʠʛʝʥʘʟ (Sondossi et al., 1991; Francova et al., 2004; Kanteev et al., 2015; Suman et 

al., 2024). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʝ ʢʦʣʴʮʦ ʤʦʣʝʢʫʣʳ ʤʦʥʦʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ 

(ʟʘʤʝʱʝʥʥʦʝ ʠʣʠ ʥʝ ʟʘʤʝʱʝʥʥʦʝ) ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʢʠʩʣʝʥʠʶ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʦʢʩʠʛʝʥʘʟ, ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʘʙʦʣʠʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʙʝʥʟʦʡʥʘʷ ʠʣʠ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʝ 

ʢʠʩʣʦʪʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ 

ʢʣʝʪʢʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

ʤʝʪʘʙʦʣʠʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ 3-ʛʠʜʨʦʢʩʠ ʠ 4-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ 

(ʊʘʙʣʠʮʘ 15). 
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ʊʘʙʣʠʮʘ 15 ï ʆʩʥʦʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ʤʦʥʦʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ 

ʄʝʪʘʙʦʣʠʪʳ PNS1 PNS5 PNS6 PNB3 PNB5 PNB6 PNB7 

ʆʙʨʘʟʫʶʪʩʷ ʧʨʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 3-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ 

ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ ï ï ï ï ï ï ï 

3-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ 

ʢʠʩʣʦʪʘ 

+ - + + + + + 

ʢʘʪʝʭʦʣ + ï ï + ï ï ï 

ʆʙʨʘʟʫʶʪʩʷ ʧʨʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 4-ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ 

ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ ï ï ï ï ï ï ï 

4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ 

ʢʠʩʣʦʪʘ 

+ + + + + ï + 

3,4-ʜʠʛʠʜʨʦʢʩʠ 

ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 

+ + + + + ï + 

ʢʘʪʝʭʦʣ ï ï ï ï ï ï ï 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʨʘʟʣʦʞʝʥʠʝ ʤʦʥʦʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ 

ʠʜʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʢʠʩʣʝʥʠʝʤ. ɹʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʦʢʠʩʣʝʥʠʝ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʢʦʣʴʮʘ ʠʩʩʣʝʜʫʝʤʳʭ ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ (ʈʠʩʫʥʦʢ 5). 

ʆʜʥʘʢʦ, ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʤʦʥʦ- ʠʣʠ ʜʠʦʢʩʠʛʝʥʘʟʳ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʰʪʘʤʤʳ ʧʨʦʷʚʣʷʶʪ 

ʚʳʩʦʢʫʶ ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʤʦʥʦʟʘʤʝʱʝʥʥʳʤ ʭʣʦʨ/ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘʤ. 

5.2. ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜʠ-ʟʘʤʝʱʸʥʥʳʭ ʙʠʬʝʥʠʣʦʚ  

5.2.1 ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʜʝʩʪʨʫʢʮʠʷ 2,4Ӿ-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʢʨʠʥʠʥʛʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ PN2-S ʠ PN2-B, ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ 

2,4ᾳ-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ (2,4ᾳ-ʜʠʍɹ) ʥʘ 15,7ï78,6 %, ʯʪʦ ʚ ʮʝʣʦʤ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ 

ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʦʚ (ʊʘʙʣʠʮʳ 13, 16).  
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ʊʘʙʣʠʮʘ 16 ï ʇʦʢʘʟʘʪʝʣʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 2,4ᾳ-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʰʪʘʤʤʘʤʠ 
ʐʪʘʤʤ ɺʨʝʤʷ, ʯ ɼʝʩʪʨʫʢʮʠʷ, % ɻʆʌɼʂ, ʦ.ʝ. ʍɹʂ, ʤʛ/ʣ 

PNB1 18 0 0 0 

48 0 0 0 

PNB3 18 67,7Ñ0,3 0,188 0,11Ñ0,02 (4-ʍɹʂ) 

48 78,6Ñ0,2 0 0,09Ñ0,02 (4-ʍɹʂ) 

PNB4 18 34,8Ñ0,2 0 0 

48 69,4Ñ0,2 0 0 

PNB5  18 25,4Ñ0,1 0,183 0,36Ñ0,04 (4-ʍɹʂ) 

48 61,9Ñ0,2 0,219 0,05Ñ0,01 (4-ʍɹʂ) 

PNB6 18 5,2Ñ0,2 0 0,44Ñ0,02 (2-ʍɹʂ) 

48 46,5Ñ0,3 0,171 0 

PNB7 

18 5,7Ñ0,1 0 0,07Ñ0,03 (2-ʍɹʂ) 

0,11Ñ 0,02 (4-ʍɹʂ) 

48 15,7Ñ0,2 0 0,02Ñ0,01 (2-ʍɹʂ) 

0,21Ñ0,01 (4-ʍɹʂ) 

PNS1 18 33,2Ñ0,2 0,175 0,18Ñ0,01 (4-ʍɹʂ) 

48 43,0Ñ0,3 0,244 0,19Ñ0,02 (4-ʍɹʂ) 

PNS2 18 22,1Ñ0,2 0 0,18Ñ0,01 (4-ʍɹʂ) 

48 69,2Ñ0,1 0 0,07Ñ0,01 (4-ʍɹʂ) 

PNS3 18 20,7Ñ0,2 0 0 

48 47,7Ñ0,3 0,175 0,13Ñ0,01 (4-ʍɹʂ) 

PNS4  18 10,7Ñ0,1 0 0 

48 54,9Ñ0,4 0 0,34Ñ0,03 (4-ʍɹʂ) 

PNS5 

18 19,6Ñ0,4 0,161 0,13Ñ0,01 (2-ʍɹʂ) 

0,10Ñ0,04 (4-ʍɹʂ) 

48 71,5Ñ0,2 0,153 0,07Ñ0,01 (2-ʍɹʂ) 

0,08Ñ0,02 (4-ʍɹʂ) 

PNS6 18 5,1Ñ0,2 0,205 0,21Ñ0,02 (4-ʍɹʂ) 

48 36,5Ñ0,3 0,349 0,74Ñ0,01 (4-ʍɹʂ) 

ʉʅ628 

24 89,7 0,613 3,52Ñ0,04 (2-ʍɹʂ) 

7,05Ñ 0,03 (4-ʍɹʂ) 

48 99,2 0,612 6,59Ñ0,01 (2-ʍɹʂ) 

6,87Ñ0,02 (4-ʍɹʂ) 
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ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʢʪʠʚʥʳʭ 

ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʇʍɹ (Gioia et al., 2014; Ilori et al., 2008; Murinov§ and 

Dercov§, 2014; Murinov§ et al., 2014; Ponce et al., 2011). ʐʪʘʤʤ Brevibacterium sp. 

PNB1 ʥʝ ʧʨʦʷʚʠʣ ʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢ 2,4ᾳ-ʜʠʍɹ (ʊʘʙʣʠʮʘ 16). ʇʦ-

ʚʠʜʠʤʦʤʫ, ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʘ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ ʦʙʣʘʜʘʝʪ ʘʢʪʠʚʥʦʩʪʴʶ ʪʦʣʴʢʦ ʚ 

ʦʪʥʦʰʝʥʠʠ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʢʦʣʴʮʘ ʭʣʦʨʙʠʬʝʥʠʣʘ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʤʦʥʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ (58,6ï76,7 %) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʝʩʪʨʫʢʮʠʠ 

2,4ᾳ-ʜʠʍɹ, ʚ ʤʦʣʝʢʫʣʝ ʢʦʪʦʨʦʛʦ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʦʠʭ ʢʦʣʴʮʘʭ 

(ʊʘʙʣʠʮʳ 13, 16).  

ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 2,4ᾳ-ʜʠʍɹ ʰʪʘʤʤʦʤ R. opacus CH628 

ʧʦʢʘʟʘʣ, ʯʪʦ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ ʵʬʬʝʢʪʠʚʥʦ ʦʢʠʩʣʷʶʪ ʢʘʢ 

ʥʝʟʘʤʝʱʝʥʥʦʝ, ʪʘʢ ʠ ʤʦʥʦ-ʟʘʤʝʱʝʥʥʦʝ ʢʦʣʴʮʦ ʚ ʤʦʣʝʢʫʣʝ ʙʠʬʝʥʠʣʘ. ɼʘʥʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʜʝʩʪʨʫʢʮʠʠ (>99 %) ʢʘʢ 

ʤʦʥʦʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʪʘʢ ʠ ʜʠʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʥʛʝʥʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʧʦ ʦʜʥʦʤʫ ʟʘʤʝʩʪʠʪʝʣʶ ʚ ʢʘʞʜʦʤ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʮʠʢʣʝ (ʊʘʙʣʠʮʳ 13, 16). 

ɸʥʘʣʠʟ ʦʙʨʘʟʫʶʱʠʭʩʷ ʤʝʪʘʙʦʣʠʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ 

ʰʪʘʤʤʦʚ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʘ ʦʩʫʱʝʩʪʚʣʷʣʘ ʘʪʘʢʫ ʦʨʪʦ-ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ 

ʤʦʣʝʢʫʣʳ 2,4ᾳ-ʜʠʍɹ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 4-ʍɹʂ. ʇʨʠ ʵʪʦʤ ʫ ʰʪʘʤʤʘ Achromobacter sp. 

PNB5 ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 4-ʍɹʂ ʚ ʧʨʦʮʝʩʩʝ ʜʝʩʪʨʫʢʮʠʠ 2,4ᾳ-ʜʠʍɹ, 

ʢʘʢ ʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 4-ʍɹ. ʆʢʠʩʣʝʥʠʝ ʧʘʨʘ-ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ 

ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ ʦʩʫʱʝʩʪʚʣʷʣʘ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʘ ʰʪʘʤʤʘ Achromobacter sp. 

PNB6, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2-ʍɹʂ. ʇʨʠ ʵʪʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʙʨʘʟʫʶʱʝʡʩʷ 2-ʍɹʂ, ʯʝʛʦ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʩʣʫʯʘʝ ʜʝʩʪʨʫʢʮʠʠ 2-ʍɹ. ɹʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʦʚ Bosea sp. PNB7, Ochrobactrum sp. PNS5 ʠ R. opacus CH628 

ʧʨʦʷʚʣʷʶʪ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʦʙʦʠʤ ʢʦʣʴʮʘʤ ʚ ʤʦʣʝʢʫʣʝ 2,4ᾳ-ʜʠʍɹ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʩʨʝʜʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ 2-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʠ 

4-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪ. ʇʨʠ ʵʪʦʤ ʫ ʰʪʘʤʤʦʚ PNB7 ʠ PNS5 ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 2-ʍɹʂ ʚ ʧʨʦʮʝʩʩʝ ʜʝʩʪʨʫʢʮʠʠ 2,4ᾳ-ʜʠʍɹ, ʭʦʪʷ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ 2-ʍɹ ʧʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʦʪʤʝʯʝʥʦ ʪʦʣʴʢʦ ʜʣʷ ʰʪʘʤʤʘ Bosea sp. PNB7. 
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ʀʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʘ PNB4, 

ʨʘʟʣʘʛʘʶʱʝʛʦ 2,4ᾳ-ʜʠʍɹ ʥʘ 69,4 % ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ɻʆʌɼʂ ʠ 

ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʨʪʦ- ʠʣʠ ʧʘʨʘ-ʭʣʦʨʠʨʦʚʘʥʥʦʝ ʢʦʣʴʮʦ ʤʦʣʝʢʫʣʳ 2,4ᾳ-ʜʠʍɹ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʢʠʩʣʝʥʠʶ. 

5.2.2 ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʜʝʩʪʨʫʢʮʠʷ 3,4-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ 

ʆʩʦʙʝʥʥʦʩʪʠ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ 3,4-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ (3,4-ʜʠʍɹ), 

(ʟʘʤʝʩʪʠʪʝʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʦʤ ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ) ʠʟʫʯʝʥ r ʥʘ ʧʨʠʤʝʨʝ 

ʰʪʘʤʤʘ R. opacus CH628 (ɺʂʄ ɸʉ-3029). 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʰʪʘʤʤ ʉʅ628 ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ 

3,4-ʜʠʍɹ ʟʘ 7 ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʠ 30 ÁC. ʆʩʥʦʚʥʳʤ ʤʝʪʘʙʦʣʠʪʦʤ ʷʚʣʷʝʪʩʷ 

3,4-ʜʠʍɹʂ (ʈʠʩʫʥʦʢ 22). ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʙʩʪʨʘʪʘ 0,1 ʛ/ʣ. 

 

ʈʠʩʫʥʦʢ 22 ï ʈʘʟʣʦʞʝʥʠʝ 3,4-ʜʠʍɹ ʰʪʘʤʤʦʤ R. opacus CH628 ( ) ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ 3,4-ʍɹʂ () 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʨʤʦʬʠʣʴʥʳʡ ʰʪʘʤʤ Bacillus sp. JF8 ʨʘʟʣʘʛʘʣ 3,4-ʜʠʍɹ ʪʘʢʞʝ 

ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 3,4-ʜʠʍɹʂ (Shimura et al., 1999). ʇʦʤʠʤʦ ʭʣʦʨʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ, ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʘ ʉʅ628 ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ 

ɻʆʌɼʂ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 438 ʥʤ (ʆʇ=0,120ï0,264 ʦ.ʝ.), 
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ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʬʝʥʦʣʴʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ, 

ʧʨʠ ʵʪʦʤ ʦʜʠʥ ʠʟ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘʭʦʜʠʪʩʷ ʫ 9-ʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ (Fortin et al., 

2005). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ ʇʍɹ (ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ 

ʭʣʦʨʘ Ò3) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʵʨʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ 

ʜʠʦʢʩʠʛʝʥʘʟ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʝʭʦʣʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (Furukawa, Fujihara, 

2008). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʰʪʘʤʤʘ ʉʅ628 ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ʤʦʣʝʢʫʣʳ 3,4-ʜʠʍɹ ʜʣʷ ʘʪʘʢʠ ʷʚʣʷʝʪʩʷ ʩʪʝʨʠʯʝʩʢʠ ʩʚʦʙʦʜʥʳʡ, 

ʥʝʟʘʤʝʱʝʥʥʳʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʮʠʢʣ (ʈʠʩʫʥʦʢ 23).  

 

 

ʈʠʩʫʥʦʢ 23 ï ʉʭʝʤʘ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʫʪʠ 3,4-ʜʠʭʣʦʨʙʠʬʝʥʠʣʘ ʫ hʪʘʤʤʘ 

R. opacus CH628 (ɽʛʦʨʦʚʘ ʠ ʩʦʘʚʪ., 2021) 

ʆʢʠʩʣʝʥʠʝ 3,4-ʜʠʍɹ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʪʘʜʠʶ 

ʜʠʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 3,4-ʜʠʭʣʦʨ-2ǋ,3ǋ-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ. ɼʘʣʝʝ 

ʩʣʝʜʫʝʪ ʩʪʘʥʜʘʨʪʥʳʡ ʜʣʷ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʤʝʪʘ-ʨʘʩʧʘʜ ʥʝʭʣʦʨʠʨʦʚʘʥʥʦʛʦ 

ʮʠʢʣʘ, ʠ ʦʙʨʘʟʫʝʪʩʷ ʟʘʤʝʱʝʥʥʘʷ ʛʠʜʨʦʢʩʠʦʢʩʦʬʝʥʠʣʛʝʢʩʘʜʠʝʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(9,10-ʜʠCl-ɻʆʌɼʂ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ 



117 

 

9,10-ʜʠCl-ɻʆʌɼʂ ʦʙʨʘʟʫʶʪʩʷ ʧʝʥʪʘʜʠʝʥʦʚʘʷ ʠ 3,4-ʜʠʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʳ 

(ʈʠʩʫʥʦʢ 23) (Passatore et al., 2014). 

ɺʦʟʤʦʞʥʳʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ð ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ ʉʅ628 ʧʦ ʭʣʦʨʠʨʦʚʘʥʥʦʤʫ ʮʠʢʣʫ ð 

ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʚʳʛʦʜʥʳʤ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ 

ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʴʮʘ 3,4-ʜʠʍɹ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʘʥʘʣʦʛʠ ʜʠʭʣʦʨ-

ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʘ ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʩʝʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʦʜʥʦʤ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʘ ʧʨʠ ʤʝʪʘ-ʨʘʩʧʘʜʝ ʚʩʝ ʟʘʤʝʩʪʠʪʝʣʠ ʙʫʜʫʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʜʠʝʥʦʘʪʥʦʡ ʯʘʩʪʠ ɻʆʌɼʂ. ʇʦʩʣʝʜʫʶʱʝʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʝ 

ʨʘʩʱʝʧʣʝʥʠʝ ʪʘʢʦʡ ʤʦʣʝʢʫʣʳ ʧʨʠʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʭʣʦʨʧʝʥʪʘʜʠʝʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʝʥʟʦʡʥʘʷ 

ʢʠʩʣʦʪʘ ʥʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩʨʝʜʠ ʤʝʪʘʙʦʣʠʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

3,4-ʜʠʍɹ ʰʪʘʤʤʦʤ R. opacus CH628. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʢʦʧʣʝʥʠʝ ʚ ʩʨʝʜʝ 3,4-ʜʠʍɹʂ (ʈʠʩʫʥʦʢ 22), ʥʦ ʥʝ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʢʘʟʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʰʪʘʤʤ R. opacus ʉʅ628 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʢʠʩʣʝʥʠʝ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʢʦʣʴʮʘ 3,4-ʜʠʍɹ. 

5.2.3 ɹʠʦʜʝʩʪʨʫʢʮʠʷ ʩʤʝʩʠ ʤʦʥʦʭʣʦʨʤʦʥʦʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ 

ʉʤʝʩʴ ʈ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 3,4-ʜʠʍɹ, ʩʦʩʪʦʠʪ ʠʟ 

ʤʦʥʦʭʣʦʨʤʦʥʦʛʠʜʨʦʢʩʠʟʘʤʝʱʝʥʥʳʭ ʙʠʬʝʥʠʣʦʚ (4-ʛʠʜʨʦʢʩʠ-3-ʭʣʦʨʙʠʬʝʥʠʣʘ ʠ 

3-ʛʠʜʨʦʢʩʠ-4-ʭʣʦʨʙʠʬʝʥʠʣʘ), ʥʝʩʫʱʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʜʥʦʤ ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ 

(ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʚ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʝʪ 98,4 %) (ʨʘʟʜʝʣ 2.1.3).  

ɺʨʝʤʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʤʝʩʠ ʈ ʰʪʘʤʤʦʤ R. opacus CH628 ʧʨʠ ʫʩʣʦʚʠʷʭ, 

ʘʥʘʣʦʛʠʯʥʳʭ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 3,4-ʜʠʍɹ, ʫʚʝʣʠʯʠʚʘʣʦʩʴ (ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʤʝʩʠ ʈ 0,1 ʛ/ʣ) (ʈʠʩʫʥʦʢ 24). 

ʐʪʘʤʤ R. opacus CH628 ʦʩʫʱʝʩʪʚʣʷʣ 100 %-ʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʤʝʩʠ ʟʘ 

10 ʩʫʪʦʢ. ʉʥʠʞʝʥʠʝ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʦʢʩʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʶʪ ʥʘ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʣʝʪʢʠ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʳ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ (Bhalla et al., 2016), 

ʢʦʥʮʝʥʪʨʘʮʠʷ 4-ʛʠʜʨʦʢʩʠ-3-ʭʣʦʨʙʠʬʝʥʠʣʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʣʦʩʴ 50 %-ʥʦʝ 
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ʧʘʜʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʦʩʪʘʚʣʷʣʘ 1,15 ʤʛ/ʣ, ʘ ʜʣʷ 3-ʛʠʜʨʦʢʩʠ-

4-ʭʣʦʨʙʠʬʝʥʠʣʘ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 6,34 ʤʛ/ʣ, ʯʪʦ ʚ 7ï39 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʥʝʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʭʣʦʨʙʠʬʝʥʠʣʦʚ. ʋʨʦʚʝʥʴ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 100 ʤʛ/ʣ 4-ʛʠʜʨʦʢʩʠ-3-ʭʣʦʨʙʠʬʝʥʠʣʘ, ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʥʘ 

ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ, ʩʦʩʪʘʚʣʷʣ 33,1 Ñ 5,5 % 

(Mizukami-Murata et al., 2016). 

 

 

ʈʠʩʫʥʦʢ 24 ï ɼʝʩʪʨʫʢʮʠʷ ʩʤʝʩʠ ʈ ʰʪʘʤʤʦʤ R. opacus CH628 ( ) ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʭʣʦʨʛʠʜʨʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ () 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ ʈ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʰʪʘʤʤʘ R. opacus CH628 ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 3,4-ʜʠʍɹ 

ʩʥʠʟʠʣʘʩʴ ʚ 1,2ï1,4 ʨʘʟʘ (ʊʘʙʣʠʮʘ 16). ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʩʤʝʩʠ ʈ 

ʩʦʩʪʘʚʣʷʶʪ ʛʠʜʨʦʢʩʠʭʣʦʨʙʠʬʝʥʠʣʳ, ʪʦ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

3,4-ʜʠʍɹ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʦʢʩʠʯʥʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ. 
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ʊʘʙʣʠʮʘ 16 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʣʦʞʝʥʠʷ 3,4-ʜʠʍɹ ʠ ʩʤʝʩʠ ʈ 

ʰʪʘʤʤʦʤ R. opacus CH628 

ʉʫʙʩʪʨʘʪ ɼʝʩʪʨʫʢʮʠʷ, 

% 

ʋʜʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ, 

ʩʫʪï1 

ʋʨʘʚʥʝʥʠʝ ʜʝʩʪʨʫʢʮʠʠ R2 

3,4-ʜʠʍɹ 100 0,765 y = 2,0062x2 ï 28,101x + 85,845 0,908 

ʩʤʝʩʴ P 100 0,691 y = 0,833x2 ï 18,107x + 99,023 0,996 

ʄʝʪʦʜʦʤ ɺʕɾʍ ʧʨʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ ʈ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʰʪʘʤʤʘ 

R. opacus CH628 ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 3-ʍɹʂ, 4-ʍɹʂ ʠ ʤʦʥʦʛʠʜʨʦʢʩʠ-

ʤʦʥʦʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ, ʥʦ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 

(ʈʠʩʫʥʦʢ 24). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʤʝʪʘʙʦʣʠʪʦʤ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 4-ʛʠʜʨʦʢʩʠ-

3-ʭʣʦʨʙʠʬʝʥʠʣʘ ʰʪʘʤʤʦʤ Sphingomonas sp. N-9 ʷʚʣʷʝʪʩʷ 4-ʛʠʜʨʦʢʩʠ-

3-ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (Mizukami-Murata et al., 2016). ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʠ ʈ ʦʪʤʝʯʘʣʦʩʴ ʧʨʠʩʫʪʩʪʚʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ɻʆʌɼʂ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 436 ʠ 418 ʥʤ 

(ʆʇ436 = 0,112ï0,134 ʦ.ʝ., ʆʇ418 = 0,254ï0,351 ʦ.ʝ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ɚʤʘʢʩ = 436 ʥʤ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 9Cl-ɻʆʌɼʂ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʩʱʝʧʣʝʥʠʠ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʮʠʢʣʘ ʤʦʣʝʢʫʣʳ 3-ʍɹ (Fortin et al., 

2005). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʰʪʘʤʤ R. opacus CH628 

ʦʩʫʱʝʩʪʚʣʷʣ ʦʢʠʩʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʈ (ʪ.ʝ. ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠ 

ʤʦʥʦʛʠʜʨʦʢʩʠ-ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣʦʚ) ʘʥʘʣʦʛʠʯʥʦ 3,4-ʜʠʍɹ ʧʦ ʥʝʟʘʤʝʱʝʥʥʦʤʫ 

ʮʠʢʣʫ ʤʦʣʝʢʫʣʳ (ʈʠʩʫʥʦʢ 23). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʰʪʘʤʤʳ ʧʨʦʷʚʣʷʶʪ 

ʜʝʩʪʨʫʢʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʤ ʠ ʤʦʥʦʛʠʜʨʦʢʩʠ-

ʤʦʥʦʭʣʦʨʠʨʦʚʘʥʥʳʤ ʙʠʬʝʥʠʣʘʤ, ʥʝʩʫʱʠʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʢʘʢ ʚ ʦʜʥʦʤ ʢʦʣʴʮʝ 

ʤʦʣʝʢʫʣʳ, ʪʘʢ ʠ ʚ ʦʙʦʠʭ ʢʦʣʴʮʘʭ ʙʠʬʝʥʠʣʴʥʦʛʦ ʢʘʨʢʘʩʘ. ʇʝʨʚʠʯʥʘʷ ʦʢʩʠʛʝʥʘʟʥʘʷ 

ʘʪʘʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʦ ʜʚʫʤ ʚʠʮʠʥʘʣʴʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ 
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ʚ ʥʝʟʘʤʝʱʝʥʥʦʤ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʮʠʢʣʝ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʥʝʟʘʤʝʱʝʥʥʳʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʮʠʢʣ ʦʪʩʫʪʩʪʚʫʝʪ, ʦʢʠʩʣʝʥʠʝ ʜʠʭʣʦʨʠʨʦʚʘʥʥʦʛʦ 

ʙʠʬʝʥʠʣʘ ʙʳʣʦ ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Brevibacterium sp. 

PNB1. 

5.3. ʈʘʟʣʦʞʝʥʠʝ ʪʨʠ-ʟʘʤʝʱʸʥʥʳʭ ʙʠʬʝʥʠʣʦʚ hʪʘʤʤʦʤ 

Rhodococcus opacus CH628 

ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ, ʥʝʩʫʱʝʛʦ ʪʨʠ ʟʘʤʝʩʪʠʪʝʣʷ 

ʚ ʤʦʣʝʢʫʣʝ (ʭʣʦʨ- ʠ/ʠʣʠ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʳ) ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 2,4,5-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ (2,4,5-ʪʨʠʍɹ) ʠ 

2,4,6-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ (2,4,6-ʪʨʠʍɹ), ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʤʝʩʝʡ 

ʤʦʥʦʛʠʜʨʦʢʩʠ-ʜʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʄ1 ʠ ʄ2 (ʩʦʩʪʘʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʟʜʝʣʝ 2.1.3). 

ʀʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʨʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, ʩʤʝʩʝʡ ʄ1 ʠ ʄ2 

ʩʦʩʪʘʚʣʷʣʘ 0,1 ʛ/ʣ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ R. opacus CH628 ʧʨʦʷʚʣʷʝʪ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ ʢ 2,4,5-ʪʨʠʍɹ ʠ 2,4,6-ʪʨʠʍɹ, ʪʘʢ ʠ ʢ ʩʤʝʩʷʤ ʄ1 ʠ ʄ2 (ʈʠʩʫʥʦʢ 25). 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʥʛʝʥʝʨʦʚ ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʰʪʘʤʤ ʉʅ628 ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 2,4,6-ʪʨʠʍɹ ʟʘ 14 ʜʥʝʡ. ɼʣʷ 

2,4,5-ʪʨʠʍɹ ʧʝʨʠʦʜ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʩʦʩʪʘʚʠʣ 10 ʜʥʝʡ.  

ʅʠʟʢʦʭʣʦʨʠʨʦʚʘʥʥʳʝ ʢʦʥʛʝʥʝʨʳ ʇʍɹ (ʯʠʩʣʦ ʘʪʦʤʦʚ ʭʣʦʨʘ Ò 3) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʵʨʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ ʦʢʩʠʛʝʥʘʟ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʝʭʦʣʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (Furukawa, Fujiihara, 2008). ɼʣʷ 

ʢʦʥʛʝʥʝʨʦʚ 2,4,5-ʪʨʠʍɹ ʠ 2,4,6-ʪʨʠʍɹ ʥʘʠʣʫʯʰʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʜʣʷ 

ʘʪʘʢʠ ʰʪʘʤʤʘ ʉʅ628 ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʱʝʥʥʦʝ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ (ʈʠʩʫʥʦʢ 26). 

ʆʢʠʩʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʩʪʘʜʠʶ ʜʠʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʨʦʤʘʪʠʟʘʮʠʠ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʜʚʫʭ ʧʨʦʪʦʥʦʚ (2ʅ+), ʦʙʨʘʟʫʷ ʜʠʦʣʳ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʥʜʘʨʪʥʦʝ ʜʣʷ ʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʡ ʤʝʪʘ-ʨʘʩʱʝʧʣʝʥʠʝ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʢʦʣʴʮʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʤʝʱʝʥʥʳʭ 

ʛʝʢʩʘʜʠʝʥʦʚʳʭ ʢʠʩʣʦʪ (ɻʆʌɼʂ). 
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ʈʠʩʫʥʦʢ 25 ï ɼʝʛʨʘʜʘʮʠʷ ʪʨʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʠ ʩʤʝʩʝʡ ʤʦʥʦʛʠʜʨʦʢʩʠ-

ʜʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʰʪʘʤʤʦʤ R. opacus CH628 

 

ʈʠʩʫʥʦʢ 26 ï ʄʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʙʠʦʜʝʛʨʘʜʘʮʠʠ 

ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʰʪʘʤʤʦʤ R. opacus CH628 (Gorbunova et al., 2021) 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʱʝʧʣʝʥʠʝ ɻʆʌɼʂ-ʢʠʩʣʦʪ ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʘ 

ʛʠʜʨʦʣʘʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʥʪʘʜʠʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʪʨʠʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (Passatore et al., 2014) (ʈʠʩʫʥʦʢ 26).  

ʄʝʪʦʜʦʤ ɺʕɾʍ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʘʙʦʣʠʪʳ 2,4,5-ʪʨʠʍɹ ʠ 2,4,6-

ʪʨʠʍɹ: 2,4,5-ʪʨʠʭʣʦʨʙʝʥʟʦʡʥʘʷ (2,4,5-ʍɹʂ) ʠ 2,4,6-ʪʨʠʭʣʦʨʙʝʥʟʦʡʥʘʷ (2,4,6-ʍɹʂ) 
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ʢʠʩʣʦʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 27). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʰʪʘʤʤ ʉʅ628 ʦʩʫʱʝʩʪʚʣʷʝʪ ʙʠʦʜʝʛʨʘʜʘʮʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʛʝʥʝʨʦʚ 

ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʫʪʠ ʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʇʍɹ (ʈʠʩʫʥʢʠ 26, 

27). 

 

ʈʠʩʫʥʦʢ 27 ï ʆʩʥʦʚʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ 2,4,5-ʪʨʠʍɹ ʠ 2,4,6-ʪʨʠʍɹ h ʪʘʤʤʦʤ 

R. opacus ʉʅ628: 2,4,5-ʍɹʂ () ʠ 2,4,6-ʍɹʂ ()  

ʈʘʟʣʠʯʠʝ ʚʦ ʚʨʝʤʝʥʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ 2,4,5-ʪʨʠʍɹ ʠ 2,4,6-ʪʨʠʍɹ ʚʝʨʦʷʪʥʦ 

ʩʚʷʟʘʥʦ ʩ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʘʢ ʠʩʭʦʜʥʳʭ ʢʦʥʛʝʥʝʨʦʚ, ʪʘʢ ʠ ʠʭ ʤʝʪʘʙʦʣʠʪʦʚ. 

ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʦʢʠʩʣʝʥʠʷ ʥʝʟʘʤʝʱʸʥʥʦʛʦ ʢʦʣʴʮʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʛʝʥʝʨʦʚ 

ʩʢʦʨʝʝ ʚʩʝʛʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ. ʈʘʟʣʠʯʠʷ ʚʝʨʦʷʪʥʦ ʚʦʟʥʠʢʘʶʪ 

ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʘʤʠ ʘʨʦʤʘʪʠʟʘʮʠʠ, 

ʤʝʪʘ-ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʨʘʩʱʝʧʣʝʥʠʷ ɻʆʌɼʂ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʨʝʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ 2,4,6-ʪʨʠʍɹ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2,4,5-ʪʨʠʍɹ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʤʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ: ʧʨʠ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ 2,4,6-ʪʨʠʍɹ ʰʪʘʤʤʦʤ ʉʅ628 ʚʨʝʤʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ɻʆʌɼʂ ʚ 
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ʩʨʝʜʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 392 ʥʤ, Oʇ = 0,217ï0,477. ʅʘʢʦʧʣʝʥʠʝ 

ɻʆʌɼʂ ʚ ʩʨʝʜʝ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 2,4,5-ʪʨʠʍɹ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʩʤʝʩʝʡ ʄ1 ʠ ʄ2 ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʦʙʝʠʭ ʩʤʝʩʝʡ ʰʪʘʤʤʦʤ ʉʅ628 ʧʨʦʠʩʭʦʜʠʪ ʟʘ 14 ʩʫʪʦʢ (ʈʠʩʫʥʦʢ 25). 

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʦʷʚʣʝʥʠʝ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʳ ʚʤʝʩʪʦ ʘʪʦʤʘ ʭʣʦʨʘ ʧʨʠʚʝʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʤʦʣʝʢʫʣ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 2,4,5-ʪʨʠʍɹ ʜʣʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʰʪʘʤʤʘ ʉʅ628, ʣʠʙʦ ʢ ʧʨʦʷʚʣʝʥʠʶ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

(Sondossi et al., 1991; Camara et al., 2004; Yamada et al., 2006; Tehrani et al., 2014; 

Tehrani, Van Aken, 2014; Bhalla et al., 2016). ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʤʝʩʠ ʄ2, ʪʘʢʦʡ ʚʳʚʦʜ ʥʝ 

ʷʚʣʷʝʪʩʷ ʨʝʣʝʚʘʥʪʥʳʤ, ʧʦʩʢʦʣʴʢʫ 2,4,6-ʪʨʠʍɹ ʠ ʝʛʦ ʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ ʙʠʦʜʝʛʨʘʜʘʮʠʠ (14 ʜʥʝʡ). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ Bhalla et al. (2016), ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʷʭ {2-ʆʅ + 5-ʉl}, {4-OH 

+ 5-Cl} ʠ {3-OH + 4-Cl} ʚ ʤʦʣʝʢʫʣʝ ʙʠʬʝʥʠʣʘ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʫʶ ʪʦʢʩʠʯʥʦʩʪʴ, ʯʝʤ 

ʧʨʠʩʫʪʩʪʚʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʷʭ {2-OH + 4-Cl} ʠ {4-OH + 2-Cl},  

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʜʨʫʛʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ɼʣʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ɽʉ50 ʚʘʨʴʠʨʫʝʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ 0,34ï6,34 ʤʛ/ʣ; ʜʣʷ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ɽʉ50 ʩʦʩʪʘʚʣʷʝʪ 0,07ï0,09 ʤʛ/ʣ. 

ɺʝʨʦʷʪʥʦ, ʧʦʷʚʣʝʥʠʝ HO-ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʠʣʠ ʧʦʣʦʞʝʥʠʠ 4 ʚ ʤʦʣʝʢʫʣʝ 

2,4,6-ʪʨʠʍɹ ʧʨʠ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʠ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ ʪʦʢʩʠʯʥʦʩʪʠ 

ʤʦʣʝʢʫʣʳ ʜʣʷ ʰʪʘʤʤʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʚʨʝʤʷ ʜʝʛʨʘʜʘʮʠʠ ʩʤʝʩʠ ʄ2 ʦʩʪʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʚʨʝʤʝʥʠ ʜʝʛʨʘʜʘʮʠʠ 2,4,6-ʪʨʠʍɹ. 

ʄʝʪʘʙʦʣʠʪʳ ʩʤʝʩʝʡ ʄ1 ʠ ʄ2 ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʦʪ 

ʤʝʪʘʙʦʣʠʪʦʚ 2,4,5-ʪʨʠʍɹ ʠ 2,4,6-ʪʨʠʍɹ (ʈʠʩʫʥʦʢ 28). ɸʥʘʣʠʟ ɺʕɾʍ ʩʤʝʩʝʡ ʄ1 ʠ 

ʄ2 ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 232 ʥʤ ʚ ʋʌ-ʜʠʘʧʘʟʦʥʝ ʥʝ ʧʦʢʘʟʘʣ ʧʠʢʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʧʦʣʠʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʦʙʝʠʭ ʩʤʝʩʝʡ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 205 ʥʤ 

ʚʳʷʚʠʣ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʫʤ ʚʝʱʝʩʪʚʘʤ ʩ ʚʨʝʤʝʥʘʤʠ ʫʜʝʨʞʠʚʘʥʠʷ 12,6 ʠ 

14,1 ʤʠʥ. ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʛʠʜʨʦʢʩʠʧʦʣʠʭʣʦʨʙʝʥʟʦʡʥʳʤ ʢʠʩʣʦʪʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʰʪʘʤʤʘ ʉʅ628 ʤʝʪʘʙʦʣʠʪʳ ʜʣʷ ʦʙʝʠʭ ʩʤʝʩʝʡ ʄ1 ʠ 

ʄ2 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʠʜʨʦʢʩʠ-ʜʠʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 
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ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʭʦʞʠʡ ʧʫʪʴ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʝʡ ʄ1 ʠ ʄ2 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʢʦʥʛʝʥʝʨʘʤʠ 2,4,5-ʪʨʠʍɹ ʠ 2,4,6-ʪʨʠʍɹ. 

 

ʈʠʩʫʥʦʢ 28 ï ʂʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʢʩʠ-ʜʠʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʩʤʝʩʠ ʄ1 () ʠ ʄ2 () ʰʪʘʤʤʦʤ R. opacus ʉʅ628 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʪʘʤʤ R. opacus CH628 ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʝʪ 

ʪʨʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ, ʠ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʦʥʦʛʠʜʨʦʢʩʠ-

ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ çʚʝʨʭʥʝʤʫè ʙʠʬʝʥʠʣʴʥʦʤʫ ʧʫʪʠ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʜʠʦʢʩʠʛʝʥʘʟʥʦʡ ʘʪʘʢʦʡ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʢʦʣʴʮʘ ʙʠʬʝʥʠʣʴʥʦʛʦ ʢʘʨʢʘʩʘ ʤʦʣʝʢʫʣʳ. 

5.4 ʈʘʟʣʦʞʝʥʠʝ ʪʝʪʨʘ-ʟʘʤʝʱʸʥʥʦʛʦ ʙʠʬʝʥʠʣʘ ʠ ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ 

ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʤʝʩʠ ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʦ ʚʳʩʦʢʦʡ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʘ 

R. opacus CH628 ʢ ʤʦʥʦ, ʜʠ- ʠ ʪʨʠ-ʟʘʤʝʱʝʥʥʳʤ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʙʠʬʝʥʠʣʘʤ, ʙʳʣʘ 

ʠʟʫʯʝʥʘ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 2,5,3ᾳ,4ᾳ-ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣʫ 

(2,5,3ᾳ,4ᾳ-ʪʝʪʨʘʍɹ) ʠ ʩʤʝʩʠ ʛʠʜʨʦʢʩʠ- ʠ ʜʠʛʠʜʨʦʢʩʠ(ʜʠ-ʪʨʠ)ʭʣʦʨʙʠʬʝʥʠʣʦʚ 
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(ʩʤʝʩʴ ʊ) (ʩʦʩʪʘʚ ʩʤʝʩʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʟʜʝʣʝ 2.1.3), ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʜʘʥʥʦʛʦ ʢʦʥʛʝʥʝʨʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ R. opacus CH628 ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʟʣʦʞʝʥʠʝ 

2,5,3ᾳ,4ᾳ-ʪʝʪʨʘʍɹ ʟʘ 10 ʜʥʝʡ, ʪʦʛʜʘ ʢʘʢ ʨʘʟʨʫʰʝʥʠʝ ʩʤʝʩʠ ʊ ʟʘʥʠʤʘʝʪ 14 ʜʥʝʡ 

(ʈʠʩʫʥʦʢ 29). ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʞʜʦʛʦ ʩʫʙʩʪʨʘʪʘ ʩʦʩʪʘʚʣʷʣʘ 0,25 ʛ/ʣ. 

 

ʈʠʩʫʥʦʢ 29 ï ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,5,3ᾳ,4ᾳ-ʪʝʪʨʘʍɹ ( ) ʠ ʩʤʝʩʠ ʊ 

( ) ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʰʪʘʤʤʦʤ R. opacus CH628  

ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 2,5,3ᾳ,4ᾳ-ʪʝʪʨʘʍɹ ʥʘ 1 ʛ 

ʢʣʝʪʦʢ ʰʪʘʤʤʘ CH628 ʩʦʩʪʘʚʠʣʘ 90 ʤʛ ʇʍɹ/ʜʝʥʴ, ʘ ʜʣʷ ʩʤʝʩʠ 

ʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ 2,5,3ᾳ,4ᾳ-ʪʝʪʨʘʍɹ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʨʘʚʝʥ 56 ʤʛ ʇʍɹ/ʜʝʥʴ. 

ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ CH628 ʨʘʟʣʘʛʘʝʪ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ 

ʩʤʝʩʴ ʊ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʜʝʛʨʘʜʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʚʳʝ 3 

ʜʥʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʊ ʩʦʩʪʘʚʠʣʘ: 

ʜʣʷ ʛʠʜʨʦʢʩʠ-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ï 0,303 ʜʝʥʴ-1, ʜʣʷ ʛʠʜʨʦʢʩʠ-ʜʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ï 

0,309 ʜʝʥʴ-1 ʠ ʜʣʷ ʜʠʛʠʜʨʦʢʩʠ-ʜʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ï 0,725 ʜʝʥʴ-1. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʢʦʧʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʜʫʢʪʘʤʠ ʘʵʨʦʙʥʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 
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2,5,3ᾳ,4ᾳ-ʪʝʪʨʘʍɹ ʠ ʩʤʝʩʠ ʊ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʤʝʪʘʙʦʣʠʪʦʚ, ʥʝ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʢʘʢʦʤʫ ʢʦʣʴʮʫ ʤʦʣʝʢʫʣʳ 

2,5,3ᾳ,4ᾳ-ʪʝʪʨʘʍɹ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʚʠʯʥʦʝ ʦʢʠʩʣʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʰʪʘʤʤʘ 

R. opacus CH628 ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ 2,5,3ᾳ,4ᾳ ʪʝʪʨʘʍɹ (1) 

ʠ ʩʤʝʩʴʶ ʊ (2) ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ: 

A = 0,0009x2 ï 0,0145x + 0,5553,R2 = 0,977 (1) 

A = 0,0011x2 ï 0,0187x + 0,5526,R2 = 0,984 (2) 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ 

R. opacus  CH628 ʥʘ ʩʤʝʩʠ ʊ ʧʣʦʪʥʦʩʪʴ ʧʣʘʥʢʪʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ 2,5,3ᾳ,4ᾳ-ʪʝʪʨʘʍɹ. ʕʪʦʪ ʬʘʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ 

ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʜʣʷ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ (Tehrani, Van Aken, 2014; 

Passatore et al., 2014). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʪʘʤʤ R. opacus CH628 ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʜʝʛʨʘʜʘʪʠʚʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʢ ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʫ ʠ ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʤ ʭʣʦʨʙʠʬʝʥʠʣʘʤ. 

5.5 ʈʘʟʣʦʞʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ ʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʤʝʩʝʡ 

ʛʠʜʨʦʢʩʠ-ʭʣʦʨʙʠʬʝʥʠʣʦʚ 

5.5.1 ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣʘ ʠ ʉʦʚʦʣʘ. 

ɺ ʊʘʙʣʠʮʝ 17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʙʠʦʨʘʟʣʦʞʝʥʠʶ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʩʤʝʩʝʡ ʇʍɹ ʪʦʨʛʦʚʳʭ ʤʘʨʦʢ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ ʠ ʉʦʚʦʣ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʰʪʘʤʤʦʤ 

R. opacus CH628. ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʞʜʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʠʣʘ 0,6 ʛ/ʣ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʰʪʘʤʤ ʉʅ628 ʫʩʧʝʰʥʦ 

ʙʠʦʫʪʠʣʠʟʠʨʫʝʪ ʩʤʝʩʴ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ ʟʘ 10 ʩʫʪʦʢ. ʊʦʛʜʘ ʢʘʢ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʩʤʝʩʠ ʉʦʚʦʣ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ɺʝʨʦʷʪʥʦ, ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʩʤʝʩʝʡ ʇʍɹ ʠʛʨʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʠʭ ʩʦʩʪʘʚʝ ʥʠʟʢʦ-, ʩʨʝʜʥʝ- ʠ 
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ʚʳʩʦʢʦ-ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ ʢʦʥʛʝʥʝʨʦʚ ʭʣʦʨʙʠʬʝʥʠʣʦʚ. ʇʨʝʦʙʣʘʜʘʶʱʝʡ 

ʛʨʫʧʧʦʡ ʢʦʥʛʝʥʝʨʦʚ ʚ ʩʦʩʪʘʚʝ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣʘ ʷʚʣʷʶʪʩʷ ʪʨʠ- ʠ ʪʝʪʨʘ-

ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʦʩʪʘʚʝ ʉʦʚʦʣʘ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʧʝʥʪʘ- ʠ ʛʝʢʩʘ-ʭʣʦʨʙʠʬʝʥʠʣʳ (Kirichenko et al., 2000, ʇʝʨʚʦʚʘ ʠ ʩʦʘʚʪ., 2015). 

 

ʊʘʙʣʠʮʘ 17 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ ʇʍɹ 

ʰʪʘʤʤʦʤ R. opacus CH628 

ɺʨʝʤʷ, ʩʫʪ ʂʦʣʠʯʝʩʪʚʦ ʩʤʝʩʠ ʇʍɹ ʧʦʩʣʝ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ, % 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ ʉʦʚʦʣ 

0 100 100 

1 74,9 89,6 

3 70,2 88,5 

7 34,9 39,2 

10 0 13,8 

14 0 2,2 

ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ (ʩʫʪ-1) 
0,921 0,273 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 30 ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʩʝ ʛʨʫʧʧʳ 

ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʩʤʝʩʠ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ (ʦʪ ʜʠ- ʜʦ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʦʚ) 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʰʪʘʤʤʘ R. opacus CH628. 

ɼʣʷ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʩʤʝʩʠ ʉʦʚʦʣ ʧʨʦʮʝʩʩ ʙʠʦʫʪʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ. ʇʦʣʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʠ ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ 10 ʩʫʪʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʜʥʘʢʦ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʪʨʠ- ʠ 

ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣʦʚ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʉʦʚʦʣ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 1 % (Kirichenko et 

al., 2000), ʧʨʦʮʝʩʩ ʠʭ ʜʝʛʨʘʜʘʮʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʫʪʠʣʠʟʘʮʠʠ ʚʩʝʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ. 
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ʈʠʩʫʥʦʢ 30 ï ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʥʛʝʥʝʨʥʳʭ ʛʨʫʧʧ ʇʍɹ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣʘ (ɸ) ʠ ʉʦʚʦʣʘ (ɹ) ʚ ʧʨʦʮʝʩʩʝ ʜʝʩʪʨʫʢʮʠʠ ʰʪʘʤʤʦʤ R. opacus 

ʉʅ628: ʜʠʭʣʦʨʙʠʬʝʥʠʣʳ ( ), ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʳ ( ), ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣʳ ( ), 

ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʳ ( ), ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣʳ ( ), ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣʳ ( ) 

ɼʝʩʪʨʫʢʮʠʶ ʪʝʪʨʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʚ ʩʦʩʪʘʚʝ ʉʦʚʦʣʘ ʰʪʘʤʤ ʉʅ628 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʟʘ 14 ʩʫʪʦʢ ʥʘ 99 %. ʇʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʜʝʩʪʨʫʢʮʠʠ 

2,5,3ᾳ,4ᾳ-ʪʝʪʨʘʍɹ ʧʦʟʚʦʣʷʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʦʜʝʛʨʘʜʘʮʠʠ 
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ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʢʦʥʛʝʥʝʨʦʚ ʰʪʘʤʤʦʤ ʉʅ628. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʠʩʫʪʩʪʚʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʪʝʪʨʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʰʪʘʤʤʘ R. opacus CH628. ʆʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʝʥʪʘ- ʠ ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣʦʚ ʢ 

14 ʩʫʪʢʘʤ ʩʦʩʪʘʚʠʣʦ 2ï4 % ʦʪ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣʳ ʩʦʩʪʘʚʣʷʶʪ 50 % ʩʦʩʪʘʚʘ ʢʦʥʛʝʥʝʨʦʚ ʩʤʝʩʠ ʉʦʚʦʣ, ʘ ʥʘ ʜʦʣʶ 

ʛʝʢʩʘʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʧʨʠʭʦʜʠʪʩʷ 20 % ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʝʝ ʭʣʦʨʠʨʦʚʘʥʳ ʢʦʥʛʝʥʝʨʳ, ʪʝʤ ʥʠʞʝ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ (Liu et al., 2012). ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʉʦʚʦʣʘ ʰʪʘʤʤʦʤ 

ʉʅ628 ʙʳʣʘ ʚ 3,4 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣʘ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʟʘ 10 ʩʫʪʦʢ ʩʦʩʪʘʚʠʣʘ ʜʣʷ 

ʊʨʠʭʣʦʨʙʠʬʝʥʠʣʘ 100 %, ʘ ʜʣʷ ʉʦʚʦʣʘ ï 86,3 % (ʊʘʙʣʠʮʘ 17). ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ, ʦʯʝʚʠʜʥʦ, ʦʙʫʩʣʦʚʣʝʥʘ ʢʦʥʛʝʥʝʨʥʳʤ ʩʦʩʪʘʚʦʤ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ 

ʇʍɹ. 

5.5.2 ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʩʤʝʩʠ ʄ3, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ 

ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 31, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʰʪʘʤʤ R. opacus 

CH628 ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʝʪ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ ʄ3 (0,1 ʛ/ʣ) (ʩʦʩʪʘʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʟʜʝʣʝ 2.1.3) ʟʘ 14 ʜʥʝʡ. ɺ ʩʚʷʟʠ ʩ ʩʦʵʣʶʠʨʦʚʘʥʠʝʤ ʤʥʦʛʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʢʦʨʦʩʪʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʛʠʜʨʦʢʩʠ-ʇʍɹ ʠ ʢʦʥʛʝʥʝʨʦʚ 

ʇʍɹ ʠʟ ʩʤʝʩʠ ʄ3 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʰʪʘʤʤʘ. 

ʇʦʷʚʣʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʢʦʥʛʝʥʝʨʦʚ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʳ, ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ 

ʜʝʩʪʨʫʢʮʠʠ ʜʘʥʥʦʡ ʩʤʝʩʠ ʰʪʘʤʤʦʤ R. opacus CH628, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʫʙʩʪʨʘʪʦʤ ʜʝʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ. 

ɺʕɾʍ-ʘʥʘʣʠʟ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʩʤʝʩʠ ʄ3 ʷʚʣʷʶʪʩʷ ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʠ ʛʠʜʨʦʢʩʠ-ʭʣʦʨʙʝʥʟʦʡʥʳʝ 

ʢʠʩʣʦʪʳ (ʈʠʩʫʥʦʢ 31). 
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ʈʠʩʫʥʦʢ 31 ï ɼʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ ʄ3 ( ) ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʩʥʦʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ (ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ (), ʛʠʜʨʦʢʩʠ-ʭʣʦʨʙʝʥʟʦʡʥʳʝ 

ʢʠʩʣʦʪʳ ()) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʘ R. opacus ʉʅ628 

ʍʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʝʝ 2 ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʤʦʣʝʢʫʣʝ, 

ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 232 ʥʤ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʛʠʜʨʦʢʩʠ-

ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ ï ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 205 ʥʤ. ɹʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʰʝʩʪʴ 

ʧʠʢʦʚ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʠ ʚʦʩʝʤʴ ʧʠʢʦʚ ʛʠʜʨʦʢʩʠ-ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʚ ʩʨʝʜʝ ʥʘʢʘʧʣʠʚʘʣʦʩʴ 

ʙʦʣʴʰʝ, ʯʝʤ ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʰʪʘʤʤ ʉʅ628 ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʝʪ ʢʘʢ ʇʍɹ, ʪʘʢ ʠ ʛʠʜʨʦʢʩʠ-

ʧʨʦʠʟʚʦʜʥʳʝ ʇʍɹ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʜʦʣʷ ʛʠʜʨʦʢʩʠ-ʇʍɹ ʚ ʩʤʝʩʠ ʄ3 ʙʦʣʴʰʝ, ʯʝʤ 

ʜʦʣʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʇʍɹ, ʚʢʣʘʜ ʛʠʜʨʦʢʩʠ-ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʢʘʢ 

ʤʝʪʘʙʦʣʠʪʦʚ ʪʘʢʞʝ ʜʦʣʞʝʥ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʢʩʠ-ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʦʙʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʰʪʘʤʤ 

ʉʅ628 ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʜʝʩʪʨʫʢʪʦʨʦʤ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʭʣʦʨʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ. 
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ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʩʤʝʩʠ ʄ3 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʩʨʝʜʫ - ʜʦ 2,2 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ. 

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (Tehrani et al., 2012; Mizukami-Murata et al., 2016; Plotnikova et 

al., 2012), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʰʪʘʤʤ R. opacus CH628 ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʝʪ 

ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ ʄ3, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʱʠʝʩʷ ʭʣʦʨ- ʠ 

ʛʠʜʨʦʢʩʠʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ ʥʝ ʷʚʣʷʶʪʩʷ ʢʦʥʝʯʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ, ʘ 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ. 

5.5.3 ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʩʤʝʩʝʡ G1, G2 ʠ G3, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ 

ʉʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʘ R. opacus CH628 ʨʘʟʣʘʛʘʪʴ ʩʤʝʩʠ G1, G2 ʠ G3, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʦʩʪʘʚʝ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʇʍɹ (0,1 ʛ/ʣ) (ʩʦʩʪʘʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʟʜʝʣʝ 2.1.3), ʠʟʫʯʘʣʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʘ ʚ ʤʠʥʝʨʘʣʴʥʦʡ 

ʩʨʝʜʝ ʂ1 ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʤʝʩʴʶ G ʙʝʟ ʚʥʝʩʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʫʛʣʝʨʦʜʘ (ʈʠʩʫʥʦʢ 32). 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʫʙʳʣʴ ʩʤʝʩʝʡ G ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʪʝʢʘʣʘ ʚ ʧʝʨʚʳʝ 

ʪʨʦʝ ʩʫʪʦʢ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʤʝʩʝʡ ʟʘ 14 ʩʫʪʦʢ ʩʦʩʪʘʚʠʣʘ: 

ʩʤʝʩʴ G1 ï 100 %; ʩʤʝʩʴ G2 ï 98,6 %; ʩʤʝʩʴ G3 ï 95,5 %. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʤʝʩʝʡ 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʢʩʠ-

ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ. ʐʪʘʤʤ ʉʅ628 ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʣ ʩʤʝʩʠ ʩ 

ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ. 
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ʈʠʩʫʥʦʢ 32 ï ɼʠʥʘʤʠʢʘ ʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʝʡ G1, G2 ʠ G3 ( ) ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ                

ʰʪʘʤʤʘ R. opacus CH628 ( ) 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʝʡ G1, G2 ʠ G3 

ʷʚʣʷʶʪʩʷ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʠ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ (ʊʘʙʣʠʮʘ 18). 
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ʊʘʙʣʠʮʘ 18 ï ʄʝʪʘʙʦʣʠʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʝʩʝʡ G1, G2 ʠ G3 

ʰʪʘʤʤʦʤ R. opacus CH628 

ʉʤʝʩʴ ɺʨʝʤʷ, 

ʩʫʪ 

ʍɹʂ, ʤʛ/ʣ ɻʠʜʨʦʢʩʠ-

ɹʂ, ʤʛ/ʣ 

ʂʘʪʝʭʦʣ, 

ʤʛ/ʣ 

Cl- 

ʤʛ/ʣ % ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ 

G1 

1 12,18Ñ0,02 4,78Ñ0,01 1,16Ñ0,04 1,08Ñ0,01 2,89 

3 11,99Ñ0,01 18,16Ñ0,01 1,19Ñ0,02 1,68Ñ0,02 4,51 

7 9,58Ñ0,01 24,33Ñ0,01 1,09Ñ0,01 11,37Ñ0,04 30,43 

G2 

1 8,73Ñ0,03 5,78Ñ0,03 1,21Ñ0,03 0,66Ñ0,03 1,54 

3 9,59Ñ0,02 28,05Ñ0,02 0,98Ñ0,04 1,04Ñ0,02 2,42 

7 10,33Ñ0,03 26,96Ñ0,05 0,91Ñ0,02 1,19Ñ0,01 2,77 

G3 

1 8,84Ñ0,04 15,76Ñ0,02 0,71Ñ0,01 0,71Ñ0,01 1,72 

3 8,64Ñ0,01 24,03Ñ0,01 1,04Ñ0,01 1,05Ñ0,02 2,53 

7 4,35Ñ0,03 33,90Ñ0,02 1,66Ñ0,01 0,92Ñ0,02 2,22 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʍɹʂ ʠ ʛʠʜʨʦʢʩʠ-ɹʂ ʚ ʩʨʝʜʝ ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ 

ʩʤʝʩʝʡ ʜʘʥʥʳʤ ʰʪʘʤʤʦʤ, ʠ ʥʝ ʠʤʝʣʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʝʩʪʨʫʢʮʠʠ ʠ ʚʠʜʘ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʷʜ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʷʚʣʷʶʪʩʷ ʢʦʥʝʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʫ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ. ʆʪʩʫʪʩʪʚʠʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʍɹʂ ʠ ʛʠʜʨʦʢʩʠ-ɹʂ ʚ ʩʨʝʜʝ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʢʦʥʝʯʥʳʤʠ ʜʣʷ 

ʰʪʘʤʤʘ CH628 ʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʭʣʦʨʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 

ʷʚʣʷʝʪʩʷ ʢʘʪʝʭʦʣ ʠʣʠ ʝʛʦ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ (ʭʣʦʨ)ʢʘʪʝʭʦʣʦʚ ʚ ʩʨʝʜʝ (ʊʘʙʣʠʮʘ 18). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʚ 

ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (ʭʣʦʨ)ʢʘʪʝʭʦʣʦʚ ʥʝ ʚʳʷʚʣʝʥʦ. ɺʝʨʦʷʪʥʦ, 

ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʘʙʦʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʰʪʘʤʤʘ 

CH628, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʣʦʞʝʥʠʝ ʢʠʩʣʦʪ ʠ ʢʘʪʝʭʦʣʦʚ. ʊʘʢʞʝ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 
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ʦʪʩʫʪʩʪʚʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʍɹʂ ʠ 

ʛʠʜʨʦʢʩʠ-ɹʂ, ʢʘʢ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʨʘʟʥʳʭ ʛʠʜʨʦʢʩʠʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ.  

ʂʨʦʤʝ ʪʦʛʦ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʢʦʧʣʝʥʠʝ 

ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʭʣʦʨʘ (ʊʘʙʣʠʮʘ 18). ʆʪʱʝʧʣʝʥʠʝ ʭʣʦʨʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ 

ʜʚʫʭ ʵʪʘʧʘʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʤʝʩʝʡ G: ʣʠʙʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʛʠʜʨʦʢʩʠ-ʇʍɹ, ʣʠʙʦ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʢʠʩʣʝʥʠʠ 

ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ/ʠʣʠ ʭʣʦʨʢʘʪʝʭʦʣʘ. ʈʘʟʜʝʣʠʪʴ ʵʪʠ ʜʚʘ ʧʨʦʮʝʩʩʘ ʚ 

ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʤʝʩʝʡ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ ʰʪʘʤʤʦʤ R. opacus CH628 ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʝʪʘʙʦʣʠʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʫʪʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ʙʠʬʝʥʠʣʘ/ʇʍɹ. 
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ɻʣʘʚʘ 6. ʄʆʃɽʂʋʃʗʈʅʆ-ɻɽʅɽʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ɹɸʂʊɽʈʀɸʃʔʅʆʁ 

ɼɽʉʊʈʋʂʎʀʀ ʍʃʆʈ- ʀ ɻʀɼʈʆʂʉʀ- ɹʀʌɽʅʀʃʆɺ  

6.1. ɺʥʝʭʨʦʤʦʩʦʤʥʳʝ ʵʣʝʤʝʥʪʳ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʥʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʜʝʩʪʨʫʢʮʠʶ ʇʍɹ ʫ ʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ, ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ ʥʘ ʭʨʦʤʦʩʦʤʝ, ʪʘʢ ʠ ʥʘ 

ʚʥʝʭʨʦʤʦʩʦʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ (Bhatt et al., 2021). 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʫʣʴʩ-ʵʣʝʢʪʦʨʦʬʦʨʝʟʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʥʘʣʠʯʠʝ ʧʣʘʟʤʠʜ 

ʙʦʣʴʰʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʫ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 33). 

 

ʈʠʩʫʥʦʢ 33 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ʧʣʘʟʤʠʜʥʳʭ ɼʅʂ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ: 1 ï 

ʰʪʘʤʤ PNS1, 2 ï h ʪʘʤʤ PNS3, 3 ï h ʪʘʤʤ PNS4, 4 ï h ʪʘʤʤ PNS5, 5 ï h ʪʘʤʤ PNS2, 

6 ï h ʪʘʤʤ PNS6, 7 ï h ʪʘʤʤ PNB7, 8 ï h ʪʘʤʤ PNB6, 9 ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ 

çDNA Size Markers ï Yeast Chromosomalè (çBio-Rad Laboratoriesè, ʉʐɸ), 10 ï 

ʰʪʘʤʤ PNB5, 11 ï ʰʪʘʤʤ PNB4 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ, ʚ ʰʪʘʤʤʝ PNS5 ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚʥʝʭʨʦʤʦʩʦʤʥʘʷ ɼʅʂ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 1600 ʪ.ʧ.ʥ., ʚ ʰʪʘʤʤʝ PNS1 ʦʙʥʘʨʫʞʝʥʘ 

ʧʣʘʟʤʠʜʘ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 50 ʪ.ʧ.ʥ., ʚ ʰʪʘʤʤʝ PNS3 ï ʧʣʘʟʤʠʜʘ ʨʘʟʤʝʨʦʤ 30 ʪ.ʧ.ʥ..  

ʅʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʞʠʤʘ ʧʫʣʴʩʘʮʠʠ ʦʪ 

60ʩ ʜʦ 120ʩ. ʇʨʠʤʝʥʝʥʠʝ ʨʝʞʠʤʘ 60ʩï90ʩ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʚʥʝʭʨʦʤʦʩʦʤʥʫʶ 

ɼʅʂ ʪʦʣʴʢʦ ʫ ʰʪʘʤʤʘ PNS1. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʤʝʨʘ ʚʳʷʚʣʝʥʥʳʭ ʧʣʘʟʤʠʜ ʩ ʠʟʚʝʩʪʥʳʤʠ ɼ-ʧʣʘʟʤʠʜʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʝʥʳ ʜʝʩʪʨʫʢʮʠʠ ʙʠʬʝʥʠʣʘ ʫ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʤʦʛʫʪ 

ʠʤʝʪʴ ʧʣʘʟʤʠʜʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ (Fukuda et al., 1998; Pieper, 2005). 

 

6.2. ɸʥʘʣʠʟ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʙʠʬʝʥʠʣ- ʠ ʙʝʥʟʦʘʪ-ʜʠʦʢʩʠʛʝʥʘʟʳ,  

ʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʰʪʘʤʤʦʚ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʰʪʘʤʤʳ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʠʟ 

ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʳ PN2-S ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ PN2-ɺ, ʧʨʦʷʚʣʷʶʪ 

ʜʝʛʨʘʜʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʤʦʥʦ(ʭʣʦʨ/ʛʠʜʨʦʢʩʠ)ʙʠʬʝʥʠʣʘʤ ʠ ʢ ʜʠʭʣʦʨʙʠʬʝʥʠʣʫ 

(ʈʘʟʜʝʣʳ 5.1, 5.2). ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʪʦʚ ʧʦʟʚʦʣʠʣ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ çʚʝʨʭʥʝʤʫè ʙʠʬʝʥʠʣʴʥʦʤʫ ʧʫʪʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʭʣʦʨ/ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ (ʊʘʙʣʠʮʳ 13, 15, 16, 

ʈʠʩʫʥʦʢ 5). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʝʨʚʠʯʥʫʶ ʘʪʘʢʫ ʥʘ ʤʦʣʝʢʫʣʫ ʙʠʬʝʥʠʣʘ/ʭʣʦʨʙʠʬʝʥʠʣʘ ʫ 

ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ (Elangovan et al., 

2019). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ 

ʠʩʩʣʝʜʫʝʤʳʝ ʰʪʘʤʤʳ ʥʝʩʫʪ ʛʝʥ bphA1, ʢʦʜʠʨʫʶʱʠʡ Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ʙʠʬʝʥʠʣ 

2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (ʈʠʩʫʥʦʢ 33). ʇʦʣʫʯʝʥʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʛʝʥʘ bphA1 ʨʘʟʤʝʱʝʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ GenBank, ʥʦʤʝʨʘ ʫʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ ʚ ʩʢʦʙʢʘʭ ʧʦʩʣʝ ʦʙʦʟʥʘʯʝʥʠʷ ʰʪʘʤʤʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʥʳ bphA1 ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʰʪʘʤʤʦʚ, ʬʦʨʤʠʨʫʶʪ ʦʪʜʝʣʴʥʫʶ ʚʝʪʚʴ ʥʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʜʝʨʝʚʝ (ʈʠʩʫʥʦʢ 35). 

ʋʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʷʚʣʝʥʥʳʭ ʛʝʥʦʚ ʩ ʛʝʥʘʤʠ 

bphA1 ʰʪʘʤʤʦʚ Pseudomonas sp. VRP2-6, Pseudomonas sp. VRP2-2, 
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Rhodococcus wratislaviensis P13 ʠ R. wratislaviensis ʈ12, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʨʘʥʝʝ ʠʟ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʙʣʠʟʢʠʭ ʵʢʦʥʠʰ, ʩʦʩʪʘʚʠʣ 82,32ï99,76 % (ʐʫʤʢʦʚʘ ʠ ʩʦʘʚʪ., 2015; 

ɺʦʨʦʥʠʥʘ ʠ ʩʦʘʚʪ., 2019).  

ʊʘʢ ʢʘʢ ʩʨʝʜʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦʜʝʛʨʘʜʘʮʠʠ 

ʤʦʥʦʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ ʙʳʣ ʚʳʷʚʣʝʥ ʢʘʪʝʭʦʣ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥ ʠʟ 

ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʘ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ, 

ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʩʢʨʠʥʠʥʛ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʥʘ ʥʘʣʠʯʠʝ ʛʝʥʘ benA, 

ʢʦʜʠʨʫʶʱʝʛʦ Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʳ (ʈʠʩʫʥʦʢ 36). 

 

ʈʠʩʫʥʦʢ 35 ï ɼʝʨʝʚʦ ʩʭʦʜʩʪʚʘ ʛʝʥʦʚ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟ, 

ʧʦʩʪʨʦʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ Neighbor-Joining. ʄʘʩʰʪʘʙ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

1 ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʝ ʥʘ 100 ʥʫʢʣʝʦʪʠʜʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʦʨʷʜʢʘ ʚʝʪʚʣʝʥʠʷ > 98 % (çbootstrapè-ʘʥʘʣʠʟ 1000 ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʜʝʨʝʚʴʝʚ) 
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ʈʠʩʫʥʦʢ 36 ï ɼʝʨʝʚʦ ʩʭʦʜʩʪʚʘ ʛʝʥʦʚ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟ, 

ʧʦʩʪʨʦʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ Neighbor-Joining. ʄʘʩʰʪʘʙ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

1 ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʝ ʥʘ 100 ʥʫʢʣʝʦʪʠʜʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʦʨʷʜʢʘ ʚʝʪʚʣʝʥʠʷ > 98 % (çbootstrapè-ʘʥʘʣʠʟ 1000 ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʜʝʨʝʚʴʝʚ) 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ ʩ ʧʨʘʡʤʝʨʘʤʠ ʢ ʛʝʥʫ benA ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʪʦʣʴʢʦ ʫ ʰʪʘʤʤʘ Pseudomonas sp. PNB3 (ʥʘ ʈʠʩʫʥʢʝ 36 ʚʳʜʝʣʝʥʦ ʞʠʨʥʳʤ 

ʰʨʠʬʪʦʤ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ benAPNB3 ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʙʳʣʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʜʥʦʡ ʚʝʪʚʠ ʩ ʛʝʥʦʤ 

benA ʠʟʚʝʩʪʥʦʛʦ ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ Pseudomonas 

putida KT2440 (van Duuren et al., 2011; Kahlon, 2016). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫ ʰʪʘʤʤʦʚ Micrococcus sp. PNS1, Ochrobactrum sp. PNS5, 

Stenotrophimonas sp. PNS6, Brevibacterium sp. PNB5, Achromobacter sp. PNB6 ʠ 
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Bosea sp. PNB7 ʦʪʩʫʪʩʚʫʝʪ ʙʝʥʟʦʘʪ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ, ʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʢʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʨʫʛʠʭ ʬʝʨʤʝʥʪʦʚ. 

6.3. ɸʥʘʣʠʟ ʛʝʥʦʤʘ hʪʘʤʤʘ Rhodococcus opacus CH628 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʙʳʣ ʦʪʦʙʨʘʥ ʰʪʘʤʤ Rhodococcus opacus CH628. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ NGS-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʘ ʥʫʢʣʝʦʪʠʜʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʦʤʘ ʰʪʘʤʤʘ R. opacus CH628. ʇʦʩʣʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʤʝʱʝʥʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ NCBI ʧʦʜ 

ʥʦʤʝʨʦʤ JBLZMV000000000, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʥʣʘʡʥ-

ʩʝʨʚʠʩʘ RAST.  

ʈʘʥʝʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ 

16S ʨʈʅʂ, ʰʪʘʤʤ ʉʅ628 ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ Rhodococcus wratislaviensis. 

ʆʜʥʘʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʝʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʦʚ (ANI) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʥʦʤ 

ʰʪʘʤʤʘ ʉʅ628 ʥʘ 99,321 % ʠʜʝʥʪʠʯʝʥ ʛʝʥʦʤʫ ʪʠʧʦʚʦʛʦ ʰʪʘʤʤʘ Rhodococcus 

opacus DSM 43205 (GenBank X80630) ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʛʝʥʦʤʘ ʥʘ 88,3 %. 

ʇʦ ʜʘʥʥʳʤ RAST ʨʘʟʤʝʨ ʛʝʥʦʤʘ ʰʪʘʤʤʘ R. opacus ʉʅ628 ʩʦʩʪʘʚʣʷʝʪ 

8229 ʪ.ʧ.ʥ., ʩʦʜʝʨʞʘʥʠʝ GC ï 67,2 %, ʢʦʣʠʯʝʩʪʚʦ ʢʦʜʠʨʫʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ï 8188, ʢʦʣʠʯʝʩʪʚʦ ʈʅʂ ï 56. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʥʦʚ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 37. ɺʳʷʚʣʝʥʦ 203 ʛʝʥʘ, 

ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ ʤʝʪʘʙʦʣʠʟʤʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 37 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʥʦʚ R. opacus ʉʅ628 ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ SEED Viewer 2.0 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʧʫʪʴ ʘʵʨʦʙʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʬʝʥʠʣʘ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚʢʣʶʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʦʚ ʜʠʦʢʩʠʛʝʥʘʟ, 

ʜʝʛʠʜʨʦʛʝʥʘʟ ʠ ʛʠʜʨʦʣʘʟ (ʈʠʩʫʥʦʢ 5) (ɻʦʨʙʫʥʦʚʘ ʠ ʩʦʘʚʪ., 2024; Fortin et al., 2006). 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʘʥʥʦʪʠʨʦʚʘʥʠʝ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʪʘʤʤʘ ʉʅ628 

ʚ ʙʘʟʝ NCBI ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ 49 ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʜʠʦʢʩʠʛʝʥʘʟʳ, 388 ʛʝʥʦʚ, 

ʢʦʜʠʨʫʶʱʠʭ ʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ 341 ʛʝʥ, ʢʦʜʠʨʫʶʱʠʭ ʛʠʜʨʦʣʘʟʳ. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʦʢʠʩʣʝʥʠʠ ʙʠʬʝʥʠʣʘ ʠ ʝʛʦ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʳʭ ʚʳʧʦʣʥʷʶʪ 
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ʜʠʦʢʩʠʛʝʥʘʟʳ (Master, Mohn, 2001; Barriault, Sylvestre, 2002; Barriault et al., 2002). 

ɸʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ Sequence Set Browser (NCBI) ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʬʝʨʤʝʥʪʳ 

ʢʣʘʩʩʘ ʜʠʦʢʩʠʛʝʥʘʟ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʘʟʣʦʞʝʥʠʠ ʙʠʬʝʥʠʣʘ 

(ʊʘʙʣʠʮʘ 19). 

ʊʘʙʣʠʮʘ 19 ï ɼʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ R. opacus ʉʅ628 ʠ ʛʝʥʳ ʠʭ ʢʦʜʠʨʫʶʱʠʝ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʦʢʠʩʣʝʥʠʝ ʙʠʬʝʥʠʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ 

ˉ CDS ʨʝʛʠʦʥ ʚ 

ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ˉ ʙʝʣʢʘ ʈʘʟʤʝʨ, 

ʘ.ʢ. 

ʅʘʟʚʘʥʠʝ ʬʝʨʤʝʥʪʘ 

1 JBLZMV010000002.1 

214083ï215156(Ñ) 

MFW2237543 357 Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʜʠʦʢʩʠʛʝʥʘʟʳ 

2 JBLZMV010000020.1 

70864ï72129(ï) 

MFW2241406 421 Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʜʠʦʢʩʠʛʝʥʘʟʳ 

3 JBLZMV010000020.1 

78896ï80341(Ñ) 

MFW2241415 481 Ŭ-ʩʫʙʲʝʜʠʥʠʮʘ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʜʠʦʢʩʠʛʝʥʘʟʳ 

4 JBLZMV010000003.1 

106515ï107018(ï) 

MFW22378261 167 ɓ-ʩʫʙʲʝʜʠʥʠʮʘ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʜʠʦʢʩʠʛʝʥʘʟʳ 

5 JBLZMV010000020.1 

70397ï70867(ï) 

MFW2241405 156 ɓ-ʩʫʙʲʝʜʠʥʠʮʘ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʜʠʦʢʩʠʛʝʥʘʟʳ 

6 JBLZMV010000036.1 

11553ï12071(ï) 

MFW2242780 172 ɓ-ʩʫʙʲʝʜʠʥʠʮʘ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʜʠʦʢʩʠʛʝʥʘʟʳ 

7 JBLZMV010000001.1 

555828ï556739(Ñ) 

MFW2237136 303 ɹʠʬʝʥʠʣ-2,3-ʜʠʦʣ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ 

8 JBLZMV010000012.1 

121990ï122895(Ñ) 

MFW2240179 301 ɹʠʬʝʥʠʣ-2,3-ʜʠʦʣ 

1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʩʝʨʚʠʩʘ RAST ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʟʣʦʞʝʥʠʠ 

ʙʠʬʝʥʠʣʘ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʦʡʥʦʡ ʠ ʧʝʥʪʘʜʠʝʥʦʚʦʡ ʢʠʩʣʦʪ ʫ ʰʪʘʤʤʘ ʉʅ628 

ʫʯʘʩʪʚʫʶʪ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ (ʂʌ1.14.12.18) (ʥʦʤʝʨ ʛʝʥʦʚ ʚ ʩʠʩʪʝʤʝ RAST: 

bphA1 ï 4673, bphA2 ï 4670, ʢʦʥʪʠʛ ï 36) ʠ ʙʠʬʝʥʠʣ-2,3-ʜʠʦʣ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ (ʂʌ 

1.13.11.39) (ʥʦʤʝʨ ʛʝʥʦʚ bphC ʚ ʩʠʩʪʝʤʝ RAST ï 1695 ʠ 2466) (ʈʠʩʫʥʦʢ 38). 
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ʈʠʩʫʥʦʢ 38 ï ʉʭʝʤʘ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʫʪʠ ʙʠʬʝʥʠʣʘ/ʭʣʦʨʙʠʬʝʥʠʣʘ ʫ ʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʡ. ɿʝʣʝʥʳʤ ʦʙʦʟʥʘʯʝʥʳ ʬʝʨʤʝʥʪʳ, ʚʳʷʚʣʝʥʥʳʝ ʫ ʰʪʘʤʤʘ R. opacus CH628 

ʚ ʩʝʨʚʠʩʝ RAST (https://rast.nmpdr.org/seedviewer.cgi) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʛʝʥʦʤʘ ʰʪʘʤʤʘ ʉʅ628 ʚʳʷʚʣʝʥʳ ʛʝʥʳ, 

ʢʦʜʠʨʫʶʱʠʝ ʧʝʨʚʳʡ ʬʝʨʤʝʥʪ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʫʪʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʛʦ 

ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʰʪʘʤʤʘ ʚ ʦʪʥʦʰʝʥʠʠ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʭ 

ʙʠʬʝʥʠʣʦʚ. 

 

6.4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 

2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1) ʰʪʘʤʤʘ R. opacus CH628 

6.4.1 ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ bphA1ʉʅ628 

ʅʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ bphA1, ʢʦʜʠʨʫʶʱʝʛʦ Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ 

ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1) ʰʪʘʤʤʘ R. opacus CH628, ʙʳʣʘ ʜʝʧʦʥʠʨʦʚʘʥʘ 

ʚ GenBank ʧʦʜ ʥʦʤʝʨʦʤ MW070532. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʚʳʷʚʠʣ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ Ŭ-ʩʫʙʲʝʜʠʥʠʮʝʡ ʥʘʬʪʘʣʠʥ ʜʠʦʢʩʠʛʝʥʘʟʳ (narA) 

(ʈʠʩʫʥʦʢ 39). 

https://rast.nmpdr.org/seedviewer.cgi


143 

 

ʅʘ ʨʠʩʫʥʢʝ 39 ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʵʚʦʣʶʮʠʦʥʥʳʝ ʩʚʷʟʠ ʛʝʥʘ bphA1ʉʅ628 ʩ 

ʥʫʢʣʝʦʪʠʜʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 91,8ï100 %.  

 

ʈʠʩʫʥʦʢ 39 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ bphA1 ʰʪʘʤʤʘ 

R. opacus CH628 ʧʦʩʪʨʦʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ Neighbor-Joining. ʄʘʩʰʪʘʙ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʝ ʥʘ 100 ʥʫʢʣʝʦʪʠʜʦʚ. ʎʠʬʨʘʤʠ ʧʦʢʘʟʘʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʨʷʜʢʘ ʚʝʪʚʣʝʥʠʷ (çbootstrapè-ʘʥʘʣʠʟ 

1000 ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʜʝʨʝʚʴʝʚ) 
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ɺ ʦʜʥʦʡ çʚʝʪʢʝè ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʛʝʥʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʛʝʥʳ ʥʘʬʪʘʣʠʥ 

ʜʠʦʢʩʠʛʝʥʘʟ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʨʘʡʦʥʘ ʩʦʣʝʦʪʚʘʣʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʟ 

ʧʦʯʚ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ (Na et al., 2005; Ananᾳina et al., 2011; Anokhina et al., 2020). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʝʥʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʚʳʩʦʢʦʤ 

ʩʭʦʜʩʪʚʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʰʪʘʤʤʳ ʚʳʜʝʣʝʥʳ ʩ ʪʝʨʨʠʪʦʨʠʡ, ʫʜʘʣʝʥʥʳʭ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʩʝʣʝʢʮʠʠ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʣʦ ʭʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʘ ʥʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ 

ʤʝʩʪʦʦʙʠʪʘʥʠʷ ʙʘʢʪʝʨʠʡ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʝ 

(Shumkova et al., 2015). 

6.4.2 ɸʥʘʣʠʟ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ BphA1ʉʅ628 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʜʫʢʪʠʚʥʦʡ ʪʨʘʥʩʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʨʘʤʤʳ 

MEGA X ʠ ʩʨʘʚʥʝʥʠʷ ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ GenBank, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ 

BphA1ʉʅ628 ʩ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʥʘʬʪʘʣʠʥ ʜʠʦʢʩʠʛʝʥʘʟʳ (ʂʌ 

1.14.12.12) ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ R. opacus B4 (GenBank BAH47212.1) ʠ Ŭ-

ʩʫʙʲʝʜʠʥʠʮʳ ʥʘʬʪʘʣʠʥ ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ Rhodococcus sp. NCIMB12038 (PDB 

ID: 2B1X|A) ʩʦʩʪʘʚʣʷʝʪ 98,6 ʠ 93,7 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʧʦʠʩʢ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʧʦʣʥʷʣʩʷ ʩ ʧʦʤʦʱʴʶ NCBI BLAST, ʦʛʨʘʥʠʯʠʚʘʷ ʟʦʥʫ 

ʧʦʠʩʢʘ ʙʘʟʘʤʠ ʜʘʥʥʳʭ Protein Data Bank ʠ UniProt. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ Protein BLAST ʙʘʟʳ ʜʘʥʥʳʭ GenBank, 

ʘ ʪʘʢʞʝ ʠʟ ʙʘʟ ʜʘʥʥʳʭ Protein Data Bank (PDB) ʠ UniProtKB/Swiss-Prot (swissprot). 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠ ʠʟʚʝʩʪʥʳʤʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ BphA1ʉʅ628 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

çʚʝʪʚʠè ʥʘʬʪʘʣʠʥʦʚʳʭ ʜʠʦʢʩʠʛʝʥʘʟ (ʈʠʩʫʥʦʢ 40). ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʙʨʘʣʠ ʚ ʨʘʩʯʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʦʩʪʘʚʣʷʣ ʦʪ 36 ʜʦ 98 %.  
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ʈʠʩʫʥʦʢ 40 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ BphA1 ʰʪʘʤʤʘ 

R. opacus CH628 ʧʦʩʪʨʦʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ Neighbor-Joining. ʄʘʩʰʪʘʙ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʟʘʤʝʥʝ ʥʘ 100 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. 

ʎʠʬʨʘʤʠ ʧʦʢʘʟʘʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʨʷʜʢʘ ʚʝʪʚʣʝʥʠʷ (çbootstrapè-

ʘʥʘʣʠʟ 1000 ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʜʝʨʝʚʴʝʚ) 

6.4.3 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʪʦʨʠʯʥʦʡ ʠ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ BphA1 

ɺʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1) 

ʰʪʘʤʤʘ R. opacus CH628 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ MODELLER, 

AlphaFold ʠ trRosetta, ʦʪʣʠʯʘʶʱʠʭʩʷ ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʙʝʣʢʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʡ ʠ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨ ʙʝʣʢʦʚ ʚ 

ʧʨʦʛʨʘʤʤʝ MODELLER ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʦʜʝʣʠ ʙʝʣʢʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʥʘʠʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʩʭʦʜʩʪʚʘ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʝʣʢʘ/ʬʝʨʤʝʥʪʘ. ɺ ʨʘʤʢʘʭ 
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ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

NarA1, ʦʧʠʩʘʥʥʘʷ ʫ ʰʪʘʤʤʘ Rhodococcus sp. NCIMB12038 (PDB ID: 2B1X|A), 

ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

(ʠʜʝʥʪʠʯʥʦʩʪʴ 93.72 % ʜʣʷ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ).  

Rhodococcus sp. NCIMB12038 ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʟʣʦʞʝʥʠʝ ʥʘʬʪʘʣʠʥʘ ʠ ʨʷʜʘ 

ʜʨʫʛʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʰʪʘʤʤʝ Rhodococcus sp. NCIMB12038 

ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʨʘʟʣʦʞʝʥʠʷ ʥʘʬʪʘʣʠʥʘ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪʩʷ 

ʥʝʟʘʚʠʩʠʤʦ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ ʨʘʟʣʦʞʝʥʠʷ ʥʘʬʪʘʣʠʥʘ ʫ 

ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ ʘʥʘʣʦʛʠʯʝʥ ʪʘʢʦʚʦʤʫ, ʦʧʠʩʘʥʥʦʤʫ ʜʣʷ ʰʪʘʤʤʦʚ ʨʦʜʘ 

Pseudomonas, ʩ ʩʘʣʠʮʠʣʘʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ((Liu et al., 2011). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʨʘʤʤʳ MODELLER ʥʘ ʦʩʥʦʚʝ 

NarA1NCIMB12038 ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʧʷʪʴ ʤʦʜʝʣʝʡ BphA1 ʰʪʘʤʤʘ R. opacus CH628, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʵʥʝʨʛʠʠ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ BphA1CH628 ʩ ʥʘʠʤʝʥʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ DOPE (-45531.87).  

ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʙʝʣʢʦʚ ʙʝʟ ʰʘʙʣʦʥʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʛʨʘʤʤ AlphaFold ʠ trRosetta. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʧʦʜʭʦʜʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ AlphaFold ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʘʣʛʦʨʠʪʤʳ ʤʦʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʪʦʛʜʘ ʢʘʢ ʚ trRosetta ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤ Rosetta. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʚʝ ʤʦʜʝʣʠ BphA1CH628. ʇʘʨʘʤʝʪʨʳ ʚʪʦʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ R. opacus CH628 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 20. ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ BphA1, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ: 

BphA1(ʄ) ï ʧʦʩʪʨʦʝʥʘ ʚ ʧʨʦʛʨʘʤʤʝ MODELLER,  

BphA1(AF) ï ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ AlphaFold,  

BphA1(TR) ï ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ trRosetta 

(ʊʘʙʣʠʮʘ 20, ʈʠʩʫʥʦʢ 41). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ çʧʦ ʰʘʙʣʦʥʫè (MODELLER) ʧʨʠʚʝʣʦ 

ʢ ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʠ BphA1(ʄ) ʦʪʣʠʯʘʶʱʝʡʩʷ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ Ŭ ʩʧʠʨʘʣʝʡ ʠ 

ʥʘʠʤʝʥʴʰʝʡ ʧʣʦʱʘʜʴʶ ʤʦʣʝʢʫʣʳ, ʪʦʛʜʘ ʢʘʢ ʦʙʲʝʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ 
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ʟʥʘʯʝʥʠʝʤ, ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʙʲʝʤʘ ʜʣʷ BphA1(AF) ʠ BphA1(TR). ʄʦʜʝʣʴ 

BphA1(TR) ʦʙʣʘʜʘʝʪ ʥʘʠʤʝʥʴʰʠʤ ʦʙʲʝʤʦʤ ʧʨʠ ʥʘʠʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ ʤʦʣʝʢʫʣʳ, 

ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ˊ-ʩʧʠʨʘʣʝʡ ʠ ʩʪʨʦʛʠʭ ɓ-ʚʠʪʢʦʚ.  

ʊʘʙʣʠʮʘ 20 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʨʠʯʥʦʡ ʠ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ ʉʅ628 

ʕʣʝʤʝʥʪ ʩʪʨʫʢʪʫʨʳ BphA1(ʄ) BphA1(AF) BphA1(TR) 

Ŭ ʩʧʠʨʘʣʠ 11 13 13 

-́ʩʧʠʨʘʣʠ 5 5 6 

ʩʪʨʦʛʠʝ Ŭ-ʚʠʪʢʠ 2 3 3 

ɓ ʩʢʣʘʜʯʘʪʦʩʪʠ 20 20 17 

ʩʪʨʦʛʠʝ ɓ-ʚʠʪʢʠ 10 10 12 

ʆʙʲʸʤ e3 49,40 50,41 48,60 

ʇʣʦʱʘʜʴ e3 18,66 19,26 21,01 

ʂʦʣʠʯʝʩʪʚʦ ɸʂ 401 401 401 

 

3D-ʄʦʜʝʣʠ BphA1CH628 ʙʳʣʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ PyMOL (ʈʠʩʫʥʢʠ 42ï44). 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʠʣʘ ʦʮʝʥʠʪʴ ʦʙʱʝʝ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʝʡ ʠ ʧʨʦʚʝʨʠʪʴ ʢʣʶʯʝʚʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʩʨʘʚʥʝʥʠʷ 3D-ʤʦʜʝʣʠ BphA1(ʄ), BphA1(AF) ʠ BphA1(TR) 

ʙʳʣʠ ʚʳʨʦʚʥʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ (ʈʠʩʫʥʦʢ 45), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ 

ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘʭ.  
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ʈʠʩʫʥʦʢ 41 ï ɺʪʦʨʠʯʥʘ ̫ʩʪʨʫʢʪʫʨʘ BphA1CH628: ɸ ï ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʚ ʧʨʦʛʨʘʤʤʝ 

MODELLER, ɹ ï ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AlphaFold, ɺ ï ʤʦʜʝʣʴ 

ʧʦʣʫʯʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ trRosetta  
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ʈʠʩʫʥʦʢ 42 ï ʄʦʜʝʣʴ BphA1CH628 (BphA1(ʄ)), ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ 

ʛʦʤʦʣʦʛʠʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʛʨʘʤʤʦʡ Modeller 10.4, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʰʘʙʣʦʥʘ NarA1 Rhodococcus sp. NCIMB12038 (pdb|2B1X|A). 

 

 

ʈʠʩʫʥʦʢ 43 ï ʄʦʜʝʣʴ BphA1CH628 (BphA1(AF)), ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ AlphaFold.  
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ʈʠʩʫʥʦʢ 44 ï ʄʦʜʝʣʴ BphA1CH628 (BphA1(TR)), ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ TrRosetta. 

 

ʈʠʩʫʥʦʢ 45 ï ɺʳʨʦʚʥʝʥʥʳʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʤʦʜʝʣʠ BphA1CH628: 

BphA1(ʄ) ï ʩʠʥʠʡ, BphA1(AF) ï ʟʝʣʸʥʳʡ, BphA1(TR) ï ʨʦʟʦʚʳʡ  
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ʀʟ ʨʠʩʫʥʢʘ 45 ʚʠʜʥʦ, ʯʪʦ ʧʝʪʣʝʚʳʝ ʦʙʣʘʩʪʠ BphA1CH628, ʦʩʦʙʝʥʥʦ ʥʘ 

ʧʝʨʠʬʝʨʠʠ, ʠʤʝʶʪ ʟʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ. ʄʦʜʝʣʴ BphA1(TR) 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʴʰʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʪʨʫʢʪʫʨʳ BphA1(ʄ) ʠ BphA1(AF) ʚ 

ʚʳʪʷʥʫʪʳʭ ʧʝʪʣʷʭ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, trRosetta ʩ ʤʝʥʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʤʦʜʝʣʠʨʫʝʪ 

ʛʠʙʢʠʝ ʦʙʣʘʩʪʠ ʙʝʣʢʘ, ʯʝʤ MODELLER ʠ AlphaFold. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

BphA1(TR) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʠʪ ʤʝʥʝʝ 

ʢʦʤʧʘʢʪʥʳʝ ʧʝʪʣʝʚʳʝ ʦʙʣʘʩʪʠ. ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʧʨʠ ʦʮʝʥʢʝ 

ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ. 

ʂʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ BphA1CH628 ʦʮʝʥʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʪʦʜʠʢ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʷ ERRAT, 

VERIFY3D ʠ PROCHECK (ʊʘʙʣʠʮʘ 21, ʈʠʩʫʥʦʢ 46). ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ 

ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ ʚ ʧʨʝʜʩʢʘʟʘʥʠʠ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ, 

ʥʘʩʢʦʣʴʢʦ ʢʦʨʨʝʢʪʥʦ ʘʤʠʥʦʢʠʩʣʦʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʪʨʸʭʤʝʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ.  

 

 

ʈʠʩʫʥʦʢ 44 ï ɻʨʘʬʠʢ ʈʘʤʘʯʘʥʜʨʘʥʘ ʤʦʜʝʣʠ BphA1CH628, ʧʦʩʪʨʦʝʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Modeller 10.4 (ɸ), AlphaFold (ɹ), TrRosetta (ʉ)  
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ʊʘʙʣʠʮʘ 21 ï ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʙʝʣʢʘ 

ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ 

ERRAT,

% 

VERIFY  

3D, % 
ɻʨʘʬʠʢ ʈʘʤʘʯʘʥʜʨʘʥʘ 

Modeller 87,532 
96,01 

(ʇʨʦʡʜʝʥʦ) 

ʆʩʪʘʪʢʠ ʚ ʨʝʛʠʦʥʘʭ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʦʚʘʥʠʝʤ 90,7 % (304) 

ʆʩʪʘʪʢʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʟʨʝʰʝʥʥʳʭ 

ʨʝʛʠʦʥʘʭ 8,7 % (29) 

ʆʩʪʘʪʢʠ ʚ ʰʠʨʦʢʦ ʨʘʟʨʝʰʝʥʥʳʭ ʦʙʣʘʩʪʷʭ 

0,3 % (1) 

ʆʩʪʘʪʢʠ ʚ ʟʘʧʨʝʱʝʥʥʳʭ ʦʙʣʘʩʪʷʭ 0,3 % (1) 

8 ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʦʩʪʘʪʢʦʚ (ʠʟ 399) 

AlphaFold 90,836 
82,79 

(ʇʨʦʡʜʝʥʦ) 

ʆʩʪʘʪʢʠ ʚ ʨʝʛʠʦʥʘʭ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʦʚʘʥʠʝʤ 86,3 % (289) 

ʆʩʪʘʪʢʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʟʨʝʰʝʥʥʳʭ 

ʨʝʛʠʦʥʘʭ 13,1 % (44) 

ʆʩʪʘʪʢʠ ʚ ʰʠʨʦʢʦ ʨʘʟʨʝʰʝʥʥʳʭ ʦʙʣʘʩʪʷʭ 

0,6 % (2) 

ʆʩʪʘʪʢʠ ʚ ʟʘʧʨʝʱʝʥʥʳʭ ʦʙʣʘʩʪʷʭ 0,0 % (0) 

7 ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʦʩʪʘʪʢʦʚ (ʠʟ 399) 

TrRosetta 89,92 

71,82 

(ʅʝ 

ʧʨʦʡʜʝʥʦ) 

ʆʩʪʘʪʢʠ ʚ ʨʝʛʠʦʥʘʭ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʦʚʘʥʠʝʤ 91,0 % (305) 

ʆʩʪʘʪʢʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʟʨʝʰʝʥʥʳʭ 

ʨʝʛʠʦʥʘʭ 8,1 % (27) 

ʆʩʪʘʪʢʠ ʚ ʰʠʨʦʢʦ ʨʘʟʨʝʰʝʥʥʳʭ ʦʙʣʘʩʪʷʭ 

0,6 % (2) 

ʆʩʪʘʪʢʠ ʚ ʟʘʧʨʝʱʝʥʥʳʭ ʦʙʣʘʩʪʷʭ 0,3 % (1) 

3 ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʦʩʪʘʪʢʘ (ʠʟ 399) 
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BphA1(ʄ) ʧʦʢʘʟʘʣʘ ʥʘʠʚʳʩʰʫʶ ʪʦʯʥʦʩʪʴ: 90,7 % ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʛʠʦʥʘʭ ʛʨʘʬʠʢʘ ʈʘʤʘʯʘʥʜʨʘʥʘ, ʘ ERRAT-

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 87,53 %. BphA1(AF) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚ 

ʧʨʝʜʩʢʘʟʘʥʠʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ, ʭʦʪʷ ʝʸ ʦʙʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ERRAT 

(90,8 %) ʠ VERIFY3D (82,79 %) ʙʳʣʠ ʯʫʪʴ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ BphA1(ʄ). ʄʦʜʝʣʴ 

BphA1CH628, ʩʦʟʜʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ trRosetta, ʦʢʘʟʘʣʘʩʴ ʥʘʠʤʝʥʝʝ ʪʦʯʥʦʡ, ʪʘʢ ʢʘʢ ʝʝ 

ʧʦʢʘʟʘʪʝʣʴ VERIFY3D ʩʦʩʪʘʚʠʣ 71,82 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, BphA1(ʄ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʇʦʩʪʨʦʝʥʥʳʝ ʤʦʜʝʣʠ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʷ ʩʨʘʚʥʠʪʴ BphA1 ʩ ʜʨʫʛʠʤʠ ʜʠʦʢʩʠʛʝʥʘʟʘʤʠ ʠ 

ʚʳʷʚʠʪʴ ʫʥʠʢʘʣʴʥʳʝ ʠʣʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ.  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʦʜʝʣʠ 

BphA1CH628, ʧʦʣʫʯʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MODELLER ʩ ʤʦʜʝʣʷʤʠ Ŭ-ʩʫʙʲʝʜʠʥʠʮ 

ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʈʠʩʫʥʦʢ 47). 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ BphA1CH628 ʩʪʨʫʢʪʫʨʥʦ ʙʣʠʞʝ ʢ Ŭ-ʩʫʙʲʝʜʠʥʠʮʝ ʥʘʬʪʘʣʠʥ 

ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʦʚ Rhodococcus sp. NCIMB12038 ʠ R. opacus B4. ʀʟ ʨʠʩʫʥʢʘ 

47 ɸ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʠʥʥʳʝ ʦʙʣʘʩʪʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʥʘʙʦʨʦʤ ʘʤʠʥʦʢʠʩʣʦʪ. ʉʨʘʚʥʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ BphA1CH628 c NarANCIMB12038 ʠ 

NarAB4 ʚʳʷʚʠʣʦ ʨʘʟʣʠʯʠʝ ʚ ʦʜʥʫ Ŭ-ʩʧʠʨʘʣʴ, 2-3 ɖ-ʩʧʠʨʘʣʠ, ʠ ʦʜʥʫ ɓ-ʩʢʣʘʜʯʘʪʦʩʪʴ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʫʶ ʢʘʨʪʠʥʫ ʤʳ ʧʦʣʫʯʠʣʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ BphA1CH628 ʩ 

Ŭ-ʩʫʙʲʝʜʠʥʠʮʝʡ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ Rhodococcus jostii RHA1 (ʈʠʩʫʥʦʢ 

47 ɹ). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʣʠʯʠʷʭ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʧʠʨʘʣʝʡ ʠ ʩʢʣʘʜʯʘʪʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʚʧʘʜʘʣʦ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʘ ʰʪʘʤʤʘ R. opacus CH628 ʩʧʦʩʦʙʥʘ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʘʬʪʘʣʠʥʦʚʳʭ ʜʠʦʢʩʠʛʝʥʘʟ. 
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ɹ 

 

ʈʠʩʫʥʦʢ 47 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʚʪʦʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ R. opacus CH628 

(ʯʝʨʥʳʡ ʮʚʝʪ) ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʰʪʘʤʤʦʚ: ɸ ī Rhodococcus sp. 

NCIMB12038 (ʩʠʥʠʡ ʮʚʝʪ), Rhodococcus opacus B4 (ʢʨʘʩʥʳʡ ʮʚʝʪ), ɹ ï Rhodococcus 

jostii RHA1 (ʩʠʥʠʡ ʮʚʝʪ). 
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6.4.4 ɸʥʘʣʠʟ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ CASTp, ʤʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʦʛʦ 

ʮʝʥʪʨʘ ʜʣʷ 2B1X (ʥʘʬʪʘʣʠʥ ʜʠʦʢʩʠʛʝʥʘʟʘ) ʰʪʘʤʤʘ Rhodococcus sp. NCIMB12038, 

ʚʢʣʶʯʘʶʱʫʶ ʩʣʝʜʫʶʱʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ: Asn209, Phe 210, Asp 213, Ala 214, His 

216, Thr 217, His 221, Pro 231, Phe236, Ile 254, Phe293, His295, Phe307, Met309, 

Phe362, Phe368, Asp372. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʢʣʶʯʝʥʳ ʚʩʝ ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʫʙʩʪʨʘʪʦʤ ʠ ʠʦʥʦʤ Fe3+. 

ɼʣʷ BphA1CH628 ʘʥʘʣʦʛʠʯʥʳʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʚ ʤʦʜʝʣʠ, ʩʦʟʜʘʥʥʦʡ 

ʩ ʧʦʤʦʱʴʶ AlphaFold (ʈʠʩʫʥʦʢ 48).  

 

ʈʠʩʫʥʦʢ 48 ï ʄʦʜʝʣʴ ɺphA1 R. opacus Cʅ628, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ AlphaFold. ʉʠʥʠʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ 

ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʙʩʪʨʘʪ-

ʩʚʷʟʳʚʘʶʱʠʡ ʢʘʨʤʘʥ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʜʦʤʝʥʝ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ BphA1ʉʅ628 

ʬʦʨʤʠʨʫʶʪ ʩʧʠʨʘʣʠ Ŭ5, Ŭ6, Ŭ7, Ŭ10, Ŭ11, ɓ-ʥʠʪʠ ɓ15, ɓ16, ɓ17, ʧʝʪʣʠ Ŭ10ïŬ11 ʠ ɓ14. 

ɺ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʥʘʭʦʜʷʪʩʷ ʘʤʠʥʦʢʠʩʣʦʪʳ Asn209, Phe210, Asp213, Ala214, 

His216, Thr217, His221, Met 224, Ala230, Phe236, Ala237, Ile254, Phe293, His295, 

Phe307, Met309, Thr361, Leu362, Ala369. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʳ 

His216 ʠ His221 ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʦʩʪʘʚʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʥʘʬʪʘʣʠʥ 

ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ Rhodococcus sp. NCIMB12038 (PDB ID: 2B1X|A) ʠ 

ʫʯʘʩʪʚʫʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʦʥʦʤ Feį+.  

ʋ ʰʪʘʤʤʘ Rhodococcus jostii RHA1 ʢʘʨʤʘʥ ʩʚʷʟʳʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ, 

ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ɓ-ʩʣʦʝʤ ʠ Ŭ-ʩʧʠʨʘʣʷʤʠ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʜʦʤʝʥʝ Ŭ-

ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʠʨʘʣʷʤʠ Ŭ6, Ŭ7, Ŭ8, Ŭ9, ɓ-

ʥʠʪʴʶ 16, ʧʝʪʣʷʤʠ Ŭ13ïŬ14 ʠ ɓ17ïɓ18, ʚʢʣʶʯʘʷ ʦʩʪʘʪʢʠ ʚʦʢʨʫʛ ʠʦʥʘ Feį  (Gln217, 

Phe218, His224, His230 ʠ Asp378). ɺ ʢʘʨʤʘʥʝ ʩʚʷʟʳʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ ʜʚʘ ʢʦʣʴʮʘ 

ʩʚʷʟʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʙʠʬʝʥʠʣʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝ ʧʘʨʘʣʣʝʣʴʥʦ, ʘ ʩʦ ʩʤʝʱʝʥʠʝʤ. 

ʂʘʞʜʦʝ ʢʦʣʴʮʦ ʩʫʙʩʪʨʘʪʘ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ; ʢʦʣʴʮʦ 1 ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʤʝʞʜʫ His224 ʠ Leu323, ʘ ʢʦʣʴʮʦ 2 ï ʤʝʞʜʫ Ala225 ʠ Phe368 (Furusawa Y. et al., 

2004). 

ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ BphA1CH628 ʠ BphA1RHA1 ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʘʤʠʥʦʢʠʩʣʦʪʳ Ala225 ʠ Leu323, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʤʦʣʝʢʫʣʦʡ ʙʠʬʝʥʠʣʘ ʚ 

ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʰʪʘʤʤʘ R. jostii RHA1 ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʘʢʠʭ ʞʝ ʧʦʟʠʮʠʷʭ Val225 

ʠ Leu323 ʰʪʘʤʤʘ R. opacus CH628 (ʈʠʩʫʥʦʢ 47 ɹ) ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʥʝʡʪʨʘʣʴʥʳʭ 

ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʯʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʢʪʠʚʥʦʛʦ 

ʮʝʥʪʨʘ BphA1CH628 ʩ ʤʦʣʝʢʫʣʦʡ ʙʠʬʝʥʠʣʘ. ʆʜʥʦʡ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪ, ʫʯʘʩʪʚʫʶʱʠʭ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʦʥʦʤ Feį , ʚ BphA1RHA1 ʷʚʣʷʝʪʩʷ Gln217. ɺ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ ʚ 

ʩʦʩʪʘʚʝ BphA1CH628 ʥʘʭʦʜʠʪʩʷ Thr217 (ʈʠʩʫʥʦʢ 47 ɹ). ʊʘʢ ʢʘʢ ʜʘʥʥʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʧʨʠʥʘʜʣʝʞʘʪ ʛʨʫʧʧʝ ʧʦʣʷʨʥʳʭ ʛʠʜʨʦʬʠʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ Thr217 ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ BphA1CH628 ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʦʥʦʤ Feį . 
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ʉʭʦʜʩʪʚʦ ʨʷʜʘ ʢʣʶʯʝʚʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ 

BphA1CH628, NarANCIMB12038 ʠ BphA1RHA1, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʠʬʝʥʠʣ 

ʜʠʦʢʩʠʛʝʥʘʟʘ ʰʪʘʤʤʘ R. opacus CH628 ʩʧʦʩʦʙʥʘ ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ 

ʜʠʦʢʩʠʛʝʥʘʟʥʳʝ ʨʝʘʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʢʘʢ 

ʥʘʬʪʘʣʠʥʘ/ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʘʢ ʠ ʭʣʦʨ- ʠ 

ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʦʟʜʘʥʳ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʠ ʤʦʜʝʣʠ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (BphA1) 

ʰʪʘʤʤʘ R. opacus CH628 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ MODELLER, AlphaFold ʠ 

trRosetta. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʯʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʤʦʜʝʣʴ, ʩʦʟʜʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ MODELLER, ʛʜʝ ʙʦʣʝʝ 90 % ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʛʠʦʥʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʡ 

ʜʣʷ ʦʙʱʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʆʜʥʘʢʦ ʤʦʜʝʣʴ AlphaFold ʧʦʢʘʟʘʣʘ ʥʘʠʙʦʣʴʰʫʶ 

ʪʦʯʥʦʩʪʴ ʚ ʧʨʝʜʩʢʘʟʘʥʠʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ. 

ɸʥʘʣʠʟ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʚʳʷʚʠʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ BphA1 

ʰʪʘʤʤʘ R. opacus CH628 ʠ ʥʘʬʪʘʣʠʥ ʜʠʦʢʩʠʛʝʥʘʟʦʡ (NarA1) ʰʪʘʤʤʘ 

Rhodococcus sp. NCIMB12038. ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ His216 ʠ His221, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʩʫʙʩʪʨʘʪʘʤʠ ʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʙʝʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ. 

ʊʘʢʞʝ ʚʳʷʚʣʝʥʳ ʩʭʦʜʩʪʚʘ ʚ ʩʪʨʦʝʥʠʠ ʩʫʙʩʪʨʘʪ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʢʘʨʤʘʥʘ BphA1CH628 ʠ BphA1RHA1 ʠ ʥʝʢʦʪʦʨʳʭ ʢʣʶʯʝʚʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ. 

 

ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʦʜʝʣʴ BphA1CH628, ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 

AlphaFold, ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʜʝʣʴ 

BphA1CH628, ʩʦʟʜʘʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ MODELLER, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʦʙʱʝʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʥʠʤʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʝʣʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʳ ʰʪʘʤʤʘ R. opacus CH628.  
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ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʦʯʠʩʪʢʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʩʪʦʡʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ, 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʸ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʚʠʜʫ ʠʭ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʟʣʦʞʝʥʠʶ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʙʠʦʩʬʝʨʝ (Reddy et al., 

2019; Devi et al., 2020). ʉ ʫʯʸʪʦʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʈʦʩʩʠʠ ʧʦ 

ʫʥʠʯʪʦʞʝʥʠʶ ʇʍɹ, ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʜʝʩʪʨʫʢʮʠʠ ʇʍɹ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʢʨʦʙʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʫʪʸʤ ʠʭ 

ʜʝʛʨʘʜʘʮʠʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ (Agull· et al., 2019; Negret-Bolagay et al., 2021), ʘ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʇʍɹ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʪʦʤ ʯʠʩʣʝ 

ʙʠʦʪʠʯʝʩʢʠʤʠ ʧʫʪʷʤʠ, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʦʪʣʠʯʘʶʪʩʷ ʣʫʯʰʝʡ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʜʣʷ ʤʠʢʨʦʙʥʦʡ ʜʝʩʪʨʫʢʮʠʠ (Tehrani, Van Aken, 2014; Sun et al., 2016). 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʠʭ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʪʝʨʤʠʥʘʥʪ ʜʝʛʨʘʜʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʥʘʫʯʥʫʶ 

ʟʘʜʘʯʫ, ʣʝʞʘʱʫʶ ʚ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʨʝʤʝʜʠʘʮʠʶ ʟʘʛʨʷʟʥʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠ 

ʜʠʥʘʤʠʢʘ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ ʠ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ ʢʘʢ ʩʝʣʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʉʦʚʦʣʝ ʚ ʩʦʦʙʱʝʩʪʚʝ 

ʧʨʝʦʙʣʘʜʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʣʘʩʩʦʚ Alphaproteobacteria, Betaproteobacteria, 

Gammaproteobacteria ʠ Chitinophagia. ɿʘʤʝʥʘ ʫʛʣʝʨʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʙʠʬʝʥʠʣ 

ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʚʳʜʝʣʝʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʦʚ Alphaproteobacteria, 

Betaproteobacteria, Gammaproteobacteria ʠ Actinomycetia. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ ʨʦʜʦʚ Bosea ʠ Pseudoxanthomonas ʢ ʨʘʟʣʦʞʝʥʠʶ ʙʠʬʝʥʠʣʘ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʝʣʝʢʮʠʠ ʰʪʘʤʤʦʚ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʦʢʘʟʘʣʠʩʴ ʢʫʣʴʪʫʨʳ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʤʦʥʦ- ʠ 

ʜʠ-ʟʘʤʝʱʝʥʥʳʭ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
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ʜʝʛʨʘʜʘʮʠʠ ʜʦʩʪʠʛʘʣʘ 100 % ʧʦ ʨʷʜʫ ʩʦʝʜʠʥʝʥʠʡ. ɺr ʨʘʞʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʇʍɹ/ʅʆ-ʇʍɹ ʧʨʦʷʚʣʷʣ ʰʪʘʤʤ Rhodococcus opacus CH628, 

ʩʧʦʩʦʙʥʳʡ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʛʝʥʝʨʦʚ ʇʍɹ ʠ ʅʆ-ʇʍɹ, ʪʘʢ 

ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʤʝʩʝʡ (ʉʦʚʦʣ, ʊʨʠʭʣʦʨʙʠʬʝʥʠʣ) ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʄʝʪʘʙʦʣʠʟʤ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩʣʝʜʦʚʘʣ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʫʪʠ ʦʢʠʩʣʝʥʠʷ ʙʠʬʝʥʠʣʘ. 

ɸʥʘʣʠʟ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʝʛʨʘʜʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʢʣʶʯʝʚʦʡ ʬʝʨʤʝʥʪ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ (BphA), ʢʘʪʘʣʠʟʠʨʫʶʱʠʡ ʧʝʨʚʠʯʥʫʶ 

ʘʪʘʢʫ ʥʘ ʟʘʤʝʱʸʥʥʳʡ ʙʠʬʝʥʠʣ, ʢʦʜʠʨʫʝʪʩʷ ʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʛʝʥʘʤʠ, 

ʬʦʨʤʠʨʫʶʱʠʤʠ ʦʪʜʝʣʴʥʫʶ ʚʝʪʚʴ ʥʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤ ʜʝʨʝʚʝ. ʋʨʦʚʝʥʴ ʩʭʦʜʩʪʚʘ 

ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʛʝʥʘʤʠ ʠʟʚʝʩʪʥʳʭ ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʚʘʨʴʠʨʦʚʘʣ 

ʦʪ 82,32 % ʜʦ 99,76 %. ʅʘ ʦʩʥʦʚʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʰʪʘʤʤʘ 

R. opacus CH628 ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʛʝʥʳ ʠ ʬʝʨʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʦʢʠʩʣʝʥʠʠ ʙʠʬʝʥʠʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘ ̫ ʤʦʜʝʣʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟ r

(BphA1ʉʅ628). ɺʳʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ BphA1ʉʅ628 ʠ 

ʥʘʬʪʘʣʠʥʜʠʦʢʩʠʛʝʥʘʟʦʡ NarA1 (Rhodococcus sp. NCIMB12038), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʜʝʛʨʘʜʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʰʪʘʤʤʘ R. opacus CH628 ʚ ʦʪʥʦʰʝʥʠʠ h ʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʩʝʥʦʙʠʦʪʠʢʦʚ. 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ ʩ ʚʳʩʦʢʠʤ ʜʝʩʪʨʫʢʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʠʪʴ ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʜʝʛʨʘʜʘʮʠʠ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʬʦʨʤʠʨʫʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʤʝʜʠʘʮʠʶ ʟʘʛʨʷʟʥʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʠ 

ʦʙʦʛʘʱʘʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʠʢʨʦʙʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʇʍɹ ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. 
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ɺʓɺʆɼʓ 

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʩʫʢʮʝʩʩʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʯʚ ʛ. ʇʝʨʤʠ ʠ 

ʛ. ʏʘʧʘʝʚʩʢʘ, ʚʳʟʚʘʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʤʝʩʠ ʇʍɹ ʤʘʨʢʠ ʉʦʚʦʣ ʠ 

ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʙʠʬʝʥʠʣʘ, ʫʩʪʘʥʦʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʩʦʢʨʘʱʝʥʠʶ ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʛʨʫʧʧ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʚ ʩʦʦʙʱʝʩʪʚʝ. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʜʝʣʝʥʥʳʭ 

ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʤʝʥʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʮʠʡ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʦʚ Pseudomonas ʠ 

Pseudoxanthomonas, ʘ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʛʝʥʦʚ 

bphA1 (ʢʦʜʠʨʫʶʱʠʭ Ŭ-ʩʫʙʲʝʜʠʥʠʮʫ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ), ʬʦʨʤʠʨʫʶʱʠʭ 

ʦʪʜʝʣʴʥʫʶ ʚʝʪʚʴ ʥʘ ʜʝʨʝʚʝ ʩʭʦʜʩʪʚʘ ʛʦʤʦʣʦʛʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ. 

2. ɸʥʘʣʠʟ ʨʦʩʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʙʠʬʝʥʠʣʝ ʢʘʢ 

ʠʩʪʦʯʥʠʢʝ ʫʛʣʝʨʦʜʘ 6 ʩʝʣʝʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʦʟʚʦʣʠʣ 

ʚʳʜʝʣʠʪʴ ʘʩʩʦʮʠʘʮʠʶ PN2-ɺ, ʩʦʩʪʦʷʱʫʶ ʠʟ Achromobacter sp. PNB6, Bosea sp. 

PNB7, Brevibacterium sp. PNB1, Brevibacterium sp. PNB5, Microbacterium sp. PNB4, 

Pseudomonas sp. PNB3, Pseudoxanthomonas sp. PNɺ2, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʫʶ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʦʟʤʦʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʩʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ ʘʩʩʦʮʠʘʮʠʠ PN2-ɺ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʘʟʣʦʞʝʥʠʝ ʤʦʥʦ- 

ʠ ʜʠʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʥʘ 86,2ï100 % ʚ ʪʝʯʝʥʠʝ 48 ʯ, ʘ ʜʚʫʭ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʩʤʝʩʝʡ ʇʍɹ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʦʩʪʘʚʫ ʢʦʥʛʝʥʝʨʦʚ, ʥʘ 38,4 % ʠ 50,9 % ʟʘ 72 ʯ. 

3. ʇʨʦʮʝʩʩ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʭ ʙʠʬʝʥʠʣʦʚ 

ʰʪʘʤʤʘʤʠ Achromobacter sp. PNB6 (ɺʂʄ ɺ-3791), Brevibacterium sp. PNB5 (ɺʂʄ 

ɸʩ-3018), Microbacterium sp. PNB4, Ochrobactrum sp. PNS5 (ɺʂʄ ɺ-3792), 

Pseudomonas sp. PNB3 ʠ PNS4, Pseudoxanthomonas sp. PNS2 ʠ Rhodococcus opacus 

CH628 (ɺʂʄ ɸʩ-3029) ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʣʦʞʝʥʠʝ ʤʦʥʦ-ʟʘʤʝʱʝʥʥʳʭ ʢʦʥʛʝʥʝʨʦʚ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 90 %. ʅʘʠʙʦʣʴʰʠʤ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʦʙʣʘʜʘʝʪ ʰʪʘʤʤ 

R. opacus CH628 ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ (ʤʦʥʦ-ʪʝʪʨʘ)-ʟʘʤʝʱʝʥʥʳʭ 

ʭʣʦʨ/ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʤʝʩʝʡ 

ʩʦʩʪʘʚʣʷʝʪ 97,8ï100 % ʟʘ 2ï14 ʩʫʪʦʢ. 
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4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʰʪʘʤʤʘ-ʜʝʩʪʨʫʢʪʦʨʘ ʇʍɹ 

R. opacus CH628 ʚʳʷʚʣʝʥʘ ʛʨʫʧʧʘ ʠʟ 203 ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʳ 

ʤʝʪʘʙʦʣʠʟʤʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʳ ʛʝʥʳ/ʬʝʨʤʝʥʪʳ, 

ʜʝʪʝʨʤʠʥʠʨʫʶʱʠʝ ʜʝʩʪʨʫʢʮʠʶ ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣʦʚ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʫʪʠ 

ʘʵʨʦʙʥʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʣʶʯʝʚʦʡ ʬʝʨʤʝʥʪ ï ʙʠʬʝʥʠʣ 

2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ. ʉʦʟʜʘʥʳ 3D-ʤʦʜʝʣʠ Ŭ-ʩʫʙʲʝʜʠʥʠʮʳ ʙʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ 

(BphA1CH628) ʚʳʷʚʠʚʰʠʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʝʨʤʝʥʪʘ ʩ ʥʘʬʪʘʣʠʥ 

ʜʠʦʢʩʠʛʝʥʘʟʦʡ (NarA1) ʰʪʘʤʤʘ Rhodococcus sp. NCIMB12038. ɸʥʘʣʠʟ ʘʢʪʠʚʥʦʛʦ 

ʮʝʥʪʨʘ ʧʦʢʘʟʘʣ ʢʣʶʯʝʚʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ð His216, His221 ʠ 

Asp372, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʢʦʦʨʜʠʥʘʮʠʶ ʠʦʥʦʚ ʞʝʣʝʟʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʝʨʤʝʥʪʘ ʩ 

ʩʫʙʩʪʨʘʪʦʤ. 
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ʉʇʀʉʆʂ ʇʈʀʅʗʊʓʍ ʉʆʂʈɸʑɽʅʀʁ 

ʇʍɹ ï ʇʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ  

ʉʆɿ ï ʉʪʦʡʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ  

ʍɹʂ ï ʭʣʦʨʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ  

ɻʆʌɼʂ ï ʛʠʜʨʦʢʩʠ-ʦʢʩʦ-ʬʝʥʠʣʛʝʢʩʘʜʠʝʥʦʚʘʷ ʢʠʩʣʦʪʘ  

ɺʕɾʍ ï ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ  

ɻʍ ï ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ  

ʇʀɼ ï ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ  

ʄʉ ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ 

2-ʍɹʂ ï 2-ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ  

3-ʍɹʂ ï 3-ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ  

4-ʍɹʂ ï 4-ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ  

ʜʠʍɹʂ ï ʜʠʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ  

ʤʦʥʦʍɹ ï ʤʦʥʦʭʣʦʨʙʠʬʝʥʠʣ  

ʜʠʍɹ ï ʜʠʭʣʦʨʙʠʬʝʥʠʣ  

ʪʨʠʍɹ ï ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ  

ʇʍɹ2 ï 3-ʭʣʦʨʙʠʬʝʥʠʣ  

ʇʍɹ3 ï 4-ʭʣʦʨʙʠʬʝʥʠʣ  

ʇʍɹ4 ï 2,2ᾳ-ʜʠʭʣʦʨʙʠʬʝʥʠʣ  

ʇʍɹ8 ï 2,4ᾳ-ʜʠʭʣʦʨʙʠʬʝʥʠʣ  

ʇʍɹ12 ï 3,4-ʜʠʭʣʦʨʙʠʬʝʥʠʣ  

ʇʍɹ29 ï 2,4,5ðʪʨʠʭʣʦʨʙʠʬʝʥʠʣ  

ʇʍɹ30 ï 2,4,6-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣ 

ʇʍɹ70 ï 2,5,3ǋ,4ǋ-ʪʝʪʨʘʭʣʦʨʦʙʠʬʝʥʠʣ 

bphA ï ʙʠʬʝʥʠʣ ʜʠʦʢʩʠʛʝʥʘʟʘ 

bphB ï ʙʠʬʝʥʠʣ-2,3-ʜʠʛʠʜʨʦʜʠʦʣ 2,3-ʜʝʛʠʜʨʦʛʝʥʘʟʘ 

bphC ï 2,3-ʜʠʛʠʜʨʦʢʩʠʙʠʬʝʥʠʣ 1,2-ʜʠʦʢʩʠʛʝʥʘʟʘ 

bphD ï ɻʆʌɼʂ ʛʠʜʨʦʣʘʟʘ 
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